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42 Digit Counter/Decoder/Driver

General Description

The Maxim ICM7224(LCD) and ICM7225(LED) are
high speed 4% digit counters, featuring segment
decoders, leading zero blanking, store and reset inputs,
and a carry output that allows cascading of 8 or more
digits. The ICM7224 directly drives a non-multiplexed
liquid crystal display(LCD). The ICM7225 has 29 con-
stant current outputs for driving a non-multiplexed
common anode LED display.

These counters operate with inputs from DC to 26MHz
while using only 10uA of supply current. A Schmitt
trigger on the count input ensures reliable operation in
noisy environments and in applications with slowly
varying inputs.

The ICM7224 and ICM7225 are available in a 44 lead
plastic chip carrier package in addition to the standard
40 lead plastic DIP.

Applications

Unit Counter
Frequency Counter
Tachometer

Hour Meter
Totalizer

Pin Configuration

Top View

Ve[] e [40] D1
£ 2] (78] C1
61 5] [38] B1
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*(BRT] BP (5] [35] OSCILLATOR [GND)*
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B2 7] [32) STORE

t2 (3] [33]) RESET

D2 (x] MAXIA [32] COUNT

E20g] /CMm7224  [3i] COUNT INHIBIT
G2 01l (/CMm7225) {30) LZB OUT
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E3 [17] [24] E4
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F3 (1] [77) ¢4

A4 [20] 71] B4

“Note:
PIN 1CM7224 IcMm7225
£ FUNCTION FUNCTION
Backolarie Brightness

20 Osc llator Greund

Features

¢ Improved 2nd Source! (See 3rd page for “Maxim
Advantage™”).

High Speed Up Counter: 25MHz Typ.
Leading Zero Blanking
Can Be Cascaded for 8 or More Digits

STORE and RESET Inputs for Frequency
Counter Applications

¢ On-Board Oscillator to Provide Backplane
Frequency (ICM7224)

¢ Brightness Control Input (ICM7225)
¢ Low Power CMOS

* & o o

Ordering Information

PART TEMP. RANGE PACKAGE
ICM7224IPL  -20°C to +85°C 40 Lead Plastic DIP
ICM72241QH 0°Cto+70°C 44 Lead Plastic Chip Carrier
ICM7224C/D  0°Cto +70°C  Dice _
ICM72251PL  -20°C to +85°C 40 Lead Plastic DIP |
ICM72251QH 0°Cto+70°C 44 Lead Plastic Chip Carrier

0°C to +70°C  Dice

ICM7225C/D

________ Typical Operating Circuit

See Last Page for 44 Lead Chip Carrier Pin Configuration.
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Unit Counter

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following:
guaranteed performance over temperature along with tighter test specifications on many key parameters, and device enhancements, when needed. that result

in improved performance without changing the functionality.
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ABSOLUTE MAXIMUM RATINGS

Supply VOAQE ... 6.5V Operating Temperature Range
Input Voltage (any terminal, Note 1} ......... -0.3Vto V' +0.3V Plastic Package (IPL} ..................... -20°C to +85°C
Power Dissipation Plastic Chip Carrier {Quad) Package (Q) ..... 0°Cto +70°C
40 Lead Plastic Dip ... 1w Storage Temperature Range ................ -65°C to +160°C
(derate 10mW/° C above 25°C.) Lead Temperature (Soldering, 10sec.) ................ +300°C
44 Lead Plastic Chip Carrier ...............cc..coooi 1w

(derate 10mW/° C above 25°C.)

Note 1: The input voltage may exceed this rating if the input current is limited to TmA.
Connecting any terminal to a voltage greater than V* or less than Ground and exceeding 1mA input current may activate the
parasitic SCR inherent in the junction isolated CMOS process, causing destructive device latchup. For this reason, it is
recommended that no inputs from sources operating on a different power supply be applied to the device before its supply is
established, and that in multiple supply systems, the supply to the ICM7224/25 be turned on first.

Stresses above those listed under “Absolute Maximum Ratings” may cause permangnt 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 reliability.

ELECTRICAL CHARACTERISTICS
{All parameters measured with v* = 5V unless otherwise indicated}
ICM7224 CHARACTERISTICS

PARAMETER SYMBOL ' CONDITIONS

Operating currrrent Iop—ﬂ Test circruit Display blank )
[ Operating supply vgltage range \7’ B

OSCILLATOR inbut current ‘ losci Pin 36 )

Segment rise/fe;ll time ] tefs Lc‘oad = 200pF

Bactfplane rise/fall time ] ) teio ) g Cioad = 5000pF

Oscillator frequency fose Pin 36 Floating

Eackplane f}equency fop 1 Pin 36 Floating

ICM7225 CHARACTERISTICS
PARAMETER T symeoL CONDITIONS “min [ Tve | omax
lopq Pin 5 (BRighTness) at GROUND

Operating current display off Pin 29, 31-34 at V* 10
Operating supply voltage range | vt 1 4 5

VOperatlng current lop Pin 5 at V™, Display 18888 ] 7 200
Segment leakage current Segment Off +0.01
T Segment on current Segment On, Vou = +3V 5 * 8
L Half»digq on current Half-digit On, Vgu = +3V } 10 ] 16 |
FAMILY CHARACTERISTICS
[ PARAMETER 'SYMBOL CONDITIONS MIN TYP | MAX | UNITS \
input Pull-up Currents Ip Cins_25\3/+31, 33.34 10 A
| out = -3V ] B 1)
Input High Voltage Vim Pin 29, 31, 33, 34 3
Input Low Voltage Vi Pin 29, 31, 33, 1 v ]
COUNT Input Threshold ™ ver J 1 ‘
COUNT Input Hysteresis Vew l 05 | \
. CARRY Pin 28
Qutput High lom Leading Zero Blanking OUT Pin 30 350 | 500 \
Current . :
Vour =V -3V } :
] - uA !
CARRY Pin 28 !
g“‘p“‘ Low Leading Zero Blanking OUT Pin 30 500 \
urrent _
Vout = +3V
Count Frequency feount : 45V < V<Y DC-25 15

STORE, RESET Minimum te t
Pulse Width R

MHz
us
The electrical characteristics above are a reproduction of a portion of Intersit's copyrighted (1983,/1984) data book. This information does not constitute any

representation by Maxim that intersil's products will perform in accordance with these specitications. The “Electrical Characteristics Table" along with
descriptive excerpts from the ariginal manufacturer's data sheet have been included in this data sheet solely for comparative purposes.
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¢ Key Parameters Guaranteed Over Temperature

¢ Increased Segment-On Current

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page.

/AKX

¢ Significantly Improved ESD Protection (Note 1)

¢ Low Power (Typically 25uW)
¢ Maxim Quality and Reliability

42 Digit Counter/Decoder/Driver

ELECTRICAL CHARACTER'ST'CS Specifications below satisty or exceed all “tested” parameters on adjacent page

(V' =5V, Ta = 25°C unless otherwise noted)

ICM7224 ELECTRICAL CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating current lop Display blank 5 25 nA
Operating supply voltage range vt -20°C < Ta<+85°C 3 5 6 v
OSCILLATOR input current losc) Pin 36 +2 +10 nA
Segment rise/fall time trfs Cioad = 200pF 0.5 s
u
Backplane rise/fall time teib Cioag = 5000pF 15
Oscillator frequency fosc Pin 36 Floating 19 kHz
Backplane frequency top Pin 36 Floating 150 Hz
ICM7225 ELECTRICAL CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
. . Pin 5 (BRighTness) at GROUND
Operating current display off lopa Pin 29, 31-34 at V* 10 25 uhA
| Operating supply voltage range vt -20°C < Ta< +85°C 4 5 6 v
Operating current lop Pin 5at V¥, Display 18888 275 mA
Segment leakage current stk Segment Off +0.01 t1 wA
Segment on current Isec Segment On, Vou = +3V 6 9
— —A mA
Half-digit on current In Half-digit On, Vout = +3V 12 18
FAMILY DC ELECTRICAL CHARACTERISTICS
, PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Pins 29, 31, 33, 34
’ Input Pull-up Currents Ip Vout = V' - 3V 2 10 25 uhA
‘ Input High Voltage ViH Pin 29, 31, 33, 34, -20°C < To < +85°C 3
Input Low Voltage ViL Pin 29, 31, 33, 34, -20°C < TAo< +85°C 1 v
COUNT Input Threshold Ver 1.5 2 3.25
EOUNT Input Hysteresis Ver 0.1 0.5 1.75
- CARRY Pin 28
\ 8‘”"“‘ High loH Leading Zero Blanking OUT Pin 30 350 500
urrent A
Vour= V" -3V
CARRY Pin 28 wA
in
Quipun Low low Leading Zero Blanking OUT Pin 30 350 500
urrent _
Vout = +3V

Note 1: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil STD 883C Method 3015.2 Test

Circuit).

AKXV
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FAMILY AC ELECTRICAL CHARACTERISTICS (CL = 50pF unless noted)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
tF;r%p:rgr;;non Delay Clock todor thdi 0.6 us
Maximum Clock Frequency fouk 0 DC-25 15 MHz
Minimum Clock Pulse Width tok.pw 25 ns
Clock Input Rise or Fall Time ty, tf No Limit
Reset Pulse Width twr 125 ns
Store Puise Width tws 1 us

i Clock to Store Set-Up Time tsuick.s) 0.4 ps~
Store to Reset Wait Time tsm 1.3 ‘ us
Thlbit to Clock Set-Up Time tsuicl.cky 0 ns
Reset Removal trRR 20 ns
Input Capacitance CiN Logic Inputs (Note 1) 5 pF
Note 1:  Does not apply to backplane and oscillator pins.
Timing Diagram
-1 teLk. pw—=
COUNT
CLOCK 50% ‘50%
' tws , -
e
STORE \ 50% 50%
ov
tSWICK.S) tsp—am twn
v+
RESET 50% o 50%
w oot
4—»‘ - tpyp o]
' -\
CARRY *500,“ \ (IF NOT RESET) 50%
w tsu (ci.cx) >
pE— v
LOURT 50%

ov

ICM 7224 OPERATING
SUPPLY CURRENT VS.
SUPPLY VOLTAGE

DISPLAY BLANK
10 PIN 36 OPEN i

Tgp Hz)
=
S

ICM 7224 BACKPLANE

FREQUENCY VS.
SUPPLY VOLTAGE

’

-
e

e
- Cosc — 220pF

’
.

Ta—25C
Cosc =0
{PIN 36 OPEN)
.

-

Cosc = 22pF

Iseq (mAl

Typical Operating Characteristics

ICM 7225 LED SEGMENT
CURRENT VS. OUTPUT

VOLTAGE
15
PIN S AT U+
TW-2%0 -
i}
vt - sy
vty
5
0
o 1z 3 a4 5 b
vo IV)
VA XI2VI
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TABLE 1. PIN DESCRIPTIONS

PIN FUNCTION DESCRIPTION
1 v* Positive power supply input.
2:36 Segment These 28 pins directly drive LCD segments (ICM7224) or common anode LED segments (ICM7225).
37746 Outputs Segments A1-G1 drive the least significant digit, segments A4-G4 drive the 1000s digit.
27 v Digit This segment output drives both segments of the most significant half digit. This segment output
| 9 turns on when the count reaches 10,000 and is reset only by a low level on the Reset input.
5 ‘ The backplane pin is both an input and an output. As an output it drives the LCD backplane with an
BP internally generated backplane signal. The backplane pin is an input when the slave mode is selected
(ICM7224) > R ¢
by grounding pin 36 (Oscillator).
An analog input voltage applied to the brightness (BRT) pin controls the output current of the LED
5 BRT segment drivers. Connecting this pin to ground shuts off the dispiay. Connecting this pin to v*
(ICM7225) drives the disptay with the maximum available output current. Intermediate voltage levels will adjust
the brightness to any level between full off and full brightness.
Connect this logic output to the Count input of another ICM7224/5 to make an 8 digit
28 CARRY counter/display driver. The Carry output goes high at count 6000 and goes low on the transition
between count 9999 and count 10,000. The Carry output repeats this cyctle every 10,000 counts.
The ICM7224 displays leading zeroes when this pin is grounded. Connecting this pin to v*or leaving
29 LZB IN it floating enables leading zero blanking. The entire display will be blanked if this pin is high or
floating, the count is 0000, and the half digit is reset. This pin has an internal 10uA pullup.
This output allows the proper blanking of cascaded counters. The Leading Zerg Blanking (LZB)
30 LZB OUT . C
output goes high when all digits are blanked.
31 COUNT INHIBIT A low level on this input. piq disables‘the counter. Connecting this pin to V™ or floating this pin
enables the counter. This pin has an internal 10uA pultup.
m——— Every negative-going transition at the Count input clocks the counter. This input has 500 mV of
32 COUNT b : ; ) f
hysteresis to prevent multiple clocking with slow rate-of-fall inputs.
A low level on Reset will reset the counter. Reset also clears the half-digit ftip-flop and turns off the
33 RESET half-digit output. This input has an internal 10uA pullup and is inactive when either connected to v*
or left floating.
When the Store input is low, the latches are transparent and the counter contents are displayed.
34 STORE When Store is taken high or floated, the counter contents are latched and this latched data is
displayed.
35 GND The negative power supply input.
36 An additional ground pin for the ICM7225. The ICM7225 has two ground pins to handle the high LED
GND h
(ICM7225) drive currents.
When this pin is left floating, the ICM7224 oscillates at approximately 19kHz. Connecting an external
36 capacitor between this pin and either V* or GND lowers the oscillator frequency as shown in the
} (ICM7224) | Oscillator Typical Characteristics graphs. The Oscillator can be externally driven using the circuit of Figure 4.
Grounding this pin puts the ICM7224 into the slave mode, turning pin 5, BP, into an input.

Table 2. TYPICAL LCD DISPLAYS

Table 3. TYPICAL LED DISPLAYS

Manufacturer PART # HEIGHT # DIGITS Manutacturer " PART# HEIGHT COLOR
Epson LD-H7924 0.350" 44 Hewlett Packard 5082-7731 0.3" Red
(213) 534-0360 LD-H7916 0.500" 4 (Contact local 5082-7611 0.3" Red (HI Eff) |
LD-K7994 0.700" 4 sales office) 5082-7621 0.3" Yellow ;
LD 44D3F-85 0.800" 4 5082-7631 0.3" Green |
(216) 292-3300 44D3F-45 0.400" 4% General Inst MAN 71A 0.3" Red
| ) N (415) 493-0400 MAN 3910A | 03" Red (Hi Eff)
Hamlin 3909 0.400 4z MAN 3810A | 03" Yellow
(414) 648-2361 3912 i 0.800" 4% MAN 3410A | 03 Green
AND FE0202W-DU | 0.500" 4 Siemens Opto HD1075R 03" Red
(415) 347-9916 FEO206W-DU | 0.400" 4 (408) 257-7910 HD10750 0.3" Red (Hi Eff )
- HD1075Y 0.3" Yellow
HD1075G 0.3" Green

VIAXI VI
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Detailed Description

The ICM7224 and ICM7225 have identical counter and
control sections, but have different display driver
sections. The ICM7224 is designed to drive a non-
muitiplexed liquid crystal display (LCD). The ICM7225
is designed to drive a non-multiplexed, common anode
LED display.

Counter and Control Logic

The counter in both the ICM7224 and ICM7225is a 4
decade up counter with a Carry output. An overflow
flip-flop, which is clocked by Carry, controls the half-
digit output. This half-digit output can be used as an
overflow indicator or as a half-digit to extend the count
range to 19,999. Once set by Carry, the overflow flip-
flop will remain set until the counter is reset by taking
the Reset pin low.

The counter advances with each negative going tran-
sition on the Count input, provided the Count Inhibit
and Reset inputs are high.

The Count Inhibit input disables the counter when itis
low. The Count Inhibit input is similar to the J-K inputs
of a J-K flip-flop; transitions on Count Inhibit do not
increment the counter.

Resetis an active low input that resets the 4 digit counter
and the overflow (2 digit) flip-flop. Reset does not clear
the data in the display latches unless Store is low.

Store controls the flow of data into the display latches.
When Store is low the latches are transparent and the
counter data is displayed. When Store goes high the
display latches gointo the hold mode and the displayed
count no longer follows the counter.

The LZB IN pin determines whether leading zeroes are
blanked. Leading zeroes are displayed when LZB IN is
low. Leading zeroes are blanked when LZB IN is high
or floating. The LZB OUT allows proper leading zero
blanking when cascading two ICM7224/ICM7225
devices to make an 8 digit counter/display driver
(Figure 3). LZB OUT will go high only when LZB IN is
high or floating, the count is 0000, and the overflow
flip-flop is reset.

When the ICM7224/25 is used in electrically noisy
environments (around solenoids, motor starters, etc.),
do NOT rely upon the internal 10uA pullups on Reset,
Count Inhibit, LZB IN and Store inputs. Stray pickup of
transients may momentarily override the weak, 10uA
pullup. Connect these pins directly to V*, drive them
with a logic gate, or parallel the internal pullup with a
4.7k resistor to V*.

1ICM7224 LCD Driver Section

The LCD driver section of the ICM7224 is similar to the
Maxim ICM7211 4 digit display driver. It includes an
internal 19kHz oscillator with a backplane driver, and 29
segment drivers.

The 19kHz nominal output of the onboard oscillator is
divided by 128in the 7 stage divider chain to generate a
150Hz backplane frequency. The Backplane output,
pin 5, is a low impedance (200(} typical) output that
swings from ground to V* at the backplane frequency
with a 50% duty cycle. The 29 segment drivers also
swing from ground to V* and have an outputimpedance
of approximately 2k(}. The ICM7224 drives an LCD
segment in phase with the backplane to turn the

+310 +6V
I
v+
>4 comnr Py & 4% DIGIT
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STOP 3 mprars o= — 1~ 1~ —
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~—] sToRe
¥q v,
LeADG & BNy BT
=3 202
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Figure 1. Simple 4" Digit Event or Unit Counter with LCD Display

Figure 2. Simple 4’/ Digit Event or Unit Counter with LED Display
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Figure 3. 8 Digit Totalizer

segment off, and drives the LCD segment 180° out of
phase with the backplane to turn the segment on.

The internal oscillator has a nominal oscillation
frequency of 19kHz with no external components. This
frequency can be lowered by connecting a capacitor
from pin 36 (Oscillator) to either ground or V*. See
Typical Characteristics graph, Backplane Frequency
vs. Supply Voltage. The oscillator can also be overdriven
by an external source as shown in Figure 4. The two
resistors connected from the driver to pin 36 keep the
voltage at pin 36 (Oscillator) above the 1.5V threshold
of the backplane slaving detector which is internally
connected to pin 36.

When two or more ICM7224 counter/display drivers
drive one LCD with a single backplane, the backplane
outputs of the ICM7224 counter/display drivers must

be synchronized. This is performed by grounding the
Oscillator (pin 36) on all but one device; and connecting
together the Backplanes (pin 5) of all devices. The one
device with the Oscillator input not grounded will drive
both its own Backplane pin and the Backplane pins of
the other devices. The devices with the Oscillator input
grounded disable their backplane drivers and use the
Backplane pin as an input. See Figure 3.

ICM7225 LED Display Interface

The ICM7225 has 29 open drain N channel segment
drivers. These drivers are constant current sinks,
whose sink current varies from 0 to 9mA as the voltage
on BRT (pin 5) varies from ground to V* (0 to 18mA for
pin 27, the ' digit output). Segment current limiting
resistors are not needed.
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Figure 4. External Clock Drive.
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Figure 5. Segment Assignment and Display Font
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Pin Configuration

Chip Topography

O €1 B A OCS.(GHOI GND
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82 N u W
82 @ STORE 3 tont
2 [3 RESET __
07 10 COUNT Kl %
€2 (iT] mmj M (ot
e (iz] MAKI Iy
1CM7224 8178 &
62 (16M7225) LZB OUT -
F2 LZB W TR
3 [31] CAmAY
83 [16 ] TAIBIT
3 29] Fa oo
(=] BIREIEIRIBIE) o
cmomzozszoa
2Ee8rIgLIIII
44 Lead Plastic Chip Carrier
(Quad Pack) (Q)
*Note:
! PIN ICM7224 ICM7225
| # FUNCTION FUNCTION
<] Backplane Brightness
40 Oscillator Ground
Package Information
PIN (1) c 0.090 2,070
PIN (1} IDENT 050 - 001 B T
(o = = - =127 025 [ o 035 RAD 970 (2.286) nnnnnnnn(iz.:.s:i)nnnnnnnn
RTINS |, e (77 e
, o ==
i \ ‘ 0.600 - 0.620 } 0.550£0.005
i N | i (15.240~15.748) 9 mAxIm (13.97020.127}
o ) - kot I 0030 L1
(1143)}_] (1.43) C “rererererereT a-a.ycnonogon-aogon-y
) r (0.762) - 0.050
7 F - 0.100¢0.010 ﬂ k 0.15020.005 (1.279)
T 2.54020.254 381020.127) | s
] [ ] 650 005 _ 620 .005(15.75 127) ( : ) (3 61020.127)
. Foest 127 T g.c.OF BEND RADII T i
_ | L ¥ ,iT
| 1 \
\L j __‘ 0.07510.015 ’“__o.msxo.oos 0.125 0.020
O-SZng'gfg (1.90510.381) (0.45720.076) (3.175) (0.508)
010 ax! oz _— B6° 94° TYP MIN MIN
Cl '] PARTING +0.635 e
(259) LINE 15:875_¢ 381
' y v : 0.009 -0.015
L T T T o (0.229-0.381)
| o MAX i ~ 021 (.553)
T s 690 - .005 —— 102 (2.59) :
17526 - 127 - - - A70(a38) 40 Lead Plastic (PL)

44 Lead Plastic Chip Carrier (Quad Pack) (Q)

6,4 = 100°C/W, B, = 45°C/W

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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