Timers

FCM7240/50/60
ICM7242
ICM7555
ICM7556

Counters

ICM7208
ICM7216
ICM7217/27-
1CM7224/25
ICM7226
ICM7236

Counter Timebase
ICM7207/A - 83

Display Drivers

ICM7211/12 6-14
ICM7218 6-55
ICM7231-34 6-84
ICM7235 6:104
ICM7243 6-133
ICM7281 6-143




Counters, Timers and Display Drivers

guaranteed: 2-18V power supply.

Parl Number Glrult Dascription Patkage Cryehl Frequeney  Qutput .
ICM7207 Freduency counter timebase, 14-Pin DIP 6.5536 MHz 0.01, 0.1, or 1-second count window plus
ICM7207A 14-Fin DIP 5.2485 MHz store. reset and MUX.
CM7208 7-digit unit counter. With addition of 7207 the 28-Pin P - LED display drive
circuit becomes a complete limer-lrequency -
counter. : - \
IEM7211 Four-digit disptay decoder drivers: ICM7211 is 40-Pin DIP [plastic} — Four-digit. seven-segment direct display
ICM7212 LCD; IGM7212 is LED: Non-multiplexed for low drive; LED or £GD
noise, BCD input, decoded display drive outpul.
ICM7216 Eighl-digit imiversal counter measures frequency, 28-Pin DIP 1or 10 MHz Eight-digit-common anode or common
ICM7226 period, frequency ratio, time interval, units; 40-Pin DiP cathods direct LED drive; BCD outpit *
on-board lime hase. {Cerdip or plastic).
ICM7217 Four-digit CMOS up/down counter: presettable 28-Pin Cerdip — Four-digit. seven-segment common anode
ICM7227 start/counl and compare register: for harg- or plastic or common cathode direct LED display
wired or mi conirol applcati . drive; equal. zero. carry/borrow
cascadable, ’
ICM7218A10 LED display driver system with Bx8 memory, ! 28-Pin DiP — Eight-digit. seven-segment plus decimal
ICM7218E numerit or dot {1 of 64) decatfing; 40-Pin 0IP point: common cathode or common
_ microprocessor compatible. (Cerdip or plastic) anorle
[CM7224 4%-digil high speed counter/decoder/drivei; 40-Pin DIP — 4%-digit seven-segment direct display
ICM7225 25 MHz 1yp: ICM7224 is LCD, ICM7225 is LED: {plastic) driver: LED or LGD
direct_display drive, cascadable. -
ICM7231 B-dight CMOS multiplexed LCD driver. 40-Pin DIP {plasiic} — Eight-gigit. seven-segment-plus two flags
Parallel inpol. ' per digit . )
ICM7232 10%-digit CMOS mulliplexed LCD driver. 40-Pin DiP (plastic) - 10%-digit, seven-segment plus two flags
Serial inpul. . per digit
1CM7233 4-character CMOS multiplexed LGD driver, 40-Pin DIP {plasiic) — Four-character. 16-segment plus colen
E Parallel alphanumeric {6-bit ASCH) input.
ICM7234 5-character CMOS muitipfexed LCD driver. 40-Pin DIP [plastic) — Five-character, 18-segment plus colon
. Serial alphanumeric (6-bit ASCH) input.
ICM7235/A 4-gigit CMOS decoder/driver for direct drive 40-Pin DIF (plaslic) - Faur-digit. seven-segment. vacuum
: vacuam fluorescent displays. BCD input, ftiorescent display drive: either HEX
ICMI235M/AM  Sam a5 ahove bul microprocessar compatible. or CO0E 8
ICM7236 4%-digit high speed CMOS cotnter/decoder/driver 40-Pir DIP (plastic) - 4%-digit, seven-segment, vaguum
for vacuum fiuorescent displays: 25 MHz typ. fluorestent display drive
counting speed.
1ICM72368 Same as above bul counting to 15959 40-Pin CIP (plastic) - 4%-digit. seven-segment. vacuum
Tluorescent display drive
ICM7240 Programmable £MOS counter/limers using External Timed output
ICM7250 external RC time base. Programmable from 16-Pin DIP
1CM7260 #5 L0 years.
[CM7242 Fixed CMOS counter/timer. lises externai RC 8-Pin DIP External Timed output
. time base: sequence timing from us to minutes.
ICM7243 8-character moltiplexed LED display driver with 40-Pin Cerdip -~ Efght-character, 14/ 16-segmant common
alphanumeric (6-bit ASCHly input. - cathode alphanumeric LED display drive
ICM7281 LCD Dot Matrix Column Driver 40-Fin DIP - Up te 256 x 255 dots
ICM7555 Single or dual CMOS version of industry-standard B-Pin DIP —
ICM7556 555 timer: B0 uA lyp. supply current; 500 kHz T4-Pin DIP
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FEATURES

¢ Stable HF oscillator

¢ Low power dissipation < S5mW with 5 volt supply

* Counter chain has outputs at + 212 and + 2" or
+ (2" x10); n = 17 for 7207, and 20 for 7207A

* Low impedance output drivers <100 ohms

e Count windows of 10{100ms (7207 with 6.5536MHz
crystal) or 0.1/1 sec. (7207A with 5.24286MHz
crystal)

APPLICATIONS

& System timebases

* Oscliloscope calibration generators

e Marker generator strobes o
s Frequency counter controllers

ICM7207/A
CMOS Oscillator
Controller

DESCRIPTION

The ICM7207/A consist of a high stabiiity oscillator and fre-
quency divider providing 4 contral oufputs suitable for
frequency counter timebases. Specifically, when used as a
freguency counter timebase. in conjunction “with the
ICM7208 frequéncy counter, the four outbuts provide the
gating signals for the count window, store function, reset
function and multiplex frequency reference. Additionally,
the duration of the count window may be changed by a factor
of 10-to provide a 2 décadé range counting system,

The normal. operating voltage of the ICM7207/A is & volts at
which the typical dissipation is less than 2mW using ancscil-
lator frequency of 6.5536MHz (5.24288MHz).

In the 7207/A the GATING output, RESET, and the
MULTIPLEX output provide both pull up and- p_uli down,.
eliminating the need for 3 external resistors; although,
buffering must be provided ifinterfacing with T2L js requited.

BLOCK DIAGRAM. »
[G] Do— (i__zz;l - - - = ] +10
0SC IN - B N
Rr
’ QSC OUT
MULTIFLEX
QuUTPUT
[V0] v+
RANGE
CONTROL
=[] *Full Invarters an 1GM 7207A RESETid] STORE
ORDERING INFORMATION ] PIN CONFIGURATION
PART PACKAGE ° ORDER NUMBER —w— -
1CM7207 {4-Pin DIP ICM7207IPD Nﬂ:Iﬂ 1w [ ]RsT
DICE ICM72071D .
EVrKit* IGM7207EVIKL sTo[] 2 13 []aaTinG our
ICMTEO07A 14-Fin DIP ICM7207AIFD nel| 3 12 [ Jmuxout
DIGE ICHT207AID 1M 7207
EVIKit" ICM7207AEVIKIT GROUND [} 4 (&) 11 { | RANGEGONTROL
Temparature Range on packaged parts is ~ 20°C to +85°C ascouT[ ] 6 w0 [
*These EV/Kits contain just the ICand the corresponding crystal. The\CM7207A 1s oscin[—| 6 .9 [ nic
also used In the 4% -Digit Gounter/Driver kifs, the ICM7224 EV/Kit, ICM7225 ne [ 7 8 [wie
EVIKit, and ICM7236 EV/Kit, which include several |Cs, a crystal, PC board, and
some passive components. {ouiline dwg PD)
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ABSOLUTE MAXIMUM RATINGS

Supply Vollage ......................... 8.0v

InputVoltages ......................... .. Equal to or less than supply voltage

Output Voltages {7207) . . . . Not more positive than +8V with respact o GROUND
F20TA) oo V*itov—

Output Gurrents ....... ... 25mA

Power Dissipation @ 26°C Note 1 ................................._ 200mwW

Operating Temperature Range .......ocooipipiininn... T -20°C to +85°C

Storage Temperature Range ........................ .. e -55°C to +125°C

NOTE 1: Derate by 2mW/°C above 25°C.

TYPICAL OPERATING CHARACTERISTICS

Nl iElrSllL

Absolute maximum ratings refer to values
which if exceeded may permanently
change or destroy the device. Strasses
above those llsted under Absolute Maxi-
mum Ratings may cause permanent dam-
age 1o 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 specitlcationa is not Implied. Expo-

sure to absolute maximum rating condi-
tions for extended periods may affect

" device reliability.

TEST CONDITIONS: fosc = 8.5536M Hz{7207), 5,242BBMHZ(7207A). W+ = 5Y, Tp; = 25°C, test cifcuit unless otherwise

. ) specified. o )
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. UNIT
Operating Vollage Range Vi -20°C to +85°C 4 5.5 \'
Supply Current v Er All outputs open circuit 260 1000 nA
Output on Resistances Idgion) Qutput.current = 5mA 50 120 [
) - All outputs
Output Leakage Currenis loLk All outputs (STORE only} 50 uA
(Oulpul Resistance {Rour) Output-current = 50uA, 7207A 33K {
Terminals. 12,13,14) : 1 enly )
Input Pulldown Gurrent Tod Terminal 11 connected to v+ 50 200 . A ]
tnput Noise Immunity ST - - 25 _ % supply voltage
Osclilator Frequency Range|  fosc Note 2 2 10 MHz
Oscillator Stability fsTAB Cin = CouT = 22pF ] 0.2 1.0 ppm/V
Osciltator Feedback rosc Quartz crystal open circuit 3 M
' Resistance Note 3

. determined by transistor sizes, threshold voltages and leakage currents.
NOTE 3:
voltages and the supply voltage.

SUPPLY CURRENT AS A FUNCTION
OF OSCILLATOR FREQUENCY

300

NOTE 2: Dynamic dividers are iised in the initial stages of the divider chain. These dividers have a lower frequency of operation

The feedback resistor has a non-linear value deterfined by the oscillator _instan!aneous input and Gutput voltage

OUTPUT SATURATION RESISTANCES
AS A FUNCTION OF SUPPLY VOLTAGE

120
Ta-25c 1 1 - = T
v o5y H Ta = 25°C
250 Medium Quality Quartz Grystaly——— E 100 gt T

e :
s - w
5 200 12 MHz : |
1 e CouT = 10pF .
= - Ow
& 10 e Cin= 100F | ES . \L oUTPUT 2
5 P 6.5 MHz =5 ]
T - Couy = WeF 2 I | DuTeIT T
3 10 % 2.3 Mits Cin = 10pF _ | Eowl . =i SaTiNG ouT

b +
> T Cour = 22ne o MUX GUTPLT
z ZMHz Cyny=22pF 2 . . )
2 90|Cour=3pF g w—
B (&GS 22k . g
1- 0
[ 2 4 & B 0 12 3 ]

OSCILLATOR FREQUENCY MHz

OSCILLATOR STABILITY AS A FUNCTION
OF SUPPLY VOLTAGE

4 5
_ SUPPLY VOLTAGE

SUPPLY CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE

+1.0 — : 600~ ]
. .;[A =z8° ) 7/ Ta=2C
g 405} O5C-65MHz L4 5007 f05C—6:5 MHz_ ]
1 ; I 2L CouT = 22pF
> I | o CiN= 22|::Fi
F ool Cour=22pF _ =400 —— - |-
3 | Gyy=50pF E | /
] i
a £ 300
1A
H
: g sl
£ % z200—|
-4 & | .
= = i
g “ 100 /
3 Couy = 22pF
Cp = 22pF
-2.0 i 0 —
a & 5 8 3 4 . B L4
SUPPLY VOLTAGE SUPPLY VOLTAGE
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OUTPUT TIMING WAVEFORMS 7207 (7207A) Crystal Frequency = 6.5536 {5.24288) MHz

Dr 628ps [ or 781ps)

1 EkHz

MULTIPLEX QUTPUT l | I | I I I l I

20 or 200 ms
—'_--- [200ur2000ms|

LB ZBRH

GATING OUTPUT

o= — — —f—l-a— 10 or 100-{100.0r 1003} ms

|.._-._ 312us (391ps)

L e = b O | |—
RAESET- . . .

75,7 (Bhm] oo 1205 12994

Referririg to the tést circuit, the erystal oscilldtor frequency is provides a 50% duty cycle signal whose period depends upon
divided by 22 to provide both the multiplex frequency and: whether the RANGE CONTR®@L terminal is connected to V' or
generate the output pulse widths. The GATING-CUTPUT GROUND (open circuit).

TEST CIRCUIT
CRYSTAL PARAMETERS
Ciy = Cour = 22pF
ICM7207 .
1=B8.5536MHz ’
Rs =400 . : .
Gy =16 mpF . .
Cp=35pF. / 85 /527 S:' /54t
ICMT207A .
f = 5.24238MHz :
‘Rg < 768 -
G = 4pF
T = 12mpF
CL = 12F
§1m< gsuk* g soet § soxt
) ) RE--
] - | li SET
P 7 hal -
STORE 2 13 G
TORE | = M= ouT
=] iz}
—| lemrzo? | 'Mux
5 11
12 1Al LAl ouT
{5] [ =
-4 O] &1
=v
+ ] L~ G o ]
Zf Cour = C %

. BWITCHES 5y, Sz, §z. 84 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT.
SWITCH S5 OPEN CIHCUIT FOR SLOW GATING PERIOD.

t SWITCHES Sz Sa, 54 and B0k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207A.

¢
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APPLICATION NOTES
OSCILLATOR CONSIDERATIONS

The oscillator consists of & CMOS inverter with a non-linear
rasistor connected between the input and output terminals
to provide biasing. Oscillator stabilities of approximately 0.1
Ppm per 0.1 volt change are achievable ata supplyvoltage of
5volts, using low costcrystals. The crystal specifications are
shown in the TEST CIRCUIT. . '
It is recommended that the crystal load capacitance (CL) be
ho greater than 15pF for a crystal having a series resistance
equai to or less than 750}, otherwise the output amplitude of
the oscillator may be too low to drive the divider refiably.
If a very high quality oscillator is desired, itis recommended
that a quariz crystal be used having a tight tuning tolerance
10 ppm, a low series resistance (less than 250, a low
“motional capacitance of S5mpF and a load capacitance of
20pF. The fixed capacitor Ciy should be 39pF and the
oscillator tuning capacitor should range between approxi-
mately 8 and 60pF.
Use of a high quality crystal will result in typical oscillator
stabilities of 0.05 ppm per0.1 voit chahge of supply voltage.

FREQUENCY LIMITATIONS

The ICM7207/A uses dynamic frequency counters in the
initial divider sections, Dynamic frequency counters are fas-
ter and consume less power than static dividers but suffer
from the disadvantage that there is a minimum operating
frequency at a given supply voltage.

p .

5

surpLy 1
VOLTAGE 3| OPERATING
wiNDOW | _ WINDOW

1 1
10KHz TGOKHz TMHz 10MHz
FREQUENCY

For example, if instead of 6.5MHz, a IMHz oscillator is
required, it is recommended that the supply voltage be
reduced to between 2 and 2.5 volts, This may be realized by
using a series resistor in series with the 5V posttive supply
line plus a decoupling capacitor. The quartz crystal
parameters, etc., will delermine the Value of this resistor.
NOTE: Except for the output open drain n-channel transis-
tors no other terminal is permitted to exceed the supply
voltage limits. '

PRACTICAL FREQUENCY COUNTER

Accmp!etefrequancycounterusingthelCM7207/A together
with the 1ICM7208 Frequency Counter is described in the
ICM7208 data sheet. .

A compiste frequency counter using the ICM7207/A together
with the ICM7208 Frequency Counter is described In the
ICM7208 data sheet, and app note A015. ‘Other frequency
caunters using the ICM7207/A can be constructed using the
ICM7224, ICM7225, and ICM7236, for LCD, LED and VF

displays. The latler are avallable as EV/Kits also.

EINTERSIL

The ICM7207/A uses dynamic frequency counters in the ini-
tial divider sections. Dynaniic frequency counters are faster
and cohsume less power than static dividers but suffer from
the disadvantage that there is a minimum operating fre-
quency at a given supply voltage.

QUARTZ CRYSTAL MANUFACTURERS

The following itst of possible suppliers is intended to be of
assistance In putting a design into production. It should not
be interpreted as a comprehensive list of suppliers, nor does
it constitute an endorsemant by Intersii.

a} CTSKnights, Sandwlch, lllinofs, {815) 788-8411 -
b) Motorola Inc., Frarklin £ark, ||I|‘n_ois (312) 4511000

¢} Sentry Manufacturing Co.,, Chickasaw, Oklahoma
(405) 224-6780

d) Tyco Filters Division, Phoenix, Arizona (602) 272.7045
&) M-Tron Inds., Yankton, South Dakota {605} 665-9321

_ f) ‘Saronix, Palo Alto, California (415) 856-6900

CHIP TOPOGRAPHY

GATING MUX RANGE v+
OuUT  OuT ’

B BT
lLﬂ‘Lﬂ‘iU"-"_{
% eI

fﬁ?‘nﬁu%ﬂ"ulﬂj

A E R

=

STORE  GROUND OSC 0SC

] W OUT 1N
. D.058" |
{1.56mm) 3

Chip may be die attached using conventional
suisctic or epoxy procedures. Wire honding may ke
sither aluminum uitrasanic or gold compression,

\
1



BINTERSIL

FEATURES
* Low operaling power dissipation < 10mW
* Low quiescent power dissipation < SmW
+ Counts and-displays 7 decades .
*» Wide operating supply voltage range
2v <yt <oy
* Drives directly 7 decade multiplexed common
cathode LED disptay '
internal store capabiiity
Internal inhibit to counter input
Test speedup point
All terminals protected against stalic discharge

# & & &

ICM7208

_ CMOS
7 Decade Counter

DESCRIPTION

"The ICM7208 is a fully integrateéd seven decade counter-

decoder-driver and is manufactured using Intersil’s low
voltage metal gaie C-MOS process.

Specifically the ICM7208 provides the following on chip
functicns: a 7 decade counter, multiplexer, 7 segment
decoder, digit & segment driver, plus additional logic for
display blanking, reset, inpul inhibit, and display on/otf.

_For unit counter applications the only additional

compenenis are a /7 digit cgmmon cathode display, 3
resistors and a capacitor to generate the muliiplex frequency
reference, and the control switches. :

The ICM7208 is intended to operate over a supply voitage of
2 16 6 volts as. & mediym speed counter, or over a more
restricted voltage range for high frequency applications.
As a freguency counter it is recommended that the ICM7208
be used in conjunction with the ICM7207 Oscillator
Controller, which provides a stable HF oscillator, and output
signal gating.

ORDERING INFORMATION
CRDER TEMPERATURE 28 LEAD
PART NUMBER RANGE PACKAGE
_.|CM7208IPI ©-20°Cto+85°C | PLASTIC
' ORDER DCICE BY FOLLOWING PART NUMBER:
ICM7208D
CHIP TOPOGRAPHY
SEG.T
’_ $EG.g
i SEG.b
v
MUX 2
01hg FEG-d
{3.4mm)
: SEG.c
SEG.e RST
GROUND
i COUNTENABLE
R ilEw ! I -COUNTIN
iDB Ds TE\ST DE D+ SVORE I
| asmm) |

PIN CONFIGURATION (OQUTLINE DRAWING FI)

W, -
vii]e 129 sEG a
SLGd [2] - [27] TEST 2
SEG e [T |26) SEG !
GROUND [7] 25} Da '
0s {5} [24] D
Ds [§] [23) TEST 1
TEST 3 {7 ICM7208 [22] D2
n.C. [8] 21 D
DISPLAY ENABLE [9] F:O’ MUX. 42
o7 [10} [19] mux. a1
STORE [11] 18] sEG g
COUNTER INPUT [12] [17] seG b
COUNTENABLE {13 i8] Mux, #3
RESET [13] [15]. sEG €

9)
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iCm7208
ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1}
Supply voltage (Note 2)
Output digit drive current (Note 3)
Output segment drive current .
input voitage range {any input terminal) (Note 2) .
Operaling temperature range
Storage temperature range’

4

Sfresses ahove those listed under Absolute Maximurn Ratings may cau

functional
implied. Exposure {o absclute maximum rating conditions for extend

TYPICAL OPERATION CHARACTERISTICS
TEST CONDITIONS: (V* = 5V, T, = 25°

..................... 30 mA

.+ Not to exceed the suppiy voltage

............ -20°C to +85°C
—-55°C to H125°C

5@ permanent damage to the device. These are stress ratings only, and
operation of the device at these or any other conditians above those indicated in the operational sections of the specificationsis not
ed periods may atfect device reliability,

C. TEST CIRCLNT, display off, unless otherwise specified) ~

PARAMETER SYMBOL | CONDITIONS MIN | TYP | MAX |UNITS
Quigscent Gurrent o All controls plus tefminal 19 connected to 30 300
V' No multfplgx oscillator
Quiescent Current I Ali controf inputs plus terminal 19 connected 70 . 350
to V" except STORE which is connected
to GROUND - uA
] Operating Supply " All inputs connected to v*, RC multiplexer 210 500
Gurrent 086G operating fin < 25KHz '
Operating Suppiy I* fin = 2MHz . 700
Current ) ) .
Supply Voltage Range vt fin < 2MHz 35 55 v
Digit Driver On Resistance IG 4 12 113
Digit Driver Leakage Ipia 500 iy
. Current . )
Segment Driver ISEG 40 1
On Resistance )
Segment Driver lsik 800 A
Leakage Current ]
Pullup Resistance of RESET |- Rp 100 1 400
or STORE Inputs : Ko
COUNTER INPUT Resistance] Ry Terminal 12 elther at V" or GROUND 100’
COUNTER INPUT Hysieresis | Vim ) ' 25 . | 50 my
Voltage

package and will not
] hesametime asan
{ power supply system |5 u
supplies otherwise the device may be permanently damaged.

The output digit drive current must be limiled to 150mA or less under stead
hot damage the device.) Therefore, depending upon the'LED
additional segment series resistors to limit the digii currerts.

NOTE 3:

display and the su|

be obtained under normal operating conditions.

y inputvoltage. This poses no problems with a single powaer supply
sed, it Is mandatory that the supply for the ICM7208 is switched on befora the athar

y state conditions. {Short term transients ug 10 260mA witl
pply voltage to be used it may be necessary to incfude
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TYPICAL PERFORMANCE CHARACTERISTICS
MAXIMUM COUNTER INPUT FREQUENCY
AS A FUNCTION OF SUPPLY VOLTAGE

MAXIMUM INPUT FREQUENCY iy MHz

SUPPLY CURRENT nA

74

6.0

50

30

20

Ta=125°C

/
/

0 10 20 30 4 50 60

SUPPLY VOLTAGE |

SUPPLY CURRENT AS A FUNCTION

300
250
200
50
100

50

OF SUPPLY VOLTAGE

Ta=25°C ' /
-t = 26kHz

RC oscillalor 1.5kHz /

/
/

/

L~

~

‘10 20 3.0 -4'.0- 5.0 6.0
SUPPLY YOLTAGE

BINMERS L

SEGMENT OUTPUT CURRENT AS A FUNCTION
" OF SUPPLY VOLTAGE

SEGMENT QUTPUT CURRENT mA

.SUPPLY CURRENT nA&

30.0

26.0

20.0

Ta=25°C /
| LED FORWARD VOLTAGE

DROP @ 15 mA- 1.8Y

S SEGMENTS LIT

V

/|

15.0

10.0

50

/

]

/

1.0 20 3¢
SUPPLY VOLTAGE

SUPPLY CURRENT AS A FUNCTION

OF COUNTER INPUT FREQUENCY

4.4 5.0 B0

600
T 7 :
Ta=25°C
500
400
A
300 l/ A
1.6kHz RC MUX OSC—L] ,
200
V)
: 7
W
100 }4,6kHz' EXTERNAL A
MUx INPUT | L1
ol It T TITT |
0.001 001 0.1 1.0 10

COUNTER INPUT FREQUENCY fiy MHz

TEST CIRCUIT

a
; ] =1 i | , 1. ,
[}
e . -
' B B
1 z 3 4 5 "6 7 «—— COMMON CATHODE
1@ 25J
= 2 27 vt
= sV 3 il
4 25
5 24
6 _ICM7208 23| 5 v+
FUNCTION 17 22
GENERATOR, DISPLAY T 1ok —}s 2t Sk
. VTeo 9 .20 A MUxX
, . 10 19 AA—2 RL.C,
I - : . 11 18, S0k | OSCILLATOR
Pl i STORE, i 12 bt {APPROX. 1.5kHz)
JL
NHIBIT 3 1 I
— 14 15 HpF
RESET

100k

]

L =)

]
IH—wA——
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TEST PROCEDURES

The ICM7208 is provided with three input terminals 7, 23, 27
which may be used to acoelerate testing. The least two sig-
nificant decade counters may be tested by applying aninput
to the 'COUNTER INPUT termirial 12, 'TEST POINT'
terminal 23 provides an input which bypasses the 2 least
significant decade counters and' permits an injection of a
signal into the third decade counter. Similarly terminals 7
and 27 permit rapid counter advancing at two points further
along the string.of decade counters.

BINTERSIL

- CONTROL INPUT DEFINITIONS

INPUT | TERMINAL VOLTAGE FUNCTION
1. DISPLAY 9 Al Digplay On
Ground | Display Off
2. STORE 11 v+t 7T Counter
' information
Latched
Ground | Counter
Information
Transferring
3.ENABLE 13 V¥ input to Counter
) Blocked
Ground | Normal Operation
4. RESET 14 CVE Normal Operation
e Ground | Counters Reset

COUNTER INPUT DEFINITION

The internal counters of the ICM7208 index on the negative
edge of the input signal at terminal #12.

BLOCK DIAGRAM

400

200Hz

TEST POINT 1

TEST INPUT 2

;¥

TEST INPUT 3
7

MULTIPLEX
DECODER
Gl R o 3 ]
Hew e Her & e —CL
=10 +10 10 +10 +10
STORE STORE STORE STORE STORE
e, TG, T.6. T.G. T.G,
‘ToUNT vt - ' ' :
ENABLE LATCHES LATCHES tatcHes| | |LaToHes LatcrEes! | [LaTenes LATCHES
STORE _
MUX MLIX MUX MUK MUX MUX MUX
N-CH N-CH N-CH N-CH N-CH N-CH - N-CH
'| 1 M i 1 *H ]
P . |pECODER r— il 1 1 i I
[28] F1H Tt
SEG.a _ 11t
- P-CH
PULL-UPS
?  SEG.b ,
P R Lt ™ e s T Mm M M
———[¢ BLANKING BLANKING ! - | BLANKING BLANKING
P D SroD STORE 58 D So R
SEG.o Ld [14] T T T
- 5 e SEG. g 1 i
SEG.d sea ] r LI o
[24] 0l & [id]
DISPLAY DIG.1  DIG.2 DIG.3 DiG.4  ¥' GROUND * pigs g G, 7
ON/OFF



ICM7208 _
APPLICATION NOTES

1. Format of Signal to be Counted
The ndigs Immuinity of the COUNTER INPUT Terminal js ap-
proximately 1/3 the supply- voltage. Gonsequently, the input
signal stiould be al least 50% of thie supply in pedk to peak
" amplitude and preferably equal to the supply; NOTE: The
amplitude of the input signal should not exceed the supply;
otherwise, damage may be done 1o the circuil.
The optimum input signal is a 50% duty cycle square wave
equal in amplitude to the supply. However, as long as the rate
of change of voltage is not less than approximately
10-4V/usec at 50% of the power supply voltage, the input
waveshape can be sinusaidal, triangular, etc.
When driving the input of the ICM7208 from TTL, a 1k-8k
ohm pull-up resistor to the pasitive supply must be used to
tncrease peak to peak input signal amplitude.

2. Display Considerations

Any common cathode multiplexable LED display may be
used, However, if the peak digit current exceed 150 mA for
any prolonged time, it is recommended that resistors be
included in series with the segment outputs to Iln'ut digit
current to 150mA, )

The ICM7208 is specified with 500,uA of possible d!glt
leakage cutrent. With certain new LED displays that are
extremely efficient at low currents, it may be necessary to
include resistors between the cathade outputs and the
positive supply to bleed off this leakage current.

3. Display Multiplex Rate

The ICM7208 has approximately 0.5us overiap botween
output drive signals. Thersfore, if the mulliplex rate is very
tast, digit ghosting will océur. The ghosting determines the
upper limit for the multiplex frequency. At very low multiplex
rates flicker bacomas visible.

N 4
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It is recommended that the display multiplex rate be within

the range of 50Hz to 200Hz, which corresponds to 460Hz to
1600Hz for the muyltiplex frequency input.

4. Unit Counter

The unit counter updatés the display for each negative
transition of the input signal. The inforination on the disptay
will count, after réset, from 00 to 9,999,999 and then reset to
0000000 and begin to count up again. Toblank leading zeros,
actuate reset at the beginning of a4 count. Leading zero
blanking affécts two digits at a time.

For battery operated systems the display may be switched
off to conserve power.

An external generator may be used to provide the multiplex
frequency input. This signal, applied to terminal 19
(terminals 16 and 20 open circuit), shouid be approximately
equal to the supply voltage, and should be a square wave for
minimum of power dissipation. )

For stand alone systems, two inverters are provided so thata
simple but stable RC oscillator may be built using only 2
resistors and a capacitor.

- Figure 1 shows the schematic of an extrerﬁely stmple unit

counter that can be used forremate traffic counting, to name
one application. The power cell stack should ¢onsistof3or4d
nickel cadmium rechargeable ceils (nominal 3.6 or 4.8 volts).
1f4 x 1.5 volt cells are used it is recornmended that adiode be
placed in series with the stack to guarantee that the $upply
voltage does not exceed 6 volts.

The input switch is shown to be a single pole double throw
switch (SPDTL A single pole single throw switch (SPSTI
could also ba used {with a pullup resistar), however, anti-
bounce circuitry must be included in series with the counter -
inpui. In order tc avoid contact bounce problems due to the
SPDT switch ihe 1CM7208 coniains an input laich on chip.
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= 2 27 vt
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4 25
5 24
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.
vt 0T . Yo7 22
pIgPLAY © © :a - : 22'13 100K
100k 10 19 A
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INPUT |
PROCESSING o :: " "
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oR i NG, 1a 15 0H1uF
v, L L T
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Flaure 1: Schematic Unit Counter
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Figure 3: Freguency Counter Input Waveformé

6. Period Counier

For this application, as opposed 1o the freguency counter,
the gating and the-input signal t& be méasured are reversed
to the frequency counter, The input perlod is multiplied by
two to produce a single polarity signal (60% duty cycle)egual
to the input period, which is used to gate into the counter the
trequency reference {1MHz in this case). Figure 5 shows a

COUNT ENABLE INPUT EXTERNAL FREQUENCY Y
h = !

biock schematic of the input waveform generator. The 1MHz
frequency reference is generfated by the ICM7209 Clock
Generator using ah 8MHz oscillator frequency and internally
dividing this frequency by 8. Alternatively, 2 1MHz signal
could be applied directly to GOUNTER INPUT. Wavefarms
are shown in Figufe 4. ‘ ’

+

STORE INPUT

-

STORE GENERATED BY THE POSITIVE
EDGE OF THE ENABLE INPUT

RESET |NPUT

COUNTER INPUT

Flg'ureﬂ: Period Counter Input Waveforms
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Figure 5: Period Counter Input Generator



ICM7211 (LCD) FEATURES

* Four digit non-multiplexed 7 segment LCD display
outpuis with backplane driver

= Complete onboard RC oscillator to generate back-
‘plane frequency

* Backplane inputfoutput allows simple
synchronization of slave-device segment outpuits
to a master backplane signal

* ICM721 devices provide separate Digit Select
inputs to accept multiplexed BCD input (Pinout
and funcllonally compatible with Siliconix DF411)

* ICM7211M devices provide data and digit select
cade input latches controlled by Chip Select in-
puts to provude a direct high speed processor
interface

* ICM7211 decodes binaty hexadecimal;

" ICM72H1A decodes binary to Code B {0-9, dash, E,
H, L, P, blank)

ICM7212 {LED} FEATURES

* 28 current-limited segment outputs provide 4-digit
non-multiplexed direct LED drive at > SmA per
segment.

e Brightness input allows direct control of LED
segment current with a single potentiometer. Can
function digitally as a display enable.

© » ICM7212M and ICM7212A devices provide same
input configuration and output decoding oplions as
.the ICM7211.

ICM7211 (LCD)

ICM7212 (LED)

Four Digit CMOS
Display Decoder/Drivers

DESCRIPTION

The ICM?7211 (LCD) and ICM7212 (LED) devices constitute a
family of nan-multiplexed four-digit seven-segment CMOS
display decoder-drivers.
The ICM7211 devices are configured to drive conventional
' LCD displays by providing a complete RG oscillator, divider
chain, backplane driver, and 28 segment outputs. These
cutputs provide the zero d.c. component signals necessary
for long display life.
The ICM7212 devices are configured to drive cormmon-anode
LED displays, providing 28 current-controlled low leakage:
open-drain n-channel oculpuis. These devices provide a
BRighTness input, which may be used at normal logic levels
as a.display enable, or with.a potentiometer as a.continucus
display brightness control. R
Both the LCD and LED devices are available with two input
-configurations. The basic devices provide four .data-Bit in-
puts and four Digit Select inputs. This configuration is
sultable for Interfacing with muftiplexed 8GD or binary out-
put devices, such as the ICM7217, ICM7226 and |CL71C03.
The microprocessar interface (suffix M) devices provide data
input latches and Digit Seleét code latches under control of
high-speed Chip Select inputs. These devices simplify the
task of implementing a cost-effective alphanumeric seven-
segment display for micraprocessor systems, without requir-
ing extensive ROM or CPU time for decoding and display
updating.
The standard devlces will pravide two diffarent decoder con-
figuraiions. The basic device will decode the four bit binary
input into a seven-segment alphanumeric hexadecimal out-
put. The "A" versions will provide the "Code B" output code,
i.e., 0-9, dash, E, H, L, P, blank. Either device will carrectly
decode true BGD to seven-segment decimal outputs.
Devices. in the ICM7211/7212 family are packaged in a
standard 40 pin plastic dual-in-line package and all inputs
are fully protected against static discharge.

PIN CONFIGURATIONS (OUTLINE DRAWING PL)
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation INote 1} ... PPN 05W@T70°C
Supply VOlagE .......o.iiiiieen i e P 6.5V
Input Voltage {Any )

Terminall (Note 2) ... ... i V+ +0.3V, GROUND 0.3V
COperating Temperature Range ............ oo cininn seaaas —20°C {0 +70°C
Storage Temperature Range ......ovieienrinvvnrinrnirinsninens -55°C to +125°C
Lead Temperature (Soldering 10 S€C.) ..o vt iiiii i inrinnnss PR 300°C

NOTE 1: This limit refers to that of the package and will nct be realized during ncrimal operation.

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecling any. terminal o
voltages gréater than V+ or less than GROUND may cause destructive device latchup.
For this reason, it is recommended that no inputs from guternal sourcés not operating an
the same power supply be applied to the device before jts supply is eslablished, and ihat
in multiple supply systems, the supply to the ICM7211/ICM7212 be turned on first.

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent-damage to the device, These are sm'ass ratings only
and functional operation of fhe device at these or any other conditions above those indicated In the operational sections of the specifica-
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reilability.

OPERATING CHARACTERISTICS .
TEST CONDITIONS: All parameters measured with ¥+ = 5V unless olherwise specified.

ICM7211 CHARACTERISTICS (LCD) .

PARAMETER SYMBOL| CONDITIONS B MIN TYP MAX | UNIT
Qperating Supply Voltage Range Vsupp - 3 5 6 \
Operating Current “lop | Test cirguit, Display blank 10 50 uA
Osgillator Input Current losci | Pin 36 +2 =10°
Segment Rise/Fall Time | tes CL = 200p+ ) . 0.5
Backplane Rise/Fall Time . trib Cy = 5000pF . 1.5 #e
Oscillator Frequency fosc  {Pin 36 Floating . ) 19 kHz
Backplane Frequency fup - 1Pin 36 Floating ' ‘ 150 Hz
'ICM7212 CHARACTERISTICS {COMMON ANODE LED)
PARAMETER SYMBOL|CONDITIONS MIN TYP MAX | UNIT|
Operating Supply Voltage Range 1 Vsurp : ) 4 5 6 v
Operating Current . lop  |Pin 5{Brightness), ) 10 50 phA
Display Off 1. [Ping27-34 - GRQUND. . .
Qperating Current ' _ lop  [Pin 6 at V", Dispiay all 8's 200 mA
Segment Leakage Current sk [Segmieni CH - T +0.01 +1 uh
Segment On Current . Isec | Segmemt On, Vo = +3V S 8 mA
INPUT CHARACTERISTICS '
PARAMETER SYMBOL|CONDITIONS B MIN TYP | MAX | UNIT
Logical "1" input vollage B oV ' 3 ! v
Logical "0" input veltage : : VI B ' 2
Input leakage current ) hiLK Pins 27-34 ) o =01 [+ nA
Input capacitance ’ Cin  |Pins 27-34 j s pF
BP/Brightness input leakage. | IapLk | Measured at £in 5 with Pin 36 at GND +.01 1 oA
BF/Brightness input capacitance Capi | Al Devices ) 200 | pF
AC CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION
Digit Select Active Pulse Widih - Isa Refer to Timing Diagrams ’ 1 us
| Dala Setup Time tas . ’ 500 )
Data Hold Time tan : | 200 ns
Inter-Digit Select Time tigs . 2 i u5
AC CHARACTERISTICS - MICROPRQCESSOR INTERFACE ) .
Chip Select Active Pulse Width tesa | other Chip Select either held active, or | 200
) both driven together
Data Setup Time ] s _ BETEB ns
Data Hold Time . _ tdn ‘ ) 10 o
inter-Chip Select Time tics 2 us




ICMs211/7iGmM7212
TYPICAL CHARACTERISTICS
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ICM7211/ICM7212
BLOCK DIAGRAMS

ICM7211 (A)

EINTERSIL
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ICM7211/ICM7212 | ' - - BINTERSIL
INPUT DEFINITIONS

In this table, V+ and GROUND are considered to be normal operating input legic levels. Actual input low and high levels are
specified under Operating Characteristics. Fer lowest power consumption, Input signals should swing over the full supply.

INPUT " | TERMINAL | CONDITION FUNCTION

BO o 27 |V"=Logical One | o

GND = Logical Zero | Ones (Least Significanti
- V' = Logical Oine ) )
B1 : 28 GND = Logical Zero | Twos o
. V" = Logical One Data Input Bits
B2 29 GND = Logical Zero | Fours
. V" = Logical One

B3 . - 80" |GND = Loglcal Zero |Eights (Most significant}

osc : . 36  |Floating or with ex- | Oscillator input

(LCD-Devices Onlyy ternal capacitor to v* : _ : ‘
GROUND - Disables BP output devices, allowing segmenis to be synced to an

|.external signal input at the BP terminal {Pin-5)

ICM72HACKT212

MULTlPLEXED BINARY INPUT CONFIGUHATlON

INPUT L TERMINAL CONDlTlON - JFUNCTION

D1 ] ’ IR . | D1 (Least significantl Digit Select

Dz - .32 §V* = Active '| D2 Diglt Select

pa- ] "33 |GND = Inactive D3 Digit Select B iy
pa . | a4 | . . [DaiMost signiticant! Digit Select ' )

ICM7211M/ICM7212M
MICROPROCESSOR INTERFAGE INPUT CONFIGURATION

INPUT|DESCRIPTION TEAMINAL| CONDITION FUNCTION :
D81 | Digit Select ' 31 o D351 & D32 serve.as 4 two bit Digit Select Code Input
Code Bit 1 (LSE) | _| v* = Logical Cne D52, DS1-= 00 selects D4
DS2 | Digit Sefect 32 GND = Logical Zero |DS2, DSt = 01 selects D3
 Gode Blt 2 (MSB) ’ DSz, DSt = 10 selects D2
N i . o o D52, P81 =11 selects D1
CS1 |Chip Select 1 ) 33 {v'= Inaciive When both GS1 and CS2 are taken low, the dafa at the Data
CS82 {Chip Select 2 34 GND = Active and Digit Sélect codeinputs arewrittenintotheinputlaiches,
On the rising edge of either Chip Select, the data is decoded
and writien inlo the outpul latches.

TEST CIRCUIT

icmrziiANE 1

5 BP QST 36
: GROD 35

CIGYTZCHIP [ 24 vh Mlcnopnocs_sson)
SELECT{: %— VERSIONS

IRPUT GND(MHLTIFLEXED)

o VERSIONS
DATA | 35 .
RIPUTS § 28 v

EACH SEGMENT
TO-HACKPLANE _|
WITH 200pF.
GAPACITOR

neuRs
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tos bsa
MGIT SELECT N
Dr-1

DIGIT SELECT
Pa

[T 1dn
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DATA ¥ALID
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DATA VALID

51
{0852}

tsz
(Cs1)

DATA AND
DIGAT SELECT

= DONT CARE

Figure 2: Microprocessor Interface Tnput Timing Dlagram

DESCRIPTION OF OPERATION

LCD DEVICES

The LCD devices in the tamily (ICM7211, 7211A, 7211M,
F211AM) provide outpuls suilable for driving conventional
four-digit by seven-segment LCD displays, inéluding 28
individual segment drivers,’ backplane driver, and a seli-
contained osclllalor and divider chain to -generate the
backplane frequency. ’
The segment and backplane drivers each consist ofa CMOS
inverler, with the n- and p-channel devices ratioed to provide
identical on resistances, and thus equal rise and fall times.
This eliminates any d¢ component, which.could arise from
diftering rise and fall times, and ensures maximum dispfay
life, '

The backplane output devices can he disabled by
connecling the OSGillator input (pin 36) to GrouND. This
aliows the 28 segment outputs to be synchronized directly to
a signal input at the BP terminal (pin 5. In this manner,
several slave devices may be cascaded to the backplane
output of one master device, or the backplane may be
derived from an external source, This allows the use of
displays with characters in multiples of four and a single
backplane. A slave device represents a load of appraximatety
200pF {comparable to one additional segment), thus the
limitation of the number of devices that can be slaved to
one master device backplane driver is the additionai load
represented by the larger backplane of displays of more than
four digits; and the effect of that loani on the backplane rise
and fall times. A good rule of thumb to observe in order to
minimize power consumption is to keep thé rise and fall
times less than about 5 microseconds. Thebackplane output
driver should handle he backplane to a display of 16 cne-
half-inch characters (rise and fall times not exceeding 5us. ie,
3 slave devices and the display backplane driven by a fourth
master devicel. It is recommended that if more than four
devices are to be slaved together, that the backplane signal
be derived externally and all the ICM7211 devices be slaved
to it. This external signal should be capable of driving very

BINTERSIL
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OSCILLATOR
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Of SEGMENTS - I | |

Disptay Waveforms

large capacitive loads with short (1-2ps} rise and fall times.
The maximum frequency for'a backplane signal shouid be .

- about 150Hz aithough this may be too fast for optimum.

display respanse at [ower display temperatures, depending
an the display used.

The onboard oscillator is designed to free run at approxi-
mately 19KHz at microampere power levels. The oscillator
frequancy is divided by 128 to provide the backplane fre-
quency, which will be approximately 150Hz with the gsciliator
free-running; the oscillator fréquency may bé reduced by con-
necting an -external capacltor between the QOSCillatgr ter-

_minaland V¥, : :

The oscillator may also be overdriven if desired, although
care must be taken to ensure that the backplane driver is not
disabled during the negative portion of the overdriving signal
{which could cause a d.c. component to the display). This
can be done by driving the OSCillatar input between the
positive supply and a level out of the range where the

‘backplang digabla is sefsed {about one fifth of the supply

voltage above GrouND}. Another technique for overdriving
the. oscillator {with a signal swinging the full supply) is to
skew the dtity cycle of the overdriving signal such that the
negative’ portion has a duration shorter than about one
microsecond. The backplane disable sensing circuit will not
respond to signal$ of this duration.

LED DEVICES

The LED devices in the family 1CM7212, 72124, 7212M,
7212AM} provide outputs suitable for directly driving four-
digit by seven-segment common-anode LED displays,
including 28 individual segment drivers, each consisting ofa
low-leakage, current-controlled, open-drain n-channel
transistor, . . o

The drain current of these transistors can be controlled by
varying the voltage at the BRighTness input {pin 5). Tha
voltage at this pin is transferred to the gates of the cutput
devices for “on” segments, and thus directly modulates the
transistor's “on” resistance. A brightness control can be
easily implemented with a single potentiometer controlling
the voltage at pin 5, connected as in Fig (3. The
potentiemeter should be a high value (100K to 1M to
minjmize [2R power consumption, which can be significant
when the display is off.

The BRighTness input may also be operated digitally as a
display enable; when high, the display is fully on, and low
fully off. The display brightness may also be controlled by
‘varying the duty cycle of a signal swinging between the two
voltages at the BRighTness input. ’
Noté that the LED devices have two connections for
GrouND; both of these pins should be connected. The
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double connection is necessary to minimize effects of bond
wire resistance with the large total display currents possible.
When operating LED devices at higher temperatures and/or
higher supply voltages, the device power dissipation may
need to be reduced 1o prevent excessive chip temperatures.
The maximum powar dissipation is 1 watt at 25°C, derated
linearly above 35°C to 500mW at 70°C (~15mW/°C above
35°Cl. Power dissipation for the device is given by:
P = V+-VrLeD) (sEG) (NSEG)

where VeLgp is the LED forward voltage drop, Iseg is
segment current, and ngeg is the number of “on™ segments.
It is recommended that if the device is to be operated at
elevated temperatures the segment current be limited by use
of the BRighTness input to kéep power dissipation within the
limits described above.

v+ (LED ANODES)

BRIGHTRESS
100k(2-1MIL FIN &

Figure 3: Brightness control

INPUT CONFIGURATEONS AND OUTPUT CODES

The standard devices in the ICM7211/12 family accept a
four-bit true binaty (ie, positive level = logicat one) input at
pins 27 thru 30, least significant bit at pin 27 ascending to the
most significant bit at pin 30. The ICM7211, ICM7211M,
1CM7212, and ICM7212M devices decode this binary input

into a seven-segment alphanumeric hexadecimal cutput,.

while the ICM7211A, ICM7211AM, ICM7212A, and
ICM7212AM decode the binary Input into the same seven-
segment output as in the ICM7218 “Code B", ie 0-9, dash, E.
H, L, P, blank. These codes are shown explicitly in Table 1.
Either decoder option will correctly decode true BCD to a
seven-segment decimal output.

These devices are actually mask-programmable to provide
any 16 combinations of the seven segment outputs decoded
fram the four input bits. For larger quantity orders, (10K pcs.
minimum) custorn decoder options can be arranged.
Contact the factory for details.

The ICM7211, ICMT7211A, ICM7212, and ICM7212A devices
are designed to accept multiplexed binary or BCD input.
These devices provide four separate digit lines (lsast
significant digit at pin 31 ascending to most significant digit
at pin 34), each of which when taken to a positive lavel
decodes and stores in the output latches of Its respective
digit the character corresponding to the data at the input
port, pins 27 through 30. More than one digit select may be
activated simultanecusly {which will write the same
character info all selected digits), aithough the timing
requirements shown in Fig {1) and under Operating Charac-
teristics for data setup, hold, and Inter-digit select times
must be met to ensure correct cutput.

The ICM7211M, ICM7211AM, ICM7212M, and ICM7212AM
devices are infended to accept data from a data bus under
processor control.

in these devices, the four data input bits and the two-bit digit
select code (DS1 pir 31, DS2 pin 32) are written into input
buffer latches when both chip sefect inputs {CS1 pin 33, C82
pin 34) are taken low. On the rising edge of either chip select
input, the content of the data input latches is decoded and
stored in the output latches of the digit selected by the
contents of the digit select code latches.

EINTERSIL

A select code of 00 writes into D4, DS2 =0, D§1=1writes into
D3, BS2=1, DS1.= 0 writes into D2, and 11 writes into D1. The
timing relationships for inputting data are shown In Fig (2),
and the chip setect pulse widiths and data setup and hold
times are specified under Operating Characterlstics.

Table 1: Quipit Cades

BINARY HEXADECIMAL ' ‘CODE B
1CMTZH1 (M} ICMT211A(M)
B3| B2 | B1]BO ICM7212(M} ICM7212A{M)
oloflo]o i} 0
olo]olfa ! H
olo|l1] o0 c Z
olo| 1] = 3
oel1]ofo Y b
o1 ]|d] 4 5 =
of1]1]o 5 5
o|lif[1]1 a1 H
1]lolalo 2 fd
1lo|o] s o =
1o} o A -
BT ARERE 5 .
tl1|lo]o0 I H
sfrlogn o i
ili]1fo s -
s i) 1] = (BLANK)
SEGMENT ASSIGNMENT
A
f, i) ’b
e_fc
3
APPLICATIONS

1. Ganged ICM7211’s Driving 8-Digit LCD Display.

] 06 D5 | D4 b3

SAGKPLANE, BACKPLANE
SLAVE 28 MASTER 28
- + SEGMENTS . SEGMENTS
i vy HIGH ORDER *W—/Y" | ow oroER
1] GNT 1 CM7211(A) [ 8NP icNr21i(A)
OSC = “1%%C p3.50 0403 D2 D1 B

H3-B0D4 D3D2 1 BE| =

T [ i
L] | M
DATA 1

DIGIT J D5
SELECTS } D4
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2. 41/2 Diglt' LCD DPM with Dl_git Blanking on Qverrange.

5 L 41/2DIQITLCD DISPLAY
BF :‘.{" l BE B E * 28 BEGMENTS 01.D4
1/2 CD4030
~~ BACKPLANE
+5¢
i T} +sv Bysy [ L{zer .
— . N 1/4 COMO30
2|4 1213172 m 7] CD4gB1
' ; S N1 omzatta
FjroL - pzfE 13202
. 4)RiH D3 {25 R — 33 D3 234
)} . 6-26
5] comp pa.fE - s1pa aranf— J
SIS {6 ] 45 B4 [23] 2083 OPTIGNAL
. EAPACITOR
TIREF IcL7ICeIA B4 J22 20082 osgasl _fd . sy
e 7] Rea - 1 2881 . - ze-100pF
7]ncz B1 5
. 100k — & B0
Pyt B, 10} fPuT os oy ——= - 5 GROUND vty
A -
- T TTJANALOG GND  5TRGBE {13
2] cLoex AzIN 7] -
i [m AZoUt [ig
. it A N
BJOR .  DiG.GNDiE-ov| | | 1% CDaczo

ADJUSTTO Iz = 120RHZ

T 30apF

av
38X .
:mam_ 3 +15¥) ANALOG POSITIVE VOLTAGE
+'5V; DIGITAL POSITIVE VOLTAGE (V1)
0V: DIGITAL GROLIND VOLTAGE
15y] —I5V: ANALOG NEGATIVE VOLTAGE

MOTE: Sep also IGL8GH2/CLBOG8IICLTICO3 and ICL7135 Data Sheets for similar
circuits with fewer features. '
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3. 804678748/IM80C48 Mlcréproc_gésor Interface.
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B-DIGIT
LCD DISPLAY

o - [6BEBHBEB

] = ICM7211M ICM7211M
L——‘ - HtGH ORDER DIGITS {} {\r LOW ORDEA DIGITS

Ve vbnugs P10 b vhise| ;5‘# SEGMENTS 598 gps seF 5 sEamENTS Vi vy
2XTALY w—| = | DATA ar4a pata’T ose 38| =
o N e ¥ FET 085 -
e froeBon TR | SRow S o
3 XTAL2 8- =
R P17 34 }—
4 AESET . . . I I I I g A -
BT L] e— i 0 T 5% i |
’ 8748 :: —_— : At T - gac;m pao 23 ||
»COMPUTER 35 . — - — % RESET MR
588 36 S - : . A - il
ki - e . - - | n&—{1FR0G akloyg
P27 38 -0 .. :: =
= PR oan1§ - - — 12 ADG Lan k)
Ny ! : ’ = = ! »
INPUT —] —{39T1 1 — — — - =1 : = :3:3; . pazat T
15 as - D1 .
6wt S 16— - — - - —d T T _:::Dl: VTS S
17 - — 17 ADS nr-
18 s = = - e - 18°ADE . LY ol
DB7 19 = - = |—
ALE FEEN PROG WH AD : i 19407 N EElvo
1 25 10 . . i g
sIeR .
10 iOW pB7 39 =]
—3 D 8355/6755
1TALE Rowsﬂpnom
L - WITH 1O
e | e
*EA should go to + 5V for __L :|’ T
BO[C) 35 davices. = Nc . NC
ORDERING INFORMATION
ORDER PART NUMBER ‘ QUTPUT CODE INPUT: CDNFIGUHATIONS
. ficMmrzitieL HEXADECIMAL |, e
LCD ICM7211A IPL | copes MULTIPLEXED 4-BIT
| pisPLAY :gmgﬂmﬁh gg’é‘f:c'm" MICROPROGESSOR INTERFAGE
ICM7212 IPL - . HEXADECIMAL oy )
LED ICMT2124 IPL CODE B MULTIPLEXED 4-BIT
DAY | Pl 'gg’g‘ED:C'MA" MICROPROCESSOR INTERFACE

Evaluation Kils are also available. Order IGM7211 EVIKit ar ICM7212 EV/KIE
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FEATURES
ALL VERSIONS:

Functions as a frequency counter.

Measures frequencies from DC to 0 MHz

Four internal gate times: '
0.01 sec, 0.1 sec, 1 sec, 10 sec’in frequency
counter mode :

Qutput directly drives digits and .

segments of large muitiplexed LED displays.

Comman anode and common cathode versions

Single neminal 5V supply required

Stable high frequency oscillator, uses eitier

1 MHz or 10 MHz crysta .

Internatly generated declmal polnts,
interdigit blanking, leading zero blanking
and overflow indication

Pisptay OH mode turns off display and puts
chip into low power mode

Hold and Reset inputs tor additional flexibllity

ICM7216A AND B

Functions also as a period counter, -
unit counter, frequency ratic counter or fime
interval counter

1 cycle, 10 cycles, 100 cycles, 1000 cycles in
period, frequency ratio and time interval modes

Measures period from 0.5us to 10s

ICM7216C AND D

¢ Decimal point and leading zero blanking may be

externally selected

ORDERING INFORMATION

Universal Counter; Common Anode LED
Universal Counter; Common Cathode LED
Frequency Gounter; Common Anode LED
Frequency Counter; Common Cathode LED

Evaluation Kit:

Use ICM7228 EVIKit

Type

ICM7216A/B/C/D
- 10 MHz Universal/
Frequency Counters

GENERAL DESCRIPTION

The ICM7216A and B are fully integrated Universal
Counters with LED display drivers. They combine a
high frequency oscillator, a decade timebase counter,
an 8-decade data counter and latches, a 7-segment
decoder, digit multiplexers and 8 segment and B digit
drivers which directly drive large multiplexed LED dis-
plays. The counter inputs have a maximum frequency
of 10 MHz ik frequency and unit counter modes and 2
MHz in the other modes. Both inputs are digital inputs.
In many applications, amplification and level shifting
will be required to obtain proper digita signals for
these inputs.

The ICM7216A and B can function as & frequency
counter, period counter, frequency ratio {(fa/fg)
counter, time interval counter or as a totalizing
counter. The counter uses either a 10 MHz or 1 MHz
quartz crystal timebase. For period and time interval,
the 10MHz timebase gives a 0.1 usec-resolution, ‘In
perlod average and time interval "average, the
resolution can be in the nanosecond range. In the
frequency mode, the user can select accumulation
times of 0.01 sec, 0.1 sec,  sec and 10sec. Witha 10 sec
accumulation time, the frequency can be displayedtoa
resolution of 0.1 Hz in the least significant digit. There
is 0.2 seconds between measurements in all ranges.

- The ICM7216C and D function as frequency counters

only, as described above.

Alfl versians of the IGM7216 incorporate leading zerg
blanking. Frequency is displayed in kHz. In the
iCM7216A and B, time is displayed in usec. The display

“is muitiplexed at 500Hz with a 12.2% duty cycle for
-each digit. The 1ICM7218A and C are designed for
‘common anode display with typical peak segment cur-

rents of 26mA. The ICM7216B and D are designed for
common cathode displays with typical peak segment
currents of 12mA. In the disptay off mode, both digit
and segment drivers are turned off, enabling the dis-
play to be used for other functions. '

ICM 7216 A IJI
ICM 7216 B 1PT
ICM 7216 C  1JI
ICM 7216 D IPI
==

— 28 pi )]
Package {JI 8 pin CERDIP

Pl —28 pin PLASTIC DIP

Temperature Range -20°C to +85°C
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PIN CONFIGURATIONS (outline dwgs JI, P)

CONTROL INFUT[J1 -~ [1WPUT A
iwput et 2 27 [THOLD wPUT
FuNCTION INPUT[].3 26 []08C DUTPUT
DECIMAL POINT QUTPUTL] 4 25 [ 1 0SC INPUF
SEGE QUIPUTTLS 24 TTEXT O5C INPUT
(i}
7
8
9

SEG G OUTPUT (] 23| ] DIGIT 1 OUTPUT
segADUTPUTC] 7 1oM716A 22 [] DIGHT 2DUTPUT
GND [ 21 [3 DIGIT 2 0UTPUT
sea ouUTPUT [ 20 [0 pIGIT 4 QUTPUT
seg s ouTPuT 10 19 {1 DIGIT 6 OUTPUT
SEGC OUTPUTT] 1 wlvt
sEG FouTRUT] 12 12 {IDIGIT 6 0UTPUT
RESET inpuT (12 16 [ DLGIT 7 GUTPUT
AANGE SNPUTE] 14 15 [1©I1GIT BOUTPUT
BONTHGL!NPUTE! 1 “~ 28 [1INPUTA
WEASUREMENT [N PROGAESS [| 2 27.[1HOLG INPUT
DECIMAL POINT QUTPUT [} 2 26 [ 0SC OUTPUT
SEGEQUTPUT ] 4 25 [] 0SC INFUT
SEGGOUTPUT[} & 24 |1 EXT DSC INPUT
SEGAOUTPUT[] 6 231 DIGIT 1 0UTPUT
eup ] 7 1cM72160 22 [] DIGIT 2 OUTPET
seaDoUTPUTE] 8 21 |.DIGIT 3 OUTPUT
seG B oUTPUT [ 9 20 [ DIGYT 4 OUTPUT
SEG CQUTPUT [] 10 19 [J DIGIT 5 QUTEUT
sEG F ouTeuT O] 11 qsigvd
RESET nruT 112 . 17 1 DIGIT 8 QUTPUT _
EX, BF. INPUT [} 13 16 [ DIGIT 7 OUTPUT
RANGE INPUT [] 14 15 [3 a7 sauTPUT

EVALUATION KIT

The ICM7226 Universal Counter Systerm has all cf the
features of the ICM7216 plus a number of additional
featuras. The ICM7226 Evaluation Kit consists of the
ICM7226A1JL (Common Anode LED Display), & 10MHz
quartz crystal, eight 7 segment-0.3” LED's, P.C. board,

‘resistors, capacitors, diodes, switches, socket; every-

‘thing needed to quickly assemble a functioning
ICM7226 Universal Counter System.

ABSOLUTE MAXIMUM RATINGS

Maxlmum S_uppIyVoHage ........... Ceeaiaa 6.5V
MaxImum Digit OutputCurrent ............ 400mA
Maximum Segment OQutput Current. ......... 60mA
Voltage On Any Input of

Output Terminaltil .. ........ V++0.3Vio -0.3V
Maximum Power Dissipation at

0 - 1.0W{ICIM7216A 8 C)

: " 0.5W (ICM7216B & D)

Lead Temperature (Soldering,10sec) ........ 300°C
Maximum Operating Temperature

Rarge ........ ... e ~20°Gto +85°C
Maximum Storage Temperature

RAMNGE «vvvvvenininnnnseenan —55°Cto +125°C
Note:

1.The ICM7218 may be triggered into a destructive fatchup mode if either input signals are apptied before the

EBINTERSIL

——

CONTROL INPUT[J1 ¢ 28 [inrPuT A
meuTB} 2 27 FHOLDINPYT .
FuicTIoN snPuTE] 3 26 [Josc ouTPUT
DIGET 1.0UTPUT [.4 25 [Jose ineuT
piGITaouTPUT] 5 - . 24 []ExTostINPUT
DIGIT 2 OUTPUT ] 6 23 [ ] DECIMAL POINT OUTPUT
piGIT 4 0uTPUTC] 7 1oM22158 22 [ 1SEG G OUTPUT '
anp(] e 21 [0 secE cuTPUT
DIGITGOUTPUT ] 9 20 1] SEG A OUTPUT
pla1T 6 ouTPLT ] 1 19 [ SEG D OUTPUT
o167 7 outPuT} 11 1wsv* i
DIGIT & OUTPUT ] 12 17 { ] SEG B OUTPUT
RESET NPUT {413 | 16 [y 5EG C OUTPUT
RANGE INPUT [] 14 15 [ sEG F oUTPUT

CONTROL irw'ur[':l 1 28 {1 INPUT A
WEASUREMENT TN PROGRESS [] 2 27 [1HoLD INPUT
DIGIT 10UTFUT] 3 26 (] OS€ OUTPUT
DIGIT 3 OUTPUT] ¢ 25 {1086 INPUT
DIGIT 20UTPUT[] 6 24 [1EXT 0SC INPUT
DIGST 4 0UTPUT 18 23 [ DECIMAL FOINT OUTPUT
anpC]7 wem7zisp 22 [ 3EG GOUTPUT ©
. DIGIT50UTPUT | 8 21 [ sE@ E OUTRUT
! pigtT 6ouTPUT(] 2 20 |1 sEG A OUTPUT -
DIGIT 7 QUTPUT [} 10 19 71 SEG D-OUTRUT
DIGIT 8CUTRUT ] 11 whve
REBET INPUT [ 32 17 [15EG B OUTPUT
EX. D.p. INPYT ] 13 16 [JsEac oUTPUT
RANGE INPUT [ 14 15 [1SEG F OUTFUT

Stresses above those listed under Absolite Maximum
Ratings may cause permanent damage to the device. These
ara stress ratings only, and functional oparation of the device
at these or any other conditions above those Indicated Inthe
operattonal sactions of the spacifications is not imptied.
Exposurs io absolute maximum rating conditions for
extended periods may affect device reliability.

power supply is applied or if

input or outputs are forced to voltages exceeding V* to GND by more than 0.3 volts.
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ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: v = 5.0V, Test Circuit, Ta = 25°C, unless otherwise spacitied.

PARAMETER SYMBOL CONDITION | MIN. TYP. MAX, UNITS
ICM7216A/R
Operaling Supply Current I | bisplay Oft, Unused lnputs to GND 2 5 mA
Supply Voltage Range W | -20°C < Ta <+85°G, INPUT A,
‘ vt INPUT B Fregusitcy al fua, 4.75 6.0 v
Maximum Frequency Fa(max) -20°C < Ta < +85°C - :
INPUT A, Pin 28 . 475 <Vt < B0V, Figure 1,
Function = Frequency, Ratio, Unit
Counter 10 MHz
. Function = Period, Time Interval 25 . MHz
Maximum Frequency fB{max) ~20°C < Ta<+85°C
INPUT B, Pin 2 475 <Vt <50V, 2.5 MHz
Figure 2 :
Minimum Separation “20°C < Tao<+B5°C
INPUT A to INPUT B 4.75 < V¥ < 6.0V, 250 ns

Time interval Function . Figure 3
Maximum Ose. Freq. and Ext, fo ~20°C < Ta< +85°C
Osc. Freduency =0 475 <Vt < 6.0V ) 10 MHz
Minimum Exi. Osc. Freq. " fosc ] ] ) 100 kHz
Oscillator Transconductance | gm VYt =475V, Ty = + B5°C 2000 pmhos
Multiplex Frequency A foso = 10MHz 500 Hz
Time Betwaen Measurements | ) fase = 10MHz _ ] 200 ms
Input Voltages: . ) .

Pins 2,13,25,27 .08 . -20°C < Ta<+85°C :

Input Low Voltage COVL . 1.0, v

Input High Voltage Ving 3.5 v
input Resistance 16 v+ Ay ot

Pins 13,24 7 ) Vin = V7 - 1.0v 100 | 400 ka
Input Leakage ) ]

Pin 27,282 WLk 20 pA
Minlmum Input Rate . : -
of Change S| dVpeddt Supplies Wall Bypassed . 18 .- mV/us )
ICM7216A
Digit Driver:

Ping 15,16,17,19,20,21,22 23

High Outpul Current - lon Vour =Vt — 20v ~140 | -180 ma

Low Cutput Current loL VouTt =+ 1.0V o +0.3 mA
SEGment Driver: - . ) N ‘

Pins 4,5,6,7,9,10,11,12 :

Low Output Current ~ loL Vour=+ 1.5V 20 35 mA

High Outpul Current loH Vout = V+_ — 2.5v . __p-100 nA
Multiplex Inputs:

Ping 1,3,14 - - : .

Input Low Voltage . Vine - Q.8 v

Input High Voltage ) VINH . 2.0 | . v

Input Resistance to GROUND RiN Vi = +1.0V 50 100 kD
ICM7216B '

Digit Driver:

Pins 4,5.6.7,9,j0,11,12 . ;

Low Qutput Current loL Vour =+ 1.3V 50 75 mA

High Output Current lox Vout = v — 2.5y -igg | 4 pA
SEGment Driver: ’ ‘

Pins 15,16,17,19,20,21,22,23
High Output Gurrent Ton Vour =v¥ - 20v -1¢ mA

Leakage Current IsLk Vour = V¥ — 25v i 4 10 uh
Multiplex Inputs:

Pins 1,3,14 . ! .

Input Low Volfage VINL - vt — 20 v
Input High Voltage ViNH vt- o8 v

Input Resistance to Vv RiN vin=vt_ 1ov 200 | 3gD kQ
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ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: V' = 5.0V, Test Circuit, Ta = 25°C, unless otherwise specified.

EOlINHEES]|B

PARAMETER . SYMBOL CONDITION MIN. TYP MAX, UNITS

ICM7216C/D

Operating Supply Current i Display Off, Unused Inputs tg GND 2 5 “mA

Supply Voltage Range —20°C<Ta< +B5°C, INPUT A .
Frequency at fmax 475 6.0 \

Maximum Frequency famaxy -20°C < Ta<+85°C |

INPUT A, Pin 28 4.75 <V‘i< 6.0V, Figure 1 10 MHz
Maximum Osz. Freq and Ext. fosc -20°C < Ta < +85°C
Osc. Frequency 475 <Vt <80V 10 MHz
Minimum Ext. Osc. Feeq. fosc ) : 100 kHz
Oscillator Transconductance Jm V=475V, Ta=+85°C 2000 gmhos
Muitiplex Frequency fmux fosc = 10MHz | 500 Hz
Time Between Measuremenis fose = 10MHz 200 ms
Input Voltages: '

Pins 12,27,28

Inpul Low Voltage VinL -20°C < Ta < +85°C ' 10 v

Input High Voltage ViNH 3.5 B} vV
Input Resistance to vt

Pins 12,24 Rin Vin=V¥" — 1.0V 100. 400. ki
Inpuf Leakage ’ '

Pin 27, Pin 28 liLk . . 20 KA
Output Current loL T VoL =+ .4V |. 038 mA
Pin 2 _ low Vor = v 8y 265 - L
Miaimum Input Rate AV, /et Supplies Well Bypassed 15 /s
~of Change ~ :

ICM7216C
Digit Driver: 7

Ping 1_5.16.‘!7,1 9,2G,21,22,23

High Qutput Gurrent lon Your=v+ - 2.0V -140 -180 mA

Low Output Current 1oL Vout = 1.0V 0.3 mA
SEGment Driver;

Pins 3.,4,5,6,8,9,10,11 .

Low Output Current loL VouT=+15V 20 30 mA

High Output Current laH Vour =Vt — 25V -igo i
Multiplex Inputs:

Pins 1,13,14

Input Low Voltage VinL 0.8 v

Input High Voltage VINH ) ?-0 A

Input Resistance to GROUND]  Rin Vin =+ 1.0v 50 100 k0
ICM7216D
Digit Driver:

Pins 3,4,5,6.8,8,10,11 ) ‘

Low Qutput Currgnt loL Vout =+1.3V 50 fE mA

High OQutput Current loH “Vour = v — 25V 100 nA
SEGment Driver:

Pins 14,16,1 7,_‘!9320,21.22.23 .

 High Output Current i0H | Vour = Vv - zav 10 i5 mA

Leakage Current” - IsLx Vour =V — 2.5V 10 A
Multiplex Inputs:

Fr:51,13,14

Input Low Voliage Vil vt_ 20 v

Input High Voltage ViNH vt 04 v
Input Resistance to V RIN vin=vt— Lov 200 360 ko
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COUNTED

/ TRANSITIONS

50 ns MIN

45v
iNPUT A
0.5y

50 ns MIN tr =1ty =10 nsec

FIGURE 1. Waveform for Guaranteed Minimum fatmax)
Function = Frequency, Frequency Rallo, Unlt Counter.

MEASURED
WNTERVAL

250 ns
MIN

.5V
INPUT A DR 48
INPUT B 05V

1 =t = 10 nsec

MIN

FIGURE 2. Waveform for Guaranteed Minimum fg(may)
and fa(max} for Function = Period and Time Interval.

TIME INTERVAL MEASUREMENT

The ICM7216A/B can be used to accurately measure
the time intervai between two events. With a 10 MHz
time-base crystal, the time between the two events
can be as long as ten seconds. Accurate resolution.in
time interval measurement is 100ns, )

The feature operates with Channel A going low at the
start of the event to ba measured, followed by Channel
B going low at the end of the event.

When \in the time interval mode and measuring a
single event, the ICM7216A/B must first be “primed"
prior o measuring the event of interest. This is done by
first generating a negative going edge on Channel A
followed by a negative going edge on Channel B to
start the “measurement interval.” The Inputs are then
primed ready for the measurement. Positive going
edges on A and B, befors or after the priming, wili be
needed to restore the original condition.

GINTERSIL

This can be easily accomplished with the foilowing

circuit: (Figure 3b). :

SIGNAL &

'D_—-mpurn
SIGNAL 8
o SIGNALS |
’D_—INPUT ]

Device' | Type
1 G D4049B Inverling Butfer
2 CD4070B Exclusive-OR

FIGURE 3b. Priming Circuit, Signal A&B High ar Low.

Following the priming procedure (whenin éin_gle event
or T eycle range input} the device Is ready to measure
one (only) event,

When timing repetitive 'signéls, itis not necessary to
"prime” the ICM7218A/B as the first alternating signal ,
states automaticaily prime the device. See Figure 3b.

During any time interval measurement cycie, . the
ICM7218A/B requires 200ms following B going low to
update all internal logic. A new measurement cycle
will not take place until completion of this internal
update time, .

MEASUREMENT INTERVAL T ————————=|-UPDATE—

}-—-—--ﬂlms
intarnal store . - l - — )
30 T0 40m: —fu-—n] f—f— I FUNCTEON:
S0 I TIME (NTERVAL

i ; 1 l 1
internal rasen +

@ 't 1 '-'—-,— o ] —

! UFD I
i qu‘tll-:mu =t PRIMING

MEASUREMERT ! i
INPHOGRESS

NOTE: IF RANGE IS SET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE,

250ns MIN.

MEASURED
INTERVAL =
(FIRST)

MEASURED
INTERVAL
[LAST)

FIGURE 3a. Wa_vrurms for Tims Intervat Measurement {others are simitar, but without priming phase}.
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INTERSIIL

EXT
03¢
INPUT ]
a 8 a DIGIT
ose OSC. ; DE ; DT | ;o outpuTs
NPUT SELECT CODER[ . DRIVERS @
P — .
ouTPUT REFERENCE
COUNTER
RANGE SELEGT RANGE AANGE
o LoGIc CONTROL <=0 |ypur
sqotoR+105 s L061IC
I 3
REBET ,, . STORE AND ,'—i
InpuT O RESET LOGIC I
6 —
CONTROL CONTROL
A= Logic [ INPUT
— 7 e
_ MAIN
=108 COUNTER EXT
[ I Y
cL OVERFLOW LOGIC ; INFUF
- NDTE 20
INPUT a fa fa fa fakapa ks —]
S INPUT A O GONTROL
. Logic
IWPUT B DATA LATCHES AND
“ INOTE 1) OUTPUT MUX STORE
L_ 4 7 8 SEGMENT
I 4 loecoper| [ |secmENT
; 7] LoGic [ nRivER [7@ SUTPUTS
a
L. >]
INPUT
CONTROL cL .
LoGIC viath
FF

FUNCTION

FN
[ S—
INPUT [NOTE 1) CONTROL [=

LOGIC

HOLD

iNPUT @

MEASUREWERT 1N
PROGRESS GUTPUT

{NOTE 2]

NOTES: 1] FUNCTION INPUT AND INPUT B AVAILABLE ON ICM 72164/8 ONLY.
2] EXT D.P. INPUT AND MEASUREMENT I PROGRAESS OUTPUT AVAILARLE ON

-1CM 7216C/D ONLY.
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TEST CIRCUIT (72164 shown; others similar)

FUNCTION INFUT A v¥ v V' DISPLAY DISPLAY EXT
GERERATOR [—~ ~————————— ? = 10882 ? O BLANK TEST MMz  OSC  TEST
A A A & -
_I_ o _[—39pF £ 2wF l l l l l)
"™ [woxo] | 7y e
FUNCTION . . ‘ Sk
GENERATOR = s
. )i
> 22m0
NPUT B . . b o N o
— 410 MHz D Dg 2 1 5
CRYSTAL
NS4
f
juup - oo
2 : INPUT
TYPICAL CRYSTAL SPECS:
F = 10 MHz PARALLEL RESONANGE
€, = 22pF
- Rg =350

B O— 0171 ) .
./Dz,o—< Af10 4
" D3 o—4 11100

b1 0— 101K

e 2 HHHHEHHH! -
2V ' s '5, Jne 0s l 0 by ln, | Jo.

SEGMENT IDENTIFICATION AND DISPLAY FONT

|
o
B
DL PN R U o KLy I e I

Overflow will be indicated on the decimat polnt output of digit 8.

A separate LED overflow indicator can bae connected-as follows:

CATHQDE ANODE

ICM7216A/C DEC. PT. Dg
ICM7216B/D Dg DEG. PT.
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APPLICATION NOTES
GENERAL
INPUTS A and B

INPUTS A and B are digital inpuis with a typical $witching
threshold of 2.0V at V= 5.0V. For optimum perfoithancethe
peak-to-peak input signal sholld be at.least 50% of the
supply voltage and centefed about the switching voltage.
When these inputs are being driven from T2L logig, it is
desirable to use a pullup resistor. The-circuit counts high to
low transitions at both inputs. (INPUT B is available onty an
ICM7218A/B):

Note: The amplitude of the inputl shou!d not sxcead the
supply. otherwise, the circuit may be damaged.

Multiplexed Inputs

The FUNCTION, RANGE, CONTROL and EXTERNAL DEC-
IMAL PQINT inputs are time multiplexed to select the input
function desired. This is achisved by connecting the appropri-
ate Digit driver cutput to the inputs. The input function, range
and control inputs must be'stable during the last haif of each
digit output, (typically 125usec). The multiplex inputs are
active high for the commorni anode fCM7216A and G and active
low for the common cathode ICM72168 and D-

Noise on the multiplex inputs can cause improper gperation.
This is particularly true when the unit counter mode of opera-
tion is selected, since changes in voltage on the digit drivers
can be capacitively coupled through the LED dicdes fo the
multiplex. inputs. For magimum noise immunity, a 10k
resistor should he placed in series with the multiplex inpuis
as shown in the application circuits.

Table 1 shows the functions selected by each digit for these
inputs.

CONTROL INPUT Functions

Display Test — All segments are enabled contmuously,
giving a display of all 8's with decimal points. The display
will be blanked if Blank Digplay is selected at the same time.

Blank Display — To disable the-drivers, it is necessary to tie
D, tothe CONTROL INPUT and havethe HOLDinput atv+.

The chip will remaininthis“Display Off” mode until HOLD

is switched back to GND. While in the “Display Off" mode,
the segment and digit driver outputs are open, the oscillator
continues to run with a typical supply current of 1.5mA with
a 10 MHz crystal, and no-measuraments are-made. In addi-
tion, inputs to the multiplexed inputs will have no effect. A
new measurement Is initiated when the HOLD input is
switched to GND. Segment and Digit Drive autputs may’
thus be bussed to drive a common display {up to 6

circuits)

1 MHz Select — The 1 MHz select mode allows use of a
1 MHz crystal with the same digit multiplex rate and time
between measurements as with a 10 MHz crystal. The
decimal point is also shifted one digitto therightin Pericd
and Time Interval, since the least significant digit wiil be
in gsecond increments rather than 0.1 psec increments.

External Osclilator Enable — In this mode the EXTERNAL
OSCILLATOR INPUT is used instead of the on-chip os¢illa-
tor for Timebase Input and Main Counter input n peried
and tima interval modes. The on-chip oscillator will con-
tinue to furiction when the external osciliator |s selected.
The external osclliator input frequency must be greater

LN EIRDUL

TABLE 1. Mulfiplexed Input Functions

) FUNCTION DIG!T

FUNCTION INPUT| Frequency Dy

Pin 3 Period Dy

g(g‘rﬂ;fzmA &8 Ffequency Ratio Pz
Time Interval Dg
Unit Counter D,
Oscillator . Dy
Frequency 7'

RANGE INPUT .01 sec/1 Cycle Dy

Pin 14 .1 8ec/10 Cycies Dy

1 sec/100 Gycles Dj
10 sec/1K Cycles Dy

CONTROL INPUT

Blank Dispiay " by and Hold
Pin 1 Display Test Dg

1 MHz Select D,
External Oscillator D,

Enable -

External Decimal Ba

Point Enable
(Test . Dg)

EXT. D.P. INPUT Decimal point is output for same
Pin 13, IGM7218C| digit that is conneéted to this

& D Only input

than 100 kHz or the chip will feset ilself to enable the
on-chip oscillator. AOSGIIIator INPUT {pin 25) must also be
¢onnected to EXT.OSC. inputwhen using EXT.OSC. input.

External Decimal Point Enable — When external decimal
point is enabled a decimal point will be-displayed whenever
the digit driverconnected to EXTERNAL DECIMAL POINT
input is active. Leadlng Zero Blanking will be disabled:for
all digits following the decimal poini (7216C/D cnly).

Test Mode — This is a special mode for testing purposes
only. Contact factory far details.

RANGE INPUT

The RANGE INPUT selects whether the measurement is
made for 1, 10, 100, 1000 counts of the reference counter,
Im all functional modes except unit counter a change In
the RANGE INPUT will stop the measurement in progress
without updating the display and then initiate a new mea-
surement. This prevents an erfoneous first reading after
the RANGE INPUT is changed.

FUNCTION INPUT

The six functions that can be selected are: Frequency,
Perlod, Time Enterval, Unlt Counter, Frequency Ratio and
Oscillator- Frequency. This Input is available on the
ICM7?216A and B.only.
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These functlons select which signal is counted Into the
Main Counter and which signal is counted by the Refer-
ence Counter, as shown in Table 2, In all cases, only 1—0
transitions are counted or timed. In time interval, a flip-
flop Is toggled first by a 10 transition of INPUT A and
then by a 10 iransition of INPUT B. The oscillatar is
gated into the Main Counter from the time INPUT A
toggles the flip-flop until INPUT B toggles it. In unit
. counter mode, the main counter contenls are continu-
ously displayed. A change in the FUNCTION INPUT wili
. stop the measurement in progress without updating the
display and then initiate a new measurement. This
prevents an erroneous first réading after the FUNCTION
INPUT is changed. ’ :

TABLE 2, 7216A/B Input Routing

DESCRIPTION | MAIN COUNTER REFEHENCE )
COUNTER

Frec.;uency {Fa} Input A 1100 Hz (Oscillator
+ 105.0r 104)

Period (14} Qsciflator Hnput A

Ratio (fa/fa} Input A {Input 8

Time Interval Osce(Time fTime Interval FF

{A—~B) 1 Interval FF} 1

Unit Counter Input A |Not Applicable

{Count A) . )

Osc. Freq. Oscillator 100 Hz (Oscillator

{fosc) |+ 105 or 104)

EXTernal DECimal Point INput

When the externaf decimal point is seiected this inputls
actlve. Any of the digits, éxcept Dy, can be connected to
1his point. Dg should not be used since it will overrids the
overflow outputl and leading zercs will remain un-
blanked after the decimal point. This input is available
on the ICM7216C and D only.

HOLD input — Exceptinunlteounter mode, whan the HOLD
Tnput is at V* any measurament -in progress (befare the
“'store time", see Figure 3a) is stopped, the main counter is
reset and the chip is held ready to Inltlate a new measure-
ment. The latches which hold the main counter data are not
updated so the last complete measurement is dispfayed,
When HOLD is changed to GND a new measurement |s Im-
mediately-initiated. In unit couritar mode, the counter Is not
reset; the count Is frozen but will continue if HOLD goes Jow
again.

RESET Input ~ The RESET input is the same as an Inverted
HOLD 1input, except the latghes for the Main Counter are
enabled, resulting in an output of all zeros, and the pinhasa
pull-up.

DISPLAY CONSIDERATIONS

The display is muitiplexed at a 500 Hz rate with a digit time of
244 psec. An interdigit blanking time of 6 psec is used to
prevent ghosting between digits. The decimal point and lead-
ing zero blanking assuine right hand decimal point displays,
and zeros following the-decimal point will not be blanked. Also,
the leading zero blanking will be disabled when the Main
Counter overflows. Overflow is indicated by the.decimal point
on digit 7 turning on.

3
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The ICM7216A and C are designed to drive common anode
LED displays at peak current of 25mA/segment, using
displays with VF = 1.8 V at 25mA. The average DC current will
be over 3mA under thess conditions. The ICM72168 and D
are designed to drive common cathode displays at peak
current of 16mA/segment using displays with Ve = 1.8V at
15mA. Resistors can ‘be added in series with the segment
drivérs to limit the display current in very efficient displays, if
required. Figures 4,5:6 and 7 show the digit and segment
currents as a function of outpul voltage.
To get additional brightness out of the displays, v+ may be
increased up to 6.0V. Howevst, cara should be taken to see
that maximum power and current ratings are not exceeded.
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The segment and digit outputs in ICMT7216's are not directly
compatible with sither TTL or CMOS logic when driving LEDs.
Therefere, lavel shifting with discrete iranststors may be
required to use these outputs as logic signals.

O INTESS 1L
ACCURACY

In a Universal Gounter crystal drift and quantization effects
cause errors. [n frequency, period and time interval modes, a
signal derived from the oscillator is used in either the
Reference Counter or Main. Counter Therefore, in these
modes an error in the oscillaior frequency will cause an iden-
tical error in the measurement. For instance, an oscillator
temperature coefficient of 20ppm/°C will cause a measure-
ment error of 20ppm/°C.

In addition, there is a quantization etror inherent in any digital
measurement of +1 count, Glearly this error is reduced by
displaying more digits. In the frequency mode the maximum
accuracy Is obtained with high frequency inputs and in
period mode maximum dccuracy is obtained with low fre-
quency Inputs. As can be sden in Figurg 8, the least accuracy
will be obtained at 10'kHz. [n time interval measuremsnts
there can be an error of 1 count perinterval. As a result there
is the same inherent accuracy In all ranges as shown in
Figure 9. In frequency ratio measurement can be more ac-
curatsly obtained by avéraging -over more cycles of INPUT B
as shown ir Figure 10. ©
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CIRCUIT APPLICATIONS

The ICM7218 has been designed for use in a wide range of
Universal and Frequency counters. In many cases,
prescalers will be reguired to reduce the input frequenciesto
under 10 MHz. Because INPUT A and INPUT B are digital
inputs, additional circuitry is often required for input buffering,
amplification, hysterisis, and level shifting to obtain a goad
digitat signal.

The ICM7216A or B can be used as a minimum companent
complate Universal Counter as shownin Figure 11. This circuit
canuse inputfrequencies up to 10 MHz.at INPUT A and 2 MHz
atINPUT B. If the signal at INPUT A has a very low duty cycle it
may be necessary to use a 74121 monostable multivibrator or
similar circuit to stretch the input pulse width to be able to
guarantee that it is at least 50ns in duration.

To measure frequencies up to 40 MHz the circuit of Figure 12

- can be used. To obtain the correct measured value, itis neces-

FIGURE 10. Maximum Accuracy for Frequency Ratio
"Measurement Due to LimHation of

Quantization Errors

sary fo divide the oscillator frequency by faur as well as the
input frequency. In doing this the time between measurements
fs also lengthened to 800 ms and the display multiplex rate is
decreasad to 125 Hz, :
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FIGURE 12. 40MHz_Frequency Counter

I+ the input frequency is prescaled by ten, then the osclifator
can remain at 10 or + MHz, but the decimal point must be
fnoved one digit to the right. Flgure 13 shows a frequency
counter with a <10 prescaler and an ICM7216C, Since there
is no external decimal point gontral with the ICM7216A or B,
thedecimal point may becontrolled axtemallywnh addltional
drivers as shown in Flgure 14, Altarnatively, If separate
anddes are availabie for the decimal points, they can be *
wired up to the adjacent digit anodes. Note that there can be
one zéro to the left of the decimal polint since the internal
“teading zéro blanking cannot be changed. In Figure 15 addl-
tianal-logic has been added to count the input directly in-
period mode far maxirnurn accuracy. In Figures 13 through 15,
INPUT A comes from Qg of the prescaler rather than Qp to ob-
tain an input duty cycle of 40%.
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OSCILLATOR CONSIDERATIONS

The oscillator is a high gain complementary FET inverter. An
external resistor of 10M{) to 22MQ should be connected
batween the OSCillator INPUT and QUTPUT te provide bias-
ing. The osciltator is designed to work with a parallel resonant
10 MHz quartz crystal with a static capacitance of 22pF and a
series resistance of less than 35 chms.

For a specific crystal and load capacitance, the required gm
can be calculated as follows:

. 2
gm = w? Cin Cout Hs (1+ Co )
L
where CL = (—-H-Clncom )
L CintCaut

_ Co = Crystal Static Capacitance
‘Rg = Crystal Series Resistance
Cin = Input Capacitance
Cout = Qutput Capacitance
w=2 =l

The required g,y should not exceed 50% of the am specified
for the ICM7216 to insure reliable startup. The OSCillator IN-
PUT and OUTPUT pins sach contribute about 5pF to Gy and
Cout For maximum stability of frequency, Gin and Cout
should be approximately twice the specified crysial siatic
capacitance.

In cases where non decade préscalers are used It may be
desirable to usé a crystal which is neither 10 MHz or 1 MHz,
In that case both the muitiplex rate -and time between
measurements wili ba different. The multiplex raie is fp =

f, f )
—%¢ {5710 MHz mode and fpy, = —>=— for the 1 MHz
2x 104 - 23103
. . 3 [ L
mode. The time between measurements is f in the
t osc
b 5 N
10 MHz mode and Z?J- in the 1 MHz mode.

[e:14
The crystal and oscillaior componsnts should be located as
close to the chip as practical to minimize pickup from other
signals. Coupling from the EXTERNAL OSCILLATOR INPUT
to the QOSCILLATOR OUTPUT or INPUT can cause undesira-
ble shifts in ascillator frequency.
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'FEATURES

* Four decade, preseitable up-down counter with
parallel zero detect

Settable register with contents cunlmuously
compared to counter

Directly drives multiplexed 7 segment common
anode or common cathode LED dispiays
On-board multiplex scan oscillator

Schmitt trigger on count input

TTL compatible BCD 1/0.poni, carry/borrow equal,
and zero outputs

Display blank control for tower power operatlon;
quiescent power dissipation < 5SmW

-

Single 5V supply operation

DESCRIPTION

The IGM7217 and ICM7227 are four digit, presettabte up/
down counters, each with an onboard presettable register
contlnuously compared to the counter, The ICM7217
versions are intended for use in hardwired applications
where thumbwheel switches are used for [0ading data, and
simple SPDT switches are used for chip control. The
1CM7227 versions are for use in processor-based systems,
where presetting anid controf functlons are per!ormed under
processor control.

All terminals fully protected against slalié discharge’

PIN CONFIGURAT!ONS (outline dwgs JlI, PY)

CARAY/HORAOW [ 1 ]

. =3 |cAmT22
BCD %0 4's [SF  curanre

BED Y s | 8
BGD Vo 1 [T

ICM221T
tcMrzre

cARRY/BORROW [1] CARRY/BORROW. [ ] SEOs
ZEAD ZEAD SEGy

EQUAL | 3] EQUAL [F] SEGH

aco Vo a's [ 4] BCD O &[4} SEG:

BCD Vo 45 [ 3] [24] vt
gcovozsfs]
HED 40 1'5 |7 ]

8cD MD!! [5] icur227a
HeD o 2s [€ | teMi2zic

COUNT INFUT [E counT INFuT L2 SEQg
STORE [ 83 STORE | GISPLAY CONT:
ups00wH [10] ur/DGWHA 10 1] GROUKD
5C1 113 LOAD REGSSTER/OFF 111 18] &1
sc2 [128. LoAD GOUNTER/TT OFF [12] h7] 2
TATA TRANSFER SCAN [13] [16] 53
WS RESET [15] B4

COMMON CATHODE

ICM7217 Series
ICM7227 Series

4-Digit CMOS

Up/Down Counter/

Display Driver

These circuits provide muliiplexed 7 segment LED display

outputs, with common anade or common cathode con-
figurations available. Digit and segmeit drivers are provided

1o dirgetly drive displays of up to .B" character height

(commaon anode) at a 25% duty cycle. The frequency of the
onboard multiplex oscillator may be controlled with a single
capacitor, or the oscillator may be"allowed to free run.
Leading zeroes can be blanked. The data appearing at the 7
seginent and BCD outputs is |atched; the content of the
counter is transferred into the latches under external control
by means of the Store pin.

The ICM7217/7227 (common ancde) and ICM7217A/7227A
{[common cathode)versions are decade counters, providing a
maximum count of 9999, while the ICM7217B, 7227B
{common anode) and ICM7217C/7227C (commdrn cathiode)
are intended for timing purposes, providing a maximum
count of 5959,

These circuits provide 3 main outputs; a CARRY/BORROW
output, which atlows for direct cascading of counters, a

~ZERO output, whicH indicates when the countis zero, andan

EQUAL output, which indicates when the count is equal to
the vatue centained in the register. Datais multiplexedto and
irom the device by means.of a three-state BCD I/0 pon. The
CARRY/BORROW, EQUAL, ZERO outputs, and the BGD
port will each drive one standard TTL load.

To permit operation in noisy environments and to prevent
multiple triggering with slowly changing inputs, the count
input is-provided with a Schimitt trigger.

Input fréquency is guarantéed to 2 MHz, although the device
will typically run with fin as high as 5 MHz. Counting and
comparing {EQUAL output) will typically run 750 kHz maxi-
mum. ’

ORDERING INFORMATION

Count Oplion | 28-LEAD Order

Display Oplion Max Count Package | Past Number
Common. Anode Decade/9999 | CERDIP 1GMT 21711
Common Cathode | Decade/0890 | PLASTEC | ICM7217AIPI
Common Anaode Timer/5959 CERCIP 1ICM7217BIJ1
Comman Cathode | Timer/5959 (PLASTIC | IGM7217CIPI
Common Anade Decade/9893 | GERDIP 1CM72271J1
Common Cathode | Decade/2999 | PLASTIC | ICM7227AiPI
Commén Anade Timer/5959 CERDIP ICM7227B1J1
Common Cathode | Timer/5959 ‘PLASTIC | ICM7227CIPI

®)



ICM7217/7227

ABSOLUTE MAXIMUM RATINGS .
1W Note 1

Power Dissipation (common anode/Cerdip) .....
Power Dissipation (common cathode/Plastic) .. .0.5W Note 1
Supply Voltage V't -V i Y

Input Voltage -

{any terminal}............ v+ 0.3V, Ground -0.3V Note 2
Operating temperature range. . .........oe.n -20°C to +85°C
Storage temperature range....... ... ..o -55°C to +125°C

OPERATING CHARACTERISTICS

BINTERSIL

NOTE: Stresses above 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 condilions above 1hose indicated in the
operatien sections of this specification is nol implied.
Exposure to absclute maximum rating conditions for
extended periods may cause device failures..

V* = BV +10%, T4 = 25°C, Test Circuit, Display Diode Drop 1.7V, unless otherwise spacified

PARAMETER SYMBOL , CONDITIONS MIN | TYP | MAX | UNITS
Supply current " Display-Off, LC, DC, UP/DN, :
Lowest power mode} 7217} ST, BS, BCD I/O Floating or at VT (Note 3) 350 [ 500 | pA
Supply current ] i Display off INote 3) ’ 300 | 500 nA
{L.owest power mode}- | (7227} ) ]
Supply current 1bp Commobn Ariode, Display Cn, all “8's” | 175 | 200 mA
CPERATING Cormmon Cathode, Display On, all "8's™ B85 100 mA
Supply Voltage vt o ] ‘ 45 | 5 | 55 v
Digit Driver output Toig Common gnode, Vour = vt -2.0v 140 | 200 mA
current o . peak
SEGment driver IsEa Cominon anode, YouT = +1.3V =25 | -40 mA
output current ) o ) ] peak
Digit Driver Ipig “Common cathode, Yoyt =+1.3V ~75 |—100. [: ‘mA
output current . peak
SEGrment driver isec | Common cathade Vour = vt -2v 0 | 125 mA
ﬂtput current ] B ) peak
ST, RS, UP/DN input e " Vout = VT -2V (See Note 3 5 | 25 wh
puliup current ' ok )
3 level input |mpedance I L . - s 100 | kil
BCD IO input VaiH ICM7217 comman anade (Nate 4) (v =50 1.3 v
high voltage ICM7217 common cathode (Note 4) ) V08 — v
. 1CM7227 with 50pF effactive load 3 _ v
BCD /O input VBIL |CM7217_common anode (Note 4) (V¥ =5. DV) 08 v
low voitage 1CiM7217 common cathode (Note 4) viig] v
1CM7227 with 50pF eifective load . _ l1s [ v
BCD /O input Ispu ICM7217 common cathode Vin = VT -2V INote3) | 5§ 25 wA
pullup current o i e
BCD /O input lPD ICM7217 common anode Vin =+1.3V (Nate 3) 5 25 uh
pulldown current .
BCD 170, CARRY/BORROW, | lagn VoH = VT 1.5V 100 uh
ZERO, EQUAL Outputs
output high current . N . . —
["BCD 170, CARRY/BORROW, | Izor. VoL = +0.4V -2 mA
| ZERO, EQUAL Outpuls
output low currant . )
Count input frequency fin vt =8V £ 10%, -20°C <Ta < +70°C 0 c 2 MHz
| tGuaranteed! : . 5
| Count input threshold ViH . | VT =5V 2 v
Count input hysteresis _ VHvs vyt =5y 0.5 v
| Display scan fds Free- runnmg (SCAN terminal open circuit) 2.5 kHz
oscillator frequency ] i
Operating Temperaiure Ta | Industrial tsmperature range -20 +85 | °C
Range .

NOTE 1
NOTE 2

L

These limiis refer to the package and will hot be obtalned during norinal operaticn.
Due tathe SCR structure inherent in the CMOS process used 10 fabricate these devices, connecllng any terminal to avoltage greater
than V1 or less than ¥~ may cause destructive dewce]atchup [Farthis reasonitis recommended that the power supply to the device be

established before any inpuis are applied and that in multiple systems the supply to the ICM7217/7227 be turned on first.

NOTE 3

In the ICM7217 the UP/DOWN, STORE, RESET and the BCD I/0 as inputs have pullup or pulldown devices which consurne power

when connected to the opposite supply. Under these conditions, with the display off, the davice will consume typically 750 pA. The
1CM7227 devices do not have these pullups or pulldowns aig thus are not subject to this condition.

NOTE 4

These voitages are adjusted to allow the use of thumbwheel switches for the ICM7217 versions. Note that a positive level is taken asan

T T T JE P



ICM7217/7227

c . g—
Commeon-Afode ] Gomman-Gathode- i T . —_
Display eyl l[ ,.,] i Pe— Dlsplay falef | il
p —_— e — !
l_HHjH - Tl 1110 11
i lm |ns. p2 o1 9 ) “Toa ™ Joa |nz- 1
]
Thumbwheel 3
3“““"“ Catry —J 1 F = Carry/Borrow— 4 8 =
E10 2 27 - Fero—{ 2 2
pa |p3 |p2 |o1 aval —3 26 Equai—} 3 26
BCOD IID -] - 4 25— . N = 4 =
BCD 170 &' 5 P ' 480 5 5
BCD /@ 2 6 oMrT 3 Data Bus 46 icerern 2
8CO IO 1 _J - 7 ICMI217B 22 7 lcurzrc 22
Countinpul—J 8 21 - . Count Input +is .21
- g wHA 20 = Display
10 19 . 15 Contral
1 18 — 18-
12 17 - [
13 16 -~ Data Transfer ‘.l
14 15 - Conirel Word Read 15|
S - (from processor)
2

Figure 1: Test Circuits, showing the ICM7217 in the Common-Anode Version and the ICM7227 in the Common-Cathode Varsion
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te is f1 3¢
16 . B X G,
| Al e fuf e Jul e
Ja A i 1
_D‘l D2 D3 D4
=1 10 o 10 REQ, REG. REG. REG.
ZERG zea0 . fe—j2eR0 . [+—zero  |<—|zero T
4 4 7]
GOUNT L CARRY f—=JCL CARRY | = | '
e Sy Wi Rl D i comp. comp. COMP. come. EqUAL
I, )f’ T T
;
g % g T pa - CARRYV/EORROW
. I 1.ﬂ—| T H T.G. H T.G. ﬁ"“c" = ufp
s2+-l aco 3 2 1 fi_ T .
s "o LATCH
_— 8TORE
15 LATCH LATCH LATCH LATCH En
MLX —f‘— * MLX ,’2 Mux '/:T MLIX |a-—
4 ‘l"‘ 'f“ ’]." ‘I"' Te Iﬁ""“‘m"| sc1
WX couNTER
RESEY
Laae
LATCH
) SC2
CWS
DT
OSCIL
' l L2ZB, I
SEGMENT DECODER i BISPLAY BLANK pc
“ Loispray auank ]

L SEGMEN‘T nmvsarl
PEHTT

DIGIT DRIVERS
4

bl

0403 B2 Dq

Figure 3: ICM7227 Functlonal Block Diagram

SCAN -‘ﬂ,\.__——"\'*'—___\__——"\*-_-_\._———*r-"-_\___———‘__—_
400us TYP,
{we}- 1055 TYP. FREE | FREE s
INTERNAL OSC, . -
OUTPUT M I I 1 I
Ly L L .
Moa__ T 1
D3 { |
INTERNAL
(BCD AND D2 | - {
SEGMENT i
ENABLE} i | ]
ma I__
. ] . [ -
EXTEHNAL [e=}- INTERDIGIT BLANK -
{COMMON D2 [ : 1
ANODE} :
DIGIT .
STROBES | o L. I I—

Flgure 4: Multiplex Timing

DESCRIPTION OF OPERATION

OUTPUTS .

The CARRY/BORROW output is a positive going pulse
occurring typically 500ns after the positive going edge of the
COUNT INPUT. It occurs when the counter is clocked from
9999 to 0000 when counting up and from Q000 to 9999 when
counting down. This output allows direct cascading of
counters, ’

The EQUAL output assumes a negative level when the con-
tants of.the counter and reqister are ecal

The ZERO qutput assumes a negative level when the content

.of the counter is 0000,

The CARRY/BORROW, EQUAL and ZERQ cutputs wili drive a
singie TTL load over the full range of supply voltage and
ambient temperaturg; for a logic zera, these outputs will sink
2mA @ 0.4V (on resistance 200 ohms), and for a logic one, the
gutputs will source =B0uA. A 10k} pull-up resistor to V+ onthe
EQUAL or ZERO aulputs is recommended for highest speed
operation, and on the CARRY/BORRGW output when it is
béing used for cascading.
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CARRY/BORROW
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EGUAL

ZERD

The Digitand SEGment drivers prcwde a decoded 7 sagment
display system capable of directly driving common anode
LED displays at typical peak currents of 40mA/seg. This
corresponds to average currents of i0mA/seg at a -26%
multiplex diity €ycle. For the commoni cathode versions, pegk
segment currents dré 125mA, corresporiding to averdgé
segment cirrents of 3.1mA. Figure 4 shéws the muitiplex
timing, while Figure 5 ghows the Ouitput Fiming. Figures &

(- teer

SYMBOL|DESCRIPTION MUX[TYP|MAX: | UNITS
tucs LiP/DOWHN selup time (miny [ © {300 | :
tiich UP/DOWN hold time (min) 0
16UR COUNT palse high (mins i00} 250 ns
tcul COUNT puise low {ntir) 100 | 250
cB. COUNT to CARRY/. 750 |
BORAOW delay

tBw CARRY/BORROW pulse
: width 100

ety tce . |COUNT to EQUAL delay .| 900
‘tcz)  |COUNT to ZERO delay 300}

tezh

anure 5: {CM7217/27 COUNT and Output Timing

through 9 show rlhe output characterigtics of the Digit and

0
1CMP217
ICM7217B
ICM7227 -
ICM72278
200 —
-y
E
e
_I:l.
100
¥85°E -
nﬂ
v =vgyz. (VOLTS!
Figure 5: Typical Ipig vs. V+ - Vour,
4.5V = v g0V
200 T
ICM7Z17A | i
IcM7217C /.
ICM7221A e |s
iso} ICMTR2TC v 1
Y
i A L
-
Lo
2
£
50k

Vour IVOLTS)

Igeg tmAl

Towgrr (mal

80

and-whenconnected to V"

SEGment drivérs. The DISPLAY pin controls the display out-
put using three leve! logic. The pin s seli-biased to a vollage
approximately 1/2 (V" ; this corresponds to normal operation.
When this. pin is connected to V*, the segments are inhibited,
 the leading zero blanking featuie
.is inhibited. For normal operation (display on with leading
zero blanking) the pin may be laft open. The display may be
cantrolled with & 3 position SPDT switch; see Figure 1.

' iCM:I21—]‘ 1 L e

Ta=25C . - e
IcM7217 Ve ) dcM72i78 e | .7
wlicmare | view] 7 4 o fCMT227 | S,
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I1CMm7227B ’ ’
I
1
a4 |- - 40
: g
oy
20 . . 20}
g 1 2 3 00 1 2 3
Your {YOLTS} Vour IVOLTS)
Figure 7: Typical Isec vs. Vour '
200 - 30
ICM7T217A A - ICM7217A
ICM7217C - ICM7217C
1ICM7227A, I.-’. < | wcmrzeTA
158 |- IcM7227C o iCMy2e7C
g 20
S
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o.
a
T4a=25¢C
z 3 g 3

Vour IVOLTS)

Figure 8: Typical lpigit vs. Vout

Vg, IVOLTS)

Figure 9: Typleal Isea vs. V¥ - Vour,
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CONTROL OF ICM7217
Multiplex SCAN Oscillator

The on-board muitiplex scan oscillator has a nominal free-
running frequency of 2.5kHz. This may be reduced by lhe

addition of a single capacitor between the SCAN pin and fhe -

positive supply. Capacitor values and corresponding .nom!nal
oscillator frequencies, digit repetition rates, and loading imes
{for ICM7217 versions) are shown in Table 1 below.

The internal oscillator output has a duty cycle of approxi-
mately 25:1, providing a short pulse occufring at the
osclllator frequency, This puisé clocks the four-state
counter which provides the four multiplex phases. The short
pulse width is used 1o delay the digit driver outputs, thereby
providing inter-digit blanking which prevents ghosting. The
digits are scanned from MSD (D4) to LSD (D1). See'Figura 4
for the display digit multiplex timing.

Table 1: ICM7217 Multiplex Rate Contral

Nowminal ‘Digit Scan Cycle
Scan Oscillator | Repstition Time
Capacitor | Frequency Rate {4 digits}
None 25 kHz 625 Hz 1.6 ms
20 pF 1.25 kHz 300 Hz 3.2 msg
90 pF 600 Hz 150 Hz 8ms

During !oad counter and load register operalions, the
multiplex oscillator is disconnected from the SCAN input and
is allowed to free-run. In all other conditions, the oscillator may
be directly overdriven to about 20kHz, however the internal
oscillator signal will be of the same duty ¢ycle and phasé as the

overdriving signal, and the digits are blanked during the time -

the external signal is at a positive level. To insure proper
leading zero blanking, the interdigit blanking time should not
be less than about 2us. Overdriving the oscillator at less thari
200Hz may cause display filckering.

The display brightiess may be aitered by varying the duty
.cycle. Figure 10 shows several variable-duty-cycle oscitlators
suitable for brightness coritrol at the ICM7217 SCAN input.
The inverters should be CMOS CD4000 series and the diodes
may be any inexpensive device such as IN914.

SCAN INPUT
IcMr217

SCAN INPUT
ICHMTZ1T

L WHeF
v 5y
. 1
| 1) > SN r
ICHM
785 3 SCAN INPUT
an cM7217
2
B £
== 05,F == .05.F o

Figure 18: Brightness Contral Circuits

INNslRS L

Counting Control

As shown in Figure 5, the counter is incremented by the rising -
edge of the COUNT INPUT signal when UP/DOWRN is high. Itis

decremented when UP/DOWN is low. A Schmitt trigger on the

COUNT INPUT provides hysteresis to prevent double frigger-

ing .on slow rising edges and permils operatién in noisy

anvironments. The COUNT INPUT is inhibited during reset

and load counter operations.

The STORE pin controls the internal latches and conse-
quently the signals appearing at the 7-segment and BCD
outputs. Bringing the STORE pin low transfers the contents of
the counter Into the [atches.

The counter is asynchronously reset to 0000 by bringing the
RESET pin low. The circuit performs the reset operation by
forcing the BCD input lines to zero, and "presetting” all four
decades of counter in parallel. This affects register loading; if
LOAD REGISTER js activated when the RESET input is fow,
the register will also be set to zero. The STORE, RESET and

.UP/DOWN pins are provided with puiiup resistors of approx-

intately 75KL.

BCD 10 Pins

The BCD I/O port provides a means of transferring data to and
from the device, The ICM7217 versions can multiplex data into
the countér or register via thumbwheel switches, depending on
inputs to the LOAD COUNTER or LOAD REGISTER pins; (see
etow). When funclioning as outputs, the BCD /O pins will
drive one standard TTL load. -Commen anode versions have
internal pulf down resistors and common cathode versions
have internal pull up resistors on the four BCD I/O lines as
inputs. .

1.LOADIng the COUNTER and REGISTER . :
The BCD YO pins, the LOAD COUNTER (LC), and LOAD
REGISTER {LR) pins combine td providé presetting and
compare functions. LC and LR are three-level inputs, being
self-hiased at approximately 1/2 VI for normal aperation.
With both LC and LR open, the BCD I/0 pins provide a multi-
plexed BCD output of the latch contents, scanned from MSD
t6.LS0 by the dispiay multiplex.

When either the LOAD COUNTER (Fin 12) or LOAD REGIS-
TER (Pin 11) is taken high, the drivers are turned off and the
BCD pins become high-impedance inputs. When LG is can-
nected to V*, the count input is inhibited and the levels al the
BCD pins are multiplexed into thé counter. When LR is can-
nected to V1, the levels at the BCD pins are multiplexed into
the register without disturbing the counter. When both are
connected to VT, the count is inhibited and both register and
counter wilt be loaded.

The LOAD COUNTER and LOAD REGISTER inputs are edge-
triggered, and pulsing. them high for 500ns at room temp-
eraturé will initiate a full sequence of data eniry cycle
operations (see Figure 11). When the circuit recognizes that
either or both of the EC or LR plns input is high, the multiplex
oscillator and counter are reset {to D4). The internal oscillator

is then disconnected- from the SCAN pin and the preset

circuitry is enabled. The oscillator -starts and runs with a
frequency determined by its internal capacitor, {which may
vary from chip to chip). When tha chip finishes.a full 4 digit
multiplex cycle (loading each digit from D4 to D3to D2to D1in
turn}, it again samples the LOAD REGISTER and LOAD
GCOUNTER inputs. If eithér or beth is still high, it repeats the
load cycle, if both are floating or low, the oscillator is
reconnected to the SCAN pin and the chip returns to normal
operation. Total-load time is digit "on" time multiplied by 4. If
the Diait niitpniks are 1ised 1o strohe the BCD data inta the BOCD
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1/0 inputs, the input will be autornatically synchronized to the
appropriate digit (Figure 12). input data must be valid at the
trailing edge of the digit output.

When LR is connected to GROUND; the oscillator Is inhibited,

the BCD I/O pins go to the high impedance state, and the

segment and digit drivers are.turned off. This allows the display
to be used for other purposes and minimizes power
consumption. In this display off candition, the ciréuit will
continue to count, and the CARRY/BORROW, EQUAL, ZERO,
UP/DOWN, RESET and. STORE functions operate as normal.
When LG is connected to groynd, the BCD [/Q pins are iorced
to the high impedance state without disturbing the counter or
register. See "Control Input Definitions” (Table 2} for a list of
the pins that function as three-state self-biased inputs and
their respective operations.

Note that the ICM7217 and 72178 have heen designed to drive
common anade displays. The BCD inputs are high true, as are
the BCD cufputs.

The {CM7217A and the 7217C are used to drive common
cathode displays, ‘and the BCD |nputs are fow true. BCD
outputs are high true.

Notes on Thumbwhee! Switches & Multiplexing
The thumbwhee! switches used with these circults (both
common anode and common cathode) are TRUE BCD coded;
i.e. all switches open corresponds to 0000. Since the:
thumbwheel switches are: connected in parallel, diodes must
be provided to prevent crosstalk between digits. See Fig. 12.In
order to maintain reasonable noise marginsg, these diodes
shoutd-be specified with low forward voltage drops (IN914).
Similarly, it the BCD outputs arg to be used, resistors should
be inserted in the Digit lings to avoid loading problems.

Output and Input Restrictions

The CARRY/BORROW output is not valid during load coun-
ter and reset operations.

The EQUAL output is not valld during load counter or foad
register operations.

+
LOAD COUNTER :
[OR LOAD REGISTER)

BINTERSIL

The ZERO output is not valid during a load counter
operation. .

The RESET input may be susceptible to noise if its input rise
fime (coming out of reset) is greater than abeut 500gs. This
will present no problems when this input is driven by active
devices (i.e., TTL or CMOS: logic) but in hardwired systems
adding virtually any capacitance to the RESET input can
cause trouble. A simple circuit which provides a reliable
power-up reset and a fasl risé time on the RESET input is
shown below.

RESET INPUT
IeM7217

10KQ

When using the circuit as a programmable divider{* by n with
equal cutpuls) a short time delay (about 1us} is needed from
the EQUAL output to the RESET input to establish a pulse of
adequate duration.

l\n

arpF
Ak T
EQUAL A ’ AESET

When the circuit is configured to reload the counter or regis-
ter with a new value from the BCD lines {upon reaching
EQUAL), loading time will be digit “on"” time multiplied by
four. If this load time is longer than one period of the input
count, a ¢ount ¢an be lost. Since the circhit will retain-datain
the register, the regisier need only be updated when a new
value is 1o be entered. RESET will not clear the register,

i

W -

th *COUNT INHIBITED IF
LOAD COUNTER

GND
B0AM
D4 ! /
o3 \
. .
D2 \
] \
. .
INTERNAL InPUT
OPERATING: l
WMODE DUTPUT
BCD 1O Dy 0UT o4
v - T IN T

= m = & = HIGH IMPEDANCE
- -r = THREE-STATE W FULLDOWN

)-Tm}'r@ m X D4 QUT anou-r

Bimnra $1r ICMT7TII7T RO I/ and 1 DADING TIRMING
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GOMMON ANODE DESFLAY GCOMMON CATHODE DISPLAY
T0 D4 STROBE 70 01 STROBE TO 04 STROBE TO U1 STRGBE

Note: If the BGD pins

are to be used faor outputs
a 10kA resistor showld be
placed in series with

gach digit line i¢.avoid
loading problems

fhrough the switches.

IN914 .OR
EQUIVALENT

TO BCD INPUTS OF 7217, 721718 : TO ACD INPUTS OF T217TA, 72176
Figure 12: Thumbwheel switch/diode connections

) ) . Table 2: Control Input Definitions 1ICM7217 -
INPUT TERMINAL VOLTAGE : __FUNCTION

STORE 9 - v (or floating) Output latches not updated
) ) ) Ground QOutput latches updatad
UP/DOWN 10 . vt (or floating) Counter counts up
) Ground Counter counts down
RESET 14 vt or floating) | Normal-Operation
- Ground Gaounter Beset
LOAD COUNTER/ 12 Unconriected | Normal operation - :
170 OFF v Counter toaded with BCD data
] Ground | BCD port forced to Hi 2 condition
LOAD REGISTER/ 1 Unconnected Normal operation _
OFF vt Register loaded with BCD data
Ground Display drivers disabled; BCD port
torced to Hi Z condition, mpx-counter
] . o reset to D4; mpx gscillator inhibited
DISPLAY CQN;[rQ} 23 Common ‘Anode " Unconnected Normal gperaiion
DC) ) . 20 Common Cathode V+ Segment drivers disabled .
' ’ Ground Leading zero blanking inhibited

Table 3: Control Input Definitions ICM7227

INPUT " TERMINAL VOLTAGE FUNCTION
- DATA TRANSFER 13- vt 4 Normal Operation
- - : . : - Ground Causes transfer of data
.| as directed by select code
Control | STORE 9 " | vt iDuring €WS Pulse) | Qutput latches updated
Word Ground Output latches not updated
Port ——— — . . : — - .
" UF/DOWN : © 10 vt (During CWS Pulse) | Gounter counts up
' Ground Counier counts down
" Select Code Bit 1 (SCT} M yt =y 8C1, SC2 control— _

M Select Code Bit 2 (SC2) 12 Ground ="0" 190 Change store and

. up/down latches. No data
transfer. 01 Ouiput lalch
data active )
10 Counter to be preset
11 Register to be preset

Gonfrol Word Strobe (CWS) 14 vt Normal operation
: Ground Causes control word to be
wriiten into control latches
DISPLAY CONTrol (DC) - 23 Common Anode Unconnected Normal operation
20 Common Cathode | v : Display -drivers disabled
Ground Leading zero blanking

inhibited
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5C1,5C2 LATCHES RESET

REGISTER WRITE CYGLE {SC1,5C2 = 1.1}

{COUNTERWRITE CYCLE IS SIMILAR; 8C1, §C2 =1, 0)

KR

Figure 13: 1ICM7227 I/O Timing (see Table 4}

CONTROL OF ICM7227 VERSIONS

The ICM7227 series has been designed lo permit micro-
processcr confrol of the |nputs BCD inpufs and éutpms are
active high.

In these versions, the STORE, UP/DOWN, SC1 and SC2 {Select
Code bits 1 and 2} pins form a four-bit control word input. A
negative-going pulse on the CWS (Conirol Word Strobe) pin
writes the data on these pins into four internal control latches,
and resels the muitiplex counter in preparation for sequencing
a data transfer operaticn. The select code G0 is reserved for
changing the state of the Store and/or Up/Down latches
- without initiating a data transfer, Writing a.one into the Store
latch sets the latch and causes the data in the counter to be
transferred into the output latches, while writing a zéro resets
the latches causing: them to retain data and not be updated.
Similarly, writing a one into the Up/Down laich causes the
counter to count up and writing a zero causes the counter to
count down. The state of the Store and Up/Down latches may
also be changed with a non-zero select code.

Writing a nonzero select code initiales 4 data transfer
operation. Writing seiett code of 01 (SC1, SC2) indicates that
the data in the oltput Jatchies will be active and enabies the
BCD I/0 port to autput the dala. Writing a select code of 11
indicates that the register will be.preset, and a 10 indicates that
the counter will. be preset:

When a nonzero select code is read, the clock of the four-state
multiplex counter is switched to the DATA TRANSFER pin.
Negative-going pulses at this pin then sequence a digit-by~
digit data transfer, either outputting dala or presetting ihe
counter or register as determined by the select code. The
output drivers of the BCD 1/Q port will be enabled-only while
DT is low during a data transfer initiated with a 01 select code.
The sequence of digits will be D4-D3-D2-D1, i.e. when output-
ting, the data fram D4 will be valid during the first OT. pulse,
then D3 will be valid during the seé¢ond pulse, eic. When pre-
setting, the data for D4 must be \ralld at the positive~-going
transition rtrailing edge! of the first | DT pulse the data for D3

e —

Al the end of a data transfer operatlon on the positive going
transition of the fouith DT pulse, the SC1 and. SC2 control
latehes will avtomatically reset, terminating the data transfar
and Feconnecting the multiplex counter clock to the osciflator.
In the ICMT227 versions, the multiplex oscillator is always free-
runnirig, except during a data transter operation when it is
disabled.

Fig. 13 shows the timing of data transfers initiated with a 11
select code (writing into the register} and a 1 select code
(reading-cut of the output latches). Typical times during which
data must be valid at the control word and BCD I/O ports are
indicatad in Table 4.

'_I'ahle‘ 4: ICM7227 /O Timing Requiremenis

SYMBOL | DESCRIPTION MIN|TYP|MAX| UNITS

tcws | Control Word Strobe Width 275 ns
{rming .
tics Internal Control Set-up (miny 25] 3 uS
toTw DATA TRANSFER pulse ; 300 ns
width {min)
i5Cs Control {o Strobe setup (min) 300 ns
tsch | Control to Strobe hold {min) 300 ns
ﬁns ‘Input Data setup {min} 300 ns
tiph Input Data hold (min) 300 ns
t1Dace | Output Data access * 300 ns
ror Output Transfer to Data float 300 ns

s
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APPLICATIONS
FIXED DECIMAL POINT

In the common anode versions, a fixed decimal peintmaybe -

activated by sonnecting the D.P. segment lead from the
appropriate dlglt {with separate digit displays) through a-39(}

" saries resistor to Ground. With common cathode devices,
the D.P. segment lead should be connected through a 75{}
series resistor to V*.

To force the device to display leading zeroes after a fixed
decimal point, use a bipolar transistor and base resistorin a
contiguration like that shown helow with the resistor con-
nected to the digit output driving thé D.P, for left hand D.P.
displays, and to the next least significant digit output for right
hand D.P. display. See Figure 9 for a similarly operating
multi-digit connection,

- DISPLAY " < ¥
- CONTROL . DISPEAY-
n
on CMTZZR gt CORTROL
DHGIT LINE LINE CMT2T7 A/
COMMON ANOBE =

COMMON CATHODE

Figure 14: Forcing Leading Zero Display

EINTERSIL

DRIVING LARGER DISPLAYS

For displays requiring more current than the |CL7217/7227
can provide, the circuits of Figure 15 can be used.

v+

ICMT217/8
ICMT2LTIB _{
([CM 7217 A/C)

(IEM 7227 A/C)

IGIT {5EG|
o 18E0) 2N221% OR SIMILAR

GEEG L) - 2N6034 OR SIMILAR

GHD

.

‘Figure 15: Driving High Current Displays

LCD DISPLAY INTERFACE (Figure 16)

The low-power operation of the ICM7217 makes an LCD
interface desirable. The Intersil ICM7211 4 digit BCD to LCD
display driver easily interfaces to the ICM7217. Total system
power consumption is tess than SmW. System timing marging
canibe improved by using capacitance to ground to slow down
the BCD lines. A similar circuit can be used to drive Vacuum
Fluorescent displays, with the 1CM7235.

The 10—20kQ2 resistors on the switch BCD lines serve to iso-
late the switches during BCD output.

yi=sy

V¥ = 5 L -

LCD DISPEAY D3
prarl oM s

— an

D1

24]
o b 083 x ; B's v+
) g: . 5l ]
2o IECMENTS . B - —3 3: LA
AND BACHPLANE g 70
) i iCM7217
. 1 28
count 2 o1fSet |
. ] s 7l
STORE el 1 |-
uwuN}:’ pa[ZE -
RESET Dd .

AR

Flaure 16 LCD Qisplay Interface {with Thumbwheel -Switches}
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UNIT COUNTER WITH BCD OUTPUT (Figure 17)

The simplest application of the ICM7217 is a 4 digit unit
counter. All that is required is an ICM7217, a power supply
and a 4 digit display. Add a momentary switch for reset, an
SPDT center-off switch to blank the display or view feading
zeroes, and one more SPDT switch. for up/dewn control.
Using an ICM7217A and a common- -cathode calculator-type
display, results in the least expensive digital counter/display
system available.

BINTTNEIRS L
B

CARRY 0——F1

/2i-23
ZERO—|2 23-28)

3
77 SEGMENTS
COMMON-GATHODE

o014 . -
UTE.CD ‘E 5 1ED DISPLAY u j L_j
a UT jo—§5
1M 1 i o
o7 72174 J L
COUNT INPUE] ot v+
DISPLAY
CONTROL LaLank
20 HORMAL
INHISIT LZE
19
q 15-18 N 4 -
7 4 DIGITS

Eigure 17: Unit Counter

INEXPENSIVE FREQUENCY COUNTER/
TACHOMETER (Figure 18)

This circuit uses the low power ICM7555 (CMOS 555) to gen-
erate the gating, STORE and RESET signals. To provide the
gating signal, the timer is configured as an astable multivibra-
tor, using Ra, Ap and G-to provide an output that is positive for
approximately one second and negative for approximately

300-500ps. The pgsitive waveform time is given by twp = 0. 693
(Ra +RB) G while the negalive wavefarin is given by tyn=0.693
RaC: The sysiem is calibrated by using a 5SM0) potentiometer
for Ra as acoarse” control and a 1k potentiometer forRgas a
“fine™ gontrol. CD40106B's are used as a mongstable mulfivi-
brator and resei time delay.

vF =5 VOLTS

24

s " LT3 10K
v RS |=
1S out
| ICM7555
TR
TH
GND cV

o . ¥
STORE
ICMTZIT LED DISPLAY
— = l_ I
COUNT [ j :
RESET
GND

|20

GND
INVERTERS: CD401068 U
NANDS: COMO1E COUNT INPUT
.
300ps 1 SEC o
GATE o | T
Slus
ey
STORE | I I f

Eienra 18- Inavnencive Freatlency Catnter



ICM7217/7227

TAPE RECORDER POQSITION INDICATOR/
CONTROLLER (Figure 19}

This circuit shows an application which uses the up/down
counting fealure of the ICM7217 to keep track of tape
position. This circuit is represeniative of the many
applications of up/down counting in mogitoring dimen-
. sional position. For example, an ICM7227 as a peripheraltoa
processor can monitor the position of a lathe bed or
digitizing head, transfer the data to the processor, drive
interrupts to the processor using the EQUAL or ZERC out-
puts, and serve as a numerical display for the pracessor.

In the tape recorder application, the LOAD REGISTER,

EQUAL and ZERO ocutputs are used to control the recorder -

To make the recorder stop at a particular point on the tape,

STOP
——

EINTERSIL

the register can be set with the stop point and the EQUAL
output used to stop the recorder either onfast forward, play -
or rewind.

To make the recaider stop béfore the tape comes free of the
reel on rewind, a leader should be used. Resétting the
counter at the starting point of the tape, a few feet from the
end of the leader, allows the ZERO outputto be used to stop
the recorder on rewind, leaving the leader on the Feel.

The 1M{ resistor and .0047 uF capacitor on the COUNT
INPLUT provide a time constant of about Sms to debouncethe
reel switch. The Schmitt trigger onthe COUNT INPUT of the
ICM7217 squares up the signal before applying it to the
counter. This technigue may be used to debounce switch-
closure Inputs'in other applications.

Loaic ;g;aggﬂn& COMMON-CATHODE
A LED DISPLAY
SIGNALS EQUAL | re Ry o
: 2ZEAC bj— - /7 SEGMENTS
vt THUMBWHEEL SWITCHES em T -
‘REEL SWITCH = 72178 [
CLOSED ONCEREV < ssss - ’acn li—ov+
] A= =
DTS — e } siakk [ ! ’_’ ‘I_.'I
COUNT IN - oy
_L__o Y SRR = L] STORE j«———0— NoRM ,_’ L_ ‘_‘ ,_,
= —o—= = UP/DOWN e B -
= TEWIND LOADREG DI == WRiBIT =
0047 ,F 2= Y Jiosnets B <
vt —scaN m —J 7aoigiTs
noy strer laeer x|
RESET

Figure 19: Recorder Indicator

PRECISION ELAPSED TIME/CQOUNTDOWN
TIMER (Figure 20)

This circuit uses an ICM7213 precision one minute/one
second timebase generator using a 4.1943 MHz crystal for
generaling pulses counted by an iICM7217B. The thumb-
wheel switches allow a starting time to be entered into the
counter for a preset-countdown type timer; and allow the
register to be set for compare functions. For instance, to
make a 24-hour clock with BCD output the regisier can be
preset with 2400 and the EQUAL output used to reset the
counter, Note the 10k resistor connected between the LOAD

COUNTER terminal and Ground. This resistor pulls the
LOAD CQUNTER input low when not loading, thereby inhib-
iting the BCD output drivers. This resistor should be elimi-
nated and SW4 replaced with an SPDT center-off switch if the
BCD outputs are to be used. This technique may be used on
any 3-level input. The 100k pullup resistor on the countinput
is used to ensure proper logic voltage swing from the
ICM7213. For a less expensive {and less accurate) timebase,
an ICM7555 timer may be used in a configuration like that
shown in Figure 18 to generate a 1Hz reference.

+ =1 TO LOGIC GENERATING
v EE.‘.‘&"} SIGNALS FOR CONTROL OF
ZEAQ | EXTERNAL EQUIFMENT
RUN MINISEC 100K ,
I sTOP : s : —
4 Wi | —foarAY [
RUN HRS/MIN g:,';'#ﬁ::gsﬂ ZERD o2 7 mMGITS
L EQUAL oM o3 /3
— 7HTB D: [~ . BLANK
] ng Dis. coumgl. ® owe _’ Wi "' _,
P | 3 -
E g e [0 0 0 0
- COUNTIN B wrgr= 0 ] u L’
Vommn o0 T |5TORE v i —
AL counroomn ST ARG 5 o |
= RYSTAL .
= - /-
—={LoapcTA.
Rs < TG0 ot e o g 77 SEGMENTS
TORD BETPT. oo i :
DISPLAY OFF - RESET

Figure 20: Precision Timer
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MICROPROCESSOR INTERFACE-ICM7227
(Figure 21)

pra-i | /12
LXMAR
DEVSEL
INTGNT
1KB100 xre -
aF . /1
INTREQ <—T . - I
12{ - :
§§%E Gﬁ';: SENSE1} —gapnvimonncw : w—r/;ml
i‘.g’.z: ) % "SENSE1 e EQUAL
: ] R b—é—-BBDII—U . B i C’ L_.J 'j C‘
. wsior Eat '#ér.um,_s‘ct,sp‘: —v- (0
3 T i . [—*fCOUNT LiED
. v?:lf\rg: - DT . DISFLAY
- ' N 1f-l ©D4081 ICM7227 .
- Hoxerr WRITE2 - cwg - /7 SEGMENTS
FLAG .
— _' 1/4 C04081
COUNT —=
Flgure 21: 1IM6100
This circuit shows the hardware necessary to interface the The ICM7227 can perform many “accessory” functions that
1CM7227 to an Intersil IM6100 GMOS microprocessar. Lsing are ineflicient or impossible for the processor {o perform, For
an IM6101 Parallel Interface Element (PIE) allows the example, by adding a timebase such as an ICM7213, and
addition of one or more ICM7227 devices as .generalized using an fGM7227C or D, an inexpensive real-time clock/dis~
peripherals to any IM610C system, using a minimum of play, directly accessible by the processor, can be
external components. constructed.

A similar configuration may be used with the MCB800 using
the corresponding PIE, while an 8255 can be used to
interface 8080 based systems.
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8-DIGIT UP/DOWN COQUNTER (Figurs 22)

This circuit shows how to cascade counters and retain It is possible to use separate thumbwheel switches for
correct leading zero blanking. The NAND gate detects presetling, but since the devices ioad data with the oscillator
whether a digitis active since one of the two segmentsaorb free-running, the multiplexing of the two davices is difficult
is-active on any unblanked number. The flip flop is clocked to synchronize. This presents no problems with the ICM7227
by the least significant digit of the high arder counter, and if devices, since the two devices are operated as peripheralsto

this digit is not blanked, the Q output of the flip flop goes high @ processor.

and turns on the NPN transistor, thereby inhibiting leading
zero bklanking on the low order counter.

/

R
Z ._l
:D
oo

COUNT JNPUT

COMMON-ANODE
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renLTea e \ =
C - \ :
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Figure 22: 8°Digit Up/Down Counter
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PRECISION FREQUENCY COUNTER/
TACHOMETER (Figure 23)

This circuit is a simple implementation of a four digit
frequency counter, using an ICM7207A to prowde the ane
second gating window and the STORE and RESET signals. In
this configuration, the display reads hertz directly. With Pin 11
of the ICMT7027A connected to V¥, the gating. time will be 0.1
second; this will display tens of hertz as the least significant
digit. Forshorter gating times, an ICM7207 may be used {witha
6.5536 MHz crystal), giving a 0.01 second gating with Pin 11
connected to V¥, and a 0.1 second gating with Pin 11 open.

Ta implement a four digit tachometer, the ICM7207A with
one second gating:shouid be used. To getthe dispiay toread
directly in RPM, the rotational frequency of the object to be
measured must be multiplied by 60. This can be done elec-
tronically using a phase-locked loop, or mechanically by
.using' a dis¢ rotating with the object with the appropriate

BINTERSIL

number of holes drilled around its edge te interrupt the light
from an LED to a photo-dector. For faster updating, use 0.1
second gating, and multiply the rotational frequency by 600.

Far more “infelligent” instrumentation, the ICM7227 interfaced
to a microprocessor may be more convenient (see Figure 21},
For axample, an |GM7207A can be used with two 1ICM7227's to
provide an 8 digit,- 2MHz frequengy counter. Since the
ICM7207A gating. output has a 50% duly cycle, there [s 1
second for the processor to respond to an interrupt, generated
by the negative going edge of this signal while it inhibits. the
count. The processor can respond to the interrupt using ROM
hased subroutines, to store the data, reset the counter, and
read the data into main memory. To add simultaneous period
display, the processor inverts the data and an {CM7218 Uni-
versal Display Driver stores and displaysit. -

AUTO-TARE SYSTEM

This circuit uses the count-up and count-down funictions of
the 1CM7217, controlled via the EQUAL and ZERO outputs,
to count in SYNGC wlth. an ICL7109 A/D Gonverter. By
RESETing the ICM7217 on a "tare” value conversion, and
STORE-ing the resuit of a true value conversion, an auto-

matic tare subtraction occurs in the result.

The 1CM7217 stays in step with the ICL7018 by counting up
and down between 0 and 4085, for 8192 total counts, the same
number as the 1CL710% cycle. See A04T for more details.
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0igF
sciNalds
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_L_ 1GND o vrapf—esy 108K W | W | W ] 1CARRV/BORROW 0o 28
25TATUS REF IN- 39 :
= | apar neFcap-sb——s 2 TERD ma
acR REF cAP* 37 }—-=" ¥ 3 FGuAL p2 26 |z
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cait 1 1 35 480D 8 0325
7810 N LO 39 5E8CD 4 v 5V
oon s oLy L esco2 oise, conT, 13} FeanF
1067 Azt |— PR 78CD1 an
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ICM7217/7227

TAPE RECORDER POQSITION INDICATOR/
CONTROLLER (Figure 19}

This circuit shows an application which uses the up/down
counting fealure of the ICM7217 to keep track of tape
position. This circuit is represeniative of the many
applications of up/down counting in mogitoring dimen-
. sional position. For example, an ICM7227 as a peripheraltoa
processor can monitor the position of a lathe bed or
digitizing head, transfer the data to the processor, drive
interrupts to the processor using the EQUAL or ZERC out-
puts, and serve as a numerical display for the pracessor.

In the tape recorder application, the LOAD REGISTER,

EQUAL and ZERO ocutputs are used to control the recorder -

To make the recorder stop at a particular point on the tape,

STOP
——

EINTERSIL

the register can be set with the stop point and the EQUAL
output used to stop the recorder either onfast forward, play -
or rewind.

To make the recaider stop béfore the tape comes free of the
reel on rewind, a leader should be used. Resétting the
counter at the starting point of the tape, a few feet from the
end of the leader, allows the ZERO outputto be used to stop
the recorder on rewind, leaving the leader on the Feel.

The 1M{ resistor and .0047 uF capacitor on the COUNT
INPLUT provide a time constant of about Sms to debouncethe
reel switch. The Schmitt trigger onthe COUNT INPUT of the
ICM7217 squares up the signal before applying it to the
counter. This technigue may be used to debounce switch-
closure Inputs'in other applications.

Loaic ;g;aggﬂn& COMMON-CATHODE
A LED DISPLAY
SIGNALS EQUAL | re Ry o
: 2ZEAC bj— - /7 SEGMENTS
vt THUMBWHEEL SWITCHES em T -
‘REEL SWITCH = 72178 [
CLOSED ONCEREV < ssss - ’acn li—ov+
] A= =
DTS — e } siakk [ ! ’_’ ‘I_.'I
COUNT IN - oy
_L__o Y SRR = L] STORE j«———0— NoRM ,_’ L_ ‘_‘ ,_,
= —o—= = UP/DOWN e B -
= TEWIND LOADREG DI == WRiBIT =
0047 ,F 2= Y Jiosnets B <
vt —scaN m —J 7aoigiTs
noy strer laeer x|
RESET

Figure 19: Recorder Indicator

PRECISION ELAPSED TIME/CQOUNTDOWN
TIMER (Figure 20)

This circuit uses an ICM7213 precision one minute/one
second timebase generator using a 4.1943 MHz crystal for
generaling pulses counted by an iICM7217B. The thumb-
wheel switches allow a starting time to be entered into the
counter for a preset-countdown type timer; and allow the
register to be set for compare functions. For instance, to
make a 24-hour clock with BCD output the regisier can be
preset with 2400 and the EQUAL output used to reset the
counter, Note the 10k resistor connected between the LOAD

COUNTER terminal and Ground. This resistor pulls the
LOAD CQUNTER input low when not loading, thereby inhib-
iting the BCD output drivers. This resistor should be elimi-
nated and SW4 replaced with an SPDT center-off switch if the
BCD outputs are to be used. This technique may be used on
any 3-level input. The 100k pullup resistor on the countinput
is used to ensure proper logic voltage swing from the
ICM7213. For a less expensive {and less accurate) timebase,
an ICM7555 timer may be used in a configuration like that
shown in Figure 18 to generate a 1Hz reference.

+ =1 TO LOGIC GENERATING
v EE.‘.‘&"} SIGNALS FOR CONTROL OF
ZEAQ | EXTERNAL EQUIFMENT
RUN MINISEC 100K ,
I sTOP : s : —
4 Wi | —foarAY [
RUN HRS/MIN g:,';'#ﬁ::gsﬂ ZERD o2 7 mMGITS
L EQUAL oM o3 /3
— 7HTB D: [~ . BLANK
] ng Dis. coumgl. ® owe _’ Wi "' _,
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E g e [0 0 0 0
- COUNTIN B wrgr= 0 ] u L’
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Figure 20: Precision Timer
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FEATURES

¢ Tofal circuit integration on chip mcludes
a) Digit and segment drivers

b} All multiplex scan circuitry

c) 8X8 static memory

d) 7 segment Hexadecimal and Code B decoders

Qutput drive suitable for large LED displays

s Bolh common anode and common cathode LED
drive verslons

¢ Single 5 volt. supply required.

Data retention to 2 volts supply

Shutdown feature - turns off display and puts chip

into very low power dissipation mode

Pin selectable cholce of 2 seven segmentdecoders-

Hexa or Code B - or no decode

* ‘Microprocessor compatible

» Serial and random access verslons

* Decimal point drive on each digit

GENERAL DESCRIPTION

The ICM7218 series of universal LED driver systems provide,
in a single package, ail the circiiitry necessary to interface
most common microprocessors or digital systems and
an LED display. Included an chip is an 8x8 static memory
array providing storage for the digplayed information, &
types of 7 segment decoders, all the multiplex scan circuitry
and the high power digit and segment drivers.

'ORDERING INFORMATION

.| Typical Display

ICM7218 Series
CMOS Universal 8 Digit
LED Driver System

The ICM7218A and ICM7218B are iritended to be used
primarily. in microprocessor systéms. Data is read directly
from the 1/Q bus: line from- the microprocessor. 2 Control
lines (Write, and Mode) define chip select, which reads either
4 bits of control informatien (Datd Coming, Shutdown,
Decode, Hexa or Code B'Decoding) or 8 bits of Display Input
Data. Display Input Data (8 ‘words, 8 bits each) is
automatically sequenced into thé memory on successive
positive going Write piilses. Data may be displayed either
directly or decoded In Hexadecimal of Gode B formats. The
ICM7218A drivés a commion  dnode display while the
ICM7218B drives & cornmon cathode display. (See Block
Dlagram 1)

The ICM7218C and ICM7218D feature -2 lines 1or control
information (Wrile, Three Level Input; Hexa, Code B,
Shutdown), 4 lines for nput Data ‘and 3 lines-for Data
Addressing of each of eight data memory locations.

Ddta is written into memory by setting.up-a Data Address
memory location, defining 4 lines of Input Data and then
strobe the Write ling low. The Three Level Control Input is
independent of the Write instruction. Only Hexadecimal and
Code B decoding are available for the Display Outputs, The

" ICM7218C drives a common anode display, the ICM7218D a

comimon c¢athode display. {Sée Block Diagram 2)

The |CM72i8E provides 4 separate lines for control
information (Write, Hexa-Code B, Decode; Shutdown), 8
lines for input data, and 3 lines for-digit address. Data is
wiitlen into the memory by setling up a Data Address
memary location, defining 8 lines of Input Data, and then’
strobe the Writé line low. Condrol information is on séparate
lines and is independent of the Write instrirction. Data may
be displayed either cf'irectly or decoded in Hexadecimal or
Cede B formais. The ICM7218E drives a common anode
dlsplay {See Elock Diagram 3)

Order

App. Part Number | Oplion Package

Serial Access ICM7218A 1J1 | Common Anode |28 Lead CEHD]P
1CM7218B IPI | Common Cathode |28 Lead Plastic

Random Access | ICM7218G WI [Common Ancde |28 Lead GERDIP i
ICM7218D IPI | Common Calhode | 28 Lead Plastic
ICM7218€E |DL | Commen Anode |40 Lead Ceramic

102 IR
259 m

SEGH

* D8 D5 D2

SEGd SEGg GN
SEGa
137 inch

. CHIP TOPOGRAPHY ICM7218A

VD‘ 1D2 ID2 100 1D1

DSEGe  SEGb

SEGe

DECIMAL
POINF

1D4 (Shitdewn)

Mode

Vs

107 (Data Coinlng}
105 {Decode)

166 {Hexe{Cads B)

3.46mm

PIN CONFIGURATION (OUTLINE DRAWING JI)’

ICM7218A
COMMON ANODE
Seq ¢[1] |26 GROUND
Seg e[Z] EHERE]
Seq'b[T] HEE
D.P.[T] E|Seq d
[0 {HEXA/CODE B)[s | [Za} Seq ¢
15 (DECOGE)[& | Z|DIGIT 3
DY (DATA COMING)([T7] [ZH|01GIT 6
WRITE(a ] DIGIT 7
MODE[3 | [30] DRGIT 4
D4 (SHUTDOWR] [0} Bl
104 [17] EEEE]
10{ 2] [FDIGIT 5
Ip2(3| [EDIGIT 2
I03{1] BIDIGIT 1

TOP VIEW

Note; Plns §, 6,7, 10 ara under conlrol
of Mode pin 8. See pags -6

See page 6-57 for other device configurations. |
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ABSOLUTE MAXIMUM RATINGS

SUPPIYVOIAGE ..t i i e e j.EV

Digit OUIPUECUITENT L. ettt e et e e 300mA
Segment Qutput Current ............0vienans, e e e 50mA
InputVoltagetanyterminal) . ........c.ooiiriiiieiiiiiiiaaa V7403V io VT -0.3V

. NOTE 1

Power Dissipation (28 Pin CERDIP) ... ..vivviiiiiiereeieaeiaeinanns 1 W NOTE 2
Power Dissipation (28 Pin PIastit) ..., .vveeeerrirrrnenrnrnrneens, 0.5 W NOTE 2

- Power Dissipation {40 Pin Ceramic) .....c.ovvviiiiinieiinnnnininn... 1W NOTE 2
Operating Temperature RaNGE . .. vvvuviieireriiretiineaanennnns -20°Cto +85°C
Storage Temperature RaNge ... v.vveviriee i it ieeeaeann, -55°Cto+125°C

Stresses above those listed lnder Absolute Maxirmum Ratings may cause perrhanenl damage to the device. These are stress ratings only, and
functional operation of the device at these or any other canditions above thase indicated in the operational sections of the.specificationsis not
implied. Exposure o absolule maximum rating conditions for extended perfods may affect device reliability.

NOTE 1: Due to the SCR structure inherent in the GMOS process-used to fabricale these devices, connecting any terminal to a voltage greater
than V* or.Jess than GROUND may cause destructive device latchup, For this reason it is recommended that no inputs from sources
opertating on a different power supply be applied to the device before its owa supply is established, and when using multiple-supply
systems the supply to the ICM7218 should be turned on first. .

NOTE 2: These limits refer lo the package and will not be obtained during normal aperation. Derate above 50°C by 25mW per °C.

SYSTEM ELECTRICAL CHARACTERISTICS Vv* =5V +10%; Ta = 25°C, Test Circuit, Display Diode Drop 1.7V

PARAMETER SYMBOL | CONDITIONS | MIN § TYP | MAX | UNITS
Operating Voltage R 4 6 v o
. L Power Down Maode 2 ) 6 \
Quiescent Supply Current R Shutdown (Note 3) 68 | 10 | 300 | pA
Operaling Supply Current’ lop Decader On, Outpuis Open Ckt 250 | 950 uA
. - No Decode, Cutputs Open Ckt 200 | 450 pA
Digit Drive Current IDIIG | Common Ancde Vout =v* 2.0 -170 mA
Common Cathode Vout=V¥ +1V | 50 : mA
Digit Leakage Currént IDLK D . 100 ahA
" Peak Segment Drive Current’ Isec .| Common Anode Vout =V~ +15V | 20 | .o mA
. ] ‘ ’ Common Cathode Vout = V* 2.0V | 10 mA
Segment Leakage Current ~ | sk ) ] ' EE 1A
Display Scan Rate . . fmux [ Per Digit 250 | Hz
Thrée Level Input . Co -
Logical “1" Input Voltage VINH - | Hexidecimal ICM7218C, D (Pin ) 4.0 A
Floating Input - . ViNF | Code B ICM7218C, D (Pin 9 | 20 3.0 Y
. Logical “0" Input Voltage ' VINL Shutdown ICM7218C, D {Pin 9 1.75 v
Three Level Input impedance ZiN - | Notled | ) 1 100 B k)
Logical 1" Input Voltage ViH ] ) | 35 R Y
Logical “0" Inpul Voltage ) ViL ) ] 8 v
erle Pulse Width (Neg_a_tive) I\f }7218A B 550 400 ns
Wrile Pulse Width (Positive) iw ! 550 400 ns
i se Width (Negative) ] t ns
Write ulse Wimh-tPogjtitv‘:la | @ |[rc.DE a0 | 59 ns.
Mode Hold Time I tmn | 7218AB ' L1500 ns
Mode Pulse Width ] im | 7218A. B 500 ' _ns
Data Set Up Time : - tos . 500 : 1 ns
Data Hold Time R 25 & | ns
Digit Address Set Up Time : 1das ICM7218C, D, E 500§ : ns
Digit Address Hold Time ) tdah ICM7218C, D, E | 100 . ns
Data Input iImpedance ZiN 5-10 pF Gate Capacitance . 1010 |- Ohms

NOTE 3: In the ICM7218C and D irandom access versions) the Hexa/Code B/Shatdown Input (Pin 93 has internal biasing resistors to hold it at
V*/2when Pin 9is epen circuited These resistors consume power and resultina Quiescent Supply Current llg} of typicalty 50u A. The
ICM7218A, B, and E devices do not have these.biasing resislors and thus are not subject o this condition.



ICM7218 SERIES
BLOCK DIAGRAMS

1CM7218E

INTEIRSIIL

[CM7218A, ICM7218B ICM7218C, ICM7218D
_ HEXADECIMAL DAo-li::z o
: 180-1D3 GODE B WRITE DIG EHUTDOWN
D907 jpaapy MOPE WAITE MEKADECIMALY DT DAG-DAZ - ADDRESS
INPUT CONTROL CODEB/  DATA ____  biGIm, INPUT P s o
DATA SNPUTS SHUTDOWN INPUT WRITE ADDRESS DECODE DATA 2 .
1 IR 1 IR i+ ot :
T T 3 ] ) AI\)NEI'HTE
. B RESS
DECODE i |
5= CONTROL SHUTDOWN | THREE LEVEL | 1 SHUTDOWN Bx8 DECOOER
HEXA/CODE 8 Logic INPUT LOGIC [T STATIC
1) . A RAM P
1,*— 7] 1| - WRITE . gt
8 ! s, | Oecooen » L Sfriexen
Di - . MUL
. 1— wrITE ADDRESS t DEC 7] 7
1) STATIC a COUNTER Ex8 1 5
T AAM ! STATIC . 2t 5]
N i“*— RAM .
H ; 31 HEXADEC
I I___I READ f 1 TEAD | HEXADECHIALY MULTIPLEX
l<f{ ADDRESS, DIGIT ADDRESS DECODER OSCILLATOR
4} MULTIPLEXER LR MULTIPLEXER
HEXADEEIMAL! 3.4 . T
CODE B : <ol
DECOBER MULTIFLEX L HEXADECIMAL/
,_t_ . O8CILLATOR L™ cope B
DECODER MULTIPLEX ] NgEcE?::Z:)EI;E
1 OSCILLATOR -0 il
LECODE/ Ed - -
NO-DECODE
. 8 .
LIR 1] \NTERDIGIT 7] 8| 1| INTEADIGIT - T - INTERDIGIT
11' 1 e 7 BLAENKING BLANKING FOIN BLANKING
§ SEGMENT 4 DIGIT 8 SEGMENT 8 OIGIT B SEGMENT 8 DIGIT
DAIVERS DRIVERS DRWVERS DRIVERS ORIVERS DAIVERS
PIN CONFIGURATIONS (See page 6:65 for ICM7218A}
IcM72188* (QUTLINE DRAWING PI) ICM7218C (QUTLINE DRAWING M)
COMMON CATHODE COMMON ANODE ..
oloT 4[] [ GrouND Sep ¢ [T] [79 GROuND
pIGT 6{Z] i piqiv 7 sog e (2] [27) Seg &
oIaIT 3T [zsiDIGIT & Seg b [T] [ Seq o
BGIT 1] [ DIarT 2 o.r.[E] =] Seg d
10§ (HEXA/CODE B) {5} DIGIT 8 DAD {DIGIT ADDRESS 0} 5] 24 Seg t
IDs (DECGDE) [5 [fsen g DA1 {DIGIT ADDRESS 1) [§] E[IELE]
|D7 (DATA COMING) [T] [72]50g 1 D7 INPUT D.F) 7] DGt s
. WRITE 8] [21) 500 TE (€] [FoiaiT 7
MOGE( 5] [20) Seg ¢ HEXA/CODE B/SHUTOGWN [70) pLaaT 4
104 (SHUTDOWN) fig) v+ DA2 {DIGIT ADDRESS 2} g v+
I ¥TE] Seg d 101 [1] [18] DIGIT &
150 [1Z] Segb Do [z} [GlDIeiT 5
102(1] 6] sag a 102{13] [iE) DIQIT 2
DY 8l 0.p: 1o [19] [i5) DiGIT 1
TOPVIEW ;TGP VIEW
*Note: Ping 5; 6, 7, 10 are under contrat
ol Mode pln 8. See pags &60.. ICM7218E {OUTLINE DRAWING DL)
COMMOHK
ICM72180 (DUTLINE DRAWING P1) QUMON ANGDR
COMMON CATHODE GROUKD [40] Seg a
Seg e 58] Seq g
DIGIT 4 [T] [23) GROUND Szg & [76] Seg d
DIGIT & 2] [a7) DGt 7 Sag b [37] seg 1
DIGIT 3 [3] 78 plsiT 5 D.P, [55] NG
piaIT 1 [5] 8] DIGIT 2 e [35] NC
DAD {DIGIT ADRRESS 0) [5] [ DioT 8 _Ios 73] NG
DA1 {DIGIT ADDRESS 1) [E] 17 Seg ID7 (INFUT D.P.) [33] DECODE
107 {INFUT DF)) (7] f22] Seg ! WRITE [52] HEXA/GODE B

WRITE [21] Sep e

HEXA/CODE B/SHUTDOWN (5] 70 5ep
DA2 (DIGIT ADDRESS 2) [10] ) v

D1 [ [18) Seg ¢

oo [] [17] Sea &

o2 [12] [15] Eeg a

TOP VIEW

SHUTOOWN

D4

DAZ {DIGIT ADDRESS 2}
DAD (DIGIT ADDHESS 0}
DA1 {DIGIT ADDRESS 1)
NC

B -1

120

o2

D3




ICM7218 SERIES BINTERSIL
INPUT DEFINITIONS ICM7218A and B
INPUT TERMINAL | VOLTAGE | FUNCTION
WRITE 8 . High Input Mot Loaded Into Memory
’ Low Input Loaded Into Memary
MCDE 9 High . |Load Control Word on Write Pulse
Low Load input Data on Write Pulse
104 SHUTDOWN 10 High Mofmal Operafion
) ‘Low Shutdown {Oscillator, Decdder, and D|sp|ays
. ) ) Disabled)
iD5 (DECODE/No Gecode) 6 High No Decode
MQDE Law Decode
106 (HEXAdecimal/CODE 8) High 5 High ~ | Hexadecimal Decading
: Law Code B Decoding
ID7 (DATA COMING - T High Data Coming i
Control Word) ) Low No Data Gaming } 'Crontrol Word
Input Data MODE | 111218, High | Loads “One” (Note 2 o
Low * 14,5,6 _
1DO-1D7* i 0,7 -Llow . |Loads “Zerc” (Note 2)
*ID0-ID3 = Don't care when writing control word
1D4-1D7 = Don’t care when writing Hex/Code B
{The display blanks on ICM721BA/B versions when writing in Data)
INPUT DEFINITIONS ICM7218C and D
INPUT TERMINAL |VOLTAGE| FUNCTION
WRITE 8 High Inputs Not Loaded Into Memory
. . Low Inputs Loaded Into Memory
Three Level Input (Note 1) 9 High Hexadecimal Decode
Floating | Gode B Decode
Low Shutdown (Oscillatot, Decoder and Displays
) __ |- Disabled) _
Digit Address 10,6,5 " High = | Loads "Ones”
DAZ2 (MSB)-DAD (LSB) . Low Lgads “Zeros™
Input Data ID3 (MSB) - IDO = Data 14,13,11,12 High Loads "Ones” (Note 2
ID7 =DP. 7 Low | Loads “Zeros™ (Note 2)
INPUT DEFINITIONS ICM7218E
INPUT TERMINAL VOLTAGE FUNCTION
WRITE ' ) High | Input Latches Not Updated
] Low | Input Latches Updated
SHUTDOWN 10 High Normal Operation
Low Shutdown (OSC|[Ialor Decoder and Displays
‘Disabled:
Digit Address (0,1,2) 13,14,12 High Loads “Ones”
DAQ-DA2 Low Loads “Zeros”
DEGODE/No Decade 33 High | Ne Decode
Low Deccde .
HEXAdecimal;’GODEB 32 High Ccde B Decoding
- ] Low Hexadecimal Decoding
input Data 16,17,18,19 High | Leads “Ones” (Note 2)
6 ‘ ‘
1D0-ID7 7,118 Low Lpads "Zerps" (Noie 2)

NOTE 1 Inthe ICM7218C and ICM7218D versions, Hexadecimal, Code B anu aiwtdown are controlled with a three levelinput on Pin 9. Pulling
Pin 9 high decodes Hekadecimal. Flpating Pin 9 decodes Code B and pulling Pin 9 low puts the IGCM7218 in a Shutdown mode.

NOTE 2 In the No Decode format, "Cnes” represents ¥on” segments for all inputs except for the Decimal Paint, where “Zero" represents “on™
segments, li.e. segments are positive true, decimal point is negative true).
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0045 FYP.
FREE RUNNING (PER DIGIT)

e . I . _‘

Rege : |

INTERDIGIT BLANK

saoi

D7

EXTEANAL ~

ik}

s

B4

Figure 1: Multiplex Timing

Figure 2: Segment Assignments

DECODE/No Decode

For the ICM7218A/B/E products, there are 3 input data
formats possible; either direct segment and decimal point
information (8 blts per digit) or 2 Binary codes plus decimal
point (5 bits per digit). The 7 segment decader on chip may be
disabled if direct segment information Is inputted.

In the No Decode format, the inputs.directly control the
outputs as follows: '

Input Data: ID7 1D6 IDS 104 1D3 ID2 D1 1D0
Output Segments: DP. a b ¢ e g f d

in this format, “Ones” represents on-segments for afl inputs

except for the Decimal Padint, where "zerg' represents on

segments. ‘
HEXAdecimal or CODE B Decoding

For all products, & choice of aither HEXA or Code B decoding

may ba made, HEXA decoding provides 7 segment numeric.
plus six alpha characters while Code B provides a negaiive
sign (—), a blank (for leading zero blanking), certain useful

alpha characters and all numeric formats. ’

The four bit binary code is set up on inputs 1D3-1D0.

BinaryGode]0 1 2 34 6 6 7 8 91011121314 15
Hexa Code —‘f__r' ! =

- =

B9 AR D dEF

(W]
L

i l.:l )

t
rada B2 L] r'l:‘ = El n

32 - £ H P Blenk

L)

SHUTDOWN -

SHUTDOWN performs several functions: it puts the device
into a very low dissipation mode (typically 10pA at V¥ = 5),
turns off both the digit and-segment drivers, stops the multi-
plex scan ascillator (thisisthe only way thescan oscillalorcan
be disabled). However, it is still possible to input data fo the
memory during shutdown-onty the cutput and read sections
of the device are disabled.

Powerdown

In & Shutdown Mode, the supply voltage may be.reduced to2
volts without data being lost in memory. However, data
should not be written into memory If the supply voliage is
1éss than.4 volts. - g I o
Qutput Drive .

The common ariode outpiit drive is approximately 200 mA
per digit at a 12% duty cycle. With 5 segments being driven,
this. i$ eqtial to abgut 40mA per segment peak drive or SmA
average drivé, The common cathode drive is approximately
one half that of the comman anode drive. If high impedance
LED displaysare used, the drive.will be correspondingly less.

Inter Digit Blanking . : .
A blanking time of approximately 10us oceurs between digit

. strobes to ensure that segment information is correct before

the next digit drive thereby avoiding ghosting.

" Leading Zero Blanking

This may be programmed into chip memory in the no-

" decode operdtion {eagh segment programmed for a zero for

the blanked digits) or by using the 16th state (binary 15) with
the Code B décoder.

Driving Larger Displays .

If a higher average drive current per digit is required, it is
possible to parallel connect digit drives together. For
example, by paralleling pairs of digit drives together to drive
a 4 digit display 10 mA average segment drive can be
obtained. o
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APPLICATIONS, continued

Power Dissipation Considerations

Assuming common anade drive af V+= 5volts and all digits
on with an average of & segments driven per digit, the
average current would be approximately 200mA. Assuminga
1.8 volt drop across the LED display, there will be a 3.2 voit
drop across the ICM7218. The device power dissipation will,
therefore, ‘be 640mwW rising to about 900mW for all ‘B"'s
displaysd. Caution: Position device in system such that air
can flow freely to provide maximum cooling, The common
cathode dissipation Is approximately one half that of the
common anode dissipation. ‘

Serial Input Drive Considerations {(ICM7218A/B})

The control instructions are read from the input bus lines if
MODE is high and WRITE low. The instructions occur on 4
lines and are- Decode/noDecode, typeofDecode (if desired 1,
SHUTBOWN/no Shutdown and DATA COMING/not Gom-
Ing. After the control instruetions have been read {with Data

ZINTERSIL

ignored. It is not possible to change one individual digit
without refreshing the data for ail the other digits, (This can,
however, be dchlieved with the IGM7218C/D/E where the
digits are individually addressed.)

Random Access Inpul Drive Conslderatlons
(ICM7218C/D/E)

Contral instructions are provided to the ICM7218C/D by a
single three fevel input terminal Pin 9, which operates
independently of the WRITE pulse. The ICM7218E controf
instructions are also independent but are on three separate
pins (10, 32, 33).

Data can be written inta memory an the [CM7218C/D/E by
setting up a 3 bit binary code {one of eight) on the digit

. &ddress inputs (which define the digit where the data is to be

written into the memory) and apply a negative going WRITE
pulse. For example, it is possible to change only digit 7
without refreshing the data for all the other diglits. (However,

this cannot be achieved with the ICM7218A/B.)

Supply Capacitor
A 04uF capacitor is recommended between V* and
GROUND to bypass multiplex noise,

Coming instruction) display data ¢an be written Into memory
‘with each following hegative going puise of WRITE, MODE
being low. After all 8 words or digit memory locations have
been written, additional transitions of the state of WRITE are

SWITCHING WAVEFORMS ICM7218 .
R — dn————le tmy
MODE m—h 726A,5 ONLY
' L e — -
WATTE ‘t , ' A L '

D
M =DONT CARE

Figure 3
CHIP ADDRESS SEQUENCE ICM7218A and B |

MODE _r-l_

WRITE

iNPUT DATA,

- DIGIT ADDRESS 7238C,0,E DMLY

1 =CONYROL WORD*
D = DATA WORD
WHITE = LEVEL SENSITIVE, ROT EDGE SENSITIVE

*KEEP MODE FRDZEN THROUGHQUT
8 DATA WORD WAITE SEQUERCE.

M

I———wm'rs m\m—‘%J DON'T CARE
. . - 8 PULSES

CONTAGL WoRD ot ol

TYPE OF DECODER? [0

DECODE/ND DECODE? iD§

SHUTDOWN? IDg

DATA COMING 1D7

CONTROL WORD

TYPE OF DECODER? I1DG
DECODE/ND DECODE? D5
SHUTDOWN? ID4

DATA NOT COMING [D7

Figure 4
CHIP ADDRESS SEQUENCE EXAMPLE ICM7218C/D/E

AU V7777

DECDDE-NO QECODE,

SHUTDOWN AND HEXADECIMAL-CODE B ARE
INDEPENDEKT OF THE WRITE PULSE
{ICMI218C/0/E ONLY) AND MAY BE CHANGED
ANYTIME BY APPLYING THE APPROPRIATE INFUT
LOGIC STATE,

DON'T CARE

Figure §
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TEST CIRCUITS ' T KT
TEST CIRCUIT 1
+ ’ .
il D
F] 27
- E] EJ
4 2E
HEXA-CODE B/IDS Ty &
DECODE(DS,
DATA COMIKG/IDT : ICM7218A ::
WAI ] 21
MODE &
SHUTDOWR/ID4 - = =
1Dt [T -
1D& 3 T
108 o7 e
103 11 . '35
1
I7 ¥
—_5v - 0.1¢F = |
T~ v . T
ps 07 D5 DS D¢ 03
] e (o] D ] [
L 1L [T, b. (L), :
GOMMON ANODE 3
DIGPLAY op, ——
. ! N PP N . . . o
TEST CIRCUIT 2 : - — e .

ilg 23]
2 27|
E] 26
3 I
_ _DIGIT ADDRESS 0 [5 =
' v il icmrz1e0
W
HEXA/CODE /4HUTOOWR
. DQIT ADDRESS 2 0
) o
10p_ s
102 1
D3 p
1Y N _
=+ : v —{ cs o7 Ds 03 Os D3 D2 o1 *
_—y M =1
= < i ] Eara Ty pg ] (]
T- - g 8 N2 Y I DR
’ » COMMON CATHODE
DF. DISPLAY
TYPICAL CHARACTERISTICS
COMMON ANODE _ - :
SEG. DRIVER COMMON ANODE . COMMON ANODE
Isea vs. Your SEG. DRIVER ) . DIGIT DRIVER
AT 25°C Iseq. va. Yout ioig vs. (¥ -Vour)
0 = B} - ’ 300 vt
sy e 20°C A
o 3 A
a5 X > / 0 +25°C /Y “"SVJV"S— L
- y/ ffﬂ' _ 7 LA 200 : 7
g o e g ”,ﬂ §
P ~ : i ey e Y/
% ) ¢ 7 ’I/’ 4 2
15 20 I[' . ‘100 Taree 4
/2 ' /
/ - vy =5ov . \’l +25°C
] I
] 1 2 3 « 1 2 3 o 1 2 3

Vout {(YOLTS} ) Your (YOLTS) . v*-Vour (VOLTS})
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TYPICAL CHARACTERISTICS, CONT!NUED

Izg (mA)

200

50

a4
=3
=3

S0

COMMON CATHODE
DIGIT DRIVER.
IniG vs. Vour
AT 25°C

5.5¢

1 2
* Vgyr (VOLTS)

s RElINI NS IRS L

COMMON CATHODE - COMMON CATHODE
- SEG. DRIVER - DIGIT DRIVER
Isec vs. (V*—V'our) Inia vs. Vout
a0 - 200
- 7
i 2f' ° y/ : . e |/
+28° \v . 150 \ //
z 20 = _ * 425°C -
£ z. //—'
e ' 100,
2 o £ ,f : +J're c
s -
\._r*—v*'= 5.0V
o . L2 . o . 1 2 3
V¥ -Yaur (VOLTS) . Yout (VOLTS}

APPLICATION EXAMPLES

8 DIGIT MICROPROCESSOR DISPLAY
APPLICATION

The display interface: (ICM7218) is shown with an MCS—48
family microprocessor. The 8 bit data bus DBG/DB7-1D0/ID7
transfers control and dala information to the 7218 display
interface on successive WRITE pulses; When MODE Ishigha

siva WRITE pulse. Aiter eight WRITE pulses have occurrad,
further pulses are ignored and the display interface returns
to normal display cperation until a new centrol ward is
transferrad. See Figure 4. This also allows writing to other
- peripheral devices without disturbing the 1ICM7218 A/B.

control word is transfemred. MODE low allows datatransferon Dé'coding of the stored &ata in memory is defined by the
a WRITE pulse. Eight memaory address locations inthe 8x 8 control word and may be decoded in Hexadecimat, Gode B,
static memory are automatically. sequenced on each succes- or No-Decods formats.
ool c D l_! __J -
L s
anp ) : v C o -
| ' | 12 b
. B Vcc Yoo \'sa Voo vss
—“—1—3 AL, :
ol .- (31~
a2
»—"J—- XTALZ N f}a CIGITS
4
- IMBGGC35 121 il
-—"—-—!ﬁ? IMBGC4B Sﬁ B ICM7218A/8 T8 SEGMENTS
. 8048 P22 e : ' '
i 8050 - a5
EA. 8748 EEEESTL
L ETC. jaz
= Nc-—iss gg 38 9‘ MODE
o oo ot
- 1
=1 ggg 15 — = b3
P ag ’ e 3 - B 12104
P~y oBs T _ P — s
DB —_— — —=
=Ewr 207 e - Ed i
Yrj ALE PSEN-PROG WA AD : . WA

G

Figure 8: 8 Digit Migroprocessor [Display
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16 DIGIT MICROPROCESSOR DISPLAY
APPLICATION '

Both ICM7218's are addressed simultaneously with a 3 bit
word; DA2-DAG.

Disglay data from the MCS-48 |/O bus (DB7-DBO) s

transterred to both ICM7218 (ID3-1D0) simultaneously,
4 bits + 4 bits on WRITE enable.

Display digits from both ICM7218's are interleaved to allow

adjacent pairs of digits to be loaded sequentially 6n.asinglé 8
bit data bus, ie DG D1, B2 D3, D4 D5, etg.. :

EBINTERSIL

Decimal point information (from the processor, P26-P27) is
supplied to the ICM7218 on bus lines ID7 to both devices.

Choice of decoding is available in either Hexadecimal or
Cede-B format by hardwiring or decoding to a Three Level
format on Pirt @ of the ICM7218.

“Multiplexing is asynchronous with respect to the micro-
pracessor and is completely perférmed by the ICM7218,

[ Y —— ) S ki — 1 ) G r— L
h I t I ) S 1 t— 1 I T '
=== ]l=l=l=] === == ==
R A A O A A A O A I
[D1s |b15 J CIEI 1) ]D12 o __Jod0 foe Joa [oz Jos ||:is ] D4 {pa ~ b2 1D1
[ 1 1 —3 i I 1 .
+5V GND 45Y GND LS N v V-
*40 26 Izu |19 lza e Im I‘zs
VYoo Voo Vss X 2 Voo ¥ss
I Hxrans ::2 20
L praf 2 DIGHTS aIGITS
O piz| 30 *r
T o WL FSOY 4t e ts s
. e
pi7 e
: i I 2 5 5 -
LI KLU, i “6108  cmrziecsD —1 T VR
. IMBOCAS paz |28 =l BT ———— Wpar
7 8048 PR ’
o O B
L 748 P2 137 o7 (aEC. PT) 107 (ueC. PT)
= 5 £7¢. par |- A
HC +—={ 58 . )
peoj2 21100 Hwo
08153 o1 .1
X oB2 [oE- 3112 1a] 02
=170 i 5= 03 1pa
29| oB4 17 - -
INPUT{—- T Das ja—
=5 st || (] || i v e
ALE FSER PROG WR__AD Wi WR
En F |25 10 I s s A
Figure 7: 16 Digit Display
NO DECODE APPLICATION

The ICM7218 can be used as a microprocessor based LED
status panel driver. The microprocessor selected control
word would include "No Decode” and "Data Coming”. The
computer then outputs word oriented “Ones” and “Zeroes”
to indicate on-off states. This data is read into the ICM7218
which in turn directly drives appropriate discrete LEDs. LED
indicators can be red or green (8 “segments” x § digits =64
dots + 2 per red or green=32channels). With red, yellow and

e -1 e el mran e arcmrmrrm o2 tad

Additional [CM7218's may be bussed and addressed (see
Figures 8 and 7) to expand the status panel capacity. Note per
figure 4 that after the 1ICM7218A/B has been read’in its data (8
WRITE pulses}, it ignores additional informaticn on the data
lines. A new control word must be received before the next
write sequence can be accommodated. Consequently, by
address decoding and WRITE pulse enabling, numsrous
ICM7218's can be bussed together to allow a large number of
indicater channels. :




COININHENIRSTE

FEATURES
* High trequency counting—guaranteed 15MHz,

*

typically 25MHz at 5v

Low power operation—iess than 100W quiescent
STORE and RESET inputs permit operation as

frequency or period counter

True COUNT INHIBIT disables first counter stage
CARRY output for cascading four-digit blocks
Schmitt-trigger on the COUNT input allows

operation in noisy environm
changing inputs

ents or with slowiy

Leading Zero Blanking INput and OUTput for’

correct leading zero blankin
devices

g with cascaded

and divider chain to generate backplane
frequency, or backplane driver may be disabled
allowing segments to be slaved to a master

backplane signal

* LCD devices provide complete onboard oscillator

* LED devices provide BRighTness input which can
function digitally as a display enable or with a
single potentiometer as a continuous display

brightness control

ICM7224 (LCD)
ICM7225 (LED)

4'2-Digit Counter/
Decoder/Drivers

GENERAL DESCRIPTION

The ICM7224 and ICM7225 devices constitute a family of
high-performance CMOS 4 1/2-digit counters, including
decoders, output latches, display drivers, count inhibit,
leading zero blanking, and reset circuitry.

The counter section provides direct static counting, guaran-
teed from DC to 15 MHz, using a 5V £10% supply over the

* operating lemperature range. At normal ambient tempera-

tures, the devices will typically count ‘up to 25 MHz. The
COUNT input is provided with a Schmitt trigger to allow
operation in noisy environments and corract counting with
slowly changing inputs. These devices also provide count
inhibit, store and reset circuitry, which allow a direct inter-
face with the ICM7207/A to implement a low cost, low power
frequency counter with a minimum component count,

" Those devices also incerporate severaf features intended to

simptify cascading four-digit blocks. The CARARY output
allows the counter to be cascaded, while the Leading Zero
Blanking INput and OUTput allows correct Leading Zero
Blanking bstween four-decade blocks. The BackPlane driver
of the LGD devices may be disabled, allowing the segments
tobe slaved to another backplane sighal, necessary when us-
ing an eight or twelve digit, single backpiane display. In LED
systems, the BRighTness input to several ICM7225 devices
may be ganged to one potentiometer,

The CM7224/1CM7225 family are packaged in a standard
40-pin duat-in-line plastic package.

TYPICAL APPLICATI_ON (UNIT. COUNTER)

PIN CONFIGURATION (outiine dwg PL)

LED COMMON L %:i— .
e 1¥* BRIGHTNESS & Jo0k2- gy ===
- W2 Ds | D3 | D2 (1 an -T
Talululw sioe 5120
OO0 i m v o
= - COUNT 32— COUNT IN £ [3g] c1
COMMON-ANODE COUNT TNHIBIT
LED DISPLAY CoUnT mf;'::; :.1, }:@ c:: % ::
LZBOUT 28— &—— 0 (8R¥) BP OSCILLATOR {GND)}
CARRY 28— IHHIBIT Az GND
. (CLOSED) B2 33| STORE
: c2[w]- REBET
28 SEGMENTS Fey o2 Ictr22d  [iF count
1 HALF-DIGFT 3740 :: {ICM7225) ﬁw
LzB oU
fCM7228 F2 B
A [28] CARAY
B3 1/2-DIGIT
. c3 6] F4
ORDERING INFORMATION p3 73] Gt
E3 [24] E4
a3 23] D4
, ORDER PART NUMBER | COUNT OPTION P oo
LCD ICM7224 1PL ’ 19988 )
LPISPLAY | IGM7224A 1PL 15059
LED - ICM7225 IPL, 19999
DISPLAY | ICM7225A IPL 15069

Evaluation Kits, order IGM7224 EVIKit or IGM7225 EV/Kit
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ABSOLUTE MAXIMUM RATINGS

Power Digsipation (Note 1) ... ..o iiiiiiiiiiii it iieicas 0. 5 W@ 70 C
Supply Voltage (V) . .c. i i s e g e , 8.5V
Input Voltage [Any . .

Terminall (INOTB 2) ..\ iviniiiieiinrivreeeeeeeeaiareerieeaanas V++0.3V, 0.3V
QOperating Temperature Range . .....ovvnee i ivearii e, -20°C jo +85°C
Storage Temperature Range .:...v.ovveeentivaneeiiniins SR +.=55°Clo+125°C

NOTE 1: This limit refars 1o that of the package and wilt not be obtained during normal operation.

NOTE 2: Due to the SCR structure inherent in the CMOS procass, connecting any terminal to
voltages greater tftan V+ or less than GRCGUND may cause destructive device latchup.
For this reason, it is recommendad that no inputs from sources operating on a different
power supply be applied to the device before its supply is established; and that in
raultiple supply systems, the supply to the ICM7224/1CM7225 be turried on first.

Stressis above those listed under "Absolufe Maximum Ratings'” may cause permanent damage to the device. These are stress rafings only
and functional opération of the device at these or any other conditions above those indicated in the operational sectiéns of the specifica-
tions is not implied. Exposure to absolule maximum rating conditions for extended.periods may affect device reliability.

OPERATING CHARACTERISTICS
{All Parameters measured with V* = 5V unless otherwise indicated)

ICM7224 CHAR_ACTEHISTICS

PARAMETER SYMBOL | CONBITIONS . MIN | TYP | MAX JUNITS
Operating current . log Test circuit, Display blank b 10 | &0 pA
Operating supply voltage range Sy 3 5 6 | v
DSCILLATOR input current 1 losci !Pin3s ] ) +2 +10 A
Segment rise/fall time tris Cicad = 200pF 1 ] 05

BackPlane riseffall time trio Cioag = 5000pF 1.5 1S
Oscillator freguency . fasc Pin 36 Floating c 19 KHz
Backpiane frequency fop Pin 36 Floating 150 Hz

ICM7225 CHARACTERISTICS

PARAMETER SYMBOL | CONDITIONS - MIN | TYP | MAX |UNITS
Operating current display oif lorPQ Pin 5 (BRighTness) at GROUND . 10 50 uh
Pins 29, 31-34 at V*. J ‘ .

Operating supply voltage rarige Al o ' 4 5 6 v
Operating current L Iop Pin & at V", Display 18888 . 200 ' mA
Segment leakage current IsLK Segment Off +0.01 +1 uh
Segment on current Istc | Segment On, Vout=+ 3V 5 ] A
Half-dIgit on gurrent In Half-digit on, Vout= + 3V 10 16 m

FAMILY CHARACTERISTICS

PARAMETER SYMBOL | CONDITIONS . MIN TYP MAX |UNITS
Input Ip ‘Pins 29, 31, 33, 34 -1 10 A
Pullup Currenis Vout = V- 3V
Input High Voltage , Vi | Pins 28, 31, 33, 34 a
Input Low Voilage VL Pins 29, 31, 33, 34 1 )
COUNT Input Threshold Vet B v
COUNT Input Hysteresm VeH ] 0.5
QOutput High loH CARRY Pin 28 . 350 500
Current {eading Zero Blanking OUT Pin 30

. _{Vout= V-3V i ] A
Output Low ‘ lo. = | CARRY Pin 28 350 | 500 H
Current i Leading Zero Blanking OUT Pin 30 .

) Vout= +3V

Count Frequency feount 4.8V < v+ < GV : 0 DC-25| 15 MHz
STORE, RESET Minimum Pulse Width | ts,ta o i ] 8 KE




ICM7224/ICM7225

TYPICAL CHARACTERISTICS

7224 OPERATING SUPPLY CURRENT
AS A FUNCTION OF SUPPLY VOLTAGE
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7225 LED SEGMENT CURRENT 1
AS AFUNCTION OF OUTPUT VOLTAGE
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MAXIMUM COUNT FREQUENCY (TYPICAL)
AS A FUNCTION OF SUPPLY VOLTAGE

- BINTERSIL

SUPPLY CURRENT AS A FUNCTION
OF COUNT FREQUENCY
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ICM7224/1CM7225
CONTROL INPUT DEFINITIONS

In this table, V+ and GROUND are considered to ba narmal
operating input logic levels, Actual input low and high levels
are specified in iﬁe Operatmg Characterlst;cs Far lowest

BINTERSIL

power con_sumpt'ion,l input signats should swing-over the full
supply.

INPUT . : "TERMINAL VOLTAGE FUNCTION
Leading Zero Blankmg R 20 V* or Floating Leading Zero Blanking Enabled
INput o ) : GROUND Leading Zeroes Displayed
COUNTINHIBIT A V* or Floating Counter Enabled
e ) GROUND Counter Disabled
RESET . ‘ 33 V* or Floating Inactive
) DR GROUND Counter Reset to Q000
STORE o .34 V* or Floating Output Létches not Updated
] GROUND Qutput Latches Updated

DESCRIPTION OF OPERATION

L.CD Devices

The LCD devices in the family (ICM7224 and ICM72244)
provide outputs suitable for driving conventional 4 v2-digit
by seven segment LCD displays, including 29 individual
segment drivers, backplane driver, and a self-contajned
oscillator and dmder cham to generate the backplane
frequency. -

The segment.and backplane drivers each consist ofa CMO3
inverter, with the n-and p-channel devices ratioed to provide
identical on resistances, and thus equal rise and fali times,
This eliminates any dc component which could arise from

differing rise and fall tlmes and ensyres maximum display . .

life.

Thie backplane output deviges can be disabled by connect-
- ing the OSCILLATOR input {pin 36) to GROUND. This syn-
chronizes the 29 segment outputs dirgctly with a signalinput
atthe BP terminal (pin5) andallows cascading ofseveralslave
davices to the backplane output of one master device. The
backplane may afso be derived from an external sourcea. This
allows the use of displays with characters in muitiples of four
and.asingle backplane. A slave device will represent a load of
approximately 200 pF (comparable to one additional
segment), The limitation on the number of devices that can
be slaved to one master device backplane driver is the
additional load represented by the larger backplane of
displays of more than four digits, and the effect of that load
_ on the backplane rise and fall times. A good rule of thumb to
observe in order to minimize power consumption is to keep
the rise and fall times less than about 5 microseconds. The

backplane driver devices of .one device should handle the

backplane to a display of 16 one-half-inch characters
without the rise and fall times exceeding 5u5s fie, 3 slave
devices and the display backplane driven by a fourth master

device). Itis recommended that if more than four devicesare -

to be slaved together, that the backplane signal be derived
externally and all the ICM7224 devices be $laved to it.

This external signal should be capable of drivmg very large
capacitive loads with short {1-2ss) rise and fall times. The
maximum frequency for a backplane signal should be about
150Hz, although this may be too fast for optimum display
response at lower display temperatures depending on the
display used.

The onbeard osclilator is designéd to free fun at approxi-
mately 19KHz, at microampereé power levels. The oscillator
frequency is divided by 128 to provide the backplane fre-

.-devices for “on

guency, which will be approximately 150Hz with the oscitlator -
free-running. The oscillatar frequency may be reduced by
connecting an external éapacitor between the OSCillator ter-
minal {pin 36) and V *; sae the.ploi of oscillatar/backplane fre-
quency in “Typicat Characteristics” for detailed information.
The ascillator may also be overdriven if desired, although
care must be taken to insure that the backplane driver is not
disabled during the negative portion of the overdriving signal

‘which could cause 4 d.c. component to the display). This

can be done by driving the OSCILLATOR Input between the
positive supply and a level out of the range whare the
backplane disable is sensed, about one fifth of the supply
voltage above the negative supply. Anather technique for
overdriving the’ oscillator {with a signal swinging the-full
supply! is to skew the duty cycle of the overdriving signal
such that the negative portion has a duration shorter than
about one ‘microsecand. The hackplane disable sensing
circuit will not respand to signals of this duration.

LED Devices

The LED devices in the family (ICM7225, ICM7225A) provide
outputs suijtablé for directly driving 4V -digit by seven seg-
ment common-anode LED displays, including 28 individual
segment drivers and one half-digit driver, each consisting
of a low-leakage current-controtled open-drain n-channei
translstor

The drain current of these transistors can be controlled by .
varying the voltage at the BRighTniss input {pin 5). The
voltage at this pin is transferred to the gates of the output
" -segments, and thus directly modulates the
transisiar's “on” resistance. A brightness control can be
easily implemented with a single potentiometer controliing
the voltage at pin .5, connected as In Figure 3. The
potentiometer should be a high value {100k to 1M to
mikimize [2R power consumption, which can be significant
when the display i is oft.

The BRighTness input may also be operated d;gltally as a
display enable; when at ¥*; the display is fully on, and at
ground, fully off, The display brightness may alse be con-
trolted by varying the duty cycle of a signal swinging betwaen
the two supplies at the BRighTness input.

Note that the LED devices have two connections for ground,
both should be connected. The double connaction is neces-
sary to minimize effects of bond wire resistance with the
large total display currents possible.



ICM7224/1CM7225

When operating the LED devices at higher temperatures
and/or higher supply voltages, the device power dissipation
may need to be reduced lo prevent excessive chip
temperatures. The maximum power dissipation is 1 watt at
25°C, derated linearly above 35°C to 500mW at 70°C
=15mW/° C above 35° C). Power dissipation for the device is
given by:
P = {V* -VrLeD) X sEG! X (nsEQ)

where VFLED is the LED forward voltage drop, lseg is
segment current, and nseg is the number of “on” segments.
It is recommendad that if the device is o be operated at
elevated temperatures the segment current be limited by use
of the BRighTriess inpul to keep powerduss:patlon withinthe
limits described above.

v [LED-ANODES)

BRIGHTHESS
PN 5 {7225)

Figure 3: Brightness Gontrol

COUNTER SECTION

The devices in the ICM7224/ICM7225 family implement a
four-digit ripple carry resettabie counter, inéluding a Schmift
trigger on the COUNT input and a CARRY output. Also in-
cluded is an extra D-type flip-flop, clocked by the CARRY
signal and outputting to the half-digit segment driver, which
can be used as either a true half-digit or as an overflow in-
dicator. The counter will Index on the negative-going edge of
the S|gnal at the COUNT input, while the CARRY output pro-
vides a negalwe going edgé following the count which in-
dexes tho counter fram 9999 (or 5959) to 16000. Once the half-
digit fllp-flop has been clocked, it can only be reset (with the
rest of the counter} by a negative level at the RESET terminal,
pin 33. However, the four decades will continue to countina
normal fashion after the hal-digit is set, and subsequent
CARRY outputs will not be affected.

A negative level at the COUNT INHIBIT input disables the
first divide-by-two in-the counter chain without affecting its
clock. This provides a true inhibit, not sensitive to the state of
the COUNT input, which prevents false counts that can result
from using a normal logic gate to prevent counting.

Each decade of counter drives directly into a four-to-seven

- decoder which develops the seven-segment output code. The
output data is latched at the driver; when the STORE pin s
low, these latches are updated, and when high or floating, the
latches hold their contents.

The decoders also Include zero detect and blanking logic to
provide leading zero blanking. When the Leading Zero Blank-
ing INput is floating or at a positive level, this circuttry is
enabled and the device will blank leading zeroes; whean low, or
the half-digit is set, Irading zerp hlanking is inhibited, and
zeroes in the four digits will be displayed. The Leading Zero
Blanking QUTput is provided to allow cascaded devices to
blank leading zeroes corractly. This output will assume a
positive level only when all four digits are blanked; this can
only occur when the Leading Zero Blanking IMNput is at a

T T T T T T

EAINTERSIIL

For exampts, in an eight-decade counter with overflow using
two ICM7224/ICM7225 devices, the Leading Zero Blanking
QUTput of the high order digit device wouid be connected to
the Leading Zero Blanking INput of the low order digit device.
This will assure correct leading zero blanking for all eight
digits.

The STORE, RESET, COUNT INHIBIT, and Leading Zero
Blanking INputs are provided with pulfup devices, so that
they may be left open when a positive lavel is desired. The
CARRY and Leading Zero Blanking CUTputs are suitabls for
interfacing to CMOS logic in general, and are specifically
designed to allow cascading of IGM7224 or ICM7225 devices
in four-digit blocks.
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ICM7224/ICM7225
APPLFCATlONS

1. Two-Hour Precision Timer

BINTERSIL

. . 7
| A
|_ Tyt -k OPTIONALS & HRS/MIN
- . . . *T* 0pF-220pF
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2. Eight-pigil Precision Freguency Counter
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CHIP TOPOGRAPHIES
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FEATURES
« CMOS design for very low power

* Output drivers directly drive both digits and
segments of large 8 digit LED displays. Both
common ancde and common cathode versions

are available

+ Measures frequencies from DC to 10MHz; periods

from 0.5us to 10s

= Stable high frequency oscillator uses either 1MHz

or 10MHz crystal

¢ Control signals available for external systems

operation
* Multiplexed BCD outputs

APPLICATIONS

+ Frequency Counter

+ Period Counter

Unit Gounter

Fraguency Ratio Counter
Time Interval Counier

ORDERING INFORMATION

ORDER
DISPLAY DEVICE | PACKAGE NUMBER
GERDIP | ICM7226A1JL
Common Anode ICM?QEIBA DinE CM7236AID
; Plastic ICM7226BIPL
Gommon Cathode | ICM72268 DICE ICM7226B/0

HOTE: An evaluation kit is available for these devices — order

ICM7226AEV/KIT.

ICM7226AIB

10MHz Universal Counter
System for LED Displays

GENERAL DESCRIPTION

The ICM7226 is a fully integrated Universal Counter and LED
display driver. |t combines a high frequency oscifiaior, a
decade timebase counter, an 8 decade data counter and
{atches, a 7 segmernit decoder, diglt multiplexer, and segment
and digit drivers which can'directly drive large LED displays.
The counter Inputs accept a maximum frequency of 10MHz
in frequency and unit counter modes and 2MHz in the other
modes. Both Inputs are digital Inputs. In many applications,
amplification and level shifting will be required te obtain
proper digital signals for these inputs.

The ICM7226 can function as a frequency counter, period -
counter, frequency ratio {f4/fg) counter, time interval counter
or a totalizing counter. The devices require elther a 10MHz or
1MHz crystal timebase, or if desired an external timebase
can also be used. For period and time interval, the 10MHz
timebase gives a 0.1gsec rasolution. In pericd average and
time interval average, the resolution can be in the nano-
second range. In the frequency mode, the user can select
accumulation time of 10ms, 100ms, 1s and 10s. With a 10s
accumulation time, the frequency can be displayed to a
resolution of 0.1Hz. There Is a 0.2s interval between
measurements In all ranges. Control signals are provided to
enable gating and storlng of prescaler data.

Leading zero blanking has besn incorporated with frequency
display in kHz and time In gs. The display is multiplexed ata
500Hz rate with a 12.2% duty cycle for each digit. The
ICM7226A |s designed for common anode display with typi-
cal peak segment currents of 26mA, and the ICM7226B is
designed for commen cathode displays with typical seg-
ment currents of 12mA. in the display off mode, both digit
drivors & segment drivers are turned off, allowing the display
to be used for other functions.

CONTROL IN
- B IN
WMEAS IN PROGRESS

FUNCFIIQFIN :

PIN CONFIGURATION (outline dwgs JL, PL)

D:
NGE

LCMT226B

*For maximum fraquency
stability, connect to V¥ or GROUND
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ABSCLUTE MAXIMUM RATINGS

MaximumSupplyVoltage . ............... e ey 6.5V
Maximum DigitOutputCurrent. ... .. o iin e it i enna [P ... 400mA
Maximum SegmentOutputCurrent . ... ..... R T T T B80mA
*Voltage onany Input or o

QutputTerminal{Nole1) .........oi e Nottoexceed V' or GND
: by mora than 0.3V

Maximum Power Dissipation at 70°C(Note 2}
LT . P 1.0W
], 1= 0.5W
Maximum Operating Temperature Range ... .. .. P e —20°Cto +8b°C
Maximum Storage TemperatureRange . ............... ... ...y —-55°Cto +125°C
Lead Temperature (soldering,10Seconds) . . . v co v v v e ir v innrinentnansas 300°C

. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage o
the device, These arg stress ratings only, and functional operation of the device at these or any
- other conditions above thase indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. -
‘Noil 1: Destruclive tatchup may ocour if input signals are applled before the power supply Is '
astablished or if inputs or outputs are forced to voltages exceeding V* or GROUND by
0.3v. .
Note2: Assumes all leads sotdered or welded to PC beard and free air flow.

ELECTRICAL CHARACTERISTICS
TEST CONDITIONS V'= 5.0V, Test Gircuit, Ta = 25°C, uniess otherwise spemﬂed

] PAHAMETER . SYMBOL| CONDITION ) MIN | TYP | MAX |UNITS
Operating Supply [} Display Off .
Current Unused inputs to GROUND . . 2 5 mA
Supply Voltage Range. Vsupp | -20°C < Ta<85°C
. ' Input A, Input B 4.75 6.0 v
o . Frequency at fuax  E
* Maximum Guaranteed
Frequency faimax} | "20°C < Ta<85°C
Input A, Pin 40 4,75V < V+ < 8.0V Figure 1
Funciion = Ffegquency,
Ratio, Unit-Gounter 10 4 |- MHz
Function = Period, Time Interval 2.5 :
Maximum Freguency ) Tagmaxy | 20°C <Ta <85°C
Input B, Pin 2 475V < \V+ < 6.0V 2.5
. , Figure 2
Minimum Separation 20°C <Ta< 85°C
Input A to Input B 4.75V < V+ < 6.0V 250 ns
Time Interval Function . Figure 3 .
Maximum osc. freq. and ext. osc. fosc |-20°C < Ta < B5°C
freq. (minimum ext. osc. freq.) 475V < V+ < 8.0V 0.1) 10 | . | MHz
Oscillator Transconductance Bm V+ =475V 2000 us
’ Ta = +85°C
‘Multiplex Frequency . frux | fosc = 10 MHz 500 Hz.
Time Between Measurements  |foss =10 MHz ' 200 ms
Minimum Input Rate of Charge dVin/dt [ Inputs A, B B - 15 | | mVius

SEGMENT IDENTIFICATION AND DISPLAY FONT

LED overflow indicator connections:

a Overflow wlil be tndicated on the decimat point culput of
"_Ib digit 8.
- qid IHSRTES

CATHODE ANODE

d.p. ICM7226A d.p. Dg
1CM72268 Dy d.p.

s

!

- O
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ELECTRICAL CHARACTERISTICS (Continued)
TEST CONDITIONS: v* = 5.0V, test circuit, Ta = 25°C, unless otherwise specified:

PARAMETER ‘ SYMBOL|CONDITION | MIN | TYP | MAX |UNITS
INPUT VOLTAGES : :
PINS 2,19,33,39,40,35 .
input low voltage Vi, —20°C < Ta < +70°C 14 vV
input high voitage Vin . .35
PIN 2. 38, 40 INPUT LEAKAGE A, B WLk ) 1 20 HA
Input resistance to V*
PINS 18,33 RN {ViN=V" —1.0V. - 100 | 400 kil
Input resistance to GROUND ’ )
PIN 31 RN |ViN=+1.0V T 50 |- 100
Qutput Gurrent " E C :
PINS 3,56,7,17,183238 o IVoL=404v | 400 shA
PINS 5,6,7.17,18,32. lon |Vou=+24V. . | 100 ] uh
PINS 3,38 loH [VYoH=V+—0.8V 265
ICM7226A
PING 22,23,24,26,27, 28 29,30
DIGIT DRIVER 1
high output current 1 oy [Vo=V+-20V ' 150 480 mA
low output curremnt loL Vo =+1.0V 0.3

SEGMENT DRIVER
PINS 8,9,10,11,13,14,15,16 - -
low output current oL Vo = +1.5V . 25 35 __|.mA

high oulput current lon |[Vo=W+-10vy ] 100 pA
MULTIPLEX INPUTS ; . :
PINS 1.4,20,21 .

input low voltage ’ Vil ] o ’ ] 08 |

- input high voitage : VIH .- . - 2.0
input résistance ta GROUND Ain  [vin=+1.0V ) 50 100 ka
ICM7226B

DIGIT DRIVER
PINSG 8,9,10,11,13,14,15,16 _ . )

low output current lar Vo = +1.0V ) 1 50 75 mA

High output current : lox Vo = V+ -2.6V L 100 pA

SEGMENT DRIVER ' I : i '

PINS 22,23,24,26,27,28,29,30 - ! .
high output current loH |Vo=V+=2.0V 10 15 - mA

leakage current I Vo = GROUND B 10 1L
MULTIPLEX INPUTS i - i :
PINS 1,4,20,21 : ) ;
input low voltage . ViL I Ty -20 ¥
input high voltage ’ VIH I N ] o8 Y

inpul resistance to V" iy [Vn=V 1oV ) | 200 | 360 IR NE

EVALUATION KIT

An evaluation kit is avallable for the ICM7226. [t includes all the components ne¢essary to assemble and evaluate a
universal frequency/period counter based on the ICM7226. with the help of this kit, an engineer or technician can -
have the ICM7226 “up-and-running” in less than an hour. Specifically, the kit contains an ICM7226A1L, a 10MHz
quartz crystal, eight each 7-segment 0.3" LEDs, PC board, resistors, capamtors diodes, switches and IC socket.
Order Number IGM7226 AEVIKit. .
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BLOCK DIAGRAM
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LED OVERFLOW IRDICATOR CONNECTIONS:

QVEAFLOW WILL BE INDICATED QN THE
DECIMAL POINT QUTPUT OF DIGIT 7

CATHODE =~ ANODE
ICMT236A d.p. s
ICMT2268 Da ap.
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COUNTED

/ TRANSITIONS

Y = 4 = 10 mec

INPUT A

FIGURE 1, Wavetorm for Guaranteed Minimum f4(max)
Function = Frequency, Frequency Ratlo, Unit Counter.

[ MEASURED |
INTERVAL

250 s
) a5y i

INPUT A OR -

INPUT B .

=1 = 10 nsec

MmN

FIGURE 2. Waveform for Guaranteed Minimum fg(max)
and !A(max) for Functlon = Perlod and Time Interval.

TIME INTERVAL MEASUREMENT

The ICM7226A/B can be used to accurately measure

the time interval between two events. With a 10 MHz

lime-base crystal, the time between the two events

can be as long as ten seconds. Accurate resolution in
- time interval measurement is 100ns.

The feature operates with Channel A going low at the
start of the event to be measured, followed by Channel
8 going low at the end of the event.

When in the time interval mode and measuring a
single event, the ICM7226A/B must first be “primed”
priorto measuring the event of interest. This is done by
first generating a negative going edge on Channel A
followed by a negative going edge on Channel B 1o
start the “measurement interval.” The inputs are then

primed ready for the measurement. Positive golng -

edges on A and B, before or after the priming, will be
needed to restore the original condition.

BINT=ERSIL

This can be easily accomplished with the following
circuit; (Figure 3b).

SIGNAL A

X

__)l : >—— InFUT A
X'
'D—mpur B

vt

SIGNAL B

ook
1
| Device | Type
1 - 040498 Inverting Buffer
2 GO40708B Exclusive-OR

FIGURE 3b. -Priming Circuit, Signal A&B High or Low.

Following thé priming procedure (when in single event
or 1 cycle range input) the device is ready to measure
one {(only) event.

When timing repetitive signalé, itis not'necessary to
“prime" the IGCM722BA/B as the first alternating signal
states automatically prime the device. See Figure 3a.

During any fime interval measurement cycle, the
ICM7226A/B requires 200ms following B going low to
update all internal logic. A new measurement cycle
will not take place until completion of this internal
update time,

) J—] 40ms
STORE +
i
TQ 40mi 1 FUNCTION:
3070 40me BOms . TIFAE INTERVAL
RESET ' - ll 3
: I"‘-I— 40ms 1
P 150 70 200 = PRIMING

MEASUREMENT INTERVAL

|

1 |
' . UPDATE—
|

MEASUREMENT
il PROGI

INFUT A

INPUT B

ey \:\ /Wf

, i
| zsommiN. | | 1
MEASURED
wTERvaL  F°

(FIRST) MEASURED

INTERVAL
(LAST)

NOTE: IF RANGE ISSET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE,

FIGURE 3a. Waveforms for Time Interval Measurement (Others are similar, \ﬁ'iti]out prjming phase)



ICM7226A/B

APPLICATION NOTES
GENERAL

INPUTSA & B

The signal to be measured is applied to INPUT A infrequency
period, unit counter, frequency ratio-and time:interval modes.
The other input signal to be measured is applied 10 INFUT B
in frequency ratio and time interval. f should be higher than
fg during frequency ratio. .

Both l_nputs .are digital inputs with a typical switching
threshold of 2,0V at V+ = 5.0V and Input impedance of 250k1.
For optimum performance, the peak to peak input signal
should be at least-50% of the supply voltage and centered
about the swilching voltage. When these inputs are being
driveri from TTLoglc, it is desirable to use a pullup resistor.
. The cirtuit counts highi to low transitions at both inputs:

* Note: The amplitude of the input showld not &xceed the supply by
moré than 0.3V otherwise, the circult may be-damaged.

MULTIPLEXED INPUTS

The FUNCTION, RANGE, GONTROL and EXTERNAL
DEGIMAL POINT inputs are time multiplexed to select the
input function desired. This Is-achieved by conriecting theap-
propriatas digit driver output to the inputs. The input function,
range and contral Inputs must be stable during the last half of
each digit output, (lypically 125xs&c). The multiplex inputs
. are active high for the cofmmon anode ICM72264, and active
low for the commeon cathade ICM7226B.

Nolse on the multiptex fnputs can bausé improper operation.
This is partlcularly true-when the unit counter mode of opera-
tion is selected, since changes ih vdltage on thé digit drivers
can be capacitively couplad through the LED dlodes to'the
multiplex inputs. -For maximum noise immunity, a 10k

resistor should be placed in series with the muttiplex mputs )

as shown In the application notes.

TabIe 1 sholws the functions selected by each d|g:t for lhese
Inpuis

- TABLE 1. Multiplexed Input Contral

FUNCTION DIGIT
FUNCTION INPUT Frequency . Dt
PIN' 4 Period. - - De
Lo Frequency Ratio . D2
. -} Time Interval . Ds
Unit Counter . D4
) . Oscillator Freguency . Da
RANGE INPUT 0.04 Sec!1 Gycle o]
PIN 21 0.18ec{0Cycles. . | De
1 Sec/100 Cycles . Da
10 Sec/1k Cycles Dy
PIN 31 Enable External Range Ds
Input
CONTROL INPUT Blank Display D4&Hold
PIN 1 Display Test Dg
- 1MHz Select Dz
External Oscilldtgr Enable ]
 External Decimal Point
Enable - D3
Test Ds
EXTERNAL DECIMAL Decimal Point is Output for Same Digit
POINT INPUT, PIN 20 That i Connected to This Input

CONTROL INPUTS

Display Test - All segments are enabled continuously, giving
a dianlav of all 8 with decimat opinte Tha disnlavy wlil be

BINTERSIL

Display Off - To enable the display off mode it is.necessary to
tie D4 to the CONTROL input anid have the HOLD input at v+,

The chip-will remain in this mode until HOLD is switched Iow
While'in the display off mode, the segment and digit driver
outpuis are open and the oscillator continues to run (with a
‘typical supply current of 1.5mA with a 10MHz crystal) but no

" measurements are made. In addition,-Signals applied to the

multiplexed inputs have ho effect. A new measurement is in-
itiated after the HOLD input goes low: (This mode does not
operate when functioning as a unit counter)

1MHz Select - The 1MHz select mode allows use of a 1MHz
crystal with the same digit multiplex rate and time between
measurements as a 10MHz crystal. The internal decimal
point is alsoshitted onedlglttothe right in period and tima in-
terval, since the least significant diglt wlll be in 1zs incre-
ments rather than G.1ps.

External Oseillator Enable - In this‘mods, the EXTernal
QOSCillator INput is used, rather than the on=chip oscillator,

" for the Timebase and Main Counter inputs-in-period and time

Interval imodes. The on-chip oscillatorivlll continue to func-
tion whési the external oscillator is sélecied, but have no
effect on circuit operation. The external oscillator input fre-
quency must bé greater thar 100kHz or the chip will reset
itself and eriable the on-chip oscillator Conneéct external
oscillatar to both OSC N (pin'35) and EXT OSGIN {pin 33}, or
provide crystal for “default” osclllation, to avold hang up
problems.

" ‘External Decimal Point Eriable - When external decimal

point is enabled, a decimal point will be dlsplayed wheénever
the digit dnvel’connected to the EXTERNAL DEGIMAL POINT

“pli Is active. Leading Zero Blanking wut be disabled for all-

digits following the decirnal point.

Test Mode - This-ls a special moda used anly in high speed
productlon testing, and serves no other purpose. :

RANGE INPUT

The range input selects whether the measurement is made
for 1, 10, 100 or 1000 counts of the reference counter, or if the
EXTernal RANGE INput determines the measurement time.
In all functional modes except unit counter, & change in the

"RANGE input will stop the measurement in progress, without

updating the display, and Initiate a new measurement. This
prevents an erroneous first reading after the FANGE input is
changed. s

FUNCTION INPUT

SIx functions can bie selected. They are: Frequency, Period,
Time Interval, Unit Counter, Frequency Ratlo and. Osciliator
Frequency

These functions select which signalis counted into the main
counter and which signal is counted by thereference countar,
as shown in Table 2. In.time interval, a flip flop is set firstby a
1—0 transition at INPUT A and then reset by a 1—0 transition
at INPUT B. The oscillator |s gated intc the Main Counter dur-

_ ing the time the flip flop is set. A change in the FUNCTION in-

put will stop the measurement in progress without updating
the display and then initiate a new measurement. This
prevents an erronecus first reading after the FUNCTION
inout is chanaead. If the maln counter ovarflows. an ovarflow
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TABLE 2. Input Routing - N

REFERENCE

DESCRIPTION MAIN COUNTER | COUNTER

Frequency {fa} mput A 100Hz (Oscillator =+
105 or 104

Pertod (ta) Osciflator Tnput A -

Ratio fa/fal _ linput A Input B

[Time Interval {A—B) ]Osc.ON Gale - Osc OFF Gate

Lnit Counter(Gount Allinput A Not Applicable

00Hz [Qsc + 105 or

Qsc. Freq. fosc) . '|Q$ciliator
104)

EXTERNAL DECIMAL POINT INPUT

When the external decimal poini is selecied, this input is
“active. Any of the digits, excspt Dy, can e connected Lo this
point. Dg should not be used sihce it will overrida the overflow
output and leading zeros will remain unblanked after the
decimai point. :

HOLD tnput - Except in lhe unit counter mode, when the
HOLD Input is at V +,, any measurament in progress (before
STORE goes low) is stopped,.the main counter is reset and
the chip is held ready to initiate a new measurement as s00n
as HOLD goes low. The |atches which hold the maln counter
data are not updated, so the last complete measurement is
displayed. In unit counter mode when HOLD Input is-at v +,
the counter.is not stopped or reset, but the display is frozen at
that instantaneous value. When HOLD goes low the count
continues from the new value in the counter. .

AESET Input - The RESET Input resets the main counter,
slops any measurement in progress, and epables the main
counter latches, resulling in anall zero oufput. A capacitor to
ground will prevent any Hang-ups on power-up. B

EXTernal RANGE Inpul - The EXTernal RANGE Inputis used
to select other ranges than those provided on the ghip.
Figure 4 shows the relationship between MEASurement IN
PROGRESS and EXTerpal RANGE Input. . .

REFERENCE X . \l'—|

COUNTER .

CLOCK

- | o

MERS.

TN PROGAESS B

EXT RANGE ]

INPUT L -
e et

F_i'gure 4 External Range Input io End of Meas'l.,lr-ehent ih Frdgréss.

MEASUREMENT IN PROGRESS, STORE AND RESET
Outpuls - Thése Outputs are brovided to facilitate external ih-
terfacing. Figure 5 shows the refationship between these
signals during the time between measurements. All three

outputs can drive a fow power Schottky TTL load. The.

MEASUREMENT IN PROGRESS output can directly drive ane
ECL load, if the.ECL device is powered from the same power
supply as the [CM7228. ’

+———— 190 TO 200me—]

MEASUREMENT
IN PROGRESS |

40ms

FTORE

30 TO 40ms—| ] §0ms

RESET-QUT

40ms

Figure 5 RESET OUT, STORE; ard MEA_SU_F-lEMEN'.I' IN

BINTERSIL

BCD Outputs - The BCD representation of eaghidigit output
is available at the BCD outputs; see Table 3 for Truth Table.
The positive going {ICM7228A - Common Anodelornegative
going {IGM7226B = Gemmon Gathade) digit drivers lag the
BCD data by 2 10.6 microsgconds; the leading edge of the
digit trive signal should be usedto axternally fatch the BCD
data. Each BGOD autput will drive cnelow power Schottky TFL
load and when interfacing low power Scholtky TTL latchas; it
is necessary to use 1kQ puII down resistors on the TTLinputs
fér optimum results, The display is multiplexed from MSD to
LSD. Leading zero blanking has no effecton the 8CD outpiiis.

“TABLE 3 Truth Tabls BCD Ouiputs

BCD 1

: BCD 8 8CD 4. BCD2
MUMBER | PIN7 . | PIN8 | PINT7T | PIN18
0 .9 a a -0,
1 0 Q 0 B
2 ] i 1 o
3 0 ] . 1
4 0 1 0 0
5 0 1 .0 1
6 ] 1 4 o
7 ] 1 q 1
8 1 ] 0 0
9 1 0 0 1

BUFFered O$Ciliator OUTpui - The BUFFered OSCillator
OUTput has been provided to énable use of the on chip
oscillator signal without loading the .oscillatar itself. This
output will drive one low power Schottky TTL load, Care
should be taken o minimize capacitive loading on this.pin.
DISPLAY CONSIDERATIONS : o

‘The display is multiplexed at a 500Hz rate with a-digittime of
244ys, afid-an interdigit blanking. tinte of 6is ‘to prevent
ghosting betwgen digits. The decimalpoifit and ieadingzero
blanking have been implemented for right hand. decimal
paint displays; zeros following the decimal point will not be
blanked. Leading zero blanking will also be disabled if the
Main Counter overflows. The internal dégimal point contyol
displays frequency in kHz and timeififis. ~~ )

The ICM7226A is designed to diive common anade LED

. displays at a peak currént of-25mA/segment, using dispiays

with VF = 1.8V at 25mA. The average DG current will be
greater than 3mA under these donditions. The ICM72268B is
designed to drive comimen cathode displays at a peak current
of 15mA/segment, using displays with Vi = 1.8V at 15mA.
Resistors can be added in serles with the segment drivers to
limit thé display cufreht, if required. Figures 6, 7,8 and 9
show the digit and _se’grnént currents as a function of cutput
voltage for cemmori anode and common cathode drivers.

aon - g = :
200:'7:....
T - f
:
E f
= ¢,
. ¥/
e sec 41 .
. F !
s .' INE +25°C
7/
0 1 2 . 3
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Figure 8: ICM7226B Typical Isea vs. (V+-Vo! 4.5V < v+ < 6.0V

To increase the light output from the displays, V+ may be
increased to 6.0V, however care should be taken to see that
maximum power and currant ratings are not exceeded.

The SEGment and Digit outputs in both the 72264 and B are
not directly compatible with either TTL or CMOCS logic.
Therefore, fevel shifting with discrete transistors may be
reguired to usethese ouiputs as logic slgnals. External latch- -
ing should be done on the leading edge of the digit signal.

ACCURACY

In a Universal Counter, crystal drift and quantization errors
cause errors. In frequency, pertod and time interval modes,
a signal derived from the oscillator is used either in the
Reference Counter or Main Counter, and in thése modes, an
error in the oscillator frequency will cause an identical error
in the measurement. For instance, an oscillator temparature

coetficient of 20ppm/°C will cause & measurement error of
o T TP T N )

EINTERSIL

in addition, there is a quantization errorinherent in any digital
measurement of =1 count. Glearly this error is reduced by
displaying more digits. in the frequency mode, maximum ac-
curacy is obtained with high fréquency inputs, and in period
mode maximum accuracy is obtained: with low frequency in-
puts. As can be seen in Figure 10, the least accuracy will be
obtained at 10kHz. In time interval measurements there is &
maximum-error of 1 count perinterval, As a result there is the
same Inherent accuracy In all ranges, as shown in Figure 11.
In frequency ratio measyrement more accuracy can be ob-
tained by averaging over more cycles of INPUT B as shown in
Figure 12. )

o g - ~— 1 CYCLE

1 S 10 CYCLES | pERIGD .
o MEASUREMENT
E g2 \ < 102 CYGLES | {osc - 10MHz
a
E. a 103 CYCLES:
2z
Z g 4
=0
2
§ Zs i SEC
£+ .
B, 0 04 SEC 1 creguENCY
1 sEC MEASUREMENT
10 SEC

A 1 10 100 10F 104 105 106 167
FREQGUENCY (Hz)

Flgure-10: Maximum Accuracy of Frequency and Period Measure-
ments-Due ta Limitations of Quantization Errors.

MAXIMUM TIME INTERVAL
FOR 107 INTERVALS

T

- MAXIMUM TIME INTERVAL
L1 FOR 100 iINTERVALS

/

\ .1 MAXTMUM TIME INTERVAL
i FOR 10 INTERVALS
ML

MAXIMUM NUMBER
OF SIGNIFICANT DIGITS

i 10 100 103 i 105 105 107 10%
TIME INTERVAL (nSEC)

Figure 11; Maximum Accuracy of Time Interval Measurement Gue
to Limitations of Quaniization Errors.
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3= "~ 100 cveLes | ovcies oF by
= § 4
Jn
EZ
E=s . |- 1 cYoLES
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=8
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T
8

1 i@ 102 303 109 105 106 107 108
© s -

Figure 12: Maximum Accuracy for Frequency Ratio Measurement

Due to Limitations of Quantization Errors.

CIRCUIT APPLICATIONS .
The ICM7226 has been designed as a complete stand alone
Universal Counter, or used with prescalers and other circuitry
in a variety of applications. Since A IN and B IN are digital in-
puts, additional circuitry will be required in many applications,
for input buffering, amplification, hysteresis, and level shifting
to obtain the required digital voltages. For many applications,
an FET source follower can be used for input buffering, and

L el damd A 1T e T T I

.
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hysteresis to obtain high impedance input, sensitivity and
bandwidth. However, tost and complexity .of this circuitry
can vary widely, depending upon the sensitivity and
bandwidth required. When TTL prescalers or input buffers
are used, pull up resistors to V+ should be used to obtain
optimal voltage swing at A IN and B IN.

If prescalers aren't requiréd, the 1ICM7226 can be used to

implement a minimum component Universal counter as

shown in figuré 13.

For input frequencies up to 40MHz, the circuit shown in
figure 14 can be used to implement a fraguency and pariod
counter. To obtain the correct value when measuring
frequency and period, il Is necessary to divide the 10MHz
oscitlator frequency down to 2.5MHz. In doing this the time

BINMERSIL

between measureménts is lengthened to 800ms and the
display multiplex rate is decreased to 125Hz.

if tha input frequency is prescaled by ten, the oscillator fre-
guenicy can remain at either 10MHz or 1MHz; but the decimal
point must be moved. Flgure 15 shows use of a =10
prescaler in frequency counter mode. Additional logic has
been added to enable the 7226 to count the input directly in
perled mode for maximum accuracy. Note that A IN comes
from Qg rather than Qp, to obtain an input duly cycle of 40%.
H an output with a duty cycle not near 50% must be used then
it may be necessary to use a 74121 monostable multivibrator
or similar circuit to stretch the input pulse to guarantee a
50ns minimum pulse widih. .

EXT
DISPLAY DISPLAY CEC
BLANK TEST ENABLE

iR T 1

v -
pF 0
- s D [P o0
— | DIODES: IN914
2
10MHZ CRYSTAL ™
[ TYRICAL
Ds o CRYSTAL PARAMETERS
b 39pF TYF. Cu - 22gF
nr—e GMT2268 Rs = - 350
o —o o .
B = EXT 08C IN
= Ds “
D¢
o 73
Ds .
RESET ¥
L
=
= QF II
(] S g
Dz |0 05 |Ds D [Ba [z M Py e
8y De
L4 OVERFLOW
Figure 13: 10MHz Universal Counter
vt v
] 1
. ».
R ]
a Ho of-
(=4 n——l ckp——— 2R
Uz

DISFLAY RISPLAY .
4 OFF  TEST . 10kSE

EXY S
Osc DIODES: 1060
ENABLE h 4 INFa AR

e \n. . \Da e

vt ' v
A . Y um%
a

cﬁ
T

7ALETA

ICMT226B

28880898 G

BIEE

@Kz oy
: = 39pF TYP. y+
T o 1314
VT ' :

Notes: 1) If a 2.5MHz crystal is used, diode D1 and .C.'s 1 and 2 can-be eliminated.
Elanra 44 ADRMME> Eranciancy Pariad (Colintar



ICM7226A/B

Figure 16 shows the use of a CD4016 analog multiplexer to
mukltiplex the digital outputs back to the FUNCTION Input.
8ince the CD4016 is a digitally controlled analog transmis-
sion gate, no level shifting. of the digit output is required.
CD4051's or CD4052's could also be used to select the
proper inputs for the multiplexed input on the ICM7226 from
2 or 3 bit digital inputs, These analog multiplexers may also

't

EINMERSIL

be used in systems in which the mode of operation is
controlled by a microprocessor rather than directly from
front panel switches. TTL multiplexers such as the 74153 or
74251 may also be used, but some additicnal circuitry will be
required to convert the digit output to TTL compatible logic
levels.
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The circuit shown in figure 17 can be used in any of the
circuit applications shown to implement a single measure-
ment mode of gperation. This circuit usesthe STORE output
to put the ICM7226 into a hold mode. The HOLD input can
also be used to reduce the time betwsen measurements. The
circuit shown in figure 18 puts a short pulse into the HOLD
input a short time after STORE goes low. A new measure-
ment will be initiated at the end of the pulse on the HOLD
Input. This circuit reduces the time between measurements
to less than 40ms from 200ms; use of the circuit shown in
Figure 18 on.the circuit shown in Figure 14 will reduce the
time between measurements from 1600ms to 800ms.

STORE
QUTPUT

SWITCH FUNCTION
$1 DPEN —~ SINGLE MEAS MODE ENABLED
52 CLOSED = INITIATE NEW MEASUREMENT
53 CLOSED = HOLD INPUT

Figure 17: Single Measurement Circuit for Uise With 1CM7226
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Flgjuré 18: Circuit for Reducing Time Belween Measurements
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Figure 19; Typical Operating Characteristics

Figure 20 shows the ICM7226 being Interfaced to LGD dis-
plays, by using its BCD outputs and 8 digit lines to drive 2
ICM7211 display drivers. The ICM7226 EVIKit may easily be
interfaced to 2 ICM7211 EV/Kits in this way. A similar arrange-
ment can be used for driving vacuum flyorescent displays
with the ICM7235.

OSCILLATOR CONSIDERATIONS

The oscillator is a high gain complementary FET inverter. An
external resistor of 10MQ or 22M@ should be connected bet-
ween the oscillator input and output to provide biasing. The
oscillator is designed to work with a paraliel resonant
10MHz quartz crystal with a load capacitafice of 22pF and a
series resistance of less than 35%2. Among suitable crystals
is the 10MHz CTS KNIGHTS I1S1-002.

8 28 SEGMENT | . 28 SEQMENT +EV
i LINES LINES ?1

(COLINTINEN RS )

For a specific crystal and load capacitance, the required gm
can be calculated as follows:

Om = w2 CINCouT RS (1+ (éo)

where GL :( CinCout )

Cint+Cout
Co = Crystal static capacitance
Rg = Crystal Series Resistance
Gin = Input Capagcitance
Cout = Output Capacitance
=2qnf

The required g, should not exceed 50% of the gy, specified
for the ICM7226 to insure reliable startup. The oscillator in-
put and output pins each contribute about 4pF to Cyy and
GCoyt - For maximum frequency stability, G and Copr
should be approximately twice the specified crystal load
capacitance.

In cases where nondecade prescalers are used, it may be
desirable to use a crystal which is neither 10MHz nor 1MHz.
In this case both the multiplgx rate and the time between
measuraments will be difterent. The multiplex rate is

fo
fmux=2—— for 10MHz mode and 5, = for the

104 2x10°
]
2x10°,

0sC

1MHz made. The time between measurements is

2 x 108

Qse
oscillator output should be used as an oscillator test point or
to drive additional logic; this output will drive cne low power
Scholtky TTL load. When tha buffered oscillator cutput Is
used to drlve CMOS or the external oscillator input, a 10k
resistor should be added from the buffered csciliator output
toV*.

the 10MHz mode and =— in the 1MHz mode. The buffersd

The crystal and oscillator components should be located as
close to the chip as practical o minimize pickup from other
signals. Jn particular, coupling from the BUFfered OSCillator
OUTput and EXTernal OSCillator INput to the OSCillator
OUTput or OSCillator INput can cause undesirable shiftsin
oscillator frequency. To minimize this coupling, pins 34 and
37 should be connected to V+ or GROUND and these two
signals should be kept away from the oscillator circuit.
TYPIGAL LCD DISPLAY

ﬁ%gﬁgﬁggg

ul:l

IcMrzit IcMrZi
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Figure 20: 10MHz Universal Counter System with LCD Display
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FEATURES

* |[CM7231: Drives B digits of 7 segments with two
Independent anhunclators per digit. Address and
¢ data’input In parallel format.
- & |CM7232: Drives 10 digits of 7 segments with. iwo
independent annunciators per digit. Address and
-data input in serial format. .
¢ |CM7233: Drives 4 characters of 18 segments
- Address and data input in parallel format.
e |CM7234: Drives § characters of 18 segments.
- Address and data Input in serial format.
* Chips provide all signals required to drlve rows
and cclumns of triptexed LCD display.
* Display voltage independent of power
supply, allows user control of dispfay operating
voltage and temperature compensation if desired.
* On-chip oscillator provides all display timing. .
& Total power consumption typically 200.W,
maximum 500:W at 5V.
s Low-power shutdown mode retains data with 5uW -
typical power consumplion at 5V, 1,W at 2V,
* Direct interfacing to high-speed mlcroprocessors
and microcomputers.

GENERAL DESCRIPTION

The ICM7231/7234 family of integrated circuits are
designed to generate the voltage levels and switching
waveforms required to drive triplexed. liquid-crystai
displays. These chips alsc include input buffer and
digit address decoding cwcunry and contain a mask-"
programmed ROM allowing six bits of input data to be
decoded into 64 independent combinations of the
output segments of the selected digit. :

.

ICM7231/32/33/34
Display Decoder/Drivers
for Triplexed Liquid
Crystal Displays

The family is designed to interface to modern high
performance microprocessors and microcomputers
and ease system requirements for ROM space and
CPU time needed to service a display.

The |CM7231 drives displays with 8 seven-segment
digits with two independent annunciaters per digit,
accepting six data bits and three digit address bits from
parallel inputs controlled by a chip select input. The
data bits are subdivided into four binary code bits and
two annunciator control bits. The ICM7232 drives 10
seven-segment digits with two independent annuncia-.
tors per digit. To write into the display, six bits of data
and four bits of digit address are clocked serially into a
shift register, then decoded and written to the display.

The ICM7233 has a parallel input structure similar to

“the ICM7231, but the decoding and the outputs are
organized ‘to drive four 18-segment alphanumeric
characters. The six data bits represent a 6-bit ASCH|
code.

The ICM7234 uses a serial input structure like that of
the ICM7232, and drives five 18-segment characters.
Again, the input bits represent a 6-bit ASCI| code.

Input levels are TTL compatible, and the DATA
ACCEPTED output on the serial input devices will
drive one LSTTL load. The intermediate voltage levels
necessary to drive the display properly are generated
by an on-chlip resistor string, and the output of a totally
self-contained on-chip oscillator is used to ganerate all
display timing. All devices in this family have been
fabricated using Intersil’'s MAXCMOS® process andall
inputs are protected against static discharge. Devices
are packaged in a 40 pin plastic DIP. :

PIN CONFIGURATIONS (outline dwg PL)
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OPTION TABLE AND ORDERING INFORMATION

- BINTERSIL

ORDER PAAT*

ANNUNCIATOR

ouTPUT

NUMBER QUTPUT CODE LOCATIONS INPUT
ICM7231AFIPL Hexadécimal Both Annunciators . Parallel Entry 8 Digilg
ICM7231BFIPL_ Code B - on COM3 4btDaa - plus -
T 2 bit A iat 16 Al weinfors
IGM7231GFIPL Code B 1 Annuncialor COM1 3 g:t Agg':';:fs'ﬂ ors ! nnunciatorg
1 Annuacialor COM3
ICMT7232AFIPL " Hexagdecimal Both Annunciators Serial Enfry 10 Digits
3 an COM3 4 bit Data plus
1EM72328F1PL Code B 2 bit Annunciators 20 Annunciators
1CM7232CHIPL Code B 1 Annunciator COM1 4 bit Address
1 Annuncialor COM3
ICM7233AFIPL 64 Characfer No Independeant Parallef Entry Four
(ASCIL Annunciators 6 hit {ASCII} GCharacters
18 Segment Data
_ {Half wld!h numbers) 2 bit Address
ICM7233BFIPL 64 CharaCter No fndepenﬂenl Serial Entry Four
) {ASCIn Annunciators 6 bt (ASCIl Characters
18 Segment Data
{Full width numbers) 3 bit Address
ICM7233AFIPL 64 Character No Independent Paraliel Entry . Five -
(ASCIN Annunciators 6 bit {ASCII} Characters
18 Segment: Data :
. Halt wldth numbars) 2 bit Address
|CM7234 BFIPL &4 Characler Ne Independent Serial Eptry Five
[ASCIl Annunciatars 6 bit {ASCI) Characters
18 Segment Data

(Full widih numbers)

3 bit Address

ABSOLUTE MAXIMUM RATINGS

Power Dissipationl’l ... . ... ... .... 0.5 W @ 70°
Supply Voltage (VY .................. R 65V
Input. Voltagel2! ................... -0.3<ViN£6.5

“Dice versions also available 11CM7231 AF/D. ICMT233AF/D, elc.' fnfroduclory parls may ba avaifable only in CERDIP pac]:age, Change
sutfix to IJL it necessary, )

Display Voltagel2f . ............

MNotes:
1. This limit refers to that of the package and will not he obtained durlng normal pperation.

2.

P

-0.3 = Vpisp = 0.3
Operating Temperature Range ..... -20°Cto +85°C
Storage Temperature Range .....

-55°C to +H125°C

NOTE: Stresses above those listed’ under Absolute Maximum
Ratings may cause permanéent damage io the device. These
are stressratings only, and functional operation of the device
at these or any other congditions above those indicated in the
operational sections of the specifications is not implied.
Exposure to absolute maximum raling conditions for
extended penuds may affect device rellﬂbllny

Due to the SGR structure inherent in these devices, connecting any display terminal or the display voltage terminalic a voltage outmde
the power supply to the chip may cause destructive device latchup. The digital inputs should never he connected to avgltage less than-

-0.3 volis below ground but may be connected. to voltages above V' but not more than 8.5 volts above GND.

. ELECTRICAL CHARACTERISTICS v*=35V +10%, Ta = -20°C to +85°C unless otherwise specified

PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN [ TYP | MAX UNITS
Power Supply Voliage |v+ das ]| »a | 55| V
Data Retention v+ Guaranteed Retention at 2V T2 16 | L
Supply Voltage
Logic Supply Current, It Current from V+ to Ground excluding 30 100 | - ie.y
) . ) Display. Vpisp = 2V )
Shutdown Total Current|ls Vpisp Pin 2 Open 1 10 1y
Display Voltage Range |Voise Ground = Vpise < V't 0 vt Y
Display Veltage Seétup  |Ipisp Vpisp = 2V Current from V+ to 15 25 pA
Current Vpisp On-Chip )
Display Voltage Setup " |Rpisp One of Three Identical Resistors 40 75 k)
Resistor Value in String
DC Component of -(Sample Test only) /4 1 1% (V* - Voise)
Display Signals ) )
Display Frame Rate foisp See Figure 2 60 | 80 ! 120 Hz
Input Low Leve! ViL ICM7231, ICM7233 0.8 A
Input High Level Vig Pins 30-35, 37-39, 1 20 v
Input Leakage IiLk ICM7232, ICM7234 0.1 1 uh
Input Capacitance CIN Pins 1, 38, 39 ) _ . 5 | CpF
Output Low Level VoL Fin 7, ICMT232, ICM7234, loL = TmA, 0.4 v
Output High Level Vo V=45V lon = -500pA 4.1 v
Operating Temperature | Top Industrial Range -20 +86 *G
Range
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AC CHARACTERISTICS V'=5Y 100, -20°C <Ta<+85°C
PARALLEL INPUT ({CM7231, ICM7233) See Figure 12

EIINTNERSIL

PARAMETER

SYMBOL CONDITIONS/DESCRIPTION MIN | TYP | MAX | UNITS

Chip Select tes : 500 ( 350 ng
Pulse Width _

" Address/Data tae 200 ' ns
Setup Time '
Address/Data tdh 0 -20 | ns
Hold Time
tnter-Chip ties 3 us
Select Time

SERIAL INPUT {ICM7232, ICM7234) See Fighres 15, 16, 17

PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN | TYP | MAX UNITS
Data Clock 1o 350 ns
Low Tirme
Data Clock 1ol 350 7 ns
High Time : 1 )
Data Setup Time tds 200 . ) ns
Data Hold Time | tan ¢ | -20 _ns
‘Write Pulse twp 500 | 350 ns
Width
Write Pulse to twil 1.5 us
Clock at
Initialization ~ ) ) ]
Data Accepted todl 200 | 400 ns
Low Output Delay .
Data Accepted todh 1.5 3 | s
High Output Delay o
Write Delay After tews 350 ns
Last Clock
TERMINAL DEFINITIONS _
ICM7231 PARALLEL INPUT NUMERIC DISPLAY
' PIN
TERMINAL NO. DESCRIPTION FUNCTION

AN1 30 Annunciator 1 Control Bit High = ON

ANZ2 3 Annunciater 2 Conirol Bit Low = OFF See Table 3

BDO 32 Least Significant Input

‘BD1 33 - _ 4 Bit Binary Data

BD2 34 Data Inputs (See Table 1) .

BD3 35 Most Significant [Icl)w_:LLoglc?lene ( (1)}

AD 37 Least Significant N Input = Logical Zero ( _]

3 Bit Digit

Al 38 Address Inputs Address

A2 3s Most Significant np {See Table 2)

cs 1 Data Inpui -Strobe/Chip Select Trailing {Positive going)

M {Note 3) edge latches dafta, causes data
input to be decoded .and sent out
to addressed digit

Note:

3. T35 has a special “mid-level” sense circuit that establishes a test mode if it is hefd near 3V for several msec. Inadvertent triggering of

this mode can be avoided by pufling it high when inactive. or ensuring frequent actlvity.
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1CM7233 PARALLEL INPUT ALPHA DISPLAY

BINTMNERSIL

PIN
TERMINAL NO. DESCRIPTION FUNCTION

Do 30 Least Significant

B 3 Input

D2 32 6 Bit (ASCID) Data .

03 33 Data Inputs See HIGH = Lagicat One (1)

D4 34 Tahle 4 LOW = Logical Zero (D)

D5 35 Most Significant

AD 37 Least Significant } Input Add.

Al 38 Most Significant | Address Inputs See Table 5 _

CS1 39 Chip Select Inpuis Both inputs LOW load data into

32 1 {Note 3} input latches. Rising edge of

either input causes data to be .
latched, decoded and sent out to
addressed character.

Note:

3. C5T has a special "mid-level” sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this
mode can be avoided either by pulllng it high when inactive, gr ensuring !requent activity.

1CM7232 and [CM7234 SERIAL DATA AND ADPRESS INPUT

PIN
TERMINAL NO. DESCRIPTION ) ] FUNCTION _
Data Input - ag Data + Address Shift Register Input HIGH = Logical One (1)
. LOW = Logical Zero (0)
WRITE Input 39 Decode, Output, and Reset Strobe When DATA ACCEPTED Output
is LOW, posltive going edge of WRITE
causes data in Shift fegister to
be decoded and sent to addressec
digit, then shiift register and
control logic to be reset.
When DATA ACCEPTED Qutput
is HIGH, positive going edge of
WRITE triggers resei only.
Data Clock 1 Data Shift Register and Control Positive going edge advances
Input Logic Clock data in shift register.
ICM7232: Eleventh edge resets
shift register and control logic.
ICM7234: Tenth edge resets shift
register and control logic.
DATA a7 Handshake Cutput . Output LOW when carreét number
ACCEPTED of bits entered into shift
Output register; ICM7232 8, 9 or 10 bits
1CMT7234 9 bits
ALL DEVICES
PIN
TERMINAL NO. DESCRIPTION FUNCTION
Display 2 Negative end of on-chip resistor Display voltage control. When
Voltage Vpisp string used to generaie intermediate open (or less thah 1V from v
voltage levels for display, chip is shutdown; osculatur stops,
Shutdown Input. all display pins to V*. )
Comman 34,5 Drive display commons, or rows,
Line Driver
Cuiputs
Segment B-29 (On ICM7231/33) Drive display segments or
Line Driver 6-35 {On ICM7232/34) columns.
Cuiputs ’
Vit 40 Chip Positive Supply -
GND 36 Chip Ground
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TRIPLEXING (1/3 MULTIPLEXING)
LIGUID CRYSTAL DISPLAYS

Figure 1 shows the connection diagram for a typical
7-segment display font with two annunciators such as
would be used with an ICM7231 or ICM7232 numeric
display driver. Figure 2 shows the voltage waveforms of
the common lines and one segment line, chosen for
this example to be the “Y” segment line. This line
intarsects with COM1 to form the “a” segment, COM2
to form the "“g"” segment and COMS3 to form the “d”
segmenit. Figure 2 also shows the waveform of the “Y”
segment line for four different ON/OFF combinations
of the “a”, "g” and “d” segments. Each intersection
(segment or annunicator) acts as a ¢apacitance from
segment line to common line, shown schematically in
Figure 3. Figure 4 shows the voltage across the “g”
segment for the same four combinations of QN/QFF
segments in Figure 2. ’

The degree of polarization of the liquid crystal material
and thus the contrast of any intersection depends on
the RMS voltage across the intersection capacitance.
Mote from Figure 4 that the RMS OFF voltage is always
Vp/3 and that the RMS ON voltage is always 1.92 Vp/3,

For a 1/3 multiplexed LCD, the ratic of RMS ON to OFF
voltages Is fixed at 1.92, achieving adequate display
contrast with this ratio of applied RMS voltage makes
some dernands on thé liquid crystal material used.

Figure § shows the curve of contrast versus applied
RMS voltage for a liquid crystal material tailored for Ve
=3.1V, a typical value for 1/3-multiplexed displays in
calculators. Note that the RMS OFF voltage Vp/3~1V is
just below the “threshold" voltage where contrast
begins to increase. This places the RMS ON voitage at
2.1V, which provides about 85% contrast when viewed
straight on.

All members of the ICM7231/ICM7234 family use an
internal resistor string of three equal value resistors to
generate the voltages used to diive the display. Gneend
of the string is connected on the chip to Vtand the other
end (user input) is available at pin 2 (VDISP) on each
chip. This allows the display voltage input (Voisp) to be
optimized forthe particular liquid crystal material used.
Remember that Vp = V¥ — Vpisp and should be three.
times the threshold voltage of the liquid crystal mate-
"rial used. Also it is very important that pin 2 never be
driven below ground. This can cause device latchup
and destruction of the chip.

com1

COM 2

-] c
¢
comM3

COMMON LINE CONNECTION

EH d RH

SEGMENT LINE CONNECTION

Figuré 1. Connection Diagrams for Typical 7-Segment Displays
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Vg =Vp - Voam z (DIFFERENGE BETWEEN SEGMENT
LINE b AND COM 2 VOLTAGES)
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Figure 6, Temperature Dependence of LG Threshold
Figure 4. Voitage Waveforms on Segment g (Vg} :

A more important effect of temperature is the variation
TEMPERATURE EFFECTS AND of threshold voltage. For typical liquid crystal materials

suitable for multiplexing, the peak voltage has a temper-
TEMPERATURE COMPENSATION ature coefficient of -7 to -14 mV/® C, This means that as

The performance of the |C material is affected by  temperature rises, the threshold voltage goes down.
temperature in two ways. The response time of the Assuming a fixed value for Vp, when the threshold vol-
display to changes in applied AMS voitage gets longer  tage drops below Vp/3 OFF segments begin to be vis-

as the display temperature drops. At very low  ible. Figure 6 shows the temperature dependence of
temperatures (-20°C) some displays may take several peak voltage for the same liquid crystal material of
seconds to change to a new character after the new Figure 5. : -

information appears at the outputs. However, for most
applications above 0°C this will not be a problem with
available multiplexed LCD materials, and for low-
temperature applications, high-speed liquid crystal
materials are available. One high temperature effect to
consider deals with plastic materials used to make the
polarizer. Some polarizers become soft at high
temperatures and permanently lose their polarizing

For applications where the display temperature does
not vary widely, Vp may be set at a fixed voltage chosen
to make the RMS OFF voltage, Vp/3, just below the
threshold voltage at the highest temperature expected.
This will prevent OFF segments turning ON at high
temperature (this at the cost of reduced contrast for ON
segments at low temperatures).

ability, thereby seriously degrading display contrast. For applications where the display temperature may
Some displays also use sealing materials unsuitable vary to wider extremes, the display voltage Vpise {and
for high temperature use. Thus, when specifying dis- thus Vp) may require temperature compensation t¢
plays the following must be kept in mind: liquid crystal maintain sufficient contrast without OFF segmenis

[T ST THE T 2 PP
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DISPLAY VOLTAGE AND
TEMPERATURE COMPENSATION

These circuits allow control of the display peak voltage
by bringing the bottom of the voltage divider resistor
string out at pin 2. The simplest means for generating a
display voitage suitable to a particular display is to con-
nect a potentiometer from pin 2 to GND as shown in
Figure 7. A potentiometer with a maximum value of
200 k. should give sufficient range of adjustment to suit
most displays. This method for generating disptay vol-
tage should be used only in applications where the
temperature of the chip and display won't vary more
than £6°C (£9°F), as the resistors on the chip have a
positive temperature coefficient, which will tend to
increase the display peak voltage with an increase in
temperature. The display voltage also depends on the
power supply voltage, leading to tighter tolerances for
wider temperature ranges.

Figure 8(a) shows anocther method of setting up a dis-
play voltage using five silicon diodes in series. These
diodes, 1N914 or equivalent, will each have a forward
drop of approximately 0.65V, with approximately 20uA
flowing through them at room temperature. Thus, 5
diodes will give 3.25V, suitable for a 3V display using the.
material properties shown in Figures 5 and 6. For higher
voltage displays, more diodes may be added. This cir-
cuit provides reasonable temperature compensation, as
each diode has a negative temperature coefficient of
-2 mV/°C; five in series gives -10 mV/°C,not far from
aptimum for the material described,

The disadvantage of the diodes in series is that only
integral multiples of the diode voliage can be achieved.
The diode voltage multiplier circuit shown in Figure 8({b}
“allows fine-tuning the display voltage by means of the
poteéntiometer; it likewise provides temperature com-
pensation since the temperature coefficient of the
transistor base-emitter junction (about -2 mV/°C) is also
multiplied. The transistor should have a beta of at least
100 with a coliector current of 10 uA. The inexpensive
2N2222 shown in the figure is a suitable device.

For battery operation, where the display voltage is gen-
erally the same. as the battery voltage (usually 3-4.5v},
the chip may be operated at the display voltage, with
Viisp connected to GND. The inputs of the chip are
designed such that they may be driven above V+ without
damaging the chip. This allows, for example, the chip
and display to operate at a regulated 3Y, and a micro-
processor driving its inputs to cperate with a less well
controlled 5V supply. (The inputs should not be driven
more than 6.5V above GND under any circumstances.)
This also allows temperature compensation with the
ICL7663, as shown in Figure 9. This circuit allows inde-
pendent adjustment of both voltage and temperature
compensation. '

HINEIRSI(®

OPEN

200k 2 Vpise Ap——+6

B

ICM
7231-
7234

Figure 7 Simple Display Voltage Adjusiment
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DESCRIPTION OF OPERATION

PARALLEL INPUT OF DATA
AND ADDRESS (ICM7231, ICM7233)

The parallel input structure of the ICM7231 and
ICM7233 devices is organized to allow simple, direct
interfacing to all microprocessors, see block diagrams
Figures 10 and 11. In the ICM7231, address and data
bits are written into the input latches on the rising edge
of the Chip Select input. In the ICM7233, the two Chip
Selects are equivalent; when both are low, the tatches
are transparent and the data is latched on the rising
edge of either Chip Select.

ERINTERSIL

The rising edge of the Chip Select also triggers an on-
chip pulse which enables the address decoder and
latches the decoded data into the addressed digit/
character cutputs. The timing requirements for the
parallel input devices are shown in Figure 12, with the
values for.setup, hold, and pulse width times shown in
AC Characteristics on page 3. Note that there is a
minimum time between Chip Select pulses; this is to
allow sufficient time for the on-chip enable pulse to
decay, and ensures that new data doesn't appear at the
decoder inputs before the decoded data is written to the -
outputs.

B8 o7 D6 D5 o4 D3 D2 o
XY zZ LY 2 XYz XYz X ¥ Z Xvz XYZ Xy z:
seaMENT ] | - m | [ [
Lixe [ ] [ | - [} ] | -
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GN CHIP
IWIDE - - - | | L | || DISPLAY
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ouTPUT v, GENERATOR
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swiE [ I -
) J Vinge
() 3 A A () Y () ) PIN 2 (INPUT}
V
T | |
| DIGIT | !
ADDRESS  EN
DISPLAY
DATA DECODER JL TIMING — - — cam1
DECODER GENERATOR |___]common
ane LNE L comz
. ‘ I I SHOT DRIVER
.
DATA INPUT ADDRESS . - [— con3
g akinind INPUT EN-—04—-
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|
l Alluz | 801 | BD3 .
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DATA INPUTS
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ADDRESS INPUTS

Figure 10. ICM7231 Block Diagram
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SERIAL INPUT OF DATA AND
ADDRESS (1ICM7232, ICM7234)

The ICM?232 and 1CM7234 trade six pins used as data
inputs on the ICM7231 and ICM7233 for six more seg-
ment lines, allowing two more 9-segment digits
(ICM7232) or one miote 18-segment character (ICM7234).
This is done at the cost of ease in interfacing, and
requires that data and address information be entered
serially. Refer to block diagrams, Figures 13 and 14
and timing.diagrams, Figures 15, 16, and 17. The inter-
face consists of four pins: DATA Input, DATA GLOCK
Input, WRITE input and. DATA ACCEPTED Qutput.
The data present at the DATA Input is clocked Into a

shift register on the rising edge of the DATA CLOCK

BIINTERSIIL

Input signal, and when the correct number of bits hag
been shifted into the shift register (8 in the ICM7232, 8
in the ICM7234), the DATA ACCEPTED Output gogs.
low. FoHowing this, a low-going pulse at the WRITE -
input will trigger the chip to decode the data and store
it in the output latches of the addressed digit/character.
After the datd is latched at the outputs, the shift register
and the control logic are feset, returning the DATA AC-
GEPTED Output high, After this occurs, a pulse atthe
WRITE input will not change the outputs, but will reset
the control logic and shift register, assuring that each
data bit will be entered into the correct position in the
shift register depending on subseguent DATA CLOCK
inputs.

‘b’ D8 DB - o7 Dg bs D4 D3 - v} L
Xy z XY Z XYz Xy Z XYz X vz X ¥ E Xy z XY z Xy z-
[ o A e N N Leeopbe L e v
- ] - — — — — —] |
SEGMENT |— |— — |— ] ] - | B - \
LINE § | | L | | | - ] -
DALYERS v, ONcHIP
3WIDE - H  DIsPLAY
— — — — — — — ] — — VOLFAGE
LEVEL
ENERATOR
QUTPUT - - VL g
LATCHES ]
9WIDE - n 1 B B H B
- o P A 4 A ) Voise
] L] 19 L} L] a 9 L} L} ] ~——- PIN 2 {INPUT)
, L
]
) DIGIT EN DISPLAY
DATA * ADDRESS 1'|M||~(1l:_iu o ] Teomanl— coM 1
DECODEA GENERA L
DECODER SERJIAL INPUT LINE . L —comz
| 1 | l | I | l l GONTROL LOGIC DRIVERS
T i i T, - T i T CLACK —CcomM 3
ANANIBD BD|BD [BD;
: lz ki !3 ADIA1|A2:A3 DATA
; h

SHIFT-REGISTER
SHIFTS RIGHT TQ LEFT

ON RISING EDGE OF DATA CLOCK

DATA DATA  WRITE
INFUT CLOCK [INPUT
INPUT

DATA
ACCEPTED
QUTPUT

Figure 13, ICM7232 Block Diagram
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The shift register and control logic will also be resetiftoo
many DATA CLOCK INPUT edges are receivad; this
prevents incorrect data from being decoded. In the
ICM7232, the eleventh clock resets the shift register and
control logic, while in the 1ICM7234 it is the tenth.

The recommended procedure for entering data is
shown in the serial input timing diagram, Figure 15.
Fitst, when DATA ACCEPTED is high, send a WRITE
pulse. This resets the shift register and control logic
and initializes the chip for the data input sequence.
Next clock in the appropriate number of correct data
and address bits. The DATA'ACCEPTED Outpiit may
be monitored if desired, to determine when the chip is
ready to output the decoded data. When the correct
number of bits has been entered, and the DATA
AGCCEPTED Output is low, a pulse at WAITE wili cause
the data to be decoded and stored in the latchas of the
addressed digit/character. The shift register and control
logic are reset, causing DATA AGCEPTED to return
high, and leaving the chip ready 10 accept data for the
next digit/character. ‘

CHAR CHAR 4

EEIINTERS UL

Note that for the ICM7232 the eleventh clock resets the
shift register and contrgl logic, but the DATA
AGCEPTED Qutput goes low after the eighth clock.
This allows the user fo abbreviate the datatoeight bits,
which will write the correct character to the 7-segment
display, but will teave the annunicators off, as shownin
Figure 16.

If only AN2 isto beturnedon, nine bits are clocked in; if
AN1 is to be turned on, all ten bits are used.

in the ICM7234, nihe bits are always_required,; the
control togic is similar, butallows only aWRITE (DATA
ACCEPTED Low) with nine bits ehtered in the shift
register, as shown in Figure 17.

The DATA ACCEPTED Qutput will drive ohe low-
power Schottky TTL input, and has equal current drive
capability pulling high or low.

Note that in the serial input devices, it is possible to
address digits/characters which don't axist. As shown
in Tables 2 and 5, when an incorrect address is applied
together with a WRITE pulse, none of the-oytputs will be
changed. o

5 CHAR 3 CHAA 2 CHAR 1
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) [ T v
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e
o ommay = —
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—— GENERATOR C LINE com 2
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CONTROL LOGEG __coms
T cLock

1T T 11
DA| DY |DZ | D3| D4 | DS
I [ DATA
L L1 el 1

SHIFT REGISTER
SHLFTS RIGHT TO LEFT

ON RISING EDGE OF DATA CLOCK INPUT

DATA DATA WRITE DATA
INPUT CLOCK INPUT ACCEFTED

QUTPUT

Figure 14. ICMT234 Block Diagram
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ELEVENTH CLOCK
WITH NO WRITE PULSE
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Figure 15. ICM7232 One Digit Input Timing Diagram, Writing Both Annunicators
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Fiaure 16. |CM7232 Input Timing Diagram, Leaving Both Annunciators OFF
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WRITE \ ( —{ }
AESETS SHIFT REGISTER
P | | AND CONTROL LOGIC IF | DA e SToRES
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WRITE ORDER | WRITE WRITE
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Figure 17. ICM7234 One Character Input Timing Diagram
DISPLAY FONTS AND QUTPUT CODES .
The standard versions of the ICM7231 and ICM7232 7-segments.
chips are programmed to drive a 7-segment display plus The ICM7233 and ICM7234 are supplied in “A” and

two annunciators per digit. Sée Table 3 for annunciator “B" versions. Both versions decode an ASCH 6-bit

input controls. subset to an 18-segment display, with 16 *flag"

The "A™ and “B" suffix chips place both annunciators on segments and two “‘dols”. The “A” devices have

COM3. The display connections for one digii of this nurmbers which are half width and the “B" devices

:lr:splay are:jshown in Fiﬁ"re 18. Th;-,; "A” devices decode have full width numbers. The layout for a single
e input data into a hexadecimal 7-segment output, . R X

while the “B" devices supply Code B outputs (see charac:ter is shown in Figure 20 with output

Table 1), decoding shown In Table 4.

The "C" devices place the left hand annunciator on The data dgcoder is a mask programmable ROM. For

COM1 (AN2} and the right hand annunciator {usually a large quantity orders custom decoder programs can be

" decimal point) on COM3 (ANT) (see Figure 19). The “C" arranged. Contact the factory for details.

devices provide only a “Code B" output for the

X Y. z
x v 2 - . coM 1 -
N An2 \ g
“ﬂ i comz o 7
Com 1 '
com 2 ' ,

. aN7
AR an )
N an Vg wons
coms SEGMENT LINE GONNERTIONS COMMON LINE CONNECTIGNS

LH ANNUNCIATOR ON COMMON %1 (TOP) {AN 2}

SEGMENT LINE GONNECTIONS COMMON LINE CONNECTE 4
CONNECTIONS RH ANNUNCIATOR ON COMMDN £3 {BOTTOM) (AN 1)
BOTH ANNUNGIATORG “G" SUFFIX DEVICES
ON COMMON #3
AT BOTTOM B CHARAGTER) © ANNUNCIATORS CAN BE: .60, A, ¥ - nrrows

THAT POINT TO INFORMATION PRINTED’AHDUND THE DISPLAY
OPENING, ETE,, WHATEVER THE DESIGNER CHDOSES TG INCORPORATE
EN THE LIQUID CRYSTAL DISPLAY,

A" AND “B" SUFFIX VERSIONS}

Figure 18. ICM7231 and ICM7232 Display Fonts Figure 19. ICM7231 and ICM7232 Display Forits
(A" and “B" Siiix Versions) ("C” Buffix Versions)
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y vowxy z

’_lﬁ J_ com1
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COMMON LINE CONNECTIGNS

SEGMENT LINE CONNECTIONS

Figure 20. ICM7233 sind IGM7234 Display Font
{18-Segment Alphanumeric)

Table 1

CODE GIsPLAY

ENPUT QUTPUT
BaD EZD 310' B‘UD HEX CDBDE
ofofofo [TN[ 1]
ofjolofaf V|1
o|lojii|e E' .E'
NEERERERE
afriof|o 4|
ol tio|1 |55
BRI
alelaf2a] 3]
1|ajel|e | B H
1efofa [
tfolafa|H] -
el [a|m]|E
tr|efo || M
tlife]t | | L
BRI
1] ] F [suank

BINARY DATA
DECCDING

{1CM7231/32)

EVALUATION KITS

. After purchasing a sample of the ECM7231/32.’33/34, the
majority of users will want to build a sample display. The parts
can then be evaluated against the data sheet specifications,
and tried out in the intended application. However, locating
and purchasing even the small nuember of additional com-
ponents required, then wiring a breadboard, can often cause
delays of days or sometimes weeks. To avoid this problem and
facilitate evaluation of these unigque circuits, Intersil is offering
kits which contain all the necessary components to build 8
character or 8 digit displays. With the help of such a kit, an
engineer or technician can have the system “up and running”
in about half an hour.

Two kits are offered, the (CM7231EV/KIT and the ICM7233

N ST N SN T T TP

Table 2
CODE INPUT g'g’;:;ﬁ“!’
Lwem | 7|
7232
ONLY DIGIT
a3 | az | m | a0 |seLecTED
e oo || m
o laolo]t] b2
o (o1 |o] b3
v Jo 1|3 D4
e | 1|0 o Tos
] 1 1] 1 D&
o [ 1|1 |e] b '
[ 1 1 1 D8
1 o | o |a]| ops
vjejef1] ow
1 a1 ] o] wnone
e | none
11 o] o] mom
1 1 [1] 1 NONE
1 [ 1| 1] o nome
v |1 | wowne

ADDRESS DECODING (ICW7231/32]

Table.3:
ﬁﬂ?ﬁ- DISPLAY QUTPUT
anlan| 1om7231 A8 ICM7231C
211 ICM7232 ASB IcM7232C
BOTH LH
|ANNUNCIATORS| ANNUNCIATOR
ON COM 3 coM 1
RH
ANNUNCIATOR
coM 3
oo o =
™ [
ol R [}
T ]
1|0 EI_ [m]
o83 [ E
ANNUNCIATOR
DECODING

Multiplexed LCD display (7!9 -sagment for 7231EVW/KIT, 16/18
segment for ICM7233EV/KIT), passive’ components, and
miscelflaneous hardware.

COMPATIBLE DISPLAYS

Compatible displays are manufactured by:

G.E. Displays Inc., Beechwood, Ohlo

(216} 831-8100 (#356E3R99HJI)

Epson America Inc., Torrance, CA

(Model Numbers LDB726/7/8).

Seiko Instruments USA inc., Torrance CA
(Custom Displays)

P TN 2 T
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Table 4 Table 5§
CODE INPUT DISPLAY QUTPUT .
: .oa [a]s CODE DlaIT
paloz|oiloo [oo[ar [ 1o | 11 INPUT SELECTED
- - Icn
ofelofa{O]F ol 7234
' ofoflo| dHIIIIFjT LY
e o a2 | a1 | a0
ejo|1]e| HIR 21l
- ¥
elofa]1 E 5 I 3 5] . 1] 9 D D1
o o LT [T IR K
. oo [ELI]IG |G S I L L
DA AVAlE): 0 S
A EREE ] ! 1o foe D5
. Gl 111 : :
el ]o X C[HF [H 1[0 | 17 nome
HelooTL]Y > [5]8 it 1| e nowe
oo | JHA X X 1 1 t | nowe
1o ]|t ;
KT+ ‘. ADDRESS
Trpefel N, 4 DECODING
T M T = = {1CM7233/34)
tfafa|e[N] AT 3
I EIKA R[] 3 VA N
DATA DECODING |
6.- BIT ASCU—18 SEGMENT
{IC?233/34)
TYPICAL APPLICATIONS
8048 7 T |\ [ Fj i
MICROCOMPUTER S VI IO Sy e O S
vhowe TEMPERATURE
Voo| | Vee . . COMPENSATION
26 40 i . 27 +
p q20vss” P10 27 -] o . v
200 Bl : | . 1 2N2222
1 = F1oror " 329 3 3.29 2
GMHZD 1 E v ao v Vel  yvaov Vpise 200Ks2
+—E—F—{30sc2 | : Vorse
._| P :; Z: I anp 2 ano ICM7233A o] 25 anp ICM7233A any
+ i D0 ——----—-D5 A0 A1CS2C51 DY D5 Al A1G823 €51
—”— 4 RESET 23§~ ~1/OPORT 2 30 -——————e- 35 3738 39 1 A0 ————— 35 37 38 3% 1
F at T 400
TEA T
w—5 5 rz73s || -
= DB 12 )
i 3= B TO
- 44 16 EXTERNAL
I s f— P— - - — - - ‘I~ MEMORY AND
INPUTS | —J 2971 : — - - — OTHER PERIPHERALS
—J6iNT DB7I9
1 9 75108
ALE [ .
FEE R . o . . AN
R N —

*PULLUP RECOMMENDED GN T81. SEE NOTE 3.

Figure 21, 8048/IMBOC48 Microcomputer with 8 Charactef ‘iB Segment ASCII Triplex Liguid Crystal Display. The two bit character address
is merged with the data and written to the display driver under the control of the WR line. Part-lines are used to either select the target
driver, or deselect all of tham for othar bus operations o I S S -
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mMeea02
MICROPAOCESSOR

BINTERSIL

INTERST

T[ M -|c__ 3
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RAOM-1/O-TIMER

WETH RAM
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Figure 22, VMGEBO2 Migroprocessor with 16 Character 16 Segment ASCII Liquid Crystal Digplay. The peripheral device provides ROM and
Timer functions in addition to port line control of the display bank. Individual character locations are addressed vla the-address bus. Note
that VMA is notl decoded on these lines, which could cause problems with the TST instruction.
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FEATURES

+ 28 high voltage segment drivers provide four
7-segment digits

* Muitiplexed BCD input (7235}
* High speed processor interface (?235M)

* 7-segment hex (0-9, A-F) or Code-B (0-9, dash, E,
H, L, P, blank) output versions available

= Display blanking input

* All devices fabricated using high density
MAX-CMOS™ LSI technology for very iow-power,
high-performance opsération .

* Al inputs fully protected against static discharge

PIN CONFIGURATIONS (outline dwg PL)

v l_' . 48] 0

E1{7] j39] 1

G1{3] 8] B1

F14] Fa7) a1
DISPLAY ORIOFF [5 | 35] Ground

A2[6] f3s] v+

B2[7]

calel ow [eslos )

p2[3 RSA ag] ps2, \nputs

E2[10

G2[n [20] B2

Fa[iz 28] B2 | Data

A3 [m] 28] B1 [ tnputs

B3 {T4] BO,

cai5] 7] Fa

Da 18] 5] G

E3
Ga
F3a
Ad

B8
FHHE)
ogr

15
=
[
2

DISPLAYGRIOFF
A2
B2

J=][-sfffall = s ][]
=]
(-3
H
£
H

ca . b3l o1 CHIP SELECT INPUTS
p2iu) 723SKUSEAM Dsz}nlunssl.scr CODE BITS
E2 [91] ps1

Gz [50] B3

F2 i3]
‘A3
B3
cs
]

DATA INPUTS

ICM7235

Four Digit
Non-Multiplexed Vacuum
Fluorescent Display
Decoderi/Drivers

DESCRIPTION

The ICM7235 family.of display driver circuits provides the
user with a single chip interface betiveen digital fogic or
microprocessors - to nan- multiplexed 7-segment vacuum
fluorescent displays.

The chips provide 28 high voltage open drain P-channel
transistor outputs organized as four 7-segment digiis.
The devices are available with twé input configurations. The
basic devices provide four data-bit inputs and four digit
select Inputs. This configuration is suitable for intetfacing
with multiplexed BCD or blnary output devicas, such as
the Intersil 1CM7217, ICM7226 and ICL7135. The
microprocessor interface devices (suffix M) provide data
input latches and digit select code latches under control of
high-speed chip select inputs. These devices simplify the
task of implementing a cost-effective alphanumeric
7-segment display for microprecessor systems, without re-
quiring extensive ROM or CPU time for. decoding and
display updating.

The standard devices available will provide two different
decoder configurations. The basic device wlll decode the
four bit binary input into a seven-segment alphanumeric
hexadecimal output (09, A:F). The “A” veérsions pravide the
same output code as the ICM7218 Code "B (049, dash, E, H,
L, P, blank). Either device will correctly decode true BCD to
seven-segment decimal outputs.

All devices in the ICM7235 family are packaged in a standard
40 -pin plastic dual-in-line package.

The ordering information shows the four standard devices of
the ICM7235 family and their markings, which serve as part
numbers for ordering purposes.

ORDERING INFORMATION

Order Part Number | Output Code | Input Configuration
1CM7235 IPL Hexadecimal | Multiplexed 4-Bit
ICM7235A IPL Code B Multiplexed 4-Bit
IGM7235M IPL Hexadecimal | Mlcroprocessor Interface
ICM7235AM IPL Code B Microprocessor Interface

An Evaluation Kit is available for this part.
Order number ICM7235 EV/Kit.
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation{Note1}.............. 05W @ +70°C Output Voltage(Note3) .. .......... oot iunn. vt _asy -
Supply Voltage (v -Ground) . .. ............... 6.5 Volts Operating Temperaturé Range . ..... ... -20°C to +85°C

Input Voltage(Note2) .......... v* 103V, Ground —0.3V Storage Temperature Range. . ........ -85°Cto +125°C

Stresses above those listed 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 specifica-
tions ig not implied. Exposure to absolute maximum rating conditions for extended perfods may affect device refiability.

OPERATING CHARACTERISTICS

All parameters measured with V¥ =5V, T, =25°C

PARAMETER SYMBOL | CONDITIONS B MIN TYP | MAX | UNIT !

Operating Supply Voltage Range Vsurp ) 4 5 6 \

 Supply Gurrent I 1M§:5;rrggi¥::|its?ﬂ§;’0€|g?lk or OFF | 10| B0 ] A
Supply Current I* Measured V* 1o Display ol ] 10 | A
Segmént OFF Qutput Voltage ' Vsea IsLg = 10pA ' a0 | ' s
Segment OFF Leakage Current | lig VSEGH: vt _sov ' 0.1 10 .,uf-"\ )
Segment ON Current ' lsea | Vepg=V' -2V 1.5 25 mA

~ INPUT CHARACTERISTICS

PARAMETER SYMBOL | CONDITIONS o M [ TvP | ‘Max | uwIT
Logical "1" Input Voltage - " Vi, | Referred to Ground . 3 _ v
Logical “0" Input Voltage ] Vi Referred to Ground ) ' ) 18 | V E
input Leakage Gurrent k| Pins 2734 {201 x4 nA
Input Capacitance Cin " Pins 27-34 - ' 5 1+ pFe
OMN/OFF Input Leakage ' JILK((?II‘_HOFI-'.) . All Devices +0.1 +1 ah
ONIOFF Input Capacitance | Cinoriors)| All Devicos o " 200 pF

" AC CHARACTERISTICS — MULTIPLEXERD INPUT CONFIGURATION . )
Digit Select Active Pulse Width tea Refer to Timing Diagrams 1] ) - u8
Dala Setup Time ' tug ) 500 - ns
Data Hold Time tan ' ' 200 ns
Inter-Digit Select Time Yids 2 )
AC CHARACTERISTICS — MICROPROCESS‘:OR INTERFACE
Ghip Belect Active Pulse Widih fesa S:Zz'tgﬂgviz'fg;:;‘hﬁ' held active,| 5 ns
Data Setup Time o tasm ) ) - 100 . 7 ns
Data Hold Time tahm 10 0 ns
InterChip Select Time ties | 2 iS5 |

MNOTE 1: This limlt refers to that of the package and will not be realized during normal operation. |

MNOTE 2: Due to the SCR structure inherent In the CMOS process used to fabricate these devices, connecling any input terminal to a
voltage in excess of v* or ground may cause destructive device tatch-up. For this reason, it is recommended that Inputs from ex-
ternal sources operating on a different power supply be applied only after the device's own power supply has been established,
and ihat on multiple supply systems the supply to the ICM7235 be turned on first.

NOTE 3: This value refers to the display outputs only.
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CIRCUIT DESCRIPTION

Each device in the ICM7235 family provides
signals for directly driving the anode terminals
of afour-digit, 7-segment non-multiplexed vacuum
flucrescent display. The outputs are taken from
the drains of high-voltage, low-leakage P-channel
FETs, each capable of withstanding > —38V with
respect lo V*. In addition, the In¢lusion of an
ON/OFF input allows the user to disable all seg-
ments by connecting pin 5 to V*; this same in-
put may also be used as arbrightness control by
applying a signal swinging between V' and
_ ground and varying its duty cycle.

The ICM7235 may also -be used to drive non-
multiplexed common cathede LED dispiays by

connecting sach segment output to its cor--

responding display input, and tying the common
cathode to ground. Using a power supply of 5V
and an LED with a forward drop of 1.7V results in
an "ON” segment current of about 3mA, enough
to provide sufficient brighiness for dasplays of
up to 0.3” character height.

Note that these devices have two VT terminals;
each should be connected to the positive supply
voltage. This double connection is necessary to
minimize the effects of bond wire resistance,
which could be a problem due to the high
display currents.

Input Configurations and Quiput Codes

The standard devices in the ICM7235 family ac-
cept a four-bit true bmary {..e., positive level =

logical ong) input at pins 27 through 30, least -

significant bit at pin 27 ascending to the‘ most
significant bit at pin 30. The 1CM7235 and
ICM7235M decode this binary input into a 7-
segment alphanumeric hexadecimal = output,
while the ICM7235A and ICM7235AM decode the
binary input into the same 7-segment output asg

the ICM7218 “Code B,” i.o., 08, dash, E, H, L, P.- 7

blank. 1nese coues are shown expllc:tly in Table1
Either decoder optioh will correctly decode true
BCD to a 7-segment decimal output.

These devices are actually mask- -programmable
to provide any 16 combinations of the 7-segment
outputs decoded from the four input bits. For
targer quantity orders, (10K .pcs. minimum)
- custom decoder options can be arranged. Con-
tact your Intersil Sales Office for details.

The ICM7235 and ICM7235A devices are intended
to accept multiplexed binary or BCD cutput.
These devices provide four separate Digit lines
(least significant digit at pin 31 ascending to
most significant digit at pin 34), each of which
when taken to a positive level decodes and
stores in the output latches of its respective
digit the character corresponding to the data at
the input port, pins 27 through 30. More than one
Digit select may be activated simultaneously
(which will write the same character into all
selected digits), although the timing require-
ments shown in Figure 2 and under Operaling

BINTERSIL

Characteristics for data setup, hold, and inter-
digit select times must be met to ensure correct
output.

The ICM7235M and AM dewces are intended to
accept data from a data bus under _processor

~-control.

In these devices, the four data input blts and the

" 2-bit Digit Seiect code (DS1pin 31, DS2 pin 32) are

written into input buffer latches when both Chip

-Select inputs {CS1'pin 33, C82 pin 34) are taken to

ground. On the rising edge of either Chip Select
input, the content of the data input latches is
decoded and stored in the output latches of the
digit selected by the contents of the select code
latches. A select code of 00 writes into D4, 01
writés into D3, 10 writes into D2 and 11 writes into
D1. The timing relfationships for inputting data
are shown in Figure 3, and the chip select pulse
widths and data setup and hold times are speci-
fied under Gperating Characteristics.
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ICM7235 EINTERSIL
INPUT DEFINITIONS !

\- - " . v .
In this table, Y+ and ground are consldered to be normal operating input logic levels. Actual input low and high levels are
specified under Operating Characteristics. For lowest power consumption, input signals should swing over the full supply.

INPUT TERNINAL CONDITION FUNCTION
' v* = Logical One N
BO 27 Ground = Logical Zero Ones {Least Significant)
B1 28 V" =Logical One Twos
Ground = Logical Zero Data Input Bits
~ + _ .
B2 ‘ 29 V" = Logical One, Fours

Ground = Logical Zero

' S vt = Legical One . P
B3 30 E Most Signif] t
) Ground = Logical Zero Ights (Most Signficant) ! .
R +* i
ONIOFF 5 V" =OFF, ‘ Display ON/OFF Input
Ground = 0ON

ICM7235, ICM7235A
MULTIPLEXED-BINARY INPUT CONFIGURATION

INPUT TERMINAL | CONDITION FUNCTION

B3 ) o ' D1 {Least Significant) Digit Salect .
D2 32 V' = Active D2 Digit Sefect

D3 33 Ground = Inactive D3 Digit Select

D4 a4 D4 (Most Significant) Digit Select

ICM7236M, ICM7235AM -
MICROPROCESSOR INTERFACE INPUT CONFIGURATION

INPUT | DESGRIPTION TERMINAL CONDITION FUNCTION
DS1 | Digit Select B 1 DS2 & D51 serve as a two-bit Digit Select Code Input
Code Bit 1 (LSB) | v* = Logical One D82, DS1=00 selects D4
DS2 | Digit Select a0 Ground = Logical _Dsz, DS1=01 selects D3
i | Code Bit 2 (MSB) Zero D82, DS1 =10 selects D2
: : D32, DS1 =11 selacts D1 .
Ts1 | chip Select 1 33 v+ = |nactive * | When both G871 and GS2 are taken te ground, the data at
csa Chip Select 2 34 Ground = Active the Data and Digit Select code inputs are written into the
| P input latches. On the rising edge of sither Chip Select, the)
data is decoded and written into the output |atches.

ICM7235 TYPICAL DC VACUUM FLUORESCENT DISPLAY CONNECTION

OPEN.DRAIN HIGH-VOLTAGE P-CHANNEL TRANSISTOR OUTPUTS
\

1, 3
10-30V ) 5 \
TYP + *
DEPENDING — sy =2
oN - z
DISPLAY — PHOSPHOR.COATED
ANGDES
@ b d t |s 5
GROUND . . 2 = 2 = Ry B0
- ‘ | P BIREGTLY HEATED
- = 4= = L FILAMENT CATHODR
e oo ¥~ /| GLaSS EnVELOPE
N DC FILAMENT
DISPLAY
1 n )
C = F- [4
— S
|l L
15257
DEPENDING ON
DISPLAY
VACUUM FLUORESCENT DISPLAYS (4 DIGIT) ' :

N.E.C. Electronics, inc.
Models FIP4FBS and FIP5F8S
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FEATURES

High frequency counting—guaranteed 15MHz,
typically 25MHz at 5V

Low power operation—less than 100,W quiescent
Direct 41%-digit seven-segment display drive for
non-multiplexed Vacuum Fluorescent displays
STORE and RESET inputs permit operation as

fraguency or period counter
Teue COUNT INHIBIT disables first counter stage

« CARRY output for cascading four-digit blocks
» Schmitt-trigger on COUNT inpui aliows operation

in noisy environments or with slowty changing
inpuis '
Leading Zero Blanking iNput and OUTput for
correct leading zero blanking with cascaded
devices

All inputs fully protected against static dis-
charge—no speclai handling precautions
necessary .
Devices fabricated using MAXCMOS™ process
for high-performance, low power operation

ICM7236

412-Digit Counter

With Vacuum Fluorescent
Static Display Drivers

DESCRIPTION

The ICM7236 and ICM723BA devices are high-performance
CMOS 4v-digit counters, Including decoders, output
latches, count inhibit, reset, and leading zero blanking cir-
cuitry, and twenty-nine high-voltage open drain P-charnel
transistor -outputs suitable for driving non-multiplexed
{static) vacdum fluorescent displays.

The ICM7236 is a decade counter, providing a maximum
count of 19999, while the ICM7236A is intended for timipg
purposes, providing a maximum couni of 15959.

The counter section of ihe two devices in the ICM7236 family
provides direct stafic counting from DG to 15MHz guar-
anteed (with a 5V +10% supply) over the operating tempera-
ture ranige. At normal room temperatures, the device will
typically count up to 25MHz. The COUNT input is provided
with a Schmitt trigger fo allow operation in noisy en-
vironments and correct counting with slowly changing in-
puts. These devices also provide count inhibit, store and
raset clrcuilry which allows a direct interface with the

ICM7207 devices to implement a low cost, low power fre- .

quency counter with a minimym component count.

These devices also incorporale features Intended to simplify
cascading in four-dlgit blacks, The GARRY output altows the
counter fo be cascaded, while the Leading Zerc Bianking
IMput and OUTput allow correct leading zero' blanking
between four-decade blocks. :

The ICM7236 and ICM7236A are packaged in a standard

40-pin dual-in-line plastic package.

PIN CONFIGURATION {(outline dwg PL)

vi[i]e ~ 40] D1
E1{Z] [39] c1
G1[3] - [3g] B1

_ Fi4] [27] A1 -

ON/OEF 5] 36] GROUND
A2{s] as] v+
B2[7] 34] STORE -
c2(a] ICM 33} AESET
D2 j T236/36A 32} COUNT
E2 [10] 31] COUNT INHIBIT
Gz {11} 30] LZB OUT
F2[12] [20] LZBIIN
A3 {13] [28] CARRY
B3 [14] [27] 1/2.DIGIT
ca i3] 28] F4 '
b3 [16] 25] Ga
Ea [17; - [24] E4
3 (18] 23] D4
Fa [19] 22| C4
A4 [20] 21] B4 '

ORDERING INFORMATION

ORDER PART NUMBER COUNTQPTION
1CM7238IPL 19999
ICM7236A1PL 15959
ICM7236 EVIKIT (Evatualion Kif)
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TYPICAL CHARACTERISTICS TEST CIRCUIT

Output Characteristics
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ABSOLUTE MAXIMUN RATINGS

Power Dissipation(Notei}. ............. 05W @ +70°C
Supply Voltage (VF) .o vve e 65V
Display Voltage (Note3) ........ e V* —35¢
Operating Temperature Bange .. ;...... -20°C to +85°C
Storage Temperaturé Range. ......... —-55°Cto +125°C

BINT=RSIL

Siresses ahove those listed under “Absolule Maximum Ratings” may cause permanent damage ta the device. These are stress ratings only
and functional operation of the device al these or any other conditions above thosg indicated in the operational sections of the specifica-
tions is nof Implied. Exposure to absolute maximum raling conditions for extended periods may affect device reliability.

OPERATING CHARACTERISTICS
(Al parameters measured with vt

=5V unless otherwise indicated.)

PARAMETER SYMBOL | CONDITIONS MmN | TYP | mMax | uNIT
Operating Supply Yoltage Range Veupp | V' B 3 | '8 I ' L
Operating Currel_'}t lop Test circuit, Display blank ] Toon 50 | pA
Display Voltage Voise ) Ctd | v
Display Output Leakage iDLk Outpul OFF, V=Vt —30v 0.1 10 7.y
Input Pullup Currents ip Pins 29, 31, 33,34 V=V' -3V 10 Py
Input High Yoltage Vin | Pins 29, 31, 33, 34 . 3 . . i
Input Low Voltage Vi Pins 29, 31, 33, 34 B v
COUNT Input Threshold . Vor! ' ' P Ty
COUNT Input Hysteresis Vo 05 1 v
Output High Current low SSS‘TH_YJP"E?}' LZB OUT (Pin 30) %0 | 50 oA
Output Low Gutrent oL 323“_‘123 28), '-ZEf OUT(P'? 30 |as0 | 500 A
Count Frequency foount | 45V <V <8V e 1o | 28 {115 | MHz
STORE, RESET Minimum Pulse Width] ts, tw ' 3 s

NOTE 1: This limit refers to that of the package and wii not be abialned during normal operation.

NOTE 2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any términal to voltages
greater than V* or less than ground may cause destructive device latch-up. For this reason, it is recoriméndead that no inputs
from extarnal sources not operating on the same power supply be applied to'the device befora its supply 18 establlshad and that
In multiple supply systems, the supply to the ICM7236/7236A be turned on first.

NOTE 3: This limit refers to the disptay output terminals only.

DESCRIPTION OF OPERATION

All of the chips in the ICM7236 family provide twenty-nine
outputs sultable for directly driving the anode terminals of
4% digit seven-segment non-multiplexed (static) vacuum-
fluorescent displays. Each display output is the drain of a
high-voltage low-leakage P-channel transistor, capable of
withstanding typically greater than —35 volts with respact
to V*. The output characterlstics are shown graphicaliy
under “Typical_Characteristics.”

These chips also provide a dislay ONIOFF input which may
be used to disable all the segment outputs and thus blank
the display. This input may also be used to control the
display brightness by varying the duty cycle of a signal at
the input swinging between V* and ground.

NOTE that these circuits have two igrminals for V*; both of
these pins should be cannected to the pawar supply positive
terminal. The double connection is necessary to minimize ef-
fects of bond wire resistance with the large total display
currents possible.

These chips may also bie used to directly drive non-
multiplexed common-cathode LED displays, whers each
segment of the display is driven by one [CM7236 output, and
the common cathode is connected 1o ground, With a 5V
power supply and a 1.7V LED dlode forward veltage drap,
the current in an “ON'" segment will be typically 3mA. This
should provide sufficient brightness in displays.up to about

-0.3” character height.

[
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FEATURES

* Replaces 8240/50/60, 2240 in mos! applications

¢ Timing from microseconds to days .

» May be used as {ixed or programimable counter

* Programmable with standard thumbwhee! switches

* Select ouiput count from
1Rc to 255nc (ICM7240)
1Rc to 99AC (ICM7250)
1rc to 59Rc (ICM7260)

* Monostable or astable operation

Low supply current: 115zA @ 5 voits
* Wide sﬁpply voltage range: 2-16 volis

¢ Cascadeabls:

GENERAL DESCRIPTION f

The ICM7240/50/60 is a family of CMOS Timer/Counter
circuits intended 1o replace Intersil's ICL 8240/50/80
and the 2240 in most applications. Together with the
ICM7555/56 {CMOS versions of the SE/NE 555/6), they
provide a complete line of RC oscillators/timers/

counters offering lower supply currents, wider supply

ICM7240/50/60
CMOS Programmable
Timers/Counters

voltage ranges, higher operating frequencies, fower
component counts and a wider range of timing
components. They are intended to simplify the
sefection of various time delays or frequency outpuis
from afixed RC oscillator circuit.

Each device consists of a counter section, control circui-
try, and an RC oscillator requiring an external resistor and
capacitor. For counter/divider applications, the oscillator
may be inhibited and an input clock applied to the TB
terminal, The ICM7240 is intended for straight binary
counting or timing, whereas the ICM7250 is optimized for
decimal counting or timing. The ICM7260 is specifically
designed for time delays in seconds, minutes and hours.
All three devices use open drain cutput transistors, there-
by allowing wire AND-ing. Manual programming is easily
accomplished by the use of standard thumbwheel
switches or hardwired connections. The ICM7240/50/60
aré packaged in 16 pin CERDIP packages.

Applications include programmable timing, long delay
generation, cascadeable counters, programmable
counters, low frequency oscillators, and sequence
timing.

ORDERING INFORMATION

PART TEMPERATURE
NUMBER' RANGE PACKAGE

1CM72401JE -20°C to +85°C 16 Lead CERDIP
ICM72501JE- -20°C to +85°C 16 Lead CERDIF
1CM72601JE -20°C to +85°C 16 Lead CERDIP
1CM7240/D Dice Only
1ICM7250/D Dice Only

~ 1CM7260/D Dice Only

PIN CONFIGURATION (OUTLINE DRAWING JE)

ICM7240, 7250, 7260

7260/60 724D

'y
e 72400

1
1s z ? “~CARRY QUT (7250/60)
- 4 L [ 18O
B 8 [1AC
10 16 []MCD

i[] TRIGGER
[ RESET
"] avp

L R N

27260 QPEN CIRCUIT

3



ICM7236

COUNTER SECTION

The devices in the IGM7236 family implement a four-digit
ripple-carry resetiable counter, Including a Schmitt irigger on
the GOUNT Input and a CARRY cutpul. Also included is an
extra D-type flip-flop, clocked by the carry signal and output-
ting to the half-digit segment driver, which can be used as
either a true half-digit oras an overflow indlcator. The counter
will index on the negative-going edge of the signal at the
COUNT input, and the GARRY output will provide a negative-
going edge following the count which indexes the counter
from 9989 {or 5959) to 10000. Once half-digit flip-flop has been
clocked, It can only be reset (with the rest of the counter)by a
negative level at the AESET terminal, pin 33, However, the
four decades will continue to count In a normal fashicn after
the half-digit is set, and subsequent CARRY outputs will not
be affecied.

A negative level at the CDUNT INHIBIT disables the first

divide-by-two in the counter chain without affecting its clock.
This provides a true count inhibit which Is not sensitive to the
state of the COUNT input, preventing false counts which can
result from using a normal loglc gate forcing the state of the
clock to prevent counting.

Each decada drives directly into a four-to-seven decoder
which derives the seven-segment autput code. Each decoder
output corresponds to the one-segment terminal of the
device. The output data Is latched at the driver; when the

CONTROL INPUT DEFINITIONS

»

EINM=RSIL

STORE pin Is at a negative level , these latches are updated,
and when the pin is left open or at a positive level, the latches
hoid their contents.

The decoders also include zerg detect and blanking logic to
provide leading zero blanking. When the Leading Zero
Blanking INput is.floating, or at a positive level, this cir-
cuitry is enabled and the device will blank leading zeroes.
When the Leading Zero Blanking INput is at a negative level,
or the half-digit is set, leading zero blanking is inhibited, and
zeroes in the four digits witl be displayed. The Leading Zero
Blanking QUTput is provided to aliow cascaded devices to
blank leading zeroes correctly. This output will assume a
positive level only when all four digits are blanked, which
can.only ocour when the Leading Zere Blanking INputis ata
positive tevel and the half-digit is not set,

For example, on an elght-decade counter with overflow
using two ICM7236 devices, the Leading Zero Blanking
OUTput of the high-order digit device would be connected to
the Leading Zero Blanking INput of the low-order digit
device. This will assure correct leading zero blanking for all
elght digits.

The STORE, RESET, COUNT INHIBIT, and Léading Zero
Blanking INputs are provided with pullup devices, so that
they may be left open when a positive level is desired. The
CARRY and Leading Zerc OUTpults are suitable for interfac-
ing to CMOS logic in general, and are specifically designed
10 allow cascading of ICM7236 devices in four-digit blocks.

In this table, v+ and ground are considered 1o be normal operatlhg input logic levels. Actual input tow and high levels are
specified under Operating Characteristics, For [owest power consumption, input signals should swing over the full supply.

OPERATING CHARACTERISTICS

INPUT TERMINAL VOLTAGE FUNCTION

Leading Zero Blanking Input 29 vt oar #loatlng Leading Zero Blanking Enabled
| {LZB IN) Ground -Leading Zeroes Displayed

COUNTTRHBIT | Gromin | GounterOroabied

[ + i [3

RESET 3 \(.;rozlr'ldF tosting IS:L?I:?:;’ Reset to 0000

sToRE s | milenteo | Suinut tatches ot odted

Display GN/OFF 5 Ground Display Outputs Enablsd
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ELECTRICAL CHARACTERISTICS

Each of the three devices utilizes an identical timebase,
control flip-flops, and basic counters, with the outputs
consisting of open drain n-channel transistors. Only the
1CM7250/60 hiave CARRY outputs.

Test Conditions: Test circuit, V= 5Y, Ta = +25°C, R = 10K{}, C = 0.1uF, unless otherwise specified.

PARAMETER SYMBOL | CONDITIONS MIN | TYP | MaX | unITs
Guaranteed Supply Voltage Vi oo . 2 186 v
Supply Current I+t Reset 125 kA
: Operating, R = 10KQ, C = 0.1uF 300 [ 700 KA
Operating, R =1M(}, C = 0.1uF . 1T 120 500 mA
TB Inhibited, RC Connected to GND |~ | 125 pA
Timing Accuracy 1 1 s ] 7
_?gm?,:t::tlﬁtgrgrrﬁ;quency AT {Exciusiva of RC Drift} 250 ppm/°C
Time Base Output Voltage Vore IsourceE = 1 mA 35 | 4.2 v
. ISINK = 3.2 mA 0.25 t.6 4
Leakage Guront e | RG=Ground %5 | wA
Mod Voitage Level Vmoo vt =5y a5 v
v+ =15y 11.0 Vv
Trigger Input Yoltage VTRiG vt =5y ‘ 1.6 20 [ v
vt =15V 3.5 4.5 \'
Reset Input Voltage VRST VT =5V 1.3 2.0 vV
vt = 15V 37 1 40 | v
Max Gount Toggle Rale fi ovE=2v _ MHz
- 7240 K vt = 5y }Counten’Divider Mode 2 6 MHz
vt =15V, 13 MHz
50% Duty Cycle Input with Peak to
Peak Voltages Egual to V* and GND
Max Counter Toggle Rate it vV =5y ) 15 | 5 MHz
7250, 7260 [Counter/Divider Mode) | :
Max Count Toggle Rate - fr Programmed Timer — Divider Mode : 100 KHz
7240, 7250, 7260 P ) ] )
Oulput Saturation Voltags Vsat | All OUlputs except TB Output 0.22] 04 Vv
. V=5V, lgur =38.2 mA
Output Leakage Current loLk V+= 5V, per Quiput ] 1 A
MIN Timing Capacitor Ci - : 10 pF~
Timing Resistor Range Rt V<56V ’ K| 22M [§)
o AESTN 1K 22M 0
TEST CIRCUIT
oyt
TRl e meurnn  TRTIMCTVE  sep-maoive
—0 NC/CARRY QUT**

T8 INRUT/OUTPUT NOTE: 51-B INHIBITS THE TIMEBASE SECTIGN, ALLOWING
TERMINAL 14 TO BECOME THE COUNTER SNPUT.
* * TERMINAL 15 [S CARRY DUT2UT FOR 7250/60 DEVICES,
* TEAMINAL 8 IS OPEN CIRCUIT FOR 7280,

—ovt
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FEATURES

* Replaces 8240/50/60, 2240 in mos! applications

¢ Timing from microseconds to days .

» May be used as {ixed or programimable counter

* Programmable with standard thumbwhee! switches

* Select ouiput count from
1Rc to 255nc (ICM7240)
1Rc to 99AC (ICM7250)
1rc to 59Rc (ICM7260)

* Monostable or astable operation

Low supply current: 115zA @ 5 voits
* Wide sﬁpply voltage range: 2-16 volis

¢ Cascadeabls:

GENERAL DESCRIPTION f

The ICM7240/50/60 is a family of CMOS Timer/Counter
circuits intended 1o replace Intersil's ICL 8240/50/80
and the 2240 in most applications. Together with the
ICM7555/56 {CMOS versions of the SE/NE 555/6), they
provide a complete line of RC oscillators/timers/

counters offering lower supply currents, wider supply

ICM7240/50/60
CMOS Programmable
Timers/Counters

voltage ranges, higher operating frequencies, fower
component counts and a wider range of timing
components. They are intended to simplify the
sefection of various time delays or frequency outpuis
from afixed RC oscillator circuit.

Each device consists of a counter section, control circui-
try, and an RC oscillator requiring an external resistor and
capacitor. For counter/divider applications, the oscillator
may be inhibited and an input clock applied to the TB
terminal, The ICM7240 is intended for straight binary
counting or timing, whereas the ICM7250 is optimized for
decimal counting or timing. The ICM7260 is specifically
designed for time delays in seconds, minutes and hours.
All three devices use open drain cutput transistors, there-
by allowing wire AND-ing. Manual programming is easily
accomplished by the use of standard thumbwheel
switches or hardwired connections. The ICM7240/50/60
aré packaged in 16 pin CERDIP packages.

Applications include programmable timing, long delay
generation, cascadeable counters, programmable
counters, low frequency oscillators, and sequence
timing.

ORDERING INFORMATION

PART TEMPERATURE
NUMBER' RANGE PACKAGE

1CM72401JE -20°C to +85°C 16 Lead CERDIP
ICM72501JE- -20°C to +85°C 16 Lead CERDIF
1CM72601JE -20°C to +85°C 16 Lead CERDIP
1CM7240/D Dice Only
1ICM7250/D Dice Only

~ 1CM7260/D Dice Only

PIN CONFIGURATION (OUTLINE DRAWING JE)

ICM7240, 7250, 7260

7260/60 724D

'y
e 72400

1
1s z ? “~CARRY QUT (7250/60)
- 4 L [ 18O
B 8 [1AC
10 16 []MCD

i[] TRIGGER
[ RESET
"] avp

L R N

27260 QPEN CIRCUIT
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ICM7240/50/60

ABSOLUTE MAXIMUM RATINGS

SuppIyVoﬁage ........ P, cieae. 18V
Input Voltaget

Terminals 10,11,12,13,14 ............. GND -0.3V 10

: v+ 03V

Maximum continuous output

current (each output) ..........c..iviieees. S0MA
Power Dissipation{2l .......... Ceieeraneen.s 200 MW
Operating Temperalure Range ......-20°Cto +85°C
Storage Temperature Range ..... . -55°Cto+125°C
NOTES:

1. Duetothe SCH structure inherant in the CMOS pracess, connecting
any terminal to voltages greater than v+ or less than GROUND sriay
cause destructive device latchup. For this reason, it is recommended
that.no inputs from external sources riot opera_lin'g on the same
supply be applied to the device before its supply is established, and
that in-muitiple supply systems, the supply to the ICM7240/50/60 be
turned on first.

2. Derate'at-2 mW/° G above 25°C.

BINTERSIL

NOTE: Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to.the device. These
are siress ratings only, and functional operation of the device
at these or any other coniditions above those indicated inthe
operational sections of the specitications is not implied.
Exposure to absolute maximum rating conditions 1or
extended periods may affect device refiability.

BLOCK DIAGRAM

1CN7240/50/60

v
o + "
MOD o N ]
12 l l
RC o = ® .
13 — -
|—| N 7260/60 | -
. 8 STAGE BINARY
E' 0R BCD COUNTER GARRY ——
: - out
) GND s el oun’u‘r QUTPUT AUTRUT
8 14 | - —— _ s
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ELECTRICAL CHARACTERISTICS

Each of the three devices utilizes an identical timebase,
control flip-flops, and basic counters, with the outputs
consisting of open drain n-channel transistors. Only the
1CM7250/60 hiave CARRY outputs.

Test Conditions: Test circuit, V= 5Y, Ta = +25°C, R = 10K{}, C = 0.1uF, unless otherwise specified.

PARAMETER SYMBOL | CONDITIONS MIN | TYP | MaX | unITs
Guaranteed Supply Voltage Vi oo . 2 186 v
Supply Current I+t Reset 125 kA
: Operating, R = 10KQ, C = 0.1uF 300 [ 700 KA
Operating, R =1M(}, C = 0.1uF . 1T 120 500 mA
TB Inhibited, RC Connected to GND |~ | 125 pA
Timing Accuracy 1 1 s ] 7
_?gm?,:t::tlﬁtgrgrrﬁ;quency AT {Exciusiva of RC Drift} 250 ppm/°C
Time Base Output Voltage Vore IsourceE = 1 mA 35 | 4.2 v
. ISINK = 3.2 mA 0.25 t.6 4
Leakage Guront e | RG=Ground %5 | wA
Mod Voitage Level Vmoo vt =5y a5 v
v+ =15y 11.0 Vv
Trigger Input Yoltage VTRiG vt =5y ‘ 1.6 20 [ v
vt =15V 3.5 4.5 \'
Reset Input Voltage VRST VT =5V 1.3 2.0 vV
vt = 15V 37 1 40 | v
Max Gount Toggle Rale fi ovE=2v _ MHz
- 7240 K vt = 5y }Counten’Divider Mode 2 6 MHz
vt =15V, 13 MHz
50% Duty Cycle Input with Peak to
Peak Voltages Egual to V* and GND
Max Counter Toggle Rate it vV =5y ) 15 | 5 MHz
7250, 7260 [Counter/Divider Mode) | :
Max Count Toggle Rate - fr Programmed Timer — Divider Mode : 100 KHz
7240, 7250, 7260 P ) ] )
Oulput Saturation Voltags Vsat | All OUlputs except TB Output 0.22] 04 Vv
. V=5V, lgur =38.2 mA
Output Leakage Current loLk V+= 5V, per Quiput ] 1 A
MIN Timing Capacitor Ci - : 10 pF~
Timing Resistor Range Rt V<56V ’ K| 22M [§)
o AESTN 1K 22M 0
TEST CIRCUIT
oyt
TRl e meurnn  TRTIMCTVE  sep-maoive
—0 NC/CARRY QUT**

T8 INRUT/OUTPUT NOTE: 51-B INHIBITS THE TIMEBASE SECTIGN, ALLOWING
TERMINAL 14 TO BECOME THE COUNTER SNPUT.
* * TERMINAL 15 [S CARRY DUT2UT FOR 7250/60 DEVICES,
* TEAMINAL 8 IS OPEN CIRCUIT FOR 7280,

—ovt




ICM7240/50/60

TYPICAL PEﬁFORMANCE CHARACTERISTICS

SUPPLY CURRENT AS A FUNCTION
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ICM7240/50/60

TYPICAL PERFORMANCE CHARACTERISTICS

NORMALIZED FREQUENCY
STABILITY IN THE ASTABLE MODE
AS AFUNCTION OF SUPPLY VOLTAGE
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4
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DISCHARGE SINK CURRENT {mA}
-

Ta=+25°C
gal—t o] vl 0 em
0] 1 10

01
DISGHARGE SATURATION VOLTAGE {V)

DESCRIPTION OF PIN FUNCTIONS
COUNTER OUTPUTS (PINS 1 THROUGH 8)

Each binary counter output is a buffered “open-drain”
type. Atreset condition, all the counter outputs areat a
high, or non-conducting state. After a trigger input or
when using the internal timebase, the outputs change

state (see timing diagram, Figure 1). If an external,

clock input is used, the trigger input must overlap at
teast the first falling edge of the clock. The counter
outputs can be used individually, or can be connected
together in a wired-AND configuration, as described in
the Programming section. -

GROUND (PIN 9) ' . .

This is the refurn or most negative supply pin. It should
have a very low impedance as the capacitor discharge
and athar ewitchad crirreante rrsild cranta fromo oo

BINTERS|L

MAXIMUM DIVIDER FREQUENCY
va. SUPPLY VOLTAGE*

!
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RESET AND TRIGGER INPUTS {PINS 10 AND 11)

The circuits are reset or triggered by positive going
controf puises applied to pins 10 and 11, and once
triggered they ignore additional trigger inputs until
elther the timing cycle is completed or a reset signal is
applied. If both reset and trigger are applied simul-
taneously trigger overtides reset. Minimum input pulse
widths are shown in the typical performance charac-
teristics. Note that ali devices feature power ON reset.

MODULATION AND SYNC INPUT {PIN 12)

The period t of the time base oscillator can be modu-
lated by applying a DC voltage to this terminal. The
time base oscillator can be synchronized to an external

mleeml Fris e lioirm g v ot asmom pmaaldmm 3 o' A



ICM7240/50/60

TIMEBASE INPUT/CUTPUT PIN (TERMINAL 14)

While this pin can be used as either a time base inputor
output terminal, it should only be used as an input
termiinal if terminal 13 (RC) is connected to GND.

If the counteris to be externally driven, care should be
taken to ensure that fal] times are fast (see Operating
Limits section},

Under no conditions is a 300pF capacitor on this ter-
minal useful and should be removed if a 7240/50/60 is
used to replace an 8240/50/60 or 2240.

CARRY OUTPUT (TERMINAL 15, ICM7250/60 ONLY)

This pin will go HI for the last 10 counts of a 59 or 92
count, and ¢an be used to drive another 7250 or 7260
counter stage while still using all the counter outputs
of the first. Thus, by cascading several 7250s a large
BCD colntdown can be achleved.

The basic timing diagrams for the ICM7240/50/60 are '

shown in Figure 1. Assuming that the device Is in the
RESET mode, which occurs on powerup or after a
positive stgnal on the RESET terminal (if TRIGGER is
low), a positive edge on the trigger input signal will
initiate normal operation. The discharge transistor
turns on, discharging the timing capacitef C, and all
the flip-flops in the counter chain change states.

Note that for straight binary counting the outputs are
symmetrical; that is, a 50% duty cycle HI-LO: This is
not the case when using 8CD counting, See Figure 3.

.J'! __, TRIGGERINPUT
. {TERMINAL 1%}
ITTTTTTITTITTNI
I I l { I I I I l | I I —= =3 QUTPUT (TERMINAL 1}
ol
1 L I 1
o
j___l__"_ | =8 OUTPUT {TERMINAL 3

—I ——'J 9—L =258 OUTPUT

{TERMINAL 8; 7240 CNLY}

TIMEBASE QUTPUT
(TERMINAL 141

=4 QUTPUT (TEAMINAL 2)

Figure 1. Timing Diagram for |CM7240/60/60

CIRCUIT DESCRIPTION

The timing cycle is initiated by applying a positive-
going trigger pulse to pin 11. This pulse enables the
counter section, sets all counter outputs to the LOW or
ON state, and starts the time base osclillator. Then,
external C is charged through external R from 20% to
70% of V+, generating atiming waveform with period t,
equal to 1ac. A shortnegative clock or time base pulse
occurs during the capacitor discharge portion of the
waveform. These ¢lock pulses are counted by the
binary counter of the 7240 or by two cascaded Binary
Coded Decimal (BCD) Counters in the 7250/60. The

T T T TR ) 1 SN, R

BINT=ERSIL

pulse is applied to pin 10. When the circuit is at reset,
both the time base and the counter sections are dis-

" abled and all the counter outputs are at a HIGH or OFF

state. The carrry-out is also HIGH.

In mosttiming applications, one or more of the counter
outputs are connected back to the reset terminal; the
circuit will start timing when a trigger is applied and
will automatically reset itself to complete the timing
cycle when a programmed countis completed. if none
of the counter outputs are connected back to thereset
terménal {switch S1 open), the circuit operates in its
astable, or free-running mode, after initial triggering.

PROGRAMMING CAPABILITY

The counter outputs, pins 1 through 8, are open-drain
N-channel FETs, and can be shorted together to a
common pull-up resistor to form a "wired-AND" con-
neetion. The combined output will be LOW as long as
any one of the outputs is low. Each output is capable of
sinking =5 mA. In this manner, the time delays asso-
ciated with each counter output can be summed by
simply shorting them fogether to a common output.
For example, if anly pin 6 is connected to the output
and the rest left open, the {otal duration of the timing
cycle (monostable mode) to would be 32t for a 7240
and 20t for a 7250/60. Similarly, if pins 1, 5, and 6 were
shorted to the output bus, the totai time delay would be
to =(1+ 16+ 32)t-for the 7240 or (1 + 10 + 20)t for the

" 7950/60. Thus, by selecting the number of ¢ounter

terminals connected to the output bus, the timing
cycle can be programmed from: :

1t < to = 256t (7240)
t<te< 99t (7250)
t=to< 59L(7260) - -

Note that for the 7250 and 7260, invalid count states
(BCD values = 10) will not be recognized and the coun-
ter will not stop.

The 7240/50/60 can be configured to initiate a con-
trolled timing cycle upon power up, and also reset
internally; see figure 2. Applications for this could
include lawn watering sprinkler timing, pump opera-
tion, etc.

BINARY OR DECIMAL PATTERN GENERATION

In astable operation, as shown in Figure 2, the output
of the 7240/50 appears as a complex pulse paitern. The
waveform of the output pulse train can be determined
directly from the timing diagram of Figure 1, which
shows the phase refations between the counter out-

.puts. Figure 3 shows some of these complex pulse

patterns. The pulse pattern repeats itsslf at a rate
equal to the period of the highest counter bit con-
nected to the common output bus. The minimum pulse
width contained in the pulse train is determined by the
fowest counter bit connected to the ouiput.

THUMBWHEEL SWITCHES

While the ICM7240 is frequently hard wired for a par-
ttcular function, the ICM7250 and ICM7260 can sasily
be programmed using thumbwheel switches. Stand-
ard BCD thumbwheel switches have one common and

four inputs (1,2,4 and 8) which are connectsd accord-
L dm b IRimarir amiiivalant te thes Alisite O fthre il O
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For asingle ICM7250 two such switéhes would select a

. time of 1p¢ to 99Rc. Cascading two ICM7250°s (using
the carry out gate) would expand selection to 9999a¢.
For a ICM72860, there are standard BCD thumbwheal
switches forthe ¢ through 5 digit {twelve position0to 5
repeated).

N/c (7240)

.-r- ﬂ
TRIGGER™
y
'-OJ-L .':; 5K
RESET Y
outeur | = -

v —
(;uo—-!-..l- 51 .
1 —-I I‘i PROGRAMMING BY S0LDER CONNECTIONS
= OR THUMBWHEEL SWITCHES

= FOR POWER UP TRIGGERING (ty,~186ms} USE CIRCUIT SHOWN
AND OMIT EXTERMAL PULSE. . . .

r

Figure 2. Generalized Circuit for Timing Applications (Switch S1
open lor astable operation, closed for monostable
operation)

A 2PFINPATTERNS

=l

PINS 1 & 2 SHORTED t=RC

PINS 1& 4 SHORTED

T o
B ——

PINS 1, 3, &5 SHORTED

”—r - { i
——JuL_nn__
;-‘ 3t fo 3t fu— ::’ 3 e 3 e
———21t - f— 85—
b5t 5t

FINS 1,3, 5, & 7 SHORTED

B 3 PINPATTERNS

€ 4PIN PATTERNS

Figure 3, Pulse Palterns Obtained by Shorting
Various Countar Outputs

EINTERSIIL
NOTES ON THE COUNTER SECTION .

Used as astraight binary counter (ICM7240), as a+100
(ICM7250), or +80 {ICM7260) all devices ara signifi-
cantly faster than their bipotar equivalents. However,
when using these devices as programmable counters
the maximum frequency of operation is reduced by
more than an order of magnitude. For any division ratio
other .than 256 (ICM7240), 100 (ICM7250), or 60
(ICM7260) the maximum input frequency must .be
limited to approximately 100 KHz or less (with Vtequal
to +5 volts). The reason for this is two-fold:

a. Since Ripple counters are used, there is a
propagation delay between each individual =2
counter (8 counters forthe ICM7240/50 and 7 for the
1GM7260). Outputs from the individual +2 counters
are AND'ed together to provide the output signal
and the Reset/Trigger signal.

b. There must be a delay of the positive going output to
the Reset terminal, (pin 10} and the Trigger tetminal
(pin 11). The Reset signal must therefore be
generated first, and from this signal another signal
is obtained through a delay network. The trigder
overrides Reset.

The delay between Trigger and Reset is generated by
the signal RC network consisting of the 58k(} resistor
and.the 330pF capacitor.

The delay caused by the counter Ripple deiays can be
as long as 2us (5 volt supply), and the delay between
Reset and Trigger should be at least 2 8. The sum of
thess two delays cannot be greater than one-half of the
input ciock period for reliable cperatjon. See Figure 4
and 5.

+ ~ "0
v CLOSE
T0 INRIBIT

1 TE /0 ERNAL
T2 - e
-
51
| 70
5 NOT

USED ON -
'CM7260 -

GuTRUT

Figure 4. Programming the Counter Section of the |GM7240/50/60



ICM7240/50/60 - BINTERSIIL

T8 SIGNAL

PIN 3 ] |
on
|
| .
QUTPUT (RESET) J'l . . ”

]
1

TRIGGER F\ J{\

—-n-— RESET TO TRIGGER —-| le — RESET TO TRIGGER

RC DELAY AC DELAY

Figure 5. Waveforms for Procgramming the Counter Sectjon for a Division Ratio of 7 {1, Sz, $3 Closed)

APPLICATIONS

GENERAL CONSIDERATIONS ‘ - . START

Shorting the RC terminal or output terminals to V* may - - 1
exceed dissipation ratings and/or maximum DC cur-
rent limits (especially at high supply voltages).

il 1CM7240
Thereisalimitof 30pF maximumloadingonthe TB I/O
terminal if the timebase is baing- used to drive the l
counter section. f higher value loading is used, the

counter sections may miscount. ENABLE
10 SEC,

ICM7240

. & TRIGGERING CAN BE
For greatest accuracy, use timing component values CBTAINED FROM A
shown inthagraph under Typical Performance Charac- © ke pit |
teristics. For highest frequency operation it will be ATOR SWITCH, ETC. AT
desirable to use very low values for the capacitor; . 55EC. \ch7240
agcuracy will decreass for osclllator frequencies in

excess of 200 KHz. i}

When driving the counter section from an éxternal COUNT
clock, the optimum drive waveform is a square wave To1ss
with an amplitude equal to supply voitage. If the clock
Is a very slow ramp triangular, sine wave, etc., it will be I
necessary to "square up” the waveform {rise/fall time = ENABLE
1.5); this can be done by using two GMOS inverters in 5 SEC, Iciz240
series, operating from the same supply voltage as the
ICM 7240/50/860.

By cascading devices, use of low cost CMOS AND/OR ‘ @

ICM7240

gates and appropriate RC delays between stages,
numerous sequential control variations can be ob-
tained. Typical applications Include injection molding
machine controllers, phonograph record production .
machines, avtomatic sequencers (no metal contacts START sTOP
or moving parts), milling machine controllers, pracess = { ! t ! i I t ! 1 =

i i i WAIT  ENABLE WAIT COUNT ENABLE
timers, automatic [ubrication systems, etc. : DT EMABLE  WAIT sounT vy

By sefection of R and C , a wide variety of sequence
timing can be realized. A typical flow chart for a
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CMOS PRECISION PROGRAMMABLE 0-99
SECONDS/MINUTES LABORATORY TIMER

The ICM7250 is well suited as a laboratory timer to alert
personnel of the expiration of a preselected interval of -
time. )

When connected as shown, the timer can accurately
‘'measure preselected time intervals of 0-99 seconds or
0-99 minutes. A 5 volt buzzer alerts the operator when
the preselected time interval is over.

The circuit operates as follows:

BINTERSIL

The time base is first selected with S1 (seconds or
minutas), then units 0-99 are selected on the two
thumbwheel switches S4 and 85. Finally, switch 52 is
depressed to start the timer. Simultaneously the quartz
crystal controlled divider circuits are reset, the
ICM7250 is triggered and counting begins. The
ICM7250 counts until the pre-programmed value is

- reached, wheresupon it is reset, pin 10 of the CD4082B
is enabled and the buzzer is turned on. Pressing S3
turns the buzzer off.

v* = +6 vOLTS OC

+
QUARTZ XTAL = 32,768 Hr v T =
20M12 " ol B = '
- I ) 1
[— "
2 1
= 3K CD40508 - CD40248
v qHe 7
AAA ] ;
e Ei 63608 RESET RESET "1_
} T 1 3 |4 ]
@ lz 1 5
= slalafz
1/2 GD40B2R
1
16K 1 PULSE/MIN
o1
vi
\ 1 PULSE/SEG I__L
8 VOLT START B
BUZZER 52 - 5
4 13 14
vt o0—o TRIGGER
o 913
144 CO40018 38K 50K ICM7250(PE
I 16
AESET o vt =
= Bf? [s [s[a[a]z]1
B4 2 1f8 4 2 1
} vt | 9 9
c <
154 35
10K
1-OFF
o = COUNTING
53
ut 2 DECADE RGE
[ o BUZZER RESET THUMBWHEEL SWITCHES
) !

Flgure 7.
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LOW POWER MICROPROCESSOR
PROGRAMMABLE INTERVAL TIMER

The 1CM7240 CMOS programmable binary timer can
be configured as a low cost microprocessor controfled
interval timer with the addition of a few inexpensive
CD4000 series devices. .

With the devices connected as shown, the sequence of
operation s as follows:

The microprocessor sends out an 8 bit binary code on
its B bit 1/0 bus (the binary value needed o program
the ICM7240), followed by four WRITE pulses into the
CD4017B decade counter. The first pulse resets the 8
bit latch, the second strobesthe binary valueintothe 8

EINTERSIL

bit latch, the third triggers the ICM7240 to begin its
timing cycle and the fourth resets the decade counter,

The ICM7240 then counts the interval of time
determined by the R-G value on pin 13, and the
programmed binary count on pins 1through 8. At the
end of the programmed time interval, the interrupt one-
shot is trignered, informing the microprocessor that
the programmed time interval is over.

- With a resistor of approximately 10 M{) and capacitor
of 0.1 uF, the time base of the {CM7240 is ohe second.
Thus, a time of 1-255 seconds can be programmed by
the microprocessar, and by varying. R or G, longer ar
shorter time bases ¢an be selected.

HESET
INTERRUPT

ONE-SHOT §V*

Ry

v{-

9.1 MEG

1 MEG

10} ;

ICM72401PE
LMOS PROGRAMMAELE BINARY TIMER

. Cy
TRIGGER 11 9 I
1005 18K 10K =
8 |7 |6 Is 4 |3 |2 =
001 - .
“ELAPSEC TIME OVER" zL 3L g]a 111 2 ELI !!L o
INTERRUPT TO 1/4 CD40D1B 1/5 CoA0018 -
MICROPROCESSOR .
CD40168 CD4016E

R QUAD SWETCH QUAD SWITCH
3 [5 |6 |12 13 |6 |6 [12

TRIGGER
5 |2 |3 In 7 1o |2t

g 1,53 "
RESET - 3,15 DISABLE
STROBE 2,14 Ccoas08R
TRIGGER o 8 BIT LATCH —
RESET T =
cD40178 15K a |6 [8 [0 |16 |12 |20 |22
. af2ialz
—"] l‘—,‘;ws 14
WR FAOM MICROPROCESSOR 0 onap CD4017B 1iSET 601 MSB LSB
R -

DECADE COUNTER

16
V+

J_Bﬂa

L

8 31T MICRCPROCESSOR BDS

Figure 8.
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FEATURES

+ Replaces the 2242 in most applications

¢ Timing from microseconds to days

s Cascadeable

* Monostable or astable operation

* Wide supply voitage range: 2-16 volis

* Low supply current: 115.A @ § volls

* Extended temperalure range: -20°C to +85°C

GENERAL DESCRIPTION
The ICM7242 is a CMOS timer/counter circuit consist-

ing of an RC os¢lllator followed by an 8-bit binary coun- -

ter. It will replace the 2242 in 95% of the applications,
with a significant reduction in the number of external
components.

Three outputs are provided. They are, the oscillator
ouiput, and buffered outputs from the first and eighth
counters.

The ICM7242 is packaged In an B-pin CERDIP

ICM7242
Long Range
Fixed Timer/Counter

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ......covvvvviiinannns Cereaes 18V
Input Voitage!' .

Terminais (Pins 5,6,7,8) ............ GND -0.3V to

v+ 0.3y

Maximum continuous output

current (each output) .............. ... ... 50 mA
Power Dissipation® . ............. Prereaeas 200 mwW
Operating Temperature Range ..... -20°C to +85°C
Storage Temperature Range ...... -55°C to H125°C
NOTES:

1. Due to the 8GR structurs inherent in Ihe CMOS process, connecting any
ferminal to voltages graater than ¥+or less than GROUND may cause destruc-
live.device latchup. For this reason, it is recommended that no Inputs from
external sources not operating on the same supply by appliad to the davice
before Its supply is established and, thatin multiple supply systems, tha supply
1o the ICM7242 be turned on first.

2. Darate at -2 mW/°C ghove 25°C.

Stresses above thosg listed undar “Absolute Maximum Ratings" may
caise permanent device fallure. These are strass ralings only and
functional cperation of the devices at these orany ather conditlons -~
above those Indlcated in the operation secticns of this specification

is not implied, Exposure to absolute maximum rating conditions for
extended periods may cause device lailures.

BLOCK DIAGRAM

 —

Ell—«<1—l

TRIGGER ¢

& RESET

COMP 1

E-

o o E
7
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s {5
5
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4

o +128/256 CUTPUT
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Do—-o +2QUTPUT
2

0 TB /0
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ORDERING INFORMATION

IGM7242|JA
Rlce: ICM7242/D

Device:

PIN CONFIGURATION (OUTLINE DRAWING JA)

+20DUTPUT ] 2 7[]JRC
+128/256 QUTFUT ] 2
GuD[]4
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test circuit, v¥= 5V, Ta=+425°C, R = 10K, C =01 &F, unless otherwise specified.

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX UNITS
Guaranteed Supply Voltage v+ . 2 16 v
Supply Current ’ I+ Reset 125 phA
' Operating, R = 10K(1, € = 0.14F 3o | soo HA
Operating, R = 1M(), C = 0.1uF ' 220 800 uh
_TB inhibited, RC Connected 1o GND 225 | A
Timing Accuracy : 5 %
?Em?;f::ﬂtrzr&rﬁﬁuency A/AT _ ‘Independent of RC Components, _ 250 ppm/"Q
Time Base Oulput Voltage YoTs ISOURGE = 1 MA a5 4.2 v
fsivk = 3.2 mA _ ' 025 | 06 v
I;?Eag:sgﬁrlgﬁtm freLx RC = Ground _ 25 pA
Trigger input Yoltage VTRIG vt =5y ' 18 2.0 v
' , V= 15y S las | oas | v
Reset Input Voltage Vast | VF-5v B 13- | 20 v
: o AR : 27 4 40 | v
Trigger/Heset npul Current ITRIG. 10 pA
. IRsT ] ) R
Max Count Toggle Rate | # vt =2y ) 1 MHz
1 wr=sv Gounter/Divider Mode 2 6 MHz
VT = 15V . 13 MHz
*50% Duty Cycle Input with Peak to
Peak Voltages Equal te ¥+ and GND
Output Saturation Voltage Vsar All Qutputs except TB Output 022 | 04 v
: ' V=5, lout = 3.2 mA ,
Cutput Sourcing ISOURCE vt =35y 300 uA
Cinrent 7242 - Terminals 2 & 3, Vout = 1V |
MIN Timing Capacilor C ' B ) 10 pF
Timing Resistor Range Rt vt = 2.18v ) 1K -
] 22M 3|

TEST CIRCUIT

=21 (RC . 2) QUTPUT ©
=28 {RC = 266} OUTPUT o

* TIMEBASE PERIOD = 1.DRC;
1 SEC, = WM& x 12F

ROTE: OUTPUTS =2 AND =28 ARE INVERTEAS AND HAVE
ACTIVE PULLUPS,
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TYPICAL PERFORMANCE CHARACTERISTICS

) RECOMMENDED RANGE
SUPPLY CURRENT AS A FUNCTION OF TIMING COMPONENT VALUES
OF SUPPLY VOLTAGE ' FOR ACCURATE TIMING
260 [T 004
240 ; .
220 Tz 2 C/ / 10
e 2
% wo STt & m
£ 60 Vs _ = RECOMMENDED RANGE OF
i 1 Ta = +26°C < TIMING COMPONENT VALUES
£ 140 ¥ 7 —— £ ok
g 7/ =" Tp = +75°C a
> 100 & -
g / @ 0k
& a0 =
e £ * \ \
40 -
. RESET MODE |
20, Lt . i Th = 126°
0 l E 100
0 2 4 & 8 0 12 14 1% 100pF 00 ©F . 1 10 106 1000 10,000
SUPPLY VOLTAGE IV} TIMING CAPACITOR, C [aF)
DIMENSIONS IN INCHES AND MILLIMETERS
TIMEBASE FREE RUNNING FREQUENCY ' MINIMUM TRIGGER PULSE WIDTH
AS AFUNCTION OF R AND € AS A FUNCTION OF TRIGGER AMPLITUDRE
10,0002 F] 1 509 [ 1
NN aesie | 0 1
Y0aF 10KS E 1‘1‘;;
" 10aF - E 1000
% ¥ g 900
a 100K w00
g wF ES i
% owF P g g; W = 18V
D01F N 9 oo 1A :
ma ) E ool 1 N8V :
10me AT AN J N\
10pF - s . B N
1»F : (1]
4 1 10 100 1 10K 400K 1M 10M 0 1 2z 3 4 5 8 7 8 % 10
TIME BASE FREQUENCY (Hz) TRIGGER AMPLITUDE (VOLTS)
) NORMALIZED FREQUENCY
MINIMUM RESET PULSE WIDTH - STABILITY IN THE ASTABLE MODE
AS A FUNCTION OF RESET AMPLITUDE AS A FUNCTION OF SUPPLY VOLTAGE
1500 T 0y T Cma
oo ] £ ol |
= 1100 g e G0 O0lpF———en |
g 100 > a0 Mz 100pF ——— _|
= 1000 5 TN e pF ———
g s Sl 5 2o 100kS 00F— - — _}
= | | b P f0kSE DIpF ===
= s— | oo 100kST- DIPE smsmmrm
8 o0 - - = v g 72 1T
Z oo 1 2 20—
5 st o
g con /= 16V E -4.0
i 3 -6
ANER N :
100 h i £ =0
. z 100!
o 1 2 3 4 6 6 7 8 9 10 T e s 0 12 14 18 18 20 .

.......... T SUPPLY VOLTAGE (V)
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TYPICAL PERFORMANCE CHARACTERISTICS

NORMALIZED FREQUENCY
STABILITY IN THE ASTABLE MODE
AS A FUNCTION OF TEMPERATURE

+5

g 4= TR S
=
S e - —
= L,
I I B e
I e 3 ':j',/ g
>
[~
Z 9 R=1k@__ - |
£ C=01pF
RS 1L - -
[+ .
i
o -2
B
o S = —
g e Vg 15V

-4 1
=z -
s |
g . _

-25 a +25 +50 +75

TEMPERATURE (°C)

DISCHARGE OUTPUT CURRENT AS A FUNCTION
OF DISCHARGE OUTPUT VOLTAGE

100

-
=

1 I|I|Hf|

DISCHARGE SINK CURRENT (mA}

Ta = 125°¢

0.1 T T SN R T
] 01 1 o

CISCHARGE SATURAFION VOLTAGE (V)

APPLICATIONS
GENERAL CONSIDERATIONS

Shorling the RC terminal or output terminals to V" may
exceed digsipation ratirigs and/or maximum DC cur-
rent limits {especially at high supply voltages).

OPERATING LIMITS :

There is & limitation of 50pF maximum loading on the
TB I/O terminal if the timebase is being used to drive
the counter secticn, It higher value loading is used, the
counter sections may miscount.

For greatest accuracy, use timing component values
" shownin the graph undertypical performance charac-
teristics. For highest frequency operation it will.be
.desirable to use very low values for the capacitor,
accuracy will decreaso for oscillator frequenciss in
excess of 200 KHz.

When driving the counter section from an external
clock, the optimum drive waveform is a square wave
with an ampilitude equal to supply voltage. If the clock

BINTERSIL

MAXIMUM DIVIDEIH_ FREQUENCY
vs, SUPPLY VOLTAGE

100M

|
[

-
£

o Ta =+25°C
“—T— RC CONNECTED
T0 GROUND

1

i

IRTINRA
\

¢ 100K

MAX. DIVIDER FREQUENCY [Hz)
o
=

]

10K ,
0 2 4 6 8 W 12 14 16 18 20

SUPPLY VOLTAGE (V)

OUTPUT SATURATION CURRENT AS A
FUNCTION OF OUTPUT SATURATION VOLTAGE

100

TTTT;

-
=

QUTPUT SATURATICN CURRENT (mA)

/ R
0,1 I i ir-l! N EH

a1 0.1 T 10

QuTeut SAT‘l:.IFlATION VOLTAGE {v)

is avery slow ramp triangular, sine wave, stc., it will be
necessary to "square up” the waveform; this can be
done by using two CMOS inverters in series, operating
from the same supply voltage as the ICM7242.

The ICM7242 is a non-programmable timer whose
principal applications will be very low frequency oscil-
lators and fong range timers; it makes a much better
low frequency oscillator/timer than a 555 or ICM7555,
because of the on-chip 8-bit counter. Also, devices can
be cascaded to produce extremely fow frequency
signals. '

Because outputs will not be AND'd, output inverters
are used instead of open drain N-channel transistors,
and the external resistors used for the 2242 will not be
required for the ICM7242. The ICM7242 will, however,
plug into a socket for the 2242 having these resistors.

The timing diagram for the ICM7242 is shown in Figure
1. Assuming that the device is in the RESET mode,
which occurs on pawerup or after g positive signal on
the RESET terminal (if TR CED 1o Lrand a redd i oo nd e
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on the trigger input signal will initiate normal operation.
The discharge transistor turns on, discharging the
timing capacitor C, and all the flip-flops in the couriter
chain ¢hange states. Thus, the-ottputs on terminals 2
and 3 change from high to Jow states. After 128 negative
timebase edges, the +28 output returns to the high state.

_ﬂ = TRIGGER INPUT
- {TERMENALE 6
TTTTITTTITTTT S
I I ll I l II I I I l —= =2 QUTPUT ITERMINAL 2|

fe—— 128 ——+}+ ——128RC——=|

1

f——128 RE——]

+128/256 OUTPUT
ITERMINAL 3) {ASTABLE
OR "FREE RUN" MODE}

+128/266 QUTRUT

OH_“ONE SHOT” MODE}

Figure 1. Timing Dlagrams of Output Waveforms tfor the ICM7242.
(Gompare with Figure 5) .

To use the 8-bit counter without the timebase, terminal
7 (RC) should be connected to ground and the outputs
taken from terminals 2 and 3.

— > 34 1]

fin | I I I I I .
5 — g 1A

ourzﬁms{

Flgure 2. Using the ICM7242 as a Ripple Counter (Divider)

The ICM7242 may be used for a very low frequency
square wave reference. For this application the timing
components are more convenient than those that would
be required by a 555 timer. For very low frequencies,
devices may be cascaded (see Figure 3).

o

-".""
Jos Y el
]

1EM
7242

- N -
o m o~
|||-—

trcicte

Figure 3, Low Freguency Reference (Oscillator)

For monostable operation the +2% output is connected
o the RESET terminal. A positive edge on TRIGGER
initiates the cycle (NOTE: TRIGGER overrides RESET).

The IGM7242 is superior in ail respects to the 2242
except for initial accuracy and escillator stability. Thisis

primarily due to the fact that high value p“resistors have -

been used on the ICM7242 to provide the comparator

PR T T A

(TERMINAL 3) (MOROSTABLE
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TRIGGER n TERMINAL 6

. —~
T8 outPuT ” I“ |a' TEAMINAL 8
QutruT _-L__l_—"' TERMINAL 3

Figure 4. Monostable Operation

COMPARING THE ICM7242 WITH THE 2242

1CMT7242 2242
2-16V 4-15V

a,  Operating Voltage
b. Commercial Temp.

Range -20°C to+75°C 0°C to +75°C
‘c. Supply Current
+=5vy 0.7 mA Max. 7 mA Max.
d.  Pullup Resistors )
. T8 Qutput No Yes
+2 Qutput No Yes
+256 Qutput No Yes
e. Toggle Rate 3.0 MHz 0.5 MHz

f, Reslstor to Inhibit

Oscillator No Yes
g.  Resistor in Seriés

with Reset for

Monostable Operation No - Yes
h.- Capacitor TB

Terminal for

HF Operation No Sometimes.

By selection of R and G, a wide variety of seQuenée
timing can be realized. A typical flow chart for amachine
tool ¢controller could be as follows: ’

» TRIGGERING CAN BE 1CM 7242 ICM 7242

OATAINED FROM A

PREVIDUSSTAGE, A | sranT “WAIT “ENAELE
LIMIT SWITCH, OPER-_ ssec, [ 10 EC,

ATOR SWITCH, ETC.

ENABLE ) COUNT
5 8EC. TO 185

. - 1M 7242, 1CM 7240 IcM 7242
M Iy Tyl ! { \ | Ll
WAIT ENABLE WAIT COUNT - ENABLE
5SEC. 10SEC. ESEC TO 185 5 8EG.
Figure 5.

By cascading devices, use of low cost CMOS AND/ OR
gates and appropriate RC delays between sfages, num-
erous sequential control variations can be obtained.
Typlcal applications include injection molding machine
controllers, phonegraph record production machines,
automatic sequencers (no metal contacts or moving
parts), milling machine controllers, process timers, auto-
otie lhricaiinn svetems, eto. .
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SEQUENCE TIMING :

* Process Control

s Electro-pneumatic Drivers
* Machine Automation’

* Multi-operation (Serial or Paralflel contrelling)
SEQUENCE TIMER:,

' TRIGGER
v
o—3

St
5

PUSH §; TG START SEQUENGE;

l-; MUST BE SHORTER THAN “ON timea %

® SELECT RC VALUES TO
TRIGGER . DESIRED “ON time™

FOR EACH ICM7242
— 128AC ]
OQUTPUT A - , : I
| - 128RC ——— &
OUTFUT B —I ' ’
le—128RC ]
ouTPUT C*

Jo——t2800 ——]

OUTRUT D* | ,
ON timag, - —=—0N timeg-= DN':Em&*I—-—'ONIirhaD‘—I

Figiire 6.

CHIP TOPOGRAPHY (.068” % .069") 7

BL -

TRIG

B |fn~[
RESET

L GRDUND

+128/256
ouT

N

+20UT
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8-Character 14-116-Segment

' _A'lphanumeric LED Display Driver

FEATURES

» 14. and 16-segment fonts with decimal point

Mask programmable for other font-sets up to 64

characters

Microprocessor compallble

Directly drives small common cathode displays

Cascadable without additional hardware

Standby feature turns display off; puts chip in low

power mode

Serial entry or random entry of data into display

+ Single +5V operation

» Character and segment drivers, all MUX scan cir-
cuiiry, 8 x 6 static memory and 64-character ASCII
font generator included on-chip

GENERAL DESCRIPTION

The ICM7243 is an 8-character alphanumeric display driver
and controller which provides all the circuitry required to in-
_ terface a microprocessor or digital system to a 14- or
16-segment display. It is primarily intended for usé in
" microprocessor systéms, where it offloads the processor
and mirimizes hardware and software overhead. Incorpor-

ated on-chip are a 64-character ASCII decoder, an 8x&

memory, the high power character and segment drivers, and
the mukltiplex scan circiitry.

Six-bit ASCIi data to be displayed is written into the memory
direcily from the micreprocessor data bus. Data focation
depends upon the selection of either Serial (MODE = 1) or
Random {MODE =1). In the Serial Access mode the first antry
is stored in the lowest location and displayed in the “left-
most” character position. Each subsequent entry is automat-
ically stored in the next higher location and displayed to the
immediate “right” of the previous entry. A DISPlay FULL
signal is provided aiter 8 entries; this signal can be used for

“cascading. A CLeaR pin is provided 1o glear the memory and

reset the location counter, The Random Access mode allows
the processor to select the memory address and display digit
for each input word.

The characier multiplex scan runs whenever data is not being:
entered. It scans the memory and CHARacter drivers, and:
ensures that the decoding from memory to display is dene ini
the proper sequence. Intercharacter blankmg is provided to
avoid display ghosting.

ORDERING INFORMATION

Part Display

Number | Segments Paclkag .Nqu::;rer i
ICM7243A 16 +d.p. 40 Pin CERDIP {-ICM7243A1L |
ICM72438 14 +d.p. 40 Pin CERDIP | ICM7243BHJL |
ICM7243BEWKIT | Kitwilh Display | ICM7243BEVIKIT |

PIN CONFIGURATIONS
v EF‘“\J—E SEGI
SEGm [2] (33] sEGge
sEae [3] 138] SEGL
SEaql [4], 7] SEGI
SEGY [&] 36| SEGH
SEGe [6] 3_—s| SEGa2
SEG1 7] 5] o.p
SEGat E E SEGH
SEGa2 [9] (32 sEq;
Do [10] ) [#1] MovE
o[ ICM7243A 5] Aatsen
b2 17 . [29] avCLR
D, [13] ’ 28] AzimisP FuLL
04 [14] [27) 0sCIBFF .
Ds [is] 28] cHARY
es [ig] |25] cHARZ
wi [17] [24] oA g
cHare [18] 23] cHAR 4
cHAR7 [ig] [22] GROUND
cHARE [20] 21) CHAR 5
TOP VIEW

vt E‘ SEGm
skge [2] I39] SEG)
SECGg1 E L SEGg2
sk [4] SEGH
$EGe [5] l36] SEGi
SECq [6] SEGF
SEGa [7] 3] D.p.
Do 2] BE
»[g [ seo.
o [0 [31] MoDE
T ICNi72438 B8] awsen
o4 [z AYCLR
Ds. {13 126] AIDISP FULL
M OSCIOFF
cs 15 . [26] cHAR ¢
5 [1g] [25] cham 2
WA [i7] [24] crans
cHARA [1g) |23} cHAR &

cHAR T [1g]

CHAR 6 [21) cHARS
TOP VIEW




ABSOLUTE MAXIMUM RATINGS

SupplyVoltage .............. . i, BvV Power Dissipation .. .,
CHARacterOQutputCurrent. . .................... 300mA Operating Temperature Range
SEGment Cutput Currerit ...... e 30mMA Storage Temperature Range
Input Voltage (Any Terminal) ... ... ..., (V* +0.3V)to —0.3V

Stresses above those listed under "Absofute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only
and functional operation of the dévice al these or any other conditions above those indicated in the operational sections of the specifica-
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliablify.

OPERATING CHARACTERISTICS

PARAMETER ‘SYMBOL TEST CONDITIONS MIN LlTh:rI;'S :MAX' . UNIT
Supply Vollage v 4.75 5.0 5.25 v
Oﬁerallng Supply Current Mop vt =5.2_5\_l, 10 Segments ON, All 8 Characters 180 . 4 mA
Quiescent Supply Current gt V* = 5,25V, OSCITFF Pin <1V 3 | a0 | A
Input High Vollage Vi 2 -
Input Low Voltage Mo ) 0.8
Input Gurrent I|‘N1 V=52sv, \"j: :E: m +1 A
CHARacter Drive Gurrent loHaR V=BV, Vayr=1V 140 190 mA
CHARacter Leakage Current IoHk L ' pA
SEGment Drive Current lsea V¥ =5V, Vg =25V 14 18 mA
SEGment Leakage Current larg ’ 0.01 ) A
DISPlay FULL Oulput Low Vor lop = 1.6mA 0.4 v
DISPlay FULL Outpul High Von Iy = 10024 24 i ' v
D'lsr‘:lag't Scan Rale fas ‘ 4b0 Hz

AC CHARACTERISTICS (Drive levels 0.4V and 2.4V, timing measured at 0.8V and 2.0V)
PARAME_TEH SYMBOL TEST CONDITIONS . ) MIN TYP MAX UNIT
WH, CLeaR Pulse Widlh Low twpl 250
WR, CLeaR Pulse Width High bweh ] 280
Data Hold Time 7 tph 0 _ 20
Data Setup Time IDs 260 150
Address, SEN, MODE Hold Time tan 125 80 - ™
Address, SEN, MODE Setup Time tas —-20
GS, CS Setup Time 1o ]
Pulse Transition Time 1t ~100
CAPACITANCE
SYMBOL TEST MIN TYP . MAX UNIT
Ciy Input Gapacitance 7 pF
Co dutpu! Capacitance pF
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TYPICAL PERFORMANCE CURVES

SEGment Current vs Outpui Voltage GHARacter Current vs Quipul Voltage
0 -
500
vt =55¢4
20 1 &

&

7 -
g % ov y
= : p ‘= 300
I [-4
u %4.5\! S
_ % 5.
10 5 206
’I. 0
4'.’ 100
0 1 2 3 0 1 2 3
SEGment Voltage (V) . CHARacter Voltage (V}

ICM7243A/IB DlSPLAY FONT, SEGMENT ASSIGNMENTS Note Some dlsplay manufacturers use different demgnallons

for some of the segments. Check data sheets caretully.

o [o|BREICDEF (AT KL MINID o [oJOSA|LHE | [GH UL IMINGC
N I ) i Y A B v T N T oo NP ERISTI XY LZ] NP 2L
S IE % I I e 1 O I R R B o P e O T I R ] ) ) e I IR e 3 ol P e I P
2 EHEEEE L =] s A2 3B TEL. | LNt
Dijo|olojolofolofof ] T ] Baf oo ojo|olofalalt{i[a]a|1f1]1]1
ol oo o of[1|1]|s]1]efolofo IR ERE anoo'on1111uooo1111
pfo ol i1 [ofoj | rlafe]4]r]afb]1]1] [pofols|1]o]of1{rjelojslrjojo]1]n
plof1|oftjols|of1joja|o|r]|oj1i0]1 |Duu1oid1biu1oio1u1
NOTE: Segments a and d appear as 2 segments each, but both halvas are driven togelhar.
1CM7243A JCM7243B
16-Segment Character Font with Decimal Point ) 44-Segment Character Font with Decimal Point
cs
. ]
. + 1 —— 1y -
SEGMENT
DRIVER | Vien=16v _
: RryricaL = 1008 8
L
Al
1$EGx DISPLAY
1 I’d ) Af
CHARAGTER ORWVER —{ |—4—--—----
CHARn  SEGMENT LEDS
g *
ropsion — 41 ‘l
|

“SERIAL ACCESS om:
tRANDOM ACCESS ONLY

e s md Pommranbar Bsiunre Didmid Cirert Data Entry Timing
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PIN DESCRIPTIONS, ICM7243A (B)

EElNMERS L

SIGNAL PIN FUNCTION SIGNAL PIN FUUNCTION
Dyp-Ds 10-15  Six-Bit ASCII Data input pins Aq/CLeaR 29 In RA mede this is the sec-
{8-73)  {actlive high). ond bit of the address. In SA
cs, TS 16 Chip Select for decoding mode, alow input will CLeaR
(14-16) from uP address bus, etc. the Serial Address Counter,
WR 17 WRite pulse input pin (active the Data Memory and the
low). For an active high write - display.
pulse, CS ean be used, and AIDISPlay FULL 28 In RA mode this is the MSB
WR can be used as CS. . of the Address. In SA mode,
MODE 31 Selects data entry MODE. the output goes high after
High selacts Serial Access eight entries, indicating DIS-
{8A)ymode where firstentryis ) Play FULL.
displayedin “leftmost” char- OSCIOFF 27 OsCillator input pin. Adding
acter and subsequent en- capacitance to V* will
tries appear to the “right”. lower the internal oscillator
Low sselects the Random Ac- frequency. An external oscil-
cess (RA) mode where data lator is also applied to this
Is displayed on the character pin. A low puts the display
addressed via Ag-A. Ad- controller/driver into a qui-
) dress pins. escent mode, shutting OFF
AQ/SEN 30 In RA mode it is the LSB of the display and osclilator
the charactér Address. in SA but retaining data stored in
mode it is used for cascad- memory.
ing display driver/controliers - SEGy-SEGm, D.P. 2-9(7), SEGment driver outputs.
for displays of more than 8 32-40
characters {active high en- CHARacter 1-8 18-21, CHARacter driver outputs.
ables driver controller). 23-26
BLOCK DIAGRAM
n.ﬁm INPUT o 7'/ POl axe . « f> ;
DATA DATA oS54y EaxW 17/ | SEGMENT SEGMENT QUTPUTS
. Dos LATCHES MEMORY [ ROM 7 DRIVERS SEGx
—cu
’ cL ADR
A Y
r Y
ONE A
. . SHOT
Wi ]
CE—PO 1
cs—l S
55—
v v
e 8 8 CHAR|
MORE—pID 7—¥| CHARACTER j}.:m:m;;. outeuTs
' Fy
AotSEN — SEL » (‘:1_ vy
»{p ADDRESS Y SEL
_| . LAreHes
_ “ (CM7243A HAS ONLY ONE CS AND
l L NO C5,[CM72438 HAS 15 SEGMENTS
MISIR —p( X N [+] d cL ADDRESS .
“T" conTROL
LATCH ng%‘:g's-s a, N MUL‘l:PleXEH
COUNTER DECOBER
»|CLR
A2IDISP FULL 4—| DVERFLOW
' GHARACTER S
_ i
oscirF +—» SRR MO TIPLEX INTER-CHARACTER BLANKING
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DETAILED DESCRIPTION OF OPERATION

WR, CS, CS. These pins.are immediately functionally ANDed,
so all actions described as occurring on an.edge of WR, with
¢S and CS enabled, will occur on the equivalent {last) en-
abling or {first) disabling edge of any of these: inputs. The
delays from G5 pins are slightly {abow! 5nsecs) greater than
from WR or TS due to the additional inverter required on the
former.

MODE. The MODE pin input is latghed on the falling edge of
WH {or its equivalent, see above), The lgeation in Data Mem-
ary wheére inceming data will be placéd is detgrmined either
from the Address pins or the Serial Address Counter, urider
control of this latch, which als¢ controls the funclion of
AgISEN, A4/CLR, and Ax/DISPlay FULL.

Random Access Mode. When the internal made latch Is set
for Random Access {RA) (MODE latched low), the Address in--
put on Ag, Ay, ahd A will be latched by the falling edge of WR
{or its equivalent). Subsequént changes on the Address lines

TEST CIRCUIT (ICM7243A SHOWN)

17
SEGMENTS

*

RE

CHARI1 - 2

EINTMERSIL

will not affect device operation. This all‘ow_s, uée of a
multiplexed §-bit bus controlling both address and data, with
timing conirolled by WRH.

Serial Access Mode. If the Internal latch is set for Serial Ac:
cess (SA), {(MODE latched high), the Serial ENabla input on
SEN will be latched on the falling edge of WR {or its equiva:
lent). The CLR input is asynehronous, and will-force-clear the
Serial Address Counter to address 000 (CHARacter 1), arid
set all Data Memory gontents to 100000 (blank) at-any time.
The DISPlay FULL output is always active in.SA mode afso,
and indicates the overflow status of the Ser}al Address
Counter. If this output is low, and SEN is{latched asyhigh, the
contents of the Counter will be.used to establish the Bata
Memory location for the Dala Input. The Counter is then in-
cremented on the rising edge of WR. 1f SEN is low, or DISPIay
FULL is high, no action will occur. This allows easy “daisy-
chaining” ofdlsplaydrlversformultlplecharacterdlsplaysIn
a Serial Access mode.

1 !’4% %f%__’% |

4

I

5
L

vy
(l.m

2
-]

3
i) 2

' SEGMENTS 1

b

az

k

[=]
=
_Tl
=1

ICM7243A

] [3

—
ey

2l Bl

EIENEE

VYT

N

éjl
L |

||I—

CHARS

CHAR7?

|

CHAR 6 2

i

F=]
S

39
b
-2
1
(37— _}* BCHARACTERS
E;/ SEGMENTS
Eﬂ/
-
o |
L
= MODE (SA/RA) . O v
ISEN _%
oo [T 1
AMICLR i -
79 —o%_
AglDISP FULL
28] 2IDISP FU —y DISPLAY FULL QUTPUT
:]—oscmFF o—v*t '
CHAR 1 ‘
E———) NC [FOR SA MODE}
) GHAR 2
i) CHAR 3 13

CHAR 4

2

CHAR S
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Changing Modes. Care must be exercised In any application
involving changing from one mode to another, The change
wlll occur only on a falling edge of WR {or its equivdlent).
When changing mode from Serial Access to Random Access,
nole that Ag/DISPlay FULL will be an output until WR has
falien low, and an Address drive here could cause a conflict.
When changing from Random Access to Serial Accass,
A41CLR should be high to avaid inadvertent clearing of the
Data Memory and Serial Address Counter, DISPlay FULL will
become active immediately after the falling edge of WR.

Data Entry. Theinpuf Data is fatched on the rising edge of WR
{or its equiyalent) and then stored in the Data Mameory lo-
cation dete ¥mmed as described above. The six Data bits can
be muitiplexed with the Address information on the safme

lines in Random Access mode. Timing is controlled by the
WR iriput.

OSCIOF.F._ The device includes a:cne-pinrelaxation oscillator
with an internal capacitor and a nominal frequency of
200kHz. By adding external capacitance to V+ at the
OSC/OFF pin, this frequency can be reduced as far as de-
sired. Alternatively, an external signal can be Injected on this
pin. The oscillator {or external) frequency is pre-divided by 64,
and then further divided by 8 in the Multiplex Counter, to drive
the CHARacter strobe lines (see Display Output), An inter-
character blanking signal is derived from the pre-divider. An
additional comparator on the OSC/OFF input detects a level
lower than the relaxation oscillator's range, and blanks the
dispiay, disables the DISPlay FULL -output {if active), and

BINTERSIL

clears the pre-divider and Muitiplex Counter. This puts the cir-
cuit in a low-power-dissipation passive condition in which al)
outputs are effectively open circuits, except for parasitic
diodes to the supply lines. Thus a display connected to the
olitput may be driven by another circuit {including another
ICM7243) without driver conflicts,

Display Output. The address output of the Muitiplex Countar
is multiplexed into the address input of the Data Memory, ex-
cept during WR operations (in Serial Access mode, with
SEN high and DISPlay FULL low), to control display opera-
tions, The address decoder also drives the CHARacter out-

puts, except during the inter-character blanking Interval

(nomihally about 5Spsec). Each CHARacter oulput lasts
nominally about 300xsec, and is repeated nominally every
2.5msec, l.e., at a 400Hz rate (times are based on internal
oscillator without external capacitor).

The B bits read from the Data Memary are decoded in the
ROM ta the 17 (15 for ICM7243B) segment signals, which
drive the SEGment outputs. Both CHARacter and SEGment
outputs are disabled during WR operations (with SEN high
and DISPlay FULL low for Serial Access mode). The outputs

may also be disabled by pulling OSC/OFF low. .

The decode patiern from € bits to 17 (15) segments is done by
a ROM pattern according to the ASCII font shown. Custom
decode patterns can be arranged, within these limitations, by

- consultation with the factory.

APPLICATIONS
B CHARACTER LED DISPLAY 8 CHARACTER LED DISPLAY 8 CHARACTER LED DISPLAY
| I[__E T{__IE TN JTF’ i] TEI\/‘_I'__’L_’E f
%l_l__l i 1 LINT b | - .
T & 3 & - F Y
I o . 841" 8§71

-— — . [—— *

CLR —+»|CILR CHAR— L CLR CHAR |— I—-» LA CHAR

SEG ) SEG — SEG
+5¥ —p| SEN DISP FULL - »| SEN DISP FULL -—— —— — —p|SEN DISF FULL [—
+5v—p|MODE +5Y —p| MODE +5¥ —#{ MODE
»|WR vt |e—+56V »|WR vtle—+sv WR vt le—+5v
Do-5 VCS GND 4;7 Do-g cs GND | ‘37 Da-s cs GND 1;7
ry i : F 3 Fy
DATA . s . i y ra
7 N B Fd - A
aus 7 A A
WR, (CS) -
s, (WR) - -
FIRST 8§ CHARACTERS SEGOND 8 CHARACTERS nth g GHARACTERS

*17 for ICM72434A, 15 for ICM72438

Figure 1, Multicharacter Display using Serial Access Mode



ICM7243
APPLICATIONS {(Conlinued)

BINTERSIL

RRIKI 2RI PRIPKI PR PRIEKIEKIPRIBKIEK R IR
AN

< 2T

—»
=
T

be—————
+ 5V
. — EG CHAR
aRl RBRS p|crrCHAR § LpteLR _ SEG
RBR7 »lCs pics : DISP}
: ICM7243B  DISP ICM72438 | » ETC.
ISEN FULL PSEN FULL
G5, WR Cs, WR
IMB403 ’
UART /7|: D5 CS /J_; Dy-5
RERy.g| GEITBUS '
DRR DR
- . >
+5V ]
. L +5V +5V .
| S 20k S v ¥ ;7 L S vy ¥ 37
o + < WR WR
Ut Vra cs Do €5 WR cs Do cs Wr
- SEN DISP FULL »| SEN DISP o
DELAY »|zs ICM72438 - N icmraa38 - FoL[ T BTG
.~ TH — o
»lC - —»
CLR oHaR SEG CLR chan 5EG
——200pF - —
- .

~ N7
R R K ] PR PR I T PRI B R R

Figure 2. Driving Two Rows of Characters from a Serlal Input. UART converts data stream to paraliel bytes. Bit 7 of each word sets which row
data wlll be entered into. Bit 8 will blank and reset whole display If low. Each MODE pin should be tied high. ICM7243A can also be
used, with inverter on RBR7 for one row,

GRTR P e o T R K 0 08 R 4 S T 7 20 K 3R B 1 K R R R R R

ICM7243A/8 ICM7243A1B ICM7243A/B ICM7243A(B
€S Az AyA Ds.p WR | GS Ag Ay A9 Ds.0 WR | CS Ag At Ap Ds.o WH| CS Az Aj Ag Dso WR
Pay = s P L PEANN |
Py |-
IMBOC35 Py —T—Dc
IMBOC48 :
8048, j
sgse,  DB7
ETC, DBg N
__ DBsgq] 6-BIT BUS
WR

Figure 3. Random Access 32-Characler Display in MCS-48 system, One port line controls A, other two are CS lines. 8-bit data bus drives 6

data and 2 address 1ines, MODE shotld be GrouNDed on each part.
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