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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 address these requirements, taking
full advantage of advanced analog and digital VLSI technologies 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 Benchmarg’s product line.

Our Commitment

When you choose to integrate Benchmarq products 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.




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.

To locate information by: See pages:
Table of Contents v - vii
Alphanumeric Product Index viii - ix
Family Summary and Selection Guides X - xvi
Product Cross-Reference Tables xvii — xviii
Ordering Information xix
Data Sheet Types XX

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.

For More Information ...

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 Benchmarg product information and
sales office locations at:

http://www.benchmarg.com

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

benchmarq@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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Fast Charge IC Summary and Selection Guide

Benchmarg’s Fast Charge ICs provide fast charge control, current regulation support, and pre-charge qualification
and conditioning for rechargeable batteries.

»  Fast charging and conditioning of nickel cadmium, >

nickel metal hydride, lead acid, lithium ion, or
rechargeable alkaline batteries

»  Flexible current regulation support:

—  Frequency-modulated linear (lowest cost)

—  Switch-mode (most efficient)

—  Gating control (external regulator)

»  Easily integrated into systems or as a stand-alone

charger

Direct LED outputs display battery and charge
status

»  Fast charge termination by delta temperature/
delta time, negative delta voltage, peak voltage
detect, minimum current, maximum temperature,

maximum voltage, and maximum time

»  Optional top-off and maintenance charging

»  Discharge-before-charge option

»  Variable-rate charging uses excess supply current
to charge batteries during system operation

Fast Charge IC Selection Guide

Charge
Battery  |Control Key Pins | Part Page
Technology | Output Termination Method Features Package Number Number
NiMH Singl -AV, peak voltage, ti Low power 8/.300" DIP, bq2002 1-1
NiCd et vorage, e | and smallsize | 8/.150"SOIC | %
NiMH | gingle | -AV, PVD, max. temp., ti Lowpower | 8&.300"DIP, 1 yq2002C 1-11
NiCd mete | AV, YD, max. temp. WP | and small size | §.150"SOIC | O
NiMH Single | AT/At, max. temp., ti Lowpower | 8/.300"DIP, | pg2002T 119
NiCd ingle | AT/At, max.temp., time | 4 vall size | 8/.150"SOIC | ™
NiMH Single -AV, AT/At, max. temp., Includes PWM | 16/.300" DIP, bq2003 1-31
NiCd voltage, and time 16/.300" SOIC
NiMH . -AV, peak voltage, AT/At, | PWM and low- | 16/.300" DIP,
NiCd Single max. temp., voltage, power mode |16/.150"SOIC| bq2004 1-87
and time
NiMH, NiCd -AV, peak voltage, AT/At, PWM, pulsed | 16/.300" DIP,
Li-Ion Single max. temp., voltage, precharge 16/.150" SOIC| ba2004E 1-111
and time conditioning
NiMH Dual -AV, AT/At, max. temp., Sequential 20/ .300" DIP, bq2005 1-131
NiCd voltage, and time charger 20/.300" SOIC
NiMH Singl -AV, peak voltage, max. LCLYLED 24/ .300" DIP, bq2007 1-171
NiCd "8 | temp, voltage, and time display | 24/.300"soIC| °
Lead Single | max. voltage, min. current, | Temp. compen- | 16/.300" DIP, bq2031 1-209
Acid -A%, temp., and time sated thresholds | 16/.150" SOIC
Lithium Singl . voltage, mi t 1% voltage 16/.300" DIP, ba2054 1-273
Ton fogle | max.vollage, mincurrent | egulation | 16/.150"SOIC| %
Rechargeable | gj 0] : 1t 2-cell 8/.300" DIP, 2902 1-305
Alkaline | 5 maximum volage charging | 8/.150"s01C | ™
Rechargeable | Single : 1t 3- or 4-cell 14/.300" DIP, 1-313
Alkaline maximum vo'tage charging | 14/.150" s01G|  "20?




Pack Protection IC Summary and Selection Guide

Benchmarg’s bq2053 and bq2068 Lithium Ion Pack Protection ICs provide reversible overvoltage, undervoltage, and
overcurrent protection for lithium ion battery packs.

»  Protects 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-programmableby  »

Benchmarq

Pack Protection IC Selection Guide

bq20563 operating current:

< 40uA for 4-cell configuration
< 20pA for 3-cell configuration
< 15pA for 2-cell configuration
< 1pA sleep mode

bq2058 operating current:

< 60pA for 3-cell or 4-cell configuration

Battery Key Pins / Part Page
Technology Protection Types Features Package Number Number
Lithi Overvoltage, 24 cells
Ionum overcurrent, and Very lo:e power 8/.150" SOIC bq2053 1-257
undervoltage
Lithi Overvoltage, 3or 4 cells
Ton overcurrent, Verylow power | 16/.150"SOIC | bq2058 1-298
undervoltage




Nonvolatile SRAM Summary and Selection Guide

Benchmarq’s NVSRAMs integrate—in a single-DIP package—extremely low standby power SRAM, nonvolatile con-
trol circuitry, and a long-life lithium cell. The NVSRAMs combine secure nonvolatility (more than 10 years in the
absence of power) with standard SRAM pinouts and fast unlimited read/write operation.

»  Data retention in the absence of power

»  Automatic write-protection during
power-upypower-down cycles

»  Industry-standard pinout
»  Conventional SRAM operation; unlimited write

cycles

» 10 or b years minimum data retention in the
abseence of power

>  Battery internally isolated until power is first
supplied

»  Industrial temperature range available

Nonvolatile SRAM Selection Guide

Config- Tech- Access Minimum Data- Pins | Part Page
Density uration nology Time (ns) Retention Time | Package Number' Number
64Kb | 8Kbx8 | NVSRAM | 70, 852 1502 200 10 years 28/DIP | bad0l¥/ 6-1
bqd010Y
256Kb | 32Kbx8 | NVSRAM |702 100, 150 200 10 years 28/DIP bq401111(, 6-11
1Mb | 128 NVS 2 852, 1 32/DIP | bad01¥ 621
Kbx8 RAM | 70% 852 120 0 years / izl
Kb NV .1 1 32/DIP | bq40ly 6-31
256 Kbx 8 SRAM 85, 120 0 years / i
2Mb
128Kbx 16 | NVSRAM 85, 120 10 years 40/DIP bq4°2244§ 6-71
512 Kb NVS 70, 85, 1 1 32/DIP | Dbad01y 6-41
x8 RAM 85, 120 0 years / R
4Mb
256 Kbx 16 | NVS ,1 40/DIP | ba402y 6-81
b4 RAM 85, 120 b years / 25y
8Mb | 1024 8 S 1 DIP | bq4016 6-51
Kbx NVSRAM 70 0 years 36/ 16Y
16Mb | 2048Kbx8 | NVSRAM 70 5 36/DIP | bad017 6-61
x years / bqd017Y
Notes: 1. “Y” version denotes 10% Vcc tolerance.

2. “Y” version available in -40°C to +86°C industrial temperature range.
3. See data sheet for details.

xiv



Nonvolatile Controller Summary and Selection Guide

Benchmarg’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 130mAh lithium cell that is

isolated until power is applied.

»  Power monitoring and switching for 3V »  Reset output option for system power-on reset
b -back: icati .
attery-backup applications »  Less than 10ns chip enable propagation delay
» b5 i
V Vec operation » 5% or 10% supply operation
»  Automatic write-protection during
power-up/power-down cycles »  Control up to four banks of SRAM
»  Automatic switching from Vcc to first backup > Module/DIP or SOIC packages

battery and from first backup battery to second
backup battery

Nonvolatile Controller Selection Guide

SRAM Battery
Banks Monitor Reset lout Part Page
Controlled Outputs Output (Typ.) Pins / Package Number Number

1 160 mA 8/NDIP, NSOIC bq2201 4-1
2 4 160 mA 16/ NDIP, NSOIC bq2202 4-9
2 v/ v/ 160 mA 16 /NDIP, NSOIC bq2203A 4-17
4 160 mA 16 /NDIP, NSOIC bq2204A 4-25
2 4 160 mA 12/ DIP module bq2502 4-33




Real-Time Clock Summary and Selection Guide

Benchmarg’s real-time clocks (RTCs) provide highly integrated clock/calendar 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.

»  Clock/calendar 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
Onboard CPU
RAM NVRAM Bus 32kHz | Super- Pins / Part Page
(bytes) Control | Interface | Voltage | Output | visor Package Number Number
114 Muxed | 5V 24/ DIP, SOIC bq3285 5-1
e 28/ PLCC q
242 Muxed 5V v 24 / DIP, SOIC, SSOP bq3285E 5-21
28/ PLCC
242 Muxed 5V v 24/ SOIC, SSOP bq3285EC 5-45
242 Muxed 3V 4 24 / DIP, SOIC, SSOP bq3285L 5-21
242 Muxed 3V v 24 / SOIC, SSOP bq3285LC 5-45
114 Muxed | 5V 24 / DIP module bq3287/ 5-69
bq3287A
242 Muxed | 5V v 24 / DIP module bq3287E/ 5-73
bq3287EA
114 v Muxed | 5V 24/ DIP, SOIC 4285 5-77
e 28/ PLCC ba
114 v Muxed | 5V v 24/DIP, SOIC, SSOP, | 1q4285E 5-97
28 /PLCC
114 v Muxed 3V v 24 / DIP, SOIC, SSOP bq4285L 5-97
114 v Muxed 5V 24 / DIP module bq4287 5-123
114 v Muxed 5V v 24 / DIP module bq4287E 5-129
32K SRAM 5V 28 / DIP module bq4830Y 5-135
32K SRAM 5V v 32/ DIP module bq4832Y 5-149
128K SRAM 5V v 32 / DIP module bq4842Y 5-165
0 v SRAM 5V 4 28 / DIP, SOIC bq4845/Y 5-181
0 v SRAM 5V v 28 / DIP module bq4847/Y 5-199
512K SRAM 5V 32 / DIP module bq4850Y 5-203
512K SRAM 5V v 36 / DIP module bq4852Y 5-217




Product Cross-Reference Tables

NVSRAM Cross-Reference

Dallas SGS-
Density Semiconductor Thomson Benchmarq
64Kb DS1225AB MK48708 bq4010
DS1225AD/Y MK48718 bq4010Y
DS1230AB M48Z30 bq4011
956Kb DS1230Y M48Z30Y bq4011Y
DS1630AB - Contact factory
DS1630Y - Contact factory
DS1245AB M48Z128 bq4013
DS1245Y M48Z128Y bq4013Y
1Mb DS1645AB - Contact factory
DS1645Y - Contact factory
DS1645EE - Contact factory
- M48Z256 bqd014
oMb DS1249Y M48Z256Y bqd014Y
DS1658AB M467128 bq4024
DS1658Y M467128Y bqd024Y
DS1650 M48Z512 bq4015
AMb DS1650Y M48Z512Y bq4015Y
. M467.256 bq4025
- M46Z256Y bqd025Y
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Product Cross-Reference Tables

Real-Time Clock Cross-Reference

Dallas Semiconductor SGS-Thomson Benchmarq
DS1285/885 - bq3285P
DS1285Q/885Q - bq3285Q
DS12855/885S - bq3285S
DS1287/887 MK48T87B24 bg3287TMT
DS1287A/887A - bq3287AMT
DS14285 - bq4285P
DS14285S - bq4285S
DS14285Q - bq4285Q
DS14287 - bq4287MT
DS1643 M48T18 bq4830Y*
DS1644 - bg4830Y
DS1646 - bq4842Y2

Notes: 1. Memory upgrade.

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

Nonvolatile Controllers Cross-Reference

Dallas Semiconductor Benchmarq
DS1210 bq2201PN 4
DS12108 bg2201SN * 4
DS1218 bq2201PN 8
DS12188 bq2201SN ®
DS1221 bg2204APN %4
DS12218 bq2204ASN 23 4

Notes: 1. Benchmarq’s bq2201SN is a small 8-pin, 150-mil SOIC, compared to the

DS812108, which is a 16-pin, 300-mil SOIC.

2. Benchmarq’'s bqg2204ASN is a small 16-pin, 150-mil SOIC, compared to the
DS12218S, which is a 16-pin, 300-mil SOIC.
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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Orderlng Information

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

®  Device
B Package Options
®  Speed Options

®  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 requirements or to
place an order. Sales offices are listed at the end of this data book.

bqdxx MA-
L Temperature Range:
blank = Commercial (0 to +70°C)
1 = Extended (-20 to +70°C)
N = Industrial (40 to +85°C)
Speed Options:
70, 85, ... , 200, or blank
— Package Options:
P = Plastic DIP
PN = Narrow Plastic DIP
S =S0IC
SN = Narrow SOIC
SS = SSOP
Q =Quad PLCC
Mx = x-type module
— Device:
bq2003
bq2201 Examples:
bq4011Y bq2003S
ba4287 bq2201SN-N
etc. bq2204PN-N
bq4010YMA-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.

m  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.

B Preliminary: Benchmarq Preliminary data sheets provide preliminary specifications
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 dam-
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
area/operator before the individual ICs are handled.
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BENCHMARG

Features

» Fast charge of nickel cadmium or
nickel-metal hydride batteries

» Direct LED output displays
charge status

» 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
rates

» Low-power mode

» 8-pin 300-mil DIP or 150-mil
SOIC

bq2002

General Description

The bq2002 Fast Charge IC is a low-
cost CMOS battery charge controller
for both NiCd and NiMH battery
applications. Controlling a current-
limited or constant-current supply
allows the bq2002 to be the basis for a
cost-effective stand-alone or system-
integrated charger. The bq2002
integrates fast charge with optional
top-off and pulsed trickle control in a
single IC for charging one or more
NiCd or NiMH battery cells.

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

Fast Charge IC L

Fast charge is terminated by any of
the following:

@ Peak voltage detection (PVD)
m Negative delta voltage (-AV)
8 Maximum temperature

® Maximum time

After fast charge, the bq2002 option-
ally tops-off and pulse-trickles the
battery per the pre-configured limits.
Fast charge may be inhibited using
the INH pin. The bq2002 may also be
placed in low-standby-power mode to
reduce system power consumption.

Pin Connections

%
™

1
LED |2
BAT 3
VssO4

8-Pin DIP or
Narrow SOIC

PN-55

JCC
1 INH
O Vee
TS

oa oo~N®

Sept. 1996 B

Pin Names

™ Timer mode select input
LED Charging status output
BAT Battery voltage input
Vss System ground

TS Temperature sense input
Vee 5.0V £20% power

INH Charge inhibit input

CC Charge control output

110

1-1



bq2002

Pin Descriptions

CC Charge control output

CC is an open-drain output that is used to con-

™ Timer mode input trol the charging current to the battery. CC
TM is a three-level input that controls the 'z:cumng ?t:lg:wlmml dbwtt()zl)nln l'mbitblz;argmg r:ha.!g-
settings for the fast charge safety timer, current. CC is mo.dulnted to provide top-off, if
voltage termination mode, top-off, pulse- enabled. and pulse trickle ’
trickle, and voltage hold-off time. ’ ’

LED  Charging output status Functional Description
This open-drain output indicates the charging  pjgyre 1 illustrates the charge control status during a
status. bq2002 charge cycle. Figure 2 outlines the various

bq2002 operational states and their associated condi-

BAT Battery input voltage tions, which are described in detail in the following
BAT is the battery voltage sense input. This 8ections.
potential is generally developed by a high-im-
pedance resistor divider network connected Charge Action Control
b?tt:e%n ttte positive and negative terminals The bq2002 initiates a charge action by the application of
of the batiery. power on Vcc or by battery replacement. Control of the

Vss System ground charge action is then determined by inputs from TM, TS,

and BAT.

TS Temperature sense input Following charge initiation, the bq2002 checks for
This input is for an external battery tempera-  acceptable battery voltage and temperature. If the bat-
ture monitoring thermistor. tery voltage or temperature is outside of the fast charge

limits, pulse-trickle initiates at a rate determined by the

Vce Vcc supply input TM pin. If the battery temperature and voltage are valid

at charge initiation, fast charge begins.
5.0V £20% power input. .
The bq2002 then tests for the full-charge conditions: -AV,

INH Charge inhibit input 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.
| | |
! Fast I Top-Off | Pulse-
Charging (Optional) Trickle
CC (external regulation) e B » i+ 2888 j— Note —|
le— 45768 — » ¢ 2888
‘— Charge initiated by application of power or battery replacement.
Note: See Table 2 for pulse-trickle period. Fa-52
Figure 1. Example Charging Action Events
2/10 Sept. 1996 B




bq2002

Charge Status Indication

A fast charge in progress is uniquely indicated when the
LED pin goes low. The LED pin is driven to the high-Z
state for all conditions other than fast charge. Figure 2
outlines the state of the LED pin during charge.

Battery Volitage and Temperature Measurements

Battery voltage and temperature are monitored for
maximum allowable values. The voltage presented on
the battery sense input, BAT, should represent a single-
cell potential for the battery under charge. A resistor-
divider ratio of:

is recommended to maintain the battery voltage within 1
the valid range, where N is the number of cells, R1 is the
resistor connected to the positive battery terminal, and

R2 is the resistor connected to the negative battery ter-

minal. See Figure 3.

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

A ground-referenced negative temperature coefficient ther-
mistor placed in close proximity to the battery may be used
as a low-cost temperature-to-voltage transducer. The tem-
perature sense voltage input at TS is developed using a
resistor-thermistor network between Vcc and Vss. See

Figure 3.

Rl _
R2™ N-1
Chip on
Ve 7~ 4.0V
battery
r:;t:\ir:nd l absent or
p temperature
temperature OK Battery out of range
Vgar < 2.0V Status? Vo..>2 (g)v
and BATor .
Vis > Ved/2 ((charge complete Vig< Vo2

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

or max. timeout)
and TM = high)
or Vgur > 2.0V

or Vi< Vi /2

Trickle
[ED=2

max. timeout
or Vgur > 2.0V
or Vig< V/2

Figure 2. Operational Summary

Sept. 1996 B

3/10
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bq2002

AT
Vee R Vee |
BAT ™ T8
N
A2 = ) ; =
A . A
BAT voltage Thermistor
connection connection
NTC = negatiy P coefficient th
Mid-evel = TM at Ve 12 10.5V

Fa-83

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 bq2002 begins fast charge. The valid battery voltage
range is BAT < 2V. The valid temperature range is TS >
0.5 « Vcc. If the battery voltage or temperature is out-
side of these limits, the bq2002 pulse-trickle charges
until the next valid charge initiation.

The bq2002 continues 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 (-AV)

s Maximum time

» Maximum temperature (TCO)

W W h s £ .y
v T - YMCYV BWPS 1asy Cliar)

4/10

Voltage Termination Hold-off

A hold-off time occurs at the start of fast charging.
During the hold-off time, the PVD and -AV terminations
are disabled (see Table 1). Once past the initial fast
charge hold-off time, the PVD and -AV terminations are
re-enabled. Maximum temperature is not affected by the
hold-off period.

PVD and -AV Termination

The bq2002 has two modes for voltage termination
depending on the state of TM. For standard -AV (TM =
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 (TM =
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 bq2002 also terminates fast charge for maximum tem-
perature (TCO) and maximum time. TCO reference levels
provide the maximum limits for battery temperature
during fast charge. If this limit is exceeded, then fast
charge or optional top-off charge is terminated.

Maximum time selection is programmed using the TM
pin. Time settings are available for corresponding
charge rates of %, 1C, and 2C.

Sept. 1996 B
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bq2002

Top-off Charge

An optional top-off charge phase is selected to follow
fast charge termination for 1C and G4 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 continues
after fast charge termination for a period of time se-
lected by the TM pin (see Table 1). During top-off, the
CC pin is modulated at a duty cycle of 286us active for
every 4290us inactive. This results in an average rate
l46th that of the fast charge rate. Maximum time and
temperature (TCO) 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
pulse-trickle charged after fast charge or top off by
driving the CC pin active for a period of 286us for every
18.0ms of inactivity for 1C and 2C selections, and 286us
for every 8.86ms of inactivity for & selection. This
results in a trickle rate of G4 for the top-off enabled
mode and %32 otherwise.

Charge Inhibit

Fast charge and top-off may be inhibited by using the
INH pin of the bq2002. When high, the bq2002 suspends
all fast charge and top-off activity and the internal
charge timer control. INH freezes the current state of
LED until inhibit is removed. Temperature detection is
not affected by the INH pin. During charge inhibit, the
bq2002 continues to pulse-trickle charge the battery per
the T™ selection. When INH returns low, charge control
and the charge timer resume from the point where INH
went active.

Low-Power Mode

When BAT is driven above Vpp, the bq2002 assumes 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 bq2002 is reduced to less than 1pA in this
mode. Subsequently, when BAT returns to a value below
Vprp, trickle charge is initiated.

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

Fast Charge
Top-off and PVD and -AV
Safety Hold-Off Pulsed
Corresponding Time (minutes) | Time (seconds) Pulse- | Trickle
Fast Charge Top-Off | Trickle | Period
Rate ™ Termination Typical Typical Rate Rate (ms)
) Mid PVD 160 600 ) %4 9.14
1C Low PVD 80 300 Che N 18.3
2C High -AV 40 150 Disabled| C42 18.3
Notes: Ta =25°C, Ve = 5.0V.
Mid =0.5 « Vce.
Sept. 1996 B §/10
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bq2002

Absolute Maximum Ratings

Symbol Parameter Minimum | Maximum Unit Notes
Vee Vcc relative to Vss -0.3 +7.0 v
Ve | oxchuding Vg retative to Vs 03 | w10 | v
TopPr Operating ambient temperature 0 +70 °C Commercial
Tstc Storage temperature -40 +85 °C
TsoLpER | Soldering temperature - +260 °C 10 sec max.
TBIAs Temperature under bias -40 485 °C

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 Thresholds (ta =0t 70°C; Vce 20%)

Symbol Parameter Rating Tolerance | Unit Notes
V1co Temperature cutoff 0.5+ Vce 5% V [ Vrs < Vrco inhibits charge
s . . .
Vmev Maximum cell voltage 2 6% \" me Vucv inhibitafte ates
6/10 Sept. 1996 B
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bq2002

Recommended DC Operating Conditions (ra =010 70°c)

Symbol Condition Minimum Typical Maximum Unit Notes

Vece Supply voltage 4.0 5.0 6.0

VDET -AV, PVD detect voltage 1 - 2 v

VBar Battery input 0 - Vee v

Vs Thermistor input 0.5 - Vee V | TS <0.5V prohibited
Vi Logic input high 0.5 - - V |INH

Logic input high Vee - 0.5 - - vV |™
VM Logic input mid Y_gg - 500mV - !2% + 500mV vV ™M
Vi Logic input low - - 0.1 V |INH
Logic input low - - 0.5 ™
VoL Logic output low - - 0.8 LED, CC, IoL = 10mA
VBAT 2 VpD max. powers
Vep | Power down Vee- 15 . Voc- 05 v %x,’r‘ ﬁ,?'?zmm -
normal operation.

Icc Supply current - - 250 pA ggctp:gslu‘;ﬂ oaded,

Is Standby current - - 1 MA [ Vec=5.1V, VBaT = VeD
IoL LED, CC sink 10 - - mA |@Vor=Vss+0.8V

IL Input leakage - - 11 pA |[INH, CC, V =Vssto Vcc
Toz (Z)lsl:g:: leakage in high- 5 ) ) uA |IED,ce
Note: All voltages relative to Vss.

Sept. 1996 B 7110




bq2002

Impedance

Symbol Parameter Minimum Typical Maximum Unit
RpAT Battery input impedance 60 - - MQ
Rrs TS input impedance 50 - - MQ
Timing (1A =0to +70°C; Ve £10%)

Symbol Parameter Minimum | Typical | Maximum | Unit Notes
F .
drov  [rostenargosafetytime | 500 | 10 1.20
Note: Typical is at Ta = 25°C, Vcc = 5.0V.
810 Sept. 1996 B
18



bq2002

Data Sheet Revision History n

Change No. | Page No. Description

Nature of Change

Was: Table 1 gave the bq2002 Operational Summary.
1 3 Is: Figure 2 gives the bq2002 Operational Summary, |Changed table to figure.

1 5 Added Termination column to table and Top-off values. {Added column and values.
Note: Change 1 = Sept. 1996 B changes from July 1994.

Sept. 1996 B 9/10




bq2002

Ordering Information

bq2002 _ -

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

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

— Device:
bq2002 Fast Charge IC

10110 Sept. 1996 B
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BENCHMARQ

Features

> Fast charge of nickel cadmium or
nickel-metal hydride batteries

» Direct LED output displays
charge status

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

> Selectable pulse trickle charge
rates

>» Low-power mode

» 8-pin 300-mil DIP or 150-mil
SOIC

bq2002C

General Description

The bq2002C Fast Charge IC is a low-
cost CMOS battery charge controller
providing reliable charge termination
for both NiCd and NiMH battery
applications. Controlling a current-
limited or constant-current supply
allows the bq2002C to be the basis for
a cost-effective stand-alone or system-
integrated charger. The bq2002C
integrates fast charge with pulsed
trickle control in a single IC for charg-
ing one or more NiCd or NiMH bat-
tery cells.

Fast charge is initiated on application
of the charging supply or battery
replacement. For safety, fast charge is
inhibited if the battery temperature
and voltage are outside configured

Fast Charge IC LI

Fast charge is terminated by any of
the following:

m Peak voltage detection (PVD)

m Negative delta voltage (-AV)

8 Maximum temperature

® Maximum time

After fast charge, the bq2002C
pulse-trickle charges the battery ac-
cording to the pre-configured limits.
Fast charge may be inhibited using
the INH pin. The bq2002C may also
be placed in low-standby-power

mode to reduce system power con-
sumption.

Pin Connections

N4
TMO1 spicc
LED (2 7DINH
BAT (3 60 Vce
Vgs U4 5TS
8-Pin DIP or
Narrow SOIC
PN-55
Dec. 1985

Pin Names

™ Timer mode select input
LED Charging status output
BAT Battery voltage input
Vss System ground

TS Temperature sense input
Vece 5.0V £20% power

INH Charge inhibit input

CcC Charge control output

18
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bq2002C

Pin Descriptions

bq2002C resumes operation at the point

where initially suspended.
™ Timer mode input CC Charge control output
TM is a three-level input that controls the CC is an open-drain output that is used to
settings for‘the. fast charge safe.ty timer, control the charging current to the battery.
voltage termination mode, pulse trickle, and CC switching to high impedance (Z) enables
voltage hold-off time. charging current to flow, and low to inhibit
—_ charging current. CC is modulated to pro-
LED Charging output status vide pulse trickle.
This open-drain output indicates the charging
status. Functional Description
BAT Battery input voltage A 1 illustrates the charge control status during a
BAT is the battery voltage sense input. This ba2002C charge cycle. Table 1 outlines the various
potential is generally developed by a high-im-  bg2002C operational states and their associated conditions,
pedance resistor divider network connected Which are described in detail in the following sections.
between the positive and negative terminals
of the battery, L BaY Charge Action Control
v tem ground The bq2002C initiates a charge action by the application
S8 System of power on Vcc or by battery replacement. Control of
TS Temperature sense input the charge action is then determined by the inputs from
TM, TS, and BAT.
This input is for an external battery tempera- . o
ture monitoring thermistor. Following charge initiation, the bq2002C checks for
acceptable battery voltage and temperature. If the bat-
Vce Vce supply input tery voltage or temperature is outside of the fast charge
. limits (charge pending), pulse-trickle initiates at a rate
5.0V $20% power input. determined by the TM pin. If the battery temperature
C o inhibit input gzgin\:ltage are valid at charge initiation, fast charge
When high, the bq2002C suspends the fast The bq2002C then tests for the full-charge conditions:
charge in progress. When returned low, the .AV, PVD, maximum temperature, or maximum time.
| |
l Fast l Pulse-
Charging Trickle
CcC (external regulation) B B je— 1 g0c. —
» |+ Note
— Charge initiated by application of power or battery replacement.
Note: See Table 2 for pulse-trickle pulse width. FG-125
Figure 1. Example Charging Action Events
28 Dec. 1985
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bq2002C

Charge Status Indication

A fast charge in progress is uniquely indicated when the
LED pin goes low. The LED pin is driven low for
500msec, then high-Z for 500msec during the charge
pending state. The LED pin is driven to the high-Z state
for charge complete. Table 1 outlines the state of the
LED pin during charge.

Battery Voitage and Temperature Measure-
ments

Battery voltage and temperature are monitored for
maximum allowable values. The voltage presented on the
battery sense input, BAT, should represent a single-cell
potential for the battery under charge. A resistor-divider
ratio of;

Rl
R2

is recommended to maintain the battery voltage within
the valid range, where N is the number of cells, R1 is the
resistor connected to the positive battery terminal, and
R2 is the resistor connected to the negative battery ter-
minal. See Figure 2.

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

A ground-referenced negative temperature coefficient
thermistor placed in close proximity to the battery may
be used as a low-cost temperature-to-voltage transducer.
The temperature sense voltage input at TS is developed
using a resistor-thermistor network between Vcc and
Vss. See Figure 2.

=N-1

Table 1. bq2002C Operational Summary

Charge Action cC .
State Conditions Output LED
Trickle charge activated fi
Battery absent Veatr 2 VMmcv period specified inv;able ;r High Z
. epe g Vcc applied, VBaT drops from 2 Vmcv to
Charge initiation < Vmcv (battery replaced) - -
. V1s < Vrcoor Trickle charge activated for 500ms low
Charge pending VBAT < VLBAT period specified in Table 2 500ms high-Z
. Charge initiation occurred .
Fast charging and Vs > V1co and VLBAT < VBAT < VMcv High Z Low
-AV or PVD or maximum time
Charge complete or maximum temperature’ - HighZ
. Charge complete or Trickle charge activated for
Trickle Charge Pend period specified in Table 2 -
. . . Trickle charge activated for
Charge inhibit INH high period specified in Table 2 -2
Low power Veat > VD High Z HighZ
Notes: 1. VBaT > VMev stops fast charge.

2. LED reflects state prior to inhibit.

Dec. 1995
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bq2002C

Veo Rt

BAT

bq2002C R2

L

Vgs

—e

BAT voltage
connection

R3

R4

NTC = negative temperature coefficient thermistor.
* Mid-level - TM at V¢ /2 £0.5V.

RT
Vee I
T™* TS
N
bq2002C OI’ <
S a
Thermistor
connection

FG-122

Figure 2. Voltage and Temperature Limit Measurement

TM Pin

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 resistor divider between Vcc and
ground. See Figure 2.

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 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.

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

s Peak voltage detection (PVD)
s Negative delta voltage (-AV)

s Maximum time

» Maximum temperature (TCO)
VBAT > VMmcv stops fast charge.

Voltage Termination Hold-off

A hold-off time occurs at the start of fast charging.
During the hold-off time, the PVD and -AV terminations
are disabled (see Table 2). Once past the initial fast
charge hold-off time, the PVD 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 (TM =
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 (TM =
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 (TCO) and maximum time. TCO 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 %%, 1C, and 2C.

Dec. 1885
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Top-Off Charge

An optional top-off charge phase is selected to follow fast
charge termination for 1C and C& 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 continues after
fast charge termination for a period of time selected by
the TM pin (see Table 2). During top-off, the CC pin is
modulated at a duty cycle of 73ms active for every
1097ms inactive. This results in an average rate Yj6th
that of the fast charge rate. Maximum time and tempera-
ture (TCO) 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
pulse-trickle charged after fast charge by driving the CC
pin active for a period specified in Table 2. This results in
a trickle rate of %z for all modes.

Charge Inhibit

An input stimulus can be applied to the INH input pin to
synchronize the voltage sampling at the BAT input pin,
providing design/application flexibility. A low-high-low
pulse can be applied to this input to synchronize sam-
pling on the falling edge, if the input pulse width is
greater than 100ns but less than 3.6ms (synchronized
charge termination). Time between these input pulses
must be less than the synchronized period specified in
Table 2, or the bq2002C enables “free-run” voltage-based
detection (automatic charge termination). If the INH in-
put remains high for greater than 12ms, the bq2002C
resets the voltage-based history used for PVD or -AV de-
tection. This condition (pause) also suspends the charge
timer and fast charge or top-off activity until the INH pin
returns low. A pause condition must precede a transition
from automatic charge termination to synchronized
charge termination.

Low-Power Mode

When BAT is driven above Vpp, the bq2002C assumes 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 bq2002C is reduced to less than 1pA in
this mode. Subsequently, when BAT returns to a value
below Vprp, trickle charge is initiated.

Table 2. Fast Charge Safety Time/Hold-Off Table

Fast Charge PVD and -AV
Corresponding and Safety Hold-Off Pulse- Pulse-
Fast Time (minutes) | Time (seconds) | Pulse- Trickie Trickle Synchronized
Charge Trickle Period Pulse Period
Rate ™ Typical Typical Rate (seconds) | Width (ms) | (seconds)
) Mid 160 300 Clag 1 62 94
1C Low 80 150 Chag 1 31 18.7
2C High 40 7% Che 1 15 18.7
Notes: Ta = 25°C, Vcc = 5.0V.
Mid = 0.5 » Vcc.
Dec. 1995 58
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Absolute Maximum Ratings

Symbol Parameter Minimum | Maximum Unit Notes

Vee Vcc relative to Vss -0.3 +7.0 \4

vr exchuding Voo relative t0 Vas. 03 +7.0 v

TopPr Operating ambient temperature 0 +70 °C Commercial

Tsta Storage temperature -40 +85 °C

TsoLDER | Soldering temperature - +260 °C 10 sec max.

TBIAS Temperature under bias -40 +85 °C

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 Thresholds (Ta =0 to 70°C; Vce £20%)

Symbol Parameter Rating Tolerance | Unit Notes
V1co Temperature cutoff 0.5+ Vce 5% V | Vrs < Vrco inhibits charge
> . . .
Vmcv Maximum cell voltage 2 5% v Xxn:r’rge Vuov inhibits/te ates
VLBAT Minimum cell voltage 0.84 +20% V | VBAT < VLBAT pends charge
&8 Dec. 1995
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Recommended DC Operating Conditions (ta =0to 70°c)

Symbol Condition Minimum Typical Maximum Unit Notes
Vee Supply voltage 4.0 5.0 6.0
VDET -AV, PVD detect voltage 1 - 2 v
VBaAT Battery input 0 - Vee v
Vts Thermistor input 0.5 - Vee V | TS <0.5V prohibited
Vi Logic input high 0.5 - - vV |INH
Logic input high Vce- 0.5 - - vV '™
. . . Vce Vce
VM Logic input mid 3 - 500mV - 5 * 500mV vV |T™
Logic input low - - 0.1 V |INH
viL
Logic input low - - 0.5 ™
VoL Logic output low - - 0.8 LED, CC, IoL. = 10mA
VBat 2 VPD max. powers
down bq2002C;
Vep Power down Vee-1.5 - Vee-0.5 v VBAT < VPD min. =
normal operation.
Outputs unloaded,
Icc Supply current - - 500 HA Voc =5.1V
Iss Standby current - - 1 MA [Veec=5.1V, Vear = VeD
ToL LED, CC sink 10 - - mA |@VoL=Vss + 0.8V
IL Input leakage - - 11 pA |[INH,CC,V =Vsgsto Vcc
in high- _
Toz (z)ustt:::et leakage in hig 5 i A |IED,cC
Note: All voltages relative to Vss.
Dec. 1995 m8
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Impedance

Symbol

Parameter

Typical

Maximum

Unit

RBaAT

Battery input impedance

MQ

Rts

TS input impedance

MQ

Timing (TA = 0to +70°C; Ve +10%)

Symbol

Parameter Minimum

Typical

Unit

Notes

drcv

Fast charge safety time
variation

0.88

1.0

1.12

Note:

Typical is at Ta = 25°C, Vcc = 5.0V.

Ordering Information

bq2002C

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

Package Option:
PN = 8-pin plastic DIP

SN = 8-pin narrow SOIC

— Device:

bq2002C Fast Charge IC

Dec. 1985
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Features

» Fast charge of nickel cadmium or
nickel-metal hydride batteries

» Direct LED output displays
charge status

» Fast charge termination by
A temperature/A time, maximum
temperature, and maximum time

» Optional top-off charge

» Selectable pulse-trickle charge
rates

» Low-power mode

» 8-pin 300-mil DIP or 150-mil
SoIC

bg2002T

Fast Charge IC With AT/At

General Description

The bq2002T Fast Charge IC is a
low-cost CMOS battery charge con-
troller providing reliable charge ter-
mination for both NiCd and NiMH
battery applications. Controlling a
current-limited or constant-current
supply allows 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.

Fast charge is terminated by any of
the following:

® Delta temperature/delta time
(AT/At)

® Maximum temperature
® Maximum time

After fast charge, the bq2002T option-
ally tops-off and pulse-trickles the
battery per the pre-configured limits.
Fast charge may be inhibited using
the INH pin. The bq2002T may also
be placed in low-standby-power mode
to reduce system power consumption.

Pin Connections

™(QO1
LED(2
BAT[3
Vss 4

1CcC
7 INH
O Vee
TS

o ooN®

8-Pin DIP or
Narrow SOIC

PN-§5

Sept. 1996 8

Pin Names

™ Timer mode select input
LED Charging status output
BAT Battery voltage input
Vss System ground

TS Temperature sense input
Vce 5.0V £20% power
INH Charge inhibit input

CcC Charge control output

110
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Pin Descriptions

CcC Charge control output

CC is an open-drain output that is used to con-

™ Timer mode input trol thp charg:ing .current to the battery. CC
TM is a three-level input that controls the swi ¢ to high impedance (Z) enaples chn.rg-
ttings for the fast charge safety timer, top- ng t to flow, and low to inhibit charging
s?f “s";ul trick] 8 » Vop current. CC is modulated to provide top-off, if
ofi, and puise- €. enabled, and pulse-trickle.
LED Charging output status . . .
This open-drain output indicates the charging | UNCtioNal Description
status. Figure 1 illustrates the charge control status during a
bq2002T charge cycle. Figure 2 outlines the various
BAT Battery input voltage bq2002T operational states and their associated
BAT is the battery voltage sense input. This conditions, which are described in detail in the following
potential is generally developed by a high-im-  sections.
pedance resistor divider network connected
between the positive and negative terminals Charge Action Control
of the battery. The bq2002T initiates a charge action by the application
groun of power on Vcc or by battery replacement. Control of
Ves System d the charge action is then determined by inputs from TM,
TS Temperature sense input TS, and BAT.
This input is for an external battery tempera- Following charge initiation, the bq2002T checks for
ture monitoring negative temperature coeffi- acceptable battery voltage and temperature. If the bat-
cient (NTC) thermistor. tery voltage or temperature is outside of the fast charge
limits, pulse-trickle initiates at a rate determined by the
Vce Vcc supply input TM pin. If the battery temperature and voltage are valid
at charge initiation, fast charge begins.
5.0V +20% power input. .
The bq2002T then tests for the full-charge conditions:
INH Charge inhibit input 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.
| | |
l Fast l Top-Off | Pulse-
Charging (Optional) Trickle
cC (external regulation) L 3 » e 2868 —— Note —»i
— 4576us —» + ¢ 286..8
— Charge initiated by application of power or battery replacement.
Note: See Table 2 for pulse-trickle period. Fa-s2
Figure 1. Example Charging Action Events
2/10 Sept. 1996 B
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Charge Status Indication

A fast charge in progress i8 uniquely indicated when the
LED pin goes low. The LED pin is driven to the high-Z
state for all conditions other than fast charge pend,
inhibit, or fast charge. Figure 2 outlines the state of the
LED pin during a charge cycle.

Battery Voitage and Temperature Measurements

Battery voltage and temperature are monitored for maxi-
mum allowable values. The voltage presented on the bat-
tery sense input, BAT, should represent a single-cell po-
tentil;lf' for the battery under charge. A resistor-divider
ratio of:

is recommended to maintain the battery voltage within
the valid range, where N is the number of cells, R1 is the
resistor connected to the positive battery terminal, and
R2 is the resistor connected to the negative battery ter-
minal. 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 sense voltage input at TS
is developed using a resistor-thermistor network between
Vcce and Vss. See Figure 3.

BNt

Chip on

Ve 72 4.0V
battery
battery l

present and te?:sz?;&e
temperature OK Battery out g f range

< ?
VBAan d2.0V Status? Vgur > 2.0V
Vo >V._>V ((charge complete | or Vig =V, 4
LTF = TTS © THTF or max. timeout) orVig <V, e

and

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

or Vgr > 2.0V
or Vis= Vi
or Vi<

TM = high)

VTCO

_Trickle
LED=2Z

max. timeout
or Vgar > 2.0V
or Vyg> Vi ge
or Vig< Vieo

Figure 2. Operational Summary

Sept. 1996 B
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R2

1

BAT voltage
connection

bq2002T

Vss

R3

R4

NTC = negative temperature coefficient thermistor
(103AT type recommended).
* Mid-level - TM at V; /2 £ 0.5V.

RT1
Vee |
™* TS
N
bq2002T| §AT2 ( T
°]
= Vs
Thermistor
connection

FG-69

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 ch.rge. The valid battery
voltage range is BAT < 2V. The valid temperature range
is between the internal low-temperature fault reference
(Viurr = 0.4 « Vco) and the external hot-temperature
fault reference (VHTF = 0.25 « Vco). 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 (Vtco = 0.225 » Vcc) provides hysteresis
between the maximum temperature cut-off and the valid
charge temperature.

The bq2002T continues to fast charge the battery until termi-
nation by one or more of the three possible termination con-
ditions:

s Delta temperature/delta time (AT/At)

m Maximum time

s Maximum temperature (TCO)

VBAT > VMcv stops fast charge or top-off.
410

AT/At Fast Charge Termination

The bq2002T uses AT/At fast charge termination. The
bq2002T makes a termination decision based on delta
temperature/delta time (AT/At) every 19 seconds
typical. If Vremp is 25.6mV (typical) less than the voltage
measured 60 seconds previously, the fast charge phase of
the charge is terminated.

The AT/At test is valid only for:
0.225 + Vcc S Vremp < 0.4 + Vee

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 (T'CO), respectively.

Maximum Time and Temperature

The bq2002T also terminates fast charge for maximum
temperature (TCO) and maximum time. TCO reference
level (Vrco = 0.225 « 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 %, 1C, and 2C.

Sept. 1996 B
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Top-off Charge

An optional top-off charge phase is selected to follow fast
charge termination for 1C and % 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 continues 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 286us active for every
4290ps inactive. This results in an average rate Yjeth
that of the fast charge rate. Maximum time and tem-
perature (TCO) 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
pulse-trickle charged after fast charge or top off by
driving the CC pin active for a period of 286us for every
72.9ms of inactivity for 1C and 2C selections, and 286us
for every 17.9ms of inactivity for ¥ selection. This
results in a trickle rate of %5 for the 1C rate and the %
rate, and %125 for the 2C rate.

Charge Inhibit

Fast charge and top-off may be inhibited by using the
INH pin of the bq2002T. When high, the bq2002T sus-
pends all fast charge and top-off activity and the internal
charge timer. Fast charge termination due to maximum
temperature is not affected by the INH pin. INH freezes
the current state of LED until inhibit is removed. Dur-
ing charge inhibit, the bq2002T continues to pulse-trickle
charge the battery per the TM selection. When INH re-
turns low, charge control and the charge timer resume
from the point where INH went active and the AT/At
circuit is reset.

Low-Power Mode

When BAT is driven above Vpp, the bq2002T assumes 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 is reduced to less than 5uA in this
mode. Subsequently, when BAT returns to a value below
Vpp, trickle charge is initiated. A new charge cycle be-
gins when BAT falls below 2V.

Table 1. Fast Charge Safety Time/Top-Off Table

Fast Charge
Cm”mhg Top-off and Safety
Fast Time (minutes) Puise- Pulse-
Charge Trickie Trickie
Rate ™ Typical Top-Off Rate Rate Period (ms)
% Mid 320 o4 Chse 18.3
1C Low 80 e Chse 73.1
2C High 40 Disabled Chos 73.1
Notes: Ta = 25°C, Vcc = 5.0V.

Mid =0.5 « Vcc.

Sept. 1996 B
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Absolute Maximum Ratings

Symbol Parameter Minimum | Maximum Unit Notes

Vce Vcc relative to Vss -0.3 +1.0 \'

Ve | cxuding Voo relative to Ves 03 | w0 | v

ToPr Operating ambient temperature 0 +70 °C Commercial

Tste Storage temperature -40 +85 °C

TsoLDER | Soldering temperature - +260 °C 10 sec max.

TBIAS Temperature under bias -40 +85 °C
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 Thresholds (ta =0 to 70°C; Vcc 20%)

Symbol Parameter Rating Tolerance | Unit Notes

Vrco Temperature cutoff 0.225 « Vcc +5% v Vrs € Vrco inhibits charge

VHTF High-temperature fault 0.25 « Vce 5% \" VHTF < V1s < VLrF initiates
charge

VLrr Low-temperature fault 0.4 « Vce 5% \' VTS > VirF inhibits charge

VmMmev Maximum cell voltage 2 5% v ;B::g: Vmov inhibits/terminates

6/10

Sept. 1996 B
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Recommended DC Operating Conditions (ta =00 70°c)

Symbol Parameter Minimum Typical Maximum Unit Notes
Vece Supply voltage 4.0 5.0 6.0
VBaT Battery input 0 - Vee v
Vrs Thermistor input 0.5 - Vee V | TS <0.5V prohibited
ic i i . - - V |INH
Vi Logic input high 0.5
Logic input high Vce - 0.5 vV |™
. . . Vce Vcc
Vmm Logic input mid 5 500mV = * 500mV vV |T™
Vi Logic input low 0.1 v
Logic input low - 0.5 ™
VoL Logic output low - - 0.8 V |LED,CC, IoL=10mA
VBat 2 VpD max. powers
Vep | Power down Vec- 1.5 - Vec-0.5 v dvmg‘%,mm L _
normal operation.
d,
Icc Supply current 500 HA 3:3’:?11{?1 oade
IsB Standby current 1 pA | Vcc=5.1V, Vear = VpD
ToL LED, CC sink 10 - - mA [@VoL=Vss+08V
I Input leakage - - 11 pA |INH, TM, V =Vsg to Vce
leakage in high- —_—
oo |Zatae . wA |LED,cC
Note: All voltages relative to Vss.
Sept. 1996 B 7110
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Impedance

Symbol Parameter Minimum Typical Maximum Unit
Rpar Battery input impedance 50 - - MQ
Rts TS input impedance 50 - - MQ
Timing (Ta =0to +70°C; Vcc 10%)

Symbol Parameter Minimum | Typical | Maximum | Unit Notes
droy  |estchargesafetytime | o5 | 10 1.20 .
Note: Typical is at Ta = 25°C, Vcc = 5.0V.

Sept. 1996 B
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Data Sheet Revision History

Change No. | Page No. Description Nature of Change
Was: Table 1 gave the bq2002 Operational Summary.
1 3 Is: Figure 2 gives the bq2002 Operational Summary. |Changed table to figure.
1 5 Added Top-off values. Added values.

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

Sept. 1996 B 910
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Ordering Information

bq2002T _ -
T—Temperature:
Blank = Commercial (0 to +70°C)

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

— Device:
bq2002T Fast Charge IC With AT/At

10010 Sept. 1996 B

1-28



BENCHMARQ proauct Brief DV2002L.2/TL2

Fast Charge Development System

Features

» bq2002 fast charge control evaluation and
development

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

» 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

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

» Inhibit fast charge by logic-level input

General Description

The DV2002L2 Development System provides a develop-
ment environment for the bq2002 Fast Charge IC. The
DV2002L2 incorporates a bq2002 and a 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:
-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-off).

Feb. 1995

Control of LM317 Linear Regulator

Please review the bq2002 data sheet before using the
DV2002L2 board.

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

Rev. A Board
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DV2002L2/TL2 Product Brief

- DV2002L2/TL2 Board Schematic

1 M 1 S 1 6 1 8 1 18
CELLS CELLS CELLS CELLS CELLS

R13

909¢

2 1%
2503
1N5408
z R
3 e
TINER * luss pr{ 1 1 2
1 J—W 1 1 - te
cS C3 -]
R4 —_ JP2 R18
18 QIF | 8.1LF N NOT_ INSTALLED
2 2 2 2| Ar2
1
ez
BD-967
0.1F
2
Rev. A Board Feb. 1995
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bq2003

Fast Charge IC .

t be used with a transistor or SCR to
Features General Description pligey Ayt "
» Fast charge and conditioning of The bq2003 Fast Charge IC provides
nickel cadmium or nickel-metal comprehensive fast charge control Fast charge may begin on application
hydride batteries functions together with high-speed °§ 3;: bd;;l':inl G“P‘lv’il:éhﬁplment
. . switching power control circuity on a  © Ty, Or 8 (depression.
> Flexible current regulation: monolithic CMOS device. For safety, fast charge is inhibited
- Frequency-modulated until the battery temperature and
switching current regulator Flexible mlte‘:if constgnt-currex;t voltage are within configured limits.
or current- charging su|
- Gating control for use with allows the bq2003 to be the basisofa Temperature, voltage, and time are
external regulator cost-effective solution for stand-alone gox:itored tl_m”\fth?m wf;-;y chars:;
» Easily i into syste and system-integrated chargers for ~Fast charge is termina any
ora:s!;l;?:;?mz:h:r?erm batteries of one or more cells. the following:
» Pre-charge checks for Switch-activated discharge-before- ® Delta temperature/delta time
temperature and voltage faults charge allows bq2003-based chargers to (AT/At)
support battery conditioning and N ive del I A
> Direct LED outputs display capacity determination. 8 Negative delta voltage (-AV)
battery and ch sta .
P and charge status High-efficiency power conversion is ® Maximum temperature
» Fast charge termination by accomplished using the bq2003 as a Maximum time
A temperature/A time, -AV, frequency-modulated controller for . um
maximum temperature, switched regulation of the charging ® Maximum voltage
maximum time, and maximum current. The bq2003 may alternatively
voltage
» Optional top-off charge
Pin Connections Pin Names
CCMD Charge command/select SNS Sense resistor input
4 DCMD Discharge command TCO Temperature cutoff
CCMD 1 18 Vee .
DVEN(C3 14 IMOD .
™ Ti ode select 1 TEMP Temperature status output
™ 04 130CHG 1 imer mode select pe;
TSO6 11[JMCV
BAT 7 10pQTCO TS Temperature sense MOD Charge current control
Vss Ol 9[ISNS .
ss8 BAT Battery voltage DIS Discharge control
16-Pin DIP or SOIC Vss System ground Vce 5.0V £10% power

PN-81

Sept. 1996 F
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The bq2003 uses delta temperature/delta time (ATYAt) and/ar
negative delta voltage (-AV) as primary decisions for fast
charge cutoff. ATYAt detection is very reliable for fast charge
termination for NiCd and NiMH batteries and is compatible
with varying current during charge. AT/At requires the use of
a single thermistor to monitor the rate of temperature increase
for contacted cells. Compared to the delta temperature method
(using two sensors and comparing battery temperature to ambi-
ent temperature), the AT/At approach is relatively immune to
corruption when the initial battery temperature and ambient

-AV detection monitors the voltage across all of the cells
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 periods of storage, the maximum
voltage and -AV tests are disabled during a short “hold-
off” period at the start of charge.

The bq2003 may be configured 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 13 the fast
charge rate. This allows the battery to be quickly and
safely brought to a completely full charge state. Following
“top-off,” externally controlled trickle charge maintains the
battery at a minimal charge-sustaining level (i.e., %o
or%go). The maximum top-off time period is the same as
for the safety time period selected for fast charge, with
TCO or MCV as backup terminations.

Discharge-before-charge may be switch-selected to dis-
charge the battery to a nominal 1V per cell (Vepv) and
then automatically fast charge the battery. Discharge-be-
fore-charge on demand provides conditioning services (use-
ful to correct or prevent the NiCd voltage depression, or
“memory,” effect) and capacity-determining services (dis-
charge to empty to calibrate battery capacity).

Charger status is indicated by readily distinguishable
LED patterns showing:

m Charge pending

s Discharge

m Fast charge in progress

s 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.

™ ™2 TCO
TIMING TCO
osc _‘{ CONTROL CHECK -
Ts
¢ DISPLAY il
PLAY CHECK
°§'° CONTROL
T Vrs *Vaus
CCMD Var -Vaus| AD
SNS
ocl CHARGE CONTROL STATE
DVEN MACHINE EDV
CHECK
i il —
DISCHARGE MOD CHECK -
CONTROL | | CONTROL BAT
ois | Moo | Mcv Vee| Vas|

Figure 1. Block Diagram

2112

Sept. 1996 F
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Pin Descriptions

BAT

MCV

TS

CCMD,
DCMD

Sept. 1996 F

Single-cell voltage input

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 positive
and the negative terminals of the battery.

Maximum-Cell-Voltage threshold input

Maximum single-cell voltage. If the difference
in potential between BAT and SNS (pins 7 and
9) is greater than or equal to the voltage at the
MCYV input, then all charging activity is
inhibited. (See Figure 3.)

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

Temperature sense input

Input referenced to SNS for external battery
temperature monitoring thermistor. AT/At
determination is valid only for Vrco < Vs <
Vrco + 0.2 Vce.

Temperature cutoff threshold input

Maximum allowable battery temperature
voltage. If the potential between TS and
SNS (pins 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)

Charge initiation and discharge-before-
charge control inputs

These two pins control charge initiation and
discharge-before-charge. When both CCMD
and DCMD pins 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 Voc at CCMD
if both CCMD and DCMD are connected to
Vss, or (2) a falling edge to Vss at CCMD if
both CCMD and DCMD are connected to Vcc.

Discharge-before-charge is initiated at any
time by: (1) a rising edge to Vcc at DCMD if
hoth DCMD and CCMD are connected to Vgs,
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.

DVEN

DIS

CHG

TM,

MOD

SNS

Vcec

Vss

-AV enable input

This input controls the -AV charge termination
test. If DVEN is high, the -AV test is enabled.
If DVEN is low, -AV test is disabled. DVEN
may change state at any time.

Discharge FET control output

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

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

Charging status output

Push-pull output indicating charging status.
See Table 1, bq2003 Operational Summary,
for output pattern details.

Timer mode inputs

TM1 and TM2 are three-level inputs that contxol
the settings for fast charge safety timer and
“top-off” enable/disable. See Table 2 for details.
Current-switching control output

MOD is a push/pull output that is used to
control the charging current to the battery.
MOD switches high to enable charging current
flow and low to inhibit charging current flow.
Charging current sense input

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

If SNS is connected to Vss, MOD switches
high at the beginning of charge and low at
the end of charge.

Voc supply input

5.0 V, £10% power input.

Ground

12
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Functional Description

Figure 2 illustrates charge control and display status
during a bq2003 charge cycle. Table 1 outlines the
various bq2003 operational states and their associated
conditions, which are described in detail in the following
sections.

Charge Action Control

The bq2003 charge action is controlled by inputs from
the CCMD, DCMD, and DVEN input pins and from the
TM1 and TM2 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

any required discharge-before-charge operation prior to
fast charging. Once fast charging is initiated, the bq2003
tests for the full charge conditions: delta tempera-
ture/delta time (AT/At) and/or negative delta voltage (-
AV), with temperature cutoff (TCO), time, and voltage
safety terminations.

Charge Status Indication

Charge status is indicated by the CHG output. The CHG
output may be connected directly to an LED indicator. The
various charge action states and associated CHG output
patterns are described 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 defined
by the VLrr and VHTF temperature limits. When the

| |

]
| Charge | Dis- | Fast ! Top-Off R
Pending charge Charging (Optional)
(Optional)
DIS

MOD (buck configuration)
or

.

MOD (external regulation)

CHG Status Output

4
sec

L s

B 1111

TEMP Status Output

Charge initiated.
Battery outside temperature limits.

- Battery discharged to 1V per cell nominal.

— Battery within temperature limits.

FG-3

Figure 2. Example Charging Action Events
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battery temperature is outside these limits, TEMP is in
the low state, as indicated in Table 1.

In all cases, if the battery voltage at the BAT pin exceeds
the voltage threshold at the MCV pin, both CHG and

TEMP outputs are held high regardless of other conditions.

Table 1. bq2003 Operational Summary

MOD DIS CHG Status Output
Charge Action State Conditions Output Output Low High
Battery absent/abort Veew! 2 Vmev Low Low - Continuous
(1) CCMD = Vss and Vcc applied
or VceLL drops from 2 VMcv to
Charge initiation < Vmcv (battery insertion) or Low Low - Continuous
(2) CCMD = Vcc and low-going
pulse applied to CCMD
Discharge-before-ch:
initiation (opgo'enal)arge DCMD low-to-high transition Low Low - Continuous
Initiation occurred and
. VTeEMP © 2 VLTF Or "
Pending v < Virrp or Low Low 5 sec 134 sec
VCELL < VEDV
Discharge-before-charge
. . . initiation and .
Discharging (optional) Varrr < VreMP < VLTF and Low High 138 sec 15 sec
VEDV < VCELL < VMcv
if >
Initiation occurred and 25160:\; 1‘1,::1?11&1‘
Fast charging VHTF < VTEMP < VLTF and highif Vsns< | Low | Continuous -
VEDV £ VCELL < VMcv 220mV, nominal
-AV 2 12mV nominal or
AVTEMP/AT > 14mV/minute or
Charge complete VreEMP < V1Co or Low Low Y sec g sec
maximum time or
maximum voltage
i Activated per
Chax:ge complete and Vasns (see fast
Top-off (optional; top-off time not exceeded and charging state) Low 14 sec 15 sec
see Table 2) VrEMP > V1CO and for 4 sec of every
VcELL < VMev 34 sec
Temperature State Conditions TEMP Status Output
Vremp < VHTF or VLTF € VTEMP
Temp fault VCELL < VMV Low
Temp OK VHTF < VTEMP < VLTF High

Notes: 1.

VCELL = VBAT - VsNs.

2. VTEMP = VT8 - VsNs.

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.

Sept. 1996 F
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Battery Voitage 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 resistor divider ratio:
Ri_
Rz N-1
where Rj is the resistor connected to the positive battery
terminal, and Rz is the resistor connected to the negative
battery terminal.

External Trickle Resistor

An external trickle resistor serves two purposes 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 state of a fully charged battery.

Temperature and Voltage Prequalifications

Discharge and charge are 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.

VcrLL (VBAT - VsNs) is compared to an internal low-voltage
reference, VEDV (0.2 * Vcc), which is the minimum
acceptable battery voltage for fast charging.

VTeEMP voltage is compared to the internal lowtemperature
reference, VLTF (0.4 » Vcc) and the internal hot-fault tem-
perature reference, Virr [(% « VLrr) + (% + V1co)), where
V1co is the cutoff temperature reference level on the TCO
pin.

These limits 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 bq2003 waits until the
battery voltage is an acceptable level before starting the
charge action. In the case of a faulty battery, VBaT 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
this section because these pins must be tied to the same
potential for proper functionality.

Vee Vee
BAT r—] 78
N
bq2003 ' = bq2003 ; =
SNS SNS
Rons Rans
Vas »a Vas |—1
BAT voltage Thermistor
connection connection FG-8

{ Vee * Vee
—| cemo l» cCcMD
bq2003 { bq2003
Initiate charge Manual
on V ¢ application, charge
battery insertion, initiation
and manual only

FG-4

Figure 3. Voltage and Temperature
Limit Measurement

6/12

Figure 4. Charge Action Initiation
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A battery charge action (prequalification, fast charge,
and optional “top-off”) is initiated under control of the
CCMD pin. The DCMD pin supports automatic dis-
charge to VEDv before charge to provide conditioning as
well a8 capacity calibration.

Because the CCMD and DCMD pins must be tied to the
same potential, these pins can be treated electrically in
two ways. Both pins can be connected to Vcc or to Vss.
Either treatment allows for automatic charge initiation
on battery replacement or when Vcc is applied. Battery
replacement is recognized when the voltage at the BAT
glua: fﬁ lfrom above the MCV pin reference level to below
t

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

When the discharge begins, the DIS output goes high to
activate an external transistor that connects a load to the
battery. When discharge reaches VceLL = Vepv, DIS
goes low and fast charge begins (provided the pre-charge
qualifications are met).

Fast Charge

Once temperature and voltage prequalifications are met

and any required discharging of the battery is completed,
Vee { Vee
DCMD DCMD
bq2003 bq2003
Never Discharge
discharge on command
FG-6

Figure 5. Discharge-Before-Charge

Sept. 1996 F

fast charging begins and continues until termination by 1
one or more of the five possible termination conditions:

s Delta temperature/delta time (AT/At)
Negative delta voltage (-AV)

s Maximum temperature

m Maximum charge time

= Maximum battery voltage

Voltage Termination Hold-Off

At the start of fast charging, there is a hold-off time
during which -AV and maximum cell voltage (MCV) ter-
minations are disabled. (See Table 2.) Once past the
initial fast charge hold-off time, these terminations are
re-enabled.

AT/At and maximum temperature terminations are not
affected by the hold-off period.

-AV Fast Charge Termination

The bq2003 makes a termination decision based on negative
delta voltage (-AV) every 34 seconds. If VcriL is lower than
any previously measured value by 12mV typical, the fast
charge phase of the charge action is terminated.

The -AV test is valid only for Vmcv - (0.2 « Vo) € VeELL
< VMmcv. -AV detection may be enabled or disabled at any
time using the DVEN pin.

AT/At Fast Charge Termination

The bq2003 makes a termination decision based on delta
temperature/delta time (AT/At) every 34 seconds based
on temperature measurements over a 68-second time
period. If VTeMp + 16mV (typical) is less than the voltage
measured 68 seconds previously, the fast charge phase of
the charge action is terminated.

The AT/At test is valid only for Vrco < Vremp € Vrco +
0.2 « Vce.

Maximum Voltage, Maximum Time, and Maxi-
mum Temperature Safety Terminations

The bq2003 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 these limits is exceeded, both fast
charging and any optional top-off charge are terminated.

7z
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Table 2. Fast Charge Safety Time/Hold-Off/Top-Off Table

Fast Charge Safety -AV/MCV Hold-Ott
Corresponding Time (minutes) Time (seconds) Top
Fast Charge Rate TM1 T™2 Typical Typical ____|Off R-ate)
/4 Low Low 360 137 Disabled
2 Float Low 180 820 Disabled
1C High Low 90 410 Disabled
2C Low Float 45 200 Disabled
4C Float Float 23 100 Disabled
c2 High Float 180 820 /16
1C Low High 90 410 (0%:]
2C Float High 45 200 G4
4C High High 23 100 G2
Note: =25°C, Voc = 5.0V.
Maximum time selection is programmed using the TM:1  Nominal regulated current is:

and TM2 pins (see Table 1). Time settings are available
for corresponding charge rates ranging from C/4 to 4C.

Temperature Monitoring

Temperature is represented as a voltage input to the bq2003
at the TS pin. Generally, this voltage is developed from a
thermistor. The bq2003 recognizes an internal voltage level
of VL1 = 04 + Vcc as the Low-Temperature Fault (LTF)
level. I Vremp 2 VTR, charging is inhibited (VremMP = Vs -
Vsns). Similarly, the external reference voltage level pre-
sented at the TCO pin represents the temperature cutoff
point at which fast charging is terminated.

All temperature prequalifications and AT/At termination
may be disabled by connecting TCO to Vss and fixing the
TS pin level at 0.1 » Vcc.

Top-Off Charge

An optional top-off charge phase is selectable to follow
fast charge termination for charge rates from C/2 to 4C.
This option is selected through the TMy/TM2 program-
ming pins. (See Table 2.) If selected, the bq2003 “tops
off” the battery at a pulsed rate. The charge control cycle
is modified so that MOD is activated for only 4 seconds of
every 34 seconds. This results in a rate Ysth that of fast
charging. Top-off charge proceeds for a time equal to the
fast charge safety time (see Table 2). Temperature
(TCO) and voltage (MCV) terminations are the only ter-
mination methods enabled during “top off.”

Charge Current Control

The bq2003 controls charge current through the MOD output
pin. The current control is designed to support implementation
of a constant-current switching regulator. See Figure 6.

8/12

IreG = 0.235V/RsNs

When used in this configuration, the charge current is
monitored at the SNS input by the voltage drop across a
resistor, Rsns. RsNs can be chosen 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 VsnsLo (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 Vsnsmur (0.250V
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 is used,
no sense resistor is required, and the SNS pin is con-
nected to Vss.

T oT1 z=
- |
i...

Figure 6. Constant-Current Regulation
Sept. 1996 F
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Absolute Maximum Ratings

Symbol Parameter Minimum | Maximum Unit Notes
Vee Vcc relative to Vss 0.3 +1.0 v
Ve | Cxcluding Vop relative to Voo, 03 +1.0 v
0 +70 °C Commercial
Torr Operating ambient temperature 20 85 o Industrial “N*
Tste Storage temperature -55 +125 °C
TSOLDER | Soldering temperature - +260 °C 10 sec max.
TBIAS Temperature under bias -40 +85 °C
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 Thresholds (ta = Topr; Vcc £10%)

Symbol Parameter Rating Tolerance | Unit Notes
High threshold at SNS Tolerance is common
VSNSHI | regulting in MOD = Low 0.05 « Ve $0.025 V| mode deviation.
Low threshold at SNS Tolerance is common
VSNSLO | pesulting in MOD = High 0.044 » Vce 0.025 V| mode deviation.
Vire | Low-temperature fault 0.4 » Voo £0.030 v the'mz Vure inhibits
Varr | High-temperature fault Mo VLte) + (% » Vo) |  $0.030 ' m < Vit inhibits
Vepv  |End-of-discharge voltage 0.2 » Ve £0.030 v m< Vepv inhibits
i
§
f
)
/
for W12
!
!
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Recommended DC Operating Conditions (ra = 010 +70%)

Symbol Parameter Minimum | Typical | Maximum | Unit Notes
Vee Supply voltage 4.5 5.0 5.5 \'
VceLL | BAT voltage potential 0 - Vee V | VBaT- Vsns
VBAT Battery input 0 - Vee \'4
Vremp | TS voltage potential 0 - Vce V | Vrs-Vsns
Vrs Thermistor input 0 - Vce v
V) +
VMmcv | Maximum cell voltage VeDvV - (0,21?:) ‘\Ircc) v
VLIF -
Vrco | Temperature cutoff ©. 21'%00) - Vire v
Vi Logic input high Vee- 1.0 - - V |[CCMD, DCMD, DVEN
Logic input high Vee - 0.3 - - VvV |TM;, TM2
ViL Logic input low - - 1.0 V | CCMD, DCMD, DVEN
Logic input low - - 0.3 V | TMy, TM2
DIS, TEMP, CHG, MOD,
Vou Logic output high Vee-0.5 - - A" Iou < -5mA
DIS, TEMP, CHG, MOD,
VoL Logic output low - - 0.5 v IoL < 5mA
Icc Supply current - 0.75 2.2 mA | Outputs unloaded
Ion DIS, TEMP, MOD, CHG source -5.0 - - mA |@Vou=Vcc-0.5V
ToL DIS, TEMP, MOD, CHG sink 5.0 - - mA |@Vor=Vss+0.5V
CCMD, DCMD, DVEN,
I Input leakage - - £l BA |V =Vgsto Voc
IL
. . TM), TMg,
Logic input low source - - 70 BA |y =Vsgto Vss + 0.3V
TMi, TMe,
Im Logic input high source =70 - - MA |y =1Voc -20.3V to Vee
. TM1, TM2 may be left
Iz TM1, TM tri-state open -2.0 . 2.0 pA | disconnected (floatf
detection logic input state
VrHERM | for A o reselution ) 64| - mV |Veo=50V, Ta=2
-AV Negative delta voltage - 12+4 - mV | Vce =5.0V, Ta= 25
Note: All voltages relative to Vss.
1012 Ser,
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Impedance
Symbol Parameter Minimum Typical Maximum Unit
Rpar Battery input impedance 50 - - MQ
Rmev MCYV input impedance 50 - - Mo
Rrco TCO input impedance 50 - - MQ
Rsns SNS input impedance 50 - - MQ
Rts TS input impedance 50 - MQ
Timing (ra =0to +70°C; vce £10%)
Symbol Parameter Minimum | Typical | Maximum | Unit Notes
Pulse width for CCMD, Pulse start for charge or discharge-
tpw DCMD pulse commands 1 - - U8 | before-charge
droy  |rostchargesaletytime | 084 | 10 | 116 | - |Voo=45Vte5.5V;see Table2.
MOD output regulation Typical regulation capability;
tREG frequency - - 100 kHz |yoo =50V ’
If VceLL 2 VMmcv for tmcv, then a
VcELL 2 VMceyv valid transition of VCELL < VMcv is
tmev period 200 250 300 IS | recognized as battery replaced.
Otherwise, VCELL < VMcv is ignored.

Note: Typical is at Ta = 256°C, Vcc = 5.0V.

Sept. 1996F 112
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Data Sheet Revision History

Change No. | Page No. Description Nature of Change
Was low-to-high;
1 7 DCMD transition to initiate discharge-before-charge is ;Bu]:: v::h ::riod tPw.
Was 1640 H
1 8 Table 2 % charge rate -AV/MCV hold-off time changed |3y gy oaoooconds;
Was 0.2 « Voc min and 0.6 »
1 10 Changed MCYV allowable voltage range Ve max; is VEDV min and
VEpv + (0.2 + Vcc) max.
2 10 Added tolerance to -AV typical value Was 12 typ; is 12 £4 typ.
2 11 Changed impedance parameters Were 50 typ; are 50 min,
2 11 Changed treg value Was 100 typ; is 100 max.
3 3,6,7 CCMD and DCMD pins must be tied together Clarification
Changed description of -AV fast charge termination
from “If VCELL is lower than the previous measured . .
4 2 value...” to “If VCELL is lower than any previous Clarification
measured value...”
11 Added TS input impedance Additional specification
2 Changed block diagram Changed diagram
8 Added Top-Off values to Table 2 Added values
Note: Change 1 = Aug. 1992 B changes from Apr. 1992 A.
Change 2 = Oct. 1992 C “Final” changes from Aug. 1992 B “Preliminary.”
Change 3 = Dec. 1992 D changes from Oct. 1992 C.
Change 4 = Oct. 1993 E changes from Dec. 1992 D.
Change 5 = Sept. 1996 F changes from Oct. 1993 E.
Ordering Information
bq2003 -  Temperature:
blank = Commercial (0 to +70°C)
N = Industrial (-40 to +85°C)*
Package Option:
PN = 16-pin narrow plastic DIP
S =16-pin SOIC
‘—Device:
bq2003 Fast Charge IC
* Contact factory for availability.
1212 Sept. 1996 F
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Proauct Briet DV2003L.1

Fast Charge Development System n

Control of On-Board Linear Current Regulator

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 DV2003L1 Development System provides a develop-
ment environment for the bq2003 Fast Charge IC. The
DV2003L1 incorporates a bq2003 and an LM317 linear
regulator to provide fast charge control for 4 to 14 NiCd
or NiMH cells. The DV2003L1 also supports on/off con-
trol of an external current source.

The fast charge is terminated by any of the following:
AT/At, -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.

Oct. 1993 E

or External Current Source

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-
tion enabled or disabled, and maximum charge time
(with or without top-off), and commands discharge-
before-charge with a 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.
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DV2003L1 Product Brief

DV2003L1 Board Schematic

D11
2 N1
Myo'u 43 1
Ate Lin R13 06
4L AAA—2 3 W_z_{}_u RB1
I = pilmd Le 145488 2o >

LRV 1" FYRYSTS

b4

‘12 J'1e J'8 J'6 'S
R21 S R20S R19S RIBS R17S RIB
18. 22.1K 6.7 240;3K 49.% 66.5K

2 1% 2 1% 2 %

BD-969

Oct. 1988 E
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Proauct Bief DV2003L3

Fast Charge Development System n
Control of Frequency-Modulated Linear Regulator

BENCHMARQ

Features
»  bq2003 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, AT/At, maximum
temperature, time, and voltage

R

» 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 and/or NiMH cells.

benchmarq

~

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:
Sales Contact: Phone:

DC input voltage (V)
-AV enabled (yes/no)

AT/At enabled (yes/no)

Number of battery cells (2—12)
Charge current (A) (1.5A max.)
Battery capacity (mAh)

Battery type (NiCd and/or NiMH) !
Top-off (yes/no)

Discharge-before-charge (yes/no)

Discharge current (mA)

Oct. 1994
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DV2003L3 Board Schematic

LR

TABLE 1
NO. OF CELLS R7
S 336K
6 S1eK
8 680K
10 816K
C ue
1 1 1
R4 ' RS §R12
2] W F:Z: o 10 ARt ) 02 2 ¥
R3 2 : - be—Tm C Q)
, 2 ez rere (- “on
c2 . i R NS
RS C3 1| = 802003 8% 1 »

é 1 1
X R8 < C4 CS
; ]l57.7K 2 i §lm o.1r S R2 f— R11 _ D4 DS
2 2 Al BAK S 2.7 Ta. e | e w7siA
2 1% 2 2!

NOTES: .
RE 1. T0 DISABLE DELTA T, RS SHOULD BE 2.2K. B0-9e22
0.22 2. DISCHARGE RATE = 1.35/R17 (346mA SHOWN) .

2| v 3. CHARGE RATE = 8.236/R6 (1.2 AMPS AS SHOWN).

Oct. 1994
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Proauct Bief DV2003S1

Fast Charge Development System

Features

»  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 temperature/delta
time (AT/At), 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 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.

Review the bq2003 data sheet and the application note,
“Using the bgq2003 to Control Fast Charge,” before using
the DV2003S1 board.

The fast charge is terminated by any of the following:
AT/At, -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.

Oct. 1994

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

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 (http://www.benchmarq.com), or you may contact the
factory for one.

Rev. A Board
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DV2003S1 Board Schematic
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Product Brief DV2003$2

Features

»  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 temperature/delta
time (AT/At), 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 bg2003 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 3.0A or less, whereas the
DV2003S2 uses an n-FET to support charge currents up
to 6.0A.

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.

Feb. 1993

Fast Charge Development System

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

The fast charge is terminated by any of the following:
AT/At, -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://www.benchmarq.com), or you may contact the
factory for one.

PB-0011
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DV2003S2 Board Schematic
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Using the bg2003

Introduction

This application note describes the use and functions of the
bq2003 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 serve 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 temperature/delta time) 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). Systems using the bq2003 can
be easily upgraded from NiCd batteries to NiMH batter-
ies without system redesign.

Background

A significant advantage of the bq2003 over other fast-
charge solutions is the use of AT/At and/or -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.

The AT/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 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.

Nov. 1984C

to Control Fast Charge u

The bq2003 monitors the voltage across the battery to detect
-AV, which is a very reliable charge terminator for NiCd
batteries. -AV detection in the bq2003 may be temporarily
disabled during periods when the charge current fluctuates
greatly or during the beginning of a fast charge to eliminate
false peaks. -AV may be permanently disabled without affect-
ing other bq2003 charge-termination functions.

To ensure safety for the battery and system, fast charg-
ing also terminates based on a hot-temperature cutoff
threshold (T'CO), a safety time period, and a maximum
cell voltage threshold (MCV). To avoid possible prema-
ture fast-charge termination when charging batteries af-
ter long periods of storage, the bq2003 disables MCV and
-AV detection during a short “hold-off” period at the start
of fast charge. This hold-off period is configured 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 bq2003. In a
three-stage configuration, the fast charge is followed by a
“top-off” charge stage at Vs the fast charge rate. This al-
lows the battery to be quickly and safely 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 %o or %o.

Basic Charge-Control Operation

Two detailed applications follow this section. One provides
direct control of a linear regulator, and the other provides
control of any external current source.

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 at the start of
charging and maintaining this state until charging is ter-
minated. In this example, R7, Q2, R15, and Q1 form the
switching circuit. When MOD goes high, Q2 switches on—
turning on Q1. 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.

118
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Table 1. Suggested Transistors (Q1)

Qi Type Package Maximum Current Maximum Voltage
IRFR9010 pFET DPAK 5.3 -50
IRFR9022 pFET DPAK 9.0 -50
IRFR9020 pFET DPAK 9.9 -60
IRFD9014 pFET HEXDIP 1.1 -60
IRFD9024 pFET HEXDIP 1.6 -60
IRF9Z10 pFET TO-220 4.7 -50
IRF9Z22 pFET TO-220 8.9 -50
IRF9Z20 pFET TO-220 9.7 -50
IRF9Z32 pFET TO-220 15 -50
BD136 PNP TO-225 1.5 -60
MJE171 PNP TO-225 3.0 -60
TIP42A PNP TO-220 6.0 -60

Note: For very high currents, two paralleled pFETs or an nFET with a high-side driver circuit may be suitable.
External current N
. M AN/
source input D7 at 06 R10
I'nc ¥
R15

Fio ety
bq2003 § RB1! — |
Voo Voo MoD & |

Q2 NTC

- !  Battery
BAT ———T«/\N«RS ) pack
ce T % RB2
TS * 4
B S Re —
Vss SNS Ve — N NA—
RT1 RT2
FG-10.2
Figure 1. Gated External Source (Bipolar Switch Option)
218 Nov. 1994 C
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Using the bq2003 to Control Fast Charge

Charge Status

The charge status of the bq2003 is indicated by two out-
puts. Each output may directly drive an LED. One LED
uses distinctive flashing patterns 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 fast charging.

Charge Initiation

Charge may be initiated by power to the IC, battery re-
placement, or application of a digital signal. Configura-
tion options are shown in Figure 2.

Charge initiation by application of power to the IC works

as follows: When Vcc is applied, the bq2003 is held in
Charge Action Charge Status Output reset for approximately one and one-half seconds. At the
State Low High end of the reset period, the CCMD pin (pin 1) is sampled
and, if CCMD and DCMD are low, a charge cycle initi-

Battery absent/abort . Continuous ates as soon as conditions allow.
Pending charge (waiting Charge initiation on battery replacement relies on the
for proper temperature 15 8ec 134 sec BAT pin voltage being greater than MCV in the absence
and/or voltage) of a battery, and falling below MCV when the battery is
3 - : connected. For example, in Figure 1 a resistor R10 is
Discharging (optional) 1% sec Vg sec inserted between the positive battery terminal and Ipc.
Fast chargi . This resistor, in conjunction with RB1 and RB2, is sized
ast charging Continuous ° to pull the BAT pin (pin 7) above the value programmed
Charging complete 4 sec Vg sec on MCYV (pin 11, maximum cell voltage threshold) when

the battery is removed.
’ i 1

Top-off (optional) % sec ¥ sec 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).

Vee )
{ Push-button
VCC switch
(normally open)
33K bq2003 bq2003 bq2003
Push- CCMD CCMD CCMD
button I
switch { = 33K
(normally _L
open) L —
Manual Automatic Manual and
charge charge automatic
initiation initiation initiation
FG-8
Figure 2. Charge Initiation Network
Nov. 1994C 3/18
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Using the bg2003 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 because the battery voltage
or temperature is outside programmed limits. 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 reason for this may either be to
remedy a voltage-depression effect found in some NiCd
batteries 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 Vca/B. Charging begins as soon as conditions
allow.

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

A strobe on CCMD terminates the discharge phase and
initiates fast charging.

Unlike a CCMD-initiated charge, the discharge-before-
charge function is ignored or terminated when Vpat -
Vsns > VMev (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 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 RB1
and RB2 are chosen 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, RB1 may be
chosen as 562KQ and RB2 as 187KQ.

Vee Vee
i puppton oncrs
(normally open) load (normally open) load
bq2003 bq2003 )
DCMD DIs DCMD DIS
33K = 33K %
v =

o Vgs SNS 8NS Vss SNS
Discharge network for Discharge network for
use with a bq2003-controlled use with an external
switching current supply charge current source

FG-9
Figure 3. Battery Conditioning Network
a8 Nov. 1994 C




Using the bq2003 to Control Fast Charge

Although virtually any value may be chosen for RB1 and
RB2 due to the high input impedance of the BAT pin, the
values selected must not be so low as to appreciably
drain the battery nor so large as to degrade the circuit’s
noise performance. Constraining the source resistance as
seen from BAT between 20KQ and 1MQ is acceptable
over the bq2003 operating range. Total impedance
between the battery terminal and Vss should typically be
about 300KQ to 1MQ . See Table 2.

Notes: (1) Because Vsns may be positive in bq2003
switching regulation applications, the actual internal
comparison uses VBAT — VsNs, or VceLL. This internal
value VCELL maintains a representative single-cell volt-
age independent of any current through Rsns.

(2) The R-C time delay in the presentation of VeaT must
be shorter than 200ms (tmMcv). A longer delay may result
in a failure to determine “battery replaced.”

Table 2. Suggested RB1 and RB2
Values for NiCd and NiMH Cells

Configuring the MCV Input

Battery over-voltage protection is accomplished by com-
paring VcELL to the voltage on the MCV input pin. If
VCELL becomes greater than Vmcv, both charging and
top-off terminate.

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

To detect the presence of a battery, the DC supply volt-
age must be larger than MCV « N + Viosst, where
V0ossT is defined as the trickle charging path voltage
loss and N is the Vpar divisor.

Temperature Sensing and the TCO Pin

The bq2003 uses the temperature sense input on the TS
pin to qualify charge initiation and termination. A nega-

Number of Celis tive temperature coefficient (NTC) thermistor referenced
(Vaar Divisor) RB1 RB2 to SNS and placed in close proximity to the battery may
be used as a temperature-to-voltage transducer as shown
4 562 KQ 187 KQ in Figure 1. This example shows a simple linearization
5 649 KQ 162KQ network constituted by RT1 and RT2 in conjunction with
the thermistor, RT. If this temperature sensor is to be
6 590 KQ 118KQ used for charge control, it should be directly in contact
8 931KQ 133KQ with the cells.
10 953 KQ 105 KQ Temperature-decision thresholds are defined as LTF
12 374 KQ 34 KQ (low-temperature fault), HTF (hot-temperature fault),
and TCO (temperature cutoff). Charge action initiation
14 649KQ 499 Ko is inhibited if the temperature is outside the LTF-to-HTF
16 750 KQ 499 KQ 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.
Vee Vee
bq2003 bq2003
v v '
MCV MCV TCO MCV MCV
- - v
1C0 1C0 |—2
Independent Combined
networks network Fa-12
Figure 4. Threshold Networks
Nov. 1994 C 518
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Using the bq2003 to Control Fast Charge

Once initiated, charging terminates if the temperature is
either less than LTF or greater than TCO. The bq2003
interprets the reference points VL1v, VHTF, and Vrco as
Vss-referenced voltages, with Virr fixed at %5 Vcc and
V1co equal to the voltage presented on the TCO pin. See
Figure 5. Note that since the voltage on pin TS decreases
as temperature increases, Vrco should always be less
than % Vcc. VHTF is set internally 74 of the way from
VLtF to Vrco. The resistive dividers shown in Figure 4
may be used to generate the desired Vrco.

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 (TaT), and
minimum and maximum charge temperatures of 0° and
40°C, respectively, V1co equals:

V1oo = (2 » Voe/5) - (0.0028 + Ve « (Treo — TLTF)
=2-(0.014 « (40-0))

=14V

Table 3 shows the temperature control values that apply
for Application Examples 1 and 2, assuming the Fenwal
part number 197-103LA6-A01 thermistor. Appendix A
explains the derivation of such component values.

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

-+ Vcc
——— 4+ Vur =2 Ve
/]
™ T Vurg = VUIF — 7B (VrF — VTco)
4v User Defined
Tco =Voltage at TCO pin
T VSS FG-9817

Figure 5. Temperature Reference Points

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 volt-
age change with increasing temperature, making the
measurement more sensitive at higher temperatures.
The last three columns of Table 3 are an example of this
relationship.

Table 3. Example Values, Temperature Sense Network

Minimum-to-Nominal
AT/At Rate (°C/min)
LTF HTF TCO Vrco RT1 RT2 Tar
(°C) () (°C) V) (XQ) (KQ) | (C/min) | @ 25°C @ 35°¢C @ 45°C
10 47 50 1.50 3.65 2.80 1.04 0.94-1.26 0.75-1.00 | 0.64-0.85
Notes: 1. Vsgr=0V.
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.
6/18 Nov. 1994C
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Vcc Supply

The Ve supply provides both power and voltage refer-
ence to the bq2003. This reference directly affects BAT
voltage and internal time-base voltage measurements.

A 6% 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. This range is accept-
able from the perspective that an MCV charge termina-
tion represents a faulty battery. The minimum MCV
must be safely above a “healthy” charging voltage. The
maximum MCV must satisfy the requirement to recog-
nize battery removed/replaced (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
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%.

Trickie Resistor

The trickle resistor, R10, is sized to limit the constant
trickle current, It.

R10 = (Vpc - Vear)/ It

The resistance of R10 is calculated using It = charge
current desired after full (typically a G429 to%%o rate, pos-
sibly less) 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 Vpar is at a lower voltage (no fast-charge
pending charge qualification).

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

Nov. 1984C

Top-Off Charge

The top-off charge option allows for the self-discharge
replacement trickle current to be very low, but still pro-
vides for filling up the last fraction of capacity after the
fast-charge phase has terminated. Top-off occurs at a 14
pulsed rate to prevent excess heat generation, and termi-
nates after a period equal to the safety time-out. It also
terminates if TCO or MCV is detected.

Top-off is not recommended in applications where a bat-
tery charge is re-initiated with extremely high frequency
(many times per day); for example, when the unit is re-
turned to the charge cradle after each shart period of use.

Negative Delta Voltage Fast-Charge
Detection

-AV full-charge detection may operate in parallel with
the AT/At detection. If temperature control is disabled by
design, then -AV should be enabled (DVEN to Vcc). If
-AV is enabled, a constant-current charging source is re-
quired. Otherwise a drop in current may cause a false
-AV determination. DVEN may change state at any time.

Mode Selection Pins TM1 and TM2

These two pins are used to select the safety time-out (5
selections, 23 to 360 minutes) 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 inefficiency and the fact that
many batteries hold more than the rated charge. A safety
time-out 1.3-1.5 times the nominal time is normally ade-
quate (i.e., 90 minutes 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 as fast charging
during system operation using AT/At termination), then
the safety time-out selection should allow for the slowest
charges that may occur. The 180- or 360-minute selection
may be appropriate.

s
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System-Controlled Charge
Inhibition

Some in-system chargers may require the ability to block
fast charge activity when the system is on.

Two small 1N4148-type diodes—with cathodes connected
outside the R-C filter—control the bq2003 BAT and TS
inputs to provide this capability. A high signal
(INHIBIT) applied to anodes of these 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 must be high
for longer than tMcv max (300ms) if a subsequent low
state is to initiate charge.

INHIBIT could 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.

8/18

Power Supply Selection

The DC supply voltage, Vpc, must satisfy two require-
ments:

1. To support the bq2003 Vcc supply, Vpc must be
adequate to provide for 5V regulation after the
losses in the regulator and across D1 (Vpc 2 7.7V
using the 78L05).

2. To support the charge operation, Vpc > (number of
cells » MCVMax) + ViLoss in the charging path.
(MCVMax 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.

Nov. 1894C
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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 significant noise source.

Diode D1 (1N4148) is recommended for rectification
and filtering.

If the DCMD input is electronically controlled, care
should be taken to prevent noise-induced false tran-
sitions.

For bq2003-modulated switching applications:

1. Avoid mixing signal and power grounds by using a . . .
single-point ground technique incorporating both a * A 2K‘:l rtﬁsmtor 18 required between the MOD
small signal ground path and a power ground path. pin and the transistor.

2. The charging path components and associated = A 1000pF capacitor/lK_(.) resistor R-C filter
traces should be kept relatively isolated from the should be as close as possible to the SNS pin.
b2003 and its supporting components. +  The 0.1uF capacitors for BAT and TS should be

3. 0.1yF and 10uF decoupling capacitors should be routed directly to SNS and not to ground.
placed close together and very close to the Vcc pin. Fi 6 and 7 show an example layout of the non-

4. 0.1yF capacitors and resistors forming R-C filters power path circuits in the "kemel' board” available from
connected to pins BAT, TS, TCO, and MCV should Benchmarq. Figure 8 is a schematic of the board. Table 4
be as close as possible to their associated pins. contains the parts list for the board. A comparable lay-

. . out is recommended.
5. Because the bq2003 uses Vcc for its reference, addi-
tional loading on Vcc is not recommended.
oc 1]
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Figure 6. bq2003 Kernel Board Layout, Component Placement
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Figure 7. bq2003 Kernel Board Layout
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Table 4. bq2003 Kernel Board Parts List
Component Name Component Description
Cl 10puF 50V electrolytic
C2,C4,Ch,C7,C8 0.1uF ceramic
C3 10uF 7V electrolytic
C6 1000pF ceramic
D1, D4, D5 1N4148
D2, D3 HLMP 4700 red LED
R1 User-defined 1% YW or 1AW carbon film
R2 User-defined 1% W or 14W carbon film
R3 User-defined 1% 4 W or 14W carbon film
R4, R7, R8, R9 1KQ 5% YW or 14W carbon film
R5, R6 100KQ 5% YW or 1sW carbon film
RB1 User-defined 1% YW or 4W carbon film
RB2 User-defined 1% W or W carbon film
RT1 User-defined 1% W or %W carbon film
RT2 User-defined 1% %W or 14W carbon film
U1l bq2003
U2 LM78LO5ACZ
N 1 =2 3
R o () P e e
BAT > § = i )
> w . 65>
== -
RTY é RB1 %” =1 e Ny DSK
RS — ) ? v 1 ““oa
> " l I i sl " %
RT2 RB2 -~¢c7 cs
= R2 Rl
B> % % R4 * T T —L N"“]
%ce‘ ins :_]:c‘ ics
0e os SNS is tied to Vgg if bq2003 switching modulation is not used.
_—TL *R4 and C6 are only needed for switching modulation applications.
> 80-148
Figure 8. bq2003 Kernel Board Schematic
Nov. 1994 C 1/18
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Application Exampile 1: Linear Regulator

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 NiMH cells with current regulated up to
1.5A. Ris determines the charge rate per the formula:

I1=1.25V/Rie

Charge is initiated on battery replaced or Vcc valid. -AV
detection is enabled (DVEN high), and discharge control
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; HTF
= 47°C; TCO = 50°C; Tar (average AT/At) = 1.04°C/ min-
ute. Timer-mode selection (see data sheet) and trickle
resistor R10 selection (see page 7) are determined by the
designer.

Components to complete this schematic may be selected
from the preceding table:

s Table 2: BAT network RB1 and RB2 values
Table 5 contains the parts list for the board.

Notes: (1) Temperature control and qualification may be
disabled by tying pin TCO to Vss and fixing the voltage
on pin TS t0 0.1 « Vcc.

(2) The voltage drop (VLoss) 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 + VLoss

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

Table 5. Linear Regulator/Charge Controller Board Parts List

Component Name Component Description
C1 10uF 50V electrolytic
C2, C4, C5,C17,C8 0.1uF ceramic
C3 10pF 7V electrolytic
D1 1N4148 or equivalent
D2, D3 HLMP 4700 red LED
D6 1N5400
D7 1N4001
Q2, Q3 2N3904
R1 63.4KQ 1% %W or W carbon film
R2 6.04KQ 1% 4 W or 14W carbon film
R3 30.1KQ 1% YW or 4W carbon film
R5, R6 100KQ 5% YW or 13W carbon film
R7, R15 10KQ 5% Y4W or }4W carbon film
R8, R9 1.0KQ 5% Y4W or ¥3W carbon film
R10 User-defined 5% carbon film
R16 1Q 1% 3W carbon film
R17 240Q 5% Y4W or 14W carbon film
R33 510KQ 5% Y4W or 4W carbon film
RB1 User-defined 1% YW or 14W carbon film
RB2 User-defined 1% %W or 14W carbon film
RT Negative temperature coefficient (NTC) thermistor (see Figure 9)
RT1 1% Y4W or 5W carbon film (see Figure 9)
~ RT2 1% YW or 14W carbon film (see Figure 9)
Ul bq2003
U2 LM317T
U3 LM78LO5ACZ

12/18
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Reguiated D7 RO Vo
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Battery Pack
) RI9
Q3 RB2 §
—@mmm 810KQ
" = =
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CCMD
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DIS: No connect.

TM1, TM2: To Vo, Vgg. Or float as required.
The R-C filters on MCV and TCO are recommended in noisy environments.

¥ NTC, RT1, and RT2: Thermistor RT1 RT2
Keystone RLO703-5744-103-S1 3.57K 287K
Philips 2322-640-63103 3.85K 2.80K
Fenwal Type 18, 197-103LA6-A01 3.65K 2.80K
BD-135.2

Nov. 1994C

Figure 9. Linear Regulator/Charge Controller
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Application Example 2: Gated External
Current Source

In the example in Figure 10, the bq2003 is used to gate
an external current-limited or regulated charge source
that can charge NiCd or NiMH cells.

Charge is initiated on battery replaced or Vcc valid. -AV
detection is enabled (DVEN high), and discharge control
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; HTF
= 47°C; TCO = 50°C; Tar (average AT/At) = 1.04°C/ min-
ute. Timer-mode selection (see data sheet) and trickle
resistor R10 selection (see page 7) are determined by the
designer.

Components to complete this schematic may be selected
from these preceding tables:

Table 1: Power switch Q1
s Table 2: BAT network RB1 and RB2 values
Table 5 contains the parts list for the board.

Notes: (1) Temperature control and qualification may
be disabled by tying pin TCO to Vss and fixing the volt-
age on pin TS to 0.1 » Vcc.

(2) The charging supply voltage must be greater than
the following:

Number of cells + max. cell voltage + Vioss

Table 6. Gated External Current Source Board Parts List

Component Name Component Description
C1 10uF 50V electrolytic
C2, C4, C5,C7,C8 0.1uF ceramic B a
C3 L 10pF 7V electrolytic ]
D1 1N4148 or equivalent ]
D2, D3 HLMP 4700 red LED ]
D6 1IN5400
D7 . 1N4001
Q1 User-defined pFET ]
Q2 B 2N3904 o |
R1 63.4kQ 1% YW or 13W carbon film
 R2 6.04kQ 1% YW or ¥3W carbon film
R3 1 30.1kQ 1% Y4W or 1%8W carbon film
R5, R6 100kQ 5% 4W or 18W carbon film
R7 - 10kQ 5% Y4W or 15W carbon film ]
R8, R9, R15 1kQ 5% 4 W or 4W carbon film ]
R10 User-defined 5% carbon film
RBL User-defined 1% %W or %W carbon film
RB2 User-defined 1% 14W or 1iW carbon film
RT | ._Negative temperature coefficient (NTC) thermistor (see Figure 10) |
RT1 1 1% Y4W or 1BW carbon film (see Figure 10)
RT; - 1% 1/4W or 14W carbon film (gee Figure 10)
U1 | ___bq2003 o
us L LM78LO5SACZ

14/18
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Regulated o7 R10
DC P \AA-
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The R-C filters on MCV and TCO are recommended in noisy environments.

* NTC, RT1, and RT2: Thermistor RT1 RT2
Keystone RL0703-5744-103-S1 357K 267K
Philips 2322-640-63103 365K 280K
Fenwal Type 16; 197-103LA6-A01 3.65K 2.80K

B8D-137
Figure 10. Gating External Current Source
Nov. 1994C 15/18

1-65



Using the bq2003 to Control Fast Charge

Appendix A
Determining Temperature-
Control Component Values

The bq2003 uses a negative temperature coefficient (NTC)
thermistor to determine temperature. The AT/At sensitivity
can be adjusted using different resistor values (RT1 and RT2
in Figure 1 and Application Examples 1 and 2) and a different
high-temperature cutoff voltage. Table A-1 lists various ther-
mistor manufacturers, with the appropriate part numbers.

Follow these steps 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. VL1F is set within the bq2003 at 0.4 « Vcc.

2a. The high-temperature cutoff (TCO) for charging
must be established. TCO 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 °C/minute) for termination must
be established. As mentioned in this application
note, the bq2003 provides a typical AT/At charge termi-
nation of 14 mV per minute. The Tar value is deter-

RT1

RT2 RT

BD-146

Figure A-1. Resistor Network

16/18

mined by the battery specification, the charge rate,
and the heat dissipation of the system. Typical
nominal values for TaT range from 0.75°C/min to

1.5°CG/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% error.

= The non-linearity of the thermistor between
LTF and TCO. As the temperature nears LTF,
the expected AT/At is less than Tar (less
sensitive), and as the temperature nears TCO,
the expected AT/At is more than Tar (more
sensitive).

The AT/At range should be considered in determin-
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 first bq2003 sample does not cause a prema-
ture termination. Multiple sampling ensures that
the termination occurs well before the Tar max.

¢. The high-temperature cutoff voltage, Vrco, must be
established. This Vrco limit is determined by the
TaT and may be calculated by:

Voo =2 » Voo - 0.0028 * Ve * (TCO - LTFYTar

Vrco is provided at the TCO pin by a resistor-di-
vider network as shown in Figures 9 and 10: V1co =
Vce * R3/ (R1 + R2 + R3). In this arrangement, R1
and R2 are selected such that MCV = Vce » (R2 +
R3)/(R1 + R2 + R3).

4. Select the thermistor to be used. If it is not from

Table A-1, the thermistor sensitivity at 25°C 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

(Rorr and Rrco, respectively). This may be done us-
ing the thermistor temperature versus resistance con-
version table provided with the thermistor specifica-
tion. These tables are usually in 5°C increments.

6. The values for RT1 and RT2 may be calculated by:

T1=Rurr+ (1 -(2/Vco)/ (2/Vce)
T2 =Rrco * (1 - (Vroco/ (Ve - Vsns)))/ (Vroo/ (Vo - Vsns))
RT2 = ((T2 + Rr1F) - (T1 + Rrco))/ (T1 -T2)
RT1 = (RT2 « T1)/ (RLTF + RT2)

Nov. 1994 C
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Table A-1. 10K NTC Thermistor Types and Resistance Values

Nominal Resistance (Q2) at Temperature

Temperature | 5107006744 103.81 | | 2322.040.80103 | Type 161 1971000 AGADT | | CI0OVI0%)
() (Tel: 814/781-1591) | (Tel: 407/743-2112) yp(.fel:'soa/in-soom (Tel: 908/287-2870)
-30 188172 173900 177000 .

-25 138043 128500 - -
-20 102263 95890 970700 ;
-15 76461 72230 - -
-10 57672 54890 55330 .

5 43864 42070 - .

0 33630 32510 32650 29588
5 25988 25310 - 23516
10 20243 19860 19900 18813
15 15889 15690 - 15148
20 12562 12490 12490 12271
25 10000 10000 10000 10000
30 8013 8060 8057 8195
35 6461 6536 . 6752
40 5241 5331 5327 5593
45 4276 4373 . 4656
50 3507 3606 3603 3894
55 2894 2989 . 3273
60 2400 2490 2488 2762
65 2001 2085 2342
70 1677 1753 1752 1993.7
75 1412 1481 1704.0
80 1194 1256 1258 1462.0
85 1014 1070 . 1259.1
) 865.2 9155 917.7 1088.3
95 741.0 786.1 943.9
100 636.9 6715 680.0 821.4

Nov. 1994 C 1718
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Application Note Revision History

Change No. | Page No. Description Nature of Change
1 13,15 Changed thermistor values on Figures 9 and 10 Correction
1 12-15 Added component R33 to Figure 9 and Table 5 and | Correction for cold
R33 and D17 to Figure 10 and Table 6 temperature charge initiation
1 15 Corrected R1 value Was 6.34K; is 63.4K

Note: Change 1 = Dec. 1992 B changes from Oct. 1992 A.

18118

Nov. 1994 C
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BENCHMARQ

Step-Down Switching Current

Regulation Using the bq2003 n

Introduction

This application note describes the use of the bq2003
Fast Charge IC as the modulator in a buck-type switch-
mode regulator to fast charge NiCd and NiMH 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
sources to control battery charging.

Examples for additional applications are being developed.
Please contact Benchmarq if your application is not sup-
ported 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 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
bq2003 can be easily upgraded from NiCd batteries to
NiMH batteries without system redesign.

Background

The bq2003 may serve as a controller to provide a switch-
mode current source configuration 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 fast charging the battery, switch-mode
operation may not be needed. The use of a gated current
configuration as described 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 p-channel 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.

Dec. 1982

Fast Charge IC

Thermal packaging requirements are often the practical
limits in electronic design. Basic thermal management
or component thermal stress/reliability issues can affect
an otherwise successful product. The use of switching
power-conversion techniques results in dramatically less
heat being generated in the product.

A comparison of power loss demonstrates the advantage
of switch-mode control versus 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. Loses in the switch-mode
circuit may be held below 2W, whereas loss 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 resis-
tor R26. The current waveform of the inductor is
represented by a voltage waveform across R26. MOD
transitions from high to low after SNS rampe up to
0.250V and from low to high after SNS ramps down to
0.220V. This action sustains a self-referenced oscillation
about these two thresholds.

Both Vs and Vpar are referenced to Vsns by an internal
A-to-D converter. For this reason, both the TS and BAT
pins must be well-coupled to SNS using the associated ca-
pacitors (C7 and C8) and resistors (R5 and R6). If the
waveforms at TS and BAT are viewed with an oecilloscope,
the AC content found at SNS is seen at TS and BAT. This
is normal.

A resistor (R7) is placed in series with the Q3 gate to

drive a small signal-switching FET, Q3. Internal bq2003
noise is lowered with this resistor in place.

Virr, Varr, and Vrco are voltage-reference points
monitored on the TS pin to qualify charge initiation and
termination on temperature. Operation of the bq2003 in
a non-switch-mode application is described fully in the
application note entitled “Using the bq2003 to Control
Fast Charge.”

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

s Prior to charge initiation, VsNs = Vss.
s While charging, Vsns (average) = 0.235V.

15e
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Because the bq2003 internal A-to-D converter measures
differentially between Vs and VsNs, component selection
for temperature qualification of charge initiation must be
done assuming Vsns = OV, and component selection for
temperature qualification of charge termination must be
done assuming Vsns = 0.235V.

V1s is the voltage at the node of RT1, RT2, and the ther-
mistor. The voltage is derived from reference Vcc (5V) by
RT1 connected to Vcc and RT2 in parallel with the ther-
mistor connected to SNS. Prior to charging, the voltage
being divided is Vcc. When switching regulation is ac-
tive, the bottom side of RT2 and the thermistor is biased
positively by 0.236V, reducing the reference voltage to
4.65V.

Because Vrco and ViTF are both referenced to Vcc, Vrs
for a particular temperature represents a colder tem-
perature when the switch-mode is inactive than when
the switch-mode is active. This effect could negate the
HTF charge initiation qualification threshold. VHrF is 14
« VuF + %8 + V1co. Vrco is a threshold selected for use
when the switch-mode is active. VLTF is internally fixed
at 0.4 « Vcc. The values of RT1, RT2, and the thermistor
that define the LTF temperature (charging off) also
define 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 uselfulness of HTF to qualify the start of

charge.

The bq2003 bQuick™ design disk is 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 regulator/charge controller that can charge 4
to 12 NiCd or NiMH cells with current regulated up to
3A.

Figure 1 is a standard configuration for a pFET switch-
mode charger. MOD drives a small signal DMOS FET,
Q3. When MOD is high, Q3 is on, turning on Q1 via the
path through D8 and D9.

L1 inductor current ramps up linearly while MOD is
high. L1 current is in series with the battery and R26.
The resulting voltage across R26, Vsns, is delivered via
R4 to C6 at the SNS pin. The L1 inductor current ramps
up linearly until Vsns reaches 0.250V, at which time
MOD goes low and Q1 turns off. A flux reversal occurs in
L1, causing D10 to conduct. Charge is now being trans-
ferred from L1 into the battery. The L1 current ramps

216

down linearly until Vsns reaches 0.220V. At this point
the cycle repeats with MOD going 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 Q3. The Zener voltage
should be sized to allow full Q1 enhancement while Q3 is
conducting. See Table 1.

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

Table 1. Lookup Table for D9 Selection

+VDC Input Motorola Nominal Zener
(Volts) Part No. Voitage
Below 15 Shorted 0
15-18 IN749 43
18-21 IN755 75
21-24 IN758 10
24-27 1IN964A 13
27-30 1IN966A 16
30-32 IN967A 18
32-35 1IN968A 20

Q1 source lead. Without C9 in place, Q1 can be con-
nected to an overly inductive voltage supply. D6 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 is enabled (DVEN high), and discharge control
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; TCO
= 50°C; AT/At at 30°C = 0.82°C/min. (i.e., typical =
1.10°C/min.). Timer-mode selection (see data sheet) 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 Icug * R26 = 0.235V.

The values of RB1 and RB2 to complete this schematic
may be selected from Table 2 in the application note
entitled “Using the bq2003 to Control Fast Charge.”

Note: Temperature control and qualification may be
disabled by tying the TCO pin to Vss and fixing the volt-
age on the TS pin t0 0.1 « Vcc.

Table 2 lists suggested components for different-rate

Al s Mable O Vode adb o aoae s andrs ol e 2ancy
chargers. Tavle J lists other camponents snown inn E""wv L
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Figure 1. P-Channel MOSFET Switching-Mode Charger
Dec. 1992 e
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Table 2. Suggested Components—P-Channel MOSFET Charger

Suggested Max.
Charging Curreni Qi D6 Did Cs Li
30 turns, #26 AWG, wound on
ECA-1VFQ390 Magnetics, Inc., P/N 77040 core;
1A IRF9Z14 | IN4001 | IN5818 | oq prrv/46OmOESR | nominal inductance 59uH;
GFS Mfg., Inc., P/N 92-2156-1
ECA-1VFQ560 37 turns, #22 AWG, wound on
2A IRF9Z24 | IN5821 | IN5B21 | g0 pasV/300mQESR | Magnetics, Inc., /N 77120 core;
nominal inductance 98uH;
ECA-1VFQ121
3A IRF9Z34 IN5821 | 1N5821 1204F/35V/170mQESR GFS Mfg., Inc., P/N 92-2157-1
. GFS Mfg,, Inc.
Source InbeR mla;g::al Motorola | Motorola Panasonic Dover, NH
(603) 742-4375

Table 3. Other Components—P-Channel MOSFET Charger

Component Name Component Description
C1 10uF 35V electrolytic
C2, C4,C5,C17,C8 0.1pF ceramic
C3 10uF 10V electrolytic
C6 1000pF ceramic
D1, D4, D5, D8 1N4148
D2, D3 HLMP 4700 red LED
Q2 2N3904
Q3 2N7000
R1, R2,R3 User-defined 1% %W or 13W
R4 1KQ 5% YW
R5, R6 100KQ 5% Y4 W or 1,W
R7,R8,R9 2KQ 5% Y4W or 14W
R10, R26 User-defined
RB1 User-defined 1% YW or 15W
RB2 User-defined 1% YW or bW
RT1 User-defined 1% YW or 4W
RT2 User-defined 1% %W or %W
Ul bq2003
U2 LM78LO5ACZ

4/16

Dec. 1992
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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
disadvantage is the number of additional components re-
quired to support it.

The schematic in Figure 2 is a standard configuration 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 positive with respect to the
drain in this application to provide full enhancement of
the device. When catch diode D10 is conducting, C11 i