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4 Digit Up/Down Counter/Decoder/Driver

General Description

The MM73C945 and MM74C947 are synchronous
4 digit up/down counters with latches, 7-segment
decoders, and all segment and backplane driver, and
oscillator circuitry necessary to directly drive LCD
displays.

Maxim’s MM74C945 has a selectinput which allows the
counter contents or the latch contents to be displayed,
and a blanking input which allows the display 1o be
blanked.

The MM74C947 only displays the latch contents, but
proavides leading zero blanking. The leading zero
blanking input allows the user to force leading zeros to
be displayed, and the leading zero output allows cas-
caded counters to blank leading zeroes properly.

Both devices provide 28 segment outputs and a back-
plana input/output. When the oscillator pinis open, the
device generates its own display waveform timing.
When the oscillator pin is grounded, the backplane pin
becomes an input.

The MM74C945 and MM74C847 are available in a 44
lead plastic chip carrier package in addition to the
standard 40 lead plastic DIP.

Applications
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Features

4 4 Decade Synchronous Up/Down Counter
¢ All Circuitry for Segments and Backplane of

4-Digit LCD

¢ Carry/Borrow Output Allows Ripple or

Synchronous Cascading

¢+ Schmitt Trigger Count Input
+ Store and Reset Inputs Allow Operation as

Frequency or Period Counter

¢ MM74C945 Provides Input to Select Display of

Counter or Latch

& MM74C947 Provides Leading Zero Blanking input

and Output. Least Significant Digit May be Blanked.
Ordering Information

| PART TEME. RANGE PACKAGE
MM74CO45N  -40°C to +85°C 40 Lead Plastic DIP
MM74C845CQH 0°C i0 -70°C 44 [ ¢ad Plastic Chip Carrier

MM74C945C/D 0°C ta +?0°C che

MM74CO47N -40°C to +85°C 40 Lead Plastic DIP

44 Lead Plastic Chlp Carrier
Dice

MM74C947C0H 0°Cto *T-OBC

MMT74C847C/D  0°C to 170°C

Pin Configuration

Top View
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See Last Page for 44 Lead Chip Carrier Pm Conf:guranon.
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MM74C945/947

4 Digit Up/Down Counter/Decoder/Driver

ABSOLUTE MAXIMUM RATINGS

Supply Valtage .........cociiinnnns
Input Valtage . ......... ... ...,
Power Dissipation
40 Lead PlasticDip .................
44 Lead Plastic Chip Carrier

.................. 6.5V

0.5W
0.5wW

QOperating Voo Range ... o 3.0V tc B.OV
Operating Temparature Hange ... -40°C to +85°C
Storage Temperature Range ................ -65°C 1c +160°C
Lead Temperature (Soldering, 105C.) ... 0vvivivey - 1300° 0

Stressas above Hhose hsted undar “Absalute Maximum Ratings " may cause permanent damage o the device. These are siress ratings only and functional
operabon of tha davica &t these or any other conditions above those mdicatad 0 tha operational sactions of the spscifications is not impiied. Exposure 10
absoiute maxirmum rating conditions far extended pecriods may alfac! device raltability.

ELECTRICAL CHARACTERISTICS

Min/max limits apply across temperature range , unless otherwise noted.

PARAMETER | CONDITIONS MIN TYP MAX UNITS
CMOS TO CMO35
V¢, Positive Geing Threshold _ .
Voltage (Ciock Grly} Voo =SV V(@ =31V 25 29 3.25 | v
Vr_Negative Going Threshald _ . ) ‘
Voltage (Clack Only} Voo =% Vin (5~ 01 ;e 22 24 v
Hystarasis (Vr, - V1) _
(Clock Only) Ve =8V 0.1 07 1.78 Vi
Logical 1" Input Voltage {Vy 13} VYo =5V as o
Logical "0 Input Voltage {V y, o) Voo =5V 1.5 v
Logical “1" Qutpui Voltage - -
(Vour 1) {LZO and Garry) Voo =W lo =10 A 45 . v
Logical “0” Quiput Voltage _ _
Vour g {LZO and Carry) Voo = 8V 1o = +10 pA 0.5 v
Clock Input Gurrent |,/ Voo = 5V, Wy = SV/OV 0.005 10 b
Input Current @ Pins 27, 29,31, 33, | Voo = Y. Vi =0V 10 A
and 34 (Note 1} Vi =5V 21.0 nA
Oscillator Inpuil Current (lgg ) Voo = BV, Vi = 0V/5V -5 +15.0 uA
Supply Current {I--){Note 2) Vg = BV, V) = 0V/iGY 10 60 uA
Oscillator Input Voltage When Driving Qscillator
Vinosc) Pin with External Signal Voo 0.2 v
IL10§E) 0.2Vge v
DC Offset Voltage (Note 3) Vee = BV 25 my
CMOS/LPTTL INTERFACE B
Logical "1" Input Voltage (Vy 1)) Voo = 475V Vee-1.5V __ v
Logical “0" Input Voltage (Vy, ) Vg = 4.75V 0.8 v
Logical 1" Output Voltage _ -
(Vour 1) (LZQ and Garry) Ver = 4.78V, I = =360 pA 2.4 - v
Logical "0" Output Voltage _ _ !
(Vour ) (LZO and Carry) Voo 4 THV. 1o = 1360 pA o4 oo
QUTPUT DRIVE (SHORT CIRCUIT CURRENT) |
Output Source Current Voo = Y, Vour = OV !
{lsaurcel(LZO and Carry) Ta- 257G s eT ‘ mA
Qutput Sink Current Voo =5V Yoyt = 5Y
{15 nx){LZO and Carry) Taz25°C 173 *2 mA
Output Saurce Current Ve = BV Vo= OV
{lsaupce) (Segmant Outputs) T, Z 2500 T4 20 mA
Cutput Sink Current Voo =5V VgyT = 5V A
{lgn{Segment Quiput) ToT25°C R 22 m
Output Scurce Current Voo - SV Vo= OV . A
{lsaurce) (Backplane Qutput) c Ta=28C 128 180 7 _ m
Qulput Sink Current Vog = BV, Vgur = 5V
(e (Backplane Output) Tht 259G 128 200 mA
Mate 1: Does nat apply 10 backplane and oscillater pins. Does apply ta pin 30 on MM74C945.
Note 2: Display blanked. See Test Circunt.
Note 3: DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane.
2 MAXIW




4 Digit Up/Down Counter/Decoder/Driver

AC ELECTRICAL CHARACTERISTICS

T, = 25°C, G - 50 pF, unless otherwise specified.

SYMBOL

PARAMETER CONDITIONS MIN TYP MAX UNITS
Propagation Delay Clock to Carry tpun « Lpat Vee= 5.0V (Note 2) 60D 800 ns
Maximurm Clock Frequency Teik Voom 5.0V 2 3 © MHz
Giack Input Rise/Fall Time [P Voo™ 5.0V No Limit
Reseat Pulse Width " twr C V=50V 180 50 ns
Store Pulse Width tws Vo= 50V 150 50 ns
Clock to Store Set-Up Time tsuick s Voo 50V 500 120 ns
Store to Reset Wait Time tsR Vo= 5.0V 280 170 ns
Enabia to Clock Set-Up Time tau(E, ok Voo~ 5.0V (Note 3) 800 400 ns
Reset Removal thp V= 5.0V 50 0 ns
Up/Down ta Clock Set-Up Time tsuiuso, cKy Vo= 5.0V (Note 4) 500 400 ns
Pin 3B Floating.
Eackplane Qutput Freguency fgp Vo= 5.0V 85 Hz
Input Capacitance Cin Logic Inputs (Note 13 5 ' pF
Segment RisesFall Time ths C\ag= 200 pF a5 s
Backplane Rise/Fall Time [ Cag- 5000 pF 14 s
i Pin 36 Floating, -
Osrillator Frequency fosc Ve 50V LA kHz .
Propagation Delay Enable to Carry tpd( E C) Ve = 5.0V 450 ns J
MNaole 31  Does not apply to backplane and osclillator pins. Does apply to pin 30 on MM74C245,
Nole 2:  National's MM74C945/347 is specified at 600ns maximum.
Note 3: NMational's MM74C945/847 is specified at 140ns mimmum.
Note & National's MM74C945/847 is specified at 300ns maximum.
AC Waveforms
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MM74C945/947

4 Digit Up/Down Counter/Decoder/Driver

TABLE 1. PIN DESCRIPTIONS

(Pin numbers correspond to 40 lead DIP package)

PIN FUNCTION DESCRIPTION
1 Ve Positive power supply
g:gs Segment These 28 ping directly drive LGD display segments. Segments A1-G1 drive the least significant digit,
A7-40 Qutputs segments Ad-G4 drive the 1000s digit.
The backptans pin is both &n input and an outﬁdt_.As an output it drives the LCD backplane with an
5 BACKPLANE internally generated backplane signal. The backplane pin is an input when the slave mode is selected
by graunding pin 36, Cscillator
27 UP/DOWN This input controls the direction of counting. When high, countar counts up, when low, down.
The CARRY output goes high when the ENABLE input is high and the counter is at 9899 counting up
2B CARRY or at 0000 counting down. Whan the ENABLE input is low CARAY is low. This cutput may be used to
rippla of synchronously cascade counters.
29 SELECT When high. counter contents displayed. When low, latch contents displayed. MM74C945 only.
30 BLANKING When high. entire display is blanked. MM74C945 only.
The MMT4C947 displays igading zeroes when this pin is grounded Connacting this pin to Veg
29 LZB IN enables leading zerc blanking. The antira display will be blanked If thig pin ia high, the counter is a
0000, and the oscillator pin is grounded. If the oscillater pin is floating, tha teast significant digit
A1-G1 will not blank. MM74C947 only.
a0 LZB OUT This output allows the proper blanking of cascaded counters. The LZB OUT goes high when all
digits are blanked. MM74C247 only.
! 39 ENABLE When this input is low, the counter is inhibited and the CARRY output will be low. When this input is
' high, the counter is enablad.
i Every negative-going transition at the CLOCK input clocks the counter. This input has a Schmitt
. 3z CLOCK h . : . A
trigger to prevent multiple clocking with slow rate-of-fall inputs.
33 RESET A low level at this input will reset the counter to 0000. This input is inactive when high.
a4 STORE When the STORE input is law, the latches are transparent and the counter contents are displayed.
When this input is high, the data is latched.
3s GROUND The negative power supply input.
When this pin is left floating, the chip oscillator will free-run at approximately 11kHz. Connecting an
external capacitor between this pin and either power supply will lower the oscillator frequency as
' 25 OSCILLATOR shown in the Typical Characteristics graphs. The oscillator may be overdriven but care must be taken
i to avoid swinging 1oe close to ground. Grounding this pin puts the chip into the backplane sfave
mode making pin 5, BACKPLANE. into an input, and on the MM74G947 allowing the least significant
digrt to leading zero blank

TABLE 1. TYPICAL LCD DISPLAYS L
. Carry Out Timing (Up Mode)
DIGIT | NUMBER
MANUFACTURER | PART NUMBER | o S | o 2o BLOEK
Epson LD-H7924 0.350" 4% ‘ | | | |
(213) 534-0360 LD-HT916 0.500" 4 CARRY [ |
LD-K7‘994 0.700" 4 COUNT ‘ [ 9998 0a0q | DDO0 |
LXD 44D3F-85 0.800" 4% Carry Out Timing (Down Mode)
{216) 282-3300 44D3F-45 0.400” 4 0tk _Im
Hamlin 3909 0.400" an |
(414) B48-2361 32 0.800" av,
’ CARRY ‘ | | |
AND FEC2G2W-DU 0.506" 4 e
(415) 347-9916 FED206W-DU 0.400" ar; i e L I I

Figure 1. Carry Timing
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4 Digit Up/Down Counter/Decoder/Driver

Applications Information
Dispiay Drive Circultry Description

The MM74C945 and MM74C847 have 28 segment
outputs and a backplane input-output which directly
drive a 4-digit seven-segment LCD display. The seg-
ment and hackplane drivers are designed to provide
matched rise and fall times which eliminates any DC
compoenent of the display signals maximizing display
life.

The backplang driver may be disabled by connecting
the oscillator pin to ground. In this mode, the back-
plane pin becames an input, and the display waveforms
will be synchronized with the signal applied to the pin.
Several chips may be ganged in this manner, allowing
the use of single-backplane displays with four, eight,
twelve, etc. digits where one four-digit counter drives
the backplane and the rest are slaved to it.

On the MM74C847 which implements leading zero
blanking, the oscillator pin also controls the blanking of
the least significant digit; when the oscillator pin is
open {backplane master) the least significant digit will
not blank, and whan the oscillator pin is grounded, the
entire display will blank when the latch contents of all
four digits are zero and the Leading Zero Blanking
input is high. In order to cascade counters and have
teading zero blanking operate correctly, the least-gig-
nificant counter should be the backplane master, with
the other counters as slaves.

An on-board oscillator and divider chain generate the
backplane and segment timing. The oscillator typically
runs at 11kHz resulting in a backplane frequency of
85Hz. The oscillator may be slowed by connecting a
capacitor between the oscillator pin and either power
supply, or the oscillator pin may be overdriven by an
external signal. When overdriving the oscillator, ensure
that the input waveform does not swing close to ground
to avoid putting the device into backplane slave mode.
See VIH{osc) and VIL{osc) specifications.
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*Each segment to backplane with 200pF capacitor.

Counter Circultry Descripion

The MM74C945/7 are synchronous four-decade up/
down counters. A high level on the UF/DOWN input
causes the counter to count up, while a low level at this
input causes the counter to count down. The ¢ounter
indexes on the negative-going edge of the CLOCK
input. The CARRY output will be high for one clock
period when the counter is at 9999 in up mode or G000
in down mode. On the Maxim devices, the CARRY
output will not go highif the ENABLE input is low. This
ensures that synchronous cascading does not allow
the higher-order digits to count incorrectly as can
occur with the ariginal manufacturer’s device when the
low-order counter ENABLE input is low and the
counter is at 9999 up or 0000 down. As shown in the
applications figures, the CARRY output allows synchro-
nous or ripple cascading.

The RESET and ENABLE inputs are provided to allow
these counters to perform frequency and pericd mea-
surements. The counter is farced to 0000 when RESET
is taken low, and the counter (including the CARRY
output) is disabled when the ENABLE input is taken
low.

The counter outputs are latched. The tatches are
transparent and the display will follow the counter
when the STORE input is low. The latches store the
counter outputs when the STORE input is taken high.

On the MM74C045 the SELECT input allows the
counter or latch to be selected for display. When the
SELECT input is high, the counter contents are dis-
played, and when low, the latch contents are displayed.
The BLANKING input on the MM74C945 blanks the
entire display when taken high. The MM74C345 does
not implement leading zere blanking.

On the MM74C947 the laich contents are always
displayed, but the decoders include leading zero
blanking circuitry and two pins to allow cascaded
counters to leading zero blank properly. When the LZB
IN pin is low, leading zero blanking is inhibited. When
the LZB IN is high, the device will blank leading zeros
except for the least-significant digit when the oscillator
pin is open (backplane master). When the oscillator pin
is grounded (backplane slave} the device will blank all
digits when in 0000, and the LZB QUT will go high,

1

Ad A3 A2 Al

[l ol oo 2]
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04 03 D2 ot
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[/ B Y SR B B I Y O |

Figure 2. Test Circusit
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MM?74C945/947

4 Digit Up/Down Counter/Decoder/Driver

Typical Applications

Ripple Carry Casading — MM74C845

86585
IF

_5665

-

cARRY ~—JCanmy BALKPLANE J CARAY _J
AESET WSO (SLAVE] RESET L0 (MASTER) BACKPLANE
| STORE NM7AC945 STORE MM74C845 X
p~ENABLE nsCiLLATOR SELECT BLANKING ELOCK EMABLE DSCILLATOR SELECT BLANKING ‘1
aESET S I r COUNT
STORE . INPUT
COUNT ENABLE
SELECT
[ISPLAY BLANKING
Synchronous Casading — MM74C345
J 1
canRy -—J carny HACKPLANE CARRY
RESET MSD [SLAVE] RESET L50 [MASTER) BACKFLANE
—]sTane NM7 545 BTORE W74 ENABLE
P CLOCK GSGILLATOR SELECT BLANKINE ENABLE CLOCK OSCILLATOR SELECT BLANKING
T P [ COUNT
RESET ENABLE
8TOAE
COUNT
INPUTSELECT —
DISPLAY BLANKING
Pin Configuration Chip Topography
]
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S CECszSom=EE WE‘AE;
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a2 [ O Ef) MR RN WA
gz 5| [36] sTORE o .
ez [5] 3] RESET 0sc F
12 [ [38] cuock . n:
£2 [11] ALK [35] EMABLE B: E
N Gz MM 45045 Eng 0 '
62 (1] MMTACTAT 53] L7B dUT* .0 ¢
F2 [T 521 Lzm N~ lagﬂnm ! b
A3 (i5] [ cARRY ) ”Ec “:
83 [16] [30] ur/I0WN E‘ k1
13 7} [29] F4 F' &
1
1= 2] & ]l ] s sl ) & i
o oM MM S O % YT T AT YT 1
SRBPILEZIIES
Y
*Note: *Note:
PIN #  MM7CHMS MM74CB47 PIN # MM74C845 MM72C847
FUNCTION FUNCTION FUNCTION FUNCTION
3z Select LZB IN 289 Select LZBIM
a3 Blanking LZB QUT 30 Blanking LZB QUT
6
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4 Digit Up/Down Counter/Decoder/Driver

Package Information

omt| - INCHES . MILLIMETERS
l——  —= MIN MAX ° MIN MAX
A2 Fi%] A — 1.200 o 508
* ‘ - B ———| | ;'4—5 — a1 |oo15 | - 038 -
A | ¥ — a2 o125 | 0175 318 | 445
) ’ { - Wil A3 [ 0055 | ooso @ 140 | 203
¥ el ) : _{ , \ B | 001t | 0020 | 041 | 081
+ ' m i \L‘:_‘ 015" BT [ 0045 [ 0065 | 144 | 165
a1 ' : / ¢ lToooe ootz | vz | 0o
r —p—| @ | i H == C (D1 0050 0,090 .27 2.29
L - B ot ep - E " 0600 0625 | 1524 | 15.88
Ct 0525 0575 | 12.34 | 14.61
l——— o —— -
B —arii~e e 0100 — | 254 | -
sA 0800 . - | 1524 -
86 - 0700 - 17 78
. L .0120 | 0150 | 305 | as
Plastic DIP
PLASTIC kG om |ping| . NCHES  [MILLIMETERS
) MIN_| MAX [ MIN | MAX
DUAL-IN-LINE P | D |24 |1.230 |1.270 [31.24 | 3226
PACKAGE F | D28 [1a30 1470|3632 [37.34
{0.600 in.) P | D | 40 [2005 [ 2075 5144|5271

2100454

NAXIN
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4 Digit Up/Down Counter/Decoder/Driver

Package Information

oM INCHES MILLIMETERS
MIN | MAX | MIN | MAX
A2 Al - [ozo - 5.08
* - BEEYE - Dag -
A | Az | odzs [ odrs | 318 | 445
A A3 [ 0055 | 0080 | 140 | 203
J' B8 C.018 0.020 0.41 Q51
+ .” B1 | 0.045 | 0.065 | 144 | 165
Mo c |ooce o012 | 020 | 030
+ —i g - C [o1[oos0 aosa | 127 | zen
L E [ 0800 0626 | 1524 | 1588
E1 0.525 0.575 13.34 14.61
e [ 0100 — 2.54 —
ah 0.600 15.24 —
=D e eB | - 0700 - 17.78
" ( Plastic DIP L | 0420 | 0150 305 | 381
S PLASTIC _ ceToulr] 10, TSP
: | | DUAL-IN-LINE 5523 (7230 | 270 | 2124 | 5225
J / PACKAGE P | D |28 [1.430 |1.470] 36.32 | 37.34
L A — (0.600 in.) P | D[40 |2005 2075 51.44 ] 5271

21-00444

MAXIM . 7
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