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TIMEKEEPING, DTMF CIRCUITS

Watches
. Typical Current
Part Number E Cérguil Description al 1,55 VDG
ICM7245B/D/EAF  Analog quartz waich /clock circuil. ICM7245B fD/EJF Tor bipalar slepper molors. 1ICM7245U for unipolar. 04.A
HCM72450 stepper molors. Ultea high accuracy: 0.1 ppm.

Notes: All Intersil watch circuits are designed for use with a 32.768Hz quariz crystal All provide a rapid advance selling
Walch circuits are normally sold in die form. The ICM72458/0/E/F and IGM7245U are available in either an 8 pin plastic DIP or mini-flatpack as wel as dice.
All Intersil watch circuits have a fixed on-chip oscilator capacitor. The above circuils Show typical current at 155 Volts LCD units in doubler mode.

Dual Tone (Touch Tone) Encoders

Part Number Circuit 'ueacrinliun Package Crystal Frequercy  DQulput

ICM7206 Touch-tone encoder; requires single confact per key.  16-Pin DIP 3.57954 MHz 2018 sine wave for tone dialing

1CM7206A Touth-tang encoder: requires one contact per key 16-Pin OIP 3.57954 MHz 2-gt-8 sine wave far tone dialing
i wilh commaen ling connected 1o + supply.

ICM72068  Touch-tone encoder: requires 2 contacts per key 16-Pin DIP 357954 MHz 2-0f-B sing wave for tone dialing

with commaon line connecied lo negative supply:
oscillator enabled when key is pressed.

ICM7206C Touch-tene encoder requires single contacl per 16-Pin DIF 357954 MHz 2-01-8 sine wave for tone dialing
- key: oscillator enabled only when key is
depressed. Disable line lied (o Vv~

{CM7206D Touch lore encoder: requires single contact 16-Pin DiP J3.57954 MKz 2-0l-8 sine wave for tone dialing
per key. oscillator enabled only when key is
depressed. DISABLE lina tied 1o vV + -

Clock and Timing Signal Generators

ICM7209 High-frequency clock-generator for 5-voit systems 8-PinDIP - 1o 19 MHz ' Crystal frequency, plus B divider stage
ICM7213 Oscillater and frequency divider 14-Pin DIP |plastic) 1o 10 MHz 1pps. 1ppm. 10 Hz. composite *



. Clocks

Typical
Oparating

Farl Humber 7 Circult Description . ' Yollage Package

ICM¥115 Analog quartz clock circuil with simple alarm. Far bipolar stepper motoss, 1 Hz square wave output, losc =4.19MHz 15 8 pin DIP

ICM1145A Analog quartz clock circuit with simple alarm. or bipolas stepper motors: 1 Hz square wave output. Tose = 4.19MHzZ
ICM1115B Analng quariz clock circuit with simple alarm. For bipolar stepper motors: 1 Hz square wave outpul. fyse = 4.19MHz

ICM703BA Analog quartz clock circuil with simpte alazm. For synchronous molars. W 8 pin DIP

IGM70388 Analog quariz clock circuit with simple alarm. For syrichronous mators. 1.5V 8 pin DiP

iCM7050 Analog guartz clock circuit with complex alarm. Foe bipolar slepper motors. 47 ms pulse width. R - B pin DIP
1HZ rala. | g, = 4. 19MHz .

ICM7C51A Analog quariz clock circuil lor automotive applications—synchrenous molors. B4 Hz square wave. 120v 8 pia:DiP

ICM7051B Analog quariz clock circuit for automolive applicatigns—bipolar slepper motors .

. 31 ms pulse width, 1Hz rale :
. ICM7O70L Analog quartz clock circuit wilh complex alarm. For bipclar stepper motors. 31 ms pulse widih . 1.5 8 pin DIP
@ 0.5 Hz 1y =32 kHr :

OM7223 4 Digil LCO Alarm Clock with Snogze. 15V 40 pin DIP

1ICM7223D Direct dive Cricket alarm. 24 hour format by bond oplion. Far 32,768 &#2 quartz erysial. -

IGM7223A 4Digit LCD Clock Radio circuit with Steep Tumer. Snpoze and Alarm. Low hatlery indicator. 9.0v 49 pin DIP
Radio Enable. For 32.768 ¥Hz guasiz crystal. -

ICMT22VF & Dugit Vacuum Flugrescent Clock Radio/Auto Clock circuit with Sleep Timer. Alarm. Snooze. 12 40 pins DIP

and Radio Erable. For 32.768 kHz quarlz-¢systal, .

Nﬁleéz All Analog clock circuils are designed lor use with a 4 19 MHz quariz crysial. with the exceplion of the IGM7223 series which uses a 32.768.kHz crystat,

Clock circwits are normally purchased in package lorm; each 1s also availaste as-dice. -
Alt Analog clock circuils are mask programmable for oscillato: treguency. output frequency and pulse widih, and aiarm {requency. Censull, the tactory for

details.
Stopwatches
i Gryslal
Parl Hombar . . © Glrcutt Descriplion Frequency Package
1 M7045 B Digil 4 Function LED sfopwatch circuit. Features Hours:Minutes-Seconds:100ths. Provides Time Qui. Taylor. 6:55 MHz 28 pin BLP
Split and Raily modes. Direct drive for LEDs May be used as 24-hour clock. - .
ICM7215 6 Bigil 4 Furction LED stopwalch circuil. Fealures Minules.Secands: i00ths. Provides Tome out. Tayler and 328 MHz 24 pin DIP

Split modes. Direcl drive for LEDS.

Hotes: All slopwalches may be purchased as an fvalualion Xit {EV XIT} which includes the IC and the appropriate quartz crystal. Ab operate al 2.5 lo 4.5 valls. and
sourge 15 mA currert to the segmenis of the LEDS.




BINTERSIL
| CMOS

OSCILLATOR/DIVIDER/DRIVERS
SELECTION GUIDE

(Includes circuits used in quartz analog clock and watch applications)

MOTOR OUTPUT PULSE
PRODUCT MASK CRYSTAL DRIVE  CHARACTERISTICS ALARM  NOMINAL TYPICAL
NUMBER.  VARIANT  FREQUENCY OUTPUT  Width Freq. FREQUENCY VOLTAGE CURRENT PACKAGEN
. {pujses
{MHZz) (ms) per sec) {Hz) {v) (uA)
ICM7038A —_ 4.19 Synchronous 781 64 512 30 90 B-pin DIP
ICM7038B — 419 Synchronous 781 64 512 i5 40 8-pin DIP
78 1
ICM7213 — 4.19 Muttiple 312 16 1024+16+2 30 100 14-pin DIP
125. 1 per min.

ICM7OS0A  1TS8D44-1 4,19 Umpolar 156 1 1024 15 40 8-pin DIP
ICM7050 — 4.19 Bipolar 46:9 0.5 2048+8+1 1.5 40 8-pin DIP
ICM7OS1A  ITS9042-1 419 Bipokar 78111 64 — 45-135 - 500 B-pin DIP
ICM7051B — 419 Bipolar 32 05 — 45135 500 B-pin DIP
ICM7O70LI2] 32 kHz Bipolar 31.2 05 20484841 15 3 8-pin DIP
ICM72a5812 @kHz  Bipolar 97 05 — 15 04  B-pinDIP
ICM7245812 32 kHz Bipolar 78 05 - 1.5 0.4 8-pin DIP
ICM7245Di2] — 32 kHz Bipolar 7.8 1 per 10 sec — 1.5 0.4 8-pin DIP
iCM7245€121 — 32 kHz Bipotar 7.8 1 per 12 seg - 1.5 04 B-pin DIP
ICM7245F121 — 32 kHz Bipolar 78 1 per 20 sec — 15 04 8-pin DIP
ICM7245012] 32 kHz Unipolar 39 1 - 1.5 0.4 8-pin DIP
ICMi115A — 4.19 Bipolar 1000111 05 64 15 . 80 8-pin DIP
ICM11758 — 419 Bipolar 1000111 0.5 -64 15 40 8-pin DIP

All Intersil analog quartz products are mask programmable. Opuons include: Notes. |1 Sguare Wave.

¢ Crystal frequency :32 kHz, 1 MHz, etc..
* Pulse width 1500 msec to 3.9 msec)
* Pulse frequency :64 Hz to 0.5 Hz»

* Alarm frequency 164 Hz 1o 4096 Hz, including complex.

* Motor drive characteristics

* QOscillator characteristics, including fixed capacitors (ICM7050

12| Includes a fixed value capacitor on
oscillator input,

13| tncludes snooze.

|4] All Intersil analog grartz products may be
ardered in die form.
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FEATURES

* Battery operation: 1.2 to 3.6V devices
* Veory low power: 30uA typical (1.5V paris}
« High output current drive: 1 mA minimum

+ Zero output bridge DC compaonent (50% duty cycle
square wave)

¢ All inputs fully protected — no special handling
precautions required

« Wide operating temperature range: —20°C to +70°C

ICM7038 Family

CMOS Analog Quartz

Clock Circuit

Synchronous Motor Applications

GENERAL DESCRIPTION

The 1CM7038 family of synchronous motor drivers is
designed to operate from a 1.5V battery, and performs
the functions of oscillator, frequency divider and out-
put driver. In addition a power driver is tapped off from

the thirteenth divider for use as an alarm driver.

Specifically the ICM7038 family uses an inverter oscillator
having all biasing components on chip. Binary dividers per-
mit frequency division from 4 MHz down.to 64 Hz. The out-
put from. the divider network drives a bridge output circuit
which provides a 50% duty cycle AC square wave having vir-
tually zero DC component for driving a synchronous single
phase motor. The total output drivers saturation is typically
200 ohms providing  efficient operation of synchronous
motors. The alarm output will drwe a transducer {piezoelec-
tric or speaker).

TABLE OF OPTIONS

The ICM7038 may be modified with aiternative metal

- masks to provide any number of binary divider stages
up to a maximum of 19 and supply voltages from 1.2V
to over 3.6V together with various output options. Con-
sult your Intersil representative or the factory for fur
ther information. The alarm output can be tapped off
from any of the latter divider stages.

(See table for standard options).

Nominal Nominal

Part Binary Quiput Supply

Number Dividers Frequency Voltage
ICM7038A 16 64 Hz 3.o0v
ICM70358 16 84 Hz _1sv

PIN CONFIGURATION
" (OUTLINE DRAWING PA)

6] ALARM QUT

TOP VIEWY

" PIN 115 DESIGNATED BY EITHER A DOT OR A NOTCH.

ORDERING INFORMATION

It B

PACKAGE

(PA =B PIN PLASTIC DIP)

| = TEMPERATURE RANGE
INDUSTRIAL:

-20 to +#70°C
ELECTRICAL OPTION

e —e—— [V

ORDER DEVICES BY FOLLOWING PART NUMBER—
ICK7033B 1 PA




ICM7038 Family

ABSOLUTE MAXIMUM RATINGS
Power Dissipation Output Short Circult(") .. .. 300mwW

BINTERSIL
TEST CIRCUIT
QUARTZ CRYSTAL PARAMETERS

Supply Voltage: f= 4,194,304 Hz
Rg =360
ICM703BA ... .. i i sV 8 -
Cm = 10 mpF vioRv
ICM7038B ........cocvvinnnaannnnnn.. LY o lsser
OutputVoltage@. ............. . ....... V~tovt J-_r_
InputVoltage® ....................... V- tovt S Cou
Storage Temperature. . .......... —30°Cto +125°C v o NoMinaL
o L o, VT
Qpera’nn_g{ Temperature . .......... —20°Gto +70°C SINGLE PHASE
NOTE: Stresses above those listed under "Absolute Maximum YN s SO A Oy
Aatings™ may cause permanent device failure. These are MoTOR 12 He
slress ratings only and functional operation of the devices at DUTY EYCLE

6D%
these or any other conditions above those indicated in the SIMULATED ALARM LOAD
operation sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods may cause device tailures,
NOTES:
1. This value of power dissipation, refers to that of the package and will not be obtained under normal operating condltions.

2. Except for instantaneous static discharges all terminals may exceed the supply voltage (2.0V max) by +0.5 volt provided that the
currents in these terminals are limited to 2 mA each. . .

OPERATING CHARACTERISTICS
(vt = 30v {ICM7038A) or 1.5V (FCM7038B), Toe. = 4,184,304 Hz, test circuit 1, Ta = 25°C, unless otherwise specifed.

T03BAICIF 7038BIDIEIG
Parameter Symbol Conditlons ‘Min. | Typ.| Max. [ Min. | Typ. | Max. Unit

Supply Current 1+ | 90 | 150 30 | 60 | pA
Guaranteed Operating Voltage Range | v+ —20°C = to < 70°C 2.2 3| 12 18 [ v

' : ) p + n Output Translstars,
Total Qutput Saturation Resistance Rsat | louT = 0.5mA 230 | 400 200 ?UD
Alarm Output Saturation Resistance | Ry lout = 1TmA 200 | 400 300) 800 @

. . ) Over V* range
Osc|lla.!or Stability fsTAB Gin = Cout = 15pF 1 1 ppm
Osgillator Start-Up Time tsTamRT | VY = min. 1.0 10 | sec

7_ SCHEMATIC DIAGRAM (ICM7038B)
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ICM7038B E2INERSIIL
TYPICAL OPERATING CHARACTERISTICS (ICM7038B)
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ICM7038 Family

APPLICATION NOTES -

GENERAL DESCRIPTION

The ICM7038 Family has been designed primarily for
quartz clock and timer applications using oscillator
frequencies between 2.0 and 10 MHz. The design
objectives were exceptional oscillator frequency
stability, very low power, wide supply voltage range
and wide temperature range. The oscillator contains all
componenis except thetuning componentsand quartz
crystal. Three outputs are provided. The two-principal
outputs are intended to be used to drive a single phase
-synchronous motor in a bridge configuration. As such,
because of the matching of the transistors in the two
outputs, the output. DC component is extremely smail.
Stepper motors may also be used by placing a
capacitor in series with the motor and using either a
singte output or the bridge output.

STEPPER
MOTOR

STEPPER
MOTOR

Alternat'ively outputs 3and 4 mély be used to drive TTL
logic directly for timer applications.

The alarm output is taken from the cutput of the
thirteenth divider and can source 1 mA at a low
saturation voitage.

2V MAX ¢

The ICM7038 may be used as a straight divider by

driving directly into the oscillator output (pin no. 7)
with & low Impedance square wave drive. As such it
may be used over the frequency range 1 MHz to 10
MHz.

OSCILLATOR CONSIDERATIONS

The oscillator of the,ICM7038 is designed to operate

with crystals having a load capacitance of 10 to 12 pF.
This allows nominal capacitor values of 15/15 pF or
20/20 pF. Ihcreaging the load capacitance of the crystal
requires larger oscillator device sizes, which causes

the supply current to increase. Modifications to the .

oscillator can be made on a custom.basis. The tuning
range can be increased by using crystals with lower
load capacitances, however, the stability may decrease
somewhat. This can be counteracted by reducing the
motional capacitance of the crystal. A non-linear

- BINTERSIL

feedback resistor is provided on chip, which has a
maximum value at start up. Oscillator tuning should be
done at the oscillator output.

The following expressions can be used to arrive at a
crystal specification:

Tuning Range

Al ___Cm _
f 2(Co + G}

gm required for startup

5\ 2
gm = w?2 CiNnCouT Rs (1 + gg)

_ CiNCout
CL CintCour

Cv
Rs = seties resistance of the crystal
f = {requency of the erystal
Af = frequency shift from series resonance
frequency
. Co = static capacitance of the crystal
Ci  ='input capacitance
Cout = output capacitance
CL = load capacitance
Cm = motional capacitance .
@ = 2xf

The resulting g}n _shbuld not exceed 50 pmhos




EINTERSIL  CMOS Precision

Decade Timers

FEATURES ) GENERAL DESCRIPTION

= Total integration: includes osclllalor, divider, The ICM7045 is a fully integrated precision decade timer
decoder driver on chip fabricated using Intersil's low voltage metal gate C-MOS

+ Wide operating supply range: 2_5v5v+ < 4.5V technology.- The oscillator, frequency divider, multiplexer,

decoder, segment and digit output buffers are all included
f A on-chlp. The circuits are designed to interface directly with
. ?_"9 ITW @ 3.6v supp‘:I'yIWI.“.::Isfay ol? t fully multiplexed 8-digit 7-segment common cathode LED
gh output current rnve. MA pea cqrren displays. The normal supply voltage is 3.6V, equwalem toa

per segment with 12.5% duty cycle. b stack of three nickel cadmium batteries.
s Leading zero suppression: tlmer stopwatc This circuit is dasigned for use as a digital timer,

applications 4-function stopwatch and 24 hour clock; the only externat
* Fractional second suppression: 24-hour clock components required are the display, batteries, 8.5536

+ Low operating power consumption:

application o . MHz crystal, turning capacltor and 4 switches.
* Short duration short circuit protection on all The ICM7045 divides the osclillator frequency In sixteen
_inputs and outputs at 3.6V supply binary stages to a frequency of 100 Hz; soms of these
+ Versatility of applications: precision timer, intermadiate autputs are used to generate the multiplex
4 mode stopwatch, 24-hour clock waveforms at a 12.5% duty cycle/800 Hz rate. The 100 Hz
« Uses 6.5536 MHz quartz crystal for high signal is then processed in the counters and multiplexed
aceuracy in the decoders.
%
BLCCK DIAGRAM PIN CONFIGURATION {outilne dwg D)
1 LINE TEST ) .
- | L A
— . vt [7£] SE@,
R i SEG4 7] (77 DIGITS 3 & 4 ADVANCE
- l CONTRCLLER [—— & LINES SEGBE E SEG'
v l e GROUND [T [} CATH §
HF OIVIDER l CATH 3 [&] E CATH 6
- I e Y e CATH 4 1] [55] TEST POINT
1&2ADVANCETZ] |cMyo45 [ZICATHT
< [ [ oo 1 v |rrwes | CATH1MSDI(E] - [2] CATH 8 (7045)
ZENER DIODE HAS TYPICAL BREAKDOWN VOLTAGE OF 5.5V STAR.”STOPLT' E 0sc our
. CATH 2 [n] - [:]OoSC IN
ORDERING INFORMATION © DISPLAY [T} - [E1sEGy
ICMT045 Package STANDARD [E] [77] SEG,
28 Pin Piastic DIP SPLIT [:2] ['6] RESET
Tempoerature Range RALLY [&] 5] SEG,
I = Industrial - 20°C to +85°C
Type
Order Dice by Foliowing Part Number — |CM7045/0




ICM7045 | BINTERSIL -

ABSOLUTE MAXIMUM RATINGS

Power PSS PatiON (1. . oottt e e e 1w .
o T4 T o] | = T +5.5V
Input Voltage ....... e Equal to, but never in excess of the supply voltages
Output Voltage .............. Equal to, but never in excess of the supply voitages
Digit Drive Qutput Current .. ... ... e 150mA/digit
Storage Temperatures ........... .o —-55°Cio +125°C
Operating Temperatures ...........c.ciiiiiririeiaeenncean. —20°Gto +85°C
Lead Temperature (Soldering, 108eC) ........ .o iaiiieinean., 300°C

NOTE: Stresses above those llsted under Absolute Maximum Ratings may cause permanent
damage 1o the device. Thase are stress ratings only, and functicnal operation of the device at
these or any other conditions above those indicated in the ¢perational sections of the

_specifications Is not implied. Exposure to absolute maximum rating conditlons for extended
periods may affect device reliability.

Note 1: This value of power dissipation refers 1o that of the package and will not be obtaingd
under normal operating conplitions.

TYPICAL OPERATING CHARACTERISTICS
TEST CONDITIONS: V+ =36V, T,=25°C Parameters iisted are absolute value

PARAMETER SYMBOL CONDITIONS MIN | TYP - MAX UNITS

Supply Gurrent i+ | Display Off " 180 2000 7y
7 Segments Lit ' 70 105 mA
VE=18V '
2 Segments Lit 28 42 mA
) V=18V . )
Operating Voltage vt —20°C<Tp<85°C 25 4.5 v
Segment Current Drive lsea 7 Segments 1.7, Vg = 1.8V,
12.5% Duty Cycle ' .
Instantaneous : 10 15 mA
Average 1.25 1.8256 | mA
Segment Current Drive 2 Segments LI,
VE=1.8V
12.5% Duty Cycle
Instantaneous 14 21 mA
Average ) 1.75 2.625 mA
Min. Switch Actuation )
Gurrent, Any Switch o i) ' A
Diglt Driver Leakage Current oLk 200 »A
Segment Driver Leakage Current | Igp 200 A
Typlcal Oscillator Stabllity fsras wv=vt=4y, Cruning = 15pF 1.0 ., ppm
Oscillator Start Up Time tstant vt =36y 0.1 sec
V=28V, 1.0 sec

Osclifator Input Capacltance Cin ) 17 pF




ICM7045 | _ BINTERSIL

TYPICAL PERFORMANCE CURVES

PEAK SEGMENT CURRENT DRIVE PEAK SEGMENT CURRENT SUPPLY CURRENT
VS. Vs, ) vs.
LED SEGMENT VOLTAGE DROP SUPPLY VOLTAGE SUPPLY VOLTAGE
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DISFLAY
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_o_l_
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TOP VIEW

NOTE: Specify quartz crystal to have neminal frequency value
when tuned by a total parallel capacitance value of 12
pF or less.

Figure 1 Four Stopwakch Modes



ICM7045
FUNCTIONAL OPERATION

STOPWATCH/TIMER OFERATION

The control-inputs used in the complete stopwatch ap-
plication are: (refer to fig. 1)

RESET

START/STOP .
STANDARD

DISPLAY

SPLIT
RALLY

START/STOP and DISPLAY are deslgned for connection to
single pole double throw switches to insure operation free
of contact bounce.

The switch connected to RESET can be normally open
single pole single throw. STANDARD, SPUT and RALLY
are control points with infernal pull down resistars to
V-.These are designed to be connected to a rotary
function switch which will connect no more than one of
these points to V+. If STANDARD (SPLIT, RALLY) is
connected to V+ the stopwatch is said to be in the
STANDARD (SPLIT, RALLY) mode. If all three are left open,
the stopwatch is in the SEQUENTIAL mods.

RESET FUNCTION.

When the stopwatch is turned on, the RESET will normally
be activated. This puts the.stopwatch in 4 ready condition
by:

1. Resetting. all cirguitry

2. Blanking seconds; minutes, hours

EINMERSIL

3. Showing 00 in the two least significant digits.
4, Turning on the display If it was previcusly turned off

The display of just two zeros in the two least significant
digits gives the complete assurance that the stopwatch is
“ready to go''. .

STANDARD MODE

In the STANDARD mode, after a reset has taken place,
START/STOR Is activated at time t5. The clock and display
are moving simultanecusly. A second activation of
START/STOP stops the clock and hoids the display at time
tiotal. This completes an event, For timing a second event
there are two options. One is to activate START/STOP at
the start of the second event. This will momentarily reset
the counter.and display so that the timing of the second
esvent proceeds from zero. Another activation of
START/STOP stops the counter and display at time tyg, to
end the second event. The other option is to actlivate
RESET after the first event is over. Then the second event
proceeeds similarly to the first event. As is clear from this
description, RESET can be used at any time to resel the
stopwatch, Including when a timing is in. progress. The
DISPLAY input can be activated to turn the display off and
on. If the display, is off when RESET s activated, it will
reset and turn on. Turning off the display for timing long
events will result in a very substantial power saving.

PAUSE %0 EVENT NO.t frow! Y gvEnT NO2 loiet
I I } alas i I [N N

MANUAL STARTISTOP  STARTISTOP.  STARTISTOP  STARTISTOP

RESET

STARTS HOLDS "AUTOMATICALLY HOLDS

RESETS COUNTER DISPLAY ( MOMENTARILY DISPLAY

COUNTERS RESETS COINTERS
DESPLAY
BLANKS _ FOLLOWS STARTS
6 MOST COUNTER COUNTERS
SIGNIFIGANT )

DIGITS BLANKS
TURNS ON DISPLAY

DISPLAY FOLLOWS

COUNTER
paUsE  '® EVENT ND.p how b pvienr noz o
I s |L : d ]I o I = [ X K]

FSANUAL STARTISTOP ~ STARTISTOP MANUAL START/STOP  STARTISTOP

RESET i RESET i

START HOLDS STARTS HOLDS

RESETS COUNTER COUNTER RESETS COUNTER COUNTER
COUNTERS COUNTERS .

BLANKS BLANKS
TUANS ON

DISPLAY
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SEQUENTIAL MODE

The sequeniial rhode of the stopwatch s designed for tim-
ing events consisting of more than one leg (such as relays, -
muitilap races, etc.). After the inliial reset the STARTISTOP
is activated at ty 1o start the event. A second actlvation of
STARTISTOP at time ¢ stops the display and allows t4 to
be read out, while the clock resets and starts counting
again instantaneously. At time 1; an actlvation of
STARTISTOFR enters t, (the time of leg 2) into the display.
This sequence can continue indefinitely. Assuming the
total event has n legs, the 1otal elapsed time is then equal

@INT=RSIIL

to the sum of the n times read cut:
botar =t +1p- .. + 14

It it is desired to see the moving clock after a time has
been recorded, the DISPLAY switch can be activated to
release the display hold and catch up with the moving
clock. The display cannot be turned off in the sequentlal
moda. RESET can be activated at any time to reset clock
-and display. :

L Iy
EVENT
b t
PAUSE LEG NO. 1 LEG ND.2 LEG NO. n
1 ) | i Teas .
I I T T 1 I v
HMANUAL STARTISTOP START/STOP STARTISTOP STARNISTOP
RESET
STARTS HOLDS ADVANCES ADVANCES
RESET COUNTER DISPLAY AND AND
“GoUNTERS HOLGS HOLDS
DISFLAY DISPLAY
BLANK DISPLAY I:UI.II:TEH .
DISPEAY FOLLOWS ! .
COUNTER UNINTERRUPTED COUNTER COUNTER
. 15
UNINTERRUFTER UMINTERURTED

| W IEVENTI =1,

SPLIT MODE

The split mode is another mode for timing muitileg-svents.
in contrast 1o the sequential mode, the timing in the split
mode Is cumulative. - From. a reset condition, the
START/STOP switch is activated at ig to start the counter
and dispiay running. A second activation at t; stops the
display and allows t; to be read out while counter con-
tinues timing. A third activation at 1, advances the display

LEG HO. § =ty

LEG NO.2=L;- by heanoa=t—tai1

with the total elapsed time from ty to t> showing. Finally, at
time t,, the total elapsed time of the event Is entered In the
display. The time of ane 1eg of the avent can be obtalned by
subtraction. The display can be synchronized to the
counter (catch-up function) at any time by activating the .
display switch. To reset the timer, activate reset. The
display cannot be turned off in the SPLIT mode.

e Evenr: d E

‘2 fa LEGHO.N Tt
f

1Y
| PAUSE LEG NO. 1 "I"‘ LEG N, 2
™ i I
MAMUAL STARESTOR STARTISTOR
RESET i
STARTS KOLOS
RESETS COUNTER - DISPLAY
COUNTERS
DISPLAY
BLANKS FOLLOWS COUNTERS
DISPLAY COUNTER
STARTS
COUNTER

Hora EVENT =1+ 124 0y

RALLY MODE ,

The rally mode is-designed for timing of events with inter-
ruptions. Consider an n leg event where the legs may be
separated by intervals which should not be timed. Tha rally
mode starts with a RESET. At time 1y the stopwatch is
started by activating START/STOP. After this point the
RESET function is disabled to prevent accidental resetls

i,
-4 a

START/STOR

ADYANGES
AND

I
T I®*®r 1
STARYISTO?

)

ADVANGCES
AND
HOLDS
DISPLAY

HOLDS
DISFLAY

RESETS

3 RESETS
COUNTER

COUHTEA

STARTS
. .COUNTER

-TARTS
COUNTER

during fong timing intervals. At time t, a START/STOP
pulse stops counter and display. From here on each leg
time is added to the total by a START/STOP pulse at the
beginning of the leg and at the end. The individual leg
times are determined by subtraction. The display can be
turned on and off with the display swiich.

EVENT
: I 4 2 [
I PI‘KU‘SE LEG NOL 1 1 FAU!;E |- LEG HD. 2 IZ PAUSE [ LEQ HD.
i it 1 A I ' = jowe I-u—.«'.a-.—
* § MANUAL STARTISTOP STARYISTOR START/STOP STARTISTOR START/STOP STARTISTOP
RESET
GHLY STARTS COUHTER COUNTER COUNTER COUNTER COUNTER
COUNTER HOLDS COHTINUES HOLDS CONTINUES HOLDS
CUUNTER .
RESETS DISPLAY nisp DISPLAY DISPLAY DISPLAY plsp
FOLLOWS HOLDS FOLLOWS HOLDS FOLLOWS HOLDS
BLANK COVNTER COUNTER COUNTER
nisp
teanat (EVERTI= 1, LEG NO.1=1, -8 LEG HO.n=l,= 10, 1

LEQ NO. 2=ty



ICM7045"
CLOCK QOPERATION

The control inpuis used in a possible 24-hour clock con-
figuration are (reéfer to fig. 2).

START/STOP
MINUTES ADVANCE
HOURS ADVANCE
RALLY

START/STOP, MINUTES ADVANCE and HOURS
ADVAMCE are designed for connection to single pole
double throw switches; this assures contact bounce
elimination on these inputs. To avoid an additicnal switch
for the DISPLAY input, the RALLY inpul should be
connected to V¥ through a 20k resistor and to V- through
a 0.014F capacitor. These compenents insure that the
display is on when power is applied to the circuit. The most
convenient setting procedure is:

BINTERSIL

1. |if clock is not running when power 15 applied
activate START/STOP switch.

2. Depraess MINUTES ADVANCE switch to obtam
corract minutes setting, one mmute count per
activation,

3. Depress HOURS ADVANCE switch to obtain carrect
HOURS setting, ane hour count per activation.

It is possible to set the ¢clock more accurately or to correct

small time errors by using START/STQP in combination

with MINUTES ADVANGE. If the clock Is, for instance, 20

secands slow, activate the MINUTES ADVANCE once, then

activate the START/STOP, wait 40 seconds and actlvate
the START/STOP again. If the clock is 20 seconds fast, the

START/STOP switch should be activated to stop the clock,

then after 20 seconds activated again to restart the clock.

Other elock ‘configurations are possibie (see Application

Notes).
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Figure 2: Clock Mode

APPLICATION NOTES

The ICM7045 have been designed with versatility of ap-
plications in the digltal timer/stopwatch/24-hour clock fisld
as the major obiective. The simplicity of opetating modes
allow for an extremiely practical, easy to use stopwatch, at

the same time permit the design of a variety of simple
lapse timer, stopwatch and clock circuits; a few of thesa
will be shown and discussed briefiy here. ’




ICM7045
TIMER CIRCUIT |

This simplé circuit (display connections not shown) allows
interval timing up to 24 hours with a resolution of 0.01
second. Each Interval is timed by one start and one stop
pulse on the start/stop line. The start pulse for the next
interval to be timed automatically resets the timer.
Leading zero suppression Is automatic.

vo—— 4 e Bl
[z} (7]
{ = %],
== =] 77)
=] [—
o—d A
STARTISTOP {i Bl owres [P T
=] il
L [F] ] [ 6.5838MHz
o] 18
+——0 [a}
S20k—E |
=] VG|
Im,.F L1 M
= TOP VIEW

TIMER CIRCUIT Il

This circuit altows cumuiative timing of jntervals. Each in-
terval Is timed by one start and one step pulse on the
start/stop line. Each subsequent Interval timed adds to the
total line displayed. The reset switch:allows the timer to be
reset 1o zero to start another sequence of intervals. Note
that the time between the end of one interval and the start
of the reset is not recorded nor added to the %otal.

Vio— L il g hd =
[z e
EN 7]
__E E
= =] =]
=] B—t
STARTISTOP f N R (2 #
G} 7]
—{5] F] 1 6.5536MHz
E 13
T )
' S0k o | RO,
T 5 [E}——o" eger
TOP VIEW =
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TIMER CIRCUIT HlI

This circuit allows interval timing with a single pulse on
the start/stop line. Each pulse enters the time elapsed
since the previous pulse inte the display, resets the timer
and starts the timer for the next interval.

———_———
vtor——u 4 71 @ [78]
' [=] 27]
[EN 36]
=] =
i 23—
Se] L m F
{“v G o [ 7
| 7] P {Jas538mMHz
M 13
Sy, |
. @ 7]
=] [i6]
[2] [i5]
TOP VIEW

CLOCK CIRCUIT I X
The standard clock circuit is shown and described In fig. 2.

" The clogk accuracy with a stable voltage supply will de-

pend mostly on the temperature and aging characteristics
of the crystal,

The power supply can be madifled to give battery standby
power.

TOV*®

The standby circuit should be designed to provide the
specified minlmum voltage to the ICM7045.

OTHER CLOCK CIRCUITS

The basic clock &lrcuit can be modified for varlous special
applications. If it Is desired to turn the display on and off,
then connect the display Input to an additional SPDT
switch, while omitting the capacitor/resistor combination
on the STANDARD Input.

This input can then be wired directly to V. This 24-hour
clock version might be applicable to vehicles, boats, étc.
where a battery is available fo supply the display off ctock
current, while the display can be turned on with the Igni-
tlon. Another. possible coenfiguration would gonnect a
special circuit to the DISPLAY input which generates a
double pulse aboyut 3 seconds apart:
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v

00K

o OME -
SHOT = TO DISPLAY INPUT

ONE 1=2ms
SHOT -
1= SEC . €

This means depressing the switch will turn on the clock’s
display for 3 seconds. This allows design of a battery
‘operated “on demand” digital 24-clock.

STOPWATCH EXTERNAL SYNC CIRCUIT

If the stopwatch is connected as shown in fig.1, a few addi-
tional components will allow external synchronization of
the stopwatch In any maode:

1
{
L

ICM70451A

PIN9

NOTE: Be sure to minimize the distance between the transistor
and the ICM7045 to prevent noise from being generated
along this connection. Noise spikes absolutely must not
exceed the supply voltages,

The external sync signal source must supply a positive
pulse to activate the START/STOP input. The minimum
voltage of thls pulse is about 1.2V in the circuit as shown,
but the triggering level can be changed by modifying the
input resistor ratio. The cutput impedance of the external
syn¢ signal source should be no greater than 4k chms.
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OSCILLATOR CONSIDERATIONS

The oscillator Is a high gain complementary MOS inverter
wlth on-chip feedback resistors and an on-chip fixed input
capacitor of 22pF. For the 6.5536 MHz crystal needed for
normal timing using the ICM7045, it is suggested that the
nominal load capacitance be kept under 12pF to keep total
foading on the oscillator to a reasonabie level, The actual
trimmer range and the nominal load capacitance needed
will have to be determined from the total stray capacltance
of the particular circuit (including ICM7045 with package,
PC board, etc)) and the tuning tolerance of the chosen
crystal.

The serles resistance of the crystal should alsa be kept to
a low value (typically less than 50 ohms) to achieve
adequate low voltage operation. :
Oscillator fune up can be most easlly performed using a
pullup resistor of 10k ohms on the fractional seconds
digit, using perfod average tune for 1.25ms (800Hz).

BINTERSIL

CHIP TOPOGRAPHY

01
(3.4

S!S CATH 2 DpISP
0.137”

CATH 3: CATH 4
e TIEATHA
182 {3.5mm)
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ICM7050
ICM1115

Quartz Clock Circuits

Bipolar Stepper Motor Applications

FEATURES

» Single battery operation
» Very fow current - fypically 40uA at 4.19MH2
+ Reset or stop function, inhibited during output
_ & Extremely low output saturation resistance:
less than 1060 ohms
s Complex direct drive alarm; 1Hz + 8Hz + 2048Hz
+ Custom options available

ORDERING INFORMATION

DEVICE MOTOR OUTPUT | ALARM QUTPUT |
ICM7050 47ms @ 0.5 Hz Complex
ICM1115 (.5 Hz Square Wave j 64 Hz Tone

‘Note! These.devices require a crystal frequency aof 4.10 MHz:
Consult ICM7070 data sheet for 32.7668 kHz devices.

*See PART NUMBER CHANGES below.

GENEHAL DESCRIPTION

The ICM7050/ICM1115 are single battery analog quartz
clock circuits intended for use with bipolar stepper
motors and fabricated using Intersil’s low voltage metal
gate CMOS process, The circuits consist of a divider
chain, output gating, output buffers and an oscillator
which, when using the specified 4.19MHz crystal and
capacitors, provides excellent stability. The high fre-
quency portion of the divider chain consists.of dynamic
dividers, while the remainder are static: The dynamic
dividers feature low power consumption and operating
voltagé, but lmit IGw frequency operation. The 223
divider chain is tapped at the 211, 218, and 222 points to
provide a complex alarm-of 1Hz, 8Hz, and 2048Hz driv-
ing an output’inverter. Several standarg motor drive
waveforms are available, and the large output inverters
provide the low impedance necessary to drive the
motor. A reset inhibit function is provided so that if the
RESET ocecurs during an output pulse, resetting will not
take place until the pulse is completed. RESET may also
be used as a stop for synchronization to a time signal or
tester, Motor drive will continue 1 sec. after RESET is

~ released.

BLOCK DIAGRAM

Oiic 4DYNAM!H Hspéfgé.lp

v
0sg . |
[ FF—H
out 7] R b A =55
. RESET
RESET/STOP 71 INHIBIT  |RESET
Test L4 Logic
acan e} N compLEX] | 2048
. ALARM ar
OUT 5} o : LoGIc
2 ' QUTPUT 7]
CONTROL! e
out LOGIC
1 3
. (2] :
RESET - .
v- - | memony |—2 25
LOGIC

PIN CONFIGURATION {outline dwg PA)

ﬂ‘-‘f;g““.‘ [2} (5] ourz
TOP VIEW
ORDERING INFORMATION

ICMT070 1 PA

Package
See Qulline Drawing
. Temperalute Range:

fndustrial —20°C tg *70°C

Type

Crder Devices by Following Part Number — ICM7050IPA

CUSTOM OPTIONS

The ICM?7050 input and output con!iguraiions may be-customized for:
» On-chip oscillator capacitance up to 20 pF at OSC INor OSC OUT

o Output pulse frequency from 0.5 Hz to 64 Hz (standard crysta)
freq.

*  Qutput pulse width from 0.98 msec to 50% duty cycle
*  Alarm output up-to three binary frequencies from 1 Hz to 2048 Hz

Consult factory for mask programmmg charge and minimum order
requirements.

1CMT115AIPA
ICM1115BIPA
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation Output Short Gircuit (Note 1)

......................... 300mw
Supply Voltage ............... A E e E e e e e ke e, 3v
Output Voltage iNote 2 ......... PR fevaiianen P Equal to but never
Input Voltage tNote 2 ..........coooevvun. ... - exceeding the supply voltage ™ -

Storage Temperature ....................... i, -30°C to +125°C
Operating Temperature ........ce..oeveeirseeenssisns, —-20°C to +70°C
Lead Temperature (soldering, 105) ..........oviivuseneoninn 300°C

'Sjresses above those listed undsir Absolute Mastimu
functionaf operation of the device at these or any ol
implied. Exposuwre to absolute maximum rating co

m Ratings may cause permanent damags to the device, These are stress ratings only, and
her canditions above those indicated in the operational sections of the specifications is not
nditians for extended periods may affect device reliability, :

NOTE. 1: This value of power tissipation refers to that of the package and will not normally be obtained under normai operating conditions.
NOTE 2: Due to tha inherent SCR structure of junction isolated CMOS devices, the circuit can ba put in a latchup mede if targe currents are
injected into device inputs or outpuls. For this reason special care should be takenin asystem withmultiple power suppliesto prevent

- voltages being applied to inputs and/or outputs befare power is applied. If only inputs are affected, latchup can also be prevented by
limiting the current into the input terminal 1o fess than 1mA.

ELECTRICAL CHARACTERISTICS

TV = 1.5V, fase = 4,194,304Hz test circuit, Ta = 26" C, unless otherwise specified

PARAMETER | SYMBOL ' | CONDITIONS MiN TYP MAX UNITS
T Supply Current{Note 3 except ICM1115A] 1+ No Load 40 80 | uA
ICMT115A Only ' ' 80 120
Operating Voltage _ v+ —20°C < Tp < 70°C 1.2 1.8 v
Total Gutput Saturation Resistance Rour IL=4mA 70 100 n
Alarm Saturation Resistance Ration) P, IL = 1mA 400 700 1)

: N, IL = 2mA 100 400° 0
Oscillator Stability fstab Co12=<yr=18 ’ 1 ppm
Oscillator Start-up Time tstart V=12V - 1.0 sec
Oscillator Transconductance (Note 3) gm ICM7050 75 200

) : . 1CM1115A 150 400 umho
ICM1115B 75 200

NOTE 3: Two options are available with the ICME115. The ICMT115B is designed to be used with Crystals‘ whose load capacitance is 12 pF or less.
Using input and output capacitors of 1510.20 pF, this device will provide stable operation at very low supply current. For applications with
larger load capacitange (15 to 20 PF1, the ICM1115A ensures that an increased oscillator current is available to guarantee startup and

operation over the voltage range. Using input and ewtput capacitors of 30 ta 40 PF, the ICM1115A wili offer good stability at a supply
current approximately twice that of the IGM11158. .

TYPICAL APPLICATION (also TEST CIRCUIT)

CLOCK CIRCUIT

: I Y*ORV-

15pF 15pF

TO
ALARM
TRANSDUCER
R
DRIVER
> .
RESET/STOP Notes: .
3 V. . RESET/STOP: If pin 4 is not
Guartz Crystal Parameters g {for test used, it should be lied to'v—,

Ro k04 H only) QUTPUT FREQUENCIES: Crys-
C:5 - ‘ldu IES ®— : tal frequencies from 1 i 10 MKz
e = Timp : may be used le obtain dilferant

Cout = 4pF MOTOR .

-outpul frequencies. See Osellla:
tor Conalderations for suitable
crvzlal carampionre

{750} for test ul)
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TYPICAL OPERATION CHARACTERISTICS

SUPPLY CURRENT vs SUPPLY VOLTAGE OSCILLATOR STABILITY vs. SUPPLY VOLTAGE
120 pi - :
Cryslial Paral;'nalersl Crys=al Para:'rl.e!ersl
Pér "Clock Circuit” / : Per "Clock Circult':
120 i — - 3
I Cin/Copt = prfso;rr/ i
100 | ! } : 2 2
! < Cin/Cout = 10pF/30pF
£ o = ‘
& a0 - “\«‘\‘-‘ £ 4 A
5 w & | aopFriopr L~
3 A . . / 15pF/15pF
- &0 156/ 15pF_|_ i
a PRASE . = - 0pF/40pF
I "I 30pF/10pF _._,.-/. pre
& | TAAER . !
o
e g, 0%
20 uc“‘10 2
0
1.2 1.5 i 18 . 12 1.5 1.8
: SUPPLY VOLTAGE : SUPPLY VOLTAGE
QUTPUT CURRENT vs QUTPUT LOAD VOLTAGE ALARM OUTPUT CURRENT vs SATURATION YOLTAGE
: P CHANNEL SATURATION VOLTAGE
15 S
T 1 0 0.5 /}0
—t . P / '
I T 7 (=2
2 ™ - g0 L 4 25
£ ! \ E 15V T | E
= ‘ i V=18V = P-Ch c
& ! ™. i L1 ; =
€ 20 = c 8 —t ig
€5 TN & L e
o \Lv-‘*:msv . \ o 15V b~ E:)
| T - & A a g
5 l\ ~ 2 / / 3.
[ E N-Ch 3
o L ™~ \\ 54 1.8 // - 3
- +=12v
—-—--..._\\ N . . /
0 : RN \ . o _
0 1.0 1.5 0.5 10 1.5
QUTPUT LOAD VOLTAGE N CHANNEL SATURATION YOLTAGE

OUTPUT WAVEFCRMS (ICM7050)

NO;{MAL DOPERATION I‘RESET DURING OUTPUT PULSE?

ouTt —-1|_| _,| IF n auT 1 —L]_"i

2 eC - l 1L
ouT2 o 1sec "_"L_I ouT 2 - U

ALARM 5]‘” lﬂ m] W T * RESET __‘4 '_|-— 1 sec —|

n = 47 msec for ICM7050

OUTPUT WAVEFORMS (ICM1115)

KORMAL OPERATION RESET*
QUT 3 ’
-—— 2 sec
ouT 2 [« 1 sec -

© e T OO0 OOEI

*Shown during QUTput 1; exchange OUTput T and OUTput 2 for apposite case.
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APPLICATION NOTES

OSCILLATOR CONSIDERATIONS

The osciliator of the ICM705G has been designed to operate
with crystals having a load capacitance of 10 to 12pF. This
allows nominal capacitor values of 15/15pF or 20/20pF.
Increasing the load capacitance of the crystal requires larger
ascillator device sizes, which causes the supply current to
increase. Modifications to the oscillator can be made on a
custom basis. The tuning range can be increased by using
crysials with lower ioad capacitances, however the stability
may decrease somewhat. This can be counteracted by
reducing the motional capacitante of the crystal. A non-
lingar feedback resistor having a maximum value at start
up is provided on chip. Oscillator luning should be done at
the OSCiltator OUTput.

The lollowmg expressions can be used to arrive at a crystal
specification:

Tuning Range

Al Gm _
f  2(Co+ Cut G

gm required for startup

CinCowm
Cin + Cout

Co 2
gm = w2 CinCoulRs 1+ Eﬁ-

Rs = series resistance of the crystal

f = frequency of the crystal

Af = frequency shift from series resonance frequency
Co = static capacitance of the crystal

Cin = input capacitance

Cout = output capacitance

Cm = motional capacitance

w = 2mi

The resultirig gm should not exceed 50xmhos.

EINTERSIL

OSCILLATOR TUNING METHODS

When tuning the oscitlator two methods can be used. The first
method would be to monitor the output pulse at either OUT 1
or OUT2 with a counter set to measure the period. The
oscillator trimmer ‘would then be adjusted for a reading of
2.000000 secs. A second method would be to put the devicein
the resel mode by pulling the RESET pin to V+ and then
monitor the ALARM output with a counter set fo measure

_average period. The ALARM output is a continuous 2048Hz

when in the reset mode, which gives a period of 488.28125s.

The trimmer capacitor used for tuning should be cennected

to the OSCillator OUTpui. Otherwise, if tuned at the inputithe
stability will vary with luning, and the current drain may

become excessive when the input capacitancé is much less

than the output capacitance. Refer to the Supply Current vs.
Supply Voltage and Oscillator Stability vs, Supply Voltage
characteristic curves on the preceding page.

TEST MODE OPERATION

Pulling the RESET/TEST input to —7V switches the device into
the test mode to speadup automatic tesiing. When in the fest
made the output rate is increased 186 times, from 1Hz to 16Hz,
with a corresponding reduction in pulse width, The ALARM
output changes to a compuosite wavefarm of 16Hz and 128Hz.
The circuit can be reset while in the test mode by shorting the
ALARM cutput to v~ :

ALARM CONSIDEHATIONS
The ALARM ocutput inverter is large encugh to directly drive -
transducers requiring up to 2mA of current. If more current is
needed, a PNP buffer should be used”. A stight flutuation in the
supply current of 0.5:A to 1.0pA will be seen; thisis a result of
2048Hz driving the relatively large gate capacitance of the
alarm output transistors.

*See Intersil Application Bulletin A031 for details.

CHIP TOPOGRAPHY
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FEATURES

s Wide operating suppiy voltage and temperalure
ranges

» Excellent oscillator stability

Short circult protecled bridge oulput with low ON

resistance

Oscillator feedback resistor on-~chip

All inputs fully protected

Nominal 12.6 volt zener on chip

64Hz output for synchronous motor appllcaﬂons

{ICMT051A}

+ i Hz output with 31.2 ms oufput pulse width for
stepper molor applications (ICM7051B)

¢ Typical power dissipation < 4 mW at 12 volts

GENERAL DESCRIPTION

The ICMT0514/B is an auto clock circuit fabricated
using -intersil’s standard metal gate CMOS process.

ICM7051
CMOS Auto
Clock Circuit

Included on-chip are the oscillator, dividers, output
drivers.and over-voltage protection circuitry. The oscil-
lator of the ICM7U51A/B. has the feedback component
on-chip, and when used with the specified crystal
parameters will give excellent stability. The binary divid-
ers. of the ICM7051 allow division from 4.19MHz and
drive a bridge output which provides an alternating
31.2ms output pulse at 1Hz for the ICM7051B (0.5Hz
each side) or a 64Hz square wave output for the
ICM7051A. The bridge output consists of two large
inverters with the output ON resistance of the N and P
channel devices together being tess than. 100 ohms with
VBaTT equal to 13.5 volts and load current equal to
10mA.

The ICM7051 series contains an on-chip zener which,
when used with an external resistor and capacitor, will
provide protection against over-voltage transients that
rmay occur in an automobile environment.

SCHEMATIC DIAGRAM

TEST
POINT B TEST

LGGIC

OVER
VOLTAGE
PROFECTION

TC 0S¢,
I DIVIDERS
TO OUTPUT,

=20

QUTPUT
LOGIC

DUT1D—‘"—O<'_I
L

our zo—of———
5

#21 ‘22 rza

ORDERING INFORMATION

ICM7051A
ICM7051B | PA

' PACKAGE

PA =8 PIN MINIDIP

TEMPERATURE RANGE
-20°C to +85°C

- —— TYPE
Order dice by following part numbers: ICM7501A/D, ICM7051B/D
Note: The ICMT051A was formarly known as ITS 9042-1.

PIN CONFIGURATION {(outline dwg PA)

ICM7051




ICM7051

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VearT, -12 to +25V (Note 1)

see TEST CIRCUIT} .......... e -0.5to H13.5v
Output Voltage and T.P. Input ........ Not to exceed
supply voltage

Storage Temperature ............. -40°C to +125°C
Operating Temperature ....... R “20°C to +85°C
Lead Temperature (Soldering, 10 sec) ........ 300°C
Power Dissipation (Note 2 ,............... 0.5 Watt
Latch up holding current (Note 3} .......... 1H00mA

Note 1; Siress duration not to exceed 2 min.

BEINTERSIL

Stresses above those listed under "Absolute Maximum Ratings™ may
cause permanent damage to the devics. These are stress ratings only
and fuactional operation of the device at thase or any other condi-
tions above thase indicated in the operational sections of the
specifications is not implied. Exposure to absolute maximum rating

" conditions for extended pericds may affect device reliakility.

Nole 2: This value of power dissipation refers to that of the package and will not be normally abtained under normat operating condiiions.

Note 3: A destructive ldtch up mode is possible If-an input or output is forward biased with Tespect to either the positive or negative supplies. The
ICMT7051 has an absolute maximum fatch up holding-current of 100mA. Fhis means the device, when operated at ambisnt temperature, will
return to ils normal operating state after an Inadvertant input transient, if the supply current is limited 1o less than the absolute maximum

latch up holding current of the device, -

OPERATING CHARACTERISTICS

VBATT = 13.5V, Ta = 25°C, fos; = 4.194304MHz, R = 1.2 ki}, unless otherwise specified

. . LIMITS
PARAMETER SYMBOL [ TEST CONDITIONS MIN. TYP. MAX, UNIT
Supply Current S No Load V_BAT'T =13.5V . 7 mA
: ) V=70V 1
Ta=25°C 4.5 >3.5 22
Supply Voltage Range (Not —1 .V
Pply Yoliage Range (Note 4) VAT G < Th = 48570 70 17
lo =10mA 100
Output Resistance (n+ R - N
pul He ? (ip) T IV, lo—5mA , 130
Zener Voltage vz iz=5mA 1 14 v
Oscillator Stability faTap BV=vtayy - 2 ppm
Oscillator Start Up Time IsTART | BV sVt<vz . 1 s8C
Output Leakage Current loLk | All Ouiputs ' 100 A
) V6.0V 250
Oscillator Transconductance gm pmho
Vizav 25 100
Note 4: In Test Gircuit only, ¥* should ‘not exceed vz
TEST CIRCUIT TYPICAL AUTO CLOCK
TRIM
Quartz Crystal Parameters
Rs = 1000
——— o Cip = 0.012 pF
-1 Co =5 pF
VeatT F =4.194,304 H:
I
3004
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TYPICAL OPERATING CHARACTERISTICS
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TEMFERATURE ©

The ICM7051 uses a TEST point to facilitate testing.
This pin has an on-chip pulldown resistor, and for nor-
mal operation is at V—. Connecting this pin to v will
give a 32 times speed-up of the outpuis.

CUSTOM VERSIONS

The ICM7051 may be modified with alternative metal
masks to provide a different number of dividers, varicus
pulse widths, increased osciltator transisters or optional
V zener pad for use with an external zener dicde. The
ICM7051 can be adapted for use with different synchro-
nous motors as well as a variety of stepping motors.
Consult factory for details. ’
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APPLICATION NOTES
OSCILLATOR CONSIDERATIONS

The oscillator of the IGM7051 has been designed ta operate
with cryslals having a load capacitance of 10 to 12pF, This
allows nominal capacitor values of 15/15pF ar 20/20pF.
ncreasing the load capacitance of the crystal reqisires larger
oscillator device sizes, which causes the supply current to
increase. Modifications to the oscillator can be made on a
custom basis. The tuning range can be increased by using
crystals with lower load capacitances, however the stabitity
may decrease somewhal. This can be counteracied by
reducing the motional capacitance of the crystal. A non-
linear feedback resistor having a maximum value at start
up is provided on chip.

The trimmer capacitor used for tuning should be connected
1o the OSCillator OUTput. Otherwise, if tuned at the input, the
stability will vary with tuning, and the current drain may
become excessive when the input capacitance is much less
than the output capacitance. Refer 1o the Supply Current vs.
Supply Voltage and Oscillator Stabifity vs. Supply Voltage
characteristic curves on the preceding page.

To tune the oscillator, the best method is to monitor the
output pulse at either OUT1 or OUT2 with a counter set to
measure the period. The oscillator trimmer is then adjusted for
a reading of 15.625 msec for *he ICM7051A, or 2.0000 secs for
the ICM7051B. Note that different output frequencies can be
abtained by varying the crystal frequency over a range of
1 to 10MHz. |n particular, a 60Hz output will result if a
3.93216MHz crystal is used with the ICM7051A.

CHIP TYPOGRAPHY

O71in.
180mm
outy v
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The follwing expressions can be used o arrive al a crystal
specification: .o .

Tuning Rangs

CinCout

o . _Cm- = SinCout
f 2(Co + Ci) Cin + Cout

dm requi;ed for startup

gm = «?CinCoutRs

Rs = series resistance of the crystal

f = frequency of the crystal

M = frequency shift from series resonance frequency

Co = static capacitance of the crystal

Cin = input capacitance

Cout = cutput capacitance

Cm = moetional capacitance

w = 2uf

The resulting gm should not exceed about 1/2 the value
of the oscillator at the relevant supply voltage.
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation Output Short Circuit INote 1) ..............coevnn. ... 300mw
Supply Volage ..o k)Y
Output Voltage. (Note 2) ..........oiiiiiiia e, Equal ta but never
Input Voltage (Note 2 . e, exceeding the supply voltage
Storage Temperattre .. ..., .. ivieeniiee i -30°C to +125°C
© Operating Temperature ...y vveore i et =20°C to +70°C
Lead Temperature {soldering, 108} ..................... e ee e 300°C

i

Stresses above those listed under Absolute Maximum Ratings may cause permarient damage to the device. These are stress rdtings only, and
functional operation of the device at these or any other conditions above those indicated jn the operationat sections of the specificationsis not
implied. Exposure to absi)lute maximum rating conditions for extended periods may affect device reliability.

N@TE 1: This vaiue of power dissipation refers to that of the package and will not normally be obtainad under normal operating conditions.
NOTE 2: Dus to the inherent SCR structure of junctign isolated CMOS devices, the circuit can be put in a latchup mode.iflarge currents are
injected into device inputs or outputs. For this reason special care should be taken ina system with multiple power suppfies to prevent
voltages being applied to inputs and/or outputs before power is applied. If only inputs are affected, latéhup can also be prevented by

[imiting the current into the input terminal to less than tmA.

ELECTRICAL CHARACTERISTICS
(V+= 1.5V, fogc = 32,768 Hz test circuit, Ta = 25° G, unless otherwise specitied)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Current ) I No Load 3 6 pA
Operating Voitage s —20°C < Ta <+70°C 1.2 1.8 v
Tota! Qutput Saturation Resistance Rour IL = 4mA 70 100 [y]
Alarm Saturation Resistance Rat(om) . P lL=1mA’ 400 1 700 0
N, IL = 2mA 100 400 0
Oscillator Stability ' fstah 1225w <16 1 ppm
Oscillator Start-up Time tstart V=12V 1.0 sec
Oscillator Input Capacitance Ci 16 20 . 24 pF
Oscillator Trafsconductance ’ Um 2 7 ' pmho
TYPICAL APPLICATION _ ' »
CLOCK CIRCUIT ¥
: vioR v~ ‘

15pF
NOTES:

RESET/STOR: If pin 4 is nol used. it
should be tied 1o V—

OUTPLIT FREQUENCIES: Grystal
frequencies from 20 to 100 kHz may be
used to abtain different owtput

ALARM  fraquencies. See Oscillator
Conslderalions for suitable crystal
parameters.

o—|
RESET/STOP

Quarlz Cryslal Paramelers
1= 32,768 Hz

Rg = 20K ohms

Cin = 10mpF

Couy = 4pF

MOTOR
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation Output Short Circuit INote 1) ..............coevnn. ... 300mw
Supply Volage ..o k)Y
Output Voltage. (Note 2) ..........oiiiiiiia e, Equal ta but never
Input Voltage (Note 2 . e, exceeding the supply voltage
Storage Temperattre .. ..., .. ivieeniiee i -30°C to +125°C
© Operating Temperature ...y vveore i et =20°C to +70°C
Lead Temperature {soldering, 108} ..................... e ee e 300°C

i

Stresses above those listed under Absolute Maximum Ratings may cause permarient damage to the device. These are stress rdtings only, and
functional operation of the device at these or any other conditions above those indicated jn the operationat sections of the specificationsis not
implied. Exposure to absi)lute maximum rating conditions for extended periods may affect device reliability.

N@TE 1: This vaiue of power dissipation refers to that of the package and will not normally be obtainad under normal operating conditions.
NOTE 2: Dus to the inherent SCR structure of junctign isolated CMOS devices, the circuit can be put in a latchup mode.iflarge currents are
injected into device inputs or outputs. For this reason special care should be taken ina system with multiple power suppfies to prevent
voltages being applied to inputs and/or outputs before power is applied. If only inputs are affected, latéhup can also be prevented by

[imiting the current into the input terminal to less than tmA.

ELECTRICAL CHARACTERISTICS
(V+= 1.5V, fogc = 32,768 Hz test circuit, Ta = 25° G, unless otherwise specitied)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Current ) I No Load 3 6 pA
Operating Voitage s —20°C < Ta <+70°C 1.2 1.8 v
Tota! Qutput Saturation Resistance Rour IL = 4mA 70 100 [y]
Alarm Saturation Resistance Rat(om) . P lL=1mA’ 400 1 700 0
N, IL = 2mA 100 400 0
Oscillator Stability ' fstah 1225w <16 1 ppm
Oscillator Start-up Time tstart V=12V 1.0 sec
Oscillator Input Capacitance Ci 16 20 . 24 pF
Oscillator Trafsconductance ’ Um 2 7 ' pmho
TYPICAL APPLICATION _ ' »
CLOCK CIRCUIT ¥
: vioR v~ ‘

15pF
NOTES:

RESET/STOR: If pin 4 is nol used. it
should be tied 1o V—

OUTPLIT FREQUENCIES: Grystal
frequencies from 20 to 100 kHz may be
used to abtain different owtput

ALARM  fraquencies. See Oscillator
Conslderalions for suitable crystal
parameters.

o—|
RESET/STOP

Quarlz Cryslal Paramelers
1= 32,768 Hz

Rg = 20K ohms

Cin = 10mpF

Couy = 4pF

MOTOR
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TYPICAL OPERATION CHARACTERISTICS

SUPPLY CURRENT vs SUPPLY VOLTAGE ) OSCILLATOR STABILITY vs. SUPPLY VOLTAGE
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APPLICATION NOTES

OSCILLATOR CONSIDERATIONS

The gscillator of the ICM7070 has been designed to operate
with crystals having a load capacitance of 10 to 19pF. This
allows nominal capacitor values of 15pF or 20pF. increasing
the load capacitance of the crystal requires larger oscillator
device sizes, which causes the supply current to increase.
Modifications to the oscillator can be made on a custom basis.
The tuning range can be increased by using crystals with
lower load capacitances, however the stability may decrease
somewhat. This can be counteracted by reducing the motional
capacitance of the crystal. A non-linear feedback resistor
having a maximum value. at start up is provided on chip.
Oscillator tuning should be done al the oscillator output.

The following expressions can be used to arrive at a crystal
specification; .
Tuning Range

Af - C L= CinCout
f 2(00 + CL) Cin + Coul

9m required for starlup

: 2
gm = w2 CinCowiRs (1 + _C‘g')
Cu
Rs = series resistance of the crystal
f = frequency of the crystal ' ‘
af = frequency shift from series resonance fraquency
Co = static capacitance of the crystal
Cin = input capacitance
Cour = qutput capacitance
Cm = motional capacitance
w = 2xf
The resulting gm should not exceed 20 gmhos.

BINTERSIL

OSCILLATOR TUNING METHODS

When tuning the oscillator two methods can be used. The
first method would be to monitor the output pulse at either
OUT 1 or OUT 2 with a counter set to measure the period.
The ascillator trimmer would then be adjusted for a reading
of 2.000000 secs. A second method would be to put the
device In the reset mode by pulling the RESET pin to v
and then monitor the ALARM output with a counter set to
measure average period. The ALARM oulput is a continuous
2048Hz when in the resel mode, which glves a period of
488.28126.5.

The trimmer capacitor used for tuning should be connected,
to the QSCillator OUTput.‘Otherwise_, H tuned at the input,
the stabilfty will vary with tuning, and the currént drain may
become excessive when the input capacitance i$ much less
than the output capacitance. Refer to the Supply Current vs.
the Supply Voltage and Oscillator Stability vs. Supply
Voltage characteristic curves on the preceding page.

TEST MODE OPERATION ,

Puliing the RESET/TEST Inpui to —7V swilches the device into
the lest mode fo speed up automatic testing, When in the test
maode the output rate is increased 4 timas, from 0.5Hz to 2Hz,
with a corresponding reduction in pulse width. The ALARM
output changes to a composlte waveform of 4Hz and 32Hz.
The circuit can be reset while in the test mode by shorting the
ALARM output to V-, ’ ;

ALARM CONSIDERATIONS

The ALARM output inverter is large enough to directly drive
transducers requiring up to 2mA of current. If more current is
needed, a PNP buffer should be used®. A slight fluctuation in
the supply current of 0.5xA to 1.0uA wilt be seen; this is a result
of the 2048Hz drive to the rélatively targe gate capacitance of
the alarm output transistors. ’

*See Intersil Application Bullstin AG31 for details.

CHIP TOPOGRAPHY
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FEATURES -
» Low cost system with minimum compoenent colint
¢ Fully integrated oscillalor uses 3.58 MHz cofor TV
crystal C

High current bipolar output driver

Low oulput harmonic distortion .

Wide operating supply voltage range. 3 to 6 volis
Uses inexpensive single contact per key

calculator type keyboard {ICM7206/C/D)
Extremely low power = 5.5mW with 2 5.5V supply
Single and dual tone capabilities

Multiple key lockout

Disable output: provides output switch function
whenever a key Is pressed

* Cuslom oplions available

GENERAL DESCRIPTION

The Intersil 1CM7206/A/B/G/D are 2-of-8 sine wave tone
encoders for use in telephone dialing. systems. Each circuit
contains a high frequency oscillator, two separate program-

‘mable dividers, a D/A converter, and a high level output

driver.

The reference frequency i generated from afully integrated
oscillator requiring only a 3.58 MHz color TV crystal. This
frequency is divided by 8 and is then gatedintotwo divide by
N counters {possible division ratios 1 through 128) which
provide the correct division ratios for the upper and lower
band of frequencies. The outputs irom these two divide by N
counters are turlher divided by 8 to provide the time
sequencing far a 4 voltage level synthesis of each sinswave.
Both sinewaves are added and buffered ta a high- current
output driver, with provisions made for up to two external
capacitors for low pass filtering, if desired. Typically, the
total output harmonic distortion is 20% with no L.P. filtering
and it may be reduced to typically less than £% with filtering.
The output drive lavel of the tone pairs will be approximately

PIN CONFIGURATION  (QUTLINE DRAWING PE]
e[ |ie wl ] vt

[ 3z % - 1 outeuT
now1[ |3 [ JeoLt
rowa[ |4 o, - B[ JcoLz
aows[1s 7206!AIBIC.'D12 ] coLs
rowa[|& - 1] ] coLa

o1sABLE | 7 10[_J oscout

v [}e sl Joscin

Pin 1 is designated either by a dotor & notch.

ICM7206
CMOS Touch
Tone Encoder

ZadBV into a 900 ohm termination. The skew between the
high and low. groups is typically 2.5 dB without low pass
filtering: )

“The 7206 uses either a 3 x 4 or 4 x 4 single contact keyboard;
the oscillator will run whenever the power is applied, and the
DISABLE output consisis of a p-channel open drain FET
whose source is conniected to V', '

The7206A can also use a 3 x 4 or 4 x 4keyboard, butrequires
a double contact typa with the common line tied to V' The
oscillator will be on whenaver poweris applied; the DISABLE
output corisists of a p-channel open drain FET; its' source s
connectad to V¥.

The7206B requires a4 x 4 double contact keyboard with the
‘common line tied to V™. The oscillator will be on only during
the fime that a ROW is enabled, and the DISABLE output
consists of an n-channel open drain FET with its' source tied
to V™. ’

The 7206G uses eithera 3 x4 or 4x 4 single contact keyboard,
the oscillator will be on only during the time that a key is
depressed. The DISABLE output consists of an n-channel
open drain FET with its saurce tiedto V™.

The 72060 uses a single contact 3 x 4or 4 x 4keyboard. The
oscillator will be on only during the time that g key is
depressed. DISABLE ouiput consists of a p-channel open
drain FET with its source tied to V*.

1., -
_|_14pF ’ T 146F
,L_‘N—“E P2 ’
3 1
08C IN 0——4“]7 —=TD 8
— Py
-
i V-
GSC OUT o—
1GM7206 Oscillator
ORDERING INFORMATION
PART | TEMPERATURE |
NUMBER RANGE PACKAGE
TCM7206 JPE 40°Clo +85°C Plastic
IGM7206A JPE 40°G to +85°C Plastic
i{CMT206B JPE A" Clo+85°0 Plastic
IGM7206C JPE Z40°C to 185°C Plastic
IGM7206D JPE A0°C o +85°G Plastic
IGM7206/D 40°G to 185°C DIGE
{CM7206A/D A0°Clo+85°C DICE
1CM72068/D -40°C to +85°C DICE
ICM72066G/D T40°C 1o +85°C BICE
1GM7206D7D A Cto+85°C DICE
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ABSOLUTE MAXIMUM RATINGS (Note 1) Output Volt. tterm. 15).-Not more pos. than +5¥ with respect to v*,
Supply Voltage (Note 20 ..............oooiiivnee i, . nor more neg. than —1.0 with respect to v~
Bupply Current V™ {terminal 8 . Output Current fterminal 15) .......vveiereeniniinen. .. 25mA
Supply Current V* (terminal 16) 40 Power Dissipation ...........ccvveiioeeeneesnnnn. 300mwW
Disable QOuipid Volt. tterm. 7) .. Not more pos. than V' nor more Operating Temperature Range . —40°C to +85°C

neg. than -6V with respect to V* Storage Temperature Range .................. ~55°C to +125°C

NOTE 1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage o the davice. These are stress ratings only,
and functional operation of the device at these or any other conditions above those Indicated In the operational sections of the
specifications is not implied. Exposure to absolute maximum raling conditions for extended periods may affect device reliability.

NOTE 2. The ICM7206 family has a zener diode conriected between V' and V™ having a breakdown voltage between 6.2 and 7.0 volts. If the
cuirents into terminals 8 and 16 are limited te 25 and 40mA maximum respectively, the suppiy vaitage may be increased above 6 volts
to zener vollage. With no such current limiting, the,supply vaoltage must not exceed 6 volis.

TYPICAL OPERATING CHARACTERISTICS
TEST CONDITIONS: V' =55V, Test Gircuit, Ta = 25°C unless otherwise specified.

PARAMETER .| SYMBOL CONDITIONS MIN.[TYP.|MAX.| UNITS
Supply Current I+ R\ disconnected R 450 [1000} pA
Guara'nteed Opefa!mg Supply Voltage Range Vor 40P TA<+85°C 30 60
{Note 3)
Ci. Ca disconnected — Low Band __ |0.90) 1.15] 1.45| Y
Peak to Peak Qutput Yoltage _ | Yout Ry =1k{), nofiltering — High Band 1.10] 1.40] 1,70
RMS Output Voltage ) ) R =1k}, four =697Hz Ca Only 480
Cito Co 480
Nefiltering 480 mv
R = 1kil, four=1633Hz | C4 490
Cqto Cz 580
. Nofiltering 656
Skew Between High and Low Band AL = 1kf1, Cy, Ca disconnected 25| a0 am
Output Voltages ) .
o ’ i ‘Operating ‘an {200
Ogtput Impedance : Zo. R =1kl Quiescent 25 K
Total Qutput Harmonic Distortion THp1  |EitherHi or Low Bands — 20 | 25
- No Low Pass Fn!term_g | o
R . Ay = 1kil, C1 =.002xF | fout = 697Hz 23] 10
Total Qutput Harmonic Distortion THD2 C; —0.02aF tour = 163312 T 0
Maximuri Qutput Voltage Level Vo R = 1k ] ] {481 y
Minimum Oulput Voltage Level ) Vol Re=1kn 05| |7
Keyboard Input Pullup Resistors Rin Terminals 3,4,5,6,11,12,13,14 35 [100] 150 | K0
Keyboard Inpul Capacitance : Cin Terminals 3,4,5,6,11,12,13,14 . ) 5 i pF
tC;l\;g.ltrea‘r;]te(-zd 0§0|Ilator Frequency Range fosc 32 VF— V) <BY ) 20 45 s
Guaranteed Osciilator Frequency Range Avvt_ vy - - 2.0 7
System Startup Time on Applicalion of Power | t,, ICM7208, ICM7206A _ 10
Systemn Startup Time .o_n Application of Power ICM7206B, ICM7206C, IGM7206D - 7 ms
and Key Deprossed Simultaneously
DISABLE Output Saturation Resistance R See Logic Table for Input Conditions aso|700 | 0
{ON STATE) L Current = 4mA
?(JIP;?BSI}EAggatpm teakuge _ lork Seg Logic Table for Input Conditions 10 | uA
- ’ Measured between terminals 8 & 10,
Oscillator Load Capacitance Cosc no supply voltage applied to circuit 7 pF
: ' i -40°C<Ta<85°C
Any output frequency
Guaranteed OQutput Frequency Tolerance | fo Crystal tolerance +60ppm F0.76] %
) L . ) Crystal [oad capacitance CL = 30pF
Oscilidtor Startup Time ICM72068, C, D tiart  {VF =3V tNote 5 ] 7 | ms

NOTE 3: Operation above 6 volts must employ supply eurrént limiting. Refer to 'ABSOLUTE MAXIMUM RATINGS' and the Application Notes
ior further information,

NOTE 4:  The ICM7206 family uses dynamic high frequency circuitry in the initial 23 divider resulting in low power dissipation and excellent per-
formance over a restricted frequency range; Thus, for reliable operation with a 6 volt suppdy art gscillator frequency of not less than
2MHz must be used.

NOTE 5 After row input is enabled.
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TRUTH TABLE
rows (1) OUTPUT . DISABLE
LINE | ACTIVATED | coLs (2} ACTIVATED (TERMINAL #15) {TERMINAL #7) COMMENTS
1 1] it Oft Off Quiescent State
2 1 1 frow T fcol On Dual Tone
3 1 2 or 3 (incl. col #4 frow On Single Tone
4 2aor3 1 ] feoi On Single Tone
5 2ord -2 or 3 lexcl. col #3) D.C. Level On No Tone
[ 1 4 or 3 (must excl. col #4} | frow. 50% Duty Cycle | frow, 50% Duty Cycle frow Test
7 4 i ) Tfco1, 50% Duty Cycle | feol, 50% Duty Cycle | feal Test
B 0 lor2or3oré4 Off : Off nfa”
9 1 0 902Hz + frow On n/a*
10 20r3 0 902Hz On n/a*
11 4 o 902Hz, 50% Duty 902Hz, 50% Duty n/a*
Cycle Cycle .
12 2or3ord |4 ) D.C. Level Indeterminate Multiple Key Lockout
13 4 2ar3oré D.C. Level Indeterminate Multiple Key Lockout

*n/a — not applicable to telephone calling.

Note1: Rowsare activated forthe IGM7206/C by connecting toanegativesupply voltage with respectte V' (terminal 16) atleast 33% of the value
of the supply voltage (V*=V"). For the 1IGM7208A rows fand columns) are activated by connecting to a positive supply voltage with
respect to V- (terminal 8 at least 33% of the value of the supply voitage {v*V"). The rows and columns of the ICM7206B are activated
by connecting to a negalive supply voltage.

Note 2: Columns (ICM7208) are activated by being connected to a positive supply voltage with respect to V™ (terminal 8) at least 33% of the

value of the supply vollage (V'-V7). ] .

COMMENTS

All combinations of row and column activatjons are given in
the truth table. Lines 1 thru 7 and 12, 13representconditions
obtainabte with a matrix keyboard. Lines & thru 11 are given
only for completeness and are not pertinent to telephone
dlaling. :

Lines & and 7 show conditicns for generating 50% duty cycle
full amplitude signals usefui for rapid testing of the row and
column frequencies on automatic testequipment. In atl other
cases, oulput frequencies on terminal 15 are single or dual 4
level synthesized sine waves.

A 'DC LEVEL' on terminal 15 may be any valtage level
between approximately 1.2 and 4.3 volts with respect to V-
{terminal & for a 5.5 volt supply voltage.

The impedance of the OUTPUT [terminal 15} is approximate-
ly 20K ohms in the OFF state. The ‘DISABLE QUT-OUT' ON
and OFF conditions . are defined in the TYPICAL
OPERATING CHARACTERISTICS.

SCHEMATIC DIAGRAM
0SC V+O—+O v
. - LOW BAND <23 .
DSCILLATOR] Y SEQUENCER 6.4V
08C 00— .
LP1 P2
DUAL CUTPUT
+23 D TOA BUFFER ——Q OUTFUT
CONVERTER DRIVER
\
4 X ROWS '
o HIGH BAND 123
] +N SEQUENCER
O—]
o0—
o1
CONTROL
LOGIC
O
O— CISABLE .
o—- LOGIC ——O DISABLE
DRIVER
4 X COLUMNS
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TEST CIRCUIT (single contact keyboard devices shown}

. ROW1

ROwW 2

ROW 3

ROW 4

ElINTNERS L

—7 7 7 -
e e e 7 .

i ol 2 Val pa—

—]

P R A

N Za -
S ol

R N e S

Gz
{0.052uF)
.
1 16 jsND
2 51 | - O OUTPUT
3 4]}
R
4 131
7206/C/D
5 12 ]
-B.5V
B [P
? o]
eS|

QUARTZ CRYSTAL PARAMETERS

f =3,579,545 Hz
Rg < 1000

Cp =200 mpF
Co=4.5pF

Cp =30pF

TYPICAL OPERATING CHARACTERISTICS
SUPPLY CURRENT AS A

SUPELY CURRENT {mA)

QSCILLATOR DEVIATION (ppm)

100

0

1.0

a1

0.0

T I
Ta=25C
OUTPUT OPEN CIRCUIT

1 2 3 4 5

SUPPLY VOLTAGE

OSCILLATCR FREQUENCY

DEVIATION AS A FUNCTION
OF SUPPLY VOLTAGE

+1.5

+1.0

+0.5

T =T T
TA=250C
CRYSTAL PARAMETERS:
F1 =3,579,545 Hz
Rg =450
CM =20 mpF

|

| o = 4.5 pF

e

i 2 3 4 5

SUPPLY VOLTAGE

FUNCTION OF SUPPLY VOLTAGE

TOTAL HARMONIC DISTORTION (%)

OUTPUT VOLTAGE (Vp-p}

TOTAL HARMONIC DISTORTION

AS A FUNCTICN OF LOAD
RESISTANCE
16 I
14 Ta=25C )
" SUPPLY VOLTAGE = 5.5
LOAD CONNECTED BETWEEN
12 TEAMINALS § AND 18 -
10 \ N :
| o 597 Hz cy
8 -
bl —leq+ op——
: \"--._ . 1633 Hz "\ 53}
abs =
R 687 Hz ] \
2 e ¥
0 .
100 1K 10K Ta0K

LOAD RESISTANGE (02}

" PEAK TO PEAK QUTPUT
VOLTAGE AS A FUNCTION
OF SUPPLY VOLTAGE

SUPPLY VOLTAGE

+
Ta=25¢C Py
- RL = B0
NO FILTERING P
4
. A
HIGH
BAND,
V.
Low
BAND
A = —
/ 7
X /
1 2 3 4 5 B 7
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ROW 1

ROW 2

ROW 3

ROW 4,

STANDARD TELEPHONE LOW BAND | HIBAND
|"_ KEYBOARD _"l KEY FREQ. Hz FREQ. Hz
CoLl . COL2 coL 3 cOoL 4 1 697 1208

2 697 1336
’ g Rl 3 697 1477
4 770, 1209
5 770 1336
4 5 [ B 6 770 1477
: 7 852 1208
' 8 852 1336
9 852 1477

i 8 ‘ © i 941 1208
1] 941 : ~ 1336
, I 941 1477
» ] = D A 697 1633
B 770 1633
C 852 1633

[«.————FULL XEYEBOARD: ; D 941 1633

FIGURE 1: Keyboard Frequencies

L LowBaND
SIGNAL

L i sanD
SIGNAL

NO LOW PASS FILTERING —_— e — —
Cq AND Cz REMOVED

HIGH AND LOW
X,
— - _ ‘:_';':;:fp FREQUENCIES
P comeINED

{_ APPROX. 1.2V
REFERRED TC V-

FIGURE 2

Figure 2 shows individual currents of a low band and high band frequency pair
intg the summing node A (see Figure 3} and the resultant voltage waveform.

DESIRED ACTUAL FREQUENCY
FREQUENCY FREQUENCY DEVIATION DIVIDE BY N

Hz Hz % RATIO
697 699.13 +0.30 80
770 766.17 -0.50 73
852 847.43 ] -0.54 68
o4 947.97 +0.74 59

1209 1215.88 ) +0.57 46

1336 1331.68 —0.32 42

1477 1471.85 —0.35 38

1633 ] 1645.01 +0.74 34
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APPLICATION NOTES
1. Device Description

The ICM7206 family is manUfactured with a standard metai
gate C-MOS techinclogy having proven reliability and
excellent reproducability resulting in extremely high vields.
The techniques used in the design have been developed over
many years and are characterized. by wide operating supply
voltage ranges and Jow power dissipation.

To minimize chip size, all diffusions used to define source-
drain regions and field regions are:butted up together. This
results in approximately 8.3 volt zener breakdown between
the supply terminals, and between all components on chip,
As a consequence, the usual G-MOS static charge problems
and handling problems are not experienced with the
1CM7206, :

The oscillator consists of a medium size C-MOS inverter
having on chip a feedback resistor and two capacitors of
14pF each, one at the oscillator input and the ather at the
oscillator output. The oscillator is followed by adynamic+23
circuit which divides the oscillator frequency io 447,443Hz,
This is applied to two programmable dividers each capable
of divisfon ratios of any integer between 1 and 128, and each
counter is controlled by a ROM. The outputs from the pro-
grammable counters drive sequencers (divide by 8 which
generate the eight time slots necessary to synthesize the 4-
level sine waves,

—g vt
T -QLP2
Rj ’ '

R2

e pet e

b _ O V-

vt FIME— = = —

3

1
|
1
1
1
1

OUTPUT WAVEFORM

FIGURE 3: D to A Converter
and Qutput Bulfer

EINTERSIL

The control logic block recognizes signals on the row and

. column inputs that are only a smali fraction of the supply
_voltage, thereby permitting the use of a simple matrix single

contact per key keyboard, rather than the more usual two
contacts per key type having a comman line. The row and
cotlumn pullup Fesistors are equal in value and connected to
the opposite supply terminals (IGM7206/C only; for the
ICM7208A all pullup resistors are connected to the V™
terminal and for the ICM7206B they are tied to the V.
Therefore, connecting a row input to & column input
generates a voltage on those inputs which is one half of the

 supply voltage.

The ICM7206 family employs a unique but extremely
simple ‘digital to analog (D to A) converter. This D to A
converter produces a 4 level synthesized sine wave having an
intrinsic total harmonic distortfon level of approximately

- 20%. Figure 3 shows a single channef D to A converter. The

current saurces Qp and Q3 are proportioned in the ratio of

1:1.414. During time slots 1 and 8 both 51 and S are off,
during time slots 2and 7 only S1is on, during time slots 3and
B only Sg is on, and during time slots 4 and 5 both 81 and S2
are on. The resultant currents are summed at node A,
buffered by Qa and further buffered by Ra, R4 and Qs. Switch
Saallows the output to gointo a high impedance mode undsr
quiescent conditions.

Node A is the common summing paint for both the high and
low band frequencies dlthough this is not shown in Figure 3.

The synthesized sine wave has negligible even harmenic
distortion and very low values of third and fifth harmonic
distortion thereby minimizing the filtering problems
necessary to reduce the total harmonic distortion to well
below the 10% level required for touch tone telephone
encoding. Figure 4 shows the low pass filter characteristic of
the output buffer for C1=0,0022,F and C2=0.022xF. Asmall
peak of 0.4dB occurs dt 1100Hz with sharp attention (12dB
per octave) above 2500Hz, This type of active filter produces
a sharper and more desirable knee characteristic than would
twa simple cascaded RC networks.

+5
Ta = 25°C
0 T

& , \
2 5
-
: \
E -10
<
2
g -5 )
=
= Vi 13K 13K
g .20
= 00224 F
) ull
e -25 Vour.
= 022uF o
2 210

-30
. -85 — \

100 1K 10K 100%,

FREQUENCY {Hz}

FIGURE 4: Freduency Attentuation
Characteristics of the Qutput Suffer
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2. Latchup Considerations

Most junction isolated C-MOS integrated circuits, especially
those of moderaie or high complexity, exhibit latchup phe-
nomena whereby they can be triggered inte an uncontrol-
lable low impedance mode between the supply terminals.
This can be due to gross forward biasing of inputs or outputs
Iwith respect to the supply terminals), high voltage supply
transients, or more rarely by exceptional fast rate of rise of
supply voltages.

The ICM7206 family is no exception, and precautions must

be taken to limit the supply current to those values shownin -

the ABSOLUTE MAXIMUM BATINGS. Far an example, do
not use a 6 voit very low impedance supply source in an
electrically extremely noisy enviranment unless a 500 ohm
current limiting resistor is included in series with the V™~
terminal. For nofmal telephone encoding applications no
problems are envisioned, even wilth low Iimpedance
transients of 100 volis or more, if circuitry similar te that
shown in the next section is used. :

3. Typical Application (Telephone Handset)

A typical encoder for telephone handsets is shown in Figure
5. This encoder uses a singte contact per key keyboard and
provides all other switching functions electronically. The
diode connected between terminals 8 and 15 prevents the

.0022uF

- BINTERSIL

output going more than 1 volt negative with respect to the
negative suppty V".and the circuit operates over the supply
voltage range from 3.5 volts to'15 volts on the device side of
the bridge rectifier. Transgients as high as 100 volts will not
cause system failure, although the encoder will not operate
correctly under these conditions. Correct aperation will
fesume immediately after the {ransient is femoved.

The output voitage of the synthesized sine wave is almost
directly proportional to the supply voltage (v-V™) and will
increase with increase of supply voltage until zener break-
down occurg {approximately 6.3 volts between terminals 8
and 16) after which the output voltage remains constant.

4. Poriable. Tone Generator

The ICM7206A/B require a two contact key keyboard with
the commaen line connected to the positive supply {neg for
ICM7208B) {terminal 16). A simple diode matrix may be used
with this keyboard to provide power to the system whenever
a key is depressed, thus avoiding the need for an_on/off
switch. In Figure & the tone generator is shown using a 9
volt battery. However, if instead, a & volt battery is used, the
diode Dy is not required. It is recommended that a 470 ohm
resistor still be Included in series with a negative (positive)
supply to prevent accidental triggering of tatchup.

Ry A5
1K 3.3K

4 X 3MATRIX
KEYBOARD
|ONE CONTACT
PER KEY}

> 6B

A1
2.2K

NOTE: If dual contact keyboard is used, common should be left floating.

FIGURE B; Telephone Handset Touch Tone Encoder
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By
| L0022 F D3
—
* ID.0221.|F Dz
BRYEn |
1 Bl —
® @ @ ——_ 2 14 T
@ @ @ —""‘—E 4 em ral ] 1av
comMi - 7208A !
@ O e I 12 p— . -
®© @ @ L] w3 T T
4 X 3 KEVBOARD y 1 )
el I P I SRS
_FIGURE 6: Portable Tone Generator
OPTIONS
(For additional information consult the faciory)
Options can be achieved using metal mask additions 1o For instance, a 1 MHz crystal could be used with worst
provide the following. - case output frequency error of 0.8%. Or, if high accuracy

is required, 10.25%, oscillator frequencies of5,117,376Hz
or 2,5568,688Hz could be selected. ROM's are used to
program the dividers.

1} The sequence or position of either the row or column
terminals can be interchanged i.e., row 1 terminal 3 could
become terminal 11, etc.

31 The 'DISABLE’ output may be changed to an inverter or

2} Any frequency oscillator from approximately 0.5MHz to an uncommitted drain n-channsf fransistor.

7MHz can be chosen, Note that the accuracy of the output
frequencies will depend on the exact oscillator frequency. 4) The osciflatar may be disabled until a key is depressed.

CHIP TOPOGRAPHY

Chlp Dimensions .
0.60" (1.524mm)x0.101~
(2.565mm)

Chip may be dle attached using
conventional eullctic or epoxy
procedures, Wire bending may be
elther alumlnum ultrasonic or
gold compression,
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FEATURES

s High frequency operation — 10MHz guaranteed

« Easy fo use oscillator — requires only a quartz
crystal and fwo capacitors

*» Bipolar, MOS and CMOS compatibility

» High output drive capabitity — 5 x TTL tanout with

10ns rise and fall times

Low power — 50mW at 10MHz

Choice of lwo. output frequencies — osc., and osc.

+8 frequencies

Disable control for both outputs

Wide industrial temperature range — -20°C to

+85°C .

All inputs fully protected — circuits may be handled

without any special precautions

- ICM7209
CMOS Clock Generator

GENERAL DESCRIPTION

The Intersil ICM7209 is a versatile GMOS clock generator
capable of driving a number of.5 volt systems with a variely of
input requirements. When usedto driveup to 5 TTL gates, the
typical rise and fall times are 10ns. ’

The ICM7209 consists of an oscillator, a buffered output
equal to the oscillator frequency and a second buffered
output having an output frequency one-eighth that of the
oscillator. The guaranteed maximum oscillator frequency is
10MHz. Connacting the DISABLE terminal to the negative
supply forees the =8 output intothe "0’ stateand the output1
into the '1" state.

SCHEMATIC DIAGRAM

.| 5
DISABLE

*ZENER VOLTAGE IS TYPICALLY 8.3 VOLTS

*4 V'+
2 DY NAMIC
) —D" Y
086 1 DIVIDE BY 3
g —
0SC OUT 8
oUT +8

CHIP TOPOGRAPHY

+38
ouT  OUT1 vt

DISABLE

50 MILS
(1.27 !_nm]

. 0SC OUT '
L. BIMILS

{1.35 mm)

ORDERING INFORMATION

ICM7209 I PA

L Packaga

1See Quthine Drawing}

Tempetature Ringe

lindustrial:
-20 to +85°C)
TYPE
Order Devices by Following Part dumber  1CM 7209 | PA
Order Dice by Fullowing Fart Number  1CM/203/0

PIN CONFIGURATION (OUTLINE DRAWING PA)

TOP VIEW

Pin 1 is designated by either a dot or a notch.
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TYPICAL OPERATING CHARACTERISTICS

SUPPLY CURRENT
AS A FUNCTION OF
OSCILLATOR FREQUENCY

TYPICAL OUT 1
RISE AND FALL TIMES

BINTERSIL

" SUPPLY VOLTAGE RANGE
FOR CORRECT OPERATION OF
+8 COUNTER AS A FUNCTION OF
OSCILLATOR FREQUENCY

16 3 . 5 o L

s 25°C / Ta=25%C / /
I SR | .| .

- 71 4 - a y
T |siMuLATED BxTTL / ' LoaR=. 5 | : -
+ 10110ADS AT LOADS X 4 A
2 |OUTPUT? / } 3 Tp = 26°C ] 2 3 =
g 7 Ll fogo=. :
: d 3 - 10MHz >
2 . / 8 2 - a2 P4
s ° T/ > \ £ et
z _A 1 ‘ P 1 E=—="7"SUPPLY VOLTAGE |
s A OUTPUTS DISABLED : / LOCI FOR CORRECT
ZR vl _!__..[ OPERATION

Y oo P a Sl :

100KHz  1MHz  10MHz  100MHz ¢ 200 40 60 80 100 10KHz 100MHz 1 MHz 10MHZ 100MHz

FREQUENCY TIME {ns} ’

OSCILLATOR FREQUENCY

Rise and fall times of QUT ~+8
are similar {o those of QUT 1.

APPLICATION NOTES

OSCILLATOR CONSIDERATIONS

The oscillator consists of a C-MOS inverter with anon-linear
resistor connected between the oscillator input and olutput
to provide D.C. biasing. Using commercially obtainable
quartz crystals the oscillator will operate érom low frequen-
cies [10KHz2) to 10MHz.

The osciltator circuit consumes about 500xA of current
using a 10MHz crystal with a 5 volt supply, and is designed to
operate. with a high impedance tank circuit. It is therefore
necessary that the quartz crystal be specitied with a foad
capacitance (C() of 10pF instead of the standard 30pF. To
maximize the stability of the oscillator as afunction of supply
voltage and temperature, the motional capacitance of the
crystal should be low (BmpF or less). Using a fixed input
capacitor of 18pF and a variable capacitor of naminal vaiue
of 18pF on the output will result in esciilator stabilities of
typically 1ppim per volt change i supply voltage.

THE +8 OUTPUT

A dynamic divider Is used to divide the oscillator fréquency
bry 8. Dynamic dividers use small nodal capacitances to store

dividers). The dynamic divider has advantages in high speed
operation and low power but suffers frem limited low
frequency operation. This résults in a window of operation
for any oscillator frequency (see graph under TYPICAL
OPERATING CHARACTERISTICS).

OUTPUT DRIVERS

The output drivers consist of C-MOS inverters having active
pullups and pulldowns. Thus the oufputs can be used to
directly drive TTL gates, other G-MOS gates operating with a
5 volt supply, or TTL compatibie MOS gates.”

The guaranteed fanout is 5 TTL loads although typical
fanout capability is at least 10 TTL loads with slightly
increased output rise and fall fimes.

COMMENTS ON THE DEVICE
POWER CONSUMPTION

At low frequencies the principal component of the power
consumption is the escillator. At high oscillator frequencies
the major portion of the power is. consumed by the output
drivers, thus by disabling the outpuis (activating the
DISABLE INPUT) the device power consumption can be




ICM7213
- One Second/One Minute
Precision Clock and
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FEATURES

* Guaranteed 2 volts operahon )

¢ Very low current consumption: Typ. 1000A @ 3V

= All outputs TTL compatible

* On chip oscillator feedback resistor

¢ Osciliator requires only 3 external components:
fixed capacitor, trim capacitor, and a quariz crystal

¢ Output inhiblt function

* 4 simultaneous outpuls: one pulse/sec, one pulse/
min, 16Hz and compesite 1024 + 16 + 2Hz outputs

* Test speed-up provides other frequency outputs

¢ Input static protection — no special handling
required

Reference Generator

- GENERAL DESCRIPTION

The ICM7213 is a fully integrated micropower oscillator and
frequency divider with four buffered outputs suitable for
interfacing with most legic families. The power supply may
be either a two battery stack (Ni-cad, alkaline, etc.) or a
regular power supply greater than 2 volts. Depending upon
the state of the WIDTH, INHIBIT, and TEST inputs, using a
4.184304 MHz crystal will ' produce a variety of output
frequenicies including 2048 Hz, 1024 Hz, 34.133 Hz, 16 Hz, 1
Hz, and 1/80 Hz (plus composites).

The [CM7213 utilizes a very high speed low power metal gate
C-MOS technology which uses 6.4 volt zeners between the
drains and sources of each transistor and also across the
supply terminals. Consequently, the ICM7213 islimitedtoa8
volt maximum supply voltage, although a simple dropping
network can be used to extend the supply valtage range well
above 6 volts (see Figure 2).

BLOCK DIAGRAM :
{4,194,304Hz)  18,192Hz) {1024Hz} (64Hz) {16Hz) {aHz)
OSCILLATOR .
oscn [6] a 28 23T ) e 2 28
0SC oUT IE l : J
-l- | {1/60Hz) (¥aHz}
: @ +{Braxal +2

= TEST m ouT 2

.:_:.

ouT1

| ORDERING INFORMATION
IcM7213 1 - PD

] . Pac_'kage

PD =14 Pin Plastic

Temperature Range
-20°C to +85°C

Type

Order Devices by Foliowing Part Number
ICM7213IPD
Order Dice by Following Part Number
© 1ICM7213D

PIN CONFIGURATION {OUTLINE DRAWING PD)

WIDTH 1 1[JouT4
ouT3 ]2 1ourz
INHIBIT [] 3 120 ouT1
GROUND (7] 4 ;51 11 [ TEST
Q8COUT s 103 v+
oscine 81 N/C
ne 7 s n/e




ICM7213 | ‘ - EINTERSIL

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ............. NP IEEET TP P frieeaaas 6.0V
Output Current {Any outpet) ..o et s 20mA
All Input and Oscillator Voltages (Note 1) ........ P Equal to but not greater

) than the supply voltage
All Cutput Voltages (Note 1} ............. PR 0=Vo=+6
Operating Temperature RANge ... vvveeverniiiiine e iaini s -20°C to +85°C
Storage Temperature Range ........oioesiiiiiaas, AP —40°C to +125°C
Power Dissipation (Note 2) ....... e e 200mwW -

Lead Temperature {Soldering 10 sec.; ...... e e 300°C
Stresses abovae those fisted under Absolute Maximum Ratings. may cause permanentdamage to”
the device. These are stress ratings only, and functional operation of the device at these or any
other conditions above those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended pericds mayaﬁectdewce
reliability.

NOTE 1: The I[CM7213 like most C-MOS devices, may entera destructive latchup mede if an input
or ouiput voltage is applied in excess oi those defined and thare is no supply current
limiting.

NOTE 2: Derate linearly power rating of 200mW at 25°C to 50mW at 70°G.

\

OPERATING CHARACTERISTICS
TEST CONDITIONS: v+ = 3.0V, fosc = 4,194304 MHz, Test Circuit, Ta = 25°C unless atherwise specified

PARAMETER SYMEOL CONDITIONS MIN | TYP | MAX UNITS

Supply Current ) I* . 100 140 uh
Guaranteed Operating Supply Vop -20°C < Ta<85°C 2 4
Voltage Range ] ) ) v
Qutput Leakage Current oK Any output, YouT =6 Volts ) 10 nA
COutput Sat, Resistance Rour Any output, loLk = 2.5mA ] ’ 120 | 200 0
Inhibit Input Gurrent. i 7| Inhibit terminal connected to V* 10 0 | -
Test Point Input Current ITe " Test point teérminal connectad 10 40 A
: o W+ :
Width Input Current Tw Width terminal connected to V* 10 | 40
Oscillator gm ) . gm V=2V 100 - umho
Oscillator Frequency Range (Note 3} fosc 1 10 MHz
Oscillator Stability fsTAB 2V < Ve < 4y 1.0 ppm
Oscillator Start Time ts V+ = 3.0 volts 0.1 sac
V+ = 2.0 volts ) 0.2

NOTE 2: The ICM7213 uses dynamic dividers for high frequency division. As with ariy dynamic system, information is stored on very
smelf nodal capacitances instead of lalches {static system), therefore there is a lower frequency of operation. Dynamic dividers
are used to improve the high frequency periormance while at the same time significantly decreasing power consumptian. At
low supply voltages, operation at less than 1MHz is possible. See application notes.
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SUPPLY CURRENT AS A
FUNCTION OF TEMPERATURE

130 VI lwl- |
3 SURP =
g0 Ciy = Coyy =30 pF |
1 \ fosc = 419 MMz
L 110 oS
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QUTPUT CURRENT AS A
FUNCTION OF QUTPUT
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OUTPUT DEFINITIONS

TABLE 1.
INPUT STATES* . | PIN1Z || PIN-13 PINZ | -PIN 14
TEST INHIBIT | WIDTH | OUT1 ouT 2 ours | ouT 4
Lo L L 16Hz 1024 +16 + 2Hz - | 1Hz, 7.8mS | 1/60Hz, 1 Sec.
i - - 3218 (+212+-218+221} composite | +222 -+ (2¥x3x5)
L L H 18Hz 1024 + 16 + 2Hz 1Hz, 7.8mS |- 1/60Hz, 125ms
+218 (2125218221} composite | + 222 1 -
L T H T L |- 18Hz | 1024+ 16Hz ) 1 off - 1 OFF ~
, o 4218 {+212+218) composite '
L . H H . 16Hz - 1024 + 16Hz OFF SEE
) ) +218 - (+212+218) gomposite ' WAVEFORMS
H L L ON | 4096 + 1024Hz . - | 2048Hz 34,133Hz, 50% D.C.
. A R ~ | wews212) composite | <om P K5 x 3)
H | L H ON - 4096 + 1024Hz . 2048Hz 34.133Hz, 50%.D:C.
(+210+212) composite 21 H2NV X 5x 3}
H H L ON 1024Hz . ON . OFF
o . 12 ' i |
H H H - ] on | 1024He -1 ON .| oFF
+=p12

* NOTE: When TEST and RESET are conriected to ground, of ieft open, all outpits exéept for OUT 3 and OUT 4 Have a 50% duty cycle.
QUTPUT WAVEFORMS

—+| |-16Hz -/
ouUT2 Illlllll HEEEN

EFFECT OF INHIBIf INPUT TEST connected tcl>r ground or left open,

INHIBIT | L |
.
. 1 ;
LOUT 3 L
i -1 I TR [ | :‘ I--— 7.8ms
CASE 1{ OUT 4 ! 0.75 — 1.0 SEC :
L ' <~ 69.75 10 ~|__[126ms
{ ! 60 SECS. )
ouT 2 <7.Ems—-:*~ |
CASE 2 *{ll‘*?.&ms I L|
{PULSE 3 qut 4 |
COINCIDENT ;i f ) ™/
WITH INHIBIT :
1
QuUT 3 |
4 ]
CASE3 | guT 4 UI ! u
(EFFECT OF. [ I - [
WIDTH o
ON OUT 4} | WIDTH . Ml .
ours )
) ' |
casea| . U S
[EFFECT OF {. j L J - =~ [T
WIDTH | WIDTH . !
ON OUT 4) - 1

All time scales arearbitrary, andin the case of GUT 3 only the shown. Where time intervals are relevant they are clearly
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APPLICATIONS

1. Supply Vollage Consideraitons 2. Logic Famlly Campatability

The ICM7213 may be used to provide various precision
outputs with frequencies from 2048Hz fo 1/60Hz using a
4,1984,304Hz quartz osclliator, and other output frequen-
cies may be obtained using other quartz crystal frequen-
cies. Since the ICM7213 uses dynamic high frequency
dividers for the initial frequency division theére are limita-
tions on the supply voltage range depending on the
oscillator frequency. if, for example, a low frequency
quartz crystal is selected, the supply voliage should be
salected in. the center of the operating window, or
approximately 1.7 volts,

B
4+ : OPERATING
) WINDOW
SUPBLY
VOLTAGE
1 cnlili | A
10KHz  100KH iMHz 10MHz

FIGURE 1: Window of Correct Operation

The supply voltage to the ICM7213 may bederived froma
high voltage supply by using a simple resistor divider (if
power is of no concern), by using a series resistor for
minimum cufrent consumption, or by means of a
requiator.

Rq
Caypags 0.01 (tF

EXAMPLE: I
f=4.2 MHz
gV < V= 12V {10 nom.)
17 ~=100 A Ry
f2 ATmA
Ay ~=3K OHMS Iz
R ~6.BI{ OHMS

T EXAMPLE:
foge =42 MHz
CBYPASS 8V < Vv < 12V (10V nom)
0,91;1F== @ 19 = 100 LA
Ra=(10-%} . nrms
104
AHGEK OHMS

FIGURE 2: Biasing Schemas with High Voltage Suppiies

PuH up resistors will generally be required to interface
with other logic families. These resistors mustbe connec-
ted between the various outplts and the positive power

supply.

. Osclliator Conslderations

The oscillator consists of a G-MOS inverter and a feed-
back resistor whose vatue is dependent on the voltage at
the oseillator input and output terminals and the supply
voltage. Oscillator stabilities of approximately 0.1ppm per
0.1 volt variation are achievable with a nominal supply
voltage of 5 volts‘and a single yoltage dropping resistor.
The crystal specifications afe shown in.the TEST
CIRCUIT.

It is recommended that the crystal load capacitance (CL)
be no greater than 22pF for a crystal having a series resis-
tance equal to or less than 75 ohms, otherwisé the output
amplitude of the oscillatar may be too low to drive the
divider refiably. )
if a very high quality oscillator is desired, it is recommen-
ded that a quartz crystal be used having a tight tuning
tolerance +10ppm, a low series resistance (fess than 25
ohmsl, a low motional capacitance of 5mpF and a load
capacitance of 20pF. The fixed capacltor Ciy should be

‘SOpF and the oscillator tuning capacitor should range

between approximately.16 and 60pF. .
Use of a high quality crystal will resultin typical stabilities
of 0.05ppm per 0.1 volt change of supply voltage.

. Control Inputs

The TEST input inhibits the 218 output and applies the 29
output to the 221 divider, thereby permitting a speedup of
the testing of the <60 section by a factor of 2048 times.
This also results in alternative output frequencies {ses
table). '

The WIDTH Input may be used to change the pulse width
of OUT 4 from 126ms to 1 sec, or to change the state of
OUT 4 from ON to OFF during INHIBIT.

- CHIP TOPOGRAPHY

ouT YT :
2 1 YEST v

WIDTH

GNDOSC 0SC
ouT IN
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FEATURES

» Four functions: start/stop/reset, split, taylor, fime
out

¢ Six digit display: ranges up to 5¢ minuies 59.99
seconds .

s High LED drive current: 13mA peak per segment at

" 16.7% duty cycle with 4.0 volt supply

* Requires only three low cost SPST switches without
{oss of accuracy: start/stop, resel, display unlock

* Chip enable pin turns off both segment and digit
outpuls; can be used for muliiple circuits driving one
display

¢ Lowbattery indicator

» Digit blanking on seconds and minutes

* Wide operating range: 2.0 to 5.0 volts

» 1KHz mulliplex rate prevents flickering display

» Can he used easily in four different single function

ICM7215 -
6-Digit 4-Function

LED Stopwatch Circuit

GENERAL DESCRIPTION

The ICM7215 is a fully integrated six digit LED stopwalch
circuit fabricated with Intersil’s low threshold metal gate
CMOS process. The circuit interfaces directly with a six
digit/seven segment common cathode LED display. The low
battery indicator can be connected to the decimal point
anode or to a separate LED. The only compenents required
for a complete stopwatch are the display, three SPST
switches, a 3.2768MHz crystal, a trimming capacitor, three
AA hatteries and an on-off switch. For a two function stop- |
watch, or to add a display off feature, one additional slide
switch is required. The circuit divides the oscillator frequen-
oy by 215 to obtain 100Hz, which is fed to the fractional
seconds, seconds and minutes counters, while an inter-.
mediate frequency is used to obtain the 1/6 duty cycle
1.07KHz multiplex waveforms. The blanking |logic provides
leading zero blanking for seconds and minutes indepen-
dently of the clock. The ICM7215 is packaged in a 24-lead

stopwatches or two two-function stopwatches: - plastic DIP.
start/stop/reset with time-out, split with taylor. The
component count for a three- or four-function stop-
watch will be slightly greater.
+ Retrofit to ICM7205 for split and/or taylor
applications
BLOCK DIAGRAM PIN CONFIGURATION
(OUTLINE DRAWING PG).
HIGH DIGIT : |
2 INPUTS > ose FRgEI[.:JEEI‘;CY oS [P 60uTPUTS
 — t w
7 ay osc outl |1« 2e[dose v
. MULTIPLEX ‘ ' TINPUT LBi anope[] 2 23| ] Test
GENERATOR —L o w[]s 22[] sTART/STOP
FREG NGy segcl]a 21 Imope
DIVIDER DECODER segals 20 % RESET
: segel]s 19 [JoispLAY uNLOCK
N j l sag ¢[]7 "M 157 10mme
COUNTERS seggl]s 17 L] 1001hs
5 —
_ SEGMENT 1> 7 ouTRUTS segbl]e v
1 INPUT seg1]10 15 L1 GHIP ENABLE
T s1n 143 o
- s10 [J12 13 m
4 INPUTS }—L CONTROL LOGIC | 1 QUTPUT
ORDERING INFORMATION
Order devices by following part number ICM7215 | PG
- Order dice by following part number  ICM7215/D
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ABSOLUTE MAXIMUM RATINGS

BUPPIY VOlagE .o it e 55V
Power Dissipation INOte 1) ... ... i i it ierneseeenes 075 W
Operating Temperature
Storage Temperatlre ..........c.oiiiiiiiiiiiiniirininins +ov..—B5°C to +125°C
tnput and Qutput Voltage ....... equal to but never exceeding the supply voltage
Stresses above those Histed under Absolute Maximum Ratings may cause permanent
damage to the device. These are stress ratings only, and functional operation of the
device at these or any other conditions above those indicated in the operational
sections of the specifications is not implied. Exposure to absoilte maximum rating

conditions for extended periods may affect device reliability.

OPERATING CHARACTERISTICS:
TEST CONDITIONS: Ta =+25°C, stopwatch circuit, V+ = 4.0V unless otherwise specified.

PARAMETER SYM CONDITIONS MIN TYP MAX UNITS
Supply Voltage v -20°C < Ta < +70°C 20 | 50 v
Supply Current i+ - Display off 08 1.5
Segment Current Iseq 5 segments lit i mA

Peak 1.8 Volts across display 9.0 13.2
Average . 2.2
Switch Actuation Gurrent lsw All inputs except chip enable ' 20 50
Switch Actuation Current Chip enable 50 200 sA
Digit Leakage Current VIR Voig = 2.0V ) 50
Segment Leakage Current IsLK VsEG = 2.0V 100
Low Battery indicator . -

Trigger Voltage ViBi 2.2 - 2.8 34
LBI Output Current gy Y+ =2.0V, Vigl = 1.6 20 . mA
Oscillator Stability fstAB V+ = 2.0V to V= 5.0V 6 ' PPM
QOscillator Transconductance Qm =20V 120 . umho
Oscillator Input Capacitance Coscl 24 30 36 pF

hEOTE 1: The output devices on the ICM7215 have very low impedance characteristics, especially the digit cathocde drivers. If thesa devices are
shorted to a low impedance power supply, the current could be as high as 300mA. This will not damage the device momentarily, but if
the short circuit condition is not removed immediately prubable device failure will occur,

 STOPWATCH CIRCUIT

0 et a COMMON CATHODE DISPLAY
9 b H
? = l.h E E E B E
—
6 — 8 g ¢
exoefale
4 >
2 == DP.Mm10 510 1|]lhs 100ths
14 13 12 11 ® . 17
v+
QUARTZ CRYSTAL -
PARAMETERS 1 1 - ROTARY SWITCH WITH
f =3.2768MHz ~ o |? ° -7 TWO DECKS GANGED TOGETHER
RS — 500 MODE 3 pis
CM = 23mp¥F .0 ,:.—jf
CO = 14pF [*]
CL = 15pF 4
N.O. V-
'/G . ¥
sraRTsTor [N - SWITCH TRUTH TABLE
NFgESET SWITCH| MODE |DISPLAY
g MODE POS. | (21} | (19
DISPLAY UNLOCK START/STOR/RESET| - 1 FLOAT} FLOAT
SPLIT 2 v+ JUNLOCK
TAYLOR E) - IUNLGCK
o TIME-QUT 4 |FLOAT] V-

N.O. NORMALLY OPEN

CHIP ENABLE

T YMCDI AY
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TYPICAL PERFORMANCE CHARACTERISTICS
* SUPPLY CURRENT VS VOLTAGE
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SEGMENT CURRENT VS SUPPLY VOLTAGE -
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FUNCTIONAL OPERATION

Turning on the stopwatch wilt bring up the reset state with
the fractional seconds displaying 00 and the other digits
blanked. This display always indicates that the stopwatch is
ready to go. .

The display can be turned off in any mode by connecting the
chip enable input to V+.

START/STOP/RESET MODE .
When the medeinputis floating and the display inputis float-
ing or connected to V+ the circuit is in the start/stop/reset
mode. :

RESET CLOCK AND
DISPLAY COUNTING
PRESS PRESS
START/STOP STARTF/STOP
ONCE ) QONCE

The start/stop/reset mode can be used for single event
timing in & one-button stopwatch; an additional switch can
be used to provide an instant reset. To time anather event,
the display must be reset before the start of the event.

DISPLAY STOPS

PRESS
START/STOP -
ONCE

one minute. The range of the stopwatch is 59 minutes 59.99
seconds, and if an event exceeds one hour, the number of
hours must be remembered by ihe user. Leading zeroes are
not blanked after one hour.
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TIME SETTING

. HRS
ADVANCE

MIN,
ADVANCE

BINTERSIL

[-]

WY

COLON STILL FLASHING
NOCHANGE 1N DISPLAY

300

HRS ADVANCE
AT 2Hz RATE
GCOLON STILL FLASHING

NOTE: When the HRS/MIN Advance input is activated
there will be a pause of less than one second before the
counters start advancing at a 2 Hz rate.

R T

MIN. ADVANCE AT 2 H2 COUNTERS START RUNNING
COLON STOPS FLASH ING COLON STARTS FLASHING
SECONDS RESET TO ZEROD

TIME HOLD MODE

TIME SETTING

To set the time, the RUN/SET switch is placed in the
Time Set position, and the HRS/MIN advance input is
used to advance the hours or minutes. The seconds are
reset to zero and counting is stopped whenever the

minutes are set. The clock will start when the RUN/SET-

switch is put back into the RUN position, and while in
the RUN position, inputs from the HRS/MIN advance
swifch are disabled to prevent accidental setting.

ALARM OPERATION

ALARM

ALARM OFf
SOUNDS

24 HOURG

LATER AEARM
SOUNDS

ALARM
DISABLER

1MIN LATER

The alarm comparator provides a 24 hour alarm in both
12 and 24 hour modes. When the time of dayand alarm
fimes are equal, the alarm outputs are enabled,
providing that the ALARM OFF input is at V7. If the
ALARM OFF inputis at V¥, the alarm outputs will not be
- enabled. The alarm outputs provide a push-pull, or
bridge, configuration for direct drive ofa piezoelectric
transducer, and if increased drive (loudness) is
desired, a coif and external NPN transistor may be

used. The external transistor should be driven by the.

ALARM 1 output. The coil DC resistance should be
10080 or greater, to limit the peak currentto less than
13 mA.

The alarm signal is a complex waveform that generates
the Intersil Cricket sound. The alarm output will
automatically stop after one minute unless either the
-ALARM OFF or the SNOOZE input is used. The alarm
transducer. should be selected to provide maximum
output (loudness) at 4 kHgz, that is, it should be
resonant at 4 kHz.

SNOOZE OPERATION

A momentary closure of the SNOOZE switch to YV will
silence the alarm and start.the snooze timer. The
Snooze input must be activated during the one minute

T P N S T T T T T

After 8 minutes the alarm will again sound, and will
continue for 2 minutes and stop unless ALARM OFF is
used or another Snooze cycle is activated. The Snooze
may be repeated as many times as desired.

NOTE: In die form, all the SNOOZE input pads are
available, allowing the manufacturer or user to select
snooze times from 2 to 14 minutes in 2 minute steps.
These pads are identified as SN1, SN2 and SN3. See
the following tabie for the selection of Snooze times:

INPUT CODE (1 = V'}

SNOOZE
SN3 SN2 SN1 TIME
0 o} 1] None
0 0 1 2 minutes
0 1 0 14 minutes
4] 1 ] 6 minutes
1 0 o 8 minutes
1 0 1 10 minutes
1 1 ¢] 12 minutes
1 1 1 |14 minutes

ALARM SETTING

ALARM SET

o l N
B e

HAS

© { ADVANCE

E :." 1 | sovance Ef :g r
AR ta L

HAS ADVANCE - . MIN. ADVANGE

AT ZHz RATE AT 2Hz RATE

The alarm time is set by switching to Alarm Set, then
using the HRS/MIN ADVANCE input to set hours and
minutes. The alarm time is displayed only when the
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TIME OUT MODE
When the mode input is floating and the display input is tied
10 V-, the stopwatch is in the time-out mode.

~,

G

BINTERSIL

{ T i3 00 7
[IN] LTARTl Lo l srop |

N t_r':],_‘,
LU V) sramr

RESET CLOCK AND DISPLAY STOPS
PHISPLAY COUNTING CLOCK STOPS -
PRESS PRESS
START/STOP START/STOP START/STOP
ONCE ONCE ONCE
= = 20.47 sec. FIME OUT ————+=———— 22.32 sec.

[ I 1 }_.{ L3 0
Lt '“"’- STOP " -

L

rif
i

——

}Aﬁ

DISPLAY STOPS
CLOCK STOPS

CLOCK AND
s DISPLAY COUNTING

START/STOP
ONCE

In- the time-out made the clock and display alternately start
and stop with activations of the start/stop switch. Reset can

RESET

PRESS
RESET

be used atany time. Tha display unlock button is bypassedin
this mode. - )

APPLICATION NOTES

LOW BATTERY INDICATOR

The on-chip low battery indicator Is intended for use with a
small LED or the decimal peints on a standard LED display.
The output is the drain of a p-channel transistor iwo-thirds
the size of the segment drivers, and designed to provide a
trigger voltage of approximately 2.5 volts at room
temperature. Normal AA type batteries will provide many
hours of accurate timekeeping after the indicator comes on,
however the wide voliage spread between the LBl voitage
and minimum operating voltage is required to guarantee low
battery indication under worst case conditions.

CHIP ENABLE

The chip enable input is used fo disable both segment and
digit drivers without affecting any of the functions of the
device. When the chip enable input is floating or connected

to V-, the display is enabfed, and when the tied to V* the .

display is turned off. One example of the many possible uses
of this feature is driving one display from two ICM7215
devices, one in the split mode and the other in the taylor
mode. The circuit below indicates how the user can obtain
lap and cumulative readings of the same event.

| DISPLAY I
FO DISPLAY TO DISPLAY
1 F 1
1ICM7215 1ICM7215
SPLIT TAYLOR
24
15 15
= 5QpF
AL
o

TAYLOR SPLIT

AR S PR IrEe iR LT rE AR Y A e EE Rl ot el b BN S

-

SWITCH CHARACTERISTICS

The ICM7215 is designed for use with SPST switches
throughout. On the display unlock and resei inputs the
characteristics of the switches are unimnportant, since the
clrcult responds to a logic level held for any length of time
however short. Switch bounce on these inputs does notneed
to be specified. The start/stop input, however, responds to
an edge and $0 requires a switch with less than 15ms of
switch bounce. The bounce protection circuitry has been
specifically designed to let the circuit respond to the first
edge of the signal, so as to preserve the full accuracy of the
system.

LATCHUP CONSIDERATIONS

Due to the inherent structure of junction isolated CMOS
devices, the circuit can be put in a latchup mode if large
currents are injected into device inputs or cutputs. For this
reason special care should be taken in a system with multiple
power supplies o prevent voltages being applied to inputs
and/or autputs before power is applied 1o the 7215. If only
inputs are affected, latchup can also be prevented by limiting
the current into the input terminal to less than 1mA.

7
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DISPLAY

MOTOROLA MLCADG
BECKMAN  737-01
EADCOR LAD-o001
HAMLIN 3411
TIMEX Ti001
COCKROFT Cli202

DISPLAY FONT

NUMBERS ‘
COCKROFT CIi1201

CHIP TOPOGRAPHY

ICM7223

Lx]
+ [
Fd BICI DIFI GIF3 N A2 BIE2

e R R O R

—eo

™ &“ll BR:AT+D14E1461)
1 {24 HA:81)

ALARM FLAG
ACKPLANE

20 40 ' o 8n !TW I 116
{8.508) {1.016)' (1.524) (2.052)](2. 547 {2.95)

CHIP DIMENSIONS: 116 x 147 mils {2.95 x 3,73 mm)
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FEATURES

e 3-1/2 or 4 digit display with AM/PM and alarm flags
e 12/24 hour user selectable formats
« Direct alarm drive @ 3V p-p, with complex {cricket)

alarm tone

minutes in two minute increments)
« Single battery operation (1.5V)
¢ Low current — 6 pA maximum
« On-chip fixed oscillator input capacitor

trimming capacitor
« Voltage tripler for large displays

OADERING INFORMATION

8 minuie snopze (Dice programrhable from 2 to 14

32 kHz oscillator requires only quartz crystal and

PART TEMPERATURE
NUMBER RANGE PACKAGE
ICM7223PL -20°C to +70°C | 40 Pin Plastic DIP
ICM72230/02 | -20°C to +70°C DICE

ICM7223

4-Digit LCD Clock
Circuit with
Snooze Alarm

GENERAL DESCRIPTION

The 1€M7223 is a fully integrated 4-digit LCD clock
circuit with 24 houralarm and 8 minute snooze timer.
For high accuracy and low powser consumption a
32.768 KHz quartz’ watch crystal is used as the time
base, and the number of external components has
been reduced to a minimum..

The time keeping and alarm-time couniers are split
during setting, allowing hours and minutes to be set
independently, each at a2 Hz rate. A’time hold' mode is
entered when setting minutes; seconds are automati-
cally reset to zero. The clock starts when the RUN
mode is. entered, thereby permitting synchronization
of the ¢lock to the nearest second. Seconds are not
displayed.

The ICM7223 is fabricated using Intersil's low |
threshold metal gate CMOS process for minimum cost
and iong battery life. :

058G 1IN

BLOCK DIAGRAM

QsCoUT

V3 CAF 3GAP 2 CAP 1

TTT7

PIN CONFIGURATION
(OUTLINE DRAWING PL)

' \ OSCILLATOR
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MULTIPLEX:
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“15
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o)

SEGMENT
DECODER

SET AND DISPLAY
GONTRQOL
LaGlie

ALARM
CONTRDOL
LoGIC

ELLE | f

=

27 DISPLAY QUTPUTS

BACKPLANE + 286 SEGMENTS

SNDOZE THMER
D

CONTROL LOGIG

ai+c{€11 ] S 5. o (5—1;14«-%‘1
Fzf2 3o {1 am (B1)
a2 38 8
45V 70 2[4 37 {1 HR3MINS ADV
DISFLAY o2 -
OUTEUTS [ qyngeer o E : ;: g :l:::sn
] HES.AmE sz]> 3 [JoscIH
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B3[]15 261 vy
Fa]e 25 [1 cary
G117 29[ ear,
ea [1a 233 capy
4[] io 227 aa
ca]a 21 4

SNOOZE

PARENTHESES AND BOLD TYPE JNDICATE
24 HOUR OPERATION
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TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT VS. SUPPLY VOLTAGE
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OSCILLATOR STABILITY VS, SUPPLY VOLTAGE

=
&
a K
z 2 - . /
2 /
=
g .
o H - =
o .
2 . /
)

g P
=1
2 /
E e
o« e~
=
3 =
=
2
8 .

1.2 15 1.8

SUFPLY VOLTAGE (VOLTS)

ALARM DRIVER OQUTPUT CURRENT
VS. OUTPUT VOLTAGE

P CHANNEL OUTPUT VOLTAGE

-2.0 -1.5 -1.0 -0.5 ]
-— | 1 2S£
l 4’ az
- J 1 > ]
vt = 12v L 2 ey
// Zu
R . it
v+:1.55\J/ 50
15F T 4 o
.
5_ |
=K
3£ 1af
=
=i oL
£ [ e v* = 165V
=] 0.5 /
5o W v 1y
2 . S
1] o | | -
o 0.5 1.0 15 20

N CHANNEL OUTRUT
VOLTAGE (VOLTS)

NORMAL CLOCK OPERATION

Lo l‘“"
s 1P

ALARM FLAG

PM I

GCOLON FLASHES
AT THz RATE

1In normal operation, hours dnd minutes are displayed
with the colon flashing at a 1 Hz rate. An AM and'a PM
indicator flag is provided in the 12 hour mode, while in
the 24 hour mode, the pads used for the AM/PM flags
are utilized to drive the segments which produce the
numeral “2" in the tens of hours digit. The alarm flag
will be on if the alarm is enabled, and off if the alarm is
not enabled; (Alarm Off input at V*).

\]
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SNOOZE OPERATION

EINN=RSIL

24 HOURS
LATER
PRESS EMIN, 2 MIN,

ALARM  SNOOZE ALARM LAT ALARM LATER ALARM
SOUNDS i E%LE%N_' DISABLED SOUNDS DISABLED
PRESS

SNDOZE ALARM ALaRM
BUTTON GFF DISABLED
ONGE :

NOTE: IF ALARM OFF IS LEFT AT V' THE ALARM WILL NOT BDUND 26 HOURS LATER,

APPLICATION NOTES

ALARM DRIVE °

The ICM7223 alarm output transisters are capable of
directly driving a piezoelectric ceramic transducerat 3
volis peak-to-peak. Any transducer that does not
require more than 1 mA of peak current may alsc be
used. The transducer should generate maximum
output at 4 kHz. If a louder sound is desired, buffering
{(using an NPN transistor and 5 mho ¢oil) or sound
enhancement technigues such as a resonant cavity or
diaphragm will be reguired. See Appllcatlon Bulletin
A031 for details. .

TEST MODE

The high speed test mode for automatic testing is
entered by pulling the ALARM OFF/TEST input fo -7
volts referenced to VY. In this state the HAS/MIN
ADVANCE input will advance the appropriate counters
at the rate that the input is toggled. The colon will
appear to stop flashing as it is changing state more
rapidly than the display can respond. In the run mode
the minutes will change at a 4.27 Hz rate, as the clock
has been speeded up by a factor of 256 Hz. The
backplane frequency will be 512 Hz. The voltage tripler
drive frequencies remain the same as in normal modes.

ALARM AND DISPLAY TEST

if the ALARM OFF and SNOQZE buitons are pushed
simultaneously, all segments of the display will be
turned on and the alarm will sound, while none of the
time counter contents are disturbed.

VOLTAGE MULTIPLIER

The ICM7223 voltage multiplier may be utilized only in
a tripler configuration; only four pins, and ihree
external capacitors are required. The connection of the
capacitors differs from that used in standard watch
circuit type voltage multiplers, therefore close
attention should be paid to substrate design to ensure
the proper connection of the capacitors.

OSCILLATOR
The -oscillator of the ICM7223 is designed for low

e e s iy miavacmym b e = 1 BRE

volt supply. The oscillator is of the inverter type with a
nonlinear feedback resistor included on chip, which
has a maximum resistance under startup conditions.
The nominal load capacitance of the crystal should be

less than 15 pF, typically 12 pF. In specifying the

crystal, the motional capacitance, series resistance
and tuning tolerance have to be compatible with the
characteristics of the circuit to insure startup and
operation over a wide voltage range under worst case
condltlons

The following expressions can be used to arrive at a

~ crystal spacification:

Tuning. range

Af - Cm

af . CiN Cout
f 2(Co+CL1

Co= Cin + Cour

gm required for startup

gm = 4m?i2 Civ Gour Rs (1 + g—?)

where

Rs = Series Resistance of Crystal

f = Frequéncy of the Crystal

Af = Frequency Shift from Series Resonance
Frequency

Co = Static Capac:ltance of Crystal

Cin = Input Capacitance

Cout= Output Capacitance
CL = Load Capacitance of Crystai
Cm = Motional Capacitance of Crystal

The gm required for startup calculated should not
exceed 50% of the gm guaranteed for the device.

POWER UP RESET

An on chip circuitis provided that will reset all counters
and flip-flops to a known state when power is first
apptied. The alarm and timekeeping counters will be
reset to 1:00 am in the 12 hr. mode and 0:00in the 24 hr.
mode. This function is not tested during automatic

tmoatlima mace i Alace et affart nmearmmal rirc11iy Alarati;man



EINTERSIIL

ICM7223A
-~ 3-1/2 Digit
LCD Battery Operated

Clock Circuit With Snooze

FEATURES
» Single 9V transistor battery operation

3-1/2 digit display with AM/PM, SLEEP arid
ALARM flags

+ Direct alarm drive with complex (cricket} alarmtone
Programmable snooze

Programmable sleep timer with RADIO ENABLE
OUTPUT

Wide operating voltage range — 4 to 15 volts
Low current — 15,A @ 8V :
On-chip tixed oscillator input capacitor

Uses standard 32.768 KHz crystal

Low battery indicator (display flashes at 1 Hz)
. Display and alarm test

ORDERING INFORMATION

PART TEMPERATURE
NUMBER RANGE PACKAGE

ICM7223AIPL | -20°C to +85°C | 40 Pin Plastic DIP

ICM7223A/D | -20°Gto +85°C DIGE

GENERAL DESCRIPTION

The ICM7223A Is a fully |ntegrated 3-1/2 digit I_CD
clock circuit with 24 hour alarm, and sleep and snaoze

and Sleep Timers

timers. For high accuracy and low power consumption
a 32.768 kHz quartz watch crystal is used as the time
base, while the number of external components has
been reduced to a rinimum. This circuit is intended
for use in 9V clock-radio systems where both the clock
and the radio operate from the same battery.

The time keeping and. alarm time counters are split
during setting, allowing hours and minutes o be set
independently, each at a 2 Hz rate. A 'time hold’ mode
is entered when selting minutes, seconds are
automatical [y reset to zero. The clock starts when the
RUN mode is entered; this permits synchronization of
the clock to the nearest second, Seconds are not
displayed.

The alarm employs a snooze timer that may be pro-
grammed  from 2 to 14 minutes in two minute
increments; the sleep timer may be set from 8 to 56
mjnutes in 8 minute increments. The alarm outputs
consist of a complex {cricket) alarm tone to directly
drive a speaker of piezoetectric transducer, and aradio
enable output which allows contro! of a clock radio,
Low battery voltage is indicated by the display flashing
at a 1 Hz rate whenever the battery voltage falis below
about 5.6V.

The ICM7223A is fabricated using InterSII s low
threshold metal gate CMOS process for minimum cost
and.long battery life. Current drain at 9volts is typically
15pA with a maximum of 25pA.
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PIN CONFIGURATION {outline dwg PL)

B1+c1 [} b

1
F2jz
(20 K
Ez[ha
pz[{s
cz &
sz []7
aze

coLon []a

F3 [} 10 icM72238

a3 dn
Eal}z
az+p3 [z
ca {1
B3 15
F4 [ 116
as ] 17
e4 ] 1a
o4 [ 10
[N E]

50 43 PM

] Aam

38[] ALARM FLAG
ar [l Br

36 [ HRS/MINS ADV
35 [1 RUN/SET

34 1 Vige

" a3y osciN

2217 oscout

310 vty
v

29 [1'RADIO ENABLE
28] ALour

220 AL OFFITEST
26 {1 SNOOZE 3

26 {] SNOOZE 2

" 241 spoozE
'23[] SLEEPFLAG

220 A4
2t T ma

NOTE: CONSULT FACTORY (F 24 HOUR TIME

DISPLAY IS DESIRED,

OPERATING CHARACTERISTICS

All testing at 25°C; All numbers stated In absolute value; V+ =9V unjess otherwise specified.

BINTERSIL

ABSOLUTE MAXIMUM RATINGS

Storage Temperature ......... v... -BB°Cto +125°C
Operating Temperature ............. -20°C to +85°C
Power Dissipation™ ... ................... 500 mw
Supply Voltage .......civii i e 18v
input Voltage

(OSC IN, 8Ny, SNz, 8Na3) ..... -2V svn=vt+0ay

(RUN/SET, HRS/MIN ADV,

AL OFF/TEST) ...... VT —03V=sViNsVT+03Y

Output Vaotage ' .

(OSCOUTY .ooiiiiiinnnns, 2V=vour= vt

(AL OUT, RADIQ ENABLE,

All Segment Drivers) «......... ;D VT sVoursvh

NOTE: Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage 1o the device. These
are stressratings only, and functiona!l operation of the device
at these or any other conditions above those indicated in the
operational sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device refiability.

LIMITS
PARAMETER SYMBOL, * TEST CONDITIONS MIN. | TYP. MAX, UNIT
" Supply Voltage Range ' + ' '
Timekeeping Accurate v 4 18 v
Supply Current 1+ v+ =gy 14 25 pA
i [ ’ +
Oscillator Input Gurrent(d) loscr . .8gg gqu-lg%‘;':ﬁ tgﬁ'égnv 0.2 ph
QOscillator Input Capacitance CiN 20 25 30 pF
Osclilator Transconductance Om 10 15 pmho
Oscillator Stabifity fsTAB 5V = VauppLy =, 16V 07 1.0 ppm
P-ch at 10mA 220 300 &

I turatiol R -
Alarm Sa uration Reslistance : AL{on) N-ch at 10 A 100 150 P
Segment Drive Currant s VgaT = 0.2V (Both Directions) 5 ) pA
Backplane Drive Current Ipp Vsar = 0.1V {Both Directrons) 20 ) A

) Vaw=VT 10 30 pA
Switch Actuatlon Current lsw Vow = V= 10 0 Ty

NOTES: 1. This valus of power dissipation .ls that of the péckage and wilt not be obtained under normal operating conditlons,
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TYPICAL CLOCK RADIO APPLICATION

BINT=RSIL
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NORMAL CLOCK OPERATION

In normal operation hours and minutes are displayed with
the colon flashing ata 1 Hz rate. AM and PMindicators are
provided. The alarm flag will be on if the ALARM OFF input
Is at V", and off with the ALARM OFF input at v*.
Time is displayed in a 12 hour format with AM/PM
annunciators.

-ALARM FLAG

.| pm I
MODE H
+

COLON FLASHES
AT 1 Hz RATE

TIME SETTING

To set the time, the RUN/SET switch is placed in the
Time Set position, and the HRS/MIN advance input is
used 1o advance the hours or minutes. The seconds are
reset to zero and counting is stopped whenever the
minutes are set. The ¢lock will start when the RUN/SET
switch is put back into the RUN position, and while in
the RUN pasition, inputs from the HRS/MIN advance
switch are disabled to prevent accidental setting.

=, 2:00k={. 10
PM + | PM +L4

COLON FLASHING HRS ADVANCE
NO CHANGE IN DISPLAY AT ZHz RATE
COLON STILL FLASHING

MIN.
ADVANCE
+ RUN +
Ll + ' PM +
COUNTERS START RUNNENG MIN. ADVANCE AT 2 Hz
COLOGN STARTE FLASHING COLON STOPS FLASHING
SECONDS RESET TO ZERD

TIME HO1.D MODE

NOTE: When the HRS/MIN Advance input is activated
there will be a pause of less than one second before the
counters start advancing at a 2 Hz rate.

BINTERSIL

ALARM OPERATION

ALARM 24 HOURS
ALARM QFF ALARM LATER ALARM
S0UNDS ™ DISABLED S0UNDS
1MIN LATER .

The alarm comparator provides a 24 hour alarm by taking
into account AM and PM. When the time of day and alarm
times agres, and the ALARM OFF input is floating, the
ALARM and RADIO ENABLE outputs are activated; the
alarm sounds and the RADIO ENABLE line goes to V',
Momentarily tying the ALARM OFF input to V' will silence
both the alarm and the radio. The alarm will automatically
shut off after one minute it ALARM OFF is not used; the
RADIO ENABLE will stay HIGH until either the ALARM
OFF or SNOOZE inputs are used. The SNOOZE Input
must be applied within one minute in order to begin a
snooze,cycle. .

ALARM SETTING

ALAAM SET
I'y
+ £OLON NOT
FLASHING
1)
'
" |ums
ADVANCE
Y MIN, 1 §
+nﬂ ADVANCE E+q n
LA LS ' + AL
Lo = aa¥ =¥ i
© ' HRS ADVANCE. MIN, ADVANCE
AT 2 Hz RATE . AT 2 He RATE

The alarm time is set by switching to Alarm Set, then
using the HRS/MIN ADVANGCE input to set hours and
minutes. The alarm time 4s displayed only when the
RUN/SET switch is in the Alarm Set position.

. SNOOZE OPERATION.

To begin a snooze cycle, the SNOOZE input must be
momentarily shorted to v during the one minute that
the alarm is sounding or the RADIO ENABLE line is
high. When this is done the alarm will be silenced and
the snooze timer started; the alarm will sound again after
the selected sndoze timse. Unless the ALARM OFF input
is used, the alarm will automatically shut off after two

SNOOZE OPERATION
24 HOURS
LATER
SNOOZE B MIN, 2 MIN.

ALARM BUTTON ALARM LATER ALARM LATER ALARM

SOUNDS o DISABLED SCUNDS - - DISABLED
ENOOZE ALARM ALARM
AUTTON OFF ™|  pisABLEG

1%

NOTE:-{F ALARM OFF IS LEFT AT v* THE
ALARM WILL NOT SOUND 24 HOURS LATER,
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minutes. The RADIO ENABLE will remain on until the
ALARM OFF1ine is activated, however, asecond snooze
cyclecan he initiated with the SN OOZE switch. This can
only be done if the SNOOZE is activated while the alarm
is sounding.

The snooze times are programmable in 7 steps from 2 to
14 minutes. Programming is accomplished with binary
coding on the three SNOOZE inputs, as shaown in the
following table:

BINTERSIL

'SLEEP TIMER OPERATION

TIME SET a0
56
SIMuL- SLEEP TIMER :
TANEOUS | MINUTES | qanicorF
PUSH) RADLD ON
SNDOZE
BUTTON  ALARMOEF SEEEP TIME
- ABORTED
x RADIO OFF

The sleep timer may be- activated at any time except
during a snooze cycle or when the alarm is sounding.
The sleep timer is started by setting the RUN/SET
switch in the SET position and momentarily activating
the SNOOZE switch, Sleep times are programmed with
the snooze inputs; see table on previous page.

Another method for sleep timer activation is to use a
single DPST pushbution switch, with one pole con-
nected to the RUN/SET switch and the other to the
commoen side of the SNOOZE programming switch. The
other sidé of the switches is tied to V. (See typical
application, page 3). This method-aliows the use of a
“dedicated" sleep button, which may be recessed to
prevent accidental activation. -

When the sleep timer is activated the RADIO ENABLE
output is set high to turn on a radio and the sleap.flag
appears on.the display. At the end of the program med
sleap time the RADIO ENABLE output is returned to V™
and the sleep flag disappears. -

INPUT CODE (1 =V") SNOOZE SLEEP
SN3 | SN2 SN1 TIME TIME

0 0 o None None

a 0 1 2'minutes 8 minutes

o] 1 0 4 minutes 16 minutes

o 1 1 B minutes 24 minuies

1 0 0 8 minutes 32 minutes

1 o 1 10 minutes | 40 minutes

1 1 1} 12 minutes | 48 minutes

1. i 1 14 minutes | 56 minutes
PM Z2z "

e e } s
— 4 o

>— 3 FOSITION SWITGHES

RUN
TIME . ALARM
SET SET

| RADIO ..
N - | ne i = ) ore ., Of B
— - 5-30pF " ’ .
Jyr 2 I
| AT — 9voLTS
27 LENES ] B
Topseay || ‘MR
]| ALARM
TRANSDUCER
1 ] ALARM _|D
= OFF l
| ALARM
- —_— o,
|| o 1 fAj— == wake-up
SLEEP ; | SELECT

T --T

T

K

TYPICAL CHIP CURRENT
IS 150 AWITH DISFLAY

& POSITION BINARY SLIDE SWITCH OR AN
OCTAL THUMBWHEEL TYPE

SNDOZE

SNQOZE AND SLEEP g { f
PROGRAMMING -
THE PROGRAMMING SWITCH CAN BE AN —0 o0—m - ——

RAZHO

[CM7222A 12HR LCD SNOQOZE ALARM CLOCK RADIO CIRCUIT WITH SLEEP TIMEA.

{9 volt single battery operation)

=
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LOW BATTERY INDICATION

.The ICM7223A is provided with a completely
integrated low battery indicator. When the supply
voltage drops below about §.6V the display will begin
flashing at & 1 Hz rate. Actual trigger points vary from
chip to chip, but will usually be in the range of 5.2V to
BY. Time keeping will noi be affected.

CHIP RESET

Power up reset is not provided on the 7223A, as inter-
gction between the V¥ and V" inputs and the voltage
regulator in noisy environments could cause spurious
resetting. ‘Reselting the circuit to a known state, 1:00
AM, can be accomplished by momentarily connecting
the ALARM OUT output to V*: this can be done with a
NO SPST switch. This same method may be empioyed
to clear the 7223A in the event that it POWeErs up in an
.illegal state. The switch should be made accessible to
the user for use when changing batteries.

TEST MODE CPERATION

-

This mode, provided for high speed automatic testing, is -

entered by shorting ALARM OFF to V™. The minutes will
then advance at a 4.27 Hz rate and selting can be
accomplished by the application of a digital input to the
hrs.—mins advance input. The counter will then advance
once per pulse. Note that in the lest mode there is.no
debounce protection on the HRS/MINS ADVANCE
input.

ALARM AND DISPLAY TEST

if the ALARM OFF and SNOOZE buttons are pushed
simultaneously, all segments of the display will be
turned on and the alarm will sound, while none of the
time counter contents are disturbed.

OSCILLATOR

The oscillator of the ICM7223A is designed for low
frequency operation at very low currents from a 9 volt
supply. The oscillator is of the inverter type with a
nontinear feedback resistor included on chip, which
has a maximum resistance undar startup conditions.
The nominal load capacitance of the crystal should be
less than 15 pF, typically 12 pF. In specifying the crys-

tal, the motional capacitance, series resistance and .

tuning tolerance have to be compatible with the char-
acteristics of the circuit to Insure startup and onaration
over a wide voltage range under worst case conditions.

The following expressions can be used to arrive at a
crystal specification: :

Tuning range

af _ Cm 0L = Cin Court
t ° 2(Co+Cu) Cin + Cour

gm required for startup’

2
gm = 4x2f2 Ciiy Cour Rs (1 + g—f)

EINTERSIL

where

Rs = Series Resistance of Crystai

f = Freguency .of the Crystal

at = Frequency Shift from Series Resonance
Frequency ;

Co = Static Capacitance of Crystal

Ciy = Input Capacitance

Cout = Output Capacitance

CL = Load Capacitance of Crystal

Cm = Motional Capacitance of Crystat

The (calculated) g, reguired for startup should not
exceed 50% of the g, guaranteed for the device.

ALARM DRIVE

The ICM7223A will directly drive any suitable audio
transducer (piezoelectric  ceramic, or magnetic
speaker} with a peak frequency response of 4 kHz with
VF =9V and a peak current of 10 mA. The volume
should be more than adequate; no buffering should be
required.

"POWER SUPPLY CONSIDERATIONS

The ICM7223A contains an on-chip CMOS voltags
regulater which operates all timing and counting logic
circuitry at about 1.8 to 2.0V below V*. This provides
low current operation over a voitage range of 4-15v
and also improves oscillator stability. The LCD

- maximum operating voltage will be the limiting factor

in most cases, therefore the supply voltage will rarely
exceed 12V.

For applications which involve power supplies with
high noise levels or transients, it will be necessary to
provide supply filtering. The voltage regulator output
(VReG) should be decoupled to V¥ with a 0.224F to
0.47uF capacitor; and the V' and V™ lines should be
low-pass-filtered using a 3001} resistor and 100uF cap-
acitor. Note that a zener diode in paralie! with the filter
cap will limit voltage spikes to 15V, and should be
included if the common “24V survivai" required for
automotive use i§ desirad,

—”—O Vea

000 0.474F
AN - v
|
12V DC az’ L onr
SOURCE 159
l . . o v~
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CHIP TOPOGRAPHY

ICM7223A

143 (3.63)

140 (356)—

120 (3.048)

X ]
+
E4 BIC3 DIEI GIF1

o ALARMFLAR
40 (1.016} a BACKPLAKE
s HASMINS ADY
20 {0508} —wy HUN/SET
v,
0 REG

20 48 B0 80 o0 112
(0.508) (1.018) (1.529) (2.033) (2.59){2.64)

CHIP DIMENSIONS: 112 x 143 mils (2.84 x 3.63 mm)




ICM7241
CNMOS
Frequency Divider
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' -~ 4,19 MHz to 32 kHz_

FEATURES

+ Single battery operation (1.2 - 1.8V)
+ Low power consumption — typ. 40pA @ 1.5V
- Qscillator biasing resisior included on-chip

GENERAL DESCRIPTION

The ICM7241 is a fully integrated oscillator, 2 divider
and -output driver which efficiency converts 4.194304
MHz to 32.76BkHz using a minimum of power. Only
three external components are necessary forcomplete
oscillator operation; a 4.194304 MHz crystal, a fixed
input capacitor, and an output trimmer capacitor. The
output has a low enough impedance to satisfy most
drive requirements.

" ABSOLUTE MAXIMUM RATINGS

Powd® Dissipation Output Short Cireuit?l | 300 mw
Supply Voltage .....iiiiiiiriiiiniiiniainennas, v
Qutput Voltage!! .

input Voltagel

Storage Temperature ........... -30°C to-+125°C
Operating Temperature ........... _-20“0 to 70°C
NOTES:

. Excepl for instantangous static discharges all terminals may exceed the
supply voitage (2.0V max) by 0.5 valt provided that the gurrenis in these
terminals ara fmited to 2 mA each.

. This value of power dissipation refers to that ¢f the package and will not be
obtained under normal operaling conditions.

n

SCHEMATIC DIAGRAM

vt
osc B
N
1000
v
4,194,304 Hz
-
osc [
aut v
1000

DIVIDERS

ouT,
32,768 Hz

I

ZENER DIODE HAS TYPICAL
BREAKDOWN ‘VOLTAGE OF 6.3 VOLTS.

TYPICAL CONNECTION

vtoa v

Ciy

Cour
22pF
 NOMINAL
VALUE

L
T~

A2kHz
QUTPUT

. QUARTZ CRYSTAL PARAMETERS
= 4,194,304 Hz
Rg = 3502
Cu = T0mpF
Lp =3.5pF
Gy =12aF

PIN CONFIGURATION (outline dwg PA):

TQP VIEW

PIN 1 18 DESIGNATED BY EITHER A DOT OR A NOTCH.

ORDERING INFORMATION

Ordeg devices by following part number: IGM7241
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TYPICAL OPERATING CHARACTERISTICS

v = 1.5V, fosc = 4,194,304 Hz, Ta = 25°C, unless otherwise spec;fued All numbers in

BINTERSIL

absolute values.

Parameter Symbol Caonditions Min, Typ. Max. Unit
Supply Current I+ 40 70 A
Guaranteed Operating Voltage Range, v -20°0 £ to = 70°C 1.2 . 1.8 i
P-Ch Output Saturation Resistance RsaT lour =.5mA 680 2 '4¢]
N-Ch Output Saturation Resistance RsaT lour = .5mA 240 1 kd
Oscillator Stability fsTAB 1.2V <Vt <16V 1 ppm

: . Cin = Gour = 15pF .

Oscillator Start-Up Time tstart V= 1.2V 1.0 sec

NOTE: Stresses above those listed urider Absolute ‘Maximum
Ratings may cause permanent damage to the device. These
arestress ratings only, and functional operation of the device
at these or any other conditions above those indicatedinthe
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FEATURES

* Very low current consumption: 0.4xA at
1.55 volt typical

32 kHz osclifator requires only quartz crystal
and trimming capacHor

* Bipolar stepper drive with low output ON. resistance:

200 ohms maximum (7245 A/B/D/E/F)

¢ Unipolar stepper drive with very low output ON
resistance: 50 ohms maximum (7245U)

» Extremely accurate: oscillator stabilily
typically 0.1 ppm

s STOP function for easy time synchronization
¢ TEST input for 'highspeed testing

* Wide temperature range: -20°C to +70°C

On chib fixed oscillator capacitor: 20pF £20%

TABLE OF OPTIONS
Pulse
Device Bipolar/ | Widih Pulse Oscillator
Number Unipolar | (ms) | Frequency Capacitor
ICM7245A B 9.7 1Hz Caut
1CM7245B B 7.8 1Hz Cin
1CM7245D B 7.8 0.1Hz Cout
(1 pulse/
10 seconds)
0.0833Hz
ICM7245E B 7.8 {1 pulse/ Cin
’ 12 seconds)
0.05Hz
ICM7245F B 7.8 {1 pulse/ Cin
20 seconds)
1GM7245U u 3.9 1Hz Cin

ICM7245
Quartz Analog
Watch Circuit

GENERAL DESCRIPTION

The ICM7245 is a very low current, low voltags
microcircuit for use in anglog watches. It consists of an
oscillator, dividers, logic and drivers necessary to
provide either bipolar or unipolar drive for minimum-
component count watches., The oscillator is extremely
stable over wide ranges of voltage and temperature,

_and thus ¢ombines high accuracy with low system

power. The ICM7245 is fabricated using Intersil's low
threshold metal-gate CMOS process.

The inverter oscillator contains all components on-
chip except fot the tuning capatitor and qpartz crystal.
The binary divider consists of 15 stages, the last 5 of
which may be reset. If a reset (stop) océurs during an
output pulse, the duration of the pulse is not affected.
When the reset is released, the first output occurs
approximately 1 second later. For the bipolar version,
memory reset logic is included to make sure the first
pulse after a “stop” occurs on the opposite eutput from
the one just before the “stop”. '

The bipolar bridge output consists of two large
inverters, normally high. The output ON resistance of
the P and N channel devicesin series is 2000 maximum
@ 1 mA. In unipolar operation, the cutput is made up of

_ asingle normally high inverter. The ON resistance of

the N-channel device is 500 maximum @ 3 mA.

PIN CONFIGURATION (OUTLINE DRAWING BA)

v~ TN s 8_Joscour
MDTORZ' 2 7 Ioscm
. 16M7245 _ )
rotop1[ 3 6 | TEST
STOPI 4 — ~ 5 |V

ORDERING INFORMATION

ICM7245 U 1 BA
| PACKAGE
- B8A = EPIN FLATPACK
TEMP. RANGE
-20°C TOH70°C
ELECTRICAL OPTION
DEVICE TYPE

" ORDER DICE BY FOLLOWING PART NUMBER:
[CM7245A/D *

SELECT OPTION

/
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ABSOLUTE MAXIMUM RATINGS

Storage Temperafure ........... -40°C to +125°C
Operating Temperature .......... -20°C to +70°C
Power Dissipation (Note 1) .......... ..ot . 25 mW
Supply Voltage (Vt —V—) ... ciienn 3.0 volts
Lead Temperature {Soldering, 10 sec} ..... 300°C
Input Voltages ........... V- —03<ViN<VH+03

BINTERSIL

NOTE: Stresses atove those listed under "Absolute Maximum
Ratings" may cause permanent device failure. These are
stress ratings only and functional operation of the devices at
these or any other conditions above those indicated in the
aperation secticns of this specificalion is not implied.
Exposure to absolute maximum raling conditions for
extended peariods may cause device failures.

Note 1.. This value of ppwer dissipation refers to that of the package and will not normally be cbtained under normal operating conditions.

TYPICAL OPERATING CHARACTERISTICS

Vt — Y= = 1.58V, fose = 32,768 Hz, circuit in Figure 1, Ta = 25°C, unless otherwise stated.

MNumbers afe in absolute values.

= PARAMETER SYMBOL TEST COMDITIONS MIN. | TYP. § MAX. JUNITS
Supply Current I+ No Load a4 | 08 A
Operating Voltage vt—v- | 0°C <Ta=50°C i.2 1.8 v
Oscillatoi Transconductance Om start-up 15 pmho
Oscillalor Capacitance Cosc i6 | 20 | 24 PF
STOP Input Gurrent IsToP 0.3 pA
TEST Input Current HEST 10 A
Osciltator Stability isTaB AVt —VT) =08V ] 1 01 _t_ppm
Supply Current During Stop 11t ‘STQP' Connected to V7 ) 1.0 A
Output Saturation Resistance Ro Bipolar {N-CH. -+ P-CH) I =1 mA 200 N
Output Saturation Resistance P-CH Ro-p Unipolar IL =3 mA 200 0
Qutput Saturation Resistance N-CH Ro-N Unipolar IL =3 mA 50 0
IYPICAL WATCH CIRCUIT '
. ;é B-25pF
i . ) CRYSTAL
PARAMETERS
- f =32768 Hz
32768 Hz CL =10pF
. CRYSTAL Cwm = 2,5 mpF
HAg = 20K
i, ;
MOTOR lecﬁﬂ
3

STOP

_-I— 165V

Figure 1.
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WAVEFORMS ]
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TIYPICAL OPERATING CHARACTERISTICS )
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APPLICATION NOTES

OSCILLATOR

The oscillator of the ICM7245 is designed for low
frequency operation atvery low current from.a 1.55 volt
supply. The oscillator is of the inverter type, using a
non-linear feedback resistor having maximum resist-
ance under start-up conditions. The nominal load
capacitance of the crysta! should be less than 12 pF,
with a preferred range of 7-10 pF, In specifying the
crystal, the motional capacitance, series resistance
and tuning tolerance must be compatible with the
characteristics of the circuit to insure start-up and
operation over a wide voltage range under worst case
conditions.

The following expressions can be used to arrive at a
crystal specification:

Tuning Range

AfF . Cm QL= Cin Cout
f 2(Co + Cyp)* Cin + Cout

gm required for start-up

gm = 4rr2f2‘CiN Cout Rs ( gf)

BINTERSIL

Series Resistance of Crystal
Freguency of the Crystal

where

Rs
f

I nn

Af Frequency Shift from Series Resonance
Frequency

Co = Static Capacitance of Crystal

Cin = Input Capacitance

CouTt = Output Capacitance

CL = Load Capacitance

Cm = Motional Capacitance of Crystal

The gm required for start-up calculated should not
exceed 50% of the gm guaranteed for the device.

TEST POINT

The TEST inpuf, when connected to V™, causes the
ICM7245B/U) to speed-up the outputs by 16 times. On
long period output versions (12, 20, 80 sec) the speed-
up factor will be larger. This allows easy testing of the
finished watch module. The pulse width is not affected

. by the speed-up of the pulse frequency.

CUSTOM VERSIONS

The ICM7245 may be modified with alternatwe metal
masks to provide different number of divideTs, various
pulse widths, and different output configurations.

In addition, MOS capacitors on-chip up to a total of
50 pF may be connected to either the input and/or the
output of the oscillator. Consult your Intersil
representative or the factory for further information.

CHIP TOPOGRAPHY

MOTFOR MOTOR
1 2

62.5 mNs
(1.58 mm)

1. flngl!

TEST  O5CH
. £2.5 mils

(1.58 nrm}

DIE SIZE = 62.5 x 62.5 MILS [1.58 x 1.58 mm; )
BOND PAD SIZE = 5x5 MILS {.127 x .127 mm)



Packaging Dimensions

Thermal Resistance

High Reliability Processing

Application Note Summary

Evaluation (EV) Kit Information

Chip Ordering Information

. Intersil Part Numbering System

‘. Sales Offices, Distribytors, and Representatives




PACKAGE OUTLINES

All dimensions given in inches and (millimeters).
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PACKAGE OQUTLINES Al dimenslons given in inches and (millimeters) ;
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PACKAGE OUTLINES au dimensions given In inches and (millimeters).
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PACKAGE QUTLINES an dimensions given in in(;pes and (millimeters).
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PACKAGE QUTLINES Al dimensions given in inches and {millimsters).
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PACKAGE OUTLINES A dimensions given in inches and (millimeters).
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400 0310
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PACKAGE QUTLINES il dimensions given in inches and (miilimeters).

[&::&]
g -300 {15.240) 240]
q [ &0 (14478 "]
[-:n:n:r == '|:n:|-|:r-]
1.360 {34.544) MAX BN
=1 —-I 520 113.208)
A6
(4.445)
MAX

"

.210 2.784)
%0 §2,:285)

1 068 (0.2092)
H 3160 4.068)
100 (2540 80 {17.272)
A0 {15.494]
™
050 {1.524) 023 (5842)
085 h.ust 015 (.3810)

28 LEAD PLASTIC (PI-1)

S Y o T o T e I
500 (15.240)
g T m‘ﬁ;_"
S e ==L
550 (12.970)
- 520 (13208)
l——— 1.260 {35,644] MAX ————»| .
75 (4.445)
Max
050 (1,528
A16 {0,391 d —
h h h h _!! 215 {0.381)
I o0 [0.02632)
T 8.084)
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A1012.794) 080 [1524) 023 15842)
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28 LEAD PLASTIC (PI-2)

2.020 {51,308}
MAX

10.020 {5,080}
0.060 {1.270)
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1

D.050 [1.270)
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) 0.600
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0.8 [0.457) MIN.
1 0.002 [0.057)

40 LEAD CERAMIC {DL)
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0.160 0.520 {13.208)
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| iy iy

0.160
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PACKAGE OUTLINES ali dimensions given in inches and {millimeters).
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PACKAGE OUTLINES Al dimensions given in inches and {miilimeters).
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PACKAGE OUTLINES Al dimensions given in inches and {millimeters).
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48 LEAD CERAMIC (DM)

THERMAL RESISTANCE 6JA

The junction-to-ambient thermal resistance values
of dual in-line packaging systems used in GE Intersil
GCMOS integrated circuits are- graphically illustrated.in
Figure 1. Each envelope reptesents the typical range
of values for plastic, CERDIP or caramic sidebraze
package tybes as a function of size. The values were
obtained while operating in a “still-air” environment
and inserted into low-cost sockets mounted on
printed cirouit cards.

Thermal resistance is influenced by a number of
factors Including die size; cavity size and die bonding.

in order to present a comprehensive characterization
of these varlables, a range of values Is provided rather

_ thari a singlé polnt. .

Since most CMOS devices dissipate insignificant
power, it Is not likely that thermal resistance will be a
critical design factor. In those situations where high

-dc currents or high-speed operation is required, the

junction températurgs should be estimated through
the use of this data: and by knowing the actual power
bsing dissipated by the dsvice.

Figure 1 — THERMAL RESISTANCE OF BIP PACKAGES
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HIGH RELIABILITY

100% INTEGRATED CIRCUIT PROCESSING

Intersil is committed to build and process integrated cir-
cuits for the Military/High-Rel market segments in con-
formance with MiL-STD-883 and MIL-M-3B510, Any
customer drawing which specifies testing as set forth in
these documents will be automatically processed to the
latest revisions of MIL-STD-883 and MIL-M-38510, un-
less specific requests are made to the contrary. .

BOG7 ISEM only)

I Waier Lot Acceptance Methad

]

100% DISCRETE DEVICE PROCESSING

Intersil also offers several QPL-approved discrete products
carrying the JANTX designation, which are screened and
qualified to the latest revisions of MIL-STD-750 and MIL-
$-19500,

MiL-STD-883B SCREENING AND QUALITY
CONFORMANCE PROGRAMS, METHODS 5004
AND 5005

The following flow chart details screening activities as car-
ried out by Intersil for Class §, B and C requirements.

Tracnabnhlv to Water Run

. ! ! T:aceamluy

Traceability ta Production Lot

—

| Internal Visual tethod 2010,

Condition A Candition 8

I Internal Vu*al Method 2010

10 Preduction Lat |

1 Intarsal Visual® Methad 3010,
Cgndition-B

Stabilizatton Bake 24 houss min.
Method 1008, Condition C

lahlhzauun Bake 24 hours min,
Method 1008, Condition &

[ | W ) S

Temperatuie Cvcllng Meihod 1010,
Condition

Conditipn C

T_T

Tamperature Cycling Method 1010;
andition C

3

Constant Acceleralum Y1 OrlenlaA
- tion Methed 2001, Conidition E

Stabilization Bake 24 hours min.
Methid 1008; Condition G

Constant Acculzrauun Y1 Orienta-
tion Method 2001, Cond. E tMm |

Canstant Acceleration Y1 Qrienta-

Seal H:rmenmlv Fine & Gmss
Leak Methad 1094 {01

l
L

Seat Hermeticity Fine & Gross

Tomperdture C\lcllng Methed 10?U,J
Lok Mathad 1014 |

| [
L
1 [

Seal Harmeum\r Fing & Grnss

tion Method 2601,-Cond. E [Min.) J
Leak Mettiod 1014 l

Particle Impact Nmse Delectlun
Mcthod 2020, A or B

Serialization

AE

Fre-Burn-In Electrical Test
pes Spec.

Pre-Burn-In Elactricat Test,
when specified

Burn-in Test 240 hours @ 125°C
Min. Method 1015

I

Burn-in Test 180 hours ©125°C
Min. Method 1015

T
Post Burn-in Electrical Test
per Spec.

Revgrse Bias Buen-in, 72 hovrs @
150°C Min., dethad 1045, A -

Post Burn-in Electrical Test
per Spec.

Seal Hermeticity Fine & Gross
Leak Method 1014

\_._;._|_L___L_\___,_

L
|
l

Final Electric
Dynamic & Switching @ 25 C.
Static @ 25°C, £ Max. Tefnps,

Radiographic, 2 Views. may ba any
sequence after Serialization
Method 2052

Finat Electical Test Functional,
Uynamlc Switching @ 25°C

__Static @ 25°C, Min. & Max. Temps.

Final Elecirical T
- Dynamic & Swil

‘est Functipnal,
ng @ QEPC. |

Chrality Oun!mmancl.- TFesiing,
Method 500!

Quality Conformance Testing,
Method 5005

External Visual Method 2008

l
]

[ External Visual Method 2002

External Visual Method 2009

Quality Contormanca Testing,
Method 5005

*Method 2017, Hybrid



HIGH RELIABILITY PROCESSING
QUALITY CONFORMANCE INSPECTION,

CLASSESB AND C

The following diagram presents quality conformiance inspection methods for Classes B dnd C as performed at Intersil.

GROUP A
GROUP B GROUP C GROUP.D
[ . L
| = I
Subgroup.1- Svhgroup 3 Subgroup 5 ; Subgroup 1 Subgroup 2 Subgroup-1 Subgroup 3 Subigraup 5
Electrical | Electrical Electrical 1 Electrical Electrical Electrical ~ Destruct Elecirical
Reject Reject Reject 1 Good Good Reject . Reject
{2) 3" 4} | {77} (25) (25} : - .{25) {25)
| -
]
Subgroup 2 Subgroup 4§ Subgroup & Subgroup 2 Subgroup 4
Electrical Electrical Electrical Electricak Destruct,
Reject Reject Reject Reject o
(4} {1} {3 (25) {25)

*Samp!e must have had temp/time exposure specified for hidrn-in,
ETPD of 15 applies {0 number of leads inspected except that in
no case shall lass than 3 devices be used.

~ *¥*gaquired only when a package contains a dessicant,

NOTES:

1. Group A and B inspections are required on individual inspgc-
tion lots as a condition for acceptance for delivery.

. Samples shall be randomly selected from the assembled inspec-
tion lot in acgordance with appendix B of MIL-M-38610. Speci-
fied screen reguirements of method 5004 zre not required to have
been completed for Intersil's standard generic data program, hut
will be performed when reguired by customer drawing, Where
use of electrical rejects is permitted, and unless othanwise speci-
fied, they need not have been subjected to the temperature/time
exposure of bura-in.

3. Group C {chip-related test) shalt be performed periodically at 3
month intervals.

. Group D (package related tegist shall be performed periadically

at 6 menth inzervals,

. Where end point measurements aré required but no parameters

have’been identified, the critjcal final electrical parameters speci-
fied for 100% screening shall be used as end point measurements.

6. Subgroups withina group may be performed in any arder but in-

dividual tests within a subgroup shall be performed in the se-

* quencea indicated.




" HIGH RELIABILITY PROCESSING
QUALITY CONFORMANCE

The following steps are carried out when quality confor-
mance testing is ;performed on a lot from which .samples
are taken.

QUALITY CONFORMANCE — CLASSESB&C

STAMDARD -
SAMPLE ALLOWABLE TIME
SIZE REJECTS  ALLOWANCE
Group A
{Electrical 45 0 3-5
Acceptance} . days
Group B i4
{Package Electrical 0 1 week
Related} Rejects
. 1 from
Group C 102 Good Subigroup 1 8-10
{Die Related)  ElCWical 4 poy weeks
Note 1) Subgroup 2
650 Good .
Group D Electrical .1 from each
{Package (MNote 2} | of 4 weaks
Related) 75 Elecirical 6 Subgroups
’ Rejects
NOTE 1: Non-destructive, shippable samplés {102 units),
NOTE 2: Destructive 1as{s: ) :
Moisture resistance, Subgroup 3 sample size 25 units
Variable-frequency vibration, Subgroup 4 sample size 26 units

Total Destroyed 50 units

QUALIFICATION TESTING

When qualification testing is required, it will be eguivalent

to quality conformance testing, with the exception that

Group A must be read and recorded on ail applicable sub-
groups for the number of electrically-good units which will
be required for samples for Groups C and D.

QUALIFICATION TESTING — GROUPSB & C

STANDARD
SAMPLE  ALLOWARBLE TIME
SIZE REJECTS ALLOWANCE
Group A 184
[Electrical {Read & -8 5 days
Acceptance) Record] '
Group B 14
{Package Electrical 0 1 week
Related) Rejects
102 1 from
Group C Good Subgroup 1 10-12
{Die Refated) Electrical 1from weeks
{Note 1) Subgroup 2
50 Good
Group D Electrical 1 from each
{Package {Note 2} af 4 weeks
Related} 75 Electrical b Subgroups
i Rejects

NOTE 1: Shippable samples.

LIMITED USAGE QUALIFICATION

A customer may elect to take advantage of a “Limited
Usage” qualification per.MIL-M-38510, in order to reduce
the number of samples required. The following conditions
must be met for eligibility for the "Limited Usage” qualif-
ication:

1. A maximum guantity of 500 micraeircuits is inciuded
in a single order.

2. A maximum quantity of 2000 microgircuits is included
in a given equipment-acquisition contract or program.

3. A maximum guantity of 2000 microgircuits is to be pro-
cured during a 12-manth period for a given circuit type
and vendor. . . :

Microcircuits which qualify for limited usage cannot be as-~

signed a JAN part number. Variable data will be taken only
when specified in a customer -drawing. .

‘ LIMITED USAGE QUALIFICATION — cLAss B

SAMPLE  ALLOWABLE TIME
SIZE ‘REJECTS ALLOWANCE

Group A .
{Electrital 156 0 5 days
Accgptancei
Group B 14
{Package Electrical 0 1 week
Related) Rejects
Group C .
{Die Related, 10 Good 8-10
Nen-Destrue- Electrical 0 weeks
tive) Parts
Group D 25
{Package {15 Good,
Related, 10 Electrical 0 . 4 vieeks
Destructive) Rejects)

1) Mil-M-38510, Paragraph 4.4.4; MIL-STD-883, Methed 5005,



HIGH RELIABILITY PROCESSING

GLOSSARY OF MlL!TARY/AEROSPACE HIGH-
REL DEFINITIONS/TERMINOLOGY

ACCELERATED BURN-IN — Same as " Burn-ln", except
that testing is carried out at an increased temperature {nom-
inally 150° C) for reduced dwall time. Accelerated testing
is not permissible for Class S devices.

ATTRIBUTES DATA — Go-No-Go data. Strictly pass/
fail and number of rejects recorded. A typical reguirement
-for post burn-in alectrical tests on Class B devices.

BASELINE — Technique used to define manufacturing and
test processes at time of order placement. Baselining usually
involves devetopment of a Program Plan and- an Acceptance
Test Plan which include flow charts, specification identifi-
cation/revision letters, QA procedures, and actual specimens
of certain important specifications. During subsequent
manufacture and testing of parts; it is hot permissible to
malke revisions or changes to any of the identified specifi-
cations, unless prior notification and possible customer ap-
proval occurs. CGther terminology associated with baselin-
ing include “Critical Process Changes”,“Minor Process
Changes”, and “Major Process Changes".

BURN-IN — A screening operation, Devices aré subjected
1o high temperature {typically 125° C) and normal power/
operation for 160 hours {Class B devices} or 240 hours
{Class S devices).

CLASS 8, B AND C INTEGRATED CIRCUITS — These
classes set forth the screening, sampling and-document can-
trol requirements for 1C testing. Terminology -is defined
in MIL-M-38510 and in Test Methods 5004 and 5005 of
MIL-M-38510, Classes,S, B and C are sometimes referred
to as “Levels S, B and C." The Classes COVEr: ’

CLASS § — For space and satellite programs. {nciudes
Condition A Precap, SEM, 240 hour burn-in, PIND test
and elaborate qualification -and quality conformance
testing. Normally requires extensive data, documenta-
tion, and program planning. Formerly referred to as
Class A. Class § devices are guite expensive.-

CLASS B — For manned flight, and includes most fre-
quently-procured military integrated circuits. Used for
all but highest refiability requirements, Class B uses
burn-in, pre-cap visual, etc.

CLASS C — For ground support equipment. Gontains
only environmental screening requirements with pre-cap
visual. No burn-in required.

1n ali classes, LTPD (Lot-Toierance Percent Defective) is
the sampling plan measurement criteria.

CORRECTIVE ACTION — Those actions which a given
sunnlier (or user) agrees to perform so that a detected prob-

DESC — Defense Electronic Supply Center, located in Day=
ton, Ohio. The command includes two major subgroups,
with functions as follows:

DESC-ECS ~ This group performs specification engi-
neering work. After the original specifications are cre-
ated at RADC, DESC-ECS implements and monitors
the specifications. DESC-ECS is the industry’s main
interface on existing specifications.

DESC-EQM — The group-which supsvises supplier certi-
fications and qualifications per MiL-M-38510. The group
to which the industry submits applications when desiring
to have devices qualified {QPLd} on an existing JAN
slash sheet. DESC-EQM surveys supplier facilities and
grants kine ‘certification ag various requirerhents.are met.
Also reviews m_anufacturer"s qualification test data and
issues JAN QPL's accordingly.

DESC-EQT. — Same as EQM, except handles transistors
per MIL-5-19500. T :

DESC LINE CERTIFICATION — The dacument which ap-
proves a supplier’s facilities as an appropriate site to manu-
facture JAN parts. .

DIE SHEAR TESTS —-A sa'r_fli)le test. Mfsuﬁted chips are
exercised to destruction, Degree of die adherence to fead
frame is observed. Corrective action taken if required.

DPA. — Destructive Physical Analysis, Pinished products
are gpened and analyzed,. in accordange with custemer or
MIL Spec criteria. ’ .

GENERLIC DATA — Data pertainingto a device family; not
necessarily the specific part number ordered by the cus-
tomer, but representative of parts in the family. Group B,
C and D generic data is frequently requested in lieu of the
performance of special qual tests on a given order.

GROUP A — Sample electrical fests which are performed
on each fot. Group A is defined in Test Method 5005 for
integrated circuits and in MIL-S-19500 for diodes and
transistors.

GROUP B — A collection of package-related environmental
and “wear-and-tear’’ tests. Defined in Test Method 5005
for integrated circuits. For Class S screening, additional life
tests are required, and are performed on every fot per MIL-
M-38510. For dicdes and transistors, Group B consists of

. both environmental and life tests, as defined in MIL:519500.

GROUP € — For Class B and C integrated circuits, only
Group C includes life testing and temperature cycling/con-
stant acceleration die-related sample tests, Defined in Test
Method 6005 and performed every three months per MIL-
M-38510.

GROUP D — A collection of additional environmental
package-related sample tests as defined in Test Method

5005. Performed every six manths per MIL-M-385610. For
lmmene O B O




HIGH RELIABILITY PROCESSING

JAN ~— “Joint Army Navy"”, a rggistered trademark of tbe
U.S, Government. The JAN marking denotes a device which
is in full compliance to MIL-M-38510 or MiL-5-19500.

JAN. TX — A JAN-qualified diode or tfransistor which has
been subjected to additional sureenmg {burn-in) tests. MIL-

5-195600 only.

JAN TXV — A JAN-qualified diodé or transistor which,
in additional to burp-in testing, has been subjected to ad-
ditional sereening including pre-cdp visual inspection, as
witnessed by a _government source |nspector Equivalent
to Clags B screening for integrated circuits. MIL-S-19500 enly.

“M38510™ CIRCUITS — Until a recent revision to MIL-M-
38510, it was a common practice for users and suppliers
alike to specify or offer integrated circuits marked “M38510/
XXX without a J or JAN prefix. This part nambering sys-
tem indicated a device which was “near-JAN", “quasi~JAN"

or “non-JAN"", The practice tended to cause confusion be-

tween these devices and parts in full conformance to JAN
levels. MiL-M-38510 now prohibits such markmg with the
exception of two special instances:

® When JAN QPL supplier for a given product does not
exist, the government will permit “M38510/XXX" mark-
ing. While a custemer may specify. such marking, the
“supplier must furnlsh the government with evidence that
the parts meet all a_ppllcable requiréments,

® For certain parts destined for use in some programs,
“M3BB10/ XXX ‘marking is permissible;, but .orders for
such parts must he accompaniéd by apprépriate DESC
certification letter. '

M38510/XXX — Detail specifications {or “slash shéets™)
for integrated circuits.- For example, the 101 specification
covers Operational Amplifiers, with electrical requirements
for the 741, LM101; 108, 747 types; etc.

MIL-M-38510 — The general military speclﬂcatlon for in-
tegrated circuits.

MIL-$-19500 — The general ‘military specifjcations for di-
odes and transistors.

MIL-5-19500/XXX - Detail specifi_cation; {or “'slash

sheets” for diodes and transistors.

MIL-STD-750 — Specifids Test Methods for diodes and
trangistors, such as burn-in, pre-cap, temperature cycling,
etc.

MIL-STD-883 — Specifies Test Methods for integrated cir-
cuits, such as pre-cap, burn-in,, hermeticity, storage life,
ete. :

NPFC — Naval Publications and Forms Center, Philadelphia.
Printing and distribution source for military specifications,

NON-STANDARD PARTS — In government terminclogy,
refers to non-JAN devices. Non-standard parts are typi-
cally covered by user Source Control Drawinas (SCD}.

NON-STANDARD PARTS APPROVAL — Approval by the
government {frequently RADC) af non-JAN parts, typi-
cally on source control drawings, for use in a military sys-
tem or program. -This approval is essentially a waiver which
permits non-JAN 38610 parts in a system which otherwise
inandatorially requires JAN parts only.

OPERATING LIFE TEST — Same conditions as burn-in,
but duration is usually 1000 hours. This is a sample test
{Qualification and Quality Confarmance).

PCA — Parts Configuration Analysis: A new term which
has much the same meaning as *'Baseline’’.

1
PDA — Parcent Defective Allowable. Criteria sometimes
applied to burn-in screening. A 10% PDA (the most com-
mon type} means that if more than 10% of that lot fails as
a result of burn=in {as determined by pre- and past-burn-in
alectrical tests) the @ntire lot is considersd to have failed.

PDS — Parameter Drift Screening. Measures the changes
{As) in electrical parameters through -burn-in. Common for
Class S dewces

PIND — Particle {mpact Moise Detéction. This is an audio
screening test to locate ‘and elminate those parts which
have loose internal particles, The test can isolate a high
percentage of defectives, evan in otherwise good lots, Re-
peatability of the tests is questionable. This test is one of
the screening itemns for-Class § integrated circuits.

PREPARING ACTIVITY — The organizational element of
the government which wntes specifications, frequently
RADC,

PRESEAL VISUAL - A scregning inspection which in-
volves observation of a die through a microscope.

PROCURING ACTIVITY — Per MIL-M-38510, this is the
organizational element in the government which contracts
for articles or services. The Procuring Activity can be a sub-
contractor {OEM), providing that the goverpment delegates
this responsibility. [n such a -case, the subcontractor does
not have the power to grant waijvers, unless this authorlty
has been approved by the guvernmént

PRODUCT RELIABLIITY — Pertains to the levefl of qual-
ity of a product aver a period of time. Reliability is usually
measured or expressed in terms of Failure Rate {such as
“0.002% per 1000 hours at a 60% confidence level at 26°C™)
or MTBF {mean time between fallure in hours), MTBF is
the reciprocal of Failure Rate,

OPL — Qualified Products List, In the case of JAN prod-
ucts, QPLs are identified as QPL-38510 for integrated cir-
cuits and QPL-19500 for diodés and transistors. OQPL-
38510 revisions occur approXimately quarterly and QPL-
19500 revisions accur approximately annually. In the in-
terim, the government will notify suppliers via letter of any
new device qualifications which may have bsen granted.
Two types of OPLs exist for MIL-M-38510:



HIGH RELIABILITY PROCESSING

PART Il OPL — This is an interim or temporary QPL

which is granted on the basis of having obtained line
certification and approval of an Application to Conduct
Qualification Testing. A PART 1l QPL is automatically
voided after 90 days whenéver any one supplier is granted
a PART | QPL.

PART | QPL — A “permanent’”” QPL, granted after alf
qualification testing is completed and test data is ap-
proved by the government.

QPLTT — Qualified Product List Throughput Time. That
period which required to obtain device gualification.
QPLTT is a function of {1} whether a JAN slash sheet ex-
ists; (2) whether a competitor already holds a Part | QPL;
and (3] whether the applicant’s production line is certified
by DESC.

Following is a worst-case example, where a JAN slash sheet
does not exist and government line certification has not
been grarmted. QPLTT will be approximately 39.5 months,
if the JAN slash sheet already exists, QPLTT will be cut to
about 10.5 months. If the applicant already has line certi-
fication, QPLTT wili be about 2 months to obtain Part [}
status.

Total time required to obtain a Part [ QPL adds ébout 7
months to QPLTT; in a worst-case example, about 46
months will be required,

QUALIFYING ACTIVITY — Per MIL-M-38510, the or-
ganizational efement in the government which designates
certification {i.e., DESC}.

QUALIFICATION TESTING — Initial one-time sample
tests which are performed to determine whether device
types and processes are good. For integrated circuits, this
usualty means testing to Groups A, 8, C and D. For diodes
and transistors, this usually means testing to Groups A, B
and C, )

QUALITY CONFORMANCE TESTING — These are sample
tests which must be performied at prescribed intervals per

MIL-M-38510 or MIL-5-195800, assuring that processes re-

main in centrol and that individual lots are passed.

RADC — Rome Air Develgpment Command, Griffiss AFB,
New Yark. This is the government organization which cre-
ated semiconductor specifications; MIL-M-38510 and MIL-
- STD-883 were developed at RADC. This Air Force unit
develaps specifications for all U.S. military services. RADC
is frequently involved in granting waivers for non-standard
parts for Air Force systems.

READ AND RECORD DATA — Same as variable data.

REWORK PROVISION — For semiconductar devices, per—
missible rework of parts is usually limited to re-testing
{sereening), lead straightening or bending, re- mafklng, and
cleaning.

S & V — Survivability and Vulnerahility. Pertains to the

SCREENING — Operations which are performed on devices
on a 100% basis (not sampling). Examples include pre-cap
visual, burn-in hermeticity, 100% electrical test, etc. For
integrated circuits, Test MetHod 5004 defines screening
flow.

SEM INSPECTION — Inspection by Scanning Electron Mi-
croscopa. Die samples are examined at very high magnifi-
cation for metallization defects A commaon inspection for
Class § devaces

SERIALIZATION — The marking of a unique part number
on each part, with assigned numbers marked sequentially/

consecutively.

§CDs — Source Control Drawings, Typically user-generated
drawings which require development of internal |C vendor
sheets. Althcugh each drawing may be slightly different,
all will be modelled around MIL-M-38510, MIL-S-18500,
MEL-STD-883, or MIL-STD-750.

SOURCE INSPECTION — Can be either Customer Source
Inspection {CSl} or Government Source Inspection {GSI).
Source Inspection is initiated via purchase order, and can

. occur at one or more of the following points:

® Pre-cap Visual. Expensive and adds to throughput time.

® Final Inspection.

Simple and inexpensive; little delivery
impact. .

® Throughout. Very expensive and time-consuming.

STANDARD PARTS — In government terminalogy, JAN
parts.

TRACEABILITY — A production and manufacturing con-
trol system which incfudes:

® Wafer run identification number.

® Date pre-cap visual inspection was performed, identity
of inspector, and specification number and revision,

® | ot number and inspection history.
® QA Group A electrical results,

VARIABLE DATA — Read and recorded electrical measure-
ments {parametric vatues). Usually required for pre- and
post-burn-in electrical tests. Also common for Group C
and D testing. .

WIRE PULL TESTS — Bond wire pull tests WI|| be speci-
fied in two modes: o

DESTRUCTIVE WIRE PULL — Generally performed
periodically in assembly on a sample basis. Wires are
putied to destruction and the hreak point force is re-
corded. Corrective action is taken as required,

NON-DESTRUCTIVE WIRE PULL — Option for class &
microcircuits, wire bonds are pulled to a max of 70% of
the preseal minimum band strengths for the applicable



Ordering Information for-
MIL-STD-883B Processed Devices

The following Intersil devices are available' as a standard with Class B screen-
ing per method 5004 of MIL- STD-BSSB To order, add 833B after the device
number as shown below.

Part Number

Part Number

DG112AL/883B

Part Number

Part Number

AD532SD/883B DG162AK/583B DGM185AL/8838
AD5325H/883B DG116AK/883B DG162AL/8838 DGM187AA/883B
ADS50M-12/8838 DG116AL/BB3E DG163AK/883B DGM187AK/883B
ADS505/8838 DG118AK/8838 DG163AL/8838 DGM187AL/8838
ADS550T/983B DG118ALSBIB DG164AK/883B DGM188AA/883B
AD550U/883B DG120AK/8838 ‘DG164AL/S83B DGM18BAK/883B
AD590JH/883D DG12GAL/B83B DG180AA/883B DGM188AL/883B
AD590KH/893B DG121AK/883B DG180AK/8B3B DGM190AK/883B
AD590LH/883B DG123AK/A83B DG180AL/883B DGM190AL/883B
ADSS0MH/E83B DG123AL/883B DG181AA/BB2B DGM191AK/883B
AD75205D/8838 DG125AK/8838 DG181AK/BB3E DGM191AL/883B
AD7520TD/883B DG125AL/8838 DG181AL/E83B '
AD7520UD/8838 DG126AK/8838 DG182AA/B83B G115AK/883B
AD75215SD/883B DG126AL/8838 DG1B2AK/BB3B G115AL/863D
AD7521TD/B838 . DG129AK/883B DG182AL/BB3B G116AK/8830
' AD7521UD/BB3B DG129A1/883B DG183AK/B83B G116AL/BE3B
AD75235D/BB3B DG133AK/8638 DG183AL/8B3B G117AK/8838
AD7523TD/883B DG133AL/8838 DG184AK/BB3B G117A1L/883B
AD7523UD/8938 DG134AK/B83B DG184AL/BB3B G118AK/8838
AD7533SD/8B38 DG134AL/BB3B DG185AK/8B36 G118AL/883B
AD75337D/883B DG139AK/883B DG185AL/883B G119AK/8838
AD7533UD/8828 DG139AL/BB3B DG186AA/B838 G119AL/883B
AD75415D/8838 DG1A0AK/883B ‘DG186AK/B3E G123AK/883D
AD7541TED/883B DG140AL/883B DG186AL/883B G123A1/8638
ADC0801LD/8838 DG141AK/8838 DG187AA/8838 GT25AK/8830
ADC08021D/A936 DG141AL/8838 DG18TAK/A83B G125AL/8638
ADC0803LD/2838 DG142AK/083R DG187AL/883B G126AK/863B
DG142AL/883B DG18BAA/B83B G126AL/883B
D112AK/8638 DG143AK/383B DG38AK/883B G127AK/883B
D112AL/883B DG143AL/8838 DG188AL/883B G127AL/8838
D113AK/883B DG144AK/8838 DG1BYAK/EBIB G12BAK/B63E
DT113AL/803B DG144AL/8838 DG189AL/883E G128AL/883B
D120AK/883B. DG145AK/8838 DG120AK/883B G120AK/8838
D120AL/883B DG145AL/8838 DG190AL/8B38 G129AL/883B
D121AK/8838 DG146AK/8838" DG191AK/B63B G130AK/883B
D121AL/B838 DG146AL/883B DG191AL/BB3E G130AL/883B
D123AK/EB38 DG151AK/8838 DG200AA/8B3B G131AK/883B
D123AL/8838 DG151AL/883B DG200AK/B83B G131AL/883B
D125AK/8838 DG152AK/883B DG200AL/8B3B G132AK/8836
' D125AL/8836B DG152AL/BB2B DG201AK/8B3B G132AL/8638
D129AK/B83B DG153AK/BB3B DGM182AA/883B .
D129AL/883B DG153AL/883B DGM182AK/883B ICL7109MDL/8838
DG154AK/8838 DGM182AL/8638 ICL7650MJD/BB3B
DG111AK/8838 DG154AL/8638 DGM184AK/8838 ICL7650MTV/803B -
DG111AL/8838 DG161AK/983B DGM184AL/BB3B ICL7660MTV/BB3B
DG112AK/ARAB DR1RT AL /BRI PBEMIESAK/ARTIB K RONTAMTY/ARIA



Part Number

ICLB0OTMTY/BBIE
ICL813AMTZ/B83B
- ICL8M 3BMTZ/BE3B
ICLI013CMTZ/B83B
|ICLagt8AMJD/BB3B
ICLAG18MJD/BB3B
ICLEO 9AMJD/BB3B
ICLag19MJLYBB3B
ICL8020AMJD/663B
ICLE020MJD/B8IB
ICL8021MTY/BB3B
ICL8022MFD/883B
ICLA022MJD/883E
ICLB02Z3MJEIBE3B
ICLEO3BAN.ID/BE3B
ICLAO3EBMJD/E83B
ICL8049BCJE/BB3B
ICLB069ACSQ/883B
ICLE0E9BCSQ/BEIB
ICLE0SICMS /8838
ICLB0SIDMSQ/a83B
ICLBZ11MTY/BBIB
ICL8212MTY/883B.

1CM7555MTV/BB3E
ICM7556MJD/883B

IH181MFD/583B
IH181MJD/BOIB
IH1BtMTW/BE3B
IH182MFD/883B
IH182MJD/BE3B
IH182MTW/8838
IH1B4MFD/883B
IH1B4MJE/883B
IH185MFD/8835
IH1B5MJE/883B
IH187MFD/883B
IH187MJD/B83B
IH1B7MTW/B838
IH188MFD/883B
IH1BBMJD/BO3B
IH200AK/883B
|IH200AL/BB3B
IH200MJE/883B
IH201MJE/883B
" IH202MJE/883B
IH5003MFD/8838
IH5003MJD/8B3B
IH5004MFD/883B
IH5004MJD/8838
IH5005MFD/E883B
IH5005MJD/983B
IH50D6MFD/B83B
1H5006MJD/883B
IH5007MFD/BB3B
{H50D07MJ0D/8838B

Part Numher

IH5008MJD/883B
IH5010MJD/883B

IH5011MJE/BB3B -

IH5012MJE/8B38
IH5013MJD/883B
IH5014MJD/883B
IH5015MJE/8B3B
{H5016MJE/BB3B
iH5017MJD/8838
1H5018MJD/9838
{H50T9MJE/BBIB
IH5020MJE/B83B

" IH5021MJD/8838

IH5022MJD/8838
IH5023MJE/B83B
IH5024MJE/883B
IH5025MJD/883B
IH5026MJD/883B
IH5027MJE/883B
IH5028MJE/BB38
IH5029MJD/383B
IH5030MJD/883B
1H5031MJE/BB3E
IH188MTW/8838
IH190MFD/883B
IH130MJE/883B
H191MFD/883B
IH191MJE/883B
IH2DDAA/B83B
IH5032MJE/883B
IH5033MJD/883B
IH5034MJD/BE3B
IH5035M.JE/8838
H5036MJE/883B
IH5037MJD/883B
IH503BM.ID/883B
IH5040MFD/8838
IH5040MJE/B83B
IH5041MFD/883B
IH5041MJE/B83B

IHED41MTW /8838

IH5042MFD/B838
IH5042MJE/B83B
[H5042MTW/883B
IH5043MFD/B83B
IH5043MJE/B83B
IH5044MFD/B83B
[H5044MJE/B83E
IHE044MTW/8838
IH5D45MFD/B83B
IH5045MJE/883B
IH5046MFD/883B
IH5046MJE/B83B
IH5047MFD/883B
IH5047MJE/B33B
IH5048MFD/BA3E
IHEOABMJE/RSIB

Part Number

IH504BMTW/BB3B
{H3049MFD/883R
IH5049MJE/6B38
IH5056MFD/E838
|H5050MJE/EB3B
IH5050MTW/583E
IH505iMFD/B838
IH5051 MJE/BB3B
IH5052MJE/8838
IH5053MJE/EB3B
|IH5108MJE/BB3B
IH5140MFD/8B3B
IH5140MJE/EB3B
IH5147MFD/B83R
IH5141 MJE/EB3B
IH5141MTW/BB3E
H5142MFD/a83B
IH5142MJE/883B
IH5142MTW/8838
IH5143MFD/883B
IH5143IMJE/8838
IH5144MFD/8838
IH5144MJE/8838
IH5144MTW/883B
IH5145MFD/8838
1H5145MJE/883B
iH5148MFD/8836

- \H514EMJE/B8IB

tH5148MTW/283B -
IH5149MFD/8838
1H5149MJE/883B
H5156MFD/883B
IH5150MJE/B83B
IH5150MTW/283B
IHs151 MFD/883B
I1H5151MJE/B83B
IH5200MFD/883B
IH5200MJD/883B: -
IH5200MTW/803B
tH5201 MJE/B83B
[H5208MJE/883B
iHE108MJE/B83B
H6116MJ1/8838

- IH6201MJE/BB3B

|H6208M.JE/883B
IH6216MJI/883B

IM5603AMFE/883B
IM5624MFE/883B

IMG100-1MJL/BB3B

IM6100AMJIL/883B
IM6101-1MJL/BSIB
IM6101AMJL/883E
IM6102-1MJL/993B
IME102AM.JL/BBIB
IMB103-1MJL/8838
IM&103AMJL/EB3B

Part Number

iMB402-1MJL/B83B
IME402AMJL/BE3B
IM6403-1MJL/8a3B
IM6403AM.IL/BBIB

IMB512AMFN/B83B
IMG512AMJN/BB3B
IMG512MFN/883B
IM6512MJN/883B
IMG5X08AMFE/BE3B
IMGSX08AMJE/B83B
IM65X08MFE/8838
IMGSX08MJE/B83B
IMB5 X 16AMFN/SBIE
IME5X1BAMJN/G33B

© IM65X18MFN/883B

IMB5X18MJN/BB3B
IM65X51AMIF/a838
IMB5X51MJF/BE38
IMG5X61AMFN/883B
MB5X61AMJIN/SE3E
IMBSX61MFN/883B
IMB5X61MJIN/BB3B
IME653AMJG/8838
IMG653MJG/8838
IMB654AMJG/B8IB
IMG654MJG/883B

LM100H/883B
LM1D1AF/B838
LM101AH/683B
LMi01H/8838
LM105H/8838
LM107F/8838
LM107H/9838
LM107J-14/883B
LM109AH/883B
LM108A/883B
LM108H/883B
LM110F/8838
LM110H/883B
LM111H/883B
LM111J/883B
LM4250H/853B

OP-05AJ/8838
OP-05AY/883B
OP-05AZ/BB3B
OP-05./8838
OP-05Y/883B
OP-052/8838
OP-D7AJ/BB3B
OP-07AY/8838
OP-07AZ/BB38
OP-07./883B
OP-07Y/8828
DP-H77Z/BRIB



APPLICATION NOTE SUMMARY

The following are brief descriptions of current
Intersil Application notes.

A003

ADO4

A005

AQ07

AD11

AD13

A015

A0l

UNDERSTANDING AND APPL\"ING THE
ANALOG SWITCH

Introduces analog switches and compatres them

‘to relays. Describes CMOS, hybrid (FET +

driver), J-FET “virtual ground” and J-FET
“positive signal”’ types. Application information
included,

TH5009 LOW COST ANALOG SWITCH SERIES
Comparas the members of the IH5009 “virtuat
-ground” analog switches and provides suggested
applic_ations.

THE 8[]07—A HIGH PERFOHMANCE FET IN-
PUT OP AMP

Compares_the 8007 with the 741, which {s pin
cempatible and suggests applications such as log-
antilog amplifier, sample and held circuit, photo-
mieter, paak detector, etc. :

USII\IG THE 8048/8049 MONDLITHIC LOG-
ANTILOG AMPLIFIER

Describes in detail the operation of the 8048 log-

arithmetjc amplifier, and its counterpart, the
8049 antilog amp.

A _PRECISION FOUR QUADRANT MULTI-

'PLIER—THE 8013 _
_Describes, in detail, the operation of the 8013

anéatog multiplier. Included are multiplication,
division, and square root applications,

EVERYTHING YOU ALWAYS WANTED TO
KNOW ABOUT THE 8038

This note includes 17 of the most asked ques-
tidns regarding the use of the 8038.

DESIGN FOR A BATTERY OPERATED FRE-
QUENCY COUNTER

Describes a low cost battery operated frequency/
period counter using the 7207A and 7208.
Includes specifications, schematics, PC layout,
etc.

SELECTING A/D CONVERTERS

‘Describes the differences hetween integrating
converters and  successive  approximation
conwerters. Includes a checklist  for decision
making, and a note on muitiplexed data systems.

A017

A018

AD19

AD20

A021

AD22

AD23

AD26

AD27

THE INTEGRATING A/D CONVERTER

Provides an explanation of integrating A/D con-
varters, together with- a detailed error analysis.

DO’S AND DONT’S OF APPLYING A/D CON-
VERTERS

An analysis of proper design techniques using
D/A converters.

4% DIGIT PANEL METER DEMONSTRATION/
INSTRUMENTATION BOARDS

Describes two typical PC board layouts using the
8052A/7103A 4% digit A/D pair. Includes sche-
matics, parts [ayout, list of materials, etc. Also

see ADZ8.

A COOKBOOK APPROACH TO HIGH SPEED
DATA ACQUISITION AND MEICROPRO-
CESSOR INTERFACING

Uses the building block approach to cesign a
complete 12 volt system. Explains the signi-
ficance of each component and demonstrates

methods for microprocessor jnterfacing, in-

cluding the use of control signals.

POWER D/A CONVERTERS USING THE ICH
8510 )

Datailed analysis of the 8510, Included are a sec-

tion describing the linearity of the device and ap-

plication notes for driving servo motors, linear
and rotary actuators, etc. Also see AD26.

A NEW J-FET STRUCTURE-THE VARAFET

Describes in detail the operation of the varafet, a
standard J-FET with the analog gate interfacing
componénts menolithically built-in,

LOW COST DIGITAL PANEL METER DE-
SIGNS

Provides a detailed explanation of the 7106 and
7107 3% digit panel .meter 1C's, and deScribes
two of the evaluation kits available from Intersil,

DC SERVO MOTOR SYSTEMS USING THE
ICH8510 '

This companion note to AD21 explains the
design techniques utilized in using the 1CHB8510
family to drive closed loop sérve motor systems.

POWER SUPPLY DESIGN USING THE ICL-
8211 AND ICL8212

Explains the operation of the ICL8211/12 and
describes various power supply configurations.
Included are positive and negative voltage regu-
lators, constant current source, programmable
current source, current limiting, voltage crow-

- barring, power supply window detector, etc.



AD28B

AD29

A030

AD31

AQ32

Ac46

ACQ47

BUILDING AN AUTO RANGING DMM WITH THE |

ICL7103A/8052A CONVERTER PAIR

This companion app note to AQ19 explains the
use of the BOB2A/7103A converter pair to build
a +4% digit auto ranging digital multimeter. in-
cluded are schematics, circuit descriptions, tips
and hints, stc.

POWER OP AMP HEAT SINK KIT

Describes the heat sinks for. the ICH851.0 family. .

These heat sinks may be ordered from the factory.

THE ICL7104: A BINARY OUTPUT A/D CON-
VERTER FOR MICROPROCESSORS °

Describes in detail- the opération of the 7104. In-
cludes in digital interfacing, handshake mode,
buffer gain, auto-zero and external zero. Appen-
dix includes detailed discusgion of auto-zero loap
residual errors in dual slope A/D conversion.

COIL DRIVE ALARM DESIGN CONSIDERATIONS
Explains the procedure used when using watch
circuits to drive piezoelectric transducers.

UNDERSTANDING THE AUTO-ZERO AND COM-
MON MODE PERFORMANCE OF THE ICL7 106/
710717108 FAMILY

Explains in detail the operation of the 1CL7 108/
719 famity of A/D Converters.

BUILDING A BATTERY OPERATED AUTO

RANGING DVM WITH THE ICL7106

Explains principles of auto ranging, problems and
solutions. Includes clock circuits, power supply
requitements, design hints, schematics, etc,

GAMES PEOPLE PLAY WITH A/D CONVERTERS

Describes 25 different integrating. A/D converter
applications. [nput circuits, conversion modifica-

tions, display and microprocessor interfaces are

shown in detail..

ADBD

AD51

AD052

AD53

AQG4

M011

\

USING THE {TS00 FAMILY TO {MPROVE THE
INPUT BIAS CURRENT OF BIFET OP AMPS

A brief description of a preamplitier for BIFET OP
AMPS.

PRINGIPLES AND APPLICATIONS OF THE
ICL7660 CMOS VOLTAGE CONVERTER
Describes internal operation of the ICL7680. In-
cludes a wide rangs of possible applications,

TIPS FOR USING SRNGLE CHIP 3% DIGIT A/D

.CONVERTERS

Answers frequently asked questlons regardlng
the operation of 3% digit single chip A/D con-
verters, Included are sgctions on power supplies,
displays, timing antl component selection.

THE ICL7660 A NEW ERA IN GUITCH-FREE

.GHOPPER STABILIZER AMPLIFIERS

A brief discussion of the internal operation of the
ICL7650, followed by an extensive applications
section including amplifiers, compﬂrators, log-
amps, pre-amps, etc.

DISPLAY DRIVER FAMILY CGMBINES CONVE-
NIENCE OF USE WITH MICROPROCESSOR
INTERFACABILITY o

Compares and describes the various display
drivers. Includes design examples for 7 segment,
Alpha-numeric, and bargraph systems

AVOIDING PROBLEMS IN CMOS MEMORY
OPERATION
Discusses input overvoitage arid SCR fatch-up
and the multiple address access prublem in
CMOS RAMSs.



EVALUATION KITS AVAILABLE FROM INTERSIL

PRODUCT DESCRIPTION
3% Digit LCD Panel Meter Kit
31, Digit LED Panel Meter Kit

3% Digit Low Power
LCD Panel Meter Kit

4% Digit A/D Converter Kit

4% Digit LCD Display Driver Kit
4% Digit LED Display Driver Kit
4Y, Digit VF Disptay Driver Xit

8 Character Multiplexed LCD
Display Driver Kit C

8 Character M_ultif:lerged LED
Display Driver Kit

4% Digit LCD Display Counter: Kit
43, Digit LED Display Counter Kit
4Y, Digit VF Display Counter KH

8 Digit Stopwaiches
Hour Decade Timer
~ Minute Decade Timer
4 Function/24 Hour Clock

6 Digit Stopwatches
4 Function

Touch Tone Encoder
One contact per key
Two contacts per key, common
to positive supply
Common to negative supply.
oscillator enabled when key
depressed

8 Diglt Frequency/Period Counter
5 Function

Oscillator Controller
Fer application as frag.
counter with 1CM7208

Power Amplifier Kits

PART NUMBER
ICL7106EV/KIT
ICL7107EV/KIT
ICL7i3BEVIKIT

ICL7935EV/KIT
ICM72MEV/KIT
ICMT212EV/KIT
ICM7235EV/KIT

1CM7233 EV/IKIT

ICM7243BEVIKIT

IGLT224EV/KIT
IGMT225EV/KIT

ICM7236EV/KIT

ICM7Q45AEV/KIT . H-
ICM7045AEV/KIT (M.

{CM7045EV/KIT
ICMT2ISEV/KIT

ICM7206EV/KIT
ICM7206AEV/KIT

ICM7208BEV/KIT

ICM7228AEN/KIT

1ICM7207EV/KIT
ICM7207AEV/KIT

ICHB5101EV/KIT
ICH8510MEV/KIT
ICHB5201EV/KIT
ICHB520MEV/KIT
1CHB530IEV/KIT
ICHB530MEV/KIT

BINTERSIL

) CONTENTS
ICL7106 + PC Card + All Passive Components
ICL7107 + PC Card + All Passive Components
ICL71368 + PC Card + All Passive Compenents

ICL7135 + ICL7660 + ICL8069 + PC Card + Active,
Passive Components

ICM7211 + 4¥2 Digit LCO Display +PG Card + Active,
Passive Components

ICM7212 + 4% Digit LED Display + PC Card + Active,
Passive Components -

ICM7235 + 42 Digit VF Display + PC Card + Active,
Passive Components

2 of ICM7233 + PC Gard + 8 Character Triplexed
LCD Display

ICM7243B + PC Gard + 8 Character LED

ICM7224 + ICM7207A + 5.24288'MHz Crystal +
4Y4 Digit LCD.Display + PC Card + Passive Components

IGM7225 + ICM7207A + 5.24288 MHz Crystal +
4 Digit LED Display + PC Card + Passive Components

ICM7236 + ICM7207A + 5.24288 MHz Crystal +
42 Digit VF Display + PC Gard + Passive Components

‘ICM70454 + 3640889 MHz Grystal

ICM7045A + 2.184533 MHz Crystal
ICM7045 + 6.5536 MHz Crystal

ICM7215 + 3,2768 MHz Crystal

ICM7206 + 3.579545 MHz Crystal
ICM7206A + 3.579545 MHz Crystal

ICM72068 + 3.579545 MHz Crystal

[CM7226A + 10 MHz Crystal + PC Card + LEDs +
All Passive Components

iCM??O? + 6.5536 MHz Crystal
ICM7207A + 524285 MHz Crystaf

[CHB510I + Socket + Heat Sink
ICHB510M + Socket + Heat Sink
IGHB5201 + Socket + Heat Sink
1CHB520M + Socket + Heat Sink
ICHB85301. + Sccket + Heat Sink
ICH8530M + Socket+ Heat Sink



DIE & WAFER ORDERING INFORMATION

FET. MOSFET, AND DUAL TRANSISTOR CHIPS

INTRODUCTION

Intersil recognizes the increasing need for transistors and
FETs in die form. To fulfill this need, Intersil offers a full
line of JFETs, MOSFETs, and dual transistors in die form.

Die sales do, howaver, present somé unicue problems. In
many cases the chips cannot be guaranteed to the same
electrical specifications as the packaged part. This is due
to the fact that leakage, noise, AC parameters and temper-
ature testing cannot be tested to the same degree of accu-
racy for dice as it can for packaged devices. This is due to
equipment limitations and handling prohlems.

PURCHASE OPTIONS

Intersit offers dice which are delivered in a number of forms:

® Chips which have been electrically probed, inked, visu-
ally inspected and diced.

® Wafers which have been electrically proﬁed, inked, visu~
ally inspected and scribed only.

® Wafers which have been electrically probed, inked, and
visually inspected only,

GENERAL PHYSICAL INFORMATION

® Consult individual product information sheats foi dimen—
sions. Except for the aluminum bonding pads, the chips
are completely covered with vapox {silicon dioxide)., This
minimizes damage to the chip caused by handling prob-
lems. .

® Dice are 100% tested to electrical specifications, then visu-
ally inspected. When wafers are ordered, dice which fail the
electrical test are inked out.

~

® Generally the minimum size of the dig-attaching. pad
metallization should be at least 5 mils larger (on every
edge} than the chip dimensions. Faor example, a 16 mil
“chip should be attached on at least a 25 miil pad.

Small Signa! Devices

® Chipsare available with exact length X width dimensions
plus tolerance (see individual data shaets). Chip height
ranges from .003" to 006",

® To facilitate die attaching, chips are gold backed. Ap-
proximate thickness is 1000 angstroms, In general, dice
should be attached to gold, platinum,or palladium met-
allization. Thin-film gold, moly-gold and most of the
thick-film metallization materials are compatible,

® All chips have aluminum metallization and aluminum
bonding pads. Typieal aluminum thickness is 12,000
angstroms.

Power FETs

®  Chip height ranges from .07’ to .020".

To facilitate die attaching; chips have gold or silver becking. -

® Top side metal is aluminum with a thickness of 10,000 -
30,000 angstroms,

CHIP AND WAFER PROCESSING FLOW CHART

WAFER : ac :'————"———“1
PROCE
| PROCESSING | ELECTRICAL | SCRIBE :
VISUAL INSPECTION \ AND
INSPECTION : : ] FRACTURE :
+ i ‘ : L] | QG sample
100% 1 assembled for
WAFER h :
CLASSIFICATION BAE#EAP i VISUAL t special testing
AND | ! when required
ALLOCATION BACKMETAL | Y !
ac
J, . 1 VISUAL !
T ¥ " Wardas ! !
" 1 | ] I
100% i v |
ELECTRICAL i VISUAL | CARRIER I
PROBE : InsPECTION] | I| LOADING |
| I P | [ N J
4

I PACKING AND SHIFPING I




DIE & WAFER ORDERING INFORMATION
RECOMMENDED DICE ASSEMBLY PROCEDURE

CLEANING

Dice supplied in die form do not require cleaning prior to
assembly. Dice supplied in wafer form should be cleaned
after seribing and breaking. Freon TF in a vapor degreaser
isthe preferred cleaning method. However, an alternative is
to boil the die in TCE for five minutes with a rinse in iso-
propy! alcohol for 1-2 minutes.

DIE ATTACH:

The die attach operation should be done under a gaseous
nitrogen ambient atmosphere to prevent oxidation. A pre-
form should be used if the mounting surface has less than
50 microinches of gold and the die should be handled on
the edges with tweezers. Die attach temperature should be
between 385" C and 400° C with eutéctic visible on three
" sides of the die after attachment.

BONDING:

Thermocompression gold ball or aluminum ultrasonic bond-
ing may be used. The gold ball should be about 3 times the
diameier of the gold wire. The ball should cover the bond-
ingpad, but not excessively, or it may short out surrounding
metallization. 1-mil aluminum wire may be used on most
dice, but should not be used if the assembled unit wifl be
plastic encapsulated,

HANBDLING OF DICE:

All dice shown in this catalog are passivated devices and In-
tersil warrants that they will meet or exceed published spec-
. ifications when handled with the follpwing precautions:

® Dice should be stored in a dry inert-gas atmosphere.

#® Dice should be assembled using normal semiconductor
techniques. -

® Dice should be attached in a gaseous nitrogén spray at a
temperature less than 430°C.
ELECTRICAL TEST LIMITATIONS

DUAL BIPOLAR TRANSISTORS

100V max. @ <1 mA

LVeep

BYceo 100V max, @ >1 pA
BVEBo 100V max. @ <10 mA
PeE <1000 @ =10 HA
VCE{sat) Z10mV@<10 mA
-IeBo >100 pA © <100V -
YaE1"VBEZ2 1 mV @210 gA
'ai~'a2 =2 nA

FETS

100V max. @ 1 uA
0-20V @ =21 nA

Breakdown voltage
Pinch-off voltage

VGS‘th) 0-20V @3 10 UA -

'DS(on) 20 £ min, @ Vigg=0 thS = 30 MOSFETSs)
"DSS & lDSS 100 mA max.

Org 10,000 4MHOS max, @ |5 <10 mA

"otoff), Isioff), lass 100 PAmIN.
VGS1 - VGSE {Duals} 10.mV min,

Electrical iesting is guaranteed to a 10% LTPD. AC para-
meters such as capacitance and switching time cannot be

‘tested in wafer or dice form.

STANDARD DIE CARRIER PACKAGE

® Easy to handle, store and inventory,

® 100% electrically probed dice with electrical reiécts re-
moved.

® 100% visually sorted with mechanical and visual rejects
removed. ’

® Fasy visual inspection — dice in carriers, geometry side
up. )

Individual compartment for each die.

Carriers usuable in custoemer production area,

Carrier may be storage container for unusad dice.

Carriers hold 25, 100, or 400 dice, depending on die size
and quantity ordered.

® Part numbers shown in this catalog are for carrier pack-
aging.

COMPARTMENTED
TRAY

'DICE

CLEAR AMBER COVER
WITH ANTI-STATIC

/ PLASTIC FILM

1
) POSITIVE LOCKING

CLIPS
TRAY —""



DIE & WAFER ORDERING INFORMATION
OPTIONAL VIAL PACKAGE

® 100% electrically probed dice with rejects inked but in-
cluded in vial, Bulk shipment.

® 10% extra good dice included {no charge} to cover pos-
sible breakage and/or visual rejects.

@ Preferred for production quantities.
® Lower cost.

For vial package — reblaée “D’ in catalog number with
“VYoeg. 2N4416/0 (2N4416 dice in carrier) becomes
2N4416/V (2N4416 dice in vialk,

OPTIONAL WAFER PACKAGE

® 100% electrically probed — refects inked.

‘® 10% extra good dice included {no charge) to cover pos-
sible breakage and/or visual rejects.

Preferred for production guantities.
Lowest cost.
Wafer is supplied unscribed,

* & o @

For wafer package — replace ‘;D" in catalog number with
“WLoe.g.r 2N4416/D (2N4416 dice in carrier} becomes
2N4416/W (2N4416 dice in wafer).

’ -+— FILTER PAPER

T~ MYLAR
T~ roaM

-+—— PLASTIC BOX

NOTE:

Intersil reserves the right to improve device geometries and

* manufacturing processes as required. These improvements
may result in slight geometry changes. However, they will
not affect the electrical limits, basic pad layouts or max=
imum die sizes in this catalog.

ELECTRICAL TEST CAPABILITY

As an example of how to use the capability chart to see
what intersil actuatly guarantees and tests for, on a 100%
basis, compare the 2M4381 in a TO-18B package to the

2N4391 delivered as a chip. .
Elactrical Test Spee. 2N439%ina TO-18  2N4391 Chip
IGSS @ 256C 160 pA max. .100 PA max.
BVGSS A0V min, 40V min. )
ID(ofﬂ @ 26C 100 pA max. 100 pA max.
VGS(fDrwa!dl 1V max. See note 1 )
VGS(fo) or VP 4V to 10V 4V to 10V
IDSS 50to 160mA 50to 100 mA
VDS[onJ 0.4V max, 0.4V max.
"DSton] 3082 max, 30482 max. |
Ciss 14 pF max. Guaranteed by Dasign
Crss 3.5 pF max. Guaranteed by Design
ty 15ns max. Guaranteed by Design
t 5ns max. Guaranteed by Design
totf 20ns max. Guaranteed by Design
" 15 ns max. Guarznieed by Design

NOTE 1: This parametar is vary dependent upon quality of metal-
{ization surface to which chip is attached. ’

SUMMARY

Of the 14 items specified for the package part, only 7 can
be tested and guaranteed in die form. It is to be noted that
those specifications which cannot be tested in die form can
be sample tested in package form as an indicator of lot per-
formance., Many of the tests, however, such as capacitance -
tests, are design parameters,

The above electrical testing is guaranteed to a 10% LTPD.
However, there are occasions where customer requirements
cannot be satisfied by wafer sort testing alone. While the
praviously described tests will be done on a 100% basis, In~
tersit recognizes the need for additional testing to cobtain
confidence ihat a particular customer’s needs can be met.
with a reasanably high yield. Toward this end Intersil has:
instituted a dice sampling plan which is two-fold. First,
randem samgles of the dice are packaqed and tested to as-
sure adherence to the electrical specification. When re-
quired, wafers are identified and wafer identity is tied to
the samples. This tests both the electrical character of the
die and its ability to perform electrically after going through
the high temperature dice attachment stage. Second, more
sevare testing can be performed on the packaged devices
per individual customer needs. When testing is required
other than that called out in the data sheet, Irtersil issues
an |TS number to describe the part, Examples of tighter
testing which can be performed on packaged samples is
shown as follows: '



DIE & WAFER ORDERING INFORMATION

FET & DUAL FET PAIRS ' TRANSISTOR PAIRS
1. Leakages to 1 pA {lge) 1. Leakages to as low as 1 pA
2. 1ps ton} 10 as low as 4 ohms 2. Beta with collector current up to 50 mA and as low as 100nA -
3. ip (offy to 10 pA 3. fr up to 500 MHz with collector currents in the range of
4. Ipss to 1 amp {pulsed) - . 10 pAto 10mA
5. g, to 10,000 gmho . : 4. Noise measurements as low as 5nV/+/Hz from 10Hz to 100kHz
8. g, to 1 tmho 5. A{Vggq=VgggAT to 10uV/°C ta an LTPD of 20%
7. e, noise to 5 nV/A/Hz at frequencies of 10Hz to 100Hz ) 7 i ’
8. CMRR to 100dB ' VISUAL INSPECTION
3. AlVg1~Vgg)/AT down 1o 10uV/"C toan LTPD of 20%  Individual chips are 100% inspected to MIL-STD-750,
10. gy, match to % Method 2072 or, as an option, MIL-STD-883, Level B.
11. Ipsg match to 5% Inspection ‘is done to an LTPD of 20%. As an option, In-

tersil offers S.E.M. capability on all wafers.



DIE & WAFER ORDERING INFORMATION

CMOS INTEGRATED CIRCUIT CHIPS

INTRODUCTION

In addition to discrete device chips, Intersil also offers a full
line of metat gate CMOS integrated circuits in die farm. Die
sales, however, present some unigue prablems, tn many
cases, chips cannot be guaranteed to the same electrical
specifications as can the packaged parts. This is because
leakage, noise, AC parameters and temperature testing can-
not be guaranteed to the same degree of accuracy for dice
as for packaged devices.

GENERAL PHYSICAL INFORMATION

® Chips are available with precise length and width dimen-
sions, +2 mils in either dimension.

® & & 0

Each die surface is protected by planar passivation and
additional surface glassivation except for bonding pads
and scribe lines. The surface passivation is removed from
the bonding pad areas by an HF eichant; bonding pads
may. appear.discelored at iow magnification due to sur-
face roughness of the aluminum caused by the etchant.
Dice are 100% inspected to electrical specifications, then
visually inspected according t0 MIL-5TD-B83, Method
2010.2, Condition B, with modifications reflecting CMOS
requirements. :

Bonding pad dimensions are 4.0 x 4.0 mils minimum.
Storage temperature is -40°C ta +150°C,

Operating temperature is ~20°C to +70°C.

Guaranteed AQL Leveis:

. N . . , Visual . 2.0%
® Chip thickness is 16 mll_s 1 mil. Functional electrical testing  1.0%
#® Bonding pad and interconnect material is aluminum, 10K --Parametric DC tésting 4.0%

to 16K A thick, Untested parameters 10.0%
CMOS INTEGRATED CIRCUIT CHIP PROCESSING FLOW CHART
WAFER ac
PROCESSING | CARRIER °
INSPECTION
. WAFER SCRIBE PACKING '
CLASBIFICATION & &
& ALLOCATION FRACTURE SHIPPING
100% 100%
ELECTRICAL CLEAN
PROBE
g 100%
T VISUAL
QcC sample
Qc . assembled for
VISUAL " spacial testing
when required




DIE & WAFER CGRDERING INFORMATION

RECOMMENDED DICE ASSEMBLY PROCEDURES

CLEANING

- Dice subplied in die form do not require cleaning prior to
assemnbly, However, if cleaning is desired, dice should be
subjected to freon TF in a vapor degreaser and then vapor-
dried,

RECOMMENDED HANDLING

Intersil recommends that dice .be stored in the vacuum-
sealed plastic ‘bags which hold the dice carriers, Once re-
moved from the sealed bags, the dice should be stored in a
dry, inert-gas atmaosphere.

Extreme care should be tised when handling dice. Both
electrical and visual damage can occur as the result of an
unelean environment or harsh handling technigues.

DIE ATTACH

The die attach operation should be done under a gasecus
nitrogen ambient atmosphere to prevent oxidization. 1 a
eutectic die attach is used, it is recommended that a 98%
gold/2% silicon preform be used at a die attach tempera—
ture between 385°C and 435°C. If an epoxy. die attach is
used, the epoxy cure temperature should not exceed 160°C.
If hermetic packages are used, epoxy die attach should be

carried out with caution so that there will be no "outgassing”

of the epoxy,

BONDING

Thermocompression gold ball or aluminum ultrasonic bond-
ing may be used. The wire should be 99.99% pure gold and
the aluminum wire should -be 99% aluminum/1% silicon.
In either case, it is recommended that 1.0 mil wire be used
for normal power circuits. )

STANDARD DIE CARRIER PACKAGE
@ Easy to handle, store and inventory.
® 100% electrically probed with electrical rejects removad.

® 100% visually sorted with mechanical and visual rejects
removed,

® FEasy visual inspection — dice are in carriers, geometry
side up.

Individual compartment for each die.
Carriers usable In customer production area.
Carrier may be used as storage contained for unused dica.

Carriers hold 25, 100 or 400 dice, depending on die size
and guantity orderad,

® Packaging of integrated circuit dice in carriers is identi-
cal to illustration shown earlier for discrete device, ex-
cept that IG chips are not available in vial packs or in
wafer form,

CHANGES

Intersil reserves the right jn improve device geometriesand
manufacturing processes without prior notice. Although -
these improvements may result in slight geometry changes,
they will not affect dice electrical limits, pad layouts, or
maximum die sizes.

USER RESPONSIBILITY

Written notification of any non-conformance by Intersil of
Intersil's dice specifications must be made within 75 days of
the shipment date of the die to the user, Intersil assumes no
responsibility for the dice after 75 days or after further user
processing stich as, but not limited to, chip mounting or wire
honding.



PART NUMBERS AND ORDERING INFORMATION

C/MOS MEMORY: MOS MEMORY:
IME 508A1MD E M7ziaL 2 cJ N
} 33 rn 'f_ XN L
Number of Pins Number of Pins
Package ’ ’ Package
Temperature Temperature Range
M — —55°C tp +125°C M — —55°C to +125°C
‘ I — -20°Cto + B5°C . I — -20°Cto + 85°C
C — 0°Cio+ 75°C C — 0°Ctlo+ 75°C
improved Speed, Reduced Current (optional} g Speed Selection
Operating Voltage (optional) Power Selection
— Specific Chip Type Device Chip Type
General Type - MOS Process
1 — Processing Elements infersil Memary

3 — Read Only Memaories (ROM)

4 — Inlerface Elements

§ — Randdm Access Memories (RAM) .

68 — Programmable Read Onty Memory (PROM}
C/MOS Process
Intersili Memory Circuit




DIE & WAFER ORDERING INFORMATION

FET & DUAL FET PAIRS ' TRANSISTOR PAIRS
1. Leakages to 1 pA {lge) 1. Leakages to as low as 1 pA
2. 1ps ton} 10 as low as 4 ohms 2. Beta with collector current up to 50 mA and as low as 100nA -
3. ip (offy to 10 pA 3. fr up to 500 MHz with collector currents in the range of
4. Ipss to 1 amp {pulsed) - . 10 pAto 10mA
5. g, to 10,000 gmho . : 4. Noise measurements as low as 5nV/+/Hz from 10Hz to 100kHz
8. g, to 1 tmho 5. A{Vggq=VgggAT to 10uV/°C ta an LTPD of 20%
7. e, noise to 5 nV/A/Hz at frequencies of 10Hz to 100Hz ) 7 i ’
8. CMRR to 100dB ' VISUAL INSPECTION
3. AlVg1~Vgg)/AT down 1o 10uV/"C toan LTPD of 20%  Individual chips are 100% inspected to MIL-STD-750,
10. gy, match to % Method 2072 or, as an option, MIL-STD-883, Level B.
11. Ipsg match to 5% Inspection ‘is done to an LTPD of 20%. As an option, In-

tersil offers S.E.M. capability on all wafers.



PART NUMBERING SYSTEM

Examples of Intersil Part Numbers

ELECTRICAL
BASIC OPTION TEMP PKG FIN ORDER #
ICH85C0 A G T VvV  ICHB500ACTV
ICLBO3E C C P O 1GLBO3BCCPD
IH5040 M D E IH5040MDE

* OMN ALL INTERSIL IC PART NUMBERS. THE LAST
. THREE LETTERS ARE TEMPERATURE, PACKAGE,
AND NUMBER OF PINS, RESPECTIVELY.

T0-237

Plastic flat-pack

TO-220

Ceramic dual-in-line

* Small TG-8

Ceramic flat-pack

TO-66

16 pin {6 x .7 pin spacing)
hermetic hybrid dip

Cerdip dual-in-line

TO-3

Leadless, ceramic

Plastic dual-in-line

TO-52

TO-5 type (also TO-78, TC-99,
TO-100}

TO-72 type {also TO-18, TQ-71)

TO-32

TO-92

Wafer

Dice

PACKAGE:

- ITMOoOO@EP

40T r X

GEIN<C

8
10
12
14
16
22
24 {0.200" pin circle,
42 isolated case}

28 10 {0.230" pin circle,
32 isolated case}

35 Y  8(0.200" pin circle,
40 case to pin 4

48 Z 10 (0.230" pin circle,
18 case to pin 5}

NUMBER OF PINS: 20

< C—HwWwDOT

2
3
4
]
7
8

ZErAee-—IOTMIOD>
b3

LINEAR:
IcL po3s
LA

CCPD

MNurnber of Pins

Package

Temperature Range:

" M — -55°C to +125°C
| — -20"Cto+ 85°C
C — 0°Gto+ 70°C

ElectricaI‘Option

—

- Device Chip Type
Intersil Linear Circuit

HYBRIDS:

DG 126 A L
S
Package:

A — Melal Can

K — Cerdip

I — Flat pack

P — Geramic
Temperature Range:

A — -55°C to +125°C

B — -20°C fo + 85°C

C — (0°Cto+ 70°C
Device Chip Type
Device Family

DG — Drivers
- D — Drivers

G — Multi-channel FET

F D ’
l L— Number of Pins
Package '

Temperature Range:
M — —55°C ta +125°C
C — 0°Cict 70°C
Electrical Opticn
Device Chip Type
Intersil Hybrid/Analog Gate

=

WATCH AND CLOCK:
E_!\EENS ALl P l
y — _
Number of Pins
Package
Temperature Rangs:
M — —55°C to +126°C
| — -20°C to + 70°C
C— 0°Cto+ 70°C
Electrical Option
Device Chip Typse
Intersil Waich and Clock Circuit

2






