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TELEFUNKEN Semiconductors

U2403B

Charge Timer

Description

The monolithic integrated bipolar circuit U2403B is a time
controlled constant current charger. Selection of charge
current versus timing is according to external components
at pins 2, 3 and 4. For high current requirement, an external
transistor is recommended in series with the battery. To
protect the IC against high power loss (typically > 140°C),

Features

e Easy to run autonomous dual rate charger

e Constant charge current

® 3h-24hcharge time programmable

® Integrated low cost dc regulator

e Integrated overtemperature protection

® Selectable charge mode indication

® Operation starts at the moment of battery insertion
o Final assembly test ability

Block diagram
= Charge (Ch) mode

the oscillator is shut down when the reference voltage is
switched off (0 V). The same thing happens when there is
a saturation of collector voltage at pin 1. When the
overtemperature is reduced and the collector voltage is
equal to supply voltage (V¢ = Vg), charge time operation
continues (see flow chart figure 5).

Applications

® Cordless telephones

® Low cost battery charger-“timer”
o Entertainment

LEDREADY

I—IH
LEDREADY

Rs
LED 94 8620
T8 | e
Charge mode Power supply Test _5( ) St™
indicator =35t 12V mode
A
y
# max [ Timer and control logic
140°C Vet =15 V0.1 VOV
VRet f
Ve RC
oscillator

ShuntT

3 J
Sense l Osc
R Ry I Cs

Figure 1 Block diagram with external circuit
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Pin description
Pin 1, Collector voltage V¢ terminal

Pin 1 is an open collector output. When V¢ < 3 V, the
charge cycle is switched off until it is above the supply
voltage.

Pin 2, Emitter shunt terminal

The constant current source is supplied by the internal
operational amplifier. The voltage across R3 is determined
via the internal reference source.

Ich = V3/R3 (V3 = Vsense)

Pin 3, Operational amplifier *“SENSE” input
(inverted)

The voltage regulated current source has a closed loop with
pin 2, pin 3, and resistor Rj.

Pin 4, Oscillator terminal (R4/Cy)

Selection of current charge versus timing is according to
the external circuit at pins 2, 3, and 4. Typical values are
given in figure 3 and table page 3.

Pin 5, Fast test mode for charging time
Charging time is given by the operation.
— l . 2n

tCh a fOSC

where:

fosc = oscillator frequency (see figure 3)

t.n = charge time

n = frequency divider n =22, if Sty = OPEN
n=2"7 if S;rm = GND
n= 28. ifSTM =VC

The first eight divider stages can be tested directly. 256
input clocks at pin 4 create one clock at pin 5.

Pin description

Ve Collector terminal

Va Emitter shunt terminal
SENSE | Amplifier SENSE input
OSC | Oscillator input

Test mode switch
Vs Supply voltage

Ground
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J

Charge mode indicator

Pin § Test - Mode

94 8839
Figure 2 Quick test timer 1/3
Example

Assume a charge time of 6 h.
Select the values of R4 and Cy4 from the tables on page 3.

Ry =470kQ

C4 =680 pF

There is a frequency of about 3100 Hz at pin 4. It is possible
to test the charge time of 6 h by running through the charge
cycle for a very short time. By connecting pin 5 with GND
the test time is 42 s. By connecting pin 5 with pin 1 (V) the
test time is reduced to about 82.4 ms.

RS is connected in parallel to the red LED and provides a
protective bypass function for the LED (see figure 1).

Pin 6,Supply voltage, Vg

Vs = 3.1V  power-on reset release (turn-on)
= 29V  undervoltage reset
= 13V supply voltage limitation
Pin 7, Ground

Pin 8, Charge mode indicator

It is an open-collector output, which supplies constant
current to LED after the active charge phase has been
terminated.

Umax controls the function temperature to the final stage

range, when the temperature is above 140°C, charge
function is switched off.
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Charge characteristics

Charge time U2403B Charge time
fosc n=26 n=17 n=3§
1 KHz 18 h, 38 min 2min, 11s |256ms
10KHz 1h,51 min 13s - 25 ms
Ih 430 100 18700 137 - 100 KHz 11 min, 11's 135 2.5ms
270 180
220 220
180 270 Trickle charge
2h 560 150 9320 | 274 14 The trickle charge starts after the charge has been
360 270 terminated. In this case the internal reference voltage is
300 330 reduced from 1.5 V to about 0.1 V. This means the charge
current is decreased by the factor
3h 510 270 6213 412 21 K =15 {K=15 V0.1 V}.
430 330
300 470 Tickle current = Ly, / 15 + I (supply current) + Ig
4h 620 330 4660 549 28 With resistor Rg it is possible to reduce the trickle charge
430 470 (see figure 7).
300 680
5h | 510 | 470 | 3728 | 686 | 35 100000
390 680 Rl
‘=
300 1000 R=330 O oo
6h 620 470 3105 824 42 R=680K] :
470 | 680 1% Boes
360 | 1000 = RS
= N
7h 560 680 2663 96.1 49 2 c1to0ce. N NN
430 1000 1000 EH EF
220 | 2200 i
8h 620 680 2330 | 109.8 56 :
470 1000 100
200 2200 10 100 1000 10000
on | 750 | 680 | 2071 | 1236 |[lmm3| R
;;8 ;ggg Figure 3 Oscillator
10h 620 820 1864 | 137.3 | I min
270 | 2200 10
130 4700
12h 390 2200 | 1553 | 164.8 | 1 min
150 | 4700 24
16h 470 2200 1165 219.7 | 1 min
200 | 4700 56
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Absolute maximum ratings
Reference point pin 7 (GND), unless otherwise specified

Supply current Is 20 mA
t< 100us i 100 mA
Currents Pin 1 I 280 mA
Pin 2 -I +290 mA
Pin 3 I 1 uA
Pin 4 14(033) 15 mA
Pin 5 Itm -75t0 +120 HA
Pin 8 Ig 8 mA
Voltages Pins 1, 3,5,6 and 8 \% 135 \%
Pin 2 V, 1.6 \Y%
Pin 4 V4 1.5 \4
Junction temperature T; 150 °C
Ambient temperature Tamb 85 °C
Storage temperature range Totg -50to +150 °C

Thermal resistance

Junction ambient
DIP 8 120 KW
SO 8 on PC-board 220 Kw
SO 8 on ceramic 140 Kw
SO 8 on ceramic with thermal compound 80 K/W
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Electrical characteristics
Vs =6 V, Tomp = 25°C, reference point pin 7 (GND), unless otherwise specified

Supply voltage limitation Vs
Ig=4mA 125 13.5 A%
Is=20mA 12.6 13.7 \"
Supply current Vs=6V Is 14 2.2 mA
Voltage monitoring Pin 6
Turn-on threshold VroN 2.8 3.5 \Y%
Turn-off threshold VTOFF 25 32 A%
Charge-mode indicator (LED) Pin 8
LED current Ig 3.0 6.0 mA
LED saturation voltage Ig=3.7mA Vs 960 mV
Leakage current Lig -0.35 1.1 uA
Collector terminal Pin 1
Open collector current Ico 15 55 uA
Saturation threshold Vsat(ON) 255 335 \"
Vsat( OFF) 5.00 6.40 \Y
Shunt emitter current R3=56Q Pin 2 I 250 285 mA
Operational SENSE amplifier Pin 3
Input current Vsensg=0V I3 -0.6 0.08 uA
Input voltage VRet=15V V3 142 1.58 \"
VRes = 100 mV V3 40 100 mV
VRef =0V V3 -04 27 mV
Oscillator Pin 4
Leakage current V4=0t0035V Iikg -0.5 0.1 pA
Threshold voltage upper V1w 875 985 mV
Frequency Ry =160k, C4 =22 0F fosc 2700 3050 Hz
Ry =680kQ, Cy =4.7 nF 305 370 Hz
Test mode switch (Stm) Pin §
Input current Vs=6V I5 40 120 uA
Vs=0V -75 -20 uA
Output voltage High VH 1.7 2.5 \"
Low \i 0.5 1.0 \Y%
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Internal temperature switch

The internal temperature monitoring is active if the chip
temperature rises above 140°C. Above this temperature the
voltage at pin 3 goes to zero. Similarly the charge current,
I:h, reduces according to the relation:

Leh = Vsense/R3
where I, = 1 to 2 mA (IC supply current).

The oscillator is connected to GND via pin 3 (Vsgnsg)
which holds the present time status. When the chip
temperature decreases below the transition value, all the
functions are released and the charge time is continued.
The process is reversible. If there is a higher power
dissipation in the circuit (T;> 140°C) the temperature
monitoring remains permanently activated (ON). The total
cycle time is prolonged according to the interrupt time
duration (see figure 5a).

A

T;

Automatic control protection

To reduce the design costs, it is possible to select the
transformer for the minimum of the power supply required.

The output stage of the control is selected so that it is
switched off before saturation is attained (Vcgsa = 2.7 V).
In this case the voltage at pin 3 is kept at a value of zero.
The charge current is also zero, and the transformer is now
an open circuit impedance. The system becomes active
again if Vo 2 Vs.

The advantage of the system is that if sags of duration
appear in the mains voltage or if the transformers used are
too small, the charge duration is increased while the charge
capability remains the same (see figure 5b).

95 9640
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Figure 5a Charge duration in case of overtemperature
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Figure 5b Charge duration in case of V¢
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Application notes
U2403B minimal configuration

Basic example
NiCd battery 750 mAh R=510Q, 1/8W
Charging time: 3 h C=47uF 16 V
Charge current: R3=62Q12W
240mA, 13 C R4 =300k
Tickle charge: Cs =470 pF
1/4
19mA<1/40C Ry=82Q 12 W

Minimum supply voltage

68V

1

2 83V
3 98V
4 113V
5 128V

Special requirements for different charge
times

3
2.20F

70
680 pF

430kQ
470 pF

Ry |300kQ
Cs | 330pF

InF

Special requirements for different charge
current

15Q
22Q

30Q
68 Q

10Q
15Q

R; 6.2Q
8.2Q

Basic equations

R=05V/IS IS=1.8mA, typically
Rs = V_LEDcy, / (Icyg-20mA)

Charge current (Icy):
Ich = Vsense/R3

Trickle current (IT):
Icn = Vsensg/R3+ILED +1S  Vspnsg =80mV, typically

ILED = 4.5 mA, typically
r=T"
o—H||I|H-
pc LITL,

supply

Vsense = 148V, typically

>z
* ';/H
/
o
£
&
956639

Figure 6 Standard application
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U2403B with booster and trickle charge
reduction

Basic example

NiCd battery 1000 mAh R=510Q 1/8W
Charging time: 2 h C=100uF 16V
Charge current: 500 mA R;=3Q 1W
Tickle charge: R4 =300kQ
2mA<122C C4 =330 pF
Rs=39Q1W
Ci=1pF

Minimum supply voltage

65V

1

2 8.0V
3 95V
4 110V
5 125V

Special requirements for different charge
times '

390 k€2

Ry |300kS2 (430kS2 |470kS2 [470kQ2

InoF

2.20F

Cs | 330pF | 470 pF | 630 pF

Special requirements for different charge
current

47Q

Rs 3Q 39Q 6.83Q

Rg = 560 <, reduce trickle charge

10

Basic equations

R=05V/IS
Rs = V_LED¢y, / (Icy-20mA)

Charge current (Icy)
Ich = Vsense /R3

Trickie current (IT)

Ich = Vsense/R3 + ILED + 1S - 16
Vsense = 80 mV, typically
ILED = 4.5 mA, typically
IS = 1.8 mA, typically

Trickle charge reduction (I6)
16 = (Vbattery + Vp1)/R6

Pl
o4l
DC ML
supply
i {1

Re

VsEnsE = 1.48 V., typically

Vp1 =075V

959623

S1: use for test only

Figure 7 Application for charge current > 250 mA
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Dimensions in mm

Package: DIP 8
technical drawings
aceoy_qing to OIN
94 8873
Package: SO 8
52
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OZONE DEPLETING SUBSTANCES POLICY STATEMENT

It is the policy of TEMIC TELEFUNKEN microelectronic GmbH to

1.

2.

Meet all present and future national and international statutory requirements and

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.

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

The Montreal Protocol (1987) and its London Amendments (1990) will soon 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 any ODSs listed in the following documents.

L

2.

3.

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

Class I and IT ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental Protection
Agency (EPA) in the USA and

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 and do not contain ozone depleting substances.

12

We reserve the right to make changes to improve technical design 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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Recycling-
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