

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ICS1702

Charging System Status by Indicator

The Indicator Description List in Table 3 contains displays that
are caused by charging system abnormalities. When the CMN
indicator is flashing with no other indicator active, there is
voltage present at the battery terminals with the current source
off and no battery. Check the current source and ensure that it
produces no more than the equivalent of 350mV/cell when
turned off with no battery. If the VIN divider resistors were not
properly selected, an open circuit voltage that is actually less
than the equivalent of 350mV/cell with the charger off and no
battery will not divide down this open circuit voltage properly
and produce the CMN flash indication. Check the VIN divider
and ensure that it properly normalizes the battery voltage to the
electrochemical potential of about 1.2V cell. If the CMN flash
indication occurs with the battery installed, then the constant
current source is producing more than the equivalent of
350mV/cell when off and there is an open connection between
the charger terminals and the battery. Check wires, connec-
tions, battery terminals, and the battery itself for an open circuit
condition.

If the CMN and OTN indicators are active together, this is an
indication that the battery temperature has dropped to below
10°C after a fast charge was initiated with the battery tempera-
ture normal. If this condition is observed and the battery
temperature did not drop after high charge was initiated, check
the thermistor circuit mechanically for poor contact and elec-
trically for excessive noise.

If the MMN and CMN indicators are alternately flashing, the
likely cause is no battery with the ICS1702 programmed in the
discharge-to-charge auxiliary mode. If the battery is present,
check wires, connectors, battery terminals, and the battery
itself for an open circuit condition.

If the MMN indicator is flashing with the OTN indicator
active, this is an indication that the battery is cold while in
either the discharge portion of the discharge-to-charge mode
or the discharge only mode. When in the discharge-to-charge
mode, if the battery does not warm-up into the normal tempera-
ture range after the discharge is complete, the ICS1702 will
enter the maintenance charge stage. When the battery warms-
up, the discharge-to-charge mode will repeat.
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V. CONSTANT
in
—))——-—‘ CURRENT
SOURCE
R5 (note 1)
W
Q1 (note 2) +5V (note 5)
ICS1702 1 b +5V
CHG L voD | 20 AN4TUF _].-.047|JF +5V
(note 3 | DCHG unused [ 19 . Rl 27k (note 4)
POLL 3 PFN viN {18 7 R3
5V ”)')' MAINT 4 | MMN OPREF | 17 :
~ L”ﬁ)' CHG 5 | CMN THERM |16 I
A ,, A Nﬁg TEMP 6 | OTN  AUX1 | 15 Oé- +5V R4
-—OO 7 | SELO AUX0 | 14 YO -"——oo_' R2 gtemsp;r:;uref
O~ 8lvss DTSEL [13 O5¥ O - | options
9 | Avss RC | 12 16 .047yF
.50 10 | SEL1 MRN | 11_~q | ! -
v 10kQ
@ 25°C
‘B 1°0ng (note) | b

Notes:
1) Value of R5 determined by discharge current and capacity of battery pack
2) Discharge FET is logic-level compatible in this application
3) DC return of discharge FET must be connected close to negative battery terminal.
4) Resistor 1s needed only If a thermistor I1s used Value may change depending on thermistor.
5) Regulated supply
6) Power ground; others are signal ground Connect signal ground to power ground
at negative battery terminal only

Figure 15: Functional Diagram

Ordering Information
ICS1702N, ICS1702M, or ICS1702MT

Example:

ICS XXXX M

Package Type

N=DIP (Plastic)

M=SOIC

MT=SOIC Tape and Reel
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS=Standard Device
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ICS1702

Application Note

ICS1702 Linear Regulator Evaluation Board

General Description

The ICS1702 Linear Regulator Evaluation Board allows
quick evaluation of the ICS1702 Charge Controller for Nickel-
Cadmium and Nickel-Metal Hydride Batteries. The evaluation
board provides the designer an opportunity to both test the
ICS1702 and a fast charge battery charger. The board is self-
contained and can provide a constant current to charge a battery
when optional components are installed.

The board includes resistors that are user-installed to custom-
ize operation for the desired charge rate, discharge pulse cur-
rent, and number of cells in the battery pack. The board has a
5V regulator that provides power to the ICS1702 and the LED
display. The board also has a breadboarding area consisting of
a matrix of holes for user added components.

Before using the ICS1702 Linear Regulator Evaluation
Board, ICS recommends the user review the ICS1702 data
sheet to become familiar with the operation of the controller.
This data sheet should be included with the board; if not, please
contact your local representative.

The ICS1702EB can be purchased two ways: ICS1702EB or
ICS1702EB/VR. The difference between these boards is a
constant current linear supply as shown in the board schematic.
The ICS1702EB has an area on the board reserved for these
components. The ICS1702EB/VR contains a kit which in-
cludes an LM317 and associated parts needed to build a
constant current supply of up to 1.5A.

Customizing the Board for your
Application

Refer to the evaluation board schematic diagram. The ICS1702
requires that the battery voltage is normalized to the voltage of
one cell, or about 1.2V. To do this, resistors must be installed
in the locations marked R6 and R8. The appropriate values can
be selected from Table 1. An assortment of resistors is provided
with the board.

Table 1

Cells R6 R8
1 Open Short
2 2.0k 2.0k
3 1.0k 2.0k
4 1.0k 3.0k
5 3.0k 12k
6 2.0k 10k
7 2.0k 12k
8 1.3k 9.1k

If the evaluation board is used with battery packs containing
more than eight cells, the resistors can be determined by
counting the number of cells to be charged in series. Then
choose either R6 or R8 and solve for the other resistor using:

R8 = R6 x (# of cells -1) or R6 = R8
(#ofcells-1)

Current flow through the divider should be 0.4mA or greater
for noise immunity.

R7 sets the open circuit (no battery) reference voltage at the
OPREEF pin voltage. The purpose of this voltage reference is
to detect the removal of the battery from the charging system.
The voltage at this pin is compared to the voltage at the VIN
pin when the current source is turned on. If the voltage at VIN
is greater than the voltage at OPREF, the ICS1702 assumes the
battery has been removed and the ICS1702 enters the polling
detect mode. For proper operation, the voltage at OPREF must
be set between the (divided down) open circuit voltage pro-
duced by the current source and the maximum normalized
battery. As a guide, set the voltage at OPREF (TP1) to be
200mV to 300mV higher than the maximum normalized bat-
tery voltage. For most batteries, the maximum normalized
battery voltage at full charge is 1.7 to 1.8V, so OPREF (TP1)
should be set at about 2V.

When power is applied to the board, the controller will start a
charge sequence unless a logic low is applied to the RESET
terminal. When RESET is removed by a logic high or open, a
charge sequence will begin.

1702EvaiBrdRevC100694
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The board provides several low value resistors that may be
used to set the amplitude of the discharge pulse. The resistors
can be installed in any or all of the locations labeled R1, R2,
or R3. The resistor value is calculated by setting the amplitude
of the discharge pulse. The discharge pulse amplitude is typi-
cally 2.5 times the charge current based on 1.4V/cell. The
required power rating of the resistor is highest when the
Discharge-to-Charge and Discharge-Only Auxiliary Modes
are used. See the ICS1702 data sheet for additional informa-
tion. The resistor locations R1, R2, and R3 are connected in
series. The unused locations must have a jumper to complete
the circuit. Not using the discharge pulse feature will not affect
the performance of the ICS1702.

The ICS1702 is capable of operating at nine different charge
rates between 4C (15 minutes) and C/4 (four hours). The
charge rate is selected by installing jumpers in the appropriate
locations. Table 2 shows the proper settings to use for the
desired charge rate.

Table 2: Charge Rate List

Fast Charge
Charge Jumper Jumper Topping Charge Maintenance Charge Timer Duration

Rate SO S1 Pulse Rate Pulse Rate (after reset)
4C (15 min) 1&2 1&2 one every 40 sec one every 160 sec 21 min
2C (30 min) 1&2 2&3 one every 20 sec one every 80 sec 39 min
1.3C (45 min) 1&2 None one every 13 sec one every 53 sec 57 min
1C (60 min) 2&3 1&2 one every 10 sec one every 40 sec 75 min
C/1.5 (90 min) 2&3 None one every 7 sec one every 27 sec 110 min
C/2 (120 min) 2&3 2&3 one every 5 sec one every 20 sec 144 min
C/2.5 (150 min) None 1&2 one every 4 sec one every 16 sec 212 min
C/3 (180 min) None None one every 3 sec one every 13 sec 244 min
C/4 (240 min) None 2&3 one every 2 sec one every 10 sec 275 min

The ICS1702 has several auxiliary modes available. Table 3
shows the jumper configurations for the auxiliary modes.

Table 3: Mode Select List

Jumper | Jumper

Auxiliary Mode AUX0 | AUX1 Mode Operation
Direct Maintenance 2&3 1 & 2 |Indefinite C/40 maintenance mode
Charging System Test 2&3 2 & 3 |Charging system test for embedded applications
Ten Hour Timer 1&2 1 & 2 |Limits total charge including the maintenance charge to 10 hours
Discharge-to-Charge 1&2 2 &3 |Battery discharge to 1V/cell followed by the selected charge mode
Condition 1&2 None |Timed C/10 topping charge followed by C/40 maintenance charge
Fast Charge None None |Default
Discharge-Only None 2 & 3 |Battery discharge to 1V/cell
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The ICS1702 has the capability to use either temperature slope
termination, voltage slope termination or both methods simul-
taneously. Table 4 shows the termination method and the
jumper settings. Refer to the ICS1702 data sheet for more
information on charge termination methods.

Table 4: Termination Select List

Termination Method Jumper DTSEL
Voltage slope termination only None
Voltage slope and temperature 1&2
slope termination
Temperature slope termination only 2&3

Power Requirements

The evaluation board uses a regulator to provide +5 volts for
the controller. The regulator allows operation from a DC supply
of 8 to 32 volts when the supply is connected to the +V terminal.
The board may also be operated from an external 5 volt supply
by removing the regulator (U2), wiring a jumper between
regulator pins 1 and 3, and by connecting 5 volts directly to the
+5V terminal.

Connections To External Circuitry

A normally closed thermal switch or a thermistor should be
connected to the TS terminal. If a thermal protection device is
not used, the TS terminal must be grounded.

Connect the battery between the +BAT and GND terminals. If
using an external current source, connect the charging current
source and its return between the +CUR and GND terminals.
If the on board current source is used, no connection to the
+CUR terminal is required.

Two charge signals are provided to control external charging
circuitry. CHG is high when the charging current is on. The
other signal CHG is low when the charging current is on.

The charging circuitry should provide a current at an amplitude
that is equal to the product of the battery capacity and the
desired charge rate. For example, to charge a 1.2 ampere hour
battery in 30 minutes, the current required would be 2.4 amps
or 2C where ‘C’ is the battery capacity.

It is important to note that the ICS1702 does not control the
current flowing into the battery in any way other than turning
it on and off. The charging current should be constant when
using voltage slope termination. The current may vary when
using temperature slope termination.

Current Source (VR option)

The ICS1702EB/VR contains an LM317 regulator. The
LM317 is configured as a constant current source. The ampli-
tude of the current is determined by the value of R15 and the
setting of R16. As an example, with a 2 ohm resistor for R15,
the current can be adjusted with R16 from 0.625A to 1.25A.
The LM317 will regulate a voltage difference of 1.25 volts
between the OUT and ADJ pins.

Operation

Before applying power to the board, ensure that the board is
properly initialized.

e Setthe AUXO0 and AUX1 jumpers for the desired mode of
operation.

e  Setthe SO and S1 jumpers for the correct charge rate.

e If needed, set the DTSEL jumper for the desired termina-
tion method.

e Check to make sure the divider resistors R6 and R8 are of
the correct value to normalize the battery pack voltage to
one cell.

e If applicable, choose a value for R15 (see the section on
Current Source).

e Ifapplicable, choose resistors R1, R2 and R3 to obtain the
required discharge current.

After applying power to the board, set the following:

e  Adjust the potentiometer R7 for the desired open circuit
reference voltage at the OPREF pin.

e Ifapplicable, set the LM317 charging current by adjusting
the potentiometer R16.

Push and hold the reset switch SW1 for at least 700ms. All
LEDs should turn off while the switch is depressed. If fast
charge is selected, the green CHG LED will light. The LED
will remain lit until full charge is detected by the ICS1702. At
that moment, the CHG LED will turn off and the MAINT LED
will light, indicating that the topping charge stage has begun.
The MAINT LED will remain on until a reset is issued either
by interrupting the power, removing the batteries or depressing
the reset switch SW1.

If the ten hour timer mode is selected, the LED sequence is the
same as the fast charge sequence explained above. After a
maximum of 10 hours has elapsed (from the time the ICS1702
was reset), the controller will shut down and the MAINT LED
will turn off.
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If either direct maintenance or the condition mode is selected,
the MAINT LED will turn on. The LED will remain on until a
reset is issued either by interrupting the power, removing the
batteries or depressing the reset switch SW1.

If the discharge-only mode is selected, the MAINT LED will
flash at a one second rate until the battery has been discharged.
When the battery is discharged, the controller will shut down
and the MAINT LED will turn off.

If the discharge-to-charge mode is selected, the MAINT LED
will flash at a one second rate until the battery has been
discharged. When the battery is discharged, the appropriate
charge indicator will turn on. See the data sheet for more
detailed information on this auxiliary mode of operation.

Polling for a Battery

Upon power-up or after a reset is issued, any excess charge
from filter capacitors at the +BAT and +CUR terminals is
removed with a series of discharge pulses. After the discharge
pulse series is complete, the voltage at VIN must be greater
than 0.5V when a battery is present. If the voltage at the pin is
less than 0.5V, the ICS1702 assumes no battery is attached, and
the polling detect mode is initiated.

The ICS1702 then applies a 100ms charge pulse. During the
pulse, the ICS1702 monitors the VIN pin to determine if the
divided down terminal voltage is above OPREEF. If the battery
is present, the voltage will be clamped below the reference on
OPREF when the current pulse is applied. If a battery is not
present, the voltage at VIN will rise above the reference at
OPREF. The POLL LED lights immediately.

Charge pulses will repeat at one second intervals until the
battery is reinstalled. The POLL LED is active as long as the
ICS1702 is in the polling detect mode. Once a battery is
installed, the ICS1702 will turn off the POLL LED and enter
the soft start stage. The ICS1702 will automatically re-enter the
polling detect mode if the battery is removed during the fast
charge, topping charge, or maintenance charge stages. Any
open circuit in the current path to the battery will initiate the
polling detect mode.

When in the topping charge or maintenance charge stages, a
charge pulse may not occur for several seconds. During the
period between charge pulses, the voltage at VIN should be
greater than 0.5V if a battery is attached. If the voltage at VIN
is less than 0.5V, the ICS1702 assumes the battery has been
removed, and the polling detect mode is initiated.

Out-of-Temperature Range

The TEMP LED activates if the battery is either too hot or too
cold to fast charge. If a thermistor is used, the ICS1702 employs
internal voltage references to determine if a battery is hot or
cold. Note: Remove R9 and replace with a jumper when using
a thermistor. A 10kQ @ 25°C thermistor with an external
pull-up resistor is typically used. See the ICS1702 data sheet
for additional information.

If a thermal switch is used, choose a switch that opens at 45°C
or lower. If a thermal protection device is not used, the TS
terminal must be grounded.

ICS strongly recommends the use of a thermal safety device in
the battery pack. One source of thermal switches is Portage
Electric Products, Inc., in North Canton, Ohio; (216) 499-2727.
A source of thermistors is Semetic USA (Ishizuka Electronics
Corp.), Babylon, NY; (516) 587-4086.

Design Considerations

When designing external current source circuitry for use with
the ICS1702, there are several important considerations to
make before starting the design and the PC board layout.

For fast charge rates (1C through 4C), consideration has to be
given to the use of a pulse-width modulated switch mode
current source in order to reduce size and power dissipation.
Switch mode current sources can provide the ability to charge
battery packs that require voltages higher than the primary
supply. For instance, to charge a 24 volt battery from a 12 volt
vehicle battery, a switch mode boost converter could be used.

In general, linear chargers are less complex and more cost
effective, but less efficient than switch mode chargers. For
lower charge rates (C/1.5 through C/4), consideration should
be given to using a linear charger unless the size and ability to
dissipate heat are not available.

It is very important that care be taken to minimize noise
coupling and ground bounce. In addition, wires and connectors
can add significant resistance and inductance to the charge and
discharge circuits.
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When designing the printed circuit board, make sure ground
and power traces are wide and bypass capacitors are used right
at the controller pins. Use separate grounds for the signal,
charge, and discharge circuits. Separate ground planes on the
component side of the PC board are recommended. Be sure to
connect these grounds together at the negative lead of the
battery only.

For the discharge circuit, keep the physical separation between
power and return (ground) to a minimum to minimize field
radiation effects. This precaution is also applicable to the
constant current source, particularly if it is a switch mode type.
Keep the ICS1702 and the constant current source control
circuits outside the power and return loops described above.
These precautions prevent high circulating currents and cou-
pled noise from disturbing proper operation.

Integrated Circuit Systems wants to help create a successful
battery charging solution using the ICS1702. If you need tech-
nical advice or applications information, call the Power Manage-
ment Products Applications department at (610) 630-5300.

Ordering Information

ICS1702EB /VR

Ordering Option

blank=populated board

/VR=populated board with linear regulator kit
Device Type

1CS1702 Linear Regulator Evaluation Board
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Systems, Inc.

ICS1712

QuickSaver® Charge Controller for Nickel-Cadmium
and Nickel-Metal Hydride Batteries

General Description

The ICS1712 is a CMOS device designed for the intelligent
charge control of either nickel-cadmium (NiCd) or nickel-met-
al hydride (NiMH) batteries. The controller uses a pulsed-cur-
rent charging technique together with voltage slope and/or
temperature slope termination. The ICS1712 employs a four
stage charge sequence that provides a complete recharge with-
out overcharging. The controller has four user-selectable
charge rates available for customized charging systems.

The ICS1712 monitors for the presence of a battery and begins
charging if a battery is installed within the first 10 seconds after
a reset. Voltage and temperature are measured to ensure a
battery is within fast charge conditions before charge is initi-
ated.

Applications
Battery charging systems for:

- Portable consumer electronics
- Power tools

- Audio/video equipment

- Communications equipment

Block Diagram

Features

e Multiple charge termination methods include:
- Voltage slope
- Temperature slope
- Maximum temperature
- Charge timer
e  Four stage charge sequence:
- Soft start charge
- Fast charge
- Topping charge
- Maintenance charge
e Reverse-pulse charging available in all charge stages
e  Four programmable charge rates between 15 minutes (4C)
and two hours (C/2)
e Out-of-temperature range detection
- Hot battery: charger shutdown
- Cold battery: low current charge
e Ten second polling mode for battery detection
e  Battery fault with shutdown protection

CHARGE
SELECT 20V POLLING/
: FAULT LED
| MICROCODE CONTROLl CHARGE
[ MODE LED
VOLTAGE
SENSE ADC -
OUTPUT TEMPERATURE
TERMINATION T PROCESSOR M ~onTROL STATUS LED
SELECT — —
= o
TEMPERATURE COLD— CHARGE
SENSE CONTROL
HoT RAM m DISCHARGE
RESET — CONTROL
RC [ OSCILLATOR
Q 1s a reg of Integrated Circuit Systems, Inc
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Pin Configuration

cva <1 16D vop
pcHg 2 15 D— unused
PFN <3 14D~ vIN
CMN <4 1CS1712 13 D~ THERM
OTN <5 12 P- DTSEL
SELO <6 11D RC
vss <7 10 - MRN
Avss <8 9 P- sEL1

16-Pin DIP or SOIC

K-4, K-6
Pin Definitions
Pin Pin
Number Name Type Definition
1 CHG ouT Active high TTL compatible signal used to turn on an external current source to provide current to charge
the battery.
DCHG ouT Active high TTL compatible signal available to turn on a discharge circuit.
3 PFN ouT Polling fault indicator. An active low turns on an external indicator to show the controller is either polling
for the presence of the battery or has determined the battery has been removed.
4 CMN ouT Charge mode indicator. A continuous low shows the controller is in a soft start or fast charge. The indicator
flashes during the topping and maintenance charges.
5 OTN OouT Out-of-temperature range indicator. An active low turns on an external indicator showing the battery is out
of the normal fast charge temperature range.
6 SELO IN Input used with the SEL1 pin to program the device for the desired charge rate.
7 VSS Ground.
8 AVSS Ground.
9 SEL1 IN Input used with the SELO pin to program the device for the desired charge rate.
10 MRN IN Master reset signal. A logic low pulse greater than 700 ms initiates a device reset.
11 RC IN An external resistor and capacitor sets the frequency of the internal clock.
12 DTSEL IN Selects temperature slope and/or voltage slope termination.
13 THERM IN Thermustor or thermal switch input for temperature sensing.
14 VIN IN Battery voltage normalized to one cell with an external resistor divider.
15 unused Ground.
16 VDD Device supply =+5.0 VDC

Note: Pins 6, 9, 10 and 13 have an internal pull-up.
Pin 12 has an internal pull-down
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Controller Operation
Charging Stages

The charging sequence consists of four stages. The application
of current is shown graphically in Figure 1. The soft start stage
gradually increases current levels up to the user selected fast
charge rate during the first two minutes. The soft start stage is
followed by the fast charge stage, which continues until termi-
nation. After termination, a two hour C/10 topping charge is
applied. The topping charge is followed by a C/40 mainte-
nance charge.

Soft Start Charge

Some batteries may exhibit an unusual high impedance condi-
tion while accepting the initial charging current, as shown in
Figure 2. Unless dealt with, this high impedance condition can
cause a voltage peak at the beginning of the charge cycle that
would be misinterpreted as a fully charged battery by the
voltage termination methods.

The soft start charge eases batteries into the fast charge stage
by gradually increasing the current to the selected fast charge
rate. The gradual increase in current alleviates the voltage
peak. During this stage, only positive current pulses are applied
to the battery. The duty cycle of the applied current is increased
to the selected fast charge rate, as shown in Figure 3, by
extending the current pulse on every cycle until the pulse is
about one second in duration. The initial current pulse is
approximately 200ms. The CMN indicator is activated continu-
ously during this stage

Average Soft-Start  Fast Charge Topping Charge Maintenance Charge
Current
(not to scale)
| Stage 1 | Stage 2 | Stage 3 | Stage 4
0 2 min termination termination + 2 hours

Time (not to scale)
R

Figure 1: Graphical representation of average current levels during the four charging stages

155 -
154
153 |-
152 -
151 1
150 -
149 -
148
147 |-
146 -
1451

High Impedance
Voltage Spike

Voltage (volts/cell)

| |

Time (Samples)

Figure 2: High impedance voltage spike at the beginning of charge
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Initial Pulse Initial Pulse Initial Pulse
Width Width Width
I I | :| increment I ;l 2 x increment
time time
| | /. | | /L l | /L. P
7/ 7/ 7/
I(———— cycle time >|l< cycle time * cycle time —>|

Figure 3: Cycle-to-cycle increase of the soft-start current pulse widths

Fast Charge

In the second stage, the ICS1712 applies the charging current
in a series of charge and discharge pulses. 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 4,
repeats every second until the batteries are fully charged.

The amplitude of the current pulse is determined by system
parameters such as the current capability of the charging
system, the desired charge rate, the cell capacity and the ability
of that cell to accept the charge current. The ICS1712 can be
set for four user-selectable fast charge rates from 15 minutes
(4C) to two hours (C/2). Charge pulses occur approximately
every second. The CMN indicator is activated continuously
during this stage.

rest rest voltage
yya time time acquisition time _ _ _
77
<= k=K
<—— fast charge pulse width
> < discharge pulse width

N

cycle time

hY(|
Pl

Figure 4: Charge cycle showing charge and discharge current pulses
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The discharge current pulse amplitude is typically set to about
2.5 times the amplitude of the charging current based on
1.4V/cell. For example, if the charge current is 4 amps, then
the discharge current is set at about 10 amps. The energy
removed during the discharge pulse is a fixed ratio to the
positive charge rate. The amplitude of the discharge pulse does
not affect the operation of the part as described in this section.

A voltage acquisition window immediately follows a brief rest
time after the discharge pulse. No charge is applied during the
rest time or during the acquisition window to allow the cell
chemistry to settle. 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
ICS1712 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.

cycle
time

k—

1<

delay time

Topping Charge

The third stage is a topping charge that applies current at a rate
low enough to prevent cell heating but high enough to ensure
a full charge.

The topping charge applies a C/10 charging current for two
hours. The current consists of the same pulse technique used
during the fast charge stage; however, the duty cycle of the
pulse sequence has been extended as shown in Figure 5.
Extending the time between charge pulses allows the same
charging current used in the fast charge stage so that no changes
to the 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 CMN indicator flashes at a one second rate during this
stage.

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. After the topping charge ends, the
ICS1712 begins this charge stage by extending the duty cycle
of the applied current pulses to a C/40 rate. The maintenance
charge will last for as long as the battery voltage is greater than
0.5V at the VIN pin. The CMN indicator flashes at a one second
rate during this stage.

cycle
time

1<

Figure 5: Representative timing diagram for topping and maintenance charge
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Charge Termination Methods

Several charge termination schemes, including voltage slope,
temperature slope, maximum temperature and two overall
charge timers are available. The voltage slope and negative
voltage slope methods may be used with or without the tem-
perature slope and the maximum temperature method. Maxi-
mum temperature and the fast charge timer are available as
backup methods.

Voltage Slope Termination

The most distinctive point on the voltage curve of a charging
battery in response to a constant current is the voltage peak that
occurs as the cell approaches full charge. By mathematically
calculating the first derivative of the voltage, a second curve
can be generated showing the change in voltage with respect
to time as shown in Figure 6. The slope will reach a maximum
just before the actual peak in the cell voltage. Using the voltage
slope data, the ICS1712 calculates the point of full charge and
accurately terminates the applied current as the battery reaches
that point. The actual termination point depends on the charging
characteristics of the particular battery.

1.8
1.7
g 1.6 |-
2
g 150 Voltage
[}
(o))
]
©° 14 Voltage Slope
> -
13
12 -

Cells that are not thoroughly conditioned or possess an unusual
cell construction may not have a normal voltage profile. The
ICS1712 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. This method looks for a
flattening of the voltage slope which may indicate a shallow
peak in the voltage profile.The zero slope point occurs slightly
beyond the peak voltage and is shown on the voltage curve graph.

~ |

Inflection Point

Slope (volts/sample)

Zero Slope

Time (Samples)

Figure 6: Voltage and slope curves showing inflection and zero slope points
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Temperature Slope Termination

Temperature slope termination is based on the battery produc-
ing an accelerated rate of heating as the amount of readily
chargeable material dimishes at full charge. An increase in
battery (cell) heating due to the charging reaction will occur at
a much faster rate than a change due to a warming ambient
temperature. Note the effect of 0.5°C fluctuations in ambient
temperatures resulting in slight variations in the temperature
slope as shown in Figure 7. However, the increase in cell
temperature near the end of charge causes a much larger
change in the temperature slope that can be easily detected and
used as a trigger for fast charge termination.

30 - 1056
28 |- 104 ~
Cell Temperature E
3 S
-~ 26 403 2
°
3 »
©
g 24 402 g
BT 5
@ g
5
- 4 =
22 Temperature Slope 01
20 - - 00
L 1 L L 1 L j
0 10 20 30 40 50 60
Time (min )

Figure 7: Cell temperature and
temperature slope

The rate of change in cell temperature can be determined by
measuring the change in voltage across a negative temperature
coefficient thermistor as shown in Figure 8. The resistance of
an NTC thermistor changes in proportion in the change in
temperature of the thermistor. The ICS1712 measures the
decreasing resistance as a drop in voltage and calculates the
thermistor voltage slope, shown in Figure 8. The controller
terminates fast charge based on the selected charge rate and the
calculated slope.

Thanistr Velage Slope

Temperature (*C)
8
PR
-
Thermistor Votage Siope (votts/min.)

ul
“Thermetor Volege _'“g“m
2} 4150
145 J
2L <140 -0.03
. L s R L '
0 10 20 3 “«© S0 [ ]
Time (min)

Figure 8: Cell temperature and
thermistor voltage slope

Table 1 shows the decrease in thermistor voltage the last
minute before full charge required by the ICS1712 at various
charge rates. The thermistor voltage slope should exceed the
listed value to ensure charge termination. Note that changes in
thermistor location, cell size or large ambient temperature
fluctuations can affect the slope to some degree. Refer to the
Applications Information section and Temperature Slope and
Maximum Temperature section for more information on ther-
mistor mounting.

Table 1: Slope vs. Charge Rate

Thermistor Voltage Slope
Charge Rate (-V/min.)
>C/2 0.040
Cr2 0.028
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To determine the required thermistor characteristics for
proper temperature slope termination, the battery temperature
rise must be known or determined for the last minute prior to
full charge.

Maximum temperature termination is also enabled when tem-
perature slope termination is used. Care must be taken to keep
voltage levels at the THERM pin within the fast charge range
(between 2.4V and 0.93V), as shown in Figure 9.

Maximum Temperature Termination

Maximum temperature can be sensed using either a NTC ther-
mistor or a thermal switch. Maximum temperature termination
can also be bypassed if desired, although it is strongly recom-
mended that some form of temperature termination be used.

If an NTC thermistor is used, an internal voltage threshold
determines when the battery is too hot to charge. As tempera-
ture increases, the voltage across the thermistor will drop. This
voltage is continually compared to the internal voltage thresh-
old. If the thermistor voltage drops below the internal thresh-
old, the OTN indicator is activated and the controller shuts
down. The controller must be reset once the hot battery fault
condition has cleared to restart the charge sequence.

If a thermal switch is used, a 45°C open circuit switch is
recommended. When the thermal switch opens, an internal
pull-up at the THERM pin results in a logic high which shuts
down the controller and activates the OTN indicator. The
controller must be reset once the hot battery fault condition has
cleared to restart the charge sequence.

Maximum temperature termination can be disabled by ground-
ing the THERM pin. See the section on Temperature Sensing
for more information.

Fast Charge Timer Termination

The controller uses a timer to limit the fast charge duration.
These times are pre-programmed, and are automatically ad-
justed in time duration according to the charge rate selected.
Fast charge timer termination is best suited as a safety backup
feature to limit the duration of the fast charge stage. The fast
charge timer is always enabled and cannot be disabled. See
Table 3 in the section Charge Rate Selection for more
information.
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Battery Polling

Upon power-up or after a reset is issued, any excess charge
from filter capacitors at the charging system terminals is re-
moved with a series of discharge pulses. After the discharge
pulse series is complete, the voltage at VIN must be greater
than 0.5V when a battery is present. If the voltage at VIN is
less than 0.5V, the ICS1712 assumes no battery is attached and
initiates a polling sequence.

The ICS1712 then applies a 100ms charge pulse. During the
pulse, the ICS1712 monitors the VIN pin to determine if the
divided down terminal voltage is greater than the internal 2.0V
reference. If the battery is present, the voltage is clamped
below the 2.0V reference when the current pulse is applied and
the fast charge stage begins immediately. If a battery is not
present, the voltage at VIN rises above the 2.0V reference and
the PFN fault indicator is activated.

The charge pulses repeat for 10 seconds. If the battery is
installed within 10 seconds, the ICS1712 will turn off the PEN
fault indicator and enter the soft start stage. If the battery is not
installed within 10 seconds, the PFN fault indicator remains
active and the ICS1712 shuts down. A reset must be issued to
restart the controller after installing the battery.

Battery Fault Detection

The ICS1712 will turn on the PFN fault indicator and shut
down if the battery is removed or if an open circuit occurs in
the current path anytime after fast charge has been initiated.
When in the topping charge or maintenance charge stages, a
charge pulse may not occur for several seconds. During the
period between charge pulses, the voltage at VIN should be
greater than 0.5V if a battery is attached. If the voltage at VIN
is less than 0.5V, the ICS1712 assumes the battery has been
removed, a fault condition is indicated by the PEN fault indi-
cator, and the controller shuts down.

Cold Battery Charging

Cold battery charging is activated if a voltage at the THERM
pin is in the cold battery voltage range, as shown in Figure 7.
The ICS1712 checks for a cold battery before initiating fast
charge. If a cold battery is present before fast charging begins,
the ICS1712 begins a two hour C/10 topping charge (the
pulsed duty cycle is based on the selected charge rate). If the
battery is still cold after the two hour topping charge is com-
plete, the ICS1712 begins a C/40 maintenance charge. The
maintenance charge will continue for as long as the battery
remains cold. The thermistor voltage at the THERM pin is
checked every second to see if the battery has warmed up. If
so, the ICS1712 stops the topping charge or maintenance
charge and begins a fast charge at a rate selected by the SELO
and SEL1 inputs. See the section on Temperature Sensing for
more information.

The CMN will flash at a one second rate, and the OTN
indicator will be active, indicating that a low current charge
is being applied to a battery that is outside the specified
temperature range for fast charging.
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Pin Descriptions

The ICS1712 requires some external components to control
the clock rate, sense temperature and provide an indicator
display. The controller must be interfaced to an external power
source that will provide the current required to charge a battery
pack and, if desired, a circuit that will sink discharge current.

Output Logic Signals: CHG, DCHG Pins

The CHG and DCHG pins are active high, TTL compatible
outputs. 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
pin indicates that the charging current supply should be acti-
vated. If applicable, a logic high on the DCHG pin indicates
that the discharge circuit should be activated.

Care must be taken to control wiring resistance and inductance.
The load resistor must be capable of handling this short dura-
tion high-amplitude pulse.

Indicators: CMN, PFN, OTN Pins

The controller has three outputs for driving external indicators.
These pins are active low. The three indicator outputs have
open drains and are designed to be used with LEDs. Each
output can sink over 20mA which requires the use of an
external current limiting resistor. The three indicator signals
denote fast charge stage, topping and maintenance stages, and the
polling detect or battery fault and out-of-temperature range modes
as shown in Table 2.

The charge mode (CMN) indicator is activated continuously
during the soft start and fast charge stages. The CMN indicator
flashes at a one second rate when the ICS1712 is applying a
topping or maintenance charge.

The polling fault (PFN) indicator is on when the ICS1712 polls
for a battery for the first 10 seconds. The controller applies
periodic charge pulses to detect the presence of a battery. The
indicator is a warning that these charge pulses are appearing at
the charging system terminals at regular intervals. When a
battery is detected, the indicator is turned off. The indicator is
also active if the battery is removed from the system, warning
that a fault has occured.

The out-of-temperature range (OTN) indicator is active when-
ever the voltage at the temperature sense (THERM) input
enters a range that indicates that the attached battery is too hot
to charge. The OTN indicator is also activated with the CMN
indicator if the controller is initialized with the battery in the
cold battery charge region.

Table 2: Indicator Description List

PEN CMN OTN Description
on Polling mode or battery fault
flash Maintenance and topping charge
on Fast charge
on Hot battery shutdown
flash on Cold battery charge
on on see Applications Information
on one flash see Applications Information
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Charge Rate Selection: SELO, SELI Pins

The SELO and SEL1 inputs must be programmed by the user
to inform the ICS1712 of the desired charge rate. When a low
level is required, the pin must be grounded. When a high level
is required, no connection is required since each pin has an
internal 75kQ pull-up to Vpp. The voltage ranges for low (L)
and high (H) are listed in Table 8, DC Characteristics. To
program the SELO and SEL1 inputs, refer to the Charge Rate List
in Table 3.

The ICS1712 does not control the 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 should
provide current at the selected charge rate. For example, to
charge a 1.2 ampere hour battery in 30 minutes (2C), approxi-
mately 2.4 amperes of current is required.

Table 3: Charge Rate List

Fast Charge
Topping Charge Maintenance Charge Timer Duration
SELO SEL1 Charge Rate Pulse Rate Pulse Rate (after reset)
L L 4C (15 min) one every 40 sec one every 160 sec 30 min
L H 2C (30 min) one every 20 sec one every 80 sec 60 min
H L 1C (60 min) one every 10 sec one every 40 sec 90 min
H H C/2 (120 min) one every 5 sec one every 20 sec 210 min

See the section on Controller Operation for additional information on the topping charge and maintenance charge. See the section on Charge Termination

Methods for additional information on the charge timer.
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Master Reset: MRN Pin

The MRN pin is provided to re-program the controller for a
new mode or charging sequence. This pin has an internal
pull-up of about 75k<2. A logic low on the MRN pin must be
present for more than 700ms for a reset to occur. As long as the
pin is low, the controller is held in a reset condition. A master
reset is required to clear a temperature fault condition, clear
the charging system test, reset the ten hour timer or change
charge rates or auxiliary modes. Upon power-up, the controller
automatically resets itself.

Clock Input: RC Pin

The RC pin is used to set the frequency of the internal clock
when an external 1 MHz clock is not available. An external
resistor must be connected between this pin and Vpp. An
external capacitor must be connected between this pin and
ground. The frequency of the internal clock will be about 1
MHz with a 16k resistor and a 100pF capacitor. All time durations
noted in this document are based on a 1 MHz clock. Operating the
clock at a lower frequency will proportionally change all time
durations. Operating the clock at a frequency significantly
lower than 1 MHz, without adjusting the charge current ac-
cordingly, will lessen the effectiveness of the fast charge timer
and lower the accuracy of the controller. Operating the clock
at a frequency greater than 1 MHz will also change all time
durations and, without adjusting the charge current accord-
ingly, may cause termination to occur due to the fast charge
timer expiring rather than by the battery reaching full charge.

The clock may be driven by a 1 MHz external 0 to 5V pulse
provided the duty cycle is between 10% and 60%. The clock
input impedance is about 1kQ.

Temperature Sensing: THERM Pin

The THERM pin is provided for hot and cold battery detection
and for temperature slope termination of fast charge when used
in conjunction with an NTC thermistor. The THERM pin also
provides for hot battery and maximum temperature termina-
tion when used in conjunction with a normally closed thermal
switch. Several internal voltage thresholds are used by the
controller depending on whether a thermistor or a thermal
switch is used. Figure 9 shows the internal thresholds over laid
on a typical thermistor curve.

Using an NTC thermistor for hot and cold bat-
tery detection:

Thermal Switch Temperature (°C)
Temperature > 45°C Temperature < 45°C

s0 No charging permitted
45 due to a "hot" opened thermal switch
40 | 42
£ |
§ 35 | Cold battery charge
x 30 | due to a “cold" thermistor
E 25 | 24V
5 20
g 20, Fast charge allowed
2 15 | using a thermistor
S |
> 10 BV No charging permitted
05 I due to a “hot" thermistor
1 05V Fast charge allowed
oo . | due to a closed thermal switch

. AR
0 10 20 30 40 50
Thermistor Temperature (°C)

Figure 9: Voltage levels for temperature
sensing with a thermistor or thermal switch

The THERM pin requires some thought if a thermistor is going
to be used for hot and cold battery detection. The example
below works for a typical 10kQ @ 25°C NTC thermistor.
Consider using the controller to prevent charging above 45°C and
reducing the current below 10°C. At 10°C the resistance of the
thermistor is 18k€2. At 45°C, the resistance drops to 4.7k€2. The
ICS1712 has an internal voltage threshold at 10°C at 2.4V, and an
internal voltage at 45°C at 0.93V as shown in Figure 9. At 25°C the
voltage at the THERM pin is set at the midpoint of the thresholds:

240V - 093V
2

The THERM pin has a 75kQ internal pull-up (Rpu). Using a
resistor divider with 10kQ for the thermistor (Reh) and a
external fixed resistor (Rfix), the divider looks like Figure 10
at 25°C:

0.93V + =1.67V.

Voo +5V

R,,= 75k Ry

1.67V
THERM pin
Ry,=10k @ 25°C

A4

Figure 10: Voltage divider at the THERM pin
at25°C
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To set the voltage at the THERM pin for 1.67V at 25°C, the
equivalent divider looks like Figure 11.

THERM pin

Figure 11: Equivalent voltage divider

The parallel resistance R) is calculated:

Ry = SY-L67V
1.67V/10kQ

=20kQ2

The internal pull-up resistance Rpu and the parallel resistance
Ry are known so the external fixed resistor can be calculated
from:

Rpu - Ry

Substituting in known values: Rfix = 27.27kQ. A27kQ stand-
ard value is used for Rfix.

Since the thermistor resistance R is specified by manufactur-
ers ata particular temperature, the voltage across the thermistor
Vi at that temperature can be calculated from:

Vth = (5V),

R| + R,

with the drop across the resistor divider equal to 5V. For this
example, the calculated voltage with Rin=18kQ at 10°C is
2.37V and with Rih=4.7kQ at 45°C the voltage is 0.95V. Table
6 lists the internal thresholds for hot and cold battery detection.
If the voltage across the thermistor (at the THERM pin) drops
below 0.93V, the ICS1712 will shut down due to a hot battery
fault condition and will not restart unless reset. If the voltage
dropped across the thermistor is above 2.4V before fast charge
is initiated, the ICS1712 will begin a reduced current charge.
See the Cold Battery Charging section for more information.

Table 4: Thermistor Voltage Thresholds

Battery
Parameter Voltage Temperature
Cold Battery Thermistor >2.4 <10°C
Voltage
Hot Battery Thermistor <0.93 >45°C
Voltage

o Using an NTC thermistor for temperature slope
termination:

As a battery approaches full charge, its accelerated rate of
heating can be used to terminate fast charge by detecting the
large change in the temperature slope. The large change in
temperature slope is proportional to the thermistor voltage
change per unit of time. If the DTSEL pin is programmed for
temperature slope termination, the controller will calculate the
thermistor voltage slope and terminate based on internally set
thresholds as listed in Table 1. The threshold is 40mV per
minute for selected charge rates greater than C/2 and 28mV per
minute for selected charge rate C/2. The voltage across the
thermistor must change at these rates or greater to terminate
the selected charge rate.

These thresholds correspond to a set change in thermistor
resistance when an external pull-up to 5V is used as shown in
Figure 11. Using the values calculated from the hot and cold
battery detection example, the percent change in the thermistor
resistance per minute for selected charge rates are provided.
For selected charge rates greater than C/2, the thermistor
resistance must decrease 4%/min. to terminate charge. For
selected charge rate C/2, the thermistor resistance must de-
crease 3%/min. to terminate charge.
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For example, a battery was monitored as it charged at a 1C rate
in 25°C ambient. In the final minute of charge, the battery
temperature rose from 29.8°C to 31°C where full charge was
detected. With this data, the typical 10kQ @ 25°C thermistor
used in the example above is checked to determine if its
characteristics satisfy the 4% decrease in resistance required
for the last minute of charge. The thermistor measures 8.37kQ
@ 29.8°C and 8.01kQ at 31°C. For a 1C charge rate, the
resistance must decrease at least 4%/min. or more between
29.8°C and 31°C. The percent decrease in resistance for the
thermistor is calculated as:

8.37kQ - 8.01kQ

=4. .
8.37kQ (100) = 4.30%

This thermistor meets the 4%/min. requirement and will result
in termination at full charge at 31°C. The thermistor must be
checked for a4%/min. decrease in resistance for the last minute
of charge near the hot and cold battery thresholds.

The battery in the example above was charged in a 25°C
ambient with its temperature rising 31°C - 25°C or 6°C. The
temperature rise was 31°C - 29.8°C or 1.2°C in the last minute
before full charge occurred. This information is used to check
the thermistor characteristics at the ambient extremes. If the
selected 1C charge rate is initiated at 12°C, the thermistor
resistance change must decrease 4%/min. between 16.8°C and
18°C. The thermistor resistance at 16.8°C is 13.68kQ and at
18°C the thermistor resistance is 13.06kQ.

13.68k€2 - 13.06kQ2

100) = 4.
13.68kQ (100) = 4.53%

The thermistor meets the 4%/min. requirement and will result
in termination of fast charge at 18°C. If the selected 1C charge
rate is initiated at 37°C, the thermistor resistance change must
decrease 4%/min. between 41.8°C and 43°C. The thermistor
resistance at 41.8°C is 5.48kQ and at 43°C the thermistor
resistance is 5.25kQ.

5.48kQ - 5.25kQ

= 4.19%
5.48kQ (100) = 4.19%

The thermistor meets the 4%/min. requirement and will result
in termination of fast charge at 43°C.

The 4%/min. and 3%/min. decrease in thermistor resistance for
the last minute of charge for the selected charge rate are
applicable for NTC thermistors other than 10kQ @ 25°C
provided that the following requirements are met:

e An external pull-up resistor to 5V is used to provide a
thermistor voltage of 1.67V @ 25°C.

e The thermistor resistance at 25°C does not exceed 20kQ2
so that accuracy and adequate noise immunity are main-
tained.

e The thermistor resistance increases by a factor of about
1.8 from 25°C to 10°C and the thermistor resistance
decreases by a factor of about 2.1 from 25°C to 45°C.

o Using a thermal switch for hot battery detection:

A thermal switch that opens at about 45°C is recommended.
The thermal switch must be connected between the THERM
pin and ground. When the thermal switch is closed, the voltage
at the THERM pin must be below 0.5V for normal operation.
When the thermal switch opens (see Figure 12), the internal
pull-up at the THERM pin will raise the voltage above 4.2V
and the ICS1712 will shut down and will not restart unless
reset. Table 5 contains the internal voltage thresholds used with
a thermal switch.

VD D

THERM pin .
normally closed thermal switch

opens at 45°C

Figure 12: Thermal switch to connection to
ground at the THERM pin

Table 5: Thermal Switch Voltage Thresholds

Battery
Parameter Voltage Temperature
Opened Thermal Switch >4.2 >45°C
Voltage
Closed Thermal Switch <0.5 <45°C
Voltage
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¢ Using no temperature sensor:

If a temperature sensor is not used, the THERM pin must be
grounded.

Termination Selection: DTSEL Pin

The ICS1712 has the capability of either temperature slope
termination, voltage slope termination or both methods simul-
taneously. The DTSEL pin has an internal 75kQ pull-down
resistor that enables voltage slope termination as the primary
method and is the default condition. Tying the pin high enables
both temperature slope and voltage slope termination methods.
Temperature slope termination as the primary method is en-
abled by tying the DTSEL pin to the CMN output (pin 4). CMN
must have an external 15kQ or lower value pull-up resistor to
Vpp for proper activation of temperature slope termination.
The ICS1712 must be reset if a new termination method is
desired. Table 6 summarizes the DTSEL pin settings. NOTE:
Maximum temperature and fast charge timer termination
methods are always enabled when using temperature slope
termination. Refer to the sections on Fast Charge Timer
Termination and Maximum Temperature Termination for more
information.

Table 6: Termination Select List

Tie DTSEL
Pinto ... Result
Low Voltage slope termination only
(No Connect)

High Voltage slope and temperature slope
termination

CMN Temperature slope termination only
(CMN with external pull-up to VDp)

Voltage Input: VIN Pin

The battery voltage must be normalized by an external resistor
divider network to one cell. The electrochemical potential of
one cell is about 1.2V. For example, if the battery consists of
six cells in series, the voltage at the VIN pin must be equal to
the total battery voltage divided by six. This can be accom-
plished with two resistors, as shown in Figure 13. To determine
the correct resistor values, count the number of cells to be
charged in series. Then choose either R1 or R2 and solve for
the other resistor using:

R1=R2x (#of cells -1) or R2 = Rl
(#of cells - 1)

VIN pin

# of cells =

it

Figure 13: Resistor divider network
at the VIN pin

R2

Power: VDD Pin

The power supply for the device must be connected to the VDD
pin. The voltage should be +5 VDC and should be supplied to
the part through a regulator that has good noise rejection and
an adequate current rating. The controller requires up to a
maximum of 11mA with Vpp=5.00V.

Grounding: VSS, AVSS Pins

There are two ground pins. Both pins must be connected
together at the device. This point must have a direct connection
to a solid ground plane.
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Data Tables

Table 7: Absolute Maximum Ratings
Supply Voltage 6.5 \%
Logic Input Levels -0.5to Vpp + 0.5 A\
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 conditions for extended
periods may affect product reliability.

Table 8: DC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Supply Voltage VpD 4.5 5.0 5.5 v
Supply Current Ipp 7.3 mA
High Level Input Voltage ViH 3.6 4.1 4.5 v
SELQ, SEL1
Low Level Input Voltage VIL 0.73 0.75 0.8 A%
SELOQ, SEL1
Low Level Input Current, pull-up I V=04V 74 HA
THERM, MRN
High Level Input Current, pull-down I V=Vpp-0.4V 75 HA
DTSEL
High Level Source Current Ion V=Vpp-0.4V 28 mA
CHG, DCHG
Low Level Sink Current IoL V=04V 25 mA
CHG, DCHG
Low Level Sink Current, indicator IoL V=04V 40 mA
PFN, CMN
Low Level Sink Current, indicator IoL V=0.4V 28 mA
OTN
Input Impedance 1.0 MQ
Analog/Digital Converter Range 0-2.2 0-2.7 0-2.7 \
Table 9: DC Voltage Thresholds
TamB=25°C
PARAMETER TYP UNITS
Minimum Battery Voltage 0.5 \4
Maximum Battery Voltage 2.0 v
Thermistor - Cold Temperature 2.4 v
Thermistor - Hot Temperature 0.93 v
Thermal Switch - Open 4.2 v
Thermal Switch - Closed 0.5 v
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R~16kQ2, C~100pF

Table 10: Timing Characteristics

PARAMETER SYMBOL REFERENCE TYP UNITS

Clock Frequency 1.0 MHz
Reset Pulse Duration tRESET see Figure B 700 ms
Charge Pulse Width {CHG see Figure A 1048 ms
Discharge Pulse Width tDCHG see Figure A 5.0 ms
Rest Time tR see Figure A 4.0 ms
Data Acquisition Time tDA see Figure A 16.4 ms
Cycle Time tCYCLE see Figure A 1077 ms
Capacitor Discharge Pulse Width 5.0 ms
Capacitor Discharge Pulse Period 100 ms
Polling Detect Pulse Width 100 ms
Polling Detect Pulse Period 624 ms
Soft Start Initial Pulse Width 200 ms
Soft Start Incremental Pulse Width 7.0 ms
RESET to SEL Dynamic Reprogram Period tRSA see Figure B 1160 ms
Timing Diagrams

Figure A: tCHG tR

CHG _
DCHG , Voltage
=
tocue T toa
fe— tovee
Figure B:

treser )
RESET

SELO

SEL1
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Applications Information

To ensure proper operation of the ICS1712, external compo-
nents must be properly selected. The external current source
used must meet several important criteria to ensure optimal
performance of the charging system. The charging current
should be constant when using voltage slope termination. The
current may vary when using temperature slope termination.

VIN Divider Resistors

Figure 14 shows a typical application using the ICS1712. R1
and R2 must be carefully selected to ensure that battery detec-
tion and voltage termination methods operate properly. R1 and
R2 are selected to scale the battery voltage down to the voltage
of one cell. The following table shows some typical values.
Additional information is available in the Voltage Input
section.

Cells R1 R2
1 Short Open
2 2.0k 2.0k
3 2.0k 1.0k
4 3.0k 1.0k
5 12k 3.0k
6 10k 2.0k
7 12k 2.0k
8 9.1k 1.3k

If using voltage slope termination, the current source should
prevent ripple voltage from appearing on the battery. The
effects of ripple on the battery voltage may interfere with
proper operation when using the voltage slope method.

PC Board Design Considerations

It is very important that care be taken to minimize noise
coupling and ground bounce. In addition, wires and connectors
can add significant resistance and inductance to the charge and
discharge circuits.

When designing the printed circuit board, make sure ground
and power traces are wide and bypass capacitors are used right
at the controller. Use separate grounds for the signal, charge
and discharge circuits. Separate ground planes on the compo-
nent side of the PC board are recommended. Be sure to connect
these grounds together at the negative lead of the battery only.
For the discharge circuit, keep the physical separation between
power and return (ground) to a minimum to minimize field
radiation effects. This precaution is also applicable to the
constant current source, particularly if it is a switch mode type.
Keep the ICS1712 and the constant current source control
circuits outside the power and return loop described above.
These precautions will prevent high circulating currents and
coupled noise from disturbing normal operation.

Selecting the Appropriate Termination Method

In general, the voltage slope termination method works best
for equipment where the battery is fast charged with the
equipment off or the battery is removed from the equipment
for fast charge. The temperature slope and maximum tempera-
ture termination methods are for equipment that must remain
operative while the battery is fast charged.
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¢ Voltage Slope Termination

The voltage slope termination method used by the ICS1712
requires a nearly constant current flow into the battery during
fast charge. Equipment that draws a known constant current
while the battery is charging may use the voltage slope termi-
nation method. This constant current draw must be added to
the fast charge current. Using the voltage slope termination
method for equipment that randomly or periodically requires
moderate current from the battery during fast charge needs
evaluation. Equipment that randomly or periodically requires
high current from the battery during fast charge may cause a
voltage inflection that results in termination before full charge.
A voltage inflection can occur due to the charge current de-
creasing or fluctuating as the load changes rather than by the
battery reaching full charge. The voltage slope method will
terminate charge based on voltage inflections that are charac-
teristic of a fully charged battery.

Charging sources that produce decreasing current as fast
charge progresses may also cause a voltage inflection that may
result in termination before full charge. For example, if the
charge current is supplied through a resistor or if the charging
source is a constant current type that has insufficient input
voltage, the current will decrease and may cause a termination
before full charge. Other current source abnormalities that may
cause a voltage inflection that is characteristic of a fully
charged battery are inadequate ripple and noise attentuation
capability or charge current decreasing due to thermal drift.
Charging sources that have any of the above characteristics
need evaluation to access their suitability for the application if
the use of the voltage slope termination is desired.

When using voltage slope termination, the controller soft start
stage, built-in noise filtering, and fast charge timer operate
optimally when the constant current source charges the battery
at the rate selected. If the actual charge current is significantly
less than the rate selected, the conditioning effect of the soft
start stage and the controller noise immunity are lessened.
Also, the fast charge timer may cause termination based on
time duration rather than by the battery reaching full charge
due to inadequate charge current.

e Temperature Slope and Maximum Temperature

Temperature slope and/or maximum temperature termination
may have to be used for equipment that has high dynamic
current demands while operating from the battery during fast
charge. Also, users who do not have a well regulated constant
current source available may have to use temperature termina-
tion. In general, utilizing temperature slope as the primary
termination method with maximum temperature termination
as a safety back-up feature is the best approach. When using
temperature slope termination, the actual current should not be
appreciably lower than the selected rate in order that termina-
tion of fast charge occurs due to the battery reaching full charge
rather than by the timer expiring.

Temperature termination methods require that the thermal
sensor be in intimate contact with the battery. A low thermal
impedance contact area is required for accurate temperature
sensing. The area and quality of the contact surface between
the sensor and the battery directly affects the accuracy of
temperature sensing. Thermally conductive adhesives may
have to be considered in some applications to ensure good
thermal transfer from the battery case to the sensor.

The thermal sensor should be placed on the largest surface of
the battery for the best accuracy. The size of the battery is also
a consideration when using temperature termination. The
larger the battery the lower the surface area to volume ratio.
Because of this, larger batteries are less capable in dissipating
internal heat.

Additional considerations beyond the basics mentioned above
may be involved when using temperature slope termination
where sudden changes in ambient temperature occur or where
forced air cooling is used. For these applications, the surface
area of the thermal sensor in contact with the battery compared
to the surface area of the thermal sensor in contact with the
ambient air may be significant. For example, bead type ther-
mistors are relatively small devices which have far less thermal
capacity compared to most batteries. Insulating the surface of
the thermistor that is in contact with the ambient air should help
minimize heat loss by the thermistor and maintain accuracy.
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Maximum Temperature Termination

Maximum temperature termination is best suited as a safety
back-up feature. Maximum temperature termination requires
that the thermal sensor be in intimate contact with the battery.
A low thermal impedance contact area is required for accurate
temperature sensing. The area and quality of the contact sur-
face between the sensor and the battery directly affects the
accuracy of temperature sensing. Thermally conductive adhe-
sives may have to be considered in some applications to ensure
good thermal transfer from the battery case to the sensor.

The thermal sensor should be placed on the largest surface of
the battery for the best accuracy. The size of the battery is also
a consideration when using temperature termination. The
larger the battery, lower the surface area to volume ratio.
Because of this, larger batteries are less capable in dissipating
internal heat.

Additional considerations beyond the basics mentioned above
may be involved when using maximum temperature termina-
tion where sudden changes in ambient temperature occur or
where forced air cooling is used. For these applications, the
surface area of the thermal sensor in contact with the battery
compared to the surface area of the thermal sensor in contact
with the ambient air may be significant. For example, bead type
thermistors are relatively small devices which have far less
thermal capacity compared to most batteries. Insulating the
surface of the thermistor that is in contact with the ambient air
should help minimize heat loss by the thermistor and maintain
accuracy.

Charging System Status by Indicator

The Indicator Description List in Table 2 contains displays that
are caused by charging system abnormalities. At power-up or
after a reset is issued, one flash of the CMN indicator followed
by a continuous PFN indication results from a voltage present
at the battery terminals with the current source off and no
battery. Check the current source and ensure that it produces
no more than the equivalent of 350mV/cell when turned off
with no battery. If the VIN divider resistors were not properly
selected, an open circuit voltage that is actually less than the
equivalent of 350mV/cell with the charger off and no battery
will not divide down this open circuit voltage properly and
produce a PFN fault indication. Check the VIN divider and
ensure that it properly normalizes the battery voltage to the
electrochemical potential of about 1.2V cell. If the PEN fault
indicator is active immediately after power-up or after a reset
is issued with the battery installed, then the constant current
source is producing more than the equivalent of 350mV/cell
when off and there is an open connection between the charger
terminals and the battery. Check wires, connections, battery
terminals, and the battery itself for an open circuit condition.

If the CMN and OTN indicators are active together, this is an
indication that the battery temperature has dropped to below
10°C after a fast charge was initiated with the battery tempera-
ture normal. If this condition is observed and the battery
temperature did not drop after fast charge was initiated, check
the thermistor circuit mechanically for poor contact and elec-
trically for excessive noise.
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Vv, CONSTANT
in
%>—— CURRENT
SOURCE
R3 (note 1)
+5V +5V AANANA—
Q1 (note 2) +5V (note 5)
ICcS1712 = 1 +5V
390 - FRATUF == .047yF
(mte CHG VoD | 16 T R1
DCHG unused 27K (note 4)
FAULT 3 PFN VIN 37
CHG 4 | CMN THERM ! -
t Hﬂﬂ TEMP 5§ | OTN DTSEL ' f
~__6 | SELO RC i
? 77 vss MRN | temperature ;
R2 sense |
8 | AVss SEL1 ——047 . options |
v 047
10kQ lopen
@25°C @45°C
(note 6) . |

Notes:
1) Value of R3 determined by discharge current and capacity of battery pack.
2) Discharge FET is logic-level compatible in this application.
3) DC return of discharge FET must be connected close to negative battery terminal.
4) Resistor is needed only if a thermistor is used. Value may change depending on thermistor.
5) Regulated supply
6) Power ground; others are signal ground. Connect signal ground to power ground
at negative battery terminal only.

Figure 14: Functional Diagram

Ordering Information
ICS1712N, ICS1712M, or ICS1712MT

Example:
ICS XXXX M

Package Type

N=DIP ('Elasuc)

M=S0IC

MT=SOIC Tape and Reel
Device Type (consists of 3-5 digit numbers)
Prefix

ICS=Standard Device
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Integrated ICS1722
Circuit
Systems, Inc.

QuickSaver® Charge Controller for Nickel-Cadmium
and Nickel-Metal Hydride Batteries

General Description Features

The ICS1722 is a CMOS device designed for the intelligent e  Charge termination methods include:

charge control of either nickel-cadmium (NiCd) or nickel-met- - Voltage slope

al hydride (NiMH) batteries. The controller uses a pulsed-cur- - Charge timers

rent charging technique together with voltage slope e  Four stage charge sequence:

termination. The ICS1722 employs a four stage charge se- - Soft start charge

quence that provides a complete recharge without overcharg- - Fast charge

ing. The controller has nine user-selectable charge rates and - Topping charge

six user-selectable auxiliary modes available for customized - Maintenance charge

charging systems. e Reverse-pulse charging available in all charge stages
. . e Nine programmable charge rates between 15 minutes (4C)

The ICS1722 monitors for the presence of a battery and begins and four hours (C/4)

charging when a battery is installed. The ICS1722 is for . . .
applications where temperature sensing is not required by the ¢ Continuous polling mode for battery detection
charge controller. e Six auxiliary modes include:

- Discharge-before-charge

- Ten hour C/10 conditioning charge

- Direct to C/40 maintenance charge
Applications - Charging system test provided through controller

e Adjustable open circuit (no battery) voltage reference

Battery charging systems for:

- Portable consumer electronics
- Power tools

- Audio/video equipment

- Communications equipment

Block Diagram

RESET POLLING
OPEN CIRCUIT [ MODE LED
REFERENCE |MICROCODE CONTROLI
I CHARGE
I“ MODE LED
VOLTAGE 1 OUTPUT MAINTENANCE
SENSE —_APC | PROCESSOR CONTROL _I' MODE LED

MODE SELECT [ | cHARGE
CHARGE CONTROL
SELECT DISCHARGE

| CONTROL

RC | OSCILLATOR l
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Pin Configuration

cHe {1 Y NS
pcHG =<2 15 P— unused

PFN <3 14D viN
MMN — 4 1cs1722 3 D— OPREF
CMN <5 12 P— AUX1
SEL0 <6 11 D— AUXO
vss <7 10— RC
SEL1 <8 9D~ MRN

16-Pin DIP or SOIC
K-4, K-6

Pin Definitions

Pin Number | Pin Name Type Definition
1 CHG ouT Active high TTL compatible signal used to turn on an external current source to provide current to charge
the battery.
DCHG ouT Active ugh TTL compatible signal available to turn on a discharge circuit.
3 PFN ouT Polling detect indicator An active low turns on an external indicator to show the controller 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 eather in
the topping charge, maintenance charge or auxihary condition mode The indicator flashes during the
auxihiary discharge mode.

5 CMN ouT Charge mode indicator. An active low turns on an external indicator to show the controller 1s either in a
soft start charge or fast charge

6 SELO IN Tri-level input used with the SEL1 pin to program the device for the desired charge rate.

7 VSS Ground.

8 SEL1 IN Tri-level input used with the SELO pin to program the device for the desired charge rate

9 MRN IN Master reset signal. A logic low pulse greater than 700 ms initiates a device reset.

10 RC IN An external resistor and capacitor sets the frequency of the internal clock.

11 AUXO0 IN Tri-level mput used with the AUX1 pin to program the device for an auxiliary operating mode

12 AUX1 IN Tri-level mput used with the AUXO pin to program the device for an auxiliary operating mode.

13 OPREF IN Open circuit (no battery) voltage reference. An external pull-down resistor on this pin sets the open circuit
voltage reference used to detect the presence of a battery.

14 VIN IN Battery voltage normalized to one cell with an external resistor divider.

15 unused Ground.

16 VDD Device supply =+5.0 VDC

Note: Pins 9 and 13 have an nternal pull-up.

Pins 6, 8, 11, 12 float to 2 3V when unconnected.

1-80



ICS1722

Controller Operation
Charging Stages

The charging sequence consists of four stages. The application
of current is shown graphically in Figure 1. The soft start stage
gradually increases current levels up to the user selected fast
charge rate during the first two minutes. The soft start stage is
followed by the fast charge stage, which continues until termi-
nation. After termination, a two hour C/10 topping charge is
applied. The topping charge is followed by a C/40 maintenance
charge.

Soft Start Charge

Some batteries may exhibit an unusual high impedance condi-
tion while accepting the initial charging current, as shown in
Figure 2. Unless dealt with, this high impedance condition can
cause a voltage peak at the beginning of the charge cycle that
would be misinterpreted as a fully charged battery by the
voltage termination methods.

The soft start charge eases batteries into the fast charge stage
by gradually increasing the current to the selected fast charge
rate. The gradual increase in current alleviates the voltage
peak. During this stage, only positive current pulses are applied
to the battery. The duty cycle of the applied current is increased
to the selected fast charge rate, as shown in Figure 3, by
extending the current pulse on every cycle until the pulse is
about one second in duration. The initial current pulse is
approximately 200ms. The CMN indicator is activated continu-
ously during this stage.

Average Soft-Start  Fast Charge Topping Charge Maintenance Charge
Current
(not to scale)
| Stage 1 | Stage 2 | Stage 3 | Stage 4
0 2 min termination termination + 2 hours

Time (not to scale)
—_—

Figure 1: Graphical representation of average current levels during the four charging stages

155
154 -
153
152 |
151
150
149 |
148 -
147 F
146
145

High Impedance
Voltage Spike

Ao B3 Yo B pa I

Time (Samples)

Figure 2: High impedance voltage spike at the beginning of charge
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Initial Pulse Initial Pulse
Width Width

1

V4

l :| increment I :l 2 x increment
k_ time l‘_ time
1 y | |

Initial Pulse
Width

V4

L—’ cycle time >t cycle time >k cycle time ———|

Figure 3: Cycle-to-cycle increase of the soft-start current pulse widths

Fast Charge

In the second stage, the ICS1722 applies the charging current
in a series of charge and discharge pulses. 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 4,
repeats every second until the batteries are fully charged.

/L

The amplitude of the current pulse is determined by system
parameters such as the current capability of the charging
system, the desired charge rate, the cell capacity and the ability
of that cell to accept the charge current. The ICS1722 can be
set for nine user-selectable fast charge rates from 15 minutes
(4C) to four hours (C/4). Charge pulses occur approximately
every second. The CMN indicator is activated continuously
during this stage.

rest rest voltage
time time acquisition time

77

< k=K

<—— fast charge pulse width

r

—> < discharge pulse width

cycle time N

Figure 4: Charge cycle showing charge and discharge current pulses
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The discharge current pulse amplitude is typically set to about
2.5 times the amplitude of the charging current based on
1.4V/cell. For example, if the charge current is 4 amps, then
the discharge current is set at about 10 amps. The energy
removed during the discharge pulse is a fixed ratio to the
positive charge rate. The amplitude of the discharge pulse does
not affect the operation of the part as described in this section.

A voltage acquisition window immediately follows a brief rest
time after the discharge pulse. No charge is applied during the
rest time or during the acquisition window to allow the cell
chemistry to settle. 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
ICS1722 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.

cycle
time

Ie_

T

delay time

Topping Charge

The third stage is a topping charge that applies current at a rate
low enough to prevent cell heating but high enough to ensure
a full charge.

The topping charge applies a C/10 charging current for two
hours. The current consists of the same pulse technique used
during the fast charge stage; however, the duty cycle of the
pulse sequence has been extended as shown in Figure 5.
Extending the time between charge pulses allows the same
charging current used in the fast charge stage so that no changes
to the 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 MMN indicator is activated continuously during this
stage.

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. After the topping charge ends, the
ICS1722 begins this charge stage by extending the duty cycle
of the applied current pulses to a C/40 rate. The maintenance
charge will last for as long as the battery voltage is greater than
0.5V at the VIN pin, or, if the ten hour timer mode is enabled,
until the timer stops the controller. The MMN indicator is
activated continuously during this stage.

cycle
time

-~

Figure 5: Representative timing diagram for topping and maintenance charge
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Charge Termination Methods

Charge termination schemes include voltage slope, fast charge
timer and, if desired, a ten hour timer to limit total charge time.

Voltage Slope Termination

The most distinctive point on the voltage curve of a charging
battery in response to a constant current is the voltage peak that
occurs as the cell approaches full charge. By mathematically
calculating the first derivative of the voltage, a second curve
can be generated showing the change in voltage with respect
to time as shown in Figure 6. The slope will reach a maximum
just before the actual peak in the cell voltage. Using the voltage
slope data, the ICS1722 calculates the point of full charge and
accurately terminates the applied current as the battery reaches
that point. The actual termination point depends on the charging
characteristics of the particular battery.

1.8 -

1.7

Voltage

14+

Voltage (volts/cell)
&
T

13

FIR— |

Voltage Slope

Cells that are not thoroughly conditioned or possess an unusual
cell construction may not have a normal voltage profile. The
ICS1722 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. This method looks for a
flattening of the voltage slope which may indicate a shallow
peak in the voltage profile.The zero slope point occurs slightly
beyond the peak voltage and is shown on the voltage curve graph.

Charge Timer Termination

The controller uses a timer to limit the fast charge duration.
These times are pre-programmed, and are automatically ad-
justed in time duration according to the charge rate selected.
Fast charge timer termination is a safety backup feature to limit
the duration of the fast charge stage. The fast charge timer is
always enabled and cannot be disabled. See Table 3 in the
section Charge Rate Selection for more information. To limit
the total charge time to ten hours, refer to the section Ten Hour
Timer Mode for more information.

™~ |

Inflection Point

Slope (volts/sample)

Zero Slope

I L L L l . L n J

Time (Samples)

Figure 6: Voltage and slope curves showing inflection and zero slope points
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Battery Detection

Upon power-up or after a master reset, excess charge from
output filter capacitors at the charging system terminals is
removed with a series of discharge pulses. After the discharge
pulse sequence is complete, the voltage at VIN must be greater
than 0.5V when a battery is present. If the voltage at the pin is
less than 0.5V, the ICS1722 assumes no battery is present, and
the polling detect mode is initiated. No indicator is active
during the discharge pulses.

The ICS1722 enters the polling detect mode and applies a
100ms charge pulse. During the pulse, the ICS1722 monitors
the VIN pin to determine if the divided down terminal voltage
is above OPREF. If the battery is present, the voltage will be
clamped below the reference on OPREF while the current
pulse is applied. If a battery is not present, the voltage at VIN
will rise above the reference at OPREF.

The charge pulse will repeat at one second intervals until the
battery is reinstalled. The polling detect indicator (PFN) is the
only indicator active as long as the ICS1722 is in the polling
detect mode. Once a battery is installed, the ICS1722 will turn
off the PFN indicator and enter the soft start stage. The
ICS1722 will automatically re-enter the polling detect mode
if the battery is removed.

Battery Removal

During the application of a charge pulse, the voltage at the VIN
pin is compared to the voltage at the OPREF pin. If the voltage
at VIN is greater than the voltage at OPREF during the appli-
cation of the current pulse, then the battery is assumed to have
been removed and the ICS1722 enters the polling detect mode.
If the voltage at VIN is below the voltage at OPREF, charging
continues.

When in the topping charge or maintenance charge stages, a
charge pulse may not occur for several seconds. During the
period between charge pulses, the voltage at VIN must be
greater than 0.5V if a battery is attached. If the voltage at VIN
is less than 0.5V, the ICS1722 assumes the battery has been
removed, and the polling detect mode is initiated.

Auxiliary Modes of Operation

The ICS1722 allows six alternate modes of operation to help
customize the charging system for certain applications. The
tri-level AUX0 and AUX]1 pins are used to select the operating
mode. The AUXO0 and AUX1 pins default the ICS1722 into
fast charge operation. Except for the discharge-to-charge
mode, another mode can only be selected by re-programming
and resetting the controller.

Discharge-to-Charge Mode

The time required for discharge depends-on the energy in the
battery and the discharge rate. The discharge is not limited by
a timer. This allows the user to set the discharge rate. The
battery is drained to 1 volt/cell as read at the VIN pin under
load and then the controller enters soft start at a charge rate set
by the SELO and SELL1 inputs. The discharge load is activated
by the DCHG pin which goes low for about 400ms every
second. A resistor value selected for a 2.5C discharge based on
1.4V/cell results in about a 1C discharge rate.

The discharge-to-charge mode can be entered by placing the
AUXO pin high (H) and the AUX1 pin low (L) with the SELO
and SEL1 inputs set for the desired fast charge rate. This setting
initializes the discharge sequence. The ICS1722 enters the
discharge-to-charge mode at initial power-up or with a master
reset. The discharge mode occurs first, to be followed by the
selected fast charge mode. During discharge, the MMN indi-
cator flashes at a one second rate, while during the soft start
and fast charge stages the CMN indicator is activated continu-
ously.

Four charge modes are available after the discharge portion is
complete by changing the state of the AUX inputs during the
discharge portion of this mode. The available charge modes are:

o Fast Charge: Leave the AUX inputs open (Z).

e Direct Maintenance Mode: Set the AUX0 low (L)
and AUX1 high (H).

e Condition Mode: Set AUX0 high (H) and AUX1
open (Z).

e Ten-Hour Timer Mode: Set AUX0 high (H) and
AUX1 high (H).

If the battery is removed while in the discharge-to-charge
mode, the ICS1722 will continually resetitself until the battery
is reinstalled. See Application Information for more informa-
tion.

Discharge-Only Mode

The time required for discharge depends on the energy in the
battery and the discharge rate. The discharge is not limited by
a timer. This allows the user to set the discharge rate. The
battery is drained to 1 volt/cell as read at the VIN pin under
load. The ICS1722 shuts down after the discharge sequence is
finished and a master reset must be performed to reactivate the
device. The discharge load is activated by the DCHG pin which
goes low for about 400ms every second. A resistor value
selected for a 2.5C discharge based on 1.4V/cell results in
about a 1C discharge rate. The discharge-only mode can be
entered by placing the AUXO pin open (Z) and the AUX1 pin
low (L). The ICS1722 enters this mode at initial power-up or
with a master reset. During the discharge portion, the MMN
indicator flashes at a one second rate.
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Direct Maintenance Mode

The ICS1722 can enter directly into the C/40 maintenance
mode for cells that require a maintenance charge only. The
direct maintenance mode is activated by setting the AUXO pin
low (L) and the AUX1 pin high (H), and resetting the device.
The SELO and SEL1 pins must be set based on the charging
current and the battery capacity. The formula

Charging Current (Amps)
Battery Capacity (Amp e hr)

gives the charge rate. Use Table 3 to find the correct SELO and
SEL1 settings. The maintenance charge is applied until the
battery is removed, upon which the ICS1722 will enter the
polling detect mode. The ICS1722 will enter the direct mainte-
nance mode upon initial power-up or after a master reset. The MMN
indicator will be active during this mode.

Conditioning Mode

The ICS1722 can enter a conditioning mode which applies a
C/10 charge for a timed 10 hour period, followed by an indefinite
C/40 maintenance charge until the batteries are removed.

The conditioning mode can be entered by setting the AUX0
pin high (H) and the AUX1 pin open (Z). The SELO and SEL1
pins must be set based on the charging current and the battery
capacity. The formula

Charging Current (Amps)
Battery Capacity (Amp e hr)

gives the charge rate. Use Table 3 to find the correct SELO and
SEL1 settings. The MMN indicator will be active during the
10 hour conditioning charge and the maintenance charge that
follows. The ICS1722 enters the polling detect mode if the
battery is removed.

Ten Hour Timer Mode

Placing the AUX0 and AUX1 pins both high (H) enables a ten
hour timer. This timer limits the total charge, including the
maintenance charge, to approximately ten hours for a battery
that is completely discharged before fast charge is initiated.
The ten hour limit is based on the assumption that the charge
terminates due to the fast charge timer as shown in Table 1.

Charging System Test

The system test mode is intended for use in applications where
the charging system functionality needs to be tested. The system
test sequence consists of a one second activation of the CMN,
MMN and PEN indicator pins as well as the CHG and DCHG
lines. The system test mode is entered by placing both the AUX0
and AUX]1 pins low (L). The ICS1722 shuts down after the test
sequence is finished and a master reset must be performed to
reactivate the device.

Table 1: Ten Hour Timer Information

Fast Charge Maintenance Timer Cutoff Charge Time Limit
Charge Rate Timer Cutoff (after fast charge termination) (from reset)
4C 0.3 hrs 9.7 hrs 10 hrs
2C 0.6 hrs 9.4 hrs 10 hrs
1.3C 0.9 hrs 9.1 hrs 10 hrs
1C 1.2 hrs 8.8 hrs 10 hrs
C/1.5 1.8 hrs 8.2 hrs 10 hrs
C12 2.4 hrs 7.6 hrs 10 hrs
CI2.5 3.5 hrs 6.5 hrs 10 hrs
C/3 4.0 hrs 6.0 hrs 10 hrs
Cl/4 4.6 hrs 5.4 hrs 10 hrs
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Pin Descriptions

The ICS1722 requires some external components to control
the clock rate and provide an indicator display. The controller
must be interfaced to an external power source that will provide
the current required to charge a battery pack and, if desired, a
circuit that will sink discharge current.

Output Logic Signals: CHG, DCHG Pins

The CHG and DCHG pins are active high, TTL compatible
outputs. 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
pin indicates that the charging current supply should be acti-
vated. If applicable, a logic high on the DCHG pin indicates
that the discharge circuit should be activated.

Care must be taken to control wiring resistance and inductance.
The load resistor must be capable of handling this short dura-
tion high-amplitude pulse. If the auxiliary 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 Pins

The controller has three outputs for driving external indicators.
These pins are active low. The three indicator outputs have
open drains and are designed to be used with LEDs. Each
output can sink over 20mA which requires the use of an
external current limiting resistor. The three indicator signals
denote fast charge stage, topping and maintenance stages, and the
polling detect mode as shown in Table 2.

The charge mode (CMN) indicator is activated continuously
during the soft start and fast charge stages. When the controller
enters the topping charge stage, the output goes high and the
indicator turns off.

The maintenance mode (MMN) indicator is on when the
ICS1722 is either in the topping charge, maintenance charge,
direct maintenance mode, or the condition mode. The mainte-
nance mode indicator flashes at a one second rate when the
ICS1702 is controlling the discharge portion of the discharge-to-
charge or the discharge-only mode.

The polling detect (PFN) indicator is on when the ICS1722
polls for a battery. The controller applies periodic charge pulses
to detect the presence of a battery. The indicator is a warning
that these charge pulses are appearing at the charging system
terminals at regular intervals. When a battery is detected, the
indicator is turned off.

Charge Rate Selection: SELO, SELI Pins

The SELO and SEL1 inputs must be programmed by the user
to inform the ICS1722 of the desired charge rate. When left
unconnected (open), these tri-level pins will float to about
2.3V. When a low level is required, the pin must be grounded.
When a high level is required, the pin must be tied to Vpp. The
voltage ranges for low (L), open (Z) and high (H) are listed in
Table 6, DC Characteristics. To program the SELO and SEL1
inputs, refer to the Charge Rate List in Table 3.

The ICS1722 does not control the 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 should
provide current at the selected charge rate. For example, to
charge a 1.2 ampere hour battery in 30 minutes (2C), approxi-
mately 2.4 amperes of current is required.

Table 2: Indicator Description List

PEN MMN CMN Description
on Polling detect mode
on Maintenance or topping charge, direct maintenance or condition mode
on Fast charge
flash Discharge portion of the discharge-to-charge or discharge-only mode
flash see Applications Information

flash flash see Applications Information

on Fast charge (see Applications Information)
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Table 3: Charge Rate List

Fast Charge
Topping Charge Maintenance Charge Timer Duration

SELO SEL1 Charge Rate Pulse Rate Pulse Rate (after reset)
L L 4C (15 min) one every 40 sec one every 160 sec ‘ 21 min
L H 2C (30 min) one every 20 sec one every 80 sec 39 min
L Z 1.3C (45 min) one every 13 sec one every 53 sec 57 min
H L 1C (60 min) one every 10 sec one every 40 sec 75 min
H z C/1.5 (90 min) one every 7 sec one every 27 sec 110 min
H H C/2 (120 min) one every 5 sec one every 20 sec 144 min
Z L C/2.5 (150 min) one every 4 sec one every 16 sec 212 min
Z Z C/3 (180 min) one every 3 sec one every 13 sec 244 min
Z H C/4 (240 min) one every 2 sec one every 10 sec 275 min

See the section on Controller Operation for additional information on the topping charge and maintenance charge. See the section on Charge Termination
Methods for additional information on the charge timer.

When a high level is required, the pin must be tied to Vpp. The
voltage ranges for low (L), open (Z) and high (H) are listed in
Table 6, DC Characteristics. To program the AUX0 and AUX1
inputs, refer to the Mode Select List in Table 4. See the section
on Auxiliary Modes of Operation for additional information.

Mode Selection: AUXO0, AUX1 Pins

The AUXO0 and AUX1 inputs must be programmed by the user
to inform the ICS1722 of the desired auxiliary mode. When
left unconnected (open) these tri-level pins will float to about
2.3V. When a low level is required, the pin must be grounded.

Table 4: Mode Select List

AUXO0 AUX1 Mode Selected Mode Operation
L L Charging System Test Charging system test for embedded applications
L Direct Maintenance Indefinite C/40 maintenance charge
Z Z Fast Charge Default
Z L Discharge-Only Battery discharge to 1V/cell
H L Discharge-to-Charge Battery discharge to 1V/cell followed by the selected charge mode
H z Condition Timed C/10 topping charge followed by a C/40 maintenance charge
H H Ten Hour Timer Limits total charge including the maintenance charge to 10 hours
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Master Reset: MRN Pin

The MRN pin is provided to re-program the controller for a
new mode or charging sequence. This pin has an internal
pull-up of about 75kQ. A logic low on the MRN pin must be
present for more than 700ms for a reset to occur. As long as the
pin is low, the controller is held in a reset condition. A master
reset is required to clear the charging system test, reset the ten
hour timer, change charge rates or auxiliary modes. Upon

. power-up, the controller automatically resets itself.

Clock Input: RC Pin

The RC pin is used to set the frequency of the internal clock
when an external 1 MHz clock is not available. An external
resistor must be connected between this pin and Vpp. An
external capacitor must be connected between this pin and
ground. The frequency of the internal clock will be about 1
MHz with a 16k€2 resistor and a 100pF capacitor. All time durations
noted in this document are based on a 1 MHz clock. Operating the
clock at a lower frequency will proportionally change all time
durations. Operating the clock at a frequency significantly
lower than 1 MHz, without adjusting the charge current ac-
cordingly, will lessen the effectiveness of the fast charge timer
and lower the accuracy of the controller. Operating the clock
at a frequency greater than 1 MHz will also change all time
durations and, without adjusting the charge current accord-
ingly, may cause termination to occur due to the fast charge
timer expiring rather than by the battery reaching full charge.

The clock may be driven by a 1 MHz external 0 to 5V pulse
provided the duty cycle is between 10% and 60%. The clock
input impedance is about 1kQ.

Voltage Input: VIN Pin

The battery voltage must be normalized by an external resistor
divider network to one cell. The electrochemical potential of
one cell is about 1.2V. For example, if the battery consists of
six cells in series, the voltage at the VIN pin must be equal to
the total battery voltage divided by six. This can be accom-
plished with two resistors, as shown in Figure 7. To determine
the correct resistor values, count the number of cells to be
charged in series. Then choose either R1 or R2 and solve for
the other resistor using:

R1=R2x (#of cells -1) or R2 = R1
(#of cells - 1)

VIN pin

# of cells = R2

q,_

Figure 7: Resistor divider network
at the VIN pin

Open Circuit Voltage Reference: OPREF Pin

The OPREF pin has an internal 75kQ pull-up resistor to Vpp.
OPREF requires an external pull-down resistor to establish the
open circuit (no battery) voltage reference. The purpose of this
voltage reference is to detect the removal of the battery from
the charging system. The voltage at this pin is compared to the
voltage at the VIN pin when the current source is turned on. If
the voltage at VIN is greater than the voltage at OPREF, the
ICS1722 assumes the battery has been removed and the
ICS1722 enters the polling detect mode.

For proper operation, the voltage at OPREF must be set below
the (divided down) open circuit voltage produced by the cur-
rent source and above the maximum normalized battery volt-
age. The OPREF pin voltage must not exceed 2.3V or it will
prevent the start of fast charge. If the voltage on OPREF
exceeds 4V, the controller will shutdown and must be reset.

As an example, suppose that a current source has an open
circuit voltage of 12V as shown in Figure 8. The maximum
expected battery voltage of a six-cell pack is determined to be
9.6V. The voltage at OPREF should be set at a point between
1.6V (9.6V/6 cells=1.6V) and 2V (12V/6=2V). This is accom-
plished with a pull-down resistor. Refer to the VIN and OPREF
resistor tables in the Applications Information section. From
the VIN table, the divider resistors are 10kQ and 2kQ for R1
and R2. From the OPREF table, the pull-down resistor is 43k
for R3. If R3 is 43kQ, the voltage at OPREF is 1.82V since the
internal pull-up at the OPREF pin is 75k€..
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current source

(open circuit voltage = 12V)
Vbbp

Rpu=75k R1 =10k

OPREF = 1.82V 6 cells

_ 7 1.60V (battery present)
(9.6V) VIN = {

2.00V (no battery)

R3 =43k R2 = 2k

Resistor divider at the OPREF pin Resistor divider at the VIN pin

Figure 8: Open Circuit Reference Example

Power: VDD Pin Grounding: VSS Pin

The power supply for the device must be connected tothe VDD This pin must have a direct connection to a solid ground plane.
pin. The voltage should be +5 VDC and should be supplied to

the part through a regulator that has good noise rejection and

an adequate current rating. The controller requires up to a

maximum of 11mA with Vpp=5.00V.

Data Tables

Table 5: Absolute Maximum Ratings
Supply Voltage 6.5 \Y
Logic Input Levels -0.5to Vpp + 0.5 A%
Ambient Operating Temperature 0to70 °C
Storage Temperature -55t0 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 conditions for extended
periods may affect product reliability.
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Table 6: DC Characteristics

Tamb=25°C. All values given are typical at specified Vpp.

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Supply Voltage VDD 4.5 5.0 55 \
Supply Current Ipp 7.3 mA
High Level Input Voltage ViH 3.6 4.1 4.5 v
SELQ, SEL1, AUX0, AUX1
Low Level Input Voltage Vi 0.73 0.75 0.8 v
SELQ, SEL1, AUX0, AUX1
Open Input Voltage open 2.3 v
SELO, SEL1, AUXO0, AUX1
Low Level Input Current, pull-up I V=04V 74 HA
MRN, OPREF
High Level Source Current Ion V=Vpp-0.4V 28 mA
CHG, DCHG
Low Level Sink Current IoL V=04V 25 mA
CHG, DCHG
Low Level Sink Current, indicator IoL V=04V 40 mA
PEN, CMN, MMN
Input Impedance 1.0 MQ
Analog/Digital Converter Range 0-2.2 0-2.7 0-2.7 v
Minimum Battery Threshold 0.5 A\
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R~16kQ2, C~100pF

Table 7: Timing Characteristics

PARAMETER SYMBOL REFERENCE TYP UNITS
Clock Frequency 1.0 MHz
Reset Pulse Duration {RESET see Figure B 700 ms
Charge Pulse Width tCHG see Figure A 1048 ms
Discharge Pulse Width tDCHG see Figure A 5.0 ms
Rest Time tR see Figure A 4.0 ms
Data Acquisition Time tDA see Figure A 16.4 ms
Cycle Time tCYCLE see Figure A 1077 ms
Capacitor Discharge Pulse Width 5.0 ms
Capacitor Discharge Pulse Period 100 ms
Polling Detect Pulse Width 100 ms
Polling Detect Pulse Period 624 ms
Soft Start Initial Pulse Width 200 ms
Soft Start Incremental Pulse Width 7.0 ms
Discharge Mode Pulse Width 400 ms
Discharge Mode Pulse Period 1050 ms
RESET to SEL Dynamic Reprogram Period tRSA see Figure B 1160 ms
RESET to AUX Dynamic Reprogram Period tRSA see Figure B 1160 ms
Timing Diagrams
Figure A: tene t=
CHG
DCHG voltage
,l\t g
tovee toons  tr toa
Figure B: toeser —>
RESET

SELO

SEL1

AUXO0

AUX1 \ S S E

trsa
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Applications Information

To ensure proper operation of the ICS1722, external compo-
nents must be properly selected. The external current source
used must meet several important criteria to ensure optimal
performance of the charging system. The charging current
should be constant when using voltage slope termination.

VIN and OPREF Divider Resistors

Figure 9 shows a typical application using the ICS1722. R1
through R3 must be carefully selected to ensure that battery
detection and voltage termination methods operate properly.
R1 and R2 are selected to scale the battery voltage down to the
voltage of one cell. The following table shows some typical
values. Additional information is available in the Voltage Input
section.

Cells R1 R2
1 Short Open
2 2.0k 2.0k
3 2.0k 1.0k
4 3.0k 1.0k
5 12k 3.0k
6 10k 2.0k
7 12k 2.0k
8 9.1k 1.3k

The current source should prevent ripple voltage from appear-
ing on the battery. The effects of ripple on the battery voltage
may interfere with proper operation.

R3 is used to set the open circuit (no battery) reference voltage
on the OPREF pin. The function of this pin is discussed in the
Open Circuit Reference section.

VOPREF R3
1.82V 43k
193V 47k
202V 51k
2.14V 56k

With the batteries removed, the current source must be capable
of raising the voltage at the VIN pin above the voltage at the
OPREF pin to ensure proper polling. With the batteries in-
stalled, the current source overshoot characteristics when
turned on and off must not cause the voltage at the VIN pin to
exceed the voltage at the OPREF pin. If the voltage at OPREF
exceeds the voltage at VIN when a charge pulse is applied or
removed, the polling feature will be activated.

PC Board Design Considerations

It is very important that care be taken to minimize noise
coupling and ground bounce. In addition, wires and connectors
can add significant resistance and inductance to the charge and
discharge circuits.

When designing the printed circuit board, make sure ground
and power traces are wide and bypass capacitors are used right
at the controller. Use separate grounds for the signal, charge
and discharge circuits. Separate ground planes on the compo-
nent side of the PC board are recommended. Be sure to connect
these grounds together at the negative lead of the battery only.
For the discharge circuit, keep the physical separation between
power and return (ground) to a minimum to minimize field
radiation effects. This precaution is also applicable to the
constant current source, particularly if it is a switch mode type.
Keep the ICS1722 and the constant current source control
circuits outside the power and return loop described above.
These precautions will prevent high circulating currents and
coupled noise from disturbing normal operation.

Using the Voltage Slope Termination Method

In general, the voltage slope termination method works best
for equipment where the battery is fast charged with the
equipment off or the battery is removed from the equipment
for fast charge.
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The voltage slope termination method used by the ICS1722
requires a nearly constant current flow into the battery during
fast charge. Charging the battery in equipment that draws a
known constant current while the battery is charging should
have this current draw added to the fast charge current. Using
the ICS1722 for charging the batteries in equipment that
randomly or periodically requires moderate current from the
battery during fast charge needs evaluation. Equipment that
randomly or periodically requires high current from the battery
during fast charge may cause a voltage inflection that results
intermination before full charge. A voltage inflection can occur
due to the charge current decreasing or fluctuating as the load
changes rather than by the battery reaching full charge. The
voltage slope method will terminate charge based on voltage
inflections that are characteristic of a fully charged battery. The
ICS1702 and ICS1712 charge controllers have temperature
termination methods for equipment that randomly or peri-
odically draws significant current from the battery during fast
charge.

Charging sources that produce decreasing current as fast
charge progresses may also cause a voltage inflection that may
result in termination before full charge. For example, if the
charge current is supplied through a resistor or if the charging
source is a constant current type that has insufficient input
voltage, the current will decrease and may cause a termination
before full charge. Other current source abnormalities that may
cause a voltage inflection that is characteristic of a fully
charged battery are inadequate ripple and noise attenuation
capability or charge current decreasing due to thermal drift.
Charging sources that have any of the above characteristics
need evaluation to access their suitability for the application if
the use of the voltage slope termination is desired.

The controller soft start stage, built-in noise filtering, and fast
charge timer operate optimally when the constant current
source charges the battery at the rate selected. If the actual
charge current is significantly less than the rate selected, the
conditioning effect of the soft start stage and the controller
noise immunity are lessened. Also, the fast charge timer may
cause termination based on time duration rather than by the
battery reaching full charge due to inadequate charge current.

Charging System Status by Indicator

The Indicator Description List in Table 2 contains displays that
are caused by charging system abnormalities. When the CMN
indicator is flashing with no other indicator active, there is
voltage present at the battery terminals with the current source
off and no battery. Check the current source and ensure that it
produces no more than the equivalent of 350mV/cell when
turned off with no battery. If the VIN divider resistors were not
properly selected, an open circuit voltage that is actually less
than the equivalent of 350mV/cell with the charger off and no
battery will not divide down this open circuit voltage properly
and produce the CMN flash indication. Check the VIN divider
and ensure that it properly normalizes the battery voltage to the
electrochemical potential of about 1.2V cell. If the CMN flash
indication occurs with the battery installed, then the constant
current source is producing more than the equivalent of
350mV/cell when off and there is an open connection between
the charger terminals and the battery. Check wires, connec-
tions, battery terminals, and the battery itself for an open circuit
condition.

If the MMN and CMN indicators are alternately flashing, the
likely cause is no battery with the ICS1722 programmed in the
discharge-to-charge auxiliary mode. If the battery is present,
check wires, connectors, battery terminals, and the battery
itself for an open circuit condition.

If the MMN indicator is active at the initiation of fast charge,
check the external pull-down resistor from OPREF to ground.
Avoltage at OPREF that exceeds 2.3V will prevent the start of
fast charge.
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CONSTANT

v,
"N —>>——— CURRENT

SOURCE

R4 (note 1)
+5V +5V

W
(note 2) +5V (note 5)
1CS1722 rﬁ
390 ) 390 - 4.7uF .047uF
CHG VDD | 16 a1
(note 3) DCHG unused | 15

AY|

FAULT3 PFN VIN | 14 %

Nﬂﬂ MAINT 4 | MMN  OPREF | 13
Nﬂﬁ CHG 5 | CMN AUX1 | 12 O~ 15V _|.047uF %)i?; o
O~ 6 | sEL0  Auxo [ 11 O T
piAl 7 | vss RC |10 R3 RS L
O 8 | SEL1 MRN |9~ o =
v ]
(note 6)

||}

$ 100pF
Notes:

1) Value of R4 determined by discharge current and capacity of battery pack.

2) Discharge FET is logic-level compatible in this application.

3) DC return of discharge FET must be connected close to negative battery terminal.

4) Regulated supply

5) Power ground; others are signal ground. Connect signal ground to power ground
at negative battery terminal only.

Figure 9: Functional Diagram

Ordering Information
ICS1722N, ICS1722M, or ICS1722MT

Example:

ICS XXXX M

Package Type
N=DIP (Plastic)
OIC

MT=SOIC Tape and Reel
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS=Standard Device
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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.

AtICS 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 (6 MHz)

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 Signal Conditioning

LVDT Demodulator/Driver 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 (230 MHz)
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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 engi-
neering 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 designs. 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 tech-
nology. The cornerstone of this expertise is a custom/cell
based approach where ICS assumes responsibility for the
design, simulation, layout and verification of each circuit.
We use standard cell libraries together with custom
cells/functions where needed, a fully integrated 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 requirements fit
our guidelines and capabilities. We provide our ASIC
customers with product management, development and
production sourcing capabilities, by acting as an exten-
sion of your own engineering force. Through this partner-
ship 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 op-
erations, both domestic and international. These relation-
ships provide ICS with the flexibility to select from many
particular methodologies, processes or techniques. Our
high volume of standard product business insures com-
petitive pricing and service that’s second to none.

A Technical Engineering Focus - - The ICS engi-
neering design team assigned to your ASIC product
is involved from concept through characterization.
Test development is considered part of this design
task, thereby assuring that all critical parameters
are adequately tested. Our engineers develop a full
understanding of the engineering application for
each ASIC device which allows ICS to critically
evaluate the planned approach.

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 tech-
nology to your application, our suppliers include
many of the leading semiconductor foundries and
packaging houses. This allows for multi-sourcing,
various packaging alternatives, and optimal utiliza-
tion of semiconductor process technology. The
large volume of standard product business we do
with our suppliers assures us of competitive pric-
ing. This permits ICS to extend large-volume pric-
ing advantages to our ASIC customers.

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

J-4



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 customers.
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 significant size, power,
and cost savings in most OEM products.

Customization of ICS standard products can entail vari-
ous degrees of complexity. A simple example might be to
change the sense of logic levels input or output from a
standard product. Frequency Timing Generator 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 microphone 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. Therefore,
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 computers
in the marketplace has placed a severe demand on manu-
facturers in the area of packaging, power consumption,
performance and cost. ASIC devices may be 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 requirements
are rapidly moving this standard towards 3 volt logic
levels. ICS ASIC capabilities permit many standard prod-
ucts 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 charac-
terized building blocks to be incorporated into your ASIC
with minimum risk when compared to designed-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.
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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 manufac-
turing processes. Please contact your ICS representative for the latest list of available processes applicable to your
particular need.

ICS Technologies Principal Features
SEMICONDUCTOR LS| 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 3u 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 1.0n High High Many YES YES NO 5 YES YES
CMOS .8u R High Very High | Many NO YES NO 5 YES YES
CMOS .6 High Very High | Many NO YES NO 5 YES YES




ICS
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. All ICS designs utilize a variety of “design-proc-
ess-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 verify that the transition from design
and simulation to production processes has not had any deleterious effects.

GENERAL PROCESS FLOW

Production Flow | WAFER FAB e SPC PROCESS MONITORING
The production flow for ICS products is shown in Sub tract e WAFER PROBE PROCESS
the adjacent diagram, which provides some detail ( ub-contrac or) CONTROLS
of the basic controls that are exercised through the
various process stages. The processes of Wafer l ¢ “PA%%IC.IFC?F%E'GE“ABIUTY
Fabrication, Assembly and Taping and Reeling
are performed by outside facilities, with a process
control- and electrical-data review for each lot of MATERIAL e INITIATE WAFER TRAVELER
material before being routed for processing by AND TRACEABILITY RECORD-
these subcontractors. Wafer and package testing RECEIPT ING
are performed at ICS.
A set of electrical characteristics data is provided
for each wafer lot ICS receives. Every lot gets a
parametric evaluation to determine the uniformity
?f the pfrocess and toserve asa qua;ity control gate 100%
or wafer acceptance from manufacturing. SPC
controls are m[;intained through the useg of the WAFER PROBE
accumulated profile parameters to serve as a
source of electrical data feedback in support of
process control and improvement programs. This
data is also monitored by ICS to assess wafer fab
performance and establish acceptance criteria for e MAINTAIN RECORDS OF EACH
wafer fab lots. Environmental test monitoring in- ISSUE TO LOT FROM RECEIPT THROUGH
cluding, HTOL, Temperature Cycling, Autoclave STOCKROOM PROBING, INSPECTION,
and Temperature/Humidity tests are performed to STOCKING AND SHIPMENT TO
monitor the reliability of wafers produced. l ASSEMBLER
The introduction of wafers into ICS from the wafer
fab source initiates the traceability recording that SHIP TO
tracks every part shipped from ICS. Wafer lot
numbers assigned at the wafer fab source are re- ASSEMBLY
corded and are tracked through all stages of test, SOURCE

assembly, taping and ultimate shipment. Atthe ICS
facility, all wafers are probed on a 100% basis
before being shipped for assembly.




GENERAL PROCESS FLOW (continued)

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

Processing at ICS includes incoming inspection
examination of finished packages. Then we initi-
ate 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 programs, and are
checked on an AQL sampling basis for electrical
and mechanical characteristics before accep-
tance 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.

l

M ASSEMBLY
OPERATION
(Sub-contractor)

ASSEMBLY LOT
RECEIPT

'

TEST

MATERIAL
CONTROL

'

ISSUE TO
STOCK ROOM

SHIP TO
TAPE/REEL
SUPPLIER

!

TAPE & REEL
ASSEMBLY
(Sub-contractor)

!

MATERIAL
RECEIPT &
ISSUE TO
STOCK ROOM

!

STOCK ROOM

'

SHIPPING

o 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

l IF REQUIRED BY CUSTOMER

e TAPE & REEL OPERATIONS
CONFORMING TO EIA
STANDARDS RS-481

e 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.
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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
isapplied 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 corrosion. 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.

High Temperature Storage

High temperature storage is performed to measure the stability of semiconductor devices during 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 specific die and packaging system. This test is typically 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.
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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. Commonly
used 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 0.7Ea 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, conservative
estimation of the product failure rate.
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DIP Packages

0260 |e—

¢

0300

- e 0~5°—>\ e —> || «— 0010
0060 —|| | f t_
0130
18
0018 = <= 0100 —> 0355
8-Pin DIP Package
—»| 0260 |<€—
—
v |<_ 0750 | —> || 0300 |«
0.1303
0.029—T \
—) 0~-5—>lle —»leo010
0.060 —>||||<—
Y 0130
0018 —>||<— 0100 - 0358

14-Pin DIP Package

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

—>| 0260 |€
| ”4— 0.750 —-»l - 0300 [«
0.130—f _f
0.029 0~5—| « —>{<0010
0 060—>||| € to.130
—-> 40_'100 —-> < 0.355
0018 —>|| € :
16-Pin DIP Package
—>| 0260 |«
¢ l(— 1.025 —>| > 0300 [
I_\

4 }
° 130{029—T - 0~5° "\

0.060—>|||| <€

>

-«

0.018 || < 0.100

20-Pin DIP Package

See individual data sheets for more specific ordering information.

—>|<40.010

<€ 0.355
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DIP Packages

—»| 0260 |
l |<— 1250 —>| —>| 0300 |<—

¢[ I'\_L \%

0130 0029 <« —F|<o0010
0050 —> (||| €— _T
- 0130 —> «-0355
0018—> 0 100
24-Pin DIP Package
201
—_ 25.000
1508
g }"\
([ [ o [ T L TR
«—— 1524 ——»] Mmﬂusa «%’fé"mmm
«—— 13070 —>| _p| 'S 20MENDS 05I0%F)
fa s;aov:m * ﬂm/"&s‘ » 7‘ | fag;
0.0 1
f—*—~L—c——(——L v N -
\ =t e
4 \ ? :(n:r)
ﬁ’é}fm W(s'—b <— 0254 L_ <
15°BOTH ENDS wies 0457 5*BOTH ENDS
£0.254 0813
L ——— 1651 ———> 1524
95°5 096"

Dimensions in millimeters

28-Pin DIP Package

See individual data sheets for more specific ordering information.




SOIC Packages

< 0238 >

0.190 0.063
0031—; <« > l_ 0015
< 0.154 &>

— 4 . __i 0008 17 X
[ ¥ Iy \
0.024 050
0.016 ||« 0.006 4 I |<—1
0.0
8-Pin SOIC Package
0.031 0.340 0.063 <« 0238 —
_l « l_ 0.015

|

< 0.154 >
AT o N3
0024j > <o-loso f T lJ &
g b ‘ 0.006 £ 0.004 4 —»| |<0—(|)15
14-Pin SOIC Package
0.0311 |<_ 2300 - l—o.oes <« 0238 >

0.015
< 0.154 > I

— 1

0.024T —>

‘ ; 0.008
|<-65° to 006 % J

0.016

o
o
N
(3]

16-Pin SOIC Package

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

Typ. —>| 10018
1T =t
T 0 047R T ' T T

0.294 £ 0.005
0.289 + 0.005 0.328 £ 0.010

—m W et

0289 + 0 005

Pin 1
EAdIA
0.020 5 Deg Typ. § 010120010
Yoy
0.041 £ 0.003 v
v —vT SHEE = \ 0.008 + 0.006
0010 A v
009210.005}T < 4
0.050
Pitch Typ.
SOIC Package (wide body)
LEAD COUNT | 14L 16L 18L | 20L | 24L | 28L | 32L

DIMENSION L 0.354 0.404 0.454 0.504 0.604 0.704 0.804

See individual data sheets for more specific ordering information.
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SOP Package

0.029
Typ.

<— 1122+0.008 —>»

_,l

i if

t

0500 + 0 005 p

0.018
HE—
Typ.
> 0.008
L
0.500 + 0.005 0.631+0012

bk

Pin 1

Iy

ikl

0.031 0.008]

v
rl
THEF =p=p=r= ro.008:0A004
> |« | Lo 112+ 0010
0.050
Pitch Typ

SOP Package

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

> 114 s [0 e
(nqn - 000
& 13 E}_ A
M N
I UUUUJ TN T
TOP VIEW BOTTOM VIEW
-  —> |<—5A A
Il [\ B
A ——
<—%I—> f \P&Lg‘c ggMLd‘ ‘—%—J
SIDE VIEW END VIEW
PARTING LINE
—LA

DETAIL "A”

SSOP Package

SYMBOL COMMON NOTE 4 6
DIMENSIONS D
MIN. | Nom. | max. |NOTE| VARIATIONS | 'ypy | NoM. | Max.
A 0.68 0.73 0.78 AA 0.239 0.244 0.249 14
Al 0.002 0.005 0.008 AB 0.239 0.244 0.249 16
A2 0.066 0.068 0.070 AC 0.278 0.284 0.289 20
B 0.010 0.012 0.015 AD 0.318 0.323 0.328 24
C 0.005 0.006 0.008 AE 0.397 0.402 0.407 28
D See Variations AF 0.397 0.402 0.407 30
E 0.205 0.209 0.212
e 0.026 BSC
H 0.301 0.307 0.311
L 0.022 0.030 0.037
N See Variations
o 0° ‘ 4° | 8°
This table in inches.

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

0045 x 45 Deg

]0 070 Dia x 0 025 DP

Wg

< WO —
€ W —> <« Vg —»
»|
0029 £ 0003 > |
nnnnon 0 045 x 45 Deg
Corner —_—
T i AT Chamber T
€ N
Wo Wq ™~~~ Pin 1 Ident
g
i

Corner i
Chamber l
aoau —
—»T T<- 0050 + 0 002
035 R Typ —»| |47 12Deg
Foozo Min {o 030 % 0 005
—»| | 7 £ 2 Deg + —
g \ ‘
A A 00350005
TP * 0006 Min tO 015 Ref
T L Tr 0 029 + 0 005
f 0010 Min Y
o]
PLCC Package
FRAME PKG. PKG. WIDTH | PKG. WIDTH OVERALL CONTACT
LEAD THICKNESS THICKNESS TOP BOTTOM PKG. WIDTH WIDTH
COUNT Tr Tp Wt Ws 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
441, 0.010 0.152 0.650 0.623 0.690 0.620
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

i el

<«—— D ——>

10°

v, A
e '
; Fa =
pf*“ Vy SEATNS
f 1 AKL A P AAED
\ QITMAX
A, 10° TP € St

QFP Package

LEAD COUNT 44L l 64L 1 80L 1 100L 64L | 80L i 100L
BODY THICKNESS 2.0 2.70
FOOTPRINT (BODY+) 3.20
DIMENSIONS TOLERANCE
A MAX. 2.35 2.45 3.40
Aj 0.25 MAX. 0.25 MIN.
Ar +0.10 2.0 2.70
D +0.25 13.20 17.20
D +0.10 10.0 14.00
E +0.25 13.20 23.20
E1 +0.10 10.0 20.00
L +0.15/0.10 0.70 0.88
e BASIC 0.80 1.00 0.80 0.65 1.00 0.80 0.65
b +0.05 0.35 0.30 0.35 0.30
cce MAX. 0.10.
ddd 0.20 NOM. 0.12 0.20 NOM. 0.12
NOM. NOM.
0 0°-7°

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

D —»
l€&—— D,——>

T
= = R
S HQBHHHE_.L ﬂ

PR SN R
A, — i :\v v y  SANG
\ 4 om.wc——T v e F_Mcop?@m
|\ > ’ —> L je—
A, 12° TP,
TQFP Package
LEAD COUNT 32L
BODY THICKNESS 1.00 \ 1.40
FOOTPRINT (BODY+) 2.00
DIMENSIONS TOLERANCE
A MAX. 1.20 \ 1.60
A 0.05 MIN./0.10 MAX.
A 0.5 1.00 | 1.40
D +0.25 9.00
D1 +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.
0 0°-7°

See individual data sheets for more specific ordering information.
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Eastern & Central Area
Headquarters

Integrated Circuit Systems, Inc.

2435 Boulevard of the Generals, P.O. Box 968
Valley Forge, PA 19482-0968

Phone: (610) 630-5300

Fax: (610) 630-5399

Toll-Free: 1-800-220-3366

Suite 30

Northern Area

Integrated Circuit Systems, Inc.

8330 Madison Street
Burr Ridge, IL 60521
Phone: (708) 323-1397
Fax: (708) 323-0741

Western Area
Integrated Circuit Systems, Inc.
1271 Parkmoor Avenue

San Jose, CA 95126

Phone: (408) 297-1201

Fax: (408) 925-9460

Domestic

Alabama Florida

Elcom Semtronic Associates
Suite 145K 657 Maitland Avenue
4960 Corporate Drive Alamonte Springs, FL 32701

Huntsville, AL 35805
Phone: (205) 830-4001
Fax: (205) 830-4058

Phone: (407) 831-8233
Fax: (407) 831-2844

Florida (cominued)

Arizona (Western)
Toward Engincering Associates 1467 S. Missouri Avenue
Suite 2 Clearwater, FL. 34616

4520 E. Indian School Rd.
Phoenix, AZ 85018
Phone: (602) 955-3193
Fax: (602) 955-3224

Phone: (813) 4614675
Fax: (813) 4422234

(Southern)
3471 N.W. 55th Street

Arkansas Ft. Lauderdale, FL 33309
Impaq Sales Phone: (305) 731-2484
Ste. 140, 100 Decker Court Fax: (305) 731-1019
Irving, TX 75062 .

Phone: (214) 650-0000 gg::gl&

Fax: (214) 650-1953 Eloom  iness Pack Do

ifornia Norcross, GA 30071
Califo Phone: (404) 447-8200
(Northem) Fax: (404) 447-8340

(Please call ICS headquar-
ters for rep in this area.) Idaho
‘Waugaman Associates, Inc.

876 E. Vine Street

(Southern,
’i'NT & A)uocinte:, Inc. Salt Lake City, UT 84107
Suite 19 Phone: (801) 261-0802
22865 Lake Forest Drive ~ Fax: (801) 261-0830
Lake Forest, CA 92630 Y
Phone: (714) 830-6096 glﬂ%'s,
Fax: (714) 830-0154 Ve HeighsRd
Arlington Heights, IL 60005
\c\:':,ul:arn?a‘;l'lomcinm’ Inc. Phone: (708) 398-5300
Suite 101 Fax: (708) 398-5708
1445 W70 Frouge RA. North ) 4o
i ana
Wheat Ridge, 0O 800832101 ; )
; Phoenix e
Phons: (03 423-1020 e 0SERE vg;m

Fax: (303) 467-3095 Fishers, IN 46038

Phone: (317) 5774112
Fax: (317) 576-1155

Kansas

Impaq Sales

1434 East Sheridan
Olathe, KS 66062
Phone: (913) 780-6565

Connecticut

Delta Conn Technical Sales
Ste. 206, One Prestige Dr.
Meriden, CT 06450
Phone: (203) 634-8558
Fax: (203) 238-1240

Delaware ) Fax: (913) 780-1484
Astrorep Mid Atlantic, Inc.

Suite 100 Kentuck

1352 Dogwood Drive Phoenix ing Group, Inc.
Jamison, PA 18929 11625 Sea Star Way

Phone: 1-800-233-0574
Fax: (516) 422-2504

District of Columbia

Fishers, IN 46038
Phone: (317) 5774112
Fax: (317) 576-1155

(Please call ICS headquar- [ guisiana

ters for rep in this area.)  Impaq Sales
Ste. 140, 100 Decker Court
Trving, TX 75062

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

Skaneateles, NY 13152

Maryland New Jersey
(Please call ICS headquar- (Northem)
ters for rep in this area.) Astrorep, Inc.

103 Cooper Street

Babylon, NY 11702
Phone: (516) 422-2500
Fax: (516) 422-2504

Massachusetts
(Please call ICS headquar-
ters for rep in this area.)

Michigan (Southern) X .

C.B. Jensen & Associates Amrep Mid Atlantic, Inc.
Ste. 201, 2145 Crooks Rd. Site 100 .

Troy, MI 48084-5318 1352 Dogwood Drive

Jamison, PA 18929
Phone: 1-800-223-0574
Fax: (516) 422-2504

New Hampshire
(Please call ICS headquar-
ters for rep in this area.)

Phone: (810) 643-0506
Fax: (810) 6434735

Minnesota

Reptek

3433 Broadway St., N.E.
Minneapolis, MN 55413
Phone: (612) 331-1212

Fax: (612) 331-8783 mm o
Mississipni Suite 2

Eloassippt 4520 E. Indian School Rd.
Su?;nhsx Phoenix, AZ 85018
4960 Corporate Drive Phone: (602) 955-3193

Huntsville, AL 35805 Fax: (602) 955-3224

Phone: (205) 830-4001  North Carolina
Fax: (205) 830-4058 Elcom

) . 3060C Business Park Dr.
Missouri Norcross, GA 30071
Impaq Sales Phone: (404) 447-8200
1434 Bast Sheridan Fax: (404) 447-8340

Olathe, KS 66062

Phone: (913) 780-656s  Ohio )

Fax: (913) 780-1540 Technology Marketing Corp.
Suite 11A

Montana 9200 Montgomery Road

Waug: A Inc. Ci i, OH 45242

Suite 101 Phone: (513) 984-6720

11445W,I-70 Frontage Rd. North  Fax: (513) 984-6874

‘Whest Ridge, 0O 80033-2101

Phone: (303) 423-1020  Technology Marketing Corp.

Fax: (303) 467-3095 One Independence Place

4807 Rockside Rd., Ste.360

Ni Independence, OH 44131
Imf)la’:gill:? Phone: (216) 520-0150
1434 East Sheridan Fax: (216) 520-0190
Olathe, KS 66062
Phone: (913) 780-6565 ~ Oklahoma
Fax: (913) 780-1540 Impagq Sales

Ste. 140, 100 Decker Court
New York Irving, TX 75062
Astrorep‘,)lnc Phone: (214) 650-0000
103 Cooper Street Fax: (214) 650-1953

Babylon, NY 11702

Phone: (516) 4222500  Oregon

Fax: (516) 422-2504 Advance Technical
Marketing, Inc.

(Upsiate) Suite 155

Empire Technical Associates 4900 S.W. Griffith Drive

Beaverton, OR 97005
Phone: (503) 643-8307
Fax: (503) 643-4364

29A Fenner St., Suite A

Phone: (315) 685-5703
Fax: (315) 685-5979

Virginia
(Please call ICS headquar-
ters for rep in this area.)

Astrorep Mid Atlantic, Inc.
Suite 100

2240 E. Orvilla Road
Hatfield, PA 19440
Phone: 1-800-233-0574
Fax: (516) 422-2504

Washington
Mml:l:%et%mcd
Marketing, Inc.

8521 154th Avenue N.E.
Redmond, WA 98052

(Western) Phone: (206) 869-7636
Technology Marketing iy Y
o nclogy Mack Fax: (206) 869-9841
Middieburg Helghts, OH 44130 wyjseonsin
Phone: (216) 885-5544 KMA Sales
Fax: (216) 885-5011 Suite 202

2433 North Mayfair Road

Rhode Island
(Please call ICS headquar-
ters for rep in this area.)

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

o Cueiee g
. gal iates, Inc.
3060C Business Park Dr. g 00."101

Norcross, GA 30071
Phone: (404) 447-8200
Fax: (404) 447-8340

11445 W.1-70 Frontage Rd. North
‘Wheat Ridge, CO 80033-2101
Phone: (303) 423-1020
Fax: (303) 467-3095
Tennessee

Elcom

Suite 145K

4960 Corporate Drive
Huntsville, AL 35805
Phone: (205) 830-4001
Fax: (205) 8304058

Texas

Impagq Sales

Ste. 140, 100 Decker Court
Irving, TX 75062

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

Impaq Sales
Suite 308

13706 North Highway 183
Austin, TX 78750
Phone: (512) 335-9666
Fax: (512) 335-3858

Impaq Sales

Suite 530

507 North Belt East
Houston, TX 77060
Phone: (713) 820-0288
Fax: (713) 820-4860

Utah

‘Waugaman Associates, Inc.
876 E. Vine Street

Salt Lake City, UT 84107
Phone: (801) 261-0802
Fax: (801) 261-0830

Vermont
(Please call ICS headquar-
ters for rep in this area.)

ICSDBSpgB10k
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vl[:s Integrated Circuit Systems, Inc.
ICS Sales Offices

Eastern & Central Area Northern Area Western Area
Headquarters I d Circuit Sy , Inc.  Integrated Circuit Sy , Inc.
Integrated Circuit Systems, Inc. Suite 30 1271 Parkmoor Avenue

2435 Boulevard of the Generals, P.O. Box 968 8330 Madison Street San Jose, CA 95126

Valley Forge, PA 19482-0968

Phone: (610) 630-5300
Fax: (610) 630-5399
Toll-Free: 1-800-220-3366

Burr Ridge, IL 60521
Phone: (708) 323-1397

Fax: (708) 323-0741

ICS Sales Representatives

International
Australia Germany (consinued) Japan
(Please call ICS Head Topas El ic GmbH  Micro Summit K.K.
for the rep in this area.) Striehlstrasse 18 Premier Ki Building, 4F
. 30159 Hannover 1, Kanda Mikura-cho

Belgium Phone: (49) 51113 1217 Chiyoda-ku, Tokyo 101
& nbA“":"“ Fax: (49)511131216  Phone: (81) 3 3258-5531

°rg : @8
B-1932 Zaventem Topas Electronic GmbH 2% (81 3 3258-0433
Phone: (32) 27205983  Max-Weber Strasse 16 Nichimen Elect.Comp. Corp.
Fax: (32)2 72510 14 25451 Quickb Yokobori Kurisu Bldg. 2E,

Canada

(Alberta and British
Columbia only)
Advance Technical
Marketing, Inc.

8521 154th Avenue N.E.
Redmond, WA 98052
Phone: (206) 869-7636
Fax: (206) 869-9841

(Eastern)
Dynasty Components
#110-1140 Morrison Dr.
Ottawa, Ontario K2H 8S9
Phone: (613) 596-9800
Fax: (613) 596-9886

Denmark

E.V. Johanssen Elektronik A/S
Titangade 15

DK-2200 Copenhagen N
Phone: (45) 3183 9022
Fax: (45)31839222

Send Components only
ACTE Lagerhotel
Vallensbakvej 41
DK-2605 Broendby
Denmark

Finland

IE Oy AB

Turkhaudantie 1
SF-00700 Helsinki
Phone: (358) 0-351 3133
Fax: (358) 0-351 3134

France

Tekelec Airtronic

5, Rue Carle Vernet

92315 Sevres Cedex
Phone: (33) 146 232425
Fax: (33)145072191

Scantec GmbH
Behringstrasse 10
D-82152 Planegg

Phone: (49) 89 8 99 14 30
Fax: (49) 898576574

Scantec GmbH
Armbruststrasse 26

73230 Kirchheim/Teck
Phone: (49) 7021 979321
Fax: (49) 7021 979262

Phone: (49) 41 06 73097
Fax: (49) 41 06 73378

Hong Kong

RTI Industries Co., Ltd.
Room 402

Nan Fung Commercial Centre
No. 19, Lam Lok Street
Kowloon Bay, Kowloon,
Hong Kong

Phone: (852) 2795-7421
Fax: (852) 2795-7839

Electrocon Products Ltd.
8/F, Blk. B,

Prosperity Centre

77 Container Port Road
Kwai Chung, N.T.,
Hong Kong

Phone: (852) 2481-6022
Fax: (852) 2480-3967

Israel

ELDIS Technologies Ltd.
4 Hess Street

Herzlia 46486

Phone: (972) 9 562666
Fax: (972) 9 562642

Italy

Sitel S.P.A.

Via Po, 37

20031 Cesano Maderno
Milan

Phone: (39) 362 524941
Fax: (39) 362 501516

8-5, Koraibashi 4-Chome,
Chuo-ku, Osaka 541
Phone: (81) 6 226-0015
Fax: (81) 6 226-0016

Rymex
Suite 201
1333L E

Sii re

Scan pl?nology Pte. Ltd.
50 Kallang Bahru
#04-01/03

Kallang Industrial Estate
Singapore 1233

Phone: (65) 294-2112
Fax: (65) 296-1685

Scan Companents (M)SDN BHD

761-B Jalan Sultan Azlan Shah

Sungai Nibong, 11900 Penang
ia

Phone: (60) 4-6435136

Fax: (60) 4-6436320

Quwed,

Santa Clara, CA 95051
Phone: (408) 296-6626
Fax: (408) 296-2063

Korea

Acetronix

Parklim Bldg., #402
Seobingko-Dong 95
Yongsan-Ku, Seoul
Phone: (82) 2 796-4561
Fax: (82) 2 796-4563

Netherlands

ACAL Auriema

Beatrix de Rijkweg 8
5657 EG Eindhoven
Phone: (31) 40 502 602
Fax: (31) 40 510255

for the rep in this area.)

Norwamy

NC NordComp Norway AS
Vestvollveien 6

2020 Skedsmokorset
Phone: (47) 63 87 93 30
Fax: (47) 63 87 90 00

Comprel S.P.A.

Via Po, 37 Puerto Rico

20031 Cesano Mad: S ic Associ:

Milan Suite 816

Phone: (39) 362 553 991  Mercantil Plaza Building
Fax: (39) 362 553 967 Hato Rey, Puerto Rico 00918

(Distribution Office)

Phone: (809) 766-0700
Fax: (809) 763-8071

IE Komponenter AB
Ulvsundavagen 106
S-16111 Bromma
Phone: (468) 80 46 85
Fax: (468) 26 22 86

Taiwan

Maxtek Technology Co. Ltd.
3F, No. 197

Section 4, Nanking E. Road
Taipei, Taiwan ROC
Phone: (886) 2 713-0209
Fax: (886) 2 712-6780
Princeton

2F, No. 233-1

Bao Chiao Road

Hsin Tien, Taipei Hsien
Taiwan, ROC

Phone: (886) 2 917-8856
Fax: (886) 2 917-3836

United Kingdom
Amega Technology
Loddon Business Centre
Roentgen Road,

Daneshill East,
Basingstoke,

Hants, RG24 ONG

Phone: (44) 1 256 330301
Fax: (44) 1 256 330302

Revised: 06/01/86

** Country & city codes listed apply to U.S. residents only. International calls placed outside of the U.S. should
check with local telephone service for correct codes.
R L e S e I P

Nu Horizons
Electronics Corp.

New York

Nu Horizons

6000 New Horizons Blvd.
Amityville, NY 11701
Phone: (516) 226-6000
Fax: (516) 226-6140

333 Metro Park
Rochester, NY 14623
Phone: (716) 292-0777
Fax: (716) 292-0750

Alabama

Nu Horizons

Suite 11

4801 University Square
Huntsville, AL 35816
Phone: (205) 722-9330
Fax: (205) 722-9348

California

Nu Horizons

2070 Ringwood Avenue
San Jose, CA 95131
Phone: (408) 434-0800
Fax: (408) 434-0935

Nu Horizons

Suite 123

13700 Alton Parkway
Irvine, CA 92718
Phone: (714) 470-1011
Fax: (714) 470-1104

Florida

(North)

Nu Horizons

Suite 270

600 S. North Lake Blvd.
Altamonte Springs, FL 32701
Phone: (407) 831-8008
Fax: (407) 831-8862

Nu Horizons

3421 N.W. 55th Street
Ft. Lauderdale, FL 33309
Phone: (305) 735-2555
Fax: (305) 735-2880
Georgia

Nu Hzgilzons

Suite 370

5555 Oakbrook Parkway
Norcross, GA 30093
Phone: (404) 416-8666
Fax: (404) 416-9060

Maryland

Nu Horizons

Suite 160

8965 Guilford Road
Columbia, MD 21046
Phone: (410) 995-6330
Fax: (410) 995-6332

ICS Distribution/USA

Phone: (408) 297-1201
Fax: (408) 925-9460

Massachusetts

Nu Horizons

19 Corporate Place, Bldg. 1
107 Audubon Road
Wakefield, MA 01880
Phone: (617) 246-4442
Fax: (617) 246-4462

Minnesota

Nu Horizons

6955 Washington Ave., South
Edina, MN 55439
Phone: (612) 942-9030
Fax: (612) 942-9144

New Jersey

Nu Horizons

39 U.S. Route 46

Pine Brook, NJ 07058
Phone: (201) 882-8300
Fax: (201) 882-8398

Ohio

Nu Horizons

Suite A-15

6200 SOM Center Road
Solon, OH 44139
Phone: (216) 349-2008
Fax: (216) 349-2080

Pe; Ivania

Nu Horizons

Suite 200

18000 Horizon Way

Mt. Laurel, NJ 08054
Phone: (215) 557-6450 (PA)
Phone: (609) 231-0900 (NJ)
Fax: (609) 231-9510

Texas

Nu Horizons

2081 Hutton Dr., Suite 119
Carrollton, TX 75006
Phone: (214) 488-2255
Fax: (214) 488-2265

Nu Horizons

Suite F31

7801 No Lamar
Austin, TX 78752
Phone: (512) 467-2292
Fax: (512) 467-2466
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2435 Boulevard of the Generals
P.O. Box 968

Valley Forge, PA 19482-0968
(610)630-5300 * Fax: (610)630-5399

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