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About BENCHMARQ 

Our Products 
At Benchmarq, we provide integrated circuit and module solutions for power-sensitive and 
portable electronics systems. 

Power-sensitive AC-powered systems in the office and industry must gracefully deal with the 
loss of power, maintaining the integrity of important data and self-sufficiently continuing 
critical operation. Portable systems share the design requirements of their powercord-bound 
counterparts, but add entirely new challenges-including power supervision, energy manage- 
ment, data security, and size minimization. 

The product families described in this data book directly addrese these requirements, taking 
full advantage of advanced analog and digital VLSI tschnologiea and state-of-the-art battery 
and packaging expertise. Power supervision, energy management, size reduction, nonvolatil- 
ity, data security, and retrofit capability are integral to Benchmarq's product line. 

Our Commitment 
When you choose to integrate Benchmarq producta within your own, be assured that Bench- 
marq is committed to providing the specific solutions you need today and to developing crea- 
tive solutions to the growing challenges of tomorrow---supported by the best customer service 
and the highest overall quality. 

The drive for excellence in all dimensions of quality is a cornerstone of our company. 
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How to Use This Book 

Data Book Organization 
This data book is organized into general information sections and product family sections. 

You can locate information in this book in several ways. 

I To locate information by: 1 See pages: 1 

1 Alphanumeric Product Index 1 --h I 
Table of Contents 

I Family Summary and Selection Guides x - m i  1 

v - vii 

I Product Cross-Reference Tables I xvii - -i 

1 

Chapters 1 through 6 contain detailed product information. Chapter 7 includes packaging 
information, and Chapter 8 describes Benchmarq's commitment to quality and the processes 
we use to ensure reliability in our products. Chapter 9 lists sales offices and distributors. 

---- 

Ordering Information 

Data Sheet Types 

For More Information ... 

I 

xix I 
I 

xx 

If you haven't found it here . . . Ask! 
Benchmarq maintains an updated product listing on the World Wide Web at the URL listed 
below. Browse the Benchmarq Home Page for the latest Benchrnarq product information and 
sales office locations at: 

To send us e-mail to be added to our mailing list or to get further information, contact 
Benchmarq at: 

benchmarq B benchmarq.com 

Additional Benchmarq information is available from your Benchmarq distributor or sales office 
(listed in the back of this Data Book), or by contacting Benchmarq Customer Service at (800) 
966-0011 or (972) 437-9195. 
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Benchrnarq's Fast Charge ICs provide fast charge control, current regulation support, and pre-charge qua

lifi

cation 
and conditioning for rechargeable batteriea. 

> Fast charging and conditioning of nickel cadmium, w i t  LED outpub display battery and charge 
nickel metal hydride, lead acid, lithium ion, or statue 
rechargeable alkaline batteries Fast charge termination by delta tempera- 

> Flexible current regulation support: delta time, negative delta voltage, peak voltage 
detect, minimum current, maximum temperature, 

- Frequency-modulated linear (lowest cost) maximum voltage, and maximum time 

- Switch-mode (moet efficient) Optional top-off and maintenance charging 

- Gating control (external regulator) Discharge-before-charge option 

Easily integrated into systems or as a stand-alone Variable-rate charging uses excess supply current 
charger to charge batteries during system operation 

Fast Charge IC Selection Guide 



Pack Protection IC Summary and Selection Guide 

Bencbmarq's bq2053 and bq2068 Lithium Ion Pack PPOtection ICs pmvide reversible overvoltage, undervoltage, and 
owrcurrent pmtection for lithium ion battery packs. 

Rotecta two to four Lithium Ion aerie6 cell6 from b q m  o ~ e r a t i ~  current: 
overvoltage, undervoltage, and overmmnt - < 40pA for 4-cell configuration 
Deaigned for battery pack integration - < 20pA for %cell cod~guration - Small outline package, minimal external 

components and apace, and low cost - < 15pA for 2-cell configuration 

- Drivw external N-FET switch- - < 1pA sleep mode 

Ueer-selectable threeholde maek-programmable by bq2058 operating current: 
Benchmarq - < 60pA for 3-41 or 4-cell configuration 

Pack Protection IC Selection Guide 



Nonvolatile SRAM Summary and Selection Guide 

Bencbmarq's NVSRAMs integrate-in a single-DIP packag~r t r emely  low atandby power SRAM, nonvolatile con- 
trol circuitry, and a long-life lithium cell. The NVSRAMs combine eecure nonvolatility (more than 10 yeam in the 
absence of power) with standard SRAM pinoute and f a t  unlimited readki te  operation. 

Data retention in the abeence of power 10 or 5 yeam minimum data retention in the 
aheence of power 

Automatic write-protection during 
power-uhwer-down cycles Battery internally ieolated until power is fvst 

supplied 
Industry-standard pinout 

Industrial temperature range available 
Conventional SRAM operation; unlimited write 
cycles 

Nonvolatile SRAM Selection Guide 

Notes: 1. Y" version denotes 1Wo VCC tolerance. 

2. Y" version available in -40OC to +S°C industrial temperature range. 

3. See data sheet for details. 
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Nonvolatile Controller Summary and Selection Guide 

Benchmarq's nonvolatile controllers provide power monitoring, write-protection, and supply switching to convert 
standard SRAM or PSRAM and a backup battery into a reliable, predictable nonvolatile memory. The nonvolatile 
controller modules are complete battery-backup solutions including an encapsulated 13OmAh lithium cell that is 
isolated until power is applied. 

Power monitoring and switching for 3V Reaet output option for system power-on reeet 
battery-backup applications Leee than lOne chip enable propagation delay 

b SV Vcc operation 
5% or 10% supply operation 

b Automatic write-protection during 
power-uhwer-down cycles Control up to four banka of SRAM 

b Automatic switching from Vcc to first backup Module/DIP or SOIC packages 

battery and from f i t  backup battery to second 
backup battery 

Nonvolatile Controller Selection Guide 

PWe 
Number 

4- 1 
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SRAM 
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2 

Part 
Number 

bq2201 
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Battery 
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Outputs 
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Output 
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J 
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160 mA 
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160 mA 

160 mA 
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Pin8 1 Package 
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16/ NDIP, NSOIC 

16/ NDIP, NSOIC 
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Real-Time Clock Summary and Selection Guide 

Benchmarq's real-time clocks (RTCs) provide highly integrated clocWcalendar solutions for microcomputer-based 
designs. Each module is a completely self-contained unit, including IC, crystal, and a battery ensuring operation for 
10 years in the absence of power. The very compact, low-power ICs need only a battery and a crystal for operation. 
NVSRAM controller versions allow users to make inexpensive SRAM nonvolatile for data and configuration storage 
in computers, portable equipment, office machines and other applications. 

ClocWcalendar counts seconds through years with SRAM-based clocks feature: 
daylight savings and leap-year adjustments 

- SRAM interface 
) IBM PC AT-compatible clocks include: 

- Up to 512Kbytes of NVSRAM - 5- or 3-Volt operation 
- CPU Supervisor - 114 or 242 bytes of user nonvolatile RAM storage 

One minute per month clock accuracy in modules 
- 32KHz output for power management 

Nonvolatile control for an external SRAM 
Completely self-contained modules operate for 
more than 10 years in the absence of power IC versions require only a crystal and battery 

Real-Time Clock Selection Guide 
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Product Cross-Reference Tables 

NVSRAM Cross-Reference 

Benchmarq Density 

bq4011 
bq4011Y 
Contact factory 
Contact fadory 

Dallas 
Semiconductor 

bq4013 
bq4013Y 
Contact fadory 
Contact factory 
Contact factory 
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Product Cross-Reference Tables 

Real-Time Clock Cross-Reference 

Notes: 1. Memory upgrade. 

Dallas Semiconductor 

2. Benchmarq's bq4842 additional features: microprocessor reset, watchdog 
monitor, clock alann, periodic interrupt. 

Nonvolatile Controllers Cross-Reference 

SGS-Thomson Benchmarq 

Notes: 1. Benchmarq's bq2201SN is a small 8-pin, 150-mil SOIC, compared to the 
DS121OS, which is a 16-pin, 300-mil SOIC. 

Dallas Semiconductor 

2. Benchmarq's bq2204ASN is a small 16-pin, 150-mil SOIC, compared to the 
DS1221S, which is a l&pin, 300-mil SOIC. 

Benchmarq 

3. Optional "security feature" DS1221 pins are no-connect on the bq2204A. 
4. Benchmarq's bq2201 and bq2204A do not incorporate a "check battery status" 

function. 

-- - - 
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Ordering Information 

Benchmarq's standard products are available in several packages and operating ranges. A 
valid order number is a sequence of: 

Device 

Package Options 

SpeedOptions 

Temperature Range 

Valid options for a specific device are defined in the ordering information section at the end of 
its data sheet. Contact your Benchmarq sales office about non-standard requhments or to 
place an order. Sales offices are listed at  the end of this data book. 

bq40xx MA - - - -  
L Temperature Range: 

blank = C o m m d  (0 to +70°C) 
I = Extended (-20 to +70°C) 
N = Industrial (-40 to +8S°C) 

Speed Optiorm 
70,85, ... ,200, or blank 

Package Options: 
P =FlasticDIF' 
PN =NarrowPlasticDIP 
S = SOIC 
SN =NarrowSOIC 
SS = SSOP 
Q =QuadPLCC 
Mx = x-type module 

~ e v i c e :  
bqm3 
bpm1 
bq4011Y 
bq4287 
etc. 

Examples: 
b q m s  
bq2201SN-N 
bq2204PN-N 
bq401OYMA-150N 
bq4011MA-100 
bq4287MT 

xix 



Important Information 

Data Sheet Types 
Product information data sheets progress in detail as the product goes from design to full 
production. 

The three types of data sheets are defined below. 

Advance Information: Benchmarq Advance Information data sheets provide 
information for early product planning. These data sheets describe a product in the 
design or development stage. Specifications may change in any manner. 

Preliminary: Benchmarq Preliminary data sheets provide preliminary specXications 
for product design. They describe a product through its early production stage. 
Supplementary data may be published at a later date. 

Final: Benchmarq data sheets not labeled Advance Information or Preliminary are 
considered Final. They describe a product in full production and provide specifications 
for product design. 

Benchmarq reserves the right to make changes to any products without notice. 

Engineering Prototype 
Prior to full production, Benchmarq may provide limited quantities of Engineering Proto- 
types. Engineering Prototypes are suitably tested for evaluation and restricted use. Any 
necessary errata data accompanies engineering prototype parts. They are marked with the 
part number and are identified as Engineering Prototypes. 

Electrostatic Discharge (ESD) and Integrated Circuit (IC) 
Handling 
Benchmarq ICs, as all ICs, are sensitive to electrostatic discharge (ESD). Although Bench- 
marq ICs are designed to withstand high ESD voltages, improper handling may cause darn- 
age. Standard ESD-prevention handling procedures should be followed. ESD-prevention 
considerations include proper grounding of operators, work surfaces and chip-handling 
equipment; appropriately high relative humidity levels; and use of antistatic handling and 
packaging materials. The ICs should be stored and shipped in antistatic tubes. The anti- 
static tubes containing the ICs must be brought to the same potential as the work 
aredoperator before the individual ICs are handled. 







bq2002 
Fast Charge IC 

Features 
Faet charge of nickel cadmium 
nickel-metal hydride batteries 

Direct LED output displays 
charge s t a b  

Fast charge termination by 
-AV, peak voltage detection 
(PVD), maximum temperature 
and maximum time 

Internal band-gap voltage 
reference 

Optional top-off charge 

Selectable pulse trickle charge 
ratee 

Low-power mode 

8-pin 300-mil DIP or 150-mil 
SOIC 

General Description 
The bqa002 Faat Charga IC is a bm- 
cmt CMOS battery charge controller 
providing reliable charge temination 
for both NiCd and N i i  battery 
applicatba Controlling a current- 
limited or constant-current ypply 
allows the bq2002 to be the barn for a 
coet-effective etand-alone or eyetern- 
integrated charger. The bq2002 
integrates fast charge with optional 
top-off and puleed trickle control in a 
single IC for charging one or more 
NiCd or N i  battery calls. 

Fast charge is initiated on application 
of the charging supply or battery 
fep!8cement. Fur safety, faat charge is 
mhlbited if the battery temperature 
and voltage are outaide contigured 
limits. 

Fast charge is terminated by any of 
the following: 

w Peak voltage detection (PVD) 

w Negative delta voltage (-Am 

8 Maximum temperature 

w Maximum time 

After taet charge, the bq2002 option- 
ally tope-off and pulee-trickles the 
battery per the p r e - c o n f l l  limits. 
Fast charge may be inhibated using 
the INH pin. The b q m  may also be 
placed in low-standby-power mode to 
reduce eystem power consumption. 

Pin Connections Pin Names 

8-Pin DIP or 
Narrow SOIC 

PN-65 

TM Tier mode select input TS Temperature sense input 
7 

LED Charging status output Vcc 5.OV *20% power 

BAT Battery voltage input INH Charge inhibit input 

Vss System ground CC Charge control output 



Pin Descriptions 

TM Timer mode input 

TM is a three-level input that controls the 
settings for the fast charge safety timer, 
voltage termination mode, top-off, pulse- 
trickle, and voltage hold-off time. 

Chargine output status 

This open-drain output indicatea the charging 
status. 

BAT Battery input voltage 

BAT is the battery voltage sense input. This 
potential is generally developed by a high-im- 
pedance resistor divider network connected 
between the positive and negative terminals 
of the battery. 

Vss System graund 

TS Temperature sense input 

This input is for an external battery tempera- 
ture monitoring thermistor. 

Vcc Vcc supply input 

5.OV *20% power input. 

INH Charge inhibit input 

CC Charge control output 

CC is an open-drain output that ia used to con- 
trol the charging current to the battery. CC 
switching to high impedance (Z) enables charg- 
ing current to flow, and bw to inhibit charging 
current. CC is modulated to pmvide topoff, if 
enabled, and pulse trickle. 

Functional Description 
Figure 1 illustrates the charge control status during a 
bq2002 charge cycle. Figure 2 outlines the various 
bq2002 operational states and their associated condi- 
tions, which are described in detail in the following 
sections. 

Charge Action Control 
The bqW2 initiates a charge action by the application of 
power on VCC or by battery replacement. Control of the 
charge action is then determined by inputa from TM, TS, 
and BAT. 

Following charge initiation, the bq2002 checks for 
acceptable battery voltage and temperature. If the bat- 
tery voltage or temperature is outaide of the fast charge 
limita, pulse-trickle initiata at a rate determined by the 
TM pin. If the battery temperature and voltage are valid 
at charge initiation, fast charge begins. 

The bq2002 then testa for the full-charge conditions: -AV, 
PVD, maximum temperature, or maximum time. 

When high, the bq2002 suspends the fast 
charge in progress. When returned low, the 
bq2002 resumes operation at the point where 
initially suspended. 

I I I 
Fast Top-Off I Pulse- 

Charging ~optlonai) Trickle 

CC (external regulation) it Note + 

I - - UUUU +- 4 1 7 6 ~ s  --.i ri 1+2mpa 

L Charge initiated by application of power or battery replacement. 

Notel See Table 2 for pulse-trickle period. FQ-62 

Figure 1. Example Charging Action Events 
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Charge Status Indication 
A fast charge in p-iauniquely indicated when the - 
LED pin goes low. The LED pin ia driven to the high-Z 
state for all conditions 0- than fast charge. Figure 2 
outlines the state of the LED pin during charge. 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should repreaent a eingle- 
call potential for the battery under charge. A reeistor- 
divider ratio of: 

ie recommended to maintain the battery voltage within 
the valid range, where N ie the number of cells, R1 ie the 
reeietol. connected to the positive battery terminal, and 
R2 ia the reeietor connected to the negative battery ter- 
minal. See Figure 3. 

Note: This reaistor-divider network input impedance to 
BAT should be above 200KQ to protect the bq2002. 

A ground-referenced negative temperature efficient ther- 
mietorplacedincloseproximitytothebatterymaybeused 
a8 a low& temperature-to-voltage traneducer. The tem- 
perature sense voltage input at TS ie developed using a 
reaistorthermistar network between VCC and Vss. Sea 
Figure 3. 

Figure 2. Operational Summary 

Chip on 
v,, g4.OV 

battery battery 

present and absent or 

temperature OK 
v, 5 2.0v 

Battery 
Status? 

temperature 
out of range 

and 
'TS ' "cd2 

and TM F high 

((charge complete 
or max. timeout) 

VBAT > 2'0V 
or 

'TS ' 'cJ2 



Figure 3. Voltage and Temperature Limit Measurement 

TM Pin Voltage Termination Hold-off 
The TM pin is a three-level pin used to select the vari- A hold-off time occurs a t  the start of fast charging. 
ous charge timer, top-off, voltage termination mode. During the hold-off time, the PVD and -AV texminationa 
trickle rates, and voltage hold-off periods. Table 1 de- are disabled (see Table 1). Once past the initial fast 
scribes the various states selected by the TM pin. The charge hold-off time, the PVD and -AV terminations are 
mid-level selection input is developed by a resistor di- re-enabled, Maximum temperature ie not affe&d by the 
vider between Vcc and ground. See Figure 3. hold-off period. 

Charge Initiation PVD and -AV Termination 
Application of power or battery voltage falling from ~h~ bq2002 has two modea for voltage termination above 2V initiates a charge action. If the battery is depending on the state of TM. F~~ -AV (TM = 
within the configured temperature and voltage limits, high), 3 vBAT lower than any previously the bq2002 begins fast charge. The battery value by 12mV typical, the fast charge phase of the 
range BAT < 2V. The valid t e m p e r a h  range TS > charge action F~~ PVD p~ = 
0.5 Vcc. If the battery voltage or t e m p e r a h  is out- low or mid), a threshold of 0 to 5 m ~  typical is used. The side of these limits, the bq2002 pulse-trickle charges PVD and -AV teete are valid for: 1V < BAT < 2 ~ .  until the next valid charge initiation. 

The bq2002 continuw to fast charge the battery until ter- 
mination by one or more of the four possible termination 
conditions: 

Peak voltage detection (PVD) 

Negative delta voltage (-Am 

8 Maximum time 

Maximum temperature m O )  

VBAT > VMCV stops fast charge or top-off. 

Maximum Time and Temperature 
The bq2002 a h  terminates fast charge for maximum tem- 
p e r a b  ('KO) and maximum time. 'KO reference levels 
provide the maximum limits for battery temperature 
during faet charge. If this limit is exceeded, then fast 
charge or optional top-off charge is terminated. 

Maximum time selection ie programmed using the TM 
pin. Time settings are available for corresponding 
charge rates of '72, lC, and 2C. 



T o p f f  Charge 
An optional top-off charge phaee ie eelected to follow 
fast charge termination for 1C and Ch ratea. Thia may 
be necessary to accommodate battery chemistriee that 
have a tendency to terminate charge prior to achieving 
full capacity. With top-off enabled, charging continue8 
after fast charge termination for a period of time se- 
lected by the TM pin (eee Table 1). During top-off, the 
CC pin h modulated at  a duty cycle of 286~8 active for 
every 4290pa inactive. Thie reeults in an average rate 
%&h that of the fa& charge rate. Maximum time and 
temperature (TCO) terminations are the only methods 
enabled during top-off. 

Pulse-Trickle Charge 
Pulse-trickle ie ueed to compensate for self-diecharge 
while the battery ie idle in the charger. The battery ie 
pula-trickle charged after fast charge or top off by 
driving the CC pin active for a period of 286pe for every 
18.omE of inactivity for 1C and 2C eelectiom, and 286~8 
for every 8.86me of inactivity for Ch selection This 
results in a trickle rate of C/a for the top-off enabled 
mode and '132 otherwiee. 

Charge Inhibit 
Faat charge and topoff may be inhibited by wing the 
INH pin of the bq2002 When high, the bq!XKN lruependn 
all fast charge and top-off activity and the internal 

m 
charge timer control. fieeeee -the current rtate of 
LED until inhibit b removed. Temperature detectian h 
not affected by the INH pin. During chaw inhibit, the 
bq#Xn continuen to pulse-trickle charge the battery per 
the TM eelection When INH return8 low, charge control 
and the charge timer resume from the point where INH 
went active. 

Low-Power Mode 
When BAT ie driven above Vm, the bq2002 aeeumee a 
low-power operational etate. Both the CC pin and the 
LED pin are driven to the high-Z etate. The operating 
current of the bq2002 ie reduced to lese than lpA in thie 
mode. Subeequently, when BAT returna to a value below 
VPPD, trickle charge ie initiated. 

Table 1. Fast Charge Safety Time/Hold-OfflTop-Off Table 

Notes: TA = 25"C, Vcc = 5.OV. 

Mid = 0.5 Vcc. 

- 
FmCkO. 

W e  

c~ 

1C 

2C 

TY 

Mid 

Low 

High 

Fad Charge 
Topoff and 

&fay 
Time (minutea) 

T~picd 

160 

80 

40 

Termi~tlon 

PVD 

PVD 

-AV 

PVD and -AV 
HdbOff 

~ i m e  (seconds) 

T Y ~  

600 

300 

150 

T o m  
Rate 

c& 

C/le 

Diaabled 

puke- 
Trickle 
Rate 

cd34 

cd34 

Pulaed 
~rickle 
Perlod 
(ma) 

9.14 

18.3 

18.3 
1 



- 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditione detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periode of time may affect device reliability. 

DC Thresholds (TA = o to 7oac; vcc * ~ o K )  

Unit 

V 

V 

"C 

"C 

"C 

"C 

Symbol 

Vcc 

VT 

 top^ 

Tsm 

TSOLDER 

Note8 

Commercial 

10secmax. 

Minimum 

-0.3 

-0.3 

0 

-40 

-40 

Parameter 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Mawlmum 

+7.0 

+7.0 

+70 

+85 

+260 

+85 

Tderance 

i5Yo 

*5% 

Rating 

0.5 Vcc 

2 

Symbd 

V w o  

VMCV 

Parameter 

Temperature cutoff 

Maximum cell voltage 

Unit 

V 

Notes 

VTS < VTCO inhibits charge 

VBAT > VMW inhibit&rminat.ea 
charge 



Recommended DC Operating Conditions (TA - o to 70%) rn 
I Symbol / Condition I Minimum I Typical I Maximum I Unit I Notes 1 
1 vcc I supply voltage 1 4.0 1 5 . 0  1 6.0 1 V I 1 
1 V D ~  / -AV, V, detect voltage I 1 I - 1 2 1 V 1 I 

Logic input high 0.5 V INH 
VIH ; ; ; I I 

- 

VBAT 

VTS 

Logic input high Vcc - 0.5 V TM 
I I I I I I 

- 

VIM / Logic input mid 

Battery input 

Thermistor input 

Logic input low 0.1 V INH 
VIL I I I I I 

/ Logic input low 1 I - 1 0.5 1 V ITM 1 

0 

0.5 

VOL I hgic  output low / - - 1 0.8 1 V / ~ , C C . I O L = ~ O ~  I 

vcc 

VCC 
I 

Ico 1 supply current 

V ~ D  

Outputs unloaded, 
@ Vcc= 5.1V I I ! 

V 

V TS < 0.5V prohibited 

Power down 

ISB 

IOL 

Output leakage in high- 1 -5 / - I  - 

VCC - 1.5 

h l
eakage 

-- ---- 

Note: All voltages relative to Vss. 

Standby current 

- 
LED, CC sink 

i 1  

Sept. 1996 8 7/10 

1-7 

Vcc - 0.5 

VBAT L VPD mas. power~l 
down bq2002; 
VMT < VPD min = 
normal operat~on. 

10 

I I I I I 
- pA INH, CC. V = V s  

1 pA 

mA 

Vcc = 5.1V, VBAT = Vm 

@VOL = Vss + 0.BV 
.- 



Impedance 

Timing FA = o to +70°c; vcc *lo%) 

Note: Typical ie at TA = 25OC, Vcc = 5.OV. 

Typical Maxlmum Unit 

MR 

MQ 

Minimum 

50 

50 

Symbol 

RBAT 

RTS 

Parameter 

Battery input impedance 

TS input impedance 

Unlt Symbol Minimum 

0.80 

Note8 Parameter 

Fast charge safety time 
variation 

Typicd 

1 .o 

Maxlmum 

1-20 



Data Sheet Revision History 
1 Chanoe No. 1 Paae No. 1 Descrldion I Nature of Change / 

I l l 3 /  
Was: Table 1  gave the bq2002 Operational Summary. 
I.: Fi- 2 duel the b a r n 2  O~erationai Summary. I tab'e ! 

Sept. 1986 0 ell 0 

1  

Note: Change 1  = Sept. 1996 B changea from July 1994. 

5 Added Termination column to table and Top-off valuea. Added column and values. 



Ordering Information 

I I L~emperature: 
Blank = Commercial (0 to +700C) 

Package Option: 
PN = 8-pin plastic DIP 
SN = &pin narrow SOIC 

Device: 
bq2002 Fast Charge IC 



Features 
b Fast charge of nickel cadmium or 

nickel-metal hydride batteries 

b Direct LED output displays 
charge statue 

b Fast charge termination by 
-AV, peak voltage detection 
O), maximum temperature, 
and maximum time 

b Selectable pulse trickle charge 
rates 

b Low-power mode 

&pin 300-mil DIP or 150-mil 
SOIC 

Fast Charge IC a 
General Description ~ a s t  charge ia terminated by any of 

the following: 
Tbebq2002CFaetChargeICieabw- 
cost CMOS barn ~harpe controfi~ . Peak voltage detection W) 
pmvidhg reliable charge tannination 
for both NiCd and NiMH battery m Negative delta voltage (-AV) 
applications. Controlling a current- . Maximum temperature 
limited or conetantnvrent supply 
albws the bq2002C to be the b h i  for . Maximum time 
a met4ective stand-alone or eyetern- 
integrated charger. The bq2002C 
integrates faat charge with pulsed 
trickle control in a single IC for charg- 
ing one or more NiCd or NiMH bat- 
tery&. 

After fast charge, t he  bq2002C 
pulse-trickle charges the battery ac- 
cording to the p d i  limita. 
Fast charge may be inhibited ueing 
the INH pin. The bqXW2C may also 
be blaced in low-rtandbv-~ower 

Faet chage ia initiated on application mode to reduce ayatem con- 
of the charging supply 01- battery sumption. 
replecement. Far safety, faat fast ia 
inhibited if the battery temperature 
and voltage are outaide configured 
limits. 

Pin Connections Pin Names 

8-Pin DIP or 
Narrow SOIC 

PN-55 

TM Timer mode select inplt TS Temperature sense input 

- 
LED Charging status output Vcc 5.OV *20% power 

BAT Battery voltage input INH Charge inhibit input 

Vss System ground CC Charge control output 



Pln Descriptions 

TM Timer mode input 

TM is a three-level input that controls the 
settings for the fast charge safety timer, 
voltage tenniaation mode, puke trickle, and 
voltage hold-off time. 

LED Charging output status 

Tbia open-drain output indicatee the chaging 
status. 

BAT Battery input voltage 

BAT is the battery voltage sense input. Thie 
potential is generally developed by a high-im- 
pedance resistor divider network connected 
between the positive and negative terminals 
of the battery. 

Vss System ground 

TS Temperature aense input 

This input is for an external battery tempera- 
ture monitoring thermistor. 

5.0V i20% power input. 

INH Charge inhibit input 

When high, the bq2002C suspends the fast 
charge in progress. When returned low, the 

bq2002C resumes operation at the point 
where initially suspended. 

CC Charge mntrol output 

CC is an open-drain output that is used to 
control the charging current to the battery. 
CC switching to high impedance (2) enables 
charging current to flow, and low to inhibit 
charging current. CC is modulated to pro- 
vide pulse trickle. 

Functional Description 

Figure 1 illustrates the charge control statue during a 
bq2002C charge cycle. Table 1 outlines the various 
bq#W)U= operational states and their associated conditions, 
which are deadbed in detail in the following sections. 

Charge Action Control 
The bq2002C initiatee a charge action by the application 
of power on Vcc or by battery replacement. Control of 
the charge action is then determined by the inputs from 
TM, TS, and BAT. 

Following charge initiation, the bq2002C checks for 
acceptable battery voltage and temperature. If the bat- 
tery voltage or temperature is outaide of the fast charge 
limita (charge pending), pulse-trickle initiates at a rate 
determined by the TM pin. If the battery temperature 
and voltage are valid at charge initiation, fast charge 
begins. 

The bq2002C then teats for the full-charge conditions: 
-AV, PM, maximum temperature, or maximum time. 

I I 
Fast Pulse- 

Charging Trickle 

CC (external regulation) I t l w . +  

I - - --l-r-l-r 
L 

4 +Not* 

Charge initiated by application of power or battery replacement. 

Note: See Table 2 for pulse-trickle pulse width. FG-12s 

Figure 1. Example Charging Action Events 
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Charge Status Indication 
A& charge in progress i e a p u e l y  indicated when the 
LED pin goes low. The LED pin is driven low for 
5O(hnsec, then h i g e f o r  SOOmeec during the charge 
pending state. The LED pin ia driven to the high-Z state 
for charge complete. Table 1 o u t l i i  the state of the - 
LED pin during charge. 

Battery Voltage and Temperature Measure- 
ments 
Battery voltage and temperature are monitored for 
maximum allowable v a l u ~ ~ .  Tba voltage presented on the 
battery sense input, BAT, should represent a ahg18~~11 
poteatid for the battery under c h w .  A reeietor-divider 
ratio of: 

ia recammended to maintain the bat* voltage within 
the valid range, where N is the number of cells, R1 is the 
resietar connected to the positive battery terminal, and 
R2 ie the reeietor connected to the negative battery ter- 
minal. See Figure 2. 

Note: Thin resistor-divider network input impedance to 
BAT should be above 200KQ to protect the bq2002C. 

A pound-referenced negative temperature coeficient 
thermistor placed in cloee proximity to the battery may 
be ueed as a low-cost temperature-to-voltege trBneduw. 
The temperature eenee voltage input at TS is developed 
using a reahtor-thermistor network between Vcc and 
vss. SeeFigure2. 

Table 1. bq2002C Operational Summary 

Notes: 1. VBAT > VMCV stops fast charge. 
2. LED reflects state prior to inhibit. 

- 
LED 

High Z 

- 

500me low 
M)(hne high-Z 

Law 

High Z 

- 

- 2 

High Z 

CC 
Output 

Ikickle charge activated for 
period specified in Table 2 

- 

Trickle charge activated for 
period epecified in Table 2 

High Z 

- 

Trickle charge activated for 
period specifiid in Table 2 

Trickle charge activated for 
period specified in Table 2 

High Z 

Charge Action 
State 

Battery absent 

Charge initiation 

Charge pending 

&Wing 

Charge complete 

Trickle 

Charge inhibit 

Low power 

Condltiono 

VBAT 2 VMCV 

Vcc applied, VBAT draw from 2 VMCV to 
< VMCV (battery replaced) 

VTS < VTCO or 
VBAT < VLBAT 

Charge initiation occurred 
and VTS > V m  and VWT < VBAT < VMCV 

-AV or WD or maximum time 
or maximum temperature' 

Charge complete or 
Charge Pend 

INH high 

VBAT > VPD 



NTC = negative temperature coefficient thermistor. 

TM Pin 

4 1  

Figure 2. Voltage and Temperature Limit Measurement 

"cc 

BAT 

1 ... 
1 RT 

R3 "cc 

The TM pin is a three-level pin used to select the various 
charge timer, voltage termination mode, trickle rates and 
voltage hold-off periods. Table 2 describes the various 
states selected by the TM pin. The mid-level selection 
input is developed by a resistnr divider between Vcc and 
ground. See Figure 2. 

R l  

-1 

bq2002C 

"ss 

-- 

Charge Initiation 

T x 
C 

' 

"ss 

~ W T M *  TS = 

Application of power or battery voltage falling from 
above 2V initiates a charge action. If the battery is 
within the configured temperature and voltage limits, 
the bq2002C begins fast charge. The valid battery volt- 
age range is VLBAT < BAT < 2V. The valid temperature 
range is TS > 0.5 * Vcc. If the battery voltage or tem- 
perature is outside of these limits, the bq2002C pulse- 
trickle charges until the temperature and voltage are 
within specified limits. 

BAT voltage Thermistor 
connection connection 

N 

The bq2002C continues to faat charge the battery until 
termination by one or more of the four poesible termination 
conditions: 

Peak voltage detection (PVD) 

Negative delta voltage (-AV) 

m Maximum time 

Maximum temperature (TCO) 

VBAT > VMCV stops fast charge. 

Voltage Termination Hold-off 
A hold-off time occurs at the start of fast charging. 
Duriig the hold-off time, the F'VD and -AV terminations 
are disabled (see Table 2). Once past the initial fast 
charge hold-off time, the FWD and -AV terminations are 
re-enabled. Maximum temperature is not affected by the 
hold-off period. 

PVD and -AV Termination 

The bq2002C has two modes for voltage termination 
depending on the state of TM. For standard -AV rn = 
high), if VBAT is lower than any previously measured 
value by 12mV typical, the fast charge phase of the 
charge action is terminated. For PVD termination rn = 
low or mid), a threshold of 0 to 5mV typical is used. The 
PVD and -AV tests are valid for: 1V < BAT < 2V. 

Maximum Time and Temperature 

The bq2002C also terminates fast charge for maximum 
temperature (IXO) and maximum time. TC0 reference 
levels provide the maximum limits for battery temperature 
during fast charge. If this limit is exceeded, then fast 
charge is terminated. 

Maximum time selection is programmed using the TM 
pin. Time settings are available for corresponding 
charge rates of C/z, lC, and 2C. 



Top-Off Charge 
A .  optional top-off charge phaee is selected to follow fast 
charge termination for 1C and Ch r a w .  This may be 
necessary to accommodate battery chemistries that have 
a tendency to terminate charge prior to achieving full 
capacity. With top-off enabled, charging continua after 
fast charge termination for a period of time selected by 
the TM pin (see Table 2). During *off, the CC pin is 
modulated at a duty cycle of 73ms active for every 
1 0 9 7 ~ ~ ~  inactive. This results in an average rate Vl&h 
that of the fast charge rate. Maximum time and tempera- 
ture CrCO) terminatione are the onlv methods enabled 
during top&. 

Pulse-Trickle Charge 
Pulee-trickle is used to compeneate for self-discharge 
while the battery is idle in the charger. The battery is 
pulse-trickle charged after fast charge by driving the CC 
pin active for a period epecified in Table 2. Thie results in 
a trickle rate of C& for all modes. 

Charge Inhibit 
An input stimulua can be applied to the IMI input pin to a 
synchknize the voltage sampling at the BAT input pin, 
providing deeigdapplication flexibility. A low-high-low 
pulee can be applied to this input to synchronize aam- 
pling on the falling edge, if the input pulse width is 
greater than 100ns but leee than 3 . 6 ~  (synchronized 
charge termination). Time between these input p u k e  
must be leee than the synchronized period specified in 
Table 2, or the bq2002C enables 'free-run' voltage-bad 
detection (automatic charge termination). If the INH in- 
put remaim high for greater than l h ,  the bq#W)2C 
mete the voltage-baaed hietoay wed for PVD or -AV de- 
tection. This condition (pause) a h  suspends the charge 
timer and fast charge or top-off activity until the INH pin 
re- low. A pade  condition must precede a transition 
from automatic charge termination to synchronized - 
charge termination. 

Low-Power Mode 
When BAT is driven above Vm, the bq2002C aasurna a 
e e r  operational state. Both the CC pin and the 
LED pin are driven to the high-Z state. The operating 
current of the bq2002C is reduced to leas than lpA in 
thie mode. Subeequently, when BAT returns to a value 
below V m ,  trickle charge is initiated. 

Table 2. Fast Charge Safety TimelHold-Off Table 

Notes: TA = 25"C, Vcc = 5.0V. 

Mid = 0.5 * Vcc. 

m @ i n g  
Fast 

Charge 
Rate 

c/z 

1C 

2C 

TM 

Mid 

LQW 

High 

Fast Charge 
and Safety 

Time (minutes) 

TY pied 

160 

80 

40 

PVD and -AV 
Hold-Off 

Time (seconds) 

TY pied 

300 

150 

75 

Puke 
Triclde 
Rate 

ch2 

chz 

chz 

P u b  
Triclde 
Period 

(rclcondr) 

1 

1 

1 

Pulse- 
Trkkk 
Puke 

Width (m8) 

62 

31 

15 

S y u h m b d  
k b d  

(aecuxJ@ 

9.4 

18.7 

18.7 



- 

Absolute Maximum Ratings 

DC voltage applied on any pin 
excludinn Vcc relative to Vss 

Symbol 

V m  

Parameter 

Vcc relative to Vss 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

TOPR 

Tsm 

TSOLDER 

TBIM 

DC Thresholds (TA - o to 70%; vcc *20%) 

Minimum 

-0.3 

, 1 

0 Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Maximum 

+7.0 

+70 

-40 

-40 

Unit 

V 

"C 

Tolerance 

*50/0 

k5Y0 

*UP/6 

Rating 

0.5 * Vcc 

2 

0.84 

Symbol 

V m o  

VMCV 

V ~ A T  

Notes 

Commercial 

+85 

+260 

+85 

Parameter 

Temperature cutoff 

Maximum cell voltage 

W i u m  cell voltage 

Unit 

V 

V 

"C 

OC 

"C 

Notes 

VTS S VTCO inhibits charge 

VBAT > VMCV inhibit&erminates 
charge 

VBAT < VLBAT pends charge 

10 secmax. 



Recommended DC Operating Conditions (TA = o to mOc) 

Note: All voltages relative t o  Vss. 

Maximum 

6.0 

2 

Vcc 

Vcc 

V c c + 5 0 0 m ~  
2 

0.1 

0.5 

0.8 

Vcc - 0.5 

500 

1 

fl 

symbol 

Vcc 

V D ~  

VBAT 

VTS 

v m  

VIM 

VIL 

VOL 

VPD 

Icc 

ISB 

I a  

IL 

102 

Minimum 

4.0 

1 

0 

0.5 

0.5 

VCC - 0.5 

-- vcc 500mv 
2 

Vcc - 1.5 

10 

-5 

Condition 

Supply voltage 

-AV, PVD detect voltage 

Battery input 

Thermistor input 

Logic input high 

Logic input high 

Logicinputmid 

Logic input low 

Logic input low 

Logic output low 

Power down 

Supply current 

Standby current 
- 
LED, CC sink 

Input leakage 

Output leakage in high- 
zstate 

Typical 

5.0 

Unit 

V 

V 

V 

V 

V 

V 

V 

v 
V 

V 

@ 

pA 

mA 

pA 

p~ 

Note8 

TS < 0.5V prohibited 

INH 

TM 

TM 

INH 

TM 
- 
IXD,CC,IOL= lOmA 

VBAT 2 VPD ma= powers 
down bq2002C; 
V ~ w ~ < V p ~ m i n . =  
normal operation. 

Outpute unloaded, 
Vcc = 5.1V 

VCC=~.~V,VBAT=VPD 

@VOL = V s  + 0.8V 

INH,CC,V=VsstoVcc 

LED,CC 



Impedance 

Timing (TA = o to +70°c; vcc *IO%) 

RBAT 

RTS 

I 

Typical Minimum Symbol 

Note: Typical is a t  TA = 25OC, Vcc = 5.OV. 

Parameter 

Battery input impedance 

TS input impedance 

Ordering Information 

Maximum 

Temperature: 
Blank = Commercial (0 to +70°C) 

Unit 

50 

50 

Unit 

Package Option: 
PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 

MR 

MR 

Typical 

1.0 

Notes Minimum 

0.88 

Symbol 

d~~~ 

Device: 
bq2002C Fast Charge IC 

Maximum 

1.12 

Parameter 

Fast charge safety time 
variation 



Features 
Fast charge of nickel cadmium or 
nickel-metal hydride batteriee 

Direct LED output displays 
charge status 

Fast charge termination by 
A temperaWA time, maximum 
temperature, and xnasimum time 

Optional top-off charge 

Selectable pulse-trickle charge 
rates 

Low-power mode 

8-pin 300-mil DIP or 150-mil 
SOIC 

bq2002T 
Fast Charge IC With AT/At a 

Fast charge is terminated by any of General Description the fouowing: 

The bq2002T Fast Charge IC is a 
low-cost CMOS battery charge con- rn Delta t e m ~ e r a t d d e l t a  time 
t d e r  ~rovidine reliable charge ter- (AT/h) 
mination for G t h  NiCd and %MH 
battery applicatione. Controlling a rn -perah 
current-limited or constant-current 
supply allowe the bq2002T to be the 
basis for a cost-effective stand-alone 
or system-integrated charger. The 
bq2002T integrates fast charge with 
optional top-off and pulsed trickle 
control in a single IC for charging 
one or more NiCd or NiMH cells. 

Fast charge is initiated on applica- 
tion of the charging supply or bat- 
tery replacement. For safety, fast 
charge is inhibited if the battery 
temperature and voltage are outside 
configured limits. 

rn Maximum time 

After fast charge, the bqaoo2T option- 
ally tops-off and pulse-tricklee the 
battery per the v n f i g u d  limits. 
Fast charge may be inhibited wing 
the INH pin. The bq2002T may a h  
be placed in low-standby-power mode 
ta reduce system power consumption. 

Pin Connections Pin Names 

Yrn Timer mode select input TS Temperature sense input 

Charging status output Vcc 5.OV *20% power 

INH Charge inhibit input 
- 

Vss System ground CC Charge control output 

BAT 3 

vss 4 

8-Pin DIP or 
Narrow SOIC 

PN-56 



Pin Descriptions 

TM Timer mode input 

TM is a three-level input that controls the 
settings for the fast charge safety timer, top- 
off, and pulse-trickle. 

Charging output status 

This open-drain output indicatea the charging 
status. 

BAT Battery input voltage 

BAT is the battery voltage sense input. This 
potential is generally developed by a high-im- 
pedance resistor divider network connected 
between the positive and negative terminals 
of the battery. 

Vss System graund 

TS Temperature sense input 

This input is for an external battery tempera- 
ture monitoring negative temperature coeffi- 
cient (NTC) thermistor. 

Vcc Vcc supply input 

5.OV *2Wo power input. 

INH Charge inhibit Input 

CC Charge control output 

CC is an open-drain output that is used to con- 
trol the charging current to the battery. CC 
switching to high impedance (Z' enables charg- 
ing current to flow, and low to inhibit charging 
current. CC L modulated to provide top-off, if 
enabled, and pulse-trickle. 

Functional Description 
Figure 1 illustrates the charge control status during a 
bq2002T charge cycle. Figure 2 outlines the various 
bq2002T operational states and their associated 
conditions, which are described in detail in the following 
sections. 

Charge Action Control 
The bq2002T initiates a charge action by the application 
of power on Vcc or by battery replacement Control of 
the charge action is then determined by inputs from TM, 
TS, and BAT. 

Following charge initiation, the bq2002T checks for 
acceptable battery voltage and temperature. If the bat- 
tery voltage or temperature is outside of the fast charge 
limits, pulse-trickle initiatm at a rate determined by the 
'I'M pin. If the battery temperature and voltage are valid 
at charge initiation, fast charge begins. 

The bq2002T then teats for the full-charge conditions: 
AT/At, maximum temperature, or maximum time. 

When high, the bq2002T suspends the fast 
charge in progress. When returned low, the 
bq2002T resumes operation at the point 
where initially suspended. 

I I I 
Fast Top-Off I Pulse- 

Charging (optii.~) Trickle 

(external regulation) It mto + > I - - - uuU-u It 4 6 7 0 ~ 1  -4 -4 k28dpO 

L Charge initiated by application of power or battery replacement. 

Note1 See Table 2 for pulse-trickle period. FO-52 

Figure 1. Example Charging Action Events 

YlO SepLlSeeB 

1-20 



Charge Status Indication 
A s t  charge in pmgrws-iquely indicated when the 
LED pin goas low. The LED pin is driven to the high-Z 
state for all conditione other than fast charge pend. 
inhibit, or fa& charge. Figure 2 outlines the state of the 

pin during a charge cycle. 

Voltage and Temperahrre MeasurementP 

Battery voltage and temperature are monitored for maxi- 
mum allowable values. The voltage presented on the bat- 
tery sense input, BAT, ahould repreeent a single-cell po- 
tential for the battery under charge. A resistor-divider 
ratio oE 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, R1 ie the 
resistor connected to the positive battery terminal, and m 
R2 is the reeistor connected to the negative battery tsr- 
m i d .  See Figure 3. 

Note: This resistor-divider network input impedance to 
BAT should be above 200KQ to protect the bq2002T. 

A ground-referenced negative temperature coefficient 
thermistor placed in close proximity to the battery 
should be used as a low-cost temperature-to-voltage 
transducer. The temperature senee voltage input at  TS 
is developed using a resistor-thermistor network between 
Vcc and Vss. See Figure 3. 

battery 
present and 

temperature OK 
v,, 2.0v 

and 

VLTF > VTS > VHTF 

Chip on 

Battery 
Status? 

I ((charge complete 
or max. timeout) I and TM = high) 

battery 
absent or 

temperature 
out of range 
v, > 2.0v 

Or VTS ' VLTF 
Or VTS VHTF 

Figure 2. Operational Summary 



R3 

TM* TS 

bq2002T 
- ", :: 

- - - 
BAT voltage Thermistor 

connection connection 

NTC = negative temperature coefficient thermistor 
(103AT type recommended). 

* Mid-level - TM at VCc /2 & 0.5V. 
FQdO 

Figure 3. Voltage and Temperature Limit Measurement 

TM Pin 
The TM pin is a three-level pin used to select the vari- 
ous charge timer, top-off, voltage termination mode, 
trickle rates, and voltage hold-off periods. Table 1 de- 
scribes the various states selected by the TM pin. The 
mid-level selection input is developed by a resistor di- 
vider between Vcc and ground. See Figure 3. 

Charge Initiation 
Application of power or battery voltage falling from 
above 2V initiates a charge action. If the battery is 
within the configured temperature and voltage limits, 
the bq2002T begins fast chdge. The valid battery 
voltage range is BAT < 2V. The valid temperature range 
is between the internal low-temperature fault reference 
(VLW = 0.4 Vcc) and the external hot-temperature 
fault reference (Vm = 0.25 Vcc). If the battery 
voltage or temperature is outside of these limits, the 
bq2002T pulse-trickle charges until the battery enters 
the valid charge range. The hot-temperature cut-off 
reference (Vm = 0.225 Vcc) provides hysteresis 
between the maximum temperature cut-off and the valid 
charge temperature. 

The bq2002T continua to faat charge the battery until t e d -  
natim by one or more of the three possible termination con- 
ditions: 

Delta temperatddelta time (AT/At) 

Maximum time 

Maximum temperature (TCO) 

ATlAt Fast Charge Termination 
The bq2002T uses AT/At fast charge termination. The 
bq2002T makes a termination decision based on delta 
temperaturddelta time (AT/&) every 19 seconds 
typical. If VTEMP is 25.6mV (typical) 1-8 than the voltage 
measured 60 seconds previously, the fast charge phase of 
the charge is terminated. 

The AT/& test is valid only for: 

0.225 Vcc 5 VTEMP < 0.4 VCC 

Using the recommended resistor divider network and 
thermistor, this represents a detection threshold of 
1°C/minute typical at 30°C. The valid charge tem- 
perature range corresponds to 10°C (LTF), 43°C 
(HTF), and 50°C ('NO), respectively. 

Maximum Time and Temperature 
The bq2002T also terminates fast charge for maximum 
temperature (TCO) and maximum time. TCO reference 
level (VKO = 0.225 r Vcc) provides the maximum limit 
for battery temperature during fast charge. Once fast 
charge is initiated, exceeding TCO terminates fast 
charge or optional top-off charge. 

Maximum time selection is programmed using the TM 
pin. Time settings are available for corresponding 
charge rates of C/4, lC, and 2C. 

VWT > VMCV stops fast charge or top-off. 
A l l  0 



Top-off Charge 
An optional top-off charge phase is selected to follow fast 
charge termination for 1C and C/4 rates. This may be 
necessary to accommodate battery chemistries that have 
a tendency to terminate charge prior to achieving full 
capacity. With top-off enabled, charging continuea after 
fast charge termination for a period of time selected by 
the TM pin (see Table 1). During top-off, the CC pin is 
modulated at a duty cycle of 2 8 6 ~ s  active for every 
4290~s inactive. This results in an average rate '116th 
that of the fast charge rate. Masimum time and tem- 
perature W O )  terminations are the only methods 
enabled during top-off, 

Pulse-Trickle Charge 
Pulse-trickle is used to compensate for self-discharge 
while the battery is idle in the charger. The battery is 
pulee-trickle charged after fast charge or top off by 
driving the CC pin active for a period of 286~s  for every 
72.91118 of inactivity for 1C and 2C selections, and 286~s 
for every 17.9ms of inactivity for C/4 selection. This 
reaulta in a trickle rate of C / s  for the 1C rate and the 9 4  

rate, and C/lze for the 2C rate. 

Charge Inhibit 
Faat charge and top-off may be inhibited by wing the 
INH pin of the bq#)(mr. When high, the bo2002T sue- 

a 
pen& all fast ch& and top-oft activity and the internal 
charge timer. Fast charge terminution due to muximum 
tempemture is not a@ by the ZNH pin. INH freezes 
the current state of LED until inhibit is removed. Dur- 
ing charge inhibit, the bq2002T continues to pulae-trickle 
charge the battery per the TM selection. When INH re- 
t u r n ~  low, charge control and the charge timer resume 
from the point where INH went active and the AvAt 
circuit is reset. 

Low-Power Mode 
When BAT is driven above VPD, the bq2002T aeeumee a 
low-power operational state. Both the CC pin and the 
LED pin are driven to the high-Z state. The operating 
current of the bq2002T ie reduced to lees than 6pA in thie 
mode. Subeequently, when BAT returns to a value below 
VPD, trickle charge is initiated. A new charge cycle be- 
gins when BAT falls below 2V. 

Table 1. Fast Charge Safety Timepop-Off Table 

Notes: TA = 25OC, Vcc = 5.0V. 

Mid = 0.5 Vcc. 

c~espomliryl 
Fast 

Ch- 
Rate 

9 4  

1C 

2C 

TM 

Mid 

Lim 

High 

Fwt Charge 
Topoff and Safety 

Time (minutes) 

Typical 

320 

80 

40 

Top-Off Rate 

'354 

c/16 

Disabled 

P u h  
Trk* 
Rate 

cb 

c / l ~  

Pulsa 
Tdckb 

Period (ms) 

18.3 

73.1 

73.1 



-- - - - -  

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional o~eration 
should be limited to the &ommended DC Operating Conditions detded in this data sheet. ~ x p k r e  to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

DC Thresholds (TA - o to 70%; vcc *20%) 

Unit 

V 

V 

"C 

OC 

OC 

OC 

Symbol 

Vcc 

VT 

Tom 

T m  

TSOLDER 

TEIM 

Minimum 

-0.3 

-0.3 

0 

-40 

-40 

Note8 
I 

Commercial 

10 eecmax. 

Parameter 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Maximum 

+7.0 

+7.0 

+70 

+85 

+260 

+85 

Symbd 

V w  

V H ~  

VLTF 

VMCV 

Tolerance 

*5Yo 

i5Y0 

i5v0 

i5Y0 

Parameter 

Temperature cutoff 

High-temperature fault 

Low-temperature fault 

Maximum cell voltage 

Unit 

V 

V 

V 

Rating 

0.225 Vcc 

0.25 Vcc 

0.4 Vcc 

2 

Notes 

VTS 5 VTCO inhibits charge 

VHTF 5 VTS < VLTF initiates 
charge 

VTS > VLTP inhibits charge 

VBAT > VMCV inhiiit&nninat.a 
charge 



Recommended DC Operating Conditions (TA = o to 70°c) 

Note: All voltages relative to Vss. 

SYmW 

Voc 

VBAT 

VTS 

vnr 

VIM 

VIL 

VOL 

V ~ D  

Icc 

ISB 

IOL 

IL 

Typical 

5.0 

Parmeter 

Supply voltage 

Battery input 

Thermistor input 

Logic input high 

Logic input high 

Logic inputmid 

Logic input low 

L43gic input low 

L~gicoutputlo~ 

Power down 

Supply current 

Standby current 
- 
LED, CC sink 

Input leakage 

Output leakage in high- 
Z state 

Minimum 

4.0 

0 

0.5 

0.5 

Vcc - 0.5 

-- vcc SOOmV 
2 

Vcc - 1.5 

10 

-5 

Not- 

TS < 0.5V prohibited 

INH 

TM 

TM 

INH 

TM 

Em, CC, IOL = lord 

VBAT 2 VPD max. powers 
d m  bq2oon'; 
V ~ ~ ~ < V r n m i n . =  
normal operation. 

Outputs unloaded, 
Vm=5.1V 

Vw = 5.1V, VBAT = VPD 

@VOL = VSS + 0.8V 

INH, TM, V = VSS to Vcc 

m,CC 

Maximum 

6.0 

vcc 

Vcc 

-+500mv 
2 

0.1 

0.5 

0.8 

Vcc - 0.5 

500 

1 

*1 

Unit 

V 

V 

V 

V 

V 

v 

v 
V 

V 

pi 

mA 

pi 

pi 



Impedance 

Timing (TA = o to +70°c; vcc *lo%) 

Note: Typical is at TA = 25'C, Vcc = 5.OV. 

Maximum Symbol 

RBAT 

RTS 

Minimum 

50 

60 

Unit 

M!2 

MQ 

Parameter 

Battery input impedance 

TS input impedance 

Note8 

Typical 

Unit Symbol 

d~~~ 

Minimum 

0.80 

Parameter 

Fast charge safety time 
variation 

Typical 

1 .o 

Maximum 

1.20 



Data Sheet Revision History 

1 

Note: Change 1 = Sept. 1996 B change8 from Aug. 1994. 

Change No. 

1 

Sept 1998 B W10 

1-27 

Deacrlption Page No. 

Was: Table 1 gave the bq2002 Operational Summary. 
Is: F i  2 gives the bq2002 Operational Summary. 

Nature of Change 

Changed to 

5 Added Top-off values. 1 ~ d d e d  values. 



Ordering Information 

~ernperature: 
Blank = Commercial (0 to +70°C) 

Package Option: 
PN = &pin plastic DIP 
SN = 8-pin narrow SOIC 

Device: 
bq2002T Faet Charge IC With AT/At 



@ BENQIMARO Product Brief DV2002 L21TL2 
Fast Charge Development System I 

Control of LM317 Linear Regulator 

Features 

b bq2002 fast charge control evaluation and 
development 

b Charge current sourced from an on-board linear 
regulator (up to 1.5 A) 

b Fast charge of 4 ,5,6,8,  or 10 NiCd or NiMH cells 
(contact Benchmarq for other cell counts) 

Fast charge termination by negative delta voltage 
(-AV) or peak voltage detect, maximum temperature 
and maximum time 

b -AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

b Inhibit fast charge by logic-level input 

General Description ~ 
L I 

The DV2002L2 Development System provides a develop- 
ment environment for the bq2002 Fast Charge IC. The Please review the bq2002 data sheet before using the 
DV2002L2 incorporates a bq2002 and a linear regulator DV2002L2 board. 
to provide fast charge for to lo NiCd Or NiMH A full data sheet for this product is available on our web 
cells. site (http://www.benchmarq.com), or you can contact the 
The fast charge is terminated by any of the following: factory for one. 
-AV or peak voltage detect, maximum temperature, maxi- 
mum time, and inhibit command. Jumper settings select 
the voltage termination mode, the hold-off, top-off, and 
maximum time limits. 

The user provides a power supply and batteries. The user 
configures the DV2002L2 for the number of cells, voltage, 
charge termination mode, and maximum charge time 
(with or without top-om. 

Feb. 1995 Rev. A Board 

1-29 



DV2002L2FL2 Product Brief 

DV2002L2FL2 Board Schematic 



Features 
Fast charge and conditioning of 
nickel cadmium or nickel-metal 
hydride batteries 

Flexible current regulation: 
- Frequency-modulated 

switching current regulator - Gating control for use with 
e x t m d  regulator 

Easily integrated into systems 
or as a stand-alone charger 

Pre-charge checks for 
temperature and voltage faults 

D i  LED outputa display 
battery and charge status 

Fast charge termination by 
A temperatdA time, -AV, 
maximum temperature, 
maximum time, and maximum 
voltage 

Optional top-off charge 

Pin Connections 

16-Pin DIP or SOlC 
PN-91 

Fast Charge IC m 
General Description 
The bq2003 Fast Charge IC providea 
compreheneive fast charge control 
functions together with high-speed 
wrritchingpmerwntrolcirwihyona 
monolithic CMOS device. 

Flexible control of constant-current 
or current-limited charging eupply 
allows the bq2003 to be the basis of a 
cost-effective solution for stand-alone 
and system-integrated chargem for 
batteries of one or more cells. 

Switch-activated discharge-before- 
charge allowa b@MSbaaed chargers to 
support battery conditioning and 
capacity determination. 

High-efficiency power conversion is 
accomplished using the bq2003 ee a 
frequency-modulated controller for 
switched regulation of the charging 
current. 'Ihebq~~)3 may abmative& 

be wed with a traneietor or SCR to 
gateanexkdcharginecwrent. 

Fast c h q e  may begin on application 
of the dm&g supply, replacement 
of the batterg, or rwitch deprewion. 
For safety, fart charge im inhibited 
until the battery tampmature and 
voltage are within configured limita. 

Temperature, voltage, and time are 
monitored throughout f ~ t  charge. 
Fast charge is terminnted by any of 
the f o l l m  

w Delta temperaturddelta time 
(AVW 

8 Negative delta voltage (-AV) 

w Maximum temperature 

w Maximum time 

w Maximum voltage 

Pin Names 

CCMD Charge c o m ~ s e l e c t  SNS Sense resistor input 

DCMD Discharge command TCO Temperature cutoff 

DVEN -AV enableldisable MCV Maximum voltage 

TM I Tier mode select 1 TEMP Temperature status outpa 

TM2 Tier mode select 2 CHG Chargingstatusoutput 

TS Temperature sense MOD Charge current control 

BAT Battery voltage DIS Discharge control 

Vss System ground Vcc 5.OV f 10% power 



The bQ003 uee~ ckh W d e l t a  time (AVAt) ancVor 
negative delta voltage (AV) as primary d&ne hr faat 
chargeahff.  AVAt~isveryreliablefarfast&wge 
t ' 

ticm f a  NiCd and NiMH ba#eries and is cnm~atiMe 

for otacted ~ l l a  ~ a n p m d  to the delta te&m&m method 
(usingm~ene~reandccmperiagbatterytmpmtmtoambi- 
ent the AVAt appmach ia ietively immune to 
amupthn when the initial b a b y  tempera- and ambient 
hqmatamareaignificantbdjfbd. 

-AV detection monitors the voltage across all of the cella 
and is very reliable as a primary charge terminator for 
NiCd batteries. -AV detection for the bq2003 may be dis- 
abled temporarily (for periods of time when the current 
fluctuates) or permanently. 

To provide maximum safety for the battery and system, 
fast charging also terminates based on a hot-tempera- 
ture cutoff threshold (TCO), a safety time period, and a 
maximum cell voltage threshold (MCV). To avoid possi- 
ble premature fast charge termination when charging 
batteries after long periode of storage, the maximum 
voltage and -AV testa are disabled during a short "hold- 
off period at the start of charge. 

The bq2003 may be codlgured to have one, two, or three 
charge stages. With a two-stage fast charge configura- 
tion, the fast charge stage controlled by the bq2003 is 
preceded and followed by a continuous trickle charge at 
a rate controlled by a current-limiting resistor outside 
the bq2003. 

With a three-stage charge configuration, the fast charge 
stage is followed by a =top-ofF charge stage at I/s the fast 
charge rate. This allowe the battery to be quickly and 
safely brought to a completely full charge state. Following 
"topoff,' externally controlled trickle charge maintidm the 
battery at a minimal charge-sustaining level (i.e., C/m 

o$/,). ' h e  maximum topoff t h e  period is the same as 
for the safety time period selected for fast charge, with 
T€D or MCV as backup terminations. 

Discharge-before-charge may be switch-selected to die- 
charge the battery to a nominal 1V per cell (VEDV) and 
then automatically fast charge the battery. Diecharge-be- 
forecharge on demand provides conditioning service8 (use- 
ful to corred or prevent the NiCd voltage depression, or 
"memory,' effect) and capacity-determining services (die- 
charge to empty to calibrate battery capacity). 

Charger status is indicated by readily distinguishable 
LED patterns showing: 

Charge pending 

Discharge 

m Fast charge in progress 

m Charge complete 

Battery removed or charge aborted 

Cold or hot temperature faults are indicated by the tem- 
perature LED. 

Figure 1 shows a block diagram of the bq2003 Fast 
Charge IC. 

TCO 

I I I 

- 1  CONTROL I 
mw CHARGE CONTROL STATE 

DYE YICHINE 

CHECK 

CHECK 
I 

DISCHARGE MOD 
CONTROL CONTROL 

Figure 1. Block Diagram 
2/42 *t 1 M F  



Pin Descriptions 
BAT S W d  voltage input 

DVEN 

Single-cell voltage referenced to SNS for the 
battery pack being charged. This is generally 
developed by a high-impedance resistor di- 
vider network connected between the poeitive DIS 
and the negative terminals of the battery. 

MCV MarlmumCell-Voltage thrmhold input 

Maximum singlecell voltage. If the difference 
in potential between BAT and SNS (pins 7 and TEMP 
9) is greater than or equal to the voltage at the 
MCV input, then all charging activity is 
inhiiited. (See Figure 3.) 

Note: For valid device operation, the  
voltage level on  MCV must not exceed 
0.6 Vcc. CHG 

TS Temperature sense input 

Input referenced to SNS for external battery 
temperature monitoring thermistor. AT/At 
determination is valid only for Vmo S VTS S T M ~ ,  v m  + 0.2 vcc. TM2 

TCO Temperature cutoff threshold input 

Maximum allowable battery temperature 
voltage. If the potential between TS and MOD 
SNS ( p i  6 and 9) is less than the voltage at 
the TCO input, then any fast charging or 
'top-off" charging is terminated. (See Figure 
3.) 

CCMD, Charge initiation and dischargebefore- 
DCMD charge control inputs SNS 

These two pine control charge initiation and 
discharge-before-charge. When both CCMD 
and DCMD pine are connected to Vcc or when 
both are connected to Vss, charge 
automatically initiates on battery replacement 
or when Vcc is applied. Charge is also 
initiated by (1) a rising edge to Vcc at CCMD 
ifbothCCMDandDCMDareconnectedto 
Vss, or (2) a falling edge to Vss at CCMD if 
both CCMD and DCMD are connected to Vcc. VCC 

Discharge-before-charge is initiated at any 
time by: (1) a rising edge to Vcc at DCMD if 
both DCMD and CCMD are connected to Vss, Vss 
or (2) a negative-going pulse (from Vcc to Vss 
and then back to Vcc) at  DCMD if both 
DCMD and CCMD are connected to Vcc. 

-AV eneble input 

Thiain~utcmtrolsthe-AVchan?etemdmtb 
test. GDVEN is high, the -AV & ~II enabled. 
If DVEN is low, -AV teat is W l e d .  DVEN 
may change atate at any time. 

Diecharge FEl' control outplt  

Push-pull output wed to control an  external 
transistor to discharge the battery before 
charging. DIS in active high. 

Temperature statue output 

Push-pull output indicating temperature 
status. TEMP in low if the temperature 
input voltage a t  the TS pin b not within the 
acceptable temperature window to initiate 
fast charging. 

Chwghg status output 

Push-pull output indicating charging status. 
See Table 1, bqm3 Operational S t m y ,  
for output pattern detah. 

Timer mode inputs 

TMI andTM2arethxedevelinpltethatamtd 
the eettinga for fa& charge safety timer and 
*topoff enabYdieable. See Table 2 for detaila 

Currentswitching oontml output 

MOD is a pu&'pd output that is used to 
control the charging current to the battery. 
MOD switches high to a b l e  chaging m t  
flowandbwtoinhiiitcharpingcurrentflow. 

Charging current crenee input 

SNS controls the switching of MOD based on 
an external sense reeietor. "hb provides the 
reference potentials for both the TS and BAT 
pins (pins 6 and 7). 

If SNS is conmeted to Vss, MOD switches 
high a t  the baginning of charge and low at  
the end of charge. 

Vcc supply input 

5.0 v, *lo96 power input. 



Functional Description any required discharge-befom-charge operation prim to 
fast charging. Once fast charging ia initiated, the bqW 

Figure 2 illuetrah charge and display status tests for the full charge conditions: delta tempera- 
during a bq2003 charge cycle. Table 1 outlines the turddelta time (AT/.t) and/or negative delta voltage (- 
various bq2003 operational states and their associated AV), with temperature cutoff WO) ,  time, and voltage 
conditions, which are described in detail in the following safety terminations. 
sections. 

Charge Action Control 
The bq2003 charge action ia controlled by inpute from 
the CCMD, DCMD, and DVEN input pins and from the 
TMi and TMz programming input pins. 

The bq2003 controls the initiation of a charge action, 
checks for acceptable battery temperature (between 
LTF-low temperature fault and HTF-high tempera- 
ture fault) and voltage (between EDV-end-of-discharge 
voltage and MCV-maximum cell voltage), and performs 

Charge Status Indication 
Charge status is indicated by the CHG output. The CHG 
output may be connected diredly to an LED indicator. The 
various charge action states and associated CHG output 
patterns are d d b e d  in Table 1. 

Temperature status is indicated by the TEMP output. 
The TEMP output may be connected directly to an LED 
indicator. TEMP is in the high state whenever battery 
temperature is within the temperature window defmed 
by the VLTF and V m  temperature limits. When the 

I I I I I 
1 Charge I Dis- I Fast TOD-Off 

charge 
(Optional) 

Charging 

DIS I I 
MOD (buck configuration) - - 
or - - 

MOD (external regulation) 

34 seo -+ 

TEMP Status Output 

1 
L Battery discharged to 1V per cell nominal. 

Battery within temperature limits. 

Charge initiated. 
Battery outside temperature limits. 

Figure 2. Example Charging Action Events 



battery temperature ie outaide these limits, TEMP is in In all cams, if the battery voltage a t  the BAT pin exceeds 
the low state, aa indicated in Table 1. the voltage threshold at the MCV pin, both CHG and 

TEMP outputa are held high regardlees of other conditioaa 

Table 1. bq2003 Operational Summary 

Charae Action State 
Battery absenvabort 

Charge initiation 

Pending 

Didmge-befofetharge 
initiation (optional) 

initiation and 
Discharging (optional) / vm < v m ~ p  < VLW and I m r  

Conditions 

VCEU' 2 VMCV 

(1) CCMD = Vss and Vcc applied 
or VCEU drops from 2 VMCV to 
< Vucv (battery insertion) or 

(2) CCMD = Vcc and low-going 
nuhe amlied to CCMD 

v m v  < VcEU < VMCV 

DCMD low-to-high transition 

MOD 
Output 

Low 

Low 

Low 

Charge complete 

Faat charging 

DIS 
Output 

Low 

Low 

Continuous -1 
Initiation ~ ~ ~ ~ r r e d  and 

VHTP < V?~MP < VLTF and 
VEDV 5 VCELL < VMCV 

-AV L 12mV nominal or 
A V T E ~ A T  > 14mV/minute or 

V m  < VTCO or 
maximum time or 
maximum voltaee 

CHG Status Output 

Law if VSNS > 
25OmV, nominal; 

high if V s ~ s  < 
220mV, nominal 

Low 

Low 

Low 

Low 

VTEMP 5 VHTF or VLTP S VTEMP 
Temp fault VCEU < VMCV 

High 

Continuous 

Continuoue 

Top-off (optional; 
see Table 2) 

Continuous 

'/a aec 

3. The bq2003 cannot detect battery removal during the hold-off period (see Voltage Termination Hold- 
Off). If the battery is removed between the start of fast charge and the end of the hold-off period, then 
MOD may remain active and CHG remain high until the hold-off period expires. 

ti sec 

Charge complete and 
top-off time not exceeded and 

V m  > V m  and 
VCELL < VMCV 

1 Temp OK 

Activated per 
VSNS (see fast 

for 4 sec of every 
.?A .-.. 

Notes: 1. VCELL = VBAT - VSNS. 

VHTF < VTEMP < VLTF High 

bw I,$ sec 48 sec 



Battery Voltage and Temperature Measurement 
Battery voltage and temperature are monitored for maxi- 
mum and minimum allowable values. The bq2003 
requires that the thermistor used for temperature 
measurement have a negative temperature coefficient. 
See Figure 3. 

The per-cell voltage for a battery containing N cells is 
defined by the reaietor divider ratio: 

where R1 ie the resietor connected to the positive battery 
terminal, and R2 ie the resistor connected to the negative 
battery terminal. 

External Trickle Resistor 
An external trickle resistor serves two purposea in the 
charging system. First, it  supplies a high-voltage 
reference that allows the bq2003 to detect a battery 
insertion. Second, it supplies a small amount of trickle 
current to the battery that can be used to condition a 
deeply discharged battery for charging or maintain the 
charge atate of a fully charged battery. 

Temperature and Voltage Prequalifications 
Diecharge and charge m both prequalified by battery 
temperature and voltage. For discharge and charge to be 
performed, the battery temperature and voltage must 
fall within predetermined acceptable limits. 

BAT voltage Thermistor 
connection connection fa-a 

Vm~l, (VBAT - Vms) ie compared to an internal low-voltage 
reference, VEDV (0.2 VCC), which is the minimum 
acceptable battery voltage for fast charging. 

VTEM~ voltage is compared to the internal lowtemperature 
reference, VLTF (0.4 VCC) and the internal hot-fault tern- 
perature reference, V m  [& * VLTF) + Cl/g * Vm)], where 
V m  is the cutoff temperature reference level on the W O  
pin. 

These limita establish the acceptable temperature sense 
voltage window for fast charge initiation. If the battery 
fails either of these two prequalifications for discharge or 
charge, the bq2003 enters a charge-pending mode, 
waiting for battery voltage and temperature to become 
acceptable. 

In the case of a battery that is too warm or too cool, the 
charge action starts when the battery temperature 
becomes acceptable. In the case of deeply discharged 
batteries (voltage too low), the bqa003 waits until the 
battery voltage is an acceptable level before starting the 
charge action. In the case of a faulty battery, V w  may 
never reach an acceptable voltage level, causing the 
bq2003 to remain in the charge-pending state. 

Initiating Charge Action and 
Discharge-Before-Charge 
The CCMD and DCMD pins are described together in 
thie section because these pine must be tied to the same 
potential for proper functionality. 

jPl bq2003 ,n bq2003 

Initiate charge Manual 
on V cc application, charge 
battery insertion, initiation 

and manual only 
FQ-4 

Figure 3. Voltage and Temperature Figure 4. Charge Action Initiation 
Limit Measurement 



A battery charge action (prequalification, faat charge, 
and optional =top-off3 is initiated under control of the 
CCMD pin. The DCMD pin mpporta automatic die- 
charge to VEDV before charge to provide conditioning as 
well as capacity calibration. 

Becawe the CCMD and DCMD pins mwt be tied to the 
same potential, them pins can be treated eledrically in 
two ways. Both piae can be connected to Voc or to Vss. 
Either treatment allows for automatic charge initiation 
on battery replacement or when Vcc ie applied. Battery 
replacement h recognized when the voltage at  the BAT 
pin falls from above the MCV pin reference level to below 
that leveL 

Otherwise, charge is initiated by: (1) a rieiug edge to Vcc 
at CCMD if both CCMD and DCMD are connected to 
Vse, or (2) a falling edge to Vss at CCMD if both CCMD 
and DCMD are connected to Vcc. 

Diecharge-before-charge ie initiated at any time by: (1) a 
rising edge to Vcc at DCMD if both DCMD and CCMD 
are connected to Vss, or (2) a negative-going pulse (from 
Vcc to Vss and then back to Vcc) at DCMD if both 
DCMD and CCMD are connected to Vcc. 

When the diecharge be*, the DIS output goee high to 
activata an external traneistor that connecta a load to the 
battery. When diecharge reaches VCEU. = VEDV, DIS 
go- low and faet charge begha (provided the pre-charge 
qualifications are met). 

Fast Charge 

Once temperature and voltage pmqdifi~ations are met 
and any required discharging of the battery is completed, 

d+ bq2003 JT? bq2003 

Never Discharge 
discharge on command 

FQ-6 

faat charging begins and continues until teambation by 
one or more of the five poeeible termhation con- a 
8 Delta temperawdelta time (AVAt) 

a Negative delta voltage (-A) 

a Maximumtemperature 

Maximum charge time 

Maximum battery voltage 

Voltage Termination Hold-Off 
At the start of fa& charging, there h a hold& time 
during which -AV and maximum cell voltage (MCV) ter- 
mination~ are disabled. (See Table 2) Once past the 
initial fast charge hold-off time, these termhuttiom are 
re-enabled. 

AVAt and maximum temperature terminations are not 
affected by the hold-off period. 

-AV Fast Charge Termination 

The bq2003 makee a temhtim decieion baaed on lregative 
delta voltage (-AV) every 34 ~ g ~ n d a  If V a a  in lower than 
any prevh& m e d  valueby 12mVtypical, the fast 
charge pheee d tbe chaw ectim ie terminated. 

The -AV taet is valid ody f~ VW - (0.2 VCC) s VCBU. 
i V m .  -AV detection may be enabled or dimbled a t  any 
time wing the DVEN pin. 

AT/A~ Fast Charge Termination 
The bq2003 makes a termination decieion bamd on delta 
temperawdelta time (AT/&) every 34 w.mnds based 
on temperature measurements over a 68-second time 
period. If V m  + 16mV (typical) is leea than the voltage 
measured 68 seconde previously, the faat chargu phase of 
the charge action is terminated. 

The AVAt teat is valid only for VTCO i VT&MP < V m  + 
0.2 vcc. 

Maximum Voltage, hhxirnum Time, and Maxi- 
mum Temperature Safety Terminations 
The bq2003 also termhatea fast charge for maximum 
temperature (TCO), maximum time, and maximum 
voltage (MCV). 

MCV and W0 reference levels provide the maximum 
limita for battery voltage and temperature during fast 
charging. If either of these limits is exceeded, both fast 
charging and any optional topofEcharge are t e r m b t d  

Figure 5. DischargeBefore-Charge 

S a L  IQQ6 F 



- 

Table 2. Fast Charge Safety Timeflold-Offflop-Off Table 

Note: TA = 25OC, Vcc = 5.0V. 

1C 
2C 
4C 

Maximum time selection ie programmed using the TMI 
and TM2 pins (see Table 1). Time settings are available 
for corresponding charge ratee ranging from C/4 to 4C. 

Temperature Monitoring 

Law 
Float 
High 

Temperatam is mpmented as a voltage input to the b q m  
at the TS pin. Generally, this voltage ia M o p e d  born a 
thmbtor. The bq2003 recognizee an internal voltage level 
of VLTP = 0.4 VCC as the Iaw-Temperature Fault &Ti?) 
lev& If V m  2 V L ~ ,  charghg ie hbiiited (VTEMP = VTS - 
VSNS). S i l y ,  the he estaraalferem voltage level pre- 
sented at the TCO pin nqysenta the temperature cutoff 
point at whichfastcharging~etaminated. 

AU temperature prequalificationa and AVAt termination 
may be dieabled by connecting 'E0 to Vss and f i  the 
TS pin level at 0.1 Vcc. 

High 
High 
High 

Top-Off Charge 
An optional top-off charge phase is selectable to follow 
fast charge termination for charge ratee from C/2 to 4C. 
This option is selected through the TMI/l"M2 program- 
ming pins. (See Table 2.) If selected, the bq2003 'tops 
off the battery a t  a pulsed rate. The charge control cycle 
is modified so that MOD ie activated for only 4 seconds of 
every 34 seconds. Thie multa in a rate Veth that of fast 
charging. Top-off charge proceeds for a time equal to the 
fast charge safety time (see Table 2). Temperature 
('KO) and voltage (MCV) terminations are the only ter- 
mination methods enabled during 'top off.' 

90 
45 
23 

Charge Current Control 
T b e b q m ) 3 l x Q * c h a r g e ~ ~ t h e M O D o u t p l t  
pin. The auffnt contml is &&pd to support implemenkth 
o f a ~ ~ t ~ ~ t o r .  SeeEgum6. 

410 
200 
100 

Nominal regulated current is: 

(38 
c/4 
C a  - 

When used in th ia wnfwation, the charge current is 
monitored at the SNS input by the voltage drop acmes a 
resistor, RSNS. RSNS can be choeen to provide a variety of 
charging currents. 

The MOD pin is switched high or low depending on the 
voltage input to the SNS pin. If the voltage at the SNS 
pin is less than VSNSILJ (0.220V nominal), the MOD out- 
put is switched high to gate charge current through the 
inductor to the battery. 

When the SNS voltage is greater than VSN~HI (0.2W 
nominal), the MOD output is switched low--shutting off 
current from the supply. 

The MOD pin can be used to gate an external charging 
current source. When an external current source ie ued,  
no sense resistor is required, and the SNS pin is con- 
nected to Vss. 

Figure 6. Constant-Current Regulation 
Sot1898F 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. hncthnal operation 
should be limited to the Recammended DC Operating Conditions detailed in thin data ahset. E.poeure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Symbol 

Vcc 

VT 

Tom 

"rsn; 

TSOLDER 

DC Thresholds FA - TOPR; vcc *lo%) 

Parameter 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Minimum 

-0.3 

-0.3 

0 

-40 

-55 

-40 

Symbol 

V s ~ s ~ ~  

V s ~ s ~  

VLW 

VHW 

bDov ) 

Rating 

0.05 Vcc 

0.044 Vcc 

0.4 Vcc 

(48 VLTF) + VTOO) 

0.2 vcc 

Parameter 

High threghold at  SNS 
resulting in MOD = h 

LQW threshold at  SNS 
resulting in MOD = High 

Low-temperature fault 

High-temperature fault 

End-of-discharge voltage 

-8 

C o m r n d  

Ind- w= 

10 secmax. 

Maximum 

t7.0 

+7 .O 

+70 

+85 

+I25 

+260 

+85 

Unit 

V 

V 

"C 

"C 

"C 

"C 

OC 

Notea 

Tolerance L common 
modedeviation. 

Tolerance L common 
m&devhtion. 

VTBMP 2 VLTF inhibits 
charSe - 

VTWP < V m  inhibits 
charqe 

V c r u ~  < VEDV inhibite 
chage 

Tolerance 

M.026 

tO.025 

t0.030 

M.030 

~.030 

Unit 



Recommended DC Operating Conditions (TA - o to +70aC) 

- -- - - - - 

Note: All voltages relative to Vss. 

DIS, TEMP, CHG, MOD, 

IIH 

I" 

vmRM 

-AV 

Logic input low source 

Logic input high source 

TMl, TMz tri-state open 
detection 

Thermistor input resolution 
for AT/At 

Negative delta voltage 

-70 

-2.0 

16 * 4 
12*4 

70 

2.0 

pA 

pA 

pA 

m V  

m V  

TMi, TMa 
V = VSS to VSS + 0.3V 

TMl, TM2, 
V = Vcc - O.3V to Vcc 
TM1, T M 2  may be left 
dieconnected (iloati 
logic input state 

Vcc = S.OV, TA= 2. 

Vcc = S.OV, TA= 25' 



Impedance 

Timing FA = o to +TOT; vcc *to%) 

Qmbd 

RBAT 

RMCV 

R ~ x ,  

R s ~ s  

RTS 

Note: Typical is at TA = 25"C, Vcc = 6.OV. 

Parameter 

Battery input impedanca 

MCV input impedance 

TCO input impedance 

SNS input impedance 

TS input impedance 

symbol 

tpw 

dpcv 

tREG 

t ~ c v  

Parameter 

Pulae width for CCMD, 
DCMDpuleecornmands 

Fast charge safety time 
variation 

MOD output mgulation 
frequency 

VCEU. > V ~ c v  valid 
pea 

Unit 

MQ 

Mil 

MQ 

MQ 

Mi2 

Minimum 

60 

50 

60 

50 

50 

Minimum 

0.84 

200 

Typical Maxlmum 

Typical 

1 .O 

260 

Maximum 

1.16 

loo 

300 

UnR 

ps 

- 

lrHz 

me 

Notes 

Pulse start for charge or discharge- 
befom-charge 

Vcc = 4.5V to 5.5V; see Table 2. 

Typical regulation capability; 
VCC= 5.ov 

If VCEU 2 V w  for ~ C V ,  then a 
transition of VCELL < V ~ c v  is 
recognized ae battery replaced. 
Otherwise, VCEU < VMW is ignored. 



Data Sheet Revision History 

7 

Was 0.2 VCC min and 0.6 
10 Changed MCV allowable voltage range Vcc max; is VEDV min and 

VEDV + (0.2 VCC) mas. 

10 Added tolerance to -AV typical value Was 12 typ; is 12 t4  typ. 

Change No. 

i 

Description Page No. 

DCMD transition to initiate discharge-before-charge 

Ordering Information 

Nature of Change 

Was low-to-high; 
is pulse with period tPw. 

8 

m 2 r  - lTemperature: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85OC)* 

2 

2 

3 

4 

4 

5 

5 

package Option: 
PN = 16-pin narrow plastic DIP 
S = 16-pin SOIC 

Table 2 C/4 charge rate -AV/MCV hold-off time changed 

Note: Change 1 = Aug. 1992 B changes from Apr. 1992 A. 
Change 2 = Oct. 1992 C Tinal* changes from Aug. 1992 B "Preliminary." 
Change 3 = Dec. 1992 D changes from Oct. 1992 C. 
Change 4 = Oct. 1993 E c h a n g ~  from Dec. 1992 D. 
Change 5 = Sept. 1996 F changes from Oct. 1993 E. 

Changed impedance parameters 

Changed P REG value 

CCMD and DCMD pins must be tied together 

Changed description of -AV fast charge termination 
from 'If VCEU is lower than the previous measured 
value ...' to 'If VCELL is lower than any previous 
measured value ..." 
Added TS input impedance 

Changed block diagram 

Added Top-Off values to Table 2 

11 

11 

3,6,7 

11 

2 

8 

L ~evice:  
bq2003 Fast Charge IC 

Was 1640 seconds; 
is 137 secon&. 

Were 50 typ; are 50 min. 

Was 100 typ; is 100 max. 

Cldication 

Clarifcation 

Additional specification 

Changed diagram 

Added values 

Contad factory for availability. 



@ INCHMARO product 5rief DV2003 L 1 
Fast Charge Development System 

Control of On-Board Linear Current Regulator 
or External Current Source 

Features 
bq2003 fast charge control evaluation and 
development 

Charge current sourced from an on-board linear 
regulator (1.25A, modifiable for 0.1 to 1.5 A) or an 
external current source 

Fast charge of 4 to 14 NiCd or NiMH cells 

Fast charge termination by AT/At, -AV, maximum 
temperature, time, and voltage 

-AV enable, hold-off, top-off, maximum time, number 
of cells, and off-board current source control are 
jumper-configurable 

> Charging status displayed on charge and 
temperature LEDs 

Discharge-before-charge control with push-button 
switch 

Inhibit fast charge by external logic-level input 

General Description 

The user provides a power supply and batteries. If the 
on-board 1.25A linear regulator is disabled, the external 
current source must have an appropriate digitally con- 
trolled switch (active high). The user configures the 
DV2003L1 for the number of cells, -AV, charge termina- 

The DV2003L1 Development System provides a develop- tion enabled or disabled, and maximum charge time 

merit environment for the bq2003 F~~~ charge 1 ~ ,  The (with or without top-off), and commands discharge- 

DV2003Ll incorporates a bq2003 and a n  LM317 linear before-charge with a push-button switch' 
regulator to provide fast charge control for 4 to 14 NiCd A full data sheet for this product is available on our web 
or NiMH cells. The DV2003L1 also supports ordoff con- site (http:/lwww.benchmarq.com), or you may contact the 
trol of an external current source. factory for one. 

The fast charge is terminated by any of the following: 
ATIAt, -AV, maximum temperature, maximum time, 
maximum voltage, and external inhibit command. 

Jumper settings select the -AV enabled state, select the 
hold-off, top-off, and maximum time limits, and enable 
the use of an external current source. 



DV2003L 1 Product Brief 

DV2003L1 Board Schematic 



Fast Charge Development System 
Control of Frequency-Modulated Linear Regulator 

Features 
> bq2003 fast charge control evaluation and 

development 

* Charge current controlled with frequency- 
modulated linear design 

Fast charge of 2 to 12 NiCd andlor NiMH cells 

Fast charge termination by -AV, AT/&, maximum 
temperature, time, and voltage 

Discharge-before-charge option 

General Description 
The bq2003L3 Development System provides a cost- 
effective component-reduced development environ- 
ment for the bq2003 Fast Charge IC. The DV2003L3 
incorporates a frequency-modulated linear regulator 
for fast charge control of NiCd andlor NiMH cells. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 

DV2003L3 Configuration-Complete Before Ordering 

Customer Name: -- - 

Contact: Phone: 

Address: 1 

Sales Contact: Phone, 
1 

- 

DC input voltage (V) 

-AV enabled (yeslno) 

ATlAt enabled (yeslno) 

Number of battery cells (2-12) 

! 
1 

Charge current (A) (1.5A rnax.) 

Battery capacity (mAh) ---- 

Battery type (NiCd and/or NIMH) 

Top-off (yeslno) 

D~scharge-before-charge (yeslno) 

Discharge current (mA) 

Oct. 1994 



DV2003L3 Product Brief 

DV2003L3 Board Schematic 

NOTES: 
1. TO DISRBLE DELTR 1, R5 SHOULD BE 2.2K.  j 2  2 .  DISCHRFGE RRTE = . 3 I / R 1 7  3,- SHOUN, .  

2 1,- 3. CHRRGE RRTE = 8 . 2 3 6 / ~ 6  11.2 RnPs RS SHOUN) 

- 



~ r i u c t  ~ t i e f  DV2003S1 
Fast Charge Development System I 

Control of On-Board p-FET 
Switch-Mode Regulator 

atures 
bq2003 fast charge control evaluation and 
development 

Charge current sourced from an on-board 
switch-mode regulator (up to 3.0 A) 

Fast charge of 2 to 16 NiCd or NiMH cells 

Fast charge termination by delta temperaturddelta 
time (ATlAt), negative delta voltage (-AW, maximum 
temperature, maximum time, and maximum voltage 

-AV enable, hold-off, top-off, maximum time, and 
number of cells are jumper-configurable 

Charging status displayed on charge and 
temperature LED6 

Discharge-before-charge control with push-button 
switch 

Inhibit fast charge by external logic-level input 

General Description 
The DV2003S1 Development System provides a develop- 
ment environment for the bq2003 Fast Charge IC. The 
DV2003S1 incorporates a bq2003 and a buck-type 
switch-mode regulator to provide fast charge control for 2 
to 16 NiCd or NiMH cells. 

The user provides a power supply and batteries. The user 
configures the DV2003S1 for the number of cells, -AV 
charge termination enabled or disabled, and maximum 
charge time (with or without top-off), and commands dis- 
charge-before-charge with push-button switch S1. 

A full data sheet of this product is available on our web 
site (httpr//up~w.benchmarq.com), or you may contact the 
factory for one. 

Review the bq2003 data sheet and the application note, 
"Using the bq2003 to Control Fast Charge," before using 
the DV2003Sl board. 

The fast charge is terminated by any of the following: 
ATlAt, -AV, maximum temperature, maximum time, 
maximum voltage, and external inhibit command. 
Jumper settings select the -AV enabled state, select the 
hold-off, top-off, and maximum time limits. 

a t .  1994 Rev. A Board 
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Q BENCHMARQ Product Brief DV2003S2 
Fast Charge Development System 

Control of On-Board n-FET 
Switch-Mode Regulator 

atures 
bq2003 fast charge control evaluation and 
development 

Charge current sourced from an on-board 
switch-mode regulator (up to 6.0 A) 

Fast charge of 2 to 16 NiCd or NiMH cells 

Fast charge termination by delta temperatureldelta 
time (ATIAt), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum voltage 

-AV enable, hold-off, top-off, maximum time, and 
number of cells are jumper-configurable 

Charging status displayed on charge and 
temperature LEDs 

Discharge-before-charge control with push-button 
switch 

Inhibit fast charge by external logic-level input 

General Description 
The DV2003S2 Development System provides a develop- 
ment environment for the bq2003 Fast Charge IC. The 
DV2003S2 incorporates a bq2003 and an n-FET buck- 
type switch-mode regulator to provide fast charge control 
for 2 to 16 NiCd or NiMH cells. The primary difference 
between the DV2003S2 and the DV2003S1 is in the 
switching FET Q1. The DV2003S1 uses a p-FET for bat- 
tery charge currents of 3.OA or less, whereas the 
DV2003S2 uses an n-FET to support charge currents up 
to 6.OA. 

Review the bq2003 data sheet and the application note, 
"Using the bq2003 to Control Fast Charge," before using 
the DV2003S2 board. Also review the application note, 
"Step-Down Switching Current Regulation Using the 
bq2003," for information concerning trade-offs between 
using p-FET and n-FET transistors for Q1. 

The fast charge is terminated by any of the following: 
ATIAt, -AV, maximum temperature, maximum time, 
maximum voltage, and external inhibit command. 
Jumper settings select the -AV enabled state, select the 
hold-off, top-off, and maximum time limits. 

The user provides a power supply and batteries. The user 
configures the DV2003S2 for the number of cells, -AV 
charge termination enabled or disabled, and maximum 
charge time (with or without top-off), and commands dis- 
charge-before-charge with push-button switch S1. 

A full data sheet for this product is available on our web 
site (http:llwww.benchmarq.com), or you may contact the 
factory for one. 

Feb. 1993 PB-0011 
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Introduction 
This application note describes the use and functions of the 
b q m 3  gating a current source to fast charge NiCd or 
NiMH batteries. Examples describe the ease with which- 
the bq2003 is incorporated into applications. 

The bq2003 may also sewe as the modulator for a switch- 
mode constant-current regulator to provide an efficient 
charge current source. This is discussed in the Applica- 
tion Note, "Step-Down Switching Current Regulation Us- 
ing the bq2003 Fast Charge IC.' 

Examples for additional applications are being devel- 
oped. Please contact Benchmarq if your application is 
not supported by one of these examples. 

The bq2003 is targeted for applications requiring state- 
of-the-art fast-charging performance at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/At (delta temperatddelta t i e )  and -AV 
(negative delta voltage) that enable the user to take ad- 
vantage of advanced battery technologies such as nickel 
metal-hydride (NiMH) and high-capacity fast-charge 
nickel cadmium (NiCd). Syetems using the bq2003 can 
be easily upgraded from NiCd batteries to NiMH batter- 
ies without system redesign. 

Background 
A s

ignifi

cant advantage of the bq2003 over other fast- 
charge solutions is the use of AT/At anqor -AV as the 
primary decisions for fast-charge termination. AT/At de- 
tection is one of the most sensitive and reliable methods 
for fast-charge termination when charging NiMH and 
NiCd batteries. Near maximum charge acceptance, the 
temperature rise begins to accelerate at the same time 
that voltage rise accelerates. The AT/At decision typi- 
cally precedes the peak voltage, allowing for minimal 
overcharge stress. 

Tbe AVAt method a h  tdemtea varying r a h  of charge, which 
maybedeairablewhenchargingmuingsystemoperatimL 

Compared to the AT method, which uses two sensors to 
monitor battery temperature and ambient temperature, 
the AT/At method uses a single thermistor to monitor the 
rate of temperature increase. This approach is more tol- 
erant in cases when the initial battery temperature is 
significantly different from the ambient temperature. 

bq2003 temperature monitoring may be permanently dis- 
abled without affecting other bq2003 charge-termination 
functions. 

Using the bq2003 

to Control Fast Charge m 
The bq2003 monitora the voltage acroes the battery to detect 
-AV, which ie a very reliable charge bmbator for NiCd 
batkies. -AV detection in the b q m  may be temporarily 
disabled duing periods when the charge current fluctuates 
greatly or during the besinning of a fast charge to eliminate 
false peake. -AV may be penmmntly disabled without a€fect- 
ing other bqm charge-termination functione. 

To ensure safety for the battery and eystem, fast charg- 
ing also terminates baeed on a hot-temperature cutoff 
threshold (TCO), a safety time period, and a maximum 
cell voltage threshold (MCV). To avoid poesible prema- 
ture fast-charge termination when charging batteries af- 
ter long perioda of storage, the bq2003 disables MCV and 
-AV d e w i o n  during a short 'hold-off period at the start 
of fast charge. This hold-off period is c o n f i d  as de- 
scribed in the bq2003 data sheet. 

The bq2003 may be configured to have one, two, or three 
charge stages. As a one-stage charger, the bq2003 controls 
charge with no trickle. In a two-stage configuration, the 
fast-charge stage controlled by the bq2003 is preceded and 
followed by a continuous trickle charge at a rate controlled 
by a current-limiting resistor outside of the bq#X)3. In a 
three-atage configuration, the fast charge is followed by a 
"top-off charge stage at t8 the fast charge rate. This al- 
lows the battery to be quickly and sately brought to a full 
charge state. Following top-off, an external resistor con- 
trols trickle charge to the battery at a minimal charge-sus- 
taining rate, typically c/ro or C/m. 

Basic Charge-Control Operation 
Two detailed applications follow thie &on One provides 
direct control of a linear regulator, and the other provide8 
control of any external current aource. 

Gating Current 
Figure 1 shows an example of external source gating. 
With SNS tied to chip ground, the bq2003 enables charge 
current to the battery by taking MOD high a t  the start of 
charging and maintaining this state until charging is ter- 
minated. In this example, R7, 62, R15, and Q1 form the 
switching circuit. When MOD goes high, Q2 switches on- 
turning on 61. When MOD goes low, the base current in 
Q1 collapses, breaking the charging path. 

The current-handling capability of this circuit is limited 
by the product of the current gains of the transistors and 
by the 5mA drive capability of the MOD pin. 

This limitation may be removed by replacing the PNP at 
Q1 with a pFET. See Table 1 for suggested transistors. 



Table 1. Suggested Transistors ((21) 

Note: For very high currents, two paralleled pFETa or an nFET with a high-side driver circuit may be suitable. 

IRF9Z20 PFET TO-220 9.7 
P 

IRF9Z32 PFET TO-220 

BD136 PNP TO-225 

MJE171 PNP TO-225 

TIP42A PNP TO-220 

Maximum Current 

5.3 

9.0 

9.9 

1.1 

1.6 

4.7 

8.9 

Package 

DPAK 

DPAK 

DPAK 

HEXDIP 

HEXDIP 

TO-220 

TO-220 

Q1 

IRFR9010 

IRFR9022 

IRFR9020 

IRFD9014 

IRFD9024 

IRFSZlO 

IRFSZ22 

External current U 

Figure 1. Gated External Source (Bipolar Switch Option) 

Maximum Voltage 
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-50 
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-50 

-50 
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PFET 
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pack 

"cc MOD I 

TS 
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Using the bq2003 to Control Fast Charge 

Charge Status 
The charge status of the bq2003 is indicated by two out- 
pub. Each output may directly drive an LED. One LED 
uses distinctive flashing pattern to indicate the current 
charger status as: 

A second LED indicates that the battery temperature 
detected by the bq2003 and associated thermistor is out 
of range for faat charging. 

Charge Initiation 
Charge may be initiated by power to the IC, battery re- 
placement, or application of a digital signal. C o n f i i a -  

a 
tion options are shown in Figure 2. 

Charge initiation by application of power to the IC works 
ae follows: When Vcc is applied, the bq2003 is held in 
reset for approximately one and one-half aeconds. At the 
end of the re& period, the CCMD pin (pi 1) L sampled 
and, if CCMD and DCMD are low, a charge cycle initi- 
ates as soon as conditions allow. 

Charge initiation on battery replacement relies on the 
BAT pin voltage being gmater than MCV in the abeence 
of a battery, and falling below MCV when the battery is 
connected. For example, in Figure 1 a resistor R10 is 
ineerted between the positive battery terminal and IDC. 
This registor, in conjunction with FU31 and RB2, is sized 
to pull the BAT pin (pi 7) above the value programmed 
on MCV (pin 11, magimum cell voltage threshold) when 
the battery is removed. 

When the battery is replaced in this case, the voltage on 
BAT should fall below MCV, at which time a charge cycle 
initiates as soon as conditions allow (if CCMD and 
DCMD are low). 

Figure 2. Charge Initiation Network 

"cc 7 
Push-button 40 switch 
(normally open) 

Nov. 1994 C 311 8 

Push- 
button 

Manual Automatic Manual and 
charge charge automatic 
initiation initiation initiation 

F(3-8 

bq2003 

CCMD I- 

bq2003 

33K switch 4' 
(normally 



Using the bq2003 to Control Fast Charge 

Charge initiation by digital signal occurs on the rising 
edge of CCMD with DCMD low. Digital charge initiation, 
which is simply a request to charge the battery, results 
in charging as soon as conditions allow. 

The charge command may be issued at any time, but 
charging may be disqualified becauee the battery voltage 
or temperature is outaide programmed limita. Fast 
charging remains pending until all charge qualifications 
become valid. When conditions allow, fast charging be- 
gins. A CCMD-initiated charge with battery absent re- 
mains pending until battery replacement. 

Discharge-Before-Charge 
It may be desirable in the application to allow the user to 
occasionally discharge the battery to a known voltage 
level prior to charge. The reaeon for this may either be to 
remedy a voltagedepression effect found in some NiCd 
batteriea or to determine the battery's charge capacity. 

Figure 3 illustrates the implementation of this function. 
Discharge-before-charge is initiated on a positive 
strobe signal on DCMD. This function takes prece- 
dence over a charge action and commences 
immediately when conditions warrant, forcing DIS 
to a high state until the voltage sensed on BAT falls 
below Vc&. Charging begins as eoon as conditions 
allow. 

Care should be taken not to overheat the battery during 
this procees; excessive temperature is not a condition 
that terminates diecharge. 

A strobe on CCMD telminates the discharge phaee and 
initiates fast charging. 

Unlike a CCMD-initiated charge, the discharge-before- 
charge function is ignored or terminated when VBAT - 
VSNS > VMCV (battery removed). 

If the discharge-before-charge function is not desired, 
DCMD should be tied to Vss. 

Configuring the BAT Input 
The bq2003 uses the battery voltage sense input on the 
BAT pin to control discharge-before-charge, qualify 
charge initiation, terminate charge a t  an absolute limit, 
and facilitate negative delta voltage (-AV) detection. 

VBAT may be derived from a simple passive network 
across the battery. As shown in Figure 1, reaistora RBI 
and RB2 are choeen to divide the battery voltage down to 
the optimal detection range, which is between VMCV and 
VMCV - 1V. 

For NiCd and NiMH batteries, the battery terminal volt- 
age is divided down to a per-cell potential. If, for exam- 
ple, the battery contains four NiCd cells, RBI may be 
c h o m  as 562KR and RB2 as 187KR. 

Figure 3. Battery Conditioning Network 

VCC 7 
Push-button Discharge 1 - 1 Push-button Discharge 

4 switch ( switch - load R~~~~ -- load R~~~~ - (normally open) " (normally open) 

- 
33K 

- 
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DCMD DIS 

- 

bq2003 

DCMD DIS 

V88 SNS - 
- - 

RSNS 

Vw W S  

- - - 
Discharge network for Discharge network for 

use with a bq2003-controlled use with an external 
switching current supply charge current source 

FG-0 
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Although virtually any value may be choeen for RBI and Configuring the MCV Input 
RB2 due to the high input impedance of the BAT pin, the 
values selected must not be eo low as to appreciably Bat* over-voltage p m W o n  is accompliehed by com- 
drain the battery nor eo large as to degrade the circuit's parind VCEW to &e -voltage on the M6V input bin. If 
noise performance. Constraining the source resistance as VCELL becomes greater than V m ,  both charging and 
seen from BAT between 20KQ and 1MR is acceptable top-offterminate. 
over the bq2003 operating range. Total impedance 
between the battery terminal and Vss should typically be 
about 300KR to 1 M n  . See Table 2. 

Notee: (1) Because V s ~ s  may be positive in bq2003 
switching regulation applications, the actual internal 
comparison uees VBAT - VSNS, or VCELL Thb internal 
value VCELL maiutaina a representative single-cell volt- 
age independent of any currant through ~ N S .  

(2) The R-C time delay in the presentation of VBAT must 
be shorter than 200ms (t~cv).  A longer delay may result 
in a failure to determine battery replaced.' 

Table 2. Suggested RBI and RB2 
Values for NiCd and NiMH Cells 

A typical MCV value is 1.8V for NiCd and NiMH batter- 
ies. The MCV voltage ie derived from either of the net- 
works shown in Figure 4. The combined network haa the 
advantage of fewer resistore in generating both the MCV 
and TCO thresholds, but loses the independence of 
threehold adjustment. 

To detect the presence of a battery, the DC eupply volt- 
age must be larger than MCV * N + Vmssr ,  where 
V m  is defined as the trickle charging path voltage 
loee and N is the VBAT divisor. 

Temperature Sensing and the TCO Pin 
The bq2003 uses the temperature mnee input on the TS 
pin to qualify charge initiation and termination. A nega- 
tive temperature coefficient (NTC) thermistor referenced 
to SNS and placed in cloee proximity to the battery may 
be used as a temperature-to-voltage transducer aa shown 
in Figure 1. This example showe a simple linearization 
network constituted by RT1 and RT2 in conjunction with 
the thermistor, RT. If this temperahre seneor is to be 
wed for charge control, it should be directly in contact 
with the cells. 

Temperature-decision thresholds are defiied as LTF 
(low-temperature fault), HTF (hot-temperature fault), 
and TC0 (temperature cutorr). Charge action initiation 
is inhibited if the temperature is outside the LTF-to-HTF 
range. In this case, the temperature fault indicator on 
TEMP is driven low, and charging does not initiate until 
the battery temperature is within range. 

vcc 

bq2003 bq2003 

TCO 

TCO 

- 

Independent Combined 
networks network FQ-12 

Figure 4. Threshold Networks 
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Once initiated, charging terminates if the temperature is 
either less than LTF or greater than TCO. The bs2003 
interprets the reference fiinta VLTF, V m ,  and VGO as 
Vss-referenced voltages, with VLTF fued at 2/s Vcc and 
VTCO equal to the voltage presented on the TC0 pin. See 
Figure 5. Note that since the voltage on pin TS decreases 
as temperature increases, VTCO should always be less 
than 2/6 VCC. VHTF is set internally 74 of the way from 
VLW to VTCO. The resistive dividers shown in Figure 4 
may be used to generate the desired VTCO. 

Note: HTF is not meaningful for bq2003 switching cur- 
rent regulation chargers. See the Application Note, 
'Step-Down Switching Current Regulation Using the 
bq2003 Fast Charge IC.' 

AT/At detection adds an additional constraint on the se- 
lection of temperature sense components. Detection 
occurs when the voltage TS - SNS declines at a rate 
between 0.0024 Vcc and 0.0040 Vcc per 68 seconds, with 
a nominal 5V Vcc producing a nominal detection rate of 
14mV/min (16mV/68sec). For example, assuming a 
1°C/min desired average AT/At detection rate m~), and Figure 5. Temperature Reference Points 
minimum and maximum charge temperatures of 0" and 
40"C, respectively, Vmo equals: 

should be co

nfi

gured asauming a minimum charge cutoff 
V m  = (2 V d  - ( 0 . m  Vcc b -k)) rate of 0.0024 Vcc, or 10.6mV per minute (at S0C; Vcc 

= 5V). This is the lowest signal that may be recognized as 
= 2 - (0.014 (40 - 0)) meeting the decision threshold. Repeating samples 

cause a decision quickly as the voltage ramps between 
= 1.44V this minimum threshold and the nominal 14mV ~ e r  

-- 

7F3 

-- 
in 

-- 

-- 

minute. The system is self-compensating in that h e  Table 3 shows the temperature control valuea that apply increasingly overstated negative volt- for Application Examples 1 and 2, assuming the Fenwal 
part number 197-103LA6-A01 thermistor. Appendix A age change with increasing temperature, making the 

explains the derivation of such component values. measurement more sensitive at higher temperatures. 
The last three columns of Table 3 are an example of this 

-- "cc 

V LF = 215 VCC 

v ,,, = VLTF - 718 WLTF - VTCO ) 

VTCO lJ-- 
=vothga at TCO ph 

"SS FO.DS17 

New AT/At samples are processed every 34 seconds. To relationship. 
minimize the risk of premature termination, the design 

Table 3. Example Values, Temperature Sense Network 

Notes: 1. VSR= OV. 

LTF 
(TI 

2. Temperature control and qualification may be disabled by tying pin TCO to Vss and fixing the 
voltage on pin TS to 0.1 Vcc. 

HTF 
(x) 

TCO V ~ c o  
(V) 

RT1 
(KR) 

RT2 
(KQ) 

Minimum-toNominal 
AT/At Rate (OClmin) 

(%/min) 
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vcc Supply 
The Vcc apply provides both power and voltage refer- 
ence to the bq2003. This reference directly affecta BAT 
voltage and internal time-base voltage measurements. 

A 5% or tighter tolerance on Vcc is recommended to 
minimize the error regarding MCV. For example, if 
MCV nominal is set to be 1.8V per cell, a 5% error on Vcc 
results in MCV = 1.71V to 1.89V. Thie range is accept- 
able fhm the perspective that an MCV charge tennina- 
tion repreaenta a faulty battery. The minimum MCV 
must be safely above a lw~althy' charging voltage. The 
maximum MCV mud satisfy the requirement to recog- 
nize battery removed&placed (see the section, "Config- 
uring the MCV Input'). 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = 5V. The 
millator variee diredly with Vcc. If, for example, a 6% 
regulator eupplies Vcc, the time-base could be in error by 
as much as 10%. 

Triclde Resistor 
The trickle resistor, R10, is sized to limit the constant 
trickle current, IT. 

RlO = (VDC - VBAT)/ IT 

The resistance of RIO is calculated wing IT = charge 
current desired after full (typically a C/ao toCb rate, pos- 
sibly lees) and the voltage for a fully charged battery 
(number of cells 1.4V). 

The wattage rating of R10 must accommodate periods of 
higher IT when VBAT ia at a lower voltage (no fast-charge 
pending charge qualification). 

A very low trickle current contributee to longer battery 
life, and is particularly critical for NiMH cells. 

TopOff Charge 
The top-off charge option allowe for the relf-diecharpe 
repla&ent t & l e  k n t  to be very low, but atiU p& 
vides for filling up the last fraction of capacity after the 
faet-charge phase has terminated. Top-off occur6 at  a 'g 
pulsed rate to prevent ex- heat generation, and tenni- 
nates aftar a period equal to the safety time-out. I t  ale0 
terminates if TCO or MCV is detected 

Top-off is not recommended in a p p l i c a t b  wheos a bat- 
tery charge is re-initiated with extremely high frequency 
(many timas per day); for example, when the unit is re- 
turned to the charge cradle a h r  each &oat period of we. 

Negative Delta Voltage Fast-Charge 
Detection 
-AV full-charge detection may operate in parallel with 
the A t  detection. If temperature control in disabled by 
design, then -AV should be enabled OVEN to Vcc). If 
-AV is enabled, a constant-current charging source is re- 
quired. Otherwise a drop in current may cause a falee 
-AV determination. DVEN may change state a t  any time. 

Mode Selection Pins TM1 and TM2 
These two pina are used to select the safety time-out (5 
selections, 23 to 360 minutee) and optional top-off charge 
(4 selections, 23 to 180 minutes, equal to the safety time 
selection). 

The safety time-out should be selected to be longer than 
any reasonably expected charge time. The nominal 
charge time (Ahr capacity/charge rate) must be factored 
up to allow for both charge i n e M n c y  and the fact that 
many ba#eriea hold more than the rated charge. A safety 
time-out 1.3-1.5 times the nominal time ie m a l l y  ade- 
quate (i.e., 90 minutea for a 1C charge). The safety time- 
out may be far in excess of the nominal charge time if the 
temperature monitor is enabled. 

Note: If the charge rate varies (such ae fast charging 
during system operation using AVAt termination), then 
the safety time-out selection should allow for the slowed 
charges that may occur. The 180- or 360-minute selection 
may be appropriate. 
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System-Controlled Charge 
Inhibition 
Some in-system chargers may r e q u i ~  the ability to block 
fast charge activity when the system is on. 

Two small 1N4148-type diodes-with cathodes connected 
outaide the R-C fiiter-control the bq2003 BAT and TS 
inputs to  provide th is  capability. A high signal 
(INHIBIT) applied to anodes of theae diodes blocks 
charge activity. See Figure 8. 

With a high signal applied to BAT and TS, charge is 
inhibited and both LEDs are off. INHIBIT muat be high 
for longer than t ~ c v  max (300ms) if a subsequent low 
state is to initiate charge. 

INHIBIT muld be the system Vcc, blocking fast charge 
at all times the system is ON. This may be needed if -AV 
termination is to be used and the charge supply cannot 
simultaneously support fast charge and peak system 
loads. 

INHIBIT might also be CPU-controlled, allowing the 
charger to be inhibited as required by specific situations. 

Power Supply Selection 
The DC supply voltage, Vm, muet satisfy two require- 
ments: 

1. To support the bq2003 Vcc supply, V m  muet be 
adequate to provide for 5V regulation after the 
losees in the regulator and acroae Dl (Vm 2 7.7V 
using the 78L05). 

2. To support the charge operation, VDC > (number of 
cells MCVMAX) + V w  in the charging path. 
(MCVm is the maximum cell voltage threshold 
with the maximum bq2003 Vcc.) 

Polarity Reversal Protection 
If the DC input has any risk of being accidentally con- 
nected with power (+) and ground (-) reversed, then the 
system input should include either a protection diode to 
protect against circuit damage or a diode bridge to pro- 
vide both protection and operation. This also increases 
minimum input voltage for charger operation by approxi- 
mately 1V to 2V. 
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Layout Guidelines 
PCB layout to minimize the impact of system noise on 
the bq2003 is important when the bq2003 is used as a 
switching modulator, with a separate nearby switching 
regulator, or close to any other siflicant noise source. 

1. Avoid mixing signal and power grounds by using a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and associated 
traces should be kept relatively isolated from the 
bq2003 and its supporting components. 

3. O.1pF and lOpF decoupling capacitors should be 
placed close together and very close to the Vcc pin. 

4. 0.1pF capacitors and resistors forming R-C filters 
connected to pins BAT, TS, TCO, and MCV should 
be as close as possible to their associated pins. 

5. Because the bq2003 uses Vcc for its reference, addi- 
tional loading on Vcc is not recommended. 

6. Diode Dl  (1N4148) is recommended for rectification 
and f i r i n g .  

7. If the DCMD input is electmnically controlled, care 
should be taken to prevent noise-induced falee tran- 
sitions. 

8. For bq2003-modulated switching applications: 

A 2KR resistor is required between the MOD 
pin and the transistor. 

A lOOOpF capacitor/lKn resistor R-C filter 
ehould be as close as possible to the SNS pin. 

The O.lpF capacitore for BAT and TS should be 
routed directly to SNS and not to ground. 

F i i  6 and 7 show an example layout of the non- 
power path circuits in the %ernel board' available from 
Benchmarq. Figure 8 is a schematic of the board. Table 4 
contains the parte list for the board. A comparable lay- 
out is recommended. 

@ 
SKKSCREEN 

Figure 6. bq2003 Kernel Board Layout, Component Placement - 
NOV. 1994 c wi e 
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@ LAYER 1 COYPONENT SM 

@ 
LAYER 2 SOLDER SIDE 

I 

Figure 7. bq2003 Kernel Board Layout 
i q i e  NOV. 1mc 

1-60 
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Table 4. bq2003 Kernel Board Parts List 

Component Name 

C1 

Component Description 
lOpF 5OV electrolytic 

C2, C4, C5, C7, C8 
C3 
C6 

Dl, D4, D5 
D2, D3 

R1 
R2 
R 3  

R4, R7, R8, R9 
R5, R6 

O.lpF ceramic 
10pF 7V electrolytic 

lOOOpF ceramic 
IN4148 

HLMP 4700 red LED 
User-defined 1% 1/4W or 1gW carbon film 
User-defined 1Yo 1/4W or l/'W carbon film 
User-defined 1% 1/4W or 1hW carbon film 

1KQ 5% 44W or lm carbon film 
loo= 5% t4W or l/fl carbon film 

RBI 

SNS is tied to V,, if bq2003 switching modulation is not used. 

*R4 and C6 are only needed for switching modulation applications. 

m-r*d 

User-defined 1% 1/4W or 1kW carbon film 

RTl 
RT2 
U1 
U2 

Figure 8. bq2003 Kernel Board Schematic 

Ueer-defined 1% 1/4W or l/fl carbon film 
User-defined 1% 1/4W or 1kW carbon film 

bq2003 
LM78L05ACZ 

Nov. 1994 C 31/18 

RB2 

I I 

User-defined 1% 1/4W or l/sW carbon film 
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Application Exaniple 1 : Linear Regulator Components to complete this schematic may be selected 
from the preceding table: 

In the example in Figure 9, the bq2003 is used to imple- 
ment a linear regulator/charge controller that can charge 
4 to 12 NiCd or N i  cells with current regulated up to 
1.5k Rls determines the charge rate per the formula: 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection is enabled (DVEN high), and discharge control 
is disabled @CMD low). MCV = 1.8V; LTF = 10°C; HTF 
= 47°C; TCO = W C ;  TAT (average AT/At) = 1.04"V min- 
ute. Timer-mode selection (see data sheet) and trickle 
resistor R10 selection (see page 7) are determined by the 
designer. 

Table 2: BAT network RBI and RB2 values 

Table 5 contains the parts list for the board. 

Notes: (1) Temperatun? control and qualification may be 
disabled by tying pin TCO to Vss and fa the voltage 
on pin TS to 0.1 Vcc. 

(2) The voltage drop ( V m )  across LM317, D6, and R16 
is 4.25V minimum. The charging supply voltage must be 
greater than the following: 

Number of cells max. cell voltage + Vmss 

The maximum allowable power loss across the LM317 
depends on the heat sinking. 

Table 5. Linear Regulator/Charge Controller Board Parts List 

Component Name 

C1 
C2, C4, C5, C7, C8 

C3 

Component Description 

10uF 50V electrolytic 
O.1pF ceramic 

lOuF 7V electrolvtic 
D l  

D2, D3 
D6 
D7 

Q Z Q 3  
R1 

R2 
R3 

R5, R6 
R7, R15 
I% R9 

R10 
R16 
R17 
R33 
RBI 
RB2 
RT 
RT1 
RT2 
u1 
U2 
U3 

l y l 8  

IN4148 or equivalent 
HLMP 4700 red LED 

IN5400 
1N4001 
2N3904 

63.4KQ 1% l/4W or lhW carbon film 
6.04KR 1% 1/4W or l/gW carbon film 

30.1KQ 1% l/4W or lhW carbon film 
l00KR 5% V4W or l/sW carbon film 

lOKQ 5% 1/4W or lI8W carbon film 
1.OKn 5% l/4W or l/gW carbon film 

User-defined 5% carbon film 
1R 1Yo 3W carbon film 

240R 5% V4W or l/N carbon film 
510KR 5% l/.4W or lI8W carbon film 

User-defined 1% 1/4W or IhW carbon film 
User-defined 1% l/4W or l/gW carbon film 

Negative temperature coefficient (NIX) thermietor (see Figure 9) 
1% ?4W or f/gW carbon film (see Figure 9) 

1% l/qW or l/gW carbon film (see Figure 9) 

bs2003 
LM317T 

LM78L05ACZ 
NW. 1984 c 

1-62 



Using the bq2003 to Control Fast Charge 

I 

TM1, TM2: To Vcc , Vss, or float as required. DIS: No connect. 

Repulrted D7 RK) 
DC : u 

The R-C filters on MCV and TCO are recommended in noisy environments. 

D l  

* NTC, RT1, and RT2 : Thermistor -- RT1 RT2 
Keystone RL0703-5744-103-Sl 3.57K 2.67K 
Philips 2322-840-63103 3.65K 2.80K 
Fenwal Type 16, 107-103LA8-A01 3.85K 2.80K 

80-136.2 
L 

mum1 Trlakk Realstor 

U2 
LM317 R M  1.0 SW 

m OUT- - 

Figure 9. Linear RegulatorlCharge Controller 
NOV. IWC lyre 

IN4148 

W 
78LOS 

RIB W C O  

bq2003 

R2 DCMD DIS 
8.04Kn 

R7 lOKO 
DVEN MOD 

0 2  
2N3004 

03 L R8 X R  TM, CHQ "cc - 
w 4 7 w  
DZ L RO rtn 

w 4 7 w  

TS Mcv 

BAT TCO 
- C8 - 

0.1 ,-- 
P F  I+ Vss w s  

U1 - 

I 
L 

I ------------- J 
Bet t ry  Pack - - 

R33 
SmKR 

<: 
<, 
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Application Example 2: Gated External Components to complete this schematic may be selected 
from these preceding tables: 

Current Source 
Table 1: Power switch Q1 

In the example in Figure 10, the bq2003 is used to gate 
an external current-limited or regulated charge source 2: BAT network and RB2 values 
that can charge NiCd or NiMH cells. Table 5 contains the parts list for the board. 
Charge is initiated on battery replaced or Vcc valid- -A!' Notes: (1) Temperature control and qualzcation may 
detection is enabled OVEN high), and dischmge control b, disabled by tying pin m0 to Vss and f isng the volt- 
ie disabled (DCMD low). MCV = 1.W; LTF = 1O0C; age on pin TS to 0.1 * Vcc. 
= 47OC; TCO = 50°C; TAT (average AT/&) = l.CM°C/ min- 
ute. Timer-mode election (see data sheet) and trickle (2) The charging voltage be greater than 
resistor R10 selection (see page 7) are determined by the the fOuowing: 
designer. 

Number of cells * max cell voltage + Vwss 

Table 6. Gated External Current Source Board Parts List 

. . - . . . - 
2, C4, C5, C7, C8 O.luF ceramic 

C3 lOpF 7V electrolytic 
- - - - -- - - - - - - -- - 

IN4148 or equivrllent - -- - - - - -- --- - - - -- -- - - -- - -- 

- - - -A 

HLMP 4700 red LED 

D6 - -- - -  - 
D7 

- - - - -- - --- User-defined pFET -- - - - -- - - - - - - - - - 
Q2 - - - - - - --- -- - - -- - -- -- - 2N3904 

R1 
- - -- -- - - - - . - -- - -- - -- 63 4kn 1% 1/4W or 4iW carbon film 

R2 6.04kQ 1'3'0 lhW or I/AW carban film 

- - - -- - - -- - 

- - - l O O k n  5% 1/4W or lhW carbon film 
- - - - - - 

-- - - - 1 0 W  5% ll4W or l/iW carbon film 
- 

R10 aer-defied 5% carbon film - -- L - - - -  U 
- -- . - - - - + - - . User-defined 1% l/'W or '/gW carbon fdm 

- - -- - - -- - - - 

-- - - - -- 
1 User-defined 1% l/qW or 'l8w carbon film 
&--- - -- -- - - 

---- - - 
I Negative temperature coefficient (NTC) thennl tor  (see Figure 10) -- - - - - -. - - . - - - 

-- - -- - + --- 1% l/4W or l/gW carbon film --- (see Figure -- 10) 

- 
1% l/4W or I/gW carbon film (see Figure 10) .A - - - -- - - - 

bq20n3 _ -- _. - _  - - _  
u 3  

- - -  --l _ -  - IM78L05ACZ 

14/10 Nov. 1994 C 
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TMI, TM2 : To VcC, Vss, of fioat as required. DIS : No connect 

The R G  filters on MCV and TCO are recommended in noisy environments. 

* NTC, RTI , and RT2 : Thermistor RTI RT2 -- 
Keystone RLO703-5744-103-S1 3.57K 2.67K 
Philips 2322-640-63103 3.65K 2 . W  
Fenwal Type 16; 197-1 03LA6-A01 3.65K 2.80K 

80-137 

Figure 10. Gating External Current Source 
Nov. 1 W C  1511 8 
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Appendix A 
Determining Temperature- 
Control Component Values 
The bq2003 uses a negative tem-ture coefficient CNTC) 
t h e  to dehmhe temperature. The AVAt sensitivity 
canbeadjuateduaingdBerentre8istmvalues(RTl a n d m  
in ?Agtm 1 and Application Example 1 and 2) and a d n t  
high-temperature cutoff voltage. Table A-1 lists various ther- 
mistor manufachmm, with the appmpiate part numbers. 

Follow these s t e p  to determine temperature-control 
component values (see Figure 5 on page 6): 

la. The low-temperature fault (LTF) limit for charging 
must be established. LTF for charging is deter- 
mined by the battery specification and the charge 
rate used. A typical value for the low-temperature 
limit is 10°C. 

b. VLTF is set within the bq2003 at 0.4 Vcc. 

2a. The high-temperature cutoff QCO) for charging 
must be established. TC0 for charging is deter- 
mined by the battery specification, the charge rate, 
and the heat dissipation of the system. Typical val- 
ues range from 40°C to 50°C, although values out- 
side this range may be applicable. 

b. The average AT/At sensitivity from LTF to TCO 
(TAT, expressed as OQ'minute) for termination must 
be established. As mentioned in this application 
note, the bq2003 provides a typical AWt charge termi- 
nation of 14 mV per minute. The TAT value is deter- 

Figure A-1 . Resistor Network 

mined by the battery apedkation, the charge rate, 
and the heat dissipation of the system. Mica1  
nominal values for TAT range from 0.75°C,hin to 
1.5"C/min. 

Relative to the average value TAT, the minimum-to- 
maximum range of AT/At at a specific temperature 
depends on two parameters: 

The measurement resolution of the bq2003, 
which contributes a * 25% e m r .  . The non-linearity of the thermistor between 
LTF and TCO. As the temperature nears LTF, 
the expected AT/& is  less than  TAT (less 
sensitive), and as the temperature nears TCO, 
the expected AT/At is more than TAT (more 
sensitive). 

The AT/At range should be considered in deterrnin- 
ing the nominal TAT. Nominal TAT should be se- 
lected so that its minimum value represents an ac- 
ceptable (non-premature) termination threshold. 
Thus a f i s t  bq2003 sample does not cause a prema- 
ture termination. Multiple sampling ensures that 
the termination occurs well before the TAT max. 

c. The high-temperature cutoff voltage, VTCO, must be 
established. This VTCO limit is determined by the 
TAT and may be calculated by: 

VTCO is provided at the TC0 pin by a rwistor-di- 
vider network as shown in Figures 9 and 10: VTCO = 
Vcc R3/ (R1 + R2 + R3). In this arrangement, R1 
and R2 are selected such that MCV = Vcc * (R2 + 
R3) / (R1+ R2 + R3). 

4. Select the thermistor to be used. If it is not from 
Table A-1, the thermistor sensitivity at 25OC should 
be at least 4% and the AR steps between 30°C and 
50°C should be comparable to or greater than those 
in Table A-1 to obtain the appropriate accuracy. 
Lower values affect the linearity of the AT/At. 

5. Determine the thermistor resistance at LTF and TCO 
(RLTF and R m ,  respectively). This may be done us- 
ing the thermistor temperature versus resistance con- 
version table provided with the thermistor specifica- 
tion. These tablea are usually in 5OC increments. 

6. The values for RT1 and RT2 may be calculated by: 
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Table A-1 .10K NTC Thermistor Types and Resistance Values 

Nominal Resistance (Q) at Temperature 

NOV. 1994 C 17118 

Keystone Carbon Co. 
RL0703-5744-103-S1 
(Tel: 81 W81-1591) 

Philips Components 
2322840631 03 

(Tel: 407p43-2112) 

Fenwal Electronics 
T y p  16; 197-103LA6AOl 

(Tel: soS/47eeooO) 

Thermometricb 
ClOOY103J 

(Tel: 908/287-2870) 
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Application Note Revision History 

Note: Change 1 = Dec. 1992 B change8 from Od. 1992 A. 

1 811 8 Nov. 1994 C 

Nature of Change 

Correction 

Correction for cold 
temperature charge initiation 

Was 6.34K; is 63.4K 

Change No. 

1 

1 

1 

Page No. 

13,15 

12-15 

15 

Description 

Changed thermistor values on Figurea 9 and 10 

Added component R33 to Figure 9 and Table 5 and 
R33 and Dl7 to F i  10 and Table 6 

Corrected Rl value 



Introduction 
This application note deecribes the use of the bq2003 
Faat Charge IC aa the modulator in a buck-type switch- 
mode regulator to fast charge NiCd and NMH batteries. 
Please refer to the application note entitled "Using the 
bq2003 to Control Fast Charge' for a discussion of 
bq2003 charge control operation and for descriptions of 
non-switch-mode applications that gate current-limited 
so- to control battery charging. 

Examples for additional applications are W i g  developed. 
Please contact Benchmarq if your application is not s u p  
ported by one of these examples. 

The ba2003 is targeted for applications requiring state- 
of-the-& fast-charging performance at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/& (delta temperawdelta time) and -AV 
(negative delta voltage) that enable the user to take 
advantage of advanced battery technologies such as 
nickel metal-hydride (NiMH) and high-capacity fast- 
charge nickel cadmium (NiCd). Systems using the 
bq2003 can be easily upgraded from NiCd batteries to 
NiMH batteries without system redesign. 

Background 
The b q m 3  may serve as a controller to provide a twit&- 
mode current source conf ia t ion  for battery charging. 
Switch-mode current source regulation is much more 
efficient than linear current-limited regulators. 

The electrical and thermal requirements of the application 
determine the configuration used with the bq2003. If the 
charge supply is either current- or power-limited at a level 
compatible with fa& charging the battery, switch-mode 
operation may not be needed. 'Ihe use of a gated current 
configuration as d d b e d  in "Using the bq2003 to Control 
Fast Charge' is most likely more economical. 

If the charge current in a switch-mode application is less 
than 3A, a pchannel MOSFET buck-type power stage is 
generally recommended. This is desirable because of the 
minimal number of support components required for the 
bq2003. If the switch-mode charge current is above 3A, 
using an n-channel FET may be more economical. 
Several small signal support components must be added 
for gate drive of the n-channel MOSFET. 

Thermal packaging requirements are often the practical 
limits in electronic deeign. Basic thermal management 
or component thermal atre&eliability h u e a  can affect 
an otherwise successful product. The urn of s w i w  
power-conversion techniquee resulta in dramatically less 
heat being generated in the product. 

A comparison of power lose demonstrata the advantage 
of switch-mode control vereue linear control. Either may 
be used to charge a four-C-cell NiCd battery pack from a 
12V DC source at a rate of 2A. Loes in the switch-mode 
circuit may be held below ZW, whereaa loee in the linear 
circuit can be above 12W. 

Operational Aspects 
In Figures 1 and 2, the bq2003 MOD pin controls the 
switching transistor Q1. In the switch-mode operation, 
the SNS pin is driven by the high side of the sense mie-  
tor R26. The current waveform of the inductor ie 
represented by a voltage waveform acrose R26. MOD 
transitions from high to low after SNS rarnpe up to 
0.250V and from low to high after SNS rampa down to 
0.2U1V. This action eustaine a self-referenced oedllation 
about these two thresholds. 

Both V T ~  and VBAT are referenced to VSNS by an internal 
A-to-D converter. For thia reason, both the TS and BAT 
pine must be well-coupled to SNS using the associated ca- 
pacitor~ (C7 and C8) and mistom (RS and R6). If the 
waveforme at TS and BAT are viewed with an oecilloecope, 
the AC content found at SNS is eeen at IS and BAT. This 
is normal. 

A resistor (R7) is placed in aeries with the Q3 gate to 
drive a small signal-switching FET, 63. Internal bq2003 
noise is lowered with this resistor in place. 

VLW, V m ,  and Vwo are voltage-reference points 
monitored on the TS pin to qualify charge initiation and 
termination on temperature. Operation of the b q W 3  in 
a non-switch-mode application ie described fully in the 
application note entitled "Using the bq2003 to Control 
Faat Charge.' 

When the bq2003 is used as a switch-mode controller, the 
application of these reference points ie somewhat differ- 
ent: 

m Prior to charge initiation, VSNS = Vss. 
While charging, VSNS (average) = 0.235V. 
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Because the bq2003 internal A-to-D converter measures 
differentiah between VTS and VSNS, comwnent selection 
for tempera& qualification of charge idtiation must be 
done aarruming V s ~ s  = OV, and component selection for 
temperature qualification of charge termination must be 
done assuming VSNS = 0.235V. 

Vm is the voltage at the node of RT1, RT2, and the ther- 
miator. The voltage is derived from reference Vcc (5V) by 
RT1 connected to Vcc and RT2 in parallel with the ther- 
miator connected to SNS. Prior to charging, the voltage 
being divided is Vcc. When switching regulation is ac- 
tive, the bottom side of FtT2 and the thermistor is biased 
positively by 0.236V1 reducing the reference volt- to 
4.6SV. 

Because V x o  and VLTF are both referenced to Vcc, VTS 
for a particular temperature repwenta a colder tem- 
perature when the switch-mode ie inactive than when 
the switch-mode is active. This effect could negate the 
HTF charge initiation qualification t h h o l d .  V m  ie '4 

VLTF + * V m .  V m  is a threshold selected for use 
when the switch-mode is active. V L ~  is internally fixed 
at 0.4 Vcc. The values of RT1, FtT2, and the thermistor 
that  define the LTF temperature (charging off) also 
derine the TCO temperature (switch mode on). The 
resulting HTF temperature with charging off approaches 
or may even be above the TCO temperature (switch mode 
on), limiting the uselfulneee of HTF to qualify the start of 
charge. 

The bq2003 bQuickm design disk ie available to optimize 
these component values and thresholds for specific 
application objectives. 

P-Channel MOSFET Buck-To- 
pology Switch-Mode Charger 
In this example, the bq2003 is used to implement a 
switching regulatodcharge controller that can charge 4 
to 12 NiCd or N i  ceb with current regulated up to 
3k 

F i  1 is a standard configuration for a pFET switch- 
mode charger. MOD drives a small signal DMOS FET, 
63. When MOD is high, Q3 is on, tunring on Ql  via the 
path through D8 and D9. 

L1 inductor current r a m p  up linearly while MOD is 
high. L1 current ie in aeries with the battery and R26. 
The resulting voltage acraes R26, VSNS, ia delivered via 
R4 to C6 at the SNS pin. The L1 inductor current r a m p  
up linearly until Vws reaches 0.250V, at which time 
MOD goes low and Ql turns off. A flux reversal occura in 
L1, causing Dl0 to conduct. Charge is now being trans- 
ferred from L1 into the battery. The L1 current r a m p  

down linearly until VSNS reaches 0.220V. At thie point 
the cycle repeats with MOD goiug high. 

For input voltages that are higher than the rated Q1 safe 
operating gate voltage, Zener diode D9 can be placed in 
series with the drain lead of 63. The Zener voltage 
should be sized to allow full Q1 enhancement while Q3 ie 
conducting. See Table 1. 

Capacitor C9 is used to provide a low-impedance for the 

Table 1. Lookup Table for D9 Selection 

Q1 source lead. Without C9 in place, Q1 can be con- 
nected to an overly inductive voltage supply. D6 ie a 
blocking diode that keep the battery from diecharging 
via U2 during removal of the DC power source input. 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection is enabled (DVEN high), and discharge control 
is disabled @CMD low). MCV = 1.8V; LTF = 10°C; TC0 
= 50°C; AT/At at  30°C = 0.82OC/rnin. (i.e., typical = 
l.lO°C/min.). Timer-mode selection (see data eheet) and 
trickle resistor R10 selection (see page 2-85 of the 
application note entitled "Using the bq2003 to Control 
Fast Charge") are determined by the designer. R26 is 
selected such that I c ~ a  R26 = 0.235V. 

The values of RBI and RB2 to complete this schematic 
may be selected from Table 2 in the application note 
entitled 'Using the bq2003 to Control Faat Charge." 

Note: Temperature control and qualification may be 
disabled by tying the TCO pin to Vss and fKing the volt- 
age on the TS pin to 0.1 * Vcc. 

Table 2 lista suggested cornponenta for different-rate 
chargera. Table 3 lists othes mponents a h m  in Figure 1. 
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Figure 1. P-Channel MOSFET Switching-Mode Charger 

Rlo 
Ihh. 

+VDq DO 
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Dl 
lN4148 
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lo 
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KO 
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TM, TEMP - 
HLW4700 

#- T S  

R T ~ *  

p F  7 

DIS : No connect. 

* NTC, RT1, and RT2: Thermistor RTl RT2 -- 
Keystone RL0703-5744-103-S1 3 . 8 3 ~  2 . ~ 4 ~  
Philips 2322-640-63103 4.02K 3.0QK 
Fenwal Type 16, 187-103LA6-A01 4 . 0 2 ~  3 . 0 ~ ~  

BD-(89 

I 

,I , I  

L- - - - - - - - - - - - - J  I 

R2a 
(R-1 
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Table 2. Suggested Components-P-Channel MOSFET Charger 

Suggested Max. 
Charging Current 

1A 

2A 

3A 

Table 3. Other Components-P-Channel MOSFET Charger 

Ql 

IRF9'14 

Source 

mZ24 

D6 

lN4"l 

InEt,"::al 

Commnent Name 

lNB2' 

lNB2' 

Component Description 

C 1 

Dl0 

lNBl8 

Motorola 

lOpF 35V electrolytic 

C2, C4, C5, C7, C8 

lNEig2' 

O.1pF ceramic 

- 

C6 

Dl ,  D4, D5, D8 

D2, D3 

Q2 

CQ 

ECA-1VFQ390 
39pF/35V/460mnESR 

Motorola 

lOOOpF ceramic 

IN4148 

HLMP 4700 red LED 

2N3904 

R10, R26 

RBI 

RB2 

RTl  

L1 

30 turns, #26 AWG, wound on 
Magnetics, Inc., P/N 77040 core; 

nominal inductance 59pH; 
GFS Mfg,, Inc., P/N 92-2156-1 

ECA-lVFQ560 
56pF/35V/300mRESR 

ECA-1VFQ121 
120pF/35V/170mRESR 

C3 

User-defined 

User-defined 1% 1V4W or l/iW 

User-defined 1% l/4W or lhW 

User-defined 1% l/qW or IhW 

37 turns, #22 AWG, wound on 
Magnetice, Inc., P/N 77120 core; 

nominal inductance 98pH; 
GFS Mfg., Inc., P/N 92-2157-1 

Panmnic 

lOuF IOV eledrolvtic 

GFS Mfg., Inc. 
Dover, NH 

(603) 742-4375 
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N-Channel MOSFET 
Buck-Topology Switch-Mode 
Charger 
The advantage of an n-FET buck topology is the price- 
versus-performance benefit of the n-FET family. The 
&advantage is the number of additional componente re- 
quired to support it. 

The schematic in Figure 2 is a standard conf i a t ion  for 
an nFET switch-mode charger that can charge 4 to 12 
NiCd or NiMH cells with current regulated up to 9A. 
The Q1 gate must be driven poeitive with respect to the 
drain in this application to provide full enhancement of 
the device. When catch diode Dl0 is conducting, C11 is 
charged. When Q1 is conducting, C11 ie charging C10. 
This charge pump allows adequate voltage to drive Q1 
into full enhancement via QS. As Q2 conducts, the Q1 
gate charge ie depleted, causing Q1 to turn off. 

Charge is initiated on battery replaced or VCC valid. -AV 
detection is disabled (DVEN low), and dkharpe contml 
ie disabled 0 low). MCV = 1.8V; LTF = 10°C; TCO 
= SO°C; AT/A~ at  30°C = 0.82OWmin. (i.e., typical = 
1.10"Crmin.). Timer-mode selection (see data sheet) and 
trickle resistor R10 eelection (see p m  2-85 of the appli- 
cation note entitled "Using the bq2003 to Control Faat 
Charge? are determined by the designer. R26 is selected 
such that ICHO R26 = 0.236V. 

The valuea for RBI and FU32 to complete thie echematic 
may be selected fmm Table 2 in the application note 
entitled "Using the bq#)03 to Control Feet Charpe.' 

Note: Temperature control and qualification may be 
disabled by tying the TCO pin to Vss and f i g  the volt- 
age on TS pin to 0.1 * Vcc. 

Table 4 lista suggested componente for different-rate 
chargers. Table 5 liete other component8 shown in Figum 2 
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DIS: No connect. 1 
* Thermistor values: Thermistor -- RT1 RT2 

Keystone RL0703-5744-103-S1 3.83K 2.94K 
Philips 2322-640-63103 4.02K 3.09K 
Fenwal Type 16, 197-103LA6-A01 4.02K 3.09K BD-170 

Figure 2. N-Channel MOSFET Switching-Mode Charger 
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Table 4. Suggested Components-N-Channel MOSFET Charger 

Suggested Max. 1 Chardna Current 1 Q1 1 x 3  

Source Motorola 

37 turne, #22 AWG, wound on 
Magnetics, Inc., P/N 77120 core; 

nominal inductance %pH; 
GFS Mfg.. I~c., P/N 92-2157-1 
33 turns, #I8 AWG, wound on 

Magnetics, Inc, P/N 77310 core; 
nominal inductance %pH, 

GFS Mfg., Im., P/N 92-2168-1 
25 turns, #16 AWG, wound on 

Magnetics, Inc., P/N 77930 core; 
nominal inductance %pH; 

GFS Mfg., Inc., P/N 92-2159-1 

GFS Mfg., Inc. 
Dover, NH 

(603) 742-4375 

Table 5. Other Components-N-Channel MOSFET Charger 



Step-Down Switching Current Regulation 

Operating Switching Frequency 
During Q1 on-time, the L1 current ramps up linearly. 
During Q1 off-time 010 conduction), the L1 current 
ramps down linearly. The rate of rise and fall (slew rate) 
of L1 current is determined by the inductance value of L1 
and the DC voltage placed acrose L1. The slew rate is 
usually different between Q1 conduction time and Dl0 
conduction time. This is because the DC voltage across 
L1 is usually different during these two timing intervale. 

The sum of these two timing intervals equals the switching 
period. The switching period recipmd equals the ewitching 
m c y .  

Uee the following equation to e t e  the switching frequency. 
F =  

where: 

F = Frequencyin Hertz 

L = L1 inductance in Henrys 

D6w = D6 average forward voltage drop 

Dl% = Dl0 average forward voltage drop 

RSNS = R26 value in ohms 

Q~DROP= Charge current times Q l  on-state- 
resistance 

= (0.236vh) Q~RDSON 

VDC = Input DC voltage 

VBAT = Battery pack inetantaneous voltage 

Char e Current Regulation t With arying System Loads 
Systems with an integrated charger and a constant-power 
external supply may not be capable of fast charging the 
batteries while simultaneously supporting system 
operation. In such cases the system operation takes 
priority, and the peak system energy demand must be sup- 
ported. 

In this situation, the charger designer has two options 
regarding charge during system operation: 

1. The battery charging current may be held constant 
at a low level that is supportable during peak sys- 
tem operation loads. During periods of low system 
power demand, available power is not used. The 

charge time during system operation is typically 
quite long. 

2. The battery charging current may be allowed to 
vary inversely with the system load. As the system 
power demand decreases, the charge rate h a s e a  
and vice versa. For portable systems with varying 
load requirements (such as those using 'power 
management'), this allows any surplue power 
during low system activity to be used for battery 
charging. The charge time during system operation 
depende on the average system power requirement, 
not the peak requirement. 

Option 1 may be implemented when using the bq2003 as 
the charge current regulator by using the system Vcc ae 
an "INHIBIT signal to pull pins BAT and TS high when 
the system is on. (See F i  1 and 2 and the System- 
Controlled Charge Inhibition diecussion in 'Using the 
bq2003 to Control Fast Charge.? When the system is on, 
fast charge is inhibited. The only charge path is the 
trickle resistor. 

Option 2A may be implemented using the bq2003 as the 
charge current regulator with the system load return at 
the high end of the s e w  resistor R26 (Figure 3). AT/At 
charge termination is enabled and -AV termination is 
disabled. 

With a battery pack cell voltage 2 1V per cell, the system 
load always receives its required current. The system 
load current flows through R26 along with the battery 
charge current. The battery receives any difference 
between the programmed charge current and the system 
load current. If the system load current exceede the 
programmed charge current, then no charge current will 
be delivered to the battery. The syatem load current 
biases the SNS voltage via R26, which limits the buck 
redator's current delivered to the battery. The total 

Figure 3. Option 2A 
Doc 1892 



Step-Down Switching Current Regulation 

available power may be allocated between the battery 
charge and system operation such that power used = 
(ICHG + IDC) VBAT. 

Using this method, the sense mieta- R26 and its aeeodated 
energy penalty are not in the battery diecharge path The 
charge current is regulated in a variable fashion auch that 
R26 (ICHG + IDC) = 0 m V .  

Charge current regulation may occur until IDC R26 
2 0.250V. Above th ia point, the MOD output is held low 
(off). When actively switching, the MOD frequency 
remains very nearly constant. 

If the battery voltage is extremely low, the bq2003 does 
not begin charging until the battery trickle charges to 1V 
per cell. This protecta the eyetern voltage from being 
pulled down to an inoperable range by a very low battery. 

-AV is disabled to prevent false terminations due to the 
varying charge current and the battery's internal 
impedance. Slight but signiiicant voltage perturbations at 
VBAT can cause a false -AV charge termination during 
variations in battery charge current in this configuration. 
AT/At, however, is not affected by variations in charge cur- 
rent because the battery's physical mars has a relatively 
slow time constant that naturally integrate all variations. 

Switch S1 is turned on for battery operatiion and off 

logic. A Schottky diode is a simpler alternative to S1, but 
the voltage drop may not be desirable. 

Option 2B is another variable charge rate approach 
(Figure 4). This option may be p r e f d  if the available 
power is considerably more than the maximum h a  
VBAT (ignoring voltage low). In the f& approach, the 
system load return is to the high end of the sense resistor 
R26, limiting the power used to approximately ( h ~  + 
IDC) VBAT, with ICHG = 0 when IDC 2 maximum ICHG. 

For this second approach to use all the available power, 
the system load return is at the low end of the sense 
resistor. This accomplishes the fastest poeeible charge 
during system operation, but carries a penalty during 
battery operation becaw of the energy and voltage loes 
from diecharge through the sense resistor (or the coet 
and impedance of a switch to bypaas the sense resistor). 

Constant- 1 \ 

FM Converter 

Power 01 L1 
DC Source 

U 

NTC - Negative Temperature Coefficient thermistor. 
M)-tEo 

Figure 4. Option 2B 
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Step-Down Switching Current Regulation 

Layout and EM1 
Considerations 
The beat approach to PC board layout follows the strict 
rule of a single-point ground return. Sharing high cur- 
rent ground with small signal ground cau- undesirable 
noise on the small signal nodes. Referencing Figures 1 
and 2, C2 and C3 should be placed as close as poeaible to 
the Vcc pin. C6 should be placed at  the SNS pin. C7 
and C8 should be associated between the TEvlSNS and 
the BAT/SNS pins, respectively, with short leads. 
Isolation resietora R5 and R6 should be placed close to 
the BAT and TS pins. 

Layout of power compommta C9, D10, L1, Q1, and R26 
should reduce lead-length pathe between tbeee campments 
toanaboluteInitlimum 

If a dual-layer PC board is used, route eignal linea on the 
solder side. This leavea the component side to be used ae 
a ground plate. Thia technique reducea noise on adjacent 
nod- within the circuit and helps reduce EM1 by giving 
the high-energy fielelde a ground plane to work against. 

pFET and nFET Layout Examples 
Figures 5-7 illustrate the layout of the p-channel 
MOSFET ewitch-mode charger board, and Figures 8-10 
illustrate the layout of the n-channel MOSFET switch- 
mode charger board. 



Step-Down Switching Current Regulation 

0 0 

0  
0 

RTl  0 
RT2 

R1 

D 4 D 5  R8 R 9  
0 0 0  

R3 R 2  

0  0  
0 0  0 0  CHARGE TEMP 

o BENCHMARQ 
0 INHIBIT P-CHANNEL MOSFET SWITCHING-MODE CHARGER 0 

@ SILKSCREEN 

Figure 5. P-Channel MOSFET Switching Charger-Silkscreen 

DOG 1992 11118 



Step-Down Switching Current Regulation 

@ LAYER 1 COMPONENT SIDE 

Figure 6. Pehannel MOSFET Switching Charger--Component Side 
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-- 

@ L A Y E R  2 SOLDER SIDE 

Figure 7. P-Channel MOSFET Switching Charger--Solder Side 

Dec 1992 13/16 



Step-Down Switching Current Regulation 

U1 
THERY 

BAT- 

R5 

05 M RE R9 C6 

(INHIBIT) TEMP RT2 4-'i 
BENCHMARQ RBZ 

N-CHANNEL UOSFET SWITCHING-UOOE CHARGER 

Figure 8. N-Channel MOSFET Switching Charger-Silkscreen 



Step-Down Switching Current Regulation 

Figure 9. N-Channel MOSFET Switching Charger--Component Side 



Step-Down Switching Current Regulation 

lAYER 

Figure 10. N-Channel MOSFET Switching Charger-Solder Side 



Introduction pass through a 1K resistor referenced to ground to create 
the signal required at  the SNS input. 

This application note deacriis the use of the bq2003 in 
special applications that require high-side current 
sensing. Some syetem flexibility is gained with high-side 
current sensing. The DC source, the minus side of the 
battery, and the system load are all one common ground 
point. This simplifi~ the power-grounding architecture 
in applications such as automotive chargers for radio 
products. 

Such applications may not allow for the standard low- 
side current sensing as referenced in the application 
note, "Step-Down Switching Current Regulation Using 
the bq2003 Fast Charge IC.' 

The Circuit 
The circuit shown in Figure 1 is similar to the circuit 
described in Figure 1 of the application note, "Step-Down 
Switching Current Regulation Using the bq2003 Fast 
Charge IC," with the following exceptions. 

The switching element and its associated drive circuitry 
have been changed to illustrate a high efficiency PNP 
transistor implementation. You can find a diecuesion of 
this circuit in application example 2 for the bq2005. Also 
note that the 78L.05 has been replaced with a simple 
zener diode plus resistor combination. These two points 
are unrelated to the use of the bq2003 in a high-side 
sense mode, but they are important in avoiding confusion 
over the function of the circuit. 

The salient differences between the function of this cir- 
cuit and that of a normal low-side sense circuit include 
the following. The sense resietor lies between the induc- 
tive element and the positive battery terminal. The 
negative battery terminal connecta to ground. The cur- 
rent signal is translated down to the level required at  the 
SNS input by two small signal transietora forming a 'vol- 
tagemirror.' This svoltage mirror' reflecte the voltage 
across the low ohmic value of the sense resistor onto the 
much larger 1K resistor in the emittter of a PNP transis- 
tor. The transistor pair is biased by a current sink 
formed by an NPN transistor, the base of which is Vcc 
and the emitter of which connects to ground through an 
18K resistor. This arrangement assures that the battery 
will not be loaded by the bias network when power is not 
applied and that the best voltage compliance will occur at 
the regulation current. The colledor of the PNP transis- 
tor in the 'mirrorhetwork will now source the current to 

Both BAT and TS inputs must be tranelated up by this 
same voltage to achieve the proper signal levels for nor- 
mal operation. Accomplbh thie action at the BAT input 
by connecting the battery voltage divider between the 
more poeitive side of the w e  reeistor and the 1K termi- 
nation resietor at  the SNS input. Take cam to ensure. 
that the total bias current of the battery divider network 
does not signXcantly disturb the current regulator oper- 
ating point (a bias current of 10pA or less would contrib- 
ute leas than a 4.3% error). Uee a voltage translator at  
the TS input so that the temperature signal tracks the 
current signal at the SNS input. Thb action ie accom- 
plished by intercepting the sense current signal on its 
way to the SNS input with the emitter of another PNP 
transistor, the base of which is biased to the thermistor 
connection point. 

The connection of a 1K resietor in the emitter of this 
transistor has the effect of translating the TS signal up 
by the baee-emitter drop in the transistor plus the seneae 
current eignal v o l w .  Buffering thie point with a corn- 
plementG NPN tr&ietor subtkcta out the base-emit- 
ter drop, leaving the proper s b l  to be applied to the TS 
input. -The 4k.e; requUirea a load &&tor which is 
fulfdled in thie example by a 10K resistor. The PNP 
traneietor can now paee on the current signal to the SNS 
input of the bq2003 through ita collector. 

Earlier data books illustrated the way in which to per- 
form this function using an operational amplifier, but the 
example limited the applicability to certain specific volt- 
age configurations. This circuit is more univerally appli- 
cable and can easily be extrapolated to the bq2004, 
bq2005, and the bq2007. 

The nurent-sensing resistor (R12) is placed between the 
inductor (Ll) and the poeitive side of the battery. To 
translate the voltage waveform across R12 to the bq2003 
SNS pin, a differential amplifier must be uaed. 

The differential amplifier (U3.4) is c o n t i i d  with a gain 
factor of one. Thus, this equation still applies: 

Depending on the application, a protection method to 
limit the U3A supply voltage may be needed. The 
TLC272 has a maximum supply voltage of 18 VDC. A 
small-signal Zener diode (15V nominal, 1N965A) could 



High-Side Current Sensing 

also be used to clamp this voltage to a eafe level with a the four equal-value support resistors aeeociated with 
wries current-limiting resistor. U3A provide the secondary function of dividing the input 

Note that the U3A input voltages must always be lese than 
voltagea by halt 

the USA supply voltage. To help meet thie requhment, 

- 

Figure 1. High-Side Sensed pChannel Diagram 

w apt. 19Q8 



bq2004 
Fast Charge IC 

Features 
Fast charge and conditioning of 
nickel cadmium or nickel-metal 
hydride batteries 

Supports logic-level-controlled 
low-power mode (< 5pA standby 
current) 

b Optional peak voltage detect 
0) fast-charge termination 

Flexible current regulation: 
- Frequency-modulated 

switching current regulator 
- Gating control for use with 

external regulator 

150-mil SOIC ie ideal for inte- 
gration into portable systems 

F're-charge qualification for 
temperature and voltage faults 

Programmable LED outputa 
display battery and charge status 

Fast chame termination bv 

General Description 
The bq2004 Fast Charge IC provides 
comprehensive fast charge control 
functions together with high- 
mit+y power cont3pl &miby on a 
monoWCM03 h. 

Flexible control of conetant-current 
or current-limited charging supply 
allows the bq2004 to be the bath of a 
coat-effective system-integrated 
charger for battexies of two or more 
cells. High-efficiency switched con- 
stant-current regulation is accom- 
plished using the  bq2004 as  a 
frequency-modulated controller. The 
bq2004 may alternatively be used 
with a transistar to gate an external 
charging current or in a axbeffective 
frequency-modulated linear regula- 
tor. 

Switch-activated or automatic dis- 
chargebefore-hrge allows bq2004- 
based chargers to support battary 
conditioning and capacity determina- 
tion. 

Fast charge may begin on application 
of Vcc to tbe b q W ,  replaceent of 
the battery, or w e  of the INH pin. 
For safety, fast charge ie inhibited 
until the battery temperature and 
voltage are within configured limita. 

Temperature, voltage, and time are 
monitored throughout fast charge. 
Fast charge is terminated by any of 
the following: 

8 Delta temperawdelta time 
(AWAt) 

D Negative delta voltage (-AV) or 
peak voltage detect 

D Maximum temperature 

8 Maximumtime 

Maximum voltage 

Followiug fa& charge, the bqm pm- 
ceede with a pulsed topoff charge (if 
enabled) and a puleed trickle charge. 
Figure 1 shows a block diagram of the 
bq#X)4 Faat Charge IC. 

A t e m p e r ~ t d ~  time, - ~ V o r  
peak voltage, and maximum 
temperature, time, and voltage 

Pin Connections Pin Names 

16-Pin Narrow DIP 
or Narrow SOlC 

m-47 

DCMD Discharge command SNS Sense mistor input 
4 

DSEL Display select LED1 Charge status cutput 1 

VSEL Voltage termination select LED2 Charge status output 2 

'MI T i a  mode select 1 VSS System ground 

T M 2  Timer mode select 2 Vcc 5.OV i10% power 

TCO Temperature cutoff MOD Charge c a n t  control 

TS Temperature sense DIS Discharge control output 

BAT 
- 

Battery voltage INH Charge inhibit input 



Pin Descriptions BAT Battery voltage input 

BAT is the battery voltage sense input. This 
potential is limited to between 0.4 Vcc and 
0.8 Vcc and is generally developed by a 
high-impedance reaietor-divider network con- 
nected between the poeitive and the negative 
terminals of the battery. 

DCMD Dischargebeforecharge control input 

DCMD controls the discharge-before-charge 
function of the bq2004. A negative-going 
pulse on DCMD initiates a diecharge to EDV 
(0.4 Vcc) followed by a charge if conditions 
allow. By tying DCMD to ground, automatic 
discharge-before-charge is enabled by the 
application of power, by battery replacement, 
or by a low-to-high transition on the INH pin. 
DCMD is pulled up internally. 

Charge statue outputs 

Push-pull outputa indicating charging status. 
See Figure 2 and Table 2 for details. 

vss 

Vcc 
DSEL Display select input 

This three-level input controle the LED12 charge 
status indication See Table 2 for details. S.OV, *100/0 power input. 

VSEL Voltage termination select input MOD Charge current control output 

This three-level input controls the voltage- 
termination technique used by the bq2004. 

MOD is a push-pull output that is used to 
control the charging current to the battery. 
MOD switches high to enable charging cur- 
rent to flow and low to inhibit charging cur- 
rent flow. See Figure 2 and Table l for details. 

TMi, Timer mode inauts (TM13 
T M ~  

TMi and TM2 are three-level inputa that control 
the settings for the fast charge safety timer 
and "top-offfickle charge control. See Table 3 
for details. 

DIS Discharge control output 

Push-pull output used to control an external 
transistor to discharge the battery before 
charging. DIS is active high. TCO Temperature cut+ff threshold input 

Minimum allowable battery temperature- 
sensor voltage. If the potential between TS 
and SNS is less than the voltage at the TC0 
input, then any faek charging or to@ charging 
is terminated. 

- 
INH Charge inhibit input 

When low, the bqUXlQ suspends all charge 
actiom, drivea all outputs to high impedance, 
and assumes a low-power operational state. 
When traneitioning from low to high, a charge 
cycle is initiated. See page 8 for details. TS Temperature sense input 

Input for battery temperature monitoring 
negative temperature coefficient m) ther- 
mistor. 

Functional Description 
Figure 2 illustrates charge control and display status 
during a bq2004 charge cycle. Table 1 outlines the 
various bq2004 operational states and their associated 
conditions, which are described in detail in the following 
sections. 

SNS Charging current sense input 

SNS controls the switching of MOD based on 
an external sense resistor network. This 
provides the reference potentials for both the 
TS and BAT pins. If SNS is connected to 
Vss, then MOD switches high at the begin- 
ning of charge, and low at the end of charge. 
See Figure 2 and Table 1 for details. 

Charge Action Control 
The bq2004 initiates a charge by the application of power 
on Vcc, by a bat- replacement, or by a low-to-high 
transition on the INH pin. Control of the charge action is 
then determined by the input8 from DCMD, VSEL, TS, 
BAT, and T M I ~ .  

2/14 Sept 1996 C 



Following charge initiation, the bq2004 checks for 
acceptable battery temperature (between LTF-low-tem- 
perature fault and HTF-high-temperature fault) and bat- 
tery voltage (between EDV-end-ofdiecharge voltage and 
MCV-maximum cell voltage). Fast charging begins 
when the voltage and temperature conditions are within 
these limits. Once the fast charging process begins, the 
bq200Q tests for the full-charge conditions: AT/L\t andlor 
-AV or peak voltage detect (PVD), with temperature, 
time, and voltage safety terminations. 

Charge Status Indication 
Table 1 outlines the various charge action s t a m  and the 
associated MOD and DIS output states. Table 2 
describes the charge status indicated by the LED1 and 
LEDz outputs, which may be connected directly to an 
LED indicator. In all cases, if the battery voltage at 
the BAT pin exceeds the maximum cell voltage (0.8 

Vcc), the LED1 and LEDz outputs are held low. 

Voltage and Temperahrm hbawmmb 
Battery voltage and temperature are monitored for 
maximum and minimum allowable values. The battery 
voltage sense input, BAT, for a battery pack ahould be 

divided to betwean 0.8 Vcc and 0.4 Vcc for proper 
operation. A reaietor-divider ratio of: 

is recammended to maintain the battery voltage within 
the valid range, where N is the number of cab, R1 is the 
r e e h  ~~ to the positive battery terminal, and 
R2 t the resistor c o e d  to the respective SNS pin. 
See F5gure 3. 

Note: The reoistordivider network impedance 
should be above 200K.Q to protect the bqm. 

The thermistor used for temperature measurement 
should have a negative temperature coefficient. The 
temperature eenee voltage input at TS is developed using 
a resistor-thermietor network between Vcc and SNS. 
See F i  3. 

Battery Removal Detection 
B a t -  removal is sensed by VCU (VBAT - VSNS) rising 
above VMCV (0.8 Vcc). An external r a h ,  REXT, 
between the battery poeitive lead and the charging sup- 
ply input pulls VCEU above VMCV to detect battery 
removal. 

Figure 1. Block Diagram 
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I I I I I 
I Charge I Dis- I Fast Top-Off I Pulse- 

Pending charge Charging (optional) Trickle 
(Pulse- (Optional) 

Triokls) 

DIS 

MOD (switching configuration) C M l u  i+-- ~ o t a  -+ 

n - - n n n ,  r 
or m * ~  + 20#)pr+ * icmp 

MOD (external regulation) k-- Note 4 

n - - - - w la- zoaopB+ + w2dOlu 

Mode 1. LED2 Status Output 

- -  I 
Mode 1, LED1 Status Output 

J-----L - - -  - -  

Mode 2, LED2 Status Output 

0 

J - - -  - -  

Mode 2, LEDIStatus Output 

0 

_i-L__ - - -  - -  

Mode 3, LED2 Status Output 

0 

Mode 3. LEDIStatus Output 

- -  ---L___________ 

- - -  - -  - 
I Battery discharged to 0.4 * Vcc typical or battery within 

temperature/voltage limits. (Discharge-before-charge 

not qualified by temperature.) 

Charge initiated. Battery outside temperature/voltage limits. 

Note* See Table 3 for pulse-trickle period. FG.38 

Figure 2. Example Charging Action Events 



Initiating a Charge Action 
A battery charge action is initiated with a battery ineer- 
tion, application of&c to the bq2CIO4, or a low-to-high 
transition on the INH pin. Battery insertion is recog- 
nized when the voltage at the BAT pin falls from above 
the internal VMCV reference level to beIowaat level. 
When Vcc is applied to the bq2004 or when INH transi- 
tions from low to high, a charge action begins after a 
brief reset period. 

Temperature and Voltage Prequalification 
Before fast charging can begin, the battery temperature 
and voltage must fall within predetermined acceptable 
limits. 

VCELL is compared to an internal low-voltage reference, 
VEDV (0.4 VCC), which ie the minimum acceptable bat- 
tery voltage for faat charging. The V T ~ M P  (VT9 - VSNS) 
voltage is compared to an internal hot-temperature fault 
reference, V m  ((44 VLTF) + (314 VTCO)) and optionally 

Table 1. bq2004 Operational Summary 

Charge Action State 

Charge initiation 

Battery absent 

Vcc applied, VCELL drop8 from 5: V x v  to 
< VMCV (battery insertion), or INH 

traneitiona low to high with battery inserted 

Conditions 
MOD 

output 

VCELL 2 VMCV 

Charge initiation occurred and VTEMP 2 Trickle charge activated per VSNS 
Pending vLTF1 or VTEMP 5 V m  or VCELL < VEDV for period specxed in Table 3 LOW 

Discharge-before-charge 
(optional) 

Fast charging 

Trickle charge activated per V s ~ s  
for period specified in Table 3 

Charge complete 

hw 

- 
DCMD high-to-low pulse or tied to Vss 

on charge initiation; VEDV < VCELL < VMCV 

-AV 2 GmV/cell or 
PVD 5: 0 to 3mV/cell or 

A V T E ~ A T  > 14rnV/minute or 
VTEMP < V m  or V m  VLW or 

maximum time or voltage 

Low 

Charge initiation occurred and V I C ~ ~  < 
VTEW < VLW' and VEDV S VCELL < VMCV 

Top-off (optional; 
see Table 3) 

High 

Low if VSNS > 250mV, nominal; 
high if VSNS < 200mV, nominal 

Low 

Charge complete and 
top-off time not exceeded and 

VTEMP > Vmo and VCELL < VMCV 
ActivatedperV~prs(~fBBt~ 

atate) for 260ps of every 2 0 % ~ ~  

I - 1 Charge inhibit INH low I z l z l  
Trickle 1 p- 

Definitions: VCEU = VBAT - VSNS; VMCV = 0.8 VCC; VEDV = 0.4 VCC; 
VTEMP = VTS - VSNS; VLTF = 0.4 VCC; VHTF = ((I14 VLTF) + (314 VTCO)). 

Note: 1. The low-temperature fault is not considered when PVD is enabled. 

Charge complete and top-off disabled or 
top-off complete 

Trickle charge activated per VSNS 
for period specified in Table 3 1 LOW 1 



Table 2. bq2004 LED Output Summary 

Mode 1 

I 
Charge Action State 

DSEL = Vss 

Battery absent 

- - - 

LED1 

Fast charge pending or a discharge-before-charge in progrese 

Fast charging 

Charge complete, top-off, andlor trickle 

Mode 2 

LED2 

Low 

Battery absent, fast charge in progreaa or complete 

Mode 3 Charge Action State LED1 

Law 

High 

Low 

I-&& 

Charge Action State 

DSEL = 

I 1 Battery absent Low Law 

High 

High 

Low 

Low 

LED1 

Low 

Fast charge pending 

Discharge in progress 

LED2 

DSEL = Vcc 

High 

Low 

I 

to an internal low-temperature fault reference, VLTF 
(0.4 Vcc). These limits establish the acceptable battery 
and temperature sense voltage window for fast charge 
initiation. If the battery fails either of these two pre- 
qualifications for charge, the bq2004 entem a charge- 
pending mode, waiting for the battery voltage and tem- 
perature to become acceptable. 

Low 

High 

Fast charge pending or diecharge-before-charge in progress 

Fast charge complete, top-off, and/or trickle 

In the case of a battery that is too warm or too cold, the 
charge action starts when the battery temperature 
becomes acceptable. In the case of deeply discharged 
batteries (voltage too low), the bqUWlQ waits until the 
battery voltage is at an  acceptable level before starting 
fast charge. In the case of a faulty battery, VBAT may 
never reach an acceptable voltage level, causing the 
bq2004 to remain in the charge-pending state. The 
bq2004 continues to trickle charge (if enabled) the bat- 
tery until the fast charge conditions are met. 

Fast charge in progress 

Discharge-Before-Charge 

Low 

High 

The bq2004 supporta discharge-before-charge on the bat- 
tery, providing conditioning as well as capacity calibration. 
Once activated, the DIS pin goes active high until V c m  
falls below VEDV, at which time fast charge qualifiation 
begins. 

14 second high 
14 second low 

Low 

Low 

If is directly connected to Vss, automatic dis- 
charge-before-charge is enabled with the application of 
power to the bq2004, by bat- replacement, or by a 
low-to-high transition on the INH pin. A negative-gomg 
p u b  on DCMD causes the bq2004 to initiate a diecharge- 
before- action on the battery regardless of charging 
activity. The DCMD pin is internally pulled up to Vcc; 
thmfore, not a,meding this pin d t a  in disabling the 
diacherge-befmharge fundion. See F i m  4. 

1 

High 

TMi and TM2 Pins 
The TM1 and TMz pins are three-level input pine used to 
select the various charge, top-off, and trickle rates, 
maximum safety times, and -AV/PVD holdoff period. 
Table 3 describes the various states selected by the TMi 
and TM2 pins. 

Fast Charge 
Once temperature and voltage prequalifiiations are met 
and any requested discharging of the battery is completed, 
fast charging begihs and continues until termination by 
one or more of the five possible conditions: 



- - -  

Figure 3. Voltage and Temperature Limit Measurement 

Delta temperatuddelta time (AT/At) 

Negative delta voltage (-AV) or peak voltage detect 
(wD) 

Maximum temperature 

Maximum charge time 

Maximum battery voltage 

Voltage Termination Hold+ff - 
At the start of fast charging, there is a hold-off time 
during which the -AV and PVD terminations are disabled 
(see Table 3). Once past the initial fast &rge hold-off 
time, -AV or PVD termination is re-enabled. AWt, 
maximum cell voltage (MCV), and maximum temperature 
W O )  terminations are not affected by the hold-off period. 

bq2004 ,.. fl7 
Always Discharge 

discharge on command 
FO-40 

-AV or Peak Voltage Detect Termination 

VSEL 

Low 

Float 

Hkh 

The bq2004 haa two modes for voltage termination, 
depending on the state of the VSEL pin. VSEL high 
enablae peak voltage detection; VSEL floating enables 
-AV detection; and VSEL low disables -AV and PVD ter- 
minations. -AV and PVD may be enabled or disabled at  
any time during the charge cycle. The bq2004 makes a 
termination decision every 34 aeconde. For -AV, if VBAT 
is lower than any previously meaeured value by 12mV 
typical, the fast charge phaee of the charge action ia ter- 
minated. This equates to a -AV termination of -6mV 
per cell typical. 

Terrnlnrtkn 

PVD 

-AV 

Disabled 

The -AV teet is valid only for: 

0.4 Vcc < VCEU S 0.8 VCC 

For peak voltage detect, the fast charge phase of the 
charge action is terminated when VCEU is lower than 
the previously measured values by 0 to -3mV per cell 
(-6mV at the BAT pin). 

Figure 4. Discharge-Before-Charge 
Sept. 1-C 711 4 



ATIA~ Fast Charge Termination nxopim an internal voltage level of VLTF = 0.4 VCC as 
the low-temperature fault (LTF) level. 

The bq2004 makes a termination decision based on delta Note: 1l V'IBMP VLIF: charging is inhibited (if a cycle has temperaturddelta time (AVAt) every 34 seconds. If 
VTEMP is 16mV (typical) leee than the voltage meaeured not yet etarted) or terminated (if a cycle is in progre~) 

68 seconds previously, the faet charge phaee of the e-pt for the peak vO1tege detect*n (VSEL = mode. 
charge is terminated. In this mode, LTF is not used to qualify charge or termi- 

nate charge. 
The AT/& test is valid only for: Sixnilarb., tbe external reference voltage level presented at 

0.2 Vcc 5 VTEMP 5 0.4 VCC the TCO pin repreaenta the high-temperature cut-off point 
at which fa& charging ie terminated. VTC~ should always 

Maximum Voltage, Time, and Temperature be 1- - V ~ w t o  msure  per device operation 

Safety Terminations All temperature prequaliriatione and AT/A~ termination 

The bq2004 also terminates fast charge for maximum 
temperature (TCO), maximum time, and maximum 
voltage (MCV). MCV and TCO reference levels provide 
the maximum limits for battery voltage and temperature 
during faet charging. If either of these limita is e d e d ,  
then fast charging or optional top-off charge i s  
terminated. MCV is treated as a fault, eo LED1 and 
LED2 are switched low with this condition. 

Maximum time selection is programmed using the Thfi 
and Thf2 pins (see Table 3). Time setting are available 
for corresponding charge ratea ranging from C/q to 4C. 

Temperature Monitoring 
Temperature is represented as a voltage input on the 
bq2004 at the TS pin. Generally this voltage is developed 
from an Nn: (negative temperature coefficient) thermis- 
tor referenced to the negative battery tennird The bq#W)Q 

may be disabled by connecting TC0 to Vss and fixing the 
TS pin level to  0.2 VCC with respect to SNS. AT/& 
termination sensitivity is user-adjustable, depending on 
the values of the ext8mal mistor-divider network. 

Top-Off Charge 
An optional top& charge pham is selected to follow fast 
chargetermi&bnforchargeratesfromchto4C. This 
option is selected thmgh the T M l p f 2  P ~ J  pins 
(see Table 3). The charge control cycle IS mod~W so that the 
MOD pin is activated for +s of every 2OEQis. This mmlta 
in a rata 4 '  that of fast charging. Togaff charge proceeds 
for a time equal to the fast charge safety time. Maximum 
time, tempemtm CEO), and voltage WCV) termjnatio118 
are the only termination methods enabled during b p d ,  If 
the fa&chge phase of a charge tenninab due to TCO, 
topoff charge pen& until the temperatwe falls below HTF. 

Table 3. Fast Charge Safety Timemold-Offpop-Off Table 

Note: TA = 25OC, Vcc = 5.0V. 

el14 sqn lssec 
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Pulse-Trickle Charge 
Pulse-trickle charge is used to compensate for self die- 
charge of the battery while idle in the charger, and to 
bring a depleted battery to a valid charge voltage prior to 
fast charge. The battery puleatricklee at the d of fast 
charge and top-off, and prior to charge (see Table 1). 

In the pulse-trickle state, MOD ie active for 2Wps of a 
period speeiri  by the state of TMi and TM2 p h .  The 
resulting trickle rate is when top-off ie enabled and 
C& when top-off is disabled. Pulee-trickle and top-off 
can be disabled by tying TM1 and T M 2  to Vsa 

Charge Inhibit 
Fast charge, &off, and pulse trickle may be inhibited 
by wing the INH input pin. When low, the bq2004 sue- 
pen& all charge activity, drives all outputa to high im- 
pedant-e and assumes a low-power operational state. 
When INH returns high, a fast-charge cycle ie qualified 
and begins aa soon as conditions allow. 

Charge Current Control 
The bq2004 controls the charge current through the 
MOD output pin. The current control is designed to sup- 
port implementation of a conetant-current regulator. See 
Figure 5. Nominal regulated current is: 

When used in this confiation, the charge current ie 
monitored at the SNS input by the voltage drop acmes a 
resistor, R~Ns. RSNS may be chosen to provide a variety 
of charging currents. 

The MOD pin h switched high or low depending on the 
volw input to the SNS pin. If the voltage at the SNS 
pin b h a  than Vmsm (0.m typical), the MOD output ia 
switchsd hiah to gate charm current. When the SNS 

a 
volw h G a t e  -&an V S N ~  (0.2SV typical), the MOD 
output b switched low--+hutting off current £ram the 
SUPP~Y. 

The MOD pin can a h  be uoed to gate an external 
charging current murca. When an external current 
sourca is ueed, a uenae &tor ia not required, and the 
SNS pin h connected to Vss. See Figure 6. 

Figure 6. External Current Regulation 

chug. 
Currnt 
sourob 

Figure 5. Constant-Current Switching 
Regulation 

Sept. ISM C IY14 
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Absolute Maximum Ratings 

Symbol 

Vcc 

VT 

Tom 

Note: Permanent device damage may occur if Absolute Maximum Rat- are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limita for extended periods of time may affect device reliability. 

Parametar 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss  

TSTG 
TSOLDER 

TBIAS 

DC Thresholds PA = TOPR; vcc *lo%) 

Operating ambient temperature 

Minimum 

-0.3 

-0.3 

Storage temperature 

Soldering temperature 

Temperature under bias 

-20 

-40 

Svm bol 

V s ~ s ~  

Maximum 

+7.0 

+7 .O 

-55 

-40 

Low threshold at SNS 
0.04 Vcc 

0.4 Vcc 

High-temperature fault (44 * VLTF) + PI4 V'ICO) 

0.4 Vcc 

. - -- 0.8 Vcc 

+70 

+85 

Parameter 
High threshold at SNS 
r e s u l l g  in MOD = Low 

Unit 

V 

V 

+I25 

+260 

+85 

Note: VCELL = VRAT - VSNS. VTEMP = VTS - VSNS. 

1. VSEL = high disables low-temperature fault charge qualification. 

*0.010 

*Oaorn 

i0.030 

foe030 

Notes 

"C 

OC 

Commercial 

Industrial "Nm 

"C 

"C 

"C 

Ratina I Tolerance 

V 

V 

10 secmax. 

Unit 

v 0.05 Vcc 

Notes 

i0.025 

VTEMP 2 VLTF inhibit4 
terminates charge1 

VTEMP < VHW inhibits 
charge 
~ C E L L  < VEDV inhibits 
fast charge 
VCELL > VMCV inhibit4 
t e ~ i n a t e s  charge 

, 



Recommended DC Operating Conditions PA =TOPR) 

Note: All voltages relative to Vss. 

s~mw 
Vcc 

VCELL 

VBAT 

V m  

Vm 

Vnx, 

Vm 

VIL 

VOH 

VOL 

Icc 

ISB 

IOH 

IOL 

IL 

IIL 

Im 

IIZ 

Condltkn 

Supply voltage 

BAT voltage potential 

Battery input 

TS voltage potential 

Thermistor input 
- 

Temperature cutoff 

Logic input high 

Logic input high 

Logic input low 

Logic input low 

Logic output high 

Logic output low 

Supply current 

Standby current 

DIS,I-J%IED2,MOD~ 

DIS, LEDi, LEDz, MOD sink 

Input leakage 

Input leakage 

Logic input low source 

Logic input high source 

'hi-state 

Minimum 

4.5 

0 

0 

0 

0 
- - - 

0.2 Vcc 

2.0 

Vcc - 0.3 

Vcc - 0.8 

10 

50 

-70 

-2 

W m u m  

5.5 

vcc  

vcc 

vcc 

vcc  

0.4 Vcc 

0.8 

0.3 

0.8 

3 

1 

*1 

400 

70 

2 

Typical 

5.0 

- 

1 

Unit 

V 

V 

V 

V 

v 
- 

V 

V 

V 

V 

V 

mA 

pA 

mA 

mA 

,A 

pA 

PA 

pA 

Notbe 
I 

VBAT- VSNS 

Vm-VSNS 

Valid AVAt range 
-- 
M=MD,INH 

TMi, TMa, DSEL VSEL 
-- 
DCMD,INH 

TM1, 'I'M% DSEL, VSEL 

DIS, MOD, LEDi, LED2, 
IwS-lOmA 

DIS, MOD, LEDI, m, 
I o ~ S l o m A  

Outputaunloaded 

~ = V I L  

@Vm = Vcc - 0.8V 

@VOL = VSS + 0.8V 

~ , B A T , V = V ~ ~ O V C C  

~ , V = ~ s s t o V c c  

TMi, TM2, DSEL, VSEL, 
v=vSStovss+0.3v  

TM1, TM2, DSEL, VSEL, 
V=Vcc-0.3VtoVcc 

TMi, TI%, DSEL, and VSEL 
should be left dieconnected 
(floating) for Z logic input state 



Impedance 

~ X O  input impedance 1 5 0  1 - 1  - I M Q I  

Symbol 

RBAT 

RTS 

Timing (TA = o to +70°c; vcc *lo%) 

Parameter 

Battery input impedance 

TS input impedance 

- 

RSNS 

I Svmbol / Parameter 1 Minimum 

hIse&dth for / tpw / and INH ~ u b e  command I 

Minimum 

50 

50 

SNS input impedance 

Fast charge safety time 
~ ~ P C V  I variation 

MOD output regulation 
frequency 

Typical 

50 MQ 

- 

Note: Typical is at TA = 25'C, Vcc = 5.OV. 

Maximum 

~ M C V  

Typical - 

Unit 

MQ 

MQ 

VCELL 1 VMCV valid 
period 

1.16 / - I Vcc = 4.75V to 5.25V; 
TA = 0 to 60°C; see Table 3. 

Maximum 

1 

Typical regulation capability; 

Unit 

Pa 

Notes 

2 sec 

If VCEU t VMW for ~ M W  during 
charge or top-off, then a transition 
of VCEU < VMCV is recognized as 
battery replaced. Otherwise, VCELL 
< VMCV is ignored. 



Data Sheet Revision History 
I I 

Change No. 

1 

2 

Page No. 

2 

10 

9 

I 

Note: Change 1 = Apr. 1994 B 'Final" changes from Dec. 1993 A Trehinary.' 
Change 2 = Sept. 1996 C from Apr. 1994 B. 

Description 

7 

2 

2 

2 

Nature of Change 

Standby current ISB 

VSNSLO Rating 

Was5pAmax;ielpAmax 

Was: VSNSHI - (0.01 ' Vcc) 
Is: 0.04 ' Vcc 

Correction in Peak Voltage Detect 
Termination section 

I I I I 3 

7 

8 

Was: VCEU 
Is: VBAT 

Added block diagram 

Added VSEIjtermination table 

Added values to Table 3 

Diagram ineertion 

Table ineertion 

Top-Off rate values 



Ordering Information 

Temperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)' 

LFackage Option: 
PN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 

Device: 
bq2004 Fast Charge IC 

Contact factory for availability. 



@ ~~NCHMARO Product Brief DV2004L1 
Fast Charge Development System 

Control of PNP Power Transistor 

Features 
bq2004 fast charge control evaluation and 
development 

Charge current sourced from an on-board 
frequency-modulated linear regulator (up to 3.0 A) 

Fast charge of 4 to 10 NiCd or NiMH cells and one 
user-defined selection 

Fast charge termination by delta temperatureldelta 
time (ATIAt), negative delta voltage (-AV) or peak 
voltage detect, maximum temperature, maximum 
time, and maximum voltage 

-AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

Programmable charge status display 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge by logic-level input 

General Description 
The DV2004Ll Development System provides a develop- 
ment environment for the bq2004 Fast  Charge IC. The 
DV2004L1 incorporates a bq2004 and a frequency-modu- 
lated linear regulator to provide fast charge control for 4 
to 10 NiCd or NiMH cells. 

The fast charge is terminated by any of the following: 
ATIAt, -AV or peak voltage detect, maximum tempera- 
ture, maximum time, maximum voltage, and inhibit com- 
mand. Jumper settings select the voltage termination 
mode, the hold-off, top-off, and maximum time limits, 
and automatic discharge-before-charge. 

The user provides a power supply and batteries. The user 
configures the DV2004L1 for the number of cells, voltage, 
charge termination mode, and maximum charge time 
(with or without top-off), and commands discharge-be- 
fore-charge with push-button switch S1. 

Please review the bq2004 data sheet before using 
DV2004L1 board. 

A full data sheet for this product is available on our  
site (http://www.benchmarq.com), or you may contact 
factory for one. 

the 

web 
the  

Oct 1994 Rev. A Board 
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DV2004L1 Product Brief 

DV2004L1 Board Schematic 

Rev. A Bwd Od.1094 



Product Bn'ef DV2004L3 
Fast Charge Development System u 

Control of Frequency-Modulated Linear Regulator 

Features 
bq2004 fast charge control evaluation and 
development 

Charge current controlled with frequency- 
modulated linear design 

Fast charge of 2 to 12 NiCd and/or NiMH cells 

Fast charge termination by -AV, PVD, AT/At, 
maximum temperature, time, and voltage 

Discharge-before-charge option 

General Description 
The bq2004L3 Development System provides a cost-effec- 
tive component-reduced development environment for 
the bq2004 Fast Charge IC. The DV2004L3 incorporates 
a frequency-modulated linear regulator for fast charge 
control of NiCd and/or NiMH cells. 

The bq2004 MOD output dnves a transistor that switches 
the bipolar transistor ~ 2 .  The switching frequency of the 

1 

MOD output depands on the voltage of the SNS pin. The The user provides a power supply and batteries. 
bq2004 switches MOD to maintain a nominal 0.225V 
across resistor R7, The charge current can easily be ad- A full data sheet for this product is available on our web 
justed by modifying the value of R7. site (http://www.benchmarq.com), or you may contact the 

factory for one. 
Fast charge is terminated by any of the following: -AV or 
peak voltage detect (PVD), ATlAt, maximum time, and 
maximum voltage. Jumper settings select the -AV en- 
abled state, select the hold-off, top-off, and maximum 
time limits. 

Dec. 1994 



DV2004L3 Product Brief 

DV2004L3 Board Schematic 



@ ~~NCHMPIRO Product Brief DV2004S1 
Fast Charge Development System u 

Control of On-Board pFET 
Switch-Mode Regulator 

Features 
> bq2OO4 fast charge control evaluation and 

development 

Charge current sourced from an on-board 
switch-mode regulator (up to 3.0 A) 

Fast charge of 4 to 10 NiCd or NiMH cells and one 
user-defined selection 

> Fast charge termination by delta temperatureldelta 
time (ATtAt), negative delta voltage (-AV) or peak 
voltage detect, maximum temperature, maximum 
time, and maximum voltage 

-AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

Programmable charge status display 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge by logic-level input 

General Description 
The DV2004Sl Develo~ment Svstem ~rovides  a develop- 
men;environment for-the bq2604 Fast Charge IC.  he 1 

DV2004S1 incorporates a-bq2004 and a-buck-type Please review the bq2004 data sheet before using the 
switch-mode regulator to provide fast charge control for 4 DV2004S1 board, 
to 10 NiCd or NiMH cells. 

A full data sheet for this product is available on our web 
The fast charge is terminated by any of the following: site (http://www.benchmarq,com), or you may contact the 
ATlAt, d V  or peak voltage detect, maximum tempera- factorv for one, 
ture, maximum time, maximum voltage, and inhibit 
command.  J u m p e r  se t t ings  select  t h e  voltage 
termination mode, the hold-off, top-off, and maximum 
time limits, and automatic discharge-before-charge. 

The user provides a power supply and batteries. The user 
configures the DV2004Sl for the number of cells, voltage, 
charge termination mode, and maximum charge time 
(with or without top-off), and commands discharge-be- 
fore-charge with push-button switch S1. 

Jun. 1995 Rev. C Board 
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DV2004S 1 Product Brief 

DV2004S1 Board Schematic 

Rev. C Board Jun. 1995 



product DV2004S3 
NickeVLi-Ion Development System m 

Control of On-Board pFET 
Switch-Mode Regulator 

Features 

Programmable charge status display 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge by logic-level input 

General Description 
The DV2004S3 Development System provides a dual- 
chemistry development environment for the bq2004 Fast 
Charge IC. The DV2004S3 incorporates a bq2004 and a 
buck-type switch-mode regulator to provide fast charge 
control for 3, 6, or 9 NiCd or NiMH cells and 1, 2, or 3 
Li-Ion cells. 

The fast charge is terminated by any of the following: 
ATIAt, -AV or peak voltage detect, maximum tempera- 
ture, maximum time, maximum voltage, and inhibit com- 
mand. Jumper settings select the voltage termination 
mode, the hold-off, top-off, and maximum time limits, 
and automatic discharge-before-charge. 

Fast charge for Li-Ion transitions from a constant-cur- 
rent to constant-voltage regulation. Voltage is regulated 
to within 1%. Charge complete is indicated a t  the  
maximum charge time. 

The user provides a power supply and batteries. The user 
configures the DV2004S3 for the number of cells and 
charge termination mode, and commands discharge-be- 
fore-charge with push-button switch S1. 

Please review the bq2004 data sheet and application note 
entitled ''Using NiMH and Li-Ion Batteries in Portable 
Applications," before using the DV2004S3 board. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 

Jan. 1996 Rev A Board 



DV2004S3 Product Brief 

DV2004S3 Board Schematic 

00-9613 

Rev. A Board Jan. lW6 
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Product Brief DV2004S3 

DV2004S3 Board Schematic (Continued) 

Jan. 1988 R.v.ABoud 
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@ W N ~ M ~  bq2004E 
Fast Charge IC m 

Features 
Supports fast charge and 
conditioning of nickel cadmium, 
nickel-metal hydride, and 
lithium-ion batteries 

Supports logic-level-controlled 
low-power mode (< 1p.A standby 
current) 

Optional peak voltage detect 
0) fast-charge termination 

Flexible current regulation: 
- Frequency-modulated 

switching current regulator 
- Gating control for uae with 

external regulator 

150-mil SOIC is ideal for inte- 
gration into portable system 

Pre-charge qualification for 
temperature and voltage faulta 

Programmable LED outputs 
display battery and charge status 

Fast charge tennination by 
A temperaWA time, -AV or 
peak voltage, and maximum 
temperature, time, and voltage 

General Description 
Thebq#)OaEFaatChargeICpwLler 
comprehensive fast charm control 
functions together with high-rpeed 
awikhkq power control k u h y  far 
n i d d  and lithium-ion-- mchargs 
able &miskim. 

Flexible control of conetantarrent 
or comtanbvoltage charging mpply 
allows the bqU)OQE to be the bash of 
a cost-effective aystem-integrated 
charger for batteriee. High-efficiency 
switched constant-current or con- 
etant-voltage regulation ie accom- 
plished using the bq2004E ae a 
frequency-modulated controller. The 
bq2004E may alternatively be used 
with a transietor to gate an external 
~ c u r m n t o r k a w e t a E e c t i v e  
frequency-modulated linear mgulator. 

Switch-activated or automatic 
diecharge-before-charge allowe 
bq2004E-baaed chargem to mpport 
ba#ery conditioniug and capacity de 
teamhation. 

F& charge may lmgh on application 
of Vcc to the bq2004E, reL-t of 
thebatbry, uruaeofthe INHpin. For 
eabety, fa& charge L inhibited until 
the battery temperah and voltage 
are within c o d g w d  limita 

Temperature, voltage, and time are 
monitorad throughout faet charge. 
Faat charge ie terminated by any of 
the following: 

Delta temperawdelta time 
(AVAtt) 

m Negativa delta voltage (-AV) or 
peak voltage detect 

Mashum voltage 

Following fast charge, the bq2004E 
proceede with an optional pulsed 
topoff and a pulaed trickle charge. 
Figure 1 ahowe a block diagram of 
the bq2004E Faat Charge IC. 

Pin Connections Pin Names 

- 
HH 
DIS 
MOD 
Vcc 
Vss 
LED2 
LED1 
SNS 

16-Pin Narrow DIP 
or Narrow SOIC 

cn47  

- 
DCMD Discbargecanmaad SNS Sense resistor input 

D S U  Display select LED1 Charge status output 1 

V S U  Voltage termination select LEDz Charge status output 2 

TMI T i e r  mode select 1 VSS System ground 

TMz Timer mode select 2 Vcc 5.0V *lo% power 

TCO Temperature cutoff MOD Charge current control 

TS Temperature serr~c DIS Discharge control output 

BAT - 
Battery voltage INH Charge inhibit input 

Smt. 1998 8 1 H A  



Pin Descriptions BAT Battery voltage input 

BAT is the battery voltage sew input. This 
~ M D  Dischargebeforecharge control input potantiel is limited to between 0.4 Vcc and 

DCMD controls the discharge-before-charge 
function of the bq200QE. A negative-going 
pulse on DCMD initiates a discharge to EDV 
(0.4 Vcc) followed by a charge if conditions 
allow. By tying DCMD to ground, automatic 
discharge-before-charge is enabled by the 
application of power, by battery replacement, 
or by a low-to-high tramition on the INH pin. 
DCMD is pulled up internally. 

DSEL Display select input 

This three-level input controls the LED12 
charge etatus indication. See Table 2 fm details. 

VSEL Voltage termination select input 

This three-level input controls the voltage- 
termination technique used by the bq2004E. 

TMi, Timer mode inputs (TMi,d 

TMn TMI and are threelevel inputs that control 
the settings for the fast charge safety timer 
and #top-off/trickle charge control. See Table 3 
for details. 

TCO Temperature cut+ff threshold input 

Minimum allowable battery temperature- 
seneor voltage. If the potential between TS 
and SNS is lew than the voltage at the TC0 
input,thenany fastchargingortop-offcharging 
is terminated. 

TS Temperature sense input 

Input for battery temperature monitoring 
negative temperature coefficient ther- 
mcetor. TS > - 0.5V disables temperature 
sensing. 

SNS Ch-ing current sense input 

SNS controls the switching of MOD based on 
an external sense resistor network. This 
provides the reference potentials for both the 
TS and BAT pins. If SNS is connected to 
Vss, then MOD switches high at the begin- 
ning of charge, and low at the end of charge. 
See Figure 2 and Table 1 for details. 

0.8 Vcc and is generally developed by a 
high-impedame mistor-divider network con- 
nected between the pDaitive and the negative 
tenninale of the battery. 

LEDI, Charge atatus outputs 
LEDi 

Push-pull outputa indicating charging atatus. 
See Figure 2 and Table 2 for details. 

Vss Ground 

Vcc Va: eupply input 

5.OV. 210% power input, 

MOD Charge current control output 

MOD is a push-pull output that is uaed to 
control the charging current to the battery. 
MOD switchea high to enable charging cur- 
rent to flow and low to inhibit charging cur- 
rent flow. See Figure 2 and Table l for details. 

DIS Discharge control output 

Push-pull output used to control an external 
transistor to discharge the battery before 
charging. DIS is active high. 

- 
INH Charge inhibit input 

When low, the bq2004E suspends all charge 
actions, drives all outputa to high impedance, 
and assumes a low-power operational state. 
When transitioning from low to high, a charge 
cycle is initiated. See page 8 for details. 

Functional Description 
Figure 2 illustrates charge control and display status 
during a bq2004E charge cycle. Table 1 outlines the 
various bq2004E operational states and their associated 
conditions, which are described in detail in the following 
sections. 

Charge Action Control 
The bq200QE initiates a charge by the application of 
power on Vcc, by a batteereplacement, or by a low-to- 
high tramition on the INH pia Control of the char~e 
action is then determined by the inputs from DCMD, 
VSEL, TS, BAT, and TM1,2. 



Following charge initiation, the bq2004E checka for 
acceptable battery temperature (between LTF-low-tem- 
p e r a m  fault and HTF-high-temperature fault) and b a t  
tery voltage (between EDV-end-of-diacharge voltage and 
MCV-maximum cell voltage). Fast charging begins 
when the voltage and temperature conditions are within 
these limits. Once the fast charging pmcees begins, the 
bq2004E tests for the full-charge conditions: AVAt 
and/or -AV or peak voltage detect (PVD), with 
temperature, time, and voltage safety terminatiom. 

Charge Status Indication 
Table 1 outlines the various charge action states and the 
associated MOD and DIS output states. Table 2 
describes the charge status indicated by the LED1 and 
LED2 outputs, which may be connected directly to an 
LED indicator. In all caeee, if the battery voltage at 
the BAT pin exceeds the maximum cell voltage (0.8 
Vcc), the LED1 and LEDz outputs are held low. 

B&Wy Voltage and Temperahrm Memmmmb 
Battery voltage and temperature are monitored for 
maximum and minimum allowable valuea. The battery 
voltage sense input, BAT, for a battery pack should be 

divided to between 0.8 Vcc and 0.4 Vcc for proper 
operation. A reeiator-divider ratio of: u 
is recommended to maintain the battery voltage within 
the valid range, where N ie the number of cells, R1 ie the 
resistor connected to the positive battery terminal, and 
R2 is the resistor connected to the reepective SNS pin. 
seeFigure3. 

Note: The resistor-divider network impedance 
should be above 200K.Q to protect the bq#)OQE. 

The thermistor used for temperature measurement 
should have a negative temperature coefficient. The 
temperature sense voltage input at TS ie developed using 
a resistor-thermietor network between Vcc and SNS. 
See Figure 3. 

Battery Removal Detection 
Battery removal is sewed by VCELL (VBAT - VSNS) r i e i  
above VMCV (0.8 Vcc): An external mietol., REXT, 
between the battery poeitlve lead and the charging mp- 
ply input pulls VCELL above VMCV to detect battery 
removal. 

TM1 TM2 TCO 

TIMING TCO OSC -) CONTROL CHECK tt 
LED1 

r 

SNS 
' CHARGE CONTROL STATE 

MACHINE 
D V E ~  

v 

DISCHARGE MOD I 

CONTROL CONTROL CONTROL 

1 = 
k' 

1 
I 

DIS MOD INH "=I "m 

Figure 1. Block Diagram 



I I I I I 
1 Charge 1 Dis- 1 Fast Top-Off I Pulse- 

Pending charge Charging top t i d )  Trickle 
(Top-off of (Optionel) 

Pulse-Trickle) 

DIS 

MOD (switching configuration) 4 hmp + k t .  Y nnnnn n R I  - - n nnri n 
or * -/.48 * 4 h26opJ 

MOD (external regulation) ic ~ o t .  Y 

n-- --' it 2 0 8 0 ~ 8  + +I w20pJ 

Mode 1, LED2 Status Output 

Mode 1, LEDl Status Output 

- - -  --- 

i----L - - -  - -  - 
Mode 2, LED2 Status Output (Pulse Trickle Disabled) 

- - -  --I 
Mode 2, LEDl Status Output 

A----l- - - -  - -  

Mode 3, LED2 Status Output 

0 

Mode 3, LEDlStatus Output 

- - -  --I 
- - -  - -  - 

L Battery discharged to 0.4 + Vcc typical or battery within 

temperature/voltage limits. (Discharge-before-charge 

not qualified by temperature.) 

Charge initiated. Battery outside temperature/voltage limits. 

Note1 See Table 3 for pulse-trickle period. FG-80 

Figure 2. Example Charging Action Events 



Initiating a Charge Action Temperature and Voltage Prequalification 
A battery charge action ie initiated with a battery ineer- A charge action i r  prequalified by the  battery 
tion, an applicatiosf Vcc to the bq2004E, a a low-to-high temperature and voltage. Before fast charging can begin, 
transition on the INH pin. Bat* iwarticn ie nxc@z& the battery temperatam and voltage muet fall within 

u 
when the v o l t .  at the BAT ~m falls fiwn above the inter- ~redetmmbd acce~table limite. 
nal VMCV ref& level to &low that level. When Vcc ie 

- 
to b q ~  ar traneitim from law to VCELL ie compared to an internal low-voltage reference, 

high, a charge action begins after a brief reset period. VEDV (0.4 VCC), which ie the minimum acceptable bat- 
tery voltage for fast charging. The VTBMP (Vm - VSNS) 
voltage is compared to an internal hot-temperature fault 

Table 1. bq2004E Operational Summary 

Charge Action State 

Charge initiation 

Battery abeent 

Vcc applied, V c m  drope from 2 V= to 
< VMCV (battery inaertion), or 

transitions low to high with battery raeerted 

Condition6 

V c ~ u  2 VMCV 

Pending 

MOD 
0- 

Discharge-before-charge 
(optional) 

DIS 
OUmJt 

- 
DCMD high-to-low p u b  or tied to Vss 

on charge initiation; Vmv < VCELL < VMCV 

Charge initiation ocarred and VTEMP 2 
VLTP or V . ~ ~ M P  < VHTP or VCELL < Vmv 

Charge complete 

Activated per VSM for 2 6 0 p a  of 
,ev for topoff period; then 

trickle (see trickle state) 

Fast charging 

-AV 2 6mV/cell or 
WD 2 0 to 3mV/cell or 

A V W A T  > 1 4 m V , u t e  or 
VTEMP < V m  or VT~MP > VLTF or 

maximum time or maximum voltage I 

Low 

initiation occurred and VHW < Low if VSNS > ZXhnV, nominal; 
~ ~ < V ~ ~ a n d V g ~ v i V c ~ u < V ~ ~ v  1 h i g h i f V s ~ S < ~ V ~ ~ m i n a l  1 1 

High 

I - 
ICharge inhibit INH low I Z 

Top-off (optional; 
see Table 3) 

Trickle (Optional; 
see Table 3) 

Definitiom: VCELL = VBAT - VSNS; VWV = 0.8 VCC; VEDV = 0.4 VCC; 
v ~ ~ M ~  = Vm - VSN,~; VLTF = 0.4 VCC; VHTF = ((4. VL?F) + @S VTCO)). 
*DSEL = Z also disables trickle. 

Charge camplete and 
topoff time not exceeded and 

VTEMP > V m  and V c w  < VMCV 

Charge complete and topoff dieabled or 
top-off complete 

Activated per V w  (em feet 
state) for 2 6 0 p e  of every 2 0 8 0 p e  

Trickle charge activated per Vws 
for period epecified in Table 3 ' 

Low 

Law 



Table 2. bq2004E LED Output Summary 

Mode 1 I Charge Action State LED1 LED2 
! 

I 

I Fast charge complete, top-off, and/or trickle Low - 

DSEL = Vss 

Battery absent 

Fast charge pending or a discharge-before-charge in progrew 

~ a s t  charging 

Mode3 I Charge Action State 

I I 1 Low 

I 

Low 

High 

Low 

LED1 

DSEL = Vcc 

reference, VHTF ((113 VLTF) + (24 VTCO)) and optionally 
to an internal low-temperature fault reference, VLTF 
(0.4 Vcc). These limits establish the acceptable battery 
and temperature sense voltage window for fast charge 
initiation. If the battery fails either of these two pre- 
quNications for charge, the bq2004E enters a charge- 
pending mode, waiting for the battery voltage and tem- 
perature to become acceptable. 

In the case of a battery that is too warm or too cold, the 
charge action starts when the battery temperature 
becomes acceptable. In the case of deeply discharged 
batteries (voltage too low), the bqU)04E waits until the 
battery voltage is at an acceptable level before starting 
fast charge. In the case of a faulty battery, VBAT may 
never reach an acceptable voltage level, causing the 
bq2004E to remain in the charge-pending state. 

During the charge-pending mode, the bq2004E continues 
to pulse at ?a of the fast charge rate until the fast charge 
conditions are met or the top-off time-out period is 
exceeded. The bqUK)4E then trickle charges until the 
fast charge conditions are met. 

High 

High 

LED2 

Battery absent 

Fast charging 

Fast charge complete, top-off, and/or trickle 

Discharge-Before-Charge 

Fast charge pending or discharge-before-charge in progress 

The bq2004E supports discharge-before-charge on the 
battery, providing conditioning as well as capacity 
calibration. Once activated, the DIS pin goes active high 
until VCELL falls below VEDV, at  which time fast charge 
qualirication begins. 

1 Low 

Note: Pulse trickle is inhibited in Mode 2. 

Low 

High 

If ~ M D  is directly connected to Vss, automatic discharge- 
before&- is enabled with the application of power to 
the b q m  or by battery replacement. A negative-going 
pulse on DCMD causes the bq2004E to initiate a dis- 
ch-before-charge action on the battery regardlees of 
charging activity. The DCMD pin is i n b n d y  pulled up to 
Vm; therefore, not connecting this pin d t a  in disabling 
the discharge-before-charge function. See Figure 4. 

Low 

Low 

High 

Low 

TM1 and TM2 Pins 

?a eecond high 
?a second low 

The TMi and TM2 pins are three-level input pins used to 
select the various charge, top-off, and trickle rates, 
maximum safety times, and -AV/PVD holdoff period. 
Table 3 describes the various states selected by the TMi 
and TMz pins. 



I 

vcc 

BAT 

bq2004E 

VM 

BAT voltage Thermistor 
connection connection 

NTC - negative temperature coefficient thermistor. CO-72 

Figure 3. Voltage and Temperature Limit Measurement 

Fast Charge 
Once temperature and voltage prequalif~catims are met 
and any requested diecharging of the battery ia com- 
pleted, fast charging begins and continues until 
termination by one or more of the five possible 
termination conditions: 

Delta temperaturddelta time (AWAt) 

Negative delta voltage (-AV) or peak voltage detect 
(wD) 

Masimum temperature 

Maximum charge time 

Maximum battery voltage 

bq2004E flz fl"l 
Always Discharge 

discharge on command 
Fa-73 

Voltage Termination Holdoff 
At the start of fa& charping, there ia a hold-off time 
durhg which the -AV, PVD, aad AVAt t ' " (PB 

disabled (eee TaMe 3). During hold& MOD is a&ve for 
!&h d the chaga rate. Onm peet the initial fast charge 
hold-off time, dV, FVD, and AvAt terminations are 
re-enabled and MOD ia active for fast charging per Table 
1. Maximum cell voltage 0, and maximum tam- 
perature m O )  terminations are not affected by the 
hold-off period. The hold-off time is not included in the 
Faet Charge Safety Time. 

Termination 

Dhbled 

-AV or Peak Voltage Detect Termination 

The bq2004E  ha^ two modes for voltage tarmination, 
depending m the state of the VSEL pin. VSEL high 
enables peak voltage detection; VSEL floating enablee 
-AV detection; and VSEL low disablea -AV and FVD ter- 
minations. -AV and PVD may be enabled or disabled at 
any time during the charge cycle. The bq2004E makea a 
termination decision every 17 seconds. For -AV, if V- 
ie lower than any previowly measured value by 12mV 
typical, the fast charge phase of the charge action ia ter- 
minated. This equates to a -AV termination of -6mV 

Figure 4. Discharge-Before-Charge per cell typical. The -AV test ie valid only for: 

S p l l B B B B  711 4 



For peak voltage detect, the fast charge phase of the 
charge action is terminated when VCELL is lower than 
any previously measured value by 0 to -3mV per cell 
(-6mV at the BAT pin). 

AT/A~ Fast Charge Termination 
The bq2004E make% a termination d&on baaed on delta 
tempera-delta time (AT/At) every 34 w n d a  If VTEMP 
is 16mV (typical) lese than the voltage meamred 68 aec- 
on& previously, the tast charge phaee of the charge ie 
terminated. ?he AVAt test is valid only for: 

Maximum Voltage, Time, and Temperature 
Terminations 
The bq2004E also terminates fast charge for maximum 
temperature (TCO), maximum time, and maximum 
voltage (MCV). MCV and TCO reference levels provide 
the maximum limits for battery voltage and temperature 
during fast charging. If either of theae limite ie exceeded, 
then fast  charging or optional top-off charge is 
terminated. MCV ie treated as a fault, m LED1 and 
LED2 are switched low with this condition. 

Masimum time selection is programmed wing the TMi 
and TM2 pins (see Table 3). Time settinge are available 
for corresponding charge rates ranging from C/4 to 4C. 

Temperature Monitoring 
Temperatux is rep~sented as a voltage input on the 
bq2004E at the 'I% pin. Generally this voltage is developed 
from an Nn: (negative temperature c~effkient) thermistor 
referenced to the negative battery terminal. The bq#X)4E 
mcqpba an intarnal voltage level of VLW = 0.4 Vcc 8s 

the low-temperab fa& (LTF) level. 

Note: If V m  2 V L ~  charging ie inhibited (it a cycle has 
not yet etarted) or t,mmbated (if a cycle ie in pmgiws). 

Similarly, the external reference voltage level presented at 
the ' E O  pin mpwenta the high-temperature cut-off point 
at which fast charging ie terminated. V m  should always 
be leea than VLTP to eneure proper device operation. 

All temperature prequalifications and AT/& termination 
may be disabled by connecting TCO to Vss and tying the 
TS pin t~ Vcc  AVAt tamination sensitivity is ueer-adjustable, 
depndingonthevaluesoftheedemal~dividernet- 
wopk 

Top-Off Charge 
An optional topsff charge phase is selected to follow fast 
charge termination for charge rates from c/2 to 4C. This 
option ie selected through the T M m 2  programming 
pine (see Table 3). The charge control cycle ia modified 
so that the MOD pin is activated for W p s  of every 
2080~s. Thia r e d t a  in a rate Igth that of fast chargins. 
Topsff charge proceede for a time equal to 447 of the fast 
charge safety time (0.235 safety time). 

Table 3. Fast Charge Safety TimelHold-OffFop-Off Table 

Note: TA = 25"C, VCC = 6.OV. 
'DSEL = Z disables pulse trickle 

8\14 SepLlsBBB 



Maximum time, temperature WO),  and voltage (MCV) 
terminations are the only termination methode enabled 
during top-off. If the fast-charge phase of a charge termi- 
nates due to TCO, top-off charge pends until the tem- 
perature falls below high temperature fault 0. 

Pulse-Trickle Charge 
Pulse-trickle charge ia uaed to compensate for eelf-die- 
charge of the battery while idle in the charger. The bat- 
tery pulse-trickles at the end of fast charge and top-off 
(see Table 1). 

In the pulse-trickle state, MOD is active for 2 6 0 ~ s  of a 
period specified by the state of TM1 and TM2 pine. The 
resulting trickle rate ia Ch12 . Pulee-trickle and top-off 
can be disabled by tying TMi and T M 2  to Vss. Pulee 
trickle can also be dieabled when DSEL = Z. 

For pre-charge qualiication, MOD is active hr of 
every 20f3Opt-5, d t i n g  in a rate l&h that of the fast 
charge rate. MOD continues to pule at a !4 the rate for 
the topoff time-out period and then pulee trickles until the 
fast charge conditions am met. Thia ia useful for b.ingiae 
up the voltage on a battery after long &rage periods. 

Charge Current Control 
The bq2004E controle the charge current through the • 
MOD output pin. The current control is designed &J sup- 
port implementation of a conetant-current regulator. Sea 
Figure 6. Nominal regulated m n t  ie: 

When used in thia configuration, the charge current ia 
monitored at  the SNS input by the voltage drop acroee a 
resistor, RSNS. RWs may be choeen to provide a varieb 
of charging currents. 

The MOD pin m mit&ed hi& or low depending on the 
VOatageinputtotheSNSpin. IfthevoltagaattheSNSpinie 
leae.thanV~(O2VtypicalXtheMODoutputiawrntcbed 
h ightogate~cwwnt .  WhentheSNSvoltaeeie~reater 
than v m  ( o m  ty+al), the MOD output ie wrritcbed 
l o w - e h ~ c d f c u m ? & f r ( ] m ~ ~ u p p l y .  

The MOD pin can aleo be used to regulate constant 
voltage. For Li-Ion charge control, the bqaOWE providea 
current-limited voltage regulation and charge termination 
baaed on time and temperature. See Figure 6. 

Charge Inhibit 
Fast charge, topoff, and pulse trickle may be inhibited 
by using the INH input pin. When low, the bq2004E 
suspends all charge activity, drives all outputs to high 
i r n p e d a ~ ,  and assumes a low-power operational state. 
When INH returna high, a fast-charge cycle ia qualir~ed 
and begins as soon as conditions allow. 

Figure 5. Constant-Current Switching Regulation 
Sept. 1096 B W14 
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Figure 6. Constant-Voltage Regulation 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Meximum R a t i w  are e d e d .  Functional operation 
should be limited to the Recommended DC Operating Conditiom detailed in thia data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Symbol 

Vcc 

VT 

TOPR 

T m  

TSOLDER 

TBU~ 

DC Thresholds UA - TOPR; vcc *lo%) 

Parameter 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Svm bol 

V s ~ s ~ ~  

Vs~sr-" 

VLTF 

V m  

VEDV 

VMCV 

Minimum 

-0.3 

-0.3 

-20 
-40 

-55 

-40 

Parameter 
High threehold at SNS 
resulting in MOD = Low 

Low threehold at  SNS 
resulting in MOD = High 

Low-temperature fault 

High-temperature fault 

End-of-discharge voltage 

Maximum cell voltage 

Muimum 

+7.0 

+7.0 

+70 

+85 

+I25 

+260 

+85 

Rating 

0.06 Vcc 

0.04 Vcc 

0.4 Vcc 

('/S VLTF) + (%+ V m )  

0.4 Vcc 

0.8 Vcc 

Unft 

V 

V 

OC 

OC 

OC 

"C 

OC 

Notes 

Commercial 

Induetrial TI' 

10eecmax. 

Tolerance 

M.025 

M.010 

M.030 

M.030 

Me03o 

*0-030 

Unit 

V 

v 

V 

V 

Notes 

VT~MP 2 VLTF inhibiw 
bwteem 
V- S V m  inhibits 
charge 
V c m  < VEDV inhibits 
fa& charge 

V c m  > V ~ c v  inhibiw 
ternintitee charge 



Recommended DC Operating Conditions VA = TOPR) 

Symbol 

I VA / TS voltage potential I o I - I vcc I v Ivm-vws I 

Parameter 1 Minimum 1 Typlcal 1 Maximum 1 Unit 1 Notes 

1 vcc 

VCELL 

supply voltage 

BAT voltage potential 

VTS 

VEO 

VIH 

4.5 

0 

0 

Vcc - 0.5 
Thermistor input 

/ VIL 

1 Vow 1 logic output high 

Temperature cutoff 

Logic input high 

Logic input high 

I Logic input low 

Vcc - 0.8 I - / - I v /  DIS, MOD, LEDI, LED2, 
IOH < -1OmA 

5.0 

- 

Logic input low 

1 0.3 1 V )TMi,TM2,DSEL,VSEL 

0.2 * Vcc 

2.0 

Vcc - 0.3 

5.5 

vcc 

Vcc - 1.5 

vcc 

I I I I I 
0.8 

VOL 

- 

ICC 

ISB 

TM1, TMa DSEL, and VSEL 
should be left disconnected 
(floating) for Z logic input state 

V 

v 

V 

V 

Logic output low 

IOH 

IOL 

IL 

I n  

Im 

Note: All voltages relative to Vss. 

12/14 

VBAT- VSNS 

Valid temperature sensing 

Disable temperature sensing 

0.4 Vcc 

-- 
DCMD, INH 

Supply current 

Standby current 

0.8 

- 

DIS, LEDI, LEDz, MOD sour~e 

DIS, LEDl, LEDZ, MOD sink 

Input leakage 

Input leakage 

Logic input low source 

Logic input high source 

V 

V 

V 

DIS, MOD, LEDi, LEDz, 
10,s l0mA 

1 

Valid AVAt range 

E%D,m 
TMI, TM2, DSEL, VSEL 

-10 

10 

50 

-70 

3 

1 

i1 

400 

70 

mA 

pA 

Outputa unloaded 

~ = V I L  

mA 

mA 

d 

MA 

MA 

PA 

@VOH = Vcc - 0.8V 

@VOL = Vss + 0.8V 

~ , B A T , v = v ~ ~ ~ ~ V C C  

DCMD, V = Vss to Vcc 

TMi, TM2, DSEL, VSEL, 
V = Vss to Vss + 0.3V 

TMI, TM2, DSEL, VSEL, 
V=Vcc-0.3VtoVcc 



Impedance 

Timing FA = o to +70°c; vcc *to%) 

Unit 
1 

MQ 

MQ 

Ma 

MQ 

Note: Typical is at TA = 25OC, Vcc = 5.OV. 

Maximum 

Data Sheet Revision History 
I I I I I 

Symbol 

RBAT 

RTS 

R m  

RSNS 

Minimum 

50 

50 

50 

50 

Puameter 

Battery input impedance 

T!3 input impedance 

TCO input impedance 

SNS input impedance 

Maximum 

1.16 

300 

2 

Unit 

Pa 

lrHz 

=c 

Typical 

Note8 
I 

vcc = 4.75v to 5.25V; 
TA = 0 to W C ;  see Table 3. 

Typical regulation capability; 
VCC=S.OV 

If VCBI~. 2 VMCV for hcv during 
charge or topoff, then a transition 
o f V C B I l . < V w i s ~ e e d e s  
battery replaced. Otherwiee, VCELL 
< VMCV is ignored. 

Typical 

1 .O 

Change No. 

1 

1 

Was: VSNSHI - (0.01 Vcc) / 1 I 11 IChanged value for Vmsmratiw Is: 0.04 Vcc 

Minimum 

0.84 

1 

Symbol 

tPW 

dFcv 

t- 

tMCV 

1 

Note: Change 1 = Sept. 1996 B changea from Apr. 1995. 

Parameter 

P u h e d t h  for DCMD 
and INH pube command 

Fast charge safety time 
variation 

MOD output regulation 
hquency 

VCELL 2 VMCV valid 
period 

Page No. 

3 

7 

I I 

8 

Description 

Added block diagram 

Added VSEIJtermination table 

Nature of Change 

Diagram insertion 

Table insertion 

Added values to Table 3 Top-Off rate values 



Ordering Information 

i~ernperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +S°C)* 

' ~ackage Option: 
FN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 

Device: 
bq2004E Fast Charge IC 

Contact fadory for availability. 



@ BENCHMAR* Product Brief DV2004ES1 
Fast Charge Development System 

Control of On-Board pFET 
Switch-Mode Regulator 

Features 

* bq2004E fast charge control evaluation and 
development 

Charge current sourced from an on-board 
switch-mode regulator (up to 3.0 A) 

> Fast charge of 4 to 10 NiCd or NiMH cells and one 
user-defined selection 

Fast charge termination by delta temperatureidelta 
time (ATiAt), negative delta voltage (-AV) or peak 
voltage detect, maximum temperature, maximum 
time, and maximum voltage 

-AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

Programmable charge status display 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge by logic-level input 

General Description 
The DV2004ES1 Development System provides a devel- 
o ~ m e n t  environment for the bq2004E Fast Charge IC. 
The DV2004ES1 incorporates a bq2004~ and a buck-type 
switch-mode regulator to provide fast charge control for 4 $; ~ ~ ~ ~ ; r t ~ e  ~ ~ u ~ t ~ - o ~ ~ ~ h ~ ~ , " m ~ ~ ~ ~ s , " , " ~ ~  
to 10 NiCd or NiMH cells. before-charge with push-button switch S1. 
The fast charge is terminated by any of the following: 

-i\V or peak voltage detect, maximum tempera- Please review the bq2004E data sheet before using the 

ture, maximum time, maximum voltage, and inhibit com- 
DV2004ESl board. 

mand. Jumper settings select the voltage termination A full data sheet for this product is available on our web 
mode, the hold-off, top-off, and maximum time limits, site (http://www.benchmarq.com), or you may contact the 
and automatic discharge-before-charge. factory for one. 

The user provides a power supply and batteries. The user 
configures the DV2004ES1 for the number of cells, volt- 

Jun. 1995 Rev. C Board 

1-1 25 



DV2004ES1 Product Brief 

DV2004ES1 Board Schematic 

Rev. C Board Jun. 1995 
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~~NCHMARO product Brief DV2004ES3 

Control of On-Bc 

Features 
* bq2004E fast charge control evaluation and 

development for NiMH, NiCd and Li-Ion chemistries 

Charge current sourced from an on-board 
switch-mode regulator (up to 2.0 A) 

Fast charge of 3,6, or 9 NiCd or NiMH cells and 1,2, 
or 3 Li-Ion cells 

Fast charge termination by delta temperatureldelta 
time (ATIAt), negative delta voltage (dV)  or peak 
voltage detect, maximum temperature, maximum 
time, and maximum voltage for nickel-based and 
constant-current to constant-voltage for Li-Ion 

-AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

Programmable charge status display 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge by logic-level input 

General Description 
The DV2004ES3 Development System provides a dual- 
chemistrv develo~ment environment for the ba2004E 
Fast  Ch"arge IC: The DV2004ES3 incorporates a 
bq2004E and a buck-type switch-mode regulator to 
provide fast charge control for 3, 6, or 9 NiCd or NiMH 
cells and 1, 2, or 3 Li-Ion cells. 

The fast charge is terminated by any of the following: 
ATIAt, -AV or peak voltage detect, maximum tempera- 
ture, maximum time, maximum voltage, and inhibit com- 
mand. Jumper settings select the voltage termination 
mode, the hold-off, top-off, and maximum time limits, 
and automatic discharge-before-charge. 

Fast charge for Li-Ion transitions from a constant-cur- 
rent to constant-voltage regulation. Voltage is regulated 
to within 1%. Charge complete is indicated a t  the 
maximum charge time. 

-Ion Development System 
~ard pFET Switch-Mode Regulator 

The user provides a power supply and batteries. The user 
configures the DV2004ES3 for the number of cells and 
charge termination mode, and commands discharge-be- 
fore-charge with push-button switch S1. 

Please review the bq2004E data sheet and application 
note: "Using NiMH and Li-Ion Batteries in Portable 
Applications", before using the DV2004ES3 board. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 

Jan. 1996 Rev. A Board 
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DV2004ES3 Board Schematic (Continued) 
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Features 
Fast charge control and 
conditioning for one or two N i  
or NiCd batteriee 

> Flexible current regulation: - Integrated switching charge 
current controller - Gating control for use with 
external regulation 

Diecharge-before-charge for 
battery conditioning 

Fast charge termination by: 
AVAt, -AV, maximum time, 
maximum temperature, and 
maximum voltage 

> Selectable pulsed 'top-off and 
trickle charge 

> Direct LED control outputa 
display battery and charge status 

20-pin 300-mil PDLP or SOIC 
packages 

bq2005 
Dual-Battery Fast Charge IC c1 

General Description 
nLe CMOS bq2OE Dual-Battmy Faat 
C h a g e I C p m v i d e a c a n ~ f a S t  
charge control functions 4th high- 
speed 8 w i t C h i r l g p a w e r ~ 0 l l t r o l ~  
for one or two independent battexy- 
park-. 

The bq2005 ie the baeie of a 
wet%f'fective solution for aecpentially 
charging two battery packs using 
flexible contTol of conetantan-rent ar 
cmrent-limited dm& eupply. ' h e  
bq2005 can be ueed ae a frequency- 
modulated contsoller operating up to 
300KHz far switched regulation of the 
chargisgcurrent Thebq2006mayal- 
tanatidy be ueed with a linear regu- 
lator ar transistor to gate an Podemal 
~ P P ~ Y .  

Switch-activated or automatic die- 
charge-before-charge for one battery 
allows bq2005-based chargers to 
support battery conditioning, elimi- 

nating the voltagedepression effect 
found in some rechargeable battery . . chermetnes. 

F&cbar;eebegiuawithtbeapplication 
of the charging supply or by 
~ t o f t h e b a # e r y .  Foreatety, 
chargeiainhbiteduntilthebattery 
temperature and d h g e  are within 
C m f i g C l r e d l i m i t a W *  
and time are mmitad t h u g h u t  ieet 
chage. 

Charge ia terminated by any of the 
following: 

m Delta temperatddelta time 
(AVAtt) 

Negative delta voltage (AV) 

Maximum temperature 

Maximumtime 

m Masimumvoltage 

Pin Connections Pin Names 

PO-Pin DIP or SOIC 
PN-44 

1 *a Discharge command input, DISa Discharge control output, 
I battery A b a W A  

- 
I DVEN -AV enable CHa, Charge status output, - 
I CHB battery Am 
I TMI T i e r  mode select 1 - 

FCCA, Fast charge complete output, 
I 7 

TM2 Timer mode select 2 FCCB battery A/B 

TCO Temperature cut-off Vss S Y * ~  grwnd 

TSa, Temperature sense input, vcc 5.0V *lo% power 
TSB battery A/B 

MODa, Charge current control 
BATa, Battery voltage input, MODB output, battery A@ 
BATB battery A/B 

SNSa, Charging current sense input, 

SNSB battery A@ 



Pin Descriptions 

=A Dischargebeforecharge control inplt, bat- 
tery A - 
DCMDA controle the discharge-before-charge 
function of the bq2005. A negative-going 
pulse on DCMDA initiates a discharge to 
EDV (0.475 Vw) followed by a charge if 
conditions allow. By tying DCMDA to 
ground, automatic discharge-befom-charge is 
enable either by the application of power or 
by battery replaced. 

DVEN -AV enable input 

This input controls the -AV charge termination 
test. If DVEN is high, the -AV termination 
method is enabled. If DVEN is low, -AV is 
disabled. DVEN may change state at any time. 

TM1, Timer mode inputs (TMid) 
TM2 

TMi and TM2 are threelevel input8 that contFol 
the aettings for fast charge safety timer and 
'topoff/trickle charge control. See Table 3 for 
details. 

TCO Temperature c u t d f  threshold input 

Maximum allowable battery temperature- 
sensor voltage. If the potential between TSA 
and SNSA or TSB and SNSB is less than the 
voltage at  the TCO input, then any fast 
charging or 'top off charging is terminated 
for the respective battery. 

TSA, Temperature s e w  inputs, 
TSB battery Am c ~ ~ A , B ) ~  

Input for external battery temperature 
monitoring thermistor. 

SNSA, Charging current mnee inputs, 
SNSB battery A 5  (!~NsA,B)' 

S N S A ~  controls the switching of MODA,B 
based on an external sense resistor network. 
This provides the reference potentials for 
both the TSA,B and BATA,B pins. If SNSA,B is 
connected,to Vss, then MODA,B switches high 
at the beginning of charge, and low at the 
end of charge. See Figure 1 and Table 1 for 
details. 

' Notation used in text for generic pin reference. 

DIS A 

vcc 

vss 

Battery voltage inputs, 
battery Am (BATAS)' 

BATA and BATB are the divided input voltages 
for battery A and battery B. This potential ie 
limited to 0.96 Vcc and 0.475 Vcc and is 
generally developed by a high im-ce =is- 
tor-divider network connected between the 
poeitive and the negative terminals of the bat- 
tery. 

b h e r g e  control output 

Push-pull output used to control an external 
transistor to discharge battery A before 
charging. DISA is active high. 

Charge status outputs, 
battery ~ V B  (CRdl 
Open-drain output indicating charging 
status. See Figure 1 and Table 2 for details. 

Fast charge complete outputs, 
battery NB WAB)' 
Open-drain output indicating fast charge 
complete. See Figure 1 and Table 2 for 
details. 

Charge current control outputs, 
battery ~ V B  (MODAS? 

MODA,B k a push-pull output that is used to 
control the charging current to the battery. 
MODA,B switches high to enable charging 
current to flow and low to inhibit charging 
current flow. See Figure 1 and Table 1 for 
details. 

5.0V, *lo% power input. 

Ground 



Functional Description The bq2005 L a sequential charger, initiating a charge 
action on either battery A or B. If both battery A and 

Fi- 1 illuwates charge control and dieplay atue battery B m t  when VCC ie applied to the bqa006, 
du* a bq2006 charge cycle. Table 1 o u b  &- the charge a~t im b& with battery B if mditio~ are 

bq#)06 operational etatee and their h t e d  - a h ,  -ptabk. If A L prwent and B ~ t ,  the c k  cycle 
which are descrhd in detail in the f011owing &om. bepine on A, and faet charge will complete before begin- 

ning on B. The bq2006 cantrole the initiation of a charge 
Charge Action Control action and checks for acceptable bat* temperature 

(betmen LTF-low-temperature fault and W-high- 
The bq2005 initiate a charge by either the application of temperature fault) and voltage (between EDV-*d*f- 
power on Voc or by a battery replacement. A charge diecharOe voltage and MCV-maxhum cell VOltaOe) prior 
action is controlled by the inputs from DCMDA, DVEN, to faet charging. The feet charging b e g h  and 
TSA& BATo,  and TMIS the bq200S teeta for the full-charge cunditio~~: AVAt 

an@m -AV, with temperature, time, and voltage safety 
t e m i n a t i ~ ~ ~ .  

I I I I I 
I Charge 1 Dis- I Fast 1 op-Off I pulse- 

Pending charge Charging IO~HWII 
IPulnr- 

Trickle 
I O p t M ,  

Trickle) b t t w y  A) 

h- 50wc --.I 

atus Output 
mnnnnnnnnnnnnnn r 

KCA,~ Status Output 

0 
L 

Battery A discharged to 0.475 + VCC typical or 

battery within temperature/voltage limits. 

Charge initiated. Battery outside temperature/voltage limits. 

Notel See Table 3 for pulse-trickle period. Fa-!22 

Figure 1. Example Charging Action Events 



- 
Charge Status Indication F C C u  outputs, which may be connected to an LED indi- 

cator through a current-limiting reaistor. In all cases, 
Table 1 outlines the various charge action states and the if the  battery voltage a t  the BATA a n a o r  BATB 
associated MODA,B and DISA output etatea.Table 2 pins exce* t h e  m A m u m  cell voltage (0.S5 r 

describes the charge status indicated by the C H ~ B  and Vcc), the C b  and W C u  output8 are held high 

Table 1. bq2005 Operational Summary 

Charge complete 

DISA 
Output 

Low 

- 

High 

hw 

Low 

A V T E ~ A T  > 14rnV/minute or 

Top-off (optional; 
see Table 3) 

Notes: vCELL = V ~ A T  - VSNS, VMCV = 0.95 VCC, VEDV = 0.475 Vcc. 
vTEMp = vm - VSNS, VLTF = 0.4 VCC. V m  = (('14 VLTF) + (3/4 VTC~)) 

- 

MOD48 
Output 

Trickle charge activated per V s ~ s  
for period specified in Table 3. 

Output is inactive if other battery 
is fast charging or topping off. 

- 

MODA low 

Trickle charge activated per V s ~ s  
for period specified in Table 3. 

Output is inactive if other battery 
is fast charging or topping off. 

Low if Vms > 250mV, nominal; 
high if V s ~ s  < 200mV, nominal 

Charge Action State 

Battery absent 

Charge initiation 

Discharge-before-charge 
(optional, battery A) 

Pending 

Fast charging 

Trickle 

Low 

VTEM~ < V w  or V p  > VLTP or 
maximum time or maximum voltme 1 - 1  

Condition8 

VCELL 2 Vmv 

Vcc applied or VCEU drops from 2 VMCV to 
< VMCV (battery insertion) 

DCMDA high-to-low pulse or tied to Vss 
when Vcc is applied; VEDV < VCELL < VMCV 

Charge initiation occwred and VTEMP 2 
VLTF or VTEMP S V m  or VCELL < VEDV, 

or other battery fast charging 

Charge initiation occurred and V m  < 
VTEMP < VLTF and VEDV S VCELL < V ~ V  

-AV 2 13mV typical or 

Charge complete and 
top-off time not exceeded and 

V T E M ~  > VTCO and VCELL < VMCV 

Law 

Activated per Vms (see fast 
charging state) for 4 of every 32 ee~. 
Output is inactive if other battery 

is fast charging or topping off. 

Charge complete and top-off disabled or 
top-off complete 

Trickle charge activated per V s ~ s  
for period specified in Table 3. 

Output is inactive if other battery 
is fast charging or topping off. 



Table 2. bq2005 LED Output Summary 

- 
Note: CHA and FCCA are related outputs, but are independent of the etatea of CHB and m ~ ,  which are also 

related outputs. 

Charge Action State 

Battery absent 

Charge initiated and pending or 
battery A discharge-beforecharge 

Fast charging 

Charge complete, top-off, andlor trickle 

Vdbw and Tern- Measurements 
Battery voltage and temperature are monitored for 
maximum and minimum allowable valuea. The batterv 
voltage sense input, BATA,B, for a battery pack must bk 
divided to between 0.95 Vcc and 0.475 Vcc for proper 
operation. A resistor-divider ratio ofi 

F~XA,FCCB 
I 

Hish 

High 

Hieh 

h w  

Note 

Battery not inserted 

Fast charge conditionr are not valid, 
or other battery ie fast charging 

is recommended to maintain the battery voltage within 
the valid range, where R1 is the resistor connected to the 
positive battery terminal, and R2 is the ~ s i s t o r  con- 
nected to the respective SNSA,B ppins. See Figure 2. 

C H A , ~ B  

Hkh 

'g eec high, 
4% sec low 

Low 

Hieh 

Note: The resistordivider network impedanc8 
ehodd be above aOOKLL to protect the bq%Xt6 if V m  
is removed with betteriea inserted. 

The bq2005 r e q h  that the th- used for tem- 
perature meaeurementa have a negative temperature 
coefficient. The temperature senee voltage inputs at 
TShs are developed wing a reaistor-thennietor network 
between Vcc and SNSAJ~. See Figure 2. 

Battery Removal Detection 
An external resistor, l b x ~ ,  between the battery poeitive 
lead and the charging mpply input is neceeeary to allow 
the bq200F, to detect battery ineertion. 

ff$ bq2006 

s"%a 

F'w 

BAT voltage Thermistor 
connection connection 

NTC negative temperature coefficient thermistor. ,,, 

Figure 2. Voltage and Temperature Limit Measurement 



Initiating a Charge Action 
A battery charge action is initiated with either battery 
insertion or application of Vcc  to the bq2005. Battery 
insertion is recognized when the voltage at either of the 
BATA,B pins falls from above the internal V ~ c v  refer- 
ence level to below that level. When Vcc is applied to 
the bq2005, a charge action begins after a brief power- 
on reset period. 

Temperature and Voltage Prequalification 
A charge action is prequalSed by the battery temperature 
and voltage. Before faet charging can begin, the battery 
temperature and voltage mud fall within predetermined 
acceptable limits. 

VCELL is compared to an internal low-voltage reference, 
VEDV, which is the minimum acceptable battery voltage 
for fast charging. VTEMP voltage ia compared to an inter- 
nal low-temperature fault reference, VLTP, and the inter- 
nal hot-temperature fault reference, V m .  These limite 
establish the acceptable battery and temperature seme 
voltage window for fast charge initiation. If the battery 
fails either of these two prequalificatione for charge, the 
bq2005 enters a charge-pending mode, waiting for the 
battery voltage and temperature to become acceptable. 

In the case of a battery that ie too warm or too cold, the 
charge action starts when the battery temperature 
becomes acceptable. In the caee of deeply discharged 
batteries (voltage too low), the bq2005 waits until the 
battery voltage is at an acceptable level before starting 
fast charge. In the case of a faulty battery, VBAT may 
never reach an acceptable voltage level, causing the 
bq2005 to remain in the charge-pending state. The 
bq2005 continues to trickle charge (if enabled) the bat- 
tery until the fast charge condition becomee acceptable. 

Discharge-Before-Charge 

Fast Charge: TMi and TM2 Pins 
When fast charge begine on either of the batteries, the 
other battery remaim in a pending state until the firat 
battery terminates faet charge. At this time, fast 
chargiq begins on the second battery. When fast charge 
of the second batkq terminates, optional top-off aequen- 
tially proceede if enabled (program pine TM1 and m). 
A pulae-trickle beginn on both batteries at the end of 
top-off or fast charge. Fast charge and optional top-off of 
battery B always take precedence over battery A when 
both batteriee are present. 

The TMI and Th.12 pine are three-level input pine used to 
select the varioue charge and top-off ratee, maximum 
eafety times, and -AV hold-off period. Table 3 describes 
the varioue &tea selected by the TMI and TMz pine. 

Once temperature and voltage prequalifiatione am met 
and any requested diechargine of the battery is completed, 
fast charging be* and continues until termhation by 
one or more of the five poeaible termination conditions: 

Delta temperawdelta time (AT/&) 

Negative delta voltage (-AV) 

m Maximum temperature 

m Maximum charge time 

m Maximum battery voltage 

Voltage Termination Hold-off 
At the start  of fast charging, there ia a hold-off time 
during which the -AV termination is disabled (see Table 
3). Once pa& the initial fast charge hold-off time, -AV 
termination is re-enabled. AT/&, maximum cell voltage 
(MCV), and maximum temperature (TCO) terminations 
are not affected by the hold-off period. 

The bq2005 supporta discharge-before-charge on battery 
A, providing battery conditioning as well as capacity cali- 
bration. Once activated, the DISA pin goes active high 
until VCELL falls below VEDV, at  which time the battery 
starts fast charge. 

If DCMDA is directly corrnected to VS, automatic dkharge 
beforecham is enabled with either the a ~ ~ k a t i a a  of wwer 
to the ba2Ok or by battery replaced. A Giative-go&pulae 
on DCMDA c a m s  the bq2006 to initiate a dischage-before 
charge action ~ T A  Onreg& of ita current-charging 
activity. The DCMDA pin ie in- pulled up to VCC; 
therefore, not notconnecting thie pin results in disabling the die- 
Chargebefmc- f tmc th  SeeFigure 3. 

Fast charging, top-off, and trickle charge of battery B are 
not affected during the discharge of battery A. 

Figure 3. Discharge-Before-Charge 

bq2005 bq2005 

Always Discharge 
discharge on command 

FQ-24 



-AV Termination 
The bq2006 makes a termination decieion based on nega- 
tive delta voltage every 32 eeconde. If VCBU, is lower 
than any previously meeeured value by 13mV typical, 
the faat charge phase of the charge action is terminated. 
This equates to a -AV termination of -6mV per cell typi- 
cal. The -AV test ie valid only foc 

-AV detection may be enabled or disabled at  any time 
using the DVEN pin. 

ATlAt Fast Charge Termination 
The bq2005 makes a termination decision b w d  on delta 
temperaturddelta time (AVAt) every 32 seconds. If 
VTEMP is 16mV (typical) lese than the voltage measured 
64 seconds previously, the fast charge phase of the 
charge is terminated. 

The AVAt test is valid only for: 

Maximum Voltage, Maximum Time, and 
Maximum Temperature Safety Terminations 
The bq2006 abo terminaten fast charge for maximum 
temperature (TCO), maximum time, and maximum 
voltage WCV). MCV and TCO reference levels provide 
the maximum limits for battery voltage and temperature 
during faat charping. If either of thsge limita ie excaeded, 
both fast charsing and optional top-of-f charge are -mi- 
nated. MCV ie treated as a fault, no FCCAB and C&,B 
become inactive with thie condition 

Maximum time selection ie programmed using the TMi 
and TMz pine (see Table 3). Time nettings are available 
for corresponding charge r a t .  ranging horn O/r to 4C. 

Temperature Monitoring 
Temperature is represented as a voltage input on the 
bq2005 at  the TSA and TSB pins. Generally this voltage 
is developed from an NTC (negative temperature 
coefficient) thermistor referenced to the negative battery 
terminal. The bq2005 racognizaa an internal voltage 
level of VLTP = 0.4 Vcc rn the low-temperature fault 
(LTF) level. If VTEMP 2 V L ~ ,  charging ie inhibited or 
terminated. 

Table 3. Fast Charge Safety Time/Hold-Offpop-Off Table 

- 

Note: TA = 25"C, Vcc = 5.0V. 

-pending 
F a  Chaqp 

Rate 

c/4 

C/z 

TMi 

JAW 

Float 

2C 

4C 

T M 2  

Law 

Law 

Float 

High 

F d  Ch#ga %fay 
(minubs) 

T Y ~  

360 

180 

High 

High 

-AV Hdd-Off 
Time (seconds) 

Typical 

137 

820 

45 

23 

T o m  
Rate 

Disabled 

Disabled 

200 

100 

Pul8e- 
Trickk 
Rate 

Dieabled 

C& 

Pulse- 
Trickk 

Period(Hr) 

Disabled 

240 

C/4 

c12 

c/64 

c/k4 

30 

15 



Similarly, the external reference voltage level presented 
a t  the TCO pin repreeenta the high-temperature cut-off 
point at  which fast charging is terminated. V w  should 
always be less than VLTF to ensure proper device opera- 
tion. 

All temperature prequalificatione and AVAt termination 
may be dieabled by connecting TC0 to Vss and fixing 
the T S ~ B  pin level to 0.2 Vcc. AT/at termination sen- 
sitivity is user-adjuetable, depending on the values of 
the external resistor-divider network. 

Top-Off Charge 
An optional top-off charge phaee is selected to follow fast 
charge termination for charge rates from C/2 to 4C. This 
option is selected through the TMIll"hf2 programming 
pins (see Table 3). 

If selected, the bq2006 -tops off the battery at the pulaed 
rate. The charge control cycle is modified eo that MODA,B 
~ i n e  are activated for only 4 of every 32 esconds. This 

In  the pulse-trickle state, MODa and MODB are  
separately active for 2 6 0 ~ s  of a period specifiid by the 
etate of TMi and TM2 pine. The d t i n g  trickle rate ie 
C& when top-off is enabled and C& when top-off is 
disabled. Pulse-trickle and top-off can be dieabled by ty- 
ing TMi and TM3: to V s a  Faet charge or top-off of either 
battery suspends pulse-trickle. 

Charge Current Control 
The bq2006 controls charge current through the 
MODA,B output pins. The current control is deeigned to 
support implementation of a comtant-current switching 
regulator. See Figure 4. Nominal regulated current is: 

When ueed in this conflguration, the charge current is 
monitored at the SNSA,B input by the voltage drop across 
a resistor, RSNS. RSNS may be chosen to provide a variety 
of charging currents and may differ between slots A and 
B. 

hte in a char;ling' The MODA,B pine are switched high or low depending on 
proceeds for a time to the cham time' the voltage input to the SNSA,B pine. If the voltage at 
Temperature CrCO) and voltaee wJICV? termhatiom are the SNSA,B pine is lees than V s ~ s m  (0.2V typical), the 
the only termhation methode enabled during ato~-off.' MOD outputs are switched high to gab charge current 
Any fast charge initiation immediately a top-off through the induck the battery. When the SNS 
chargeinProgresS. voltane ie m a t e r  than VSNSHI (0.25V typical), the MOD 

Pulse-Trickle Charge outp& 2 awitched low--shutting ~ f f ~ c k m n t  fmm the 
supply. 

Pulse-trickle charge is to compensate for self die- ~h~ M O D A ~  pins also be ueed to gate an external 
c h m  of the battery while idle in the charger1 and to bring charging current source. When an external current 
a depleted battery to a valid charge voltage prior to fast , m e  & -d, a sense resistor ie not required, and the 
charge. Both batteries pule-trickle at the end of tast S ~ ~ A B  pim are connected to vss, see ~ i -  5. 
charge and topoff, and prior to charge (see Table 1). 

Figure 4. Constant-Current Switching Figure 5. External Current Regulation 
Regulation 



Absolute Maximum Ratings 

DC Thresholds FA - TOPR; vcc *lo%) 

SvmM 

VCC 

VT 

TOPR 

Tsn; 

TSOLDER 

TBJAS 

Note: Permanent device damage may occur if Absolute Maximum Ratinge are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditiom detailed in thb data sheet. Fkpomm to 
conditions beyond the operational limite for extended periods of time may affect device reliability. 

Purmeter 

Vcc relative to Vss 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperatwe 

Temperature under bias 

Symboi 

Vs~sm 

Vs~sm 

VLW 

V m  

VEDV 

VMCV 

Minlrnurn 

-0.3 

-0.3 

-20 

-40 

-55 

-40 

Note: VCEU = VBAT - VSNS. 

VTEMP = Vm - V S N ~  

Parameter 

High threshold at  S N S u  
resulting in M O D v  = b w  

Low threshold at S N S u  
resulting in MODm = High 

Low-temperature fault 

High-temperatwe fault 

End-of-discharge voltage 

Maximum cell voltage 

Mulmum 

t7.0 

t7.0 

t70 

+85 

+I25 

+260 

+85 

Rating 

0.06 Vcc 

0.04 Vcc 

0.4 Vcc 

(44 VLTF) + (34 V'DCO) 

0.475 V w  

0.95 Vcc 

unit 

V 

V 

"C 

"C 

"C 

"C 

"C 

Tolerance 

d.025 

*0.010 

d.030 

*0.030 

a.030 

k t 0 8  

Commercial 

Induetrial -N' 

-- 

10eecmax. 

Unit 

v 

V 

V 

Notes 

VTEMP 2 VLTF inhiiiw 
terminates charge 

V m  S V m  inhibite 
charge 

VCEU < VEDV inhibits 
fad  charge 

VCELL > VMCV inhibiw 
terminates charge 



Recommended DC Operating Conditions FA - o to +;root) 

VmRM 

dV 

Note: All voltages relative to Vss. 

AT/At detection threshold 
from TSA,B 

Negative delta voltage 
detection 

16*4 

13t4 

m V  

m V  

vcc. 

Vcc = 5.0V, TA= 25OC 

Vcc = 5.0V, TA= 25OC 



Impedance 

Symbd I Parameter 1 Mlnlmum I Typlal I Maxlmum ( UnH 
t 

Timing PA - o to +lo%; vcc *lo%) 

RBATA,B 

Rma 

R m  

R~NSAB 

Note: Typical is at TA = 25"C, Vcc = 5.OV. 

Battery IVB input impedanca 

TSLB input impedance 

TCO input impedanca 

SNSAB input impedanca 

S P ~  

tpw 

d p ~ v  

t- 

~ M C V  

50 

60 

60 

50 

Parameter 

PularidthfmDOm)~ 
pulae wmmand 

Faat charge aafety time 
variation 

MOD output regulation 
frequency 

VCEU. 2 V ~ c v v a l i d  
p e a  

MP 

Mn 

Ma 

Ma 

Ynimum 

0.84 

- 

Typical 

1 .O 

Note8 I 

Pulse start for charge or discharge- 
before-charge 

Vcc = 4.5V to 5.5V; eee Table 3. 

Typical regulation capability; 
VCC=S.OV 

If V c w  2 VMCV for tMCV, then a 
transition of VCBLL < VMCV i e  
recognized ee battery replaced. 
Othemk, VCRLL < VMCV ie ignored. 

Maximum 

1.16 

300 

1 

Unlt 

Be 

- 

wx 



Data Sheet Revision History 
I I I I I 
/ Change No. / Page No. / Description 1 Nature of Change 1 

VSNSLO Rating 

2 

Note: Change 1 = July 1993 B 'Prelimin& changes from May 1993 A draft data sheet. 
Change 2 = Nov. 1993 C Binal" change6 from July 1993 B "Preliminary." 
Change 3 = Sept. 1996 D from Nov. 1993 C. 

Ordering Information 

Input current to BATA,B when battery 
is removed (IBAT) 

Temperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)* 

Wae -1.OmA maximum; 
ie -mpA maximum. 

Package Option: 
PN = 20-pin narrow plastic DIP 
S = 20-pin SOIC 

Device: 
bq2005 Dual-Battery Faat Charge IC 

Contact factory for availability. 



ProductBrief DV2005L1 
Fast Charge Development System PI 

Control of PNP Power Transistor 

Features 
* bq2005 fast charge control evaluation and 

development 

* Charge current sourced from two on-board 
frequency-modulated linear regulators (up to 3.0 A) 

* Fast charge control and conditioning for one or two 
NiMH andlor NiCd batteries containing 4 to 10 
NiCd or NiMH cells; user-configurable for 
applications that use other numbers of cells 

* Sequential charging of two battery packs 

* Fast charge termination by delta temperatureldelta 
time (ATIAt), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum voltage 

-AV enable, hold-off, top-off,trickle rate, maximum 
charge time, and number of cells are 
jumper-configurable 

Charging status displayed on LEDs (two for each 
battery) 

Discharge-before-charge control with push-button 
switch for battery A 

Selectable pulsed "top-off' charge and trickle charge 

General Description 
The DV2005L1 Linear Development System provides a 
development environment for the bq2005 Dual-Battery 
Fast Charge IC. The DV2005L1 incorporates a bq2005 
and two frequency-modulated linear regulators to pro- 
vide fast charge control for 4 to 10 NiCd or NiMH cells. 

Review the bq2005 data sheet and the application note, 
"Using the bq2005 to Control Fast Charge," before using 
the DV2005Ll board. 

The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, and 
maximum voltage. Jumper settings select the -AV en- 
abled state, select the hold-off, top-off, trickle, and mad-  
mum time limits. 

I -- - 

The user provides a power supply and batteries. The 
user configures the DV2005Ll for the number of cells, 
-AV charge termination enabled or disabled, and maxi- 

mum charge time (with or without top-off), and com- 
mands discharge-before-charge with push-button switch 
SW1. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact our 
factory for one. 

Oct. 1994 Rev. A Board 
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DV2005L1 Board Schematic 

I 

Rev. A Board 
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DV2005L1 Board Schematic (Continued) a 
I 



Notes 

Rev. A Board 06.1984 



product BM DV2005S1 
Fast Charge Development System PI 

Control of On-Board pFET 
Switch-Mode Regulator 

Features 
bq2005 fast charge control evaluation and 
development 

> Charge current sourced from two on-board 
switch-mode regulators (up to 3.0 A! 

> Fast charge control and conditioning for one or two 
NiMH and/or NiCd batteries containing 4 to 10 
NiCd or NiMH cells; user-configurable for 
applications that use other numbers of cells 

Sequential charging of two battery packs 

Fast charge termination by delta temperaturddelta 
time (ATIAt), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum voltage 

-AV enable, hold-off, top-off,trickle rate, maximum 
charge time, and number of cells are 
jumper-configurable 

Charging status displayed on LEDs (two for each 
battery) 

Discharge-before-charge control with push-button 
switch for battery A 

F Integrated switching charge current controller to 
300KHz 

Selectable pulsed "top-off' charge and trickle charge 

General Description 
The DV2005Sl Switching Development System provides 
a development environment for the bq2005 Dual-Battery 
Fast Charge IC. The DV2005Sl incorporates a bq2005 
and two buck-type switch-mode regulators to provide fast 
charge control for 4 to 10 NiCd or NiMH cells. 

Review the bq2005 data sheet and the application note, 
"Using the bq2005 to Control Fast Charge," before using 
the DV2005S1 board. 

The user provides a power supply and batteries. The user 
configures the DV2005S1 for the number of cells, -AV 
charge termination enabled or disabled, and maximum 
charge time (with or without top-off), and commands dis- 
charge-before-charge with push-button switch SW1. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 

The fast charge is terminated by any of the following: 
ATlAt, -AV, maximum temperature, maximum time, and 
maximum voltage. Jumper settings select the -dV en- 
abled state, select the hold-off, top-off, trickle, and maxi- 
mum time limits. 

act. 1994 Rev. B Board 
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DV2005S1 Board Schematic 
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DV2005S1 Board Schematic (Continued) 

I 



Notes 

Rev. B Board 06.1984 
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product BM DV2005S3 
NickeVLi-Ion Development System E I  

Control of On-Board p-FET 
Switch-Mode Regulator 

Features 
bq2005 fast charge control evaluation and 
development for NiMH, NiCd, and Li-Ion 

> Charge current (up to 2.OA) sourced from an 
on-board switch mode regulator to 300kHz 

* Sequential fast charge control for one or two 
batteries packs containing 3,  6, or 9 NiCd or NiMH 
cells or 1 to 3 Li-Ion cells 

Fast charge termination by ATIAt, -AV, maximum 
time, temperature, and voltage, and minimum 
current (for voltage regulated Li-Ion charging) 

> Charging status displayed on 2 LEDs per battery 
pack 

Jumper configurable for number of cells, maximum 
charge time, hold-off period, top-off rate, and pulse 
trickle rate and frequency. 

Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

Inhibit fast charge with on board jumper or 
logic-level input 

General Descri~tion 
The DV2005S3 Development System provides a dual- 
chemistry development environment for the bq2005 
Dual-Battery Fast Charge IC. The DV2005S3 incorpo- 
rates a bq2005 and a buck-type switch-mode regulator to 
provide fast charge control for two battery packs contain- 
ing 3, 6, or 9 NiCd or NiMH cells or 1 to 3 Li-Ion cells. 

Fast charge for Nickel chemistry batteries is terminated 
by any of the following: ATIAt, -AV, maximum charge 
time, maximum temperature, and maximum voltage. Li- 
Ion fast charging is accomplished by a current limited 
phase followed by a voltage regulated (within I%"c)hase, 
and terminated by a minimum current criterion backed 
up by maximum voltage and maximum time. 

Jan 1996 

Fast charge can be inhibited by an on-board jumper or an 
external logic level input. 

The user supplies a power supply and batteries. Please 
review the bq2005 data sheet before using the DV2005S3 
board. The user configures the DV2005S3 for number of 
cells, maximum time, hold-off period, top-off rate, pulse 
trickle rate and frequency, and manual (push button 
switch) or auto discharge-before-charge. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 





@ ~ ~ N ~ M A R Q  Using the bq2005 
to Control Fast Charge I 

Introduction To help ensure safety for the battery and system, fast 
charaha mav also be terminated at  a hiah-tem~erature 
cutoFf rhreihold (TCO), a safety t imi period, or a 

This note the and of the maximum cell voltage threshold (MCV). To avoid 
h2005 a current to fast charge NiCd possible premature fast-charge termination when 
Or NiMH The bq2005 may as the charging batteries after long periode of storage, the 
IIIodulator for a switching-mode constantcurrent ~ g u l a -  bq2005 disables -AV det&ion during a short told-off" 
tor to provide an efficient charge current source. Exam- at *e start of faat charge. p hie hold-oft 
ples illustrate the ease with which the bq2005 is is described in the bq2005 data sheet. incorporated into a~~lications. 

The bq2005 is targeted for applications requiring state- 
of-the-art dual-battery fast-charging at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/At (delta temperature,/delta time) and -AV 
(negative delta voltage) that enable the user to take 
advantage of advanced battery technologies such as 
nickel metal-hydride (NiMH) and high-capacity fast- 
charge nickel cadmium (NiCd). Systems using the 
bq2005 can be easily upgraded from NiCd batteries to 
NiMH batteries without system redesign. 

Background 
A siHicant advantage of the bq2005 over other fast- 
charge solutions is the use of AVAt anqor -AV as the 
primary decisions for fast-charge termination. AVAt 
detection is one of the most sensitive and reliable 
methods for fast-charge termination when charging 
NiMH and NiCd batteries. Near full charge, the tem- 
perature rise begins to accelerate. The AT/At decision 
typically precedes the peak voltage, allowing for minimal 
overcharge stress. The AT/& method also tolerates 
varying rates of charge, which may be desirable when 
charging during system operation. 

Compared to the AT method, which uses two sensors to 
monitor battery temperature and ambient temperature, 
the AT/At method uses a single thermistor to monitor the 
rate of temperature increase. This approach is more 
sound in cases when the initial battery temperature may 
be significantly different from the ambient temperature. 
This AT/At termination decision can easily be disabled. 

An input from a battery voltage divider enables the 
bq2005 to detect -AV, which is a very reliable charge 
terminator for NiCd batteries and moet NiMH batteries, 
depending on the application. d V  detection in the 
bq2005 may be temporarily disabled during periods when 
the charge current fluctuates greatly or during the begin- 
ning of a fast charge to eliminate fabe peaks. -AV tenni- 
nation is logic-level selectable without affecting other 
termination choices. 

The bq2005 may be configured to have two or three 
charge stages. In a two-stage configuration, the fast- 
charge stage controlled by the bq2005 ie preceded and 
followed by a pulse-trickle charge at a rate controlled by 
the programming pins of the bq2005. In a three-stage 
configuration, the fast charge is followed by a topoff 
charge stage at  'g the fast charge rate. This allows the 
battery to be quickly and safely brought to a full charge 
state. Following top-off, a trickle charge at a puleed rate 
equivalent to is supplied to the battery to compensate 
for self-diecharge 

Basic Charge-Control Operation 
Three detailed applications follow this section. One 
providea direct control of a linear regulator, and the 
other two provide switch-mode current rgulation. 

Gating Current 
Figure 1 shows an example of extend source gating. 
With SNS tied to Vss, the bq2005 enables charge current 
to the battery by amerting MOD at the start of charge and 
maintaining this state until charge is terminated. In this 
example, R1, Q2, R4, R5, R6, and Q1 form the switching 
ckmit. MOD drivea Q2 into conduction- saturating Q1. 

The current-handling capability of this c h i t  depends 
on the components selected to perform the switching and 
current-regulation functions. Table 1 shows some eug- 
gated component combinations for corresponding cur- 
rents. 

The voltage-boost circuit shown in Figure 1 is neoessary to 
keep the voltage on either BATA or BATB above MCV 
while the other battery is charging (assumes only one bat- 
tery is inserted). Thie implementation w l i i t ed  to 15V 
Dc. Please contact Benchmarq's Applications G m p  for 
h c e  with other input voltage configurations, or for 
alternative methode. 
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Table 1. Suggested Component Combinations 
R6 
- 
- 
- 
- 

33m 

33Kn 

R5 

1m 

1 m  

200R 

M)(XL 

1 m  

1m 

R4 

- 
loOn '/2W 

51Q yzW 

27R 1W 
- 
- 

RI 

l5OQ 44W 

MR 1 / 2 ~  
4 3 ~  112w 

27Q 1W 

lOOQ V4W 

loOn V4W 

a 2  

2N3904 

2N3904 

2N3904 

2N3904 

2N3904 

2N3904 

!IN 

0.5A 

1A 

2A 

3A 

5A 

8A 

a 1  

MPS760 
MPS760 

TIP42 

TIP42 

IRFR9010 

IRF9Z22 



Using the bq2005 to Control Fast Charge 

Charge Initiation 
Charge may be initiated by applying power to the IC or 
by battery insertion. Charge initiation by application 
of power to the IC works as follows: When Vcc is ap- 
plied, the bq2006 is held in reset for approximately one 
and one-half seconds. At the end of the reset period, a 
charge cycle initiates as soon as conditions allow. If 
both batteries are present, fast-charging battery B 
takes precedence over charging battery A. If battery A 
is inserted while fast charge is pending on battery B, 
the bq2005 trickle charges both batteries, and then fast 
charges battery B after conditions allow. If battery B is 
inserted while fast charge is pending on battery A, the 
bq2005 trickle charges both batteries, and then fast 
charges battery B when conditions allow. 

Charge initiation on battery replacement relies on the 
BATA,B pin voltage being greater than MCV in the 
absence of a battery, and falling below MCV when the 
battery is connected. To ensure this condition, pull-up 
raeistor~~ from BATA, B+ (positive pack terminals) to the 
charging voltage source (VDc in step-down regulators, 
the b t e d  charging voltage in step-up regulators) are 
sized to elevate the empty battery location voltage on the 
BATA, B pins such that MCV is exceeded. 

When the battery is replaced, the voltage on BATA,B 
should fall below MCV, at which time a charge cycle 
initiates as soon as conditions allow. 

Table 2, Charge Action 'Pruth Table, d& the bq#)05 
charge actions under a variety of battery and charge states. 

Disc harge-Before4 harge 
It may occasionally be desirable to diecharge the battery 
to a known voltage level prior to charge. The reason for 
this may either be to remedy a voltagedepression effect 
found in eome NiCd batteries or to determine the battery's 
charge capacity. 

Figure 2 illustrates the implementation of this func- 
tion for battery A. If DCMDA is directly connected to 
Vss, automatic discharge-before-charge is enabled 
with battery replaced on application of power to the 
bq2005. A negative strobe signal on DCMDA also in- 
itiates discharge-before-charge. This function takes 
precedence over a charge action and commences 
immediately when conditions warrant ,  forcing 
DISA to a high s ta te  unti l  the voltage sensed o n  
BATA falls below VEDV (0.476 Vcc). Charging be- 
gins as soon as conditions allow. 

Table 2. Charge Action Truth Table 
/ Vcc I BATA I BATE 1 Chum Action 

L = Battery inserted and outside t e m p e r a h  
limit or below VEDV. 

N = Battery removed: VCEU > 0.96 VCC 

F = Fast charge 

D = Top-off 

T = Trickle 

t - Battery insertion: VDIV tranaitioning from L 
0.95 Vcc to VCEU, < 0.96 Vcc 

Care should be taken not to overheat the battery during I 
this process; excessive temperature is not a condition 

J 
that terminates discharge. monitoring us- VBAT - VSNS, or VCELL Thie battery volt- 

Note: Because VSNS may be above Vss in bq2005 switch- age monitoring VCEU maintains a representative com- 

ing regulation applications, the internal battery voltage parison "ltage independent of any current through RSNs. 
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Figure 2. Battery Conditioning Network 

The discharge-before-charge function is ignored or noise performance. Constraining the source resistance as 
terminated when VBAT - VSNS > VMCV (battery removed). seen from BATA,B between 20KQ and 1Mn is acceptable 
If the discharge-before-charge function is not desired, over the bq2005 operating range. Total impedance 
DCMDA should be tied to Vcc or left floating. DCMDA is between the battery terminal and Vss should typically be 
internally pulled up to Vcc. about 300KR to 1MR . See Table 3. 

bq2006 

- 
= = ' A  - 1  

m .  

C~nfiguring the BATAB Inputs Table 3. Suggested RBI and RB2 

RSW 
- 

Mtchup. whuor(r lor --lor 

u- wm . bqzm5amboY.d wnihn.hn* 

nvwllngammC.upphl chug~anmluwr, 

-9 

- 
push-MM R*h-Mtal 

- - 
The bq2005 uses the battery voltage sense input on the Values f o r f i ~ d  and NiMH Cells 

For NiCd and NiMH batteries, the battery terminal 
voltage is divided down to this potential per the following 
equation: 

open) 

BATA,B pins to control discharge-before-charge, qua* 
charge initiation, terminate charge at an absolute limit, 
and facilitate negative delta voltage (-AV) detection. 

VBAT may be derived from a simple passive network 
across the battery. As shown in Figure 1, resistors lU31 
and RB2 are chosen to divide the battery voltage down to 
the optimal detection range, which is between VMCV and 
VEDV (0.475 Vcc < VDN 5 0.95 Vcc). 

where N = number of cells, RBI is the resistor connected 
to the positive battery terminal, and lU32 is the resistor 
connected to the negative SNSAB pins. 

V I I  = A  - 
- 

Although virtually any value may be chosen for RBI and 
RB2 due to the high input impedance of the BATA,B pin, 
the values selected must not be so low as to appreciably 
drain the battery nor so large as to degrade the circuit's 
4/10 

- 

Number of Cells 
(VBAT Divisor) 

3 

4 

5 

6 

July lW4 

"WI 

I 
RBI  

137 KR 

357 KR 

309Kn 

301 KR 

- v -  
A - 

- 

RB2 

523 KQ 

523 KR 

280 KR 

196KR / 

opn) 
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MCV Temperature Sensing and the TCO Pin 
Battery over-voltage protection ie accomplished by corn- ~h~ bq200fi - the temperature input on the 
p- VCELL to the internal MCV reference. If VCELL pine to qualify chw initiatjon and ~ t h  A 
-ee greater than VW, then -Z?&!!p-off* and negative temperature coefficient m) th ref- 

u 
trickle c h g e  tamhb, and CXIB and ~ C A , B  output. e ~ d  to SNS a.ud p l d  Ln c l w  p- i tyzb. t -  
are high impedance. tery may be used as a temperature-to-voltape trannducer 
A typical MCV value equatee to 2.OV per cell. To detect as in FM 4. 'hh eram~le a 
the presence of a battery, the DC mpply voltage must be lLnearization mtwork by RT2 in 
mate r  than 2.0 . N, where N ie the of battery conjunction with the therrnhtml m. If temperature 
-1b. B~~~ packs fewer than -h seneor ie to be uaed for charge control, it ehould be in 
an extemal amplifier to w e  the bq2005 (see Figure 3). direct contact with the celle. 

Figure 3. Battery Cell Voltage Amplifier for 4 Cells 

- 
Fa4 

Figure 4. Temperature Sense Inputs 

b q m  

BAT M 

- - 

July 1994 5/18 

Twc-cell mnflgumtion One-cell conflguratkm 

MU 

bq2005 

BAT A I  

-- 
I -- 

~am 
- 

SNS ha 

I 

IL)I( 

I m c  

S " - s ~ '  

l a x  
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Temperature-decision thresholds are defiied as LTF 
(low-temperature fault), HTF (hot-temperature fault), 
and 'lT0 (temperature cutoff). Charge action initiation 
is inhibited if the tempera= ie not within the LTF-to- 
HTF range. In this case, CHAB is alternating high and 
low a t  a 4Hz rate, and charging does not initiate until 
the battery temperatures enter this range. 

Once initiated, charging terminates if the temperature is 
either less than LTF or greater than TCO. The bq2005 
interprets the reference points VLTF, V m ,  and VTCO as 
Vss-referenced voltages, with VLTP iixed at 2/s Vcc and 
Vwo equal to the voltage presented on the TC0 pin. See 
Figure 5. Note that since the voltage on pin TSA,B - 
decreases as temperature increases, VTCO should always 
be less than 2/6 VCC. V m  is set internally 3/4 of the way 
from VLTF to VTCO. The resistive dividers shown in 
Figure 4 may be used to generate the desired VTCO. 

AT/At detection adds an additional constraint on the 
selection of temperature sense components. Detection 
occurs when the voltage TSA,B - SNSA,B declines at a 
rate between 0.0024 Vcc and 0.0040 Vcc per 68 seconds, 
with a nominal 5V Vcc producing a nominal detection rate 
of 14mV/min (16m~&sec). F& example, assuming a 
l0c/min desired average AT/& detection rate (TAT), and 
minimum and maximum charge temperatures of O0 and 
40°C, respectively, VTCO equals: 

Table 4 shows the temperature control values that apply 
for the application example assuming the Philips ther- 
mistor. Appendix A explains the derivation of such com- 
ponent values. 

Figure 5. Temperature Reference Points 

-- 

-- 

7@ 

-- 
118 

-- 

-- 

should be configured assuming a minimum charge cutoff 
rate of 0.0024 Vcc, or 10.6mV per minute (at 25°C; Vcc 
= 5V). This is the lowest signal that may be recognized as 
meeting the decision threshold. Repeating samples 
cause a decision quickly as the voltage ramps between 
this minimum threshold and the nominal 14mV per 
minute. The system is self-compensating in that the 
thermistor provides increasingly overstated negative 
voltage change with increasing temperature, making the 
measurement more sensitive a t  higher temperatures. 
The last three columns of Table 4 are an example of this 
relationship. 

"cc 

v = as v, 

v ,, = V LTF - 314 (VLTF - VTCO ) 

User Defined 
V~~~ =Volage at TCO pin 

"SS FG-BE18 

New AT/At samples are processed every 34 seconds. To 
minimize the risk of premature termination, the design 

Table 4. Example Values, Temperature Sense Network 

AT/At Rate (%/min) 
LTF HTF TCO VTCO RT1 RT2 
(TI (-1 (-1 01) (KQ) (KQ) (%/min) 

Notes: 1. VSR = OV. 
2. Temperature control and qualification may be disabled by tying pin TCO to Vss and fixing the 

voltage on pin TSA,B to 0.2 Vcc. 

811 8 July 1894 
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vcc Supply 
The Vcc supply provides both power and voltage 
reference to the bq2005. This referem directly affecta 
the internal time-base voltage measurements. 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = SV. The 
oscillator varies directly with Vcc. If, for example, a 5% 
regulator supplies Vcc, the time-base could be in error by 
as much as 10%. 

For applications requiring even more cost-cutting 
measures, using a Zener diode-resistor combination ae 
the bqU)05 power mpply sacrificm very little accuracy 
and performance. To minimize +5V loading, LEDs are 
camode-driven as shown in Figure 6. 

Figure 6. Cascode-Driven LEDs 

The DC supply vol-, Vw, muet aatisfy two require3Dents: 

1. To support the bq2005 Vcc supply, VDC muat be 
adequate to provide for 5V regulation after the 
losses in the regulator and across Dl (Vw 2 7.7V 
using the 78LQ5). 

2. To support the proper charge operation and the 
rated current, V w  must be greater than the nurn- 
ber of cells 2V + Vmss in the charging path. 

Battery Removal Detection 
An external 2K resistor in Figure 1 (lower left) is sized to 
pull BATA,B above MCV with the removal of the battery. 
The resistance of R7 should be selected to pull the bat- 
tery sense pin above MCV and yet keep input current on 
BATA,B less than 20pA. 

Top-Off Charge 
The top-off charge option allows for filling up the last 
fraction of capacity after the fast-charge phase has tenni- 
nated. Top-off is needed for NiMH batteries, which accept 

charge poorly at charge atat- above 8t% Topoff occure 
at a lg pulsed rate to pmm& ercegs beat pmatim, and 
teambateeafteraperiodequaltothesatety~ Top 
o f f t e i m i n a t e e i f T C O o r M C V i e ~ c r i f c h a r g e ~  

I 
discharpe ie initiated cnr the athe~ battary. ToTopoEl ];ae a 
lower priohity than charpe; it pends until both batterh have 
been charged and then charges the batteries in 
eeclluerre--fhstbatbyBarad thenbatteryk 

Topoff is not reammended in applicatba where a battery 
charge ie re-Sited with extremely hi& m n c y  (many 
timea par dayh for example, when the unit ie I.eturned to 
thechargecradleaftareachehartpeliodofuse. Top*ffis 
a h  not necessary for NiCd batkrh. 

Negative Delta Voltage Fast-Charge 
Detection 
-AV fullcharge detection may operata in parallel with AVAt 
detectimIftemperahmcopltrolisdieebledbydeeien,then 
-AV should be enabled OVEN tied to V d  If -AV is enabled, a 
c c a t a n a t  charging eance is .IPquired Othgwiae a 
drop in current may c a m  a falae -AV &termhatian DVEN 
maychangestateatanytime. 

Mode Selection Pins TM1 and TM2 
Theae two pins are used to select the safety time-out (five 
selectiom, 23 to 360 minutes) and optional top-off charge 
(four selectionel 23 to 180 minutea, equal to the safety 
time selection). 

The safety time-out should be selected to be longer than 
any reasonably expected charge time. The nominal 
charge time (Ah capacity/charge rate) should be in- 
creased to allow for both charge inefficiency and the fact 
that many batteries hold more than the ratad charge. A 
safety time-out 1.3-1.5 timea the nominal time is nor- 
mally adequate (i.e., 90 minutes for a 1C charge). The 
safety time-out may be far in excess of the nominal 
charge time if temperature termination is enabled. 

Note: If the charge rate varies (such as fast charging 
during aystem operation using AT/At M a t i o n ) ,  then 
the safety time-out selection should allow for the slowest 
charges that may occur. The 180- or 360-minute selection 
may be appropriate. 

In addition to selecting the safety timer period and t o p d  
enabl@disabled, TMi and TMz select the appropriate puke 
trickle period. C/s  is recommended for NiCd cells, while C/a 

is recommended foe NiMH bath-b. Top-off and pulsed 
trickle can be disabled by tying TMi and TM2 low, aehthg a 
sir-hour charge time-out. TMi and TM2 may be changed at 
any time during a charge cycle to select diffemnt conditiom; 
h o w e v e x , ~ c h a n g i n g ~ d u r i n g m a y m a y t i n i n i n d e  
tenninatetimeoutperiod. TMlandTM2areheld-t 
throuBhca entire d=w cyJa 
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System-Controlled Charge 
Inhibition 
System control of battery charging ia best accomplished 
by driving the temperature and voltage sensepins high, 
terminating or inhibiting charge. Driving INH voltage to 
Vss results in a transition at the BAT@ sense pin, ter- 
minatinnany faat charge, top-off, or trickle in process. 
When INH transitions to Vcc, charging ia reinitiated if a 
battery ia present and within temperature and voltage 
limits. See Figure 7. 

Polarity Reversal Protection 
If the DC input has any risk of being accidentally con- 
nected with power (+) and ground (-) reversed, then the 
system input should include either a protection diode to 
protect against circuit damage or a diode bridge to provide 
both protection and operation. This also increasee minimum 
input voltage for charger operation by 1V to 2V. For maxi- 
mum efficiency, a polywrritch may be used in combination 
with a suitably sized Schottky diode reversed a m  the 
electronics. 

Layout Guidelines 
PCB layout to minimize the impact of system noise on 
the bq2005 ia important when the bq2005 ia wed as a 
switching modulator, with a separate nearby switching 
regulator, or close to any other si

gnifi

cant noise source. 

1. Avoid mixing signal and power grounds by using a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and associated 
traces should be kept isolated from the bq2005 and 
its supporting components. 

3. O.1pF and 10pF decoupling capacitors should be 
placed close together and very close to the Vcc pin. 

t I 

INH 

i rs u 

Figure 7. Inhibit Battery Charging Circuit 

4. 0.1pF capacitors and resistors forming R-C filters 
connected to pine BATA,B, TSA,B, and TCO should be 
as close as possible to their aeeociated pins. 

5. Because the bq2005 uses Vcc for its reference, 
additional loading on Vcc is not recommended. 

6. Diode Dl (1N4148) is recommended for rectification 
and filtering. 

7. If the DCMDA input is electronically controlled, care 
should be taken to prevent noise-induced falae tran- 
sitions. 

8. For bq2005-modulated switching applications: . A lOOOpF capacitor/lKn resistor R-C filter 
should be aa close as poasible to the SNSA,~ 
pins. 

The 0 . 1 ~ F  capacitors for BATA,B and TSA,B 
should be routed directly to SNSA,B and not to 
ground. 

A p p l i i  Example 1: Unear Regulator 
In the frequency-modulated example of Figure 8, the 
bq2005 ia ueed to implement a linear regulator/charge 
controller that can charge 4,5,6,8, or 10 NiCd or NiMH 
cells (selected by JP4 and JPS) by controlling the base 
drive to a series pass PNP transiator. The current muat 
be limited to stay within the power dissipation of the 
transistor in free air or connected to an appropriately 
sized heat sink. Table 5 contains the parts list for the 
board. 

Charge is initiated on battery replacement or power-up. 
Jumper JP1 controls -AV detection: selecting Vcc enables 
-AV and GND disables it. Switch SW1 controls discharge 
of battery A. HTF = 48"C, TCO = #"C, and LTF = 10°C 
for the component values listed in Table 6 for RTB1, 
RBT2, R5, and R6 with a Philips thermistor (Part No. 
2322-640-63103) with AT/At termination eet for l0G'min- 
ute at WC. 

Safety time-out ie selected by programming TM1 and TM2 
with jumpers JP2 and JP3, respectively. To customize the 
design for a spec& application, ensure that the power 
components are rated for the streeses they must handle. 
Charge current is a function of RSAB and an internal 
bq2005 threshold: 

The source power supply must provide sufficient voltage 
differential to the battery to account for losses in polarity 
protection diodes or resistive drops. 

The selection of component values for R13, R17, C11, and 
C12 in this example affects the switching frequency of 
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MOD and the delay to full current eenee at the sense some caees, which may be advantageous if no trickle 
pins of the bq2005. Although the effects on fast charge charge ie desired. 
and top-off are minimal because the delay is emall wm- 
pared to the total time, the effect on pulse-trickle charge 
is significant. Transistors Q2 and Q4 may not turn on in 

P 

Figure 8. Linear RegulatorlCharge Controller 
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Table 5. Linear Regulator/Charge Controller Board Parts List 

R14, R18, R20, R21 

Component Description 

lOOOpF 25V aluminum (C1 ia optional-not stuffed) 

100pF 25V aluminum 
100bF 6.3V aluminum 

0.1 pF ceramic 
IN5400 
IN4148 

HMLP-Dl50 HP LED 
2-position terminal block 
6-position terminal block 
3-pin single-row header 
12-pin dual-row header 
2-pin single-row header 

MTP3055EL FET 
2N3904 
TIP42 

1MR 5% l/qW 
69.8KR 1% l/4W 
30.1KR 1% l/4W 

Component Name 
C1, C2 

C3 
C5 

C4, C6, C7, C8, C9, C10, C11, C12 

D l  
D2 

D3, D4, D5, D6 
J1,J3 

52  
JP1, JF'2, JP3 

JP4, J P 5  
JP6 

Q1 
QZQ4 
Q3,Q5 

R1, R2, R3, R4 
R5 
R6 

RBA23, RBB23 
RBA24, RBB24 

RBA25, RBB25 

RSA, RSB 
RTA1, RTBl 
RTA2, RTB2 

S1 
U1 
U2 

Heatsink 
Mounting kit 

Socket 
PCB 

Screws 

Legs 

Quantity 

1 

1 

1 

8 
1 
1 
4 
2 
1 
3 
2 
1 
1 
2 
2 
4 
1 

1 

2 lW 5% 1/4W 

2 

150KR 1Yo k4W RBA1, RBBl 

97.6KR 1% l/qW 

2 

2 1 63.4KR 1% l/4W 

2 
2 

2 
2 
1 
1 
1 
1 
2 
1 
1 
4 

4 

46.4KR 1% l/qW 
0.2R 1% 3W wirewound Dale LVR3 

4.53KR 1% l/4W 
3.57KR 1% '/4W 

SPST momentary switch, Panasonic PS008S 
bq2005 

LM78LQ5ACZ 
Thermalloy 6298B 

TO-220 
20-pin solder tail ICO-203-58-T 

DV2005L1 
6-32 thread x '/4inch 

Stand-off l/jnch 6-32 thread 
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AppkAon Example 2: Single-Magnetics 

Figure 9 illustrates a low-coat dual-sequential switching 
charger using a small, low Q inductor to speed up the 
bipolar transistor commutation. Table 6 containe the 
parta b t  for the board. Bipolar transistore Q2 and Q5 
are used to multiplex the energy stored in L1 by the 
charger's charge cycles. 

Tramistor Q3 ie used to switch energy into L1 from the 
power source. Lmv-Q inductor L2 helps to turn Q3 off to 
limit its power dissipation. Thii circuit haa the advan- 
tage of using bipolar transistors with saturation voltages 
far below the IR dropa of comparably sized p-channel 
MOSFETs. This also results in sign%cant cost savings. 
Designers must use care in selecting Q3 for suitability aa 
a switching transistor. The Zetex Super-E line is ideal 
for applications up to 3A. 

Layout guidelines are described on page 8. Possible lay- 
out mncerns include: 

m Diode D2 ie installed to catch inductor energy in the 
event of battery removal during charge. 

m Battery voltage differentials are applied to the base- 
emitter junctions of trmistora Q5 and Q2 in the 
reverse direction. (Although the bq2005 will not 
charge a shorted battery, the design should ensure 
that $5 and Q2 are protected if the battery could be 
shorted during charge.) 

Q3 must be a high-speed switching transistor with euitably 
high VCE rating for the application. The ZTX789A has a 
breakdown rating of 25V and a continuous current rating 
of 3A. This transistor's high gain enables it to saturate 
to a very low VCE (< 0.25V) at 2A. The 'on-time' power 
dissipation makes up moat of the component power loss, 
but the switching loss must be added to give a complete 
picture of the transistor's required power dissipation. 

A good switching transistor is gauged by ita transition 
frequency (h;) rating. A transistor with an Fr rating of 
>SOMHz is a superior switching transistor for a switch- 
mode application, whereas a transistor with an Fr of 
lOMHz may be usable. In this example, the ZTX789A 
has an F% of 100MHz. Manufacturers sometimes cite 
turnoff time as a sum of storage and fall time; some cite 
these values independently. The turnoff time is impor- 
tant for frequency selection, but the fall time is critical to 
determine power dissipation. 

The influence of fall time on power dissipation can be 
estimated using the following formula: 

where: 

Psw = Power loee when switching 

F = Switching frequency 

TF = Falltime 

Vm = Maximum input voltage 

IP = Peak switching current 

Component power diesipation is the sum of Psw and PON, 
which is estimated from the following formula: 

where: 

PON = Power diesipation when the transietor 
is on 

VBAT = Battery voltage 

VIN = Input voltage 

VCESAT = Maximum tramistm saturation voltage 

IAV = Average battery charge current 

The Zetex E-line package can dissipate the heat reeulting 
from this design in free air. 

Other switching transistors that may be useful in 
applications up to 3A are the MJEZlO and the D45H 
series transistom. Q2 and Q6 are selected for high HFE 
and low VCESAT. 
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Figure 9. Single-Magnetics Low-Cost Dual-Switching Charger 
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Table 6. Single-Magnetics Low-Cost Dual-Switching Parts List 

Component Name I Quantity I C o m m n t  Description 
u 

C1, C6 

C2, C3, C4, C5, C7, C10, C11, C12, C13 

C14, C15 

C8 

2 

9 

C9 

lOOOpF 50V ceramic 

O.1pF 50V ceramic 

2 

1 

Dl, D9 

D2 

D3, D4, D5, D6 

D7, D8 

Dl0 

L1 

1 6 5 , W  I 2 I T106A1, Teccor 4A SCR 1 

0.01pF 50V ceramic 

lOuF 35V aluminum 

1 

U 

Qlj 629 64,673 88 
6 3  

1 R1, R10, R28, R31 I 4 I 2Kn 5% IkW carbon film 1 

470pF 35V aluminum 

2 

1 

4 

2 

1 

1 

IN4148 

IN4001 

HMLP-Dl50 red HP LED 

IN5820 Schottky 

1N5231B Zener 

200uH tomid inductor 

1 

5 

1 

lOpH J.W. Miller 78FlOOJ 

2N3904 

ZTX789A. Zetex high gain, med. power 

R2, R3, R26 

1 R7, R8 1 2 I 0.1352 5% 1W metal oxide I 
R4, RS, R6, R13 

1 R9 1 1 1 8 2 8  5% %W carbon film 1 

I I 

3 1KQ 5% l/4W carbon film 

4 3308 5% ?4W carbon film 

R11 

R12 

R14, R16 

R15, R17 

R18, R20 

1 

1 

2 

I 
1 R27, R29, R30, R32 1 4 1 lOK8 5% l/4W carbon film 1 

- 

115KQ 1% 1hW metal f h  

309n 1% l/4W metal film 

4.53IUL 1% 44W metal film 

2 

2 

R19, R21 

R22, R23, R24, R . 5  

July 1994 13/18 

3.57KQ 1% 4'W metal film 

lOOK8 5% l/4W carbon f h  

2 

4 

11OK8 5% V4W carbon f h  

lMKa 5% 44W carbon film 
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Application Example 3: 
P-Channel MOSFET Buck-Topology Table 7. Lookup Table for D7/D11 Selection 

Switch-Mode Charger 
In this example, the bq2005 is used to implement a 
switching regulatoq'charge controller that can charge 4 
to 10 NiCd or NiMH cells with current regulated up to 
3A. 

Figure 10 is a standard configuration for a p-FET switch- 
mode charger. MOD drives a small signal DMOS FET, 
62/65 When MOD ie high, Q m 5  is on, turning on 
W Q 7  via the path through m 1 2  and Dim. 
Ll/L2 inductor current ramps up linearly while MOD is 
high. Ll/L2 current is in series with the battery and 
RSA or RSB. The inductor current ramps up linearly 
until V s ~ s  reach- 0.250V, a t  which time MOD goes low 
and 64/67 turns off. A flux reversal occurs in LVL2, 
causing D9/D13 to conduct. Charge is now W i g  trans- 
ferred from Ll/L2 into the battery. The LVL2 current 
ramps down linearly until VSNS reaches 0.20V. At this 
point the cycle repeats with MOD going high. 

For input voltages that are higher than the rated QqQ7 
safe operating gate voltage, Zener diode D7/Dll can be 
placed in series with the drain lead of Q2/Q5. The Zener 
voltage should be sized to allow full 6-7 enhancement 
while 62/65 is conducting. See Table 7. 

Capacitor C2 is used to provide a low-impedance for the 
62/65 source lead. Without C2 in place, Q m 5  can be 
connected to an overly inductive voltage supply. Dl  is a 
blocking diode that keeps the battery from discharging 
via U2 during removal of the DC power source input. 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection can be enabled OVEN high), and discharge 

1 V ( 0 0  1 ~ o m i l u l ~ m r  
Part No. Voltage 

- 
control is through DCMD (SW1 low). MCV = 1.8V; LTF = 
10°C; TCO = 50°C; AT/ht at W C  = 0.82"G'rnin. (i.e., typical 
= l.lODC/min.). Timer-mode selection (see data sheet) and 
resistor R15/R17 are determined by the designer. 
RS-B is selected such that ICHC RSMLSB = 0.225V. 

The values of RBI and RB2 to complete this schematic 
may be selected from Table 3. 

Note: Temperature control and qualification may be 
disabled by tying the TCO pin to Vss and fixing the volt- 
age on the TSAB pins to 0.1 * Vcc. 

Table 8 lists suggested components for different-rate 
chargers. Table 9 lists other components shown in Figure 
10. 

Below 15 

15-18 

18-21 

21-24 

24-27 

27-30 

30-32 

Table 8. Suggested Components-P-Channel MOSFET Charger 

Shorted 

IN749 

lN755 

IN758 

1N964A 

1N966A 

1N967A 

0 

4.3 

7.5 

10 

13 

16 

18 

I n ~ ~ ~ ~ , " a l  Motomla Motomla I I I I I 

Lip2  

1A 

2A 

3A 

GFS Mfg., Inc. 
Dover, NH 

(603) 742-4375 

Dl01 
Dl4 

Suggested Max. 
Charging Current 

- - 

IRF9Z14 

IRF9Z24 

IRFSZW 

Q4/Q7 
MI 
Dl 3 

IN4001 

IN5821 

IN5821 

IN5818 

IN5821 

IN5821 

30 turns, #26 AWG, wound on Magnetics, Inc., 
P/N 77040 core; nominal inductance 59pH; 

GFS Mfg., Inc., P/N 92-2156-1 

37 turns, #22 AWG, wound on Magnetics, Inc., 
P/N 77120 core; nominal inductance 98pH; 

GFS Mfg., I~c. .  P/N 92-2157-1 
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I a, C6, C7, C9, C10, C12 I O.luF ceramic I 

Table 9. Other Components-P-Channel MOSFET Charger 

Component Name Component Desription 

C5 

C8, C11 

D l  

D2, D8, Dl2 

D3, D4, D5, D6 

D7/Dll 

Dg/D13 

Dl(YD14 

61 
6 '465  

Q3,W 

6$/87 

- 

100pF 6.3V electrolytic 

lOOOpF ceramic 

IN5400 

IN4148 

HLMP 4700 red LED 

Optional Zener; see Table 9 

IN5821 

IN4001 

TIP120 or MTP3055EL 

2N7OOO 

2N39O4 

m P 0 6  

R1-16 

RSA, RSB 

a 

R1, R2, R4, R5 1 Gl 5%= %wY 

6.8K13 5% V4W or ?aW 

0.113 1% 3W 

RBAI, RBBl 

RBA2, RBB2 

July 1994 15/18 

1-1 67 

C1, C2 

C3 

150K.Q 1% ?'W or l/aW 

User-defined 1% %W or %W 

LW-2 

U1 

U2 

1000pF SV eleddytic 

l00pF 2SV electrolytic 

-- 

See Table 10 

bs2005 

LM78L05ACZ 
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DCC - 

DWD7 
OD- 

Thermistor values: Thermistor -- RT1 RT2 
Keystone RL0703-6744-103-51 3.83K 2.04K 
Philips 2322-840-83103 4.02K 3.0% 
Fenwel Type 18, lQ7-lO3LAB-A01 4.02K 3.0% 
Ozhurni 150-108-00(4) 4.84K 3.74K 
Semetic 103AT-2 4.87K 4.02K 

BAT, 

Notes: All 1 W capacitors are 0.1pF ceramic. 
All 102 capacitors are 0.001pF ceramic. 

Figure 10. P-Channel MOSFET Switching-Mode Charger 

1811 8 Juty 1994 

1 -1 68 
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Appendix A 
Determining Temperature- 
Control Component Values 
The bq2005 uses a negative temperature coefficient 
thermbtm to determine temperature. The AT/& eemitivity 
can be adjusted using diffmnt reeietor valuee (RT1 and RT2 
in Figure 1 and the application example) and a different 
high-tempera- cutoff voltage. Table A-1 liste varioue 
t h m i e b r  manufacturem, with the appmpriate part num- 
bers. 

Follow these steps to determine temperature-control 
component values (see F i  6): 

la. The low-temperature fault (LTF) limit for charging 
must be established. LTF for charging ia deter- 
mined by the battery specification and the charge 
rate used. A typical value for the low-temperature 
limit is 10°C. 

b. VLTF is set within the bq2005 at 0.4 * Vcc. 

2a. The high-temperature cutoff VCO) for charging 
must be established. W 0  for charging is deter- 
mined by the battery specification, the charge rate, 
and the heat dissipation of the system. Typical 
values range from 40°C to WC,  although values 
outside this range may be applicable. 

determined by the battery specification, the charge 
rate, and the heat dissipation of the system. Typical 
nominal values for TAT range from 0.75°Chin to 

Relative to the average value TAT, the minimum-to- 
maximum range of AT/& at  a specific temperature 
depends on two parametera: 

a The measurement resolution of the bq2006, 
which contn%utes a i 26% error. 

The non-linearity of the thermietor between 
LTF and TCO. As the temperature neara LTF, 
the expected AT/& is less than  TAT (less 
sensitive), and as the temperature nears TCO, 
the expected AT/At is more than TAT (more 
sensitive). 

The AVAt range should be c o n d e d  in detmmhing 
the nominal TAT. Nominal TAT should be s e W  so 
that ita minimum value repmenta an acceptable (non- 
premature) tenhation threshold. Thus a first bq2005 
sample does not cause a premature termination. 
Multiple aampling enmuw that the termination occurs 
well before the TAT max 

c. The high-temperature cutoff voltage, V m ,  must be 
established. This V m  limit is determined by the 
TAT and may be calculated by: 

b. The average AT/At sensitivity from LTF to TCO VTCO = (2 Vcc15) - I(0.0028 Vcc 
(TAT, expremed as 'minute) for termination must (TCO - LTF)) / TAT] 
be established. As mentioned in this application 
note, the bq2005 provides a typical AT/At charge ter- V m  is provided at the TCO pin by a resistor-divider 
mination of 14 mV per minute. The TAT value is networkae shown in Figures 8 and9: V m = V c c  

Rl/(Rl+ R2). 

4. Select the thermietor to be used. If it ia not from 
Table A-1, the thermistor sensitivity a t  26OC ehould 
be at least -4% and the AR steps between 30°C and 
50°C should be comparable to or greater than thoee 
in Table A-1 to obtain the appropriate accuracy. 
Lower values affect the linearity of the AT/At. 

5. Determine the thermistor resistance a t  LTF and 
TCO (RLTF and RWO, respectively). Thia may be 
done using the thermistor temperature versus 
resistance conversion table provided with the ther- 
mistor specification. These tables are usually in 
5°C increments. 

6. The values for RT1 and RT2 may be calculated by: 

T1= RLTF (1 - (2/ VCC))/ (2/ VCC) 
n = ~m (1 - WTCO/OTCC - VSNS)))/W~/(VCC - VSNS)) 

RT2 = (('I2 RLTF) - (TI R~co))/(Tl - T2) 
Figure A-1 . Resistor Network RT1= (RT2 TI)/ (RLTF + RT2) 

July 1994 1711R 
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Table A-l.10K NTC Thermistor Types and Resistance Values 

Nominal Resistance (R) at Temperature 

Temperatun 
(-1 

Keystone Carbon Co. 
RL0703-5744-103-S1 
(Td: 81q81-1591) 

Phillps Components 
2322640831 03 

(Tel: 407/743-2112) 

Fenwal Electronics 
Type 18; 197-103LA6-A01 

(Tel: 508/4786000) 

Thermometrks 
ClOOY103J 

(Tei: 908/287-2870) 



bq2007 
Fast Charge IC a 

Features 
Fast charging and conditioning of 
NiCd and NiMH batteries 
- F'reciae charging independent 

of battery pack number of cells 
- Discharge-before-charge on 

demand 
- Pulse trickle charge 

conditioning 
- Battery undervoltage and 

overvoltage protection 

Built-in 10-step voltage-based 
charge status monitoring - Charge status dieplay options 

include seven-segment 
monotonic bargraph and fully 
decoded BCD digit 

- Display iuterface optione for 
direct drive of LCD or LED 
eegmenta - Charger state etatua 
indicatom for pending, 
discharge, charge, completion, 
and fault 

- Audible alarm for charge 
completion and fault 
conditions 

Charge control flexibility - Fast or Standard epeed 
cbargine - Top-off mode for NiMH 

- Charge rates from to 2C 
(30 minutes to 8 h m )  

Charge termination by: 
- Negative delta voltage (-AV) - Peak voltage detect (PVD) 
- Maximum voltage 
- Maximumtime - Maximumtemperature 

High-efficiency switch-mode 
design 
- Ideal for small heat-eemitive 

encloeures 

%-pin, 300-mil SOIC or DIP 

General Description 
The bq2007 is a highly integrated 
monolithicCMOSICd&pdtopm 
vide in- battery chmghg and 

status monitmhg for atand- 
al- charHa eysteme. 
Tbe bqXOl providee a wide variety of 
charge status display formats. The 
bq2007 intmd charge statue moni- 
tor supportxi up to a seven-segment 
bargraph or a single BCD digit die- 
play. The bargraph dieplay indicates 
up to seven monotonic etep, whewXu3 
the BCD digit counts in ten steps of 
lo96 increments The bqm output 
dri- can dir&&ive either an LCD 
or LED &play. 

Charge action begins ei ther by 
application of the charging supply or 
by r e p h m e n t  of the battery pack. 
For safety, charging is inhibited until 
battery temperature and voltage are 
within configured limita. 

Pin Connections Pin Names 

I 

I 

24-Pin Narrow DP 
or sac 

m 

smd 
MSEL 

SEOB 

S E A  

LED1 

LED2 - 
, INH 

COM 

, ALARM 

Display output segment q 
driver mode select 

Display output segment B 

Display output segment A 

Charge status output 1 

Charge status output 2 

Charge inhibit input 

Common LED/LCD output 

Audio alarm output 

SNS 

BAT 

TS 

DIS 

Vcc 

MOD 

Sense resistor input 

Battery voltage 

Temperature sense 

Discharge control 

System 4 
5.OV *lo% power 

Modulation control 

Display output se ment G/ 
charge status dispfay select 

TM Timer mode select SEGd Display output 

VSEL Voltage termination select 
MuLT m~lti-CCIl p c k 3 Z *  ' I  

Display output segment El 
FAST Fast charge rate select kF22 diilay select2 - 
DCMD Discharge command SEGd Display output segment Dl 

TCO 
DSELl diilay select 1 

Temperature cutoff 



The acceptable battery temperature range is set by an 
internal low-temperature threshold and an external 
high-temperature cutoff threshold. The abeolute tem- 
perature is monitored as a voltage on the TS pin with the 
external thermistor network shown in Figure 2. 

The bq2007 provides for undervoltage battery protection 
from high-current charging if the battery voltage is leee 
than the normal end-of-discharge value. In the case of a 
deeply discharged battery, the bq2007 enters the charge- 
pending state and attempts trickle-current conditioning 
of the battery until the voltage increases. Should the bat- 
tery voltage fail to increase above the discharge value 
during the undervoltage time-out period, a fault 
condition is indicated. 

Discharge-before-charge may be selected to automatically 
discharge the battery pack on battery insertion or with a 
push-button switch. Discharge-before-charge on demand 
provides conditioning services that are useful to correct or 
prevent the NiCd voltage depreesion, or #memory" effect, 
and alm provide a zem capacity reference for accurate 
capacity monitoring. 

~ b q # w ~ i n d i c a t e e ~ e t a t e s t a t u s w i t h a n a ~ a l a r r n  
outputoptionandtwo~ted~~tputpiaSwithplogram- 

dieplay optima 'Ihe JXELi-2 inputa can eelect one of 
the three display modea for the LED14 outputs. 

Charger statua is indicated for: 

Charge pending 

m Charge inprogrees 

Charge complete 

Fault condition 

Pin Descriptions 

SEGA-G Display outplt  segments A-G 

State-of-charge monitoring outputs. QDSEL 
input selects the bargraph or BCD digit dis- 
play mode. See Table 3. 

MSEL Display driver mode select 
After prequalification and any required discharge-be- 
forecharge operations, charge chargen begins until one of the 

Soft-programmed input selects LED or LCD 

full-charge termination conditions ia detected. The bq2007 ter- 
driver configuration at initialization. When 

minates dmrging by any of the following methods: 
MSELia pulleduptoVcc,outputa SEG~4are 
LED interface levels: when MSEL is ~ulled 

Negative delta voltage (-AV) 

m Peak voltage detect (PVD) 

m Maximum absolute temperature 

m Maximum battery voltage 

m Maximum charge time-out 

down to Vss, outputa SEGA-G am LI=D lev&. 

DSELi, Display mode select 1-2 
DSELQ 

Soft-programmed inputs control the LED1-z 
charger statue display modea at initialization. 
See Table 2. 

The bq2007 may be programmed for negative delta 
voltage (-AV) or peak voltage detect (PVD) charge Soft-programmed input is pulled up to Vcc 
termination algorithms. The VSEL input pin selecte -AV when charging multi-cell packs and is pulled 

or PVD termination to match the charge rate and battery down to Vss for charging packs with a fixed 
characteristics. number of cells. 

To provide maximum safety for battery and system, QDSEL Swcharge 
charging terminates based on maximum temperature 
cutoff CTCO), maximum cutoff voltage (MCV), and The QDSEL input controls the SEGA-G state- 

maximum time-out O\IPrO). The TC0 threshold is the of-charge dieplay modes. See Table 3. 

maximum battery temperature limit for charging. lU3   LED^-^ Charger statue outpub 1-2 
terminates charge action when the temperature sense 
input voltage on the TS pin drops below the TC0 pin Charger atatus output drivers for direct drive 
voltage threshold. MCV provides battery overvoltage pro- of LED displays. Dieplay modes are selected 
tection by detecting when the battery cell voltage (Vcw by the DSEL input. See Table 2. 
= VBAT - VSNS) exceeds the V m  value and terminates - 
fast charge. standard charge. or ~OD-off charge. The INH Charge inhibit input 
maximum-time-out m) GrAnatio; occura wien the 
charger safety timer has completed during the active When low, the bq2007 suspends all charge ac- 
charge state. tiom, drivea all outputs to high impedance, and 

aasumee a low-power operathud atate. When 
transitioning from low to high, a charge 
cycle is initiated. See page 10 for details. 
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TS Temperature senre input 

Input referenced to SNS for battery tempera- 

COM Common LCDYLED output 

Common output for LCD/LED dieplay 
SEGA-Q. Output is high-impedanca during 
initialization to allow reading of soft- 
programmed inputa DSELi, DSEln. MSEL, 
MULT, and QDSEL 

ture monitoring negative temperature coeffi- 
cient (NTC) therrni-. 

DIS Dincharge control 

DIS is a push-puU output that contmb an erter- 
nal bamhtm to discharse the ba#ery before 
charViae. 

Audio output 

Audio alarm output. 

Vss Ground Timer mode select 

TMieahWinyut thatamtrobtheee tr  
tinge for rharge control fimctions. See Teble 5. 

MOD Current-switching control output 
VSEL Voltage termination select 

P u s W  output that conhle the charging cur- 
rent to the battery. MOD ewitchee high to 
enablecurmntfbmandlowtoinhbit~ 
fbw. 

Thie input ewitchee the voltage detect 
seneitivity. See Table 5. 

FAST Faet charge rate mled 

Functional Description The FAST input ewitchea beeween Fa& and 
S t a d d  charge raw. See Table 4. 

Figure 1 illustrates charge control and display statue 
during a bq2007 charge cycle. Table 1 summarizee the 
bq2007 operational features. The charge action etatee 
and control outpute are given for poaeible input 
wnditione. 

DCMD Discharge command 

The DCMD input controls the discharge- 
before-charge function. A negative-going 
pulse initiate8 a discharge action. If DCMD is 
connected to Vss, automatic diecharge-be- 
fore-charge is enabled. See Figure 3. Charge Action Control 

TCO The bq2007 charge action is controlled by input pine 
Do, VSEL, FAST, and TM. When charge action is 
initiated, the bq2007 en* the charge-pending state. 
checks for acceptable battery voltage and temperature, 
and performe any required discharge-before-charge 
operatiom. DCMD controle the diecharge-before-charge 
function, and VSEL, FAST, and TM select the charger 
wnfiguration. See Tables 4 and 5. 

Minimum allowable battery temperature- 
sensor voltage. If the potential between TS 
and SNS is lese than the voltage at the TCO 
inpllt'th€manytaetchagineortop-affcharsing 
is terminated. 

SNS Sense resistor input 
During charging, the bq2007 continuously tests for 
charge termination wnditione: negative delta voltage, 
peak voltage detection, maximum time-out, battery over- 
voltage, and high-temperature cutoff. When the charge 
state is terminated, a trickle charge continues to compen- 
sate for eelf-discharge and maintain the fully charged 
condition. 

SNS amtmls the wrritching af MOD autput based 
onanext€malaenBelesistor.~pwide8the 
bverI.ef~potentialBortheBATpinandthe 
npin 

BAT Battery voltage input 

B a t b y v o l t a g e e e n e e i n p u t ~ t o S N S  
for the battery pack being chaged. Thie reaietqr 
divider netsmrk ie connected between the poet- 
tive and the negative terminals of the bat- 
tery. See Figure 1. 

Charge Status Indication 

Table 2 summarize8 the bqU)O7 charge status display 
indications. The charge statue indicatore include the DIS 
output, which can be used to indicate the discharge hate, 
the audio ALARM output, which indicates charge wm- 
pletion and fault conditions, and the dedicated statue 
outputa, LED1 and LED2 



I I I I I 
1 Charge I Dis- I Fast Top-Off I Pulse- 

Pending charge Charging (Optional) Trickle 
(Pulse- (Optional) 

Trickle) 

DIS r-7 

MOD (external regulation) I+-- ~ o t m  --+I n - - 
Mode 1, LED2 Status Output 

- - 

Mode 1, LED1 Status Output 

Mode 2, LED? Status Output 

Mode 2, LEDtStatus Output 

I 
Mode 3, LED2 Status Output 

- - - 
Mode 3. LED~Status Output 

Battery discharged to  VEoV or battery within 

temperature/voltage limits. (Discharge-before-charge 

not qualified by temperature.) 

Low-voltage fault: Battery voltage less than VEDV for under-voltage time-out. 

Charge initiated. Battery outside temperature/voltage limits. 

Notee See Table 4 for pulse-trickle period. FQ-B* 

Figure 1. Example Charging Action Events 
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Outputs LED1-2 have three display modes that are 
selected at initialization by the input p h  DSELi and 
D S E h .  The DSELl and DSEb input pine, when pulled 
down to Vss, are intended for implementation of a simple 
two-LED system. L E k  indicates the precharge statue 
(ie., charge pending and &charge) end UEDi hlicah the 

status (ie, chargkrg aad completion). DSELi pulled up 
tovccand~pulleddawntovssmodeisfcrimpleman- 
tationdaaingietricolaLEDeuchthat~,chargiag, 
and wmpieticm each have a unique cola, DSEL1 pllled &wn 
toVssandDSELapuUeduptoVccallawsfwfaultstatue 
information to be 

Audio Output Alarm 

The bqUK)7 audio alarm output generates an audii tone 
to indicate a charge completion or fault condi

ti

on. The 
audio alarm output is a symmetrical duty-cycle AC sig- 
nal that is compatible with atandard piezoelectric alarm 
elernente. A valid battery insartion ie indicated by a sin- 
gle high-tone beep of tzeecond typical duration. The 
charge completion and fault conditiom are indicated by a 
9.5- to l&second high-tone sequence of %eecond typical 
duration at a 2-second typical repetition rate. 

Charge Status Monitoring 
The bq2007 charge status monitor may display the bat- 
tery voltage or charge aafety timer ae a percentage of the 
fullcharged condition. These optione are eelected with 
the MULT mfbprogrammed input pin. 

When MULT ie pulled down to Vss, the battery charge 
statue ie dieplayed ae a percantage of the battery voltage, 
and the ninglece11 b a t t .  voltage at the BAT pin ia com- 
pared with internal charge voltage reference threeholda. 
When VMT ie greater than the inkma1 thresholde of 
vao, v40, vm, or vea the rea+ve m, 4046,60%, or 
80% display outputa are activated. The bat- voltage 
directly indicates 20% charge increments, while the 1046 
charge increments use a timer that ie a function of the 
charge safety timer. 

When MULT is pulled down to Vss and when VBAT 
erceede Vm during charging, the 20% charge indication 
ie activated and the timer begins counting for a period 
equal to to of the charge safety time-out period. 
When the timer count is completed, the 30% charge 
indication ie activated. Should VBAT exceed VM prior to 
the timer count completion, the charge statue monitor 

Table 1. bq2007 Operational Summary 
Charge Action 

State 
Battery absent 

Charge initiation 

Discharge-before- 
charge 

Charge pending 

itiona 
Vcc applied and VCELL L VMCV 

Fast charging 

Standard charging 

Charge 

Top-off pending 

Vcc applied or VCELL drop 
from 2 VMCV to < VMCV 

DCMD hih-blow transition or  to Vss on charge 
initiation and Vmv < VCELL < VMCV 

Charge initiation occurred and VTEMP 2 VLTP or 
v ~ e ~ p < v m o r v ~ < v m v  

Top-off charging 

Definitions: V- = VBAT - VSNS; VMW = 0.8 Vcc; VEDV = 0.262 Vcc or 0.4 Vcc; VT~MP = VTS - VSNS; 
VLTF = 0.6 VCC. 

MOD O u t ~ u t  
Trickle charge per Table 4 

Charge pending complete and FAST = Vcc 

Charge pending complete and FAST = Vss -- 
-AV termination or ~ T E M P  < V m  or PVD L 0 to 

-3mV/cell or marimum time-out or V c w  > VMCV 
VSEL = Vcc, charge complete and VTEMP 2 VLTF 

or Vmtm < VTCO or VCELL < VEDV 

Trickle charging 

Fault 

PIS O u t ~ u t  
Low 

Low 

%ckle charge per Table 4 

VSEL = Vcc and charge complete and 
time-out not exceeded and VT~MP > VTCO and 

Vca.rr. < VMCV 

Low 

Hieh 

Low 

Low if VSNS > 2-V; 
hi& if VWS < 200mV 
Low if VSNS > 26OmV; 

%ckle per Table 

Charge complete and top-off disabled or 
top-off complete or pending 

Charge pending state and charge pending 
time-out ( t m )  complete 

ZIow 

Low 

Low 

~ ~ ~ e ~ r y v ~ ~  
Low 

Trickle charge per Table 4 

Trickle charge per Table 4 

Low 

Low 



activates the 30% and 40% indications. Tbia technique is 
used for all the odd percentage charge indications to as- 
sure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
status monitor directly displays 4g2 of the charge safety 
timer as a percentage of full charge. Thie method is rec- 
ommended over the voltage-based method when charging 
fued-cell pacb where the battery terminal mltagee can 
vary greatly between packs. This method offera an accu- 
rate charge status indication when the battery is fully 
discharged. When using the timer-based method, dis- 
charge-before-charge is recommended. 

During discharge with MULT pulled down to Vss, the 
charge statue monitor indicates the percentage of the bat- 
tery voltage by comparing VBAT to the internal discharge 
voltage reference thresholds. In BCD format, the die- 
charge thresholds V80, V60, V40, and V20 correepond to a 
battery charge state indication of 9C%, 70% 609'0, and 90a6, 
resp&tively[ In bargraph format, the same discharge 
threeholds correspond to a battery charge state indication 
of wh, m, 40% and 30%, m&ctiveiy. Differences in 
the battery charge state indimtiom are due to the h e r  
granularity of the BCD v e w  the bargraph format. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor BCD format displays the dia- 
charge condition, letter "d," whereas the bargraph format 
has no indication. 

The charge statue display is blanked during the charge 
pending etate and when the battery pack ie removed. 

Charge Status Display Modes 

The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 3. The display modes 
are a seven-eegment monotonic bargraph or a seven- 
segment BCD single-digit format. When QDSEL is 
pulled down to Vss, pine SEGA-~ drive the decoded even 
segments of a single BCD digit display, and when QDSEL 
ie pdkd up to Vcc, pine SEGA-G drive the seven seg- 
menta of a bargraph display. 

In the bargraph display mode, outputs SEGM allow o p  
tions for a three-segment to seven-segment bargraph dis- 
play. The three-segment charge statue display w out- 
puta SEGB, SEGD, and SEGp for 30%, 60% and 9096 
charge indimtiom, respectively. The four-segment charge 
status display usea outputs SEGA, SEGc, SEGD, and SEGE 
for 20%, 40%, 6096, and 80% indications, respectively. The 
seven-segment charge status monitor uses aU aegmenta. 

The BCD display mode drives pine SEGA-G with the 
decoded seven-segment single-digit information. The die- 
play indicates in 1046 increments from a BCD zero count 
at charge initiation to a BCD nine wunt indicating 9096 
charge capacity. Charge completion is indicated by the 
letter T,' a fault condition by the letter 8,' and the 
discharge condition by the letter "d.' See Table 3. 

Table 2. bq2007 Charge Status Display Summary 

Note: 1 = on; 0 = 0% L = pulled down to Vss; H = pulled up to Vcc. 
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Display Driver Modes Battery Voltage and Temperature 
The bq2007 ie deaigned to interface with LCD or LED 

Measurement 
type displays. The LED signal levela are driven when a b#ery voltage and are madtored withia 
the MSEL soft-programmed input ia pulled to Vcc at ,t wum and meum limitem mn MULT ie pulled 

a 
initialization. The output pin COM ie the common anode up to vcc, battery ,,,,ltase is at the BAT pin by a 
connection for LED S E G A ~ .  rseietive voltage divider that divides the terminal voltage 
The LCD interface mode ie enabled when the MSEL soft- betwen Osrn  V a  and 0-8 Wm). Ihe 
programmed input pin ie pulled to Vss at  initialization. bq2m A- m u f i d  path - a of 
An internal oscillator generates all the timing signals cell6 a of The vo* 
required for the LCD interface. The output pin COM is &* to the cell * by the 
the common c o w i o n  for &tic W - d r i -  of the BATPin~Wdividerrakeq~at ia  
LCD display backplane and is driven with an AC signal 
at the frame period. When enabled, each of the SEGAS El. (A)-1 pins is driven with the correct-phaee AC signal to R2 1.33 
activate the LCD eegment. In bargraph or BCD mode, 
output pins S E G A ~  interface to LED or LCD cements. When MULT ie pulled down to Vss, tighter charge 

voltage limits and voltage-based charge etatue display 
are eelected. Thh ie recommended for charging packs 
with a fixed number of cella where the battery voltage 

Table 3. bq2007 Charge Status Display Summary 

Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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BAT voltage Thermistor 
connection connection 

Figure 2. Voltage and Temperature Limit Measurement 

divider range is between 0.4 Vcc (VEDV) and 0.8 Vcc is compared to the low-voltage threshold (VEDV) and 
(Vm). The bq2007 rharges f c d d  battery packs of N cells. charge will be inhibited if VCELL < VEDV. The condition 
The battery voltage divider is set by the divider ratio e q u a k  trickle current and fault time-out are a percentage of the 

fast charge rate and maximum time-out (2MTO). 

~2 Initiating Charge Action and 
Note: The resistor-divider network impedance DischargeBefore-Charge 
should be above #)(IK!2 to  protect the bq2001. 

A charge action ie initiated under control of: (1) battery 
battery temperature is monitored for maximum insertion or (2) power applied. Battery insertion is 

and minimum allowable limitrr, the bq2007 requires that detected when the voltage a t  the BAT pin falls from 
the thermistor used for temperature n ~ e a m ~ m e n t  have above V ~ c v  to below VMCV. Power applied is detected by 
a negative temperature coeficient. See Figure 2. the rising edge of Vcc when a battery is inserted. 

Temperature and Voltage 
Prequalifications 

Discharge-before-charge is initiated automatically on 
application of power or battery insertion when DCMD ie 
connected to Vss. Discharge-on-demand is initiated by a 
negative-going pulse on the DCMD pin regardless of 

For charging to be initiated, the battay tempratwe must fall 
within pd- ac~ptable limits. The voltage an the TS 
pin (VTS) is compared to an intemal l o w - t a n p a a ~  fault 
threshold (VLTF) of (0.5 Vcc) and the high TF-e 
voltage (Vm) on the TCO pin. Far c h a r g q  to be rhated, 
Vm must be leas than VLW and greater than V m  Since Vm 
demewa as temperature inmesa, the TCO tirehold should 
be selected to be lower than 0.5 Vcc ka proper ope&. lf 
the battery tempratwe is outside these limits, the 42007 
hdds the chargepending state with a pulse trickle m t  
until the bmpaakm is within limits Tempera- prequalifi- 
cation and termination is disabled if Vm is greater then 0.8 
VCC. see FiguR 2. 

. fl3 -7 
bq2007 bq2007 

Always Discharge 
discharge on command 

FQ-66 

The bq2007 provides undervoltage battery protection by 
t r ickle-mnt  conditioning of a battery that is below the 

Figure 3. DischargeBeforeCharge 
low-voltage threshold (VEDV). The battery voltage (VCELIJ 
LlflA Seat. 1 gBs B 



Table 4. bq2007 Charge Action Control Summary 

charging activity. The pin is internally pulled up 
to Vcc; therefore, not c o ~ e c t i n g  this pin resulk in 
disabling the discharge-before-charge function. See 
Figure 3. When the diecharge begins, tha DIS output 
gcea high to activate an axternal transietor that c ~ ~ n e c t s  
a load to the battery. The bq2007 terminate diecharge- 
before-charge by detecting when the battery cell voltage 
is leas than or equal to the end-of-diicharge voltage 
(VEDV). 

Charge State Actions 

FAST 
Input 
State 

Vss 

Vss 

Vss 

Vcc 

vcc 

Vcc 

Once the required diecharge is completed and temperature 
and voltage pmquali6catiom are met, the chage state ie 
initiated. The charge state is cou6gured by the VSEL, 
FAST, and 'I'M input pine. The FAST input eekcta between 
Fast and Standard charge rates. The Standard chage rate 
is 1/4 of the Fast charge rate, which is accomplished by 
disabling the regulator for a period of 286~s  of every 
ll44ps (25% duty cycle). In addition to throttling back the 
chatge current, time-out and hold& eafety time are in- 
creased accasdingly. See Table 4. 

Hold-off 
Period 
(-4 
2400 

l#X) 

600 

600 

300 

150 

The VSEL input selects the voltage termination method. 
The termination mode sets the top-off state and trickle 
charge current rates. The TM input selects the Fast 
charge rate, the Standard rate, and the corresponding 
charge times. Once charging begins at  the Faet or 
Standard rate, it continues until terminated by any of 
the following conditions: 

TM 
Input 
Stae 

Float 

Vss 

Vcc 

Float 

vss 

Vcc 

8 Negative delta voltage (-AV) 

Trkkk 
Rep Rate 
-AV c& 

219Hz 

109Hz 

&Hz 

219- 

1mHz 

66Hz 

Peak voltage detect 0) 
m Maximum temperature cutoff W O )  

8 Maximum time-out (MTO) 

Maximum cutoff voltage (MCV) 

Triclde 
Rep Rate 
W D  C& 

109Hz 

66Hz 

27Hz 

109Hz 

6SHz 

27Hz 

Time-out 
Period 
(mln) 

640 (C/g) 

320 (Ck) 

160 (c& 

160 (c& 

80 (C) 

40 (2C) 

Voltage Termination Hold-off 

MOD 
DUtY 

Cycle 

2546 

25% 

25% 

100% 

100% 

100% 

To prevent early termination due to an initial false peak 
battery voltage, the -AV and PVD terminations are 
disabled during a short %old-ofF period at  the rtart of 
charge. During the hold-off period when fast charge ie 
selected (FAST = 1). the bq2007 will top off charge to 
prevent excessive overcharging of a fully charged 
battery. Once past the initial charge hold-off time, the 
termination is enabled. TCO and MCV tenninatians are 
not affected by the hold-off time. 

-AV or PVD Termination 

Table 6 summarizes the two modes for full-charge 
voltage termination detection. When VSEL = Vss, 
negative delta voltage detection occurs when the voltage 
seen on the BAT pin falls l b V  (typical) below the maxi- 
mum sampled value. VSEL = Vcc selecta peak voltage 
detect termination and the top-off charge state. PVD ter- 
mination occurs when the BAT pin voltage falh 6mV per 
cell below the maximum sampled value. When charging 
a battery pack with a fixed number of cells, the -AV and 
PVD termination thresholds are -6mV and 0 to -3mV per 
cell, reepectively. The valid battery voltage range on 
VBAT for -AV or FVD termination is from 0.262 Vcc to 
0.8 Vcc. 

Table 5. VSEL Configuration 

Detection / I Pulse Trkkle I I VSEL / Method ToMff  Rate 

I Vss I -AV ( Disabled I C/s2 I 
/ Vcc / PVD / Enabled / c& 1 



Maximum Temperature, Maximum 
Voltage, and Maximum Time Safety 
Terminations 

The bq2007 also terminates charge action for maximum 
temperature cutoff (TCO), maximum cutoff voltage 
(MCV), and mcurimum time-out (Tkl'ID). Temperature is 
monitored as a voltage on the TS pin OITg), which is 
compared to an internal high-temperature cutoff 
threshold of VWO. The TCO reference level provides the 
maximum limit for battery temperature during charging. 
MCV termination occurs when VCELL > VMCV. The maxi- 
mum time-out @#TO) termination is when the charger 
safety timer countdown has completed during the active 
charge state. If the MTO, MCV, or TCO limit is exceeded 
during Fast charge, Standard charge, or top-off states, 
charge action ie terminated. 

Top-Off and Pulse Trickle Charging 

The bq2007 provides a post-detection timed charge 
capability called top-off to accommodate battery chemis- 
tries that may have a tendency to terminate charge prior 
to achieving full capacity. When VSEL = Vcc, the top-off 
state is selected; charging continues after Fast charge 
termination for a period equal to the time-out value. In 
top-off mode, the Fast charge control cycle is mowled so 
that MOD is activated for a pulse output of 731x1s of every 
5 8 5 ~ .  This m l t s  in a rate 14 that of the Fast charge 
rate. Top-off charge is terminated by maximum tempera- 
ture cutoff CTCO), maximum cutoff voltage (MCV), or 
maximum time-out termination. 

Pulse trickle is used to compensate for self-diecharge 
while the battery is idle and to condition a depleted 
low-voltage battery to a valid voltage prior to high- 
current charging. The battery is pulse trickle charged 
when Fast, Standard, or top-off charge is not active. The 
MOD output is active for a period of 2 8 6 ~ s  of a period 
specified in Table 4. This results in a trickle rate of C / ~  
for PVD and C~ when -AV is enabled. 

Figure 4. Constant-Current Switching 
Regulation 

Charge Inhibit 

Fast charge, &off, and pulse trickle may be inhibited 
by using the INH input pin. When low, the bq2007 aus- 
pends all charge activity, drives all outputs to high 
impedanm and assumes a low-power operational state. 
When INH retume high, a fast-charge cycle is qualir~ed 
and begins as soon aa conditions allow. 

Charge Current Control 

The bq2007 controls charge current through the MOD 
output pin. In a frequency-modulated buck regulator con- 
f i a t i o n ,  the control loop senses the voltage at the SNS 
pin and regulates to maintain it between 0.04 * Vcc and 
0.05 Vcc. The nominal regulated current is IREC = 
0 .225Vh~s .  See Figure 4. 

MOD pin is switched high or low depending on the 
voltage input to the SNS pin. If the voltage at the SNS 
pin is less than Vs~su, (0.04 Vcc nominal), the MOD 
output is wvitched high to gate charge current through 
the inductor to the battery. When the SNS voltage is 
greater than VSNSHI (0.05 Vcc nominal), the MOD out- 
put is switched low-shutting off charge current from the 
supply. The MOD pin can be used to gate an external 
charging current source. When an esternal current 
eource is used, no sense resistor is required, and the SNS 
pin is connected to Vss. 



Absolute Maximum Ratings 

Symbol 

Vcc 

VT 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditione detailed in thia data sheet. lhm3we to 
conditions beyond the operational limita for extended perioda of time may aft& device reliability. 

Parameter 

Vcc relative to Vss 

Tom 

Tsn: 

TSOLDER 

DC Thresholds FA - TOPR; vcc - 5v * 10%) 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

Minimum 

-0.3 

Operating ambient t e m p e r a h  

Storage temperature 

Soldering temperature 

-0.3 

Svmbol 

Vsh'Sm 

Maximum 

+7.0 

-20 

40 

VSNSLO 

VLm 

V- 

VMCV 

Vm 

V40 

VMJ 

Vm 

V20 

V40 

VMJ 

Vm 

+7.0 

Parameter 
High threehold at SNS 
d w  in MOD = Low 

Unit 

V 

V 

+70 

+86 

+260 

Low threehold a t  SNS 
redti- in MOD = High 
TS pin low-temperature 
threshold 
TS pin high-temperature 
threshold 
Endsf-discharge voltage 
MULT is pulled up to Vcc 
End-of-diecharge voltage 
MULT ia pulled down to Vss 
BAT pin maximum cell 
~ l t , g  threshold 
20% state-of-charge voltage 
threshold at the BAT pin 
40% state-of-charge voltage 
threshold at the BAT pin 
60% state-of-charge voltage 
threehold at the BAT pin 
8046 state-of-charge voltage 
threehold at the BAT pin 
20% state-of-charge voltage 
threehold at the BAT pin 
40% state-of-charge voltage 
threehold at the BAT pin 
60% state-of-charge voltage 
threshold at the BAT pin 
80% etate-of-charge voltage 
threshold at the BAT pin 

Notes 

Ratina 

0.06 vcc 

O C  

O C  

OG 

0.04 *Vcc 

0.5 Vcc 

V m  

0.262 Vcc 

0.4 Vcc 

0.8 Vcc 

187/szo Vcc 

'9b Vcc 

l g 6 h  Vcc 

2%/320 Vcc 

1Wm Vcc 

16s/&) VCC 

1t37/320 Vcc 

"%m Vcc 

C o m m d  

Tolerance 

t25 

*lo 

*XI 

i30 

*30 

*XI 

t30 

f30 

f30 

f30 

*30 

f30 

*30 

f30 

Unlt 

mV 

Notes 

mv 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

SNS =OV 

SNS=OV 

SNS=OV 

SNS =OV 

SNS=OV 

Fast or standard charge state; 
MULT pulled to Vss 
Fast or standard charge state; 
MULT pulled to Vss 
Fast or standard charge etate; 
MULT pulled to Vss 
Fast or standard charge etate; 
MULT pulled to Vss 
Diarge-beforecharge etate; 
MULT pulled to Vss; DIS = 1 
Discharge-before-charge state; 
MULT pulled to Vss; DIS = 1 
Diecharge-before-charge state; 
MULT pulled to Vss; DIS = 1 
Discharge-before-charge etate; 
MULT pulled to Vss; DIS = 1 



Recommended DC Operating Conditions ( r ~  = o to +70°c) 

I VAAT I voltme on BAT v in I o I - I vcc I v I  I 

Symbol 

VCC 

VTS 

Vwn 

Typical 

5.0 

Parameter 

SUPP~Y voltam 

Maximum 

5.5 

Unit 

V 

lnlmum 

4.5 

Voltage on TS pin 

Tem~erature cutoff on 'rC0 

VCELL 

, VTEMP 

Logic input high 

Notes 

1096 

0 

0 

-- 

Battery voltage potential 

Voltage potential on TS 

Logic input low 

'w-level input low 

1 VOHCOM / COM output ( V C C - 0 . 8 1  - 1 - 1 v I @ I O H C O M = - B O ~ A  I 

0 

0 

2.0 

Vcc - 0.3 

VOH 

VOL 

l IOHCOM l COM source I -40 1 - I - l m ~ I ~ v ~ H ~ M = v c c - ~ . ~ v  I 

Vcc 

Vcc 

0.8 

0.3 

~ I C C  1 Sup~lv current I - I 1 1 2.5 1 mA I ~ o o u t ~ u t  load 1 

- 

- 

Logic output high 

Logic output low 

V 

V 

V 

V 

Tri-state inputs floating 
for 2 state / -2.0 - 1 2.0 / aim 

Vcc 

0.5eVcc 
- 

VBAT - VSNS 

VTS - VSNS 

V 

V 
- 

m, FAST, VSEL, rn 
TM 

Vcc - 0.8 

IOH 

IOH 

IOL 

m, FAST, VSEL, rn 
TM 

V 

V 

- 

DIS, LEDi-2 SEGA-G source 

MOD 

DIS, =I-2 SEGA-G sink 

IL 

IIL 

IIH 

Thermistor input 

Nate2 

j 

-10 

-5 

10 

Input leakage 

Input leakage 

Logic input low current 

Logic input high current 

DIS, LED1-2, SEGA-G @ IOH = 
-1- MOD @ IOH = -5mA 

DIS, LED1-2, SEGA-G @ IOL = 
10rnA;MOD@Io~=5mA 

1 

mA 

mA 

mA 

50 

-70 

@VOH = Vcc - 0.8V 

@VOH = VCC - 0.8V 

@VOL = Vss + 0.8V 

i1 

400 

70 

pA 

pA 

pA 

m, VSEL, V = Vss to Vcc - 
DCMD, FAST, V = Vss to Vcc 

TMTMtV=VsstoVss+0.3V 

TM, V = Vcc - 0.3V to Vcc 



Impedance 

DC input impedance: pine 

Soft-programmed pull-up 
resistor 

Symbd 

MSEL, DSELI, DSELL, MULT, 
KR QDSEL; resistor value i 10% - l m l  I tolerance 

I 

Unlt 

Float state external 
resistor 

Notes Pameter 1 Minimum 

Timing ~ A = O ~ O + ~ O ~ C ; V C C ~ I O % )  

Symbol I Pwametu I Minimum I Typical 1 Maximum 

Typical 

Deviation of fast charge 
safety time-out / 0.84 1 1.0 1.16 

Maximum 

MOD output regulation 
bxn.mux I - - I B M  

itww /Charge pending time-out I - b /  - 

Pulse width for and 
1N- i  pulse command I / - I  - 

F ~ ~ M  

FALARM 

I I I I I 

Note: Typical is at TA = 25OC, Vcc = 6.W. 

Notes 

At Vtx = *lo%, TA = 0 to 6O0C; 
aee Table 3 

Common LCD backplane 
frequency 

Alarm frequency output 

Typical regulation range; 
vac = 5.ov 

73 

3600 

Ratio of faet charge time-out; 
we Table 4. I 

pa ISignaI valid time 

If VCELL 2 VMCV for ~ M C V  during 
charge or top-off, then a transition 

a battery replacement. 



Data Sheet Revision History 

L n p e  No.  I Page No .  1 Description I Nature ol C h g e  

Ordering Information 

- 

1 

~emperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)* 

L~ackage  Option: 
PN = %-pin narrow plastic DIP 
S = %-pin SOIC 

Note: Change 1 = Sept. 1996 B changes from Dec. 1995. 

11 

Device: 
bq2007 Fast Charge IC 

Contact factory for availability. 

VSNSLO Rating 
Wee VSNSHI - (0.01 Vcc); 
ie 0.04 Vcc 



@ ~~NCHMARO Product grief DV2007S1 
Fast Charge Development System 

Features 
+ bq2007 fast charge control evaluation and 

development 

+ Battery charge status display modes and driver 
interfaces are jumper configurable 

- On-board seven-step LED bargraph or ten-step 
BCD digit display 

- Charge status monitoring interface option 

- On-board charge status indication LEDs 

+ Fast charge termination by -AV, peak voltage detect 
(PVD), maximum voltage, maximum time, and 
maximum temperature 

+ Jumper-selectable for 4, 5, 6, 8, or 10 NiCd or 
NiMH cell pack charging 

+ Jumper-selectable standard or fast charge rates 
from 1 to 4 hours 

Discharge-before-charge push-button or automatic 
control 

Introduction 
The bq2007 Fast Charge IC is a single-chip CMOS IC 
that performs charge control, charge status, and charge 
status display in a 24-pin DIP package. The DV2007S1 
Development System offers a quick method to evaluate 
the bq2007 functional features and to validate selected 
parameters prior to design implementation. 

Functional Description 
The DV2007S1 provides the platform for a functional A full data sheet of this product is available on our web 
evaluation of the bq2007 features on single PCB. The site (http:/lwww.benchmarq.com), or you may contact the 
board contain all the connections required to fully exer- factory for one. 
cise the bq2007 feature sets. See the bq2007 data sheet 
and application note AB-0019 entitled "Using the bq2007 
Display Mode Options." 



DV2007S 1 Product Brief 

DV2007S1 Board Schematic 
1 



Product Brief DV2007S1 

DV2007S1 Board Schematic (Continued) 



Notes 



@ W N ~ M ~  Using the bq2007 
Display Mode Options u 

Introduction 
The bq2007 Fast Charge IC pmvidea flenbiity with a 
wide variety of charge status monitor display mode for- 
mate. The bq#WI internal charge statue monitor can be 
contiplned to support up to a seven-eegment bargraph or a 
eingle BCD digit display. The bargraph display indicatee 
up to eeven monotonic steps, whereae the BCD digit 
indicates ten steps of 1046 increments. The bq2007 output 
drivers can direct-drive either LCD or LED interface 
levels. 

Display Driver Modes 
The bq2007 is designed to interface directly with LCD or 
LED type displays. The display driver mode is selected 
with the soft-pmpammed input MSEL and is independent 
of the state-ofharge monitor format or indicatione. The 
LED eignal lev& are driven when the MSEL &pro- 
grammed input is pulled to V m  at initialization. The out- 
put pin COM is the common-anode connection for LED 
SEGAG. See F'igure 1. 

The LCD interface mode is enabled when the MSEL soft- 
programmed input is pulled to Vss at initialization. An 
internal oscillator generatea all timing eignals required 
for the LCD interface. Output pin COM is the common 

connection for static direct-driving of the LCD dieplay 
backplane and is driven with an AC signal at  the frame 
period. When enabled, each of the SEGA-~ pine are 
driven with the correct-phase AC signal to activate the 
LCD segment. See F i @ m  1. 

Charge Status Indication 
Table 1 summarizas the bq2007 cham Btatue &play 
indicatione. The charge statue indicators include the DIS 
output, which can be used to indicate the diecharge state. 
the audio ALARM output, which indicatee charge com- 
pletion and fault conditions, and the dedicated etatua 
outputs, LED1 and LED2 

Outputs LED14 have three dieplay mode8 that are 
aelected at initialization by the input pine DSELl and 
DSEL The DSELl and DSELz input pine, when pulled 
down to Vs& are intended for implementation of a simple 
two-LED eystem, where LED1 indicatee the pmcharge 
status (i.e., charge pending and discharge) and LEDz in- 
dicatea the charge statue (i.e.. charging and completion). 
DSELl pulled up to V w  and DSEk pulled down to Vss 
mode allows the implementation of a eingle tri-color LED 
such that dkharge, chargingl and completion each have 
a unique color. DSELl pulled down to Vss and DSEh 
pulled up to Vcc mode allows for fault etatue informa- 
tion. See Figure 2. 

Figure 1. Display Driver Configurations 

Aw. 1W 118 

1-1 89 

"cc 

COM 

SEG,/ODSEL 

bq2007 i . 
SEGl 

SEQC/MSEL 

"a 

- - 
LED Drive Configuration LCD Drive Configuration 

100 

: . . "  . 
J 
R -I 

d -, 
J 
R '-Vvv+' 
J 

: - 
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Vcc 
SEGE/DSEb 

LED 1 

LED, 

bq2007 DIS 

ALARM 
SEGdDSELl 

$----- 
Simple Two-LED Configuration 

y 
Single Tri-Color LED Configuration 

"cc 
SEGE/DSEb 

LED I 

LEDP 

bq2007 DIS 

ALARM ALARM 
SEQdDSEL, 

+- 

-- 
-- 

--- 

Fault Status LED Configuration 
F W (  

SEQdDSEL, --+- 

vss 
I 

Figure 2. Charge Status Display Configurations 

Table 1. bq2007 Charge Status Display Summary 

Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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Audio Output Alarm 
The bqUX)7 audio alarm output generates an audio tone 
to indicate a charge completion or fault condition. The 
audio alarm output is a symmetrical duty-cycle AC sig- 
nal that is compatible with standard piezoelectric alarm 
elements. A valid battery insertion is indicated by a sin- 
gle 3.5kHz beep of %$-second typical duration. The 
charge completion and fault conditiom are indicated by a 
9.5- to 16-second high-tone sequence of 42-second typical 
duration at a 2-aewnd typical repetition rate. 

Charge Status Monitoring 
The b q m 7  charge status monitor may display the bat- 
tery voltage or charge safety timer as a percentage of the 
full-charged condition. Theae options are selected with 
the MULT soft-programmed input pin. 

When MULT is pulled down to Vss, the battery charge 
status is displayed as a percentage of the battery voltage, 
and the single-cell battery voltage at the BAT pin is com- 
pared with internal charge voltage reference thresholds. 
When VBAT is greater than the internal thresholds of 
Vm, V ~ O ,  V ~ O ,  or Veo, the respective 2046, 40%, 60%, or 
80940 display outputs are activated. The battery voltage 
directly indicates 20% charge increments, while the 10°? 
charge increments use a timer that is a function of the 
charge safety timer. 

When MULT is pulled down to Vss and when VBAT 
exceeds Vm during charging, the 20% charge indication 
is activated and the timer begins counting for a period 
equal to to of the charge safety time-out period. 
When the timer count is completed, the 30% charge 
indication is activated. Should VBAT exceed VKI prior to 
the timer count completion, the charge atatue monitor 
activates the 3046 and 40% indications. This technique is 
used for all the odd percentage charge indications to as- 
sure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
status monitor directly displays V32 of the charge safety 
timer as a percentage of the full-charge time. This 
method is recommended over the voltage-based method 
when charging packs with different cell configuration 
(i.e. 5-cell or 6-cell pack) where the battery terminal 
voltages will vary greatly between packs. This method 

offers an accurate charge status indication when the bat- 
tery is fully discharged. When wing the timer-based 
method, diecharge-before-charge is recommended. u 
During discharge with MULT pulled down to Vss, the 
charge statue monitor indicatee the percentage of the 
battery voltage by comparing VBAT to the internal die- 
charge voltage reference three hold^. In BCD format, the 
diecharge thresholds V80, V60, V40, and VaO cmreapond 
to a battery charge etate indication of 90%, 70%, 5046, 
and 3096, respectively. In bargraph format, the same die- 
charge thresholds correspond to a battery charge state 
indication of 9046, 60% 40%, and 3096, respectively. Did- 
ferencee in the haw charge etate indications are due 
to the finer granularity of the BCD versue the bargraph 
format. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor BCD format dieplays the die- 
charge condition, letter "d," whereae the bargraph format 
has no indication. 

The charge status display is blanked during the charge 
pending state and when the battery pack is removed. 

Charge Status Display Modes 
The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 2. The dieplay modes 
are a seven-segment monotonic bargraph or a seven- 
segment BCD single-digit format. When QDSEL is 
pulled down to Vss, pins SWAG drive the decoded seven 
segments of a single BCD digit display, and when QDSEL 
is pulled up to Vcc, pine SEGAG drive the seven seg- 
ments of a bargraph display. 

In the bargraph display mode, outputs SEGA-G allow op- 
tions for a three-segment to seven-segment bargraph die- 
play. The three-segment charge statue display uses 
outputs SEGB, SEGD, and SEGp for 3096, 60%, and 90% 
charge indications, respectively. The four-segment 
charge s t a b  display uses outputs SEGA, SEGc. SEGD, 
and SEGE for 2096, 4096, 60%, and 80% indications. 
respectively. The seven-segment charge status monitor 
usea all segments. See Figure 3. 

The BCD display mode drives pins SEGA~,  with the 
decoded seven-segment single-digit information. The dis- 
play indicates in 10% increments from a BCD zero count 
at charge initiation to a BCD nine count indicating 90% 
charge capacity. Charge completion is indicated by the 
letter T,' a fault condition by the letter "E," and the 
discharge condition by the letter 'd." See Figure 4. 
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Table 2. bq2007 Charge Status Display Summary 

Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 



Using the bq2007 Display Mode Options 

Three-Segment (30%. 80% 80%) Four-Segment (20%. 40%. 80%. 80%) Seven-Segment (20%. 30%. 40%. 80%. 
Bargraph Display Barqaph Display 80%. 00%. Chnrga Compbte) Bargraph 

LCD Segments Shown LED Segments Shown Display LED Segment8 Shown 
rp.1 

Figure 3. Charge Status Bargraph Display Configurations 

I Ma I 
Figure 4. Charge Status BCD Digit Display Mode 



Notes 



@ m m w t ~ ~ ~  Using the bq2007 
Enhanced Features for Fast Charge a 

Introduction 
This application note deacribea the correct setup of the 
bq2007 featuree and gives deaign examplea for a NiCd or 
NiMH switch-mode and gated current source fast charger 
applications. 

The bq2007 is targeted for applications fast- 
charging and charge status monitoring at d wet. It 
provides sophisticated full-charge detection techniques 
such as PVD (peak voltage detection) and -AV (negative 
delta voltage) that enable the user to take advantage of 
advanced battery technologies such as nickel metal-hy- 
dride (NiMH) and high-capacity fast-charge nickel cad- 
mium (NiCd). 

The bq2007 offers flexibility by providing a wide variety 
of charge status monitoring and charge state display for- 
mats. The internal charge status monitor can be 
cod@ to support up to a seven-segment bargraph or 
a single-digit display. The bargraph display indicates 
seven monotonic steps, whereas the single digit counts in 
ten steps of 10% increments. The output can direct-drive 
either LCD or LED interface levels. 

The bq#WI indicates charge state .status with an audio 
alarm output option and two dedicated output pins with pro- 
grammable display options. The DSELi-2 input6 can select 
one of the three display modes fw the LEDi-2 outputs. 

Background 
A swcant advantage of the bq2007 over other fast- 
charge solutions is the flexibility to select PVD or -AV as 
the primary decisions for fast-charge termination PVD is 
the recommended termination method for NiMH batter- 
ies, while -AV is recommended for NiCd batteries. -AV or 
PVD detection in the bq2007 may be temporarily dis- 
abled during periods when the charge current fluctuates. 
-AV or PVD may be permanently disabled without affect- 
ing other bq2007 charge-termination functions. 

The bq2007 pmvidea battery protection by trickle-charge 
conditioning of a battery that is below the low-voltage 
threshold (VEDV). The battery voltage (VCELL;) is compared 
to the low-voltage threshold (VEDV) and charge will be 
inhibited if VCELL < VEDV. The condition trickle current 
and fault time-out are a percentage of the fast charge 
rate and maximum time-out (MTO). 

To ensure safety for the battery and syatem, fast charg- 
ing also terminates baaed on a high-temperature cutoff 

threshold WO), a safety time-out, and a maximum cell 
voltage threehold o. To avoid pmible premature 
fast-charge termination when charging battariee after 
long periods of storage, the bq2007 disable8 WD, m d  
-AV detection during a ehort %old-off period at the etart 
of fast charge. During the hold-off period when fast 
charge is eeleded, the bq2007 chargee at the topoff rate 
to prevent exceeeive overcharging of a fully charged bat- 
tery. This hold-off period is c o n f i i  as deecribed in the 
bq2007 data sheet. 

The bq2007 may be configured to have two or three 
charge stages. In a two-stage conf~guration, the fast- 
charge stage controlled by the bq2007 ia preceded and 
followed by a pulse trickle charge at  a rate contmlled by 
bq2007 input pins FAST, TM, and VSEL. In a three- 
stage codiguration, the fast charge is followed by a 'top- 
off charge atage where the battery ia charged at 'g of the 
fast charge rate. This allows the battery to be quickly 
and safely brought to a full charge state. Following top- 
off, pulse trickle is wed to compensate for eelf-discharge 
while the battery is idle. The trickle rate is C / i  for PVD 
and C& when -AV is enabled. 

Charger Circuit Examples 
Two detailed applications follow this eection One pmvidea 
direct control of a switch-mode regulator, and the other 
provides control of an external current murce. 

The switching-mode conatanbcunent regulator is used on 
the Dm007Sl development syatem. The board layout and 
schematic is described in the layout guidelines section. 

Gating Current 
Figure 1 shows an example of external gated current 
source. With SNS connected to Vss, the bq2007 enables 
charge current to the battery by taking MOD high a t  the 
start of charging and maintaining this state until 
charging is terminated. In this example, R7, R19, R15, 
and Q1 and Q2 form the switching circuit. When MOD 
go- high, Q2 switches on-turning on Q1. When MOD 
goes low, the base current in Q1 is turned off and the 
charging path is switched off. 

The current-handling capability of this circuit is limited 
by the product of the current gains of the transistors and 
by the 5mA drive capability of the MOD pin. 

Tbis limitation may be removed by replacing the PNP at 
Q1 with a pF'ET. See Table 1 for suggested traneirs. 

NoV. 1884 1/14 
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Table 1. Suggested Transistors (Q1) 

External current U 

source input 
'VV.4 

D7 O1 D6 
R10 

U 
DC - n 11 

Maximum Voltage 

-50 

-50 

-50 

-60 

-60 

-50 

-50 

-50 

-50 

-60 

-60 

-60 

Q1 
b 

IRFR9010 

IRFR9022 

IRFR9020 

IRFD9014 

IRFD9024 

IRFSZlO 

IRF9Z22 

I 
IRF9Z20 

IRF9Z32 

BD136 

MJE171 

TIP42A 

Figure 1. Gated External Source (Bipolar Switch Option) 

Note: For very high currents, two parallel pFETs or an nFET with a high-side driver circuit may be suitable. 

r - - 3 - 1  

Y14 Nw. 1884 

1-196 

TYPe 

PFET 
PFET 

PFET 

PFET 

PFET 

PFET 

PFET 

PFET 

PFET 
PNP 
PNF' 
PNP 

"CC 

L - 

Package 

DPAK 

DPAK 

DPAK 

HEXDIP 

HEXDIP 

TO-220 

TO-220 

TO-220 

TO-220 

TO-225 

TO-225 

TO-220 

- - - 

bq2007 RT = 

Maximum Current 

5.3 

9.0 

9.9 

1.1 

1.6 

4.7 

8.9 

9.7 

15 

1.5 

3.0 

6.0 

I 
I 

0 

- - 

RBI\ T 
NTC 

L - - - - - J  
Battery 

"CC MOD 0 2  
- - 

v s ~  SNS 

I 

f; c7 - 
-1 

A - 

BAT 

TS 

pack 
RB2 

- 



Using the bq2007 Enhanced Features for Fast Charae 

Charge Action Control dicatea the charge status (i.e., charping and completion). 
DSELi pulled up to Voc and DSEh pulled down to Vss 
mode is for implementation of a single tri-color LED such 

The b m 7  charge action is controued by input pins that diecharge, charging, and completion each have a 
WMD, VSEL, FAST, and TM. When charge action E t i -  unique m l ~ .  DSELl pulled down to Vas and DSQ 

a 
a M  the b q m  entern the -d *tel pulled up to Voc mode allow for fault s t a h  informa- 
for acceptable battery voltage and temperature, and per- td 
forms any required diecharge-before-charge operations. 
DCMD catrole the diecharge-before-charge fuaction, and 
VSEL, FAST, and TM eelect the ch- c ~ n f i t i o ~ ~  See A u d i0 A h  r m Sel ecti0n 
Tablee 4 and 5 of the bq2007 data sheet. 

The alarm output waveform i s  a 3.5KI-h aquare wave 

Charge Status Indication signal that allows a direct connection to drive standard 
piezoelectric alarm elements. Piezoelectric alarm ele- 

Table 2 summarizes the bq2007 charge statue display. 
The charge status indicators include the DIS output, 
which can be used to indicate the discharge state, the 
audio ALARM output, which indicates charge completion 
and fault conditions, and the dedicated status outputs. 
LED1 and LEDz. 

menb am deaigned for a maximum w n d  output a t  a 
specitic frequency and drive voltage. The alann element 
muet be selected for a maximum sound output at  a fre- 
quency of 3.5lcI-h with a 5V peak-to-peak drive signal. 
The PCB mount element can be connected directly to 
the bq2007 alarm output with a 20K isolation mistor. 
The design of a molded reeonant cavity should follow 

Outputa LEDl-2 have three dieplay modes that are the manufacturere pduree to mure 
sel-d at initialization by the input pine DSEL~ and maximum sound output. Manufacture8 also provide 
D S E ~  ~h~ DSEL~ and ~ s f i  input pins, when several boost circuita that can be used to increase the 
down to vss, are intended for implemantation of a simple drive voltage for increased sound output levels. 
two-LED system, where LEDz indicates the precharge 
statue (i.e., charge pending and discharge) and LED1 in- 

Table 2. bq2007 Charge Status Display Summary 

Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 

Nov. 1994 W14 
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Selectin the BAT Divider for 8 Charge onitoring 
The voltage based state of charge monitoring ie enabled 
when charging pa* with a fixed number of cells by 
pulling the multi-cell pack eel& input MULTI to Vss. 
When MULT = 0, internal voltage thresholds are com- 
pared with the BAT pin input voltage for both charge 
and discharge capacity status indications. When dis- 
charge-before-charge is initiated, the statesf-charge 
monitor indicates the diecharge condition as monotonic 
decreasing steps from the charged condition. The voltage 
charge status monitoring circuit is shown in Fig. 2. The 
circuit changes its voltage threshold reference divider for 
charge or discharge monitoring when the diechage sig- 
nal is zero or one, respectively. The voltage thresholds 
are a fixed ratio of the VCC supply voltage and are speci- 
fied in the bq2007 data sheet in the section entitled ?)(: 
Thresholds.' The voltage thresholds were selected based 
on typical NiCad and NiMH battery characteristics for a 
typical charge rate of 1C and a typical diecharge rate of 1 
Amp. 

To optimize the charge status monitoring for a range of 
fixed-cell packs (i.e. MULTI = I), the BAT divider should 
be calculated such that the highest fmed cell pack will be 
centered at the EDV threahold. For example, to charge 

packs that range from 4 to 6 fmed cells, select the BAT 
divider MULTI = 0. The BAT divider should be deter- 
mined by BAT divider equation 2 for values shown in 
Table 4. To further optimize, you can fit the battery 
characteristica to the end points of the EIlV and MCV 
~ h o l d s .  This will center the battery voltage charge 
characteristics in the center of the bq2007 charge 
monitoring thresholds. This is poeeible eince the full 
charge detection methoda 0, -DV) are not dependent 
on abeolute voltage value. When adjusting the battery 
divider, the maximum cutoff voltage (VMCV) muat not be 
exceeded. 

Charge Status Monitoring 
The bqm7 charge status monitor may &play the bat- 
tery voltage or charge safety timer as a percentage of the 
full-charged condition. These options are selected with 
the MULT input pin. 

When MULT is pulled down to Vss, the battery charge 
status is displayed ae a pemtage of the battery voltage, 
and the single-cell battery voltage at the BAT pin is com- 
pared with internal charge voltage reference thresholds. 
When VBAT j8 greater than the internal thresh01de of Vm, 
Va, Vso, or Vm, the respective W?,  6C%, or 80% 
display outputs are activated. The battery voltage directly 

Discharge v~~~ 

r - -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L - -  

80-279 

Figure 2. Voltage Charge Status Monitoring Circuit 
Nov. 1984 
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indicates 2Q% charge increments, while the 1W charge 
increments use a timer that is a function of the charge 
safety timer. 

When MULT is pulled down to Vss and when VBAT 
exceeds Vm during charging, the 2046 charge indication 
is activated and the t i e r  begins counting for a period 
equal to to l& of the charge safety time-out period. 
When the timer count is completed, the 30% charge 
indication is activated. Should VBAT exceed V ~ O  prior to 
the timer count completion, the charge statue monitor 
activates the 30% and 40% indications. This technique is 
used for all the odd percentage charge indications to as- 
sure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
statua monitor directly displays Ys2 of the charge safety 
timer as a percentage of full charge. Thia method is rec- 
ommended over the voltage-based method when charging 
multi-cell packs where the battery terminal voltages can 
vary greatly between packs. This method offera an accu- 
rate charge status indication when the battery is fully 
discharged. 

During discharge with MULT pulled dowk to Vss, the 
charge status monitor indicatea the percentage of the 
battery voltage by comparing VBAT to the internal die- 
charge voltage reference thresholds. In BCD format, the 
discharge threaholds V80, V60, V40, and V20 correapond 
to a battery charge state indication of 90% 7046, 5096, 
and 30%, mpectively. In bargraph format, the same dis- 
charge threaholds correspond to a battery charge state 
indication of W o ,  W?, 40%, and 30%, respectively. Dif- 
ferences in the battery charge state indications are due 
to the finer granularity of the BCD v e m s  the bargraph 
format. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor segment format displays the 
discharge condition, letter 'd,' whereaa the bargraph for- 
mat hae no indication. 

The charge status display is blanked during the charge 
pending state and when the battery pack is removed. 

Charge Status Display Modes 
The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 3. The display modes 
are a seven-eegment monotonic bargraph or a seven- 
segment single-digit format. When QDSEL is pulled 
down to Vss, pins SEGA-G drive the decoded seven seg- 
ments of a single segment digit display, and when QDSEL 
is pulled up to Vcc, pins SEGA~, drive the seven seg- 
ments of a bargraph display. 

In the bargraph display mode, outputs SEGA-G allow optiom 
for a thesegment to seven-segment bargraph display. The 
three-segment charge status display usee outputs SEGB, 

sEGD,andsEG~for30%,60%,and90%charge~ns, 
~8&. The fimmqment charge status display uees 
outPutsSEGA,sEGc,sEGD,andsEGprfor2C1%,40%,60%, 
and 80% idcation% mpectidy. Tbe seven-eegment charge 
statusmonitoruaesallaegmenta. 

Tbe eegmcmt dieplay mode drivee pine SEGA-Q with the 
deooded eeven-aegme& &gledi& infopmation. "he &lay 
indicate8 in 10% hcremmte from a v t  zero wunt at 
charge initiation to a eegment nine count indhting 90% 
charge capad@. Charge axripletion is indicated by the letter 
'F,'afaultmnditionbytheletta8,'andthediecharge 
condition by the letter *dD See Table 3. 

Display Driver Modes 
The bq2007 is designed to interface with LCD or LED type 
dieplaya The LED eignal levele are driven w h  the USEL 
input is pulled to V m  at b i thbdon .  Tbe output pin COM 
is the canm~l anode connection for LED SEGm. 

The LCD interface mode ie enabled when the MSEL 
input pin ie pulled to Vss at initialization. An internal 
oscillator generatea all the timing signals required for 
the LCD interface. The output pin COM is the common 
connection for atatic direct-driving of tbe LCD display 
backplate and is driven with an AC signal at  the frame 
period. When enabled, each of the SEGA-G pins is driven 
with the correct-phase AC signal to activate the LCD 
segment. In segment mode, output pine SEGA-G interface 

Discharge Before Charge 
It may be desirable in the application to allow the user to 
occasionally diecharge the battery to a known voltage 
level prior to charge. The reason for this may either be to 
remedy a voltage-depdon effect found in some NiCd 
batteriee or to detemhe the batkrfs charge capacity. 

Figure 3 illustrates the implementation of this function. 
Discharge-before-charge i s  initiated on a positive 
strobe signal on DCMD. 

Note: Th i s  func t ion  takes  precedence over  a 
charge action and  commences immediately when 
conditions warrant, forcing DIS to a high state until 
the  voltage sensed o n  BAT falls below V d 6 .  
Charging begins as soon as conditions allow. 

Care should be taken not to overheat the battery 
during this process; excessive temperature is not 
condition that terminates discharge. 

Configuring the BAT Input 
The bq2007 uses the battery voltage sense input on the 
BAT pin to control discharge-before-charge, qualify 
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charge initiation, terminate charge at  an abeolute limit, 
facilitate peak voltage detect (PVD) and negative delta 
voltage (-AV) detection, and detect a battery mplacement. 

VBAT may be derived from a simple resistive network 
across the battery. As shown in Figure 1, resistore RB1 
and RB2 are choeen to divide the battery voltage down to 
the optimal detection range. When MULT is pulled up to 
Vcc, battery voltage is seneed at the BAT pin by a reais- 
tive voltage divider that divides the terminal voltage 
between 0.262 Vcc (VEDV) and 0.8 * Vcc (VMCV). The 
bq2007 charges multi-cell battery packs fmm a minimum 
of N cells, to a maximum of 1.5 N cells. The battery 
voltage divider is set to the minimum cell battery pack (N) 
by the BAT pin voltage divider ratio equation: 

Equation 1 

When MULT is pulled down to Vss, tighter charge 
voltage limits and voltage-based charge status display 
are selected. This is recommended for charging packs 
with a fxed number of cells where the battery voltage 

divider range is between 0.4 Voc (VBDV) arid 0.8 VCC 
(VP~CV). The bq2007 w e e  fixedcell battery packe of N 
cells. The battery voltage divider is set by the divider 
ratio equation: 

Equation 2 

Although virtually any value may be chosen for RBI and 
RB2 due to the high input impedance of the BAT pin, the 
values selected must not be so low a8 to appreciably 
drain the battery nor eo large as to degrade the circuit's 
noise performanca. Constraining the source resistance as 
seen fmm BAT between 20KQ and IMP is acceptable 
over the bq2007 operating range. Total impedance 
between the battery terminal and VSS should typically 
be about 300U to 1MQ. See Table 4. 

Note: Because VSNS may be positive in bq2007 switching 
regulation applicationa, the actual internal comparison 
uaea VBAT - Vms, or VCELL Thh internal value VCELL 
maintains a representative voltage independent of any 
current through h s .  

Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 



Figure 3. Battery Conditioning Network 

Discharge - Discharge - 
load RLOAD -=F toad R~~~~ - 

Table 4. Suggested RBI and RB2 
Values for NiCd and NiMH Cells 

I Number of Cells 1 

11 
10 150 40.2 

Note: MULTI = 0; R B W 2  = W) - 1. 

bq2007 

OCMD, DK), 

Puah-button 
switch 4 

(normally 
open) 

Temperature Sensing and the TCO Pin 

Logic- 
level - Push-button 

switch 4 
(normany 

open) 

The bq2007 uses the temperature sense input on the TS 
pin to qualify charge initiation and termination. A 
negative temperature coefficient (NTC) thermistor 
referenced to SNS and placed in close pmximity to the 
battery may be used as a temperature-to-voltage 
transducer as shown in Figure 1. This example shows a 
simple linearization network constituted by RT1 and 
RT2 in conjunction with the thermietor, FtT. 

Temperature-decision thresholds are defined as LTF 
(low-temperature fault) and TC0 (temperature cutoff). 
Charge action initiation is inhibited if the temperature is 
not within the LTF-to-TCO range. In this case, the 
charge pending state is active on the charge status dis- 
play (see Table 2), and charging does not initiate until 
the battery temperature returns to this range. 

"8Ns - 

bq2007 

DIS, 

Once initiated, charging terminates if the temperature is 
either leee than LTF or greater than TCO. The bq2007 
interprets the reference points VLTF and V m  as  
Vss-referenced voltages, with VLTF fixed at V2 Vcc and 
V m  equal to the voltage presented on the TCO pin. See 
Figure 4. Note that since the voltage on pin TS decreases 
as temperature increases, V m  should always be less 
than lh Vcc. The resistive dividers may be used to 
generate the desired V m .  

- v ~ r  ~ S A  

01 

) 

The Vcc mpply provkb both pow= and voltage refemme to 
the bq!ZKV. This &emnee M y  aff& BAT voltage and 
internal time-base voltage measutmnente. 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = 5V. The 
oscillator varies directly with Vcc. If, for example, a 5% 
regulator supplies Vcc, the time-base could be in error by 
as much as 10%. 

- - 

Charge State Actions 

v u  ~ S A  
- - 

Once the  required discharge is completed and 
temperature and voltage p r e q ~ a ~ c a t i o n s  are met, the 
charge state is initiated. The charge state is c o n f i i  
by the VSEL, FAST, and 'I'M input p i . .  The FAST input 
selecta between Fast and Standard charge rates. The 
Standard charge rate ie 114 of the Fast charge rate, which 
is accomplished by disabling the regulator for a period of 
2 8 6 ~ s  of every 1144~s (25% duty cycle). In addition to 

R S N ~  
- - 

Discharge network for Discharge network for 
use with a bq2007-controlled use with an external 

switching current supply charge current source 
FO-78 
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Table 5. bq2007 Charge Action Control Summary 

throttling back the charge current, time-out and hold-off Maximum time-out (MTO) 
safety time are increased accordingly. 

m Maximum cutoff voltage (MCV) 
The VSEL input selede the voltage tennination method. 
The termination mode seta the topoff state and trickle 
charge current rates. The TM input +I& the Fast Voltage Termination Holdoff 
charge rate, the Standard rate, &d the correeponding 
charge times. Once charging begins a t  the Fast or To prevent early tennination due to an initial false peak 
Standard rate, it continues until terminated by any of battery voltage, the -AV and PVD terminations are 
the following conditione: disabled during a short %old-off period at the start of 

charge. During the hold& period when fast charge is 
Negative delta voltage (-AV) selected (FAST = I), the bqU)(n will top off c h m e  to 

Trickle 
Rep Rate 
PVD '& 

109Hz 

55Hz 

27Hz 

1WHz 

55Hz 

2% 

m Peak voltage detect (PVD) 

m Maximum temperature cutoff W O )  

Trkkk 
Rep Rate 
-AV '& 

219% 

109Hz 

55Hz 

219Hz 

109Hz 

56% 

prevent excesaive overcharging of a fulli charged-bat- 
tery. Once past the initial charge hold-off time, the termi- 
nation ie enabled. TCO and MCV terminations are not 
affected by the hold-off time. 

H o M d  
Pew 
( 8 ~ )  

2400 

1200 

600 

600 

300 

150 

-AV or PVD Termination 

MOD 
Duty 

Cycle 

25% 

25% 

25% 

1 W o  

1Wh 

1 W o  

Table 6 summarizee the two modee for full-charge 
voltage termination detection. When VSEL = Vss, 
negative delta voltage detection occurs when the voltage 
seen on the BAT pin falls 12mV (typical) below the maxi- 
mum sampled value. VSEL = Voc eelecte peak voltage 
detect termination and the top-off charge state. When 
charging a battery pack with a fixed number of cells, the 
-AV and PVD termination thresholde are -6mV and 0 to 
-3mV per cell, respectively. The valid battery voltage 
range on VBAT for -AV or W D  termination is from 0.262 
* vcc to 0.8 * vcc. 

Timeout 
Period 
(min) 

64.0 

320 (C4 

160 (C4 

160 ('+A 
(c) 

40 (2c) 

FAST 
Input 
State 

vss 

vss 

Vss 

vcc - 
Vcc 

Vcc 

Figure 4. Temperature Reference Points 
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TM 
Input 
State 

Float 

vss 

Vcc 

Float 

vss 

vcc 
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Top-Off Charge 
The top-off charge option allows for the self-discharge 
replacement trickle current to be very low, but still 
provides for filling up the last fraction of capacity after 
the fast-charge phase hae terminated Top-off occur0 at 
'4 of the fast charge rate to prevent exwe heat genera- 
tion, and terminatea after a period equal to the eafety 
time-out. It also terminates if TCO or MCV is detected. 

Tow is not recommended in applicatiane where a battery 
charge is reinitiated with exhwnely high hquency (many 
timesper day)forexample, whenthedtierebmedtothe 
charge cxadle aftex each short period of uee. 

Puke trickle is used to compensate for self-diecharge while 
the battery is idle and to condition a depleted low-voltage 
battery to a valid voltage prior to high-current charging. 
The battery is pulse trickle charged when Fast, Standard, 
or top-off charge is not active. This reeults in a trickle rate 
of c/a for PVD and c/32 when -AV is enabled. 

Table 6. VSEL Configuration 

VSEL 

Charge Inhibit 

vss 

VCC 

Fast charge, =off, and pulse trickle may be inhibited 
by wing the INH input pin. When low, the bq2VO7 sus- 
pends all charge activity, drives all outputs to high 
i m p e d a 3  and assumes a low-power operational state. 
When INH return13 high, a fastcharge cycle is qualified 
and begins as soon as condition8 allow. 

Detection 
Method 

Power Supply Selection 

-AV 

PVD 

The DC supply voltage, VDC, must satisfy two requkmente: 

T d f f  

1. To support the bq2007 Vcc supply, VDC must be 
adequate to provide for 5V regulation after the 
lows  in the regulator and across Dl (VDC 2 7.7V 
wing the 78L05). 

Pube Trkkk 
Rate 

Disabled 

Enabled 

2. To support the charge operation, VDC > (number of 
cells M C V h d  + V w  in the charging path. 
(MCVMM is the maximum cell voltage threshold 
with the maximum bq2007 Vcc.) 

c& 

c / ~  

Polarity Reversal Protection 
If the DC input hae any riek ol being W n t a l l y  co~ected 
with power (+) and ground (-1 revereed, then the eyetern 
input ahould include either a p m h t h  diode to pmtect 
against M t  damage or a diode bridge to provide bath p 
t e c t i o n a n d o p a a t i M . T h i e a l e o W ~ ~ m + t  
voltage fm charger operation by appmrimately 1V to 2V. 

Layout Guidelines 
PCB layout to minimize the impact of eyetem noise on 
the bq2007 ie impartant when the bq2007 ie wed as a 
switching modulator, with a separate nearby mvitching 
regulator, or close to any other signXcant noiee source. 

1. Avoid mixing signal and power grounds by wing a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and aaaociated 
traces should be kept relatively isolated from the 
bq2007 and ita eupporting components. 

3. 0.1pF and 10pF decoupling capacitors should be 
placed c l w  together and very close to the Vcc pin. 

4. 0.1pF capacitors and reeistore forming R-C fliters 
connected to pins BAT, TS, TCO, and MCV should 
be as close as poeeible to their associated pins. 

5. Because the bq2007 uses Vcc for its reference, 
additional loading on Vcc is not recommended. 

6. Diode Dl (1N4148) is recommended for -cation 
and filtering. 

7. If the DCMD input is electronically controlled, care 
should be taken to prevent noise-induced fahe tran- 
sitions. 

8. For bq2007-modulated switching applications: 

A 2Kn reeietor is required between the MOD 
pin and the transistor. 

A lOOOpF capacitor/lKQ resistor R-C filter 
should be as close as possible to the SNS pin. 

The 0.1pF capacitore for BAT and TS should be 
routed directly to SNS and not to ground. 

Figures 6, 7, and 8 show an example layout of the 
DV2007S1 Development Board. Figure 9 is a schematic 
of the board. Table 7 contains the parts list for the board. 
A comparable layout is recommended. 

Nw. 1994 



Using the bq2007 Enhanced Features for Fast Charge 

REV A 

w tsslag 
LCD 

UMD 

80 

B E N C H Y A R Q  D V 2 0 0 7 S i  

v dv200711 rev A (7-10-94) nuLW (M) bmhn#q #0) 

board dza 3.760 x 6.600 Imhr. LAYfk CWPOlYNT UDE SILKSCREEN 4 

Figure 6. DV2007S1 Development Board Layout 

Component Placement 
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dv200711 rtv A (74-01) monkwort (Y) knchn#q 1OO1 

Figure 7. DV2007S1 Development Board Layout 
Nov. 1994 11/14 
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Figure 8. DV2007S1 Development Board Layout 
12/14 Nov. 1904 
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Table 7. DV2007S1 
Component Name 

C2, C1- Optional 
C5, C3 

C4, C6, C7 
C8 
Dl  

D4, D2 
D3 
D5 
D6 

JP1, JP2, JP3, JP4 
JP5, JP8, JP9, J P l O  

J1 
LCD1 
LED1 
LED2 

L1 
P1 
Q1 
Q2 
Q3 
64 
R14 
RBI 

RB2X 
RSNS 

Development Board Parts List 
Component Debcrlption 

lOOOpF 
lOOpF 
O.1pF 
1nF 

IN5400 
IN4148 
1N751A 
IN5821 
IN4001 

HEADER 3 
HEADER 2 

CON6 
7-SEG LED 
LED BAR 

7-SEG LCD 
100pH 

BUZZER 
MTF9065EL 

2N7OOO 
2N3904 

m m E  
Reaistor 8 ~ a c k  

150K 
User Selected 

RT1 
RT2 
R1 

R6, R7 
R2, R5, R10 

R3 
R4 
R8 
R9 

R12, R11 
SR 

SW1 
SW2 
u1 
u 2  

0.2 
20K 

Open 
300K 
lOOK 
2K 

82K 
20K 
20K 
6.8K 
5 10 
SIP8 

SW pushbutton 
SW DIP-8 
bq2007 
78I.M 

Nov. 1994 13/14 
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Figure 9. DV2007S1 Development Board Schematic 
Nov. 1 SS4 1W4 



4 BENCHMARQ bq2031 
Lead-Acid Fast Charge IC a 

Features 
Conforms to battery 
manufacturers' charge 
recommendations for cyclic and 
float charge 

Pin selectable charge algorithms 
- Two-Step Voltage with 

temperature-compensated 
constant-voltage maintenance 

- Two-step Current with 
constant-rate pulsed current 
maintenance 

- Pulsed Current: hysteretic, 
on-demand pulsed current 

Pin-selectable charge 
termination by maximum 
voltage, A~V, minimum current, 
and maximum time 

F're-charge qualification detects 
shorted, opened, or damaged 
cells and conditions battery 

Charging continuously qualified 
by temperature and voltage limits 

Internal temperature- 
compensated voltage reference 

Pin Connections 

Pulse-width modulation control - Ideal for high-eff'iiiency 
switch-mode power conversion 

- Cod~gurable for linear or 
gated current uee 

Direct LED control outputs 
dieplay charge statue and fault 
conditions 

General Descri~tion 
The bq2031 Lead-Acid Fast Charge 
IC is designed to optimize charging 
of lead-acid chemistry batteries. A 
flexible pulse-width modulation 
regulator allows the bq2031 to con- 
trol constant-voltage, constant-cur- 
rent, or pulsed-current charging. 
The regulator frequency is set by an 
external capacitor for design flexibil- 
ity. The switch-mode design keeps 
power dissipation to a minimum for 
high charge current applications. 

A charge cycle begins when power is 
applied or the battery is replaced. 
For safety, charging is inhibited 
until the battery voltage is within 
confieured limits. If the battery voltage 

ie less than the low-wltage threeh- 
old, the bq2031 provides trickle-cur- 
rent charging until the voltage rbes 
into the allowed range or an internal 
t imer runs  out and places the  
bq2031 in a Fault condition. Thie 
procedure prevents high-current 
charging of cells that are poseibly 
damaged or revetwed. Charging is in- 
hibited anytime the temperature of 
the battery is outaide the confgur- 
able, allowed range. All voltage 
thresholds are temperature-compen- 
sated. 

The bq2031 terminates fast (bulk) 
charging based on the following: 

8 Maximum voltage 

8 Second difference of cell voltage 
(a2v> 

m Minimum current (in constant- 
voltage charging) 

8 Maximum time-out (Mm) 

After bulk charging, the bq2031 pro- 
vides temperature-compensated 
maintenance (float) charging to 
maintain battery capacity. 

Pin Names I/ TMTO Time-out timebase input LEDJ Charge status output 31 
QsEL Charge algorithm select 

I I FMAT State wntrol output input 1 

TMTO 
FLOAT LEDtflSEL 

BAT 
VCOMP 
ICOMP 
IGSEL 

SNS 

I Regulator timebase input LED21 Charge status output 21 
DSEL Display select input 

BAT Battery voltage input COM Common LED output 

VCOMP Voltage loop comp input Vss Srstem ground 

ICOMP Current loop comp input Vcc 5.OV*lO% power 

IGSEL Current gain select input MOD Modulation control output 
TS 4 8 9 TP'M 

16-Pin Narrow 
DIP or SOlC ,,, 

Sept. 1896 C 1/14 

SNS Sense resistor input LED4 Charge status output 11 
TSEL Charge algorithm select 

TS Temperature sense input input 2 



Pin Descriptions TPWM Regulation timebase input 

ThlTO Time-out time- input 

This input sets the maximum charge time. 
The resistor and capacitor valuea are deter- COM 
mined using equation 6. Figure 9 shows the 
resistor/capacitor connection. 

FLOAT Float state control output 

This open-drain output uses an external 
resistor divider network to contml the BAT Q Q ~  
input voltage threshold ( V ~ T )  for the float 
charge regulation. See Figure 1. 

BAT Battery voltage input 
MOD 

BAT is the battery voltage senee input. This po- 
tential i~ generally devdoped using a high-im- 
pedance resistor divider network connected be- 
tween the pasitive and the negative terminals d 
the battery. See Figure 6 and equation 2 

This input uses an external timing capacitor 
to ground the pulsewidth modulation 0 
frequency. See equation 9. 

Common LED output 

Common output for LED1-a. Thie output is in 
a hiih-impedance state during initializa- 
t ion to read program inputs on TSEL, 
QSEL, and DSEL 

Chage  regulation eelect input 

With TSEL, selects the charge algorithm. 
See Table 1. 

Current-switching control output 

MOD is a &width modulated # out- 
put that i uaed ~ L B  control the chargbg m n t  to 
the battery. MOD switches high to enable cur- 
rent flow and low to Wi cumnt flow. 

VCOMP Voltage loop compensation input LEDi-s Charger display statue 13 outputs 

This input uses an external C or R-C network 
for voltage loop stability. 

IGSEL Current gain select input 

This three-state input is used to set IMIN for 
fast charge termination in the Two-step Volt- DQEL 
age algorithm and for maintenance current 
regulation in the Two-Step Current algo- 
rithm. See Tables 3 and 4. 

Thew charger statue output drivers are for 
the direct drive of the LED display. Dieplay 
modes are shown in Table 2. Theae outputs are 
~-etated during initialization ao that QSEL, 
TSEL, and DSEL can be read. 

Display select input 

This three-level input controle the LED13 
charge display modes. See Table 2. 

ICOMP Current loop compensation input TSEL Termination select input 

This input uses an external C or R-C network With QSEL, selects the charge algorithm. 
for current loop stability. See Table 1. 

SNS Charging current sense input VCC VCC Supply 

Battery current is sensed via the voltage 5.0V, t 1040 power 
developed on this pin by an external sense 
resistor, RSNS, connected in eerie8 with the Vss Ground 
low side of the battery. See equation 8. 

TS Temperature sense input Functional Description 
This i n ~ u t  is for an external battew tem~era- The bq2031 functional operation ie described in t e r n  of: 
ture m~nitming thermistor or padbe. Ah ex- Charge algorithms temal resistor divider network sets the lower 
and upper temperature thresholds. See Fig- 8 Charge qualification 
urea 7 and 8 and equatione 4 and 5. 

m Charge status dieplay 

Voltage and current monitoring 

m Temperature monitoring 



m Fast charge termination 

Maintenance charging 

Charge regulation 

Charge Algorithms 

Three charge algorithms are available in the bq2031: 

Two-Step Voltage 

m Two-Step Current 

The state tranaitione for these algorithms m described 
in Table 1 and are shown graphically in Figures 2 
through 4. The user selecta a charge algorithm by config- 
uring pins QSEL and TSEL. 

Charge Qualification 

The bq2031 starts a charge cycle when power ie applied 
while a battery ia present or when a battery is inserted. 
Figure 1 ehows the state diagram for pre-charge qualii 
cation and temperature monitoring. The bq2031 f i i  
checks that  the battery temperature is within the 
allowed, user-mnfigurable range. If the temperature ie 
out-of-range (or the thermistor ia missing), the bq2031 
enters the Charge Pending state and waits until the bat- Figure 1. Cycle Start/Battery 

Qualification State Diagram 

Table 1. bq2031 Charging Algorithms 

Notes: 1. May be high or low, but do not float. 

2. A Benchmarq proprietary algorithm for accumulating successive differences between samplea of VBAT. 



tery temperature is within the allowed range. Charge 
Pending is annunciated by LED3 flashing. 

Thermal monitoring continues throughout the charge 
cycle, and the bq2031 enters the Charge Pending state 
anytime the temperature is out of range. (There is one 
exception; if the bq2031 is in the Fault state-see 
below-the out-of-range temperature is not recognized 
until the bq2031 leaves the Fault state.) AU timere are 
suspended (but not reset) while the bq2031 ie in Charge 
Pending. When the temperature cornea back into range, 
the bq2031 returns to the point in the charge cycle where 
the out-of-range temperature was detected. 

When the temperature is valid, the bq2031 pfm two teste 
on the battery. In In 1, the bq2031 regulates a voltage of 
V ~ T  + 0.25V a m  the battery and obeerves h s .  If ~ N S  
does not rise to at least I m  within a timeout @d (e.g., 
the cell has failed open), the bq2031 en- the Fault state. If 
teat 1 passea, the bq2031 then regdates current to I ~ I N D  (= 
I d  and watchea VCEIL (= VBAT - VSNS). If VCEIL d m  not 

riee to at least V ~ T  within a time-out period (e.g., the cell 
hasfa i l edshort ) ,aga inthe~ l~ tbeFaul t s ta te .  A 
hold-offpgiodieenf(F&dat thebeginningofqualifktionteet 
2 b e f o r e t b e b Q 0 3 1 ~ ~ * p a s s " ~ ~ t b e e c -  
Ondt&pasees,theWl~fast(bulk)charging. 

Once in the Fault state, the -1 waits until Vcc m cycled 
or a battery ineartion is detected. It then st& a new charge 
cycle and begins the qudifkation procees again. 

Charge Status Display 

.&&adispla~r~mabeb~rmfiguriag~in~~~~ -?&2shrn 
thethreemodesandWpog,~gpira 

The bq2031 do- not distinguish between an over-voltage 
fault and a "battery abaent" condition The bq2031 enters 
the Fault .state, annunciated by turning on LED% when- 

Table 2. bq2031 Display Output Summary 

DSEL = 1 
(Mode 2) 

DSEL = Float 
(Mode 3) 

Pre-charge qualification 

Fast charge - 
Maintenance charging 

Notes: 1 = Vcc; 0 = Vss; X = LED state when fault occurred; Flash = 'I6 s low, 46 s high. 
In the Pulsed Current algorithm, the bq2031 annunciates maintenance when charging current is off and 
fast charge whenever charging current is on. 

Fast charge: current regulation 

Fast charge: voltage regulation 
Maintenance charging 
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Figure 2. Two-Step Voltage Algorithm 
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Figure 3. Two-Step Current Algorithm 
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ever the battery is absent. The bq2031, therefore, gives 
an indication that the charger is on even when no battery 
is in place to be charged. 

Configuring Algorithm and Display 
Modes 
QSEL/LED3, DSEULEDz, and TSEL/LEDi are bi-direc- 
tional pins with two functions; they are LED driver pine 
as outputa and programming pins for the bq2031 as 
inputs. The selection of pull-up, pull-down, or no pull 
resistor programs the charging algorithm on QSEL and 
TSEL per Table 1 and the display mode on DSEL per 
Table 2. The bq2031 latches the program s t a b  when 
any of the following eventa occurs: 

1. Vcc rises to a valid level. 

2. The bq2031 leaves the Fault state. 

3. The bq2031 detects battery insertion. 

The LEDs will go blank for approximately 750me (typi- 
cal) while new programming data is latched. 

For example, Figure 5 shows the bq2031 conf~gured for 
the Pulsed Current algorithm and display mode 2. 

Figure 6. Configuring the Battery Divider 

Voltage and Current Monitoring negativeterminals of thebattery packisused topresent 
a scaled battery pack voltage to the BAT pin and an 

The bq2031 monitors battery pack voltage a t  the appropriate value for regulation of float (maintenance) 
BAT pin. A voltage divider between the positive and voltage to the FLOATpin.The bq2031 alsouses the volt- 
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ageacross asenseresietor(Rsns) between the negative 
terminal of the battery pack and ground to monitor 
current. See Figure 6 for the configuration of thie net- 
work. 

The mistor valuee are calculated fmm the following: 

Equation 1 

Equation 2 

RBI RBI VBM 

Equation 3 

where: 

N = Number of cells 

w VPLT = Desired float voltage 

m VBIX = Desired bulk charging voltage 

w IMAX = Desired maximum charge current 

These parametera are typically specified by the battery 
manufacturer. The total resistance preeented acroee the 
battery pack by RBI + Rl32 should be between 1M)kQ 
and 1MR.. The minimum value ensuree that the divider 
network does not drain the battery exceeeively when the 
power source is disconnected. Exceeding the maximum 
value increases the noise eueceptibility of the BAT pin. 

An empirical procedure for setting the valuee in the re- 
sistor network is as follows: 

1. Set FU32 to 49.9 kQ. (for 3 to 18 series cells) 

2. Determine RBI from equation 1 given VFLT 

3. Determine RB3 from equation 2 given VBIX 

4. Calculate R s ~ s  h m  equation 3 given IMAX 

Battery Insertion and Removal 
The bq2031 uses VBAT to detect the pRsence or abeence 
of a battery. The bq2031 determines that a battery is 
present when VBAT is between the High-Voltage Cutoff 
(VHCO = 0.6 VCC) and the Low-Voltage Cutoff (VLCO = 
0.8V). When VBAT is outside this range, the bq2031 
determines that no battery is present and transitions to 
the Fault state. Transitions into and out of the range 
between VLC~ and VHCO are treated as battery insertions 
and removals, respectively. Besides being uaed to detect 
battery insertion, the VHCO limit implicitly serves as an 

over-voltage charge termination, because exceeding this 
limit cause8 the bq2031 to believe that the battery has 
been removed. I 
The ueer must include a pull-up reeistor from the poei- 
tive terminal of the battery etack to VDC (and a diode to 
prevent battery discharge through the power eupply 
when the eupply is turned off) in order to detect battery 
removal during perioda of voltage regulation. Voltage 
regulation oceure in pre-charge qualifxation teat 1 prior 
to all of the faat charge algorithms, and in phase 2 of the 
Two-Step Voltage fa& charge algorithm. 

Temperature Monitoring 
The bq2031 monitare temperature by examinii  the volt- 
age presented between the TS and SNS pine ( V m )  by 
a wietor network that includee a Negative Temperature 
Coefficient (NTC) thermistor. ~e&etance  variations 
around that value are intemreted ae beina ~rowrtional - -  - 
to the battery temperature (ice F i  7). 

The temperature thresholds used by the bq2031 and 
their corresponding TS pin voltage are: 

TCO-Temperature cutoff-Higher limit of the 
temperature range in which charging i~ allowed. 
V m  = 0.4 Vcc 

Figure 7. Voltage Equivalent 
of Temperature Thresholds 
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HTF-High-temperature faultThreehold to 
which temperature must drop after temperature 
cutoff is exceeded before charging can begin again. 
VHTF = 0.44 Vcc 

m LTF-Low4emperatul.e fault-Lower limit of the 
temperature range in which charging is allowed. VLTF 
= 0.6 Vcc 

A resistor divider network must be implemented that 
preaenta the defined voltage levels to the TS pin at the 
desired temperatures (see Figure 8). 

The equations for determining RT1 and Wn are: 

Equation 4 

Equation 5 

0.44 - 1 

1 + 
RTl * (Rn + R m )  

(RT2 * RHTF) 

where: 

H RLTP = thermistor resistance at  LTF 

RHTP = thermistor resistance at HTF 
W O  is determined by the values of RTl and Rn. 1% 
resistors are recommended. 

Disabling Temperature Sensing 
Temperature sensing can be disabled by removing RT 
and using a lOOkR resistor for RT1 and RT2. 

Temperature Compensation 
The internal voltage reference used by the bq2031 for aU 
voltage threshold determinations is compensated for 
temperature. The temperature coefficient is -3.9mV,, 
normalized to 25OC. Voltage thresholds in the bq2031 
vary by thL proportion as ambient conditions change. 

Fast Charge Termination 

Fast charge termination criteria are programmed with 
the fast charge algorithm per Table 1. Note that not all 
criteria are applied in all algorithms. 

Figure 8. Configuring 
Temperature Sensing 

Minimum Current 
Fast charge terminatas when the charging current drop 
below a minimum current threshold programmed by the 
value of IGSEL (see Table 3). This is used by the Two- 
Step Voltage algorithm. 

Table 3. IMIN Termination Thresholds 

IGSEL p p j q  



Second Difference (A~v) 
Second difference is a Benchmarq proprietary algorithm 
that accumulates the difference between succeeeive earn- 
plea of VBAT. The bq2031 take8 a sample and makes a 
termination decision at  a frequency equal to 0.008 
t m .  Fast charge terminates when the accumulated dif- 
ference is S -8mV. Second difference is used only in the 
Two-Step Current algorithm, and is subject ta a hold-off 
period (see below). 

Maximum Voltage 
Fast charge terminates when VCEU 2 VBLK. VBLK is set 
per equation 2. Maximum voltage is used for fast charge 
termination in the Two-Step Current and Pulsed Cur- 
rent algorithms, and for transition from phase l to phase 
2 in the Two-Step Voltage algorithm. Thb criterion is 
subject to a hold-off period. 

HoM-off Periods 
Maximum V and A'V termination criteria are subject to 
a hold-off period at the start of f ad  charge equal to 0.15 
tmo. During this time, these termination criteria are 

ignored. 

Maximum Time-Out 
Faet charge terminates if the programmed MTO time is 
reached without some other termination shutting off fast 
charge. MTO is programmed fKun 1 to 24 houm by an 
R-C network on TMTO (see Figure 9) per the equation: 

Equation 6 

where R is in kR, C is in pF, and t m  is in hours. 
Typiially, the maximum value for C of 0.1pF is ueed. 

Fast charge termination by MTO is a Fault only in the 
Pulsed Current algorithm; the bq2031 enters the Fault 
state and waite for a new battery insertion, at  which 
time it begim a new charge cycle. In the Two-Step Volt- 
age and Two-Step Current algorithms, the bq2031 tran- 
sitione to the maintenance phase on IvlTO time-out. 

The MTO timer starte at the beginning of fast charge. In 
the Two-Step Voltage algorithm, it is cleared and restart- 
ed when the bq2031 transitions from phase 1 (current 
regulation) to phase 2 (voltage regulation). The MTO 
timer is suspended (but not reset) during the out-of- 
range temperature (Charge Pending) state. 

Figure 9. R-C Network for Setting MTO 

Maintenance Charging 

Three algorithms are used in maintenance charging: 

m Two-Step Voltage algorithm 

8 Two-Step Current algorithm 

8 Puleed Current algorithm 

Two-Step Voltage Algorithm 
In the Two-Step Voltage algorithm, the bq2031 provides 
charge maintenance by regulating charging voltage to 
V ~ T .  Charge current during maintenance is limited to 
ICOND. 

Two-Step Current Algorithm 
Maintenance charging in the Two-Step Current Algo- 
rithm is implemented by varying the period Crp) of a 
fmed current (ICOND = 1 4 )  and duration (0.2 seconds) 
pulse to achieve the configured average maintenance 
current value. See Figure 10. 

Maintenance current can be calculated by: 

Equation 7 

Maintenance current = 
((0.2) * ICOND) * ((0.04) * I m  

TP TP 
where Tp is the period of the waveform in seconds. 

Table 4 gives the values of P programmed by IGSEL. 



Table 4. Fixed-Pulse Period by IGSEL 

Pulsed Current Algorithm 

IGSEL 

In the Pulsed Current algorithm, charging current is 
turned off &r the initial fast charge termination until 
VCELL falls to V ~ T .  Full fast charge current OMAX) is 
then re-enabled to the battery until VCELL rises to VBLK. 
This cycle repeats indef~te ly .  

TP (sec.) 

Charge Regulation 

L 1 0.4 

The bq2031 controls charging through pulse-width 
modulation of the MOD output pin, supporting both 
constant-current and constant-voltage regulation. 
Charge current is monitored by the voltage at the SNS 
pin, and charge voltage by voltage at the BAT pin. These 
voltages are compared to an internal temperature-com- 

pensated reference, and the MOD output modulated to 
maintain the desired value. 

Voltage at the SNS pin is determined by the value of 
mistor RSNS, so nominal regulated current is set br. 

Equation 8 

The switching frequency of the MOD output is deter- 
mined by an external capacitor (CFWM) between the pin 
TFWM and ground, per the following: 

Equation 9 

where C is in )IF and F is in kHz. A typical switching rate 
is 100kHz, implying CPWM = 0.001fiF. MOD pulse width is 
modulated between 0 and Woof tbe switching period. 

To prevent oscillation in the voltage and current control 
loop, frequency compensation networks (C or R-C) are 
typically required on the VCOMP and ICOMP pine 
(respectively) to add pol- and zem to the loop control 
equations. A software program, 'CNFGU131,' is available 
to assist in c o d i g  these networks for buck type regu- 
lators. For more detail on the control loop in buck topol- 
ogy, see the application note, "Compensating the bq2031 in 
Buck-Mode Switching Applications.' For aseistance with 
other power aupply topologies, contact the factory. 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thie data sbeet. Expmre to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

DC Thresholds (TA = TOPR; vcc - sv *lo%) 

Notee 

Commercial 

Industrial W" 

10s. max. 

1 /Internal reference voltane 1 2.20 I V 1 1% ~ T A  = 25OC 1 

Maximum 

+7.0 

+7.0 

+70 

+86 

+I25 

+260 

+85 

Minimum 

-0.3 

-0.3 

-20 

-40 

-55 

-40 

Symbol 

Vcc 

VT 

Tom 

Tsn: 

TSOLDER 

TBIAS 

Symbol 

Unit 

V 

V 

OC 

OC 

OC 

"C 

"C 

Parameter 

Vcc relative to Vss 

DC voltage applied on any p i .  
excluding Vcc relative to Vss 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

Temperature under bias 

Parameter 

/ VRSF 

Rating 1 Unit I Tolerance / Notes 

VLTP 

VHTP 

VTCO 

VHCO 

- I I I I 

- 

VMIN 

VLCO 

TS maximum threshold 

TS hysteresis threshold 

TS minimum threshold 

High cutoff voltage 

/ VSNS / Current sense at SNS 

1Wo 

Under-voltage thre~hold at BAT 

Low cutoff voltage 

mV,C Temperature coefficient 

0.6 Vcc 

0.44 Vcc 

0.4 * Vcc 

0.m Vcc 

I I I 

-3.9 

0.34 Vcc 

0.8 

0.275 

0.05 

V 

V 

V 

V 

V 

V 

V 

v 

k0.03V 

k0.03V 

k0.03V 

*0.03V 

~ICOND 

Low-temperature fault 

High-temperature fault 

Temperature cut& 

*O.O3V 

*O.O3V 

1 M  I w  



Recommended DC Operating Conditions (TA = TOPR) 

Parameter 

Vcc 

VTEMP 

VCELL 

Icc 

'I' 

Vm 

Vrr. 

LED1, LEDz, LED3, output high 

MOD o u t ~ u t  high 

Supply voltage 

TS voltage potential 

Battery voltage potential 

Supply current 

DSEL tri-state open detection 

IGSEL tri-state o ~ e n  detection 

Logic input high 

Logic input low 

VOL 

Vcc-0.8 

Vcc-0.8 

4.5 

0 

0 

-2 

-2 

vcc-1.0 

Vcc-0.3 

LEDi, LEDz, LED3, output low 

MOD output low 

FLOAT o u t ~ u t  low 

COM output low 

I LED1, LEDz, LED3, source 

'OH MOD source 

In 

/ IGSEL logic input high source / -70 1 - 1 1 HA I V - V C C - O . W ~ ~ V ~ ~  

- 
- 

-10 

-5.0 

10 

5 

5 

30 

IOL 

DSEL logic input high source 

Notes: 1. All voltages relative to Vss except where noted. 

2. Conditions during initialization after Vcc applied. 

3. SNS = OV 

5.0 

2 

- 
- 
- 
- 

- 
- 
- 

LEDi, LEDz, LEDs  sink 

MOD sink 

FLOAT sink 

COM sink 

DSEL logic input low source 

IGsEL lopic i n m t  low source 

V 

V 

- 

8 I I 8 , 
-30 

5.5 

Vcc 

Vcc 

4 

2 

2 

V=+l.O 

V=+0.3 

IOHI  lOmA 

IOHS lOmA 

Vss+OBV 

Vss+OBV 

Vss+0.8V 

+30 

+70 

( pA / ~ = ~ c c - 0 . 3 V t d ' c c  

Vsst0.5 

V 

V 

V 

mA 

pA 

uA 

V 

V 

V 

V 

V 

V 

V 

PA 
uA 

VTS - VSNS 

VBAT- VSNS 

Outputs unloaded 

Note2 

QSEL,TSEL 

DSEL, IGSEL 

QSEL,TSEL 

DSEL, IGSEL 

IOLS lOmA 

IOLS lOm.4 

IOLS 5mA. Note 3 

V 

mA 

mA 

mA 

mA 

mA 

mA 

V = Vss to Vss+ O.SV, Note 2 1 
V = Vss to Vss+ 0.3V I 

b ~ 5  30mA 

Vm=Vcc-0.5V 

VOH =Vcc-0.5V 

VOL = Vss+0.5V 

VOL = Vss+0.8V 

VOL = Vss+0.8V, Note 3 

VOL = Vss+O.SV 



Impedance 

Symbol 

Rmm 

Rs~sz  

R m  

R-l 

RPROG2 

Ekrro 

Capacitance 

symbol 

tmo 

W1 

w2 
t ~ v  

t ~ o i  

t ~ a  

FPWM 

Parameter 

BAT pin input impedance 

SNS pin input impedauce 

TS pin input impedauce 

Soft-programmed pull-up or pull-down 
resistor value (for propammiq~) 

Pull-up or pull-down mistor value 

Charge timer resistor 

Parameter 

Charge time-out range 

Pre-charge qua1 test 1 time-out period 

Pre-charge qual test 2 time-out period 

A ~ V  termination sample frequency 

Pre-charge qual teat 2 hold-off period 

Bulk charge hold-off period 

PWM regulator frequency range 

Symbol 

C m  

c~~r.4 

Minimum 

50 

50 

50 

!&I 

Minimum 

1 

- 
- 
- 

Paramater 

Charge timer capacitor 

PWM R-C capacitance 

Notes 

DSEL, TSEL, and 
QSEL 

IGSEL 

Typical 

Typical 

0.02m 

0.16m 

0.008tIurro 

0.002tkm, 

0.01Sm 

100 

Minlmum 

Maximum 

10 

3 

480 

Maximum 

24 

Typical 

0.1 

0.001 

Unit 

Mn 

Ma 

Mn 

kQ 

KI 

kQ 

Unit 

houm 

kHz 

Maximum 

0.1 

Notes 

See Figure 9 

See Equation9 

Unit 

PF 

PF 



Data Sheet Revision History 

Renamed 

Consolidation 

Added figures 

Updated figures 

Added equations 

Nature of Change 

Clarified and consolidated 

Dual-Level Constant Current Mode to Two-Step Current Mode 
VMCV to VHCO 
VINT to VLCO 
twl to tQT1 
t w z  to tgn 

Tables 1 and 2 

Start-up states 
Temperature sense input voltage thresholds 
Pulsed maintenance current implementation 

Figures 1 through 6 

Thermistor divider network codiguration equations 

Raised condition 

Changed values 
Was 51K; is now 10K 

Description 

Descriptions 

Change No. 

1 

MOD VOL and VOH parameters from S5mA to S10pA 

1 

1 

Note: Change 1 = Dec. 1995 B changes from June 1995 A data sheet. 
Change 2 = Sept. 1996 C from Dec. 1995 B. 

Page No. 

Ordering Information 

Corrected 
Conditions 

Added table 

Temperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)* 

VSNS rating from VMAX and VMIN to IMAX and IMIN 

Capacitance table for C m  and CPWM 

'-Package Option: 
PN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 

Device: 
bq2031 Lead Acid Charge IC 

Contact fadory for availability. 



@ BENCHMARO Product grief DV2031 SI  
Fast Charge Development System a 

Control of On-Board 
PNP Switch-Mode Regulator 

Features 
bq2031 fast charge control evaluation and 
development 

> Accepts AC (21V RMS max.) or DC (30V max.) inputs 

> On-board configuration for fast charge of 3 or 6 
lead-acid cells; user-defined option allows other 
configurations 

* Selectable charge algorithms: Two-Step Voltage, 
Two-Step Current, or Pulsed Current 

Constant current (up  to 3.5A) and constant voltage 
(up to 15V) provided by on-board switch-mode 
regulator 

Charge termination by maximum voltage, second 
difference of cell voltage, minimum current, or 
maximum time-out 

> Direct connections for battery, thermistor, and reset 
signal 

Jumper-configurable three-LED display 

General Description 
The DV2031Sl Development System provides a develop- 
ment environment for the bq2031 Lead-Acid Fast  Charge 
IC. The DV2031Sl incorporates a bq2031 and a buck- 
type switch-mode regulator to provide fast charge control 
for 3 or 6 lead-acid cells. 

The DV2031S1 can be configured for three different 
charge algorithms with jumpers J P 2  and  JP3 .  The 
charge algorithms available are: 

Two-Step Voltage 

Two-Step Current 

Pulsed Current 

Each algorithm consists of pre-charge qualification, fast 
charge, and maintenance charge periods. 

Fast  charge termination occurs on: 

Minimum current 

Maximum time-out 

The maintenance charge may be configured for either a 
regulated float voltage or a pulsed current. 

The bq2031 can be reset and a new charge cycle started 
with either the momentary on-board switch (SW1) or via 
t,he INH input on connector 52. The reset signal simulates 
a "Battery Absent" condition. Charging is inhibited a s  long 
as  the reset signal is active; once it is released, the charge 
cycle re-starts a t  pre-charge qualification. 

A full data sheet for this product is available on our web 
site ihttp://www.benchrnarq.com), or you may contact the  
factory for one. 

Maximum voltage 

The second difference of cell voltage (A%) 

Nov 1995 Rev. C Board 



DV203 1 S 1 Product Brief 

The w pmvidee a power supply (AC or DC) and batteries Before uskg the DV2031S1 board, pleaee review the -1 
and configures the board for the number of cells, the maxi- data sheet and the application note entitled "Using the 
mum time-out period, the minimum current threshold, and bq2031 to Charge M-Acid Bathieam. 
the LED display mode. The board has direct connections 
for the battery and the provided thermistor. 

DV2031S1 Board Schematic 

I I 
Rev. C Board Nov. 1095 

1-224 



Using the bq2031 

to Charge Lead-Acid Batteries a 
Description of Operation pended, charging current is kept off by MOD being held 

low, and the state in annunciated by LED3 alternating 
The bq2031 has two primary functions: lead-acid battery high and low at approximately b#h eecond intervals. 

- 

charge control and switch-mode power conversion 
control. Figure 1 ie a block diagram of the bq2031. The 
charge contml circuitry is capable of a variety of full- 
charge detection techniques and supporta three different 
charging algorithms. The Pulse-Width Modulator 
(PWM) provides control for high-efficiency current and 
voltage regulation. 

Starting a Charge Cycle and Battery 
Qualification 
When Vcc becomes valid (rises past its minimum value), 
the first activates battery temperature monitoring. Tem- 
perature is indicated by the voltage between the pins TS 
and SNS ( V m ) .  If the bq2031 finds the temperature 
out of range (or the thermistor is absent), it enters the 
Charge Pending State. In this state, all timers are sus- 

Temperature checks remain active throughout the 
charge cycle. They are masked only when the bq2031 is 
in the Fault state (eee below). When the temperature 
returns to the allowed charging range, timere are 
restarted (not met) and the b q m 1  retuna to the state 
it was in when the temperature fault occurred. 

When the thermistor is preeent and the temperature is 
within the allowed range, the bq2031 then checks for the 
presence of a battery. If the voltage between the BAT 
and SNS pine (VCR& is between the Low-Voltage Cut- 
Off threshold (Vm) and the High-Voltage Cut-Off 
(VHOO), the bq2031 perceives a battery to be present and 
begins pre-charge battery qualification after a 50(hns 
(typical) delay. If any new temperature or voltage faulte 
occur during thie time, the bq2031 immediately transi- 
tions to the appropriate state. 

v cc TMTO TPWM 
n n n 

1 

v 88 

IGSEL 

TS 

VCOMP 

BAT 

SNS 

LED* 
L a 3  
FLOAT 

COM 

MOD 

Figure 1. Block Diagram of the bq2031 
Dec. 1995 1/18 



Using the bq2031 to Charge Lead-Acid Batteries 

If VCEU is lesa than V m  or above VHCO, the bq2031 
believes no battery is present and enters the Fault atate; 
MOD is held low and LED3 is turned on. This light gives 
the customer an indication that the charger is on, even 
though no battery is present. The bq2031 leaves the 
Fault state only if it sees VBAT rise past VLCO or fall past 
VHCO, indicating a new battery insertion. If temperature 
is within bounds, there will again be a 500rna delay be- 
fore battery qualification teata atart. 

Battery Qualification Tests 
In teat 1, the bq2031 attempts to regulate a voltage = 
VFLT + 0.%V acroee the battery pack. The bq2031 moni- 
tors the time required for Ims, the charging current, to 
rise to ICOND = I d .  If the current fails to rise to this 
level before the time-out period ~QTI expires (e.g. the bat- 
tery has failed open), the bq2031 entera the Fault state, 
indicated by the LED3 pin going high. Charging current 
is removed fmm the battery by driving the MOD pin low, 
and the bq2031 remains in this state until it detects the 
wnditions to start a new charge cycle; the battery is re- 
placed or Vcc is cycled off and then back on. 

If test 1 passes, the bq2031 will start test 2 by attempt- 
ing to regulate a charging current of ICOND into the bat- 
tery pack. It will monitor the time required for the pack 
voltage to rise above VM~N (the voltage may already be 
over this limit). If the voltage fails to rise to this level 
before the time out period tqm expires (e.g., the battery 
has failed short), the bq2031 again enters the Fault state 
as described above. If teat 2 passes, the bq2031 then 

Figure 2. Cycle Startl'attery 
begins fast (bulk) charging. Qualification State Diagram 

Fast Charging 
"Second Difference" of cell voltage drops below -8mV 
while VBAT is over 2.OV. Second Difference is the accu- - - 
mulated~ differences between successive samples of 

The user configures the bq2031 for one of three fast VBAT. The Second Difference technique looks for a 
charge and maintenance algorithms. negative change in battery voltage as the battery be- 

gins overcharging (aee Figure 6). 
Two-Step Voltage (Figure 3) 

Maintenance phase: Fixed-width pulsea of charging 
This algorithm consists of three phases: current = ICOND are modulated in frequency to achieve 

Fast charge phase The is limited an average value of Ium. See Appendix A for imple- 

at IMAX until the cell voltage rises to VBLK. mentation details. . Fast charge phase 2: The charging voltage is r e p -  Pulsed Current (Figure 5) 
lated at VBU until the charging current drops below 
IMW. This algorithm consists of two phases: 

Maintenance phase: The charging voltage is regu- rn Fast Charge phase: The charging current is regulated 
lated at V ~ T .  at IMAX until the cell voltage rises to VBLK. 

Two-Step Current (Figure 4) 

This algorithm consists of two phases: 

m Maintenance phase: Charging current is removed un- 
til the battery voltage falls to V ~ T ;  charging c m n t  
is then restored and regulated at IMAX until the bat- 
terv voltme once again rises to VBM. This cycle is 

m Fast Charge phase: The charging current is regulated repeated &definitely. 
at IMAX until the cell voltage rises to VBLK or the 
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time 

Figure 3. Two-Step Voltage Algorithm 
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Safety Time-out 
A safety timer limits the time the charger can spend in 
any phase of the charging cycle except maintenance. 
This Maximum Time-Out (hlTO) t i e r  is reset at the end 
of successful pre-chye qualir~cation when the bq2031 
begins fast charging . If MTO times out before a fast 
charge termination criterion is met, the charging current 
is turned off (MOD driven low) and the bq2031 enter8 the 
Fault state exactly as if it had failed a pre-charge qualifi- 
cation test. 

There is one exception. In the Two-Step Voltage algo- 
rithm, MTO is reset when the bq2031 transitions from 
the current-limited phase 1 to the voltage-regulated 
phase 2 of fast charging. If MTO expires while the 
bq2031 is still in phase 1, it does not enter the Fault 
state but instead transitions to phase 2 (and MTO is 
reset). If MTO expires while the bq2031 is still in state 
2, the bq2031 enters the Fault atate. 

During maintenance, the MlW timer is reset a t  the be- 
ginning of each new pulse in the Two-Step Current and 
Pulsed Current algorithms. It expires (and puts the 
bq2031 in the Fault state) only if the bq2031 became 
'jammed" with a pulse stuck on. The MTO timer is not 
active during the maintenance phaee of the Two-Step 
Voltage algorithm. 

Figure 6. Voltage Roll-Off In Constant 
Current Charging Protile 

Hold-off Periods 
Old age andlor abuse can create conditions in lead-acid 
batteries that may generate a large transient voltage 
spike when current-regulated charging is f& applied. 
This spike could cause early termination in the fast 
charge algorithms by mimicking their voltage-based ter- 
mination criteria. To prevent this, the bq2031 ueea a 
'hold-off period a t  the beginning of the fast charge 
phase. During this time, all voltage criteria are ignored 
except cutoff voltages. (Straying outside the range be- 
tween VHCO and V m  hill cause8 the bq2031 to believe 
the battery hae been removed, and the bq2031 enters the 
Fault state and shuts off charging current.) A hold-off 
period is also enforced during teet 2 of pre-charge qualifi- 
cation for the same reason. 

Configuration Instructions 
Selecting Charge Algorithm and Display Mode 
QSEYLED3, DS-, and TS-I are bidirec- 
tional pins with two functions: they are LED driver pins 8s 
outputa and programming pins for the bq2031 ae inputs. 
The selection of pull-up, pull-down, or no pull reektor for 
these pins programs the charging algorithm on QSEL and 
TSEL per Table 1 and the diilay mode on DSEL per 
Table 2 The bq2031 forces the output driver on these 
bi-directional pins to their high-impedance state (as well as 
their common return output pin, COW and latches the 
programming data sensed on the inputs when any one of 
the following three eventa occurs: 

1. Vcc rises to a valid level. 

2. The bq2031 leaves the Fault state. 

3. The bq2031 detects battery insertion. 

The LED8 go blank for approximately 0.75s. (typical) 
while new programming data is latched. 

Figure 7 shows the bq2031 configured for the h l sed  
Current algorithm and display mode 2. 

Table 1. Programming Charge Algorithms 
I I 1 I Programmable 1 
charge ~lgorlthms / QSEL I TSEL ( Thresholds 

Two-Step Voltage / L / H/L' 11- VBM. V-T 
Two-Ster, Current I H I L / IMAX, VBLK, IMIN 

PulsedCumnt / H 1 H / Iw,VBI~(,VFLT 
Note: Set either high or low; do not float ph. 

The MI'O timer ebo reeets at the keginning d the p h a r g e  qualificstim 
praiod. How*, t$T1 or t$T2 (the qualirrcation trst time limite) e x p k  and 
put the tqS.XB1 in the Fault state before the MI'O limit can be ~ h e d  Tk 
MID timer ia aupmded while the bq2031 is m the Fault state, and is reset by 
the mnditions that allow tbe bqa331 to exit that stah 
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and Display Mode Selection 

a 

Note: 1 = Vcc, 0 = Vss, X = LED state when fault occurred. 
Flash = 4s sec. low, 4s eec. high 
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1oK 10K 
1K 4 
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Figure 7. Configuring 10K Two-Step Charging Algorithm 
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A resistor-divider network must be implemented that 
presenta the defiid voltage levels to the TS pin at the 
desired temperatures (see Figure 10). 

The equations for determining RT1 and RT2 are: 

Equation 4 

Equation 5 

where: 

RLTF = Thermistor resistance at LTF 

RHTF = Thermietor resistance at HTF 
Figure 11. RC Network 

TCO is determined by the valuea of RTI and Wn. 1% 
resistors are recommended. Ae an example, the resistor for Setting MTO 
valuea for aeveral temperature windm computed for a 
Philip 23XL610-63103 thermistor 82.e shown in Table 5. ~ i ~ b l i ~ ~  Temperature Sensing 

Table 5. RT1 and RT2 Values for 

3.57 7.50 
45 47 3.65 8.66 

Temperature sensing may be disabled by  moving the 
thermistor and RTl, and using a value of lOOkS2 for RT1 
and RT2. 

Setting Timers 
The user eeta the Maximum Time-Out m) value. All 
other timing perioda used in the bq2031 are fued as frac- 
tione of M"lD (see Table 6). M'lb is set by an R-C net- 
work on the TMTO pin an shown in Figure 11. 

Table 6. Timing Parameters 

Unit 

h o w  

Maximum 

24 

- -  - 

Typical 

0.02twm 

0.16twm 

0 . 0 0 s ~  

0.002tMTo 

0.015twm 

Minimum 

1 

Symbol 
b 

tm 

tQTl 

,tan 
~ D V  

~ H O I  

~HOZ 

Parameter 

Maximum Time Out range 

Qualification time-out teat 1 

QuaMcation time-out teat 2 

-A% termination sample frequency 

Qu

alifi

cation test 2 hold-off period 

Bulk-charge hold-off period 
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The equation for MTO is: 

Equation 6 

where R is in kR and C is in pF. The value for C mwt 
not exceed 0.1pF. 

Example: An hl"I'0 of 5 h o w  is set by R = lOOkR and C 
= 0.1pF 

Switch-Mode Power Conversion 
The bq2031 incorporates the necessary PWM control 
circuitry to support switch-mode voltage and current regu- 
lation 

Figure 12 shows a functional block diagram of a switch- 
mode buck topology converter wing the bq2031. The bat- 
tery voltage is divided down to a per-cell equivalent value 
at the BAT pin. During voltage regulation, the voltage on 
the BAT pin (h~) is regulated to the internal band-gap 
reference of 2.2V at  25OC (with a temperature drift of -3.9 
mVPC). The charge current through the inductor L is 
sensed acroee the resistor h s .  During current regula- 
tion, the bq2031 regulates the voltage on the SNS pin 
(VSNS) to a temperature-compensated reference of 
0.275V. 

The passive components CI on the I m m  pin, Rv and Cv 
on the VCOMP pin, and Cp acmes the high side of the 
battery voltage divider form the phase cornpeneation net- 
work for the current and voltage control loops, respec- 
tively, The diodes @bl and DbZ) serve to prevent battery 
drain when VDC is abaent, while the pull-up reaietor 
(Rp) is used to detect battery removal. The resistor Rs, 
typically a few tens of mR, is optional and depende on 
the battery impedance and the resietance of the battery 
leads to and from the charger board. 

Pulse-Width Modulator 
The bq2031 incorporatss two PWM circuits, one for each 
control loop (voltage and current, see Figure 13). Each 
PWM circuit runa off a common saw-tooth waveform (Vs) 
whose time-base is controlled by a timing capacitor 
(Cpwp.1) on the TPWM pin. 

The relationship between C m  and the switching fre- 
quency (Fs) is given by : 

Equation 7 

Oel kHz Fs-- c m  

where C m  is in pF. 

Each PWM loop s t .  with a comparator whoee poeitive 
terminal is driven by Vs. The negative terminal is driven 
by the output of an Operational ?kamamductance Am- I 
~lifier (OTA) which, with the comwnsation network con- 
hected h a  V- & I ~ M P ,  gen&ates the control signal 
Vc. The OTA characteriatica am: Ro = 250kn; GM = 
0.42m-mho; gain bandwidth = 80MHz. The output of 
each comparator, along with the ramp waveform (Vs), ia 
wed to generate a pulee-width modulated waveform at a 
constant frequency on the MOD output. Figure 14 shows 
the relationehip of MOD with Vc and Vs. 

The MOD output swings rail-to-rail and can source and 
sink 10mA. It ie ueed to control the drive circuitry of the 
switching transietor. 

The pulse-width modulated square-wave signal on the 
MOD pin is synchronized to the internal sawtooth ramp 
signal. The ramp-down time m) is fixed at  approxi- 
mately 20% of the ramp time-period ('l'b). Thie b i t e  the 
maximum duty-cycle achievable to approximately 80%. 
See F i  14. 

Example: At a switching frequency of Fs = 100kHz, 'Ib = 
2 ~ .  

inductor Selection 
The inductor selection criteria for a DC-DC buck con- 
verter vary depending on the charging algorithm wed. 
For the Two-Step Current and Pulsed Current charge 
algorithms, the inductor equation b: 

Equation 8 

where: 

8 N = Number of cells 

VBLK = Bulk voltage per cell, in volta 

Fs = Switching frequency, in hertz 

AI = Ripple current at IMAX, in amps 

The ripple current is usually set between 20-25% of I w .  

Example: A 6-cell SLA battery is to be charged at I w  = 
2.75A in a buck topology running at 1OOkHz. The VBU< 
threshold is set at 2.45V per cell and the charger is con- 
f i d  for U e d  Current mode. Aesurning a ripple = 
2590 of I m  the inductor value required is: 

Equation 9 
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Figure 12. Functional Diagram of a Switch-Mode Buck 
Regulator Lead-Acid Charger Using the bq2031 
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The inductor formula for the Two-Step Voltage charge 
algorithm is dictated by the inductor current, which 
must remain continuous down to I M ~  during Fast 
Charge phase 2 (voltage regulation phase). 

Equation 10 

Example: A 6-cell SLA battery is to be charged at IMAX = 
2.75A in a buck topology m i n g  at 100 kHz. The VBLK 
threshold is set at 2.45V per cell and the charger is con- 
figured for Two-Step Voltage mode, with IMDJ = IU,W~O. 
The inductor value required is: 

Equation 11 

Phase Compensation 
For buck-mode switching applications, the suggested compo- 
nent values shown in Figure 12 are good etarting points. 
Further assistance is available from the bq2031 con6gura- 
tion SORware program "CNFG2031.' M m  details on the cal- 
culations used in this program are available in the 
application note entitled 'Compensating the bq2U31 in Buck- 
Mode Switching Applicatiom.' For assistance with other 
power supply topologies, contact the fadory. 

Miscellaneous Issues 

The Vcc supply provides bq2031 power and serves as the 
reference voltage for all temperature sense thresholds 
(VLTF, VHTF, and Vmo) and the battery voltage thresh- 
olds VHCO and V M ~ .  The timer thresholds (MTO and its 
derivatives) are trimmed within 6% of the typical value 
with Vcc = 5V. 

The VBLK and VFLT thresholds are set from an external 
divider network powered by the battery. These thresh- 
olds are referenced to an internal band-gap reference, 
and the accuracy of voltage regulation will not be ad- 
versely affected by variation in Vcc. The current regula- 
tion threshold ( I d  is referenced to a temperature 
compensated reference and is also unaffected by Vcc. 

DC Power Supply 
The DC power supply voltage (VDc) for a switch-mode 
application must satisfy the following criterion: 

Equation 12 

where: 

N = Number of cells 

B VBLK = Bulk voltage threshold per cell 

Logical Control of Charging 

Charge Inhibit 
An inhibit input may be implemented by connecting the 
cathode of a emall-signal diode to the TS pin. A CMOS 
logic-level '1' applied to the anode of the diode then func- 
tions aa an inhibit input, by driving the temperature 
senee voltage out of ita allowed range and simulating an 
under-temperature condition. The bq2031 enters the 
Charge Pending state, shutting off charging current 
( d r i w  MOD low) and suspending all timers. When the 
Inhibit signal is allowed to float, the bq2031 returns to 
its previous state (as long as the temperature is still 
within the allowed range). The bq2031 reatarts (but does 
not reset) its timera, and the suspended charge cycle re- 
sumes at the point where it stopped. 

Reset 

A logical Reset signal for the bq2031 can be created in a 
manner similar to the Charge Inhibit input desQibed 
above. Instead of W i g  connected to the TS pin, how- 
ever, the diode is connected to the BAT input. In this 
confiiation, a logic '1" on the diode drives VBAT above 
VHCO, simulating battery removal. The bq2031 enters 
the Fault state and waits to see a battery insertion; VBAT 
rising past V m  or falling past VHCO. Removing the 
logic '1" from the diode creates this transition (as long a 
battery is still present), and the bq2031 starb a new 
charge cycle. 

Caution: To avoid damage the bq2031, always 
keep the voltage applied to the anode of the diode 
below Vcc for either the Charge I

nhi
bit or Reset 

implementations. 

Layout Guidelines 
Printed circuit board layout must adhere to the following 
guidelines to minimize noise injection on the high- 
impedance pins (BAT, VCOMP, ICOMP, and SNS). 

1. Use a single-point grounding technique such that 
the isolated small-signal ground path and the high- 
current power ground path return to the power sup- 
ply ground. 

2. The charging path components and traces must be 
isolated from the voltage and current feedback 
small signal paths. 

3. O . 1 P  and l o p  decoupling capacitom must be placed 
close to the Vcc pin. This also helpa to prevent voltage 
dips while the bq2031 is driving the LEDs. 
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4. A lOOpF capacitor, if used for coupling the BAT and 
SNS pins, must be placed doee to thorn pins. 

5. The compensation network on ICOMP and VCOMP 
must be placed close to their respective pins. 

6. Minimize loop area in paths with high pulsating 
currents. In the example in Figure 15, this loop ia 
fanned by D9,Q2, and CS. 

Battery Removal Detection 
The bq2031 interprets VBAT r i e i  past VHCO or falling 
past V w  as battery removal, and the bq2031 enters the 
Fault state until a new battery ineert.0~ ie seen. The 
battery removal traneitions are precluded during pePiods 
of voltage regulation unless circuitry (e.g., a pull-up to 
VDC) ie provided to pull VBAT out of the 'battery pre- 
sent" range. 

Voltage regulation occurs during phase 2 of the Two-Step 
Voltage fast charge algorithm and in battery qualifca- 
tion test 1 which precedes all three algorithms. The 
time-out period of this teet (= 0.02 MlD) ia at least 1.2 
minutes and may be ae long as 28.8 minutes. Unless 
waiting through thii period before detecting battery re- 
moval ie acceptable, the pull-up ie required in the purely 
current regulated  algorithm^ as well. A diode should 
also be W e d  in the path of the pull-up to prevent the 
power supply from draining the battery when the supply 
ie turned off. Refer to resistor R12 and diode D3 in the 
example design in Figure 15. 

This pull-up creates a background trickle charge current 
to the battery that can be minimized by minimizing the 
voltage overhead; that is, the voltage difference between 
the VM: supply and the battery stack. 

Load-Only Operation 
The bq2031 supports the case in which the charger must 
supply the load in the absence of a battery, provided the 
load can pass the two pre-charge qualifications tats 
(draw m n t  of at  leaat ICOND when regulated at V ~ T  + 
0.25V and maintain voltage of at  least VMIN when regu- 
lated at ICOND). Further, the load must not create condi- 
tions that cause fast charge termination or it must be 
able to tolerate the conditions of maintenance regulation 
for the charge algorithm selected. This ie regulation at 
Vmn. in the caee of the Two-Step Voltage algorithm or 
constant or hysteretic pulsed current supply in the case 
of the Two-Step Current and Puleed Current algorithms, 
respectively. This can be a problem for intermittent 
loads unleae circuitry ie provided to maintain these wn- 
ditions during the low-load or no-load periods. 

Back-up Supply Regulation 
Topmtectthe~frcandamageduringperiodeoffaet 
charge voltage -ation, the b q m 1  regulatee to IMAX if the 
current Ma to riee above that level, and has an abaolute 

anmat limit d 125 * I m ~ ~ . S i d M y , c h r r i n g ~ a f f a s t  
c h m  aurent regulation, the b e 1  en6a*ms a VBLK upper 
limitmvolteee, andregulatas to V ~ ~ ~ i f t b 8  voltape-to 
rieeakrvethislevel. Duringthemain-ceh 
b q m 1  qdatea to VKT and I ~ I N D  during periods d ant 
ren torvokage l -3@hth~vebr .  

Appllcatlons Example: Single- 
Ended Buck Charger 
Charger Specificatiom: 

B C h m  Algwithm: Two-Step Voltam mode 

Charge Current: 2.76 A 

m Battery Specifications: Yuaea 12V. lOAh 

The following information is derived from the battery 
specifications: 

Number of cells = 6 (divide battery voltage by 2, the 
SLA nominal V/cell) 

Capacity = 10 amp-hours 

VBM threshold = 2.4V per cell (from the cyclic voltage 
specification) 

The safety timer (MTO) ia set equal to the amp-hour 
capacity divided by the charge euxre.nt: 

Equation 13 

m The temperature window of operation from the Yuaea 
battery specifcationa ie OOC45OC. This gives: LTF = 
OOC and HTF = 45OC 

Apply these parametere in equations 1 through 10 to 
determine values for the following: 

Battery divider network 

MTO time-out 

m Temperatun? window network 

The final schematic (eee Figure 15) uses a low VCE (sat), 
high-gain, high-bandwidth PNP transititor (Q2) as the 
ewitching device in a single-ended buck topology powered 
fmm a DC supply of 24 V. 

The power filter inductor (L2) ie a 78-turn powdered-iron 
toroidal core inductor from Micrometale. The capacitor 
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(C4) is used to supprese the inductive effect of long lead 
wires from the board to the battery. The low Q inductor 
(Ll) causes transietor Q2 to turn off faster during the 
commutation period. See Table 7 for the part6 liat for the 
design. 

Figure 15. Example Schematic of a Single-Ended 

Buck Topology Charger Using the bq2031 
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Table 7. Parts List for a Single-Ended Buck Charger 

Item 
1 

Quantity 
2 

a 
2 
3 
4 
5 
6 
7 
8 
9 

Reference 
C1, C3 

Part 
O.1pF 

1 
1 
1 
2 
2 
3 
1 
1 

C2 
C4 
C6 

C6, C7 
C8, C9 

Dl. D2, D8 
D3 

-- D4 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

lOpF 
47pF 
lOOpF 
lOnF 
1nF 

IN4148 
IN5400 
IN6231 

D5. D6. D7 
D9 
L1 
L2 

61, 63 
€22 

R9. WTl 
R1, R5 

R2, R3, R4, R8 
R6 
R7 

R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 

R21, R22 
U1 

3 
1 
1 
1 
2 
1 
2 
2 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 

LED 
IN6821 
lOpH 

487pH 
2N3904 
ZBD949 

10K 
50K 
1K 

6.81K 1% 
3.74K 1% 
460K 1% 

82K 
51K 
lUlK 

lK, lW, 5% 
330 1W 

120 
51 

243K 1940 
49.9K 1940 

0.1 
0.1R 

bs2031 
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Ap ndix A: Im lementation P e 8  
Table 8 gives the values o£ TP programmed by IGSEL 

De ils of Puls Maintenance 
Charging Table 8. Fixed Pulse Period by IGSEL 

Equation 14 

((0.2) ICOND) _ ((0.04) IMAX) 
Maintenance current TP n 
where Tp is the period of the waveform in seconds. 

TP (8ec.) 

0.4 

0.8 

1.6 

Two-step Current Algorithm 
Maintenance charging in the Two-Step Current Algo- 
rithm is implemented by varyine the period Crp) of a 
f ied current (ICOND = I d )  and duration (0.2 eecond) 
pulse to achieve the confiired average maintenaace 
current value. See Figure 16. 

Maintenance current can be calculated by: 

IGSEL 

L 

H 

Z 

1 T, = 0.8 sec 4 I 

- . - - - . - - .  
..... . . . . . . .  

+T, = 0.4 seek 
0.2 sec. 

- . - .  
. . . . . . . . . . . . . . . . . . . . .  

ICOND 
IGSEL=L ri _ . _ . _ . _ _ . _  
ave. current 

I I 

Figure 16. Implementation of Fixed-Pulse Maintenance Charge 

, _ . _ . . _ . _ .  
. . . . . . . . .  

-- . 
. . . . . . . . . . . . . . . . . . . . .  

'COND IGSEL = H 
ave. current 3 . - . - . - . - . - . -. , - . - . - . - . - - - 

.. . . . . . . . . . . . . . . . . . . .  I~OND , 
IGSEL = Z 
ave. current . , . , . , . - . - . - . - . - . - .  - . - . - - 

. . . . . . . .  0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. - - 
. . . . . . . . . . . .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .* - d . . . . . . .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 

le T, = 1.6 sec 4 
. . . . . . . . .  - - 

. . . . . . .  

-- . . .  . 



preliminary Switch-Mode Power 

Conversion Using the bq2031 a 
Introduction 

The bq2031 incorporates the necessary PWM control cir- 
cuitry to support switch-mode voltage and current regu- 
lation, as required by its charge control function block 
This application note describes how to configure the 
bq2031 in buck mode switching power supply topology. 
A methodology for phase compensation of the voltage and 
current feedback loops is recommended. A brief descrip- 
tion of the PWM control circuitry and phase compensa- 
tion criteria appears below, followed by a discussion deal- 
ing with topology specific issues. 

The Pulse Width Modulator 

The bq2031 incorporates two voltage mode direct duty 
cycle Pulse Width Modulators, one for each control loop 
(voltage and current). A block diagram is shown in Fig- 
ure 1. Each FWM runs off a common saw-tooth wave- 
form whose time-base is controlled by a capacitor, CPWM 
on the TPWM pin. 

The relationship of C m  to the switching frequency, Fs 
is given by: 

Equation 1 

where: 

The PWM for either loop coneists of a comparator 
whose positive terminal is driven by the output of the 
sawtooth ramp signal, Vs, while the negative terminal 
is driven by the output of an Operational Wansconduc- 
tance Amplifier (OTA). The output is the control sig- 
nal, Vc. The output of each PWM i a  logically ORed to 
generate a constant frequency pulse width modulated 
rectangular waveform a t  the MOD output. The rela- 
tionship of the MOD output with reaped to the OTA 
control signal, Vc, and the sawtooth ramp signal, Vs, is 
shown in Figure 2. 

VCOMP - - - - - - - - - - - - ---------  
BAT I "EF 

I 
I 
I 
I 

I 
I 

TPWM I 
I 

- RAMP vs MOD 
'r OSCILLATOR CONTROL ? I 

I ''BAT - VSNS 
I 

I 
I 

I 
I 

I 
I 
I 

'camp 

Figure 1. Block Diagram of the bq2031 PWM Control Circuitry 
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Switch-Mode Power Conversion Using the bq2031 Preliminary 

The MOD output swings rail-to-rail and can source and 
sink 10m.A. It is used to control a switching transistor in 
a switch-mode application. 

The pulse width modulated square wave signal on the 
MOD pin is synchronized to the internal sawtooth ramp 
signal. The ramp-down time (I'D) is f ~ e d  at approxi- 
mately 20% of the total period (Tp). This condition lim- 
its the maximum duty-cycle to approximately 80%. For 
example, with a switching frequency Fs = 100kHz, TD = 
2ps. 

Phase Compensation 

in any feedback control system, phase compensation 
is necessary to achieve both loop stability and dynamic 
line and load msponse. AS shown in the PWM block 
diagram (Figure 1) the bq2031 provides two high-irnped- 
ance nodes, Icom and VCOMP, for current and voltage 
loop phase compensation. In a battery charger applica- 
tion the dynamic load response is not as much a concern 
as loop stability, especially during voltage regulation. 

MOD 

Voltage and Current Control Loops 
Two independent PWM function blocks implement direct 
duty cycle control for current and voltage regulation. 
During current regulation the feedback signal is the volt- 
age acrcas the current sense resistor, RSNS, a~ shown in 
the current feedback loop model of Figure 3. 

The current regulation total open-loop tranefer function, 
I&), may be expressed as: 

Equation 2 

Ids) - A(s) * Pds) me) 

where: 

u A(s) is OTA error amplitier and compensation 
network transfer tunction, V g o  

PI@) is the PWM transfer function. IYVC 

M s )  is the power train transfer function, V& 

D is the duty cycle of the PWM waveform 

m 

1 Exaggerated for clarity 

Control 
Signal 
(Vc) 

Figure 2. Relationship of MOD Output to Sawtooth Waveform 

Vs and Control Signal Vc 

2116 June 1 996 



Preliminary Switch-Mode Power Conversion Using the bq2031 

During voltage regulation, the feedback signal is the volt- (between RBI and RB2). The voltage feedback control 
age sensed at the midpoint of the battery voltage divider loop is modeled aa shown in Figure 4. 

I 

Figure 3. Model of Current Control Loop 

1 

bq2031 Error Amp and PWM 
27s tnv V,, O output Power Stage 

A - 
bq2031 Error Amp and PWM 

.... 
CF-- 

RBI 
2.2 v ; v,, O ................................................ Output Power Stage 

-- 
Error 

4 1 

BAT i 
................... ..__..... .................. .: - A(s) 

. - - 
........................................... 

RB3 RB2 
Rv 

" s - - 

VS 
SNS- - PWM 

, 

MOD 

I 

Figure 4. Model of Voltage Control Loop 

June Is66 311 6 
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A(s) 
- - - 

PT(s) - 
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For voltage regulation, the total open-loop transfer func. 
tion, VL(S), may be expressed as: 

Equation 3 

where: 

a m s )  i s  the transfer function of the output power 
stage, VdD. 

The switching frequency and circuit topology of the sys- 
tem dictate the gain-frequency characteristics of the out- 
put power stage. The PWM characteristics are fixed 
within the bq2031. Thii situation leaves the OTA and its 
associated compensation network as the only function 
block whose characteristics can be changed to achieve 
the desired loop stability and response. 

P,(s) (the transfer function for the PWM) is given as: 

where: 

DMAX ia the maximum duty cycle of the PWM waveform 

Vs is the peak-tupeak amplitude d the eawhtb wavefolm 

For the bq2031, Vs is tmed at  l .W, and the maximum 
duty cycle is 80%. This condition reduces the PWM 
transfer function to: 

Equation 4 

Pm(s) - 0.47 

m s )  (the transfer function for the output power stage) is 
given as: 

The Error Amplifier 
Equation 5 

The bq2031 error amplifiers are the OTA (Operational 
Transconductance Amplifier) type. The parameters of PI@) - 
interest (see Figure 6) are: 

V I N ' ( ~ + S  *Ri  *CB) 'RSNS 
Transconductance gain, gm = 0.42 milli-mhos R~+RSN~+S[L+RORL*CB+RSNS+R~*CB]+S~L*RL*CB 

Output resistance of error amplifier, R = 250kQ 

Gain Bandwidth product = 80MHz 

This situation fixes the maximum voltage gain at  105 
(gm*R) or 40.4dB, which is good out to the 3dB corner 
frequency of 2MHz. Note that the 40dB gain is the maxi- 
mum achievable, regardless of the impedance across the 
output to ground. 

Criteria for Loop Stability 
The gain and phase characteristics of the OTA and asso- 
ciated circuitry must be adjusted to meet the following 
three criteria for loop stability: 

where: 

m s is the complex variable jw 

m VIN is DC input voltage 

m CB is the equivalent internal battery capacitance (see 
Figure 11) 

L is inductor value 

m RL is inductor resistance 

Ri is the equivalent internal battery resistance (see 
Figure 11) 

1. Total open-loop gain (Ids) and VL(S) above) must be RsNs is sense resistor value 
forced to OdB at  a crossover freauencv (Fc) equal to 
at  least V6 the switching frequency (Fs). Ro is the equivalent battery load resistance (see 

Figure 11) - 
2. The phase of the total open-loop gain a t  Fc must be 

at  least 45 degress less than 180 degrees. Stabilizing the current loop r e q u b  the compensation of 
the loop error amplifier to be such that the transfer func- 

The above criteria for loop stability can be easily 
tion A(s) has dominant pole  ti^.   hi^ can be 

achieved if the total loop-gain transfer function exhibits achieved by adding a capacitor, ci, between ground and 
dominant pole characteristics as shown in Figure 5. the output of the OTA error amplier as shown in Figure 

Stabilizing the Current Loop 

From Equation 2, the total open-loop transfer function is 
expressed as: 

6. 

The transfer function A(s) is given as : 

411 6 June 1996 
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Figure 5. Target Gain and Phase Characteristics 
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Substituting values for g, and R, we get: 

Equation 6 

1 05 
A(s) = (1 + (S * 250000 * Ci)) 

where: 

Ci is the output capacitance of the error amplifier (see 
Figure 6) 

Substituting Equations 4 and 5 in Equation 2 gives the 
compensated total current loop gain transfer fundion: 

Equation 7 

As shown in the bode plot for IL(s) (Figure 71, CI can be 
varied to achieve the necessary phase and gain margin 
for different VIN values. 

Stabilizing the Voltage Loop 

Recalling Equation 3, the voltage regulation open-loop 
transfer function can be expressed as: 

The output power stage transfer function W s )  depends 
on the inductor and battery impedances. 

The components required to compensate the error ampli- 
fier for achieving voltage loop stability appear in Figure 8. 

The resultant transfer function of the compensated error 
amplifier may be expressed as: 

Equation 8 

where: 

D = Battery voltage divider ratio during voltage 
regulation: 

- Note: See the application note entitled 'Using the 
bq2031 to Charge Lead-Acid Batteries' for 
instructions on calculating RBI, RB2, and RB3. 

RBI = the resistor value between the high side of the 
battery stack and the BAT pin in the battery voltage 
divider network 

CF = the capacitance in parallel with RBI 

Rv = seriea resistance between VCOMP and ground 

Cv = series capacitance between VCOMP and ground 

(see Figure 8 and Voltage Loop Error Amplifier 
Compensation below for calculating the values of CF, 
Rv, and Cv.) 

The above transfer function contributes two poles and 
two zeros. 

to PWM 

Figure 6. Compensation Network for the Current Loop 
June 1996 
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I I 
Figure 7. Bode Plot of the Current Loop-Gain 

Transfer Function for VIN = 24V 
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Poles (Equation 9) 

1 
fpl - 

(2n * (2.5 lo5 + Rv) * Cv) 

Zeroes (Equation 10) 

fzl - 1 
(2x * RBI CF) 

The effect of this feedback and compensation network on 
the transfer fundion of A(s) is shown in Figure 9. 

Figure 10 shows a functional diagram of a switch-mode 
buck topology wnverter using the bq2031. The battery 
voltage is divided down to a per-cell equivalent value at the 
BAT pin. During voltage regulation, the voltage on the 
BAT pin (VBAT) is regulated to the internal band-gap refer- 
ence of 2.2V (with a temperature drift of -3.9mVK). The 
charge current through the inductor L is sensed across the 
resistor RSNS. During current regulation, the bq2031 regu- 
lates the voltage on the SNS pin (VSNS) to a temperature- 

I 

compensated reference of 0.275V. This in turn regulates 
the current to IMAX, provided that a properly designed 
resistor network is in use. 

The passive component C on the ICOMP pin and Rv and 
Cv on the VCOMP pin form the phase compensation net- 
work for the current and voltage control loops, respec- 
tively. The diode mi) preventa battery drain when VDC 
is absent, while the pull-up resistor (R) detects battery 
removal. The resistor R13, typically a few tens of mR, is 
optional and depends on the battery impedance and the 
resistance of the battery leads to and from the charger 
board. 

The Output Power Stage 
The output power stage in a buck topology charger com- 
prises the inductor L and the parallel combination of the 
output capacitor, Co, and impedance of the battery (see 
F i e  12). The output capacitor is electrolytic and in the 
range from 47pF to 100pF. It nullifies the inductive effect 
of long leads h m  the charger terminals to the battery. 

Inductor Selection 
The inductor selection criteria for a DC-DC buck wn- 
verter vary depending on the charging algorithm used. 
For the Two-Step Current and Pulsed Current charge 
algorithms, the inductor equation is: 

Figure 8. Compensation Network for the Voltage Loop 

8/16 June lsse 
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frequency (Hz) 

frequency (Hz) 

Figure 9. Effect of Compensation Network on 

Amplifier Transfer Function, A(s) 
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Figure 10. Functional Diagram of a Switch-Mode Buck 

Regulator Lead-Acid Charger Using the bq2031 

1011 6 June 1996 



Preliminarv Switch-Mode Power Conversion Using the ba2031 

Equation 11 

where: 

figured for Two-Step Voltage mode, with I m  = IWXJZO. 
The inductor value required ie: 

¤ N = number of cells Model of a Lead Ackl Battery 
m VBLK = bulk voltage per cell, in volts 

Fs = switching frequency, in hertz 

= AI = ripple current at I= in amps 

The ripple current is usually set between 20-25% of 
I w .  

Example: A 6-cell SLA battery is to be charged at IMAX = 
2.75A in a buck topology running at 100kHz. The VBLK 
threshold is set at 2.45V per cell and the charger is con- 
figured for Pulsed Current mode. Assuming a ripple = 
25% of I= the inductor value required is: 

The inductor current, which must remain continuous 
down to IMM during Fast Charge phase 2 (voltage regu- 
lation phase), dictates the inductor formula for the Two- 
Step Voltage charge algorithm. 

Equation 12 

Example: A 6-cell SLA battery is to be charged at IMAX = 
2.75A in a buck topology running at 100 kHz. The VBW 
threshold is set at 2.45V per cell and the charger is mn- 

The battery impedance can be represented ae a capacitor 
(CB) in series with its internal impedance (R) ae shown in 
Figure 12. The capacitance can be empirically derived 
from the amp-hour rating of the battery. The rule of 
thumb is: 

where C = the capacity of the battery in ampere-hours. 

The internal resistance Ri of a lead-acid battery is 
dictated by: 

Number of cells, N 

8 Amp-hour capacity, C 

8 State of charge 

Figure 12 shows the variation of the internal impedance 
of a Yuasa NP6-12 (12V, 6 amp-hrs) battery as a function 
of its state of charge. 

An average value of the impedance swing is recommended 
for uee in loop stability equations For example, with the 
battery above we recommend using R = 0.0552. 

The resistor Ro models the loading effecta of the battery 
when a voltage equivalent to VBM (typically 2.45V/cell) 
is applied across the battery. The range of values Ro 
takes on depends on the bulk charge current, the bulk 
voltage, and the IMW to I w  ratio. For example: A 12V 

Figure 11. Model of Output LC Filter for Buck Topology 

June 1996 11118 
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battery being charged at IMAX = 3A will exhibit the fol- 
lowing range with a I M ~ I M A X  ratio of 1:20. 

R~(min)  = 6 * = 4.921 
3 

usetheminimumvahleforworstcasescenarioof~stab~. 

The Power Stage Transfer Function 
The transfer function of the output power stage, M s )  
can be expressed as: 

Equation 13 

where: 

wo = 1 / m  

The poles and zeros of W s )  are: 

Equation 14 

fzo = 
1 

(22 * Ri * CB) 

fpo - l/(2n ' m) 
A second pole is not used in these calculations: 

1 
2n * (R~CB + h) 

Typical~kModeBuckChargerSpecifications 
The application specifications for a switch-mode buck to- 
pology charger are usually given aa : 

DC input voltage, VW = 20 to 30V 

8 Switching frequency, Fs = 100kHz, T = lofie 

Charge algorithm = Two-Step Voltage mode: 

- VBLK = 2.45V/cell, Vflt = 2.2V/cell 

- IMAX = 3A, IMIN = 1- = 300mA 

8 Battery specs: 12V, 10A-hr, Internal impedance: 0.02 
to 0.07Q 

PWM and Output Power Stage Transfer 
Functions 
Starting again from the basic voltage regulation loop- 
gain transfer function (Equation 3) is given as : 

i 1 3 T  Internal Battery Resistance 

I 
I I I i I I I I I I I 
2 4 6 8 10 12 14 16 18 20 22 

Discharge Time (Hours) 

Figure 12. Internal Resistance of Yuasa NP6-12 Battery 

vs. State of Charge 
12116 ~ u n e  19% 



Preliminary Switch-Mode Power Conversion Using the bq2031 

Thie equation can be written ae: 

W e )  - A(e) ' (3s) 

w b m  G(s) ie tbe o m b e d  bn& function dPo(l) and Pr(e) 

Combining Equations 4 and 13: 

Equation 15 

Based on the typical values in the d o n  above, the 
worst case values for loop parametera are: 

Vm=30V 

R=O.OSQ 

m Ro = 4 .w 

From Equation 12: 

The resulting bode plots for G(s) are shown below. 

Since the plota exhibit similar characteristics to that of 
the output power filter, we can use Equation 14 to deter- 
mine the poles and zeros: 

m fpo = 263Hz 

m fzo=3183Hz 

Set the two zeros of A(#), fzl and fz2, at l/2 to cancel the 
second order pol- of G(e) at fpo: 

fzl =fz2=fp1$2=283/2=131.5Hz 

Frctm Equation 10's f i i  zero, fzl: 

I 

Fkom Equation 9's second pole, fp2' 

fp2= 865 Hz 

In order to achieve 0 dB loop-gain at Fc the compensated 
amplifier gain at  fp2 mwt be forced to the  lute gain 
of G(s) at the croaeowr frequency, which can determined 
from the Bode plot in Figure 13 to be -31dB = 35.48. 

The value for Rv can be determined from the gain magni- 
tude equation for A(s) at fp2 

Using the value of 35.48 for A(fp2) in the above equation 
gives: 

Plugging this value for Rv into equation 10 for fz2 yields: 

Substituting theee values for Rv and Cv in equation 10 
for fp2 givee: 

Voltage Loop Error Amplifier Compensation 
fp2 - 2% (WkQ + (;5 * 1 6 )  2.7nF 

- 84.m 

F F C f h i B r m t r d ~ w e m u s t ~  h f c r R v a n d  
Cv, the hwCOMPpin h% Figurea 14 and 15 show the raultant Bode and loop gain 
& 3 dzBl m w m  tl. plots for A(a)* " ~ w h e l y .  
, r a l u S k c a t h e & + ~ ~ ~  

= RB1=261K 

m RB2=49.9K 

RB3=475K 

Therefore 

Current Loop Error Amplifier Compensation 
For this control loop, we muat find the value for Ci, the 
compennation component for the ICOMP pin. The mmpen- 
sation network component Ci must be choeen such that 
the current loop gain transfer function hae a dominant 
pole at V20th of the ewitching frequency, F(s). 
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frequency (Hz) 

Figure 13. Bode Plot for G(s) 
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Figure 14. Bode Plot for Error Amplifier, A(s) 
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6 mmwm bq2053x 
Lithium Ion Pack Supetvisor a 

Features 
Protects and individually 
monitors two to four Lithium Ion 
series cells from overvoltage, 
undervoltage, and overcurrent 

Designed for battery pack 
integration 
- Small outline package, 

minimal external components 
and space, and low cost 

- Drives external N-FET 
switches 

User-selectable thresholds mask 
programmable by Benchmarq 

Operates on very low current, 
<40pA for 4-cell, <20pA for 3-cell, 
and <15pA for 2-cell configuration 

Operates on very low standby 
current, < 1pA 

Available in 8-pin 150-mil 
narrow SOIC 

General Description 
The bq2053 Lithium Ion Pack 
Supenisars are designed to mntral the 
charge and discharge voltage safety 
limits for two to four lithium ion 
(Li-Ion) series cells, accommodating 
bat tery packs containing series/ 
parallel adgurations. The very low 
operating current doea not overdis- 
chargethecellsduringperiodsofstar- 
age, and doea not signi6~8ntJy increase 
thesys temdiachargeload.The~ 
can be part of a l o w d  Li-Ion charge 
controlsystemwithinthebatterypack 

The bq2053 controls two external 
N-FETe to limit the chatge and die- 
charge potentials. Charging ie allowed 
when the per cell w l t q p  is below V m  
(charge enable voltage). When the d t -  
age on any cell risee above V w  (over- 
voltage limit), the CHG pin goee low, 
shuttingoff&argetothebatterypack 
Thks safety feature p ~ v e n t s  ovadmge 
of any cell within the battery pack 

If the voltage a m  any cell falls be- 
low Vw, the DSO output goes low, 
shutting off theba#gy discharge. This 
safety feature preve~te overdischarge 
of any cell within the ~ t k w  pack 

Charging and dhha+q are allowed 
if the voltage a m  w T 4 ~  and GND is 
less than Vw (ovgcurrent limit). This 
safety feature preventa excessive pack 
cxlrmlt. 

Vw, VC& and Vov are programmed at  
Benchmarp. The default limita far V w  
and Vce are 23V and Vov - 100mV, 
mpeetively. F'ive Vov limita are avail- 
able (see Table 2). Contact Benchmarq 
for other options. 

Discharge is allowed when the per-cell 
voltage is above V w  (undervoltage 
limit). 

Pin Connections Pin Names 

I I BATlr Battery 1 positive input 

I I B*TTIN Battery 1 negative input 

8-Pin Narrow SOlC 

I BATw Battery 2 negative input 

I BATu Battery 3 negative input 

1 BATIN Battery 4 negative input 

I DSG Discharge control 

I CHG Charge control 

GND Ground 



Pin Descriptions 

BATlp Battery 1 positive input DSG 

I-Iigh). CHG ie internaUy cmne&ed to GND 
when charging ie pmhibited (CHG = h). 

Discharge control output 

This input is connected to the positive termi- This output controls the discharge path to 
nal of the cell designated BAT1 in Figure 2. the battery pack. This output is internally 

connected to BATip when discharging is 
B A T l ~  Battery 1 negative input allowed (DSG = High). DSG is internally con- 

This input is connected to the negative ter- nected to BATm when discharging is prohib- 

mind of the cell desimated BATi in Firmre ited (DSG = Low). 
- 

2. This input is connected to BATlp for-less GND System Ground 
than four cells in a series. 

BAT~N Battery 2 negative input 
Battery pack return. 

This input is connected to the negative tenni- Fu ncf ional Description 
nal of the cell desimated BAT2 in Fiaure 2. 
This input is conn&ted to BATIP and-BA~1~ Figure 1 is a block diagram outlining the major compo- 
for leas than three cells in a s e d .  nenta of the bq2053. Figure 2 shows a typical application 

example. The various functional aspects of the bq2053 
BAT~N Battery 3 negative input are detailed in the following aectione. 

This input is connected to the negative tenni- 
nal of the cell designated BAT3 in Figure 2. 

BAT~N Battery 4 negative input 

This input is connected to the negative tenni- 
nal of the cell designated BAT4 in Figure 2 

CHG Charge control output 

This output controls the charge path to the 
battery pack. This output k internally cmmcted 
to BATp when charging is allowed (CHG = 

Configuration 
The bq2053 may be configured to eupewise two-, three-, 
or four-series cell packs. For two-series cell contigura- 
tions, BATIN and BATw are connected to BATIP. For 
three-seriea cell cofliguratione, BATIN is connected to 
BATlp. See Table 1. The bq2053 controls two external 
N-FETs connected for low-side control of the battery 
pack. Contact Benchmarq for application examples. 

Table 1. Pin Configuration for 2-, 3-, and 4Series Cells 

Battery Pins 
BATw - Negative terminal of second cell 

BAT~N - Negative terminal of third cell 

BAT~N - Negative terminal of fourth cell 
BATIN - Positive terminal of first cell 
BATw - Negative terminal of f~ cell 

BAT~N -Negative terminal of second cell 

BAT~N - Negative terminal of third cell 
BATlp - Positive terminal of first cell 
BATIN - Negative terminal of first cell 
BAT~N - Negative terminal of second cell . 
BAT~N - Negative terminal of third cell 

, BAT~N - Negative terminal of fourth cell 

Number of Cells 

2 cells 

3 cells 

4 cells 

Confiquration Pins 

BATIN, BATzN tied to BAT~P 

BATIN tied to BATIP 

- 
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Figure 2. Application Diagram: 4x2 Cell Configuration 
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Thresholds 
The bq2053 monitors four thresholds for overcharge, 
overdischarge, and overcurrent protection. The default 
values are listed below. 

Overvoltage during charge: 

Table 2. Overvoltage Threshold Options 

Charge enable voltage: 

bq2053F 

Undervoltage during discharge: 

Tolerance Part t 
bq2053M 

4.20V 

Overcurrent limit during charge and discharge: 

Vov Limit 

4.15V 

These thresholds are programmed a t  Benchmarq. 
Please contact Benchmarq for other voltage thresh- 
old and tolerance options. 

The bq2053 samples a cell every 25ms (typical) and each 
measurement is fully differential. During this sample pe- 
riod, the cell is checked for a Vov, Vw, Voc, VMIN, and 
VCE condition. Please refer to Figure 3 for the cell mom- 
toring timing. 

i1.5% (3,4 cell) 
i1.7% (2 cell) bq2053 

Initialization 

4.25V 

During the initial comedion of the bq2053 circuit to the 
battery pack, the bq2053 recognizes a low voltage condi- 
tion, and disables the DSG output. A charging supply 
must be applied to the bq2053 circuit to enable the pack. 
The charging supply must produce a voltage of greater 
than 30rnV between BAT~N and GND for the bq2053 to 
recognize a valid charge condition, and enable the DSG 
output. 

The bq2053 operating current is leas than 40pA in a 4- 
cell, 25pA in a 3-cell, and 15pA in a 2-cell cofl~guration. 
This feature avoids possible cell damage due to overdis- 
charging the battery pack and extends the storage time 
between recharge. 

Discharge Supervision 
Overdiacharge protection ia aeeerted when any cell volt- 
ages fall below the V w  threehold. Once V w  is reached, 
DSG goes low, disabling the discharge of the pack. The 
bq2053 then enters the low-power standby mode. 

Low-Power Standby Mode 
When the bq2053 enters the low-power mode, DSG is 
disabled and the device consumes less than 1pA. The 
differential signal between BAT~N and GND is then con- 
tinuously monitored to determine if a valid charge con- 
dition exists. If the condition exists, the output is en- 
abled to allow charging of the lithium ion cells. The 
charging supply must produce a voltage greater than 
30mV between BAT~N and GND for the bq2053 to enable 
the DSG output. If charging is terminated while any cell 
is below the V w  limit, DSG goes low, and the bq2053 
returns to the low-power mode. 

Charge Supervision 
Overvoltage protection is asserted when any cell voltage 
exceeds the Vov threshold. Once Vov is reached, the CHG 
pin goes low, disabling charge into the battery pack. 
Charging is disabled until all cell voltage8 fall below VCE. 
This indicates that the overcharge has stopped and the 
pack is ready to accept further charge. 

The bq2053 can be part of a cost-effective charge control 
system which utilizes the pack protection circuit to limit 
the charge voltage to the lithium ion cells. The hysteresis 
between Vov and VCR allows the lithium ion cell voltage 
to fall sufficiently before re-enabling the charge current. 

Over-Current Supervision 
The voltage across the BAT~N and GND pins is sampled 
approximately every 25ma for an overcurrent condition. 
If the bq2053 determines an overcurrent condition ex- 
ists (either charge or discharge), it disables the CHG 
and DSG outputs. After an overcurrent condition is de- 
tected, the bq2053 then re-enables the CHG and DSG 
outputs for approximately 6x11s every lOOms to deter- 
mine if the condition still exists. If the voltage between 
BAT~N and GND is less than 250mV (typical), the 
bq2053 allows charging or discharging to continue, resets 
the overcurrent test, and once again begins sampling for 
an overcurrent situation. 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thie data sheet. Expoeure to 
conditions beyond the operational limits for extended periode of time may affect device reliability. 

Symbol 

VT 

Tom 

T m  

T~~LDER 

re-enable DIS every 4th cycle (100msec) 
'RC ' during overcurrent condition + 6 msec + 

repeats. . . ---+ 
4 25 msec 

"MI, v~~ v~ v~ "N 

7 
i f  battery present every cycle 

V, = check for overcurrent condition 

V, = check for undervoltage condition 

V,,, = check for overvoltage condition 

VcE = check for charge enable voltage 

V,,, = check for battery present 
(250mV +I-100mV between any two adjacent BAT, sense pins) 

Figure 3. Cell Monitor Timing 

Parameter 

Voltage applied on any pin relative to BATlp 

Operating temperature 

Storage temperature 

Soldering temperature 

Value 

-18 to M.31 

-30 to +85 

-65 to +I26 

260 

Unit 

V 

OC 

'C 

"C 

Condltknr 
I 

For l O d  



DC Electrical Characteristics FA - TOPR) 

Symbd 

VOH 

VOP 

VOL 

LC; / LOW power current 

Operating current 2-cell 

Operating current 3-cell 

Operating current 4-cell 

Parameter 

Output high voltage 

Operating voltage 

Output low voltage 

DC Thresholds (TA - TOPR) 

7 

12 

25 

$2 

Minimum 

BATIP- 0.5 

3.0 

15 

25 

40 

Battery input impedance 

Symbol 
i 

VOV 

Typical 

- 

PA 

PA 

PA 

VCE 

10 

Parameter 

Overvoltage limit 

VUV 1 ~ n d e r v o l t a ~ e  limit / 2.3 

Note: Standard device. Contact Benchmarq for different threshold options. 

Maximum 

18 

BATm +0.5 

GND + 0.5 

MR 

1 

Charge enable 
voltage 

Voc 

Value 

See Table 1 

V 

Unit 

V 

V 

V 

V 

Vov - lO0mV 

* 100mV 

Overcurrent limit 

Conditions/Notes 

IOH = 50p4, CHG, DSG 

IOL = WpA, DSG 

IOL = 50pA, CHG 

Unit 

V 

V 

i 250 

Tolerance 

* 1.5oJ0 

*1.7% 

i 5 h V  

Condiths/Notes 

3- or 4- cell 

2-cell 

mV * 25mV 



Data Sheet Revision History 

Change No. 

1 

1 

Sept. 1996 C 718 

1-263 

2 

2 

2 

Page No. 

1,4 

4 , 5  

Note: Change 1 = Feb. 1996 B 'Final' changes from Dec. 1994 *Advanced Information.' 
Change 2 = Sept. 1996 C change from Feb. 1996 B. 

1,2,4,6 

4 

5 

Description 

Mowled CHG date 
during discharge 

sample rate 
Overcur?.ent re-enable 

2-0311 conf ia t ion  
references removed 

Remrked 'Ibmhlde 
&on with addition of 
Table 2 

New Cell Monitor Timing 
diagram (Figure 3) 

Nature of Change 

Was: CHG = Low when VCEIL = V w  
Is: CHG = High when VCEU = VW 

Was: 12ms 
Is: 6ms 



Ordering Information 

bq2053 

Blank = Standard device 
XXXX = Customer code aseigned by Benchmarq 

D = 4.30V 

'~evice: 
bq2053 Lithium Ion Pack Supervisor 



@ B E N ~ M A ~  Using the bq2053 
Lithium Ion Pack Supetvisor P 

Description of Operation 
The bq2053 Lithium Ion Pack Supervisors are a family of 
low-coat safety device8 designed to enforce high and low 
battery voltage limits during charge and discharge plus 
short-circuit protection for two-, three-, or four-seriee cell 
Li-Ion battery packs. 

The bq2€)53 individually monitom each cell in the pack to 
determine if either an wervoltage or an undervoltage condi- 
tion &. Tne bq2063 incorporatea overvoltage and under- 
volta~pe protection, breaking the battery charge or diecharge 
path, ES appropriate, if any cell cellltage beom- greater or 
less than predehed limits. In addition, the bq2053 idudea 
an overaurent feature designed to proted against an acci- 
dental pack short-circuit. 

The bq2053 uses two external FETE to control the charge 
and discharge paths to the batteries. Their extremely 
low operating current does not overdischarge the cells 
during periods of storage and does not significantly in- 
crease the load on the battery. The chips are usable as 
part of a simple, low-cost, voltage hysteresis Li-Ion 
charge control system contained entirely within the bat- 
tery pack. 

The bq2053 family allows multiple cells in parallel in 
each aeries rank. This document will always refer to a 
single-cell per seriee rank. If multiple cells are config- 
ured in parallel in a single rank, careful matching of celle 

during pack aesembly by state-of-charge, manufacturer, 
age, and lot number is recommended. 

Overvoltage Protection 

Charging can occur whenever the voltage of each pack 
cell is below VCE (charge enable voltage). When any indi- 
vidual cell voltage rises above Vov (overvoltage limit), 
the charge FET control pin (CHG) is driven to GND, 
disconnecting the charger from the pack This feature 
prevents overcharging on a cell-by-cell basis. CHG re- 
mains at GND until all cells are once again less than 
VCE. 

Undervoltage Protection 

Discharge can occur whenever the voltage of each cell is 
above V w  (undervoltage limit). If any individual cell 
voltage falls below Vw, the discharge FET control pin 
@SG) is driven to BATa, disconnecting the load from 
the pack. The bq2053 is also placed in a sleep mode in 
which it consumee less than 1pA of current. This under- 
voltage protection feature prevents overdischarge on a 
cell-by-cell basis. DSG remains at BAT~N and the chip 
remains in sleep mode until the voltage at GND becornea 
less than that at BAT~N by the charge detect threshold 
value (VCD). This condition indicates the presence of a 
charging source. 

Table 1. Pin Configuration for 2-, 3-, and &Series Cells 

Number of Cells 

2 cells 

3 cells 

4 cells 

Configuration Pins 

BATIN, BATzN tied to BATlp 

BATIN tied to BATIP 

- 

Battery Pins 

BATm - Negative terminal of second cell 

BAT~N - Negative terminal of third cell 

BAT~N - Negative terminal of fourth cell 
BATIN - Positive terminal of first cell 

BATm - Negative terminal of first cell 
BAT~N - Negative terminal of second cell 
BAT~N -Negative terminal of third cell 
BATlp - Positive terminal of fugt cell 
BATIN - Negative terminal of first cell 

BATm -Negative terminal of second cell 
BAT~N - Negative terminal of third cell 

BAT~N - Negative terminal of fourth cell 
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Overcurrent (Short-circuit) Protection Battery Monitor Timing 

A short-circuit condition is detected if CHG and DSG are Battery monitoring operates on a 25ms time period (see 
both active and the voltage between GND and BATw is Figure 1). At the beginning of each period, the bq2053 
ereater than the overcurrent detect threshold (Voc). checks to see if more than 250mV (*100mV) potential is - 

between any two sequential battery sense pins (BATIP, 
Once these conditions are met* both CHG and DSG are BATIN, BATzN, BAT~N, and BAT~N), indicating the pres- 
driven lm ,  disconnecting the load from the pack. The ence of a battery. a battery is present, the chip then bq2053 will then re-enable CHG and DSG every looms the VCE vOV and vw thresholds, in that order until it finds the short-circuit condition above is false. and at 3,125miinkAats. The ,.hip changes the of 
cHG and DSG then remain enabled, and the chip re- CHG and accordingly if it finds that an 
turns to normal operation. tion has appeared or disappeared since the laat cycle. 

CHG and DSG States 6.25 me after the time for the V w  check, the chip will 
check the Voc threshold, regardless of Whether or not a 
battery was detected at the beginning of the cycle. 

After an overcummt condition has been detected (and the 
CHG and DSG outputs brought low), the bq%3 will bring 
the CHG and DSG outputs high during every fourth cycle 
(every looms) at the same time it performs the V w  check. 
When the Voc check is performed 6.251118 later, CHG and 
DSG will main be driven low if the overcurrent condition - 

Number of Cells still &ta. 

The user must configure the bq2053 for two-, three-, or These monitoring cycles repeat indefmitely, as long as 

four-series cell operation, as Table 1 specifies. the operating vultage (VOP) is above 3.OV. 

Mask Configurable Parameters Auxiliary Circuits 
Vov threshold and tolerance are configurable by Bench- 
marq during manufacturing. Contact the factory for A number of auxiliary cim5t.a may be muired in con- 
availability. junction with the bq2053 depending upon the charac- 

if batte4 present every cycle 
V, = check for overcurrent condition 

re-enable DIS every 4th cycle (1 Wrnsec) 
during overcurrent condition 

f- 6 msec + 

I V, = check for undervoltage condition I 
Vov - check for overvoltage condition I 

repeats.. . --+ I I 

Vc, = check for charge enable voltage 

t 25 msec b 
VM, VCE v w  v, v, , 

- 

V,, = check for battery present 
(250rnV +/-100mV between any two adjacent BAT, sense pins) 

Figure 1. Battery Monitor Timing 
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Figure 2. bq2053 Block Diagram 

1 

PACK + 

L I 
Figure 3. Basic Application Diagram: 4x2 Cell Configuration 
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Table 2. Ovewoltage Thresholds and 
Tolerance 

Tolerance LNo. a 
teristics of the application. These circuits are present in 
the bq2153 module design (see Figure 4). 

bq2053F 

bq2053 

bq2053D 

ESD and Inductive Spike Protection 

The bq2153 module uses a few components external to 
the bq2053 to provide ESD and inductive spike protec- 
tion. These components should be present in all designs 
where applicable. The components are C1 to C4, R1 to 
R3, C6, and R10 or RE3 and R9. 

4.20V 

4.25V 

4.30V 

Ovewoltage Supply Protection 

The bq2153 has a circuit that is used to limit the voltage 
to bq2053. This circuit should be in place if the charging 
supply is capable of voltages greater than 18V. The cir- 
cuit comprises RE3, R9, D2, and Dl. 

Contact 
factory for 

higher 
tolerances 

Faster Short Circuit Protection 

Contact 
factory for 

higher 
tolerances 

The bq2053 provides short circuit protection by monitor- 
ing the voltage across the control FETs. If the voltage is 
greater than 1 250t25 1 mv, then both control FETs are 
switched off. Once these FETs are off, the bq2053 will 
wait lOOms before testing the voltage drop again by turn- 
ing the FETs back on. In cases where mechanical re- 
strictions on the contacts make a short highly unlikely, 
this protection may be adequate. 

If faster short circuit protection is required, then an ex- 
ternal circuit must be used. The primary function of the 
external circuit is to switch off the FETs earlier. With 
only the bq2053 to detect the short circuit, the short cir- 
cuit might be present for as long as 25ms prior to detec- 
tion. This situation may cause heating of the MOSFETs. 
This heating will increase the on resistance of the MOS- 
FETs, which in return will cause additional heating. 

Method 1 is to use R12, 83, R7, and C7 to detect the 
short circuit faster. In this case, R11 is removed. By 
detecting the short circuit faster, the heating of the dis- 
charge MOSFET will be reduced due to the shorter on- 
time of the MOSFET. When the drop across the 
MOSF'ETs exceeds O.W in the discharge d i i i o n ,  Q3 
will pull the gate of the discharge MOSFET low and turn 
the discharge off. By AC coupling the signal from the 
MOSFETs, the protection will only be activated by the 
transient and not the steady-state condition. Once the 
discharge MOSFET is off, the bq2053 will keep the MOS- 
F'ET off for at least 100rns, because the voltage across 
MOSF'ETs is greater than the overcurrent threshold. Af- 
ter this time, the bq2053 will turn on the MOSFETs, and 
if the short circuit is still present, then the process will 
repeat. In many cases, this method of short circuit is 
adequate; however, in some cases where the short circuit 
provides less than O.W across the MOSFETs and yet 
more than the rated c u q t ,  the MOSFETs may sustain 
damage eventually due to the retest of the short circuit. 

Method 2 is similar to Method 1, but R12 is removed 
while R11 ia installed. In this case, the circuit detecta a 
0.7V drop across the MOSFETs and then pulls the 
BAT~N line low. This action causes the bq2053 to enter a 
low battery state with the discharge MOSFET off. The 
MOSFET will remain off until a charge is applied to the 
battery. In this method, the reteet of the short is not 
done, and the MOSFETs are protected to a much greater 
degree. R7 and C7 should be adjusted if the battery is 
plugged into a power supply where a large input capaci- 
tor may look like a short circuit. In this case, the time 
constant of R7 and R8 should be increased to prevent 
this problem. 

Series Element Selection 

Codigure the number of series cells using Table 3. 

bq2153 Connection Sequence 
Use precaution not to short any terminals of the battery 
to each other or any part of the PCB during assembly. 

1. Connect the most positive terminal of the battery 
pack to BATip. 

2. In the case of a four-cell pack, connect the second 
most positive terminal to BATIN. In the case of a 
three-cell pack, connect the second most positive 
terminal to BATm. In the case of a two-cell pack, 
connect the second most poeitive terminal to BATm. 

3. In the case of a four-cell pack, connect the third 
most positive terminal to BAT~N. In the case of a 
three-cell pack, connect the third most positive ter- 
minal to BAT~N. In the case of a two-cell pack, wn- 
nect the negative terminal to BAT~N. 
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Note: 1. Component may or may not be placed depending on the configuration. 
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Figure 4. bq2153 Schematic 
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4. In the case of a four-cell pack, connect the fourth most 
positive terminal to BAT~N. In the case of a threecell 
pack, connect the negative terminal to BAT~N. 

5. In the case of a four-cell pack, conned the negative 
terminal to BAT~N. 

6. Connect the negative PACK conductor to PK-. 

Vuv Undervoltage Limit 

Reverse the polarity of the current supply so that a dis- 
charge ia simulated. Lower the voltage supply ta 2.5V 
per cell, then continue to lower it very slowly. The cur- 
rent flow will be interrupted at VW. Verify that the 
voltage at which the discharge current was interrupted is 
within the following table: 

bq2053 Test Procedure 
The following procedure verifies functionality of a bq2053 
Lithium Ion protector circuit and refers to the test circuit 
shown in Figure 5. 

Setup 

1. Set voltage supply to 3.6V the number of series 
cells, current limit to low setting (lOOrnA), turn 
power off. 

Number of cells 

Lower limit (V) 

Upper Limit (V) 4.8 7.2 

Note that the unit will enter a sleep mode and will not 
wake up until the current supply is reversed to the 
charge direction. 

Voc Overcurrent Limit 

2. Set current supply to +O%A, voltage limit to -5V, tum 
power &. For unipolar supply, connect for pkt ive m n t .  

3. Attach resistor string to BATIP, BATIN, BAT~N, 
BATBN, BAT~N. 

4. Connect voltage supply. 

5. Conned current supply and current meter. 

6. Conned voltage meters. 

7. Turn voltage supply on. 

8. Turn current supply on. 

9. Check for current flow through FETs and voltage 
drop a m s s  them. 

10. If unit passing charge current with -0.0125V across 
FETs, increase current to 1A. 

Vov Ovenroltage Limit 

Increase voltage supply until current through FETs is 
interrupted. ICHG = 0 and V m s  = 5V. Check that volt- 
age where current interrupted falls within limits for cell 
count in the following table: 

VCE Charge Enable Voltage 

/ Number of cells / 2 

Lower limit (V) 

Upper Limit (V) 

Once the Vov value is determined, decrease the voltage 
supply until the charge current is re-enabled. The volt- 
age at which this occurs should be 50mV to 150mV below 
the Vov value. 

Set the voltage supply to 3.6V per cell. Increase the cur- 
rent supply in the charge direction to 4A. Monitor the 
voltmeter across the FETs. Slowly increase the current 
supply. The current will be periodically interrupted 
when the voltage across the FETs is near 0.250V. The 
voltage am823 the FETs at  the time just prior to being 
turned off is the value for Voc. Note that unless the 
voltmeter is across pins 4 and 5 of the bq2053 chip, the 
measurement will have error due to the large currents 
involved. The VCH procedure can be repeated for the 
discharge direction. 

3 4 

16.75 

17.26 

8.37 

8.63 

12.56 

12.94 
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Table 3. bq2153 Circuit Configuration Options 

Replace with zero ohm resistor. 

Figure 5. bq2053 Test Circuit 
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Features 
> Safe charge of Lithium Ion 

battery packe 

Voltage-regulated current- 
limited charging 

> Fast charge terminated by 
selectable minimum current; 
safety backup termination on 
maximum time 

> Charging continuously qualified 
by temperature and voltage limit. 

Pulse-width modulation control 
ideal for high-efficiency switch- 
mode power conversion 

> Direct LED control outputs 
display charge statue and fault 
conditions 

w 

Lithium Ion Fast Charger a 
General Description 
The bq2054 Lithium Ion Fast  
Charge IC is designed to optimize 
charging of lithium ion (Li-Ion) 
chemistry batteries. A flexible pulse- 
width modulation regulator allows 
the bq2054 to control voltage and 
current during charging. The regula- 
tor frequency is aet by an external 
capacitor for design flexiiility. The 
switch-mode design keeps power die- 
sipation to a minimum. 

The bq2054 measures battery tem- 
perature using an external thermistor 
for charge qual3cation. Charging be- 
gins when power is applied or on bat- 
tery insertion. 

For safety, the bq2054 inhibits 
charging until the battery voltage 
and temperature are within a,&- 

ured limita. If the battgy voltage is 
h m  than the low-voltage threshold, 
the bq2064 providea low-current con- 
ditioning of the battery. 

A contitant cumntAm+ng phaae re- 
pleniehea up to 706 of the charge ca- 
pacity, and a wltage-regulated phase 
!etumthebatteytofull. lYlechaf.ge 
cycle terminatea when the charm 
current falb below a w-e lec t ab le  
current limit. Far safety, chwging ter- 
minates BRar maximum time and is 
suspended if the temperature is outside 
the preconfigu18d lirnita. 

The bq2054 provides status indica- 
tione of all charger states and faults 
for accurate detennhtion of the bat- 
tery and charge eystem conditions. 

Pin Connections Pin Names 

TM - LEDZ/DSEL 
ICTL LED, 
BAT MOD 

VCOMP vcc 
ICOMP "S 

1 TERM LCOM 
SNS LED3 

TS TPWM 

l&Pin Narrow 
DIP or SOlC 

PN-964 

TM Time-out programming TPWM Regulator timebase input 
input 

- LED3 Charge status output 3 
ICIZ Inrush current control - ~ -  

output LCOM Common LED output 

BAT Battery voltage input vss System ground 

VCOMP Voltage loop comp input Vcc 5.OV*10% power 

ICOMP Current loop comp input MOD Modulation control output 

ITERM Minimum current LED 1 Charge status output 1 
termination select input 

LED J Charge status output 21 
SNS Sense resistor input DSEL Display select input 

TS Temperahue sense input 



Pin Descriptions 

TM Time-aut programming input 

This input sets the maximum charge time. 
The resistor and capacitor values are deter- 
mined using Equation 5. Figure 7 shows the 
resistor/capacitor connection. 

- 
ICTL Inrush current control output 

- 
ICTL is driven low during the fault or 
charge-complete states of the chip. It is used 
to disconnect the capacitor across the battery 
pack terminals, preventing inrush currents 
from tripping overcurrent protection features 
in the pack when a new battery is inserted. 

BAT Battery voltage input 

BAT is the battery voltage sense input. This 
potential is generally developed using a high- 
impedance resistor divider network con- 
nected between the positive and the negative 
terminals of the battery. See Figure 4 and 
Equation 1. 

VCOMP Voltage loop compensation input 

This input uses an external R-C network for 
voltage loop stability. 

ITERM Minimum current termination select 

This three-state input is used to set I m  for 
fast charge termination. See Table 2. 

ICOMP Current loop compensation input 

This input uses an external R-C network for 
current loop stability. 

SNS Charging current sense input 

Battery current is sensed via the voltage 
developed on this pin by an external sense 
resistor, R m ,  connected in series with the 
negative terminal of the battery pack. See 
Equation 6. 

TPWM 

LCOM 

MOD 

DSEL 

Vcc 

Vss 

Temperature sense input 

This input is used to monitor battery tempera- 
ture. An external resistor divider network seta 
the lower and upper temperature thtwholds. 
See EFgure 6 and Equations 3 and 4. 

Regulation timebase input 

This input uaes an external timing capacitor 
to ground to set the pulse-width modulation 
(PWM) frequency. See Equation 7. 

Common LED output 

Common output for LEDis. This output is in 
a high-impedance state during initializa- 
tion to read programming input on DSEL. 

Current-switching control output 

MOD is a pulse-width modulated push/pull 
output that is used to control the charging 
current to the battery. MOD switches high to 
enable current flow and low to inhibit current 
flow. 

Charger display status 1-3 outputs 

These charger status output drivers are for 
the direct drive of the LED display. Display 
modes are shown in Table 1. These outputs are 
tri-stated during initialization so that DSEL 
can be read. 

Display select input 

This three-level input controls the LED13 
charge display modes. See Table 1. 

S.OV, * 1 W b  power 

Ground 



Charge Algorithm 

The bq2054 uaea a two-phase fast charge algorithm. In 
phase 1, the bq2054 regulates conetaat current ( I s ~ s  = 
IMAX) until V a  (= VBAT - VSNS) ria- to V m .  The 
bq2W then tramitions to phase 2 and regulate con- 
stant voltage (VCEU. = VREG) until the charging current 
falle below the programmed I m  threahold. The charg- 
ing current must remain below IMIN for 120 * 40me be- 
fore a valid fa& charge termination ie detected. Fast 
charge then terminates, and the bq2054 enters the 
Charge Complete state. See Figures 1 and 2. 

Charge Qualif [cation 

The bq2054 starts a charge cycle when power ie applied 
while a battery ie present or when a battery is inserted. 
F i  2 shows the state diagram for pre-charge qualifi- 
cation and temperature monitoring. The bq2054 first 
checks that the battery temperature ie within the al- 
lowed, w-configurable range. If the temperature ie out 
of range, the bq2054 enters the Charge Pending etate 
and waits until the battery temperature is within the 

allowed range. Charge Pending is enunciated by LED3 
flashing. a 
Thermal monitoring continues throughout the charge 
cycle, and the bq2054 entera the Charge Pending state 
when the temperature out of range. fl%ere ie one excep- 
tion; if the b q W  ie in the Fault sta- below-the 
out-of-range temperature is not recognized until the 
b q W  leaves the Fault state.) All timers are suepended 
(but not reeet) while the bq2064 is in Charge Pending. 
When the temperature comes back into range, the 
bq2054 returns to the point in the charge cycle where the 
out-of-range temperature wae detected. 

When the tamperature ie valid, the bq2054 then regu- 
lates current to ICOND ( = I d ) .  + an initial lyldoff 
period t ~ o  (which prevents the &p from reactmg to 
tramient voltage spikes that may occur when charge cur- 
rent ie first applied), the chip begins monitoring VCELL 
If VCELL does not rise to at least V m  before the expira- 
tion of time-out limit tm (e.g. the chip has failed short), 
the bq2054 enters the Fault state. If V M ~  is achieved 
before expiration of the time limit, the chip begins fast 
charging. 

C 
0 -------- I 
U 
C, 

0 ... .s.. ... .; r 
.II !z 
I 

0 
0 / 
3 / w / .............................. 

/ 
/ phase 1 

/ 
/ 

/ 

............................... 

time 

"REG 

Figure 1. bq2054 Charge Algorithm 



Once in the Fault state, the bq2054 waits until Vcc is 
cycled or a new battery insertion is detected. It then 
starts a new charge cycle and begins the qualification 
process again. 

Charge Status Display 

Charge status is enunciated by the LED driver outputs 
LED1-LED3. Three display modes are available in the 
bq2054; the user seleds a display mode by configuring 
pin DSEL. Table 1 shows the three display modes. 

The bq2054 does not distinguish between an over-voltage 
fault and a "battery absent" condition. The bq2054 en- 
ters the Fault state, enunciated by turning on LED3, 
whenever the battery is absent. The bq2054, therefore, 
gives an indication that the charger is on even when no 
battery is in place to be charged. 

Configuring the Display Mode and IMIN 

DSEL&EDz is a bi-directional pin with two functions; it 
is an LED driver pin aa an output and a programming 
pin as an input. The selection of pull-up, pull-down, or 
no pull resistor programs the display mode on DSEL per 
Table 1. The bq2054 latches the programming data 
sensed on the DSEL input when any one of the following 
three events occurs: 

1. Vcc rises to a valid level. 

2. The bq2054 leaves the Fault state. 

3. The bq2054 detects battery insertion. 

The LED8 go blank for approximately 750111s (typical) 
while new programming data is latched. 

Table 1. bq2054 Display Output Summary 

Battery absent or over-voltage fault Low Low High 
1 I I I 

Mode 

1 1 Pre-charge aualification - - I I , 
DSEL = 0 
(Mode 1) Fast charging High Low Low 

Charge Action State LED1 

1 Charge complete 

Charge pending (temperature out of range) I X 

LED2 

Charging fault 

LED3 

I I I 

Low 

, , 1 

X 

Battery absent or over-voltage fault 

High 

Flash 

X 

1 I DSEL= 1 
i OMode2) 

Low 

I 

Battery absent or over-voltage fault Low Low 
, I I 

X 

F're-charge qualification 

Fast charge 

Charge pending (temperature out of range) 

High 

Low 

Charge complete 

High 

High 

Low 

X 

DSEL = Float 
(Mode 3) 

Note: 1 = Vcc; 0 = Vss; X = LED state when fault occurred; Flash = sec. low, '/6 sec high. 

High 

Charge pending (temperature out of range) 

Charging fault 

High 

High 

X 

Pre-charge qualification 

Fast charge: current regulation 

Fast charge: voltage xegulation 

Charge complete 

Low 

Low 

Low 

Flash 

X 

X 

Low 

Flash 

Low 

High 

High 

X 

X 

Flash 

High 

High 

Low 

Flash 

High 

Low 

Low 

Low 

Low 



Fast charge termbates when the charging current dmpa The current sense reaietor, RSNS (see Figure 6), deter- 
below a minimum current threahold programmed by the mines the faat w e  current. The value of RSNS is given 
value of 1- (see Table 2) and remaim below that level by the following: 
for 120 2 40ms. 

Equation 2 

P 
Table 2. ~MIN Termination Thresholds 

Figure 3 shows the bq2054 configured for display mode 2 
and Im = 1 m 0 .  

Voltage and Current Monitoring 

The bq2064 monitors battery pack voltage at  the BAT 
pin. The user must implement a voltage divider between 
the positive and negative ternrinale of the battery pack to 
preeent a acaled battery pack voltage to the BAT pin. 
The bq2064 also uees the voltage acrose a sense r e s b  
(RSNS) between the negative terminal of the battery pack 
and ground to monitor the current into the pack. See 
Figure 4 for the configuration of this network. 

The resistor values are calculated fmm the following: 

Equation 1 

where: 

VCELL = Manufacturer specified charging cell voltage 
N = Number of cells in series 

where: 

8 N = Number of cell8 

s V w  = Desired fast-charging voltage 

s I w  = Deeired mnrimum charge current 

These parameters are typically specified by the battery 
manufacturer. The total redetaace presented acmes the 
battery pack by RBI + RB2 should be between lMlLa 
and l a .  The minimum value ensurea that the divider 
network doea not drain the battery exceseively when the 
power source is disconnected. Exwading the maximum 
value inmasee the noise euecsptibility of the BAT pin. 

Hold-Off Period 

Both VHCO and I m  terminations are ignored during the 
fust 1.33 * 0.19 seconds of both the Charge Qualification 
and Fast Charge phasea. This condition preventa prema- 
ture termination due to voltage epikea which may occur 
when charge is first applied. 





I,,, LCOM 

LED3 

Figure 3. Configured Display M o ~ ~ / ~ M I N  Threshold 

Figure 4. Configuring the Battery Divider 
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Battery Insertion and Removal 
VCEU is interpreted by the bq2054 to detect the presence 
or absence of a battery. The bq2054 determines that a 
battery is present when VCELL is between the High- 
Voltage Cutoff (VHCO = VREG + 0.25V) and the  
Low-Voltage Cutoff (VLCO = 0.8V). When VCEU is out- 
side this range, the bq2054 determines that no battery is 
present and transitions to the Fault state. Transitions 
into and out of the range between V m  and VHCO are 
treated as battery insertions and removals, respectively. 
The VHCO limit also implicitly serves as an over-voltage 
charge termination. 

Inrush Current Control 
Wheneverabq2054 is in the fault or charge-complete 
state, the ICTL output is driven low. This output can be 
used to disconnect the capacitor usually present in the 
charger across the positive and negative battery termi- 
nals, preventing the cap from supplying large inrush cur- 
rents to a newly inserted battery. Such inrush currents 
may trip the overcurrent protection circuitry usually pre- 
sent in Li-Ion battery packs. 

Figure 5. Voltage Equivalent 
of Temperature 

' k c  

V, .6Vcc 
Q) 

$ 
C - 

VHTF .44V cc >O 
"TCO = *4v cc 

A 

Vss- 

Temperature Monitoring 

The bq2054 monitom temperature by examining the volt- 
age presented between the TS and SNS pins by a resistor 
network that includes a Negative Temperature Coeffi- 
cient (NTC) thermistor. Mistance variations around 
that value are interpreted as being proportional to the 
battery temperature (we Figure 5). 

- 

A L  

1 

-- -- 

-- -- -- -- 

L 

- 

The temperature thresholds used by the bq2054 and 
their corresponding TS pin voltage are: 

-colder 

r 

4 
LTF 

i! 
HTF 3 

g TCO 

YT 

Hotter 

TCO m p e r a t u r e  Cutoff): Higher limit of the 
temperature range in which charging is allowed. 
Vmo = 0.4 Vcc 

HTF (High-Temperature Fault): Threshold to which 
temperature must drop after temperature cutoff is 
exceeded before charging can begin again. V m  = 
0.44 Vcc 

LTF (Low-Temperature Fault): Lower limit of the 
temperature range in which charging is allowed. 
VLTP = 0.6 VCC 

Figure 6. Configuring 
Temperature Sensing 



A resistor divider network can be implemented that pre- 
sents the defined voltage levels to the TS pin at the de- 
sired temperatures (see Figure 6). 

The equations for determining RT1 and RT2 are: 

Equation 3 

Equation 4 

where: 

RLW = thermistor resistance at  LTF 

m R m  = thermietor resistance at HTF 

TCO is determined by the values of RTl and RT2. 1% 
resistors are recommended. 

Disabling Temperature Sensing 
Temperature sensing can be disabled by placing lOkQ 
resistors between TS and SNS and between SNS and 
vcc. 

Maximum Time-Out 

MTO is programmed from 1 to 24 hours by an R-C net- 
work on the TM pin (see Figure 7) per the equation: 

Equation 5 

t m = 0 . 5 * R * C  

Where R is in kn and C is in pF, tm is in hours. The 
maximum value for C (O.1pF) is typically used. 

The MTO timer is reset at the beginning of fast charge 
and when fast charge transitions from the current regu- 
lated to the voltage regulated mode. If MTO expirea dur- 
ing the current regulated phase, the bq2054 enters the 
Fault state and terminates charge. If the MTO timer 
expires during the voltage regulated phase, fast charging 
terminates and the bq2054 enters the Charge Complete 
state. 

The NPrO timer is suspended (but not reset) during the 
out-of-range temperature (Charge Pending) state. 

Figure 7. R-C Network for Setting MTO 

Charge Regulation 

The bq2054 controls charging through pulse-width 
modulation of the MOD output pin, supporting both 
constant-current and constant-voltage regulation. 
Charge current is monitored at the SNS pin, and charge 
voltage is monitored at  the BAT pin. These voltages are 
compared to an internal reference, and the MOD output 
modulated to maintain the desired value. 

Voltage at the SNS pin is determined by the value of 
resistor RSNS, so nominal regulated current is set by 

Equation 6 

The switching frequency of the MOD output is deter- 
mined by an external capacitor (CPWM) between the pin 
TPWM and ground, per the following: 

Equation 7 

FpWM = O.I/CpwM 

Where C is in pF and F is in kHz. A typical switching 
rate is 100Wz, implying CPWM = 0.001kF. MOD pulse 
width is modulated between 0 and 80% of the switching 
period. 

To prevent oscillation in the voltage and current control loops, 
fresuency compensation networke (C or R-C) are typically re 
quired on the VCOMP and Iaom pine (mpedvely). 



Absolute Maximum Ratings 

Symbol Parameter / Minimum / Maximum / U n  Notes 

VCC 
I I I I I 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

I I I I I 
Vcc relative to Vss 

 top^ 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

-0.3 

- - 

Tsn; 

TSOWER 

-0.3 

Operating ambient temperature 

+7.0 

Storage temperature 

Soldering temperature 

+7.0 

V 

-20 

V 

-55 

+70 

-40 1 +85 

+I25 

+260 

"C Commercial 

"C 

"C 

"C 

Industrial IN' 

10sec. mas. 



DC Thresholds (TA = TOPR; vcc = 5v *lo%) 

Unit 

V 

mVPC 

V 

V 

V 

V 

V 

V 

V 

V 

R.ting 

2.05 

-0.5 

0.6 Vcc 

0.44 Vcc 

0.4 Vcc 

VREC 0.25V 

0.2 ' Vcc 

0.8 

0.250 

0.050 

Symbd 

VREF 

VLTP 

VHTF 

Vllco 

VHCO 

V m  

VLCO 

VSNS 

Parameter 

Internal reference voltage 

Temperature coefficient 

TS maximum threshold 

TS hysteresis threshold 

TS minimum threahold 

High cutoff voltage 

Under-voltage threshold at BAT 

Low cutoff voltage 

~ u m n t  sense at SNS 

Tolerance 

1% 

1046 

iO.03V 

i0.03V 

iO.03V 

i0.03V 

iO.03V 

iO.03V 

1046 

10% 

Note8 

TA= 25°C 

Low-temperature fault 

High-temperature fault 

Temperaturecutoff 

I m  

IC~ND 



Recommended DC Operating Conditions FA -TOPR) 

Notes: 1. All voltages relative to Vss except where noted. 

2. Conditions during initialization after Vcc applied. 
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Symbol 

Vcc 

V T E M ~  

VCELL 

ICC 

IIZ 

Vm 

VIL 

VOH 

VOL 

IoH 

IOL 

IIL 

I m  

Parameter 

Supply voltage 

Temperature sense voltage 

Per cell battery voltage input 

Supply current 

DSEL tri-state open detection 

ITERM tri-state open detection 

Logic input high 

Logic input low 

LED1.3, m, output high 

MOD output high 

LED1.3, m, output low 

MOD output low 

LCOM output low 
- 

LED1.3, ICTL, source 

MODsource 

LED1.3, m, sink 

MOD sink 

LCOM sink 

DSEL logic input low source 

ITERM logic input low source 

DSEL logic input high source 

ITERM logic input high source 

Minimum 

4.5 

0 

0 

-2 

-2 

Vcc-0.3 

Vcc-0.8 

Vcc-0.8 

-10 

-5.0 

10 

5 

30 

-30 

-70 

Maximum 

5.5 

Vcc 

Vcc 

4 

2 

2 

Vss+0.3 

Vsst0.8V 

Vss+0.8V 

VsstO.5 

+30 

+70 

Typical ------- 
5.0 

2 

- 
- 
- 
- 
- 
- 
- 

UnR 

V 

V 

V 

mA 

JIA 

PA 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

pA 

pA 

pA 

pA 

Notes 

VTS - VSNS 

VBAT-VSNS 

Outputs unloaded 

Note2 

DSEL, ITEM 

DSEL, ITEM 

101.15 lOmA 

10~51011~4 

1 0 ~ 5  l0mA 

I O L ~  lOmA 

I ~ L S  30mA 

VOH =Vcc-0.5V 

VOH =Vcc-0.5V 

VOL = Vss+0.5V 

VOL = Vss+O.8V 

VOL = Vsst0.5V 

V = Vss to  Vss t  0.3V, Note 2 

V = Vss to  Vss+ 0.3V 

V = Vcc - 0.3V tovcc  

V - Vcc - 0.3V toVcc 



Impedance 

, symbol 

RBATZ 

R s ~ s z  

RTSZ 

'-I 

RPROQ~ 

R m  

Capacitance 

symbol 

t m  

@ 
kro 

~IMIN 

FFWM 

~ y m b d  1 Parameter / Minimum 1 Typical 1 ~aximum 1 Unit 

/ cm 1 charge timer capacitor / I I 0.1 / uF I 

Parameter 

BAT pin input impedance 

SNS pin input impedance 

TS pin input impedance 

Soft-programmed pull-up or pull-down 
mietor value (for programming) 

Pull-up or pull-down resistor value 

Charge timer resistor 

Parameter 

Charge time-out range 

&-charge qua1 test time-out period 

Termination hold-off period 

Min. current detect filter period 

FWM regulator frequency range 

Ic- IPWM R-c capacitance I - 1 0.001 1 - I HF I 

Minimum 

50 

60 

60 

20 

Notes 

DSEL 

ITERM 

Typical 

Minimum 

1 

1.14 

80 

Maximum 

10 

3 

480 

Typical 

0.16thno 

100 

Unit 

ha2 

Ma 

Ma 

kn 

kQ 

ka 

Maximum 

24 

1.52 

160 

Unit 

hours 

mc. 

meec 

lrHz 

Notes 

See F i  7 

CPWM (equation = O.OOI~F 7) 



Data Sheet Revision History 

1 4 1 5 /New state diagram 1 Diagram inserted I 

Change No. 

1 

2 

3 

Note: Change 3 = April 1996 C changes from Dec. 1995 B. 
Change 4 = Sept. 1996 D changes from April 1996 C. 

Page No. 

5,7,8,10 

5,10 

10 

4 

4 

Ordering Information 

i~emperature: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)* 

Description 

Value Change 

Value Change 

Coefficient Addition 

1 , 2 , , 1 2  

39 59 l3 

L 
Package Option: 

PN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 

Nature of Change 

Changed V s ~ s  and IMAX 

Changed VREP 

Temperature coefficient added 

- 
NC pin replaced with ICTL 

Ternination hold-off period added 
I m  detect filtering added 

Device: 
bq2054 Li-Ion Charge IC 

Contact factory for availability. 



@ INCHMARO preliminary DV2054S1 
Fast Charge Development System • 

Control of On-Board 
PNP Switch-Mode Regulator 

Features 
W bq2054 fast charge control evaluation and 

development 

Accepts 24 VDC (max.1 input supply 

W On-board configuration for fast charge of 1 ,2 ,3 ,  or 4 
Li-Ion cells 

W Constant current (up to 3.5A) and constant voltage 
(up to 15Vj provided by on-board switch mode 
regulator 

W Charge termination by maximum voltage, selectable 
minimum current, or maximum time-out 

W Direct connections for battery, thermistor, and reset 
signal 

Jumper configurable three-LED display 

General Description 
The DV2054Sl Development System provides a develop- 
ment environment for the bq2054 Lithium Ion Fast 
Charge IC. The DV2054Sl incorporates a bq2054 and a 
buck-type switch-mode regulator to provide fast charge 
control for 1 through 4 Li-Ion cells. 

Fast charge is preceded by a ~re-charge qualification The user provides a DC power supply and batteries and 
period. configures the board for the number of cells, the maxi- 

mum time-out period, the minimum current threshold, Fast charge termination occurs on: and the LED display mode. The board has direct con- 
Maximum voltage nections for the battery and the provided thermistor. 

Minimum current - IMAX divided by 10,20, or 30 Before using the DV2054S1 board, please review the 
bq2054 data sheet. 

Maximum time-out 

The bq2054 can be reset and a new charge cycle started 
with either the momentary on-board switch (SW1) or via 
the INH input on connector 52. The reset signal simu- 
lates a "Battery Absent" condition. Charging is inhibited 
as long as the reset signal is active; once it is released, 
the charge cycle re-starts a t  pre-charge qualification. 

Feb. 13,1996 Rev C Board 
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DV2054S 1 Preliminary 

DV2054S1 Board Schematic 



miminary EV205~ 
bq2050, bq2053, and bq2054 

Li-Ion Evaluation System 
Features General Description 

The EV205x provides a development and evaluation 
bq2050 Gas Gauge IC, bq2053 Lithium Ion Pack en-nment for the bqmO uthium mer G~~~~ 
Supervisor, and bq2054 Fast Charge control and the bq2053 Lithium Ion Pack Supervim Ice. The 
evaluation and development system for 2 to 4 cells Drovides overvoltaae, undervoltaee, hart cir. 
Conservative and repeatable measurement of &it pr&tion for two 6 four lithium ion cells. The 
available capacity compensated for chargd bq2050 reporta coneervative and repeatable meaewe- 
discharge rates. Capacity and eelf-discharge ment of the available capacity in t h e  cells. The board 
estimation also temperature-compenaated using incorporates a bq2054 Fast Charge IC to provide 
thermal sensor internal to the bq20S0 frequency modulated constant current regulation with 

minimum current and maximum time out 0) termi- 
Overvoltage, undervoltage, and short-circuit nation ta fast charging, plus two FETs for charge and 
protection provided by the bq2053 discharge control. 

On-board frequency-modulated current regulation The Vw, VCE. and VOV thresholds in the bq2053 are set 
with Minimum Current and Maximum Time-Out to 2.3V, 4.1SV, and 4.25V, respectively. Other voltage 
fast charge termination using the bq2054 Fast settings are mask programmable at Benchmarq. Please 
Charge IC. Also features pre-charge qualification refer to the bq2050, bq2053, and bq2054 data sheets for 
for temperature and voltage faults device deecriptions. 

Programmable LED outputa display battery and Hardware for the RS-232 interface is included on the 
charge status, plus on-board data logging by the EV206x to provide eaey a w e s  to the bq2050 data logging 
bq2050 function. The menu-driven software a c .  data log- 

ging and dieplaye chargddischarge activity on any atand- 
ard DOS PC. 

The user provide% a JX power supply and batteries The 
ueer configures the EV2OSx for the number of cells, 
battery capacity, maximum charge time, and coke or 
graphite anode technology. 



E V 2 0 5 ~  Preliminary 

EV205x Schematic 



Preliminary EV205~ 

EV205x Schematic (Continued) 



E V 2 0 5 ~  Preliminary 

EV205x Schematic (Continued) 



@ B E N ~ ~ A R Q  preliminary bq2058~ 
Lithium Ion Pack Supervisor a 

Features 
> Protects and individually 

monitors three or four Lithium 
Ion series cells for ovewoltage, 
undewoltage, and overcurrent 

* Designed for battery pack 
integration 
- Small outline package, 

minimal external components 
and space, and low cost 

- Drives external N-FET 
switches 

User-selectable thresholds mask 
programmable by Benchmarq 

> Operates on < 4 0 4  

> < 1 . 5 4  standby current 

) Available in 16-pin 150-mil 
narrow SOIC 

Pin Connections 

-. 

CHG I 1  
CTL 1 2  
v,, 1 3  

PACK- I 4  
BATdN 1 5  
BAT ,, 1 6 
BAT, 1 7  
BAT,,18 

.- w 

16 I DSG 
15 1 NSEL 
14 1 UVD 
13 1 OVD 
12 1 OCD 
11 1 vcc 
10 Z PACK+ 
9 1 BAT ,, 

16-Pin Narrow SOIC 

General Description 
The bq2058 Lithium Ion Pack 
Supervisors are designed to control the 
charge and discharge voltage safety 
limits for three or four lithium ion 
(Li-Ion) series cells, accommodating 
battery packs containing series1 
parallel configurations. The very low 
operating current does not overdis- 
charge the cells during periods of stor- 
age and does not significantly increase 
the system discharge load. The bq2058 
can be part of a lowcost Li-Ion charge 
control system within the battery pack. 

The bq2058 controls two external 
N-FETs to limit the charge and dis- 
charge potentials. The bq2058 allows 
charging when each individual cell volt- 
age is below VCE (charge enable volt- 
age). If the voltage on any cell exceeds 
Vov (overvoltage limit) for a usercon- 
figurable delay period (tom), the CHG 
pin is driven inactive, shutting off 
charge to the battery pack This safety 
feature prevents overcharge of any cell 
within the battery pack 

The bq2058 allows discharge when 
each individual cell voltage exceeds 
V w  (undervoltage limit). If the volt- 
age on any cell falls below V w  for a 
userconfigurable delay period (tvvD), 
the DSG output becomes inactive, 
shutting off the battery discharge. 
This safety feature prevents overdis- 
charge of any cell within the battery 
pack 

The bq2058 also prevents discharging 
upon detection of an overcurrent condi- 
tion. Overcurrent occurs in either of 
the following instances: when the volb 
age between BAT~N and PACK- is 
greater than VWL or when the voltage 
between BATip and PACK+ is greater 
than VWH. 

Vov, VCE, and V w  are trimmed dur- 
ing manufacturing a t  Benchmarq. 
Default values are 4.25, 4.15, and 
2.25V. Six different Vov limits are 
available (see Table 2). 

The polarities of the CTL input and 
the CHG and DSG outputs are pro- 
grammed at  Benchmarq. 

Pin Names 
CHG Charge control output DSG Discharge control output 

CTL Pack disable input NSEL 3- or 4-cell selection 

Vss Low potential input UVD Undervoltage delay input 

PACK- Pack negative input OVD Overvoltage delay input 

BAT~N Banery 4 negative input OCD Overcurrent delay input 

BAT~N Battery 3 negative input Vcc High potential input 

BAT~N Battery 2 negative input PACK+ Pack positive input 

BATIN Battery 1 negative input BATIP Banery 1 positive input 



Pin Descriptions DSG Discharge control output 

This output controls the discharge path to 
the battery pack. CHG Charge control output 

This output controls the charge path to the 
battery pack. 

Number of cells input NSEL 

This input selects the number of series cells 
in the pack. NSEL should connect to Vcc for 
four cells and to Vss for three cells. 

CTL Pack disable input 

When active, this input allows an external 
source to disable the pack by making both 
DSG and CHG inactive. 

Undervoltage delay input 

This input uses an external capacitor to Vcc 
to set the undervoltage delay timing. VSS Low potential input 

PACK- Battery pack negative terminal sense input Overvoltage delay input 

BAT~N Battery 4 negative input This input uses an external capacitor to Vcc 
to set the overvoltage delay timing. 

This input is connected to the negative terminal 
of the cell designated BAT4 in Figure 2. OCD Overcurrent delay input 

BAT~N Battery 3 negative input This input uses an external capacitor to Vcc 
to set the overcurrent delay timing. 

This input is connected to the negative terminal 
of the cell designated BAT3 in Figure 2. Vcc 

PACK+ 

BATIP 

High potential input 

BAT~N Battery 2 negative input Battery pack positive terminal sense input 

This input is connected to the negative terminal 
of the cell designated BAT2 in Figure 2. 

Battery 1 positive input 

This input is connected to the positive terminal 
of the cell designated BATl in Figure 2. BATIN Battery 1 negative input 

This input is connected to the negative terminal 
of the cell designated BATl in Figure 2. This 
input is connected to BATlp in a 3-ce11 configu- 
ration. 

Table 1. Pin Configuration for 3- and 4-Series Cells 

Number of Cells Confiauration Pins Batterv Pins 
I I 1 BATIN - Positive terminal of first cell 

BATzw - Negative terminal of first cell ' 
BAT~N - Negative terminal of second cell 
BAT~N - Negative terminal of third cell 
BATp - Positive terminal of first cell 
BATIN - Negative terminal of first cell 
BATzN - Negative terminal of second cell 

3 cells 
I 

BATIN tied to BATip 
NSEL = Vss 

I I BAT~N - Negative terminal of third cell 

I ( BAT~N - Negative terminal of fourth cell 

I 

1 4 cells NSEL = Vcc 



Preliminary bq2058~ 

I 
Figure 1. Block Diagram 
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bq 2058~  Preliminary 

Functional Description Overvoltage (VOV) during charge: 

Configuration 

Figure 1 is a block diagram outlining the major compo- Table 2. Overvoltage Threshold Options 

The bq2058 may be configured to supervise three- or 
four-series cell packs. For three-series cell configura- 
tions, BATIN is connected to BATip. See Table 1. The 
bq2058 controls two external N-FETs connected for low- 
side control of the battery pack. Please contact Bench- 
marq for other application examples. 

nents of the bq2058. Figure 2 shows a typical application 
example. The following sections detail the various func- 
tional aspects of the bq2058. 

Thresholds 

Part # Vov Limit Tolerance 
bq2058M 4.15V 

Charge enable voltage: 

The bq2058 monitors four thresholds for overcharge Undervoltage during discharge: 
(overvoltage), charge enable, overdischarge (undervol- 
tage), and overcurrent protection. The following are the V w  = 2.3V _+ lOOrnV 
default values. 

c 5  ] ( I 0 2  

a1 I \ a2 

I 1 1 ,,;7,5 
u 

IRF7m5 

R2 300k 

a 

Q3 - 
ZN7000 

C10 - 
CTL NSEL 

104 

B(N OCD 

R3 

360 

- a - - 

Figure 2. Typical Application Circuit 



Preliminary bq2058~ 

Overcurrent limit during discharge: The bq2058 can be part of a cost-effective charge control 
system which utilizes the pack protection circuit to limit 

VNH = 400mV f 30mV (high-side detect) the charge voltage to the lithium ion cells. The hysteresis 

V ~ L  = 170mV f 30mV (low-side detect) between Vov and VCE allows the lithium ion cell voltage 
to fall sufficiently before re-enabling the charge current. 

m 
These thresholds are programmed at Benchmarq. 
Please contact Benchmarq for other voltage thresh- 
old and tolerance options. 

The bq2058 samples a cell every 37.5ms (typical), and 
each measurement is fully differential. During this sam- 
ple period, the bq2058 checks for a Vov, V w ,  and VCE 
condition. V ~ H ,  VOCL, and VCD (charge detect) are con- 
tinuously monitored, not sampled. 

Initialization 

During the initial connection of the bq2058 circuit to the 
battery pack, the bq2058 recognizes a low voltage condi- 
tion and enters the low-power mode, disabling the DSG 
output. A charging supply must be applied to the 
bq2058 circuit to enable the pack. See Low-Power 
Standby Mode below. 

Discharge Supervision 
Overdischarge protection is asserted after a user-configur- 
able delay ( t m )  when any cell voltages fall below the V w  
threshold. If the cell voltage remains below V w  and t w ~  
expires, DSG becomes inactive, disabling the discharge of 
the pack. The bq2058 then enters the low-power standby 
mode. 

Low-Power Standby Mode 

Overcurrent Supervision 
The bq2058 monitors the voltage across the BAT~N and 
PACK- and PACK+ and BATlp pins for an overcurrent 
condition. It  detects an overcurrent condition if CHG 
and DSG are both active and either the voltage a t  
PACK+ is VOCH greater than BATip or the voltage at  
PACK- is VOCL less than BATm for the entirety of the 
delay period. 

Once these conditions are met, the discharge FET con- 
trol pin (DSG) is driven inactive after a user-configur- 
able time delay ( ~ c D ) ,  disconnecting the load from the 
pack. DSG remains inactive until both of the voltage 
conditions listed above are false, indicating removal of 
the short-circuit condition. The user can facilitate clear- 
ing these conditions by inserting the battery pack into a 
charger or connecting a high-value resistor directly be- 
tween the high side of the battery stack to PACK+ or 
from the low side to PACK-. In the case of a catastrophic 
short, the delay period t o c ~  may be shortened due to the 
collapse of the battery voltage. 

CHG and DSG States 

I Condition , CHG pin DSG p in  1 

1 Normal operation I active I active 
When the bq2058 enters the low-power mode, DSG is ~Overvoltage 1 inactive , active 
disabled, and the device consumes less than 1.5p4. The / undervoltage I active inactive 
differential signal between BAT~N and PACK- and  
PACK+ and BATIP is then continuously monitored to !overcurrent 

I 
I active inactive 

determine if a valid charge condition exists. If the con- 
dition exists, the output is enabled to allow charging of 
the lithium ion cells. The chardng supply must produce Number of Cells - - - A  - 
a voltage greater than VcD between BAT4N andPACK- The user must configure the bq2058 for three- or four- 
or PACK+ and BATlp for the bq2058 to enable the DSG series cell operation. For a three-cell pack, NSEL 
output. If charging is terminated while any cell is below should be tied directly to Vss. For a four-cell pack, 
the vw limit, DSG again goes low after t w ~ ,  and the NSEL should be connected directly to Vcc. 
bq2058 returns to the low-power mode. 

In three-cell operation, BATIN is tied to BATip. 
Charge Supervision Number of Series Cells ! NSEL I 
Ovewoltage protection is asserted after a user-configur- 
able delay (m) when any cell voltage exceeds the Vov 

I 1 
3-cell 1 Tied to Vss I 

- 
threshold. If the cell voltage remains above Vov and tovD 
expires, the CHG pin becomes inactive, disabling charge 4-cell I Tied to VCC 
into the battery pack. Charging is disabled until all cell 

I 
I 

voltages fall below VCE. This indicates that an overcharge 
condition no longer exists and that the pack is ready to 
accept further charge. 
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Protection Delay Timers Mask Configurable Parameters 

The delay timers for all three protection parameters are The parameters shown in Table 4, as well as the Vov 
reset any time the condition that started them is re- and other voltage thresholds and tolerances (see Table 
moved. The fault condition must therefore persist 2), are selectable by Benchmarq when the parts are 
through the entire delay period, or the bq2058 will not manufactured. Contact the factory for availability. 
deactivate either FET control output. 

Figure 3 shows a step-by-step event cycle for the bq2058. 
The delay time between the detection of an overcurrent, 
overvoltage, or undervoltage condition and the deactiva- 
tion of the CHG and/or DSG outputs is user-configurable 
by the selection of capacitor values between the OCC, 
OVD, WD pins (respectively) and Vcc. See Table 3 be- 
low. 

Note that delay time versus capacitance is approxi- 
mately linear around the typical points. 

Table 3. Protection Delay Timers 

p Maximum ' Protection 1 Delay ! Cap. from 1 I 

Feature Period I VCC to: Cap. Time Cap. I Time 1 Cap. 1 Time 

Undervoltage t w o  UVD 

Table 4. Other Mask Configurable Parameters 

I CHG DSG CTL 

I Polarity Type I Polarity 1 Type I Polarity 
I CHG Push-pull DSG 1 Push-pull 1 CTL 
I 

Open drain 

I 

- 1 i%c Open drain I I Open drain 1 CTL Open drain 1 toGND I 1 to GND I to GND 
I 

Open drain 

I 

TY pe 

Push-pull 

Low-side 

611 2 Sept. 1996 
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FET Location 

High-side 
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DSG - 

-- - 

D 4 f UVD 
D 4 'OCD 

- 

CHG - - 

CTL - 

Figure 3. Example High-Side Protector Event Diagram 

Event Definition: 

0: The bq2058 is in the low-power sleep mode because one or more of the cell voltages are below V w .  

1: A charger is applied to the pack causing the difference between PACK+ and Vcc to become greater 
than 30mV. This awakens the bq2058 and enables the discharge pin DSG. 

2: One or more cells charge to a voltage equal to Vov initiating the overvoltage delay timer. 

3: The overvoltage delay time expires, causing CHG to go inactive. 

4: All cell voltages fall below VCE, re-enabling the CHG output. 

5: An overcurrent condition is detected, initiating the overcurrent delay timer. 

6: The overcurrent delay time expires, causing DSG to go inactive. 

7: The overcurrent condition is no longer present; DSG is re-enabled. 

8: Pin CTL is driven high, disabling both DSG and CHG. 

9: Pin CTL is driven low, allowing DSG and CHG to resume their normal function. 

10: One or more cells fall below V w ,  initiating the overdischarge delay timer. 

11: Once the overdischarge delay timer expires, if any of the cells are below V w ,  the bq2058 disables 
DSG and goes into the low-power sleep mode. 
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Absolute Maximum Ratings 

Symbol 1 Parameter Value 1 Unit Conditions 

1 VT Voltage a ~ ~ l i e d  on any pin relative to BATlp -18 to +0.31 1 V 1 
TOPR Operating temperature 

1 TSOLDER 

TSTG Storage temperature 1 -55 to +I25 "C i 
-30 to +70 

Soldering temperature I 260 "C For 10 seconds 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

"C I 
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DC Electrical Characteristics FA = TOPR) 

1 VOH I Output high voltage 1 VCC - 0.5 / - / - / V 1 IOH = 1 0 d  1 
Symbol Parameter 

VOL 

VOP 

/ ICCA I Active current 1 - 1 2 5 1  40 j u A /  1 

VI L 

VIH 

VIL 

VIH 

Minimum 

Output low voltage 

VCC - VS 

Input low voltage 

Input high voltage 

Input low voltage 

Input high voltage 

Iccs 

RCELL 

Typical 

0 

Maximum / Unit / ConditionslNotes 

2.0 

Sleep current 

Vss + 0.5 

18 

0.5 

0.5 

- 1 .7 

V 

V 

Vcc-0.5 / - 

IOL = 10pA 

V 

V 

V 

1.5 

Input impedance I - 

PinCTL 

PinCTL 

Pin NSEL 

- 

d 

Mn 10 

Pin NSEL 

Pins BAT4N, BATBN, 
BATzN, BATIN, 
and BATlp 
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DC Thresholds (TA = TOPR) 

Symbol 

VCE 1 Charge enable threshold Vov - 150mV ~ V i 1.75% 1 see note 
I 1 I I 

1 vov 1 Overvoltage threshold 

I I 
Parameter 1 value Unit Tolerance 1 Conditions 

4.25 

Undervoltage threshold 

V + 50mV / See note 

I VWH Overcurrent detect high-side , 400 
I I I I 

2.25 , .V 

I 
VCD I Charge detect threshold 

C w o  = 0.100pF 1 t m  / Undervoltage delay threshold 1 SO0 1 ms '30% T~ = 3 0 0 ~  

Table 2 

mV 

I 
I tom 

I 

Overcurrent delay threshold i 1 ~ o c D  = O . O I O ~ F  
10 mS '30% T ~ =  3 0 0 ~  

Customer option 

i 100mV 

i 30mV I See note 

I I 
30 i mV 

Note: Standard device. Contact Benchmarq for different threshold options. 

See note I 

k 30mV See note V o c ~  

10112 Sept. 1996 
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Overcmnt  detect low-side 1 170 mV 

+loo%, -50% 

I 

See note 

ms '30% Overvoltage delay threshold 
C o w  = 0.100pF 
T~ = 3 0 0 ~  800 

I 



bq2058~ Preliminary 

Ordering Information 

bq2058 XXTX 

Standard Device: 
Blank = Standard device 
XXXX = Customer code assigned by Benchmarq 

package Option: 
SN = 16-pin narrow SOIC 

1 L Overvoltage Threshold 
M = 4.15V 
F = 4.20V 
K = 4.225V 
Blank = 4.25V 
D = 4.30V 
J = 4.36V 

"~evice: 
bq2058 Lithium Ion Pack Supervisor 



Notes 
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Rechargeable Alkaline Chargepischarge 

Controller IC 
I 

Features 
Safely charges two rechargeable 
alkaline batteries such ae 
Renewal@ from Rayova& 

Terminates pulsed charge with 
maximum voltage limit 

Contains LED charge statue 
output 

k Features a pin-selectable 
low-battery cut-off 

F?pcharge qdifkation indicates 
fault condition 

Available in &pin 300-mil DIP or 
150-mil SOIC 

General Description 
The bq2902 ie a low-coet charger for 
rechargeable alkaline batteries such 
as Renewal@ batteries from 
Rayova@. The bq2902 combines 
sensitive, full-charge detection for 
two rechargeable alkaline cells, 
with a low-battery cut-off for over- 
discharge protection. 

Designed for system integration into 
a two-cell system, the bq2902 can 
improve the eervice life of the re- 
chargeable alkaline cells by prop- 
erly managing the  charge and 
discharge. The bq2902 requires a 
voltage limited current source to 
generate the proper charge pulaes 
for the Renewal@ cell. Each cell is 
individually monitored to ensure 
full charge without a damaging 
overcharge. 

Charge completion is indicated when 
the average charge rate falls below 
approximately 3% of the fast charge 
rate. A statue output is provided to 
indicate charge in progress, charge 
complete, or fault indication. 

The bq2902 avoids over-depleting 
the battery by using the internal 
end-of-discharge control circuit. 
The bq2902 also eliminates the  
external power switching transis- 
tors needed to eeparately charge 
individual Renewal cells. 

For safety, charging ia inhibited if 
the per-cell voltage is greater than 
3.OV during charge (closed-circuit 
voltage), or if the cell voltage is lees 
than 0.4V (open-circuit voltage). 

Pin Connections Pin Names 

8-Pin Narrow Dip 
or SOIC 

PN-95 

DC Charging supply input vss Battery 2 negative input 
IC ground 

CHG Battery status output 
LRTN System load return 

BATip Battery 1 positive input 
Vsu End-of-discharge voltage 

BATIN Battery 1 negative input select input 

July 1996 118 
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Pin Descriptions 

DC Dc supply input 

This input is used to charge the rechargeable 
alkaline cells and power the bq2902 during 
charge. To charge the batteries, this input 
should be connected to a current-source lim- 
ited to 300 mA. If the DC input current is 
greater than 300mA, the power dissipation 
limits of the package may be exceeded. The 
DC input should also be capable of supplying 
a minimum of 3.3V and should not exceed 
5.5v. 

CHG Charge status 

This open-drain output is used to signify the 
battery charging status and is valid only 
when DC is applied. 

VSEL End-f-discharge select input 

This three-level input selects the desired end- 
of-discharge cut-off voltage for the bq2902. 
VSEL = BATlp selects an EDV of l.lOV. VSEL 
floating selects EDV = 1.OV. VSEL = BATm 
selecta EDV = 0.9.V 

BATIP Battery 1 positive input 

This input c o ~ e c t s  to the positive terminal 
of the battery designated BAT1 (see Figure 3). 
This pin alao provides power to the bq2902 
when DC is not preaent. 

BATIN Battery 1 negative input 

This input c o ~ e c t a  to the negative terminal of 
the battery designated BAT1 (see Figure 3). 

Vss Battery 2 negative input,/lC gmund 

This input connecte to the negative terminai of 
the battery designated BAh (see Figure 3). 

LRTN Iaad return 

This input is the system load return. 

8 BATlN 
CHG -- 

5 ,----------- LRTN 

Figure 1. Functional Block Diagram 

218 Juv lees 

1306 



Functional Description 
Figure 2 illustrates the charge control and dieplay statw 
during a bq2902 cycle. Table 1 outlines the various op- 
erational states and their associated conditions which 
are deed'bed in detail in the following section. 

Charge Initiation 
The bq2902 always initiates and performa a charge cycle 
whenever a valid DC input is applied. A charge cycle 
consists of pulse charging the battery and then checking 
for a termination condition. The charging section ex- 
plaine charging in greater detail. 

Charge Pre-Qualification 
After DC is applied, the bq2902 checks the open-circuit 
voltage (Vocv) of each cell for an undervoltage condition 
( V M ~  0.4V) and begins a charge cycle when the Vocv of 
all cells is above V m .  If VOCV of any cell is below VMIN, 
the bq2902 enters a charge-pending mode and indicates a 
fault condition (see Table 1). The bq2902 remains in a 
charge-pending mode until Vocv of each cell is above 
VM~N. 

Charge Termination 
Once a charge cycle begins, the bq2902 terminates 
charge when the average charge rate falls below 3% of 
the maximurn charge rate. The bq2902 also t e r n i n a h  
charge when the closed-circuit voltage (Vccv) of any cell 

exceede 3.OV ( V F ~ L  during charge and indicatea a fault 
condition on the CHG output (see Table 1). 4 
Charge Rclnitiatlon 
If DC remains valid, the bq2902 will suspend all charge 
activity after full-charge termination. A charge cycle is 
re-initiated when all cell potentiale fall below 1.4V. The 
rechargeable alkaline cells, unlike other rechargeable 
chemi~triae, do not I.equire a maintenance charge to keep 
the cello in a fully charged state. The eelf-dkharge rate 
for the Renewal cells in typically 4% per year at room 
temperature. 

Charge Status Indication 
Table 1 and Figure 2 outline the vari- i  charge action 
states and the associated BATlp, and CHG output states. 
The charge statw output is deeigned to work with an 
LED indicator. In all cesee, if DC is not present at  the 
DC pin, or if the DC supply is lace than the voltage a t  the 
BATlp pin, the CHG output is held in a high-impedance 
condition. 

Charging 
The bq2902 controls charging by periodically connecting 
the DC current-source to the battery stack, not to the 
individual battery cells. The charge current is pulsed 
from the internal clock at  approximately a lOOHz rate on 
the BATip pin. 

Table 1. bq2902 Operational Summary 

Charge Action State 

DC absent 

Charge initiation 

Pulse skip 

I 
Conditions 

Charge pending1 
fault 

Charge pulse 

Vocv > 1.63V 
before puke 

VDC < VBATIP 

DC applied 

BATIP Input 

Vocv < 0 . 4 ~ '  or Vccv > 3 . 0 ~ ~  

Vocv 5 1.63V before pulse 

- 
CHG 

Output 

h battery detection per VSEL 

Pulee skipped per Figure 2 

Notes: 1. Vocv = Open-circuit voltage of each cell between positive and negative leads. 

Z 

Chargepuleed@lOOHzperFigure2 

1/68ec=hw 
t ,eec=z 

Charge complete 

2. Vccv = Closed-circuit voltage. 

% ' 3 ' 3 = h w  
z/seec=Z 

' / 6 ' 3 = h ~  

t,sec=Z 

July lees 3(a 

Average charge rate falls below 3% of 
the fast charge rate Charge complete Low 
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The bq2902 pulse charges the battery for approximately 
7.5ms of every lOms, when conditions warrant. The 
bq2902 measures the open-circuit voltage (Vw) of each 
battery cell during the idle period. If a single-cell poten- 
tial of any battmy is above the maximum open-circuit 
voltage (Vw = 1.63V *3%), the following puleea are 
skipped until all cell potentials fall below the VMAX limit. 
Charging is terminated when the average charge rate 
falls below approximately 3% of the maximum charge 
rate. Once charging is terminated, the internal charging 
FET remains off, and the CHG output becomes active per 
Table 1 and Figure 2. With DC applied, the internal 
discharge FET will always remain on. 

charge FET off. The diecharge FET remains off until 
either the batteries are replaoed or DC ia reapplied, initi- 
ating a new charge cycle. After dieconnecting the battery 
stack from the load, the standby current in the bq2902 is 
reduced to lees than 1pA. The end-of-discharge voltage 
(VEDV) is selectable by connecting the VSEL pin as out- 
lined in Table 2. After disconnecting the battery stack 
from the load, the standby current in the bq2902 is 
reduced to less than 1pA. Typically, higher discharge 
loada (>200mA) should use a lower discharge voltage 
cut-off to maximize battery capacity. 

End-of-Discharge Control Table 2. bq2902 EDV Selections 
When DC is not present or less than the voltage pre- 
sent on the BATlp pin, the bq2902 power is supplied by 
the voltage present at the BATlp pin. In this state, the 
batteries dischame down to the level determined by the 

fied by the Vsm input, ;he bq2902 disconnectsthebat- 
tery stack from the load by turning the internal dis- 

VSEL pin. The bi2902 monitors the cell voltage of the 
rechargeable alkaline cells. 

DC Valid 

t i I I 

Pending Charging @ I Charge 
Complete 

4 7.5ms le L:"" 0 ;n......' ,. '..... 0 @ - -  
. . 

....... . . 
BAT, P 

......----......+ 

- 213 aec. 118 aec. 

cHG m-- 4k 

F0-m 

Notes: 1. Charging: 0.4 < Vocv 5 l.63V, Vccv < 3.0V. 

2. Pulses skipped when Vocv > 1.63V. 

3. Charge complete when average charge falls below 3% of fast charge rate 

EndofDlscharge Voltage 

l.lOV 

Figure 2. bq2902 Application Diagram 

Pin Conmction 

VSEL = BATIP 

If the voltage across any cell is below the voltage speci- 

1 .OOV 

0.90V 

4/s Juty 16% 

VSEL = Z 

VSEL = BATm 



Figure 3. bq2902 Application Example, 1.OV EDV 



bq2902 Preliminary 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Rating6 are exceeded. Functional operation should 
be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expoeure to conditions 
beyond the operational limits for extended periods of time may affect device reliabiity. 

DC Thresholds VA = sac; VDC = 5.5~)  

Notes 

Commercial 

Induetrial 

10 eecmax. 

- 
CHG 

Unit 

V 

V 

OC 

OC 

OC 

OC 

mA 

mA 

mA 

Note: Each DC threshold parameter above haa a temperature coefficient associated with it. To determine the 
coefficient for each parameter, use the following formula: 

Tempco = parmeterRatix * - 0 . 5 ~ v p c  
1.63 

The tolerance for these temperature coeff~cients is 1Wo. 

Maximum 

7.0 

7.0 

+70 

+85 

+85 

+260 

400 

500 

Minimum 

-0.3 

-0.3 

0 

-40 

-40 

Symbol 

DCIN 

VT 

Tom 

TSTG 

TSOLDER 

IDC 

ILOAD 

IOL 

Notes 

V w v  > V m  inhibitytenninates 
charge pulses 

VSEL = BATm 

VSEL= Z 

VSEL= BATIP 

Vccv > VFLT terminates charge, 
indicates fault 

Vocv < V m  inhibits charge 

Vocv < VCE on both cells re- 
initiates charge 

Pemmeter 

VDC relative to GND 

DC threshold voltage applied on my 
pin, excluding the DC pin, relative to 
GND 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

DC charging current 

Dischargecurrent 

Output current 

Tolerance 

*3% 

*5% 

*5% 

*5% 

k5Yo 

*5% 

t5% 

Rating 

1.63 

0.90 

1.00 

1.10 

3.00 

0.40 

1.40 

Symbol 

vmx 

VEDV 

V~~~ 

VMIN 

VCE 

Unit 

V 

V 

V 

V 

Parameter 

Maximum open-circuit 
voltage 

End-of-discharge voltage 

Maximum open-circuit 
voltage 

Minimum battery voltage 

Charge enable 



-- 

Timing FA - TOPR) 

Note: Typical is at TA = 26°C. 

DC Electrical Characteristics FA - TOPR) 

Symbol 

tp 

~ P W  

July 1996 7/s 
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Typical 

10 

7.5 

Parameter 

Pulse period 

Pulse width 

Notes 
I 

VSEL 

V m  

IOL= lOmA 

@VOL = Vss + 0.8V 

Outpute unloaded, 
VDC = 5.5V 

VDC = OV, Vocv > VEDV 

VDC=OV 

VSEL 

??Hi2 

Diecbs2ge FEI: VBAW = lsV 

, symbol 

VIH 

V n  

VOL 

IOL 

Icc 

Iml 

Ism 

IL 

Ioz 

RDWN 

Muimum Minimum 

Parameter 

Logic input high 

L&Jgiciuputlow 

Logic output low 

Output current 

Supply current 

Standby current 

End-of-discharge 
standby current 

Input leakage 

Output leakage in 
high-Z state 

Onresistance 

I ~ A D  

Vop 

Unit 

me 

me 

Notes 

SeeFigure2 

SeeFigure2 

inimum 

VBATIP - 0.1 

vss 

10 

-5 

Discharge current 

Operating voltage 

Typical 

0.5 

400 

Maximum 

VBATIP 

vss + 0.1 

0.8 

250 

25 

1 

*1 

mA 

V 

Unit 

V 

v 
V 

mA 

pA 

MA 

pA 

Q 

DC, BATlp 



Ordering Information 

I I I- Temperature Range 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +86OC)' 

L Package Option: 
PN = &pin narrow plantic DIP 
SN = &pin narrow SOIC 

I- Device: 
bq2902 Rechargeable Alkaline Ch@iechargeIC 

Contact factmy for availability. 



bq2903 
Rechargeable Alkaline Chargepischarge 

Controller IC 
u 

Features 
Safe charge of three or four 
rechargeable alkaline batteries 
such as Renewal@ from Rayova& 

Pulsed charge terminated with 
maximum voltage limit 

LED outputs indicate charge 
status 

Selectable end-of-discharge 
voltage prevents overdischarge 
and improves cycle life 

Optional external FET drive 
allows high current loads 

Pre-charge qualification indicates 
fault conditions 

Automatic charge control 
simplifies charger design 

Available in 14-pin 300-mil DIP 
or 150-mil SOIC 

General Description 
The bq2903 is a cost-effective charge 
controller for rechargeable alkaline 
batteries such as Renewal battmies 
from Rayovac. The bq2903 combines 
sensitive, full-charge detection for 
three to four rechargeable alkaline 
cells, with a low-battery cut-off for 
over-discharge protection. 

Designed for integration into a three- 
or four-cell eyetern, the bq2903 can 
improve the service life of the d a r -  
geable allcaline cells by properly man- 
aging the charge and diecharge. The 
bq2903 requirea a voltage-limited cur- 
rent source to generate the proper 
charge puleee for the Renewal cell. 
Each cell is individually monitored to 
ensure full charge without a damag- 
ing~ercharge. 

Charge completion is indicated when 
the average charge rate fall8 below 
approximately 6% of the fast charge 
rate. Statue outputs are provided to 
indicate charge in prograes, charge 
complete, or fault mditioa 

The bq2903 avoids over-depleting 
the battery by using the internal 
end-of-discharge control circuitry. 
The bq2903 also eliminates the 
external power switching tramis- 
tors needed to separately charge in- 
dividual Renewal cells. 

To &ce extamal component count, 
the discharge and charge control 
FETs are internal to the bq2903, how- 
ever, if the d k h q e  load is greater 
than 400mA, a DRV pin is provided to 
drive an external N-FET, reducing 
the effective discharge path resistance 
for the system. 

For safety, chargine is inbiiited if the 
voltage of any cell is greater than 3.0V 
during charge or if the voltage of any 
cell is leas than 0.4V when not charg- 
ing (open-circuit voltage). 

Pin Connections Pin Names 

BAT1 P 
DC 
LRTN 
Vss 
vss 
LRTN 
DRV 

14-Pin Narrow DIP 
or SOIC 

PN-116 

DC Chatging ~ U P P ~ Y  input BATIN Battery 1 negative input 

& Battery status output 1 BATzN Battery 2 negative input 
- 
DONE Battery status output 2 BAT~N Battery 3 negative input 

N s ~  Number of cells input Vss Battery 4 negative input/ 
IC ground 

V s e ~  End of discharge voltage 
select input LRTN System load return 

BATlp Battery 1 positive input DRV External FET drive output 



Pin Descriptions BATlp eelecta an EDV of l.lOV. VSEL fbatbg 
decks EDV = 1.OV. V m  =VSS aelecte EDV = 
0.9V. 

DC DC supply input 
BATlp Battery 1 pdt ive  input 

This input is used to recharge the recharge- 
able alkaline cells and power the bq2903 dur- This input connects to the positive terminal 
ing charge. Thia input must be connected to a of the battery designated BAT1 (eee Figure 3). 
voltage-limited current source. This pin a h  provides power to the bq2903 

- when DC is not pment. 
CHG Charge status 

This open-drain output is uaed to signify the 
BATIN Battery 1 negative input 

battery chargins status and ie valid only when Thie input connects to the negative terminal of 
DC is applied. See Figure 4 and Table 1. the battery designated BAT1 (me Figure 3). 

DONE Chargedone BATH Battery 2 negative input 

Figure 1. Functional Block Diagram 

This open-drain output is used to signify Thie input connecte to the negative terminal of 
charge completion and is valid only when DC the battery designated BAh (see Figure 3). 
is applied. 

BATsN Battery 3 negative input 
N m  Number of cells input 

Thie input connects to the negative termid of 
This input selects whether the  bq2903 the battery designated BAT3 (see Figure 3). 
charges 3 or 4 ceb. NSEL = BATIP eelecta 4 
cells, and NSEL = Vw elects 3 cells. Vss Battery 4 negative input/IC ground 

VSEL End.of&scharge select input Thk input connects to the negative terminal of 
the battery designated BAT4 (see F&xm 3). 

This three-level input  select^ the d e s i  end&- 
discharge cut-oft wltage for the bq2903. VsEL = 

2/10 July less 

Dc l3  
, 14 

i l  2; - BAT i P 

- - 
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NSEL d 
VSEL 

5 
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contrdrstatus 
Lock 

F '  BATw - 
- 
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LRTN Load return bq2903 entars a charge-pending mode and indicates a 
fault (see Table 1). 

This input is the system load return. 
If all calla are above V m  and the minimum operating 

DRV External FET drive output voltage V o p ( ~ 2 . W  at  the DC pin is met, the bq2909 
will initiate a charge cycle. A charge cycle c o d  of 

This push-pull output drives an optional charging the battery and then checking for a 
external N-FET (see Figure 4). Tha DRV pin ,tion condition. 
should not be connected if the external FET 
is not used. See page 5 for a full description. Charge Termination 

Functional Description Once a charge cycle begins, the bq2903 terminates 
charge when the average charge rate falls below 696 of 
the maximum charge rate. The bq2903 also terminat- Fi~ure 2 illustrates the charge control and display etatw when tha dmd-cimrit voltaOe (vCCVl of any during a bq2903 cycle. Table 1 outlines the various e.ceede wm._rlduring charge and a fault 

operational states and their associated conditions which condition on the CHG output Table are described in detail in the following section. 

DC lnput Charge Re-Initiation 
I f D C r e m a i n s v a l i d , t h e ~ w i l l ~ a ] l ~ a c -  This input is used to charge the rechargeable alkaline cella aRer *h A crcle is re-initi- 

and power the bq2903 during a charge. To charge the ated all potsntials 1.4V. 
batteries, this input should be connected to a current able cells, unlike - dO 
source limited to 300mA. If the DC input current is chargetokeepthecehinafully 
greater than W O ~ A ,  the power diripation limits of the =&-- r%te *the wal 
package will be exceeded. The DC input should also be is 4% per par at tesnperature. capable of supplying a minimum of 2.0V0N, where N is the 
number of cells to be charged. The DC input should not charge status indication 
exceed 1ov. 

Charge Pre-Qualification 
Table 1 and Figure 2 outlie the-ous charm action 
states and the associated BATlp, CHG, and DONE out- 

After DC is applied, the bq2903 checks the open-circuit $ , " ~ d ~ ~ ~ a , " ~ ~ ~  $ voltage (Vocv) of each cell for an undervoltage condition caeee, if the voltmeatthe DC _n is leee than the voltage ( V O C V < ~ . ~ ~ ) .  If the VWV of any cell is below VMIN, the at the  BAT^^ pin, CHG and DONE outpub are held in a 
high-impedance condition. 

Table 1. bq2903 Operational Summary 

Charge pulse 

- 
DONE 
Output 

Z 

z 

Pulse skip 

Notes: 1. Vocv = Open-circuit voltage of each cell between positive and negative leads. 

Charge Action 
State 

DC absent 

Charge initiation 

Charge 
fault 

Vocv I 1.63V before pulse 

Charge complete 

2. Vccv = Closed-circuit voltage. 

BATtp Input Conditions 

VDC < VBATIP 
DC applied 

Vocv < 0 . 4 ~ '  or Vccv > 3 . 0 ~ '  

Vocv > 1.63V 
before pulse 

July 1996 Y10 

- 
CHG 

Output 

Z 

%aec=Low 
% m = Z  

Charge puleed @ lOOHz per 
Figure1 

Average charge rate falls below 
6% of the fast charge rate 

Pulse skipped per F i  1 

Low 

Charge complete 

Z 

Low Z 

Z Low 



Charging 
The bq2903 controls charging by periodically connecting 
the DC current source to the battery stack, not to the 
individua! battery cells. The charge current is pulsed 
from the internai clock at  approximately a 100 Hz rate 
on the BATIP pin. 

The bq2903 pulse charges the battery for approximately 
7.5ms of every IOms, when conditions warrant. The 
bq2903 measures the open circuit voltage (Vocv) of each 
battery cell during the idle period. If a single-cell poten- 
tial of any battery is above the maximum open-circuit 
voltage ( V m  = 1.63V *3%), the following pulses are 
skipped until all cell potentials fall below the V m  limit. 
Charging is terminated when the average charge rate 
falls below a~~roximatelv 6% of the maximum charne 

Endof-Discharge Control 
When DC is leas than the voltage on BATIP, the bq2903 
is powered by the battery at BATIP. In this state, the 
batteries discharge down to the level determined by the 
VSEL pin The end-of-discharge voltage (VEDV) is select- 
able by connecting the VSEL pin ae outlined in Table 2. If 
the voltage acmes any cell is below the voltage specified 
by the VSEL input, the bq2903 disconnects the battery 
stack from the load by turning the internal discharge 
FET off. The DRV output is also driven low, disabling the 
external FET. After disconnecting power (the battery 
stack) to the load, the standby current in the bq2903 is 
reduced to leee than 1pA. Typically, higher discharge 
loads (>200mA) should use a lower discharge voltage cut- 
off to maximize battery capacity. 

rate. Once cd&ging is te&inated, the internal chargi& After disconnecting the battery stack from the load, the 
FET remains off, and the DONE output becomea active internal discharge FET remains off, and the DRV output 
per Table 1 and Figure 2. With DC applied, the internal remains low until the batteries are replaced or DC is 
discharge FET will always remain on, and the DRV out- reapplied, initiating a new charge cycle. 
put will remain high. 

DC Valid 

- i l  i I 1 

0 ' 1 Charge 
Complete 

tp ~ P W  0 
. . . . . . _[l : . . . . . . . 

@ 
BAT, - - ...... L .. . . . .  L _ - 

116 aec. 

=-. I 

FG-102 

Notes: 1. Charge Pending = Vocv < 0.4V per cell, Vccv > 3.OV per cell. 

2. Charging: 0.4 < Vocv S 1.63V, Vccv S 3.OV. 

3. Pulses skipped when Vocv > 1.63V. 

4. Charge complete when average charge rate falls below approximately 6% of the fast charge rate. 

Figure 2. bq2903 Example of Charge Action Events 

4/10 July lW6 

1-31 6 



DRV Pin 
Table 2. bq2903 EDV Selections 

The bq2903 wntroln battery discharge with an internal 
FET between LRTN and V s  The current through tht 
d t c h  should be limited to 400mA To reduce the effec- 
tive dbcharge switch resbkmca, or for high current 
 load^, the DRV pin cna control an external N-FET, aa 
shown in Figure 4. DRV is 'hipha when a valid charging 
voltage is applied to the DC pin and r e m h  '?ligh' dur- 
ing dkharge. DRV poee ?ow" during Warge to turn 
off the external FET when an end-of-- condition 
is met This pin should not be co~ected it the external 

Numberof-Cell Selection FET option is not used. 

End-ofQlrchwge V m  

l.lOV 

1 .oOv 

0.90v 

Nsm ie used to mlect whether the bq2903 will charge 3 
or 4 cells. Figure 3 shows the proper connection for a 3- 
or 4-cell system. For 4 cell operation, NSRL = BATip. For 
3 cell operation, Nsm = VSS and the BATm pin should be 
connected to the BAT~N pin. 

Pin Chnnedon 

VSEL = BATIP 

vsm = z 
vsm = Vs4 

Figure 3. NSEL Connection Diagram 

July 1- s/lO 
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/ Now Load must be d i i n e d e d  hwn 

optbnal fw H w  
banery stadt w h i  m. 

Discharge C u m t  or 
LowerSwiesLDss 

BD-zel3a 

Figure 4. bq2903 Application Example, 
4-Cell and 1.OV EDV 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Abeoluta Maximum Rat im are exceded. F u n e t i d  operation should 
be limited to the Reammended DC Operating Condi- detailed in tbis data aheet. Expoare to conditiom 
beyond the operational limits for e d e d  periods of time may affect device reliabiity. 

Symbol 

DCIN 

VT 

Tom 

Tsn: 

TSOLDER 

IDC 

Imm 

Ia, 

July 1696 711 0 

1319 

Plnmeter 

VDC 

DC threehold voltage applied on any 
pin, excluding DC pin 

Operating ambient temperature 

Storage temperature 

Soldering temperature 

DC charging current 

Dischargecurrent 

Output current 

Minimum 

-0.3 

-0.3 

0 

-40 

-40 

Unit 

V 

V 

"C 

"C 

OC 

OC 

mA 

mA 

mA 

Maximum 

11.0 

11.0 

+70 

+86 

+& 

+260 

400 

500 

20 

Notee 
I 

Commercial 

Induetrial 

lOsecma~ 

NoexternalFET -- 
CHG,DONE 



DC Thresholds (TA = 25%; VDC -low 

Note: Each parameter above has a temperature coefficient aaeociated with it. To determine the coefficient for 
each parameter, use the following formula: 

Tempco - ParametarRatiw * - O . ~ ~ V P C  
1.63 

The tolerance for t h a e  temperature coefficients ie 10%. 

Timing ( T A - ~ ~ ~ C )  

Symbol 

VEDV 

V ~ T  

VMIN 

VCE 

Parameter 

Maximum open-circuit 
voltage 

End-of-- voltage 

Maximum closed-circuit 
voltage 

Minimumbattery 
voltage 

Charge enable 

Ratlng 

1.63 

0.90 

1.00 

1.10 

3.00 

0.40 

1.40 

Symbol 

U n l  

v 

V 

V 

V 

v 

V 

V 

Tolerance 

*396 

*5% 

*5% 

*5% 

*5% 

*5% 

*5% 

~ P W  

Notes 

Vocv > V w  inhibits or 
terminaka charge p u h s  

V~EL=VSS 

V m = Z  

VSEL= BATIP 

VCCV > VPLT terminates charge, 
indicates fault 

Vocv < VMIN inhibits charge 

Vocv < Vce on all cells re-initiates 
chwre 

Notes 

Pulse width 

Unit Parameter 

7.5 

Minimum 

ma 

Typical 

SeeFigure2 

Maximum 



p p  - -  - - 

DC Electrical Characteristics UA = TOPR) 

Note: All voltages relative to Vss. 

Symboi 
r 

Vm 

VIL 

VOL 

VOH 

IOL 

I m  

Issl 

Ism 

IL 

Ioz 

R D S ~ N  

IIDAD 

In. 

I m  

IU 

Im 

Vop 
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Parameter 

Logic input high 

hgic  input low 

L o g i c ~ u t l o w  

Gate drive output 

Output current 

Supply current 

Standby current 

End-of-discharge 
standby current 

Input leakage 

Output leakage in 
high-Z state 

Discharge on resistance 

Discharge current 
without external N-FET 

Logic input low 

w c  input high 

Logic input float 

DC charging current 

Operating voltage 

Minimum 

V B A ~ P  - 0.1 

Vss 

(Greater of 
VBATIP or 
Voc) - 1.0 

5 

1 

-70 

-2 

2.7 

Typical 

35 

25 

0.5 

Maximum 

VBATIP 

Vss + 0.1 

1 .O 

0.4 

250 

40 

1 

*1 

t 5  

400 

70 

2 

300 

10 

Unit 

V 

V 

v 

V 

V 

mA 

mA 

pA 

pA 

pA 

pA 

pA 

Q 

mA 

pA 

pA 

rnA 

V 

Not88 
I 

VSELNSRL 

VSEL NSRL 
-- 
DONE,CHG, 
la = 5rnA 

IOL = l.OmA, DRV 

DRV, Ion = -1.OmA 

VOL = v98 + 1 .ov, 
m , m  
DRV = Vss + 1.OV 

Outputa unloaded. 
VDC = 1o.ov 

VDC = 0,  VOCV > VEDV, 
BATIP-SN 

VDRV = OV, VDC = 0 

NSEL 

m , m  
~ ~ V B A T I P = ~ ~ V  

NoexternalFET 

V= GND to GND + 0.5V, 
VSRL 

V = VDC -0.5 VDC, VSEL 

VSEL 



Ordering Information 

L~emperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85OC)' 

Fkckage Option: 
PN = 14-pin narrow plastic DIP 
SN = 14-pin narrow SOIC 

I- ~ e v i c e :  
bq2903 Rechargeable Alkaline Charge IC 

Contact factory for availability 



Product Brief EV2903 
bq2903 Evaluation System 

Features 
> bq2903 fast charge control evaluat~on and 

development system for rechargeable alkallne 
batter~es such as Renewal03 from RayovacO 

Optional on-board 300mA current-limited charge 
supply 

Fast charge of three or four alkaline cells 
I 

Pulsed charge termmated by minimum current and 
backed up by a maxlmum voltage safety termination 1 REUSABEWN: 

Selectable end-of-discharge voltage - EATERY 3 + - BATTERY4 + 

Charge status ~ndicator LEDs 

Datalog capab~llty for charge and discharge currents 
through an RS-232 port to a PC 

General Description 
The EV2903 Evaluation System provides a development The user provides batteries and DC Power The 
and evaluation environment for the bq2903 Rechargeable user configures the EV2903 for the number of cells (three 
Alkaline Chargernischarge Controller IC. The EV2903 0' four), end-of-discharge voltage, and on-board or off- 
incorporates a bq2903, a bq2014 Gas Gauge IC, an on- board current regulation. 
board discharge N-FET, and all other hardware needed * full data sheet of this product is available on our web 
to charge three or four rechargeable alkaline batteries, site ~http~llwww,benchmarq~com), or you may the 
such as Renewal from Rayovac. factory for one. 
Fast charge is terminated when the average charge 
rate falls below approximately 3% of the fast charge 
rate. For safety, charging is inhibited if the voltage of 
any cell is greater than 3.OV during charge or if the 
voltage of any cell is less than 0.4V when not charging 
(open-circuit voltage). 

Nov. 1995 



EV2903 Product Brief 

EV2903 Schematic 



Product Brief EV2903 

EV2903 Schematic (Continued) 



Notes 







4 ~ ~ N ~ M A R Q  bq2010 
Gas Gauge IC 

Features 
Conservative and re~eatable 
measurement of avdable charge 
in rechargeable batteries 

Deaigned for battery pack 
integration 
- 120pA typical standby current 

- Small size enables imple- 
mentations in as little as 
square inch of PCB 

Integrate within a eyetern or FIE a 
stand-alone device 
- Display capacity via single- 

wire aerial communication 
port or direct drive of LED8 

Measurementa compensated for 
current and temperature 

Self-discharge compensation 
using internal temperature 
c ens or 

Accurate meaeurementa aaoee a 
wide range of current (> 500:l) 

16-pin narrow SOIC 

Pin Connections 

LCOM 

SEG,/PROG 1 

S E Y R O G  

SEG3/PRoG 3 

SEGPROG 4 

SE(YPR0G 5 

SEG PROG 6 
6 " ss 

l & !  Narrow SOlC 

RM 

General Description 
The bq#)lO Gaa Gauge IC is intended 
for battery-pack or in-eystem installa- 
tion to maintain an accurate recard of 
a battery's available charge. The IC 
monitom a voltage drop a m  a sense 
reeietor connected in series between 
the negative battery terminal and 
ground to determine charge and die- 
charge activity of the battery. 

NiMH and NiCd battery aelf-dis- 
charge is estimated baaed on an inter 
nal timer and temperature seneor. 
Compensatione for battery tempera- 
ture and rate of charge or discharge 
are applied to the charge, diecharge, 
and self-discharge calmlatione to pro- 
vide available charge information 
aaoee a wide range of operating con- 
ditions. Battery capacity is automat- 
ically &rated, or leamedI. in the 
course of a discharge cycle from full to 
empty. 

Nominal available charge may be di- 
rectly indicated using a five- or sk -  
segment LED display. Theae 
segments are used to  indicate 
graphically the nominal available 
charge. P 
The bq2010 eupporta a simple a b l e -  
line bidirectional aerial link to an 
&.end pmceemr (common muud). 
The bq2010 outputs battery 
information in mponee to external 
mmmande over the serial link. 

Tbe bq2010 may operate directly from 
3 or 4 cells. With the REF output and 
an external traneietor, a simple, inex- 
peaeive regulator can be built to pro- 
vide Voc acroae a greater number of 
cells. 

Internal registera include available 
charge, temperam, capacity, battery 
ID, battery status, and programming 
pin d i n g s .  To support subassembly 
testing, the outputs may a h  be con- 
trolled. The external processor may 
ale0 overwrite some of the bq2010 gas 
gauge data registers. 

Pin Names 
LCOM LED common output REF Voltage reference output 

SEGllPROGl LED segment 11 NC No connect 
Program 1 inpa 

DQ Serial communications 
SEGzIPROG2 LED segment 2/ inputiout~ut 

program 2 input 
EMPTY Empty battery indicator 

SEGJPROG3 LED segment 31 Output 
program 3 input 

SB Battery sense input 
SEGgROG4 LED segment 41 - 

program 4 input DISP Display control input 

SEGJPROGs LED segment 5/ SR Sense resistor input 
program 5 input 

Vcc 3.0-6.5V 
SEGflROGa LED segment 6/ 

Program 6 input Vss System ground 



Pin Descriptions Sense resistor input 

The voltage drop (VSR) amse the sense resis- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input ie tied to the high side of the 
sense resistor. VSR < Vss indicates discharge, 
and VSR > VSS indicates charge. The effective 
voltage drop, VSRO, as seen by the bq2010 is 
VSR + Vm (see Table 4). 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off 
during initialization to allow reading of the 
soft pull-up or pull-down program resistors. 
LCOM is also high impedance when the dis- 
play is off. - 

DISP Display control input 
SEG1- LED display segment outputs (dual fune 
SE& tionwithPROG1-PROGa) KP high disables the LED display. EP 

tied to Voc allows PROGx to connect directly 
to Vcc or Vss insteadofthrough a pull-up or 
pull-down resistor. DISP floating allows the 
LED display to be active during discharge or 
charge if the NAC regbtere updateata rate 
equivalent to IVs~ol 2 4mV. DISP low 
activate3 the display. See Table 1. 

Each output may activate an LED to sink the 
current sourced from LCOM. 

P-1- Programmed full count selection inputs 
PROG2 (dual function with SEGidEG2) 

These three-level input pins define the 
programmed full count (PFC) thresholds 
described in Table 2. Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resistive 
divider network for end-of-discharge voltage 
(EDV) thresholds, maximum charge voltage 
(MCV), and battery removed. 

PROGs- Gas gauge rate selection inputs (dual 
PROC4 function with SEGdEGd 

These three-level input pins defiie the scale 
factor described in Table 2. 

Battery empty output PROGa Selfdiecharge rate selection (dual func- 
tion with SEG) 

This open-drain output becomes high-impedance 
on detection of a valid end&- voltage 
(VEDVF) and is low following the next appkation 
of a valid charge. 

This three-level input pin defines the selfdis- 
charge compensation rate shown in Table 1. 

PRO& Display mode selection (dual function 
with SEG) Serial pin 

This ie an open-drain bidirectional pin. This three-level pin defines the display 
operation shown in Table 1. 

Voltage reference output lor regulator REF 
NC No connect 

REF provides a voltage reference output for 
an optional micro-regulator. 

Supply voltage input vcc 

Vss Ground 
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Functional Description 
General Operation 

The bq2010 determinee battery capacity by monitoring 
the amount of charge input to or removed from a 
rechargeable battery. The bq2010 measuree discharge 
and charge currente, eatimatea e e l f a a g e ,  monitom the 
battery for low-battery voltage th-eaholde, and compen- 
sates for temperatum and chargq/discharge ratea The 
charge measurement derivea from monitming the voltage 
acmes a small-value aerie8 sense. reeietor between the 
negative battery terminal and ground. The available b a t  
tery charge ie dehmbed by monitoring thie voltage over 
time and co- the measurement for the environ- 
mental and operating conditio~m. 

Figure 1 shows a typical battery pack application of the 
bq2010 ueing the LED dieplay capability aa a charge- 
state indicator. The bq20lO can be mdigured to dinplay 
capacity in either a relative or an abeolute display mode. 
The relative dinplay mode ueee the last m e a d  die- 
charge capacity of the battery aa the battery 'full' 
reference. The absolute display mode uses the  
programmed full count (PFC) as the full reference, 
forcing each segment of the dieplay to represent a fixed 
amount of charge. A push-button dieplay feature ie 
available for momentarily enabling the LED display. 

The bq2010 monitom the charge and diecharge currents 
as a voltage a m  a sense reaietor (see Rs in Figure 1). 
A filter between the negative battary terminal and the 
SR pin may be required if the rate of change of the bat- 
tery m n t  in too great. 

Figure 1. Battery Pack Application Diagram-LED Display 

m 
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0 . W  - 
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LCQl 
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8EG,/WKXI, 88 

SEG,lPROG, 

=GI-a biliP 

wQ4-4 

SEG,IWKXI, j 
SEG, moa. v, 

EMPTY 
oa 

L Z - - _ - J  

- 

-pr 

isad 

=- 
Otherwise, R1, C1, and 01 are needed for regulation of >4 cells. 

- 

The value of R1 depends on the number of cells. 

Programming resistors (6 max.) and ESD-protection diodes are not shown. 

R-C on SR may be required, application-specific. m-m 

r - - 1  
I I 

L _ - J  L - - J  : 1: indicates optional. 

Directly connect to V,, across 3 or 4 cells (3 to 5.8V nominal) 
with a resistor and a Zener diode to limit voltage during charge. 

r - - 1  
I I 



Voltage Thresholds 
In conjunction with monitoring VSR for charge/diecharge 
currents, the bq2010 monitors the single-cell battery 
potential through the SB pin. The single-cell voltage 
potential is determined through a resistor/divider net- 
work according to the following equation: 

where N is the number of cells, RBI is connected to the 
positive battery terminal, and is c o ~ e c t e d  to the 
negative battery terminal. The single-cell battery voltage 
is monitored for the end-of-discharge voltage (EDV) and 
for maximum cell voltage (MCV). EDV threshold levels 
are used to determine when the battery has reached an 
'empty" state, and the MCV threshold is used for fault 
detection during charging. 

Two EDV thresholds for the bq2010 are fixed at: 

VEDVI (early warning) = 1.05V 

VEDW (empty) = 0.95V 

If VSB is below either of the two EDV thresholds, the 
associated flag is latched and remains latched, 
independent of VSB, until the next valid charge. EDV 
monitoring may be disabled under certain conditions as 
described in the next paragraph. 

During discharge and charge, the bq2010 monitom VSR 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if VSR I - 2 h V  typical and resumee 1h aecond 
after VSR > -250mV. 

EMPTY Output 
The EMPrY output switches to high impedance when 
VSB < VEDVF and remains latched until a valid charge 
occurs. The bq2010 also monitors VSB relative to VMCV, 
2.25V. VSB falling from above VMCV reaets the device. 

Reset 
The bq2010 recognizes a valid battery whenever VSB is 
greater than 0.1V typical. Vse rising from below 0.25V or 
falling from above 2.25V resets the device. Reeet can a h  
be accomplished with a command over the serial port as 
described in the Reset Register section. 

Temperature 
The bq2010 internally determines the temperature in 
10°C steps centered from -35°C to +85"C. The 
temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 

available charge dieplay translation. The temperature 
range ie available over the aerial port in 10°C incrementa 
as shown below: 
I I I 
I TMPGG lhed 1 Temperature Ranae I 

Layout Considerations 

The bq2010 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
reaults, the PC board layout should follow the strict rule 
of a singlepoint ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the emall signal nodes. Additionally: 

The capacitors (SB and Vcc) should be placed as close 
as possible to the SB and Vcc pins, reepectively, and 
their paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

The sense reeietor capacitor should be placed as close 
as possible to the SR pin. 

The sense resistor (RSNS) should be as close as 
possible to the bq2010. 



Gas Gauge Operation 

The operational overview diagram in F i  2 illustrates 
the operation of the bq2010. The bq2010 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of sell-discharge. Charge and diecharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-diecharge decrement 
the NAC regiater and increment the DCR (Diecharge 
Count Register). 

The Discharge Count Register @CR) is used to update 
the Laat Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2010 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the Programmed 
Full Count (PFC) shown in Table 2. Until LMD ie 
updated, NAC counta up to but not beyond thie threshold 
during subsequent charges. This approach allows the gas 
gauge to be charger-independent and compatible with 
any type of charge regime. 

1. Lmt Memured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured diecharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During dmequent 
discharges, the LMD is updated with the latent 
measured capacity in the I3ischarg.e Count R8gkt.m 
@CR) representing a diecharge tmm full to below 
EDV1. A qualified discharge is necessary for a 
capacity transfer fran the DCR to the LMD regis- 
tar. Tha LMD abo servw ae the 10046 reference 
threshold used by the relative dieplay mode. 

2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are 
programmed by using PROGi-PROG4. The PFC 
also providea the 10096 reference for the absolute 
display mode. The bq2010 is configured for a given 
application by selecting a PFC value from Table 2. 
The correct PFC may be determined by multiplying 
the rated battery capacity in mAh by the sense 
resistor value: 

Battery capacity (mAh) sense resistor (Q) = 

Selecting a PFC slightly less than the rated capacity 
for abeolute mode provides capacity above the full 
reference for much of the battery's life. 

Chrge 
Inputs -g. 8Jt-g. 

Current 

T.mpw8hrr Temporatwe 
Comp.nutlon 

Main ~omlru~ ~ h c h u g e  
Counters ~va i~ab~e  5 Me88w.d I md count 
and Capacity Diachug. ~ ~ , , , , f ~  R w b t ~  

(NAG) lux)) (DCR) 
Reference (LMD) 

1 Tomperatwe S t v ,  O t M  Dot8 

Outputs Chip-Conhdkd 8 ~ h l  
A v U W  Chuw Port 

LED Dbpky  .D.. 

Figure 2. Operational Overview 
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Example: Selecting a PFC Value 2200mAh 0.lQ = 2U)mVh 

Given: Select: 

Sense resistor = 0.1R 
Number of cells = 6 
Capacity = 2200mAh, NiCd battery 
Current range = 50mA to 2A 
Absolute display mode 
Serial port only 
Self-discharge = C/64 
Voltage drop over sense resistor = 5mV to 200mV 

Therefore: 

PFC = 33792 counta or 2llmVh 
m 1 =  float 
PROGz = float 
PROG3 = float 
m 4  = low 
PROGs = float 
PROGs = float 

The initial full battery capacity is 2 l lmVh 
(2llOmAh) until the bq2010 'learns' a new capacity 
with a qualified diecharge from full to EDVI. 

Table 1. bq2010 Programming 

l L I  N*C/47 
Relative 1 NAC =Oonreset 1 

Pin 
Connection 

H 

Z 

LED on 

Note: PROG5 and PROG6 states are independent. 

Table 2. bq2010 Programmed Full Count mVh Selections 

PROG5 
Self-Discharge Rate 

Disabled 

NAC/64 

PROGs 
Display Mode 

Absolute 
NAC = PFC on reset 

Absolute 
NAC = 0 on reset 

- 
DlSP 

Display State 

LED disabled 

LED-enabled on discharge or charge 
when eauivalent l VSRO l 2 4mV 



3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self-dis- 
charge to 0. NAC is reset to 0 on initialization 
(PRO(& = Z or low) and on the first valid charge 
following discharge to EDV1. NAC is set to PM= on 
initialization if PROG6 = high. To prevent over- 
statement of charge during periods of overcharge, 
NAC stops incrementing when NAC = LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge 
increment the DCR. After NAC = 0, only dis- 
charge increments the DCR The DCR resets to 0 
when NAC = LMD. The DCR does not roll over but 
stops counting when it reaches FFFFh. 

The DCR value becomea the new LMD value on the 
fM charge after a valid discharge to VEDVI if: 

No valid charge initiations (charges greater than 
256 NAC counts, where Vsm > VsRB) d dur- 
ing the period between NAC = LMD and EDVl de- 
tected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is 2 0°C when the EDVl level ie 
reached during discharge. 

The valid discharge flag indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 
Charge activity is detected based on a positive voltage on 
the VSR input. If charge activity is detected, the bq2010 
increments NAC at a rate proportional to Vg~o  and, if 
enabled, activates an LED display if the rate is equivalent 
to V s ~ o  > 4mV. Charge actions increment the NAC after 
compensation for charge rate and temperature. 

The bq2010 determines charge activity sustained at  a 
continuous rate equivalent to VSRO > VSRQ. A valid 
charge equates to sustained charge activity greater than 
256 NAC counts. Once a valid charge is detected, charge 
counting continues until VSRO (VSR + Vos) falls below 
VSRQ. VSRQ is a programmable threshold as described in 
the Digital Magnitude Filter section. The default value 
for VSRQ is 375pV. 

Discharge Counting 

Exmdiug the faat discharge threshold (FDB) if the rate 
ie equivalent to VSRO < -4mV activates the display, if 
enabled. The display becomea inactive after VSRO rises 
above -4mV. VSRD is a programmable threshold as 
described in the Digital Magnitude Filter section. The 
default value for VSRD ie -300pV. 

Self-Discharge Estimation 
Tbe barn10 ccmtinuouely decrement8 NAC and increment8 
DCR ior salf-diecharge-baed on time and temperature. 
The eelf-diecharge count rate is programmed to be a 
nominal 4~ NAC, Yr7 NAC per day, or disabled as 
salected by PFtOG.5, Thie is the rate for a battery whose 
temperature is between W30"C. The NAC register can- 
not be decremented below 0. 

Count Compensations 

The bq2010 determines fast charge when the NAC 
updates at  a rate of 2 2 counts$sec. Charge and discharge 
activity ie mpeneatad for temperature and charge/&- 
charge rate before updating the NAC and/or DCR. Self- 
diecharge estimation is compensated for temperature be- 
fore updating the NAC or DCR 

Charge Compensation 
Two charge efficiency compensation factors are used for 
trickle charge and f a t  charge. Fa& charge is defmed as 
a rate of charge resulting in 2 2 NAC count4sec O 0.1X 
to 0.32C depending on PFC eelectione; see Table 2). The 
compensation default8 to the fast charge factor until the 
actual charge rate ie determined. 

Temperature adapta the charge rate compensation fac- 
tors over three rangea between nominal, warm, and hot 
temperatures. The compensation factors are shown 
below. 

Discharge Compensation 
Corrections for the rate of discharge are made by 
adjusting an internal discharge compensation factor. 
The discharge compensation factor is based on the 
dynamically m e a d  VSR. 

Fast Charge 
Compensation 

0.96 

0.90 

0.80 

Charge 
Temperature 

~ 3 O O C  

30-40°C 

> 40°C 

All &charge counts where Vsm < VSRD cause the NAC 
register to decrement and the DCR to increment. 
Au.  iQQ6 D 

Ttickk Charge 
Compensation 

0.80 

0.75 

0.65 



Discherge 

Factor Efficknc 

VSR < -150 mV 

The compensation factors during diecharge are: +0.38mV for VSRQ. The proper digital filter eetting can 
be calculated using the following equation. Table 4 
shows typical digital filter settings. 

Vsm (mV) = -a/ DMF 

VSRQ (mV) = -1.25 VSRD 

Temperature compensation during discharge also taka 
place. At lower temperatures, the compensation factor 
inmasee by 0.05 for each lOOC temperatam etep below 1E. 

Comp. factor = 1.0 + (0.05 N) 

Where N = Number of 10°C steps below 10°C and 
-150mV < VSR < 0. 

For example: 

T > 10°C : Nominal compensation, N = 0 

O°C < T < 10°C: N = 1 (i.e., 1.0 becomes 1.05) 

-lO°C < T < PC: N = 2 (i.e., 1.0 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.0 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.0 becomes 1.20) 

Self-Discharge Compensation 
The eelf-discharge compensation is programmed for a 
nominal rate of NAC, NAC per day, or 
disabled. This is the rate for a battery within the 
20300C temperature range (TMPGG = 6x). This rate 
varies across 8 ranges from <lO°C to >70°C, doubling 
with each higher temperature step (10°C). See Table 3. 

Table 3. Self-Discharge Compensation 

Table 4. Typical Digital Filter Settings 

Temperature 
Range 
< 10°C 

1&20°c 
m-3oOc 

Error Summary 

Capacity Inaccurate 

Typical Rate 

The LMD ie to error on initialization or if no 
updatee occur. On initializatim, the LMD value indudes the 
e m r  between the programmexi full capacity and the actual 
capacity. "hi9 error ie preeent until a valid diecharge  occur^ 
and LMD is updated (nee the DCR d.mcriptron on page 7). 
TheothacauseofLMDenurisbattmywearout Asthe 
battery agea, the meanured capacity must be adjusted to 
acaruntfarchangeainactualbatterycapacity. 

PROGs = 7 
NAC/rn 

NAC/ls 
NAC/i 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified by 
NAC; we the CPI register deecription) and is reset when- 
ever LMD is updated fmm the DCR The counter does 
not wrap around but stops counting at 255. The capacity 
inaccurate flw (CI) is set if LMD has not been updated 

PROGs = L 
N"c/les 
N A C d  

N"C/4, 

following 64 v&d charges. 

Current-Sensing Error 
Table 5 illustrates the current-ensing error as a b c -  
tion of VSR A digital filter eliminates charge and die- 
charge counta to the NAC register when Vs~o (VSR + 
Vos) is between VSRQ and Vsm. 

30-40°C 1 NAC132 

teristics may be eaa& monitored by adding a h g l e  con- 
Digital Magnitude Filter tact to the battery pack. The open-drain DB pin on the 

bq2010 should be pulled up by the hcat Bystem or may be The bq2010 has a programmable digital filter to left floating if the serial inwarn is notueed. 
eliminate charge and discharge counting below a set 
threehold. The default setting is -0.30mV for VSRD and 
wie m. I~DOSD 

NAC/ 

m 6 0 ° c  
60-70°C 
> 70°C - to access various ba2010 registers. Battery charac- 

NAc/8 

NAc/4 

NAc/2 

Communicating With the bq2010 4odo0c I NAC/16 NAC/l 1.8 

NAc/6m 

NAc/294 

NAc/1.47 

- 

The bq2010 includea a simple single-pin (DQ plus return) 
aerial data interface. A host p m o r  uses the interface 



Table 5. bq2010 Current-Sensing Errors 

The interface usea a command-based protocol, where the 
host processor sends a command byte to the bq2010. The 
command directs the bq2010 either to store the next 
eight bits of data received to a register specified by the 
command byte or to output the eight bits of data speci- 
fied by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consiet of a sham of eight 
bits that have a maximum transmission rate of 333 
biwaec. The least-significant bit of a command or data 
byte is transmitted fh. The protocol is simple enough 
that it can be implemented by most host procemom using 
either polled or interrupt processing. Data input from the 
bq2010 may be -pled using the pukwidth capture tim- 
ens available on some microcontrollers. 

Notes - 
DISP= Vcc. 

Add 0.1% per OC above or below 25OC 
and 1% per volt above or below 4.2SV. 
Meaeurement repeatability given 
similar operating conditions. 

Communication is normally initiated by the hoet pmceeeor 
sending a BREAK command to the bq2010. A BREAK is 
detected when the DQ pin is driven to a logic-low state for 
a time, tB or greater. The DQ pin should then be retumed 
to ite n o d  ready-high logic state for a time, t e ~  The 
bq2010 is now ready to receive a command from the host 
proceaeor. 

U n b  

pV 

% 

% 

The return-bone data bit frame consista of three distinct 
sections. The h t  section is used to start the tranamiaamn 
by either the host or the bq2010 taking the DQ pin to a 
logic-low state for a period, tsrjw~. The next &ion is the 
actual data transmiasion, where the data should be valid 
by a period, w, after the negative edge used to start 
communication The data should be held for a period, bv, 
to allow the host or bq2010 to sample the data bit. 

Maximum 
* 150 

* 4 
* 2 

The final eection ie wed to atop the trannminnion by 
returning the DQ pin to a bgic-high state by at least a 
period, ksu, after the negative edge used to etart 
communication The final logic-high state should be held 
until a period, tsv, to allow time to ensure that the bit 
tranemiesion was stopped properly. The timings for data 
and break communication are given in the serial 
communication timing specifition and illustration sea- 
tiom. 

T y W  

* 50 

* 2 

i 1 

Smbd 
Vos 

INL 

INR 

Communication with the bqU)10 is always performed 
with the least-significant bit being transmitted fir&. Fig- 
ure 3 shows an example of a communication sequence to 
read the bq2010 NAC register. 

Parameter 

Offset referred to VSR 

Integrated non-linearity 
e m  

Integrated non- 
repeatability error 

bq2010 Registers 
The bq2010 command and atatus registers are listed in 
Table 6 and described below. 

Command Register (CMDR) 
The writeonly CMDR register is acceesed when eight 
valid command bits have been received by the bq2010. 
The CMDR mgkter contains two fields: 

W E  bit 

Command address 

The w,& bit of the command register is used to select 
whether the received command is for a read or a write 
function. 

Written by Mort to bq2OlO ; Recdvod by Hoot From bq2OH) 
CMDR 03h I NAC - 85h 

LW UI I La8 Mw 

Break 1 1 0 0 0 0 0 0  ; 1 0 1 0 0 1 1 0  

Figure 3. Typical Communication With the bq2010 
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Symbol 

~ M D R  

FLGSl 

TMPGG 

NACH 

NACL 

BATID 

FLGSP 

PPD 

PPU 

CPI 

DMF 

RST 

Note: 

Table 

Loc. 
(hex) 

OOh 

Olh 

0% 

03h 

17h 

04h 

05h 

06h 

07h 

08h 

09h 

Oah 

39h 

Register 
Name 

ommand 
:gistn 

Primary 
statusflags 
register 

Temperature 
andgas 
gauge register 

Nominal 
available 
chargehigh 
byte register 

Nominal 
available 
charge low 
byte register 

Battery 
identification 
register 

Last 
easured 

g r h a r g e  
register 

\Secondary 
status flags 
register 

Program pin 
pull-down 
register 

Program pin 
pull-up 
register 

Capacity 
inaccurate 
count register 

Digital 
magnitude 
filter register 

Resetregister 

w'u= not used 

6. bq2010 Command and Status Registers 

Read/ 
Write 

Write 

Read 

Read 

I R/W 

Read 

WW 

It/W 

Control 

4 

AD4 

CI 

TMPO 

NACH4 

NACU 

BATID4 

LMD4 

5 

AD5 

BRM 

TMPl 

NACH5 

NACLF, 

BATID5 

LMD5 

7(MSB) 

WE 

CHGS 

TMP3 

NACH7 

NACL7 

BATID7 

LMD7 

DRO 

PPD5 

P W 5  

CP14 

DMF4 

0 

DR1 

PPDG 

PPU6 

CP15 

DMF5 

0 

6 

AD6 

BRP 

TMP2 

NACH6 

NACLG 

BATID6 

LMD6 

Field 

3 

AD3 

VDQ 

GG3 

NACH3 

NACL3 

BATID3 

LMD3 

DR2 

Q ~ I  

&I 

CPI6 

DMFG 

0 

Read 1 CR rJu 

PF'D4 

PPU4 

CP13 

DMF3 

0 

Read 

Read 

Read 

R/W 

Write 

2 

AD2 

I$U 

GG2 

NACH2 

NACL2 

BATIM 

LMD2 

n/u 

CP17 

DMF7 

RST 

rJu 

PPD3 

PPU3 

CP12 

DMF2 

0 

1 

AD1 

EDVl 

GG1 

NACHl 

NACLl 

BATIDl 

LMDl 

O(LSB) 

ADO 

EDVF 

GGO 

NACHO 

NACLO 

BATID0 

LMW 

&I 

PPD2 

PFW2 

CPIl 

DMFl 

0 

OVLD 

PPDl 

PPUl 

CPIO 

DMFO 

0 



The WE values are: 

CMDR Bits 

detected after the EDVl flag is asserted. BRP = 1 
eignitlea that the device hae been reset. 

The BRP values are: 

Where w/Ti is: 
0 The bq2010 outputs the requested register con- 

tents specified by the address portion of 
CMDR. 

1 The following eight bits should be written to 
the register specified by the address portion 
of CMDR. 

The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 

Primary Status Flags Register (FLGS1) 
The read-only FLGSl register (address=Olh) contains 

0 Battery is charged until NAC = LhiD or dis- 
charged until the EDVl flag ie asserted 

FLGSl Bits 

1 VSB dropping from above MCV, VSB rising from 
below 0.1V. or a aerial part initiated reaet 
haeoccurrad 

The battery removed flag (BFtM) is asserted whenever 
the potential on the SB pin (relative to Vse) rises above 
MCV or falls below 0.1V. The BRM flag is asserted until 
the condition causing BRM is removed. 

- 

The BRM values are: 

BRP - 
7 6 5 4 3 2 1  

the primary bq2010 flags. - 
Where BRMie: 

The charge etatue flag (CHGS) is asserted when a valid 
charge rate is detected. Charm rate is deemed valid 0 o . lV<Vs~  < 2.25V 

FLGSl Bits 

whei VSRO > VSRQ. A VSRO o i  lea8 than VsRQ or dh- 
0.1 v > vsB or vsB > 2.26V charge activity clears CHGS. 

- 

The CHGS values are: 

FLGSl Bits 

BRM 

Where CHGS is: 

0 Either diecharge activity detected or VSRO < 
VSRQ 

7 6 5 4 3 2 1  
- 

The battery replaced flag (BRP) is aseerted whenever 
the potential on the SB pin (relative to Vss), VSB, falls 
from above the maximum cell voltage, MCV (2.25V), or 
rises above 0.1V. The BRP flag is also set when the 
bq2010 is reset (see the RST register description). BRP 
is reset when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action is 

0 

The cqpaciiy inoccurate flag (CI) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The CI 
flag is asserted on the 64th charge after the last LhiD 
update or when the bq2010 is reeet. The flag is cleared 
after an LMD update. 

The CI values are: 

FLGSl Bits 

- CI - 

Where CI is: 

0 When LMD is updated with a valid full dis. 
charge 

1 After the 64th valid charge action with no LMD 
updates or the bq2010 is reset 

Ap.  1995 D 11/18 



The valid dhcharge flag (VDQ) is asserted when the 
bqU)10 is discharged from NAC=LMD. The flag remains 
set until either LMD is updated or one of three actions 
that can clear VDQ occurs: 

The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

8 A valid charge action sustained a t  VSRO > VSFQ for at 
least 256 NAC counts. 

The EDVl flag was set at a temperature below 0°C 

The VDQ values are: 

1 FLGSl Bits I 

Where VDQ is: 

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDVl is asserted with the tem- 
perature less than 0°C 

1 On first discharge after NAC = LMD 

The firet end+fzlischarge warning flag (EDVl)  
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if the 
display is enabled once EDVl is asserted, which should 
warn the user that loss of battery power is imminent. 
The EDVl flag is latched until a valid charge has been 
detected. 

The EDVl values are: mi 
- EDVl - 

The EDVF values are: 

FLGSl Bits 

- EDVF 

Where EDVF is: 

0 Valid charge action detected, VSB 2 0.95V 

1 VSB < 0.95V providing that OVLD=O (see 
FLGS2 regieter deecription) 

Temperature and Gas Gauge Register 
(TMPGG) 
The read-only TMPGG regieter (address=02h) contains 
two data fields. The first field contains the battery 
temperature. The second field contains the available 
charge from the battery. 

1 TMPGG Temperature Bits I 

The bq2010 contains an internal temperature sensor. 
The temperature is used to set charge and discharge effi- 
ciency factors as well as to adjust the selt-discharge coef- 
ficient. 

Where EDVl is: 

0 Valid charge action detected, Vse 2 1.05V 

1 VSB < 1.05V providing that OVLD=O (see 
FLGS2 register description) 

The final endafdiecharge warning flag (EDVF) is 
used to warn that battery power is at a failure condition. 
All segment drivers are turned off. The EDVF flag is 
latched until a valid charge has been detected. The 
EMPTY pin is also forced to a high-impedance state on 
assertion of EDVF. The host system may pull 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. 

The temperature register contents may be translated as 
shown below. 

TMP3 

0 

TMPl 

0 

TMP2 

0 

TMPO 

0 

Temperature 

T < -30°C 





DRU) and OVLD are aet based on the meammment of the 
voltage at the SR pin relative to Vss. The rate at which 
this measurement is made varies with device activity. 

Program Pin Pull-Down Register (PPD) 
The read-only PPD register (addrees=07h) contains some 
of the programming pin information for the bq2010. The 
segment drivers, SEGM, have a corresponding PPD 
register location, PPDis. A given location is eat if a pull- 
down resistor has been detected on its corresponding seg- 
ment driver. For example, if SEGl and SEG4 have pull- 
down resistors, the contents of PPD are xx001001. 

Program Pin Pull-Up Register (PPU) 

PPD/PPU Bits 

The read-only PPU register (address-h) contains the 
rest of the programming pin information for the bq2010. 
The segment drivers, SEGis, have a corresponding PPU 
register location, PPU1-6. A given location is set if a pull- 
up resistor has been detected on its corresponding segment 
driver. For example, if SEG and SEGs have pull-up mis- 
tors, the contents of PPU are ~1~100100. 

Capacity Inaccurate Count Register (CPI) 

- 
- 

The read-only CPI register (address=09h) is used to 
indicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varies with age and operating condi- 
tions, the bq2010 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDVl=l) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to O°C, and the 
self-discharge counter is leas than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 LMD, however, 
the CPI register increments on the f i i  valid charge; CPI 
does not increment again for a valid charge until NAC < 
0.94 - LMD. This prevents continuous trickle charging 
from incrementing CPI if self-discharge decrements 
NAC. The CPI register increments to 255 without rolling 
over. When the contents of CPI are incremented to 64, 
the capacity inaccurate flag, CI, is asserted in the FLGSl 
register. The CPI register is reset whenever an update of 
the LMD register is performed, and the CI flag is also 
cleared. 

PPUl 

PPDl 

PPUs 

PPD6 

PPU3 

FTD3 

Digital Magnitude Filter (DMF) 
The read-e te  DMF regi8ter (addrew = Oah) provides 
the syetem with a means to change the default settinge 
of the digital magnitude filter. By writing different 
valuea into this register, the limits of VSRD and Vsw can 
be adjueted. 

Note: Care should be taken when writing to this regis- 
ter. A VSRD and VSFQ below the specified Vos may 
adversely affect the accuracy of the bq2010. Refer to Ta- 
ble 4 for recommended Wings for the DMF reg*. 

Reset Register (RST) 

PPU2 

PPDz 

The reset register (addrees=39h) provides the means to 
perform a software-controlled reaet of the device. By 
writing the RST register contenta from OOh to 80h, a 
bq2010 reset is performed. Setting any bit other than the 
most-significant bit of the RST register is not allowed, 
and results in improper opemtwn of the bq2010. 

PPUs 

PPDs 
Resetting the bq2010 sets the following: 

7 6 5 4 3 2 1 0  

PPU4 

PPD4 

CPI, VDB, NACH, and NACL = 0 

Note: NACH = PFC when PRO@ = H. Self-discharge is 
disabled when PROGs = H 

Display 

The bq2010 can directly display capacity information 
using low-power LEDs. If LED6 are used, the program 
pins should be resistively tied to Vcc or Vss for a 
program high or program low, respectively. 

The bq2010 displays the battery charge state in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. The sixth 
segment, SEGs, is not used. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 20Yo  of the PFC, with 
SEGs representing "overful1* (charge above the PFC). As 
the battery wears out over time, it is possible for the 
LMD to be below the initial PFC. In this case, all of the 
LEDa may not turn on in absolute mode, representing 
the reduction in the actual battery capacity. 

The capacity display is a h  adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does not 
affect the NAC register. The temperature adjustments are 
detailed in the TMFGG register d d p t i o n .  



When EP is tied to Vcc, the outputa are inactive. SEGl blinks at a 4Hz rate whenever VSB has been 
When DISP is left floating, the display b m e e  active when- detected to be below VEDV~ (EDV1 = I), indicating a low- 
ever the NAC registera are counting at a rate equivalent to battery condition. VSB below VEDVP (EDVF = 1) disables 

1 Vsm I 2 4mV. When pulled low, the segmten outputs be- the display output. 
enme active hmdiately. A capadtor tied to DISP allows the 
d h p b  to remain active for a *hart period of tima after acti- Microregulator 
vation by a push-button switch. 

The segment outputs are modulated as two banks of The bq2010 can operate directly from 3 or 4 cells. To 
three, with segments 1, 3, and 5 alternating with seg- facilitate the power supply requirements of the bq2010, 
ments 2, 4, and 6. The segment outputs are modulated an REF output is provided to regulate an external low- 
at appmximately 1OOH.z with each segment bank active threshold n-FET. A ~ ~ O W B T  8 0 ~  for the bq20lO 
for 30% of the period. can be inexpensively built using the FET and an external 

resistor; aee Figure 1. 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

DC Voltage Thresholds VA = TOPR; v = 3.0 to 6 .5~)  

Symbol 

VCC 

All other pins 

REF 

VSR 

Tom 

Unit 

V 

V 

V 

"C 

c "C 

Note: Default value; value set in DMF register. Vos is affected by PC board layout. Proper layout guidelines 
should be followed for optimal performance. See 'LayoutConeiderationa." 

Ap. 19s D 15/18 
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Notes 

Current limited by R1 (see Figure 1) 

M i u m  lOOn aeries resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2010 
application note for details). 

Commercial 

, Industrial 

Parameter 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

VSRD 

V ~ c v  

VBR 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

0 

-40 

Valid discharge 

Maximum single-cell voltage 

Battery removedlreplaced 

Maximum 

+7.0 

+7.0 

+8.5 

+7.0 

+70 

+85 

2.20 

2.20 

2.25 

0.1 

2.25 

-300 

2.30 

0.25 

2.30 

pV 

V 

V 

V 

VSR + Vos (see note) 

SB 

SB pulled low 

SB pulled high 



DC Electrical Characteristics VA - Top@ 

VOL 

VEKQ 

RFLOAT Inoat state external im~edance I - 1 5 1 - 1 IPROGI-PROG~ I 

Soft pull-up or pull-down resis- 
Rpm tor value (for programming) 

Note: All voltages relative to Vss. 

1 M 8  Apr. 1995 D 
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Maximum 

6.5 

6.3 

7.6 

136 

180 

250 

Vcc 

5 

0.2 

2.0 

vss+o.2 
float 

11.0 

5.0 

Svmbd 

VCC 

RREF 

Icc 

VSB 
b~~~~ 
IDISP 

ILCOM 

R D ~  

VSR 

&R 

VIH 

VIL 
Vu 

VOML 

VOMH 

VOWL 
VOWS 
Im 

IU 

IOHLCOM 

I o ~ s  

IOL 

VILDQ DQ input low 0.8 v ,m 

Open-drain output low 

DQ input high 

Minimum 

3.0 

5.7 

4.5 

2.0 

0 

10 

-0.2 

500 

-0.3 

10 

Vcc - 0.2 

float 

Vcc - 0.3 

Vcc - 0.6 

-33 

Parameter 

Supply voltage 

Reference at 25'C 

'Reference at -4PC to +85'C 

Reference input impedance 

Normal operation 

Battery input 

SB input impedance 

K P  input leakage 

LCOM input leakage 

Internal pulldown 

Sense resistor input 

SR input impedance 

Lagic input high 

Logic input low 

Logic input Z 

SEGX output low, low Vcc 

SEGX output low, high Vcc 

LCOM output high, low Vcc 
LCOM output high, high Vcc 
PROGls input high current 

PROGls input low current 

LCOM source current 

SEGx sink current 

Open-drain sink current 

200 

Unit 

v 
V 

Un 

pA 

pA 

pA 
V 

MR 

pA 

pA 
KR 

MQ 

V 

v 
V 

V 
V 

pA 

pA 
mA 

mA 

mA 

Typical 

4.25 

6.0 

5.0 

90 

120 

170 

- 
- 

0.1 

0.4 

- 
- 

1.2 

1.2 

2.5 

Notee 
Vcc excureion from < 2.0V to 2 
3.OV initializes the unit. 

I m = 5 p A  

IREF=S~A 
V m = 3 V  

Vcc=3.0V,DQ=O 

Vm =4.26V, DQ = 0 

Vcc = 6.5V. DQ = 0 

0 < V s ~ < V c c  

VDISP=VSS 

~ P = V C C  

v ~ ~ < v s s = d k h a r g e ;  
VSR > VSS = 
-200mV < VSR < Vcc 

PFtCGl-PROGs 

PROGl-PRm 
PROGl-PRm 
Vcc = 3V, Iors 5 1.75mA 
SEGl-SEGs 

Vcc = 6.5V, IOU 5 1l.OmA 
SEGiSEGs 
Vcc = 3V, IOHLCOM = -5.2SmA 

Vcc = 6.5V, IOHLCOM = -33.0mA 
V m = V C C n  

V V A U X I . = ~ C &  

At V O ~ H  = Vcc - 0.6V 

At VOMH = 0.4V 
At VOL = V a  + 0.3V 
,DQ, I3MP-m 

Kn 

0.5 

PROGI-PRO& 

V 

v 
IOL 5 5mA, DQ, EMPTl 

rn 



Serial Communication Timing Specification (TA - TOPR) 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper operation. 
DQ may be left floating if the serial interface is not u d .  

Serial Communication Timing Illustration 

Notes 

Seenote 

4 

DO 7 tsv 

(BREAK) / 
4 ~ C Y C H  1 ~ C Y C B ~  .+-- t BR -+ 

Unit 

me 

me 

DB 

P 

P 

P 

me 

me 

P 

me 

me 

me 

Typical Minimum 

3 

3 

5 

600 

750 

1.50 

700 

2.95 

3 

1 

Symbol 

t c r c ~  

~ C B  

tmm 

~ ~ T R B  

~ D S U  

~ D H  

~ D V  

tssu 

~ S H  

tsv 

t~ 

~ B R  

Maximum 

6 

750 

2.26 

Parameter 

Cycle time, hoet to bq2010 

Cycle time, bq2010 to host 

Start hold, host to bq2010 

Start hold, bq2010 to host 

Data setup 

Data hold 

Data valid 

Stop setup 

Stop hold 

Stop valid 

Break 

Break recovery 



Note: Changes 1 and 2; please refer to the 1995 Data Book. 
Change 3 = Apr. 1995 D changes from Mar. 1994 C. 

Data Sheet Revision History 

Ordering Information 

L~ernperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85OC)* 

Naturs of Chanae 
Was: EDV monitoring ia disabled if VSR S -150mV; 
Is: EDV monitoring ia disabled if VSR S -250mV 
Was: PROGs = H = Fherved; 
Is: PROGs = H = Disable self-discharge 
Add: or disabled ae selected by PROG5 
Correction: CI is aseerted on the 64th charge after the 
last LMD update or when the bq2010 b reset 

NACL stops counting when NACH reaches zero 

Was: VSR < -150mV 
Is: VSR < -250mV 

Chanae No. 

3 

3 

3 

3 

3 

3 

Lpac-e option: 
SN = 16-pin narrow SOIC 

Device: 
bq2010 Gas Gauge IC 

Contact factory for availability. 

Pase No. 

4 

6 

7,8 

11 

l3 

13  

Derrcri~tion 

EDV monitoring 

Table 1, PR0G6 

Self-discharge 

Capacity inaccurate 

Nominal available charge 
register 

Overload flag 



Features 

bq20101H Evaluation System 

bq2010/H Gas Gauge IC evaluation and 
development system 

Nominal capacity jumper-configurable I 
Cell chemistry jumper-configurable ~ 
Display mode jumper-configurable . . .. .- .. . . - .. . .. I 

General Description The menu-driven software provided with the EV2OlOM 
displays chargeldischarge activity and allows user inter- 

The EV2010M Evaluation System provides a develop- face to the bq2010/H from any standard DOS PC. 
merit and evaluation environment for the bq2010m Gas A full data sheet for this product is available on our web 
Gauge IC' The EV2010M incorporates a bq2010/H, a site (http://www.benchmarq.com), or you may contact the 
sense resistor, and all other hardware necessary to pro- factory for one, 
vide a capacity monitoring function for 3 to 12 series NiCd 

Hardware for an RS-232 interface is included on the 
EV2010/H so that easy access to the state-of-charge in- 
formation can be achieved via the serial port of the 
bq2010M. Direct connection to the serial port of the 
bq2010M is also made available for check-out of the  
final hardwarelsoftware implementation. 

June 1994 Rev. C Board 



EV20 1 0/H Product Brief 

EV2010 Board Schematic 

JP9 
B+ SEL 

ED-9615 

Rev. C Borvd June 1984 

2-20 



Using the bq2010 

Introduction 
This tutorial introduces the bq2010 Gas Gauge IC 
(secondary battery available charge monitor). The 
tutorial is intended to be used with the bq2010 data 
sheet by engineera and managers designing with or 
evaluating the bq2010. 

The bq2010 Gas Gauge IC ia a complete battery mdtming 
product for N i  and N i d  batteriee. ' h e  bqaOlO 16-pin 
SOIC provides significant advantages: 

A complete single-chip system solution for in-the- 
pack monitoring of a battery's available charge 

No battery technology expertise required; the 
bq2010 is already optimized for NiMH or NiCd use, 
based on Benchmarq's extensive research on battery 
characteristics 

Minimal engineering required, typically a single 
PCB layout specific to the application 

No software required for stand-alone battery-pack 
applications 

Single-wire serial interface for communication with 
an external processor to implement a cuetomized 
display 

m Direct LED display drive 

This tutorial describes capacity monitoring, compares 
Benchmarq's gas gauge solutions to microprocessor- 
based implementations, describes device operation in 
general terms, and addressee implementation iesues. 

Available Charge Monitoring 
Rechargeable batteries are used in many different 
applications, from cellular phones, portable computers, 
and medical equipment to power tools. The operating 
environment of theee batteries covers a wide range of 
temperaturee, therefore, battery efficiency changea due 
to battery temperature and rate of charge or discharge. 
The bq2010 compensates for both temperature and 
chargddischsrge rate continuously. 

Tutorial for Gas Gauging 
The battery available charge can be dieplayed on LED8 
and is a h  available via the serial port. The calculated 
available charge of the battery is also compensated 
according to battary temperature because the actual 
available charge is reduced at  lower tamperaturea. For 
example, if the bq2010 indicatee that the battery is 60% 
fidl at a temperature of Z°C, then the bq2010 indicates 
40% full when mled  to OOC, which is the predicted avail- 
able charge at that temperature. When the temperature 
returna to %Oc, the displnyed capacity retaune to 6096 
This emurea that the indicated capacity ia always con- 
servatively representative of the charge available for use 
under the given conditions. 

The bq2010 also adjusts the available charge for the 
approximate internal self-diecharge that  occurs in 
NiCd or N i  batteries. The self-discharge adjust- 
ment is baed  on the selected rate, elapsed time, bat- 
tery charge level, and temperature. This adjustment 
provides a conservative estimate of self-discharge that 
occur8 naturally and that is a signXcant source of dis- 
charge in systems that are not charged often or are 
stored at  elevated temperaturee. 

Com ring bq2010 Solution With 
MC J" -Based Implementations 
Low-power, single-chip microproceeaora such as those 
available from Motorola, Toahiia, NEC, and others have 
been ueed to implement gae g a w  in battery-powered 
equipment, notably camcordem and laptop computers. 
Although adequate, these implementations require 
extensive development efforta to be suitable for use in a 
battery pack, and even then, require significant space in 
the pack because of the high component count. 

The bq2010 by comparison offers effiiency, ease of we, 
simplicity of deaign, and low component count. With 
careful PCB layout, the bq2010 system can fit in the 
space between M batteries. Table 1 compares the 
bq2010 and a typical MCU gas gauge implementation. 



bq2010 Tutorial 

bq2010 Operation 
Gas gauging is accomplished by measuring the charge 
input to and subeequently removed from a battery. This 
is done by monitoring the voltage drop acroes a low-value 
resistor (typically 20 to 100mR) during charge and dis- 
charge. This voltage is integrated over time, scaled, and 
used to drive two 16-bit internal counters: 

Nominal Available Charge (NAC) counter-represents 
the amount of charge available from the battery. 

m Discharge Count Register @CR)-repreaenta the 
amount of charge removed from the battery since it 
was last full. 

Also, the Last Measured Discharge (LMD) register is an 
eight-bit register used to store the most recent count 
value representing Ibattery full." 

In a typical situation, the Benchmarq Gas Gauge ICs are 
installed in a battery pack containing unconditioned bat- 
teries with an unknown charge state. 

On application of power to the bq2010, the following 
assumptions are made: 

The battery is empty; therefore, the NAC is zero. 

The battery's storage capacity is the Programmed 
F'ull Count (PFC) aa specified by the programming 
inputs, which are loaded into the LMD. 

The actual &rage capacity of the battery has yet to be 
determined. The battery capacity can be learned by 
charging the battery until NAC = LMD (LMD = PM= on 
initialization) and then diecharging the battery until the 
cell voltage reaches the End-of-Discharge Voltage 
(EDV1) threehold ( 1 . W  for the bq2010). As discharge 
occurs, the bq2010 tracka the amount of charge removed 
from the battery in the DCR. The new battery capacity 
@CR) is transferred to the LMD if no partial chargee 
have occurred, the temperature is above 10°C, and self- 
discharge accounta for less than 8 to 1890 of the DCR 
when EDVl waa reached. The valid discharge flag 
(VDQ) in the bq2010 indicates whether the present dis- 
charge is valid for LMD update. 

Table 1. Comparing bq2010 and MCU Implementations 

1 Feature I MCU lmplementatltion I bqMlO Solution I 
Small size 

Operating current 
(not including LEDs) 

LED display 

Serial I/O 

Programmable capacity 

>> 1 square inch; 
requires extra battery pack space 

Typically 2 1mA awake; 
as low as lOpA asleep 

Self-discharge 

Charge, discharge rate 
compensations 

< 1 square inch; 
tits between batteries 

lWpA typical 

Yea 

Depends on programming 

Depends on programming 

Charge, discharge 
temperature compensations 

Hardware design Extensive low-power-design, op amp, No engineering required; 
requirements analog switch, MCU, resonator, low- component count = 23 typical: 

power regulator, LEDs, sense resistor; bq2010, nFET, LEDs, sense resistor, 

2'8 h 1983 

Yes 

Yes 

Yes 

Generally not implemented 

Generally not available but 
depende on programming 

Programming requirements 

Yes, with temperature compensations 

Yes 

Generally not available but 
depends on programming; 

requirea a thermistor 
Yes, uaea internal temperature sensor 

Extensive MCU programming 
required for gas gauge functions; 

possible host programming, algorithm 
develo~ment. and software testinn 

No programming for stand-alone 
applications; small host code for 

serial J/O applications 
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Discharging Before the First Charge 
Most battery pack manufacturers will assemble their 
packs with the bq2010 and ship them without charging. 
When the customer receives a new pack, the pack 
indicates EMPTY, and the customer then charges the 
pack until it indicates full. Because chargers terminate 
fast charge on voltage (-AV) or temperature (AT/At) condi- 
tiom, it is possible that fast charge will terminate before 
the gas gauge shows full because the available capacity 
of the battery was not zero. 

The battery pack manufacturer may want to instruct the 
user to diecharge the battery to EDVF before charging. 
Once this condition is reached, the battery can be fast- 
charged until termination-allowing NAC to count up to 
LMD. Now, the gas gauge is synchronized with the bat- 
tery and learns the true battery capacity on the next 
valid discharge cycle. 

For applications with LED displays, the complete dis- 
charge of the battery pack is indicated by all LED8 going 
off. For applications using the serial port, complete 
discharge is indicated when the r i a l  end-of-discharge 
voltage (EDVF) flag is set. 

To ensure that the bq2010 accurately predicts the 
amount of available charge, battery pack mandae 
tu re r s  should instruct their  end-users to  com- 
pletely discharge a new battery pack and then 
charge it until the charger terminates. 

Alternatively, the NAC can be written with an estimated 
battery capacity during pack aeeembly or Wing. While 
thie may alleviate the problem of fast charge termiuating 
before NAC = LMD, it may give the user a false indication 
of battery capacity if the value written was inaccurate. 
Under this scenario, usera should fully charge a new bat- 
tery pack. The actual capacity is 'learned' on the next 
valid discharge. 

Using the bq2010 
The bq2010 IC is simple to use and implement into a 
system. Figure 1 shows the bq2010 configured for full 
functionality. Almost all of the external connections and 
components are optiowl, as indicated by the dotted lines. 
For example, most stand-alone applications do not need 
the EIbPIY pin connection or the DQ port (except p s i -  
bly for testing). 

AU the external components except perhaps the sense 
resistor can be surface-mounted. The sense resistor 
could fit in the space between most battery cells, and the 
populated PCB may also fit in that space with the correct 
layout. A bq2010 Gas Gauge IC could, therefore, be 
added to existing product battery packs with little 
re-tooling of plaetics. 

Monitoring the Battery 
To determine and track the charge state of the battey, 
the bq2010 monitors both the divided battery voltage and 
the voltage drop acmm the acme resistor. 

The divided battery voltage (VSB) is pswided by a mietor- 
divider that divides the battery pack voltage down to a 
sing1e-ce.U voltage. VSB ie primdiy uaed to determine 
when the battery has reached the EDVl threshold eo 
that the new battery capacity determined during die- 
charge may be saved in the LMD. VSB is aleo used for 
EDVF determination, battery-removed indication, and 
battery-replaced indication. 

The battery current is monitored using a low-value sense 
reektor attached to the negative terminal of the battery. 
Tbe current through the reahtor genera* a proportional 
voltage drop, VSR, which is provided to the SR input of 
the bq2010. 

Picking a Sense Resistor 
The .sense resistor is used to measure the current flowing 
into or out of the battery. The senee reeietor value 
depends on the currents being measured. The bq2OlO 
specitication for VSR ranges from a maximum of 2.OV for 
charging to -3OOmV for discharging. The offset error for 
the bq2010 relative to VSR is t 15OpV. 

In general, a sense mistor ehould be selected eo that: (a) 
the voltage drop acmes that re&ur exceede 5 to 7mV for 
the loweat current repremnting the majority of the battery 
drain, md  (b) the low& prectical VSR voltage drop is 
achieved to maximize the useful voltage available from 
the battery pack. 

For example, Table 2 eummarizee the approximate cur- 
rent requirements for a laptop computer application. The 
majority of the battery capacity is uaed in run (no disks) 
mode. The next largest amount of battery capacity is 
used in run (with disks) mode, with suspend mode con- 
suming the least amount of battery capacity, even 
though it makes up the largeat block of time. 

1laO.lQesneereeietorieueed,tbe-inputtoSRisas 
shown This meam that for both nm modes, the integrator 
repeatdihyemrisa1naximumd2%beca~8e lVs~ l  is 
well above 30mV. Althmgh the repeabbility enw aseodated 
with suspend mode ie appmximately 6P/6, its tatal error a n -  
hibution is only 0.5% because eusped mode is I.eeponsible 
for only 10% of the total consumption 



Figure 1. bq2010 Application Diagram-LED Display 

Table 2. Approximate Laptop Computer Current Requirements 

m 

1 Mode 7 Current (A) I O.lQVoltage Dmp(mV) I Time (mln) I % of Battery Usage 1 

01 

bq2010 REF 
I ZVKllOA 

Gas C1 
0 . w  & 

- - 
- - 

Run (no disks) 

Suspend 

ufl  n 

? 
u z  

u z  v 

@ - 
d 

0.5 

0.05 

Gauge - - 
LCOU 

IC ", 
SEO, /PROQI 88 

SEQP IPROG, 

SEG, IPROQa 6@ 

SEQ. IPROQ. SR 

SEG, IPROQ, 

SEG, IPROG, "88 

EMPTY 
DO 

* 

50.0 

5 

"a -9 - 
. i 

v, + 
r - - 1  

L - - J  = 
r - - - - - i  

++.A,, 

:i i I _ j ~a 
L Z - - - - i  

- 

w w  

Directly connect to V,, across 3 or 4 cells (3 to 5.6V nominal) 
with a resistor and a Zener diode to limit voltage during charge. - - 
Otherwise, R1, Cl, and Q1 are needed for regulation of > 4  cells. 

- 

The value of R1 depends on the number of cells. 

Programming resistors (6 max.) and ESD-protection diodes are not shown. 

R-C on SR may be required, application-specific. . P ~ O  

I I 

175 

250 

L - - 1  L - - J  
r - i  . - , indicates optional. 

r - - 1  
I I 

72.9 

10.4 

r - - 7  
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Selecting PFCs Note that some cella in Table 3 have identical initial full 
battery values. For example, l4lmVh can be found two 

When the ba2010 is f i t  connected to the batterv ~ack.  a plaae: 
Fhgrammed Full Count (PFC) representing &e initial 
full battery capacity is loaded into the LMD. To select 
this PFC, determine the initial full battery capacity 
value in mVh by multiplying the manufacturer's battery 
capacity rating in mAh by the sense resistor value: 

Find the nearest corresponding value in Table 3 that ie 
less than the calculated mVh value, and then set the 
programming pin levels to select the Pmgramrned Full 
Count (PFC), scale, and scale multiplier associated with 
that value. 

Nine PFC settings are available using PROGl and 
P R m  which together with scale (PFtOG3 and PROG4) 
settings provide a wide range of initial full battery 
values. (PROGa is used to select the self-discharge com- 
peneationa for either NiMH or NiCd batteries; PROGtj is 
used to determine the display mode of the bq2010 as 
deecribed on page 6.) 

For example, if a 0.152 sense resistor is being used, and 
the battery ia rated at 1100mAh, then the initial full 
battery value is IlOmVh. The nearest available value 
that is leas than 1lOmVh from Table 3 is lMmVh, which 
corresponds to PROGl= 2, PROGz = Z, PRW = L, and 
PROG4 = L. 

Example 2: PROGl = H, PROGz = Z, -3 = L, 
PROG4 = L = 14lmVh 

Example 1 axmapanda to a PFC of 22528 d 65536 possible 
a 

-6 (34.4%). This meam that, in all l i b b o d  a 
of the counter range will remain u n d  Counter maohtion 
couldbekureaeedbyueingtheaetiing~inexample2 Inthis 
caee, the PFC ia 46066 of 65535 count8 (68.896 d range). In 
general, when faced with a choice, it ia bettar to pick the h e r  
d t i o n  (that is, a larger FIE). 

PROGs and PROG4 inpute determine the scale to be used 
by the bq2010. Together these two piua determine the 
mVh value of a single NAC aunt.  Thus, for any given 
PFC selected by PROGl and PRO(& the capacity repre- 
sented by that PM: (in mVh) ie given by: 

Note that the wale value is given for a PROG3, PROG4 
pair at  the top of each column in Table 3. 

Table 3. bq2010 Programmed Full Count mVh Selections 

Units 

mVb/ 
count 

mVh 

Pro- 
gremmed 

Full 

(PFC) 

49152 

PR- = Z PROG4 - L PROGx 

320 160 80.0 40.0 20.0 10.0 mVh 

PROGa - H 

Scale= 
V&u) 

76.8 

' PROG, = H 

Scale = 
1/130 
614 

1 

- 
H 

L I L / 22528 

VSR equivalent to 2 
counWsec. (nom.) 

2 

- 
H 

PROGa = Z 

Scale = 
1/1m 
307 

PROGs = Z 

Scale= 
m280 
38.4 

282 

90 

PROGa = L 

Scale = 
V320 
154 

PROGa - L 

Scale= 
V2560 
19.2- 

141 

45 

70.4 

22.5 

35.2 

11.25 

17.6 

5.6 

8.8 

2.8 

mVh 

mV 
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Using the Programming Pins 
The bq201O is programmed through the LED display 
pins during a special programming cycle that occurs 
during power-up or during a device reset. 

Programming Without LED Display 

In applications where the LED display is not used. 
programming is very simple. The bq2010 may be 
programmed by tying each programming pin directly to 
the appropriate level: 

Z = open 

L = vss - 
LED outputs must be disabled by tying DISP to Vcc. 
LCOM may remain open. 

Programming With LED Display 

When the LED display is used, it is necessary to provide 
programming information with either a pull-up resistor 
to Vcc, a pull-down resistor to Vss (200KR value in 
either case), or no resistor at all. The logic states are set 
as follows: 

Z = no resistor 

LCOM must be used to provide power to the LED8 so 
that  they may be disabled during reading of the 
programming resistors (see Figure 1). 

Selecting Battery Chemistry 

PROGs is used during power-up to select self-discharge 
compensations for either NiMH or NiCd batteries. 
PROG6 = Z for NiCd and L for NiMH batteries. 

Using the LED Display 
The bq2010 supports 6 LEDs that display a gauge of 
available battery charge. LEDs 1 through 5 provide W o  
step indication of charge, while the sixth LED indicates 
'overfull' when the display is operating in absolute mode 
(PROGs = Z). 

Selecting Display Mode 

PRO& is used during power-up to determine the display 
mode of the bq2010. The bq2010 ueee either absolute or 
relative battery charge state as described below (pRoG6 = 
Z or L, reepectively). 

The display indicates available battery charge as a per- 
centage of %athey full.' This is based on the current 
LMD value rrelative' mode) or on the PFC value (the 
initial battery capacity value programmed, 'absolutem 
mode). Relative mode is for applications where the cua- 
tomer doea not want to see on the display the decline in 
battery capacity following many char&discharge cycles. 
Absolute mode ie for applications when the customer 
wanta each segment to represent a fiied amount of 
charge. 

Dispiay Activation 

The LED display is normally maintained in the OFF 
state to conserve battery power. It is activaxduring a 
high rate of battery charge an-harge if DISP is float- 
ing, or continuously if the D I S P S i s  pulled to Vss. 
When the dieplay is not used, the DISP pin can be tied to 
Vcc to disable the display and allow the pins to be used 
strictly as programming pins. 

LED Supply 

The current source for the LEDa is provided through the 
LCOM pin in all applications, because the programming 
inputs and the LED outputa share common pins. When 
the bq2010 is initially powered-up, the U=OM output is 
disabled, thus allowing the pins to be sensed for the pres- 
ence of programming resiatora tied to Vcc or Vss (see 
F i  1). 

Standard LED8 such as the Sharp PFt series should 
provide adequate performance at low cost. For better 
results, customers could use a high-brightness LED (low 
current) such as the more expensive Sharp LR or UR 
series. The suitability of any particular LED depends 
not only on its luminosity at rated current, but also the 
packaging and lensing technique uaed (very important in 
concentrating viewable energy, eepecially for high- 
ambient-light conditions). 



bq2010 Tutorial 

Using the DQ Serial Port 
The bq2010 is also equipped with a bidirectional single- 
line serial YO port (DQ) that allows it to conveniently 
communicate with a hoet processor. 

Data Interface 

The JXJ serial port allows the implementation of gas 
gauge functions without the need for the LED display. 
For example, in cellular telephone and laptop computer 
applications, the LED display is not needed because an 
LCD is available. The host processor in these caaes can 
simply obtain the gas gauge display step and the tem- 
perature over the serial port and use these to indicate 
available charge. The gas gauge step data is a 4-bit value 
that repreaenta 1 of 16 possible steps (6.25% of full per 
step), giving a greater possible display accuracy than is 
possible with the LED display. 

In a more eophiaticated approach, the hoet may obtain 
the NAC, LMD, temperature, and operational status 
flags, and then use these to customize and display func- 
tions and features. 

Battery Pack Testing 

The DQ serial port is also useful for final Wing of 
aaaembled battery packs. The bq2010 can be exercised 
from a hoet pnxl~~sor over the DQ serial port-allowing 
the host to directly control the state of the LED output 
pins and the EMVrY pin. The state of the programming 
pins may also be checked. A battery ID byte (stored in 
on-chip RAM) allows the manufacturer to identify bat- 
tery types. 

Using the EMPTY Pin 
The EMPTY pin provides external control for automatic 
load dieconnection on low battery, preventing deep dis- 
charge. It activates when VSB drops below the EDVF 
threshold. 

Supplying Power to the Part 
The Vcc specification for the bq2010 is: 

3.0V S Vcc l; 6.5V 

This may be achieved in several ways under various bat- 
tery configurations. 

Direct Battery Power 

The bq2010 may be powered d i i t l y  from the batteries 
in confiiations of 3 or 4 cells. When using unregulated 
direct battery power, ensure that the battery voltage 
does not exceed the maximum of 6.5V or fall below the 
minimum operational value of 3.OV. 

Direct unregulated power supply should be limited to 
situations where varying or pulsed load conditions 
during discharge or charge do not c a w  battery voltage 
spikes. Such spikes typically result when batteries drive 
wrritchiag power suppliee that use inductive storage, or 
when &art-up tramienta in motors produce si

gnifi

cant 
voltage apikee on the battery, 

Low-Cost nFET Regulator 

Most application8 require m e  kind of voltage regulator 
to eupply Vcc within specifications wer a broad range of 
battery voltage conditions. The bq2010 provides support 
for a lowcoet &ator circuit consisting of an dWl? and 
the on-chip refe.rence voltage VREF. 

Acroas temperature, VREF ranges from 4.5V to 7.5V. 
given an IMP of SpA, where: 

where Vcr, is the gate-souroe voltage of the nFer, 61. 
When the b a t h y  v o l t ~  dmp below VREP, the R1/Elrcpp 
divider Vcc. A low-threshold nFET exhibiting 
a maximum Vm of 0.8 to 1.5V may be adequate for this 
Mt. An example is the BSS138ZX h m  ZeteL The cor- 
&choice forRtieaWonofthenumberofwbinthe 
battery pack. Table 4 lists Merent values for Ri for 
various battery pa&. 

Table 4. Reference Bias Resistor R1 
Selection 

Assuming a Nominal Q1 VGS = 1.5V 

Split Battery Configurations 

Number of Cells 

5 
6 
7 

When a battery pack contains a large number of cells, 
the bq2010 may be operated from a mal l  number of cells 
inside the larger pack. This is poesible aa long as the 
current required for LED operation doea not significantly 
reduce the available charge of the small cell cluster rela- 
tive to the available charge of the other cells in the pack. 
Generally, it is best not to use the bq2010 display in this 
configuration. 

R l  (a) 
33K 

lOOK 
180K 

10 

11 

12 



Notes 



bq2011 
Gas Gauge IC 

Features 
Conservative and repeatable 
measurement of available charne - 
in rechargeable batteries 

Designed for portable equipment 
such ae power toole with high 
diecharge rates 

Designed for battery pack 
integration 
- l20pA typical standby current 

(eelf- estimation mode) 
- Small size enables imple- 

mentations in as little as lh 
square inch of PCB 

Direct drive of LEDs for capacity 
display 

Self-diecharge compensation 
wing internal temperature 
sensor 

Simple single-wire serial 
communications port for 
subaeeembly testing 

16-pin narrow SOIC 

Pin Connections 

1BPin Narrow SOIC 

PN49 

General Descriptton 
The bq2011 Gas Gauge IC is intended 
for battery-pack installation to main- 
tain an accurate & of available 
battery charge. The IC monitoa a 
voltage drop acmm a eenee lleeietor 
connected in eeriee between the 
negative battmy termid and ground 
to determine charge and dischargu, 
activity of the battery. The bqmll is 
designed for eyeterns such as power 
toole with very high diecharOe rates. 

Battery self-diecharge ie estimated 
baaed on an internal timer and tem- 
perature sensor. Compeneatiom~ for 
battery temperature and rate of 
charge or diecharge are applied to 
the charge, discharge, and self- 
diecharge calculations to provide 
available charpe information a m  
a wide range of operating conditions. 
Initial battery capacity ie eat using 
the PFC and MODE pine. Actual 
battery capacity ie automatically 
'learned" in the course of a diecharge 
cycle from full to empty and may be 
dieplayed depending on the display 
mode. 

Nominal available q be di- 
rectly indicated uring a five-- 
rneatIBDdkplay.'hmem@nenbare 
d t o i n d i c a t e ~ t h e a r m i -  
nal available charm 

Tbe b@11 mppaia a dm& single-line 
Mdirectimaldliairtoanenteanal 
proceawr(-d~bp2011 
0"Q"tSbattery" " inRlspmm3 
to erbanal ommmh ow tbe aerial link. 
To support submmmbly kabg, the 
outputemayaleobeamtroIledbycom- 
mand.Tbeertemalp.oceeeormayals0 
oVewribeanedtbebq2011 gaegauge 
data Ww- 
Thebq!Bllmayoperatedirectlyfrorn 
four cells. W1th the REF output and 
an extend traneietop, a aimple, inex- 
pensive regulator can be built to pro- 
vide Vcc from a greater number of 
cells. 

Internal regiat.8ra include available 
charge, temPerakue, ccapacity, battery 
ID, and battery statue. 

Pin Names 
MODE Display mode output NC No connect 

SEGl LED segment 1 DQ Serial communicatiom 
inputloutput 

SEG2 LED segment 2 
RBI Register backup input 

SEG3 LED segment 3 
SB Battery sensc input 

SEG4 LED segment 4 - 
DISP Display control input 

SEGS LED segment 5 
SR Sense resistor input 

PFC Programmed full count 
selection input Vcc 3.0-6.5V 

REF Voltage reference output Vss Negative battery tnminal 



Pin Descriptions 
- 
DISP 

MODE Display mode output 

When left floating, this output selects 
relative mode for capacity display. If con- 
nected to the anode of the LED8 to source 
current, absolute mode is selected for SB 
capacity display. See Table 1. 

S E G p  LED display segment outputs 
SEGa 

Each output may activate an LED to sink the 
current sourced from MODE, the battery, or 
vcc. 

PFC Programmed full count selection input 
RBI 

This three-level input pin defines the  
programmed full count (PFC) t h h o l d a  and 
scale selections described in Table 1. The 
state of the PFC pin is only read immediately 
after a reset condition. DQ 

SR Sense resistor input 

The voltage drop (VSR) across the sense resis- REF 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied to the low side of the 
sense resistor. VSR > VSS indicatea discharge, 
and VSR < VSS indicates charge. The effective Vcc 
voltage drop, VSRO, as seen by the bq2011 is 
VSR + VOS (see Table 3). vss 

NC No connect 

Display control input 

W P  floating allows the LED display to 
be active during charge and discharge if 
Vsm < -1mV (charge) orAm > 2mV (dis- 
charge). Traasitioning DISP low activates 
the display for 4 * 0.5 seconds. 

Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance reeistive 
divider network for the end-of-discharge 
voltage (EDV) threshold and maximum cell 
voltage (MeV). 

Register backup input 

Thieinputisuaedtoprovidebackup~tialto 
the bq2011- during pen& when Vcc S 
3V. A storage capacitor should be connected to 
RBI. 

Serial JD pin 

This is an open-drain bidirectional pin. 

Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 



Functional Description 
General Operation 

The bq2011 determines battery capacity by monitoring 
the amount of charge input to or removed from a re- 
chargeable battery. The bq2011 measures diecharge and 
charge currente, estimates sell-discharge, monitars the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and charge/diecharge rates. The 
charge measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the 
environmental and operating conditions. 

F i  1 shows a typical battery pack application of the 
bq2011 ueing the LED display with abeolute mode as a 
charge-state iudicator. The bq2011 can be configured to 
display capacity in either a relative or an abaolute din- 
play mode. The relative display mode uses the laet 
measured discharge capacity of the battery aa the bat- 
tery 'full' reference. The abeolute dieplay mode usee the 
programmed full count (PFC) as the full reference, 
forcing each eegment of the display to represent a fixed 
amount of charge. A push-button display feature ia 
available for momentarily enabling the LED diplay. 

The bq2011 monitors the charge and diecharge m n t s  
as a voltage a m m  a eenee reaietor (see Rs in Figure 1). 
A filter between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current ie too great. 

SEQ , 

3 

SEQ 

PFC 

bq2Oll 
Gar 

Gauge 
K: 

- 
REF 

r - 7  - indicates optional. 

Directly connect to Vcc across 4 cells (4.8V nominal and should not 
exceed 8.5V) with a resistor and a Zener diode to limit voltage 
during charge. Otherwise, Rl, Cl, and 01  are needed for regulation of - 
> 4 cells. 

Programming resistor and ESD-protection diodes are not shown. 

R-C on SR may be required (application specific), where the 
maximum R should not exceed 20K. 

IOm 

Figure 1. Battery Pack Application Diagram-LED Display, 
Absolute Mode 

Feb. 1 W C  Y18 



Register Backup 
The bq2011 RBI input pin ia intended to be used with a 
Btorage capacitor to provide backup potential to the inter- 
nal bq2.11 regieters when Vcc momentarily drope below 
3.OV. Vcc ia output on RBI when Vcc ia above 3.OV. 

After Vcc rises above 3.OV, the bq2011 checka the inter- 
nal regiatem for data loss or corruption. If data has 
changed, then the NAC and FULCNT registers are 
cleared, and the LMD register is loaded with the initial 
PFC. 

Voltage Thresholds 
In conjunction with monitoring VSR for chargg'diecharge 
currents, the bq2011 monitors the single-cell battery 
potential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor-divider network 
per the following equation: 

where N is the number of cells, RBI ia connected to the 
positive battery terminal, and RB2 is connected to the 
negative battery terminal. The eingle-cell battery 
voltage is monitored for the end-of-diacharge voltage 
(EDV) and for maximum cell voltage 0. The EDV 
threshold level is used to determine when the battery 
has reached an 'empty" state, and the MCV threshold ia 
uaed for fault detection during charging. The EDV and 
MCV thresholds for the bq2011 are fiied at: 

During discharge and charge, the bq2011 monitors VSR 
for various thresholds, VSRI-VSRQ. These thresholds are 
used to compensate the charge and discharge rates. 
Refer to the diacharge compensation section for details. 
EDV monitoring ia disabled if VSR 1 VSRI (50mV typical) 
and resumes 1 second after VSR drops back below VSRI. 

Reset 
The bq2011 recognizes a valid battery whenever VSB is 
greater than 0.1V typical. VSB rising from below 0.25V 
resets the device. Reset can also be accomplished with a 
command over the serial port as described in the Reset 
Register section. 

Temperature 
The bq2011 internally determines the temperature in 
10°C steps centered from -35°C to  +85"C. The 
temperature steps are used to adapt charge and dis- 
charge rate compensations, self-diecharge counting, and 

available charge display tranalation. The temperature 
ranne is available over the aerial port in 10°C inmmenta 
as &own below: 

Layout Considerations 

TMPGG (hex) 

The bq2011 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground caueea undesirable 
noiae on the small signal nodes. Additionally: 

Temperature Range 

The capacitom (SB and Vcc) should be placed as close 
aa possible to the SB and Vcc pins, b v e l y ,  and 
their patha to Vss ehould be as short aa poeeible. A 
high-quality ceramic capacitor of O.lpf ia recommended 
for Vcc. 

m The eenae reaiatm (Rs) should be aa close as possible 
to the bq2011. 

The R-C on the SR pin should be located as close as 
poasible to the SR pin. The maximum R should not 
exceed 20K. 

+la F ~ .  lees c 



Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2011. The bq2011 accumulates a 
measure of charge and discharge currents, as well as an 
eetimation of self-diecharge. Charge and diecharge cur- 
rents are temperature and rate compensated, whereas 
sell-diecharge ie only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
repreeente the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC regieter and increment the DCR (Discharge 
Count Register). 

The Discharge Count Regieter (DCR) is used to update 
the Last Measured Discharge (LMD) regieter only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2011 adapts its capacity determination baeed on the 
actual conditions of discharge. 

The battery's initial capacity ia equal to the Programmed 
Full Count (PFC) shown in Table 1. Until LMD is 
updated, NAC counta up to but not beyond thie threshold 
during subsequent charges. This approach allows the gas 
gauge to be charger-independent and compatible with 
any type of charge regime. 

1. Lmt Measured Discharge (LMD) o r  learned 
battery capacity: 

LMD ie the last measured diecharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = F'FC. During subeequent 
discharges, the LMD 38 updated with the latest 
meaeured capacity in the Diecharge Count Register 
(DCR) repreeenting a diecharge from full to below 
EDV. A qualified discharge is necessary for a 
capacity transfer from the DCR to the LMD re&- 
ter. The LMD also serves ae the 100% reference 
threshold used by the relative display mode. 

2. Programmed Full Count (PFC) o r  initial bat- 
tery capacity 

The initial LMD and gas gauge rate values are 
programmed by using PFC. The PFC also provides 
the 100% reference for the abeolute display mode. 
The bq2011 ie c o n f ? d  for a given application by 
eelecting a PFC value fmm Table 1. The correct 
PM: may be determined by multiplying the rated 
battery capacity in mAh by the eenee resiator value: 

Battery capacity (mAh) sense resistor (a) = 

Selecting a PFC slightly less than the rated capacity 
for abeolute mode provides capacity above the full 
reference for much of the battery'e life. 

c ~ r g e  -0. Self-Dbdurg. 
lflp~ts Current C w m t  

Temperrtur T ~ a t u r r  
Compen8atlon COmp*rr.th C o m P . n u ~  

Main + ~amh.1 ~ a s t  , Mbchupe 
Counters Avd8bh 2 -fm,j COW 
and Capacity Ch.w (NAC) (LM)) ~ r u m t r  RgAy 
Reference (LMD) 

l$y~ 1 TOInPW8twe -, OWN 

Outputs Chip-Contrdkd SW*I 
Av8llabia Ch8rge Port 

LED WY w. 

Figure 2. Operational Overview 



Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.005Q 
Number of cells = 6 
Capacity = 1300mAh, NiCd cells 
Current range = 1A to 80A 
Relative display mode 

Select: 

PFC = 34304 counts or 6.5mVh 
PFC = Z (float) 
MODE = not connected 

The initial full battery capacity is 6.5mVh 
(1300mAh) until the bq2011 learns' a new capacity 
with a qualiried discharge from full to EDV. 

Self-diiharge = C/64 
Voltage drop over sense resistor = 5mV to 400mV 

Therefore: 

1300mA.h 0.00512 = 6.5mVh 

Table 1. bq2011 Programmed Full Count mVh Selections 

PFC 

H 

Z 

L 

I 

H 

Z 

L 

mVh 

10.5 

6.5 

8.5 

8.0 

6.0 

4.5 

Programmed 
Full Count (PFC) 

27648 

34304 

44800 

42240 

31744 

23808 

Scak 

%O 

%%o 

v5280 

45280 

v5%0 

%280 

MODE Pin 

Floating 

Connected to LEDs 

Dl@ay Mode 

Relative 

Absolute 



3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and selfdis- 
charge to 0. NAC is reset to 0 on initialization and 
on the f w  valid charge following discharge to EDV. 
To prevent overstatement of charge during periods 
of overcharge, NAC stops incrementing when NAC 
= LMD. 

Note: NAC ia set to the value in LMD when SEG6 
is pulled low during a reeet. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge 
increment the DCR After NAC = 0, only diecharge 
increments the DCR. The DCR resets to 0 when 
NAC = LMD. The DCR do- not roll wer but stope 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
f i t  charge after a valid discharge to VEDV if: 

m No valid charge initiations (charm greater than 
256 NAC counts; or 0.006 - 0.01C) occurred 
during the period between NAC = LMD and EDV 
detected. 

The elf-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threehold determined by PFC). 

The temperature is > 0°C when the EDV level is 
reached during discharge. 

The valid discharge flag 0 indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 
Charge activity ie detected based on a negative voltage 
on the VSR input. If charge activity ie detected, the 
bq2011 increments NAC at a rate proportional to V s m  
(VSR + Vos) and, if enabled, activates an LED display if 
V s ~ o  < -1mV. Charge actione increment the NAC after 
compensation for charge rate and temperature. 

The bq2011 determines a valid charge activity sustained 
at a continuous rate equivalent to V s m  < -400pV. A 
valid charge equates to a sustained charge activity 
greater than 256 NAC counts. Once a valid charge is 
detected, charge counting continues until V s m  rises 
above -4OOuV. 

Discharge Counting 
AU diecharl(e counts where V w  > SOOpV c a w  the NAC 
register to decrement and the DCR to increment. 
Exceeding the fast diecharge threshold if the rate 
ie equivalent to V w  > 2mV activab the dieplay, if en- 
abled. The dieplay becomes inactive after V s m  falls be- 
low 2mV. 

Self-Discharge Estimation 
The -11 continuously &cremate NAC and bcmmenta 
DCR fa: d- beeed an time and tempelam. 'rile 
a e l f ~ c o u n t r a t e i s p m g m m e d t o b e a m m i n a l l ~  

NAC late per day. This is the rate fix a batterg whose 
tempemtweisbetweenW30"C. TheNACq&ercannot 
bedecmnentedbebwo. 

Count Compensations 

The bq2011 determine6 fast charge when the NAC 
updates a t  a rate of 22 count&ea Charge and dkharge 
activity is compensated for temperature and chaaddis- 
charge rate before updating the NAC a d o r  DCR Self- 
diecharge eathation is compensated for temperature be- 
fore updating the NAC or DCR. 

Charge Compensation 
Two charge efficiency factma are wed for trickle charge 
and fast charge. Fast charge is defined as a rate of 
charge resulting in 2 2 NAC counYaec (2 0.15C to 0.32C 
depending on PFC selections; see Table 2). The compen- 
eation defaults to the fast charge factor until the actual 
charge rate is determined. 

Temperature adapts the charge rate compensation fac- 
tors over three r a m  betweein nominal, warm, and hot 
temperatures. The compensation factors are shown below. 

Temperature Compenution Compensation -1 



Temperature mqenwdh during discharge aleo takes place. 
At lower t e m p d m s ,  the oompenmthn fector inaeaeee by 
0.05 for sach lm tempera* etepbelow 1m. Error Summary 

Discharge Compensation 
Corrections for the rate of discharge are made by 

Table 2. Self-Discharge Compensation 
adjusting an internal discharge compensation factor. 
The discharge factor is based on the dynamically 
measured VSR. The compensation factora during die- 
charge are: 

Comp. factor = 1.00 + (0.05 N) Ca~acitv Inaccurate 

Efficiency 
10096 

9546 
85% 
75% 
75% 

Approximate 
VSR Threshold 
v ~ ~ c 5 0 r n v  

VSRI > 50 mV 

VSRZ > 100 mV 
VSR~ > 150 mv 
VSW > 253 mV 

Where N = number of 10°C steps below 10°C and 
VSR < 50mV. The LMD ie mptib le  to error on initialization or if no 

udates occur. On hit iahtion, the LMD value includes the 

Discharge 
Compensation 

Factor 
1.00 

1.05 
1.15 
1.25 
1.25 

For example: ekor between the pmgmmdful l  capacity and the actual 

T > 10°C: Nominal compensation, N = 0 
capacity. This enoh k-nt until a valid diecharge occurs 
and LMD ie (aee the DCR M p t i o n  on pege 7). 

P C  c T < 10°C: N = 1 (i.e., 1.00 becomes 1.05)  he other & of error ie battay &-out.-& the 
battery agea, the M capacity must be adjusted to 

-10°C < T < 0°C: N = 2 (i.e., 1.00 becomes 1.10) mmunt for changea in actual battery capacity. 

-20°C < T < -10°C: N = 3 (i.e., 1.00 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.00 becomes 1.20) 

Self-Discharge Compensation 
The self-discharge compensation is programmed for a 
nominal rate of vty~ NAC per day. This is the rate for a 
battery within the 2040°C temperature range (TMFGG 
= 6x1. Thie rate varies am088 8 ranges from <lO°C to 
>70°C, doubling with each higher temperature step 
(10°C). See Table 2. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs and is reset 
whenever LMD is updated from the WR. The counter 
does not wrap around but stops counting at 255. The 
capacity inaccurate flag (CI) is set if LMD has not been 
updated following 64 valid charges. 

Current-Sensing Error 
Table 3 illustrates the current-ensing error as a func- 
tion of VSR A digital filter eliminates charge and dis- 
charge counts to the NAC register when VSRO WSR + VOS) 
is between -400pV and 500pV. 

Table 3. bq2011 Current-Sensing Errors 

- Notes 
Vos Offset referred to VSR * 50 * 150 pV DISP=Vcc. 

Integrated non-linearity Add 0.1% per "C above or below 25°C 
-INL e m r  * 2 * 4 " and 1% per volt above or below 4.25V. 

Integrated non- Measurement repeatability given 
INR repeatability error * 1 * 2 9'0 similar operating conditions. 



Communicating With the bq2011 

The bq2011 includea a simple single-pin (DQ plus return) 
aerial data interface. A hoet procegeor ueee the interfaca 
to access various bq2011 registers. Battery charac- 
tePistics may be easily monitored by adding a single con- 
tact to the battery pack. The open-drain DQ pin on the 
bq20ll should be pulled up by the hoet ayetern, or may be 
left floating if the serial i n M a e  is not wed. 

The interface ueee a command-based protocol, where the 
host processor sen& a command byte to the bq2011. The 
command dire- the bq2011 to either store the next 
eight bite of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

The communication protocol is aeynchronoue retum-to- 
one. Command and data bytea consist of a etream of eight 
bits that have a maximum trammission rate of 333 
bit&ec The least-sigdkant bit of a command or data 
byte is trammitted fi. The proteal is simple enough 
that it can be im~lemented by moet hoet DZWCSXB~S ueian 
either polled or &tempt pro&aing. ~ a &  input from thi 
bqmll may be sampled wing the pulee-width capture tim- 
era available on some mi&ntmllera. 

Communication is normally initiated by the hoet proces- 
sor sending a BREAK command to the bq2011. A 
BREAK ia detected when the DQ pin is driven to a logic- 
low state for a time, t~ or greater. The DQ pin should 
then be returned to its normal ready-high logic state for 
a time, ~ B R .  The bq2011 is now ready to receive a corn- 
mand from the host processor. 

logic-bw state for a pdod, Then& eectian is the 
actual data tamamma . . whtmtbe data abouldbe validby 
a p e r i o d , ~ , e f t 8 r t b e ~ e ~ d t o a a r t m m m u -  
nicatia The data ebarld be held bor a period, t ~ v ,  to albw 
thehoetorbq2011 tooampletbe databit. 

The hnal e w t h  k used to rtop the thannmiraion by 
r&mhgtbeDQpintoalogbhigh&etebyatleastape 
riod, tsm, aftar the negative edge ured to start  . . 
CQlM- T h e w l o g i c - l l i g h ~ o h o u l d b e b e l d  
until apeiod,tev,toallmtimeto~thattbettittrane- 
mimicmwasrtoppedprapedy. Thethingabordataand 
h . e a t c u n m ~ a p . e o i v a n i n t h e s e i a l a n n m ~  
t i m b g ~ t i a a d ~ ~  

Communication with the bq2011 is alwaya performed 
with the least-significant bit being transmitted 6rnt. Fig- 
ure 3 ahows an example of a commuaicaticm sequence to 
read the bq2011 NAC regieter. 

bq2011 Registers 

The bq2011 command and statue registers are lbted in 
Table 4 and de&bed below. 

Command Register (CMDR) 
The writeonly CMDR register is w e e d  when eight 
valid coinmand bite have been received by the bqmll.  
The O R  regieter containe two fieldtx 

Wm bit 

m Command ad& 

data bit three &ct The WE bit of the command regieter is used to select 

eectioae. The~sect ionisueedtoeter f tha  . . whether the received command is for a read or a write 
t y c i U l s t h . b o t o r t h o t q ~ 1  t a ! s i n g h & p i n t o a  fmction 

t 

Written by Host to bq2011 Received by Host From bq2011 
CMDR - 03h I NAC - 66h 

I 
t 

L M  W E  I La8 Lgl 
I 

Break 1 1 0 0 0 0 0 0  ; 1 0 1 0 0 1 1 0  

DQ 

$0-m 

Figure 3. Typical Communication With the bq2011 

ell 8 



Table 4. bq2011 Command and Status Registers 

Symbol 

mfDR 

FLGSl 

TMPGG 

NACH 

NACL 

BATID 

LMD 

mA;S2 
L g i s t e r  

CPI 

OCTL 

mNT 

RST 

Note: 

Register 
Name 

Command 
register 

M a r y  
status flags 
register 

Temperature 
and gas 
gauge register 

Nominal 
available 
,.hargehigh 
byte register ( 
Nominal 
available 
,.barge low 
byte register 

Battery 
identification 
register 

Last 
measured 
discharge 
register 

Secondary 
status flags 

- 
Capacity 
inaccurate 
count register 

Output 
control 
register 

Full count 
register 

Resetregister 

n/u = not used 

Loc. 
(hex) 

00h 

Olh 

02h 

03h 

17h 

04h 

05h 

06h 

09h 

Oah 

Obh 

39h 

Read/ 
Write 

Write 

Read 

Read 

IZ/W 

Read 

rn 

rn 

Read 

Read 

Write 

Read 

Write 

Fleld 

3 

AD3 

VDQ 

GG3 

NACH3 

NACL3 

BATID3 

LMD3 

Q4I 

CPI3 

OC2 

FUL3 

0 

Control 

4 

AD4 

CI 

TMPO 

NACH4 

NACU 

BATID4 

LMD4 

DRO 

CPI4 

0C3 

FULQ 

0 

7(MSB) 

w 

CHGS 

TMP3 

NACH7 

NACL7 

BATID7 

LMM 

CR 

CPI7 

1 

FUL7 

RST 

2 

AD2 

du 

GG2 

NACH2 

NACL2 

BATID2 

LMD2 

Q4I 

CPI2 

OC1 

FUL2 

0 

6 

AD6 

BRP 

TMP2 

NACH6 

NACLG 

BATID6 

LMD6 

DR2 

CPI6 

0C5 

FULG 

0 

5 

AD5 

MCV 

TMPl 

NACH5 

NACL5 

BATID5 

LMD5 

DR1 

-P~P--~P 

CPIS 

0C4 

IW.5 

0 

1 

AD1 

EDV 

GG1 

NACHl 

NACLl 

BATIDl 

LMDl 

I)/u 

CPIl 

IJu 

F'ULl 

0 

O(LsB) 

ADO 

fi 

GGO 

NACHO 

NACLI) 

BATIDQ 

LMDO 

OVLD 

CPIO 

OCE 

FLTLo 

0 



The WE values are: The BRP values are: 

CMDR Bit8 

Where Wfl is: Where BRP ia: 

0 The bq2011 outputs the requested re- con- 0 ba2011 is charned until NAC = LMD or dis- 

FLGS1 Bib 

tents specified by the ad& portionof darged until &e EDV flag is aeeerted 
CMDR 

1 SB tining &om below O.lV, or a aerial port initi- 
1 The followina eight bits should be written to ated reeet haa oocurrad ~- ~ 

the regbter &&ified by the addrese portion 
of CMDR. The maximum all  voltage flag is asserted 

whenever the potential on the SB pin (relative to Vss) ia 
The lower eeven-bit field of CMDR contains the address above 2.OV. The MCV flan ia aeeasted until the mndition 

- 

portion of the register to be accessed. Attempts to write caueing MCV is removed.- 
to invalid addreeaes are ignored. 

The MCV values are: 

BRP - 

R G S l  Bib 

7 6 5 4 9 2 1 0  

Primary Status Flags Register (FLGS1) 
The read-only FLGSl register (addrese=Olh) contaim 
the primary bq2011 flags. 

The charge atatus flag (CHGS) ia aseerted when a valid 
charge rate is deteded. Charge rate ia deemed valid 
when VSRO < -400pV. A VSRO of greater than- 400pV sr 
discharge activity clears CHGS. 

The CHGS values are: 

FLGSl Bib 

CHGS - 
Where CHGS is: 

Where MCV ie: 

The capacity inaccurate flag (CI) ie wed to warn the 
ueer that the battery haa been charged a substantial 
number of times since LMD hae been updated. The CI 
flag ia asserted on the 64th charge after the last LMD 
update or when the bq2011 i.9 reaet. The flag ie cleared 
after an LMD update. 

The CI values are: 

R G S l  Bib 

0 Either discharge activity detected or VSRO > - 
~OOPV 

Where CI h: 

0 When LMD h updated with a valid full dis- 
charge or the bq2011 ia met 

The battery rephed flag @RP) asserted whenever 1 After the 64th valid charge action with no LMD the potential on the SB pin (relative to Vss), VSB, riBes updates 
above 0.1V and determines the internal rePistem have --- - --- - 
been corrupted. The B W  flag is also set when the 
bq2011 is L e t  (see the RST register dewription). BRP 
is latched until either the bq2011 is charged until NAC = 
LMD or discharged until EDV ia reached. BRP = 1 signi- 
fie8 that the device has been reset. 



The valid dischuge flag (VDQ) is asserted when the 
bq2011 is discharged h m  NAC=LMD. The flag remaina 
set until either LMD is updated or one of three actions 
that can clear VDQ occurs: 

TMPGG Temperature Bib 

The self-discharge count register (SDCR) has 
exceeded the m d u m  acceptable value (4096 me bq2011 c o n ~ m  an internal Bemar. 
counts) for an LMD update. The temperature is used to set charge and discharge effi- 
A valid charge action equal to 256 NAC coun@ ~ i t h  ciency factors ae well as to adjuet the sell-diecharge cod- 
VSRO < -4OOpV. fxient. The tempera- regieter contents may be trane- 

lated as shown below. 
m The EDV flag was set at a temperature below O"C 

The VDQ values are: 

Where VDQ is: 

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDV is asserted with the tem- 
perature less than O°C 

1 On first discharge after NAC = LMD 

The endafdischarge warning flag (EDV) warm the 
wer  that the battery is empty. SEGl blinke at a 4% 
rate. EDV detection is disabled if VSR > VSRI. The EDV 
flag is latched until a valid charge has been detected. 

The EDV values are: 

Where EDV is: 

FLGSl Bits 

0 Valid charge adion detected and VSB 2 0.90V The bq2011 calculates the available charge as a function 
of NAC, temperature, and a full reference, either LMD or 

1 VSB < 0.90V providing that VSR < VSRI PFC. The resulta of the calculation are available via the 
display port or the gas gauge field of the TMPGG reg%- 

Temperature and Gas Gauge Register &. %re&terieueedtogiveavailablecapacityin'/le 
(TMPGG) increments from O to 16/ls. 

7 6 5 4 3 2  

The read-only TMPGG register (addrese=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 

- 
1 

EDV 

0 
- 



The gas gauge diaplay and the gas gauge portion of the charge action is initiated. The CR flag remains aeserted 
TMPGG register are adjusted for cold temperature if the charge rate doea not fall below 2 counW8ec. 
dependencies. A piece-wise correction is performed aa 
follows: The CR values are: 

NAC / %ill Reference" 

Where CR ia: 

0 When charge rate falle below 2 counWsec 

FLGS2 Bits 

The adjustment between > 0°C and -2VC < T < 0°C has a 1 When charge rate is above 2 count&ec 

Nominal Available Charge Register (NAC) 

7 

CR 

The r e a W t e  NACH register (addrerw03h) and the 
read-only NACL register (address=l'lh) are the main gm 
gauging registers for the bq2011. The NAC r e g h  are 
incremented during charge actions and decremented dur- 
ing diecharge and self-discharge actiona. The correction 
factora for chargddischarge efficiency are applied auto- 
matically to NAC. 

6 
- 

If SEQ = 0 on reeet, then NACH = FTC and NACL = 0. 
If SEG5 = Z or H, the NACH and NACL regietera are 
cleared to zero, NACL stops counting when NACL 
reaches zero. When the bq2011 deteds a valid charge. 
NACL resets ta zero; writing to the NAC register affects 
the available charge counts and therefore, affects the 
bq2011 gas gauge operation. 

5 1 4  

Battery Identification Register (BATID) 

2 3 

The reawwrite BATID register (address=04h) is 
available for use by the system to determine the type of 
battery pack. The BATID contents are retained aa long 
aa Vcc is greater than 2V. The contents of BATID have 
no effect on the operation of the bq2011. There is no 
default setting for this register. 

Last Measured Discharge Register (LMD) 

1 

LMD is a rea@write register (address=05h) that the 
bq2011 uses as a measured full reference. The bq2011 
adjusta LMD based on the measured discharge capacity 
of the battery from full to empty. In this way the bq2011 
updates the capacity of the battery. LMD is set to PFC 
during a bq2011 reeet. 

0 

Secondary Status Flags Register (FLGSZ) 
The read-only FLGS2 register (address=06h) contains 
the secondary bq2011 flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 

The fast charge regime efficiency factom are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tore are ueed. The time to change CR varies due to the 
user-eelectable count rates. 

The diecharge rute flags, DR2-0, are bits 6 4 .  

They are wed to determine the present discharge regime 
aa follows: 

FLGS2 Bits 

DR2 1 M I 1  / DRO 1 VSR (V) 

7 
- 

The overload flag (OVLD) is aseerted when a discharge 
overload is detected, VSRD > 50mV. OVLD remains 
asserted as long as the condition persists and ia cleared 
when VSRD < 50mV. 

6 

DR2 

0 

0 

FLGS2 Bits 

- OVLD 

DRZO and OVLD aresetbased onthemeasumnent d t h e  
voltage at the SR pin relative to Vss. The rate at  which 
this measurement is made varies with device activity. 

0 

1 

5 

DR1 - DRO 

0 

4 3 2 1 0  

50mv < VSR < lOOmV 
(overload, OVLD=1) 

100mV < VSR < 160mV 



Full Count Register (FULCNT) 
The read-only mTLCNT register ( a d h = O b h )  providea 
the system with a diagnostic of the number of times the 
battery has been fully charged (NAC = W). The number 
of full occurrences can be determined by multiplying the 
value in the F'UUNT register by 16. Any discharge action 
other than self-discharge allows detection of another full 
occurrence during the next valid charge action 

Capacity Inaccurate Count Register (CPI) 
The read-only CPI register (address=09h) is used to 
indicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varies with age and operating con- 
ditions, the bq2011 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV=l) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to O°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. The register increments to 255 
without rolling over. When the contente of CPI are 
incremented to 64, the capacity inaccurate flag, CI, is 
asserted in the FLGSl register. CPI is reset whenever 
an update of the LMD register is performed, and the CI 
flag is also cleared. 

Output Control Register (OCTL) 
The write-only OCTL register (address=Oah) providea the 
system with a means to check the display connections for 
the bq2011. The segment drivers may be overwritten by 
data from OCTL when the least-significant bit of OCTL, 
OCE, is set. The data in bits OCSI of the OCTL register 
(see Table 4 on page 10 for details) is output onto the 
segment pine, SEG6-1, respectively if OCE=l. Whenever 
OCE is written to 1, the MSB of OCTL should be set to a 
1. The OCE regieter location must be cleared to return 
the bq2011 to normal operation. OCE may be cleared by 
either writing the bit to a logic zero via the serial port or 
by resetting the bq2011 as explained below. Note: When- 
ever the OCTL register is written, the MSB of OCTL 
should be written to a logic one. 

Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. A full 
device reset may be accomplished by f m t  writing LMD 
(addrese = 05h) to OOh and then writing the RST register 
contents h m  OOh to 80h. Setting any bit other than the 
most-significant bit of the RST register is not allowed, 
and results in improper opemtwn of the bq2011. 

Resetting the bq2011 sets the following: 

CPI, VDQ, NAC, and OCE = 0 or 
NAC = LMD when SEG5 = L 

Display 
The bq2011 can directly display capacity information 
using low-power LEDs. If LEDs are used, the segment 
pins should be tied to Vcc, the battery, or the MODE pin 
for programming the bq2011. 

The bq2011 displays the battery charge etate in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represente 2040 of the LMD. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 2046 of the PFC. As the 
battery wears out over time, it is possible for the LMD to 
be below the initial PFC. In this case, all of the LED0 
may not turn on, representing the reduction in the actual 
battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available ca~acitv at a mven ternmature but does 
not affect the NAC hgistery The &perature adjuet- 
menb are detailed in the TMPGG register d d p t i o n .  - 
When DISP i s A d  to Vcc, the SEGM outputs are inac- 
tive. When DISP is left floating, the display becomes 
active during charge if the NAC registers are counting at 
a rate equivalent to Vsm < -1mV or fast discharge if the 
NAC registers are counting at a rate equivalent to Vsm 
> 2mV. When pulled low, the segment output becomes 
active for 4 seconds, k0.5 seconds. 

The segment outputs are modulated as two banke, with 
segments 1,3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEGl blinks at a 4Hz rate whenever Vse has been 
detected to be below Vmv to indicate a low-battery condi- 
tion or NAC is less than 10% of the LMD or PFC, de- 
pending on the display mode. 

Microregulator 

The bq2011 can operate W y  from 4 cells. To facjlitate the 
power supply requkments of the bq2011, an REF output is 
provided to regulate an exk rd  low-threshold n-FET. A 
micropower murce for the bq20ll can be inexpensively built 
using the FET and an external resistor. 



Absolute Maximum Ratings 

Symbol 

Vcc 
1 

All other pine 

Parameter 

Relative to Vss 

I VSR 

Note: Permanent device damage may occur if Absolute Maximum Ratiras are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditione detailed in this data sheet. Expoeure to 
conditions beyond the operational limita for extended periods of time may affect device reliability. 

Relative to Vss 

Minimum lOOa series resistor 

Relative to Vss 1 -0.3 1 +7.0 1 V 1 should be used to protect SR in case 
of a shorted batlerv (see the ba2011 

Tom 

DC Voltage Thresholds VA = TOPR; v - 3.0 to 6 .5~)  

Mlnlmum 

-0.3 

-0.3 

Operating temperature 

Vsm I Valid charge 1 - 1 - 1 -400 1 UV IvSR+VOB 1 

Maximum 

+7.0 

Symbol 

VEDV 

VSRI 

VSRZ 

VSR~ 

VSR~ 

+7.0 

0 
. 

-40 

Unit 

V 

V 

Parameter 

End-of-discharge warning 

Discharge compensation threshold 

Discharge compensation threshold 

Discharge compensation threshold 

Discharge compensation threshold 

VSRD 

V ~ c v  

Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the voltage 
being measured. 

+70 

+85 

VBR 

Note8 

Mlnlmum 

0.87 

20 

70 

120 

220 

Valid discharge 

Maximum single-cell voltage 

"C 

"C 

Battery removewplaced 

application note f& details). - 
Commercial 

Industrial 

Typical 

0.90 

50 

100 

150 

253 

I 

500 

1.95 

v 0.1 SB J 

1 

Maximum 

0.93 

75 

125 

175 

275 

2.0 

0.25 

Unit 

V 

mV 

mV 

mV 

mV 

2.05 

Note8 

SB 

SR (see note) 

SR(seenote) 

SR(seenote) 

SR(see note) 

pV 

V 

VSR+ VOS 

SB 



DC Electrical Characteristics FA = TOPR) 

Normal operation 

Note: All voltages relative to Vss. 



Serial Communication Timing Specification VA = TOPR) 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host eyetern for proper DQ operation 
DQ may be left floating if the serial interface ie not u d .  

SY mbol 

tam 
tcym 

tsTRH 

tsIRB 

tmu 

tm 

~ D V  

tssu 

t s ~  

tsv 

t~ 

t BR 

Serial Communication Timing Illustration 

Pmmeter 

Cycle time, hoet to bq20ll 

Cycle time, bq2011 to hoet 

Start hold, hoet to bq2011 

Start hold, bq2011 to hoet 

Data setup 

Data hold 

Data valid 

Stop setup 

Stop hold 

Stop valid 

Break 

Break recovery 

Do 7 

Typical Minimum 

3 

3 

5 

600 

750 

1.60 

700 

2.96 

3 

1 

4 tsv 'i 

Mulmum 

6 

750 

2.26 

(BREAK) f 
4 

t ~ ~ ~ ~ l  t ~ ~ ~ ~ a  t~ ~ B R - - +  

Unit 

ma 

ma 

M 

P 

P 

P 

ma 

ma 

P 

mn 

ma 

ma 

Note8 I 

Seenote 



Data Sheet Revision History 

3 

4 / 7 I Charge compensation (Changed compensation factor variation with temperature 

Nature of Change 

Wae: VM * NAC rate per day 
Is: lgo * NAC rate per day I 

3 

Description 

Self-diecharge count rate 

Change No. 

3 

7 

Note: Changes 1 and 2 = See the 1995 Data Book. 
Change 3 = Jan. 1996 C change8 from July 1994 C. 
Change 4 = Feb. 1996 C changes from Jan. 1996 C. 

Page NO. 

7 

7 

4 

Ordering Information 

Compeneation factor 30-4Q"C 

L~emperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85'C)* 

wae: 0.90 
1,: 0.96 

Compensation factor > W C  

8 

L~ackage Option: 
SN = lbpin  narrow SOIC 

Was: 0.80 
1,: 0.90 

Device: 
bq2011 Gas Gauge IC 

Self-diecharge compensation 

Contact factory for availability. 

Changed self-discharge compensation rate variation with 
temwrature 



jJBmc"MmQ Product ~ r i e f  EV2011 
bq2011 Evaluation System 

Features -- r-- - 
I 

> bq2011 Gas Gauge IC evaluation and development I 
svstem 

Nominal capacity jumper-configurable 

Display mode jumper-configurable 1 
d 

General Description The menu-driven software provided with the EV2011 
displays chargeldischarge activity and allows user inter- 

The EV2011 Evaluation System provides a development face to the bq2011 from any standard DOS PC, 
and evaluation environment for the bq2011 Gas Gauge 
IC. The EV2011 incorporates a bq2011; a sense resistor, A full data sheet for this product is available on our web 
and all other hardware necessary to provide a capacity site (http:llwww.benchmarq.com), or you may contact the 
monitoring function for 3 to 12 series NiCd cells. factory for one. 

Hardware for an RS-232 interface is included on the 
EV2011 so that easy access to the state-of-charge infor- 
mation can be achieved via the serial port of the bq2011. 
Direct connection to the serial port of the bq2011 is also 
made available for check-out of the final hardware1 
software implementation. 

Aug. 1994 Rev C Board 

2-47 



EV2011 Product Brief 

EV2011 Board Schematic 

Rev. C Bocvd Aug. 1904 
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Product Brief EV20 I 1 

Aug. 1994 Rev. C Borvd 
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Notes 
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@ W N ~ M A R Q  bq2011 J 
Gas Gauge IC 

Features 
Conservative and repeatable 
measurement of available charge 
in rechargeable batteriee 

Designed for portable equipment 
such as power tools with high 
discharge rates 

Deaigned for battery pack 
integration - 120pA typical standby current 

(self-disc* &ation mode) 
- Small size enables imple- 

mentations in as little as l/z 
square inch of PCB 

Direct drive of LEDa for capacity 
display 

Self-discharge compensation 
using internal temperature 
aenaor 

Simple single-wire serial 
communications port for 
subassembly testing 

16-pin narrow SOIC 

General Description 
The bqB1 W Gae G v  IC ie intended 
for battery-pack inetallatim to maintain 
anaccuraterecorddavailabtebatteay 
charge. The IC monitors a voltage drop 
aaoes a senee Heistar caanected in ee- 
ries between the negative battery termi- 
nal andgromdtodct ' .charge and 
dischargeactivityofthebattery.The 
b q # ) l W i a ~ f o r ~ ~ a s  
power tooh with very high dhharge 
rates. 

Battery self-discharge is estimated 
based on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature and rate of 
charge or discharge are applied to 
the charge, discharge, and self- 
discharge calculatione to provide 
available charge information across 
a wide range of operating conditions. 
Initial battery capacity ia set using 
the PROG14 and SPFC pine. Actual 
battery capacity is automatically 
'learned' in the course of a diecharge 
cycle from full to empty and may be 
displayed depending on the display 
mode. 

Pin Connections Pin Names 

LCOM vw 
SEG,/PROG, REF 
SECiJPROG 2 NC 
SEGJPROG 9 W 
SEGJPRCG4 RBI 

SEG, SB - 
SPFC DlSP 

v ss SR 

16-Pin Narrow SOlC 

PN-W 

L€OM LED common output 

SEGllPROGr LED segment l/ R o e  
1 input 

SEGflROG2 LED segment 2 / Prognun 
2 input 

SEGJPROGs LED segment 3/ Rogram 
3 input 

SEGflROG4 LED segment 41 Program 
4 input 

SEG5 LED segment 5 

SPFC Programmed full count 
selection input 

Nominal available charge may be di- 
rectly indicated using a five--- 
me& LED display. Theee aegmenta are 
wed to graphidly indicate nominal 
available charge. 

The bq201W supports a simple single 
line bidirectional serial link to an 
e x k m a l 7  (-m ground). 
The bq2011J outpute battery 
infarmath m xwpam to extanal am- 
mandeowrtheeerialliak To support 
eubaeeembly teating, the outputs may 
almbecontrolledbycommandThe 
external xrowmm may also overwrite 
some of the bq2011J gas gauge data 
I.egietera 

The bq2OllJ may operate directly 
from four cells. With the REF out- 
put and an external transistor, a 
simple, inexpensive regulator can 
be built to provide Vcc from a 
greater number of cells. 

Internal registem include available 
charge, tempen!kue, wacity, battery 
ID, and battery status. 

REF 

NC 

DQ 

RBI 

SB 
- 
DISP 

SR 

Vcc 

Vss 

Voltage reference output 

No connect 

Serial communications 
inpuuoutput 

Register backup input 

Battery smse input 

Display control input 

Sense resistor input 

3.0-6.5V 

Negative battery tenninal 



Pin Descriptions 

LCOM LEDcornmon 

Open-drain output switches Vix to source cur- 
rent for the LEDs. The switch is off during 
initialization to allow reading of -14 pull- 
up or pull-down program resistors. LCOM ie 
high impedance when the display is off. 

SEGI- LED display segment outputs 

NC 
- 
DISP 

S E G ~  
Each output may activate an LED to sink the 
current sourced from MODE, the battery, or 
vcc. 

-GI- Programmed full count selection inputs 
PROG4 (dual function with SEGi - SEGI) RBI 

These three-level input pins define the 
programmed full count (PFC) in conjunction 
with SPFC pin, define the display mode and 
enable or disable self-discharge. 

SPFC Programmed full count selection input 
DQ 

This three-level input pin along with PROGi.3 
define the programmed full count (PFC) REF 
thresholds and scale selections described in 
Table 1 and Table 2. The state of the SPFC 
pin is only read immediately after a reset 
condition. vcc 

SR Sense resistor input Vss 
The voltage drop (VSR) across the sense resis- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied to the low side of the 
sense resistor and battery pack ground (see 
Figure 1. VSR > VSS indicates discharge, and 
VSR < VSS indicates charge. The effective 
voltage drop, VSRO, as seen by the bq2011J is 
VSR + VOS (see Table 4). 

Dieplay control input 

WP floating allows the LED display to be 
active during charge and discharge if Vsm < 
-1mV (charge)Vm > 2mV (discharge). 
Transitioning DISP low activates the display 
for 4 * 0.5 eeconds. 

Secondary battery input 

This input monitors the singlecell voltage po- 
tential through a high-impedance resistive di- 
vider network for the end-of-discharge voltage 
(EDV) threshold and maximum cell voltage 
0. 
Register beckup input 

Thiek@isusedtopm&bbdcuppctentjaltothe 
bszolWrPgistersdurjngp&odswhenVa:~W. A 
atonyp capacitushadd hconnecfedto RBL 

Serial JD pin 

This is an open-drain bidirectional pin. 

Voltage reference output for r d t o r  

REF provides a voltage reference output for 
an optional micro-regulator. 

Supply voltage input 

Ground 

211 8 June 1895 
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Functional Description 
General Operation 

The bq2011J determines battery capacity by monitoring 
the amount of charge input to or removed from a 
rechargeable battery. The bq2011J measurea discharge 
and charge currents, estimates eelf-discharge, monitma the 
battery for low-battery voltage thresholds, and cornpen- 
s a h  for temperature and chargdWarge ratea The 
charge meeeurement ia made by monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and gmund The available bat- 
tery charge is determined by monitoring thie voltage over 
time and correcting the measurement for the 
environmental and operating conditione. 

Figure 1 shows a typical battey pack application of the 
bq2011J using the IJD display with a h l u t e  mode as a 
charge-state indicator. The bqW11J can be mnfigud to 
dieplay capacity in either a relative or an ab.olute dia- 
play mode. The relative dieplay mode um~ the laat 
measured di~~harge capacity of the be- (111 the bat- 
tery 'full' reference. The a h l u t e  dieplay mode uaea the 
programmed full count (PF'C) ar the full reference, 
forcing each oegment of the dbplay to mpreaemt a fixed 
amount of charge. A push-button dirplay feature is 
available for momentwily enabling the LED display. 

The bq201lJ mmitora the charge and dhhrge currenb 
a~ a voltage acmm a oenee ~~ (me Rg in Figure 1). 
A Titer between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current b too great. 

Figure 1. Battery Pack Application Diagram-LED Display, 

Absolute Mode 
JWmlBB5 

r - - - - - - - - - - - - 7  

.' - 
P - 

.I .' - 

P - 
- 

r - - 1  

I / 

T5 
r - 7 L - - J  -, indicates optional. 

Directly connect to V, across 4 cells (4.8V nominal and !should not 
exceed 8.5V) with a resistor a d  a Zem diode to knit vdta* = 
during charge. Otherwise, R1, C1, a d  01 are needed for regulation of - 
> 4 cells. 

Programming resistor and ESD-protection diodes are not shown. 

R-C on SR may be required tappliiation specific), where the 
maximum R should not exceed 20K. 100( 

- - - 
LCOM - - 

Rl - 
=@,-I - 
-a,-, 

SEa,/mO03 D18p 

S E Q 4 I P R 0 Q 4  v, 
E . ' - ~ E Q ~  

SPFC bWJ11J 8R 
Qar 

Qaw 
K: RB( 

W 

* 
r - - - -  - - - - 1  

R. 

i $ 
L - - - -  - - - -  J 

- I 



Register Backup 
The bq2011J RBI input pin is intended to be used with a 
&rage capacitor to provide backup potential to the inter- 
nal bq2011J registera when Vcc momentarily drope below 
3.OV. Vcc is output on RBI when Vcc ia above 3.OV. 

h Vcc rises above 3.0V, the bq201 lJ checke the internal 
E&&STS for data loss or coauption If data has changed, 
then the NAC and m N T  w18 are cleared, and the 
LMD register ia loaded with the initial PFC. 

1s 

2 s  
3x 
4 s  

5 s  

6 s  

where N is the number of cells, RBI is connected to the 
wsitive battew terminal, and RBz is connected to the Layout Considerations 

-30°C to -20°C 

-20°C to -10°C 
-1OOC to OOC 
0°C to lOOC 

10°C to 20°c 

20°C to 30°C 

Voltage Thresholds 
In conjunction with monitoring VSR for chargddischarge 
currents, the bq2011J monitors the single-cell battery 
potential through the SB pin. The single-cell voltage 
potential is determined through a resistor-divider network 
per the following equation: 

negative battery terminal.  he single-cell battery 
voltage is monitored for the end-of-discharge voltage ThebqU)llJme~thevoltagediff~ntialbetweenfie 
(EDV) and for maximum cell voltage (MCV). The EDV SR and VSS pine. VCB (the offset voltage at the SR  in) ia 
threshold level is used to determine when the battery p a t l y  by PC board layout. For optimal results* 
has reached an 'empty" state, and the MCV threshold is the PC board layout should follow the 8- rule of a Sin- 
used for fault detection during cha&ing. The EDv gle-point ground return. Sharing high-current ground 
MCV thresholds for the b q 2 0 1 i ~  a r e h i d  at: with emall signal gmmd c a w  undesirable noise on the 

small mend nodes. Additionallv: 

=. N - 1  
RB2 

7~ 
8s 
9 s  
Ax 

Bx 

Cx 

" 
VEDV = 0.90V 
VMCV = 2.00V m The capacitors (SB and Vcc) should be placed as close 

as possible to the SB and Vcc pins, respectively, and 
EDV detection is disabled if the discharge is at a rate their paths to Vss should be as short as possible. A 
equivalent to or greater than 6C (OVLD flag = 1) EDV high-quality ceramic capacitor of O.lM is 
detection is re-enabled approximately one second after recommended for Vcc. 
the discharge falls below a rate equivalent to lees than 
6C (OVLD flag = 0). The sense resistor (Rs) should be as close as possible 

to the ba2011J. 

30°c to 40°c 

40°C to 50°C 
50°C to 60°C 
60°C to 70°C 
70°C to 80°C 

> 80°C 

Reset The R-C on the SR pin should be located as close as 
The bq2011J recognizes a valid battery whenever V ~ B  ia p ~ ~ s i b l e  to fie SR pin- The maximum R should not 
greater than O.1V typical. VSB rising from below 0.25V exceed 20K. 
resets the device. Reset can also be accomplished with a 
command over the serial port as deecribed in the Reset Gas Gauge Operation 
Register section. 

Temperature The operational overview diagram in Figure 2 illustrates 
the operation of the bq20llJ. The bq2011J accumulates 

The bq2011J internally determines the temperature in a m e a m  of charge and discharge currents, as well as 
10°C steps centered from -3b0C to +8S0C. The an estimation of self-discharge. Charge and discharge 
temperature steps are used to adapt charge and currents are temperature and rate compensated, 
charge rate compensations, self-discharge counting, and whereas self-discharge is only temperature compensated. 
available charge display translation. The temperature main counter, Nominal Available Charge range is available over the serial port in 10°C increments ,pmeenta the available capacity at any given as shown in the following chart: time. Battery charnina increments the NAC resister, 

while battery-&&&ging and self-diecharge decrement 



the NAC register and increment the DCR (Discharge 
Count Register). 

The Diecharge Count Register @CR) is ueed to update the 
Laet Measured Diecharge (LMD) register only if a com- 
plete battery discharge from full to empty oaure without 
any partial battery charges. Therefore, the bq201lJ 
adapts its capacity determination baaed on the actual con- 
d i t i i  of diecharge. 

the 10096 reference for the abeolute display mode. 
The bq201lJ ie configured for a given application by 
selecting a PFC value from Table 1. The correct 
PFC may be determined by multiplying the rated 
battery capacity in mAh by the eeaae resistor value: 

Battery capacity (mAh) eenee reahtor (Q) = 

The battery's initial capacity is equal to the Programmed Selecting a PFC elightly b e  than the rated capacity 
Full Count (PFC) shown in Table 1. Until LMD ie for absoluta mode pmvidea capacity above the full 
updated, NAC counts up to but not beyond this threshold reference for much of the battary's life. 
during subsequent charges. Thie approach allows the gas 
gauge to be charger-independent and compatiile with E-le: S e l e c t i ~  a pm Value 
any type of charge regime. Given: 
1. Last Measured Discharge (LMD) o r  learned 

battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During eubeequent 
discharges, the LMD is updated with the latest 
measured capacity in the Diiharge Count Regieter 
(DCR) representing a discharge from full to below 
EDV. A qualified discharge ie necessary for a 
capacity transfer from the DCR to the LMD regis- 
ter. The LMD also serves ae the 100% reference 
threshold used by the relative display mode. 

2. Programmed Full Count (PFC) or  initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are 
programmed by using PFC. The PFC a h  provides 

Sense resistor = 0.002n 
Number of cells = 6 
Capacity = 1800mAI-1, NiCd celb 
Current range = 1A to 80A 
Relative dieplay mode 
self-discharge = =/rn 
Voltage drop acrose sense mistar = 2mV to 160mV 

Therefore: 

Inputs wp. -0. (kll-gl 
Ournt C u r d  Iku 

Twnpr*hr. Tul&u*h.* 
c-tiar can#num Conp*ru- 

Main + ~ o m h l l  L U ~  D*ckgl 
Counters AV-2 ~ u u . r d   an( 

and Capacity z g  %9* ~ r - f r  Wg.? 
Reference (LMD) t------1 I 

Outputs 
r r ~ r  

CNp-'Jw 
A v . l l b k O u r 0  Pat  = Di.P*y 

L I 

Figure 2. Operational Overview 



select: 

PFC = 35840 counts or 3.39mVh 
SPFC = Z (float) 
PROG1, PROG2 = H or Z 
PROG3=L 
PROG4 = H or Z 

The initial full battery capacity ie 3.39mVh 
(1695mAh) until the bq2011J learns* a new capacity 
with a qualified discharge from full to EDV. 

3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during diechage and self die- 
charge to 0. NAC h reset to 0 on initialization and 
on the tiret valid c- following diecharge to EDV. 
To prevent overstatement of charge during perioda 
of overcharge, NAC etopa incrementing when NAC 
=LMD. 

Note: NAC is eat to the value in LMD when PROG4 
ie pulled low during a reset. 

Table 1. bq2011 J Programmed Full Count mVh Selections 

Programmed 
Full Count (PFC) 

40192 

32256 

28928 

25856 
I- 

1 1 HorZ 1 1 :-I: 1 
H or Z 

Z 

L 

/ L 1 HorZ 1 L 1 HorZ I 

mVh 

3.81 

3.05 

2.74 

2.45 
1 -  

L 

L 

Scale 

v10560 

No560 

1/10560 

v10560 

Relative 

Table 2. Programmed Self-Discharge 

HorZ 

H or Z 

I I I 

1 PR0G.a NAC Reset Value Self-Dibcharge 1 

Display 
Mode 

Absolute 

HorZ 

HorZ 

H 

Z 

SPFC 

H 

Z 

H 

H or Z 

HorZ 

L 

L H or Z 

PROGI 

HorZ 

H or Z 

HorZ 

L 

H or Z 

HorZ 

NAC = 0 

NAC = PFC 

L 

Enabled 

DLabled 

PROGs 

HorZ 

H or Z 

H or Z 

H or Z 

PRO03 

HorZ 

H or Z 

HorZ 

HorZ 



4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge 
increment the DCR. After NAC = 0, only discharge 
increments the DCR. The DCR resets to 0 when 
NAC = LMD. The DCR does not roll over but stope 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to VEDV if: 

No valid charge initiations (charges greater than 
256 NAC counts; or 0.006 - 0.01C) occurred during 
the period between NAC = LMD and EDV detected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is 2 O°C when the EDV level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 
Charge activity is detected based on a negative voltage 
on the VSR input. If charge activity ie detected, the 
bq2011J increments NAC at a rate proportional to VSRO 
(VSR + VOS) and, if enabled, activates an LED display if 
VSRO < -1mV. Charge actions increment the NAC after 
compensation for charge rate and temperature. 

The bq2011J determines a valid charge activity a s -  
tained at a continuous rate equivalent to VSRO < -400pV. 
A valid charge equates to a sustained charge activity 
greater than 256 NAC counts. Once a valid charge is 
detected, charge counting continues until Vsm rises 
above -400pV. 

Discharge Counting 
All discharge counts where VSRO > 500pV cause the NAC 
register to decrement and the DCR to increment. 
Exceeding the fast discharge threshold (FDQ) if the rate 
is equivalent to Vsm > 2mV activates the display, if en- 
abled. The display becomes inactive after Vsm falls be- 
low 2mV. 

Self-Discharge Estimation 

temperature is between WSOOC. The NAC register 
cannot not be decremented below 0. 

Count Compensations 
The bq2011J determines fast charge when the NAC 
updata  a t  a rate of 22 countdsec. C h a m  and die- 
charge activity is compeneated for temperature and 
charg&hcharge rate before updating the NAC ancvor 
DCR. Self-discharge estimation ie compensated for tem- 
perature before updating the NAC or DCR 

Charge Compensation 
Two charge efficiency fadors are used for trickle charge 
and fast charge. Fast charge ie defined ae a rate of 
charge mlting in 2 2 NAC counW88~ (2 0.16C to 0.3242 
depending on PM= eelectione; em Table 1). The compen- 
sation defaults to the fast charge factor until the actual 
charge rate ie determined. 

Temperature adapts the charge rate compensation fac- 
tors over three ranges between nominal, warm, and hot 
temperatures. The cornpeneation factors are .shown be- 
low. 

I Charge TricLkCharp. FmtCharge 
Trmwmture I w m w m a i o n  I wmmnaation I 

Discharge Compensation 
Corrections for the rate of diecharge are made by adjust- 
ing an internal compensation factor. T b  factor is based 
upon the number of NAC counts per eecond. The actual 
"C" rate may be calculated by using the following for- 
mula: 

where: 

N = Number of samplea 
The bq2OllJ continuously decrements NAC and 
increments DCR for self-discharge based on time and LMD = Contents of addrses 05h 
t e m ~ e r a t u r e .  The self-discharge count ra te  is  
prohammed to be a nominal V&J N ~ C  rate per day or 
disabled per Table 2. This is the rate for a battery whose 
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The compensation factom during discharge are: 
Table 3. Self-Discharge Compensation 

Temperature compensation during discharge also takes 
place. At lower temperatures, the compensation fador 
increases by 0.05 for each lOOC temperature step below 
10°C. 

Sampks 

7 0 2 N  > 35 

3 5 > N > 2 3  

Comp. factor = 1.00 + (0.05 N) 

Where N = number of 10°C steps below 10°C and 
CRATE < 6.OC. 

For example: 

T > 10°C: Nominal compensation, N = 0 

0°C < T < 10°C: N = 1 (i.e., 1.00 becomes 1.05) 

-10°C < T < WC: N = 2 (i.e., 1.00 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.00 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.00 becomes 1.20) 

Self-Discharge Compensation 

Error Summary 

Discharge 
Compensation 

Factor 

1.05 

1.15 

Capacity Inaccurate 

Effective CRATE 
LMD = 9Dh 

6 . N  < CRATE < 
12.W 

1 2 . w  s CRATE < 
1 8 . N  

The LMD is rmcqthle to error on initialization or if no 
update3 occur. On Wialhtian, the LMD d u e  includes the 
e m r  between the pqpmmed  full capacity and the actual 
capacity. This arat. is preeent until a valid diecharge occurs 
and Lh4D is updated (we Y. D h h q e  Count Regietei on 
the previaus page). The other cause of LMD error is battery 
wearout. As the battery agea, the me& capacity must 
be a d j d  to accuunt for changes in actual ba- capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs and is reset 
whenever LMD is updated from the DCR. The counter The self-discharge compensation is programmed for a not wrap md but counting at 255. The nominal rate of 480 NAC per day or disabled. This is capacity inaccurate flag (CI) ie set it LMD has not been 

the rate for a battery within the !20-30°C temperature updated following 64 valid 
range (TMPGG = 6x1. This rate varies across 8 ranges 
hi <lo% to >7O0C, doubling with each higher t&- Current-Sensing Error 
perature step (10°C). See Table 3. 

Table 3 illustrates the current-sensing error as a func- 
tion of VSR A digital fidter eliminates charge and dis- 
charge counts to the NAC register when VSRO VSR + VOS) 
is between -400pV and 500pV. 

Table 4. bq2011 J Current-Sensing Errors 

, Symbol 1 Parameter 

,Vos I Offset referred to VSR 

INL 

Typical I Maximum 
t 5 0  1 * I 5 0  

I* 

Units I Notes - 
fl ~DISP = VCC. 

Integrated non-linearity 
e m  
Integrated non- 
repeatability error 

* 2 

i 1 

* 4 

* 2 

% 
Add 0.1% per OC above or below 25°C 
and 1% per volt above or below 4.25V. 

% 
Measurement repeatability given 
similar operating conditions. 1 



Communicating With the bq2011 J 

The bqml1J includes a simple single-pin @B plue return) 
serial data interfwe. A hoet processor uses the interfaca to 
accees varioue bq2011J regbtera. Battery ch- . . 
may be easily monitored by adding a single contact to the 
battery pack. The open-drain DQ pin on the bqm11J 
should be pulled up by the host ay&m, or may be left float- 
ing if the & interface ia not d. 

The interface ueee a command-baaed protocol, where the 
hoet proceaeor aends a command byte to the bq201lJ. 
The command direcb the bq2OllJ to either store the 
next eight bita of data received to a register specified by 
the command byte or output the eight bita of data speci- 
fied by the command byte. 

The communication protocol is asynchronous return- 
to-one. Command and data bytes consist of a stream 
of eight bits that have a max&um transmission rate 
of 333 bitdsec. The least-significant bit of a com- 
mand or data byte is transmitted first. The protocol 
ie simple enough that it can be implemented by most 
host processors using either polled or interrupt proc- 
essing. Data input from the bq2OllJ may be sampled 
using the pulse-width capture timers available on 
some microcontrollers. 

Communication is normally initiated by the hast proceeeor 
sending a BREAK command to the bq2011J. A BREAK is 
detected when the DQ pin is driven to a logic-law atate for 
a time, t . ~  or greater. The DQ pin should then be returned 
to ita normal ready-high logic state for a time, ~BR.  The 
bq2011J is now ready to receive a command fmm the host 
proceeeor. 

The retum-to-me data bit frame conaieta of three didin& 
~ ~ & o Q B .  Thefirstsectionisueedtostartthetranermsrno . . n 
by either the hoet or the bq2011J taking the DQ pin to a 

logic-low etata for a period, hm,~~  Tha next eection ie the 
actual data t ' n, where the data shculd be valid by 
a period, tlmr, after the negative edge used to start . . c o m m ~  Thedatashoddbeheldfcraperiod,tov,to 
allowthehoetorb@llJto~~mplethedatabit 

Thefinaleection~umedtostapthetre 
thewpintoawmmIryatlea&apeiod,tewr,& 

toeaa~etbattbebitf 
-high etate should be held until a pe&d, hPv, to albw time 

' w m ~ ~ l Y . w  
t i m h g a b o r d a t a a n d t r e a k c a m m ~ m ~ i n t b e  
a e r i d c u n m ~ t i m i n g s p e d f i c e t i a n a n d ~ a e c -  
tiana 

Communication with the bq201lJ ia always performed 
with the least-si

gnifi

cant bit being transmitted fmt .  
Figure 3 shows an example of a communication se- 
quence to read the bq2011J NAC register. 

bq2011 J Registers 

The bq2011J command and etatua registere are lieted in 
Table 5 and deecribed below. 

Command Register (CMDR) 
The write-only CMDR register ie ac..sed when eight 
valid command bib have been received by the bq2011J. 
The CMDR regieter containe two Wde: 

W/R bit 

8 Command addrew 

The ~/li bit of the command register is used to select 
whether the received command is for a read or a write 
function. 

Written by Host to bq2011J 1 Received by Host From bq20tl.l 
CMOR - 03h c NAC 8% 

LM Yo I L M  Yo 

Break 1 1 0 0 0 0 0 0  ~ 1 0 1 0 0 1 1 0  

DO 

rqDI 

Figure 3. Typical Communication With the bq2011 J 



Symbol 

CMDR 

FLGSl 

TMPGG 

NACH 

NACL 

BATID 

LMD 

FLGS2 

CPI 

OCTL 

FULCNT 

RST 

Note: 

Register 
Name 

Command 

Primary 
statusflags 
register 

Temperature 
and gas 
gauge register 

Nominal 
available 
chargehigh 
byte register 

Nominal 
available 
charge low 
byte register 

Battery 
identification 
register 

Last 
measured 
discharge 
register 

Secondary 
status flags 
register 

Capacity 
inaccurate 
count register 

Output 
contml 
register 

Full count 
register 

Resetregister 

~/LI = not used 

Table 

Loc. 
(hex) 

OOh 

Olh 

02h 

03h 

17h 

04h 

05h 

1 
06h 

09h 

Oah 

Obh 

39h 

5. 

Read/ 
Write 

Write 

Read 

Read 

?,W 

Read 

?,W 

WW 

Read 

Read 

Write 

Read 

Write 

bq2011 J Command and Status Registers 

Control 

4 

AD4 

CI 

TMPO 

NACH4 

NACIA 

BATILM 

LMD4 

DRO 

1 CP14 

5 

AD5 

MCV 

TMPl 

NACH5 

NACL5 

BATID5 

LMD5 

DR1 

CPI5 

7(MSB) 

Wfi 

CHGS 

TMP3 

NACH7 

NACL7 

BATID7 

LMD7 

CR 

CPI7 

6 

AD6 

BRP 

TMP2 

NACH6 

NACLG 

BATID6 

LMDG 

DR2 

CP16 

Fkld 

3 

AD3 

V D Q  

GG3 

NACH3 

NACL3 

BATID3 

LMD3 

n/u 

C H 3  

OC2 

FUL3 

0 

1 

FWL7 

RST 

2 

AD2 

rJu 

GG2 

NACH2 

NACL2 

BATID2 

LMD2 

rJu 

OC5 

FUL6 

0 ~ 

OC4 

FUL5 

0 

0C3 

FUIA 

0 

OC1 

FUL2 

0 

1 

AD1 

EDV 

GG1 

NACHl 

NACLl 

BATIDl 

LMDl 

rJu 

qLSB) 
I 

AW 

qfu 

GGO 

NACHO 

NACLO 

BATIW 

LMDO 

OVLD 

CP12 ( CPIl 

d u  OCE 

CPIO 

FWLl 

0 

mTLO 



The W/Ti value8 are: The BRP valuee are: 

CMDR Bits FLGSl Bib 

Where W/Tiis: Where BRP ie: 

0 The bq2011J outputs the requwted re-r con- 0 bq201lJ is charged until NAC I LMD or die- 
tenta specified by the addreae portion of charged until the EDV flag ie aamkd 
CMDR 

1 SB rising from below O.lV, or a rerial port initi- 
1 The followinrz ekht bits should be written to ated reset has occurred 

the register iGified by the a d h  portion 
of CMDR. The nuueimum cell voltage flag (MCV) in a m d  

whenever the potential on the SB pin (relative to Vss) ie 
The lower seven-bit field of CMDR contains the addreee above 2.OV. The MCV flu ie aseerted until the condition 
portion of the register to be accessed. Attempta to write caueiug MCV ie removed.- 
to invalid addresees are ignored. 

The MCV valuee are: 

FLGSl Bib 

Primary Status Flags Register (FLGS1) 
The read-only FLGSl register (address=Olh) containe 
the primary bq2OllJ flags. 

The charge stcrtw flag (CHGS) ia asserted when a valid 
charge rate is detected. Charge rate is deemed valid 
when VSRO < -400pV. A Vsm of greater than- 400pV or 
discharge activity clears CHGS. 

The CHGS valuee are: 

FLGS1 B i b  

Where CHGS is: 

Where MCV ie: 

The camcity inaccumte flag (CI) ie ueed to warn the 
user that the battery has been charged a eubstantial 
number of tima sinca LMD hm been updated. The CI 
flag in aseerted on the 64th charge after the last LMD 
update or when the bq'B1lJ ie reeet. The flag ie cleared 
after an LMD update. 

The CI valuea are: 

FLGSl Bit. 

0 Either diecharge activity detected or Vsm > - 
~ P V  

Where CI ie: 

0 When LMD ie updated with a valid full die- 
charge 

The battery replaced flag (BRP) maerted whenever 1 Afkr the 64th valid charge action with no LMD 
the potential on the SB pin (relative to Vss), VSB, rises updates or the bq201 W is reaet 
above 0.1V and determine8 the internal registere have 
been corrupted. The BRP flag is also set when the 
bq2011J is reset (see the RST regieter description). BRP 
is cleared if either the bq2011J is charged until NAC = 
LMD or discharged until EDV is reached. BRP = 1 
signifiis that the device has been reset. 



The valid d i e ~ m  flag (VDQ) ia asserted when the 
bq2OllJ is discharged from NAC=LMD. The flag 
remains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

TMPGG Temperature Bit8 

TMP3TMP2TMPlTMPO - 
The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 me bq2011J containe an temperatuR 
counts) for an LMD update. The temperature is wed to set charge and diecharge effi- . A valid charge action equal to 256 NAC counb with ciency factors as well as to adjust the self-discharge cod- 
V m  < -4oOpv. ficient. The temperam regbter contents may be trans- 

lated as shown below. 
The EDV flag was set at a temperature below P C  

The VDQ values are: 

FLGSl Bits 

Where VDQ is: 

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDV is asserted with the tern- 
perature lese than 0°C 

1 On first diecharge after NAC = LMD 

The endaf-discharge w n i n g  flag @DV) warns the 
user that the battery is empty. SEGl blinks at a 4Hz 
rate. EDV detection is disabled if OVLD = 1. The EDV 
flag is latched until a valid charge has been detected. 

The EDV values are: 

FLGSl Bits 

Where EDV is: 

0 Valid charge action detected and VSB >- 0.wV The bq2011J calculates the available c h q e  as a func- 
tion of NAC, temperature, and a full reference, either 

1 VSB < 0.90V pmviding that OVLD = 0 LMD or PFC. The results of the calculation are available 
via the diiplay port or the gas gauge field of the TMFGG 

Temperature and Gas Gauge Register register. Theregisterieueedtogiveavailablecapacity 
(TMPGG) in Vl6 increments from o to 16/16. 

The read-only TMPGG register (addreee=02h) contains 
two data fielda. The first field contains the battery tem- 
perature, The second field contains the available charge 
from the battery. 

TMPGG Gas Gauge Bits 



The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature 
dependencies. A piece-wise correction ie performed as 
follows: 

I Ternwratura 1 Available Cawcitv C~lculation 1 

The adjustment between > 0°C and -20"C C T < O°C has a 
4°C hysteresis. 

Nominal Available Charge Register (NAC) 
The r e a w t e  NACH register (address=03h) and the 
read-only NACL register (addreas=ln?) are the main gas 
gauging registers for the bq2011J. The NAC registera 
are incremented during charge actions and decremented 
during discharge and self-discharge actione. The correc- 
tion factore for charg&bcharge efficiency am applied 
automatically to NAC. 

If SEG6 = 0 on reset, then NACH = PFC and NACL = 0. 
If SEGs = Z or H, the NACH and NACL re-ra are 
cleared to zero, NACL stops counting when NACL 
reach- zero. When the bq2011J detects a valid charge, 
NACL reeeta to zero; writing to the NAC register affects 
the available charge counts and, therefore, affects the 
bq201 lJgas gauge operation. 

charge action b initiated. The CR flag remaina aeeerted 
if the charge rate does not fall below 2 countru'sec. 

The CR valuee are: 

Where CR ie: 

0 When charge rate falls below 2 counWeec 

1 When charge rate ia above 2 counWsec 

The faat charge regime efficiency factore are wed when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tore are used. The time to change CR variea due to the 
user-selectable count rates. 

The diecharge rate flage, DR2-0, are bite 6-4. 

They are used to determine the present discharge regime 
as follows: 

FLGS2 Bib 

Battery Identification Register (BATID) 
The read/write BATID regieter (addrese=04h) i s  
available for use by the system to determine the type of 
battery pack. The BATID contenta are re tabd ae long 
as Vcc is greater than 2V. The contenta of BATID have 
no effect on the operation of the bq2011J. There is no 
default setting for this register. The owrload flag (OVLD) ie asserted when a discharge 

overload ia detected, CRATE 2 6.OC for LMD = 90h (we 
Last Measured Discharge Registzar Discharge Compensation, page 8). OVLD remains 
LMD is a reac$'write register (address=05h) that the ae long an the condition ' valid. 
bq2OllJ usea as a measured full reference. The bq201lJ 
adjusts LMD based on the measured discharge capacity 
of the battery from full to empty. In this way the 
bq20llJ updatee the capacity of the battery. LMD ie set 
to PFC during a bq2011J reset. 

Secondary Status Flags Register (FLGS2) FUU Count R.climr (FULm 
The read-only FLGS2 register (addrese=06h) contains 
the eecondary bq2011J flags. The readdnly FUIENT register (addreas=Obh) provides 

the system with a diagncetic of the number of times the 
The charge mte flag (CR) is used to denote the fast battery has been fully charged (NAC = W). The number 
charge regime. Fast charge ia assumed whenever a of full ommencea can be determined by multiplying the 

value in the W N T  regieter by 16. Any discharge action 
Jurw lW5 13/16 
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other than seIfdkbrge  allow8 detection of another full Display 
occurrence during the next valid charge action. 

Capacity Inaccurate Count Register (CPI) 
The read-only CPI register (address=09h) is used to 
indicate the number of timea a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varies with age and operating wn- 
ditions, the bq2011J adapts to the changing capacity over 
time. A complete diecharge from full (NAC=LMD) to 
empty (EDV=l) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to O°C, and the 
self-diecharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. The register increments to 255 
without rolling over. When the contents of CPI are 
incremented to 64, the capacity inaccurate flag, CI, is 
asserted in the FLGSl register. CPI is reset whenever 
an update of the LMD register is performed, and the CI 
flag is also cleared. 

Output Control Register (OCTL) 
The write-only OCTL register (addmadah) provides the 
system with a means to check the display connections for 
the bq2011J. The segment drivers may be overwritten by 
data from OCTL when the least-signiscant bit of OCTL, 
OCE, is set. The data in bite OC6-1 of the OCTL register 
(see Table 5 on page 10 for details) is output onto the 
segment pine, SEGbi, respectively if OCE=l. Whenever 
OCE is written to 1, the MSB of OCTL should be set to a 1. 
The OCE register location must be cleared to return the 
bq2011J to normal operation. OCE may be cleared by 
either d i g  the bit to a logic zero via the aerial port or by 
resetting the bq201lJ as explained below. Note Whenever 
the OCTL regieter ie written, the MSB of O(;TL should be 
written to a logic one. 

Reset Register (RST) 

The bq2011J can directly dieplay capacity information 
using low-power LEDs. If LEDs rn uaed, the segment 
pine should be tied to Vcc, the battery, or the MODE pin 
for programming the bq2011J. 

The bq2011J dieplays the battery charge atate in either 
absolute or relative mode. In relative mode, the battery 
charge ie repraeanted ae a percentage of the LMD. Each 
LED segment represents 20% of the LMD. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 2046 of the PFC. As the 
battery weara out over time, it is poesible for the LMD to 
be below the initial PFC. In this case, all of the LEDs 
may not turn on, representing the reduction in the actual 
battery capacity. 

The capacity display is a h  adjusted for the present bat- 
tery temperature. The temperature adjustment reflede 
the available capacity at a given temperature but does not 
afiect the NAC register. The temperature adjustments are 
detailed in the TMPGG register description on page 12 - 
When DISP i s A d  to Vcc, the SEGi-5 outputs are inac- 
tive. When DISP is left floating, the display becomes 
active during charge if the NAC registers are counting at 
a rate equivalent to V s ~ o  < -1mV or f a ~ t  discharge if the 
NAC registere are counting at a rate equivalent to VSRO 
> 2mV. When pulled low, the segment output becomes 
active for 4 seconds, M.5 seconds. 

The segment outputs are modulated as two banks, with 
segments 1,3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEGl blinks at a 4Hz rate whenever VSB has been 
detected to be below VEDV to indicate a low-battery condi- 
tion or NAC is leas than 10% of the LMD or PFC, de- 
pending on the display mode. 

The reaet regieter (addreas=39h) provides the means to 
perform a software-controlled reset of the device. A full Microregulator 
device reset may be accomplished by f i  writing LMD 
(address = 05h) to Ooh and then writins the re&ter The bq2011J can operate directly from 4 cells. To contents from OOh to 80h. Setting any bit other than the facilitate the power requirements of the bq2011~, 
mast-significnnt bit of the RST register is not allowed, a, REF output is to M a t e  an external low- and results in improper operation of the bq2011 J. threshold n-FET. A m i m w e r  source for the ba2011J 
Resetting the bq2011J sets the following: 

m LMD=PFC 

m CPI, VDQ, OCE, and NAC = 0 
(NAC = PFC when PROG4 = L) 

m CI and BRP = 1 

- ~ - .~ -~ 

can be inexpensively built &ing the FET and an e k r n a l  
resistor. 



Absolute Maximum Ratings 

Symbol 

Vcc 

All other pihe 

Note: Permanent device damage may occur if Absolute Marimurn Ratings are e d e d  iotlal operation 
should be limited to the Recommended DC Operating Conditione detailed in thb da p rheet. Exposum to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

VSR 

TOFU 

DC Voltage Thresholds FA = TOPR; v = 3.0 to 6.5~)  

Parameter 

Relative to Vgs 

Relative to Vss 

Relative to Vss 

Operating temperature 

Minimum 

-0.3 

-0.3 

Symbol 

VEDV 

-0.3 

0 

-40 

V s ~ g  

VSRD 

VMCV 

Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the voltage 
being measured. 

Maximum 

+7 .O 

+7.0 

VBR 

+7.0 

+70 

+85 

Parameter 

End-of-discharge warning 

Valid charge 

Valid discharge 

Maximum singlecell voltage 

Unit 

V 

V 

Mlnlmum 

0.87 

Typical 

0.90 

Battery removed/replaced 

Notes 

V 

"C 

O C  

500 

1.95 

Minimum lOOn series resistor 
should be ueed to protect SR in case 
of a shortad battery (aee the 
bq201W application note for details). 

Commercial 

Industrial 

Maximum 

0.93 

0.1 

Unit Note8 

v ISB 

2.0 

0.25 

-400 

2.05 

V 

pV 

SB 

V s ~ + V a e  
6 

pV 

V 

VSR+VW 

SB 



DC Electrical Characteristics o-A = TOPR) 

Note: All voltages relative to Vss. 



Serial Communication Timing Specification (TA = T o p ~ )  

Symbol Parameter Minimum Typlcri Maximum Unit 

WCH Cycle time, hoet to bq2011J 3 me Seenote 

WCB Cycle time, bq2011J to hoet 3 6 me 

1 ~ D V  I Data valid 1 1 . 5 0 1  - I - L m l  

tslRB 

~ D S U  

~ D H  

/ tsv 1 Stop valid / 2.95 1 - 1 - 1 me I I 

Start hold, bq201lJ to host 

Data setup 

Data hold 

tssU 

tm 

Ite I Break I 3  1 - 1 - m e 1  - 1  

MX) 

750 

Stop setup 

Stop hold 

Note: The open-drain DQ pin should be pulled to at leaat Vcc by the host eystem for proper DQ operation. 
DQ may be left floating if the serial interface ie not used. 

~ B R  

Serial Communication Timing Illustration 
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Ordering Information 

Temperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85'C)* 

/ Package Option: 
SN = lbpin n m w  SOIC 

D&c'?: 
bq2011J Gas Gauge IC 

Contact fadory for availability. 

June 1995 18/16 
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@ ~ w w m  bq2011 K 
Gas Gauge IC 

Features 
> Coneervative and repeatable 

measurement of available charge 
in rechargeable batteries 

> Deaigned for portable equipment 
such as power tools with high 
diecharge ratea 

> Designed for battery pack 
integration 
- 12OpA typical standby current 

(eelf-didwge estimation mode) 
- Small size enables imple- 

mentations in as little as 
square inch of PCB 

> Direct drive of LEDs for capacity 
display 

> Self-diecharge compensation 
using internal temperature 

> Simple single-wire serial 
communications port for 
subaeeembly testing 

16-pin narrow SOIC 

General Description 
The bq2OllK Gas Gauge IC is 
intended for battery-pack instellation 
tomaintainanaccuraterecuddabat 
by's available charge. The IC m d -  
tore a voltage drop a c r w  a sense 
resistor connected in aeries betweem 
the negative battery terminal and 
gmund to determine charge and db 
charge activity of the battery. The 
bqZollK is designed for eysteme such 
as power tools with very high diecharge 
rates. 

Battery self-discharge is eetimated 
b a d  on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature and rate of 
charge or discharge are applied to 
the charge, discharge, and self- 
discharge calculations to provide 
available charge information acroee 
a wide range of operating conditione. 
Initial battery capacity ia set using 
the and SPFC pins. Actual 
battery capacity is automatically 
'learned' in the course of a discharge 
cycle from full to empty and may be 
displayed depending on the display 
mode. 

Nominal available charge may be 
directly indicated using a five- 
segment LED dirplay. These seg- 
ments are  used to graphically 
indicate nominal available charge. 

The bq2011K eupporta a rimple sin- 
gle-line bidirectional aerial link to an 
external processca (-on gmund). 
The bq2OllK outputr battery 
infomuttion in reepoDse to erternal 
mnmnnrln aver the aerial link. To rup- 
port eubmeembly teetiag, the out- 
puts may also be controlled by 
command. The external proceeror 
may also overwrite some of the 
bq2011K gas gauge data registers. 

The bq2011K may operate directly 
from four cells. With the REF out- 
put and an external transistor, a 
simple, inexpemive regulator can be 
built to provide Vcc from a greater 
number of cells. 

Internal mghtem include available 
charge, tempera-, capacity, battery 
ID, and batby atah .  

Pin Connections Pin Names 

18-Pin N a m  SOIC 

PN-W 

LCOM LED common output REF Voltage reference output 

SEGI,,PROGI LED segment l/ Program NC No connect 
1 input 

DQ Serial communications 
SEGpROG2 LED segment 2 / Program inplvoutput 

2 input 
RBI Re- backup input 

SEGflROG3 LED segment 31 Program 
3 input SB Battery sense input 

- 
SEGflROG4 LED segment 41 Program DISP Display control input 

4 input 
SR Sense resistor input 

SEGs LED segment 5 
VCC 3.0-6.5V 

SPFC Programmed full count 
selection input Vss Negative battery tenninal 



Pin Descriptions 

LCOM mDcommon 

Opendrain output switches Vcc to soume cur- 
rent for the LEDs. The switch ia off during 
initialization to allow reading of PROG14 pull- 
up or pull-down program resistors. LCOM is 
high impedance when the display is off. 

S E G p  LED display segment outputs 
SEGe 

Each output may activate an LED to sink the 
current sourced from LCOM, the battery, or 
vcc. 

PROG1- Programmed full count selection input6 
PROGr (dual function with SEGi - SEGd 

These three-level input pins define the 
programmed full count (PFC) in conjunction 
with SPFC pin, define the display mode and 
enable or disable self-discharge. 

SPFC Programmed full count selection input 

Thie three-level input pin along with PROGia 
define the programmed full count (PFC) 
thresholds described in Table 1. The state of 
the SPFC pin is only read immediately after 
a reset condition. 

SR Sense resistor input 

The voltage drop (VSR) across the sense resis- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied to the low side of the 
sense resistor and battery pack ground (see 
Figure 1. VSR > VSS indicates discharge, and 
VSR < VSS indicates charge. The effective 
voltage drop, VSRO, as seen by the bq2011K is 
VSR + VOS (see Table 4). 

NC 

DISP 

RBI 

REF 

Vcc 

Vss 

No connect 

Display control input 

m P  floating allows the LED display to 
be active during certain charge &die- 
charge conditions. Transitioning DISP low 
activates the display for 4 i 0.5 seconds. 

Semndary battery input 

Thia input monitors the single-cell voltage 
potential through a high-impedance resistive 
divider network for the end-of-discharge 
voltage (EDV) threshold and maximum cell 
voltage (MCV). 

Register backup input 

Thisinprtisueedto~debaclnq,potentialto 
the bq2Q11K registers during periods when Vcc < 
3V. AstaragecapxibxBbouldbeconnectedto 
RBI. 

serial m pin 

This is an open-drain bidirectional pin. 

Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Supply voltage input 

Ground 



Functional Description 
General Operation 

The bq2011K determines battery capacity by monitoring 
the amount of charge input to or removed from a 
rechargeable battery. The bq2011K measurea diecharge 
and charge currents, estimates self-diecharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and chargddhcharge ratea The 
charge measurement ia made by monitoring the voltage 
a m  a small-value series sense reeistm between the bat- 
tery's negative terminal and ground The available battery 
charge is determined by monitoring this voltage over time 
and correcting the measurement for the environmental 
and operating conditions. 

F i  1 shows a typical battery pack application of the 
bq2011K wing the LED display with abeolute mode as a 
charge-state indicator. The bq2011K can be coafigured 
to dieplay capacity in either a relative or an absolute 
display mode. The relative dieplay mode uses the laat 
measured diecharge capacity of the battery as the bat- 
tery 'full' reference. The abeolute display mode ueee the 
programmed full count (PFC) as the full reference, 
forcing each segment of the display to represent a fixed 
amount of charge. A push-button diaplay feature is 
available for momentarily enabling the LED display. 

The bq2011K monitors the charge and dkharge cur- 
rents ae a voltage acmes a sew reahtor (eee Rs in Fig- 
ure 1). A filter between the negative battery terminal 
and the SR pin may be required if the rate of change of 
the battery current ia too great. 

Figure 1. Application DiagrarnA~~D Display, Absolute Mode 
W 1995 3/16 
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during charge. Otherwise, R1, Cl, and 01 are needed for regulation of 
- 

> 4 cells. 

Programming resistor and ESD-protection diodes are not shown. 

R-C on SR may be required (application specific), where the 
maximum R should not exceed 20K. IPY 

r - - 1  

I 

6 
r-7 . L - - 2 
- ~ndicates optional. 

Directly connect to V,, across 4 cells (4.8V nominal and should not 
exceed 8.5V) with a resistor and a Zener diode to Umit voltage + 



Register Backup 
The bq20llK RBI input pin is intended to be used with a 
atorage capacitor to pmvide backup potential to the inter- 
nal bq2011K  register^ when Vcc momentarily drops below 
3.OV. Vcc is output on RBI when Vcc is above 3.OV. 

After Vcc rises above 80V, the bqB11K checks the internal 
mgktem for data loee or corruption If data has chanced, 
then the NAC register is cleared, and the LMD m&er is 
loaded with the initial PFC. 

Voltage Thresholds 
In conjunction with monitoring VSR for charge/discharga 
currente, the bq2OllK monitors the singlecell battery 
potential through the SB pin. The single-cell voltage 
potential is determined through a resistor-divider network 
per the following equation: 

where N is the number of cells, RBI is connected to the 
positive battery terminal, and RB2 is connected to the 
negative battery terminal. The single-cell battery 
voltage is monitored for the end-of-discharge voltage 
(EDV) and for maximum cell voltage (MCV). The EDV 
threshold level is used to determine when the battery 
has reached an 'empty" state, and the MCV threshold is 
used for fault detection during charging. The MCV thresh- 
old for the bq2011K is fixed at: 

The EDV threshold varies as a function of discharge cur- 
rent as follows: 

Reset 
Reset can be accomplished with a command over the se- 
rial port aa described on page 13. 

Temperature 
The bq2011K internally determines the temperature in 
10°C steps centered from -35°C to +85OC. The 
temperature steps are used to adapt charge and die- 
charge rate compensations, self-diecharge counting, and 
available charge display translation. The temperature 
U t R  

range is available over the serial port in 10°C increments 
as ahown below: 

Layout Considerations 

The bq2011K measures the voltage differential between 
the SR and Vss pine. Vos (the OW voltage at the SR pin) 
is greatly affected by PC board layout. For optimal d t a ,  
the PC board layout should follow the strict rule of a sin- 
gle-point ground return, Sharing high-current ground 
with small signal ground c a w  undesirable noise on the 
small signal nadea. Additionally: 

The capacitore (SB and Vcc) should be placed as cloee 
as possible to the SB and Vcc pins, respectively, and 
their pathe to Vss should be as short as possible. A 
high-quality ceramic capacitor of O. l f l  is 
recommended for Vcc. 

The sense resistor (Rs) should be aa close as possible 
to the bq2011K. 

m The R-C on the SR pin should be located as close aa 
possible to the SR pin. The maximum R should not 
exceed 20K. 

Gas Gauge Operation 

The operational overview diagram in F i e  2 illustrates 
the operation of the bq2011K. The bq2011K accurnulatee 
a meaaue of charge and diecharge m n t e ,  as well as 
an estimation of self-diecharge. Charge currents are 
temperature and rate compensated, whereas self-dis- 
charge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
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time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) ie used to update 
the Last Measured Discharge (LMD) regietar only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2011K adapts its capacity determination b a d  on the 
actual conditione of diecharge. 

The battery's initial capacity ie equal to the Programmed 
Full Count (PFC) shown in Table 1. Until LMD is 
updated, NAC counts up to but not beyond thie threshold 
during subsequent charges. This approach allows the gas 
gauge to be charger-independent and compatible with 
any type of charge regime. 

Programmed F'ull Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are 
programmed by using PFC. The PFC also provide8 
the 1OW reference for the absolute display mode. 
The bq2011K ie configured for a given application by 
selecting a PFC value fmm Table 1. The correct 
PFC may be determined by multiplying the rated 
battery capacity in mAh by the eenm reektor value: 

Battery capacity (mAh) sense mietor (R) = 

Selecting a PFC slightly leas than the rated capacity 
for abeolute mode providea capacity above the full 
reference for much of the battery's life. 

1. Last Measured Discharge (LMD) or learned E m p l e :  SelectirylaPEValue 
battery capacity: Given: 
WlID is the last measured diecharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During eubeequent 
discharges, the LMD is updated with the latest 
measured capacity in the Diecharge Count Register 
(DCR) representing a discharge from full to below 
EDV. A qualified discharge is necessary for a 
ca~acitv transfer from the DCR to the LMD re&- 

Sense resietor = 0.002R 
Number of cells = 6 
Capacity = 1800mAh, NiCd cells 
Current range = 1A to 80A 
Relative display mode 
Self-diecharge = C/ao 
Voltage drop acroee sense mistor = 

ter. T6e LMD also s-ea as the 1000/6 refereke ~ h ~ r e f ~ ~ :  
threshold used by the relative display mode. 

Charge Dbchug. SoIf-Dkharg. Inputs Cwont currant ?bar 

Main 
Counters Avalabk 5 Mk:&d 7%" 
and Capacity Chuge Diichorgo Tranrfer Regkter 

(MAC1 (LM)) (DM1 
Reference (LMD) 

Outputs Chip-Controlled Serial 
Available Charge Port 

LED D h p * Y  80-381 

Figure 2. Operational Overview 
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Select: 

PFC = 35840 counts or 3.39mVh 
SPFC = Z (float) 
PROG1, PROG2 = H or Z 
PROG3 = L 
PROG4 = H or Z 

The initial full battery capacity is 3.39mVh 
(1695mAh) until the bq2011K learns" a new capacity 
with a qualified discharge fieom full to EDV. 

3. Nominal Available Charge (NAC): 

NAC counta up during charge to a maximum value 
of LMD and down during diecharge and self die- 
charge to 0. NAC ie reset to 0 on initialization and 
on the firet valid charge following discharge to EDV. 
To prevent ovemtathent of charge during periode 
of overcharge, NAC stop incrementing when NAC 
= LMD. 

Note: NAC ie aet to the value in LMD when PROG4 
is pulled low during a reset. 

Table 1. bq2011 K Programmed Full Count mVh Selections 

1 :::: v l 0 5 6 0  1 1 H z z i  
Relative 

v10560 HorZ 

Programmed 
Full Count (PFC) 

40192 

32256 

28928 

25856 

35840 

23296 

40192 

32256 

Table 2. Programmed Self-Discharge 

PROGs NAC Resat Value Self-Discharge 

mVh 

3.81 

3.05 

2.74 

2.45 

3.39 

2.21 

3.81 

Sca k 

1/10560 

v10560 

v10560 

v10560 

vl0560 

v10560 

v10560 

H or Z 

L 

3.05 / 1/10560 

Display 
Mode 

Absolute 

NAC = 0 

NAC = PFC 

Z 
? 

Enabled 

Disabled 

SPFC 

H 

Z 

H 

Z 

L 

H 

HorZ 

PROGI 

H or Z 

H or Z 

HorZ 

L 

L 

L 

H or Z 

L H or Z 

PRO& 

HorZ 

HorZ 

H or Z 

HorZ 

Hor Z 

H or Z 

L 

PROGI 

H or Z 

HorZ 

H or Z 

H m Z  

H or Z 

H or Z 

HorZ 



4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing aftar NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-diecharge 
increment the DCR After NAC = 0, only discharge 
increments the DCR The DCR reeets to 0 when 
NAC = LMD. The DCR does not roll wer but stope 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
fkst charge after a valid discharge to VEDV if: 

No valid charge initiations (charges greater than 
256 NAC counts; or 0.006 - 0.01C) occurred during 
the period between NAC = LMD and EDV detected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is 2 O°C when the EDV level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present diiharge is valid for LMD update. 

Charge Counting 
Charge activity ia detected based on a negative voltage 
on the VSR input. If charge activity is detected, the 
bq2011K incrementa NAC at a rate proportional to Vsm 
( V ~ R  + VOS) and, if enabled, activates an LED display if 
Vsm < -2mV. Charge actiona increment the NAC after 
compensation for charge rate and temperature. 

The bq2011K determines a valid charge activity sus- 
tained at a continuous rate equivalent to VSRO < -400pV. 
A valid charge equates to a sustained charge activity 
greatar than 256 NAC counts. Once a valid charge is 
detected, charge counting continues until VSRO rises 
above -4OOpV. 

Discharge Counting 
All discharge counts where VSRO > 5OOpV cause the NAC 
register to decrement and the DCR to increment. 
Exceeding the fast discharge threshold (FDQ) if the rate 
is equivalent to V s ~ o  > 2mV activates the display, if en- 
abled. The display remains active for 10 seconds after 
Vsm falls below 2mV. 

Self-Discharge Estimation 
The bq2OllK continuously decrements NAC and 
incrementa DCR for elf-discharge baaed on time and 
temperature. The self-discharge count r a t e  ie 
programmed to be a nominal %$o NAC rate per day or 
disabled per Table 2. This is the rate for a battery tern- 
perahve between 20-3O0C. The NAC registar cannot not 
be decremented below 0. 

Count Compensations 

The bq2011K determinea fast charge when the NAC 
updates at  a rate of 22 count&ec. Charge activity is 
compensated for temperature and rate before updating 
the NAC ancVor DCR Self-diecharge estimation is com- 
pensated for temperature b e f o ~  updating the NAC or 
DCR. 

Charge Compensation 
Two charge efficiency factors are wed for trickle charge 
and feet charge. Fast charge is defined ae a rate of 
charge resulting in 2 2 NAC count&ec (2 0.15C to 0.3% 
depending on PFC selections; see Table 1). The compen- 
eation defaulta to the fast charge factor until the actual 
charge rate ia determined. 

Temperature adapts the charge rate compensation fac- 
tore over three rangea between nominal, warm, and hot 
temperahma. The wmpensation factmi are shown below. 

I Charge I TrickbChlrpe / Fmt Charge / 
Temwrature Comwn8atbn Commnsation 

Discharge Compensation 
Corrections for the rate of discharge are made by adjust- 
ing EDV thraholds. The compensation factor used dur- 
ing discharge is set to 1.00 for all rates and tempera- 
turea. The recoverable charge at colder temperatures ia 
adjusted for display puqmea only. See page 13. 



Self-Discharge Compensation 
The self-discharge compensation is programmed for a 
nominal rate of %o NAC per day or disabled. This is 
the rate for a battery within the %30°C temperature 
range (TMPGG = 6s). This rate varies across 8 ranges 
from <lO°C to >70°C, doubling with each higher tem- 
perature step (10°C). See Table 3. 

Table 3. Self-Discharge Compensation 

Error Summary 

Temperature 
Range 

The LMD is susce~tible to error on initialization or if no 

Self-Discharge Compensation 
Typical Ratepay 

Current-Sensing Error 

1 

Table 4 Uustratee the current-sensing error as a func- 
tion of VSR A digital filter eliminates charge and die- 
charge counts to the NAC register when Vsm (VSR + VOS) 
is between -d00pV and 500pV. 

Communicating With the bq2011 K 

The bq2011K includes a simple single-pin (DQ plw return) 
serial data interfax. A host procaesor uaea the interface to 
a m  variou~ b42011K registem. Battery chars-cs 
may be easily monitored by adding a single contact to the 
battery pack. The open-drain DQ pin on the bq2011K 
s h d d  be pulled up by the hcet system, or may be left float- 
ing if the aerial interface is not wed. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2011K. 
The command directs the bq2011K to either store the 
nest eight bite of data received to a register specified by 
the command byte or output the eight bits of data speci- 
fied by the command byte. 

The communication protocol is aeynchronoua return-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bit&ec. The least-significant bit of a command or data 
byte is transmitted fir&. The protocol is simple enough 
that it can be implemented by most hwt pxceisora Ueing 
either polled or interrupt processing. Data input from the 
bq2011K may be sampled wing the pulee-width capture 
timera available on some microcontrollers. 

updates occur. &initialization, the LMD value includes Communication is normally initiated by the host prooes- 
the error between the programmed full capacity and the sor sending a BREAK to the bg2011K. A 
actual capacity. This error is present until a valid dis- BREAK is detected when the DB pin is driven to a logic- 
charge occurs and LMD is updated (see the DCR descrip- low state for a time, tB greater, The DB pin should 
tion in the 'Layout Considerations" section). The other then be retUPlled to its normal ready-higfi logic state for cause of LMD error is battery wear-out. As the battery a time, tBR The bq2011K is now ready to receive a ages, the measured capacity must be adjusted to account mand the hoet processor, for changes in actual battery capacity. 

The return-to-one data bit frame coneieta of three distinct 
sections. The first aectrOn is ueed to atart the tsansmisSion 

Table 4. bq2011 K Current-Sensing Errors 
, -  - 

Symbol 

vos 

IN' 

INR 

Parameter 
Offset referred to VSR 

Integrated non-linearity 
e m r  
Integrated non- 
repeatability error 

Typical 
i 50 

* 2 

* 1 

Maximum 
i 150 

i 4 

* 2 

Unit8 

pV 

Notes I 

KP= Vcc. 

% 

9'0 

Add 0.1% per OC above or below 25°C 
and 1% per volt above or below 4.25V. 
Measurement repeatability given 
similar operating conditiom. 



by either the hoetorthe bq2011K taking the DQ pinto a 
logic-h state for a period, Thenextsectjonisthe 
actual data tranermeraon, . . whem tbe data ehculd be valid by 
a period, toev, after the negative edge wed to atart 

The data ahoul5 be held f;r a period, tov, to 
allow the hcet or bq2011K to aample the data bit. 

The final d m  is wed to rhop the tranemimion by 
rebdng the DQ pin to a logic-high state by at leaet a pe- 
riod, w, after the negative edge uaed to etart 
c ~ m m l m k a t h  Tha final logic-high state h u l d  be held 
until a period, tsv, to allow time to eneure that the bit trana- 
mjasi~1wmetappedproperiy. Thetimingafcrdataand 
break communication are given in the aerial comm-n 
t i m i D g ~ a n d ~ t i o n a e & o m .  

Communication with the bq2011K ia alwaya performed 
with the leaat-eignificant bit being tranemitted first. Fig- 
ure 3 ehowe an example of a communication sequence to 
mad the bq2011K NAC register. 

bq2011 K Registers 

The bq2011K command and statue registere are liated in 
Table 6 and d d b e d  below. 

Command Register (CMDR) 
The writeonly CMDR regieter is accaed when eight 
valid command bite have been received by the bq2011K. 
The CMDR register containa two fields: 

a W,& bit 

a Command addreaa 

The WE bit of the command register ia used to aelect 
whether the received command is for a read or a write 
function. 

The WE value3 are: 

Where WE ie: 

CMDR B b  

0 The bq2011K outputs the m q u d  regbkr 
contents specified by the a d h  portion of 
CMDR 

1 The following eight bite should be written to 
the registar epecified by the a d k  portion 
of CMDR. 

w/R 

The lower seven-bit field of CMDR containe the address 
portion of the register to be accessed. Attempte to write 
to invalid addre- are ignored. 

, 7 5 4 3 2 1  - 

Primary Status Flags Register (FLGS1) 

0 

The read-only FLGSl register ( a d k = O l h )  contains 
the primary bq2011K flag. 

I 

Written by Hort to bq201lK ; Reodved by Hort From bq201lK 
CMDR 03h I NAC - 65h 

I 
I 

L M  Y(U I L(U UIY 
I 

Break 1 1 0 0 0 0 0 0  1 1 0 1 0 0 1 1 0  
I 

DQ 

re198 

Figure 3. Typical Communication With the bq2011 K 



Table 5. bq2011 K Command and Status Registers 

NACHO 

Symbol 

CMDR 

FLGSl 

TMPGG 

NACH 

NACL 

BATID 

LMD 

mX;S2 

i 

OCTL 

RST 

Note: 

OCE 

Register 
Name 

Command 
register 

Primary 
status flags 
register 

Temperature 
and gas 
gauge register 

Nominal 
available 
charge high 
byte register 

Nominal 
available 
chargelow 
byte register 

Battery 
ident8cation 
register 

Last 
measured 
discharge 
register 

Secondary 
status flags 
register 

output 
control 
register 

Reset register 

~/LI = not used 

Loc. 
(hex) 

OOh 

Olh 

02h 

03h 

17h 

04h 

05h 

06h 

Oah 

39h 

Redl 
Write 

Write 

Read 

Read 

WW 

Read 

IVW 

FUW 

Read 

Write 

Write 

7(MSB) 

W E  

CHGS 

TMP3 

NACH7 

NACL7 

BATID7 

LMD7 

CR 

1 

RST 

5 

AD5 

MCV 

TMPl 

NACH5 

NACL5 

BATID5 

LMD5 

DR1 

0C4 

0 

6 

AD6 

BRP 

TMP2 

NACHG 

NACLG 

BATID6 

LMDG 

DR2 

0C5 

0 

Control 

4 

AD4 

du 

TMPO 

NACH4 

NACU 

BATID4 

LMD4 

DRO 

0C3 

0 

Flew 

3 

AD3 

VDQ 

GG3 

NACH3 

NACL3 

BATID3 

LMD3 

OC2 

0 

2 

AD2 

du 

GG2 

NACH2 

NACL2 

BATIDZ 

LMD2 

d u  

OC1 

0 

1 

AD1 

EDV 

GG1 

NACHl 

NACLl 

BATIDl 

LMDl 

d u  

du 

0 



The charge etatus flag (CHGS) is asserted when a valid 
charge rate is detected. Charge rate is deemed valid 
when V s ~ o  < -400pV. A VSRO of greater than- 400pV or 
discharge activity clears CHGS. 

The CHGS values are: 
FLGSl Bib 

Where CHGS is: 

0 Either discharge activity detected or Vsm > - 
4oOpv 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), VSB, rbes 
above 0.1V and determines the internal registera have 
been corrupted. The BRP flag ia also set when the 
bq2011K is reset (see the RSl' register description). BRP 
is cleared if either the bq2011K is charged until NAC = 
LMD or discharged until EDV is reached. BRP = 1 
signifies that the device has been reset. 

r,Bivtalu~;i I I I I , 
FLGSl Bits 

- BRP - 
WhereBRPis: 

0 bq2011K is charged until NAC = LMD or dis- 
charged until the EDV flag is asserted 

1 Initial or full Vcc reset, or a serial port initi- 
ated reset has d 

The maximum cell voltage flag (MCV) is aeeerted 
whenever the potential on the SB pin (relative to Vss) is 
above 2.OV. The MCV flag is asserted until the condition 
causing MCV is removed. 

The MCV values are: 

Where MCV is: 

FLGSl Bits 

The valid diechwge flag (VDQ) is asserted when the 
bq2OllK is discharged from NAC=LMD. The flag 

remains set until either LMD is updated or one of three 
actione that can clear VDQ occurs: 

7 

The self-discharge count regieter (SDCR) has 
exceeded the maximum acceptable value (4096 
counta) for an LMD update. 

A valid charge action equal to 266 NAC counts with 
vsrro < -4oOpv. m 

6 
- 

4 1 3  
- 1 - 

8 The EDV flag wae eet at a temperature below O°C 

5 

MCV 

2 1 

The VDQ valuea are: 

0 

FLGSl Bib 

7 6 5 4 3 2 1 0  

V D Q -  

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDV is aeeerted with the tern- 
perature less than 0% 

1 On first discharge after NAC = LMD 

The end+f&harge warning flag @DV) warns the 
user that the battery is empty. SEGl blinks at a 4Hz 
rate. EDV detection is disabled if OVLD = 1. The EDV 
flag is latched until a valid charge has been detected. 

The EDV values are: 

FLGSl Bits 

Where EDV is: 

0 Valid charge action detected 

1 VSB < VEDV 

Temperature and Gas Gauge Register 
(TMPGG) 
The read-only TMPGG register (address=02h) contains 
two data fields. The first field containe the battery tem- 
perature. The second field contains the available charge 

TMPGG Temperature Bib 

The bq2011K contains an internal temperature sensor. 
The temperature is used to set charge efficiency factors 
as well as to adjuat the self-discharge coefficient. The 



temperature register contenta may be translated aa The adjustment between > 0°C and -20°C < T < 0% has a 
shown in Table 6. 4°C hyetereeia. 

Table 6. Temperature Register Contents Nominal Available Charge Register (NAC) 

/ I  TMP2 I TMPI I TMPO 1 Temperature 1 

The bq2011K calculates the available charge as a func- 
tion of NAC, temperature, and a full reference, either 
LMD or PFC. The results of the calculation are available 
via the display port or the gas gauge field of the TMPGG 
register. The register is used to give available capacity 
in 416 increments from O to "116. 

The gas gauge display and the gaa gauge portion of the 
TMPGG register are adjusted for cold temperature 
dependencies. A piece-wise correction is performed aa 
follows: 

TMPGG Gas Gauge Bit8 

Temperature 1 Available Capacity Calculation 
I 

1 > 0°C 1 NAC/Tull Reference' 1 

0 

GGO 

7 6 5 4 3 2  
- 

The readk i t e  NACH register (address=03h) and the 
read-only NACL mghter (addreee=l'lh) are the main gaa 
gauging registers for the bq2011K. The NAC registers 
are inmmented during charge actions and decremented 
during diecharge and self-diecharge actions. The correc- 
tion factora for chargddischarge efficiency are applied 
automatically to NAC. 

GG3 GG2 

-20°C < T < 0°C 

< -20°C 

If SEGs = 0 on m e t ,  then NACH = PFC and NACL = 0. 
If SEGa = Z or H, the NACH and NACL registera are 
cleared to zero, NACL stops counting when NACH 
reaches zero. When the bq2011K detecta a valid charge, 
NACL reaets to zero; writing to the NAC register affects 
the available charge counts an& thei~efore, affects the 
bq2011 K gas gauge opemtion. 

1 

GG1 

0.75 NAC / 'Full Reference' 

0.5 * NAC / T d I  Reference' 

Battery Identification Register (BATID) 

I Z I S  

The reaqwrite BATID register (address=04h) is 
available for use by the system to determine the type of 
battery pack. The BATID contents m retained as long 
as Vcc is greater than 2V. The contents of BATID have 
no effect on the operation of the bq2011K. There is no 
default aetting for this register. 

Last Measured Discharge Register (LMD) 
LMD ia a maywrite register (address=06h) that the 
bq2OllK uses as a measured full reference. The 
bq2011K adjusts LMD based on the measured discharge 
capacity of the battery from full to empty. In this way 
the bq2011K updates the capacity of the battery. LMD is 
set to PFC during a bq2011K reset. 

Secondary Status Flags Register (FLGS2) 
The read-only n G S 2  register (addreee=06h) contains 
the secondary bq2011K flags. 

The charge mte flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains aseerted 
if the charge rate does not fall below 2 counWse~. 

The CR values are: 

Where CR is: 

FLGS2 Bits 

0 When charge rate falle below 2 COU~WBBC 
1 When charge rate is above 2 countslsec 

06.1995 

7 6 5 4 3 2 1 0  

CR - 



The fast charge regime &ciency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
b r a  are used. The time to change CR varies due to the 
user-selectable count rates. 

The diecharge rate flaga, D m ,  are bits M. 

FLGSP Bits 

They are used to determine the present discharge regime 
as follows: 

DR2 

0 

0 

0 

Output Control Register (OCn) 

The overload flag (OVLD) is aaserted when a discharge 
overload is detected, Vsm > 60mV. OVLD remains 
asserted as long as the condition is valid. 

FLGS2 Bits 

The write-only OCTL register (addreas4ah) provides the 
system with a means to check the dieplay connections for 
the bq2011K. The eegment drivers may be overwritten by 
data from OCm when the least-signiscant bit of OCTL, 
WE, is set. The data in bits OC5-1 of the OCTL register 
(see Table 6 for details) is output onto the segment pins, 
SEGs-1, respectively if OCE=l. Whenever OCE is written 
to 1, the MSB of OCTL should be set to a 1. The W E  
register location must be cleared to return the bq2011K to 
normal operation. OCE may be cleared by either writing 
the bit to a logic zero via the serial port or by resetting the 
bq2011K aa explained below. Note Whenever the O(;TL 
regieter is written, the h4SB of OCTL should be written to a 
logic one. 

DR1 

0 

0 

1 

7 6 5 4 3 2 1 0  

Reset Register (RST) 
The reaet register (addreee=39h) pmvides the meana to 
perform a software-controlled re& of the device. A full 
device reaet may be acmmpliehed by firat writing LMD 
(addrean = 06h) to OOh and then writing the RST register 
contents from OOh to 80h. Setting m y  bit other than the 
most-signifcant bit of the RST lPgister ia not allowed, 
a d  results in imp!-oper opemtion of the bq2011K. 

DRO 

0 

1 

0 

- 

Resetting the bq2011K sets the following: 

Vs~o(mV) 

O < V s m ~ l O  

l O < V s m ~ 2 0  

U)<vsm540  

OVLD 

m VDQ, OCE, and NAC = 0 
(NAC = PFC when PROG4 = L) 

Display 
The bq2011K can directly display capacity information 
using low-power LEDe. If LEDa are used, the segment 
pias should be tied to Vcc, the battery, or the LCOM pin 
through resistors for programming the bq2011K. 

The bq2011K dieplaya the battery charge state in either 
abeolute or relative mode. In relative mode, the battery 
charge io repreeented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. 

In absolute mode, each segment representa a fixed 
amount of charge, bawd on the initial PFC. In absolute 
mode, each segment represents 20% of the PFC. An the 
battery wears out over time, it ia poesible for the LMD to 
be below the initial PFC. In this cam, all of the LEDs 
may not turn on, representing the reduction in the actual 
battery capacity. 

The capacity display ie a h  adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does not 
dect the NAC register. The temperature adjustments are 
detailed in the TMPGG register d d p t i o n .  - 
When DISP i a A d  to Vcc, the SEGld outputs are inac- 
tive. When DISP is left floating, the display beoomes 
active during charge if the NAC registers are counting at 
a rate equivalent to V w  < -2mV or fast discharge if the 
NAC registere =counting at a rate equivalent to Vsm 
> 2mV. When DISP is left floating, the display a h  be- 
comes active after the detection of a diecharge eignal 
with a minimum amplitude of VSR > 20mV (10 ampa for 
Rs = .=) and a minimum pulse width of 2Smsec. 
When DISP is pulled low, the segment outputs become 
active for 4 seconds, i0.5 seconds. 



The segment outputs are modulated ae two banks, with Microregulator 
segments 1,3, and 5 alternating with segments 2 and 4. 
The segment Outputs are mod;1ated at appmximately The bqPOllK can operate directly from 4 cells. To 320Hz, with each bank active for 30% of the period. facilitate the power eupply requirements of the bq2011K, 
SEGl blinks at  a 4Hz rate whenever Vsa has been an REF output is pmvided to ~ g u l a t e  an external low- 
detected to be below VEDV to indicate a low-battery condi- threehold n-F'ET. A micropower source for the bq2011K 
tion or NAC is lees than 10% of the LMD or PFC, de- caqbe inexpensively built using the FET and an external 
pending on the display mode. realetor. 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. M i o n a l  operation 
should be limited to the Recommended DC Operating Conditions detailed in this data eheet. Eqmure to 
conditions beyond the operational limita for extended periods of time may affect device reliability. 

DC Voltage Thresholds OA = TOPR; v = 3.0 to 6 .5~)  

Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the voltage 
being measured. 

Symbol 

Vcc 

All other pins 

VSR 

Tom 

Unlt 

V 

V 

V 

"C 

"C 

Parameter 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating temperature 

Note8 

Minimum lOOtL mriee r e e h r  
ehould be used to protect SR in caee 
of a shorted battery (see the 
bq2011K application note for 
details). 

Commercial 

Induetrial 

Minlmum 

-0.3 

-0.3 

-0.3 

0 - 

-40 

Maximum 

+7.0 

+7.0 

+7.0 

+70 

+85 



Note: All voltages relative to Vss. 

DC Electrical Characteristics FA = TOPR) 

Notes 
Vcc e x m i o n  from < 2.OV to ;? 

3.OV initialize8 the unit. 

IRF,F=~@ 

I w = 5 @  
V R E F = ~ V  

Unit 

V 

V 

MR 

VSR 

RSR 
VIHPE 
V m c  
V I Z ~ C  

I I H ~ C  

I ILP~:  

VOUL 

VOWH 

'VOHML 
VOHMH 
IOHLCOM 
IOU 
IOL 
VOL 

V ~ D Q  
VILDQ 

R ~ r n * ~  

Typical 

4.25 

6.0 

5.0 

Minimum 

3.0 

5.7 

4.5 

2.0 

Svm bol 

VCC 

RREF 

Maximum 

6.5 

6.3 

7.5 

Parameter 

Supply voltage 

Reference a t  25OC 

Reference a t  -40°C to +85OC 

Reference input impedance 

Sense resistor input 

SR input impedance 

P R W P F C  logic input high 
P R W S P F C  logic input low 

P R W S P F C  logic input Z 
PROC+%PFC input high 
current 
P R W P F C  input low current 

SEGX output low, low Vcc 

SEGx output low, high Vcc 

LCOM output high, low Vcc 
LCOM output high, high Vcc 
LCOM source current 
SEGx sink current 
Open-drain sink current 

Open-drain output low 

DQ input high 
DQ input low 
Float state external 
impedance 

-0.3 

10 

Vcc - 0.2 

float 

- 

1 - 

Vcc - 0.3 
Vcc - 0.6 

-33 
11.0 
5.0 

2.5 

- 
- 

1.2 

1.2 

I 0.1 

0.4 

- 
- 

5 

2.0 

Vss+O.2 
float 

0.5 

0.8 

MR 
V 
V 
V 

pA 

pA 

V 
V 

mA 
mA 
mA 
V 

V 
V 

MR 

VSR > VSS = -; 
VSR < VSS = charge 
-2OOmV < VSR < VCC 

SPFC,PROGI~ 
SPF'C, PROG1-4 
SPFC, P R O G I ~  

V m  = Vc0n 

VPFC = V c d  
Vcc = 3V. IOU 5 1.75mA 
SEGl-SEGs 
Vcc = 6.5V, IOU 5 1l.OmA 
SEGI-SEGs 
Vcc = 3V, IOHLCOM = -5.25mA 
VIX = 6.5V, IOHI~M = -33.0mA 
At V ~ ~ M  = Vcc - 0.6V 
At VOUH = 0.4V, VCC = 6.5V 
At VOL = Vss + 0.3V, DB 
IOLS 5mA,DQ 

DQ 
DQ 

SPFC, PROGi.4 



Serial Communication Timing Specification FA - Tom) 

Note: The open-drain DQ pin should be pulled to at least Vcc by the hoet eyetern for proper DQ operation 
DQ may be left floating if the serial interface ie not ueed. 

Serial Communication Timing Illustration 

4 

DO 7 tsv A 
(BREAK) 



Ordering Information 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +E6°C)' 

LficLage Option: 
SN = 16-pin narrow SOIC 

L mvice: 
bq2011K Gas Gauge IC 

Contact factory for availability. 



U Gas Gauge Evaluation Board 

Features General Description 
bq2011J/K Gm Gauge IC evaluation and The EVZOllJK provides functional evaluation of the 
development system bq20ll IC on a PCB. The actual implementation of a 

RS-232 interface hardware for easy accese to 
bq2011-baeed design will be t&&antly mnaller in a h .  

state-of-charge information via the serial port 
See the bq2011 data sheet (July 1994 C or later) for 
bq2011 epecificatione. 

Battery capacity monitoring functions A full data sheet for thia product ia available on our web 
LED dieplay of available charge site (htQwYwww.benchmarq.com), or you may contact the 

factory for one. 
> DQ serial W port comunicationa functions 



Notes 



bq2012 
Gas Gauge IC 

Features 
Conservative and repeatable 
meaaurement of available charge 
in rechargeable batteries 

Charge control output 

Designed for battery pack 
integration - 120pA typical standby current 

(ee l fdehqp &ation mode) 
- Small size enables imple- 

mentations in as little as '12 
square inch of PCB 

Integrate within a system or as a 
stand-alone device 
- Dieplay capacity via single- 
wire serial communication 
port or direct drive of LEDs 

Measurements compensated for 
current and temperature 

Self-discharge compensation 
using internal temperature 
sensor 

16-pin narrow SOIC 

General Description 
The bq2012 Gas Gauge IC is 
intended for battery-pack or in-eys. 
tem installation to maintain an 
accurate record of available battery 
charge. The IC monitors a voltage 
drop across a sense resistor con- 
nected in series between the nega- 
tive battery terminal and ground to 
determine charge and discharge acti- 
vity of the battery. 

Self-discharge of NiMH and NiCd 
batteries L estimated baeed on an 
internal timer and temperature sen- 
eor. Compensations for battery tem- 
perature and ra te  of charge or 
discharge are applied to the charge, 
discharge, and self-discbarge 
calculations to provide available 
charge information across a wide 
range of operating conditions. Bat- 
tery capacity is  automatically 
recalibrated, or 'learned,' in the 
course of a discharge cycle from full 
to empty. 

The bq2012 includea a charge control 
output that, when used with other 
full-charge safety termination meth- 

ods, can provide a cost-effective 
means of controlling charge based on 
the battery's charge state. 

Nominal available charge may be 
directly indicated using a five- or six- 
segment LED dieplay. These seg- 
ments are used to graphically indicate 
nominal available charge. 

The bq2012 supporta a simple single- 
line bidirectional serial link to an 
external pmcmw (common ground). 
The bq2012 outputs battery 
information in response to external 
comrnanda over the serial link. 

Internal registera include available 
charge, temperature, capecity, battery 
ID, bat- etatue, and programming 
pin sett-. To eupport e u b d l y  
tegtine, the outpute may aleo be can- 
trolled The external processor may 
aleo overwrite some of the bq2012 gas 
gauge data mgktem. 

The bq2012 may operate directly 
from three or four celle. With the 
REF output and an external transis- 
tor, a simple, inexpensive regulator 
can be built to provide Vcc across a 
greater number of cells. 

Pin Connections Pin Names 
7 1  LCOM LED common output REF Voltage reference output 

16-Pin Narrow SOIC 

SEGl/PROGi LED segment 11 
program 1 input 

SEGzpROGz LED segment 21 
program 2 input 

SEGflROGs LED segment 31 
program 3 input 

SEGdPROG4 LED segment 41 
program 4 input 

SEGflROGs LED segment 51 
program 5 input 

SEGflROGa LED segment 61 
program 6 input 

- 
CHG 

DQ 

EMPTY 

SB 
- 
DISP 

SR 

vcc 

Vss 

Charge control output 

Serial communications 
iwvoutplt 

Empty battery indicator 
output 

Battery sense input 

Display control input 

Sense resistor input 

System ground 



Pin Descriptions 

LCOM LED common output 

SR S e w  reeistor input 

The voltage drop (Vsd) acrow the sense resis- 
tor Rs is monitored and integrated over time 

Open-drain output wrritches Vcc to source 
current for the LEDs. The switch is off 
during initialization to allow reading of the 
soft pull-up or pull-down program resistore. 
LCOM is also high impedance when the dis- 
play is off. 

to interpret charge and discharge activity. 
The SR input is tied to the high side of the 
sense resistor. VSR < VSS indicates diar.hame, 
and VSR > V s  indicates charge. The effective 
voltage drop (VSRO) 88 seen by the bq2012 is 
VSR + Vos (see Table 5). 

DIsp Display control input 

E P  high disables the LED &play. SP 
tied to Vcc allows PROGx to connect directly 
to Vcc or V s  insteadofthrough a pull-up or 
pull-down resistor. DISP floating allowe the 
LED dieplay to be active during a valid 
charge or during discharge if the NAC regis- 
ter is up21 d at a rate equivalent to VSRO S 
-4mV. DISP low activates the display. See 
Table 1. 

LED display segment outputs (dual func- 
tion with PROGi-PROGe) 

Each output may activate an LED to sink the 
current sourced from LCOM. 

Programmed full wun t  selection inputs 
(dual function with SEGi-BEG*) 

These three-level input pins define the 
programmed full count (PFC) thresholds 
described in Table 2. 

SB Sea,ndary battery input 
Gas gauge ra te  selection inputs (dual 
function with S E G d E G d  This input monitors the singlecell voltage 

potential through a high-impedance resistive 
divider network for end-of-discharge voltage 
(EDV) thresholds, maximum charge voltage 
(MCV), and battery removed. 

These three-level input pins define the scale 
factor described in Table 2. 

Selfdischarge rate selection (dual func- 
tion with SECs) EMPTY Battery empty output 

Thie open-drain output becomes high-imped- 
ance on detection of a valid end-&-discharge 
voltage (VEDVF) and is low following the next 
application of a valid charge. 

This three-level input pin defines the selfdis- 
charge compensation rate shown in Table 1. 

Display mode selection (dual function 
with SEG) 

This three-level pin defines the display 
operation shown in Table 1. This is an open-drain bidirectional pin. 

REF Voltage reference output for r a t o r  - 
CHG Charge control output 

REF provides a voltage reference output for 
an optional micro-regulator. 

This open-drain output becomes active low 
when charging is allowed. Valid charging 
conditions are described in the Charge Con- 
trol section. Vcc  Supply voltage input 

Vss Ground 



Functional Description 
General Operation 

The bq2012 determines battery capacity by monitoring 
the amount of charge input to or removed from a rechar- 
geable battery. f i e  bq2012 measures diecharge and 
charge currents, estimates aelf-diecharge, monitore the 
battery for low-battery voltage threaholde, and compen- 
sates for temperature and chargq'discharge rates. The 
charge measurement is made by monitoring the voltage 
across a emall-value =ria sense resistor between the 
negative battery terminal and ground. The available 
battery charge ia determined by monitoring this voltage 
over time and correcting the measurement for the 
environmental and operating conditions. 

Figure 1 shown a typical battay pack application of the 
bq2012 using the LED dieplay capability ee a charge- 
stab indicator. The bq2012 can be configured to *lay 
capacity in either a relative or an abaolute display mode. 
The relative dieplay mode wea the la& measured die- 
charge capacity of the battery as the battery 'fullg refer- 
ence. The abeolute dieplay mode u a e ~ ~  the pro,grammed 
full count (PFC) ae the full r e f m c e ,  forcing each eeg- 
ment of the dbplay to repreeent a fixed amount of 
charge. A push-button display feature ie available for 
momentarily enabling the LED dieplay. 

The bq2012 monitors the c h m  and dkharge  curmnta 
ae a voltage a m  a amuse reeietor (aea Rs in Figure 1). 
A filter between the negative battary terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current ia too great. 

Directly connect to Vcc across 3 or 4 cells (3 to 4.8V nominal. 
shouM not exceed 8 . W  with a resistor and a Zener diode 

- WTY 
cm W 

to limit voltage during charge. 
Otherwise, R1, C1, and 01 are needed for regulation of >4  cells. 

r - - 1  
I ,  I 

I Programming resistors (8 max.) and ESD-protection diides are not shown. I 

r - - 7  
I 

R-C on S R  may be required (application specific). where the 
R should not exceed 100K. 

I I 

Figure 1. Battery Pack Application Diagram-LED Display 

r - 1 i - _ J  L - - J  

-, indicates optional. -or 



Voltage Thresholds 
In conjunction with monitoring VSR for charge4discharge 
currents, the bq2012 monitora the single-cell battery 
potential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor/divider network 
per the following equation: 

where N is the number of cells, RBI is connected to the 
positive battery terminal, and RE32 is connected to the 
negative battery terminal. The single-cell battery 
voltage is monitored for the end-of-discharge voltage 
@DV) and for maximum cell voltage (MCV). EDV 
threshold levels are used to determine when the battery 
has reached an 'empty' state, and the MCV h h o l d  is 
used for fault detection during charging. 

Two EDV thresholds for the bq2012 are fmed at: 

EDVl (early warning) = 1.05V 

EDVF (empty) = 0.95V 

If VSB is below either of the two EDV thresholds, the 
associated flag is latched and remains latched, 
independent of VSB, until the next valid charge. 

During discharge and charge, the bq2012 monitors VSR 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if VSR 5 -250mV typical and resumes l/t, 
second after VSR > -250mV. 

EMPTY Output 
The EMPrY output switches to high impedance when 
VSB < VEDF and remains latched until a valid charge 
occurs. The bq2012 also monitors VSB relative to VMCV, 
2.25V. VSB falling from above VMCV resets the device. 

Reset 
The bq2012 recognizes a valid battery whenever VSB is 
greater than 0.1V typical. VSB rising from below 0.25V or 
falling from above 2.25V resets the device. Reset can also 
be accomplished with a command over the serial port as 
described in the Register Reset section. 

Temperature 
The bq2012 internally determines the temperature in 
10°C steps centered from -35OC to +85OC. The 
temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 
available charge display translation. The temperature 

Layout Considerations 

range is available over the serial port in 10°C incllements 
as shown below: 

The bq2012 m e a m  the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

TMPGG (hex) 

The capacitors (SB and Vcc) should be placed as close 
as possible to the SB and Vcc pins, respectively, and 
their paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

Temperature Range 

The sense resistor (Rs) should be as close as possible 
to the bq2012. 

m The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed IOOK. 

Seat. 1886 8 



Gas Gauge Operation 
The operational overview diagram in Figure 2 illustrates 
the 0~eration of the ba2012. The bo2012 accumulates a 
measure of charge and discharge cukenta, as well as an 
estimation of self-diecharge. Charge and dbdmge cur- 
rents are temperature and rate compemated, whereas 
self-discharge ie only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
repraenta the available battery capacity at  any given 
time. Battery charging increments the NAC register, 
while battery diecharging and self-diecharge decrement 
the NAC regiater and increment the DCR (Diecharge 
Count Regieter). 

The Discharge Count Register @CR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2012 adapts ita capacity determination baaed on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the programmed 
full count (PFC) shown in Table 2. Until LMD is 
updated, NAC counts up to but not beyond this threshold 
during subsequent charges. Thie approach allows the gas 
gauge to be charger-independent and compatible with 
any type of charge regime. 

1. Laet Memured Diecharge (LMD) or learned 
battery capacity: 

LMD is the last meamred diecharge capacity of the 
battary. On initialization (application of Vtx or bat- 
tery replacement), LMD = PFC. hniag &squat  
diechargee, the LMD ie updated with the latest 
measured capacity in the Dbhrge  Count Regher 
(DCR) representing a dhharge fnrm full to below 
EDV1. A qualified diecharge ie neceaeary for a 
capacity t r a d e r  fmm the DCR to the LMb regis- 
t8r. The LMD al80 m e u  80 the 10096 reference 
threshold ueed by the relative display mode. 

2. Programmed Full Count (PFC) or initial bat- 
tery capacitr. 

The initial LMD and gas gauge rate valuea are 
programmed by using VROG1--4. The PFC 
also provides the 10096 reference for the absolute 
display mode. The bq2012 ie configumd for a given 
application by selecting a PM: value &om Table 2. 
The correct PFC may be determined by multiplying 
the rated bat- capacity in mAh by the Bense 
reeistor value: 

Battery capacity (mAh) sense reeietor (Q) = 

Selecting a PFC slightly lees than the rated capacity 
for absolute mode providee capacity above the full 
ref- for much ot the battery's life. 

Ctmrg. inputs c u n ~ t  %%Aw m=w 

Trmpwlhr* 
C-tion 

Main t ~0mh.t ~ a a t  Dhohug. 
Counters ~vli*ble 5 Meawed * -Hid cant 
and Capacity D;w&w h-1~ R w b t u  

(DCR) 

Reference (LMD) 

Outputs CNp-control*d swkl 
Available Char* Port 

LED D*p(ay - 
Figure 2. Operational Overview 

-1sses srro 

2-93 



Ezample: Selecting a P m  Value 

Given: 

Sense resietor = O.lQ 
Number of cells = 6 
Capacity = 2200mAh. NiCd battery 
Current range = 50mA to 2A 
Absolute dieplay mode 
Serial port only 
Self-diecharge = c/s4 
Voltage drop over sense resistor = 5mV to 200mV 

Select. 

PFC = 33792 counts or 2llmVh 
m 1 =  float 
PROGz = float 
muxis = float 
P R 0 G 4  = low 
m 6  = float 
mock = float 

The initial full battery capacity i s  2 l lmVh 
(2llOmAh) until the bq2012 "learns' a new capacity 
with a qualified diecharge fkom full to EDV1. 

Therefore: 

Table 1. bq2012 Programming 

Note: PROGs and PRO& statee are independent. 

Table 2. bq2012 Programmed Full Count mVh Selections 

- 
DlSP 

Display State 

LED disabled 

LED enabled on discharge when 
VSRO < -4mV or during a valid charge 

LED on 

PROG6 
Dbplay Mode 

NAC = PFC on reeet 

Absolute 

Relative 

Pin 
Connection 

H 

Z 

L 

VSR is equivalent to 2 
count&ec. (nom.) 90 

PROGs 
Self-Discharge Rate 

Self-diecharge diiabled 

NAc/64 

NAc/47 

45 22.5 11.25 5.56 2.8 mV 



- 

3. Nominal Available Charge (NAC): Charge Control 
NAC count. up during charge to a maximum value 
of LMD and down during discharge and selt-die- 
charge to 0. NAC is reset to 0 on initialization 
(PROGs = Z or low) and on maching EDV1. NAC ia eet 
to PFC on initialization if HiOGs = high. To prevent 
overstatement of charge during periods of over- 
charge, NAC stops incrementing when NAC = 
LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. DCR stope counting when 
EDVl ie reached. Prior to NAC = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR After NAC = 0, only discharge increments the 
DCR The DCR reaeta to 0 when NAC = LMD. 'Ibe 
DCR does not roll over but stope counting when it 
reachea FFFFh. 

The DCR value becomes the new LMD value on the 
f~ charge after a valid discharge to VEDVI if: 

No valid charge initiations (chargea greater than 
256 NAC counts; where Vsm > VsRB) occurred dur- 
ing the period between NAC = LMD and EDVl de- 
tected. 

The self-discharge count ie not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature ie 2 O°C when the EDVl level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 
Charge activity ie detected baaed on a poeitive voltage on 
the VQR input. If charge activity is detected, the bq2012 
incrementa NAC at a rate proportional to Vsw, (VSR + 
Vos) and, if enabled, activates the LED display if the rate 
is equivalent to Vsm > 4mV. Charge actions increment 
the NAC after compensation for charge rate and tem- 
perature. 

The bq2012 determines charge activity sustained at  a 
continuous rate equivalent to Vsm > V S ~ .  A valid 
charge equates to sustained charge activity greater than 
256 NAC counts. Once a valid charge is detected, charge 
counting continues until VSRO f d s  below V S ~  V S ~  is 
a programmable threshold as described in the Digital 
Magnitude Filter section. The default value for Vsm is 
375pv. 

- 
Charge control ie provided by the CHO output. This out- 
put is eeeerted cuntinu~udy when: 

NAC < 0.94 LMD a .  
0.96V < Vm < 2.26V and 
O"C<Temp<MpCand 
BRM = 0 

This output ie asserted at a '/le duty cycle (low for 0.5 aec 
and high for 7.6 aec) when the above conditions are not 
met and: 

NAC < LMD and 
0.96V < Vse < 2.26V and 
Temp < W C  and 
BRM=O 

NAC = LMD and 
Temp < SOOc and 
0.96V < Vm < 2.2SV and 
BRM=O 

This output ia inactive whan: 

NAC = LMI) (after a 2-hour top-off period) or 
Temp > W C  or 
VSB < O.%V or 
VSB > 2.25V or 
BRM=l 

The top-off timer (2 hours) is re& to allow another 
top-off after the battery is discharged to 0.8 LMD 
(PROGs=L)or0.8 F'FC(lJFtOGs=ZorH). 

Caution: The charge control output (m) should 
be ueed with other forms d charge termination 
such as A v A t  and -AV. 

If charge terminates due to maximum temperature, the 
battery temperature must fall typically lOOC below 6OOC 
before the charge output bearnee active again. 

Discharge Counting 
All discharge counts where Vsm < Vsm c a w  the NAC 
register to decrement and the DCR to increment. 
Exceeding the fast diecharge threshold (FDQ if the rate 
is equivalent to Vsm < -4mV activatee the display, if 
enabled. The dieplay becamea inactive after Vsm rises 
above -4mV. VSRD is a programmable threshold as 
described in the Digital Magnitude Filter section. The 
default value for Vsm ie -3OOpV. 



Self-Discharge Estimation 
The bq2012 continuously decrements NAC and inmrnenta 
DCR for sell-discharge b a d  on time and temperatme. 
The self-discharge c&t rate ie programmed to a nomi- 
nal lk NAC or %I NAC per day or disabled ae eel@ 
by PRO&. This ie the rate for a battery whoee tempera- 
ture ie between W30"C. The NAC register cannot be 
decremented below 0. 

Count Compensations 

The bq2012 determines faet charge when the NAC updates 
at a rate of 22 ~u&'B~c. Charge and diecharge are com- 
pensated for temperature and charge/discharge rate be- 
fore updating the NAC anWor DCR Self-discharge esti- 
mation is compensated for temperature before updating 
the NAC or DCR 

Charge Compensation 
Two charge efficiency compensation factom are used for 
trickle charge and fast charge. Fast charge is defined as 
a rate of charge red t ing  in 2 2 NAC counwsec (2 0.15C 
to 0.32C depending on PFC selections; see Table 2). The 
compensation defaults to the fast charge factor untii the 
actual charge rate is determined. 

Temperature adapts the charge rate compeneation factor6 
over three range8 between nominal, warm, and hot tem- 
pera-. The compemation factor6 are shown below. 

I charge I Trickle Charge I Fast Charge 1 

Discharge Compensation 

Temperature mmpenmth during discharge also * place. 
~t lower tempedmw, the compenaath factor h a m e a  by 
0.05 for each 10°C temperaM rangebelow 1m. 

Corrections for the rate of discharge are made by adjueting 
an internal discharge compeneation factor. The discharge 
factor is based on the dynamically meaeured VSR The 
compeneation factors during diecharge are: 

Compensation factor = 1.0 + (0.05 N) 

Where N = Number of 10°C steps below 10°C and 
-150mV < VSR < 0. 

Efficiencv 
10046 

9596 

Approximate 
VSR Threshokl 
VSR > -160 mV 

VSR < -150 mV 

For example: 

Discharge 
Compensation 

Factor 
1.00 
1.05 

T > 10°C : Nominal compensation, N = 0 

OOC < T < 1OOC: N = 1 (i.e., 1.0 becomes 1.05) 

-10°C < T < OOC: N = 2 (i.e., 1.0 become8 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.0 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.0 becomes 1.20) 

Self-Discharge Compensation 
The self-diecharge compensation is programmed for a 
nominal rate of 1/64 NAC or NAC per day. This ie 
the rate for a battery within the 20-30°C temperature 
range (TbPGG = 6s). Thb rate varies across 8 ranges 
from <lO°C to >70°C, doubling with each higher 
temperature etep (10°C). See Table 3. 

Table 3. Self-Discharge Compensation 

Digital Magnitude Filter 
=h@12hm ap.ogt.8mmabledQW 6 1 t g t o a t e c h ~  
andd~anmthgbe lowaee t th tddd .  T b e M e e t t i n g  
is -0-V fa- V w  and +OEhV fa- VSRQ. The Proper digital 
f i l tereet t ingcanbece lculated~t~~fo~eguEdjon 'Mh 
4ebawstypjcaldigital*- 



Error Summary 

Capacity lnaccurate 
The LMD ia sueceptible to error on initialization or if no 
updates occur. On initialization, the LMD value includes 
the error between the programmed full capacity and the 
actual capacity. This m r  ia present until a valid die- 
charge occurs and LMD is updated (see DCR deacrip- 
tion). The other cause of LMD error is battery wear-out. 
Aa the battery ages, the measured capacity must be ad- 
justed to account for changea in actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
inmmented each time a valid charge occurs (qualified by 
NAC; see the CPI regiater description) and is reset when- 
ever LMD ia updated kom the DCR. The counter does 
not wrap around but stops counting at 255. The capacity 
inaccurate flag (CI) is set if LMD has not been updated 
following 64 valid charges. 

Current-Sensing Error 

The commuuication protocol ia aeynchronoue return-tu 
one. Command and data bytea consist of a etream of eight 
bits that have a maximum transmission rate of 333 
biwaec The least-significant bit of a command or data 
byte ia tmmmitted &. The protocol is simple enough 
that it can be implemented by moet hoet 7 wing 
either polled or intanupt pmeaaing. Data mput fmm the 
bq2012 may be sampled wing the pulee-width capture tim- 
ers available on some m i m t r o h  

Communication is normally initiated by the host procas- 
sor sending a BREAK command to the bq2012. A 
BREAK is detected when the DQ pin is driven to a logic- 
low state for a time, t~ or greater. The DQ pin should 
then be returned to ita normal ready-high logic state for 
a time, ~BR.  The bq2012 is now ready to receive a com- 
mand from the hoet proceesor. 

The return-to-one data bit kame consists of three dig- 
tinct sections. The first m i o n  is used to start the trans- 
miasion by either the host or the bq2012 taking the DQ 
pin to a logic-low state for a period, t m , ~ .  The next 
d o n  is the actual data transmiasion, where the data - 
should be valid by a period, t w ,  after the negative edge Table 5 illustrates the current-sensing error as a func- to me data should be held tion of VSR A digital filter elhimates charge and die- for a perid, t ~ v ,  to allow the host or bq2012 to sample charge counta to the NAC register when VSRO (V~R + the data bit. Vos) is between Vsm and VSRD. 
The fmal section is used to stop the transmimion by 

Communicating With the bq2012 m h d n g  the DQ pin to a logic-high state by at least a period, 
tssu, a h  the negative edge used to atart communicatim. 

The bq2012 includes a simple single-pin (DQ plus return) 
serial data interface. A host pmceesor uses the interface 
to access various bq2012 registers. Battery charac- 
teristica may be easily monitored by adding a single con- 
tact to the battery pa&. The open-drain DQ pin on the 
bq2012 should be pulled up by the host syetem, or may be 
left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2012. The 
command d i c t a  the bq2012 to either store the next 
eight bits of data received to a register specified by the 

The fimal logic-high &ate ehould be held d a period, tsv, to 
allow time to a m r e  that the bit t z m m k b  was stopped 
pro&. lb fbr data and break communication are 
given in the aerial c o m m d t j a n  timing spec&ation and 
ilh.&ationeectiaPls. 

Communication with the bq2012 ia alwaya performed 
with the led-significant bit being transmitted firet. Fig- 
ure 3 shows an example of a communication sequence to 
read the bq2012 NAC register. 

bq2012 Registers 
c-and byte or output the eight bib of data sp&ified 
by the command byte. The bq2012 command aad status registere are listed in 

Table 6 and described in the following sections. 

Table 5. Current-Sensing Error as a Function of VSR 

Symboi 

Vos 

INL 

INR 

Parameter 

Offset referred to VSR 

Integrated non-linearity 
error 

Integrated non- 
repeatability error 

Typical 

* 50 

* 2 

i 1 

Maximum 

* 150 

* 4 

* 2 

Units 

pV 

% 

% 

Notes 
- 
DISP=Vcc. 

Add 0.1% per OC above or below 25OC 
and 1% per volt above or below 4.25V. 

Measurement repeatability given 
similar operating conditions. 



Table 6. bq2012 Command and Status Registers 

Note: n/u = not used 

symbol 

CMDR 

W S 1  

TMPGG 

Registw 
Name 

mmand g*h 
. ary  flags 

register 

Temperature 
and gas 
gauge register 

Nominal 

Loc. 
(hex) 

OOh 

Olh 

02h 

R e d l  
Write 

Write 

h a d  

Read 

Control Field 

1 

AD1 

EDVl 

GG1 

WSB) 

ADO 

EDVF 

GGO 

5 

AD6 

B 

TMPl 

~(MSB) 

WE 

CHGS 

TMP3 

2 

AD2 

GG2 

4 

AD4 

CI 

TMPO 

6 

AD6 

BRP 

TMP2 

3 

AD3 

VDQ 

GG3 



Written by Host to be012 ; Rw.hr.d by Hort From b92012 
CMDR - 0% NAC - 65h 

L U  Y I i U  YI 

Break 1 1 0 0 0 0 0 0  j 1 0 1 0 0 1 1 0  

DO U 
l)m 

Figure 3. Typical Communication With the bq2012 

Command Register (CMDR) 
The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2012. 
The CMDR register contains two fields: 

m W/Kbit 

Command address 

The WE bit of the command register is used to select 
whether the received command is for a read or a write 
fuaction. 

The W/Ti valuea are: 

CMDR Bits 

Where WE is: 

0 The bq2012 outputs the requested register con- 
tents specified by the address portion of 
CMDR 

1 The following eight bits should be written to 
the register specified by the address portion 
of CMDR 

The lower seven-bit field of CMDR contains the address 
portion of the register to be acceesed. Attempts to write 
to invalid addresses are ignored. 

The charge etcrtue flag (CHGS) is aeserted when a valid 
charge rate is detected. Charge rate is deemed valid 
when VSRO > VSRQ. A V m  of less than VSRQ or dis- 
charge activity cleara CHGS. 

The CHGS values are: 

Where CHGS is: 

FLGSl Bits 

0 Either discharge activity detected or Vsm < 
VsRQ 

CHGS 

The battery replaced flag (l3RP) ie asserted whenever 
the potential on the SB pin (relative to Vss), VSB, falls 
from above the meximum cell voltage. MCV (2.25V), or 
rises above 0.1V. The BRP flag is a180 eet when the 
bq2012 ia reset (see the RST register description). BRP 
is reeet when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action is 
detected after the EDVl flag is asserted. BRP = 1 
signifies that the device has been reset. 

The BRP values are: 

- 

FLGSl Bits 

7 6 5 4 3 2 1 0  

Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDVl flag is aaaerted 

1 VSB dropping from above MCV, VSB rising from 
Primary Status Flags Register (FLGS1) below 0.1V, or a serial port initiated reset 

The read-only FLGSl register (address=Olh) contains 
ha8 occurred 

the primary bq2012 flags. 



The battery remoued flag (BRM) is asserted whenever Where VDQ is: 
the potential on the SB pin (relative to Vss) rhea above 
MCV or falls below 0.1V. The BRM flag is aeeerted until O SDCR 40961 aubmuent valid charge action 

the condition causing BRM is removed. detected, or EDVl is aeserted with the tem- 
perature less than P C  

FLGSl Bits 

- BRM - 
Where BRM is: 

o o.iV < VSB < 2.25V 

The capacity inaccurate flag (CI) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The CI 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2012 is reset. The flag is cleared 
after an LMD update. 

The CI values are: 

FLGSl Bits 

Where CI is: 

0 When LMD is updated with a valid full dim- 
charge 

1 After the 64th valid charge action with no LMD 
updates 

The valid diecharge flag (VDQ) is asserted when the 
bq2012 is discharged from NAC = LMD. The flag 
remains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

m A valid charge action sustained at  VSRO > V S ~  for at 
least 256 NAC counts. 

B The EDVl flag was set at  a temperature below 0°C 

1 On first discharge after NAC = LMD 

The VDQ values are: 

FLGSI Bits 

- 
W c h d y F e  contml flag, CHG, is asserted whenever the 
CHG pin is asserted (see the-ge control section on 
page 7 for a description of the CHG pin function). - 
The CHG values are: 

7 

FLGSl Bit8 
7 1 6 1 5 1 4 1 3 1 2 1  - 1 1 0  

I - ICHGI - / - 
- 

Where CHG is: 

6 

- 
0 When the CHG pin is asserted active low, sig- 

nifying that the bq2012 is in a state to allow 
charge activity. - 

1 When the CHG pin is high-impedance, signify- 
ing that no charge activity should take 
place. 

The firet end-of-discharge wcrrning flag (EDVl) 
warns the user that the battery is almost empty. The 
first segment pin, SEGl, is modulated at a 4Hz rate if the 
display is enabled once EDVl is asserted, which should 
warn the user that loss of battery power is imminent. 
The EDVl flag is latched until a valid charge has been 
detected. 

5 1 4  

I - 

The EDVl values are: 

1 

FLGSl Bits I 

0  3  

VDQ 

7 / 8 / 5 1 4 1 3 1 2 1  t 1 0  
1 - 1 EDVl 1 - 

2  
- 

Where EDVl is: 

0 Valid charge action detected, VSB 2 1.05V 

1 VSB < 1.05V providing that OVLD=O (see 
mxfS2 register description) 

The final end-of-diechwge m i n g  flag (EDVF) flag 
is used to warn that battery power is at  a failure 
condition. All segment drivers are turned off. The EDVF 
flag is latched until a valid charge has been deteded. The 
EMF'l'Y pin is also forced to a high-impedance state on 
assertion of EDVl. The host system may pull EMPrY 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. 



The EDVF values are: 

Where EDVF is: 

FLGS1 Bits 

0 Valid charge action detected, VSB > 0 . W  

7 

1 VSB < 0.9SV providing that OVLD=O (see 
FLGS2 register description) 

Temperature and Gas Gauge Register 
CmnPGG) 

8 1 5  

The read-only TMPGG register ( a d b = 0 2 h )  contains 
two data fields. The firat field contains the battery tem- 
perature. The second fmld contains the available charge 
fman the battery. 

4 1 3  

The bq2012 contains an internal temperature sensor. 
The temperature is used to set charge and discharge effi- 
ciency factors as well as to adjust the self-discharge coef- 
ficient. 

TMPGG Temperature Bit. 

The temperatam register contents may be translated as 
shown in Table 7. 

2 1 1  

1 - 

The bq2012 calculates the available charge as a function 
of NAC, temperature, and a full reference, either LMD or 
PFC. The re%ulta of the calculation are available via the 
display port or the gas gauge field of the TMPGG regis- 
ter. The register is used to give available capacity in l/ls 
increments from 0 to 16/ls. 

0  
EDVF 

7 6 5 

T M P 3 T M P 2 T M P l T M P O  

The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature 
dependencies. A piece-wise correction ie performed as 
follows: 

TMPGG Gae Gauge Brts 

4  

Table 7. Temperature Register Translation 

7 

Temperature 

> P C  

-20% < T < 0°C 

< -20°C 

The adjustment between > OOC and -20°C < T < P C  has a 
10°C hyetereaie. 

- 

5 1 4 1 3 1 2  
1 - 1 GG3 1 GG2 

6 

Available Capacity Cdculatbn 

NAC / 'Full Reference' 

0.75 NAC/ 'Full Reference' 

0.5 NAC / Tull Reference' 

Nominal Available Charge Registers 
(NACWACL) 

3 2 1 0  

The r e a m t e  NACH high-byte mgister (addreesah) 
and the read-only NACL bw-byb register (addmswl'lh) 
are the main gas gauging m g h r  for the -12. The 
N A C ~ a r e i n c r e m e n t a d d u r h g ~ a c t i o a e a n d  
decremented during d- and d - d i d w g e  actions. 
The cormtion f e r n  Bor &a&dMmge efIiciency are. 
applied automatically to NAC. 

1  

GG1 

On reset, if PROGs = Z or low, NACH and NACL are 
cleared to 0; if PROGs = high, NACH = F'FC and NACL = 
0. When the bq2012 detects a valid EDVI, NACH and 
NACL are re& to 0. Writing to the NAC mgkters af&& 
the avaibbk charge counts and, therefore, affect9 the 
bq2012 gne EWW opemtian Lb not write the NAC 
to a vahgrerrter than LMD. 

0  
GGO 

Battery Identification Register (BATID) 
The read/write BATID register (address=04h) is 
available for use by the eyetsm to deteamine the type of 
battery pack. The BATII) contenta are retained ae long 
as Voc is greater than 2V. The contenta of BATII) have 
no effect on the operation of the bq2012. '&ere h no 
default setting for this register. 

Last Measured Discharge Register (LMD) 
LMD is a rearl'write regieter (address=05h) that the 
bq2012 uses ae a measured full reference. The bq2012 



adjusts LMD b w d  on the measured diecharge capacity 
of the battery from full to empty. In this way the bq2012 
updates the capacity of the battery. WID is set to PFC 
during a bq2012 reset. 

Secondary Status Flags Register (FLGS2) 
The read-only FLGS2 register (addrees=06h) contains 
the secondary bq2012 flags. 

The charge mte flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counWwc. 

The CR values are: 

FLGS2 Bits 

7 1 6 1 5 1 4 1 3 1 2 1 1 I o  
1 I 

Where CR is: 

0 When charge rate falls below 2 counWsec 

1 When charge rate is above 2 counWsec 

The fmt charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 

The discharge rate flags, D m ,  are bits 6-4. 

FLGS2 Bits I 

DR2-0 and OVLD are set baeed an the measurement of the 
voltage at the SR pin relative to Vss. The rate at which 
thia meaeurement is made varies with device activity. 

Program Pin Pull-Down Register (PPD) 
The readonly PPD xqhtm (addmAVh) contains some of 
the pin information for the bq2012. The eeg- 
ment driver% SEGi-s, have a cawspodhg PPD rqistm 
locatian, A given hth is set if a pulldown resis- 
tor has been detected on its corresponding segment 
driver. For example, if SEGl and SEG4 have pull-down 
resietore, the contenta of PPD are ~1001001. 

Program Pin Pull-Up Register (PPU) 
The read-only PPU register (address=OSh) contains the 
rest of the programming pin information for the bq2012. 
The segment drivers, SEGia, have a corresponding 
PPU register location, PPUla. A given location ia 8et if a 
pull-up &stor baa been detected on ita cormpmding aeg- 
ment driver. For example, if SEG3 and SEQ have pull-up 
resistore, the contenta dPPU are xxl00100. 

Capacity Inaccurate Count Register (CPI) 
The read-only CPI register (address=09h) is used to 
indicate the number of timea a battery has been charged 
without an LMD update. Because the capacity of a 

The CPI register is incremented every time a valid 
The overload flag (OVLD) is asserted when a discharge charge is detected if NAC < 0.94 LMD. When NAC L 
overload is detected, VSR < -250mV. OVLD remains 0.94 LMD, the CPI register increments on the fW 
asserted as long as the condition persists and is cleared valid charge; CPI doea not increment again for a valid 
when VSR > -250mV. The overload condition is used to charge until NAC is discharged below 0.94 LMD. This 
stop sampling of the battery terminal characteriatica for prevents continuow trickle charging from incrementing 
end-of-discharge determination. Sampling is re-enabled CPI if eelf-r&harge d-menta NAC. The CPI re* 
0.5 secs after the overload condition is removed. increments to 255 without rolling over. When the con- 

tents of CPI are incremented to 64, the capacity 
inaccurate flag, CI, is asserted in the FLGSl register. 
The CPI register is reset whenever an update of the 
LMD register is performed, and the CI flag is also 
cleared. 

rechargeable bat* varies with age and operating con- 
are used to determine the current discharge =me ditions, the bq2012 adapts to the changing capacity over as follows: time. A complete discharge from full (NAC=LMD) to 

empty (EDV1=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to O°C, and the 
self-diecharge counter is lees than 4096 counts. 

DR2 
0 

0 

FLGS2 Bits 

DRl 
0 
0 

7 1 
- 

DRO 
0 
1 

0 
o m  

6 

VSR (W 
VSR > -150mV 
VSR < -150mV 

5 1 4 1 3  2 



Digital Magnitude Filter (DMF) 
The read-write DMF register (addrerce = Oah) provides 
the system with a means to change the default settinga 
of the digital magnitude filter. By writing different 
values into this register, the limita of Vsm and VSRQ can 
be adjusted. 

Note: Care should be taken when writing to this regis- 
ter. A VSRD and VSFQ below the specified Vos may 
adversely affect the accuracy of the bq2012. Refer to Ta- 
ble 4 for recommended settings for the DMF register. 

Reset Register (RST) 
The reset register (addwss=39h) provides the means to 
perform a software-controlled reset of the device. By 
writing the RST register contents from OOh to 80h, a 
bq2012 meet is performed. Setting any bit other than the 
most-significant bit of the RST register is not alloured. 
and results in improper operation of the bq2012. 

Resetting the bq2012 seta the following: 

8 LMD =PFC 

CPI, V W .  NACH, and NACL = 0 

Note: NACH = PFC when PRO& = H. 

Display 

The bq2012 can directly display capacity information 
using low-power UDs. If LED8 are used, the program 
pine should be resietively tied to Vcc or Vss for a 
program high or program low, respectively. 

The bq2012 displays the battery charge &ate in either 
absolute or relative mode. In relative mode, the battery 
charge ie represented as a percentage of the LMD. Each 
LED segment repreaenta 200/b of the LMD. The sixth 
segment is not used. 

In absolute mode, each segment represente a fixed 
amount of charge, b a d  on the initial PFC. In absolute 
mode, each segment repreaentu 2046 of the PFC, with the 
sixth segment repmenting *overfull' (charge above the 
PFC). As the battery weara out over time, it ie poeeible 
for the LMD to be below the initial PFC. In thle cane, all 
of the LEDa may not turn on, repmeenting the reduction 
in the actual battery capacity. 

The capacity display is aha adjusted for the present bat- 
tery temperature. The temperature adjustment reflecta 
the available capacity at  a given temperature but doea 
not affect the NAC register. The temperature adjuet- 
menta are detailed in the TMPGG register description. 

When WP i e s d  to Vcc, the SEG1-s outputa are inac- 
tive. When DISP ie left floating, the dieplay beoomee 
active whenevw the NAC registera are counting at  a rate 
equivalent to VSRO < -4mV or V e ~ o  > Vsm. When pulled 
low, the aegmentoutputa became active immediately. A 
capacitor tied to DISP allows the dieplay to remain active 
for a short period of time after activation by a push-but- 
ton ewitch. 

The segment outputa are modulated as two banks of 
three, with eegmente 1, 3, and 5 alternating with eeg- 
menta 2, 4, and 6. Tha segment outputa are modulated 
at approximately lOOHz with each segment bank active 
for 3044 of the period. 

SEGl blinks a t  a 4Hz rate whenever VSB has been 
detected to be below VEDVI (EDVl = I), indicating a low- 
battery condition. VSB below VEDVP (EDVF = 1) disables 
the display output. 

Microregulator 
The bq2012 can operate directly from three or four cells. 
To facilitate the power supply requirements of the 
bq2012, an REF output ie provided to regulate an exter- 
nal low-*hold n-FET. A micropower eource for the 
bq2012 can be inexpensively built using the E"M' and an 
external reaietor; eee Figure 1. 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Rating6 are exceeded. M o n a 1  operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expoewe to 
conditions beyond the operational limits for extended period8 of time may affect device reliability. 

Tom 

DC Voltage Thresholds FA = TOPR; v = 3.0 to 6 .5~ )  

Unit 

V 

V 

V 

I 

Maximum 

+7.0 

+7.0 

+8.5 

+7.0 

Notes: 1. Default value; value set in DMF register. Vos is affected by PC board layout. Roper layout 
guidelinea should be followed for optimal performance. See ZayoutConaiderations.' 

2. Proper threshold measurements require Vcc to be more than 1.5V greater than the desired signal 
value. 

Notes 

C m n t  limited by R1 (see Figure 1) 

Minimum lOOQ aeries resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2012 
application note for details). 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

Symbol 

Vcc 
All other pine 

REF 

VSR 

Operating 
temperature 

Parameter 

Relative to Vss 
Relative to Vss 
Relative to Vss 

Relative to Vss 

0 

-40 

+70 

+85 

OC 

O C  

Commercial 

Industrial 



DC Electrical Characteristics (TA - TOPR) 

Note: All voltages relative to Vss. 



Serial Communication Timing Specification 

Serial Communication Timing Illustration 

Notes 

Seenote 

- 

Note: The open-drain DQ pin should be pulled to a t  least Vcc by the host system for proper DB operation. 
DQ may be left floating if the serial interface is not used. 

Unit 

me 

me 

ne 

P 

Irs 

P 

me 

ms 

P 

me 

me 

me 

Da 7 

Maximum 

6 

750 

2.26 

I t ssu d t s n -  
u ~ S V  

T y p b l  

(BREAK) 
4 ~ C Y C H  9 ~ C Y C B ~  t ~  - t ~ ~ -  

Minimum 

3 

3 

5 

500 

750 

1.50 

700 

2.95 

3 

1 

Symbol 

t m c ~  

t c y c ~  

tm 

tm 

t ~ s u  

~ D H  

t ~ v  

tssu 

~ S H  

~ S V  

t B  

~ B R  

Parameter 

Cycle time, host to bq2012 

Cycle time, bq2012 to host 

Start hold, host to bq2012 

Start hold, bq2012 to host 

Data setup 

Data hold 

Data valid 

Stop setup 

Stop hold 

Stop valid 

Break 

Break recovery 
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Note: Change 1 = Sept. 1996 B changes from July 1994. 

Page No. 

7 

Dewription 

Addition to Table 2 

Nature of Change 

Added bottom row 



Notes 

Ordering Information 

~ e m p r a t u r e  Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +86OC)' 

L ~ k a g e  Option: 
SN = S p i n  narrow SOIC 

I- Device: 
bq2012 Gas Gauge IC 

Contact fadory for availability. 



bq2012 Evaluation System 

Features 
bq2012 Gas Gauge IC evaluation and development 1 

Nominal capacity jumper-configurable 

Cell chemistry jumper-configurable I 1 
Display mode jumper-configurable 

General Description 
The menu-driven software provided with the EV2012 
displays chargeldischarge activity and allows user inter- 
face to the bq2012 from any standard DOS PC. 

The EV2012 System provides a A full data sheet for this product is available on our web 
and for the bq2012 Gas Gauge site (http://www.benchmarq.com), or you may contact the 
IC. The EV2012 incorporates a bq2012, a sense resistor, factory for one. 
and all other hardware necessary to provide a capacity 
monitoring function for 3 to 12 series NiCd or NiMH cells. 

Hardware for an RS-232 interface is included on the 
EV2012 so that easy access to the state-of-charge infor- 
mation can be achieved via the serial port of the bq2012. 
Direct connection to the serial port of the bq2012 is also 
made available for check-out of the  final hard-  
warehoftware implementation. 

July 1994 Rev. C Board 



EV20 1 2 Product Brief 

EV2012 Board Schematic 

LBAT* 

.AT* 

I C T -  

EST- 

GND 
DSP 
ENT CHG. 

*I Ci* 

Rev. C Boud July l9B4 

2-1 10 



@ m m w ~ ~  bq2014 
Gas Gauge IC With External Charge Control 

Features 
Conservative and repeatable 
meaeurement of available charge 
in rechargeable batteries 

Charge control output operatea an 
~ c h a r g e c l m t r o l l e r a u c h s s  
the bq2004 Faet Charge IC 

Designed for battery pack 
integration 
- 1mpA typical standby current 

Integrate within a system or as a 
stand-alone device - Display capacity via single- 
wire serial communication 
port or direct drive of LED8 

Mearrurementa compensated for 
current and temperature 

Self-dbdwp compensation using 
intemal temperature seneor 

User-selectable end-of-discharge 
threshold 

General Description 
The bq2014 Gas Gauge IC is 
intended for battery-pack or in-eye- 
tem installation to maintain an  
accurate record of available battery 
charge. The IC monitare the voltage 
drop across a sense resistor con- 
nected in series between the nega- 
tive battery tenminal and ground to 
determine charge and dkharge acti- 
vity of the battery. 

Self- of NiMH and NiCd bat- 
teriee is estimated based on an  
internal timer and temperature aen- 
eor. Compensations for battery tem- 
perature and rate of charge or 
discharge are applied to the charge, 
discharge, and self-discharge 
calculations to provide available 
charge information across a wide 
range of operating codtione. Bethy 
capacity ie automatically recabated, 
or le in the couree of a die- 
charge cycle from full to empty. 

The bc12014 includes a charge control 

Nominal Available Charge (NAC) 
may be directly indicated using a 
f i v e - w e n t  LED dieplay. 

The bq2014 supporta a simple single- 
line bidirectional serial link to an 
external proceeeor (with a common 
ground). The bq2014 outputa battery 
information in response to external 
commande werthemrhlliak. 

Intarnal registera include available 
charge, temperature, capacity, bat- 
tery voltage, battery ID, battery 
etatus, and programming pin set- 
tings. To support subassembly 
testing, the outputa may aleo be con- 
trolled. The tnternal p m o r  may 
aleo overwrite nome of the bq2014 
gas gauge data registers. 

The bq2014 may operate directly 
from three or four cells. W1th the 
REF output and an external tramje- 
tor, a simple, inexpensive regulator 
can be built to provide Vcc acroe.9 a 
greater number of cells. 

Battery voltage, nominal output that controle an ex& Fast 
available charge, temperature, Charge IC such as the bq2004. 
etc. available wer serial port 

16-pin narrow SOIC 

Pin Connections Pin Names 

LCOM vm 
SEG,/PROCI, REF 
SECipROG, CHG 

SEQIPROG, W 
SEG/PROCI, EMPTY 
SEGJPROG, SB 

DONE 
- 
DlSP 

vss SR 

15Pin Nanow SOlC 

PK(U 

LCOM LED common output REF Voltage reference output 

SEGJPROGl LED segment l/ CHG Charge control output 
program 1 b u t  

DQ Serial communications 
SEOJPROGz LED segment 2/ i~plVoutput 

program 2 input 
EMPTY Empty bettery indicator 

SEGJPROGj LED segment 31 O u t p a  

prognrm 3 b u t  
SB Battery sense input 

SEGflROG4 LED segment 41 - 
program 4 b u t  DlSP Display control input 

SEGJPROGs LED segment S/ SR Sense resistor input 
program 5 input 

VCC 3.0-6.5V 
DONE Fast charge complete 

Vss Srstem ground 
[kc. 1 W C  1120 



Senme resistor input Pin Descriptions 
The voltage drop (VSR) acroee the sense resis- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied to the high side of the 
sense res*. VSR < v88 indicates dhcha?p, 
and VSR > Vw indicates charge. The effective 
voltage drop (VSRO) aa seen by the bq2014 is 
VSR + Vos (see Table 5). 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch L off 
during initialization to allow reading of the 
soft pull-up or pull-down programming resie- 
tore. LCOM is also in a high impedance state 
when the display is off. - 

DISP Dieplay control input 
LED display segment outpute (dual f u n o  
tion with PROGi-PROGa) 

- 
DISP high disables the LED display. m P  
tied to Vcc allows PROGx to connect directly 
to Vcc or Vss i n e t e a ~ t u g h  a pull-up or 
pull-down reaiator. DISP floating allows the 
LED display to be active during a valid 
charge or during diicharge if the NAC regis- 
ter is up21 d at a rate equivalent to VSRO S 
-4mV. DISP low activatea the display. See 
Table 1. 

Each output may activate an LED to sink the 
current sourced from LCOM. 

-med full count selection inputs 
(dual function with SEGi-SEG2) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds 
described in Table 2. 

Secondary battery input 
Gas gauge ra te  selection inputs (dual 
function with S E G d E G d  This input monitors the single-cell voltage 

potential through a high-impedance resistive 
divider network for end-of-discharge voltage 
(EDV) thresholds, maximum charge voltage 
(MCV), and battery removed. 

These three-level input pins defiie the scale 
factor described in Table 2. 

Selfdischarge rate selection (dual fun@ 
tion with SEGa) EMPTY Battery empty output 

Thie open-drain output becomes high-imped- 
ance on detection of a valid fiial end-of-dis- 
charge voltage (VEDVF) and is low following the 
next application of a valid charge. 

This three-level input pin defines the selfdis- 
charge compensation rate shown in Table 1. 

CHG Charge control output 

This open-drain output becomes active high 
when charging is allowed. 

This is an open-drain bidirectional pin. 
DONE Fast charge complete 

REF Voltage reference output for regulator 
This input is used to communicate the status 
of an external charge controller such aa the 
bq2004 Faat Charge IC. Note: This pin must 
be pulled down to Vss using a 200KR resis- 
tor. 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc  

Vss 

Supply voltage input 

Ground 



Functional Description 
General Operation 

The bq2014 determinee battery capacity by monitoring 
the amount of charge input to or removed from a rechar- 
geable battery. The bq2014 measures discharge and 
charge currenta, estimates self-diecharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and chargddischarge rates. The 
charge measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
battery's negative terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the 
environmental and operating conditions. 

F'igure 1 shows a typical battery pack application of the 
bq2014 using the LED display capability as a charge- 
state indicator. The bq2014 is configured to display 
capacity in a relative dieplay mode. The relative display 
mode uses the last measured discharge capacity of the 
battery as the battery 'W reference. The LED mg- 
mente output a percentage of the available charge based 
on NAC and LMD. A push-button display feature is 
available for momentarily enabling the LED display. 

The bq2014 monitors the charge and discharge currenta 
as a voltage acroaa a sense reaietor (sea Rs in Figwe 1). 
A fiiter between the negative battery terminal and the 
SR pin is required. 

U3 S C 1 7 7 L O I B A  

P I 3  
LOU 

c 

BIIV70 33K 80-246 

I 

Figure 1. Battery Pack Application Diagram-LED Display 



Voltage Thresholds range is available over the serial port in 10°C increments 
as shown below: 

In conjunction with monitoring VSR for chargddischarge 
currents, the bq2014 monitors the single-cell battery 
potential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor/divider network 
per the following equation: 

- R2 - N - I  
R3 

where N is the number of cells, R2 is connected to the 
positive battery terminal, and R 3  ie wnnected to the 
negative battery terminal. The single-cell battery 
voltage is monitored for the end-of-discharge voltage 
(EDV) and for maximum cell voltage (MCV). EDV 
threshold levels are used to determine when the battery 
has reached an 'emptf state, and the MCV threshold is 
used for fault detection during charging. 

TMPGO (hex) 

Ox 

l x  

2x 

3x 

4x 

5x 

EDVF (empty) = 0.95V 40°C to 50°C 
If VSB is below either of the two EDV thresholds, the 
associated flag is  latched and remains latched, 50°C to 60°C 
independent of VSB, until the next valid charge (as de- 
fined in the section entitled 'Gas Gauge Operationy. 60°C to 70°C 
The VSB value is also available over the serial port. 

Temperature Range 

< -30°C 

-30°C to -20°C 

-20°C to -10°C 

-10°C to 0°C 

0°C to 10°C 

10°C to 20°C 

Two EDV thresholds for the bq2014 are programmable 
with the default values fixed at: 

EDVl (early warning) = 1.05V 

Duriig discharge and charge, the bq2014 monitors VSR 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if VSR I -250mV typical and resumes 1/4! 

second after VSR > -250mV. 

EMPTY Output 

6x 

7x 

The EMPTY output switchea to high impedance when VSB 
< VEDF and remains latched until a valid charge occurs. 

20°C to 30°C 

30°C to 40°C 

Reset 
The bq2014 recognizes a valid battery whenever VSB is 
greater than 0.1V typical. VSB rising from below 0.25V or 
falling from above 2.25V (VMCV) mta the device. Reaet 
can also be accomplished with a command over the serial 
port as described in the Reset Register section. 

Temperature 
The bq2014 internally determines the temperature in 
10°C steps centered from -35°C to  +85OC. The 
temperature steps are used to adapt charge and die- 
charge rate wmpensations, self-discharge counting, and 
available charge display translation. The temperature 

Layout Considerations 

The bq2014 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
reaults, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

The capacitors (C2 and C3) should be placed as close as 
possible to the SB and Vcc pine, reepectively,. and their 
patha to Vss should be as short as possible. A hlgh- 
quality ceramic capacitar of O.lpf is recommended for 
Voc. 

m The sense resistor filter (R1, C1) should be placed as 
cloee as poesible to the SR pin. 

The sense resietor (R16) should be as cloee as possible to 
the bq2014. 



Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2014. The bq2014 accumulates a 
measure of charge and discharge currents, ae well as an 
estimation of self-discharge. Charge and discharge 
currents are temperature and rate compensated, 
whereas eelf-discharge is only temperature compemated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery diecharging and self-diecharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Diecharge Count Register (DCR) is wed to update 
the Laet Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occur8 
without any partial battery chargee. Therefore, the 
bq2014 adapta its capacity determination baaed on the 
actual conditions of discharge. 

charge lasts long enough to cause an increment in 
NACH. Small increments of cha* are not considered 
'valid' if they result in counts in NACL but do not gener- 
ate a roll-wer (carry) that increments NACH. NACL ie 
reaet anytime the counter direction changes from down 
to up, eo the number of counta required to cause a roll- 
over and a valid charge ie alwaye 256. The counter may 
be hcrementing by 2,4,8, or more counta per increment, 
however, depending on the maling factors selected. 
Therefore, a valid c h a w  may be constituted by a smaller 
number of counter increments. 

1. Last Measured Discharge 0) or learned 
battery capacity: 

LMD is the lest measured diecharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During eubeequent 
discharges, the LMD is updated with the latest 
measured capacity in the Diecharge Count Register 
(DCR) representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a 
capacity traaSrer from the DCR to the LMD mgie- 

The battery's initial capacity is equal to the pmgrammed t.&. The LMD also eervea as the 100% reference 
full count (PFC) shown in Table 2. Until LMD ie -hold ueed by the relative display mode. 
updated, NAC counta up to but not beyond thia threehold z programmed ~ ~ 1 1  count (m) or initial bat- 
during subsequent charges. This approach allowe the gas tery capacity: 
gauge to be charger-independent and compatible with 
any type of charge regime. The initial LMD and gaa gauge rate valuea are 

programmed by using -1-PROG4 The bq2014 
Many actions in the bq2014 are triggered by detection of is configured for a given application by selecting a 
a .valid charge." NAC is stored in an asynchronou~, 2- F'FC value from Table 2. The correct PFC may be 
byte counter; the lower byte ia NACL and the upper byte 
is NACH. A valid charge hae occurred anytime the 

F.F.h < 
.I 

chug. D*ahug. 
\1/ 

Inputs (WI-0. 
C w m i  cwmi Th*r c e l 5 p ~ f l * t ; , ,  

1 

T*rpr.W* 
C a # n u t h  

Main + ~ o m h . l  ~a.1 Woh.1~ 

Counters A v J . b k  2 wwad + cant 
and Capacity Chug. 

BUCl 
T~MIU Wtu 

(DCRI 

Reference (LMD) 

Outputs C~~-G&WOIWI - dwi;l - 
Av- Chug, Port 

W Y  

I I 

Figure 2. Operational Overview 



determined by multiplying the rated battery capac- Relative display mode 
ity in mAh by the sense resietor value: Serial port only 

Self-discharge = C / i  
Battery capacity (mAh) sense resistor (R) = Voltage drop over sense resietor = 5mV to 200mV 

pFc (mVh) Therefore: 

Selecting a PFC slightly less than the rated capacity 2200mAh 0.lR = 220mVh 
for abaolute mode provides capacity above the full 
reference for much of the battery's life. Select: 

Example: Selecting a PElC Value PFC = 33792 counta or 2llmVh 
PROG1= float 

Given: PROGz = float 
PROGs = float 

Sense resistor = 0.1R -4 = 1 0 ~  
Number of cells = 6 PROGs = float 
Capacity = 2200rnAh, NiCd battery DONE = low 
Current range = 50mA to 2A 

Table 1. bq2014 Programming 

Table 2. bq2014 Programmed Full Count mVh Selections 

Pin Connection 

H 

z 
L 

PROGs Self-Discharge Rate 

Disabled 

NAc/64 

NAC/47 

320 160 80.0 40.0 20.0 10.0 mVh 

L L 22528 282 141 70.4 35.2 17.6 8.8 mVh 

- 
DlSP Display State 

LED disabled 

LED enabled on discharge when 
VSRO < -4mV or during a valid charge 

LED on 

VSR equivalent to 2 
count& (nom.) 90 45 22.5 11.25 5.6 2.8 mV 



The initial full battery capacity is 2 l lmVh 
(2llOn-Ah) until the bq2014 'learns' a new capacity 
with a qualified discharge from full to EDVl. 

3. Nominal Available Charge (NAC): 

NAC counta up during charge to a maximum value 
of LMD and down during discharge and self-die- 
charge to 0. NAC in reset to 0 on initialization and on 
the fvet valid charge after EDV = 1. To prevent over- 
statement of charge during periods of overcharge, 
NAC stops incrementing when NAC = LMD. 

4. Discharge Count R d s t e r  (DCR): 

The DCR counta up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0 until VSB < EDV1. Prior to 
NAC = 0 (empty battery), both diecharge and self- 
discharge increment the DCR After NAC = 0, only 
diiarge increments the DCR The DCR resets to 0 
when NAC = LMD. The DCR does not roll over but 
stops counting when it reach- FFFFh. 

The DCR value becomes the new LMD value on the 
f& charge after a valid discharge to VEDVI if: 

No valid chargea have occurred during the period 
between NAC = LMD and EDVl detected. 

The self-diecharge count is not more than 4096 
counte (8% to 18% of FTC, specific percentage 
threahold determined by PFC). 

The temperature is L O°C when the EDVl level is 
reached during discharge. 

The valid discharge flag indicatee whether 
the present diecharge is valid for LMD update. 

Charge Counting 
Charge activity ia detected baaed on a positive voltage on 
the Vm input. The bq2014 determines charge activity 
suetained at a continuous rate equivalent to Vsm (VSR + 
Vm) > VSRQ. Once a valid charge in detected, charge 
counting continues until Vsm faUs beIow VSRQ. VSRQ is 
a programmable threshold (as deacnid in the Digital 
Magnitude Filter section) and has a default value of 
375~V. If charge activity is detected, the bq2014 incre- 
ments NAC at a rate proportional to Vsm. If enabled, 
the bq2014 then activatee an LED dieplay. Charge ac- 
tions increment the NAC after compensation for charge 
rate and temperature. 

Charge Control 
Charge control is provided by the CHG output. This out- 
put is asserted continuowly when NAC > 0.94 * LMD. 
CHG k abo a t w r t d  when a valid charge is detected 
(CHGS in the FLAX1 r-r k also mt). CHG is low 
when NAC < 0.94 LMD and there is no valid charge 
activity. 

DONE Input 
m 

When the bq2014 detects a valid chaqp complete with 
an active-hi signal on the DONE input, NAC in ret to P LMD far NA & (NiCd) oelf-dhharge aotthg. NAC ie net 
to 9496 of LMD (if NAC is below 94%) for (NiMH) 
self-diecharge mtting. VDQ is set along with DONE. 

Discharge Counting 
AU diwharge counb where VSRO < VSRD caw the NAC 
register to decrement and the DCR to increment if EDVl 
=O. Exmedingthefastdiechargeth&old(FDB)ifthe 
rate is equivalent to Vsm < -4mV activatee the dieplay, if 
enabled. The dieplay h e a  inactive after Vsm riaes 
above -4mV. VSRD is a programmable threshold a s  
described in the Digital Magnitude Filter d o n .  The 
default value for VSRD is -300pV. 

Self-Discharge Estimation 
The bq2014 continuously decrements NAC and 
increments DCR for self-diecharge based on time and 
temperature. The self-discharge count ra te  is 
pmgmmmd to be a noxninal% NAC or 1/47 NAC per 
day or disabled ae selected by m. '; s ia the rate 
for a battam whoee temperature ie be;stdn 20030°C. 
The NAC register cannot be decremented below 0. 

Count Compensations 
Thebq2014~fae tch iugewhentheNACupdates  
at a rate of 22 cmnb$wc Charge and discharge are com- 
pensated for temperature and charg@darge rate be- 
fore updating the NAC andlor DCR Self-diecharge esti- 
mation is compensated for temperature before updating 
the NAC or DCR 

Charge Compensation 
Two charge efficiency compensation factom are. used for 
trickle charge and fast charge. Fast charge is d d i e d  as 
a rate of charge resulting in 2 2 NAC count&ec (2 O.15C 
to 0.32C depending on PFC selections; see Table 2). The 
compensation defaults to the faat charge factor until the 
actual charge rate ia determined. 



TemperatuFe adapts the charge rate campensation fectole 
over rangee between nominal, warm, and hot tam- Table 3. Self-Discharge Compensation 
peraturee. The compensation factors are shown below. 

-- - - - - 

Discharge Compensation 
Corrections for the rate of diecharge are made by adjusting 
an internal discharge compensation fador. The discharge 
factor is bawd on the dynamically m e d  VSR 

The compensation factors during discharge are: 

Temperature compensation during discharge a h  takes 
place. At lower temperatures, the compensation factor 
mcreases by 0.05 for each 10°C temperature range below 
1oOc. 

Approximate 
VSR Threehold 

VSR > -150 mV 

VSR < -150 mV 

Comp. factor = 1.0 + (0.05 N) 

Where N = Number of 10°C steps below 10°C and 
-150mV < VSR < 0. 

Discharge 
Compen8ation 

Factor 

1.00 

1.05 

For example: 

Efficiency 

100% 

95% 

T > 10°C : Nominal compensation, N = 0 

-10°C < T < WC: N = 2 (i.e., 1.0 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.0 becomea 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.0 becomea 1.20) 

Self-Discharge Compensation 
The self-diecharge compensation is programmed for a 
nominal rate of NAC per day, 14, NAC per day, or 
disabled. This is the rate for a battery within the 2 s  
30°C temperature range @bPGG = 6x). This rate varies 
across 8 range8 from <1VC to >70°C, doubling with each 
higher temperature step (10°C). See Table 3. 

Digital Magnitude Filter 
The bq2014 has a programmable digital filter to 
eliminate charge and discharge counting below a set 
threshold. The default setting is -0.30mV for VSRD and 
+0.38mV for Vsw. The proper digital filter setting can 
be calculated using the following equation. Table 4 
shows typical digital filter settings. 

V S R ~  (mv) = -1.25 VSRD 

Table 4. Typical Digital Filter Settings 

Error Summary 

Capacity Inaccurate 
The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value includes 
the error between the programmed full capacity and the 
actual capacity. This error is present until a valid dis- 
charge occura and LMD is updated (see DCR description, 
page 7). The other cause of LMD e m r  is battery wear- 
out. As the battery agea, the meaeured capacity must be 
adjuated to account for changea in actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qua

lifi

ed by 
NAC; see the CPI register description) and is reset when- 

k 1895C 



Table 5. Current-Sensing Error as a Function of VSR 

ever LMD is updated from the DCR The counter does 
not wrap around but stops counting at 255. The capacity 
inaccurate flag (CI) is set if LMD haa not been updated 
following 64 valid charges. 

Symbol 

VOS 

INL 

IM 

Current-Sensing Error 
Table 5 illustrates the current-sensing error as a func- 
tion of VSR A digital filter eliminates charge and dis- 
charge counta to the NAC register when Vsm (VSR + 
Vos) ie between VSRQ and VSRD. 

Communicating With the bq2014 

Parameter 

Oflset referred to VSR 

Integrated non-linearity 
e m r  

Integrated non- 
repeatability error 

The bq2014 includea a simple single-pin @B plus retum) 
serial data intedace. A hoet processor uees the interface 
to access various bq2014 registers. Battery charac- 
terietica may be easily monitored by adding a single con- 
tact to the battery pack. The open-drain DQ pin on the 
bqB14 should be pulled up by the host eyetern, or may be 
left floating if the serial interface is not wed. 

Unb 

pV 

% 

% 

The interface uses a command-baeed pmtocol, where the 
hoet processor sends a command byte to the bq2014. The 
command directs the bq2014 to either store the next 
eight bits of data received to a regieter specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

TypicJ 

* 50 

* 2 

* 1 

Note8 
m P = V c c .  

Add 0.1% per OC above or below 2S0C 
and 1% per volt above or below 4.25V. 

Meammment repeatability given 
eimilar operating conditione. 

either polled or mtenupt w i n g .  Data input ~KUU the 
bq2014 may be sampled ueing the pubwidth capture 
timeri~ available on some microwntrollera. 

Maximum 

* 150 

* 4 

* 2 

Communication is normally initiated by the host proces- 
sor sending a BREAK command to the bq2014. A 
BREAK is detected when the DQ pin is driven to a logic- 
low state for a time, t~ or greater. The DQ pin should 
then be returned to its zmmal ready-high logic stata for 
a time, t m  The bq2014 is now ready to receive a com- 
mand from the hoet proceeeor. 

The return-toone data bit frame consists of tlme dietiact 
d o n a .  The firat d o n  ie ueed to start the f , '  ' n  
by either the hoet or the bq2014 taking the DQ pm to a 
logic-low state for a period, t m m , ~  The next section is the 
actualdatatr, . . 

ion, where tbe data ahculd be valid by 
a period, tam, after the negative edge used to at& oommu- 
n i c a k  T b e d a t a e h a r l d b e h e l d k r a ~ t D v , t o ~  
thehOBtor~14toaamplethedatabit. 

The final section is used to stop the transmimion by 
-tbeDQpintoal+-highetatebyatleaetap 
riod, tesv, after the negative edge used to start 
canm*n Tbe final lcgic-high etate should be held 
until apeaiod,tsv, toallowtimetoensure thatthebittram- 
mieeiaawasetoppedlnopeb.. Zbetimingefordataandbreak 
canm~nareg ivanintbe~c~mmunicat icmt iming  
epeci6cationand-n* 

The communication pmtocol is asynchronous rem-b Communication with the bq2014 is always perdmmed with 
one. Command and data bytes consist of a stream of eight the leeet-significant bit being tamamittad f '  Figure 3 
bits that have a maximum transmission rate of 333 shows an example of a communication sequence to read 
bit&x. The least-significant bit of a command or data the bqm14 NAC r e g h r .  
byte is transmitted fh. The protocol ie simple enough 
that it can be implemented by mwt hoet pmwawm ueing 

, 
Written by Hoot to bq2014 Reedved by Host From bq2Ol4 

CMOR 03h ! NAC 86h 

U U I U  U 
I 

Break 1 1 0 0 0 0 0 0  ~ 1 0 1 0 0 1 1 0  

Figure 3. Typical Communication With the bq2014 



bq2014 Registers 

The bq2014 command and status registers are listed in 
Table 6 and described below. 

Command Register (CMDR) 
The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2014. 
The CMDR register contains two fielde: 

Wfi bit 

Command address 

The WE bit of the command register is used to select 
whether the received command is for a read or a write 
function. 

CMDR Bits 

Where w/R is: 
0 The bq2014 outputs the requested register con- 

tents specified by the addreas portion of 
CMDR. 

1 The following eight bite should be written to 
the register specified by the address portion 
of CMDR. 

The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 

CMDR Bits 

7 1 6 1 5 1 4 1 3 1 2 1 1 1  0  

Primary Status Flags Register (FLGS1) 
The read-only FLGSl register (addrem=Olh) contains 
the primary bq2014 flags. 

The charge etatrce flag (CHGS) is asserted when a valid 
charge rate is detected. Charge rate is deemed valid 
when Vsm > V S ~ .  A VSRO of less than Vsw or dis- 
charge activity clears CHGS. 

The CHGS values are: 

Where CHGS ie: 

0 Either discharge activity detected or VSRO < 
VsRQ 

1 vsRO> VsRQ 

The battery replaced flag (BRP) ia aeeerted whenever 
the potential on the SB pin (relative to Vss), VSB, falls 
£ram above the maximum cell voltage, MCV (2.25V), or 
rises above 0.1V. The BRP flag ie a h  eat when the 
bq2014 ia reset (we the RST register description). BRP 
is reset when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action ia 
detected after the EDVl flag ia asserted. BRP = 1 
signifies that the device has been reset. 

The BRP values are: 

FLGSl Bits 

FLGSl Bits 

- BRP - 

CHGS 

Where BRP is: 

0 Battery is charged untii NAC = LMD or dis- 
charged until the EDVl flag is asserted 

- 

1 VSB dropping from above MCV, VSB rising from 
below O.lV, or a serial port initiated reaet 
has occurred 

7 6 5 4 3 2 1 0  

The battery removed flag (BRM) is asserted whenever 
the potential on the SB pin (relative to Vss) risea above 
MCV or falls below 0.1V. The BRM flag is aseerted until 
the condition causing BRM ie removed. Due to signal 
filtering, 30 seconda may have to transpire for BRM to 
react to battery insertion or removal. 

The BRM values are: 

FLGSl Bits 

- BRM - - 1 -  

Where BRM ie: 

The capacity inaccurate flag (CI) is used to warn the 
ueer that the battery has been charged a substantial 
number of times since LMD has been updated. The CI 
flag is aeeerted on the 64th charge after the last LMD 
update or when the bq2014 is reset. The flag is cleared 
after an LMD update. 



Note: n/u = not used 

Table 6. bq2014 Command and Status Registers 

Symbol 

Ch4DR 

FLGSl 

TIvnG. 

Register 
Name 

ommand zgita 
Airnary 
status flags 
register 

emperature 
L d g m  
gauge register 
Nominal 

Loc. 
(hex) 

OOh 

Olh 

0% 

Reed/ 
Write 

Write 

Read 

Read 

- Control Field 
7fMSB) 

W E  

CHGS 

TMP3 

6 

AD6 

BRP 

TMP2 

4 

AD4 

CI 

TMPO 

5 

AD5 

BRM 

TMPl 

1 

AD1 

EDVl 

GG1 

OLS& 

ADO 

EDVF 

GGO 

3 

AD3 

VDQ 

GG3 

2 

AD2 

@ 

GG2 



The CI values are: Where EDVl ia: 

Where CI is: 

FLGS1 Bits 

0 When LMD ia updated with a valid full discharge 

- 

1 After the 64th valid charge action with no LMD 
updates or when the device is reeet 

The valid discharge flag (VDQ) is asserted when the 
bq2014 is discharged from NAC = LMD or DONE is 
valid. The flag remains set until either LMD is updated 
or one of three actions that can clear VDQ occurs: 

CI 

The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

7 6 5 4 3 2 1 0  
- 

A valid charge action sustained a t  VSRO > V S ~  for at 
least 256 NAC counts. 

8 The EDVl flag was set at a temperature below O°C 

The VDQ valuea are: 

FLGS1 Bits 
7 6 5 4 3 2 1 0  

V D B -  

Where VDQ is: 

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDVl is asserted with the tem- 
perature less than O°C 

1 On first diecharge after NAC = LMD or DONE 
is valid 

The firet end-ofdiecharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
f i t  segment pin, SEGi, is modulated at a 4Hz rate if the 
display is enabled once EDVl is asserted, which should 
warn the user that low of battery power is imminent. 
The EDVl flag is latched until a valid charge has been 
detected. The EDVl threshold is externally controlled 
via the VTS register (see Voltage Threshold Register on 
this page). 

The EDVl values are: 

0 Valid charge action detected, VSB 2 VTS 

FLGS1 Bits 

1 VSB < V n  providing that OVLD=O (see FLGS2 
regieter description) 

The fiml e n d + f z l m e  warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag ia 
latched until a valid charge haa been detected. The 
EhGTY pin ia also forced to a high-impedance state on 
aasertion of EDVF. The hoet eyetern may pull EMPrY 
high, which may be used to disable circuitry to prevent 
deepdiecharge of the battery. The EDVF threghold ia set 
lOOmV below the EDVl threshold. 

0 
- 

7 6 5 4 3 2  

The EDVF values are: 

- 

Where EDVF is: 

FLGS1 Bits 

1 

EDVl 

0 Valid charge action detected, VSB 2 VTS - lOOmV 

1 VSB < VTS - lOOmV providing that OVLD=O 
(see FU3S2 register description) 

Voltage Threshold Register (VTS) 

1 
- 

7 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address = 
OCh). The readkvrite VTS register sets the EDVl trip 
mint. EDVF is set lOOmV below EDV1. The default 

4 0 

EDVF 
6 1 5  

;due in the VTS register ia 70h, representing EDVl = 
1.05V and EDVF = 0.95V. EDVl = 2.4V -1. 

3 

Battery Voltage Register (VSB) 

2 

VTS Register Bits 

The read-only battery voltage register is used to read the 
single-cell battery voltage on the SB pin. The VSB regis- 
ter is updated approximately once per second with the 
present value of the battery voltage. VSB = 2.4V 
(VSBQfj6). 

1 0  
VTSO VTSl 

VSB Register Bits 

2 
VTS2 

7 
VTS7 

VSBO 

5 1 4  
VTS5(VTS4 

6 
VTS6 

3 
VTS3 

7 6 5 4 3 2 1 0  
VSB4 VSB5 VSB7 VSB6 VSB3 VSB2 VSBl 



Temperature and OaS Oauge Register Table 7. Temperature Register Translation 
(TMPGG) 
The read-only TMPGa register (addreee=02h) contains 
two data fields. The f i t  field containe the battery tem- 
perature. The second field containe the available charge 
from the battery. 

The bq2014 contains an internal temperature sensor. 
The temperature is wed to set charge and discharge effi- 
ciency factors as well as to adjust the self-discharge coef- 
Ment. The temperature register contents may be trans- 
lated ae shown in Table 7. 

The bq2014 calculates the available charge as a function 
of NAC, temperature, and LMD. The reeulta of the cal- 
culation are available via the dieplay port or the gaa 
gauge field of the TMPGG register. The regieter is used 
to give available capacity in 1/16 incremente from 0 to 
lS4a. 

TMPGG Temperature B b  
7 1 6  

TMP31TMm 

Ths gae gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature 
dependenciee. A piece-wise correction is performed ee 
fo110Ws: 

TMPGG G w  Gauge B b  

NAC / "Full Reference' 

0.6 NAC/ Tull Reference" 

5 
TMPl 

7 1 6  

The adjustment between > OOC and -20°C < T < OOC has a 
10°C hysteresis. 

Nominal Available Charge Registers 
(NACHWACL) 
The r e a W t e  NACH high-byte register (addreee=03h) 
and the read-only NACL low-byte regieter (addreee=17h) 
are the main gas gauging registers for the bq2014. The 
NAC registera are incremented during charge actions 
and decremented during discharge and self-discharge 
actions. The correction factors for chargddischarge 
efficiency are applied automatically to NAC. 

1 1 0  4 

TMPO 

5 

On reeet, NACH and NACL are cleamd to 0. When the 
bq2014 detecte a charge, NACL reeete to 0. NACH and 
NACL are xwet to 0 on the firet valid charge after VSB = 
EDV1. Writing to the NAC regieters affede the available 
chaw aunts Md, thereJom, offecb the bp2014 gaa gause 
opemtian. Lb not write the NAC ttgisters to a valuegnmter 
than LMD. 

4 
- 

3 
GG3 

Battery Identification Register (BATID) 

3 
- 

The reauwrite BATID register (address=04h) i s  
available for urn by the aptem to determine the typa of 
battery pack. The BATID contente are retained aa long 
as Vcc is greater than 2V. The contenta of BATID have 
no e£fect on the operation of the bq2014. There is no 
default setting for thia register. 

2 

2 

GG2 

Last Measured Discharge Register (LMD) 
LMD is a reaqwrite regieter (addrem=OSh) that the 
bq2014 uses as a meaeured full reference. The bq2014 
adjuets LMD based on the measured diecharge capacity 
of the battery from full to empty. In this way the bq2014 
updatea the capacity of the battery. LMD ie set to PFC 
during a bq2014 reset. 

1  

GG1 

Secondary Status Flags Register (FLGSP) 

0  
GGO 

The read-only FLGS2 register (addreee=06h) containe 
the eecondary bq2014 flags. 

The charge mte flag (CR) is wed to denote the fast 
charge regime. Faat charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate doea not fall below 2 countrJeec. 



The CR values are: 

Where CR is: 

0 When charge rate falls below 2 count&ec 

1 When charge rate ie above 2 counWsec 

The fast charge regime efficiency factors are ueed when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 

The diecharge mte flags, DR2-0, are bits 6 4 .  

They are used to determine the current discharge regime 
as follows: 

FLGS2 Bits 

The overload flag (OVLD) is asserted when a discharge 
overload is detected, VSR < -250mV. OVLD remains 
asserted as long as the condition persists and is cleared 
after VSR > -150mV. The overload condition ie wed to 
atop sampling of the battery terminal characteristics for 
end-of-discharge determination when excessive dis- 
charges occur. 

0 

DR2 

0 
0 

DFtM and O L D  are set based on the measurement of the 
voltage at the SR pin relative to Vss. The rate at which 
this measurement is made varies with device activity. 

4  ( 3 1 2  
DRO 1 - I - 

5  

DR1 
7 
- 

DRl 

0 
0 

FLGS2 Bits 

Program Pin Pull-Down Register (PPD) 

1  6  

DR2 

The read-only PPD register (address=07h) contains some 
of the programming pin information for the bq2014. The 
segment drivem, SEGl-ij and DONE, have corresponding 
Pm) register locations, PPD14. A given location is set if 
a pull-down res is tor  h a s  been detected on i t s  
corresponding segment driver. For example, if SEGi 
and SEG4 have pull-down resistors, the contents of 
14RO 

DRO 

0 
1 

OVLD 

7 6 5 4 3 2 1 0  

PPDareu101001. (Note: DONE must be pulled down 
for proper operation.) 

VSR M 
VSR > -150mV 
VSR < -150mV 

- 

Program Pin Pull-Up Register (PPU) 

Capacity Inaccurate Count Register (CPI) 

The read-only PPU register (addreas=OSh) contains the 
reat of the programming pin information for the bq2014. 
The segment drivere, SEGid  and DONE, have 
correeponding PPU register locations, PPUi4. A given 
location is set if a pull-up resistor has been detected on 
ita corresponding segment driver. For example, if SEG3 
and DONE have pull-up resistors, the contents of PPU 
are xx100100. 

PPO/PPU Bits 

The read-only CPI register (address=09h) is used to 
indicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varie8 with age and operating con- 
ditions, the bq2014 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LAD) to 
empty (EDVl=l) ia required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to O°C, and the 
self-discharge counter is leas than 4096 counts. 

The CPI register is incremented every time a valid 
charge ia detected. When NAC > 0.94 LMD, however, 
the CPI register increments on the fmt  valid charge; CPI 
doea not increment again for a valid charge until NAC < 
0.94 LMD. Thia prevents continuous trickle charging 
from incrementing CPI if self-discharge decrements 
NAC. The CPI register increments to 255 without rolling 
over. When the contents of CPI are incremented to 64, 

- 
- 

the capacity inaccurate flag, CI, is asserted in the FLGSl 
register. The CPI remster is reset whenever an update of 

8 7 6 5 4 3 2 1  

mi5 

PPD6 
m6 

PPDs 

th i  LMD register i~-performed, and the CI flag is also 
cleared. 

Digital Magnitude Filter (DMF) 

m 4  

PPD4 

The read-write DMF register (address = OAh) provides 
the syatem with a means to change the default settinga 
of the digital magnitude filter. By writing different 
valuea into this register, the limits of Vsm and VSRQ can 
be adjusted. 

Note: Care should be taken when writing to this regis- 
ter. A Vsm and VSRQ below the specified Vos may 
adversely affect the accuracy of the bq2014. Refer to Ta- 
ble 4 for recommended settings for the DMF register. 

m 3  

PPD3 

PPuZ 

PPDz 
ml 

PPDi 



Reset Register (RST) 
The reset register (addreas=39h) pmvidee the mean8 to 
perform a software-controlled reaet of the device. By 
writing the RST regintar contents from OOh to 80h, a 
bq2014 reset is pedormed. Setting any bit other thon the 
most-significant bit of the RST register ia not dl& 
and m8ults in impmper opemtion of the bq2014. 

Resetting the bq2014 sets the following: 

LMD=m 

CPI, m, NACH, and NACL = 0 

Note: Self-diecharge is disabled when PROGs = H. 

Display 
The bq2014 can directly display capacity infurmation 
wing low-power LEDe. If LED8 are used, the pmgram 
pine should be resistively tied to Vcc or Vss for a 
program high or program low, respectively. 

The bq2014 displays the battery charge state in relative 
mode. In relative mode, the  battery charge is 
represented aa a percentage of the LMD. Each LED Beg- 
ment represents 20% of the LMD. 

The capacity dieplay is also adjusted for the battery tem- 
perature. The temperature adjustment reflecta the 
available capacity at  a given temperature but does not 
affect the NAC register. The temperature adjustments 
are detailed in the TMPGG register deeaiption. 

When EP - to Vcc, the SEGld outputs are inac- 
tive. Note. DISP mussbe tied to Vcc if the LED. 
are not used When DISP is left floating, the dinplay 
becomes active whenever the NAC reghnn  are counting 
at  a rate equivalent to VSRO < -4mV or charge current ia 
detected, VSRO > V-. When pulled low, the mgmeat 
+tr become active immediately. A capacitor tied to 
DISP allom  the^ display ta remain active for a ahort pe- 
riod of time after activation by a paah-button rwitch. 

The segment outputs are modulated se two banks of 
three, with segments 1, 3, and 6 alternating with seg- 
ments 2 and 4. The tqpnent outputs are modulated at 
approximately IOOHz with each segment bauk active for 
3096 of the period. 

SEGi blinks at a 4Hz rate whenever VSB has been 
detected to be below VEDV~ (EDVl= 11, indicating a low- 
battery condition. Vm below VEDVP (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2014 can operate directly from 3 or 4 cells. To 
facilitate the powet eupply requirements of the bq2014, 
an REF output ie provided to regulate an external low- 
threehold n-FET. A micropower source for the bq2014 
can be inexpensively built using the FET and an external 
resistmy see Figure 1. 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Marimurn Ratings are e d e d .  Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expoaure to 
conditions beyond the operational limita for extended periods of time may affect device reliability. 

DC Voltage Thresholds (TA = TOPR; v = 3.0 to 6.5~) 
- 

Notes 

Current limited by R1 (see Figure 1) 

Minimum lOOn eeriea resistor should 
be wed to protect SR in case of a 
shorted battery (see the bq2014 
application note for details). 

Commercial 

, Industrial 

Unit 

V 

V 

V 

OC 

, OC 

Notes: 1. Default value; value set in DMF register. Vos is affected by PC board layout. Pmper layout guidelines 
should be followed for optimal performance. 

Maximum 

+7.0 

t7.0 

+8.5 

+7.0 

+70 

+85 

2. To ensure correct threshold determination and proper operation, Vcc > VSB + 1.5V 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

0 

-40 

Symbol 

Vcc 
All other pins 

REF 

VSR 

Tom 

Notes 

SB 

SB 

SR 

SR 

VSR + Vos (see note 1) 

VSR+ Vos (seenote 1) 

SB 

SB pulled low 

SB pulled high 

Parameter 

Relative to Vss  

Relative to Vss 

Relative to Vss  

Relative to Vss 

Operating 
temperature 

Maximum 

0.98 

1.08 

-180 

+2000 

-280 

-300 

2.30 

0.25 

2.30 

Typical 

0.95 

1.05 

-150 

-250 

2.25 

0.1 

2.26 

Unit 

V 

V 

m V S R  

mV 

mV 

pV 

pV 

V 

V 

V 

Minimum 

0.92 

1.02 

-120 

-300 

-no 
375 

2.20 

2.20 

Symbol 

VEDVF 

VEDVI 

V s ~ l  

VSRO 

V o w  

VSRQ 

VSRD 

VMCV 

VBR 

Parameter 

Final empty warning, default 

Firet empty warning, default 

Discharge compensation threshold 

SR sense range 

Overload threshold 

Valid charge 

Valid discharge 

Maximum single-cell voltage 

Battery removedlreplaced 



DC Electrical Characteristics FA = TOPR) 

a 
Normal operation 

Notes: All voltages relative to Vss. 

1. DONE must be pulled low for proper operation. 



Serial Communication Timing Specification 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 
DQ may be left floating if the serial interface is not used. 

Serial Communication Timing Illustration 

- STRH 

DQ 
STAB 

(RIW '0') -\ 

Notes 

See note 

DQ 7 tsv - 
(BREAK) \ 

Maximum 

6 

750 

2.25 

Typical Unlt 

ms 

me 

ns 

Cle 

W 

Cle 

ma 

r n ~  

W 

me 

ma 

ms 

Minimum 

3 

3 

5 

500 

750 

1.50 

700 

2.95 

3 

1 

Symbol 
C 

~CYM 

~CYCB 

t- 

~SIRB 

t ~ s u  

~ D H  

t ~ v  

tssu 

~ S H  

tsv 

t e  

~ B R  

Purmeter 

Cycle time, host to bqU)14 

Cycle time, bq2014 to host 

Start hold, hoet to bq2014 

Start hold, bq2014 to host 

Data setup 

Data hold ' 

Data valid 

Stop setup 

Stop hold 

Stop valid 

Break 

Break recovery 



Data Sheet Revision History 

ChangeNo. Page No. Description Nature of Change 

1 1,3,5,6,7,13,15 Changed display mode Relative display mode only 

Note: Change 1 = Dec. 1994 B Tinal' changes from Aug. 1994 A *'Preliminary.' 
Change 2 = Dec. 1995 C from Dec. 1994 B. 

1 

1 

1 

1 

1 

2 

2 

2 

2 

1, 17 

2, 17 

6 

7 

8, Table 3 

8 
-- 

6 

6 

14 

DONE pin 

DONE pin 

Table 1 

DONE input 

PRO436 = Z 

Temperature 
Compensation table 

Table 2 

Valid charge defdtion 

Overload flag 

Removed mOG6 

Added: DONE pin must be pulled to Vss 
with a 200KR resistor 

Removed PROGs 

Was: NAC is set to Wo... 
Is. NAC iesetto94%. .. 

Is: PROGs = Z 
Was:PROGs=ZorH 

Rep1aced 

Added VSR defmition 

Added defdtion 

Was: 0 . h .  after VSR> -250mV 
Is: after VSR = -150mV 



bq2014 

Ordering Information 

'---~mpmture w e :  
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +8S°C)' 

L~ackage Option: 
SN = 16-pin narrow SOIC 

Device: 
bq2014 Gas Gauge IC 

Contact fadory for availability. 



4 BEN~MARQ ACIVW~ I-b bq2014H 
Gas Gauge IC With External Charge Contrd 

Features 
> Conservative and repeatable 

measurement of available charge 
in rechargeable batteries 

Charge control output operates an 
extpsnal charge controller such as 
the bq2004 Faat Charge IC 

16-pin narrow SOIC 

Deaigned for battery pack 
integration - 120pA typical standby m t  

Integrate within a system or as a 
stand-alone device 
- Display capacity via single- 

wire serial communication 
port or direct drive of LED8 

Measurements compensated for 
current and temperature 

Self-discharge compensation using 
internal temperature seneor 

Uaer-selectable end-of-diecharge 
threshold 

Battery voltage, nominal 
available charge, temperature, 
etc. available over serial port 

Pin Connections 
- 

16-Pin Narrow SOIC 

PN44 

High-speed (5KbiWm.) JXJ bus 
interface 

General Description 
The bq2014H Gae Gauge IC is 
intended for battery-pack or in-eye- 
tem installation to maintain an 
accurate record of available battery 
charge. The IC monitore the voltage 
drop across a senee resistor con- 
nected in series between the nega- 
tive battery terminal and ground to 
determine charge and discharge acti- 
vity of the battery. 

Self- of NiMH and NiCd bat- 
teries is estimated based on an  
internal timer and temperature een- 
sor. Compensations for battery tem- 
perature and rate of charge or 

Nominal Available Charge (NAC) 
may be directly indicated ueing a 
five-segment LED dieplay. 

The bq2014H mpports a simple ein- 
gle-line bidirectional serial link to an 
external processor (with a common 
ground). The bq2014H outputa bat- 
tery infolmation in reaponse to exter- 
nal commands over the aerial link. 

Internal registers include available 
charge, temperature, capacity, bat- 
tery voltage, battery ID, battery 
status, and programming pin set- 
tings. To support subassembly 
testing, the outputa may also be con- 
trolled. The external procegaor may 
also overwrite some of the bq2014H 
gas gauge data registers. 

The ba2014H mav o~era te  directlv 
discharge are applied to the c&, from 6 or fo& celle. With thi 
discharge, and self-discharge REF output and an external tranais- 
calculations to provide available tar. a simple, inexpensive regulator 
charge information acroee a wide can be built to provide VCC across a 
range of operating wnditione. Battery greater numberof cells. 
capacity is automatically d i r a t e d ,  
or leanrev in the of a die- The SKbiWsec. DQ bue interface is 
c h m  cvcb from full to em~tv.  16-times faster than the bq2014, re- - - - - 

ducing communications overhead in 
The bq2014H includes a charge con- the monitoring microcontroller. 
trol output that controla an external 
Fast Charge IC such as the bq2004. 

Pin Names 
LCOM LED common output 

SEGl/PROGl LED segment l/ 
Promm 1 input 

SEGflROG2 LED segment 21 
program 2 input 

SEGJPROG3 LED segment 31 
program 3 input 

SEGflROG4 LED segment 41 
program 4 input 

SEGs/PROGs LED segment 51 
program 5 input 

DONE Fast charge complete 

REF 

CHG 

DQ 

EMPTY 

SB 
- 
DISP 

SR 

Vcc 

vss 

Voltage reference output 

Charge control output 

Serial communications 
inpuVoutput 

Empty battery indicator 
output 

Battery sense input 

Display control input 

Sense resistor input 

System ground 



Notes 



bq2014 Evaluation Board 

Features 1 
I 

bq2014 Gas Gauge IC evaluation and development 
system 

i 

Nominal capacity jumper-configurable I 
Cell chemistry jumper-configurable I i 

General Description c 
The menu-driven software provided with the EV2014 

The EV2014 evaluation system provides a development displays chargeldischarge activity and allows user inter- 
and evaluation environment for the bq2014 Gas Gauge face to the bq2014 from any standard DOS PC. 
IC. The EV2014 incorporates a bq2014, a sense resistor, 
and all other hardware necessary to provide a capacity A full data sheet for this product is available 011 our web 
monitoring functiion for 3 to 12 series NiCd or NiMH cells. site (http:Nwww.benchmarq.com), or you may contact the 

factory for one. 
Hardware for an RS-232 interface is included on the 
EV2014 so that easy access to the battery state-of-charge 
information can be achieved via the serial port of the 
bq2014. Direct connection to the serial port of the bq2014 
is also made available for check-out of the final hard- 
warelsoftware implementation. 

Sep. 1995 Rev. B Board 

2-1 33 



EV20 1 4 Product Brief 

EV2014 Board Schematic 

CNTL 

Rw. B Board Mu. 1906 

2-1 34 



Features 

bq2014 Gas Gauge and bq2004 Fast Charge 
evaluation and development system 

P Battery state-of-charge monitoring and fast charge 
control of four to ten NiCd or NiMH cells 

P Charge current sourced from an on-board 
switch-mode regulator (up to 3.OA) 

P Fast charge termination by ATIAt, -AV, PVD, 
maximum temperature, maximum time, and 
maximum voltage 

P RS-232 interface hardware for easy access to 
state-of-charge information 

P Nominal capacity and cell chemistry are jumper 
configurable 

General Description 

Gas Gauge and Fast Charge 
Evaluation System 

The EV2014x evaluation system provides a development 
and evaluation environment for the bq2014 Gas Gauge 
IC and the bq2004 Fast Charge IC. The EV2014x incor- 
porates a bq2014, a bq2004, and all the external compo- 
nents required to reliably fast charge and accurately 
monitor the capacity of four to ten NiCd or NiMH cells. 

The bq2004 regulates the fast charge current. Fast 
charge is terminated by any of the following: ATlAt (the 
rate of change in temperature versus time), -AV (nega- 
tive voltage change) or PVD (peak voltage detect), maxi- 
mum temperature, maximum time, and maximum 
voltage. The board provides a direct connection for an 
NTC thermistor. Jumper settings select the voltage ter- 
mination mode, the termination hold-off time, top-off, 
and maximum charge time limits. 

The EV2014x includes an RS-232 interface for easy ac- 
cess to the battery state of charge information via the 
serial port of the bq2014. The menu-driven gas gauge 
software provided displays chargeldischarge activity and 
allows user interface to the bq2014 from any standard 
DOS PC. 

The user supplies the power supply and the batteries. 
The user configures the EV2014x board for the number 
of cells, nominal battery capacity, and cell chemistry. On- 
board LEDs indicate charging status and remaining ca- 
pacity. The capacity LEDs are activated by the push 
button switch. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 



EV20 1 4x Product Brief 

EV2014x Board Schematic 



Product Brief EV2014~ 

EV2014x Board Schematic (Continued) 
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EV2014x Board Schematic (Continued) 



~ ~ M A R Q  Using NiMH and Li-Ion 
U Batteries in Portable Applications 

Introduction 
Lithium Ion (Li-Ion) batteries are becoming more avail- 
able in the marketplace, allowing system designers to 
use both nickel metal-hydride ( N W  and Li-Ion bat- 
tery types to power their portable equipment. The bat- 
teries, however, require different charge echemea. NiMH 
batteries are usually fast-charged at a constant current 
and tenninated by either pea .  voltage detection, WD, or 
the increasing rise in temperature at  the end of full 
charge, AT/At. Li-Ion batteries are usually charged at a 
constant voltage with a 1C cunent limit. Charge is usu- 
ally tenninated by time or when the charging current 
drops to a very low rate, typically less than C/m, indicat- 
ing that the battery is full. 

In addition to battery charging, the designer has the task 
of battery monitoring and capacity reporting. NiMH bat- 
teries are typically monitored for end-of-discharge volt- 
age, battery temperature, and charge and discharge 
current. With a fairly flat discharge voltage over about 
Woof its capacity, capacity gauging for N i  is done by 
determining the Amp-hour capacity removed during die- 
charge and replaced during charge. NiMH batteries 
loose capacity due to self-diecharge, which is determined 
by the temperature of the battery and is about 1.5 to 2 
percent at 25OC. 
I 

Li-Ion batteries aleo require monitoring for capacity and 
state of charge. Li-Ion batteries using coke elechwles 
have a sloping diecharge as shown in Figure 1. In some 
cases, the voltage during diecharge can be used ae an 
indicator of data of charge, but the voltage must be cor- 
rected for char&discharge rate and ambient tempera- 
ture. Voltage ie acceptable for full or empty indication, 
but the better approach would be to monitor the capacity 
removed and the capacity replaced to determine the bat- 
tery stata of charge. Thie method would be more applica- 
ble to the other type of Li-Ion battery, which uses 
graphite electrodes. The graphite Li-Ion battery has a 
much flatter discharge profiie making voltage-based 
gauging much less accurate than the coke Li-Ion batter- 
ies. The self-discharge for both types of Li-Ion batteries is 
about l/loth of that for NiMH batteries. 

Benchmarq Microelectronics is developing charge con- 
trollers, battery protectors, and capacity gauging ICs 
specifcally tailored for the Li-Ion battery. Today, how- 
ever, Li-Ion batteriea can be charged and monitored us- 
ing existing Benchmarq products. The purpoee of this 
paper ie to describe how a eubsystem can be developed 
that will support both N i  and Li-Ion batteriee using 
existing Benchmarq ICs and easily transition to the new 
IC developments. 

Figure 1. Li-Ion Battery Discharge Curve (Coke Electrodes) 
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Charger 
The charger is based on the bq2004 operating in the 
switch-mode topology as shown in Figure 2. The charger 
can be controlled by either a bq2004 or a bq2004E. The 
charger is operated in a buck conf i a t ion  where BAT+ 
is the battery pack poeitive contact and BAT- is the bat- 
tery pack negative contact. When the battery is a N i  
pack, the SELC connection is not connected. When the 
battery is a Li-Ion battery, then the SELC contact is tied 
to the BAT+ contact within the battery pack. The bat- 
tery also provides a thermistor contact so that charging 
can be qualified by the battery temperature and ATbt 
can be used for charge termination. 

L1 ie made using a composite core, MICROMETALS PN 
ST50-267, in a toroid geometry (see attached data sheet). 
The toroid is wound with 70 turn8 of 22 gauge copper 
magnet wire. The initial inductance is about 3mH. Be- 

c a w  the inductance h a function of the current, the 
greater the m n t ,  the lower the inductance. Thie prop- 
erty allows for a greater rage of m n t  with smaller 
changes in ewitchihg frequency. The current range is 
needed for the lithium battery where the charge current 
decreases during charging as the battery EMF ap- 
proaches the maximum allowable chargbg voltage. The 
switching frequency is about SOKHe. 

When the SELC contact is floated, the charge selection is 
made for N i  In this mode, the bq2004 is canfieured 
for 1C charging with topoff and pulse trickle. The 
charge current k set to 2.25A. In this example, the bat- 
tery divider h for nine cells. The ~ T / h t  m i -  
tivity is configured using R8 and R9, and the maximum 
charge temperature is set by the mistars RS and R6. 
The bqCharge disk providea a program to calculate the 
proper values for theae resietora depending on the appli- 
cation requirements and the thermistor choice. The 

Figure 2. Li-IonlNiMH bq2004 Switch-Mode Charging System 
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functional operation of the bq2004 and b q W E  is de- 
-'bed in their mpective data heeta. 

When the SEU: contact in at the BAT+ potential, the 
Li-Ion mode ie ealected. The battery pack ie configwed 
for three-by-three battery configuration, three etrbga of 
three cells in aeriea connected in parallel. The TM1 and 
TM2 pine are eet to provide a six-hour time-out with no 
top-off or trickle. 'Ihe battery starts charging at the cur- 
rent limit eat to 1.9A and ie voltaplimited to 4.226V. 
For graphite Li-Ion cells, R19 and R20 are changed to 
limit charge voltage to 4.126V. During dxqing, the cur- 
rent variea ar the battery EMF reaches the voltage limit. 
Full charge in indicated after the time-out of rix hours. 

Capacity Gauging 
Capacity gauging ie an important user feature for both 
NiMH and Li-Ion. Capacity gauging ie provided by the 
bq2014 for NiMH batteriee and can be co

nfi

gured using 

the information in the bq2014 data eheet. The bq2014 
can &o be used for Li-Ion capacity gauging and is &- 
c d  in thin paper. 

F i g u r e 3 h t h e W 1 4 m ~ e n N i M H b a # e r y  
c o n f i p u r e d ~ a r t o t h a t ~ i n t h e a b o v e ~  
d o n .  The application can identity the batby pack m 
NiMH by bit 4 of the PPU regirter. Thin bit in 0 for 
nickel-based chemistriw. The bqml4 pmvidem the 
proper cornpeneation for charge and diecharge rates 
kith temperature cornpenration and relf-dimcharge 
correction. The ba2014 ~rovidw mftnare-adiwtable 

alm available-lhe c a d t y  of the battery ia reportad in 
a &bit reahtar &. The mica1 amkcation scab this 
value & on -the aenee &ator &d to get the Amp- 
hour capacity. The application can alro d e  the capac- 
ity to Watt-houria by using the bat- voltage. h d n g  
discharge, the battery voltage is read from the bqm14 
and averaged with the endof-discharge voltage. Thie ie 
the average available voltage for the remaining die- 

Figure 3. bq2014 NiMH Battery Capacity Monitoring System 
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charge at the current dischage rate. The average volt- 
age ie then multiplied by the remaiuing capacity to get 
the remaining Watthorn. Although NiMH batteries are 
usually gauged in Amp-hours due to their relatively flat 
discharge profde, Watt-hour capacity can a h  be used for 
consistency with Li-Ion batteries. 

Li-Ion battery capacity can be obtained using the bq2014 
as shown in Figure 4. The primary difference is the con- 
figuration for the capacity and pulling PROG5 high to 
disable self-discharge compensation. The self-die- 
charge for Li-Ion batteries is about '/loth of that for 
NiMH and can be neglected in moet applications. For 
those applications that chow to compensate for elf-die- 
charge, the BATID register can be written with the week 
of the year so the time that the battery might have been 
exposed to selt-discharge can be meaeured; however, in 
mcst applications, this correction ie small enough to be 
neglected. Although the capacity for Li-Ion batteries ie 

usually reported in Watt-houre, the capacity can be com- 
puted as d - i  above. Figure 5 ahom the cycle pro- 
file for a Li-Ion battery that haa been discharged to 2.7 
volta per cell aftar various levels of partial recharge. The 
battery capacity ie determined properly, and the user can 
be comfortable with wing the battery near the end of 
capacity. 

Summary 
Benchmarq ie developing a family of compatible Li-Ion 
chargem, protectors, and capacity gauges. Using exietiag 
products, manufacturem can go to market today with 
chargers from Benchmarq that support both NiMH and 
Li-Ion batteries. Battery capacity can be determined for 
both NiMH and Li-Ion batteriee using the bq2014. 
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Figure 4. bq2014 Li-Ion Battery Capacity Monitoring System 

w Apr. 1905 

2-1 42 



Using NiMH and Li-Ion Batteries in Portable Applications 

Figure 5. Li-Ion Battety Discharge and Capacity Profile 
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product ~ r i e f  DV2043S7 
Level 2 Smart Charger 

With Dual Battery Selector 

Features 
Level 2 Smart Charger evaluation and development 1 1 

DC input range from 18 to 24V 

High-efficiency, low-ripple switch-mode design with 
high-side current sensing 1 
For safety, charging is suspended on charging 
command timeout or maximum temperature 

Intempts  host on change in selector status (battery 
or DC removed or replaced) 

General Description 
The DV2043S7 Smart Charger Development System 
with Smart Battery Selector provides a development en- 
vironment for Smart Charger devices compliant to the 
System Management Bus, Smart Charger, and Smart 
Battery Selector specifications. The unit supports single- 
or dual-battery configurations. The two-chip design pro- 
vides stand-alone or in-system charging of SMBus-com- 
pliant batteries or dumb batteries under host control. 
Using a high-efficiency switch-mode regulator, the 
DV2043S7 will charge from 0 to 2.4A and voltage compli- 
ance of 10 to 17.4V. The bq2054 plus microcontroller 
high-side current sensing design can be modified to sup- 
port other voltage and current requirements. 

Charging begins with a pre-charge qualification phase. 
The bq2054 performs a low-current qualification test to 
detect batteries that  have failed. The bq2054 pre- 
charges under-voltage batteries for as long as 34 minutes 
to try to bring the pack up to minimum voltage (8V). If 
this time expires and the pack voltage is still under 8V, 
then the DV2043S7 indicates a battery fault. The 
DV2043S7, responding to Smart Charger commands, ad- 

justs the current and voltage to the appropriate levels. 
Charging terminates when the battery signifies a full 
charge condition. If maximum charging temperature is 
exceeded or if conlmunication with the battery is lost, the 
DV2043S7 suspends charging until it receives new 
charging commands or until temperature returns to al- 
lowable levels. 

The microcontroller communicates with the SMBus and 
provides the voltage and current scaling to the bq2054. 
The bq2054 is designed to regulate both current and volt- 
age using an internal PWM and reference circuit. Effi- 
ciencies greater  than 85% are possible using the  
DV2043S7 design, allowing for low-power dissipation. 
The DV2043S7 is ideal for in-system charging where a 
high-efficiency design is ideal. 

A full data sheet for this product is available on our web 
site (http://www.benchmarq.com), or you may contact the 
factory for one. 

Aug. 1996 
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DV2043S7 Board Schematic 
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DV2043S7 Board Schematic (Continued) 
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DV2043S7 Board Schematic (Continued) 



~m/ iminw bq 2040 
Gas Gauge IC With SMBus Interface 

Features 
Provides conservative and 
repeatable measurement of 
available charge ia NiCd, 
NiMH, and Lithium Ion 
rechargeable batteries 

> Deaigned for battery pack 
integration 
- 120pA typical standby current 
- Small size enables 

implementations in as little a8 
3 4  square inch of PCB 

> Supporta Rev. 3.0 System 
Management Bus interface and 
Smart Battery Data specifkations 

M e m r n e n t a  compensated for 
current and temperature 

Programmable self-discharge and 
charge compensation 

> Supporta SBData charge control 
commanda for Li-Ion, NMH, and 
NiCd chemistries 

General Description 
The bq2040 Gas Gauge IC With 
SMBue Interface is intended for bat- 
tery-pack or in-system hstallation to 
maintain an accurate record of avail- 
able battery charge. The bq2040 di- 
rectly supporte NiCd, N W ,  and 
Lithium Ion battery chembtrh. 

The bq2040 supports the Syatem 
Management Bus (SMBus) prot.oc%l 
and the Smart Battery Data 
(SBData) specifications (Rev. 1.0). 
Battery voltage, temperature, state- 
of-charge, capacity, charge-cycle 
count, etc. are available over the 
SMBus serial l i i .  Battery-charge 
atate can be directly indicated using 
a four-segment LED display to 
graphically depict battery full-to- 
empty in 25% incxementa. 

The bq2040 estimates battery mlf- 
discharge based on an  internal 
timer, temperature sensor, and user- 
programmable ra te  information 
stored in external E~PROM. The 

bq2040 applies compensations for 
battery temperature and rate of 
charge or diecharge to the charge, 
W a r g e ,  and self-- calcu- 
latione, providing available charge 
information acroe~~ a wide range of 
operating conditions. The bq2040 
automatically recalibrates, or  
'learns' battery capacity in the full 
course of a dincharge cycle fmm full 
to empty. 

The bq2040 may operate directly 
from three oh four nickel chemietry 
cells. With the REF output and an 
external tranaietoP, a simple, inex- 
pensive regulator can be built to pro- 
vide Vw for other battery cell 
configuratione. 

An external E~PROM is used to 
program initial values into the  
bq2040. Valuer such am design 
capacity, chemistry, and aerial num- 
ber, can be cwtomized for individual 
battery pack configurations. 

> 16-pin narrow SOIC 

Pin Connections Pin Names 

v, 
SCL 
SDA 

SEG 
SEG 
SEG 
SEG, 
v ss 

16-Pin Narrow SOIC 

PN-76 

Vom 

SEGi 

sm2 

SEG3 

SEG4 

SCL 

SD A 

REF 

PSTAT 

Supply output 

LED segment 1 

LED segment 2 

LED segment 3 

LED segment 4 

Serial memory clock 

Serial memory data 

Voltage reference output 

Protector status 

SB Battery sense input 
- 
DISP Display control input 

SR Sense resistor input 

SMBC Serial communication 
clock 

SMBD Serial communication 
data input/output 

vss System ground 
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Pin Descriptions 

S E X -  LED display segment outputs 
sEG4 

Each output may activate an external LED to 
sink the m n t  sourced from Vcc. 

SMBC Syetem management bus clock 

SMBD -tern management bus data DI~P 

T h i S 0 p e n d r a i n b i ~ p i n i s u e e d t o ~ -  
fer ad- and data to d from the b q W .  

SCL Serial memory clock 

This output is ueed to clock the data transfer 
between the bq2040 and the external 
c o d i a t i o n  memory. SB 

SDA Serial memory data 

This bi-directional pin is used to transfer 
address and data to and from the bq2040 and 
the external c o d i a t i o n  memory. 

This output supplies power to the external 
REF 

E'PROM configuration memory. 

PSTAT Protector status i n m t  
Vcc  

This input is used to report the protector 
status during charge. SBD charge current Vss 
broadcasts zero current if thie input is high. 
PSTAT should be connected to Vss if Li-Ion 
batteries are not used. 

The voltage drop (VSR) across pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the sense 
resistor and the negative terminal of the 
battery. VSR < Vss indicates discharge, 
and VSR > VSS indicates charge. The effec- 
tive voltage drop, VSRO, as seen by the 
bq2040 is VSR + Vos (see Table 3). 

Display control input 
- 
DISP high disables t h e  LED display. - 
DISP floating allows the LED display to 
be active during charge or during dis- 
charge if the rate is greater th-a user- 
programmable threshold. DISP low 
activates the display. 

Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resistive 
divider network The pack voltage is reported 
in the SBD register function Voltage0 (09) 
and is compared to end-of-diecharge and 
charge voltage parameters. 

Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Supply voltage input 

Ground 
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Functional Description 
General Operation 

The bq2040 determines bat tery  capacity by 
monitoring the amount of charge input to or removed 
from a rechargeable battery. The bq2040 measures 
discharge and charge currents, estimates self-die- 
charge, monitore the battery for low-battery voltage 
thresholds, and compensates for temperature and 
charge rates. The charge measurement is made by 
monitoring the voltage across a small-value series 
sense resistor between the negative battery terminal 
and ground. The available battery charge is deter- 
mined by monitoring this voltage over time and correct- 
ing the measurement for the environmental and oper- 
ating conditions. 

Figure 1 s h m  a typical battery pack application of the 

information. The bq2040 can be contigured for battery 
chemistry, manufacturer name and rerial number, dis- 
play mode, self-dincharge compensation, and varioue 
other battery-epecific information. Table 1 outlines the 
externally programmable functions available in the 
bq2040. Refer to the APgramming the bq2040 section 
for further details. 

A n  internal temperature sensor eliminatee the need for 
an external thermbto~-reducing wet and camponente. 
An internal, temperature-compensated time-baee elimi- 
nates the need for an external oscillator, further reduc- 
ing coet and components. The entire circuit in Figure 1 
could occupy lees than 94 square inch of board space. 

x Option requ~renent  based on b a t t e r y  voltage range 

Figure 1. Battery Pack Application Diagram--LED Display 
apt. 10gS 3/30 

2-1 51 
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Table 1. Configuration Memory Programming Values 

Initial battery voltage TBD 8 bite 1 WA :A 
Parameter Name 

Design capacity 

Address 

TBD 

Fast charging current 

Charging voltage 

&main capacity alarm 

FLAGS1 

I EDVI 1 TBD 1 16 bits: low byte, high byte / mV 1 

Length 

16 bits: low byte, high byte 

TBD 

TBD 

FLAGS2 

Current measurement gain 

1 EDVF I TBD 1 16 bite: low byte, high byte I mV 1 

U n b  

mAh 

TBD 

TBD 

1 ~emwra tu re  offset 1 TBD 1 16 bits: low bvte. hkh  bvte 1 OK 1 

16 bits: low byte, high byte 

16 bite: low byte, high byte 

TBD 

TBD 

mA 

mV 

16 bite: low byte, high byte 

8 bite 

WA 

WA 

8 bits 

16 bits: low byte, high byte 

Self-discharge rate 

/ Current integration gain 1 TBD 1 16 bits: low byte, high byte I WA I 

WA 

N/A 

Digital filter 

1 ~ischarae  dimlay threshold 1 TBD 1 8 bite 1 WA 1 

TBD 

I Battelv voltaee offset 1 TBD I 8 bits 1 mV 1 

TBD 

16 bits: low byte, high byte 

I Slow charging current / TBD / 16 bits: low byte, hiah byte 1 mA I 

W-4 

8 bits 

Battery voltage gain 

I %served 1 TBD 1 I I 

N/A 

I 1 I 

- 

TBD 
- -- 

8 bits WA 

Design voltage 

Specification info 

Manufacturer date 

Serial number 

Manufacturer name 

Device name 

Chemistry 

Manufacturer data 

TBD 

TBD 

TBD 

TBD 

Note: EVA = Not applicable; data packed or coded. 

TBD 

TBD 

TBD 

TBD 

16 bits: low byte, high byte 

16 bite: low byte, high byte 

16 bita: low byte, high byte 

16 bite: low byte, hkh bvte 

mV 

WA 

WA 

WA 

8 + 120 bits 

8 + 120 bits 

8 + 120 bits 

8 +I20 bite 

WA 

WA 

EVA 

EVA 
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Figure 2. Operational Overview 

Voltage Thresholds 

In conjunction with monitoring VSR for chargddischarge 
currents, the bq2040 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor divider network per the fol- 
lowing equation: 

where MBV is the maximum battery voltage, R6 ie con- 
nected to the poeitive battery terminal, and R2 is con- 
nected to the negative battery terminal. - should be 
rounded to the next highest integer. The battery voltage 
ie monitored for the endsf-diecharge voltage (EDV) and 
for maximum cell voltage 0 and for alarm warning 
conditions. EDV threshold levels are used to determine 
when the battery has reached an 'empty' state, and the 
MCV threshold is uaed for fault detection during charging. 
The battery voltage gain and two EDV thresholds are 
programmed via E~PROM. See the Aogramming the 
bq2040 section for further details. 

If VSB is below either of the two EDV thresh~lde, the associ- 
a a  flag is latched and remaim latched, independent of VSB, 
until the next valid charge. 

Reset 
The bq2040 is reset when first connected to the battery 
pack. The bq2040 can aleo be r e d  with a command over 
the serial port, as deecribed in the Software Wet eec- 
tion. 

Temperature 
The bq2040 m d t o r a  tamperature wing an internal een- 
eor. The temperature is ueed to adapt C h ~ W a r g e  
and self-diecharge compensations as well an maximum 
temwature and AWAt during bq2040 contmlled charge. 
Temperature may aleo be a&ssed wer the mrial pok. 
see tbeh@ . ~thabq2040eecthrorfrntberBetaile. 

Layout Considerations 

The bq2040 meaeuree the voltage differential between 
the SR and Vss pine. Vos (the offset mltage at  the SR 
pin) is greatly affected by PC board layout. For optimal 
reeulte, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally, in refer- 
ence to Figure 1: 

EDV monitoring may be disabled under certain ' The capacim (C1* C3* and C4) be placed 
conditions. If the discharge current is greater than ap- mle to the SB and pine* and their pathe 
proximately 6A, EDV monitoring is disabled and re- to be as short poeeible. A highqal ie  
sumes after the current falls below 6A. ceramic capacitm of 0.1pf is recommended for Vcc. 

The sew reahtar capacitor (C2) should be placed as 
cloee as possible to the SR pin. 
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The sense resistor mil) should be as cloee as poesible 
to the bq2040. 

The IC should be cloee to the cella for the best 
temperature measurement. 

An optional zener may be necessary to ensure Vcc is not 
above the maximum rating during operation. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2040. The bq2040 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature-compensated, and charge is rate- 
compensated. Self-discharge is only temperature com- 
pensated. 

The main counter, Remaining Capacity (RM), represents 
the available battery capacity at any given time. Battery 
charging increments the RM register, while battery 
discharging and self-discharge decrement the RM regis- 
ter and increment the DCR (Discharge Count Register). 

The Diecharge-Count Register @CR) is used to update 
the  Full-Charge Capacity (FCC) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bqU)40 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the Design 
Capacity (DO. Until FCC is updated, RM counts up to, 
but not beyond, this threshold during subsequent charges. 

1. Ful l -Charge  Capac i ty  o r  l ea rned- ba t t e ry  
capacity: 

FCC is the last measured discharge capacity of the 
battery. On initialization (application of Vcc ), FCC 
= DC. During subsequent discharges, the FCC is 
updated with the latest measured capacity in the 
Discharge Count Register (DCR), representing a 
discharge from full to below EDV1. A qualifed dis- 
charge is necessary for a capacity transfer from the 
DCR to the FCC register. The FCC also serves as 
the 1 W o  reference threshold used by the relative 
display mode. 

2. Deaign Capacity (DC): 

The DC is the user specified battery ca acity and is 
programmed by using an external E 4 ROM. The 
DC also provides the 1Wh reference for the abso- 
lute display mode. 

3. Remaining Capacity (RM): 

RM counts up during charge to a maximum value of 
FCC and down during discharge and self-discharge 

to 0. RM is re& to OrOA on initialization and when 
EDVl = 1 and a valid charge is detected. To prevent 
overstatement of charge during periods of over- 
charge, RM stops incrementing when RM = FCC. 
RM may optionally be written to a user-defied 
value when fully charged when the battery pack is 
under b q m O  charge control. See bq2040 Charge 
Control for further details. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Prior to RM = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After RM = 0, only discharge increments the 
DCR. The DCR resets to 0 when RM = FCC. The 
DCR does not roll over but stops counting when it 
reachw FFFFh. 

The DCR value becomes the new FCC value on the 
first charge after a valid discharge to VEDV~ if: 

No valid charge initiations (chargee greater than 
lOmAh, where Vsm > VSRQ) occurred during the 
period between RM = FCC and EDVl detected. 

w The self-discharge count is not more than 
256mAh. 

The temperature is 2 273°K when the EDVl level 
is reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for FCC update. An 
FCC update cannot be greater than 256mAh. 

Charge Counting 
Charge activity is detected based on a poeitive voltage on 
the VSR input. If charge activity is detected, the bq2040 
increments RM at a rate proportional to Vsm and, if 
enabled, activates an LED display. Charge actions 
increment the RM after compensation for charge rate 
and temperature. 

The bqU)40 determines charge activity sustained a t  a 
continuous rate equivalent to Vsm > VSRQ. A valid 
c h a r g e  e q u a t e s  to  sus t a ined  c h a r g e  ac t iv i ty  
greater than 10 mAh. Once a valid charge is detected, 
charge counting continues until Vsm falls below VSRQ. 
VSRQ is a programmable threahold as described in the 
Digital Magnitude Filter section. 

Discharge Counting 
All discharge counts where VSRO < VSRD cause the RM 
register to decrement and the DCR to increment. VSRD is 
a programmable threshold as described in the Digital 
Magnitude Filter section. 
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Self-Discharge Estimation 
The bq2040 continuously decrements RM and 
increments DCR for self-discharge baead on time and 
temperature. The self-discharge rate is dependent on 
the battery chemistry. The bq2040 self-discharge 
estimation rate is externally programmed in E~PROM 
and can be programmed from 0 to 25% per day at 20°C. 
This rate doubles every 10°C from O°C to 70°C. 

Charge Control 
The bq2040 aupporta SBD charge control by broadcasting 
~hargingCu&n@ and Charg&voltage(j to the smart 
Charger address. Smart-charaer broadcasts can be din- 
abled by writing bit 14 of ~it terystatuso to 1. The 
bq2040-based charge control can be disabled by setting 
bit 4 in Flags2 WSB of Ox2f) to 1. See Programming the 
bq2040 for further details. If RM is below the full charge 
percentage, then the bq2040 will broadcast the fast 
charge current and voltage to the Smart Charger, if en- 
abled. The bq2040 will broadcast the maintenance cur- 
rent values (trickle-rate) if Voltage0 ie below EDVF. 

The bq2040 internal charge control is compatible with 
Li-Ion and nickel-baaed chemistries. For Li-Ion, the 
b q W  will broadcast the required charge current and 
volta according to the values programmed in the ester- 
nal E h M .  During a valid charge (VQ = I), if Current 
( M a )  falls below 50mA while Voltage (0x09) ie within 
256mV of the charging voltage, the bq2040 will signal a 
valid charge termination where the Terminate-Charge 
and My-Charged bit ie set in Battery Status. 

For nickel-based chemistries, the bq2040 will broadcast 
the required charge current and voltye according to the 
programmed values in the external E PROM. Maximum 
Temperature and AT/& are used as valid charge termi- 
nation methods. Note: Nickel-based chemistries require 
a charge voltage higher than the maximum cell voltage 
during charge to ensure constant-current charBing. Dur- 
ing a valid charge (VQ = I), if the bq2040 determines a 
maximum temperature or AT/& rate greater than the 
programmed value, the Terminate Charge and Fully- 
Charged bit will be set in Battery Status. 

Once the bq2010 determines a valid charge termination 
condition, charging current is set to 0 until this condition 
ceases (AT/&, MaxT, min. current). After a valid charge 
termination and the terminate condition ceases, mainte- 
nance (trickle) charge current and voltage will be broad- 
cast to the Smart Charger. This procesa continues until 
RM falls below the full charge percentage. The bq2040 
will then requeat the fast-charge current and voltage to 
the Smart Charger. 

During fast charge, the bq2040 will suspend charge by 
requesting zero current and setting the Terminate- 
Charge-Alarm bit in Battery Status. Charge is sus- 
pended if the actual charge current is 25% greater than 
Sotl* 

the programmed charged current. If the programmed 
charge current ie leae than 1024mA, overcurrent suspend 
will occur if the actual chage current ie 256mA greater 
than the programmed value. Charge ie also e u m d e d  if 
the actual battery voltage ie 5% greater than the pro- 
grammed charge voltage. If PSTAT goes high, then the 
h2040 wil l  euspend charge until the PSTAT goes low 
and CurrentQ is zero. If the battery temperature ie 
greater than the programmed maximum temperature 
prior to charge, then the bq2040 will mapend charge re- 
quests until the temperature falla below 50°C. 

After a valid charge tennination, RM may optionally be 
set to a value from 0 to 100% of the Full Charge Capac- 
ity. If RM ie below the value programmed in Full Charge 
Percent, RM will be set to Full Charge Percent upon 
valid charge termination. If RM ie above the Full Charge 
Percent, RM ie not modified. This value also is used to 
determine when the bq2040 braodcaeta fa&-charge or 
maintenance-charge information. 

Count Compensations 

Charge activity ie compensated for temperature and rate 
before updating the RM andlor DCR. RM ie compen- 
sated for temperature before updating the RM register. 
Self-discharge estimation is compensated for tempera- 
ture before updating RM or DCR. 

Charge Compensation 
Charge effxiency is compensated for rate, temperature, 
and battery chemistry. For Li-Ion chemistry cella, the 
charge efficiency is unity for all cases. However, the 
charge efficiency for nickel chemistry celle is adjusted 
wing the following equation: 

where RelativeStateofCharge S FullChargePercentage 

and QJWC ie the programmed fast charge efficiency vary- 
ing from .75 to .99. 

where RelativeStateofCharge 2 FullChargePercentage 

and Qm is the programmed maintenance (trickle) 
charge efficiency varying from .50 to 97. 

QET is used to adjust the charge efficiency as the battery 
temperature increases according to the following: 
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Remaining Capacity Compensation 
The b q W  adjuste the RM aa a function of temperature. 
This adjustment accounts for the reduced capacity of the 
battery at  colder temperaturee. The following equation ie 
wed to adjust RU. 

If T < 5°C 

RC() - NACO (1 + TCC ' (T - 5 '0 )  

where T - temperature OC 

TCC - 0.016 for Li-Ion celle 

TCC - 0.0004 for Ni chemistry c e b  

Digital Magnitude Filter 
The bq2040 has a programmable digital filter to 
eliminate charge and diecharge counting below a set 
threshold. Table 2 shows typical digital filter settings. 
The proper digital f11ter setting can be calculated using 
the following equation. 

Table 2. Typical Digital Filter Settings 

Error Summary 

Capacity Inaccurate 
The FCC ie eusceptiile to error on initialization or if no 
updatae occur. On initialization, the FCC value includes 
the error between the design capacity and the actual ca- 
pacity. Thb error is present until a valid discharge oc- 
cure and FCC ie updated (see the DCR description). The 
other cause of FCC error ie battery wear-out. As the 
battery ages, the measured capacity must be adjusted to 
account for changes in actual battery capacity. 

Current-Sensing Error 
Table 3 illustrates the current-sensing error as a func- 
tion of VSR A digital filter eliminates charge and die- 
charge counta to the RM regieter when VSRO ie between 
VSRQ and VSRD. 

The bq2040 can directly display capacity information 
using low-power LED@. The bq2U-40 displays the battery 
charge state in either abeolute or relative mode. In 
relative mode, the battery charge ie represented ae a per- 
centage of the FCC. Each LED segment =presents 25% 
of the FCC. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial design capacity. 
In absolute mode, each segment represente 25% of the 
design capacity. As the battery weam out over time, it is 
possible for the FCC to be below the initial design capac- 
ity. In thie case, all of the LED8 may not turn on in 
absolute mode, representing the reduction in the actual 
battery capacity. 

The displayed capacity ie compensated for the preaent 
battery temperature. The displayed capacity will vary as 
temperature varies, indicating the available charge at 
the present conditions. 

Table 3. bq2040 Current-Sensing Errors 
- 

Symbol 
VOS 

INL 

INR 

Units 

pV 

% 

% 

-- - 

Notes - 
DISP= Vcc. 

Add 0.1% per "C above or below 25°C 
and 1% per volt above or below 4.25V. 

Measurement repeatability given 
similar operating conditions. 

Parameter 

Offset referred to VSR 

Integrated non-linearity 
e m r  

Integrated non- 
repeatability error 

Typical 

* 50 

* 2 

i 1 

Maximum 

i 150 

* 4 

* 2 
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- 
When DISP isB to Vcc, the SEG1-4 outputa are inac- 
tive. When DISP is left floating, the display becomes 
active whenever the bq2040 recognizes a valid charge or 
if the discharge rate e& the programmed fast dis- 
charge display threshold. When pulled low, the segment 
outputs become active immediately for a period of ap- 
proximately 4 seconds. 

The segment outputs are modulated as two b a d e  of two, 
with segmente 1 and 3 alternating with segments 2 and 
4. The segment outpute are modulated at approximately 
lOOHz with each segment bank active for 30% of the 
period. 

SEGl blinks at a 4% rate whenever VSB has been 
detected to be below VEDVI (EDVi = I), indicating a low- 
battery condition. VSB below VEDVF (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2040 can operate directly from 3 or 4 nickel 
chemistry cells. To facilitate the power supply 
requkemente of the bq2040, an REF output is provided 
to regulate an erternal low-threshold n-FET. A micro- 
power sourca for the bq2040 can be inexpeneively built 
wing the FET and an external resistor, see Figura 1. 

Communicating With the bq2040 

The bq2040 includes a simple two-pin (SMBC and 
SMBD) serial data interface. A hoet pmceseor ueea the 
interface to access various bq2040 registers. This allows 
battery characteristics to be easily monitored, by adding 
two contacta to the battery pack. The open-drain SMBD 
and SMBC pine on the bq20d0 are pulled up by the hoet 
eyetem, or may be connected to Vss, if the serial interface 
is not wed. 

The interface ueeg a command-based protocol, where the 
host proceeeor sen& the emart battery address and an 
eight-bit command byte to the bq2040. The command 
directs the bq2040 to either store the next data received 
to a register specified by the command byte or output the 
data specified by the command byte. 

bq2040 Data Protocols 

The SMBus Host, acting in the role of an SMBus mas- 
ter, uses the read word and write word protocola to 
wmmunicate integer data with the bq2040. The read 
block protocol is used to access block data, such as 
ManufacturerNameO. When the bq2040 needs to 
inform the SMBue Host about an alarm condition or to 
inform the Smart Battery Charger about ita desired 
charging voltage or current, the bq2040, acting ae an 
SMBw master, uses the write word protocol to commu- 

nicate with the SMBue Hoet or Smart Battery Charger 
acting as an SMBw slave. 

SMBw Hoa-to-bq2W Message Protocol 
The SMBw Haet communicatee with the bq2040 using 
one of three protocols: 

u Readword 

u Write word 

Read block 

The particular protocol ueed is a function of the com- 
mand. The protocols used are shown in Figure 3. 

bq2040-to-Smart Battery Charger Message 
Protocol 
The bq2040, acting as an optional SMBus master, 
sometimes Mes to alter the charging characteristics. It 
also may eend critical meaagea to the Smart Battery 
Charger, behaving as an SMBus slave wing the SMBus 
write word protocol. Communication begins with the 
Smart Battery Charger'e addreee, followed by a com- 
mand oode and a two-byte value. The Smart Battery 
Charger adjusts its output to correspond with the 
request. See Figure 4. 

bq2040 Critical Message Protocol 
Thebq2040toSMBwHoetmeasage i ssent~the  
SMBw write word protocol. Comm+tion begins with 
the SMBue Host's address, followed by the bq2040's 
address, which aleo replaces the command code. The 
SMBwHoetorSmartBatteryChargarcanaowdetennine 
that the bq2040 was the ariginator ofthe mewage and that 
the following 16 bib are ite statue. See Figure 6. 

SMBus Host-to-Smart Battery 
Messages (see Table 7) 

Thie read or write word is optional and its meaning is 
implementation epecific. 

This read or write word seta or geta the LowCapacity 
threahold value. Whenever the RemainingCapacityO falls 
below the RemainingCapacity alarm value, the Smart 
Battery sends AlarmWarningO meeeages to the SMBue 
Hoet with the REMAINING_CAPACITY-AlARbl bit eet. 
A value of 0 dieablee this alarm. The value ie set to 10% 
of the deeign capacity at  time of manufacture. The value 
wil l  remain unchanged until altered by the Remaining- 
CapacityAlarmO function. 
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Figure 3. SMBus Host Protocols 

1  7 1 1  8 1  8 1  8 1 1  

1  7 1 1  8 1  8 1  8 I 1  

Data byto b w  Data byt. klOh P 

O X U  - Battery h g a  U v e l  MU 

Battery Address 
1 0 0 0 1 0 1 1  

Figure 4. bq2040-to-Smart Battery Charger Message Protocol 

CO~ntlulld cads D8t8 byte bw D8t8 byto Ngh P 

- - - -  

Figure 5. bq2W0-to-Bus Host Message Protocol 

Write Word 

1  7 1 1  8 1 1  7 1  

0 . .  

1  0 1 1  

... 
Read Word 

1  7 1 1  8 1 1  7 1 1  

. . .  
0  X 10 

. . .  
Block Read 

SMBur Host (master) ED-267 

Battery Address 0  Command Code 8 S 1  
Battery Address 
0 0 0 1 0 1 1  



Units: mAh 

Range: 0 to 65,535 mAh 

This reaclhite word sets or gets the RemainiagTime 
alarm value. Whenever the AverageTimeTo Empty0 falls 
below the RemainingTime value, the Smart Battery 
sends Alarmwarningo messages to the SMBus Host 
with the  REMAINING-TIME-ALARM bit set. A 
RamainingTime value of 0 dieables this alarm. The 
Re " eal~ieaetto10minuteaatthetimeof 
man-The Rem-e alarm value may be 
changed until altered by the RemainingTirneAlarmO 
function. 

Units: Minutes 

Range: 0 to 65,536 minutea 

This readlwrite word selects the various battery 
operational modes. The bq2040 supports the battery's ca- 
pacity information specified in mAh. Thia function also 
determines whether the ChargingCurrentO and 
ChargingVoltageO valuee are broadcaet to the Smart 
Battery Charger when the Smart Battery requires charg- 
ing (CHARGER-MODE bit). 

CHARGER-MODE bit enables or dieabh  the Smart 
Battery's transmission of ChargingCurrentO and 
ChargingVoltageO meaaagee to the Smart Battery 
Charger. When set, the Smart Battery will not transmit 
ChargingCurrent.0 and ChargingVoltageO values to the 
Smart Battery Charger. When cleared, the Smart Bat- 
tery will transmit the  ChargingCurrentO and 
ChargingVoltageO values to the Smart Battery Charger 
when charging is desired. 

CAPACITYJ¶ODE bit indicates that cepacity information 
WillbereportdinmAhandcurrent ieinmAunite. 

Thie r eacb i t e  word b the &st half of a tw~function set 
used to aet the AtRate value ueed in calculatione made 
by the AtRateTimeToFulO, and AtRateTimeTo EmptyO. 

When the AtRate value ie pooitive, 
AtRateTimeToFullO function rehvns the predicted 
time to fullcharge at  the AtRate value of cbarge. "I 
When the AtRate value b negative, the 
AtRateTimeTo Empty0 function mtum the predicted 
operatiug time at the AtRata value of diecharge. 

Range: -32,768 mA to 32,767 mA 

Note: The AtRate value ia set to zero a t  time of 
manufacture (default). 

This readonly word raturne the prdkted remaining time 
to fully charge tly battery a t  the AtRate value (mA) and is 
valid only if read mmediakiy after an AtRateO command. 

Unite: minutea 

Range: 0 to 66,534 min 

Granularity: 2 min or better 

Invalid Data Indication: 66,636 indicates the 
battery is not being charged 

This read-only word retuma the predicted remaining 
operating time if the battery b diacharged at  the AtRate 
value and ie valid only if read immediately after an 
AtRateO command. 

Units: minutee 

Range: 0 to 65,534 min 

Granularity: 2 min or better 

Invalid Data Indication: 66,535 indicates the 
battery ie not being discharged 

This read-only word returns a Boolean value that 
indicates whether or not the EDVi flag hae been set. 

Boolean: Indicates if the battery can supply addi- 
tional energy 

Unite: Boolean 

Range: TRUE 0 ,FALSE
g 

0 



Temperature0 (0x08) 
This read-only word returns the cell-pack's internal 
temperature (Om. 

Output: unsigned int-cell temperature in 
tenths of degrees Kelvin inmmente 

Unite: 0.1% 

Range: 0 to +500.0°K 

Granularity: 0.5OK or better 

Accuracy: *3"K 

Voltage0 (0x09) 
This read-only word returna the cell-pack voltage (mV). 

Output: U n S i g D e d ~ t e r m i n a l v o l ~ i n m V  

Units: mV 

Range: 0 to 65,535 mv 

Granularity: 0.2% of design voltage 

Accuracy: f 0.Wo of design voltage 

Curreny) (OxOa) 

MaxErrorO (OxOc) 
T h i e ~ ~ w o r d r e t u r n s t b e ~ m a r g i n O f e r m r W ) .  

Output: unsigned intpercent  uncertainty 

Unite: % 

Range: 0 to 100% 

Granularity: 1% or better 

RelativeStateOfCharge0 (OxOd) 
Thiereadc&wdretumetbep.edicted ' ' jbtkyca-  
pecityBqreeeedaea-Of-(%). 

Output une igned in~of rema in ingcaped ty  

Units: % 

Range: 0 to 1Wo 

Granularity: 1% or better 

This read-only word returns the predicted remaining bat- 
tery capacity expressed as  a of 
DesignCapacityO (96). Note that AbeoluteStateOfCharge 
can return values greater than 1OCR6. 

This read-only word returns the current through the bat- Output: unsigned in&-percent of remaining ca- 
tery's terminals (mA). pacity 

Output: signed int-ch&discharge rate in mA Units: % 
-poeitive for charge, negative for diecharge 

Range: 0 to 65,535 % 
Units: mA 

Granularity: 1% or better 
Range: 0 to 32,767 mA for charge or 0 to -32,768 

mA for discharge Accuracy: f MaxError() 

Granularity 0.240 of the Designcapacity0 or better RemainingCapacityO (Oxof) 
Accuracy: f0.2% of the Design Capacity This read-only word returns the predicted remaining bat- 

tery capacity. The RemainingCapacityO value is 
AverageCurrentO (OxOb) expreaaed in mAh at the nominal discharge rate. 

This read-only word returne a rolling average of the cur- Output: unsigned int--estimated remaining ca- 
rent through the battery's terminals. The Averagecur- pacity in mAh 
rent.4) function returns meaningful values after the bat- 
tery's first minute of operation. Units: mAh 

Output: signed int--charg$ldischarge rate in Range: 0 to 65,535 mAh 
mA - positive for charge, negative for dis- Granularity: 0.2% of Designcapacity0 or better 
charge 

units: m~ FullChargeCapacityO (0x1 0) 
Range: 0 to 32,767 mA for charge or 0 to -32,768 This read-only word returns the predicted pack capacity 

mA for diecharge when it is fully charged. The FullChargeCapacityO value 
is expressed in mAh at a '16 discharge rate. 

Granularity 0.2% of the DeajsnCapacityO or better 

Accuracy: *0.% of the Design Capacity 
lyjO s.pt. 1- 
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Output: unsigned inkentimated full charge ca- 
pacity in mAh or lOmWh Thie read-only word t.eturns The Smart Battery's status 

Unit.: mAh word (flagr). Some of the  BatteryStatueO flag8 
(REMAINING-CAPACITY-ALARM and REMAIN- 

Range: 0 to 65,535 mAh ING-TIME- are calculated bmed on current. Sea 
Table 4. for dduitiona. 

Granularity: 0.2% of design capacity or better 
unsigned ht: Status Register with alarm condi- 

RunTimeToEmptyO (0x1 1) tione bit mapped ae follows: 
I 1 

This read-only word returna the predicted remaining bat- 
tery life at  the prwent rate of discharge (minutes). The 
RunTimeToEmptyO value is calculated based on Cur- 
rento. 

unsigned int-minutm of operatian left 

Unite: minutee 

Range: 0 to 65,534 minutes 

Granularity. 2 minutea or better 

Invalid data indication: 65.535 indicates battery 
is being charged 

Thie read-only word returns the predicted remaining bat- 
tery life at the present average diecharge rate (minutea). 
The AverageTimeToEmpty ie calculated baaed on Aver- 
egeCurrent0. 

Alarm Bit. 

Or8000 1 OVER-CHARGEDALARM 

Output: unsigned int-minutea of operation left FULLY-CHARGED I 

Or0080 

OrOOaO 

Unite: minutes 

Range: 0 to 65,534 minutes 

Granularity 2 minutea or better 

Invalid data indication: 65,535 indicate battery 
is being charged 

AverageTimeToFullO (0x1 3) Some of the BatteryStatuaO flags are calculated based on 
current. See Table 8 for defmitione. 

Thin read-only word returns the predicted time until the 
Smart Battery reaches full charge at the preaent average C~c'eCountO (Oxl 7, 
charge rate (minutes). This read-only word returns the number of chargddie- 

Output: unsigned intmmainhg time in minutes charge cycles the battery has experienced. A chargddia- 
charge cycle s t .  from a base value equivalent to the 

Unite: minutes battery's etate-of-charge, upon completion of a charge 

Range: 0 to 65,534 minutea cycle. The bq2040 increments the cycle counter during 
the current charge cycle, if the battery hae been die- 

Granularity: 2 minutea or better charged to below 85% of the state-of-charge at the end of 
the last charge cycle. A diecharge > 0.5% preventa falee 

Invalid data indication: 65,635 indicates battery reporting of small chargddiecharge cycles. 
ie not being charged 

Output: unsigned in tcount  of chargddie- 
charge cycles the battery has experienced 

Unite: cycles 

-1- 13/30 

INITIALIZED 

DISCHARGING 



Range: 0 to 65,535 cycles; 65,535 indicates bat- 
tery has experienced 65,535 or more cycles 

Granularity: 1 cycle 

This read-only word returns the theoretical capacity of a 
new pack The Designcapacity0 value is expressed in 
mAh at the nominal discharge rate. 

Output: unsigned int-battery capacity in mAh 

Unite: mAh 

Range: 0 to 65,535 mAh 

This read-only word returns the theoretical voltage of a 
new pack (mv). 

Output: unsigned int-the battery's normal ter- 
minal voltage in mV 

Units: mV 

Range: 0 to 65,535 mV 

This read-only word returns the version number of the 
SmartBattery specification the battery pack supports, as 
well as voltage and current scaling information in packed 
integer. The SpecificationInfo is packed as follows: (ma- 
jor version number * Ox10 + minor version number) + 
(voltage scaling + current scaling 0x10) 0x100. 

Bits 
j Field Used Format Allowable Value 

4-bit binary 

4-bit binary 
Version value 

SerialNumberO (Oxlc) 

Allowable Value 

Day 

This read-only word returns a serial number. This num- 
ber, when combined with the ManufacturerNameO, the 
DeviceNarneO, and the ManufactureDateO, uniquely 
identifies the battery (unsigned int). 

Format Field 

Output: unsigned int 

r 

Bits 
Used 

5-bit binary 
value 

ManufacturerNameO (0x20) 

1-31 (corresponds to 
date) 

This read-only string returns a character string where the 
first byte is the number of characters available. The 
maxim& number of charadem is 16. The character slrhg 
contains the battery manufacturer's name. For example, 
9attCorp" identifies the Smart Battery manufactu& as 
BattCorp. 

Output: string--character string 

Thismadalystringretumsacharecterstringwhesethefirst 
byte is the number of characters available. The maximum 
numberofcharactaek 15.The 15bytecharacterStringom- 
taine the battery's name. For example, a DeviceNaw of 
mBC301" indicates that the batby is a model BC301. 

Output: string+haracter string 

DeviceChemistryO (0x22) 

This read-only string returne a character string where 
the first byte is the number of characters available. The 
maximum number of characters is 15. The 15-byte 
character string contains the battery's chemistry. For 
example, if the DeviceChemistryO function returns 
"NiMH,' the battery pack contains nickel metal hydride 
cells. 

Output: string--character string 

ManufactureDateO (0x1 b) 
This read-only word returns the date the cell was 
manufactured in a packed integer word. The date is 
packed as follows: (year - 1980), month, day. 
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This read-only string allows access to an up to 15-byte 
manufacturer data string where the first five b y h  are 
user-defmable in the external configuration memory and 
bytes six through fifteen are defined according to the 
following table. 

Output: block data-data whoee meaning is as- 
signed by the Smart Battery's manufacturer 

b m  or SMB Host--mart Battery 
Charger Messages(See Table 6) 

Whenever the BattayM& CHARGERMODE bit is eet to 
zero (default) and the bq2040 detects the preeence d a Smart 
Battgy Charger (level 2 chaqea-nzfer to the Smart Batbery 
C h g e r  Specification), the bq2040 eende the Cbrgb&m- 
rent0 and ChargingVolltageO value8 to the Smart Battery 
Charger. The bq2040 continues bmadcasthg theee values at 
12-amond intervals. 

The bq2040 sends the desired charging rate to the Smart 
Battery Charger (mA). 

Output: unsigned int-maximum charger output 
current in mA 

Units: mA 

Range: 0 to 65,534 mA 

Granularity: 0.2% of the design capacity or better 

Accuracy: * 0.2% of the design capacity 

Invalid data indication: 65,535 indicates the 
Smart Battery Charger should operate aa a 
voltage source outside its maximum regu- 
lated current range 

The bq2040 sen& the desired voltage to the Smart Bat- 
tery Charger (mV). 

Output: unsigned in- output current in mV 

Units: mV 

Range: 0 to 65,534 mV 

G r a n u l e  0.2% of the design voltage or better 

Accuracy: * 0.2% of the design voltage 

Invalid data indication: 65,535 indicates the 
Smart Battery Charger should operate as a 
current source outside its maximum regu- 
lated voltage range 

bq2040 Critical Messages 

Whenever the bq2040 detects a critical condition, it 
becomes a bus master and sends Alarmwarningo 
meaeagea to both the Smart Battery Charger, if enabled, 
and the SMBue Hoet, as appmpriate, notitying them of the 
critical conditim(s). The meaaage sent by the Alarmwarn- 
ingO function is eimilar to the measage retuned by the 
BatteryStatueO function. The bq2040 mntinuea broadcast- 
ing the Alarmwarning0 - at 12-eecond intervals 
until the critical mndition(s) has been corrected 

The bq2040, acting aa a bus master device to the SMBus 
Host anuor the Smart Battery Charger, sends this 
measage to notify them that one or more alarm conditions 
exist. Alarm indications are encoded ae bit f ieh in the 
Battery's statue, which ie then sent to the SMBus Hoet 
andlor Smart Battery Charger by this function. The 
AlarmWafningO is repeated at 12-eecond intervals until 
the mndibon(s) cawing the alarm haa been corrected. 

Output: umigned intistatue Rsgieter with 
alarm conditions bit mapped as follows: 

Abrm Bit$ 

Note: Alarm bits 0x0200 and 0x0100 cause the Alarm- 
Warning0 to be sent only to the SMBus Host. All other 

On8000 

0x4000 

ox!mo 
0xlOOO 

O x .  

Or0400 

OIO200 

(k0100 

Error Code 

OVER-CHARGED-ALARh3 

TERMINATETECHARGE-ALARM 

reserved 

OVERRTEMP-AmFtM 

TERMINATETEDISCHARGE-ALAFM 

reserved 

REMAINING-CAPACITY-AURM 

REMAINING_TIME_ALARM 

OxOOOO- 
OxOOOf 

All bits set high prior to 
Alarmwarning0 transmission 

Status Bits 

OrOOSO 

0x0040 

0 2 0  

ox0010 

INITIALIZED 

DISCHARGING 

FULLY-CHARGED 

FULLY-DISCHARGED 
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alarm bite c a w  the Alarmwarning0 to be sent to both The Chemistry flag ( 0 ,  Bit 5, selecta Li-Ion or Nidrel 
the SMBus Host and the Smart Battery Charger, if compensation factom. 
CHARGER-MODE = 0. The CHM valuea are: , 

Status Bits and Error Codes 

Status bits are listed in Table 4 and error codes are listed 
in Table 5. 

This read-only register returns an unsigned integer rep- 
resenting the internal status regieters of the bq2040. 
The MSB represents FLAGS2, and the LSB represents 
FLAGS1. See Table 6 for the bit description for 
FLAGS1&2. 

The Display Mode flag @MODE), Bit 7, determines 
whether the bqU)40 displeys Relative or Abeolute capacity. 

The DMODE values are: 

Where CHM is: 

0 Selecta Nickel 

1 Selecb Li-Ion 

Bit 4, the Charge Control flag (CC), determines whether 
a bq2040-based charge termination will set RM to a uaer- 
defined programmable full charge capacity. 

The CC values are: 

Where DMODE is: 

0 Selects Absolute dieplay 

FLAUaL DII- 

6 1 5 1 4 1 3 l 2 1 1 1 0  7 I 

1 RM is set to a programmable pemntage of the 
FCC when a valid bq2040 charge termina- 
tion occur8 

Where CC is: 

1 Selects Relative display Bit 3 is reeerved. 

DMODE~ - 1 - 1 - 1 - 1  - 1 - 1  - ;  0 RM is not modified on valid bq2040 charge ter- 
mination 

The Protector Status flag (PSTAT), bit 6, determines if 
the ovcnolb(s for G . I ~ ~  is active. if Bit 2, the Ouewoltago flag (Ov), is aet when the b q ~  

PSTAT = 1, then the  bq2040 broadcasts Termi- a pack '% greater than the p r o m e d  

n a ~ h w  and sete the charging mnt to eero until charging voltage. This bit is cleared when the pack volt- 

the average current is zero and PSTAT = 0. age falls 5% below the programmed charging voltage. 

The PSTAT values are: The OV values are: 

FLAGS2 Bits 
7 1  6 ~ 5 1 4 ~ 3 / 2 / 1 ~ 0  
- l P S T A T ~ - ] - l - l - l - ~ - ,  

Where PSTAT ie: Where OV is: 

0 ProtectorstatusOK 0 BatteryVoltaga < 1.05 ' Char~ingVoltage 

1 Protector status not OK; suspend charge 1 BatteryVoltageO 2 1.05 ' Chargingvoltage 

Table 6. Bit Description for FLAGS1 and FLAGS2 

- = Reserved 
1w wt 1998 

0 (LSB) 

OC 
EDVF 

1 

LTF 
EDVl 

2 

OV 

SEDV 

3 

m‘a 
FLAGS2 

FLAGS1 

5 

CHM 

VQ 

4 

CC 

WRINH 

(MSB) 7 

DMODE 

AT/Atl 

6 

PSTAT 

AT/AtQ 



Bit 1, the Low Temperature Fault flag (LTF), is set when 
temperature<WC and cleared when temperature>5OC. 

The LTF valuee are: 

Where LTF is: 

Bit 4 the Overacrrent flag (OC), ia aet when the average 
current ie 26% greater than the programmed cur- 
rent. If the charging current ie brammed &-than 
1024mA, cwercurrent ia set if the average current k 256mA 
greater than the programmed ch& current. This flag 
ia cleared when the average current falls below 256mA. 

The OC values are: 

Where OC is: 

0 Average current ie leee than 1.25 charging 
current or leas than 268rnA if charging cur 
rent is pqmmmed less than 1024mA 

1 Average current exceeda 1.25 charging cur- 
rent or 256mA if the charging current ie 
programmed leas than 1024mA. This bit is 
cleared if average current<256rnA 

Bit 7 and bit 6, the Delta Tempemture flags, signify 
whether the bq2040 ie sensing a valid AT/At for charge 
termination. Both bits mutt transition to a 1 to signify 
that the rise in battery temperature exceeds the pro- 
grammed rate threshold. The bits are clear if the rate of 
temperature falls below the programmed AT/At rate. 

The AVAto. AT/& values are: 

The Valid Charge flag (VQ), Bit 5, i s  set  when 
VsIPdvs~q and IOmAh of charge hae accumulated. Thie 
bit h cleared during a diecharge and whea VSRO#SRQ. 

The VQ values are: + 

FLAGSl Bit8 
, 7 1 6 1  5 1 4 1 3 1 2 1 1 I O  

- ~ V Q ~ - ~ - ~ - ~ - ~ -  

Where VQ ie: 

0 VSRO ~ V S R Q  

1 VSRO 2 VSRQ and lOmAh of charge has 
accumulated 

The Write Inhibit flag 0, Bit 4, allows or inhibits 
writes to all registars. 

The WRINH values are: 

FLAGSl Bit8 
7 1 6 1 5 1  4 1 3 1 2 1 1 I O  

I - I W R I N H I - 1 - 1 - 1 -  

Where WRINHie: 

1 Inhibits all writee and llecuree the bq2040 from 
invalibdesired writes. 

WRINH ehould be eet a t  the time of pack assembly and 
tested to prevent normally read-write registers frcrm acci- 
dental over-writing. 

The Valid Diecharge flag OQ), Bit 3, ie eet when a 
valid diecharge ie occurring (discharge cycle valid for 
learning new full charge capacity) and cleared if a partial 
charge ia detected, EDVl ie m r t e d  when T<O°C, or 
self-diecharge accounta for more than 256rnAh of the die- 
charge. 

The VDQ values are: 

FLAGSl B L  
7 1 6 1 5 1 4 1  3 1 2 1 1 I O  

FLAGSl Bit8 
7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 ,  

A T / ~ ~ ~ ( A V A ~ O ~  - I - 1 - 1 - I - I - A  0 Self-diecharge ie greater than 256mAh, 
EDVl = 1 when T<WC or VQ = 1 

Where AT/Ato, AVAt I is: 1 On first discharge after RM=FCC 
0 Temperature < Programmed AT/At rate The Stop EDV flag (SEDV), Bit 2, is set when the die- 
1 Temperature > Programmed AT/& rate charge currenu6.16A and cleared when the discharge 

current falls below 6.15A. 
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The SEDV values are: 

FLAGS1 Bits 
7 1 6 1 5 1 4 1 3 1  2 1 1 / 0  

/ - ( S E D V I  - 1 - 
Where SEDV is: 

1 CurrentX.15A 

The First End-of-Discharge Voltage flag (EDVl), Bit 1, is 
set when VoltageO<EDVl=l if SEDV=O and cleared 
when VQ=l and Voltage(PEDV1. 

The EDVl values are: 

FLAGS1 Bits 
7 1 8 1 5 1 4 1 3 1 2 1  1 1 0  

/ - I EDVl ( - - 

Where EDVl is: 

0 VQ = 1 and Voltage O> EDVl 

1 Voltage0 < EDVl and SEDV = 0 

The Final End-of-Discharge Voltage flag (EDVF), Bit 0, 
is set when VoltageO<EDVF=l if SEDV=O and cleared 
when VQ=l and VoltageO>EDVF. 

Software Reset 

The bq2040 can be meet over the aerial port by c o n f i -  
ing that the WRINH bit is set to zero in FLAGS1, writing 
MaxErmQ (0x0~) to any value other than 2, and writing 
the reaet mgi& (0.44) to 8009, cawing the bq2040 to 
reinitialize and read the default values from the external 
E~PROM. 

Programming the bq2040 

The bq2=quiree the proper programming of an ex- 
ternal E M for proper device operation. Each mod- 
ule can be calibrated for the greatest accuracy, or general 
"defaultn values can be used. A programming kit (inter- 
face board, eoftwam, and cable) for an IBM-compatible 
PC is available from Benchmarq. Reme contact Bench- 
marq for further detail 

The bq2040 uaea a 24301 or equivalent serial E'PROM 
for storing the variow initial values, calibration data, 
and string information. Table 1 outlines the parameters 
and addreeeea for this information. Tablee 9 and 10 de- 
tail the varioue regieter contents and show an example 
program value for an 1800mAh N i  battery pack, us- 
ing a SOmQ rrense reaietor. 

The EDVF values are: 

FLAGS1 Bits 
7 1 6 1 5 1 4 1 3 1 2 1 1 1  0  

1 - / EDVF 

Where EDVF is: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and SEDV = 0 
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Table 7. Error Codes (BatteryStatusO (0x16)) 

1 Error I Code I Accea8 I Dercridon I 
OK 

Busy 
i 

NotReady 

OxOOOO 

0x0001 

Un~up~ortedComrnand 

bq2040 detected an attempt to write to a function code with an 
incorrect size data block 

osOO02 

AccessDenied 

Overflow/Underflow 

1 UnknownEmr 1 0x0007 1 r e a w t e  1 bq2040 detected an unidentifiible error I 

r e a w t e  

r e a w t e  

I I I 

OAOO3 

Note: Reading the bq2040 after an e m r  clears the error code. 

r e a w t e  

0x0004 

0x0005 

bq2040 proceased the function code without detecting any e m r e  

bq2040 is unable to proceae the function code at  thia time 

bq2040 cannot read or write the data at this time-try again 
later 

readbi te  
4 

bq2040 doea not eupport the requmted function code 

write 

r e a m t e  

bq2040 detected an attempt to write to a read-only function code 

bq2040 detected a data overflow or underflow 
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Table 8. Status Bits 

Alarm Bit8 

(bq2040 detects over-current, over- 1 1 

Bit Name 

OVER-CHARGE-- 

I 

Set When: 

b42040detactswererwM' AT/At, or minimum charge mrmnt 
dti- valid *e 
termination). 

TERMINATJLCHARGE-w 

( charging. 

Reset When: 

A discharge occurs or when AT/At, 
over-temperature, or minimum 
nurent eases during charge. 

OVER_TEMP-ALA.RM 

mRMINAm-DISCHARGE-M 

REMANNG-CAPACITY-w 

over-mperature1 Or AT/LLt 
during ewe. 

Charging current is set to zero, 
indicating a charge suspend. 

A discharge occurs or when all 
conditions causing the event cease. 

bq20PO detects that its i a h d  
temperature ia greater than the 
pmgmmmed value (valid tamination). 
bq2040 determinee that it hae 
supplied all the charge that it can 
without being damaged (EDVF). 

bq2040 detects that the 
RemainingCapacityO ia less than 
that set by the RemainingCapacityO 
function. 

REMAINING-TIME-ALARM 

Internal temperature falls below 

Battery reaches a atate of charge 
for it to once again safely 

supply power. 
Either the value Bet by the 
RemainingCapacityAlarmO function 
is lower than the Remaining 
Capacity0 or the 
RemainingCapacityO is increased by 

/ increased by charging. 
Status Bits 

bq2040 detects that the estimated 
remaining time a t  the present 
discharge rate lees than that set by 
the RemainingTimeAlmO function. 

my-CHARGED 

1 battery) 

Either the value set by the 
RemainingTimeA]-()fun&ion 
lower than the 
AverweTimeToEmptyO or the 
AverageTimeToEmptyO 

Reset When: 
Battery detects that power-on or 
user-initiated reset has occurred. 

Battery detecta that it is being 
charged. 

Bit Name 

INITIALIZED 

DISCHARGING 

my-DISCHARGED 

Set When: 
bq2040 is aet when the bq2040 has 
reached a full or empty state. 
bq2040 detennines that it is not 
being charged. 
bq2040 determines a valid charge 
termination. will then to 
full charge percentage if neceseary. 

RM discharges below the full char@ 
percentage 

bq2040 determines that it has 
supplied all the charge that it can 
without being damaged (that is, 
continued uae will m u l t  in 
permanent capacity lose to the 

RelativeStateOfCharg& is greater 
than or equal to 10% 



Preliminary bq2040 

Table 9. Example Register Contents (Preliminary) 

Note: 1. Can ba adjusted to calibrate the battery pack. 

NO- 
I 

Thi eeta the initial full charge battery capacity 
stored in FCC. FCC ie updated with the actual full to 
empty discharge capacity aftar a valid diechaqp from 
RM = FCC to Voltage0 = EDV1. 

This regiabr is used to adjust the battery voltage. 
Comparing the valuea read from the bq2W to two 
known input mltagee allows the bq2040 to calibrate the 
battery voltage to within 1%. Thie action adjusta for 
emas in the reeietm-dividera used for the SB input and 
bq2Q4Qafleeterroae. 

This register is wed to set the faet charge current for 
the smart Charger. 

Thi register ie wed to set the fa& charge voltage for 
thesmartcharger. 

Thia value repre-ta the low capacity alarm value. 

Thie enables w r i t s  to all registem and should be set to 
10h prior to pack ehipment to inhibit undesirable 
writes to the bq2040. 

See FLAGS2 register for the bit description and the 
proper value for programming FLAGS2. Selecta 
relative dieplay mode, Lithium Ion compensation 
factom, and enables bq2040 Smart Charger control. 

The current gain measurement and current integration 
gain are related and defined for the bq2040 current 
meaeaement. Oc = 37.Q'aenee resistor value in ohms. 

The value programmed is the two's complement of the 
threshold voltage in mV. 

The value programmed is the two's complement of the 
thrashold voltage in mV. 

DUSWipUon 

Design 
Capacity 

Initial 
Battery 
Voltage 

Fast- 
ammt 

m- * 
Remaining 
Capacity 
Alarm 

FLAGS1 

FLAGS2 

cum& 
lkmmmmt 
C+ain1 

EDVl 

EDVF 

E*PROM 

Low 
Byte 

Eumpk 
Vdum 

1800mA.h 

10800mV 

1- 

15900mV 

lsOmAh 

Li-Ion = aOh 
NiMH = 80h 

37Y.06 

945OmV 
(l .OV/d) 

9OOOmV 
(l.OV/cell) 

Address 

Hlgh 
B y t ~  

E*PROM 
Hex 

Low 
Byte 

08 

30 

08 

04 

b4 

10 

b0 

ee 

16 

d8 

Content8 

Hlgh 
Byte 

07 

2a 

07 

3b 

00 

02 

db 

dc 
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Table 9. Example Register Contents (Continued) 

E~PROM 
, Address 

I 

E~PROM 
Hexcontents 

I 

Description 

Temperature 
offset' 

hbximum 
Chaw 
T- 
AT/at 

Self- 
Discharge 
Rate 

Digital 
Filter 
- 

Current 
Integration 
~ a i n '  

Full 
Charge 
Percentage 

Chrnge 
C c a n p e m  

Battery 

High 
Byte 

LOW 

Byte 

~ o l t a e  1 
Offset 

1 

1 

Voltape 
Gain 

Note: 1. Can be adjusted to calibrate the battery pack. 

LOW 
Byte 

32 

OmV 

I 

1 12 

22/30 Se~t. 1- 

according to the following: 
Voltage offset (mV) = Vse 1000 + VOFF) no. of cells 

! 

~ i g h  
Byte 

87 

fO 

fa 

40 

a0 

bd 

27 1 10002 
I 

61.2"C 
(74 - 

AT/At = 

.15C 

3.v.05 

9f3?/o=6D 
23(60)=Q 

85% = 
maintenance 

cOmp. 
95% = 

charge camp. 

00 

09 

This containa the optional pack serial number. 

Example 
Val~eS 

50°C 

temp. 

Maximum charge temperature is 74 - (mt ' 1.6)OC 
(upper nibble). AT/At rate is in the lower nibble and 
varies from 0 to 15, where 0 is more sensitive than 
15. m i c a l  value is 7. 

This packed field is the 2's complement of 
((RM/4Y(Rny)) where FU& is the desired self- 
discharge rate per day at room temperature. 

This field is used to set the digital magnitude filter 
as described in Table 2. 

This field represents the following: 3.Ysenee 
resistor in ohms. It is used by the bq2040 to scale 
the measured voltage values on the SR p i .  in mA 
and mAh. This register also compensates for 
variations in the reported sense resistor value. 

This packed field is the 2's complement of the 
desired value in RM when the bq2040 determines a 
full charge termination. If RM is below this value, 
RM is set to this value. If RM is above this value, 
then RM is not adjusted. 

This packed value is used to set the fast charge and 
maintenance charge effxiency for nickel-based 
batteries. The upper nibble adjust8 the maintenance 
charge compensation; the lower nibble adjusts the fast 
charge compeneation. 
Maintenance, upper nibble = (effyo 256 - 128p  
Fast charge, lower nibble = (el?% 256 - 192Y4 

This value is used to adjuet the battery voltage offset 

Notes 

The default value is 0x80 (12.8" + nominal value). 
Actual temp (20°C) = Nominal temp. (15°C) - temp. 
offset (5°C) where temperature determined by the 
bq2040 can be adjueted from 0" to 25.5" 
(Temperature offset (0-255) ' .l) + nominal value 

Voltage gain is packed as two units. For example, 
R&%!2 = 9.09 would be stored as: whole number 
stored in Oxla (=09h) and the decimal component 
stored in Oxlb ae 256 0.02 = 05. 

05 9.02 
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Table 9. Example Register Contents (Continued) 

Addreas I Hex Contents 
I I I 

Charge 

I t  I I 
Reserved 1 

0 This field contains the charge cycle count and should 
be aet to zero for a new battery. 

Maintenance 
Charge 
'2unwlt 

Design 
Voltage 

64 

Specififcation 
Information 

Table 10. Example Register Contents (String Data) 

1 3 0 / 2 a l  lOSOOmV 

M a r h C h m  
Date 

/ Reserved 1 / ~ ~ 0 0 ~ 0 0 ~ ~ / ~ ~ 0 0 / W ~ W ~ 0 0 ~ W /  

00 

This is nominal battery pack voltage. 

00 

1 Device Name 1 i m l f l ~ [ ~ l ? l ? ~ ~ l i ? l ? l % i  

a1 

/ Chemistry 

1~ 

00 

1 
Manufacturer's Data 

44 52 31 00- 
m D  R 1 

This field contains the desired maintenance current 
after fa& charge termination by the bq2040. 

This is the default value for this register. 

20 
May 1,1996 = 

8353 
Packed per the ManufactureDateO d d p t i o n ,  
which represents May 1.1996 in this example. 
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Table 11. bq2040 Master Functions 
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Table 12. 
Function 

ManufacturerAccees 

RemaiaingCapacityAlarm 

RemainingTimeAlarm 

BatteryMode 

AtRate 

AtRateTimeToFull 

AtRateTimeToErnpty 

AtRateOK 

Temperature 

Voltage 

Cvrent 

Averagecurrent 

MaxError 

RelativeStateOfCharge 

AbeoluteStateOfCharge 

RemainingCapacity 

Fullchargecapacity 

RunTimeToEmpty 

AverageTimeToEmpty 

AverageTimeToFull 

ChargingCu~~ent 

ChargingVoltage 

BatteryStatua 

CycleCount 

Designcapacity 

DeeignVoltage 

SpecificationInfo 

ManufactureDate 

SerialNumber 

Reserved 

ManufacturerName 

DeviceName 

Devicechemistry 

ManufacturerData 

Smart Battery 
Code 

o.00 

0 1  

0.02 

0 3  

04 

0105 

06 

0 7  

0.08 

(k09 

0 a  

OIOb 

0 x 0 ~  

O d  

Oe 
OxOf 

Ox10 

0.11 

Ox12 

Ox13 

Ox14 

Ox15 

Ox16 

Ox17 

0x18 

Ox19 

Oxla 

Oxlb 

Oxlc 

Olrld - Oxlf 

0x20 

Or21 

0x22 

0x23 

Slave Functions 
A c c w  

r e a M t a  

r e a w t e  

r e a M t e  

r e a w t e  

readhi te  

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

read 

(Preliminary) 
Unit8 
word 

mAh 

minutee 

bit f lap  

mA 

minutee 

minutae 

Boolean 

0.1% 

mV 

mA 

mA 

pwcent 
percent 

percent 

rn A .  

m Ah 
minutea 

minutee 

minutee 

mA 

mV 

bit flags 

count 

mAh 
mV 

unsigned int 

unsigned int 

number 

8- 

e t r i ~  

string 

string 

Default8 

O.lU DC 

OOOAh 

OOOOh 

OOOOh 

F'FFF'h 

FFFFh 

OOOOh 

OOOOh 

OOOOh 

2% 

OOOOh 

OOOOh 

OOOOh 

E2 

E2 

E2 

0050h 

OOOOh 

E2 

E2 

E2 

E2 

E2 

E2 

E2 

E2 

E2 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

DC Voltage Thresholds FA = TOPR; v = 3.0 to 6 .5~ )  

Unit 

V 

V 

V 

"C 

, "C 

Maximum 

+7.0 

+7.0 

+8.5 

+7.0 

+70 

+85 

Note: The accuracy of the voltage measurement may be improved by adjusting the battery voltage offset, stored 
in external E%ROM. For proper operation, Vcc should be 1.5V greater than VSB. 

Note8 

Current limited by R1 (see Figure 1) 

Minimum lOOQ eeriea resistor should 
be used to protect SR in caw of a 
shorted battery (see the bq2040 
application note for details). 

Commercial 

,Industrial 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

0 

-40 

Symbol 

VCC 
All other pins 

REF 

VSR 

Tom 

Parameter 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

Typical Notes 

Seenote 

Maximum 

30mV 

Minimum 

-30mV 

Symbol 

EVSB 

Unit 

V 

Parameter 

Battery voltage error relative to SB 
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DC Electrical Characteristics (TA - TOPR) 

Note: All voltages relative to Vss. 

SYmw 

Vcc 

VREF 

RREP 

Icc 

VSB 

bPx 

IDISP 

I ~ v o m  

VSR 

RSR 

Vm 

VIL 

VOL 

IOL 

VOML 

VOUH 

V o m  

VOHVH 

IVOUT 

Iom 

Parameter 

Supply voltage 

Reference at 25OC 

Reference at -4OOC to +85OC 

Reference input impedance 

Normal operation 

Batteryinput 

SB input impedance 
- 
DISP input leakage 

Vom output leakage 

Sense resistor input 

SR input impedance 

Logicinput high 

Logic input low 

Data, clock output low 

Sink current 

SEGx output low, low Vcc 

SEGx output low, high Vcc 

Vow output, low Vcc 

Vom output, high Vcc 

Vom source current 

SEGx sink current 

Maximum 

6.5 

6.3 

7.5 

135 

180 

250 

Vcc 

5 

0.2 

2.0 . 

5.5 

0.6V 

0.4 

350 

11.0 

Minimum 

3.0 

5.7 

4.5 

2.0 

0 

10 

-0.2 

-0.3 

10 

1.4 

-0.5 

100 

Vcc - 0.3 

VCC - 0.6 

-33 

Typkd 

4.25 

6.0 

5.0 

90 

120 

170 

0.1 

0.4 

- 
- 

Unit 

V 

V 

Mn 

CIA 

pA 

pA 

V 

Mn 

pA 

MQ 

V 

V 

V 

V 

V 

nA 

mA 

Note8 

Vcc e x m i o n  from < 2.0V to 2 
3.OV initializes the unit. 

Irnp=5pA 

I w = 5 p A  

VRW= 3V 

Vcc = 3.0V 

Vcc =4.2SV 

Vcc=6.5V 

0 < V s ~ < V c c  

VDISP= Vss 

E ~ P R O M O ~ ~  

VSR < VSS = dbhrge ;  
VSR > Vs9 =charge 

-2OomV<Vs~<Vcc 

EL, SDA, SMBC, SMBD 

SCL, SDA, SMBC, SMBD 

Io~=350pA, SDA, SMBD 

VaS0.4V, SDA, SMBD 

Vcc = 3V, ION < 1.75mA 
SEGl-SEGa 

Vcc = 6.5V, IOM < ll.Om.4 
SEGI-SEG~ 

Vcc=3V,Ivovr=-5.25mA 

Vcc = 6.5V, I v m  = - 3 3 . W  

At V o m  = VCC - 0.6V 

Atvors~=0.4V 
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I I 

Figure 6. AC Test Conditions 

AC Specifications 

umulative clock low extend 

TLOwME~~ 
TF 
TR 

Notes: 1. A device times out when any clock low exceeds this value. 

2. THIGH Max provides a simple guaranteed method for devicea to detect bus idle conditions. 

3. TUIwsm is the cumulative time a slave device is allowed to extend the clock cycles in one message 
from the initial start to the stop. If a slave device exceeds this time, it is expected to release both its 
clock and data lines and reset itaelf. 

4. ~ W : M E X T  is the cumulative time a master device ~EI allowed to extend its clock cycles within 
each byte of a message as defined from start-to-ack, ack-back, or ack-to-stop. 

5. The external memory must provide this internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP 
conditions. 

Cumulative clock low extend 
time (master device) 
Clock/Data fall time 
Clock/data rise time 

10 

300 
1000 

ma 

ns 
ns 

Seenote4. 



Preliminary bq2040 

Bus Timing Data 
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bq 2040 Preliminary 

Ordering Information 

1 1 Temperature Range: 
blank = Commercial (-20 to +70°C) 
N = Industrial (-40 to +85OC)* 

Packwe Option: 
SN = 16-pin narrow SOIC 

LDevice: 
bq2040 Gas Gauge IC With SMB Interface 

Contact factory for availability. 



@ ~ ~ N ~ M P I R Q  bq2050 
Lithium Ion Power GaugeTM IC 

Features 
Conservative and repeatable 
measurement of available 
capacity in Lithium Ion 
rechargeable batteries 

Designed for battery pack 
integration 
- 120pA typical operating 

current 
- Small size enables imple- 

mentations in as little as l/2 
square inch of PCB 

Integrate within a system or as a 
stand-alone device 
- Display capacity via single- 

wire serial communication 
port or direct drive of LEDs 

Measurements compensated for 
current and temperature 

Self-discharge compensation 
using internal temperature 
s e m r  

General Description 
The bq2OSO Lithium Ion Power 
Gaugem IC is intended for battery- 
pack or in-system installation to 
maintain an accurate record of avail- 
able battery capacity. The IC moni- 
tors a voltage drop across a sense 
resistor connected in series between 
the negative battery terminal and 
ground to determine charge and 
discharge activity of the battery. 
Compensations for battery tempera- 
ture and rate of charge or discharge 
are applied to the charge, discharge, 
and self-discharge calculations to 
provide available capacity informa- 
tion across a wide range of operating 
conditions. Battery capacity is auto- 
matically recalibrated, or 'learned," 
in the course of a discharge cycle 
from full to empty. 

Nominal available capacity may be 
directly indicated using a five-seg- 
ment LED display. These segments 

are used to graphically indicate 
available capacity. The bq2050 sup- 
ports a simple single-line bidirec- 
tional serial link to an  external 
processor (common ground). The 
bq2050 outputs battery information 
in response to external commands 
over the serial link. 

The bq2050 may operate directly 
from one cell (VBAT > 3V). With the 
REF output and an external transis- 
tor, a simple, inexpensive regulator 
can be built for systems with more 
than one seriea cell. 

Internal registers include available 
capacity, temperature, scaled avail- 
able energy, battery ID, battery 
status, and programming pin set- 
tings. To support subassembly teat- 
ing, the  outputs may also be 
controlled. The external processor 
may also overwrite some of the 
bq2050 power gauge data registers. 

16-pin narrow SOIC 

Pin Connections Pin Names 
I/ LCOM LED common output REF Voltage reference output 

16-Pin Narrow SOIC 

SEGflROG1 LED segment l/ 
program 1 input 

SEGJPROG2 LED segment 21 
program 2 input 

SEGJPROG3 LED segment 31 
program 3 input 

SEGpROG4 LED segment 41 
program 4 input 

SEGspROGs LED segment 51 
program 5 input 

PROGa Program 6 input 

RBI 

SB 

DISP 

SR 

vcc 

vss 

No connect 

Serial communications 
input/output 

Register backup input 

Battery sense input 

Display control input 

Sense resistor input 

3.0-6.5V 

System ground 



Pin Descriptions Sense resistor input 

The voltage drop (VSR) amee the s e w  resis- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied between the negative 
terminal of the battery and the sense resis- 
tor. VSR < Vss indicates diecharge, and VSR > 
Vss indicates charge. The effective voltage 
drop, VSRO, as seen by the bq2050 is VSR + 
vos . 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off 
during initialization to allow reading of the 
soft pull-up or pull-down program reaietors. 
LCOM is also high impedance when the dis- 
play is off. 

SEG1- LED display segment outputs (dual fune 
SEGa tion with PROGi-PROW 

- 
DISP Display control input 

WP high disables the LED display. m P  
tied to Vcc allows PROGx to connect directly 
to Vcc or Vss insteaxthrough a pull-up or 
pull-down resistor. DISP floating allow&e 
LED display to be active during charge. DISP 
low activates the display. See Table 1. 

Each output may activate an LED to sink the 
current sourced h m  LCOM. 

PROG1- Programmed full count selection inputs 
PROGz (dual function with SEGI-SW 

These three-level input pins define the 
programmed full count (PFC) thresholds 
described in Table 2. 

Secondary battery input 

This input monitors the battery cell voltage 
potential through a high-impedance reaiative 
divider network for end-of-discharge voltage 
(EDV) thresholds, and battery removed. 

PROG3- Power gauge rate selection inputs (dual 
PROG4 function with SEG-I) 

These three-level input pins define the wale 
factor described in Table 2. RBI Register backup input 

This pin is used to provide backup potential to 
the bq2050 regietem during periods when Vcc 
< 3V. A storage capacitor or a battery can be 
connected to RBI. 

PROGa Selfdischarge rate selection (dual fune 
tion with SEG) 

This three-level input pin defines the selfdis- 
charge and battery compensation factors as 
shown in Table 1. Serial ID pin 

This is an open-drain bidirectional pin. PRO- Capacity initialization selection 

REF Voltage reference output for regulator This three-level pin defines the battery state 
of charge at reset as shown in Table 1. REF provides a voltage reference output for 

an optional micro-regulator. N/c No connect 

Vcc 

Vss 

Supply voltage input 

Ground 



Functional Description 
General Operation 

The bq2060 determines battery capacity by monitor- 
ing the amount of current input to or removed from a 
rechargeable battery. The bq2OSO measures dis- 
charge and charge currents, measures battery volt- 
age, estimates self-diecharge, monitors the battery 
for low battery voltage thresholds, and compensates for 
temperature and chargddiecharge r a m .  The current 
measurement in made by monitoring the voltage acroas 
a mall-value series eenee resistor between the nega- 
tive battery terminal and ground. The estimate of 
scaled available energy is made using the remaining 
average battery voltage during the diecharge cycle and 
the remaining nominal available charge. The scaled 

available energy meaeurement is corrected for the envi- 
ronmental and operating conditione. 

Figure 1 shows a typical battery pack application of the 
bq2050 using the LED dieplay capability aa a charge- 
state indicator. The bq#)M) in configured to display 
capacity in relative dieplay mode. The relative &play 
mode uses the laat measured diecharge capacity of the 
battery ae the battery 'full' reference. A push-button die- 
play feature in available for momentarily enabling the 
LED dieplay. 

The bq2050 monitors the charge and dischage currents 
aa a voltage acroaa a wnse r e s h r  (see Rs in Figwe 1). 
A filter between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current b too great. 

Figure 1. Battery Pack Application Diagram-LED Display 
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in designs using 3 or more cells. IW-sw 



Voltage Thresholds 
In conjunction with monitoring VSR for charge/diiharge 
currents, the bq2050 monitors the battery potential 
through the SB pin. The voltage is determined through a 
resistor-divider network per the following equation: 

where N is the number of cells, RBI is connected to the 
positive battery terminal, and RE32 is connected to the 
negative battery terminal. The single-cell battery 
voltage is monitored for the end-of-discharge voltage 
(EDV). EDV threshold levels are used to determine 
when the battery has reached an 'empty' state. 

Two EDV thresholds for the bq2050 are programmable 
with the default values fxed at: 

EDVl (early warning) = 1.52V 

EDVF (empty) = 1.47V 

TMP (hex) 

ox 

If VSB is below either of the two EDV thresholds, the 
associated flag is latched and remains latched, 
independent of VSB, until the next valid charge. The VSB 
value is also available over the serial port. 

Temperature Range 

< -30°C 

During discharge and charge, the bq2050 monitors VSR 
for various thresholds used to compensate the charge 
and discharge rates. Refer to the count compensation sec- 
tion for details. EDV monitoring is disabled if the dis- 
charge rate is greater than 2C (typical) and resumes 
second after the rate falla below 2C. 

RBI Input 
The RBI input pin is intended to be used with a storage 
capacitor or external supply to provide backup potential to 
the internal bq2050 registers when Voc drops below 3.OV. 
Voc is out~ut on RBI when Voc is above 3.OV. A diode is 
required to isolate the external supply. 

Reset 
The bq2050 can be reset either by removing Vcc and 
grounding the RBI pin for 15 seconds or by writing OxSO 
to register 0x39. 

Temperature 
The bq2050 internally determines the temperature in 
10°C steps centered from approximately -35°C to t85"C. 
The temperature eteps are used to adapt charge and die- 
charge rate compensations, self-discharge counting, and 
available charge display translation. The temperature 
range is available over the serial port in 10°C increments 
as shown in the following table: 

Layout Considerations 

The bq2050 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
reeults, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-cmnt 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

The capacitors (C1 and C2) should be placed as close 
as possible to the Vcc and SB pins, respectively, and 
their paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

m The sense reaistor capacitor should be placed as close 
as possible to the SR pin. 

The sense resistor (Rs) should be as close ae possible to 
the bq2050. 



Gas Gauge Operation 

The operational overview diagram in Figure 2 illuetrates 
the operation of the bq2050. The bq2050 accumulatee a 
measure of charge and discharge currents, aa well ae an 
eetimation of self-diecharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Capacity (NAC), 
repreeents the available battery capacity at  any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Diecharge 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LAD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery chargee. Therefore, the 
bq2050 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery'e initial capacity is equal to the Programmed 
Full Count (PFC) ehown in Table 2. Until LMD ie 
updated, NAC counte up to but not beyond this threehold 
during subeequent charges. This approach allows the gae 
gauge to be charger-independent and compatiile with 
any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the laat measured discharge capacity of the 
battery. On initialization (a~~fication of Vcc or bat- 
tery replacement), LMD ='*. During subeequent 
diechargee, the LMD ie updated with the latent 
memured ca~acity in the Diecharge Count Repieter 
(DCR) repreknti& a discharge &om full to below 
EDV1. A qualified discharge is necessary for a 
capacity transfer from the DCR to the LMD register. 
The LMD a h  serves ae the 100% reference threshold 
uaed by the relative display mode. 

Charge Discharge Self -Discharge 
Inputs Current Current Timer 

Rate and 
Temperature Temperature 

Temperature 

Compensation Compensation 

- - + + 
Main Last Discharge 

Counters Available 5 Messwed - count 
and Capacity Charge Discharge Transfer Register 

(N AC) (LMD) (DCR) 
Reference (LMD) 

Temperature Step, Other Data 
Translation 

Outputs Compensated Serial 
Available Charge, port 
LED Display, etc. wsw 

Figure 2. Operational Overview 



2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are 
programmed by using PROGi--4. The bq2050 
is contigured for a given application by selecting a 
PFC value from Table 2. The correct PFC may be 
determined by multiplying the rated battery 
capacity in mAh by the eense resistor value: 

Battery capacity (mAh) sense resistor (Q) = 

PFC (mvh) 

Selecting a PFC slightly leas than the rated capacity 
provides a conservative capacity reference until the 
bq2050 learns" a new capacity reference. 

Example: Selecting a PFC Value 

Given: 

S e w  resistor = 0.Nn 
Number of cells = 2 
Capacity = 1000mAh, Li-Ion battery, coke-anode 
Current range = SOmA to 1A 
Relative display mode 
Serial port only 
Self-diecharge = NAc/s12 per day @ 25OC 
Voltage drop over senee resistor = 2.5mV to 50mV 
Nominal discharge voltage = 3.6V 

Therefore: 

Table 1. bq2050 Programming 
- I Pin I PROGsCmrnsclW 1 PROOe I DlSP I 

Connection / s e l f - ~ i k h a r ~ e  1 NAC on Reset 1 Display State 

/ H I Table $/Disabled 1 PFC 1 LEDs disabled 1 

Note: PROGs and PRO& states are independent. 

Z 

L 

Table 2. bq2050 Programmed Full Count mVh Selections 

Table 4f NAC/512 

Table 3' N*C/512 

0 

0 

LED0 on when charging 

LED8 on for 4 sec. 



Select: 

F'FC = 30720 counta or 48mVh 
PROG1 = float 
F'Rm = low 
PROGs = high 
PROG4 = float 
PROG6 = float 
PROCS = float 

The initial full battery capacity is 48mVh (960mAh) 
until the bq2060 'learns" a new capacity with a 
qumed discharge from full to EDVl. 

3. Nominal Available Capacity (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during diacharge and selfdkhrge 
t o O . N A C i e r i 3 B e t t o O o n ~ t i o n a n d m t h e ~  
valid charge following diecharge to EDV1. To prevent 
overstatement of charge during periods of overcharge, 
NAC atope incrementing when NAC = LMD. 

4. Discharge Count Register (DCR): 

The DCR counta up during discharge independent of 
NAC and could continue inrreaeing after NAC hee 
decremented to 0. Prior to NAC = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After NAC = 0, only discharge increments the 
DCR The DCR resets to 0 when NAC = LMD. The 
DCR doea not roll over but stop m t i n g  when it 
reaches EFFFh. 

The DCR value becomes the new LMD value on the 
f i  charge after a valid discharge to VEDV~ i t  

No valid charge initiations (charges greater than 
256 NAC counts, where VSRO > VsM occurred dur- 
ing the period between NAC = LMD and EDVl de- 
tected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is 2 0°C when the EDVl level is 
reached during discharge. 

The valid diecharge flag (VDQ) indicate whether 
the present diecharge is valid for LMD update. 

6. Scaled Available Energy (SAE): 

SAE is useful in determining the available energy 
within the battery, and may provide a more useful 
capacity reference in battery chemistries with 
sloped voltage profides during diecharge. SAE may 
be converted to a mWh value using the following 
formula: 

E(mWh) = (SAEH 256 + SAEL) * 

2.4 * SCALE ' (RBI + Rm) 
R s * R m  

where RBI, RBZ and Rs are resistor values in o h .  
SCALE is the selected scale from Table 2. SAEH 
and SAEL are digital velum mad via DQ. 

6. Compeneated Available Capacity (CAC) 

C A C ~ o h n i L P r t o N A C , b u t ~ ~ ~ c a -  
pec ibrefcrdiechergerateand-  

I 
Charge Counting 
Charge activity is detectad baead on a poeitive voltage on 
the VSR input. If charge activity is detected, the bq2050 
inaements NAC at a rate pmpwtional to VSR and, if 
enabled, activates an LED display. Charge actions 
increment the NAC after compensation bortemparature. 

The bq2050 determinee charge activity mastained at  a 
continuous rate equivalent to Vsm > VSFQ. A valid 
charge equates to suetained charge activity greater than 
256 NAC counte. Once a valid charge ia detected, 
charge counting continue8 until Vsm (VSR + Vm) falle 
below V-. VSRQ is 210pV. and ia descn id  in the 
Digital Magnitude Filter d o n .  

Discharge Counting 
Diecharge activity is detected b a d  on a negative voltage 
on the VSR input. AU diecharge m t s  where VSRO < VSRD 
cause the NAC regieter to decrement and the DCR to 
increment. VSRD is  -200pV, and is  described in the 
Digital Magnitude Filter eection. 

Self-Discharge Estimation 
The bq#)SO continuoudy demmenta NAC and hcnmwnts 
DCRforaelf-baeedmtimeandMwThe 
e e l f d b d m r g e o o u n t r a t e i s ~ t o b e a m m i n a l V ~ ~  

NAC per day or disabled. This is the rate for a bathy 
whoee temperature is betwean 200300C. The NAC regie- 
ter cannot be decremented below 0. 

Count Compensations 

Discharge Compensation 
Care&afartherateddierharge , tem~andanode 
t y p e a r e m x k b y a d j u s t i n e a n i n t e a n a l ~ f a c b r .  
T h i s ~ i s b e e e d m t b e m e a w t r e d r a t e d ~ d t h e  
battery.Tables3Aand33cutlinethe " -typically 
used fcr graphae anode Li-Ion battariee, and Tablea 4A and 
4B outline the factom typically ueed for coke an& Li-Ion 
batteries. The compensation factor ia applied to CAC and ia 
b a d  on discharge rate and temperature. 



Charge Compensation 

Discharge 

Effkkncy 

Table 3A. Graphite Anode The bq2050 applies the following temperature compenea- 
tion to NAC during charge: 

1 

Temperature 

Temperature Effkkncy 

This compensation applies to both types of Li-Ion cells. 

Table 38. Self-Discharge Compensation 
The self-diecharge compensation is programmed for a 
nominal rate of 4612 NAC per day. This is the rate for a 
battery within the 20300C temperature range. This rate 
variea acmss 8 ranges from <1PC to >700C, changing with 
each higher temperature (approximately 10°C). See Table 
5 below: 

Efficiency 

100% 

90'70 

Temperature 

> 10°C 

0°C to 10°C 

-1ooc to o0c 1.35 74% Table 5. Self-Discharge Compensation 
s -10°C 2.50 4P/o 

PROGs = Z or L 

Temperature 
Compensation 

Factor 

1.00 

1.10 

Table 4A. Coke Anode 

<0.5C 

Table 48. 

Self-discharge may be disabled by connecting PROGs = H. 

Digital Magnitude Filter 
The bq2060 has a digital fiter to eliminate charge and 
discharge counting below a set threshold. The bq2050 set- 
ting ia 200pV for Vsm and 210pV for Vsw. Efficiency 

1 W o  

8Wo 

50% 

1 WO 

Temperature 

2 10°C 

0°C to 10°C 

-10°C to O°C 

< -10°C 

Temperature 
Compensation 

Factor 

1.00 

1.25 

2.00 

8.00 



Table 6. bq2050 Current-Sensing Errors 

Error Summary 

~ v m b d  

Vos 

IN' 

INR 

Capacity Inaccurate 
The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value includes 
the error between the programmed full capacity and the 
actual capacity. This error is present until a valid die- 
charge occure and LMD is updated (see the DCR deacrip- 
tion on page 7). The other cause of LMD error is battery 
wear-out. Aa the battery ages, the measured capacity 
must be adjusted to account for changes in actual battery 
capacity. 

Parameter 

Offaet referred to VSR 

Integrated non-linearity 
e m  

Integrated non- 
repeatability error 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occura (qualified by 
NAC; see the CPI register description) and is meet when- 
ever LMD is updated from the DCR. The counter does 
not wrap amGd but stops counting at 255. The capacity 
inaccurate flap (CI) is set if LMD has not been u~dated 

Typical 

* 50 

* 2 

* 1 

following 64 v x d  charges. 

Current-Sensing Error 

Maximum 

* 180 
* 4 

* 2 

Table 5 illustrates the current-sensing error as a func- 
tion of VSRO. A digital filter eliminates charge and dis- 
charge counta to the NAC register when Vsm is between 
VSR$ and VSRD. 

Communicating With the bq2050 

Units 

pV 

% 

% 

The bq2050 includes a simple single-pin (DQ plus return) 
serial data interface. A host processor uees the interface 
to access various bq2050 registers. Battery charac- 
tsriatica may be easily monitored by a d d i i  a single con- 
tact to the battery pack. The open-drain DQ pin on the 
bq#)50 should be pulled up by the host system, or may be 
left floating if the serial interface is not wed. 

Notes - 
DISP=Vcc. 

Add 0.1% per OC above or below 25OC 
and 1% per volt above or below 4.25V. 

Measurement repeatability given 
similar operating conditione. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2050. The 
command directs the bq2050 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 
*t loos 

The communication protocol is asynchronous return-to- 
one. Command and data bytea consist of a stream of 
eight bits that have a maximum transmission rate of 333 
bitdsec. The leaat-significant bit of a command or data 
byte is tramwitted first. The protocol is simple enough 
that it can be implemented by moet hoet proceeeare using 
either polled or intempt proceesing. Data input from 
the bq2050 may be sampled using the pulse-width cap- 
ture timers available on some mimoantrollera. 

If a communication error occura, e.g. tCYCa > 6ms, the 
bq20M) should be eent a BREAK to reinitiate the aerial 
interface. A BREAK ia detected when the DQ pin ia 
driven to a logic-low state for a time, ta or greater. The 
DQ pin should then be returned to its normal ready-high 
logic state for a time, tm. The bq2050 is now ready to 
receive a command from the hoet proceeeor. 

The return-to-one data bit frame consists of three dia- 
tinct wctiom. The first section is ueed to start the trans- 
mission by either the host or the bq2050 taking the DQ 
pin to a logic-low etate for a period, ~SIRH,B. The next 
section is the actual data transmimion, where the data 
should be valid by a period, t m ,  after the negative edge 
used to start communication. The data should be held 
for a period, t ~ v ,  to allow the host or bq2050 to sample 
the data bit. 

The final section is used to stop the transmission by 
returning the DQ pin to a logic-high atate by at  least a 
period, tssu, after the negative edge used to atart com- 
munication. The fmal logic-high state should be held un- 
til a period, tsv, to allow time to e m r e  that the bit 
transmission waa stopped properly. The timings for data 
and break communication are given in the aerial commu- 
nication timing specification and illustration aectione. 

Communication with the bq20M) is always perfmed with 
the least-significant bit being transmitted fixat. Figure 3 
shows an example of a communication sequence to read 
the bq2050 NAC I.egietar. 



Figure 3. Typical Communication With the bq2050 

I 

Written by Host to bq2050 ; Received by Host From bq2050 
CMDR - 03h I NAC - 65h 

I 
I 

LSB MSB I LSB MSB 
I 

Break 1 1 0 0 0 0 0 0  1 1 0 1 0 0 1 1 0  
I 

bq2050 Registers Primary Status Flags Register (FLGS1) 
The read-only FLGSl register (address=Olh) contains 

The bq2050 command and status registers are listed in the primary bq2050 flags, 
Table 7 and described below. 

The charge etatue flag (CHGS) is asserted when a valid 
Command Register (CMDR) charge rate is detected. Charge rate ie deemed valid 

when Vsm > VSRQ. A VSRO of less than VSRQ or dis- 
The dte-only CMDR register is ameased when eight charge activity clears CHGS. 
valid command bita have been received by the bq2050. 
The CMDR register contains two fields: The CHGS values are: 

Command address 

Fa-87 

- 

~ b e ~ ~ b i t d t h e a r m m a n d ~ i s u s e d t o a e l e c t ~  
the dd aunmand is for a read Q a write functioh 

- --- - 

DQ 

CMDR Bits 

7 - -  

- - 

Where WE is: 

----ii-- 

0 Thebq20MJcutputstherequ~registermtents 
epecised by the a d d  po&n ofCMDR 

- 

1 The following eight bita should be written to 
the register specified by the address portion 
of CMDR 

The lower seven-bit field of CMDR contains the address 
portion of the register to be acceased. Attempta to write 
to invalid addresses are ignored. 

CMDR Bib 

7 1 6 1 5 1 4 1 3 2 1 1  0 

- 

FLGSl Bib 

- -  

Where CHGS is. 

0 Either discharge activity detected or VSRO < 
VsRQ 

The battery replaced flag (BRp) ie asserted whenever 
the bq2050 is reset either by application of Vcc or by a 
serial port command. BRP is reset when either a valid 
charge action increments NAC to be equal to LMD, or a 
valid charge action is detected after the EDVl flag is 
asserted. BRP = 1 signifies that the device has been 
reset. 

The BRP values are: 

FLGSl Bib 



Table 7. bq2050 Command and Status Registers 

Note: n/u = not used 



Where BRP is: 

0 Battery ie charged until NAC = LMD or dis- 
charged until the EDVl flag is asserted 

1 bq%0 is reset 

The capacity inaccurate flag (CI) is used to warn the 
user that the battery has been charged a eubetantial 
number of times since LMD has been updated. The CI 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2050 is reset. The flag is cleared 
after an LMD update. 

FLGSl Bits 

The CI values are: 

FLGSl Bits 

Where CI is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no LMD 
updates or the bq2050 is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2050 is discharged from NAC=LMD. The flag remains 
set until either LMD is updated or one of three actione 
that can clear VDQ occurs: 

The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

A valid charge action sustained at VSRO > VSRQ for at 
least 256 NAC counts. 

The EDVl flag was set at a temperature below O°C 

Where VJIQ is: 

The VDQ values are: 

FLGSl Bits 

0 SDCR 2 4096, subsequent valid charge action 
detected, or EDVl is asserted with the tem- 
perature less than 0°C 

7 

1 On first discharge after NAC = LMD 

The first endafiliecharge warning flag (EDVl) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if the 
display is enabled once EDVl is aseerted, which should 

6 

warn the user that loss of battery power is imminent. 
The EDVl flag is latched until a valid charge has been 
detected. The EDVl threshold is externally controlled via 
the VTS mgieter (see Voltage Thmshold Register on this 
page). 

The EDVl values are: 

1 FLGS1 Bits 1 

0 5  

Where EDVl is: 

7 6 5 4 3 2  

4  
- 

0 Valid charge action detected, VQB 2 VTS 

1 VSB < Vm providing that the dhdmge rate is < 2C 

- 

3 

VDB 

The f i ~ l  endef-di8dKuge warning flag (EDVF) flag 
is used to warn that battery power is a t  a failure 
condition. AU segment drivers are turned off. The EDVF 
flag is latched until a valid charge has been detected. The 
EhWTY pin is also forced to a high-impedance state on 
assertion of EDVF. The host system may pull EMFm 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. The EDVF threshold is 
set 50mV below the EDVl threshold. 

2 1 1  

- 1 -  

The EDVF values are: 

1 

EDVl 

FLGSl Bits 

0 
- 

Where EDVF is: 

0 Valid charge action detected, VSB 2 (VIX - 50mV) 

1 VSB < (Vrs - 50mV) providing the discharge 
rate is < 2C 

Temperature Register (TMP) 
The read-only TMP register (address=02h) contains the 
batterv tem~erature. 

TMP Temperature Bits 

The bq2050 contains an internal temperature sensor. 
The temperature is used to eet charge and discharge effi- 
ciency factors as well as to adjust the self-discharge coef- 
ficient. The temperature register contents may be trane- 
lated as shown in Table 7. 



Table 7. Temperature Register Last Measured Discharge Register (LMD) 
LMD is a read/write regieter (address=OSh) that the 
bq20S0 uees ae a meamred full reference. The bq.2050 
adjusts LMD baaed on the mwured discharge capacity 
of t&e battery from full to empty. In this way the bq.2060 
updates the capacity of the battery. LMD is set to PFC 
during a bq#)SO reset. 

Secondary Status Flags Register (FLGS2) 
The read-only FLGS2 register (addreee=O6h) containa 
the secondary bq2050 flaga. 

The d&cha.rge rate flagu, DEWO, are bits 6 4 .  

They are uaed to determine the current diecharge regime 
as followe: 

TMPGG Gas Gauge B k  

- GG3 GG2 CG1 GGO 

The bq2050 calculates the gas gauge bits, GG3-GGO as a 
function of CACH and LMD. The d t s  of the calculation 
give available capacity in t16 increments from 0 to 16/1~ 

The ouerloud flag (OVLD) is aaaerted when a discharge 
rate in exceaa of 2C is detected. OVLD remains asserted 
ae long as the condition persists and is cleared 0.5 
e e d  after the rate drope below 2C. The overload con- 
dition is used to atop sampling of the ba- termid 

Nominal Available Charge Registers c h m m c a  for end-of-- detmnimtion. 
(NACHNACL) 
The ma&vrite NACH high-byte register (addmm=03h) and 
the read-only NACL low-byb register (addrese=l'?h) are the 
main gas gauging mgister for the bq2050. The NAC m e -  
tera are h m e n t e d  during charge &LU and demmented 
during discharge and self- actiocls. The correctian 
factors for char&discharge effkkncy are applied automat- 
ically to NAC. NACH and NACL are set to 0 during a 
bq2osOIi?set 

0 

n 

Writing to the NAC ngisters a#xts the available charge 
wnts anrl, the@re, a#xts the bq2050gos gaugre qmution 
Do not write the NAC ngistss to a valuegneats than LMD. 

Battery Identification Register (BATID) 

0 

n 

The reavwrite BATID register (addrese=04h) is 
available for use by the system to determine the type of 
battery pack. The BATID contents are retained as long 
as Vcc is e a t e r  than 2V. The contents of BATID have 
no effect on the operation of the bq2060. There is no 
default setting for this register. 

FLGS2 Bit, 
7 / 6 1 5 1 4 1 3 1 2  1 1 1 0  

I - lorn 

DR2-A- 
0 

1 

Program Pin PulCDown Register (PPD) 

DRATE < 0.M: 
0.5C < DRATE < 2C 

The read-only PPD regieter (address*) containa some of 
the programming pin information for the bq2Q50, The eeg- 
ment drivers, SEGi-s, have a corresponding PPD regktm 
location, PPD1-6. A given location is set if a pull-down 
reaistor has been dekted on its corresponding segment 
driver. For example, if SEGi and SEG4 have pull-down 
resistors, the contente of PPD are lor001001. 

Program Pin Pull-Up Register (PPU) 
The read-only PPU register (addreee=08h) contains the 
reat of the programming pin information for the bqm. 
The segment drivers, SEG14, have a corresponding PPU 
Rgietar location, PF'Uia A given location is set if a pull- 
up mistor hae been detected on its companding eegment 



Capacity Inaccurate Count Register (CPI) 

driver. For example, if SEGs and SEGs have pull-up re- 
sietors, the contents of PPU are xx100100. 

PPD/PPU Bits 

The read-only CPI register (address=09h) is used to 
indicate the number of timee a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varies with age and operating con- 
ditions, the bq2050 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDVl=l) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature ia greater than or equal to O°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 LMD, however, 
the CFT regieter increments on the f m t  valid charge; CPI 
doea not increment again for a valid charge until NAC < 
0.94 LMC. This prevents continuous trickle charging 
from incrementing CPI if self-discharge decrements 
NAC. The CPI register increments to 255 without rolling 
over. When the contents of CPI are incremented to 64, 
the capacity inaccurate flag, CI, is asserted in the FLGS1 
register. The CPI register is reset whenever an update of 
the LMD register is performed, and the CI flag is also 
cleared. 

ml 

PPDi 

Battery Voltage Register (VSB) 

- 
- 

The read-only battery voltage register is used to read the 
single-cell battery voltage on the SB pin The VSB register 
(address = OBh) is updated approximately once per eecond 
with the present value of the battery voltage. VSB = 2.4V 
( V S W ) .  

7 6 5 4 3 2 1 0  

PPUS 

PF'Ds 

m 6  

F'FTkj 

VSB Register Bits 

Voltage Threshold Register (VTS) 

m 4  

PPD4 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address = 
OCh). The readkrite VTS register sets the EDVl trip 
point. EDVF is eet 50mV below EDV1. The default value 
in the VTS regkter is A2h, representing EDVl = 1.52V 
and EDVF = 1.47V. EDVl = 2.4V (WQ256). 

m 3  

PPDa 

Compensated Available Charge Registers 
(CACHICACL) 

VTS Register Bit8 

m 2  

PPD2 
The read-only CACH high-byte register (address = ODh) 
and the read-only CACL low-byte register (address = 
OEh) represent the available charge compensated for dis- 
charge rate and temperature. CACH and CACL use 
piece-wise comctione as outlined in Tables 3A, 3B, 4 4  
and 4B, and will vary as conditions change. The NAC 
and LMD registers are not affected by the discharge rate 
and temperature. 

Scaled Available Energy Registers 
(SAEHISAEL) 
The read-only SAEH high-byte register (address = OFh) 
and the read only SAEL low-byte register (addrew = 10h) 
are used to scale battery voltage and CAC to a value 
which can be translated to watt-houra remaining under 
the present conditions. SAEL and SAEH may be con- 
verted to mWh using the formula on page 7. 

VTS3 
7 6 5 4 3 2 1 0  

VTS4 VTS7 

Reset Register (RST) 
The reset register (address = 39h) enables a software- 
controlled reset of the device. By writing the RST regis- 
ter contents from OOh to 80h, a bq2050 reset is per- 
formed. Setting any bit other than the most-signifimnt 
bit of the RST register is not allowed and results in 
improper opemtwn of the bq2050. 

VTS2 VTS6 

Resetting the bq2050 sets the following: 

m LMD=PM: 

VTS5 

8 CPI, VDQ, NACH, and NACL = 0 

VTSl 

Note: Self-discharge is disabled when PROGs = H. 

VTSO 

Display 

The bq2050 can directly display capacity information 
using low-power LEDs. If LED8 are used, the program 
pins should be resistively tied to Vcc or Vss for a 
program high or program low, respectively. 

Tae bq2050 diapleye the batby charge state in relative 
mode. In dative mode, the battery charge is m t e d  as 
a percentage of the LMD. Each LED eegment r e m n t s  
20o/b of the LMD. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflecte 

1wC' Sspt. 1908 



,pacity at a given temperature but does SEGl blinks at  a 4Hz rate whenever VSB has been 
4AC register. The temperature adjust- detected to be below Vmvl @DV1 = I), indicating a low- 
iled in the CACH and CACL register battery condition. Vm below VEDVP (EDVF = 1) disables 

the display output. 

d to Vcc, the SEG1-s outputa are inactive. 
left floating, the display becomea active 
,@50 detecta a charge in progma V s m  > 
Bed low, the segment outputs b m e  ac- 
f four ~ ~ ~ o n d s ,  * 0.5 eeconds. 

tputs are modulated as two banks, with 
nd 5 alternating with eagmenta 2 and 4. 
itputs are modulated at approximately 
h segment bank active for 30% of the 

Microregulator 

The bq20M) can operate directly from one cell. A micro- 
power source for the bq20M) can be inexpeneively built 
using the FET and an external resistor to acmmmodate a 
greater number of cells; me Figure 1. 



Absolute Maximum Ratings 

-- -- 

All other pins 

REF 

VSR 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functi 
should be limited to the Recommended DC Operating Conditions detailed in thie data sheet. 
ditions beyond the operational limits for extended periods of time may affect device reliabilit: 

Maximum 

+7.0 

Unit 

V 

i Operating / TOPR temperature 

DC Voltage Thresholds (TA = TOPR; v = 3.0 to 6 . 5 ~ )  

Notes Minimum 

-0.3 

Symbol 

Vcc 

Relative to Vss 

Relative to Vss 

Relative to Vss 

/ Svmbol I Parameter / Minimum 1 Twical I Maximum / Unit I 

Parameter 

Relative to Vss 

0 

-40 

-0.3 

-0.3 

-0.3 

VEDVI (Firat empty warning / 1.49 1 1.52 1 1.55 1 V I S B  
I , I I I I 

+70 

+85 

VEDVF 

1 VSRO 1 SR sense range 1 -300 / - / +2000 1 mV I S R , V  

+7.0 

+8.5 

+7.0 

1 
"C 

"C 

I I I I 1 I 
Final empty warning 

Note: Vos is affected by PC board layout. Proper layout guidelines should be followed for optin 
See 'LayoutConsiderations.' 

application note for dei 

V 

V 

Commercial 

Industrial 

V s ~ g  

VSRD 

VMCV 

Current limited by Rl 

Minimum 10(M aeries 
be wed ta protect SR i 
shorted battery (see th 

1.44 

Valid charge 

Valid discharge 

1.50 1.47 

210 

V 

Maximum single-cell voltage 1 2.20 

SB 

-200 

2.25 

pV 

pV 

2.30 

VSR+ 

VSR + 

V SB 



DC Electrical Characteristics OA - TOPR) 

Note: All voltages relative to Vss. 

Normal operation 

R p m  

R r n , o ~ ~  

Soft pull-up or pull-down resis- 
tor value (for pmgmmhg) 
Float state external impedance - 5 

200 Kfi 

MR 

PROGI-PR- 

PROGl-PROGs 



Serial Communication Timing Specification VA = TOPR) 

/ t; I ~ r e a k  recoverv 

~ ~ T R H  Start hold, host to bq2050 5 ne - -  PP 

~STRB Start hold, bq2050 to host 500 Pa 

Unlt 

ma 

ms 

Maximum 

6 

t ~ s u  

~ D H  

~ D V  

tssu 

~ S H  

tsv 

t~ 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper operation. 
DQ may be left floating if the serial interface is not uaed. 

Notes 
I 

See note 

Typical 

750 

1.50 

Data setup 

Data hold 

Data valid 

S t o ~  s e t u ~  

Serial Communication Timing Illustration 

Minimum 

3 

3 

Symbd 

ma 
~ C B  

Stop hold 

Stop valid 

Break 

Parameter 

Cycle time, hoet to bq2050 

Cycle time, bq2050 to host 

750 

2.25 

Pa 

Pa 

ms 

rn 

700 

2.95 

3 

DQ 7 
(BREAK) 

Pa 

ms 

ms 

I( tsv  A 
\ // 

\ 

4 ~ C Y C H .  ~ C Y C B ~  t~ L~C- ~ B R  --+ 



Data Sheet Revision History 

Re& by removing Vcc and grounding RBI for 

Change 2 = Sept, 1996 changea from Juae 1996. 

2 

Note: Change 1 =June 1995 changee from Dec. 1994. 

9 h k h u m  0-t 
Vos: Max. waa 160 

Max. now ie 180 



Ordering Information 

L~emperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85OC). 

!-package Option: 
SN = 16-pin narrow SOIC 

Device: 
bq2050 Power Gauge IC 

Contact factory for availability. 



preliminary bq2050H 
Lithium Ion Power GaugeTM IC 

Features 
Conservative and repeatable 
measurement of available 
capacity in Lithium Ion 
rechargeable batteries 

16-pin narrow SOIC 

Designed for battery pack 
integration - 120pA typical operating 

current 
- Small size enables irnple- 

mentations in as little as 
square inch of PCB 

Integrate within a system or as a 
stand-alone device 
- Display capacity via single- 

wire serial communication 
port or direct drive of LEDs 

Measurements compensated for 
current and temperature 

> Self-discharge compensation using 
internal temperature sensor 

High-speed (5KbiVsec.) DQ bus 
interface 

Pin Connections 

16-Pin Narrow SOlC 

PN-93 

General Description 
The bq205OH Lithium Ion Power 
Gauge" IC ia intended for battery- 
pack or in-system installation to 
maintain an accurate record of avail- 
able battery capacity. The IC moni- 
tors a voltage drop acroee a sense 
resistor connected in series between 
the negative battery terminal and 
ground to determine charge and 
discharge activity of the battery. 
Compensations for battery tempera- 
ture and rate of charge or diecharge 
are applied to the charge, discharge, 
and self-discharge calculatione to 
provide available capacity intorma- 
tion aawls a wide range of operating 
conditions. Battery capacity ia auto- 
matically recalibrated, or ' l e d , '  
in the course of a discharge cycle 
from full to empty. 

Nominal available capacity may be 
directly indicated using a five-seg- 
ment LED display. These eegmenta 

Pin Names 

are used to graphically indicate 
available capacity. The bq2050H 
mpporta a simple standard or high- 
speed single-line bidirectional serial 
link to an external processor (com- 
mon ground). The 5KbiVsec. DQ bus 
interface ia 16-timea faster than the 
bq2060, reducing communications 
overhead in the monitoring micro- 
controller. The bq206OH outputs 
battery information in reeponse to 
external commands over the serial 
link. 

The bq2050H may operate directly 
from one cell (VBAT > 3V). With the 
REF output and an external transis- 
tor, a simple, inexpensive regulat~r 
can be built for eystems with more 
than one series cell. 

Internal registers include available 
capacity, temperature, scaled avail- 
able energy, battery ID, battery 
status, and programming pin set- 
tinge. The external processor may 
aleo overwrite some of the bq20WH 
power gauge data registers. 

LCOM LED common output REP Voltage reference output 

SEG flROG 1 LED segment 11 PSTAT 1 Protector status input 
program 1 input 

HDQ Serial communications 
SEGzTROGz LED segment 21 inputloutIJut 

program 2 input 
RBI Regista b c h p  input 

SEGJPROG3 LED segment 31 
program 3 input SB Battery sense input 

- 
SEGflROG4 LED segment 41 DISP Display control input 

program 4 input 
SR Sense resistor input 

SEGflROGs LED segment S/ 
5 inpi Vcc 3.0-5.5V 

PROGs Program 6 input VSS System ground 

August 1996 1/20 



bq2050H Preliminary 

Sense resistor input Pin Descriptions 
The voltage drop (V~R) across the sense reek- 
tor Rs is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is tied between the negative 
terminal of the battery and the eenee reeis- 
tor. VSR < Vss indimtea discharge, and VSR > 
Vss indicates charga. The effective voltage 
drop, VSRO, 88 Been by the bq2050H ia VSR + 
vos . 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off 
during initialization to allow reading of the 
soft pull-up or pull-down program resisWs. 
LCOM is a h  high impedance when the dis- 
play is off. 

SEGI- LED display eegment outputs (dual f'une 
SEGa tion with -I--) 

- 
DISP Display control input 

E P  high disablea the LED display. EP 
tied to Vcc allowe PROGx to connect directly 
to Vcc or Vss insteadofthrough a pull-up or 
pull-down resistor. DISP floating allow- 
LED diplay to be active during charge. DISP 
low activates the display. See Table 1. 

Each output may activate an LED to sink the 
current sourced from LCOM. 

PROG1- Programmed full count selection input6 
gROQ (dual f'unction with SEGi-SECa) 

These three-level input pins define the 
programmed full count (PFC) thresholds 
described in Table 2. 

Secondary battery input 

This input monitora the battery cell voltage 
potential through a high-impedance resistive 
divider network for end-of-discharge voltage 
(EDV) thresholds, and battery removed. 

PROGs- Power gauge rate selection inputs ( d d  
PROG4 function with SEGsSEG4) 

These three-level input pins define the scale 
factor described in Table 2. RBI Register backup input 

Thie pin is used to provide backup potential to 
the bq2050H registem during periods when 
Vcc 5 3V. A storage capacitor or a battery 
can be connected to RBI. 

PROCa Selfdischarge rate selection (dual fime 
tion with SEGa) 

This three-level input pin defines the self- 
discharge and battery compensation factore as 
well as the serial interface timing speed, 
shown in Table 1. 

Serial communication input/output HDQ 

This is an open-drain bidirectional pin oper- 
ating at standard or high-speed timing. PRO& Capacity initialization selection 
Voltage reference output for regulator REF This three-level pin defines the battery state 

of charge at reset as shown in Table 1. REF provides a voltage reference output for 
an optional micro-regulator. PSTAT Protector status input 

vcc 

vss 

Supply voltaee input This input provides overvoltage status from a 
Li-Ion protector circuit. It should connect to 
Vss when not used. 

Ground 



Preliminary bq2050H 

Functional Description 
General Operation 

The bq2050H determines battery capacity by moni- 
toring the amount of current input to or removed 
from a rechargeable battery. The bq205OH mew- 
urea discharge and charge currents, meaeuree bat- 
tery voltage, estimates self-discharge, monitors the 
battery for low battery voltage thresholds, and com- 
pensates for temperature and chargddiecharge 
rates. The current measurement is made by moni- 
toring the voltage across a small-value series sense 
resistor between the negative battery terminal and 
ground. The estimate of scaled available energy is 
made using the remaining average battery voltage 
during the discharge cycle and the remaining nomi- 

nal available charge. The scaled available energymeas- 
urement is corrected for the environmental and oper- 
ating conditions. 

Figure 1 ahowe a typical battery pack application of the 
bq2050H wing the LED dieplay capabiity as a charge- 
state indicator. The bq20M)H ie configwed to dieplay 
capacity in relative dieplay made. The dative dieplay 
mode m e  the laet meammd discharge capacity of the 
battery as the battery 'full' reference. A push-button die- 
play feature ie available for momentarily enabling the 
LED display. 

P 
Tha bqU)MIH monitors the cham and dtcharqe cur- 
ra te  as a voltage acmes a mnae redetor (see Rs in Fig- 
ure 1). A filter between the negative battery terminal 
and the SR pin may be required if the rate of change of 
the battery current is too great. 

Figure 1. Battery Pack Application Diagram-LED Display 
June1908 3/20 
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bq2050H Preliminary 

Voltage Thresholds 
In conjunction with monitoring VSR for chargddiacharge 
currente, the bq2050H monitors the battery potential 
through the SB pin. The voltage is determined through a 
reeietor-divider network per the following equation: 

where N is the number of cells, RB1 is connected to the 
positive battery terminal, and RB2 is connected to the 
negative battery terminal. The single-cell battery 
voltage is monitored for the end-of-discharge voltage 
(EDV). EDV threshold levels are used to determine 
when the battery has reached an *empty" state. 

Two EDV threaholds for the bq2050H are programmable 
with the default values fixed at: 

EDVl (early warning) = 1.52V 

EDVF (empty) = 1.47V 

independent of fm, until the next valid charge. The VSB 
value is also available over the serial port. 60°C to 70°C 

During discharge and charge, the bq2050H monitors VSR 
for various thresholds used to compensate the charge 70°C to 80°C 

and discharge rates. Refer to the count compensation sec- 
tion for details. EDV monitoring is disabled if the dis- 
charge rate is greater than 2C (typical) and resumes '12 
second after the rate falls below 2C. 

If VSB is below either of the two EDV thresholds, the 
associated flag is latched and remains latched, 

RBI Input 
l%e RBI input pin is intended to be used with a storage 
capacitor or external supply to provide backup potential to 
the internal bq#)60H registers when Vcc drop below 3.0V. 
Voc is output on RBI when Vcc is above 3.OV. A diode is 
requid to isolate the external supply. 

9x 

Reset 

50°C to 60°C 

The bq2050H can be reset either by removing Vcc and 
grounding the RBI pin for 15 seconds or by writing 0x80 
to register 0x39. 

Temperature 
The bq2050H internally determines the temperature in 
10°C atepa centered from approximately -35°C to +85"C. 
The temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 
available charge display translation. The temperature 
range is available over the serial port in 10°C increments 
as shown in the following table: 

Layout Considerations 

The bq2050H measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

The capacitors (C1 and C2) should be placed as close 
as possible to the Vcc and SB pins, respectively, and 
their paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

The sense resistor capacitor should be placed as close 
aa possible to the SR pin. 

The sense resistor @) should be as close as possible to 
the bq2050H. 

4/20 June 1996 



Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2050H. The bq2050H accumulatee 
a measure of charge and discharge currents, ae well as 
an estimation of eelf-diecharge. Charge and discharge 
currents are temperature and rate compensated, 
whereas self-diecharge is only temperature compemated. 

The main counter, Nominal Available Capacity (NAC), 
repreeenta the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR @ischarge 
Count Register). 

The Discharge Count Regiater @CR) is ueed to update 
the Last Measured Discharge (LAID) regieter only it a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2050H adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity ia equal to the Programmed 
Full Count (PFC) shown in Table 2. Until LMD is 
updated, NAC counte up to but not beyond thie threshold 
during subeequent charges. Thia approach allows the gas 
gauge to be charger-independent and compatible with 
iny tVpe of charge-~gime.- 

1. Last Measured Ditwharge (LMD) or learned 
battery capacity. 

LMD is the la& meamred discharge capacity of the 
battery. On initialization (application of Voc or bat- 
tery replacement), LMD = PFC. During subeequent 
discharges, the LMD ia updated with the latest 
measured capacity in the Discharge Count Register 
@CR) representing a discharge from full to below 
EDV1. A qualified discharge is neceseary for a 
capecity transfer from the DCR to the LMD register. 
The LMD a h  serves aa the 100% reference theahold 
used by the relative dieplay mode. 

Inputs Charge 
Current 

Discharge 
Current 

Self-Discharge 
Timer 

Rate and 
Temperature Temperature Temperature 

Compensation Compensation 

+ + 
Main Last Discharge 
Counters Available 5 Measured ' Oualifiedount 
and Capacity Charge Discharge T~~~~~~~ Register 

(NAC) (LMD) (DCR) 
Reference (LMD) 

1 1 ( Temperature Step. Other Data 

Outputs Compensated Serial 
Available Charge, Port 
LED Display, eta. 

I J 

Figure 2. Operational Overview 
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2 Rolframmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are 
programmed by using PROGl-PROG4. The 
bq2050H is conf~gured for a given application by se- 
lecting a PFC value from Table 2. The correct PFC 
may be determined by multiplying the rated battery 
capacity in mAh by the eense resistor value: 

Battery capacity (mAh) sense reaistor (Q) = 

PFC (mvh) 

Selecting a PM: slightly leas than the rated capacity 
provides a conservative capacity reference until the 
bq206UI-I 'learns' a new capacity reference. 

Example: Selecting a PElC Value 

Given: 

Senee resistor = O.NQ 
Number of cells = 2 
Capacity = 1000mAh, Li-Ion battery, coke-anode 
Current range = SOmA to 1A 
Relative display mode 
Serial port only 
Self-diecharge = NAG412 per day Q 25OC 
Voltage drop over sense resistor = 2.5mV to 50mV 
Nominal discharge voltage = 3.6V 
Hieh speed DB 

Table 1. bq2050H Programming 

-- 

Note: PROGs and PROG6 states are independent. 

Table 2. bq2050H Programmed Full Count mVh Selections 

- 
DlSP 

Display State 

LED8 disabled 

LEDs on when charging 

LEDs on for 4 sec. 

Pin 
Connection 

H 

Z 

L 

PROG5 CompmaW 
Self-Discharge 

Table Wisabled 

Table e/ NAc/512 

Table 3' NAc/512 

PROGs 
NAC on Reset 

PFC, standard speed 

0, high speed 

0, standard speed 
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Therefore: 

1000mAh 0.05n = m V h  

Select: 

PFC = 30720 counts or 48mVh 
-1 = float 
PROGz=low 
PROGs = high 
PROG4 = float 
m 5  = float 
PRm = float 

The initial full battery capacity ia 48mVh (960mA.h) 
until the bq20M)H ?earns0 a new capacity with a 
qualified discharge from full to EDVl. 

3. Nominal Available Capacity (NAC): 

NAC aunts up during charge to a maximum value 
of LMD and down during d i w h q e  and df-dbchqp 
toO.NACisreaettoOrninitinit '' " a n d o n t b e h t  
valid charge folkwing dkharge to EDVl. To prevent 
overstatement of charge during &ode of overcharge, 
NAC etope inmementirig when NAC = LMD. 

4. Discharge Count Register WR): 

TheDCRcOuntsupduringdiechargeindependentot 
NAC andcouldcmtinueinaeaeing.afteeNAC hae cb 
memewdto0.  ~ t o N A C = O ( e m p t y b a ~ ) , b o t h  
dhharge and a e l f - . m t  the DCR After 
NAC = O , d y  diechargemcrementstheDCR The 
DCR reeets to 0 when NAC = LMD. The DCR does mt 
mll over but etope anmting when it r e d m  FFFF% 

The DCR value becomes the new LMD value on the 
f& charge after a valid diecharge to VEDVI if: 

m No valid charge inihtkms (charges W 256 
~ A c c O u n t e , w b ~ s a V s r r , > ~ & ~ d u n a g ~  
periodbetweenNAC =LMDandEDVl detected 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threehold determined by PFC). 

The temperature ia 2 P C  when the EDVl level is 
reached during discharge. 

The valid discharge flag indicates whether 
the preaent discharge ia valid for LMD update. If 
the DCR update value is leee than LMD by greater 
than 4096 counts, LMD will only be modir~ed by 
40% counts. This prevents invalid DCR values 
from corrupting LMD. 

5. Scaled Available Energy (SAE): 

SAE is useful in determining the available energy 
within the battery, and may provide a more useful 
capacity reference in battery chemistries with 

eloped voltage p ro f i s  during discharge. SAE may 
be converted to a mWh value using the following 
fonnula: 

E(mWh) = (SAEH * 256 + SAEL) 

2.4 * SCALE (RBI + Rez) 
Re * R B ~  

where RBI. R R ~  and Rs are resietor value6 in ohm. -- 
SCALE is the selected scale from Table 2. SAEH 
and SAEL are digital values read via DQ. 

6. Compensated Available Capacity (CAC) 

Charge Counting 
Charge activity is detected baed  on a positive voltage on 
the VSR input. If charge activity is detected, the bq2050H 
increments NAC at a rate proportional to Vsft and, if 
enabled, activates an LED display. Charge actions 
increment the NAC aRer compensation for temperatam. 

The bq20M)H determines charge activity sustainad a t  a 
continuoue rate equivalent to V s m  > Vsw.  A valid 
charge equates to sustained charge activity greater than 
256 NAC counts. Once a valid charge is detected, 
charge counting continues until V s m  (VSR + V a )  falls 
below VSRQ. V s ~ q  ia 210pV, and is described in the 
Digital Magnitude Filter section. 

Discharge Counting 
Diecharge activity is dete&ad based on a negative voltage 
on the V a  input. All diecharge counts where V s m  < V ~ R D  
c a w  the NAC register to  decrement and the DCR to 
increment. VSRD is -200pV, and is described in the 
Digital Magnitude Filter eection. 

Self-Discharge Estimation 
The bq#)SOH continuously decrements NAC and iacrementa 
DCR for eelfdkhanre based on time and temmrature. The 
&-discharge count I& is pmpmmed to be a-nominal %12 

NAC per day or disabled. This ia the rate for a battery 
whoee temperature is between 200SO"C. The NAC regis- 
ter cannot be decremented below 0. 

Count Compensations 

Discharge Compensation 
Colrectims fa- the rate of dkdmge temperabe, and anode 
t y p e m m a d e b y a d j w t h g a n i n t e m a l ~ f a c t o r .  
Thiefrdorisbaaedanthedrateddiechargeofthe 
battery. Tablea 3A and 313 outline the c m & h  hcim typically 
wed bor graphite anode Li-Ion batteries, and Tables 4A and 

7/20 
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4B outline the facton, typically used for coke anode Li- 
Ion batteriea. The compensation fedor ie applied to CAC 
and ie based on discharge rate and temperature. 

Table 3A. Graphite Anode 

1 / Discharae I I 

Table 38. 

Approximate 
Discharge Rate 

Table 4A. Coke Anode 

Discharge 

Discharge Rate Factor Efficiency 

<0.5C 

2 0.5C 

~ompenm-tion 
Factor 

Table 48. 

Effkiency 

Efficiency 

10046 

906 

74% 

40% 

Temperature 

2 10°C 

0°C to 10°C 

-10°C to 0°C 

< -10°C 

Temperature 
Compenscltion 

Factor 

1.00 

1.10 

1.35 

2.50 

Charge Compensation 
The bq2050H applies the following temperature compen- 
sation to NAC durina charge: 

Efficiency 

1 W o  

80% 

50% 

1% 

Temperature 

L 10°C 

0°C to 10°C 

-10°C to 0°C 

< -10°C 

Temperature 

Temwrature Factor Effickncv 

Temperature 
Compensation 

Factor 

1.00 

1.25 

2.00 

8.00 

This compensation applies to both type  of Li-Ion cells. 

Self-Discharge Compensation 
The self-diecharge compensation ie programmed for a 
nominal rate of %iiz NAC per day. This is the rate for a 
battery within the 204WC temperature range. This rate 
variee acrcas 8 ranges from <1VC to >70°C, changing with 
each higher temperature (approximately 10°C). See Table 
5 below. 

Table 5. Self-Discharge Compensation 

Self-diecharge may be disabled by connecting PROGB = H. 

Temperature Range 

< 10°C 

10-20°C 

Digital Magnitude Filter 

Typical Rate 

PROGs - Z or L 

N A C / r n  

NAc/ lo~  

The bqU)50H has a digital fiiter to ehinate  charge and 
discharge counting below a set theahold. The bq2050H 
setting is 200pV for VSRD and 210pV for VSRQ. 
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Table 6. bq2050H Current-Sensing Errors 

Error Summary 

Symbol 

Vos 

INL 

I* 

Capacity Inaccurate 
The LMD is susceptible to error on initialization or if no 
updates cccur. On initialization, the LMD value includes 
the error between the programmed full capacity and the 
actual capacity. This error is present until a valid die- 
charge ocnve and LMD is updated (see the DCR deacrip- 
tion on page 7). The other cause of LMD emrr ie battery 
wear-out. As the battery agea, the m e a d  capacity 
must be adjusted to account for changes in actual battery 
capacity. 

Parameter 
Offset ref& to VSR 

Integrated non-liarity 
e m  

Integrated non- 
repeatability e- 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified by 
NAC; aee the CPI register deeuiption) and ie reset when- 
ever LMD is updated from the DCR. The counter does 
not wrap around but stops counting at 255. The capacity 
inaccurate flag (CI) is set if LMD has not been updated 
following 64 valid charges. 

Current-Sensing Error 

Typiccll 

* 50 

* 2 

* 1 

Table 5 illustrates the current-sensing error ae a func- 
tion of VSRO. A digital fdter eliminates charge and die- 
charge counts to the NAC register when Vsw is between 
VSW and VSRD. 

Communicating With the bq2050H 

Maximum 

* 180 

* 4 

* 2 

The bq2050H includes a simple single-pin @Q plus 
return) serial data interface. A host p r o m o r  uees the 
interface to access various bq2050H regiekrs. Battery 
characteristics may be easily monitored by adding a sin- 
gle contact to the battery pack. The open-drain DQ pin 
on the bq2060H should be pulled up by the host system, or 
may be left floating if the aerial interface is not used. 

The interface uaes a command-based protocol, where the 
host proceesor sends a command byte to the bq2050H. 
The command directs the bq2050H to either store the 
next eight bits of data received to a register specified by 
the command byte or output the eight bite of data speci- 
fied by the command byte. 
Julm 1098 

Unib 

pV 

% 

% 

The communication protocol is aeynchronoua return-to- 
one. Command and data bvtee consist of a atream of 

Notes - 
DISP=Vcc. 

Add 0.1% per OC above or below 25OC 
and 1% per volt above or below 4.2SV. 

Measurement repeatability given 
similar operating conditions. 

eight bits that have a maximim transmission rate of 333 
biWaec in standard communication mode and 5K b i w w  
in high-speed mode (PROG6 = Z). The least-eiacant 
bit of a &and or data byte k trammittad f k .  The 
protocol is simple enough that it can be implemented by 
moat host proceeeors using either polled or interrupt 
processing. Data input from the bq2050H may be sam- 
pled using the pulse-width capture timers available on 
some m i ~ n t r o l l e r s .  

If a communication error occurs, e.g. ~CYCB > 6ma (or 
250ps for 'HDspecXcation), the bq2050H should be sent a 
BREAK to reinitiate the serial interface. A BREAK is 
detected when the HDQ pin ie driven to a logic-low atate 
for a time, tB or greater. The HDQ pin should then be 
returned to its normal ready-high logic atate for a time, 
tm. The bq2050H is now ready to receive a command 
from the hoet pmcessor. 

The return-to-one data bit frame consiets of three die- 
tinct sections. The firat section is used to start the trans- 
mission by either the host or the bq2050H taking the 
HDQ pin to a logic-low state for a period, -3. The 
next &ion is the actual data transmission, where the 
data ehould be valid by a period, tmsu, after the negative 
edge used to start communication. The data should be 
held for a period, tmv, to allow the host or bq2050H to 
sample the data bit. 

The r i a l  section is used to stop the transmission by 
returning the HDQ pin to a logic-high state by at  least a 
period, tssv, after the negative edge used to start com- 
munication. The fmal logic-high state should be held un- 
til a period, tsv, to allow time to ensure that the bit 
tranemieeion was stopped properly. The timinga for data 
and break communication are given in the aerial commu- 
nication timing specification and illustration sections. 

Communication with the bqZ&OH is alwaya performed 
with the leaet-significant bit being tmmmitted first. Fig- 
ure 3 shows an example of a comm&tion sequence to 
read the bq2050H NAC register. 



Figure 3. Typical Communication With the bq2050H 

bq2050H Registers Primary Status Flags Register (FLGS1) 

I 

Written by Host to bq2050 ; Received by Host From bq2050 
CMDR = 03h I NAC - 65h 

I 
I 

LSB MSB I La8 
I 

Break 1 1 0 0 0 0 0 0  1 1 0 1 0 0 1 1 0  

The bq2OSOH command and status registers are listed in 
Table 7 and described below. 

Command Register (CMDR) 
The write-only CMDR register is acceeeed when eight 
valid command bits have been received by the bq20M)H. 
The CMDR regieter containe two fields 

W/K bit 

1 -7 - 
DQ 

m Command address 

- - - - - - - -  
- 

The w/?i values are: 
1 

r-- - 

FQ-67 

- -  

Where w,& is: 

CMDR Bits 

0 Thebq2D50HoutputstherequdRgietg~- 
tenta spedfied by the a d d w e s m d C M D R  

_I- Iuu- 

1 The following eight bits should be written to 
the register specified by the addreee portion 
of CMDR 

- - d - - - L -  

0 

The lower seven-bit field of CMDR mntaiae the addreee 
portion of the register to be accessed. Attempts to write 
to invalid addreme are ignored. 

7 

w/E 
6 
- 

The read-only FLGSl register (address4lh) contains 
the primary bq20MIH flaga. 

2 1 1  5 

CMDR Blb 

The chcvge atatus flag (CHGS) is aaeerted when a valid 
charge rate is detected. Charge rate is deemed valid 
when Vsm > Vsw. A V m  of leee than V m  or dis- 
charge activity clears CHGS. 

7 

- 

The CHGS valuee are: 

4 

FLGS1 Bib 

CHGS - 

3 

Where CHGS is: 

0 

ADO 
8 1 5  

AD6(ADI 

0 Either discharge activity detected or Vsm < 
VsRQ 

The battery replaced flag (BRP) is asserted whenever 
the bq2050H is reaet either by application of Vcc or by a 
serial port command. BRP is reset when either a valid 
charge action increments NAC to be equal to LMD, or a 
valid charge action is detected after the EDVl flag is 
asserted. BRP = 1 swee that the device haa been 
reset. 

The BRP valuee are: 

4 

*DP 

2 

AD2 

3 

A D S  

1 

AD1 
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Table 7. bq2050H Command and Status Registers 

Note: qh = not used 
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Where BRP is: 

0 Battery is charged until NAC = LMD or die- 
charged until the EDVl flag is aseerted 

1 bq20SOH is reset 

The protector status flag CpsTAT) pmvidea information 
on the state of the overvoltage protector within the Li-Ion 
battery pack. The PSTAT flag is asserted whenever this 
input is high and is cleared when the input is low. 

The PSTAT values are: 

FLGSl Blb 

- PSTAT - 

Where PSTAT is: 

0 PSTAT input is low 

1 PSTAT input is high 

The capociiy inaccurate flag (CI) is used to warn the 
user that the battery has been charged a subetantial 
number of timea since LMD has been updated. The CI 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2050H is reset. The flag is cleared 
after an LMD update. 

The CI valuea are: 

FLGSl Bib 

Where EDVl is: 

WherevDQie: 

0 SDCR L 4096, subsequent valid charge action 
detected, or EDVl is aeserted with the tem- 
perature leas than 0"C 

1 On first discharge after NAC = LMD 

The first end.ofiliecharge warning flag (EDVl) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Kz rate if the 
dieplay is enabled once EDVl is asserted, which should 
warn the user that loss of battery power is imminent. 
The EDVl flag is latched until a valid charge has been 
detected. The EDVl threshold ie externally controlled via 
the VTS register (see Voltage Threshold Register on this 
page). 

The EDVl values are: 
1 

FLGSl Bits 

0 Valid charge action detected, VSB 2 VTS 

7 6 5 4 3 2  

FLGSl Bits 

The finul e n d o f i I i e M e  warning flag (EDVF) flag 
is used to warn that battery power is at  a failure 

Where CI is: condition. All segment drivers are turned off. The EDVF 
flag is latched until a valid charge has been detected. The 

0 When LMD is updated with a valid !Ul die- EMFTY pin is also forced to a high-impedance state on 
charge assertion of EDVF. The host system may pull EMFTY 

- 
1 

EDVl 

- 

high, which may be used to dieable circuitry to prevent the 64th valid charge with no LMD deep-diecharge of the battery. The EDVF threshold is updates or the bq2050H is reset set 50mV below the EDVl threshold. 

0 
- 

The valid diecharge flag (VDQ) is asserted when the The EDVF values are: bq2050H is diecharged from NAC=LMD. The flag re- 
mains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

CI 

The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counta) for an LMD update. 

Where EDVF is: = A valid charge action sustained at  Vsm > VSRQ for at 
least 256 NAC counta. 0 Valid charge action detected, VSB 2 (VTS - 50mV) 

7 6 5 4 3 2 1 0  
- 

FLGSl Bib 

The EDVl flag was set at a temperature below OOC 1 VSB < (VT9 - 50mV) providing the discharge 
rate is < 2C 

The VDQ valuea are: 



TMP Temperature B b  

TMP4TMP3TMP2 TMPl - 

Table 7. Temperature Register The amction factore for charoeJdiecharge efficiency are 
applied automatically to NAC. NACH and NACL are set 
to 0 during a bq20M) meet 

Writing to the NAC ltegistss affeds the available charge 
-4 thwbw 414Crcterhebq205~~g~sgaugreopemtion 
Lb not write the NAC &stem to a uakregmater than LMD. 

Battery Identification Register (BATID) 
The reauwrite BATID register (addrese=04h) is 
available for use by the system to determine the type of 
battery pack. The BATID contents are retained ae long 
aa Vcc ie greatet than 2V. The oontenta of BATID have 
no effect on the operation of the bq206OH. There is no 
default setting for thb register. 

Last Measured Discharge Register (LMD) 
LMD ia a reaqwrite register (addreea=05h) that the 
bq2050H uses as a measured full reference. The 
bq20M)H adjuete LMD based on the measured discharge 
capacity of the battery from full to empty. In this way 
the bq20MIH updates the capacity of the battery. LMD ia 

Temperature Register (TMP) set to PFC during a bq20SOH reeet. 

The read-only TMP register (addreas=02h) contains the Secondary Status Fhgs Register (FLGS2) 
battery temperature. The read-only FLGS2 register (addresa46h) contains 

the secondary bq20SOH flags. 

The discharge rate flags. D m ,  are bits 6-4. 

FLGSP Bits 
7 1 6  1 5  4  1 3 1 2 / 1 / 0  
- ( D R 2  ( DRl I D R O (  - I - ( - ( The bq2050H contains an inkma1 temperature seneor. 

The temperature ie used to set charge and discharge effi- 
ciency factors aa well aa to adjust the self-diecharge cod- They are used to determine the current diecharge regime 
fiient. The temperature register contents may be tram- aa follows: 
lated aa shown in Table 7. 

The bq2060H calculates the gas gauge bits. GG3-GGO as a 
function of CACH and LMD. The d t s  of the calculation 
give available capacity in 416 increments from 0 to 16/16. 

TMPGG Gas Gauge B b  The overload flag (OVLD) ia asserted when a diecharge 
rate in excess of 2C is detected. OVLD remains asserted 
as long as the condition persists and is cleared 0.5 
~econde after the rate drop below 2C. The overload con- 
dition is used to etop sampling of the battery terminal 

Nominal Available Charge Registers ch-ca for end-of-discharge determination 

(NACHINACL) 

DR2 
0 

0 

The readbite NACH high-byte register (addreee#h) 
and the read-only NACL low-byte register (addrees=17h) 
are the main gas gauging register for the bq20SOH. Ihe  
NAC registem are incrementad during charge actions and 
decremented during discharge and self-discharge actions. 

FLGS2 Bits 
7 1 6 / 5 1 4 1 3 1 2 1 1 I O  

I - lovm 

DR1 
0 

0 

DRO 
0 

1 

Diacharae Rate 
DRATE < 0.5C 

0.5C r DRATE < 2C 
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Program Pin PUIH)OW~ Register (PPD) with the preeent value of the battery voltage. VQB = 24V 
NSRE561. . . 

The read-only PPD register (ad**) contaim some d 
the programming pin information for the bq2060H. The 
segment drivers, SEG14 have a corresponding PPD 
register location. FTDid. A given location is set if a pull- 
d&n resistor has been detecZed on ita cmvqxmding eeg- 
ment driver. For example, if SEGi and SEG4 have pull- 
down resistors, the contents of PPD are n001001. Voltage Threshold Register (VTS) 

Program Pin Pull-Up Register (PPU) 

VSB Ragistar Bit$ 

The read-only PPU register (addreas48h) mntaina the 
rest of the pmpmmhg pin information for the bqm50H. 
The segment h e m ,  SEGI-G, have a carresponding PPU 
register location, PPUia A given location is set if a pull- 
up resistor hes been detected on its mrmaponding segment 
driver. For example, if SEG3 and S E G  have pull-up resis- 
tors, the contents of PPU are xx100100. 

PPDIPPU Bib 
I I I I I I I 

VSB7 

Capacity Inaccurate Count Register (CPI) 

VSB6 

The read-only CPI register (address=09h) is ueed to 
indicate the number of timea a battery has been charged 
without an LMD update. Because the capacity of a 
rechargeable battery varies with age and operating can- 
ditions, the bq2050H adapts to the changing capacity 
over time. A complete discharge from full (NAC=LMD) 
to empty (EDV1=1) is required to perform an LMD up- 
date assuming there have been no intervening valid 
charges, the temperature is greater than or equal to O°C, 
and the self-diecharge counter ie less than 4096 counts. 

VSB5 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 LMD, however, 
the CPI regiater increments on the first valid charge; CPI 
does not increment again for a valid charge until NAC < 
0.94 LMC. This preventa continuous trickle charging 
from incrementing CPI if self-diecharge decrements 
NAC. The CPI register increments to 255 without rolling 
over. When the contents of CPI are incremented to 64, 
the capacity inaccurate flag, CI, is aeserted in the FLGSl 
register. The CPI register is reset whenever an update of 
the LMD register is performed, and the CI flag is also 
cleared. 

7 6 5 4 3 2 1 0  
VSB4 VSB3 

Battery Voltage Register (VSB) 
The read-only battery voltage register is used to read the 
single-cell battery voltage on the SB pin. The VSB register 
(addreas = OBh) is updated approximately once per second 

VSB2 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (addrese = 
OCh). The r e a w t e  VTS register sets the EDVl trip 
point. EDVF is set 50mV below EDV1. The default value 
in the VTS register is AZh, representing EDVl = 1.52V 
and EDVF = 1.47V. EDVl = 2.4V (VTSrWG). 

TTS Register Bits 
7 1 6 1 5 1 4 1 3 1 2 1 1 1 0  

VSBl 

Compensated Available Charge Registers 
(CACHICACL) 

VSBO 

The read-only CACH high-byte register (address = ODh) 
and the read-only CACL low-byte register (address = 
OEh) represent the available charge compensated for die- 
charge rate and temperature. CACH and CACL use 
piece-wiee corrections as outlined in Tables 3A, 3B, 4A, 
and 4B, and will vary as conditions change. The NAC 
and LMD registera are not affected by the discharge rate 
and temperature. 

Scaled Available Energy Registers 
(SAEHISAEL) 
The read-only SAEH high-byte register (addreas = OFh) 
and the read only SAEL low-byte regieter (addrew = 10h) 
are used to scale battery voltage and CAC to a value 
which can be translated to watt-hours remaining under 
the present conditions. SAEL and SAEH may be mn- 
verted to mWh using the formula on page 7. 

Reset Register (RST) 
The reeet regieter (ad- = 39h) provides a meam via 
software of initializing the bq2D50H. A full b q m H  reeet 
can be accomplished over the serial port by writing Wh to 
register 39h. Setting any other bit in the reset register is 
not allowed and wil l  d t  in improper b q W H  operation. 
Reeetting the bq2050H sets the following 

CPI, VDQ, RNAC, N A C W  CACWL, SAEIt/L = 0 

Note: NACH = PFC if PROGs = H 



Relative NAC Register 
The RNAC register (address = l lh)  provides the relative 
battery etate-of-charge by dividing NACH by LMD. 
RNAC varies from 0 to 64h representing relative state- 
of-charge from 0 to 100%. 

Reset Register (RST) 
The reset register (addreas = 39h) enablea a soba re -  
controlled reset of the device. By writing the RST regie- 
ten contanta from OOh to 80h, a bq2050H reset is per- 
formed. Setting any bit other than the moat-signimnt 
bit of the RST W t e r  is not allowed and results in 
impmper opemtwn of the bq2050H. 

Resetting the bq2050H seta the following: 

m CPI, VJIQ, NACH, and NACL = 0 

Note: Self-diecharge ie disabled when PROGs = H. 

Display 

The bq20MIH can directly display capacity information 
using low-power LEDs. If LED6 are wed, the program 
pins should be resistively tied to Voc or Vss for a 
program high or program low, respectively. 

The bq2060H dieplays the battery chqp state in relative 
mode. In relative mode, the battary charge ia mpreeated as 
a pmentege d the LMD. Each LED merit mprcsenta 
#)%of the LMD. 

The capacity dieplay io also adjusted for the prenent bat- 
tery temperature. The temperature adjustment reflecta 
the available capscity at a given temperature but doea 
not aft& the NAC registar. The temperature adjust- 
ments are detailed in the CACH and CACL re&* 
deecriptim. 

When mi tied to Vcc, the SEGM outpub are inactive. 
When DISP ie left floating, the Way bmmm active 
whenever tbe b q W H  &&-$a a charge in pmgrem V m  > 
VSFQ . When pulled low, the segment outputa become ac- 
tive for a period dfour seconds, * 0.5 eeconde. 

The segment outputa are modulated as two banks, with 
segmenta 1,3, and 5 alternating with segments 2 and 4. 
The segment outputa are modulated at  approximately 
lOOHz with each segment bank active for 3096 of the 
period. 

SEGl blinks at a 4Hz rate whenever VSB has been 
detected to be below Vmvl (EDV1 = I), indicating a low- 
bat* condition. VSB below VEDVP @DVF = 1) disables 
the display output. 

Microregulator 

The bq20SOH can operate directly from one cell. A micro- 
power source for the bq20MIH can be inexpensively built 
using the FET and an external r e s h r  to accommodate a 
greater number of cells; see Figure 1. 



bq2050H Preliminary 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 
operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limite for extended periods of time may affect device reli- 
ability. 

DC Voltage Thresholds FA = TOPR; v - 3.0 to 6 . 5 ~ )  

Maximum 

+7.0 

+7.0 

+8.5 

+7.0 

+70 

+85 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

0 

-40 

Symbol 

Vcc 

All other pins 

REF 

VSR 

Tom 

Note: Vos is affected by PC board layout. Roper layout guidelines should be followed for optimal performance. 
See "LayoutConsiderationa.' 

Parameter 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

Unit 

V 

V 

V 

"C 

"C 

Symbol 

VEDVF 

VEDVI 

VSRO 

VSRQ 

VSRD 

VMCV 

Note8 

Current limited by R1 (see Figure 1) 

Minimum 1OOQ series resietor should 
be wed to protect SR in case of a 
shorted battery (see the bq2050H 
application note for details). 

Commercial 

Industrial 

Typical 

1.47 

1.52 

2.25 

Parameter 

Final empty warning 

First empty warning 

SR sense range 

Valid charge 

Valid discharge 

Maximum single-cell voltage 

Maximum 

1.50 

1.55 

+ZOO0 

-200 

2.30 

Minimum 

1.44 

1.49 

-300 

210 

2.20 

Unit 

V 

V 

mV 

pV 

HV 

V 

Notes 

SB, default 

SB, default 

SR, V s ~ + V o s  

VSR + VOS (see note) 

VSR + VOS (see note) 

SB 



Preliminary bq2050H 

DC Electrical Characteristics (TA - TOPR) 

R ~ A T  1 Float state external impedance / - 
Note: All voltages relative to Vss. 

&no 1986 17/20 
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bq2050H Preliminary 

Standard Serial Communication Timing Specification (TA - TOPR) 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host ayetern for proper DQ operation. 
DQ may be left floating if the serial interface ie not u d .  

High-Speed Serial Communication Timing Specification (TA-TOPR) 

ps Laat bit of read to 
start of new cycle 

Note: The open-drain DQ pin should be pulled to at least Vcc by the host ayetern for proper DQ operation. 
DQ may be left floating if the serial interface is not used. 



Serial Communication Timing Illustration 



bq2050H Preliminary 

Ordering Information 

bq2050H 
I T T  1 1 , Temperature m e :  

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85'C)* 

Package Optiom 
SN = 16-pin narrow SOIC 

Device: 
bq2050H Power Gauge IC 

Contact factory for availability. 

2om June 1996 
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@ BENCHMARO priuct BM EV2050lH 
Power GaugeTM Evaluation Board 

Features 
* bq2050 Power GaugeTM IC evaluation and 

development system 

* Cell anode type (coke or graphite) 
jumper-configurable 

General Description L J 
The menu-driven software provided with the EV2050/H 

The EV2050M Evaluation System provides a develop- displays chargeidischarge activity and allows user inter- 
ment and evaluation environment for the bq2050 or bq face to the bq2050 from any standard DOS PC. 
2050H Power GaugeTM IC. The EV2050H incorporates a 
bq2050, a sense and all other hardware neces- A full data sheet for this product is available on our web 
sary to provide a power monibrhg function for 1 to 5 site (http:/iwww.benchmarq.com), or you may contact the 
series Li-Ion cells. factory for one. 

Hardware for an RS-232 interface is included on the 
EV2050/H so that easy access to the state-of-charge in- 
formation can be achieved via the serial port of the 
bq2050/H. Direct connection to the serial port of the 
bq2050M is also made available for check-out of the 
final hardwareisoftware implementation. 

June 1995 



EV20501H Product Brief 

EV20501H Board Schematic 
r 

June 1905 



Features 
Provides conservative and 
repeatable meaeurement of 
available charge in NiCd, 
NiMH, and Lithium Ion 
rechargeable batteries 

b Designed for battery pack 
integration - 120pA typical operating 

current - Small eize enables 
implementations in aa little ae 
% aquare inch of PCB 

Two-wire SMBus-like interface 

b Meaeurementa compeneated for 
current and temperature 

b antaha self-discharge 
compensation wing internal 
temperature seneor 

General Description 
The bq2090 Gae Gauge IC With 
SMBun-like Interface ie intended for 
battery-pack or in-eyetam installation 
to maintain an accurate record of 
available battery charge, The bq2090 
directly mppr ts  capacity monibhg 
for NiCd, NiMH, and Lithium Ion bat- 
--. 
Thebq2090useetheSMBusplubcol 
that eupporb many of the Smmt Bat- 
key Data (SBData) capnmands. Bat- 
tery state-of-charge, capacity 
9, rymhbg time and chem- 
letry are a e l e  over the eerial link 
Batkycharpe state can be dire&& in- 
dicated using a four-eegmeat LED dis- 
play to graphically depict battery 
f u l l - b e m p t y i n 2 5 4 6 ~ t a  

The bq2090 estimatee battary eelf-die- 
chargebasedonaninternaltimerand 
tempemtum ~lenros. The bq2080 ale0 
automatically malibrater, or 7eame' 
battery capacity in the full covee of a 
~ c y c l e f r o m f u l l t o e m p t y .  

The bq2090 may operate directly 
from three or four nickel chemistry 
cells. With the REF output and an 
external tranabta; a simple, inex- 
pensive regulator can be built to pro- 
vide Vcc for other battery cell 
configuratione. 

An external E~PROM ie used to 
program initial values into the  
bq2090 and ie neceseary for proper 
operation. 

b 16-pin m w  SOIC 

16-Pin Narrow SOIC 

PN-110 

Pin Connections Pin Names 
VOUT E~PROM supply output SB 

SEGI LED segment 1 HE 

sE6 LED segment 2 SR 

sf333 LED segment 3 SCC 

sEG4 LED segment 4 
SCD 

SCL Serial memory clock 

SDA Serial memory data Vcc 

REF Voltage reference output Vss 

Battery scnsc input 

Display control input 

Sense mistor input 

Serial communication 
clock 

Serial communication 
data inputloutput 

MIV lsOd 1 I24 



Pin Descriptions 

SEGl- LED display segment outputs 
SEG4 

Each output may activate an external LED 
to sink the current sourced from Vcc. 

SCC Serial communication clock 

This open-drain bidirectional pin is used to 
clock the data transfer to and from the 
bq2090. 

SCD Serial communication data 

This  open-drain bidirectional p in  i s  
used to transfer  address and data  to 
and from the bq2090. 

SCL Serial memory clock 

SR Senae resistor input 

The voltage drop (VSR) acmss pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the sense re- 
sistor and the negative terminal of the bat- 
tery. VSR < VSS indicates diecharge, and VSR 
> Vss indicates charge. The effective volt- 
age drop, VSRO, as seen by the bq2090 is 
VSR + VOS (see Table 3). 

=P Dieplay control input 

This output is used to clock the data trans- 
fer between the bq2090 and the external 
non-volatile configuration memory. 

SDA Serial memory data and address 

This bi-directional pin is used to trans- 
fer address and data to and from the 
bq2090 and the external configuration 
memory. 

NC No connect 

This utput supplies power to the exter- 8 nal E PROM configuration memory. 

- 
DISP high disables the LED display. m P  
floating allows the LED display to be active 
during charge or during discharge if the rate 
is grate- r than a user-programmable thresh- 
old. DISP low activates the display. 

Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance reaiator 
divider network for end-of-discharge voltage 
(EDV) thresholds and maximum charge volt- 
we (MeV). 

REF Reference output for regulator 

REF provides a reference output for an 
optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 



Functional Description 
General Operation 
The bq2090 determines battery capacity by monitoring 
the amount of charge input to or removed from a 
rechargeable battery. The bq2090 measures discharge 
and charge currents, estimates self-discharge and 
monitors the battery for low-battery voltage thresholds. 
The charge measurement is made by monitoring the 
voltage across a small-value series sense resistor 
between the negative battery terminal and ground. 
The available battery charge is determined by 
monitoring this voltage over time and correcting the 
measurement for the environmental and operating 
conditions. 

Figure 1 show8 a typical battery pack application of the 
bq2090 using the LED capacity display, the aerial port. 
and an  external E2PROM for battery pack 
programming information. The bq2090 must be 
confiired and calibrated for the battsry-epecfic infor- 
mation to emure proper operation. Table 1 outlines the 
externally programmable functions available in the 
bq2090. Refer to the Programming the bq2090 section 
for further detaile. 

An internal temperature sensor eliminates the need for 
an external thermistor-reducing coat and components. 
An internal, temperature-compensated time-base elimi- 
nates the need for an external resonator, further reduc- 
ing cost and components. The entire circuit in Figure 1 
can occupy less than 9/4 square inch of board mace. 

SCL 
V S S  SDb 

3 
.LC01 - - 

Figure 1. Battery Pack Application Diagram-LED Display 

May 1998 3/24 

2-223 



[~nitial batterv voltane 1 (hOm~O3 1 8 bits 1 WA 1 

Table 1. Configuration Memory Programming Values 

Parameter Name 

Desim ca~acitY 

1  FLAGS^ 1 0xOa 1 8 bits I WA 1 

Reserved 

Reserved 

Remaining Capacity Alarm 

Address 

oxowxO1 

OXW'VXO~ 

On-7 

oxow.Ms 

FLAGS2 

Length 

Current measurement gain 

EDVi 

EDVp 

U n b  

- 
- 

16 bits: low byte, high byte 

b o b  

Temperature offset 

16 bits: low byte, high byte 1 mAh 

- 
- 

mAh 

OxOuOxOd 

0xWxOf 

0xlQ&ll 

Self-discharge rate 

8 bits 

0 x 1 ~ 1 3  

Digital filter 

Current integration gain 

Discharge display threshold 

Battery voltage offset 

WA 

16 bits: low byte, high byte 

16 bits: low byte, high byte 

16 bits: low byte, high byte 

0x14 

Battery voltage gain 

WA 

mV 

mV 

16 bits: low byte, high byte 

0x15 

0x16/0.17 

0x18 

0x19 

Reserved 

Design voltage 

Specification Information 

1 ~anufacturer name 1 0x4QOx4f 1 8 + 120 bits 1 EVA 1 

O.l0K 

16 bits: low byte, high byte 

0xlwDslb 

Manufacturer Date 

Serial number 

Reserved 

/ Device name 1 0 x W 5 f  1 8 + 120 bits 1 N A  1 

EVA 

8 bits 

16 bits: low byte, high byte 

8 bits 

8 bits 

0x11$3~31 

(k3Zmx33 

0x34as35 

mV 

WA 

WA 

mV 

16 bite 

Os3Mk37 

0x3Qtk39 

0x3&3f 

Note: N/A=Not applicable; data packed or coded. See Programming the bq2090 section for details. 

EVA 

- 
16 bite: low byte, high byte 

16 bite: low byte, high byte 

Chemistry 

Manufacturer data 

4/24 May 1008 
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- 
mV 

WA 

16 bits: low byte, high byte 

16 bits: low byte, high byte 

- 

WA 

WA 
- 

- - - - 

Ox6QQx6f 

Ox7CYDx7f 

- -- - 

8 + 120 bits 

8+120bits 

WA 

EVA 



Voltage Thresholds 

In conjunction with monitoring VSR for chargddischarge 
currents, the bq2090 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor divider network per the fol- 
lowing equation: 

where MBV is the maximum battery voltage, F&s is con- 
nected to the poeitive battery terminal, and & ia con- 
nected to the negative battery terminal. - should be 
rounded to the next highest integer. The battery voltage 
ia monitored for the end-of-discharge voltage (EDV) and 
for maximum cell voltage (MCV) and for alarm warning 
conditions. EDV threshold levels are used to determine 
when the battery has reached an "empty' atate, and the 
MCV threehold is wed for fault detection during charging. 
The battery voltage gain and two EDV thresholds are 
programmed via E~PROM. See the Programming the 
bq2090 section for further details. 

If VSB is below either d the two EDV thmahld~, the a ~ ~ 5 -  
ated flag is latched and remaina latched, independent of VSB, 
until the next valid charge. 

EDV monitoring may be disabled under certain 
conditions. If the discharge current ia greater than 3A, 
EDV monitoring is disabled and remunee after the cur- 
rent falls below 1.5A. 

'I'h bq2090 is reeet when f i t  connected to the battery 
pack. The bq2090 can a h  be reset with a command wer 
the serial port, as described in the Software Reset eec- 
tion. 

Temperature 
The bq2090 monitors temperature using an internal sen- 
sor. The temperature is used to adapt chargddischarge 
and self-discharge compensations. Temperature may also 
be acceesed over the serial port. See the F k g m m h g  the 
bq2090 section for further details. 

Layout Considerations 

The bq2090 measurea the voltage differential between 
the SR and Vss pins. V- (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
regulte, the PC board layout should follow the etrict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nod-. Additionally, in refer- 
ence to Figure 1: 

The capautore (Cl, C3, and C4) should be placed aa 
cloee aa p o d k  to the SB and Vrx pins, and their paths 
to Vss should be ee sh& ee powible. A high-quality 
ceramic capacitor of O.1pf is recommended for Vcc. 

B The sense mistor capacitor (C2) should be placed as 
cloee as poeeible to the SR pin. 

The sense r e a h  (Rlr) should be as cloae as possible 
to the bq2090. 

B The IC should be cloae to the cells for the beat 
temperature measurement. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2090. The bq2090 accumulates a 
measure of charge and diecharge currents, as well as an 
estimation of self-discharge. Charge and discharge 
currents are temperature-compensated, and charge is 
rate-compensated. Self-discharge is only temperature- 
compensated. 

Tbe main counter, Remaining Capacity (RM), repreaenta 
the available battery capacity at any given time. Battery 
charging increments tba RM register, where- battery 
discharging and a e l f a a r g e  decrement the RM register 
and increment the DCR (Discharge Count Regkter). 

The Discharge-Count Register (DCR) is ueed to update 
the Full-Charge Capacity (FCC) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2090 adapta ita capacity determination baaed on the 
actual conditions of &charge. 

1. FullCharge Capacity or learned-battery 
capacity: 

FCC is the last m d  diecharge capacity of the 
battery. On initialization (application of Vcc or reset), 
FCC = DC. During subeequent discharges, the FCC 
ia updated with the lateat measured capacity in the 
Discharge Count Register @CR), representing a dis- 
charge from full to below EDV1. A qualified dis- 
charge is neceeeary for a capacity transfer from the 
DCR to the FCC regieter. The FCC aleo serves as the 
100% reference threehold used by the relative state- 
ofcharge calculation and display. 

2 Design Capacity (DC): 

The DC ie the user specified battery c acity and is 
programmed by uing an ertsrnal #hum. The 
DC also provides the 1 W o  mference for the a h -  
lute display mode. 

May 1996 



c h a w  Discha 
inputs cumnt c u m r  

Main 
Counters 
and Capadty 
Reienmce (FCC) rl 1 ,- Temperature, Other Data 

Om& Avatlable Chip-Con Charge rolled Two-Wire 
lntelface LED Display B D ~  

Figure 2. Operational Overview 

3. Remaining Capacity (RM): Charge Counting 
RM counts up during charge to a maximum value of Charge activity is detected based on a poeitive voltage on 
FCC and down during diecharge and SeU-di~harge the VSR input. If charge activity is detected, the bq2090 
to 0. RM is reset to 0 On initialization and when a increments RM at  a rate to VsRo and, if 
valid charge is detected and EDV1=1. To Prevent enabled, activates an LED display. Charge actions 
overstatement of charge during periods of over- increment the RM after compemation for chsrge rate 
charge, RM stops incrementing when RM = FCC. ,d temperature. 

4. Discharge Count Register (DCR): The bq2090 determines charge activity sustained at  a 
The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Prior to RM = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After RM = 0, only discharge increments the 
DCR. The DCR resets to 0 when RM = FCC. The 

continuow rate equivalent VSRO > VSRQ. A valid 
c h a r g e  equa tes  t o  sus ta ined cha rge  ac t iv i ty  
greater than 10 mAh. Once a valid charge is detected, 
charge counting continues until VSRO falls below VSRQ. 
V s ~ g  is a programmable threshold as d e s m i  in the 
Digital Magnitude Filter section. 

DCR does not roll over but stops counting when it 
reaches FFFF~. Discharge Counting 
The DCR value becomes the new FCC due on the All discharge counts where VSRO < VSRD the * 
fmt charge after a valid diecharge to VEDVI it: register to decrement and the DCR to increment. 

Exceeding the user-programmable discharge display 
No valid charge initiations (charges greater than threshold, stored in external E-M, activates the die- 
lOrnAh, where VSRO > VSRQ) occurred during the play, if enabled. VSRD is a programmable threshold as 
period between RM = FCC and EDVl detected. described in the Digital Magnitude Filter section. 

m The self-discharge count i s  not more than Self-Discharge Estimation 
256mAh. 

The bq2090 continuously decrements RM and The temperature is ' 2730K when the level incmmenb DCR for self-discharge baaed on time and 
is reached during discharge. temperature. The self-diecharge rate is dependent on 

me valid discharge flag (VDQ) indicates whether the battery chemistry. The bq2090 self-discharge 
the present discharge is valid for FCC update. estimation rate is externally programmed in E~PROM 
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and can be programmed from 0 to 25% per day a t  20%. 
This rate doubles every 10°C from 0°C to 70°C. 

Count Compensations 

The bq2090 determinee faet diecharge when the dis- 
charge rate exceeds the programmed fa& diecharge rate. 
Charge activity is compemated for temperature and rate 
before updating the RM anvor DCR. Discharge rate is 
compensated for tamperature before updating the RM 
register. Self-diecharge e&imation is compensated for 
temperature before updating RM or DCR 

Charge Compensation 
Charge efficiency is ccnnpeneated for rate, temperature, 
and battery chemistry. For Li-ion chemi&y cells, the 
charge efficiency is unity for all caeee. However, the 
charge efficiency for nickel chemietry cells is adjusted 
wing the following equation: 

where Qm = 0.80 if T < 30% 

and AverageCurrent() i Fullcapacity0 

Remaining Capacity Compensation 
The bq2090 adjuets the RM ae a function of temperature. 
This adjustment accounts for the reduced capacity of the 
battery at colder temperatures. The following equation is 
used to adjust RM: 

If T 2 6°C 

RC() = N A O  (1 + TCC (I' - 5OC)) 

where T = temperature OC 

TCC = 0.016 for Li-Ion cells 

TCC = 0.0004 for Ni chemistry cella 

Digital Magnitude Filter 
The bq2090 has a programmable digital filter to 
eliminate charge and discharge counting below a set 
thraehold. Table 2 shown typical digital filter settings. 
The proper digital fiiter setting can be calculated using 
the following equation. 

VSRD (mv) = -45 / DMF 

VSRQ (mv) = -1.25 V m  

Table 2. Typical Digital Filter Settings 

Error Summary 

Capacity Inaccurate 
The FCC is meaptible to emor on initialization or if no 
updater occur. On initialization, the FCC value includee 
the error between the design capacity and the actual ca- 
pacity. This e m r  is present until a valid discharge oc- 
cue and FCC is updated (see the DCR d d p t i o n ) .  The 
other cause of FCC error is battery wear-out. Ae the 
battery ages, the meaaured capacity mu& be adjusted to 
account for changee in actual battery capacity. Periodic 
diechargee from full to empty will minimize errors in 
FCC. 

Current-Sensing Error 
Table 3 illustratee the current-eensing e m r  as a func- 
tion of VSR A digital fdter eliminates charge and dis- 
charge counts to the RM register when Vsw is between 
VsRQ and VsRD. 



Display Microregulator 

The bq2090 can directly display capacity information 
using low-power LEDa. The bq2090 displays the battery 
charge state in either absolute or relative mode. In 
relative mode, the battery charge is represented as a per- 
centage of the FCC. Each LED segment repreeents 25% 
of the FCC. 

In absolute mode, each segment represents a rued 
amount of charge, based on the initial design capacity. 
In absolute mode, each segment represents 25% of the 
design capadty. AEI the battery weam out over time, it is 
possible for the FCC to be below the initial design capac- 
ity. In this case, all of the LED8 may not turn on in 
absolute mode, representing the reduction in the actual 
battery capacity. 

The displayed capacity is compensated for the present 
battery temperature. The displayed capacity varies as 
temperature varies, indicating the available charge at 
the present conditions. - 
When DISP i s s d  to Vcc, the SEGld outputs are inac- 
tive. When DISP is left floating, the display becomes 
active whenever the bq2090 recognizes a valid charge or 
if the discharge rate exceeds the programmed fast die- 
charge display threshold. When pulled low, the segment 
outputs become active immediately for a period of 
approximately 4 seconds. 

The segment outputa are modulated as two banh  of 
three, with segments 1 and 3 alternating with segmenta 
2 and 4. The segment outputa are modulated at approxi- 
mately lOOHz with each segment bank active for 30% of 
the period. 

The bq2090 can operate directly from three or four nickel 
chemistry cells. To facilitate the power rupply 
requirements of the bq2090, an REF output is provided 
to regulate an external low-threshold n-FET. A micro- 
power source for the bq2090 can be inexpensively built 
using the FET and an external resistor; see Figve 1. 

Communicating With the bq2090 

The bq2090 includes a simple two-pin (SCC and SCD) 
bidirectional serial data interface. A host procesear uses 
the interface to accesa various ba2090 remeters; see Ta- 
ble 4. This allows battery characteristi& to be eaeily 
monitored. The open-drain SCD and SCC pine on the 
bqm are pulled up by the host 8ystem, or may be con- 
nected to Vss, if the serial interface is not wed. 

The interface usea a command-based protocol, where the 
host processor sen& the battery addrees and an eight-bit 
command byte to the bq2090. The command directs the 
bq2090 to either store the next data received to a register 
specified by the command byte or output the data speci- 
fied by the command byte. 

bq2090 Data Protocols 

The hoet system, acting in the role of a Bus master, uses 
the read word and write word pmtocols to communicate 
integer data with the bq2090 (see Figure 3). 

Host-to-bq2090 Message Protocol 
The Bue Host communicates with the bq2090 using one SEGl blinks at  a 4Hz rate whenever Vsa has been ofthreeprotocole: detected to be below VEDV~ (EDVi = I), indicating a low- 

battery condition. VSB below VEDVF @DVF = 1) disables . &ad word 
the display output. 

= Writeword 

rn Read block 

The particular protocol used is a function of the com- 
mand. The protocols wed are shown in Figure 3. 

Table 3. bq2090 Current-Sensing Errors 
-- 
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Notes 

KP= Vcc. 

Add 0.1% per OC above or below 25OC 
and 1% per volt above or below 4.25V. 

Measurement repeatability given 
similar operating conditions. 

Units 

pV 

% 

% 

Symbol 

VOS 

INL 

INR 

Maximum 

* 150 
* 4 
* 2 

Parameter 

Offset referred to VSR 

Integrated non-linearity 
e m  

Integrated non- 
repeatability error 

Typical 

* 50 
* 2 

* 1 



Figure 3. Host Communication Protocols 

~ - M = w m  (= l-able 4) units: mv 

Temperature0 (0x08) Range: o to 65,536 mv 

This read-only word retuma the cell-pack's internal Gr*darity 0'2960f design "Itage 

temperature (0.l0K). Accuracy: *1% of design voltage after calibration 
Output: unsigned integer. Returns cell tempera- 

ture in tenthe of degreea Kelvin increments current() (Ox0a) 

unite: 0.1% 

Range: 0 to +500.0°K 

Granularity: 0.5OK or better 

This read-only word returns the current through the bat- 
tery's terminale (mA). 

Output: signed integer. Returns the char&&- 
charge rate in mA, where mitive ie for 

Accuracy: *3% after calibration 
charge and negative ie for-didurge 

Unita: mA 
Voltage0 (0x0s) 

Range: 0 to 32,767 mA for charge or 0 to 
Thie read-only word retunrs the cell-pack voltage (mV). -32,768 mA for diecharge 

Output: unsigned integer. Returns battery termi- Granularity: 0.2% of the Designcapacity0 or better 
nal voltage in mV 

AalmWy * l%af theDee ignUaRg-  
May 1900 a124 



Tem~erature 1 0x08 I read 1 O.l°K I 1 

Table 4. bq2090 Register Functions 

Function 

Voltage 

I 0 x 0 ~  1 read I percent I 2 I 

Access Code 

Current 

0x09 

- 

Fullchargecapacity [ 0x10 1 read 1 mAh 1 E~ 1 

Units 

M a  

- - -  

RelativeStateOfCharge 

AbaoluteStateOfCharge 

RemaininnCavacity 

Defaults' 

read 

/ Error Codes 1 0x16 1 read 1 number 1 OOOOh ] 

mV 

read 

Odd 

OxOe 

OxOf 

RunTimeToEmpty 

AverageTimeToEmpty 

AverageTimeToFull 

1 -  &ls 1 read 1 mV 1 E~ 1 

mA 

read 

read 

read 

0x11 

Os12 

0x13 

Cyclecount 

DesimCavacity 

OOOOh 

/ ~ e v i c e ~ a r n e  / On21 1 read I string 1 E~ I 

percent 

percent 

rn Ah 

read 

read 

read 

0x17 

0x18 

ManufadweDate 

SeriaWumber 

Reserved 

ManufacturerName 

OOOOh 

OOOOh 

OOOOh 

minutes 

minutes 

minutes 

read 

read 

0xlb 

Oxlc 

0xld - Oxlf 

0x20 

Devicechemistry 

ManufacturerData 

FLAGS1 and FLAGS2 

count 

mAh 

read 

read 

read 

Note: 1. Defaults after reset or power-up. 

0x22 

0.23 

0.2c 

OOOOh 

E~ 

unsigned int 

number 

string 

read 

read 

read 

E~ 

E~ 

E2 

string 

unsigned int. 

E~ 

E2 

E2 



Averagecurrent0 (OxOb) 
This read-only word returns a rolling average of the cur- 
rent through the battery's terminals. The Averagecur- 
rent() function returns meaningful valuea after the bat- 
tery's first minute of operation. 

Output: eigned integer. Returna the chargddis- 
charge rate in mA, where positive is for 
charge and negative ie for discharge 

Units: rnA 

Range: 0 to 32,767 mA for charge or 0 to 
-32,768 mA for discharge 

Granularity: 0.2% of the Designcapacity0 or 
better 

Accuracy: tlYo of the Deaign Capacity after cali- 
bration 

Thie read-only word returns the predicted remahhg ba? 
capacity em==ed m a of FullChargeCapaatyO 
(%). RelativeStateOfChargeO is only valid for bat- 
tery capacities less than 5,OOOmAh. 

Output: unsigned in-. Rekuns the percent of 
remainingcapacity 

units: % 

Range: 0 to 1000/b 

Granularity: 1% or better 

This read-only word returns Ule predicted remaining bat- 
tery capacity expressed a s  a percentage of 
DeaignCapacityO (46). Note that AbeoluteStateOfCharge 
can return values greater than 100%. Absolute 
StateOfCharge is only valid for battery capacities 
less than 5,OOOmAh 

Output: unsigned integer. Returns the percent 
of remaining capacity 

units: % 

Range: 0 to 65,535 % 

Granularity: 1% or better 

Accuracy: * M a x E w  

This read-only word return the predicted remaining bat- 
tery capacity. The RemainingCapacityO value is 
expressed in mAh. 

Output: unsigned integer. Retuma the estimated 
remaiuingcapecityinmAh 

Unite: mAh 

Range: 0 to 65,535 mAh 

Granularity: 0.2% of Designcapacity0 or better 

FullChargeCapacityO (0x1 0) 
This read-only word returns the predicted pack capacity 
when it is fully charged. WChargeCapa tyO defaults 

a new pack capacity is learned. 
'kRo to the value programmed in the external E M until 

Output: ~a8igndinteg~~. Returnatheestimated 
full charge capacity in mAh 

Unite: mAh 

Range: 0 to 65,535 mAh 

Granularity 0.296 of design capacity or better 

RunTimeToEmptyO (0x1 1) 
This read-only word mtum~ the predicted remainii  bat- 
tery life at the present rate of discharge (minutea). The 
RunTimeToEmptyO value is calculated based on Cur- 
rent(). 

Outplt: uneigned in*. Returns the minutes of 
opeationleft 

Unite: minutee 

Range: 0 to 65,534 minutea 

Granularity 2 minutea or better 

Invalid data indication: 65.535 indicates battsry 
is being charged 

Thh read-only word returna the predictad remaining bat- 
tery life at the present average discharge rate (minutes). 
The AverageTimeToEmpty is calculated based on Aver- 
ageCurrent0. 

Output: un~jgned integer, Retuma the minutes 
of operation left 

units: minutea 

Range: 0 to 65,534 minutes 

Granularity: 2 minutes or better 

Invalid data indication: 65,535 indicates battery 
is being charged 



AverageTimeToFullO (0x1 3) 
This read-only word returns the predicted time until the 
Smart Battery reaches full charge at the present average 
charge rate (rninutse). The AverageTimeToFullO ie cal- 
culated based on AverageCurrentO. 

output: migned integer. Returne the remaining 
time in minutea 

Unite: minute 

Range: 0 to 65,534 minutes 

Granularity: 2 minutea or better 

Invalid data indication: 65,535 indicates battery 
ia not b e i i  charged 

Battery Status0 (0x1 6) 
This read-only word returns the battery statue word. 

Output: unsigned integer. Returns the status 
register with alarm conditions bitmapped 
as shown in Table 5. 

Some of the Battery Statue0 flags (RemainingCapac- 
i-larm and Remaining-Time-Alarm) are calculated 
based on current. See Table 8 for definitions. 

Table 5. Status Register 

This mad-only word returns the number of chargefdm- 
charge cyclea the battery h a  experienced A chargddis- 
charge cycle atarb from a base value equivalent to the 
battery's etate-of-charge, upon completion of a cycle. 
The bq2090 bcrementa the cycle counter during the cur- 
rent charge cycle, if the battery has been d b h r p d  to 
below 85% of the &bof-charge at the end of the last 
charge cycle. A didarge > 0.5% is needed, preven* 
falee reporting of emall chtugddkharge cyclee. 

OIOOlO 

Unite: cycles 

Fully Diecharged 

Range: 0 to 65,636 cyclea; 66,636 indicates battery 
haeeqmid66,636orrnmcych 

Granularity: 1 cycle 

Error Code 

This read-only word returne the theoretical capacity of a 
new pack. The DesignCapacityO value ia expreeeed in 
mAh at the nominal diecharge rate. 

0x0000- 
0x000 f 

Output: unsigned integer. Returns the battery 
capacity in mAh 

Reserved for 
error codes 

unite: mAh 

Range: 0 to 65,536 mAh 

This read-only word returns the theoretical voltage of a 
new pack (mV). 

Output: unsigned integer. Returns the battery's 
normal terminal voltage in mV 

Unite: rnV 

Range: 0 to 65,535 mV 

This read-only word returns the date the cell was 
manufactured in a packed integer word. The date ie 
packed as follows: (year - l W ) ,  month, day. 



SerialNumberO (Oxlc) 

Field 

Day 

Month 

Year 

This read-only word returne a eerial number. Thia num- 
ber, when combined with the ManufacturerNameO, the 
DeviceNameO, and the ManufactureDaM), uniquely 
identifies the battery. 

Output: uneigned integer 

B b  
Used 

0-4 

5-8 

4-15 

This read-only &ring returns a character string where the 
first byte is the number of characters available. The 
maximum number of charactem ia 16. The char& &ring 
c01ltnina the battery manufacturer's name. For example, 
73emhm$ identifi the battery pack manufacturer as 
Benchmarq. 

Output: string or ASCII character string 

Formal 

5-bit binary 
value 

4bit binary 
value 

7-bit binary 
value 

~ r e a d ~ ~ r e t a n n 8 a ~ e t r i n e ~ t l y 6 t a t  
byteiethemunbmdcharadarsavailable.Tbem~1 
numberdchrpactesie 15.Tbe 15bytecharacfe.eb.iagam- 
tains the batky's name. Fcr example, a of 
%q2@0' indicatee that tbe batby is a model bQ090. 

Albwable Vdue 

1-31 (c0rre8pnds to 
date) 

1-12 (correaponds to 
month number) 

0 127 (cormponds 
to year b i d  by 
1980) 

Output: string or ASCII character string 

This read-only atriug rehupa a character atring where 
the first byte ia the number of charactma available. The 
maximum number of characters ie 15. The 15-byte 
character strinq c o n t a i ~  the bathry'e chemistry. For 
example, I the DeviceChemietryO function retuma 
'NiMH,' the battery pack mntaine nickel-metal hydride 
cells. 

~ u t p u t :  string or Ascn character string 

This read-only regieter returne an udgned integer rep- 
resenting the internal statue registers of the bq2090. 
The MSB repreeents FLAGS2, and the LSB represents 
FLAGS1. See Table 6 for the bit description for 
FLAGS1&2. 

The Display Mode flag @MODE), Bit 7, determinee 
whether the bq2090 dieplaya Relative or Absolute cap= 
ity. 

The DMODE values are: 

Where DMODE ie: 

0 Salecta Abeoluta display 

1 Selecte Relative display 

The Fast Discharge flag (F'DQ), Bit 6, is set when the 
diecharge rate exceeds the programmed level and ie 
cleared when the rate drop below this level. 

The F'DQ values are: 

Table 6. Bit Description for FLAGS1 and FLAGS2 

- = Reserved 

FLAGS2 

FLAGS1 

4 7 

DMODE 

- 

3 6 

FDQ 

VQ 

5 

CHM 

0 (LsB), 2 

WRINH 1 v D $ l  SEDV 

1 

- 1 LTF 

EDVl EDVF 



Where FDQ is: 

0 Averagecurrent < Diecharge display threehold 

1 AverageCurrent > Discharge display threshold 

The Chemistry flag ( C w ,  Bit 5, selecta Li-Ion or Nickel 
compensation fadors. 

The CHM values are: 

Where CHM is: 

0 Selects Nickel 

1 Selects Li-Ion 

Bit 4 is reserved and should be initialized to zem for 
proper bq2090 operation. 

Bit 3 is reserved. 

Bit 2 is reserved. 

The Low-Tempemturn Fault flag (LTF), Bit 1, is set when 
temperature<O°C and cleared when temperature>S°C. 

The LTF values are: 

Where LTF is: 

0 Temperature >S0C 

1 Temperature <O°C 

Bit 0 is reaerved. 

Bit 7 is reaewed. 

Bit 6 is reaerved. 

The Valid Charge flag (VQ), Bit 5, is set when 
VSRO>-VSRQ and lOmAh of charge has accumulated. This 
bit is cleared during a discharge and when VSROSVSRQ. 

The VQ values are: 

Where VQ is: 

1 VSRO 2 VSRQ and lOmAh of charge has 
accumulated 

The Write Inhibit flag (WRINH), Bit 4, allows or inhibits 
write to all registere. 

The WRINH valuea are: 

FLAGSl Bits 
7 1 0 1 5 1  4 1 3 / 2 / 1 1 0  

I - I W R I N H ~  - I - 1 - I - 

Where WRINH is: 

0 Allows writes to all registers 

1 Inhibib all writes and secures the bq2090 from 
invalidhndesired writes. 

WRINH may be cleared by writing Manufacturer Ac- 
cessO=(kXX37 and forcing the SB pin to ground. 

The Valid Discharge flag (VDQ), Bit 3, is set when a 
valid discharge is occurring (discharge cycle valid for 
learning new full charge capacity) and cleared if a partial 
charge is detected, EDVl is asserted when T<O°C, or 
self-discharge accounts for more than 256mAh of the dis- 
charge. 

The VDQ values are: 

Where VDQ is: 

0 Self-diecharge is greater than 256mAh, 
EDVl = 1 when T<O°C or VQ = 1 

1 On first discharge after RM=FCC 

1 w4 May 1996 
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The Stop EDV flag (SEDV), Bit 2, is set when the die- 
charge current>3A and cleared when the discharge cur- 
rent falls below 1.5A. 

The SEDV valuea are: 
, 

FLAGS1 Bits 
7 / 6 1 5 1 4 1 3 1 2  1 1 1 0  

1 - ( S E D V I  - I - 

Where SEDV is: 

0 Current < 1.5A 

1 Current >3A 

The First End-of-Discharge Voltage flag (EDVl), Bit 1, is 
set when VoltageO<EDVl=l if SEDV=O and cleared 
when VQ=1 and VoltageO>EDVl. 

The EDVl values are: 

FLAGS1 Bits 
7 1 6 1 5 1 4 1 3 1 2 1  1 1 0  

I - 1 EDVl I - 
Where EDVl is: 

0 VQ = 1 and Voltage O> EDVl 

1 Voltage() < EDVl and SEDV = 0 

The Final End-of-Discharge Voltage flag (EDVF). Bit 0, 
ie set when Voltage()<EDVF=l if SEDV=O and cleared 
when VQ=l and Voltage()>EDVF. 

The EDVF values are: 

FLAGS1 Bits 
7 1 6 / 5 1 4 1 3 1 2 1 1 1  0 ,  

I - / EDVF 

Where EDVF is: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and SEDV = 0 

This read-only atring allowe acceee to an up to 15-byte 
manufacturer data &ring. 

Output: block da tada ta  whoee meaning is ae- 
signedby the Smart Battery's manufactum 

Software Reset 

The bqm can be reset over the serial port by confkm- 
ing that the WRINH bit is eet to zero in FLAGS1, writing 
MaxErm-0 (0x0~) to any value other than 2, and writing 
the reeat regirter (0x44) to 8000, cauning the bq20g0 to 
re,itialize and read the default values from the external 
E PROM. See the WlUNH bit description if WlUNH ie 
setto 1. 

Error Codes and Status Bits 

Error cod- and statue bite are listed in Table 7 and 
Table 8, respectively, 

bq2090 Critical Messages 

Whenever the bq2090 detects a critical condition, it be- 
wmee a bus maater and sends Alarm Warning0 mae- 
sages to the Bus Host, as appmpriate, notifying it of the 
critical condition(8). The message sent by the Alarm 
Warnin& function is similar to the message returned by 
the BatteryStatueO function. The bq2090 continue8 
broadcaeting the AlannWamingO meaeagae at 8-eecond 
intervals until the critical condition(s) haa been cor- 
rected. 

The bq2090, acting aa a bus master device to the BUE 
Host, sends this message to notify it that one or more 
alarm conditione exist. Alarm Warning0 is repeated at 
8-second intervals until the condition(s) causing the 
alarm has been comected. 

May 1996 15/24 
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Table 7. Error Codes (BatteryStahrsO (0x16)) 

Note: Reading the bq2090 af'ter an error clears the error code. 

16124 May 1996 
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Description 

bq2090 proceseed the function code without detecting any errors 

bq2090 ie unable to procees the function code at this time 

bq2090 cannot read or write the data at this time-try again 
later 

bq2090 does not eupport the requested fundion code 

bq2090 detected an attempt to write to a read-only function code 

bq2090 detected a data overflow or underflow 

bq2090 detected an attempt to write to a function code with an 
incorrect size data block 

bq2090 detected an unidentir~able error 
J 

Error 
L 

OK 

BUSY 

NotReady 

UnsupportedComrnand 

AccessDenied 

Overflow/Underflow - 

BadSize 

UnknownError 

Code 

OxOOOO 

Ox0001 

OAOO2 

0x0003 

0x0004 

OdMO5 

0x0006 

Olr0007 

Access 

reaijbdte 

rea&kite 

r e a W t e  

r e a m t e  

write 

r e a m t e  

write 

ma&mite 



Table 8. Status Bits 

P 
A l r m  Bib 

REM*lNG-c*PACITY-ALARM 

DISCHARGING bq2090 determinae that it ia not Battery d e w  that it ie being 
being charged charged 

BR Name 

O ~ r t T E M P -  

"'ERMINATE-DIsCHARGE-ALARM 

REMAINING-TIME-ALARM 

battery) 

bq2090 detects that the 
RemahingCapacityO ie lees than 
that set by the R e m M a p u i t y O  
fuaction 

I battery) 

Set When: 
bq!2OBO detects that its internal 
temperature ia greater than W C  
bq2090 detadnea that it haa 
supplied all the charge that it can 

(that ie, 
mnthued use will result in 
permanent capacity law to the 

Either the value set by the 
RemainingCapacityAlarmO function 
is lower than the Remaining 
Capacity0 or the 
RemainingCapacityO ie increased by 
charging 

the RemaininmeAlarmO function A ~ ~ T ~ ~ ~ T ~ E ~ ~ ~ ~ o  is 

bq2090 detects that the eetimated 
remaining time a t  the preeent 
diecharOe rate lem than that set by 

bq2090 determinee that it has 
supplied all the charge that it can 
without being damaged (that is, 
continued use will m l t  in 
permanent capacity low to the 

Rent Whm: 
Internal temperature falls back into 
the acceptable range 

Battery reaches a state of charge 
euffiient for it to once again eafely 
supply power 

Either the value set by the 
~emaini-~l-o M~ 
lmer thaa the 
Average?FmeToEmptyO or the 

RelativeStateOfChargeO ia greater 
than or equal to 2046 



Programming the bq2090 

The bqZ(require8 the proper programming of an ex- 'l'he bq2090 u e a  a Z O 1  or equivalent serial E ~ O M  
ternal E OM for proper device operation. Each mod- for etoring the various initial values, calibration data, 
ule can be calibrated for the greateet accuracy, or general and etring information. Table 1 outline% the parameters 
"default" values can be used. A programming kit (iter- and addreesea for this information. Tables 9 and 10 de- 
face board, software, and cable) for an IBM-compatible tail the various regieter contents and show an example 
PC is available from Benchrnarq. Please contact Bench- program value for an l8OOmAh NiMH battery pack, us- 
marq for further detail ing a SOmn sense resistor. 

Table 9. Example Register Contents 

r I E*P; E*P; I 
Address Hex Contents 

Description 

Design 
Capacity 

Initial 
Battery 
Voltage 

Reserved 

Reserved 

Remaining 
Capacity 

Low 
Byte 

0x00 

0x02 

0x04 

Li-Ion = aOh 
NiMH = 80h 

lkX7V.05 

9450mV 
(1.05V/oell) 

Note: 1. Can be adjusted to calibrate the battery pack. 

0x06 

0x08 

Thii enablea writes to all registers and should be set to 
10h prior to pack shipment to inhibit undesirable 
writee to the bq2090. 

See FLAGS2 register for the bit description and the 
proper value for programming FLAGSZ. Selects 
relative display mode and Lithium Ion compensation 
factors. 

The current gain measurement and current integration 
gain are related and defined for the bq2090 current 
meaeurement. OxOc = 18.7Ysense resistor value in 
ohms. 

The value programmed is the two's complement of the 
threshold voltage in mV. 

EDVF 

1BR4 May 1996 

High 
Byte 

0x01 

0x03 

Ox05 

0x07 

0x09 

0x10 

Low 
Byte 

08 

30 

ff 
ff 

b4 

0x11 

High 
Byte 

07 

2.9 

ff 

ff 

00 

d8 

Example 
Value8 

1800mAh 

10800mV 

Notes 

This aets the initial full charge battery capacity 
stored in FCC. FCC ie updated with the actual full to 
empty discharge capacity after a valid discharge from 
RM = FCC to Voltage0 = EDVl. 

Thie register ie used to adjust the battery voltage. 
Comparing the valuea read from the bq2090 to two 
known input voltqw allows the bqU)SO to caliirate the 
battery voltage to within 1%. This aaction adjusts for 
errors in the resistor-dividers used for the SB input and 
bqmoffeeteRDr8. 

This regieter function is reserved. 

180mAh 

dc 

This regieter function is reserved. 

This value repreaenta the low capacity alarm value. 

WOOmV 
(l.OV/cell) 

The value programmed is the two's complement of the 
threshold voltage in mV. 



--- 

Table 9 Example Register (Continued) 
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hcription . 
Temperahre 
o&etl 

Self- 
Discharge 
Rate 

Digital 
Filter 

Current 
Integration 
Gain 

Discharge 
Display 
Threshold 

Battery 
Voltaqe 
offset 

Voltye 
Gain 

Reserved 

Design 
voltage 

Specit'iiation 
~nformation 

hbmfah 
Date 

Saial 

Note: 1. 

Notes 

The default value is WlK. 

This packed f ~ l d  is the 2's complement of 
( ( R n y 4 W ) )  where RI@k ie the desired self- 
discharge rate par day at room temperature. 

This field is used to set the digital magnitude filter 
as d - i  in Table 2. 

This field repreaenta the following: 3.Ysense 
resistor in ohms. It ie ueed by the bq2090 to scale 
the measured voltage values on the SR pin in mA 
and mA.. This register also compensate for 
variations in the reported sense rerrietor value. 

This packed field is the 2's complement of the 
desired voltage on SR which activates the LED 
diaplay. fdqthr = Zs(-4~Ifd*Re)) where Ifd is the 
desired fast discharge current and Re is the sense 
resistor value in ohme. This is only valid when - 
DISP = 2. 

This value is used to adjust the voltage offset measured 
at  the SB input. 

Voltage gain is packed as two unite. For example, 
R6/R2 = 9.09 would be atored as: whole number 
stored in Oxla (=09h) and the decimal component 
stored in 0xlb as 256 0.02 = 05. 

This register ie reeerved. 

This is nominal battery pack voltage. 

This ie the default value for this regieter. 

Packed per the ManufactureDateO description, 
which represents May 1,1996 in thie example. 

This containe the pack serial number, if desired. 

E~PROM 

P Low 
Byte 

0x12 

0x14 

0x15 

Ox16 

0x18 

0x19 

Oxla 

0xlc 
(hle 

0x32 

OX% 

0x36 

0x38 

Can be 

Example 
ValU88 

541.6 

.I 5C 

.IarnV 

3.V.05 

IM = C40= l & h A  
w* 05) = 5 

Zs(6)=tb 

9B2 

10800mV 

May 1,1996 = 
8353 

10302 

the battery pack. 

Address 

High 
Byte 

0x13 

0x17 

Oglb 

Oxld 
0xlf 

0x33 

0x35 

Ox37 

0x39 

adjusted 

E~PROM 
Hex 

Low 
Byte 

28 

f0 

fa 

40 

fb 

00 

09 

ff 
00 

30 

O0 

a1 

12 

to 

Contents 

High 
Byte 

15 

00 

05 

ff 
00 

2a 

00 

20 

27 

calibrate 



Table 10. Example Program Values 

Absolute Maximum Ratings 

Manufacturer'eNameOx40- 

Device Name 

Chemistry 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. h c t i o n a l  operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

76 

00 

StringDabcription 

Reserved 

Ox4f 

0x50- 
0x5f 

ox6f 

DC Voltage Thresholds FA = TOPR; v = 3.0 to 5 . 5 ~ )  

Ox 
72 

00 

Symbol 

VCC 
All other pins 

REF 

VSR 

Tom 

O x o x O x o x O x  
17 

00 

Ad&ws 

M a -  
Ox3f 

09 

OS 

Minimum 

-0.3 

-0.3 

-0.3 

-0.3 

0 

Parameter 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

Note: The accuracy of the volta e measurement may be improved by adjusting the battery voltage off& and 5 gain, stored in external E PROM. For proper operation, Vcc ahould be 1.6V greater than VSB. 

Ox 
73 

00 

Symbol 

EVSB 

18 

00 

Ox 
?O 

00 

42 
B 

42 

N 

Maximum 

+7.0 

+7.0 

+8.6 

+7.0 

+70 

?9?f 

00 

Ox 
74 

00 

Ox 
?l 

00 

?5 

00 

45 
E 

51 
B Q 2  

I 

Unit 

V 

V 

V 

OC 

Parameter 

Battery voltage error relative to SB 

Notes 

Cufient limited by R1 (aee Figure 1) 

Minimum lOOn aeries resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2090 
application note for details). 

Commercial 

Maximum 

50mV 

4e 
N 

32 

M 

Minimum 

-50mV 

Typical Unit 

V 

43 
C 

30 
o 

0 ~ 6 0 - 0 4 4 e 6 9 4 d 4 8 0 0 0 0 0 0 0 0 0 0 -  
H 

Note$ 

Seenote 
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9 
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o 
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DC Electrical Characteristics (TA - TOPR) 

Note: All voltages relative to Vss. 

. S P ~  

Vcc 

VREF 

RRW 

Icc 

VSB 

& B ~ ~ ~  

IDISP 

I~vour 

VSR 

&R 

VIH 

Vn 

VOL 

IOL 

VOUL 
I 

VOUH 

V o w  

VOHVH 

IVOUT 

IOU 

Parameter 

Supply voltage 

Reference at 25OC 

Referenca at -40°C to +8S°C 

Reference input impedance 

Normal operation 

Battery input 

SB input impedance 

D~SP input leakage 

Vow output leakage 

Sense registor input 

SR input impedance 

Logic input high 

L . c  input low 

Data, clock output low 

Sink current 

SEGx output low, low Vcc 

SEGx output low, high Vcc 

VOW ~utput, low VCC 

Vow output, high Vcc 

Vow source current 

SE& sink current 

Unlt 

V 

V 

Ma 

pA 

pA 

pA 

V 

MQ 

pA 

p~ 

v 

Ma 

V 

V 

V 

pA 

V 

V 

mA 

mA 

Minimum 

3.0 

5.7 

4.5 

2.0 

0 

10 

-0.2 

-0.3 

10 

1.4 

-0.5 

100 

Vcc - 0.3 

Vcc - 0.6 

-33 

Notes 

Vm arrcursion from < 2.0V to 2 
3.0V initialire the unit. 

Im=SpA 

Im=5pA 

VREF = 3V 

Vcc = 3.0V 

Vcc=4.25V 

Voc = 5.5V 

o < v s ~ < v o c  

VDISP=VSS 

E%MOB 

vSR<vSS=discharge; 
V ~ R  > vss = charge 

-200mV<V~~<Vcc 

SCL, SDA, SCC, SCD 

SCL, SDA, SCC, SCD 

Io~=350pA, SDA, SCD 

Vo60.4V. SDA, SCD 

Vcc = 3V, Iors i 1.75mA 
SEGISEG~ 

vcc = 5.5v, Iors i 1 1 . m  
SEGlSEG* 

Vcc = 3V, Ivow = -5.25mA 

Vcc = 5.5V, I v m  = -33.0mA 

At V o m  = Vcc - 0.6V 

At VOWH = 0.4V 

Typical 

4.25 

6.0 

5.0 

90 

120 

170 

0.1 

0.4 

- 
- 

Mulmum 

5.5 

6.3 

7.5 

135 

lso 
250 

Vcc 

5 

0.2 

2.0 

5.5 

0.6V 

0.4 

350 

11.0 



AC Specifications 
-- 

Symbol 
Fsm 

TBUP 

' ~ ~ S T A  
- 

Tsu:sr~ 

Tsu:sro 

~ D A T  

TSEDAT 

TEXll 

Parameter 

SMBus operating frequency 

Bus free time between stop and 
start condition 

Hold time after (repeated) atart 
condition 

'hx~2 

Note: The external memory must provide this internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Repeated start condition setup 
time 

Stop condition setup time 

Data hold time 

Data setup time 

Data buffering time addreaaea 
0x00-Ox18 per character 

l~ 

TLow 

THIGH 

TF 
?k 

Bus Timing Data 

Min 

10 

4.7 

4.0 

String buffering time addre- 
0x19-0x23 per character 

250 

4.7 

4.0 

0 

250 

Data output delay time 

Clock low period 

Clock high period 

Clock/Data fall time 

Clowdata rise time 

Max 

100 

I 15 

40 

40 

300 

4.7 

4.0 

t--t~ t t HIQH --+ t , - 4  

Units 

KHz 

Pa 

me 

- 4 

Notes 

ns 

ps 

pa 
ns 

ns 

ms 

40 me for fust character 

3500 

900 

lo00 

SCD 

ExternalMemory 

1 

SUrSTA 

ns 

Pa 

Pa 
ns 

- - 
\ 

- 

// 

External memory only. See Note. 

- 
t ~ ~ $ ~ ~ ~  

ns , 

~ H D ~ S T A  - 
HD~DAT (receiver) 

t~~ (transmitter) 

+- LOW 4 

t t 0 u F  -4 w-102 



Ordering Information 

Temperature Range: 
blank = Commercial (-20 to +70°C) 

L m u e  W i o m  
SN = 16-pin narrow SOIC 

i~ev ice :  
bq2090 Gas Gauge IC With SMBus-Like Interface 

May 1906 23/24 

2-243 



Notes 

24/24 MW less 

2-244 



4 ~ ~ A R Q  Preliminary bq2091 
GaSGaugeK=W~SMBuslkehQerface 

Features 
Provides conservative and 
repeatable measurement of 
available charge in NiCd, 
NiMH, and Li-Ion rechargeable 
batteries 

Supports SBData charge control 
commands for Li-Ion, NiMH, and 
NiCd chemistries 

Designed for battery pack 
integration 
- 120pA typical operating 

current - Small size enable 
implementations in aa little as 
34 square inch of PCB 

Two-wire SMBue-like interface 

Measurements compeneated for 
current and temperature 

General Description 
The bq2091 Gas Gauge IC with 
SMBus-Like Interface is intended 
for battery-pack or in-eystem inetal- 
lation to maintain an accurate re- 
cord of available battary charge. The 
bq2091 directly supports capacity 
monitoring for NiCd, N i  and Li- 
Ion battery chemistries. 

The bq2091 us- the SMBus protocol 
that supports many of the Smart 
Battary Data (SBData) commands. 
The bq2091 also supports SBData 
charge control. Battery state-of- 
charge, capacity remaining, remain- 
ing time and chemistry are available 
over the serial link. Battery-charge 
state can be directly indicated using 
a four-segment LED display to 
graphically depict battery hll-to- 
empty in 25% increments. 

The bq2091 eetirnateg battery eelf- 
dincharge baaed on an internal timer 
and temperature sensor and user 
programmable ra te  information 
stored in external E~PROM. The 
bq2091 also automatically recali- 
brates, or Iearna' battery capacity 
in the full course of a discharge cycle 
from full to empty. 

The bq2091 may operate directly 
frvrmthreeorfournickelchemietry 
cells. With the REF output and an 
external tranaietor, a simple, inex- 
pensive regulator can be built to pro- 
vide Vm for other battery cell 
cafiguratione. 

An external E%ROM is used to 
program initial values into the  
bq2091 and is neceeaary for proper 
operation. 

Programmable self-discharge and 
charge compensation 

16-pin narrow SOIC 

vcc 
SCL 
SDA 

SEG , 
SEG , 
SEG , 
SEG, 

vss 

16-Pin Narrow SOIC 

PN-110 

Pin Connections Pin Names 
Vow E~PROM supply output SB Battery sense input 

S ~ I  LED segment 1 DISP Display control input 

SEGz LED segment 2 SR Sense resistor input 

SEG3 LED segment 3 SCC Serial communication 
clock 

SEG4 LED segment 4 
SCD Serial communication 

SCL Serial memory clock data input/output 

SDA Serial memory data Vcc 3.0-5.5V 

REF Voltage refewe output VSS System ground 
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Pin Descriptions 

SEGl- LED dieplay merit outputs 
sm4 

Each output may activate an external LED 
to sink the current sourced from Vcc. 

SCC Serial communication clock 

Thie open-drain bidirectional pin is wed to 
clock the data transfer to and from the bq2091. 

SCD Serial communication data 

T h i s o p e n ~ b i i p i u i s u e e d t o t r a n e -  
fer ad- and data to and from the b m 1 .  

SCL Serial memory clock 

This output is used to clock the data trans- 
fer between the bq2091 and the external 
non-volatile configuration memory. 

SDA Serial memory data and address 

This bi-directional pin is used to trans- 
fer address and data to and from the 
bq2091 and the external configuration 
memory. 

NC No connect 

This utput supplies power to the exter- '3 nal E PROM configuration memory. 

The voltage drop (Vsd across pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the seme re- 
sietor and the negative terminal of the bat- 
tery. VSR < Vss indicates discharge, and VSR 
> Vss indicates charge. The effective volt- 
age drop, Vsw, as seen by the bq2091 is 
VSR + Vos (see Table 3 on page 8). 

- 
DISP Meplay control input 

DISP high disables the LED display. W P  
floating allows the LED display to be active 
during charge if the rate is greater than 
100mA. DISP low activates the display. 

SB Secondary battery input 

This input monitors the cell pack voltage aa a 
single-cell potential through a high-imped- 
ance resistor divider network. The cell pack 
voltage is reported in the SBD register func- 
tion Voltage0 (0x09) and is compared to end- 
of-discharge voltage and charging voltage pa- 
rameters. 

REF Reference output for regulator 

REF provides a reference output for an 
optional micro-regulator. 

Vcc Supply voltage input 

Vss Gmund 



Functional Description Figure 1 shows a typical battery pack application of the 
bq2091 wing the capacity dieplay, the aerial port, 

General Operation and an external E g M for battery pack programming 
information. The bq2091 muet be configured and cali- 

The bq2091 determines battery capacity by monitoring brated for the battawspecific information to ennure 
the amount of charge input to or removed from a omratioa Table 1 outlines the ernally pro- 
rechargeable battery. The bq2091 meaures &charge flammable functione available in the bq2091. ~ e f e r  to 
and charge currents, estimates self-discharge and the h f l - b g  the b q m 1  wxtion for details. 
monitors the battery for low-battery voltage thresholds. A, internal temperature eeneor eliminates the need for 
The charge measurement ie made by monitoring the an external thermisto~reducing coet and componente. 
voltage across a small-value series sense resistor A, internal, temparature-comN-~ be-baee  elimi- 
between the battery's negative terminal and ground- 

nates the need for an resonator, further reduc- 
The available battery charge i s  determined by ing coet and me entire circuit in ~i~~~ 
monitoring this voltage over h e  and c o d n g  the can occupy leae than 9/r inch ,,f board 
measurement for the environmental and operating 
conditions. 

SI 

m Option requirement based on b a t t e r y  voitage range 
B D - e O 9 L O  

Figure 1. Battery Pack Application Diagram-LED Display 
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Table 1. Configuration Memory Programming Values 

Note: WA=Not applicable; data packed or coded. See Programming the bq2091 section for details. 

U n b  

mAh 

mV 
mA 

mV 
mAh 

EVA 
EVA 
EVA 
mV 
mV 

0.1% 

"C 

EVA 
mV 

N/A 
EVA 

EVA 
mV 

N/A 
W A  
W A  
mA 
- 

mV 

N-4 
W A  
- 
EVA 
EVA 
EVA 
W A  

Length 

16 bite: low byte, high byte 

16 bite: low byte, high byte 

16 bite: low byte, high byte 

16 bit: low byte, high byte 

16 bite: low byte, high byte 

8 bite 

8 bite 

16 bits: low byte, high byte 

16 bits: low byte, high byte 

16 bits: low byte, high byte 

8 bite 

8 bits 

8 bits 

8 bits 

16 bits: low byte, high byte 

8 bite 

8 bite 

8 bits 

16 bits: high byte, low byte 

16 bite: low byte, high byte 

16 bite: low byte, high byte 

16 bite: low byte, high byte 
- 

16 bits: low byte, high byte 

16 bite: low byte, high byte 

16 bits: low byte, high byte 
- 

8 + 120bite 

8 + 120 bits 

8 + 120 bite 

8 +I20 bite 

Parameter Name 

Design capacity 

Initial battery voltage 

Fast charging current 

Fast charging voltage 

Remaining capacity alarm 

FLAGS1 

FLAGS2 

Current measurement gain 

EDVl 

EDVF 

Temperature offset 

Maximum charge temperature/~T/At 

Self-discharge rate 

Digital fiter 

Current integration gain 

Full charge percentage 

Charge compensation 

Battery voltage offset 

Battery voltage gain 

Serial number 

Charge cycle count 

Maintenance charge current 

Reserved 

Design voltage 

Specification information 

Manufacturer date 

Reserved 

Manufacturer name 

Device name 

Chemistry 

Manufacturer data 

Addre88 

OrOCI"Or01 
oxomd3 

fldwho6 
ck06'k07 

Or08"IM)9 

Oda  

OxOb 

O x w o d  

o -xwmf  
O x l ~ l l  

0x12 

0x13 

0x14 

0x15 

0x160~17 

0x18 

0x19 

0x1 a 

0xltyQxlc 

Oxld/0xle 

0x1- 

m 
ox24AOx31 

0x3!&0~33 

Ox-35 

Ox3fjb37 

0 x W 3 f  

0x4QQx4f 

0x5W5f 

OxfWk6f 

, olncYpl7f 



Voltage Thresholds 

In conjunction with monitoring VSR for chargddiecharge 
currents, the bq2091 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor divider network per the fol- 
lowing equation: 

where MBV is the maximum battery voltage, Rg is con- 
nected to the poeitive battery terminal, and R2 is con- 
nected to the negative battery terminal. %/RZ should be 
rounded to the next higheet integer. The battery voltage 
is monitored for the end-of-diecharge voltage (EDV) and 
for maximum cell voltage (MCV) and for alarm warning 
conditions. EDV threshold levels are used to determine 
when the battery has reached an 'empty' state, and the 
MCV threshold ie ueed for fault detection during charging. 
The battery voltage gain and two EDV thresholds are 
programmed via E~PROM. See the Programming the 
bq2091 section for further details. 

If VSB ie below either of the two EDV thresholds, the the- 
ated 5 g  is latched and remains latched, independent of VSB, 
until the next valid charge. 

EDV monitoring may be disabled under certain 
conditions. If the discharge current is greater than ap- 
proximately 6A, EDV monitoring is disabled and re- 
sumes after the current falle below 6A. 

Reset 
The bq2091 is reset when f i i  connected to the battery 
pack. The bq2091 can also be reset with a command over 
the serial port, as deerribed in the Software Reset eec- 
tion 

Temperature 
The bq2091 monitors temperature using an internal sen- 
sor. The temperature is used to adapt chargddiecharge 
and self-discharge compensations as well aa maximum 
temperature and AT/At during bq2091 contxolled charge. 
Temperature may a h  be accessed over the serial port. 
See the F+ogmmming the bq2091 eection for further detaila. 

Layout Considerations 

The bq2091 measuree the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the etrict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodea. Additionally, in refer- 
ence to Figure 1: 
Am. 1- 

m The capacitore (Cl, C3, and C4) should be placed ae 
cbee as +le to the SB and Vcc pins, and their p a p  
to Vse ahauld be ee shat as psi*. A Qh-qudty 
ceramic capacitor of 0.1pf is recommended for Vcc. 

m The sense reeietor capacitor (C2) should be placed as 
clone aa poeaible to the SR pin. 

m The seme ~wietor  (Rii) should be aa close ae possible 
to the bq2091. 

m The IC ehould be cloee to the cells for the beat 
temperature measurement. 

m An optional zanex may be to ensure Vcc is 
not above the marrimurn rating dunng operation. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illu8trates 
the operation of the bq2091. The bq2091 accumulates a 
measure of charge aad discharge m n t a ,  as well aa an 
estimation of eelf-diechage. Charge currente are com- 
penaated for temperature and etate-ofcharge. Self-die- 
charge is only temperaturecompenaated. 

The main counter, Remaining Capacity 0, r e m n t a  
the available battery capacity at  any given time. Battery 
charging increments the RM register, w h e w  battery 
discharging and elf- decmment the RM lqgister 
and increment the DCR ( B d m g e  Count Register). 

The Diharge-Count Register @CR) is used to update 
the Full-Charge Capacity (FCC) register only if a 
complete battery discharge from full to empty occure 
without any partial battery charges. Therefore, the 
bq2091 adapta ita capacity determination based on the 
actual conditions of discharge. 

The batte.de initial capacity ie equal to the Deeign Capacity 
m. UntilFCCieupdate&RMcountaupto,butnatbe 
~ond, this tkmahold mning subeequent charges. 

1. F'ullCharge Capacity o r  learned-battery 
capacity: 

FCCiethelaatmeaeureddiechargecapacityofthe 
battey. On initialization (application of Vm or I.eeet), 
FCC = DC. During subeequent dkhargea, the FCC 
is updated with the latest m d  capacity in the 
Diecharge Count Regieter WR),  repreaentiug a die- 
charge fmm full to below EDV1. A qualified die- 
charge is neceeeary for a capacity transfer from the 
DCRtotheFCCregieter. TheFCCeleoeerveeasthe 
10046 reference threehold wed by the relative state- 
of-charge calculation and display. 
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2. Design Capacity (Dc): 
The DC is the user specified battery ca acity and is 
programmed by wing an external E L M .  The 
DC a h  provides the 100940 reference for the abso- 
lute display mode. 

3. Remaining Capacity (RM): 

RM counts up during charge to a maximum value of 
FCC and down during diecharge and eelfdiecharge to 
0. RM is reset to OxOA when EDVl = 1 and a valid 
charge is detected. To prevent overstatement of 
charge during periods of overcharge, RM stops 
incrementing when RM = FCC. RM may optionally 
be written to a user-defined value when fully 
charged when the battery pack is under bq2091 
charge control. See bq2091 charge control for fur- 
ther details. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Prior to RM = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After RM = 0, only discharge increments the 
DCR. The DCR reseta to 0 when RM = FCC. The 
DCR does not roll over but stops counting when it 
reaches FFFFh. 

The DCR value becomes the new FCC value on the 
first charge after a valid discharge to VEDVI if: 

No valid charge initiations (charges greater than 
lOmAh, where Vsm > VsR(I) occurred during the 
period between RM = FCC and EDVl detected. 

8 The self-discharge count is not more than 
256mAh. 

The temperature is 2 273°K when the EDVl level 
is reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for FCC update. FCC 
cannot be maed by greater than -512mAh during 
any single cycle. 

Charge Counting 
Charge activity is detected based on a positive voltage on 
the VSR input. If charge activity is detected, the bq2091 
increments RM at a rate proportional to Vsm and, if 
enabled, activates an LED display. Charge actions 
increment the RM after compensation for charge rate 
and temperature. 

The bq2091 determines charge activity sustained at  a 
continuous rate equivalent to VSRO > VSRQ. A valid 
c h a r g e  equa tes  t o  sus t a ined  cha rge  ac t iv i ty  
greater than 10 mAh. Once a valid charge is detected, 

charge counting continues until VSRO falls below VSRQ. 
VSRQ is a programmable threahold as described in the 
Digital Magnitude Filtar section. 

Discharge Counting 
All discharge counta where Vsm < VSRD cause the RM 
register to decrement and the DCR to increment. V m  is 
a programmable threshold as described in the Digital 
Magnitude Filter eection. 

Self-Discharge Estimation 
The bq2091 continuously decrements RM and 
increments DCR for self-discharge based on time and 
temperature. The self-discharge rate is dependent on 
the battery chemistry. The bq2091 self-discharge 
estimation rate is externally programmed in E~PROM 
and can be programmed from 0 to 25% per day at 20°C. 
This rate doubles every 10°C from O°C to 70°C. 

Charge Control 
The bq2091 supports SBD charge control by broadcasting 
ChargingCurrentO and ChargingVoltageO to the Smart 
Charger address. Smart Charger broadcasts can be dis- 
abled by writing bit 14 of BatteryStatusO to 1. The 
bq2091-based charge control can be disabled by setting 
bit 4 in Flags2 (MSB of 0x2f) to 1. See Programming the 
bq2091 for further details. If RM is below the full charge 
percentage, the bq2091 will broadcast the fast charge 
current and voltage to the Smart Charger, if enabled. 
The bq2091 will broadcast the maintenance current val- 
uea (trickle rate) if Voltage0 is below EDVF. 

The bq2.091 internal charge control is compatible with 
Li-Ion and Nickel-based chemistries. For Li-Ion, the 
bq2091 will broadcast the required charge current and 
voltaq according to the values programmed in the exter- 
nal E PROM. During a valid charge (VQ = I), if Current 
(OxOa) falls below 50mA while Voltage (0x09) is within 
256mV of the charging voltage, the bq2091 will signal a 
valid charge termination where the Terminate-Charge 
and Fully-Charged bit is set in Battery Status. 

For nickel-based chemistries, the bq2091 will broadcast 
the required charge current and volta e according to the ;B programmed values in the external E PROM. Maximum 
Temperature and AT/& are used as valid charge termi- 
nation methods. Note: Nickel-based chemistries require 
a charge voltage higher than the maximum cell voltage 
during charge to ensure constant current charging. Dur- 
ing a valid charge (VQ = l), if the bq2091 determines a 
maximum temperature or AT/& rate greater than the 
programmed value, the Terminate Charge and Fully- 
Charged bit will be set in Battery Status. 

Once the bq2091 determines a valid charge termination 
condition, charging current is set to 0 until this condition 
ceases (AT/&, MadI', min. current). After a valid charge 

Aug. 1eeB 
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Main 
Counten 
and 'WJW 
R e f ~ n m  (FCC) 

Figure 2. Operational Overview 
termination and the terminate condition ceases, mainte- regieter. Sew-discharge estimation is compensated for 
name (trickle) charge current and voltage will be broad- temperature before updating RM or DCR 
cast to the Smart Charger. This pmese continues until 
RM falls below the full charge percentage. The bq2091 Charge Compen~ation 
will then request the fast charge current and voltage to 
the Smart Charger. Charge efficiency is compensated for state-of-charge. 

temperature, and battery chemistry. For Li-ion chemia- 
During fast charge, the bq2091 will supend charge by try cells, the charge efficiency is unity for all cases. How- 
requesting zero current and setting the Terminate- ever, the charge efficiency for nickel chemietry c e h  is 
Charge-Alarm bit in Battery Statue. Charge is sus- adjusted using the following equation: 
pended if the actual charge current is 25% greater than 
the programmed charged current. If the programmed RM ' RM ' (en: - Q a )  
charge current is less than 1024rnA, overcurrent suspend 
will occur if the actual charge current is 256mA greater where RelativeStateoCharge S FullChargePercentage 

than the programmed value. Charge is suspended if and QEFP is the programmed fast charge efficiency vary- 
the actual battery voltage is 5% greater than the pro- i n g h m  ,75 to .99. 
grammed charge voltage. If the battery temperature is 
greater than the programmed maximum temperature RM - RM + (h - QET) 
prior to charge, then the bq2091 will suspend charge re- 
queata until the temperature falls below 50°C. where Relativestateofcharge 2 FullChargePercentage 

After a valid charge termination, RM may optionally be and Qm is the programmed maintenance (trickle) 
set to a value from 0 to 100% of the Full Charge Ca~ac- charge effkiency varying h m  .50 to 97. 
ity. If RM is below the value programmed in h;ll charge 
percent, RM will be set to ~ul l  charge percent upon Qm u d  to adjust the charge efficiency as the battery 
valid charge termination. If RM is above the Full Charge temperature incremes according to the 
Percent, F& is not mo

difi

ed. Thie value also is used 
determine when the bq2091 broadcasts fast charge or = O if < 'O°C 
maintenance charge information. Qa = 0.02 if 30°C 5 T < 40°C 

Count Compensations QET = 0.05  if^ L aOc 
Charge activity is compensated for temperature and 
state-of-charge before updating the RM andlor W R .  RM 
is compensated for ternperat& before updating the RM 
Aug. 1986 7129 
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Remaining Capacity Compensation 
The bq2091 adjuete the RM as a function of temperature. 
This adjustment accounta for the reduced capacity of the 
battery at  colder temperatures. The following equation is 
used to adjust RM: 

If T 2 5°C 
. . RemamqCapacity 0 = NorninalAvailableCapdtyo 

where T = temperature OC 

TCC = 0.016 for Li-Ion cells 

X C  = 0.0004 for Ni chemistry cells 

RM will adjust upward to NominalAvailableCapacityO as 
the temperature increases. 

Digital Magnitude Filter 
The bq2091 has a programmable digital filter to 
eliminate charge and discharge counting below a set 
threshold. Table 2 shows typical digital filter settings. 
The proper digital filter setting can be calculated using 
the following equation. 

Table 2. Typical Digital Filter Settings 

Error Summary 

Capacity Inaccurate 
The FCC is susceptible to error on initialization or if no 
updates occur. On initialization, the FCC value includes 
the error between the design capacity and the actual ca- 
pacity. This error is present until a valid discharge oc- 

curs and FCC is updated (see the DCR deecription on 
page 6). Tha other cause of FCC error is battery wear- 
out. Ae the battery ages, the measured capacity must be 
adjusted to account for changes in actual battery 
capacity. Periodic diecharges from full to empty will 
minimize errors in FCC. 

Current-Sensing Error 
Table 3 illustrates the current-sensing error as a func- 
tion of VSR. A digital fdter eliminates charge and dis- 
charge munta to the RM register when VSRO is between 
VSFQ and VSRD. 

Display 
The bq2091 can directly display capacity information using 
low-power LEDs. The bq2091 displays the battery charge 
state in either absolute or relative mode. In relative mode, 
the battery charge is repreaented as a percentage of the 
FCC. Each LED segment represents 25% of the FCC. 

In absolute mode, each segment represents a Tied amount 
of charge, based on the initial design capacity. In absolute 
mode, each segment r e m t s  25% of the design capacity. 
As the battery wears out over time, it is poesible for the 
FCC to be below the initial design capacity. In this ~aae, 

all of the LEDs may not turn on in abeolute mode, repre- 
senting the reduction in the actual battery capacity. 

The displayed capacity is compensated for the present 
battery temperature. The displayed capacity varies as 
temperature varies, indicating the available charge at 
the present conditions. 

When DISP is>d to Vcc, the SEGM outpute are inac- 
tive. When DISP is left floating, the display becomes 
active whenever the bq2091 recognizes a valid charge. 
When pulled low, the segment outputs become active im- 
mediately for a period of approximately 4 seconds. 

The eegment outputs are modulated aa two banks of three, 
with segments 1 and 3 alternating with segments 2 and 4. 
The w e n t  outputs are modulated at approximately lOOHz 
with each segment bank active for 30% of the period. 

SEGl blinks a t  a 4Hz rate whenever VSB has been 
detected to be below VEDVI (EDVi = I), indicating a low- 
battery condition. VSB below VEDVP (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2091 can operate d i i l y  from three or four nickel 
chemistry cells. To facilitate the power supply 
requirements of the bq2091, an REF output is provided 
to regulate an external low-threshold n-FET. A micro- 
power source for the bq2091 can be inexpensively built 
using the FET and an external resistor; see Figure 1. 



Note that an optional Zener diode may be necessary to 
limit Voc during charge. 

Communicating With the bq2091 

The bq2091 includer a simple two-pin (SCC and SCD) 
bidirectional eerial data intexface. A hoet pmcseroh ueea 
the interface to a m w  various bq2091 regmtmq nee Ta- 
ble 4. This allows battery charaeterietica to be e d y  
monitored. The open-drain SCD and SCC pins on the 
-1 arepul ledupbythehoot~ormaybecon-  
nected to Vs& if the serial interface b not used. 

The interfaca ueee a command-baaed protocol, where the 
host proceseor sends the bat* addrese and an eight-bit 
command byte to the bq#)91. The command directs the 
bq2091 to either store the next data received to a reg- 
rrpecified by the wnunand byte or output the data speci- 
fied by the command byte. 

bq2091 Data Protocols 

The host system, acting in the role of a Bue master, uses 
the read word and write word protocols to communicate 
integer data with the bq2091 (see Figure 3). 

Host-to-bq2091 Message Protocol 
The Bus Host communicates with the bq2091 using one 
of three prottxok 

m Read word 

Writeword 

m Read block 

The particular protocol used is a function of the com- 
mand. The protocol8 used are ehown in Figure 3. 

Host-1 Messaslear(=T'4) 
Manufactu rerAccessO (0x00) 
This optional functioa b not omrational fur the ba2091. 

RemalningCapacityAlarmO (0x01) 
Thin function sets or returns the low-capacity alarm 
value. When RM falls below the Re-amdtv- 
Alarm0 value programmed from the axternal-~%ROa 
the RemainingCapacityAlarm bit in net in BatteryS- 
t a m  (0x16). The aptem may alter this alarm durinp 
operation. 

InpuWutput: unsigned integer. Thi;e 
turns the value where the Ibmamm Ca- 
pacity Alarm bit is set in Battery stah. 

This function eeb or returns the low remaining time 
alarm value. When the AverageTimeToEmptyO (0x12) 
falls below this value, the Remaining Time Alarm bit in 
Battery Status is set. The default value fur thie register 
is ten minutes. The eystem may alter thie alarm during 
operation. 

Inpumtput: unsigned integer. This aet&e- 
t w  the value where the Remaining Time 
Alarm bit is set in Battery Status. 

Thia rsacbita word eelecta the various battery opera- 
tional modee. The bqa091 mpporta the battery capacity 
information @ed in mAh, This function also deter- 
mines whether the bq2091 charging valuee are broad- 
caeted to the Smart Battery Charger addrean when the 
battery r e q h  charging. 

Table 3. bq2091 Current-Sensing Errors 

Symbol 
Vos 

INL 

INR 

Parameter 

Offset referred to VSR 

Integrated non-linearity 
e m r  

Integrated non- 
repeatability error 

Typical 

i 50 

i 2 

i 1 

Maxlmum 

* 1M) 
* 4 
* 2 

Units 

pV 

% 

% 

Notes 
D I ~ P = V ~ ~ .  
Add 0.1% per OC above or below 25°C 
and 1% per volt above or below 4.25V. 
Measurement repeatability given 
similar operating conditions. 
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Temperature0 (0x08) Range: 0 to 32,767 mA for charge or 0 to 
This read-only word returns the cell-pack's internal 92,768 mA for diecharge 
temperature (O.l°K). Granularity: 0.2% of the Designcapacity0 or 

Output: unsigned integer. Retuma cell tempera- better 
ture in tenths of degreee Kelvin increments Accuracy: *1% of the Deaign Capacity after cali- 

Units: 0.l0K bration 

bge: o to t 5 0 0 . 0 ~ ~  RelativeStateOfChargeO (OxW) 
Granularity: 0.5% or better This m a d d y  word rebm the predicted 1-8 be- 

Accuracy: 23OK after caliiration c a w & = m - d ~ a ~ ~ o f ~ ~ a t y o  (%). RelativeStateorChargeO is only valid for bat- 

Voltage0 (0x09) tery capacities 1-6 than 10,400mAh 

This read-only word returns the cell-pack voltage (mV). 
Output: unsigaed intqw. Retune the percent of 

remaining capacity 
Output: unsigned integer. Returns battery termi- Unite: % 

nal voltage m mV 

Units: mV 
Range: oto10046 

Granularity: 1% or better 
Range: 0 to 65,535 mV 

Granularity: 0.2% of design voltage AbsoluteStateOfChargeO (OXO~) 

Accuracy: *I% of design voltage after calibration This read-only word returns the predicted remaining bat- 
tery capacity expressed as a percentage of 
hignCapacity0 (%I. Note that AbaoIuteStateOtCharge 
can return values greater than 100%. Absolute 

Current0 (OxOa) Stateofcharge is only valid for battery capacities 
leas than 10,400mAh 

This read-only word returns the current through the bat- 
tery's terminals (mA). Output: unsigned integer. Returns the percent 

of remaining capacity 
Output: signed integer. Returns the chargddis- 

charge rate in mA, where positive is for Units: % 
charge and negative is for discharge 

Range: 0 to 65,535 % 
Units: mA 

Granularity. 1% or better 
Range: 0 to 32,767 mA for charge or 0 to 

-32,768 mA for discharge Accuracy: *MaxEmrO 

Granularity 0.290 of the DesjgnCapacityO or better RemalningCapacityO (Oxof) 
Aaxlracy: ~ l V o o f t h e D e s i g n C a @ t y a R e r ~  This read-only word return8 the predicted remaining bat- 

tery capacity. The RemainingCapacity() value is 
Averagecurrent0 (OxOb) expressed in m ~ h .  

This read-only word returns a rolling average of the cur- Output: unsigned integer. ReRetums the eetimated 
rent through the battery's terminals. The Averagecur- remaining capacity in mAh 
rent() function returns meaningful values after the bat- 
tery's first minute of operation. Units: mAh 

Output: signed integer. Rehum the charge'&- Range: 0 to 65,535 mAh 
charge rate in mA, where positive is for Granularity 0.2% of Designcapacity0 or better 
charge and negative is for diecharge 

units: m~ FullChargeCapacityO (0x1 0) 
This read-only word returns the predicted pack capacity 
when it is fully charged. FullChargeCapacityO defaults 

1 om losa 

2-254 



Figure 3. Host Communication Protocols 
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Table 4. bq2091 Register Functions 
Functlon Cock Acces$ Units 

ManufacturerAccass 

RemaningCapacityAlarm 

Remaiuingl'imeAlm 

BatteryMode 

Temperature 

Voltage 

Current 

Averagecurrent 

MaxError 

RelativeStateOfCharga 

OIOO 

0x01 

0x02 

0103 

Ox08 

Or09 

M a  

AbeoluteStateOfCharge 

FtemainingCapacity 

Fullchargecapacity 

OxOb 

oxOc 

(hrOd 

RunTimeToEmpty 

AverageTimeToEmpty 

Reserved 

readki te  

r e M t e  

readki te  

read 

read 

read 

read 

O d e  

OxOf 

0x10 

ChargingCurrent 

ChargingVoltage 

Battery Status 

read 

read 

read 

0x11 

0x12 

0x13 

Cyclecount 

Designcapacity 

Designvoltage 

ManufactweData 

1 DeviceNarne / On21 1 read I atring I E2 1 

uneigned int. 

unsigned int. 

bit flag 

0.l0K 

mV 

mA 

read 

read 

read 

0x14 

Ox16 

0x16 

SerialNumber 

Reeerved 

ManufacturerName 

E2 

10 

OOOOh 

mA 

percent 

percent 

read 

read 

0x17 

Ox18 

Ox19 

Oxlb 

Note: 1. Defaults after reset or power-up. 
1- Aug. 1996 

OOOOh 

100 

OOOOh 

percent 

mAh 

mAh 

minutes 

minutes 

read 

read 

read 

Oxlc 

Oxld - Oxlf 

0x20 

Devicechemistry 

ManufacturerData 

FLAGS1 and FLAGS2 

Endof Dischargevoltage1 

EndofDischargeVoltageFinal 

OOOOh 

OOOOh 

E2 

read 

read 

read 

read 

mA 

mV 

number 

read 

read 

0x22 

0x23 

Wf 

Ox3e 

Ox3f 

E~ 

E2 

OOOOh 

count 

mAh 

mV 

uneirmed int 

E2 

E2 

E2 

E~ 

number 

string 

read 

read 

read 

read 

read 

E~ 

E~ 

string 

string 

bit flag 

mV 

mV 

E2 

E2 

E~ 

E2 

E2 
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to the value programmed in the external E~PROM until 
a new pack capacity ie learned. 

Output:uneignedintege?. Rekunetheeatimatad 
full charge capecity in mAh 

Units: mAh 

Range: 0 to 65,536 m A .  

Granularity: 0.2% of design capacity or better 

Thia read-only word returns the predicted remainhg bat- 
tery life at the present rate of discharge (minutas). The 
RunTimeToEmptyO value ie calculated based on Cur- 
-to. 

Output: unsiped integer. Rekune the minutes of 
opeantionleft 

Unite: minutee 

Range: 0 to 65,534 minutes 

Granularity: 2 minutea or better 

Invalid data indication: 65,535 indicates battmy 
ie being charged ' 

This read-only word retune the predicted remaining bat- 
tery life at the present average diecharge rate (minutes). 
The AvarageTimeToEmpty ie calculated based on Aver- 
ae-nto. 

Output: unsigned integer. Returns the minutes 
of operation left 

Unite: minutes 

Range: 0 to 65,534 minutes 

Granularity: 2 minutea or better 

Invalid data indication: 65,535 indicatea battery 
ie being charged 

If enabled, the bq2091 sends the desired charging rate in 
mA to the Smart Battery Charger. 

Output: unsigned integer. T r a n a m i t & e ~  tbe 
maximum charger output current in mA 

Units: mA 

Range: 0 to 65,534 mA 

Granularity: 0.2% of the design capacity or better 

Accuracy: *0.2% of the design capacity 

Lug. low 

Invalid data indication: 66,535 indicatea that the 
Smart Charger should operate ae a voltage 
raurce outside its maximum regulated cur- 
-t - 

ChargingVoItageO (0x1 5) 
If enabled, the bq2091 eends the desired voltage in mV to 
the Smart Battery Charger. 

Output: unsigned integer. Traasrnit&turna 
the charger voltage output in mV 

Units: mV 

Range: 0 to 65,534mV 

Granularity: 0.2% ofthe design voltage or better 

Accuracy. a.296 of the design voltage 

Invalid data indication: 65,535 indicatea that 
the Smart Battery Charger should operate 
as a current eource outside its maximum 
regulated voltage range. 

This read-only word r e t .  the battery status word. 

Output: unsigned integer. Returns the status 
W t e r  with alarm conditions bitmapped 
aa shown in Table 6. 

Some of the Battery Status0 flag8 (RemainingCapac- 
ity-Alarm and Remaining-Time-Alarm) are calculated 
b a d  on current. See Table 8 for definitions. 

Thie read-only word rehums the number of chagddis- 
charge cyclea the battery hae experienced. A c h d d i e -  
charge cycle etarta from a baee value equivalent to the 
ba#erys state-d-chmpJ upon completion of a charge cycle. 
The bqXB1 increments the cycle counter during the cur- 
rent charge cycle, if the battery has been discharged to 
below 86% of the skted&aqp at the end of the last 
charge cycle. A diecharge > 0.m ie neededJ preventing 
false reporting of small charg~d'ischarge cycles. 

Units: cycles 

Range: 0 to 65,535 cycles; 66,535 indicates battery 
has e q e r h d  65,535 or more cycb 

Granularity 1 cycle 
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DesignCapacityO (0x1 8) Table 5. Status Register 
This read-only word returna the theoretical capacity of a 
new pack. The DesignCapacityO value is expreaeed in 
mAh at  the nominal discharge rate. 

Output: unsigned integer. Returns the battery 
capacity in mAh 

Units: mAh 

Range: 0 to 65,535 mAh 

Designvoltage0 (0x1 9) 
This read-only word returns the theoretical voltage of a 
new pack (mV). 

Output: unsigned integer. Returns the battery's 
normal terminal voltage in mV 

Units: mV 

Range: 0 to 65,535 mV 

ManufactureDateO (0x1 b) 

5-bit binary 1-31 (corresponds to 1 1 1 value idate) 1 
4-bit binary 1-12 (corresponds to 

Month value month number) 

This read-only word returns the date the cell was 
manufactured in a packed integer word. The date is 
packed as follows: bear - 1980), month, day. 

0 127 (corresponds 
7-bit binary to year b i a d  by 1 Year 1 9-15 1 1 value 1980) 

This read-only word returns a serial number. This num- 
ber, when combined with the ManufacturerNameO, the 
DeviceNarneO, and the ManufactureDateO, uniquely 
identifies the battery. 

Allowable Value Field 

Output: unsigned integer 

ManufacturerNameO (0x20) 

B b  
Used 

This read-only string returns a character stsing where the 
first byte is the number of charactera available. The 
maximum number of characters is 15. The character string 
containa the battery manufacturer's name. For example, 
'Benchmarq" identifii the battery pack manufacturer as 
Benchmarq. 

Format Thieleaddyehing&unmarharactgetringwheret+firet 
byte ie the number of charactere available. The manmum 
numberot&r&m3ia 15.Tbe15bytecharacterehingm- 
taina the name. Far example, a LkvkNDeviceNameO d 
%q!2€B1" indicrrtee that the battay is a model -1. 

Error Code 

Output: string or ASCII character string 

Or0000- 
OrOOOt 

DeviceChemistryO (0x22) 

Reeerved for 
error codea 

This read-only string returns a character string where 
the f M  byte ie the number of characters available. The 
maximum number of charactere is 15. The 15-byte 
character atring contains the battery's chemistry. For 
example, if the DeviceChemistryO function returns 
WiMH,' the battery pack contains nickel-metal hydride 
cells. 

DeviceNameO (0x21) 

Output: string or ASCII character string 

This read-only string allows access to an up to 15-byte 
manufacturer data string. 

Output: block da ta4a ta  w h w  meaning is as- 
signed by the Smart Battery's manufacturer 

Output: string or ASCII character string 
14R8 
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Thir read-only word returnr the first end of d h b r g e  
voltage pmgrammed for the pack. 

Ou-t: unripned in-. Return bat* end- 

'Bh read-only word retuma the fmal endd-di,mhge 
voltaga programmed for the pack. 

Output: unnigned integer. Retuna battery tinal 
endd&xharge voltage programmed in 
E-M in mV. 

' M a  read-only register mturna an unsigned integer rep- 
xwenting the internal statue regiatem of the bq2091. 
The MSB repreeents FLAGS& and the LSB repxwenta 
FLAGS1. See Table 6 for the bit description for 
FLAGSltW. 

The Dieplay Mode flag @MODE), Bit 7, determines 
whether the bq2091 displays Relative or Abmlute capac- 
ity. 

The DMODE values are: 

- 
FLAGS2 Bib 

7 / 8 1  6 1 4 1 3 l 2 1 l l O  
I 

I - l c m l - 1 - 1 - 1 - 1 -  

Wherecmir:  

0 SelectaNIcltel 

1 Selectr Li-Ion 

Bit 4, the Charge Contml flag (CC), dekmnbs whether 
a bqm-baaed charge termination will mt RM to a w- 
defined )noqrammeble full charge capacity. 

The CC v h e s  are: 
r 

FLAGS2 Bib 
7 1 6 1  5 1 4 1 3 1 2 1 1 l 0 ,  

I - I C C I - I - I - I - ,  

Where CC b: 

0 RM t not modified on valid bq2091 charge ter- 
mination 

1 RMk&toapmgmmmblepercentageofthe 
FCC when a valid bq2091 charge termina- 
tionanua 

Bit 3 b rererved. 

Bit 2, the Overvow flag (OW, ie eet when the b q m 1  
detects a peck voltage 696 greater them the programmed 
chargiag voltage. Thir bit is cleared when the pack volt- 
age falls 696 below the pmgmmmd charging voltage. 

The OV values are: 

Where DMODE is: 

0 Selecte Abeoluta display 

1 SelecbRelativedieplay 

Bit 6 is reserved. Where OV ie: 

The Chemistry flag (0, Bit 5, eelecta Li-Ion or N i l  0 BattexyVoIbgeO < 1.05 ChargingVoltage 

compensation fadore. 1 BatteryVoltapeO 2 1.05 ChargingVoltage 

The CHM valuea are: 

Table 6. Bit Description for FLAGS1 and FLAGS2 

FLAGS2 

FLAGS1 

DMODE 

Awtl AT/AtO 

CHM 

VQ 

CC 

WRINII v'w 
OV 

SEDV 

LTF 

EDVl 

OC 

EDVF 
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Bit 1, the Low Temperature Fault flag (LTF), ie set when 
temperature<O°C and cleared when ternperat~re>6~C. 

The LTF values are: 
FLAGS2 Bits 

7 / 6 1  5 1 4 ~ 3 \ 2 ~ * ~ 0  
1 - ILTF1 - 

Where LTF ie: 

Bit 0, the Ovemrrent flag (OC), is set when the average 
current is 25% greater than the programmed charging cur- 
rent. If the charging current is programmed lese than 
1024mA, o v e m n t  L set if the average current l2 
greater than the programmed charging current. This flag 
ie cleared when the average current falls below 256mA. 

The OC values are: 

FLAGS2 Bits 
7 1 6 1 5 1 4 1 3 1 2 1  1 1 0 ~  

I - I O C  

Where OC is: 

0 Average current is less than 1.25 ' charging 
current or leee than 256mA if charging cur- 
rent is programmed leae than 1024mA 

1 Average current exceeds 1.25 charging cur- 
rent or 256mA if the charging current is 
programmed leas than lO24mA. This bit is 
cleared if average current<256mA 

Bit 7 and bit 6, the Delta Temperature flags, signify 
whether the bq2091 is sensing a valid AT/At for charge 
termination. Both bits must transition to a 1 to signify 
that the rise in battery temperature exceeds the pro- 
grammed rate threshold. The bits are clear if the rate of 
temperature falls below the programmed AT/At rate. 

The AT/Ato, AT/Atl values are: 

FLAGSl Bits 
7 1 6 ( 5 1 4 1 3 1 2 1 1 1 0  

A T / A ~ ~ ) A T / A ~ . ~  - I - I - I - I - I - , 

Where AT/Ato, AT/Ati is: 

0 Temperature < Programmed AT/At rate 

1 Temperature > Programmed AT/At rate 

The Valid Charge flag (VQ), Bit 6, i s  set when 
VsRdVsw and lOmAh of charge has accumulated. This 
bit is cleared during a discharge and when VsmSVsw. 

The VQ values are: 

Where VQ is: 

0 V s ~ o  S VSRQ 

1 VSRO 2 VSRQ and lOmAh of charge has 
accumulated 

The Write Inhibit flag (WRINH), Bit 4, allows or inhibits 
writes to all registers. 

The WRINH values are: 

FLAGSl Bit8 
7 / 8 / 5 1  4 1 3 / 2 / 1 / 0  

1 - I W R I N H I - 1 - 1 - 1 -  

Where WRINH is: 

0 Allows writes to all regbters 

1 Inhibits all writes and secures the bq2091 from 
invalicihndesired writes. 

WRINH should be set at  the time of pack assembly and 
tested to prevent normally read-write registers from acci- 
dental over-writing. 

The Valid Discharge flag (VDQ), Bit 3, is set when a 
valid discharge is occurring (discharge cycle valid for 
learning new fuU charge capacity) and cleared if a partial 
charge ie detected, EDVl is asserted when T<O°C, or 
self-discharge accounts for more than 256mAh of the dis- 
charge. 

The VDQ values are: 

FLAGS1 Bits 
, 7 1 6 1 5 1 4 1 3  / 2 / l I o  

1 - I V D Q I  - I - I  - 

0 Self-discharge is greater than 256mAh, 
EDVl = 1 when T<OeC or VQ = 1 

1 On first discharge after RM=FCC 

The Stop EDV flag (SEDV), Bit 2, is set when the dis- 
charge current>6.15A and cleared when the discharge 
current falls below 6.15A. 
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T ~ W  SEDV valuea are: Software Reset 
The b q m 1  can be re& over the aerial port by amfirm. 
ing that the WRINH bit ia met to zero in ITA081, writing 
MarErmrO((hOc~toawValueotherthan2,andwritiap 

Where SEDvie: 

The First End-of-Diecharge Voltage flag (EDVl), Bit 1, b 
set when Voltageo<EDVl=l if SEDV=O and cleared 
when VQ=l and VolhOeO>EDVl. 

The EDVl values are: 

Where EDVl ie: 

0 VQ = 1 and Voltage O> EDVl 

1 VoltageO < EDVl and SEDV = 0 

The Final Endsf-Diachalge Voltage flag (EDVF), Bit 0, 
h E& when Voltage&EDVF=l if SEDV=O and cleared 
when VQ=l and Volta&>EDVF. 

The EDVF values are: 

Where EDVF ie: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and SEDV = 0 

th4~k~(o.44jto8009,~a~thebq209ito . . 
and read the default valuea from the external 2GEr 

Error Codes and Status Bits 

Emor codes and etatun bib are lirted in Table 7 and 
Table 8, reopedvely. 

Programming the bq2091 

T h e ~ ~ t h e p r o p r p m e ~ 1 9 o f a n . n -  
temal E M for praper device opemhn. Each mod- 
ule can be calibrated for the greateat accuracy, or general 
"default" v a l w  cau be used. A kit (mter- 
face board, &are, and cable) for an IBM-compatible 
PC ia available from Beachmarq. Please contact Bench- 
marq far further detail 

The bq2001 uaea a 244301 or equivalent aerial E ~ M  
for Btoring the various initial values, di'bratian data, 
and string information. Table 1 outline9 the parame- 
and addreesae for thb infanation. Tables 9 and 10 de- 
tail the variow regieter content13 and show an example 
prugram value for an lsOOmAh NiMH battery pack, UE- 
ingaMkna mnmre&tor. 
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Table 7. Error Codes (BatteryStatusO (0x16)) 

OK / OxOOOO I r e a M t e  1 bq2091 proceased the function code without detecting any errora 

Error 

bq2091 cannot read or write the data at this t i m e t r y  again / NotReady 1 

I I I 

Code 

Busy 

1 ~nmpported~ommand 1 On0003 1 rea-te 1 bq2091 does not support the requested function code I 
1 Access~enied ( 0x0004 / write (bq2091 detected an attempt to write to a read-only function code ( 

Access 

I On0001 

Description 

r e a w t e  

On0005 

Note: Reading the bq2091 after an e m r  clears the error code. 

bq2091 is unable to process the function code at this time 

BadSize 

UnknownEmr 

I i I 

r e a w t e  bq2091 detected a data overflow or underflow 

Om 

0x0007 

write 

readkrite 

bq2091 detected an attempt to write to a function code with an 
incorrect size data block 

ba2091 detected an unidentifiable error 
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Table 8. Status Bits 

Alarm Bib 

I 1 bq2091 detects over--t, over- 1 I 

Blt Name 

OVER_CHARGE_ALARM 

Set When: 

BB2ogldetects~~ture, 
AT/A~, or-- charpe cure 
dtions ( ~ d g  vau ae 
termination). 

T E m l N A m - C H A R G E w  

ityO ia increased by 

Re#t When: 

A diecharge occure or when AVAt, 
over-temperature, or  minimum 
current ceases during charge. 

I 

AT/At-ALARM 

voltage, over-temperature, or AVAt 
con~t.ons d during charge. 
Charging current is set to zero, 
indicating a charge suspend. 

A discharge occurs or when all 
conditions causing the event cease. 

pmgmmmed value (valid termination) pm-* rate. 

bqu)91 de- the rate-of- 
temperab inm above the 

FULLY-CHARGED 

f 

The temperature riee falla below the 

FWLLY-DISCHARGED 

bq209l determinee a valid charge 
termination. RM a h e n  be set to 
tull charge percentage if neceeeary. 

RM diecharges below the full chaw 
percentage 

bq2091 determines that it has 
supplied all the charge that it can 
without being damaged (that is, 
continued use will result in 
permanent capacity low to the 

RelativeStateOfChargeO is greater 
than or equal to 20% 
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Table 9. Example Register Contents 

Note: 1. Can be adjusted to calibrate the battery pack. 

Note, 
I 

Thi eets the initial full charge battery capacity 
stored in FCC. FCC is updated with the actual full to 
empty diecharge capacity after a valid discharge from 
RM = FCC to Voltage0 = EDV1. 

This regieter ie d to adjust the battery voltage. 
Comparing the valuea read hm the bq2091 to two 
known input voltagw allows the bq2091 to a b a t e  the 
battery voltage to within 1%. This action adjuete for 
errcne in the reektordividers used for the SB input and 
bq2091 off& ermre. 

This register ie used to set the fast charge current for 
the s m u t c h g e r .  

This register ie used to set the fast charge voltage for 
S&Chma. 

This value represents the low capacity alarm value. 

Thi enables writes to all registera and should be set to 
10h prior to pack shipment to inhibit undesirable 
writee to the bq2091. 

See FLAGS2 register for the bit description and the 
proper value for progrnmming FLAGS2. Selecta 
relative display mode, Lithium Ion compensation 
factors, and enablea bq2091 Smart Charger control. 

The current gain measurement and current integration 
gain are related and defined for the bq2091 current 
measurement. 0x0~ = 37.Y8enea resistor value in o h .  

The value programmed ie the two's complement of the 
threshold voltage in mV. 
The value programmed ie the two's complement of the 
threshold voltage in mV. 

Eumpk 
Vdu68 

lsOOmAh 

10800mV 

1- 

1-v 

180rnAh 

Li-Ion = aOh 
N i  = 80h 

37f4.05 

9460mV 
(l.OV/cell) 

!NOOmV 
(l.OV/cell) 

Description 

Design 
Capacity 

Initial 
Battery 
Voltage 

Fhta clm~nt 

Remaining 
Capacity 
Alarm 

FLAGS1 

FLAGS2 

(Lnvnt 
Mer~~nanent 
(lain1 

EDVl 

EDVF 

E~PROM E~PROM 
HexContenta 

LOW 

Byte 

08 

30 

08 

d 

b4 

10 

bo 

ee 

16 

d8 

Addmu 

Low 
Byte 

0x02 

0x04 

0x08 

M a  

0xOb 

Ox& 

OxOe 

0x10 

High 
Byte 

O7 

2a 

07 

Sb 

00 

02 

db 

dc 

~ l g h  
Byte 

OxO1 

0x03 

0x05 

o.01 

0x09 

0x0d 

OxOf 

0x11 



Preliminary bq209 1 

Table 9. Example Register Contents (Continued) 

De8cription 

S.O°C 

Digital 
Filter 

Current 
I n y a t i o n  
Gaul 

The default value ia Ox00 (12.8O + nominal value). 
Actual temp (200C) = Nominal temp. (lS°C) - temp. 
offset (PC) where temperature determined by the 
bq2091 can be adjusted h m  0" to 26.8 
(Temperature offset (0-255) .l) + nominal value 

QmF 

AVA~ 

Self- 
Discharge 
Rate 

This field ie used to set the digital magnitude fdter 

This field repreaenta the following: 3.!44~ense 
resistor in ohm. It ia used by the bq2091 to wale 

and mAh. Thie register also cornpensah for 
variations in the rewrted sense reaistor value. 

Ac~dress 

p g  e 

1 0x18 
Percentage 

Low 
Byte 

0x13 

0x14 

Oxlb 

 ax Contents 

High 
Byte 

Oxlc 

Exmpk 
Value8 

Low 
Byte 

87 

f0 

Thia packed field ie the 2's complement of the 
desired value in RM when the bq2091 determines a 

m=60 full charge termination. If RM is below this value. 
23@)=Q RM ie set to this value. If RM ie above this value, 

then RM is not adjusted. 

Thbpackedvalueieuaedtosetthefastchargeand 
maintenance charge efiiency for n i cke l -bd  

85% = batteriee. The upper nibble adjusts the maintenaxm 
maintenance charge compeneation; the lower m i l e  adjuete the faat 

camp. charge compensation. 
9596 = Mahhmnce, upper nibble = (eff% ' 256 - 1 2 8 p  

charge camp. Fa& charge, lower nibble = (a 256 - 192Y4 

-8 
Hlgh 
Byte 

Thie value is used to adjuet the battery voltage offset 
according to the following: 

Voltage gain ie packed ae two unite. For example, 
R5/R2 = 9.09 would be &red ae: whole number 
stored in 0xla ( a h )  and the decimal component 
stored in Oxlb as 256 0.02 = 05. 

'laPC 
(74 - (8 lS6)) 

AT/At = 

.16C 

Serial 
N~~~~~ Osld Oxle 12 27 10002 Thie contains the optional pack serial number. 

temp. 

Maximum charge temperature ie 74 - (mt 1.6)OC 
(upper nibble). A v A t  rate ie in the lower nl%ble and 
variee from 0 to 15, where 0 ie more sensitive than 
15. value is 7. 

Thie packed field is the 2's complement of 
(W4Y(FWx)) where RhVx ia the deeired mlf- 
discharge rate per day at room temperature. 

Note: 1. Can be adjusted to calibrate the battery pack. 



ba2091 Preliminary 

Table 9. Example Register Contents (Continued) 

Table 10. Example Register Contents (String Data) 

Notes 

This field contains the charge cycle count and should 
be set to zero for a new battery. 

Thi field contains the desired maintenance current 
after fast charge termination by the bq2091. 

Thie is nominal battery pack voltage. 

This is the default value for this register. 

Packed per the ManufactureDateO derscription, 
which represents May 1,1996 in this example. 

Description 

Charge 
Cycle 
Count 

Reserved 

Maintenance 
Charge 
Current 

Reserved 

Design 
v0lae 

smah Information 

hknukhm 
Date 

Device Name 

Chemistry 

Manufacturer's Data 

Exam@e 
V ~ ~ W S  

0 

lm 

10800mV 

May 1,1996 = 
8363 

E~PROM E~PROM 
Addre88 

0x50- 
Ox5f 

0x60- 
0x6f 

0x70- 
~f 

Hex 

Low 
Byte 

00 

64 

30 , 

00 

a1 

Low 
Byte 

Oxlf 

0.21 

0x24 

0x32 

0x34 

0x36 

Content8 

High 
Byte 

00 

00 

2a 

00 

20 

Hfgh 
Byte 

Or20 

O x 2 2 0 x 2 3  

0x31 

ox33 

0x36 

Ox37 

0 4 N  

M D  

42 
B 

51 
Q 

I 

R 

32 
2 

1 

30 
0 

39 
9 

l e 6 9 , 0 0 W 0 0 m  

U 5 2 3 1 T 0 0 0 0 0 0 0 0  

31 
1 

41 
A 

34 
4 

00- 
00 

00- 

00- 
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Absolute Maximum Ratings 

Note: Permanent device damage may occw if Absolute Maximum Ratinga are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thie data sheet. Ekpomre to 
conditions beyond the operational limits for extended perioda of time may affect device reliability. 

DC Voltage Thresholds VA = TOPR; v = 3.0 to 5 .5~)  

Symbol 
Vcc 

All other pins 

REF 

VSR 

Tom 

Note: . The accuracy of the vo1t.e measurement may be improved by adjusting the battery voltage atfeet and 
gain, &red in external E PROM. For proper operation, Vcc should be 1.SV greater than V m  

SYmW 

EVSB 

Aug. 199s =@ 

2-267 

Maximum 

+7.0 

+7.0 

+8.5 

+7.0 

+70 

Unit 

V 

V 

V 

O C  

Pmmetw 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

Note8 

Current limited by R1 (me F'igure 1) 

Minimum lOOn d e n  resistor ehould 
beumdtopa~tectSRincareofa 
$hated battery (w the bqm1 
application note for details). 

Commercial 

Minimum 

-0.3 
-0.3 
-0.3 

-0.3 

0 

Parameter 

Battery voltage error relative to SB 

Minimum 

-50mV 

Typlcrl Notea 

Seanote 

Maximum 

M)mV 

Untt 

V 
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DC Electrical Characteristics VA = TOPR) 

R ~ B ~ ~ ~  1 SB input impedance 1 10 ] - I - 1 MR 1 0 < v s e < ~ c c  1 

Symbol 

vcc 

VREF 

RREF 

ICC 

VSB 

L p  ~DISP input leakage 1 - I - 1 5 1 PA I V D I S P = V S  

Parameter 

Supply voltage 

Reference at 25OC 

Reference at -40°C to +85OC 

Reference input impedance 

Normal operation 

Batteryinput 

ILVOUT 

Minimum 

3.0 

6.7 

4.5 

2.0 

0 

VSR 

RSR 

VOUT output leakage 

7 

Vm 

VL 

Typicd 

4.25 

6.0 

5.0 

90 

120 

170 

Sense resistor input 

SR input impedance 

VOL 

IOL 

Vcc = 5.5V, IOU S ll.0rnA 
1Vown lSEGxoutput low, highvcc 1 - 1 0.4 1 - 1 V 1 SEGlSEGd 1 

-0.2 

Logic input high 

WC input low 

VOUL 

Maximum 

5.5 

6.3 

7.5 

135 

180 

250 

vcc 

-0.3 

10 

Data, clock output low 

Sink current 

1 IVOUT 1 VOW source current 1 -33 1 - I - / ~ A I A ~ V O H ~ H = V C C - O . ~ V  1 

0.2 

1.4 

-0.5 

3 

SEGx output low, low Vcc 

VOHVL 

VOHVH 

Unit 

V 

v 
Mn 

MA 

pA 

FA 

V 

2.0 

100 

Note: All voltages relative to Vss. 

Note8 

Vcc e x m i o n  from < 2.0V to 2 
3.0V initializes the unit. 

IREF = 5pA 

IREF= SpA 

V R ~ =  3V 

Vcc = 3.0V 

Vcc=4.25\3 

Vcc = 5.5V 

CIA 

5.5 

0.6V 

0.1 

Vow output, low Vcc 

VOUT output, high Vcc 

1or-s. 

E ~ P R O M O ~ ~  

V 

0.4 

350 

Vcc = 3V, Iors < 1.75mA 
S E G I S E G ~  

VSR < Vss = diecharge; 
VSR > VSS = charge 

-uXhnV<Vs~<Vcc 

V 

V 

Vcc - 0.3 

Vcc - 0.6 

SEGX sink current 

SCL, SDA, SCC, SCD 
-I 

SCL, SDA, SCC, SCD 

V 

PA 

Io~=350pA, SDA, SCD 

VOI.SO.~V, SDA, SCD 

- 
- 

11.0 

V 

V 

mA 

V a  = 3V, Ivom = -5.25mA 

Vcc = 5.5V, IVOUT = -33.m 

At VOISH = 0.4V 



AC Specifications 

Note: The extamal memory must provide this internal minimum delay time to bridge the ~ 1 1 d e f i i  region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Bus Timing Data 

Symbol 
FSMB 

TEUF 

THD.mA 

Tsu:sr~ 

T s u : ~  

T I ~ D A T  
TSU:DAT 

Tmrl 

TEXT2 

TPD 

'how 

%GH 

TF 
TR 

Notea 

SCD 

E.ternalMemory 

40maforf~charac ter  

External memory only. See Note. 

Max 

100 

40 

40 

15 

3500 

300 

lo00 

Pameter 

SMBue operatiug frequency 

Bue free time between stop and 
&art condition 

Hold time after (repeated) &art 
condition 

Repeated etart condition eetup 
time 

Stop condition setup time 

Data hold time 

Data getup time 

Data buffering time addregsea 
(Mlo-o.18percharacter 

String buffering time addreseee 
0~19-0~23 per character 

Data output delay time 

Clock low period 

Clock high period 

Clock/Data fall time 

Cl&data rise time 

Units 

KHz 

Pa 

W 

M 

pe 

HE 

ns 

ns 

ma 

ma 

na 

Cte 

ne 

ne 

Min 

10 

4.7 

4.0 

250 

4.7 

4.0 

0 

250 

300 

4.7 

4.0 
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Ordering Information 

L~emperature Range: 
blank = Commercial (-20 to +70°C) 

LAwkage Option: 
SN = 16-pin narrow SOIC 

~evice: 
bq2091 Gas Gauge IC With SMBus-Like Interface 







U NiCd or NiMH Gas Gauge Module 
---- 

Features 1 

I i 
h Complete bq2010 Gas Gauge solution for NiCd or 

NiMH battery packs 

h Battery information available over a single-wire 
bidirectional serial port 

b Battery state-of-charge monitoring for 4- to 12-cell 
series applications 

h On-board regulator allows direct connection to the 
battery 

h "L" version includes push-button activated LEDs to 
display state-of-charge information 

b Nominal capacity and cell chemistry pre-configured 

b Compact size for battery pack integration 

General Description 

The bq2110 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2110 incorporates a bq2010 Gas  Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 4 
to  12 series cells. The bq2110L includes six surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the  learned capacity (relative mode) or 
programmed capacity (absolute mode). The sixth LED i s  
used in absolute mode to represent a n  overfull condition 
(charge above the programmed capacity). The LEDs a re  
activated with the onboard push-button switch. 

Contacts are provided on the bq2110 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
mun ica t ions  por t  (DQ). a n d  t h e  e m p t y  indica tor  
(EMPTY). Please refer to the bq2010 data sheet for the 
specifics on the operation of the Gas Gauge. 

Benchmarq configures the bq2110 based on the informa- 
tion requested in Table l .  The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, and the LED display mode. 

The onboard sense resistor accurately measures charge 
and discharge activity of the battery pack. The resistor 
value and type should be specified on the configuration 
sheet. The two options available are a 3W through hole 
type or a 1W surface mount type. Please refer to the 
application note entitled "A Tutorial for Gas Gauging" to 
select the proper value. 

A module development kit  is also available for t he  
bq2110. The bq2110B-KT or bq2110LB-KT includes one 
configured module and the following: 

1) A serial interface board tha t  allows connection to 
the  RS-232 port of an  AT-compatible computer. 

2)  Menu-driven software with the bq2110 to display 
chargeldischarge activity and to allow user interface 
to the bq2010 from any standard DOS PC. 

3)  Source code for the TSR. 

Pin Descriptions 
P1 DQ/Serial communication port 

P2 BAT+Battery positivelpack positive 

P3 No connect 

P4 EMPTYIEmpty indicator output 

P5 GNDIGround 

P6 PACK-Pack negative 

P7 BAT-Battery negative 



Battery Pack - - - - - -cells - - - 1 

I 

PACK- 'i-------- , , 

Charger 

i 
Figure 1. Module Connection Diagram 

Table 1. bq2110 Module Configuration 

Customer Name: 

Contact: Phone: 

/ Address: I 
Sales Contact: Phone: 

Number of series battery cells (4-12) 

I Battery type (NiW or NiMH) I 
Battery pack capacity (mAh) 

Discharge rate into load (A) M i n .  Avg.- Max.- 

Sense resistor size in mi2 (0.1 i2 standard) 

Sense resistor type: (Thru-hole (3W) or 
surface mount (1 W)) 

Display mode (absolute or relative) 

LEDs and switch (YIN) 



bq2110 Schematic 

I 

Note: Schematic ehms components which may not be placed on the board, 
depending upon the configuration. 

July leee 

3-3 



bq2110 Board 

I o+o>n I 
nt-\t-z t- 
azau a 
m r a 

W 

CUSTOMER Thru-Hole R e s i s t o r  [ SPECIFIED S u r f a c e  Mount R e s i s t o r s  
0,140 M A X  

4 

4/6 July 1696 

3 4  



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exmeded. Functmnal operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expoam to con- 
ditimm beyond the operational l i t a  for extended periods of time may aft& &vim reliability. 

Symbol 

Vcc 

All other pins 

PSR 

Tom 

Tsn~  

DC Electrical Characteristics (TA =  top^) 

Note: 1. Characterized on PCB. IC 1 W o  tested. 

Parameter 

Relative to Vss 

Relative to Vss 

Continuou~sense 
-paws 
didpation 

Operating 
temperature 

Storage temperature 

July lsee w 

3-5 

Unit 

V 

V 

W 

W 

OC 

OC 

Symbol 

NumCell 

BAT+ 

BAT- 

Icc 

RW 

IOL 

V m  

V m  

Vos 

Comlitlonr 

bq2010 

bq2010 

Thru-hole sense r e a h  

Surface mount aeme msistors 

Commercial 

Minimum 

-0.3 

-0.3 

0 

-40 

Typical 

NumCell * l.2V 

200 

Maximum 

+7.0 

+7.0 

3 

1 

+70 

+85 

Parameter 

Number of series cells in 
battery pack 

Positive terminal of pack 

Negative terminal of pack 

Supply current at BAT+ 
terminal (no external loads) 

Internal pull-down 

Open-drain sink current 
DQ, 

Open-drain output low, 
DQ, EMPTY 

DQ input high 

DQ input low 

Voltage offset 

Minimum 

4 

GND 

GND - 0.3 

- 

500k 

2.5 

Conditlons/Notes 

101, < 5mA 

Maximum 

12 

NumCell * l.8V 

GND+2.0 

300 

5.0 

0.5 

0.8 

150 

Unit 

V 

V 

clA 

Q' 

m ~ '  

V' 

V' 

V' 

PV' 



DC Voltage Thresholds FA = TOPR) 

Notes: 1. At SB input of bq2010 

2. At SR input of bq2010. 

3. Default value; value set in DMF register. 

Ordering Information 

SYmW 

VEDVP 

VEDV~ 
V ~ c v  

V s ~ o  

VSR$ 

VSRD 

L Customer code: 
Blank = Sample or  re-production1 

KT = Evaluation system 
XXX = Customer-specific; assigned by Eknchmarq2 

Package Option: 
B = Board-level product 

Typkal 
0.95 

1.05 

2.25 

LED Option: 
L = LEDs plus switch 
Blank = No LEDs or switch 

Device: 
NiCd or N i  Gas Gauge Module 

Parameter 

Final empty warning 

F i t  empty warning 
Maximum single-cell voltage 

Sense resistor range 

Valid charge 

Valid discharge 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2110LB-001 

Maximum 

0.97 

1.07 

2.30 

+2000 

-300 

Minimum 

0.93 

1.03 

2.20 

-300 

375 

6/6 Julv 1996 

Unit 

V 

V 

V 

mV 

pV 

pV 

Note8 

~~T+/NumCell'  

~AT+/NumCell' 

~AT+/NumCell' 

VSR+ V O S ~  

VSR+VOS '~  

V S R + V O S ' ~  



@ ~E~CHMIRQ bq2111 L 
NiCd Gas Gauge Module with LEDs 

Features 
for High Discharge Rates 

Battery state-of-charge monltorlng for 4- to 12-cell 
series applications 

On-board regulator allows d~rect connection to the 1 
battery 

> Battery information available over a single-wire ~ 
b~directional serial port I 
Nominal capacity pre-configured 

Compact size for battery pack integration 

General Description 
The bq2111L Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd battery 
packs in high discharge rate applications such as power 
tools. Designed for battery pack integration, the 
bq2lllL incorporates a bq2011 Gas Gauge IC, five sur- 
face-mounted LEDs, and the other discrete components 
necessary to monitor and display accurately the capacity 
of 4 to 12 series cells. The only external component re- 
quired is a low-value sense resistor connected between 
GND and PACK-. Contacts are also provided on the 
bq2111L for direct connection to the battery stack and 
the serial communications port (DQ). The battery stack 
should be connected between BAT+ and GND. Please 
refer to the bq2011 data sheet for the specifics on the 
operation of the Gas Gauge. 

Benchmarq configures the bq2111L based on the infor- 
mation requested in Table 1. The configuration defines 
the number of series cells and the nominal battery pack 
capacity. The bq2llL module uses the absolute LED dis- 
play to indicate battery capacity. In this mode, the re- 
maining capacity is represented as a percentage of the 
programmed capacity. 

The bq2lllL can operate directly from four series cells 
within the pack using the LBAT+ supply input. For four 
series cell applications or applications using the on-board 
regulator, LBAT+ should be connected to BAT+. Please 
refer to Figure 1 for module connection illustrations. 

A module development kit is also available for the 
bq2111L. The bq2111LB-KT includes one configured 
module and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software with the bq2l l lL to display 
chargeldischarge activity and to allow user interface 
to the bq2011 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 
P1 DQISerial communication port 

P2 BAT+/Battery positiveJPack positive 

P3 LBAT+/Four-cell power 

P4 PACK-Pack negative 

P5 GNDIGround 

July 1996 1 I6 

3-7 



Battery Pack - -  

PACK+ PACK- 

Charger L-/--lJ 

PACK+ PACK- 

Charger 

(a) 4-Cell Supply (b) Regulated Supply 

Figure 1. Module Connection Diagram 

Table 1. bq2111 L Module Configuration 
- - - 

Customer Name: 

Contact: Phone: 

Address: 

Sales Contact: Phone: 

Number of series battery cells (4-12) 

Sense resistor size in mR (0.005R standard)' 

Battery pack capacity (mAh) 

Tote: 1. Sense resistor is not included with board. 

216 Juty le96 

3 8  



bq2111L 

bq2111 L Example Schematic 

Note: Schematic shows components which may not be placed on the board, 
depending upon the codiguration. 



bq2111 L Board 



Absolute Maximum Ratings 
-- - 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. b c t i o n a l  operation 
should be lknited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

- 

Symbol 
1 

Vcc 

All other pine 

Tom 

TSTR 

DC Electrical Characteristics (-r,?, - TOPR) 

Number of series cells in 
battery pack 1 4 1 -  

Parameter 

Relative to Vss 

Relative to Vss 

Operating 
temperature 

Storage temperature 

Symbol 

/ BAT+ I Positive terminal of ~ a c k  1 GND I NumCell * 1.2V 1 NumCell * 1.8V 

Maximum 

+7.0 

+7.0 

+70 

+85 

Minimum 

-0.3 

-0.3 

0 

-40 

l v c c  I Supply voltage (direct cell 
operation) 
LBAT+ 

Unit 

V 

V 

OC 

"C 

Parameter 

"* 

Supply current at BAT+ 
terminal (no external loads) 1 - 

Notes 

bq2011 

bq2011 

Commercial 

Minimum Typical 

1 R D ~  / Internal pull-down 1 5ook 1 1 - 

Maximum 

Voltage across the sense 
resistor, ~4 to ~5 

/ VOL I open-drain o u t ~ u t  low, DQ 1 I 1 0.5 

-0.3 

IOL 

2 

Note: 1. Characterized on PCB, IC 10Wo tested. 

Open-drain sink current 
DB 

Vnrw 

V I ~  

Vos 

July 1996 s/s 

3-1 1 

5.0 

DQ input high 

DQ input low 

Voltage offset 

2.5 

0.8 

150 



DC Voltage Thresholds (TA = TOPR) 

1 Svmbol 1 Parameter 1 Minimum I Typical 1 Maximum 1 Unit 1 Notes 1 

/ VSR~ / Discharge compensation threshold / 70 1 100 1 125 1 mV / VSR + VOS' I 

V ~ c v  

VSRI 

Maximum single-cell voltage 

Discham compensation threshold 

VSR~ 

VSR~ 

VSRO 

Notes: 1. At SB input of bq2011 

- 

VSRQ 

VSRD 

2. At SR input of bq2011 

1.95 

20 

Discharge compensation threshold 

Discharge compensation threshold 

Sense resistor sense range 

Ordering Information 

Valid charge 

Valid discharge 

t- Customer Code: 
Blank = Sample or  re-production' 
KT = Evaluation system 
XXX = Customer-specific; assigned by ~enchmarq' 

2.0 

50 

120 

220 

-300 

L Package Option: 
B = Board-level product 

500 

- Device: 
NiCd Gas Gauge Module with LED8 

2.05 

75 

150 

253 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number bq2111LB-001 

-400 

Julv 1996 

V 

mV 

175 

275 

+2000 

I 
BAT+/Num~ell~ 1 
VSR + VOS' 

pV 

pV 

mV 

mV 

mV 

VSR + vos2 

VSR +VOS' 

VSR + VOS' 

VSR + vos2 

VSR + VOS' 



U 

Features 

NiCd or NiMH Gas Gauge Module 
With Slow Charge Control 

"L" version includes push-button activated LEDs to 
display state-of-charge information 

Nominal capacity and cell chemistry pre-configured 

Compact size for battery pack integration 

General Description 

The bq2112 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2112 incorporates a bq2012 Gas Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 3 
to 12 series cells. The bq2112L includes six surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the learned capacity (relative mode) or 
programmed capacity (absolute mode). The sixth LED is 
used in absolute mode to represent an overfull condition 
(charge above the programmed capacity). The LEDs are 
activated with the onboard push-button switch. 

Contacts are provided on the bq2112 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
munications port (DQ), the em* indicator (EMPTY), 
and the charge control output (CHG). Please refer to the 
bq2012 data sheet for the specifics on the operation of the 
Gas Gauge. 

Benchmarq configures the bq2112 based on the informa- 
tion requested in Table l .  The configuration defines the 
number of series cells, the nominal battery pack capacity, 
the self-discharge rate, and the LED display mode. 

The onboard sense resistor accurately measures charge 
and discharge activity of the battery pack. The resistor 
value and type should be specified on the configuration 
sheet. The two options available are a 3W through hole 
type or a 1W surface mount type. Please refer to the 
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application note entitled "A Tutorial for Gas Gauging" to 
select the proper value. 

A module development kit is also available for the 
bq2112. The bq2112B-KT or bq2112LB-KT includes one 
configured module and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software with the bq2112 to display 
chargddischarge activity and to allow user interface 
to the bq2012 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 
P1 DQ/Serial communication port 

P2 BAT+Battery positivdpack positive 
- 

P3 CHGICharge control output 

P4 EMPTYEmpty indicator output 

P5 GNDIGround 

P6 PACKJPack negative 

P7 BAT-Battery negative 



Figure 1. Module Connection Diagram 

Battery Pack - - - - - czs - - - 1 
I ~hhhhl 

Table 1. bq2112 Module Configuration 

Customer Name: 

Contact: Phone: 

-- -J 
PACK+ 

I 
I 
1 
1 
L - 

PACK- 

Address: 

Load I 

Charger 

FG-961 

dp7 bq2112 P 2 b 1  
P6 

- - - - - - - - 

Sales Contact: Phone: 

Number of series battery cells (4-12) 

Battery type (NiCd or NiMH) 

Battery pack capacity (mAh) 

Discharge rate into load (A) M i n .  Avg.- Max.- 

Sense resistor size in rnQ (0.1 R standard) 

Sense resistor type: (Thru-hole (3W) or 
surface mount (1 W)) 

Display mode (absolute or relative) 

LEDs and switch (YIN) 



bq2112 Schematic 

BD-964 

Note: Schematic shows components which may not be placed on the board, 
depending upon the coniiguration. 

July 1996 3B 
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Absolute Maximum Ratings 

1 Symbol I Parameter I Minimum I Maximum / Unit 1 Conditions 1 
Vcc 

All other pine 

PSR 

TOPR 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Fundional operation 
should be limited to the k m m e n d e d  DC Operating Conditions detailed in this data sheet. Expasure to con- 
dition~ beyond the operational limits for extended periods of time may affect device reliability. 

TSTR 

DC Electrical Characteristics (TA = TOPR) 

FMative to Vss 

Relative to Vss 

Continuous sense 
&tor power 
dissipation 

Operating 
temperature 

Storage temperature 

-0.3 

-0.3 

0 

Symbol 

-40 

NumCell 

BAT+ 

/ lee i Supply current at BAT+ 
terminal (no external loads) i - 

+7.0 

+7.0 

3 

1 

+70 

Parameter 

BAT- 

+85 

Number of series cells in 
battery pack 

Positive tenninal of pack 

V 

V 

W 

W 

"C 

Minimum 

I 

Negative terminal of pack 

RDQ 

Open-drain O U J  low, 1 vOL ( DQ, E r n ,  CHG 0.5 V' IOL< 5mA 

"C 

4 

GND 

IOL 

V w  DQ input high 2.5 1 v1 I I 

bq2012 

bq2012 

Thru-hole sense resistor 

Surface mount sense resistor 

Commercial 
- - 

Typical 

GND - 0.3 

I 1 I I I 

Internal pull-down 

NumCell 1.2V 

P 

Open-drain sinkcurrent 
DQ, EMPrY, CHG 

Note: 1. Characterized on PCB, IC 100% tested. 

Maximum 

GNDt2.0 

500k 

VILD$ 

VOS 

July lQB6 516 

3-1 7 

12 

NumCell 1.8V 

- - 

1 .I 

5.0 

Unit 

V 

V 

m ~ '  

DQ input low 

Voltage offset 

Conditions/Notes 

- - -  

0.8 

150 

V' 

PV' 

- - 



DC Voltage Thresholds (TA = TOPR) 

Notes: 1. At SB input of bq2012. 

2. At SR input of bq2012. 

3. Default value; value set in DMF register. 

Maximum 

0.97 

1.07 

2.30 

+2000 

-300 

Typical 

0.95 

1.05 

, 2.25 

Ordering Information 

Minimum 

0.93 

1.03 

2.20 

-300 

375 

Symbol 

VEDW 

VEDV~ 

VMCV 

VSRO 

Customer Code: 
Blank = Sample or  re-production' 
KT = Evaluation system 
XXX = Customer-specific; assigned by Benchmarq2 

Unit 

V 

V 

V 

mV 

pV 

pV 

Parameter 

Final empty warning 

First empty warning 

Maximum single-cell voltage 

Sense resistor range 

Package Option: 
B = Board-level product 

Notes 

~ ~ T + / N u m c e l l '  

~ ~ ~ + / N u m ~ e l l '  

B ~ ~ + / N u m ~ e l l '  

VSR + VOS' 

VSR + Vos 29 

VSR + Vos " 

LED Option: 
L = LEDs plus switch 
Blank = No LEDs or switch 

- Device: 
NiCd or NiMH Gas Gauge Module 

VSRQ ' Valid charge 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2110LB-002 

VSRD 

616 July 1996 

3-1 8 

Valid discharge 



U 

Features 

NiCd or NiMH Gas Gauge Module 
With Charge Control Output 

k "L" version includes push-button activated LEDs to 
display state-of-charge information 

k Nominal capacity and cell chemistry pre-configured 

k Compact size for battery pack integration 

General Description 

The bq2114 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2114 incorporates a bq2014 Gas Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 4 
to 12 series cells. The bq2114L includes five surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the learned capacity (relative mode) or 
programmed capacity (absolute mode). The LEDs are 
activated with the onboard push-button switch. 

Contacts are provided on the bq2114 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
munications port (DQ), the empty indicator (EMPTY), 
and the charge control output (CHG). Please refer to the 
bq2014 data sheet for the specifics on the operation of 
the Gas Gauge. 

Benchmarq configures the bq2114 based on the informa- 
tion requested in Table l .  The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, and the LED display mode. 

The onboard sense resistor accurately measures charge 
and discharge activity of the battery pack. The resistor 
value and type should be specified on the configuration 
sheet. The two options available are a 3W through hole 
type or a 1W surface mount type. Please refer to the 

application note entitled "A Tutorial for Gas Gaugingn to 
select the proper value. 

A module development kit is also available for the 
bq2114. The bq2114B-KT or bq2114LB-KT includes one 
configured module and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software with the bq2114 to display 
chargeldischarge activity and to allow user interface 
to the bq2014 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 
P1 DQ/Serial communication port 

P2 BAT+/Battery positivelpack positive 

P3 CHGICharge control output 

P4 EMPTYIEmpty indicator output 

P5 GND/Ground 

P6 PACKJPack negative 

P7 BATJBattery negative 

Sept. 1996 116 



Figure 1. Module Connection Diagram 

Battery Pack - - - - - - - 1 
I ~t-lht-lhl I 

Table 1. bq2114 Module Configuration 

Customer Name: 

Contact: Phone: 

Address: 

I 
I 
I 
I 
i 

PACK+ 

I 
I 
I 
I 
i 

PACK- 

Sales Contact: Phone: 

4 Load , 

Charger 

FG-9610 

qP7 bq2114 P 2 k ,  
P6 

Number of series battery cells (4-1 2) 

Battery type (NiCd or NiMH) 

Battery pack capacity @Ah) 

Discharge rate into load (A) M i n .  Avg.- Max.- 

Sense resistor size in mR (0.1 R standard) 

Sense resistor type: (lhru-hole (3W) or 
surface mount (1 W)) 

Display mode (absolute or relative) 

LEDs and switch (Y/N) 



bq2114 Schematic 

Note: Schematic show components which may not be placed on the board, 
depending upon the configuration. 



bq2114 Board 

CUSTOMER [Thru-Hole Res is to r-  
SPECIFIED Surface Mount Res i s to r s  

0,140 M A X  7 

1 
1 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are e d e d .  Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device mliabilii. 

Symbol 

vcc 

All other pins 

PSR 

TOPR 

TSTR 

Note: 1. Characterized on PCB, IC 1W/o tested. 

Parameter 

Relative to Vss 

Relative to Vss 

Continuous sense 
mistorpowes 
rliRsipation 

Operating 
temperature 

Storage Temperature 

DC Electrical Characteristics (TA = T g p ~ )  

Symbol 

NumCell 

BAT+ 

BAT- 

Icc 

RW 

IOL 

VOL 

V m  

V- 

VOS 

Minimum 

-0.3 

-0.3 

0 

-40 

Parameter 

Number of series cells in 
battery pack 

Positive terminal of pack 

Negative terminal of pack 

Supply current at BAT+ 
terminal (no external loads) 

Internal pull-down 

Open-drain sink current 
DQ, EMFTY, CHG 

Open-drain output low, 
DQ, EMPTY, CHG 

DQ input high 

DQinput low 

Voltage offset 

Maximum 

+7.0 

+7.0 

3 

1 

+70 

+85 

Minimum 

4 

GND 

GND - 0.3 

50Ok 

2.5 

Unit 

V 

V 

W 

W 

"C 

"C 

Conditions 

bq2014 

bq2014 

Thxu-hole sense resistor 

Surface mount sense resistor 

Commercial 

TY pica1 

NumCell * 1.2V 

200 

Unit 

V 

V 

PA 

Q' 

mAI 

V' 

V' 

V' 

PV' 

Maximum 

12 

NurnCell * l.8V 

GNDt2.0 

300 

5.0 

0.5 

0.8 

150 

Conditionsplotes 

IOL < 5mA 



DC Voltage Thresholds (TA = TOPR) 

Notes: 1. At SB input of bq2014. 

2. At SR input of bq2014. 

3. Default value; value set in DMF register. 

Ordering Information 

B - XXX 
V T T  -r 

Customer Code: 
Blank = Sample or  re-production1 
KT = Evaluation system 
XXX = Customer-specific; assigned by ~ e n c h m a r q ~  

- Package Option: 
B = Board-level product 

LED Option: 
L = LEDs plus switch 
Blank = No LEDs or switch 

Device: 
NiCd or NiMH Gas Gauge Module 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2110LB-003 



@ ~ N ~ H M A R O  bq2150 
Li-Ion Gas Gauge Module 

Features 

> Complete bq2050 Gas Gauge solution for Li-Ion 
battery packs 

Battery ~nformation ava~lable over a slngle-wlre 
bidirectional serial port c 

Battery state-of-charge monitoring for 2- to 4-cell 
senes applications 

On-board regulator allows direct connection to the 
battery 

' L version includes push-button activated LEDs to 
I 

d~splay state-of-charge information 

Nominal capacity pre-configured 

Compact size for battery pack integration 

General Description 
The bq2150 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of Li-Ion battery 
packs. Designed for battery pack integration, the bq2150 
incorporates a bq2050 Gas Gauge IC, a current sense re- 
sistor, and all other components necessary to accurately 
monitor and display the capacity of 2 to 4 series cells. 

The bq2150L includes five LEDs to display remaining ca- 
pacity in 20% increments of the learned capacity. The 
LEDs are activated with the onboard push-button switch. 

Contacts are provided on the bq2150 for direct connec- 
tion to the battery stack (BAT+, BAT-) and the serial 
communications port (DQ). The RBI input provides 
backup power to the bq20.50 in the event that the cells 
are removed or the battery is turned off. The bq2150 has 
a 1pF capacitor onboard connected to RBI to supply 
backup power for about an hour. In battery packs that 
use high-side FETs to control the chargeidischarge of the 
Li-Ion cells, the RBI input can be wired to a single cell to 
provide prolonged data retention times. The SD input 
allows an external signal (active low) to turn the bq2050 
IC off to minimize internal current consumption of the 
battery pack and maximize storage life of the pack in the 
system. When turned off, the bq2050 is non-functional, 
and the RBI power source maintains register informa- 
tion. Please refer to the bq2050 data sheet for the specif- 
ics on the operation of the Gas Gauge. 

Benchmarq configures the bq2150 based on the informa- 
tion requested in Table l .  The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, and the Li-Ion battery type (coke or graphite anode). 

Mav 1996 

The onboard sense resistor accurately measures the charge 
and discharge activity of the battery pack. The sense resistor 
value should also be specified on the configuration sheet. 
The sense resistor value depends on the application. The 
two options available are a 3W through-hole type and a 1W 
surface-mount type. Please refer to the application note en- 
titled "A Tutorial for Gas Gauging," to select the proper 
value. 

A module development kit is also available for the 
bq2150. The bq2150B-KT or the bq2150LB-KT includes 
one configured module and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software to display chargeldischarge 
activity and to allow user interface to the bq2050 
from any standard DOS PC. 

3)  Source code for the TSR. 

Pin Descriptions 
P1 DQISerial Communications port 

P2 No connect 

P3 BAT+Battery positivelpack positive 

P5 RBIlRegister backup input 

P7 PACK-/Pack negative 

P8 BAT-Battery negative 
4 I'? 



Table 1. bq2150 Module Configuration 

Customer Name: 

Contact: Phone: 

Battery Pack ----- r - - - - - 
cells 1 

I I 
I 

ltrtllitll 
I 

I I 
I Ip8 bq2150 P3+, I 

Sales Contact: Phone: 

I 
L 

PACK- 

Number of series battery cells (2- 4) 

Coke or graphite cell anode 

FG-9611 

Battery pack capaaty (mAh) 

I 
_I 

PACK+ 

P7 

Discharge rate into load (A) min. avg. m a .  

t- 

Sense resistor size in mR (0.1 standard) 

Sense resistor type 
(Thru-hole (3W) or surface-mount (1W)) 

Load 

Nominal Available Capacity after reset 
(Programmed Capacity or Zero) 

-1 

Self-discharge compensation (Y/N) 

LEDs and switch (Y/N) 

- - 

- - - - 

w3 May 1996 

Charger 



bq2150 Schematic 

P3 

P4 

P2 

P 1 

P5 

P8 

P7 

P6 

ED-9643 

Note: Schematic shows components which may not be placed on the board, 
depending upon the configuration. 

May 1- W 

3-27 



bq2150 Board 

LAYER 1 

LAYER 2 
BD-9656 

4/6 May 1 996 
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Absolute Maximum Ratings 

/ Symbol 1 Parameter / Mlnimum 1 Maximum 1 Unit I Conditions 

VCC 

All other pins 

Continuous sense 
resistor vower 

TOPR 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Relative to Vss / -0.3 1 +7.0 

3 

DC Electrical Characteristics (TA = T o ~ R )  

Relative to Vss 

V ! bq2050 

"C 1 
I 

Tfm 

V 

W 

W 1 Surface-mount sense resistor 

'C Commercial 

dissipation 1 - 1 

I Nucell 1 Number of series cells in 1 
1 battery pack 
I I 

bq2050 -0.3 

Thru-hole sense resistor 

Operating 
temperature 

Storage temperature 

+7.0 

j +70 

-40 1 +85 

Typical 1 Maximum 1 Unit I CondltlonsiNotes Symbol / Parameter 

I Supply current a t  BAT+ 1 Ice / terminal (no external loads) 1 - I 200 1 300 / pi 1 

Minimum 

BAT+ 1 Positive terminal of pack GND ' NumCell * 3.6V NumCell * 5.4V 

GND+2.0 BAT- 

I I I I I ! 

Open-drain output low, IOL 1 - 1 vOL 1 DQ 1 I - 

V ' 
V Negative terminal of pack 1 GND - 0.3 

1 Internal pull-down ! 500k 

IOL 

1 I 

1 n1 1 

Note: 1. Characterized on PCB, IC 100% tested. 

Open-drain sink current 
DQ 

1 - 1 5.0 
I 

L 

VIHW 

VILD~ 

VOS 

May 1996 5 6  
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! 

d1 

DQ input high 

DQ input low 

Voltage offset 

2.5 

0.8 

150 

V' 

V' 



DC Voltage Thresholds FA = TOPR) 

Note: 1. At SB input of bq2050 

2. At SR input of bq2050. 

3. Default value; value set in DMF register. 

Ordering Information 

L Customer Code: 
Blank = Sample or ~ . e -~ rodud ion '  
KT = Evaluation system 
XXX = Customer-specific; assigned by 13enchmarq2 

- Package Option: 
B = Board-level product 

Maximum 

1.49 

1.55 

2.30 

+2000 

-200 

Typical 

1.47 

1.52 

2.25 

I- LED Option: 
L = LEDs plus switch 
Blank = No LEDs or switch 

Minimum 

1.45 

1.50 

2-20 

-300 
210 

Symbol 

VEDW 

VEDVI 

V ~ c v  

V s ~ o  

VSR$ 

VSRD 

Device: 
Li-Ion Gas Gauge Module 

Unit 

V 

V 

V 

mV 

pV 

pV 

Parameter 

Final empty warning 

First empty warning 
Maximum single-cell voltage 

Sense range 

Valid charge 

Valid discharge 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2150LB-001 

Notes 

~ ~ ~ + / ( 2 * N u m ~ e l l ) '  

~ ~ ~ + / ( 2 * N u m c e l l ) '  
~ ~ ~ + / ( 2 * N u m ~ e l l ) '  

SR,VSR+VOQ~ 

V S R + V O S ' ~  

V S R + V O S ~ ~  

s/s May 1 996 

3-30 



U Li-Ion Pack Supervisor Module 

I 
- -- -- 

Features , 
Complete and compact lithium-ion pack supervisor I 
Provides overvoltage, undervoltage, and 1 1 

Low standby and operating currents , 1 
Low on-resistance FETs 

General Description I 2 
The bq2153 provides a complete solution for the supervi- 
sion of three or four series ~ i - I O ~  cells. Designed for Pin Descriptions 
battery pack integration, the bq2153 incorporates a 
bq2053 Pack Supervisor, two FETs, and all other compo- lP Battery 1 positive inputlpack positive 
nents required to monitor overvoltage, undervoltage, and 
overcurrent conditions. The board provides direct con- 1N Battery 1 negative input 

nections for the negative and positive terminals of each 2N Battery 2 negative input 
cell. See Table 2. Please refer to the bq2053 data sheet 
for specific information on the operation of the bq2053. 3N Battery 3 negative input 

Benchmarq configures the bq2153 based on the informa- 4~ Battery 4 negative input 
tion requested in Table 1. 

PK- Pack negative 

Table 1. bq2153 Module Configuration 

I Customer Name: 

Contact: Phone: - 

1 Address: 

Sales Contact: Phone: 

Number of series cells (3 or 4) 
i 1 Overvoltage threshold (4.25V default) 

May 1996 116 
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Table 2. Pin Connections 

4 cells 

Ye May lW8 

External Connections 

1P - Positive terminal of first call 

2N - Negative terminal of firat cell 

3N - Negative terminal of second cell 

4N- Negative terminal of third cell 

1P - Positive tenninal of fmt cell 

1N - Negative terminal of first cell 

2N - Negative terminal of second cell 

3N- Negative terminal of third cell 

4N - Negative terminal of fourth cell 

Number of Cell8 

3 cells 

On-board Configuration 

1N tied to 1P 



bq2153 Schematic 

I 

I Notes: 

1. Component may or may not be placed depending on the configuration. 

May lW 3ls 

3-33 



bq2153 

bq2153 Board 



- - 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maxhnum Ratings are e d e d .  b t i o n a l  operatian 
should be limited to the kmn&ended DC Operating Conditions detded in thia data sheet. E x p m  to con- 
d i t i i  beyond the operational limita for extended periode of time may affect device reliability. 

Conditions 

Commercial 

DC Electrical Characteristics VA = TOPR) 

Unit 

V 

"C 

OC 

symbol 

VT 

Tom 

T m  

May lW W 

3-35 

Parameter 

Voltage applied on any pin relative to 1P 

Operating temperature 

Storage temperature 

Value 

-18 to M.31 

0 to +70 

-40 to +85 

, SVrnW 

VOP 

Icc 

ICCW 

RIN, 2ti, SN 

RFET 

ID 

Maximum 

18 

25 

40 

1 

50 

4 

Parameter 

Operating voltage, l P  to 4N 

Operating current %cell 

Operating current 4-cell 

Low power current 

Battery input impedance 

FET on resistance 

Continuous chargddiecharge 
current 

UnR 

V 

PA 

PA 

PA 

Mn 

mR 

A 

Minimum 

6.0 

Conditions/Notes 

Per FET 

Typical 

12 

25 

10 

2 



DC Thresholds FA = TOPR) 

Ordering Information 

Symbol 

Vov 

VCE 

V w  

Voc 

bq2153 6 - XXX 
i T  1 

Customer Code: 
Blank =Sample or  re-production1 
XXX = Customer specific; assigned by Eknchmarq2 

Note: Standard device. Contact Benchmarq for different threshold options. 

Parameter 

Overvoltage limit 

Charge enable voltage 

Undervoltage limit 

Overcurrent limit, 4N to PK- 

L~ackage  Option: 
B =Board-level product 

Device: 
Li-Ion Pack Supervisor Module 

Vdue 

4.25 

Vov - 100mV 

2.3 

*250 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2153B-001 

6/6 May 1886 

3-36 

Tokrance 

* 1.5% 

i 50mV 

* 100mV 

* 25 

Unit 

V 

V 

V 

mV 



Features - 
> Complete bq2004hq2014 battery management I 

solution for NiCd or NiMH pack 

> Accurate battery state-of-charge monitoring 

Reliable fast charge termination 

Automatic full capacity calibration 

> Battery information available over a single-wire 
bi-directional serial port 

> Nominal capacity, cell chemistry, and charge 
control parameters pre-configured 

) Compact size for battery pack integration 

General Description 
The bq2164 Gas Gauge Module provides a complete and 
compact battery management solution for NiCd and NiMH 
battery packs. Designed for battery pack integration, the 
bq2164 combines the bq2014 Gas Gauge IC with the bq2004 
Fast Charge IC on a small printed circuit board. The board 
includes all the necessary components to accurately monitor 
the capacity and reliably terminate fast charge of 5 to 10 
series cells. 

The gas gauge IC uses the onboard sense resistor to track 
charge and discharge activity of the battery pack. The fast 
charge IC gates a current-limited or constant-current charg- 
ing supply connected to PACK+. Charging termination is 
based on ATlAt or -AV/PVD, maximum temperature, time, 
and voltage. The bq2004 signals charge completion to the 
bq2014 to indicate full capacity. The charge complete signal 
to the gas gauge eliminates the need to fully cycle the battery 
pack to initially calibrate full pack capacity. 

Contacts are provided on the bq2164 for direct connec- 
tion to the battery stack (BAT+, BAT-), the gas gauge's 
communications port (DQ), and  the  thermistor  
(THERM+, THERM). The thermistor is required for tem- 
perature fast charge termination. Please refer to the 
bq2004 and bq2014 data sheets for the specifics on the 
operation of the gas gauge and the fast charge ICs. 

Benchmarq configures the bq2164 based on the infor- 
mation requested in Table 1. The configuration defines 
the number of series cells, the nominal battery pack 
capacity, the self-discharge rate, and the fast charge 
control parameters. The control parameters depend on 
the charge rate, cell chemistry and termination technique 
specified in the configuration table. They consist of the fast 

charge hold-off, safety timers, and the pulse trickle rate 
as shown in the bq2004 data sheet. The bq2164 is opti- 
mized for temperature termination with the thermistor 
provided with the development kit. 

The sense resistor value and type should also be specified 
on the configuration sheet. The two options available are a 
3W through-hole type or a 1W surface-mount type. Please 
refer to the application note entitled "A Tutorial for Gas 
Gauging" to select the proper value. 

A module development kit is also available for the bq2164. The 
bq2164BKT includes one a m l i g u d  module and the fonowing: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software with the bq2164 to display 
chargeldischarge activity and to allow user interface 
to the bq2014 from any standard DOS PC. 

3) Source code for the TSR. 

4) A Philips 10K NTC Thermistor type 2322-640- 
63103. 

Pin Description 
P1 DQ/Serial communication port 

P2 BAT+Battery positive 

P3 PACK+Pack positive 

P4 PACK-Pack negative 

P5 BAT-Battery negative 

P6 THERM+/rhermistor positive 

P7 THERM-mermistor negative 

P8 MODiFast charge control output 



Figure 1. Module Connection Diagram 

Battery ------m7s--- Peck 
1 

I Itlbhtll . I 

Table 1. bq2164 Module Configuration 

I 
I 

Customer Name: 

Contad: Phone: 

I 
I 

Address: 

Sales Contact: Phone: 

Number of series battery cells (5-1 0) 

I P5 P2 
bq2164 

I 
I P4 I 

Battery type (NiCd or NiMH) 

Battery pack capaaty (mAh) 

L 
PACK- 

Load 

Charger 

Discharge rate into load (A) Min. AVg. - Max. 

A 
PACK+ 

b 

Sense resistor type: 
(Thru-hole (3W) or surface-mount (1W)) 

F G W  

Sense resistor size in m a  (0.1 standard) 

Fast charge current (A) 

Charge voltage (V) 

Temperature termination (enabledldisabled) 

PVD or -AV termination 



bq2164 Schematic 

Note: Schematic shows components which may not be placed on the board, 
depending upon the configuration. 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

P 

DC Electrical Characteristics CTA = TOPR) 

Note: 1. Characterized on PCB, IC 1 W h  tested. 

Symbol 

NumCell 

BAT+ 

BAT- 

Icc 

ICHG 

ID~CHG 

RDQ 

IOL 

VOL 

~~ 
VIHDQ 

vos 

Sept. 1996 St8 

3-41 

Parameter 

Number of cells in battery 
pack 

Positive terminal of pack 

Negative terminal of pack 

Supply current at BAT+ 
terminal (no external loads) 

Charge current 

Discharge current 

Internal pull-down 

Open-drain sink current 
DQ 

Open-drain output low, DQ 

DQ input high 

DQ input low 

Voltage offset 

Minimum 

GND 

GND - 0.3 

500k 

- 
2.5 

Typical 

NumCell * 1.2V 

200 

Maximum 

10 

NumCell 1.8V 

GND+2.0 

300 

2 

2 

5.0 

0.5 

0.8 

150 

Unit 

V 

V 

PA 

A 

A 

f2' 

m ~ '  

v1 
V' 

V' 

Pvl 

Condltionsplotes 

IOL< 5mA 



DC Voltage and Temperature Thresholds PA = TOPR) 

Symbol 

VEDVF 

VEDV~ 

V ~ c v  

VSRO 
Vsm 

VSRD 

VSR~ 

Parameter 

Final empty warning 

First empty warning 
Maximum single-cell voltage 

SR sense range 

Valid charge 

THTF 

Valid discharge 

Discharge compensation threshold 

Low-temperature charging fault 

VEDVC 

/ Rawat I AT/Atcharee termination rate 1 - 1 1 1 - I 'Urnin. 1 Q 30°C 1 

Minimum 

0.93 

1.03 

2.20 

-300 
375 

High-temperature charging fault 

V ~ c v c  

-120 

Minimum charging cell voltage 

Notes: 1. At SB input of bq2014. 

Typical 

0.95 

1.05 

2.25 

45 

Maximum charging cell voltage 

'Drco 

2. At SR input of bq2014. 

-150 

10 

1 

3. Default value; value set in DMF register. 

Maximum 

0.97 

1.07 

2.30 

+ZOO0 

OC 

Minimum cell voltage 
to initiate charge 

2 

Maximum charging temperature 

4. PVD termination disables the low-temperature fault charge termination. 

-300 

-180 

High-temperature 
charge inhibit 

Maximum cell voltage to 
initiate or continue charge 

Unit 

V 

v 
V 

mV 

uV 

50 

Notes 

~ ~ ~ + / N u m ~ e l l '  

~AT+/Nurn~ell' 

~ ~ ~ + / N u m ~ e l l '  

VSR + vw2 
V S R + V O S ' ~  

p v  

mv 

OC 

VSR+VOS'~  

VSR+VOS~ 
Low-temperature charge 
inhibit/terminate4 

oC High-temperature charge 
termination 



Ordering Information 

I- Customer Code: 
Blank = Sample or ~ .e-~roduct ion~ 
KT = Evaluation system 
XXX = Customer-specific; assigned by Benchmarq 1 '-package option; 

B = Board-level product 

Device: 
NiCd or NiMH Gas Gauge Module with Fast Charge Control 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2164B-001 



Notes 



Features 
> Compact, production-ready lithium ion gas gauge 

and protection solution for three or four series cells 

Accurate measurement of available battery capacity 

Provides overvoltage, undervoltage, and 
overcurrent protection 

Designed for battery pack integration 

- Small size 

- Includes bq2050 and bq2053 ICs 

- On-board charge and discharge control FETs 

- Low operating current for minimal battery drain 

Battery capacity available through single-wire 
serial port 

"L" version includes 5 push-button activated LEDs 
to display state-of-charge information 

The bq2165 Gas Gauge Module provides a complete and 
compact battery management solution for Li-Ion battery 
packs. Designed for battery pack integration, the bq2165 
combines the bq2050 Power Gauge IC with the bq2053 
Supervisor IC on a small printed circuit board. The 
board includes all the necessary components to accu- 
rately monitor battery capacity and protect the cells from 
overvoltage, undervoltage, and overcurrent conditions. 
The board works with three or four Li-Ion series cells. 

The Power Gauge IC uses the on-board sense resistor to 
track charge and discharge activity of the battery pack. 
Critical battery information can be accessed through the 
serial communications port a t  DQ. The supervisor circuit 
consists of the bq2053 and two FETs. The bq2053 con- 
trols the FETs to protect the batteries during chargeldis- 
charge cycles and short circuit conditions. The bq2165 
provides contacts for the positive and negative terminals 
of each battery in the stack. Please refer to the bq2050 
and bq2053 data sheets for the specifics on the operation 
of the power gauge and supervisor ICs. 

Benchmarq configures the bq2165 based on the informa- 
tion requested in Table l .  The configuration defines the 
number of series cells, the nominal battery pack capacity, 
the self-discharge rate, the Li-Ion battery type (coke or 
graphite anode), and the threshold limits. The sense resis- 
tor value should also be specified on the configuration 
sheet. The sense resistor value depends on the application. 
Please refer to the application note entitled "A Tutorial for 

Li-Ion Gas Gauge Module 
with Pack Supervisor 

Gas Gauging" to select the proper value. Refer to page 5 
for the bq2165 physical dimensions. 

The bq2165L includes five LEDs to display remaining ca- 
pacity in 20% increments of the learned capacity. The 
LEDs are activated with the onboard push-button switch. 

A module development kit is also available for the 
bq2165. The bq2165B-KT or the bq2165LB-KT includes 
one configured module and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of any AT-compatible computer. 

2) Menu driven software to display chargddischarge 
act~vity and to allow user interface to the bq2050 
from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 
PUP2 Pack negative 

P3 DQ/Serial communications port 

P4 BATl*tkry 1 positive inputipack positive 

P5 BATiflattery 1 negative input 

P6 BAT2flattery 2 negative input 

P7 BAT3flattery 3 negative input 

P8 BAT4flattery 4 negative input 

May 1996 



Battery Pack ------ r---- 1 

I 
hhh 

Table 1. bq2165 Module Configuration 
I 1 

Customer Name: 

Contact: Phone: 

Address: 

Sales Contact: Phone: 

Number of series cells (3 or 4) 

Coke or graphite cell anode 

Battery pack capacity (mAh) 

Discharge rate into load (A) min. avg. max. 

Sense resistor value in mR (0.1 Q standard) 

Nominal Available Capacity after reset 
(Programmed Capacity or Zero) 

Self-discharge compensation C//N) 

Overvoltage threshold (4.25V default) 

LEDs and switch CI/N) 

YlO May 1996 



Table 2. Intermediate Pin Connections 

1N tied to 1P 

Number of Cello I On-board Conflauration 

4 cells I 

External Connections 

I 1P - Positive terminal of first cell I 
1 2N - Negative terminal of fM cell 1 
I 3N - Negative terminal of second cell I 

1N - Negative terminal of first cell 

4N- Negative terminal of third cell 

1P - Positive terminal of first cell 

I 2N - Negative terminal of second cell I 

P 
I 3N- Negative terminal of third cell 1 
I 4N - Negative terminal of fourth cell 

May lW6 3/10 

3-47 



bq2165 Schematic 

Note: Schematic shows component8 which may not be placed on the board, depending 
upon the configuration. 

4/10 May 1996 
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bq2165 Schematic Continued 

f 



bq2165 Board 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thie data sheet. Exposure to 
conditione beyond the operational limita for extended periods of time may affect device reliability. 

DC Electrical Characteristics CTA - TOPR) 

Symbol 
L 

VT 

PsR 

,TOR 

T m  

symbol I Parameter I Minimum I Typical I Maximum I Unit I ConditionslNotes I 

Unit 

V 

W 

"C 

"C 

Cwlitlons Panmeter 

Voltage applied on any 
contact relative to BATip 

Continuow sense resistor 
power dissipation 

~~~ 
Storage temperature 

BAT+ 1 Positive terminal of pack I GND I NumCell 3.6V I NumCell * 4.1V I V I 1 

Number of seriea cells in 
battery pack 

Minimum 

-18 

0 

-40 

I Internal pull-down 1 5ook 1 I - I n l I  I 

Maximum 

H.31 

3 

+70 

+85 

3 

BAT- 

Icc 

IOL I %-drain sink current 

4 

Negative terminal of pack 

Supply current a t  BATip 
terminal (no external loads) 

Continuous 
chargddiecharge current I - 1 

VOL 

V m  

V m  
Vos 

R ~ E T  

Note: 1. Characterized on PCB, IC 1 W o  tested. 

GND - 0.3 

Open-drain output low, DQ 

DQinputhigh 

DQinput low 

Voltage offset 

Battery input impedance 

FETonreeistance 

200 

2.5 

GND+PO 

300 

V 

PA 

10 

0.5 

0.8 

150 

50 

V' 

V' 

V' 

pvl 

mi2 

mi2 

1 0 ~  < 5mA 

Per F'ET 



DC Voltage Thresholds FA = TOPR) 

Notes: 1. At SB input of bq2050 

2. At SR input of bq2050. 

3. Default value; value set in DMF register. 

DC Thresholds FA TOPR) 

Symbol 

VEDVF 

VEDV~ 

VMCV 

VSRO 

VSRQ 

VSRD 

1 Symbol I Parameter I Value I Tolerance 1 Unit / 

Minimum 

1.45 

1.50 

2.20 

-300 

210 

Parameter 

Final empty warning 

Firat empty warning 

Maximum single-cell voltage 

SR sense range 

Valid charge ----- 
Valid discharge 

1 VOV / Overvoltage limit 1 4.25 1 i 1.5% 1 V 1 
1 VCE 1 Charge enable voltage I VOV- 100mv 1 i50mv / v 1 

Typical 

1.47 

1.52 

2.25 

/ Undervoltage limit 

1 Overcurrent limit, BAT4Nt.o PACK- 1 * 250 * 25 1 mv 

Maximum 

1.49 

1.55 

2.30 

+2000 

-200 

Note: Standard device. Contact Benchmarq for different threshold options. 

Unit 

V 

V 

V 

mV 

pV 

Notes 

B A T + / ( ~ * N U ~ C ~ ~ ~ ) '  

B A T + / ( ~ ' N U ~ C ~ ~ ~ ) '  

~ ~ ~ + / ( 2 * N u m ~ e l l ) '  

SF& VSR+ vos2 

V S R + V O S ' ~  

pV VSR+VOS 2 3  



Ordering Information 

Blank = Sample or ~.e-~roduction' 
KT = Evaluation syetem 
XXX = C w t o m e r - m ;  amigned by ~enchmarq~ 

-Package Option: 
B = Board-level pmduct 

LLED Option: 
L = LEDe plue awitch 
Blank = No LED8 or awitch 

Device: 
Li-Ion Gas Gauge Uodule With Pack Superviear 

Notes: 1. Requires confiiation eheet (we Table 1) 

2. Example production part numk. bq216SL.B-001 

May loo6 W10 
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Notes 
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@ BENCHMAR. Preliminary bq2190L 
Smart Battery Module with 

Features 
SMBus-Like interface and LEDs 

Coniplctc smart battery solution Ibr SiCd. NillH. 
and Li-Ion buttery packs 

-4ccurate measurement ot'a\.a~lablc. battery capacity 

Designed for battery pack integration: 

- Small size 

- Includes bq2090, configuration E'PROM, and 
sense resistor 

- Four onboard state-of-charge LEDs with 
push-button activation 

- Low operating current for minimal battery 
drain 

Critical battery information available over two-wire 
serial port 

General Description 

The bq2190L Smart Battery Module provides a complete 
solution for the design of intelligent battery packs. The 
bq2190L uses the SMBus protocol and supports many of 
the Smart Battery Data commands in the SMBISBD 
specifications. Designed for battery pack integration, the 
bq2190L combines the bq2090 Gas Gauge IC with a se- 
rial E'PROM on a small printed circuit board. The board 
includes all the necessary components to monitor accu- 
rately battery capacity and to communicate critical bat- 
tery parameters to the host system or battery charger. 
The bq2190L also includes four LEDs. The push-button 
switch activates the LEDs to show remaining battery ca- 
pacity in 25% increments. 

Contacts are provided on the bq2190L for direct connec- 
tion t~ the battery stack (BAT+, BAT-) and the two-wire 
interface (SMBC, SMBD). Please refer to the bq2090 
data sheet for specific information on the operation of the 
Gas Gauge and communication interface. 

Benchmarq configures the bq2190L based on the infor- 
mation requested in Table 1. The configuration defines 
the pack voltage, capacity, and chemistry. The Smart 
Battery Module uses the onboard sense resistor to track 
charge and discharge activity of the battery pack. The 
sense resistor value and type should also be specified on 
the configuration sheet. The two options available are a 
3W through-hole type or a 1W surface-mount type. The 
value depends on the application. Please refer to the 
application note entitled "A Tutorial for Gas Gauging" to 
select the proper value. 
July 1996 

A module development kit is also available for the 
bq2190L. The bq2190LB-KT includes one configured 
module and the following: 

1) An EV2090 serial interface board allowing connec- 
tion to the RS-232 port of any AT-compatible com- 
puter. 

2) Menu-driven software to display chargeldischarge 
activity and to allow user interface to the bq2090 
and serial E~PROM from any standard Windows 3.x 
PC. 

Pin Descriptions 
P1 BAT+Battery positive 

P2 GNDIGround 

P3 Pack negative 

P4 BAT-Battery negative 

P5 SMBC/Communications clock 

P6 SMBDISerial data 



bq2 1 90L Preliminary 

Figure 1. Module Connection Diagram 

Battery -----cGs--- Pack 
1 

I ltlbbtll I 

Table 1. bq2190L Module Configuration 

Design capacity (mAh) 

Remaining capacity alarm 

/ Sense resistor sire in m n  (0.ln standard) 

I 
I 

_J 
PACK+ 

bq2lsOL PI +, 

Sense resistor type: 
(Thru-hole (3W) or Surface Mount (1 W)) 

End of discharge voltage 1 (rnV) 

Charger 

FQ-96.5 

Load 

End of discharge voltage 2 (rnV) 

Battery chemistry 

-1 

Design voltage 

Manufacturer date 

Serial number 

Manufacturer name 

Device name 

Manufacturer data 

Display mode (absolute or relative) 



Preliminary bq2 1 90L 

bq2190L Schematic 

Note: Schematic shows components which may not be placed on the board, 
depending upon the co

nfi

guration. 

1 
July 1996 w 
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bq2 1 90L Preliminary 

bq2190L Board 

I 

LAYER 1 

LAYER 2 BD-9655 



Preliminary bq2 1 90L 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditiom detailed in this data ah&.. Exposure to con- 
ditione beyond the operational limits for extended periode of time may affect device mliabi i .  

Symbol 

Vcc 

All other pine 

PSR 

Tom 

TSIR 

DC Electrical Characteristics FA - TOPR) 

Parameter 

Relative to Vss 

Relative to Vss 

Continuous sense 
mistor power 
dissipation 

Operating 
temperature 

Storage Temperature 

Note: 1. Characterized on PCB, IC 1 W o  tested. 

Symbd 

BAT+ 

BAT- 

Icc 

IOL 

VOL 

VIH 

VIL 

Minimum 

-0.3 

-0.3 

0 

-40 

Parameter 

Positive terminal of pack 

Negative terminal of pack 

Supply current at BAT+ 
terminal (no external loads) 

Open-drain sink current 

Open-drain output low 

Input high 

Input low 

Maximum 

+7.0 

+7.0 

3 

1 

+70 

+85 

Minimum 

GND 

GND - 0.3 

- 

----- 
1.4 

-0.5 

Unit 

V 

V 

W 

W 

OC 

OC 

Condition8 

bq2090 

bq2090 

Tbru-hole senee resietar 

Surface mount sense resistor 

Commercial 

Typic& 

14.4 

200 

Maximum 

21.6 

GND+2.O 

300 

350 

0.4 

7 5.5 

0.6 

Unit 

V 

V 

PA 

PA' 

v1 
V' 

V' 

Conditions/Notes 

SMBC,SMBD 

SMBC, SMBD 



bq2 1 90L Preliminary 

DC Voltage Thresholds (TA = TOPR) 

Notes: 1. At SB input of bq2090. 

2. At SR input of bq2090. 

3. Default value; value set in DMF register. 

Ordering Information 

Customer Code: 
Blank = Sample or  re-production1 
KT = Evaluation system 
XXX = Customer-specifc; assigned by J3enchmarq2 

Maximum 

+60 

+2000 

-300 

Symbol 

EVSB 

VSRO 

VSW 

VSRD 

Package Option: 
B = Board-level product 

Minimum 

-60 
-300 

380 

Parameter 

Battery voltage error 

Sense resistor range 

Valid charge 

Valid discharge 

Device: 
Smart Battery Module With SMBus-Like Interface and LED8 

Unit 

mV 

mV 

pV 

pV 

Typicd 

Notes: 1. R e q h  configuration sheet (eee Table 1) 

2. Example production part number: bq2190LB-001 

Notes 
Note1 

Note2 

Note2,3 

Note2,3 



BENQIMARB preliminary bq2193L 
U 

Features 

Rechargeable Alkaline 
Charger Module 

I I 

Complete charge control for three or four 1 1 
rechargeable alkaline cells 

PCB includes: 

- bq2903 alkaline charge chip 

- LEDs 

- Discharge FET I 
Direct connections for individual battery terminal 1 
and DC input i I 
Provides pre-charge qualification, fast charge 1 1 
termination, and over-discharge protection 

1 i 
Onboard LEDs indicate charge status and fault 
conditions Pin Descriptions 

General Description 

The bq2193L Charge Module provides a complete and 
compact solution for charge and discharge control of 
three or four rechargeable alkaline cells. Designed for 
in-system integration, the bq2193L incorporates a 
bq2903 Charge Controller IC, two status LEDs, and a 
discharge FET. I t  provides direct connections for the 
negative and positive terminals of each cell, the DC 
charging supply (DC+, DC-1, and the load (LOAD+, 
LOAD-). Please refer to the bq2903 data sheet for more 
specific information on the operation of the Charge Con- 
troller. 

LOAD+ Positive side of load 

BAT+ Positive terminal of battery 1 

BATlN Negative terminal of battery 1 

BATZN Negative terminal of battery 2 

BAT3N NA (version 3); Negative terminal of 
battery 3 (version 4) 

BAT- Negative terminal of battery 3 (version 3); 
Negative terminal of battery 4 (version 4) 

DC+ Positive side of charger 

Benchmara configures the ba2193L based on the infor- DC- Negative side of charger 
mation requestedin Table 1.- The configuration defines 
the number of series cells, the discharge rate capability, Negative side of load 
and the end-of-discharge voltage. The board is available 
as a three-cell (bq219s~-3) or-four-cell (bq2193L-4) ver- 
sion. 

July 1996 118 
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bq2193L Preliminary 

-- - - -- BAT- B A T ~ ~ ~ N  BATI N BAT+ 

- LOAD- LOAD+ -- - 

DC- 
- 

Load 

Figure 1. Module Connection Diagram 

Table 1. bq2193 Module Configuration 

Customer Name: 

Contact: Phone: 

Address: 

Sales Contact: Phone: 

Number of battery cells (3-4) 

Load current (mA) 

End-of-discharge voltage 
(1.1 V, 1 .OV, or 0.9V) 

2/8 July 1996 



bq2193-3 Schematic 

DCt  
LORD+ 

BAT t 

B A T l N  

DC- 

BATZN 

BAT- 

'-0 LOAD- 

Note: Schematic shows components which may not be placed on the board, 
depending upon the confiiation. 



bq2193L Preliminary 

bq21934 Schematic 

DC- 

Note: Schematic shows components which may not be placed on the b o d ,  
depending upon the configuration. 

4/s July 1998 
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preliminary bq2193L 

bq2193-3 Board 
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bq 2 1 93 L Preliminary 

bq2193-4 Board 
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Preliminary bq2 1 93L 

Absolute Maximum Ratings 

Note: Permanent device. damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditiine beyond the operational limits for extended periods of time may affect device rel iabii .  

Symbol 

DG'IN 

VT 

Tom 

IDC 

IWAD 

DC Electrical Characteristics FA = TOPR) 

I S ~ m b d  1 Parameter 1 Minimum 1 Typical I Maximum I Unil 1 CondltionslNotes 1 

Parameter 

VDC 

DC threshold voltage 
applied on any pin, 
excluding DC pin 

Operating ambient 
temperature 

DC charging current 

Discharge current 

Minimum 

-0.3 

-0.3 

0 

1 Supply current 

Conditions 

Commercial 

Muimum 

11.0 

11.0 

+70 

400 

1.3 

14 / mA I VDC = 10.Ovl 

ISSI 

Unit 

V 

V 

"C 

rnA 

A 

I I I I 1 I 

ISBZ 

RDSON 

2. VWV = cell open circuit voltage. 

3. Includes N-FET. 

Standby current 

I ~ A D  

IDC 

VOP 

4. The minimum charge voltage is 2.OV per cell. 

Standby current 

Discharge on resistance 

25 

Note: 1. CHQ'DONE LED on. 

Discharge current 

DC charging current 

Operating voltage 

0.25 

40 

2.7 

voc = 0, 
VWV > VEDV~ 

1 

1 

300 

10 

'* 
n 

Vw=O 
Vocv < VEDV 

~ 0 t e 3  

A 

mA 

V 

Note3 

Note 4 



bq 2 1 93 L Preliminary 

DC Thresholds FA = 25%; VDC =IOV) 

Notes: Each parameter above has a temperature coefficient associated with it. To determine the coefficient for 
each parameter, use the following formula: 

ParameterRating * -0.5mVPC 
Tempco = 

1.63 

The tolerance for these temperature coefficients is 1Wo. 

EDV depends on cofliguration. 

Vocv = cell open circuit voltage. 

Ordering Information 

2193L B XXX bq 7-7- 

Unit 

V 

V 

v 
v 

V 

V 

Tolerance 

*% 

i5Y0 

i5Yo 

*5vo 

*5vo 

t5% 

i5Yo 

Symbol 

VEDV 

VFLT 

VMIN 

VCE 

Customer Code: 
Blank = Sample or  re-production' 
KT = Evaluation system 
XXX = Customer-specific; assigned by ~ e n c h m a r ~ ~  

Notes 

Vocy > VMAX inhibits or 
termmates charge pulses 

VCCV > VFLT terminates charge, 
indicates fault 

Vocv < VMIN inhibits charge 

Vocv < VCE on all cells re-initiates 
charge 

L~ackage Option: 
B = Board-level product 

Parameter 

Maximum cell open- 
circuit voltage 

End-of-discharge voltage 

Maximum cell closed- 
circuit voltage 

Minimum battery 
voltage 

Charge enable 

Device: 
Rechargeable Alkaline Charger Module 

Rating 

1.63 

0.90 

1.00 

1.10 

3.00 

0.40 

1.40 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2193LB-001 







SRAM Nonvolatile Controller Unit 

Features 
Power monitoring and switching 
for 3 volt battery-backup 
applications 

Write-protect control 

3 volt primary cell inputs 

Less than 10 m chip enable 
propagation delay 

5% or 1090 supply operation 

General Description 
The CMOS bq2201 SRAM Nonvolatile 
Controller Unit providea all neceesary 
functions for converting a standard 
CMOS SRAM into nonvolatile 
reacbrite memory. 

A precision comparator monitors the 
5V Vcc input for an out-of-tolerance 
condition. When out of tolerance is 
detected, a conditioned chip enable 
output is forced inactive to write-pm- 
tect any standard CMOS SRAM. 

During a power failure, the enternal 
SRAM ia switched from the Vac sup 
ply to one of two 3V backup supplies. 
On a subsequent power-up, t he  
SRAM is write-protected until a 
power-valid condition exists. 

The bq2201 is footprint- and timing- 
compatible with industry standards 
with the added benefit of a chip 
enable propagation delay of less than 
1ons. 

Pin Connections Pin Names 

I 1 Vovr Supply output 

I I BCI -BC2 I volt primary backup cell inputs 

8-Pin Narrow DIP or SOlC 

THS Threshold select input 
- 
CE Chip enable active low input 
- 
CECON Conditioned chip enable output 

Vcc +5 volt supply input 

Vss Ground 

Functional Description 
An external CMOS static RAM can be battery-backed If THS is tied to Vss, power-fail detection occurs at 4.62V 
using the Vom and the conditioned chip enable output typical for 5% supply operation. If THS is tied to Vom, 
pin from the bq2201. As Vcc slews down d u r i n u  power power-fail detection occurs a t  4.37V typical for 10% sup- 
failure, the conditioned chip enable output CEcoxis ply operation. The THS pin must be tied to Vss or Vow 
forced inactive independent of the chip enable input CE. for proper operation. 

This activity unconditionally write-protects external SRAM If a memory access is in process during power-fail detec- 
as Vw falls to an out-of-tolerance threshold V m .  V m  is tion, that memory cycle continues to completion before the 
selected by the threshold select input pin, THS. memory is write-protected. If th~memory cycle is not ter- 

minated within time twpr, the CECON output is uncondi- 
tionally driven high, write-protecting the memory. 



As the supply continues to fall past VPFD, an internal 
switching device f o m  V ~ U T  to one of the two extarnal 
backup energy aourc88. CECON is held high by the V m  
energy source. 

During power-up. V o w  is switched back to the Vcc sup- 
ply as Vcc rises ahve  the backup cell input voltage sour- 
cing VOUT. The CECON output ia held inactive for time 
~CER (120 ma maximum)-r the supply has reached 
Vpm, independent of the CE input, to allow for processor 
stabilization. 

During powerzalid operation, the CE input is  fed 
through to the CECON output with a propagation delay of 
leee than 1 0  ns. Nonvolatility is achieved by hardware 
hookup as shown in Figure 1. 

Energy Cell Inputs-BC1, BC2 
Two primary backup energy source inputs are provided 
on the bq2201. The BCi and BC2 inputs accept a 3V 
primary battery, typically some type of lithium chemis- 
try. If no primary cell is to be used on either BCi or BC2, 
the unused input should be tied to Vss. 

If both inputs are used, during power failure the VOUT 
output is fed only by BCI as long as it is greater than 
2.5V. If the voltage at BCi falls below 2.5V, an internal 
isolation switch automatically switches V o w  from BCi to 
BCz. 

To prevent battexdrain when there is no valid data to 
retain, VOUT and CECON are internally isolated from BCi 
and BC2 by either: 

Initial connection of a battery to BCI or BC2, or 

A valid isolation signal requires CE low as Vcc crosses 
both V m  and Vso deg a power-down. Between these 
two points in time, CE must be brought to the point of 
(0.48 to 0.52)*Vcc and heldfor at least 700ns. The 
isolation signal is invalid if CE exceede 0.54eVcc at any 
point between Vcc crossing V m  and Vso. See Figure 2. 

The appmpriate battery ie cannected to V o w  and --N 
immediately on eubaequent application and removal of Vcc. 

Figure 2. Battery Isolation Signal 

D Presentation of an ieolation signal on m. 

Figure 1. Hardware Hookup (5% Supply Operation) 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional owration 

Symbol 

Vcc 

VT 

TOPR 

T s m  

TBIAS 

TSOLDER 

IOUT 

should be limited to the &commended DC Operating Conditions detailed in thie data sheet. G&re to 
conditions beyond the operational limits for extended periode of time may affect device reliability. 

Recommended DC Operating Conditions (TA = TOPR) 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

V o m  current 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V or VBC. 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-4Oto+85 

-55 to 125 

-@to+% 

2.60 

200 

Symbd 

Vcc 

VSS 

V n  

VIH 

VBcl, 
VBc2 

THS 

Unit 

V 

V 

"C 

OC 

"C 

"C 

"C 

mA 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Threshold select 

Condltions 

VT S Vcc + 0.3 

Commercial 

Industrial "N" 

For 10 seconde 

Minimum 

4.75 

4.50 

0 

-0.3 

2.2 

2.0 

-0.3 

Typical 

5.0 

5.0 

0 

- 

- 

Maximum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

4.0 

Vcc + 0.3 

Unit 

V 

V 

V 

V 

V 

v 

V 

Notes 

THS=Vss 

T H S = V o v r  



- - -- 

DC Electrical Characteristics FA = TOPR, vcc = 5v i 10%) 

Symbol / Parameter 1 Minimum 1 Typical I Maximum I Unit 1 Conditions/Notes 

1 I L ~  I Input leakage current / - I - / * 1 I PA 1 VIN =VsstoVcc I 

I Vor. I Out~ut low voltage / - I - 1 0.4 1 V /101,=4.0mA I 

VOH 

VOHB 

Output high voltage 

VOH. BC ~ U P P ~ Y  

ICC 

1 Vso / Supplyswitch-over voltage I - 1 VBC 1 - 1 V / I 

VPFD 

Data-retention mode Vow data-retention current 
current to additional memory not 

included. 

2.4 

VBC - 0.3 

Operating supply current 

Vomi  VOW voltage 
- I 

I I I I I I 

I I I I -- 
Power-fail detect voltage 

V 

V 

4.55 

~ o u n  1  om voltage I VBC -0.3 1 - / - 1 V (VCC <VBC, IOUT = ~OOCLA 1 

IOH = -2.0 rnA 

VBC > VCC, IOH = -1OpA 

4.30 

vcc - 0.2 

Vcc - 0.3 

3 

4.62 

V T H S = V o m  4.37 

v 
V 

VBC 

5 

4.75 

4.50 

v c c  > VBC, IouT = lOOmA 

Vcc > VBC, I o m  = 1WmA 

I o m  

Active backup cell 
voltage 

mA 

V 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V or VBC. 

Vomcurrent 

No load on Vom and ?&ON. 

THS = V K ~  

VBCZ 

V B C ~  

100 

V 

V 

VBCI < 2.5V 

VBCI >2.5V 

pA V o w  > VBC - 0.2V 



Capacitance FA =  ST, F = IMHZ, vcc - 5.0~1 

Note: This parameter is sampled and not 100% tested. 

AC Test Conditions 
-- 

Symbd 

CW 

&UT 

Parameter 

Input capacitance 

Output capacitance 

CE CON 0 ~ ~ 1  

Minimum 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 3. Output Load 

Maximum 

8 

10 

Typical 

Test Conditions 

OVto3.OV 

5 na 

1.5 V (unless otherwise specified) 

See Figure 3 

Unit 

pF 

pF 

Condltionr 

Input voltage = OV 

Output voltage = OV 



- 

Power-Fail Control VA = TOPR) 

Symbol 

t p ~  

m i a b l e  propagation I - I 1 lo 14 
~ F S  

tpu 

Chip enable recovery 

Parameter 

VCC slew, 4.75V to 4.25V 

Write-protect time 

Vcc slew, 4.25V to Vso 

VCC slew, 4.25V to 4.75V 

Time during which SRAM is 

Delay after Vcc slews down 
past Vpm before SRAM is 
write-protected. 

Minimum 

300 

Note: Mical  values indicate operation at TA = 25OC. 

10 

0 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Typical 

PS 

PS 

Power-Down Timing 

Maximum Unit 

PS 

Notes 



bq2201 

Power-Up Timing 

"cc 



Data Sheet Revision History (Sept. 1991 Changes From Sept. 1990) 

Added industrial temperature range. 

Ordering Information 

L Temperature m e :  
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85OC) 

Package Option: 
PN = 8-pin narrow plastic DIP 
SN = 8-pin narrow SOIC 

I-~evice: 
bq2201 Nonvolatile SRAM Controller 



Features 
Power monitoring and switching 
for nonvolatile control of SRAMs 

Write-protect control 

Input decoder allows control of 
up to 2 banks of SRAM 

3V primary cell input 

3V rechargeable battery 
inpuvoutput 

Reset output for system power-on 
reset 

Less than lOns chip enable 
propagation delay 

5% or 1 W o  supply operation 

SRAM NV Controller With Reset 

General Description 
The CMOS bq2202 SRAM Nonvolatile 
Controller With Reset provides all the 
necessary functions for converting one 
or two b a r b  of standard CMOS %AM 
into nonvolatile r e a W t e  memory. 

A p

r

ecision comparator monitors the 
5V Vcc input for an out-of-tolerance 
condition. When out of tolerance is 
detected, the two conditioned chip 
enable outputs are forced inactive to 
write-protect both banks of SRAM. 

Power for the external SRAMs is 
switched &om the VIX supply to the 
battery-backup supply as  Vcc 
decays. On a subeequent power-up, 
the Vom supply i s  automatically 
switched from the backup supply to 
the Vcc supply. The external SRAMs 
are write-protected until a power- 
valid condition exista. The reaet out- 
put pmvidea power-fail and power-on 
resets tor the system. 

During power-valid operation, the 
input decoder selects one of two 
banks of SRAM. 

Pin Connections 

16-Pin Narrow DIP or SOlC 
PN-22 

Functional Description 
Two banks of CMOS static RAM can be battery-backed 
using the VOUT and conditioned chip enable output pins 
from the bq2202. As the voltage input Vcc slews d m  
during a power failure, thetwo conditioned chip enable 
outputs, C k o ~ i  and CECONL areforced inactive 
independent of the chip enable input CE. 

This activity unconditionally write-protects external 
SRAM as Vcc falls to an out-of-tolerance threshold V m .  
Vpm is selected by the threshold select input pin, THS. 
If THS is tied to Vss, the power-fail detection occurs at 

Pin Names 
Vom Supply output - 
RST Reset output 
THS - Threshold select input 
CE Chip enable active low input - 
CECONI, Conditioned chip enable outputs - 
C h N 2  
A Bank select input 
BCP 3V backup supply input 
BCs 3V rechargeable backup supply input/output 
NC No conned 
Vm +5 volt supply input 
Vss Ground 

4.62V typical for 5% supply operation. If THS is tied to 
Vow, power-fail detection occurs at 4.37V typical for 
10% supply operation. The THS pin must be tied to Vss 
or Vom for proper operation. 

If a memory access is in process to any of the two external 
banks of SRAM during power-fail detection, that memory 
cycle continues to completion before the memory is write- 
protected. If the memory cycle is not terminated within 
time twpr (150psec maximum), the two chip enable out- 
puts are unconditionally driven high, write-protecting the 
controlled SRAMs. 

Nov. 1994 C 



As the supply continues to fall past V m .  an internal 
switching deviceforces Vom to the internal backup 
energy source. C E c o ~ i  and CECONP are held high by the 
VOUT energy source. 

During power-up, VOUT is switched back to the 5V supply 
as Vcc rises a b o s  the backuecell input voltage sourcing 
VOUT. Outputs CECONI and CEco~z are held inactive for 
time ~ C E R  (120ms maximum) afterthe power supply has 
reached V~FD, independent of the CE input, to allow for 
processor stabilization. 

During power-valid operation, the  input is passed 
through to one of the two CECON outpt&s with a 
propagation delay of lessthan 10 ns. The CE input is 
output on one of the two CECON output pins depending 
on the level of bank select input A, as shown in the Truth 
Table. 

Bank select input A is usually tied to a high-order address 
pin so that a large nonvolatile memory can be designed 
using lower-density memory devices. Nonvolatility and 
decoding are achieved by hardware hookup as shown in 
Figure 1. 

The -t output (-T) gws active within tpm, (150 psec 
rnasimwn) after Vpm,, and remains active for a minimum 
ofh (120ms maximum) after power returns valid The 
RST output can be used as the power-on reset for a micro- 
-or. Access to the external RAM may begin when 
RST returns inactive. 

Energy Cell Inputs--~CP, BCS 

Two backup energy source inputs are provided on the 
bq2202--a primary cell BCP and a secondary cell BCs. 
The primary cell input is designed to accept any 3V 
primary battery (non-rechargeable), typically some type 
of lithium chemistry. If a primary cell is not to be used, 
the BCp pin should be grounded. The secondary cell 
input BCs is designed to accept constant-voltage current- 
limited rechargeable cells. 

During normal +5V power valid operation, 3.3V is output 
on the BCs pin and is current-limited internally. 

"OUT 
- 

Figure 1. Hardware Hookup (5% Supply Operation) 

- 
I- 

- 
- 
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"cc 

CMOS 
SRAM 
- 
CE 

vcc 
VEC 

bq2202 CMOS 
SRAM 

- - 

From Address CE CON, CE A - 
CE 

- 
Decoder CE CON2 

-- 

- m-2s 

THS - 
RST 

vss 
To microprocessor 



If a secondary cell is not to be used, the BCs pin must be 
tied directly to Vss. If h t h  inputs are used, during power 
failure the V o w  and CECON outputs are forced high by 
the secondary call ao long aa it is greater than 2.5V. Only 
the wcondary call is loaded by the data retention current 
of the SRAM until the voltage at the BCs pin falls below 
2.5V. When and if the voltage at BCs falls below 2.5V, 
an internal ieolation switch automatically transfers the 
load from the secondary cell to the primary cell. 

To prevent b a w  drain when there is no valid data to 
retain, Vow, CECONI, and C E c o ~ z  are internally 
isolated from BCp and BCs by either: 

m Initial connection of a battery to BCp or BCs or 

Presentation of an isolation signal on m. 
A valid isolation signal requires CE low as Vcc meees 
both V R ~ )  and Vso during gower-down. Between 
these two points in time, CE must be brought to 
Vcc*(0.48 to 0.52) and heldfor at least 70011s. The 
isolation signal is invalid if CE exceeds VcceO.54 at any 
point between Va: mesing VPFD and Vso. See Figure 2. Figure 2. Battery Isolation Signal a 
The battery is comected to Vovr, -0~1, and CECON~ 
immediately on subsequent application and removal of 
vcc. 

Truth Table 

Nov. 1994 C 
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Absolute Maximum Ratings 

Parameter Value Unit CondiUons 

DC voltage applied on Vcc relative to Vss -0.3 to 7.0 V 

DC voltage applied on any pin excluding Vcc -0.3 to 7.0 V 
relative to Vss 

VT < Vcc + 0.3 

Operating temperature 
1 0to+7O 1 "C 1 Commercial I 

Storage temperature -55 to +I25 "C 

Temperature under bias -40 to 85 "C 

Soldering temperature 260 "C For 10 seconds 

VOUT current 200 mA 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Fkcommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Recommended DC Operating Conditions UA = TOPR) 

Note: Typical values indicate operation at TA = 25"C, Vcc = 5V or Vec. 

4/8 Nov. 1% C 
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Notes 

T H S = V s s  

THS = V o w  

VCC<VBC 

Unit 

V 

V 

V 

V 

V 

V 

V 

Maximum 

5.5 

5.5 

4.0 

4.0 

0 

0.8 

Vcc + 0.3 

Vcc +0.3 

Symbol 

Vcc 

VBCP 

VBCS 

VSS 

VIL 

VIH 

THS 

Parameter 

Supply voltage 

Backup cell input voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Threshold select 

Minimum 

4.75 

4.50 

2.0 

2.5 

0 

-0.3 

2.2 

-0.3 

Typical 

5.0 

5.0 

0 

- 
- 



DC Electrical Characteristics (TA = TOPR, vcc - sv * 10%) 

Note: Typical values indicate operation at TA = 25OC, Vcc = SV or VBC. 

Symbol 

ILI 

VOH 

VOHB 

VOL 

Icc 

V m  

Vso 

ICCDR 

V o m  

V o m  

VBC 

R ~ s  

Vmso 

I m l  

I o m  

Capacitance CTA = 25% F - I MHG vCC = 5.OV) 

Purmster 

Input leakage current 

Output high voltage 

VOH, backup supply 

Output low voltage 

Operating supply current 

Power-fail detect voltage 

Supply switch-over voltage 

Data-retention mode 
mt 

Vow voltage 

Vow voltage 

Active backup cell voltage 

BCs charge output 
inteanal resistance 

BCs charge output voltage 

Vowc~rrent  

V o v r l ~ u ~ e n t  

Nov. 1964 C ye 

SymW 

CIN 

corn 

Minimum 

2.4 

VBC - 0.3 

4.65 

4.30 

vcc - 0.2 

VCC - 0.3 

VBC - 0.2 

500 

3.0 

Note: Thia parameter is sampled and not 100% tested. 

Parameter 

Input capacitance 

Output capacitance 

Typical 

3 

4.62 

4.37 

VBC 

V m  

VBCP 

lo00 

3.3 

100 

Minimum 

Maximum 

* 1 

0.4 

6 

4.75 

4.50 

100 

1750 

3.6 

160 

Typical 

Unit 

pA 

V 

V 

V 

mA 

V 

V 

V 

nA 

v 
v 
V 

V 

V 

S i  

mA 

pA 

ConditlonslNotes 
I 

Vm=VsstOVcc 

I m  = -2.0 mA 

V B C ~ V C C , I O H = - ~ O ~  

IOL= 4.0mA 

NO load on vow, -NI, 
and CEcom 

THS=Vss 

THS=Vorrr 

No lo& on Vow, EEco~l, 
and CEcom 

vcc > vsc, I m  = lOOmA 

Vcc>VBC,Iovr=16OmA 

Vcc < Vw, I m  = lOOpA 

VBCS 2.5V 

V m  < 2.5V 

V x s o L  3.OV 

Vcc > V m ,  inactive, 
tull charge or no load 

Vow L Vcc - 0.3V 

Vow 2 VBC - 0.2V 

Conditions 

Input voltage = OV 

Output voltage = OV 

Maximum 

8 

10 

Unit 

pF 

pF 



bq2202 

AC Test Conditions 

Figure 3. Output Load 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Power-Fail Control FA = TOPR) 

Test Conditions 

OVto3.0V 

5- 

1.5 V (unless otherwise specified) 

See Figure 3 

Conditions 

1 
tm 

~ P U  

~ C E D  

~ C E R  

~ R R  

 AS 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Typ. 
- 

Min. 

300 

Symbol 

t m  

Vcc slew 4.25 V to Vso 

Vcc slew 4.25 to 4.75 V 

Chip-enable propagation delay 

Chip-enable recovery time 

t ~ p r  

t~ 

Parameter 

Vrc slew 4.75 to 4.25 V 

VPm to inactive 

Input A set up to CE 

Max. 
- 

10 

0 

tm 

Write-protect time 

VPm to active 

Unit 

US 

40 

0 

- 

7 

- 

t~ 

40 

120 

- 

- 
- 
10 

tm 

- 

loo 

119 

PS 

PS 

ns 

ms 

Time, after Vcc becomes valid, before 
is cleared 

tR 

150 

Time during which SRAM is write- 
protected after VCC passes VPFD on 
power-up 

ps 

Delay after Vcc slews down past VPFD 
before SRAM is write-protected 

Delay after Vcc slews down past VPFD 
before RSTis active 



Power-Down Timing 

- 
CE CON 

Power-Up Timing 

+ ~ W P T +  
"0, 

4 

- 
RST 

- 
RST 

+ t ~  -+ 

\ 



Address-Decode Timing 

Data Sheet Revision History 
1 Change No. / Page No. / Description Nature of Change I 

Was 3.15 min, 3.3 typ, 3.45 max; 1 6 / Vscso-BCs charge output voltage is 3.0 min, 3.3 tm, 3.6 max 

1 

Maximum charge output internal resistance 
(RRCS) chaneed to 175022 1 Was 150022 

Note: Change 1 = Dec. 1992 B changes from Sept. 1991 A. 
Change 2 = Nov. 1994 C changes from Dec. 1992 B. 

I 2 

Ordering Information 

Deleted last sentence 1 Cldicat ion 

!-Temperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85"C) 

Package Option: 
PN = 16-pin narrow plastic DIP 
SN = 16-pin narrow SOIC 

Device: 
bq2202 SRAM Nonvolatile Controller With Reset 

818 NOV. 1994 C 
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Features 
Power monitoring and switching 
for nonvolatile control of SRAMs 

Write-protect control 

Battery-low and battery-fail 
indicators 

Reset output for system power-on 
reset 

Input decoder allows control of 
up to 2 banks of SRAM 

3V primary cell input 

3V rechargeable battery 
inpuvoutput 

NV Controller With Battery Monitor 

General Description 
The CMOS bq2203A SRAM Nonvolatile 
Controller With Battery Monitor 
p z w i d e s a l l t b e n e ~ e s a r y ~ f ~  
a~~vertingoneortwobanksof~dard 
CMOS SRAM into nonvolatile 
rea&mite memory. The bq2#)3A is 
canpatmewiththeFt!raodCamputer 
M e m c u y C a r d I n ~ ~  . . 
(KNCIA) m o m m e d a h  bor battery- 
backed static RAM menxuy cards. 

A precision comparator monitors the 
5V Vcc input for an out-of-tolerance 
condition. When out of tolerance is 
detected, the two conditioned chip 
enable outputs are forced inactive to 
write-protect both banks of SRAM. 

Power for the external SRAMs is 
switched from the Vcc supply to the 
battery-backup supply as  Vcc 
decays. On a subsequent power-up, 
the VOUT eupply is automatically 
switched &om the backup supply to 
the Vcc supply. The external SRAMs 
are write-protected until a power- 
valid condition e d .  The rwet out- 
put provides power-fail and power-on 
resets for the system. The battery 
monitor indicates battery-low and 
battery-fail condition8. 

During mwer-valid operation, the 
input-decoder selects one of two 
banks of SRAM. P 

Pin Connections 

"OUT 

BC P 
NC 

A - 
BCF 

NC 
THS 

vss 

16-Pin Narrow DIP or SOlC 

Pin Names 
VOUT Supply output - 
RST Reset output 
THS - Threshold select input 
CE Chip enable active low input 
=NI, Conditioned chip enable outputs 
CEco~z 
A - Bank select input 
BCF - Battery fail push-pull output 
BCL Battery low push-pull output 
BCP 3V backup supply input 
BCs 3V rechargeable backup supply input/output 
NC No conned 
Vcc +5 volt supply input 
Vss Ground 

-- -- 

Functional Description 
Two banks of CMOS static RAM can be battery-backed 
using the VOUT and the conditioned chip enable output 
pins from the bq2203A As the voltage input Vcc slews 
down during a p e r  failure,tJe two conditioned chip en- 
able outputs, CEWNI and CEcom.are forced inactive 
independent of the chip enable input CE. 

This activity unconditionally write-protecta external SRAM 
as Vcc falls to an out-of-tolerance threshold V m  VPFD is 
selected by the threshold select input pin, THS. If THS is 
tied to Vss, the power-fail detection occurs a t  4.62V typical 

for 5% supply operation. If THS is tied to Vcc, power-fail 
detection occurs at 4.37V typical for 10% supply opera- 
tion. The THS pin must be tied to Vss or Vcc for proper 
operation. 

If a memory access is in process to any of the two external 
banks of SRAM during power-fail detection, that memory 
cycle continue8 to completion before the memory is write- 
protected. If the memory cycle is not terminated within 
time tm (150~s maximum), the two chip enable outputs 
are unconditionally driven high, write-protecting the con- 
trolled SRAMs. 



As the supply continue8 to fall past VFFD, an internal 
switching devic~forces V o n  to the external backup 
energy source. C E C ~ N ~  and CEcom are held high by the 
V o w  energy source. 

During power-up, V o w  is switched back to the 6V supply 
as V m  rim ah* the backu-11 input voltage sourcing 
Vow. Outputs C b ~ i  and C E c o ~ z  are held inactive for 
time ~CER (1U)ms maximum) a&r&e power supply has 
reached V m ,  independent of the CE input, to allow for 
processor stabilization. 

During power-valid operation, &e CE input ia passed 
through to one of the  two CECON 0utp&S with a 
propagation delay of lessthan 10ns. The CE input is 
output on one of the two C E ~ ~ N  output pins depending 
on the level of bank select input A, as shown in the Truth 
Table. 

Bank select input A is usually tied to a high-order 
address pin so that a large nonvolatile memory can be 
designed using lower-density memory devices. 
Nonvolatility and decoding are achieved by hardware 
hookup as shown in Figure 1. 

The reset output w~ goea active within t m  (150~s 
maximum) after V m ,  and remaim active for a minimum 
of 40m~(120ms madmum) after power returns valid. 
The RST output can be used as the power-on reset for a 
micro-sor. Access to the external RAM may begin 
when RST returns inactive. 

Energy Cell Inputs-BCp, BCs 
Two backup energy source inputs are provided on the 
bq2209A-a primary cell BCP and a secondary cell BCa 
The primary cell input is designed to accept any 3V 
primary battery (non-rechargeable), typically some type 
of Lithium chemistry. If a primary cell is not to be used, 
the BCp pin should be tied to Vss. The secondary cell 
input BCs is designed to accept constant-voltage current- 
limited =chargeable cells. 

During normal +5V power valid operation, 3.3V typical is 
output on the BCs pin and ia current-limited internally. 
Although this charging method can be used with various 
3V secondary cells, it is specifically designed for a 
Panasonic VL (vanadium-lithium) series of rechargeable 
cells. 

+5v 

P "cc "OUT - 
1 

bq2203A Vcc 
- 
BCF CMOS CMOS 
BCL SRAM SRAM 

- - - 

F r o m  Address A CON, CE CE 

Decoder z CE CON, 

BC P 
- 
RST To Microprocessor 

3V Primary - THS BCs - I 3 V  Secondary 
Cell I 8- vss 

- - 1 
- - - 

Figure 1. Hardware Hookup (5% Supply Operation) 



If a secondary cell is not to be used, the BCs pin must be 
tied directly to Vss. 

Vcc falling below VPFD starts the comparison of BCs and 
BCP. The BC input comparison continues until Vcc rises 
above Vso. Power to VOUT begins with BCs and switches 
to BCp only when BCs ia less than BCP minus VBSO. The 
controller alternates to the higher BC voltage when the 
difference between the BC input voltages is greater than 
VBSO. Alternating the backup batteries allows one-at-a- 
time battery replacement and efficient use of both 
backup batteries. 

To prevent ba t t ez  drain when there is no valid data to 
retain, Vow, CECONI, and C E c o ~ z  are internally 
isolated from BCp and BCs by either: 

Initial connection of a battery to BCP or BCs (Vcc 
grounded) or 

Presentation of an isolation signal on m. 
A valid isolation signal requires CE low as Vcc crosses 
both V m  and Vso during gower-down. Between 
these two ~ o i n t s  in time. CE must be brought to 
Vcc*(0.48 6 0.52) and heldfor at least 700my The 
isolation signal is invalid if CE exceeds Vcc.O.64 at any 
point between Vcc massing VWD and Vso. See Figure 2. Figure 2. Battery Isolation Signal 

The isolation function is te rmined and the a p p r i a t e  
battery is connected to VOUT, CECONI, and C E c o ~ z  by 
powering Vcc up through V m .  

-- 
Battery Monitor-BCL, BCF 

As Vcc rises past VPFD, the battery voltage on BCP is 
compared with a dual voltage reference. The result of 
this comparison is latched internally, and output after 
~ B C  when Vcc rises past*~~. If the battery voltage on 
BCp is below VBL then BCL is m d  low. If the bat- 
tery is below VBF, then BCL and BCF are asserted low. 
The reaults of this comparison remain latched until Vcc 
falls below VPFD. 

Truth Table 

NOV. 1994 B rn 

4 1  9 

Input Output 
- 
CE 

H 

L 

L 

- 
CECON~ 

H 

L 

H 

A 

X 

L 

H 

- 
C E c w  

H 

H 

L 



Absolute Maximum Ratings 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

1 -0.3 to 7.0 1 v lvTivCc+o . s  1 
1 1 / 0 to 70 1 "C 1 Commercial 1 

Unit 

V 

Value 

-0.3 to 7.0 

Symbol 

Vcc 

Conditions Parameter 

DC voltage applied on Vcc relative to Vss 

 top^ 

/ TSOLDER I Soldering temperature I 260 I "C I For 10 seconds I 

Tsn: ( Storage temperature 

TBIAS / Temperature under bias 

I  om I VOUT current I 200 1 m~ I I 

I I I 

Operating temperature 

- 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

-55 to 125 

-40 to 85 

Recommended DC Operating Conditions (TA = TOPR) 

I I 

"C 

"C 

-40 to +85 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Symbd 

Vcc 

VBCP 

VBCS 

VSS 

VIL 

VIH 

THS 

"C 'N" Industrial 

Notes 

THS =Vss 

THS =Vcc 

VCC<VEC 

VCC<VBC 

Parameter 

Supply voltage 

Backup cell input voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Threshold select 

Minimum 

4.75 

4.50 

2.0 

2.0 

0 

-0.3 

2.2 

-0.3 

Typical 

5.0 

5.0 

0 

- 
- 

Maximum 

5.5 

5.5 

4.0 

4.0 

0 

0.8 

Vcc + 0.3 

Vcc + 0.3 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 



DC Electrical Characteristics (TA = TOPR, vcc = sv * 10%) 

Note: Typical values indicate operation at TA = E°C, VCC = 5V or VBC. 

Capacitance (TA = 2s0c, F = I M H ~  vcc = 5.0~1 

Symbd 

ILI 

VOH 

VOHB 

VOL 

ICC 

Vpm 

VSO 

ICCDR 

VBC 

Vmo 

RBCs 

VEso 

Iowri 

I- 

VBL 

VBF 

Note: This parameter is sampled and not 1Wh tested. 

Parameter 

Input leakage current 

Output high voltage 

VOH, backup supply 

Output low voltage 

Operating supply current 

Power-fail detect voltage 

Supply switch-over voltage 

Data-retention mode 
current 

Active backup cell voltage 

Battery switch-over voltage 

BCs charge output internal 
resistance 

BCs charge output voltage 

Vowrcurrent 

Vowcurrent 

Voltage battery low 

Voltage battery fail 

Symbd 

CIN 

COUT 

Nov. lW 8 s/s 

421 

Minimum 

2.4 

VBC - 0.3 

4.55 

4.30 

0.25 

500 

3.15 

2.3 

2.0 

Parameter 

Input capacitance 

Output capacitance 

Typical 

3 

4.62 

4.37 

VBC 

VBCs 

VBCP 

0.4 

lo00 

3.3 

100 

Minimum 

Maximum 

* 1 

0.4 

6 

4.75 

4.50 

100 

0.6 

1750 

3.5 

160 

2.5 

2.2 

Typical 

Unit 

JlA 
V 

V 

V 

mA 

V 

V 

V 

nA 

v 
v 
V 

R 

mA 

JlA 
V 

V 

Maximum 

8 

10 

Conditlons/Notes 

v r ~ = V s s t O v c c  

IOH = -2.OmA 

VBC > Vcc, Ion = -1OJlA 

1 0 ~ ~ 4 . 0  mA 

No load on outputs 

THS=Vss 

THS=Vcc 

No load on outputa 

VBC~>VBCP+VB~~ 

VBCP>VBCS+VBSO 

VKso 2 3.OV 

Vcc > V m ,  inactive, 
full charge or no load 

Vow 2 VCC - 0.3V 

Vowr 2 VBC - 0.2V 

BCpinput only 

BCpinputonly 

Unit 

pF 

pF 

Condltions 

Input voltage = OV 

Output voltage = OV 



bq2203A 

AC Test Conditions 

CE - CON 4 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 3. Output Load 

Test Conditions 

0 V to 3.0 V 

5ns 

1.5 V (unless otherwise specified) 

See Figure 3 

Power-Fail Control (TA = TOPR) 

I ~ C E R  1 Chip-enable recovery time 

Symbol 

~ P F  

t ~ s  

tpu 

~CED 

Parameter 

Vcc slew 4.75 to 4.25 V 

Vcc slew 4.25 V to Vso 

Vcc slew 4.25 to 4.75 V 

I I I 

I t~ 1 V P ~  to RPT active 

t AS 

twpr 

I Vpm to EUEE active 

Chip-enable propagation delay 7 

Min. 

300 

10 

0 

~ R R  

Conditions Typ. 
- 
- 

~ C E R  Vpm to KT inactive 

Input A set up to CE 

Write-protect time 

Time during which SRAM is write- 

power-up 

- E e ,  after Vcc becomes valid, before / ms 1 RST is cleared I 
0 

40 100 150 

Delay after Vc&ws up past VPFD 
before BCL or BCF is active 

tWPT 

Note: Typical values indicate operation at  TA = 25OC, Vcc = 5V. 

ps 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Delay after Vcc slews down past VPFD 
before SRAM is write-protected 

ps 

61s Nw. 1994 B 

Delay &r Vcc slews down past VPFD 
before RST is active 



Power-Down Timing 

m-t  

Power-Up Timing 

NOV. IW B 718 



Address-Decode Timing 

Ordering Information 

Data Sheet Revision History 

Temperature Range: 
blank = Commercial (0 to +7OoC) 
N = Industrial (-40 to +85"C)' 

Package Option: 
PN = 16-pin plastic DIP Narrow 
SN = 16-pin SOIC Narrow 

I 

Device: 
bq2203A SRAM Nonvolatile Controller 
With Battery Monitor and F h e t  

Note: Change 1 = Nov. 1994 B changes from Dec. 1992. 

Nature of Change Change No. 

'Contact factory for availability. 

we NOV. 1994 B 

4-24 

1 

1 

Page No. Description 

51 

Data sheet changed from Treliminary" to "Final" 
' 

Maximum charge output internal resistance 
@CS) changed to 1750S2 

Was 1500Q 



bq2204A 
X4 SRAM Nonvolatile Controller Unit 

Features 
Power monitoring and switching 
for 3 volt battery-backup 
applications 

Write-protect control 

2-input decoder allows control for 
up to 4 banks of SRAM 

3 volt primary cell inputa 

Leas than 10 ns chip enable 
propagation delay 

5% or 1090 supply operation 

Pin Connections 

General Description 
The CMOS bq2204A SRAM Non- 
volatile Controller Unit providea all 
necessary functions for converting 
up to four banks of standard CMOS 
SRAM into nonvolatile reavwrite 
memory. 

A precision comparator monitor8 the 
5V Vcc input for an out-of-tolerance 
condition. When out of tolerance is 
detected, the four conditioned chip 
enable outputs are forced inactive to 
write-protect up to four banks of 
SRAM. 

Pin Names 

16-Pin Narrow DIP or SOlC 

During a power failure, the external 
S R A .  are switched from the Vcc 
supply to one of two 3V backup s u p  
plies. On a submquent power-up, the 
SRAMs are write-protected until a 
power-valid conditimn exists. 

During power-valid operation, a two- 
input decoder transparently selects 
one of up to four banks of SRAM. 

Vow 
BC1-BCz 

THS - 
CE - 
C ~ N I -  - 
C&ON~ 

A-B 

NC 

Vcc 

vss 

Sllpply output 

3 volt primary backup cell inputs 

Threshold select input 

Chip enable active low input 

Conditioned chip enable outputs 

Decoder inputs 

No connect 

+5 volt supply input 

Ground 

Functional Description 

Up to four banks of CMOS static RAM can be battery- 
backed using the VOUT and conditioned chip enable out- 
put pins from the bq2204A. As Vcc slews down during a 
E w e r  failure, t& conditioned chip enable outputs 
C&ONI through CEco~4-are forced inactive independent 
of the chip enable input CE. 

This activity unconditionally write-protects the externd 
SRAM as Vcc falls below an out-of-tolerance threehold V m  
Vpp~ is selected by the threehold select input pin, THS. If 
THS is tied to Vss, the power-fail detection occurs at 4.62V 

typical for 5% supply operation. If THS is tied to Vcc, 
power-fail detection occurs at  4.37V typical for 10% sup- 
ply operation. The THS pin must be tied to Vss or Vcc for 
proper operation. 

If a m e m q  access is in prowas to any of the four external 
banks of SRAM during power-fail detection, that memory 
cycle oontinue~ to completion before the memory is write-pm 
tected If the memory cycle is not terminated within time 
M, all four chip enable outputs are unconditionally driven 
high, write-protecting the oontrolled SRAMs. 



As the supply continues to fall past V m ,  an internal 
switching device forces I&T to one of t& two external 
backup energy sources. CECONI h u g h  C b ~ 4  are held 
high by the VOUT energy eource. 

During power-up, Vow is switched back to the 5V supply 
as Vcc riaee aboo the backup ceEiput  voltage sourcing 
VOUT. Outputs CECON~ through CECON~ are held inactive 
for time ~CER (120 ma maximum) a f t e r - e  power supply 
has reached VPFD, independent of the CE input, to allow 
for processor stabilization. 

During power-valid operation, the input is passed 
through to one of the four C E ~ N  outp- with a 
propagation delay of less &an 10 ne. The CE input is 
output on one of the four C E ~ N  output pins depending 
on the level of the decode inputs at A and B ae shown in 
the 'Ikuth Table. 

The A and B inputs are usually tied to high-order address 
pins so that a large nonvolatile memory can be designed 
using lower-density memory devices. Nonvolatility and 
decoding are achieved by hardware hookup as shown in 
Figure 1. 

Figure 1. Hardware Hookup (5% Supply Operation) 

+5v "OUT 

vcc 

- 
L vcc LY,-i "c. 

- A  

- bq2204A CMOS 
SRAM 
- 

From Address 

CMOS 
SRAM 
- 
CE 

CMOS 
SRAM 
- 

- 

CMOS 
SRAM 
- 

Decoder - 

3v 

- CE 
- 

- 
CE mn 

- 

BC2 cEccw 

CE CE - 

Primary THS GCw 
cell _IL 
- "85 BC 1 - - 3v - 3-7 - - m u  



Energy Cell Inputs-BCt, BCn 

Two backup energy source inputs are provided on the 
bq2U)QA. The BCi and BC2 inputs accept a 3V primary 
battery (non-rechargeable), typically some type of 
lithium chemi-. If no primary cell is to be used on 
either BCi or BC2, the unused input should be tied to 
vss . 
Vcc falling below V m  starts the comparison of BCi and 
BC2. The BC input comparison continues until Vcc rises 
above Vso. Power to Vow begins with BCi and switches 
to BC2 only when V B C ~  is less than VBCZ minue VMO. 
The controller only alternates to the higher BC voltage 
when the difference between the BC input voltages is 
greater than VBSO. Alternating the backup batteries 
allows one-at-a-time battery replacement and efficient 
use of both backup batten-, 

To prevent b a t t e ~ d r a i n  when there is no valid data to 
retain, Vour and CECONI--.I are internally isolated from 
BCi and BC2 by either: 

Initial connection of a battery to BCI or BCz, or 

h e n t a t i o n  of an isolation signal on a. 
A valid isolation signal requires CE low as Vcc crosses Figure 2. Battery Isolation Signal 
both V m  and Vso d+g a power-down. Between these 
two points in time, CE must be brought to the point of 
(0.48 to 0.52)'Vcc and heldfor a t  least 700~. The 
isolation signal is invalid if CE exceeds 0.54.Vcc at any 
point between Vcc crossing VPFD and Vso. See Figure 2. 

The appropriate battery is connected to Vom and - 
C & O N I ~  immediately on subsequent application and 
removal of vcc. 

Truth Table 

Inputs 
- 
CE 

H 

L 

L 

L 

L 
L 

Outputs 
- 
CECONI 

H 

L 

H 

H 

H 

A 

X 

L 

H 

L 

H 

B 

X 

L 

L 

H 

H 

- 
C E c m  

H 

H 

L 

H 

H 

- 
CECONJ 

H 

H 

H 

L 

H 

C E m  
- 

H 

H 

H 

H 

L 
J 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

Recommended DC Operating Conditions UA =TOPR) 

Unit 

V 

V 

"C 

"C 

"C 

"C 

"C 

mA 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

4 t o  +XI 

-65 to +I25 

-4Otot85 

260 

200 

Symbol 

Vcc 

VT 

Tom 

Tsm 

n u s  

T S O ~ E R  

IOUT 

Note: Typical values indicate operation at TA = 25"C, Vcc = 5V or VBC. 

Conditions 

vT < VCC + 0.3 

Commercial 

Industrial "N" 

7 

For 10 seconds 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

VOUT current 

Unit 

V 

V 

V 

V 

V 

V 

V 

Symbd 

Vcc 

Vss 

VIL 

VIH 

VBCZ 

THS 

Not- 

THS=Vss  

THS = V c c  

Vcc <VBC 

Typical 

5.0 

5.0 

0 

- 

- 

Maximum 

5.5 

5.5 

0 

0.8 

VCC + 0.3 

4.0 

Vcc +0.3 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Threshold select 

Minimum 

4.75 

4.50 

0 

-0.3 

2.2 

2.0 

-0.3 



DC Electrical Characteristics FA = TOPR, vcc = sv * 10%) 

Note: T y p i i  values indicate operation at TA = 25°C. Vcc = SV or VBC. 
. - - -- - .- - - - --- - - - - -- -- 

Symbd 

IU 

VOH 

Vom 

VOL 

Icc 

VPFQ 

Vso 

ICCDR 

v~ 

Vmo 

I m l  

I m  

Capacitance FA = 2S°C, F = ~ M H G  vcc = 5.0~1 

Pmmetw 

Input leakage current 

Output high voltage 

Von BC supply 

Output low voltage 

Operating supply current 

Power-fail detect voltage 

Supply switch-over voltage 

Data-retention mode 
mt 

Active backup cell 
voltage 

Battery switch-over voltage 

Vomcurrent 

Vow current 

Note: Thia parameter is sampled and not 10096 tested. 

Symbol 

Cm 

Cowr 

Minimum 

2.4 

VBC - 0.3 

4.55 

4.30 

0.25 

Parameter 

Input capacitance 

Output capacitance 

Typical 

3 

4.62 

4.37 

VBC 

VBC~ 

v m  
0.4 

100 

Minimum 

Maximum 

* 1 

0.4 

6 

4.75 

4.50 

100 

0.6 

160 

Typical 

Unit 

pA 

V 

V 

V 

mA 

v 
V 

V 

nA 

v 
v 
V 

mA 

a 

Conditlonsplotes 

Vm=VsstoVcc 

IOH = -2.0 mA 

Vrp~ > Vcc, IOH = -10pA 

10~=4.0mA 

No load on outputs. 

THs=vss  

THS =Vcc 

Vow data-retention current 
to additional memory not 
included. 

VE,c1>Vm + V m  

VBC2>VBCl + V m  

Vovr>Vcc-0.3V 

v o w  > VBC - 0.2v 

Maximum 

8 

10 

Unit 

pF 

pF 

Conditions 
I 

Input voltage = OV 

Output voltage = OV 



- 

AC Test Conditions 

Figure 3. Output Load 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Power-Fail Control (-r~ = TOPR) 

Test Conditions 

OVto3.OV 

5ns 

1.5 V (unless otherwise specified) 

See Figure 3 

Symbol 1 Parameter / Minimum / Typical / Maximum 

t p ~  / VCC slew, 4.75V to4.25V 1 300 1 - 1 - 

tCED Chip enable propagation 
delay 1 7 1 0  

~ F S  

~ P U  

Vcc slew, 4.25V to Vso 

Vcc slew, 4.25V to 4.75V 

 AS 

~ C E R  

Note: Typical values indicate operation at  TA = 25OC, Vcc = 5V. 

10 

0 

twm 

unit I Notes 
I 

A,B set up to CE 

Chip enable recovery 

Write-protect time 1 40 1 100 150 
Delay after Vcc slews down 
past V m  before SRAM is 
write-protected. L 

0 

40 ma 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Time during which SRAM is 
write-protected after Vcc 
passes VAD on power-up. 

80 120 



Power-Down Timing 

Power-Up Timing 



Address-Decode Timing 

Data Sheet Revision History 

1C% tolerance requires the THS 
pin to be tied to Vcc, not VOUT. 

Change No. 

1 

Ordering Information 

I 
Page No. Description of Change 

All / ba2204A replaces bq2204. 

1 

Temperature Range: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85"C) 

Nature of Change 

I 

Package Option: 
PN = 16-pin narrow plastic DIP 
SN = 16-pin narrow SOIC 

Note: Change 1 = Dec. 1992 changes from Sept. 1991 

3 

- ~evice:  
bq2204A Nonvolatile SRAM Controller 

Energy cell input selection 
process alternates between BCI 
and BC2. 1 



4  maw^^ bq2502 
Integrated Backup Unit 

Features 
Power monitoring, backup 
supply, and switching for 3V 
battery-backup applications 

Write-protect control 

Input decoder allows control of 
up to 2 banks of SRAM 

3V backup power output 

Internal 130mAh lithium coin cell 

Reset output for system power-on 
reaet 

Leas than l b  chip enable 
propagation delay 

5% or 10% supply operation 

General Description 
The CMOS bq2502 Integrated Backup 
Unit provides all the necessary func- 
tions for converting one or two banks 
of standard CMOS SRAM into non- 
volatile r e a M t e  memory. 

A precieion comparator monitom the 
5V Vcc input for an outof-tolerance 
condition. When out of tolerance is de- 
tected, the two conditioned chip en- 
able outputs are forced inactive to 
write-protect both banks of SRAM. 

Power for the external SRAMs is 
switched from the Vcc supply to the 
internal battery-backup supply as 
Vcc decays. On a subsequent power- 
up, the VOW supply is automatically 
switched from the internal lithium 
supply to the Vcc supply. 

The external SRAMs are write- 
prokkd until a power-valid condition 
exists. The reaet output provides 
power-fail and powera mta for the 
ma 
During power-valid operation, the 
input decoder selects one of two 
banks of SRAM. 

The internal lithium cell is initially 
electrically isolated, protecting the 
battery from accidental discharge. 
Connection to the battery is made 
only after the first application of 
vcc. 

Pin Connections Pin Names 

A 
NC 

THS NC 
RST 

12-Pin 600-mil DIP Module 
PN-25 

Vow - 
RST 

THS 
- 
CE 
- 
CEco~r, - 
cEcoN2 

Vcc 

supply output 

Reset output 

Threshold select input 

Chip enable active low input 

Conditioned chip enable outputs 

Bank select input 

No connect 

+5 volt supply input 

Functional Description 
Two banks of CMOS static RAM can be battery-backed 
using the V o w  and conditioned chip enable output pins 
from the bq2502. As the voltage input Vcc slews down 
during a power failure, thztwo conditioned chip enable 
outputs, CEco~l and CEco~z, areforced inactive 
independent of the chip enable input CE. 

This activity unconditionally write-protecta external SRAM 
as V m  falls to an out-of-tolerance threshold VPFD. V m  is 
selected by the threshold select input pin, THS. If THS is 
tied to Vss, the power-fail detection occurs at 4.62V typical 

for 5% supply operation. If THS is tied to VOW, power- 
fail detection occurs at 4.37V typical for 1Wo supply op- 
eration. The THS pin must be tied to Vss or VOUT for 
proper operation. 

If a memory aa'Rss is in process to any of the two external 
b a n .  of SRAM during power-fail detedion, that memory 
cycle continues to completion before the memory is write- 
protected. If the memory cycle is not terminated within 
time tm (150pa maximum), the two chip enable outputs 
are unconditionally driven high, write-protecting the con- 
trolled SRAMs. 

Apr. 1991 1112 



As the supply continues to fall paat V m ,  an internal 
switching devi~foroes  V m t o  the internal backup 
energy source. CECONI and C E c o ~ z  are held high by the 
VOW energy source. 

During power-up, V o w  is switched back to the 5V supply 
as Vcc rises abosthe  backup11 input voltage sourcing 
VOW. Outputs CECONI and CEcom are held inactive for 
time ~CER (120111s marimurn) afterthe power supply has 
reached V m ,  independent of the CE input, to allow for 
processor stabilization. 

The reset output wq goes active within t~ (150 ps 
maximum) after V m ,  and remains active for a minimum 
of a ~ ( l 2 0 m s  maximum) after power returns valid. 
The RST output can be used aa the power-on reset for a 
mim-sor. Access to the external RAM may begin 
when RST returns inactive. 

During power-valid operation, the  input is passed 
through to one of the two CECON outputs with a 
propagation delay of lessthan 1 0  ns. The CE input is 
output on one of the two CECON output pine depending 
on the level of bank select input A, as shown in the Truth - .. 

Bank aelect input A is d y  tied to a high-order addreas 
pin so that a large nonvolatile memory can be Signed 
using lower-density memory devices. Nonvolatility and de- 
coding are echieved by hardware hookup aa shown in Fig- 
ure 1. 

The internal lithium cell is capable of supplying 3V on 
VOUT for an extended period of time. The cumulative 
length of time that the external SRAMe retain data in 
the absence of power is a function of the data-retention 
current of the SRAMs used. The initial capacity of the 
internal lithium cell is 130mAh. Typically, if the data- 
retention currents for two external SRAMs m 1pA per 
SRAM at  room temperature, nonvolatility is calculated to 
be for more than 7 years. If only one external SRAM is 
used, the data-retention time increaees to more than 13 
years. 

The bq2502 battery life is a function of the time spent in 
battery-backed mode and the data-retention current of 
the external SRAM. For example, office equipment is 
generally powered on for 8 hours and powered off for 16 
hours. Under these conditions, a single bq2502 provides 
SRAMs drawing 2pA total data-retention current with 

'l'able. more than 10  yi&s of nonvolatility. 

Figure 1. Hardware Hookup (5% Supply Operation) 
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- 

----- 

To microprocessor 

ID-2A.l 
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SRAM 
- 
CE 

vcc 

CMOS 
SRAM 
- 
CE 
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ks shipped from Benchmarq, the @&rnal lithium-cell is 
electrically isolated from VOW, CECONI, and C E c o ~ z .  
Self-discharge in this condition is lees than 5% per year 
at 20°C. 

Note: Following the first application of Vcc, this 
isolatio~is broken, and the backup cell provides power to 
VOUT, CECONI, and C E c o ~ z  for the external SRAM. 

Caution: 
Take care to_gvoid i n a d ~ r t e n t  discharge 
through VOUT, CECONI, and CECON~ after battery 
isolation has been broken. 

This isolation can be reestablished by applying a valid 
isolation signal to the bq2502. This signal requiree CE 
low as Vcc crosses both VPPD and Vso d e  a power- 
down. Between these two points in time, CE must be 
brought to (0.48 to 0.52) Vcc and held a t  least 
700ns. The isolation signal is invalid if CE exceeds Figure 2. Battery isolation Signal 
0.54-Vcc at any point between Vcc crossing V m  and 
Vso. See Figure 2. 

P 
The battery is connected to VOUT immediately on sub- 
sequent application and removal of Vcc. 

Truth Table 
- - - 

- OutPut 

CECONI CEcaw 
- 

H H 

L H 

H L 

Input 
- 
CE 

H 

L 

L 

A 

X 

L 

H 



Absolute Maximum Ratings 

Vcc ( DC voltage applied on Vcc relative to Vss 1 -0.3to 7.0 1 V 
I 

Symbol / Parameter Valve 1 unit I Conditions 

I - 

 top^ 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Tsm 

Operating temperature 

'I'BIA~ 1 Temperature under bias 

~nrm I V o m  current I 200 I mA I I 

-0.3 to 7.0 

, I I I 
Storage temperature 

TSOLDER 

- - 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thii data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Oto70 

-10 to 70 

Recommended DC Operating Conditions FA = o to 70%) 

V 

OC 

-40 to 70 

OC 

I I I 

Soldering temperature 

VT 5 V c c t  0.3 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V or VBAT. 

OC 

260 

I 

7 

Notes . 
THS=Vss 

THS=Vorn 

Symbd 

Vcc 

Vss 

VIL 

VIH 

THS 

"C For 10 seconds 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

'l?hreshold select 

Minimum 

4.75 

4.50 

0 

-0.3 

2.2 

-0.3 

Typical 

5.0 

5.0 

0 

- 
- 

Maximum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

Vcc + 0.3 

Unit 

V 

V 

V 

V 

V 

V 



DC Electrical Characteristics (TA = o to TO-, vcc = sv * 10%) 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V or VBAT. 

Capacitance (TA = 2s0c, F = ~ M H &  vcc = 5.0~1 

Symbd 

C 

ILJ 

VOH 

VOHB 

VOL 

VBAT 

Icc 

VPFD 

vso 

IWDR 

Vom 

Iourl 

Note: This parameter is sampled and not 1 W o  tested. 

Parameter 

Battery capacity 

Input leakage current 

Output high voltage 

VOH, backup supply 

Output low voltage 

Internal battery voltage 

Operating supply current 

Power-fail detect voltage 

Supply switch-over voltage 

Data-retention mode 
current from internal 
battery 

Vour voltage 

Vow voltage from internal 
battery 

Vour current 

Symbol 

CIN 

COW 

Ap. 1901 5/12 

437 

Minimum 

2.4 

VBAT - 0.3 

4.55 - 
4.30 

vcc - 0.2 

Vcc - 0.3 

VBAT - 0.2 

Parameter 

Input capacitance 

Output capacitance 

Typical 

130 

2.9 

3 

4.62 

4.37 

2.9 

Minimum 

Maximum 

i 1 

0.4 

6 

4.75 

4.50 

100 

160 

Typical 

Unit 

mAhr 

pA 

V 

V 

V 

V 

* 
V 

v 
V 

v 
V 

mA 

Maximum 

8 

10 

ConditlonsF(ote8 

Refer to graph in Typical 
Battery Characteristiice 
section. 

VIN = VSS tO VCC 

IOH = -2.0 mA 

VBAT > Vcc, IOH = -1OpA 

I o ~ = 4 . O d  

Refer to graphs in Typical 
Battery Characteristics 
section. 

load on V m  -NI, 
CEco~z, and RST. 

THS=Vss 

THs=vorrr 

load on V-, CECONI, 
CEco~z, and RST. 

Vcc>V~~~110ur=lOOmA 

Voc > VEIAT, lour = 1GOmA 

Vcc < VBAT, Iour = 100pA, 
from internal battery 

Vow 2 Vcc - 0.3V 

Unit 

pF 

pF 

Conditions 

Input voltage = OV 
Output voltage = OV 



AC Test Conditions 

Figure 3. Output Load 

Parameter 

Input pulse levels 

Input rise and fall times - 
Input and output timing reference levels 

Output load (including scope and jig) 

Power-Fail Control FA = o to 70°c) 

Test Conditions 

0 V to 3.0 V 

5ns 

1.5 V (unless otherwise specified) 

See Figure 3 

I 1 

Note: Typical values indicate operation at  TA = 25'C, Vcc = 5V. 
Apr. 1991 611 2 
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Conditions 

Time during which SRAM is write- 
protected after VCC passes VPFD on 
power-up 

Time, after Vcc becomes valid, before 
MT is cleared 

Delay after Vcc slews down past VPFD 
before SRAM is write-proteded 

Delay after Vcc slews down past VPFD 
before MT is active 

Unit 

PS 

PS 

PS 

ns 

ms 

ms 

ns 

PS 

PS 

Max. 

- 
- 
- 

10 

~ R R  

120 

- 

t~ 

150 

Typ. 
- 
- 

7 

- 

80 

- 

100 

Min. 

300 

10 

0 

tm 

40 

0 

t~ 

40 

Symbol 

~ P F  

~ F S  

tm 

~ C E D  

~ C E R  

tm 

t As 

twa 

t~ 

Parameter 

Vcc slew 4.75 to 4.25 V 

Vcc slew 4.25 V to Vso 

VCC slew 4.25 to 4.75 V 

Chip-enable propagation delay 

Chip-enable recovery time 

V ~ F D  to K T  inactive 

Input A set u p  to CE 

Write-protect time 

Vpm to active 



Power-Down Timing 

Power-Up Timing 

- 
CE CON 

+- twp1-C 
VOHB 

yr 



Address-Decode Timing 

811 2 Apr. 1991 
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Typical Battery Characteristics (source - Panasonic) 

CR1632 Load Characteristics 

I 

CR1632 Capacity vs. Load Resistance 

1 

3.50 

3.00 

Voltage 2.50 
M 

2.00 

1.50 

0 1000 2000 3000 4000 5000 
Duration (hours) 

150 

125 

100 

Capacity 75 
(mAh) 

50 

25 

0 
Load (Kohm) I 10 

I I I I 
100 

(uA) 2000 
I 

loo0 
I I I 

3 0 0 2 0 0  100 50 30 

P 



CR1632 Operating Voltage vs. Load Resistance 

r 

voltwe 
M 

I  I I I I I  

10 100 Load (Kohm)l 
I I I I I I I I 

2000 loo0 500 300 200 100 50 30 (uA) 

CR1632 Temperature Characteristics 



bq2502 

Ordering Information 

LPackage Option: 
MA = 12-pin DIP module 

' Device: 
bq2502 Integrated Backup Unit 









bq3285 
Real-Time Clock (RTC) 

24-Pin DIP or SOIC 
PN-U 

Features Calendar in day of the week, day General Description 
of the month, month, and yeare, 

Direct clo&hdendar with automatic leap-year The CMOS bq3286 is a low-power 
replacement for 1~h4@ adjuetment micmprocemor peripheral providing a 
AT-compatible computers and timesf-day clock and 100-year d e n -  
other applications Time of day in seconde, minutee, dm with alarm feat- and bettery 

and hours operation. Other features include 
Functionally compatible with the - 12- or 24-hour DS1285 

three maskable interrupt sources, - Optional daylight saving aquare wave output, and 114 bytee of - Closely matches MC146818A adjuetment general nonvolatile ehage. 
pin confiiation 

Fhgrammable square wave The bq3286 write-protecta the clock, 
114 bytea of general nonvolatile 

output calendar,andandreregietersduring 
storage power failure. A backup battery then 

Three individually maskable main* data and operates the clock 
160 ns cycle time allows fast bus intempt event operation and calendar. 

Selectable Intel or Motorola bus 
- Periodic rates from 122Psb  The bq3286 is a fully compatible 

SOOme real -t ime clock for IBM AT timing - ~ i ~ ~ - ~ f - d ~ ~  once per compatible computers and other 
Less than 0.5 HA load under second to once per day applications. The only external 
battery operation - End-of-clock update cycle 

components are a 32.768kHz crys- 
tal and a backup battery. 

14 bytes for cldcalendar and 24-pin plaetic DIP or SOIC and 
control 28-pin PLCC 

BCD or binary format for clock 
and calendar data 

Pin Connections Pin Names 

I 

I 

ADO-AD7 Multi lexed addressldata 
inpU90utput 

I- Z 
~ ~ 8 ~ 2 8 8  

MOT &s type select input 
a Chip select input 
AS Addnss strobe input 
DS Data strobe input 

Readlwrits input 
Jntermpt quest  output 

E L  RAM clear input 
BC 3V backup cell input 

NC No connect 
00 C U ) W 0  s * s $ l o * z  

28-Pin PLCC P L 3  

Vcc +5v supply 
Vss Ground 



Block Diagram 
I I 

1 

1 m e -  
0.8. i 6  i 84 i64 - 

X p  q-. Osclbtor 

1 1 11111 11111. 

I 

---b sow 
Genorltor 

89 W 

- 
CS - 
RIG- e P  + * 
A S  d Bus Calendar Byte. Generator hterrupt t 

It 
- 

ADO-AD7 I IF INT 

4' 
DS - -4 User Buffer 1 

(14 ~ y t e a )  
- - - - - - - - - - - - - - -J\ ClocklCalendar 

Updllb 
storage 

- Reglsterl 

RCL -1 1114 Byterl I 

Power- 

BC Control Wrlte- 

Pin Descriptions ADdD7 Multiplexed addreddata inpuvoutput 

MOT Bus type select input 

MOT selects bus timing for either Motorola 
or Intel architecture. This pin should be 
tied to Vcc for Motorola timing or to Vss for 
Intel timing (see Table 1). The setting 
should not be changed during system 
operation. MOT is internally pulled low by 
a 30KR resistor. 

The bq32.5 bus cycle consists of two phases: 
the address phase and the data-transfer 
phase. The address phase precedes the 
data-transfer phase. During the address 
phase, an address placed on ADO-AD7 is 
latched into the bq3285 on the falling edge 
of the AS signal. During the data-transfer 
phase of the bus cycle, the ADO-AD7 pins 
serve as a bidirectional data bus. 

AS Address strobe input 
Table 1. Bus Setup 

AS serves to demultiplex the addreaddata 
bus. The falling edge of AS latches the 
address on ADO-AD7. This demultiplexing 
process is independent of the CS signal. For 
DIP, SOIC, and PLCC packages with MOT 
= Vcc. the AS invut ie vrovided a simal 

Bus 
Type 

MOT 
Level 

I 1 WL 

DS 
Equivalent 

I 

R m  
Equivalent 

si&G to ALE in & ~ntel-based system.- 

AS 
Equivalent 



DS Data strobe input R'm 
When MOT = Vcc, DS controls data transfer 
during a bq3285 bus cycle. During a read 
cycle, the bq3285 drives the bus after the 
rising edge on DS. During a write cycle, the 
falling edge on DS is used to latch write 
data into the chip. 

When MOT = Vss, the DS input is*vided 
a signal similar to RD, MEMR, or VOR in an 
Intel-based system. The falling edge on DS 
is used to enable the outputs during a read 
cycle. 

wV Reacjkrite input 

When MOT = Vcc, the level on BC 
identifies the $&ion of data transfer. A 
high level on FUW indicates a read bus cycle, 
whereas a low on this pin indicates a write 
bus cycle. 

When MOT = Vss, ie provided a signal 
similar to WR, MEMW, or VOW in an Ink& 
based system. The rising edge on Et/W 
latches data into the bq3285. 

- 
CS Chip select input 

- 
CS should be driven low and held stable 
during the data-transfer phase of a bus cycle 
accessing the bq3285. 

- 
INT Interrupt request output 

- - 
INT is an  open-drain output. INT is 
asserted low when any event flag is set and 
the corresponding event enable bit is also 
set. INT becomes high-impedance whenever 
register C is read (see the ControJBtatus 
Registers section). 

SQW Square-wave output XI, X2 

SQW may output a programmable 
frequency square-wave signal during nor- 
mal (Vcc valid) system operation. Any one 
of the 13 specific frequencies may be 
selected through register A. This pin is held 
low when the square-wave enable bit 
(SQWE) in register B is 0 (see the Con- 
trontatus Registers section). 

RAM clear input 

A low level on the W L  pin causes the con- 
tents of each of the 114 &rage bytes to be 
set to FF(hex). The contents of the clock 
and control regieters are unaffected. Thie 
pin should be used aa a user-interface input 
(pushbutton to ground) and not connd2 
the output of any active component. RCL 
input is only recognized when held low for 
at leaet 125ms in the preaence of Vcc when 
the oscillator is running. Using RAM clear 
doea not affect the battery load. Thie pin is 
connected internally to a 30m pull-up re- 
sistor. 

3V backup cell input 

BC should be connected to a 3V backup cell 
for R W  operation and storage register non- 
volatility in the absence of power. When 
Vcc slews down past Vec. (3V typical), the 
integral c o n b l  circuitry switches the power 
source to BC. When Voc returns above VBC. 
the power source is switched to Vcc. 

Upon power-up, a voltage within the VBC 
range must be present on the BC pin for the 
oscillator to start up. 

&set input P 
The bq3285 is=t when is pulled low. 
When reset, INT becomes high-impedance, 
and the bq3285 is not accessible. Table 4 in 
the Controwtatus Registera section lists the 
register bite that are cleared by a reset. 

Reset may be disabled by connecting WT to 
Vcc. Thia allows the control bits to retain 
their states through power-d-wer-up 
cycles. 

Crystal input 

The XI, X2 inputa are provided for an exter- 
nal 32.768Khz quartz crystal, Daiwa DT-26 
or equivalent, with 6pF load capacitance. A 
trimming capacitor may be necessary for 
extremely precise time-base generation. 

In the absence of a crystal, an oscillated out- 
put of 32.768kHz can be fed into the X1 
input. 



Functional Description 

Address Map 
The bq3285 provides 14 bytes of clock and control/status 
registers and 114 bytes of general nonvolatile storage. 
Figure 1 illustrates the address map for the bq3285. 

Update Period 

The update period for the bq3285 is one second. The 
bq3285 updates the contents of the clock and calendar 

locations during the update cycle a t  the end of each 
update period (see Figure 2). The alarm flag bit may also 
be set during the update cycle. 

The bq3285 copies the local regieter updates into the 
user buffer accessed by the hoet processor. When a 1 is 
written to the update transfer *%it bit 0 in regis- 
ter B, the user copy of the clock and calendar bytes 
remaim unchanged, while the local copy of the same 
bytes continua to be updated every second. 

The update-in-progress bit VIP) in register A is set t ~ u c  
time before the beginning of an update cycle (see Figure 
2). Thie bit is cleared and the updatecomplete flag (UF) 
is set at the end of the update cycle. 

- -- 

Figure 1. Address Map 

Update Period -? 
(1 sect 

UIP 

t uc (Update Cycle) 

t BUC 

Figure 2. Update Period Timing and UIP 



Programming the RTC c. Write the appropriate value to the hour for- 
mat m bit. 

The time-of-day, alarm, and calendar bytes can be writ- 2. Write new values to all the time, alarm, and 
ten in either the BCD or binary format (see Table 2). calendar locations. 

These steps may be followed to program the time, alarm, 3. Clear the UTI bit to allow update transfern. 
and calendar: 

On the next update cycle, the RTC updates all 10 bytes 
1. Modify the contents of register B: in the selected format. 

a. Write a 1 to the UTI bit to prevent transfers 
between RTC bytes and user buffer. 

b. Write the appropriate value to the data 
format (DF) bit to select BCD or binary 
format for all time, alarm, and calendar 
bytes. 

Table 2. Time, Alarm, and Calendar Formats 

Addrerrs 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

RTC Bytes 

Seconds 

Seconds alarm 

Minutes 

Minutes alarm 

Hours, 12-hour format 

Hours, 24-hour format 

Hours alarm, 12-hour format 

Hours alarm, 24-hour format 

Day of week (l=Sunday) 

Day of month 

Month 

Year 

Decimal 

0-59 

0-59 

0 5 9  

0-59 

1-12 

0-23 

1-12 

0-23 

1-7 

1-31 

1-12 

0-99 

Range 

Binary 

OOH3BH 

OOH-3BH 

OOH-3BH 

OOH3BH 

OlH-OCH AM; 
81H-8CH PM 

00H-17H 

OlH4CH AM; 
81H-8CH F'M 

OH-17H 

01H47H 

01H-1FH 

OlH-OCH 

00H-63H 

Binary-Coded 
Decimal 

00H-59H 

0OH39H 

00H-59H 

00H-59H 

01H-12H AM; 
81H-92H PM 

00H-23H 

01H-12H AM; 
81H-92H PM 

00H-23H 

01H-07H 

01H-31H 

01H-12H 

00H-99H 



Square-Wave Output 

The bq3285 divides the 32.768kHz oscillator frequency 
to produce the 1Hz update frequency for the clock and 
calendar. Thirteen taps from the frequency divider are 
fed to a 16:l multiplexer circuit. The output of this mux 
is fed to the SQW output and periodic interrupt 
generation circuitry. The four least-significant bits of 
register A, RSO-RS3, select among the 13 taps (see Table 
3). The square-wave output is enabled by writing a 1 to 
the square-wave enable bit (SQWE) in register B. 

The update-ended interrupt, which occurs a t  the end 
of each update cycle 

Each of the three interrupt events is enabled by an 
individual interrupt-enable bit in register B. When an 
event occurs, its event flag bit in register C is set. If the 
corresponding event enable bit is also set, then an inter- 
rupt request is generated. The interrupt request flag bit 
(INTF) of register C is set with every interrupt request. 
Reading re-r C clears all flag bits, including INTF, 
and makes INT high-impedance. 

Two methods can be used to process bq3285 interrupt 
events: 

Interrupts 
Enable interrupt events and use the interrupt request 

The bq3285 allows three individually selected interrupt OU@Ut invoke an inkrrupt service 
events to generate an interrupt request. These three in- . D, not enable the interrupts and use a routine 
terrupt events are: to periodically check the status of the flag bits. 

The periodic interrupt, programmable to occur once ~ h ,  individual intempt sourwe are described in detail 
every 1 2 2 ~ s  to 500ms in the following sections. 

w The alarm interrupt, programmable to occur once per 
second to once per day 

Table 3. Square-Wave FrequencyIPeriodic lnterrupt Rate 

Periodic 

Period 

None 

3.90625 

7.8125 

122.070 

244.141 

488.281 

976.5625 

1.953125 

3.90625 

7.8125 

15.625 

31.25 

62.5 

125 

250 

500 

Square 

Frequency 

None 

256 

128 

8.192 

4.096 

2.043 

1.024 

512 

256 

128 

64 

32 

16 

8 

4 

2 

RSO 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Wave 

Units 

Hz 

Hz 

kHz 

kHz 

kHz 

kHz 

Hz 

Hz 

Hz 

Hz 
Hz 
Hz 

Hz 
Hz 
Hz 

A Bits 

RS1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

RS3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

Interrupt 

Units 

ms 

ma 

PS 

Register 

RS2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

PS 

PS 

PS 

ms 

ms 

me 

ms 

ms 

ms 

ms 

I 
me 



Periodic lnterrupt 
The mux output used to drive the SQW output also 
drivee the interrupt-generation circuitry. If the periodic 
interrupt event ie enabled by writing a 1 to the periodic 
interrupt enable bit (PIE) in register C, an interrupt re- 
quest is generated once every 122ps to 500ms. The pe- 
riod between intenupta is selected by the same bits in 
register A that select the square wave £requency (see 
Table 3). 

Alarm lnterrupt 
During each update cycle, the RTC compares the hours, 
minutes, and seconds bytes with the three corresponding 
alarm bytes. If a match of all bytes is found, the alarm 
interrupt event flag bit, AF in register C, is set to 1. If 
the alarm event is enabled, an interrupt request ia 
generated. 

An alarm byte may be removed from the comparison by 
setting it to a 'don't care' state. An alarm byte is set to a 
'don't care" state by writing a 1 to each of its two most- 
significant bits. A 'don't care' state may be used to select 
the frequency of alann interrupt events as follows: 

If none of the three alarm bytes is 'don't care," the 
frequency is once per day, when hours, minutea, and 
seconds match. 

If only the hour alarm byte is 'don't care,' the 
frequency is once per hour, when minutes and seconds 
match. 

If only the hour and minute alarm bytes are 'don't 
care,' the frequency is once per minute, when seconds 
match. 

If the hour, minute, and second alarm bytes are 'don't 
care,' the frequency is once per second. 

Update Cycle lnterrupt 
The update cycle ended flag bit 0 in register C ie set 
to a 1 at the end of an update cycle. If the update inter- 
rupt enable bit (UIE) of register B is 1, and the update 
transfer inhiiit bit @TI) in register B is 0, then an inter- 
rupt request is generated at the end of each update cycle. 

Accessing RTC bytes 

Time and calendar bytes read during an update cycle 
may be in emr.  Three methode to accees the time and 
calendar byt. without ambiguity are: 

m Enable the update interrupt event to generate 
intempt requeata at the end of the update cycle. The 
interrupt handler has a maximum of 999x11s to access 
the clock bytes before the next update cycle begins 
(aee Figure 3). 

Poll the update-in-progrew bit (UIP) in register A. If 
UIP = 0, the polling routine has a minimum of t ~ u c  
time to access the clock bytea (eee Figure 3). 

Use the periodic intempt went to generate interrupt 
requests every t p ~  time, such that UIP = 1 always 
occurs between the periodic intermpta. The interrupt 
handler has a minimum of t d  + t ~ u c  time to access 
the clock bytea (see Figure 3). 

Oscillator Control 

When power is f m t  applied to the bq3285 and Vcc is 
above V P ~ ,  the internal oscillator and frequency divider 
are turned on by writing a 010 pattern to bits 4 through 
6 of register A. A pattern of 11X turns the oscillator on, 
but keep the frequency divider disabled. Any other pat- 
tern to thew bits keeps the oscillator off. 

I V4 I 
Figure 3. Update-EndedIPeriodic lnterrupt Relationship 



Power-Down/Power-Up Cycle 

The bq3285 continuously monitors Vcc for out-of-toler- 
ance. During a power failure, when Vcc falls below VWD 
(4.17V typical), the bq3285 write-protects the clock and 
storage registers. When Vcc is below Vec (3V typical), 
the power source is switched to BC. R E  operation and 
storage data are sustained by a valid backup energy 
source. When Vcc is above Vec, the power source is Vcc. 
Write-protection continues for t c s ~  time after Vcc rises 
above VPFD. 

Control/Status Registers 

The four controvstatus registers of the bq3285 are acces- 
sible regardleas of the status of the update cycle (see 
Table 4). 

Register A 

Register A programs: 

m The frequency of the square-wave and the periodic 
event rate. 

Oscillator operation. 

Register A provides: 

m Status of the update cycle. 

RSO-RSS - Frequency Select 

7 ) 6 ] 5 ) 4 ) 3 / 2 1 1 1 0  
I - j R S 3 j R S 2 I R S l j R S O  

These bits select of the 13 hquencies for the SQW out- 
put and the periodic interrupt rate, as shown in Table 3. 

OSO-OS2 - Oscillator Control 

These three bits control the state of the oscillator and 
divider stages. A pattern of 010 enables RTC operation 
by turning on the oscillator and enabling the frequency 
divider. A pattern of 11X turns the oscillator on, but 
keeps the frequency divider disabled. When 010 is writ- 
ten, the RTC begins its f rs t  update after 500111s. 

UIP - Update Cycle Status 

This read-only bit is set prior to the update cycle. When 
UIP equals 1, an RTC update cycle may be in progress. 
UIP is cleared at the end of each update cycle. This bit is 
also cleared when the update transfer inhibit (UTI) bit in 
register B is 1. 

Table 4. Control/Status Registers 
- -- - 

Notes: 1. Except bit 7. 
2. na = not affected 

Reg. 

A 

B 

C 

D 

Loc. 
(Hex) 

OA 

OB 

OC 

Read 

Yes 

Yes 

Yes 

Write 

Y-' 

Yes 

O D Y e s N o V R T n a  

1 

Bit Name and State on Reset 

O(LSB) 

RSO 

DSE 

- 
- 

na 

na 

0 

0 

2 7 (MSB) 

RS2 

DF 

UIP 

UTI 

N o I N T F O  

6 5 1 

na 

na 

na 

na 

0S2 

PIE 

PF 

061 

AIE 

AF 

- 

RS1 

HF 

- 
- 

na 

0 

0 

0 

na 

0 

0 

0 

4 

na 

na 

0 

0 

OSO 

UIE 

UF 

- 

3 

- 1 0  

na 

0 

0 

0 

RS3 

SQWE 

- 
- - 

na 

0 

0 

0 0 



Register B SQWE - SquareWave Enable 

Realster B Bits . 
7 \ 6 / 6 1 4 1  3 / 2 1 1 / 0  

UTI I PIE I AIE I UIE ~ S Q W E ~  DF I HF 1 DSE 

Register B enables: 

m Update cycle transfer operation 

8 Square-wave output 

8 Interruptevents 

Daylight saving adjustment 

Register B selects: 

Clock and calendar data formats 

All bits of regieter B are readkvrite. 

DSE - Daylight Saving Enable 

7 1 6 1 5 1 4 1  3 / 2 1 1 / 0  
1 - 1 DSE 

This bit enables daylight-eaving time adjustments when 
written to 1: 

8 On the last Sunday in October, the first time the 
bq3285 increments past 1:59:59 AM, the time falls 
back to 1:00:00 AM. 

8 On the first Sunday in April, the time springs forward 
&om 2:oO:OO AM to 3:00:00 AM. 

HF - Hour Format 

This bit enablea the equare-wave output: 

1 = Enabled 

0 s Disabled and held low 

UIE - Update Cycle Interrupt Enable 

This bit enables an interrupt request due to an update 
ended interrupt event: 

1 = Enabled 

0 = Disabled 

The UIE bit is automatically cleared when the UTI bit 
equals 1. 

AIE - Alarm Interrupt Enable 

This bit enables an interrupt requeat due to an alarm 
interrupt event: 

1 = Enabled 

0 = Disabled 

PIE - Perbdic Interrupt Enable 

Thi~ bit e lec t .  the time-of-day and alarm hour format: 

1 = 24-hour format 
This bit enables an interrupt request due to a periodic 

0 = 12-hour format intermpt event: 

DF - Data Format 1 = Enabled 

0 = Disabled 

This bit selects the numeric format in which the time, 
alarm, and calendar bytes are represented: 

1 = Binary 

0 = BCD 



bq3285 

UTI - Update Transfer InhiMt INTF - Interrupt Request Flag 

This bit inhibits the transfer of RTC bytes to the user 
buffer: 

1 = Inhibits transfer and clears UIE 

0 = Allows transfer 

Register C 
Reaister C Bits 

r 
7 / 6 / 5 ( 4 1  3 1 2 1 1 1 0  

I N T F \ P F / A F I U F /  o / o I o / o 

Register C is the read-only event status register. 

Bits 0 3  - Unused Bits 

These bits are always set to 0. 

UF - Update Event Flag 

This bit is set to a 1 at the end of the update cycle. 
Reading register C clears this bit. 

AF - Alarm Event Flag 

7 1 6 / 5 1 4 /  3 [ 2 / 1 / 0  
1 - / A F / - I  - I - I -  

This bit is set to a 1 when an alarm event occurs. 
Reading register C clears this bit. 

PF - Periodic Event Flag 

This bit is set to a 1 every t p ~  time, where t p ~  is the time 
period selected by the settings of RSO-RS3 in register A. 
Reading register C clears this bit. 

This flag is set to a 1 when any of the following is true: 

AIE= l andAF= I 

P I E = l a n d P F = l  

UIE=PandUF=l  

Reading register C clears this bit. 

Register D 

Rwister D Bits 

7 6 5 4 1  3 1 2 I l I O /  
V R T l O 1 O I O /  0 / O I O ! O r  

Register D is the read-only data integrity status register. 

Bits 0-6 - Unused Bits 

These bits are always set to 0. 

VRT -Valid RAM and Time 

1 = Valid backup energy source 

0 = Backup energy source is depleted 

When the backup energy source is depleted (VRT = O), 
data integrity of the RTC and storage registers is not 
guaranteed. 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. hc t iona l  operation 
should be limited to thetedRecommended DC Operating Conditione detailed in this data sheet. ~xpckure to 

conditions beyond the operational limits for extended periode of time may affect device reliability. 

Condition8 

VT Vm + 0.3 

Commercial 

For 1Oaeconde 

symbol 

Vcc 

VT 

TOPR 

TSE 

%us 

TSOLDER - 

Recommended DC Operating Conditions FA = TOPR) 

Note: M i c a l  values indicate operation at TA = 25OC. 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperaturn 

Symboi 

VCC 

VSS 

VIL 

VIH 

VBC 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-55 to +I25 

-40 to +85 

260 

Unit 

V 

V 

"C 

"C 

"C 

OC 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Minimum 

4.5 

0 

-0.3 

2.2 

2.5 

Typical 

5.0 

0 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

4.0 

Unit 

V 

V 

V 

V 

V 



DC Electrical Characteristics (TA -TOPR, vcc = 5v t 10%) 

Crystal Specifications (DT-26 or Equivalent) 

Conditions/Notes 

VIN = Vss to Vcc 

ADO-A&, and SQW 
in high impedance, 
v o w  = vss to vcc 

IOH = -2.0 mA 

10~=4.0mA 

 in, cycle, duty = 
IOH = OmA, IOL = OmA 

VW = 3V. TA = 25OC 

Internal 30K pull-up 

Internal 30K pull-down 

Note: Typical values indicate operation at  TA = 25OC, Vcc = 5V or VBC = 3V. 

Symbd 

ILI 

ILD 

VOH 

VOL 

Jcc 

Vso 

ICCB 

Vpm 

IRCL 

IMW 

Minimum 

2.4 

4.0 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating supply current 

Supply switch-over voltage 

Battery operation current 

Power-fail-detect voltage 

Input current when = Vss. 

Input current when MOT = Vcc 

Symbol 

fo 

CL 

Tp 

k 

Q 
R1 

Co 

CdCi 

DL 

AVfo 

Maximum 

30 

-0.042 

45 

1.8 

600 

1 

Typical 

7 

VBC 

0.3 

4.17 

Unit 

kHz 

PF 

OC 

p p g C  

KC2 

PF 

PW 

PPm 

Parameter 

Oscillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resistance 

Shunt capacitance 

Capacitance ratio 

Drive level 

Aging (first year a t  25°C) 

Maximum 

* 1 

* 1 

0.4 

15 

0.5 

4.35 

185 

-185 

Minimum 

20 

40,000 

Unit 

pA 

pA 

V 

V 

V 

pA 

V 

pA 

pA 

Typical 

32.768 

6 

25 

70,000 

1.1 

430 

1 



~p - -- - -- 

Note: This parameter is sampled and not 100% tested. 

Capacitance FA = WC, F = 1 MHZ, vcc = 5 . 0 ~ )  

AC Test Conditions 

Condition8 

Vovr=OV 

VIN =OV 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 4. Output Load A Figure 5. Output Load B 

Maximum 

7 

5 

Symbol 

CW 

CIN 

Ted Conditions 
I 

0to3.0v 

5ne 

1.5 V (unless otherwiee speciri)  

SeeFiguw4and5 

+5v 

For all outputs Q6OR 

Unit 

pF 

pF 

Minimum Parameter 

Inpuvoutput capacitance 

I n ~ u t  ca~acitance 

except INT 

510 Q 

Typical 

, 

=- SOpF 

,I 

- - 
OL-lo 



Maximum 

25 

50 

ReadIWrite Timing FA = TOPR, vcc - 5v * 10%) 

Minimum 

160 

80 

55 

0 

10 

5 

0 

0 

0 

20 

5 

10 

30 

35 

30 

Symbol 

wc 

t m ~  

~ D S H  

~ R W H  

t ~ w s  

tcs 

~ C H  

~ D H R  

~ D H W  

 AS 

  AH 

~ D A S  

t ~ s w  

tAsD 

t~ w 

tsuc 

 PI 

Typical 

244 

1 

Unit 

ne 

ns 

ne 

ns 

ns 

ns 

ns 

ns 

ns 

118 

ns 

ns 

ns 

ne 

ns 

ns 

Ps 

Pa 

Parameter 

Cycle time 

DS low or --high time 
-- 

DS high or R9/WR low time 

F@ hold time 

F@ setup time 

Chip select setup time 

Chip select hold time 

Read data hold time 

Write data hold time 

Address setup time 

Address hold time 

Delay time, DS to AS rise 

Pulse width, AS high 

Delay time, AS to DS rise mm 
fall) 

Otpu ut data delay time from DS rise 
(RD fall) 

Write data setup time 

Delay time before update cycle 

Periodic interrupt time interval 

Notes 

See Table 3 

tuc 1 Time of update cycle 



Motorola Bus ReadlWrite Timing 

It--- too J 

t AH 

ADo - A D 7  

(READ) 



bq3285 

lntel Bus Read Timing 

A S  (ALE) s 

lntel Bus Write Timing 

RIG (WR) 

AS (ALE) if- 

W C d  

1 spo Sept 1996 0 

4 

f 
+- ~ D A S  + - t c s  

- 
CS 

 AS A 

DSL ~ D S H  - 
t t o ~  

 AH -+ 

- - ~ c H - +  

+- DM -+ 

ADO- AD,  >-< 



Power-Down/Power-Up Timing FA = TOPR) 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Symbol 

t~ 

t~ 

~ C S R  

Power-Down/Power-Up Timing 

"cc 

Parameter 

Vcc slew from 4.5V to OV 

Vcc slew from OV to 4.5V 

- 
CS at VIH after power-up 

Interrupt Delay Timing (TA = TOPR) 

Minimum 

300 

100 

20 

I ~ I R R  / I~VT release from RST I - I - I ~ I ~ s I  

Symbol 

tww 

- 1 tlRo I Im release from DS @) 2 )IS 

Typkd 

Parameter 

Reset pulse width 

Maximum 

200 

Minimum 

5 

Unit 

Pa 

PS 

me 

Typical I Maximum / Unit 

P S  

Conditions 
1 

Internal write-protection 
period after Vcc paseas VPFD 
on power-up. 



Interrupt Delay Timing 

RD (Intel) 

DS (Mot) 

- 
RST 

- 
INT 

1 ap0 Sept. 1996 D 
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Data Sheet Revision History 
Change No. 

1 

1 

Sept 1996 D 1 QMo 

5-1 9 

1 

2 

3 

3 

3 

Page No. 

2 

11 

Note: Change 1 = Nov. 1992 B changes from June 1991 A. 
Change 2 = Nov. 1993 C changes from Nov. 1992 B. 
Change 3 = Sept. 1996 D changes from Nov. 1993C. 

12 

3,12 

12 

12 
12 

Description 

Addresa strobe input 

Backup cell voltage VBC 

Nature of ~hange 

Claritlcation 

Was 2.0 min; is 2.6 min 

Power-fail detect voltage VPFD 

Crystal type Daiwa DT-26 (not DT-26s) 

Changed value in fvst table 

Changed value in fvst table 

Changed values for conditions of IRCL IMOTH 

is 4.0 min, 4.95 max 
Was 4.1 min, 4.26 max; 

Cldcation 

IRCL max. was 276; is now 185 

I- man wae -2'76 is aow -185 
Was 20K; is now 30K 



Ordering Information 

Temperature: 
blank = Commercial (0 to +70°C) 

package Opt ion: 
P = 24-pin plastic DIP (0.600) 
S = 24-pin SOIC (0.300) 
Q = 28-pin quad PLCC 

~evice: 
bq3285 Real-Time Clock with 114 bytea of 

general storage 



@ ~ ~ N ~ M A R Q  bq3285ElL 
Real-Time Clock (RTC) 

Features BCD or binary format for dock General Description 
and calendar data 

Direct clock/calendar The CMOS b q 3 2 8 5 m  is a low- 
replacement for IBM@ Calendar in day of the week, day power microprocessor peripheral 
AT-compatible computers and of the month, month, and Ye-, providing a time-of-day clock and 
other a~~lications with automatic leap-year 100-vear calendar with alarm fea- - 

adjustment tur& and battery operation. The 
hct ional ly  compatible with the 
DS1285 

bq3285L supports 3V systems. * Time of day in seconds' Other bq3285W features include - Closely matches MC146818A and hours three maekable interrupt sources, 
pin configuration - 12- or %-hour format square-wave output, and 242 bytes 

- Optional daylight saving of general nonvolatile storage. 2.7-3.6V operation (bq3285L); 
4.5-5.5V operation (bs3285E) adjustment A 32.768K.H~ output is available for 

> 242 bytes of general nonvolatile 
storage 

32.768KHz output for power 
management 

> System wake-up capability- 
alarm interrupt output active in 
battery-backup mode 

Less than 0.5 PA load under 
battery operation 

> Selectable Intel or Motorola bus 
timing 

> 14 bytes for clock/calendar and 
control 

> Programmable square wave 
output 

Three individually maskable 
interrupt event flags: 
- Periodic ratea h m  122 ps to 
500 ma 

- Time-of-day alarm once per 
second to once per day 

- End-of-clock update cycle 

24-pin plastic DIP, SOIC, or 
SSOP and %-pin PLCC 

sustaining power-management 
activities. Wake-up capability is pro- 
vided by an alarm interrupt, which 
is active in battery-backup mode. 

The bq3285W write-protects the 
clock, calendar, and storage registea 
during power failure. A backup bat- 
ter~ then maintains data and o~era tes  
the dock and calendar. 

The bq3285m is a fully compatible 
real-time clock for LBM ATcom~atible 
computers and other applications. 
The only external components are a 
32.768kHz crystal and a backup bat- 
tsry. 

Pin Connections Pin Names 

MOT vcc 
X1 SQW 
X2 EXTRAM - 

AD 0 RCL 
AD 1 - BC 
AD2 - INT 
AD 3 RST 
AD 4 DS 
AD 6 VSS 
AD 6 R/W 
AD 7 - AS 
"ss CS 

24-Pin DIP or SOIC/SSOP 

PN-41 

3 

00 m ofno q z q g l o * z  

28-Pin PLCC PL-10 

MOT - 
CS 
AS 
DS 
fi - 
INT - 
RST 
SQ W 
EXTRAM - 
RCL 
BC 
X1, X2 

Multiplexed address/ 
data input/output 
Bus type select input 
Chip select input 
Address strobe input 
Data strobe input 
Reaewite input 
Interrupt request output 
Reset input 
Square wave output 
Extended RAM enable 
RAM clear input 
3V backup cell input 
Crystal inputs 

Vcc Power supply 
Vss Ground 

Jan. 1995 B 1/24 
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Block Diagram 

OD-ma 

Pin Descriptions ADo-AD, Multiplexed addreaddata inpuvoutput 

The bq3285W bus cycle consista of two 
MOT Bus type select input phases: the address phase and the data- 

transfer phase. The address phase precedes 
MOT selects bus timing for either Motorola the data-transfer phase. During the address 
or Intel architecture. This pin should be phase, an address placed on G A D 7  and 
tied to Vcc for Motorola timing or to Vss for EXTRAM is latched into the bq3285FJL on 
Intel timing (see Table 1). The setting the falling edge of the AS signal. During the 
should not be changed during system data-transfer phase of the bus cycle, the 
operation. MOT is internally pulled low by ADO-A& pins serve as a bidirectional data 
a 30KR resistor. bus. 

Table 1. BUS Setup AS Address strobe input 

AS serves to demultiplex the addreaddata 
bus. The falling edge of AS latches the 
address on &AD7 and EXTRAM. ?his &- 
multiplexing procees is independent of the CS 
signal. For DIP and SOIC packages with 
MOT = Vss, the AS input is provided a signal 
similar to ALE in an Intel-based syetem. 

2/24 
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AS 
Equivalent 

AS 

ALE 

RP 
Equivalent 

- 
WR, 
M E m  
or VOW 

DS 
Equivalent 

DS* E, Or 
0 2  
- 
RD, 
B M R ,  or 
VOR 

BUS 

Type 

Motorola 

/ Intel 

I 

MOT 
Level 

Vcc 

VSS 



DS Data strobe input 

When MOT = Vcc, DS controh data transfer 
during a bq3285EL bus cycle. During a 
read cycle, the bq3285W drives the bus 
after the rieing edge on DS. During a write 
cycle, the falling edge on DS is ueed to latch 
write data into the chip. 

When MOT = Vss, the DS input is-vided 
a signal similar to RD, MEMEZ, or W R  in an 
Intel-bared eyetern. The falling edge on DS 
is used to enable the outputs during a read 
cycle. 

m Rea#vmite input 

When MOT = Vcc, the  level on 
identifies the e c t i o n  of data transfer. A 
high level on WW indicates a read bus cycle, 
whereas a low on this pin indicates a write 
bus cvcle. 

EXTRAM Extended RAM enable 

Enables 128 bytea of additional nonvolatile 
SRAM. It is connected intemally to a 30Kn 
pull-down resistor. To access the RTC regis- 
ters, EXTRAM must be low. 

- 
RCL RAM clear input 

A low level on the =L pin causes the con- 
tents of each of the 242 storage bytes to be 
set to Fmex). The contenta of the clock 
and control regieters are unaffected. This 
pin should be wed es a wer-intarface input 
(pushbutton to ground) and not co&& 
the output of any active component. RCL 
input is only recognized when held low for 
at least 125ms in the presence of Vcc. Using 
RAM clear do- not affect the battery load. 
This pin is connected intemally to a 30KQ 
pull-up resistor. 

When MOTzVss, is p r o s e d  a signal BC 3V backup cell input 

similar to WR, MEMW, or J/OW in an In- BC should be co~ec ted  to a 3V backup cell 
tel-based system. The rising edge on W for Rn= operation and storage register non- 
latches data into the bq3285E;n. volatility in the absence of system power. 

Chip select input When Voc slews down past Vsc (3V typical), 
the integral control circuitry switches the - 

CS should be driven low and held stable power source to BC. When Vcc I.eturne above 
during the data-transfer phase of a bus cycle Vac, the power source ie switched to Vcc. 
accee&ng the bq3285m.- 

- 
INT Interrupt request output 

- 
INT is ~ o p e n - d r a i n  output. This allows 
alarm INT to be valid inbattery-backup s@ 
mode. To use this feature, INT mud be con- 
nected to a power supply other than Vcc. 
INT is a s d  low when any event flag is 
set and the co-msponding event enable bit is 
also set. INT becomes high-impedance 
whenever register C is read (see the Con- 
trol5tatus Registers section). 

Upon power-up, a voltage within the VBC 
range must be preeent on the BC pin for the 
oecillator to start up. 

Reset input 

The bq3285W is reset-n WT is pulled 
low. When reset, INT becomes high 
impedance, and the bq3285- is not 
acceeeible. Table 4 in the Control/Status 
Registers section lista the regieter bite that 
are cleared by a m e t .  

sew Square-wave output 
Reset may be disabled by connecting WT to 
Vcc. This allows the control bite to retain 

SQW may output a programmable their states through power-d-wer-up 
frequency square-wave signal during nor- cycles. 
mal (Vcc valid) system operation. Any one ~2 Crystal input 
of the 13 specific frequencies may be 
selected through register A. This pin isheld The XI, X2 inputs are provided for an exter- 
low when the square-wave enable bit nal 32.768Wz quartz crystal, Daiwa DT-26 
(SQWE) in register B is 0 (see the Con- or equivalent, with 6pF load capacitance. A 
trol5tatus Regisisters section). trimming capacitor may be necessary for 

A 32.763kHz output is enabled by setting extremely precise time-baee generation. 

the SQWE bit in register B to 1 and the In the absence of a crystal, a 32.7681rHz 
32KE bit in register C to 1 after setting waveform can be fed into the X1 input. 
OSCZ-OSCO in register A to 01 1 (binary). 
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Functional Description dar locations during the update cycle a t  the end of each 
update period (see Figure 2). The alarm flag bit may also 

Address Map 
be set during the update cycle. 

The bq3285W copies the local register updates into the 
The bq3285m provides 14 bytes of clock and con- u e r  buffer accessed by the hmt Processor. When a 1 is 
trollstatus registem and 242 b w  of general nonvolatile "itten to the update transfer inhibit bit (UTI) in regis- 
storage. Figure 1 illustrates the address map for the ter B, the user copy of the clock and calendar bytes 
bq3285W. remains unchanged, while the local copy of the same 

bytes continues to be updated every second. 

Update Period The update-in-progress bit (UIP) in register A is set t ~ u c  
time before the beginning of an update cycle (see Figure 

The update period for the bq3285FJL is one second. The 2). Thh bit is cleared and the update-complete flag CUF) 
bq3285E/L updates the contents of the clock and calen- is Bet at the end of the 

SlW8Q8 
Reglatsr8 

Wllh 
EXTRAM - 0 

1 ( 2 7 1  IF 
13 / R e d a l u  D 1 OD 

w 

Figure 1. Address Map 

------i 
UIP 

I '  

UP-1 

Figure 2. Update Period Timing and UIP 
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Programming the RTC c. Write the appropriate value to the hour for- 
mat (HF') bit. 

The time-of-day, alarm, and calendar bytee can be writ- 2. Write new values to all the time, alarm, and 
ten in either the BCD or binary format (see Table 2). calendar locations. 

These steps may be followed to program the time, alarm, 3. Clear the UTI bit to allow update transfern. 
and calendar: 

On the next update cycle, the Rn: updates all 10 bytes 
1. M d i  the contenta of regiater B: in the selected format. 

a Write a 1 to the UTI bit to prevent transfern 
between FtTC bytes and user buffer. 

b. Write the appropriate value to the data 
format (DF) bit to select BCD or binary 
format for all time, alarm, and calendar 
bytee. 

Table 2. Time, Alarm, and Calendar Formats 

A d d m  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 
RTC Bytes 

Seconds 

Seconds alarm 

Minutes 

Minutea alarm 

Hours, 12-hour format 

Hours, %-hour format 

Hours alarm, 12-hour format 

Hours alarm, %-hour format 

Day of week (l=Sunday) 

Day of month 

Month 

Year 

Decimri 

0-59 

0-59 

0-59 

0-59 

1-12 

0-23 

1-12 

0-23 

1-7 

1-31 

1-12 

0-99 

Rangd 

B i W  

OOHSBH 

OOH-3BH 

OOHSBH 

OOH-3BH 

OlH-OCH AM; 
81H-8CH I'M 

00H-17H 

OlH-OCH AM; 
81H-8CH F'M 

OOH-17H 

01H-07H 

01H-IFH 

OIH-OCH 

OOH-63H 

Binuy-Coded 
Decimrl 

OOH-H 

OOH49H 

OOHb9H 

OOH-59H 

OlH-12H AM; 
81H-92H PM 

OOH-23H 

01H-12H AM; 
81H-92H PM 

OOH-23H 

OlH-07H 

01H-31H 

01H-12H 

OOH-99H 



Square-Wave Output 

The bq3285E/L divides the 32.768kHz oscillator 
frequency to produce the 1Hz update frequency for the 
clock and calendar. Thirteen taps from the frequency 
divider are fed to a 16:l multiplexer circuit. The output 
of this mux is fed to the SQW output and periodic inter- 
rupt generation circuitry. The four least-significant bits 
of register A, RSO-RS3, select among the 13 taps (see 
Table 3). The square-wave output is enabled by writing 
a 1 to the square-wave enable bit (SQWE) in register B. 
A 32.76813Iz output may be selected by setting OSCS 
OSCO in register A to 011 while SQWE = 1 and 32KE = 1. 

Interrupts 

m The alarm interrupt, programmable to occur once per 
second to once per day, is active in battery-backup 
mode, providing a 'wake-up' feature. 

The update-ended interrupt, which occurs at  the end 
of each update cycle. 

Each of the three interrupt events is enabled by an 
individual interrupt-enable bit in register B. When an 
event occurs, its event flag bit in register C is set. If the 
corresponding event enable bit is a h  set, then an inter- 
rupt request is generated. The interrupt request flag bit 
(INTF) of regieter C is set with every interrupt request. 
Reading re-r C clears all flag bits, including JNTF, 
and makea INT high-impedance. 

Two methods can be used to p m s  bq3285m interrupt 
events: 

The bq3285W allows three individually selected inter- , ~ ~ ~ b l ~  inmpt events and use the intempt requeet 
rupt events to generate an interrupt request. These output to invoke an interrupt service 
three interrupt events are: 

Do not enable the interrupts and use a polling routine 
The periodic intempt, programmable to occur once to the of the flag bits, 
every 122ps to 500ms. 

The individual interrupt sources are described in detail 
in the following sections. 

Table 3. Square-Wave FrequencyIPeriodic Interrupt Rate 
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Periodic lnterrupt 
The mux output used to drive the SQW output aleo 
drives the interrupt-generation circuitry. If the periodic 
interrupt event is enabled by writing a 1 to the periodic 
interrupt enable bit (PIE) in register C, an interrupt re- 
quest is generated once every 122ps to SOOms. The pe- 
riod between interrupts ia selected by the same bits in 
register A that select the square wave frequency (see 
Table 3). Setting OSC24SCO in register A to 011 does 
not affect, the periodic interrupt timing. 

Alarm lnterrupt 
The alarm interrupt is active in battery-backup mode, 
providing a 'wake-up' capability. During each update 
cycle, the Rn= compares the houm, minutes, and seconds 
bytes with the three corresponding alarm bytes. If a 
match of all bytea is found, the alarm interrupt event 
flag bit, AF in register C, ia set to 1. If the alarm event is 
enabled, an interrupt request is generated. 

An alarm byte may be removed from the comparison by 
setting it to a 'don't care' state. An alarm byte is set to a 
'don't care' state by writing a 1 to each of its two most- 
significant bite. A 'don't care* state may be wed to 
select the frequency of alarm interrupt events as follows: 

If none of the three alarm bytes is 'don't care,' the 
frequency is once per day, when hours, minutes, and 
seconds match. 

If only the hour alarm byte is 'don't care.' the 

Update Cycle lnterrupt 
The update cycle ended flag bit 0 in register C is set 
to a 1 at  the end of an update cycle. If the update inter- 
rupt enable bit (UIE) of register B is 1, and the update 
transfer inhl'bit bit 0 in regieter B k 0, then an inter- 
rupt request ie generated at the end of each update cycle. 

Accessing RTC bytes 

The EXTRAM pin must be low to access the RTC regis- 
ters. Time and calendar bytes read during an update 
cycle may be in error. Three methods to access the time 
and calendar bytes without ambiguity are: 

m Enable the update interrupt event to generate interrupt 
requests at the end of the update cycle. The interrupt 
handler has a maximum of 999ms to acceee the clock 
bytea before the next updete cycle b g h  (aee Figure 3). 

Poll the update-in-progreaa bit (UP) in register A. If 
UIP = 0, the polling routine has a minimum of t ~ u c  
time to aae3s the clock bytea (see Figure 3). 

Use the periodic interrupt event to generate interrupt 
requeats every @I time, such that UIP = 1 always 
occurs between the periodic interrupts. The interrupt 
handler hae a minimum of tw2 + t ~ u c  time to access 
the clock bytea (see Figure 3). 

Oscillator Control 
frequency is once per hour, when minutee and seconds 
match. When power ie fulPt applied to the b@%F/L and Voc is 

above V m .  the internal oecillator and freauencv divider 
If only the hour and minute alarm bytes are 'don't are turned on by writing a 010 pattern to b& 4 &rough 6 
care," the frequency is once per minute, when seconds of register A. A pattern of 011 behaves 010 but addition- 
match. ally traneforme registw C into a readkite regi&r. Thie 

all- the 32.76W-h output on the quare wave pin to be 
8 If the hour, minute, and second alarm bytes are 'don't A pa- d 11X kuns the &tor on, but keeps 

care," the frequency is once per second. the bqwncy divider disabled. Any other pattern to these 
bits keeps the &tor off. 

UH J 
Figure 3. Update-EndedlPeriodic lnterrupt Relationship 
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Power-Down/Power-Up Cycle 
Tbe bq328SE and bq328SL p o w e t . u F d o w n  CY* are 

~ b q 3 2 8 5 L a m t i n u ~ ~ V c c f o r o U t ~ -  
During a power failure, when Vm Vcc below V m  

(253vtypjcaIXthebq32B5L*~t.e*andstokcyle 
r e g i s t e r a ~ ~ ~ i 5 s w i t c h e d t o B C w h e a V c c i s l e e s  
~ ~ ~ a n d ~ ~ k ~ t h a n V ~ n > , a r w h e n v c c i s k ~  
VK and V B ~  is less than V m  F t E  v t i c n  and data 
are sustained by a valid btxhp N'hm V ~ p c  is 
~ ~ ~ t h e p a v e x ~ k v c c w ~ ~ ~  
f c n t c s ~ t j m e a f t e r v c c ~ ~ v m  

The bq3285E continuously monitom Vcc for out-of-tole-. 
During a power failure, when Vcc falls below VPFD (4.17V 
typical), the bq3285E write-- the clock and storage 
registem. When Vcc is below VBC (3V typM), the powa 
source ie switched to BC. Rn= operation and storage data 
are suetained by a valid backup energy source. When Voc is 
above V x ,  the power murce is Vm. Write-protecton contin- 
ues for tcs~ time after VCC ri8ee above VIJFD. 

Control/Status Registers 

The four controllstatus registers of the bq328SW are 
accessible regardless of the status of the update cycle 
(see Table 4): 

Reaister A 
Reaister A Bits 

7 1 6 1 5 1 4 1 3 1 2 1 1 1 0  
UIP 1 052 1 OS1 j OSO I RS3 I RS2 ( RS1 I RSO 

Register A programs: 

The frequency of the square-wave and the periodic 
event rate. 

Register A provides: 

m Statue of the update cycle. 

RSORS3 - Frequency Seiect 

These bite select one of the 13 fiequenciea for the SQW out- 
put and the periodic intermpt rate, as shown in Table 3. 

O S W S 2  - Oscillator Control 

These three bite control the state of the oscillator and 
divider stages. A pattern of 010 enablee RTC operation 
by turning on the oscillator and enabling the frequency 
divider. A pattern of 011 behaves as 010 but additionally 
transforma register C into a reaQwrite register. This 
allows the 32.768Wz output on the square wave pin to 
be turned on. A pattern of 11X turns the oscillator on, 
but keepe the frequency divider disabled. When 010 is 
written, the RTC begins its f i s t  update after 500111s. 

UiP - Update Cycle Status 

7 ( 6 / 5 1 4 1 3 / 2 / 1 / 0  
U I P I - I - I - I - 1 - 1 - 1 -  

This read-only bit is set prior to the update cycle. When 
UIP equals 1, an RTC update cycle may be in progress. 
UIP ie cleared at the end of each update cycle. This bit is 
also cleared when the update transfer inhibit 0 bit in 
register B is 1. 

Oscillator operation. 

Table 4. Control/Status Registers 

Notes: na = not affected. 
1. Except bit 7. 
2. R e a w t e  only when OSCZOSCO in register A is 011 (biiary). 
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Register B 

Reaister B Bits 
7 1 6 1 5 1 4 1  3 ] 2 / 1 ( 0  
vn 1 PIE 1 AIE I UIE ISQWEI DF I HF 1 DSE 

Register B enables: 

Update cycle transfer operation 

m Square-wave output 

m Interrupt events 

m Daylight saving adjustment 

Register B selects: 

m Clock and calendar data formats 

All bits of register B are r e a w t e .  

DSE - Daylight Saving Enable 

7 1 6 1 5 1 4 /  3 ) 2 / 1 / 0  
1 - 1 DSE 

This bit enables daylight-saving time adjustments when 
written to 1: 

m On the last Sunday in October, the time the 
bq3285WL increments past 1:59:59 AM, the time falls 
back to 1:00:00 AM. 

On the f W  Sunday in April, the time springs forward 
from 2:oO:OO AM to 3:00:00 AM. 

HF - Hour Format 

This bit selects the time-of-day and alarm hour format: 

1 = 24-hour format 

0 = 12-hour format 

DF - Data Format 
- 

SQWE - SquareWave Enable 

7 1 6 1 5 1 4 1  3 ( 2 / l I O  
1 - I S Q W E I  - 1 - I - 

This bit enables the square-wave output: 

1 = Enabled 

0 = Disabled and held low 

UIE - Update Cycle Interrupt Enable 

This bit enables an interrupt request due to an update 
ended interrupt event: 

1 = Enabled 

0 = Disabled 

The UIE bit is automatically cleared when the UTI bit 
equals 1. 

AIE - Alarm lnterrupt Enabie 

7 1 6 1 5 ) 4 )  3 1 2 1 1 I  
A - I 0  P 

This bit enables an interrupt request due to an alarm 
interrupt event: 

1 = Enabled 

0 = Disabled 

PIE - Periodic Interrupt Enable 

7 1 6 1 5 1 4 1  3 1 2 1 1 / 0  
- 1 P I E l - 1 - 1  - 1 - 1 - 1 -  

This bit enables an interrupt request due to a periodic 
interrupt event: 

1 = Enabled 

0 = Disabled 

This bit selects the numeric format in which the time, 
alarm, and calendar bytes are represented. 

1 = Binary 

0 = BCD 

Jan. lS9S B Ql24 
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1 = Inhibits transfer and clears UTE 

0 = Allows transfer 

UTI - Update Transfer Inhibit This bit is set to a 1 when an alarm event occurs. 
Reading register C clears this bit. 

This bit ie set to a 1 every tpr time, where tpl ie the time 
period selected by the settings of RSO-RS3 in register A. 
Reading register C clears this bit. 

7 1 6 / 5 1 4 1  3 1 2 \ 1 ) 0  
PF - Perkdk Event Flag 

Fk~ister C is the read-only event status register. A I E = l a n d A F = l  

INTF - Interrupt Request F@ 

Register C 

m I ( - 1 - 1 - 1 -  I L L \ - -  

Reaister C Bits 
7 1 6 1 5 1 4 1  3 / 2 1 1 1 0  

INTF / PF / AF' I UF I 0 / 32KE I 0 I 0 

These bits are always set to 0. 

32KE - 32kHz Enable Output 

This bit inhibits the transfer of RTC bytes to the user 

- 

This flag is set to a 1 when any of the following is true: 

~ - 
P I E = l a n d P F = l  

Bits 0, 1 , 3  - Unused Bits 
UIE= 1 andUF= 1 

Register D 
Reaister D Bits 

7 1 6 1 5 1 4 1  3 1 2 1 l ) O  
- j P F ( - - 1 -  1 - 1 - 1 -  

' 1 1 1 1 I I 1 O 
1 0 1 - l o / o  

Register D ir the read-only data integrity status register. 
This bit may be set to a 1 only when the OSCZ-OSCO 
bits in register A are set to 011. Setting OSCWSCO to Bits 0-6 - Unused Bit8 
anything other than 011 clears this bit. If SQWE in reg- 
ister B and 32KE are set, a 32.768kHz waveform is out- 
put on the square wave pin. 

buffer: 

ReadingrepinsrCclearsthisbit. 

UF - Update Event Flag 

This bit is set to a 1 at the end of the update cycle. 
Reading register C clears this bit. 

AF - Alarm Event Flag 

These bits are always set to 0. 

VRT -Valid RAM and Time 

7 \ 6 \ 5 1 4 1  3 1 2 1 1 1 0  
V R T \ - \ \ I  I - I -  
1 = Valid backup energy source 

0 = Backup energy source is depleted 

When the backup energy source is depleted (VRT = O), 
data integrity of the Rn: and storage registers is not 
guaranteed. 



Absolute Maximum Ratings-bq3285E 

DC voltage applied on any pin excluding Vcc 
relative to Vss / -0.3to7.0 I V /VTSVw+0.3 1 

SYrnW 

Vcc 

1 1 I Oto +70 1 OC 1 Commercial 1 

Parameter 

DC voltage applied on Vcc relative to Vss 

TOPR 

Value 

-0.3 to 7.0 

Tsm 

TE~IAS 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditione detailed in this data sheet. Exposure to 
conditions beyond the operational limite for extended periods of time may affect device reliability. 

Operating temperature 

TSOLDER 

Absolute Maximum Ratings-bq3285L 

Unit 

v 

Storage temperature 

Temperature under bias 

Condition8 

I I 

I Soldering temperature 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditione detailed in thii data sheet. Expoaure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

-40 to +85 

-55 to +I25 

-40 to +85 

S ~ m m  

VCC 

VT 

TOPR 

T m  

Tsw 

TSOLDER 
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260 

OC 
- - -  

"C 

OC 

Industrial 
- 

"C 

condition8 I 

VTLVCC+O.~ 

Commercial 

For loseconds 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

For 10 seconds 

value 

-0.3 to 6.0 

-0.3 to 6.0 

0 to +70 

-55 to +I25 

-40 to +85 

260 

Unit 

V 

V 

"C 

"C 

"C 

"C 



Recommended DC Operating Conditions-bq3285E FA = TOPR) 

Note: Typical values indicate operation at TA = 25OC. 

Recommended DC Operating Conditions-bq3285L FA = TOPR) 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

4.0 

Symbol . 
Vcc 

Vss 

VIL 

VIH 

VBC 

Symbol 1 Parameter 

Vcc 1 S u ~ ~ l v  voltage 

Minimum 

4.5 

0 

-0.3 

2.2 

2.5 

Unit 

V 

V 

V 

V 

V 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Vss 

Typical 

5.0 

0 

Minimum 

2.7 

- - -  

VIL 

1 VBC / Backup cell voltaae I 2.4 I 1 4.0 / V 

Supply voltage 

VIH 

Note: Typical values indicate operation at TA = 25'C. 

Typical 

3.15 

Input low voltage 

Maximum 1 Unit 

3.6 1 V 

0 

I I I I I 
Input high voltage 

12/24 Jan. 1 995 B 

-0.3 

Crystal Specifications-bq3285EIL (DT-26 or Equivalent) 

0 

2.2 

0.6 

I Vcc+  0.3 ] V 

1 
Unit 

lrHz 

PF . 

"C 

ppmPC 

KQ 

PF 

0 

V 

DL Drive level 1 

Maximum 

30 

-0.042 

45 

1.8 

600 

Symbol 

fo 

CL 

TP 
k 

Q 
Ri 

Co 

cdci 

V 

Parameter 

Oscillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resistance 

Shunt capacitance 

Capacitance ratio 

Minimum 

20 

40,000 

Typical 

32.768 

6 

25 

70,000 

1.1 

430 



- - - -- 

Note: Typical values indicate operation at TA = Z°C, Vcc = 5V or VBC = 3V. 

DC Electrical Characteristics-bq3285E FA = TOPR, vcc = 5v * 10%) 

Jan. 1685 8 13124 

533 

Symbol 

ILI 

llm 

I 
VOH 

VOL 

Icc 

 kc^^ 

VSO 

ICCB 

VPFQ 

IRCL 

IMOTH 

h m M  

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Minimum 

2.4 

Operating eupply current 

Standby supply current 

Supply ewitch-over voltage 

Battery operation current 

Power-fail-detect voltage 

Input current when EL = Vss. 

Input current when MOT = Vcc 

Input current when MOT = Vss 

Input current when EXTRAM = 
Vcc 

Input current when EXTRAM = 
vss 

T y p M  

4.0 

Maximum 

* 1 

* 1 

0.4 

7 

300 

VBC 

0.3 

4.17 

Unit 

pA 

pA 

V 

V 

Conditlons/Notea 

Vm=VsstuVcc 

&AD7, and SQW 
in high impedance, 
vovr=vSStovcc 

IOH = -2.0 mA 

IOL = 4.OmA 

15 

0.5 

4.35 

185 

-185 

0 

-185 

0 

mA 

pA 

V 

pA 

V 

pA 

pA 

pA 

pA 

pA 

Mia cycle, duty = loo%, 
IOH=omA,1o~=omA 

Vm = VSS or vcc, 
a2~cc-0.2 

V x  = 3V. TA = Z ° C  

Internal 30K pull-up 

Internal 30K pull-down 

Internal 30K pull-down 

lnternal 30K pull-down 

Internal 30K pull-down 



- - - - - - 

Note: Typical values indicate operation at TA = 25OC, Vcc = 3V. 

= 3 .15~  

Unit 

pA 

pA 

V 

V 

p* 

V 

v 

pA 

V 

pA 

pA 

pA 

pA 

pA 

i o . 4 ~ ~ )  

Condi tionsflotes 

Vw = Vss to Vcc 

ADO-AD7 and in high 
impedance, 
Vom = vss to vcc 

IOH = -1.0 mA 

IOL = 2.0 mA 

Min. cycle, duty = loo%, IOH 
=0mA,Io~=omA 

VIN = Vss or Vcc, 
m2 vcc - 0.2 

V B C > V m  

VBC < VPFD 

Vm = 3V, TA = 25OC, 
Vcc < VBC 

Internal 30K pull-up 

Internal 30K pull-down 

Internal 30K pull-down 

Internal 30K pull-down 

Internal 30K pull-down 

FA = 

Typical 

5 

100 

VPFD 

VEiC 

0.3 

2.53 

Minimum 

2.2 

2.4 

DC 

Symbol 

ILI 

11.0 

VOH 

VOL 

ICC 

I c c s ~  

VSO 

ICCB 

VPFD 

IRCL 

IMOTH 

IXTRAM 

TOPR, vcc 

Maximum 

* 1 

* 1 

0.4 

9 

0e5 

2.65 

120 

-120 

0 

-120 

0 

Electrical Characteristics-bq3285L 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating supply current 

Standby supply current 

Supply switch-over voltage 

Battery operation current 

Power-fail-detect voltage 

Input current when E L  = Vss. 

Input current when MOT = Vcc 
- 

Input current when MOT = Vss 

Input current when EXTRAM = 
vcc - 

Input current when EXTRAM = 
Vss 



Symbol 1 Parameter I Mlnimum I Typlcal I Maximum 1 Unit I CondIti0fk8 
I / Input/output capacitance I 7 I pF IVOUT=OV 
I I I I I J I Input capacitance 5 I p~ I V ~ = O V  

- - 

Note: This parameter is sampled and not 1 W o  htest It does not include the X1 or X2 pin. 

AC Test Conditions-bq3285E 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

1.16K R 

- 
INT 

- 
a - n  

Test CondRion8 

0 to 3.0 V 

5ns 

1.5 V (unless otherwise specified) 

See Figures 4 and 5 

+SV 

For all outputs Q6OR 

Figure 4. Output Load A-bq3285E Figure 5. Output Load B--bq3285E 

except INT 

510 R 

Jan. 1995 B 15/24 
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AC Test Conditions-bq3285L 
Parametw 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 6. Output Load A-bq3285L Figure 7. Output Load B-bq3285L 

Test Conditions 

0 to 2.3V 

51s 

1.2 V (unleae 0th- specified) 

See F i m  6 and 7 

+3.3v 

For all outputs 1238 I7 

except 6iT 

1164 R =- 50pF 

, 
- - - 

a - 0  
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- 
Symbol 

tat 

t ~ s ~  

t m ~  

t ~ w  

t ~ w s  

tcs 

t c ~  

~ D H R  

~ D H W  

 AS 

  AH 

~ D A S  

t ~ s w  

tmD 

toD 

t ~ w  

~ B U C  

 PI 

tw 

Parameter 

Cycle time 

DS low or -- high time 
-- 

DS high or low time 

hold time 

setup time 

Chip select setup time 

Chip select hold time 

Read data hold time 

Write data hold time 

Address setup time 

Addreaa hold time 

Delay time, DS to AS rise 

Pub width, AS high 

Delay time, AS to DS rise 
fall) 

O-ut data delay time from DS rise 
(RD fall) 

Write data setup time 

Delay time before update cycle 

Periodic interrupt time interval 

Time of update cycle 

Note. 

See Table 3 

Minimum 

160 

80 

55 

0 

10 

5 

0 

0 

0 

20 

5 

10 

30 

35 

30 

Maximum 

25 

50 

Typicd 

244 

1 

UnH 

ne 

ne 

ne 

118 

ne 

rn 

ne 

ne 

ne 

118 

na 

ne 

ne 

118 

ns 

ne 

1r8 

Ire 



Maximum 

40 

s~mm 
tmc 

t ~ s ~  

t ~ s ~  

t ~ w  

t ~ w s  

tcs 

t c ~  

~ D H R  

~ D H W  

 AS 

  AH 

t ~ ~ s  

t ~ s w  

tAsD 

 to^ 

t ~ w  

tsuc 

 PI 
I 

tuc 

Minimum 

270 

135 

90 

0 

15 

8 

0 

0 

0 

30 

15 

15 

50 

55 

50 

Parameter 

Cycle time 

DS low or -- high time 

DS high or low time 

hold time 

WV setup time 

Chip select setup time 

Chip select hold time 

Read data hold time 

Write data hold time 

Address setup time 

Address hold time 

Delay time, DS to AS rise 

Pulse width, AS high 

Delay time, AS to DS rise mm 
fall) 

Output data delay time from DS rise 
0 fall) 

Write data setup time 

Delay time before update cycle 

Periodic interrupt time interval 

Time of update cycle 

Typical 

244 

1 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

118 

118 

ns 

ns 

ns 

I ns 

Notes 

See Table 3 

lOO 

ns 

ns 

ns 

PS 

Pa 



Motorola Bus Readwrite Timing-bq3285EIL 

-0 *- AH it~~- 
 A AS- + ~ D H W  J 

A D O  -AD, 
(WRITE) 

I I 

I.---- t 0 D  
AH 

AD, -AD, 
(READ) 
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Intel Bus Read Timing-bq3285EIL 

AS (ALE) s 

lntel Bus Write Timing-bq3285EIL 
4 t CYC 

AS (ALE) f 7- 

WC-I 
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SY mbol 

t~ 

Internal write-protection 
t c s ~  CS at Vm after power-up l- period after Vcc pasees V m  

on mmr-UP. 

t~ 

Caution. Negative undershoots below the absolute maximum rating of -0.W in battery-bmkup mode 
may affect data integrity. 

Panmeter 

Vcc slew h n  4.SV to OV 

Jan. 1895 8 21/24 

541  

I I I I I I 

VCC slew from ov to 4.W 

Mlnlmum 

300 

100 

T y W  

pa 

Mulmum Unit 

Pa 

Conditlone 



Power-Down/Power-Up Timing-bq3285L (TA - TOPR) 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

~ C S R  

L t r  'I L t n  4 

Conditions 

Internal write-protection 

"cc 

Unit 

Ps 

PS 

- 
CS at VIH after power-UP 

- 
INT 
(Alarm) 

Symbol 

t~ 

t~ 

22924 Jan. 1 995 B 
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Minimum 

300 

100 

Parameter 

Vcc slew from 2.W to OV 

Vcc slew from OV to 2.W 

20 

Typical 

200 

Maximum 

rns period after vcc passes VPFD 
on power-up. 



lnterrupt Delay Timing-bq3285ElL (TA = TOPR) 

I t m  I INT release from DS 

Symbol 

tww 

~ I R R  

lnterrupt Delay Timing-bq3285EIL 

RD (Intel) 

DS (Mot) 

/t-- t~~~ 

7 

Parameter 

Reset pulse width 
- 
INT release from 

- 
INT 

Jan. 1995 8 ZY24 

Minimum 

5 

Typical Maximum 

2 

Unlt 

Ps 

Ct.5 



Ordering Information 

Data Sheet Revision History 

l ~ e m ~ e r e t u r e :  
blank = Commercial (0 to +70°C) 
N = Industrial* (-40 to 85OC) 

LPackage Option: 
P = %-pin plastic DIP (0.600) 
S = 24-pin SOIC (0.300) 
Q = 28-pin PLCC 
SS= %-pin SSOP (0.150) 

Nature of Change 

Was 0; is na (not affected) 

! Device: 
bq3285E Real-Time Clock with 242 

1 Output data delay time  to^ 18 Wae 80 x u  max; ia 100 ns max 

Note: Change 1 = Jan. 1995 B 'Final' changes from Dec. 1993 A 1Preliminary.' 

Declcription 

Register C, bit 2 

Change No. 

1 

bytes of general storage 
or 
bq3285L Real-Time Clock with 242 

bytes of general storage 
(3V operation) 

Page No. 

8 

'bq3285E Q package only 



Features 
Direct clock/calendar 
replacement for I B ~  
AT-compatible computers and 
other applications 

2.7-5.5V operation (bq3285LC); 
4.5-5.5V operation (bq3285EC) 

242 bytea of general nonvolatile 
storage 

Dedicated 32.768kHz output pin 

System wake-up capability- 
alarm interrupt output active in 
battery-backup mode 

Less than 0.5pA load under 
battery operation 

Selectable Intel or Motorola bus 
timing 

%-pin plastic SOIC or SSOP 

General Description 

Real-Time Clock (RTC) 

The CMOS bq3286EW is a low- 
power microprocemor peripheral pro- 
viding a time-of-day clock and 
100-year calendar with alarm fea- 
tures and battery operation. The ar- 
chitecture ia based on the b q 3 W  
Rn= with added features: low-volt- 
age operation, 32.768ld-b output, and 
an extra 128 bytee of CMOS. 

A 32.768kHz output is available for 
sustaining power-management 
activities. The bq3285EC 32kHz 
output is always on whenever Vcc is 
valid. For the bq3285LC, the output 
ia on when the millator ie turned 
on. In Vcc standby mode, the 321rHz 
is active, and the bq3285I.C typically 
draws 100pA while the bq3285EC 
typically draws 300pA. Wake-up ca- 
pability is provided by an alarm in- 
terrupt, which i s  active in 
battery-backup mode. In battery 
backup mode, current drain is less 
than 500nA. 

The bq3285EW write-prow the 
clock, calendar, and &rage regieters 
during power failure. A backup bat- 
tery then maintains data and operates 
the clock and calendar. 

The b q 3 2 8 5 E W  is a fully compat- 
ible real-time clock for IBM AT-com- 
patible computers and other 
applications. The only external com- 
ponenta are a 32.768kHz crystal and 
a backup battery. 

The bq3285EC is intended for use in 
5V systems. The bq3285LC is in- 
tended for use in 3V system; the 
bq3285LC, however, may also oper- 
ate a t  5V and then go into a 3V 
power-down state, write-protecting 
as if in a 3V system. 

Pin Connections Pin Names 

24-Pin SOIC or SSOP 

PN-115 

ADO-AD7 Multiplexed address/ 32K 32.768kHz output 
data input/output 

EXTRAM Extended RAM enable 
MOT Bus type select input 
- RCL RAM clear input 
CS Chip select input 

BC 3V backup cell input 
AS Address strobe input 

X 1, X2 Crystal inputs 
DS Data strobe input 

- Vcc Power supply 
Rw Reaawrite input 

Vss Ground 
Ef Interrupt request output 

RST Reset input 

July 1996 1/24 

5-45 



Block Diagram 

Pin Descriptions 

MOT Bus type select input 

MOT selects bus timing for either Motorola 
or Intel architecture. This pin should be 
tied to Vcc for Motorola timing or to Vss for 
Intel timing (see Table 1). The setting 
should not be changed during system 
operation. MOT is internally pulled low by 
a 30KR resistor. 

Table 1. Bus Setup 

DS, E, or 

&AD7 Multiplexed a d d r ~ d a t a  input/output 

The bq3285EQI.C bus cycle consista of two 
phases: the addresa phase and the data- 
transfer phase. The address phase precedes 
the data-transfer phase. During the address 
phase, an address placed on ADO-AD7 and 
EXTRAM is latched into the bq3285EW 
on the falling edge of the AS signal. During 
the data-transfer phase of the bus cycle, the 
ADO-AD7 pins serve as a bidirectional data 
bus. 

AS Address strobe input 

AS serves to demultiplex the addreaddata 
bus. The falling edge of AS latches the 
address on ADO-AD7 and EXTRAM. This 
demultiplexing procees is independent of the - 
CS signal. For DIP and SOIC packages 
with MOT = Vss, the AS input is provided a 
signal similar to ALE in an Intel-based sys- 
tem. 



DS Data strobe input EL 
When MOT = Vcc, DS contmle data transfer 
during a b q 3 2 8 S E m  bus cycle. During a 
read cycle, the bq3285EQL.C drivea the bue 
after the rising edge on DS. During a write 
cycle, the falling edge on DS is used to latch 
write data into the chip. 

When MOT = Vss, the DS input i s ~ v i d e d  
a signal similar to RD. MEMR, or W R  in an 
Intel-based system. The falling edge on DS 
is wed to enable the outputs during a read 
cycle. 

RN Read((cmite input BC 

When MOT = Vcc, the level on m- 
identifies the -ion of data transfer. A 
high level on IVW indicatee a read bus cycle, 
whereaa a low on this pin indicates a write 
bus cycle. 

When MOTzVss, is provided a signal 
similar to WFt, MEMW, or VOW in an In- . . 
tel-based system. The rising edge on 
latches data into the bq3285EQL.C. 

- 
CS Chip select input 

- 
CS should be driven low and held stable 
during the data-transfer phase of a bus cycle 
accessing the bq3286Ew.  

- 
INT Interrupt request output 

- 
INT is =open-drain output Thb allows 
alarm INT to be valid in battery-baca 
mode. To use this feature, connect INT 
through a rear to a power supply other 
than Vcc. INT is asserted low when any 
event flag is set and theorreaponding event 
enable bit is also set. INT becomes high-im- 
pedance whenever register C is read (see the 
ControJt3tatus Registere section). XI, X2 

32K 32768 lrHz output 

32K provides a butfered 32.768 kHz output. 
The frequency remains on and fixed at  
32.768- as long as Vcc is valid. 

EXTRAM Extended RAM enable 

Enables 128 bytes of additional nonvolatile 
SRAM. It is connected internally to a 30kR 
pull-down resistor. To access the RTC regis- 
ters, EXTRAM must be low. 

RAM clear input 

A low level on the pin c a u w  the con- 
tents of each of the 242 storage bytes to be 
set to FF'&ex). The contente of the clock 
and control registare are d e c t e d .  This 
pin should be used ae a user-interlace input 
(puehbutton to ground) and not coxmectedjd 
the output of any active component. RCL 
input ia only recognized when held low for 
at leaat 126ma in the presence of Vcc. Using 
RAM clear does not affect the bat* load. 
This pin is connected internally to a 30kR 
pull-up reeietor. 

3V backup cell input 

BC should be connected to a 3V backup cell 
for RTC operation and storage register non- 
volatility in the abeence of system power. 
When Vcc slews down past VBC (3V typical), 
the integral control &mitry switches the 
power eource to BC. When Vcc returns 
above Vm, the power source is switched to 
Vcc. 

Upon power-up, a voltage within the VBC 
range must be present on the BC pin for the 
oscillator to start UD. 

Reset input 

The bq3285EQLC is r e sawhen  is 
pulled low. When reset, INT becomes high 
impedance, and the b q 3 2 8 5 E m  is not 
accessible. Table 4 in the ControVStatus 
Registers section lib the register bita that 
are cleared by a reset. 

Reset may be disabled by connecting KT to 
Vcc. Thb allows the control bite to retain 
their states through power-d-wer-up 
cycles. 

Crystal input 

The XI, X2 inputs are provided for an exter- 
nal 32.768kHz quartz crystal, Daiwa DT-26 
or equivalent, with 6pF load capacitance. A 
trimming capacitor may be necessary for 
extremely precise time-base generation. 

In the absence of a crystal, a 32.768kHz 
waveform can be fed into the X1 input. 



Functional Description each update period (aee Figure 2). The alarm flag bit 
may also be set during the update cycle. 

Address Map The bq3285EW copies the local regiater updates into 
the user buffer accessed by the host prowasor. When a 1 
is written to the update &ansfer &bit bit (UTI) in reg- 

'The b q 3 B s E W  provides l4 bytes of 'lock and con- ister B, the user copy of the clock and calendar bytes 
tro!,'status registere and 242 bytes of general nonvolatile remaim unchanged, while the local copy of the same 
storage. Figure 1 illustrates the address map for the bytes continues to be updated every second. 
bo3285EClLC. 

Update Period 
The update-in-progreee bit (VIP) in register A is set tsuc 
time before the beginning of an update cycle (see Figure 
2). This bit is cleared and the update-complete flag (UF) - 
is set at the end of the update cycle. 

The update period for the bq3285ECX.E is one second. 
The bq3285ECLC updates the contents of the clock and 
calendar locations during the update cycle at the end of 

I I 

Control Status 
Bytes 

- 

stor.0. 
1U Regl8t.18 

Byte8 With 
1 EXTRAM - 0 

8 . o d  Alum 01 

MiIWt.8 Aluln 

Figure 1. Address Map ------- 
UIP 

UC (Update Cycle) 

t BUC 

w - 1  

Figure 2. Update Period Timing and UIP 



Programming the RTC c. Write the appropriate value to the hour for- 
mat 0 bit  

The time-of-day, alarm, and calendar bytea can be writ- 2. Write new valuee to all the time, alarm, and 
ten in either the BCD or binary format (see Table 2). calendar location@. 

These step may be followed to program the time, alarm, 3. Clear the UTI bit to allow update tramfern. 
and calendar: 

On the next update cycle, the WIY: updates all 10 bytes 
1. Modify the contents of register B: in the selected format 

a. Write a 1 to the UTI bit to prevent transfers 
between Rn: bytes and user buffer. 

b. Write the appropriate value to the data 
format (DF) bit to select BCD or binary 
format for all time, alarm, and calendar 
bytee. 

Table 2. Time, Alarm, and Calendar Formats 

Address 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

RTC Byte6 

Seconds 

Seconds alarm 

Minutes 

Minutes alarm 

Hours, 12-hour format 

Hours, %-hour format 

Hours alarm, 12-hour format 

Hours alarm, 24-hour format 

Day of week (l=Sunday) 

Day of month 

Month 

Year 

Deciml 

0-59 

0-59 

0-59 

0-59 

1-12 

0-23 

1-12 

0-23 

1-7 

1-31 

1-12 

0-99 

Range 

B i w  

OOH-3BH 

OOH-3BH 

OOHSBH 

OOH4BH 

O l H a H  AM; 
81H-8CH PM 

00H-17H 

OlH-OCH AM, 
81H-8CH PM 

00H-17H 

01H47H 

01H-1FH 

O l H X H  

00H-63H 

BinaryGodcd 
DacilMi 

I 

00H69H 

00H-59H 

00H-59H 

00H-H 

01H-12H AM; 
81H-92H PM 

00H-23H 

01H-12H AM; 
81H-92H PM 

00H-23H 

01H47H 

01H31H 

01H-12H 

00H-99H 



32kHz Output 

The bq3285ECZ.C provides for a 32.768 kHz output. For 
the bq3285EC, the output is always active whenever Vcc 
is valid (Vpm + ~CSR). The bq3285EC output is not af- 
fected by the bit settings in Register A. Time-keeping 
aspects, however, still require setting OSO-OS2. The 
bq3285LC output is active when the oscillator is turned 
on by setting the OSCO-OSC2 bits in Register A. 

Each of the three interrupt events is enabled by an 
individual interrupt-enable bit in register B. When an 
event occurs, its event flag bit in register C is set. If the 
corresponding event enable bit is a h  set, then an inter- 
rupt request ie generated. The interrupt request flag bit 
(INTF) of register C ie set with every interrupt request. 
Reading re&r C c l ew all flag bits, including INTF, 
and makes INT high-impedance. 

Two methods can be used to process bq3285ECU inter- 
rupt events: 

Interrupts Enable interrupt events and use the interrupt request 
output to invoke an interrupt service routine. 

The bq3285ECZ.C allows three individually selected in- 
t e m p t  events to generate an intempt request. These . DO not enable the intempts and use a polling routine 
three interrupt events are: to periodically check the status of the flag bits. . The periodic intempt, programmable to occur once The individual interrupt s o n s  are described in detail 

every 1 2 2 ~ s  to 500111s. in the following sections. 

The alarm interrupt, programmable to occur once per 
second to once per day, is active in battery-backup 
mode, providing a 'wake-up' feature. 

The update-ended interrupt, which occurs at the end 
of each update cycle. 

Table 3. Periodic lnterrupt Rate 

Register A Bits 

0 

Periodic Interrupt 

RSO 

0 

Period 

None 

1 

Units OSC2 

0 

OSCO 

0 

OSC1 

1 

1 

RS3 

0 

X 

RS2 

0 

X 

RS1 

0 

X X 
same ae above defined 

by RS3-RSO 



Periodic lnterrupt 
If the periodic interrupt event is enabled by writing a 1 
to the periodic interrupt enable bit PIE) in register C, an 
interrupt request is generated once every 1 2 2 ~ s  to 
500ms. The period between interrupts is selected with 
bite RS3-RSO in register A (see Table 3). 

Alarm lnterrupt 
The alarm interrupt is active in battery-backup mode, 
providing a "wake-up" capability. During each update 
cycle, the Rn: compares the hours, minutes, and seconds 
bytes with the three corresponding alarm bytes. If a 
match of all bytes is found, the alarm interrupt event 
flag bit, AF in register C, is set to 1. If the alarm event is 
enabled, an interrupt request is generated. 

An alarm byte may be removed from the comparison by 
setting it to a 'don't care" state. An alarm byte is set to a 
'don't care' state by writing a 1 to each of its two most- 
significant bits. A 'don't care' state may be used to 
select the frequency of alarm interrupt events as follows: 

m If none of the three alarm bytes is 'don't care,' the 
frequency is once per day, when hours, minutes, and 
seconds match. 

If only the hour alarm byte is "don't care," the 
frequency is once per hour, when minutee and seconds 
match. 

If only the hour and minute alarm bytes are 'don't 
care," the frequency is once per minute, when seconds 
match. 

If the hour, minute, and second alarm bytes are 'don't 
care,' the frequency is once per second. 

Update Cycle lnterrupt 
The update cycle ended flag bit in register C ie set to a 
1 at the end of an update cycle. If the update interrupt 
enable bit (WE) of rq&m B is 1, and the update transfer 
U i t b i t ( U T I ) i n ~ ~ B i s O , t h e n a n m t a r u p t r e q u e e t  
is generated at the end of each update cycle. 

Accessing RTC bytes 
The EXTRAM pin must be low to accese the RTC re@- 
tere. Time and calendar bytes read during an update 
cycle may be in error. Three methode to accees the time 
and calendar bytes without a m b i i t y  are: 

Enable the update interrupt event to generate 
interrupt requests at the end of the update cycle. The 
intempt handler has a maximum of 999me to acceas 
the clock bytes before the next update cycle begins 
(see Figure 3). 

Poll the update-in-progreee bit (UIP) in regiater A. If 
UIP = 0, the polling routine has a minimum of t ~ u c  
time to acceas the clock bytee (see Figure 3). 

Uae the periodic intemupt event to generate interrupt 
requests every   PI time, such that UIP = 1 always 
occurs between the periodic interrupts. The interrupt 
handler  ha^ a minimum of t ~ 4 2  + tsuc time to accees 
the clock bytes (see Figure 3). P 

Oscillator Control 

When power is first applied to the bq3285L.C and Vcc is 
above V m ,  the internal oscillator and frequency divider 
are turned on by writing a 010 pattern to bits 4 through 
6 of register A. A pattern of 11X turns the oscillator on 
but keeps the frequency divider disabled. Any other pat- 
tern to these bits keep the oecillator off, A pattern of 
010 must be set for the b q 3 2 8 6 E m  to keep time in 
battery backup mode. 

Figure 3. UpdateEnded/Periodic lnterrupt Relationship 

b- 1 rec 1 

~u ly  19~6 7/24 

UP 1 
p- (tm)12 * (tm)/2 - tats 4 icct- 

PF UII un u n I u11 

UF 

ICI 



Notes: na = not affected. 

1. Except bit 7. 
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Power-Down/Power-Up Cycle m Time-keeping 

Register A provides: 
The bq3285EC and bq3285LC power-uhwer-down cy- 
cles are different. The bq3285LC continuouely monitora 8 Stat- of the update cycle. 
V m  for out-of-tolerance. During a power failure, when 
Vcc falls below VPFD (2.53V typical), the bq3285L.C wr i te  RSO-RS3 - Frqucncy &Iect 
protects the clock and storage re&rs. The power source 
is switched to BC when Vcc is less than VPFLI and BC is 
greater than V m ,  or when Vcc ia leaa than VBC and VBC 
is less than Vpm. RTC operation and storage data are 
sustained by a valid backup energy source. When Vcc is bib the periodic hmpt es in 
above V m ,  the power source ia Vcc. Write-protedion con- T&L 3. 
tinues for tcm time after Vcc risea above V m .  

The bq3285EC continuously monitors Vcc for out-of-tol- OSO-OS2 - Oscillator Contrd 

erance. During a power failure, when Vcc falls below - - -  - 

Vpm (4.17V typical), the bq328SEC write-protecte the 
clock and storage registers. When Vcc is below VBC (3V 
typical), the power source is switched to BC. RTC opera- 
tion and storage data are sustained by a valid backup These three contml the state of the oscillator and 
energy source. When Vcc is above VBC, the power source divider stages. A pattern of 010 or 011 enables RTC is Vcc. Write-protection continues for t c s ~  time after Vcc by turning on the oecillator and enabling the 
rises above VPFD. frequency divider. This pattern must be set to turn the 

oscillator on for the bq3285LC and to ensure that the 
C ~ n t r ~ l / S t a t ~ ~  Registers bq3285EW will keep time in battery-backup mode. A 

pattern of 11X turns the oscillator on, but keeps the fre- 
The four control/status registers of the bq3285EWL.C are quency divider dieabled. When 010 is h t h ,  the 
accessible regardless of the status of the update cycle begina its first update after 500ms. 
(see Table 4). 

UIP - Update Cyck Status 
Register A 

Reaister A Bits 
7 6 5 4 3 2 1 0  
UIP / 0S2 / OS1 ( OSO ( RS3 I RS2 1 I RSO 

This read-only bit ia set prior to the update cycle. When 
UIP equals 1, an RTC update cycle may be in progress. 

Register A program: UIP is cleared at the end of each update cycle. This bit ia 
also cleared when the update transfer inhibit 0 bit in 

The frequency of the periodic event rate. register B is 1. 

Oscillator operation. 

Table 4. Control/Status Registers 



Register B UIE - Update Cycle Interrupt Enable 

Rwlster B Bits 
7 / 6 / 5 1 4 1  3 / 2 1 1 I O  

UTI ] PIE / AIE 1 UIE ] - 1 DF ] HF ] DSE _ 

Register B enables: 

Update cycle transfer operation 

8 Interrupt events 

Daylight saving adjustment 

Register B selects: 

Clock and calendar data formats 

All bits of register B are r e a M t e .  

Bit 3 - Unused Bit. 

DSE -Daylight Saving Enable 

7 / 6 ] 5 ( 4 ]  3 / 2 / 1 ] 0  
1 - / DSE 

This bit enables an interrupt request due to an update 
ended interrupt event: 

1 = Enabled 

0 = Disabled 

The UIE bit is automatically cleared when the UTI bit 
equals 1. 

AIE - Alarm Interrupt Enable 

This bit enables an interrupt request due to an alarm 
interrupt event: 

1 = Enabled 

0 = Disabled 

This bit enables daylight-saving time adjustments when PIE - Periodic lnterrupt EnaMe 
written to 1: 

On the last Sunday in October, the f i t  time the 
ba3285ECLC increments ~ a s t  15959 AM, the time 

This bit selects the time-of-day and alarm hour format: 

1 = 24-hour format 

0 = 12-hour format This bit inhibits the transfer of Rn= bytes to the user 
buffer: 

fails back 1:00:00 AM. - 
This bit enables an interrupt request due to a periodic 

On the f i t  Sunday in April, the time springs forward intempt event: 
from 2:00:00 AM to 3:00:00 AM. 

1 = Enabled 
HF - Hour Format 

0 = Disabled 
7 1 6 / 5 / 4 )  3 / 2 / 1 / 0  

1 - I H F )  - 

This bit selects the numeric format in which the time, 
alarm, and calendar bytes are represented: 

1 = Binary 

0 = BCD 

UTI - Update Transfer Inhibit 

DF - Data Format 1 = Inhibits transfer and clears UIE 

July 1% 0124 

7 / 6 / 5 1 4 1  3 / 2 / 1 / 0  
( - / D F I  - 1 - 

0 = Allows tranefer 



Register C 
Reaister C Bits 

7 1 6 1 5 1 4 1  3 / 2 / 1 / 0  
r 

I N T F / P F / A F ] L J F  o I - I o I o 
Register C is the read-only event status register. 

Bits O,1,2,3 - Unused Bits 

These bits are always set to 0. 

UF - Update Event Flag 

This bit is set to a 1 at the end of the update cycle. 
Reading register C clears this bit. 

AF - Alarm Event Flag 

Register D 

Reaister D Bits 
7 1 6 1 5 1 4 1  3 / 2 1 1 1 0  

v R T ( o l o I o /  o I O l O I o  

Register D is the read-only data integrity status register. 

Bits 0-0 - Unuwd Bits 

These bits are always set to 0. 

1 = Valid backup energy source 

VRT -Valid RAM and Time 

0 = Backup energy source is depleted 

- 7  
VRT 

When the backup energy source is depleted (VRT = O), 
data integrity of the RTC and storage registera is not 
guaranteed. 

6 1 5 1 4 1  3 1 2 1 1 I O  
- I - /  ] - I - / -  

This bit is set to a 1 when an alarm event occurs. 
Reading register C clears this bit. 

PF - Periodic Event Flag 

This bit is set to a 1 every tpr time, where tpr is the time 
period selected by the settings of RSO-RS3 in register A. 
Reading register C clears this bit. 

INTF - interrupt Request Flag 

This flag is set to a 1 when any of the following is true: 

A I E = l a n d A F = l  

P I E = l a n d P F = l  

U I E = l a n d U F = l  

Reading register C clears this bit. 



Absolute Maximum Ratings-bq3285EC 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be l i i t e d  to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Absolute Maximum Ratings-bq3285LC 

Conditions 

VT 5 vw + 0.3 

Commercial 

For 10 seconds 

SYrnbd 

Vcc 

VT 

Tom 

Tsn: 

nus 

T~~LDER 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 
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Unit 

V 

v 

OC 

"C 

"C 

"C 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Symbol 

Vcc 

VT 

Tom 

T m  

TSOLDER 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-55 to +I25 

-40 ta +85 

260 

Unit 

V 

V 

OC 

"C 

OC 

"C 

Perarneter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Conditions 

V T S V C C + O . ~  

Commercial 

For lOseconde 

Value 

-0.3 to 7.0 

, -0.3 to 7.0 

0 to +70 

-55 to +I25 

4 to +85 

260 



Recommended DC Operating Conditions-bq3285EC FA - TOPR) 

Note: Typical values indicate operation at TA = 25OC. 

VSS 

VIL 

VIH 

VBC 

Recommended DC Operating Conditions-bq3285LC FA = TOPR) 

Maximum 

5.5 

Symbol 

Vcc 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Note: Typical values indicate operation at TA = 25OC. 

Unit 

V 

Minimum 

4.5 

Parameter 

Supply voltage 

T ~ p i w l  

5.0 

0 

-0.3 

2.2 

2.4 

12/24 July 1996 

Maximum 

5.5 

0 

0.6 

Vcc + 0.3 

4.0 

Symbol 

Vcc 

Vss 

VIL 

VIH 

VBC 

Crystal Specifications--bq3285EC/LC (DT-26 or Equivalent) 

0 

Unit 

V 

V 

V 

V 

V 

Minimum 

2.7 

0 

-0.3 

2.2 

2.4 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Typical 

3.0 

0 

Unit 
- 

kHz 

PF 
OC 

ppWC 

KQ 

PF 

IJW 

PPm 

0 

0.8 

Vcc + 0.3 

4.0 

Maximum 

30 

-0.042 

45 

1.8 

600 

1 

V 

V 

V 

V 

Typical 

32.768 

6 

25 

70,000 

1.1 

430 

1 

Minimum 

20 

40,000 

Symbol 

fo 
CL 

Tp 

k 

Q 
R1 

co 

CdCl 

DL 

AVfo 

Parameter 

Oscillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resistance 

Shunt capacitance 

Capacitance ratio 

Drive level 

Aging (first year at 25OC) 



DC Electrical Characteristics-bq3285EC (TA - TOPR, vcc = 5v +-OH H ~ B  10%) 

Symbd 

1x3 

Im 

VOH 

VOL 

Icc 

ICCSB 

VSO 

ICCB 

V ~ P D  

IRCL 

IMan 

IxTFlAM 

Note: 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating eupply current 

Standby supply current 

Supply switch-over voltage 

Battery operation current 

Power-fail-detect voltage 

Input current when EL = Vss. 

Input current when MOT = Vcc 

Input current when MOT = Vss 

Input current when EXTRAM = 
Vcc 

Input current when EXTRAM = 
Vss 

Typical values indicate operation at 

Minimum 

2.4 

4.0 

TA = 25OC, 

Typical 

7 

300 

VBC 

0.3 

4.17 

Vcc = 5V or 

Maximum 

* 1 

* 1 

0.4 

15 

0.5 

4.35 

185 

-185 

0 

-185 

0 

VBC = 3V. 

Unit 

pA 

pA 

V 

V 

mA 

pA 

V 

pA 

V 

pA 

pA 

pA 

pA 

pA 

CdltionslrJote8 

Vm=VsstQVcc 

ADO-AD7 and in 
high impedance, 
vovr=vsstovcc 

IOH = -2.0 mA 
- 

IOL = 4.OmA 

Min. cycle, duty = loo%, 
IOH = OmA, IOL = Ormi  

V m  = Vss ur Vcc, 
CS 2 Vcc - 0.2 

VBC = 3V. TA = 25OC 

Internal30Kpull-up 

Internal 30K pull-down 

Internal 30K pull-down 

Internal 30K pull-down 

Internal 30K pull-down 



DC Electrical Characteristics-bq3285LC FA = TOPR, vcc = 3v) 

VOL Output low voltage 0.4 V IOL= 2.0 mA 
I 1 ! I I 

VOH 

lIccsB /Bandby supply current 

Unit 

pi4 

pA 

Output high voltage 

ICC 

l l m 3 )  I - I PA j VIN ~ % L v ~ c - o . ~  = VSS or VCC, 

ConditionslNotes 

V ~ ~ = V s s t o V c c  

ADO-AD7 and in high 
impedance, 
v o w  = vss to vcc  

~ ~ ~ i c a l '  Minimum Symbol Maximum 

* 1 

i 1 

Parameter 

2.2 

I 

Operating supply current 

= 3V, TA = 25OC, 
iIccB /Battery owration current 1 - 1 0.3 1 0.5 1 PA 1 ; ~  <Vw 1 

IU 

ILO 

Input leakage current 

Output leakage current 

V 

52 

I 

IoH=-1.OmA 

VPFD 

VBC 
vso  

VPFD 

9 

Supply switch-over voltage 

IRCL 

1 /input current when MOT=Vss / - 1 - ( 0 / PA (Internal 30K~ull-down I 

Mi. cycle, duty = lWh, 
IOH = O ~ A ,  IOL = OmA 

V 

v 

I I I I I I 

Power-fail-detect voltage 

Input current when MOT = Vcc 

V=>VFTD 

v B c < v m  

Input current when WL = Vss. 

- - - -- - - - - - - 

Note: 1. Typical values indicate operation at TA = 25'C, Vcc = 3V. 

2. 7mA at Vcc = 5V 

3. 300pA at Vcc = 5V 

2.4 

I I I I I 

-120 

IxTFtAM 

14124 July 1% 

158  

120 

2.53 

pA 

Input current when EXTRAM = 
Vcc 

Input current when EXTRAh4 = 
VSS 

pA 

Internal 30K pull-down 

2.65 

Internal 30K pull-up 1 

- 1 -  

V 

-120 

0 

pA 

pA 

Internal 30K pull-down 

Internal 30K pull-down 



AC Test Conditions-bq3285EC 

Capacitance--bq3285EClLC VA = 2s0c, F = IMHZ, vcc = 5.0~1 
r 

Symbol 

CYO 

Cm 

For all OIJ~PIJ&~ f: 
except INT 

510Q 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

- - - 

Figure 4. Output Load--bq3285EC 

Note: This parameter is sampled and not 1 W o  tested. It does not include the X1 or X2 pin. 

Parameter 

InpuVoutput capacitance 

Input capacitance 

Test Conditions 

0 to 3.0 V 

Sns 

1.5 V (unless otherwise specified) 

See Figures 4 and 5 

Figure 5. Output Load--bq3285EC 

Minimum Typical Unit 

pF 

pF 

Maximum 

7 

5 

Conditions 

Vow= OV 

VIN = OV 



AC Test Conditions-bq3285LC 
Parameter 

Input pulse levels 

Input rise and fall t i e s  

Note: 1. For 5V timing, please refer to bq3285EC. 

Test Conditions 

0 to 2.3 V, vcc = 3v1 

6m 

Input and output timing reference levels 

Output load (including m p e  and jig) 

Figure 6. Output Load-bq3285LC 

I 

1.2 V (unless otherwise specified) 

See Figuree 6 and 7 

Figure 7. Output Load B-bq3285LC 
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ReadlWrite Timing-bq3285EC FA - TOPR, vcc - 5v * 10%) 

S P ~  

tCYc 

t m ~  

t m ~  

~ R W H  

t ~ w s  

tcs 

t c ~  

~ D H R  

~ D H W  

t AS 

 AH 

t ~ ~ s  

t ~ s w  

tAsD 

t ~ w  

tsuc 

 PI 

tuc / 

Parameter 

Cycle time 

DS low or high time 

DS high or low time 

rn hold time 

m e e t u p t i m e  

Chip select setup time 

Chip select hold time 

Read data hold time 

Write data hold time 

Addreee setup time 

Address hold time 

Delay time, DS to AS rise 

Pulse width, AS high 

Delay time, AS to DS rise 
fall) 

OUtpUt data delay time from DS rise 
(RD fall) 

Write data setup time 

Delay time before update cycle 

Periodic interrupt time interval 

Time of u ~ d a t e  cvcle 

Minimum 

160 

80 

55 

0 

10 ~ ~ ~ ~ - ~ .  

5 

0 

0 

0 

20 

5 

10 

30 

35 

30 

Typlcal 

244 

j-y?pp 1 

Maximum 

25 

50 

Unit 

ns 

ns 

ns 

ne 

rn 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

PS 

US 

Notes 

See Table 3 



Read/Write Timing-bq3285LC (TA = TOPR, vcc = 3v t 10%) 

Notes 
J 

ns 

ne 

t m ~  

t m ~  

Unft 

ns 

t ~ m  

t ~ w s  

tcs 

t c ~  

~ D H R  

~ D H W  

t AS 

 AH 

t ~ ~ s  

t ~ s w  

t ~ s ~  

~ Q D  

~ D W  

~ B U C  

 PI 

tuc 

Maximum 

DS low or -- high time -- 
DS high or RQWR low time 

ne 

ne 

ns 

ns 

ns 

ne 

ne 

ne 

ne 

ns 

ne 

ns 

ns 

PS 

US 

Typical 

135 

90 

See Table 3 

hold time 

IVW setup time 

Chip select setup time 

Chip select hold time 

b a d  data hold time 

Write data hold time 

Address setup time 

Address hold t i e  

Delay time, DS to AS rise 

Pulse width, AS high 

Delay time, AS to DS rise fall) 

Output data delay time from DS rise 
(RD fall) 

Write data setup t i e  

Delay time before update cycle 

Periodic interrupt time interval 

Time of update cycle 

Minimum 

270 

Symbol 

tcyc 

Parameter 

Cycle time 

0 

15 

8 

0 

0 

0 

30 

15 

15 

50 

55 

50 

244 

1 

40 

100 



Motorola Bus ReadIWrite Timing bq3285EClLC 

RWS 

I 

AD, -AD7 
(WRITE1 

I 

AD, -AD7 
IREAD) 

July 1996 19/24 
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lntel Bus Read Timing bq3285EClLC 

AS (ALE) J--. 

lntel Bus Write Timing bq3285EClLC 
I. t c y c  ~-------q 

AS (ALE) s 
+ ~ D A S  4- t Asw =i 

DS 6) f 

W C d  

July 1996 20124 

~ A Q D  A 

4 DSL - ~ O S H  - 
RIG (WR) f b 



Power-Down/Power-Up Timing bq3285EC 

Power-Down/Power-Up Timing-bq3285EC FA - TOPR) 

Condition8 

Internal write-protection 
period after Vcc paeeee V m  
on power-up. 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Minimum 

900 

100 

20 

Symbol 

t~ - 
t~ 

t c s ~  

Unit 

Ir 0 

Ira 

me 

Typicai Panmeter 

Vcc slew from 4.6V to OV 

Vcc slew from OV to 4.6V 

- 
CS at VIH after power-up 

Maximum 

200 



Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-Up Timing bq3285LC 

Conditions 

Internal write-protection 
period after Vcc paaees VPFD 
on power-up. 

"cc 

Unit 

Ps 

Ps 

ma 

- 
INT 
(Alarm) 

Typical Minimum 

300 

100 

20 

Symbd 

t~ 

t~ 

t ~ s ~  

Maximum 

200 

Parameter 

Vcc slew from 2.W to OV 

VCC slew from OV to 2.W 

- 
CS at VIH after power-up 



lnterrupt Delay Timing-bq3285EClLC VA = TOPR) 

lnterrupt Delay Timing bq3285EClLC 

Symbol 

t ~ s w  

~ I R R  

~ I R D  

RD (Intel) 

DS (Mot) 

- 
RST 

Parameter 

Reset pulse width 
- 
INT release from 
- 
INT release from DS 

- 
INT 

July 1996 23/24 

5-67 

Minimum 

5 

Typical Maximum 

2 

2 

Unit 

PS 

Ps 

Pa 



Ordering Information 

L Temperature: 
blank = Commercial (0 to +70°C) 

Package Option: 
S = %-pin SOIC (0.300) 
SS= %-pin SSOP (0.150) 

Device: 
bq3285EC Real-Time Clock with 242 

bytes of general storage 
or 
bq3285LC Real-Time Clock with 242 

byte of general storage 
(3V operation) 

2424 July I S M  

5-68 



bq3287lbq3287A 
Real-Time Clock (RTC) Module 

Features 
Direct clock/calendar 
replacement for 1~h4@ 
AT-compatible computers and 
other applications 

Functionally compatible with the 
DS1287/DS1287A and 
MC146818A 

114 bytea of general nonvolatile 
storage 

> Integral lithium cell and crystal 

> 160 ns cycle time allows faat bus 
operation 

> Selectable Intel or Motorola bus 
timing 

> 14 bytes for clocWcalendar and 
control 

BCD or binary format for clock 
and calendar data 

Time of day in seconds, minutes, 
and hours 
- 12- or 24-hour format 
- Optional daylight saving 

adjustment 

> Calendar in day of the week, day 
of the month, months, and years 
with automatic leap-year 
adjustment 

Programmable square wave 
output 

Three individually maekable 
interrupt event flags: 
- Periodic rates from 122 ps to 
500ms 

- Time-of-day alarm once per 
second to once per day 

- End-of-clock update cycle 

Better than one minute per 
month clock accuracy 

General Description 
The CMOS bq3287/bq3287A is a low- 
power microprocessor peripheral 
providing a time-of-day clock and 
100-year calendar with alarm 
features and battery operation. 
Other features include three 
maskable interrupt sourcee, square- 
wave output, and 114 bytes of 
general nonvolatile storage. The 
bq3287A version is identical ta the 

bq3287, with the addition of the 
RAM clear input. 

The bq3287 is a fully compatible 
real-time clock for IBM AT-compat- 
ible computers and other applica- 
tions. The bq3287 write-protecta the 
clock, calendar, and storage registera 
during power failure. The integral 
backup energy source then main- 
tains data and operates the clock 
and calendar. 

As shipped from Benchmarq, the 
real time clock is turned off to maxi- 
mize battery capacity for in-system 
operation. 

The bq3287 is functionally equiva- 
lent ta the bq3285, except that the 
battery (16, 20) and crystal (2, 3) 
pins are not accessible. These pins 
are connected internally to a coin cell 
and quartz crystal. The coin cell is 
sized to provide 10 years of data re- 
tention and clock operation in the 
absence of power. For a complete 

P 
description of features, operating 
conditions, electrical characteristics. 
bus timing, and pin descriptions, 
the bq3285 data sheet. 

Pin Connections Pin Names 

24-Pin DIP Module I 

- 
ADO-AD7 Multiplexed ad&ss/data RST Reset input 

inpuvoutput 
SQW Square wave output 

MOT Bus type select input 
- NC No connect 
CS Chip select input 

EL RAM clear input 
AS Address strobe input (bq3287A only) 

DS Data strobe input Vcc +5V supply 

RN Reaawrite input Vss Ground 

ii@ Intermpt request output 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Absolute Maximum Ratings 

Note: Typical values indicate operation at TA = 25OC. 

Conditions 

VT S VCC + 0.3 

Commercial 

E~tmded'I' 

Commercial 

Extended'I' 

Commercial 

Extended 'I' 

For 10 seconds 

Recommended DC Operating Conditions (TA - TOPR) 

Unit 

V 

V 

"C 

"C 

"C 

"C 

"C 

"C 

"C 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-20 to +70 

40 to +70 

40 to +70 

-10 to +70 

-20 to +70 

260 

Symbol 

Vcc 

VT 

Tom 

Ts= 

TBw 

T~OLDER 

DC Electrical Characteristics FA = TOPR, vcc = 5v * 10%) 

Parameter 

DC voltage applied on Vcc relative to Vss 

M: voltage applied on any pin excluding Vcc 
relative to Vss 

Operatiw temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

Typical 

5.0 

0 

Unit 

V 

V 

V 

V 

Minimum 

4.5 

0 

-0.3 

2.2 

Symbol 

Vcc 

Vss 

VIL 

v m  

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Unit 

PA 

V 

V 

mA 

V 

V 

'* 
'A 

Maximum 

i 1 

i 1 

0.4 

15 

4.35 

185 

- 185 

Conditionsplotes 

VIN = VSS to VCC 

ADO-A&, and SQW 
in high impedance 

IoH=-1.0mA 

101, = 4.OmA 

Min. cycle, duty = lWo, 
IOH = OmA, IOL = OmA 

Internal 30K pull-up 
(bq3287A only) 

Internal 30K pull-down 

Symbol 

ILI 

Im 

VOH 

VOL 

Icc 

Vso 

VPFD 

IRCL 

I M ~  

Minimum 

2.4 

4.0 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating supply current 

Supply switch-over voltage 

Power-fail-detect voltage 

Input current when EL = Vss 

Input current when MOT = Vcc 

Typical 

7 

3.0 

4.17 



Power-Down/Power-Up Timing FA - TOPR) 

Symbd 

t~ 

t~ 

~CSR 

Note: Clock accuracy ia better than * 1 minute per month at 25OC for the period of ~ D R  

Vcc slew from OV to 4.5V 

tDR 

Caution: Negative underetmots below the absolute maximum rating of 0.3V in battery-backup mode 
may affect data integrity. 

Parameter 1 Minimum 

- 
CS at VIH after power-UP 

Power-Down/Power-Up Timing 

Typicd 

Vcc slew from 4.5V to OV 

100 

Data-retention and 
timekeeping time 

300 

Ira 

20 

Maximum 

10 

200 

Unit 

PS 

y m  

Condftioncl 

me 

TA = 25OC. 

Internal write-protection 
period after Vcc pasees VPFD 
on power-up. 



Data 

is e l e ~ ~ y  isolated frcan the memay. ' 
1 2  I ~~:~~sshippedfrcanBenchmarq, thebackup is /clarification 

- Sheet Revision History 

Note: Change 1 = Nov. 1992 B changes from June 1991 A. 
Change 2 = Nov. 1995 C changes from Nov. 1992 B. 
Change 3 = Sept. 1996 D changes from Nov. 1995 C 

Nature of Change 

Clarification 

Was 4.1 min, 4.25 max; 
is 4.0 min, 4.35 mas 

1 

2 

3 

Ordering Information 

Description 

Address strobe input 

Power-fail detect voltage VPFD 

Was : "As shipped fmm Benchmarq, the cell 

Change No. 

1 

1 

'Temperature: 
blank = Commercial (0 to +70°C) 
I = Extended* (-20 to +70°C) 

Page No. 

1 

2 

2j 

2 

Package Option: 
MT = T-type module 

RAM Clear Option: 
A = RAM clear on pin 21 
no mark = No connect on pin 21 

Device: 
bq3287 Real-Time Clock Module 

elect&d$-hlated from the active ' 

Changed temperature from N -40 to 
+85"C) to I (extended, -20 to +70°C) 

IRCL max. was 275; is now 185. Pull-up = 30K 
I M ~  m a  was -275; is now -1%. ~ l l - d o w n  = SM( 

'Contact factory for availability. 

Specification change 

Changed valuer 



bq3287EIbq3287EA 
Real-Time Clock (RTC) Module 

Features 
Direct clocIs/calendar 
replacement for I B ~  
ATcompatible computere and 
other applicatiom 

Functionally compatible with the 
~ 9 1 2 8 7 / D ~ 1 2 8 7 ~  and 
MC1468184/MC146818B 

242 bytea of general nonvolatile 
w e  

Rwides a 3 2 . 7 6 8 ~  o u t p s o r  
power management 

System wake-up capability- 
alarm interrupt active in 
battery-backup mode 

Integral lithium cell and crystal 

160 ne cycle time allows fast bus 
operation 

14 bytes for clocl&alendar and 
control 

Time of day in eeconde, minutes, 
and hours - 12- or 24-hour format 
- Optional daylight saving 

adjustment 

Calendar in day of the week, day 
of the month, months, and years 
with automatic leap-year 
adjustment 

Programmable square wave 
output 

Three individually maskable 
interrupt event flags: - Periodic rates from 122 ps to 
500 ma 

- Time-of-day alarm once par 
second to once per day - End-of-clock update cycle 

Better than one minute per 
month clock accuracy 

General Description 
The CMOS bq3287-3287EA ia a 
low-power microproceaaor peripheral 
providing a time-of-day clock and 
100-year calendar with alarm 
features and battery operation. 
Other features include three 
madcable interrupt sources, square- 
wave output, and 242 bytes of 
general nonvolatile storage. A 
32.768kHz output ie available for 
sustaining power-management 
activities. Wake-up capability is 
provided by an alarm intenupt, which 

Pin Names 

is active in battery-backup mode. 
The bq3287EA varsion is identical to 
the bq3287E, with the addition of the 
RAM clear input. 

The bq3287E is a fully compatible real- 
time clock fcr IBM ATcampekible m- 
putere and other appliiatiom. The 
bqS87E write-- tbe cbck, calen- 
dar, and atmum rsgi&ere d- pawer 
failure. The integral backup energy 
aaurce then maintab data and oper- 
ates the clock and calendar. 

As shipped from Benchmarq, the 
real time clock is turned off to 
maximize battery capacity for in-sys- 
tem operation. 

The bq3287E ia functionally equiva- 
lent to the bq328SE, except the bat- 
tery (16,201 and @ pine (23) are 
not acceeeible. These pine are con- 
nected internally to a coin cell and 
quartz crystal. The coin cell ia sized 
to provide 10  year^ of data retention 
and clock operation in the absance of 
power. For a complete description of 
features, operating conditions, elec- 
trical characteristics, bus timing, 
and pin descriptions, see the  
bq3285E data sheet. 

Pin Connections 

ADO-AD7 Multiplex address/data 
- 
RST Reset input 

input/output 
SQW Square wave output 

EXTRAM Extended RAM enable 
Chip select input 

NC No connect 
Address strobe input - 

RCL RAM clear input 
Data strobe input (bq3287EA only) 

Reaqwrite input Vcc +5V supply 

Intermpt request output Vss Ground 
24-Pin DIP Module ,, 



bq3287EIbq3287EA 

Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are egceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may &ect device reliability. 

Recommended DC Operating Conditions FA - TOPR) 

Conditions 

VT S Vcc + 0.3 

Commercial 

Commercial 

Commercial 

For 10 seconds 

DC Electrical Characteristics FA = TOPR, vcc = sv i 10%) 

Unit 

V 

V 

"C 

"C 

"C 

"C 

Svmbol 

Vcc 
Vss 
V n  
VIH 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-40 to +70 

-10 to +70 

260 

Symbol 

VCC 

VT 

 top^ 

TSTG 

T B ~  

TSOLDER 

Note: Typical values indicate operation at TA = 25'C, Vcc = 5V. 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vsa 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Note: Typical values indicate operation at TA = 25°C. 

Parameter 

Supply voltage 
Supply voltage 
Input low voltage 

Input high voltage 

Minimum 

4.5 

0 
-0.3 

2.2 

Maximum 
* 1 

t 1 

0.4 

15 

4.35 

185 

-185 

-185 

Unit 

pA 

V 

V 

mA 

V 
V 

pA 

pA 

Svmbd 

ILI 

Iu, 

. VOH 

VOL 

Icc 
Vso 
VPFD 

IRCL 

IMOTH 

ConditionslNotes 

VIN = Vss to Vcc 

A D O - 0 ,  and SQW 
in high impedance 

Io~=-l .OrnA 

IOL= 4.0 mA 
Min. cycle, duty = lWh, 
IOH = OmA, IOL = OrnA 

Internal 30K pull-up 
(bq3287EA only) 
Internal 30K pull-down 

Internal 30K pull-down 

Tvpical 

5.0 

0 

Parameter 
Input leakage current 

Output leakage current 

Output high voltage 
Output low voltage 

Operating supply current 
Supply switch-over voltage 
Power-fail-detect voltage 

Input current when m L  = Vss 

Input current when MOT = Vcc 

Input current when 
EXTRAM = Vcc 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

Minimum 

2.4 

4.0 

Unit 

V 

V 
V 
V 

Typical 

7 

3.0 

4.17 



Power-Down/Power-Up Timing (TA - TOPR) 

Symbol 

t~ 

t~ 

t c s ~  

Note: Clock accuracy is better than 1 minute per month at 25OC for the period of  DR. 

Parameter 

Vcc slew from 4.5V to OV 

Vcc slew from OV to 4.5V 

Internal write-protection 
at Vm after power-up period after Vcc pasees V m  

on ~ower-UP. 

Data-retention and 
tDR I timekeeping time 

Caution: Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-Up Timing 

Minimum 

300 

100 

10 TA =25OC. 

Typical Maximum Unit 

PS 

Pa 

Condition8 



Data Sheet Revision History 

1 1- - 
8 /Register C, bit 2 1 WRE 0; is na (not attected) 

ChangeNo. I Page No. 1 M p t i o n  Nature of Change 

Note: Change 1 = Apr. 1994 B Tirial' changes from Dec. 1993 A "Preliminary.' 
Change 2 = Sept. 1996 C changes from April 1994 B. 

2 

2 

Ordering Information 

/ / I  Temperature: 
blank = Commercial (0 to +70°C) 

2 

2 

L - c u e  option: 
Ivll" = T-type module 

RAM Clear Option: 
A = RAM clear on pin 21 
no mark = No connect on pin 21 

IRCL max. wae 275; is now 185. Pull-down = 30K. 

1- max. was -75; is now -186. 

- Device: 
bq3287E Real-Time Clock Module 

Value change 

Value change 



bq4285 
Real-Time Clodc (RTC) With NVRAM Control 

Features Calendar in day of the week, day General Description 
Direct clocWcalendar of the month, months, and years, 

replacement for IBM? with automatic leap-year The CMOS bq4285 ie a low-power 
adjustment micmproceeeor peripheral providing AT-compatible computers and a time-of-day clock and 100-year other applications Time of day in seconds, minutes, calendar with al- features and bat- . . 

Functionally compatible with the and hours tery operation. 0th- features include 
DS1285 - 12- or 24-hour format three maskable interrupt sources, 
- Closely matches MC146818A - Optional daylight saving square wave output, and 114 bytes of 

pin configuration adjustment general nonvolatile starage. 

114 bytes of general nonvolatile 
storage 

> Automatic backup and 
write-protect control to external 
SRAM 

160 ns cycle time allows fast bus 
operation 

Selectable Intel or Motorola bus 
timing (PLCC), Intel bus timing 
(DIP and SOIC) 

Less than 0.5 pA load under 
battery operation 

14 bytes for clocwcalendar and 
control 

BCD or binary format for clock 
and calendar data 

> Programmable square wave 
output 

Three individually maskable 
interrupt event flags: - Periodic rates from 122 ps to 

mms 
- Time-of-day alarm once per 

second to once per day 
- End-of-clock update cycle 

> 24-pin plastic DIP or SOIC and 
28-pin PLCC 

The bq4285 write-protecte the clock, 
calendar, and storage registers 
during power failure. A backup bat- 
tery then maintains data and 
operatee the clock and calendar. 

The bq4285 is a fully compatible real- 
time clock for IBM AT-wmpatible m- 
putera and other applications. The only 
d m a l  components are a 32.768kH.z 
crystal and a backup battery. 

The bq4285 integrates a battery- 
backup controller to make a standard 
CMOS SRAM nonvolatile during 
power-fail conditions. During power- 
fail, the bq4285 automatically write- 
protects the external SRAM and 
provides a Vcc output s o d  from 
the clock backup battery. 

Pin Connections Pin Names 

$ Y  $pISY S 
28-Pin PLCC R-6 

ADO-AD7 Multi lexed address/data 
~puJoutput 

MOT 
- 
CS 
AS 
DS - 
Illw - 
INT - 
RST 
SQW 
BC 
XI, X2 
NC - 
CEw - 
CEour 
Vovr 
Vcc 
Vss 

J3u&ffs;yt input 

Chip select input 
Address strobe input 
Data strobe input 
Reaawrite input 
Intempt request output 
Reset input 
Square wave output 
3V backup cell input 
Crystal inputs 
No connect 
RAM chip enable input 
RAM chip enable output 
Supply output 
+sv supply 
Ground 



Block Diagram 

Pin Descriptions 

- 
CE m 

- 
CS Chip select input 

" cc 

BC - 
- 
CS should be driven low and held stable 
during the data-transfer phase of a bus cycle 
accessing the bq428.5. 

ADO-AD7 Multiplexed addresddata inputbutput 

- Write- 
Protect w 

Power- 
C I I  

control 

The bq428.5 bus cycle consists of two phases: 
the address phase and the data-transfer 
phase. The address phase precedes the 
data-transfer phase. During the address 
phase, an address placed on ADO-AD7 is 
latched into the bq4285 on the falling edge 
of the AS signal. During the data-transfer Table 1. Bus Setup 

"OUT 
- . '-=CUT 

phase of the bus cycle, the ADo-AD7 pins 

only)- - 

MOT selects bus timing for either Motorola 
or Intel architecture. This pin should be 
tied to Vcc for Motorola timing or to Vss for 
Intel timing (see Table 1). The setting 

AS 
Equivalent 

serve as a bidirectional data bus. 

MOT Bus t w  select input (PLCC package 

should not be changed during system 
operation. MOT is internally pulled low by 
a 20KR resistor. For the DIP and SOIC 
packages, this pin is internally connected to 
Vss, enabling the bus timing for the Intel 
architecture. 

2/20 Nov. lDQ3 C 

Motorola 

Intel 

rn 
Equivalent 

Bus 
Type 

Vcc 

Vss 

MOT 
Level 

DS, E, or 
92 
- 
RD, 
m d R , o r  
VOR 

DS 
Equivalent 

- 
WR, 
M E 3  
or J,OW 

AS 

ALE 



AS Address strobe input 

AS serves to demultiplex the addreaddata 
bus. The falling edge of AS latches the 
address on ADO-A&. Thie dsultiplehg 
process ie independent of the CS signal. For 
DIP, SOIC, and PLCC packaged with MOT 
= Vcc, the AS input ie provided a signal 
similar to ALE in an Intel-based system. 

DS Data rtrobe input 

For DIP, SOIC, and PLCC packages with 
MOT = Vss, the DS input is p m 4 d  a sig- 
nal similar to RD. ME= or I/OR in an 
Intel-based eyetem. The falling edge on DS 
is used to enable the outputs during a read 
cycle. 

For the F'LCC package, when MOT = Vcc, 
DS controls data transfer during a bq4285 
bus cycle. During a read cy&, the bq4285 
drivea the bus after the rising edge on DS. 
During a write cycle, the falling edge on DS 
is used to latch write data into the chip. 

Im Rea-ite input 

For DIP, SOIC, and PLCC packages with 
MOT = Vss, WW is p a d e d  a signal similar 
to MEMW, or W W  in an In-tel-baaed 

systefl. The rising edge on WW latches 
data into the bq4285. 

For the PLCC ~ackage, when MOT = Vcc, 
the level on WW identifies the -Mion of 
data t r ade r .  A high level on WW indicates 
a read bua cycle, whereas a low on this pin 
indicates a write bus cycle. 

- 
INT Interrupt request output 

7 
- 

INT is an  open-drain output. INT is 
aaaerted low when any event flag is set and 
the corresponding event enable bit is also 
set. INT becomes high-impedance whenever 
register C is read (see the Controfltatua 
Registere section). 

W T  Reset input 

The bq4285 is=t when WT is pulled low. 
When reget, INT becomes high-impedance, 
and the bq4285 is not accessible. Table 4 in 
the Contromtatua Registers section lists the 
register bits that are cleared by a reeet. 

Xl, X2 

- 
CEIN 

vcc 

Vss 

Reset may be disabled by connecting KT to 
Vcc. Thia allows the control bite to retain 
their states through p o w e r - d m - u p  
cyclea. 

Square-wave output 

SQW may output a programmable 
frequency square-wave signal during nor- 
mal (Vcc valid) eyetern operation. Any one 
of the 13 specific frequencies may be 
selected through regieter A Thie pin is held 
low when the square-wave enable bit 
(SQWE) in register B is 0 (see the Con- 
trowtatus Regietere section). 

3V backup cell input 

BC should be connected to a SV backup cell 
for FtTC operation and storage reghter non- 
volatility in the absence of power. When 
Vcc slews down past Vec (3V typical), the 
integral control circuitry switchea the power 
source to BC. When Vcc returns above VBC, 
the power source is avitched to Vcc. 

Upon power-up, a voltage within the VBC 
range must be present on the BC pin for the 
oscillator to start up. 

Crystal input 

The XI, X2 inputs are provided for an exter- 
nal 32.768Khz quartz cryetal, Daiwa DT-26 
or equivalent, with 6pF load capacitance. A 
trimming capacitor may be neceesary for 
extremely precise time-base generation. 

External RAM chip enable input, active 
low 
- 
CEm should be driven low

iv 

enable the con- 
trolled external RAM. CEm is internally 
pulled up with a 50KQ resistor. 

External RAM chip enable output, 
active low 

When power is valid, =u-r reflects  IN, 

Supply output 

V ~ U T  provides the higher of Vcc or VBC, 
ewitched internally, to eupply external RAU 

+SV supply 

Ground 

Nov. I W C  3/20 
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Functional Description locations during the update cycle at the end of each 
update period (see Figure 2). The alarm flag bit may also 
be set during the update cycle. 

Address Map The bq4285 copies the local register updates into the 
user buffer accessed by the hoet processor. When a 1 is 

The bq4285 provides 14 bytes of clock and control/status written the update transfer inhibit bit CUTI) in 
registers and 114 bytes of general nonvolatile storage. ter B, the user copy of the clock and bytes Figure 1 illustrates the address map for the bq4285. remains unchanged, while the local mpy of the same 

Update Period 
bytes continua to be updated every second. 

The update-in-progress bit (UP) in reaster A is set t ~ u c  
time before the be-&ming of an update cycle (see Figure 

The update ~er iod  for the bq4285 is one second. The 2). This bit is cleared and the update-complete flag 
bq4285 updates the contents of the clock and calendar is set at the end of the update cycle. 

n4 
Bytes 

13 1 100 

6 p8 AI,,~ 1 06 5 
O DIY 01 W n k  W 

Figure 1. Address Map 

U p d ; ; t e T  1 

UIP 

- 

Figure 2. Update Period Timing and UIP 

‘V23 Nw. 1993C 
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Programming the RTC c. Write the appropriate value to the hour 
fonnat (HF) bit. 

The time-of-day, alarm, and calendar bytes can be 2. Write new values to all the time, alarm, and 
written in either the BCD or binary format (see Table 2). calendar locations. 

These steps may be followed to program the time, alarm, 3. Clear the UTI bit to allow update transfers. 
and calendar: On the next update cycle, the WIY: updates all 10 bytes 
1. Mod* the contents of register B: in the selected format. 

a. Write a 1 to the UTI bit to prevent transfers 
between WIY: bytes and user buffer. 

b. Write the appropriate value to the data 
format @F) bit to select BCD or binary 
fonnat for all time, alarm, and calendar 
bytes. 

Table 2. Time, Alarm, and Calendar Formats 

Nov. 1993 C y20 

Address 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

RTC Bytes 

Seconds 

Seconds alarm 

Minutes 

Minutes alarm 

Hours, 12-hour format 

Hours, %-hour format 

Hours alarm, 12-hour format 

Hours alarm, 24-hour format 

Day of week (l=Sunday) 

Day of month 

Month 

Year 

Decimal 

0-59 

0-59 

0-59 

0-59 

1-12 

0-23 

1-12 

0-23 

1-7 

1-31 

1-12 

0-99 

R a w  

a i m  
OOHSBH 

OOH-3BH 

OOHSBH 

OOHSBH 

OlH-OCH AM; 
81H-8CH PM 

00H-17H 

OlH-OCH AM; 
81H-8CH PM 

00H-17H 

01H-07H 

01H-1FH 

OlH-OCH 

00H-H 

BincrryCoded 
Deciml 

00H-59H 

OOH-69H 

00H49H 

00H-H 

01H-12H AM; 
81H-92H PM 

00H-23H 

01H-12H AM, 
81H-92H PM 

00H-23H 

01H-07H 

01H31H 

01H-12H 

00H-99H 



but keeps the frequency divider disabled. Any other pat- 
tern to these bite keeps the oscillator off. 

Power-Down/Power-Up Cycle 

The bq4285 continuously monitora Vcc for out-of-toler- 
ance. During a power failure, when Vcc falh below V m  
(4.17V typical), the bq4285 write-protecta the clock and 
storage registers. When Vcc is below VW (3V typical), 
the power source is switched to BC. Rn= operation and 
storage data are sustained by a valid backup energy 
source. When Vcc is above VW, the power source is Vcc. 
Write-protection continues for t c s ~  time after Vcc rises 
above V m .  

An external CMOS static RAM is battery-backed using 
the V o w  and chip enable output pine from the bq4285. 
As the voltage input Vcc elom-down during a power 
failure, the chip enable output, CEomis forced inactive 
independent of the chip enable input CEm. 

This activity unconditionally write-protects the external 
SRAM aa Vcc falls below VPFD. If a memory access is in 
process to the external SRAM during power-fail detec- 
tion, that memory cycle continues to completion before 
the memory is write-protected. If the memory cycle is 
not terminated within time twpr (30~s  maximum), the 
chip enable output is unconditionally driven high, write- 
protecting the controlled SRAM. 

As the supply continues to fall past V m ,  an internal 
switching deviceforcee V o w  to the external backup 
energy source. C E o m  ie held high by the V o m  energy 
source. 

During power-up, V o w  is switched back to the 5V supply 
aa V c ~ ~ e a  above the backup cell input voltage eourcing 
VOW. C E o w  ie held inactive for time timen (U)(hne maxi- 
mum) after t h e ~ w e r  supply has reached Vpm, inde- 
pendent of the CEm input, to allow for processor stabili- 
zation. 

During power-valid operation, the  IN input ie paseed 
through to the C E o m  output with a propagation delay of 
leas than 10ns. 

Figure 4 shows the hardware hookup for the external 
RAM. 

A primary backup energy source input is provided on the 
bq4285. The BC input accepts a 3V primary battery, 
typically some type of lithium chemistry. To prevent bat- 
terykain when there is no valid data to retain, V o w  
and C E o w  are internally isolated from BC by the initial 
connection of a battery. Following the fugt application of 
Vcc above V m ,  this isolation is broken, and the backup 
cell provides power to V o w  and C E o w  for the external 
SRAM. 

Figure 4. External RAM Hookup to the bq4285 RTC 

+6V 

L- 

-- 

1 - 
- 

- - M 

bq4285 

vcc 

"OUT 

ti, 
a,, 

"SS BC 

vc, 

CMOS 
SRAM 
- 
CE 

+3v 
Primary 

1_ Cell 



Control/Status Registers divider. A pattern of 11x turne the oecillator on, but 
keeps the frequency divider disabled. When 010 is 

The four control/status registers of the bq4285 are aces- 
written, the RTC begins its f i t  update after 500111s. 

sible regardless of the status of the update cycle (see Ulp _ cycle ststus 
Table 4). 

Reaister A 
Reaister A Bits 

7 / 6 ) 5 / 4 ) 3 ) 2 ) 1 ) 0  
UIP / 052 / OSl 1 oso I RS3 I RS2 I RS1 1 Rso 

Register A programs: 

The frequency of the square-wave and the periodic 
event rate. 

Oscillator operation. 

Register A provides: 

Status of the update cycle. 

RSO-RS3 - Frequency Select 

This read-only bit is aet prior to the update cycle. When 
UIP equals 1, an RTC update cycle may be in propas. 
UIP ia cleared at the end of each update cycle. This bit is 
also cleared when the update transfer inhiiit 0 bit in 
register B ie 1. 

Register B 
- - 

Reaister B Bit8 
7 \ 6 / 5 1 4 1  3 \ 2 1 1 1 0  
0 
Register B enables: 

These bita select one of the 13 frequencies for the SQW out- 
put and the periodic intempt rate, as shown in Table 3. a Daylight saving adjustment 

a Update cycle transfer operation 
7 ) 6 / 5 1 4 1 3 / 2 1 1 ) 0  

- / RS3 I RS2 / RS1 I RSO 

These three bits control the state of the oscillator and 
divider stages. A pattern of 010 enables RTC operation 
by turning on the oscillator and enabling the frequency 

a Square-waveoutput 

OSO-OS2 - Oscillator Control 
Register B sel&. 

Clock and calendar data formats 

Table 4. Control/Status Registers 

7 
- ~ 0 S 2 ~ 0 S 1 / 0 S 0 ~  - 1 - 1 - I - 

Notes: na = not affected. 

All bits of register B are r e a m t e .  

1. Except bit 7. 
Nov. 1993 C en0 



DSE - Daylight Saving Enable 

7 1 6 1 5 / 4 1  3 ) 2 ) 1 1 0  
I - / DSE 

UIE - Update Cyck Interrupt Enable 

This bit enables daylight-saving time adjustments when This bit enables an interrupt request due to an update 
written to 1: ended interrupt event: 

On the last Sunday in October, the f i t  time the 1 =Enabled - .- . - - - 
bq4285 increments 1:59:59 AM, the time falls 
back to 1:00:00 AM. 0 = Disabled . on the ht sunday in ~ ~ ~ i l ,  the tirne springs forward The UIE bit is automatically cleared when the UTI bit 

from 2:OO:OO AM to 3:00:00 AM. equals 1. 

HF - Hour Format AIE - Alarm interrupt Enable 

This bit selects the time-of-day and alarm hour format: 

1 = 24-hour format 

0 = 12-hour format 

DF - Data Format 

7 / 6 / 5 / 4 1  3 1 2 1 1 I O  
1 - I D F /  - I - 

This bit selects the numeric format in which the 
alarm, and calendar bytes are represented: 

1 = Binary 

0 = BCD 

SQWE - SquareWave Enable 

time, 

This bit enables the square-wave output: 

1 = Enabled 

0 = Disabled and held low 

This bit enables an interrupt request due to an alarm 
interrupt event: 

1 = Enabled 

0 = Disabled 

PIE - Periodic lnterrupt Enable 

This bit enables an interrupt request due to a periodic 
interrupt event: 

1 = Enabled 

0 = Disabled 

UTI - Update Transfer inhibit 

This bit inhibits the transfer of RTC bytes to the user 
buffer: 

1 = Inhibits transfer and clears UIE 

0 = Allows transfer 



Register C is the read-only event status register. 

Register C 

Blts 0-3 - Unuwd Bits 

I 

INTF - interrupt Request Flag 

7 1 6 1 5 1 4 1 3 1 2 1 l I O  
I N T F ~ - ( - I - I  - 1 - 1 . 1 -  

Reaister C Bits 

7 1 6 1 5 1 4 1  3  1 2 / 1 1 0  
I N T F / P F / A F I U F )  0  1 0  1 0  I 0  

This flag is set to a 1 when any of the following is true: 

A I E = l a n d A F = l  

PIE= 1 andPF= 1 

UIE = 1 andUF= 1 

Reading register C clears this bit. 

These bits are always set to 0. 

UF - Update-Event Flag Register D 
Reaiaer D Bits 

7 1 6 1 5 1 4 )  3 ) 2 1 1 ( 0  
V R T l o I 0 ~ 0 1  o l o I o ~ o  

This bit is set to a 1  at the end of the update cycle. Register D is the read-only data integrity status register. 
Reading register C clears this bit. 

AF - Alarm Event Flag 
Bits 0-8 - Unused Bits 

These bits are always set to 0. 

7 1 6 1 5 1 4 1  3 1 2 1 1 / 0  
- / 0 ~ 0 1 0 l 0 ~ 0 ~ 0 ~ 0  

0  = Backup energy source ie depleted 

This bit is set to a 1 when an alarm event occurs. Read- VRT - Valid RAM and T im 
ing register C clears this bit. 

1 = Valid backup energy source 

This bit is set to a 1 every tm time, where tm is the time When the backup energy source is depleted (VRT = O), 
period selected by the settings of RSO-RS3 in register A. data integrity of the RTC and storage registers is not 
Reading register C clears this bit. guaranteed. 

PF - Periodic Event Flag 

Nov. 1 W3 C 11\20 
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Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

Recommended DC Operating Conditions (TA = TOPR) 

Unit 

V 

V 

OC 

"C 

"C 

"C 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-55 to +I25 

-40 to +85 

260 

Symbol 

vcc 

VT 

 top^ 

Tsm 

fim 

TSOLDER 

Note: Typical values indicate operation at TA = 25OC. 

Conditions 

VT I; VCC + 0.3 

Commercial 

For 10 seconds 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

la=' NOV. 1993 C 
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Unit 

V 

V 

V 

V 

V 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

4.0 

Symbol 

Vcc 

Vss 

VIL 

VIH 

VBC 

Minimum 

4.5 

0 

-0.3 

2.2 

2.5 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Typical 

5.0 

0 



DC Electrical Characteristics FA = TOPR, vcc = 5v * ion) 

Note: Typical values indicate operation at TA = 25i°C, Vcc = 5V or VBC = 3V. 

Crystal Specifications (or-2s or Equivalent) 

Symbd 

ILI 

I m  

VOH 

VOL 

Icc 

Vso 

IceB 

V m  

V o m  

V o m  

I m  

ICE 

Symbd 

fo 

CL 

'I'P 

k 

Q 

R1 

Co - 
CdCl - 
DL 

Wfo 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating supply current 

Supply switch-over voltage 

Battery operation current 

Power-fail-detact voltage 

Vourvoltage 

VOW voltage 

Input current when MOT = Vcc 

Chip enable input current 

Unit 

jlA 

V 

V 

mA 

V 

'* 
V 

V 

pi 

pi 

Parameter 

Oecillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resiatauce 

Shunt capacitance 

Capacitance ratio 

Drive level 

Aging (firat year at 25OC) 

Minimum 

2.4 

4.0 

Vcc - 0.3V 
VBC - 0.3V 

Condith/Notes 
I 

V ~ ~ = V s s t o V c c  

ADO--, m, and SQW 
in high impedance, 
v m = v 9 8 t O v c c  

Im = -2.0 mA 

IOL= 4.0 mA 

Min. cycle, duty = 10046, 
IOH=OLtl& I a =  h l A  

VBC = 3V, TA = 2&C, no 
load on V m  or C E m  

I m  = 100mA, Vcc >VBC 

Iom = 100pA, Vcc < VBC 

Internal 20K pull-down 

Internal 50Kpull-up 

Minimum 

20 

40,OOo 

Typlcai 

7 

VBC 

0.3 

4.17 

- 

Maximum 

* 1 

* 1 

0.4 

15 

0.5 

4.35 

-275 

100 

Typical 

32.768 

6 

25 

70,000 

1.1 

430 

1 

Maximum 

30 

-0.042 

45 

1.8 

600 

1 

Unit 

kHz 

PF 

"C 

ppnqPC 

KQ 

PF 

PW 

PPm 



Capacitance VA = 2 5 ~ ,  F = IMHZ, vcc = 5.OV) 

/ cw I Inpuvoutput capacitance / 7 1 pF 1 VOUT=OV 
, I I I I 

Symbd 

Icm I ~nput capacitance 5 / pF IVIN=OV I 

Parameter ( Minimum / Typical / Maximum 1 Unit I Conditions 

Note: This parameter is sampled and not 1Wh tested. 

AC Test Conditions 

For all outputs 

em* TSIO * 1;; 
-i - 
- 

a-Y) 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 5. Output Load A 

Test Conditions 

0 to 3.0 V 

5ns 

1.5 V (unless otherwise specified) 

See Figures 5 and 6 

L I 

Figure 6. Output Load 6 
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ReadlWrite Timing FA = TOPR, vcc = 5v t 10%) 

-- I ~ D S L  I D S  lowor RDWRhiah time 1 80 / - / - I na I / 

l t ~ w  I ~/i;ii hold time 1 0 1 - I - I n s 1  1 

Notes Symbol 

tcrc 

/ ~ D H R  I Read data hold time I O I - I 2 5 / n s I  1 

Parameter 

Cycle time 

t ~ w s  

tcs 

~ C H  

1 t ~ s  / ~ d d r e s s  s e t u ~  time 1 2 0 1 - I - l n a l  I 

Minimum 

160 

setup time 

Chip select setup time 

Chip select hold time 

~ D H W  

~ M D  1 Delay time, AS to DS rise 
(m/wR fall) 1 ~ ~ 1 -  I - 

10 

5 

0  

Write data hold time 

t AH 

t ~ m  

tmw 

Output dB delay time from 
D s  rise (RD fall) I - 1 - 

Unit 

na 

Typlcal 

/ ~ D W  1 Write data setup time I 

Maximum 

- 

0 

Address hold time 

Delay time, DS to AS rise 

Pulse width, AS high 

ne 

ns 

na 

na 

5 

10 

30 

~ B U C  

 PI 

- 

tuc 

Delay time before update 

Periodic interrupt time interval 

-- 

Time of update cycle 

na 

ns 

na 

- - 

244 

-- 

1 

Ps 

Pa 

See Table 3 



bq4285 

Motorola Bus ReadlWrite Timing (PLCC Package Only) 

I 
DSH 

RIW 

ADo-AD, 
(WRITE) 

RC-I 

Nw. 1903 C 1w 
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bq4285 

lntel Bus Read Timing 

AS (ALE) s 

RC-8 

lntel Bus Write Timing 

AS (ALE) f 

Nov. 1993 C 
WC-6 
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Power-Down/Power-Up Timing FA = TOPR) 

Symbol 1 Parameter / Minimum / Typical 1 Maximum I Unit ( Conditions 

1 -  on power-up. 
I I I 

t~ 

t~ 

t ~ s ~  

t ~ p r  

~ C E R  

Caution: Negative undershoots below the absoIute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Vcc slew from 4.5V to OV 

Vcc slew from OV to 4.5V 

a at Vm after power-up 

Chip enable propagation 
tceD I delay to external SRAM I 

Power-Down/Power-Up Timing 

200 

300 

100 

20 

Write-protect time for 
externalRAM 

Chip enable recovery time 

18/20 Nw. 1983 C 

7 

Ps 

Pa 

ms 

10 

t c s ~  

Internal write-protection 
period after Vcc paeeea V m  

10 

16 

ns 

30 

~ S R  

ps 

ms 

Delay after Vcc slews down 
past VPFD before SRAM is 
write-protected. 

Time during which external 
SRAM is write-protected after 
Vcc passes VWD on power-up. 



lnterrupt Delay Timing ( r ~  - T g p ~ )  

lnterrupt Delay Timing (PLCC Package Only) 

RD (Intel) 

DS (Mot) 

,. 
, SYrnU 

t ~ s w  

tm 

tm 

k-' RSW 

- 
INT 

Parameter 

Reset pulse width 
- 
INT release from 
- 
INT release from DS m) 

lnterrupt Delay Timing (SOIC, DIP Packages) 

Minimum 

5 

Typical Maximum 

2 

2 

Unlt 

Pa 

Pa 



Note: Change 1 = Nov. 1992 B changes from June 1991 A. 
Change 2 = Nov. 1993 C changes from Nov. 1992 B. 

Ordering Information 

Temperature: 
blank = Commercial (0 +70°C) 

iPackage Option: 
P = %-pin plastic DIP (0.600) 
S = %-pin SOIC (0.300) 
Q = 28-pin quad PLCC 

i~evice: 
bq4285 Real-Time Clock With NVRAM Control 



Features 
Direct clock/calendar 
replacement for I B ~  
AT-compatible computers and 
other applications 

> 114 bytea of general nonvolatile 
storage 

> Enhanced featuree include: - System wake-up capability- 
alarm interrupt output active 
in battery-backup mode 

- 2.7-3.6V operation (bq4285L); 
4.5-5.5V operation (bq4285E) - 3 2 m z  output for power 
management 

Automatic backup and write- 
protect control to external SRAM 

> Functionally compatible with the 
DS1285 

Lees than 0.5 pA load under 
battery operation 

Selectable Intel or Motorola bus 
timing (PLCC), Intel bus timing 
(DIP and SOIC) 

Enhanced RTC With NVRAM Control 

14 bytes for cloc~calendar and 
control 

BCD or binary format for clock 
and calendar data 

Calendar in day of the week, day 
of the month, months, and years, 
with automatic leap-year 
adjustment 

Time of day in seconds, minutes, 
and hours - 12- or 24-hour format 
- Optional daylight saving 

adjustment 

Programmable square wave 
output 

> Three individually maskable 
interrupt event flags: 
- Periodic rates from 122 ps to 

mma 
- Time-of-day alarm once per 

second to once per day 
- End-of-clock update cycle 

24-pin plastic DIP or SOIC and 
=-pin PU=C 

General Description 
The CMOS -285L ie a low- 
power microprocessor peripheral 
pmviding a timeofday clock and 100- 
year cahdar with alann fea- and 
battery operation. Other features 
include three maskable interrupt 
sources, square wave output, and 114 
bytea of general nonvolatile atarage. 

A a76f3kI-b output is awdable far eus- 
tabhg power-mamgement activitiee. 
Wake-up c a m  ie pawided by an 
alarm interrupt, which ie active in bat- 
tay-backup mode. 

The bq4285W285L write-pro* 
the clock, calendar, and atorage regis- 
ters during power failure. A backup 
battery then maintains data and 
operatea the clock and calendar. 

The b@285E/bq4285L L a fully com- 
patible real-time clock for IBM AT- 
compatible computers and other 
applications. The only extemal com- 
ponenta are a 32.768kHz crystal and 
a backup battery. 

The bq4286P/bq4286L integratee a 
battery-backup controller to make a 

s 2 
a ; k $ , 8 ~ 1 ~  
* " " - l f t R  

AD I 
AD2 7 23 
ADS 8 22 Fie 
AD4 0 
AD5 10 20 VSZ 
NC 11 19 R/W 

1 9 f ' O ' P b 9  

-0 *LOO ~ z ~ % l , < z  

28-Pin PLCC R-5 

Pin Connections Pin Names 

24-Pin DIP or SOlC 

ADO-AD7 Multi lexed addressldata 
rnPU$outPUt 

MOT B~us#~"yly input 

ti Chip select input 
AS A d d  strobe input 
DS Data strobe input 
w Reed/write input 
INT Intenupt request output 
S T  Reset input 
SQW Square wave output 
BC 3V backup cell input 
XI, X2 Crystal inputs 
NC No connect 
SIN - RAM chip enable input 
CEouT RAM chip enable output 
vow Supply output 
vcc +5v supply 
Vss Ground 
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Block Diagram 

- 
=cur 

.D.( 

standard CMOS SRAM nonvolatile during power-fail The setting should not be changed during 
conditions. During power-fail, the bq4285Ehq4285L system operation. MOT L internally pulled 
automatically write-protects the external SRAM and low by a 20KR resistor. For the DIP and 
provides a Vcc output sourced from the clock backup SOIC packages, this pin is internally con- 
battery. nected to Vss, enabling the bus timing for 

the Intel architecture. 

Pin Descriptions Chip select input 
- 

ADO-AD7 Multiplexed addresddata input/output CS should be driven low and held stable 
during the data-transfer phase of a bus cycle 

The bq4285Wq4285L bus cycle consists of accessing the bq4285m4285L. 
two phases: the address phase and the data- 
transfer phase. The address phase precedes 
the data-transfer phase. During the addreas 
phase, an address placed on ADO-AD7 is 
latched into the bq4285m4285L on the 
falling edge of the AS signal. During the Table 1. Bus Setup 
data-transfer phase of the bus cycle, the ADO- 
AD.I pins serve as a bidiredional data bus. 

MOT Bus type select input (PLCC package 
only) DS, E, or AS 

MOT selects bus timing for either Motorola 
or Intel architecture. This pin should be 
tied to Vcc for Motorola timing or to Vss for 
Intel timing (see Table 1). 

. 

Intel Vss 

- 
RD, 
mMR,  or 
J/oR 

- 
WR, 
MEMW 
or & 

I 
Am 



AS Address strobe input Reeet may be disabled by comeding to 
Vm. Thie allows the control bits to retain their 
states t h u g h  powerdow&ower-up cycles. AS serves to demultiplex the ad-data 

bus. The falling edge of AS latches the 
address on ADO-A&. This &multiplexing 
procese ie independent of the CS signal. For 
DIP, SOIC, and PLCC packages with MOT = 
Vm, the AS input ie provided a signal similar 
to ALE in an Intel-based system. 

Squarewave output 

SQW may output a programmable 
frequency square-wave signal during nor- 
mal (Vcc valid) system operation. Any one 
of the 1 3  specific frequencies may be 
selected through register A This pin ie held 
low when the square-wave enable bit 
(SQWE) in register B ia 0 (see the Con- 
tro1/Statue Registere section). 

DS Data strobe input 

For DIP, SOIC, and PLCC packages with 
MOT = Vss, the DS input is provi4d a sig- 
nal similar to RD, MEMR, or WR in an 
Intel-based system. The falling edge on DS 
is used to enable the outputs during a read 
cycle. 

A 32.76- output ie enabled by setting 
the SQWE bit in register B to 1 and the 
32KE bit in register C to 1 after setting 
OSC24SCO in register A to 011 (binary). 

For the PLCC package, when MOT = Vcc, 
DS controls data transfer during a 
bq4285-4285L bus cycle. During a read 
cycle, the bq4285mq4285L drives the bus 
after the rising edge on DS. During a write 
cycle, the falling edge on DS is used to latch 
write data into the chip. 

3V backup cell input 

BC should be connected to a 3V backup cell 
for R l t  operation and storage register non- 
wlatility in the absence of power. When V w  
slews down past Vec (3V typical), the integral 
control circuitry awitchea the power source to 
BC. When V w  returns above VBC, the power 
e o m  is switched to vcc. 

Upon power-up, a voltage within the VBC 
range must be present on the BC pin for the 
oscillator to start up. 

P @ R e a M i t e  input 

For DIP, SOIC, and PJXC packages with 
MOT = Vss, Et/W ie p e d e d  a signal similar 
to WR, MEMW, or VOW in an Intel-based 
system. The rising edge on WW latches 
data into the bq4285F.kq4285L. 

Crystal input 
For the PLCC ~ackage, when MOT = Vcc, 
the level on WW identifies the --ion of 
data transfer. A high level on indicates 
a read bus cycle, whereas a low on this pin 
indicates a write bus cycle. 

The XI, X2 inputa are provided for an exter- 
nal 32.768Khz quartz crystal, Daiwa Dl'-26 
or equivalent, with 6pF load capacitance. A 
trimming capacitor may be necessary for 
extremely precise time-base generation. - 

INT Interrupt request output 
External RAM chip enable input, active 
low 

- 
INT is an open-drain output. This allows - 
INT to be valid in battery-backup mode for 
&alarm interrupt. To use this feature, 
INT must be conxn ted to a power supply 
other than Vcc. INT is aeserted low when 
any event flag is set and the co-mnding 
event enable bit is also set. INT becomes 
high-impedance whenever register C is read 
(see the ControVStatus Registers section). 

- 
CEm should be driven lowA enable the con- 
trolled external RAM. CEIN is internally 
pulled up with a 50KR resistor. 

External RAM chip enable output, 
active low 

When power is valid, CEOW reflects  IN. 
Rs@ Reset input 

Supply output 
The bq4285Wbq4285L ie ~t when WT is 
pulled low. When reeet, INT becomes high- 
impedance, and the bq4285F/bap285L is not 
accessible. Table 4 in the Controwtatus 
Registem section lists the register bits that 
are cleared by a reeet. 

May 1994 

VOW provides the higher of Vcc or Vec, 
switched internally, to supply external RAU 

Pwitive power supply 

Ground 



Functional Description at the end of each update peri? (see Figure 2). 
alarm flag bit may also be set d- the update cycle. 

Address Map The bq4285Wbq428SL copies the local register updates 
into the user buffer acceesed by the hoet proceesor. 

% b q 4 2 8 5 w  -b 14 ,,f an. When a 1 is writtm to the update transfer inhibit bit 

boystatus ~ I B  md  114 byte. of mral nonvolatile (UTI) in re.mr B, tb. W r  cWY of the clock and d e n -  
-. - 1 -tea a- map fOTthe ~ 2 8 s ~  dar byte remains unchanged, while the local copy of the 

same bytes continues to be updated every second. 

Update Period 

The update period for the bq4285Wq4285L is one 
second. The bq428SWbq4285L updates the contents of 
the clock and calendar locations during the update cycle 
I 

I " acd end 
Y 1 ContrdMU 1 -  

EVbS Redelre 

The update-in-progreee bit (UIP) in register A ia set t ~ u c  
time before. the beginning of an update cycle (see Figure 
2). This bit is cleared and the updatecomplete flag CUF) 
is set at the end of the update cycle. 

y1. 

Figure 1. Address Map 

b- Update Period -7 
(1 rec) 

UIP 
tuc (Updatr cyCt.1 

1 

Figure 2. Update Period Timing and UIP 



Programming the RTC 2. Write new values to all the time, alarm, and 
calendar locatione. 

The time-of-day, alarm, and calendar bytea can be written 3. Clear the UTI bit to allow update transfers. 
in either the BCD or binary format (see Table 2). 

On the next u ~ d a t e  cvcle. the updates all 10 bytes 
These steps may be followed to program the time, alarm, in the elected-format: 
and calendar: 

1. Modify the contents of register B: 

a. Write a 1 to the UTI bit to prevent transfers 
between R'IK bytes and user buffer. 

b. Write the appropriate value to the data format 
@F) bit to select BCD or binary fopmat for 
all time, alann, and calendar bytea. 

c. Write the appropriate value to the hour 
format (HF) bit. 

Table 2. llme, Alarm, and Calendar Formats 

Range 

Binary-Coded 
Address 

0 

1 

RTC Bytes 

Seconds 

2 

3 

Seconds alarm 

I 

Decimal 

0-59 

Minutes 

Minutes alarm 

Hours, 24-hour format 

0-59 

Hours, 12-hour format 

Hours alarm, 12-hour format 
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Binary 

OOH-3BH 

0-59 

0-59 

0-23 

6 

7 

8 

9 

Decimal 

00H-59H 

OOH-3BH 

1-12 

1-12 

00H-59H 

OOH-3BH 

OOH-3BH 

00H-17H 

Hours alarm, %-hour format 

Day of week (l=Sunday) 

Day of month 

Month 

Year 

00H-59H 

00H69H 

OlH-OCH AM; 
81H-8CH PM 

00H-23H 

OlH-OCH AM; 
81H-8CH PM 

01H-12H AM; 
81H-92H PM 

01H-12H AM; 
81H-92H PM 

0-23 

1-7 

1-31 

1-12 

0-99 

OH-17H 

01H47H 

01H-1FH 

OIH-OCH 

00H-63H 

00H-23H 

OlH-H 

01H-31H 

01H-12H 

00H-99H 



Square Wave Output 

The bq4285%4285L divides the 32.7681rHz oecillator 
frequency to produce the 1 Hz update frequency for the 
clock and calendar. Thirteen taps from the frequency 
divider are fed to a 16:l multiplexer c h i t .  The output 
of this mux is fed to the SQW output and periodic inter- 
rupt generation circuitry. The four leaat-significant bite 
of register A, RSO-RS3, select among the 13 taps (see 
Table 3). The square-wave output is enabled by writing 
a 1 to the square-wave enable bit (SQWE) in register B. 
A 32.768krHz output may be selected by setting OSC2- 
OSCO in register A to 011 while SQWE = 1 and 32KE = 1. 

Interrupts 

The alarm interrupt, programmable to occur once per 
second to once per day, is active in battery-backup 
mode, providing a mwake-up' feature. 

The update-ended interrupt, which occurs at the end 
of each update cycle. 

Each of the three interrupt events is enabled by an 
individual interrupt-enable bit in register B. When an 
event occurs, its event flag bit in regiater C is set. If the 
corresponding event enable bit is also set, then an inter- 
rupt request is generated. The interrupt request flag bit 
(INTI?) of register C is set with every interrupt request. 
Reading re-r C clears all flag bits, including INTF, 
and makes INT high-impedance. 

Two methods can be used to process bq4285FJbq4285L 
interrupt events: 

The bq4285m4285L allows three individually d ~ t e d  . Enable interrupt events and use the intempt request 
in tempt  events to generate an interrupt request. These output to invoke an intempt seNice routine. 
three interru~t events are: - .- - 

Do not enable the interrupts and use a polling routine 
B The periodic interrupt, programmable to occur once periodical]y the status of the flag bits. 

every 122 us to 500 ms. 
The individual intempt sources are described in detail 
in the following sectioG. 

Table 3. Square-Wave FrequencyIPeriodic Interrupt Rate 

8/26 May 1904 
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Periodic lnterrupt Update Cycle lnterrupt 
The mux output ueed to drive the SQW output also 
drive the interrupt-generation circuitry. If the periodic 
interrupt event is enabled by writing a 1 to the periodic 
interrupt enable bit (PIE) in register C, an interrupt re- 
que~ t  is generated once every 1 2 2 ~ s  to WOms. The pe- 
riod between interrupts is selected by the same bits in 
register A that select the square wave frequency (see 
Table 3). Setting OSCZOSCO in register A to 011 does 
not affect the periodic interrupt timing. 

Alarm lnterrupt 
The alarm interrupt request is valid in battery-backup 
mode, providing a 'wake-up' capability. During each 
update cycle, the rrrC compares the hours, minutes, and 
seconds bytes with the three corresponding alarm bytes. 
If a match of all bytes is found, the alarm interrupt event 
flag bit, A F  in register C, is set to 1. If the alarm event is 
enabled, an interrupt request is generated. 

An alarm byte may be removed from the comparison by 
setting it to a 'don't care" state. An alarm byte is set to a 
"don't care' state by writing a 1 to each of its two most-sig- 
niiicant bits. A 'don't care" state may be used to select the 
ikquency of alarm interrupt events as follows: 

If none of the tbree alarm bytes is 'don't care,' the 
frequency is once per day, when hours, minutes, and 
seconds match. 

If only the hour alarm byte is 'don't care,' the 
frequency is once per hour, when minutes and 
seconds match. 

B If only the hour and minute alarm bytee are "don't care,' 
the frequency is anoe per minute, when seconds match. 

m If the hour, minute, and second alarm bytes are 'don't 
care,' the frequency is once per second. 

The update cycle ended flag bit 0 in regieter C ia eet to a 
1 at the end of an update cycle. If the update interrupt 
enable bit (UXE) of regbter B is 1, and the update transfer 
inhibit bit 0 in register B ia 0, then an intenupt 
request is generated at the end of each update cycle. 

Accessing RTC bytes 

Time and calendar bytes read during an update cycle 
may be in error. Three methods to acceea the time and 
calendar byte without ambiguity are: 

Enable the update interrupt event to generate 
interrupt requeata at  the end of the update cycle. The 
intempt handler has a maximum of 999ms to accees 
the clock bytes before the next update cycle begins 
(see Figure 3). 

m Poll the update-in-progrem bit (UIP) in register A. If 
UIP = 0, the polling routine has a minimum of t ~ w :  
time to acme the clock bytes (see Figure 3). 

Use the periodic interrupt event to generate interrupt 
requests every t p ~  time, such that UIP = 1 always 
occurs between the periodic interrupts. The interrupt 
handler will have a minimum of tpV2 + t ~ u c  time to 
acceee the clock bytes (eee Figure 3). 

Oscillator Control 

When power is firat applied to the bq4285rn4285L and 
Vcc is above VWD, the internal oecillator and frequency 
divider are turned on by writing a 010 pattern to bits 4 
through 6 of regiater A. A pattern of 011 behaves as 010 
but additionally transforms regkter C into a readkite 
register. Thie allows the 32.768kH.z output on the aquare 

Figure 3. Update-EndedIPeriodic lnterrupt Relationship 
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wave pin to be turned on. A pattern of 1lX turne the 
oscjllator on, but keepa the frequency divider disabled. 
Any other pattern to these b i i  keeps the oedator ofT. 

Power-Down/Power-Up Cycle 

The bq4285mq4285L power-up'power-down cycles are 
different. The bq4285L continuously monitors Vcc for 
out-of-tolerance. During a power failure, when Vcc falls 
below V m  (2.53V typical), the bq4285L write-protects the 
clock and storage registers. The power source is switched 
to BC when Vcc is lese than V m  and BC is greater than 
V- or when Vcc is less than VBC and VBC is less than 
V m  RTC operation and storage data are sustained by a 
valid backup energy source. When Vcc is above VFTD, the 
power source is Vcc. Write-protection continues for t c s ~  
time after Vcc rises above V m  

The bq4285E continuously monitom Vcc for out-of-tolerance. 
During a power failure, when Vcc falls below V P ~  (4.17V 
typical), the bq4285E write-pmtects the clock and storage 
regi~tem. When Vcc is below VBC (3V typical), the power 
source is switched to BC. RlX operation and storage data 
are sustained by a valid backup energy source. When Vcc is 
above VBC, the power source is Vcc. Write-protection 
continues for ~CSR time after Vcc risee above VPFD. 

An external CMOS static RAM is battery-backed using 
the  V o w  and chip enable output pins from the 
bq4285-4285L. As the voltage input Vcc slam down 
during a power failure, the chip enable output, CEom, is 
forced inactive independent of the chip enable input - 
CEIN. 

This activity unconditionally write-protects the external 
SRAM as Vcc falls below VPFD. If a memory access is in 
proceee to the external SRAM during power-fail detec- 
tion, that memory cycle continues to completion before 
the memory is write-protected. If the memory cycle is 
not terminated within time twa ( 3 0 ~ s  maximum), the 
chip enable output is unconditionally driven high, write- 
protecting the controlled SRAM. 

As the supply continue8 to fall past VPFD, an intanal switching 
device forces V o w  to the external backup energy source. 
CEour is held high by the V o w  energy e m .  

During power-up, VOUT is switched back to the main sup- 
ply aa Vcc rims above the backup cell input voltage sour- 
cing VOUT. If VPFD < VBC on the h428SL, the switch to 
the main supply occurs at VPFD. C E o m  is held inactive 
for time ~CER (200111s maximum) afterthe power supply 
has reached VPFD, independent of the CEIN input, to al- 
low for processor stabilization. 

During power-vdid operation, the  IN input is passed 
through to the C E o m  output with a propagation delay of 
less than 10ns. 

Figure 4 shows the hardware hookup for the extanal RAM. 

A primary backup energy source input is provided on the 
bq4285-4285L. The BC input accepts a 3V primary 
battery, typically some type of lithium chemistry. To 
prevent batteryAain when there is no valid data to re- 
tain, V o w  and CEOUT are internally isolated from BC by 
the initial connection of a battery. Following the first 
application of Vcc above V P ~ ,  this isolation ia broken, 
and the backup cell provides power to VOUT and CEOUT 
for the external SRAM. 

Figure 4. External RAM Hookup to the bq4285EIbq4285L RTC 
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Control/Status Registers divider. A pattarn of 011 behave0 ao 010 but additionally 
tramforms register C into a readkwite register. This 
allows the 32.768kHz output on the square wave pin to four  statue regieters of the bq428SWh4286L b, turned on. A pattern of 11X turne the oscillator on, are mceaaible regardless of the stat- of the update cycle but keeps the hquency divider &&led. When 010 is 

(see Table 4). written, the RTC begins its first update after MWhns. 

Register A UIP - Update Cyck Status 

Register A programs: This read-only bit ie set prior to the update cycle. When 
UIP equals 1, an Rn: update cycle may be in progreaa. 

The huency  of the square-wave and the periodic UIP is cleared at the end of each update cycle. Thie bit is 
event rate. also cleared when the update t r a d e r  inhibit 0 bit in 

register B ie 1. 
OsciUator operation. 

Register A provides: 

8 Status of the update cycle. 

R M S 3  - Frequency Select 

Register B 
Reiaister B Bits 

7 1 6 1 5 1 4 1  3  1 2 1 1 1 0 -  
UTI I PIE I AIE / UIE 1 SQWE 1 DF 1 HF DSE 

Register B enables: 

Thsee & elect ople of the 13 &q~& fw the SQW out- 8 Update cycle trader owation 
put and the periodic intempt rate, as shown in Table 3. 

8 Square-wave output 

050-0S2 - 08cilIator Control 8 Interrupt events 

Daylight saving adjustment 

Register B selects: 

Clock and calendar data formats 
These three bits control the state of the oscillator and 
divider stages. A pattern of 010 enables Rn: operation All bits of re@ter are reamtea 

by turning on the oecillator and enabling the frequency 

Table 4. Control/Status Registers 

Notes: na = not affected. 

1. Except bit 7. 

2. Rea-te only when OSC2-OSCO in register A is 011 (binary). 

May 1084 s/2e 
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DSE - Daylight Saving Enable UIE - Update Cycle Interrupt Enable 

7 1 6 1 5 1 4 /  3 / 2 1 1 / 0  
1 - 1 DSE 

This bit enables daylight-saving time adjustments when 
written to 1: 

On the last Sunday in October, the f i t  time the 
bq4285mq4285L increments past 1:59:59 AM, the 
time falls back to 1:00:00 AM. 

On the first Sunday in April, the time springs forward 
from 2:oO:OO AM to 3:00:00 AM. 

HF - Hour Format 

This bit selects the time-of-day and alarm hour format: 

1 = 24-hour format 

0 = 12-hour format 

DF - Data Format 

This bit selects the numeric format in which the time, 
alarm, and calendar bytes are represented: 

1 = Binary 

0 = BCD 

This bit enables the square-wave output: 

1 = Enabled 

0 = Disabled and held low 

SQWE - SquareWave Enable 

This bit enables an interrupt request due to an update 
ended interrupt event: 

1 = Enabled 

0 = Disabled 

The UIE bit is automatically cleared when the UTI bit 
equals 1. 

7 

AIE -Alarm lnterrupt Enable 

6 1 5 1 4 1  3 1 2 / 1 / 0  
I - )SQWE/ - 1 - / - 

This bit enables an interrupt request due to an alarm 
interrupt event: 

1 = Enabled 

0 = Disabled 

PIE - Periodic lnterrupt Enable 

This bit enables an interrupt request due to a periodic 
interrupt event: 

1 = Enabled 

0 = Disabled 

UTI - Update Transfer Inhibit 

This bit inhibits the transfer of RTC bytes to the user 
buffer: 

1 = Inhibits transfer and clears UIE 

0 = Allows transfer 

1 0128 May 1 904 
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Register C 
Reaister C Bits 

7 ) 6 1 5 ) 4 1  3 / 2 / 1 1 0  
PF / AF ( UF I 0  1 3 2 ~ ~ 1  0  I 0  

Register C  ie the read-only event status register. 

Bits 0-3 - Unused Bits 

7 1 6 1 5 / 4 1  3 1 2 1 1 I O  
I - ( 0 1 - 1 0 1 0  

These bita are always set to 0. 

32KE-32KHz Enable Output 

This bit may be set to a 1 only when the OSCZOSCO 
bits in register A are set to 011. Setting OSC2-OSCO to 
anything other than 011 clears this bit. If SQWE in reg- 
ister B and 32KE are set, a 32.768KHz waveform is out- 
put on the square wave pin. 

UF - Update-Event Flag 

This bit is set to a 1 at the end of the update cycle. 
Fteading register C  clears this bit. 

AF - Alarm Event Flag 

INTF - interrupt Request Flag 

This flag is aet to a 1 when any of the following is true: 

A I E = l a n d A F = l  

Reading register C clears this bit. 

Register D 
Reaister D Bits 

, 7 1 6 1 5 / 4 1  3  / 2 ( l l O  
V R T 1 0 1 0 1 0 /  0  1 0 1 0 / 0  

Register D ie the read-only data integrity atatus register. 

Bits 0-6 - Unused Bits 

I - I o / o / o I  o j o j o j  

These bita are always set to 0. 

VRT - VaiM RAM and Time 

7 1 6 1 5 1 4 1  3 1 2 1 1 / 0  
V R T I - 1 - 1 - I  - 1 - 1 - 1 -  
1 = Valid backup energy source 

0  = Backup energy source is depleted 

This bit is set to a 1 when an alarm event occurs. Read- 
ing register C  clears this bit. 

7  1 6 1 5 / 4  1 3  1 2  1 1 / 0  
1 - / A F ~  - - 1 - 1 -  

PF - Periodic Event Flag 

When the backup energy source is depleted (VRT = O), 
data integrity of the RTC and storage registers is not 

This bit is set to a 1 every tpr time, where tpr is the time 
period selected by the settings of RSO-RS3 in register A. 
Reading register C clears this bit. 

guaranteed. 
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Absolute Maximum Ratings-bq4285E 

I ~ v m b a l  1 Parameter / Value I Unit I Conditions 1 
Vcc / DC voltage applied on Vcc relative to Vss 1 -0.3 to 7.0 1 V 

I I I I 

I vT 

1 T / Storage temperature 1 -55to +I25 1 OC 1 1 
bus I Temperature under bias -40 to +85 "C 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

 top^ 
0 to +70 

-40 to +86 
Operating temperature 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Retommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 

-0.3 to 7.0 

TSOLDER 

Absolute Maximum Ratings-bq4285L 

"C 

"C 

V 
-. - - 

Commercial 

Induetrial W' 

Soldering temperature 

VTSVCC+O.~ 

1 Tom 1 O ~ e r a t i n ~  tem~erature / Oto +70 1 OC 1 Commercial 1 

260 

Conditions Symbol 

VCC 

VT 

I T s m  / Storage temverature / -55to +I25 1 OC I I 

OC 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

For 10 seconds 

s 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. 
Functional operation should be limited to the Recommended DC Operating Conditions detailed in 
this data sheet. Exposure to conditions beyond the operational limits for extended periods of time 
may affect device reliability. 

Value 

-0.3 to 6.0 

-0.3 to 6.0 

I TSOLDER ) Soldering temperature 

Unit 

V 

- -  - 

Temperature under bias 

V 

260 

VT 5 Vcc + 0.3 
1 

-40 to +85 

OC 1 For 10 seconds 

OC 

1 



Recommended DC Operating Conditions-bq4285E (TA =TOPR) 

Notes: Typical values indicate operation at TA = 25OC. 
Potentials are relative to Vss. 

Recommended DC Operating Conditions-bq4285L VA = TOPR) 

Symbol 
r 

Vcc 

VIL 

VEI 

VBC 

Notes: Typical values indicate operation at TA = 25OC. 
Potentials are relative to V s .  

Parameter 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

Crystal Specifications--bq4285E/bq4285L (DT-2e or Equivalent) 

Symbol 
I 

Vcc 

VIL 

VIH 

VBC 

Minimum 

4.5 

-0.3 

2.2 

2.6 

Parameter 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

May l9S4 13/26 
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Minimum 

2.7 

-0.3 

2.2 

2.4 

Typical 

5.0 

Maximum 

3.6 

0.6 

Vcc + 0.3 

4.0 

Typical 

3.15 

Symbol 

fo 

CL 

TP 

k 

Q 
R1 

Co 

cdcl 

DL 

aS/fo 

Unit 

V 

V 

V 

V 

Minimum 

20 

KN"30 

Parameter 

Oscillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resistance 

Shunt capacitance 

Capacitance ratio 

Drive level 

Aging (first year at 25°C) 

Maximum 

5.5 

0.8 

Vcc + 0.3 
4.0 

Unit 

V 

V 

V 

V 

Unit 

kHz 

PF 

"C 

ppnf'C 

KR 

PF 

PW 

P P ~  

Typical 

32.768 

6 

25 

70.000 

1.1 

430 

1 

Maximum 

30 

-0.042 

45 

1.8 

600 

1 



DC Electrical Characteristics-bq4285E ( r ~  = TOPR, vcc = 5v * 10%) 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V or Vm = 3V. 

Typical 

7 

VBC 

0.3 

300 

4.17 

- 

Minimum 

2.4 

4.0 

Vcc - 0.3V 

VBC - 0.3V 

Symbol 

ILI 

ILO 

VOH 

VOL 

ICC 

Vso 

ICCB 

Iccm 

VPFD 

V o w  

V O U ~  

IMOTH 

ICE 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Operating supply current 

Supply switch-over voltage 

Battery operation current 

Standby supply current 

Power-fail-detect voltage 

Vow voltage 

VOUT voltage 

Input current when MOT = Vcc 

Chip enable input current 

Maximum 

i 1 

i 1 

0.4 

15 

0.5 

4.35 

-275 

100 

Unit 

pA 

pA 

V 

V 

* 
V 

pA 

pA 

V 

V 

pA 

pA 

ConditionspJotea 

Vm = Vss to Vcc 

ADo-A&, and SQW 
in high impedance, 
Vom = Vss to vcc 

IOH = -2.OmA 

IOL= 4.0mA 

Min. cycle, duty = 100%, 
IOH = OmA, IOL = OmA 

VE = 3V, TA = 2zC, no 
load on Vow or C E m  

= Vcc or Vss, 
CS 2 Vcc - 0.2, 
no load on Vom 

Iovr = 100mA, Vcc >Vm 

Iow = 100pA, Vcc < Vm 

Internal 20K pull-down 

Internal 50K pull-up 



DC Electrical Characteristics-bq4285L FA - TOPR, vcc - 3.13~ i 0.45%) 

symbol 

ILI 

I m  

VOL I Output low voltage 

VOH 

Parameter 

Input leakage current 

Output leakage current 

I I I I I 1 

Output high voltage 

Icc 

I - / 0.3 1 0.5 / I V B ~  = 3V, TA = 2ECr no 
ICCB Battery operation current pA load on Vom or CEom 

Minimum 

Vso 

VIN = VOC or Vm, 
ICCSB Standby supply current pA m 2 Vcc - 0.2, I - 1 1 0 0 1  - I I 

2.2 

Operating supply current 

Typicd 

Supply switch-over voltage 

V 

5 

VPPD 

I m  I1nput currentwhen MOT =Vcc I - I - 1 -185 / PA 11nternal30K pull-down 

Maximum 

& 1 

* 1 

IOH = -2.0 mA 

V m  

VRC 

V o m  

V o w  

-- 1 chip enable input current I - 
I - / 120 1 I~nternal MK PYU-up 

Ice 

9 

Power-fail-detect voltage 

Note: Typical values indicate operation at TA = 25OC, Vcc = 3V. 

Unit 

pA 

pA 

V 

v 

Vom voltage 

Vow voltage 

May 1084 15/26 
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Conditions/Notes 

V ~ ~ = V a s t o V c c  

ADO-ADI, and SQW 
in high impedance, 
v o m  = vss to vcc 

mA 
- 

VBC>VPFD 

VBC<Vm 

2.4 

Mia cycle, duty = lo@%, 
IOH = OmA, IOL = OmA 

Vcc - 0.3V 

VBC - 0.3V 

2.53 

- 
2.65 

v 
V 

Iovr = 80mA, vcc >vBC 

Iovr = 100uA. Vcc < VBC 

no load on Vovr 



AC Test Conditions-bq4285E 

Symbol 

CIN 

Minimum Parameter 

Cm 1 Inpuvoutput capacitance 

Note: This parameter is sampled and not lW? h t e d .  It does not include the X1 or X2 pin. 

Input capacitance 

Parameter 

I n ~ u t  ~ u l s e  levels 

For all outputs 

Test Conditions 

0 to 3.0 V 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 5. Output Load A-bq4285E 

Typical 

5 

5ns 

1.5 V (unless otherwise specified) 

See Figures 5 and 6 

1 . 1 6 ~  n 

INT - ---TI6" 130pF 

- 
a - n  

Maximum 

7 

Unit 

PF 

Figure 6. Output Load B-bq4285E 

Conditions 

Vowr=OV 

pF 

1 sm May 1994 

5-112 

Vm =OV 



AC Test Conditions-bq4285L 

For all outputs 1238 R 

1164 n 5 o p ~  

- 
0L-s 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 7. Output Load A--bq4285L 

Test Condition8 

Oto2.3V 

Sm 

1.2 V (unless otherwise 8pecified) 

See Figures 7 and 8 

Figure 8. Output Load B-bq4285L 

+3.3v 

t45K R 

May 1994 17/26 
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Symbol 

mc 

t ~ s ~  

~ D S H  

t ~ m  

t ~ w s  

tcn 

~ C H  

~ D H R  

~ D H W  

t AS 

Parameter 

Cycle time 

DS low or high time 

DS high or -- low time 

rn hold time 

rn setup time 

 AH 

Chip select hold time 

Read data hold time 

Write data hold time 

Address setup time 

~ D A S  

t ~ s w  

Output d&a delay time from 
DS rise fRD fall) 

Minimum 

160 

80 

55 

0 

10 

Address hold time 

t ~ s ~  

 chi^ select setup time 1 5  

0 

0 

0 

20 

Delay time, DS to AS rise 

Pulse width, AS high 

m 

Typical 

' 

5 

Delay time, AS to DS rise 
(RD/WR fall) 

~ D W  

t ~ u c  

1 8126 May 1 004 
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25 

M 

10 

30 

 PI 

tuc  

Maximum 

118 

m 

M 

118 

ns 

M 

35 

Write data setup time 

Delay time before update 

M 

- -  - 

Periodic interrupt time interval 

Time of update cycle 

Unit 

m 

M 

m 

m 

M 

30 

Notes 

1 

244 

I 

118 

pa 

Ps 

See Table 3 
I 



May lQB4 19126 

5-115 

Symbol 

tCYc 

t ~ s ~  

t ~ s ~  

~ R W H  

t ~ w s  

tcs 

t c ~  

~DHR 

~ D H W  

t ~ s  

 AH 

~ D A S  

t ~ s w  

tmD 

~ O D  

t ~ w  

t ~ u e  

 PI 

tvc 

Parameter 

Cycle time 

DS low or high time 

DS high or -- low time 

rn hold time 

rn setup time 

Chip select setup time 

Chip select hold time 

Read data hold time 

Write data hold time 

Address setup time 

Address hold time 

Delay time, DS to AS rise 

Pulse width. AS high 

Dela-, AS to DS rise 
(RWWR fall) 

Output dB delay time from 
DS rise (RD fall) 

Write data setup time 

Delay time before update 

Periodic interrupt time interval 

Time of update cycle 

Maximum 

40 

100 

Minimum 

270 

135 

90 

0 

15 

8 

0 

0 

0 

30 

15 

15 

50 

55 

50 

Typlcal 

244 

- ~ ~ ~ ~ - ~  
1 

Unit 

ne 

ne 

ne 

ns 

ne 

ne 

ns 

M 

ns 

ne 

118 

na 

ne 

na 

ne 

ne 

ClS 

 la 

Notes 
I 

See Table 3 



bq4285Elbq4285L 

Motorola Bus ReadlWrite Timing-bq4285EIbq4285L (PLCC Package Only) 

I I 

AD, -AD, 
(WRITE) 

AD -AD, 
(READ) 

2oyze May lD04 

5 1  16 



lntel Bus Read Timing-bq4285EIbq4285L 

A S  (ALE) s 

lntel Bus Write Timing-bq4285EIbq4285L 

A S  (ALE) s 
4 DSL - ~ D S H  --. 

R/W (WR) 

wc-a 
May 1984 21/26 



Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

"cc 

Conditions 

Internal write-protection 
period after Vcc passes VPFD 
on power-up. 

Delay after Vcc slows down 
past V m  before SRAM is 
write-protected. 

Time during which external 
SRAM ia write-protected after 
Vcc passes VPFD on power-up. 

- 
INT 
(Alarm) 

Unit 

PS 

ms 

ps 

ms 

ns 

Symbol 

t~ 

t~ 

~ C S R  

twpr 

~CER 

Parameter 

Vcc slew from 4.5V to OV 

Vcc slew from OV to 4.5V 

- 
CS at Vm after power-up 

Write-protect time for 
externalRAM 

Chip enable recovery time 

Chip enable propagation 
delay to external SRAM 

Maximum 

200 

30 

~CSR 

10 

Minimum 

300 

100 

20 

10 

t c s ~  

Typical 

16 

7 



Caution. Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

Power-DownIPower-Up Timing-bq4285L 

symbol 

t~ 

t~ 

t c s ~  

tWpr 

~CER 

- 
INT 
(Alarm) 

P@rmneter 

Vcc slew from 2.7V to OV 

Vcc slew from OV to 2.W 

- 
CS at Vm after power-up 

Write-protect time for 
external RAM 

Chip enable recovery time 

Chip enable propagation 
delay to external SRAM 

Minimum 

300 

100 

20 

10 

t c s ~  

Typical 

0 

16 

9 

Unit 

Ps 

me 

ps 

me 

118 

Maximum 

200 

30 

~ C S R  

15 

CondHlonr I 

Intarnal write-protection 
period after Vcc paseee VPFD 
on power-up. 

VBC > VPFD 

VBC <VPFD 

Time during which external 
SRAM ie write-protected after 
Vcc passes VWD on power-up. 



Interrupt Delay Timing-bq4285EIbq4285L (TA = TOPR) 

lnterrupt Delay Timing-bq4285Elbq4285L (PLCC Package Only) 

- 
RST 

- 
INT 

Maximum 

2 

2 

Typical 

lnterrupt Delay Timing-bq4285Elbq4285L (SOIC, DIP Packages) 

Unit 
a 

PS 

1.18 

PS 

Minimum 

5 

- 
symbol 

t ~ w  

~ I R R  

t ~ u ,  

- 
RST 

Parameter 

Reset pulse width 
- 
INT release from 
- 
INT release from DS m) 

- 
INT 

YT-4 

24/28 May 1 994 



Ordering Information 

Temperature: 
blank = Commercial (0 to +700C) 
N = Industrial' (-40 to +8S°C) 

Package Option: 
P = 24-pin pl& DIP (0.600) 
S = 24-pin SOIC (0.30) 
Q = 28-pin quad Fl..CC 

Device: 
W286F/bq42!35L Real-Time Clock With NVRAM Control 

'bq4285E Q and S packages only. 

May lsW =m 
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Features with automatic leap-year include three maskable interrupt 
adjustment sources, square wave output, and 

> D i i t  clocVcalendar 114 bytes of general nonvolatile 
replacement for IBM@ > Time of day in seconds, minutes. 
AT-compatible computers and and hours 
other applications - 12- or 24-hour format The bq4287 write-protects the clock, 

calendar, and storage registers > Functionally compatible with the - Optional daylight saving during power failure. The integral 
DS1287/DS1287A and adjustment backup energy source then main- 
MC146818A > Programmable square wave tains data and operates the clock 

W 114 bytes of general nonvolatile output and calendar. 

storage 

> Automatic backup supply and 
write-protection to make external 
SRAM nonvolatile 

Integral lithium cell and crystal 

> 160 ns cycle time allows fast bus 
operation 

> Intel bus timing 

14 bytes for clocWcalendar and 
control 

> BCD or binary format for clock 
and calendar data 

> Calendar in day of the week, day 
of the month, months, and years 

Pin Connections 

24-Pin DIP Module 
PN-29 

> Three individually maskable 
interrupt event flags: 
- Periodic rates from 122 ps to 

mms 

- Time-of-day alarm once per 
second to once per day 

- End-of-clock update cycle 

> Better than one minute per 
month clock accuracy 

General Description 
The CMOS bq4287 is a low-power 
microprocessor peripheral providing 
a time-of-day clock and 100-year 
calendar with alarm features and 
battery operation. Other features 

- - -  

Pin Names 
ADO-AD7 Multi lexed address/data 
- inPutPOUtput 
CS Chip select input 
ALE Address strobe input 

- Data strobe input 
WR - Read/write input 
INT Interrupt request output - 
RST Reset input 
SQW Square wave output - 
CEIN - RAM chip enable input 
CEouT RAM chip enable output 
NC No connect 
Vom Supply output 
Vcc +5v supply 
Vss Ground 

TZle bq4287 uses its integral battery- 
backup contmlk and battery to make 
a standard CMOS SRAM nonvolatile 
during power-fail conditions. During 
power-fail, the bq4287 automatically 
write-pmkxb the artemal SRAM and 
prwidea aVccoutputscnmed firm its 
internal battery. 

The bq4287 ia a fully compatible real- 
time clock for IBM AT-compatible 
computers and other applications. 

As shipped from Benchmarq, the 
backup cell is electrically isolated 
from the memory. Following the f i t  
application of Vcc, this isolation is 
broken, and the backup cell provides 
data retention t2e clock, internal 
W VOUT, and CEour on mbeequent 
power-downs. 

The bq4287 is functionally equiva- 
lent to the bq4285, except that the 
battery (16, 20) and crystal pins (2, 
3) are not accessible. These pins are 
connected internally to a coin cell 
and quartz crystal. The coin cell pro- 
vides 130mAh of capacity. For a com- 
plete description of features, 
operating conditions, electrical char- 
acteristics, bus timing, and pin 
descriptions, see the bq4285 data 
sheet. 

Caution: 
Take care to avoid inadvertent dis- 
charge through VOUT and BOUT sf- 
ter battery isolation has been 
broken. 

Nov. 1993 C 116 
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Absolute Maximum Ratings 

- 

VT 

Recommended DC Operating Conditions (TA = TOPR) 

Note: Typical values indicate operation a t  TA = 25OC. 

 top^ 

Tsm 

fim 
TSOLDER 

DC Electrical Characteristics (TA = TOPR, vcc = 5v * 10%) 

Unit 

V 

Value 

-0.3 to 7.0 
Symbol 

Vcc 
DC voltage applied on any pin excluding Vcc 
relative to Vss 

Conditions I Parameter 

DC voltage applied on Vcc relative to Vss 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

-0.3 to 7.0 

C 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

0 to +70 

-40 to +70 

-10 to +70 

260 

I 1.1 

Iu ,  

V 

Battery capacity 

VT<VC!C+O.~ 

OC 

"C 

OC 

"C 

Input leakage current 

Output leakage current 

Commercial 

Commercial 

Commercial 

For lOseconds 

130 Refer to graphs in Typical 
Battery Characterktb section 

* 1 
i 1 

pA Vni=Vss toVcc 
ADO-Ah, and SQW in '* , high impedance 



Power-Down/Power-Up Timing VA - TOPR) 
I I I I 

Symbd 1 Parameter 1 Minimum 1 Typicnl I Maximum ( Unit ( Conditions 
I 

t~ 

t~ 

t c s ~  

tDR 

vcc slew from 4.5v to ov 
Vcc slew from OV to 4.5V 

- 
CS at Vm after power-up 

tWpr 

Data-retention and 
timekeeping time 

t c e ~  

Note: Clock accuracy is better than t 1 minute per month at 25OC for the period of   DR. 

Caution. Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

300 

100 

20 

Write-protect time for 
external RAM 

tCED 

Power-Down/Power-Up Timing 

10 

Chip enable recovery time 

4.6 

"so / 

200 

10 

Chip enable pmpagation 
delay to external SRAM 

m-n 

years 

tea  

Nw. lW3C 316 

PS 

Me 

me 

Q= 2Ei°C, no load on Vow or 
CE~UT. 

16 

7 

Internal write-pmtection 
period after Vcc paasee VPFD 
on power-up. 

~CSR 

30 

10 

ms 

IIB 

ps 

Time during which external 
SRAM is write-protected after 
Vcc pasees V m  on power-up. 

Delay after Vcc slows down 
past Vpm before SRAM is 
write-protected. 



Typical Battery Characteristics (source = Panasonic) 

CR1632 Load Characteristics 

CR1632 Capacity vs. Load Resistance 

3.50 

3.M) 

"*Qe 2.50 
M I 

0 
Load (Kohm) 

2.00 

1.50 

0 loo0 2000 3000 4000 5000 
Duration (hours) 

1 5 ~ o h m  
. ( l m )  

. . 
Cut MV: 2w 
I I I  I 

%ohm 
-- (esuA) 

1 10 100 

lOOKohm 
1m) - 



CR1632 Operating Voltage vs. Load Resistance 

Load (Kohm) I 
I 

10 
I I I I I I 

100 

(uA) 2OOo too0 500 3 0 0 2 0 0  100 
I 

50 30 

CR1632 Tempemture Characteristics 

3.50 

3.00 

2.50 

2.00 

1.50 

\ 

0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 e o o  

Duration (hours) 



Data Sheet Revision History 
I I 

change I Page NO. 

1 

1 

2 

Note: Change 1 = Nov. 1992 B changes from June 1991 A. 
Change 2 = Nov. 1993 C changes from Nov. 1992 B. 

Description 

Power-fail detect voltage VPFD 

2 

Ordering Information 

Nature of Change 

Waa 4.1 min, 4.25 max; 
is 4.0 min. 4.36 max 

2 

9 

L Temperature: 
blank = Commercial (0 to +70°C) 

14 

Package Option: 
MT = T-type module 

Chip enable input current 

Was: *As shipped from Benchmarq, the backup 
cell is electrically isolated from the memory." 
Is: 'As shipped from Benchmarq, the backup cell 
is electrically isolated from the active ckdtry. '  

L.- Device: 
bq4287 Real-Time Clock Module With NVRAM Control 

Additional specification 

Deleted specifications for t ~ w  and t ~ w s  

Ye Nov. 1993 C 
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Clarifcation; these parameters 
are not supported by the 
bq4287 



Enhanced RTC Module With NVRAM Contml 

Features 
> Direct clock/calendar 

replacement for IBM@ 
AT-compatible computera and 
other applicationa 

> 114 bytea of general nonvolatile 
*age 

> Enhanced features include: - System wake-up capability- 
alarm interrupt output active 
in battery-backup mode 

- 32kI-I~ output for power 
management 

Automatic backup and write- 
protect control to external SRAM 

Integral lithium cell and crystal 
in 24-pin DIP module 

160 ns cycle time allom fast bus 
operation 

Better than one minute per 
month clock accuracy 

14 bytes for clo&lcalendar and 
colltrol 

BCD or binary format for clock 
and calendar data 

Pln Connections 

/ 24-Pin DIP Module 
PN-20 I 

Calendar in day of the week, day 
of the month, months, and years, 
with automatic leap-year 
adjuetment 

Time of day in seconds, minutea, 
and hours 

Programmable square wave 
output 

Three individually maskable 
intenvpt event flags: - Periodic ratea from 122pe to 

mm8 - Time-of-day alarm once per 
second to once per day - End-of-clock update cycle 

General Description 
The CMOS bq4287E is a low-power 
micmprcceaeor peripheral providing 
a time-of-day clock and 100-year cal- 
endar with alarm featuree and bat- 
tery operation Other featurea include 
three maskable in t empt  eources, 
square wave output, and 114 bytee of 
general nonvolatile etorage. 

A 32.76813I2 output is available for 
sustaining power-management acti- 

Pin Names 
A D O - 0  
- 
CS 
ALE - 
RD - 
WR - 
INT - 
RST 

SQ w - 
CEIN - 
C&UT 
NC 
vour 
vcc 
Vss 

Multi lexed address/data 
inpu~mtput 
Chip select input 
Address strobe input 
Data strobe input 
Read/write input 
Intemrpt request output 
Reset input 
Square wave output 
RAM chip enable input 
RAM chip enable output 
No connect 

S ~ P P ~ Y  output 
+SV supply 
Ground 

vitiee. Wake-up capability is pro- 
vided by an alarm interrupt, which 
ia active in battery-backup mode. 

The bq4287E write-protects the 
clock, calendar, and &rage regietera 
during power failure. The integral 
backup energy source then main- 
taina data and operatea the clock 
and calendar. 

The bq4287E is a fully compatible real- 
time clock for IBM ATc~npatible corn- 
putem and other applications. 

The bq4287E integrates a battery- 
backup controller and battery to 
make a standard CMOS SRAM non- 
volatile during pwer-fail conditione. 
During power-fail, the bq4287E auto- 
matically write-protects the external 
SRAM and provides a Vcc output 
sourced from-ita internal battery. - 

Ae shipped from Benchmarq, the 
backup cell is electrically isolated 
trom the memoay. Following the first 
application of !kc, thia iaolatian is 
broken, and the backup cell provides 
data retention to-the clock, internal 
RAM, V m ,  and andm m .sdxmuent 
power-downs. 

The bq4287E ie functionally equiva- 
lent to the bq4285E, except the bat- 
tery (16,20) and crystal pin (2,3) are 
not accessible. These pine are con- 
nected internally to a coin cell and 
quartz cryatal. The coin cell provides 
130mAh of capacity. For a complete 
description of features, operating 
conditions, electrical characteriatice, 
bus timing, and pin descriptions, see 
the bq4285E data sheet. 

Caution: 
Take care to avoid inadvertent dl* 
charge through V m  and Em af- 
ter battery isolation has been 
broken. 

May 1004 1/8 

5-1 29 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditiom detailed in thii data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

Absolute Maximum Ratings 
Conditions 

VT < Vm + 0.3 

Commercial 

Induetrial W" 
Commercial 

Industrial W" 
Commercial 

IndustrialUN" 
For 10 seconds 

DC Electrical Characteristics VA - TOPR, vcc = 5v * 10%) 

Note: Typical values indicate operation at  TA = 25'C, Vcc = 5V. 

Unit 

V 

V 

"C 

"C 
"C 

"C 

"C 

"C 
"C 

VOH 

VOL 

ICC 

ICCB 

ICCSB 

-VSO 

VPFD 

2/6 May 1994 
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Value 
-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-40 to +85 
-40 to +70 
-40 to +85 

-10 to +70 

-40 to +85 
260 

Sym bol 

Vcc 

VT 

ToPR 

Tsm 

TBMs 

TSOWER 

Conditions/Notes 

Refer to graphs in Typical 
Battery Cham&htica section 

Vm = Vss to Vcc 

ADo-A&, and SQW in 
highimpedance 

1 

Parameter 

DC voltage applied on Vcc relative to Vss 
DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Unit 

mAh 

pA 

pA 

Output high voltage 

Output low voltage 

Operating supply current 

Battery operation current 

Standby supply current 

Supply switch-over voltage 

Power-fail-detect voltage 

Maximum 

i 1 

* l 

Typical 

130 

2.4 

4.0 

1 VBC I Backup cell voltage 

Minimum Symbol 

C 

11.1 

I w  

Vcc - 0.3V Vomi 

Parameter 

Battery capacity 

Input leakage current 

Output leakage current 

7 

0.3 

300 

3.0 

4.17 

Vow voltage 

3.0 

V o m  

, ICE 

Iom = 100pA, Vcc < Vec 

Internal 50K pull-up 

IoH=-1.OmA 
IOL= 4.0 rnA 
Min. cycle, duty = 10W, 
IOH = OmA, IOL = OmA 

VBC = 3V, Te= 25"C, no load 
on Vow or CEow 
VIN =Vcc or VSS, - 
CS = CEIN 2 Vcc - 0.2, 
no load on Vom A 

Internal backup cell voltage; 

100 

0.4 

15 

0.5 

4.35 

Vow voltage 

Chip enable input current 

refer to graphs in Typical 
Battery Charactmktica section 
Iow = lOomA, vcc > VBC 

V 

pA 

V 

V 

rnA 

pA 

pA 

V 

V 

-- 
Vet - 0.3V 

V 

v 



Power-Down/Power-Up Timing FA = TOPR) 

Symbol 

t~ 

t~ 

t c s ~  

tDR 

~ C E R  

Note: Clock accuracy is better than * 1 minute per month at 25OC for the period of ~ D R  

Caution. Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

Parameter 

Vcc slew from 4.5'J to OV 

Vcc slew from OV to 4.5V 

- 
CS at Vm after power-up 

I 

Data-retention and 
timekeepingtime 

tcED 

Power-Down/Power-Up Timing 

Write-protect time for 
external RAM 

Chip enable recovery time 

Minimum 

300 

100 

20 

10 

Chip enable propagation 
delay to external SRAM 

10 

t c s ~  

Typical 

years 

7 

TA = 25OC, no load on VOUT or 
E&,uT. 

16 

Maximum 

200 

10 

30 

~CSR 

11s 

Unit 

me 

1 

Conditions 

Internal write-protection 
period after Vcc passee VPFD 
on power-up. 

pe 

ms 

Delay after Vcc elews down 
past VPPD before SRAM is 
write-protected. 

Time during which external 
SRAM ie write-protected after 
Vcc pasees V ~ D  on power-up. 



Typical Battery Characteristics (source = Panasonic) 

CR1632 Load Characteristics 
I 

CR1632 Capacity vs. Load Resistance 
1 

Capacity 

- 
10 1w Load (Kohrn) 1 

I I I I I I I I 
(uA) 2000 1000 500 3 0 0 2 0 O  100 50 30 



CR1632 Operating Voltage vs. Load Resistance 

Load (Kohm) I 
I 

10 
I I I I I I 

100 

(uA) 2ooo loo0 500 3 0 0 2 0 0  100 50 30 
I 

CR1632 Temperature Characteristics 

May 1984 51e 



Ordering Information 

L- Temperature: 
blank = Commercial (0 to +7O0C) 
N = Industrial* (-40 to +85OC) 

Lpackage Option: 
= T-type module 

Device: 
bq4287E Real-Time Clock Module With NVRAM Control 

'Contact factory for availability. 

May 1994 SF 
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U RTC Module With 32k8  NVSRAM 

Features 
Integrated SRAM, real-time 
clock, crystal, power-fail control 
circuit, and battery 

Real-Time Clock counte eeconds 
through years in BCD format 

RAM-like clock access 

Pin-compatible with induetry- 
standard 32K x 8 SRAMs 

Unlimited write cychs 

10-year minimum data mtention 
and clock operation in the 
abeence of power 

Automatic power-fail chip 
deeelect and write-protection 

Software clock calibration for 
greater than *1 minute per 
month accuracy 

10% tolerance of Vcc for 
write-pmkct 

General Description 
The bq4830Y RTC Module ie a non- 
volatile 262,144-bit SRAM organized 
as 32,768 words by 8 bite with an 
integral acceeeible real-time clock. 

The device combiiea an internal lith- 
ium battery, quartz crystal, clock 
and power-fail chip, and a full 
CMOS SRAM in a plaetic S p i n  DIP 
module. The RTC Module djrectly re- 
places industry-standard SRAMs 
and also fita into many EPI#IM and 
EEPROM sockets without any 
requirement for special write timing 
or limitations on the number of write 
cycles. 

Registers for the real-time clock and 
clock calibration are located in regis- 
ters 7FF8h-7FFFh of the memory 
array. 

The clock registers are dual-port 
reaMta SRAM locations that are 
updated once per mmnd by a clock 
control circuit from the internal 
clock c o u n ~ .  The dual-part regin- 
tere allow clock updates to occur 
without interrupting normal acema 
to the reat of the SRAM array. 

The bq4830Y also containa a power- 
fail-detect circuit. The circuit 
deselects the device whenever V w  
falls below tolerance, providing a 
high degree of data d t y .  The 
battery ie electrically isolated when 
shipped from the factory to provide 
maximum battery capacity. The bat- 
tery remaina dkmmected until the 
first application of Vcc. 

Pin Connections Pin Names 

28-Pin DIP Module 
m u  

Ao-Alr Address input 

i5 Chip enable 

5% Write enable 
- 
OE Output enable 

DQo-DQ7 Data in/data out 

vcc +5 volts 

Vss Ground 



Functional Description operation, including memory and clock interface, and 
data-retention modes. 

Figure 1 is a block diagram of the bq4830Y. The 
following sections describe the bq4830Y functional 

Figure 1. Block Diagram 

Truth Table 
DQ 

High Z 

Dm 

DOUT 

High Z 

High Z 

High Z 

Mode 

Deselect 

Write 

b a d  

Read 

Deselect 

Deselect 

power 1 
Standby 

Active 

Active 

Active 

CMOS standby 

Battery-backup mode 

WE 

X 

VIL 

VIH 

Vm 

X 

X 

- 
OE 

X 

X 

VL 

VIH 

X 

X 

Vcc 

i cvcc 

> Vcc (min.) 

< VPFD (min.) > VSO 

S VSO 

- 
CE 

VIH 

VL 

VIL 

VIL 

X 

X 



Address Map Figure 2 illustrates the address map for the bq483OY. 
Table 1 ie a map of the bq4830Y registera. 

The bq4890Y providen 8 bytee of clock and control statue 
refriatarn and 32,760 bytee of storage RAM. 

Figure 2. Address Map 

Table 1. bq4830Y Clock and Control Register Map 

t 
8 Byte8 

.I 
i 

Note: X = Unused bits; can be written and read. 
Clocwalendar data in 24-hour BCD format. 
OSC = 1 stops the clock oscillator. 

Clock and 
Control Status 

Redrterr 

7FFB 

7FFA 

7FF9 

7FP8 

X 

X 

OSC 

W R  

7FFF 

7FFE 

7FFD 

7FFC 

7FF0 

7FFA 

7FFO 

7FF8 

7FiF 0 

7 ~ ~ 8  1 

2 7FF7\ 

8 

4 

6 

0 

7 

0000 Y C I  

Year 

Month 

Date - : Days 

Hour 

Mhuter 

8.oonda 

Control 

X 10 Hours 

10 Minutes 

10 Seconds 

Hours 

Minutes 

Seconds 

00-23 Hours 

W 9  

00-59 

S 

Minutee 

Seconds 

0031 Calibration Control 



Memory Interface 

Read Mode 
The bq4830Y is i n ~ e a d  mode whenever (output 
enable) is low and CE (chip enable) is low. The device 
architecture allows npple-through access of data from 
eight of 262,144 locations in the static storage array. 
Thus, the unique address specified by the 15 address 
inputs defmes which one of the 32,768 bytes of data is to 
be accessed. Valid data is available a t  the data VO pins 
within tu (address access time) after the k t  addree 
input signal is stable, providing that the CE and 02 
(outp&enable) access times are also satisfied. If the CE 
and OE access times are not met, valid data is available 
after the latter of chip enable access time  ACE) or output 
enable access time  to^). 
- 
CE and control the state of the eight three-state data 
I/O signals. If the outputs are activated before ~ A A ,  the 
data lines are driven to an indeterminate stateuntil t ,  
If the address inputs are changed while CE and OE 
remain low, output data remains valid for  to^ (output 
data hold time), but goes indeterminate until the next 
address access. 

Write Mode 
The bq4830Y is in write mode whenever and CE are 
active. The start of a write is~ferencedfrom the latter- 
occurring falling edge of WE or CE-A write is  
terminated by the earlier rising edge of WE or CE. The 
addresses must be held valid throughout the cycle. CE 
or WE must reArn high for a minimum of tWR2 from CE 
or t w ~ i  from WE prior to the initiation of another read or 
write cycle. 

Data-in must be valid t ~ w  prior to the endof write and 
remain valid for ~ D H I  or ~ D H Z  afterward. OE should be 
kept high during write cycles to avoid bus contention; 
al thsgh,  if &e output bushas been activated by a low 
on C E s d  OE, a low on WE disables the outputa twz 
after WE falls. 

Data-Retention Mode 

With valid Vcc applied, the bq4830Y operates as a 
conventional static RAM. Should the supply voltage 
decay, the RAM automatically power-fail deselects, 
write-protecting itself twpr after Vcc falls below VPFD. 
All outputs become high impedance, and all inputs are 
treated as 'don't care." 

If power-fail detection occurs during a valid acceee, the 
memory cycle continues to completion. If the memory 
cycle fails to terminate within time twm, write-protection 
takes place. When Vcc drop below Vso, the control cir- 
cuit switches power to the internal energy source, which 
preserves data. 

The internal coin cell maintains data in the bq4830Y 
after the initial application of Vcc for an accumulated 
period of at least 10 years when Vcc is less than Vso. As 
system power re turn  and Vcc rises above Vso, the bat- 
tery is disconnected, and the power supply is switched to 
external Vcc. Write-protection continues for ~ C E R  after 
Vcc reaches VPFD I;o allow for processor stabilization. Af- 
ter ~CER, normal RAM operation can resume. 

Clock Interface 

Reading the Clock 
The interface to the clock and control registers of the 
bq4830Y is the same as that for the general-purpoee stor- 
age memory. Once every second, the user-accessible 
clock/calendar locations are updated simultaneously from 
the internal real time counters. To prevent reading data 
in transition, updates to the bq4830Y clock registers 
should be halted. Updating is halted by setting the read 
bit D6 of the control register to 1. A s  long as the read bit 
is 1, updates to user-accessible clock locations are inhib- 
ited. Once the frozen clock information is retrieved by 
reading the appropriate clock memory locations, the read 
bit should be reset to 0 in order to allow updates to occur 
from the internal counters. Because the internal count- 
ers are not halted by setting the read bit, reading the 
clock locations has no effect on clock accuracy. Once the 
read bit is reset to 0, within one second the internal 
registers update the user-accessi'ble registers with the 
correct time. A halt command issued during a clock up- 
date allows the update to occur before freezing the data. 

Setting the Clock 
Bit D7 of the control register is the write bit. Like the 
read bit, the write bit when set to a 1 halts updates to the 
clock/calendar memory locations. Once frozen, the loca- 
tions can be written with the desired information in 24- 
hour BCD format. Resetting the write bit to 0 causes the 
written values to be transferred to the internal clock 
counters and allows updates to the user-accessible regis- 
ters to resume within one second. Use the write bit, D7, 
only when updating the time registers (7FFF-7FF9). 

Stopping and Starting the Clock Oscillator 
The OSC bit in the seconds register turns the clock on or 
off. If the bq4830Y is to spend a sign5cant period of 
time in storage, the clock oscillator can be turned off to 
preserve battery capacity. OSC set to 1 stops the clock 
oscillator. When OSC is reset to 0, the clock oscillator is 
turned on and clock updates to user-accessible memory 
locations occur within one second. 

The OSC bit is  set to 1 when shipped from the 
Benchrnarq factory. 



Calibrating the Clock 
The bq4830Y real-time clock is driven by a quartz con- 
trolled oecillator with a nominal frequency of 32,768 Hz. 
The quartz crystal is contained within the bq4830Y pack- 
age along with the battery. The clock accuracy of the 
bq4830Y module is tested to be within 20ppm or about 1 
minute per month at 25OC. The oscillation rates of ays- 
tala change with temperature as Figure 3 show. To 
compensate for the frequency shift, the bq4830Y offers 
onboard software clock calibration. The user can adjuet 
the calibration based on the typical operating tempera- 
ture of individual applications. 

The software calibration bits are located in the control 
register. Bits DO-D4 control the magnitude of correction, 
and bit D5 the direction (positive or negative) of correc- 
tion. Assuming that the oscillator is running at exactly 
32,786 Hz, each calibration step of DO-D4 adjusts the 
clock rate by +4.068 ppm (+10.7 seconds per month) or 
-2.034 ppm (-5.35 seconds per month) depending on the 
value of the sign bit D5. When the sign bit is 1, positive 
adjustment occurs; a 0 activates negative adjustment. 
The total range of clock calibration is +5.5 or -2.75 min- 
utes per month. 

Two methods can be used to ascertain how much 
calibration a given bq4830Y may require in a system. 
The f m t  involves simply setting the clock, letting it run 
for a month, and then comparing the time to an accurate 
known reference like WWV radio broadcasts. Based on 
the variation to the standard, the end user can adjust the 
clock to match the system's environment even after the 
product is packaged in a non-serviceable enclosure. The 
only requirement is a utility that allows the end user to 
access the calibration bits in the control register. 

The second approach uses a bq4830Y test mode. When 
the frequency test mode enable bit FTE in the days 

Figure 3. Frequency Error 

register is set to a 1, and the oscillator is running at 
exactly 32,768 Hz, the LSB of the seconds register tog- 
gles at 512 Hz. Any deviation from 512 Hz indicates the 
degree and direction of oscillator frequency shift at  the 
test temperature. For example, a reading of 512.01024 
Hz indicates a (lE6*0.01024Y512 or +20 ppm oecillator 
frequency error, requiring ten steps of negative 
calibration (10.-2.034 or -20.34) or 001010 to be loaded 
into the calibration byte for correction. To read the test 
frequency, the bq4830Y must be selected and held in an 
extended read of the seconds register, location 7FF9, 
without having the read bit set. The frequency appears 
on DQO. The FTE bit must be set using the write bit 
control. The l?I'E bit must be reset to 0 for normal clock 
operation to resume. 



Absolute Maximum Ratings 
Symbol 

Vcc 

I vT 

Recommended DC Operating Conditions (TA - TOPR) 

Parameter 

DC voltage applied on Vcc relative to Vss 

Note: Typical values indicate operation at TA = 25OC. 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

 top^ 

Ts?r, 

?'BIAS 

TSOLDER 

Value 

-0.3 to 7.0 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exweded. Functional operation should 
be limited to the Remmmended DC Operating Conditions detailed in this data sheet. E- to conditions 
beyond the operational limita for extended periods of time may affect device reliab'ity. 

0 to +70 

-40 to +70 

-10 to +70 

+260 

Operating temperature 

Storage temperature (Vcc off; oscillator off) 

Temperature under bias 

Soldering temperature 

I -0.3 to 7.0 

Unit 

V 

OC 

OC 

OC 

OC 

Conditions 

V 

For 10 aeconda 

VT<VCC+O.~ 



DC Electrical Characteristics FA = TOPR, VCCmin 5 vcc 5 VCCIIUX) 

Notes: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Conditlon8/Note8 

VIN = Vss to Vcc 
- 
CE=Vm o r m = V m o r  m=vL 
IOH = -1.OmA 

10~=2.1mA 

CE=Vm 
- 
CE 2 Vcc - 0.2V, 
OV 5 Vm 5 0.2V, 
or Vm 2 Vcc - 0.2V 

Min. cycle, duty = 100% 
CE=Vn,Ito=OmA 

Unit 

pA 

PA 

V 

V 

mA 

mA 

V 

V 

Capacitance FA = 2sac, F = IMHZ, vcc = 5 .0~)  

Symbol 

ILI 

I m  

VOH 

VOL 

ISBI 

ISBZ 

Icc 

V m  

Vso 

Typic81 

3 

2 

55 

4.37 

3 

Conditions 

Output voltage = OV 

Input voltage = OV 

Maximum 

* 1 

* 1 

0.4 

6 

4 

75 

4.50 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Note: These parameters are sampled and not 100% tested. 

Unit 

pF 

pF 

Minimum 

2.4 

4.30 

Typical Minimum Symboi 

CW 

CIN 

Maximum 

10 

10 

Parameter 

Inpuvoutput capacitance 

Input capacitance 



AC Test Conditions 
Parameter 1 Test Conditions 

I Input and output timing reference levels I 1.5 V (unless otherwiee s-fie.) I 

Input pulse levels 

Input rise and fall times 

OV to 3.0V 

5ns 

Figure 4. Output Load A Figure 5. Output Load B 

Output load (including scope and jig) 

Read Cycle F A  - TOPR, VCCmin < VCC VCCmax) 

See Figurea 4 and 5 

811 4 Wt. lW6 B 
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Symbol 

~ R C  

~ A A  

 ACE 

 to^ 

~CLZ 

toLZ 

~ C H Z  

t o ~ z  

 to^ 

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output disable to output in high Z 

Output hold from address change 

-85 

Unit 

ne 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Min. 

85 

5 

0 

0 

0 

10 

Conditions 

Output loadA 

Output loadA 

Output loadA 

Output loadB 

OutputloadB 

OutputloadB 

OutputloadB 

Output loadA 

Max. 

85 

85 

45 

35 

25 



Read Cycle No. 1 (Address Access) 

Address 

D m  

Read Cycle No. 2 (e Access) 1,3,4 

4 ~ R C  b 

Read Cycle No. 3 (s Access) 

>f 
4 t AA b 

4 t cm b 

Previous Data Valid Data Valid 

Address 

4 ~ R C  

f 
d 

Dour - -  - 
RC-3 

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VIL 

3. Address ia valid prior to or coincident with transition low. 

4. O E = V n .  

6. Device is continuously selected: CE = Vn, 
Sapt.1996B 911 4 

4 t AA b 

4 t~ b 

+ t a z  -+ 

I ~ / / / / / / / / / ~  

- t ~ ~ -  

Data Valid 
Hiah-Z Hiah-Z 



Write Cycle VA =TOPR, VCCmin 5 vcc 5 VCCmax) 

- 

Notes: 1. A write ends a t  the earlier transition of CE going high and =going high. 

2. A dte occurs dur-he overlap of a low CE and a low WE. A write begins at  the later transition 
of CE going low and WE going low. 

Conditions/Notcs 

(1) 

(1) 

Measured from address valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to end of 
write cycle. (3) 

Measured from going high to end of 
write cycle. (3) 

Measured& f i i x o w - b h i g h  transition 
of either CE or WE. 

Measured from WE going high to end of 
write cycle. (4) 

Measured from going high to end of 
write cycle. (4) 

VO pins are in output state. (5) 

VO pins are in output state. (5) 

3. Either t w i  or t w  must be met. 

Units 

na 

na 

na 

na 

ns 

na 

ns 

ns 

* 

* 
ns 

ns 

4. Either ~ D H I  or ~ D H Z  must be met. 

Symbol 

twc 

tcw 

t ~ w  

t ~ s  

t ~ p  

t w ~ l  

twm 

t ~ w  

~ D H I  

~ D H P  

twz 

tow 

5. 1f a goes low simultaneously with WE going low or after WE going low, the outputs remain in 
high-impedance state. 

Parameter 

Write cycle time 

Chip enable to end of write 

Address valid to end of write 

Address setup time 

Write pulse width 

Write recovery time (write cycle 1) 

Write recovery time (write cycle 2) 

Data valid to end of write 

Data hold time (write cycle 1) 

Data hold time (write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

-85 

Min. 

85 

75 

75 

0 

65 

5 

15 

35 

0 

10 

0 

0 

Max. 

30 



- 
Write Cycle No. 1 (WE-Controlled) 1,213 

Address 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

4 twc 

>( 

Address 

4 

c t ~ ~ +  t~~ 

>< 

4 ~ D W  --Jittw- 

DH X Data-in Valid )f 

AW r: tWR1* 

tcw 

4 t WP - 
4 ~ D W  -+- ~DHI -+ 

>( Date-in Valid > f -- - - 

DOUT )000C \, 

A :: :: ; , Data Undefined (2) High-Z 

WC-%6 

Notes: 1. CE or must be high during address transition. 

2. Because J)O may be active (a low) during th ia period, data input eignala of oppoeite polarity to the 
outputs must not be applied. 

3. 1f is high, the I/O pins remain in a state of high impedance. 

4. Either t m l  or t w  must be met. 

5. Either ~ D H I  or t D ~ 2  must be met. 
S.pr 1996 8 11/14 



Power-Down/Power-Up Cycle FA = TOPR) 

I ~ F S  I vcc slew, 4 . 2 0 t o ~ s o  1 10 ( - I - 

Symbol 

~ P F  

Parameter 

Vcc slew, 4.50 to 4.20 V 

tPU 

~ E R  

/ write-protect time 1 40 1 100 / 160 

Minimum 

300 

Vcc slew, Vso to Vpm 
(max.) 

Data-retention time in 

Notes: 1. Typical values indicate operation at TA = 25OC, Vcc = 5V. 

0 

Chip enable recovery time 

10 

Typlcal 

tDR absence of Vcc 

Time during which SRAM is 
write-protected after Vcc 

Maximum Unit 

us 

40 

TA = 25OC. (2) 

Delay after Vcc slews down 
past Vpm before SRAM is 
write-protected. 

Conditions 

2. Battery is disconnected from circuit until after Vcc is applied for the first time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

100 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

200 

Power-Down/Power-Up Timing 

- High Z Valid (per control inputs) 



1 1 1 7 )Valuechange I ISBZ typ. was 2.5; is now 2. I 

Data Sheet Revision History 

Note: Change 1 = Sept. 1996 B changes &om Oct. 1995. 

Change No. 
b 

1 

Page No. 

7 

Description 

Valuechange 

Nature of Change 

Issi typ. and max. were 4,7; are now 3,6. 



Ordering Information 

L spaxi Options: 
85=85nfJ 

I L ~ c k a g e  option: 
MA = A-type module 

L Device: 
bq4830Y 32K x 8 Real-Time Clock Module 



U RTC Module Wth 32Kx8 NVSRAM 

Features 
Integrated SRAM, real-time 
clock, CPU supervisor, crystal, 
power-fail circuit, and battery 

Real-Time Clock counts 
hundredths of seconds through 
years in BCD format 

RAM-like clock access 

Compatible with industry- 
standard 32K x 8 SRAMs 

Unlimited write cycles 

10-year minimum data retention 
and clock operation in the 
absence of power 

Automatic power-fail chip 
deselect and write-protection 

Watchdog timer, power-on reset, 
a l e r i o d i c  interrupt, power- 
fail and battery-low warning 

Software clock calibration for 
greater than *1 minute per 
month accuracy 

General Description 
The bq4832Y RTC Module is a non- 
volatile 262,144-bit SRAM organized 
as 32,768 words by 8 bits with an 
integral real-time clock and CPU 
supervisor. The CPU supervisor 
provides a programmable watchdog 
timer and a microprocessor reset. 
Other features include an alarm, 
power-fail and periodic interrupt, 
and a battery low warning. 

The device combines an internal lith- 
ium battery, quartz crystal, clock 
and power-fail chip, and a full 
CMOS SRAM in a plastic 32-pin DIP 
module. The RTC Module directly 
replaces industry-standard SRAMs 
and also fits into many EPROM and 
EEPROM sockets without any 
requirement for special write timing 
or limitations on the number of write 
cycles. 

Pin Connections 

32-Pin DIP Module 

Registers for the real-time clock, 
alarm and other special functions 
are located in registers 7FFOh- 
7FFFh of the memory array. 

The clock and alarm registers are 
dual-port r e a M t e  SRAM locations 
that are updated once per second by 
a clock control circuit from the inter- 
nal clock counters. The dual-port 
registers allow clock updates to occur 
without interrupting normal acceee 
to the rest of the SRAM array. 

The bq4832Y also contains a power- 
fail-detect circuit. The circuit 
deselects the device whenever Vcc 
fall8 below tolerance, providing a 
high degree of data security. The 
battery is electrically isolated when 
shipped from the factory to provide 
maximum battery capacity. The 
battery remains disconnected until 
the first application of Vcc. 

Pin Names 
Ao-AI~ Address input 

- 
CE Chip enable 
- 
RST Microprocessor reset 
- 
WE Write enable 

OE Output enable 

DQo-DQ7 Data in/data out 

- 
INT Programmable interrupt 

Vcc +5 volts 

Vss Ground 



Functional Description operation, including memory and clock interface, data-re- 
tention modes, power-on reset timing, watchdog timer 

Figure 1 is a block diagram of the bq4832Y. The activation* and intempt generation. 

following sections describe the bq4832Y functional 

c ~ o c k / ~ a k n d u .  Alum 
a d  comrd B y t n  

Storage Registers 

----------- 

Storago A I --. 
(32.752 Bytes) 

hternal Protect 
Battery 

Figure 1. Block Diagram 

Truth Table 
Power 

Standby 

Active 

Active 

Active 

CMOS standby 

Battery-backup mode 

DO 

High Z 

Dm 

DOUT 

High Z 

High Z 

High Z 

Mode 

Deselect 

Write 

Read 

Read 

Deselect 

Deselect 

- 
WE 

X 

VIL 

Vm 

Vm 

X 

X 

Vcc 

< Vcc ( m a )  

> Vcc bin.)  

I < VPFD (rnin.) > VSO 

5 Vso 

EE 
VIH 

VIL 

VIL 

V n  

X 

X 

- 
OE 

X 

X 

vn 
VIH 

X 

X 



Address Map after the latter of chip enable accese time  ACE) or output 
enable acceea time (toE). 

The bq4832Y provides 16 bytes of clock and control and coatrol the state d the eight threestate data 
status regiatera and 32,752 bytes of storage RAM. signals. If the outputs are activated Mae tru the data linee 

aredriventoanin W~ti lh . I f tbeaddreaa Figure 2 illuatratea the addreae map for the bq4832Y. are u% OE h, artilt 
Table 1 is a map of the bq4832Y regi&m, and Table 2 data remaine valid fa (output deta Md time), but Ooes describes the regieter bite. indekmhte until the next addmaa eccese. 

Memory Interface 

Read Mode 
The bq4832Y ie in.ead mode whenever (output 
enable) is low and CE (chip enable) is low. The device 
architectwe allows ripple-through accesa of data from 
eight of 262,144 locations in the static storage array. 
Thus, the unique address specified by the 15 addrese 
inpute defines which one of the 32,768 bytes of data is to 
be acceaaed. Valid data is available at the data W pina 
within t~ (addreaa ace- time) after the k t  ad- 
input signal is atable, providing that ths CE and a 
(oumenable) aceess times are also satisfied. If the CE 
and OE access times are not met, valid data is available 

Write Mode 
The bq4832Y ia in write mode whenever and are 
active. The atart of a write isrefed-from the lattar- 
occurring falling edge of WE or CE-A write is 
terminated by the earlier riaing edge of WE or CE. The 
addreeeee muat be held valid throughout the cycle. CE 
or must re- high for a minimum of M from CE 
or t w ~ i  from WE prior to the initiation of another read or 
write cycle. 

Data-in muat be valid t ~ w  prior to the e n d ~ f  write and 
remain valid foe ~ D H I  or tm afterward. OE should be 
kept high during write cycles to avoid bus contention; 
a l t h s h ,  ifife output bus-hae been activated by a low 
on CE2d OE, a low on WE dbablea the outputs twz 
after WE falls. 

Figure 2. Address Map 
sqlt 1-C 3H 6 



Data-Retention Mode Clock Interface 
With valid Vcc applied, the bq4832Y operates as a 
conventional static RAM. Should the supply voltage 
decay, the RAM automatically power-fail deselects, 
write-protecting itself twpr after Vcc falls below V m .  
All outputs become high impedance, and all inputs are 
treated as 'don't care.' 

If power-fail detection occurs during a valid access, the 
memory cycle continues to completion. If the memory 
cycle fails to terminate within time twm, write-protection 
takes place. When Vcc drops below Vso, the control cir- 
cuit k t c h e s  power to the internal energy source, which 
preserves data. 

The internal coin cell maintains data in the bq4832Y 
after the initial application of Vcc for an accumulated 
period of at least 10 years when Vcc is less than Vso. As 
system power returns and Vcc rises above Vso, the bat- 
tery is disconnected, and the power supply is switched to 
external Vcc. Write-protection continues for ~ E R  after 
Vcc reaches Vpn, to allow for processor stabilization. Af- 
ter ~ E R ,  normal RAM operation can resume. 

Reading the Clock 
The interface to the clock and control registera of the 
bq4832Y is the same as that for the general-purpoee star- 
age memory. Once every second, the user-accessible 
clock/calendar locations are updated simultaneouely from 
the internal real time counters. To prevent reading data 
in transition, updates to the bq4832Y clock registera 
should be halted. Updating is halted by setting the read 
bit D6 of the control register to 1. As long as the read bit 
is 1, updates to user-accessible clock locations are inhib- 
ited. Once the frozen clock information ie retrieved by 
reading the appropriate clock memory locations, the read 
bit should be reset to 0 in order to allow updates to occur 
from the internal counters. Because the internal count- 
ers are not halted by setting the read bit, reading the 
clock locations has no effect on clock accuracy. Once the 
read bit is reset to 0, within one second the internal 
registera update the user-accessible registers with the 
correct time. A halt command h u e d  during a clock up- 
date allows the update to occur before freezing the data. 

Table 1. bq4832Y Clock and Control Register Map 

7FF2 
7FF1 
7FFO 

Notes: X = Unused bits; can be written and read. 
ClocWCalendar data in 24-hour BCD format. 
BLF = 1 for valid battery. 
OSC = 1 stops the clock oscillator. 
Interrupt enables are cleared on power-up. 

4/16 Ssp 1 W C  

ALMO [ Alarm 10 seconds 
0.1 seconds 

WDF 1 AF / PWRF / BLF 

Alarm seconds 
0.01 seconds 

PF I X 1 X / X 

0059 
00-99 

Alarm seconds 
O.m.01 seconds 
Flags 



Table 2. Clock and Control Register Bits 

Setting the Clock 

Calibrating the Clock 
The bq4832Y real-time clock b driven by a quartz con- 
trolled oedlator with a nominal frequency of 32,768 He. 
The quartz wtal is contained within the bq489m pack- 
age along with the battery. The clock accuraq d the 
bq4832Y module b teeted to be within 20ppm or about 1 
minute per month at 2S°C. The oscillation rates of cryo- 
tab change with temperature ae Figure S shorn. To 
compamta for the frequency shift, the bq48SZY offem 
onboard software clock calibration. The u m  can adjurh 
the calibration b a d  on the typical operating tampera- 
ture of individual applications. 

The &are calibration bite are located in the control 
register. Bits W-D4 control the magnitude of correction, 
and bit D5 the dLection (positive or negative) of carrec- 
tion. Aeeuming that the oscillator ie running at exactly 
32,786 Hz, each calibration etep of DO-D4 a d j h  the 
clock rate by t4.068 ppm (+10.7 seconde per month) or 
-2.034 ppm (-5.35 m n d s  per month) depending on the 
value of the eign bit D5. When the sign bit b 1, positive 
adjustment occure; a 0 activates neqative adjustment. 
The total range of clock calibration ie t5.5 or -2.75 min- 
utes per month. 

Two methods can be used to ascertain how much 
calibration a given bq4832Y may require in a eyetern. 
The firat involvea simply eetting the clock, letting it run 
for a month, and then comparing the time to an accurate 
known reference like WWV radio broadcetta. Baeed on 
the variation to the standard, the end umr can adiuet the 
clock to match the syntem's environment wen skes the 
~roduct ie ~ackared in a non-.semiceable endoawe. The 

Bit D7 of the control register is the write bit. Like qAeniie a the to 
the read bit, the write bit when set to a 1 halts up- ~athacalibrationbibinthecontrolr*ter. 
dates to the clocWcalendar memorv locations. Once I 
frozen, the locatidns can be writ& with the desired 
information in 24-hour BCD format. Resetting the 
write bit to 0 causes the written values to be trans- 
ferred to the internal clock counters and allows up- 
dates to the user-accessible registers to resume 
within one second. Use the write bit, D7, only when 
updating the time registera (7FFF-7FF9). 

Stopping and Starting the Clock Oscillator 
The OSC bit in the seconds register turns the clock 
on or off. If the bq4832Y is to spend a significant 
period of time in storage, the clock oscillator can be 
turned off to preserve battery capacity. OSC set to 1 
stops the clock oscillator. When OSC is reset to 0, 
the clock oscillator is turned on and clock updates to 
user-accessible memory locations occur within one 
second. 

The OSC bit is set to 1 when shipped from the Figure 3. Frequency Error 
Benchmarq factory. 



The second approach uses a bq4832Y test mode. When 
the frequency test mode enable bit FTE in the days 
register is set to a 1, and the oscillator is running at 
exactly 32,768 Hz, the LSB of the seconds register tog- 
gles at 512 Hz. Any deviation from 512 Hz indicates the 
degree and direction of oscillator frequency shift at the 
test temperature. For example, a reading of 512.01024 
Hz indicates a (lE6*0.01024fi12 or +20 ppm willator 
frequency error, requiring ten steps of negative 
calibration (108-2.034 or -20.34) or 001010 to be loaded 
into the calibration byte for correction. To read the test 
frequency, the bq4832Y must be selected and held in an 
extended read of the seconde register, location 7FF9, 
without having the read bit set. The frequency appears 
on DQO. The FTE bit must be set using the write bit 
control. The FTE bit must be reset to 0 for normal clock 
operation to resume. 

Power-On Reset 

mbq4832Y provides a power-on reset, which pulls the 
RST pin low on power-down and remains low on power- 
up for ~CER after VCC passes V P ~  

Watchdog Timer 

The watchdog circuit monitors the microprocessor's 
activity. If the processor does not reset the watchdog 
timer within2e programmed time-out period, the circuit 
asserts the INT or RST pin. The watchdog timer is acti- 
vated by writing the desired time-out period into the 
eight-bit watchdog register described in Table 3 (device 
address 7FF7). The five bits (BM4-BMO) store a binary 
multiplier, and the two lower-order bits (WD1-WDO) 
select the resolution, where 00 = '/16 second, 01 = 
second, 10 = 1 second, and 11 = 4 seconds. 

The time-out period is the multiplication of the five-bit 
multiplier with the two-bit resolution. For example, 
writing 00011 in BM4-BMO and 10 in WD1-WDO results 
in a total time-out setting of 3 x 1 or 3 seconds. A multi- 
plier of zero disables the watchdog circuit. Bit 7 of the 
watchdog register (WDS) is the watchdog steering bit. 
When WDS is set to a 1 and a time-out owcc, the watch- 
dog asserta a reset pulse for tcm on the RST pin. During 
the reset pulse, the watchdog register is cleared to all 
zeros disabling the w a t c h d s  When WDS is set to a 0, 
thewatchdog asserts the INT pin on a time-out. The 
INT pin remains low until the watchdog is reset by the 
microprocessor or a power failure occurs. Additionally, 

when the watchdog times out, the watchdog flag bit 
(WDF) in the flaga register, location 7FFO, is set. 

To reset the watchdog timer, the microprocessor must 
write to the watchdog register. Af'ter being reset by a 
write, the watchdog time-out period starts over. As a 
precaution, the watchdog circuit is disabled on a power 
failure. The user must, therefore, set the watchdog at 
boot-up for activation. 

Interrupts 

The bq4832Y allows four individually aelected innrrupt 
evente to generate an interrupt requeet on the INT pin. 
These four interrupt events are: 

The watchdog timer interrupt, programmable to occur 
according to the time-out period and conditions 
described in the watchdog timer section. 

m The periodic interrupt, programmable to occur once 
every 1 2 2 ~ s  to 500ms. 

The alarm interrupt, programmable to occur once per 
second to once per month. 

The power-fail interrupt, which can be enabled to be 
asserted when the bq4832Y detects a power failure. 

The periodic, alarm, and power-fail interrupts are 
enabled by an individual interrupt-enable bit in register 
7FF6, the interrupts register. When an event occurs, its 
event flag bit in the flags register, location 7F'FU, is set. 
If the corresponding event enable bit is also set, then an 
interrupt request is generated. Reading the flags regk- 
ter clears all flag bits and makea INT high impedance. 
To reset the flag register, the bq4832Y addresses must be 
held stable at location 7FFO for at least 501-1s to avoid 
inadvertent resets. 

Periodic Interrupt 
Bits RS3-RSO in the interrupts register program the rate 
for the periodic interrupt. The user can interpret the 
interrupt in two ways: either by polling the flagsregis- 
ter for PF assertion or by setting PIE so that INT goes 
active when the bq4832Y sets the periodic flag. Read- 
ing the flags register resets the PF bit and returns INT 
to the high-impedance state. Table 4 shows the peri- 
odic rates. 

Table 3. Watchdog Register Bits 
MSB Bits LSB 

7 
WDS 1 BM4 1 BM3 I BM2 1 BM1 I BMO 1 WD1 / WDO 

6/18 sepL 19WC 
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Table 4. Periodic Rates 
r I I I I I 

RS3 

Alarm Interrupt 

0 

0 

Ftegistera 7FF5-7FF2 program the real-time clock alarm. 
During each update cycle, the bq4832Y comparea the 
date, hours, minutes, and seconds in the clock registers 
with the corresponding alarm registers. If a match be- 
tween all the correaponding bytes is found, the alarm 
flag AF in the flags register is set. If the alarm interrupt 
is enabled with AIE, an interrupt request is generated on m. The alarm condition is cleared by a read to the flags 
register. ALM3-ALMO puts the alarm into a periodic 
mode of operation. Table 5 describes the selectable rates. 

I- 
RS2 

Table 5. Alarm Frequency(Alarm Bits DQ? 
of Alarm Registers) 

minutes, and seconds 

0 

0 

The alarm interrupt can be made active while the 
bq4832Y ie in the battery-backup mode by e i n g  ABE 
in the interrupts register. Normally, the INT pin tri- 
etatee during battery backup. With ABE set, however, - 
INT is driven low if an alarm condition occurs and the 
AXE bit in eet. Because the AIE bit is reset during power- 
on reset, an alarm generated during power-on reset up- 
d a t a  only the flags register. The user can read the flags 
register during boot-up to determine it an alarm was 
generated during power-on reaet. 

RS1 

Power-Fail Interrupt 

0 

0 

When Vcc falls to the power-fail-detect point, the power- 
fail flag FWRF is set. If the power-fail interrupt enable 
bit (PWRIE) in also set, then INT in asserted low. The 
power-fail interrupt occurs twa before the bq4832Y 
generates a reset and deselects. The PWRIE bit is 
cleared on power-up. 

RSO 

Battery-Low Warning 

Interrupt 
Rate 

0 

1 

The bq4832Y checks the internal battery on power-up. If 
the battery voltage is below 2.2V, the battery-low flag 
BLF in the flags register is set to a 1 indicating that 
clock and RAM data may be invalid. 

None 

loms 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratines are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expcaure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

Tom 

T m  

T~IAS 

TSOLDER 

Recommended DC Operating Conditions (TA = TOPR) 

Unit 

V 

V 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

Symbol 

VCC 
I 

VT 

0 to +70 Operating temperature 

Condltlons 

VTSVCC t0.3 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding VCC 
relative to Vss 

OC 

Storage temperature (Vcc off; millator off) 

Temperature under bias 

Soldering temperature 

Note: Typical values indicate operation at TA = 25°C. 

- 

Symbol 

vcc 

vss 

VIL 

VIH 

-40 to +70 

-10 to +70 

+260 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

OC 

OC 

"C For 10 eeconde 

Minimum 

4.5 

0 

-0.3 

2.2 

Typical 

5.0 

0 

Maximum 

5.5 

0 

0.8 

Vcc + 0.3 

Unit 

V 

v 
V 

V 

Notes 



DC Electrical Characteristics FA = TOPR, VCCmin s vcc s VCCmaw) 

Notes: a i c a l  va-s indicate operation at TA = 2Fi°C, Vcc = 5V. 
RST and INT are open-drain outputs. 

Symbol 

I 1.1 

ILO 

VOH 

VOL 

IOD 

ISB~  

Ism 

Icc  

VPFD 

VSO 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

K T ,  sink current 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Capacitance FA = 25% F = IMHZ, vcc = 5.OV) 

Symbol 

%I 

CIN 

Minimum 

2.4 

10 

4.30 

Note: These parametera are sampled and not 10046 tested. 

Parameter 

Inpuvoutput capacitance 

Input capacitance 

Typical 

3 

2 

55  

4.37 

3 

Minimum 

Maximum 

* 1 

* 1 

0.4 

6 

4 

75 

4.50 

Typical 

Unit 

pA 

PA 

V 

V 

mA 

mA 

mA 

* 
V 

V 

Conditions/Notes 

Vm =VsstoVcc 
- 
C E = V m  o r m = ~ m o r  
-=vn. 
IOH = -1.OmA 

1 0 ~ = 2 . 1 m A  

VOL= 0.4V 

m = V m  
- 
CE > Vcc - 0.2V, 
OV S Vm 5 0.2V, 
or Vrr~ 2 Vcc - 0.2V 

Min. cycle, duty = lOOo/o, 
C E = V I L , I ~ = O ~ A  

Maximum 

10 

10 

Unit 

pF 

pF 

Conditions 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 

Figure 4. Output Load A Figure 5. Output Load B 

Parameter 

Input pulse levels 

Input rise and fall tirnea 

Input and output timing reference levels 

Output load (including scope and jig) 

Read Cycle VA - TOPR, VCCmin s vcc s VCCmax) 

Test Conditlonr 

OV to 3.0V 

51x1 

1.5 V (unlees otherwise specified) 

See Figures 4 and 5 

Unit 

na 

ns 

na 

na 

na 

na 

ns 

ns 

na 

Symbd 

~ R C  

~ A A  

 ACE 

 to^ 

~CLZ 

t o ~ z  

~ C H Z  

t o ~ z  

~ Q H  

Conditions 

OutputloadA 

OutputloadA 

Output loadA 

OutputloadB 

OutputloadB 

OutputloadB 

Output loadB 

Output loadA 

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output dkable to output in high Z 

Output hold from address change 

-85 

Min. 

85 

5 

0 

0 

0 

10 

Max. 

85 

85 

45 

35 

25 



Read Cycle No. 1 (Address Access) Is* 

Address 

I 

f 
I t AA b 

I ton L 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1 ,3,4 

-2 

Read Cycle No. 3 (c Access) 'j5 

Data Valid 
High-Z 

i+ 

RC-a 

Notes: 1. is held high for a read cycle. 

t~~ 

Address 

- - 
2. Device is continuously selected: CE = OE = VIL 

f 

3. Address is valid prior to or coincident with ?% transition low. 

4. m= VL. 

i+ t AA -.----4 

5. Device is continuously selected: = VIL 
SVL 1lssec 11\16 



Notes: 1. A write ends a t  the earlier transition of CE going high and n g o i n g  high. 

2. A d t e  occurs duringthe overlap of a low CE and a low WE. A write begine at  the later transition 
of CE going low and WE going low. 

3. Either t w ~ i  or t w ~ z  must be met. 

Units 

ns 

ns 

ns 

ns 

'Is 

ns 

ns 

"B 

ns 

'Is 

ns 

ns 

Symbol 

twc 

tcw 

~ A W  

 AS 

t w ~  

t w ~ l  

~ W R Z  

t ~ w  

~ D H I  

~ D H Z  

twz 

tow 

4. Either ~ D H I  or ~ D H Z  must be met. 

Conditions/Notes 

(1) 

(1) 

Measured from address valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to end of 
write cycle. (3) 

Measured from going high to end of 
write cycle. (3) 

Measured& fitlow-to-high transition 
of either CE or WE. 

Measured from going high to end of 
write cycle. (4) 

Measured from CE going high to end of 
write cycle. (4) 

VO pins are in output state. (5) 

VO pins are in output state. (5) 

Parameter 

Write cycle time 

Chip enable to end of write 

~ d d r e s s  valid to end of write 

Address setup time 

Write pulse width 

Write recovery time (write cycle 1) 

Write recovery time (write cycle 2) 

Data valid to end of write 

Data hold time (write cycle 1) 

Data hold time (write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

i n .  

85 

75 

75 

0 

65 

5 

15 

35 

0 

10 

0 

0 

5. 1f CE goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

-85 

Max. 

30 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

4 tow 

Drr >< Data-in Valid 
I >< 
k t w z  -+ I- tow + 

Write Cycle No. 2 ( E ~ o n t r o ~ ~ e c i )  1,2,3,4,5 

wc-m 

Notes: 1. or must be high during address transition. 

2. Because J/O may be active (m low) during thia period, data input signals of opposite polarity to the 
outputs must not be applied. 

3. 1f is high, the I/O pins remain in a state of high impedance. 

4. Either t m t  or t m  must be met. 

5. Either ~ D H I  or t D ~ 2  must be met. 
sept 1mc 13/16 



Power-Down/Power-Up Cycle (TA = TOPR) 

Svmbol / Parameter 1 Minimum 1 Tv~lcal / Maximum / Unit / Conditions 

2. Battery is disconnected from circuit until after Vcc is applied for the f i t  time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

- 

~ P F  

~ F S  

tPU 

~ E R  

~ D R  

t ~ p r  

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-Up Timing 

Notes: 1. Typical values indicate operation a t  TA = 25OC, Vcc = 5V. 

Vcc slew, 4.50 to 4.20 V 
Vcc slew, 4.20 to Vso 

Vcc slew, Vso to VPFD 
(max.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 

"cc 

All outputs valid (per control  input^) - High Z 

300 
10 

0 

40 

10 

40 

- 
RST 

- 
INT 

High Z 

100 

100 

Notes: 1. PWRIE is set to '1' to enable power fail interrupt. 

2. WT and are open drain and require an external pull-up resistor. 

200 

160 

Pa 

PS 

me 

years 

ps 

Time during which SRAM is 
write-protected after Vcc 
passes V m  onpower-up. 

TA = 25OC. (2) 

Delay after Vcc slews down 
past Vpn, before SRAM is 
write-protected. 



Data Sheet Revision History 

I 1 4 1  Corrected the alarm date regieter (7FF5) to allow for 01-31 day6 in a month inetead 
of 01-07 days. 

Change No. 
I 

1 

2 9 1 lowered lssl from 4.7mA to 3 , 6 d  lowered Ism typical from 2.5mA to 2mA. / - 

Notes: Change 1 = Mar. 1% B changes from Oct. 1995 A. 
Change 2 = Sept. 1996 C changes from Mar. 1996 B. 

Page No. 

Sept. 1996 C 15/16 

5-1 63 

Description 

Corrected the locationa of bits D6 and D4 of the Intermpta Register and the 
corresponding bits D5 and D3 of the Flaga Register (these were reversed). 



Ordering Information 

I I Speed Options: 
85 = 85 ne 

Package Option: 
MA = A-type module 

Device: 
bq4832Y 32K x 8 Real-Time Clock Module 



bq4842Y 
RTC Module With 128Kx8 NVSRAM 

Features 
Integrated SRAM, real-time 
clock, CPU supervisor, crystal, 
power-fail control circuit, and 
battery 

Real-Time Clock counts 
hundredths of seconds through 
years in BCD format 

RAM-like clock access 

Compatible with industry- 
standard l28K x 8 SRAMs 

Unlimited write cycles 

10-year minimum data retention 
and clock operation in the 
absence of power 

Automatic power-fail chip 
deselect and write-protection 

Watchdog timer, power-on reset, 
alarm/periodic interrupt, power- 
fail and battery-low warning 

General Description 
The bq4842Y R W  Module is a non- 
volatile 1,048,576-bit SRAM 
organized aa 131,072 words by 8 bits 
with an integral accessible real-time 
clock and CPU supervisor. The CPU 
supervisor provides a programmable 
watchdog timer and a microproces- 
sor reset. Other features include an 
alarm, power-fail, and periodic inter- 
rupt and a battery low warning. 

The device combines an internal lith- 
ium battery, quartz crystal, clock 
and power-fail chip, and a full 
CMOS SRAM in a plastic 32-pin DIP 
module. The RTC Module directly 
replaces industry-standard SRAMs 
and a h  fits into many EPROM and 
EEPROM sockets without any 
requirement for special write timing 
or limitations on the number of write 
cycles. 

Registers for the real-time clock, 
alarm and other special functions 
are located in registers IFFFOh- 
lFFFFh of the memory array. 

The clock and alarm registers are 
dual-port r e a M t e  SRAM locations 
that are updated once per eecond by 
a clock control circuit from the inter- 
nal clock counters. The dual-port 
registere allow clock updatee to occur 
without interruptiing normal access 
to the rest of the SRAM array. 

The bq4842Y also contains a power- 
fail-detect circuit. The  circuit 
deselects the device whenever Vcc 
falls below tolerance, providing a 
high degree of data security. The 
battery is electrically isolated when 
shipped from the fadory to provide 
maximum battery capacity. The 
battery remains discoMecGd until 
the first application of Vcc. 

Software clock calibration for 
greater than *1 minute per 
month accuracy 

Pin Connections Pin Names 

32-Pin DIP Module w52 

Ao-A16 Address input 

CE Chip enable 
- 
RST Microprocessor reset 
- 
WE Write enable 

6i Output enable 

DQo-DQ7 Data in/data out 
- 
INT Programmable interrupt 

Vcc +5 volts 

Vss Ground 

Sept. 1996 C 111 6 



Functional Description operation, including memory and clock interface, data-re- 
tention modes, power-on reset timing, watchdog timer 

Figure 1 is a block diagram of the bq4842Y. The andintempt generation. - 

following sections describe the bq4842Y functional 

hternd 
Gurtz 
Crystal 

power- 

htffnal Proteot 

L T h -  
0 0.80 

- 
M : 1 MUX I I 

I 

- - RST * Reset md . 
htnrupt 

Clook/Cakndar. Alarm + GanffltOT 
and Control Bytrs - 

HI 

T I 1 1 1 1 1 1  11111: 

i 8  

Storage 
Registers 

(131.0111 Bylee) 

il34 +84 - 

Figure 1. Block Diagram 

Truth Table 
Power 

Standby 

Active 

Active 

Active 

CMOS standby 

Battery-backup mode 

W 

High Z 

Dm 

DOUT 

High Z 

High Z 

High Z 

Mode 

Deselect 

Write 

Read 

Read 

Deselect 

Deselect 

Vcc 

< Vcc (max.) 

> Vcc (min.) 

< VPFD (rnin.) > VSO 

< Vso 

- 
CE 

VIH 

VIL 

VIL 

VIL 

X 

X 

- 
OE 

X 

X 

VIL 

VIH 

X 

X 

- 
WE 

X 

VIL 

Vm 

Vm 

X 

X 



Address Map are driven to an indeterminate e t e  u n t i i .  u the ad- 
drew inputa m changed while CE and OE remain h, 

The bq4842Y provides 16 bytes of clock and control output data remains valid for tai (output data hold time), 

statue registere and 131,056 bytes of storage RAM. but goes hdekmhte until the next address access. 

Figure 2 illustrates the addreas map for the bq4842Y. 
Table 1 ie a map of the bq4842Y registers, and Table 2 
d d b e s  the register bite. 

Memory Interface 

Read Mode 
TIE bq484- in read mode whenever (output enable) 
is low and CE (chip enable) is low. The device a n M d m e  
allowe ripple-through ac~ss of data hm eight of 1,048,576 
locations in the static storage array. Thus, the unique 
ad- Specizied by the 17 a d h  inputs definea which one 
of the 131,072 bytes of data ie to be a d  Valid data ie 

Write Mode 
The bq4842Y ie in write mode whenever and CE are 
active. The atart of a is I.edernncnd h m  the latter- 
occurring falling edge of W E 3  CE,A write ie tamhated 
by the earlier rising edge of WE or CI&'lheeJdremea must 
be held valid throughout the cycle. CE-rn WE must return 
highforaminimumoftww 5 x n C E o r t w R l h m ~  
prior to the initiation of another read or write cycle. 

Data-in must be valid tDw prior to the*d of write and 
remain valid for ~ D H I  or tDm afterward. OE ahould be kept 
high during write cyclea to avoid bun contention; al--h, 
if the output& hae been activated by a l o w a C E  and - 
OE, a low on WE disables the outputs twZ attar WE falls. 

available at the data &43 pins within ~ A A  (addrees a- ~ ~ t ~ - ~ ~ ~ ~ ~ ~ i ~ ~  time) *-the l & t d c b a  input signal is stable, providing 
that the an-0E (ou!t access are With valid VCC applied, the bq4842Y operates as a 
mtisfied. If the a and OE acQss times are not met, conventional static RAM. Should the supply voltage 
data ie available * the latter of chip enable time decay, the RAM automatically power-fail deaelecte, 
(t~cE) or output enable acceee time (b). write-protecting itself t w ~ r  after Vcc falle below V m .  - CE and the d the e+t data All outputs -me high impedance* and all inpub are 
signale. If the outputs are activated before ~ A A ,  the data lines treated 'don't care.' P 

Figure 2. Address Map 

4 

6 

8 

7 

8 
131.058 
Byte8 Storage 

RAM Q 

10 

n 

12 

13 

14 

0000 16 

Ckur 

Minutes 

Wads 

Ca\trd 

Watbdog 

Alarm Date 

A l m n  Day 

h r m ~ o u  

M r m  Mhute 

A l u m  boond 

Tbntlrr/HunOr.dlb 

flu# 

KFFB 

KFFA 

KFFB 

lFFF8 

lFFF7 

WFF8 

iFFF6 

1FFF4 

K F f S  

-2 

lfFF1 

HFFO 
W 



If power-fail detection occurs during a valid access, the 
memory cycle continues to completion If the memory cycle 
fails to texminate within time twpr, Write-p- takf?a 
place. When Vcc drops below Vso, the control cirmit 
switches power to the internal energy source, which 
preserve8 data. 

The internal coin cell maintains data in the bq4842Y after 
the initial application of Vcc for an accumulated period of 
at least 10 years when Vcc is less than Vso. As system 
power returns and Vcc rises above Vso, the battery is dis- 
onneded, and the power aupply is switched to external 
Vm. Write-prokction continues for ~CER after VCC reaches 
Vpm to allow for processor stabilization After ~CER, nor- 
mal RAM operation can resume. 

Clock Interface 

Reading the Clock 
The interface to the clock and control registers of the 
bq4842Y is the same as that for the general-purpose stor- 
age memory. Once every second, the user-accessible 
clock/calendar locations are updated simultaneously from 
the internal real time counters. To prevent reading data 

in transition, updates to the bq4842Y clock registers 
should be halted. Updating ia halted by setting the read 
bit D6 of the control register to 1. As long as the read bit 
is 1, updates to user-accessible clock locations are inhib- 
ited. Once the frozen clock information is retrieved by 
reading the appropriate clock memory locations, the read 
bit should be reeet to 0 in order to allow updates to occur 
from the internal counters. Because the internal count- 
ers are not halted by setting the read bit, reading the 
clock locations has no effect on clock accuracy. Once the 
read bit ia reset to 0, within one second the internal regis- 
ters update the u s e r - d b l e  registers with the correct 
time. A halt command issued during a clock update allows 
the update to occur before &zing the data. 

Setting the Clock 
Bit D7 of the control register is the write bit. Like the 
read bit, the write bit when set to a 1 halts updatea to the 
clock/calendar memory locations. Once frozen, the loca- 
tions can be written with the desired information in 24- 
hour BCD format. Resetting the write bit to 0 causes the 
written values to be transferred to the internal clock 
counters and allows updates to the user-accessible regis- 
ters to resume within one second. Use the write bit, D7, 
only when updating the time registers (1FFF-1FFF9). 

Table 1. bq4842 Clock and Control Register Map 

Note: X = Unused bits; can be written and read. 
Clocwalendar data in 24-hour BCD format. 
BLF = 1 for valid battery. 
OSC = 1 stops the clock oscillator. 
Interrupt enables are cleared on power-up. 

4/16 Sept. 19% C 



Table 2. Clock and Control Register Bits 

The 0% bit in the seconds register tume. the clock on or 
off. If the bq4842Y is to spend a significant period of 
time in storage, the clock oscillator can be turned off to 
preserve battery capacity. OSC aet to 1 &pa the clock 
oscillator. When OSC is reset to 0, the clock oscillator is 
turned on and clock updates to user-accessible memory 
locations occur within one second. 

R Read clock enable 

RSO-RS3 Pariodicinterruptrate 
S Calibration sign 

W Write clock enable 

m W D 1  Watchdog reeolution 

The OSC bit is set to 1 when shipped from the 
Benchmarq factory. 

WDF 
WDS 

Calibrating the Clock 

Watchdog flag 

Watchdog steering 

The bq4842Y real-time clock is driven by a quartz con- 
trolled oscillator with a nominal frequency of 32,768 Hz. 
The quartz crystal is contained within the bq4842Y pack- 
age along with the battery. The clock accuracy of the 
bq4842Y module is teeted to be within 20ppm a about 1 
minute per month at 2S°C. The oscillation rates of ays- 
tab change with temperature as Figure 3 shows. To 
compensate for the frequency shift, the bq4842Y offers 
onboard software clock calibration. The user can adjust 

Stopping and Starting the Clock Oscillator 

the calibration b a d  on the typical operating tempera- 
ture of individual applications. 

The aoftwm caliiration bib are located m the cblltrol reg- 
istar. Bite DO-D4 control the magnitude of ~ 0 2 1 ,  and 
bit D6 the direction (poeitive or negative) of d o n .  
A m m i q  that the oecillatar ie runuing at exactly a 7 8 6  
Hz, each caliiration step of W D 4  adju&a the clock rate 
by +4.068 ppm (+10.7 eewnde per m t h )  or -2034 ppm 
(-6.36 aecmda per month) depending on the value of the 
sign bit D6. When the sign bit ie 1, positive adjustment 
oam& a 0 activates negative adjuebnemt The total range 
of clock calibration is +5.6 or -276 minutee per month. 

Two methods can be used to ascertain how much 
calibration a given bq4842Y lnay require in a system. 
The firat involvee aimply mtting the dock, letting it run 
for a month, and then comparing the time to an accurate 
known referema like WWV radio bmsdcasta. Baaed on 
the variation to the standard, the end user can adjust the 
clock to match the system's environment even after the 
product is packaged in a non-serviceable enclwure. The 
only requirement is a utility that allom the end user to 
access the calibration bite in the control register. 

to~1,a;rdtheaecillataislynaineat~32,268Hz,the 
LSBoftheeecondemgiskr~at6l2Hz Auydeviation 
~512Hzindicateethadqp~eanddirect iondo~ciUa~ 
fmqwnq PhiR at the t& Fcr exam&, a 
reding of 612010'24 fie indicatee a (1E820.01024)alZ cr +20 
ppmomillatordrequeacysrra,requirinstensteped~ 
calih.stion (10.-2034 or -23.34) or 001010 to be baded mto 

Figure 3. Frequency Error 



bit set ?he appears on DBO. The FTE bit Interrupts 
must be eet ueing the write bit mtmL The FTE bit 
must be reset to 0 fm nolmal clock operation to resume. The bq4842Y allows four individually selected i n n m p t  

events to generate an interrupt request on the INT pin. 
Power-On Reset These four interrupt eventa are: 

mbq4842Y provides a power-on reset, which pulls the 
RST pin low on power-down and remains low on power- 
up for ~ C E R  after Vcc p w s  VPFD. 

Watchdog Timer 
The watchdog circuit monitors the microprocessor's 
activity. If the processor does not reset the watchdog 
timer withinse proommed time-out period, the circuit 
asserts the INT or RST pin. The watchdog timer is acti- 
vated by writing the desired time-out period into the 
eight-bit watchdog register described in Table 3 (device 
address 1FFF7). The five bits (BM4-BMO) store a binary 
multiplier, and the two lower-order bits (WD1-WW) se- 
lect the resolution, where 00 = Vl6 second, 01 = 114 second, 
10 = 1 second, and 11 = 4 seconds. 

The time-out period is the multiplication of the five-bit multi- 
plier with the two-bit resolution. For example, writing OOO11 
in BMkBMO and 10 in WD1-WW reaulta in a total t imeat  
seteingd3xlor3seconds. Amultiplierdzemdjsablesthe 
watchdog circuit. Bit 7 of the watchdog register (WDs) is the 
watchdog steering bit When WDS is set to a 1 and a t ime2t  
occurs, the watchdog asserts a reset pulse for tcm on the RST 
pin. During the reset pulae, the watchdog register is d e a d  
to all zeme diaabling the w*dog. When WDS is &+.a 0, 
the watchdog asserts the INT pin on a time-out. The INT pin 
remainslowuntilthewatchdogie~.esetbythemicrop~r 
or a power failure occurs. Additionally, when the watchdog 
timea out, the watchdog flag bit in the flags registex, 
location lFFFO, is ie. 

The watchdog timer interrupt, programmable to occur 
according to the time-out period and conditions 
described in the watchdog timer section. 

The periodic interrupt, programmable to occur once 
every 122ps to 500ms. 

The alarm interrupt, programmable to occur once per 
second to once per month. 

The power-fail interrupt, which can be enabled to be 
aeserted when the bq4842Y detects a power failure. 

The periodic, alarm, and power-fail interrupts are 
enabled by an individual interrupt-enable bit in register 
1FFF6, the interrupta register. When an event occurs, 
its event flag bit in the flage register, location lFFFO, is 
set. If the corresponding event enable bit is also set, then 
an interrupt request is generated. R a e  ding the flags reg- 
ister clears all flag bite and makes INT high impedance. 
To reset the flag register, the bq4842Y addresses must be 
held stable at location lFFFO for at least 501-18 to avoid 
inadvertent resets. 

Periodic Interrupt 
Bits RS3-RSO in the intmupta register program the rate for 
the periodic interrupt ' he  user can interpret the interrupt 
in two waye: either by polling t h e m  register for PF asser- 
tion or by setting PIE so that INT goes active when the 
bq4842Y sets the periodic flag.&ading the flags register 
resets the PF bit and wtums INT to the high-impedance 
state. Table 4 shows the periodic rates. 

To reset the watchdcg timer, the microprocmsor must write Alarm Interrupt 
to the watchdog re&ter. After being -&et by a write, the 
watchdog s, over. the Registers 1FFF5-1FFF2 program the real-time clock 
watchdog circuit dieahled on a power failm. me user alarm. During each update cycle, the bq4&12~ cornpas 

must, thmfore, set the watchdog at boobup fw activation. the date, hours, minutes, and seconds in the clock regis- 
ters with the corresponding alarm registers. If a match 
between all the corresponding bytes is found, the alarm 
flag AF in the flags register is set. If the alarm interrupt 
L enabled with AIE, an interrupt request is generated on - 
INT. The alarm condition is cleared by a read to the flags 

Table 3. Watchdog Register Bits 

MSB Bits LSB 
0 

WDO 
7 

WDS 
2 

BMO 
6 

BM4 
1 

WD1 
4 

BM2 
5 

BM3 
3 

BM1 



Power-Fail Interrupt register. ALM3-ALMO puts the alarm into a periodic 
mode of operation. Table 5 describee the selectable ratee. 

The alarm interrupt can be made active while the bq4842Y is 
in the battery-backup m o d 3  aetting ABE in the intemupts 
register. Normally, the INT pin wtea during battery 
backup. With ABE set, however, INT ie driven low if an 
alarm condition o m m  and the AIE bit ie eet. Because the 
AIE bit ie reaet during puwer-on mt, an alarm generated 
during power-on re& updates only the flags register. The 
ueer can read the flaes re- during boot-up to determine 
if an alarm wae generated during power-on met.  

When Vcc falls to the power-faildetect paint, the -fail 
flag PWRF ie set. It thepawerfail interrupt enable bit 
~ i e e l e o a e t , t h e n I N T i s d l o w .  Thepowe~fail 
interrupt occura twpr before the bq4842Y generates a reeet 
and deselecte. The PWIE bit is d e a d  on power-up. 

Battery-Low Warning 

The bq4842Y checks the internal battery on power-up. If 
the battery voltage is below 2.2V. the battery-low flag 
BLF in the flags register ie set to a 1 indicating that 
clock and RAM data may be invalid. 

Table 4. Periodic Rates 

Table 5. Alarm Frequency (Alarm Bits DQ7 of Alarm Registers) 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Rating8 are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditiom detailed in this data sheet. E h p m m  to 
condition8 beyond the operational limita for extended periods of time may affect device reliabii .  

Recommended DC Operating Conditions (TA = TOPR) 

Condltlonr 

VT<VCC+O.S 

For 10 seconde 

, symbol 

vcz 

VT 

Tom 

Tsrc; 

TSOLDER 

Note: Typical values indicate operation at TA = 25OC. 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature (Vcc 06 willator off) 

Temperature under biae 

Soldering temperature 

Valw 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

4 to +70 

-10 to +70 

+260 

Unit 

V 

V 

"C 

OC 

OC 

OC 



DC Electrical Characteristics FA = TOPR, vccmin vcc I; VCCmax) 

Notes: &id va-s indicate operation at TA = 25OC, Vcc = 5V. 
RST and INT are open-drain outputs. 

Capacitance FA = 25'C, F = IMHz, vcc - 5.OV) 

Symbd 

ILI 

I m  

VOH 

VOL 

IOD 

ISBI 

1,5132 

ICC 

VPFD 

VSO 

Unit 

pA 

PA 

V 

V 

mA 

mA 

mA 

V 

V 

ConditionsF(otes 

Vm=VsstoVcc 
- 
CE=Vm o r m = V m o r  
==vn. 
IOH = -1.OmA 

10~=2.1mA 

VOL= 0.4V 

m = V m  
- 
CE 2 Vcc - 0.2V, 
OV I; Vm 5 0.2V, 
or Vnu 2 Vcc - 0.2V 

Mia. cycle, duty = 10W, 
CE=Va,Im=OmA 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 
-- 
RST, INT sink current 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Symbol 

CYO 

CIN 

Minimum 

2.4 

10 

4.30 

Note: These parameters are sampled and not lW! M d .  

Maximum 

10 

10 

Typical 

3 

2 

75 

4.37 

3 

Unit 

pF 

pF 

Typlcal Parameter 

Input/output capacitance 

Input capacitance 

Maximum 

i 1 

i 1 

0.4 

6 

4 

105 

4.50 

Conditions 

Output voltage = OV 

Input voltage = OV 

Minimum 



AC Test Conditions 

Input rise and fall times 5ns5----/ 

Parameter 

I ~ D u ~  ~ulae levels 

Ted Condition8 

ov to 3.0V 1 

I Output load (including scope and jig) See Figures 4 and 5 

Input and output timing reference levels 

Figure 4. Output Load A 

Read Cycle FA = TOPR, VCCmin s vcc s VCCmax) 

1.5 V (unless otherwise specified) 

Figure 5. Output Load B 

I 

Symbol 

~ R C  

~ A A  

 ACE 

toe 

tctz 

totz 

~ C H Z  

t o ~ z  

 to^ 

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output disable to output in high Z 

Output hold from addreas change 

-85 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Min. 

85 

5 

0 

0 

0 

10 

Conditions 

Output loadA 

Outputload A 

Outputload A 

OutputloadB 

Output load B 

Output load B 

Outputload B 

Output load A 

Max. 

85 

85 

45 

35 

25 



Read Cycle No. 1 (Address Access) It* 

Address 

+ t~~ + 

>< 
4 t AA h 

4 t w  h 

Previous Data Valid Data Valid 

Read Cycle No. 2 (s Access) 1,3,4 

Read Cycle No. 3 (z Access) 

Address 

DWT Data Valid 

RC-3 

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VL 

3. Addrees is valid prior to or coincident with CE transition low. 

4. m=Vn. 

5. Device is continuously selected: CE = VIL 
Slpt 1-C 11/16 



Write Cycle FA =TOPR , VCCmin 5 VCC s VCCmax) 

Notes: 1. A write ends a t  the earlier transition of CE going high and =going high. 

2. A d t e  occurs duringthe overlap of a low CE and a low WE. A write begins at  the later transition 
of CE going low and WE going low. 

3. Either t w ~ i  or ~ W F U  must be met. 

4. Either ~ D H I  or t ~ m  must be met. 

5. 1f goes low simultaneously with going low or after WE going low, the outputs remain in 
high-impedance state. 

Units 

1x3 

118 

118 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Symbol 

twc 

tcw 

t ~ w  

 AS 

t ~ p  

t w ~ l  

~ W R Z  

t ~ w  

~ D H I  

~ D H Z  

twz 

tow 

Conditions/Notes 

(1) 

(1) 

M e a s d  from address valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to end of 
write cycle. (3) 

Measured from CE going high to end of 
write cycle. (3) 

Measured- fiisow-to-high transition 
of either CE or WE. 

Measured from WE going high to end of 
write cycle. (4) 

Measured from a going high to end of 
write cycle. (4) 

VO pins are in output state. (5) 

VO pins are in output state. (5) 

Parameter 

Write cycle time 

Chip enable to end of write 

Address valid to end of write 

Address setup time 

Write pulse width 

Write recovery time (write cycle 1) 
-- 

Write recovery time (write cycle 2) 

Data valid to end of write 

Data hold time (write cycle 1) 

Data hold time (write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

i n .  

85 

75 

75 

0 

65 

5 

15 

35 

0 

10 

0 

0 

4 5  

Max. 

30 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 
I 

4 

Dm Data-in Valid 

I-twz-4 tow 4 
~ T ~ ~ Z ~ Z : ~  Data Undefined (2) 

WC-Y 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

Address --k- 

D w Data-in Valid 
/I. (I- - - 

- 1 t w t  d 

D~~~ Data Undefined (2) High-Z 

we-m 
Notes: 1. or must be high during address transition. 

2. Because 4/0 may be active (?% low) during this period, data input signals of oppoeite polarity to the 
outputs must not be applied. 

3. If ?% is high, the VO pins remain in a state of high impedance. 

4. Either t w ~ l  or twm must be met. 

5. Either ~ D H I  or ~ D H Z  must be met. 
SsDLl998C 



Power-Down/Power-Up Cycle FA - TOPR) 

Symbol 

~ P F  

~ F S  

t~~ 

~ E R  

tDR 

Notes: 1. Typical values indicate operation at  TA = 25OC, Vcc = 5V. 

Parameter 

Vcc slew, 4.50 to 4.20 V 

Vcc slew, 4.20 to Vso 

Vcc slew, Vso to V m  
(max.) 

Chip enable recovery time 

tm 

2. Battery is disconnected from circuit until after Vcc ie applied for the f m t  time. ~ D R  is the 
accumulated time in absence of power beginning when power is f m t  applied to the device. 

Data-retention time in 
absence of Vcc 

Caution: Negative undershoots below the absolute maximum rating of 6.3V in battery-backup mode 
may affect da ta  integrity. 

Power-Down/Power-Up Timing 

Minimum 

300 

10 

0 

40 

Write-protect time 

All outputs valid (per control inputs) High Z 

10 

- 
RST 

Typical 

100 

40 

- 
INT / 

High Z 

years 

Notes: 1. PWRIE is set to '1' to enable power fail interrupt. 

Maximum 

200 

TA = 25OC. (2) 

100 

2. RST and are open drain and require an external pull-up resistor. 

Unit 

Pa 

Pa 

Pa 

ms 

160 

Conditions 

Time during which SRAM is 
write-protected after Vcc 
passes V m  on power-up. 

pa 
Delay after Vcc slews down 
past Vpm before SRAM is 
write-protected. 



Data Sheet Revision History 

l 1 4 1  Corrected the locations of bite D6 and D4 of the Interrupts Register and the 
correswndinn bits D6 and D3 of the Flaw Reaister (thew were revereed). 

1 4 1  Corrected the alarm date register (7FF5) to allow for 01-31 days in a month instead 
of 01-07 days. 

I 1 9 !  Lowered Issi from 4 typ. and 7 max. to 3,6. 
Lowered Issz typ. from 2.5 to 2. 

Notes: Change 1 = Mar. 1996 B changes from Oct. 1995 A. 
Change 2 = Sept. 1996 C changes from Mar. 1996 B. 

Sept. I OW C 15/16 
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bq4842Y 

Ordering Information 

Speed Options: 
85=.il 

L~aclcage Option: 
MA = A-type module 

!- Device: 
bq4842Y 12.K x 8 Real-Time Clock Module 



Features 
Real-Time Clock counts seconds 
through years in BCD fonnat 

On-chip battery-backup 
switchover circuit with 
nonvolatile control for external 
SRAM 

Less than 500nA of clock 
operation current in backup mode 

Microprocessor reset valid to 
VCC = Vss 

Independent watchdog timer 
with a programmable time-out 
period 

Power-fail interrupt warning 

Programmable clock alarm 
interrupt active in battery- 
backup mode 

> Programmable periodic interrupt 

Battery-low warning 

Parallel RTC With CPU Supervisor 

General Description 
The bq4845 Real-Time Clock is a 
low-power microprocessor peripheral 
that integrates a time-of-day clock, a 
100-year calendar, and a CPU super- 
visor in a 28-pin SOIC or DIP. The 
bq4845 is ideal for fax machines, 
copiers, industrial control system, 
point-of-sale terminale, data loggers. 
and computers. 

The bq4845 provides direct connec- 
tions for a 32.768KHz quartz crystal 
and a 3V backup battery. Through 
the use ofhe conditional chip enable 
output (CEOUT) and battery voltage 
output (VOUT) pins, the bq4€!45 can 
write-protect and make nonvola- 
tile external SRAMs. The backup 
cell powers the real-time clock and 
maintains SRAM information in 
the absence of system voltage. 

The bq4845 contains a temperature 
compensated reference and comparator 
c h i t  that monitons the statue of its 
voltage supply. When the bq4845 
detects an out-of-tolexance condition, it 
generatea an interrupt warning and 

28-Pin DIP or SOlC 

aubeequenth, a reeet 
The reset stays actlve for 200ms 
after Vcc rises within tolerance, to 
allow hr power supply and prcaxmr 
s t a b i h a h  

The bq4845 also has  a built-in 
watchdog timer to monitor processor 
operation. If the micropmcegaor does 
not toggle the watchdog input (WDI) 
within the p r o g r a m m e d a e - o u t  
period, the bq4845 asserts WDO and 
RST. WDI unconnected disables the 
watchdog timer. 

The bq4845 can generate other 
interrupta based on a clock alarm 
condition or a periodic setting. The 
alarm interrupt can be set to occur 
from once per second to once per 
manth. The alarm can be made active 
in the battery-backup mode to serve as 
a system wake-up call. For interrupts 
at a rate beyond once per aecond, the 
periodic interrupt can be pmgrammed 
with periods of 30.5~s to 500111s. 

Pin Connections Pin Names 
Ao-A3 Clock/control address inputs BC Backup battery input 

DQo-DQ7 Data inputs/outputs V o w  Back-up battery output 
- 
WE Write enable INT Interrupt output 
- 
OE Output enable KT Microprccessa reset 
- 
CS Chip select input WDI Watchdog input 
- - 
CEIN External RAM chip enable WDO Watchdog output 
- 
CEQW Conditional RAM chip Vcc +5V supply 

enable 
Vss Ground 

X 1, X2 Crystal inputs 



Functional Description on reset timing, watchdog timer activation, and interrupt 
generation. 

Figure 1 is a block diagram of the bq4845. The follow- 
ing sections describe the bq4845 functional operation 
including clock interface, data-retention modes, power- 

* T h -  
Base 

* _  oncyator - 

ClocklCaIendar and 
Alarm Ragistun 

' 
unrr &Iffar 
(m bytes) 

KT 
Power-FaU 

Contrd, Battery 
Switchover and "OUT 
Resat Cbcuitl 

@,T 

Figure 1. Block Diagram 

Truth Table 



Pin Descriptions 

XI, X2 Crystal inputa 

X1 and X2 are a direct connection for a 
32.768kHZ, 6pF crystal. 

m Remtoutput 
- 
RST goes low w h e n e ~ v c c  falls below the 
power fail threshold. RST will remain low for 
20(kns typical && Vcc croeeea the thmahold 
on power-up. RST also goe%&w whenever a 
watchdog timeout occurs. RST is an open- 
drain output. - 

INT Interrupt output 
- 
INT goes low when a WAr fail, periodii, or 
alarm condition occurs. INT ie an open-drain 
output. 

WDI Watchdoginput 

WDI is a three-level input. If WDI remains 
either high or low for longer than the 
wa tchdogme-ou t  p e r N ( l . 5  seconds 
default), WDO goes low. WDO remaina low 
until the next transition at  WDI. having 
WDI unconnected disables the watchdog 
function. WDI connects to an  internal 
voltage divider between VOUT and Vss, 
which sets it to mid-supply when left uncon- 
nected. - 

wDO Watchdog output 
- 
WDO goes low if WDI remains either high 
or low longer than the watchdog time-out 
period. WDO re- high on the next tran- 
sition at  WDI. WDO remains high if WDI is 
unconnected. 

&A3 Clock address inputs 

Ao-As allow accese to the 16 bytes of real- 
time clock and control registera. 

DQo-Dg Data input and output 

mDQ7 provide x8 data for real-time clock 
information. These pins connect to the 
memay data bus. 

- 
CS Chip mlect 

OE Output enable 
- 
OE provides the read control for the RTC 
memory locations. 

- 
CEow Chip enable output 

- 
CEOIJT goes low only when  IN is low and 
Vcc is above the power fail threshLd. If - CEIN is low, and power fail occwr C E m  

will stay low for lOOps or until CEm goes 
high, whichever occurs f i i .  

- 
CEm Chip enable input - 

CEIN ie the input to the chip-enable gating 
circuit. 

BC Baclrup battery input 

BC should be connected to a 3V backup cell. 
A voltage within the Vw: range on the BC 
pin should be present upon power up to pro- 
vide proper oscillator start-up. 

Vour Output  upp ply voltage 

V m  provides the higher of Vcc or VBC, 
switched internally, to supply external 
RAM. 

- 
WE Write enable 

provides the write control for the RTC 
memory locations. 

vcc Input supply voltage 

+5V input 



Address Map 

The bq4845 provides 16 bytee of clock and control status 
registers. Table 1 ia a map of the bq4&5 registers, and 
Table 2 describes the register bits. 

Clock Memory Interface 

The bq4845 has the same interface for clock/calendar and 
control information as standard SRAM. To read and 
write to these locations, the user must put the bq4845 in 
the proper mode and meet the timing requirements. 

Read Mode 
The bq4845 is i n s a d  mode whenever (Output en- 
able) is low and CS (chip select) is low. The unique ad- 
dress, specified by the 4 address inputs, defies which 
one of the 16 clock/calendar bytes is be accessed. The 
bq4845 makee valid data available at the data YO pins 
within t~ (address access time). This occurs after 
last address input signal is stable, and providing the @ 
and &E (output enable) acceas times are met. If the CS 
and OE access times are not met, valid data is available 
after the latter of chip select access time ( t~cs)  or output 
enable accese time   to^). 
- 
CS and control the state of the eight three-state data 
YO signals. If the outputs are activated before ~ A A ,  the 

Table 1. bq4845 Clock and Control Register Map 

Notes: = Unused bits; unwritable and read as 0. 
0 = should be set to 0 for valid timdcalendar range. 
Clock calendar data in BCD. Automatic leap year adjustment. 
PWAM= 1 for PM; PM/AM = 0 for AM. 
DSE = 1 enables daylight savings adjustment. 
24/l2 = 1 enables 24-hour data representation; 24'12 = 0 enables 12-hour data representation. 
Day-of-Week coded as Sunday = 1 through Saturday = 7. 
== 1 for valid battery. - 
STOP = 1 turns the R W  on; STOP = 0 stops the RTC in back-up mode. 
Register C is cleared on power-up. 



Table 2. Clock and Control Register Bits 
~- - 

data linen are driven to an indehminate stakuntil t .  
If the address inputs are changed while CS and OE 
remain low, output data remains valid for  to^ (output 
data hold time), but goes indeterminate until the next 
a d d m  accees. 

Bit. 
r 

w2 
ABE 

AF 

AIE 

ALMO-AM1 

BVF 
DSE 

PF 
PIE 

W A M  
PWRF 

PWRIE 
RSO-RS3 

Write Mode 

Dowiptlon 

24- or 12-hour repreeentation 

Alarm interrupt enable in 
battery-backup mode 

Alarm interrupt flag 

Alarm interrupt enable 

Alarm mads bits 

Battery-valid flag 

Daylight savings time enable 

Periodic interrupt flag 

Periodic interrupt enable 

PM or AM indication 

Pawer-fail interrupt flag 

Power-fail intempt enable 

Periodic interrupt rate 

The bq4845 ie in write mode whenever and are 
active. The start of a write ie&erenceafrom the latter- 
occurring falling edge of WE or CS-A wAte is 
termhated by the earlier rising edge of WE or CS>e 
addresses muet be held valid throughout the cycle. @ or - 
WE must high for a minimum of tWR2 from CS or 
t w ~ l  from WE prior to the initiation of another read or 
write cycle. 

Oscillator stop and start 

Update trarmfer inhibit 

Data-in must be valid t ~ w  prior to the endof write and 
remain valid for t ~ ~ l  or t ~ ~ 2  afferward. OE should be 
kept high during write cycles to avoid bus contention; 
althsgh, ifife output busk been activated by a low 
on CSsd OE, a low on WE disables the outputs twz 
after WE falls. 

Reading the Clock 
Once every recond, the user.accessible clocWcalendar 
l o c a t h  are updated eimultaneody from the internal 
real time counters. To prevent reading data  in 
transition, updatee to the bq4845 clock regist8ra should 
be halted. Updating b halted by setting the update 
t r a d e r  &%it 0 bit D3 of the control register E. As 
long a~ the UTI bit ia 1, updatee to ueer-accsMible clock 
location8 are inhibited. Once the frozen clock 
information b retrieved by reading the appropriate clock 
memory l o c a t k ,  the UTI bit ehould be reret to 0 in 
order to allow updatee to occur from the internal 
counters. Becauae the internal counters are not halted 
by setting the UTI bit, reading the clock locatione han no 
effect on clock accuracy. Once the UTI bit ie reeet to 0, 
the internal regbbm update within one second the user- 
accessible registers with the correct time. A halt com- 
mand ieeued during a clock update a l l m  the update to 
occur before hezing the data. 

Setting the Clock 
The UTI bit mu& a h  be uaed to set the bq4846 clock. 
Once set, the locations can be written with the desired 
information in BCD format. Rasettinp the UTI bit to 0 
c a w  the written values to be transferred to the inter- 
nal clock countere and allows updata to the user-acceesi- 
ble regiaters to resume within one second. 

Stopping and Starting the Clock Oscillator 
The bq4846 clock can be programmed to turn off* 
the part goes into battery back-up mode by setting SlDP 
to 0 prior to power down. If the board using the bq42 
to spend a signiricant period of time in storage, the 
bit can be used to preeerve some battery capacity. STQP 
set to 1 keep the clock running when Vcc dFope below 
Vso. With Vcc greater W-Vm, the bq4.846 clock runs 
regardlea of the state of STOP. 

Power-Down/Power-Up Cycle 

The bq4845 continuously monitors Vcc for 
out-of-tolerance. During a power failure, when Vcc falls 
below VAD, the bq4845 write-protects the clock and 
storage regigtern. When Vcc ie below VBC (3V typical), 
the power source is switched to BC. Rn= operation and 
storage data are suetained by a valid backup energy 
source. When Vcc is above VBC, the power source ie Vcc. 
Write-protection continues for tcs~ time after Vcc riaes 
above VPFD. 

An external CMOS static RAM ie battery-backed using 
the Vovr and chip enable output pins from the bq484.5. 
As the voltage input Vcc e l e e w n  during a power 
failure, the chip enable output, CEomis  forced inactive 
independent of the chip enable input CEm. 

Aw. 1- 



This activity unconditionally write-protede the external 
SRAM as Vcc falls below VFTD. If a memory accese is in 
progress to the external SRAM during power-fail detec- 
tion, that memory cycle continua to completion before 
the memory is write-protected. If the memory cycle is 
not terminated within time twm, the chip enable output 
is unconditionally driven high, write-protecting the con- 
trolled SRAM. 

As the supply continue6 to fall past V m ,  an internal 
switching devic~forces V o w  to the external backup 
energy source. CEom is held high by the VOUT energy 
source. 

During power-up, V o w  is switched back to the 5V supply 
as Vcc n+a above the backup cell input voltage sourcing 
V O ~ .  CEbm is held inactive for time ~ C E R  afterAe 
power supply has reached V m ,  independent of the CEm 
input, to allow for processor stabilization. 

W i g  power-valid operation, the  IN input is passed 
through to the CEom output with a propagation delay of 
less than 12ns. 

Figure 2 shows the hardware. hookup for the external 
RAM, battery, and crystal. 

A primary backup energy source input is provided on the 
bq4.845. The BC input accepts a 3V primary battery, 
typically some type of lithium chemistry. Since the 
bq4.845 provides for reverse battery charging protection, 
no diode or current limiting resistor is needed in series 
with the cell. To prevent batterydrain when there ia no 
valid data to retain, V o w  and CEom are internally iso- 
lated from BC by the initial connection of a battery. Fol- 
lowing the f~ application of Vcc above Vpm, this isola- 
tion is bmkn, and the backup cell provides power to 
V o w  and CEow for the external SRAM. 

The crystal should be located aa close to X1 and X2 as 
poseible and meet the specifications in the Crystal Speci- 
fication Table. With the specified cryatd, the bq4845 
RTC will be accurate to within one minute per month at 
room temperature. In the absence of a crystal, a 32.768 
kHz waveform can be fed into XI with X2 grounded. 

Power-On Reset 

Bbq4845 provides a power-on reaet, which pulls the 
RST pin low on power-down and remains low on power- 
up for tw afteevcc p a w s  V m .  With valid battery 
voltage on BC, RST remaim valid for Vcc= Vss. 

I I 

Figure 2. bq4845 Application Circuit 
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Watchdog Timer To disable the watchdog function, leave WDI floating. An 
internal resistor network (100kR equivalent impedance 
at  WDI) biases WDI to approx&tely 1.6V. internal 

The watchdog monitors microp-sor activity through compBTatore detect level and dieable watchdog 
the Watchdog input (WDI). To use the watchdog func- timer. When Vm ie below the power-fail -old, the 
tion, connect WDI to a bus line or a microprocemor J/O bq4&45 dieablea the watchdog function and djsconnecte 
line. If WDI remains high or low for longer than the WDI fram its internal resietor netwwk, thue makine it watchdog time* p e r i a l . 5  seconds default), the high impedance. bq4846 asserts WDO and RST. 

Watchdog Input Watchdog Output 
The Watchdog output m) remains high if there is a The bq4845 the watchdog timer if a change of transition or p u k  at  WDI during the watchdog time-out state (high to low, low to high, or a minimum l00m 

pulse) occurs at the Watchdog input (WDI) durine the dad. The bq4845 dieables the watchdog function and 
WDO is a logic high when Vm is below the power fail period. The time-out is set by m- battery-backup mode is enabled, or WDI is an WD2 in register B. The bq4845 maintains the watchdog 

time-out pmgrammiw power cycles. The default open circuit. In watchdog mode, if no tramition occurs at 

state (no valid battery power) of W - W D 2  is 000 or 1.5s WDI d e  the watchdog time-out period, th- 

on power-up. Table 3 shows the programmable watchdog ~ w - d ~ ~ ~ ~ w ~ ~ l  '",:: pe&za!& ~ $ , ~ ~  
time-out rates. The watchdog time-out period immedi- WDI held h.h or low inde...tely, RST will generate ately after a reset is equal to the programmed watchdog 
time-out. pulses (ti seconds wide) every ki seconde. Figure 3 

shows the watchdog timing. 

Figure 3. Watchdog Time-out Period and Reset Active Time 
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Interrupts 

The bq4845 allows three individually selected k&rrupt 
events to generate an interrupt request on the INT pin. 
These thee  interrupt events are: 

The periodic interrupt, programmable to occur once 
every 30.5~8 to 500ms 

The alarm interrupt, programmable to occur once per 
second to once per month . The power-fail interrupt, which can be enabled to be 
aseerted when the bq4845 detects a power failure 

The periodic, alarm, and power-fail interrupts are 
enabled by an individual interrupt-enable bit in register 
C, the interrupts register. When an event occurs, ite 
event flag bit in the flags register, register D, is set. If 
the m s p o n d i n g  event enable bit is also set, then an 
interrupt requeat is generated. Re&- the flags regis- 
ter clears all flag bits and makes INT high impedance. 
To reset the flag register, the bq4845 addresses must be 
held stable at register D for at least 5011s to avoid inad- 
vertent resets. 

Periodic lnterrupt 
Bits RS3-RSO in the interrupts register program the rate 
for the periodic interrupt. The user can interpret the 
interrupt in two ways: either by polling the f l a ~ r e g i s -  
ter for PF assertion or by setting PIE so that INT goes 
active when the bq4845 sets the periodic flag. b e n g  
the flags register resets the PF bit and returns INT to 
the high-impedance state. Table 4 shows the periodic 
rates. 

Alarm Interrupt 
Registers 1,3,5, and 7 program the real-time clock alarm. 
During each update cycle, the bq4845 compares the date, 

hours, minutes, and eeconds in the clock reghkr~ with 
the corresponding alarm registers. If a match between 
all the corresponding bytes is found, the alarm flag AF in 
the flaee regieter is set. If the alarm intmupt ie-bled 
with AZE, an intempt request i s  generated on Nl'. ?he 
alarm andition b cleared by a read to the flaga regbt~~.  
ALMl - ALMO in the alarm regietere, mask each alarm 
compare byte. An alarm byte is masked by setting ALMl 
(D7) and ALMO @6) to 1. Alarm byte masking can be ueed 
to select the frequency of the alarm interrupt, according to 
Table 5. 

The alarm interrupt can be made active while the bq4846 
is in the battery-backup mode b-ing ABE in the 
interrupts register. Normally, the INT pin goee high-im- 
d a n c e  during battery backup. With ABE set, however, 
INT is driven low if an alarm condition occurs and the 
AIE bit is set. Because the AIE bit is reset during power- 
on reset, an alarm generated during power-on reaet up- 
dates only the flags register. The user can read the flaga 
register during boot-up to determine if an alarm was 
generated during power-on reset. 

Power-Fail Interrupt 
When Vcc falls to the power-fail-detect point, the power- 
fail flag PWRF ie set. If the poo-fail  interrupt enable 
bit (PWRIE) is a h  set, then INT is asserted low. The 
power-fail interrupt occurs t w  before the bq4&Q5 gener- 
ates a reaet and deselects. The PWME bit is cleared on 
power-up. 

Battery-Low Warning 

The bq4845 checks the battery on power-up. When the 
battery voltage is appmximately 2.1V, the battery-valid 
flag BVF in the flags register is set to a 0 indicating that 
clock and RAM data may be invalid. 

Table 3. Watchdog Time-out Rates 

WD2 WD1 WDO Normal Watchdog 
timeout Period (tab) 

Reset time-out 
Period (ti) 



Table 4. Periodic Interrupt Rates 

Register B Bits Periodic Interrunt 1 

Table 5. Alarm Frequency (Alarm Bits D6 and D7 of Alarm Registers) 

0 

0 

/ 0 I 1 I 1 I 1 1 Once ~ e r  minute whenseconds match I 

0 

0 

ALMI*ALMO 

1 

0 

0 

ALMl*ALMO 

1 

0 

l o /  0 I / 0 1 0 1 When date, hours, minutes, and seconds match I 

0 

AUg. 19% 911 8 

5-1 89 

0 

1 

ALMI* ALMO 

1 

0 

I 1 I I 

0 

None 

30.5175 

ALM1 ALMO 

1 

1 

us 

Alarm Frequency 

Once per second 

0 

1 

1 1 Once per day when hours, minutee, and seconds match 

Once per hour when minutes, and seconds match 



Absolute Maximum Ratings 

Vcc 1 1 DC voltage applied on Vcc relative to Vss 1 -0.3 to 7.0 1 V 

Symbol Parameter 

VT 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Fbxommended DC Operating Conditions detailed in this data sheet. Expoeure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

Value I unit ( 

-- I -- - 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Recommended DC Operating Conditions (TA = TOPR) 

- 

Note: Typical values indicate operation at TA = 25°C. 

-0.3 to 7.0 

 top^ 

T m  

?BIAS 

T~OLDER 

- 

Vss 

VIL 

VIH 

VBC 

V 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Unit 

V 

V 

Supply voltage 

Input low voltage 

Input high voltage 

Backup cell voltage 

V T < V C C + O . ~  

Notes 

bq4845Y 

bq484L 

Typicd 

5.0 

5.0 

Minimum 

4.5 

4.75 

Symbol 

VCC 

0 to +70 

4 to +85 

-55 to +I25 

-40 to +85 

+260 

Maximum 

5.5 

5.5 

Parameter 

Supply voltage 

0 

-0.3 

2.2 

2.3 

OC 

"C 

"C 

"C 

OC 

0 

Commercial 

Industrial 

For 10 seconds 

0 

0.8 

Vcc + 0.3 

4.0 

V 

V 

V 

V 
- - 



DC Electrical Characteristics (TA - TOPR. VCCmin s vcc s VCCMX) 

Standby supply current 

P 

Notes: a i c a l  va-s indicate operation a t  TA = 25OC, Vcc = 5V. 
RST and INT are open-drain outputs. 

Crystal Specifications (DT-26 or Equivalent) 

Symbol 

fo 

. CL 

.Tp 
k 

Q 
R1 
Co 
CdCl 

DL 

ht/fo 

Parameter 
Oscillation frequency 

Load capacitance 
Temperature turnover point 
Parabolic curvature constant 

Quality factor 
Series resistance 

Shunt capacitance 
Capacitance ratio 
Drive level 

Aging (first year at  25OC) 

Minimum 

20 

@,m 

Typical 
32.768 

6 
25 

70,000 

1.1 

430 

1 

Maximum 

30 
-0.042 

45 

1.8 
600 
1 

Unit 

lrHz 
PF 
"C 

pp@C 

KQ 

PF 

PW 
PPm 



Note: These parametere are sampled and not 1Wo W d .  

Capacitance FA =  ST, F - IMHZ, vcc = 5.0~1 

Condition8 I 

Output voltage = OV 
Input voltage = OV 

AC Test Conditions 

Unit 

pF 
pF 

Parameter 

Input pulse levels 

Maximum 

7 

5 

Test Conditions 

OV to 3.0V 

Input rise and fall timea 

Typical 

I 

I 

5ns 

Input and output timine reference levels 

Figure 4. Output Load A 

Minimum Symbol 

.CVO 
cm 

I 

1.5 V (unleee otherwise specified) 

Output load (including scope and jig) 

Figure 5. Output Load B 

Parameter 

Inpuvoutput capacitance 
Input capacitance 

I 

See Figurea 4 and 5 



Symbol 

~ R C  

t~ 

t ~ c s  

 to^ 

~CLZ 

toLZ 
~CHZ 

toHZ 
 to^ 

Write Cycle FA =TOPR, VCCmin s vcc s VCCmax) 

Parameter 

Read cycle time 

Address access time 

Chip select accesa time 

Output enable to output valid 

Chip select to output in low Z 

Output enable to output in low Z 
Chip deselect to output in high Z 

Output disable to output in high Z 

Output hold from address change 

Symbol 

twc 
tcw 
t ~ w  

t As 

twp 

t w ~ i  

tm 

Min. 

70 

5 

0 

0 

0 

10 

Parameter 
Write cycle time 

Chip select to end of write 
Address valid to end of write 

Addrees setup time 

~ D W  

~ D H I  

Write pulse width 

Write recovery time (write cycle 1) 

Write recovery time (write cycle 2) 

t ~ m  

2. A write occurs duringthe overlap of a low and a low WE. A write begins at the later transition 
of CS going low and WE going low. 

Max. 

70 

70 

35 

25 

25 

Mln. 
70 

65 
65 

0 

Data valid to end of write 

Data hold time (write cycle 1) 

t ~ z  
tow 

3. Either tml or tw must be met. 

55 

5 

15 

- 

Data hold time (write cycle 2) 

4. Either ~ D H I  or ~DI-JZ must be met. 

Unlt 

ns 

ns 

ns 

ns 

ns 

xu 

ne 

ns 

ns 

Max. 
- 
- 
- 
- 

30 

0 

Notes: 1. A write ends at the earlier transition of going high and =going high. 

Write enabled to output in high Z 
Output active from end of write 

5. If rn goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

Conditions 

Output loadA 

OutputloadA 

OutputloadA 

OutputloadB 

OutputloadB 

OutputloadB 

OutputloadB 

Output loadA 

- 

- 

- 

lo 

A u ~ .  lQQ5 13/18 

Unit 
ns 
ns 
ns 

ne 

- 

0 

0 

CondRlons 

(1) 
(1) 

Measured from address valid to beginning of 
write. (2) 

ns 

ns 

ns 

- 

Measured from beginning of write to end of 
write. (1) 

Meaeured from going high to end of 
write cycle. (3) 
Measured from going high to end of write 
cycle. (3) 

ns 

ns 

25 
- 

M e a m  to first low-to-high transition of 
either CS or WE. 

Measured from going high to end of 
write cycle. (4) 

ns 
Measured from rn going high to end of write 
cycle. (4) 

ns 

ns 

T/O pins are in output state. (5) 
IIO pins arein output state. (5) 



Read Cycle No. 1 (Address Access) 

Address 

Read Cycle No. 2 (e Access) 1,3,4 

4 ~ R C  b 

RC-3a 

Read Cycle No. 3 (* Access) '15 

>< 

Address )f 

4 t AA ,I 
1 t OH b 

Previous Data Valid f Data Valid 

I+ t OHZ 1 
Data Valid 

High-Z 

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CS = OE = Vn. 

3. Address is valid prior to or coincident with transition low. 

4. OE =Vn. 
5. Device is continuously selected: = Vn, 

14118 Aug. 1905 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

I-twz --+I I- tow ---4 

Write Cycle No. 2 (E-~ontrolled) 1,2,3,4,5 

Address 

DIN >( Data-in Valid >< 

WC-U 

Notes: 1. a or must be high during address tramition. 

2. Because 4/0 may be active (i.% low) during this period, data input signals of oppoeite polarity to the 
outputa must not be applied. 

3. 1f is high, the W pina remain in a state of high impedance. 

4. Either tml  or t m  muat be met. 

5. Either ~ D H I  or t131.12 must be met. 
kg. 1995 1511 8 



~ C E R  Chip enable recovery time t c s ~  
Vpm on power-up. 

I I I 

Caution: Negative undershoot8 below the absolute maximum rating of 0.3V in battery-backup mode 
may affect data integrity. 

Chip enable propagation 
delay to external SRAM 

Note: Typical values indicate operation at TA = 25OC. 

Power-Down/Power-Up Timing 

9 

- 
RST \ 

- 
INT 

12 

Notes: -IE se* '1" to enable power fail interrupt. 
RST and INT are open drain and require an external pull-up resietor. 

ns Output load A J 



Ordering Information 

L Temperature Range: 
Blank = Commercial 
N = Induetrial 

Package Option: 
P = 28-pin plastic DIP (0.600) 
S = %pin SOIC (0.300) 

L~oltage Tolerance: 
Blank = 5% 
Y = l W  

L Device: 
bqW5 Real-Time Clock With CPU Supervieor 



Notes 



Features 
Real-Time Clock counts seconds 
through years in BCD format 

Integrated battery and aystal 

On-chip battery-backup 
switchover circuit with 
nonvolatile control for an 
external SRAM 

1301nAh battery capacity 

*1 minute per month clock 
accuracy 

Less than 500nA of clock 
operation current in backup mode 

Microprocessor reset valid to 
vcc = vss 

Independent watchdog timer 
with a programmable time-out 
period 

Power-fail interrupt warning 

Programmable clock alarm 
interrupt active in battery- 
backup mode 

hgrammable periodic interrupt 

Battery-low warning 

RTC Module With CPU Supervisor 

General Description 
The bq4847 Real-Time Clock Module 
i s  a low-power microprocessor 
peripheral that integrate a time-of- 
day clock, a 100-year calendar, a CPU 
supervisor, a battery, and a crystal in 
a 28pin DIP module. The part is ideal 
for fax machinee. copiers, indu&ial 
control systems, point-of-eale termi- 
nals, data loggers, and computers. 

The bq4847 contains an internal bat- 
tery and crystal. Through the use of 
t h e  conditional chip enable output 
(CEOUT) and battery voltage output 
(VOUT) pins, the bq4847 can write- 
protect and make nonvolatile an 
external SRAM. The backup cell 
powers the real-time clock and 
maintains SRAM information in 
the absence of system voltage. 

The bq4847 contains a tempera- 
ture-compensated reference and 
comparator circuit that  monitors 
the status of its voltage supply. 
When an out-of-tolerance condi- 
tion is detected, the bq4847 gener- 
ates an interrupt  warning and 
subsequently a microprocessor 

reset. The reset stays active for 
200ms after Vcc rises within tol- 
erance to allow for power supply 
and processor stabilization. 

The bq4847 also has  a built-in 
watchdog timer to monitor pmeeeor 
operation. If the mimproceesor does 
not toggle the watchdog input (WDI) 
within the programnd t i m e s ,  
the bq4847 aeeerte WDO and RST. 
WDI unconnected disables the 
watchdog timer. 

The bq4847 can generate other 
interrupts based on a clock alarm 
condition or a periodic setting. The 
alarm interrupt can be set to occur 
from once per second to once per 
month. The alarm can be made 
active in the battery-backup mode to 
serve as a system wake-up call. For 
interrupts at a rate beyond once per 
second, the periodic interrupt can be 
programmed with periods of 30.5~8 
to500me. 

Caution: 
Take a r e  to wdd inadvertent die 
charge through VOUT and =our af- 
ter battery isolation has been 
broken. 

Pin Connections Pin Names 
&-A3 Clock/Control address inputs NC No connect 

vwrdr osbv, 

1 Write enable 

Vow Back-up battery output 
- 
INT Intempt output 

- - 
OE Output enable RST Microproceswr reset 

- 
DQ 7 

CS Chip select input WDI Watchdog input 
- 

External RAM chip enable WDO Watchdog output 
DQ 4 

16 OQs - CEow Conditional RAM chip Vcc +SV supply 

28-Pin DIP Module enable 
Vss Ground 



Functional Description clock keepa time to within one minute per month a t  morn 
temperature. For a complete description of features, op- 

Figrne is a blDck diagram of the w7 erating conditions, electrical eharacteriatics, bus timing, 
Mion& &dent to the bq&5 except that the bat. and pin deecriptiona, see the -5 data sheet. Valid 
tery (20, 24) and (% 3) pins are not a-ible. ~h~ part  types for ordering are bq4847MT (5%) and 
pine are connected internally to a coin cell and quartz crye- b q 4 & L r n  (1046). 

tal. The coin cell provides 1- of capecity. It ie inter- Figure 2 illustrates the address map for the bq4847. 
nally isolated from VOUT and CEOUT until the initial ap- ~ ~ b l ~  1 a map of the bq4847 and ~ ~ b l ~  2 
plication of Vcc. Once Vcc rises above V m ,  this isola- d-b  fie -ter bits. 
tion is brokn, and the backup cell provide8 power to 
VOUT and CEovr for the external SRAM. The real-time 

W.tokdoO - 
--~?uaithnl Detwtor + WDO 

. WT 
P 0 w a t . l  

Can(rd mttwy 
a w t t d p v a  nw '"OUT 

P P  Blm R . u t  CCcun* - 
h t a l a o .  - 

i i  t TTu  Jsr,-A, w,a,  s ~ v c c ~ ~  l i t  
W-288 

Figure 1. Block Diagram 

Truth Table 



Ordering Information 

I I '-~olp(~e option; 
MT = 28-pin T-type Module 

I Voltage Tolerance: 
Blank = 5% 
Y=10% 

I- Device: 
bq4847 Real-Time Clock Module with CPU Supervieor 



Notes 



@ B ~ K H ~ A R Q  bq485OY 
RTC Module With 512Kx8 NVSRAM 

Features 
Integrated SRAM, real-time 
clock, crystal, power-fail control 
circuit, and battery 

b Real-Time Clock counta seconds 
through yeara in BCD format 

b RAM-like clock access 

b Pin-compatible with industry- 
standard 512K x 8 SRAMs 

Unlimited write cycles 

b 10-year minimum data retention 
aud clock operation in the 
absence of power 

b Automatic power-fail chip 
deselect and write-protection 

b Software clock calibration for 
greater than i1  minute per 
month accuracy 

General Description 
The bq485OY RTC Module is a non- 
volatile 4,194,304-bit SRAM organ- 
ized as 524,288 word by 8 bits with 
an  integral acceeeible real-time 
clock. 

The device d i n e a  an i n t m d  lith- 
ium battmy, quartz crystal, clock and 
power-fail chip, and a full CMOS 
SRAM in a plastic 32-pin DIP module. 
The Rn: Module directly replacee in- 
duatrygtandard SRAMs and abo fits 
into many EPROM and EEPROM 
sockets without any -t for 
special write timing or h t a h o n s  on 
the number of write cyclea. 

Registers for the real-time clock, 
alarm and other special functions 
are located in registers 7FFF8h- 
7FFFFh of the memory array. 

The clock and alarm regieters are 
dual-port r e a w t e  SRAM locations 
that are updated onca per m n d  by 
a clock control circuit h m  the inter- 
nal clock counters. The dual-port 
registers allow clock updates to occur 
without interrupting normal accaae 
to the reat of the SRAM array. 

The bq4850Y also containa a power- 
fail-detect circuit. The circuit 
deeelecta the devica whenever Vcc 
falle below tolerance, providing a 
high degree of data security. The 
battery is electrically isolated when 
ehipped from the factory to provide 
maximum battery capacity. The bat- 
tary remains dkmnmcW until the 
firs t  application of Vcc. 

Pin Connections Pin Names 

32-Pin DIP Module 
PN-Sl 

Ao-Als Address input 

a Chip enable 

WE Write enable 
- 
OE Output enable 

DQo-DQ7 Data in/data out 

Vcc +5 volts 

Vss Ground 



Functional Description operation, including memory and clock interface, and 
data-retention mod-. 

Figure 1 is a block diagram of the bq4850Y. The 
following sections describe the bq4850Y functional 

Figure 1. Block Diagram 

Truth Table 
Vcc CE OE WE Mode W Power 

< Vcc (max.) 

> Vcc (rnin.) 

< VPFD (rnin.) > VSO 

-C V w  

VIH 

Vn, 

Vn, 

VIL 

X 

X 

X 

X 

VIL 

VIH 

X 

X 

X 

VIL 

VIH 

V m  

X 

X 

Deselect 

Write 

Read 

Read 

Deselect 

Deaeled 

High Z 

DIN 

DOUT 

High Z 

High Z 

High Z 

Standby 

Active 

Active ! 
Active 

CMOS handby 

Battery-backup mode 



Address Map Figure 2 i l lhatea the a d h e  map for the bq4850Y. 
Table 1 ie a map of the bq48WY re&ter~. 

The bq4850Y provides 8 bytea of clock and control status 
refitera and 524,288 bytea of atorage RAM. 

Figure 2. Address Map 

Table 1. bq4850Y Clock and Control Register Map 

7FFFF Year 7FFFF 

FE\ 
Days 7FFFC 
Hours 7FFFB 

Minutes 7FFFA 
Seconds 7FFF9 
Control 7FFF8 

0000 
MU-981 

f 

8Bl 
32,760 

T 

Note: X = Unused bits; can be written and read. 
ClocNalendar data in 24-hour BCD format. 
OSC = 1 &ope the clock oscillator. 

Clockand 
Control Status 

R w ~ s ~  

Storage 
RAM 

7FFFB 

7FFFA 

7FFF9 

7FFFS 

X 

X 

OSC 

W 

X 10 Hours 

10 Minutes 

10 Seconds 

Houre 

Minutee 

Seconds 

00-23 Houre 

00-59 

00-59 

Minutee 

Seconds 

0031  Calibration R Control S 



Memory Interface 

Read Mode 
The bq4850Y is i n ~ e a d  mode whenever (output 
enable) is low and CE (chip enable) is low. The device 
architecture allows ripple-through access of data from 
eight of 4,194,304 locations in the static storage array. 
Thus, the unique address specified by the 19 address 
inputs defines which one of the 524,288 bytes of data is 
to be accessed. Valid data is available at the data VO 
pins within ~ A A  (address access time) after the &t ad- 
dress input signal is stable, providing that the CE and - 
OE (output enable) access times are also satisfied. If the - 
CE and OE access timw, are not met, valid data is avail- 
able after the latter of chip enable access time  ACE) or 
output enable access time   to^). 

CE and a control the state of the eight three-state data 
I/O signals. If the outputs are activated before ~ A A ,  the 
data lines are driven to an indeterminate stateuntil t .  
If the address inputs are changed while CE and OE 
remain low, output data remains valid for  to^ (output 
data hold time), but goes indeterminate until the next 
address access. 

Write Mode 
The bq4850Y is in write mode whenever and a are 
active. The start of a write is~ferencedfrom the latter- 
occurring falling edge of WE or CE-A write is 
terminated by the earlier rising edge of WE or CE. The 
addresses must be held valid throughout the cycle. @ 
or WE must re* high for a minimum of t w ~ z  from CE 
or t w ~ i  from WE prior to the initiation of another read or 
write cycle. 

Data-in must be valid t ~ w  prior to the endof write and 
remain valid for ~ D H I  or ~ D H Z  afterward. OE should be 
kept high during write cycles to avoid bus contention; 
a l t h ~ g h ,  if&e output bushas been activated by a low 
on CE3d OE, a low on WE disables the outputs twz 
after WE falls. 

Data-Retention Mode 

With valid Vcc applied, the bq4850Y operates as a 
conventional static RAM. Should the supply voltage 
decay, the RAM automatically power-fail deselects, 
write-protecting itself twpr after Vcc falls below V ~ D .  
All outputs become high impedance, and all inputa are 
treated as 'don't care." 

If power-fail detection occurs during a valid access, the 
memory cycle continues to completion. If the memory 
cycle fails to terminate within time t w ,  write-protection 
takes place. When Vcc drops below Vso, the control cir- 
cuit switches power to the internal energy source, which 
preserves data. 

The internal coin cell maintains data in the bq4850Y 
after the initial application of Vcc for an accumulated 
period of at least 10 years when Vcc is leas than Vso. As 
system power r e t .  and Vcc rises above Vso, the bat- 
tery is disconnected, and the power supply is d t c h e d  to 
external Vcc. Write-protection continues for ~ C E R  after 
Vcc reaches VPFD to allow for processor stabilization. Af- 
ter ~CER, normal RAM operation can resume. 

Clock Interface 

Reading the Clock 
The interface to the clock and control registera of the 
bq4850Y is the same as that for the general-purpose stor- 
age memory. Once every second, the user-accessible 
clock/calendar locations are updated simultaneously from 
the internal real time counters. To prevent reading data 
in transition, updates to the bq4850Y clock registers 
should be halted. Updating is halted by setting the read 
bit D6 of the control register to 1. As long as the read bit 
is 1, updates to user-accessible clock locations are inhib- 
ited. Once the frozen clock information is retrieved by 
reading the appropriate clock memory locations, the read 
bit should be reset to 0 in order to allow updates to occur 
from the internal counters. Because the internal count- 
ers are not halted by setting the read bit, reading the 
clock locations has no effect on clock accuracy. Once the 
read bit is reset to 0, within one second the internal 
registers update the user-accessible registers with the 
correct time. A halt command issued during a clock up- 
date allows the update to occur before freezing the data. 

Setting the Clock 
Bit D7 of the control register is the write bit. Like the 
read bit, the write bit when set to a 1 halts updates to the 
clock/calendar memory locations. Once frozen, the loca- 
tions can be written with the desired information in 24- 
hour BCD format. Resetting the write bit to 0 causes the 
written values to be transferred to the internal clock 
counters and allows updates to the user-accessible regis- 
ters to resume within one second. Use the write bit, D7, 
only when updating the time registera (7FFFF-7FFFS). 

Stopping and Starting the Clock Oscillator 
The OSC bit in the seconds register turns the clock on or 
off. If the bq4850Y is to spend a significant period of 
time in storage, the clock oscillator can be turned off to 
preserve battery capacity. OSC set to 1 stops the clock 
oscillator. When OSC is reset to 0, the clock oscillator is 
turned on and clock updates to user-accessible memory 
locations occur within one second. 

The OSC bit is set to 1 when shipped from the Benchrnarq 
factory. 

411 4 Aug. 1906 



Calibrating the Clock 
The bq4850Y real-time clock is driven by a quartz mn- 
trolled oecillator with a nominal frequency of 32,768 Hz. 
The quartz cryatal is contained within the bq4850Y pack- 
age along with the battery. The clock accuracy of the 
bq4850Y module is tested to be withim 20ppm or about 1 
minute per month at 25'C. The oscillation rates of crys- 
tals change with temperature as Figure 3 shows. To 
compensate for the frequency shift, the bq4850Y offers 
onboard software clock calibration. The user can adjust 
the calibration based on the typical operating tempera- 
ture of individual applications. 

The software calibration bits are located in the control 
register. Bite W D 4  control the magnitude of correction, 
and bit D5 the direction (positive or negative) of correc- 
tion. Assuming that the oscillator is running at exactly 
32,786 Hz, each calibration step of W D 4  adjusts the 
clock rate by +4.068 ppm (+10.7 seconds per month) or 
-2.034 ppm (-6.35 seconds per month) depending on the 
value of the sign bit D5. When the sign bit is 1, positive 
adjustment occurs; a 0 activates negative adjustment. 
The total range of clock calibration is +5.5 or -2.75 min- 
utes per month. 

Two methods can be used to ascertain how much 
calibration a given bq4850Y may require in a system 
The fvst involves simply setting the clock, letting it run 
for a month, and then comparing the time to an accurate 
known reference like WWV radio broadcasts. Based on 
the variation to the standard, the end user can adjust the 
clock to match the system's environment even after the 
product is packaged in a non-serviceable enclosure. The 
only requirement is a utility that allows the end user to 
access the calibration bits in the control register. 

The second approach uses a bq4850Y test mode. When 
the frequency test mode enable bit FTE in the days 

Figure 3. Frequency Error 

register is set to a 1, and the owillator is running a t  
exactly 32,768 Hz, the LSB of the seconds register tog- 
gles at 512 Hz. Any deviation from 512 Hz indicates the 
degree and M o n  of owillator frequency shift a t  the 
test temperature. For example, a reading of 512.01024 
Hz indicatee a (lE6*0.01024)4512 or +20 ppm oecillatar 
frequency error, requiring ten steps of negative 
calibration (100-2.034 or -20.34) or 001010 to be loaded 
into the calibration byte for correction. To read the teat 
frequency, the bq4850Y must be selected and held in an 
extended read of the eeconde register, location 7FFF9, 
without having the read bit set. The frequency appears 
on DQO. The FTE bit must be set using the write bit 
control. The l?l'E bit must be reset to 0 for normal clock 
operation to resume. 
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Absolute Maximum Ratings 
Symbol 

Vcn 

VT 

Note: Permanent device damage may occur if Absolute Marimwn Ratings are d e d .  Ftnctional 
operation should be limited to the Recommended DC Operating Conditione detailed in this data sheet. Ex- 
posure to conditions beyond the operational limita for extended periods of time may affect device reliability. 

Parameter 

DC voltam. aDDlied on Vcc relative to Vss 

 top^ 

Tsm 

TBIAS 

TSOLDER 

Recommended DC Operating Conditions (TA - TOPR) 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Note: m i c a 1  values indicate operation at TA = 25OC. 

Value 

-0.3 to 7.0 

Operating temperature 

Storage temperature (Vcc off; oscillator off) 

Temperature under bias 

Soldering temperature 

I -0.3 to 7.0 

Unlt 

V 

0 to +70 

-40 to +70 

-10 to +70 

+260 

Condition, 

V VT<VCC+O.~ 

OC 

"C 

'C 

"C For lOseconda 



DC Electrical Characteristics FA = TOPR, VCCmin s vcc s VCCmax) 

Symbol / Parameter 

ILI ( Input leakage current 

Minimum 

* 1 / PA I ~ m = ~ s s t o ~ c c  

ILO 

VOH 

VOL 

Typical 

Output leakage current 

Output high voltage 

Output low voltage 

ISBI 

Issz 

Maximum 

* 1 

Standby supply current 3 

Icc 

Notes: Typical values indicate operation at  TA = Z0C, Vcc = 5V. 

- 
CE=Vm o r m = V m o r  
v@=Vn, 

2.4 

5 I mA I m = v m  

Standby supply current 

Vpm 

VSO 

Unlt 

Operating supply current 

ConditionspJoter 

0.4 

0.1 

Power-fail-detect voltage 

Supply switch-over voltage 

Capacitance FA = 2s0c, F = IMHz, vcc - 5.0~1 

90 

Symbol 

-CW 
CIN 

V 

V 

1 

4.30 

IoH=-l.0mA 

I a = 2 . 1 m A  

IllA 

Note: These parameters are sampled and not 10046 tested. 

Parameter 

InpuVoutput capacitance 

Input capacitance 

mA 

Min. cycle, duty = l a ,  
~ % = v ~ , I ~ = o ~ A  

4.37 

3 

CE 2 Vcc - 0.2V, 
OV 5 Vm 5 0.2V, 
or VIN 2 Vcc - 0.2V 

Minimum 

4.50 V 

V 

Typical Maximum 

10 

10 

Unit 

pF 

pF 

Condition8 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 
Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Figure 4. Output Load A 

Test Conditions 

OV to 3.0V 

5ns  

1.5 V (unleee otherwise specified) 

Output load (including scope and jig) 

Read Cycle FA - TOPR, VCCmin i vcc 5 VCCmax) 

I 

See Figurea 4 and 5 

Figure 5. Output Load B 

Symbol 

~ R C  

~ A A  

F ACE 

~ O E  

1 ~ O H Z  / O u t ~ u t  disable to output in high Z I 0 1 25 1 ns 1 Output  load^ 1 

~CLZ 

t o ~ z  

~ C H Z  

1 tow I O u t ~ u t  hold from address channe 1 10 / - I ns I O u t ~ u t   load^ I 

Parameter 

b a d  cycle time 

Address access time 

Chip enable access time 

O u t ~ u t  enable to o u t ~ u t  valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

-85 

5 

0 

0 

Unit 

ns 

ns 

ns 

ns 

Min. 

85 

Conditions 

Output loadA 

OutputloadA 

Output loadA 

Max. 

85 

85 

45 

35 

ns 

ns 

ns 

OutputloadB 

Output loadB 

Output load B 



Read Cycle No. 1 (Address Access) 

Address 

Dout 

4 t~~ w 

>< 
4 t AA 

4 ton 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Read Cycle No. 3 (z Access) 

Address 

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE transition low. 

4. OE = VIL. 

5. Device is continuously selected: = VL 



Write Cycle FA =TOPR , VCCmin s vcc s VCCrnax) 

Notes: 1. A write ends a t  the earlier transition of ?% going high and W g o i n g  high. 

2. A write occurs dur inghe  overlap of a low CE and a low a. A write begins at  the later transition 
of CE going low and WE going low. 

3. Either t m l  or tw must be met. 

Units 

ns 

na 

118 

* 

* 

ns 

ne 

* 

ns 

ns 

ns 

ns 

Symbd 

twc 

tcw 

t ~ w  

 AS 

twp 

tml 

t w ~ 2  

t ~ w  

~ D H I  

~ D H Z  

twz 

tow 

4. Either ~ D H I  or ~ D H Z  must be met. 

Condltions/Notw I 

(1) 

(1) 

Measured from addrese valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to end of 
write cycle. (3) 

Measured from CE going high to end of 
write cycle. (3) 

MeasuredA fiieow-to-high transition 
of either CE or WE. 

Measured from going high to end of 
write cycle. (4) 

Measured from going high to end of 
write cycle. (4) 

VO pins are in output state. (5) 

VO pins are in output state. (5) 

Parameter 

Write cycle time 

Chip enable to end of write 

Addreas valid to end of write 

Address setup time 

Write pulse width 

Write recovery time (write cycle 1) 

Write recovery time (write cycle 2) 

Data valid to end of write 

Data hold time (write cycle 1) 

Data hold time (write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

Min. 

85 

75 

75 

0 

65 

5 . 

15 

35 

0 

10 

0 

0 

5. 1f CE goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

-85 

Max. 

- 

30 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

4 DW 

Dm Data-in Valid 

i-twz* i- tow -+ 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

Address 

1 t WZ b 

D~~ Data :: Undefined : (2) mrn High-Z 

4 t~~ d t D t i 2 4  

W C - I  

Notes: 1. CE or must be high during address transition. 

D N 

2. Because J/O may be active (m low) during this period, data input signals of oppoeite polarity to the 
outputs must not be applied. 

3. 1f is high, the J/O pins remain in a state of high impedance. 

X Data-in Valid 

4. Either t-1 or t w ~ 2  must be met. 

5. Either ~ D H I  or ~ D W  must be met. 



Notes 



@ ~ ~ M A R Q  bq4852Y 
RTC Module W i  512Kx8 NVSRAM 

Features 
Integrated SRAM, real-time 
clock, CFU supervisor, crystal, 
power-fail control circuit, and 
battery 

Real-Time Clock counts 
hundredth of eeconds through 
yeam in BCD format 

RAM-like clock access 

Compatible with industry- 
standard 51% x 8 SRAMa 

Unlimited write cycles 

10-year minimum data retention 
and clock operation in the 
absence of power 

Automatic power-fail chip 
deselect and write-protection 

Watchdog timer, power-on reaet, 
alarm&eriodic interrupt, power- 
fail and battery-low warning 

General Description 
The bq4852Y Rn: Module is a non- 
volatile 4,194,304-bit SRAM 
organized a~ 524,288 words by 8 bite 
with an integral accessible real-time 
clock and CPU supervisor. The CPU 
supervieor provides a programmable 
watchdog timer and a microproces- 
eor reaet. Other featurea include an 
alann, power-fail, and periodic inter- 
rupt and a battery low warning. 

The device combine an internal lith- 
ium battery, quartz crystal, clock and 
power-fail chip, and a full CMOS 
SRAM in a plastic %-pin DIP module. 
The Rn: Module M y  replaces in- 
dustry-standard SRAMe and also fib 
into many EPROM and EEPROM 
socketa without any requirement for 
special write timing or limitations on 
the number of write cyclee. 

Registers for the real-time clock, 
alarm and other special functions 
are located in registers 7FFFOh- 
7F'F'FFh of the memory array. 

The clock and alarm registers are 
dual-port r e a m t e  SRAM locations 
that are updated once per second by 
a clock control circuit from the inter- 
nal clock counters. The dual-port 
registers allow clock updates to occur 
without interrupting normal access 
to the rest of the SRAM array. 

The bq4862Y also contains a power- 
fail-detect circuit. The circuit 
deselects the device whenever Vcc 
falls below tolerance, providing a 
high degree of data security. The 
battery is electrically isolated when 
shipped from the factory to provide 
maximum battery capacity. The 
battery remains diec&ec&d until 
the f i i  application of Vcc. 

Software clock calibration for 
greater than i1 minute per 
month accuracy 

Pin Connections Pin Names 

36-Pin DIP Module 
PN* 

Ao-Aia Address input 

a3 Chip enable 
- 
RST Microprocessor reset 

WE Write enable 
- 
OE Output enable 

DQo-DQ7 Data in/data out 

- 
INT Programmable interrupt 

Vcc +5 volts 

Vss Ground 



Functional Description operation, including memory and clock interface, data-re- 
tention modes, power-on reset timing, watchdog timer 

Figure 1 is a block diagram of the bq4852Y. The adivation*andin-~t generatiom 

following sections describe the bq4852Y functional 

Internal Time- 
Base 48 64 164 - 

$cS Lk--- odiator 

T r 1 1 1 1 1 1  11111, 
16: 1 MUX 

I I 

- 
CE 4 - - . , Reset and RST 

- C I W ~  Interrupt 
a d  C%WBW 

- Generator - 
INT 

It  - 
WE il\ User Buffer I 

(16 Bytes) 
- -  

Storage 
Registers 

(524,288 Bytes) 
VCC . Power- 

Fail --+ 

I,,ternal (control 
Write- 
Protect 

Battery 1 - - ED962 

I 
Figure 1. Block Diagram 

Truth Table 
Power 

Standby 

Active 

> Vcc (min.) 

< V P ~ ,  (min.) > Vso 

5 vso 

t 

Dom 

High Z 

High 2 

High Z 

Mode 

Deselect 

Write 

- 
WE 

X 

VIL 
A 

Active 

CMOS standby 

Battery-backup mode 

VR 

VIL 

X 

X 

W 

High Z 

Dm 

- 
OE 

X 

X 

Vcc 
- 
CE 

V n  

VIH 

X 

X 

< Vcc ( m a )  

Vm ----- 
VIH 

X 

X 

V m  

V n  

Read 

Read 

Deselect 

Deselect 



Address Map 

Thebq4852Yprwideel6bytmofclockandcontroletatus 
reghkra and 624.Z72 bytea of etaags RAU 

Fjgure 2 illu&ratee the a d h  map for the bq4862Y. Table 
1 is a map cif the bq4852Y regisha, and Table 2 
the regista bits. 

Memory Interface 

Read Mode 
The bg486xie in read mode whenever (output enable) 
ie low and CE (chip enable) ie low. The device amh ihke  
albwa rippl~tkmgh eurese of data from eight of 4,194,304 
locations in the etatic atorage array. Thw, the unique 
aadreesspec i6edby the19sd~ inputa~whichme 
ofthe524,B8byteeofdataietobeaoxsmed Validdataie 
availaMeatthedata~pinawithintu(addreesaccess 
time) after-he lllettaddmm input signal is stable, providing 
thattheCEaadOE(ou~tenable)e)accerStimeemsleo 
eatiebed. Ifthe a and OE aapes thea are not met, valid 
data ie available aRer the latter of chip enable accesrc time 
( t ~ m )  or output enable a m  time (toe). - 
CE and conbl the state dthe eight three-state data W 
eignale. If the outputs are activated befare t ~ ,  the data linea 

are &w.n to an bdebmhb 2 t e  d L t ~ .  Uthe  ad- 
cfrees mpute are changed while CE and OE remain low, 
output data I.emaine valid for tm (output data hold time), 
but ~OES i d e h m b t e  until the next ad& a m .  

Write Mode 
The bq4862Y h in write mode w h e w  and CE are 
active. The atart of a m- is from the l a w -  
oaumingfaUingedgeof~~CE_Awritaie~ted 
by the earlier rising a of WE or C&TheAdremea muat 
be held valid throughout the cycle. CE-OT WE muet m- 
h i g h h r a m b i m u m o f ~  fromCEortwRlfromWE 
prior to the initiation of another read or write cycle. 

Data-in must be valid t ~ w  prior to thed of write and 
remain valid for tm.11 or tzm aftemad. OE should be kept 
high during write cyclea to avoid hue amtantion; al&ugh, 
if the output- hae been activated by a l o w ~ C E  and - 
OE, a low on WE disablee the outputs twZ after WE falle. 

Data-Retention Mode 
With valid VCC applied, the bq4862Y operates as a 
conventional rtatic RAM. Should the supply voltage 
decay, the RAM automatically power-fail deselects, 
write-protecting iteelf tm after V m  falls below V m .  
All outputs become bigh impedance, and all inputs are 
treated as 'don't care.' 

Figure 2. Address Map 



1l power-fail detection occura during a valid w, the 
memory cycle continuee to completion If the memcry cycle 
fa to terminate within time ~WFT, write-plotection takes 
plae. When Vcc drops below Vs, the control circuit 
switches power to the internal energy source, which 
pmmw data. 

initial application of Vm fcr an accumulated petiod of at leeet 
1OvearswhenVccisbthanVso. AeBystampowerreturne 
&jvccrieesabovevso,thebatteyisdisconnected,andthe 
power mpply is switched to external vcc write- 
continueefortcwaRerVocreachesVm,to~~~fOF~~ 
*h& ARertc~~,mrmalRAMoperabcanresume. 

Clock Interface 

Reading the Clock 
The interface to the clock and control registers of the 
bq4852Y is the same as that for the general-purpoee stor- 
age memory. Once every second, the user-accessible 
clock/calendar locations are updated simultaneously from 
the internal real time countera. To prevent reading data 
in transition, updates to the bq4852Y clock registera 

should be halted. Updating is halted by setting the read 
bit D6 of the control regiskr to 1. Aa long as the read bit 
ie 1, updates to uwr-acmmible clock locatione are inhib- 
ited. Once the frozen clock information is retrieved by 
reading the appropriate clock memory locatione, the read 
bit should be reset to 0 in order to allow updates to occur 
from the internal countere. Because the internal count- 
era are not halted by setting the read bit, reading the 
clock locations hae no effect on clock accuracy. Once the 
read bit is r e s t  to 0, within one eecond the internal regis- 
tera update the user-acudile registers with the correct 
time. A halt command issued during a clock update allows 
the update to occur before freezing the data. 

Setting the Clock 
Bit D7 of the control register is the write bit. Like the 
read bit, the write bit when set to a 1 halta updates to the 
clo&calendar memory locations. Once frozen, the loca- 
tions can be written with the deaired info~qnation in 24- 
hour BCD format. Resetting the write bit to 0 causes the 
written values to be transferred to the internal clock 
counters and allows updates to the user-accessible reg*- 
tera to resume within one second. Use the write bit, D7, 
only when updating the time registers (7F'F'FF-7FFFS). 

Table 1. bq4842 Clock and Control Register Map 

Note: X = Unused bits; can be written and read. 
Clock/Calendar data in 24-hour BCD format. 
BLF = 1 for valid battery. 
OSC = 1 stops the clock oscillator. 
Interrupt enables are cleared on power-up. 

4/16 Aug. 1996 

5-220 



the calibration bad on the typical operating tempera- 
Table 2. Clock and Control Register Bits tureof individual applicatione. 

Stopping and Starting the Clock Oscillator 

Elk 

ABE 

AF 
AIE 
ALMO-ALMS 
BLF 

BMO-BM4 
FTE 
OSC 
PF 
PIE 
PWRF' 
PWRIE 
R 
RSO-RS3 
S 

W 

WDGWD1 
WDF 
WDS 

The OSC bit in the seconds register turns the clock on or 
off. If the bq4852Y is to epend a eignificant period of 
time in etorage, the clock oecillator can be turned off to 
preserve battery capacity. OSC eet to 1 atope the clock 
oecillator. When OSC is reset to 0. the clock oscillator is 
turned on and clock updatee to ueer-aoceesible memory 
locations occur within one second. 

Description 

Alarm interrupt enable in 
bat-backup mode 

Alarm interrupt flag 

Alarm interrupt enable 

Alarm repeat rate 

Battery-low flag 
Watchdog multiplier 

F'requency test mode enable 

Oecillator atop 
Fkiodic interrupt flag 

Periodic interrupt enable 

Power-fail interrupt flag 

Power-fail interrupt enable 
Read clock enable 

Periodic interrupt rate 
Calibration eign 

Write clock enable 
Watchdog reeolution 
Watchdog tlag 

Watchdog eteering 

The OSC bit ie eet to 1 when ehipped from the 
Benchmarq factory. 

Calibrating the Clock 
The bq4852Y real-time clock is driven by a quartz con- 
trolled oecillator with a nominal frequency of 32,768 Hz. 
The quartz crgetal is contained within the bq4862Y pack- 
age along with the battery. The clock accuracy of the 
bq4852Y module is teeted to be within 20ppm or about 1 
minute per month at 25OC. The oscillation rates of uye- 
tala change with temperature as Figure 3 shows. To 
compeneate for the fi-equency ehift, the bq4852Y offera 
onboard software clock calibration. The user can adjust 

The software caliiration bits are located in the control mg- 
ieter. Bite DO-D4 control the magnitude of c o d o n ,  and 
bit D5 tbe dkection W t i v e  or negative) of mrrectiioa 
Aesumiag that the oecillator is running at exactly 32,786 
Hz, each c a l i i o n  etep of DO-D4 adjuete the clock rate 
by +4.068 ppm (+10.7 aeconde per month) or -2034 ppm 
(6.35 seumde per month) depending on the value of the 
sign bit DS. When the eign bit ia 1, positive adjustment 

a 0 activates negative adjuetment. The total range 
of clock calibration is +Sb or -275 minutes per month. 

Two method8 can be ueed to aecertain how much 
calibration a given bq4852Y may require in a system. 
The first involves eimply setting the clock, letting it run 
for a month, and then comparing the time to an accurate 
known reference like WWV radio broadcaeta. Based on 
the variation to the etandard, the end ueer can adjust the 
clock to match the system's environment even after the 
product ie packaged in a non-serviceable encloeure. The 
only requirement is a utility that allows the end user to 
a w e  the calibration bite in the control regieter. 

Theegmdappmachuemabq48Smteutnaode. Whenthe 
~ t e s t m o d e e n e b l e b i t F T E i n t h e d a y s ~ i e e e t  
toal,dthe*is&atQaetlyQ768Hz.h 
Issoftheeg.mdsregietestoggleeat512Hz. Any deviation 
fmmSl2Hzinrlt .ntPathe*anddh.eetiOnat~ 
h p m c y  ahiR at the test tempmatam F a  examph, a 
readkg of 512.01024 Hz inrlt.ntPa a (lE6+aOlW)Sl2 a +20 
ppm wcillator fmpency e m ,  rquhg ten etepe d negative 
calihatim (101-2034 or -20.34) or 001010 to be beded into 
the calibration byte bor c m e c t h  To mad tbe test hqumq, 
the~muetbeeelectedandbeldinanexknckdmidd 
the eeomde &&r, locatjm 7FFF9, wiwithart having the mad 

Figure 3. Frequency Error 



biiaet. The6RquencyappearaonDQO. TheFTEbiimuetbe Interrupts 
setusingthewritebitcontd. TheF1F:bitmustbereettoO 
for normal ckck operation to resume. The bq4852Y allows four individually selected i n n m p t  

eventa to generate an interrupt request on the INT pin. 
Power-On Reset These four interrupt eventa are: 

The watchdog timer interrupt, programmable to occur The bq4852Y provides a power-on reset, which pulls the according to the time-out period and conditions - 
RST pin low on power-down and remains low on power- descxibed in the watchdog timer section 
UD for ~ C E R  after VCC passes VPFD. 

Watchdog Timer 
The watchdog circuit monitors the microprocessor's 
activity. If the proceesor does not reset the watchdog 
timer within2e pro-med time-out period, the circuit 
asserts the INT or RST pin. The watchdog timer is acti- 
vated by writing the desired time-out period into the 
eight-bit watchdog register described in Table 3 (device 
address 7FFF7). The five bita (BM4-BMO) store a binary 
multiplier, and the two lower-order bita (WD1-WW) se- 
lect the resolution, where 00 = second, 01 = second, 
10 = 1 second, and 11 = 4 seconds. 

The time-out period is the multiplication of the fivebit multi- 
plier with the twebit mlu t ion  For example, writing 00011 
in BM4-BMO and 10 in WD1-WW results in a total b e a u t  
setting of 3 x 1 or 3 seconds. A multiplier of zero disables the 
watchdog circuit. Bit 7 of the watchdog register (WDS) is the 
watchdog eteering bit When WDS is aet to a 1 and a t i m e s t  
axurs, the watchdog asserts a reset pulse for tCER on the RST 
pin During the EE& pulse, the watchdog register is cleared 
to all zaos disabling the -dog. When WDS is s e t t a  0, 
the watchdog asserts the INT pin on a time-out. The INT pin 
remains low until the watchdog is m e t  by the mkroprcaaaor 
or a power failure occurs. Additionally, when the watchdog 
times out, the watchdog flag bit (WDF) in the flags ~gis ta ,  
location '7FFFO, is set. 

The periodic interrupt, programmable to occur once 
every 122ps to 500ms. 

m The alarm interrupt, programmable to occur once per 
second to once per month 

The power-fail interrupt, which can be enabled to be 
asserted when the bq4852Y detects a power failure 

The periodic, alarm, and power-fail interrupts are 
enabled by an individual interrupt-enable bit in register 
7FFF6, the interrupts register. When an event occurs, 
its event flag bit in the flags register, location 7FFFO, is 
set. If the corresponding event enable bit is also set, then 
an interrupt request is generated. R a e  ding the flags reg- 
ister clears all flag bita and make8 INT high impedance. 
To reset the flag register, the bq4852Y addresses must be 
held stable at location 7FFFO for at least 50ns to avoid 
inadvertent reaeta. 

Periodic lnterrupt 
Bits RS3-RSO in the interrupts register pmgram the rate for 
the periodic interrupt The. user can interpret the intermpt 
in two ways: either by polling t h e m  register for F'F asser- 
tion or by setting PIE m that INT goea active when the 
bq4852Y sets the periodic flag.-Reading the flags register 
reeeta the PF bit and returns INT to the high-impedance 
state. Table 4 shows the periodic rates. 

To raset the watchdcg timer, the mi crop^^^^+^^^ must write Alarm lnterrupt 
to the watchdog register. After being reset by a write the 
watchdog time-out period starte over. a pmutiod the Registers 7FFF5-7FFF2 program the real-time clock 
watchdog c-t is disabled on a power failure. % user alarm. During each update cycle, the bq4852~ compares 
muet, therefore, set the watchdog at boobup for activation. the date, hours, minutes, and seconds in the clock regis- 

ters with the correswndine alarm rehters.  If a match 
between all the co~aponding bytes found, the alarm 
flag AF in the flags register is set. If the alarm interrupt 
ia enabled with AIE, an interrupt request is generated on - 
INT. The alarm condition is cleared by a read to the flags 

Table 3. Watchdog Register Bits 

MSB Bits LSB 
0 

WW 
7 

WDS 
6 

BM4 
5 

BM3 

4 

BM2 
1 3 

BM1 ] BMO 1 WDl 
2 



register. ALM3-ALMO puts the alarm into a periodic 
mode of operation. Table 5 describes the selectable rates. 

The alarm interrupt can be made active while the bq4852Y is 
inthebattery-backupmodebyeettingABE intheintarupta 
register. Normally, the INT pin tn3tes during battery 
badrup. With ABE set, however, INT is driven low if an 
alarm condition oarurs and the AIE bit ie set. Because the 
AIE bit ia reset during power-on met., an alarm generated 
during pomr-on reeet updates only the flags regieter. The 
w can mad the flags mgi&er during boot-up to determine 
if an alarm was generated during power-on reset. 

Power-Fail Interrupt 
When Vcc falle to the power-faildetect point, the powerfail 
tlag PWRF is aet. If the-=fail interrupt enable bit 
~ i s a l e o f J e t , t h e n I N T i a ~ l o w .  Thepowerfail 
intempt occurs twpr befaa the bq4862Y generates a reaet 
and d w M .  The PWIE bit is cleared on power-up. 

Battery-Low Warning 
The bq4852Y checks the internal battery on power-up. If 
the battery voltage is below 2.2V, the battery-low flag 
BLF in the flags mgieter is eet to a 1 indicating that 
clock and RAM data may be invalid. 

Table 4. Periodic Rates 

RS3 
0 
0 
0 
0 

0 

0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

RS2 
0 
0 
0 
0 
1 
1 
1 

ALM3 
1 
1 

1 

1 
0 

Table 5. Alarm Frequency (Alarm Bits DQ7 of Alarm Registers) 

1 
0 
0 
0 
0 
1 
1 
1 
1 

RS1 
0 
0 
1 
1 

0 

0 

1 

Aug. 1908 711 6 

ALMS 
1 
1 
1 
0 
0 

1 
0 
0 
1 
1 
0 
0 
1 
1 

RSO 
0 
1 
0 
1 
0 

1 

ALMl 
1 
1 

0 
0 
0 

interrupt  ate / 
None 
lome 

lOOme 
122.07~s 

244.14~8 
488.281 

976.5625 
1 
0 
1 
0 
1 
0 
1 
0 
1 

1.953125ma 
3 . 9 0 6 2 5 ~  
7 . 8 1 2 5 ~  
15.625- 
31.2Sma 
62.5- 
125ms 

250ms 
5 m s  

ALMO 

1 
0 

0 

0 

0 

Alarm Frequency 
Once per second 

-- I 
Once per minute when seconds match 
Once per hour when minutes, and seconds match 
Once per day when hours, minutes, and seconds match 
When date, hours, minutes, and seconds match 



Absolute Maximum Ratings 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC -ratinn Conditions detailed in thia data sheet. Exmeure to con- 
ditions beyond the operational l i m b  for extended of time may affect device reliability. 

- 

Symbol 

vcc 

VT 

Tom 

T s x  

'paw 

TSOLDER 

Recommended DC Operating Conditions (TA = TOPR) 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-40 to +70 

-10 to +70 

+260 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature (Vcc oft; oecillator off) 

Temperature under bias 

Soldering temperature 

Note: Typical values indicate operation at TA = 25OC. 

Unit 

V 

V 

OC 

OC 

OC 

OC 

Conditiom 

vT~vCC+0.3 

For lOsewnde 



DC Electrical Characteristics FA = TOPR, VCCmin 5 vcc 5 VCCMX) 

Note: Theae parameters are sampled and not 1 W o  tested. 

Symbol 

I u  

Iu,  

VOH 

VOL 

IOD 

ISBI 

I ~ B Z  

Icc 

V m  

vso 

Capacitance FA = 2s9=, F = IMHz, vcc = 5.OV) 

Symbol 

c,,O 
GIN 

Notes: m i c a 1  v a h e  indicate operation at TA = 25'C, Vcc = 5V. 
RST and INT are open-drain P outputs. 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 
-- 
RST, INT eink current 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply ewitcb-over voltage 

Parameter 

Inpuvoutput capacitance 

Input capacitance 

Minimum 

2.4 

10 

4.30 

Minimum 

Typical 

3 

2 

4.37 

3 

Typical 

Maximum 

* 1 

i 1 

0.4 

6 

4 

90 

4.50 

- 

Maximum 

10 

10 

Unit 

PA 

PA 

V 

V 

mA - 
mA 

mA 

mA 

V 

V 

Conditlons/Notes 

Vm=VsstoVcc 
- 
CE=Vm O ~ ~ = V I H O ~  m=vn 
IoH=-l.0mA 

1 0 ~ = 2 . l m A  

VOL= 0.4V 

CE = VIH 
- 
CE 2 Vcc - 0.2V, 
OV < Vm 5 0.2V, 
or VIN 2 Vcc - 0.2V 

Min. cycle, duty = 100'36, 
CE=VL,I, ,O=O~A 

UnR 

pF 

pF 

Conditions 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 
P a r ~ l m ~ t ~  

I n ~ u t  ~ulae  levels 

Tea Conditions 

OV to 3.OV 

Input rise and fall timea 

+5v 

l.QKQ 

- a-t? 

Sns 

Input and output timing reference levels 

Output load (including =ope and jig) 

Figure 4. Output Load A 

Read Cycle FA = TOPR, VCCmin 5 vcc 5 VCCmax) 

1.5 V (unlees 0th- specified) 

SeeFigures4and5 

Figure 5. Output Load B 

Conditions 

OutputloadA 

OutputloadA 

Output loadA 

OutputloadB 

Outputload B 

OutputloadB 

Output loadB 

OutputloadA 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Symbol 

~ R C  

~ A A  

 ACE 

 to^ 

tcu 

toLZ 

t c ~ z  

t o ~ z  

 to^ 

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output disable to output in high Z 

Output hold from address change 

-85 

Min. 

85 

5 

0 

0 

0 

10 

Max. 

85 

85 

45 

35 

25 



Read Cycle No. 1 (Address Access) '" 

Address 

Dm1 

4 tw * 

X 
4 t AA b 

tcm 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Read Cycle No. 3 (z Access) 

Address 

RC-S 

Notes: 1. is held high for a read cycle. - - 
2. Device is continuously selected: CE = OE = VIL 

3. Address k valid prior to or coincident with transition low. 

4. = Vn. 

5. Device is continuously selected: = Vn, 
AIQ. 1996 iins 



bq4852Y 

Write Cycle FA =TOPR, VCCmin 5 vcc 5 VCCmax) 

Notes: 1. A write ends a t  the earlier transition of CE going high and W g o i n g  high. 

2. A &te occurs durin&he overlap of a low a and a low WE. A write begins at  the later transition 
of CE going low and WE going low. 

3. Either tmi or tw must be met. 

Units 

118 

ns 

'~s 

'Is 

'Is 

'Is 

ns 

na 

ns 

ns 

ns 

Symbol 

twc 

tcw 

~ A W  

t ~ s  

t ~ p  

tml 

~ W R Z  

t ~ w  

~ D H I  

~ D H B  

twz 

tow 

4. Either ~ D H I  or t ~ w  must be met. 

Conditions/Notes 

(1) 

(1) 

Measured from address valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to end of 
write cycle. (3) 

Measured from going high to end of 
write cycle. (3) 

Measured* f i i e o w - b h i g h  transition 
of either CE or WE. 

Measured from going high to end of 
write cycle. (4) 

Measured from going high to end of 
write cycle. (4) 

I/O pins are in output state. (5) 

J/O pins are in output state. (5) 

Parameter 

Write cycle time 

Chip enable to end of write 

Address valid to end of write 

Address setup time 

Write pulse width 

Write recovery time (write cycle 1) 

Write recovery time (write cycle 2) 

Data valid to end of write 

Data hold time (write cycle 1) 

Data hold time (write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

Min. 

85 

75 

75 

0 

65 

5 

15 

35 

0 

, 10 

0 

0 

5. 1f CE goes low simultaneously with going low or after going low, the outputa remain in 
high-impedance state. 

-N 

Max. 

30 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

Write Cycle No. 2 ( ~ o n t r o l l e d )  1,2,3,4,5 

Address 

4 twc * 

>< 
4 ~ A W  -*tWRl-* 

>< 

w e 1  
Notes: 1. a or must be high during address transition. 

)f 

2. Because J,K) may be active (m low) during this period, data input signals of opposite polarity to the 
outputs must not be applied. 

3. 1f is high, the I/O pins remain in a state of high impedance. 

tcw 

4 ~ W P  - 

4. Either t m l  or t w ~ z  must be met. 

I / / / / / / / / .  

7- 

5. Either ~ D H I  or ~ D H Z  muet be met. 

4 ~ D W  *+tDHl* 

Data-in Valid 

x 
I twc 

Aug. IS96 13/16 

I/////// 

4 AW 

+ ~ A B  tcw b 

yC 

Ez h* 

\\\\\\\ 

I t WP a 

DW h e  --+ 

Data-in Valid x 
I. t wz b 

High-Z 



Power-Down/Power-Up Cycle FA = TOPR) 

t" 

~ E R  

Notes: 1. Typical values indicate operation at TA = 25'C, Vcc = 5V. 

tDR 

tm 

2. Battery is disconnected from circuit until after Vcc is applied for the f i t  time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

Unit 

Pa 

PS 

Maximum 

Vcc slew, Vso to VPFD 
(mas.) 

Chip enable recovery time 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-Up Timing 

Conditions Typical 

Data-retention time in 
absence of VcC 

Write-protect time 

All outputs valid (per control inputs) High Z Valid (per control inputs) 

I 

Minimum 

300 

10 

Symbol 

t p ~  

~ F S  

8 

0 

40 

- 
RST f 

Parameter 

Vcc slew, 4.50 to 4.20 V 

Vcc slew, 4.20 to Vso 

10 

40 

I 
- 
INT 

High Z 

100 

Notes: 1. PWRIE is set to '1' to enable power fail interrupt. 

2. KT and are open drain and require an external pull-up resistor. 

100 

200 

160 

PS 

me 
Time during which SRAM is 
write-prokctad after Vcc 
pasees VFPD on power-up. 

years 

ps 

TA = 25OC. (2) 

Delay after Vcc slews down 
paat Vpm before SRAM is 
write-protected. 



Ordering Information 

Speed Options: i 1 S = S m  

/ L--~ackage Option: 
MC = C-type module 

Device: 
bq4852Y 512K x 8 Real-Time Clock Module 



Notes 
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Using the bq4845 for a Low- 

Cost RTCINVSRAM Subsystem 
Introduction 

The -5 combinea a low-power real-time dock (RTC), 
a mimntro11er superviaor, and a nonvolatile control 
circuit for static RAM on one IC. The part forms the 
basis of a low-cost, reliable R'E plus nonvolatile SRAM 
BU- for many different embedded applications. By 
providing direct connections for a quartz crystal, an 
SRAM, and a backup source, the bq4845 eliminates as 
many as 15-20 discrete components. 

The bq4W containe 16 memory registera for clock, cal- 
endar, and control information as shown in Figure l. 
The clock tracks seconds through years in binary coded 
decimal 12- or 24-hour format. The control information 
monitors and programs the onboard microcontroller su- 
perviaor and interrupts. The memory registers have the 
same interface ae a standard byte-wide SRAM and can 
be mapped within the memory address space. 

Figures 2A and 2B show how a typical battery backed-up 
RlK plus SRAM discrete solution compares with the 

bq4845 approach. The highly integrated bq4845 elimi- 
nates the discrete components needed in the power con- 
trol, write protection, and reset circuits. It also featuree: 

m Ultra-low backup current (< m) 
Power-on reset 

Programmable watchdog timer with a separate output 

x8 real-time clock data 

Power-fail and periodic interrupt 

= Low backup battery warning 

Contents 

This application note discusses the key aspects of bq4845 
operation. 

Component Selection 

Board Layout 

Calibrating the Clock 

System Supervision 

Backing Up Multiple SRAMa 

Additional Integration 

Component Selection 

SRAM 
The bq4845 is designed to work with a low-pow~slow 
CMOS SRAM directly connected to Vom and CEow. 
Through thew pins, the bq4.845 provides power and a 
conditional chip enable to the memory. With valid system 
power, the output of the bq4845 supplies up to lOOmA 
with Vow = Vcc - 0.3V, and the chip enable control 
passea through with a propagation delay of less than 
12ns. With no system power, the bq4845 switches over to 
the backup source and holds the chip enable inactive. In 
this mode, the bq4845 eupplies up to 100pA with Vow = 
VBACKVP - 0.3V. 
Monolithic CMOS SRAMe are available in byte-wide den- 
sitiea of 16kbits to 4Mbits. The section entitled 'Backing 
Up Multiple SRAMs' describes how to use multiple 
SRAMa with the bq4845 for word-wide or odd memory 
configurations. 

Figure 1. Address Map 
Nov. 1865 
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Figure 2A. Discrete Solution 

2/12 Nov. 1985 
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Figure 28. bq4845 Approach 
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To minimize power consumption in active and backup 
mode, follow these recommendations: 

1. Use an GL power rated SRAM. They typically con- 
sume less than 70mA in active mode and leas than 
1pA at 3V and 25OC in standby mode with a mini- 
mum data-retention voltage of 2V. 

2. Use low-leakage ceramic bypass capacitors of O.1pF 
a c m s  the SRAM and RTC. 

3. Connect active high second chip enables (CE2) to 
Vow of the bq4845, not to Vcc. 

Crystal 

The total data-retention load of an WrC/NVSRAM sub- 
system consists of the current required to power the 
clock and maintain data in the SRAM, or IDR = Im + 
ISRAM. IDR varies with temperature and voltage. There- 
fore, the backup conditions of the application must be 
considered to determine the typical IDR 

Figures 3 and 4 show how the data-retention currents of 
the bq4845 and an GL rated SRAM vary over tempera- 
ture. For most applications, the majority of the backup 
time is close to 3V and 25OC. Under these conditions, the 
typical data-retention current for a bq4845 application 
with a single L L  rated SRAM is IDR = 0 . 5 4  t lpA or 

The w 5  acuator is designed to work with a 32.768kHz The bq4845 works a primary or secondary cell. If 

tuning fork type crystal connected directly to x1 and = the application spends the majority of its useful life pow- 

with no external componente reqM. The crystal ered-up, a super capacitor may be sufficient to meet the 

have the characteristics d d b e d  in Table 1. data-retention requirements of short intermittent power 
outage.. For applications with long potential syetem-off 

With the properly d e d e d  crystal, the bq4845 real-time clock periods, a primary lithium cell or secondary NiCd pack 
should be accurate to *1 minute per month at room tempera- should be used. 
ture with m trim capadtors. If greater accurw is desired, a The bq4845 requires the backup source to be within 2.3" 

capacitor of no more than lOpF can be to 4.OV. The potential of the source is checked on power- 
from = to GND. The section the up. When it is approximately 2.1V, the battery low flag describes how to adjust the bq4845 clock is set, indicating that clock and RAM data may be inva- 

Backup Source lid. 

If the backup source doea not make a connection to the 
  he backup source on the BC input provides power to 

wj and the BC pin is floating, then upon power-up, the real-time clock and the external SRAM when main RST will remain low. 
system power is not applied. The backup source can be 
a-prirn& (non-rechargeable) lithium cell, a secondary 
(rechargeable) NiCd pack, or a super capacitor. The 
choice of technology and capacity depends on the total 
data-retention load current and the anticipated amount 
of time the application ia without power. 

Table 1. Crystal Specifications 

4/12 Nov. 1 W5 
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Maximum 

30 

-0.042 

45 

1 .8 

600 

1 

Typical 

32.768 

6 

25 

70,000 

1.1 

430 

Symbol 

fo 

CL 

-TP 
k 

Q 
RI 

Co 

CdCl 

DL 

Unit 

kHz 

PF 
OC 

ppIllPC 

KQ 

PF 

PW - 

Parameter 
Oscillation frequency 

Load capacitance 

Temperature turnover point 

Parabolic curvature constant 

Quality factor 

Series resistance 

Shunt capacitance 

Capacitance ratio 

Drive level 

Minimum 

20 

@,Ow 
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Lithium 
The bq4846 is beet suited for uee with a primary lithium 
cell having a nominal voltage of 3V. The long shelf life, 
flat diecharge curve, and high energy density allow a 
emall lithium win cell to backup a bq-RAM mbeye- 
tem for greater than 10 years. The minimum required 
capacity is given by: 

Equation 1 

where: 

L = ueeful lifetime of the equipment bears) 

m IDR = tdal data-retention current (A). 

Tcnu can be f d  into the equation becauee capacity of 
tbe lithium cell is not consumed when eyetem power is 
applied. 

An ineqxmive lithium coin cell meets the data-retention 
requhmnte of moet single SRAM applications. ' h a e  
cslle range in capacity &om 3OmAh to 30(knAh. Cylindrical 
lithium cslle offer gmater than 1000mAh. The two chemis- 
try typea are: BR and CR BR haa batter shelf life charac 
teristics at elevated temperahues and ahodd be used in 
industrhl temperatme operating environments to ansure 
thataturagelifewetnautdoeanatllmitthebackuptime 
below the calculated value. The cells am available with 
solder tab comedons for PCB mounting, or can be sock- 
eted for user replaceability. 

NiCd 
A small NiCd pack can be trickle-hrged from the sya- 
tem voltage mpply using a r e e h r .  The value of the 
mistor depend on the recommended trickle charge rate 
of the battsry manufacturer. The optimum eeriea a n -  
figuration is 3 cells, since thin givee a nnminnl voltage of 
3.6V. The capacity can be eized ueing equation 1 with 
TON = 0, and L equal to the longed anticipated time the 
system wiU be without power. A mall S.6V N i  pack 
can provide years of clock operation and data retention 
wing the bq4845 and an L L  rated SRAU Like the lith- 
ium ceb, the 3-cell NiCd padre are available with solder 
tabe. 

Super Capacitor 
A low-leakage mper capacitor can be wed to back up the 
bq4845 plue an external L L  SRAM. The caner diode 
acmee the capacitor keepe the voltage from e x m d b g  the 
4.0V limit on the BC input. The mriea charge resietar 
depend on the eize and type of capacitor. The approxi- 
mate backup time b given by the equation: 

Equation 2 

where: 

C = capacitor value 0 
AV = valid voltage back-up range (V) 

IDR = total data-retention current (A) 

Figure 3. bq4845 Data-Retention Current Figure 4. Typical L-LSRAM Data-Retention 

at VBC = 3V Current at Vcc = 3V 
Nov. 1995 5'12 
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AV = 4.0 - 2.3 or 1.7V for a bq4845 application. Thua, a 
1F or 2F super capacitor can provide weeks of backup 
time for the bq4845 RTC and a single LL SRAM. 

Figure 5 shows the three different backup configurations. 

Board Layout 

Crystal Connection 
The quartz crystal should be connected directly to X1 and 
X2. A small trim capacitor can be placed on X2 for higher 
clock accuracy. To minimize the risk of noise coupling 
into the bq4845 RTC oscillator, follow theae recornmen- 
dations: 

1. The crystal should be located as close as possible to 
the pin connections on the bq4845. 

2. The pins should be surrounded by a ground guard 
ring. 

3. No signals should run directly below the crystals or 
below the traces to the X1 and X2 pins. 

Figure 6 shows an example configuration. 

Backup Source Connection 
The backup source placement ia not as critical as it is for 
the crystal. Still, it should be placed as close to the 
bq4845 as possible, although the designer should also 
consider accessibility if the battery is to be easily 
replaced. The backup source should be connected 
directly to the BC input (+) and Vss (-). 

Lithium primary cells in electronic equipment require 
protection against reverse charging from Vcc when sys- 

tem power is on. The bq4845 battery input circuit 
includes two protection diodes in series between BC and 
Vcc. The protection diodes meet the UL requirements 
for the use of a lithium cell as a backup eource in elec- 
tronic circuits. Therefore, no external reverse charg- 
ing circuit is required or recommended. The bs4845 
ia k d  under  file number E134016. 

Calibrating the Clock 

Accuracy Measurement 
With a pmperly seleded quartz ayetal connected directly 
to X1 and X2, the bq4845 should be accurate to *1 minute 
per month at room temperature with no trim capacitor. 
The accuracy of the clock changes with temperature ae 
seen in Figure 7. If higher accuracy is required at room 
temperature, or the system operates at the temperature 
extremes, a small trim capacitor can be placed between X2 
and pund A simple calibration routine can be used to 
measure the frequency and trim the capacitor for optimum 
clock accuracy at the use temperature. 

The calibration software routine uaea the periodic inter- 
rupt to memure the hquency variance of thLreal-time 
clock. The interrupt* ia monitored on the INT pin. In 
this test setup, the INT pin is connected to a frequency 
meter, and should not interrupt the rnicromn~ler. It 
may be beneficial to provide a jumper for the INT pin on 
the board design in order to disconnect it h m  the inter- 
rupt controller when the calibration routine is run. No test 
equipment should be connected directly to either crystal 
pin, as the added loading alters the characteristics of the 
oscillator and can make tuning impwsible. 

3v 
Uthium 

Dl 
RS 

3.6V 
N i i  

Figure 5. Backup Configurations 
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The calibration routine should be performed at the tem- 
perature at which the system spends the majority of ita 
operating time. The calibration routine c o m ~  of the 
following eequence of operations: 

1. Control Register: Write [XXXXO1XXlt,. Turns on 
the RTC. 

2. Programmable Rates Register. Write [XXXX0011]b. 
Sets the periodic interrupt rate to 8.192kHz. 

3. Interrupt8 Enable Register: Write [00000100]b. 
Enables only the periodic interrupt 

4. Flags Register: The program should now loop on 
reading this regieter. Reading theregister reeeta 
the interrupt flag PF and r e t m  IN-T high. The 
next interrupt will re-assert PF and INT. Reading 
the register must occur at a rate which exceeds the 

rate in order to catch all the transitions. 
The periodic rate can be adjusted by programming 
register B. Figure 7. Frequency Error 

Note: Uses Epson MC-406 Crystal 

Figure 6. Crystal Connection 

Nov. 1995 711 2 
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5. Monitor the f r e q u e n c y ~ t h e  pin with a high- 
resolution meter. The INT pin is active low so the 
meter should trigger on a negative transition. Any 
deviation from the set periodic rate indicates clock 
error. 

6. Adjust the trim capacitor to provide a fi-equency as 
close to the set periodic rate as possible. 

Adjustment Considerations 
The bq4845 uses a very low-current oecillator and is sen- 
sitive to capacitance on the crystal inputa. To ensure the 
real-time clock does not stop in the low-voltage battery- 
back-up mode, the total capacitance on X2 should be no 
more than 15pF, including the trace capacitance. With 
short lead traces, the m&um recommended trim ca- 
pacitor is 10pF. A s  a rule of thumb, each additional 
1.54pF of capacitance on X2 results in a decrease of 
0.8Hz or 64 seconds per month. 

System Supervision 

The bq4845 includes three system supenrisory functions: 
Power-fail monitoring, pP monitoring, and pP reset gen- 
eration. The three functions work together to provide or- 
derly power-down and restart procedures. 

Power-fail Warning 
The bq4845 can be programmed to generate a power-fail 
warning. The warning can be used to alert the microcon- 

troller to save critical data in the SRAM prior to p P  reset 
generation. 

To program the power-fail warning, set the PWFUE bit of 
regieter C to 1. When the SV eyetem supply on Vcc 
dmpapebelow V m  as seen in Figve 9, the interrupt out- 
put INT goee low. Since other m e  (clock alarm and 
periodic interrupt) can activate the the INT output, reg- 
ister D cau be read to eee if the power-fail warning flag is 
set to 1. If PWRF is 1, a power-fail condition has occurred 
and the mi~wx)ntrolles has loops to etore data prior to 
assertion of the p P  reeet by the bq4845. 

The power-fail thmsholde (Vm) are net at 4.62V (typi- 
cal) forthe bq4845 and 4.37V (typical) for the bq4845Y. 
The INT pin is open drain, and requires a pull-up resis- 
tor. 

Poweron Reset 
The active-low power-on reaet is asserted loops after 
power-fail detection as seen in Figure 9. The m e t  re- 
maim asserted for - after valid power returns to 
provide for system stabilization. The output is open 
drain, and requirea an external pull-up resistor. 

Watchdog Timer 
The watchdog timer is used to supervise processor opera- 
tioa The watchdog monitors the WDI input. This input 
can be connected to a bus line or an VO port. If WDI is 
not toggled withithn e programmed time-out period, the 
bq4845 asserts WW and RST. The timeout is pro- 

Figure 8. Frequency Adjustment 
8112 Nov. 1995 
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gramrned in regieter B according to Table 2. The bq4.846 If a watchdog time-out occure, the run time of the sub- 
retains this time-out period thmugh power cycles ae long sequent initialization routine must be less then the 
as battery power ie valid. If the bq4.846 losea backup programmed time-out period or the eyetern may never 
power in data-retention mode, the default time-out pe- recover. 
nod ie 1.6s. The watchdog timer ie disabled only if WDI 
ie left floating. 

Figure 9. Power-Down/Power-Up Timing 

Table 2. Watchdog Time-Out Rates 

vcc 

/ / 

- 200ma J 

~ 2 4 4 s  -D 

- 

- 
INT -\ 

High-Z 

Votes: PWRIE set to "1 " to enable power-fall interrupt 
RST and INT are open drain and require an external pull-up resistor. 

/ / 

+ *  
l o 0 4 8  

Watchdog Time-out Period 

1.66 

23.4375m 

46.876- 

93.75- 

187.6ms 

376- 

750me 

3s 

RST 

WDO 

0 

1 

0 

1 

0 

1 

0 

1 

WD2 
t 

0 

0 

0 

0 

1 

1 

1 

1 

WDI 

0 

0 

1 

1 

0 

0 

1 

1 



- 
WDO can be used to indicate to the system that the reaet 
=cawed by a watchdog fault and not a power failure. 
WDO is-t after a watchdog fault by a transition on 
WDI. WDO can be conn&to an audible alarm or a 
controller input pin. WDO ie held high when Vcc ie 
below the power-fail threshold, battery-backup mode ia 
enabled, or WDI ia left floating. 

Backing Up Multiple SRAMs 

While monolithic SRAMs come in a wide variety of densi- 
ties, some memory confiiatione may require the use of 
two external memory chips. 

Word-Wide Configurations 
For a word-wide or x16 configuration, two L-L rated 
SRAMs can be put in parallel as shown in Figure 10. 
The combined active current of the memory at the oper- 
ating cycle must be less than 100mA. The total data- 
retention current ie IDR - I m  + 2 * ISRAM. 

Odd Configurations 
To build an odd memory configuration like a 2Mbit 
RTC/NVSRAM subsystem, additional logic may be 
needed. One 7400 CMOS NAND gate provides the chip 
select decoding for the 256Kx8 NVSRAM configuration 
shown in Figure 11. 

Additional lntegratiobbq4847 

The bq4847 combinea the b q W  with a aystal and lith- 
ium coin cell in a 600-mil dual-in-line package to offer an 
additional level of integration. The only component 
required for the RTQNVSRAM eubeystem is the static 
RAM connected directly to the bq4847. The internal bat- 
tery haa over 130mAh of capacity to provide greater than 
10 years of data retention in moet applications. To pre- 
vent inadvertent battery discharge during hannling, the 
bq4847 battery ie isolated from the VOUT and CEOUT pine 
until the initial application of Vcc. After V m  is applied, 
the battary connecta to V o w  whenever V m  dmpa below 
Vso (typically 3V). 

The internal crystal meets the &cations described in 
Table 1. The bq4847 is cal i i ted at the factory to provide 
clock accuracy better than one minute per month at 25'C. 

Figure 10.32Kx16 Memory Configuration 
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Figure 11.256Kx8 Memory Configuration 

*5V 

- vcc v, 

bqUW 

vffi 

- 
CSl 

12M<xb 
Y 

.r-.. 4 

/ C / / 3 
EBIIDm Bu 

A1 7 
80314 

x 

v ffi 

v, 

- G.1 
12M<xb 
4l. 

", 
4- 0 7  

v, 
4-01 



Notes 



@ ~ ~ M I R O  Typical PC Hookups 
For Real-Time Clocks 

Introduction Examplea are included for ISA and EISA PC eyetems. 

m ISA W A T )  system: 
The following pages contain diagrams showing how 
Benchmarq's Real-Time Clocks are used in existing cir- - Example MC146818A FWAT deaign (Figure 1, 
cuita with minor or no redesign. Parts lists are included Table 3) 
for each diagram. - Equivalent bq3285 design (Figure 2, Table 4) 
The circuite shown are actual PC implementations of Mo- 
torola RTCs. The proposed Benchmarq replacementa 
save numeroue components and reduce the coet of the 
motherboard. Pin conversions from the MC146818A to 
the bq3285 and bq3287/A are shown in Tables 1 and 2. 

All of Benchmarq module products are U.L. recognized 
under U.L. fie number E1340146. 

Remember that the bq3285137/87A are socket replace- 
ments for the DS1285/87/87A/885/887/887A and 
MK48T85/87/87A. See Chapter 1 for the RTC cross- 
reference table. 

- MC1468184/bq3285 design (Figure 3, Table 4) 
- Equivalent bq9287 design (Figure 4 ,  Table 5) 

m EISA or MCA eysknic 

- Example MC146818A plus external 8Kx8 
SRAM design (Figure 5, Table 6) 

- Example DS1287 plus erternal8Kx8 NVSRAM 
deaign (Figure 6, Table 7) 

- Equivalent bq4285 design (Figure 7, Table 8) 

- Equivalent bq4287 design (Figure 8, Table 9) 

Table 1. Converting MC146818A to bq3285/87/87A I 

Table 2. Converting MC148818A to bq4285187 

MC146818 Pin No. 

1-15 + 
16 + 

17-19 + 
20 + 
21 + 

22-24 + 

I I DIP and SOiC Packager I 

MP and SO#: Packages 

MC146818 Pin No. 

1 + 

bq3287AMT Pin No. 

No change 

No change 

No change 

No change 

Tie to Vcc 
No change 

bq3285Pp Pin No. 

No change 

No connect 

No change 

< 4.0V 

Tie to Vcc 

No change 

2-20 + 

bq3287MT Pin No. 

No chance 
No change 

No change 

No change 

No change 

No change 

bq4285PIS Pin No. 

vow 

21 + 
22 + 

bq4287MT Pin No. 

v m  
No change 

2%24 + 

No change - 
CEm: Tied to Vss - 

CEow 

- 
CEm: Tied to Vss - 

CEovr 

No change No change 
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Tv~ical  RTC PC Hooku~s 

Table 3. MC146818A ISA (PCIAT) Parts List (Figures 1 and 3) 

Item 

1 
2 

Table 4. bq3285 ISA (PCIAT) Parts List (Figures 2 and 3) 

6 
7 
8 
9 
10 
11 - 
12 

Quantity 

1 
1 

Notes: Possible crystalbattery suppliers include: 

4 
1 
1 
1 
1 
4 
1 

Item 

1 

2 

3 

4 

. Daiwa Dl'-26 or equivalent crystal 

Reference 

BT1 
C1 

. Rayovaeanasonic lithium coin celk 

P u t  

3.6V/WmAh 
0.0047 

Dl, D2, D3, D4 
JP1 
JP2 

Q1 
6 2  

R1, R4, R7, R8 
R2 

Quantity 

1 

1 

1 

1 

These cells and cells of other sizes are available =tabbedm for soldering directly into boards. These types of 
lithium coin cells are safe for all modes of transportation per U.S. Department of Transportation records. 

IN4148 
HEADER2 
HEADER-4 
2NN3906 
2N3904 

1OK 
1K 

I Rayovac U.L. #MH12542 

Reference 

R1 

U1 

BT1 

Y1 

I Panasonic U.L. #MH12210 

P u t  

10K 

h3285 
Li cell 

DT-26 
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Typical RTC PC Hookups 

Table 5. bq3287 ISA (PC/AT) Parts List (Figure 4) 

Table 6. MC146818A w/ External SRAM Parts List (Figure 5) 

Item 

1 

2 

Table 7. DS1287 w/ NVSRAM ElSA or MCA Parts List (Figure 6) 

Item 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 

15 

16 
17 
18 

19 

Part 
I 

10K 

tq3287 

0-tb 
1 

1 

Reference 

R1 

u1 

Quantity 

1 

1 

1 

1 
1 

4 
1 

1 

1 

1 

4 
1 

1 

1 

1 

1 

1 
1 

1 

Item 

1 

2 

3 

Refemce 

BT1 
C1 

C2 
C3 
C4 

Dl, D2, D3, D4 
JF'l. 
JP2 

61 
Q2 

R1, R4, R7, R8 
R2 
R3 
R5 
R6 
U1 
U2 
U3 
Y1 

Quantity 

1 

1 

1 

Part 

3.6V/60mAh 
0.0047 

27P 
10 
0.1 

IN4148 
HEADER-2 
HEADER-4 
2NN3906 
2N3904 

1OK 
1K 

2M 
220 
39K 

MC146818A 
4069 

8Kx8 SRAM-LP 

DT-26 

Refemce 

R1 

U1 

U2 

Plvt 

10K 

DS1287 or bq3287 

DSl225Y or bq4010Y 



Typical RTC PC Hookups 



Typical RTC PC Hookups 



Typical RTC PC Hookups 

Table 8. -85 ElSA or MCA Parts List (Figure 7) 

Notes: Possible crystabattery suppliers include: 

Daiwa DT-26 or equivalent crystal 

Rayovaflanasonic lithium coin cells: 

Pwt 

Li cell 

10K 

bq4285 

8Kx8 SRAM-LP 
DT-26 

These cells and cells of other sizes are available 'tabbed' for soldering directly into boards. Theae types of 
lithium coin cells are safe for all modes of transportation per U.S. Department of Transportation records. . Rayovac U.L. #MI312542 

8 Panasonic U.L. #MI312210 

Reference 

BT1 

R1 

u1 

U2 

Y1 

item 

1 

2 

3 

4 

5 

Table 9. bq4287 ElSA or MCA Parts List (Figure 8) 

Quantity 

1 

1 

1 

1 

1 

Part 

10K 

8Kx8 SRAM-LP 

ba4287 

item 

1 

2 

3 

Quantity 

1 

1 

1 

Reference 

R1 

U2 

U3 



B M ~ M A R Q  Using RAM Clear Function 
With bq32851bq3287A RTCs 

Introduction 
The RAM clear function ia useful for resetting data in 
battery-backed CMOS RAM. This function can, however, 
be detrimental when inadvertently activated. When acti- 
vated, the RAM clear function on the bq3285 and 
bq3287A RTCs sets the contenta of the 114 (or 242) bytes 
of CMOS RAM to TY (hex). 

Figure 1 showe the circuit configuration required to use 
the RAM clear function. The Benchmarq FZTC uses the 
on-chip time-base millator to de-bounce the momentary 
switch, SWl, over a period of 100 me. This requires that 
the time-base oecillator and the divider chain must be 
turned on by writing a 02 (hex) in bit locations OSC2- 
OSCO of register A. Although Figure 1 shows a momen- 
tary switch, an electronic signal can also be used with 
the same considerations. 

All CMOS RAM locations are 'cleared' when the Bench- 
marq RTC senses akw-level pulse of at least lOOms on 
the RAM clear pin, RCL, when Vcc = 5V. 

Clearing RAM 
Follow theee stem to clear RAM using the Benchmarq 
and Dallas Semiconductor RTCe: 

1. Turn on the oecillator (this is a normal part of ini- 
tialization when power ia on). 

2. Clear the RAM: Jumper JP1. 

3. Remove the JP1 jumper. 

9 Vcc 

Implementation Differences 

bq3285/87A 

Although the hardware requirements -activating the 
Dallaa Semiconductor RAM clear pin, R C K a r e  identi- 
cal to #om for activating the Benchmarq RCL pin, the 
function ia implemented differently: 

O 

a Dallas Semiconductor's RAM clear function provides 
a- to the internal lithium power mum.- Short- 
ing RCLR to ground h i m  the lithium cell. 

a Benchmarq's E L  pin ia internally de-bounced (os- 
cillator on). 

- 0.~5 - 
- 

SW1 

JP1 ~-4- - 

- 

DT-28 

m Be-s EL pin ia active when power is on. 

- 
FO-48 

vcc 

Benchmarq Advantages 

- 
RCL 

X2 

"as 

The Benchmarq RTCs have the following advantages 
over the Dallas Semiconductor parts: 

1. When the Dallas Semiconductor pin ie ex- 
poeed to any low-impedance path including metal 
trays, conductive bags, conductive foam, ground, 
etc., the battery will be drained. This may severely 
limit the battery life of the WIY=. The battery in the 
Benchmarq WM: will not be drained. 

2. The Dallas Semiconductor FZTC is prone to inadver- 
tent clearing of RAM while the eyetem is off because 
the RAM clear function is active when power is not 
valid. 

3. The de-bouncing capability of the Benchmarq RTC 
preventa inadvertent clearing of&CMOS RAM as 
a result of spurious noise on the RCL pin. 

Figure 1. Recommended Hookup for RAM 
Clear Function 

DOC 1993 fP  
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Ti me-Base Oscillator 

For RTC ICs 

Introduction 
The operation of the timebase oscillator is critical to the 
time-keeping functions of the bq3285, bq4286, and 
bq4846 series of Real-Time-Clocks. For simplicity, the 
term WlV refers to this product family. 

This application note describes eome basic characteristics 
of the piezoelectric crystal and the on-chip crystal milla- 
t.m circuitry designed into the WrC. Thia application 
note also includes suggestions for achieving time-keeping 
accuracy and circumventing oscillator start-up problems. 

Time-Base Crystal 

Table 1. Crystal Parameters 

The R W  time-base oscillator is designed to work with an c r y s ~  ovang we external piezoelectric 32.768kHz cryatal. A crystal can 
be repreeented by its electrical equivalent circuit and as- The equivalent cryetal impedance with the fie- 
eociated parameters as shown in Figure 1 and Table 1, w e m  & oeciuatia. - 2 and 3 ehow the variation 
respectively. of the equivalent reactance, Xe, with respect to frequency 

for KDS's DT-26 crystal. Figure 2 shows two points at 
which the crystal appears purely reeietive (points at 
which & = 0). These points are defined as the aeriea 
resonant (Fa) and anti-meonant (Fa) frequencies. Series P 

Figure 1. Equivalent Circuit 
of a Quartz Crystal 

L1, C1, and RI are lmown as the motional arm of the 
circuit. Li is the motional inductance, C1 represents the 
motional capacitance of the quartz, and Rl represents 
the equivalent motional arm resistance or aeriea resis- 
tance. Co is the static or shunt capacitance and is the 
sum of the capacitance betweb electrcdes and the ca- 
pacitances added by the leads and mounting structure. Figure 2. Variation of Reactance Around 
The basic circuit can be resolved into equivalent resistive Resonance Points 
(Re) and reactive (Xe) components. 



RTC Time-Base Oscillator 

resonant oecillator circuits are designed to oscillate at or 
near Fa. Parallel m n a n t  circuits oscillate between Fs 
and Fa, depending upon the value of a parallel loading 
capacitor, CL. The Benchmarq Rn= uses a parallel reso- 
nant oscillator circuit. 

Figure 3. Detailed Area of Parallel 
Resonance 

When a crystal is operating at parallel reaonance, it looh 
inductive in a circuit (see Figure 4). Frequency will in- 
crease as load capacitance decreases. The load capaci- 
tance is the dynamic capacitance of the total circuit as 
measured or computed across the crystal terminals. In 
parallel circuit designs, the load capacitance should be 
selected to operate the crystal at a stable point on the 
Fs-Fa reactance curve as close to Fs as possible. 

Figure 4. Parallel Resonance 

2/10 

Figure 5. RTC Oscillator Circuit Block 
Diagram 

r - - - - - - - - - - - - - - -  1 
I Benchmarq RTC I 
I vm I 
I 1 2 I 

Benchmarq RTC Oscillator 
The parallel resonant RTC oecillator circuit comprises au 
inverting micro-power amplifier with a PI-type feedback 
network. Figure 5 illustrateg a block diagram of the 0s- 
cillator circuit with the crystal as part of the PI-feedback 
network. The oecillator circuit emurea that the crystal ie 
operating in the area of parallel resonance (Ad ae shown 
in Figure 2. 

I 
I 

- 
i 

X2 

I 

I 

1 cLl* 
I - 
L 

X1 

Again, the actual frequency at which the circuit will 0s- 
cillate depends on the load capacitance, CL A parallel 
resonant crystal, such as the Dl'-26 with a specified CL = 
6pF, is calibrated using a parallel resonant circuit. The 
approximate expression of the load capacitance, CL is 
computed from CLI and C u  as given below: 

101 
DT-26 

fQ.60 

SOM 

- - , , - - - - - - - - - , - -  
6 PF 

The R E  C L ~  and C u  valuea are trimmed to provide 
approximately a load capacitance of 6pF acroes the nys- 
tal terminals, thus matching the specified load capaci- 
tance at which the crystal is calibrated to resonate at the 
nominal frequency of 32.768kH.z. Refemng to the im- 
pedance curve of Figure 3, 'Aa indicates the point of reso- 
nance when CL equals the specified load capacitance of 
the crystal. 

Time-Keeping Accuracy 
The RTC time-keeping accuracy mostly depends on the 
accuracy of the crystal, even though other conaideratione 
may affect it. The accuracy of the frequency of oecillation 
depends on the following: 

h g ,  rwe  



RTC Time-Base Oscillator 

Crystal frequency tolerance nation, crystal surface change, ambient temperature, 
wire fatigue, and frictional wear. Drift with age ie typi- 

Crystal frequency stability cally 4 ppm for the fht year and 2 pprn per year for the 
Crystalaging life of the IYT-26 crystal. 

Effective load capacitance in oscillator circuit Lowl CppecltanW 

Board layout For a parallel remnant calibrated crystal, the crystal 
manufacturer speci6ea the bad capacitanm at which the 

m Drive level Qyetalwill'parellel'reaonateatthenomiaalfrequency. 

Crystal Frequency Tolerance AsthegraphinFigure3 dieplays, irraedngtbe effective 
load capacitance by hanging additional capacitom on either 

The frequency tolerance parameter ie the maximum h- the X1 or % pine lower the 
quency deviation from the nominal frequency (in thie point -4' Pb. The fie- 
case, 32.768kHz) at a specifiid temperature, expreened in wwWith  1olhdc@aci-9 % 'fiven bythe "- 
pprn of nominal frequency. The frequency tolerance, AVf, 
should typically be around *2Oppm at 2S°C, which is the FL-FS(~  + 
case for the Grade A, DT-26 crystal. C1 aC0 + CL) 

Crystal Frequency Stability where CL ie the effective load capacitance acroaa the 
crystal inputs, which includes any atray capacitances. 

The maximum allowable deviation from nominal fre- 
quency over a specified range ie the stability tolerance or Allowing for capacitance due to board layout tracee lead- 
temperature coefficient. This factor depends upon the ing to the X1 and X2 pine, the oacilla* circuit is 
angle of cut, the widt4flength ratio, the mode of vibra- trimmed h m ' ~  to provide an effective load capaci- 
tion, and harmonice. Thie factor ie normally expreeeed in t a m  of less than 6pF. Therefore, if the XI and Xz pine 
terma of ppm or % of nominal frequency. Figure 6 shows were bent UP from the PCB traces and a crystal s W 1 e d  
a typical curve of frequency variation with temperature with a CL of ~ P F  wae ddered directly to t h m  pine, the 
for the KDS Dl'-26 crystal. clock should oecillate approximately 40-50 ppm faeter 

than the nominal frequency of 32.76W-I~. 

Load Capacitance TrknRthrg 

If the Rn: clock is running faster than the nominal &- 

I 
quency, a small trim capacitor (preferably <8pF) ahould 
be placed from the Xz pin to ground to move the remnant 
point cloeer to the nominal frequency. The graph of Fig- 
ure 7 ahom the variation of frequency with additional 
load capacitance on the Rn= Xz pin. 

Figure 6. Typical Temperature 
Characteristics 

Crystal Aging 

Quartz crystal aging refers to the permanent change in I I 
operating frequency which occurs over time. The rate of 
change in fresuency ie fastest durina the f h  45 dave of Figure 7. Frequency Variation Versus 
operation. ~ & y  factom affect aging, and the moet &m- 

- 
~ o a d  capscitance 

mon include the following: drive level, internal contami- 



The trimming capacitors normally should be ceramic. 
Ideally, use a COG- or NPO-type of ceramic or a polyes- Table 2, Parallel Trim Capacitance Data 
ter film capacitor, as these are better suited for timing 
a~~lications.  

Here is a practical rule of thumb deriving from the data 
in Figure 7: for every additional 1.54pF capacitance on 
the Xp pin, the frequency will decrease by O.8Hz or a AVf 
of -24.4 pprn around 32.768kHz. 

Using Crystals with CL other than 6pF 

Sometimes, a crystal with a CL specification other than 
6pF is used, either because of availability or a stocking 
issue. Again, because Benchrnarq's RTCs are trimmed 
for use with CL = 6pF crystals, timing accuracy will most 
likely be outside *20 ppm. 

A popular alternative is a crystal with a CL = 12.5pF. By 
using a crystal with this load capacitance specification, 
the RTC will resonate much closer to the anti-resonant 
frequency, Fa. Thus, a larger trim capacitor is neces- 
sary. Benchmarq suggests using a lOpF from the X2 pin 
to gmund in order to achieve *30 pprn accuracy. Please 
take into consideration board trace capacitances. 

Parallel trim capacitors can also be used, which would 
place the trim capacitor directly across the XI, X2 pins. 
Parallel trim capacitors, however, require an increased 
voltage on the BC pin to maintain oscillations in battery 
backup mode. Hence, Benchmarq still suggests using a 
trim capacitor from the X2 pin to ground. 

Table 2 represents typical data taken with a bq3285 us- 
ing a KDS crystal with a CL = 12.5pF and parallel trim 
capacitors. The leads were bent up, directly connecting 
the crystal to them, so a 2-3pF capacitor from both the 
XI, X2 pins to ground were added to simulate trace ca- 
pacitances. The part was monitored by using an 
HP5370B Universal Time Interval Counter tied to the 
SQW output pin. 

This data shows that a 6.8pF parallel trim capacitor has 
better pprn performance, but the oscillator was not sus- 
tained in battery back-up mode at the minimum battery 
voltage of 2.5V. Benchmarq suggests using a 4.7pF par- 
allel trim capacitor if using a crystal with a CL = 12.5pF. 

Board Layout 

Given the high-input impedance of the crystal input pins 
Xi and X2, take care to route high-speed switching signal 
traces away from them. Preferably use a ground-plane 
layer around the crystal area to isolate capacitive-cou- 
pling of high-frequency signals. The traces from the 
crystal leads to the XI, Xz pins must be kept short with 
minimal bends. A good rule of thumb is to keep the 
crystal traces within 5mm of the Xi, X2 pins. 

Notes: 1) Cp = Parallel trim capacitor 
2) BC voltage = Voltage present on BC pin 
3) pprn = pprn data 
4) Osc. sustained = Oscillator running in 

battery backup mode? 
5) Start-up = Did oscillator start up on 

power-up? 

Finally, place a 0.1pF ceramic by-pass capacitor close to 
the RTC Vcc pin to provide an improved supply into the 
clock. 

Cp 

6.8pF 

4.7pF 

Drive Level 

Oscillator 
sustained 

No 
No 
No 
Yea 
No 
Yee 
Yes 
Yes 

The drive level is the power dissipated through a crystal 
in an operating circuit. A drive level (measured in mi- 
crowatts) which is too high or too low can cause undesir- 
able effeda. If the level is too high, it can cause the 
oscillator frequency to change, cause a fracture of the 
quartz element, or lead to a permanent shift in frequency 
output. If the drive level is too low, it can prevent oscilla- 
tor function completely. Generally, keep the drive level 
at the minimum level required for high stability and ade- 
quate oscillator output. Benchmarq designs RTCs for 
minimum drive level for reduced power dissipation to 
achieve maximum battery life when oscillating in battery 
backup mode. 

BC Voltage 

2.1V 
2.15V 
2.5V 
3.0V 

<2.15V 
2.15V 
2.5V 
3.0V 

Start- 
UP 
Yes 
Yes 
Yes 
Yes - 

No 
Yes 
Yes 
Yes 

Measuring for Accuracy 

pprn 

+7-10 

+15-20 

When checking for clock accuracy, use either a scope or a 
universal time counter connected to the SQW output pin. 

Do not place probes on the XI or X2 pins to check for 
oscillations, as this action may load the crystal and re- 
duce the output amplitude or prevent the oscillator from 
functioning. 

Oscillator Start-up 
Barring accuracy issues, the RTC will oscillate with any 
32.768kHz crystal. When hooked to the Xi, X2 pins in 

Aua. 1m 



certain configurations, however, passive component3 can 
lead to oscillator start-up problems through the follow- References 
ing: 

1. KDS America, Quartz Crystals and Oscillators 
Excessive loading on the crystal input pins Xi, X2. Usefs Guide 

Table 2 shows a 6.8pF parallel trim cap trimming 2. Eaton. S. S., Timekeeping Advances Through 
in a 12.5pF CL cryatal. The 6.8pF trim cap COS/MOS Technology, RCA Application Note 
provides for better ppm accuracy, but the oecillator ICAN 60%. 
will not oscillate in battery backup mode with the 
minimum battery voltage of 2.5V, even though the 
oscillator will start-up upon power-up. 

Use of a resistive feedback element aaoes the crystal. 

Benchmarq builds the feedback element into the 
RTC for start-up, so no resistive feedback external 
to the part is required. 

Also, for start-up, a voltage within the VBC voltage range 
must be present on the BC pin upon power-up for the 
oscillator to start-up. This voltage provides biasing to 
the oscillator circuit for operation. 

Figure 8 shows "good'and "bad" circuit configurations for 
the R W  oscillator. 

Figure 8. Typical Crystal Hookup Circuits 

10M 1QpF 

---?I 
O "cc 

DT-26 

- 
O "cc 

It 

- 0 . ~ 5  - 
- 

DT-26 

r'n + 

BC "ss 

8PF 
- - - 

CR1832 

BC "ss 

bq3285 

X2 vcc 

- - - - - - - - 

Good Circuit Bad Circuit FG-sl 

8pF 
- 

CR1632 

r +. 

0 

,+/-J+ ,, bq3285 

I VCC X2 
- O.l lk - 

- 



Suggested Crystals and 
Manufacturers 
Here are a few suggestions for 32.768Wz crystals for use 
with Benchmarq RTCs: 

Item 

Frequency range 
Stora 1 0perzmg 

Maximum drive level 

Soldering condition under 280°C 
within 5s 

KDS America Epson America, Inc. Epson Korea, Inc. 
10901 Granada Lane 20770 Madrona Avenue IOF. KLI 63 Building 
Overland Park, Kansas 66211 P.O. Box 2842 60 Yoido-Dong Youngdeungpo-Ku 
Tel: (913) 491-6825 Torrance, California 90509-2842 Seoul, Korea 
Fax: (913) 491-6812 Tel: (310) 787-6300 Tel: (02) 784-6027 

Fax: (310) 782-5320 Fax: (02) 784-0087 

Frequency tolerance 

Epson Taiwan, Inc. 
10 F, No. 287, Nanking E. Road 
Sec. 3, Taipei, Taiwan, ROC 
Tel: (02) 717-7360 
Fax: (02) 718-9366 

Symbol 

under 230°C 
within 3 min. 

Epson Hong Kong Limited Epeon Singapore Pl"E LTD 
2(YF Harbour Centre No. 1 Raffles Place 
25 Harbour Road OUB Centre #25-00 
Wancha, Hong Kong Singapore 048616 
Tel: (852) 2585-4600 Tel: 5330477 
Fax: (852) 2827-4346,2152 Fax: 5345109 

E F  
C-002RX 

KDS 
DT-28 

under 230OC 
within 3 min. 

wf 

f 
Tsrc, 
Tom 
GL 

E P a  
MC-306 

32.768kI-b 
-30°C to +70°C I -10°C to W C  I -55OC to t125"C I -55°C to +125"C 
-lO°C to +W°C 1 -1WC to + W C  / -40°C tot85OC I -40°C ta t S ° C  

l.0pW 

Grade A: f2Oppm 
Grade B: *30 ppm 

E W n  
MC-4051408 

a PPm 
f l 0  ppm or 

G O  ppm 
f 20 ppm or 
s) P P ~  



RTC Time-Base Oscillator 

External Dimensions 
DT-26, C-002RX (Unit : rnrn) 

Aug. 1006 711 0 

5-265 

- 

6.0 MAX. 
4 b 

4.0 MIN. 
4 b 



RTC Time-Base Oscillator 

External Dimensions and Soldering Patterns 
MC-306 (Unit : mm) 

1 1 
8.0 MAX. 



RTC Time-Base Oscillator 

External Dimensions and Soldering Patterns 
MC-405/406 (Unit : mm) 

....................................... InCn*loomc(larkM 
I 

9.6 

10.41 MAX. 
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Using the bq3285/7E in a 
Green or Portable Environment 

Introduction 
The bq3- Real-Time Clock ie a WAT-compatible 
real-time clock that immporates three enhanced features 
to facilitate power management in Green desktop or 
portable computers: 

m 321rHz output 

m 128 extra bytee of CMOS nonvolatile SRAM 

Alarm intempt active in battery-backup mode 

The 321rHe output provides a clock signal for power man- 
agement timers and DRAM refresh control in power- 
seneitive systems. The output must be enabled with 
software and appears on the !3QW pin. 

Moat RTCs and chip eete on the market have 114 bytea of 
general-purpose CMOS RAM. The bq- ad& 128 
additional bytes of memorv to cive the deeirmer and uaer 
greater fleibility in def&ng-eyetem d - & a t i o n  set- 
tings. The added CMOS RAM is paged to by asserting 
the EXTRAM pin on the bq32857E. It can be wed to 
store power management time-out settings, plug-and- 
play configuration data, or additional chip set v t e r s .  

The bg32WE allows the alarm interrupt from the real- 
time dock to be active when no power is applied to the 
part. This enables a properly designed system to be pro- 
grammed to 'tKake-up' from a power-& atate and per- 
form a function, minimizing the eystem on time. 

32.768kHz Output 
The bq328m can be configured to generate a buffered 
32.768kHz output on the SQW pin. This signal can be 
wed as a timebase for system timers in a power rnanage- 
ment environment and as a clock reference for DRAM 
refresh. 

(PMC) on the core logic taka the timer inputs and mini- 
mizee syetem powr amsumption by generating the ap- 
propriate mtrol signals to the re& of the eyetern. 

Enabling the 32.768kHz Output 
The 32.76813Ie output is only available when Vcc to the 
Rl'C is valid (6V * 10%). The following 8- in the 
control regbhn A, B, and C enable the 32.7681tHz out- 
put onto the SQW pin. 

1. Set the Registar A OSZOSO bite as shown: 

2. Set the Registar B SQWE bit ae shown: 

Register A Bits 

7 1 6 1 5 1 4 1 3 1 2 1 1 1 0  
UIP 1 052 1 OS1 I OSO I Rs3 I Rs2 I Rs1 I Rso 

3. Set the Registar C 32KE bit as shown: 

1 

The above settings do not affect the periodic interrupt 

rate or other time-keeping functions. 

D i i n g  the 327681bb Output 

Register C Bits 

In a Green Or aystemt a number of are The 32.7681rHz output is disabled under the following needed to track system and peripheral activity in order conditions. 
to enter different power states and turn off peripherale 
like hard drives and monitors. For example, a power- 1. Clearing either of the SQWW2KE bite or the 
managed system may require countdown power etate OSWSO bite in the above registere. 
timers to transition the computer from full operation to 
doze, standby, and suspend states. Peripheral timers 2. hertine t h e m  pin low. 

INTF 

may be needed to count how each peripheral has 3. putting the device in battery-backup mode (vcc < 
been inactive. Some chip sets allow the DRAM refresh 
rate tn be slowed to rates based on the 3 M z  timer when 

VBC). 

kspended etatee. The power management controller 

PF 
7 6 5 4 3 2 1 0  

0 32KE 
1 

0 
- 

A .  0 UF 



Using the bq328517E 

Extra CMOS NVSRAM 
Because bit 7 at VO port address 70H in a FVAT envi- 
ronment is the NMI, additional J/O ports are needed to 
access the extra 128 bytes of CMOS RAM. The following 
table shorn the J/O porta used by the W A T  BIOS to 
access CMOS RAM. Note the CMOS RAM includes the 
RTC information in the uppermost 14 locatione. 

CMOS RAM address register 
port, where: 
Bit 7 = 1; NMI disabled 

= 0; NMI enabled 
Bits 6-0 = Register and 

CMOS RAM address 

CMOS RAM data register port 

Description 
i/O 

Address 

Extended CMOS RAM address 
register port, least-significant byte 

Extended CMOS RAM address 
register port, most-sjgnifiiant byte 

Extended CMOS RAM data 
register port 

R e d /  
Write 

The two CMOS RAM data areas are shown below. 

Data Size 1 Area Ld!%ns/ (bytes) 1 Description 1 
Default 
CMOS 

Data Area 

Extended 
CMOS 

RAM Data 
Area 

075H, and 

Default: 
64 

Maximum: 
1 28 

Default: 
2K 

Maximum: 
64K 

All BIOS varia- 
tiom use this 
area to store 
RTC, POST, and 
system codigura- 
tion data. 

The FY$2 uses 
this area to store 
POS data. The 
Intel SL uses 
074H and 076H 
to provide 
'extended' 128 
CMOS RAM 
bytes for APM 
data. 

The EXTRAM pin controls access to the extra 128 bytes 
of memory on the bq328517E. The EXTRAM signal can 
be generated in two ways: 

1. Hook up SA3, SA2, or SA1 from the ISA address bus 
to the EXTRAM pin. The addreeddata porta 
through which the 'extra' 128 bytes are accessed 
depend on which address line ia used, as shown in 
the following table. 

Any one of the above DO port pains that w r t s  RTC 
control signal AS, DS, or WR should be selected. 

2. Hook up an unused general-purpose VO port pin to 
EXTRAM pin. When this pin is asserted high on a 
write to the assigned J/O port, successive accesses to 
port 070H and 071H are directed to the extra 128- 
byte RAM bank. 

Refer to Figure 1 for a diagram of a complete W A T  
interface. 

Alarm Interrupt 
The alarm interrupt on the bq32897E functions with or 
without Vcc power. It can be used in a power-managed 
system to wake the system up from suspend mode or 
turn the system or parta of the system on from the 
power-off mode. In suspend mode, most of the computer 
is shut down except for the power management controller 
and the DRAM. The PMC nee& an intempt from a 
push-button resume switch, an incoming modem ring, or 
the RTC to resume operation. The bq3285rrTE RTC can 
either be left on or turned off during euspend mode de- 
pending on the level of functionality required. In OV sus- 
pend mode, the 3- output may not be needed because 
all the DRAM information is stored to disk and refresh is 
not required. In this case, the bq32857E can be powered 

Seat. 1884 



Using the bq328517E 

V C C  v 

78H.79H E x t r a  

Notes 
ALl r e s l s t o r s  a r e  ,n onns 
AIL capac , to rs  a r e  (n n8cro fa rods  

%The c r v s t a l  must be olaced wtth,n 5nn of t h e  XI .  X 2  psns 
VCC-SGS 8s t h e  suspend node power supply 

Figure 1. bq3285/7E PC/AT Design Example 



Using the bq328517E 

off during euspend and'still be able to supply the alarm 
interrupt to the power management controller. In 3V/5V 
suspend where the DRAM is kept alive, the bq328FJIE 
should be in the powered-up mode. This hae little impact 
on power consumption, however, becaw the b q 3 2 . W  
has low standby nurent when deselected. 

The bq328fjTE can be also be ueed to turn a system on 
from the power-off mode for periods of short d u r a t h  
Figure 2 shows how this could be implemented. The INT 
pin alerts the power management controller, which in 
turn activates a p-FET to turn on the necessary subeye- 
tems to perform the required function. After campletion 
of the task, the system shuts down except for the power 
management controller. 

PC/AT Environment 
Most advanced power-managed chip seta have a direct 
input for a 3 M z  signal. Kwmmon way of generating 
this signal is to use a CMOS buffered inverter like the 
MC14069 with a 32.768- quartz crystal and R-C com- 
ponents. The bq328VE contains its own built-in 
32.768kHz quartz crystal for the real-time clock oscilla- 
tor. To eliminate redundancy and component count, the 
32kHz output on the bq328ME SQW pin can be w d  in 
place of the MC14069, external crystal, and other passive 
components. The SQW pin hae not been used in PWAT 

designs in the past, eo using it for thie function does not 
impact other aapecta of the motherboard design. 

Figure 3 ehowe a real-time clock and timer generation 
using the MC146818A and the MC14069 in conjunction 
with Green core logic chips. Figure 4 ahowe the much 
simplified b q 3 W E  design using the 3- output on 
the SQW pin and the extra NVSRAM enabled. Ports 
70H and 71H addrean the upper 128 bytea of CMOS 
RAM including the WIY: information. Porb 78H and 
79H addreaa the extra 128 bytee of CMOS RAM. 

From a e o f t w m  standpoint, the PC BIOS muat incorpo- 
rate the appropriate routine to enable the 3213Iz output 
and uee the extra NVSRAU The 321tHz enable mutine 
should be placed as part of the system cold-boot initiali- 
zation procedure. 

Other Considerations 
If the height of the bq32- DIP module is an issue in 
portable designs, the part is aleo available in a W m i l  
SOIC and a 150-mil SSOP (bq328SES and bq3285ESS). 
Both variations provide direct connections for an exter- 
nal crystal and battery. The devices are also available 
with 3V Vcc operation (bq3285LS and bq3285LSS) for 
use in 3V systems. 

Figure 2. System Wake-up Alarm 

System 

"cc vcc-sus~ v ~ c - s u s ~  "cc "cc 
A A A A A 

bq3287E 

Core Logic 

- - - -  PMC 1 
- I 

I p s 0  
I 

- 
IRQ8 I 

I 

- - - - A 

"cc 

- 
INT 

- 
- - System 

Load 

80-248 



Using the bq328517E 

Figure 3. MC14069 Implementation 

MC14080 Chip Set 

Figure 4. bq328517E Implementation 

- ax 

v c ~  
bq3287E Chip Set 
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Vcc 

I 
I DRAM 

WG OSCl - Refreah 

RTCAS 
Control 

RTCWR 

RTCDS 

XDO-XD7 
08-24a 

PMC - - - -  
1 

I 
OSC32K I 

I 
I 
I 

ye 
------ 

32.768kHz 

v~~ 

- 
A4 y2 - 

"cc 
MC1408Q 

- 
- 

RTCAS 

RTCWR A 

RTCDS 

SA3 

MC148818A 

3/V80RT 

XDO -XD7 80-244 

PMC - - - - 
1 

OSC32K I 
I 
I 
I 

- 
IRQ8 I 

- - - - _ I  

Vcc 
- 
CS 

AS SQW 

R/W 
DS - 

INT EXTRAM 

- 
+ SMI 

DRAM 
----b Refresh 

Control 

Power 
Control 
Logic 

= 
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bq401 O/bq401 OY 
8Kx8 Nonvolatile SRAM 

Features 
Data retention in the absence of 
power 

Automatic write-protection 
during power-ul)ipower-down 
cycles 

Industry-standard %-pin 8K x 8 
pinout 

Conventional SRAM operation; 
unlimited write cycles 

10-year minimum data retention 
in absence of power 

General Description 
The CMOS bq4010 is a nonvolatile 
66,636bit static RAM organized aa 
8,192 words by 8 bite. The integral 
control circuitry and lithium energy 
murce provide reliable nonvolatility 
coupled with the unlimited write 
cyclea of standard SRAM. 

The control circuitry constantly 
monitors the single 5V supply for an 
out-of-tolerance condition. When Voc 
falls out of tolerance, the SRAM is 
unconditionally write-protected to 
prevent inadvertent write operation. 

At this time the integral energy 
eourceienwitchedontoeuetainthe 
memory until after Vcc returns valid. 

The bq4010 uses an extremely low 
standby current CMOS SRAM, 
coupled with a small lithium coin 
cell to provide nonvolatility without 
long write-cycle timer, and the write- 
cycle limitations associated with 
EEPROM. 

The bq4010 requires no external cir- 
cuitry and is eocket-compatible with 
industry-etandard SRAMs and most 
EPROMe and EEPROMs. 

Battery internally isolated until 
power is applied 

Pin Connections 

28-Pin D P  Module - 

Pin Names Block Diagram 
Ao -A12 Address inputs 

DQo-DQ-r Data input/output 
- 
CE Chip enable input 
- 
OE Output enable input 

- 
WE Write enable input 

NC No connect 

vcc +S volt supply input 

Vss Ground 

A o- A n  

Conhd 

1 ceu - - W 

Selection Guide 



Functional Description 
When power is valid, the bq4010 operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4010 ads as a nonvolatile memory, automatically 
protecting and preserving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threshold 
VPFD. The bq4010 monitors for VPFD = 4.62V typical for 
use in systems with 5% supply tolerance. The bq401OY 
monitors for Vpm = 4.3W typical for use in system with 
10% supply tolerance. 

When Vcc falls below the VPFD threshold, the S W  
automatically write-protects the data. All outputs 
become high impedance, and all inputs are treated as 
'don't care." If a valid access is in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time twpr, write-protection takes place. 

As Vcc falb past VPFD and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc returns to a level above the internal backup 
cell voltage, the supply is switched back to Vcc. Atter 
Vcc ramps above the VPFD threshold, write-protection 
continues for a time ~CER (120- maximum) to allow for 
proceseor stabilization. Normal memory operation may 
resume after this time. 

The internal coin cell used by the bq4010 has an 
extremely long shelf life and provides data retention for 
more than 10 years in the absence of system power. 

As shipped from Benchmarq, the integral lithium cell is 
electrically isolated from the memory. (Self-&charge in 
this condition is approximately 0.5% per year.) Following 
the f i t  application of Vcc, this isolation is broken, and 
the lithium backup cell provides data retention on 
subsequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

- 
WE 

X 

H 

H 

L 

Mode 

Not selected 

Output disable 

Read 

Write 

Symbol 

VCC 

/ T~~ Operating temperature 

Power 
I 

Standby 

Active 

Active 

Active 

- 
OE 

X 

H 

L 

X 

- 
CE 

H 

L 

L 

L 

VT 

I Oto +70 I OC /Commercial I 

I10 Operation 

High Z 

High Z 

DOLT 

DIN 

Parameter 

DC voltage applied on Vcc relative to Vss 

1 1 / -40to +70 1 OC 1 Commercial I 

I DC voltage applied on any pin excluding Vcc 
relative to Vss 

1 Tsm / Storage temperature 

Value 

-0.3 to 7.0 

1 I / -10to +70 1 OC 1 Commercial I 

-0.3 to 7.0 

1 TBUS / Temperature under bias 

Unit 

V 

/ -4Oto t85 1 OC 1 Industrial "N" I 

Conditions 

V VTSVCC + 0.3 

Note: Permanent device damage may occlu if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. E m  to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

2/10 SeR1906D 

TSOLDER / Soldering temperature I +260 OC 1 For 10 seconde 



bq401 O/bq401 OY 

Recommended DC Operating Conditions FA = TOPR) 

Note: Typical values indicate operation at TA = 25OC. 

DC Electrical Characteristics (TA = TOPR, VCCmin s vcc s VCCmax) 

Symbol 

Vcc 

Vss 

Vn 

Vm 

Note: Typical values indicate operation a t  TA = 25OC, Vcc = 5V. 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Symbd 

ILI 

ILO 

VOH 

VOL 

Issl 

ISBZ 

ICC 

Vpn, 

VSO 

Capacitance (TA = 25%, F = lMHz, vcc = 5.OV) 

Minimum 

4.5 

4.75 

0 

-0.3 

2.2 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current --- 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 
- -- 

Symbol 

-CW 
CIN 

Typical 

5.0 

5.0 

0 

Minimum 

2.4 

4.55 

4.30 

Note: These parameters are sampled and not 1000h tested. 

Parameter 

Inpuvoutput capacitance 

Input capacitance 

Typlolrl 

4 

2.5 

65 

4.62 

4.37 

3 

Notes 

bq4010Y/bq401OY-xxxN 

bq4010 

Maximum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

Minimum 

Unit 

V 

v 
V 

V 

V 

Maximum 

* 1 

* 1 

0.4 

7 

Typical 

Unit 

pA 

V 

V 

mA 

Conditlons/Notes 

V ~ ~ = V s s t o V c c  - 
CE=Vm O ~ ~ = V I H O ~  

R%=vn, 

IOH= -1.OmA 

I0~=2.1mA 

C E = V ~  

4 

75 

4.75 

4.50 

Maximum 

10 

10 

* 
V 

V 

v 

Unit 

pF 

pF 

A 

CE 2Vcc - 0.2V, 
OV S Vm S 0.2V, 
or VIN 2 Vcc - 0.2V 

~ % = v ~ , I ~ = o ~ A  Min. cycle, duty = loo%, 

b e 1 0  

b#lOY, 

Conditions 
I 

Output voltage = OV 

Input voltage = OV 



I 1  
Figure 1. Output Load A Figure 2. Output Load B 

AC Test Conditions 

Read Cvcle UA = TOPR, VCCmin 5 VCC 5 VCCmax) 

Parameter Test Conditions 

WE 

tcL7. - 
WHZ 

WH 

Input pulse levels OV to 3.0V 

Input rise and fall times 511s 

Input and output timing reference levels 1.5 V (unleee otherwise specified) - 
Output load (including %ope and jig) See Figures 1  and 2 

+5v 

1.9KR 

'=OUT O 

1K R =- 100pF 

- - - a-19 

Output enable to output 
valid 

Chip enable to output 
in low z 
Output enable to output 
inl0wZ 

Chip disable to output 
in high Z 

Output disable to 
output in high Z 

Output hold from 
address change 

+5v 

l.QKR 

- 

5  

0  

0  

10 

"OUT O 
1 

35 

- 

25 

25 

- 

1K R 

- - 
a-I3 

- 

5  

0  

0  

10 

45 

5 - 5 - 5 - 5 -  

40 

30 

- 

- 

0 

0  

10 

70 

- 1 0 1 0 -  

60 

50 

- 

- 

0  

0  

10. 

90 

70 

70 

- 

ne 

ns 

ns 

ns 

ns 

ns 

Output loadA 

Output load B 

Output load B 

Output loadB 

OutputloadB 

Output load A 



Read Cycle No. 1 (Address Access) 'I* 
Address 

4 t~~ b 

4 t AA w 

4 ton w 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Read Cycle No. 3 (z Access) 

4 t~~ 

Address a 

Data Valid 
High-Z 

Notes: 1. ia held high for a read cycle. 
- - 

2. Device ia continuouely selected: CE = OE = VIL 

3. Addrem ie valid prior to or coincident with CE transition low, 

4. ~ = v K .  

6. Device ia continuously selected: CE = VIL 
S.ptlB86D 511 0 



4. Either ~ D H I  or t ~ w  must be met. 

Write Cycle VA - TOPR, VCCmln s vcc s VCCmax) 

5. 1f CE goes low simultaneously with going low or after WE going low, the outputs remain in 
high-impedance state. 

Notes: 1. A write ends a t  the earlier transition of going high and m g o i n g  high. 

2. A &te occurs duri-he overlap of a low and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

3. Either t w ~ l  or tm must be met. 

ns 70 
/ - -  

IIo pins are in output 
state,(5) 

vo pins are in output 
state.(5) 

50 30 0 

5 

twz 

tow 

0 

5 

25 

- 

0 

5 

Write enabled to 
output in high Z 

Output active from 
end of write 

0 

ij 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

t~~ 

D w Data-in Valid 
I I 

wo-a 

Write Cycle No. 2 (?%Controlled) 112139495 

L S +  tcw ------.I 

D w  > f Data-in VaM 

L 

we-4 

Notes: 1. or muat be high during address transition. 

2. Because may be active (m low) during this period, data input signals of oppoeite polarity to the 
outputs must not be applied. 

3. 1f is high, the vO pi- remain in a state of high impedance. 

4. Either t w ~ l  or twm must be met. 

5. Either t ~ ~ l  or t ~ m  muet be met. 



Power-Down/Power-Up Timing 

Power-Down/Power-Up Cycle OA = TOPR) 

Notes: 1. Typical values indicate operation at TA = %OC, Vcc = SV. 

2. Battery is disconnected from circuit until after Vcc is applied for the first time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

Caution: Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

UnR 

Cce 

Cce 

P 

ms 

years 

yew 

Max. 

120 

150 

- 
Conditions 

Time during which SRAM is 
write-protected after Vcc passes 
Vpm on power-up. 

TA=%'C. (2) 

TA = 25OC (2); industrial 
temperature range (-N) only. 

Delay after Vcc slews down past 
Vpm before SRAM is write- 
protected. 

Symbd 

t w  

~ F S  

t w  

~ C E R  

tDR 

t D R N  

t w  

Min. 

300 

10 

0 

40 

10 

6 

40 

Parameter 

Vcc slew, 4.75 to 4.25 V 

VCC slew, 4.25 to Vso 

Vcc elew, Vso to V m  (ma.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Data-retention time in 
absence of VCc 

Write-protect time 

Typ. 

80 

100 



bq401 O/bq401 OY 

Data Sheet Revision History 

--  

Notee: Change 1 = Sept 1991 B c h a w  from Sept. 1990 A. 
Change 2 = Feb. 1994 C changee from Sept. 1991 B. 
Change 3 = Sept 1996 D changes from Feb. 1994 C. 



Ordering Information 

Temperature: 
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +8S°C)* 

Speed Options: 
85= 85x1s 
150 = 160 ns 
2 0 0 = m n s  

L~ackage Option: 
MA = A-type module 

Supply Tolerance: 
no mark = 5% negative supply tolerance 
Y = 100/o negative supply tolerance 

Device: 
bq4010 8K x 8 NVSRAM 

*Note: Only 1040 supply (Y") version ie available in industrial 
temperature range; contact factory for speed grade 
availability. 



bq4011/bq4011 Y 
32Kx8 Nonvolatile SRAM 

Features 
Data retention in the absence of 
p e r  

Automatic write-protection 
during power-uhwer-down 
cycles 

Industry-standard 28-pin 32K s 
8 pinout 

Conventional SRAM operation; 
unlimited write cycles 

10-year minimum data retention 
in absence of power 

General Description 
The CMOS bq4011 is a nonvolatile 
262,144-bit etatic RAM organized as 
32,768 words by 8 bite. The integral 
control circuitry and lithium energy 
source pmvide reliable nonvolatility 
coupled with the unlimited write 
cydea of standard SRAM. 

The control circuitry constantly 
monitora the single 5V supply for an 
out-of-tolerauce condition. When Vcc 
falls out of tolerance, the SRAM is 
unconditionally write-protected to 
prevent inadvertent write operation. 

At this time the integral energy 
~ourceisewitchedontoswtaiuthe 
memoq until aRer Vcc returne valid. 

The bq4011 uees an extremely low 
standby current CMOS SRAM, 
coupled with a small lithium coin 
cell to provide nonvolatility without 
long write-cycle times and the write- 
cycle limitations associated with 
EEPROM. 

The bq4011 r e q h  no extemal cir- 
cuitry and ie eocketcompatible with 
industry-standard SRAMe and moet 
EPROMs and EEPROMs. 

Battery internally isolated until 
power is applied 

Pin Connections Pin Names Block Diagram 
Ao -A14 Address inputs 

DQo-DQ7 Data input/output 
- 
CE Chip enable input 
- 
OE Output enable input 

- 
WE Write enable input 

Vcc +5 volt supply input 

Vss Ground 

Selection Guide 

- 
OE __. 
- 
WE 
d 

- 
321< X 8 
ORAM 

Ao-AH 

000  -DO7 
I b 

- 
Power C E C O ~  

- 
CE - 
1 Lithium 
1_ Cell - - m.41 

Power- 

FaP Contrd 
VCC 
t- 



Functional Description 
When power is valid, the bq4011 operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4011 acte as a nonvolatile memory, automatically 
protecting and preserving the memory contente. 

Power-down/power-up control circuitry constantly 
monitom the Vcc supply for a power-fail-detect threshold 
V m .  The bq4011 monitors for VPFD = 4.62V typical for 
use in system with 5% supply tolerance. The bq4011Y 
monitors for Vppr~ = 4.37V typical for uee in syatema with 
10% supply tolerance. 

When Vcc falb below the V m  threahold, the SRAM 
automatically write-protects the data. All output8 
become high impedance, and all inputa are treated as 
'don't care.' If a valid acceee is in pracess at the time of 
power-fail detection, the memory cycle continua to com- 
pletion. If the memory cycle fails to terminate within 
time twn, write-protection takes place. 

As Vcc falls pa& Vpp~ and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which providea data retention until valid Vcc is applied. 

When Vcc returns to a level above the internal backup 
cell voltage, the supply is switched back to Vcc. After 
Vcc ramps above the VPPD threahold, writeprotection 
continues for a time ~ C E R  (120ms maximum) to allow for 
processor etabibation. Normal memory operation may 
mume after this time. 

The internal coin cell used by the bq4011 has an 
extremely long shelf life and ptvvidea data retention for 
more than 10 years in the abeence of syatem power. 

Aa shipped from Benchmarq, the integral lithium cell is 
electrically isolated from the memory. (Self-diecharge in 
this condition is approximately 0.5% per year.) Following 
the first application of Vcc, this isolation ie broken, and 
the lithium backup cell provides data retention on sub- 
sequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

Power 

Standby 

Active 

Active 

Active 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expoem to con- 
ditiom beyond the operational limits for extended periods of time may affect device reliability. 

I10 Operation 

High Z 

High Z 

DoUT 

DIN 

- 
OE 

X 

H 

L 

X 

Conditions 

V~SVcc+0 .3  

Commercial 

Industrial 'N" 

Commercial 

Industrial 'N" 

Commercial 

Industrial 'N" 

For 10seconds 

- 
WE 

X 

H 

H 

L 

Mode 

Not selected 

Output dieable 

Read 

Write 

Unit 

V 

V 

OC 

"C 

OC 

"C 

OC 

OC 

"C 

- 
CE 

H 

L 

L 

L 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

4 0  to +85 

-40 to +70 

-4Oto+85 

-10 to +70 

-40 to +85 

+260 

Symbol 

Vcc 

VT 

Tom 

Tsm 

w 

TSOLDER 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 



Recommended DC Operating Conditions OA - TOPR) 

Note: Typical values indicate operation at TA = 2S°C. 

DC Electrical Characteristics m - TOPR, VCCmin s vcc s VCCmu) 

Note: Typical values indicate operation at TA = 2ij°C, V w  = 5V. 

Capacitance (TA - 2 5 ~ ,  F = IMHG vcc = 5.0~) 

Symbol 

IU 

Irr, 

VOH 

VOL 

Ism 

1582 

Ice 

V m  

VSO 

Note: These parameters are sampled and not 1000r6 teeted. 

Pwmmotef 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating eupply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Symbol 

-CKJ 
CIN 

Mlnlmum 

2.4 

4.55 

4.30 

Pmmetw 

InpuVoutput capacitance 

Input capacitance 

Typical 

4 

2.5 

65 

4.62 

4.37 

3 

Mlnlmum 

Maximum 

* 1 
* 1 

0.4 

7 

4 

75 

4.76 

4.60 

Typical 

Unit 

pA 

V 

V 

mA 

mA 

mA 

V 

V 

V 

Maximum 

10 

10 

Condltkn.F(ote8 

Vm=Vss toVcc 
- 
C E = V m  o r m = v m o r  
wE=Vn. 

Iw = -1.OmA 

I a = 2 1 m A  

m = ~ m  
m L vcc - 0.2v, 
OV S Vm ?I 0.2V, 
or Vm L Vcc - 0.2V 

CE=Vn.Im=OmA 
Mi.. cycle, duty = 100%, 

bq4011 

bq4011Y 

- - 

Unit 

pF 

pF 

Condltlon8 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 

Figure 1. Output Load A 

Parameter 

Input pulse levels 

Input rise and fall t h e e  

Input and output timing reference levels 

Output load (including scope and jig) 

Read Cycle (TA = TOPR, VCCmin 5 vcc s VCCmex) 

Tesl Conditions 

OV to 3.0V 

5  ne 

1.5 V  (unless otherwise specified) 

SeeFiguree 1 and2 

1 

Figure 2. Output Load B 

~ O E  

k H z  

tOH 

Output enable to output 
valid 

Chip enable to output 
inlowZ 

Output enable to output 
in IOWZ 

Chip disable to output 
in high Z 

Output disable to 
output in high Z 

Output hold from 
address change 

- 

5 

0  

0  

10 

35 

- 

25 

25 

- 

- 

5  

0  

0  

10 

50 

5 - 5 - 5 - 5 -  

40 

35 

- 

- 

0  

0  

10 

70 

- 1 0 1 0 -  

60 

50 

- 

- 

0  

0  

10 

90 

70 

70 

- 

na 

ns 

na 

na 

ns 

na 

Output loadA 

Output load B 

Output loadB 

OutputloadB 

Output loadB 

Output load A 



Read Cycle No. 1 (Address Access) ls2 

Address 

Dour Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Dour > High-Z 

Read Cycle No. 3 (= Access) 185 

4 ~ R C  

Address )f 

Notes: 1. is held high for a read cycle. - 
2. Device is continuously selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE transition low. 

4. m = ~ n .  
5. Device is continuously selected: = VIL 



ConditionrF(ob8 
I 

(1) 

(1) 

Measured from 
addreesvalidto 
beginnimg of write. (2) 

Measured from 
beginningofwriteto 
end of write. (1) 

Measured from 
mgoinghightoendof  

write cycle. (3) 

Measured from CE 
going highto endof 
write cycle. (3) 

Measured from first 
low-&hightransion 
of either CE or WE. 

Measured from 
going high to end of 
write cycle. (4) 

Measured from CE 
going high to end of 
write cycle.(4) 

pine are in output 
state.(6) 

I/o pins are in output 
state. (5) 

2. A write occurs duringthe overlap of a low CE and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

3. Either t m i  or t w ~ 2  must be met. 

4. Either ~ D H I  or ~ D H Z  muatbe met. 

5. 1f CE goes low simultaneously with going low or after going low, the outpute remain in 
high-impedance state. 

Unib 

ns 

ns 

ns 

ns 

na 

---- 
ns 

na 

ns 

* 
high. 

-200 

Min. 

150 

150 

0 

130 

5 

15 

70 

0 

0 

O 

and 

Max. 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

70 

- 
going 

-150/-150N 

Min. 

150 

100 

90 

0 

90 

5 

15 

50 

0 

0 

O 

going 

Write 

Symbol 

~ W C  

tcw 

~ A W  

twP 

tmi 

twm 

tDw 

tDH1 

tDH2 

twz 

tow 

Notes: 

MUG 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

high 

vcc s vccmax) Cycle FA = TOPR, 

pwameter 

Writecycletime 

Chip to 
end of write 

Addressvalidto 
end of write 

Address setup 
time 

Writepulse , 
width 

Write recovery 
time (write 
cycle 1) 

Write recovery 
time (write 
cycle 2) 

Data valid to end 
ofwrite 

Data time 
(write cycle 1) 

Data time 
(write cycle 2) 

Write enabled to 
outputinhighz 

Output active 
from end ofwrite 

1. A write ends at 

-100 

Min. 

100 

90 

80 

0 

75 

5 

15 

40 

0 

0 

O 

transition 

VcCmin s 

Max. 

- 

. 

- 

- 

- 

- 

- 

- 

- 

35 

of CE 

-701-70N 

Min. 

70 

55 

55 

0 

55 

5 

15 
- - - - -  

30 

0 

0 

O 

the 

Max. 

- 

- 

- 

- 

- 

25 

earlier 



- 
Write Cycle No. 1 WE-Controlled) 1 2 3  

Address 

L t w z  -+ I- tow + 
D w ~ ~ S ~ ~ ~ :  Data Undefined (11 

Write Cycle No. 2 (?%Controlled) 1,2,3,4,5 

DN Data-in VaM 

i. twz c 

High-Z 

wc-4 

Notes: 1. or must be high during address transition. 

2. Because I/O may be active (a low) during this period, data input signale of oppoeite polarity to the 
outputs must not be applied. 

3. 1f is high, the l/O pins remain in a state of high impedance. 

4. Either t w ~ l  or t w ~ z  must be met. 

5. Either ~ D H I  or ~ D H Z  muat be met. 



Power-Down/Power-Up Cycle (TA = TOPR) 

2. Battery is dkconneded from circuit until after Vcc is applied for the first t h e .  ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

tDR 

tDRN 

t ~ p r  

Caution: Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

 condition^ 

Time during which SRAM is 
write-protected after Vcc 
pas- V m  on power-up. 

Power-Down/Power-Up Timing 

Unit 

Ire 

P 

Ire 

ma 

Notes: 1. Typical values indicate operation at TA = z0C, VCC = 5V. 

Data-retention time in 
absence of Vcc 

Data-retention time in 
absence of Vcc 

Write-prokt time 

"cc 

Maximum 

120 

T y w  

80 

10 

6 

40 

Minimum 

300 

10 

0 

40 

Symbol 

t PF 

tm 

1 tw 

1 ~CER 

Parameter 

Vcc slew, 4.75 to 4.25 V 

vcc slew, 4.25 to VSQ 

Vcc slew, VSQ to V m  (mas.) 

Chip enable recovery time 

100 150 

yeam 

yew 

p 

TA = 25OC. (2) 

TA = 25OC (2); industrial 
temperature range (-N) only. 

Delay after Vcc slews down 
ppast VPFD before SRAM is 
write-protected. 



Data Sheet Revision History 

Change No. 

1 

2 

Notes: Change 1 = Sept 1992 B changea from Sept 1990 A 
Change 2 = Aug. 1993 C changea from Sept. 1991 B. 

Page No. 

2,3,4,6,8,9 

'J 4s '* 

Description 

Added induetrial temperature rawe for bq4011YMA-150N. 

Added 70 ae epeed grade for bq4011Y-70 and added induetrial 
temperature range for bq4011YMA-70N. 



Notes 

Ordering Information 

Temperature: 
blank = Commercial (0 to +70"C) 
N = Industrial (-40 to +85'C)* 

Speed Options: 
70= 70ns 
loo= loons 
150 = 150 ns 
2 0 0 = m n ~  

i Package Option: 
MA = A-type module 

Supply Tolerance: 
no mark = 5% negative mpply tolerance 
Y = 1Wo negative supply tolerance 

' Device: 
bq4011 32K x 8 NVSRAM 

*Note: Only 10% supply (T")veraion ie available in industrial 
temperature range; contact factory for speed grade avail- 
ability. 



bq4013/bq4013Y 
128k8 Nonvolatile SRAM 

Features 
> Data retention in the abeence of 

Power 

Automatic write-protection 
during power-up'power-down 
W C h  

> Induetry-standard 32-pin 128K x 
8 pinout 

> Conventional SRAM operation; 
unlimited write cycles 

> 10-year minimum data retention 
in absence of power 

Bat* internally isolated until 
power is applied 

Pln Connections 

General Description 
The CMOS bq4013 is a nonvolatile 
1,048,576bit etatic RAM organid as 
131,072 woads by 8 bits. Tbe intqml 
mtrol  circua2y and lithium energy 
source provide reliable nonvolatility 
mupledwithtbe~tedw2itacyclee 
of etandard SRAU 

The control circuitry constantly 
monitors the single SV supply for an 
out-of-tolerance condition. When 
Voc falls out of tolerance, the SRAM 
ie unconditionally write-protected to 
prevent iuadvertent write operation. 

At this time the integral energy 
mme ie ewitched on to austain the 
memoq until after Vcc returns valid. 

The bq401S wee an exhmely low 
standby current CMOS SRAM, 
coupled with a small lithium coin 
cell to provide mnvolatillty without 
long write-cycle t h  and the write- 
cycle limitations aseociated with 
EEPROM. 

The bq4013 re@ no external cir- 
cuitry and in socket-patlue with 
induetry-standard SRAMs and moat 
EPROMs and EEPROMe. 

Pin Names Block Diagram 
Address inputs 

Data input/output 

Chip enable input 

Output enable input 

Write enable input 

No connect 

+5 volt supply input 

Ground 

Selection Guide 

- 
OE - 
- 
WE 
d 

- 
Power CE cm 

Control 

1 Lithium 
Cell - - W 

128K x 8 
SRAM 
Block 

Ao-Am 

D Q o - D Q 7  



Functional Description 
When power is valid, the bq4013 operates as a standard 
CMOS SRAM. During power-down and power-up cycla, 
the bq4013 acts ae a nonvolatile memory, automatically 
protecting and preeerving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect thmshold 
V-. The bq4013 monitors for V m  = 4.62V typical for 
use in systems with 5% supply tolerance. The bq4013Y 
monitors for Vpp~ = 4.37V typical for use in systems with 
10% supply tolerance. 

When Vcc falls below the VPFD threehold, the SRAM 
automatically write-protects the data. All outputs 
become high impedance, and all inputs are treated ae 
"don't care." If a valid acceee is in process at the time of 
power-fail detection, the memory cycle continua to com- 
pletion. If the memory cycle fails to terminate within 
time t m ,  write-protection takes place. 

As Vcc falls past VPPD and approaches 3V, the mntml 
circuitry switch- to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc retuma to a level above the internal backup 
cell voltage, the supply is wrritched back to Vcc. After 
Vcc rampa above the VPFD threehold, write-protection 
continues for a time ~CER (120ms maximum) to allow for 
proceesor stabilization. Normal memory operation may 
resume after this time. 

The internal coin cell used by the bq4013 has an 
extremely long shelf life and providea data retention for 
more than 10 years in the absence of system power. 

ke shipped from Benchmarq, the integral lithium cell is 
electrically isolated from the memory. (Self-discharge in 
this condition is approximately 0.5% per year.) Following 
the first application of Vcc, this isolation is broken, and 
the lithium backup cell provides data retention on 
subsequent power-downs. 

Truth Table 
Power 

Standby 

Active 

Active 

Active 

Absolute Maximum Ratings 

VT 

- 
OE 

X 

H 

L 

X 

- 
WE 

X 

H 
H 

L 

Mode 

Not selected 

Output disable 

Read 

Write 

unit 1 Conditions 

V 

TOPR 

110 Operation 

High Z 

High Z 
D ~ U T  

DIN 

- 
CE 

H 

L 

L 
L 

Value 

-0.3 to 7.0 

Symbol 

VCC 
DC voltage applied on any pin excluding Vcc 
relative to Vss 

TSTG 

Parameter 

DC voltage applied on Vcc relative to Vss 

Operating temperature 

TEIIAS 

-0.3 to 7.0 

Storage temperature 

TSOLDER 

0 to +70 

-40 to +85 

Temperature under bias 

V 

-40 to +70 

-40 to +85 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Fbctional operation should 
be l i i ted to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to conditions 
beyond the operational limits for extended periods of time may affect device reliability. 

Soldering temperature 

VT SVcc + 0.3 

"C 

"C 

-10 to +70 

-40 to +85 

Commercial 

Industrial "N" 

"C 

"C 

+260 

Commercial 

Industrial "Nu 

"C 

"C 
1 

"C 1 For 10 seconds 

Commercial 

Industrial "Nw 



Recommended DC Operating Conditions (TA - TOPR) 

Note: Typical values indicate operation at TA = 26°C. 

DC Electrical Characteristics (TA = TOPR, VCCmin s vcc s VCCmax) 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Capacitance FA = 2S°C, F = lMHz, vcc = 5.0~1 

t 

Symbol 

IU 

ILO 

VOH 

VOL 

Isel 

ISBZ 

Icc 

Vpm 

Vso 

Note: These parameters are sampled and not 100% tested. 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Symbol 

cm 
GIN 

Minimum 

2.4 

4.55 

4.30 

Minimum Parameter 

Inpuvoutput capacitance 

Input capacitance 

Typical 

4 

2.5 

75 

4.62 

4.37 

3 

Typlcal 

Maximum 

* 1 

* 1 

0.4 

7 

4 

105 

4.75 

4.50 

Maxlmum 

10 

10 

Unlt 

pA 

V 

V 

mA 

mA 

ld 

V 

V 

V 

Unit 

pF 

pF 

Conditions/Notes 

VIN = VSS t.0 VCC 

m = V m  orOE=Vmor 
WE=vn, 

IOH = -1.0 ld 

IOL= 2.1 mA 

~ = V I H  
- 
CE 2 Vcc 0.2V, 
OV S Vm S 0.2V, 
or VIN 2 Vcc - 0.2V 

Min. cycle, duty = loo%, 
C E = V ~ , I ~ = O ~ A  
bq4013 

bq4013Y 

Conditions 

Output voltage = OV 

Input voltage = OV 



bq4013/bq4013Y 

AC Test Conditions 

Figure 1. Output Load A Figure 2. Output Load B 

Parameter 

Input pulse level8 

Input rise and fall timea 

Input and output timing reference levels 

Output load (including scope and jig) 

Addrew access time 

Test Condltiam 

OV to 3.0V 

5ns 

1.5 V (unleee otherwise s#~ed) 

SeeFigureeland2 



Read Cycle No. 1 (Address Access) 

Address 

D OUT 

Read Cycle No. 2 (s Access) 1,3,4 

I b 

Read Cycle No. 3 (= Access) 
I f RC b 

Address 

>< 

Data Valid 
High-Z 

I t AA b 

t cm b 

Previous Data Valid Data V a l i  

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE transition low. 

4. O E = V n ,  

5. Device is continuously selected: CE = VIL 



Write Cycle FA =TOPR , VCCmin 5 vcc i; VCCmax) 

tWR2 

t ~ w  

tDH1 

tDH2 

twz 

Notes: 1. A write ends a t  the earlier transition of ?% going high and m g o i n g  high. 

Write recovery time 
(write cycle 2) 

Data valid to end of write 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

tow 

2. A write occurs duringthe overlap of a low CE and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

Write enabled to output 
in high Z 

3. Either t w ~ l  or tw must be met. 

l5 

30 

O 

lo 

4. Either ~ D H I  or t ~ m  must be met. 

5. If CE goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

o 

Output active from end of 
write 

- 

- 

- 

- 0 

I 

25 

l5 

35 

O 

lo 

0 

o 

- 

- 

- 

- 

- 

30 

l5 

45 

O 

lo 

0 

o 

- 

- 

- 

- 

40 

ns 

ns 

* 

ns 

ns 

Measured from CE going high 
toendofwritecycle.(3) 

Measured to first lowwto-hi 
transition of either CE or WE. 

Measured from going high 
t, end of write cycle. (4) 

Measured from ?% going high 
to end of write cycle. (4) 

ns 

VO pins are in output state. (5) 

J/O pins are inoutput state. (5) 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

I I I 

D H Dsta-in Valid 

k t w r  -+ It-- t o w  --- 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

Address 

L 

DN )f Data-in Valid 

WC-I  

Notes: 1. CE or must be high during address transition. 

2. Because may be active (a low) during this period, data input signals of oppoeite polarity to the 
outputs muat not be applied. 

3. If is high, the I/O pins remain in a state of high impedance. 

4. Either t w ~ i  or t w ~ 2  must be met. 

5. Either ~ D H I  or ~ D H Z  must be met. 
b t  1998D 



Power-Down/Power-Up Cycle FA = TOPR) 

Notes: 1. Typical values indicate operation at  TA = 25'C, Vcc = 5V. 

2. Battery is disconnected from circuit until after Vcc ie applied for the f i t  time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

Caution: Negative undershoots below the abmlute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

Maximum 

120 

150 

Typical 

80 

100 

Power-Down/Power-Up Timing 

Minimum 

300 

10 

0 

40 

10 

6 

40 

Symbol 

t PF 

~ F S  

~ P U  

~ C E R  

tDR 

tDR-N 

tm 

"cc 

Unit 

Cle 

Cle 

W 

me 

yeare 

years 

Parameter 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

Vcc slew, Vso to VPFD (max.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Data-retention time in 
absence of Vcc 

Write-protect time 

Conditions 

Time during which 
SRAM is write-protected 
after Vcc passes VPFD 
on power-up. 

TA = 25OC. (2) 

TA = 25% (2); industrial 
temperature range only 

Delay after Vcc slews 
down past VPFTI before 
SRAM is write-protected. 



Data Sheet Revision History 

Notes: Change 1 = Sept 1992 B c h a m  from Sept. 1980 A. 
Change 2 = Aug. 1993 C c h a w  from Sept. 1991 B. 
Change 3 = Sept. 1996 D changes frrm Aug. 1003 C. 

Chnge No. 

1 

2 

3 

Pago No. 

4 3,4,6,8,9 

1,4,6,9 

Dorcriptlon 

Added induixhl temperature range. 

Added 70 ne speed grade far bq401SY-70. 

Removed industrial temperature ran@ far bq401SYMA-120N 



Ordering Information 

T e m p e r a - :  
blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +8S°C)* 

L Speed Options: 
70= 70- 
85= 8Sns 

120= 1mne 

- Package Option: 
MA = A-type module 

Supply Tolerance 
no mark = 5% negative supply tolerance 
Y = 10% negative supply tolerance 

~evice: 
bq4013 128K x 8 NVSRAM 

'Note: Only LC% supply ("Ym) version ie available in industrial 
temperature range; contact factory for speed grade avail- 
ability. 



@ B O V ~ M A R Q  bq4014/bq4014Y 
256Kx8 Nonvolatile SRAM 

Features 
Data retention in the absence of 
p e r  

Automatic write-protection 
during power-uhwer-down 
cycles 

Industry-standard 32-pin 256K x 
8 pinout 

Conventional SRAM operation; 
unlimited write cycles 

10-year minimum data retention 
in absence of power 

Battery internally isolated until 
power is applied 

Pin Connections 

General Description 
The CMOS bq4014 is a nonvolatile 
2,097,152bi static RAM organized a 
262,144 worda by 8 bite. The integral 
control c h d t r y  and lithium energy 
source provide reliable nonvolatility 
coupled with the unlimited write 
cyclea of etaDdard SRAM. 

The control circuitry constantly 
monitors the single SV supply for an 
out-of-tolerance condition. When 
Vcc falls out of tolerance, the SRAM 
ie unconditionally write-protected to 
prevent inadvertent write operation. 
At this time the integral energy 

eourceismvitchedontoauatainthe 
memoxy until after Vcx: returns valid. 

The bq4014 ueee extremely low 
etandby current CMOS SRAMs, 
coupled with amall lithium coin cells 
to provide nonvolatility without long 
write-cycle timw and the writecycle 
limitations aeeociated with 
EEPROM. 

The bq4014 requiree no erternal cir- 
cuitry and ie compatible with the 
industry-standard 2Mb SRAM 
pinout. 

Pin Names Block Diagram 
&-A17 Address inputs 

DQo-DQ.r Data inputJoutput 

- 
CE Chip enable input 

- 
OE Output enable input 

- 
WE Write enable input 

NC No connect 

Vcc +5 volt supply input 

Vss Ground 

Selection Guide 

- 
OE 
__C 

WE 
4 

part 
Number 

bq4014 -85 

bq4014 -120 

2 x 128K x 8 
SRAM 
Block 

Ao -AM 

000 -Do7 

- 
CE 
4 

A 17 

Maximum 
Access 

Time (ns) 

85 

120 

1 Lithium 
Cell 

- - *)-U 

Power- 
FPU 
Contrd 

Negative 
SUPP~Y 

Tolerance 

-5% 

-5% 

VCC 
c-- 

Part 
Number 

bq4014Y -85 

b@014Y -120 

Maximum 
Acts88 

Time (m) 

85 

120 

Negative 
Supply 

Tolerance 

-1096 

-10% 



Functional Description 
When power is valid, the bq4014 operatea as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4014 acts as a nonvolatile memory, automatically 
protecting and preeerving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threshold 
Vpp~. The bq4014 monitors for V m  = 4.62V typical for 
m e  in systems with 5% supply tolerance. The bq4014Y 
monitore for Vpm = 4.37V typical for use in systems with 
10% supply tolemu%. 

When Vcc falls below the V m  threahold, the SRAM 
automatically write-protects the data. All outputs 
become high impedance, and all inputs are treated as 
'don't care.' If a valid accesa is in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time t w ,  write-protection takes place. 

As Vcc falls past V m  and approaches 3V, the control 
circuitry wrritches to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc returna to a level above the internal backup 
cell voltage, the supply is ewitched back to Vcc. After 
Vcc ramps above the VWD threshold, writeprotection 
continues for a time ~CER (120- maximum) to allow for 
procewr etabilization. Normal memory operation may 
regume after thb time. 

The internal coin cells used by the bq4014 have an 
extremely long shelf life and provide data retention for 
more than 10 years in the abeence of eystem power. 

As shipped from Benchmarq, the integral lithium cells 
are electrically isolated from the memory. (Self-diecharge 
in this condition is approximately 0.5% per year.) 
Following the f m t  application of Vcc, this ieolation is 
broken, and the lithium backup provides data retention 
on subeequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

Mode 

Not seleded 

Output disable 

Read 

Write 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. E- to con- 
ditions beyond the operational limits for extended periode of time may affect device reliability. 

2/10 S.P. 1992 

- 
OE 

X 

H 

L 

X 

cz 
H 

L 

L 

L 

Symbol 

Vcc 

VT 

Tom 

T m  

'I'BIAS 

TSOLDER 

YO Operation 

High Z 

High Z 

Dovr 

Dm 

WE 

X 

H 

H 

L 

Unit 

V 

V 

OC 

"C 

"C 

OC 

Power 

Standby 

Active 

Active 

Active 

Conditions 

VT<VCC+O.~ 

For 10seconde 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-40 to +70 

-10 to +70 

+260 



Recommended DC Operating Conditions (TA = o to 70%) 
r 

Symbol 

vss 1 Supply voltage 0 0 0 v I 
vcc 

Parameter 

Note: Typical values indicate operation at TA = 2S°C. 

I 

Supply voltage 
I 

VIL 

vm 

DC Electrical Characteristics FA = o to m%, VCCmin 5 vcc s VCCmax) 

4.75 

Minimum I Typical 

Input low voltage 

Input high voltage 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Capacitance (TA = 25%, F = IMH& vcc = 5 .0~ )  

Maximum 

5.5 4.5 

5.0 

Symbd 

ILI 

ILO 

VOH 

VOL 

ISBI 

ISBZ 

Icc 

VPFD 

VSO 

5.0 

5.5 I V 1 bq4014 

-0.3 

2.2 

Note: These parameters are sampled and not 100940 tested. 

Unit 

V 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Symbol 

CW 

CIN 

Notes 

h4014Y 

0.8 

Vcc + 0.3 

V 

V 

Minimum 

2.4 

4.55 - 
4.30 

Parameter 

Inpuvoutput capacitance 

Input capacitance 

Typical 

5 

2.5 

75 

4.62 

4.37 

3 

Minimum 

Maximum 

* 2 

* 2 

0.4 

12 

5 

110 

4.75 

4.50 

Typical 

Unit 

pA 

V 

V 

mA 

mA 

mA 

V 

V 

V 

Maximum 

40 

40 

Conditions/Notes 

Vm=VsstoVcc 
- 
CE=Vm o r m = V m o r  
m=vn 
IOH = -1.OmA 

Io~=2.1mA 

m = V m  

CE 2 Vcc - 0.2V, 
OV S Vm S 0.2V, 
or Vm 2Vcc - 0.2 

Kin. cycle, duty = 100%, 
CE=Vn,Iw=OmAV, 
A17 < V I L O ~  A17 > Vm 

bq4014 

bq4014Y 

Unit 

pF 

pF 

Conditions 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 

Figure 1. Output Load A 

Read Cycle FA = o to .to%, vccmin r vcc 2 v c c ~ l r )  

Panmeter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Figure 2. Output Load B 

Test Conditions 

OV to 3.0V 

5- 

1.5 V ( d e s e  otherwise specified) - 
SeeFiguresland2 

Symbol 

~ R C  

t AA 

 ACE 

 to^ 

~CLZ 

tom 

~ C H Z  

toHZ 

 to^ 

Conditions 

Output load A 

Output loadA 

Output load A 

Output load B - 
Output load B 

Output load B 

Output loadB 

Output load A 

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output disable to output in high Z 

Output hold from address change 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-120 -85 

Min. 

120 

- 
- 

- 4 5 - 6 0  

- 5 -  

0 

0 

10 

Min. 

85 

- 
- 

5 

0 

0 

10 

Max. 

- 
120 

120 

45 

35 

- 

Max. 

- 
85 

85 

O - O -  

35 

25 

- 



Read Cycle No. 1 (Address Access) ' s *  

Address 

OUT 

Read Cycle No. 2 (E Access) 1,3,4 

4 RC b 

)f >( 

RC-3 

Notes: 1. is held high for a read cycle. 

* t AA 

4 t cm 

Previous Data Valid Data Valid 

Read Cycle No. 3 (OE Access) 
k ~RC- 

- - 
2. Device is continuously selected: CE = OE = VIL 

Address ) 

3. Address is valid prior to or coincident with CE transition low. 

4. OE=vIL. 

f > 

5. Device is continuously selected: CE = Vn, 



Write Cycle FA - o to TO-, VCCmin s vcc s V C C ~ ~  

Notes: 1. A write ends a t  the earlier tramition of CE going high and m g o i n g  high. 

2. A d t e  occurs duringhe overlap of a low CE and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

3. Either tmi or twm must be met. 

Symbol 

twc 

t . w  

~ A W  

t~ 
p~ 

twp 

t w ~ l  

t- 

t ~ w  

tDHl 

tDH2 

tWz 

tow 

4. Either ~ D H I  or t ~ w  must be met. 

Parameter 

Write cycle time 

Chip enable b e n d  of write 

Address validtoend ofwrite 

Addreea setup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

Write recovery time 
(write cycle 2) 

Data valid to end of write 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

Write enabled to output in 
high Z 

Output active from end of 
write 

120 

Min. 

120 

100 

100 

O 

85 

5 

15 

45 

O 

10 

0 

0 

-85 

Min. 

85 

75 

75 

O 

65 

5 

15 

35 

O 

0 

0 

5. 1f CE goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

Units 

na 

na 

ns 

ns 

ns 

na 

* 

* 

ns 

na 

na 

ns 

Max. 

- 
- 
- 

- 

- 

- 

40 

- 

Max. 

- 
- 
- 

- 

- 

- 

30 

- 

ConditionfipIote8 I 

(1) 

(1) 

Measured from address valid to 
beginning of write. (2) 

Measured from beginning of write to 
endof write. (1) 

Measured from going high to end 
of write cycle. (3) 

Measured from CE going high to end 
of write cycle. (3) 

Measured to first l + h i  
transition of either CE or WE. 

Measured from going high to end 
of write cycle. (4) 

Measured from going high to end 
ofwrite cycle. (4) 

VO pins are in output state. (5) 

VO pine are in output state. (5) 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

I I 
Address 

I I 

Drr Data-in Valid 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

I 

Dm Data-in Valid 

Address 

wc-4 

Notes: 1. CE or muat be high during address transition. 

t wc J 

>< x 

2. Because I,A3 may be active (a low) during thie period, data input signals of oppoeite polarity to the 
outputa muat not be applied. 

3. 1f is high, the J/O pins remain in a state of high impedance. 

4. Either t m l  or tm must be met. 

5. Either ~ D H I  or ~ D H Z  mustbe met. 



bq4014/bq4014Y 

Power-Down/Power-Up Cycle - o to 7 0 0 ~ )  

Notes: 1. Typical values indicate operation at TA = 25OC, Vcc = 5V. 

2. Batteries are disconnected from circuit until after Vcc ie applied for the first time. ~ D R  is the 
accumulated time in absence of power beginning when power is first applied to the device. 

Conditions 
I 

Time during which 
SRAM is write-pIvte&d 
after Vcc passee Vpm on 
power-up. 

TA = 25%. (2) 

Delay after Vcc slews 
down past V m  before 
SRAM is write-protected. 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-U p Timing 

Maximum 

120 

150 

Symbd 

~ P F  

t ~s 

tmr 

~CER 

~ D R  

t ~ p r  

Unit 

P 

P 

P 

years 

p 

Minimum 

300 

10 

0 

40 

10 

40 

Parameter 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

vcc slew, vso to VPPD (mas.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 

Typical 

80 

100 



Data Sheet Revision History (Sept. 1992 Changes From Sept 1990) 

Clarif~cation of Icc teat conditions, page 3. 



Ordering Information 

I 1 Temd-: 
blank = Commercial (0 to +700c) 

L Speed Options: 
85= 8Sm 
120=120m 

MB = B-type module I I LL.peoptiOni 
Supply Tolerance: 

no mark = 5% negative supply tolerance 
Y = 1Wo negative supply tolerance 



@ ~ ~ N ~ M A R Q  bq4015/bq4015Y 
512Kx8 Nonvolatile SRAM 

Features 
Data retention in the abeence of 
power 

Automatic write-protection 
during power-uhwer-down 
cycles 

> Industry-standard 32-pin 51% x 
8 pinout 

P Conventional SRhM operation; 
unlimited write cycles 

> 10-year minimum data retention 
in absence of power 

Battery internally isolated until 
power is applied 

General Description 
The CMOS bq4015 ie a nonvolatile 
4,194,304-bit etatic RAM organized 
ae 524,288 words by 8 bib.  The 
integral control circuitry and lithium 
energy wurw provide reliable non- 
volatility coupled with the unlimited 
write cyclea of standard SRAM. 

The control circuitry constantly 
monitors the single 5V eupply for an 
outsf-tolerance condition. When Vm 
falls out of tolerance, the SRAM ie 
unconditionally write-protected to 
prevent an  inadvertent write 
operation. 

At this time the integral energy 
eource ie switched on to sustain the 
memory until after Vcc returne valid. 

The bq4016 uses extremely low 
etandby current CMOS SRAMe. 
coupled with small lithium coin cells 
to provide ncmvolatility without long 
write-cycle times and the write-cycle 
limitations associated with 
EEPROM. 

The bq4015 requires no extarnal ck- 
cuitry and ie compatible with the 
industry-standard 4Mb SRAM 
pinout. 

Industrial temperature operation 

Pin Connections Pin Names Block Diagram 
AO-A18 Address inwts I I 

Selection Guide 

DQO-DQ7 

E 
- 
OE 

WE 

Vcc 

Vss 

Data input/output 

Chip enabie input 

Output enable input 

Write enable input 

+5 voh supply input 

Ground 

qy r; -1."" o -DO 7. 

Power 4 CEcw 



Functional Description 
When power is valid, the bq4015 operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4015 acts as a nonvolatile memory, automatically 
protecting and preserving the memory contents. 

Power-down/power-up control circuitry constantly 
monitore the Vcc supply for a power-fail-detect threshold 
V m .  The bq4015 monitors for V m  = 4.62V typical for 
m e  in eyetern with 5% supply tolerance. The bq4015Y 
monitors for Vpm = 4.37V typical for use in systems with 
10% aupply tolerance. 

When Vcc falls below the V m  threcthold, the SRAM 
automatically write-protects the data. All outputs 
become high impedance, and all inputs are treated as 
'don't care.' If a valid accees is in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time twpr, write-protection takes place. 

ke V a  falls past V m  and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which provides data retention until valid Vcc ia applied. 

When Vcc retuna to a level above the internal backup 
cell voltage, the supply is switched back to Vcc. After 
Vcc ramps above the V P ~ D  threshold, write-protection 
continuat for a time ~CER (12hne maximum) to allow for 
proceesor stabilization. Normal memory operation may 
resume after thie time. 

The internal coin cells used by the bq4015 have an 
extremely long shelf life and provide data retention for 
more than 10 years in the abeence of syetem power. 

As shipped from Benchmarq, the integral lithium cella 
are electrically isolated h m  the memory. (Self-discharge 
in this condition ia approximately 0.5% per year.) 
Following the fmt application of Voc, thie isolation is 
broken, and the lithium backup provides data retention 
on eubaequent power-downs. 

Truth Table 

Power 

Standby 

Active 

Active 

Active 

Absolute Maximum Ratings 

YO Operation 

High Z 

High Z 

Dowr 

DIN 

VT 

/ ~ s r n  1 storage temperature 

- 
OE 

X 

H 

L 

X 

Conditions 

Tom 

- 
WE 

X 

H 

H 

L 

Mode 

Not selected 

Output disable 

Read 

Write 

Unit 

V 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

- 
CE 

H 

L 

L 

L 

Value 

-0.3 to 7.0 

Symbol 

vcc 

-40 to +85 O c  j Industrial m* I Operating temperature 

-40 to +70 

40to+85 

Note: Pennanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

Parameter 

DC voltage applied on Vcc relative to Vss 

-0.3 to 7.0 

~ . .  . -  , 

oc 1 Commercial 

"C / Industrial m" 

TBIAS 

TSOLDER 

should be limited to the &&mended DC Operating Conditions detailed in th ig data sheet. Exposure to con- 
ditions beyond the operational lirnita for extended perioda of time may a£fect device reliability. 

V 

Temperature under bias 

Soldering temperature 

VT <Vcc+ 0.3 

- -  - -  - -  

-10 to +70 

-40 to +85 

+260 

"C 

"C 

OC 

Commercial 

Industrial 'N' 

For 10eeconds 



Recommended DC Operating Conditions (TA - TOPR) - 

Note: Typical values indicate operation at TA = 25OC. 

DC Electrical Characteristics (TA = TOPR, VCCmin s VCC s VCCIMX) 

Note: Typical values indicate operation at TA = z0C,  Vcc = 5V. 

June1995C 3/10 

, 

Symbol 

112 

I m  

VOH 

VOL 

ISBI 

ISM 

Icc 

V p p ~  

VSO 

Parameter 

Input leakage current 
(bq4015MA) 

Input leakage current 
(bq4015M.B) 

Output leakage current 
(bq4015MA) 

Output leakage current 
( b s 4 0 1 5 ~  

Output high voltage 

Output low voltage 

Standby supply current 
W 1 5 M A )  

Standby supply current 
O s s 4 0 1 ~ )  

Standby supply current 
(bq4015MA) 

'standby supply current 
(bq4015MB) 

Operating supply current 
(bq4015MA) 

Operating supply current 
(bq4015m) 

Power-fail-detect voltage 

Supply switch-over voltage 

Minimum 

2.4 

4.55 - 
4.30 

I 

Typical 

3 

7 

0.1 

2.5 

75 

4.62 

4.37 

3 

Mulmum 

* 1 

* 4 

* 1 

i 4 

0.4 

5 

17 

1 

5 

90 

115 

4.75 

4.50 

Unlt 

pA 

pA 

pA 

V 

V 

mA 

mA 

mA 

mA 

" 
m~ 

V 
V 
V 

Comlltbn8/Notea 

Vm=VsstoVcc 

vm=vsstovcc 

C E = ~ m o r m = ~ m o r  
W E = v n  

I m  = -1.OmA 

10~=2.1mA 

- 
CE = Vm 

CE 2 Vcc - 0.2V, 
OV S VIN S 0.2V, 
or VIN L VCC - 0.2 

e. cycle, duty = 10096, 
CE=Vn,Ii,o=OmA, 
A17 < VIL or A17 > Vm, 
A18 < VIL or A18 > Vm 

bq4015 

bq401SY 



Output voltage = OV 

Note: These parameters are sampled and not 10090 teeted. 

AC Test Conditions 

Input pulse levels 
Input rise and fall times 6- 

Input and output timing reference levels 1.5 V (unless otherwise epecified) 

Output load (including scope and jig) See Figurea 1 and 2 

Figure 1. Output Load A Figure 2. Output Load B 



Read Cycle No. 1 (Address Access) 

Address 

D m  

RC-1 

Read Cycle No. 2 (E Access) 1,3,4 

4 ~ R C  r 

< 

Dour 

)f 

Read Cycle No. 3 (z Access) 
4 t~~ r 

Address 

4 t AA b 

4 ~ C + I  r 

Previous Data Valid Data Valid 

Data Valid 
High-Z 

Notes: 1. ie held high for a read cycle. 
- - 

2. Device ia continuously selected: CE = OE = VIL 

3. Address ie valid prior to or coincident with tramition low. 

4. m=vIL. 

6. Device is continuously selected: = Vrr, 



3. Either tml or twz must be met. 

Write Cycle FA = TOPR, VCCmin S VCC 2 VCCmax) 

4. Either ~ D H I  or ~ D H Z  must be met. 

5. 1f goes low simultaneously with WE going low or after going low, the outputs remain in 
high-impedance state. 

 AS 

twp 

tml 

twm 

t ~ w  

tDHl 

tDHZ 

twz 

tow 

Notes: 1. A write ends a t  the earlier transition of going high and -going high. 

2. A e t e  occurs d-he overlap of a low a and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

Address setup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

Write recovery time 
(write cycle 2) 

Data valid to end of write 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

Write enabled to output in 
high Z 

Output active from end of write 

0 

55 

5 

15 

30 

0 

10 

0 

5 

- 

- 

- 

- 

- 

- 

- 

25 

- 

0 

65 

5 

15 

35 

0 

10 

0 

0 

- 

- 

- 

- 

- 

- 

- 

30 

- 

0 

85 

5 

15 

45 

0 

10 

0 

0 

- 

- 

- 

- 

- 

- 

- 

40 

- 

ns 

ns 

ns 

ns 

ns 

ns 

na 

ne 

rm 

Measured from addreas 
valid to beginning of 
write. (2) 

Measured from 
beginning of write toend 
of write. (1) 

Measured from WE 
going hightoend of 
write cycle. (3) 

Measured from CE going 
high toend ofwrite 
cycle. (3) 

Measured to first low-to- 
&h tr=ition of either 
CE or WE. 

Measured from 
going high toendof 
write cycle. (4) 

Measured from CE going 
hightoendofwrite 
cycle. (4) 

I/O pins are in output 
date, (5) 

I/O pins are in output 
date. (5) 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

* tow 

DIN f Data-in Valid 
I 

k t W Z  + It-- tow + 

Write Cycle No. 2 (%Controlled) 1,2,3,4,5 

t w o  -4 
I I 

Address 

tow -----jet, 

D N Data-in Valid 

k t wz b 

High-Z 
WC-4 

Notes: 1. ?% or must be high during address transition. 

2. Because VO may be active (m low) during this period, data input signals of oppwite polarity to the 
outputs must not be applied. 

3. 1f a ia high, the YO pins remain in a state of high impedance. 

4. Either t m i  or t w ~ z  must be met. 

5. Either ~ D H I  or t ~ w  must be met. 
June 1995 C 711 0 



2. Batteries are disconnected from circuit until after Vcc is applied for the first time. biz is the 
accumulated time in absence of power beginning when power is first applied to the device. 

Power-DownlPower-Up Cycle ( r ~  = TOPR) 

Caution: Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode may 
affect data integrity. 

Power-Down/Power-Up Timing 

7 

Condltlonr 

Time during which 
SRAM L Write-protected 
aRerVccpaseeaVmon 
power-up. 

TA = 25OC. (2) 

Delay after Vcc slews 
down pa& V m  befom 
SRAM h write-protected. 

"cc 

Notes: 1. Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Unit 

W 

w 
w 

Yeam 

pa 

Mulmum 

120 

150 

Typical 

80 

100 

4.25 

Minimum 

300 

10 

0 

40 

10 

40 

Symbol 

~ P F  

~ F S  

t Pu 

~CER 

~ D R  

t~pr 

+ 

Parameter 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

Vcc slew, Vso to V m  (ma.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 

h\ "so "so j 

c t ~ ~  

4 ~ D R  

+~Pu-'  - ~ C E R  - 



Data Sheet Revision History 

June IS95 C 9/10 

6-49 

Change No. 

1 

2 

3 

Page No. 

3 

1, 2, 3,4,7,8, 10 

Note: Change 1 = Sept. 1992 B changw from Sept. 1990 A 
Change 2 = Nov. 1993 C changw from Sept. 1992 B. 
Change 3 =June 1996 C changea from Nov. 1993 C. 

2,lO 

De8cription 

Icc teet conditions 

bq4016MA part 

Added induetrial temperature 
r w e  

Nature of Change 

Claririation 

Addition 

Addition 



Ordering Information 

-I1 Temperature: 
blank = Commercial (0 to +70°C) 
N = Induetrial (-40 to +85OC)* 

Speed Options: 
70 = 70 ne (bq4016MA and bq4015YMA only) 
85= 85m 

120=120na 

Package Option: 
MA = A-type module (standard 32-pin module) 
MB = B-type module (extended 32-pin module) 

Supply Tolerance: 
no mark = 5% negative supply tolerance 
Y = 1Wo negative supply tolerance 

'Note: 
Only 10% supply "Y" version is available in 
industrial temperature range; contact factory 
for speed grade availability. 



bq4016/bq4016Y 
102- Nonvolatile SRAM 

Features 
b Data retention in the absence of 

power 

b Automatic write-protection 
during power-uy)rpower-down 
cycles 

b Conventional SRAM operation; 
unli i ted write cycles 

b 10-year minimum data retention 
in absence of power 

b Battery internally isolated until 
power is applied 

General Description 
The CMOS bq4016 is a nonvolatile 
8,388,608-bit static RAM organized 

1,048,576 WO* by 8 bits. The in- 
tegral control circuitry and lithium 
energy source provide reliable non- 
volatility coupled with the unlimited 
write cyclee of standard SRAM. 

The control circuitry conetantly 
monitore the single 5V supply for an 
out-of-tolerance condition. When Vcc 
falle out of tolerance, the SRAM in 
unconditionally write-protected to 
prevent an  inadvertent write 
operation. 

At this time the integral energy 
source in k t c h e d  on to euetain the 
memory until after Vcc returna valid. 

The bq4016 uees extremely low 
standby current CMOS SRAMs, 
coupled with a m a l l  l ithim coin 
cell to provide nonvolatility without 
long write-cycle timee and the write- 
cycle limitations aeeociated with 
EEPROM. 

The bq4016 haa the m e  interface as 
industry-standard SRAMe and re- 
quiree no external circuitry. 

Pin Connections Pin Names Block Diagram 

36-Pin DIP Module 
w.4 

Ao-A19 Address inputs 

DQo-DQI Data inputloutput 
- 
CE Chip enable input 
- 
OE Output enable input 
- 
WE Write enable input 

Vcc +5 volt supply input 

Vss Ground 

NC No connect 

- 
OE 

__C 

- 
WE 

__C 

Selection Guide 

Part 
Number 

bq4016MC -70 

- 
CE Power- vcc 

Fail - 
A 10 

Control 

L 

1 Lithium 
_L Cel 
- - M(r 

- A 0  -Ale 
2 x 6 l 2 K x 8  
SRAM 

Maximum 
Access 

Time (ns) 

70 

DQo -DQ 7 
4 b 

Negative 
supply 

Tolerance 

-5% 

Part 
Number 

bq4016YMC -70 

Maximum 
Accesd 
Time (ns) 

70 

Negative 

Tolerance 
supply 

-10% 



Functional Description 
When power ie valid, the bq4016 operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4016 acte as a nonvolatile memory, automatically 
protecting and preserving the memory contents. 

Power-dowqlpower-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threshold 
Vpm. The bq4016 monitore for V m  = 4.62V typical for 
w e  in system with 5% supply tolerance. The bq4016Y 
monitors for Vpm = 4.37V typical for use in system with 
10% supply tolerance. 

When Vcc falls below the V m  threshold, the SRAM 
automatically write-protects the data. All outputs 
become high impedance, and all inputs are treated as 
'don't care.' If a valid access is in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time twm, write-protection takes place. 

Ae Vcc falls past Vpn, and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc rehuns to a level above the internal backup 
cell voltage, the supply is switched back ta Vcc. After 
Vcc ramps above the V m  threehold, write-protection 
continues for a time ~ . E R  (120rns maximum) to allow for 
proceeeor stabilization. N o m l  memory operation may 
resume after thie time. 

The internal coin cells used by the bq4016 have an 
extremely long shelf life. The bq4016 provides data 
retention for more than 10 yeare in the absence of syetem 
power. 

Ae shipped from Benchmarq, the integral lithium cells 
are electrically isolated from the memory. (Self-discharge 
in this condition is approximately 0.5% per year.) 
Following the f i  application of Vcc, this isolation is 
broken, and the lithium backup provides data retention 
on subsequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

Power 

Standby 

Active 

Active 

Active 

l/O Operation 

High Z 

High Z 

D ~ U T  

DIN 

Mode 

Not selected 

Output disable 

Read 

Write 

Symbol 1 Parameter Value 1 Unit I Conditions 

vcc I DC voltage applied on Vcc relative to Vss 

- 
CE 

H 

L 

L 

L 

I 
-0.3 to 7.0 1 V 

VT 

%us Temperature under bias -1Oto+70 1 "C 

I 

Tom 

Tsm 

WE 
X 

H 

H 

L 

4 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in this data sheet. to con- 
ditione beyond the operational limits for extended  period^ of time may affect device reliability. 

- 
OE 

X 

H 

L 

X 

Operating temperature 

Storage temwrature 

TSOLDER 

-0.3 to 7.0 

0 to +70 

-40 to +70 

Soldering temperature 

v 

"C 

"C 

VT ~ V C C  + 0.3 

+260 "C 1 For 10 seconds I 



Recommended DC Operating Conditions (TA - o to 70%) 

Note: Typical values indicate operation at TA = 2S°C. 

DC Electrical Characteristics (TA = 0 to 70% V c ~ m l n  s VCC s V c c d  

Notor 

bq4016Y 

bq4016 

Symbol 

vcc 

vss 

VIL 

Vm 

Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Isel 

1 ~ ~ 2  

Icc 

V m  

VSO 

Panmeter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Standby eupply current 

Standby supply current 

Operating eupply current 

Power-fail-detect voltage 

Supply switch-over voltage 

Muknum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

Unit 

V 

V 

v 
V 

V 

Mlnlmum 

4.5 

4.75 

0 

-0.3 

2.2 

4.55 

4.30 

Typical 

5.0 

5.0 

0 

5 

2.5 

75 

4.62 

4.37 

3 

12 

5 

115 

4.75 

4.50 

mA 

mA 

mA 

V 

V 

V 

m = ~ m  

OV S Vm 5 0.2V, 
a 2 ~ c c -  0 .2~ ,  
or VIN 2 VCC - 0.2 

Min. cycle, duty = 100%, 
C E = V " , , I ~ = O ~ A ,  
A19 < Vn or A19 > Vm, 

bq4016 

bq4016Y 



Capacitance (TA = 2s%, F = 1 MHZ, vcc = 5.0~)  

Note: Theee parameters are sampled and not 1 W o  M d .  

AC Test Conditions 

Figure 1. Output Load A Figure 2. Output Load B 

- - 

Parameter 

Input pulse levels 
Input rise and fall times 
Input and output timing reference levels 

Test Conditions 
OV to 3.0V 
5m 

1.5 V (unless otherwise specified) 

Read Cycle (TA = 0 to 70% VCCmin s VCC s VCCmax) 

Conditions 

Output load A 

Output load A 

Output load A 
Output load B 
Output load B 
Output load B 

ns Output load B 

 OH Output hold from address change 10 ns Output load A 

Unit 

ns 
ns 

ns 
ne 
ns 

ns 

ns 

Symbol 

t ~ c  

t M 

 ACE 
t a ~  

~CLZ 

toLZ 
t c ~ z  

Parameter 

Read cycle time 
Address access time 

Chip enable access time 

Output enable to output valid 
Chip enable to output in low Z 
Output enable to output in low Z 
Chip disable to output in high Z 

-70 
Min. 
70 

5 

5 
0 

Max. 

70 

70 

35 

25 



- - 

Read Cycle No. 1 (Address Access) '** 

Address 

Dour 

ffi-1 

4 ~ R G  b 

f f 
+ t AA b 

4 tw 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Read Cycle No. 3 (z Access) '15 

~ R C  L 

Address Em 
4 AA ---------+( 

Notes: 1. is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE tramition low. 

4. OE=Vn. 

5. Device is continuously selected: ?% = VIL 
Sopl18868 511 0 



Write Cycle (TA - 0 to 70% VCCmin S VCC S VCCmu) 

-70 

Symbol Parameter ( Mln. ( Max. I Units 1 Conditions/Notea 

twc 

t ~ w  

t m  

t w ~  

~ W R I  

Measured to firat lozto- 
Itnw IData valid to end of write 1 9 0 1  - L w ~  traneition of either CE or . I 

Write cycle time 

Chip enable to end of write 

twm 

Addreaa valid to end of write 

Addreaa eetup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

2. A e t e  occum durh&e overlap of a low and a low WE. A write begine at the later transition 
of CE going low and WE going low. 

70 

66 

Write recovery time 
(write cycle 2) 

~ D H I  

tDH2 

twz 

tow 

3. Either tm1 or t m  must be met, 

66 

0 

55 

5 

4. Either ~ D H I  or ~ D W  must be met. 

na 

na 

15 

Notes: 1. A write ends a t  the earlier transition of CE going high and -ping high. 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

Write enabled to output in high Z 

Output active from end of write 

5. 1f CE goes low simultaneously with WE going low or after WE going low, the outputa remain in 
high-impedance state. 

(1) 

na 

na 

ns 

ne 

(1) 

Meaeured from addma valid to 
beginning of write. (2) 

Measured from beginning of write to 
end of write. (1) 

Measured from going high to 
end of write cycle. (3) 

M 

0 

10 

0 

5 

Meaaured from CE going high to end 
of write cycle. (3) 

25 

M 

na 

ns 

M 

Measured from going high to 
end of write cycle. (4) 

Measured from going high to end 
of write cycle. (4) 

pina are in output state. (5) 

pins are in output etate. (5) 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

Write Cycle No. 2 (montrolled) 1,2,3,4,5 

4 twc 

>< 
4 t~~ 

tcw 

L A $ -  4 t WP C 

C 

4 

Dm > f Data-in VaM 

4 tow -+ 

+twz 

D M ~ z z : : ~ ~  Data Undefined (I)\ Hih-Z 

twrl -q 

Notes: 1. CE or must be high during address transition. 

>( Data-in Valid 

1 t w z -  I- tow - 
High-Z 

2. Becauee VO may be active (m low) during this period, data input signals of opposite polarity to the 
outputs muet not be applied. 

3. 1f is high, the VO pins remain in a state of high impedance. 

4. Either t w ~ l  or twrcz must be met. 

5. Either ~ D H I  or t ~ m  must be met. 



Notes: 1. Typical values indicate operation at TA = 25"C, Vcc = 5V. 

Power-DownlPower-Up Cycle (TA - o to 70%) 

2. Batteries are disconnected from circuit until after Vcc ia applied for the firat time. bra is the 
accumulated time in absence of power beginning when power ia first applied to the device. 

Caution: Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may affect data integrity. 

Power-Down/Power-Up Timing 

Unit 

P 

P 

P 

ma 

years 

p.9 

"so j 

+-~PU-, 

* DR + +-- ~ C E R  ---+ 

- 
CE 

Conditions 
J 

Time during which 
SRAM is write-protscted 
after Vcc paeees Vpm on 
power-up. 

TA = 25°C. (2) 

Delay after Vcc slews 
downpastVmbefore 
SRAM is write-protected. 

Typical 

80 

100 

Minimum 

300 

10 

0 

40 

10 

40 

Symbol 

~ P F  

~ F S  

t m  

~CER 

tDR 

tm 

8/10 Sept lSQ6 B 

658  

Maximum 

120 

150 

Parameter 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

Vcc slew, Vso to VPFD (ma.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 



bq4016/bq4016Y 

Data Sheet Revision History 

Notes: Change 1 = Sept 1996 B changea from June 1996. 

Change No. 

1 

Page No. 

All 

[krcriptlon 

Changed from %binary' to 'Final* data sheet 



Ordering Information 

Temperature: 
blank = Commercial (0 to +70°C) 

Speed Options: 
70= 701.18 

1 / L Package Option: 
MC = C-type module 

L suppl, Tolemce:  
no mark = 5% negative supply tolerance 
Y = 1Wo negative eupply tolerance 



Features 
b Data retention in the abeence of 

wwer 

Automatic write-protection 
during power-u*wer-down 
cycles 

b Conventional SRAM operation; 
u n l i t a d  write cycles 

b 6-year minimum data retention 
in abeence of power 

b Battery internally isolated until 
power ie applied 

2048Kx8 Nonvolatile SRAM 

General Description 
The CMOS bq4017 is a nonvolatile 
16,777,216-bit atatic RAM organized 
an 2,097,152 wads by 8 bib. The i n b  
gral control circuitry and lithium 
energy source provide reliable non- 
volatility coupled with the unlimited 
write cyclee of etandard SRAM. 

The control circuitry conetantly 
monitma the eingle 6V supply for an 
out-of-tolerance condition. When Voc 
falls out of tolerance, the SRAM ie 
unconditionally write-protected to 
prevent an  inadvertent write 
operation. 

At this time the integral energy 
saurcebswitchedontoeustainthe 
memory until after Vcc &urns valid. 

The bq4017 user extremely low 
standby current CMOS SRAMs, 
coupled with ma l l  lithium coin cells 
to provide ~lonvolatility without long 
write-cycle tima and the write-cycle 
limitations associated with 
EEPROM. 

The bq4017 hae the same interface 
a s  industry-standard SRAMe and 
requires no external circuitry. 

Pin Connections Pin Names Block Diagram 

36-Pin DIP Module 
.wI 

&-A20 Addresinputs 

DQo-DQ7 Data inpuvoutput 

EZ Chip enable input 

Gi Output ensble input 

- 
WE Write enable input 

Vcc +5 volt supply input 

Vss Ground 

NC No connect 

Selection Guide 

- 
OE - 
- 
WE 

__C 

May 1005 1/10 

Part 
Number 

I 

bq4017MC -70 

4 x S l ! X x B  
8RAM 
B u  

Ao -AH 

DOo -DOT 

- 
Power 4  CECW 

Maximum 
Access 

~ i m e  (M) 

70 

- 
CE - 

Ate-Am 

Negative 
supply 

Tdemce 

-5% 

1 Llthium 
I_ Cell - - 10.1 

Powr- 
Fan 
Control 

vcc - 

Part 
Number 

bq4017YMC -70 

Maximum 
Access 

Time (ns) 

70 

Negative 

Tolerance 
supply 

-10% 



Functional Description 
When power is valid, the bq4017 operatea as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4017 acts as a nonvolatile memory, automatically 
protecting and preserving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threshold 
VPFD. The bq4017 monitora for V P ~ D  = 4.62V typical for 
use in systems with 5% supply tolerance. The bq4017Y 
monitors for Vpm = 4.3W typical for use in system with 
10% supply tolerance. 

When Vcc falls below the V m  threshold, the SRAM 
automatically write-protects the data. All outputs 
become high impedance, and all inputa are treated as 
'don't care.' If a valid access ia in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time t w ,  write-protection takes place. 

Ae Vcc falh past V m  and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc retvna to a level above the internal backup 
cell voltage, the supply ia dtched back to Vcc. After 
Vcc r a m p  above the VWD threshold, write-protection 
continues for a time ( 1 2 0 ~  maximum) to allow for 
proceeeor etabilization. Nonnal memory operation may 
reaume after this time. 

The internal coin cells used by the bq4017 have an 
extremely long shelf life. The bq4017 provides data 
retention for more than 5 yeare in the absence of system 
power. 

ke shipped from Benchmarq, the integral lithium cells 
are electrically isolated from the memory. (Self-discharge 
in this condition is approximately 0.5% per year.) 
Following the fmt application of Vcc, this isolation is 
broken, and the lithium backup provides data retention 
on subsequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

Power 

Standby 

Active 

Active 

Active 

k c  / DC voltage applied on Vcc relative (a Vss 1 -0.3to 7.0 1 V I 

I10 Operation 

High Z 

High Z 

DOUT 

DIN 

Symbol / Parameter 

DC voltage applied on any pin excluding Vcc 
relative to Vss 1 -0.3 to 7.0 1 V / VT iVcc + 0.3 I 

Mode 

Not selected 

Output disable 

Read 

Write 

WE 
X 

H 

H 

L 

- 
CE 

H 

L 

L 

L 

I Value 

Note: Permanent device damage may occur if Absolute Maximum Ratings are &ed. Functional operation 
should be limited to the Recommended DC Operating Conditions detailed in thia data sheet. Expoeure to con- 
ditiins beyond the operational limits for extended periods of time may affect device reliability. 

- 
OE 

X 

H 

L 

X 

YlO May 1985 

Unit 

TSOLDER 

Conditions 

Soldering temperature +260 O C  /For loseconds I 



Recommended DC Operating Conditions (TA = o to 70%) 

Note: Typical values indicate operation at TA = 25OC. 

DC Electrical Characteristics (TA = o to 70%, VCCmin svcc s vccrmu) 

Symbol 

vcc 

vss 

VIL 

VIH 

Note: w i c a l  values indicate operation at TA = 25OC, Vcc = 5V. 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Symbol 

ILI 

11a 

VOH 

VOL 

ISB~ 

ISB~ 

Icc 

VPFD 

vso 

May lWS W10 

6-63 

Paramatar 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating supply current 

Power-fail-detect voltage 

Supply switchsver voltage 

Notes 

bq4017Y 

bq4017 

Minlmum 

4.5 

4.75 

0 

-0.3 

2.2 

Minimum 

2.4 

4.55 

4.30 

Typicd 

5 .O 

5.0 

0 

Typical 

7 

2.5 

75 

4.62 

4.37 

3 

Maxlmum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

Unlt 

V 

V 

v 
V 

V 

Maxlmum 

* 4 

* 4 

0.4 

17 

5 

115 

4.75 

4.50 

Unit 

pA 

4 

V 

V 

mA 

V 

V 

V 

Conditbn8/Not~ 

VIN=VSS~OVCC - 
m = V n ,  
~ ~ = ~ r n o r m = ~ n r o r  

I w  = -1.Om.A 

I0~=2.1mA 

~%=VIH 

ov s VIN s 0.2v1 
a 2 Vcc - 0.2V, 
or VIN 2 Vcc - 0.2 

-. cycle, duty = 10096, 
CE = Vn, ,Im = OmA, 
A19 < V n  or A19 > Vm. 
A ~ O < V I L O ~ A ~ O > V ~  

bq4017 

bqiloln 



Note: These parameters are sampled and not 1004b teeted. 

Capacitance (TA = ~ S P C ,  F - IMHG vcc - 5.0~)  

Figure 1. Output Load A Figure 2. Output Load B 

Condrtkm 

Output voltage = OV 

Input voltage = OV 

AC Test Conditions 

Unit 

pF 

pF 

Parameter 

Input pulse level8 

Input rise and fall timea 

Input and output timing reference levels 

Output load (including scope and jig) 

Tort Conditions 

OV to 3.0V 

6ns 

1.5 V (unless oth& specified) 

S e e F i g u ~ ~  1 and2 

Read Cycle ( r ~  - 0 to 70% VCCmin 5 VCC 1 VCCmax) 

Typical Minimum Symbol 

c~r ,  
(?IN 

Maximum 

40 

40 

Parameter 

InpuVoutput capacitance 

Innut ca~acitance 

UnR 

ne 

ne 
ne 
ne 

ne 
ne 

ne 

ne 

ne 

Symbol 

~ R C  

t M 

 ACE 
 to^ 

tCLZ 
tcm 
tcm 
t o ~ z  
 OH 

Conditions 

Output loadA 
Output loadA 
Output loadA 

Output IoadB 
Output loadB 
Output loadB 
Output loadB 
Output loadA 

Parameter 

Read cycle time 
Address access time 
Chip enable access t i e  
Output enable to output valid 

Chip enable to output in low Z 
Output enable to output in low Z 
Chip disable to output in high Z 
Output disable to output in high Z 
Output hold from addrese change 

-70 
i n .  
70 

6 
5 
0 
0 
10 

Max. 

70 
70 
35 

25 

25 



Read Cycle No. 1 (Address Access) 

Address 

OUT 

Read Cycle No. 2 (E Access) 1,3,4 

N t Rc b 

Read Cycle No. 3 (E Access) lv5 
4 t~~ 

Address 

>< 

Data Valid 
High-Z 

t AA 

* tw b 

Previous Data Valid Data Valid 

RC-3 

Notee: 1. WE is held high for a read cycle. 
- - 

2. Device is continuously selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE transition low. 

4. OE = VL. 

5. Device is continuously selected: = VIL 

May lBgS 5/10 



Write Cycle (TA - 0 to 70% VCCmin S VCC S VCCmax) 

t ~ w  

tow I0utput active from end of write ( 5 1 - 1 na II/O pins are in output state. (5) 

CondAlons/Notes 

(1) 

(1) 

Measured fmm addrew valid to 
beginning of writs. (2) 

Measured from beginning of write to 
end of write. (1) 

Meamred from going high to 
end of write cycle. (3) 

Measured from ?% going high to end 
of write cycle. (3) 

-- 

tDHl 

t ~ H 2  

twz 

Notes: 1. A write ends at the earlier transition of CE going high and m g o i n g  high. 

Units 

ll~l 

ns 

ne 

" 

ns 

Data valid to end of write 

2. A e t e  occurs d-he overlap of a low and a low WE. A write begins at the later transition 
of CE going low and WE going low. 

Symbol 

twc 

tcw 

~ A W  

 AS 

t ~ p  

tml 

t- 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

Write enabled to output in high Z 

3. Either tmi or tm must be met. 

4. Either ~ D H I  or ~ D H Z  must be met. 

5. If CE goes low simultaneously with going low or after WE going low, the outputa remain in 
high-impedance state. 

Parameter 

Write cycle time 

Chip enable to end of write 

Address valid to end of write 

Address eetup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

Write recovery time 
(write cycle 2) 

-70 

30 

6/10 May 1895 

6-66 

Min. 

70 

65 

65 

0 

55 

5 

15 

0 

10 

0 

Max. 

ns 
Measured to first low-Jto-hi 
transition of either CE or WE. 

25 

ns 

* 
ne 

Measured from WE going high to 
end of write cycle. (4) 

Measured fmm going high to end 
of write cycle. (4) 

pins are in output state. (5) 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

4 t o w  

DM Data-in Valid > f 

Write Cycle No. 2 (?%-Controlled) 1,2,3,4,5 

twc  

Address >< >< 

II 

" w >< Data-in Valid 

we4 
Notes: 1. CE or must be high during address transition. 

2. Because 2/0 may be active (m low) during this period, data input signals of opposite polarity to the 
outputs must not be applied. 

3. 1f m is high, the J,@ pins remain in a state of high impedance. 

4. Either t w i  or t w  muat be met. 

5. Either ~ D H I  or t ~ m  must be met. 

May 1 9 s  711 0 



bq4017/bq4017Y 

Power-DownlPower-Up Cycle (TA = o to 70%) 

Notes: 1. Mica1 values indicate operation at TA = 25OC, Vcc = 5V. 

2. Batteries are disconnected from circuit until after Vcc ie applied for the f i t  time. i m ~  ie the 
accumulated time in absence of power beginning when power ie first applied to the device. 

Conditions 

Time during which 
SRAM is write-protsted 
after Vcc passes V m  on 
power-up. 

TA = 25°C. (2) 

Delay after Vcc slews 
down past V m  before 
SRAM irr write-protected. 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Unit 

P 

P 

W 

yeare 

ps 

Power-Down/Power-Up Timing 

Maximum 

120 

150 

Typical 

80 

100 

Minimum 

300 

10 

0 

40 

5 

40 

Symbd 

~ P F  

t FS 

t m  

~ C E R  

~ D R  

t ~ p ~  

4.25 

\\"SO "so j 

Pmmetef 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

Vcc slew. Vso to V m  (ma.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 

t t ~ ~  

'4 ~ D R  b 

.-t WPT-, 

+ ~ P u +  

+-- ~ C E R  -+ 



Ordering Information 

b 4017 MC- 9-- 7 -  1 1 I Temperatua 
blank = Commercial (0 to +TOT) 

L,, opt,, 
MC = C-type module 

I- Supply Tolerance: 
no mark = 5% negative supply tolerance 
Y = 1096 negative supply tolerance 

Device: 
bq4017 2048K x 8 NVSRAM 



Notes 



Features 
> Data retention in the absence of 

power 

Automatic write-protection 
during power-uRrpower-down 
cycles 

) Industry-standard 40-pin 128K x 
16   in out 

128Kx16 Nonvolatile SRAM 

General Description 
The CMOS bq4024 ia a nonvolatile 
2,097,152-bit static RAM organized 
aa 131,072 words by 16 bite. The 
integral control circuitry and 
lithium energy source provide 
reliable nonvolatility coupled with 
the  unlimited write cycles of 
standard SRAM. 

At this time the integral energy 
eource ia switched on to eustaia the 
memory until after Vcc returns valid. 

The bq4024 uses extremely low 
standby current CMOS SRAMe, 
coupled with small lithium coin ceb  
to provide nonvolatility without long 
w r h q d e  times and the write-cycle 
limitatione eseociated with EEPROM. 

) conventional S- operation; The control circuitry constantly The bs4024 r e q u h  no ck.- 
unlimited write cycles monitors the single sv mpply for an c u i t r ~  and is compatible with the 

out-of-tolerance condition. When industry-standard 2Mb SRAM 
> 10-year minimum data retention Vcc falls out of tolerance, the SRAM pinout. 

in absence of power is unconditionally write-protected to 
prevent an  inadvertent write > Battery internally isolated until 

power is applied 

Pin Connections Pin Names Block Diagram 
&-A16 Address inputs 

DQo-DQIS Data inputJoutput 
- 
LC Chip enable input 
- 
OE Output enable input 
- 
WE Write enable input 

NC No connect 

vcc +S volt supply input 

Vss Ground 

Power 1 ( CEcm 4 ;;we.- 
Control 

Lithium 
_r Cell 

Sept. 1990 1110 

Selection Guide 
I 

Part 
Number 

bq4024 -85 

bq4024 -120 --i -- 

Maximum 
Access 

Time (ns) 

85 

120 

Negative 
supply 

Tokrance 

-5010 

-5% 

Part 
Number 

b@324Y -85 

bq4024Y -120 

-- - 
Maximum 
Access 

Time (ns) 

85 

120 

Negative 

Tolerance 
Supply 

-1Ph 

-1Ph 



Functional Description 
When power ie valid, the bq4024 operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4024 a h  ae a nonvolatile memory, automatically 
protecting and preeerving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threehold 
Vpm. The bq4.024 monitore for V m  = 4.62V typical for 
use in with 5% supply tolerance. The bq4024Y 
monitore for V m  = 4.37V Qpical for use in syeteme with 
10% mpply tolerance. 

As Vcc falls paet VPPD and approaches 3V, the control 
circuitry ewitchea to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcg returns to a level above the internal backup 
cell voltage, the supply is switched back to Vac. After 
Vcc ramps above the V m  threehold, write-prokction 
continues for a time tam (120ms maximum) to allow for 
processor stabilization. Normal memory operation may 
mume after thie time. 

The internal coin cells used by the bq4024 have an 
extremely long shelf life and provide data retention for 
more than 10 yeare in the abeence of system power. 

When Vcc falls below the VPFD t h h o l d ,  the SRAM ~g shipped from Benchmarq, the integral lithium cells 
automatically write-protect8 the data. All outputs el&cally isolated from the memory. (Self-diecharge 
become high impedance, and all inputs are treated as in this condition is approximately 0.5% per year.) Follow- 
'don't care.' If a valid acceae in process at the time of ing the f b t  application of Vcc, thie isolation ie broken, 
power-fail detection* the memory cycle continues to ym- and the lithium backup provides data retention on 
pletion. If the memory cycle fails to terminate mthm 8ubquent  power-downs. 
time t ~ m ,  write-protection takes place. 

Truth Table 

Absolute Maximum Ratings 

Power 

Standby 

Active 

Active 

Active 

I/O Operation 

High Z 

High Z 

DOW 

Dm 

Symbol 
I 

Vcc 

VT 

Tom 

Tsm 

TBIAS 

TSOLDER 

- 
OE 

X 

H 

L 

X 

- 
WE 

X 

H 

H 

L 

Mode 

Not selected 

Output dieable 

Read 

Write 

Note: P e m e n t  device damage may occur if Absolute Maximum Ratings are exceeded. Functional opemtion 
should be limited to the Recommended DC Operating Canditions detailed in thie data sheet. E m  to con- 
ditions beyond the operational limits for extended periods of time may aflect device reliability. 

Parameter 

DC voltage applied on Vcc relative to Vss 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

Operating temperature 

Storage temperature 

Temperature under bias 

Soldering temperature 

- 
CE 

H 

L 

L 

L 

Value 

-0.3 to 7.0 

-0.3 to 7.0 

0 to +70 

-40 to +70 

-10 to +70 

+260 

Unit 

V 

V 

"C 

OC 

OC 

"C 

Condltions 

V T < V C C + O . ~  

For 10 seconde 



- p p  - -- 

Recommended DC Operating Conditions (TA = o to 70%) 

Note: Typiial values indicate operation at TA = 2S°C. 

DC Electrical Characteristics (TA = o to m ~ ,  VCCmin s vcc s VCCMX) 

Symboi 
L 

Vcc 

Vss 

Vn 

Vm 

Note: Typiial values indicate operation at TA = 25T, Vcc = 5V. 

Capacitance (TA = 2sac, F = 1MHz. vcc = 5 .0~ )  

Note8 

bq40!24Y 

be4024 

Parmeter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

Symbol 

IIJ 

IID 

VOH 

VOL 

15131 

ISB~ 

Ice 

V m  

VSO 

Note: This parameter is sampled and not 100% bated. 

Symbol 

. CYO 
CIN 

Minimum 

4.6 

4.75 

0 

-0.3 

2.2 

Pu8metw 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

OWrath ~ P P ~ Y  -t 

Power-fail-detect voltage 

Supply switch-over voltage 

Typical 

5 

2.5 

96 

4.62 

4.37 

3 

Minimum 

2.4 

4.55 
' 

4.30 

Maximum 

* 2 
i 1 

0.4 

11 

5 

200 

4.75 

4.50 

Unit 

pA 

V 

V 

mA 

mA 

mA 

V 

V 

V 

Parameter 

Inpuvoutput capacitance 

Input capacitance 

Typical 

5.0 

6.0 

0 

Conditions/Notes 

Vm=VsstoVcc 

CE=Vnr o r m = ~ ~ o r  
R%=VIL 

I w =  -1.OmA 

IOL = 2.1 mA 

~ = V M  
- 
CE 2 Vcc - 0.2V. 
OV S Vm S 0.2V, 
or Vm 2 Vcc - 0.2V =. cycle, duty = 100%, 
CE=Vn,Iyo=OmA 

bq4024 

bq4024Y 

Minimum 

Maximum 

5.5 

5.5 

0 

0.8 

Vcc + 0.3 

Unit 

V 

v 
V 

V 

V 

Typical Maximum 

10 

20 

Unit 

pF 

pF 

Conditions 
I 

Output voltage = OV 

Input voltage = OV 



AC Test Conditions 

Figure 1. Output Load A Figure 2. Output Load B 

Panmeter 

Input pulse levele 

Input riee and fall times 

Input and output timing reference levels 

Output load (including m p e  and jig) 

Read Cycle (TA - o to 70% vccmin 5 vcc 5 VCCmax) 

Ted Condition8 
I 

OV to 3.0V 

Sns 

1.5 V (unlese otherwise specified) 

See Figurea 1 and 2 

Symbol 

~ R C  

t AA 

 ACE 

 to^ 

tcu 

toLz 

tcm 

tom 

~ Q H  

Parameter 

Read cycle time 

Address access time 

Chip enable access time 

Output enable to output valid 

Chip enable to output in low Z 

Output enable to output in low Z 

Chip disable to output in high Z 

Output disable to output inhigh Z 

Output hold from address change 

Conditions 

Output loadA 

Output loadA 

Output loadA 

Output load B 

Output load B 

Output loadB 

Output load B 

Output load A 

-85 

Unit 

M 

ns 

ns 

ns 

ns 

M 

ns 

ns 

ns 

Min. 

85 

- 
- 

5 

0 

0 

10 

120 

Max. 

- 
85 

85 

0 - 0 -  

35 

25 

- 

Min. 

120 

- 
- 

4 5 6 0  

- 5 -  

0 

0 

10 

Max. 

- 

120 

120 

45 

35 

- 



Read Cycle No. 1 (Address Access) )' l2 

Address 

OUT 

Read Cycle No. 2 (E Access) 1,3,4 

> 
4 RC b 

f >< 
4 t A, b 

4 toH b 

Data Valid 
High-Z 

Previous Data Valid Data Valid 

Read Cycle No. 3 (E Access) '15 

RC-3 

Notes: 1. is held high for a read cycle. 

Address 

- - 
2. Device is continuously selected: CE = OE = VIL 

4 t~~- 

)f 

3. Addrese is valid prior to or coincident with CE transition low. 

4. =Vn. 

5. Device is continuously selected: = Vn, 



Write Cycle FA - o to 70°c, VCCmin 5 vcc s V C C ~ ~ )  

Conditim/?btea 

(1) 

(1) 

Meamred from addreaa valid to 
beginning of write. (2) 

Measured from beginning of write to 
end ofwrite. (1) 

Meaeured from going high to end 
ofwritecycle.(3) 

Measured from CE going high to end 
of write cycle. (3) 

Measured to first I o ~ t o - h i  
transitionof either CEor WE. 

Measured from going high to end 
of write cycle.(4)] 

Measured from CE going high to end 
ofwritecycle.(4) 

4/0pine are in output state. (5) 

4/0 pins are in output state. (5) 

Notes: 1. A write ends a t  the earlier transition of CE going high and going high. 

2. A write occur-during the overlapof a low ?% and a low WE. A write begins at the later 
transition of CE going low and WE going low. 

3. Either t w ~ i  or tm must be met. 

4. Either t ~ ~ i  or t ~ w  must be met. 

5. 1f CE goes low simultaneously with going low or after going low, the outputs remain in 
high-impedance state. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

SymW 

twc 

t . w  

t ~ w  

tm 

t ~ p  

t ~ ~ l  

tm 

t ~ w  

tDH1 

tDH2 

tWz 

tow 

Parameter 

Write cycle time 

Chip enable to end ofwrite 

Address validto end of write 

Address setup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

Write recovery time 
(write cycle 2) 

Data valid to end of write 

Data hold time 
(write cycle 1) 

Data hold time 
(write cycle 2) 

Write enabled to output in 
high-Z 

Output active from end of 
write 

-8s 

Min. 

85 

75 

75 

O 

65 

5 

15 

35 

O 

lo 

0 

0 

120 

Min. 

120 

100 

100 

O 

85 

6 

15 

45 

O 

lo 

0 

0 

Max. 

- 
- 
- 

- 

- 

30 

- 

Max. 

- 
- 
- 

- 

- 

40 

- 



- 
Write Cycle No. 1 (WE-Controlled) 1,2,3 

Address 

DW 

DIN Data-in Valid 

L t w z  - I- tow - 
High-Z 

Write Cycle No. 2 (E-controlled) 1,2,3,4,5 

Address 

w e r  
Notes: 1. or must be high during a d h  transition. 

2. Because J/D may be active (m low) during this period, data input signals of opposite polarity to the 
outputa must not be applied. 

3. If ie high, the J/D pins remain in a state of high impedance. 

4. Either t w ~ i  or twm must be met. 

5. Either ~ D H I  or ~ D H Z  must be met. 



Power-Down/Power-Up Cycle FA = o to 70%) 

Notes: 1. Typical values indicate operation at TA = !Z°C, Vcc = 6V. 

2. Batteries are disconnected from circuit until after Vcc is applied for the f i  time. ~ D R  is the 
accumulated time in absence of power beginning when power is h t  applied to the device. 

Conditions . 

Time dwing which 
SRAM is write-pro- 
tected after Vcc pasees 
V P ~  on power-up. 

TA =25OC. (2) 

Delay after Vcc slews 
down past Vpn, before 
SRAMiswrite- 
protected. 

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode 
may affect data integrity. 

Unit 

P 

P 

P 

me 

years 

Power-Down/Power-Up Timing 

Symbd 

tm 

tm 

tpu 

~CER 

tDR 

tm 

"cc 

Minimum 

300 

10 

0 

40 

10 

40 

Parameter 

Vcc slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

VCC slew, Vso to V m  (max.) 

Chip enable recovery time 

Data-retention time in 
absence of Vcc 

Write-protect time 

Typical 

80 

100 

Maximum 

120 

150 



Ordering Information 

I- T*m,m,, 
blank = Commercial (0 to +700C) 

Speed Options: 
85= 86ne 

120 = 120 ne 

/ Package Option: 
MA = A-type module 

Supply Tolerance: 
no mark = 6% negative supply tolerance 
Y = 10% negative mpply tolerance 



Notes 



Features 
Data retention in the abeence of 
power 

Automatic write-protection 
during power-u*wer-down 
cycles 

Industry-etandard @-pin 256K x 
16 pinout 

Conventional SRAM operation; 
unlimited write cycles 

5-year minimum data retention 
in absence of power 

Battery internally isolated until 
power is applied 

Pin Connections 

General Description 
The CMOS bq4026 ie a nonvolatile 
4,194,304-bit static RAM orgtmid ee 
262,144 words by 16 bits. The 
integral control circuihy and lithium 
e? source pmvide reliable nm- 
volathty coupled with the d i m i t d  
write cycle0 of etandarrl SRAM. 

The control circuitry constantly 
monitors the single 5V supply for an 
out-of-tolerance condition. When 
Vcc falls out of tolerance, the SRAM 
is unconditionally write-probctd to 
prevent inadvertent write operation. 

At this time the integral energy 
eourceieawitchedontoeustainthe 
memory until after Vcc returua valid. 

The bq4025 uses extremely low 
standby current CMOS SRAMs, 
coupled with small lithium coin celle 
to provide mnvolatility without long 
writecycle timea and the writecycle 
limitatha Bsa0Ciatedwith-M. 

The bq4025 fequiree no extarnal cir- 
cuitry and le compatible with the 
industry-standard 4Mb SRAM 
pinout. 

Pin Names Block Diagram 
&-A17 Address inputs 

DQo-DQls Data input/output 

iE Chip enable input 

- 
OE Output enable input 

WE Write enable input 

Vcc +5 volt supply input 

Vss Ground 

Selection Guide 
- 

- 
OE 

__C 

- 
WE 
d 

Part 
Number 

bq4025 -85 

bq4025 - 120 

- A0 -Am 
4 x 128K x 8 
$RAM 

- 
Power 2 C E C ~  

Maximum 
Access 

Time (ns) 

85 

120 

DQ o -DO 15 
b 

- 
CE 

A n  

Negative 
supply 

Tdarmce 

-5% 

-5% 

Lithium 
_L Cell 
- - W 

P o w ~  
Fail 
Control 

VCC 
+-- 

Pati 
Number 

bq4025Y -85 

bq4025Y - 120 

Maximum 
Access 

Time (ns) 

85 

120 

Negative 
SuPPly 

Tolerance 

-10% 

-1Wo 



Functional Description 
When power is valid, the N O 2 5  operates as a standard 
CMOS SRAM. During power-down and power-up cycles, 
the bq4025 acta as a nonvolatile memory, automatically 
protecting and preserving the memory contents. 

Power-down/power-up control circuitry constantly 
monitors the Vcc supply for a power-fail-detect threehold 
V p ~ a  The bq4025 monitors for V P ~ ,  = 4.62V typical for 
use in systems with 5% supply tolerance. The bq4025Y 
monitors for V P ~  = 4.37V typical for use in system with 
10% supply tolerance. 

When Vcc falls below the VPFD threshold, the SRAM 
automaticalIy write-protects the data. All outputs 
become high impedance, and all inputs are treated as 
'don't care.' If a valid access is in process at the time of 
power-fail detection, the memory cycle continues to com- 
pletion. If the memory cycle fails to terminate within 
time ~WPT, write-protection takes place. 

Ae Vcc falls past V p p ~  and approaches 3V, the control 
circuitry switches to the internal lithium backup supply, 
which provides data retention until valid Vcc is applied. 

When Vcc returns to a level above the internal backup 
cell voltage, the supply is switched back to Vcc. After 
Vcc ramps above the V P ~ ,  threshold, write-protection 
contiauee for a time ~CER ( 1 2 0 ~  maximum) to allow for 
pmcaseor stabilization. Normal memory operation may 
resumeaf'terthistime. 

The internal coin cells used by the bq4025 have an 
elrtremely long shelf life and provide data retention for 
more than 6 years in the absence of system power. 

As shipped from Benchmarq, the integral lithium cells 
are electrically isolated from the memory. (Self-discharge 
in this condition is approximately 0.5% per year.) Follow- 
ing the fh t  application of Vcc, this isolation is broken, 
and the lithium backup provides data retention on 
subsequent power-downs. 

Truth Table 

Absolute Maximum Ratings 

Power 

Standby 

Active 

Active 

Active 

110 Opention 

High Z 

High Z 

Dom 

DIN 

Symbol I Parameter 

- 
OE 

X 

H 

L 

X 

Mode 

Not selected 

Output disable 

Read 

Write 

Value I unit 1 Conditions 

vcc 
I 

VT 

Cz 
H 

L 

L 

L 

1 DC voltage applied on Vcc relative to Vss 

 top^ 

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. F'unctiond operation 
should be limited to the Recommended DC Operating Conditions detailed in thie data sheet. ESP- to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 

- 
WE 

X 

H 

H 

L 

DC voltage applied on any pin excluding Vcc 
relative to Vss 

TEIIAS 

TSOLDER 

-0.3 to 7.0 

, , I I I Operating temperature 

V 

-0.3 to 7.0 

Temperature under bias 

Soldering temperature 

0 to +70 

V 

"C 

-10 to +70 

+260 

VT <Vcc + 0.3 

"C 

"C For 10 seconds 



Recommended DC Operating Conditions VA = o to 70%) 

Symbol 

Vcc 

Vss 

VK. 

VIH 

DC Electrical Characteristics VA - o to M-, VCCmin 5 vcc 5 VCCmax) 

Symbd 

ILI 

Iu, 

VOH 

VOL 

ISBI 

ISBS 

ICC 

1 V m  1 Power-fail-detect voltage 

Note: Typical values indicate operation at TA = 25OC, 

Parameter 

Supply voltage 

Supply voltage 

Input low voltage 

Input high voltage 

VSO 

Parameter 

Input leakage current 

Output leakage current 

Output high voltage 

Output low voltage 

Standby supply current 

Standby supply current 

Operating supply current 

4.55 

4.30 

Capacitance FA = 2 5 ~ ,  F = IMHZ, vcc - 5 . 0 ~ )  

Minimum 

4.5 

4.75 

0 

-0.3 

2.2 

I 
Note: Typical values indicate operation at TA = 25OC, Vcc = 5V. 

Supply switch-over voltage 

Symbol 

, CW 

CIN 

Minimum 

2.4 

4.62 

4.37 

Typical 

6.0 

5.0 

0 

3 

Note: This parameter is sampled and not 1 W o  tested. 

Parametw 

InpuVoutput capacitance 

Input capacitance 

Typlcd 

7 

2.5 

95 

4.75 1 V 

4.50 1 V 

bq4025 

bo4025Y 

V 

Minimum 

Notes 

bq4025Y 

bq4025 

Maximum 

6.5 

5.5 

0 

0.8 

Vcc + 0.3 

Maxlmum 

i 4 

* 2 

0.4 

18 

5 

200 

--  

Unit 

V 

V 

V 

V 

V 

Typical 

Unit 

pA 

4 

V 

V 

mA ----- 

mA 

mA 

Maximum 

20 

40 

ConditronslNotes 

VIN =Vss  toVcc 
- 
CE=Vw o r m = ~ m o r  
WE = V,L 

IOH = -1.OmA 

Io~=2.1mA 

CE=VIH 
- 
CE t VCC - 0.2V, 
OV S VIN S 0.2V, 
or VIN 2 Vcc - 0.2V 

Kin. cycle, duty = 10096, 
CE=Vn, Im=OmA, 
A17 < VIL or A17 > VIH 

I 

Unit 

pF 

pF 

Conditions 

Output voltage = OV 

Input voltage = OV 



bq40251bq4025Y 

AC Test Conditions 

Figure 1. Output Load A Figure 2. Output Load B 

Read Cycle (TA = o to 70%, VCCmin 5 vcc 5 VCCmax) 

Parameter 

Input pulse levels 

Input rise and fall times 

Input and output timing reference levels 

Output load (including scope and jig) 

Test Conditions 

OV to 3.0V 

5 m  

1.5 V (unless otherwise specified) 

See Figures 1 and 2 



Read Cycle No. 1 (Address Access) '12 

Address 

Dour 

t~~ b 

6 f AA 

t t OH b 

Previous Data Valid Data Valid 

Read Cycle No. 2 (E Access) 1,3,4 

Read Cycle No. 3 (z Access) ' l5 
4 * RC 

Address 

Dour Data Valid High-Z 

RO-5 

Notes: 1. ia held high for a read cycle. - - 
2. Device is continuoualy selected: CE = OE = VIL 

3. Address is valid prior to or coincident with CE transition low. 

4. OE = VIL. 

5. Device ie continuoualy selected: ?% = Vn. 
s.pt lkw2 5/10 



Write Cycle FA = o to 70aC, VCCmin s vcc s VCCmax) 

I -8s 

Symbd 

k c  

Measured to first l o z t o - h i  1 tDw / Datavalid toend of write / 35 1 - ( 45 / - 1 m 1 transition of either CE or WE. 1 

120 

tcw 

t ~ w  

ta 

t w ~  

t m l  

t- 

I 

Parameter 

Write cycle time 

Chip enable to end of write 

Addreee valid to end of write 

Addrees setup time 

Write pulse width 

Write recovery time 
(write cycle 1) 

Write recovery time 
(write cycle 2) 

1 

tDH1 

Min. 

85 

tDm 

75 

75 

O 

65 

5 

15 

Data hold time 
(write cvcle 1) 

twz 

Notes: 1. A write ends at  the earlier transition of CE going high and going high. 

Max. 
- 

Data hold time 
(write cycle 2) 

tow 

2. A write occurs-during the overlapf a low CE and a low WE. A write begins at the later 
transition of CE going low and WE going low. 

- 
- 

- 

0 

Write enabled to output in 
high4 

3. Either tml or t w  must be met. 

Min. 

120 

10 

Output active from end of 
write 

4. Either t m l  or mu& be met. 

100 

100 

O 

85 

Ei 

l5 

- 

0 

5. 1f CE goes low simultaneously with going low or after WE going low, the outputs remain in 
high-impedance state. 

Max. 

- 

- 

0 

IV10 Sect. 1992 

- 
- 

* 

- 

0 

30 

Unit8 

m 

Measured from WE going high to end 
of write cycle. (4) 

10 

- 

ConditiondNotes 

ns 

m 

rn 

rn 

I 

0 

(1) 

(1) 

Measured from addreas valid to 
mbegimingofwrite.(2) 

Measured from beginning of write to 
endofwrite. (1) 

Measured from going high to end 
ofwritecycle.(3) 

Measured from CE going high to end 
ofwritecycle.(3) 

- 

0 

Measured from going high to end 
of write cycle. (4) 

40 

- 

ns r/0 pine are inoutput state. (5) 

m J/O pine are in output state. (5) J 



- 
Write Cycle No. 1 (WEControlled) 1 2 3  

~ D W  tDHl--+ 

Data-in Valid 
I >< 

4 t wc 

Address f 
4 AW P.~WRI-+ 

I- tow - 
High-Z 

>< 

wc-a 

Write Cycle No. 2  controlled led) 1929394*5 

wc-4 
Notes: 1. or must be high during address transition. 

Address 

2. Bscava I"D may be active (a low) during t b  plad data input signah of opposite polarity to the 
outputs must not be applied. 

3. 1f i% is high, the YO pins remain in a state of high impedance. 

4. Either t m l  or twm must be met. 

I t ~ c  b 

X 
* t AW bR2 + 

5. Either ~ D H I  or t ~ m  must be met. 
5.p~ 1092 711 0 

>< 
- tcw -----------, 

CE 7- 
4 t WP -----------, 

High-Z 



Power-Down/Power-Up Cycle FA = o to 70%) 

tDR 

Notes: 1. m i c a 1  values indicate operation at TA = 25OC, Vcc = SV. 

Conditions 
I 

- 

Time during which SRAM ie 
write-pmtededaRerVcc 
paeeea V m  on power-up. 

tm 

2. Batteries are disconnected from circuit until after Vcc is applied for the f i t  time. ~ D R  ie the 
accumulated time in absence of power beginning when power ie fimt applied to the device. 

Unit 

P 

Cle 

Cle 

ms 

I 

Data-retention time in 
absence of Vcc 

Caution. Negative undershoots below the absolute maximum rating of 4.3V in battery-backup mode 
may apfect da ta  integrity. 

Max. 

120 

Write-pmted time 

Power-Down/Power-Up Timing 

Typ. 

80 

5 

"cc 

M in. 

900 

10 

0 

40 

Symbd 

t m  

tps 

t m  

~CER 

40 

Parameter 

VCC slew, 4.75 to 4.25 V 

Vcc slew, 4.25 to Vso 

Vcc slew, Vso to VPFD (max.) 

Chip enable recovery time 

years TA = 25'C. (2) 

100 

"so ,7 

150 

+t WPT+ 
- 
CE 

+ ~ P u +  -* - t~~~ - C t ~ ~  

k ~ D R  

p 
Delay after Vcc slews down 
past VPPD before SRAM is 
write-protected. 



Revision History (Sept. 1992 Changes From Sept. 1990) 

c teet conditions, page 3. 



Ordering Information 

1 Temperature: 
blank = Commercial (0 to +70°C) 

Speed Options: 
85= 85- 

120 = 120 ns 

- Package Option: 
MA = A-type module 

Supply Tolerance: 
no mark = 5% negative supply tolerance 
Y = 10% negative supply tolerance 

Device: 
bq4025 256K x 16 NVSRAM 







4 mmm~~ca Package Drawings 
Benchmarq's standard packages are described in the following tables. 

No. P 7 s  Drcflption Pin* Devke 

bq= 

b q m  

8 bq2201 

b q m 2  

14 b q m  

bqW3 
PlaeticDIP, 

0.300" b q m  

bq=E 
bq2031 

bqmu 

bq2203A 

b q m 7  

Plastic DIP, bq3285L 

bq3285LC 



Package Drawings 



Package Drawings 

MA: 12-Pin A-Type Module 

12-Pin MA (A-Type Module) 

I-IZ 
L.4 

L 

S 

MA: 28-Pin A-Type Module 
- 28-Pin MA (A-Type Module) 

Millimeters 1 1-1 



Package Drawings 

MA: 32-Pin A-Type Module 

32-Pin MA (A-Type Module) 
Inch- I Millimeters 

Dimension Min. I Max. Min. I Max. 

MA: 40-Pin A-Type Module 

40-Pin MA (A-Type Module) 
Millimeters 1 1-1 



Package Drawings 

MB: 32-Pin B-Type Module 

32-Pin MB (B-Type Module) 

15 X .I00 - 1.500 

MC: 36-Pin C-Type Module 
36-Pin MC (C-Type Module) 



Package Drawings 

MT: 24Pin T-Type Module 

24-Pin MT (T-Type Module) 

1 Inches I Millimeters 
II 

Dimension Min. M u .  

MT: 28-Pin T-Type Module 

28-Pin MT (T-Tv~e Module) 



Package Drawings 

P: 24-Pin DIP (0.600") 

24Pin DIP (0.600" DIP) 
Millimeters 1 1-1 

P: 28-Pin DIP (0.600") 

28-Pin DIP (0.600" DIP) 

Min. I Max. Min. I Max. I 



Package Drawings 

PN: &Pin DIP (0.300") 

PN: 14-Pin DIP (0.300") 

8-Pin PN (0.300" DIP) 

14Pin PN (0.300" DIP) 
Millimeters 1 rnmension I*i 

Dimandon 

Millimeters Inches 

Min. Mln. Max. Max. 



Package Drawings 

PN: 16-Pin DIP (0.300") 

16-Pin PN (0.300" DIP) 
Millimeters 1 .me,,8b" 1-1 

PN: PO-Pin DIP (0.300") 

Ea 



Package Drawings 

PN: 24-Pin DIP (0.300") 

24-Pin PN (0.300" DIP) 

Q: 28-Pin Quad PLCC 

Dimension 

28-Pin Q (Quad PLCC) 

Millimeters 

Mln. I Max. 

lnchea 

Min. Max. 



Package Drawings 

S: 16-Pin S (0.300" SOIC) 

16-Pin S (0.300" SOIC) 

S: PO-Pin S (0.300" SOIC) 



Package Drawings 

S: 24-Pin S (0.300" SOIC) 

/ 3 2Win S (0.300" SOIC) 

S: 28-Pin S (0.300" SOIC) 

C 

L 
n .OM 



Package Drawings 

SN: 8-Pin SN (0.150" SOIC) 

SN: 14-Pin SN (0.150" SOIC) 

8-Pin SN (0.150" SOIC) 

14-Pin SN (0.150" SOIC) 

Dimension 

inches 

Min. 

Millimeters 

Max. Min. Max. 



Package Drawings 

SN: 16-Pin SN (0.150" SOIC) 

24-Pin SSOP (SS) 

l&Pin SN (0.150" SOIC) 

24-Pin SS (0.150" SSOP) 
Inches Millimeters 

1 Dimension  in. I  ax.   in. 1  ax. 

Millimeters 

Mln. I Max. Dimension 

Inches 

Mln. / Max. 







@,,AM Quality and Reliability 

The Benchmarq Quality Policy 
It is the policy of Benchmarq to provide the highest-quality products in support of our custom- 
ers' needs. We recognize that we are in the business of providing not only the physical 
product, but also documentation, technical support, sales and marketing support, and timely 
product delivery. Our commitment to our customers begins with product concept and must 
extend long after actual product purchase and receipt. 

We are dedicated to establishing partnerships with our customers and know that to succeed 
we must help our customers succeed. We will do this by: 

Holding ourselves and our vendors accountable for establishing carefully considered 
methods and procedures for design, test, and production with clear and concise 
documentation, 

Responding professionally and expeditiously to customer or vendor problems that arise, 
bringing to bear the company's strongest resources, 

Developing an industry-leading "Quality Technology" to drive incremental improvements 
in all the products we provide, and to contribute to a continuous reduction in new product 
time to market, and 

Continuously providing products and services that meet or exceed the best expectations 
of our customers. 

In pursuing this commitment to quality, we have performed extensive qualification testing on 
our devices to help ensure the highest levels of product reliability. 

We feel confident that the reliability levels demonstrated by our qualification testing will 
allow us to provide a high-quality product that will meet or exceed our customers' needs. 
Benchmarq is continuously working toward improving product reliability. 

An integral part of quality improvement is customer feedback. We encourage our customers 
to contact us with any questions or suggestions regarding their individual quality 
requirements or for information concerning up-to-date product enhancements. 

Call us-we want to hear from you. 

Underwriters Laboratory Recognition 

Benchmarq's ICs and modules have been recognized by Underwriters Laboratory (U.L.@) 
under file El34016 (R). This helps to hasten U.L. approval of our customers' end equipment. 

'For detailed Quality and Reliability Reports, contact the fadory or your sales representative. 



Quality and Reliability 

Quality Procedures 
To help ensure that our final product is both consistent and reliable, the following quality 
tests and procedures have been implemented. 

Test Probe 
Each wafer is electrically tested a t  test probe to verify parametric integrity. Any wafer not 
meeting parametric specifications is rejected. 

Wafer IQC 
Wafer samples are periodically subjected to physical cross-sectional analysis to verify confor- 
mance to design and process specifications. 

Final Visual 
All lots are subjected to QC final visual inspection. The travelers are checked to make sure 
that the product was properly burned-in and tested. Additionally, lot numbers and counts are 
verified, and the devices are checked for mechanical integrity. 

Board-Level Products 
All printed circuit board level products are manufactured to meet ANSI/IFC-A-61OA and 
ANST/IFC-A-GOOD Class 2 specifications. 

Traceability 
N l  traceability is maintained on all products. The devices are traceable to front-end wafer 
lot and to assembly lot. Top brand includes the Benchmarq logo, part number, date code, and 
unique lot number (module products). 

Electrostatic Discharge (ESD) 
I t  is recognized that electronic components are susceptible to damage due to electrostatic 
discharge. To help minimize this risk, the following safeguards have been put into place: 

All personnel who handle devices wear grounded wrist and heel straps and have been 
trained to use proper device-handling procedures. 

All work surfaces used in the test and QC areas have been grounded. Antistatic flooring is 
used in the test, QC, and finished goods areas. 

All device testers and handlers have adequate grounding. 

Devices are placed into antistatic tubes and kept in conductive totes or boxes during the 
manufacturing process. 

Finished goods are stored in conductive boxes. Boxes and shipping containers are labeled 
with ESD warnings. 
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Packing and Shipping 
Great care is taken to ensure that finished product reaches the customer in perfect condition. 
All devices are placed in antistatic tubes during the assembly and test operations. Before 
shipping, device tubes are placed in conductive boxes that are marked with ESD warning 
labels. The conductive boxes are then placed into non-conductive shipping containers for 
additional protection against rough handling. The shipping containers are also marked with 
ESD caution labels. 

Process Monitoring 
The materials, assembly process, and test process are constantly monitored for problems and 
inconsistencies. Operator traceability and accountability are maintained so that any prob- 
lems can be identified earlier and corrections implemented quicker. The wafer foundry and 
assembly contractor are required to use Statistical Process Control (SPC) techniques to 
demonstrate that their manufacturing processes and hence, their final products, are in control 
and will not vary from lot to lot. This constant effort is provided to ensure the highest 
possible product quality. 

Qualification Strategy 
Benchmarq's goal is to provide the most reliable products possible. Hence, a combination of 
devices and packages representative of the front-end and back-end processes are selected for 
reliability testing. Three levels of qualification and reliability testing are performed on each 
product family. They are as follows: 

Wafer Level 
Wafer-level qualification is performed so that the reliability of the front-end process may be 
ascertained. Wafers from three front-end wafer lots are analyzed. Design rules such as 
critical dimensions, film thicknesses, step coverages, and oxide integrity are verified using a 
combination of electrical and visual analysis. Also, a series of tests designed to check the 
reliability of passivation, thin oxides, metal, and transistors are performed. 

By analyzing the device in wafer form, any major process or design reliability problems are 
uncovered early in the product development phase where they can be more quickly corrected. 

Package Level 
An assessment is performed on various package types to determine the reliability and 
manufacturability of the packaging process and materials. 

System Level 
Finally, a series of stringent environmental and operating life stresses are performed on 
packaged devices so that the short-term and long-term reliability of the product may be 
ensured. Infant life and long-term life predictions are then made based on this data. 
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NVSRAM Controllers 

NVSRAM Controller Process Flow 

Wafer Fabriwtlon 
by TSMC h TdWM 

TSMC 
5 w a h r  

Wafer IQC 
SUp~umpiino 

C.DJst.p mvuw m w w  
SEM m-m 

Probe 2% I -1.dA i 

Burn-In 
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Qualification Summary-NVSRAM Controllers 
Product: NVSRAM Controllers (bq2201, bq2202, bq2204) 
Qua1 Vehicle: bq2201SN 8- in, 150-mil SOIC 

(Lot: T M ~ O O ~ C P A  Date Code: 9046) 

High-Temperature Operating Life Test (5.5V, 150°C) 
48 hrs 96 hrs 168 hrs 
WOO w100 ~ 4 0 0  

Operating Life Test (5.5V, 125°C) 
48 hrs 168 hrs MX) hrs 1000 hrs !moo hrs 
W8 oJ298 0/298 ~ 2 9 8 ~  0/297 

Temperatumy'Humidity/Bias (5.5V, 85"C, 85%RH) 
48 hrs 168 hrs 500 hrs loo0 hrs hrs 
m9 m9 mg 159 9/ss 

High-Temperature Storage (unbiased, 150°C) 
48 hrs 168 hrs 500 hrs loo0 hrs 2000 hrs 
0 0 m 0 0 

Highly Accelerated Stress Test-HAST (5.5V, 130°C, 85OhRH, 1.7 atm) 
24 hrs 48 hrs 72 hrs 
0 m w50 

Temperature Cycling (-65°C to +150°C) 
10 CYC loo CYC 300 CYC 600 clvc loo0 CYC 

w100 cy97 ' w7 w7 
Thermal Shock (-55°C to 125OC) 

& 2 E  
0 

Moisture Resistance (unbiased, -10°C to 65OC, WhRH) 
10 CYC 

0 
Resistance to Soldering Heat (260°C, 10 seconds) 

lcyc 
w10 

Solderability (245"C, 5 seconds) QC24 leads fail 
Lead Fatigue w16 leads fail 
Lead Finish 0/24 leads fail 
Resistance to Solvents (3'4 devices fail 
Electrostatic Discharge >* lO0OV 
Latch-up Immunity >? 200mA 

'Refer to the August 1992 Benchmarq &uality and Reliability Report. 
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Predicted Failure Rates-NVSRAM Controllers 
Most integrated circuit failure mechanisms are based on physical or chemical reactions. 
These reactions are accelerated by temperature and can be modeled using the Arrhenius 
equation. The acceleration factor (AF) between any two temperatures may be calculated as 
follows: 

where: 

AF = acceleration factor 

e - - natural log 

Ea - - activation energy in electron volts 

k - - Boltzman's constant (8.62 x eVPK) 

- TI - derated temperature (OK) 

T2 = stress temperature (OK) 

The following assumptions have been made in Benchrnarq's determination of failure rates: 

Activation energy = 0.7 eV (based on 85"C/85% RH THB failure) 

Temperature derated to 55°C (typical use condition) 

Total device hours: 

bq2201 2000 hours x 298 devices x 77.8 = 46,368,800 device hours 
bq2201 168 hours x 100 devices x 259.9 = 4,366,320 device hours 
bql00l 1000 hours x 100 devices x 77.8 = 7,780,000 device hours 

Total device hours = 5.8515 x lo7 hours 
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A single-point estimate of the mature life failure rate may be calculated as follows: 

Failure rate = number of failures 
total device hours 

= fl.815 x 10' hours 

= 17.1 FITS 

Next, a Chi square approximation of the mature life failure rate can be made using the 
following information: 

Number of failures: 1 
Confidence level: 60% 

~ ? 2 f  + 2, a) 
~ai lu re  rate ( x2 ) = 

2 x total device hours 

where: 

f - - number of failures 

a - - 1 - confidence level 

4 0.4) 
Failure rate ( x2 ) = 

2 x ( 5.8515 x lo7 ) 

= 3.52 x lo4/ hours 

= 35.2 FITS 

Therefore, for the NVSRAM controllers built using the TSMC 1 . 2 ~  single-ply, double-level 
metal CMOS process, the mature life FIT rate is 36 FITS. 
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A similar determination of the infant life failure rate can be made. Benchmarq considers a 
failure that occurs within 1 year (8760 hours) at normal operating conditions an infant life 
failure. 

Derating for 125°C: 

Infant life time = AF x device stress hours 
8760 hours = 77.8 x device stress hours 
Device stress hours = 112.6 hours 

Derating for 150°C: 

Infant life time = AF x device stress hours 
8760 hours = 259.9 x device stress hours 
Device stress hours = 33.7 hours 

Therefore, any failure that occurs in the first 112.6 hours of 125OC operating life or in the first 
33.7 hours of 150°C operating life is considered an infant life failure. 

Total device hours: 

bq2201 112.6 hours x 298 devices x 77.8 = 2,610,563 device hours 
bq2201 33.7 hours x 100 devices x 259.9 = 875,863 device hours 
bqlOOl 112.6 hours x 100 devices x 77.8 = 876,028 device hours 

Total device hours = 4.3624 x lo6 hours 

A single-point estimate of the infant life failure rate may be calculated as follows: 

Failure rate = number of failures 
total device hours 

= 0/  4.3624 x lo6 hours 

= 0 FITS 
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Next, a Chi square approximation of the infant life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

q2, + 2, a) 
~ai lure  rate ( x2 ) = 

2 x total device hours 

where: 

f - - number of failures 

a - - 1 - confidence level 

Failure rate ( x2 ) = 
2 x (4.3624 x lo6) 

= 2.174 x lo"/ hours 

= 217.4 FITS 

Therefore, for the NVSRAM controllers built using the TSMC 1.2~ single-poly, double-level 
metal CMOS process, the infant life FIT rate is approximately 218 FITS. 
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NVSRAMs 

NVSRAM Module Construction 
Benchrnarq's NVSRAM modules are designed and built by Benchmarq in Dallas, Texas. Each 
module is constructed of one or more ICs mounted on a printed circuit board along with a 
lithium battery. This subassembly is then placed into a plastic housing and encapsulated 
with a specialized two-part epoxy. m e  bq2502 Integrated Backup Unit is manufactured in 
the same manner.) 

Quality Procedures 
To help ensure that our final product is both consistent and reliable, the following quality 
inspections and tests are performed: 

SRAMs-Low-powered SRAMs are used in the manufacture of modules. At incoming 
inspection, data-retention current is measured on a representative sample from each lot. 
After the components are mounted on the circuit boards, the circuits are 1000h tested for 
data-retention current. 

Batteries-Certificates of Compliance verifying the Open Circuit Voltage (OCV), Closed 
Circuit Voltage (CCV), and Internal Resistance (IR) are required from the manufacturer 
on each shipment. Historical statistical sampling indicates that a Lot Tolerant Percent 
Defective (LTPD) of less than 1% at  a confidence level of 90% can be expected. After 
batteries are mounted on the circuit boards, they are 1W/o tested for OCV. 

PCBs-A sample from each lot of printed circuit boards is visually inspected for router 
damage, breakouts, opens, shorts, or misaligned solder masks. 

Leads--Certificates of Compliance verifying the plating thickness are required from the 
manufacturer. Periodic quality audits of the plating thickness are performed. 

Traceability 
N l  traceability is maintained on both the integrated circuits and modules. The integrated 
circuits are traceable to front-end wafer lot and to assembly lot. The modules are traceable to 
housing, PCB, battery, controller, and SRAM lots. 
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NVSRAM Module Process Flow 
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Qualification Summary-NVSRAM Modules 
Product NVSRAM Modules (bq4010, bq4011, b 4011H, bq4013, bq4014, bq4015, 

bq4016, bq4017, bq4024, bq4025, bq2 68 2) 

Qua1 Vehicle bq401OMA 28-pin, 600-mil Module 
(Lot: QM04901 Date Code: 9049) 

Temperatur@umidity/Bias (5.5V, 85"C, 85%RFF) 
48 hrs 168 hrs 500 hrs loo0 hrs 2000 hrs 

0/"99 0/99 0196 W 0/96 
Highly Accelerated Stress Test*-HAST (5.5V, 130°C, 85%RH, 1.7 a h )  

24 hrs 48 hrs 72 hrs 
0/80 o/so ~9 '(without battery) 

Temperature Cycling (-40°C to +85"C) 
10 CYC 100 CYC 300 CYC 600 w c  loo0 cyc 
woo Wloo O / l o o  W l o o  w100 

Thermal Shock (-55°C to 125°C) without battery 
30 CYC 

0/105 

Moisture Resistance (unbiased, -10°C to 65"C, WRH) 
10 CYC 

0/50 
Resistance to Soldering Heat (260°C, 10 seconds) 

1 CYC 

w10 

Solderability (245"C, 5 seconds) 0/56 leads fail 
Lead Fatigue 0/84 leads fail 
Lead Finish 0/56 leads fail 
Resistance to Solvents 0/4 devices fail 
Electrostatic Discharge >k lOOOV 
Latch-up Immunity >+ 200mA 

Refer to the August 1992 Benchmarq Quality and Reliability Report. 



In the case of modules, an approximate FIT rate can be determined by adding together the 
FIT rates of the various components. The FIT ratm used and their sources are listed below: 

Therefore, for Benchmarq's module products, the FIT rate is approximately 81 FITS. 
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Real-Time Clocks (RTCs) 

Real-Time Clock IC Process Flow 

by TSMC in Takvan 
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Real-Time Clock Module Process Flow 
All modules are built by Benchmarq in Dallas, Texas. 
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Qualification Summary-Real-Time Clock ICs 
Product: RealTime Clocks (bq3285, bq3285E&, bq3285EC/U=, bq4285, bq4285E"JL, 

bq4-845) 

Qua1 Vehicle: bq3285ES 24-pin, 300-mil SOIC 

(Lot: 285AAEA, T346002, A61453.2 Date Code: 9332EP) 

High-Temperature Operating Life Test (5.5V, 125°C) 
48 hrs 168 hrs 500 hrs loo0 hrs 2000 hrs 
0/400 0 /40  w400 Q'm w400 

Temperature/Humidity/Bias (5.5V, 85"C, 85%RH) 
48 hrs 168 hrs 500 hrs loo0 hrs 2000 hrs 

0/96 Om Om oJss 0/96 

High-Temperature Storage (unbiased, 150°C) 
48 hrs 168 hrs 500 hrs loo0 hrs 2000 hrs 

0/30 0/30 O/m 0/30 * v30 
Temperature Cycling (65°C to +150°C) 

100 cyc 300 CYC 600 CYC loo0 CYC 

w100 0/100 0/100 woo 
Thermal Shock (55°C to +125"C) 

30 CYC 

0/50 

Resistance to Soldering Heat (260°C , 10 seconds) 
1 cyc 

0/5 

Solderability (2450C, 5 seconds) 0/120 leads fail 
Lead Fatigue 0/120 leads fail 
Lead Finish 0/120 leads fail 
Resistance to Solvents 0/5 
Electrostatic Discharge >*2OOO volts 
Latchup Immunity >?200 rnA 

* Intennittent single-bit failure-destroyed in analysis. 



Quality and Reliability 

Qualification Summary-Real-Time Clock Modules 
Product: Real-Time Clock Modules (bq3287, b 3287% 32873, bq3287L, 

bq3287Ek bq3287LA, bq4287E, bq4%37L, bqa7Y)  
Qua1 Vehicle: bq3287MT %-pin, 600-mil Module 

(Lot: QM147001 Date Code: 9147) 

(Lot: PM205004 Date Code: 9205) 

Temperatmumidity/Bim (5.5V, 85"C, 85%RH) 
48 hrs 168 hrs 500 hrs lo00 hrs 2000 hrs 
woo woo woo woo 

Highly Accelerated Stress Test HAST (5.5V, 130°C, 85%RH, 1.7 atm) 
24 hrs 48 hrs 144 hrs 

w 5  w 5  w 5  
Temperature Cycling (65°C to +150°C) 

10 W C  100 clvc m w c  800 clvc 
woo woo 0 woo 

Thermal Shock (55°C to +12Ei°C) 
30cYc 

w 5  
Resistance to Soldering Heat (260°C , 10 seconds) 

m c  
wo 

Solderability (245"C, 5 seconds) Q24 leads fail 
Lead Fatigue w 2  leads fail 
Lead Finish w 2  leads fail 
Resistance to Solvents 
Physical Dimension 

Q'4 
w4 
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Predicted Failure Rates-Real-Time Clock ICs 
Most integrated circuit failure mechanisms are based on physical or chemical reactions. 
These reactions are accelerated by temperature and can be modeled using the Arrhenius 
equation. The acceleration factor (AF) between any two temperatures may be calculated as 
follows: 

where: 

Al? = acceleration factor 

e - - natural log 

Ea - - activation energy in electron volts 

k - - Boltzman's constant (8.62 x eVPK) 

TI = derated temperature (OK) 

T2 = stress temperature (OK) 

The following assumptions have been made in Benchmarq's determination of failure rates: 

Activation energy = 0.7 eV (conservative estimate) 

Temperature derated to 55°C (typical use condition) 

AF(550c - 1250~)  = 77.8 

Voltage derated to 5.5V (typical use condition) 

Al?(5.5~ - 7.OV) = 5.0 (conservative estimate) 

Total device hours: 

bq3285 2000 hours x 400 devices x 77.8 x 5.0 = 311,200,000 device hours 

Total device hours = 3.1120 x lo8 hours 

A single-point estimate of the mature life failure rate may be calculated as follows: 

Failure rate = number of failures 
total device hours 

= 0/3.1120 x 108hours 

= 0 FITS 



Next, a Chi square approximation of the mature life failure rate can be made using the 
following information: 

Number of failures: 0 
Codidence level: 60% 

Failure rate ( x2 ) = 
2 x total device hours 

where: 

f = number of failures 
a= 1 - confidence level 

Xf2 ,  0.4) 
Failure rate ( Y ) = 

= 3.05 x lo-' / hours 

= 3.05 FITS 

Therefore, for the real-time clock integrated circuit built using the TSMC 0.8~ CMOS single- 
poly, double-level metal process, the mature life FIT rate is approximately 3 FITS. 

A similar determination of the infant life failure rate can be made. Benchmarq considers 
failures that occur within 1 year (8760 hours) at normal operating conditions an infant life 
failure. 

Derating for 125°C: 

Infant life time = AF x device stress hours 
8760 hours = 77.8 x device stress hours 
Device stress hours = 112.6 hours 

Therefore, any failure that occurs in the first 112.6 hours of 125OC operating life is considered 
an infant life failure. 
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Total device hours: 

bq3285 112.6 hours x 400 devices x 77.8 x 5.0 = 17,520,560 device hours 

Total device hours = 1.7520 x lo7 hours 

A single-point estimate of the infant life failure rate may be calculated as follows: 

Failure rate = 
number of failures 
total device hours 

= 0/ 1.7520 x lo7 hours 

= 0 FITS 

Next, a Chi square approximation of the infant life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

where: 

f = number of failures 
a= 1 - confidence level 

. . 

Failure rate ( x2 ) = 
2 x (7.0082 x lo6 ) 

= 5.4136 x hours 

= 54.1 FITS 

Therefore, for the real-time clock integrated circuit built using the TSMC 0.8 single-poly, 
double-level metal CMOS process, the infant life FIT rate is approximately 54 FITS. 
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Predicted Failure Rates-Real-Time Clock Modules 
In the case of modules, an approximate FIT rate can be determined by adding together the 
FIT rates of the various components. The FIT rates used and their sources are listed below: 

Therefore, for Benchmarq's RTC module produds, the FIT rate is approximately 10 FITS. 
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Lithium Ion Pack Supervisors (bq2053 and bq2058) and 
Rechargeable Alkaline Charge IC (bq2903) 
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Qualification Summary-Lithium Ion Pack Supervisor ICs and Recharge 
able Alkaline Charge IC 
Product: b q - 9  b q w ,  bq= 

Qua1 Vehicle: bq2053 Spin, 150-mil SOIC 
High-Temperature Operating Life Test (7.OV, 125°C) 

40 hrs 168 hrs 500 hrs lo00 hrs 
0J498 (3'498 w498 w498 

TemperatueJHumidity/Bias (5.5V, 85"C, 85%RH) 
48 hrs 168 hrs 500 hrs lo00 hrs 
oJl00 W100 Wloo  Wloo  

High-Temperature Storage (unbiased, 150°C) 
168 hrs 600 hrs lo00 hrs 
w c1/50 WO 

Temperature Cycling (-65°C to +lW°C) 
10 CYC m w c  600 cyc loo0 CYC 

Wl00 moo Yloo 
Thermal Shock (-55°C to +125"C) - 

0 
Resistance to Soldering Heat (260°C , 10 seconds) 

Solderability (245"C, 5 seconds) QM leads fail 
Lead Fatigue 050  leads fail 
Lead Finish Q80 leads fail 
Resistance to Solvents W4 devices fail 
Electrostatic Discharge >* 2000 volts 
Latch-up Immunity >* 200 mA 
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Predicted Failure Rates--Lithium Ion Pack Supervisor 
Most integrated circuit failure mechanisms are based on physical or chemical reactions. 
These reactions are accelerated by temperature and can be modeled using the Arrhenius 
equation. The acceleration factor (AF) between any two temperatures may be calculated as 
follows: 

where: 

AF = acceleration factor 

e - - natural log 

Ea - - activation energy in electron volts 

k - - Boltman's constant (8.62 x 1u5 eVpK) 

TI = derated temperature (OK) 
- Tz - stress temperature (OK) 

The following assumptions have been made in Benchrnarq's determination of failure rates: 

w Activation energy = 0.7 eV (conservative estimate) 

W Temperature derated to 55°C (typical use condition) 

m(55"c - 125°C) = 77.8 

w Voltage derated to 5.5V (typical use condition) 

m(5.5~ - 7.OV) = 5.0 (conservative estimate) 

Total device hours: 

bq2053 1000 hours x 498 devices x 77.8 x 5.0 = 193,722,000 device hours 
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A single-point estimate of the mature life failure rate may be calculated as follows: 

Failurerate = number of failures 
total device hours 

= O/ 1.93722 x lo8 horn 

= 0 FITS 

Next, a Chi square approximation of the mature life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

- < 

Failure rate ( x2 ) = 
2 x total device hours 

where: 

f - - number of failures 
a - - 1 - confidence level 

~ : 2 ,  0.4) 
Failure rate ( X2 ) = 

2 x ( 1.93722 x 108 ) 

= 4.90 x 1c9/ hours 

= 4.9 FITS 

Therefore, for the bq2053 Lithium Ion Pack Supervisor IC built using the AM1 1 . 5 ~  double- 
level poly, single-level metal CMOS process, the mature life FIT rate is approximately 5 FITS. II 
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A similar determination of the infant life failure rate can be made. Benchmarq considers 
failures that occur within 1 year (8760 hours) at normal operating conditions an infant life 
failure. 

Derating for 125°C: 

Infant life time = AF x device stress hours 
8760 hours = 77.8 x device stress hours 
Device stress hours = 112.6 hours 

Therefore, any failure that occurs in the first 112.6 hours of 125OC operating life is considered 
an infant life failure. 

Total device hours: 

bq2053 112.6 hours x 498 devices x 77.8 x 5.0 = 21,813,097 device hours 

A single-point estimate of the infant life failure rate may be calculated as follows: 

Failure rate = 
number of failures 
total device hours 

= 0/2.1813097 x 107hours 

= 0 FITS 

Next, a Chi square approximation of the infant life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

. , 

Failure rate ( X2 ) = 
2 x total device hours 

where: 

f - - number of failures 
a - - 1 - confidence level 
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2 0.4) 
Failure rate ( X2 ) = 

2 x ( 2.1913 x 10' ) 

= 4.3483 x 10.' / hours 

= 43.5 FITS 

Therefore, for the bq2053 Lithium Ion Pack Supervisor IC built using the AMI 1.5~ double- 
level poly, single-level metal CMOS process, the infant life FIT rate is approximately 44 FITS. 
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Battery Management ICs 

bq2002, bq2002T, bq2007 Fast Charge IC Process Flow 
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bq2003,20W, 2004E, 2005 Fast Charge IC Process Flow 

Wafer IQC 

C.DJ- coverep m n s w m m ~  
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bq2010, bq2011, bq2Oll J, bq2011 K, bq2012, bq2014, bq2040, bq2050, 
bq2090, and bq2091 Gas Gauge IC Process Flow 
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Qualitv and Reliabilitv 

Qualification Summary-Fast Charge IC 
Product: bq2003 Fast Charge IC 

Quai Vehicle: 20-pin, 300-mil PDIP 
(Lots: T221001, T237001, T24Q012) 

(Lot: 21 lABCP Date Code: 92%-EP) 
High-Temperature Operating Life Test ('7.OV, l!Z°C) 

48 hrs 168 hrs 500 hrs 
m w99 CV399 

Temperatu&Humidity/sias (5.5V, 85"C, 8S%RH) 
48 hrs 168 hrs 500 hrs 
w 2 0  w20 ma 

High-Temperature Storage (unbiased, 150°C) 
48 hrs 168 hrs 500 hrs 

0/50 9/60 w 
Temperature Cycling (65°C to +150°C) 

10 mc 100 CYC 300 w c  
woo moo woo 

Thermal Shock (55°C to +l!Z°C) 

Resistance to Soldering Heat (260°C , 10 seconds) - 
0/5 

lo00 hrs 
9/399 

loo0 hrs 
W20 

lo00 hrs 
9/60 

!moo hrs 
w20 

2000 hrs 
cY50 

Solderability (245"C, 5 seconds) Q96 leads fail 
Lead Fatigue Q50 leads fail 
Lead Finish @I30 leads fail 
Resistance to Solvents 0/4 devices fail 
Electrostatic Discharge >* 2000 volts 
Latchup Immunity >i 200 mA 



Quality and Reliability 

Qualification Summary-Dual-Battery Fast Charge IC 
Product : bq2005 Dual-Battery Fast Charge IC 

Qua1 Vehicle: 20-pin, 300-mil SOIC 

(Lot: 232AACA Date Code: 9329) 
High-Temperature Operating Life Test (7.OV, 125OC) 

48 hrs 168 hrs 500 hrs lo00 hrs 
W4-4 W144 W144 W144 

Temperatu&Humidity/Bias (5.5V, 85OC, 85%RH) 
48 hrs 168 hrs 500 hrs lo00 hrs 
o/s9 oJ99 oJ99 oJ99 

High-Temperature Storage (unbiased, 150°C) 
48 hrs 168 hrs 500 hrs lo00 hrs 

0/50 0/50 0/50 0/50 
Temperature Cycling (65OC to +150°C) 

100 CYC 300 CYC 600 cyc lo00 CYC 

0/100 W100 0/100 Wloo  
Thermal Shock (55OC to +125OC) 

30 CYC 

o/so 
Resistance to Soldering Heat (260°C , 10 seconds) 

1 cyc 
0/5 

Solderability (245OC, 5 seconds) 0/100 leads fail 
Lead Fatigue 0/100 leads fail 
Lead Finish 0/100 leads fail 
Resistance to Solvents 0/5 devices fail 
Electrostatic Discharge >+ 2000 volts 
Latchup Immunity >+ 200 mA 



Quality and Reliabilitv 

Predicted Failure Rates-Fast Charge iCs 
Most integrated circuit failure mechanisms are based on physical or chemical reactions. 
These reactions are accelerated by temperature and can be modeled using the Arrhenius 
equation. The acceleration factor (AF) between any two temperatures may be calculated as 
follows: 

where: 

AF = acceleration factor 

e - - natural log 

Ea - - activation energy in electron volts 

k - - Boltzman's constant (8.62 x eVPK) 

TI = derated temperature (OK) 

T2 = stress temperature (OK) 

The following assumptions have been made in Benchmarq's determination of failure rates: 

Activation energy = 0.7 eV (conservative estimate) 

Temperature derated to 55OC (typical use condition) 

AF(%oc - 1 ~ 5 ~ ~ )  = 77.8 

Voltage derated to 5.5V (typical use condition) 

~lF(5 .5~  - 7 .0~ )  = 5.0 (conservative estimate) 

Total equivalent device hours: 

bq!2003 2000 hours x 399 devices x 77.8 x 5.0 = 310,422,000 device hours 
ba2005 1000 hours x 144 devices x 77.8 x 5.0 = 56,016,000 device hours 

Total equivalent device hours: 366,438,000 device hours 



Quality and Reliability 

A single-point estimate of the mature life failure rate may be calculated as follows: 

- number of failures Failure rate - 
total device hours 

= 0/ 3.66438 x lo8 hours 

Next, a Chi square approximation of the mature life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

+ 2, a) 
Failure rate ( X2 ) = 

2 x total device hours 

where: 

f = number of failures 
a = 1 - confidence level 

Failure rate ( X2 ) = 
2 x ( 3.10422 x lo8 ) 

= 2.59 x / hours 

= 2.6 FITS 

Therefore, for the Battery Management ICs built using the TSMC 1.2~ double-level poly, 
double-level metal CMOS process, the mature life FIT rate is approximately 3 FITS. 

A similar determination of the infant life failure rate can be made. Benchmarq considers 
failures that occur within 1 year (8760 hours) at normal operating conditions an infant life 
failure. 



Derating for 125°C: 

Infant life time = A F  x device stress hours 
8760 hours = 77.8 x device stress hours 
Device stress hours = 112.6 hours 

Therefore, any failure that occurs in the first 112.6 hours of 125°C operating life is considered 
an infant life failure. 

Total equivalent device hours: 

bq2003 112.6 hours x 399 devices x 77.8 x 5.0 = 17,476,759 device houre 
bq2005 112.6 hours x 144 devices x 77.8 x 5.0 = 6,307,402 device hours 

Total equivalent device hours: 23,784,161 device hours 

A single-point estimate of the infant life failure rate may be calculated as follows: 

Failure rate = number of failures 
total device hours 

= O/ 2.3784~ lo7 hours 

= 0 FlTS 

Next, a Chi square approximation of the infant life failure rate can be made using the 
following information: 

Number of failures: 0 
Confidence level: 60% 

where: 

f = number of failures 
a = 1 - confidence level 
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..lure rate ( X2 ) = 
2 x ( 1.7477 x lo') 

= 3.9880 x hours 

= 39.9 FITS 

Therefore, for the Battery Management ICs built using the TSMC 1 . 2 ~  double-level poly, 
double-level metal CMOS process, the infant life FIT rate is approximately 40 FITS. 







@ B E N ~ M ~ Q  Sales Offices and Distributors 

Benchmarq Reaional - 

Sales Off ices 

Headquarters and Central Area 
17919 Waterview Parkway 
Dallas, TX 75252 
(800) 966-0011 
(972) 437-9195 
FAX (972) 437-9198 

Eastern Area 
3920 Montvale Crossing 
Cumming, GA 30131 
(770) 664-8009 
FAX (770) 752-0064 

Western Area 
15310 Blossom Hill Road 
Los Gatos, CA 95032 
(408) 358-7466 
FAX (408) 358-7467 

Asia 
Level 36, Hong Leong Building 
16 Raffles Quay 
Singapore 0104 
65 322 8521 
FAX 65 322 8558 

Sales Off ices-United States 

Alabama 

Interep Associates 
2107 West Feny Way 
Huntsville, AL 35801 
(205) 881-1096 
FAX (205) 881-1182 

Interep Associates 
Building A , Suite 203 
2900 Highway 98 
Daphne, AL 36526 
(205) 621-1036 
FAX (205) 621-1038 

Arizona 

Aztech Component Sales 
15230 N. 75th Street, Suite 1031 
Scottsdale, AZ 85260 
(602) 991-6300 
FAX (602) 991-0563 

Arkansas 
TL Marketing 
14850 Quorum Drive, Suite 100 
Dallas, TX 75240 
(972) 490-9300 
FAX (972) 960-6075 

California (North) 

Criterion Sales Inc. 
3350 Scott Boulevard, Building #44 
Santa Clara, CA 95054 
(408) 988-6300 
FAX (408) 986-9039 

California (Los Angeles Area) 

Harper and Two 
2798 Junipero Avenue 
Signal Hill, CA 90806 
(310) 424-3030 
FAX (310) 424-6622 

California (south) 

Addem 
832 Camino Del Mar, Suite 4 
Del Mar, CA 92014 
(619) 794-1999 
FAX (619) 755-6757 

Colorado 

Wescom Marketing 
4860 Ward Road 
Wheat Ridge, CO 80033 
(303) 422-8957 
FAX (303) 422-9892 



Sales Off ices and Distributors 

Connecticut 
Connecticut Applied Technology Inc. 
558 Maple Avenue, Suite 2 
Cheshire, CT 06410 
(203) 272-6564 
FAX (203) 271-3670 

Delaware 

Sunday-O'Brien 
1 Executive Drive, Suite 11 
Moorestown, NJ 08057 
(609) 222-0151 
FAX (609) 222-0153 

District of Columbia 

Avtek Associates, Inc. 
10632 Little Patuxent Parkway, Suite 435 
Columbia, MD 21044 
(410) 740-5100 
FAX (410) 740-5103 

Florida 
Dyne-A-Mark Corporation 
500 Winderley Place, Suite 100 
Maitland, FL 32751 
(407) 660-1661 
FAX (407) 660-9407 

Dyne-A-Mark Corporation 
Two Prospect Park Business Center 
3351 NW 55th Street 
Fort Lauderdale, FL 33309 
(305) 485-3500 
FAX (305) 485-6555 

Dyne-A-Mark Corporation 
742 Penguin Avenue NE 
Palm Bay, FL 32907 
(407) 725-7470 
FAX (407) 984-2718 

Georgia 

Interep Associates 
6855 Jimmy Carter Boulevard, Suite 2440 
Norcms, GA 30071 
(770) 449-8680 
FAX (770) 447-1046 

Idaho 
Delta Technical Sales, Inc. 
15050 SW Koll Parkway, Suite 2D 
Beaverton, OR 97006 
(503) 646-7747 
FAX (603) 643-9717 

Illinois (North) 

Micro Sales, Inc. 
901 Hawthorn Drive 
Itaaca, IL 60143 
(708) 285-1000 
FAX (708) 285-1008 

Illinois (South) 

M.I.N.K. Associates, Inc. 
43 Teakwood Lane 
Cedar Rapids, IA 52402 
(319) 393-0373 
FAX (319) 393-1782 

Indiana 

Giesting & Associates 
370 Ridgepoint Drive 
Carmel, IN 46032 
(317) 844-5222 
FAX (317) 844-5861 

M.I.N.K. Associates, Inc. 
443 Teakwood Lane 
Cedar Rapids, IA 52402 
(319) 393-0373 
FAX (319) 393-1782 

Kansas 

M.I.N.K. Associates, Inc. 
10100 Santa Fe, Suite 311 
Overland Park, KS 66212 
(913) 341-8309 
FAX (913) 341-2605 

M.I.N.K. Associates, Inc. 
1231 Benene 
Wichita, KS 67209 
(316) 721-6444 
FAX (316) 721-2567 



Sales Offices and Distributors 

Kentucky 
Giesting & Associates 
475 Amowhead Springe Lane 
Vereaillea, KY 40389 
(606) 873-2330 
FAX (606) 873-6233 

Louisiana (South) 
TL Marketing 
14343 Tomy Chase Boulevard, Suite 1 
Howton, TX 77014 
(713) 687-8100 
FAX (713) 680-7517 

Louisiana (North) 
TL Marketing 
14860 Quorum Drive, Suite 100 
Dallas, TX 75240 
(972) 490-9300 
FAX (972) 960-6075 

Maine 
ProComp Associates Inc. 
1049 East Street 
Tewksbury, MA 01876 
(608) 858-0100 
FAX (508) 868-0110 

Maryland 
Avtek Associates, Inc. 
10632 Little Patuxent Parkway, Suite 435 
Cohunbii, MD 21044 
(410) 740-5100 
FAX (410) 740-5103 

Massachusetts 
ProComp Associates Inc. 
1049 East Street 
Tewksbury, MA 01876 
(608) 858-0100 
FAX (508) 858-0110 

Gieating & Associates 
34441 Eight Mile Road, Suite 113 
Livonia, MI 48152 
(810) 478-8106 
FAX (810) 477-6908 

Minnesota 
Vector Design Technology 
3101 Old Highway 8, Suite. 202 
Roeeville, MN 56113 
(612) 631-1334 
FAX (612) 631-1329 

Mississippi 
Xnterep Associates 
Building A, Suite. 203 
2900 Highway 98 
Daphne, AL 36526 
(205) 621-1036 
FAX (205) 621-1038 

Missouri 
M.I.NJL Associates, Inc. 
2268 Schuetz Road, Suite 114 
St. Louis, MO 63146 
(314) 995-5355 
FAX (314) 995-5736 

Montana 
Delta Technical Sales, Inc. 
15050 SW Koll Parkway, Suite 2D 
Beaverton, OR 97006 
(503) 646-7747 
FAX (503) 643-9717 

Nebraska 
M.I.N.K. Associates, Inc. 
10100 Santa Fe. Suite 311 
Overland Park, KS 66212 
(913) 341-8309 
FAX (913) 341-2605 



Sales Offices and Distributors 

Nevada (North) 

Criterion Sales Inc. 
3350 Scott Boulevard, Bldg. #44 
Santa Clara, CA W 5 4  
(408) ~ - 6 3 0 0  
FAX (408) 986-9039 

Nevada (South) 

Aztech Component Sales 
15230 N. 75th Street, Suite 1031 
Scottsdale, AZ 85260 
(602) 991-6300 
FAX (602) 991-0563 

New Hampshire 
ProComp Associates Inc. 
1049 East Street 
Tewksburu, MA 01876 
(508) 868-0100 
FAX (508) 858-0110 

New Jersey (~orth) 

Metro Logic Corporation 
271 Route 48 West, Suite D202 
FaMeld, NJ 07006 
(201) 575-5585 
FAX (201) 575-8023 

New Jersey (South) 

Sunday-O'Brien 
1 Executive Drive, Suite 11 
Mooreetown, NJ 08057 
(609) 222-0151 
FAX (609) 222-0153 

New Mexico 
Aztech Component Sales 
15230 N. 75th Street, Suite 1031 
Scottsdale, AZ 85260 
(602) 991-6300 
FAX (602) 991-0563 

New York 
Metro Ingic Corporation 
271 Route 48 Weat, Suite D202 
Fairfield, NJ 07006 
(201) 575-66% 
FAX (201) 575-8023 

Empire Technical Associates 
Binghamton, NY 
(607) 785-3865 
FAX (607) 786-3616 

Empire Technical Associates 
Kingston, NY 
(914) 339-7139 
FAX (914) 336-6274 

Empire Technical Associates 
349 W. Commercial Street, Suite 2920 
East Rochester, NY 14445 
(716) 381-8500 
FAX (716) 381-0911 

Empire Technical Associates 
29  ell Street, Suite A 
Skaneateles, NY 13152 
(315) 685-5703 
FAX (315) 685-5979 

North Carolina 

Quantum Marketing 
4801 E. Independence Boulevard, Suite 100 
Charlotte, NC 28212 
(704) 536-8558 
FAX (704) 536-8768 

Quantum Marketing 
6604 Six Forka Road, Suite 102 
Raleigh, NC 27615 
(919) 846-5728 
FAX (919) 847-8271 

North Dakota 
Vector Design Technology 
3101 Old Highway 8, Suite 202 
R o d l e ,  MN 55113 
(612) 631-1334 
FAX (612) 631-1329 



Sales Offices and Distributors 

Ohio 
Giesting & Associates 
6200 S.O.M. Center Road, Suite D-M) 
Solon, OH 44139 
(216) 498-4644 
FAX (216) 498-4554 

Giesting & Associates 
2854 Blue Rock Road, P.O. Box 39398 
Cincinnati, OH 45239 
(513) 385-1105 
FAX (513) 385-5069 

Oklahoma 

TL Marketing 
1 4 W  Quorum Drive, Suite 100 
Dallas, TX 75240 
(972) 490-9300 
FAX (972) 960-6075 

Oregon 
Delta Technical Sales, Inc. 
1 5 W  SW Koll Parkway, Suite 2D 
Beaverton, OR 97006 
(503) 646-7747 
FAX (503) 643-9717 

Pennsylvania (East) 

Sunday-O'Brien 
1 Executive IXw, Suite 11 
Mooreatown, NJ 08057 
(609) 222-0151 
FAX (609) 222-0153 

Pennsylvania west) 

Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
(412) 828-3553 
FAX (412) 828-6160 

Rhode Island 
ProComp Associates Inc. 
1049 E a t  Street 
Tewksbury, MA 01876 
(508) 858-0100 
FAX (508) 858-0110 

South Carolina 
Quantum Marketing 
4801 E. Independence Boulevard, Suite 100 
Charlotte, NC 28212 
(704) 636-8658 
FAX (704) 536-8768 

South Dakota 
Vector Design Technology 
3101 Old Highway 8, Suite 202 
Roaeville, MN 56113 
(612) 631-1334 
FAX (612) 631-1329 

Tennessee 

Interep Associates 
411-D Village Drive 
Greenville, TN 37743 
(423) 639-3491 
FAX (4%) 639-0081 

Texas (El Paso) 

Aztech Component Sales 
15230 N. 76th Street, Suite 1031 
Scottedale, AZ 85260 
(602) 991-6300 
FAX (602) 991-0563 

Texas 

TL Marketing 
8100 Shoal Creek Boulevard, Suite 250 
Austin, TX 78757 
(512) 371-7272 
FAX (512) 371-0727 

TL Marketing 
14850 Quorum Drive, Suite 100 
Dallas, TX 75240 
(972) 490-9300 
FAX (972) 960-6075 

TL Marketing 
14343 Torrey Chase Boulevard, Suite I 
Houston, TX 77014 
(713) 687-8100 
FAX (713) 580-7517 



Sales Offices and Distributors 

Utah 

Wescom Marketing 
3500 South Main, Suite 110 
Salt Lake City, UT 84115 
(801) 269-0419 
FAX (801) 269-0665 

Vermont 
ProComp Associates Inc. 
1049 East Street 
Tewksbury, MA 01876 
(508) 858-0100 
FAX (508) 858-0110 

Virginia 
Avtek Associates, Inc. 
10632 Little Patwent Parkway, Suite 435 
Columbia, MD 21044 
(410) 740-5100 
FAX (410) 740-5103 

Washington 

Delta Technical Sales, Inc. 
11911 NE 1st Street, Suite 204 
Bellevue, WA 98004 
(206) 688-0812 
FAX (206) 688-0813 

West Virginia 

Avtek Associates, Inc. 
2658 Gatewood Circle 
Charlottesville, VA 22901 
(804) 975-3620 

Wisconsin (Southeast) 

Micro Sales, Inc. 
210 Regency Court, Suite LlOO 
Brookfield, WI 53045 
(414) 786-1403 
FAX (414) 786-1813 

Sales Offices-Canada 

British Columbia 

Electro Source 
6875 Royal Oak Avenue 
Burnaby, British Columbia 
Canada V5J 453 
(604) 435-2533 
FAX (604) 435-2538 

Alberta 

Electro Source 
2635 - 37th Avenue NE, Suite 245 
Calgary, Alberta 
Canada T1Y 5Z6 
(403) 735-6230 
FAX (403) 735-0599 

Ontario 

Neutronics Components, Ltd. 
240 Terence Matthews Cr., Suite 105 
Kanata, Ontario 
Canada K2M 2C4 
(613) 599-1263 
FAX (613) 599-4750 

Neutronics Components, Ltd. 
5925 Airport Road, Suite 200 
Mississauga, Ontario 
Canada IAV 1W1 
(905) 405-6230 
FAX (905) 405-6248 

Quebec 
Neutronics Components, Ltd. 
3535 St. Charles Blvd., Suite 451 
Kirkland, Quebec 
Canada H9H 5B9 
(514) 428-5838 
FAX (514) 428-5839 



Sales Offices and Distributors 

North American Distributors 

Arrow Electronics (all locations) 

Melville, NY 
(Corporate) 
25 Hub Drive 
Melville, NY 11747 
(516) 391-1300 
FAX (516) 391-1707 

Huntsville, AL 
(205) 837-6956 

Tempe, AZ 
(602) 431-0030 

Calabasas, CA 
(818) 880-9686 

Irvine, CA (Orange County) 
(714) 687-0404 

San Diego, CA 
(619) 565-4800 

San Jose, CA 
(408) 441-9700 

Englewood, CO 
(303) 799-0258 

Wallingford, CT 
(203) 265-7741 

Deerfield Beach, FL (South F'L) 
(305) 429-8200 

Lake Mary, FL (North FL) 
(407) 333-9300 

Duluth, GA 
(404) 497-1300 

Itasca, L 
(708) 250-0500 

Indianapolis, IN 
(317) 299-2071 

Columbia, MD 
(301) 696-7800 

Boston, MA 
(508) 658-0900 

Detroit, MI 
(313) 455-0860 

Eden Prairie, MN 
(612) 941-5280 

Pine Brook, NJ 
(201) 227-7880 

Hauppauge, NY (Metro) 
(516) 231-1000 

Rochester, NY 
(716) 427-0300 

Raleigh, NC 
(919) 876-3132 

Centerville, OH 
(513) 435-6563 

Solon, OH 
(216) 248-3990 

Beaverton, OR 
(503) 629-8090 

Philadelphia, PA (Marlton, NJ) 
(609) 596-8000 

Austin, TX 
(512) 835-4180 

Dallas, TX 
(972) 380-6464 

Houston, IX 
(713) 647-6868 

Salt Lake City, UT 
(801) 973-6913 

Brookfield, W 
(414) 792-0150 



Sales Offices and Distributors 

In Canada: Arrow Electronics 

Burnaby, British Columbia (Vancouver) 
(604) 421-2333 

Mississauga, Ontario (Toronto) 
(416) 670-7769 

Nepean, Ontario (Ottawa) 
(613) 226-6903 

Dorval, Quebec 
(514) 421-7411 

Marshall Industries (all locations) 

Milpitas, CA 
(Corporate) 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 
FAX (408) 942-4722 

Huntsville, AL 
(205) 881-9235 

Phoenix, AZ 
(602) 496-0290 

Tucson, AZ 
(602) 790-5887 

Irvine, CA 
(714) 458-5301 

Sacramento, CA 
(916) 635-9700 

San Diego, CA 
(619) 627-4140 

Thousand Oaks, CA 
(805) 370-1988 

Denver, CO 
(303) 451-8383 

Wallingford, CT 
(203) 265-3822 

Ft. Lauderdale, FL 
(305) 977-4880 

Orlando, FL 
(407) 767-8585 

Tampa, FL 
(813) 573-1399 

Atlanta, GA 
(404) 923-5750 

Chicago, IL 
(708) 490-0155 

Indianapolis, IN 
(317) 388-9069 

Kansas City, KS 
(913) 492-3121 

Boston, MA 
(508) 658-0810 

Columbia, MD 
(410) 880-3030 

Livonia, MI 
(313) 525-5850 

Minneapolis, MN 
(612) 559-2211 

St. Louis, MO 
(314) 291-4650 

Raleigh, NC 
(919) 878-9882 

Fairfield, N J  
(201) 882-0320 

Rochester, NY 
(716) 235-7620 

Ronkonkoma, NY 
(516) 737-9300 

Cleveland, OH 
(216) 248-1788 

Dayton, OH 
(513) 898-4480 

Portland, OR 
(503) 644-5050 



I Sales Offices and Distributors 

Philadelphia, PA 
(609) 234-9100 

Austin, TX 
(512) 837-1991 

Dallas, TX 
(972) 705-0600 

Houston, TX 
(713) 467-1666 

Salt Lake City, UT 
(801) 973-2288 

Seattle, WA 
(206) 488-5747 

Milwaukee, WI 
(414) 797-8400 

In Canada: G.S. Marshall Co. 
Calgary, Alberta 
(403) 274-3717 

Montreal, Quebec 
(514) 694-8142 

Mississauga, Ontario 
(905) 612-1771 

Vancouver, BC 
(604) 294-6505 

Nu Horizons Electronics Corp. 
(all locations) 

Amityville, NY 
(Corporate) 
6000 New Horizons Boulevard 
Amityville, NY 11701 
(516) 226-6000 
FAX (516) 226-6140 

Huntsville, AL 
(205) 722-9330 

Los Angeles, CA 
(818) 889-9911 

San Diego, CA 
(619) 576-0088 

San Jose, CA 
(408) 434-0800 
Altamonte Springs, FL 
(407) 831-8008 

Fort Lauderdale, FL 
(305) 735-2555 

Norcross, GA 
(770) 416-8666 

Columbia, MD 
(410) 995-6330 

Wakefield, MA 
(617) 246-4442 

Edina, MN 
(612) 942-9030 

Raleigh, NC 
(800) 929-5383 

Pine Brook, NJ 
(201) 882-8300 

Rochester, NY 
(716) 292-0777 

Twinsburg, OH 
(216) 963-9933 

Philadelphia, PA 
(609) 231-0900 

Austin, TX 
(512) 467-2292 

Dallas, TX 
(972) 488-2255 



Sales Offices and Distributors 

Vantage Components, Inc. 
(all locations) 

Columbia, MD 
(Corporate) 
6925R Oakland Mills Road 
Columbia, MD 21045 
(410) 720-5100 
FAX (410) 381-2172 

Altamonte Springs, FL 
(407) 682-1199 

Deerfield Beach, 
(305) 429-1001 

Andover, MA 
(508) 667-2400 

Clifton, N J  
(201) 777-4100 

Smithtown, NY 
(516) 543-2000 

Wyle Electronics (all locations) 

Santa Clara, CA 
(Corporate) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
(408) 727-2500 
FAX (408) 727-5896 

Huntsville, AL 
(205) 830-1119 

Phoenix, AZ 
(602) 804-7000 

Calabasas, CA 
(818) 880-9000 

Irvine, CA 
(714) 863-9953 

Rancho Cordova, CA 
(716) 638-5282 

San Diego, CA 
(619) 565-9171 

Denver, CO 

Fort Lauderdale, FL 
(305) 420-0500 

Tampa, FL 
(813) 576-3004 

Atlanta, GA 
(404) 441-9045 

Chicago, IL 
(708) 620-0969 

Baltimore, MD (Washington, D.C.) 
(410) 312-4844 

Boston, MA 
(617) 272-9953 

Minneapolis, MN 
(612) 853-2280 

Melville, NY 
(516) 293-8446 

Raleigh, NC 
(919) 481-3737 

Solon, OH 
(216) 248-9996 

Portland, OR 
(503) 643-7900 

Philadelphia, P A  
(609) 439-9110 

Austin, TX 
(512) 345-8853 

Dallas, TX 
(972) 235-9953 

Houston, TX 
(713) 784-9953 

Salt Lake City, UT 

Seattle, WA 
(206) 881-1150 

Milwaukee, WI 
(414) 879-0434 



I 

Sales Offices and Distributors 

International 
Representatives 
Australia 
Reptechnic Pty. Ltd. 
3/36 Bydown Street 
Neutral Bay NSW 
Australia 2089 
61-2-9953-9844 
FAX 61-2-9953-9683 

Austria 
Allmos Electronics Handelsges. m.b.H 
Esterhazystrasse 33 
A-7000 Eisenstadt 
Austria 
43-2682-67561 
FAX 43-2682-675619 

Belgium 
Tekelec Belgium N.V. 
J F  Kennedyplein 8 
B-1930 Zaventem 
Belgium 
32-2-725-6520 
FAX 32-2-725-1083 

Brazil 
Graftec Electronic Sales, Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, FL 33431 
(561) 994-0933 
FAX (561) 994-5518 

China, Hong Kong 
Memec Asia Pacific Ltd. 
Unit No. 2308-2319 
Tower 1, Metroplaza 
Hing Fong Road 
Kwai Fong, New Territories 
Hong Kong 
852-2-410-2777 
FAX 852-2-418-1600 

Denmark 
Acte NC Denmark AS 
Titangade 15 
DK-2200 Copenhagen N 
Denmark 
45-3586-9090 
FAX 45-3586-9060 

Finland 
Computer 2000 Finland Oy 
Pyyntitie 3 
02230 Espoo 
Finland 
358-0-887-33330 
FAX 358-0-887-33289 

France 
Newtek S.A. 
8, Rue De L'Esterel 
Silic 583 
94663 Rungis Cedex 
France 
33-1-4687 2200 
FAX 33-1-4687 8049 

Germany 
Tekelec Airtronic GmbH 
KapuzinerstraRe 9 
80337 Miinchen 
Germany 
49-89-51640 
FAX 49-89-535129 

India 
Spectra Innovations Inc. 
Unit S-822 Manipal Centre 
47 Dickenson Road 
Bangalore 560 042 
Karnataka 
India 
91-812-588-323 
FAX 91-812-586-872 

780 Montague Expressway, Suite 208 
San Jose, CA 95131-1316 
(408) 954-8474 
FAX (408) 954-8399 

Ireland 
Curragh Technology Ltd. 
Block H., Lock Quay 
Clare Street 
Limerick, Ireland 
353-61-316-116 
FAX 353-61-316-117 

Israel 
Telsys Ltd. 
Atidim-Industrial Park, Bldg. 3 
Dvora Hanevia Street, Neve Sharet 
Tel Aviv 6 143 1 
Israel 
972-3649-2001 
FAX 972-3649-7407 



Sales Offices and Distributors 

Italy 
Newtek Italia SpA 
Viale Cassiodoro 16 
20145 Milano 
Italy 
39-2-4692156 
FAX 39-2-4695197 

Japan 
Macnica 
Hakusan High-Tech Park 
1-22-2 Hakusan, Midori-Ku 
Yokohama City, 226 Japan 
81-45-939-6140 
FAX 81-45-939-6167 

Korea 
ENC Korea 
5 fl., IL Heung Sporex Bldg. 
1490-25 Seocho-Dong 
Seocho-Ku 
Seoul, Korea 
82-2-523-2220 
FAX 82-2-523-2345 

13620 Cimarron Avenue 
Gardena, CA 90246 
(310) 366-1314 
FAX (310) 366-1319 

Mexico 
Pan American Tech Sales 
Av. Guadalupe No. 1555 
Col. Chapalita 
Zapopan, Jalisco C.P. 45040 
Mexico 
(523) 121-3695 
FAX (523) 122-4120 

414 Executive Center Boulevard, Suite 6 
El Paso, TX 79902 
(915) 532-1900 
FAX (915) 532-2180 

Netherlands 
Tekelec Airtronic B.V. 
Ypsilon House 
Engelandlaan 310 
271 1 DZ Zoetermeer 
Netherlands 
3 1-79-461430 
FAX 31-79-3417504 

New Zealand 
Avnet Pacific (NZ) Ltd. 
274 Church Street 
Penrose, Auckland 
New Zealand 
Postal: Private Bag 92821 Penrose Auckland 
64-9-636 7801 
FAX 64-9-636 7803 

Norway 
Acte NC Norway AS 
P.O. Box 190 
N-2020 Skedsmokorset 
Norway 
47-63-879330 
FAX 47-6-879000 

Philippines 
Crystalsem, Inc. 
216 Ortega Street 
San Juan, Metro Manila 
Philippines 1500 
63-2-790-529 or 63-2-793-979 
FAX 63-2-722-1006 

Puerto Rico 
Semtronic Associates 
Crown Hills 
125 Carite Street 
ESQ. Parana Avenue 
Rio Piedras, Puerto Rico 00926 
(809) 766-0700 
FAX (809) 763-8071 

Singapore, Thailand, Malaysia 
Desner Electronics 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 368086 
65-28-51-566 
FAX 65-28-49-466 

Spain 
Anatronic SA. 
Paseo Imperial, 8 Planta 3-3B 
28005 Madrid 
Spain 
34-1-366-01-59 
FAX 34-1-365-50-95 
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South Africa 
KH Distributors cc 
P.O. h 1945 
Ianada 1820 
South Africa 

I 2711 864 5011 or 2711 854 2670 
FAX 2711 852 6513 

I 

Sweden 
IE Komponenter AB 
Box 11 113 
5-161 11 Bromma 
Sweden 
46-8-804685 
FAX 46-8-262286 

Switzerland 
Memotec AG 
GeewerkstraDe 32 
CH-4901 Langenthal 
Switzerland 
41-63-281122 
FAX 41-63-223506 

Taiwan 
Prospect Technology 
SF, No. 348, Section 7 
Cheng-Teh Road 
Taipei, Taiwan IL0.C. 
886-2-820.5353 
FAX 8862-820.5731 

65% Devomhim Drive 
San Joee, CA 96129 
(408) 252-6836 
FAX (408) 9!36-3690 

United Kingdom 
Sequoia Technology Limited 
Tekelec Houee 
Back Lane, Spencers House 
Reading Berks RG7 1PD 
United Kingdom 
44-1-734-258000 
FAX 44-1-734-2580fN 




