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Counters, Timers and Display Drlvers

Parl Numbsr Clreult Dazeripiion Piekage Crytlal Fraguancy Output .
ICM7207 Fmiuency counter timebase. 14-Fin DIP 6.5536 MHz 0.01, 0.1, or 1-second coum window plus
ICM7207 A 14-Fin DIP 5.2488 MHz store. reset and MUX.
ICM7208 7-digit unit counter. With addition of 7207 the 28-Pin DIp — LED display drive
circuit becomes a complete limer-lrequency :
counier. E ) N
IEM7211 Four-digit dispay decoder drivers: ICM7211 is 40-Pin DIP (plastic) - Four-digit, seven-segment direct display
ICM7212 LED; 1CM7212 is LED; Non-multiptexed for jow drive; LED or LCD
: neise. BCD input, decoded display drive dutput. )
ICM7216 Eighl-digit imiversat counter measures frequency, 28-Pin DIP t-or 10 MYz Eight-digit-commen anode or common
ICM7226 peried, frequency ratio. time interval. units; 40-Pin DiP tathods direct LED drive; BCD output
- On-board lime hase. {Cerdip or plastig} :
ICM7217 Four-digit CMOS up/down counter: presgitable 28-Pin Cerdip - Faur-digit, seven-segment common znade
ICM7227 start/counl and compaie register; for hard- or plastic or common cathode direct LED display
wired or microprotessor conlrol applications; . drive; equal. zero. carry/borrow
cascadable, '
- ICM7218A40 LED dispfay driver system with 8x8 memory:. ¢\ 28-Pin DiP - Eight-digit. seven-segment plus decimal
ICM7218E pumneric of dot (1 oi 64) decoding; 40-Pin OIP point. common cathode or common
) micreprocessor compatible, (Cerdip or plastig) anotde )
ICM7224 4%:-digil high speed counter/decoder /driver: 40-Pin DIP — 4'>-digit seven-segment dirers display
ICM7225 25 MHz 1yp: ICM7224 is LCD, ICM7225 is LED: {plastic) driver: LED or LGD
direct display drive, cascadable. :
ICM7231 B-digit CMOS muftiplexed LCD driver. 40-Pin DIP {ptastic} — Eighl-digit. seven-seament .plus two flags
Parallel inpol. . ' per digit . )
ICM7232 10'%-digi CMOS mulliplexed LCD driver, 40-Pin DiP [plastic) - 10%-digit. seven-segment plus two flags
Serial inpul. . per digit
ICM7233 4-character CMOS multiplexed LCD driver, 40-Fin DIP {plasiic) — Four-character. 16-segment plus colen
) . Paralle! alphanumeric {5-bit ASCH) input.
IGM7234 5-character CMOS muitipfexed LCD driver. 40-Pin DIP [plastic) - Five-character, 15-segment plus colon
: . Serial alphasumeric (5-bit ASCIH input.
IGM72357A 4-digil CMOS decoder /driver for direct dri ve 40-Pin DIF (plastic) - Four-digit. seven-segment. vacuum
. : vacuum fluorescemt displays. BCD input. Ttaorescent display drive: either HEX
ICM7235M/AM  Same as above but microprocessar compatible. or CODE 8
ICM7236 dY:-digit high speed CMOS counter /decoder/ driver 40-Pin DIP {plastic) — 4%-digit, seven-segmeni. vacuum
; tor vacuum fluorescent displays: 25 MHz typ. Nligrescent display drive
; ctaunting speed.
ICM72364 Same as above bul counting to 15958, 40-Pin DIP (plastic) - 4%-digit. seven-segment. vacuum
fluorescent display drive
ICM7240 Programmable {MOS counter/timers using Exlernal Timed output
. ICM7250 external RC time base. Programmable from 16-Pin DIP
| 1CM7260 u5 D years.
[CM7242 Fixed CMOS counler/timer. lises external RC 8-Pin DIP External Timed output
, . time base’ sequence timing from us te minutes.
' ICM7243 B-character multiplexed LED display driver with 40-Pin Cerdip - Eight-character, 14/16-segment common
alphanumeric {6-bil ASCIIY input. cathede alphanumeric LED display drive
5 ICM7281 LCD Dot Matrix Column Driver 40-Pin DIP - Up o 256 x 256 dots
; ICM7555 Single or dusl CMOS version of industry-standard 8-fin DiP -
555 timer; BO uA lyp. supply current; 500 kHz2 14-Pin DIP

ICM7556

guaranteed, 2-18V power supply.

N
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ElINMNERSIIL

FEATURES _

¢ Stable HF oscillator

+ Low power dissipation < 5mW with 5 volt supply

» Counter chain has outputs at +212 and + 2" or
+ (2" x 10); n = 17 for 7207, and 20 for 7207A

¢ Low impedance output drivers <100 ohms

e Count windows of 10/100ms (7207 with 6.5536NMHz
crystal) or 0.1/1 sec. (7207A with 5.24288MHz
crystal)

APPLICATIONS

e System limebases

» Oscliioscope calibration generators

s Marker generator strobes "
» Frequency counter controllers

ICM7207/A
CMOS Oscillator
Controller

DESCRIPTION

The ICM7207/A consist of a high stabllaty oscillator and fre-
quency divider providing 4 control outputs suitable for
frequency counter timebases. Specifically, when used as a
frequency counter timebase. in conjunction with the
ICM7208 freguéncy counter, the four outputs provide the
galing signals for the count window, store function, reset
function and multiplex frequency reference. Additionally,

. the duration of the count window may bechanged by afactor

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 an oscil-
lator frequency of 6.5536MHz (5.24288MHz).

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

BLOCK DIAGRAM -
{1 [e— +212 TR s e I
‘ QSC OUT
MULTIFLEX
QUTPUT
[¥0] v+
RANGE
€ONTROL
= [4] “Full invarters on IGM 7207A AESET 4] . SYORE
ORDERING INFORMATION _ PIN CONFIGURATION
PART PACKAQE ORDER NUMBER ', o
1CM7207 14.Pin DIP IGM7207IPD e[| r . 14 [ ]msT
DIGE ICM7207/D —
_ EVIKit® ICM7207EViKit sto[ ] 2 13 [ ]eaming our
ICM7207A 14-Fin DIP ICMT207AIPD Nie[| 3 12 [ fmuxout
DICE ICM7207AD ICM 7207
. EVIKit* ICM7207 AEVIKIt GROUND[ 4 (A 11{ |RANGEGONTROL
Temperature Range on packaged parts is = 20°C to +85°C oscout[ |5 10V
| *These EViKits contain just the ICand the corresponding crystal. The ICM7207A is oscin[ | 6 .o Infe
also used In the 4%-Digit Counter/Driver kits, the ICM7224 EVIKit, ICM7225 ne [ 7 e [T
EVIKit, and ICM7236 EV/Kit, which include several ICs, a crystal, PC hoard, and T
some passive components. (outline dwg PD)
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ICVMIZ07//7A

ABSOLUTE MAXIMUM RATINGS
Supply Volitage ...

Input Voltages

{7207A)

Cutput Currents

Power Dissipation @ 25°C Note 1
Operating Temperature Range
Storage Temperature Range

T

............................

............................

NOTE 1: Derate by 2mW/°C above 25°C.

" TYPICAL OPERATING CHARACTERISTICS

............................

Equal to or less than supply voltage
- - Not more positive than +8V with respect to GROUND

...................

..........
...............

.....................................

EINMNEIRSIIL

6.0V Absolute maximum ratings refer 1o values
which if exceeded may permanently
change or destroy the device, Stresses

above those llsted under Absoiute Maxi-

-------------------- V¥ tov- mum Ratings may cause permanent dam-
........................... 25mA age to the device. Thase are stress ratings
_________________________ 200mW only, and functional operation of the device
_________ tirees. 20°Cto+85°C at these or any other conditions above

those indicated in the operational sections
" of the speciflcationa is not Implied. Expo-
sure t0 absolute maximum rating condi-
_ tions for extended pericds may affect
devide reliability.

-656°C to +125°C

TEST CONDITIONS: fosc=t6.5536M Hz(7207), 0.24288MHz(7207A), v+ =5V, Ta = 25°C, test circuit unless otherwise
. specified. . L
PARAMETER SYMBOL CONDITIONS | MIN. | TYP. | MAX. UNIT
Operating Voltage Rang Vi —20°C to +85°C 4 55 v
Supply Current D | AN outputs open circuit 260 1000 nh
Output on Resistances fgglon) ‘Output-current = 5mA 50 124 N
S ' . ) All outputs )
Output Leakage Currents loLk All outputs (STORE only) 50 A
(Output Resistance {Rout) Output current = 50pA, 7207A 33K )
Terminals. 12,13,14) . “only N -
Input Pulldown Currént Tod Terminal 11 connected to v+ 50 200 [ wA o
inpot Noise Immuniity T - - 25 _ % supply voltage
Oscillator Frequency Range| fosc Note 2 2 10 MHz
Oscillator Stability fsTAB Cin=CouT = 22pF _ 0.2 1.0 ppm/V
Oscillator Feedback rosc Quartz crystal open circuit 3 MQ
" Resistance Note 3

- ‘NOTE 2: Dynamic dividers are Usad in the initial stag
determined by transistor sizes, threshold voltages and leakage currents. i .
The feedback resistor has a non-linear value determined by the oscillator instantanecus input and dulput voltage
voltages and. the supply voltage. . .

NOTE 3:

SUPPLY CURRENT AS A FUNCTION
OF OSCILLATOR FREQUENCY

OSCILLATOR STABILITY AS A FUNCTION

SUPPLY CURRENT- 14

OSCILLATOR STAEI LITY — ppm

300 r
Ta=25C i {
+ =5y .
50 [ Medivm Quality Ouariz Crvsials_—__.“‘
et H
-
200 =12 MHz
- gDUT= 10pF
- -
2 In= 10pF
150 2" a5 Mt ]
4° R Cour=-10pF
na— r3.3 Mz Cin=topr___ | |
| Cour = 22pF
ZMHz Cpy=22pF
50 Coyr = 22pF-
Ci'= 22pF |
(] 2 4 & 8 w12

+1.¢

+
=
@

I
)

N2

— gou'f;u22pF i — |

| Cn=80pF A
PV 4

OSCILLATOR FREQUENCY MHz

OF SUPPLY VOLTAGE

-~

<

" //,‘-

- L~ :
LA caur=azer
) [ Cin = 320F 7

-

Couy = 22pF
'C]N=-22PF
N T
SUPPLY VOLTAGE
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: .
| Ta =25°c ’ ! ) ,_f/
1 fosc=6.5MH2 .

es of the divider chain. These dividers have a lower frequency of operation

OUTPUT SATURATION RESISTANCES
AS A FUNCTION OF SUPPLY VOLTAGE

w 120 T .
g
-

X ggpf TA=25C_
& AL=1KD
0
(1]
€ 80
=
Q -
EZ \\\ OUTPUT 2
I g0
] \\
= . _DUTRUT T,
£ dop— T ATING DUT
= MUX GUTPUT
= . . -
£ —
=2
[=]

0

3 4 . 5 6
SUPPLY VOLTAGE

SUPPLY CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE -

600 ]
Ta=25"C
sapf- fosc= 6:5 MHz__|
Cour = 22pF
e Ciy = 22pF i
= 00— e -
E | /'
= :
£ 300 // :
> 200 »
g L~
-9 F
@ 100 pa
L~ '
0 —
3 4 B &
SUPPLY VOLTAGE
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ICM7207/A EINmeRSIL
OUTPUT TIMING WAVEFORMS 7207 (7207A) - Crystal Frequency =6.5536 (5.24288) MHz

or B25ps [—L—— o 781ps}

1
16kHz: 1:2BkHz

wansioomn | LT
I

}-7 20 or 200 ms

F——— (200 or 2000ms}

L

GATING OUTPUT

fm = —f——r 10 or 100-{100.0r 1000} ms

- 312ps (39104)

: O — 7 .
AESET- : . | | -

TP tas@l--—-l-——-l— 312u5 1391p8).

Referring 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 isconnectedto V' or
generate the output pulse widths. The GATING-OUTPUT GROUND (open circuit).

TEST CIRCUIT

CRYSTAL PARAMETERS
Ciy = Cour = 22pF
ICM7207
. 1= B55I6MHz

Rg = 4052 . E .

Gy =16 mpF ; ) :

Cp ~ 35 pF, / S / 5z 5t 5!
Q o [ . [}

{CMT207A "
f = 5.2428BMHz
Rg < 7501 -
Lo = 4F
Ca = 12mpF

G = 12pF '
§ 1k B §50k"‘- g gkt § soxt

] - ’ s - RE-- | -
L . - . _ SET |
1] 12} SN U | L=
[— 5 k51 . -
2 13 - : G
STORE . 12} AT . v ouT
G Z——
— emrzr | I hMUXI
3 11
— 1al — ouT
- L +—Ut {5 o]
=" :
T A 2 %) e,
ZF Cour = Cin : %

* SWITCHES 8. 5z, S3. S4 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT.
SWITCH S5 OPENCIRCUIT FOR SLOW GATING PERIQD.

t SWiTCHES 8z, 53, 54 end EQk RESISTORS ARE NOT NEEDED WHEN USING THE I1CM72074.

¢
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ICM7207/A

APPLICATION NOTES _
OSCILLATOR CONSIDERATIONS

The oscillator consists of a 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
5 volis, using low cost crystals. The crystal specifications are
shown in the TEST CIRCUIT. ) ’ _
Itis recommended that the crystal load capacitance (C|) be
no greater than 15pF fora crystal having a series resistance
equal to or less than 7501, otherwise the output amplitude of
the oscillator may be too low to drive the divider reliably,
If a very high quality oscillator is desired, it is recommended
that a quartz crystal be used having a tight tuning tolerance
*10 ppm, a low series resistance (less than 250, a low
“motional capacitance of 5mpF and a load capacitance of
20pF. The fixed capacitor Ciy shoufd be 39pF and the
oscillator tuning capacitor should range between approxi-
mately 8 and 60pF.
Use of a high quality ¢rystal will result in typical oseiliator
stabilities of 0.05 ppm per 0.1 voit chahge of supply voltage,

FREQUENCY LIMITATIONS

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

L B e

5| ' '

suppLy  4f

VOLTAGE 3 |- OPERATING /)
wINDOW 1 WINDOW 1
|
1} ] !
1 1 !

10KHz 100KHz 1MH: 10MHz
FREQUENCY

For example, if instead of 6.5MHz, a 1MHz oscillator is
required, it is recommended that the supply voltage be
reduced to between 2 and 2.5 voits, This may be realized by
using a series resistor in series with the 8V positive supply
line plus a decoupling capacitor. The quartz crystal
parameters, etc., will determine the value of this resistor.
NOTE: Except for the output open drain n-channel transis-
tors no other terminal is permitted to excead the suppiy
voltage limits.

PRACTICAL FREQUENCY COUNTER _

Acomplete frequency counter using the ICM7207/A together
with the ICM7208 Frequency Counter is described in the
ICM7208 data shest. .

A compiete frequency counter using the ICM7207/A together
with the ICM7208 Frequency Counler is described In the

I*M7208 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 latter are avallable as EV/Kits also.
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BINTERSIL

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

QUARTZ CRYSTAL MANUFACTURERS

The following list of possible suppliers is intended to be of
assistance in putting a design info production. It should not
be interpreted as a comprehensive list of suppliers, nor does
it constitute an endorsement by Intersil.

a) CTSKnights, Sandwlch, lllinois, (815) 786-8411 -
b) Motorola Inc., Franklin Park, Hlin_ois (312) 4511000

¢} Sentry Manufacturing Co., Chickasaw, Oklahoma
(405) 224-8780 -

d) Tyco Filters Division, Phoenix, Arizona (602) 272.7045
€) M-Tron Inds., Yankton, South Dakota (605) 865-9321

) Baronix, Palo Alto, California (415} 856-6900

CHIP TOPOGRAPHY

GATING MUX RANGE v+
OUT ouT

Chip may be die attached using conventional
euiectic or epoxy pracedurss. Wire bonding may be
sithar aluminum uitrasanic or gold compression,

i
|
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FEATURES

Low operating power dissipation < 10mW
Low quiescent power dissipation < SmW
Counts and-displays 7 decades .
Wide operating supply voltage range
2v<vt <oy
Drives direclly 7 decade multiplexed common
cathode LED display '
Internal store capability
Internal inhibit to counter input
Test speedup point .
All terminals protecied against static discharge

ICM7208

| CMOS
7 Decade Counter

DESCRIPTION :
"The ICM7208 is a fully integrated seven decade counter-

decoder-driver and is manufactured using Intersil's low
voltage metal gate C-MOS process,

Specifically the |CM7208 provides the following on chip
funclions: a 7 decade counter, multiplexer, 7 segment
decoder, digit & segment driver, plus additional logic for
dispiay blanking, reset, input inhibit, and display on/off.

_For unit counter applications the only additional

components are a 7 digit common cathode display, 3
resistors and a ¢apacitor to generate the multiplex frequency

. reference, and the control switches.

The ICM7208 is intended to operate over a supply voitage of
2 t¢ 6 volts as a mediym speed counter, or over a more
restricted voltage range for high {requency applications.
As a frequency 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

- ORDER . TEMPERATURE | 28 LEAD
PART NUMBER RANGE PACKAGE
_ 1CM7208IPI - -20°Cto +85°C | PLASTIC

' ORDER DIGE BY FOLLOWING PART NUMBER:
ICM7208D

CHIP TOPOGRAPHY

MUX

TEsT1 2 MUX

SEG.1
] SEG.g
TEST 2
SEG. a SEG.b
v
MUX 3
. SEG.d
0:134% :
{3.4mm}
SEG. €
SEG.e RsT
GROUND

- % m| - COUNT IN
1 e
Ds Ds TEST DE D STORE |

0,337
{3.5mm)

COUNT ENABLE

PIN _CONFIGURATION (OUTLINE DRAWING PI)

vle 128} sEG a
SLGd [2] - 27] TEST 2
SEG ¢ [3] [26) SEG !
GROUND [4] 75} D. '
Ds {5 [24] D
Ds 6] 23] TESTA
TEST 3 {7 ICM7208 23] D,
N.C. [B] - 2] b
DISPLAY ENABLE [g] [20] MUY, #2
. 07 {10 [19] MUX. #1
STORE [11] 18] SEG g
COUNTER INPUT [12} [17] SEG b
COUNT ENABLE {13 18] mux. 13
RESET [14 - |18l sec e
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ICM7208 : | - EINTERSIL

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1} ........................co 1w
Supply voltage (Note 2 .............co.ovvuvannn, oo T 6v
Output digit drive current (Note 3} ........ B e e e, 150mA
Output segment drive current .. e, P 30 mA
input voltage range (any input terminal) (Note 2) ... Notto exceed the supply voltage
Operating temperature range ...............cocoveeooo -20°C to +858°C
Storage temperature range ................ 0 -55°C to +125°C
’ Lead temperature (soldering, 10 seconds) ............ S, ey . 300°C.

Stresses above thosa listed under Absolute Maximitm Ratings may cause permanent damage to the device, These are strass ratings only, and
-functional operatfon of the device at these or any other canditians above those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability,

TYPICAL OPERATION CHARACTERISTICS
TEST CONDITIONS: (V* = 5V, T, = 25°C, TEST CIRCUIT, display off, unless otherwise specified)

PARAMETER SYMBOL | ~ CONDITIONS MIN | TYP | MAX | UNITS
Quiescent Current Ia All controls plus tefminal 19 connected to 30 300
' vV* No multfplv_ax oscillator
Quiescent Current o g All control inputs plus terminal 18 connected 70 - 350
to V" excapt STORE which is connected
to GROUND | HA
] Operating Supply I* All inputs connected to V¥, RC multiplexer - 210 500
Current 08¢ operating fin < 25KHz o ' _
Operating Supply " fin = 2MMz : 700
Current o ' N ) ’ _
Supply Voltage Range v* fin<2MHz | 35 ]| 85 | v
Digit Driver On Resistance 1DIG ‘ o o | 4 | 12 | a
Digit Driver Leakage Ibia ' BN - | 500 pA
Segment Driver ISEG : 40 ()]
On Resistance 3 1 o
Segment Driver N IsLk : 1 Teoo | pa
Leakage Gurrent _ _ ) _ )
Puliup Resistance of RESET | Rp i - 100 | 400
or STORE Inputs : k(3
COUNTER INPUT Resistance] R . | Terminal 12 aither at V' or GROUND ] 100
COUNTER INPUT Hysteresis | VHIN ) ' ' ' 25 . |50 my
Voltage -

NOTE 1: This value of power dissipation refers to thal ol the package and wifl not be obtained under normal operating conditions.
NOGTE 2: The supply voltage must be applied before or dt'the sarme time as any inputvoltage. This poses noproblems with a single power supply
system, if a muiliple power supply system |s used, it is mandatory that the supply for the ICM7208 is switched on befora the othar
. supplies otherwise tha davice may be permanently damaged. : :
NOTE 3: The cutput digit drive current must be limited to 150mA or less under steady state conditions. {Short term transienis up to 250mA wil
’ hot damage the device.} Therefore, depending upon the LED display and the suppiy voitage to be used it may be necessary toincfude
additional segment series resistors to limit the digit currerits, ' o .

bownloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7208 | | ' BINTERSIL

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM COUNTER INPUT FREQUENCY SEGMENY OUTPUT CURHENT AS A FUNCTION .
AS A FUNCTION OF SUPPLY VOETAGE . ' OF SUPPLY VOLTAGE
. § 800 ' | I T 74
B Ta=25°C ] Ta=25°C /
E ., . T 259 | LED FORWARD VOLTAGE
z " 1 s ¥ | DROP @ 15 ma- 1.8Y
- = | 5 SEGMENTS LIT
2 6.0 _— _ T 200 * S EE.
3 - 3 : /
w / |y ) X .
L 50 2 150 -
- _ E
z s [ [+
Z 40 | = 100 .
= N o .. ]
2 3.0 . 7 — w50
= A .
2.0 4 - - - e’
i} 1.0 20 30 48 50 6O ’ o 1.0 20 30 40 50 6.0
SUPPLY VOLTAGE c SUPPLY VOLTAGE
SUPPLY CURRENT AS A FUNCTION ’ SUPPLY CURRENT AS A FUNCTION
OF SUFPLY VOLTAGE OF COUNTER INPUT FREQUENCY
300 600
T _ el
. [ Ta=25°C . ) T T 25°C
250 +hr = 26kHz 500
RC oscillalor 1.5kHz /
% o .
;L 200 / 2 ap ,
= [ R ¥
ig ’ A ] W
o w
£ . .| . / . = y.
a 150 § / a 300 v -
> / - [ 1.6kHz RC MUX OST—L f
& 100 2 o '
3 // 3 7
50 7 T T ' 100 }1.6kitz’ EXTERNAL /-‘/
Y - : . MUX INPUT +
N & ' LIt 1 ]
0 ‘40 20 3D 40 50 6O : 0.001 0.01 o1 1.6 - 10
SUPPLY VOLTAGE =~ : COUNTER INPUT FREQUENCY iy MHz
TEST CIRCUIT
— /I R I I
— _I L I O [ I /
—— T s—  S— e
g .
1 2 a 4 ' 5 6 7 «—— COMMON CATHODE
. . , l |
. — |
é 5.0V = 2 .27 1 oyt
? ’ 3 26 :
4 25
5 24— =
6 .ICM7208 23 - oyt
- FUNCTION L7 24—
GENER&TQR DISPLAY J__ - 00k —48 21 Stk
’ V o 9 )] - A MUX
e 19 18F #A—a A.C.
- e i 11 - 18 S0k | OSCILLATOR
J ] STORE 12 b (APPROX. 1.5kHz}
] ) COUNT ENABLE _ 1 1 m
' " INHIBIT ) HaF
- - 4 15 My
: _ TRESET
|-| H ]—|l ka
R S S

i
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WYl § £\JD
TEST PROCEDURES

; | DINTERSIL

The ICM7208 is provided with three input terminals 7, 23, 27
which may be used to accelerate testing. The least two sig-
nificant decade counters may be tested by applying an input

to the ‘COUNTER INPUT

terminal 12. ‘TEST POINT'

terminal 23 provides an fiiput 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.

- CONTROL INPUT DEFINITIONS

INPUT | TERMINAL VOLTAGE __FUNCTION
1.DISPLAY] 9 V™ | Display On
Ground | Display Off
2. STORE 11 VF Counter
L ' Information
Latched
Ground | Counter
Information
Transferring
3.ENABLE 13 'S input to Counter
i Blocked
: Ground { Normal Operation
4. RESET 14 [V Normal Operation
o 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 TESTINPUT 3

27| 7

MULTIPLEX
DECODER
oy —Tl
A .
. P2 , :
[ n R R R R A [
Hew cL - T HHa —Hew et Hla e
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ICM7208 |
APPL!CAT-ON NOTES

1. Format of Signal to be Counted

The naise immuinity of the COUNTER INPUT Terminal i ap-
proximately 1/3 the supply: voltage Consequently, the input
signal shiould be at least 50% of thie supply inpeak to peak

" ampliiude and preferably equal to the supply: NOTE; The
amplitude of the input signal should noi exceed the supply;
olherwise, damage may be done to the circuit.

The optimum mput signal i is & 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 sinuscidal, triangular, etc.

When driving the input of the ICM7208 from TTL, a 1k-2K
ohm pull-up resistor to the paositive supply must be used to
increase peak to peak input signal amplitude. '

- 2, Display Conslderations

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 Ilmlt digit
current to 150mA. )

The ICM7208 is specified WIth 50(],uA of pos&uble dlglt
leakage current. 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 ofi this leakags current.

3. Display Multiplex Hale

The ICM7208 has approximately 0.5us overlap between
output drive signals. Thersfore, it the multiplex rate is very
fast, digit ghosting will oc¢ur. The ghosting determines the
upgper limit for the multiplex frequency At very iow multiplex
rates flicker becomas visible. :

= :
- ElINMeRSIL
it is recommended that the dispiay multiplex rate be within

the range of 50Hz to 200Hz, which corresponds to 400Hz to
1600Hz for the multiplex frequency input,

4. Unit Counter

The unit counter updatés the display for each negative
trénsition of the input signal. The information on the disptay
will count, after réset, from 00 to 9,999,299 and then reset to
0000000 and begin to count up again. Toblank leading zeros,
actuate reset at the beginning of 4 count. Leading zero
blanking affects twe digits at a time.

For baitery operated systems the display may be switched
off to conserve pawer.

An extarnal generator may be used to provide the muitiplex
frequency input. This signal, applied to terminal 19
(terminals 16 and 20 open circuit), should 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 & capacitor. -

~ Figure 1 shows the schematic of an extrerﬁely simple unit

counter that can be used forremate traffic counting, to name
one application. The power cell stack should consistot3or4
nickel cadmium rechargeable ceils inominal 3.6 or 4.8 volish.
1f 4 x 1.5 volt cells are used it is recommended that adiode be
placed in series with the stack to guarantee that the dupply
voltage doés not exceed 6 volts.

The input switch is shown to be a single pole double throw
switch (SPDTL A single pole single throw switch (SPST)
could also ba used twith a pullup resistor), however, anti-
bounce circuitry must be included in series with the counter -
input. In order to avoid contact bounce problems due to the -
SPDT swiich ihe 1CM7208 conlains an input latch on chip.

ba | f
: l‘l =1 [ [
; l I ] I I I |
e
1g | — — ‘
7 4 . 1 =—— COMMON CATHODE
i® ‘23—1 SRR
L 2 27—t vt
= 5.0V '
T 3 26
4 25
: 5 24
6 ICMT208 23 oyt
+
V+__I__ . Vi 7 22
DispLAY  ° > “: - 1008
100K 10 19 AN
INPUT n b o
iy 12 17—
PROCEBSING e 13 15 1t
: 15 s
%Rv - N0 14 15F 0.01uF
= = RESET

7 = =

Flaure 1: Schematic Unit Counter
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ICM7208 o BINmERSIL

kL e — V=BV

COUNT ENABLE INPUT |

’ <——COUNTER INPUT—
ENABLED (COUNTING WINDOW)

SEGMENT DATA
LATCHED

STORE INPUT

. PULSE WIDTH NOT
™ CRITICAL > 5045¢c. .

L

RESET INPUT -I-COUNTER RESET

=S

COUNTER INPUT ) ~ EXTERNAL FREQUENCY TG BE MEASURED

Figure 3: Frequency Counter Input Wave_formé

6. Period Colnier

For this application, as opposed 1o the frequency counter, block schematic of the input waveform genefator The 1MHz
the gating and the-input signal t& be méasured are reversed frequencgy reference is generated by the ICM7208 Clock
to the frequency counter. The input period is muitiplied by Generator using ah 8MHz oscillator frequency and internatly
two to produce a single polarity signal (50% duty cyclelegual dividing this frequency by 8. Alternatively, a 1MHz signal
to the input period, which is used to gate into the counter the could be applied directly to COUNTER INPUT. Waveforms
trequency reference {1MHz in this casel. Figure 5 shows a are shown in Figure 4. ‘ ‘

T -
COUNT ENABLE INPUT EXTEANAL FHEGQUENCY v Lo
! =

oo e l I STORE GENERATED BY THE POSITIVE
TORE INPUT
sT0 v EDGE OF THE ENABLE INPUT
RESET INPUT : ' »U-— RESET
COUNTER iINPUT INPUT IS =~ 1MHz
___________________________________________ T
Figure 4: Period Counter Input Waveforms
INPUT : <2 ENABLE INPUT -
ONE . ONE —_—
SHOT ; sMOT [ RESET INPUT
STORE INPUT
X ' 1MHz _
1ICMT7209 COUNTER INPUT

A bee—

8 MHz D
OSClLLATOFII ,

Figure 5: Period Counter Input Generator
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ElNTEIRS L

ICM7211 (LCD) FEATURES

* Four digit non-multiplexed 7 segmeant LCD display
oulputs with backplane driver

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

* Backplane input/output allows simple
synchronization of slave-device segment outpiits
to a master backplane signal

» [CM7211 devices provide separate Digit Select
inputs to accept multiplexed BCD input (Pinout
and funcllonally campatible with Siliconix DF411)

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

» ICM72H1 decodes binaty hexadacimal;

" ICM7211A 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 > 5mA per
segment. :

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

- » [CM7212M 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 ICM7211 ILCD) 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, backptane driver, and 28 segment outputs. These
outputs provide the zero d.c. component signals necessary
for long display life.
The ICM7212 devices are configured to drive commen-anode
LED displays, providing 28 current-controlled low leakage
open-drain n-channel outputs. These devices proyide a
BRighTness input, which may be used at normal logic levels
as a display enable, or with a potentiemeter as a.continuous
display brightness control. . :
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 multiplexed BCD or binary out-
put devices, such as the ICM7217, ICM7226 and |CL71C03.
The microprocessor interface (sufiix 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 microprocessor systems, without requir-
ing extensive ROM or CPU time for decoding and display
updating.
Thestandard devices will provida two ditferent decoder con-
figurations. 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,
te., 0-9, dash, E, H, L, P, blank. Either device will carrectly
decode true BGD to seven-sagment 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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- ICM7211/ICM7212 - BINTERSIL

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1) ...........ooiiiiiiiiiiiin, Cerreraas 05W@r0°C
Supply VOITAGE ..vvvvniivn i iriinniiaaan eehaeriees iparreriaea 6.5V
Input Voltage {Any _ _

Terminall INOte 2) ... vevi i e i ia ettt inaaianas V+ +0.3V, GROUND 0.3V
Cperating Temperature Range ..............ooo0iinien beaaas —20°C 1o +70°C
Storage Temperature RANGE .. ... viiiiii i iiaens -55°C to +125°C
Lead Temperature (Soldering 10sec) ... oo viiiiiins. e 300°C

NOTE 1: Thislimit refers to that of the package and will not be realized during nermal operatian.

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any. terminal to
voltages gréater than V* or less than GROUND may cause destructive device latchup.
For this reason, it is recommended that no inputs from gxternal sources notoperating on
the same power supply be applied to the device before its supply is establishad, and ihat
in multiple supply systems, the supply to the ICM7211/ICM7212 be turned on first.

Stresses above those listed under "Absolute Maximum Rafings" may cause permaneni-damage to the device, These are sl‘réss ratings only
and funclional 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 maximinn rating conditions for extended periods may affect device reflability.

OPERATING CHARACTERISTICS .
TEST CONDITIONS: All parameters measured with V* = 5V unless otherwise specified.

ICM7211 CHARACTERISTICS (LCD)

PARAMETER SYMBOL| CONDITIONS _ MIN | TYP | Max | uniT

Operating Supply Voltage Range Vsupp - 3 5 6 v

Operating Current lap  |Test circuit, Display blank 10 50 4A

Osgciltator Input Current losgs | Pin 36 o o +2 +10°

Segment Rise/Fall Time 1  tus CL = 200pF . ' . : 0.5

Backplane Rise/Fall Time  , | tm | C. = 5000pF ‘ 15 e

QOscillator Frequency | fosc {Pin 36 Floating ‘ 19 | kHz

Backplane Frequency fsp - 1Pin 36 Floating o ' 150 -
1ICM7212 CHARACTERISTICS (COMMON ANODE LED)

PARAMETER SYMBOL|CONDITIONS ' MIN TYP MAX

Operating Supply Voltage Range Vsuep | ; o 4 5 6 v

Operating Current ‘ lop |Pin5(Brightness),’. -~ 10 50 pA

Display Qif 1 . |Ping 27-34 - GRQUND . . |

Qperating Current ! 1 lop "|Pin 5 at V', Dispiay all 8's 200 mA
Segment Leakage Current IS EE L +0.01 1 A
Segment On Current . Isec [Segment On, Vo =43V 5 B mA
INPUT CHARACTERISTICS

PARAMETER SYMBOL|CONDITIONS L ~ MIN TYP | MAX | UNIT

Logical "1" input voltage o | vk ' ) ER y

Logical "0 input voltage o CVIL 2

Input leakage current , : ¥ Pins 27-34 o | =01+ uA

(nput capacitance ’ ‘Cin |Pins 27-34 o 1 o5 pF

BP/Brightness input leakage. | IspLk |Measured at Pin 5 with Pin 36 at GND +.01 *1 pA

BF/Brightness input capacitance - Cppl | Al Devices o 200 | pF
AT CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION | _

Digit Select Active Pulse Width -  sa Refer to Timing Diagrams ) 1 us
| Data Setup Time T tas _ ' 500 '

Data Hold Time T ton : _ | 200 ns

Inter-Digit Select Time tids ,' ' 2 7 1S
AC CHARACTERISTICS - MICROPROCESSOR INTERFACE ' _ '

Chip Select Active Pulse Width tcsa  |other Chip Select either held active, or | 200

. both driven together

Data Setup Time ] tds N o0 | ns

Data Hold Time ]  idp . . L

inter-Chip Select Time tics _ 2 us

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7211/ICM7212 | EBIINTERSIL
TYPICAL CHARACTERISTICS o

ICM7211_0PEHATING SUPPLY CURRENT ICM7211 BACKPMNE FREQUENCY
AS A FUNCTION OF SUPPLY VOLTAGE AS A FUNCTION OF SUPPLY YOLTAGE
30 180 . f i /,
1 - . |_. LCD DEVICES - y
| icooEvices, TEST cincuie [ Ta=25°G L7
25 |—DISPLAY BLANK ' - 150 [= i — 7
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2 7] #iNs oreny _|
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3 15 . /1/ E I/
i =25+ 7 5 90 P
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5 . 7 - |
1 ’(/ 4] P
5 // '\'ln=?!"c i . . o
7 i B =
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, oLh 1 | 1]
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ICM7212 LED SEGMENT CURRENT
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12 T T 7 . 1a0n T
|_ SEGMENT.OUTPUT AT +8V A . : LED DEVIGES r
Tp = 25°C 7 [~ DISPLAY ALL EIGHTS X i 1
: /) | LED FORWARB VOLTAGE BROP _ y
g T ! — 1
y -  Tp=25°C /
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ICM7211/ICM7212 BINTERSIL

BLOCK DIAGRAMS
ICM7211 (A)

'SEGMEN‘II:‘“I‘JUT?UTS S‘EGMEN‘??‘OUTPUTS ssﬁm}:n? iﬁmﬁurs SEGMENT OUTPUTS
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4TQ 7. DECODER

RRNNN
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111
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OSCILLATOR ' || Back.
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FREE- " . .
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T . ENABLE] BP auteuT
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INPUT i i
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DETECTOR

ICM7212 (A)

o4
SEGMENT QUITPUTS

1itgttd

D3
SEGMENT QUTPUTS

it

D2
SEGMENT OUTRUTS:

[pittt

D1
SEGMENT OUTPUTS

ttifttd

7 WIDE DRIVER §{—— BRIGHTNESS
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[TTILTT
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[ 7 wioE Larch en |-
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Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7211/ICM7212 - BINTERSIL.

ICM7211(AYM
- D4 D3 p2 b1
SEGMENT OUTPUTS EGMENT QUTPUTS ~SEGMENT OUTPUTS SEGMENT QUTPUTS
jtttttd fittt ptittts pifttt
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©2-BIT | 2-BIT
CH R :
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-L 1;%“5? =128 DRIVER
oscn.li;‘;?j;!_ RUNNING | | Fensece - BP T
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DETECTOR : .
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ICM7211/ICM7212 | ‘ - - BBINTERSIL
INPUT DEFINITIONS

In this table, V* and GROUND are cansidered to be normal operating input logic levels. Actual input fow and high levels are
specified under Operating Characteristics. For Iowest power consumption, Input sigrais should swing over the full supply

INPUT " |TERMINAL COND]TIDN FUNCTION
BO - 27 | V* = Logical One L

' GND = Logical Zero | Ones (Least Significant!

- - Iv* = Logical Oine ' )
B1 ) 28 GND = Logical Zero | Twos ] o .
D . .
. V* = | ogical One ata Input Bits
B2 29 GND = Lagical Zero | Fours
. e - |v*" = Logical Onhe
B3 S - 30 | GND = Logical Zero [[Eights (Most significant]
0sC : : 36 | Floating or with ex- | Oscillator input
(LCD-Devices Qnily) ternal capacitor to v* : o : . : ,
GROUND - Disables BP output devices, allowing segmenis to be synced to an
. | external signal input at the BP terminal (Pin- 5}

ICM7211/ACM7242
MULTIPLEXED BINARY INPUT CONFIGURATION
INPUT TERMINAL conumon |FUNCTION
D1 ) ) {31 _ . | D1 (Least significant) Digit Select
Dz ~ 32 V' = Active °| D2 Digit Select
p3° | 33 |GND = Inactive ‘D3 Digit Select o o
D4 . .84 ] : o "D4 (Most significant] Digit Select -
ICM7211M/|CM72I2M
MICROPROCESSOR INTERFACE INPUT CONFIGURATION )
INPUT DESCH[PT!ON ‘| TERMINAL CONDITION FUNCTIDN : :
- DST |Digit Select N ' ~ |DSt&DS2serveasa two bit Digit Select Code input
Code Bit 1 (LSB) | .| v* = Lagical One D52, DS1 = 0 selects D4
DS2 | Digit Select 32 GND = Logical Zero | DS2, DS1 = 01 selects D3
'Gode Bit,2 (MSB) ’ _ _ _ DS2, DS1 = 10 selects D2
' ' b o DS2, DS1. = 11 selects D1
CS1 |Chip Select 1 3 |V = inactive When both GS1 and CS2 are taken low, the dafa at the Data
CS2 {Chip Select 2 34 GND = Active and Digit Sélect code inputs arewritteniniotheinputlatches.
On the rising edge of either Chip Select, the datais deceded
and writien into the autput latches.

TEST CIRCUIT

1 v SR
T B T SN ol |
S '

— 15 8P osC 36 [

GRO 35

FACH SEGMENT
TO-BACHPLANE _| . DIWT/CHIP ._gg Mlcnomocasson)
WITH 200pF, SELECT {35 VERSIONS
GAPACITOR G

INPUT | 44 HD) MULTIPLexEB

= " K VEF{SIONS
o 1 DATA | 49
bﬂ-_q — WNeUTS | 28
194 27
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ICM7211/ICM7212

tas bea
DIGIY SELECT : . -
Dy-1 . .

DIGIT SELECT
Pu

tdn

3]
{cs2)

o5z
(c81)

DATA AND
DIGAT SELECT
CODE

= DONT CARE

Figure 2: Micfoproceséor Interface Input Timing Diagram -

DESCRIPTION OF OPERATION

LCD DEVICES

The LCD devices in the family (ICM7211, 7211A, 7211M,
f211AM} provide outputs suitable for driving conventional
four—dlgll by seven-segmegnt LCD displays, including 28
individual segment drivers,” backplane driver, and a seli-
conlained oscillator and divider chain to ‘genérate the
backplane frequency.

The segment and backplane drivers each consist of a CMOS
inverter, with the n- and p-channel devices ratloed to provide
identical on resistances, and thus eqgual rise and fall times.
This eliminates any d¢ compeonent, which-could” arise from
diftering rise and fall times, and ensures maxrmum dtsp[ay
tife,

The backplane output devices can be disabled by
connecting the OSCillator input (pin 36) to GrouND. This
allows the 28 segment outputs to be synchronized directlyto
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 rapresents aload of approximatety
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 additional load
represented by the larger backplane of displays of more than
four digits; and the effect of that loari on the backplane rise

and fal times. A good rule of thur_nb to observe in order to

minimize power consumption is to keep thé rise and fall

times less than about 5microseconds. The. backplane output -

driver shouid handte the backpiane to a display of 16 one-
hali-inch characters (rise and fall times not exceeding Sus. ie,
3 slave devices and the display backplane driven by a fourth
master device). 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
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- 64 CYCLES —w|e-— 64 CYCLES
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~ Disptay Waveforms

large capacitive loads with short (1-2ps) rlse and fall times.
The maximum frequency for a backplane slgnal should be -

- about 160Hz aithough this may be too fast for optimum .

display response at lower display tempaeratures, depending
on the display uséd.

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

_minal and vF.

The oscillator may also be overdriven if desired, aIthough
‘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 OSCGillator input between the
positive supply and a level out of the range where the

'backplane disable is sensed (about one. fifth of the supply
voltage above GrouND}. Another technique for overdrwlng

the. oscillator {with a signal swinging the full stpply) is to
skew the duty 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 signals of this duration.

LED DEVICES

The LED devices in the family (1CM7212, 7212A, 7212M,
7212AM} provide outpuis suitable for directly driving four-
digit by seven-segment common-anode LED displays,
including 28 individual segment drivers, each conslisting ofa
fow-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 fnput {pin 5). The
voltage at this pin is transferred to the gates of the culput
devices for “on” segments, and thus directly modulates the
transistar'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
potentiometer shouid be a high value (100K} to 1M to
minimize [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.

Note 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 io 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) (IseG) (NBEG)

where VFLED is the LED forward voltage drop, Iseg is
segment current, and nseg is the number of “on™ segments.
it is recommended that if the device is to be operated af
elevated temperatures the segment current be limited by use
of the BRighTness input to keep power dissipation within the
limits descrlbed abova.

4 Vt(LED ANODES)

BRIGHTRESS

100k(1-1M]}2 PIN G

Figure 3: Brightness contro}

INPUT CONFIGURATIONS AND OUTPUT CODES

The standard devices in the ICM7211/12 family accept a
four-bit true binafy (ie; positive level = logical 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,
ICM7212, and ICM7212M devices decode this binary input

into a seven-segment alphanumeric hexadecimal output,.

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 aption 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 outpuis decoded
from the four input bits. For larger quantity orders, (10K pcs.
- minimum) custorn decoder options can be arranged.
Contact the factory for details.
The ICM7211, ICM7211A, ICM7212, and ICM7212A devices
are designed to accept multiplexed binary or BCD input.
These devices provide four separate digit lines (east
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 simultaneously {(which will write the same
character into 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 output.
The ICM7211M, ICM7211AM, ICM7212M, and ICM7212AM
devices are intended 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 pin 31, DS2 pin 32) are written into input
buffer latches when both chip select inputs {CS1 pin 33, C52
pin 34) are taken low. On the rising edge of gither 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 Iatches.
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A select code of 60 writes into D4, DS2 =0, DS1 = Twrites into
D3, D82 =1; DS1 == 0 writes inte D2, and 11 writés-inio D1. The
timing relationships for inputting data are shown in Fig (2),
and the chip select pulse widths and data setup and hold
times are specified under Operating Characteilstics.

- Table 1: Output Codes

BINARY HEXADECIMAL' ‘CODE B

1CM7211 (M) ICM7211A(M)
B3 {B2|B1{B0 ICM7212(M} | ICM7212A(M)
olololo H i
oflo|olf1 ! :
olo|1]o o 2
olo| 111 3 3
ol1]|o]o ~ i
o101 5 5
ol1]{1]o o o
o i1 ] o K
1]lole]o = b=t
1 lo]o] s 9 S
1ol 1]o - -
EREIRRE b -
tl1]o]o0 I H
sl loela o i
ils|l1]o0] = -
sty 1]y - (BLANK)

SEGMENT ASSIGNMENT

A,

t{aln

ef_: Jc

q
APPLICATIONS

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

: D6 D7 ©6 D5l D4 D3 Dz M
- I .
& DIGIT B : BAGKPLANE
LCD DISPLAY ! : ,
1
! -
1
BAGKPLANE [ ! BAcKPLANE |
SLAVE |28 MASTER {28
. +  SEGMENTS _Tut  SEGMENTS
SY—V"  iGH ORDER W—V" | ow oRDER
TSN iemr211(a) [ GNP icM7219(A)
= O8C gy pppspspa p1es| = — |9%C 5380 4 D3 D2 DY BP
T [ T |
BCD/BINARY 4 h
DATA i
08
o7
D6
DIGIT J S

SELECTS Y D4
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2. 4 1/2 Digit LCD DPM with Digit Blanking on Overrange.

AINTERSIL

+5¥ . 412DIGIT LD DISPLAY .
Be _._|.|l' , B ’ E B E " 26 BEGMENTS D104
1/2 CDA030 o
¥~ BACKPLANE
BUSY |8 L z@gp 3
B, 174 CIH030
o [z7 CD4081]
: N01 IcMyaria
D2 26— — 3202 J
033 ———y 33 D3 234
) 6-26
042 Ty 3404 aran |-
Ba (77 T yCodon } aumy QPTIONAL
Nt CAPACITOR
B4 22— : I-\ 20°82 US(\: 36 _‘._!E_-__i_ A5V
B2 |2i}-- ™y 2881 . 22-100pF
81 f30 : 27 BO
D5 [1g— ch40T I |— 35 GROUND - v+1—l
s ik | | 4 B o +5Y
o 55| -
Yy
AZOUT
_ 16 15Y .D L - I
. DIG.-GND FT5—ov 1/4 £DAG20 :
+ ESEF 10kn .
v RS ADJUST TO I = 120KHZ
f 300pF
v

T anatoc ano

NOTE: Sep also IGLE0OS2/ICLEOERIICLTICO3 and IGL7135 Data Sheets for similar
circrits with fewer features. o
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+15V: ANALOG POSITIVE VOLTAGE

+5V:; DIGITAL POSITIVE YOLTAGE (v)
0V: DIGITAL GROUND YOLTAGE

—5V; ANALOG NEGATIVE VOLTAGE
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3. 8048/8748/1M80C48 Microprocessor Interface.

EEE

8-DIGIT

- LCD DISPLAY

5

d

— ICM7211M - ICKTZITM
L—‘ I - HIGH ORDER DIGITS {} {t LOW ORDER DIGITS
voc vooves P10 - vhasy ] ;:+ SEGMENTS £.28 BRS 5 EP ©7 SEGMENTS V‘S;E:“
2XTAL1 29 _-:g__ DATA ar-o DATA 050 36 —
a0 BO-B3 E57 C53 B3-B} C8T 052 - o
:; [ O Jwost grayze 30-03511 Daszz ca'? “a 7 38 39 w‘c;st‘ nsszz ?31 casaz LA _ T
] | | —_
IXTALL . . =
S RESE  oncag P20 2 218 VCC VD V6S
TEAY  BOME 23 . “Jzaan o :
- Br4s 24 4= 2CE PAD 24 |
pCOMPUTER 35 — 1 4 RESET 3 o
5 58 36 _ Pl .
a7 - NE —{ 1 FROG 21 yo
P27 38 110 ) :: I~
—J110 pao 12| 12400 a0
13 13 ADY PAT 31 |- |
INPUT —439T1 4 = 14-AD2 .
o 15 — 15 Ap3 -
—6INT 15 e 446 AD PBO 32 |
17 17 ADS a2
13 18 ADGE ECE ol
DB7 15 _ 19 AD? s po
ALE FSEN PROG WR RD 7 |
119 25 1D ] Y |
s IR B
10 1OW PB7 39 [
—1 % RD 8355/6755
: 1TALE Rowt;r:nor._!
i WITH 170
B EXPANDER
3 §
*EA should go to + 5V for _:_ T T
BO[C) 35 devices, = NC . NC
ORDERING INFORMATION
' ORDER PART RUMBER OUTPUT CODE | ~ INPUT CONFIGURATIONS
ICM72i1 IPL HEXADECIMAL {4 1t iRt
LCD ICM7211A IPL CQDE B MULTIPLEXED 4-BIT
DISPLAY | ICMT211M IPL HEXADECIMAL
) ICM7211AM IPL CODE B MICROPROCESSOR INTERFACE
1CMT7212 IPL HEXADECIMAL |, i w0t Bvem £ O
LED ICM7212A 1PL 'CODE B MULTIPLEXED 4-BIT
DISPLAY | ICM7212M IPL HEXADECIMAL -
. - | icmrz12am e CODE B MICROPROCESSOR INTERFACE

Evalustion Kils are also available. Order IGMT211 EVIKIt ar ICM7212 EVIKIE
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FEATURES
ALL VERSIONS:

¢ Functions as a frequency counter.
Measures frequencies from DC to 10 MHz
* Fourinlernal gate times: '
0.01 sec, 0.1 sec, 1 sec, 10 sec’in frequency
counter made : :
* Qutput directly drives digits and :
segments of large multiplexed LED dispiays.

Common anode and common cathode versions

¢ Single nominal 5V supply required

¢ Stable high frequency oscillator, uses eitier
1 MHz or 10 MHz crystal .

¢ Internally generated declmal polints,
interdigit blanking, leading zero hlanking
and overflow indication :

* Display Off mode turns off display and puts
chip into low power mode
* Hold and Reset inpuls for additional flexibility
ICM7216A AND B
* Functions also as a period counter,

unit counter, frequency ratio counter or time
interval counter

* 1 cycle, 10 cycles, 100 cycles, 1000 cycles in

period, frequency ratio and time interval modes

* Measures period from 0,55 to 10s
ICM7216C AND D e

¢ Decimal point and leading zero blanking may be

externally selected

ORDERING INFORMATION

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

Evaiuation Kit:
Use ICM7226 EVIKit
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ICM7216A/B/C/D
-~ 10 MHz Universal/
Frequency Counters

GENERAL DESCRIPTION

The ICM7216A and B are fully integrated Universal
Countets 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 8 digit
drivers which directly drive large multiplexed LED dis-
plays. The counter inputs have a maximum fiequency
of 10 MHz ins 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 digitaf signals for
these inputs. '

The ICM7216A and B can function as a frequency
counter, period counter, frequency ratio {(fa/fp)
counter, time interval counter or as a totalizing
counier. 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
period 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, 1 sec and 10sec. With a10sec
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

oniy, as deseribed above.

Alt versions of the ICM7216 incorporate leading zero
blanking. Frequency is displayed in kHz. In the
ICM7216A and B, time is displayed in usec. The display

“is multiplexed at 500Hz with a 12.2% duty cycle for
. -each digit. The 1CM7216A and C are designed for
' cemmon anode display with typical peak segment cur-

rents of 22mA. The IGM7216B and D are designed for
common cathode displays with typical peak segment
currents of 12mA. In the display off mode, both digit
and segment drivers are turned off, enabling the dis-
play to be used for other functions. '

ICM 7216 A 1JI
ICM 72186 B 1PI
ICM 7216 C  1JI

J
ICM 7216 D 1P|
_Tylpe_ E Package _l:‘“ — 28 pin CERDIP

Pl —28 pin PLASTIC DIP

Temperature Range -20° C to +85°C
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PiN CONFIGURATIONS {(outline dwgs JI, P1)

CONTROL IWPUT [J ~
iPUT B

1 28 [1INFUT A
2 27 [THALD tNPUT
funcTion INPUT] 3 26 ] 0SC OUTPUT
DECIMAL POINT QUTPUT ] 4 26 [10SCINFUT .
SEGE QUTPUTT] & 24 FTEXTOSC INFUT
G
7
B
L]

$EG G OUTPUT [ zz3[] DIGIT 1 OLTRUT
segaouTPuT[] 7 1cmrziea 22 [ pIGiT 2 DUTPUT

6o ] 21 [ DIGIT 20UTPUT

SEG L HUTPUT [ 20 [1 plGIT 4 DUTPUT

SEGBOUTPUT [] 10 10 11 BIGIT 6 QUTPUT

‘BEGCCUTPUT] 1 vt
sea FouTeuT ] 12 47 {1 DIGIT 6 QUTPUT
mEgET et [ 12 15 [1DLGIT 7 GUEFUT

RANGE {NPUTT] 14 15 []0I1GIT B OUTPUT

CONTROL !NPUTd 1 ~ 28 [1INPUT A
FAEASUREMENT i PAGGAESS [ 27.[1HOLE INPUT
DECIMAL POINT OUFPUT [ 46 [JOSC OUTPUT
SEG £ QUTPUT ] 35 [] G50 INFUT
SEG G QUTPUT [ 24 7] EXT OSC INPUT

z
3
4
B
SEG A OUTPUT[] 6 23 1 DIGIT 1 OUTPUT
7
g
9

} GuD ] 7 cm7218c 22 [ DAGIT 2 QUTPLT
S£G.D DUTPUT E] 21 {].DIGIT 3 QUTPUT
SEG B OUTPUT [ ap [] DIGLT 4 OUTPUT
SEG C QUTPUT [ 10 19 [ DIGIT B CUTPUT
SEG F oUTPUT [ 11 s fdv

AEseT ineuT 012 . 170 pigiT 8 oUTPUT |
EX, 6. INPUT [} 13 16 [] maIT 7 QUTFUT

RANGE INPUT s 15 [ 3 9IGIT 8 QUTPUT

EVALUATION KIT

The ICM7226 Universal Counter System has all of the
foatures of the ICM7216 plus a number of additional
features. The ICM7226 Evaluation Kit consists of the
ICM7226AlJL (Common Anode LED Display), & 10MHz
~quariz crystal, eight 7 segment-0.3” LED's, P.C. board,
‘ reslstors, capacitors, diodes, swltches, socket; every-

-thing needed to quickly assemble a functioning
ICMi7226 Universal Counter System.

ABSOLUTE MAXIMUM RATINGS

MaxImum Supply Voltage ... .... Ve iieeaaes, BBV

Maximum Digit OutputCurrent ............ 400mA
Maximum Segment Output Current. ....... .. B6OmA
Voltage On Any Input or

Output Terminalttl .......... V¥ +03Vio —-0.3V
Maximum Power Dlssipation at

70°C ........ e e 1OW(ICMT21BARKC)
T - 0.5W({ICM7216B & D)

L ead Temperature (Soldering,10seG) ........ 300°C
Maximum Qperating Temperature

Range «.cccvvrrnreinrevcnnrs —20°Gto +85°C
Maximum Storage Temperature

RANQGE . vvvvvvninrnnnarenses —55°Cto +125°C
Note:

BINTERSIL

CONTROL INPUT []
inpuTB [
FUNCTION stPuT ]

pigeT 1ouTPuT .

DiGIT 2 OUTPUTE]
DIGIT 2 OUTPUT ]
DIGIT 4 QuUTPUT

anp ]
DIGIT 5 QUTPUT [
DIGIT 8 OUTPLTL]
01617 7 ouTPUTL]
DIGIT 8 OUTPUT [

RESET 1MPUT L}

RANGE INPUT [}

o

r

28 [JINPUT A

27 ]HQLb-lNPut :

26 | Josc ouTrPUT

25 [ osc ineuT

24 [JEXT OSE INPUT

23 [JoECIMAL PDINT DUTPUT

\cM72168 22 | 1SEG G OUTPUT

21 [JseG E cuTPUT
20 1] SEG A QUTPUT
19 [1SEG D OUTPUT
1Bvt _
17 11 SEG B OUTPUT
16 [ ) SEG C DUTPUT
18 SEG F QUTPUT

CONTROL iNFUT []
WERSUREMENT IN PROGRESS [
mIGIT 1 0uTRFUT[]
DIGIT 3 oUTPUT [
DIGIT 20UTPUT ]
CAGIT 4 0UTPUT [

aNp [

DIGLT 5 OUTPUT[ ]
DMGIT 6 QUTPUT [
DIGIT 7 QUTPUT [
DIGIT 8 QUTFUT [

REBET INPUT []

1
2
3
4
]
&
?
8
a

-

°
1
32

‘EX. D.p. NPT ] 13

RANGE INPUT [

14

_.-\_}-__

28 { 1 INPUT A

27 [1HoLD InNeuT

26 [] 0SC OUTPUT.

25 1] 08¢ (NPUT

24 [[1EXT 0SC INPUT

23 [ DECIMAL POINT ouTPUT

iom72160 22 [ SEG G OUTFUTY -

21 7 SEG E QUTPUT
20 [ SEG A QUTPUT -
19 | SEG 0-OUTRUT
whvt

17 [15£6 B OUTPUT
16 []sEGe QUTPUT
15 [1SEG F QUT#UT

Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to'the device. These
ara stress ratings only, and functlonal operation ofthe device
at these or any other conditions above those indicated inthe
operational sections of the specifications is not implied.
Exposure io absolute maximum rating conditions for

_extended periods may alfect device reliability.

1. The ICM7216 may be triggered Into & destructive tatchup mode if either input signals are applied betore the power supply is applied or if
input or outputs are forced to voltages exceeding V* to GND by mare than 0.3 voits.
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ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: v = 5.0V, Test Circuit, Ta = 25°C, unless otherwise specified.

PARAMETER SYMBOL CONDITION | MIN. TYP. MAX, UNITS
ICM7216A/R :
Operating Supply Current IF | Display Oft, Unused inputs to GND : 2 5 mA
Supply. Voltage Range o | -20°C <Ta <+85°C, INPUT A, _
. . oyt __INPUT B Frequency at fyyy 4.75 6.0 v
Maximum Frequency 1 fatmex | -20°C < Tp<+85°C . -
INPUT A, Pin 28 : 475 <Vt <B.0v, Figure 1,
Function = Frequency, Ratio, Unit
Counter 19 : MHz
: Function = Period, Time Interval 2.5 . MHz
Maximum Frequency © fB(max) -20°C < Ta<+85°C
INPUT B, Pin 2 475 < v+t <60V, 2.5 MHz
Figure 2 CF
Minimum Separation 20°C < TA<+B5°C
INPUT A to INPUT B 475 < vt < 5.0V, 250 ns
Time interval Function Figure 3 '
Maximum QOsc. Freq. and Ext. f; | ~20°C < Ta<+85°C -
Osc. Frequency Pse 475 <v+<6.0v _ 10 |1 MHz
Minimum Ext. Ose. Freq. 7 fose o |10 | kHz
Oscillator Transco_lﬁduclance . gm vt= 4,75V, Ty = + B5°C 2000 pmhos
Multiplex Frequency ' _ fmux - fose = 10MHz 500 Hz
Time Between Measuremenis | ] fosc = 10MHz _ | 200 } ms
Input Yoltages: . _ .
Pins 2,13,25,27 .08 . -20°C < Ta<+B85°C . ' .
Input Low Voltage : Vi : - 1.0, v
Input High Voltage ViR 3.5 LV
input Resistance t3 v Ry ot
Pins 13,24 _ _, Vi = V" —1.0v 00 | 400 kQ
Input Leakage o
Pin 27,28,2 hLk ) 20 ph
Minlmum Input Rate ) :
of Change | dVy/dt Supplies Well Bypassed o .15 . my/us ]
, ICM7216A
Digit Driver:
Pins 15,16,17,19,20,21,22 23 i :
High Output Current . lon Vour=Vvt— 20v . -140 -180 [ ma
Low Output Current loL Vour=+ 10V I +0.3 mi
SEGment Driver: - N '
Pins 4,5,6,7,9.10.11,12 : :
Low Qutput Current ~ loL Vour=+ 1.5V 20 35 mA
High Output Current 10H Vour= vt — 25v . fer00 HA
Multiplex inputs: '
Pins 1,3,14 - - : :
nput Low Voltage . VinL _ - Q.8 v
Input High Voltage _ VINH. : 2.0 _ . v
Input Resistance to GROUND Riv Vi = 1.0 50 100 kD
ICM7216B '
Digit Driver:
Pins 4,5,6,7,9,10,11,12 ) . .
Low Output Current oL Vour=+1.3v 1 so 75 mA
High Qutput Gurrent loH Vour = V¥ — 2.5v -de | -t pA
SEGment Driver; ' o
Pins 15,16,17,19,20,21,22,23 : )
High Output Current oM Vour = V¥ — 2.0v _ -10 = mA
Leakage Current IsLk Vour = V¥ — 2.5V I 1l 10 uhA
Multiplex Inputs:
Pins 1,3,14 : _ - 1 _
Input Low Voltage : VINL S _ vi— 20 v
Input High Voltage VINH vt — o8 v
Input Resistance to ¥V ' RiN Vin= VT - 1.0V 200 360 kQ
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ELECTRICAL CHARACTERISTICS

EINTERSIL

TEST CONDITIONS: V' = 5.0V, Test Circuit, Ta = 25°C, unless otherwise specified.

PARAMETER . SYMBOL CONDITION MIN. ‘TYP MAX. UNITS
ICM7216C/D
Operating Supply Gurrent " Display O1f, Unused Inputs tg GND 2 5 “mA
Supply Voltage Range —20°C<Ta< +85°C, INPUT A -
Frequency at fmax 4.75 6.0 v
Maximum Frequency fAmax) -20°C < Ta<+80°C |
INPUT A, Pin 28 475 c\ﬁ‘_c_s._ov, Figure 1 10 MHz
Maximum Osz. Freq and Ext. fosc L -20°C < TA<+85°C
Osc. Frequency 475 <Yt <80V 10 MHz
Minimum Ext. Osc. Treq. fosc ' ‘ 100 XHz
Oscillator Transconductance gm V¥ =475V, Ta = +85°C 000 | | imhos
Multiplex Frequency fmux fose = 10MHz [ 500 - Hz
Time Between Measurements fosc = 1OMHz 200 - ms
Input Voltagés: '
Pins 12,27 28 : :
Inpul Low Voltage Vi -20°C < Ta<+85°C : 10 | v
Input: High Voltage VINH 3.5 3 oV
Input Resistance to vyt ’
Pins 12,24 R Vin=V¥"— 1.0V 700, | 400 ki
“Inpuf Leakage '
Pin 27, Pin 28 liLx ) 20 nh
Output Current loL " VoL =+ .4V 1. 036 _ ma
Fin2 lon Vo = Vi 8V 265 A
.| Minimum Input Rate AV, /dt Supplies Well Bypassed 15 mv/is
‘of Change R : : -
ic _M72-1 6C
Digit Driver: )
Pins. 1_5, 16,17,19,2G,21,22,23 .
High Output Current loH vour=vt-— 2.0v -140 -180 mA
Low Output Current 10w Vour = 1.0V 03 mA
SEGment Driver:
Pins 3.4,56.8,9,10,11 . :
Low Quiput Curreni lou Vour =+ 1.5V 20 30 mA
High Owutput Current law Vour=VvT - 25V -100 i
Multiplex Inpuis:
Pins 1,13,14
input Low Voltage VinL 0.8 v
Input High Voltage Vinn _ 20 v
Input Resistance to GROUND Rin ViN=+1.0V .50 100 k0
ICM7216D
Digit Driver:
Pins 3.4,5,6,8,9,10,11 _ o
Low Qutput Current loL Vour =+1.3V 50 75 mA
High Output Current loH “Vour =Vt 25y 100 pA
SEGment Drives:
Pins 15,161 7._1932{),21,22.23 .
High Output Current oH Vour = vt - z.0v 10 15 mA
- Leakage Current’ - IsLx Vour= Vvt - 28v 10 uA
Multiplex Inputs:
F:og1,13,14
Input Low Voltage Vil vt_ 20 v
Input High Voltage VINH vt 08 v
Input Resistance to V RiN ViN=VT— Lov 200 360 k&t
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COUNTED \ . .
TRANSITIONS This can be easily accomplished with the following

circuit: (Figure 3b).

e — 50 ns MIN
j = ) o SIGNAL A a i
50 ns Min b = by = 10 nsec 'D.—-mpur A

FIGURE 1. Waveform for Guaranteed Minimum fa(max) o SiGNaL 8 y
Function = Frequency, Frequency Ratlo, Unit Counter. K:QI > INPUT B

ICM7216 | BINTERSIL

4.5v
INPUT A,

0.5y

MEASURED
INTERVAL

250 ns
MIN

BV
INPUT & DR 48

INPUT B

0hv

te = b= 10 nses

MIN

FIGURE 2. Waveform for Guaranteed Minimum fg(max) :
and {4{max) for Function = Period and Time Interval. -

TIME INTERVAL MEASUREMENT

A . Device Type .
The ICM7216A/B can be used to accurately measure 1 GD4049B Inverting Buffer
the iime intervai between two events. With a 10 MHz 2 CD40708B Exclusive-OR

time-base crystal, the time between the two evants
can be as long as ten seconds. Accurate resolution.in
time interval measurement is 100ns. FIGURE 3b. Priming Cireuit, Signal A&B High or Low.
The feature operates with Channel A going low at the
start of the event to be measured, followed by Channel
B going low at the end of the event.

When \In the time interval moge and measuring a
single event, the ICM7216A/B must first be “primed"

Following the priming procedure (when in éingle event
or 1 eycle range input} the device is ready to measure
one (oniy) event.

When timing repetitive signals, it is not necessary {o

. ; . “prime” t j i lternating signal
rior to measuring the event of interest. This is done by . prime” the ICM7218A/8 as the first a |
grst generating agnegative going edge on Channel K - States automatically prime the device. See Figure 3b.

followed by a negative going edge on Channel B to During any time Interval measurement cycig, . the
start the “measurement interval.” The inputs are then ICM7216A/B requires 200ms follow] ng B going low to
primed ready for the measurement. Positive going update all interna) logic. A new measurement cycle
edges on A and B, befors or after the priming, will bs will not take place untii compietion of this intsrna}

-

Needed to restore the original condition. update time,
) Hdﬂms
internal stora - . l ——t )
: : FUNCTION:
w0 dm ] L 2o |I TIME INTERVAL
intarnsl téie,i : I 1 || - |
} g |
.l I“_+ﬂ0m: | ; . |
H———m”r"g‘éﬁﬁm, — PRIMING — 4 MEASUREMENT INTERVAL ———suba~UPDATE—
¥ — 4 [
ﬁEIﬁUﬁ E
INFROCRESS | i \
I ——
|

|
weure ) ‘. ': ': .' ‘ ; / 'l ’ ,’ \ éz; . W '
] [

I ZG0ns M. |

MEASURED

INTERVAL = ~!
(FIRST) MEASURED
INTERVAL

[LAST)

NOTE: IF RANGE IS 5ET Tg T EVENT, FIHST AND LAST MEASURED INTERVAL WILL GCOINCIDE.

FIGURE 3a. Wa_veforms for Time Interval Measurement (others are similar, bt without priming phase}.
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BLOCK DIAGRAM

EXT
DSE O e
INPUT ] a ’
8 a DIGIT
08C. P b DIGIT
0sc . DECODE A0 OUTRUTS
INPUT SELECT ’ 5 -DRIVERS 8}
05€ g e . T .
OUTPUT ; : REFERENCE
. - COUNTER.
+303.
RANGE SELECT | . 3 RANGE RANGE
100H, LOGIC - - CONTROL ‘-OINPUT
=104 OR +105 ' R . LOGIC
. 5 1
RESET o STOREAND {: -
INPUT B RESEFLGGIC | ) i
N _
CONTROL GONTROL
el LoGIc [ INPUT
={EN .
_ MAIN
+108 COUNTER ) EXT
D.P. _g 0P
. cL _ OVERFLOW _ LOGIE : INPUT
- {NDTE 2}
. 1NFUT . fa f4 ra 4 ra f¥a 4 ¥a . ) I e
- INFUT A O— GONTROL :
. LOGIC
INPUT B DATA LATCHES AND
“ INOTE 1} © OUTPUT MUX STORE [=—
L_ 4 7 a8 SEGMENT
4 IpecopER| £ _|seeMENT
- 71 LoGic [ DRIVER 7 Q%;.TPUTS
L4
L V el D
INPUT :
»] CONTROL - cL . .
- LoGIC : MALN .
. FF MEASUREMENT IN
! . : PROGRESS OUTPUT
| {NOTE 2]

FN
FUNCTION
[
INPUT INOTE © & e F
[ ‘6 - .
LD NOTES: 1] FUNCTION INPUT AND INPUT B AVAILABLE ON IGM 7218A/8 ONLY.
iy O 2] EXT D.P. INPUT AND MEASUREWERT iN PROGAESS OUTPUT AVAILABLE ON

-1CM 721BC/D ONLY, ) -
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TEST CIRCUIT (7216A shown; others similar)

FUNCTION INPUT A yi vt vt

— | DISPLAY DISPLAY EXT
GENERATOR ? = 10K ? BLANK  TEST 1MMz DSC  TEST

A N S =2 R T

4]

FUNCTJON
GENERATOR

INPUT B i1 22M8 _
3 CRYSTAL
: NS4S
¥
F 1 : - ] I:] l EXT
Y 5 5 - -0 05
FR & » - _ INPUT
T, 7 : ’
UL 8 TYPICAL CRYSTAL SPECS:
| F =10 MHz PARALLEL RESONANGE
oF CL = 22pF :
- Rg = <350

' Dj 00— 0111
2 —-
0Ka P .
e . - 2 O—4 . 4/10

" D3 O-——¢ 11100

sl E L_/ H /T/ I / / - / // / //' /.// /!
' “Jrg | qé | s {m be Pz_Jm

» g T bt o - =

oD L TXL W TP PO = I

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

" A separate LED overflow indlcator can ba conﬁected as follows:

CATHODE ANODE

ICM7216AIC DEC. PT. Dy
ICM7216B/D Dg DEC. PT.
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ICM7216

APPLICATION NOTES
GENERAL o
INPUTS A and B.

INPUTS A and B are digital inputs with a typical switching
threshold of 2.0V at V+= 5.0V. For optiruim perfofmance the
peak-to-peak input_signak sholld be at.least 50% of the
supply voltage and centeréed about the switching voltage:
When these inputs are being driven from T2L logic, it is
desirable io use a pullup resistor. The circuit counts high to
low transitions at both inputs. (INPUT B is available only on
ICM7216A/B).

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

Multiplexed Inputs

The FUNCTION, RANGE, CONTROL and EXTERNAL DEC-
IMAL POINT inputs are time multiplexed to select the input
function desired. This is achigved by sonnecting the appropri-

ate Digit driver output t6 the inputs. The input function, range
and control inputs must be stable during the last half of each
digit output, (typically 125usec). The multiplex inputs are
active high for the commornianode ICM7218Aand C and active
low for the common cathode ICM7216B and D.

Noise on the multiplex inputs can cause improper operation.
This is particularly true when the unit counter mode of opera-
tion'is selected, since ¢hanges in voltage on the digit drivers
can be capacitively coupled through the LED diodes to the
multiplex. inputs. For maximum noise immunity, a 10k0
resistor should be placed in series with the multiplex inputs
as shown in the application circuits.

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

CONTROL INPUT Functions

Display Test — All segments are enabled continuously,

giving a display of all S'S'with decimal peints. The display
will be blanked if Blank Display is selected at the same time.

Blank Display — To disable the-drivers, itis necessary to tie
D4tothe CONTROLINPUT arid have the HOLD Inputat vV *.

The chip will remainin this “Display Off” mode untitHOLD

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 measurements 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 8

cirouiis).

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 theright in Period
and Time Interval, since the least significant digit will be
in psecond increments rather than 0.1 ysec increments.

External Osclilator Enable — In this mode the EXTERNAL
OSCILLATOR INPUT is used instead of the on-chip oscilla-
tor for Timebase Input and Main Gounter input in period
and time interval modes. The on-chip oscillator will con-
tinue to furiction when the external oscillator Is selected.
The external osclliator input frequency must be greater
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TABLE 1. Multiplexed Input Functions

) FUNCTION DIG!T
FUNCTION INPUT| Freguency D,
Pin 3 Period Dy
g(jlh;;'mﬁﬁ. &B Frequency Ratio D,

Time Interval Dy
Unit Counter D,
Oscillator . Dy
Frequency _'
RANGE INPUT .01 sec/1 Cycle b,
Pifh 14 ' " .1 sec/10 Cycles D,

1 sec/100 Cycles: Dy
10 sec/1K Cycles Dy

CONTROL INPUT

Blank Display D, and Hold
Pin 1 | Display Test - Dg

1 MHz Select Dy
External Osgillator Dy

Enable -

External Decimal D4

Point Enable
(Test . Ds)

EXT. D.P. INPUT Decimal point is output for same
Pin 13, ICM7216C| digit that is connected to this

&DOnly input

than 100 kHz or the chip will feset itself to enable the
on-chip oscillator. OSClliator INPUT (pin 28) must also be

connected to EXT.OSC. input when using EXT. OSC. input.

External Decimal Polnt Enable — When sxternal decimal
pointis enabled a decimal point will be displayed whenever
the-digit driver connectad to EXTERNAL DECIMAL POINT
input is active. Leading Zero Blanking will be disabled for

ail digits following the decimal point (7216G/D only).

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

RANGE INPUT

The RANGE INPUT selects whether the measurement is
made for 1, 10, 100, 1000 counts of the reference counter.
ir al! functional modes except unit counter a change In
the BANGE INPUT will stoprthe measurement in progress
without updating the display and then initiate a new mea-
surement. This prevents an erroneous first reading after
the RANGE INPUT is changded.

FUNCTION INPUT

The six functions that can be selected are: Frequency,
Period, Time interval, Unlt Counter, Fraguency Ratio and
Oscillator Frequency. This Input is avallabie on the
1CM7216A 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. tn afl cases, only 1-0
transitions are counted or timed. In time inlerval, a flip-
flop Is toggled first by a 10 transition of INPUT A and
then by a 1-0 transition of INPUT B. The oscillator 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 contents are continu-
ously displayed. A change in.the FUNGCTION INPUT wili
. stop the measurement in progress without updating the
display and then initiate a new measurement. This
prevents an erroneous first reading after the FUNGTION
INPUT is changed. P ‘

TABLE 2, 7216A/B Input Routing

DESCRIPTION | MAIN COUNTER| REFERENCE |
_ COUNTER

Freéluency (fa} | inputA 1100 Hz (Oscillator

+ 105 or 104)

Period {14} Oscillator finput A

Ratio (fa/fg) Input A Input B

Time Interval | Osce(Time ITime Interval FF

(A~ B) | Intervat FFy .

Unit Countsar Input A |Not Applicable

{Count A) . .

Osc. Freq. Cscillator 100 Hz (QOscillator

(fose) |+ 105 or 104)

EXTernat DECimal Point INput
When the external decimal polnt is selected this input Is
actlve. Any of the digits, except D, can be connected to
this polnt. Dy should not be used since it wiil override the
overflow output and leading zeros will remain un-
blanked after the decimal point. This input is available
on the ICM7216C and D only.

HOLDinput - Except inunlt counter mode, whan the HOLD
input is at V* any measurement +in progress (before the
‘'store time"; see Figure 3a) Is stopped,-the main counter is
reset and the chip is held ready toInltlate a new measure-
ment. The latches which hold the main counter data are not
updated so the last complete measurement is displiayed.
When HOLD Is changed 10 GND a new measurement Is Im-
mediately.initiated. In unit courniter mode, the counter Is not
reset; the count Is frozen but will continue if HOLD goes low
again,

RESET Input ~ The RESET inp_l.it is the same as an Inverted
HOLD 1Input, except the latches for the Main-Counter are
enabled, resuiting 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 bianking time of 6 psec is used to
prevent ghosting between digits. The decimal point and lead-
ing zero blanking assume right hand decimal point displays,
and zeros following the decimal point will not ba 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.
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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 = 1.8V at 25mA. The average DC current will
be over 3mA under thess conditions. The ICM7216B and D
are designed to drive common cathode displays at peak
current of 16mA/segment using displays with Ve = 1.6V .at
15mA. Resistors can be added in series with the segment
drivers to limit the display current in very efficient displays, if
required. Figurgs 4,5,6 and 7 show the digit and segment
currents as a function of output voltage.
To get additional brightness out of the displays, V* may be
increased up to 6.0V. Howevet, care-should be taken to see
that maximum power and current ratings are not exceéded.
3060 = - .

200 -

g tmal

+85°C ~

Vi-Vour IvoILT'S'I .
FIGURE 4. ICM7216A & C Typleal I, . vs. VT - Vo1,
48V vt< 6.0V
1]

Tp=26°C
-
E
-]
wr
B
S Vaut {(VOLYS)
B —
A -
//'
JD“C\\’,/
60 [—— - - /
. N /
1 e - o
3 - - \
E 4 o 4 1 +§5°C
e ¥ S :
20—
VE= 5.0V
0 Y
2 3
Vour IVO'LTSI

FIGURE 5. 1ICM7216A & C Typical lgzp v8. Voor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7216

200

150 .
R V7 / .
+25°C ,/ .'_-_.'-....!"-'
. y ;",.-' . .
00 |- /4 o Pl I

‘oG ImAl

v
721
50 - //. A I
&
45 v =50V
. |
(] 1 2 a
Vour (VOLTS)
(€Y
200 U R [
- it fﬁﬁ‘\l’- )
") "- —
: -
| ;
P/ o
S
E
-
]
5
TaA = 26°C
2 iE
Vourt [VOLTS)
(b}

FIGURE 6, ICM7216B & D Typleal 1,7 ¥8- Vour

30

20

Isee {mA)

10

vt _vayr (VOLTS)

FIGURE 7. ICM7216B & D Typical Yggg vs. V7 = Vour,
45V<VT -V~ <60V

The segment and digit outputs in ICM7216's are not directly
compatible with sither TTL.or CMOS togic when driving LEDs.
Therefore, lavel shifting with discrete transistors may be
requirad to use these outpuis as logic signais.
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ACCURACY

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

in addition; there is a quantization error 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
periad mode maximum dccuragcy is gbtained with low fre-
quency Inputs. As can be sden in Figurg 8, the least accuracy
will be obtained at 10 kHz. In time interval measurements
there can be an error of 1 count per interval. 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 oblained: by avéraging-over more cycles of INFUT B
as shown iri Figure 10. St

1]
\ FREQUENCY
y MEASURE
20, /
Q,d' NS
@ 2 7 NG
Lo 7 N
gn ‘%‘c.
2L PERIOD MEASURE,
R
£
ELEL \\0\3’
%0 SRV
=4 /&S
T G &
[+] E] _\(: Q::

6 = 9 .
. Iy .
SN S N\
/ o - :
B .

| 10 103 105 107

FREQUENCY (M2}

FIGURE 8. Maximum Accuracy of Frequency and Perlod
Measuremenis Due to Limitations of
Guantization Errors

3 MAXIMUN TIME INTERVAL
~ FOR 103 INTERVALS )

MAXIMUM TIME
5 INTERVAL FOR |
1 102 IgERVALS

MAXIMUM NUMBER
OF SiGNIFICANT DIGITS
-

7 [~ MAXIMUM TIME INTERVAL ]
FOR 10 INTERVALS

I I I
1 10 102 103 t0%  j05 108 107 109

TIME INTERVAL s}

FIGURE 9. Maximum Accuracy of Time Interval
Measurement Due to Limitations of
. Quantization Errors
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FIGURE 10. Maximum Accuracy for Frequency Ralio

Measurement Due to Limiiation of
Quantization Errors

BINTERSIL
CIRCUIT APPLICATIONS

The ICM7216 has been designed for use in a wide range of
Universal and Frequency counters. In many cases,
prescalers will be required to reduce the input frequancies to
under 10 MHz. Because INPUT A and INPUT B are digital
inputs, additional circuitry Is often required forinputbuffaring,
amplification, hysterisis, and level shifting to obtain a good
digital signal.

The ICM7216A or B can be used as a minimum component
complete Liniversal 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, it is neces-

sary to divide the oscillator frequency by four as well as the
input frequéncy. In doing this the time between measurements
is also lengthened to 800 ms and the display muluplex ratg is
decreased to 125 Hz,

v vF | DISPLAY piseLAY  EAT
9 10k02 o BLANK  TEST EN ABLE
T A " E  d
_I_ _ 38pF _|/ o l
INPUT A 100aF TYP. A [CONTROL
- ; '3 SWITCHES] |
= , 10MHz
I'— % _22 sl CAYSTAL
1
. b
INPUT B 2 0——l—| 1 f b
. 3 .
. 39pF ING14'5
FREGIEN D 4, | I - EXT
WENGY 10k Dy 4 5 —00sC
PERIOD ¢ R Dq 4 INPUT
FREQUENGY RATIO . RANGE O— T2
TIME INTERVAL 5 wkQ 1 . ' 0, IEE CYCLES
MA— 4 o 1 901 T
. UNIT COUNTER t5: 3 || 02 ox 10.8
OSCILLATOR FREQ, $——0 B2 T|B2 e '
Oyt
A6
a SEGMENT DRIVERS
A8
DIGIT
AL 7 [common CATHODE LED DISPLAY | fo
B —
b
| H—
d —]
F —
. . . dg 1
o D > v} LED
J Dy Da 5 qu l 3 [ 2 l 1 m%ns OVERFLOW
4 I 1 . . . INDICATOR

-

FIGURE 11. 10MHz Universal Courter

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7216 BINTERSIL
LJS' ‘I(I)DLAZ_-‘

#74L8112 € —ovt

-'d(!;e ols
|J12 1340L .Ju
-r L - ’
: '“; %FALENZ C

EXT

iz .
+ +
_ 3m§ v 1 Ve v OSC, DISPLAY DISPLAY
i @ 9 = ? EN" OFF  TEST
AAN g
A i f 307
—=aprF v FJ
| | T
‘ |_ 100k
- 100pF .
_ T . - 22MG
— D
2 27 — . 2.5 MHz s °
dp 3 26 CRYSTAL T {
4 25 ’ | - i o s
e : {1 14914'S 1 exr
g 5 24 : . : O 0S¢
ad & 23 241 8 INPUT
ITH
7 imiec 2 Ds
d 4 i 21 O3
b [ 20 Dy
Q.3peF
- c 10 19 s
f $— 1 18 ——0 vt : -
: 12 17 = bg
RESET . i3 16 [ _m
- : 14 15 ' Big 0 o
f Dz =~
10k 4
8l I O 4
. )'Nv #
Ba €

[ comman ANODE LED DISPLAY |

= HHAHEHEH
LE“?N‘LE.EZE?,‘:%{DB lus- l-.,?. lg lb _lbu 1"’ e lu'.:g,_

FIGURE 12 40MHz_Frequency Counter

If the input frequency is prascaled by ten, then the oscHlator
can remain at 10 or 1 MHz, hut the decimal point must be
fnoved one digit to the right. Figure 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 be controlled externallywnh addltional
drivers as shown (n Flgure 14, Altarnatively, if separate
anddss are available for the decimal points, they can be *
wired up to the adjacent digit anodes. Note that there can be
one zero to the left of the decimal point since the internal
"leading zero blanking cannot be changed. In Figure 15 addl-
tional-logic has been added to count ihe input directly in
period mode for maximurm accuracy. In Figures 13 through 15,
INPUT A comes from Qg of the prescaler rather than Qpto ob-
tain an input duty cycle of 40%.
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INPUT A ———g CK1
15680
Jck2 o EXT.
A O‘: vrooy? vt vt DECIMAL EXT. BLANK DISPLAY
? ? : = 10k2 ? @ PT. EMABLE OSC, DISPLAY TEST
YW —L gnF —Z.SBpF {TYP.] I l l
3K | oo Jt N 7
F < T00k{L
L -
1 28 2210 .
2 2 10 MHz b3 D1 [+ 7] Dg
2 26 Tavsmt. +
4 25 L= NoIEE EXT
5. 24 O OsC
8 23 Dy 7 INPUT
5 IcM
T pee 22 Dy
8 21 Da
9 20 b Dy
10 19 b D5
1 18 l—0 vt
12 17 b 0
v w1 _
14 15 Dy D O0—
0% Dz o . 4 Fl
A A - N ,'
A 03 Oy
[ common anoot LED DisPLAY . ] by O '
|— a
— b
— ¢
E—
b B
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Leo oveRfLow [ 3 .
INDICATOR
A Pe . Cs Dr Dg Dg D-i 03 Dz 1 Dy 8
. $ - - 7~
FIGURE 13. 100MHz Frequency Counter
1 NPUT B HPLFT A :
: — v v DISPLAY
! = 10ks2 ? .o TEST
“AAA-
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|
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FIGURE 14, 100MHz Multifunction Counter
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INDICATOR
v y ——" .

-

FIGURE 15. 100MHz Frequency, 2MHz Period Counter

OSCILLATOR CONSIDERATIONS

The oscillator is a high gain complementary FET inverter, An
axternal resistar of 10M{} to 22MQ should be connected
between the OSCillator INPUT and QUTPUT to provide bias-
ing. The oscillator 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 bhe calculated as follows:

. 2
gm = w? Cln Cout Rs (H‘ (03—0 )
CinCout’ L
CintCaut ) _
_ Cp = Crystal Static Capacitahce
"Rsg = Crystal Series Resistance
Cin = Input Capacitance

Cout = Output Capacitance
w=2ul

where CL = (
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The required g, should not exceed 50% of the g, specified
for the ICM7216 to insure reliable startup. The OSCillator IN-
PUT and OUTPUT pins each contribute about 5pF to G, and
Gout For maximum stability of frequency, Cin and Cgut
should be approximately twice the specified crysial static
capacilance.

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 betwesn
measurements will be different, The multiplex rate is {1 x=

f ' : : f )

93¢ 1or 10 MHz mode and f ., =—9° forthe1MHz
2x10* : x10°

2x10°

fDSB

mode. The time between measurements is. in the

5
10 MHz mode and 2319

in the 1 MHz mode.

[+ 114 .
The crystal and oscillaior componants should be located as
close to the chip as practical to minimize pickup from other
signals. Coupling from the EXTERNAL OSCILLATOR INPUT
to the OSCILLATOR QUTPUT or INPUT can cause undesira-
ble shifts in osciliator frequency.
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14, fmad FREQUENCY UNIT COUNTER,
FREQUENCY RATIO MODES

18

FREQUENGCY {MHz}
=

A maul fg (max) PERIOD, -

TIME INTERVAL MDDES ___-___..-‘
)

Ty =25°C

v* (VOLTS)

fa{max), fz(max) as a Function of V+

FIGURE 16. Typlcal Operating Characterlstics
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'FEATURES

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

» Settable register with contents conlmuously
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 I/O port, carry;‘borrow equal,
and zero outputs

. Dlsplay blank control for lower power Operatlon,
quiescent power dissipation < 5mW

* All terminals fully protected against static discharge

* Single 5V supply operatlon

DESCRIPTION

The ICM7217 and ICM7227 are four digit, presettable up/
down counters, each with an onboard presettable register
continuously compared to ‘the counter. The ICM7217
versions are intended for use in hardwired applications
where thumbwheei switches aré used for |0ading data, and
simple SPDT switches are used for chip control.. The

ICM7227 versions are for use in processor-based systems, - '

where presetting and control functlons are performed under
processor control.

PIN CONFIGURAT!ONS (outllne dwgs JI, PI)

CARAYBORAOW [ 4 |

. = Rl
BCD 10 4's [EX | Clatoore

Bep o s [BL

ICM7217 Series
ICM_7227 Series

4-Digit CMOS

Up/Down Counter/

Display Driver

These circuits provide muliiplexed 7 segment LED display

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

to directly drive displays of up to .B" character height

(common 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 atthe 7
segment and BCD outputs is latched; the content of the
counter is transferred into the latches under external controf
by means of the Store pin.

The ICRM7217/7227 {common ancde) and ICM7217A/7227A
{common cathode)versions are decade counters, providing a
maximum count of 9939, while the ICM?_21?B, 7227B
{common anode) and ICM7217C/7227C (commgn cathiode)
are intended far timing purposes, providing a maximum
count of 5959,

~ Thiese cirguits provide 3 main outpuis, a CARRY/BORROW

output, which allows for direct cascading of counters, a

“ZERO output, whicH indicates when the count is zero, andan

EQUAL output, which indicates when the count is equal to
the value contained in the register. Datais multiplexed to and
irom the device by means of of a three-state BCD /O port. The
CARRY/BORROW, EQUAL ZERO outputs, and the BCD
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 & MHz. Counting and
comparing (EQUAL output) will typically run 750 kHz maxi-
mum.

ORDERING INFORMATION

1

BGD o 1w [ T] M 21T
COUNT INFUY [ B] tcmIz17Ee
STORE | 9]
up/UGWH [11]
s¢1 {11 LOAD REGISTER/OFF {1]]
802 [12] LOAD CAOUNTERNO OFF 112]
DATA TRANSFER {13]
TS 4]
COMMON ANODE
CARRY/BORROW carry/BaRRow. [ [ St 78] SEGs
Z2ER ZEAG| 2 27] BEGbh
EQUAL EGWTAL [3 25] SEGr
8CD Vo &s [1] BCD YO 85 SEG:
acD N0 45[ 58 icmreera  BCD VOO 5] vt
8c0 Yo s [6 § tcMr2zre  acowo zs[o 23] SEGa
BED O 18| 7 § HCD #0 15| 7 ICM7217A 22] SEG-
CCUNT INPUT [3] counT INePuT 2 IcM72IIC SEQg
STORE [ & ] SIDRELS DISPLAY CONT:
UP/DOWH . umDowWN[1 13] GAOUND
' 5G1[118  LOAD REGISTER/FF ' Gi :
sc2 [12) LoAD COUNTERSTO OFF 17| 53 -
DATA TRANSFEA {13] BCAN [13 16] 53 .
CWs REZET [14 15] B4
COMMON CATHODE

Count Oplion | 28-LEAD Order
Display Option Max Count Package | Past Number
Common-Anode | Decade/9999 | CERDIP | ICM72171J)
Common Cathode | Decade/9999 | PLASTIC | 1CM7217AIPI
Commaon Anode Timer/5959 CERLIP 1CM7217BIJI
Common Cathode | Timer/5959 (PLASTIC | ICM7217CIPI
Common Anode | Decade/9988 | GERDIP 1CMI722711
"} Commion Cathode | Decade/9998 | PLASTIC | ICM7227AiPI
{1 Comman Anode " Timer/5959 CERDIP 1CM72278101.
Common Cathode | Timer/5859 PLASTIC | ICM7227CIPI
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ICM7217/7227
ABSOLUTE MAXIMUM RATINGS

Power Dissipation (common anode/Cerdip) ..... 1W Noie 1 NOTE: Stresses ahove those listed undar "Absolute Maximum
Power Dissipation (common cathode/Plastic) . . .0.5W Noie 1 Ratings” may cause permanent device failure. These are
Supply Voltage LY Y &Y stress ratings only and fu_nctiona] operation _of t!'le dewpes at
Input Voltage . these or any ot_her condltipns abo_u_e 1h'ose !ndlcaleq in the

(any terminal}............ W+ +0.3V, Ground -0.3V Note 2 operation sections of this specification is not implied.
Operating temperature range ! 20°C to +85°C Exposure to absolute maximum rating conditions for
Storage temperature range.. ::'-‘55“ Cto +125°C extended periods may cause device failures..

OPERATING CHARACTERISTICS
V' =5Y +10%, T4 = 25°C, Test Circuit, Display Diode Drop 1.7V, unless otherwise specified

PARAMETER SYMBOL : ~ CONDITIONS : MIN | TYP | MAX | UNITS
Supply current I -Display'-Off, LC, DG, UP/DN, o :
~ (Lowest power mode) (7217) ST, RS, BCD /O Floating or at VT (Note 3} 350 | 500 |- uA
Supply current AP Display off iNote 3) ' . : 300 | 500 HA
{Lowest power modeé) - - (7227) ' I o
Supply current o 1bp 1 Coimmon Arode, Display On, all “8's” 3 1175 | 200 f - 1 mA
" OPERATING 1 | Gorhmon Cathpde, Display On, all "8’s” = . | 85 | 100 1 mA
Supply Voltage yt T , - R {45 | 5 | 55 V
Digit Driver cutput 1 Ioig Common anode, Vout = vV -2.0V 140 | 200 _ mA
surrent o : e ' 1 peak
SEGment drivér lsec | CGommon anode, YouT = +1.3V ' 195 | 40 . Sl mA
_ ouiput current ' B S ' _ o . peak -
Digi Driver Ibig "Common cathode, Yout = +1.3V -75 {100 | mA
output current : ) | peak
SEGment driver Isec | Common cathode Vourt = VT -2V 10 | 125 T ma
output current ‘ _ - T ; i peak
8T RS, UP/DNinput | Ip " Voui = V¥ -2V (See Note 8 . 5 § 25 | I waA
putiup current ' _ o S . _
3 levet input. impedance | Zm | . . . : o | 100 ° k)
BCD /O input Ve ICM7217 common anode (Note 4) (VY =8:0) 113 vV
high voltage ICM7217 common cathodes {(Note 4) ' ~[v*08 _V
- ICM7227 with 50pF etfactive load 3 1 1 v
BCD /0 input _ VBIL ICM7217 common anode (Note 4) {V¥ =5. o) 0.8 Vv
low voltage : ICM7217 .common cathode (Note 4) 18] v
: _ ICM7227 with 50pF effsctive load R B _ ,1._5_ V.
BCD /O input 1 IBPU ICM7217 common cathode Vin = V' -2V INote ) | 5 25 uA
pullup current ) N o
BCD ¥/O input lsPD ICM7217 common anode Vin =+1.3V (Note3) | 5 25 1 uA
pulidown current _ L .
BCD 170, CARRY/BORROW, | Igon Vol = VT -1.5V T R T D uA
ZERO, EQUAL Outputs : . : .
output high current . - ) . L ] P
[ BE0 /0, CARRY/BORROW, | IgoL VoL = +0.4V ' S -2 1 mA
1 ZERO, EQUAL Outputs ’
output low current B . | - :
| Count input frequency fin V=5V £ 10%, -20°C <Ta < +70°C ' 0 + 2 | MHz
: {Guaranteed) . L ' . e . :
| Count input threshold VTH vt =5v 2 i
| Count input hysteresis _ VHvs yt =8y ) : : : 0.5 vV
| Display scan fas Free- runnlng (SCAN terminal open circuit) 25 kHz
1 oscillator frequency . - -
Operating Temperature Ta ' | Industrial 1e‘mperature range _ 20 +85 | °C
Range : ' -

NOTE 1 These limits refer to the package and will fot be obtalned during normal operation. .
NOTE-2 Due to the SCR structure inherent in ihe GMOS process used {o fabricale these devices, connectmg any terminal to a voltage grealer
¢ than Vi or less than V~may cause destructive dewce]atchup :Forthis reasanitisrecommended that the power supply to the device be

established before any inputs 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 1/0 as inputs have pullup or pulldown devices which consume power.
when connected to the opposite supply. Under these conditions, with the display off, the device will consume typically 750 pA. The
ICM7227 devices do not have these pullups or pulldowns ahgd thus are nol subject to this cohdiion.

NOTE 4 These voltages are adjusted tc altow the use of ihumbwheel switches for the ICM7217 versions. Note that a positive level istaken as an

imrmest Lamia wnes foe MAEITA1T mnmcce e il il cmmfmim e
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ICM7217 /7227

: : c : e . @
Common-Afode Pz D — a- Gomman-Cathode- - T - e
meway o ) [} I < ooy~ e ) 1N
. Te, — - — E—— - oz i p— —
] k10 0]
‘ lD ps. |oz o1 89— ) “Toa - |ma |nz- pood
Thumbwhesl .
Switchas Carry — 1 Carry/Bormw —3 1 26 -
Ero —| 2 Zeqo— 2 F
ba |oa |o2 [0 Gual —{a Equal—| 3 -
BCD 170 8’1 — 4 Bl * % 4 2% :
BED /0 &'s — : 5 2 o on a Bis 5 2t
80D /G s —] & |CMF2I7 23 LLLEL Dala Bus 56 oMz M
8CO 10 18 — 4 - 7 ICM7217B 22 . 7 lcurzzie 2|4 -
. Countinpul—)a - Count Input 1 t35 N -
- 2 201 B L .20 Display
19 L. ] 0 ‘18 Coniral
18 - . fl 1BH
17 = 12 17— 0 JOoev
16 - DalaTransfer . 143 16 ——
15 Conird! Word Read 14 5 5\("‘5‘
(from processory =
oo\ : —
v T —
=l N 8 -
sv = —0
E —
Figure 1: Test Circuits, showing the ICM7217 in the Common-Anode Version and the ICMi7227 in the Common-Cathode Version
L L ko h 7SS A TR
T L & & - L &k
o1 D2 D3 D ™ D2 03 o4
. +10 1 e Lo REG, REG. REG., AEG.
RESET AS —{Rs = LE RS - .
ZERG — — ZEAD —zERD - ZERD ZEHD %4 ’h A 4,‘
UR/DN u/D ——JuD —{wo U/ -
COUNT CL GCARAY cL CARAY}—~jcL camRY GL CARRY|— comp. F—J come. }—1 comp. comp. |—— EGUAL
) h /-3 43 A
4 4 % A » CARRY/BOAROW
L e 7 e e ] srome
85 - L _ )
'y =] ece] l 3 ,{" *4 .
25 s 1O -
14 ] LATCH | iarcu LATCH LATCH o
] MUX |4 [ail] ey MUX |2 MUK S Ty iy el I R—— L
ia ’1’4 '1'4 ‘k& J a ' |
n Fd
4 MUXED L.A.74 Mux o . [ LOAD COUNTER
i i ; I WURED L.O74 | AND DISPLAY fe=——— - 1 OAD REGISTER
5 — . DISFLAY ELANK + OFF
SEGMENT DECODER | . — -  CONTROL LOGIC DISPLAY COMTROL
| | I | 1 | | T s “CUTPUT MUX’4
SEGMENT DRIVERS DIGIT DRIVEAS
7} (2}
ABCDEF G " p4D3DZOY
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ICM7217/7227

EINTERSIL

I’a ‘1’4 —I’-s
Ta G - T.G.
I o B 5 R
i A 1
o1 D2 D3 D4 D1 -p2. Da 4
_ #10 _ *10 o 10 Rea. | REG. REG. REG.
ZERD ZERQ le—§ ZERD l~—3 ZERO l~—12ERD 4, 4, - ‘h ‘{,
4 4 4
COUNT oL CARRY —{cL cARRY | —} - : ] )
e A @ c“‘:}'}; e '”“:3; . comp. |—-=1 comp. | comp. I} comp. |—— EqUAT
| | - A + *
1
. % 4 4 £ CARRY/RORAGW
I I T N o B - o
'l [ b - ~={EH . [ uv/n
ss=+~lnco) - 4’4 44 L} "h 4 .
s =] 1O . LATCH §,
1'g s LATCH LATCH LATCH LATCH =l STORE
. ML | . MuX |4 MUK | MLX ,
L 1 1a 5 1 3 : e
MUX COUNTER
. LR.LC - -4 RESET
Lacic
LATCH |
1 ol le——sC2
1 . WS
MUX. ot
OSCILLATOR
SEGMENT DECODER | L.28, oc
| 4l DISPLAY BLANK
HERERE g |
SEGMENT DRIVERS DIGIT DAIVERS
abecdelg P2 03 D2 P1

Figure 3: ICM7227 Functlonal Block Diagram

SCAN —-Iﬂ\__-"’k*—’\—,%_’—_\\_—‘_’k/—\’/‘
- YR
{105 TYP. FREE-RUNNING. |« mgﬁmmm—ﬂ
INTERNAL OSC, .
OUTPUT L I 1 i\ I1 e M
T Y g h e .
D4 | 1
D3 | |
INTEANAL |
{(BCD AND D2 { 1. -
SEGMENT —
ENABLE) nme | N
(o]
D3 __ . |
EXTEANAL =} INTERDIGIT BLANK .
[COMMON D2 | 1
ANODE) — -
DIGIT :
$TROBES | L d |

Flgure 4: Mulliplex Timing

DESCRIPTION OF OPERATION

OUTPUTS ) )

The CARRY/BORROW output is a positive goirng pulse
occurring typically 500ns after the positive going edge of the
COUNT INPUT. It cccurs when the counter is clocked from
‘9990 to 0000 when counting up and from 0000 1o 9929 when
counting down. This cutput allows direct cascading of
counters. ‘

The EQUAL output assumes a negative level when the con-
tents of the counter and reaister are eaual.

Downloaded from Elcodis.com electronic components distributor

The ZERO qutput assumes a negative level when the content

of the counter Is 0000.

The CARRY/BORROW, EQUAL and ZERQ cutputs will drive a
single TTL load over the full range of supply voltage and
ambient temperature; for & logic zero, these outputs will sink
2mA @ 0.4V (on resistance 200 chms), and for a logic one, the
outputs will source >60uA. A 10k{} pull-up resistor to V+ anthe
EQUAL or ZERO autputs is recommended for highest speed
operation, and on the CARRY/BORROW output when it is

‘béing used for cascading. -
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SYMBOL|DESCRIPTION T IMUX[TYP|MAX | UNITS
tucs LiP/DOWN selup time (min) | - 300 | o
tdch  |UP/DOWN hold time tmin) o .
{CUK COUNT puise high (mini - 100 | 250 ns
Ieul COUNT puise low {min) - - 100 | 250
1CB. {COUNT to CARRY/. - 750 |:
BORAOW delay
. CAREY/BORROW tBw CAFIRY/BORROW pulse .
- width L - (1001
S tcen | COUNT to EQUAL delay .| 500
' gz |COUNT 10 ZERO delay 300}
EGUAL '
ZERD

Flgure 5: lCM7217}'27 COUNT and Qutput Timing

The Digit and SEGment drivers prowde adecoded 7 segment SEGment drivers. The DISPLAY pln controls the display out-
display system, capable of directly driving common anode put using three level Ioglc The pin {s self-biased to a voltage
LED displays at typical peak currents of 40mA/seg. This -approximateiy 1/2 vy this corresponds to normal operation.
corresponds to average currents of 10mA/seg at a -25% When this.pin is connected to V', 1the segments are inhibited,
multip!ex' duty ¢ycle. For the commoti cathode versions, peak and-when connected fo V™, the leading zero blanking featura
segment currents aré 12BmA, corrésporiding to averigs is inhibited. Tor normal” operahon (display on with leading
segment currents of 31mA. Figure 4 shows ihe mulllplex zero blanking) the pin ray be left open. The display may bs

timinig, while Figure 5 shows the Gutput Timing. Figures 6 controlted with & 3.position. SPDT switch; see Figure 1.
thfough g show rlhe output charactenst;cs of the Digit and
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B B v M
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g 1 3 % . 1 F 3
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Figure 6: Typical Ipig vs. V¥ - Vour, Figure 7: Typical Iseg vs. Vour = '
45v <yt 6 oV . o
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Figure 8: Typical lpiaiT vs. VouT ' Figure 9: Typlcal Iseg vs. V* - Vour,
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ICM7217 /7227

CONTROL OF ICM7217
Mulliplex SCAN Osclilator
The on-board muitiplex scan oscillator has a nominal free-
running frequency of 2.5kHz. Th'is may be reduced by the

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

posifive supply. Capacitor values and corresponding.nominal
oscillator frequencies, digit repetition rates, and loading times
tfor IGM7217 versions) are shown in Table 1 balow.

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

Table 1: ICM7217 Multiplex Rate Control

‘Scan Cycle

Nominal -Digit
- Scan Oscillator ‘Repetition’ Time .
Capacltor | Freguency Rate (4 digits)
Nore 25 kHz 625 Hz 1,6.ms
20 pF 1.25 kHz 300 Hz 32ms
90 pF 600 Hz 150 Hz &ms

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

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

The display brightness may be altered by varying the duty
.cycle. Figure 10 shows several variable-duty-cycle oscillators
suitable for brightness control 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
ICMF2I7

SCAN INPUT
IcMIZ17

L MpF

C wteny
TOKIE & Y
IR
7555 9 SCAN INPUT
20011 CMz2AT
8's
T 05,uF + A5puF o

Figure 10; Brightness Control Circuits
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overdriving signal, and the digits are blanked during the time -

lINEIRS L

Counting Control

As shown in Figure 5, the counter is incremented by the rising
edge of the COUNT INPUT signal when UP/DOWN is high. Itis
decremented when UP/DOWN is low. A Schmitt trigger on the
COUNT INPUT pravides hysteresis to prevent double trigger-
ing .on slow rising edges and permits 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 latches.

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

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

irately 75k(.

BCD I/O Pins

The BCD I/Q port provides a means of transferring data to and
from the device, The ICM7217 versions can muitiplex data into
the counter or register via thumbwhee! switches, depending on
inputs to the LOAD COUNTER or LOAD REGISTER pins; (see
below). When functioning as outputs, the BCD 1/0 pins will
drive one standard TTL load. Comman ancde versions have
internal pull down resistors and common cathode versions
have internal pull up resistors cn the four BCD 1/O lines as
inputs. :

LOADIng the COUNTER and REGISTER .

The BCD I/O pins, the LOAD COUNTER (LC), and LOAD
REGISTER {LR) pins combine td provide preselting and
compare functions. LC and LR are three—level inputs, being
self-biased at approximately 1/2 VX for normal operation.
With both LC and LR open, the BCD I/0 pins provide a multi-
plexed BCD output of the latch contents, scanned from MSD
t0.L8D by the display multiplex.

When either the LOAD COUNTER (Pin 12) ar LOAD REGIS-
TER (Pin 11) is taken high, the drivers are turned off and the
BCD pins become high-impedance inputs. When LC is con-
nected to VT, the count input is inhibited and the levels at 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 countar. When both are
connectad to VT, the count is inhibited and both register and
counter will he loaded.

The LOAD GOUNTER and LOAD REGISTER inputsare edge-
triggered, and pulsing. them high for 500ns at room temp-
eraturé- will initiate a full sequence of dala entry cycle
operations {see Figure 11). When the circuit recognizes that
either or both of the LC 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 eah digit from D4 to D3to D2to D1in
turn}, it again samples the LOAD REGISTER and LOAD

COUNTER inputs. If either or both is still high, it repeats the
load cycle, if both are floating or low, the oscillator is
reconnecied fo the SCAN pin and the chip returns to normal
operation. Total load time is digit "on" time multiplied by 4. I
the Diait nutputs are used to strohe the BCH data inta the BCD
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170 inputs, the input will be automatically synchronized to the
appropriate digit (Figure 12). Input data must be valid at the
tratling edge of the digit output.

When LR is connected to GROUND; the oscillator is mhlblted

the BCD YO pins go to the high rmpedance state, and the

segment and digitdrivers are.turned off. This allows the display
to be used for other purposes and minimizes power
consumption. In this display off condition, the circ cirguit will
continue to count, and the CARRY/BORROW, EQUAL, ZERO,
UP/DOWN, RESET and STORE functions operate as normal.
When LG is connected to ground, the BCD [/0 pins are forced
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.

MNote that the ICM7217 and 72178 have been designed to drive
common anode displays. The BCD inputs are high true, as are
the BCD outputs. '

The ICM7217A and the: 7217C are used to drive commaon
cathode displays, ‘and the BCD mputs are low true. BCD
outputs are high true:

Noles on Thumbwheel Switches & Multlplexmg

The thumbwheel switches used with these cirguits (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 margins, these diodes
shoutd-be specified with low forward voltage drops (IN914).
Similarly, if the BCD outpuis arg to be used, resistors should
be inserted in the Digit lines 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 lead counter or [oad
register operations.

LOAD COUNTER
{OR LOAD REGISTER}

BCAN

D4

BINTERSIL

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

The RESET input may be susceptible to noise if its input rise
time (coming out of reset) is greater than about 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 fast rise: time oh the RESET input is
shown betow.

RESET INPUT
ICM7Z17

10KD 5KO

When using the sircuit as a programmable di_vi__der(% by n witﬁ
equial outpuls) a short time delay (about 1ps} is needed from

 the EQUAL output to the RESET mput to establish a pulse of

adequate duration.

4FpF
33k T
EQURE e————AMy RESET

When the circuitis 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 can be lost. Since the circuit will retaindatain
the register, the regisier need only be updated when a new
value is to be entered. RESET will not clear the register,

03

Ik

D1

[43

/—I

IMTERNAL INFUT
OPERATING-
MOOE QUTRUT

— N/
—

N\

— 1

BCD KO Dy I:IUT

U

& m & =HIGH IMPEDANCE
L T == THREE-STATE W PULLDOWN

T @+ @

=j=—==1 +CQUNT INHIBITED IF

LOAD COUNTER

X D3 QUT X D3 OUT

D- @& D+ &

ICM7217 RON 120 and | DADING TIMING
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¢ Note: If the BGD pins

are to be used far outputs
be

a 10k resistor shouid
placed in series with
each digit line to avoid
. loading problems
ihrough the switches.

COMMON ANODE DISPLAY
TO D1 STROBE

TO D4 STROBE

IN914 .OR
EQUIVALENT

TO BCD INPUTS OF 7217, 72178 .

Figure 12: Thumbwhee! switch/diode connections

- BINTERSIL

GOMMON CATHODE DISPLAY
TO D4 STROBE

TO 01 $TROBE

TO RCE INPUTS OF 72174, 72170

Table 2: Control Input Definitions 1CM7217 -

“TERMINAL

___VOLTAGE FUNCTION
STORE g vt (or floating) Dutput latches not updated
_ Ground QOutput latches updated
UP/DOWN 10 . v (or floating) Counter counts up
: Ground Counter counts down
RESET 14 VT {or floating) Normal Operation
- Ground Counter Reset .
LOAD COUNTER/ 12 Unconriected Normal operation
70 OFF vt Counler loaded with BCD data
e Ground BCD port forced to Hi Z cdndition_
LOAD REGISTER/ 11 Unconnected Normal operation _
OFF vt Register loaded with BCD data
Ground Display drivers disabled; BCD port
forced to Hi Z condition, mpx-courter
_ ) o reset to D4; mpx osciilator inhibited
DISPLAY co;\jf@ ' 23 Commeon 'A_hode Unconnacted Normal operation
Do) _ _ 20 Common Cathode V:_F Segment drivers disabled _
Ground Leading zero blanking inhibited
Table 3: Contrql input Definitions ICM?22?
INPUT TERMINAL VOLTAGE FUNCTION
- DATA TRANSFER 13- -y Normal Operation
: : : - | -Ground Causes transfer of data
- | as directed by select code
Control | STORE 9 v+ (During WS Pulse) | Output latches updated
Word Ground Qufput latches not updated
Port — 1 : — ; '
. | UP/DOWN 10 vt (During CWS Pulse) | Counter counts up
Ground " | Counter counts down
" Select Code Bit 1 (SCT) 11 Tyt =g 8C1, SC2 control:~ )
u Select Code Bit 2 (SC2) 12 Ground = "0" Q0 Change store and '
' : : up/down latches. No data
transfer. 01 Quiput lalch
| data active '
10 Counter o be preset
_ R 11 Register to be preset
“Contral Word Sirobe (CWS) 14 vt Normal operation
: ' Ground Causes control word to be
wriiten into control latches
DISPLAY CGONTrol (DC) - 23 Common Anode Unconnected Norrhal operation
20 Common Cathode | v Display drivers disabled
Ground Leading zero blanking
inhibited

Downloaded from Elcodis.com electronic components distributor
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. |+—ICFE——fm—lics
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IMPUT N
57 % !

INPUT

AN

oo
ST ﬁ:ﬁfﬂf‘.’a‘fh’;‘o’h"

XN

acb e

SC1 KOOI
| sez BN

‘BCD VO Xy
QUTPUT a3

s

T
£RI00D

TG = DON'T CARE

*: GONTROL WORD INPUTS

TN
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SC1,5C2 LATCHES RESET

REGISTER WRITE CYCLE {SC1,.5C2 = 1.1}

{COUNTER WRITE CYCLE IS SIMILAR; SC1, 5C2 - 1, 0}

-
e
e
=]
]
4
S

TR
rkioosiod

o

AT b
OO

T
LSOO

Figure 13; 1ICM7227 IO Timing (see Table 4}

CONTROL OF ICM7227 VERSIONS
The 1ICM7227 series has been designed to permit micro-
processor control of the inputs. BCD ifpus and outputs are
active high. . o S
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 pufse on the CWS (Conirol Word Strobe) pin
writes the data on these pins into four internal control latches,
and resets the muitiplex counter in preparation for sequencing
a data transfer operation. 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 inta 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 fatch causes the
counter to count up and writing a zero causes the counter to
count down. The staie of the Store and Up/Down tatches may
also be changed with a non-zero select code.

Writing a nonzero seélect code initiates 4 data transfer
operation. Writing selegt code of 0T (SC1, SC2) indicates that
the data in the output latchies will be active and enabies the
BCD 1/0 port 10 autput the data. 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 data or presetting the
counter or register as determined by the select code. The
output drivers of the BCD 1/Q part will be enabled:only while
DT is low during a data transfer initiated with a 01 select code.
The sequence of digits wili be D4-D3-D2-D1, i.e. when output-
ting, the data from D4 will be valid during the first DT pulse,
then D3 will be valid during the second pulse, etc. When pre-
setting, the daia for D4 must be valid at the positive-going

transition itrailing edge) of the first DT pulse, the data for D3
Downl oagedt from-El cotlis.com-etectrbri c-compontTs tistribetor -~

At the end of a data transfer cperation, on the positive going
transition of the foufth DT pulse, the SC1 and SC2 contiol
latches will automatically reset, terminating the data transfer
&nd Feconnecting the multiplex counter clock to the oscillator.
In the ICM7227 versions, the multiplex oscillator is always frée-
runnirig, except during a data transfer 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 01 select code
(reading-out of the output latches). Typical times during which

data must be valid at the control word and BCD I/O ports are
indicated in Table 4.

Table 4. ICM7227 1/O Timing Requirements

SYMBOL | DESCRIPTION M| T_YP MAX| UNITS

tcws | Contro! Word Strobe Width 275 ns
{rmin} : .

fics Internal Centrol Set-up tminy 25| 3 it

1DTw DATA TRANSFER pulse - 300 . ns
width {min) : :

tscy Control{o Strobe setup (min) 300 ns

tsch | Conlrol to Strobe hold (min) | 300 ns

tos [Input Data setup {min} 300 ns

tion | input Data held (mir) 300 ns

tTpace | Output Data access : 300 ns

troi. Output Transfer to Data float 300 ns
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APPLICATIONS
FIXED DECIMAL POINT

In the common anode versions, a fixed decimal paintmay be -

activated by connecting the D.P. segment lead from the
appropriate dlglt {with separate digit displays) through a 390}

" series resistor to Ground. With common cathode devices,
the D.P. segment ledd should be connected throlgh a ?511
series resistor to V*.

To force the device to display leading zeroes after a fixed
decimal point, use a bipolar transistor and base resistorina
configuration like that shown below with the resistor con-
nected to thé digit.output driving thg D.P. for left hand D.P,
displays, andtothe nextleast 5|gln|f1pantd_t‘g|t output for right
hand D.P. display. See Figure 9 for a similarly operating
multi-digit connection,

DISPLAY — —————\"
C CONTROL o DISPLAY
n
On CMI2IB gt CONTROL
DIGIT LINE LINE (CMT217 AIC

COMMON ANOBDE -

COMMON CATHODE

Figure 14: Forcing Leading Zero Display

BINTERSIL

DRIVING LARGER DISPLAYS

For displays requiring more current than the ICL7217/7227
can provide, the circuits of Figure 15 can be used.

ICMT217/8
ICM72ET/8 _{

(ICM 7217 A/C)
(1GM 7227 AIC)

IGIT {SEG;
QBT 5D 4" srvaers OR SIMILAR

EG (B1GTT) - 2N6134 OR SIMILAR

o

GHD

‘Figure 15: Driving High Current Displays

LCD DISPLAY INTERFACE (Figure 16)

The Iovaower operation of the ICM7217 makes an LCD
interface desirable. The Intersil ICM7211 4 digit BCD to L.CD
display driver easily interfaces to the 1CM7217. Total system
power consumption is tess than 5mW. System timing margins
canbe improved by using capacitance to ground to slaw.down
the BCD lines. A similar circuit can be used to drive Vacyum
Fluorescent displays, with the ICM7235.

The 10—20k{} resistora on the switch BGD lines serve to iso-
late the switches during BCD autput.

B T N - —yt-sy
3 1
' 35
oalt
: 33
LCD DISPLAY D3
pragl  CM211 5
Dz
- an
[ 3 4 24
i ~ omfE — 15 Vi
) oR2 2: = 4
e’ | Sias A oo
- 20
) oMzt
: A
counT & P L
STORE 2 D2 :; .
uwnﬂ}ﬂ pa|Ze
RESET D4
Ay -
— Wy
AAN—
—AMA
10—20k0t

Flaure 16; LCD Display 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 leading
zeroes, and one more SPDT switch for up/down control.
Usingan ICM7217A and a common-cathode calculator-type
display, results in the least expensive digital counter/display
system available.

BINTERSIL

ra .
77 SEGMENTS i

CARRY 60— 1
ZERDQ o—

COMMON-CATHOBE — -
BCD‘F: : © LED DISPLAY ‘_’ l ,_' ’_'
QuTRUT ™ o : d

.....
o
e
1
&

)
=
O

COUNT INPUT '
0—.—--—

e e I ov
CONTRCL @ BLANK

STORE 20

NORMAL
- INHIBIT LZB
: 19
=1 =
o——14 15-18 wd =
REGET - /A DIGITS

Figure 17: Unit Counter

INEXPENSIVE FREQUENCY COUNTER/
TACHOMETER (Figure 18)

This circuit uses the low power ICM7655 (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. AB and C to provide an oulput thats positive for
approximately one second and negative for approximately

300-500xs. The pgsitive waveform time is given by twp = 0.693

{Ra+RB) G whilethe negalive wavefarim is given by tyn =0.693

ReC: The sysiem is calibrated by using a 5MQ potentiometer

for Ba as a™coarse” control and a 1k potentiometer for Rg as a

“fine™ cantrol. CD40106B's are used as a monastable multivi-
“brator, and reset time deiay.

vF = 5vOLTS

3K 10K

L 1]

A v CE
D18 out |
047

]

ICM7555

; vt
)c . o 'QS'TEW_E

24

[CMmr2i7 LED DISPLAY

P
—{rcJ

Le TH | GATE

GND  CV
1 5
ATaF : )D—I >o—‘l “So I AESET
_Tc . GND
120
GND
INVERTERS: CD40106B OUNT INPUT
NANDS: CDM011E COUNT INPUT o-
a00p3 - 1 SEC~
GATE { = = f fom
= G0ps

- I L - ra

STORE | I  f
for §

RESET | I | I

Fisnnra 18: Inexnensive Freatency Counter
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TAPE RECORDER POSITION 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 representative of the many
applications of up/down counting in monitoring 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 ZERO out-
puts, and serve as a numerical dispfay for the processor.

In the tape recorder application, the LOAD REGISTER,
EQUAL and ZERO outputs are used to control the recorder -
To make the recorder stop at a particu_lar point on the tape,

3TOP

M
m
3

LOGIC TO GENERATE

EINm=RSIL

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

To make the recoider stop béfore the tajpe comes free of the
reel on rewind, a leader should be used. Resetting the
counter at the starling 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
INPLT provide atime caonstant of about 5msto debouncethe
reel switch. The Schmitt trigger onthe COUNT INPUT ofthe
ICM7217 squares up the signal before applying it to the
counter. This technigue may be used to debounce switch-
closure inpuisin other applications.

COMMON-CATHODE

RECORDER GONTAOL : LED DISPLAY
SIGNALS EQUAL | reimmy a®
S | ZERG © - bj~ - /7 SEGMENTS
vt THLINIBWHEEL SWITCHES EG oM = 7.
REEL SWITCH = 78 *H :
CLOSED ONCEREV < saas _ ]acu [~ v+ : .
\ 1 DIGITS T coune e sakK I ! l__f ’__,
o al- o——
— yt Faﬁ“m—o ":Lt- STORE [ +———0— NORM ,_’ '__. '_‘ ’_’
- —o——= =] uP/DOWN o -
a— LoADREG il & L e =
0047 .F == REWIND o, —JLoan cTA o] =
¥h————— ey —]scan 3%} ol 72 DIgITS
NO., SETPT. [ IRESEL ]
0 S RESET

Figure 19: Recorder Indicator

' PRECISION ELAPSED TIME/COUNTDOWN

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 ICM7217B. The thumb-
- wheel switches allow a starting time to be entered into the
counter for a preset-countdown type timer; and aliow the
register to be set for compare functions. For instance, to
make a 24-hour clock with BCD output the register can be
preset with 2400 and the EGUAL output used to reset the
counier, Note the 10k resistor connected between the LOAD

COUNTER terminal and Ground. This i'esistor pulis the

LOAD C@UNTER input lowwhen 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 {CM7555 timer may be used in a configuration like that
shown in Figure 18 to generate a 1Hz reference.

v TO LOGIC GENERATING
— EQUAL } SIGNALS FOR CONTROL OF
¥ ZERC | EXTERNAL EQUIPMENT
runminvsec SO ;
STOP —og - /
-1 ¥————————o0swWi| pumawHEEL —jCARRY A4 o1
2 em 2k RUN HRS/MIN SWITCHES —ZERS_ 0 mGes
s 213 11} [ 7!3213 Dafs
5 wl—ovt, —{le vt o—v¥t [
5 o}~ {4 VOLTS MAX} ~{|ve DIS. CONTROL} L! [ ,
7 Bl ] °"":\.
— COUNTiN 3 L2g i1 [ [ Ll
v STORE V-
. ELAPSED . = 5
30pF 49993 MHz : W2 —o—=——=|UF/DOWN E COMMON-ANODE j
= CRYSTAL COUNTDOWN o LOAD REG. i ,LED DISPLAYI
Rs <7150 . . LOAD CTA. - * 77 SEGMENTS
V' [eap sEr AT SCAN W
DISPLAY DFF HESET =
o+ PRESET
HESET

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

" prai fr £
LXMAR
DEVSEL
INTGRT
IM6100 XTC "~
aP . /1
sih fa—g— _
INTRED “‘—T S A
A 1 !
12 - .
JE3E O0F T ameowon —famas
HEE & sensesfe—s e — EQUAL i l _
o e e [ T T O
. usior . N 74# §r.um,s‘c1,s_c'z v |} _] _]___l L l _]
: e : —=} COUNT : 1 s LED
) \::IA!;: P oT . o ) DISPLAY
TE] | L. D . B
. ! . 1/a CD 4081 ICM7222 .
© oot WRITE2 {ews 7 SEamENTS
FLAGLE '. A0
- 1¢4 CD40B1
COUNT —
Figure 21: IMB100
This ¢ircuit shows the hardware necessary to interface the The |ICM7227 can perform many “accessory” functions that
ICM7227 to an Intersil IM6100 CMQOS microprocessor. Using are inefficient or impossible for the processor 1o perform. For
an IM6101 Parallel Interface Element (PIE) allows the example, by adding a timebase stich as an ICM7213, and
addition of ¢ne or more ICM7227 devices as .generalized using.an ICM7227C or D, an inexpensive real-time clock/dis-
peripherals to any IMB100 system, using a minimum of play, direclly accessible by the processor, can be

axtarnal components. constructed.

A similar configuration may be used with the MCE800 tsing
the corresponding PIE, while an 8255 can be used to
inierface 8080 based systems.
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8-DIGIT UP/DOWN CQUNTER (Figure 22)

This circuit shows how to cascade counters and retain
correct leading zero blanking. The NAND gate detects
whether a digit s active since one of the two segmentsaorb
is-active on any unblanked number. The flip flop is clocked
by the least significant digit of the high order counter, and if
this digit is not blanked, the Q output of the flip flop goés high
and turns on the NPN transistor, thereby inhibiting leading
zero klanking on the low order counter.

T3]
l_"_lj
:13

:'l

EINTERSIL

it is possible to use separate thumbwhee] switches for
presetting, but since the devices ioad data with the oscillator
free-running, the multiplexing of the two devices is difficult
to synchronize. This presents no problems with the ICM7227
devices, since the two dewces are operated as perlpherals to
@ processor.

COMMON-ANQDE
LED DISPLAYS

g

COUNT JNPUT
- : Ciniairs| CARRY/BORROW
. T
ach QUTPUT: s pag fg\?dg:-lr:uigT:ians
HIGH ORDER Biers} 1, 7o 2#pb 2 A 1
. 7% Ti’;? : SEGMENTS
y+_upmown ) — {8 "HL B 7
- is-10p 1 = H-D— -

— o t0 szl 1,; -
I:: ° .—I—D SN 7 e _ = i
= ABSET { HIGHORDER | g

SEGMENTS

50K1 §

LOW ORDER

HFN

A A '
pAvA Erjmm.ﬁon

- Figure 22: 8'Dlgit Up/Down Couhter

22pF 'L 22pF

vt=15Y¥

COMMOHN-ANQORE
LED BHSPLAY

!;4 nm’n’s /

|"|
|‘|

—2 13
10M11 icM
—4 7207A
n & B 10 b
CRYSTAL
© 1=5.24280 MHz
Rs < 7511 14
CDaoot
INPUT o—
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PRECISION FREQUENCY COUNTER/
TACHOMETER (Figure 23)

This circuit is a simple implementation of a four digit
freguency counter, using an 1ICM7207A to prowde the one
second gating window and the STORE and BESET signals. In
this configuration, the display reads hertz directly. With Pin 11
of the ICMT7027A connected to V1, the gating time will be 0.1
second; this will display tens of hertz as the least significant
digit. For shorter 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.

To implement a four digit tachometer, the ICM7207A with
one second gating: :shouid be used. To get the display toread
directly in RPM, the rotational frequency of the object to be
meastired must be multipfied 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 to 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.

For more “intelligent” instrumentation, the ICM7227 interfaced
to a microprocessor may be more convenient (seeFgure 211

For example, an ICM7207A can be used with two ICM7227's to
provide an 8 digit,- 2MHz frequengy counter. Bince the
ICM7207A gating. output has a 50% duty cycle, there Is 1
sacond 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
based subroutines, to store the data, resat 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 ICM7217, controlled via the EQUAL and ZERO outputs,
to count in SYNC wlth. an 1CL7109 A/D Converter. By
RESETing the ICM7217 on a "tare” value conversion, and
STORE-ing the result of a true valug conversion, an auto-

matic tare subtraction occurs in the result.

The ICM7217 stays in step with the ICL7018 by counting up
and down between 0 and 4085, for 8192 total counts, the same
number as the 1CLT7109 cycle. See A047 for more details.

. - 4 DIGIT COMMON AHODE
200my o g LED DISPLAY
FULL SCALE ) o D [+3 1
INPUT 270/ ’ ' , ’ I t 7
* - > C —Cc ATy e -
. o _ _
o 5 LIy
A A A LED
= 1 MINUS SIGN l
<
-5y
0ipuF
SciINaldg
L . o L k L
_I__ 1GND vt apf—+sv 100K _#_ Y ix 1 CARRT/BORROW 0o 28
2ETATUS REF IN- 39 :
= | arar REF CAP-30f—— 2 ZERD ma
40R REF CAP* 37 }—=~ ¥ 3 FGUAL D2 2% |7
5812 REF IN* 36 10K . /
6B (N HI 35 4BCD 8 0325
7810 N LO 39 SHCD 4 vt sy
BEY COMMON 3 o4
hind Mlﬂﬁ e OAaF L1 esco2 DISP. CONT. 23} F=ATF
= | -
1087 Az |— 9.224 7 BCD1 G2z
11 B8 L7109 BUF 30 1ICM7217 _
2 B5 REF OUT 29 47K 100k 8 COUNT. B
1384 v 28 —— 9 FTORE v 20
14 B3 SEND 27 |—+5¥ — — [ — =
15 B2 RUN/ADLO 26 - = 10 UPBOWN E12
15 B1 BUF OSC OUT 25 b——] - +sy—] f——4 11 LoAD REG. Fie
17 TEST 05C SEL 21 100K 10,F =
18 [5EN 050 OUT 23 | 12 LOAD CTR, B
19 HBER OSC IN 27 - 13 SCAN A6
20 CELOAD dopE2 p—sw L — | — -
l_ . o o——J 14 RESET Eis
TARE
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ICM7217/7227

TAPE RECORDER POSITION 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 representative of the many
applications of up/down counting in monitoring 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 ZERO out-
puts, and serve as a numerical dispfay for the processor.

In the tape recorder application, the LOAD REGISTER,
EQUAL and ZERO outputs are used to control the recorder -
To make the recorder stop at a particu_lar point on the tape,

3TOP

M
m
3

LOGIC TO GENERATE

EINm=RSIL

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

To make the recoider stop béfore the tajpe comes free of the
reel on rewind, a leader should be used. Resetting the
counter at the starling 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
INPLT provide atime caonstant of about 5msto debouncethe
reel switch. The Schmitt trigger onthe COUNT INPUT ofthe
ICM7217 squares up the signal before applying it to the
counter. This technigue may be used to debounce switch-
closure inpuisin other applications.

COMMON-CATHODE

RECORDER GONTAOL : LED DISPLAY
SIGNALS EQUAL | reimmy a®
S | ZERG © - bj~ - /7 SEGMENTS
vt THLINIBWHEEL SWITCHES EG oM = 7.
REEL SWITCH = 78 *H :
CLOSED ONCEREV < saas _ ]acu [~ v+ : .
\ 1 DIGITS T coune e sakK I ! l__f ’__,
o al- o——
— yt Faﬁ“m—o ":Lt- STORE [ +———0— NORM ,_’ '__. '_‘ ’_’
- —o——= =] uP/DOWN o -
a— LoADREG il & L e =
0047 .F == REWIND o, —JLoan cTA o] =
¥h————— ey —]scan 3%} ol 72 DIgITS
NO., SETPT. [ IRESEL ]
0 S RESET

Figure 19: Recorder Indicator

' PRECISION ELAPSED TIME/COUNTDOWN

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 ICM7217B. The thumb-
- wheel switches allow a starting time to be entered into the
counter for a preset-countdown type timer; and aliow the
register to be set for compare functions. For instance, to
make a 24-hour clock with BCD output the register can be
preset with 2400 and the EGUAL output used to reset the
counier, Note the 10k resistor connected between the LOAD

COUNTER terminal and Ground. This i'esistor pulis the

LOAD C@UNTER input lowwhen 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 {CM7555 timer may be used in a configuration like that
shown in Figure 18 to generate a 1Hz reference.

v TO LOGIC GENERATING
— EQUAL } SIGNALS FOR CONTROL OF
¥ ZERC | EXTERNAL EQUIPMENT
runminvsec SO ;
STOP —og - /
-1 ¥————————o0swWi| pumawHEEL —jCARRY A4 o1
2 em 2k RUN HRS/MIN SWITCHES —ZERS_ 0 mGes
s 213 11} [ 7!3213 Dafs
5 wl—ovt, —{le vt o—v¥t [
5 o}~ {4 VOLTS MAX} ~{|ve DIS. CONTROL} L! [ ,
7 Bl ] °"":\.
— COUNTiN 3 L2g i1 [ [ Ll
v STORE V-
. ELAPSED . = 5
30pF 49993 MHz : W2 —o—=——=|UF/DOWN E COMMON-ANODE j
= CRYSTAL COUNTDOWN o LOAD REG. i ,LED DISPLAYI
Rs <7150 . . LOAD CTA. - * 77 SEGMENTS
V' [eap sEr AT SCAN W
DISPLAY DFF HESET =
o+ PRESET
HESET

Figure 20: Precision Timer
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CHIP TOPOGRAPHY
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ZER Dﬁiﬂﬂ\‘f

BORADWY SEGy SEGH 8E6) SEGg

EOAL 3 EoUAL | ot
. $EGy
. . si“z '
8C0 1708 Bcoima B
_ L | ses,
BCO1/0 4 BCO 1/0°4 Jory| S
BCD 170 2 : . BER D2 R
: . :0133 . ) 0.933 in.”
3.378 mm - * 3378 mm
8RO} _ .. AR o
COUKT M (WIS _ i | mseuay £OUNT /P DISPLAY
STORE (T0RE) WYY, B2u{bER s Elt CONTROL |. - STAAE (STORE) w| CONTROL
UP/TOWH " UR/GOWH
§t;
SEBp
gHD g oo
£ REG/DFF (561) SEGy LD REG/TFF [SG1)
. JOATA o
6,115 in. _ .. TRENSFER .., 0.1151n,
2921 mm ; T . = T 292i'mm *
ICM7217/B (ICM7227/B) o ICM7217AKC-(ICM?2ZTA/CI
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BINTERSIL

FEATURES .
s Total circuit integration on chip mcludes
a) Digit and segment drivers
b} All multiplex scan circuitry
¢) 8X8 static memory
d) 7 segment Hexadecimal and Code B decoders

* Output drive suitable for large LED displays

s Bolh commeon anode and common cathode LED
drive verslons

¢ Single 5 volt supply reguired.

¢ Data retention 1o 2 volts supply

¢ Shutdown feature - turns off display and puts chip
into very low power dissipation mode

¢ Pin selectable cholce of 2 seven segment decoders -
Hexa or Code B - or no decode

e 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, all the circuiitry necessary te interface
most common microprocessors or digital systems and
an LED display. Included on chip is an 8x8 static memory
array providing storage for the displayed information, 2

types of 7 segment decoders, all the multiplex scan circuitry

and the high power digit and segment drivers. -

' ORDERING INFORMATION

] Typical Order Display
| app. Part Number | Oplion Package

ICM7218A, 1JI | Common Anode |28 Lead GEHD]F‘

1 Serial Accoss
) 1GM7218B IP! | Common Cathode |28 Lead Plastic

ICM7218 Series
CMOS Universal 8 Digit
LED Driver System

The ICM7218A and ICM7218B are iritended to be used

primarily in mi¢roprocessor systéms. Data is read directly
from the. 1/0 bus line from the microprocessor. 2 Control
lines (Write, and Mode) define chip sélect, which reads either
4 bits of control informatiori (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
aulomatlcally sequenced into the memory on successive
positive going Write piilses. Data may be displayed sither
directly or decoded in Hexadecimal of Code B formats. The
ICM7218A drivés a comimion  anode display while the
ICM7218B drives a cornmon cathode display. (See Block

' Dlagram 1)

The ICM7218C and ICM7218D feature 2 lines for control
informatioh (Write, Three Level Input;, Hexa, Code B,
Bhutdown), 4 lines for tnput Data and 3 lines-for Data
Addressing of each of eight data memory locations.

Ddta is written into. memory by setting-up & 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 cathode display. {Sée Block Diagram 2)

The I[CM7218E provides 4 separate lines for control.
information (Write, Hexa-Code B, Deccde, Shutdown), 8
lines for input data, and 3 lines for-digit address, Data is
written into the memory by setiing up a Data Address
memory tocation, defining 8 lines of Input Data, and then
strobe the Writg line low. Control information is on séparate
lines and is independent of the Write instruction. Data may
be displayed either dlreetly or decoded in Hexadecimal or
Code B formais. The ICM7218E drives a common anode
display {See Block Dlagram 3

Random Access | ICM7218C N1 [Gommon Anode |28 Lead CERDIP &
: ICM7218D I1PI | Common Cathode | 28 Lead Plastic
ICM7218E 1DL | Commen Anode |40 Lead Ceramic

" CHIP TOPOGRAPHY ICM7218A

v ca 213 Dz D‘l

102 1D2 1G0 1D1

D4 (Shutdown)

.102 [n
2.59 m

Mode
¥irile

ID7 {Data Coming}
|D5 {Diecode)
. Pl 106 {Hexa{Cods H)
SEGf SEGd SEQg GNDSEGo SEGb
SEGa SEGe DECIMAL
J137 inch . oy _|
3.46mm L

PiN CONFIGURATION {OUTLINEDHAW%NGJI]

ICM7218A
COMMON ANGDE _
Segec[T ] 26/ GROLND
Seg e[ 2] : [27)se'g 2
Seg'b [T [26]Seg g .
- D.r.[1] - {E|Segd
108 {HEXA/EODE B){s | 24} Seg f
105 (DECODE)[ & | Z0IGIT §
107 (DATA COMING)[7 ] 22| DIGHT &
WATE[a ) DIGIT 7
MODE{5 (20| DEGIT 4
104 (SHUTDOWN] [ig] B
101 [7} . [iElpGIT e
120 (7] [FolaiTs
D23 [TElDIGIT 2
§o3{H]| ‘beloier 1
TOP VIEW

Nole: Plns &, 6, 7, 10 are under conlrol
ot Mode pin 8. See pags 6-60-

See page 6-57 for other device configurations.
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ICM7218 SERIES = o  BINTERSIL

ABSOLUTE MAXIMUM RATINGS .

SRR Y VO AGE et e et ettt e e e e :.GV

DigitOutPUEGUITENT ..ot i e e e e eear e 300mA

SegmentQutput Current ..........oevvennnnns, O, 50mA

InputVoltageanyterminal) . ...........civerinrnrnereennnns.. V403V to V0.3V

) NOTE 1

Power Dissipation (28 Pin CERDIP! ... cvrerrtrernraraenrerasveses 1 W NOTE 2

Power Dissipation (28 Pin PIastic) .....ovevervrirrnerinverrnrness, 0.5 WNOTE 2

- Poweér Diasipation {40 Pin Ceramic) ......ouneirvreeiniinennins 1WNOTE 2
Operating Temperature Range ... oo.oveiiiiiiiviie e eneanenns -20°Cto +85°C

Storage Temperature Range .. i.........coeiiiiiiiirnrirennenn... ~55°Cl01125°C

Stresses above those fisted under Absolute Maximum Ratings may cause pernﬁanent tdamage to the device. These are stress ratings only, and
functional operation of the device al these or any other canditions above those indicated in the operational sections of the specificationsis not
implied. Exposure to absolute maximum rating - canditions for extended periods may affect device reliability.

NOTE 1: Due to'thé 3CR structure inherent in the CMOS process used to fabricate these dé\rices. connecting any terminal {0 a2 voltage greater
than V" or.less than GROUND may cause destructive device latchup. For this reason it is recommended 1hat no inputs from sources

operating on a different power supply be applied to the device before its own supply is established, and when using multiple supply
systems tha supply to the ICM7218 should be turned on first.

NOTE 2: These limits refer to the package and will not be obtained during normal aperation. Derate above 50°C by 26mW per °C.

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

PARAMETER _ SYMBOL | CONDITIONS 1 MIN TYP MAX |[UNITS
Operating Voltage o e . 4 ) v o
. —_— - L - | Power Down Mode 1 2 | & v
Quiescent Supply Current 1 19 Shutdown (Note 3) 6 | 10 | 300 | uA
Operating Supply Current” - lop Decader On, Outputs Open Cki. 250 1 950 A
' ] - 1 No Decode, Qutputs Open Ckt 200 | 450 A
Digit Drive Current g | Common Anode Vout = V' -2.0 -170 1 mA
. L | Common Cathode Vout=VY~ +1V | 50 : ’ mA
Digit Leakage Currént - bk o - 100 aA
" Peak Segment Drive Current lsec .| Common Anode Vout=V" +15vV | 20 25 ma
» , ) | Common Cathode Vout = V* -2.0v | -10 mA
Segment Leakage Current | lsik . ‘ ] _ ' i 1 s0 | kA
Display Scan Rate - 1~ TMux_ [ Per Digit 250 T Hz
Three Level Input ' : - -
Logical “1" input Voltage VINH - | Hexidecimal ICM7218C, D (Pin 9} 4.0 vV
Floating Input - ~.}. ViNF | Code B ICM7218C, D (Pin 9) | 20 ' 3.0 v
. Logical “0" Input Voltage VINL Shutdown ICM7218C, D {Pin:9) 1.75 v
Threg Level Input Impedance | 2w | Noted T 110 | . kQ
Logical “1" input Voltage ViH _ ' _ ' 35 - N Y
1 Logical “0" Input Voltage ] oV o o o 8 \4
_ erte Pulse Wl:dth (Neg-a_tive) i\lf }7218A B 550 400 ns
Write Pulse Width (Positivel iw ' 550 400 ns
ite Pulse Widih {Negative) , t ns
Witle Pulse Width (Posiive, | 1 |}72180. D/ a_| 250 | ns
Mode Hold Time | tmn | 7218AB ' D150 1 ns
Mode Pulse Width : im ] 7218A. B : 500 ' ‘ns
Data Set Up Time - b tas ) 500 ‘ 1 ns
Data Hold Time I tgn _ 25 | . ns
Digit Address Set Up Time 1 idas fCM7218C, D, E 500 | . ns
Digit Address Hold Time _ . tdah ICM7218BC, O, E | 100 } ns
Data Input iImpedance ZIN 5-10 pF Gate Capacitance L 1010 [ Ohms

'NOTE 3: In the ICM7218C and D (random access versions) the Hexa/Code B/Shutdown Input (Pin 9 has internal biasing resistors to hold it at
V*/2when Pin Ois epen circuited These resistors consume power and resultina Quiescent Supply Current (la) of typicalty 50sA. The
ICM7218A, B, and E _d'evices do not have these_biasing resislors and thus are not subject io this condition.
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ICM7218 SERIES

BLOCK DIAGRAMS
ICM7218A, ICM7218B

" ID-DT

7 MODE WRITE

WD&ID
INPUT a CONTROL
DATA NPUTS
al - . 1
DECODE
CONTROL SHUTDOWN
HEXA/CODE 8 LoGIC
1
- ]
5 |
BB WRITE ADDRESS
1] srarc 8 COUNTER
AAM
1 | ‘i{
7 L READ
] </ ADDRESS, DIGIT
4] MULTIPLEXER
HEXADECIMAL/ 3.4
nat CODE B
DECOBER " MULTIPLEX L
7 T . OSCILLATOR
L DECODE/- 1
NO-DECODE
i1 ¢ 1L inteaDiGIT
BECINAL -1 -+
l POINT BLANKING
§ SEGMENT 4 DIGIT
DAIVERS DRAIVERS

PiIN CONFIGURATIONS (See page 6-65 for ICM7218A)

Downloaded from Elcodis.com electronic components distributor

®

HEXA/CODE B/SHUTDOWN [=]

DA2 [DIGIT ADDAESS 2) [10]
1D1 |11
100 |12

D& {HEXA/CODE B) {51

ID7 (DATA COMING) [T]

DAR {DIGIT ADDRESS 0) [5]
DA1 (DIGIT ADDRESS 1) [E]

(v}

JINTERSIIL

1ICM7218E

1.

ICM7218C, ICM7218D
' HEXADECIMAL! DAo-DAZ
100-183 GODEB WRITE DIGIT  SHUTDOWH
HEXADECIMAL/  |DT DAQ-DAZ 100-107 ABDRESS
CGDE B/ DATA DIGIT | INPUT .
SHUTDOWH INPUT WRITE ADDRESS DECODE DATA 1]— 9:!— I
1 8 ;
1 5] 1 a‘l .
1 T 3 [ WRITE
- By ADDRESS
THREE LEVEL |1} SHUTDOWN Bx L DECODER
- INPUT LOGIG | ! STATIC
. ] AAM 8 s
— ] WRITE . 1 READ
[ ADDRESS - . ADDRESS
B,’ . DECODER S | I MULTIPLEXER
7
. Bx® L 5
STATIC . | 4 ">
RAM
] a
B BT | [rexasccmay e ||
ADDRESS DECODER OSCILLATOR
4 MULTIPLEXER
7L
. o
HEXADECIMALY
CODE B
. DECODES
DECODER SAULTIPLEX ]
1 QSEILLATOR o . HO-DECODE 1_
8 T — 8 1 .
7 DECIMAL 8L 1L INTEADIGIT DEGIMAL -1~ T INTERDIGIT
FOINT BLANKING POINT ! BLANKING .
4 BEGMENT 8 QIGIT 8 SEGMENT 8 DIGIT
DHIVERS DRIVERS CRIVERS DHRIVERS

ICM72188* (OUTLINE DRAWING PI)

DIaIT 41
DIGIT B 2]
DIGIT 3[3]
BIGEIT 1[1]

105 (GEGODE) [5]

COMMON CATHDDE

TOP VIEW

*Note: Plns §; 6, 7, 10 ara under controt
ol Mode p!n 9. Sge page §-B0.

JCM7218D (OUTLINE DRAWING Pl)
COMMON CATHODE

DT 4 [7]
pIGITE {21
DIGIT 3 [2]
plaIT 1 [E]

7 {INFUT O.P.) {7

WRINE [£]

oz [
103 [4]

FOP VIEW

@

ICM7218C (OUTLINE DRAWING J1)
COMMON ANODE

[ TGP VIEW

ICM7218E {OUTLINE DRAWING DL)
COMMON ANODE

AROUKD [a0] Beg &
Seg & 53] Sep g
Seg 6 98] Sew d
Seg b [a7] Seg f
D.P. [38] NG
D6 | 5] NC
D6 B
10T (INFUT DP) [33) DECODE

WRITE

SHUTOOWN

04

DA2 {DIGIT ADDRESS 2}

DAD {DIGIT ADDHESS 0} 28] DIGIT 4
DAl {DIGIT ADDRESS 1) 7] NG
HC j2t| NC
01 25| HC
100 vt

02 DIGIT 8

D3 DIGIT &

DIHT 1 DIGIT 2
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ICM7218 SERIES BINTERSIL
INPUT DEFINITIONS ICM7218A and B

INPUT TERMINAL | VOLTAGE | FUNCTION
WRITE 8 . High Input Not Loaded Into Memory
! Low input Loaded Into Memaory _
MODE <] High | Load Control Word on Write Pulse
_ Low L.oad input Data on Write Pulse
ID4 SHUTDOWN 10 High | Nofmal Operation
o Low Shutdown (Oscillator, Decdder, and Dlsplays
: _ Disablad)
iD5 (DECODE/No 'Decode) "6 High | No Decode
' _ MQDE Low Decode
ID6 (HEXAdecimal/CODE 8) High 5 High | Hexadecimal Decading
' T Low Caode B Decoding
ID7 (DATA COMING - 7 High Data Coming 'y
Gontrol Word) _ Low | No Data Coming J Control Word
Input Data MODE | 11,1213, High | Loads "One” (Note 2) D
Low Y| 1458 _ _
IDO-1D7*. ' 10,7 - Low . | Loads "Zero” (Note 2)

*ID0-ID3 = Don’t care when writing control word

ID4-107 = Don't care wheri writing Hex/Code B

{The display blanks on ICM7218AIB versions when writing in Datal
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 | Code B Decode
Low Shutdown (Oscillator, Decoder and Displays
_ . |-Digabled)
Digit Address 10,6,5 " High [ Loads "Ones”
DAZ2 (MSB)-DAD (LSB) N Low Loads "Zeros”
Input Data 1D3 IMSB) - ID0 = Data 14,13,11,12 High | Loads "Ones” (Note 2)
ID7 =D.F. 7 Low | Loads “Zeras" (Note 2}
INPUT DEFINITIONS ICM7218E
INPUT TERMINAL VOLTAGE FUNCTION '
WRITE ' 9 High { Input Latches Not Updated
_ Low ] Input Latches Updated
SHUTDOWN 10 High Normal Operation
Low Shutdown (Oscillatar, Decoder and Displays
_ ‘Disabled}
Digit Address (0,1,2) - 13,14,12 High | Loads “Ones”
DAO-DA2 _ : Low | Loads "Zeros”
DECODE/No Decode 33 High | No Decods
: Low Decode .
- | HEXAdecimal/CODEB 32 High | Code B Decoding
. _ Low | Hexadecimal Decoding
Input Data 16,17,1819 High | Loads "Ones” (Note 2)
6 ' :
1DO-ID7 7118 Low | Loads “Zerps"” (Noie 2)

NOTE 1 Inthe ICM7218C and ICM7218D versions, Hexadecimal, Code Banu onutdown are controlled with a three levelinput on Pin 9. Pulting
Pin 8 high decodes Hekadecimal. Floating Pin 9 decodes Code B and pulling Pin 9 low puts the IGM7218 in a Shutdown mode.

NOTE 2 In the No Decode format, "Ones” represents “on” segments for all inputs except for the Decimal Point, where “Zero" répresents “on”
segments, li.e. segments are positive true, decimal point is negative true).
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ICM7218 SERIES

by TYP.

=}
l FREE AUNNING -
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BINTERSIL
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7= —1 l |

INTERDUGIT BLANK
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EXTEANAL ~

it}
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Figure 1: Multiplex Timing

Figure 2: Segment Assignmeriis

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 (6 bits perdigit). The 7 segment decoder on chipmay be
disabled if direct segment information fs inputted.

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

Input Data: ID7 1D6 IDS 104 ID3 ID2 1D 1DO

Output Segments: DP. a b ¢ e g f d

in this format, “Ones” repreéents on segments for ail inpnts
except for the Decimal Paint, where "zero’ represents on
segments.

HEXAdecimal or CODE B Decoding

For all products, a choice of sither HEXA or Code B decoding
may be made, HEXA decoding provides 7 segment numeric.
plus six alpha characters while Code B provides & negative
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.

BinaryCode|0 1 2 34 6 6 7 8 91011121314 15
Hexa Code |0 ' 2 3 5 S TEIALLSEF

Nnda R 1 l’lj I_f";'EIS ':':39_1':: i

2 Blank

Downloaded from Elcodis.com electronic components distributor

SHUTDOWN -

SHUTDOWN performs several functions: it puts the device
into a very low dissipation mode (typlcally 10pA at vt =5),

~ turns off both the digit and segment drivers, stops the multi- |

plex scan oscillator {thisisthe only way thescan oscillatorcan
be disabled}. However; it.is still possible to input data to the
memory during shutdown-only the output and read sections

~ of the device are disabled.
' Powerdown

In a 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 voltage is
18ss than.4 volis. - R L
Output Drive .

The common ariode outpit drive is approximately 200 mA
per digit at a 12% duty cycle. With 5 segments being driven,
this. i$ equal to about 40mA per segment peak drive or 5mA
average drive. The common cathode drive is approximately

" . one half that of the common anode drive. If high impedance

LED displays are used, the drive.will be correspondingly less.
Inter Digit Blanking = .~ -
A blankirg time of approximately 10ps occurs between digit

. strobes to ensure that segment information is correct before

the next digit drive thereby avoiding ghosting.

" Leading Zero Blariking

Thizs may be programmed into chip memory in the no-

' decode operdtion {each segment programmed for a zero for

the blanked digdits) or by using the 16th state thinary 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. T
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ILM7218 SERIES
APPLICATIONS, continued

Power Dissipation Considerations

Assuming common anode drive at V= 5volts and ail digits
on with an average of 5 segments driven per digit, the
average current would be approximately 200mA. Assuminga
1.8 volt drop across the LED display, there wiil be a 3.2 volt
drop across the ICM7218. The device power dissipation wilf,
therefore, ‘be 640mw rising to about 900mW for all B"s
displayed. 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. B

Serial Input Drive Considerations (ICM 7218A/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/no Decode, typeoiDecode (ifdesired),

SHUTDOWN/no Shutdown and DATA COMING/not Com-

ing. After the control instructions have been read {with Data

Coming instruction) display data can be written into memaory

‘with each following negative 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

BINTERSIL

~ ignored. It is not possible to change one individual digit

without refreshing the data for all the other digits, (This can,
however, be achieved with the IGM7218C/D/E where the
digits are individually addressed.)

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

Contral instructions are provided to the ICM7218C/D by a
single three tevel input torminal (Pin 8), which operates
independently of the WRITE pulse. The ICM7218E control
instructions are also independent but are on three separaie

-pins {10, 32, 33).

Data can be written into memory an the ICM7218C/D/E by
setling up a 3 bit binary code {one of eight} on the digit

- address inputs (which define the digit where the data is to be

written into the memory) and apply a negative going WRITE
puise. For example, it is possible to change enly digit 7
without refreshing the data for all the other digits. (However,
this cannot be achieved with the ICM7218A/B.)

Supply Capacitor '

A 0.1uF capacitor is recommended between V¥ and
GROUND to bypass multipiex noise.

— i wle tmh
INFUT CONTROL
MODE INPUT DATA

72T6A,B ONLY

[ o e S— P

WATTE N

INPUY DATA,

K202

: ——— {dfas
L s DK
A i

CHIP ADDRESS SEQUENCE ICM7218A and B

{ ]— tdan

1 = CONYROL WORD*
D = DATA WARD
WRITE = LEVEL SENSITIVE, NOT EDGE SENSITIVE

“KEEP MODE FROZEN THROUGHOUT
8 DATA WDRD WAITE SEQUENCE,

Figure 3

M

MODE _I—L

WRITE

== WRITE DATA__“_"I DON'T CARE
- . . 8 PULSES
CONTROL WORD o) oa CONTROL WORD
TYPE OF DECODER? |D TYPE OF DEGODERY ID6
DECODE/NO BECDDE? iDS DECODE/NO DECODE? DS
SHUTDOWN? IDs - SHUTDOWN? ID4
OATA CONING ID? DATA NOT COMING ID7

Flgure 4

CHIP ADDRESS SEQUENCE EXAMPLE ICM7218C/D/E

VALID '

2 O A M U L 077

DECODDE-NO BECODE,

SHUTDOWN AND HEXADEGIMAL-CODE B ARE
INDEPENDENT OF THE WRITE PULSE

‘DONT CARE

{ICM7218CD/E ONLY) AND MAY BE CHANGED
ANYTIME BY APPLYING THE APPROPRIATE INPUT

LOGIC STATE.

Figure 5

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7218 SERIES
TEST CIRCUITS - . e

TEST CIRCUIT 1

= .
17 7
HEXA-CODE Bﬂﬂr‘s“ 3
{s]
. DEGCODE/IDE a1 - =
. TATA COMING/IDY F:, \CM1218A4 12
Tl B WHITE
: WALTE £
MODE I, B
= 13
i
}E
3

e
v

-t - " N vt
75\' ) O0.TRF o | * .
T S| .
11—
Ba D7 D5 DS D& DI D2 D1 d—
|I:l' Facl (] ok 1 [ [ (= "1
i . g : 17
1 " A —_— .
At A o e
COMMON ARODE B
DISPLAY O.P, ———
TEST CIRCUIT 2 S — S
. 1. o £8
2 27
3 26
] 13
] _DIGIT ADDRESS 0 (% _ 5l
_DIGIT ADDRESS 1
F - 07 [O.P.) : icM7218D ::
.. — WAE
REXW/CODE B/SHUTOOWN c
. DGIT ADDHESS.2 W Toh—
. o o i
100_rp =
102 i3 %
_ 193 5y 5
4
LN\ AVAVANAN 1
=+ ] ) - v t? OB D7 D5 D5 D4 D3 D2 01 "
- ' ' ' 0.00F 5 L= o olo|a|aia| oo
- _ v T — IE N A A AT
' - e COMMON CATHODE
L e DP DISPLAY
TYPICAL CHARACTERISTICS
COMMON ANODE o _ o :
SEG. DRIVER COMMON ANODE - ] COMMON ANODE
isea vs. Vour SEG. DRIVER - . DIGIT DRIVER
AT 25°C Iseq. v8. Vour _ ioig vs. (V' -Vour)
G - Be — C 300 S
Ss¥ e 20°C g A
sov \ ' 1> | . ’
5 2’ /' - D a0<vh oy pov
_ < ] 7 L7 2o '
E /"f 4,:;'\' E . "' _ g
— 30 - = 40 - g +70°C~H =
8 ' g /I o N/
= 0 ’ B I
///,d' 100 - L
/) : ) B [ -
s Ll s ' : \{ /
/4 vy =50V | \'f e
] e
v 1 2 3 v 1 2 3 0 1 2 3
Vaur (YOLTS} ._ Vour. (YOLTS) . v+-Your (VOLTS)
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- EEINTERS L

IGM7218 SERIES o T

TYPICAL CHARACTERISTICS, CONTINUED
COMMON CATHODE

DIGIT DRIVER. COMMON CATHODE - COMMON-CATHODE
Ipig vs. Vour .- SEG. DRIVER - DIGIT DRIVER
AT 25°C Iseg vs. (V-Vour) -~ Ipig v&. YouTt
200 S : 2 SR C ao
w3 T %A . 7
5.0V ’r-/ . —ap° r: V4
150 - e h o S : R, ] 150 ]
V72 N ' L L - : " a5t /.--'
3 . . - PR _ —_ -
z 7 g0 L 7 //,
w 100 g Cwm - e | . ‘@ WD
_ 10 NS . . +.;:ac
50 — . o | S . 50 [ -
1 3t - | ) , 4.ﬂsui-\?r§ﬁ.i§#- : ,._.+_‘,—;= 5.0V
o - 1 z 3 N ] 3 S e 1 2 3
* Vgt (VOLTS) : . vF-vour (VOLTS) : Vour (VOLTS}

APPLICAT]ON EXAMPLES

8 DIGIT MICROPROCESSOR DISPLAY _ .
“APPLICATION ) _ sive WRITE pulse. After eight WRITE pulses have occurred,

further pulses are ignored and the display interface returns
to normal display operation until a new control woard is
transierrad. See Figure 4. This also allows writing to other

The display interface: (iCM721B) is shown wnh an MCS 48
family microprocessor.The 8 bit data bus DB0O/DB7-1D0/1D7

transfers control and dala information 1o the 7218 display . S . . . P

interface on successive WRITE pulses, When MODE s higha p?rlpheral devices w:thc':ut disturbing the ICM7218 A/B.

conirol word is transferred. MODE low allows datatransferon . Decoding of the stored data in memoary is defined by the

a WRITE pulse. Eight memory address locations in the 8X8 . soptrol word and may be decoded in Hexadecimal, Code B,
~ static memory are automatlcaliy sequenced oneach succes- or No-Decode formats.

I
——

e —
Ml
|
Ny

| . PO
|
——

(i A D o A
5% GND ' o . C . #v ¢ - gND C
At lzs k20 19 24
' . \Fl:c: Voo \’sa S o C Voo Vss5
: 2 S emgBLi :
e e ¥TALL AR 1 T
; : P2
0ol Pi2 —%‘;—
3 . Pta EN
—] XTALZ pis |32 }
) i BDIGITS
- . My = -
4
—|—laEser  MA0G3S paof2 f
- IMasC4B pai |22 ICM7218A/B B SEGMENTS
8048 pez 20 : ' '
. 050 . poa 24
—+{EA o -
- - * B748 P25 (3G
L ..} - - Erc (i S C . 5
= ps ) por |38 - - IMODE
NC =158 in ) : o
DBO == e —J Do
. OB1 |3 o 11
1 DBz e iz
. ~—=1TO S DA3j - . T - D3
N 38 : DB4 : — i e * 3 04
INPUT — —=]T1 DBS - — ~ - -1 05
1 s DBE _— —] 108
L=t DB7 — ~—11D7
ALE PSEN-PROG WA AD : S : WA

L

Figure 8: 8 Digit Microprocessor Display
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ICM7218 SERIES

16 DIGIT MICROPROCESSOR DISPLAY
APPLICATION

Both ICM7218's. are addressed simultaneously with a 3 bit
word, DA2-DAQC. '

Display data from the MCS-48 |/O bus (DB7-DBO) is
transferred to both 1ICM7218 (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 sequenhal ly éna smg leg
‘bit data bus, ie DG D1, D2 D3, D4 D5, etc..

BINTERSIL

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

Chaice of decoding is available in either Hexadecimal or
Code-B format by hardwiring or decoding to a Three Level
format on Pirf 8 of the ICM7218,

Multiplexing is asynchronous with respect 1o the micro-
processor and is comipletely performed by the ICM7218.

r — — —1 1 ;
1 ? I SO IR (S VR S r— 1 T 1 g
WA A Y A Y NN
O 8 A O A DA O A
6% o5 [oid . [ori_ |b2_ |on _ jow Jos _Jos o7 __Jos _ [ps  [ba Tos ~ Joz lm '
l — 4 D | 1 i i M ! _ ) - }
" ot ¢ ) — ¢ . e Ts
e —— _
+5V GNP 45V GND N yt '
}40 325 Izp_ |19 lza e ) |19' I'zs
¥ocoo Vop Vss |7 Voo ¥ss
-——"—_L—i KTALS ) ::2 26
1 nw : : piaf2- DIGLTS OIGITS
0| . pialat- T
Pa}l- N
.._“J..i XTAL2 P15 22— SEGMENTS SEGMENTS
S e
o 'S S P s s .
'_"»—> AESET IM_BUCSS . ::2 28 ) gﬁ‘: ICM7218C/D . e - . B gi‘: ICM7218C/D
' . IMBOICAB P2z gi paz ¥l par
? Bp4g P23 for— :
—|er 8050 e ET .
.__L. : K 4748 P26 g; . - 1} oy (DEC. PT} ] \p7 (DEC. PT}
] ere. | e
DBD 12 1% 31} H 00
DB |y — 5] 101 =] o1
1 : D2 [S£- : 31102 a2
— |70 ot |- i3 1pa
9 oBd fye——— .
tNPUT*[—- m gg: T
—Hwr owr 22 | | ||| | | ve—TEvEs s By
ALE FSEN PRDG WR AD WR i WR
lu 19 |25 10 ls [ [
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 ICM721B
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

mvaan N1 Ahannale ran he accammaodatacd

Downloaded from Elcodis.com electronic components distributor

Additional ICM7218's may be bussed and addressed {see
Figures 6 and 7) to expand the status panel capacity. Note per
figure 4 that after the ICM7218A/B has been readin iis data (8
WRITE pulses}, it ignores additional information 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 puise enabling, numerous
iCM7218's can be bussed together to allow a large number of
indicator channels. ‘
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- BUINTNERS L

FEATURES :
'« High frequency counting—guaranteed 15MHz,
typically 25MHz at 5v

* Low power operation—less than 100.W 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

e Schmitt-trigger on the COUNT input allows
operation in noisy environments or with slowiy
changing inputs I

~* Leading Zero Blanking INput and OUTput for’
correct leading zero blanking with cascaded
devices '

* LCD devices provide complete onboard osciilator
and divider chain to generate backpiane
frequency, or backplane driver may be disabled
aliowing segments to be slaved to a master
backplane signal )

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

ICM7224 (LCD)
ICM7225 (LED)

- 4Y2-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 circuifry.

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

- eperating lemperature range. At normal ambient tempera-

tures, the devices will typically count up to 256 MHz. The
COUNT input is provided with a Schmitt trigger to allow
operation in noisy environments and correct coimnting with
stowly 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.

" These devices also incorporate severaf features intended to

simplify cascading four-digit blocks. The GARRY output
altows the counter to be cascaded, while the Leading Zero
Blanking INput and OUTput allows correct Leading Zero
Blanking between four-decade blocks. The BackPlane driver
of the LCD devices may be disabled, allowing the segmaents
to beslaved to another backplane sighal, necessary when us-
ing an eight or twelve digit, single backplane display. In LED
systems, the BRighTness input to several ICM7225 devices
may be ganged 1o one potentiometer.

The ICM7224/I1CM7225 family are packaged in a standard
40-pin dual-in-line plastic package.

TYPICAL APPLICATION (UNIT. COUNTER)

LED COMMDN L . +?_— .
P 1vt BRIGHTNESS B mﬂf';ﬂ' sV —
2| oa | D3 | D2 Im -T
. &
o —
ool ore 512
— ETORE M i
ES
oo FEser || eser
b — COUNT 32 COUNT IN
COMMON-ANODE COUNT INHIBIT 31— o~ . 4
LED DISPLAY L7R M 30 }—— PAUSE
{CLOSED)
LZB OUT 29 S5 —
CARRY 26 /— INHIBIT
. (CLOSED)
28 SEGMENTS 224
1 HALF-DIGIT 3740 -
ICM7225

PIN CONFIGURATION (outiine dwg PL)

{8RT)

1CM7224
- {ICM7225)

ORDERING INFORMATION

) ‘ORDER PART NUMBER | COUNT OPTION

LCD | ICM7224 1PL | 19989
|-DISPLAY | ICM7224A 1PL 15959

LED ICM7225 IPL 10999

DISPLAY | ICM7225A IPL. 15059

Evaluation Kits, order I[CM7224 EVIKit or ICM7225 EV/Kit
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ICM7224/I1CM7225 | BINTERSIL
ABSOLUTE‘ MA_XIM_UM' RATINGS

Power Dissipation (NOte 1) . ...iivrnviveremriaacaeaaanannns 05 W@ 70°C
Supply Voltage (W9 . .cv it it et g s BV
Input Voltage (Any . :

Terminall (Note 2 ... ..viiniiniin i eiaaeinns e e eeeaeas Ve 0.3V, 0.3V
Opsrating Temperature RaNge . .........oovivveiiiieinni L, .. —20%C fo +85°C
Storage TemperatureRange ................: Ceeieaaeaens Canaes .. -B5°Cto+125°C

MNOTE 1: This limit refers to that of the package and will not be obtained during normal operation,

NOTE 2: Due to the SCR stricture inherent in the CMOS process, connecting any terminal to
voltages greater thdn V+ or less than GRCUND may cause destructive device latchup.
For this reason, it is recommended that no inputs froni sources operating on a different
power supply be applied 1o the device before its supply is established; and that in
raultipte supply systems, the supply to the ICM7224/1CM7225 be turried-on first.

Strezags above those listed under "Absolufe Maximum Ratings” may cause permanent damage to the device. These are stress rafings only
and functional oparation of the device at these or any other conditions above those indicated in the operational sectidons of the specifica-
tions is not impiied. Exposure to absolule maximum reting condifions for extended.periods may affect oevice reliability.

OPERATING CHARACTERISTICS

{All Parameters measured with V+ = 5V unless otherwise indicated)
ICM7224 CHARACTERISTICS

PARAMETER _ SYMBOL | CONBITIONS . | MIN [ TYP [ MAX [UNITS
QOperating current ' : log Test circuit, Display blank b 10 | 50 pA
Operating supply voltage range Sy . . 3 5 | 6 | Vv
OSGILLATOR input current . losct | Pin 36 ‘ ) _ +2 +10 A
Segment rise/fall time tris Cicad = 200pF ' {1 05

BackPlane rise/fall time trip _Cigad = S000pF ' 15 18
Oscillator frequency - fosc | Pin 36 Floating -~ 19 KHz
Backplane frequency fop Pin 36 Floating : ' 150 Hz

ICM7225 CHARACTERISTICS _
PARAMETER SYMBOL | CONDITIONS _ MIN | TYP | MAX |UNITS

Operating current display oif lorqQ Pin 5 (BRighTness) at GROUND - } 10 50 uA
Pins 29, 31-34 at V" L | i
Operating supply voitage range Ve L ' 4 5 6 v
Operating current - lop Pin & at V", Display 18883 o 200 ' mA
Segment leakage curent IsLk | Segment Off ' +0.01 +1 uA
| Segment on current Isec | Segment On, Vout=+3V s g mA
Half-digit on cursent IH Half-gdigit on, Voul= 43V | 10 16

FAMILY CHARACTERISTICS _
PARAMETER S5YMBOL | CONDITIONS MIN | TYP | MAX [UNITS

Input Ip- Pins 29, 31, 33, 34 | 10 uh
Pullup Currants Vout = V*- 3V
Input High Voltage . Vi | Pins 29, 31, 33, 34 a
Input Low Voltage ViL Pins 20, 31, 33, 34 ’ I 1 _
COUNT Input Threshold Vor ' 3 — v
COUNT Input Hysteresis VCH _ _ - 05
Output High loH | CARRY Pin 28 “ | 350 | 500
Current {eading Zero Blanking QUT Pin 30

. _ _{ Vout= v -3y _ _ _ A
Output Low , lo. | CARRY Pin 28 350 | 500 K
Currant Leading Zero Blanking OUT Pin- 30

' : Vout= +3V

Count F;equency frount | 4.5V < V* <6V . 0 [DC-25] 15 MHz
STOHE RESET Minimum Pulse Width ts,. IR ) . ] 1 3 _ uS
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ICM7224/ICM7225

TYPICAL CHARACTERISTICS

7224 OPERATING SUPPLY CURRENT
AS A FUNCTION OF SUPPLY VOLTAGE

an

LCD DEVICES, YEST CIRCUIT [}
|— DISPLAY BLANK
PiN 36 QPEN ,

L]
L

g
~

"
\.~..

Ta=-20°C
b

AN

SUPPLY CURRENT (uA)
H

[
N

4%,
-

1 2 3 4 .5 . B i
SUPPLY VOLTAGE

7224 BACKPLANE FREQUENCY
AS AFUNCTION OF SUPPLY VOLTAGE
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SEGMENT c_'UnnENT (mA)
K- ]

BINTERSIL

7225 LED SEGMENT CURRENT
AS AFUNCTION OF QUTPUT VOLTAGE
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=10 /A 1
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f / ==
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£ / 1
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7225 OPEHATING- POWER (LED DISPLAY)
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ICM7224/I1CM7225

MAXIMUM COUNT FREQUENCY (TYPICAL)
AS A FUNCTION OF SUPPLY VOLTAGE

. EINTERSIL

SUPPLY CURRENT AS A FUNCTION

OF COUNT FREQUENCY -

10ma

T |t:|1i.|1'zzl-i-' ro : | ” 1 '
- SINE WAVE INPUT - licurzes
SWINGING FULL SUPPLY Y e
Ak -
i HEN j N
- 171 T L™
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2 7 T 5 4l
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o LA VT 7 A
. " i :
20 f=— ’; v
f‘ --/"
15 100 leetetT] || —Lll L1
3 5 8 1KHz 10kHz - 100kHz MMz 10MHz  100MHe
: SUPPLY VOLTAG_E FCOUNT
BLOCK DIAGRAMS :
IcM7224 (A) LsD . ‘MSD
Co - Bl . .. p2 L D4 SvZHGIT |
o “BEGMENT QUTPUTS | SEGMENT QUTRUTS SEGMENT OUTPUTS " SEGMENT OUTRUTS' DUTRUT
ftttttt RARARA] frettit pipeedt oot
_ 3 ?WI'I:.‘E unwen 17 me DHIVER _ 7 WIDE DAIVER ':*wung DRIVER : 1‘3;?"!.(53"‘.1.
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LEADING, - o | B R . o : .
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| IweUT Thicagn | A w ] T L T e LS
RESET . l - l - :l . i . 1 i . CARRY
ouTPUT
OSCILLATOR e = oo+ = DU S S ' :
INPUT T osciptaTér] |1z BACKFLANE BACKPLANE
C L S : DRIVER " INPUT/IOUTPUT
_ ENAHLE
ENABLE |
DETECTOR e
ICM7225 (A) . LSD MSD
RESE ) D1 ; 52 . bs o4 12DIGIT
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. -} TRIGGER I R A A R A _R R
e | I ! l : Il RS S ARy
: : - ' : QUTPUT
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CONTROL INPUT DEFINITIONS

In this table, V+ and GROUND are considered 1o be narmal
operating input logic levels. Actual input low and high levels
are specified In the Operatlng Gharacterlstacs For jowest

ERINTaRSIL

power consumpt’ion,l inpuf signals should swing over the full
supply.

INPUT TERMINAL VOLTAGE FUNCTION .
Leading Zero Blankrng L 20 V* or Floating Leading Zero Blanking Enabled
INput . : GROUND Leading Zeroes Drsplayed )
WIT\I—}-IIB'W E S V* or Floating _Counter Enabled '

T 1 GROUND | Counter Disabled
RESET . . a3 V" or Floating - Inactive '

. e GROUND Counter Reset to 0000

STORE =~ . 34 V* or Floating _ Output Latches not Updated

: ] GROUND ~ QOuiput Latches Updated

DESCRIPTION OF OPERATION

LCD Devices _

The LCD devices in the family (ICM7224 and ICM72244A)
provide outputs suitable for driving conventional 4 :-digit
by seven segment LCD displays, including 29 individual
segment drivers, backplane driver, and a self-contajned
oscillator and drwder cham to generate the backplane
frequency.

The segment and .backplane driv_ers each t:onsist afaCMOS
inverter, with the n- and p-channel devices ratioed to provide
identical on resistances, and thus equal rjse and fall times,
This eliminates any dc component which could'arlse' from

differing rise and fall tlmes and ensures mammum d:splay o

life.

The backplane output devrces can be disabled by connect-
- ing the OSCILLATOR input {pin 36) to GROUND. This syn-
chronizes the 29 segmentcutputs directly with a signal input
atthe BP terminal {pin5) and allows cascading ofseveralslave
devices 1o the backplane output of one master device. The
backplane may also be derived from an external source. This
allows the use of displays with characlers in multrples of four
and asingle backplane. A slave device will represent aload of
approximately 200 pF (comparable to one additional

segment). The limitation on the number of devices that can

be slaved to one master deévice 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 micraseconds. The

backplane driver devices of.one device should handle the

backpiane to a display -of 16- one-hali-inch characters

without the rise and fall times exceeding 5us (ie, 3 slave -

devices and the display backplane driven by a féurth master

device). Itis recommended thatif more than four devicesare -

to be slaved tagether, that the backplane signal bé derived
externally and all the ICM7224 -devices bé slaved to it.

This external signal should be capable of drh_ring very large
capacitive loads with short {1-2us} 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 onboard osclliator is désigne,'d to free fun at approxi-
matély 19KHz, at microampeie power levels. The gscillator
frequency is divided by 128 to provide the backplane fre-

Downloaded from Elcodis.com electronic components distributor

--devices for “o

guency, which will be approximately 150Hz with the oscitlator -
free-running. The oscillator frequency may be reduced by
connecting an external Gapacitor between the OSCillator ter-
minal{pin 36) and V * ; sée the piot of oscillator/backplane fre-
quency in “Typical Characteristics” for detailed information.
The oscillator may also ba 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

Iwhich could cause & d.c, component to the display). This

can be done by drwmg the OSCILLATOR input between the
positive supply and a level out of the range where the
backpiane disable is sensed, about one fifth of the supply
voltage above the negative supply. Another technigue for
overdriving the oscillator {with a signat swinging the full
supplyl is to skew the duty cycle of the overdriving signal
such that the negative portion has a duratlon_shoner than
about cone ‘microsecend. The backplane disable sensing
circuit will.not respand to signals of this duration.

LED Devices

The LED devices in the family (IICM7225 1CM7225A) provide
outputs smtabie for directly driving 4%z -digit by seven seg-
ment common-anode LED displays, including 28 individual
segmenit drivers and one half-digit driver, each consisting .
of a low-leakage current-controtled open- -drain n-channel
transistor.

The cfraln current of these transistors can be controlled by .
varying the voltage at the BRighTnass input (pin 5). The
voltage at this pin is transferred to the gates of the output
n' segments, and thus directly modulates the
transistar's “on” resistance. A brightness control can be
easily implemented with a single potentiometer controlling
the voltage at pin 5, connected as in Figure 3. The
potentiometer should be a high value {100k to 1M to
minimize [2R power consumption, which can be significant
when the display i is off.

The BRighTness input may also be operated drgltally as a
display enable; when at V*; the display is fully on, and at
ground, fully off, The dlspray brightness may also be con-
tralled by varying theduty cycie of a signal swinging batwaen
the two supplies at the BRighTness input.

Note that the LED d@viées have two conner:tions for ground;

~ both should be connected. The double connection is neces- '

sary to minimize effects of bond wire resistance with the
large total display currents possible.
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ICM7224/ICM7225

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

where VFLED is the LED forward voltage drop, Iseqg is
segment current, and nseg is thé 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 keap power dissipation within the
[imits described above

100k~ 1M£l%

=

V"'[LED ANODES)

BRIGHTNESE
PiN 5 (7225}

Flgure 3: Brighiness CGontrol

COUNTER SECTION

The devices in the ICM7224/ICM7225 family implemant a
four-digit ripple carry resettabie counter; ingluding a Schmitt
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 outpuiting to the half-digit segment. driver, which
can be used as either a true half- digit or as an oveiflow in-
dicator. The counter will index on the negative-going edge of
the signal at the COUNT input, while the CARRY output pro-
vides a negatwe going edgé following the count which in-
dexas the counter from 9999 (or 5959) to 10000. Once the half-
digit fllp-flop has been clocked, it can only be ieset (with the
rest of the counter) by a negative level at the RESET terminal,
pin 33. However, the four decades will continue to countin a
normal fashion after the half-digit is set, and subseguent
CARRY outputs will not be affected.

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

Each decade of counter drives direcily 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 ls
low, thase latches are updated, and when high or floating, the
latches hold their contents.

The decoders also include zero detect and blanking logic to
provids leading zero blanking. When the Leading Zero Blank-
ing INput is floating or at a positive level, this circuitry is
enahled and the device will blank leading zeroes; whean low, or
the half-digit is set, leading zero blanking is inhibited, and
zeroes in the four digits will be displayed. The Leading Zero
Blanking OUTput is provided to allow cascaded devices ic
blank leading zeroes carrectly. This output will assume a
positive levet only when all four digits are blanked; this can
only occur when the Leading Zero Blanking INput is at a
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For example, in an eight-decade counter with overflow using
two ICM7224/ICM7225 devices, the Leading Zero Blanking
QUTput 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 eight
digits. .

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

DISPLAY WAVEFORMS

CoonATon _|'|_|“ "Lruln_r‘ 1A UnNnr

ji————————— 12§ CYCLES—————

BAGHPLANE
INPUT/OUTFUT

a— G4 CYCLES —»1u— B4 CYCLES ~]

OFF SEGMENRTS

ON GEGMERTS . I I I

TEST CIRCUIT

+ ¥ —
th———;
A ——
A i
1yt a1
4] omr2any T
s Bp osC 36—
EACH SEGMENT TO i R A
BACKPLANE WITH - - RESET 33—
200pF CAPACITOR —_ COUNT 32
- COUNT THHIBT M |—
- LZB OVUT 20—
'\“'\ — LZB IM 20—
- w“—-u— 28 =
— Hi-DIGIT 27 p—
—] -
— —
. gy [t I | o
~{. -
_“_ ___________

SEGMENT ASSIGNMENT AND DISPLAY FONT

-

[ R g X T T

L]
"
‘-'l-l--.
9

(I ARy N

{(BLANK)
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APPLICATIONS e - C o o |
_ 1 Two-Hour Precision Timer

4 -
. I : i
|_ Iyt wks OPTIONALS wox _ HRS/MIN
- . . o *T* 0pF-220pF g
4%:.DIGIT LCD DISPLAY. . : § o v :
—_ 0SC 36 -~ MIN/SEC
! ’ ’j o T GNDssj e Lo i
. ’ ’I . ’ ’ —“——158P 'STORE 34 |- (NO. |- . —ji OuT1a}-
NENE 1. . AESET33—& & —1—¢ 20UT3 13— _
- . COUNT 32 RESET 115 7 o
. : ‘COUNT INHIBIT 31 8 ——% — a4V 11— = tNd148
LZBOUT 30 |~  PAUSE di’i e d 5 QUT y+ygl—y -
LZB N 29'f— 220F B 6N 9
CARRY 28 — ,_I — T ICM7213 8
CRYSTAL Rg =35Il
234 - 22pF ¢ - 4194304 MHz
29 SEGMENTS = ]6-27 . : -5V +
37-40 o ' ||I’I
ICM7224A !
2. Eight-Digit Precision Fregquency Counter
B HIGH ORDER DIGITS 1 . LOW ORDER DIGITS
- |
) . ' r . ' ] r WITH QVERELOW
OVERFLOW §; - ' B |
o
SEGMENTS |3 " & e : '
& SEGMEN 15 -1 1~ “ISEGIE
/ T?_- SEGMENTS SEGMENTS SEGMENTS
] ’ T B i S -‘lTaSE"GME'NTs'
T A AL EFRry T TN T
20 B 5 1 Jzo - - - - . B . 1
- 1oM7224 ol vt _ . | IcMTz2e 8P v
HIGH ORDER DIGITS ] - LOW ORDER DIGITS C
MASTER BACKPLANE . o “MASTER BACKPLANE (
Lz . ) S Lz -
.. ©¥ @l Bo Ci cNTRS BTGND OSC . ] ) - . BF m Bo TjcNT RS 5T GNDOSC .
21 - ;27 26 29 30 31 2 33 38 35 % a0| 21 i 9728 29730 31 52 93 34 35 36 asf -}
!I [ F‘I [ i| T PE _|l I || R R I P A N B G M IR 5 11 'I['I' 11
SWITCH CLOSED INHIBITS - |
LEADING ZERD BLANKING r
10x03 . —2 13 = - - e oL YR T - HTErT SR L
g 38 —3 12 o T '
1 o R v 11117
5 16 - SRS
6 sl CRYSTAL Cin=22pF NELT
Cour = 22pF . : .
el lom Suzatig - 1 - stamaL g SMRHALINPYT
S T FECT T Becgap . _ . . . | conpiTIONNG
P ' S {PRESCALER
Co = 3.5pF LEVEL SHIFTING}
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CH_IP TOPOGRAPHIES

i BP !! g
Ag ; ==
Bz e
Gz I _' i o

Dz
0i15in  Ez
2.92 mm g;
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H =
] ! I‘ .I
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|'-

Fi G1 E1v+py oy By A1 O3C
' i [

. =] z .,.—..,.__-._‘ I
A3 S ' i

| F.

- 0102in -

GND
STORE

RESET
COUNT.

TOONT INHIBTT
 LZB OUT
LzBIN

CARRY
v DIGIT

Gy

' 2.58 mm

ICM7z24
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FEATURES

« CMOS design for very low power

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

are available

+ Measures frequencies from DC to 10MHz; periods

from 0.5s to 10s

» Stable high frequency oscillator uses either 1MHz

or 10MHz crysial

+ Control signals available for external systems

operation
» MuRiplexed BCD outputs

APPLICATIONS -

¢+ Frequency Counter
Period Counter

Unit Counter

Frequency Ratio Counter
Time interval Counter

ORDERING INFORMATION

ICM7226AIB
10MHz Universal Counter
System for LED Displays

GENERAL DESCRIPTION

The ICM7226 is a fully integrated Univarsal Counter and LED
dispiay driver. |t combines a high frequency osciflator, a
decade timebase counier, an 8 decade data counter and
{atches, a 7 segment 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,
ampltfication and level shifting will be reguired to obtain
proper digital signals for these inputs.

The ICM7226 can function as & frequency counter, period -
counter, frequency ratio {f5/{ g} counter, time interval counter
or a totalizing counter. The devices require either 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 resolution. In period average and
time interval average, the rasolution 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 zeroblanking has besn incorporated with frequency

- display in kHz and time in us. The displayis multiplexed at a
DISPLAY DEVICE | PACKAGE N%Rn?:gn 500Hz rate with a 12.2% duty cycle for each digit. The
ICM7226A 1s designed for common anode display with typi-
e Anod ICM7228A CERDIP | ICM7226AI1JL cal peaak segment currents of 26mA, and the ICM7226B is
ommaon Anade 7 DIGE ICM7226A1D designed-for common cathode displays with typical seg-
' : — _ ment currents of 12mA. In the display off mode, both digit
Common Cathode | ICM72268 Ellzsém :gnggz”;" drivers & segment drivers are iurned off, allowing the display -
! to be used for other functions.
HOTE: An evaluation kit is available for these devices — order ’
1CM7226AEV/KIT.
PIN CONFIGURATION (outline dwgs JL, PL)
com‘nm IN [T B T Y CONTROL IN[i]e AN
N 2] 35 HOLD IN [z} 59 H
WMEAS IN Pnﬁﬂlﬁ 3] %] BUFF OSC QUT  * MEAS 1N B jaUFF osc OUT
FUNCTION [4] 57 NG* FUNCTION [1] 7]
TORE (%] %] 0SC OUT ORE [5] [35] 0SC OUT
BCD 4 E 35 OSC IN BCD 4 5 2] OSC IN
BCDES |7 [54) NC* BCD 8 = 3| NC*
DF (3] 33) EXT OSC IN D1 [E] 3] EXT OSC IN
SEGe (3| ICM7226A [ RST OUT D3{3] 1cMr226B [32 RST OUT
SEG g [i9] [31] EXT RANGE D25 31] EXT RANGE
SEG a 1] 70l D1 D4 {n] 3] DP'OUT
GROUND [i2] 20] D2 GROUND 2] 29 SEG g
SEG d [i3] 28| D3 D5 [13] 2t] SEG e
SEG b 1] 77 D4 D5 [5] 77} SEG a
SEG c [i] 35 DS D7 [ 73] SEG d
SEG f [1] 35 V+ D8 [i5] v+
BCD 2 [77]° 2] D6 BCD 2 [17] J21] SEG b
BCD 1 [f] 23] D7 BCD 1 |i&! 23 SEG ¢
RST IN [i3] 73] D AST IN [i5] 7 SEG f
EXT CF IN [z] B RANGE EXTDP IN (= RANGE
*For maximum fraquency
stability, connect to V' or GROUND
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ABSOLUTE MAXIMUM RATINGS

Maximum Supply Voltage . ... .... e e e e e 6.5V

Maximum Digit Ouiput Current. . . .. e e e fee e oo 400mA

Maximum Segment QutputGurrent ......... e eaia e 60mA
*Voltage on any Input or . o :

OutputTerminal{Note ) .......... ... .ccciiiieieian.. Nottoexceed V* or GND

' bymore than 0.3V

Maximum Power Dissipation at 70°C(Note 2} _ _

10 ¥ PO 14 12

10 e = 0.5W

Maximum Operating Temperature Range ............. B —20°Cto +85°C

Maximum Storage TemperatureRange . ..... ...l i iea . . —55°Cto +125°C

Lead Temperature (soldering,10seconds) .. . ... oo i v v i in i ie i e 300°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 specifications is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
refiability. -

‘Noia 1: Destructive fatchup may ocour if input signals are applled before the power supply s
established or if inputs or oulputs are farced to voltages exceading V* or GROUND by
0.3v. _ _

Note2: Assumes all leads soldered or welded (o PC beard and free air flow.

ELECTRICAL CHARACTERISTICS .
TEST CONDITIONS: V*= 5.0V, Test Circuit, Ta = 25°C, unless otherwise specified.

" PARAMETER . ~ |SYMBOL| CONDITION. ' _ MIN TYP T MA}_('. UN!TS
Operating Supply Iop  |Display Off . :
Current Unused inputs to GROUND - _ 2 ] mA
" Supply Voltage Range. . _ Vsupp | -20°C <Ta <85°C ' '
. Input A, Input B 4.75 6.0 v
- : | Frequency at fuax i '
- Maximum Guaranteed
Frequency fAaimax) | ~20°C < TA < 85°C
Input A, Pin 40 4.75V < '+ < 6.0V Figure 1
Fungtion = Fiéquency, .
Ratio, Unit Gounter ' 10 14- |- | MHz
Function = Period, Time Interval 2.5 :
Maximum Freguency fB(max) ~20°C < Ta < 85°C ;
Input B, Pin 2 ' 4,75V < V+ < 6.0V _ 25
. . ) Figure 2
Minimum Separation ~20°C <Ta< 85°C
Input Ato Input B 4.75V <Vt < §.0V 250 " ns
Time Interval Function B Figure 3 ' -
Maximum osc. freq. and ext. osc. fosc |-20°C < Ta < 85°C .
freq. (minimum ext. asc. freq.) : 475V < V+ < 8.0V 0.1 106 | | MHz
Oscillator Transconductance gm V+ =478V 2000 us
’ Ta = +85°C
‘Multiplex Frequency ) foux  {fosc = 10 MHz 500 | Hz
Time Between Measurements |  [fosc=10 MHzZ _ _ ' 200 ms
Minimum fnput Rate of Charge dVin/dt | Inputs A, B B N 15 | | mVius

SEGMENT IDENTIFICATION AND DISPLAY FONT

LED overflow indicator connections:

a Overflow wlil be indicated on the decimai point cutput of
'I_Ih digit 8.
- [} |
L Wi IHGRIET CATHODE  ANODE
— e 4P ICM7226A d.p. Dg
ICM7226B Dy d.p.
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‘ELECTRICAL CHARACTERISTICS (Continued)
TEST CONDITIONS v* = 5.0V, test circuit, Ta = 25°C, unless otherwise specifiad:

PARAMETER ' SYMBOL] CONDITION | MIN | TYP | MAX JUNITS
INPUT VOLTAGES ' ' -
PINS 2,19,33,39,40,35 " .
input'low valtage Vi —20°C <« T4 < +70°C 1.0 vV
input high voltage ViH . : 1.35
PIN 2. 39, 40 INPUT LEAKAGE A, B Ik ' 20 A
Input resistance to V*
PINS 19,33 ' B RN |ViN=V’ -1.0V. ~ | 100 | 400 K1
Input resistance to GROUND ‘ _ :
PIN 31 Rin  [ViN=+1.0V - 50 |- 100
Qutput Gurrent ' N - ' _
PINS 3567,17,183238 | oL (VoL=+404V | 400 ' sA
PINS 5,6,7.17,18,32. low |VYou=+24V. | 100 i _ uh
PINS 3,38 : lon VoH =W+ 0.8V 265
ICMT7226A o :
PINS 22,23,24,26,27.28 29,30
DIGIT DRIVER .
high output current 1 o [|Vo=V+-20V ' : 150 480 mA
low output current oL [Vo=+1.0V ' . _| 03

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

high output current ioH [Vo=Vv+-10v 1 100 pA

MULTIPLEX INPUTS ' i ‘ o '

PINS 1,4,20,21 _ | :
input fow voltage . . L ' 2 08 .| vy

- input high voltage - ViH R o o 50
input resistance to GROUND Rin  [Vin =+1.0V B ' 50 100 kQ
ICM7226B ' ' '

DIGIT DRIVER

PINS 8,9,10,11,13,14.15,16 : _ S _
low output current lat Vo =+1.0V : 1 50 75 mA
‘High output current . lon |[Vo=V+-2.6V. L 100 pA

SEGMENT DRIVER ' I : ' "

PINS 22,23,24,26,27,28,29,30 : : S
high output current lon (Vo= V&=2.0V . _ 10 15 . mA
leakage current _ IL - |[Vo=GROUND . 10 uA

MULTIPLEX INPUTS N b T o ' ' '

PINS 1,4,20.21 L o _
input low voltage _ ViL L ) {vr-2p0 v
input high voltage : ViH g L , v'0.8 1

input resistance to V© AN [YIN=V 1OV ' 200 | 360 | | kit

EVALUATION KIT

An evaluation kit is available for the ICM7226. It 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 ¢an
have the ICM7226 “up-and-running” in less than an hour. Specifically, the kit contains an ICM7226A1JL, a 10MHz
quartz crysial, eight each 7-segment 0.3” LEDs, PC board, resistors, capamtors diodes, switches and IC socket.
Order Number ICM7226 AEVIKit. .
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BLOCK DIAGRAM

DECODER] 4, DIGIT o s, _ DIGIT
™ 7 DRIVERS] — “#—0 ouTPuTs (8
13 — RANGE
REFERENCE :
. . EFERE CONT .
| g — : 0 : : 'ROL--—-_———0 RANGE INPUT
' - COUNTER : Loaic
EXT 0SC INPUT 0—————— osc ' . P .
: AANGE |t
DSC INFUT SELECT {- won s PEOHZ of  STORE S SELECT VAR | EXT
AESET LOGIC ,
OSC.OUTPUT O——— 4 _ LOGIC : 9 RANGE INPUT
au:rsnsuo—ﬂ— : T :
osC QUT . , : . .
_ - 1. - Y CONTROL CONTAOL
o — = - T LOGIC 0 INPUT .
AESET INPUT 0— : r. .
LY
INPUT EN MAI HESET - f: a . . . R f - EMGDWP
CONTROL ﬂ‘LCUUNTEROVE“FLOW LoGic ; 2 epur
INPUT A O LOGIC B bl 108 3
, H i J I f
INPUT B O— afadaqfs {a1aqe 1 |
3 i T . I DATA LATCHES FF -
: . 7 oUTPUY STORE | A e
' : Jux | e _ o pE,con,EaI *1 sea | SeGMENT -
INFUT 4 7 8
“eontrol i S T T e [} PV =@ ourruTs a)
_ , . LOGIC _
=] Lopic b de pain . RS R I . _
B FF
e . N o SRR R I N A
FN I . : . . - -
FUNGTION .. JoonTROL L B - ' B : - '
" INRUT . j I D . T . i, 4, . BCD : )
INPU LOGIG . o _ - —7— = D>———"7—2 auTpUTS {0)
- i : : . ’ ol e PN T RESET
) t—sf—— . ) p - e T CUTPUT
.#AEAS 1N PROG. C . - : . . - . 4
OUTPUT . — : T J5TORE
- . . - . A e o - % + OUTPUT"

HELD INFUT & - -

TEST CIRCUIT

DISPLAY DISPLAY 1 EXT EXT

CONTAOL INPUT - OFF TEST MHz OSC. D.P. TEST -
vt sy |HRERER RN -
INPUT A | FUNCTICN - ‘ . .
: " | GENERATOR : -
EXT :
FUNCTION KNPUTE € goor GSCIN| FUKCTION S i - :
GENEHATOR | v | GENERATOA AT LT L L LT L
— HODES: IN3t4
1050 - .
HOLD: L. L, _
WEAS TN PRDG OUTPUT— BUFFERED OSC. OUTPUT A
STORE OUTAUT—
» BCD ¢ OUTPUT— CRYSTAL SPECS.=
tng ecowvouror—i] —ov* Fo 1000 Mz .
1| dp — ICR7226A : Co - 22pF
» . RESET OUTPUT RS - -, 280
v EXT RANGE INPUT R oE .
B -
=
. A - b
8: DENOTES K l
BUS WITH : ! :
5 CGNDUCTORS 8CO B OUTPUT LED OVERFLOW INDICATOR CONNECTIONS:
L 8C0 AQUTPUT . QVEAFLOW WILL BEINDICATED ONTHE
p A I wpdioen _ DECIMAL POINT OUTPUT OF DIGIT 7
= RESET v CATHODE = ANODE
. ' INPUT A | ICHT2i6A d.p. [
1Mnxu ICHM72i60 Da dp.
Y
F L

LED QVERFLOW
Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7226A/8B

COUNTED
TRANSITIONS

P |— 50 ns MIN
45V
INFUT A

0.5y

50 ns MIN Yy = {f < 10 nsec

FIGURE 1, Wavelorm for Guaranteed Minimum fAfmax)'
Function = Frequency, Frequency Ratlo, Unit Counter,

e MEASURED __
INTERVAL
250 ns :
. a5y ) MIN
INPUT A OR i \ Y \
INFUT B 0.6V \ / \
_‘___Zf.‘\)ql}hl;s____ to= 1 = 10 nsec

FIGURE 2. Waveform for Guaranteed Minimum fp(max). -
and I 5(max} for Functlon = Perlod and Time Interval.

TIME INTERVAL MEASUREMENT

The ICM7226A/B can be used to accurately measure
the {ime interval 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 opérates with Channel A going low at the
start of the event to be 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 ICM7226A/B must first be “primed”
prior to 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, before or after the priming, will be

needed to restore the original condition.

Alms

S5TORE

e

i
30 TG 40ms - 80ms -
i
RESET ' - I . : —
i A
| 1

UPDATE

BINTERSIL

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

L SIGNAL A x

]D— INPUT &
p J

_ SIGNAL B N

o . ,D—mpur B

v.*

| Device | Type

1 .. | GD4049B Inveding Buffer
2 GD4070B Exclusive-OR

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

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

When timing repetitive signalé, it is not’necessary to
“prime" the ICM7226A/B as the first alternating signal
states automatically prime the device. See Figure 3a.

During any tfime 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. '

FUNCTION:
TIFAE INTERVAL

P——100 TO 200m; ——=F———PRIMING
i

MEASUREMENT INTEAVAL

UPDATE—

MEASUREMENT
i FROGRESS

INPUT A

INPUT B

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

L 7TT

PRIMING EDRES —

| 2E(ns MIN.
| MEASURED
INTERVAL

_ (FIRST)

MEASURED
INTERVAL
[LAST)

FIGURE 3a. Waveforms for Time Imanral-Méasureme_nt'(Others are similaalr_j y!itt]out pr_iming phase)
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APPLICATION NOTES
GENERAL

INPUTSA & B

The-signal to be measured is applied 1(+3 INF'UTA infrequency
period, unit counter, frequency ratio-and time-interval modes.
The other input signal to be measured is applied to INFUT B
in frequency ratio and time inferval. fa shou]d be hlgher than
fg during fre:;uency ratlo .

Both l_nputs .are digital inputs with a typical switching
threshold of 2,0V at V*+ = 5.0V and input impedance of 250k0.
For optimum performance, the peak to peak input signal
should be at least.50%. of the supply voltage and centered
about the switching voltage. When these inputs are being
driven from TTL-logic, it is desirable to use a pullup resistor.
. The circuit counts high to low transitions at both inputs:
Note: The amplitude of the input should not éxceed the supply by
more than 0.3V otherwise, the ¢ircult may be damaged.

MULTIPLEXED INPUTS _

The FU NCTION, RANGE, CONTROL and EXTERNAL
DECIMAL POINT inputs are time multiplexed to select the
input function desired. This Is-achieved by connectingthe ap-
propriata digit driver output to the inpuls. The input function,
range and control inputs must be stable during the last half of
each digit output, (typically 125gsec). The multiplex inputs
.are active high for the cornmeon anode ICM7226A, and active
tow for the:common cathade ICM72268.

Noise on the multiptex inputs can cause lmproperoperanon _

This is particularly true whefi the unit counter mods of opera-
tion is selected, sincé changes in vdltage on thé digit drivers
can be capacitively couplad through the LED dlodes tothe
multiplex inputs. -For maximum neise immunity, a 10k

‘Tesistor should be placed in series with-the multipiex mputs '

as shown in the application notes.

Table 1 shows the functlons selecled by each dlg[t for these
inputs.

: TAB_I.__E'1. Multiplexed Input Control

FUNCTION DIGIT
FUNCTION INPUT -Frequency oo : Dt
PIN4 - | Period. - : ‘De
o Freguency Ratio R &
. .} Time Interval , Ds
Unit Counter . _ Da
- . Oscillator Frequency . Da
RANGE INPUT 0.01. Sec/1 Cycle : o]
PIN 21 0.1 Secii0 Cycles . . | Dz
1 Sec/100 Cyctes - D
. 10 Sec/1k Cycles ’ Dy
PIN 31 Enable External Range Ds
Input
CONTROL INPUT Blank Display D4&Hold
PIN 1 Display Test Ds
. 1MHz Select D2
External Oscillator Enable ]
_External Decimal Point
-| Enable : D3
Test Ds
EXTERNAL DECIMAL Decimal Point is Output for Same Digit
POINT INPUT, PIN 20 That is Connected 1o This Input

CONTROL INPUTS
Display Test - All segments are enabled continuously, giving

pownloisoaY B alhf's with desimal Reiats.fhe disolav will be

BINTERSIL

Display Off - To enable the display 0ff mode it isnecessary to
tie Dy to the GONTROL input arnid have the HOLD inputat v+,

. The chip-will remain in this mode until HOLD is switched low.

While'in the display off made, the segment and digit driver
outputs are open and the oscillator continues to run {with a
typical supply current of 1.5mA with a 10MHz crystaly but no

" measurements are made. In addition, signats applied to the

multiptexed inputs have ho effect. A new measurement is in-
itiated after the HOLD input goes low. (This mode daes not
operate when functlioning 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 ¢rystal. The internal decimal
pointis also shifted one digit to the right in period and time in-
terval, since the least s:gmficant diglt wlll be in 1zs incre-
ments rather than 0. 1ps.

External Oscillator Enable - In this'mode, the EXTernal

OSGillator 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 oscillator will continue to func-
tiorr whérn the external oscillator is selected, but have no
effect on circuit operation. The external ostiilator input fre-
guency must bé greater than 100kHz or the chip will reset
itseff and enable the on-chip oscillator Connect external
oscillator to both' OSC IN (pin'35) arid EXT OSCIN {pin 33}, or
provide crystal for “‘default”” osclllation, to avold hang up
problems,

" External Decimal Point Enable - When éxiernal decimal

point is enabled, a decimal poini will be drsplayed whénever
the digit drivet connected to thé EXTERN AL DECIMAL POINT

“plf1 is active. Leading Zero Blanking wul be disabled for all-
digits followmg the declmal pomt ’

Test Made - This-s a special modé used only in 'high speed
productlon testlng, 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 countes, & change in the

'RANGE input will stop the rheasurement in progress, without

updating the display, and initiate a new measurement. This
prevents an errongous first readlng after the RANGE. inputis
changed.

FUNCTION INPUT |

SlIx functions can-be selected. They are: Frequency, Period,
Time Interval, Unit Counter, Frequency Ratlo and. Osciliator
Frequency :

These functions select which signal is counted into the main
counter and which signal Is counted by therefsrence counter,
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 10 transition
at INPUT B. The oscillator |s gated into-the Main Gounter 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 erroneous first reading after the FUNCTION

‘inout is chanaed. [f the main counter overflows. an ovarflow.
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TABLE 2. Input Routing -~ G

| _ REFERENCE
DESCRIPTION MAIN COUNTER COUNTER -
Frequency ta} nput A 100Hz (Oscillator +
' 105 or 104)

Periad {tA) Oscillator lnputA -
Ratio {fa/fe) Clinput A Ihput B~

Time Interval (A—B) |Osc ON Gate 1 Os¢ OFF Gate

Unit CountertGount Aljinput A ‘Not Applicable
Osc. Freq. fosc) | -|QOscillator 100Hz [Qsc + 105 or

: 104)

EXTERNAL DECIMAL POINT INPUT

‘When the external decimal point is selected, this input is
‘active. Any of the digits, éxcept D, can be connected to this
point. Dg should not beused since it will override the overflow
output and leading zeros will remain unblanked after the
decimal point. h :

HOLD input - Except in the unit counter mode; when the
HOLD Input ig at V¥, any measurement 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 soon '

as HOLD goes Jow. The |atches which hold the maln coupter
data are not updated, so the last complete measurement is
displayed. In unit ¢ounter mode when HOLD Input isat V.,
the counter is not stopped or reset, but the display is frozen at
that instantaneous value, When HOLD goes low the count
continyes from the new value in the counter. :

RESET Input - The RESET Input resets the main -counter,
slops any measurement in progress, and epables the main
counter latches, resulting in anali zero outiput. A capacitof to
ground will prevent any iang-ups on power-up. :

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

REFERENCE : —
COUNTER
cLoCK

1¢—Tn—-.l - -
MEAS, B
TN-PROGRESS . . e
[EXT RANGE
INPUT

The

Fi'gure 4: External Range !nﬁ,u_t_-_i,q Eng of Meaé-l.‘lréﬁent iﬁ F_rc,iQr_é_ss. )

MEASUREMENT IN PROGRESS, STORE AND RESET
Outputs -These Outputs are provided to facilitate external in-
terfacing. Figure 5 shows the relationship between these
signals during the time between measurements. All three

_outputs can drive a low power Schottky TTL load. The.

‘MEASUREMENTIN PROGRESS output can directly drive ane
ECL load, if the ECL device is powered from the same power
supply as the ICM7226. : . o

 fe———190 TO 200me——

MFASUREMENT
‘IN PROGRESS

=l 40ms

STORE

30 TO 40ms— ’ »|-g0ms

‘RESET-OUT

g Adms

DOW”"jadedM %Fce&ror%tégmposn-gn%ﬂch; i bﬁ"‘f(‘)tr| N MEASUREMENT IN

“displdys frequency in kHz and time in Jis.

- BINTERSIIL

BCD Outputs - The BCD representation of ea¢h digit output
is available at the BCD outputs; see Table 3 for Truth Table.
The positive going (ICM7226A - Common Anadelornegative
going (IGM7226B = Comman Gathade) digit drivers lag the
BCD data by 2 to.6 microsgconds; the leading edge of the
digit drive signal should be used-to externally fatch the BCD

data. Each BCD qutput will drive anelow power Schottky TTL

load and when interfacing low power Schoftky TTL latchas; it
is necessary to use 1k pull down resistors on the TTL inputs
tor bptimum results. The display is multiplexed from MSD to
LSD. Leading zero blanking has no &ffect on the BCD outpiiis.

“TABLE 3 Truth Table BCD Outputs

: BCD & BCD 4. BcD2 | BCD1-
NUMBER | PIN7 | .PIN§ | PINT7 | PIN18
0 .0 0 o L0,
1 .0 0 (O 1
2 0 0 1 ]
3 0 0 Ty 1
4 0 1 0 0
5 a 1 .0 A
6 0 1 1 0
7 0 1 " 1
8 "1 ] 0 0
9 i 0 0 1

BUFFered OSCillator OUTpui - The BUFFered OSGillator

QUTput has been provided to erable use of the on chip
oscillator signal without loading the .oscitlator itself. This
output will drive one low power Schottky TTL load, Care
should be taken to minimize capacitive loading on this pin.

" DISPLAY CONSIDERATIONS S -
“The display is'multiplexed at a 500Hz rate with a-digittime of

244ps, afid- an interdigit blanking - time of s to prevent
ghosting betwgen digits. The decimal:poifit and leadingzero
blanking have been implemented for right hand. decimal
point displays; zeros following the decimal point will not be
blanked. Leading zero blanking will also be disabled it the
Main Gounter overflows. The internal désimal point control

The ICM7226A is designed to drive common anade LED

. displays at a peak current ot-25mA/segment, using dispiays
 with VF = 1.8V at 26mA. The average DG current will be

greater than 3mA under these conditions. The ICM72268B is
designed to drive comimon cathiode displays at a peak current

- of 15mA/segment, using displays with VF = 1.8V at 15mA.

Resistors can be added in series with the segimént drivers to
limit the display cufrent, if required. Figures 6, 7, gand 9
show the digit and segment curients as a function of output
voltage for common anode and common cathode dyivers.

00 ———— - .
iy
: - /4
QOO: v d . -
z. ] | : .
E
[ES F/
=]
= A,
100° SR
’ Xl 1
INE +'2|5°c 7|
fates
I - —:
D 1 2 - 3

v+ - Vo (VOLTS}

Figure 6: ICM7226A Typicdl IDiG vs. V¥Vo 45 <V+ 60V
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Figure 7: ICM7226A Typical Isea vs. Vo
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Figure 8: ICM7226B Typical lpig vs: Vo

a0

20"
*25“
an . 1 I

=7 D'
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r/
b/

0 1 2 3
v+-Your (VOLTS)

Figure 9: ICM7226B Typical Iseg vs. (V+-Vp) 4.5V < Vr < 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 cuorrent ratings are not exceeded.

The SEGment and Digit outputs in both the 7226A and B are
not directly compatible with eéither TTL or CMOS logic.
Therefore, fevel shifting with discrete transistors may be
required to use these outputs as logic signals. External latch-
ing should be done on the leading edge of the digit signal.

AGCURACY

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 osciliator temperature
cosfficient of 20ppm/° C will cause a measurement error of

Downl o&tet from?EFCodis.com electronic components distributor
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in addition, there is a quantization errorinherent in any digital
measurement of +1 count. Clearly 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 a
maximum.error of 1 ceunt per interval. As a result there is the
same inherent accuracy in all ranges, as shown In Figure 11.

In frequency ratio measurement more accuracy can be ob-

tained by averaglng overmorecycles of INFUT B as shown in
Figure 12.

0 R — - ~— 1LYCLE

1 o I 16 CYCLES | pEmIGD .
hd MEASUREMENT
EF 2 102 CYCLES | fosc - 10MHz
be N
Er s 103 CYCLES:
=
zZ .
(&3
5%
§§ 5 - 5.1 SEC
<5 i R
= & 6 : o1 ™ $¥C | FREQUENCY
. & / _ 1 SEC MEASUREMENT
a N - 10SEC

A 1 10 100 10F 104 105 105 107
FREQUENCY (Hz)

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

[~ MAXIMUM TIiME INTERVAL
FOR 109 INTERVALS

L] |~ MAXIMUM TIME INTERVAL
[ FOR 100 INTERVALS

A P
N\

LA

|~ MAXIMUM TIME INTERVAL
FOR 10 INTERVALS

MAXIMUKM NUMBER
OF SIGNIFICANT DIGITS
Fs

i 10 100 103 164 105 105 107 105
TIME INTERVAL {1SEC)

Figure 11: Maximum Accuracy of Time Interval Measurement Due
to Limitaticns of Quantization Errors.

0
PR
e ININ
G 2 — | 10 cvewes
g5 _ } RANGE
gg ) \< L] 00 CYCLES | (CYCLES OF B)
EC
aL X
=
2 s - | 102 oYeLEs
iz
=2 s T
©
7
a

1 10 192 100 1.04 16 105 107 108

1aila -
Figure 12: Maximum Accuracy for Frequency Ratio Measurement
Due to Limitafions 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 foflower can be used for |nput buffering, and

e P AR AR T T — e [ R I 5. S | ' DS
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hysteresis to obtain high impedance input, sensitivity and
bandwidth. However, cost and complexity .of this circuitry
can vary widely, depending upon the sensitivity and
bandwidth required. When TTL prescaiers or input buiffers
are used, pull up resistors to V*+ should be used to obtain
optimal voltage swing at A IN and B IN.

If prescalers arer’t requiréd, the ICM7226 can be used to

implement a minimurn 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 frequency and period
counter. To obtain the correct value when measuring
frequency and period, it is necessary to divide the 10MHz
oscillator frequency down to 2.5MHz. In deing this the time

10xn

BiINTERSIIL

between measuremeénts is lengthened to 800ms and the
display multipléx rate is decreased to 126Hz.

If the input frequency is prescaled by ten, the oscillator fre-
quency can remain at either 10MHz or1 MHz, but the decimal
point must be moved. Figure 15 shows use of a +10
prescaler in frequency counter mode. Additional logic has
been added to enable the 7226 to eount the input directly in
pericd mode for maximum accuracy. Note that A IN comes
from Q rather than G, to obtain an input duty cycle of 40%.
t an output with a duty cycle not near 50% must be used then
it may be hécessary to use a 74121 monostable multivibrator
ar similar circuit to siretch the input pulse to guarantee a
50ns minimum pulse width. "

EXT
DISPLAY DISPLAY DEC
BLAMK  TEST ENABLE

RS I 1

vu
agpF 0 -
AIN L . Dy ] =11
- . DIDDES: IN314
. i1
BIN 2 s
1ok [3] A
v—14]
[£]
' [t 10MHZ CRYSTAL ——
[ Tp— [7] !
Da | —t] . CRYSTAL PARAMETERS
o2 Dy {— 3] 39pF TYP. L - 22gF
B —o Dr 9] 1GIT 2268 s = - 350
oy 0 [ ] :
B ° = [H EXT Q5C IN
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0z ——{1f ff
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Figure 13; 10MHz Universal Counter
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Noles: 1) I a 2.5MHz crystal is used, diode D1 and 1.C.'s 1 and 2 can-be eliminated.
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Figure 16 shows the use of a CO4016 analog multiplexer to be used in systems in which the modeé of operation is
multiplex the digital outpuis back to the FUNCTION Input. coritrofled by a microprocessor rather than directly from
Since the CD4016 is a digitally controlled analog transmis- front panel switches. TTL multiplexers such as the 74153 or
sion gate, no level shifting. of the digit output is required. 74251 may also be used; but some additional circuitry will be
CD4051's or CD405%'s could also be used to select the required to convert the digit output to TTL compatible logic
praper inputs for the multiplexed input on the ICM7226 from levels.

2 or 3 bit digital inpuls, These analog multiplexers may also ' ' EXT.
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Flgure 15: 100MHz Multi Function Counter
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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 operation. This circuit uses the STORE output
to put the ICM7226 into a hold mode. The HOLD input can
alsc ba used to reduce the time between 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 8OOms.

STORE
oUTPUT

SWITCH FUNCTIOHN

$1 OPEN — SINGLE MEAS MODE ENABLED
52 CLOSED = INITIATE NEW MEASUREMENT
53 CLOSED = HOLD INPUT

Figure 17: Slngle Measurement Circuit for Use With ICM7226

vt

. ; 100Kt .
.gTa—ﬁE 100k 0
OUTPUT |
160p1 HOLD INPUT
100p1 T

Cn.0.

HOLD swnTcn-T'_?_

Flgjuré 18: Circuit for Reducing Time Belween Measurements

T
2 famax FREQ, U.c:l..
FREQ-RATIO MOEV

-
wm

FREQ(MHZ}
]

Fannx, tonax PERIOD,

7.1 MODES
5 ="
_ Ta=25°C
o 1
a 5 6
v* worTs) |

Tanaax, famix AS FUNCTION OF v+
Figure 19: Typical Operating Charactaristics

Figure 20 shows the ICM7226 being Interfaced to LGD dis-
plays, by using its BCD outputs and B digit lines to drive 2
ICM7211 display drivers. The ICM7226 EV/Kit may easily be
interfaced 1o 2 ICM7211 EV/Kits in this way. A similar arrange-
ment can be used for driving vacuum flyorescent displays
with the i{CM7235.

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 capacitahce of 22pF and a
series resistance of lass than 35%. Amoeng suitable crystals
is the 10MHz CTS KNIGHTS IS1-002.
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= 20 GEQMENT |
T1 LINES

EINNNEIRS|IL

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

— Co)
=@l ( R +
om = w2 CiNCouTt Rs (1 o

o CinCout
where CL (Cin+Cout)
Co = Crystal static capacitance
Rs = Crystal Series Resistance
Gin = Input Capagitance
Cout = Qutput Capacitance
w=2nxf

The required g, should not exceed 50% of the g, specified
for the ICM7226 to insure reliable startup. The oscillator in-
put and output pins each contribute about 4pF to Cpy and
Gouyt - For maximum frequency stability, Gy and Cour
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
measurements will be different. The multiplex rate is

fos
———— for 10MHz mode and f5,x =
25 10° | 2x 10°
]
2x10°

fDSC

froux= for the

1MHz mode. The time between measuraments is

2x10°
1]
oscillator output should be used as an oscillator test point or
to drive additional logic; this output will drive cne low power
Schottky TTL load. When the buffered oscillator output is
used to drlve CMOS or the external oscillator input, a 10k

resistor should be added from the bufiered osciliator output
tov+,

the 10MHz mode and

in the 1MHz mode. The buifered

The crystal and oscillator components should be iocated as
ciose o the chip as practical to minimize pickup from other
signals. inparticular, coupling from the BUFfered OSCillator
OUTput and EXTernal OSCillator INput to the OSGillator
OUTput or OSCillator INput can cause undesirable shifts in
oscillator frequency. Ta minimiza this coupling, pins 34 and
37 should he connected to V+ or GROUND and these two
signals should be kept away from the oscillator circuit.
TYPIGAL LCT DISPLAY

uigﬁmﬁﬁggg

[ Y alt oMz

35 Y7 XY ETR € P P P B EENEREE je.sl'as

22 |23| 2426 7|8 17418 27|28)25|50
Dg » = O By« = 05

il

ICMT228A

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

e |[CM7231: Drives 8 digits of 7 segments ‘with two
independent annunclators per diglt. 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 5 characlers of 18 segments.
- Address and data Input in serial format.
e Chips provide all signals required to drlve rows
and columns of iriplexed LCD display.
¢ Display voltage independent of power
supply, allows user control of display operating
voltage and temperature compensation if desired.
= On-chip oscillator provides all display timing.
e Totar power consumption typically 200.W,
maximum 500, W at 5V. ' :
s Low-power shutdown mode retains data with 5uW -
typical power consumption at 5V, 1.W at 2V,
* Direct interfacing to high-speed mlcroprocessors
and microcomputers.

GENERAL DESCRIPT!ON ;
The ICM7231/7234 family of integrated circuits are

designed to generate the voltage levels and switching

waveforms required to drive triplexed ligquid-crystal
displays. These chips also include input buffer and

digit address decoding circuitry and contain a mask-

programmed ROM allowing six bits of input data to be
decoded into 84 independent combinations of the
output segments of the selected digit.

ICM7231/32/33/34
Dlsplay Decoder/Drivers

| for Triplexed Liquid
Crystal Displays

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

The ICM7231 drives displays with B8 seven-segment
-digits with two independent annunciators 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-segnient 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 cutputs are
organized to drive four 18-segment alphanumeric
characters. The six data bits represent a 6-bit ASCII
code.

The IGM7234 uses a serlal Input structure like that of
the ICM7232, and drives five 18-segment characters.
Again, the input bits represent a 6-bit ASCIl code.

input levels are TTL compatible, and the DATA

" ACCEPTED output on the serial input devices will

drive one LSTTL load. The intermediate voliage levels
necessary to drive the display properly are generated
by an on-chip resistor string, and the output of a totally
self-contained on-chip oscillator is used to generate all
display timing. All devices in this family have been
fabricated using Intersil’'s MAXCMOS® process and all
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

ORDER PAAT* ANNUNCIATOR . . : :
NUMBER QUTPUT CODE LOCATIONS : INPUT ouTPUT
ICM7231AFIPL - Hexadecimal ' " Both Annunciators © | .parallel Eavey Slbi_gilg
ICM7231BFIPL - - CodeB < on COM3 4 bit Data pus ten
: - — i i 16 A g LI
IGM7231GFIPL Code B 1 Annuncialor COM1 2 bit Annunciators ? Annurciators
; - 3 bit Address )
1 Annuacialor COM3 ] -
ICMT7232AFIPL " Hexadecimal Both Annunciators ) Serial Enfry 10 Digits
F N ] an COM3 4 bit Dala plus ’
ICM?2323FIPL - Code B - 2 bit Annunciators 20 Annunciators
1GM7232CHIPL Code B : 1 Annunciator GOM1 4 bit Address
‘ 1 Annuncialor COM3
ICM7233AFIPL . e Characier . MNa Independent Paratlel Entry Four
(ASCIL ‘ Annunciators & bit {ASCIL} Characters
18 Segment : Data
] {Half wldth numhers) 2 bit Address
ICM7233RFIPL 64 Character No Independent Serial Entry Four
h {ASCID Annunciators 6 bt {ASCII) Characters
38 Segmerd Data
{Full width numbers) 3 bit Address
ICMT234AFIPL 84 Character ’ No Independent ~ Parallel.Entry .| - Five -
(ASCIN Annunciators € bit (ASCIIy . Characters
18 Segment: o . - Data : )
: (Half Widlh numbers) . ' - 2 bit Address
ICM7234 Bi:IF'L 64 Characler Ne Independent Serial Eptry Five
[ASCIN Annunciatars 6 bit (ASCI) Characters
18 Segment Data -
(Full widik numbers) - 4 bit Address

*Dice versions also avaifable 1 ICM721AF/D, [CMT233AF/D, etc. fnfroductery parls may be avaifable enly in CERDIP package Chaaqa
sulfix to UL it necessdry,

- ABSOLUTE MAXIMUM RATINGS

Power Dissipationll . . . ... ... B5W @ 70°C NOTE: Stresses above those listed’ under Absolute Maximom

Supply Voltage (\j""} e e 65 YV Ratings may cause permanént damage to the device. These

input Voltagelsl . ..[ 111\ 1108 K V<6 restessrairgsonlymd funtionslopersionalive devi
A 2 _ Wi O n

D’3p|a)f Voltagel?l . ............ 03 = \!;DISP = +2'3 operational sections of the specifications is not implied.

Operating Temperature Range ..... -20°Cto +85°C Exposure to absolute maximum rating conditipns for

Storage Temperature Range ... .. -55°C to +125°C extended periods may. affect device rehablluly '

P

Notes:

1. This limit refers to that of the package and will not he obained durlng normal gperation.

2. Duetothe SGR structure inherent in these devices, connectlng any display terminal or the display voltage terminalto a voltage out3|de
the power supply to the chip may cause destructive device latchup. The digital inputs should never be connected to avgltage less than -
-0.3 volis below ground but may be connected. 10 voltages above V' but not more than 6.5 volts above GND

. ELECTRICAL CHARACTERISTICS V=5V £10%, Ta =-20°C to +85°C unless otherwise specified

PARAMETER SYMBOL CONDITIONS/DESCRIPTION | MIN| TYP | MAX [ UNITS
Power Supply Voliage {v+ das| =4 |55 | v
Data Retention v+ Guaranteed Retention at 2V o 2 16 { v
Supply Voltage ) [ - ) _
Logic Supply Current, {it Current from V+ to Ground excluding ’ 30 | 100 [ - - pA
) . _ Display. Voisp =2V ) .
Shutdawn Total Current|ls Vpisp Pin 2 Open . : 1 10 BA
Display Voltage Range |Vbisp Ground < Vpisp < VT _ _ o ' Ly Y
Display Voltage Setup |[lpisp . [Vpisp =2V Current from Vtio 15 | 25 BA
Current - Vpisp On-Chip o . '
Display Voltage Setup ‘|RpiIsP One of Three Identical Resistors 40 | 75 )
Resistor Value | ) ~ |In8tring : : -
DC Component of - | Sampte Test only) : /4 1 (% (V+t-Voisp) |
- Display Signals _ ' B o B _ ) ) '
Display Frame Rate . |fpisp See Figure 2 o o 60 | 90 1 12p Hz
Inpuf Low Leve! Vi FOM7231, ICM7233 ) 0.8 v
Input High Level  |Vid Pins 30-85, 37-39, 1 2.0 v
Input Leakage ik ICM7232, ICM7234 - 0.1 1 uA
Input Capacitance Cin' Pins 1, 38, 39 ‘ 1 5 | | pF
Qutput Low Level VoL T Pin a7, ICM7232, ICM7234, loL — TmA., HEYE R
Cutput High Level VoH V=45V, lon = -500pA 41 v
Operating Temperature |Top Industrial Range -20 +86 °C
Range
Downl oaded Trom EfCoais.Com electironiC Components diStributor
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ICM7231/32/33/34

AC CHARACTERISTICS V*=5V+10%,-20°C <Ta<+85°C
PARALLEL INPUT (ICM7231, ICM7233) See Figure 12

BINTERSIL

PARAMETER CONDITIONS/DESCRIPTION

SYMBOL MIN | TYP | MAX | UNITS
Chip Select tes 500 ( 350 ns
Pulse Width )
" Address/Data tas 200 ns
Setup Time '
- Address/Data tdh 0 -20 ns
Hold Time
tnter-Chip tics 3 us
Select Time
SERIAL INPUT (ICM7232, ICM7234) See Fighres 15, 186, 17
PARAMETER SYMBOL CONDITICNS/DESCRIPTION | min | TYP | MAX UNITS
Data Clock tei ' 350 ' ns
Low Time
Data Clock tal 350 ns
High Time
Data Setup Time tds 200 . ns
Data Hold Time | tdn 0 -20 ns
Write Pulse twp 500 | 350 ns
Width
- Writé Pulse to o 15 - us
Clock at
Initialization ™ 1 |
Data Accepted toal 200 | 400 ns
Low Cutput Delay .
Data Accepted todh 15 [ 8 us
High Output Delay - : _
Write Delay After tews 350 ns
Last Clock
TERMINAL DEFINITIONS _
1CM7231 PARALLEL INPUT NUMERIC DISPLAY
' ' PIN .
TERMINAL NO. DESCRIPTION FUNCTION
JAN1 30 . Annunciator 1 Control Bit High = ON
ANZ 3 Annunciator 2 Confrol Bit Low = OFF See Table 3
.BDO 32 Least Significant Input
‘BD1 33 - ' | 4 Bit Binary IData
802 34 Data Inputs (See Table 1) .
BD3 35 Most Significant _| _ | Eé}%ﬂjLLoglc?lene lgl
AD 37 Least Significant 7] e Inpui = Logical Zero { ]
3 Bit Digit

Al 38 ~ Address Inputs Address

A2 39 Most Significant _ np (See Table 2)

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

a {Mote 3} edge latches data, causes data
input to bie decoded .and sent out
to addressed digit

Noie:

3. TS 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 by pulling R high when inactive. or ensuring frequent actlvity.
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1CM7233 PARALLEL INPUT ALPHA DISPLAY

BINTERSIL

PIN
TERMINAL NO. DESCRIPTION FUNCTION
Do 30 Least Significant
B1 31 . Input
D2 32 6 Bit (ASCII) Data o
D4 34 Table 4 LOW = Logical Zero {0)
D5 35 Most Significant B
AD 37 Least Significant } Input Add.
Al | 38 Most Significant | Address Inputs See Table 5
CS1 30 ) Chip-'SeIect' Inputs Both inputs LOW lpad data into
cs2 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. Inadveftent tnggermg of this

mode can be avoided either by pull|ng it high when inactive, or ensuring irequent activity.

1CM7232 and ICM7234 SERIAL DATA AND ADDRESS INPUT

PIN
TERMINAL NO. . DESCRIPTION ) ‘ FUNCTION _
Data Input - : 38 Data + Address Shift Regi-s.ter Ihput HIGH = Log;cal One (1)
. LOW = Logical Zero (0)
WRITE Input 39 Decode, Output, and Reset Strobe When DATA ACGEPTED Output
: : is LOW, positive going edge of WRITE
causes data in shift fregister to
be decoded and sent to addressed
digit, then shiift register and
control logic to be reset.
When DATA ACGEPTED Qutput
- is BIGH, positive going edge of
g WRITE triggers reset only.
Data Clock 1 Data Shift Register and Caontrol 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 Outpui . Output LOW when correct number
ACCEPTED of bits entered into shift
Output register; ICM7232 8, 9 or 10 bits
ICMT234 2 bits
ALL DEVICES
PIN
TERMINAL NO. DESCRIPTION FUNCTION
Display - 2 - Negative end of on-chip resistor Display voltage control. When
Voltage Vmisp string used to generale intermediate open (or less thah 1V from v
voltage levels for display. chip is shutdown; osclllator stops,
Shutdown Input. all display pins to V*. )
Comman 34,5 Drive display commons, or rows.
Line Driver
Outputs
Segment 6-29 (On ICM7231/33) Drive display segments ar
Line Driver 6-35 (On [CM7232/34) columns,
Cutputs )
v+ 40 Chip Positive Supply -
GND 36 Chip Ground
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TRIPLEXING (1/3 MU.LTIPLEXING)
LIQUID CRYSTAL DISPLAYS

Figure 1 shows the connection diagram for a typical
7-segment display font with two annunciators such as
wouid be used with an ICM7231 or ICM7232 numeric
display driver. Figure 2 shows the voitage waveforms of
the common lines and one segment line, chosen for
this example to be the “Y” segment line. This line
intersects with COM1 to form the “a” segment, COM2
to form the “g" segment and COM3 to form the “d”
segment. Figure 2 also shows the waveform of the “Y”
segment line for four différent 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 voliage across the “g”
segment for the same four combinations of ON/OFF
segments in Figure 2. '

The degree of polarization of the liqusid crystal material
and thus the contrast of any intersection depends on
the RMS voltage across the intersection capacitance.
Note 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 muitiplexed 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 demands on the liquid crystal material used.

F|gure 5 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
caiculators. Note thai the RMS OFF voltage Vr/3=~1V is
just below the “threshold" voltage where contrast

- begins to increase. This places the RMS ON voltage at
2.1V, which provides about 85% contrast when viewed
stralght on.

All members of the ICM7231/ICM7234 family use an
" internal resistor string of three equal value resistors to
generate the voltages used to drive the display. One end
of the string is connected on the chip to V1 and the other
end (user input) is available at pin 2 {(VDISP) on each
chip. This allows the display voltage input (VoisF) to be
optimized forthe particular liguid crystal material used.
Remember that Vp = V' — Vpisp and should be thres.
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.

comi

COmM 2

-] [+
) o
COM"3 -

COMMON LINE CONNECTION

tH d AH

SEGMEMNT LINE CONNECTION

Flguré 1. Connection Diagrams for Typical 7-Segment Displays
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Flgure 2. Display Voltage Waveforms
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"Wg=Vg - Veomz (DIFFERENGE BETWEEN SEGMENT _ ]
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—_— - 2 .l ; I
Q L
______________ 10 1V1‘\’,FF_ I | : :
: 1 AVrms= t [ SR IS S |
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NGTE: ¢4, ¢z, ¢3 — COMMON HIGH WITH RESPECT TO SEGMENT. )
01,03, 43 — COMMON L.OW WITH RESPECT TO SEGMENT.
COM 1 ACTIVE DURING 01 AND 61"

i e ¢ 0 20 30 4p  BO
COM 2 ACTIVE OURING iz AND ¢2° . _
AMBIENT TEMPERATURE {°C}
COM 3 ACTIVE DURING g3 AND g3*
Figure 6. Temperature Dependence of LC Threshold.
Figure 4. Voltage Waveforms on Segment g (Vg} : )

. A more 'importa'nt 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 IC 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 voltage 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. : S

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 vdry widely, Vp may be set at a fixed voltage chosen
o 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 Vpisp (and
for high temperature use. Thus, when specifying dis- thus Vp) may require temperature compensation to
plays the following must be kept in mind: liquid crystal maintain sufficient contrast without OFF segments
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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 generatlng a
display voltage 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&1 should give sufficient range of adjustment to suit
most displays. This method for generating display vol-
tage should be used only in applications where the
temperature of the chip and display won't vary more
than £8°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 another 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 0.85V, 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
optimum for the material described,

The disadvantage of the diodes in series is that only
integral multiples of the diode voltage can be achieved.
The diode voltage multiplier circuit shown in Figure 8(b}
“aliows fine-tuning the display voltage by means of the
poténtiometer; 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 collector 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
VpisP 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 3V, and a micro-
processor driving its inputs to operate 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 voitage and temperature
compensation.

Downloaded from Elcodis.com €electronic components distributor
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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 ontherising 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.

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 outputs. 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 Characterislics 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. : '

o8 o7 D& D5 o4 - D3 Dz. ‘M
XY Z Xy z XYz XY 2 XY z XV z XYz Xy z
| 1 | | .
seGMENT | | | | [ ] [ ] [
LiNe | [ ] | ] | |
Danmggs 4 v, ONCHP
: || [ | || DISPLAY
E | | [ | | VOLTAGE
LEVEL
OUTPUT v, GENERATOR
LATCHES :
IWIDE T -| - —| — 1 :
) i Vinse
A9 A% D Aa Ag Aa ~Ia A9 PIN 2 {INPUT}
L]
! DIGIT | , _
ADDRESS  EN DISPLAY
DATA DECADER | 4L TIMING - — L cam1
DECODER GENERATOR GOMMON
i ONE LINE | comz
SHOT DRIVER
|| ‘ I I r - L. . com3

l m!.lz I BDT | B|I:33 .

J'\N‘t BDO 202 | AQ AT A2

]
DATA INPUTS ADDRESS INPUTS

DATAINFUT AT en _'u<]_.
LATCHES _ LATCHES

Figure 10. ICM7231 Block Diagram
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CHARZ _CHAR 3

) ~ CHARZ CHAR 1
UVWXYZ UVWXYZ UVWXYZ UVWXYZ _ :
sEGMENT |
LINE ] ] ] .
DRIVERS [ — — s
6 WIDE
ONCHIP
OUTPUT Vi DISPLAY
EATCHES : VOLTAGE
18WIDE | ] LEVEL
y,  GENERATOR
g 18 '//18 //IB //18 L
L v
O PNz (INPUT)
|18
] -
DISBLAY
A TIMING
GENERATOR
CHARACTER —s .
DECODER ADDRESS BN [——————] _FL_ ' com s
- DECODER cc{ﬁ?”
‘ - coM2
: ONE :
sHOT DRIVER
cOM 3
I
. . D ’
DATAINPUT AT N
", LATCHES
. - LATCHES
(00 P1 nzlns: o4 D5, AO AT . .
ASCII DATA ADDRESS cs1652
INPLTS INPUTS CHIP SELECT
INPUTS
Figure 11. ICM7233 Block Diagram
52 _
INPUT
iL
+ 7
- e tos———=] |
o "y lel I | S o
T51  ROseSenntines e :
INPUT osseoscarsf R SRS s
L] X h X x I | ﬁ: QR0 II. X
e —tics————=
| | ot I -
DATA s : ADDRESS | \} £ LB ADDRESS sl
ADDRESS X85 “ 3 3 AND DATA ' RSG5 Rdeeddotan AND DATA % R O
INPUT SR RS I\ INPUTS VALID /R 3 e INFUTS VALID /' ¥ R EeS
— | = = S
It -
- ] —-I I-n——-tdh
: !-—tds——;_—|

PARALLEL INPUT TIMING I1CM7233

{ICM7231 HAS ONLY QNE CHIP SELECT. IT APPEARS AT PIN 1.1
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SERIAL INPUT OF DATA AND
ADDRESS (1CM7232, ICM7234)

The ICM7232 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 more 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, Flgures15 16, and 17. The inter-
face consists of four pins: DATA Input, DATA CLOCK
Input, WRITE input and DATA ACCEPTED Output.
The data present at the DATA Input is clocked into a

shift register on the rising edge of the DATA CLOC_K.

BINTERSIL

Input signal, and when the correct number of bits has
been shifted into the shift register (8 in the ICM7232, 9
in the ICM7234), the DATA ACCEPTED Output goes.
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 reset, returning the DATA AC-
CEPTED OQutput high, After this occurs, a puise atthe
WRITE input wifl 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 dependmg on subsequent DATA CLOCK
inputs. .

b pa . DB - D7 D8 D5 D4 - b3 - D2 D1
Xy 2z XY 2 vz Xy Z XYz XY Z X ¥ Z Avz XYz Xy z-
I A A A A AR .
SEGMENT |— | —— | — — — —— | _— _— 3
LINE || || | | ] - - - | ] _
DRIVERS : ON CHIP
3 WIDE VH  DISPLAY
—1 — — —1 — — ——] — VOLYAGE
' LEVEL
ENERATOR
QUTPUT = Vi G
LATCHES
SWIBE [ — u 1, u u m —
./ - b V
"_’9 //9 /"9 /,9 //9 //9 /9 /'; . //9_ //g > D_ISP PlNE“NPUTI
. A1
g .
) : DIGIT  EN i . DISPLAY
DATA ' - ADDRESS | _ TIMIN?O 1 L T eomon L oM
: DECODER . GENERATOR -
DEGODER : SERIAL INPUT LINE - b—com z
| ‘ | l | I . | . l l GONTROL LOGIC DRIVERS
I i T i 1. - T i T CLOCK |— CcOoM 3
ANjaN|BD | BD|BD [BD[* -
1!““11 ”‘!3 - _ADIA1IA2:A3 DATA
. | L

g

ESHIFT'REGISTER DATA DATA  WRITE CATA
i SHIFTS RIGHT TO LEFT . INPUT CLOCK [INFUT AGCEPTED
ON RISING EDGE OF DATA CLOCK INFUT ’ ouTPuUT

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

The recommended procedure for entering data is
shown in the serial input timing diagram, Figure 15.
First, 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 Output may
be monitored if desired, to detérmine when the chip is
ready to output the decoded data. When the correct
number of bits has been entered, and the DATA
ACCEPTED Qutput is low, a pulse at WRITE will 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 fo return
high, and leaving the chip ready 10 accept data for the
next digit/character.

>
B

- ElINERSIIL

Note that for the ICM7232 the eleventh clock resets the
shift register and control logic, but the DATA
ACCEPTED Output goes low after the eighth clock,
This allows the user 1o abbreviate the data to-eight bits,
which will write the correct character to the 7-segment
display, but will leave the annunicators off,.as shownin
Figure 16. ' :

If only AN2isto beturnedon, nine bits are clocked in; if
AN1 is to be turned on, all ten bits are used.

In the ICM7234, nife bits are always required; the
control togic is similar, butallows only aWRITE (DATA
ACGCEPTED Low) with nine bits entered in the shift
register, as shown in Figure 17.

The DATA AGCEPTED Output will drive one 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 exist. As shown
in Tables 2 and 5, when an incorrect address is applied
together with a WRITE pulse, none of the outputs will be
changed. - ' :

5 CHAR 4 CHAR 3 GHAH 2 CHAR 1
TTTTTT ]JTTTTzl UVWTTzl TVWXYZ I. UVWXYT
SEGMENT [ — —1 —
LINE —— — — —
DRIVER |~ - - — vt
6WIDE
] ] [ — ON CHIP
OUTPUT v DISPLAY
LATCHES : H VOLTAGE
18 WIBE | : | |
. GENERATOR
. 3
Pt Pt : Prat Lo . % L
T v
. ST PIN 2 (INPUT}
[ P b
-
DATA CHARACTER en . DISPLAY — ——-COM 1
DECODER P | TIMING ~ |— COMMON
— GENERATOR : LINE COM 2
SERIAL INPUT : DRIVERS
CONTROL LOGEE 1 coM 3
R i CLOCK
D| D102 | D3| D4 | D5 AD| AT |A2
g ) DATA
[ L P 1 1

\ /v
SHIFT AEGISTER
SHIFTS RIGHT TO LEFT

ON RISING EDGE OF DATA CLOCK INPUT

DATA DATA WRITE DATA
INPUT CLOCK INPUT ACCEFTED

QUTPUT

Figure 14. ICM7234 Block Diagram
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= tei = tei —=!

- BINMERSIL

ELEVENTH CLOCK
WITH NO WRITE PULSE
RESETS SR + LOGIC

T

|
| I ' ;
DATA - {
CLOCK \@J \ @J \ @J
INFUT -
- (PERBIT | oo _ :
OF DATA) I I o .
: 1
DATA 2
INPUT
DATA
ACCEPTED
OQUTPUT {
—
f-twp+ &
1 L - i L
WRITE 3 y i _
WRITE v L_}Iﬁm AND STORES
- DATA, HESETS SHIFT
HIFT REGISTER YTy .
' : :E%E;rrfpfn CONTROL % 2 ‘DO NOT CARE REGISTER AND LOGIC
LOGIC WHEN DATA e ” WHEN DATA ACCEPTED
ACCEPTED HIGH i5 LOW
Figure 15. ICM7232 One Digit Input Timing Biagram, Writing Both Annunicators
A Y Do | BD1 | 802 | BD3 | Ao | Ai | Az | A
cenren || B | enten| ‘
FIRST LaST
- 1CM7232 WRITE ORDER
-t -a=je—Tgi—w|
| 1 . I
DATA l
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TENTH CLOCK

WITH NDWRTTE
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/ SR AND LOGIC

DATA - r ’
CLOCK 1 i
INPUT I | - ) L
|~ je—tan :
'h’! ts pe-— )
* 1
- ) TS
DATA X AT DATA ngzm 5 ¢3:
INPUT p SR | VALID t VALID VALID % CHLEO,
N ; - I
| —=  e—tan
I i . I I | I [
DATA l —F 1 y TN
ACCEPTED : [ [
QUTPUT | P [ = —
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WRITE — 1 ] Y i
INPUT k J RESETS SHIFT REGISTER I DECODES AND STORES
) AND.CONTROL LDGIC IF . -n - | DATA, RESETS SHIFT
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. et 00 NOT CARE AEGIETER AND LOGIC
o WHEN DATA ACCEPTED

ISLOW

Do Dyi Dz | Da| Ba
WRITE ORDER [ WRITE
- FIRST

Ds | Ap [ Ay Az . B
. WRITE
LAST

Figure 17. ICM7234 One Gharacter Input Timing Diagram

DISPLAY FONTS AND OUTPUT CODES

The standard versions of the ICM7231 and |ICM7232
chips are programmed to drive a 7-segment display plus
two annunciators per digit. Sée Table 3 for annunciator

input controls.

The "A" and “B" suffix chips place both annunciators on
COM3. The display connections for one digit of this
display are shown in Figure 18. The "A” devices decode
the input data into a hexadecimal 7-segment output,

while the “B” devices supply Code B outputs (see

Table 1),

The “C” devices ptace the left hand annunciator on
COM1 {AN2) and the right hand annunciator {usually a
" decimal paint) on COM3 (AN1) (see Figure 19). The “C”
devices provide only a “Code B" output for the

SEGMENT LINE CONNECTIONS

COMMON LINE CONNECTHONS

BOTH ANNUNGIATORS
ONCOMMON #3  ~

[AT BOTTOM OF CHARACTER)
(A AND “B” SUFFIX VERSIONS}

Figure 18. 1CM7231 and ICM7232 Display Fonts
("A" and “B" Sufiix Versions)
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7-segments.

The iCM7233 and ICM7234 are supplied in "A” and
"B versions. Both versions decode an ASCI| 6-bit
subset to an 18-segment display, with 16 “flag”
segments and two ‘dots”. The “A” devices have
numbers which are half width and the “B” devices
have full width numbers. The layout for a single
character is shown in Figure 20 with output
decoding shown in Table 4,

The data decoder is a mask programmable ROM. For
large quantity orders custom decoder programs can be
arranged. Contact the factory for details.

§EGMENT LINE CONNERTIONS COMMON LINE CONNECTIONS

LH ANNUNCIATOR ON COMMDN #1 {TOP} {AN 2}
AH ANNUNCIATOR ON COMMON £3 {BOTTOM) (AN )
“G" SUFFIX DEVICES )

= ANNUNCIATORS CAN BE: . [E0]. 2\, ¥ - ARROWS
THAT POIN¥ TO INFORMATION PRINTED AROUND THE DISPLAY
OPENING, ETC,, WHATEVER THE DESIGNER GHOOSES TO INCORPORATE
N THE LIQUID CRYSTAL DISPLAY.

Figure 19. ICM7231 and ICM7232 Display Forits
("C" Suffix Versions)
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U voOwx Y z

| comM1

.
N
AN AN

LR

’ oM 3

COMMON LINE CONNECTIGNS

SEGMENT LINE CONNECTIONS

Figure 20. ICM7233 and ICM7234 Display Font
{18-8egment Alphanumeric)

Table 1

CODE DISPLAY

INPLT ouTPUT
B3D an 310' B'nu HEX COBDE
ojofolaf[id]| ]
ololo]a}! !
olojiife E' E'
oot ] 2
of1{oo || ™
al1iofn ’E. "E,
o 5| &
ofs{a|a |3
t|lajele || H
tlefofr [S[H
tflafafo| ] -
INNEEIE
t1fefo |l | M
UEIEAER =2
MRS
1lhal |1 ] {sank

BINARY DATA

DECODING

{ICM7231/32)

EVALUATION KITS

. After purchasing a sample of the ICM7231/32/33/34, 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 number 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 unique 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 ICM7231EV/KIT and the ICM7233
Downl oaded frenTEl codisicom- el ectronte- components distribdtdr - —f-=-- Lemwad -

Tabie 2
CODE INPUT g‘g’;'r;{?"'.'
wem | |
- 7332
ONLY Y DIGIT
A3 | a2 | a1 | Ao |sELecTED
¢ |e|o|o| b
o |lole || b2
a o[ 1 o | b3
0 0 1 i D4
o 10| o] bs
] 1 o0 | 1 D5
1|1 |e}] o2 '
o 1 1 1 [ 08
1 0 o o | . bpg
o | 1] b

u -
1 o] 1] o] none
o {1 | 1| none

1 1] 0] o] nome

1 1| o 1| wome

1 1 1 0 NONE

1 1 1 1 NONE

ADDARESS DECODING (1cM7231/32]

Table 3:
CODE
INPUT DISPLAY QUTPUT
am|an| wM7231 AE IcM7231C
a2 | 1| i1cM7z3z ajB ICM72320
. BOTH LH
ANNUNCIATORS| ANNUNCIATOR
ON COM 3 coM 1
RH
ANNUNCIATOR
cOM 3
0 [} =1
= =
o1 };} i
I ]
1]¢ o [
Il izt
it fa ] [
ANMUNCIATOR .
DECODING

Multiplexed. LCD display (?/9 segment for 7231EVW/KIT, 16/18
segment for ICM7233EV/KIT), passive’ components, and
miscellaneous hardware.

COMPATIBLE DISPLAYS

Compatible displays are manufactured by:
@G.E. Displays Inc., Beechwood, Ohio
(216) 831-8100 (#356E3RI9HJ)

Epson America Inc., Torrance, CA
{Model Numbers LDB726/7/8).

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

Aok F ok MR
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Table 4 Table 5
cm)g". INPUT DISPLAY QUTPUT o
- D5, b4 a8 CODE DIGIT
pafozlmloo|oo| o1 | Lo | i% INPUT SELECTED
- - Ic
ololofaf{O1H 11 7234
L] o | o -0 _IH [;] -, ’ , ONLY
AR LS Az | a1 | an
pjof1]e’ E H " E L] .
- - e & . -
oo [L[S]E[T ] S LN L
e (I T (B [T [0 RN I
. of+jo v |FULT|%I5 [§ of oy o8
DD AVALEE o [ [
efvfrpe SNl T ] 1 0| o] o5
L - - -
elolo I X <[ | § 1l o [ 1} nome
telo 1 TIY[> |95 it | 1| o] nowe
tofrfe | JIA ¥ . 1| 1 | %] none
EEREIRERE . , ' ’
RS ‘. ADDRESS
1{110f0 L N, £ DECODING
.y {1CM7233/34)
1frjefr M J— = _ ;
ARIERER I IV A
I ENEN s Ra VA N
DATA DECCDING _
B - BIT ASCI— 18 SEGMENT
{IChA7233/34)
TYPICAL APPLICATIONS
‘8048 B '\ [ I F:I |
MICROCOMPUTER LN TZS 2O L
R yan TEMPERATURE
Voo| | Vee COMPENSATION
26 4D . 7 +
: e 20 vss® P10 27T 7 . v
- —p——] 20501 ! -1 - : f I 2N2222
i £ FliororT 3-29 2 3-29 2
emhz[ | . . IE vi-a0 v voue|  wr—eo v Voise :|-§ 200k12
i —. Viisp
4>—| |J—20pl= 305C2 :;; 2.: - enodasonp  EMTEA aND— 25 anp ICM72334 A
+ nl- o)) N — D5 AG A1CS2C51 Do——m— DE A0 A1C§3 &5
'—”1— 4HESET  23% [~ I/OPORT2 e I — 35 3738 39 1 ] p—— 35 7 38 33 1
pF 248
35 | > . 4nka
7 EA - 36 A
. B26R7 preen
vi—s 8 przr3s | =
= DB 12 .
5 EXTERNAL
; A
AT e ) - MEMORY AND
INPUTS o ——33971 } OTHER PERIPHERALS
—16INT DR719
11 9 75108
ag| | |m
FSEN o . “v\-N—"V’
PROG WR me

" *PULL-UP RECOMMENDED ON C81. S£E NOTE 3.

Figure 21. 8048/IM80C48 Microcomputer with 8 'C-haraé:ter”is Segment ASCII Triplex Liguid Crystal Dispfay. The two hit character address

is merged with the data and writien to the display driver undsr the control of the WR

ive, all of [ i .
driver, or deselect all of tham rﬁggﬁtggﬂgﬁaﬂgroneranons
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MCea02

MICROPAOCESSOR T I\\I T E: FQ cCCT -
WITH RAM AL ( C2 g E- - '
) L \ : TEMFERATURE
, \]rf AN A COMPENSATION
- l _ W
. 1‘.’:: V:c . . 7 2 . 2 27 N2222
: ICM7233AIPL - - : Vi
N e 39ENTAL :Ecc BV i : I . | 1 . Ag:’
. 1 328 2 | — . _
v D ANy AE g v v leSFLJ\Y Vpjse . w0
; : AND — 36 GND &l - 1cmrzssEeL — 1CM7233BIRL = cmrzazeeL
T Jaaxral DATA ADD &%z ]
- 30-35 27,28 30
40 FESET M
~+J2HALT  DATA ' ‘2 4"} B A2 4 a4z 41 6.2 b1 40k
ol BuS : Ag, | Az Da-Ds| AG, 1 Az Dg-Dg Ag, | A Do-D4d AD, AB — .
I vt mm-' MR 26-33 p—A v At -l Al TC OTHER
= —={¢ Nmr /8 PAR
_ ADD B-20 svsggn? F
1’®* suszzasf 7 75,16, 30-33, 38-40, 1% 74L500
i MA— v
. P ) ™R
1P7 DISPLAY STORAGE ENABLE - . {(SEE HOTE 3)
: . OTHER 1/0
RO RA¥ wMA s 7
4. 34 5 2] controL

Sp— )
! . acsp CIC 18 f=—— |- COUNTER/TIMER
. i .

BB4S
= ROM-YO-TIMER

Figure 22. MCBB02 MiGroprocessor with 16 Character 16 Segment ASCII Liquid Crystal Display. The peripheral dévice provides ROM and
Timer functions in addition 1o port line control of the display bank. Individual character locations are addressed v[a the address bus. Note
that VMA is not decoded cn these ilnes, which could cause problems with the TST instruction.
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—f 1B 1O
r RC 1
= 2
ICM7240
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RESET
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Figure 23. EPROM-Coded Message System. This circuit cycles through a message coded in the EPROM, pausmg at the end of each
line, or whenever coded on Qs.

Downloaded from Elcodis.com €lectronic components distributor



http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7231/32/33/34 BINTERSIL

[ Pgmou.l' .- [onTemvad | [ UNIT | ]_re__j { FREQ. RATIO | ~ |'-'-F'HECIUEN_C‘1:' |
oo i'l' N N H l"l

OVER
| nanGE .
i i27
BDO-3 ICM?231GF c5
AN2 AN1 ‘Ag Ay Az
] HCD
INPUT A ———] oe 4D°—
ICM7226A FUNGTION [— 45V ZS
INPUT B ~——— RANGE | |
: L
Dy — — —Dg T . Q @ 0 B v
o ) — IsF
HOF | -
_ —1 J. co453z GS = -
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Figure 24. 10 MHz Frequency/Period Poiriter with LCD Display. The annunciators show function and the decimal points indicafe the
range of the current operaiicn. The system ¢an be efficienily battery operated.
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Figure 25. “Forward” Pin Oriehtation and Dlsplay Connectons.
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Figure 26. “Reverse” Pin Orientation and Digplay Connections
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FEATURES -

28 high voltage segment drivers provide four

7-segment digils

Mulhplexed BCD input (?235)
High speed processor interface (7235M)

‘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 usmg high density
MAX-CMOS™ LSI technology for very low-power,
high-performance operation .

All inputs fully protected against static discharge

PIN CONFIGURATIONS {outlirie dwg PL)

v+

E1

1

F1

DISPLAY DRIOFF
A2

B2

cz

n2

[~
n

A2 |

|3l ~]le el [~

7]
N
=

BEEBEERE!

53 0 e s

g
rthzHaIi=llalfa||=l|a_1!ai|

ICM
T235135A

ICM
T235MI35SAM

33] £51
Dsz2

o5z CHIP SELECT INPUTS

] DIGIT SELECT CODE BITS

1 DATA INPUTS

ICM7235

Four Digit
Non-Multiplexed Vacuum
Fluorescent Display
Decoder/Drivers

DESCRIPTION

The ICM7235 family .of dlsplay driver clrcwts provides the
user with a singdle chip interface between digital logic or
microprocessors to non—multlplexed 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 twb input configurations. The
basic devices provide four data-bit inputs and four digit
select inputs. This configuration is suitable for interfacing
with multiplexed BCD or binary output devicas, such as
the Intersil 1CM7217, ICM7226 and ICL7135. The
microprocessor interface devices (suffix M) provide data
input latchés 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 microprocessor 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 wlill decode the
four bit binary input into a seven-segment alphanumeric
hexadecimal output (3-8, A:F). The “A” versions provide the
same output code as the ICM7218 Code “B” (0-9, dash, E, H,
L, P, blank). Either device will correctly decode true BCD to
seven-segment decimal outputs.

. Alldevices in the ICM7235 family are packaged in a standard
40 -pin p[astlc 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 | Qutput Code | Input Configuration
1ICM7235 IPL Hexadecimal | Muitiplexed 4-Bit
ICM723BA IPL Coda B Multiplexed 4-Bit
[CM7235M IPL Hexadecimal | Mlcroprocesasor Interface
ICM7235AM |IPL Cade B Microprocessor Interface

An Evaluation Kit is available for this part.
Order number ICM7235 EVIKit.
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ICM7235 - BINTERSIL

ABSOLUTE MAXIMUM RATINGS

Power Dissipation{Note 1}, ............. 05W@ +70°C Output Voltage(Note3) . ...... ... vn i ennt vt _3sv -
Supply Voltage (V¥ -Ground). . . .. e, ... BBValts Operating Temperaturé Range ......... -20°C to +85°C

Input Voltage(Note2) .......... ' V +D 3V, Ground — D 3V Storage Temperature Range. .. .... ... —B5°Cto +125°C

Stresses above those listed under “Absolute Maximum Ratings ' may cause permanent damage to the device. These are siress ratings only '
and funciional operation of the device at these or any other conditions above those Indleated in the operational sections of the specifica-
tions is net implied. Exposure to absolute maximum rating conditions for extended periods may affect device relfabilily.

OPERATING CHARACTERISTICS

All parameters measured with V= 8V, T, =256°C

PARAMETER SYMBOL CDNDITIONS. T ' MIN TYP MAX | UNIT '
Operating Supply Voltage Range Vsurp ‘ 4 5 6 [ Vv

. Supply Gurrent ]+ ?:sisrﬂﬁguy:iits%|§;r;og|gﬂk or OFF | N
Supply Current I* Measured V* to Display - o | 100 | mA
Segment OFF Output Voltage Veea | lsLk = 10nA IS | v

- Segment OFF Leakage Current | g VSEG”: vt _3ov - 0.1 10 IPA ‘
Segment ON Current ' lsec | Veeg=V ' -2V _ 15 25 mA_

~ INPUT CHARACTERISTICS

 PARAMETER SYMBOL | CONDITIONS i mN | TP | max | uniT

' Logical “1* Input Voltage - Vi, | Referred to Ground . EED v
Logical “¢" Input Voltage Vi Referred to Ground 1 ' '_ 15 _' 1 V
input Leakage Gurrent ) k| Pins 27-34 _ P20 | =1 A
Input Capacitance . Gy | Pins2734- 5 _ 1 pF-
BNIOFF Input Leakage | ik@Riorn| Al Devices +01 | =1 A

- ON/OFF I[nput Capacitance " | Giniorrorm| Al Devices _ _ ' ' 200 pF

" AC CHARACTERISTICS — MULTIPLEXERD INPUT CONFIGURATION '. o _
Digdit-Select Active Pulse Wldth tea Refer to Tirﬁing Diagrams 1 ' ‘ - §S
Data Setup Time tis | _ - 500 - ns
Data Hold Time: tan S 200 T o ns .
Inter-Digit Select Time tids 2 is
AC CHARACTERISTICS — MICROPROCESEOR INTERFACE
Chip Belect Active Pulse Width tosa ngz’tﬁzigvzﬁ'fg;gl‘h“;r held active,| 900 | ~ns
Data Setup Time _ - tdsm _ . : 100 .- ns
Data Hold Time Eatm ' 10: 0 ns
Inter-Chip Select Time tes | 2 w5 |

NOTE 1: This limlt refers to that of the package and witl not be realized during normal operation: |

NQTE 2: Pue to the SCR structure inherent In the CMOS process used to fabricate these devices, connecting 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 source’s operating on a different power supply be applied only after the device's own power supply has been established,
and that on multiple supply systems the supply o the ICM7235 be turned on first.

MNOTE 3: This value refers to the display outputs only.
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ICM7235

CIRCUIT DESCRIPTION

Each device in the ICM7235 family provides
signals for directly driving the anode terminals
of a four-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 > —35V with
respect to V*. In addition, the inclusion of an
ONJ/OFF input atlows the user to disable all seg-
ments by connecting pin 5 to V*; this same in-
put may also be used as .a-brightness 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 each 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 brightness for displays 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 effecis of hond wire resistance,
which could be a problem due to the high
display currents.

Input Configurations and Output Codes

The standard devices in the ICM7235 family ac-
cept a four-bit true binary (i.e., positive level =

iogical one) input at pins 27 through 30, least -

significant bit at pin 27 ascending to the most
significant bit at pin 30. The ICM7235 and
ICM7235M decode this binary input into a 7-
segment alphanurnerlc hexadecimal . output,
while the IGM7235A and ICM7235AM decode the
binary input into the same 7-segment output as

the ICM7218 “Code B,” i.e.,, 09, dash, E, H, L, P.- -

blank. 1 nese ¢otes are shown expllc:tly in Table1
Either decoder optioh will cotrectly decode truse
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 muliiplexed binary or BCD output.
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 Operating
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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 dewces, the four data input blts and the

© 2.bit Digit Select code (D51 pin 31, DS2 pin 32) are

written into input buffer latches when both Chip

-Select inputs (CS1pin 33, CS2 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 seiect code of 00 writes into D4, 01

writés into D3, 10 writes into D2 and 11 writes into
D1. The timing refationships for inputting data
are shown in Figure 3, and the chip select puise
widths and data setup and hold times are speci-
fied under Operating Characteristics.
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L ¥y 40 ——
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vt SEGMENTS OFF s v
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B V- a5
— 34
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ICM7235 EINTERSIIL
INPUT DEFINITIONS ’

L] - .
In this table, V* and ground are considered to be normal operating input togic 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 TERMINAL CONDITION FUNCTION

V' = Logical One
BO _ . 27 Ground = Logical Zero

Ones {Least Significant)

: . — o -
B1 28 V" =Logical One Twos
Ground = Logical Zero Data Input Bits
- + = i .
B2 | 29 V" =Logical One Fours

Ground = Logical Zero

B3 - 20 vt = Logical One

Ground = Logical Zero ights (Most Significant)

_ T N +‘ - ~ —_ = -
ONIOFF ' 5 V' =OFF, : Display ON/OFF Input
: Ground = 0N

ICM7235, ICM7235A
MULTIPLEXED-BINARY INPUT CONFIGURATION

INPUT TERMINAL | CONDITION FUNCTION

D1 . a ' . D1 {Least Significant) Digit Select )
D2 ' 32 vt = Active D2 Digit Select

D3 33 Ground = Inactive D3 Digit Select

D4 34 D4 (Most Significant) Digit Select

ICM7235M, ICR7235AM S :
MICROPROCESSOR INTERFACE INPUT CONFIGURATION

INPUT | DESGRIPTION TERMINAL CONDITION FUNCTION
P81 | Digit Select 81 D82 & DS1 serve as a two-bit Digit Select Code Input
| Code Bit 1 (LSB}) oyt = Logical One - DS2, DS1=00 selects D4
DS2 | Digit Select a2 Ground = Logical | D82, D51 =01 selects _DS
; ' i : DS2, DS1 =11 selects D1 )
€51 | Chip Select 1 33 v* =Inactive - |When both CS1 and -GS2 are taken to greund, the data at
82 | Chip Select 2 34 Ground.= Active the Data and Digit Select code inputs are written into the
j P : input latches, On the rising edge of sither Chip Select, the
data is decoded and written into the output latches.

ICM7235 TYPICAL DC VACUUM FLUORESCENT DISPLAY CONNECTION

qPEN-DRAIN HIGH.VOLTAGE P-CHANNEL TRANSISTOR OUTPUTS
Y

' 2 1,3 '
10-30V ) : : ,5 \
TP + + v
DEPENDING —— 46V =
ON - -
DISPLAY _ 1CM7235 | PHOSPHOR-COATED
/ ANODES
G h d f q. o .
GROUND . . I L LN L E L . 22—, 8RID
36 ) P / DIREGTLY HEATED
_ - - — = = = = FILAMENT CATHODE
N ,GLASS ENVELOPE
- DC FILAMENT
DISPLAY
pl
oI =3 F-
hili
+il -
1.5.2.5V
DEPENDING ON
HSPLAY
VACUUM FLUQORESCENT DISPLAYS (4 DIGIT) ‘ .

N.E.C. Electionics, Inc.
Models FIPAFBS and FIPSF8S
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 EINTERSIL

FEATURES

High frequency counting—guaranteed 15MHz,
typically 25MHz at 5V

« Low power operation—less than 100,W quiescent
* Direct 4v,.digit seven-segment dispiay drive for

non-multiplexed Vacuum Fluorescent displays
STORE and RESET inputs permit operation as
frequency or period counter '

+ True COUNT INHIBIT disables first counter stage

o CARRY output for cascading four-digit blocks

» Schmitt-irigger on COUNT input aliows operation
" in noisy environments or with slowly changing

inputs

Leading Zero Blanking INput and OUTput for
correct leading zero blanking with cascaded
devices

Allinputs fully protected against static dis-
charge—no speclal 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 ICM7236A devices are high-performance
CMOS 4's-digit counters, including decoders, autput
latches, count inhibit, reset, and leading zero blanking cir-
cuitry, and twenty-nine high-voltage open drain P-channel
transistor -outputs suitable for driving non-multiplexed
(static) vacuum fluoréscent dispiays.

The ICM7236 is a decade counter, providing a maximum
count of 19999, while the ICM7236A is intended for timing
purposes, providing a maxlmum count of 15050.

The counter section of the two devices in the ICM7236 family
provides direct static counting from DC to 15MHz guar-
anteed (with a 5V =10% supply) over the operating tempera-
ture rarige. At normal room lemperatures, the device will
typically count up to 26MHz. The COUNT input is provided
with a Schmltf trigger to allow operation in nolsy en-
vironments and correct counting with slowly changing in-
puts. These devices also provide count inhibit, store and
reset clrcuitry which allows a direct interface with the

ICM7207 devices to implement a low cost, low power fre- .

quency counter with a minimum component count.

These devices also incorporate features Intended to simplify
cascading in four-dlgit blocks. The CARRY output aliows the
counter o be cascaded, while the Leading Zero Blanking
INput and OUTput allow correct leading zerd' 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)

vt ] ® hod 140] D1
ei{2] [39] €1
G1[3] - 38] B1
_ Fi[4] Al
ON/OFF [5 [36] GROUND
A2(%] [35] v+
B2[7] 134] STORE
Cc2[a] ICM RESET
D2 E 7236]33A COUNT
E2 [10] [31] COUNT INHIBIT
G2z 1] 39] Lze put
F2[12] [29] LZBIN
A3 [13] (28] CTARRY
B3 [14] {27] 112.01GIT
c3{is] F4
D3 [16] G4
E3 [17] E4
G3 (18] D4
Fa (1% Ca
Aa[20] B4 )

ORDERING INFORMATION

CRDER PART NUMBER COUNTOPTION
ICM723BIPL 19999
ICM7236A1PL 15959
ICM7236 EVIKIT (Evatualion Kit)
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ICM7235
ICM7235/35A

D4

SEGMENT OUTPUTS

SEGMENT OUTPUTE

tritttt

‘D2
SEGMENT OUTPUTS.

[t1tttt

‘of

SEGMENT QUTPUTS

priteet

T
{ ¢ wiDE DRIVER 7 WIDE DRIVER | TWIDE Dr'm‘risn 7WIDEDAWER b—— (%?::-L::
7 WIDE LATCH £N 7 WIDE LATCH EN 7 WIDE LATGH EN. : 7w1§5 _t.af:il-l ENt
PADGRAMMABLE PACGRAMMABLE PROGRAMMWABLE PHOGR-AMMABLE
4 TO 7 DECODER 4 T0 7 DEGODER 470D 7 DECODER 470 7 DECOOER
DATA ! - 1 M
INPUTS : - —i
DIGIT { ) =
SELECY i
INPUTS
ICM7235M/35AM
D4 o3 D2 D4
- SEGMENT QUTPUTS SEGMENT QUTPUTS SEGMENT OUTPUTS SEGMENT CUTPUTS
ftitttt titttte fretite MEARAS!
7 WIDE DAIVER 7 WIDE DRIVER 7 WIDE DRIVER. 7 WiDEDRWER 1 TEPLAY

7 WIDE LATCH EN

LT

TTTIT

T

T WIGE LATCH EN

[7 WIDE LATCH EN

L]

LT

LT

T WIDE LATCH ER

PRGCGRAMMABLE
4 TO 7 DECUDER

PROGHAMMABLE

4TO 7 DECODER |

PROGRAMMABLE
4 TO 7 DECOGER

PROGRAMMABLE

4T0Q 7 DECODER 1

!

4

'l

4-BIT

DATA

INPUTS ———™

LATGCH

2.BIT
DIGIT SELECT
CODE INPUT

CHIP SECECTT —J_I__}-
CHIP SELECT 2

ENABLE{

2-BIT |
LATCH |

ENABLE

-/

SHOT \
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TYPICAL CHARACTERISTICS TEST CIRCUIT

Output Characteristics

C Y, &Y
-1z -1 -8 -8 4 -2 9, _ "*J |I -
- — 1V
1 . iCMr23Rs
. . .
.V SEGMENTS OFF 5 GROUND 35
- Grownd SEGMENTS ON o
] — A
— 5TORE 31 f—
v =av [t // — RESET 33 |—
.I' v g fout — COUNT 32
N = 45N ___,.._.....---""'" N ~——1 COQUNTINH 41—
| "~
— —_— L1zBour o pb—
L y+rzsyl = et 4, "
=5V : — 1ze N 29
O A A — CARRY 28—
vi_ssy | et d —] -
- - R .
I o ] . ] —
L v —ov a1 - '
" — _
— 20 i 2 —

Maximum Co.l.xnt Frequency (Typiu;.:al)
_ as & Function of Supply Voltage

45 - . 2
| - SEGMENT ASSIGNMENT
’ —AINE WAVE INPUT :
SWINGING FULL SUPPLY
w :
= =
Lo -
. T e o fo
.’/- ' _ e’_’c
§. 0 ’ //rA=zs'c Co d
g / T = . . .
L A 1 -
// /’ LT Ta=70°C
25 7 7 L
’ .
- e LT L DISPLAY FONT
B 3 v -
20 }——3- /
'f’y- . i
g2 ’r';;
s 4 5 1 I'l
SUPHALY VOLTAGE I.Il
’ 3
. =
Supply Current as a Function of =
Count Frequency 5
N RN E
vt =5V ' : —— . - ey . _:
| Tp=25"C- 1] . - ) . a1 -
|__1EST Ciacusr s ’ ) o
NN 1) , o
aabt 1L i / : {BLANK)
- - i f‘ .
A
_ __ HiV4
1004 | i _ "‘,/
4
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-‘//’I
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Downloaded from Elcodis.com €electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7235

Table 1: -Output Codes

. X f tips " tsa - o . .
DIGIT SELECT —
D L . e BINARY - | HEXADECIMAL CODE B
' . ] . ICMT7236 ICM7236A
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ICM7236 | BINTERSIL
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ICM7236

ABSOLUTE MAXIMUWN RATINGS

BINTERSIL

Power Dissipation (Note}. .. ......... .. 05W @ +70°C
SupplyVoltage (V¥) v ooeenr i 6.5V
Display Voltage(Note3) .......c.....ovivens V¥ —35V
Operating Temperature Range . . ..... .. -20°C to +85°C
Storage TemperafuréRange.......... —-55°Cto +125°C

Stresses ahove thase listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ra tings only
and functional operation of the device at these or any other conditions above those indicated ini the operational sections of the specifica-
tions is no¥ implied. Exposure to absolute maximum rafing conditions for exiended periods may affect device reliability.

OPERATING CHARACTERISTICS
~ (All parameters measured with V* =5V unless otherwise indicated.}

PARAMETER SYMBOL | CONDITIONS ' MIN | TYP | MAX | uNIT
Operating Supply Voltage Ha_inge ' Veure | V' ) B 3 | '5 I :__g-‘;" v
Operating Current _ lorp | Test circuit, Display blank L b1 | 50 | A
Display Voliage Vpise _ b 8 | v
Display Output Leakage oLk Output OFF, V=Vt -30V 01 | 10 pA
Input Pullup Currents e Pins 29, 31, 33,34 V=V' -3V 10 oA
Input High Voltage Vih | Pins 29, 31, 33, 34 S 3 |.. . . vV
Input Low Voltage Vi Pins 20, 31, 33, 34 R v
COUNT Input Threshold o Ve | ' | ' 2 ST v
COUNT Input Hysteresis Vo 5. ] Vv
Output High Current lon 323“_‘“\}”"1%‘3’ LZB OUT (Pin 30) 30 | 500 o
Output Low Current | loL SOAE?_YJEP:;C 28), LZ? 9”T (P'i‘ 3?’ 350 | 500 oy
Count Frequency foount | 48V <VY <6V |l e | 51115 | MHz
STORE, RESET Minimum Pulse Width] tg, tw - .- 3 | s

NOTE 1: This limit refers to that of the package and will not. be obtalned during normal cperation.. :

NOTE 2: Due to the SCR structurs inherent in the CMOS process used to fabricate these deviges, connecting any términal to voltagass
greater than V* or less than ground may cause destructive device latch-up. For this reason, it is recomménded that no inputs
from extarnal sources not operating on the same power supply be applietl to'the device betora its supply 1S establlshad and that

In multipte supply systems, the supply to the ICM7236/7236A be turned on first.

NOTE 3: This limit refers to the display cutput 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
42 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 respect
to V*. The output characterlstics are shown graphically
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 dispiay. 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.

Downloaded from Elcodis.com electronic components distributor

NOTE that these circuits have two terminals for V1; both of
these pins should be connected to the power supply positive
terminal. The doubte connection is necessary to minimize ef-
fects of bond wire resistance with the large total display
currents possible.

These chips may also be used to directly drive non-
muitiplexed common-cathode LED displays, where each
segment of the display is driven by one [CM7236 output, and
the common cathode is connected to ground, With a 5V
power supply and a 1.7V LED dlode forward veltage drap,
the current in an “QN” segment will be typically 3mA. This
shauld provide sufficient brightness in displays.up to about
0.3” character height.

+


http://elcodis.com/parts/5793164/ICM7226BIPL.html

EINTERSIL

FEATURES -

* Replaces 8240/50/60, 2240 in most applications

¢ Timing from microseconds to days _

® May be used as fixed or programmable counter _

* Programmable with standard thumbwheel swiiches

* Select output count from

1RC to 255Rc (ICM7240)

ircto 99RC (1ICM7250)

irc to 59rc (ICMT260)
» Monostable or astable operation _ _
* Low supply current: 115.A @ 5 voits
* Wide supply voitage range: 2-16 volis
¢ Cascadeable:

GENERAL DESCRIPTION .,

The ICM7240/50/60 is a family of CMOS Timer/Counter
circuits intended to replace Intersil's ICL 8240/50/60
and the 2240 in most applications. Together with the
- ICM7555/56 (CMOS versions of the SE/NE 555/86), 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, lower
component counts and a wider range of timing
components, They are intended to simplify the
selection of various time delays or frequency outputs
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 specitically
designed for time delays in seconds, minutes and hours.
Allthree devices use open drain output transistors, there-
by allowing wire AND-ing. Manual programming is easlly
accomplished by the use of standard thumbwheel

“switches or hardwired connections. The ICM7240/50/60

areé packaged in 16 pin CERDIP packages.

Applications include programmable timing, long delay
generation, cascadeable counters, programmable
counters, low freqguency oscillators, and sequence
timing.

ORDERING INFORMATION

PART TEMPERATURE
NUMBER’ RANGE PACKAGE

1ICM72401JE -20°C to +85°C 16 Lead CERDIP
ICMT2501JE -20°C 10 +85°C 16 Lead CERDIP
ICMT260IJE -20°C 1o +85°C 16 Lead CERDIP
1CM7240/D Dice Only
ICM7250/D Dice Only

~ ICM7260/D Dice Only

PIN CONFIGURATION (OUTLINE DRAWING JE)

1CM7240, 7250, 7260

FIEMED 7240
- \J

1 11 1wy
s 2 22 18 j<gj;cng$43:.lr (7250/60)
. 4 4] a 12 [ TB O
B 5[{a 13 [ 1AC
[ 10 18[s 12 [J Moo
o5 | 20 2[]s 11 [ TRIGGER
40 ed ] 10 [J RESET
| B0+ 128} 8 g 7] GrO

*7260 GPEN CIRCUIT
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ICM7236

COUNTER SECTION |

The devices in the ICM7236 family implemant a four-digit
ripple-carry resettable counter, including a Schmitt trigger on
the COUNT 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 or as an overflow indicator. 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 9999 {or 5359) 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 al the RESET terminal, pin 33. However, the
four dacades will continue to count in a normal fashion after
the halfdigit is set, and subsequent CARRY outputs will not
be affected.

A negative level at the COUNT INHIBIT disables the first

divide-by-two in the counter chain without affecting iis 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 legic gate forcing the state of the
clock to prevent counting.

Each decade drives directly intc a four-to-seven decoder
which derives the seven-segment output 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

BINTERSIIL

STORE pin is at a negative lavel , these latches are updated,
and when the pin is left open or at a positive level, the latches
hoid their contents.

The decaders alsoinclude zero 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 bianking is inhibited, and
zeroes in the four digits will be displayed. The Leading Zero
Blanking OUTput is provided to allow cascaded devices to
blank leading zeroes correctly. This output will assurme a
positive level only when all four digits are blanked, which
can.only accur when the Leading Zero Blanking INputisata
positive level 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 wouid 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, AESET, COUNT INFIBIT, and Léading Zéro
Blanking INputs are provided with pullup devices, so that
they may be left open when a positive level is desired. The
CARRY and Leading Zero OUTputs are suitable for interfac-
ing to CMOS logic in general, and are specifically designed
to allow cascading of ICM7236 devices in four-digit blocks.

in this table, V'+ and ground are considered to be normal operatiﬁg 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.

OPERATING CHARACTERISTICS

'FUNCTION

INPUT . TERMINAL VOLTAGE

Leading Zero Blanking Input - . 99 vt oor Floating Leading Zero Blanking Enabled
| (LZB IN) ' Ground -Leading Zeroes Displayed

T :

A e

—_— + i i

RESET - 33 ‘éroﬁlzg roating I(;];ll.?:t\:' Reset to 0000

SToFE | 3| Gone™™™ | Gt Catohes Updstod

Diplay ORIOFF s | Gouns B s Dbt
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ICM7240/50/60

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

ICM7250/60 have CARRY outputs.

-Only the

BINTERSIL

Tast Conditiohs: Test circuit, V=5Y, Ta = +25°C, R = 10K, C = 0.1uF, unless ctherwise specified.

PARAMETER SYMBOL | CONDITIONS MIN | TYP | MAX | UNITS
Guaranteed Supply Voltage | v+ 2 | 18 v
Supply Gurrent I+ Reset 125 wA
: Operating, R = 10K, C = 0.1uF 300 | 700 KA
Operating, R =1M(}, C = 0.1uF T 120 500 HA
TB Inhibited, RC Gonnected to GND 125 A
Timing Accuracy o 5 _ %
RC Oscillator Frequency : e e | o
Temperature Drift Af/AT {Exclusive of RC Drift) 250 ppm/°GC
Time Base Output Voltage VoTrs ISOURGE = T mA 3.5 4.2 v
: ISINK = 3.2 mA 0.25 | 06 Vv
Time Base Output o ;
Leakage Curient treLk RC = Ground 25 HA
Mod Voitage Level VmoD V+ =5y 35 Vv
vt =15y 11.0 vV
Trigger Input Voitage VTRiG vt =5y 1.6 20 | v
VT =15v 3.5 4.5 v
Reset Input Voltage VRsT V+ =5y 1.3 20 v
_ vt = 15V 27 | 4.0 v
Max Count Toggle Rate fi vE =2y . MHz
- 7240 : vt =5V [Counter/Divider Mode 2 6 MHz
vt =15y 13 MHz
50% Duty Cycle Input with Peak to
_ Peak Voltages Equal to V* and GND
Max Counter Toggle Rate fy V= 5y ‘ 1.5 5 MHz
7250, 7260 (Counter/Divider Mode)
Max Count Teggle Rate - ft Programmed Timer — Divider Mode 100 KHz
7240, 7250, 7280 ) o :
Output Saturation Voltage Vsat All Qutputs except TB Output 0.22]| 0.4 v
g : V=5V, lour =832 mA
Output Leakage Current loLk V+ =5V, per Output 1 uA
MIN Timing Capacitor Cr ' -10 pF’
_Timing Resistor Range Rt V<55V 1K 22M [¢]
‘ CVEE A6V 1K 22M 0
TEST CIRCUIT
vt - vt
e A A TR TameuThoy TRl Teeene  Sihmective
—YWh——_] = 15 [F————1 —oNC/CARRY OUT**
VVY ::: 4s  mwul] ' UTB;NPET‘FOUTPUT NOTE: $1-B INHIBITS THE THMEBASE SECTION, ALLOWING
. el uT.
YAZTTIE g = NS B 2oy » < TERMINAL 15 15 CARRY DUTPUT FOR Y0500 DEVICES,
'—M‘\:&—C 5 MOD 12 3 52 .1 . * TEAMINAL 8 15 DPEN CIRCUIT FOR 7250.
—AN——{ 6 TN h———"
—AAA DK A0 53 oal.
L aAA19K H o- ano9 f1— "B —oVy*
L
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FEATURES -

* Replaces 8240/50/60, 2240 in most applications

¢ Timing from microseconds to days _

® May be used as fixed or programmable counter _

* Programmable with standard thumbwheel swiiches

* Select output count from

1RC to 255Rc (ICM7240)

ircto 99RC (1ICM7250)

irc to 59rc (ICMT260)
» Monostable or astable operation _ _
* Low supply current: 115.A @ 5 voits
* Wide supply voitage range: 2-16 volis
¢ Cascadeable:

GENERAL DESCRIPTION .,

The ICM7240/50/60 is a family of CMOS Timer/Counter
circuits intended to replace Intersil's ICL 8240/50/60
and the 2240 in most applications. Together with the
- ICM7555/56 (CMOS versions of the SE/NE 555/86), 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, lower
component counts and a wider range of timing
components, They are intended to simplify the
selection of various time delays or frequency outputs
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 specitically
designed for time delays in seconds, minutes and hours.
Allthree devices use open drain output transistors, there-
by allowing wire AND-ing. Manual programming is easlly
accomplished by the use of standard thumbwheel

“switches or hardwired connections. The ICM7240/50/60

areé packaged in 16 pin CERDIP packages.

Applications include programmable timing, long delay
generation, cascadeable counters, programmable
counters, low freqguency oscillators, and sequence
timing.

ORDERING INFORMATION

PART TEMPERATURE
NUMBER’ RANGE PACKAGE

1ICM72401JE -20°C to +85°C 16 Lead CERDIP
ICMT2501JE -20°C 10 +85°C 16 Lead CERDIP
ICMT260IJE -20°C 1o +85°C 16 Lead CERDIP
1CM7240/D Dice Only
ICM7250/D Dice Only

~ ICM7260/D Dice Only

PIN CONFIGURATION (OUTLINE DRAWING JE)

1CM7240, 7250, 7260

FIEMED 7240
- \J

1 11 1wy
s 2 22 18 j<gj;cng$43:.lr (7250/60)
. 4 4] a 12 [ TB O
B 5[{a 13 [ 1AC
[ 10 18[s 12 [J Moo
o5 | 20 2[]s 11 [ TRIGGER
40 ed ] 10 [J RESET
| B0+ 128} 8 g 7] GrO

*7260 GPEN CIRCUIT
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ICM7240/50/60 | - BINTERSIL

ABSOLUTE MAXIMUM RATINGS NOTE: Stresses above those lisied under Absolute Maximum
- Ratings may cause permanent damage to the devica. These
Supply Voltage ........ et e e e 18V are stress ratings only, and furictional operation of the device
Input Voltage!! : ' at these or any other coriditions above those indicated inthe
: X _ . operational sections- of the specifications is not implied.
Te_rmnna[s 10,11,121314 ............. GND+0'3V to Exposure to absolute maximum rating conditions for
] . V7 0.3V extended periods may affect device reliability.
Maximum continuous output I _ ‘
current (each output) ...................... BOMA
Power Dissipation® ...................... . 200 mW
.Operating Temperature Range ...... -20°C to +85°C C
Storage Temperature Range ..... . -55°C to+H125°C . ' - -
NOTES: _ : .

1. Due tothe S8CR structure inherént in the CMOS process, connegting
any terminal to voltages greater than¥+or less ﬂ‘l__an GROUND mmay
cause destructive device latchup. For this reason, it is recommended
that.no inputs from external sources riot operating on ihe same
supply be applied to the device befora its supply is established, and
that in muitiple supply systems, the supply to the ICM7240/50/80 be-
turned on first.

. 2. Derate'at -2 mW/° C above 25°C.

BLOCK DIAGRAM

ICM7240/50/60
i,
v TRIGGER RESET
[+ + > &
16 i
é ' n 10
CONTROL
] _I - FF
MOD ©
12
| .
RC o = TB -
i3 : ‘
: —I E— : 8 STAGE BINARY . Ei“ﬁﬁ“? -
. . OF BCD COUNTER ) GARRY T
0—-|>o—| E
’ i — o —
lGND Liglo Joutrur QUTPUT 3 outeur
9 14 o __ ___ . 3
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ICM7240/50/60

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

ICM7250/60 have CARRY outputs.

-Only the

BINTERSIL

Tast Conditiohs: Test circuit, V=5Y, Ta = +25°C, R = 10K, C = 0.1uF, unless ctherwise specified.

PARAMETER SYMBOL | CONDITIONS MIN | TYP | MAX | UNITS
Guaranteed Supply Voltage | v+ 2 | 18 v
Supply Gurrent I+ Reset 125 wA
: Operating, R = 10K, C = 0.1uF 300 | 700 KA
Operating, R =1M(}, C = 0.1uF T 120 500 HA
TB Inhibited, RC Gonnected to GND 125 A
Timing Accuracy o 5 _ %
RC Oscillator Frequency : e e | o
Temperature Drift Af/AT {Exclusive of RC Drift) 250 ppm/°GC
Time Base Output Voltage VoTrs ISOURGE = T mA 3.5 4.2 v
: ISINK = 3.2 mA 0.25 | 06 Vv
Time Base Output o ;
Leakage Curient treLk RC = Ground 25 HA
Mod Voitage Level VmoD V+ =5y 35 Vv
vt =15y 11.0 vV
Trigger Input Voitage VTRiG vt =5y 1.6 20 | v
VT =15v 3.5 4.5 v
Reset Input Voltage VRsT V+ =5y 1.3 20 v
_ vt = 15V 27 | 4.0 v
Max Count Toggle Rate fi vE =2y . MHz
- 7240 : vt =5V [Counter/Divider Mode 2 6 MHz
vt =15y 13 MHz
50% Duty Cycle Input with Peak to
_ Peak Voltages Equal to V* and GND
Max Counter Toggle Rate fy V= 5y ‘ 1.5 5 MHz
7250, 7260 (Counter/Divider Mode)
Max Count Teggle Rate - ft Programmed Timer — Divider Mode 100 KHz
7240, 7250, 7280 ) o :
Output Saturation Voltage Vsat All Qutputs except TB Output 0.22]| 0.4 v
g : V=5V, lour =832 mA
Output Leakage Current loLk V+ =5V, per Output 1 uA
MIN Timing Capacitor Cr ' -10 pF’
_Timing Resistor Range Rt V<55V 1K 22M [¢]
‘ CVEE A6V 1K 22M 0
TEST CIRCUIT
vt - vt
e A A TR TameuThoy TRl Teeene  Sihmective
—YWh——_] = 15 [F————1 —oNC/CARRY OUT**
VVY ::: 4s  mwul] ' UTB;NPET‘FOUTPUT NOTE: $1-B INHIBITS THE THMEBASE SECTION, ALLOWING
. el uT.
YAZTTIE g = NS B 2oy » < TERMINAL 15 15 CARRY DUTPUT FOR Y0500 DEVICES,
'—M‘\:&—C 5 MOD 12 3 52 .1 . * TEAMINAL 8 15 DPEN CIRCUIT FOR 7250.
—AN——{ 6 TN h———"
—AAA DK A0 53 oal.
L aAA19K H o- ano9 f1— "B —oVy*
L

Downloaded from Elcodis.com €lectronic comporients distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7240/50/60 | BINTERSIIL

TYPICAL PEﬁFO’RMANCE CHARACTERISTICS

RECOMMENDED RANGE
SUPPLY CURRENT AS A FUNCTION OF TIMING COMPONENT VALUES
OF SUPPLY VOLTAGE : FOR ACCURATE TIMING
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ICM7240/50/60

TYPICAL PERFORMANCE CHARACTERISTICS

. NORMALIZED FREQUENCY
STABILITY IN THE ASTABLE MODE
AS AFUNCTION OF SUPPLY VOLTAGE

5
ST
-
2  48F
[ E L
T i R=10MQ __ |
z C=0.0sF,#
o - - il e
= . o
2 .5 R=tkn_____|
= C=0.uF
B =
o
LTS
o -2
N
o -3
S BV W g 1BY
o]
2

-25 ‘o +25 +50 +76

TEMPERATURE {°C)

DISCHARGE OUTPUT CURRENT AS A FUNCTION
OF DISCHARGE QUTPUT. VOLTAGE

*

100 = — 7 -

‘&‘ : V' = 15V /
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- - / vt =2v

|1}

g W

€ 1

e
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a Ta —425°C
ga—vovvl vl o e
a1 0.1 1 10

DISCHARGE 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, ali the counter outputs areata
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 awired-AND configuration, as described in
the Programming section. . :

GROUND ({PIN 9} ' . g

Thisisthe return or most negative supply pin. It should
have a very low impeadance as the capacitor discharge
er switched ciirrents o reate tranciante

BINTERSIL

MAXIMUM DIVIDER FREQUENCY
vs. SUPPLY VOLTAGE*

100M

oM

Ta = +25°C
~ ARG CONNELTED
TO GROUND

100K

MAX, BIVIDER FREQUENCY {Hz)
2

CIACUIT FUNCTIONING AS

¥ CGOUNTER/DIVIDER OMNLY —

NO PROGRAMMING CONNECTIGNS

10K | | L1 i 1
0 2 4 6 8 10 12-14 16 18 20

SUPPLY VOLTAGE |v)

OUTPUT SATURATION CURRENT AS A
FUNCTION OF OQUTPUT SATURATION VOLTAGE

00

T TTTT

-
=

La—

Ta = #25°C

OUTPUT.SATURATION CURRENT (mA)

L | R L1111l
M 1R ] 1 10

OQUTPUT SATURATION VOLTAGE (V]

RESET AND TRIGGER INPUTS {PINS 10 AND 11)

The circuits are reset or triggered by positive going
control pulses applied to pins 10 and 11, and once
triggered they ignore additional trigger inputs until
either the timing cycie is completed or a reset signal is
applied. If both reset and trigger are applied simul-
taneously trigger overrides reset. Minimum input pulse
widths are shown in the typical performance charac-
teristics. Note that all devices feature power ON reset.

MODULATION AND SYNC INPUT (PIN 12)

The period t of the time base oscillator can be modu-
latad by applying a DC voltage to this terminal. THe
time base oscillator can be synchronized to an external

rlacle har annluina a cuuma nadan b4 wle; A0
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ICM7240/50/60

TIMEBASE INPUT/OUTPUT PIN (TERMINAL 14)

While this pin can be used as eithera time base inputor
output terminal, it should oniy be used as an input
terminal if terminal 13 (RC) is connected to GND.

If the counter is 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 8240G/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 e ]¢]
count, and can be used to drive another 7250 or 7260
counter stage white still using all the counter outputs
of the first. Thus, by cascading several 7250’s a large
BCD colntdown can be achieved.

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 signal 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 capacitor C, and all
the flip-flops in the counter chain change states.

Note that for stralght binary counting the outputs are
symmetrical; that is, a 50% duty cycle Hi-LO: This s
not the case when using BCD counting. See Figure 3.

_I-I __, TRIGGERiNPUT
_ . {TERMINAL 11
TTTTTTTTRTI
—I__I—u_—l_l—l_l—l_ru——. +2 QUTPUT (TERMINAL 1)
—-—-I 2t L—
[ .

o ——— 4t ——ae]

] |__ | 2BOUTPUT (TEAMINAL 3

1,
Li‘IZBtA—-—-—h

TIMEBASE OUTFUT
(TERMINAL 14|

=4 QUTPUT (TERMINAL 2)

ot =258 OUTPUT
) L {TERMINAL 8; 7240 ONLY)

Figure 1. Timing Diagram fer ICM7240/50/80

- CIRCUIT DESCRIPTION

The timing cycle is initiated by applying a positive-
going trigger pulse to pin T1. This pulse enables the
counter section, sets all counter outputs to the LOW or
ON state, and starts the time base oscillator. Then,
external C is charged through external R from 20% to
70% of V+, generating atiming waveform with periodt,
equal to 1rc. A short negative clock or time base pulse
occurs during the capacitor discharge portion of the
waveform. These c¢lock pulses are counted by the
binary counter of the 7240 or by two cascaded Binary
Coded Decimal (BCB) Counters in the 7250/60. The

Downl oaded from-El codisicom -eleetronic'comportentsdistributarisitsn mmimm wnnnd
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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 ata HIGH or OFF
state. The carrry-out is also HIGH.

In most timing applicatioris, 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 the reset
terminal (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 o a
common pull-up resistor to form a “wired-AND” con-
nection. 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 only pin 6 is connected to the output
and the rest left open, the total 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 & were
shorted to the output bus, the total time delay would be
to = (1+16 + 32)tfor the 7240 or (1 + 10 + 20)t for the

' 7250/60. Thus, by selecting the number of counter

terminals connected to the output bus, the timing
cycle can be programmed from. :

1t < to < 256t (7240)
1t=te < 99t (7250)
t<to= 59t(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 relations between the counter out-

puts. Figure 3 shows some of these complex pulse

patterns. The pulse pattern repeats itself 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
lowest counter bit connected to the oufput,

THUMBWHEEL SWITCHES

While the ICM7240 is frequently hard wired for a par-
ticular function, the ICM7250 and ICM7260 can easily
be programmed using thumbwheel switches. Stand-
ard BCD thumbwheel switches have one common and

four inputs {1,2,4 and 8) which are connected accord-
ine 4 thoe hinane asnivalant tn the dinite 0 fhrniiah O
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ICM7240/50/60

For a single ICM7250 two such switéhes would select a

. time of 1rc to 99rc. Cascading two ICM7250’s (using
the carry out gate) would expand selection to 9999a¢.
For a ICM72860, there are standard BCD thumbwheel
switches for the 0 through 5 digit (twelVe position 0 to 5
repeated).

vf
R N {72408
’ 1 cARRY ?250]
7260
| o2 Bs———1o
lb——-—-ﬂ-—{: 3 M ] . —“—-———o-\“_
- 7240 : | €
. O'—E 4 350 13 +f
oo—qs 7280 3|5 50uF “E
,__“‘—ﬁ—ﬂ 6 N ;I-LEH‘
-—o—-/_o—-f': 10 :‘—-—d—oll {' TRIGG
: L sk
—o"o——{]8 9 ]1 RESET §
oUTPUT = -
v —e—— o5
GND:LJ- §

PROGRAMMING BY SCLDER CONNECTIONS
OR THUMBWHEEL SWITCHES

= FOR POWER UP TRIGGERING (ty,=1H6ms} USE CLRCUIT SHOWN
AND OMIT EXTEAMAL PULSE. - : .

L

’

Figure 2. Generalized Circuit for Tirhing Applications (Switch S1
open for astable operation, closed for monostable
operation) .

A 2PINPATTERNS

1 i
A

.
PINS 1& 2 SHORTED t=RC

-

R [y e

PINS 1& 4 SHORTED

3t p—

B 3PINPATTERNS

| 1] I
B e —

- PINS 1, 3, &5 SHORTED

=

€ APINPATTERNS

”.'-L‘ ;;- L ”-ﬂ _
£E e

PINS 1, 3,5, & 7 SHORTED

=

L

L]

Figure 3. Pulse Patterns Obtained by Shorting
Various Counter Qutputs
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NOTES ON THE COUNTER SECTION -

Used as a straight binary counter (ICM7240), as a-+100
(ICM7250), or +60 (ICM7260) all devices are signifi-
cantly faster than their bipolar 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. 8ince Ripple counters are used, there is a
propagation delay between each individual +2
counter {8 counters for the ICM7240/50 and 7 for the
1EGM7260). 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 terminal
{pin 11). The Reset signal must thersfore be
generated first, and from this signal another signal
is obtained through a delay network. The trigger
overrides Reset,

The delay between Trigger and Reset is generated by
the signal RC network consisting of the 56k resistor
and.the 330pF capacitor.

The delay caused by the counter Ripple delays can be
as long as 2us (5 volt supply), and the delay betweean
Reset and Trigger should be at least 2 u8. The sum of
these two delays cannot be greater than one-half of the
input clock period for reliable ocperatjon. See Figure 4
and 5.

.v'

1
10

1
9 3—_|—- 33‘1pr-:|:

\ '
[ —
t 18 CLOSE |
z 15 TA INRIBIT
10K153 TBID INTERNAL

3 w14 " TIMERASE
4 240f 133 -0

soe0 1
5 1283 —
6
?
B

*5g NOT $——a" 00—
USED GN
'CM7260

OUTPUT

Figure 4. Programming the Counter Section of the 1GM7240/50/60
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=]
=

QFF

o
=4

j 2 3 1 4 5 8 l F i -2 |
T8 SIGNAL ‘ I: | ' | l | I ‘ ' |
I i .
- . OFF
PIN % ﬂ _ _ .l l L
1 . . 1 = oN -
" . : S
1 r OFF
pIN 2 .
.1 )
! | _
PIN 3 |
!
i ) [ :
QUTPUT {RESET} J'l ’ . ” _
. 0 ] K
. ' |
TRIGGER

__..’L_ HESET TO TRIGGER

RC DELAY

——-“a7 RESET TO TAIGGER
RC DELAY -

Figure 5. Waveiorms for Programming the Counter Section for a Division Ratio of 7 {51, 82, $3 Closed)

APPLICATIONS

GENERAL CONSIDERATIONS

Shorting the RC terminal or output terminals to V' may
exceed dissipation ratings and/or maximum DC cur-
rent limits (especially at high supply voltages).

Thereis alimit ot 30pF maximumloading onthe TB I/O
terminal if the timebase is being used to drive the
counter section. If higher value loading is used, the
counter sections may miscount.

For greatest accuracy, use timing component values
shown in the graph under Typical Performance Charac-
teristics. For highest frequency operation it will be
desirable to use very low values for the capacitor;
accuracy will decrease for oscillator frequencies in
excess of 200 KHz.

When driving the counter section from an external
clock, the optimum drive waveform is a square wave
with an amplitude equal to supply voltage. If the clock
is a very slow ramp triangular, sine wave, etc., it will be
necessary to “square up” the waveform (rise/fali time =
1us); this can be done by using two GMOS inverters in
series, operating from the same supply voltage as the
ICM 7240/50/60,

By cascading devices, use of low cost CMOS AND/OR
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, automatic sequencers (no metal contacts
or moving parts}, milling machine controllers, process
timers, automatic (ubrication systems, etc.

By selection of R and C, a wide variety ©of sequence
realized. tgfcpica[ flow chart for a

ronlccomponent stributor

START

WAIT
5 SEC.

l

ENABLE
10 SEC,

ICM7240

ICM7240

& TRIGGERING CAN BE
CBTAINED FROM A l

PREVIOLS STAGE, A
LEMIT SWITCH, OPER-
ATOR SWITCH, ETC,

TWAIT

5 5EC. IGMT240

COUNT

Yo 185 ICM7240

ENABLE
5 SEC,

1CM7240

START I 1 I ‘t ' i [ 1 l 1 I STOP
WAIT ENABLE WAIT COUNT EMABLE
5SEG, 10 SEC. Ei SEC. TO 185 § SEC.
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ICM7240/50/60
CMOS PRECISION PROGRAMMABLE 0-99
SECONDS/MINUTES LABORATORY TIMER

The ICM7250 is well suited as a laboratory timer to alert

personnsl of the expiration of a preseiected interval of

time.

When connected as shown, the tlmer 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 ¢ircuit operates‘ as follows:

EINNERSIL

The time base is first selected with ‘51 {seconds or
minutes), then units 0-99 are selected on the two
thumbwheel switches S4 and $5. Finally, switch S2 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, whereupon it is reset, pin 10 of the CD4082B
is enabled and ihe buzzer is turned on. Pressing S3
turns the buzzer off.

QUARTZ XTAL = 32,768 H:

v = 15 VvOLTS 0C

20M12 1"
—-
_.._._ 330K 10
i RESE
IhF o= EE 6-36pF : 2l

vi

5 VOLT
 BUZZER

START
52

vte—0o o
14 coW0IB 36K

22222

142 COA0B2R

10K

14
——‘—O\.r""
2 1
CE0808 - GD40248
qHz 7
RESET j_
z |y fa[al]s [e -
s5[4|z
1/2 GD408ZR
1
1 PULSE/MIN
1 PULSESSEC
1"
4 TRIGGER
ICM7250iPE
10

1--OFF
0 = COUNTING

RESET

53

}b—0 o— oyt

> BUZZER RESET
5m<i

2 DECADE BGD
THUMBWHEEL SWITCHES

Flgure 7.
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bit latch, thé third triggers the ICM7240 to begin its
timing cycie and the fourth resets the decade counter.

The ICM7240 then counts the interval of time
determined by the R-C value on pin 13, and the
programmed binary count on pins 1 through 8. At the
end of the programmed time interval, the interrupt one-
shot is triggered, informing the mlcroprocessor that
the programmed time. mterval IS OvEr.

ICM7240/50/60

LOW POWER MICROPROCESSOR
PROGRAMMABLE INTERVAL TIMER

The 1CM7240 CMOS programmable hinary timer can
be configured as a low cost microprocessor controiled
interval timer with the addition of a few inexpensive
CD4000 series devices. .

With the devices connected as shown, the sequence of
operation is as follows:

The microprocessor sends out an 8 bit blnary code on With a resistor of approx_lmately 10 Mn a.nd capacitor

its 8 bit 1/0 bus (the binary value needed to program
the ICM7240), followed by tour WRITE pulses into the
CD4017B decade counter. The first pulse resets the 8

of 0.1 uF, the time base of the ICM7240 is one second.
Thus, a time of 1-255 seconds can be programmed by
the microprocessor, and by varying R or G, longer or

bit latch, the second strobes-the binary valueinto the 8

shorter time bases. ¢an be selected.

vt
1 MEG 9.TMWMEG
+ . 13
v HESET 10}
INTERRUPT . ICM7240IPE 1
ONE-SHOT §V . CMOS PROGRAMMARBLE BINARY TIMER 16 oyt 01 22 ¢y
TRIGGER 11 9 I
10K i =
g8 7 |6 Is a |3 2 h =
o : o
“ELAPSED TIME OVER” 25134 jal8 i 2133 |aj9|8ojn
INTERRUFT TO 1/ CDACDIB 174 CO40018 -
MICROPROCESSOR . ]
CDdO'I_EE CDA0168
i QUAD SWLTCH QuUAD SWITCH
3 |5 |6 Mz - B s |6 [12
THRIGGER
. 5 |72 |g [n 17 J1g |2t |23
) A - -
RESET 1.3 . 315 DISABLE
sTROBE 214 CD45058 i
TRIGGER -1 8 BIT LATCH as
RESET o -
CD40178 . 15K, : 4 |s 8 [0 |16 [18 (20|22
. a2 4|z
—"] |‘—31|.!s " 14 .
WR FHAOM MICROPROCESSOR GMUD!B CDA017B 1 a0t MSB Lsk
DECADE COUNTER |FESET T '
16 J_B,m =

ovt —

8 BIT MICROCFRCCESSOR BUS

Figure 8.
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EINmeRSIL 1cm7242

Long Range
Fixed Timer/Counter

FEATURES ABSOLUTE MAXIMUM RATINGS

¢ Heplaces the 2242 in most applications SupplyVoltage ......cociviviiiiriinnn. Ceraaen i8v
[1] .
+ Timing from microseconds to days Input \.!oltage.
g y Terminais (Pins 5,6,7,8) ............ GND -0.3V to
s Cascadeable | vit0.3v
s Monosiable or astable operation Maximum continuous output -
current (each output) ............... ... ... 50 mA
] : 2= _ e . !
Wide supply voltage raljge 2-16 volts Power DISSIPRON® .. ..vvvrvrrerirreiins 200 mW
* Low supply current: 115,A @ 5 volts Operating Temperature Range ..... -20°C to +85°C
s Extended temperature range: -20°C to +85°C Storage Temperature Range ...... -55°C to +125°C
GENERAL DESCRIPTION _ NOTES:
. . , . . 1. Dueto the SGR structure inherent in the CMOS process, connecting any
The ICM7242 is a CMOS timer/counter circuit consist- terminalto voltages greaterthan V+or less than GROUND may cause destruc-
ing of an RC osclllator followed by an 8-bit binary coun- - tive.device latehup. For this reason, it is recommended that no Inputs from
. - . A s . . external sources not operating on the same supply by applisd to the device
ter. It wil replace the 2242 in 85% of the app"catlons before Its supply is established and, thatin multlple supply systems, tha supply
with a significant reduction in the number of external 1o the ICM7242 be turned on first.
compone nts. ) 2. Darate at -2 mW/C above 25°C.
Three outputs are provided. They are, the oscillator Stresses above those listed under “Absolute Maximum Ratings" may
i ’ b i . cairse permanent device fallure. These are strass ralings only and
ouiput, and buffered OUtp'-‘ts from the first and eighth functicnal operation of the devices at these or any ather conditlons  ~
counters. above those indlcated in the operation sections of this specification
is notimplied, Exposure to absclute maximum rating ¢conditions for
The IGM7242 is packaged Inan B—pl!‘l CERDIP ' exiended periods may cause device [ailvres,

BLOCK DIAGRAM

: TRIGGER RESET
v o $-- » - :
1
6| |[s

<

. . | conTROL
oy bt I "
-+

" >CD_|— e I —l

F

3 oz SR —-Do-——o +128/258 QUTPUT
3
HC © - LIE :
7 +
COMP 2 Do_,_o

- H> |-
HDK % ) IE i - : 1B /0

-

GND ©
-
ORDERING INFORMATION PIN CONFIGURATION (OUTLINE DRAWING JA)
- v ~ 8 N 1B IO
Device: ICM72421JA +2ouTPuT ] 2 7[JRc
Dice: ICMT7242/D +123f256 QUTPUT ] 3 & [ TRIGGER
‘ oo} a & [ RESET

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7242 . BINTERSIL

ELECTRICAL CHARACTERISTICS

Test Conditions: Test circuit, V¥'= SV, TA=425°C, R =10K0, C =0.1 uF, unless otherwise specified.

PARAMETER _ SYMBOL CONDITIONS MIN [ TYP | MAX UNITS
Guaranteed Supply Vohage v+ . 2 16 v
Supply Gurrent * Reset ' 125 nA
' Operating, R = 10K(}, C = 0.14F 340 | 800 A
Operating, R ={M(), C = 0.1uF ' 220 600 i
] _{ . TB Inhibited, RC Connected to GND 225 | pA
Timing Accuracy ’ ' 5 ' %
;Hé)m?)sécr:;ltllajir;rr;:;uency A/AT _ ‘-Independent of RC Components. 250 ppm/“Q
Time Base Qulput Voltage Vors ISouRGE = 1 MA 35| 42 Y
o fSink = 3.2 mA - _ | 025 | 06 | v
I;?Eaggsgu?x;ﬁtut FrBLK RC = Ground 25 nA
Trigger Input Voitage VTRIG V+ =5y ' 16| 20 Vv
| - VH = 15y L as | as | v
Reset Input Voltage VRsT | V* =5V ” 13 [ 20 | v
- - . VP =18y ‘ : 27 { 40 4 v
Trigger/Reset Input Current iTRIG, 10 zA
: IRsT e ) )
Max Count Toggle Rate |1 v+ =2y - ' 1 | MHz
| v+=sv |-Counter/Divider Mode 2 | 8 MHz

vVt =15V . : 13 . MHz

" 50% Duty Cycle Input with Peak to
Peak Voltages Equal to V¥ and GND

Cutput Saturation Voltage VSAT All Outputs except TB Output 022 | 04 Y,
) ' V¥ =5V, lout = 3.2 mA }

OutpiH Sourcing ISCURGE V+ =5y 300 uA
Current 7242 . - Terminals 2 & 3. Vout = V. ]
MIN Timing Capacitor Ci ’ K ' 10 . pF
Timing Resistor Range B vt = 2.18v _ 1K -

' ' 22M n

TEST CIRCUIT

L V'
-
T——C 1~ g TIMEBASE INFUT/QUTPUT
<21 (AC . 2) DUTPUT 0——= ]2 ICM 4 :I—TMA,— —ov*
+2% {RC = 266} DUTPUT 0—— (] 3 [ 6
- 4 5 j—l
~ _ RESET TH[GGER

* TIMEBASEPERIOD = 1.0RC;
1 SEC. = M8 x 1pF

NOTE: OUTPUTS :2' AND +2% ARE INVERTEAS AND HAVE
ACTIVE PULLUPS,
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ICM7242

TYPICAL PERFORMANCE CHARACTERISTICS

_ : RECOMMENDED RANGE
SUPPLY CURRENT AS A FUNCTION OF TIMING COMPONENT VALUES
OF SUPPLY YOLTAGE ' FOR ACCURATE TIMING
260 T 100M
240 Ta--200C LA o J\
220 " 10M \\\\{ ‘};\\\Q‘\\“E\\h\‘. NN
oo 2 ' \\\\\X\\\
< g0 A 5 Ahnnest .
= // — M AT U R AT ‘
£ 160 —t—1= - x RECOMMENDED RANGE OF \
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ICM7242
TYPICAL PERFORMANCE CHARACTERISTICS

NORMALIZED FREQUENCY
STABILITY IN THE ASTABLE MODE
AS A FUNCTION OF TEMPERATURE
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CISCHARGE SATURATION VOLTAGE [&4]

APPLICATIONS
GENERAL CONSIDERATIONS

Shorting the RC terminal or cutput terminals to V may
exceed dissipation ratings and/or makimum DC cur-
rent limits (especially at high supply voltages).

OPERATING LIMITS :

There is a limitation of 50pF maximum loading on the
TB 170 terminal if the timebase is being used to drive
the counter section. If higher value loading is used, the
counter sections may miscount.

For greatesi agcuracy, use timing component vailues
" shown in the graph under typicai performance charac-
teristics. For highest frequency operation it will. be
.desirable to use very low values for the capacitor,;
accuracy will decrease for oscillator frequencies in
excess of 200 KHz.

When driving the counter section from an external
clock, the optimum drive waveform is a square wave
with an amplitude equal to supply voltage: If the clock

Downloaded from Elcodis.com electronic components distributor
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MAXIMUM DIVIDER FREQUENCY
vs. SUPPLY VOLTAGE
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; 100K
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OUTPUT SATURATION CURRENT AS A
FUNCTION OF OUTPUT SATURATION YOLTAGE

100 —

-
o

-

Ta = +26°C

QUTPUT SATURATICON CURRENT (mA)

NI ST U S N T
.01 0.1 1 10

QUTAUT SATURATION VOLTAGE (V)

is avery slow ramp triangular, sine wave, etc., 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 long 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-channe! transistors,
and the externai 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 I[CM7242 is shown in Figure
1. Assuming that the device is in the RESET mode,
which occ¢urs on powerup or after a positive signal on
the RESET [erminal“f.TR]GGFn i law 2 nneitiva adaea
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IcM7242

on the trigger input signal will initiate normal operation.
The discharge transistor turns on, discharging the
timing capacitor C, and ali the flip-flops in the counter
chain ¢hange states. Thus, the outputs on terminals 2
and 3 change from high to low states. After 128 negative
timebase edges, the =28 output returns to the high state.

_ﬂ - — = TRIGGER INPUT
; : {TERMENAL 6)
TTTTETTTITTTT — s
I [ |l I I II I I I l - +20UTFUT[TEB_MINAL2.|
‘—_l_—“_—‘L- . +128/256 OUTPUT :
- ITERMINAL 3) {ASTABLE

OR “FREE RUN" MCDE

I 128RC - 128RC——| )
+128/266 QUTRUT
(TERMINAL 3) (MONOSTABLE .
OR “ONE SHOT” MODE}

f——128 RC——=]

Figure 1. Timing Dlagrams of Qutput Waveforms for the |(CM7242,
{Compare wilh Flgure 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.

”T——E1 8 g Lk ke
1M/2
mms{*—*—t. 2 o TP
3 a0 =
Stufzss sh vt

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).

ol R

>
LC‘ ~ sp E:Rc Ll:t ~ b
gz ow { 3z e b 1
d: 72 3. 2 b | =
e LR g N o |
dtrcmis

Figure 3. Low Frequency Refersnce (Oscillator)

For monostable operation the +98 output is connected
to the RESET terminal. A positive edge on TRIGGER
initiates the cycle {NOTE: TRIGGER overrides RESET).

The ICM7242 is superior in all respects to the 2242
except for initial accuracy and escillator stability. This is

primarily due to the fact that high value p-resistors have -

been used on the ICM7242 to provide the comparator
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oyt
e B A
_""_C 1 . ] j ) ']
Oz waw 7 D——I _
C ouTPUT=e——{]3 T2 4 R TRIGGER
.
[ 4 §EY meser
= worn 1

TRIGGER H TERMINAL 6

— -y

18 oureur “|||“”l||_"'T£aM|NALa

oUTPUT _]—l_—" TERMINAL 3

Figure 4. Mcnostable Operation

COMPARING THE ICM7242 WITH THE 2242

ICM7242 2242
216V 4-15V

a.  Operating Voltage
b. Commercial Temp.

-~ . Range ~20°C to +75°C 0°C 1o +75°C
C. Supply Current
yt=5v ‘0.7 mA Max. 7 mA Max.
d.  Pullup Resistors ’
. 1B Output No Yes
+2 Output No Yes
+256 Output No Yes
a. Toggle Aata 3.0 MHz 0.5 MHz

f, Reslstor fo Inhibit

Oscillator No Yes
g. Resistor in Series

with Reset for

Monostable Operation No - Yes
h.- Capacitor TB
Terminal for
HF-Operation No Sometimes.

By selection of R and C , a wide variety of sequence
timing can be realized. A typical flow chart for a machine
tool contralier-could be-as follows:

* TRIGGERING CAN BE ‘lcm T4z iCM 7242
OHTAINED FROM A —
PREVIOUS STAGE, A

LIMIT SWITCH, OPER- | o T

ATOR SWITCH, ETG. |

ssec |- 10 SEC,
-] EnamLe | COUNT WAIT
ssec. [* TO 185 5 SEC.

. ENAHLE

. ©olem 24z 1< 7240 M 7242
pLLLE B BN B B ) Ty 1=
WAIT ENABLE  WAIT COUNT - ENABLE
SSEC. 10SEC. GSEC. - 10185 5 SEC.

Figure 5.

By cascading devices, use of low cost CMOS AND/ OR
gates and appropriate RC delays between stages, num-
erous sequential control variations can be obtained.
Typical applications include injection molding machine
controllers, phonograph record production machines,
automatic sequencers (no metal contacts or moving
parts}, milling machine controllers, process timers, auto-
atic lubrication svstems. etc. '
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1ICM7242
SEQUENCE TIMING

* Process Contro! . s Electro-pneumatic Drivers
* Machine Automation’ o * Multi-operation (Serial or Paraflel controlling)

 SEQUENCE TIMER: .

ZINTERSIL

¥ . vt

. c | B c* R c | D"
* TRIGGER l I ' % i
v I Ik - oF
o—3 - 3 a—
&4 ICM F.d
33K € 10K 33K 10K a4z < 33K
5, 5 2 B _
100pF I 100F I _lprI
PUSH §; TO START SEQUENGE:
——-l [=—— MUST BE SHORTER THAN "GN times “-
: & SELECT BC VALUES TO
TRIGGER ] . _ DESIRED “'ON time"”
FOR EACH ICM7242
e 28R — &)
QUTPUT A ' -
b= ———128RC -
OUTEUT B '
. ) . : 1280 -]
’ DUTPUT C* : ¥
b——i28A0 —=
OUTPUT D*
f——————ON timag, - — ——0ON timage—w-ﬁ-DN’iiméc’I——'ON tirheuibl
Figiire 6. .

CHIP TOPOGRAPHY (.068” x .069") _

[T

. un{ L

ThIg

{ RESET
v GADUND

+120/256
out

+2017

=128/255
v ’ auT
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8-Character 14-/116-Segment

| A_'Iphanumeric LED Dispilay Driver

FEATURES

» 14. and 16-segment fonts with decimal point

Mask programmable for other font-sets up to 64

characters

Microprocessor compatlble

Directlly drives small common cathode displays.

Cascadable without additional hardware

Standby feature turns display off; puts chip in Iow

power mode

Serial entry or random entry of data into display

e Single + 5V operation

* Character and segment drivers, all MUX scan cir-
cuitry, 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 use in
" microprocessar systems, where it offloads the processor
and rnirimizes hardware and software overhead. Incorpor-
ated on-chip are a 64-character ASGII decoder, an 8x6

memary, the high power character and segment drivers, and '

the multiplex scan circuitry.

Six-bit ASCI| data to be displayed is written into the memory
diregtly from the micreprocessor data bus. Data location
depends upon the selection of either Serial (MODE =1) or
Random (MODE =0). In the Serial Access.mode the first entry
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 after 8 entries; this signal can be used for

"cascading. A CLeaR pin is provided 1o ¢lear the memory and

reset the location counter. The Random Access mode allows
the-proce_ssorto select the memory address and display digit
for each input word.

The character multiplex sean runs whenever data is not being;
entered. It scans the memory and CHARacter drivers, and
ensures that the deceding from memory to display is done in
the proper sequence. Intercharacter blanklng is provided to
avoid display ghosting.

ORDERING INFORMATION

PIN CONFIGURATIONS

v+ [1] ~ [eg) seer
SEGm [2] 23] sEGge
SEGe [z] 38] sEGb. .
SEGgi [4] 37] SEG|
SEGK [E] 36] SEGH
SEGe [6] :4_—5| SEGa2
SEGdY. [7] . A oe
SEGat [3] 33] sEGK
SEGa2 [8] 32] sEg;
Do [10] ) 31] MopE
o [ ICM7243A ] Aoisen
D2 E i 29] AvCLR
D, [13 28] AziDisPFULL
Dy [13] 27) OsCIGFF .
D [i5] 25) CHAR
cs [is] 75} cHAR2
wr [i7] 24) cHAR S
cHaR e [13] 23] cHAR 4
CHAR 7 [19] 22] GROUND
cHaRr s [20] 21] cHAR S
TOP VIEW

'N:r?]ger SE::I::;S Pa‘?""g" Ng::;rer _
ICM7243A | 16+ d.p. 40 Pin CERDIP ICM7243AIJL :
ICM72438 | 14+dp. | 40 Pin CERDIP | ICM7243BLIL |
ICM7243BEVIKIT |  Kit with Display | ICM7243BEVIKIT |
vl T [l seom
SEGe [2] 39] SEG)
- sEGg [3] ! a__aj SEGg2
skGk [4 37] sEGL
$EGe [5] 18] sEGi
SEGq [6] 35] sE6H
SEGa [7] 23] Dp.
Do 8] 23] sech
D, [8] 32] sE6
2ol . [31] moDE .
N E ICKi72438 5] acisen
0, [iz 23] apClR
Ds. EJ 28] aznisP FuLL
cs [ual [27] 0sCiOFF
cs [is] |8 chamt
5 [16] 25] cHaR 2
WA [i7] éj] CHAR 3
cHana g 23} cHAR 4
CHAR T [19] 2] GROUND
CHARS [20) 21] CHAR S
TOP VIEW
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage

CHARacterOutpuiCurrent. ............. :

SEGment Output Currerit
Input Voltage (Any Terminal)

............ BvY Power Dissipation ...,
........ 300mA Operating Tamperature Range
e 30mA Storage Temperature Range. .

REEUUJUIEOUESHIET

Stresses above those listed under "Absoiute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only
and functional operalion of the device ail these or any other conditions above those indicated In the operational sections of the specifica-
tions is not implied. Exposure to ahsolute maximum rating conditions for extended periods may affect device reliablfity.

OPERATING CHARACTERISTICS |

PA?AMETEB SYMBOL TEST CONDITIONS MIN LI_::!;S :MAXi.- UNIT
Supply Voltage v _ _ 4.75 5.0 525 | v
. O_p‘erating Supply Gurrent !_*op_ v =5‘.25V_. 10 Segments ON, All 8 Characters 180 . f mA
Quiescent Supply Current gt V* =525V, OSG/OFF Pin <1V ' 3 | 20| A
Input High Voltage Vi - 2 I :
‘ Input Low Veltage ML ) 0.8
Input Current II.N‘ vt =5.25Yy, \-\j::g: — +1 2A
CHARactsr Drive Current leHaR V=BV, Voyr=1V 140 190 mA
CHARacter Leakage Current lemk . ' pA
SEGment Drive Gurrent lsea Y+ =5V, Vgyr =25V 14 19 mA
SEGment Leakage Current lSI’.K: ' ' ._ 0.01 | L A
DISPlay FULL Output Low Vor loL = 1.6mA 04 v
DISPlay FULL Output High Von lur = 100,A 2.4 ] ' v
_ Dlsﬁiag} Scan Rale ' fis ' 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
WR, CTeaR Pulse Width Low WP 250 '
WR, CLeaR Pulse Width High tweh | 250
Data Hold Time - ton ] T— 20
Data Setup Time tDs 250 150
Address, SEN, MODE Hold Time tah 125 80 1™
Addreés, SEN, MODE Setup Time tas --20
CS, C8 Setup Time ' tes 0
Pulse Transition Time tt ~100
CAPACITANCE
SYMBOL TEST MIN TYP . MAX UNIT
Ciy !n'put Capacitance - pF
Co duiput Capacitancg pF
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ICM7243
TYPICAL PERFORMANCE CURVES

SEGment Current vs Outpui Voltage
ag :

5.0y

IsgG (A}

10

b %

SEGment Voltage (V)

ElININERSIIL

CHARacter Current vs Output Voltage

500 :
+ =
= 400 My s
T 15V
E - -4 J
E 00 - 7 :/; fs'v—
= //.-’ )
2 ana W’
200 /;
100 —V
8t 2 3
CHARacter Voltage (V}

ICM7243AFB DlSPLAY FONT, SEGMENT ASSIGNMENTS Note Some dlsplay manufacturers use different demgnallons

for some of the segments. Check data sheets carefully.

o [oEIRBICIDEF [GIHIL T Kk MINIC
o o [P LPORIET LY ZT INT LA
o] V[ ESIALLL D X LS
' 1I’EH'_‘SE_IIE|3 IAENE
o |elojoejofofofe|v[v[1|1]t[r]1]"
Dzuouo_1111uoo§a1111
mfo|ol1[1[olofr[1le]o|ds]ofo]1]1
plof1|efrjofslol1]oefr|o|rfo]rio]
ICM7243A
16-Segment Character Font with Decimal Point
o N |
SEGMENT ! .
DRIVER i .
! ViEp=1.6Y
1 RyypicaL = 1001
1
A |
1 SEGX DISPLAY
i i FJ o4
CHARACTER DRIVER — |——-------
CHARny SEGMENTLEDS
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LM A
AN

-D.O_IPFIEEEIEFSHIJKLMND
o P PORSTOVINXYZ] NP 2]
S I I O T I O P .5 P e I

IRz EE R R N = A=A TS

bfolo|ofjolefjo|ala|t{1| {1 [1[T]|1]?
g ofo[efel1[1]s]1]ofofo]of1}i[1]n
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NOTE: Segments a and d appear as 2 segments each, but both halves ere driven togelher.

JICM7243B
14-Segment Character Font with Decimal Poini

cs

t=——1Ca

ADbResst,
SEN*, MODE &%

te—r] = |~ /173 —~—
u—— tDI‘l o —
YALID
“SERIAL ACCESS ouw
tRANDOM ACCESS ONLY

Data Entry Timing
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PIN DESCRIPTIONS, ICM7243A (B)

SIGNAL PIN FUNCTION SIGNAL FIN FUNCTION
Dy-Ds 10-15  Six-Bit ASCi| Data input pins A4iCLeaR 29 In RA mode this is the sec-
{8-13)  {(active high). o ond bit of the address. In SA
Cs,CS © .16 Chip Select for decoding mode, alow input will GLeaR
. (14-16) from uP address bus, stc. ' 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 can be used, and As/DISPlay FULL 28 In RA mode this is the MSB
WR can be used as CS. : of the Address. In SA mode,
MODE 91 Selects data entry MODE. the output goes high after
’ ' High selécts Serial Access eight enll’fes, indicaling DIS-
{8Aymode where firstentry is _ Play FULL.
displayedin “leftmost” char- OSCIOFF ' 27  OSCillator input pin. Adding
acter and subsequent en- ' capacitance to V1 will
tries appear to the “right”. - o ' ' lower the internal oscillator
Low selects the Random Ac- ' frequency. An external oscil-
cess (RA) mode where data fator is also applied to this
is displayed onthe character pin. A low puts the display
addressed via Ag~-A; Ad- : gontroller/driver into a qul-
) dress pins. - escent mode, shutting OFF
Ap/SEN 30 In RA mode it is the LSB of - 1he display and osclilator
the character Address. in SA _ ~ but retaining data stored in
mode it is used for cascad- memory.
ing display driver/controliers - 8EGx-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), 23-25

'BLOCK DIAGRAM

.. /L ) .
=0l axg _ .
DATA INPUT E>° pata 0] 7 DATA pol—8/y| Bax¥' | 177 1 SEGMENT SEGMENT QUTPUTS

Dg-5 LATCHES MEMORY 7 ROM . | / DRIVERS SEGx
—»|cLR
cc:;. : €L ADR
e T - rFy FYy
oNE | 15
. _ sHoT | /]
WR-——#0O
S —RO l
cs—>
L h
el
. 8
MODE—g- (D : 87 o) cHaracrer CHARN
g 7 DRIVERS CHARAGTER OUTPUTS
. , - F 1
..__l Y
ApISEN —p| SEL > L - Yy
»{p ADDRESS 3/ & SEL
Lg 1] " e " »
»| . LATCHES _ 7
] * (CM7243A HAS ONLY ONECS AND
. l X _ O 8, [CM72498 HAS 16 SEGMENTS
A{ICLR —] MUX cL - CL -
» [+] —»| EN ADDRESS
CONTROL SERIAL 3, | MULTIPLEXER
LATCH ADDRESS | AND
COUNTER DECODER
- - »|cLR
A2iDISP FULL 4—| 1 1«| [| CVERFLOW
| -
' CHARA v
CIER [ 7"
- MULTIPLEX .
OSCIOFF 4™ seciiiator | Pg%'ﬂ,ﬁ;? INTER-CHARACTER BLANKING
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ICM7243
DETAILED DESCRIPTION OF OPERATION

WR, CS5, CS. These pins areimmaediately functionally ANDed,
s0 all actions described as oceurring on an edge of WR, with
€S and TS enablad, will occur on the equivalent (last) en-
abling or (first) disabling edge of any of these: inputs. The
delays from CS pins are slightly {about 5nsecs) greater than
from WR or TS due to the additional inverter required on the
former, :

MODE. The MODE pin input is latghed an the falling edge of
WR {or its equivalent, see above), The location in Data Mem-
ary where incoming data will be placéd is determined either
from the Address pins or the Serial Address Counter, urider
control of this latch, which also controls the function of
Ag/SEN, A4/CLR, and A»/DISPlay FULL.

Random Access Mode. When the internal mode latch is set
for Random Access (RA}{MODE latched low), the Address in--
put on Ag, A4, dhd Ao will be latched by the falling edge of WR
(or its equivalent). Subsequént changes on the Address lines

TEST CIRCUIT (ICM7243A SHOWN)

: 7
- SEGMENTS

/-
14

CHAR 1

GiNTERSIIL

will not affect device operatidn. This allows u_ée of -a
muttiplexed 6-bit bus controlling both address and data, with
timing conirolled by, WH. .

Serial Access Mode. {f the- Internal latch is sel for Serial Ac:
cess (SA), (MODE latched high), the Serial ENable input on
SEN will be latched on the falling edge of WR {or its equiva-
ient). The CLR input is asynehronous, and will-force-ciear the
Serial Address Counter to address 000 (CHARacter 1), arid
set all Data. Memnory gontents.to 100000 (blank) at-any time.
The DISPiay FULL output is always active in 8A mode also,
and indicates the overflow status of the Ser}al Address
Counter. If this output is low, and SEN is {latched as}high, the
contents of the Counter will be.used to establish the Data
Memory location for the Data input. The Counter Is thenin- -
cremented on the rising edge of WR. 1f SEN is low, or DISPIay
FULL is high, no action wili occur. This allows easy “dalsy-
chaining” ofdlsplaydnversformultlplecharacterdlsplaysIn
a Serlal Access mode.

BEBREER
L

2 4 5
\ L J ]

ru

-
e
-

=]
—

jugsdls

4] 7 _} 8CHARACTERS
X
, [ o
SEGMENTS | 15 5 - SEGMENTS
[+ . P
dy dp
Ll
&E 3—_3|_)
2 5] 32— )
—© D MODE(SA/RA} | +
. ol 31} ¢ y | . o—e—V
.t oy R B
* ICM7243A SEN _
' 2] Gty | 1
1»—0/0 D ATTR | 0\_ L
2 N 201 _ =
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ICM7243

Changing Modes. Care must be exarcised In any application
involving .changing from one mode to another. The change
will occur only on a falling edge of WR (or its equivalent).
When changing mode from Serial Access to Random Access,
note that A,/DISPlay FULL will be an output until WR has
fallen low, and an.Address drive here could cause a conflict.
When changing from Random Access to Serial Accass,
A4/CLR should be high to avoid inadvertent clearing of the
Data Memory and Serial Address Counter, DISPlay FULL will
become active immediately after the falling edge of WR.

Data Entry. Theinput Data isTatched on therising edge of WR
{or its equiyalent) and then stored in the Data Memory lo-
cation detePmined as described above. The six Data bits can
be muitiplexed with the Address information on the same

lines in Random Access mode. Tlmlng is' controlled by the
W_ R lripit.

OSCJ'OF.F-., The device inpludes éznné-.pln relal,xalio_n oscillator
with an internal -capacitor and a nominal frequency of
200kHz. By adding external capacitance to V*+ at the

OSC/OFF pin, this frequency c¢an 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 8in the Multiplex Counter, todrive
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 leval
lower than the relaxation oscillator’s range, and blanks the
drspiay, disables the DISPHy FULL -output (if active), and

BEINTERSIL

clears the pre-divider and Muitiplex Counter. This puts the ¢ir-
cuit in a low-power-dissipation passive condition in which al]
outputs are effectively open circuits, except for parasitic
dicdes to the supgply lines. Thus a display connacted tothe
olitput may be driven by another circuit {lncluding another
ICM?243) without driver confhcts '

Display Output. The addrass ouiput of the Multiplex Countar
is multiplexed into the address input of the Data Memory, ex-
cept during WR operations (in Serial Access mode, with
SEN high and DISPiay FULL low), to control display opera-
tions, The address decoder also drives the CHARacter out-

puts, except during the' inter-character blanking Interval

(nomiihally about 5,usec) Each CHARacter output lasts
nominally about 300gsec, 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 Memory are decoded in the
ROM to the 17 (15 for IGM7243B). 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 pattern from 6 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 5 CHARACTER LED DISPLAY
{ IL_E T}__’E TN JT’L_[_—(I TEI\/!T__]L_’E i
Ki_i— | - 1IN oo LM i -
F O 3 F 9 3 . - r 3
8///_" 8/’//. s //-
_ ) — ) o - o . — 3
CLR +|CLR CHAR— L CLR CHAR|— I—-& LA CHAR
SEG F— ' : SEG}— SEG |
+5v —p| SEN DISP-FULL ——»| SEN DISP FULL §—— —— — —|5EN DISP FULL [—
+5V—»|MODE _ +5V—p| MODE + 5Y —»{ MODE
»|wr vt |4—+5V p|WR vHa—+5v WR v le—+5v
F YR i k 1 . Y Fy T
DATA . s | - . / . ) :
7 = ra - #——--
BUs 4 A A
WR, {CS) ——
CS, (WR) . - — :
FIRST 4 CHARACTERS SECOND 8 CHARACTERS nth 8 CHARAGTERS

*17 for ICM72434A, 15 for ICM72438

Figure 1, Multicharacter Display using Serial Access Mode
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ICM7243
APPLICATIONS (Continued)

BRIBRIERIPKI BRI I EKIER) BIEKI KR DB

ERIKIERIER] BRI ZKIEKIEK) CRIKIEKERIK KR

5
+ 5V i i
= CHAR
RBRS |—# p|crrCHAR SEG 91 CLR SEG
> ARl reRr7 ——e—1{plcs ' »lcs S
' 4 ICM7243B DISP ICMT7243B |l— ETC.
J__ | SEN _ FULL | SEN ) FULL
- CS, WR CS, WR
] IM&403 _ ’ ’
UART ”|: ~ Dg-s CS /L. Bo-5 cs
- B S e N
. RBRi.s| 6-BITBUS _ ' [y
DRR DR '
— L
5V +5V +5v .
L 3w SUS et O S Wt
ouT vT+ﬂ b cs Do-s cs cs Dos Cs WR
SEN
" SEN ~ DISP FULL[— DISP ETC
DELAY »|cs ICM72438 &5 icM72438 . pyLL[ BTG
. TH & —_— —_—
4 . —»
CLA chaR SEG CLRyar 5EG
— _200pF _ . —»
77

Figure 2. Driving Two Rows of Characters irom a Serlal Input. UART converts data siream to parallel 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 shouid be tied high. ICM7243A can also be
used, with inverter on RBR7 for one row.

IMB0OC35
IMB0OC48
8048,
8050,
ETC.

WR

PRIER EKIER PRI ERIERIEK) £330 BRI BRI PRI £ %%EQ%%%%{%F%% ]

ICM7243A/B ICM7243A/B ICM7243A/B ICM7243A(8
CS Az AjAg Ds.g WR | CS Az Aq AgDs.0 WR | CS Az At Ap Ds.o WR| CS Az Ag Ag Ds.o WR
Pos £ NN Y Z s PV < >
P2 .
P20 —T—DC -
’ - L
DB; b
DBg - R
DBs.o] &BIT BUS

Figure 3. Random Access 32-Character Display in MCS-48 system. One port line controls Ay, other two are CS lines. 8-bit data bus drives 6
data and 2 address lines. MODE should ba GrouNDed on each part.
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ICM7243
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APPLICATIONS (Gontinued)

+5v +5V

1.4 AMP PEAK

| 2N6034

2N2219

v W W

) | >
ICM7243 140 (100mA PEAK) . >
B ICM7243 ;“““‘»
a8 Ron=42 " 1. BN
i <] tioomapEaK)
! “aNzZ219 .

| . .
! l 1.4 AMP PEAK

i . :
I = GND = GND

{5a.) Common Cathode Displays ) (5b.) Common Anode Displays

Figure5. Driving Large Displays. The circuits of Figures 5a and 5b can be used to drive
0.5 or larger alphanumeric displays, either common cathode (5a) or com-
man ancde (5b). |

COMPONENT SELECTION

Displays suitable for use with the ICM7243 may be obtained Texas Instruments Inc., Dallas, Texas
from the following manufacturers; among others; (214) 895-6611 (part #HDSP6508)
Hewlett Packard Components, Palo Alto, California A.N.D., Burlingame, Callfornia

(415) B57-6620 (part #HDSPG6508, HDSPG300) . {415) 347-9916 (part #AND370R)
General Instruments Inc., Palo Alto, California ’ IEE Inc., Van Nuys, California

(415) 493-0400 (part #MAN2B15) (213} 787-0311 (part #LR3784RA)
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ICM7243
CHIP TOPOGRAPHIES
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Ds :
OSCIDFF
;
I

CHARE CHAR? CHARG CHAHG
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] -
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ICM7243A
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- FEATURES Ly TYPICAL APPLICATIONS _

B LCD Dot Matrix Column Drwer B Column Drivers for Dot Matrix Alpha-

W 40 High Voltage LCD Column Drive numeric Displays using ICM7280 Row Driver
Outputs For Up to 8 5xN Characters perIC M Row and Column Drivers for LCD Dot

B Easy interface Matrix Graphics Displays |
—Serial Input Shift Reg|ster & - Segment Driver for LCD Bargraphs and

.With parallel latch and carry outputs Annunciators
B Directly Compatible with ICM7280 Row Driver W Serial Input /O Expander

—Up to 10 ICM7281’s can be driven by an
ICM7280 with no external components

B Low Resistance Outpuis
—Can drive both columns and rows of

PIN CONFIGURATIONS
(OQutline dwg. PL)

N . - )
LCD graphics displays Voo [1] 0] oispLAY conTRoL
B Will Drive 1.5V Threshold LCDs with Only - =
Single 5V Supply vof2] 28] oLock
—Can drive up to 4.5V threshold LCDs wnh v.[3] %] baTA LATCH
15V Vpisp “E_ | ' |
: _ Voisp | 4 t 37 Vss
GENERAL DESCRIPTION DATA INPUTE _ Ecn’aav OUTPLT
The ICM7281 LCD Dot Matrix Column Driver is
designed to convert a serial data stream into drive coLi}s _ - |38)coL 30
signais for a multiplexed dot matrix LCD. Easily . ;‘23:"1 :
cascadable, up to 10 ICM7281's can be driven by one coL2)7 ] coL 20
ICM7280 Intelligent Row Driver to make an 80 1l on
character dot matrix display. The [CM7281 also coLsi? Jafcot.28
serves as both a Row Driver and Column Driver in coLals Ecou,
LCD dot matrix graphics displays. The low output
resistance and the 15V drive capability make it well coLs |10 31| coL 26
suited for graphics displays with up to 256 x 256 dots . -
{(with 10pF/dot capacitance). . coLe{nf .- Jaofcor2s
The ICM7281 consists of a 40 bit shift register, a 40 coL 7 [iz] - |BJcoLz
bit latch and 40 level-shifters/drivers. The 4 display oL 7] cot 23
drive voltages are generated externally, usually by a coLapns 8] €0
Row Driver. A serial data interface is used to
- minimize the number of pins needed for digitat inter- cor e 1 ] cot 22
facing. Two data Carry Qutputs are included for coL 1015 2_—s|00|.21
cascading several ICM7281's to drive large LCD
-dlsplays coL 11 |48 25 COL 20
- coL 12 |17 24| coL 19
ORDERING INFORMATION | 2]
No. Of Columns Package Order Number coLrs e 2joot18
30 40 Pin Plastic ICM72811PL COL 14 |19 - 22fCOL 17
40 Dice ICM72811/D coL 15|2__o 21 COL 16
40 52-64 Pin Plastic| —
Flatpack PACKAGE
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-ABSOLUTE MAXIMUM RATINGS

Supply Vo!fage (Voc— Vsg). ... PP .8V
Display Voltage (Voo — VDISP)- e, 18V
input Voltage (Note 1) . ... Voo + 0.3V 10 VSS' - 0.3V
Power Dissipation (Note2) ......... 03W @ + 85 °C
Operating Teh‘nperature Hangé’ .

.. —20°Cto + 85"0

Storage Temperature Range. . ... ~685°Cto +150°C

Vo, Va e . VDISP to VCQ

LY

OPERATING CHARACTERISTICS
(Vcc = 5V £10%, Vpigp= — 10V, Vo =

-NOTE 1:

‘Stresses above those fisted under “Absolute Max-

imum Ratings” may cause permanent damage to the
device. These are siress ratings only and. functional
operation of the device at these or any other condi-
tions above those indicated in the operational sec-
tions of the specifications is not implied. Exposure to

“absolute maximum rating conditions for extended

periods may affect device reliability.

Due to the SCR structure inherent in any junction
isolated CMOS device, connecting an Input to any
voltage greater than Ve or less than ground may
cause destructive device latch-up. If the input
voltage can exceed the recommended range, the
input should ba limited to less than 1 mA to avoid
latch-up.

This limit refers to that of the package and will not
occur during normal operation.

NOTE 2:

113 (Voe-Voisp). V3 = 213 (Voo - Vpisp) Vss = OV,

Ta = .~ 20 to +85°C) Unless otherwise specified.
Parameter Symbeol Conditions - Min, Typ. Max. Units
| SUPPLY CHARACTERISTICS |
Operating Supply Vsupp | . Vgg = OV 4.5 5.0 55 Vv
Range -
Display Voltage Voise | Voo = 5V,
VD|SP<(V2 V3)< Voo —10 Ve Vv
Supply Current .
Quiescent oo Fouk = 0 A 10 UA
Dynamic lcc Folk = 500KHz 450 | 1000
_ INPUT CHARACTEHiSTICS ' '
Logic 1 Input Viyg DATA INPUT, DATA LATCH, 0.7Vee Vee \
Range .CLOCK and DISPLAY CONTROL
Logic O Input ViL DATA INPUT, DATA LATCH, | © 0.3Vee Vv
Voltage CLOCK and DISPLAY CONTROL
Input Current IN DATA INPUT, DATA LATCH, - -5 0.01 "5 uA
CLOCK and DISPLAY CONTROL ' o
0<Vin<Vee
Input Capacitance CiN DATA INPUT, DATA LATCH
: CLOCK and DISPLAY CONTROL
Dice . 3 | »pF
Plastic Fackaged Parts 5
S OUTPUT CHARACTERISTICS, CARRY OUTPUTS
GCutput High VoK No Load Veg— Voo
Voltage - : 0.05
o low = 400¢A 2.4 4.9
Output Low VoL No Load 0 005 | V
Voltage loL = 1.6mA 0.16 0.4
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OPERATING CHARACTERISTICS (continued) _
(Vec = BV £10%, Vpigp= — 10V, Vo = 13 (Vee-Vpisph Va = 218 (Voo - Vpisp), Vss = OV,
Ta = —20 to +85°C) Unless otherwise specified.

Parameter Symbol _ Conditions Min. Typ. Max. Units

OUTPUT 'CHA_RACTER!STICS, COLUMN OUTPUTS

Output Resistance! RouTi Vee-Vpisp= 10V,
_ louF=0.1mA, _ 1 2 K Ohm
VcoL = 0V, 1 Column ON '

Output Resistance | RoyTte ) Vce-Voigsp =10V, Veoop=0V
' iguT = 0.05mA per Column 150 | 250 Ohm
All Columns ON : :

Column Rise Time | . TH. Voo-Vpisp = 10V, G = 180pF
per Column, 0-63% V3 to Vg or
0-63% V2 to Vpisp

One Column ON 0.3 uS
All Columns ON . : 1.5

- Column Fall Time TE Veo-Vpigp= 10V, Cp=150pF
, per Column, 0-63% Veg to V3 or
0-63% Vpigp to V2

One Golumn ON 0.3 15
All Columns ON - 1.5 :
S AC CHARACTERISTICS (See Timing Diagram)

Data Setup - Tds ' B 150 | 90 ' ns
Data Hold S Tan o 0 ] 20 ns
Data Latch Width | Ty ' o _ 250 100 ns
Data Latch Setup | Tig . _ i 625 250 ns
Data Latch Hold | T, _- | 100 . ns
‘Clock Frequency - | Feox | - 0 2 | -1 MHz
Clock High Period | Ten . o 1 500 ns
Clock Low Period |  Tg - 500 ns
Carry Prop Delay Tps | CL = 15pF ' | | 200 | 350 | .ns

ook A O\ . [

DATA ' Dy Dyt 1 x
1 : ’ . DATA o DATA
INPUT X Vﬁ&m YALD S

a—Ty g— I fo— T y—3
—TLw
DATA
LATCH _ . \
l—tpp—m{ .
Canat X o X s X
OUTPUT GALID VALID

TIMING DIAGRAM " _ N
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TYPICAL PERFCRMANCE CURVES, 25°C

600
500
400

300

Hpu‘n - K&
Rourz'= @

200

100

0 11 L 0 ] T B

-0 -8 -6 -4 -2 0 +2 =10 -8 -6 -4 -2
VoISPLAY (voits) VoispLAY (vatts)

OUTPUT RESISTANCE vs. VpigpLay

SERIAL DATAD>—A—]D @ 0 afg4—— ooe —p o
SERIAL cuocx)—/f—ol-m_ L —— eee —OIL :
) D
DATA LATCH oL cL see
Q 1 Q .
— . “pr—s
VoisLay St . - g‘f_“:ﬂ _,’1 LS e e - LS
V2D Va Hz_
Von IR o
pispLAY |——JTRANS: — eo e ——
CONTROL} Vorr { sioN } TG _ G
. CKT. SN X : :
DISPLAY ST
CONTROLZ 71| - | : ' S _
: - COLUMNY =~ cOL2 , col, 40

.. QUTPUT - T

ICM7281 COLUMN DHIVER BLOéK DIAGRAM
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‘

DETAILED DESCRIPTION

Data Interface

To reduce the pincount, the data interface is serial.
The data on DATA INPUT is shifted into the shift
register with each falling edge of CLOCK. The data in
the shift register is also shifted one bit with each fall-
ing edge of CLOCK. The data in the 20th and 40th
registers is available as COL 20 OUTPUT and COL 40
QUTPUT on the ICM7281 dice. The packaged part has
only one CARRY OUTPUT, which is the 30th column.

These outputs are normaliy used as the DATA INPUT

for an adjacent [CM7281.

The DATA LATGH.input is used to transfer data from
the shift register to the 40 bit latch, which consists of
40 negative edge-triggered D flip-flops. The data in
the shift register is stored by the falling edge of
DATA LATCH and this latched data will be held until
the next falling edge of DATA LATCH:

The DISPLAY CONTROL pin is used to convey
muitiplex timing information to the Goelumn Drivers.

This input is used as one of the two control inpﬁts to
the 1 of 4 analog muitiplexer that drives each column
output. .

Figure 1 shows a typical interface between an array
of ICM7281's and the ICM7280 Intelligent Row Driver.
The Column Driver aiso readily interfaces with
microprocessors, as shown in the block diagram of a
graphics displiay, Figure 2.

LCD Interface

The ICM7281 uses a modified Alt and Pleshko
multiplexing scheme, in which the Column Driver
uses 4 voltages: Voo, V2, V3, and Vpgp. These drive
voltages are generated externally, usually by the
1CM7280 Intelligent Row Driver. Each column output
is driven by an analog multiplexer, The truth table and
a schematic of this multiplexer are shown in Figure 3.
The column data is the data that is serially loaded in-
to the shift register, then parailel loaded into the data
latch. The DISPLAY CONTROL signal, generated by
the ICM7280 Row Driver, tells the ICM7281 which half
of the mux cycle is occuring.

ICM ROW .
7280 DRIVE LCD DISPLAY
R0 07— 7-10 ROWS, UP TO 480 COLUMNS
( ————=] ALE y ] -
7 3 .
—f—=| A6 A0 A0 cesew {/40
8
10 | DO.7 .
MICROPROCESSOR Y ————ulRD S CLK F »1 CLK 1 CLK e = ~= —-| CLK
—»lWrR bour »t DATA IN SO DATA INCQH-— — — DATA IN
= DATA _ | pata , . loarta | DATA
\ ———»| CS LATCH ™1 LATCH ™1 LATCH' =1 LATCH
DISPLAY | DISPLAY »| DispLay |- ] DISPLAY -
CONTROL CONTROL "CONTROL CONTROL
Vo - Vg oo Vz R . VZ
Va - V3 ."-‘-'. Vs e s i V3
45— Ve Vpisp = 1 -] Vpigp =1 Vpisp — == — ~| Vpi5p
Vss ICM7281 ICM7281 1CM7281.
#1 : #2 tese #12

”
—

Voisp
GENERATOR

'Fig'ure 1. Alphanumeric LCD Display System
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Ve ROWICOL

V, ROW 4713—- DISPLAY VOLTAGES ROW
-t ICM7264 _
24j40
— SUPPLY
V; COL DCDATADL| "2
84 x 64 DOT 11
LCD DISPLAY 1717
V, COL
<73L DISPLAY VOLTAGES ROW
-t ,; 5 ICVT281
-V, ROW -t SUPPLY
DC DATADL} 2
K ) A& AROW CONTROL
y a7 DATA
_ A 24140 440 —1 1, LATCH
. i
: DATA [N
“Vpige ROWICOL 1 A o .
icmz2ed, | 1| 1cm72et 1 RAPHIC
70T ofert - DISPLAY CONTROL | . roe oo o
' A
DATA | DATA |zl DATA INPUT CHIP
DL ! b 41 DATA LATCH
3 2 3 2 : _ |
DISPLAY SUPPLY DISPLAY SUPPLY
VOLTAGES' VOLTAGES
COLUMN COLUMN

Figure 2. ICM7281 Column Driver Used in a Graphics Application

0 G |
Ir = ZKM COL 1 DATA

|
. I—-—.———COL-‘IDATA
Vy r——0 A ' ¢
' R ~ 2000 \l\ : .
V3 I ! __.o L ] CN
I R - 2K§\H—> coL “N"
. - o . .
o | -
Vpigp >———O0 B L sy
7 e - oo . COL “N” DATA
Veg - | .
| .
I »
DISPLAY ~__ _ _ _ _
CONTROL e ,
TRUTH TABLE
COLUMN DATA —0 \ Cu
0 1 R =~ 2K COL 40
DISPLAY ' L 5
CONTROL 0 Vo | Vpisp |
1 Va Vee N COL 40 DATA

COLUMN QUTPUT MULTIPLEXER AND TRUTH TABLE

Figure 3. Column Qutput Multiplexer and Truth Table
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LtCD MULTIPLEXING

Multiplexing Schemes

The goal in LCD multiplexing is to increase the
number of segments a given number of column lines
can drive, while not unacceptably degrading the
viewability of the LCD display. Increasing the number
of rows driven by a column decreases the ratio bet-
ween the voltage across an ON segment and the
voltage across an OFF segment. This ON/OFF
voltage ratio is critical since the contrast of an LCD
segment is determined by the RMS voltage across
that segment. Figure 4 shows a typical curve of RMS

voltage vs. contrast. For an acceptable display, the

RMS OFF voltage must be below the 10% contrast
point and the RMS ON voltage must be above the
50% contrast point. The RMS on voltages for dif-
ferent multiplex ratios are also shown in figure 4.
Note that as the number of rows or backplanes goes
up, the RMS on voltage decreases.

The ICM7281 can drive either columns or rbws using
the modified Alt and Pleshko waveforms as shown in
figure 5. The ONJOFF voltage ratio formula and the

calculated values for common multiplex ratios are
shown in table 1. Table 1l shows the optimum
voltages for V1 to V5 for different multiplex ratios. -

Temperature Etfects and Temperature
Compensation of Vpgp

The performance of LCD fluids is affected by
temperature in two ways. The response time of the
display to changes in applied RMS voltage gets
longer as the display temperature drops. At very low
temperatures some displays may take several
seconds to change to a new character after the new
information appears at the LCD driver outputs.
However, for most applications above 0°C this will
not be a problem, and for low temperature applica-
tions, high-speed liquid crystal materials are
available. High temperature operation is generally
limited by long term degradation of the polarizer and
the sealing materials above 70°C or 85°C.

= 2,62

joob- N=8 V=248 N=6V _
= B T + _
g . N=4 v = 4 !
g L N=5 V=27
=
g a0 - ' N=7 V=25 CONTRAST VERSUS VOLTAGE )
w _
® A VRMSgrp = 1.7 VRMS
Y , _
0 T i 1 I I L I 11 1
2.0 4.0 6.0
DRIVE VOLTAGE VRMS
Figure 4, -
Table 1. OPTIMUM MULTIPLEX DRIVE
Rows VoN/OFF Alt and Pleshko ICM7280/ICM7281
Voc'V Display/Vr Voc-V Display/Vy
4 | 1.73 4 ' 3
7 ‘ 1.488 4,74 - 3.27
8 1.447 4.97 3.37
9 ’ 1.414 5.20 3.46
10 1.387 5.41 ‘ 3.56
- 12 1.346 ' 581 3.74
14 1.315 6.18 ' 3.917
16 1.290 6.532 : 4.08
32 1196 8.817 5.19
64 1.134 12.01 6.804
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MODIFIED ALT & PLESHKO

Tol | Ta] T Taf e[ T1| o[ 5
V__o1za4ss_1za ; %
- ROW 2 RN 3x 5 DISPLAY
'3 .

t2345
COLUMN

WITH

Vo=20

V'l = Uﬁl

Vo =2V

Vy = Vo—Vg

Vs = Vpspray = Vot Vg

Vo = \I(K+1}3 Vit . Vg = JK+ Vi

20K=1

WHERE: K = YN+ 1

JN-1

Vry = THRESHOLD VOLTAGE OF LCD

Vo + Vi) — I I I

Vo —
. Wcr_vﬁ) - I _
Vg — ] Von RMS = j Vo + VR + (N-1) Vg2
]
Vo — A L —
Ng — J
(V -—Vﬁ’ — I VOFF RMS = \/ {Vu—\(ﬁ)z + (N_-” vﬂ2
NI ;
Mat Vg —
ROW 1 WRT COL 2
Vot Vg — | ! I Von_ /(M+1)2+ (N—1)
v, — | | | | Vorr (M=1)Z +{N-1)
W= Vi) — M = Ve
,d_ | Vi _ .
vo— | — '
VH - FOR OPTIMUM CONTRAST M = \} N N=4.
(Uu”‘vﬁ} - I
v, —
tvrr+vd) ""' | ) l |

Figure 5.
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“Table 1. Optimum Drive Voltages

N Vi V2 V3 va V5 ONIOFF
- o R VOLTAGE
_ - RATIO
4 1.000 2.000 1.000 2.000 3.000 1.732
5 0.951 1.902 - 1176 2.127 3.078 1.618
6 0.919 1.838 1.332 2,252 3.171 1.543
7 0.897 1.793 1.476 2.372 3.269 1.488
8 0.879 1.759 1.608 2.488 3.367 1.447
9 0.866 1.732 1732 2.508 - 3.464 1.414
10 0.855 1.710 - 1.849 2,704 3.559 1.387
11 0.846 1.692 1.960 2.806 3.652 .1.365
12 0.838 1.677 2.066 2.904 3.743 1.346
16 - 0.816 1.633 2.449 3.266 ' 4.082 1,291
20 0.802 1.605 2.786 3.589 4.391 1.255
24 0.793 1.585 . 3.090 3.883 4676 1.23
30 0.782 1.664 3.502 4.284 5.066 1.203
32 0.779 - 1.559 3.629 4.409 5.188 ' 1.196
40 0771 - 1.541 4.103 4874 5.645 1173
48 0.764 1.529 4332 5.296 6.061 1.156
54 0.761 1.522 4.830 5.590 6.351 1.147
64 0.756 1.512 5.292 6.047 1 6.803 1.134

The temperature effect most important in the 0-70°C
range is the variation of threshold voltage with
temperature. For typical liquid crystal materials, the
threshold voltage, VTHresH. has temperature coeffi-
cient of —7 to —14mV/°C. Since the Vpjgp is 3.27
times VTHREsH (for 7 row multiplex, see Table 1), the
Vpigp has a tempco of about —25 to —50 mVv/°C,
“depending on LCD fluid tempco. As can be seen in
Figure 4, for optimum viewability and contrast ratio,
the driving voltage must be accurately matched to
the LCD threshold voltage. If a significant variation is
temperature s expected, a method of adjusting the
Vpisp must be provided. Figure 6 uses the 1CL7663
voltage regulator to independently set Vp gp and the
tempco of Vp|gp. The Ybe multiplier circult of Figure
7.can be used with some displays. Since the Vbe
muitiplier’s voltage and tempco cannot be in-
dependently adjusted, the Vbe multiphier is suitable
anly for use over a limited temperaturg range or with
a display whose Vpjgp tempco matches the Vbe
multiplier tempco.

With the fluids now available for 32 and 64 multiplex
operation it is quite commeoen to have a “'Contrast” ad-
justment accessible to the user. This "Contrast’” ad--
justment varies the Vpjgp to compensate for both
temperature variations and for variations in the view-

ing angle.
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Multiplex Rate and Maximum Drive
Capability

" The minimum multiplex rate is determined by the

response time of the LCD. To avoid flicker, the mux
rate should be above 30Hz. The maximum multipiex
rate is determined by power dissipation limits and the
drive capability of the ICM7281.

The drive capability of the ICM7281 indirectly sets the
upper limit of the mux rate. The absolute maximum
iimit of DC voltage dcross an LCD is usually specified
as 50mV. As the muliiplex rate increases, any asym-
metry in the rise and fall times will cause a DC offset,
in addition to any offset caused by V2 and V3 not-be-
ing exactly symmetrical with respect to Vpigp and
Vee. The ICM7281 was designed to have equal rise
and fall times, as well as low resistance drivers which
make the rise and fall times short. This allows the
ICM7281 to drive over 2000pF at mux rate of 100Hz,
Normally an LCD dot matrix display will have less
than- 1000pF capacitance per 40 columns (each
ICM7281 drive 40 columnsy).
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POWER DISSIPATION

The power dissipation of a display system.driven by
the ICM7281 has several components:

1) Quiescent or DC power dissipation of the ICM7281
2) Dynamic or AG power dissipation of the ICM7281
3) Power consumed in driving the LCD display.

ICM7281 Power Dissipation

The quiescent current of the ICM7281 is very low,
typically less than 1A, and can generally be ignored.
The dynamic current is proportional to the clock fre-
quency, with a typical value of 1.0 mA per MHz. This
means that at a 500 KHz clock the dynamlc current
will be 0.5 mA.

LCD Display Drive Dissipation
Since the LCD has very low leakage currents, most of

the power used to drive the LCD is used to chargel

and discharge the LCD capacitance. The power is

Picp = CV2Fepr
Where:

PLep is the power d|5$|pated in driving the
dlsplay . i

Cis the display capacitance
V is Voltage across the display
F is the éffective multiplex frequency

The effective multiplex frequency ranges from Fpux
to N x Fpux, where Fruy is the multiplex rate and N
is the number of rows. The actual effective muitiplex
frequency is dependent on which characters or bit
_ patternis belng dlsplayed and is typlcally about N/3 X

Fmux

Low Power Shutdown

If the data clock is stopped and the volitages across
the LCD are not changing, the power consumption
will drop to the 5 to 50 microwatt range. Set Vpgp, V2
and V3 equal to Vg to preverit permanent damage to
the LCD display by a DC bias. An sasy way to shut-
down the display voltages is to use the SHUTDOWN
pin of an ICL7663, as shown in Figure 6.

APPLICATIONS

Alphanumeric Display Using ICM7280
Intelligent Row Driver

The ICM72B0 Intelligent Row Driver is specifically
designed .to drive multiple ICM7281 LCD GColumn
Drivers. Figure 1 shows a typical 80 character display.
The ICM7280 and ICM7281's will drive either 7, 8, 8 or
10 row displays, with the characters having either & or
6 columns. The Row Driver receives ASCII data, con-
verts that data to bit-by-bit column data for the
ICM7281’s and serially shifts data into the ICM7281's.

Downloaded from Elcodis.com electronic components distributor

This process is repeated for each phase of the
multiptex cycle. The ICL7663 provides a temperature
compensated Vpgp to the ICM7280 voltage divider,
which generates the other voltage needed to drive the
LCD display. For further details refer fo the ICM?280
Intel[ngent LCD Row Drwer data sheet. .

LCD Graphics Display

In this circuit, ICM7281’s. are used to drive both the
rows and columns of the LCD dot matrix. An external
controlier is used to generate the row and column
data that is serially transferred into the ICM7281°s.

The display drive voltages are generated in a resistor
divider network, with the ICL7663 providing the
temperature compensated Vpigp. The optimum
voltages for V1 through V5 can be calculated using
the equations of figure 5. Optimum voltages for com-
mon multiplex ratios are shown in Table {l.

The LCD shown in Figure 2 is a 32 row display, divid-
ed into two sections of 16 rows to increase the
ON/OFF RMS voltage ratio, thereby improving the
contrast of the display. As LCD fluids improve it will
become practical to use 32 or 64 row multiplexing,
reducing the number of column drivers by a factor of
2ord. :

" As the number of rows increases, the Vp,gp required

by.the ICM7281’s modified Alt and Pleshko multiplex
scheme increases less than the Vpgp réquired by a
classic Alt and Pleshko multiplex scheme. For exam-
ple: a 64 row display with a 1.45V threshold would re-
quire+ 5V and —12.4V supplies using standard Alt

and Pleshko multiplexing. The ICM7281 would re-
quire only + 5V and — 4.9V to drive this same display -
with 64 row multiplexing. This means that the
negative voltage could easily be generated using a
charge pump such as the |CL7660 or the onboard:

charge pump of the ICM7280. :

Serial lnpui IIO Expander

in addition to driving L.CD’s, the ICM7281 canbe used
as an |/O expander as shown in Figure 8. 1n this case,
the data can be serially entered into the ICM7281

shift register using the 80C51 serial port. The 80C51
then transfers the data to the output latch by pulsing

- the DATA LATCH input with an I/O port line. Note that

multiple {CM7281’s can be cascaded to get more than
30 output lines. This cascading does not require any
additional logic since the ICM7281 CARRY QUTPUTs
are used,

DISPLAY CONTROL is tied to V+ so that the data on
the column outputs is the same as the data that was
entered. If DISPLAY CONTROL is grounded, the col-
umn outputs will be inverted data. With V5 grounded,
the logic level at the column outputs will be CMOS
compatible, swinging from ground to V +. The output
resistance of the column outputs is about 2K ohms.
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SHIlINTERSTIE

ICM7555/7556
| CMOS
General Purpose Timers

GENERAL DESéRIPTION

FEATURES
¢ Exact equivalent in mosl cases for SE/NESSS/ The ICM7555/6 ara CMOS RC timers providing significantly
556 or the 355. ’ improved performance over the standard SE/NE555/6 and 355

timers, while at the same time belng direct replacements for
those devices in most applications. Improved parameters
include low supply current, wide operating supply voltage
range, low THRESHOLD, TRIGGER and RESET currents, no
crowbarring of the supply current during output transitions,
higher frequency performance and no requirement to decou-
ple CONTROL VOLTAGE for stabie operation.

Spacifically, the ICM7555/6 are stable controllers capable of
producing accurate time delays or frequencies. The ICM7556
is a dual ICM7555, with the two timers operating indepen-
dently of each other, sharing only V* and GND. In the one
shot mode, the putse width of each circuit is precisely con-
trolled by one external resistor and capacitor. For astable
operation as an oscillator, the free running frequency and the

* Low Supply Current — BOuA Typ. (ICM7555)
160uA Typ. (ICM7556)
e Extremely low trigger, threshold and reset
currents - 20pA Typical
s High speed operation - 500 kHz guaranteed
 « Wide operation supply voltage range guaranteed
2 to 18 volis '
+ Normal Reset function - No crowbarring of
supply during output transition.
Can be used with higher impedance timing e!ements
than regular §55/6 for longer RC time consiants.
Timing from microseconds through hours
Operates in both astable and monostable modes

Adjustabie duly cycle duty cycle are both accurately controlied by two exiernal
High output source/sink driver can drive resistors and one capacitor. Unlike the regular bipolar 555/6
TTL/CMOS devices, the CONTROL VOLTAGE terminal need not be
¢ Typical temperature stablllly ot 0.005% per °C at decoupled with a capacitor. The circuits are triggered and
25 . resetontalling {negative) waveforms, and the outputinverter

can source or sink currents large enough to drive TTL loads,

. Outputs have very low oﬂ'sats. Hland LO _ re \
or provide minimal offsets to drive CMOS loads.

APPLICATIONS PIN CONFIGURATIONS (Top View)

® Preclsion Timing

¢ Pulse Generation

« Sequential Timing

¢ Time Delay Generation
¢ Pulse Width Modulation

s Pulse Position Modulation
* Missing Pulse Detector

vt aAND casE

[ 7) DISCHARGE

() THRESHOLD

CONTROL
VOLTAGE

{(OUTLINE DRAWING TV}
GND -. (8] v~
TRIGGER [2] [ 71 DISCHARGE
ORDERING INFORMATION ouTeLT 3] (6] THRESHOLD

VOLTAGE

¥] GONTROL

ORDER TEMPERATURE

PART NUMBER RANGE PACKAGE

ICM7EE51PA —20 to +85°C 8 Lead MiniDlp miscHange [1]@ 4] v-
ICM7555ITV | —20to+85°C | TO-99 Can iy % DISCRARGE
ICMTE55MTY -55 to +126°C*| TO-88 Can vot‘l!%ﬁ-‘ ICMTE58 [ gg{l;:gel.
|CM75581PD ~201t0+85°C | 14 Lead Plgstic DIP GuTRUT ' Fio] AESET
ICM7556MJD | =55 to +125°CG* | 14 Lead CERDIP TAIGAER 5] outeur
ICMT7555/D DICE anp (7] 8] TRIGGER
CM7556/D DICE _

{OQUTLINE DRAWING JD, PD)
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ICM7555/I1CM7556
ABSOLUTE MAXIMUM RATINGS (NOTE 1

Supply Voltage .......... N e +18 Voits
Input Voltage Trigger
Caontrol Voltage Threshold}.. L EVTR0AV o VT 0.3V

Reset

Qutput Current . ... ... e e 100mA
Power Dissipation'? 1CM7556 ,...... PO . 300mwW
ICM7855 ................, 200mW

Qperaling Temperature Range ‘%!
JCM7555IPA .. ... veeaem20°C to +85°C
ICM7855ITY ............-20°C to +85°C
ICM7556IPD ............ -20°C to +85°C
ICM7555MTV . ........ —55°Cto+125°C
_ ICM7556MUD .......... -55°C to +125°C
Storage Temperature . ..... ciirenanes. 065°Cto+180°C
Lead Temperature (Soldering 60 Seconds) ........ +300°C

OPERATING CHARACTERISTICS (Ta = 25°C, v* = +2 to +15 Volts unless other spacified)

BINTERSIL

NOTE: Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device. Thase
arestress ratings only, and {unctional operation of the device
at these or any other conditions above those indicated in the
operational sections of the specifications is not implied.
Exposure to absclute’ maximum rating conditions for
extended periods may affect device reliability.

. - VALLUE
PARAMETER [sYMaOL] TEST CONDITIONS : MiN [ TYP | MAX | UNITS
Supply Voltage vt | —a0tC=Tas+70°C 2 18 Y
) ) —55°C = Ta <+4125°C 3 16 '
Supply Cursent!¥! T ICM7555 vi= av 60 | 200 | paA
A ) VE=18Y ' 120 | 300 | uA
ICM7556 vi= 2y . 120 | 400 A
. A ] . vt=18vy _ 240 | 60D LA
Timing Error : | Ra.Rs=1kto 100k, V= VH<15v
: C=0.14F -
Initial Accuracy _ Note 4 : 20 5.0 %%
Drift with Temperature Note 4 yt= 5y : | se ppm/°C
vi=10v 75
vt =15y . 100
Drift with Supply Voltage V= 5y _ ) 1.0 3.0 | WV
Threshold Voltage VTH _ _ vt = 5v : 063 | 066 | 067 | wv*
Trigger Valtage VTaIG V+ = By o 029 | 033 | 0.34 v
Trigger Current Irmig V=18V 50 ‘ pA
: y+= 5V 10 pA
V= 2V 1 pA
Threshold Current’ ItH V+= BV | 50 pA
| vt= sy 10 pA
: V= py ) ) 1 : pA
Reset Current ' Inst | Vreser = Ground V=18V - o 100 1 pa
yt= 5y | a0 pA
yt= 2v 2 pA
Reset Voliage VpsT v+ =18y ' : 0.4 07 1.0 "
Vr= 2y 0.4 07 1.0 v
Control Voltage Lead Vov V+= 5V 062 | 066 | 067 v
Oulput Voltage Orop Vo Qutput Lo V=18V Ising = 3.2mA 0.1 0.4 v
- vt= 5y Ising = 3.2mA L o1s | 04 v
Output Hi v+ =18y Isoprce = 1.0mA | 17.25 | 17.8 v
) _ yt= sy Isouace =10mA | 40 | 45 v
Rise Time of Output tr AL =10M0) Gt =10pF Vt=5vy 35 40 75" ns
Fall Time of Qutput ty T AL=10MD CL=10pF V+=5v a5 40 5 | ns
Guaranteed Max Osc Freq | fmax Aslabte Operation 1 500 " kHz
NOTES:

1. Due to the SCR structure inherent in the CMOS process used to tabricaie these devices,.connecling anyterminaitoa voltagegreaierthan LA
+0.3V or less than V0.3V may cause destructive latchup,  For this reasen it is recommended that no inputs from external sources not
operating from the same power supply be applied to the devics hefore its power supply is established.  in mulliple systems, the supply of the

1GM7555/6 must be turned on Frst.

2. Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Below 125°C power
dissipation may be increased to 300mW at 25°C. Derating factor Is' approximately 3mwW/eC (7556) or 2mW/° C (7555).

3. The supply current valuais essentially independent of the TRIGGER, THRESHOLD and RESET voltages.

4. Parameter i U4 tested. Mainrity of all ninile moat this srasifiastinn
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ICM7555/ICM7556 . BINTERSIL

TYPICAL CHARACTERISTICS OUTPUT SOURCE CURRENT A8 A-
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ICM7555/ICM7556

APPLICATION NOTES
GENERAL

The ICM7555/6 devices arg, in most instances, direct replace-
ments for the NE/SE 555/6 devices. However, itis possibie to
effect sconomies in the external component count using the
ICM7555/6. Because the bipolar 555/6 devices produce farge
crowbar currents inthe output driver, itis necessary to decou-
ple the power supply lines with a good capacitor close to the
device. The 75655/6 devices produee no such transients. See
Figure 2,
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Flgure 2. Supply Current Transient Compared with a
Standard Bipolar 555 During an Qutput Transition

SUPPLY CURRENT - mA

The ICM7555/6 produces supply current spikes of only 2-3
mA instead of 300-400 mA and supply decoupling is
normalfy not necessary. Secondly, in most instances, the
CONTROL VOLTAGE decoupling capacitois are not
required since the input impedance of the CMOs
co'm_parators on chip-are very high. Thus, for many applica-
tions 2 capacitors can be saved using an ICM7555, and 3
capacitors with an ICM7556,

POWER SUPPLY CONSIDERATIONS

Although the supply current consumed by the ICM7555/6
devices is very low, the total system supply can be high
unless the timing coimponents are high impedance.
Theretfore, use high values for B and low values for C in
Figures 3 and 4.

OUTPUT DRIVE CAPABILITY

The output driver consists of a CMOS inverter capable of
driving most logic families including CMOS and TTL. As
such, if driving CMOS, the output swing at all supply
voltages will equat the supply voltage. At a supply voltage of
4.5 volts or more the ICM7555/6 will drive at least 2 standard
TTL loads. -

ASTABLE OPERATION

The circuit can be connected 1o trigger itself and free run as a
muitivibrator, see Figure 3. The output swings from raii to rail,
and is a true 50% duty cycle square wave. (Trip points and
output swings are symmefrical). Less than a 1% frequency
variation is observed, over a voltage range of +5 to +15v,
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Figure 3: Astable Operation

MONOSTABLE OPERATION

in this mode of operation, the timer functions as a one-shot.
fnitially the external capacitor (Cy is held discharged by a
transistor inside the timer. Upon application of a negative
TRIGGER pulse to pin 2, the internal flip flop is set which
releases the short circuit across the externai capacitor and
drives the OUTPUT high. The voltage across the capacitor
now increases exponentially with a time constant t = RaC.
Wheén the voltage across the capacitor equals 2/3 VT, the
comparator resets the fiip flop, which in turn discharges tha
capacitor rapidly and also drives the QUTPUT to iis low
state. TRIGGER must return to a high state before the OUT-
PUT can return to a low state. .
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Figure 4: Monostable Operation

CONTROL VOLTAGE .
The CONTROL VOLTAGE terminal permits_the two :trip
voliages for the THRESHOLD and TRIGGER internal
comparators to'be controlled. This provides the possibility of
oscillation frequency madulation ih the astabie mode or
even inhibition of oscillation, depending on the applied
voltage. in the monostable mode, delay times can be
changed by varying the applied voltage to the CONTROL
VOLTAGE pin.

RESET

The RESET terminal is designed to-have essentially the same
trip voitage as the standard bipolar 555/6, i.e. 0.6 to 0.7 voits. At
ali supply voltages it represents an extremely high inputimpe-

dance. The mode of operation of the RESET function is, how-

ever, much improved over the standard bipalar 555/6 in that it
controls only theinternal flip flop, which in turn controls simul-
taneously the state of the OUTPUT and DISCHARGE pins.
This avoids the multiple threshold problems sometimes en.
countered with slow falling edges in the bipolar devices,


http://elcodis.com/parts/5793164/ICM7226BIPL.html

ICM7555/ICM7556 . BINTERSIL

EQUIVALENT CIRCUIT
L E

 THHESHOWD [—
Do — n o n
“CONTROL - .

v

0 rdall [

BLOCK DIAGRAM
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This block diagram reduces the circuitry down o its simplest equivalent components.

Tis down unused inputs.
A = 100k{z, £ 20% typ.

TRUTH TABLE
THRESHOLD | TRIGGER |-—ae— DISCHARGE
voutage | voLtage |PRESET{OUTPUT| gwircH
DONT CARE | DONT CARE| LOW | LOW ON
>2/3(y*) >1/3(V¥) HIGH| LOW ON.
Vi <23 Vir> 13 | HIGH [STABLE| STABLE
DON'T CARE | <1/3(y*) HIGH | HIGH OFF

NOTE: RESET wiil dominate all other Inputs: TRIGGER will dominate over THRESHOLD.
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CHIP TOPOGRAPHIES
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