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Table 1: Pin Definitions

PINNUMBER | PINNAME TYPE DEFINITION

1 CHG ouT Active high TTL compatible signal available to turn on an external
current source to provide current to charge the battery.

2 DCHG OUuT Active high TTL compatible signal available to turn on a discharge circuit.

3 PEN ouT Polling detect indicator. An active low turns on an external indicator
to show the device is in the polling detect mode and is polling for the
'presence of the battery.

4 MMN ouT Maintenance mode indicator. An active low turns on an external
indicator showing the battery is in either a topping charge mode,
maintenance mode or a condition mode. This signal is also applied
with the over temperature indicator when the battery is in a cold
charge mode.

5 CMN ouT Charge mode indicator. An active low turns on an external indicator,
indicating the device is in either a soft start or a fast charge mode.

6 OTN ouT Out of temperature range indicator. An active low turns on an
external indicator showing the battery to be out of the normal fast
charge temperature range.

7 SO IN Tristate input used with the S1 pin to program the device for the
desired charge rate.

8 VSS PWR Logic and display indicator ground.

9 AVSS PWR Analog ground.

10 S1 IN Tristate input used with the SO pin to program the device for the
desired charge rate.

11 MRN IN Master reset signal. A low to high transition initiates a device reset.

12 RC IN A resistor and capacitor sets the frequency of the internal clock.

13 DTSEL IN Selects temperature slope and/or voltage slope termination.

14 AUXO0 IN Tristate input used with the AUX1 pin to program the device for a
special charge mode or a device self-test mode.

15 AUX1 IN Tristate input used with the AUXO pin to program the device for a
special charge mode or a device self-test mode.

16 THERM IN Thermistor or thermal switch input. An internal resistor string
establishes voltage thresholds for hot or cold temperature sensing.

17 OPREF IN Open circuit reference. A resistor divider on this pin sets the open
circuit voltage reference used to detect the presence of the battery.

18 VIN IN Battery terminal voltage normalized to one cell with a resistor divider.

19 TEST n/c No Connect (Engineering test mode input).

20 VDD PWR Device supply = +5.0 VDC £+ 0.5 Vdc.
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Pin Descriptions

The ICS1702 requires some external components to control
the clock rate, sense temperature and provide an indicator
display. The chip must be interfaced to an external power
source that will provide the constant current required to
charge a battery pack as well as a circuit that will sink a
negative current discharge pulse.

The ICS1702 does not control the amount of current flowing
into the battery in any way other than turning it on and off.
The required current for the selected charge rate must be
provided by the user’s power source. The external charging
circuitry must provide a constant current at the selected
charge rate. For example, to charge a 1.2 ampere hour
battery at a 30 minute (2C) rate, requires approximately 2.4
amperes of current.

Output Logic Signals: CHG, DCHG Pins

The CHG and DCHG signals are active high, TTL compat-
ible signals. In addition to being TTL compatible, the
CMOS outputs are capable of sourcing current which adds
flexibility when interfacing to other circuitry. A logic high on
the CHG signal indicates that the constant current supply
should be activated. A logic high on the DCHG signal
indicates that the discharger should be activated.

Care must be taken to control wiring resistance, and the load
resistor must be capable of handling this short-duration
high-amplitude pulse. Ifthe deep discharge-to-charge mode
is selected, the power dissipation of the load resistor must
be properly selected to accept the extended length of the
discharge pulse.

Indicators: CMN, MMN, PFN, OTN Pins
Indicators can be connected to the device to display the
charge mode and any fault conditions. The device has four
outputs for driving external indicators. These pins are active
low. The four indicator outputs have open drains and are
designed to be used with LEDs. Each output can sink over
20 mA which requires the use of an external current limiting
resistor. The four indicator signals denote fast charge
mode, maintenance mode, polling detect mode and out of
temperature range condition.

The charge mode (CMN) indicator is activated continuously
during the soft start and pulsed fast charge modes. When
the controller enters the dual phase maintenance mode, the
signal is turned off.

The maintenance mode (MMN) indicator is on when the
ICS1702 is in either the topping charge, maintenance
charge, direct maintenance mode, or the condition mode.
The MMN indicator is also lit in conjunction with the OTN
indicator when cold temperature charging is in progress.
The maintenance mode indicator pulses at a 524 ms rate
when the ICS1702 is controlling the discharge portion of the
discharge-to-charge mode.

The polling detect (PFN) indicator is on when the ICS1702
polls for a battery. The indicator is a warning that charge
pulses are appearing at the charging system terminals at
regular intervals. When a battery is found, the indicator is
deactivated.

The over temperature (OTN) indicator is active whenever
the voltage at the temperature sense input falls into a range
that indicates to the ICS1702 that the attached battery may
be too hot to charge. The OTN indicator is also activated
with the MMN indicator if the battery is initialized in the
cold temperature charge region. The OTN indicator will
also activate if the battery becomes cold while a charge is in
progress.

Charge Rate Selection: S0, S1 Pins

The SO and S1 signals must be programmed by the user to
inform the ICS1702 of the desired charge rate. Since the
signals have an internal 100KQ2 pull-up, no connection to
Vpp is required to program a high level. When a low level
is desired, the pin should be grounded. A high impedance
condition may be accomplished through a resistor divider.
The voltage ranges for logic low, high impedance and logic
high are detailed in Table 8 Logic Signals. To program the
SO and S1 signals, refer to the Charge Rate List in Table 2.
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Table 2: Charge Rate List

Topping
Charge Charge Pulse | Maintenance Charge

SO S1 Rate Charge Time Period Pulse Period Timer

L L 4C 15 min (1/4 hr) 40 sec 160 sec 18.75 min
L H 2C 30 min (1/2 hr) 20 sec 80 sec 37.08 min
L V4 1.3C |45 min (3/4 hr) 13 sec 53 sec 55.00 min
H L 1C 60 min (1 hr) 10 sec 40 sec 72.50 min
H Z C/1.5 |90Min (1 1/2 hr) 7 sec 27 sec 107.50 min
H H C/2 120 min (2 hr) 5 sec 20 sec 141.60 min
Z L C/2.5 {150 min (2 1/2 hr) 4 sec 16 sec 209.87 min
Z zZ C/3 180 min (3 hr) 3 sec 13 sec 241.90 min
Z H Cl4 240 (4 hr) 2 sec 10 sec 273.13 min

Mode Selection: AUX0, AUX Pins High impedance may be accomplished through a resistor

The AUX0 and AUX1 signals must be programmed by the ~ divider. The voltage ranges for logic low, high impedance
user to inform the ICS1702 of the desired mode. Since the —and logic high are detailed in Table 8, Logic Signals. To
signals have an internal pull-up of 100KQ no connection to ~ Program the AUX0 and AUX1 signals, refer to the Mode
VDD is required to program a high level. When a lowlevel ~ Select List in Table 3.

is desired, the pin should be grounded.

Table 3: Mode Select List
AUXO0 AUX1 Mode Selected Mode Operation
L L Direct Maintenance Indefinite C/40 maintenance mode
L Z Data Output Outputs data in a serial self-clocking format®
L H Device Self-Test Device self-test for embedded applications
zZ Z Ten Hour Timer Limits total charge including the maintenance charge to 10 hours
H L Deep Discharge to Charge | 1C battery discharge followed by full charge
H Z Condition Timed C/10 topping charge followed by C/40 maintenance
charge
H H Fast Charge Normal operation

2 period means the time between pulses
Data output help disks will be available from the factory in 1stQtr 1994
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Master Reset: MRN Pin

The MRN pin is provided to re-program the chip for a new
mode or charging sequence. An internal debounce circuit
protects against spikes on the line lasting less than 100 ms.
This pin has an internal pull-up of 100KQ. A logic low on
the MRN pin must be present for more than 131 ms for a
reset to occur. A master reset is required to clear an over
temperature condition, clear the device selftest or to change
charge rates or modes.

Clock Input: RC Pin

The RC pin is used to set the frequency on the internal clock.
A 16 KQ resistor is connected between this pin and VDD.
A 100 pF capacitor is connected between this pin and
ground. The frequency of the internal clock is 1 MHz.

Temperature Sensing: THERM Pin

The THERM pin requires some thought if a thermistor is
going to be used for hot and cold temperature termination.
The input impedance of the THERM pin is about 1QM
typically. The example below works for a 10K @ 25°C
thermistor such as the Semitec USA (Ishizuka Electronics
Corp.) part # AT103-2. The ICS1702 has a 100KQ pull-up
internal to the pin.

For NiCd and NiMH cells, charging should be prevented
below 10°C and above 45°C. At 10°C, the resistance of the
specified thermistor is nominally 17.96 KQ. At 45°C, the
resistance drops to 4749 Q. The ICS1702 has a voltage
threshold for the low temperature (10°C) at 2.4 V, and a
voltage threshold for the high temperature (45°C) at 0.98 V
All voltages are referred to Vpp = 5 V. Using a resistor
divider with 10 KQ for the thermistor and a 24 KQ fixed
resistance, the divider looks like Figure 1 at 25°C:

vDD

24K

THERM pin
10K

Figure 1: Voltage divider at THERM pin

The voltage at the THERM pin should be about 1.67V at
25°C. Table 4 contains the voltage thresholds and the cor-
responding temperatures. A short circuit thermal switch
threshold of about 0.15V at the THERM pin is available
when either an open circuit thermal switch or no tempera-
ture sense device is used. If a voltage is below the short
circuit thermal switch threshold, the ICS1702 assumes the
thermal switch is closed to ground and the part is allowed to
operate. When the thermal switch opens at high tempera-
ture, the pull-up raises the voltage above the high tempera-
ture voltage threshold, and the part shuts down. If no
temperature sense device is used, the THERM pin must be
grounded. The short circuit voltage corresponds to a ther-
mistor temperature of about 150°C.

VvDD

normally closed thermal switch

THERM pin opens at 45°C

Figure 2: Thermal switch to
connection to ground at the
THERM pin
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Table 4: Temperature Threshold List

Parameter Voltage Thermistor Temperature
Open Circuit Thermal Switch Voltage 42 -25°C
Cold Temperature Thermistor Voltage 24 10°C
Hot Temperature Thermistor Voltage 0.98 45°C
Short Circuit Thermal Switch Voltage 0.150 150 °C

Termination Select: DTSEL Pin

The ICS1702 has the capability to support either tempera-
ture termination, voltage termination or both methods si-
multaneously. A pull-down at the DTSEL pad enables
voltage termination only and is the default condition. Tying
the pin to Vpp enables both temperature (d7/df) and volt-
age (dVdt) termination methods. Temperature slope termi-
nation as the only method is enabled by tying the DTSEL
pin to the CMN indicator. A transition of the CMN indica-
tor and the DTSEL pin tied to CMN will set the temperature
slope termination method only in the ICS1702. See Table 5
for the DTSEL logic conditions.

Table 5: Termination Select List

Tie DTSEL Pin to . Condition Result
No Connect (pull-down at pad) Low (default) |Voltage slope termination only (dV/dt, -dV/dt)
dV/dt, -dvdt)VDD High Voltage and temperature termination (dV/dt, -dV/dt, dT/dr)
CMN High to Low |Temperature slope termination only (d7/dt)
Note: Maximum temperature, maxumum voltage (open circuit detection) and fast charge timer termination methods are always enabled. Refer to
specific sections for information on disabling the max temperature and max voltage methods.
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Open Circuit Reference: OPREF Pin

The open circuit reference (OPREF) pin requires a voltage
divider to establish the open circuit voltage reference. To be
effective, the open circuit reference should be 200to 300 mV
higher than the maximum expected charging voltage. The
maximum voltage that can be read by the analog to digital
converter at the voltage input pin is about 2.4V, so the open
circuit reference voltage should be set below that point. The
maximum voltage allowed at the OPREF pin is Vpp.

Voltage Input: VIN Pin

The normalized battery voltage is connected to the voltage
input (VIN) pin. The input impedance of the VIN pin is
about 1 MQ typically. The battery voltage must be normal-
ized through a resistor divider network to one cell. For
example, if the battery consists of six cells in a series, the
voltage at the VIN pin must be equal to the total battery
voltage divided by six. This can be accomplished with two
external resistors. To determine the correct resistor values,
count the number of cells to be charged in series. Then
choose either R or R2 and solve for the other resistor using:

R1= R2x(# ofcells-1) or R2= R1/(# ofcells-1)

I—

#of cells = 2

!

Figure 3: Resistor divider network at
the VIN pin

Power: VDD Pin

The device power supply is connected to the VDD pin. The
voltage should be + 5 VDC and may be supplied to the part
through a regulator which can handle periodic current de-
mands. See Table 7, DC Characteristics for more informa-
tion.

Grounding: VSS, AVSS Pins

There are two ground pins. One pin is used to return the
current that the indicator drivers must sink and to handle
the internal digital logic. This pin is labeled VSS and should
have a direct connection to a solid ground point to avoid
inducing ground bounce in the AVSS ground. The AVSS
ground connects to the internal analog circuitry. The AVSS
pin should also have a direct connection to a solid ground
point. Care must be taken to maintain the same potential at
both the VSS and AVSS ground point connections.
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Data Tables

Table 6: Absolute Maximum Ratings
Supply Voltage 6.5 v
Logic Input Levels -0.5to Vpp + 0.5 \4
Ambient Operating Temperature 0to 70 °C
Storage Temperature -55to 150 °C

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress
rating only. Functional operation of the device at the Absolute Maximum Ratings or other conditions not consistent with
the characteristics shown in this document is not recommended. Exposure to absolute maximum rating condition for
extended periods may affect product reliability.

Table 7: DC Characteristics

VD= SOV, Tamb= 25°C

PARAMETER SYMBOL |TEST CONDITIONS| MIN TYP MAX UNITS
Supply Voltage VpD 4.5 5.0 55 \
Supply Current, Static IDpDs 5 mA
Supply Current, Dynamic Ippd 10 mA
Upper A/D Converter Range VBg= 1.23V 2.46 \Y%
Lower A/D Converter Range 0 v
A/D Resolution 8192 clocks (13 bits) 300 uv
High level Source Current, Pull-up Ipu Vgs= 5V 50 LA
Low Level Sink Current, Pull- IpD Vgs= 5V 50 UA
down
High level Source Current, IHCD Vags= 5V, Vr= 0.95V 433 mA
Charge/Discharge Pins
Low Level Sink Current, ILcp  |Vgs= 5V, V= 0.7V 91.0 mA
Charge/Discharge Pins
Low Level Sink Current, I Vgs= 5V, Vr= 0.7V 122 mA
Indicator Pins
Input Impedance, VIN pin ZvIN 1.0 MQ
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Table 8: Logic Signals

PARAMETER SYMBOL |TEST CONDITIONS| MIN TYP MAX UNITS

High Level Input Voltage ViH 35 v

Low Level Input Voltage ViL 0.8 0.84 0.89 \"

High Level Output Voltage VoH Ioy= 2.0 mA 24 \"
Vpp= MIN

Low Level Output Voltage VoL IoL= 2.0 mA 04 v
Vpp= MIN

Low Level Output Voltage, VLL IoL= 10mA 0.102 0.109 0.115 \"

Indicator Pins

Low Level Tristate Input Voltage VzL S0, S1, AUXO0, AUX1 0 04 0.82 \'%

High Impedance Level Tristate Vzz SO, S1, AUXO0, AUX1 0.82 2.5 4.1 \'%

Input Voltage

High Level Tristate Input Voltage VzH S0, S1, AUXO0, AUX1 4.1 5 5 \'

Table 9: Timing Characteristics

PARAMETER SYMBOL |TEST CONDITIONS| MIN TYP MAX UNITS
Clock Frequency fcLk  |R= 16KW, C= 100pF 1.0 MHz
Reset/Thermal Switch Debounce fcLk= 1.0 MHz 131 ms
Charge Pulse Width tcew  |fcLk= 1.0 MHz 1048 ms
Discharge Pulse Width tppw |fcLk= 1.0 MHK 5 ms
Settling Time fcLk= 1.0 MHz 4 ms
ADC Acquisition Time tapc  |fcLk= 1.0 MHz 16.38 ms
Cycle Time teyle  |fcLk= 1.0 MHz 1077 ms
Capacitor Discharge Pulse Width tcow  |fcLk= 1.0 MHz 5 ms
Capacitor Discharge Pulse Period tcp fcLk= 1.0 MHz 100 ms
Polling Detect Pulse Width teow  |fcLk= 1.0 MHz 100 ms
Polling Detect Pulse Period tPD fcLk= 1.0 MHz 524 ms
Topping Charge Length tTC fcLk= 1.0 MHz 2.096 hrs
Maintenance Mode Sample Delay fcLxk= 1.0 MHz 4.19 s
Maintenance Mode Voltage fcLk= 1.0 MHz 4.19 s
Sample Period
Temperature Sample Period fcLk= 1.0 MHz 33.54 ms
Deep Discharge MMN Indicator fcLk= 1.0 MHz 524 ms
Blink Rate
Deep Discharge Pulse Width topc |fcLk= 1.0MHz 250 ms
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Table 10: Voltage Thresholds

PARAMETER SYMBOL |TEST CONDITIONS| MIN TYP MAX UNITS

Deep Discharge Termination VDpDC 0.8 v
Maintenance Mode Removal Vriem 0.2 A%
Voltage Drop

Temperature Voltage Difference 15.9 mV
Thermal Switch Open Circuit 42 \'
Thermal Switch Short Circuit 0.15 v
Cold Thermistor 2.4 A%
Hot Thermistor 0.98 A%
Capacitor Discharge Short Circuit Vsc 0.2 A%
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Rapid Charge

Current

Topping Charge

Maintenance Charge

T Soft Start

(not to scale)

| Stage 1 | Stage 2 |

Stage 3 | Stage 4

Figure 4: Graphical representation of current levels during the four

charging stages
Operation Soft Start Charge
. Rechargeable cells can exhibit a high impedance condition
Charglng Stages while accepting the initial charging current. This high im-

The charging sequence consists of four stages. The applica-
tion of current can be shown graphically in Figure 4. Soft
start charge gradually increases current levels up to the user
specified fast charge levels during the first few minutes of
charge.

The soft start is followed by a high current charge that
includes a deep, reverse polarity pulse of short duration,
which continues until termination. After termination, a two
hour C/10 topping charge followed by a C/40 maintenance
chargeisapplied. Each of these four stages is described next
in more detail.

pedance condition can cause a false voltage inflection point
at the beginning of the charge cycle which may be misinter-
preted as a fully charged battery by the voltage inflection
termination method. In the first stage, the soft start routine
is intended to ease batteries into a fast charge mode by
gradually increasing the current to the fast charge rate. The
gradual increase in current alleviates the false inflection
point, improves charge efficiency and improves battery life.

Fast Charge

In the second stage, the ICS1702 employs a method of
applying the charge current in a series of charge and dis-
charge pulses that is intended to increase the charging effi-
ciency. The technique consists of a positive current
charging pulse followed by a high current, short duration
discharge pulse. The cycle, shown with charge, discharge,
rest and data acquisition periods in Figure 5, repeats until
the batteries are fully charged.

rest rest

A A DC
time time acquisition time — — —

pl
VL

tADC >

<—>)|

Charge pulse width t P

t
cycle

! 'opw ¢ Discharge pulse width

Figure 5: Charge cycle showing charge and discharge current pulses
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The amplitude of the charging pulse is determined by the
current capability of the power supply, the desired charge
rate, the cell capacity and the ability of that cell to accept the
charge current. The ICS1702 can control nine user-select-
able fast charge rates from 15 minutes (4C) to four hours
(C/4). Charge pulses occur approximately every second.
The charge indicator CMN is the only indicator active dur-
ing this charge mode. Additional information on charge
rates is discussed under the heading, Charge Rate Selection.

The discharge current pulse should have an amplitude set
to a minimum of -2.5 times the amplitude of the charging
current. For example, if the charge current at 4C is 4 amps,
then the discharge current should be -10 amps. The energy
removed during the discharge pulse is a fixed ratio to the
positive charge rate. The cell capacity determines the abso-
lute value of the discharge pulse.

A data acquisition window immediately follows a brief set-
tling time after the discharge pulse. No charge is applied
during the settling time or during the acquisition window to
allow the cell chemistry to recover. Since no current is
flowing, the measured cell voltage is not obscured by any
internal or external IR drops or distortions caused by excess
plate surface charge. The ICS1702 makes one continuous
reading of the no-load battery voltage during the entire
acquisition window. The voltage that is measured during
this window contains less noise and is a more accurate
representation of the true state of charge of the battery.
Specific timing information is given in Table 9, Timing Char-
acteristics.

lé— t cycle *

delay time

Topping Charge

A cell that is quickly charged suffers a loss of charge effi-
ciency depending on the ability of the cell to accept charge
at high current rates. The third stage is a topping charge
designed to ease the cells into a slight overcharge. This
ensures a 100% charge to the batteries. Current is applied
at arate low enough to prevent overcharge damage but high
enough to ensure a full charge.

When the ICS1702 completes the fast charge mode, a timed
C/10 charging current is applied for 2 hours (trc). This
charging current consists of the same reverse pulse current
technique used during the fast charge mode, however the
dutycycle of the pulse sequence has been extended as shown
in Figure 6 below. Extending the delay time between charge
pulses allows the same charging current used to fast charge
the cells so that no changes to the constant current source
are necessary. For example, the same charge pulse that
occurs every second at a 2C fast charge rate will occur every
20 seconds for a topping charge rate of C/10. The pulse
periods for the topping charge at different charge rates is
discussed under the heading, Charge Rate Selection. The
maintenance mode indicator is the only indicator active
during this mode.

sle t
“~ cycle

Figure 6: Representative timing diagram for topping and maintenance charges
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Maintenance Charge

The maintenance charge is intended to offset the natural
self-discharge of NiCd or NiMH batteries by keeping the
cells primed at peak charge. When the topping charge mode
is completed, the ICS1702 begins the fourth charge stage
by extending the duty cycle of the applied current pulses
again. The current pulses are decreased to a C/40rate which
will last for as long as a battery voltage is present at the
voltage input (VIN) pin, or, if the ten hour timer mode is
enabled, until the timer stops the controller. The mainte-
nance mode indicator MMN is the only indicator active
during this mode.

Charge Termination Methods

Seven charge termination schemes, including voltage inflec-
tion (dV/dt), negative voltage slope (-dV/dt), maximum volt-
age (Vmax), temperature slope (d7/df), maximum
temperature (Tmax) and two overall charge timers are avail-
able for use during fast charge. The voltage inflection and
negative voltage slope methods may be used with or without
the temperature slope and the maximum temperature
method. Maximum temperature, maximum voltage and the
fast charge timer are always enabled as backup methods. If
voltage termination is used, an initial voltage slope check is
performed to detect fully charged cells.

Voltage Inflection Termination (dV/dt)

The most distinctive point on the voltage curve of a charging
battery in response to a constant current is the peak in the
voltage curve that occurs as the cell transitions from charge
to overcharge. The voltage peak is characterized by a rela-
tively shallow voltage slope that becomes sharply steeper,
flattens out and drops sharply negative. By mathematically
calculating the first derivative (dV/dt) of the voltage, a sec-
ond curve can be generated showing the change in voltage
with respect to time as shown in Figure 8.

The slope changes its profile sharply in response to small
perturbations in the cell voltage. The slope will reach a
maximum just before the actual peak in the cell voltage, as
shown in the figure. By calculating a relation between the
minimum slope and an empirically derived threshold, the
ICS1702 can predict the moment of full charge and accu-
rately terminate the applied current before the battery be-
gins to overcharge.

Negative Voltage Slope Termination (-dV/dt)

Cells that are charged at low charge rates, or those cells
which are not thoroughly conditioned, or are possessing an
unusual cell construction may not have a normal voltage
profile. The ICS1702 also uses an alternate method of
charge termination based on a slight decrease in the voltage
slope to stop charge to cells whose voltage profile is very
shallow. The negative slope method looks for a flattening of
the voltage slope which may indicate a shallow peak in the
voltage profile, and enters the maintenance mode if the
slope is less than zero for three successive samples. The zero
slope point occurs slightly beyond the peak voltage and is
shown on the voltage curve graph.

Maximum Voltage Termination (Vmax)

By placing a voltage level at the open circuit reference
(OPREF) pin, the ICS1702 establishes an open circuit, or
maximum voltage threshold. If the normalized battery volt-
age reaches the threshold, the charge terminates to the
polling detect mode until voltage levels fall below the thresh-
old. This mode can be disabled by tying the pin to Vpp.
This method is not recommended as the only charge tennina-
tion method because the ICS1702 will attempt to recharge the
battery if the voltage levels fall below the threshold at the
OPREF pin. The maximum voltage threshold is primarily
intended to detect the removal or insertion of the battery.
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Figure 7: Voltage and slope curves vs. charge time

Temperature Slope Termination (dT/dt)
Temperature slope termination is based on the premise that
a battery which is approaching full charge will experience a
high rate of heating due to the internal chemical reaction.
NiCd batteries differ from NiMH batteries in that the
chemical reaction that occurs during charge is endothermic
(the reaction absorbs heat) and is exothermic for NiMH
batteries (the reaction produces heat). However, both types
will produce measurable heat as the overcharge region is
approached.

The ICS1702 can be configured to terminate the fast charge
with or without voltage based termination methods via tem-
perature slope termination. See Operation, Termination
Selection for information on setting the termination select
(DTSEL) pin to enable termination on voltage slope, tem-
perature slope or both.

A thermistor must be used for temperature slope termina-
tion, and a 10 KQ @ 25°C type is recommended. Maximum
temperature is always enabled, so voltage levels must fall
into the proper voltage zones (see the Maximum Tempera-
ture Termination section). The ICS1702 samples the voltage
dropped across the thermistor every 32 seconds, and will
terminate if the voltage difference at the pin is greater than
16 mV between one sample and the next. This corresponds
to an increase in cell temperature of approximately
0.7°C/min. See Operation Information, Temperature Sens-
ing for information on using a thermistor at the temperature
sense (THERM) pin.
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Figure 8: Temperature curves for NiCd and NiMH batteries

Maximum Temperature Termination (Tmax)
Maximum temperature can be sensed using either a thermis-
tor or a thermal switch. The maximum temperature termi-
nation can also be bypassed if desired, although it is strongly
recommended that some form of temperature termination
be used. The hardware used to sense maximum tempera-
ture levels is always enabled, and can only be disabled by
shorting the temperature sense pin (THERM) to ground.
Maximum temperature termination cannot be disabled if
temperature slope termination is used.

If a thermistor is used, the ICS1702 has two voltage thresh-
olds which sense whether the battery is too hot or too cold
to charge. The thresholds are designed for a typical 10 KQ
@ 25°C NTC thermistor. These voltage levels are sensed
across the thermistor. As temperature increases, the voltage
across the thermistor will drop. At a temperature of 45°C,
the ICS1702 assumes the battery has gotten hot and charge
is terminated. Refer to Table 4 for voltage indications at
several temperatures.

If a thermal switch is used, a 45°C open circuit switch is
recommended. If the switch is closed to ground (signifying
the battery is less than 45°C), the chip will operate since the
voltage at the THERM pin will be at ground. If the switch
opens at 45°C, an internal pull-up will engage and the
ICS1702 will fault to over temperature since the voltage will
be at Vpp.

If a battery is determined to be hot, either through an open
thermal switch or a thermistor threshold, the over tempera-
ture (OTN) indicator will turn on. The device must be reset
once the over temperature condition has cleared to start the
charge sequence. The appropriate indicators for the par-
ticular charge mode will light when the temperature is nor-
mal and charging can begin.

The section Mode Selection, Cold Temperature Charginghas
information on the cold temperature region. See the section
under Temperature Sensing for more information regarding
the use of a thermistor or a thermal switch at the tempera-
ture sense pin. Table 4 in that section lists voltages and
corresponding temperatures.
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Ten Hour Timer Termination’

Placing the AUX0and AUX]1 pins in a high impedance state
enables an overall ten hour timer. The timer limits the total
charge, including the maintenance charge, to approximately
ten hours. The actual time will varydepending on the charge
rate selected and on the termination method. This mode is
useful in avoiding an indefinite maintenance charge applied
to the battery. The maximum time for the maintenance
mode beyond the charge time is given in Table 11.

Table 11: Ten Hour Timer List

Initial Slope Check

The initial slope check is a test to detect fully charged
batteries before a long term high current charge is applied.
After that period of time, the initial slope value is calculated
and is tested for a negative value. If the initial slope is
negative, the voltage must be decreasing over the sampling
period and the battery is assumed to be fully charged. The
ICS1702 will then enter the maintenance mode. Ifthe slope
is positive, the ICS1702 stores the slope and continues
charging.

This check is always active when voltage slope termination
isenabled. If temperature slope termination is used without

- - voltage termination, this check is not performed.
Maximum Timer
Charge Time | Charge Rate Cutoff After Charge
(hours) Termination (hours) Table 12: Fast Charge Timer List
0.25 4C 9.70
05 2C 9.38 Charge Time Timer Cutoff
0.75 1.3C 9.08 (minutes) Charge Rate (minutes)
1 1C 8.79 15 4C 18.75
1.5 C/1.5 8.20 30 2C 37.08
2 C/2 7.64 45 1.3C 55.00
2.5 C/2.5 6.50 60 1C 72.50
3 C/3 5.97 90 C/1.5 107.5
C/4 5.45 120 Cr2 141.6
150 C/2.5 209.89
Fast Charge Timer Termination® 180 3 24190
The ICS1702 also uses a timer to shut off the fast charge if 240 C/4 273.14

the device goes beyond a safe charging time limit. These
times are programmed into the chip, and are listed below in
Table 12. If the device is used at a charge rate other than the
ones allowed, care must be taken to avoid premature termi-
nation due to the timer cutoff. This deadman timer cannot
be disabled.

3 When the ten-hour timer shuts off, the ICS1702 MUST be reset before a charge can begin again No indicator will be on after this timer shuts off

4 When the fast charge timer shuts off the fast charge operation, the ICS1702 will go into maintenance mode charge and the maintenance mode indicator will be on at this time
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Battery Detection and Removal

The following sequences describe how the ICS1702 at-
tempts to determine the presence of a battery before and
during charge. An open circuit voltage threshold (Voc)
should be established at the OPREF pin at a level which can
only occur when current is applied to open terminals. If the
voltage at the terminals exceeds the threshold while a charg-
ing current is applied, the ICS1702 assumes the battery is
missing and enters the polling detect mode. More informa-
tion on the open circuit threshold is provided below and in
the section, Open Circuit Reference.

Capacitor Discharge Detect

After a master reset has occurred, the ICS1702 uses six Sms
discharge pulses spaced 100ms apart to remove any excess
charge from any output filter capacitors at the charging
system terminals. When the discharge pulse sequence is
complete, the ICS1702 will expect to see more than 0.2V
(Vsc) at the voltage input pin if a battery is present. If the
voltage at the pin is less than Vsc, the device assumes no
battery is present, and the polling detect mode is initiated.
No indicator is active during the discharge pulses.

Polling Detect

The ICS1702 enters this mode by applying a charge pulse
for a 100ms duration. During the pulse, the ICS1702 moni-
tors the voltage input pin to determine if a voltage above
Voc is at the terminals. If the batteryis present, the battery
voltage will be below the voltage set at the open circuit
reference pin while charge is applied. If a battery is not
present, the voltage will be above the open circuit voltage
reference.

The charge pulses will recur at 524ms intervals for an indefi-
nite period of time. Caution must be used since there is
always the possibility of a potential present at the charging
system terminals. The polling detect indicator (PFN) is the
only indicator active as long as the ICS1702 is in the polling
detect mode. Once a battery is detected, the ICS1702 will
enter the soft start mode. The ICS1702 will automatically
re-enter the polling detect sequence if the battery is re-
moved during charge or during the dual stage maintenance
mode.

Charge Mode Removal

During the application of soft start charge pulses and fast
charge pulses, the voltage at the voltage input pin is com-
pared to the voltage at the open circuit reference pin. Ifthe
voltage is greater than the open circuit reference during the
application of the current pulse, then the battery is assumed
to have been removed and the ICS1702 enters the polling
detect mode. If the voltage is below the reference level, the
charging mode continues. Voltage comparisons are made
once every second.

Maintenance Mode Removal

When in the topping charge or maintenance charge modes,
a charge pulse may not occur for several seconds. During
the period between charge pulses, the ICS1702 records the
voltages at the battery terminals. After the most recent
charge pulse, the ICS1702 waits 4 seconds to allow the
battery voltage to settle. If the voltage at the VIN pin drops
more than 0.2V (Vrem) during any subsequent 4 second
period when no current is applied, the device assumes the
battery has been removed and the ICS1702 enters the poll-
ing detect mode. Note: If the charge pulse period is less
than 8 seconds (for either the topping charge or mainte-
nance charge, as listed in Table 2) then the ICS1702 relies
on the same method as described in the Charge Mode Re-
moval section.

Mode Selection

The ICS1702 allows six special methods of operation to help
customize the charging system for certain applications. The
tristate AUXO0 and AUX1 pins are used to select the oper-
ating mode the ICS1702. An internal pull-up at the AUX0
and AUX1 pins default the ICS1702 into normal fast charge
operation. For specialized applications, the ICS1702 can
enter five other modes. Once a mode has been selected, no
other mode can be used unless the part is re-programmed
and reset.

Deep Discharge to Charge Mode

Batteries with an unknown amount of energy remaining can
be cycled through a complete discharge before a fast charge
is initiated. This mode drains the battery down to 0.8V
(VbpDC) as read at the voltage input pin under load and
enters the fast charge mode programmed by the charge rate
select pins. The load is supplied by pulsing the discharge
pin at a 250ms rate. Assuming that the discharge pin is
calibrated at a -2.5C current amplitude for the desired
battery capacity, the discharge rate will be approximately
1C.

The deep discharge to charge mode can be entered by
setting the AUXO to a high logic level and AUX1 to a low
logiclevel. Set the SO and S1 line for the desired charge rate.
Once the device is reset the discharge mode will occur first,
to be followed by the selected fast charge mode. During the
discharge period of this mode, the maintenance mode indi-
cator MMN will alternate on and off at a 524ms rate.
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Direct Maintenance Mode

The ICS1702 can be brought directly into the C/40 mainte-
nance mode for cells that require a maintenance charge
only. The direct maintenance mode is activated by setting
the AUXO0 and AUX1 pins both to a low logic state and
resetting the device. The SO and S1 pins must also be set for
charge current capability of the constant current supply.
The maintenance charge is applied until the battery is re-
moved from the voltage input pin, upon which the device will
enter a polling detect mode. The maintenance mode indi-
cator MMN will be active during the application of the
maintenance charge.

Conditioning Mode

The ICS1702 can enter a conditioning mode which applies
a C/10 charge for a timed 10 hour charge, followed by an
indefinite C/40 maintenance mode until the batteries are
removed. This mode may be used for brand new batteries
which need to be conditioned at a low charge rate, or for
cells whose general condition is unknown.

The conditioning mode can be entered by setting the AU X0
and AUXI pins to a high logic and high impedance state,
respectively. The SO and S1 pins must also be set for the
charge current capability of the constant current supply.
The ICS1702 will enter the mode upon a master reset. The
maintenance mode indicator (MMN) will be active during
the 10 hour conditioning charge and the maintenance charge
which will follow. The device enters a polling detect mode
if the battery is removed from the voltage input pin.

Device Self-Test Mode

The self-test mode is intended for use in applications where
the functionality of the ICS1702 is to be tested in a circuit.
The self-test sequence consists of the one second testing of
the CMN, MMN and PFN indicator pins as well as the CHG
and DCHG lines. The over temperature indicator is not
tested. The mode is entered by placing the AUX0 and
AUX1 lines in a low and high logic state, respectively. The
ICS1702 shuts the internal oscillator down after the test
sequence is finished and a master reset must be performed
to reactivate the device.

Ten Hour Mode

Placingthe AUX0and AUX1 pins in a high impedance state
enables an overall ten hour timer. This timer limits the total
charge, including the maintenance charge, to approximately
ten hours. This mode is useful for users who wish to avoid
an indefinite maintenance charge applied to their cells and
serves as a final safety check. Additional information is
given under Charge Termination Methods, Ten Hour Timer
Tenmination.

Cold Temperature Charging

Cold temperature charging is activated if a voltage at the
temperature sense (THERM) pin isin the cold temperature
voltage range, as shown in Table 4. The voltage is generated
bya thermistor where a change in resistance causes a voltage
divider to maintain a voltage in a specific range. The
ICS1702 onlychecks for a cold batterybefore the fast charge
cycle is to begin. If a battery becomes cold while a normal
charge is in progress, the OTN indicator will become active,
however fast charging will continue.

If a cold battery is determined to be present before charging
begins, the ICS1702 begins a two hour C/10 topping charge
(the pulsed duty cycle is based on the selected charge rate).
The thermistor voltage at the temperature sense pin is
checked every second to see if the battery has warmed into
the fast charge region. If so, the ICS1702 stops the topping
charge and begins a fast charge at a rate selected by the SO
and SI lines. If a cold battery is not present, the normal
charge as determined by the SO and S1 lines will begin.

The maintenance mode and over temperature indicators
will be active (low), indicating that a low current charge is
being applied to a battery that is outside the specified tem-
perature range for fast charging.
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Applications Information

Figure 9 shows a typical application using the ICS1702. R1
and R2are selected to scale the battery voltage to 1 cell. The
following table shows some typical values. Additional infor-
mation is available under Pin Descriptions-Voltage Input:

VIN Pin.

CELLS R1 R2
1 Short Open
2 X 2K
3 2K 1K
4 3K 1K
5 12K 3K
6 10K 2K
7 12K 2K
8 9.1K 1.3K

R3and R4 are used to set the open circuit reference voltage.
The function of this pin is discussed under Pin Descriptions
Open Circuit Reference: OPREF Pin.

It is very important that care be taken to minimize noise
coupling and ground bounce. In addition , wiring resistance
and connectors can add significant amounts of resistance to
the charge and discharge circuits. Be sure to connect the
ground side of the discharge transistor to the negative lead
of the battery as close to the battery as possible. This will
reduce ground bounce and coupled noise.

When designing a printed circuit board, make sure ground
and power traces are heavy and bypass capacitors are used
close to the chip. Use a separate ground system for the
discharge current to prevent high circulating currents from
disturbing normal operation.

A constant current source should be used to provide charg-
ing current to the battery. Resistors may be used if the
current does not vary more than 20%.

Additional application information will be provided in the
final version of the data sheet, and as part of a series of
regular technical updates.
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Figure 9: Functional Diagram
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ICS1705

Product Preview

Battery Charging and Capacity Measurement IC

General Description

The ICS1705 is a CMOS IC which resides in the battery
pack and operates in conjunction with a host processor or
controller. The host processor and the ICS1705 are config-
ured as Master/Slave. The ICS1705 provides pack specific
battery information, and contains all the analog circuitry
necessary for accurate capacity, self-discharge and voltage
measurement.

Features

e Complete "in the pack"” capacity and charge measure-
ment system

e Delta/sigma A/D for measurement of:

Battery voltage

Ambient and battery temperatures

Temperature dependent self-discharge monitor

e Single wire asynch serial interface to host uC
The ICS1705 measures and stores battery voltage and moni- ~ ® ZQP‘A (max) standby current ) )
tors temperature through a sensor, providing all analogdata  ®  Eight bytes of RAM for capacity and history storage
to allow the host processor to control the charging. The e Wide supply voltage operating range
ICS1705 also outputs one of 8 factory-programmable bat-
tery identification numbers, and accumulates temperature
dependent self-discharge information. To minimize inter- H H
connect, the ICS1705 supports a single wire bi-directional Appllcatlons
asynchronous serial link to the host processor for data e Mobile communications
read/write, voltage and temperature monitoringand iscom- 4 Copsumer video
patible with most microcontroller asynchronous serial I/O
orts e Notebook and laptop computers
pOTEs. e Personal digital assistants
e Portable instruments
Block Diagram
A/D
1.25V REF CONVERTER
V(SENSE)
SELF- S 1/0
DISCHARGE BI-DIRECTIONAL __.Jj
| TIMERS SERIAL
AND COMMUNICATIONS
RAM
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AV9304/9504

Quad Power Management Switches

General Description Features
The AV9304/AV9504 Power Management Integrated Switch @  AV9304: 3.0 or 3.3V operating supply voltage
(PMIS) is designed for 3 and 5 Volt systems that need to' ® AV9504: 5V operating supply voltage
sv;;tch s::ad;;st:: currents of up t:; 5(:1)"“" The Ptlsvﬂ%:s a8 o Switches loads from 2.7V to 5.5V
self contained part requiring no external components. The - . .
AV9304 and AV9504 contain four power switches, in either ®  03Quypical, 0.4Q max switch resxsta'nce
the 16 pin PDIP or the 300 mil wide 16 pin SOIC package. ®  Steady state current of 500mA per switch
e Automatic Power Down
The N-Channel FET switches have a typical 0.3Q2 on- resis- o 1 :nscc FET s:vft tumv(:n
tance, with a maximum of 0.4€2 For switching currents .
larger than S00mA, these transistors can be paralleled e  No external components required
together. The +2.7V to +3.7V input supply range, the low o  Output Ready signal
quiescent current and the automatic power down features . .
make the AV9304 ideal for battery-powered switching and Appl ications
control applications, such as notcbook computers, poriable g Notebook PC Power Switching
yzers anc test equipment. e PCMCIA VCC Switching
The “soft turn-on” feature of the 9304/9504 ensures that e PDA's
there will be no spikes on the switched power supply when e Palmtop Computers
the power turns on to the load. o Hand-Held Medical Instruments
The 9304 operates with a supply voltage of 2.7 to 3.6V while
the 9504 operates with a supply voltage of 4.5 to 5.5V. Either
part can switch loads from 2.7V to 5.5V.
Block Diagram
vOD AV9304/9504 |
i
| D1
m at CHARGE i
PUMP q :
LATCH A
osc D2
IN2 @ cance |2 |
PUMP ! s
READY 1
TIMER osc
[OAD
[ D1
Nt @ CHARGE H
PUMP H ;
i
LATCH °§ b2
IN2 CHARGE Ho
GND l PuMP q
1 | -7 -
—_
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Pin Configuration

U
voD [ 4 16 [JIN4 voD [T} 1 16 [T] IN4
D1 O 2 15 (84 D1 [I] 2 15 [1] s4
st 3 14 [3D4 s1 [I] s 14 [T 04
N O s 13 |J READY Nt [T 4 13 [[T] READY
LOAD [ 5 12 JIN3 LOAD [T} 5 12 [T IN3
D2 [ 11 [Js3 D2 [T s 11 1] s3
207 10 (D3 s2 (147 10 [TJ D3
N2 O s 9 PenD IN2 [T 8 9 [TJ GND
16-Pin DIP (N16) 16-Pin SOIC (M16W)
Pin Descriptions
PIN # PIN NAME TYPE DESCRIPTION
1 VDD — Positive supply voltage for the IC
2 D1 Out FET 1 Drain
3 S1 Out FET 1 Source
4 IN1 In Logic input to FET 1 driver
5 LOAD In Transparent low latch. A logic "0" on this pin allows data to flow from IN to
the FET driver. A logic "1" latches the outputs in their present state.
1 6 D2 Out FET 2 Drain
| 7 S2 Out FET 2 Source
| 8 IN2 In Logic input to FET 2 driver
| 9 GND — Ground
10 D3 Out FET 3 Drain
11 S3 Out FET 3 Source
12 IN3 In Logic input to FET 3 driver
13 READY Out Pulse indicating last input to change has its FET stable and fully turned on
14 D4 Out FET 4 Drain
15 S4 Out FET 4 Source
16 IN4 In Logic input to FET 4 driver
Ordering Information:
Part Number Temperature Range |Package Type
AV9304CN16 0°Cto70°C 16-lead plastic DIP (P16)
AV9304CW16 0°Cto70°C 16-lead Plastic SOIC (M16W)
AVI9504CN16 0°Cto70°C 16-lead plastic DIP (P16)
AV9504CW16 0°Cto70°C 16-lead Plastic SOIC (M16W)
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Absolute Maximum Ratings Operating Conditions

VDD referenced to GND 7V Drain Voltage:

Storage tempPErature. .........e.veeesrsesssrseseress —40°C to +125°C AV9304 27Vto 5.5V
Voltage 00 /O PifiS....eeeeveverreesscereren -05V to VDD +0.5V AV9504 27Vt 5.5V
Power dissipation 0.5 Watts  Operating temperature under bias ................. 0°Cto+70°C

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at these or other conditions above those indicated in the operational sections of
the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect product
reliability.

Electrical Characteristics

AV9304 (Operating Vpp=+2.7 to +3.7V, Ty=0"C to 70°C unless otherwise stated)
AV9504 (Operating Vpp=+4.5 to +5.5V, Ty=0°C to 70°C unless otherwise stated)

PARAMETER l SYMBOL I CONDITIONS l MIN l TYP J MAX I UNITS
DC Characteristics
Chip supply Vop AV9304 2.7 33 3.7 v
Chip supply Vbp AV9504 45 5 5.5 \4
Switch Drain Voltage Vo) 27 5.5 v
Switch Source Voltage Vsr Vpr-0.2 Vpr v
Input Low Voltage v Vss 0.2Vpp v
Input High Voltage Vi 0.7 Vpp Vop v
Switch Current Ipg 0 500 mA
Supply Current Ipp2(2) All switches active 100 200 HA
Standby Current Ippse All switches off 2 4 HA
Input Low Current In ViN=0V - -2 A
Input High Current Iy ViN=Vpp - 2 HA
Switch on Resistance RoN All conditions 3 Q
Switch on Resistance Ron 25°C,Vpg=3.3V 25 Q
AC Characteristics
LOAD Pulse Width tw 50 - ns
INx to LOAD Inactive Setup Time tsu 20 - ns
LOAD inactive to INy Hold Time tHD 10 ns
Delay to Ready tp 6 ms

Note 1: In addition to the power dissipated by the oscillator and 4 charge pumps, the drop across the switches also contrib-
utes to the on chip power. This power per switches is given by: Ins(Vpr—Vgp). The total on-chip power should be held below
0.5W.

Note 2: The current consumed by the IC is proportional to the number of switches on. If only 1 FET is on, Ipp will be 1/4 of
specified value.
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Device Description

Each of the channels consists of a transparent latch, charge
pump, and N-Channel FET. Logic inputs to the drivers are
latched when LOAD goes high. The logic high signal from
the latch activates the charge pump and, a few milliseconds
later, the FET is fully turned on. On chip circuitry controls
the FET turn on, which typically takes 1ms (fig 2.), to avoid
the power supply current spikes (fig. 1) which would occur if
the switch turned on fast into a fully discharged load capaci-
tance. The chip has a common oscillator that drives the 4
charge pumps and runs at approximately SOOKHz.

POWER

SYSTEM SWITCH
POWER Vsupply , Vioad

SUPPLY _L M -L I
Cout

LOAD
100 uF Ci
= 20uF

sV —
>
a
a
=
d
>
v -
%)
K——ims—

Figure 1. Power Supply glitch caused by fast Toy

ﬁj
READY j_

Vp e

L2

ms

[
LS
L

<

S
rel

emS

Figure 2. 1CS9304/9504 controlled output rise-time
and READY signal timing

An edge detector monitors the 4 latch outputs and activates
the timer when any output goes high . The Ready signal,
which comes from the timer, goes low immediately and then
goes high again typically in 6ms, thus generating a negative
going pulse (see Figure 1). Ready returns to the high state
when output FET is stable and fully turned on.

The automatic power down feature works by monitoring the
latch outputs. When all the latch outputs are at a logical zero,
the output of the NOR gate is high and asserts the power
down to the oscillator.

The AV9304/9504 FETs do not contain source to drain
diodes, so when the part is used for switching inductive loads
an external diode should be connected across the FET.
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AV9312/9512

Dual Power Management Switches

General Description

The AV9312/9512 Power Management Integrated Switches
are designed for 3 and 5 Volt systems that need to switch
steady state currents of up to 500mA. These are self con-
tained parts requiring no external components. The AV9312
and AV9512 contain two power switches, and are available in
either 14 pin PDIP or 150 mil wide 14 pin SOIC package.

The N-Channel FET switches have a typical 0.2C2 on- resis-
tance, with a maximum of 0.3Q For switching currents
larger than 500mA, these transistors can be paralleled
together. The +2.7V to +3.7V input supply range, the low
quiescent current and the automatic power down features
make the AV9312 ideal for battery-powered switching and
control applications, such as notebook computers, portable
medical analyzers and test equipment.

The “soft turn-on” feature of the 9312/9512 ensures that
there will be no spikes on the switched power supply when
the power turns on to the load.

The 9312 operates with a supply voltage of 2.7 to 3.6V while
the 9512 operates with a supply voltage of 4.5 to 5.5V. Either
part can switch loads from 2.7V to 5.5V.

Block Diagram

Features

AV9312: 3.0 or 3.3V operating supply voltage
AV9512: 5V operating supply voltage
Switches loads from 2.7V to 5.5V

0.2Q2 typical, 0.3Q2 max switch resistance
Steady state current of S00mA per switch
Automatic Power Down

1 msec FET soft turn on

No external components required

Applications

o Notebook PC Power Switching
PCMCIA VCC Switching
PDA's

Palmtop Computers

Hand-Held Medical Instruments

VDD D1
D1
IN1 CHARGE H
LATCH PUMP “I t
—_ )
[OAD | 21
RESET j)” 0sc D2
D2
—
IN2 CHARGE
LATCH PUMP Ie
GND T > S
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Pin Configuration

mEser O ! ~ ] vob RESET [Tt 14 [T vop
s2 O 2 13 [ Toa0 s2 12 13 [T T0AD
s2 ]38 12 ) p2 s2 [T]s 12117 D2
st [ 4 1 [ p2 s1ELJ4 " [T]p2
st 5 10 [ ps st s 10 [T b1
Nt [ 6 Ul N1 [T 6 9 [ o1
ano 7 8N GND [T7 817 N2

14-Pin DIP (N14) 14-Pin SOIC (M14)

Pin Descriptions

PIN # PIN NAME TYPE DESCRIPTION
1 RESET In Resets input latches and turns all FET switches off when low
2 S2 Out FET 2 Source, Must be externally connected to Pin 3
3 S2 Out FET 2 Source, Must be externally connected to Pin 2
4 S1 Out FET 1 Source, Must be externally connected to Pin 5
5 S1 Out FET 1 Source, Must be externally connected to Pin 4
6 IN1 In Logic input to FET 1 driver
7 GND — Ground
8 IN2 In Logic input to FET 2 driver
9 D1 Out FET 1 Source, Must be externally connected to Pin 10
10 D1 Out FET 1 Source, Must be externally connected to Pin 9
11 D2 Out FET 2 Source, Must be externally connected to Pin 12
12 D2 Out FET 2 Source, Must be externally connected to Pin 11
13 TOAD In Transparent low latch. A logic "0" on this pin allows data to flow from IN to
the FET driver. A logic "1" latches the outputs in their present state.
14 VDD — Power Supply for the chip: 2.7t0 3.6V for AV9312 and 4.5 t0 5.5V for AV9512

Ordering Information:

Part Number Temperature Range |Package Type
AV9312CN14 0°Cto70°C 14-lead Plastic DIP (N14)
AV9512CN14 0°Cto70°C 14-lead Plastic DIP (N14)
AV9312CS14 0°Cto 70°C 14-lead Plastic SOIC (M14)
AV9512CS14 0°Cto70°C 14-lead Plastic SOIC (M14)




AV9312/AV9512

Absolute Maximum Ratings Operating Conditions

VDD referenced to GND 7V Drain Voltage:

Stomge tcmperature -40°Cto +125°C AVI312 ... 2.7Vt0 5.5V
Voltage on UO PiDS....ueeeeeverssoeerrssss —.05V to VDD +0.5V AV9512 27Vt 5.5V
Power dissipation 0.5 Watts  Operating temperature under bias ................. 0°Cto+70°C

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at these or other conditions above those indicated in the operational sections of
the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect product
reliability.

Electrical Characteristics

AV9312 (Operating Vpp=+2.7 to +3.7V, T,=0°C to 70°C unless otherwise stated)
AV9512 (Operating Vpp=+4.5 to +5.5 V, Ty=0"C to 70°C unless otherwise stated)

PARAMETER | SYMBOL ] CONDITIONS [ MIN | TYP I MAX l UNITS
DC Characteristics
Chip supply Vbp AV9312 2.7 33 3.7 \%
Chip supply Vpp AV9512 45 5 5.5 \%
Switch Drain Voltage Vpr(1) 2.7 5.5 v
Switch Source Voltage Vsr Vpe-0.2 Vpr v
Input Low Voltage Vo Vss 0.2Vpp A\
Input High Voltage Vi 0.7 Vpp Vpp v
Switch Current Ipr 0 500 mA
Supply Current Ipp2(2) All switches active 100 200 A
Standby Current Ippss All switches off 2 4 HA
Input Low Current In ViN=0V - -2 A
Input High Current Iy Vin=Vpp - 2 A
Switch on Resistance Ron All conditions 2 3 Q
Switch on Resistance Ron 25°C,Vpg=3.3V 15 Q
AC Characteristics
LOAD Pulse Width tw 50 - ns
INy to LOAD Inactive Setup Time tsu 20 - ns
LOAD inactive to INy Hold Time tup 10 ns

Note 1: In addition to the power dissipated by the oscillator and 2 charge pumps, the drop across the switches also contrib-
utes to the on chip power. This power per switches is given by: Ipe(Vpg—Vsp). The total on-chip power should be held below
0.5W.

Note 2: The current consumed by the IC is proportional to the number of switches on. If only 1 FET is on, Ipp will be 1/2 of
specified value.
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Device Description

Each switch channel consists of a transparent latch, charge
pump, and N-Channel FET. Logic inputs to the drivers are
latched when LOAD goes high. The logic high signal from
the latch activates the charge pump and, a few milliseconds
later, the FET is fully turned on. On chip circuitry controls
the FET turn on, which typically takes 1ms (fig 2.), to avoid
the power supply current spikes (fig. 1) which would occur if
the switch turned on fast into a fully discharged load capaci-
tance. The chip has a common oscillator that drives the 2
charge pumps and runs at approximately SO0KHz.

SYSTEM iy
SWITCH
POWER Vsupply A Vioad
SUPPLY _]_ - 1
Cout —L LOAD
100 pF c1
= 20pF
sv N a——
=
3
=
4.0v
40)
K———ms ——

Figure 1. Power Supply glitch caused by fast Toy

The automatic power down feature works by monitoring the
latch outputs. When all the latch outputs are at a logical zero,
the output of the NOR gate is high and powers down the
oscillator to conserve power.

The AV9312/9512 FETs do not contain source to drain
diodes. If the part is used for switching inductive loads, an
external diode should be connected across the FET.

The source pins and drain pins should be connected together
externally for each output switch to obtain minimum switch

on resistance. So, D1 (pin#9) should be connected to D1 (pin
#10) and likewise with D2, S1, and S2.

jll|
Vo

L]
d

1
<

1ms
Figure 2. ICS9312/9512 controlled output rise-time

To insure the FET switches are off, the RESET pin should be
pulsed low.

An edge detector monitors the 4 latch outputs and activates
the timer when any output goes high . The Ready signal,
which comes from the timer, goes low immediately and then
goes high again typically in 6ms, thus generating a negative
going pulse (see Figure 1). Ready returns to the high state
when output FET is stable and fully turned on.

The automatic power down feature works by monitoring the
latch outputs. When all the latch outputs are at a logical zero,
the output of the NOR gate is high and asserts the power
down to the oscillator.

The AV9312/9512 FETs do not contain source to drain
diodes, so when the part is used for switching inductive loads
an external diode should be connected across the FET.
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QuickSaver™ Controller For Nickel-Cadmium Batteries

Development of Nickel-Cadmium Batteries

Alkaline nickel plate technology began with the 1899 inven-
tion of a vented nickel-cadmium battery by Waldmar
Jungner. Around the same time, Thomas Edison experi-
mented with a rechargeable nickel-iron battery for use in
electric automobiles. Unfortunately, the materials for these
alkaline storage batteries were expensive in comparison with
other types of batteries, so their practical use was severely
limited.

Since then, several major refinements to Jungner’s nickel-
cadmium battery have dramatically enhanced the character-
istics of nickel-cadmium technology. An improvement in
1932 was a method to place the active materials inside a
porous nickel plate electrode, which was then packed inside
a metal tube container. By 1947, research had begun on the
development of a sealed nickel-cadmium battery that re-
combined the internal gases caused by the chemical reac-
tions instead of venting them. The successful resolution of
that problem has led to a wide range of possible uses for
nickel-cadmium batteries.

The advantages of sealed nickel-cadmium batteries include
excellent efficiency, long discharge life, high-cycle lifetimes
and high-energy density in a small, lightweight, compact
design. Nickel-cadmium batteries are cost-effective, require
no maintenance and are very rugged. These attributes con-
tinue to make these batteries a popular choice for industrial
and consumer applications.

Battery Parameters

Batteries are defined as consisting of one or more cells,
usually connected in series for higher output voltages. Cells
are the individual building blocks, containing a positive
cadmium plate, a negative nickel plate, an insulating sepa-
rator and an alkaline electrolyte.

Cell capacity is specified as the rate of current a cell can
supply over time under discharge, usually measured in units
of ampere-hours. The quantity of reactive materials inside a
cell determines the charge a cell can contain; therefore, the
bigger the cell, the more capacity it has.

The parameter for describing current flow is known as the
Crate. The Crate is defined as the current flow rate that is
equal to the rated battery capacity. For example, applying a
2 ampere charge to a 1 ampere-hour battery is a 2C charge
rate. The same 2 ampere charge to a 500 mAh cell is a 4C
rate. The Crate scales with the battery capacity.

The voltage that a nickel-cadmium cell can supply is typi-
callyaround 1.3 volts under no-load conditions. The internal
electrochemical reactions determine the no-load voltage
(Vo) of the cell. The voltage changes slightly with ambient
temperature, age, and condition of the cell. Vo also varies as
a function of the amount of capacity already removed from
the cell.

The effective internal impedance (Z,) is determined by two
factors: the resistance of the internal plates in the cell and
the degree of difficulty of the ionic flow through the separa-
tor and electrolyte. The resistance of the plates is constant;
however, the impedance due to the ionic flow varies dra-
matically during the application of charge to a cell.

Cell Electrochemistry

When a cell is charged or discharged, the nickel and cad-
mium plates undergo an oxidation-reduction (redox) reac-
tion. This means oxygen, in an ionized form, is transferred
between the positive and negative plates.

The redox reaction between the plates occurs without
changing the physical condition of the plates. The reaction
is entirely self-contained and completely reversible, since
the charge or discharge process consumes none of the active
materials on the plates. While under charge, the positive
plate reduces from cadmium hydroxide to cadmium by re-
leasing oxygen into the electrolyte and by accepting elec-
trons from the charging circuitry:

_ Charge
Cd (OH)2+ 26 ———
Discharge

Cd+ 20H"

Equation 1: Reduction Reaction

of d Circuit Inc

QuickSaver is a
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The nickel hydroxide in the negative plate accepts oxygen
from the electrolyte to create nickel oxyhydroxide:

_ Charge
2Ni(OH)2+ 20H

Discharge

2NiOOH + 2H20 + 2¢”

Equation 2: Oxidation Reaction

The alkaline electrolyte in the cell does not undergo a chemi-
cal change. Its purpose is only to transfer hydroxide ions
from one set of plates to the other. The overall reaction of
the cell in the electrolyte is:

Charge
2Ni(OH)2 + Cd(OH)2 ———
Discharge

Cd + 2H20 + 2NiOOH

Equation 3: Net Reaction

The oxygen gases that are generated and recombined at the
positive and negative plates are exothermic reactions. This
means that heat is created during the reaction. The exother-
mic heating is a potential problem when charging nickel-
cadmium batteries.

Cell Charge Curve

Nickel-cadmium cells have a typical voltage vs. time charg-
ing curve, as shown in Figure 1:

Temperature Termination
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Figure 1:
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The application of a steady charging current to a discharged
battery causes an immediate jump in the cell voltage, due to
the cell’s internal impedance (point A). The cell voltage
continues to rise at a much slower rate as the battery begins
to accept a charge. In this region (point B) the oxygen gas
generated by the electrochemical reaction is being recom-
bined at the same rate, so the internal cell temperature and
pressure remain low.

Oxygen and hydrogen are the two gases generally present
during cell charging. Oxygen, which is present in much
greater amounts than hydrogen, causes pressure build-up
when more oxygen is created than can be absorbed. A
nominal pressure during charge of about 1 lb./sq.in. will
increase rapidly during overcharge to 100 1b./sq.in. or
higher, depending on the charge rate.

At some time during the charge, the cell voltage begins to
rise much more sharply (point C). This change in slope is
caused by an increase in the internal impedance and signals
that the battery is nearing its capacity to accept charge. The
increase in impedance is due to fewer and fewer sites re-
maining on the positive electrode that can generate oxygen.

Overcharge

Eventually the continued application of current is no longer
converted to stored energy in the cell. Instead, the oxygen
overpotential at the positive plates is surpassed. Oxygen gas
is produced due to the electrolysis of the electrolyte, and not
by the reduction of cadmium hydroxide to cadmium. The
electrolyte, composed of potassium hydroxide and water,
changes hydroxide ions into oxygen, water and free elec-
trons.

40H" O2+ 2H20 + 4e”

Equation 4: Anion Oxidation Reaction

The oxygen produced by electrolysis is quickly recombined
in the electrolyte at the negative plates. However, a marked
increase in cell temperature and pressure follows as the
current input shifts from raising the cell’s state of charge to
generating oxygen gas.

The switch from generating oxygen at the plates to generat-
ing oxygen in the electrolyte also causes a sharp drop in the
cell’s impedance, since it is easier to strip oxygen from the
abundant hydroxide ions than from the scarcer cadmium
hydroxide. This drop in impedance causes a corresponding
drop in voltage, creating a peak in the cell voltage curve
(point D).

Generating and recombining oxygen in the electrolyte are
exothermic reactions. Overcharging a battery (point E) con-
tinues to generate oxygen gas, building temperatures and
pressures. Forcing a battery to vent causes a loss of electro-
Iyte, reducing battery capacity and damaging the cell. If the
gas cannot vent quickly enough, the battery can explode.

Charging Concerns

Pressure

The gas buildup in nickel-cadmium cells is a problem when
contemplating methods to charge batteries. Gas bubbles
accumulate on the surface of plates, reducing the plate
surface area and increasing impedance. Overcharging pro-
duces gas which, if not recombined quickly enough, can
cause damaging pressures to build up inside a cell. Excess
pressure causes a sealed cell to vent, resulting in a loss of
electrolyte. As electrolyte escapes through repeated vent-
ing, the capacity decreases and impedance increases as it
becomes tougher to transfer ions between plates.

Temperature

Exothermic heating contributes to shortened battery life by
increasing the possibility of venting, the principle source of
low battery life. Nickel-cadmium batteries also have a nega-
tive temperature coefficient, meaning an increase in the
ambient temperature by a hot cell reduces the no-load
voltage of the surrounding cells.

Memory Effect

Under normal use (i.e., complete cell discharge) the crystal
size on the cell plates remains small. If the nickel oxyhydrox-
ide is not completely converted back into nickel hydroxide
during a partial battery discharge, the nickel oxyhydroxide
crystals will clump together, forming larger crystal struc-
tures. This crystal size change is the cause of the memory
effect in nickel-cadmium batteries.

Cell Shorting

Using low rate constant-current trickle charges, crystalline
fingers, or dendrites, can propagate through the plate sepa-
rators and across the cell plates. In severe circumstances,
these crystal dendrites can partially or completely short-cir-
cuit a cell internally.
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Conventional Chargers

The majority of chargers try to avoid the problems associ-
ated with overcharging by applying a low current charge.
Nickel-cadmium cells have a natural charge decay rate of
about C/30 to C/50 if left undisturbed. A nickel-cadmium
cell can accept alowrate current of C/10 or less for extended
periods (18 to 22 hours) without excessive gassing or heat-
ing. A low rate constant-current charger can apply a low
trickle charge current for as long as the battery remains
connected to the charger. As the cell slowly charges, it can
radiate heat to lower temperature surrounding areas.

The problem with trickle chargers is that they are fairly slow.
For example, the capacity of the cell determines exactly how
slow: a one ampere/hour cell on a C/10 charge takes 10 hours
or more. Continued recharging with slow rate currents also
causes dendrite formations to occur. Most trickle chargers
even applya charge without any feedback control to monitor
temperature or voltage in case of an emergency shutdown.

Voltage Termination

Chargers employing a feedback control mechanism are
much safer to operate. Some feedback systems monitor the
battery voltage, some watch the cell temperature, and others
are timer controlled.

The most distinctive parameter to monitor is the peak in the
cell voltage that occurs as the cell transitions from charge to
overcharge. Many chargers look for a negative change in
voltage (-AV) and terminate charge at that point. Others
look for a certain voltage threshold and stop charging at that
point.

Problems occur if batteries are composed of unmatched
cells since each cell has its own characteristics. The voltage
monitoring methods are inappropriate for unmatched cells,
since the voltages of different cells in a batterypack are often
inconsistent with each other. Battery voltages can vary 5%
with a 25 °C variation in ambient temperature, and the
internal imbalances, impedances and levels of precharge
will vary from cell to cell.

Temperature Termination

Another way to recognize full charge involves sensing cell
temperature. Batteries typically reach about 45 °C to 50 °C
at peak charge. Another method is to monitor the tempera-
ture gradient between the inside and outside of a battery
pack and terminate at some predetermined threshold.

In either case, though, the battery will be undercharged at
high ambient temperatures or damaged at low temperatures
due to the negative temperature coefficient of nickel-cad-
mium cells. Variations in unmatched cell charge acceptance
cannot be monitored with any accuracy since there is no way
to tell if a particular cell out of several cells has reached its
full charge. Also, the battery pack manufacturer must place
the thermal sensors in the appropriate position inside the
pack.

The goal of the ICS1700A QuickSaverIl Controller is to
quickly and safely charge a nickel-cadmium cell without
stressing the cell. Solving some of the problems associated
with rapidly charging a nickel-cadmium cell requires a con-
trolled application of the charging current to the cell, as well
as a careful monitoring of the cell’s condition. These two
requirements are met by using a pulsed current to charge
the cell and a mathematically-derived first derivative of the
battery voltage to watch the cell’s state of charge.

The QuickSaveril Charge Method

The ICS1700A QuickSaverlIl Controller employs a unique
method of charging batteries that solves some of the prob-
lems raised previously. This method, patent pending, con-
sists of a positive current charging pulse followed by a
high-current, short duration discharge pulse. The cycle,
shown in Figure 2, is repeated until the batteries are
charged.
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Figure 2: Reverse

The amplitude of the positive charging pulse is determined
by the current capability of the power supply, the desired
charge rate and the cell capacity. The ICS1700A is capable
of controlling four user-selectable rapid charge rates of 4C,
2C, 1C and 0.5C, where C is the rated battery capacity in
ampere-hours. These charge rates roughly translate into 20
minute, 45 minute, 1.5 hour and 3 hour charge times.

The discharge pulse has an amplitude set at -2.5 times the
charging current. Thus the negative charge energy
also varies as a function of cell capacity but remains a
fixed ratio to the positive charge rate.

"Burping” the Battery

The primary purpose of the discharge pulse is to prevent the
accumulation of gas bubbles on the cell plates. These gas
bubbles are created under charge by the normal recombina-
tion of nickel hydroxide into nickel oxyhydroxide and cad-
mium hydroxide into cadmium.

The generated oxygen gas accumulates as bubbles across the
cell plates, reducing the effective surface area and raising
the internal cell impedance. Since the plate area is dimin-
ished, the time needed to completely charge the batteries
increases.

The discharge pulse acts to "burp" a battery by stripping the
bubbles away from the plates and assisting in the recombi-
nation of oxygen at the negative plates. This depolarizing
process helps reduce the cell’s internal pressure, tempera-
ture and impedance, turning the majority of the applied
charge into stored energy instead of gas and heat.

f
|

-2 5 x charge pulse

l

—> 5 ms -

Pulse Charge Profile

The charge/discharge pulse cycle helps to restore the crystal
structure of the cell plates by breaking down crystal forma-
tions, eliminating "memory" problems. The process also
helps restore the crystal structure of the cadmium anodes.
Reducing the effect of crystal size problems enhances the
charging efficiency, allowing quicker charges at higher cur-
rents.

Trough Voltage Sensing

A 10 millisecond delay immediately follows the discharge
pulse. No charge is applied during this delay, allowing the
cell chemistry to recover. The ICS1700A reads the no-load
battery voltage during this "quiet" window. The no-load
voltage that is measured here contains less noise and is a
more accurate representation of a battery’s true charge
state. Since no charging current is flowing, the measured cell
voltage is not obscured by any internal or external IR drops
or distortions caused by excess plate surface charge.

Maintenance Mode

Once the QuickSaverlIl Controller has determined that the
cells under charge have reached a full charge state, it drops
into a maintenance mode. The purpose of this mode is to
keep the nickel-cadmium batteries primed at peak charge
for later use. Since the charge on a nickel-cadmium battery
naturally decays over time at a varying rate of C/30 to C/50,
the maintenance mode provides a C/30 charge for as long as
the cells are connected 1 the charger, and the charger is
"ON."

The applied C/30 charge consists of the same charge/dis-
charge pulse used in QSII fast charging, except the duty
factor of the pulse sequence has been extended. For exam-
ple, the same charge/discharge pulse that happens every
second at a 2C charge rate would now occur every 60
seconds for a maintenance rate of C/30.
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Figure 3: Charge and Maintenance Profile

The charge/discharge pulses in the maintenance mode pre-
vent dendrite formations from propagating across the plates
and separators, and helps maintain the crystal structure of

the cell plates.

Voltage (volts/cell)

Slope Termination

By far the most distinctive point to look for is the peak in the
cell voltage curve, indicating the transition from charge to
overcharge. The voltage peak is characterized by a steep
positive slope that flattens out, then turns sharply negative.
By taking the first derivative (dv/df) of the cell voltage, a
second curve can be drawn showing the change in voltage
with respect to time.
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Figure 4: Voltage and Slope Curves with Termination Point
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The first derivative will change its slope sharply in response
to small perturbations in the cell voltage curve. This sensi-
tivity to the cell voltage helps monitor changes in the voltages
of individual cells. The first derivative, shown in Figure 4,
will peak just before the actual peak in the cell voltage. The
QuickSaverIl controller can then accurately terminate
charge before the battery begins overcharging.

To enhance the shape of the first derivative, a linear regres-
sion algorithm can find the best fit curve for any set of data
points. The ICS1700A uses a linear regression formula to
best fit the slope m in the equation for a line y= mx+ b:

_ ST XY - XXXy
T osY k- (Ix)?

Equation 5: Linear Regression Formula

where s is the number of samples used in calculating the
slope m, and x and y represent axis coordinates.

Chip Operation

The core of the ICS1700A is essentially a specialized re-
duced instruction set (RISC) microprocessor, optimized for
efficient numerical calculations since the mathematics
needed to derive the linear regression slope and to deter-
mine the correct termination point are fairly complex.

The controller uses a 10 bit successive approximation analog
to digital converter (ADC) to change the measured analog
voltages to digital voltage numbers. These voltage numbers
are then averaged with successive numbers to create an
average voltage number. The averaging process limits the
effect of voltage jumps caused by battery and ADC noise.
The number of successive voltage numbers used in the
average depends on the charge rate.

An infinite impulse response (IIR) filter weights the aver-
aged voltage number to filter out anylarge aberrations in the
cell voltage curve. The filtered average is stored in a 12
sample first-in first-out (FIFO) queue. The twelve point
FIFO holds the voltage numbers used to generate the slope.

QuickSaverll Termination Methods

The ICS1700A uses eight different techniques to determine
when to end the charge, employing voltage monitoring,
temperature sensing and timer cutoff methods.

1) The primary method monitors the linear regression
slope of the battery voltage as outlined on Page 9. The
charge is terminated and a maintenance mode begins
when the slope reaches a derived cutoff threshold,
shown on Figure 4. The derived threshold is continuous-
ly calculated from the start of the charge routine.

Several requirements must be met, however, before the
cutoff threshold can be correctly computed to avoid
premature termination caused by anomalies in the dif-
ferent cells. Due to the sensitivity of the linear regression
slope to the voltage curve, small variations in the voltage
curve can cause large swings in the linear regression
slope. This sensitivity to the battery voltage is especially
useful in monitoring unmatched cells with different
charge peaks.

2) Several unmatched cells may cause a battery charge
curve to never reach a voltage peak. This condition
occurs if some cells reach their individual peaks while
others are still charging. A second method of charge
termination watches for a few successive calculations of
a negative linear regression slope which would indicate
a diminishing voltage curve. The ICS1700A then discon-
tinues charging and places these cells on maintenance.

3) Ifacharge is applied to a fully charged battery, the cell
voltage will rise very rapidly since any applied energy
becomes plate surface charge only and does not add any
appreciable energy to the stored charge in the battery.
The ICS1700A detects this rapid increase in voltage and
quickly shuts off the charge routine to avoid over-
charging. The cells are then placed on maintenance
charge.

4) Overcharged batteries which have a charge immediately
re-applied to them will show a sharp drop in cell voltage
as a result of the change in the cell impedance. The
voltage drop triggers a sharp decrease in the linear
regression slope and will cause the ICS1700A to quickly
drop into a low current maintenance mode.
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5)

6)

7

8)

After several months of disuse some nickel-cadmium
cells may exhibit a high impedance condition. This high
impedance condition may not be noticeable until the
batteryis under full charge. Continued charging of these
cells will create high temperatures and pressures in a
battery that may have been weakened previously. The
ICS1700A watches for these high impedance batteries
and terminates the charge if the no-load voltage runs too
high. It is recommended that these cells be replaced.
The ICS1700A must be reset before charging another
battery.

A battery sometimes contains cells that may be shorted
internally due to dendrite growth or damaged separa-
tors. The ICS1700A attempts to detect these batteries
before a long term high current charge is applied. A
normal battery will jump to about 1.3 volts in response
to an applied current. A shorted battery will remain
below a preset threshold, indicating previously damaged
cells. These cells should be replaced. The controller
must be reset before another battery can be charged.

Failsafe termination utilizes the "deadman" timer which
terminates charge after a preset amount of time in the
unlikely event that the cell voltage curve never reaches
a peak voltage nor descends in slope. The timer will time
out after a certain period based on the selected charge
rate. The charger must be reset before charging can
continue.

The final method utilizes an end-user supplied thermal
switch which will open circuit if the battery becomes too
warm. Shutoff temperatures for nickel-cadmium batter-
ies are about 45 °C to 50 °C to avoid unnecessary venting.
Itis stronglyrecommended that a thermal switch be used
when charging nickel-cadmium batteries at high rates.

Short circuit or open circuit charger contacts are de-
tected before a full charge is applied to avoid harming
the charging circuitry. A high current pulse is applied to
the contacts with the resulting voltage compared to
preset thresholds. If the voltage never rises, or rises too
high, a contact fault is presumed. The ICS1700A as-
sumes that a battery has been misplaced against the
contacts, and will reattempt to start a charge. At the end
of this period the controller will quit trying and will have
to be reset for further use.

Interfacing to External Circuitry

The ICS1700A requires some external components to con-
trol the clock rate and provide an indicator display (see
Figure 5). The chip must be interfaced to an external power
source that will provide the constant current required to
charge a battery pack as well as a circuit that will sink a
negative current discharge pulse.

The ICS1700A does not control the amount of current flow-
ing into the battery in any way other than turning it on and
off. THE REQUIRED CURRENT FOR THE SELECTED CHARGE
RATE MUSTBE PROVIDED BY THE USER’S POWER SOURCE. The
external charging circuitry must provide a constant current
at the charge rate that was previously selected. For example,
to charge a 1.2 ampere hour batteryat a 2C rate, 2.4 amperes
of current would be needed.

The Charge and Discharge signals are active high, TTL
compatible signals. In addition to being TTL compatible,
the CMOS outputs are capable of sourcing current which
can add flexibility when interfacing to other circuitry. A
"high" on the "Charge" signal indicates that the constant
current supply should be activated. A "high" on the "Dis-
charge" signal indicates that the discharger should be acti-
vated.

Care must be taken to control wiring resistance, and the load
resistor must be capable of handling this short-duration
high-amplitude pulse.

LED indicators can be connected to the device to display
the charge mode and any fault conditions. The device has
three outputs for driving external indicators. The three in-
dicator outputs have open drains and are designed to be
used with LED indicators. Each output can sink over 20 mA
which requires the use of an external current limiting resis-
tor. The three indicator signals denote battery fault, charge
mode and over temperature.

The battery fault indicator is activated whenever a battery
with low charge slope or a high impedance is detected.
Either one of these faults indicates a defective battery. The
low charge slope failure indicates that the battery is not
accepting charge normally. It is detected by a very slow rise
in battery voltage during the first twenty seconds of charge.
The high impedance failure is detected by very high charging
voltage during the first twenty seconds of charge.

The battery fault indicator is also activated when a poor
contact between the charger and the battery is detected. It
may also activate if the charge terminals are short circuited
or if a battery pack has several shorted cells. In the event that
a contact fault is detected, the controller will retest twice per
second for a good contact for a total of 10 seconds. If the
contact fault is not cleared during the initial ten seconds of
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charging, the controller will enter a quit mode and can only
be restarted by momentarily opening the over temperature
switch or by momentarily grounding the reset pin.

The charge mode indicator is activated continuously during
charging. When the controller enters maintenance mode,
the signal is pulsed on and off at a one half second rate.

The over temperature indicator is activated whenever the
over temperature switch opens. This indicates that exces-
sively high temperatures have occurred in the battery pack.
The over temperature signal also issues a reset command to
the microprocessor. If a fault condition occurs, it can be
cleared by opening the over temperature line connected to
the temperature switch contained within the battery pack.

The TS input connects to one side of the temperature sensor
(thermal) switch. The other side of this switch connects to
ground. The thermal switch should have a cutoff of 45 °C.
The TS input has an internal pull-up resistor insuring a high
logic level when the switch is open. The controller will not
attempt to start a charge sequence unless this signal is low.

The SO and S1 signals must be programmed by the user to
inform the ICS1700A of the desired charge rate. Since the
signals have an internal pull-up, no connection to Vpp is
required to program a high level. When a low level is
desired, the pin should be grounded. To program the SOand
S1 signals, refer to the table shown below (Table 1).

Table 1
SO S1 RATE | TIMER | MAINT PULSE
PERIOD
L L 4C 18.75 min 160 sec
L H 2C 37.08 min 80 sec
H L 1C 72.3 min 40 sec
H H 0.5C | 141.6 min 20 sec

The normalized battery voltage is connected to the VIN pin.
The battery voltage must be normalized to one cell. For
example, if the battery consists of six cells in series, the VIN
voltage must be equal to the battery voltage divided by six.
This can be accomplished with two external resistors. The
input impedance of the VIN pin is quite high, about 1 MQ
typically.

The RC pinisused to set the frequency of the internal clock.
A 16KQ resistor is connected between this pin and Vpp,
and a 100pF capacitor is connected between this pin and
ground. The frequency of the internal clock is 1 MHz.

The reset pin is provided to restart the charge sequence. An
external 1 uf capacitor should be connected to this pin and
ground to provide a power-on master clear signal. In addi-
tion, a diode should be connected from this pin to the + 5V
supply to discharge the capacitor in the event of a momen-
tary power interruption. This pin has a Schmidt trigger input
which protects against slowly rising voltages. A reset is
required to clear a battery fault or contact fault condition or
to exit the maintenance mode.

An external reference voltage is not required for the
ICS1700A. An internal bandgap voltage reference (1.25V,
nominally) is provided for battery and contact fault detec-
tion. If a more precise reference is required, an external
voltage reference can be used on pin 13 and this reference
will override the internal bandgap reference.

There are two ground pins. One pin is used exclusively to
return the current that the LED drivers must sink. The pin
is labeled LVSS and should have a direct connection to a
ground point to avoid inducing ground bounce in the VSS
ground. The ground for the rest of the circuitry is labeled
VSS. Both ground points must have the same potential.

The "TCS1700A QuickSaverlI Controller E valuation Board
Application Note" contains some additional, valuable infor-
mation regarding interfacing with external components.

References

1) Sealed Type Nickel-Cadmium Batteries Engineering
Handbook. Sanyo Corp., 1990.

2) Sealed Rechargeable Batteries Application Manual.
Gates Energy Products, 1989.

3) Nickel Cadmium Technical Manual. Panasonic
Industrial Co., 1989.

4) Benjamin, Fred. The Reflex Principle of Charging
Nickel-Cadmium and Other Batteries.
Gardena: Christie Electric Corp., May 22, 1972, pp 3-11.

5) Benjamin, Fred, et al. 6-in-1 Battery Sleuth - CASP with
Reflex2000 - The Ultimate Answer to Battery Problems.
Gardena: Christie Electric Corp.

6) Benjamin, Fred. "System for 20-Min Recharging of
Sealed Nickel-Cadmium Batteries." SMPTE Journal,
86 (April 1977) pp. 204-209.

7) Bailer, John, et al. Chemistry. 2nd ed. Orlando: Aca-
demic Press, 1984.

673



AN1700A

Notes: 1) Value of resistor determined by
discharge current and capacity of
battery pack.

2) Device must be logic level compatible.

3) Negative battery terminal and DC return
should be connected at one point.

4) A thermal switch or thermistor can be
used with the ICS1700A. Refer to the
application note for the equivalent

T crcuit diagram when using a thermistor.
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CURRENT CURRENT ENABLE
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Figure 5: Functional Diagram

674



SINCE 1976

REVERSE PULSE CHARGING - AN OVERVIEW OF CURRENT RESEARCH
PROGRAMS
by
Tom Gosse'

INTEGRATED CIRCUIT SYSTEMS, INC. (ICS)
Valley Forge PA 19482

ABSTRACT

Recent research into the cycle life of rechargeable consumer cell NiCd batteries has
produced interesting results. While the evolution of battery technology has accounted for
increases in the total number of charge/discharge cycles, more dramatic results appear to
be available with improvements in battery charging methodology. A study that compared
inflection voltage termination in combination with reverse polarity charging pulses to
negative delta voltage in combination with a constant current charge, provides
preliminary data that suggests a 2X improvement in 'working' cycles.

INTRODUCTION

The market for mobile products powered by rechargeable consumer cell technology is
growing at a significantly greater rate than the rest of the technology products market. At
the same time formerly third order problems such as untethered operating time, battery
reliability, consumer safety, and environmental correctness are fast becoming second and
first order concerns of the product manager. Product designers are turning to intelligent
power control to answer some of these questions. Smart micro controllers with consumer
safety features built-in, offer a facile approach to fast charge, but the issues of overall run
time and battery reliability must be examined in greater depth.

Integrated Circuit Systems (ICS) performed fast charge and discharge cycle testing from
August of 1992 to March of 1993 using fast charge NiCd consumer cells. The testing
compared two different charge methods. The results of this testing encouraged ICS to
commission a study by THE STATE UNIVERSITY OF NEW JERSEY RUTGERS
entitled "Reverse Pulse Method of Charging Alkaline Batteries". The discussion that

follows covers background, philosophy, and method for both the ICS test and RUTGERS
study.
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Definition of Terms

In order to minimize confusion a brief definition of terms is necessary. Gates Energy
Products defines various types of charging as a function of the C ratel . This is "the rate
in amperes or milliamperes numerically equal to the capacity rating of the cell given in
ampere-hours or milliampere-hours."2 The simplest type of charger trickles current into
the battery at a small fraction of the C rate, (e.g. C/20 full recharge in 36-48 hours).
More complex chargers allow current to virtually pour into the battery at some multiple
of C, (e.g. 4C full recharge in 15-20 minutes).

Table 1 below defines three methods of charging batteries. Recharge time is only an

estimate based on battery temperatures <25°C and reasonable conversion efficiency from
the constant current source. Fast charge will be the focus of this presentation.

METHOD OF "C" RATE RECHARGE TIME
CHARGING (HOURS)

STANDARD C/20 - C/10 36 - 16
QUICK C/5 - C/2 7-2
FAST 1C - 4C 1-3

Table 1 - Methods of Charge

Fast Charge

The life cycle testing performed at ICS was conducted at a 4C charge rate and a 1C
discharge rate with a cool down period between discharge and charge. The average
temperature of the batteries at the start of each charge cycle was observed automatically
by the system. The charge cycle could not start until the battery pack measured 25°C
+0.25°. The charge period was approximately 17 minutes for the inflection voltage with
pulses and approximately 22 minutes for the -delta voltage, constant current method.
Discharge was performed into a known load and was approximately 1 hour each time.

Fast Charge Techniques

Fast charge techniques are comprised of two main elements: terminating the charge and
delivering the energy. A brief look at these elements and comparison of their features
will facilitate the discussion.

!Gates Energy Products APPLICATION MANUAL for SEALED RECHARGEABLE BATTERIES;
Section 3.2; pp53-80.
20p cit p53.
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Termination

When fast charging sealed consumer cell batteries two internal characteristics provide the
necessary information for charge termination - battery voltage and temperature. The
absolute value of both of these variables change when the battery is under charge. Cell
voltage and temperature can be measured externally to provide termination data. A
summary of several termination approaches for voltage and temperature is germane to
this primer. Figure 1 compares voltage and temperature termination to internal cell
temperature and pressure when fast charging. (Notice the rapid rise in the temperature
and pressure component after the voltage infection point.)**

Tempercture Terminotion

20 «~AV Terminati .. - 4 50 4 160
3 Inflection Point Termingtion ceecccceces ey /
St
4 45
1.8} 4120
440
3wt e
S <
) o
3 6 35 2 80
> 16} b 3 b
: ‘ :
] E
%15k K
> 430
1.4} 440
Temperoture ; 425
1.3F
Pressure
1.2 L L I 1 1 1 1 J J Jdo
[0} 1000 2000 3000 4000 5000 6000

Time (seconds)

Figure 1
A comparison of various termination methods at 1C

** Data for Figure 1 has been accumulated over the past 2 years by testing a large variety of rapid and
standard charge batteries from a number of manufacturers. The pressure and temperature data is actual and
was acquired using pressure transducers inserted in the battery and temperature sensors in the pack.
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A comparison study of voltage based termination methods includes dV/dt, -dV, and Vi, gy
so that a conclusive analysis can be performed. dV/dr type charge termination is a
relatively complex mathematical calculation of the first derivative of voltage through the
use of a linear regression formula3. This terminates the charge at the voltage inflection
when the cell has reached ~98% of full charge voltage. This point of inflection is prior to

a transition into cell overcharge.

-dV and Vg are far simpler termination methods using either a comparison to cell
voltage at the start of charge or a maximum voltage threshold referenced to an external

open circuit voltage level.

Figure 2 below highlights the voltage inflection and the negative voltage and maximum
voltage points can be seen as well. In the study performed by ICS discussed in this paper
we compared only dV/dt and -dV. The amount of negativity was set at -7 millivolts per

cell.

18
. Termination Point 3,
Inflection POIN ey,

"f 18
~
£ sl
> 14 2Zero Slope

134

1.2 [ L Y 2 2 1 P 2 1 2 2 . Y

] 1000 2000 3000
Time (seconds)
Figure 2.

A comparison of voltage termination methods.

0.0020

0.0015

0.0010

0.0005

Siope (volts/sample)

3 To enhance the shape of the first derivative, a linear regression algorithm can find the best fit curve for
any set of data points. ICS usesy = mx + b: m = sZxy - ZxZy /sLx’ - (Lx), where s is the number of
samples used in calculating the slope m, and x and y represent axis coordinates.
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Termination of charge using the temperature method is predicated upon the internal heat
generated by the cell as it approaches full charge. This method requires monitoring of
both the cell temperature and compensating for ambient temperature differences.
Similarly to voltage, several varieties of temperature methods can be employed to
terminate a fast charge, d7/dt, dT, and Ty, y.

In a small measure d7/dt can be likened to dV/dt because of the requirement for constant
sampling of the temperature so that a representative curve can be obtained. It is quite
different though when comparing the volatility of the two variables. The cell temperature
will generally rise more rapidly than ambient as it approaches the charge/overcharge
transition point. However fast charging hot or cold batteries (as defined by the
manufacturer's specifications) can be quite a nasty experience and some method of
understanding the batteries pre-charge temperature should be included in any temperature
based scheme.

dT which terminates the charge upon detection of a crossover temperature point when
compared to a 'dummy' thermal mass in the battery and Ty, Which essentially shuts off
the charge after the battery reaches a fixed temperature can definitely be affected by the
hot/cold battery problem. Figure 3 below shows some typical temperature slopes for
NiCd and NiMH battery types.

50 ¢

45|

Temperature Slope

5

35 Nickel-Metal Mydride
s Temperoture

Temperature (°C)

Nickel-Cadmium
Temperature

25}

20 L o A - 1 - A A A - " 1 4 e I — J
0 1000 2000 3000 4000 5000 6000
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Figure 3.
dT/dt curves for NiCd and NiMH batteries.
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Charge Current

Another component of fast charging sealed consumer cell NiCd batteries is to provide a
current source. In the first tests that ICS performed we compared constant current with
reverse polarity pulsing current. There is also positive pulsing current that can be used

to charge batteries. In Figure 4 the various components of each of these three
applications of current are presented.

rest rest

ADC
r time time  acquisition time -

N

tAl:>c
€ Charge pulse width t ._._....—;
F- Discharge pulse width

A

Cd

Figure 4.
The application of current during charge.

A constant current charge consists of a continuous application of current to the negative
electrode. Reverse polarity pulsing current consists of a forward bias and reverse bias

current pulse. While positive pulsing current is the application of forward bias current in
an on/off pattern.

ICS uses a specific reverse polarity pulsing current pattern that is represented from start
to finish in the one(1) second segment shown in Figure 4. This pattern is based primarily
on the Christie Electric reFLEX® principle put forth by Fred Benjamin in a paper
entitled "THE reFLEX PRINCIPLE OF CHARGING NICKEL-CADMIUM AND
OTHER BATTERIES"4 circa 1976. (ICS is the exclusive licensee of Christie patent
4,746,852 for incorporation into integrated circuit devices.) The pulse pattern is
composed of three main elements: a forward bias current, a high current reverse bias
discharge, and a rest period. This pattern is repeated throughout the charging sequence,
with battery voltage measurements taken once every second, within the rest period.

The discharge pulse is set at -2.5X the charge rate, e.g. a charge rate of 1C (1 hour) for a
1.2 ampere-hour battery would be discharged at -3A, so that the desired effect of the
pulse can be assured every time. Regularity is an important feature of this method and
allows for consistent voltage readings and good charge efficiency. The -2.5X discharge is

4 Excerpts from "THE reFLEX PRINCIPLE OF CHARGING NICKEL-CADMIUM AND OTHER
BATTERIES" F. Benjamin; pp.3-11, along with notes from the ICS data sheet for the ICS1700
QuickSaver™ CONTROLLER for NiCd Batteries.
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intended to momentarily reverse the gas bubbling effect of the charge process,
incrementally reducing internal heating and associated pressure effects. It is also believed
to promote charge efficiency by way of temporarily reducing the surface resistance to
charge of the positive nickel plate.5

Simple pulse current charging does not have the same effect on the battery because the
stress relief in the opposing direction is not present. In many instances in the past, on/off
pulses were misconstrued to mean the same thing as reverse polarity pulsing, but there
are significant differences that can actually be felt when charging the battery at high rates
15-30 minutes or less.6 In fact, the average temperature of cells charged with this method
in ICS testing was less than 3°C above ambient compared to an average of 3X that for
cells charged with constant current.

Research Program

In 1991 ICS executed a license agreement with Christie Electric Company of Gardena
California that permitted ICS to incorporate the principle features of the Christie CASP
apparatus into a single mixed signal integrated circuit. Upon completion of the
development of this IC, and a test configuration that would provide substantive battery
charging data, ICS began to accumulate data on batteries at various high rate charges.
The initial data was taken over a relatively short number of consecutive cycles to
understand the actual temperature changes, final capacity at termination, and operational
mysteries of the Christie machine interpreted into an algorithm.

Subsequent testing saw the incorporation of the internal pressure measurement. This
measurement became available when it was discovered that there was a small gap at the
bottom of most sealed cells that could be tapped and a pressure transducer inserted and
soldered into place. A GPIB data acquisition system that had heretofore been used only
for temperature and voltage information was formatted to accept and plot pressure data as
well. A summary of this data is shown in Figure 1.

Preliminary Life Cycle Testing

Further expansion of the GPIB system led to the development of a 'life cycle test plan'.
This plan took twelve new, rapid charge batteries, purchased through a battery distributor,
and subjected them consecutive charge and discharge cycles until they fell below 50% of
their specified minimum capacity. The batteries were made into two 6 cell battery packs,
with all cells connected in series. A thermal switch was inserted into each pack for safety
and a thermistor was also inserted to record pack temperature during charge and
discharge. Each pack was cycled ten times at a C/10 rate for cell conditioning.

5 F. Benjamin, op cit, p. 5.
6 F. Benjamin, op cit, pp. 5-6, and excerpts from ICS lab notes on battery charge testing at high rates.
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The charge rate was 4C and charge time averaged 17 minutes for the reverse polarity
pulse charge and 23 minutes for the constant current charge. The discharge rate into a
known load was 1C, based on the manufacturer's specification. There was a cool down
period of 15 minutes provided for each pack between charge and discharge such that
neither pack started the charge cycle at a temperature higher than ambient. Testing began
in August of 1992 and concluded in March of 1993.

Results

The results of this testing was that a significant improvement in the number of charge and
discharge cycles could be seen in one method over another. This was an important first
step because most of the published information from the battery manufacturers indicated
the opposite. In fact, most of the manufacturers purported to get 500 cycles using
conventional trickle charging. The results of the graph on the next page show that fast
charging gives you a higher target to shoot at and that critical components of the charging
methodology may improve that target as well.

Rutgers Plan

In order to further exercise this theory of charging techniques ICS has contracted Rutgers
University in New Jersey to perform more extensive testing on larger numbers of cells.
Their test proposal will include all of the elements discussed above along with a
destructive physical analysis of the cells at 10, 100, and 500 cycles. The purpose of this
analysis is to examine the actual effect of the charge and discharge process on the
electrodes, separators, and internal physics of the battery. Since this paper is being
written in August, some of the early results of this testing will be available at the PCIM
conference in October.

The goal of the test plan is to develop an inside the cell picture of the stress induced by
charging and discharging a battery. A detailed examination of both the nickel and
cadmium electrodes will be performed through a testing lab associated with Rutgers in an
attempt to determine if the constant application of current is detrimental to the electrodes
and separator and conversely if the application of current and a reverse pulse provides a
positive effect to electrodes and separator.
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Simplifying Dual Voltage PCMCIA Power Switching

Most new notebook PC designs incorporate support for two
PCMCIA interface cards. The PCMCIA spec (release 2.01)
supports both 5V and 3.3V cards.

After card insertion is detected, the VCC pins (pins 51 and
17) go from their initial state of no power to 5V. The card is
then interrogated to determine whether the card's operation
should be at 5V or 3.3V by reading the card's identification
ROM tuples.

CARD INSERTION

v

SET
VCC=5.0V

v

READ CARD'S
POWER SUPPLY
TUPLE

3.3VCARD

SV CARD

Y

SET
VCC=3.3V

Figure 1. PCMCIA Power-up Sequence

If a 3.3V supply requirement is read from the card, the sys-
tem is required to drop the card's power supply from 5V to
3.3V. This requires power switching on the VCC line.

Therefore, two power switches are required per socket, one
switch for 5V and one for 3.3V as shown in figure 2.

TO PCMCIA
5.0V, 1A / VCC PINS
+ . >
SYSTEM I Cout I
POWER =
SUPPLY 5VON
3.3V, 300mA /=
i Cout I
3.3VON

Figure 2. PCMCIA VCC Switching

The 5V line may be called upon to supply significant (>1A
peak) power to run disk drives, LAN cards etc. 3.3V power
requirements are typically much lower, (300mA max.) since
the overwhelming majority of 3.3V only cards anticipated are
semiconductor memory cards.

In figure 3, discrete P-Channel power MOSFETS are chosen
for the 5V switching, since they provide low Rpgon with 5V
enhancement. The AV9312 or AV9512 offer a compact and
economical solution for switching the 3.3V, with both chan-
nels being handled in a single SOIC package with no external
components. In addition, the AV9312 and 9512 have ImS
rise time, ensuring no glitching to the system supply when
the switch closes. The SV MOSFET switches are slowed
down with external R and C to avoid high switching currents
when charging the external card's capacitance.

The AV9512 is designed to work with VCC at 5V and works
with CMOS input logic levels. If the PCMCIA controller
runs from a 3.3V supply, the AV9312 would be used and
level translation will be required for PMOS switches Q1 and
Q2 (fig 4).
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Figure 3. Complete Schematic for Dual Slot 5.0V or 3.3V PCMCIA V¢ support

Figure 4 shows translation from 3.3V signals to the 5V

switches with slow rise time, assuming the command signal
is active low. If load capacitance is small, rise time control
may not be necessary and D1, R2, and C1 can be eliminated.
Q1 and R1 can be replaced by a non-inverting 3.3V to 5V
buffer if available.

R2 o047
5VON 100K ™
(@av @
LOGICLEVELS) ) I-]
Qt: D1
VN2222LL 1N4148 TOLOAD

Figure 4. 3.3V Logic Level to PMOS Drive with
Rise-Time Control

A simpler solution to the 3.3V translation problem uses a sin-
gle 9304 for each PCMCIA card slot (Fig. 5). Three Chan-
nels of the switch are paralleled for the 5V switching to
increase current handling capability to 1.5A and reduce
RDSON to below 100mQ

271036V I_le
|
i

ON +5: AD

i

AV9304

o
D1 [;
IN1 E SLOTA
4
(1) "!'1 S1 i POWER
I =t 7
D2
O'J-N-a—
e LATCH, _Ih $2 11
CHARGE | ' T’
PUMP
AND D3
CONTROL

Figure 5. 3.3V Logic Level input PCMCIA Power
Switching - Minimal Component Usage

In all of these circuits, the control logic should never com-
mand both the 5V and 3.3V switches to be on simulta-
neously. A simultaneous "on" command would cause
substantial current to flow from the 5V to the 3.3V power
supplies and damage the power devices.




ICS
Communications

Products

In addition to the Caller ID product offering in this issue, ICS is applying its unique High Performance
mixed signal CMOS technology to a new market - Communications. Applying our extensive Fre-
quency Synthesis capability to communications systems clock and timing applications will allow ICS
to offer this market a new level of system performance. These advanced products are in process now,
with data sheets available in the near future. Contact ICS for further information.
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ADVANCE INFORMATION documents contain information on new products in the sampling or preproduction phase of development. Characteristic
data and other specifications are subject to change without notice.

PRODUCT PREVIEW documents contain information on products i the formative or design phase of development. Characteristic data and other
specifications are design goals. ICS reserves the right to change or discontinue these products without notice.
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Incoming Call Line Identification (ICLID) Receiver

with Ring Detection

Description

The ICS1660 "ICLID" circuit is a monolithic CMOS VLSI
device that decodes and detects the Frequency Shift Keying
(FSK) signals used in caller identification telephone service.
The ICS1660, when used in conjunction with some external
components, amplifies, filters and demodulates the FSK
data transmitted from the central office to the telephone
subscriber.

The ICS1660 detects the first power ring signal and de-
modulates the 1200 baud FSK data transmitted during the
silent interval between the first and second power ring. The
FSK data is transmitted from the central office switch to the
subscriber line as part of the CLASS service of Calling
Number Delivery (CND). This data is then demodulated,
amplified and filtered by the ICS1660 and digitally transmit-
ted to the host controller/processor.

The ICS1660 is designed to be powered by any off-the-shelf
9.0 volt battery. The on-chip 5.0 voltage regulator powers
the host microprocessor and any external circuitry sup-
ported by the ICS1660. This portion of the circuit can be
overridden by connecting the VIN pin (18) to the Vpp pin
(1) for a common power supply. A low battery detection
circuit is also provided on-chip and signals the microproc-
essor on the FSK/BAT pin (17) when the PWR pin (16)
input is pulled low.

ICLID Block Diagram

TO LINE

urge an
Lightning
Protection

TO PHONE

Features

e Ring Detection

e Low Battery Detection

e Internal 5V Regulator - can externally source 25mA
e FSK Demodulation

e Powerdown in Standby Mode

e Direct Interface to Host Microprocessor or
Microcomputer

Applications

e Telephones

e Facsimile Machines

e Modems

e Telephone Interface Equipment
e Stand-alone ICLID products

2x16LCD
Display

8 3
Data Control
ICS1660 Micro- KEYPAD
Rng Detect ———-4 Controller ﬁ
FSK Demodulation
Signal Conditioning|__p|
Low Battery Detect I
Power Down g U D ’\Enxtemal
k| lemory
Standoy s D~ (RAM/EPROM)
AC/DC bC Voltage +5VDC < P
Adapter Jack Regulation R <] D>
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Block Diagram
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1ICS1660

Function Description

Power Supply

The ICS1660 is designed to be powered by a standard 9.0
volt battery. The chip contains a voltage regulator that
powers external circuitry and provides the supply voltage for
all digital I/O on the circuit. This allows easy interface
between the ICS1660 and other standard logic working at
5.0V. This regulator has short circuit protection and re-
quires an external filter/compensation capacitor with a mini-
mum value of 10uf.

In the event that an external regulated 5.0V supply is avail-
able, the VIN and Vpp pins can be shorted to permit the
entire system to work from a common supply.

A low battery detection circuit is provided. This circuit is
designed for a typical trip point of 6.0V with hysteresis of
about 200mV above the trip point. This signal is low active
and is multiplexed to the FSKBAT output pin when the PWR
input is low.

In an effort to keep power dissipation to a minimum and
extend battery life, most of the analog circuits are turned off
when the circuit is at rest waiting for a ring detect, (PWR pin
low). During this time only the regulator, low battery detect,
reference generator, and ring detect circuits are active.
When the PWR pin is high, all circuits are active.

Ring Detect

As shown in the attached block diagram, the LINEA and
LINEB inputs should be connected to the telephone line
through external 82KQ resistors and 0.1uf capacitors. This
provides DC isolation and sets up a voltage divider with
internal resistors that will detect 35.0V RMS typically. This
voltage is applied across the LINEA and LINEB inputs. The
design value of the internal resistors is 8.1KQ + 20% with
relative accuracy of 2%. The RING output is high active.

Differential Front End

As shown in the attached block diagram, the LINEA and
LINEB inputs go into a differential amplifier which in turn
drives a filter. All resistors are internal to the chip while
capacitors are connected as shown in the block diagram.
After filtering, the signal is AC coupled into a high gain
amplifier that converts the signal to digital. This digital
signal in turn acts as the reference frequency for the phase
comparator section of the phase locked loop.

FSK Demodulation

After the signal from the telephone line has been filtered,
amplified and converted to digital, it acts as an input to a
phase locked loop. This PLL does FSK demodulation. The
summing amplifier shown in the block diagram provides a
signal to the VCO that should be about 0.5V for MARK
frequency (1200HZ), and 2.0V for SPACE frequency (2200
HZ).

As shown in the block diagram, the LFILTER (loop filter)
output has a post filter attached to it. This POSTF signal is
sent to a comparator. The other side of the comparator is
set to approximately 2.5V. This comparator has a small
amount (200 mV) of hysteresis and its output is the demodu-
lated FSK data. The FSK output is high for MARK fre-
quency and low for SPACE frequency. FSK data is
multiplexed out of the FSKBAT pin when the PWR input is
high.

The VCO frequency is set with one external resistor with a
value in the range of 300K for a center frequencyof 1700HZ.
The lock range will be 660 HZ to 2630 HZ typical. The
center frequency reproducibility will be + 15%. The center
frequency can be adjusted in the system by connecting
AMPIN to VSS, PWR to VDD, and adjusting the external
resistor for 1700 HZ. This frequency can be observed at the
LFILTER output or the FSK/BAT output.
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Typical Application
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Pin Descriptions

PIN NUMBER NAME
DIP SO
1 1 VDD
2 2 RING
3 3 POSTF
4 4 LFILTER
5 5 LINEAFILTER
6 6 VCOSET
7 7 LINEA
8 8 LINEB
9 9 VSS
10 11 FILTER2
11 12 FILTEROUT
12 13 AMPIN
13 14 FILTER3
14 15 LINEBFILTER
15 16 FILTER1
16 17 PWR
17 18 FSK/BAT
18 19 VIN
10 20 NC on SOIC
VDD {1 18— VIN
RING —{2 17 —FSK/BAT
POSTF —3 16— PWR
LFILTER —4 15 —FILTERI
LINEAFILTER —|5 14 |— LINEBFILTER
VCOSET — 6 13 — FILTER3
LINEA —7 12 —AMPIN
LINEB —8 11 —FILTEROUT
VSS —9 10 —FILTER2
18 PIN
DIP

DESCRIPTION

Supply voltage pin to external circuits. Output of 5.0 volt regulator.

Ring detect output signal to the host microprocessor.

Post loop filter signal used by demodulator.

Loop filter for PLL.

Filter input from line "A."

Center frequency adjustment pin.

"Tip" input from telephone line.

"Ring" input from telephone line.

Ground.

Active filter pin.

Active filter pin.

Input from active filter.

Active filter pin.

Filter input from line "B."

Active filter pin.

Logic input signal to switch from low current standby mode.

Multiplexed output signal controlled by PWR pin. In standby mode, this is a
low battery (active low) signal. During FSK demodulation, this is the data line
to the uP (mark = high).

Input power supply pin.

LFILTER —{4 17|~ PWR Ordering Information
LINEAFILTER — 5 16— FILTERI ICSl660Ng (DIP Package)
VCOSET —{6 15 — LINEBFILTER ICS1660M (SOIC Package)
LINEA —7 14— FILTER3
LINEB—8 13 —AMPIN
VSS —9 12— FILTEROUT
NC—{10 11 — FILTER2
20 PIN
SOIC
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ICS1660

Input/Output Specifications

Digital

RING and FSKBAT outputs are standard CMOS outputs
with voltage swings between Vss and Vpp.

PWR is a logic input. A level converter circuit is on chip to
allow the logic signal that swing between Vss and Vpp to be
internally converted to signals that swing between Vss and
VIN. It should be noted that to minimize power consumption
caused by through current in logic gates, the PWR input
should always swing to within 100 mV of Vss or Vpp. The
PWR input signal is low when the ICS1660 is in lower power
mode waiting for an incoming call.

The LFILTER output is a standard CMOS output powered
from VDD. This output has an internal resistor with a
typical value of 30KQ. This is used in conjunction with the
external capacitor shown in the block diagram to form the
loop filter for the PLL.

Absolute Maximum Ratings*

(Voltages referenced to Vss)

Supply Voltage
Voltage at any Input
Operation Temperature Range
Storage Temperature Range

.............. N

Analog

The value of the ring detect is as previously discussed 35.0V
RMS typical. The actual value is set by the choice of the
external resistors that are connected to the LINEA and
LINEB inputs. The matching of these resistors to the inter-
nal 8.1KQ resistors is also a factor. The signal level at the
chip that will cause a ring is the bandgap voltage, (1.25V) or
below.

The chip is designed for an input signal level of -12.5dbm to
-28.5dbm into 900 ohms. This translates to a signal that is
between 100 mV and 636 mV peak to peak.

The filter section should be connected as shown in the block
diagram. Using the external capacitors as shown, and assum-
ing nominal values on the internal resistors, the corner fre-
quencies are 900HZ and 3860HZ.

An external resistor with a value of approximately 330KQ is
connected between the LFILTER and POSTF pads. This
resistor along with the external capacitor shown in the block
diagram form the post filter. This post filter is used in
conjunction with the comparator to do the FSK demodula-
tion.

-0.5V to + 10V
-0.5V to Vpp + 0.5V
-55°Cto+ 125°C
-50°C to 150 °C

*  Absolute maximum ratings are those values beyond which the safety of this device cannot be guaranteed.
These values are NOT RECOMMENDED operating conditions.
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ICS1660

DC Characteristics
VIN= 45V -100V;Ta = 0°C-70°C, Recommended Operating Range

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
IN Standby Current - 20 30 uA PWR LOW, ViN = 9.0V,
Ipp= 2uA
IN Active Current - - 10 mA PWR HIGH, Vin= 9.0V
VCOSET= 300K
VbD Regulator Output Voltage 4.5 50 5.5 Volts
IpD Regulator Output Current 2.0 25.0 mA Output Current
VIN Regulator Dropout 0.5 1.0 Volts
Low Battery Detect 6.0 Volts
Low Battery Detect 200 mV  |Low Battery Detect - Hysteresis
Hysteresis
OUTPUT CURRENT SINK/SOURCE
Iout |Ring Source Current -500 - - uA VOUTH= Vpp -0.5V
Ioutr |FSKBAT and Ring Sink - - 500 uA VOUTL = Vss+ 04V
Current
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ICLID Process Flowchart
(for Microprocessor and ASIC (ICS1660) Interface)

‘ START ,

—

MICROCONTROLLER
IN STANDBY/SLEEP
MODE

MICROCONTROLLER MICROCONTROLLER
RING WAKES UP LOOKS FOR
DETECT FROM TURNS ON POWER TO CHANNEL SEIZURE
AsiC ASIC (PWR) AT END Fgg;dw??g L(Eﬁg?
OF RING NG S
HANNE
MICROCONTROLLER "SETZURE AND
s AND pan\rswup 3 DATAPRESEN
KEYPAD INTERRUPT
MICROCONTROLLER
NN PROCESSES DATA
AND TIMES OUT AND TURNS OFF
| < No 1S DATA
\GOOD
YES
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R RELALN
M
Es0 AND THEN TIMES OUT
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Circuit
Systems, Inc.

DB1660

ICS1660 ICLID Demonstration Board

Overview

The DB1660 ICLID demonstration board is intended to be
used to demonstrate the function of the ICS1660 Incoming
Call Line Identification Receiver IC. It provides a full-func-
tion incoming call display unit to verify the proper function
of the ICS1660 ICLID device.

NOTE: The only device that Integrated Circuit Systems Inc.
is able to supply is the ICS1660. The other semiconductor
devices and the display used on this board are proprietary
designs and are not available from ICS.

Operation

To use the ICS1660 ICLID demo board, install a 9 volt
alkaline battery in the battery clip on the board, and attach
the battery connector. Facing the connector end of the
board with the board "battery side up", the RJ11 connector
on the right should be connected to a standard modular
phone jack. The connector at the center of the board may
be connected to the telephone instrument removed from the
modular connector. Turn the board over so that the display
is facing up and the two push buttons are toward you.
Assuming that caller ID is available in your area, when your
telephone begins ringing, the display will show the telephone
number of your caller. After 20 seconds the display will
return to its normal (blank) mode and the number will be
stored in memory as the most recent call. When someone
calls you from an area where the telephone company is not
offering caller ID service or an area that is not yet providing
caller ID information via the long distance network, the
display will say "OUT-OF-AREA." In some areas, the call-
ing party may be able to block their number from appearing
on your call display. In this case, the display will say "PRI-
VATE." If the DB1660 receives garbled data, a "?" will
appear in every digit location that has unrecognized num-
bers. If all digits are garbled, the display willread 'ERROR"
but will not be stored in memory. In some areas, the local
phone company will send a long-distance indicator which
will show as an "L" on the display either with or without the
incoming number.

Pushbutton Functions

Two pushbuttons exist on the DB1660 board. The button to
the left when facing the board, display up and buttons
toward you is the TIME button. The button to your right is
the REVIEW button. When the REVIEW button is pressed
the phone number of the most recent call will be displayed.
Each additional time the REVIEW button is pressed (within
20 seconds) the next most recent call is displayed. When the
last call stored in memory has been reviewed, the next press
of the REVIEW button will display "END."

Features

o Fully functional system permits verification of results
obtained in a product application.

e Displays ICLID function without extensive design
effort.

If REVIEW is pressed again within 20 seconds, it will bring
you back to the start of the memory list and the most recent
call will be displayed. If more than 20 seconds have elapsed
before the REVIEW button is pressed, the display will blank
and the next time REVIEW is pressed the most recent call
will be displayed.

The time and date of an incoming call can be viewed by first
pressing the REVIEW button until the selected number is
displayed, and then pressing the TIME button. Ifthe TIME
button is pressed again within 20 seconds, the telephone
number will again be displayed. This allows the TIME but-
ton to be used as a toggle between the telephone number
and the date/time of the particular call.

NOTE: The REVIEW and TIME buttons are not operative
during the interval when a new incoming phone number is
being received.

When the ten call memory of the DB1660 is full, the oldest
call will automatically be erased to make room for the next
call that comes in. To manually remove all calls, press the
TIME button while the REVIEWbutton is pressed. This will
also cause all the segments of the LCD display to be visible
for as long as both of these buttons are pressed.
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Mixed Analog/Digital Technology

ICS’s capability in mixed analog/digital (mixed mode) technology is a direct outgrowth of 16 years experience
providing turn-key designs. We have found that few mixed-mode applications lend themselves to a high level of
integration with standard cells only. Customization is critical to bridge the gap between standard cells and the
application.

ICS’s confidence and success in mixed-mode design is due to our custom cell approach and our focus on
understanding the systems in which the IC must perform. We firmly believe the development of any mixed-signal
IC can be completed quickly and accurately by our team of skilled, experienced analog designers.

At ICS we use a custom cell based design methodology for our analog designs. We have developed the tools and
expertise that allow us to customize analog cells reliably and inexpensively. This approach combines the ease of
design and low risk of standard cells with the flexibility of full custom.

Of course, developing a functioning analog circuit is not as easy as connecting a few cells. An analog designer must
view the circuit function as a whole to ensure correct and accurate performance. Below is a representative list of
analog functions which we have designed and produced.

Power Conversion/Regulation Op-Amps

Bandgap Voltage Reference Low-Quiescent Current (uA)

Linear Voltage Regulator Wide Input/Output Common Mode

Charge-Pump Voltage Booster High Speed (6MHz)

Charge-Pump Voltage Inverter High Output Current

Microprocessor Reset/Clock Supervisor

Low Battery Detect A/D Converters

Power Switching Circuits Successive Approximation
Dual-Slope

Control/Actuator Drive Sample/Track & Hold

Stepper Motor Driver V/F Converters

Air-Core Meter Movement Driver

Pulse-Width Modulated Motor Driver D/A Converters

Solenoid Driver R-2R

SCR/Triac Drive/Phase Control Weighted

X-Y Sensor Grid Drive
4-20mA 2-Wire Current Loop

LVDT Demodulator/Driver Signal Conditioning

Active Filters
Balanced Synchronous Demodulator

Miscellaneous Digital Sine Wave Synthesis

LED/LCD Display Drive Fixed & Variable Gain AC Amplification
Crystal & Ceramic Resonator Oscillators

Timers/Oscillators

Precision Matched Current Sources
High-Frequency VCO/PLL (230MHz)
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ASICS At ICS

ICS has been a leader in providing state-of-the-art
mixed signal and complex digital ASIC designs since
1976. The company was founded by assembling an
unequaled engineering and design team to supply the
electronics industry with the best in technical solutions
and customer service in the ASIC marketplace. ICS
has developed over 400 circuits since its beginning, and
its success in standard products can be attributed to the
same attention to detail applied to ASIC contract de-
signs. ASIC projects are an important part of our
business, and we can provide our customers with the
best, most cost-effective solution to their ASIC needs.

ICS has focused its resources on providing the very best
technical design expertise in both analog and digital
technology. The cornerstone of this expertise is a cus-
tom/cell based approach where ICS assumes responsi-
bility for the design, simulation, layout and verification
of each circuit. We use standard cell libraries together
with custom cells/functions where needed, a fully inte-
grated CAD system, and proven CMOS processes. In
addition, we develop the test hardware and programs
necessary for each device we design. Our goal is to
supply a high quality product. We remain committed
to every product through on-time delivery, inventory
management and ongoing product engineering.

Our business philosophy is to form a partnership with
any customer whose business and technical require-
ments fit our guidelines and capabilities. We provide
our ASIC customers with product management, devel-
opment and production sourcing capabilities, by acting
as an extension of your own engineering force. Through
this partnership we are able to provide the most cost-
effective solution to meet your requirements. We have
developed unique relationships with software design
companies, silicon foundries, photomask houses, and
assembly operations, both domestic and international.
These relationships provide ICS with the flexibility to
select from many particular methodologies, processes
or techniques. Our high volume of standard product
business insures competitive pricing and service that’s
second to none.

A Technical Engineering Focus - - The ICS engi-
neering design team assigned to your ASIC prod-
uct is involved from concept through charac-
terization. Test development is considered part
of this design task, thereby assuring that all criti-
cal parameters are adequately tested. Our engi-
neers develop a full understanding of the engi-
neering application for each ASIC device which
allows ICS to critically evaluate the planned ap-
proach.

Design Flexibility - - ICS advanced design tech-
nology makes changes and modifications afford-
able and fast at any stage of design or production.
Simple modifications can often be corrected in
one or two mask levels, saving time and money
when changes are needed.

Process Flexibility - - To bring the very best
technology to your application, our suppliers in-
clude many of the leading semiconductor foun-
dries and packaging houses. This allows for
multi-sourcing, various packaging alternatives,
and optimal utilization of semiconductor process
technology. The large volume of standard prod-
uct business we do with our suppliers assures us
of competitive pricing. This permits ICS to ex-
tend large-volume pricing advantages to our
ASIC customers.

Complete Production Support - - ICS’s ap-
proach is to outsource mask tooling, wafer fab
and assembly while maintaining in-house control
over production control, testing, QC and product
engineering.
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ICS Application Specific Standard Product

ICS has the capability to customize any of the standard
products we offer to better suit the needs of its custom-
ers. Customized Standard Products permit an OEM
customer to optimize his system design and minimize
the amount of "glue" logic (or "glue linear") required to
implement his end product. This can result in signifi-
cant size, power, and cost savings in most OEM prod-
ucts.

Customization of ICS standard products can entail
various degrees of complexity. A simple example might
be to change the sense of logic levels input or output
from a standard product. Frequency Timing Gener-
ator products often require specific output frequencies,
power down capabilities, or control capabilities not
available from our standard product listings. A more
complex example would be the addition of latches to
input or output signals. Perhaps the addition of a mi-
crophone preamplifier to one of the inputs of the
ICS2101 audio mixer IC would simplify your design,
packaging, and manufacturing task.

Obviously the investment in many of these alterations
can be substantial in tooling and inventory costs. There-
fore the projected volume must justify the investment.
In some cases ICS may be willing to share the cost if
other markets can be found for the new product.

The growth of laptop and notebook personal comput-
ers in the marketplace has placed a severe demand on
manufacturers in the area of packaging, power con-
sumption, performance and cost. ASIC devices maybe
the only practical way to satisfy these needs.

The standard for computers since the first integrated
circuits made their appearance in the marketplace has
been 5 volt logic levels. Power consumption, size (due
to the size of battery packs), and performance require-
ments are rapidly moving this standard towards 3 volt
logic levels. ICS ASIC capabilities permit many stand-
ard products to be redesigned to work at 3 volt levels.

Since ICS standard products are a logical outgrowth of
our ASIC experience they utilize the same wafer fabs,
semiconductor processes, standard cell libraries and
building blocks used in our ASIC designs. This allows
ICS to use most of our standard products as super cells
in ASIC designs. The inclusion of standard product
designs in your large-scale ASIC design permits fully
characterized building blocks to be incorporated into
your ASIC with minimum risk when compared to de-
signed-from-scratch implementations of a complex
function. Design cost, risk, and time-to-market are also
improved as we do not have to reinvent the wheel each
time the function is needed.

701



Foundry Selection

The chart below shows the qualified CMOS processes used by ICS for ASIC and standard products. This chart is
constantly changing, as ICS is always negotiating for the latest proven manufacturing technology. This allows us
to offer the most competitive costs to our ASIC customers, while at the same time providing qualified, proven
manufacturing processes. Please contact your ICS representative for the latest list of available processes applicable
to your particular need.

ICS Technologies Principal Features

SEMICONDUCTOR LSi MULTI STD GATE ANALOG| FULL

TECHNOLOGY SPEED |DENSITY| CELLS |SOURCE| CELLS | ARRAY | VOLTS | CELLS |CUSTOM
Medium
CMOS 3y Single Metal 25 MHz Medium | Some YES YES NO 3-10 YES YES
Switched

CMOS 3 Double Poly Medium Medium NO YES YES NO 10 Cap. YES
CMOS 1.5y Double Metal High OK Gates| Some YES YES NO 5 YES YES
CMOS Metal Gate Low 10 MHz Low NO YES YES NO 5-18 YES YES
CMOS High Voltage Low 10 MHz Low NO NO YES NO 30 YES YES
CMOS 1.0p High High Many YES YES NO 5 YES YES
CMOS 8u High Very High| Many NO YES NO 5 YES YES
CMOS .6p High Very High| Many NO YES NO 5 YES YES
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Quality and Reliability Information
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ICS: Reliability Through Design

Right from the start, we concentrate on the ultimate quality of the product. ICS product reliability is designed in
to meet the necessary controls that are imposed during production and testing. AllICS designs utilize a variety of
"design-process-rule checks"to insure that product performance is consistent with our quality and reliability goals.
Design simulations and wafer data base file verifications play a prominent role throughout the prototype and are
production stages of the design to eliminate test correlation problems after the design is completed.

In a continuing effort to improve reliability as new devices are being developed, we review the data acquired from
previous device designs to determine if any changes are necessary to improve performance and/or enhance the
new device’s operation. We evaluate all aspects of packaging technology, including leadframe vs. die-size
compatibility, packaging materials and methods. ICS develops test programs to isolate problems during wafer
probe and final testing to assure the quality of our products.

An extremely important phase of the product development cycle is the characterization of devices to insure their
functional performance and establish margins of performance relative to device specifications. Samples of
prototype units are initially measured to ascertain their performance characteristics and to verifythat the transition
from design and simulation to production processes has not had any deleterious effects.

GENERAL PROCESS FLOW

3 - e SPC PROCESS MONITORING
'fhl;op(z(l):ii?tg)g ff){:/)f‘(z' ICS products is shown WAFER FAB * WAFER PROBE PROCESS
in the adjacent diagram, which provides some (Sub-contractor) CONTROLS
detail of the basic controls that are exercised ® PROCESS RELIABILITY
through the various process stages. The proc- MONITORING
esses of Wafer Fabrication, Assembly and Tap-
ing and Reeling are performed by outside
facilities, with a process control- and electrical- MATERIAL ¢ INITIATE WAFER TRAVELER
data review for each lot of material before being AND TRACEABILITY RECORD-
routed for processing by these subcontractors. RECEIPT ING
Wafer and package testing are performed at
ICS.
A set of electrical characteristics data is pro-
vided for each wafer lot ICS receives. Every lot
get; a pgranflelt]ric evaluatio(ril to determine thle 100%
uniformity of the process and to serve as a qual-
ity control gate for wafer acceptance from WAFER PROBE
manufacturing. SPC controls are maintained
through the use of the accumulated profile pa-
rameters to serve as a source of electrical data

feedback in support of process control and im-
provement programs. This data is also moni-

MAINTAIN RECORDS OF EACH

tored by ICS to assess wafer fab performance ISSUE TO Iﬁgggm%MlﬁggEg’ﬁgnROUGH
and establish acceptance criteria for wafer fab STOCKROOM T OOKING AND SHIPVIENT TO

lots. Environmental test monitoring including,

HTOL, Temperature Cycling, Autoclave and ASSEMBLER
Temperature/Humidity tests are performed to
monitor the reliability of wafers produced.
The i . . SHIP TO
e introduction of wafers into ICS from the
wafer fab source initiates the traceability re- ASSEMBLY
cording that tracks every part shipped from ICS. SOURCE

Wafer lot numbers assigned at the wafer fab
source are recorded and are tracked through all
stages of test, assembly, taping and ultimate
shipment. At the ICS facility, all wafers are
probed on a 100% basis before being shipped
for assembly.
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GENERAL PROCESS FLOW (continued)

Assembly suppliers are responsible to ICS for
the processing of probed wafers into finished
package configurations in accordance with
ICS-supplied assembly specifications and
bonding diagrams. Each assembly lot is sup-
plied with a process traveler, which delineates
the results of each process step and process
monitor inspection. SPC data is maintained
and reviewed on a periodic basis to assess such
characteristics as: die shear, bond pull, solder-
ability, marking permanence and process con-
trol elements pertinent to the assembly
operations.

Processing at ICS includes incoming inspec-
tion examination of finished packages. Then
we initiate test travelers to record test and
inspection results and to allow for control of
material into the stockroom. All parts are
tested on a 100% basis in established test pro-
grams, and are checked on an AQL sampling
basis for electrical and mechanical charac-
teristics before acceptance to stock.

If customer requirements call for parts to be on
tape & reel, the parts are packaged to ICS
control specs for the implementation of this
operation. The basic spec for this operation is
per EIA Standard RS-481.

|

M ASSEMBLY
OPERATION
(Sub-contractor)

ASSEMBLY LOT
RECEIPT

'

TEST

MATERIAL
CONTROL

'

ISSUE TO
STOCK ROOM

SHIP TO
TAPE/REEL
SUPPLIER

v

TAPE & REEL
ASSEMBLY
(Sub-contractor)

!

MATERIAL

RECEIPT &

ISSUE TO
STOCK ROOM

!

STOCK ROOM

!

SHIPPING

APPROVED ASSEMBLY
SOURCES WITH MONITORS

OF PROCESS STEPS THROUGH
ESTABLISHED SPC TRACKING
AND PROCESS CONTROLS

CONTROLLED ENVIRONMENT
FOR TEMPERATURE/HUMIDITY/
ESD

AQL SAMPLING OF ASSEMBLED
PARTS AND REVIEW OF
ASSEMBLY PROCESS LOT
TRAVELERS

100% TEST OF ALL RECEIVED
MATERIAL

AQL SAMPLING FOR TEST AND
AND MECHANICAL CHARAC-
TERISTICS

CONTROLLED STOCKROOM
PENDING SHIPMENT

1 IF REQUIRED BY CUSTOMER

TAPE & REEL OPERATIONS
CONFORMING TO EIA
STANDARDS RS-481

INCOMING VISUAL EXAMINA-
TION AND ISSUE STOCK FOR
SHIPMENT

FINAL PACKAGING AND
SHIPMENT

OUTGOING QUALITY AUDITS
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Traceability

At ICS, traceability of products is a critical attribute of the entire production process. Tracking is initiated at the
wafer fabrication process and is maintained through all successive processing steps through final shipment.
Records of traceability are retained to allow for tracking of product delivered to a specific customer so that its
source may be determined if the need arises. Records are also available for communicating with suppliers the
identification and isolation of any problems.

Electrostatic Protection

The phenomenon of ESD (Electrostatic Discharge) can be a source of damage to sensitive semiconductor devices.
In order to address this potential for damage a dual approach is initiated. It is first addressed in the design stage
where the design guidelines provide for electrostatic protection of the input/output stages of the device. ESD
susceptibility of each device is verified to ensure the design is robust enough to be handled in the customers’
environment using normal handling precautions. A minimum level of 2kV is the standard for design; however,
product currently under test is equal to or exceeds 4kV susceptibility levels. Tests are performed in accordance
with MIL STD 883 method 3015.7.

Second, we protect against damage throughout the inspection, test and subsequent handling of parts. All personnel
are aware of the effects of ESD and are trained in proper handling techniques. Work stations are ESD controlled
with ground straps, ESD dissipative table tops and floor mats and air ionizers. Work in process is transported in
conductive tubs and discharged before handling on the dissipative work tables. Parts are shipped in ESD protective
tubes or reels which are further protected by electrostatic protective bags.

Product Qualification and Monitoring

The Quality Assurance Department is responsible for the qualification and monitoring of all devices manufactured
by ICS. This activity is designed to evaluate all wafer processes and package configurations and to maintain a
proactive corrective program to prevent the shipment of unreliable product.

In the qualification process, we apply the following tests and stresses:

High Temperature Operating Life

High temperature operating life (HTOL or HTOB) testing is performed to accelerate failure mechanisms which
are thermally activated through the application of extreme temperatures and the use of biased operating conditions.
The temperature and voltage conditions used in the stress will vary with the product being tested. However, the
typical stress ambient is 125 °C with the bias applied equal to or greater than the data sheet nominal value. All
devices used in the HTOL test are sampled directly after final electrical test with no prior burn-in or other
prescreening unless called out in the normal production flow. Testing can either be performed with dynamic signals
applied to the device or in static bias configuration for a typical test duration of 1000 hours.

Temperature Humidity Bias

Temperature humidity bias (THB) is an environmental test performed at a temperature of 85 °C and a relative
humidity of 85%. The test is designed to measure the moisture resistance of plastic encapsulated circuits. A
nominal static bias is applied to the device to create the electrolytic cells necessary to accelerate corrosion of the
metalization. Most groups are tested to 1000 hours.

Autoclave

Autoclave is an environmental test which measures device resistance to moisture penetration and the resultant
effects of galvanic corros1on Autoclave is a highly accelerated and destructive test. Conditions employed during
the test include 121 °C, 100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism.
Groups of parts are normally tested for a 96 hour duration.
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High Temperature Storage

High temperature storage is performed to measure the stability of semiconductor devicesduring storage at elevated
temperatures with no electrical stress applied. The devices are typically exposed to an ambient of 150 °C. An
acceleration of charge loss from the storage cell or threshold changes are the expected results. All groups are
typically tested to 1000 hours.

Temperature Cycle

Temperature cycle testing accelerates the effects of thermal expansion mismatch among the different components
within a spec1ﬁc die and packaging system. This test is typlcally performed per MIL STD 883 or MIL STD 750
with the minimum and maximum temperatures being -65 °C and + 150 °C. During temperature cycle testing,
devices are inserted into a cycling system and held at the cold dwell temperature for at least ten minutes. Following
this cold dwell, the devices are heated to the hot dwell where they remain for another ten minute minimum time
period. The system employs a circulating air environment to assure rapid stabilization at the specified temperature.
The dwell at each extreme, plus the two transition times of five minutes each (one up to the hot dwell temperature,
another down to the cold dwell temperature), constitute one cycle. Test duration for this test will vary with the
device and packaging system employed. A typical test consists of 300 cycles, however some tests are extended to
look for longer term effects.

Thermal Shock

The objective of thermal shock testing is the same as that for temperature cycle testing - to emphasize differences
in expansion coefficients for components of the packaging system. However, thermal shock provides the additional
stress of sudden temperature change. This sudden change is due to the shorter transfer time, 10 seconds maximum,
and the increased thermal conductivity of a liquid ambient. This test is typically performed per MIL STD 883 or
MIL STD 750 with minimum and maximum temperatures being -65 °C to + 150 °C. Devices are placed in a
fluorocarbon bath and cooled to minimum specified temperature. After being held in the cold chamber for five
minutes minimum, the devices are transferred to an adjacent chamber filled with fluorocarbon at the maximum
specified temperature for an equivalent time. Two five-minute dwells plus two ten-second transitions constitute
one cycle.

Reliability Data Analysis

Reliability is the probability that a semiconductor device will perform its specified function in a given environment
for a specified period of time. The most frequently used reliability measure is the device failure rate. The failure
rate is obtained by dividing the number of failures observed by the product of the number of total device on test
and the test time interval. This is normally expressed in failures per billion device hours (FITS), which is a point
estimate because it is obtained from observations on a portion, or sample, of the population of devices.

To project the failure rate of devices being tested to a total population, chi-square distribution statistics are applied
at established confidence intervals. These are nominally calculated at 60% and 90% confidence levels to express
a level of confidence that the sample failure rate approximates that of the entire population. In addition, since the
failure rate of semiconductor devices is inherently low, the application of acceleration factors is applied to the data.
Commonlyused Arrhenius equations are applied which provide relationships between test stress levels and normal
use operation. In applying this assessment tool an activation energy (Ea) of 0.7 Ea is normally used to determine
the Acceleration factor. This Ea level is chosen in lieu of establishing individual Ea values for each of the failure
mechanisms applicable to the technology and circuit under evaluation, particularly since the failure mechanism
database is so limited.

To determine the failure rate of ICS products, the HTOL data for individual as well as families of devices is utilized.
HTOL testing provides an adequate thermal stress with the devices being biased at greater than nominal value and
operated in a dynamic mode in this environment. Utilization of these techniques will provide a realistic, conserva-
tive estimation of the product failure rate.
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Standard

Package Dimensions
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DIP Packages
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711




DIP Packages
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DIP Packages

| }<—— 1.250 __>’ o260 o300
j___L/ - 0~ 5° ‘l romo
0.150 0.019 f
70,050 T
0.100 0.130
0.018
"‘ [‘ 0.355
24 Pin DIP Package
—»20:;47250004»
R mininininin/sisinisislinin
[ o o 030@PLCS)

«— 1524 —>» aéswzaz&a - E%%ENDS

€—— 13970 ——»| » 15°BOTH ENDS 0 51(REF)
050R » 30°
Py imv:emns *m ﬁ/ws‘ /v 0254
T | e e ——
i = a2

0

0 35R
|5‘BZT:Z\:HD:NDS 2422?:5) - 0457 02544.“" k 5°BOTH ENDS.

¥

+0254

[ 1651 ——»

95°5 0598°

0813

WWW
-

1524

254£0025X 13.
=33020 £ 0051

28 Pin DIP Package

See individual data sheets for more specific ordering information.

713




SOIC Packages

0238 —=
0.031

e SR
— ﬁﬂﬁﬁg B e —t11

8 Pin SOIC Package

14 Pin SOIC Package

E‘l ~——0.390 —=] rj@ 0‘0081 F s ’l ) ‘*: 0.015
0.024 J_ j,”_j ;’ mj ‘Lo.ooe T — oo

16 Pin SOIC Package

See individual data sheets for more specific ordering information.
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SOIC Packages

le—— L+ 008 _
— 029 TYP _,l |.._ 018 TYP
5DEG TYP
Tt
) fs DEG TYP]
L, Z
4 7
047R | r
289+ 005 ) 294+ 005
289+ 005 328+ 010
* _‘ 406+ 010

10000 00000 oo

020 — 5DEG TYP '
f |
[ | ] \
g i i
092+ 005 041+ .003 _—!OSOF_ 008 + 036 4*101 +.010
PITCH TYP.

SOIC Packages (wide body)

18L 20L 24L 28L 32L
454 504 .604 704 704

LEAD COUNT 14L 16L
DIMENSION L 354 404

See individual data sheets for more specific ordering information.
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SSOP Packages

m it oy
.| T

SIDE VIEW END VIEW

DETAIL"A"

SSOP Package

SYMBOL COMMON NOTE 4 6

DIMENSIONS D N
MIN. NOM. MAX. NOTE | VARIATIONS MIN. NOM. MAX.

A 0.68 073 0.78 AA 239 244 249 14
Al .002 .005 .008 AB 239 244 249 16
A2 .066 .068 070 AC 278 284 289 20
B 010 012 015 AD 318 323 328 24
C .005 .006 .008 AE 397 402 407 28
D See Variations 4 AF 397 402 407 30
E 205 209 212
e
H .301 .307 311
L 022 .030 037
N See Variations 6
o o | a8 | s

This table in inches.

See individual data sheets for more specific ordering information.
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PLCC Packages

Wo

le— W —]

- b— |[020% 003

Wgs <‘
oeaan 045 x 45 DEG
G\/ CORNER CHAMFER
u)
E_PIN | IDENT
Wo  Wr H 070p1ax 025pp  WB
045x45DEG P
CORNER CHAMFERP |

—:[ T— 050+ .002

nnn o]

.

035R TYP —~| f- 7% 2DEG
030+ 005
7+ 2DEG —
—l _\ 006 MiN < = L .020 MmN 035+ .005
Tr % M i 015 REF o
——|_“ Tk 010 MIN 029 + .005
—v]
PLCC Package
FRAME PKG. PKG. WIDTH | PKG. WIDTH | OVERALL | CONTACT
LEAD THICKNESS | THICKNESS TOP BOTTOM | PKG. WIDTH WIDTH
COUNT Tr Tp Wt WsB Wo Wo
+ /-.0003 + /-.004 + /-.004 + /-.066 + /-.005 +.010/-.030
20L 0.010 0.152 0.350 0.323 0.390 0.320
28L 0.010 0.152 0.450 0.423 0.490 0.420
44L 0.010 0.152 0.650 0.623 0.690 0620 |
52L 0.010 0.152 0.750 0.723 0.790 0.720
68L 0.008 0.150 0.950 0.923 0.990 0.920
84L 0.008 0.150 1.160 1.123 1.190 1.120

See individual data sheets for more specific ordering information.
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QFP Packages

r

020RAD TYP

npor
SR 2NN 110 3 W \ v —
f \¢ Jﬁf S Fe A=
A, 10° TP ° Balh
QFP Package
LEAD COUNT 6L | soL | 0oL | 6L SOL | 100L
BODY THICKNESS 2.00 270
FOOTPRINT (BODY+ ) 3.20
DIMENSIONS TOLERANCE
A MAX. 245 3.40
Al 025 MAX. 025 MIN,
Az +0.10 2.00 270
D +025 1720
D, £0.10 14.00
E £025 23.20
Ei £0.10 20,00
L +0.15/0.10 0.88
e BASIC 100 | os0 [ os6s 100 | o080 [ oss
b + 005 035 030 035 030
cec MAX. 0.10
ddd 020 NoM. 012nom | 020n0m 0.12N0M,
0 0°-7°

See individual data sheets for more specific ordering information.
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TQFP Packages

«— D —
«—— D ——»|

nAARARARAAR
= | E I
jm— -
(e - E
AT — & Er 0.20 RAD. TYP
= = Vi
- |
LSkl 00RAD TP,
=)
STANDOFF
Ay
Yy e
Sl AF =
LEAD COPLANARITY
TQFP Package
LEAD COUNT 32L
BODY THICKNESS 1.00 | 1.40
FOOTPRINT (BODY+ ) 2.00
DIMENSIONS TOLERANCE
A MAX. 1.20 ‘ 1.60
Al 0.05 MIN./0.10 MAX.
A2 £05 1.00 i 1.40
D +0.25 9.00
Di +0.10 7.00
E +0.25 9.00
E1 +0.10 7.00
L +0.15/-0.10 0.60
e BASIC 0.80 0.50
b + 0.05 0.35 0.22
cce MAX. 0.10 0.08
ddd 0.20 MAX. 0.08 MAX.

See individual data sheets for more specific ordering information.
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ICS SALES OFFICES Eastern Area Central Area Western Area
Integrated Circuit Systems, Inc Integrated Circuit Systems, Inc Ime%raled Circutt Systems, Inc
2435 Boulevard of the Generals Suite 300 1271 Parkmoor Avénue
PO Box 968 1920 Highland Avenue San Jose CA 95126

Valley For e, PA 19482 Lombard, IL 60148 Phone (408) 297-1201

Phone (215) 630-5300
Fax (215)630-5399

Phone _ (708) 916-3121
Fax (708) 620-0674

Fax (408) 925-9460

ICS SALES REPRESENTATIVES

Alabama, Georgia,

Tennessee, Mississippi
Elcom

4960 Corporate Dr , Suite 145K
Huntsville, AL 358 5

Phone (205) 830-400

Fax (205) 830-4058

3060C Business Park Dr
Norcross, GA 30071
Phone (404) 447-8200
Fax (404) 447-8340

Arlzona, New Mexico
Toward Engineering Associates

4520 E Indian School Rd, Ste 2

Phoenix, AZ 85018

Phone (602) 955-3193

Fax (602) 955-3224

California (Northern)
Nexus Manufacturers” Rep, Inc
555 Mathilda Avenue
Sunnyvale, CA 94086
Phone (408) 720-4787

Fax (408) 720-4453

(Southern)

TNT & Associates

22865 Lake Forest Dr , Suite 19
Lake Forest, CA 92630
Phone_(714) 830-6096

Fax (714) 830-0154

Colorado, Wyoming,
Montana

‘Waugaman Associates, Inc
4800 Van Gordon St

Wheat Rldée CO 80033
Phone (303) 423-1020
Fax (303)467-3005

Connecticut

Delta Conn Technical Sales
One Prestige Dr , Ste 2
Meriden, 064

Phone (203) 634-8558
Fax (203) 238-1240

Florida

Semtronic Associates

657 Maitland Avenue
Altamonte S nn s, FL 32701
Phone (40 8233

Fax (407) 831 2844

(Western)
1467 South Missourt Avenue
Clearwater, FL. 34616
Phone (813) 461-4675

Fax (813) 442-2234

(Southern)

347] N W 55th Street

Ft Lauderdale, FL. 33309
Phone (305) 731-2484
Fax (305) 731-1019

Mercantil Plaza Building
Suite 816

Hato Rey, Puerto Rico 00918
Phone (809) 766-0700

Fax (809) 763-8071

Illinois (Northern)
Wisconsin (Southern)
KMA Sales

1040 S Arlington Helghts Rd
Arlington Heights, IL 60005
Phone _ (708) 398-5300

Fax (708) 398-5708

2433 North Mayfair Rd, Ste 202

Milwaukee, W1 53226-1406
Phone (414)259-1771
Fax (414) 259-0246

Indiana
Technolog%Marketmo Corp
1526 East hound ass
Carmel, IN 4g

Phone (317) 844 8462
Fax (317)573-5472

4630- 10 W Jefferson Blvd

e, IN 46804
Phone . (219) 4325553
Fax (219) 432-5555

1214 Appletree Lane
Kokomo, IN 46902
Phone (317)459 5152
Fax (317) 457-3822

Kentucky

Technology Marketing Co
718Amh§¥stPlace & =op
Lousville, KY 40207
Phone (502) 245-7411
Fax (502) 245-4818

Kansas, Nebraska,
Mlssourl

Sales
14 4 ast Shendan
Olathe,
Phone (913)780 -6565
Fax (913)780-1540

Maryland, District of
Columbia, Virginia

S-J Chesapeake

900 S Washington St, Ste B2
Falls Church, 22046
Phone (703) 533-2233

Fax (703) 533-2236

Massachussets, Vermont,
New Hampshire,
Rhode Island

The Nashoba Group

One Technology Park Dr
Westford, MA 01886

Phone _ (508) 692-7503

Fax (508) 692-5081

Michigan

C B Jensen & Associates
2145 Crooks Road Ste 201
Troy, MI_48084-5318
Phone (313) 643 0506
Fax (313) 643-4735

anesota

eptek

433 Broadway Street, N E
aneapolls MN 55413
Phone (612) 331-1212
Fax (612)331-8783

New Jersey (Northern),
New York

Astrorep, Inc

103 Cooper Street

Babylon, NY 11702

Phone (516) 422-2500

Fax (516) 422-2504

New York (Upstate)
FSI Systems, Inc

833 Phullips Rd

Victor, NY 14564-9789
Phone_(716) 924-7510
Fax (716)924-0275

North Carolina,
South Carolina
Elcom

305 Wax Myrtle Ct
Cary, NC 27513
Phone  (919) 481-9610
Fax (919)481-9640

Ohio,

Pennsylvania (West)
Technology Marketing Corp
7838 Laurel Ave
Cincinnaty, OH 45243
Phone _(513) 271-3860
Fax (513)271-6321

7017 Pearl Rd

Middleburg Heights, OH 44130
Phone (216) 885-5544

Fax (216)885-5011

Oregon

Advance Technical Marketing,

4900 S W Gniffith Dr, Sl: 155
Beaverton, OR 97005

Phone _(503) 643-8307

Fax (503) 643-4364

Pennsylvania (Eastern),
New Jersey (Southern)
Omega Electronic Sales, Inc
Suite 101

Four Neshamm Interplex
Trevose, P. 30

Phone (215) 244- 400()

Fax (215)244-4104

Texas, Oklahoma,
Arkansas, Louisiana
Impaq Sales

100 Decker Court, Ste 140
Irving, TX 75062

Phone (214) 650-0000
Fax (214) 650-1953

13706 North Hl%hway 183, Ste 308
Austin, TX 78750

Phone (512) 335-9666

Fax (512)335-3858

507 North Belt East, Ste 530
Houston, TX

Phone (713) 820-0288

Fax (713) 820-4860

Utah, Idaho

Wau, aman Associates, Inc
876 E Vine St

Salt Lake Cny, UT 8410
Phone (801) 26 -0802
Fax (801) 261-0830

Washington, Alberta,
British Columbia
Advance Technical Marketing, Inc
8521 154th Avenue N E
Redmond, WA 98052

Phone_ (206) 869-7636
Fax (206) 869-9841

ICS
DISTRIBUTION

Dove Electronic Components, Inc
12-1 Technology Drive

East Setauket, NY 11733

Toll Free 1-800-232-9825
Phone (516) 689-7733
Fax (516) 689-7362

]

INTERNATIONAL

Canada (Eastern)

(excluding British Columbia

and Alberta)

D nasty Components
#110-1140 Mornson Dr

Ottawa, Ontario K2H 8S9

Phone _ (613) 596-9800

Fax (613) 596-9886

United Kingdom
Ame a Technologg
on Business Centre
Roem en Road,
Daneshill East, Basmgsloke.
Hants, RG24 ONG
Phone _(0256) 330 301
Fax (0256) 330 302

France

Tekelec Airtronic

5, Rue Carle Vernet
92315 Sevres Cedex
Phone (01) 46 23 24 25
Fax (01) 45072191

Italy

Comprel SRL
Viale Romagna, |
20092 Cimisello B

Milan
Phone (02) 612 8486
Fax (02) 612 90526

Comprel SP A
Via Po, 37
I%/[O?}l Cesano Maderno

1lan
Phone (362) 553 991
Fax (362) 553 967

Germany

Scantec GmbH

P O Box 1421

82143 Pla g8

Phone. (0808 59 8021
Fax (089) 8576574

Scantec GmbH
Tannenbergstrasse 103
73230 Kirchheim/Teck
Phone (70) 2 15 40 27
Fax (70)2 182568

Topas Electronic GmbH
Striehlstrasse 18

30159 Hannover

Phone (511) 131217
Fax (511)13 1216

Electromc 2000
Bauelemente GmbH
Stahl rubemng I2
8000

Phone (89) 45l|0 01
Fax (89)45110-210

Belgium

ACAL Auniema
Lozenberg 4
B-1032 Zaventem
Phone 720 59 83
Fax 72510 14

Netherlands
ACAL Auriema
Beatrix de Rijkweg 8
5657 EG Eindhoven
Phone  040-502 602
Fax 040-510255

Hong Kong
RTT Industries Co , Ltd
B23, 3F

Proficient Ind Center
6 Wang Kwun Road
Kowloon, Hon, Ko
Phone (852) -7421
Fax (852) 795-7839

Electrocon Products Ltd

8/F, Bik B, Prosperity Centie
77 Contamer Port Road

Kwar Chy % NT, Hong Kong
Phone (852) 481-60:

Fax (852)481 5804

Japan

chro Summit K K
Premier Ki Building, 4F
1, Kanda Mikura-cho
Chlyoda -ku, Tokyo 101
Phone (03) 3258-5531
Fax (03) 3258-0433

Nichimen Electronic Comp Corp
No 2 Dah Hwa Bldg , 7F
5-29, Nishi-Honmachi 2-Chome
Nishi-ku, Osaka 550

Phone (06) 539-5430

Fax (06) 539-0088

Korea

Acetronix

Parklim Bldg , #402
Seobingko-Dong 95
Yongsan-Ku, Seoul
Phone_(2) 796-4561
Fax (2) 796-4563

Singapore

Electec Pte Ltd

Block 50 Kallang Bahru
#04-21

Singapore 1233

Phone (65) 294-8389
Fax (65)294-7623

Taiwan

Maxtek Technology Co Ltd
3F, No 197

Section 4, Nanking E Road
Tarpel, Taiwan ROC
Phone (2) 713-0209

Fax (2) 712-6780

Princeton Technology Cor
No 233-1, Bao Chiao Rd

Hsin Tien, Taiper Hsien

Taiwan, ROC

Phone (2) 917-8856

Fax (2) 917-3836

Australia, New Zealand

(Please call ICS Headquarters
for the rep in this area

Phone 2

PRODCTBKVOLII
1193

Integrated Circuit Systems, Inc.
2435 Boulevard of the Generals; P.O. Box 968
Valley For]gse, PA 19482

) 630-5300; Toll Free: 1-800-220-3366
Fax: (215) 630-5399
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Integrated Crrcurt Systems reserves the ng
specifications at any time without notice an

nght to makke any changes in the orcutry or
assumes no responsibilty for the use of any

circuits described herein and makes no representations that they are free from patent

infringement




ICS

SINCE 1976

2435 Boulevard of the Generals - PO. Box 968 « Valley Forge, PA 19482-0968
(215) 630-5300 - (215) 630-5399

1271 Parkmoor Avenue - San Jose, CA 95126 - (408) 297-1201 - Fax: (408) 925-9460



