m?mﬁummﬁ 1 GHz
DIGITAL COUNTER 1 GHz

WIBARAS  BuvBeyay

wigauns  Slsndadlveing

V)
uwou ¥ g B0 /533

auvsdin..... O2bAH0 '

'Lazlﬁunnﬁﬁa..I??.?..&.ﬁ...ﬂf? b

Weganimidtiiudaunileveansinun
mumdngrsiiyangrmmassumend o
MATYUNAIAATIMATIY
nasdmnssumend
ao1iuvaTuTaBns sesuindudigummisamns sas
Hmsfinun 2538

03694



DIGITAL COUNTER 1 GHz

MrXITIKORN INTHONGCHUAY
Mr.SOMPORN JIRODWANITCHAKORN

Project Report Submitted in Partial Fulfillment of the requirements
For the Bachelor s Degree
Department of Industrial Technology
Faculty of Engineering
King Mongkut s Institute of Technology Ladkrabang
1995



vadeaSegniinud indoeianannd 1 GHz
DIGITAL COUNTER 1 GHz

Tae WeAANy  BuNBIYIY

wiseuns  9lsoadiyying

»

p113sT w3y el

1 v
< cta '

4= 2 . . d
unisarfrunisatannuiilyaamoieian musadanand 1dge

4 : 4 { ;
Jude 1 gz Teasfiitovinelulnseruutisesniiv 2 oo

daunsnifhudeeiifeaduiuguuecainonsidanssiindfdadeq 1dud
ssuugua 2sesdudidanseiing uaznisl¥amasesdidanseting

dufmeaiuduiifefestuaseniulrann: Hunsledusuavusa
wwer'le wsznevduihuindessanaud Ssstrzneylifecenimnaned 2eesda

sudgapa 2esshwissAuususeadggne Taslémaumnnavuin 8 nan

ABSTRACT

Frequency courter are extensively used to measure the frequency,
period and fime relationships of electrical signal This digital counter enmbles
frequencies up to about 1 GHz to be measured.

In this project consists of two section

The first section refer to basic of digital electromic, gate time, courter
and application of electromic circuit.

The second section use LSI IC to design counter with conventional
components such as prescaler, shaping, clipper and 8-digit LED display.
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117 35 (1oWiNnTioBNeINYT 7 ¥BY IC4A

36
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V/D=2Vp-p = 5Vpp T/D =05 us f=4999997 KHz

117 36 197N TiBEAIAYT 13 Y8Y IC3D

VID=2Vpp = 5Vp-p T/D = lus f = 250.0005 KHz

117 37 19viwniieansinut 3 ves ICSA
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VID=2Vpp = 5Vp-p T/D = 5us f=4999977 KHz

UM 38 10 vimunsmnfidinalansiesnsinu 7 ves ICSA

1U% 39 aresiunusamalfainaiany
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- yammasaf At inmTiannud

Turwimnaiasy HfSmnainey
Aandndou YLt T Y. amantlou AdTInlR
100 KHz 100,098 KHz - -

200 KHz 200024 KHz - -

500 KHz 499978 KHz - -

1 MHz 999.957 KHz ’ -
3 MHz 2999.869 KHz : . -

3.7 MHz 3699839 KHz 3.7 MHz 3701 MHz
S MHz 4999783 KHz 5 MHz 5.000 MHz
7 MHz 6999.696 KHz 7 MHz 7.000 MHz

10 MHz 9999.566 KHz 10 MHz 10.000 MHz

- ! 20 MHz ~ 19.999 Mz

- ¢ ' 50 MHz 49.998 MERz

- - \ 100 MHz 99.996 Mz
- - 200 MHz 199.992 MHz
- : 300 MHz 299.987 MHz
. - 400 MHz 399.983 MHz
- - 500 MHz 499.979 MHz
- ; 600 MEz 599.970 MEz
- - 700 MHz 699.970 MHz
. . 800 MHz 799.966 MEz
; - 900 MHz 899.962 MHz
- - 1 GHz 999.955 MHz

o v a
ATV 4 HANTTVNAABITINATTIARITUD




mmmaaaai‘ﬂé’mnn17’J’amunm

TS mnaiany WS mnainey
anuEfdoy  musadald anindeu muarie1é
100 KHz 10.001 us - -

200 KHz 5.000 us - -

500 XHz 2.000 us - -

1 MH:z 1.000 us - -

3 MHz 0.334 us - -

4 MHz= 0.250 us 4 MHz 249924 ns
- - 11 MHz 90885 ns
- - 20 MH= 50019 ns
- - 50 MH> 20.007 ns
- - 100 MHz 10004 ns
- - 200 MHz 4999 ns
- s 500 MHz 2.000 ns
- - 700 Mtz 1249 ns
- - 900 MHz 1111 ns
- - 1 GHz 1.000 ns

RITIIN 5 HANTTNARBILINAITIRATLIIN
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VITUIUNIN

DATA SHEET from DATA ACQUISITION PRODUCTS. copyright Harris Corporation
1994, Print in USA, 1/199%4

DATA SHEET from MOTOROLAR SEMICONDUCTOR ,TECHNICAL DATA
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LESSEY

@ Semicomductors

SP4632

1GHz + 64 PRESCALER WITH LOW CURRENT AND LOW. RADIATION

The SP4632 + 64 prescaler is one of Plessey
Semiconductors’ latest range of high speed dividers for
consumer frequency synthesis and measurement systems. It
has a lower supply current giving reduced dissipation and
operating temperatures in an 8-pin plastic DIl package.
Spurious radiation has been reduced from ali stages.

The SP4632 incorporates an on-chip preamplifier with
dilferential inputs, and has balanced ECL outputs.

B Low Supply Current

B Low Radiation

B input Wideband Amphfier
B High Input Sensitivity

B High input Impedance
M Balanced ECL Outputs

ABSOLUTE MAXIMUM RATINGS

Qo —  Pow

h

oPs

Fig.1 Pin connections - 10p view

Supply voltage

Input voitage

Storage temperature
Operating temperature range

Vee +7V
2.5V pp

-55°Cto +125°C

0°Cto +80°C

&

YREF

2

OFFERENTIAL
NPUT Y

[ S

SUPPLY -

>

vee
1 s00| |soo
?
b0
.
_3
64

158

F19.2 SP4632 block diagram



SP4632 -

ELECTRICAL CHARACTERISTICS
Test condiions (uniess othecwise stated):
Tame = 0°C to +70°C, Vce = 4.5V to 5.5V (Test circuit see Fig.3)

Value

Characteristic Pin i Typ. TPy Units Conditions
Supply current 8 25 35 mA {Vce= SV
Input sensitivity 23 RMS sinewave (50 ohms system)
oMz 8 17.5 mv
150MHz 4 10 mv
300MH2z 3 10 mv
S00MHz 3 10 mv
700MHz 3 10 mV
S00MHMz 4 10 mV
1GHz 6 175 mv
Input overioad 23 200 mV | 80MHz to 1GHz

operating frequency

Input impedance 23 50 ohms | See Fig.5
2 pF
Output voltage no load 6 08 V p-p } fin = 1GHz Ve = 5V
7 0.8 vV p-p
Output voltage with load 6 0.56 v .
bupay’ ] é v }hn 1GHz Ve = 5V
Output impedance 6 05 kohms
7 0s kohms
Output imbalance 6,7 0.1 2

NOTE
The difterence between the maxmum Nput sensivdy and Mmimym overioad voKages 1s Ihe guaranteed dynamic range. Input sgnal levess
should be mamtaned within these hmits al al frequencies =5

T

it

=
-

2
1

Fig.3 Test circunt

i

!

LT
_ﬁ

Fig.4 Appircatron crreurt

159
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Fig.6 Typical input impedance




5 |ps Semiconductors

Preiiminary specification

BAT81/82/83

QUICK REFERENCE DATA

231

gral purpose and switching
Tty barrier diodes in a SODE8 SYMBOL PARAMETER CONDITIONS | MAX. | UNIT
elope, with an |ptetg;;tat§d Va continuous reverse voltags
ection ring against static
arges. They feature a low BATS! 40 v
d voltage drop, low leakage BATS82 50 (Vv
ent and a low capacitance and BAT83 60 v
s such can t’l‘? “t?e:;" very fast A forward voltage lr=1mA 410 |mv
i ions.
tehing applica la reverse current . Ve =Va e 200 |nA
. e forward current OC value 30 |mA
Cqy diode capacitance 1.6 pF
T junction temperature 200 |(°C
B
ot 0P|
) " MARARI YT dERER s W_—
Fig.1 Simplified outine (SOD68) and symbol.

"




Philips Semiconductors

Preliminary spiad

pit- %
Schottky barrier diodes BAT81/;
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER ‘CONDITIONS MIN, MAX.
Va continuous reverss voltage
BAT81 40 v
BAT82 S0 \'
BAT83 60 V.
le forward current DC value 30 mA -,
lerm repetitive peak forward current t,<ts; 150 mA -
8< 0.5 (note 1)

lesm non-repetitive peak forward current t=10ms 500 mA

Tag storage temperature range -65 200 °C

T junction temperature 200 °C

Note
1. 6= data cycle.
THERMAL RESISTANCE
- pr . n = THERMAL
SYMBOL . PARMETE“ R RESISTANGE
Ry, e from junction to ambient 320 KW
CHARACTERISTICS
* T, =25 °C unless otherwise specified.
SYMBOL FARAMETER CONDITIONS MAX.

Ve forward voltage le=0.1mA 330 mv
fe=1mA 410 mv
le=15mA 1 \'

Ia reverse current Va=Va rex 200 nA

Cq diode capacitance Va=1V; 1.6 pF
f=1MHz

July 1991 232




ips Semiconductors Preliminary. specification

chottky barrier diodes BAT81/82/83

MCB719 105 MCB720
100 g e —r— -
Ir
A ]
("‘A) typ , "'qu ( ) Tl b oc
10 b= e 10
) : = —
=3 e
Bl y 7
o 1 103
i 77
: v
g A
H 25 °C
: 0.1 R e
% H =
& F o —
= T
L 10
i 00t 0.4 0.8 1.2 0o 20 40 60
vF V) VR )
E L
y
" Fig.2 Forward current as a function of forward Fig.3 Reverse current as a function of reverse
: voltage. voltage, typical vaiues.
800 [ 72912"9 16 7292828
Vg “"hnh\ fg= 15 mA Cg
{mVv) . — {pF}
§00 1.2 A
400 08 X\
\
. | 1 mA ——
- 1
Y ~{ |
200 0.1mA 04
: T
T
0 i ! 0
. 0 50 T4% 100 0 4 8 12 o6
f=1MHz.
Fig.4 Forward voltage as a function of junction Fig.5 Diode capacitance as a function of
temperatura, typical values. reverse voltage, typical values.

233



Philips Semiconductors

Preliminary specifi ,, :

Schottky barrier diodes

BAT81/82/838

uCg72t

20 160
Tj (°c)

VR ="VE mexr

Fig.6 Reverse current as a function of junction
temperature, typical values.

July 1991




Preliminary specification

BAT81/82/83

\
l §
3.04 .
25.4 min 25.4 min ——
max MSA212. 1

. ;:‘;'Dimensions in mm.
* .Cathode Indicated by coloured band.
~ The diodes are type branded.

&= H

Fig.7 SOD68 (DO-34).




ICM7226A
ICM72268

8-Digit Multi-Function
Frequency Counter/Timers

S

SEMICONDUCTOR

i

December 1983

Features
« CMOS Deslign for Very Low Power

o Qutput Drivers Dlrectly Drive Both Digits and
Segments of Large 8 Digit LED Displays

« Measures Frequencles from DC to 10MHz; Periods
from 0.5us to 10s

Description

The ICM7226 Is a fully integrated Universal Counter and
LED display driver. It combines a high frequency oscillator, a
decade timebase counter, an 8-decade data counter and
latches, a 7-segment decoder, digit 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 oter

» Stable High Frequency Osclilator uses elther 1MHz or > ANl o
modes. Both inputs are digital inputs. In many applications,

10MHz Crystal 2. e ; ] .
amplification and level shifting will be required to obtain
¢ 23;:abli°mm°" Anode and Common  Cathode . ,ner digilal signals for these inputs.

The ICM7226 can function as a frequency counter, period
counter. frequency ratio (fa/fg) counter, time interval counter
or as a totalizing counter. The devices require oither a
10MHz or 1MHz quartz crystal timebase, or if desired an
external timebase can also be used. For period and time
interval, the 10MHz timebase gives a 0.1us 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 0.01s, 0.1s, 1s and
10s. With a 10s accumulation time, the frequency can be
displayed to a resolution of 0.1Hz. There is 0.2s between
measurements in all ranges. Control signals are provided ‘o
enable gating and storing of prescaler data.

Control Signals Avallable for External Systems
Interfacing

Multiplexed BCD Outputs

Applications

* Frequency Counter

» Period Counter

» Unit Counter

* Frequency Ratlo Counter
* Time ligegval Counfer Leading zero blanking has been incorporaled with frequency
display in kHz and time in us. The display is multiplexed at a

500Hz rate with a 12.2% duty cycle for each digit, The
ICM7226A is designed for common anode displays with t

Ordering Information

"

TEMPERATURE ical peak segment currents of 25mA, and the ICM72268 is

PART NUMBER RANGE PACKAGE designed for common cathode displays with typical segment

currents of 12mA. In the display off mods, both digit drivers

ICM7226 AL -25°C 10 +485°C | 40 Lead Ceramic DIP |  and segment drivers are turned off, allowing the display to
ICM72268IPL .25°C 10 +85°C | 40 Load Plastic DIP be T5ed for olheRiclighs,

CAUTION: Thase devices are sensitive lo slectrostatic discharga. Users shouid lollow propsr I.C. Handling Procedures.
Copyright © Harris Corporstion 1993 13-64

3169
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ICM7226A, ICM72268

Pinouts
ICM7226A
COMMON ANODE (CDIP)
TOP VIEW
conTRoL tnpuT [1] i 43} inpuT A
puT B [2] 39} HoLD
WEASUREMENT IN PROGRESS [3] [38] sur oscour
FUNcTION [4] [37] Nc (NOTE 1)
STOAE 3] 36] osc our
8co 4 [5] [35] oscin
Bcos {7 134] NG (NOTE 1)
op [3] 33] EXTOSCIN
séGe [9] [32] rsT OUT
seG g [io] [31] EXT RANGE
seGa [0 30] 01
vss [i2 23] 02
sea d [13 28] 03
sea b [14] 27] o«
seG ¢ [1g] 26] 05
sea { [ie] 125 Voo
aco2 [i7] 24 Ds
aco1 [19] 23] o7
"5t vput f19) 22] pe
EXT OP IN [29] 21] RanGe
ICM72268
COMMON CATHODE (POIP)
TOP VIEW
conTaoL NPT [T] | - [40] INPUT A
inpuT 8 [2] 39] HotD
WEASUREWENT iN PROGRESS |3 38) BUF OSC OUT
' FuncTioN [} 37] NC (NOTE 1)
STORE [5 28] osc out
aco 4 (G} 35] oscin
scos [7 [33] ne (NOTE 1)
o1 [3] 33} ExTOsCIN
03 3] 32 RsTouT
o2 [1 31] EXT RANGE
o4 [1] 30] op out
vas [i7] 29] SEG g
os [13l 28] sea e
os [14 77] seca
or [1S E seGd
os [18] 23] Voo
8CD2 24 secb
sco1 [19) 23] seGc
HST INPUT 22] seat
EXT DP IN [20} 21] raNGE
NOTE:

1. For maximum frequancy stabliity, connect 10 Vpp Of Vsg

13-65

%

COUNTERS
GENERATORS




ICM7226A, ICM72268

Functional Block Diagram

DG
OUTPUTS
W I 3 8)
DECODER oiGIT s, @
DRIVERS
3 REFERENCE
A COUN'I"ER RANGE
s10 coNTROL f————0
PR ] _1 vrocic RANGE
e l INPUT
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Specifications ICM7226A, ICM72268B

Absolute Maximum Ratings Thermal Information

Maximum Supply Voltage (Vpg* Vas) <+ ey 6.5V Thermal Rasistance 65a 8¢
Maximum Digit Output Curment. ... ...vvivunneenns "...400mA  Ceramic DIP Package . .............. 45°C/W  15°C/W
Maximum Segment Qutput Current . ... ... vviiinieen 60mA Plastic DIP Package .........coevevee 50°C/W .
Voltage On Any Input or Junction Temperature

Qutput Terminal (Note 1) ............ (Vop +0.3V) lo (Vg -0.3V) Ceramic DIP Packagn ... .ooovereeinnnenenensnnans +175°C
Slorage Temperature RaNGe . ......vvvennnnes -55°C 1o +150°C Plastic DIP Package .......ovevennronnnneereannn +150°C
Lead Temperalure (Soidering 10s). . ..........oovntt +300°C  Operating Temperatura RaNge . ...ooovvrnvenn. -25°C to +85°C

CAUTION: Stressas above those listed in “Absohsie Mulmum Ratings* may cauu permanent damage fo the device. This Is a stress only rating and operation

of this specification iIs not implied.

of the device at these or any omer conditions above thosae i

d in the op !

Electrical Specifications Vpp = 5.0V, T, = +25°C, Unlass Otherwise Specifiad

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Operating Supply Currenl, lpp Display Off, Unused Inputs 10 Vgg . 2 5 mA
Supply Voltage Range (Voo -Vss). Vsuppty -25°C < T, < +85°C, INPUT A, 4.75 - 6.0 \'
INPUT B Frequency at fy x
Maximum Frequency INPUT A, Pin 40, {xquax -25°C < T, < +85°C 10 14 - MHz
4.75V < Vg < 6.0V, Figure 9
Function = Frequency, Ratio,
Unit Counter
Function = Period, Time Interval 25 - - MHz
Maximum Frequency INPUT B, Pin 2, lgauax) -25°C < T, < +85°C 25 - - MHz
4.75V < Vpp < 6.0V, Figure 10
Minimum Separation INPUT A to INPUT B, -25°C < T, < +85°C 250 - - ns
Time Interval Function 4.75V < Vgp < 6.0V, Figure 1
Oscillator Frequency and External Oscillator Frequency, | -25°C < T, < +85°C . 0.1 - 10 MHz
fosc 4.75V < Vg < 6.0V
Osciltator Transconductance, gy Vpo -4.75V, Ty = +85°C 2000 . - 1S
Multiplex Frequency, fyuyx losc = 10MH2z = 500 Hz
Tima Between Measurements losc = 10MHz - 200 . ms
Input Rate of Charge, dVy,/dt Inputs A, B - 15 - mV/ius
Input Vohages: Pins 2, 19, 33, 39, 40, 35
Input Low Voltaga, Vg -25°C < T, < +85°C - . 1.0 v
Input High Voltage, Vi 3.5 . v
Pins 2, 39, 40, Input Leakage, A, B, I« - 20 HA
input Resistance 1o Vpp Pins 19, 33, Ry Vin = Vpp -1.0V 100 400 - kQ
Input Resistance to Vgg Pin 31, Ry Viy = +1.0V 50 100 - kQ
Qutput Current
Low Output Current, Pins 3, 5-7, 17, 18, 32, 38, lg | Vo = +0.4V 400 - - pHA
High Qutput Cutrent, Pins 5-7, 17, 18, 32, Hg( Von = +2.4V 100 - - BA
High Output Current, Pins 3, 38, Hg Vou = Vpg -0.8V 265 - - BA
ICM7226A
Segment Driver: Pins 8-11, 13-16
Low Output Current, lo_ Vo= +1.5V 25 35 - mA
High Qutput Current, Loy Vo = Vpp -1.0V . 100 - KA
Multiplex Inputs: Pins 1, 4, 20, 21
Input Low Voltage, Vy_ . - X} \4
Input High Voltage, Vi 2.0 - - v
Input Resistancs lo Vgs, Ry Vin = +1.0V 50 100 . kQ
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Specifications ICM7226A, ICM72268

Electrical Specifications Vyp = 5.0V, T, = +25°C, Unless Otherwise Specified {Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS

Digit Oriver: Pins 22-24, 26-30

Low Qutput Current, 1o Vg = +1.0V - -0.3 . mA

High Output Current, toy Vo = Vpp 2.0V 150 180 - mA
ICM72268
Segment Driver: Pins 22-24, 26-30

Leakage Current, I, Vo =Vss - - 10 pA

High Output Current, oy Vo = Vpp -2.0V 10 15 - mA
Muttiplex Inputs: Pins 1, 4, 20, 21

tnput Low Vollage, V_ - - Vpp-2.0

Input High Vollage, Vg, Vpp-0.8 - -

Input Resistance to Vgg, Riy Vin = Vpp -1.0V 100 360 - kQ
Diglt river: Pins 8-11, 13-16 )

Low Qutput Current, oy Vo =+1.0V 50 75 - mA

High Qutput Current, Iy, Vo = Vpp 2.5V . - 100 - RA

NOTES:

1. Destructive lalchup, may occur if input signals are applied before the power supply is established or If inputs or outpuls are forced to voii-
ages exceeding Vpp of Vgg by 0.3V.

2. Assumes all leads soldered or welded to PC board and Iree air flgw.
3. Typical values are not tested.

Timing Waveform

iN PROGRESS

N )

| |—40ms R
STORE ‘,J | . i N
e H
30ms TO 40ms| .J L 3
g Soms | FUNCTION:
RESET : 1 ; . TIME INTERVAL
. _,-l 40ms :
2 UPDATE ! : UPDATE
: 190ms TO 200ms T PRIMING MEASUREMENT INTERVAL ~—————>r=—
MEASUREMENT : ] .
H
,
;
.
’

INPUT A

[ T7\/ W4

IMING EDGE'7

N
INPUT B / \ { N /
{ 250n8 MIN | :
{ MEASURED ! : :
» INTERVAL | = —~
(FIRST) MEASURED
INTERVAL
(LAST)

NOTE:
1. Wrange is set lo 1 event, first and last measured interval will colncide.

FIGURE 1. WAVEFORMS FOR TIME INTERVAL MEASUREMENT (OTHERS ARE SIMILAR, BUT WITHOUT PRIMING PHASE)
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é ICM7226A, ICM72268 ’
'v’.
¢ Typical Performance Curves
P
z’ 200 — 300 —
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s e s
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ICM7226A, ICM72268 '

Typical Performance Curves (Continued)

20

1 (MAX) FREQUENCY UNIT COUNTER,
FREQUENCY RATIO MODES

18

10

FREQUENCY (MHz)

15 (MAX) Ig (MAX) PERIOD

TIME INTERVAL‘ﬁO‘DE'S/|

Ty = +25°C

Vpo-Vss (V)

FIGURE 8. 1,(MAX), g{MAX)} AS A FUNCTION OF SUPPLY

Description
INPUTS Aand B

The signal to be measured is applied to INPUT A in fre-
quency period, unit counter, frequency ratio and time interval
modes. The other input signal to be measured is applied to
INPUT B in frequency ratio and time interval. f, should be

higher than fg during frequency ratio.
COUNTED
TRANSITIONS

50ns MIN

inpuT A 45V
o8V 50ns MIN tg =t = 10ns
FIGURE 9, WAVEFORM FOR GUARANTEED MINIMUM {,(MAX)
FUNCTION = FREQUENCY, FREQUENCY RATIO,
UNIT COUNTER N
MEASURED,
INTERVAL
250ns
MIN
INPUTAOR 45V
INPUTB gy
tg=tp =108
FIGURE 10. WAVEFORM FOR GUARANTEED MINIMUM fg(MAX)

AND {,(MAX) FO%FUNCTION = PERIOD AND TIME
INTERVAL

et

Both inputs are digital inputs with a typical switching thresh-
old of 2.0V at Vgp = 5.0V and input impedance of 250k
For optimum performance, the peak to peak input signal
should be at least 50% of the supply voltage and centersd
about the switching voltage. When these inputs are teing
driven from TTL logic, it is desirable to use a pullup resistor.
The circuit counts high to low transitions at both inputs

Note that the amplitude of the input should not exceed the
device supply (above the Vpg and below the Vgg) by more
than 0.3V, otherwise the device may be damaged.

Muttiplexed Inputs

The FUNCTION, RANGE, CONTROL and EXTERNAL
DECIMAL POINT inputs are time multiplexed to select the
function desired. This is achieved by connecting the appro-
priate Digit driver output to the inputs. The function, range
and control inputs must be stable during the last half of each
digit output, {typically 125ps). The multiplexed inputs are
active high for the common anode ICM7226A and active low
for the common cathode ICM72268.

Noise on the multiplex inputs can cause improper operation.
This is particularly true when the unlit counter mode of oper-
ation is selected, since changss in voltage on the digit driv-
ers can be capacitively coupled through the LED diodes to
the multiplex inputs. For maximum noise immunity, a 10k
resistor should be placed in series wilth the multiplexsd
inputs as shown in the application circuits.

»

[V SO v - |
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Table 1 shows the functions selected by each digit for these
Inputs.

_TABLE 1. MULTIPLEXED INPUT FUNCTIONS

The implementation of different functions is done by routing
the different signals to two counte:®, called “Main Countec”
and “Reference Counter”. A simplified block diagram of the
device for functions realization is shown in Figure 11. Table 2

FUNCTION DIGIT | shows which signals will be routed to each counter in differ-
FUNCTION INPUT Frequency o1 ent cases. The output of the Main Counter is the information
Pin 4 Pariod o8 which goes to the display. The Reference Counter divides its
ks input to 1, 10, 100 and 1000. Ona of these outputs will be
Frequency Ratio D2 selected through the range selector and drive the enable
Time Intarval DS input of the Main Counter. This means that the Reference
- Counter, along with its' associated blocks, directs the Main
Unit Counter D4 Counter to begin counting and determines the length of the
Osclllator Fraquency D3 counting period. Note that Figure 11 does not show the com-
RANGE INPUT . 0.015/1 Cycle o1 plete functional diagram (See lhg Functional Block Dia-
Pln 21 gram). After the end of each counting period, the output of
0.1s/10 Cycles D2 the Main Counter will be latched and displayed, then the
18/100 Cycles D3 counter will be reset and a new measurement cycle will
begin. Any change in the FUNCTION INPUT will stop the
10s/1K Cycles D4 present measurement without updating the display and then
Enable External Range input Ds initiate a new measurement. This prevents an erroneous first
CONTROL INPUT Display Off D4 and reading after the FUNCTION INPUT is changed. In ail
Pin 1 Hotd cases, the 1-0 transitions are counted or timed.
Dispiay Tost 9 = Iof & TABLE 2] INPUT ROUTING
1MHz Select D2 Ay
FUNCTION COUNTER COUNTER
External Osclllalor Enable 03}
Frequency (f) | lnput A 100Hz {Oscillator +10° or 10%)
Extgrnal Decimal Polnt »;
el 4\ 3 Period (t,) Osciliastor | Input A
External DP INPUT Decimat polnt is output for same digit Rallo (fAfa) Input A thput 8
Pin 20 that is connected 10 this input. Time Interval Oscitlator Input A
(A—B) Input 8
Functlon Input 7
Unit Counter Input A Not Applicable
The six functions that can be selected are: Frequency, | (CountA)
_ Period, Time Interval, Unit Counter, Frequency Ratlo and | og: fraq. Osciilator 100Hz2 {Oscillator +10° or 10%)
Oscillator Frequency. {tosc)
INTERNAL CONTROL INTERNAL CONTROL
100Hz ————*|
INPUT
INPUTA —* & ToR cLock
INPUTB ——| REFERENCE COUNTER
1+1 lu.-m l—e—aoo [—e-woo
CONTRO!
INTERNAL CONTROL 1 o AL CONTR L—1 RANGE SELECTOR _ |
INTERNAL OR l
EXTEANAL =erememe—t ENABLE
OSCILLATOR INPUT
NPUT A | SELECTOR cLock
! MAIN COUNTER

FIGURE 11. SIMPLIFIED BLOCK DIAGRAM OF FUNCTIONS IMPLEMENTATION
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ICM7226A,

ICM72268

Frequency - In this mode Input A is counted by the Main
Counter for a precise period of time. This time is determined
by the time base oscillator and the selected rangs. For the
10MHz (or 1MHz) time base, the resolutions are 100Hz,
10Hz, 1Hz and 0.1Hz. The decimal point on the display is
set for kHz reading.

Pariod - In this mods, the limebase oscillator is counted by
the Main Counter for the duration of 1,10,100 or 1000 {range
selected) periods of the signal at input A. A 10MHz timebase
gives resolutions of 0.1us to 0.000 1us for 1000 pericds aver-
aging. Note that the maximum input frequency for period
measurement is 2.5MHz.

Frequency Ratlo - In this mode, the input A is counted by
the Main Counter for the duration of 1,10,100 or 1000 {range
selected) periods of the signal at input B. The frequency at
input A should be higher than input B for meaningful result.
The result in this case is unitless and its resolulion can go up
to 3 digits after decimal point.

Time Interval - In this mode, the timebase oscillator is
counted by the Main Counter for the duration of a 1-0 transi-
tion of input A untit a 1-0 transition of input B. This means
input A starts the counting and input B stops it. If other ranges,
except 0.018/1 cycle are selected the sequence of input A and
B transitions must happen 10,100 or 1000 times until the dis-
play becomes upcated; note this when measuring long time
intervals to give enough time for measurement complation.
The resolution in this mode is the same as for period mea-
surement. Sea the Time Interval Measurement section also.

Unit Counter - In this mode, the Main Counter is-always
enabled. The input A is counted by the Main Counter and
displayed continucusly.

Osclltator Frequency - In this mode, the device makes a
frequency measurement on its timebase. This is a self test
mode for device functionality check. For 10MHz timebase
the display will show 10000.0. 10000.00, 10000.000 and
Overllow in different ranges.

Range Input

The RANGE INPUT selects whether the measurement period is
made for 1,10,100 or 1000 counts of the Reference Counter or it
is contralled by EXT RANGE input. As it is shown in Table 1, this
gives different counting windows for frequency measurement
and various cycles for other modes of measurement.

In all functional modes except Unit Counter, any change in
the RANGE INPUT will stop the present measurement with-
out updating the display and then initiate a new measure-
ment. This prevents an erroneous first reading after the
RANGE INPUT is changed.

Control Input

Unlike the other multiplexed inputs, to which only one of the
digit outpuls can be connected at a time, this input can be
tied to ditferent digit lines o select combination of controls.
In this case, isolation diodes must be used in digit linas to
avoid crosstalk between them (see Figure 19). The direction
of diodes depends on the device version, common anode or
common cathode. For maximum noise immunity at this
input, in addition to the 10K resistor which was mentioned

belore, a 39pF to 100pF capacitor should also be placed
between this input and the Vpp or Vg (See Figure 19).

Display Off - To disable the display drivers, it is necessary to
tie the D4 line to the CONTROL INPUT and have the HOLD
input at Vpp While in Display Off mode, the segments and
digit drivers are all off, leaving the display lines floating, so the
disptay can be shared with other devices. In this mode, the
oscitator continues to run with a typical supply current of
1.5mA with a 10MHz crystal, but no measurements are made
and multiplexed inputs are inactive. A new measurement
cycle will be-initiated when the HOLD input is switched to Vgg.

Dispiay Test - Display will turn on with all the digits showing
8s and all decimal points aiso on. The display will b_e blanked
if Display Ol is selected at the same time.

1MHz Select - The 1MHz select mode allows use of a 1MHz
crystal with the same digit multiplex rate and time between
measurement as with a 10MHz crystal. This is done by divid-
ing the oscillator frequency by 10* rather than 10°. The deci-
mal point is also shifted one digit to the right in period and
lime interval, since the least significant digit will be in us
increment rather than 0.1us increment.

External Oscliator Enable - In this mode, the signal at EXT
OSC INPUT is used as a timebase instead of the on-board
crystal oscillator (built around the OSC INPUT, OSC OUTPUT
inputs). This input can be used for an externa! stable tempera-
ture compensated crystal oscillator or for special measure-
ments with any external source. The on-board crystal oscillator
contnues to work when the external oscillator is selected. This
is necessary to avoid hang-up problems, and has no effect on
the chip's functional operation, If the on-board oscillator fre-
quency is less than 1MHz or only the external oscillator is used,
THE OSC INPUT MUST BE CONNECTED TO THE EXT OSC
INPUT providing the timebase has enough voltage swing for
OSC INPUT (See Electrical Specifications). If the external time-
base is TTL level a pullup resistor must be used for OSC
INPUT. The other way is to put a 22MQ resistor between OSC
INPUT and OSC OUTPUT and capacitively couple the EXT
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at
its threshold and the drive voltage will need o be only 2Vpp.
The external imebase frequency must be greater than 100kHz
or the chip will reset itself to enable the on-board oscillator.

External Decimal Point Enable - In this mode, the EX DP
INPUT is enabled. A decimal point will be displayed for the
digit that its output line is connected to this input (EX DP
INPUT). Digit 8 shouid not be used since it will override the
overflow output. Leading zero blanking is effective for the
digits to the left of selected decimal point.

Hold Input

Except in the unit counter mode, when the HOLD input is
al Vpp, 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 low. The latches which hold the main counter data are
not updated, so the last complete measurement is dis-
played. In unit counter mode when HOLD input is at Vpp,
the counter is not stopped or reset, but the display is frozen
at that instantaneous value. When HOLD goes low the count
continues from the new value in the new counter.
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IN Input

'RST IN is provided to raset the Maln Counter, stop any
asurement in progress, and enable the display latches,
ultihg In the all zero display. It Is suggested to have a

or at this input to Vgg to prevent any hangup problem
power up. See application circuits.

I RANGE Input

Ihh Input is provided to select ranges other than those
in the chip. in any mode of measurement the duration
measuwrement is determined by the EXT RANGE i this input
i, enabled. This input is sampled at 10ms intervals by the
00Hz reference derived from the timebasa. Figure 12 shows
e relationship between this input, 100Hz reference signal and
EAS IN PROGRESS. EXT RANGE can change state
fnywhers during the period of 100Hz reference by will be
sampled al the trailing edge of the pariod to start or stop
rement.

| REFERENCE
COUNTER

CLOCK —Ll—L;
fem

As Tr
RESS L
EXT RANGE
i INPUT _l___;

|
URE 12. EXTERNAL RANGE INPUT TO END OF MEASURE-
: MENT IN PROGRESS

Is lnput should not be used for short arbitrary ranges
(because of its sampling period), it is provided for very long
galing pumposes. A way of using the ICM7226 for a short
Brbltrary range is to feed the gating signal into the INPUT B

fun the device in the Frequency Ratio mods. Note that

s ‘gating period will be from one positive edge until the next

jﬂve edge of INPUT B (0.01 s/1 cycle rangs).

8 IN PROGRESS, STORE, RST OUT Outputs

outputs are provided for external system interfacing.

IN PROGRESS stays low during measurements and

0o high for intervals between measurements. Figure 13

ylpws the relationship between these outputs for intervals

tween measurements. All these outputs can drive a low

wer Schottky TTL. The MEAS IN PROGRESS can drive

a8 ECL load if the ECL device is powered from the same
¢ supply as the ICM7226.

— |- 190me TO 200me -»|
FAOGAESS
| -—i - 40ma
STORE 30 'ro‘_l
":.Oma f- [ 80ms
RESET OUT 1
—'-i }4- 40ms

FIGURE 13. RESET OUT, STORE AND MEASUREMENT IN
PROGRESS OUTPUTS BETWEEN MEASUREMENTS

BCD Outputs

The BCD representation of each display digit is available at
the BCD outputs in a multiplexed fashion. See Table 3 for dig-
its truth table. The BCD output of each digit is available when
its corresponding digit output Is activated. Note that the digit
outputs are muttiplexed from D8 (MSD) to D1 (LSD). The pos-
itive going (ICM7226A, common anods) or the negative going
(ICM7226B, common cathods) digit drive signals lag the BCD
data by 2us to 6us. This starting edge of each digit drive sig-
nal should be used lo extemally latch the BCD data. Each
BCD output drives one low power Schottky TTL load. Leading
zero blanking has no sffect on the BCD outputs.
TABLE 3. TRUTH TABLE BCD QUTPUTS

BCD 8 BCD 4 BCD 2 BCD1
NUMBER PIN7 PIN 6 PIN 17 PIN 18
4] i — (1] 0 0
1 0 0 0 1
2 0 (¢] 1 4]
3 (o] 0 1 1
4 0 1 0 0
5 0 1 0 1
6 (] 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
BUF OSC OUT Output

The BUFFered OSCillator OUTput is provided for use of the
on-board oscillator signal, without loading the oscillalor itself.
This output can drive one low power Schottky TTL load. Care
should be taken to minimize capacitive loading on this pin.

Deaclmal Point Position

Table 4 shows the decimal point position for dilferent modes
of ICM7226 operation. Note that the digit 1 Is the least signif-
icant digit. Table is given for 10MHz timebase frequency.

TABLE 4. DECIMAL POINT POSITIONS

h 3 FREQUENCY TIME UNIT OSCILLATOR

~  RANGE FREQUENCY PERIOD RATIO INTERVAL COUNTER | FREQUENCY
0.018/1 Cycle D2 D2 D1 D2 D1 02
0.1%/10 Cycle 03 D3 D2 03 D1 03
'16/100 Cycle D4 D4 03 04 D1 D4
108/1K Cycle DS D5 D4 05 DY D5
 Extomal NA A N/A NA NA A
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Overflow Indication

When overflow happens in any measurement it will be indi-
cated on the decimal point of the digit 8. A separate LED indica-
tor can be u;ed. Figure 14 shows how to connect this indicator.

' B I N B g n i | '
L_rll:,’_'l'l’_ll_rlgg

LED overflow indicator connections: Overflow ill be indi-
cated on the decimal point output of digit 8.

DEVICE CATHODE ANODE
ICM7226A Decimal Point D8
ICM72268 D8 Decimal Point

FIGURE 14. SEGMENT IDENTIFICATION AND DISPLAY FONT
Time Interval Measurement

When in the time Interval mode and measuring a single
event, the ICM7226A and ICM72268 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 measure-
ment. Positive going edgaes on A and B, before or after the
priming, will be neseded to restore the original condition.

Priming can be easily accomplished using the circuit in
Figure 16.

SIGNAL A

___ID— INPUT A

'_-_D— INPUT B

SIGNAL B

DEVICE TYPE
1 CD40498 inverting Buffer
2 CD40708B Exclusive - OR

FIGURE 15. PRIMING CIRCUIT, SIGNALS A & B BOTH HIGH OR
Low

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

When timing repetitive signals, it is not necessary to “prime”
the ICM7226A and ICM72268B as the first alternating signal
states automatically prime the device. See Figure 1.

During any time interval measurement cycle, the ICM7228A
and ICM72268 requires 200ms following B going low to
update all internal logic. A new measurement cycle will not
take place until complation of this internal update time.

Oscillator Considerations

The oscillator is a high gain complementary FET inverter. An
external resistor of 10OMQ or 22MQ should be connected
between the oscillator input and output to provide biasing.
The oscillator is designed o work with a parallel resorant
10MHz quartz crystal with a stalic capacitance of 22pF and
a series resistance of less than 35Q. Among suitable crys-
tals is the 10MHz CTS KNIGHTS |S1-002

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

. C
2 02
gy = @°Cy COUTRS(H»-C—-)
L

CinCout )

where CL = (m

Co = Crystal Static Capaciiance
Rg = Crystal Series Resistance
Ciy = Input Capacitance

Cour = Output Capacitance

w = 2xf

The required gy should not exceed 50% of the g, specified
for the ICM7226 to insure reliable startup. The OSCillator
INPUT and OUTPUT pins each contribute about 4pF to Cyy
and Cpyr. For maximum stability of frequency, Ciy and
Cour should be approximately twice the specified crysx.:il
static capacitance.

In cases where non decade prescalers are used, it may be
desirable to use a crystal which is neither 10MHz or 1MHz.
In that case both the multiplex rate and time between mea-

surements will be different. The multiplex rate is
L4

f {
osc osc
Mux = 3 for 10MHz mode and fy, = 5 for the
2x10 2% 10 s
. . 2x10”
1MHz mode. The time betwger measurements is 7 in
osc

2x 10°
losc

the 10MHz mode and in the 1MHz mode.

The buffered oscillator output should be used as an oscilta-
tor test point or to drive additional logic; this output will drive
one low power Schottky TTL load. When the buffered oscil-
lator output is used to drive CMOS or the external oscillator
input, a 10kQ resistor should be added from the buffered
oscillator output te Vo

The crystal and oscillator components should be located as

close to the chip as practical to minimize pickup from other *

signals. Coupling from the EXTERNAL OSCILLATOR
INPUT 1o the OSCILLATOR OUTPUT or INPUT can causs
undesirable shifts in oscillator frequency.

]
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1

Display Conslderations

The display Is multiplexed at a 500Hz rate with a digit time of
44us. An interdigit blanking time of 6us Is used to prevent
dsplay ghosting (faint display of data from previous digit
superimposed on the next digit). Leading zero blanking is
ovided, which blanks the left hand zeroes after decimal

Lpoint are always displayed. The leading zero blanking will be
bled when the Main Counter overflows.

9 ICM7226A is designed to drive common anode LED dis-
plys at peak current-of 25mA/segment, using displays with
RILV: = 1.8V at 25mA. The average DC current will be greater
L han 3mA under these conditions. The ICM72268 is designed
lo drive common cathade displays at peak current of 15mA/
% segment using displays with Vg = 1.8V al 15mA. Resistors
can be added in series with the segment drivers to limit the
3display current, if required. The Typical Performance Curves
210 show the digit and segment currents as a function of output
mkage for common anode and common cathode drivers.

FREQUENCY MEASUR
C 0.018 25 4 /
gg 2t 0is N
w 1s
25 108 =]
2% 4
3 1 CYCLE
T3E 19 CYCLES
§ 22 104 CYCLES
g% o |10 CYCLES
. L™
PERIOD MEASURE
lq_&-ﬂ)MHz
]
1 10 10% 10* 107

FREQUENCY (Hz)

URE 16. MAXIMUM ACCURACY OF FREQUENCY AND
PERIOD MEASUREMENTS DUE TO LIMITATIONS
OF QUANTIZATION ERRORS

{,point or any non zero digits. Digits to the right of the dacimal -

CMOS logic. Therefore, level shifting with discrete transis-
tors may be required to use these outputs as logic signals.
External latching should be down on the leading edge of the
digit signal.

Accuracy

In a Universal Counter, crystal drift and quantization errors
cause errors. in frequency, perfod and time interval
modes, a signal derived from the oscillator is used In sither
the Reference Counter or Main Counter, and in these
modes, an error in the oscillator frequency will cause an
Identical error in the measurement. For instance, an oscilla-
tor temperature coefficient of 20ppm/C will cause a mea-
surement error of 20ppm/°C.

In addition, there is a quantization error inherent In any digi-
tal measurement of 1 count. Clearly this error is reduced by
displaying more digits. In the frequency mode maximum
accuracy is obtained with high frequency inputs and in
period mode maximum accuracy is obtained with low fre-
quency inpuls. As can be seen in Figure 16. In time interval
measuremsents 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 17. In frequency ratio measurement
can be more accurately obtained by averaging over more
cycles of INPUT B as shown in Figure 18.

Sa
ck 2
wag
Q3 MAXIMUM TIME INTERVAL
B 2 S FOR 10° INTERVALS ]
z |
22 4 MAXIMUM TIME
2z INTERVAL FOR
b1 s 102 INTERVALS
]
X 6
MAXIMUM TIME INTERVAL _|
T+ FOR 10 INTERVALS =
/<l

110 102 10®° 10* 105 108 107 10°
TIME INTERVAL (us)
FIGURE 17. MAXIMUM ACCURACY OF TIME INTERVAL

MEASUREMENT DUE TO LIMITATIONS OF
QUANTIZATION ERRORS

1CYCLE
é 10 CYCLES

/(w’ CYCLES —
10% CYCLES

MAXIMUM NUMBER OF
SIGNIFICANT DIGITS
-~

1 10 102 19°

108 10® 10% 107 10*
Yl
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Test Circuit

TEST

o0s

DISPLAY DISPLAY EXT  EXT
Voo = 50V orlF Tslsr mf, osic Dlr l
EXTOSCIN | puncTioN
GENERATOR
GENERATOR — o+ foo Joz ot s
CONTROL INPUT 1ND14s
30pF
FUNCTION Vs
GENERATOA }:J____—
10k0
1 o Mg
INPUT B — HOLD -
2 | 39} -0 Vpo
TEAS N PROGRESS E [58}—- BUF OSC OUT
[Funcrion] o 7 Voo
10K | STORE 5] Eigs o
‘ °01 2 seoc—{s 25} A0 crysraL
] 2O scoo—{7 (34} —t- Voo AMA
[ o— o3 a3} (3§
—o L
0s o {5} icurazea . [mh- RsTour  3%F 7[ s
0 D4
9 10 31}~ EXT RANGE
o0 D3 { 3— 0t Voo Voo '
a 11 3019 7
—{ig 2|
l d 2 CRYSTAL SPECS. =
Fo 10.00MHz
Co 22pF
Rg 350
Voo —_“gq
5
03 7~
D4
100k s
DENOTES BU
€ WITHS
Dt ——— CONDUCTORS
D2 o0—¢
DI 4
100k2 D4 ool 3
4 e b,
D5 0—
L sy bs © f
4 s A 3
07 o———
8
- 08 o———r
— ¢
- d
r— e -
S 0 O O q 7
-
JUUNAL.. SN -y A [y R I RO (R P Py i Py
motcxron"\:? Ds lm lo7 los los lu loa lm lm
LED OVERFLOW INDICATOR CONNECTIONS
DEVICE CATHODE ANODE
ICM7226A oP D8
ICM72268 08 pP

NOTE: Overflow will be Indicated on the decimal point output of digit 7.

FIGURE 19.
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Typical Applications

ICM7226 has been dasigned as a complets stand alone
orsal Counter, or used with prescalers and other cir-
In a varety of applications. Since INPUT A and INPUT

for amplification and hysteresis to obtaln high imped-
 Inpul, sensitivity and bandwidth. Howaever, cost and
plaxity of this circuitry can vary widely, depending upon
@ sonsitivity and bandwidth required. When TTL prescalers
Input butfers are used, a pull up resistors to Vg should

it prescalers aren't required, the ICM7226 can be useq’ to
implement a minimum component Universal Counter ‘as
shown In Figure 20.

For input frequencies up to 40MHz, the circuit shown in Fig-
ure 21 can be used to implement a frequency and period
counter. To obtain the correct value when measuring fre-
quency and peried, Rt Is necessary to divide the 10MHz oscll-
lator frequency down to 2.5MHz. In doing this the time
between measurements is lengthened to 800ms and the dis-
play multiplex rate is decreased to 125Hz.

If the Input trequency is prescaled by ten, the oscillator fre-
quency can remain at either 10MHz or 1MHz, but the deci-
mal point must be moved. Figure 22 shows use of a +10
prescaler in trequency counter mode. Additional logic has
been added to enable the ICM7226 to count the input
directly in period mode for maximum accuracy.

DISPLAY DISPLAY EXT OSC
BLANK TEST  ENABLE

<
8

<
*

IR—d \\

100k oo o4 o8 o1

a2

<
+*

M@JLTILF &'LFLI;HEI 5

[o]
©

o

EXTOSCIN

) u 10MHz
b CRYSTAL

210
39pF _1_ 30pF TYP TYPICAL
CRYSTAL
Ve Vs PARAMETERS
Cy 22pF
Ry 350

TEELTTTETY

VO w0 QOTS

edd il

FIGURE 20. 10MHz UNIVERSAL COUNTER
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=] 1)
PD OPD

s soes i

R e L NPT

Q
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¢ c
39pF Voo Yoo Yoo
§5 x X o Voo vmuLsu
EEB5EE e "0F | o]
58 & .|
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— I =
e [ e D Do
—WV—E 37 \'Z a
‘tm \fm \Im [-é %—o s ?T
& 35} +—i[]F—4 10MHz Voo
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8 33 00
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= D¢ ”E E a 971
o7 {1 14 d
oe 4-{is] 25— Vo
[ 4 o
@ EH o TRy
19 2} 1 10042
[20| 2 P2
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i
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0.1
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FIGURE 21. 40MHz FREQUENCY, PERIOD COUNTER
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v
oo} BT
DISPLAY DISPLAY OSC
M1
INPUT OFF TEST EN 1MHz

Dl e

CcE MS 3
= L 74L500 ;::m
l> [: LD 30pF = V[I)O
D r psa los jor o2
T E‘J }' HoLD IN914s
39 10 <
VDOT E 100k} kQ :;
M1
INPUT cp ECLITCY0 gL @1_" Voo =
[34 MS 1357
L J 65, {0 cavsar
- 3} Vpo "
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e 75} 02
= = D3 s
(28} =
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(26} —¢ D5
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., 31— 06 D1 5
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FIGURE 22, 100MHz MULTI-FUNCTION COUNTER
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FIGURE 23. 100MHz FREQUENCY, PERIOD COUNTER
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Figure 23 shows the use of a CD4016 analog multiplexer to
muttiplex the digital outputs back to the FUNCTION Input.
Since the CD4016 is a digitally controlled analog transmission
gate, no level shitting of the digit output is required. CD4051's
or CD4052's could aiso be used to select the proper inputs for
the multiplexed input on the ICM7226 from 2 or 3 bit digital
inputs. These analog multiplexers may also be used in sys-

's in which the mode of operation is controlled by a micro-
processor rather than directly from front panel swilches. TTL
multiplexers such as the 74LS153 or 74L8251 may also be
used, but some additional circuitry will be required to corivert
the digit output to TTL compatible logic levels.

The circuit shown in Figure 24 can be used in any of the cir-
cuit applications shown to implement a single measurement
mode of operation. This circuit uses the STORE output to

STORE
QUTPUT HOLD

INPUT

SWITCH FUNCTION
St Open-Singla Meas Moda Enabled
S2 Closed-Initiata New Measuremaent
S3 Closed-Hold Input

FIGURE 24. SINGLE MEASUREMENT CIRCUIT FOR USE WITH
ICM7226

put the ICM7226 into a hold mode. The HOLD input can also
be used to reduce the time betwasen measurements. The cir-
cuit shown in Figure 25 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 reducas the time between measurements
10 about 40ms from 200ms; use of the circuit shown in Fig-
ure 25 on the circuit shown in Figure 21 wilt reduce the time
between measurements from 800ms to about 160ms.

Using LCD Display

Figure 26 shows the ICM7226 being interfaced to LCD dis-
plays, by using its BCD outputs and 8 digit lines to drive two
ICM7211 display drivers.

Voo
{
3100k
Stome '00M0 100pF
QUTPUT — HOLD
100pF _-L INPUT
s _{ > N.0.
HOLD SWITCH I}

FIGURE 25. CIRCUIT FOR REDUCING TIME BETWEEN MEA-
SUREMENTS

28 SEGMENT LINES

28 SEGMENT LINES

ICM7211 Q

&

i

3113213334 30|29 2l|27 _JZ? 28 |29 {30 3132{33{34

IcM7218 <

17 |18 27 |28 |29 )30

ICM7226A [«

PIGURE 26. 10MHz UNIVERSAL COUNTER SYSTEM WITH LCD DISPLAY

PRV
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DM54L.S00/DM74LS00 Quad 2-Input NAND Gates

General Description

This device contains four independent gates each of which
performs the logic NAND tunction.

Connection Diagram

Dual-In-Line Package
Vee B4 A4 Ya 5] A1 Y3

4 1 n 1 18 H ]

' Iz |3 4 5 6 I ?
Al 81 ] A2 82 2 GND

Order Number DM54L.S00J, DM74L.S00M or DM74LS00N
See NS Package Number J14A, M14A or N14A

TL/F/6439-1

Function Table

Y = AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contalned in this datasheet. Refer to the associated
reliability electrical test specifications document.
Supply Voltage

: Input Voltage
" & Operating Free Air Temperature Range

™
A

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The davice should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define

DMS4LS
DM74LS

© Storage Temperature Range

—55°Cto +125°C

0*Cto +70°C

-65°Cto +150°C

the conditions for actual device operation.

F Recommended Operating Conditions
: Symbol Parameter DMEALSID DM74LS00 Units
: Min Nom Max Min Nom Max
2 Veo Supply Yoltage 45 5 55 4.75 5 5.25 v
ViH High Level Input Voltage 2 2 \
Vi Low Level Input Voltage 0.7 0.8 "
loH High Leve! Output Current —0.4 -0.4 mA
lov Low Level OQutput Current 4 8 mA
2 Ta Frea Air Operating Temperature —85 125 0 70 *C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
- (Note 1)
Vi Input Clamp Voltage Voo = Min, || = —18mA ~1.5 \
" Von Cigh Level Output Vce = Min, Ioy = Max, OM54 2.5 3.4 v
‘ oltage ViL = Max DM74 2.7 3.4
Vou Low Level Output Vee = Min, lg = Max, DMS4 0.25 0.4
Voitage Vin e DM74 0.35 0.5 v
. loL = 4 mMA, Voo = Min DM74 0.25 0.4
I|\ Input Current @ Max Voo = Max, Vi = 7V 0.4 mA
input Voltage )
e - High Leve! Input Current Voo = Max, V) = 2.7V 20 pA
iy Low Level Input Current Ve = Max, Vy = 0.4V —0.36 mA
los Short Cireuit Ve = Max DM54 -20 —100 mA
) Output Current (Npte 2) DM74 —20 —100
ﬁ gtxlljytsCuH'r;nt with Vg = Max . 0.8 6 mA
- loo gtfgz:fg:m with Voo = Max 2.4 44 mA

(L]

why

: SWitchlng Characteristics at Vee = 5V and T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

00S1¥2NA/00STHSNA

Fn
é. R = 2kN
%, Symbol Parameter CL = 15pF CL = 50 pF Units
-
:\ Min Max Min Max
= oy Propagation Delay Time 3 10 . 15 o
. Low to High Level Output ®
L Propagation Delay Time
High to Low Level Output 3 10 4 15 ns

12 AN typicais are at Voo = 5V, To = 25°C.
&Notnmw\momomp\nshouldbo:hor\odataﬂmo.andmcotnﬁonahouldnonxeeodomucond.
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5
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Dual 4-Stage Binary Ripple
Counter with -2 and =5

: Sections
* High-Performance Silicon-Gate CMOS

The MC34/74HC390 is identical in oinout to the LS390. The device inputs are
+  compatible with standard CMOS outouts; with pullup resistors, they are compatible
- with LSTTL outputs.
This device consists of two indeoendent 4-bit counters, each composed of a
divide-dby-two ang 2 divide-by-five section. The divide-by-two and divide-by-iive
counters nave separate clock inputs, anc can be cascaded to implement vanous

% combinations of +~2and/or +5uptoa -+ 100 counter.
; Flip-floos internat to the counters are tnggered by high-to-low transitions of the
n clock input. A separate, asyncnronous reset is provided for each 4-bit counter.
; State changes of the Q outputs do not occur simuitaneously because of intarnal
3 rople delays. Therefore, decoded outout signals are subject to decoding soikes ang
%; should not be used as clocks or strobes except when gated with the Ciock of the
;‘ HC3S0.
e Outout Onive Caoaotitv: 10 LSTTL Loads
#i & Outpuis Directly Interface 1o CMOS, NMOS, and TTL
¥ e Operaung Voltage Range: 210 § V
™ @ Low Input Current: 1 xA
:?' ® High Noise Immunity Characteasuc of CMOS Devices
{¥ e In Comghance with the Requiremen:s Sefined by JEDEC Stancarg No. 74

® Chio Comolexity: 244 FETs or 81 Zquivaient Gates

LOGIC DIAGRAM

—

Clock A——————C> Counter A

N

3,11

35, Qg
4,12 +3 3. 10 Q
Clock 8 ———1+ mer c
Cou 7.9 Qo
14 '
rlesel
2in 16=Vce

Ain 3=CGND

MC54/74HC390

J SUFRIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

ORDERING INFORMATION

MC74HCXXXN
MCBAHCXXXJ

Plastic
Caramic

Ta = —55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Ciock A0 @ 168 vee
Reseta{i2 150 Clock Ap
Qaad3 140 Reset b
Ciock B3 [1 4 130 Qap
Qg, 45 12 1 Clock 8y
Gea 46 1l Qap
Qpal7 108 Qcy
GNO 18 21 Cop

FUNCTION TABLE

Clock
A 8 Resat Action
X X H Reset
+2and +3
~ X L Increment
+2
X N~ L Increment
+5
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MAXIMUM RATINGS*

Symbol Parameter Value Uniz This device contains protection
Vee | DC Suoply Voltage (Referenced to GND) ~051t +7.0 v circuitry 10 guard against damage
due to high static voltages or electric
Vin OC Input Voitage {Referenced to GND) -1.5w0Vee-1.5 \ fislds. However, precautions must
Vout OC OQutput Voitage (Referenced to GND) ~0.5 10 Ve ~0.5 A be taken to avoid applications of any
tin OC Input Current, per Pin =20 mA vo:tage higher(:’an ;r"a:ifnuor:d rated
- ~ voitages to this high-impedance
layt OC Qutout Current, per Pin : = 35 mA circuit. For proper operation, Vin and
Icc 1 0C Supply Current, Vi and GND Pins =50 mA Vout should be constrained to the

Pp Power Dissipation in Still Air, Plastic or Ceramic OIPt 750 mw range GND =<(Vjy or Vo Ve,
= Unused inputs must always be tied

b - -_ - °
Tstg | Storage Temperature 85t -1%0 ¢ to an appropriate logic voltage level
T Lead Temperature, 1 mm from Case for 10 Seconds *C (e.g.. either GND or Vgl Unused
(Plastic DIP) 260 outputs must be left open,
{Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage 1o the device may occur.
Functonal ooeration should be restricted to the Recommended Operating Conditions.
tOerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter I Min | Max Unit
Vee DC Supply Voltage (Referenced to GND) 20 |t 50 v
Vin.Vout | DC Input Voltage, Output Voltage (Referenced to GNO) 0 | vee v
Ta Operating Temperature, All Package Types -35 | ~125 °C
t. 4 |input Risa and Fall Time Vee=2.0v] o | :000 ns
(Figure 1) Ve =45V 0 500
Vee=60V!E 0 i 200 :
DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND)
v 3 Guaranteed Limit
Symbol Parameter Test Conditions ce 25°C to Unit
g\ $85°C | s125°C
i =55°C |
Viy Minimum High-Level Input Vout=0.1VorVec-0.1V 208 1.5 1.5 1.5 '
Voltage loutl 520 pA &5 | 3.5 3.15 3.15
8.0 I 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVee-0.1V 26 03 0.3 0.3 v
Voltage Houtl $20 wA 45 & 09 0.9 0.9
5.0 | 1.2 1.2 1.2
VOoH | Minimum High-Level Output Vin=VIH4 or Vi 20 1.9 1.9 1.9 v
Voltage loutt 20 wA 45 1 44 4.4 4.4 .
g0 {59 5.9 5.9 .
Vin= V4 or Vi Hoytt =40 mA} 435  3.98 3.84 3.70 'i
Houtl s5.2 mAal| 6.0 5.48 5.34 520 |
Voo Maximurn Low-Lavel Qutput Vin=Viy or V| 2.0 0.1 0.1 0.1 Vv
Voltage Houtl 20 wA 25 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Viy or Vi Hoytl S0 mA| 43 0.26 0.33 Q.40
oyt SS.2mMA| 6.0 0.26 0.33 040
lin Maximum Input Lzakage Curfent | Vip = Ve or GND 4 §0 1 =041 +1.0 =10 | eA
lcc | Maximum Quiescent Supply Vin=Vce or GND 6.0 8 80 180 | wA
Current (per Package) loyt =0 pA {

NOTE: Information on typical parametric values can be found in Chapter 4.




MC54/74HC390

AC ELECTRICAL CHARACTERISTICS (C|_ =50 pF, Input t,=t;=6 ns)

— Guaranteed Limit
I symbol Paramaeter Vec 25°C to Unit
v R =85°C | s125°C
-55°C
fmax |Maximum Clock Frequency (50% Outy Cycle} 2.0 5.4 4.4 3.6 MH2z
(Figures 1 and 3) 4.5 27 22 18
, 6.0 32 26 21
tpLH. | Maximum Propagation Delay, Clock A to QA 2.0 120 150 180 ns
tPHL (Figures 1 and 3) 4.5 24 30 36
6.0 20 26 3
' tpLM, |Maximum Propagation Delay, Clock A to QC {QA connected to Clock 8} | 2.0 290 385 435 ns
1 temL {Figures ! and 3) 4.5 58 73 87
| 5.0 49 62 74
; tpLH, | Maximum Propagation Delay, Clock B to QB 2.0 130 165 185 ns
tPHL {Figures 1 and 3} 4.5 26 3 39 *
6.0 22 28 33
tpLH, | Maximum Propagation Delay, Clock B to QC 2.0 185 230 280 ns
OtPHL {Figures 1 and 3} 4.5 37 48 56
6.0 31 39 48
tpLH, | Maximum Propagation Oelay, Clock 8 to QD 2.0 130 165 185 ns
1 PHL (Figures 1 and 3) . 4.5 26 3 39
! 6.0 22 28 3
tPHL | Maximum Propagation Oelay, Reset to any Q 2.0 165 205 250 ns
{Figures 2 and 3} 4.5 3 4 50
6.0 28 35 43
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
TTHL (Figures 1 and 3) 4.5 15 19 22
5.0 13 i 16 19
i Cia Maximum Input Capacitance - 10 10 10 oF
NOTES: n
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance {Per Counter) ' Typical @ 5°C, Ve =5.0V }
Used to determine the no-load dynamic power consumption:
Pp=Cpp VCC2f+|CC Vee 35 oF
For load considerations, see Chapter 4 subject listing on page 4-2.
TIMING REQUIREMENTS (Input t,=ty=6 ns)
f | Guaranteed Limit
Symbol Parameter vee 25°C to | Unit
PV _cgec | S8°C | sisec
trac Minimum Recovery Time, Reset Inactive to Clock A or Clock 8 2.0 50 ! 65 75 ns
{Figurae 2} . 45 10 13 15
- 6.0 g I n 13
tw Minimum Pulse Width, Clock A, Clock B 2.0 80 100 120 ns
{Figure 1) 4.5 16 } 20 24
L 8.0 14 : 17 20
' tw Minimum Puise Width, Resat 2.0 125 185 190 ‘ns
(Figure 2) . 45 25 ! 31 38
6.0 21 ' 26 32
te, U Maximum Input Rise and Fait Times 2.0 1000 1000 1000 as
(Figure 1} 4.5 500 500 500
. 6.0 400 400 <00

NOTE: (nformation on typical parametric values can be found in Chapter 4.,
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PIN DESCRIPTIONS

INPUTS

CLOCX A (PINS 1, 15) and CLOCK B (PINS 4, 15) —
Clock A is the clock input to the = 2 counter; Clock B is the
clock input 0 the + 5 counter. The internal flip-fiops are
toggled by nigh-to-tow transitions of the clock input.

CONTROU INPUTS

RESET {PINS 2, 14} — Asynchronous reset. A high at the
Reset inout orevents counting, resets the internal flip-flops,

and forces Qp through Qp low.

QUTPUTS

QA (PINS 3, 13) = Output of the + 2 counter.

Qg, Qc. Qp (PINS 5, 8, 7, 9, 10, 11) — Outputs of the
*+ 5 counter. Qp is the mast significant bit. Qp is the least
significant bit when the counter is connected for 8CD output
as in Figure 4. Qg 1s the feast significant bit when the counter
is operating in the bi-quinary mode as in Figure 5.

SWITCHING WAVEFORMS

:g — Ve
Clock 50%

GNOD

PHL

TLH (THL—J

Figure 1.

TEST CIRCUIT

Device
unger

Tast

tw —>
vee
Reset 30% X
GND
PHL—™ |
Q 50%
rag —3|
vee
Clock 0%
GNOD
Figure 2.
Tast Pont
Prs

* Inciudes all orooe and pg caoacitance

Figure 3.
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EXPANDED LOGIC DIAGRAM
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MCbB4/74HC390

APPLICATIONS INFORMATION

Each half of the MCS4/74HC390 has independent «+ 2 and To obtain a bi-quinary count sequence, the input signal is
+5 sections (except for the Reset function). The +2 and connected to the Clock 8 input, and outout Qp is connected
+ 3 counters can be connected to give BCD or bi-quinary to the Clock A input {Figure 3}. Qa provides a 50% duty cycle
(2-5) count sequences. !f output Qp is connected to the Clock output. The bi-quinary count sequence function tacie is given
B input (Figure 4}, a decade divider with BCO output is 0b- in Table 2.
tained. The function table for the BCD count sequence is given
in Table 1.

Table 1. Table 2.
BCD Count Sequence® Bi-Quinary Count Sequence**
Qutput Qutput
Count Qp Q¢ Qg Qa Count QA Qp Q¢ Qg
0 L L L L 0 L L L L
1 L L L H 1 L L L H
2 L 4 H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 Iy H L L
5 L H L H 8 H L L L
<] L H H L 9 H L L H
7 L H H H 10 H L H L
8 H L L L 1 H L H H
9 H L L H 12 H H L L
*Qp connected to Clock 8 input. ¢ *Qp connected to Clock A input.

CONNECTION DIAGRAMS

1 L 1. 1
Clock A 1.15 > +2 A Qa Clock A ——‘S—G> -2 ————3-'-2 Ca
Counter Counter
= A
5, 11 -
s b . 5. 1
Clocks L2 ies s F LY Clock8 —=121 > . ¢ 0 8
Counter 7 Qc Counter Q¢
) 7,9
——— Qp - Qp
Reset —-—2-1—"4&——1 Resat —2—1f<>_]

Figure 4. BCD Count Figure 5. Bi-Quinary Count N
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MOTOROLA

TECHNICAL DATA

MC54/74HCO02A

Advanced Information

J SUFFIX
Quad 2-|nput NOR Gate CERAMIC
High-Performance Silicon-Gate CMOS CASE 63z-08

The MC54/74HC02A is identical in pinout to the LS02. The device inputs are .
comoatible with standard CMOS outputs; with pullup resistors, they are com- N SUFFIX
patible with LSTTL outputs. PLASTIC

. o CASE 645-06

¢ Output Drive Capability: i0 LSTTL Loads

Qutputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2.0 t0 6.0 V

Low Input Current: 1.0 uA D SUFFAIX

High Noise Immunity Charactaristic of CMOS Devices soc

In Compliance with the Requirements Defined by JEDEC Standard No. 7A ;
Chip Complexity: 40 FETs or 10 Equivalent Gates

Improvements over HCO2

* Improved Propagation Delays
® 50% Lower Quiescent Power

CASE 751A.02

® ® ® & 5 0 0

ORDERING INFORMATION

® Improved Input Noise and Latchup Immunity ] MC74HCXXAN  Plastic
i MCS4HCX XA Ceramic
! MC74HCXXAD SQIC

TA = -55°to 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT
Yiie e f] Vee
:\ LOGIC DIAGRAM Al C 2 31 J Ya
N1 12[] 8¢
. 2 Y2{) ¢ t1 A
N A a2{] s 0 v3
2Qs 183
., ; GNoq 7 11 A3
S ’
32 5
Y =X-3 :
a2 " } FUNCTION TABLE
3 —— Y3 | { N
3 l i Inputs Qutput i
: : A 8 Y :
i H ! —
~d 13 i L L H !
" ye [ H L
AN 18 = Voo i |_H H t
PINT = GNO

This document containg nformauion an 2 aew product. Specificatons and information nerern are subject 0 cnange without notice.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA




MC54/74HC02A

MAXIMUM RATINGS®

This device contains protection |
circuitry ta guard against damage
due 1o high static voltages or elec-
e fields. However, precautions
must be taken to avoid aoolica-
tions of any voltage higher than
maximum rated voltages to this
high-impegance zircuit. For
proper operation. Yin ang Vout
should be constrained to the
range GND < (Vijq 0rVour) S vee.

Unused inputs must aiwavs be
tied to an appropnate logic volt-
age level {e.g., either GND or
vee). Unused outduts must be
left open.

Symbol ] Parameter Value Unit 11
Vee | OC Supply Voitage {Referenced to GND) -0510 -7.0 v !
Via OC Input Voltage {Referenced to GND) \ -1.5t Vee-1.5) Vv l
Vout | OC Output Voitage (Referenced o GND) | -05tvee-05] v |

) 1 5

Kin OC Input Current, per Pin i =20 | mA J
lout DC Output Current. per Pin | =25 | ma i
tcc | DC Supply Current, VcC and GNO Pins i =50 i mA |
PD power Dissipation in Still Air, Ptastic or Ceramic DIP ‘ 750 | mw X
SOIC Package | 500 |

Tstg | Storage Temoerature % -850 =150 | C
TL Lead Temperature, 1 mm from Case for 10 Seconds ; ‘ ’C ‘:
{Plastic DIP or SOIC Package) ! 260 ‘ |

(Ceramic DIP) | 300 i i

*Maximum Raungs are those values peyond which damage to the device May ocgur.
Functional operation should de restricied to the Recommended Operaung Conditions.

RECOMMENDED OPERATING CONDITIONS

Ly T
Symbol Parameter | Min | Max | Unit 1
Vee | OC Supply Voltage (Referenced to GNOD) I 20 66 | Vv !
VinVout I DC lnput Voitage, Output Voitage \Referencea to GNO} | vee |V A
1 TA } Qgerating Temperature, All Package Types I B2 35 !l -125 '; *C :
te. U Input Rise and Fall Time Vee = 2.0V v} 1000  Aas ¢
{Figure 1) vee =45V P 0 500 ;
| Ve =80V ¢+ 0 200 ;

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND!

Guaranteed Limit

| |
. Symbol Parameter ! Test Conditions CC 25°C to | ' Unit ‘
| ! we | S85°C  =125°C | |
! ! -55°C | !
[ V4 | Minimum High-Level Input Vout = 0.1V or Vgg = 0.1 V i 2.0 ‘ R 1.3 v
‘ Voltage loun & 20 A 45 | 315 \ 3. 15 bo345
| 5.0 | a2 Poa2
r Vil | Maximum Low-Level Input | Vour = 0.1 Vorveg = 01V 20 05 ; 05 ' 05 'V
Voltage Houtl € 20 A a5 ! 135 1 135 | 135
| 01 18 ; 18 ; 18 .
YO Minimum High-Level Qutput Vip = Vig o ViL 20 t9 1 18 | 1.8 (Y
Voltage floun S 20 wA a5 | 44 , 44 | d&
i 60| 59 | s9 | s3 |
: i Vin = VIH OF ViL loyu S 40mA , 45 | 398 i 384 | 37
louu € 5.2 mA 8.0 \ sa8 | 534 | 52 !
VoL | Maximum Low-Level Qutput Vin = VIH of VIL 20 01 o, 21 v
[ Voltage iloun < 20 wA a5 i 01 ! 031 1 01
| i g0 ! 0.1 01 1 21
Vin = ViH or ViL ouu < 40mA &5 1 026 1 033 ' Je
! l{ lout S 5.2mA 8.0 | 026 ' 033 | 04
: lin { Maximum Input Leakage Current f Vin = Vg of GND 50 t =01 . =10 =10 rA
ice |, Maximum Quiescent Suoply ‘l Vin = Vcg = GNO 50 ¢ 1.0 10 | 20 Py

\ Current {per Package! . {lout = O A

H : ! d




MC54/74HCO02A

AC ELECTRICAL CHARACTERISTICS {CL = S0 pF, Input t; = tf = 6.0 ns)

[ v Guaranteed Limit i |

cc 1 iy |

Symbol Parameter ! Unit
VIBC ese | crzse |

-85°C : ;

tPLKH. Maximum Propagation Delay, Input A or 8 to Output ¥ 2.0 80 100 120 ' ns |

PR (Figures 1 and 2) 4.5 16 20 24 '

6.0 14 17 20 ' ,

\ TLH. Maximum Qutput Transition Time, Any Quiput 2.0 75 9s 110 i ns |

| {Figures 1 and 2) 4.5 15 19 22 | ]

! ‘ 6.0 13 16 19 i

Cin Maximum Input Capacitance —_ 10 10 10 ] pE 1
Cpp Power Dissipation Capacitance (Per Gate) ;Typical @ 25'C, Voo = 5.0 vi

Used to determine the no-load dynamic power consumption: ! : ' e -

Pp = Cpp Vo - Iec Vee ' 22 Nl

— TEST PQINT
V ! 4
wpuT %0 - f QuTPUT |
! Device
AQORS
— GND . UNOER dy .
¥l PHL = i TSt —=a
s | | I
QUTPUT Y 0% ;
L A= AN En =
. I 3
MH —> 1THL y ‘includes all prooe and jig capacitance.
Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(V4 of the Device)
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