TEMIC

Semiconductors

U2402B-B

Fast Charge Controller for NiCd/NiMH Batteries

Description

The fast charge battery controller circuit, U2402B-B¢harging, the integrated circuit enables the charge device
uses bipolar technology. It enables an efficient and ecw stop regular charging, before the critical stage of over-
nomic charge system. It incorporates intelligent multipleharging can occur. It has two LED driver indications for
gradient battery voltage monitoring and mains phase cotharge and temperature status.
trol for power management. With automatic top-off

Features

e Multiple gradient monitoring

e Temperature window @kin/Tmax

Applications

® Portable power tools

® | aptop/notebook personal computer

® Exact battery voltage measurement without charge e Cellular/cordless phones

e Phase control for charge current regulation e Emergency lighting systems

® Top off and trickle charge function
e Two LED outputs for charge status indication

e Hobby equipment

e Camcorder

e Disabling of dV/dt2 switch-off criteria
during battery formation

® Battery voltage check
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Pin Description

Pin | Symbol Function
1 Output | Trigger output
2 GND |Ground
3 LED2 |Display output “Green”
4 Vi |Phase angle control input voltage
5 OPp | Operational amplifier output
6 OR | Operational amplifier input
7 Tmax | Maximum temperature
8 Sensor | Temperature sensor
9 tp Charge break output
10 Vgatt |Battery voltage
11 LED1 |LED display output “Red”
12 Stm. | Test mode switch (status control)
13 Osc | Oscillator
14 VRef |Reference output voltage
15 Vs Supply voltage
16 *r Ramp current adjustment —
resistance
17 %c Ramp voltage — capacitance
18 Vsync. | Mains synchronisation input
Pin | Symbol Function
1 Output | Trigger output
2 GND |Ground
3 LED2 |Display output “Green”
4 V@; |Phase angle control input voltage
5 OPp | Operational amplifier output
6 OR | Operational amplifier input
7 NC Not connected
8 Tmax | Maximum temperature
9 Sensor | Temperature sensor
10 tp Charge break output
11 Vgait |Battery voltage
12 LED1 |LED display output “Red”
13 Stm. | Test mode switch (status control)
14 Osc | Oscillator
15 VRef |Reference output voltage
16 NC Not connected
17 Vs Supply voltage
18 *r Ramp current adjustment —
resistance
19 Pc Ramp voltage — capacitance
20 Vsync. | Mains synchronisation input
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Figure 2. Block diagram with external circuit (DIP pinning)
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U2402B-B TEMIC

General Description

The integrated circuit, U2402B-B, is designed for chargzharge current or with NiMH batteries where weaker
ing Nickel-Cadmium (NiCd) and Nickel-Metal-Hydride charge characteristics are present multiple gradient con-
(NiMH) batteries. Fast charging results in voltage lobesol results in very efficient switch-off.

when fully charged (figure 3). It supplies two identifica- . ) )
tions (i.e., + AV/dt2, and — dV) to end the chargeA” additional temperature control input increases not

operation at the proper time. only the performances of the charge switching character-
istics but also prevents the general charging of a battery

As compared to the existing charge concepts where ti@ose temperature is outside the specified window.
charge is terminated- after voltage lobes- according

to — dV and temperature gradient identification, th& constant charge current is necessary for continued
U2402B takes into consideration the additional changé&§arge-voltage characteristic. This constant current regu-
in positive charge curves, according to the second derivation is achieved with the help of internal amplifier phase
tive of the voltage with respect to time?dt2). The control and a simple shunt-current control technique.

charge identification is the sure method of switching o?” functions relating to battery management can be

the fast charge before overcharging the battery. This helps, . ; i e
to give the battery a long life by hindering any marked ingawleved with dc-supply charge systems. A dc-dc-con

; verter or linear regulator should take over the function of
crease in cell pressure and temperature. . .
power supply. For further information please refer to the
Even in critical charge applications, such as a reducegplications.

? Battery insertion

V1o ‘

5V

Gradient recognition

L@

dt? %

Battery S &
voltage
check

¢

dez’

|

—av, + ®V  active ‘ -
|
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monitorin shorted batteries ignored
/f ot
937694 ¢l g Fast charge rat@( - ]
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t1 =5 min to < 10 min

Figure 3. Charge function diagrargsd= 800 Hz
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Flow Chart Explanation, fOSC: 800 Hz stop—charg_in_g_ criteria are met, the device will stop the fast
(Figures 2 3 and 4) charge activities.

Battery pack insertion disables the voltage lock at batte
detection input Pin 10. All functions in the integrated cir{?(op'Ofr Charge Stage
cuit are reset. For further description, DIP-pinning

. . . i%y charge disconnection through the?vitZ mode, the
taken into consideration.

device switches automatically to a defined protective top-
off charge with a pulse rate of 1/4 I(pulse time,
tp,=5.12 s, period, T = 20.48 s).

The top-off charge time is specified for a maximum time
of 10 minutes @ 800 Hz. A voltage drop during top-off
&parge leads to the —dV switch-off.

Battery Insertion and —dV Monitoring

The charging procedure will be carried out if battery in
sertion is recognised. If the polarity of the inserted batte
is not according to the specification, the fast charge rate

will stop immediately. After the polarity test, if positive, __ .

the defined fast charge rate, begins for the first 5 min- Trickle Charge Stage
utes according to —dV monitoring. After 5 minutes o

i T e ; (Nhen top-off charge is terminated, the device switches
charging, the first identification control is executed. P 9

automatically to trickle charge with 1/1§ (tp = 320 ms,

If the inserted battery has a signal across its terminal Bgfiod = 5.12 s). The trickle continues until the battery
less than 0.1 V, then the charging procedure is interruptdtick is removed.

This means that the battery is defective i.e., it is not a re-

chargeable battery — “shorted batteries ignored”.

Basic Description
\oltage and temperature measurements across the battery

are carried out during charge break interval (see figure ®ower Supply, Figure 2

i.e., currentless or idle measurements. _
The charge controller allows the direct power supply of

If the inserted battery itlly charged the —dV control 8V to 26 V at Pin 15.Internal regulation limits higher in-
will signal a charge stop after six measurements (approxitt voltages. Series resistance, Regulates the supply
mately 110 seconds). All the above mentioned functiortairrent, k, to a maximum value of 25 mA. Series resis-
are recognised during the first 5 minutes according to —d®nce is recommended to suppress the noise signal, even
method. During this time, ‘A¥/dt?2 remains inactive. In below 26 V limitation. It is calculated as follows.

this way the battery is protected from unnecessary dam-

V=26 V

age. Rimin 2 —55 mA

) R < Vmin_ 8V
d2V/dt2-Gradient tmax = g

If there is no charge stop within the first 5 minutes afte¥here
- . 2 . . - -
battery insertion, then?/dt2 monitoring will be active. lot = Is + Irp1 + 11

In this actual charge stage, all stop-charge criteria are ac- -
tive. Vmax, Vmin = Rectified voltage

Is = Current consumption (IC) without load
Current through resistanceg R

When close to the battery’s capacity limit, the batteriRBl:
voltage curve will typically rise. As long as the2vddt?2 1, = Trigger current at Pin 1

TELEFUNKEN Semiconductors 5(17)
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Figure 4. Flow chart
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Value of the resistance,gR is calculated by assuming
Rg1 =1 K2, Rg> = 10 K, as follows:

The battery voltage measurement at Pin 10 (ADC-con- V omax

verter) has a range of 0 V to 4 V, which means a batter{fss = Re2 y7_——

pack containing two cells can be connected without a

voltage divider. The minimum supply voltage,Min is calculated for re-
set function after removing the inserted battery according

Precaution should be taken that under specified change

current conditions, the final voltage at the input of the

converter, Pin 10, should not exceed the threshold voltage -

level of the reset comparator, which is 5 V. When the bat-"

tery is removed, the input (Pin 10) is terminated acrogg,ere:

the pulled-up resistance g to the value of 5 V-reset-

threshold. In this way, the start of a new charge sequenge = Max voltage at Pin 10

is guaranteed when a battery is reinserted. = Min supply voltage at the IC (Pin 15)

= Max battery voltage

Battery Voltage Measurement

VlOmax

0 03MA - Rgs(Rg; + Rgy) + 5V (Rg; + Ry, + Rgs
RBS

VSmm

If the battery voltage exceeds the converter range of 4Y/,Bmax
adjusting it by the external voltage divider resistange, R The voltage conditions mentioned above are measured
and Rs3 is recommended. during charge current break (switch-off condition).

15 ] Vs
Vpac -
Re1 —AV recognition
VRef =18 mV B
’7 +
Ich
Vpac DAC control
R comparator
VB Battery | B2 VBatt P
l 10*
Yy
|
|
Re3 = T Reset
T -y R comparator
| VRl = |
I 4.3V + -
Reset
94 8681 I VRei= 0.1V
Figure 5. Input configuration for the battery voltage measurement

Table 1. valid when Mymax=3.5V

Cell No. 1 2 3 4 5 6 7 8 9 10 11 12

V smin (V) 8 8 8 9 11 13 15 17 19 21 23 25

Rp3 (k2) - - 51 16 10 7.5 5.6 4.7 3.9 3.3 3 2.7
TELEFUNKEN Semiconductors 7 (17)
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U2402B-B TEMIC

Analog-Digital-Converter (ADC), Plausibility for Charge Break
Test Seq uence There are two criterian considered for charge break plau-
sibility:

A special analog-digital-converter consists of a five-bit
coarse and a five-bit fine converter . It operates by a lineardV Cut-Off

count methoq which can digitalize a pgttery voltage cU\/hen the signal at Pin 10 of the DA converter is 18 mV
4V atPin 10in 6.5 mV steps of sensitivity. below the actual value, the comparator identifies it as a
8Itage drop of — dV. The validity of — dV cutt-off is con-

In a duty cycle, T, of 20.48 s, the converter executes tf . .
measurement from a standard oscillation frequency adered _only if the actual value is below 18 mV for three
onsective cycles of measurement.

fosc = 800 Hz. The voltage measurement is during the
charge break time of 2.56 s (see figure 6), i.e., no-log?\//dt2 Cut-Off

voltage (or currentless phase). Therefore it has optimum . ] ]
measurement accuracy because all interferences are éufour bit forward/ backward counter is used to register

off during this period (e.g., terminal resistances df€ slope changeu/dt? Vgai— slope). This counter is
dynamic load current fluctuations). clocked by each tracking phase of the fine AD-counter.

Beginning from its initial value, the counter counts the
After a delay of 1.28 s the actual measurement phasefisst eight cycles in forward direction and the next eight
1.28 s follows. During this idle interval of cut-off condi-cycles in reverse direction. At the end of 16 cycles, the ac-
tions, battery voltage is stabilized and henctual value is compared with the initial value. If there is a
measurement is possible. difference of more than two LSB-bit (13.5 mV) from the

actual counter value, then there is an identification of
An output pulse of 10 ms appears at Pin 9 during charglbpe change which leads to normal charge cut-off. A se-
break after a delay of 40 ms. The output signal can be usazhd counter in the same configuration is operating in
in a variety of way, e.g., synchronising the test contrgarallel with eight clock cycles delay, to reduce the total

(reference measurement). cut-off delay, from 16 test cycles to eight test cycles.
* 94 8693
Status A —
Charge break Charge
|
i 2.56 s t—
! T=20.48s
} |
Pin 9 |
Charge 1 i
break ! ”
output :
| ; 2
10ms ! t—
> [— I
40 ms
b
I
}
ADC i
conversion ;
time :
(internal) !
| /L —
| i 7
i 1.28s| 1.288 t—>
-
Figure 6. Operating sequence of voltage measurements
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Temperature Control, Figure 7 The temperature window is specified between two volt-
age transitions. The upper voltage transition is specified

gg the internal reference voltage of 4 V, and the lower

When the battery temperature is not inside the specifi N
) . Voltage transition is represented by the external voltage
temperature windowshe overal temperature control will .. .
divider resistancesz and R-.

not allow the charge process. Sensor short circuit or inter-

ruption also leads to switch-off. NTC sensors are normally used to control the temperature
of the battery pack. If the resistance values of NTC are

Differentiation is made whether the battery exceeds th@own for maximum and minimum conditions of allow-

maximum allowable temperature, g, during the able temperature, then other resistance valugs,RR>

charge phase or the battery temperature is outside &id R-3 are calculated as follows:

temperature window range before battery connection. suppose R = 100 K2, then

A permanent switch-off follows after a measurementpe- g _ R Vret — 4V
riod of 20.48 s, if the temperature exceeds a specified A AY
level, which is denoted by a status of a red LEcharge Ry,
sequence will start only when the specified window tem- Rrs = Ryremin Rn

perature range is attained. In such a case, the green LED
starts blinking immediately showing a quadharge If NTC sensors are not used, then select the circuit config-
readinesseven though there is no charge current flow. uration according to figure 10.

VRef
VRef ° )
7 + High
— temperature
Rr1 I:I Rr3
7V
VRei=4 'V
Low
Senso temperature
8
NTC
sensor 7V
94 8682
Figure 7. Temperature window
TELEFUNKEN Semiconductors 9 (17)
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Current Regulation Via Phase Control Charge Current Regulation (Figure 2)

(F|gure 8) According to figure 2 the operational amplifier (OpAmp)

regulates the charge curreng; (= 160 mV / Ry), aver-
Phase Control age value. The OpAmp detects the voltage drop across the
An internal phase control monitors the angle of curreshunt resistor (§) at input Pin 6 as an actual value. The
flow through the external thyristors as shown in figure Zctual value will then be compared with an internal refer-
The phase control block represents a ramp generator sgnee value (rated value of 160 mV).

chronised by mains zero cross over and a comparator. ) )
The regulator’s output signal,s\Ms at the same time the

The comparator will isolate the trigger output, Pin 1, untfontrol signal of the phase controkpMPin 4). In the ad-

the end of the half wave (figure 8) when the ramp voltaggsted state, the OpAmp regulates the current flow angle
Viamp, reaches the control voltage levelpVwithin a  through the phase control until the average value at the
mains half wave. shunt resistor reaches the rated value of 160 mV.

The corresponding evaluation of capaciter & the op-
erational amplifier (regulator) output determines the
dynamic performance of current regulation.

VsynC fmainS: 50 HZ
(Pin 18)
100mV /\ \ / \ / \
Internal
zero pulse!
ke ke ke
Ramp
voltage
(Pin 17)
6V -
@l Vi 1 1
v P Ve i
i i
Trigger
output
(Pin 1)
7/ / 7 /
| i o
1
Ohws 10ms 20ms 30ms
937697 e
Current flow angle
Figure 8. Phase control function diagram
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Status Control

Status control inside and outside the charging process are designated pgrideECED outputs given in the table

below:
LED1 (red) |LED2 (green) Status
OFF ON No battery, top off charge, trickle charge
OFF Blinking Quick charge, temperature out of the window before battery insertion or powe
ON OFF Temperature out of the window
Blinking OFF Battery break (interrupt) or short circuit
The blink frequency of LED outputs can be calculated gs ~_ Oscillator frequency, o,
follows: (LED)
Oscillator Oscillation Frequency Adjustment

Time sequences regarding measured values and evalRacommendations:

tion are determined by the system oscillator. All the

technical data given in the description are with the staf-5C charge 0.5 500 Hz = 250 Hz
dard frequency 800 Hz.
, i i . 1C charge 500 Hz
It is possibe to alter the frequency range in a certain li-
mitation. Figure 9 shows the frequency versus resistange charge 2 x 500Hz= 1000 Hz
curves with different capacitance values.
3C charge 3 X 500Hz = 1500 Hz
10000
SN
™~ L _
Co=2.2nF
1000 ~__
SN
S \“ N
— N
SN
> N~ N~
= N N
N
o \\\ \
N
Co=10nF
100 0 N ~. ™~
\\
N
SN ~N |
Co=4.7nF ||
N
10
0.1 1 10
95 11408 fO ( kHz )
Figure 9. Frequency versus resistance for different capacitance values
TELEFUNKEN Semiconductors 11 (17)
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U2402B-B TEMIC

Absolute Maximum Ratings

Reference point Pin 2 (GND), unless otherwise specified

Parameters Symbol Value Unit

Supply voltage Pin 15 Vs 26 \%
\oltage limitation E=10 mA Vs 31 \Y
Current limitation Pin 15 Is 25 mA

t < 100us 100
\oltages at different Pins 1, 3 and 11 \% 26 \
pins Pins 4to0 10, 12to 14 and 16 to 18 7
Currents at different Pin 1 I 25 mA
pins Pins 3to 14 and 16 to 18 10
Power dissipation amp=60C Piot 650 mw
Ambient temperature range Tamb —10to 85 °C
Junction temperature T 125 °C
Storage temperature range Tstg —40to 125 °C

Thermal Resistance

Parameters Symbol Maximum Unit
Junction ambient Rihia 100 K/W

Electrical Characteristics

Vs=12V, Tamp= 25°C, reference point Pin 2 (GND), unless otherwise specified.

Parameters ‘ Test Conditions / Pins \ Symbol Min. Typ. Max. Unit

Power supply Pin 15

\oltage range Vs 8 26 \%

Power-on threshold ON Vs 3.0 3.8 \%
OFF 4.7 57 V

Current consumption without load Is 3.9 9.1 mA

Reference Pin 14

Reference voltage IRef=5 MA VRef 6.19 6.5 6.71 \%
IRef= 10 mA 6.14 6.5 6.77 \Y;

Reference current — lIref 10 mA

Temperature coefficient TC -0.7 mV/K

Operational amplifier OP

Output voltage range I5=0 Pin 5 Vs 0.15 5.8 \%

Output current range V5=3.25V Pin 5 tlg 80 uA

Output pause current Pin5 *lpause 100 uA

Non-inverting input Pin 6 Ve 0 5 \%

voltage

Non-inverting input Pin 6 tlg 0.5 uA

current

12 (17) TELEFUNKEN Semiconductors
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Parameters ‘ Test Conditions / Pins | Symbol Min. ‘ Typ. ‘ Max. ‘ Unit
Comparator or Temperature control
Input current Pin7,8 17,8 -05 0.5 uA
Input voltage range Pin7,8 V78 0 5 \%
Threshold voltage Pin 8 Vg 3.85 4.15 \%
Charge break output Pin 9
Output voltage High, Ig =4 mA Vg 8.4 \%
Low, Ig =0 mA 100 mV
Output current Vg=1V lg 10 mA
Battery detection Pin 10
Analog-digital converter | Conversion range V Batt 0 4.0 \%
Full scale level 3.85
Input current 0.1V < Vgart < 45V — Igatt 0.5 uA
Input voltage for reset VBatt 4.8 5.0 5.3 \%
Input current for reset VBgatt = 5V IBatt 8 35 uA
Battery detection Maximum voltage A Vgatt 80 120 mV
Hysteresis Maximum voltage Vhys 15 mV
Mode select Pin 12
Threshold voltage Test mode V1o 4.7 \
Input current Normal mode l12 20 uA
Open 0
Sync. oscillator Pin 13
Frequency R =150 I2 fosc 800 Hz
C=10nF
Threshold voltage High level VT(H) 4.3 +3% \%
Low level V1) 2.2 +30%
Input current l13 -05 0.5 uA
Phase control
Ramp voltage Ry =270 KR Pin 16 Vie 29 3.9 \%
Ramp current l16 0 100 uA
Ramp voltage range V17 0 5 \%
Ramp discharge current l17 3.3 8 mA
Synchronisation Pin 18
Minimum current Vsync < 80 mV — lsync 10 2 uA
Maximum current Vsync=0V — lsync 15 30 uA
Zero voltage detection Vsync 83 100 135 mV
Hysteresis Vhys 15 mV
Charge stop criteria (function) Pin 10
Positive gradient-turn-off |fysc= 800 Hz d2v/dt2 4.8 mv/
threshold min2
— dV-turn-off threshold —-dv 18 mV
TELEFUNKEN Semiconductors 13 (17)
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Figure 10. Car battery supplied charge system with high side current detection for four NiCd/NiMH cells @ 800 mA
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Dimensions in mm
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Ozone Depleting Substances Policy Statement

It is the policy ofTEMIC TELEFUNKEN microelectronic GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

TEMIC TELEFUNKEN microelectronic GmbH semiconductor division has been able to use its policy of
continuous improvements to eliminate the use of ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

TEMIC can certify that our semiconductors are not manufactured with ozone depleting substances and do not contain
such substances.

We reserve the right to make changes to improve technical design and may do so without further notice
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use TEMIC products for any unintended or unauthorized
application, the buyer shall indemnify TEMIC against all claims, costs, damages, and expenses, arising out of,
directly or indirectly, any claim of personal damage, injury or death associated with such unintended or

unauthorized use.

TEMIC TELEFUNKEN microelectronic GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423
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