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FEATURES

¢ Accurate regulation of charge
current settings in co-operation

o Large battery voltage range

polarity switch

with a switched mode power

supply

charged

Cto50C)

Adjustable fast charging level (1

Adjustable normal charging level
(0.05 Ct0 0.25 C)

Temperature guarding by means

APPLICATIONS

Accurate detection of fully
charged batteries by currentiess
battery voltage sensing

Switch over from fast to normal
charging when batteries are fully

NiMH batteries

GENERAL DESCRIPTION

e Both DC and PWM outputs with

¢ Charge systems for NiCd and

The TEA1100 is manufactured in a

BICMOS process intended to be

used as a battery monitor circuit in

batteries.

ORDERING INFORMATION

charge systems for NiCd and NiMH

The circuit has to be situated on the
secondary side in mains-isolated
systems where it monitors the
battery voltage and the charge
current. The circuit drives, by means
of an opto-coupler or a pulse
transformer interface, an SMPS
circuit, situated on the primary side
of the system, thus controlling the
charge current of the batteries.

The circuit can drive the external
power transistor in switched mode
systems, which have a DC power
source, via a driver stage.

of an NTC resistor SACKAGE
e Tracking of maximum fast EXTENDED TYPE
charging time with fast charging NUMBER PINS | PIN POSITION | MATERIAL | CODE
current level TEA1100 16 |DIL plastic SOT38G
* Protections against TEA1100T 16 SO16L plastic SOT162A
short-circuited and open batteries
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vp positive supply voltage 5.65 - 11.56 Vv
range
Ip supply current outputs off - - 4.1 mA
Vvac voltage range of 0.385 - 3.85 \"
battery-full detection
dVyac/Vvac —dV detection level note 1 - 1 - %
w.r.t. top value
Ivac input current battery - - 1 nA
monitor
Viac voltage protection
battery low - 0.3 - \
battery high - 4.25 - \
charging level lcharge = R1/R, x |;
see Fig. 3
lret fast I'=ly 20 - 100 HA
I normal I=1/px0.1xl, 10 - 50 pA
(p = prescale factor)
fosc oscillator frequency 10 - 100 kHz

Note to the quick reference data

1. The —dV detection level can be adjusted by use of an external voltage regulator diode to increase the sensitivity.

May 1992
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chargers
PINNING can be generated by a separate
winding on the transformer, as
SYMBOL | PIN DESCRIPTION shown in Fig.3 (application
PWM 1 pulse width modulator diagram), in either the flyback or the
AO 2 analog output. forward stroke. Another possibility is
NTC 3 temperature sensor input rectification from the mains
- secondary winding (at the
LS 4 loop stability connection D1 and L2).
B 5 charge current Considerations for choosing the way
A 6 stabilized supply voltage of supplying the IC are:
VAC 7 battery voltage o supply voltage range of 5.65 to
PR 8 prescaler 11.5 V under all circumstances
- (also during the 90% pause at
cP 9 change polan-ty normal charging, the standby
Ries 10 reference resistor current then is 1 mA typ.)
R, 11 normal charge reference resistor « maximum battery voltage (flyback
Ve 12 positive supply voltage stroke)
(0:510] 13 oscillator input e minimum power delivered by the
SYNC 14 | synchronization input primary SMPS (normal charging)
LED 15 LED output The supply block delivers the
GND 16 ground following outputs:
¢ By using an external resistor R,
at pin 10 (R,) a reference
U current is obtained which defines
PwM [ [16 ] GND all external related currents
(charge reference currents,
a0 (2 15 ] LED oscillator).
NTC [37] [14] SYNC e Externally available 4.25 V
stabilized voltage source (V).
s L8] TTEEAA1111OOOOT i3] osc This source is used internally for
B [5 | 2] W a large part of the circuit and can
be used to set the NTC biasing
Vs L& 11 R and to supply other external
vac [7] (70 ] Rref circuitry. Vg is cut off in the 90%
pause during normal charging.
PR LE] 9 ]cp » Low Supply voltage Protection
WKA15S signal (LSP). When the supply
voltage is lower than 5.25 V typ.,
Fig.2 Pin configuration. there is supply voltage enough
left to switch off the power
regulation and hereafter the IC
current is limited to the start level
FUNCTIONAL DESCRIPTION Supply block of 35 pA typ.

The operation of the circuit will be
explained with the aid of Fig.1 (block
diagram) and Fig.3 (application
diagram). The circuit is divided into
several blocks which are described
separately.

May 1992

The circuit needs a supply voltage
on pin V; with a value between 5.65
and 11.5 V. Above 6.4 V typ., the
circuit starts up assuming that mains
is connected to the system and the
charge session begins. This supply

4

* Mains.on reset pulse resets all
digital circuitry after a start or
restart due to an interrupted
supply (V).
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Charge current regulation

The charge current has to be
sensed by means of a low-ohmic

raniadar im aavian warithh Al
reSisSior in sefies wiln Gioase D‘I . The

waveform on resistor R, (see Fig.4
for a flyback converter) has the form
of a negative-going ramp and after
filtering a negative DC voltage is
obtained. Across resistor R1 a
positive voltage is created by means
of the current sources set by the
pins R, and R,. The error amplifier
A1 references the result to ground
and via the regulation loop of the
SMPS, the secondary current will be
regulated to a value which is defined
by:

I, X Ry = R1 x | (fast charge) or,
I, X Ry = R1 x |, (normal charge)

The |, current is the fast charging
reference current, the |, currentis
used for regulation after a full
battery is detected. The |, current is
the reference current set by R,
while |, is dependent on the resistor
at pin R,. With no resistor on pin R,,
the I, current has a default value
which is half the |, current.

By choosing the correct resistor
values R,, R1, R, and R, a wide
range of charge currents can be set
as well as a wide range of the ratio
fast charge current as a function of
normal charge current. For
determination of the normal charge
current the 1:10 duty cycle and the
programmable prescale factor (p)
should be taken into account (see
Logic block); I, = 1/px 0.1 x 1. The
output of amplifier A1 is available at
the loop stability pin (LS), so the
time constant of the SMPS loop can
be set at the secondary side of the
system.

NTC block

The voltage at the NTC pin is
compared with two reference
voltages. When the NTC voltage is
between V,, and V,,, the charge

May 1992

current regulation is unaffected.
When the NTC voltage is outside
this window, the power of the SMPS
is reduced to the normal charge
level.

The NTC input can be used for
temperature protection as shown in
Fig.3 (application diagram) by using
a suitable NTC resistor. To avoid
switching on and off with
temperature, a hysteresis is built in
for both levels.

Output drivers

The SMPS regulation signal is
available at different pins:

¢ Analog voltage output (push or
pull) at AO (pin 2) to drive an
opto-coupler in mains separated
applications when an external
resistor is connected between AO
and the opto-coupler. The
maximum current through the
opto-coupler diode is 2 mA. The
voltage gain of amplifier A2 is:
A=(Vs-14)x4dandis
typ. 12 dB. The voltage at AO
can also be used to drive a PWM
input of an SMPS circuit directly.
During 'inhibit SMPS' the AO
output is fixed to zero charge
current for currentless sensing.

¢ The LS voltage is compared
internally with the oscillator
voltage to deliver a pulse width
modulated output at PWM (pin 1)
to drive an output device in a
DC/DC converter application via
a driver stage. The PWM output
is latched to prevent
multi-pulsing. Moreover with the
latch a kind of current mode
control is possible. The maximum
duty cycle is internally fixed to
78% (typ.). The 'PWM' output
can be used for synchronization
and duty cycle control of a

primary SMPS via a pulse

transformer (the SMPS inhibit
and auxiliary pulses are also
available at pin PWM).

5

e The AO and PWM outputs can
be changed in polarity by
programming the change polarity
pin CP. The PWM output in the
on-state pushes current (CP = 0)
or pulls current (CP = 1). The
appearance of the auxiliary
pulses at pin PWM can also be
programmed with CP.

The 'LED’ output pin offers the
following output signals:

e 10/90% signal for driving a LED
when the duty cycle is too small
during the 10% time. This occurs
when there is a large difference
between fast and normal charge
currents. The LED frequency is
flep =22 x 1/p x fogc

¢ An SMPS inhibit period (duration
10 OSC pulses) for currentless
VAC sensing.

¢ VAC high voltage protection
signals.

Battery monitor

At higher battery voltages it is
advised to divide the battery voltage
with a factor 5 before offering this to
pin VAC (Voltage ACcumulator). Itis
also possible to take a tap on the
chain of batteries.

The VAC voltage range has to be
between 0.385 V and 3.85 V.

The VAC voltage is sampled at a
low cycle frequency

(foye = 27 X fosc) and the analog
value of VAC s digitized and stored
in a register. One cycle later, the
digitized value is converted back to
the analog value and compared with
the actual value of VAC. If the actual
value is higher, then the new VAC
voltage is stored in the register,
otherwise no conversion is done. So
the VAC top value is stored and it is

possible to detect an increasing VAC
indicating 'not yet full batteries’ or

decreasing VAC indicating that the
batteries are probably fully charged.
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The circuit waits.until the battery
voltage has dropped 1% below the
top value before indicating 'full
batteries’. However, by applying a
voltage regulator diode in the battery
voltage sense-line (see Fig.7) an
increased sensitivity of the —dV
detection level can be obtained, e.g.
0.5% or even a lower value.

In Fig.5 the battery voltage as
function of the charging time is
shown. The negative slope depends
on the charge current and is
approximately 3 mV/cell/K.

The switching of the SMPS can
cause interference on the battery
voltage and therefore it has been
necessary to stop the SMPS during
the inhibit time (see Fig.8). This can
be done automatically via the
regulation pins AO and PWM or by
using the SYNC output of the logic
block. The SMPS is stopped for 10
periods at the end of which sampling
is done. The VAC voltage will now
be sensed currentless. To avoid
false decisions concemning a falling
VAC voltage, VAC is digitally filtered
and analog stored in a
sample-and-hold circuit. This
approach ensures, even at very high
—dV sensitivity (<1%) accurate
detection of the battery full
condition. Immediately hereafter
decisions and VAC digitizing takes
place. The benefit of a
sample-and-hold circuit is that at
high frequencies the noise on the
VAC voltage is filtered and the VAC
manipulations like decisions and
digitizing are done on the same VAC
voltage available in the
sample-and-hold circuit.

When a —dV is detected, the
reference current |, is switched off,
the normal current 1, is switched on
during 10% of regulation and the
outputs are high-ohmic during 90%.
This 1:10 ratio in active reguiation,
together with the ratio in reference
currents (I, as a function of |,4),

May 1992

ensures that the resulting charge
current is low enough to be allowed
to flow through the batteries for a
long time to overcome the
self-discharge of the batteries
without causing memory effects. In
case the prescale factor p is
programmed, the |, current has to
be lowered with the p factor, so
l,=1px0.1x1,

Protections

¢ The circuit goes into standby (not
active, low current consumption)
when the supply voltage is less
than 5.25 V (LSP).

¢ When the divided battery voltage
exceeds the V; level (nominal
4.25 V) this is recognized as
open or removed batteries and
the output control signals
terminate to stop the SMPS
operation. This over-voltage
sensing is digitally filtered. In
above cases the 'battery full
detector’ and the 'counter/control’
will be reset.

o When the divided battery voltage
is less than V,, (0.3 V), the circuit
assumes short-circuited
batteries, the charge current is
reduced to the normal charge
level. As soon as the voltage
exceeds V,,, the fast charging
starts.

* The temperature protections are
already mentioned in section
NTC. In the case of
short-circuited batteries or active
temperature protections the
'battery full detector’ is reset and
the 'counter/control’ is stopped.

Oscillator and control logic

The whole timing of the circuit is
controlled by the oscillator.

The period time is defined by:
Tosc = 0.93 x Ryg; X Cogc.

The counter block defines a
maximum fast charge time called
Time Out’ (TO). As the charge
current and the oscillator frequency
(and so the TO) are both set by R,,
changing one effects the other.
Initially the oscillator capacitor can
be chosen such that the fast charge
time is half the TO time. This means
that in case of a one hour (1C)
charger, the TO signal occurs at 2
hours, in case of a quarter of an
hour (4C) charger, the TO signal is
active after half an hour. After that
the circuit switches over to normal
charging.

To adapt the SMPS switching
frequency in the synchronized mode
to the required oscillator frequency
of the timing logic, the timer logic is
preceded by a programmable
divider. By means of the PR pin the
divider ratio can be setto 1,2 or 4
(p factor). Doing so the oscillator
frequency can be increased with the
factor p without changing TO.

Fast charging current:
lch=R1/R, X V,/R.o

Time out:
TO=2%x0.93 x Ry X Coge X P
Normal charging current:
l.h=R1/R,x 1/px 0.1 x V, /R,

The control block determines the
following timing sequences:

o VAC sampling; this takes 1 clock
pulse every interval cycle.
The power converter is switched
off during VAC sampling. As
there are severai types of
converters, there also are several
control signals available at :
- pin 'SYNC'’ for synchronization
in analog voltage controlled
primary SMPS circuits
- pin 'PWM’ for digital controlled
primary SMPS and DC/DC
converters
- pin 'LED’ in speciai appiications
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¢ Disabling —dV during 2% x TO
(3% of TO) for proper start-with
fiat or inverse polarized batteries.
Disabling is active at each fast
charge cycle.

¢ Maximum fast charging time
(TO): the maximum timer is
stopped during VAC low voltage
protection and outside
temperature range.

¢ The normal charge duty cycle is
1/p x0.1

o Auxiliary pulses to support the
supply voltage of the primary
SMPS circuit via pin PWM: the
pulses can be programmed on
and off at an appearance rate of
fose/8 with a duty cycle of 14%;
programming is achieved by
activating CP.

The timing logic and the —-dV
recognition circuitry are reset after
each supply voltage failure and after
a battery over-voltage recognition.
The —dV circuit is also reset during
normal charging.

The SYNC output delivers
negative-going synchronization
pulses which are suppressed during
the sampling of the battery voltage.
With these sync pulses the SMPS
can be synchronized.The polarity of
the sync pulses is chosen so that in
case of an open SYNC pin in the
synchronization mode, the power is
regulated to a minimum. During the
VAC sampling the absense of sync
pulses causes the SMPS to stop
thus minimizing interference (see
Fig.8, synchronization waveforms).

During the 90% pause, only the
oscillator and the control logic are
operative to save current. In the
pause Vp is never allowed to
become less than V| gp. This would
cause a 'mains-on-reset’ and so fast
charging.

May 1992

Programming

With pins 'CP’ (change polarity) and
'PR’ (prescaler) several functions
can be programmed.

By defining the current (V/R¢p) at
pin CP, the following functions can
be activated :

1 change polarity CP = 0, normal polarity
CP =1, changed polarity
2 no auxilliary pulses at PWM aux=0
3 auxilliary pulses at /8 aux=8
FUNCTIONS
CPPIN
CcP aux
open pin 0 0
10 pA 0 8
22 pA 1 0
57 nA 1 8
By defining the voltage at pin PR,
the following functions can be
activated :
PR PIN FUNCTIONS
Vg prescaler divide by 1
open pin prescaler divide by 2
ground prescaler divide by 4
Formulas
DESCRIPTION | SYMBOL FORMULA FUNCTION
timing Tosc 0.93 x R, X Coge repetition
TO 226 xp X Toge duration
T gisable 25xTO duration
Tiep = Tiicke | 22 X P X Toge repetition
Tiep = Tirckel | 3/4 X 29 X Toge duration
Tinnibi 28 X Toge repetition
Tinnii 10 X Toge duration
charge currents | |, R1/R, X V,/R,¢
lormat R1/R, x 1/p x 0.1V, /R,
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134)

All voltages with respect to ground; positive currents flow into the IC; all pins not mentioned in the voltage list are not
allowed to be voltage driven. The voltage ratings are valid provided other ratings are not violated; current ratings are
valid provided the power rating is not violated.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voltages
Vp positive supply voltage (pin 12) -0.5 13.2 \
Vieo LED voltage (pin 15) -0.5 13.2 \
Vigas voltage at PWM (pin 1), PR (pin 8), -0.5 Ve
LS (pin 4), NTC (pin 3)
Vig voltage at IB (pin 5) -0.5 -1 \"
Currents
lys current at Vg (pin 6) -3 +0.01 mA
len current at LED (pin 15) - 25 mA
lao current at AO (pin 2) -5 +5 mA
lowm current at PWM (pin 1) -15 +15 mA
lsyne current at SYNC (pin 14) -2 +2 mA
1,109 current at R, (pin 11), R (pin 10), -1 +0.01 mA
CP (pin 9)
lasz current at LS (pin 4), IB (pin 5), -1 +1 mA
VAC (pin 7)
Ip current at V,, (pin 6) - 15 mA
Dissipation
Prot total power dissipation Tamp =85 °C
SOT38G - 0.6 w
SOT162A - 0.3 W
Temperatures
Tamb operating ambient temperature -20 +85 °C
T junction temperature - +150 °C
Tug storage temperature -55 +150 °C

May 1992
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CHARACTERISTICS
Tam =25 °C; Vp = 10 V; R, =33 kQ; R, = 68 kQ; Cosc = 1 NF; CP is open; PR connected to Vg; unless otherwise
specified
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply (Ve, Vs, Rey)
Ve supply voltage range 5.65 - 11.5 \
Vi clamp voltage lpc =10 MA 11.5 - 12.8 Vv
Veg start voltage 6.1 6.4 6.7 Vv
Vpsp low supply protection level 4.85 5.25 5.65 \
VeLsen hystereris of Vp gp 0.3 0.95 - \"
lp supply current outputs off - - 41 mA
lep supply pause current Ve=6V - - 1.71 mA
lpss standby current Vp=4V - 35 45 pA
Vs source voltage (stabilized) ls=1mA 4.03 4.25 4.46 \"
Vet reference voltage ot =20 A 1.18 1.25 1.31 \
TCuret temperature coefficient of Vy | Tam, =010 45 °C - +100 +200 ppm/K
dV,4/dVp power supply rejection ratio f=100 Hz, -46 - - dB
(PSRR) of V¢ dVp=2V
(peak-to-peak value);
Vp=8V
AV 4 voltage difference dig=1mA - - 5 mV
laret current range of R,y 10 - 100 HA
Charge current regulation (1B, R,, R,
Vi voltage at pin R, I,= 10 pA; 1.17 1.25 1.32 Vv
lo =20 A
I current range at R, 5 - 50 RA
e/t input current ratio R, not connected
normal charging Vig=0 0.475 0.5 0.525
fast charging V=0 0.95 1 1.05
le/ln input current ratio normal R, connected 0.90 0.97 1.04
charging
Vs threshold voltage at IB Tamp =25 °C -5 - +5 mV
Tam =0t045°C -7 - +7 mV
NTC input
VitespH switching protection voltage 0.75 0.81 0.87 \'
on high temperatures
VNTCHH hysteresis of Vyrcspu 60 90 120 mV
VtespL switching protection voltage 2.78 3.00 3.20 Vv
on low temperatures
VnTeHL hysteresis of Vyycsp 65 100 135 mV
Inte input current Vac=2V -5 - +5 pA
May 1992 9
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Output drivers (AO, LS, PWM, LED)
| AGsource source current Vaio=3V,CP=0 - - -2 mA
| aosink sink current Vao=05V;CP=1 2 - - mA
Om transconductance A1 Vig=50 mV - 300 - usS
G, voltage gain A1 x A2 V=2V - 72 - daB
(peak-to-peak value)
G,, voltage gain A2 V=2V - 12 - dB
(peak-to-peak value)
| ssouce maximum source current V=225V -25 =21 -16 pA
| ssink maximum sink current Vis=225V 16 21 25 HA
lowmn HIGH level output current Vewm =3V -18 -14 -10 mA
lowmL LOW level output current Vown =05V 7 12 17 mA
lowMieak leakage current Vewu =425V - 0.2 10 pA
Spwm maximum duty cycle 70 78 86 %
SpwMaux auxiliary pulse duty cycle 12.6 14 15.4 %
Vi eDsat saturation voltage lep= 15 MA - - 600 mV
|LEDleak leakage current Vigp=10V - - 5 HA
Battery monitor (VAC)
lvac input current Vyac =425V - 1 - nA
Vvac voltage range of —dV detection 0.385 - 3.85 \
AdViacVvac —dV detection level w.r.t. top  [Vyc=2V 0.85 1 1.16 %
level
AVyae resolution —dV 0.42 0.6 0.78 mVv
Tav temperature range of —dV 0 - 50 °C
detection
Protections (VAC)
Vyaciep low battery voltage protection - 0.3 0.33 \'
Vyachee high battery voltage protection | with respect to V, - 0 150 mV
Oscillator, logic (OSC, SYNCH)
VoscH oscillator switching level HIGH - 2.5 - \
VoscL oscillator switching level LOW - 1.5 - \'
K period time 0.84 0.93 1.02
Tosc =Kx er X COSC
fosc oscillator frequency range 10 - 100 kHz
VsyncH SYNC output level HIGH lsynen = —0.4 mA 3.4 - - Vv
VsyneL SYNC output level LOW IsyneL = 0.4 mA - - 0.85 \'

May 1992
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Programming (CP)

lep programming currents
CP=0;aux=0 Rcp =330 kQ - - 4.2 HA
CP=0;aux=8 Rep = 120 kQ 9.4 10.4 11.4 HA
CP=1;aux=0 Rop = 56 kQ 20.0 223 24.5 HA
CP=1;aux=8 Rep = 22 kQ 51.1 56.8 62.5 HA

QUALITY SPECIFICATION

General quality specification for
integrated circuits:
UZW-B0/FQ-0601.

Remark: for the synchronization pin
(14), the ESD positive zap voltage is
restricted to a maximum of 1000 V.

May 1992 11
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TEST AND APPLICATION INFORMATION

L1 L2 % L+
D1
1 — J"——
N
l P 7, I_—J ”,
+ —t R1 Jl-
TR1 I Rref g Rn
T1 ’ ‘ Vp Rref VS NTC 1B Rn CP
12 10 6(3 5 IJH 9
| E—
1 ﬁ—} 1 2 AO
GND | |16 | SUPPLY | | PrROTECT
4 REFERENCE i REGULATION J_
CONTROL l -
UNIT _ ouT-|_|
CONTROL {7 [ 7 7% PUTS 1
- PWM
VAC | 7 |
15| LED
BATTERY
TIMING ; FULL
DETECTION
TEA1100
L
13 8 14
L
cosclosc PR SYNC
MKA 156
Fig.3 Application diagram.
Notes to Fig.3

1. Signaling the status of the charging session can be done by a LED-diode-resistor combination parallel to L2
(transformer T1). During the fast charging period the LED wiii burn continuousiy. During normai charging the LED
will switch with the 10/90% rhythm. With mains-off the LED is off, thus not discharging the batteries. If at normal
charging the duty cycle is too low during the 10% because of a very large difference between the fast charge and
the normal charge levels, the LED can be driven by the LED pin.

2. With R, = 50 mQ and a required fast charging current level of 6 A (5C for 1.2 Ah batteries), the average current
sense Ievel is 300 mV. Power dissipationin R, = 1.8 W.
With a 3 kQ resistor for R1, the required I, current is 300 mV/3 kQ = 100 pA. For a normal charge level of 0.25C
(300 mA) the voltage drop over R, is 15 mV. Taken into account the duty cycle of 10%, the voltage drop over
R1 =150 mV. So the g, current has to be: 150 mV/3 kQ = 50 pA (p = 1).

May 1992 12
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Method to increase —dV sensitivity

The basic, direct battery sensing via
a resistive divider, which adapts the
battery voltage within the V. range,
is shown in Fig.6. Detection occurs
at—dV = 1% of Vg ma-

The position of the Zener diode is
shown in Fig.7. The TEA1100 now
senses the voltage Vg, which is the
battery voltage minus the
Zener-diode voltage (Vg = Vg - V,).

Detection occurs at —-dVy = 1% of
Viamax- This detection corresponds
with a —dV in the battery in
accordance with:

OVout = (V2Varman) = 1 (i %).

If the Zener voltage is half the
maximum battery voltage, the dVg
detection will be at —0.5%.

Design example for six-cells’
battery and 5% —dV cut-off

Conditions:

e maximum battery voltage
(1.7 Vicell) =10.2 V

* sense network current = 300 pA

e maximum monitor sense voltage
Vac=3.6V (<3.85V)

For —dV = 0.5%, a Zener voltage of
about half the battery voltage is
required; choose V, =5 V. Now Vg
at top level is =5.2 V and the
required divider factor (V,o/Vp) is
0.69. R1 and R2 become 5.6 kQ
and 12 kQ respectively (see Figs 6
and 7).

During charge the battery voltage
rises with a minimum rate of =8 mV
per minute for 6 cells under 1 C
charge. The temperature coefficient
of the Zener diode and its ambient
temperature change should not
cause a premature full detection.

With the following equation the
allowance of the Zener-diode
temperature change can be derived:

May 1992

K/minute < {0.5%(Vg - V3)
+ (8 mV/minute)}/S;

At the early state of charging,

Vg = 8.4 V for 6 cells; 0.5% is a safe
value for 1% detection in the
TEA1100and V;=5 V.

Assuming a S; of +0.5 mV/K

(typ. 0.2 mV/K for e.g. Zener diode
PLVA450A), this results in maximum
50 K/minute.

COLLECTOR — VYmains

SRR R

lprim / /] / /’ —0 mA
— 0 mA

- VTV VTV

s —1L—1—1— 1 —1—1— %Y

Fig.4 SMPS voltage and current waveforms.

MKA157

Voatt

T/\

Fig.5 Battery voltage during charging.

MKA 158

Al
TE 09 I BATT
16 ey

MKA 195 %

Fig.6 Basic circuit for direct
battery sensing.

— R1—
Al1
TE 09 I BATT.
16 S
R2 '|'
MKA 196 %

Fig.7 Basic circuit showing
the use of a Zener diode.
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Dimensions in mm.

Fig.9 16-lead dual in-line; plastic (SOT38G).
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Fig.10 16-lead mini-pack; plastic (SO16L; SOT162A).
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SOLDERING
Plastic dual in-line packages
By DIP OR WAVE

The maximum permissible
temperature of the solder is 260 °C;
this temperature must not be in
contact with the joint for more than
5 s. The total contact time of
successive solder waves must not
exceed 5 s.

The device may be mounted up to
the seating plane, but the
temperature of the plastic body must
not exceed the specified storage
maximum. If the printed-circuit board
has been pre-heated, forced cooling
may be necessary immediately after
soldering to keep the temperature
within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply the soldering iron below the
seating plane (or not more than

2 mm above it). If its temperature is
below 300 °C, it must not be in
contact for more than 10 s; if
between 300 and 400 °C, for not
more than 5 s.

SOLDERING
Plastic mini-packs
By wavE

During placement and before
soldering, the component must be
fixed with a droplet of adhesive.
After curing the adhesive, the
component can be soldered. The
adhesive can be applied by screen
printing, pin transfer or syringe
dispensing.

Maximum permissible solder
temperature is 260 °C, and
maximum duration of package
immersion in solder bath is 10 s, if
allowed to cool to less than 150 °C

within 6 s. Typical dwell time is 4 s at

250 °C.
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A modified wave soldering technique
is recommended using two solder
waves (dual-wave), in which a
turbulent wave with high upward
pressure is followed by a smooth
laminar wave. Using a
mildly-activated flux eliminates the
need for removal of corrosive
residues in most applications.

BY SOLDER PASTE REFLOW

Reflow soldering requires the solder
paste (a suspension of fine solder
particles, flux and binding agent) to
be applied to the substrate by
screen printing, stencilling or
pressure-syringe dispensing before
device placement.

Several techniques exist for
reflowing; for example, thermal
conduction by heated belt, infrared,
and vapour-phase reflow. Dwell
times vary between 50 and 300 s
according to method. Typical reflow
temperatures range from 215 to
250 °C.

Preheating is necessary to dry the
paste and evaporate the binding
agent. Preheating duration: 45 min
at45 °C.

17

REPAIRING SOLDERED JOINTS (BY
HAND-HELD SOLDERING IRON OR
PULSE-HEATED SOLDER TOOL)

Fix the component by first soldering
two, diagonally opposite, end pins.
Apply the heating tool to the flat part
of the pin only. Contact time must be
limited to 10 s at up to 300 °C.
When using proper tools, all other
pins can be soldered in one
operation within 2 to 5 s at between
270 and 320 °C. (Pulse-heated
soldering is not recommended for
SO packages.

For pulse-heated solder tool
(resistance) soldering of VSO
packages, solder is applied to the
substrate by dipping or by an extra
thick tin/lead plating before package
placement.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of this
specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
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Philips Semiconductors

Battery monitor for NiCd and

NiMH chargers

Preliminary specification

TEA1101; TEA1101T

FEATURES

¢ Accurate detection of fully
charged batteries by currentiess
—dV sensing

Digital filtering of the battery
voltage to avoid false —dV
triggering

Minimum and maximum
temperature guarding by means
of an NTC resistor

Battery checking to protect
against short-circuit and open
batteries

Battery monitor allows recharging
different battery-pack voltages

Tracking of maximum fast
charging time with fast charging
current level

e Accurate regulation of charge
current settings in co-operation
with a switched mode power
supply or DC current source

¢ Both DC and PWM outputs with
polarity switch

¢ Adjustable fast charge level
(1Cto5C)

¢ Adjustable pulsating trickle
charge level (0.05 C to 0.25 C)

o Large operating temperature
range.

APPLICATIONS

¢ Charge systems for NiCd and
NiMH batteries.

GENERAL DESCRIPTION

The TEA1101 is manufactured in a
BICMOS process intended to be
used as a battery monitor circuit in
charge systems for NiCd and NiMH
batteries.

The circuit has to be situated on the
secondary side in mains-isolated
systems where it monitors the
battery voltage and the charge
current. The circuit drives, by means
of an opto-coupler or a pulse
transformer interface, an SMPS
circuit, situated on the primary side
of the system, thus controlling the
charge current of the batteries.

The circuit can drive the external
power transistor in switched mode
systems, which have a DC power
source, via a driver stage.

QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vp positive supply voltage 565 |- 115 |V
lp supply current outputs off - - 43 mA
Vvac voltage range of battery-full detection 0.385 |- 385 |V
dVyac/Vuac | —dV detection level w.r.t. top value note 1 - 025 |- %
lyac input current battery monitor - - 1 nA
Vivac voltage protection
battery low - 03 - \
battery high - 425 |- \"
charging level lonarge = R1/R, x |; see Fig.3
Let fast =g 20 - 100 pA
l, normal 1=1px0.1xl, 10 - 50 pA
(p = prescale factor)
fosc oscillator frequency 10 - 100 kHz
Note

1. The —dV detection level can be adjusted by use of an external voltage regulator diode to increase the sensitivity.

ORDERING INFORMATION
EXTENDED TYPE PACKAGE
NUMBER PINS PIN POSITION MATERIAL CODE
TEA1101 16 DIL plastic SOT38G
TEA1101T 16 SO16L plastic SOT162A
May 1993 2
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PINNING

SYMBOL PIN DESCRIPTION

PWM 1 pulse width modulator -
AO 2 analog output PwM [1] 16 ] GND
NTC 3 temperature sensor input a0 [Z] 157 LeD
LS 4 loop stability NTe [
2] 5 charge current 14 ] syne
Vg 6 stabilized supply voltage ts (4] TEA1101 [13]osc
VAC 7 battery voltage 18 [5] TEAT101T (12 ] Vp
PR 8 prescaler vs [E] 7] R
CP 9 change polarity
Reer 10 | reference resistor vac L7 [10] Rref
R, 1 normal charge reference resistor PR 8] S ]cp
Vp 12 positive supply voltage MKA31S
OosC 13 oscillator input
SYNC 14 synchronization input
LED 15 LED output Fig.2 Pin configuration.
GND 16 ground

FUNCTIONAL DESCRIPTION e Supply voltage range of 5.65 to o Low Supply voltage Protection

The operation of the circuit will be
explained with the aid of Fig.1 (block
diagram) and Fig.3 (application
diagram). The circuit is divided into
several blocks which are described
separately.

Supply block

The circuit requires a supply voltage
on pin V, with a value between 5.65
and 11.5 V. Above 6.4 V typical, the
circuit starts up assuming that mains
is connected to the system and the
charge session begins. This supply
can be generated by a separate
winding on the transformer, as
shown in Fig.3, in either the flyback
or the forward stroke. Another
possibility is rectification from the
mains secondary winding (at the
connection D1 and L2).
Considerations for choosing the

method of supplying the IC are:
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11.5 V under all circumstances
(also during the 90% pause at
normal charging, the standby
current then is 1 mA typical)

¢ Maximum battery voltage (flyback
stroke)

¢ Minimum power delivered by the
primary SMPS (normal charging)

The supply block delivers the
following outputs:

¢ By using an external resistor R,
at pin 10 a reference current is
obtained which defines all
external related currents (charge
reference currents, oscillator)

o Externally available 4.25 V
stabilized voltage source (V).
This source is used internally for
a large part of the circuit and can
be used to set the NTC biasing

and tA arinahy har aviarmal
alnuv w eupply U" I CALICGTIIIal

circuitry. Vs is cut off in the 90%
pause during normal charging

signal (LSP). When the supply
voltage is lower than

5.25 V typical, there is enough
supply voltage left to switch off
the power regulation and
hereafter the IC current is limited
to the start level of 35 pA typical

¢ Mains on reset pulse resets all
digital circuitry after a start or
restart due to an interrupted

supply (Ve).

Charge current regulation

The charge current has to be
sensed by means of a low-ohmic
resistor in series with diode D1. The
waveform on resistor R, (see Fig.5
for a flyback converter) has the form
of a negative-going ramp and after
filtering a negative DC voltage is
obtained. A positive voltage across
resistor R1 is created by means of
the current sources set by the pins
R.« and R,. The error amplifier A1
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references the result to ground and
via the regulation loop of the SMPS,
the secondary current will be
regulated to a value which is defined

by:

I, x Ry = R1 x |, (fast charge) or,
l.h X Ry = R1 x |, (normal charge)

The 1,4 current is the fast charging
reference current, the |, current is
used for regulation after a full
battery is detected. The I, current is
the reference current set by R,
while 1 is dependent on the resistor
at pin R,,. With no resistor on pin R,
the |, current has a default value
which is half the | current.

By choosing the correct resistor
values R,, R1, R and R,, a wide
range of charge currents can be set
plus a wide range of the ratio fast
charge current as a function of
normal charge current. For
determination of the normal charge
current the 1:10 duty cycle and the
programmable prescale factor (p)
should be taken into account (see
Logic block); I, = 1/px 0.1 x1,. The
output of amplifier A1 is available at
the loop stability pin (LS), so the
time constant of the SMPS loop can
be set at the secondary side of the
system.

NTC block

The voltage at the NTC pinis
compared with two reference
voltages. When the NTC voltage is
between V,, and V,,, the charge
current regulation is unaffected.
When the NTC voltage is outside
this window, the power of the SMPS
is reduced to the normal charge
level.

The NTC input can be used for
temperature protection as shown in
Fig.3 (application diagram) by using
a suitable NTC resistor. To avoid
switching on and off with
temperature, a hysteresis is built in
for both levels.

May 1993

Output drivers

The SMPS regulation signal is
available at different pins:

¢ Analog voltage output (push or
pull) at AO (pin 2) to drive an
opto-coupler in mains separated
applications when an external
resistor is connected between AO
and the opto-coupler. The
maximum current through the
opto-coupler diode is 2 mA. The
voltage gain of amplifier A2 is:
A=(V-14)xd4andis
typically 12 dB. The voltage at
AO can also be used to directly
drive a PWM input of an SMPS
circuit. During inhibit SMPS’ the
AO output is fixed to zero charge
current for currentiess sensing

¢ The LS voltage is compared
internally with the oscillator
voltage to deliver a pulse width
modulated output at PWM (pin 1)
to drive an output device in a
DC/DC converter application via
a driver stage. The PWM output
is latched to prevent
multi-pulsing. Moreover with the
latch a kind of current mode
control is possible. The maximum
duty factor is internally fixed to
78% (typical). The 'PWM’ output
can be used for synchronization
and duty factor control of a
primary SMPS via a pulse
transformer (the SMPS inhibit
and auxiliary pulses are also
available at pin PWM)

e The AO and PWM outputs can
be changed in polarity by
programming the change polarity
pin CP. The PWM output in the
on-state pushes current (CP = 0)
or pulls current (CP = 1). The
appearance of the auxiliary
pulses at pin PWM can also be
programmed with CP.

The 'LED’ output pin offers the
following output signals:

* 10/90% signal for driving a LED
when the duty factor is too small
during the 10% time. This occurs
when there is a large difference
between fast and normal charge
currents. The LED frequency is
flep=2"2 X 1/p X fosc

¢ An SMPS inhibit period (duration
10 OSC pulses) for currentless
VAC sensing

¢ VAC high voltage protection
signals.

Battery monitor

Two batteries can be connected
directly to the 'VAC’ pin (Voltage
ACcumulator). At higher battery
voltages it is advised to divide the
battery voltage with a factor by an
external resistor tap, before offering
this to pin VAC. It is also possible to
take a tap on the chain of batteries.
The VAC voltage range has to be
between 0.385 V and 3.85 V.

The VAC voltage is sampled at a
low cycle frequency

(foyae = 27 X fosc) @and the analog
value of VAC is digitized and stored
in a register. One cycle later, the
digitized value is converted back to
the analog value and compared with
the actual value of VAC. If the actual
value is higher, then the new VAC
voltage is stored in the register,
otherwise no conversion is carried
out. Thus the VAC top value is
stored and it is possible to detect an
increasing VAC indicating 'not yet
full batteries' or decreasing VAC
indicating that the batteries are
probably fully charged. The circuit
waits until the battery voltage has
dropped 0.25% below the top value
before indicating 'full batteries’.
However, by applying a voltage
regulator diode in the battery voltage
sense-line (see Fig.8) an increased
sensitivity of the —dV detection level
can be obtained, e.g. 0.125%.

In Fig.6 the battery voltage as
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function of the charging time is
shown. The negative slope depends
on the charge current and the

battery type.

The switching of the SMPS can
cause interference on the battery
voltage and therefore it has been
necessary to stop the SMPS during
the inhibit time (see Fig.9). This can
be achieved automatically via the
regulation pins AO and PWM or by
using the SYNC output of the logic
biock. The SMPS is stopped for 10
periods at the end of which sampling
is carried out. The VAC voltage will
now be sensed currentless. To avoid
false decisions conceming a falling
VAC voltage, VAC is digitally filtered
and analog stored in a
sample-and-hold circuit. This
approach ensures, even at very high
—dV sensitivity (<0.25%) accurate
detection of the battery full
condition. Immediately after
decisions and VAC digitizing takes
place. The benefit of a
sample-and-hold circuit is that at
high frequencies the noise on the
VAC voltage is filtered and the VAC
manipulations like decisions and
digitizing are carried out on the
same VAC voltage available in the
sample-and-hold circuit.

When a —dV is detected, the
reference current |, is switched off,
the normal current | is switched on
during 10% of regulation and the
outputs are high-ohmic during 90%.
This 1:10 ratio in active regulation,
together with the ratio in reference
currents (1, as a function of |4),
ensures that the resulting charge
current is low enough to be allowed
to flow through the batteries for a
long time to overcome the
self-discharge of the batteries
without causing memory effects. If
the prescale factor p is
programmed, the |, current has to
be lowered with the p factor, so
l,=1px0.1x1I,

May 1993

Protections

¢ The circuit goes into standby (not
active, low current consumption)
when the supply voltage is less
than 5.25 V (LSP).

¢ When the divided battery voltage
exceeds the V,, level (nominal
4.25 V) this is recognized as
open or removed batteries and
the output control signals
terminate to stop the SMPS
operation. This over-voltage
sensing is digitally filtered. In
above events the 'battery full
detector’ and the 'counter/control’
will be reset.

e When the divided battery voltage
is less than V,, (0.3 V), the circuit
assumes short-circuited
batteries, the charge current is
reduced to the normal charge
level. As soon as the voltage
exceeds V,,, the fast charging
starts.

¢ The temperature protections are
already mentioned in section
NTC. In the event of
short-circuited batteries or active
temperature protections the
"battery full detector’ is reset and
the "counter/control’ is stopped.

Oscillator and control logic

The complete timing of the circuit is
controlled by the oscillator.

The period time is defined by:

Tosc = 0.93 x Ry X Cosc-

The counter block defines a
maximum fast charge time called
Time Out’ (TO). As the charge
current and the oscillator frequency
(and thus the TO) are both set by
R.« changing one affects the other.
Initially the oscillator capacitor can
be chosen such that the fast charge
time is half the TO time. This means
that in the event of a one hour (1C)
charger, the TO signal occurs at 2
hours, in the event of a quarter of an

hour (4C) charger, the TO signal is
active after half an hour. After that
the circuit switches over to normal
charging.

To adapt the SMPS switching
frequency in the synchronized mode
to the required oscillator frequency
of the timing logic, the timer logic is
preceded by a programmable
divider. The divider ratio can be set
to 1, 2 or 4 (p factor) by means of
the PR pin. Doing this means that
the osciliator frequency can be
increased with the factor p without
changing TO.

Fast charging current:

o= R1/Ry X V /R

Time out:

TO =22 x 0.93 X Ry X Cogc X P
Normal charging current:
l.,=R1/R,x 1/px 0.1 xV,/R,

The control block determines the
following timing sequences:

o VAC sampling; this takes 1 clock
pulse every interval cycle.

The power converter is switched
off during VAC sampling. As
there are several types of
converters, there also are several
control signals available at :

pin 'SYNC’ for synchronization in
analog voltage controlled primary
SMPS circuits

pin 'PWM ' for digital controlled
primary SMPS and DC/DC
converters
pin 'LED’ in special applications

¢ Disabling —dV during 2% x TO
(3% of TO) for correct start with
flat or inversely polarized
batteries. Disabling is active at
each fast charge cycle

e Maximum fast charging time
(TO): the maximum timer is
stopped during VAC low voltage
protection and outside
temperature range
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¢ The normal charge duty cycle is
1/p x 0.1

o Auxiliary pulses to support the
supply voltage of the primary
SMPS circuit via pin PWM: the
pulses can be programmed on
and off at an appearance rate of
fosc/8 with a duty cycle of 14%;
programming is achieved by
activating CP.

The timing logic and the —dV
recognition circuitry are reset after
each supply voltage failure and after
a battery over-voltage recognition.
The —dV circuit is also reset during
normal charging.

The SYNC output delivers
negative-going synchronization
pulses which are suppressed during
the sampling of the battery voltage.
With these sync pulses the SMPS
can be synchronized.The polarity of
the sync pulses is chosen so that in
the event of an open SYNC pinin
the synchronization mode, the
power is regulated to a minimum.
During the VAC sampling the
absense of sync pulses causes the
SMPS to stop thus minimizing
interference (see Fig.9,
synchronization waveforms).

During the 90% pause, only the
oscillator and the control logic are
operative to save current. In the
pause V; is never allowed to
become less than V gp. This would
cause a 'mains-on-reset’ and thus

fmod b oo tom
iast Criaryging.
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Programming

With pins 'CP’ (change polarity) and 'PR’ (prescaler) several functions can be
programmed.

By defining the current (V,./Rcp) at pin CP, the following functions can be
activated :

1 change polarity CP = 0, normal polarity
CP = 1, changed polarity
2 | no auxilliary pulses at PWM aux=0
3 |auxilliary pulses at /8 aux=8
FUNCTIONS
CPPIN
cpP aux
Open pin 0 0
10 pA 0 8
22 pA 1 0
57 uA 1 8

By defining the voltage at pin PR, the following functions can be activated :

PR PIN FUNCTIONS
Vg prescaler divide by 1
Open pin prescaler divide by 2
Ground prescaler divide by 4

Table 1 Formulae.

DESCRIPTION | SYMBOL FORMULA FUNCTION
Timing Tosc 0.93 x Ry; X Cogc repetition
TO 228 xp X Toge duration
T gisabie 25xTO duration
Tieo = Tiee | 2'2XP X Toge repetition
Tieo = Tiicker | 3/4 X 2° X Togc duration
Tinnot 28 X Togc repetition
Tinnii 10 X Tose duration
Charge currents | | R1/R, X V,o/R et
lormal R1/R, x 1/p x
0.1V /R,
7
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LIMITING VALUES
In accordance with Absolute Maximum Rating System (IEC 134); note 1.
SYMBOL PARAMETER MIN. MAX. UNIT
Voltages
Ve positive supply voltage (pin12) -0.5 13.2 Vv
Vieo LED voltage (pin 15) -0.5 13.2 Vv
Vigas voltage at PWM (pin 1), PR (pin 8), -0.5 Ve \Y
LS (pin 4), NTC (pin 3)
Vi voltage at IB (pin 5) -0.5 +1 Vv
Currents
lys current at Vg (pin 6) -3 +0.01 mA
len current at LED (pin 15) - 25 mA
lao current at AO (pin 2) -5 +5 mA
lowm current at PWM (pin 1) -15 +15 mA
lsyne current at SYNC (pin 14) -2 +2 mA
l11.10 current at R, (pin 11), R, (pin 10), CP (pin9) |-1 +0.01 mA
lisz current at LS (pin 4), IB (pin 5), VAC (pin 7) -1 +1 mA
lp current at V;, (pin 6) - 15 mA
Dissipation
Pyt total power dissipation at T, = 85 °C
SOT38G - 0.6 w
SOT162A - 0.3 w
Temperatures
Tamo operating ambient temperature -20 +85 °C
T; junction temperature - +150 °C
Tag storage temperature -55 +150 °C
Note

1. All voltages with respect to ground; positive currents flow into the IC; all pins not mentioned in the voltage list are
not allowed to be voltage driven. The voltage ratings are valid provided other ratings are not violated; current
ratings are valid provided the power rating is not violated.

May 1993
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CHARACTERISTICS
Vp=10V; T, =25 °C; R, = 33 kQ; R, = 68 kQ; Cogc = 1 NF; CP open-circuit; PR connected to V; unless
otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply (Vp, Vs, Rye)
Ve supply voltage range 5.65 - 11.5 \
Vpe clamping voltage lpc = 10 MA 11.5 - 12.8 '
Vps start voltage 6.1 6.4 6.7 \
Vose low supply protection level 4.85 5.25 5.65 Vv
VoLspn hystereris of Vp gp 0.5 0.95 - \
lp supply current outputs off - - 43 mA
lpp supply pause current V=6V - - 1.71 mA
lpss standby current Vp=4V - 35 45 pA
Vs source voltage (stabilized) lg=1mA 4.03 4.25 4.46 Y
| Vet reference voltage lor = 20 HA 1.18 1.25 1.31 Y
TC temperature coefficient of V,;; | Tym=01t0 45°C - +100 +200 ppm/K
PSRR power supply rejection ratio of |f= 100 Hz; -46 - - dB
Vie dVp =2V (p-p);
Vp=8V
AV, voltage difference dig=1mA - - 5 mV
lavet current range of R 4 10 - 100 HA
Charge current regulation (IB, R, R,y)
V, voltage at pin R, l,=10 pA; | 4y=20pA | 1.17 1.25 1.32 \
Iy current range at R, 5 - 50 HA
lie/let input current ratio R, not connected -
normal charging Vg=0 0.475 0.5 0.525
fast charging V=0 0.95 1 1.05
e/l input current ratio R, connected
normal charging 0.90 0.97 1.04
Vs threshold voltage at IB
Temo=25°C -2 - +2 mV
Temp=01045°C -3 - +3 mV
NTC input
VreseH switching protection voltage 0.75 0.81 0.87 \'
on high temperatures :
VnteHn hysteresis of Vyrcsen 60 90 120 mV
VirespL switching protection voltage 2.78 3.00 3.20 \'
on low temperatures
VntenL hysteresis of Vyrcsp 65 100 135 mV
Inte input current Vare=2V -5 - [+ A
May 1993 9
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Output drivers (AO, LS, PWM, LED)
L aoscurcs source current Vao=3V,CP=0 - - -2 mA
lnosink sink current Vyo=05V;CP=1 2 - - mA
O transconductance A1 Vig =50 mV - 300 - us
G, voltage gain A1 x A2 Vio=2V (p-p) - 72 - dB
G,, voltage gain A2 Vio=2V (p-p) - 12 - dB
| Ssource maximum source current Vig=225V -25 =21 -16 A
lissink maximum sink current Vig=225V 16 21 25 HA
lowmH HIGH level output current Vewm=3V -18 -14 -10 mA
lowm LOW level output current Vewn =05V 7 12 17 mA
lowMieak leakage current Vewn =425V - 0.2 10 A
Spwm maximum duty cycle 70 78 86 %
SpwMaux auxiliary pulse duty cycle 12.6 14 15.4 %
Vi eDsat saturation voltage lep=15mMA - - 600 mV
| eDleak leakage current Viep=10V - - 5 pA
Battery monitor (VAC)
lvac input current Vyac =425V - 1 - nA
Vvac voltage range of —~dV detection 0.385 - 3.85 v
dVyac/Vyac —dV detection level w.rt.top  [Vyc=2V - 0.25 - %
level
AVyac resolution —dV 0.42 0.6 0.78 mV
Tav temperature range of -dV 0 - 50 °C
detection
Protections (VAC)
VyacLep low battery voltage protection - 0.3 0.33 \
VyacHep high battery voltage protection |with respect to Vp - 0 150 mV
Oscillator, logic (OSC, SYNCH)
Vosch oscillator switching level HIGH - 25 - Vv
VoscL oscillator switching level LOW - 1.5 - Vv
K period time Tosc =KX Ry XCosc |0.84 0.93 1.02
fosc oscillator frequency range 10 - 100 kHz
Veynen SYNC output level HIGH lsynen = 0.4 mA 3.4 - - Vv
VevneL SYNC output level LOW lsyneL = 0.4 MA - - 0.85 Vv

May 1993
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Programming (CP)

lep programming currents
CP=0;aux=0 Rep = 330 kQ - - 4.2 HA
CP=0;aux=8 ' Rep = 120 kQ 9.4 104 1.4 pA
CP=1;aux=0 Rce = 56 kQ 20.0 223 245 HA
CP=1;aux=8 Rep = 22 kQ 51.1 56.8 62.5 pA

QUALITY SPECIFICATION

General quality specification for integrated circuits: UZW-BO/FQ-0601.
Note: For the synchronization pin (14), the ESD positive zap voltage is restricted to a maximum of 1000 V.

May 1993 1
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TEST AND APPLICATION INFORMATION

R2é
Llge Lo
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TR I Rref 1 Rn
T * | VP Rref| Vs NTC 1B Rn cP
12 10 6|3 5 1 9
— '_' i r’
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GND | |18 | SUPPLY PROTECT
SMPS OV-L AND T 4l Ls
d REFERENCE REGULATION 7
CONTROL l -
UNIT out-| | ¥
CONTROL I i ] m e 1 z ™
ruiS [
— PWM
]
vacl7 15] LED
BATTERY
TIMING : - FULL
ETECTION
TEA1101
L
13 8 14
Cosciosc PR SYNC

MKA316

Fig.3 Application diagram.

Notes to Fig.3

1. Signaling the status of the charging session can be achieved by an LED-diode-resistor combination paralle! to L2
(transformer T1). During the fast charging period the LED will bum continuously. During normal charging the LED
will switch with the 10/90% rhythm. With mains-off the LED is off, thus not discharging the batteries. If at normal
charging the duty cycle is too low during the 10% because of a very large difference between the fast charge and
the normal charge levels, the LED can be driven by the LED pin.

2. With R, = 50 MQ and a required fast charging current level of 6 A (5C for 1.2 Ah batteries), the averagé current
sense level is 300 mV. Power dissipation in R, = 1.8 W.

With a 3 kQ resistor for R1, the required |, current is 300 mV/3 kQ = 100 pA. For a normal charge level of 0.25C
(300 mA) the voltage drop over R, is 15 mV. Taking into account the duty cycle of 10%, the voltage drop over R1 =
150 mV. Thus the I, current has to be 150 mV/3 kQ = 50 pA (p = 1).

May 1993 12
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Fig.4 Battery charger with linear regulator.
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Method to increase —dV sensitivity

The basic, direct battery sensing via
a resistive divider, which adapts the
battery voltage within the V,. range,
is shown in Fig.7. Detection occurs
at —dV = 0.25% of Vig(may)-

The position of the Zener diode is
shown in Fig.8. The TEA1101 now
senses the voltage Vg, which is the
battery voltage minus the
Zener-diode voltage (Vg = Vg =V5).

Detection occurs at —dVg = 0.25% of
Viemax- If the Zener voltage is half the
maximum battery voltage, the dVg
detection will be at —0.125%.

Design example for six-cell
battery and 0.125% -dV cut-off

Conditions:

e Maximum battery voltage (1.7
V/cell) = 10.2 V

o Sense network current = 300 pA

e Maximum monitor sense voltage
Voc=3.6V (<3.85V).

For —dV = 0.125%, a Zener voltage
of about half the battery voltage is
required; choose V, =5 V. Now V
at top level is = 5.2 V and the
required divider factor (V,c/Vg) is
0.69. R1 and R2 become 5.6 kQ
and 12 kQ respectively (see Figs 6
and 7).

May 1993
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Fig.5 SMPS voltage and current waveforms.
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Fig.6 Battery voltage during charging.
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Fig.7 Basic circuit for direct Fig.8 Basic circuit showing
battery sensing. the use of a Zener diode.
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Fig.9 Synchronization waveforms.
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PACKAGE OUTLINES
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Dimensions in mm.

Fig.10 16-lead dual in-line; plastic (SOT38G).
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Dimensions in mm.

Fig.11 16-lead mini-pack; plastic (SO16L; SOT162A).
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SOLDERING
Plastic dual in-line packages
By DIP OR WAVE

The maximum permissible
temperature of the solder is 260 °C;
this temperature must not be in
contact with the joint for more than
5 s. The total contact time of
successive solder waves must not
exceed 5 s.

The device may be mounted up to
the seating plane, but the
temperature of the plastic body must
not exceed the specified storage
maximum. If the printed-circuit board
has been pre-heated, forced cooling
may be necessary immediately after
soldering to keep the temperature
within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply the soldering iron below the
seating plane (or not more than

2 mm above it). If its temperature is
below 300 °C, it must not be in
contact for more than 10 s; if
between 300 and 400 °C, for not
more than 5 s.

SOLDERING
Plastic mini-packs
By wave

During placement and before
soldering, the component must be
fixed with a droplet of adhesive.
After curing the adhesive, the
component can be soldered. The
adhesive can be applied by screen
printing, pin transfer or syringe
dispensing.

May 1993

Maximum permissible solder
temperature is 260 °C, and
maximum duration of package
immersion in solder bath is 10 s, if
allowed to cool to less than 150 °C
within 6 s. Typical dwell time is 4 s at
250 °C.

A modified wave soldering technique
is recommended using two solder
waves (dual-wave), in which a
turbulent wave with high upward
pressure is followed by a smooth
laminar wave. Using a
mildly-activated flux eliminates the
need for removal of corrosive
residues in most applications.

By SOLDER PASTE REFLOW

Reflow soldering requires the solder
paste (a suspension of fine solder
particles, flux and binding agent) to
be applied to the substrate by
screen printing, stencilling or
pressure-syringe dispensing before
device placement.

Several techniques exist for
reflowing; for example, thermal
conduction by heated belt, infrared,
and vapour-phase refiow. Dwell
times vary between 50 and 300 s
according to method. Typical reflow
temperatures range from 215 to
250 °C.

Preheating is necessary to dry the
paste and evaporate the binding
agent. Preheating duration: 45 min
at45°C.

18

REPAIRING SOLDERED JOINTS (BY
HAND-HELD SOLDERING IRON OR
PULSE-HEATED SOLDER TOOL)

Fies o s vvncnon oo om a oo s Llomd oalcd e ol
FIR U1 LUIIIPUINeHiL Dy nist suiuernngyg

two, diagonally opposite, end pins.
Apply the heating tool to the flat part
of the pin only. Contact time must be
limited to 10 s at up to 300 °C.
When using proper tools, all other
pins can be soldered in one
operation within 2 to 5 s at between
270 and 320 °C. (Pulse-heated
soldering is not recommended for
SO packages.)

For pulse-heated solder tool
(resistance) soldering of VSO
packages, solder is applied to the
substrate by dipping or by an extra
thick tin/lead plating before package
placement.
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DEFINITIONS
Data sheet status )
Obijective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from
such improper use or sale.
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State-of-charge indicator for NiMH

and NiCd powered applications
L

FEATURES

displays

modes

currents

efficiency

S-segment state-of-charge indication for LED or LCD

Battery self-discharge compensation
Automatic switch-over from fast to trickle charge (to

prevent overcharging)

QUICK REFERENCE DATA

APPLICATIONS

Objective specification

SAA1500T

* Intelligent battery powered, portable, applications with

'remaining energy’ indication and fast charge control.

Numerous display facilities to indicate the operational
Designed for constant charge and varying discharge

Large dynamic range of discharge currents
Independent setting for charge and discharge

Low standby current for permanent integration into a
battery pack.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vee supply voltage 1.8 - 7.0 \%
lec supply current Vee=26V; V=0V - - 90 HA
fose fixed frequency charging - 4.2 - kHz
Vg input sense voltage discharging 20 - 200 mV
Tamb operating ambient 0 - +70 °C

temperature
ORDERING INFORMATION
PACKAGE
EXTENDED TYPE NUMBER
PINS PIN POSITION MATERIAL CODE
SAA1500T 20 SO20L plastic SOT163AH
July 1993 2
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Obijective specification

State-of-charge indicator for NiMH
and NiCd powered applications

SAA1500T

INTRODUCTION

More and more portable appliances are being used
because they can operate independently from power
sources such as mains or car batteries (see Fig.1). In
many cases, NiCd (powerful appliances) and NiMH
(environment) rechargeable batteries are used. Because
of the constant voltage of these batteries, it is not the
energy (Wh) but the charge amount (Ah) that has to be
known to enable the state-of-charge indication. In
systems with known charge and discharge currents, time
is an equivalent for the charge amount in the battery

{t = Q). The charge time can be registered easily on a
counter. ’

The system can be made universal by adapting the
counting frequency to the used battery type, thereby
making the counter contents a reflection of the energy
state of the battery. The requirements of a battery
state-of-charge indicator are in many ways similar to
those of a fuel gauge for a car.

The SAA1500T is designed for enhanced systems with
varying discharge currents. A variety of loads can
discharge the battery without disturbing the charge

account. If the equivalent of the charge counter contents
is known in the SAA1500T, then the following information
can be made available:

- The state-of-charge, indicated by LED or LCD dispiays

- The battery low state, indicated by LED and acoustic
alarms

- The full state. A control signal can automatically switch
the charge current from a fast to a trickle level to
prevent overcharge.

The state-of-charge indication is an important and useful
addition to any rechargeable battery pack for a variety of
reasons. An underlying problem is the common tendency
to recharge batteries many times, in fact more often than
actually necessary. People waste time and effort in this
way because they are always afraid of being caught out
with flat batteries. The state-of-charge indicator helps to
overcome this problem and brings other benefits such as:

- Increased battery cycling and consequently improved
battery performance and lifetime

- Enhanced customer satisfaction

- Excellent selling feature.

UNIVERSAL MAINS
100 to 240 V (AC)

! |
! !
POWER ! NiCd/NiMH | LOAD
SOURCE ! BATTERY |
CAR BATTERY ! |
12 to 24 V (DC) : I
|
l ——————
! .
| |
| |
| OPERATION SAA1500T CHARGE |
| MODE STATE OF CHARGE LEVEL |
| DISPLAY AND CONTROL IC DISPLAY :
| {
: INTELLIGENT BATTERY :
MKAS21

Fig.1 System diagram.
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Objective specification

State-of-charge indicator for NiMH
and NiCd powered applications

SAA1500T

GENERAL DESCRIPTION

The SAA1500T is manufactured in a low voltage
SACMOS process and has been designed for use as a
battery state-of-charge indicator and as a battery charge
controller for rechargeable batteries. In principle only four
states exist (but because of two charging levels, fast and
trickle charge), six states can be considered for the
batteries; fast and trickle charge, fast and trickle charge
and discharge at the same time, standby and battery
discharge (see Fig.2 State diagram).

During charging, activated by power-on, the charge rate
increases linearly with the charge time (assuming
constant charge current). During discharge, activated by
the 'load switch ON’, the charge rate decreases linearly

with the discharge time and the discharge current level.
During charge/discharge, the charge rate is kept
constant. In standby, the charge rate is decreased to
compensate for the battery self-discharge.

In the SAA1500T, the known charge current and the
measured discharge current are transferred in up/down
oscillator pulses. By book-keeping the pulses, an image
of the battery charge is created in the counter. The
contents of the counter are output via 5 LEDs or a 6
segment LCD bar graph display. Two signal outputs are
available to drive the LEDs to indicate whether the
batteries are being charged or to indicate the nearly
empty state.

AND LOAD - CHARGE

POWER POWER
AC MAINS i DC CAR BATTERY
LOAD SWITCH
LOAD
SWITCH
ON ON
FAST CHARGE - FAST TRICKLE - TRICKLE CHARGE

CHARGE AND LOAD

OFF

STANDBY

LOAD

SWITCH

BATTERY
LOAD

OFF /

MKAS22

Fig.2 State diagram.
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Re Rn Cn Vee GND
7 6 5 l4 12
Y
8 13 FULL
of o] V/I |slosciLLaToRf— SCALER |—s{ MEMORY |—=
\ D 14 L100
] Y £
o 15 L8O
SAA1500T A R T
E L60
3 R 17
POR POR CONTROL L40
> D 18
IS step up R L20
I et B8P
\"
y E 0
load R 1 MO
9 20
SN DECODER R1
L IER ENABLE 11 R2
power
1
P EN
- /
To power charger
MKA523
Fig.3 Block diagram.
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State-of-charge indicator for NiMH

and NiCd powered applications SAA1500T
PINNING
SYMBOL | PIN DESCRIPTION
EN 1 | enable control signal for battery
charge unit
PN 2 | power NOT mode detection
POR 3 | power-on-reset, reset at LOW battery
voltage U
Vee 4 | supply voltage eN (1] [20] R
Co 5 | capacitor for oscillator frequency PN [Z2] [19] 8P
Ro 6 | resistor for charge or self-discharge POR [ 3] 8] L20
oscillator frequency
Re 7 | resistor to convert sense input voltage Vee [4] [17] 140
C 8 | discharge current sense input Co [F] (167 L60
SN 9 | switch NOT, load switch ON detection Ro (5] SAATS00T 757 L8o
MO 10 | mains ON state indication Re [T 7] L100
R2 11 | battery LOW drive signal for external
buzzer ¢ [&] [13] FuLL
GND 12 | ground sN [T [12] GND
FULL 13 | battery FULL indication, only LCD Mo [10] 7] R2
L100 14 | 100% indication, LCD or LED driven
L80 15 | 80% indication, LCD or LED driven MKAS24
L60 16 | 60% indication, LCD or LED driven
L40 17 | 40% indication, LCD or LED driven
L20 18 | 20% indication, LCD or LED driven
BP 19 | backplane, (LCD), LCD/LED mode
detection |npt.1t - - Fig.4 Pin configuration.
R1 20 | battery LOW indicator, LOW drive

FUNCTIONAL DESCRIPTION
Power-on-reset

The POR circuit resets all counters if the supply voltage
rises from 0 to V.. Reset is performed before

VCC = 1.8 V.

If the rise time of V. is fast, an external resistor and
capacitor ensure the minimum pulse width of the intemal

reset pulse. If the rise time of V. is slow, the POR circuit

acts as a level detector. The counters are also reset
before Vgc =1.8 V.

July 1993

Oscillator (see Fig.5)

An RC type oscillator is used in the SAA1500T. The
HIGH and LOW switching levels, and thus the voltage
swing of the oscillator, are derived from V. The timing
components are designed so that the oscillator
frequency is at V. and temperature independent.

The rise and fall times of the oscillator period are:
t=RoxCoxIn2; , = Ry//10 kQ x Cy X IN2;

t,= 15 us (9.1)

t, is the undershoot time. The timings given in the
specification are referenced to a fixed frequency of

4.2 kHz. Table 1 gives the modes at which the fixed
frequency is active.
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Vee

o ]
|
o

1
7

FF

S fo
Q SC

 ——

MKA525

Fig.5 Fixed oscillator frequency.

V/1 convertor (variable frequency)

The discharge current is sensed over a low ohmic (less
dissipation) resistor R, (70 MQ). In the
voltage-to-current block (V/1), the sense voltage is
converted into a current and this current is used to
charge the oscillator capacitor C,, (see Fig.6).

The period time can be calculated using the following
equation:

t, = (Co X Ve X Roor)/(8 X lioad X Reense)s
t=10kQxCoxIn2; t, =15 us (9.2)

The rise time is the dominating factor, and so it is clear
that the countdown frequency is proportional to the
discharge current .

In the discharge mode the frequency is V¢ dependent.
However, as the battery voltage is rather insensitive to
the battery charge, this influence is low.

The input voltage to the V/I block ranges from 20 mV to
200 mV. Outside of this range it is less accurate (see
Fig.7).
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‘[- l vee
U Rsense H Rconv
[Jeo l
S
A :::::::>h_~_ Qf—fosc
VARIABLE 9 © FIXED } FF
I |
> R
[ 10 kN r
/ ]
Co L
[
=
MKAS526
Fig.6 Variable oscillator frequency.
fosc
(kHz)
7
Vee= 24V Y
T Rconv = 12 k)
Ct = 1.2 nF
11
1.8
4
20 140
— 5 Vsense (MV)
MKAS527
Fig.7 Voltage to frequency conversion.
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SAA1500T

Decoder filter

In the decoder filter block, the two inputs PN (power
NOT) and SN (switch NOT) are tested. SN is tested on
two logic states (HIGH and LOW) and PN on four states
(HIGH, LOW, >5Ffixed and <3Ffixed). The inputs are
digitally filtered to make them insensitive to external
interference caused by motor commutation currents. The
PN input informs the SAA1500T about the power charge
unit state. The most important states are; fast charge,
trickle charge and no power.

The SN input informs the SAA1500 about the load state.
Two states are possible, load or no load. The load switch

_______ Az

is sensed for that information.

Memory

The memory has a fixed volume of ten times. The
memory contents (= battery charge) will be output via the
decoder/driver block.

Scaler

In the scaler, a scale factor is introduced to scale down
the memory counting frequency. In the trickle and
standby modes, the battery current is adapted and so
the memory counting frequency is changed accordingly.
For the following modes, fixed scale factors are
programmed:

- fast charge = 7.37 x 10°

- trickle charge = 32 x fast charge
- standby = 150 x trickle charge

- discharge mode = 8.85 x 10°.

Control

In the control block, in co-operation with the
decoderffilter, six user modes and two test modes are
provided together with appropriate signals to select the
correct scale factors. The pin control signals, the different
modes of operation, the oscillator frequency and scale
factors are given in Table 1. The direction of the scale
factor, up or down, is dependent on the mode, and thus
determined in the control block. Four user modes have
been explained previously.

In the 'trickle charge and load mode’, the discharge
current is nearly always much higher than the trickle
charge level, consequently the scale factor is chosen to
be the same as in the discharge mode.

In many cases a motor is driven in the 'fast charge and
load mode’. The control pin EN switches the system from
a current source to a voltage source regulation to keep
the motor speed constant. This ensures that only the

July 1993

current demanded by the motor will be delivered and the
batteries will remain unaffected. For this reason a scale
factor of zero is selected in this mode.

During the two test modes the scale factor is setat 1 to
speed up the counter checks.

Step-up means that LEDs are switched on successively
at the beginning of an LED display. If the LEDs are
already active, there will be no step-up. Only those LEDs
that are concerned with the charge status are activated.
The step up frequency is 2 x 103 x fo5c (See appendix B).
The LED and LCD display, during charge and discharge,
is illustrated in Fig.12 (Appendix A) and in Fig.13
(Appendix B).

The memory block passes information to the control unit
conceming the extreme states of the battery charge. At
batteries FULL, a signal is sent to the enable block to
terminate the fast charge session. At batteries almost
empty, a Battery Low Indication (BLI) signal is sent to the
decoder/driver (see also appendix A).
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Table 1 Modes of operation.
INPUTS OSCILLATOR | SCALE
ATI
oN N MODES OF OPERATION INDEX FREQUENCY FACTOR
L L test, very fast down count D fixed 512
<3Ffix L trickle charge and load, count down TCL variable 885k
>5Ffix L fast charge and load, no count FCL fixed 0
H L battery load, count down BL variable 885k
L H test, very fast up count TU fixed 512
<3Ffix H trickle charge, slow up count TC fixed 23M6
>5Ffix H fast charge, fast up count FC fixed 737k
H H standby, self discharge, POR active SB fixed 7G1
H H standby, self discharge, after POR SB fixed 3G5
Enable will pulsate between HIGH and OPEN states. This

It is possible to use the enable output (EN) to control the
fast charge on the batteries. The EN signal is HIGH
when the indicator shows not full. When an LED

bar-graph is used and it shows FULL, then the EN signal impedance state (see Fig.8).

provides a pulsating trickle charge waveform with a 5%
duty factor for a 10 second period to compensate for the
LED currents. If an LCD bar-graph is used, then at the
full state, the EN output goes into a continuous high

%{///////////////////////////}//////////////}W

3 = 3-state; high impedance
EN signol with LED bar graph applied.
With LCD bor graph, the signal is continuously 3—state after 100%.

MKAS528

Fig.8 Waveform of enable signal with full batteries.
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SAA1500T

Decoder driver

The SAA1500T is intended to display the charge of the
batteries in a six segment LCD bar graph or five segment
LED display. LED indication is also given for batteries
nearly empty, batteries on recharge and batteries full
during recharge. Outputs L100, L80, L60, L40, L20 and
FULL are designed to drive an LCD bar-graph with
output BP connected to the backplane of the LCD. The
LCD segment is active if the. segment voltage is in
antiphase with the BP voltage. If, however, BP is

connected to ground (V), then outputs L100, L80, L60,
L40 and L20 may drive the LEDs directly with their
anodes connected to the positive supply (V). Outputs
MO and R1 can drive LEDs directly. Output MO indicates
batteries on recharge (LED constantly ON) and batteries
full while recharging (LED flashes). Output R1 indicates
that the battery is nearly empty. Output R2 provides a
second battery nearly empty signal which can be used to
drive a simple electroacoustic transducer with an audio
tone via an external transistor. Circuit waveforms are
illustrated in Fig.9.

battery
almost
empty
condition
reached

standby mode

1s

i
T

| Ul

9 2 kHz oudio modulation

i

R2
0
— time
MKA529
Fig.9 Waveform of R1 and R2 signalling empty batteries.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage -0.5 7.0 \
\/ input voltage note 1 -0.5 Vee+0.5 \
Vo output voltage note 1 -0.5 Vect+0.5 \
lee supply current - 40 mA
lss supply current - -120 mA
L input current - +10 mA
lo output current - +20 mA
Tamb operating ambient temperature 0 +70 °C
Tag storage temperature -65 +150 °C
Note

1. Vee + 0.5 V must not exceed 7.0 V.

July 1993
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and NiCd powered applications
DC CHARACTERISTICS
Tame — 25 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Vou HIGH level output voltage Vee=2.4V; lo=-650 pA 2.0 - - \
(pins 13 and 19)
Vou HIGH level output voltage Vee=24V; lo=-1mA 2.0 - - \%
(pins 1 and 11)
Vou HIGH level output voltage Vee=2.4V; lo=-300 pA 2.0 - - \Y)
(pins 10, 14 to 18 and 20)
\ LOW level output voltage Vee=2.4V; Ig= 650 nA - - 0.4 \Y%
(pins 13 and 19)
VoL LOW level output voltage Vee=24V;lg=1mA - - 0.4 Vv
(pin 11)
VoL LOW level output voltage Vee=38V; lg=15mA 1.8 - - \Y%
(pins 10 14 to 18 and 20) Vee=24V;lg=5mA _ _ 0.55 Vv
ol output leakage current Vee=3.8V; Vo=V 0roV - - +1 HA
(pins 1 and 19)
Iyl input leakage current (pin 3) Vec=38V;V;=0V - - 1 LA
il input leakage current (pin 2) Vee=3.8V - - 1 pA
Ig input current (pin 9) Vee=24V 30 - 80 HA
Vs Schmitt trigger HIGH Vee=2V 1.6 - - \Y
(pins 2, 9 and 19) Vee=4V 22 - - Vv
Vis Schmitt trigger LOW Vee=2V - - 0.4 \Y
(pins 2, 9 and 19) Vee=4V - - 0.18 |V
Viys hysteresis voltage Vee=2V 0.4 - - Vv
[mimea D O Aand 410\ < s P P .2
\PIiiS &, g alil 19) VCC=4V 0.5 - - Vv
Vi HIGH level input voltage (pin 3) | Vec=3.8V; I;=1pA 0.8 - 1.5 \%
Vec=18V;l3=1pA - - 185 |V
Vo LOW level input voltage (pin 3) |Vec=1.8V; l;=1pA - - 1.55 \"
I input current (pin 5) Vee=24V; V=24V 150 - 360 HA
lec supply current Vee=26V;V;=Vg=0V; - - 90 HA
July 1993 12
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AC CHARACTERISTICS
T.m = 25 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
fosc fixed oscillator frequency Ve =24 V; Ry =260 kQ 3.81 4.24 4.67 kHz
CS =12 nF;
Vg=V,=Vg=0V
Afose variable oscillator frequency |V =2.4V; Vg =56 mV; 4.04 4.65 5.02 kHz
R,=12kQ C; =1.2 nF; .
PN=1;SN=0
Ve =24 V; Vg=35mV, 247 2.94 3.24 kHz
R,=12kQ C;=1.2 nF;
PN=1; SN=0
SVRR supply voltage ripple rejection | Vec =2.2t02.6 V; Vg=49mV |- - 5 %/0.1V

QUALITY SPECIFICATION

General quality specification for integrated circuits: UZW - BO/FQ - 601.

APPLICATION INFORMATION

The SAA1500T can be used in many applications with
different types and sizes of rechargeable batteries. In the
Introduction it is stated that the discharge/charge time is
the equivalent of the battery charge.

The formula of the elapsed discharge/charge time and
thus the collected charge is (see Fig.3):

discharge/charge time = togc X Scale factor x memory

(1) The fixed time period of the oscillator during charging
is given in the following equation:

tosc = (Charge Time) / (scale factor x 10)

Where: the Charge Time (CT) is the time taken to fully
charge empty batteries.

Therefore: fose = 7370/ (3600 x CT [h] ) [kHz]; (exclusive
efficiency corrections) (13.1)

From formula (13.1) it is clear that the fixed oscillator
frequency is dependent on the charge time (and so the
charge current) and not on the battery size.

If the charge time and the oscillator frequency are fixed,
the extemal components C, and R, can be calculated
with formula (9.1). Some examples are given in Table 2.

July 1993
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(2) Many timing functions are related to the fixed
oscillator frequency. The most important are the trickle
charge and the self-discharge times (see also Table 2).

(3) The variable time period of the oscillator during
discharge is given in the following equation:

tosc = (discharge time) / (scale factor x 10)
Therefore: fosc = 8850 /(3600 x DT) [kHz] (13.2)

Furthermore, formulas (9.1) and (9.2) are valid and,
combining them with formula (13.2), the external
components R.,, and R, Can be calculated:

Roorm/Rsenss - 500 x 1023 x Q [Ah] / Cq [NF]; (Ve = 2.4 V)
(13.3)
As can be seen from formula (13.3), it is the battery size

that is of importance and not the discharge time. Some
examples are given in Table 3.
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Table 2 Charge components.
NiXX/ xxAh
charge time (h) 1/3 1/2 1
charge current (CA) 3 2 1
fixed frequency (kHz) 6.1 4.1 2.05 formula 13.1
Ro (kQ) (Co = 1.2 nF); note 1 180 264 556 formula 9.1
Ro (kQ) (Co = 2.4 nF); note 1 90 132 277
trickle charge current (CA) 1/32 X lparge
self-discharge current (CA) 1/150 X e
Note
1. Co > 1.2 nF because of the parasitic capacitance influence on the printed-circuit board.
Table 3 Discharge components.
NiCd NiMH
AA(600mAh) Sub C(1.2Ah) AA(1.1Ah) AA(1.7Ah)
Reonv/Rsense(Co = 1.2 nF) 252k 499k 459k 706k
Reon/Rsense(Co = 2.4 NF) 126k 252k 229k 352k
Reony (Co = 1.2 NF) (Reense = 70 MQ) 17k6 34k8 32k 49k3
Reav (Co = 2.4 NF) (Reense = 70 MQ) 8k8 17k4 16k 24k6
July 1993 14
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VBAT
i
L [p1 o2
Reonv c2
l ey 4
7 6 3 4 10 20
S 8
r " T1
RL SAA1500T
R3
9
2 1 5 12 13 18 17 16 15 14 19 Buzzer
( m%r Teo ‘ [ LCD DISPLAY ]
mom ”’L” charger W;?' /747' /”Lﬂ
MKAS530
R1=100Q; R2=1.5MQ; R3=5.1kQ; C1=100; C2=1.2nF.
Fig.10 Application diagram for LCD display.
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VBAT
R1
m,bs-z - -r-0\1° 02603 D4 |Ds
v A
Rsense Ro R2| | ¢y l\r_ _é/l G% . %)
Rconv
Cc2
BV I
+ 7 6 3 4 10 20 18 17 16 15 14
= 8
1 T1
SAA1500T
R3
9
2 1 5 12 13 19 Buzzer
o L ML l ML
To power
mm charger
MKAS31
Fig.11 Application diagram for LED display.
APPENDIX A
O LED is OFF
® LED (green) is ON MKAS32
@ LED (red) is ON
@ LED (green) is ON, blinking at 2 Hz during charging
LED MO starts blinking at > 100%
] vLepison
G LCD is ON, blinking at 2 Hz during charging
Blinking ot 1 Hz during dischorge or rest.
=" Time sequence.
(frequencies are referenced to o fixed oscillator frequency of 4.2 kHz)
Fig.12 Legend for figure 13.
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APPENDIX B
0-10 11-20 21-40 41-60 61-80 81-99 100 < percentage of bottery charge
I | en— . | o 1 o 1
‘ Chorge modes:
[ 60] — Fast Charge (FC)
2 Hz C40]| |20] — Trickle Charge (TC)
Cz0)| |20 IC2
s® O 06 0® OF®
R1 MO R1 MO Ri1 MO R1 MO R1 MO
100-99 98-81 80-61 60-41 40-21 20-1 0 <= percentoge of battery charge
% m Dischorge modes :
— Trickle Charge Lood (TCL)
- Battery Load (BL)
Csoll| |(C8o]| [Csod| |(Ce0] — Standby (SB)
20| |(C40]| {(C40] 1 Hz
(C20]| |C20d) |C20]) |20 C20] 20)| |20 No count mode:
OO0 OO OO0 OO OO0 00 ® O - Fast Charge Lood (FCL)
percentage of
0-10 11-20  21-40  41-60  61-80 _  81-99 100 “battery chorge
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Fig.13 Battery charge displayed by LCD and LED.
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Remarks to figure 13
LED mode

The LEDs are activated at every operational mode
change. If the LEDs were already active before the mode
change, the display will not be changed. If the LEDs
were not active before the mode change, a step-up
pattem is generated. Step up means that the LEDs are
activated successively recording the charge status every
1/8 second. In the Battery Load, Trickle Charge Load
and Standby modes, the LEDs are switched off after 8
second. In the Fast Charge, Trickle Charge and Fast
Charge Load modes, the LEDs remain on.

Battery Low Indication is active if;

The charging (FC,TC) is stopped (==> standby) before
10% charge is reached.

The discharging (BL, TCL) is started below 10% and
stopped (==> SB) above 0%.

The discharging is stopped (=>) at 0%.

For BLI waveforms (see Fig.9) R1 is active before the
mode is switched over to standby.

Battery Low Indication is not active if;

Discharging is started above 10% and stopped 10-1%.
Instead, the green L20 LED will be active for 8 seconds.
If recharging is started during 1-10%. The L20 LED is
blinking at 2 Hz, the red LED is not active.

LCD mode

The LCD display, as against the LED mode, is always
visible.

Battery Low Indication is active if:

The charging (FC, TC) is stopped (==> standby) before
10% charge is reached.

The discharging (BL, TCL) is stopped (=> SB) at 0%
charge.

July 1993
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PACKAGE OUTLINE
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Fig.14 20-lead mini-pack; plastic (SO20L; SOT163AH).
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SOLDERING
Plastic mini-packs
By wave

During placement and before soldering, the component
must be fixed with a droplet of adhesive. After curing the
adhesive, the component can be soldered. The adhesive
can be applied by screen printing, pin transfer or syringe
dispensing.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder bath
is 10 s, if allowed to cool to less than 150 °C within 6 s.
Typical dwell time is 4 s at 250 °C.

A modified wave soldering technique is recommended
using two solder waves (dual-wave), in which a turbulent
wave with high upward pressure is followed by a smooth
laminar wave. Using a mildly-activated flux eliminates the
need for removal of corrosive residues in most
applications.

BY SOLDER PASTE REFLOW

Reflow soldering requires the solder paste (a suspension
of fine solder particles, flux and binding agent) to be

DEFINITIONS

applied to the substrate by screen printing, stencilling or
pressure-syringe dispensing before device placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt, infrared, and
vapour-phase reflow. Dwell times vary between 50 and
300 s according to method. Typical reflow temperatures
range from 215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 min at 45 °C.

REPAIRING SOLDERED JOINTS (BY HAND-HELD SOLDERING IRON
OR PULSE-HEATED SOLDER TOOL)

Fix the component by first soldering two, diagonally
opposite, end pins. Apply the heating tool to the flat part
of the pin only. Contact time must be limited to 10 s at up
to 300 °C. When using proper tools, all other pins can be
soldered in one operation within 2 to 5 s at between 270
and 320 °C. (Pulse-heated soldering is not
recommended for SO packages.)

For pulse-heated solder tool (resistance) soldering of
VSO packages, solder is applied to the substrate by
dipping or by an extra thick tin/lead plating before
package placement.

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from

such improper use or sale.
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PRELIMINARY DEVICE SPECIFICATION

TYPE COMMERCIAL : SAA1501t

STATE-OF-CHARGE MONITOR IC FOR
INTELLIGENT NICD AND NIMH BATTERY PACKS

1. Market introduction : End 1993.
This information applies to a product under development. Its specification and characteristics

are subject to changes without notice.

2. Features

—  drive signals for a LED bargraph or LCD; 5-level indication of battery charge,
20%, 40%, 60%, 80% and 100%.

- direct drive for LEDs ('battery low’ and ’batteries under charge’) and buzzer.

—  large dynamic range of charge and discharge currents.

—  accurate sensing charge/discharge currents due to BICMOS process technology.

-  independent setting of charge and discharge efficiency.

—  automatic switch—over between charge/discharge and selfdischarge mode.

—  charge current regulation drive signals.

—  temperature compensated self—discharge account.

—  temperature protection via adjustable Tabsolute.

—  large operating temperature range.

— low standby current drain to allow integration in batterypack.

3. Applications
Intelligent battery packs / Iintelligent battery powered applications.

4. General description

The SAA1501t is intended to be used as a battery monitor and control circuit in rechargeable
- systems for NiCd and NiMH batteries. The primary function is to provide a readout of
instanteneous charge in the battery. Secondary function is to control the external current
source via charge current regulation drive signals.

The SAA1501t accurately determine the state—of-charge (remaining energy) of a battery at
any instant by keeping account of the charge/discharge time and the charge/discharge current,
- via the analogue V/I convertors with large dynamic range —, in a ‘coulomb’ counter.

This information is used to drive a LED bargraph or liquid crystal ‘remaining energy’ display
and to regulate the external current source.

SAA1501t

930607 :
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5. Pinning

The pin numbering is according to the standard numbering of pins of the package S(mall)

O(utline) 241 (arge) SO24L.

Pinnumber Pin Name Description
1 Vee Supply voltage
2 EN Enable
3 Cd Duty cycle capacitor
4 Cent Charge counter capacitor
5 Rmax Maximum average charge current setting
6 Rref Current reference resistor
7 Rd Discharge current conversion resistor
8 Rec Charge current conversion resistor
9 . GNDs Charge sense input
10 Rsd Discharge sense input
1 TEMP1 Temperature sensing resistor
12 TEMP2 Temperature setting resistor
13 Co Oscillator capacitor
14 BUZ Buzzer
15 FULL Full battery indication
16 100 100% segment indication
17 80 80% segment indication
18 60 60% segment indication
19 40 40% segment indication
20 20 20% segment indication
21 BP LCD back plane drive
22 BLI Battery Low Indication LED
23 PO Power On LED
24 GNDp Power ground
SAA1501t -
930607
NAME A.Mobers SUPERS 4] 191 - - __ 2| 010 | a4
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6. Quick reference data

Parameter Min Typ Max Unit

Supply voltage range 2.0 4.5 Vv

Supply current 0.5 mA

Stand by current 100 UA

V/I converter range 2mV Vce-1.6V

V/I linearity @ 3mV -33 ] 1.8 37 1 %
@ 10mV -11 0 11 %
@ 30mV | -4.5 | -0.5 3.5 %
@ 1oomv | -2 | -0.5 1 %
@300mVv] -2 |-1.0 0 %

7. Application- information

A. Intelligent battery pack.
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B. Intelligent battery pack controlling external current source.
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SUMMARY

A design description is given of a NiCd or NiMH battery charger with the TEA1100 charge
and regulation control IC.

The current supply stage is a highly efficient flyback SMPS circuit which includes a current
mode slave IC UC3843 and a BUK443-60B power Mosfet switch.

The charger is applicable for a wide range of different voltage batteries and the upper
limit is determined by the SMPS design power limitation. A 7.2V battery is maximum with
the given charger design.

The charger is outlined for a 12V power source such as a car battery which makes it
specially suitable for field use.

The design calculations are extensively given to support redesign on chargers with different
requirements.
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1 INTRODUCTION

This paper gives a practical example of a fast charger design for charging , within 1 hour , a NiCd or
NiMH battery pack containing up to six , "AA" type cells (500mAhr with NiCd).
This example is a follow up to the charger design for four cells which is described in the TEA1100

applicaton note NPO/AN9102.

The flyback topology applied has the advantage that it provides a large degree of design freedom in
charge current magnitude, number of battery cells and input voltage especially. A large number of cells can
be charged with a relatively low input voltage (12V). The use of a buck converter, which is popular
because of the circuit symplicity, is restricted in the input/output voltage ratio due to the step down

principle.

The charge current supply is a discontinuous flyback regulator which is powered from a nominal 12V dc
source. It operates according to the current mode principle and is master controlled by the TEA1100 charge
management IC. This IC monitors the battery voltage for the battery full event, stabilizes the charge
current and determines safe operation in the fast or trickle charge mode.

A full calculation procedure is given for the SMPS power transformer and components design. This
simplifies adaptation of the design example to different charger requirements and it might be worthwile

to apply the formulae in an electronic spreadsheet.

For the design-in of TEA1100, its time settings and related components can quickly be derived from given

graphs.

2 CHARGER SPECIFICATION

- Input voltage range :

- Output voltage range :
- Open output voltage :

Battery type :

Fast charge time :
Abs.max. fast charge time :

Charge currents :

- Charge control methods :
- Switch mode frequency :
- Maximum continuous output power :

- Charger efficiency :

9-20V dc, 12V nominal

0-10.2V.
protection level 213V.

7.2V ;500mAh (6 NiCd cells).

within 1 hour.
1.5 hour time out.

625mA (1.25C) fast charge.
30mA (0.06C) trickle charge,
(6 - 60mA setting range).

-dV, timer , temperature optional.

60kHz.
6.4W.

>75% at maximum output power.

| Philips Semiconductors Application Note
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3 BASIC CIRCUIT OUTLINE

3.1 Block diagram

- +

% om | I
L

17

A,
charge

lpr
primary icomp. monitor
current

feedback TEA1100

charge current
regulation voltage

Fig.1.  Basic circuit diagram of the charger system example.

The essential parts are the supply flyback converter with its transformer, power switch and the IC UC3843
which drives the switch and controls the primary input current. The IC follows the primary current flow by
sensing the voltage across a resistor in the primary loop.

At the secondary output side the battery is under the control of the TEA1100. This IC senses the battery
voltage for save charge operation and it senses the output current via a current sense resistor in the
secondary current loop. The current magnitude is referred by TEA1100 which provides an error feedback
voltage for the stabilization of the charge current. This error voltage is fed back to the primary controller
which translates the info into a correct duty cycle of the MOSFET drive pulses.

32 Current regulation loop

See figure 2.

The secondary output current is sensed at the sense resistor ,Rs-sec, and via voltage level shifting and RC
smoothing, the residual voltage is compared to ground level by TEA1100. The dc error voltage is build up
across the loop stability capacitor Cls. This voltage is, 4x amplified, available as output at the AO pin of
the IC.

The small signal bandwidth of the AO signal has to be a distance below the switching frequency to ensure
stability and therefore the error loop signal has a relative slow response time.

The overall response time can then be improved again by applying a feedforward, cycle by cycle, approach
within the primary switching loop. Current mode controllers do respond to this as they drive the power
switch under control of interacting error and primary current signals. The improved response time applies
however only to rapid changes in the input voltage. A sudden change in the output condition is only
corrected via the slower secondary to primary feedback.
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Fig. 2 The current regulation feedback loop diagram

The UC3843 is selected for primary control and power mosfet drive. The current comparitor which delivers
the duty cycle controlled drive pulses, compares the primary peak current at Rs-pr with the error feedback
voltage from TEA1100.

Peak current protection occurs when the peak voltage across the sense resistor reaches the UC3843 internal
zener value, VZ , which can range between 0.9 and 1.1V. Below the peak voltage value the duty cycle
depends on the magnitude of error voltage at the Vc pin. The voltage error amp of UC3843 is set to function
as a current source of typ 0.8mA with input pin 2 to common.

At the Vc pin, the voltage feedback active range is from 1.4V(diodes) to [3 x VZ + 1.4V(diodes)]. The high
level can so vary between 4.1 and 4.7V, (typ. 4.4V) depending on VZ.

When TEA1100 is not initialized or is in the off period within the pulsating trickle charge mode, then its
AO output floats. In this case or an other case of feedback absense the Vc pin is drawn to common via the
PNP buffer which disables converter operation. On feedback signal from TEA1100 the converter is able to
run

In the non invert mode the AO amp sources current only and the maximum output voltage is 3.6V. Therefore
the V¢ voltage can reach a maximum of 3.6V plus the VBE of the buffer: total 4 - 4.3V, which coincides
with a comparitor sense level of 0.87 - 0.97V. Here an advantage appears of a tighter tolerance on the
maximum Vc- or switch current peak level.

33 Current sensing parts
e Primary current sense resistor value: Rs-pr < 0.87V/Ipr(pk)max. (Ipr(pk)abs max = 0.97V/Rs-pr).
e Secondary current sense resistor value : Rs-sec 2 Iref x Rib / lo charge.

For sensing the correct output current, the triangle pulse sense voltage, analogue to the current shape, must
be averaged and the residual ripple should be less than 160mV. Further smoothing of the error voltage
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occurs in CLs. (ref 1).

The required smoothing Rib x Cib network can be derived from the formula;

Vpk - Vavg)?
Rib-Cib 2 ! Vpk a%)—-Ssec-T were: Vripple < 0.16V

Vripple  2.vpy
Vpk =1 k X Rsense
P sec p.
Vavg = IseCavg x Rsense
dsec'T= Isec pulse time

The highest ripple voltage will be at maximum output power.

The ripple voltage on the LS capacitor is by approximation; Vcis ripple = 'b- "PP]? lm
0scC S

In section 5 the formulae above are used with the determined data.

4 POWER STAGE AND TRANSFORMER DESIGN

Rtr pr Rtr sec

+Vin '———-vrljl ——p

4
VTec
Rds on ° +

| S
Rs sec

Ht—

Rs pr
e

Fig.3 The large signal power stage configuration

4.1 Transformer operation

The discontinuous current mode has been chosen because constraints on the feedback loop stability are
minimal. Also the supply output power source characteristic is easier to handle than an output voltage
source which is inherent to the continuous current mode operation.

At fixed frequency the limit case of discontinuous current operation, whereafter it changes to continuous
current operation, is however different between a voltage regulated and a current regulated supply. With
constant output voltage the limit case occurs at maximum power while with constant output current the
limit occurs at minimum power, i.e. the lowest output voltage.

Figure 4 shows the current and voltage waveforms of the transformer at both maximum power and limit
case with reduced power for the constant output current condition.
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Transformer current and voltage waveforms at constant output current

— - - |pr,Isec at Vo max

s—— . o Ipr,lsec at Vo min

not
discontinuous

N
A / discontinuous
-~ \

)
\\.~~ /

T

N
tpr tsec !

Vsec max X limit case

N 7 75535/ S

>
>

Ly
LY

tpr tsec

A

Fig.4 Transformer current (a) and voltage (b) waveforms at constant current output

At maximum power the waveforms shows that the transformer is not fully utilised due to the introduced
dead time in current. (Only a Self Oscillating Power Supply, SOPS, mode can prevent this dead time
periode). Nevertheless, for a battery charger the transformer and supply performance with fixed frequency
will hardly differ from the SOPS performance while interference-wise the fixed frequency is preferable.

4.2 Basic formulae for transformer operation.

Energy in transformer: E= 15 L 12 n]
Ver

Peak current: Ipk= Cor “tpr [2]

1

Primary on time: tpr=8'T (T=9) 3]

Throughput power: Pth=E-f 14]
Vor* 5)2

substitute 1,2,3,4: ' Pth= ——T _ 5]

2:Llpr

Limit discontinuous condition / constant output current;
(occurs at minimum Vgec and minimum Vpr)
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see shaded parts in fig. b Vpr(min) * 81 = N Vsec(min) - (1-%7) were (N = 1:;%% )

Duty cycle relation with secondary voltage; 5:\1ax =\ ’ sz::;)) | 71
Secondary fraction at maximum power:  8sec = max’ 'N—“/,;(c;r:r:)-;)-
 eEmEEEe)
Dead fraction at maximum power: 84 =1 - 8max - Ssec [9]
Minimum duty cycle: Smin = dmax \\,’::((:;:; ‘\’ x::z((':‘:‘)) [10]

(at Vpr(max) and Vsec(min))

4.3 First shot at transformer size and loss

Let us assume that a feasable SMPS efficiency,n, is in the order of 70%. The maximum output power is
10.2V x 0.625A = 6.4W (Vo= 1.7V/cell x 6).

Core size can quickly be determined by the energy figure L 12.
Therequired L' 12=2xPo /1 / f=2x64W / 0.7 / 60kHz = 3 x 104].

e Size: Outof the RM cores” data in fig.4 a sclection is made for a RM6/i core with a standard range
airgap of 0.15mm which maximum L- 12 valueis 3.2 x 104.  [A[ = 250nH]

* Material: For 60kHz frequency a suitable core material is 3C85.

e Loss: The total dissipation in the transformer is the sum of the windings' copper and core losses. The
thermal resistance of RM6 is about 75°C/W and when a temperature rise of 40°C can be accepted
then the maximum dissipation is 0.53W.

The core loss can be derived from the data in fig.5. which give watts per core volume with peak flux
density B and frequency. This peak flux density refers to bidirectional flux swing. For the
discontinuous operation the flux swing goes in one direction only and therefore the flux density is
half the top flux which can be up to 320mT at 100°C. If B peak density is limited to 150mT then
at 60kHz the core loss outcome is 120kW/m3 . The effective volume of RM6 is 1325mm3 which
gives a maximum core loss of 159mW.

The copper loss is now restricted to 374mW which can equally be divided amongst the two windings.

") In this SMPS example the RM core choice does not imply that it is the best overall choice. Other types should be
considered as well. Acquaintance and possesion of RM types was the authors’ selection reason.

For any customized supply, Philips magnetics department can offer the best and cheapest solution for your
transformer requirement.
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Fig. 5 Maximum energy versus airgap for RM range. Fig. 6 Spedific power loss versus peak flux density

with frequency as parameter

4.4 Setting the design start parameters.

A completely empty cell can have a voltage that is near zero or even slightly negative but as soon as
charging starts, a healthy cell will quickly restore its voltage to beyond 0.9V.

It is therefore unrealistic to include a very low output voltage condition into the transformer design limits
as this might lead to a more bulky transformer due to less transformer utilization (increased dead time) at
the high power operation.

- The design example is based on a transformer

secondary voltage range factor of: Vsec(max)/ Vsec(min) = 2
- A maximum duty cycle has to be asigned. Chosen is : Smax= 0.5
- Derived from [9] 8gec <0.45. To allow for tolerances a
wider margin is included into 84, so: 8sec = 04
- Secondary current sense resistor : Rssec = 0.2Q

4.5 Calculations on the power stage

Contrary to that in a mains operated supply, the resistive losses in a low input voltage supply will have a
higher influence on the transformation conditions. Therefore a more detailed calculation approach is
followed which includes all power stage components. The calculation approach goes from secondary to
primary side and applies to the limit case of maximum power conversion.

Series resistances with the transformer are taken not to affect the current ramp linearity in both primary
and secondary currents.

Refer to the requxrements data of the supply example (section 2 ) and the design start parameters (section
above ) to work out using a formula, the result which is given adjacent;
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Maximum output power
Average secondary pulse current

Peak secondary pulse current

RMS value of output current

Square of RMS output current

Loss secondary sense resistor

Loss secondary winding [section 4.3 ]

Max. resistance secondary winding

Secondary diode loss
Transformer secondary power
Transformer secondary voltage

Transformer primary power
(Leakage inductance loss is neglected)

Transformer primary power also

-10-

Po = Vo(max) " lo

1 o
sec (pulse) = Bsec

Isec (pk)= 2 * Isec (pulse) [triangle waveform]

ssec
IRMS = Isec (pk) '\ =3~

4102

3 8sec

2
IRMS =

2
PR scnse = IRMS Rsense

Pcopper max
Ptr Rsec = _'222—

Ptr Rsec
Rir sec =
IRMS

PD sec = 1o * VD(max) [VD(max)= 1V]

Ptr sec = Po + Ptr Rsec + PR sec + PD sec

Vir sec= Vo + VD(max) + {Isec (pulse) “(Rs sec*Rir sec)}

Pir pre Ptr sec + PC

Ptr pr = Vin(min) * lin - PRpr(tot)

6.4W

1.56A

3.13A

1.14A

1.3A

0.26W

0.19W

0.15Q

0.63W

7.45W

11.75W

7.61W

The primary current has to be deducted and known are; Vin(min), primary winding loss and the peak
voltage across the primary sense resistor. RDSon(max) of the MOSFET is also required.
For the resistive losses the RMS current is essential.

For a MOSFET selection the approximate primary input current is:

lin=Po / Vin (min) /n=64/9/07 =1A
Tor RMS? = 4xlin? /3/8max = 2.6 A2

1f MOSFET dissipation < 0.05x Pin = 0.45W then its on resistance < 0.45/2.6 = 0.18Q at Tj = 100°C.

At Tj = 25°C Rpson $0.18/1.4 = 0.13Q.

Within the 60V range, BUK442 ,452 or 472 can be applied.

To continue, first some formulae to enable further calculations.
Energy is built up during the on time period, 8max, $0;

Transformer primary power

Ptr pr=Ipr(pulse) Vtr pr(pulse) Smax

]
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Vir pr(pulse) = Vin - VRpr tot(pulse) [12]
’8
RMS value of primary current IprRMS = 2'lpr(pulse)' n;ax (triangle waveform [13]
3.
Maximum primary winding resistance Rirpr < TRir gr [14]
41pr(pulse) "8max
Average primary winding pulse voltage VR ulse) = 3PRtr pr [15]
ge p ry g P g tr pr(pulse) 4Ipr(pulse) Bmax
. VRs pr(pk) - .
Average primary sense pulse voltage VRs pr(pulse) = 3 =045V [section ] [16]
Substituting [11 - 16];
P d
Average primary pulse current Ipr (pulse) = trpr/ S 3PR [17]
- ‘Rtrpr
(Vin-0.45)-1 ‘R -
in pr(pulse)’RDSon Flpr(pulse) Smax
b+\bZ 4-ac
solve Ipr (pulse) by Ipr (pulse) =T . Ve a= RpSon(max)
b= 'Vin+o-45
3
7 PRerpr+Perpr
= ——g— 1.89A
max
Primary peak current Ipr (pk) = 2" lpr (pulsc) (triangular waveform) 3.78A
. 5max
RMS value of input current IprRMS = Ipr (pk) 3 1.54A
Primary sense resistor R 5—0'9— 0.24A
Yy P' = Iprpk) )
Primary winding resistance Repr s114) 79mQ
Primary resistive loss PRiot pr= IprRMS-" (Rs pr + RDSon + Rer pr) 1.18W
Input power Pin=Pxrpr+PRpr 8.79W
Transformer primary voltage Vir pr = Vin (min) - {Ipr (pulse) Rprtot)) 8.06V
N dmaxV
Transformer winding ratio N=3 PL , —Tmax_rpr 20.86
sec dsec'Vtrsec
Virprd
Primary inductance Lps —Iprmax 17.8uH
lpr(pkyf
. Npr
Transformer windings Nps AL Nsec <= resp. <844 ; <98
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The transformer windings must consist of whole turns numbers: Npr;Nsec = 8 ; 9

The practical primary inductance with 8 turns: Npe = 16uH,
78

The lower Nprchanges the primary peak current to maximum: Ipr pk = 3.78 °\ / 11-6_ = 4A

and the primary sense resistor becomes: ' Riprs09/4 = 022Q

Primary blocking voltage across Vpr max = Vin (max) + Virsec ' N + 4V 30.5V + AV

the switch (AV = Ipr (pk) \ / Loy ); for AV=20V,L | /Cy <277 nH/nF

The transformer windings were bifilar wound which gave a very low leakage inductance. The AV was 20V
at maximum power and a snubber could be omitted. In the case a snubber is required then a zener diode, Vz =
AV max, in series with a reverse blocking diode can be applied across the primary winding.

5 TEA1100 SETTINGS
In this system the current feedback signal is derived from the analog output of TEA1100, so there is no link
between the SMPS frequency and the TEA1100 frequency like in the system as in ref.1. (chpt.8)

Here following the TEA1100 calculation procedure with the formulae is given . It is also possible to get
results quickly from the nomograph given in fig. 8.

5.1 Time settings

Start with the requirement for the maximum fast charge time, TO, which should be about 25 - 50% above
the maximum expected 1Hr charge time by -AV cut-off. A 50% longer TO = 1.5Hr. (This can be altered by
changing the oscillator capacitor value).

Directly related to TO are:
* Monitor disable time at start of charge  tdisable = 25xTO = 2.8 min.

* Trickle charge repetition time Ttrickle =2"14xTO =330 ms.

Now a frequency has to be chosen using the pre scaler factorp =1,2 or 4.
Choosing p=1 by setting (PR [pin8] to Vsource [pin6] );

226 &

o Oscillator frequency fosc = —moe = 124kHz

e Selection of Rref and Cosc by RxC = m ~ 87-106

® 12.5k < Rref < 125k Rref selected = 27kQ
Cosc =33nF

From fosc or Tosc derive;

 Monitor sampling repetition Tsampling=216xTosc = 53s

e Monitor sampling charge inhibit period tinhibit =10x Tosc = 805us

e Trickle charge ON duration ttrickle=075x29xTosc  =31ms
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t trickl
¢ Duty cycle trickle charge pulses S trickle = ﬁ = 9.4%

5.2 Charge current settings

e Current reference resistor;
Ich fast x Rref x Rsec sense _ 625mA x 27k x 0.2Q

Rib = 1.5 = 135 = 2.7kQ
¢ Trickle charge current;
. . Ich fast .
Rn not applied Ich trickle === x§ trickle =30mA
Rn applied (2Rref) Ich trickle = Ich fast x l:;:f x d trickle =
25k < Rref < Rn < 250k Rn=Rref ; 60mA

Rn=250k ; 7mA

53 Current sense input filter

The Cib, Rib time constant should be as small as possible to ensure quick stabilization of the charge current
following an interrupt. This occurs at start up, monitor sampling and trickle charge. Therefore allow for the
maximum ripple of 0.16V at the IC sense input, ib.

With the formula in section 3.3 the RC can be determined by filling in the derived data (section 4.4, 4.5)

1 (0.626-0.125)2 0.4

Rib-Cib2 557 28410%

2.0 29Z . 2n.1n3
&V.0L0 "oV

Rib = 2k7 so Cib is minimal 3.1nF and a practical value is 3.3nF.

5.4 Vac Setting

The battery voltage has to be adapted to within the Vac monitor input voltage range via a divider.

In appendix 1 divider resistor values with applied number of battery cells are listed for quick resistor
selection.

In this design a divider ratio p = 0.33 is chosen (56kQ2 and 27kQ2) which allows recording up to a maximum
battery voltage of 11.84V (~2V/cell). At an open output, charge supply protection activates at and beyond
13V.

The -AV cut-off sensitivity of 1% can be made more sensitive if required in case of NiMH battery use. A
value adjustment of the 56KQ resistor which is connected in series with a low voltage avalanche diode out
of the Philips PLVA400A range is all that is nceded to achicve a -AV of about 0.5%. (Details in ref.1 or 2)

55 Temperature sensing

An extra protection against fast charge operation when the battery temperature is out of a safe range can be
added. A NTC thermistor characteristic is adapted to the sense input of TEA1100 by one or two resistors
and a bias voltage. Details are given in Appendix 2.
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6 FEEDBACK LOOP STABILITY

In figure 2, chapter 4, the various stages within the current regulation feedback loop have been given. For
stability, loop compensation can be set with a capacitor at the Cjs node of TEA1100.

The transfer characteristics of the stages are;

6.1 SMPS stage
Based upon formula [ ] the output current can be expressed as: l°='2'V;' fn [21]
(vc '1-4)
The prima ak current is also : Lg =g [22]
pnmary pe 3R, o
Substitude 21,22: o Yeld? L f where the latter term is constant; [23]

Iz o 9= vo . 18R‘Prl Vaie =19 3 a8% 85 WWALD (19
_ k = 0.88 at this example.
For low frequencies the small signal admittance is determined by the differential 58-‘!/9- at the
4

adjustments of I and Vg ;

SMPS transfer: Y=g 20e Iy o 5 [ by substitution Veas in [23]. [24]
C o (]
The SMPS 1 i VRssec _ 5 o ok
e stage ac voltage gain Hl= V.= 2 Rs sec A [25]

The highest voltage gain will occur at maximum I and minimum V.

RESULTSFORH1: atVgo= 2V H1=0.21x or -13.6dB
at Vo = 10.2V H1=01x or-20 dB

The voltage gain is independent of the frequency but a phase shift lag , proportional to frequency, will
occur because of the converter flyback operation. By mecasurcment the phase shift was determined to be ;

@1 = -2°/kHz
6.2 TEA1100 regulation stage.
The voltage transfer of the input filter H2= vib__ ! [26]
g P _ VRssec  y/1+(wRib Cib)?

@2 =-arctan (o Rib Cib).

- The voltage transfer of the transconductance error

Vis Ro
amp stage with a capacitor Cls at output H3 = o= = g\ =————————— 2
p g pa P Vib =B @ Ro CIsP2 271
(8m = 250pA/V ; Ro = 4.5MQ) @, =- arctan (® Ro Cls)
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V.
The voltage transfer of the AO amp H4= VL: =4xor12dB (Vao=Vo) (28]
The unity bandwidth of AO is 4MHz so @4 = 0°at frequency < 100kHz

63 Total loop response

The loop gain has to be well below zero at the SMPS switching frequency of 60kHz. The unity gain can be
chosen at a frequency less than one third the switching frequency, so < 20kHz if the phase margin is
adequate = 50 degrees.

The total gain is H1 x H2 x H3 x H4 where H1 x H4 = -2dB max. This gain is frequency independent within
the relevant frequency range. At unity loop gain; H2 x H3 = 2dB.

The frequency at unity gain depends on ¢ and @2 . For @3 -90° can be filled in when only a compensation
capacitor Cjs is applied: single <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>