Multi Function Frequency Aeter
with

CAhhitirmal Prescaler Facility

_(ID_,, ] o=

A PROJECT REPORT

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE AWARD OF THE DEGREE OF

BACHELOR OF ENGINEERING
OF THE BHARATHIAR UNIVERSITY

BY

. €. DPhanalakshmi
J. Sundararajan
T. Shanmuga Sundaram

UNDER THE GUIDANCE OF

Migs. 5. Praba, s.e.

Department of Flectronics & Communication Engineering
Rumaraguru College of Technology
Loimbatore-641 006
1991-'92



Bepartment of TElectronics & GQommunication Tngineering

Rumaraguru College of Technology

Uoimbatore - 641 006

Certificate

This is to certify that the Report entitled
Multi Function Frequency Mefer
with
Avvitional Prescaler Facility

has been submitted by

In partial fulfilment for the atward of Bachelor of Tngineering
in Electronics and Communication Hngineering Branch
of Bharathiar University, Coimbatore-641 046

during the academic gear 1991-92.

N-Babs 55 690 W e TR

Buide Head of the Bepartment

@ertified that the candidate fuas Bxamined by vs in the project fwork
Hiva-Boce Bxamination held on and the Mniversity

Register Number fuas

JInternal Examiner Tixternal Txaminer



ACKNOWLEDGEMENT

We would 1like to thank Major.T.S.RAMAMURTHI,
B.E.,M.I.S.T.E., Principal of  KUMARAGURU COLLEGE OF
TECHNOLOGY and the MANAGEMENT for providing wus the

rTacilities to work on this project.

We would also 1like to thank our prolific
Professor and Head of the Department of Electronics and
Communication Engineering Prof .K.PALANISWAMI, M.E.,M.L.EEE.,
M.ILE., M.I.S.T.E.,M.C.S.I.,F.i.E.T.E., for his creative

ideas and for his contributions for this project.

We would 1ike to note our appreciation and
gratitude to our Guiding light Ms.N.PRABA,B.E. ,Department of

E & C.E for her unflagging support and guidance.
We would be failing in our duty if we don't

thank the other staff members and the laboratory technicians

of Department of E & C.E for help they have rendered to us.

THE AUTHORS



SYNOPSIS

The multi-function frequency meter 1is an
advanced, versatile and user - configurable test instrument
capable of accurate measurement of frequency, frequency

ratio and time interval. In addition to all this, it can be

used as a period and event counter.

The multi-function test instrument described
here is based on the 8-digit counter/timer IC Type ICM 7226 B
from Intersil (GE/RCA). This chip combines all the

functions expected from a good and versatile counter, and

requires a very few external components. The chip handles
frequency measurement from DC to 10 MHz. A prescaler
circuit -in addition, when connected extends the ~usable

frequency range from 10 MHz to well over 1.2 GHz.

It aiso handles period measurement from O.Sf&s
to 10s,unit counting up to 10 million events, frequency
ratio measurement and time interval measurement. The inputs
of the proposed instrument can accept a wide range of

alternating (analogue) voltages as well as digital pulses at

TTL or CMOS levels.
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CHAPTER -~ I

INTRODUCTION

The multi function frequency meter is very much

useful for communication purposes.

The word ‘"frequency" is one of the nmost
important words used and it is also the very common word

used in communications.

In its basic electrical sense, the term
"Communications" refers to the sending, receiving and

processing of information by electrical means.

Frequency is defined as '"the number of events

per time interval'.

There are different frequency ranges (ie. Band-
width) which are also called bands or channels which are
used for different communicatin purposes. These frequency

ranges are listed in the Table-1.

The ICM 7226 is a fully integrated Universal

counter and LED display driver.



DD

30 Hz to 300 Hz

3 KHz to 30 KHz

30KHz to 300 KHz

300 KHz to 3MHz

3MHz to 30 MHz

30 MHz to 300 MHz

300 MHz to 3GHz

3 GHz to 30 GHz

30 GHz to 300 GHz

10 Mm to 1 Mm

100Kmto 10 Km

10Km to 1Kn

1Kmto 100 m

100mto 10 m

10mto1nm

1mtol1l0 cnm

10cmto 1 cm

lcmtol mm

Extremely
low fre-
quency
(ELF)

Very low
frequency
(VLF)

Low frequ-
(LF)

Medium
frequency
(MF)

High fre-
quency
(HF)

Very high
frequency
(VHF)

Ultra high
frequency
(UHF)

Super high
frequency
(SHF)

Extreamly

high

frequency
(EHF)

Sub-surface
communication

Surface wave and
sky wave
communication

Surface wave &
sky wave
communications
standard time
and frequency
broadcasts and
Radio Navigation

Ground wave

for short dista-
nces,ionospheric
wave for longer
distances

used for short
wave radio
communication

TV receivers &
FM pro/agation
space wave
propagation

only possible
line of sight
radio communica-
and broadcast
service

Space wave
communicationis
possible,radar
communication,
satellite
communication &
microwave line
of sight
communication is
also possible



The counter inputs accept a maximum frequency of
10 MHz in "frequency'" and '"unit Counter" modes and 2MHz in
all the other modes. Both inputs are digital inputs. For
"period" and "time-interval', the 10MHz time base gives a
0.1 ptsec resolution. In "Period average" and "time interval
average' the resolution can be in the nano second range. In
the "frequency" mode, we can select accumulation time of
10 ms, 100 ms, 1 S and 10 S. There is a 0.2 sec interval
between measurement in all ranges. Control signals are

provided to enable gating and storing of prescaler data.



CHAPTER - II

CIRCUIT DESCRIPTION

The circuit diagram of the multifunction
frequency meter is given in Figure 1. It shows the
ICM 7226 B - 1IC along with an outline of the simple
peripheral circuitary needed to obtain an complete
instrument. A prescalar for extending the input frequency
range to 1.2 GHz will be discussed in the forth comming

chapter of this project report.

The ICM 7226 B has an internal time Dbase
circuitary, display decoders, segment and digit drivers.
The block diagram of ICM 7226 B is shown in Figure 2. And

its pin configuration is shown in figure 3.
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2.1 BLOCK DIAGRAM OF ICM 7226 B

As shown in figure.2 we can see that the
ICM 7226 B has the different blocks such as the main counter
block, two input control logic blocks, a function control
logic block, an oscillaton select block, decoder and digits
drivers block, a reference 1O3 counter, range control logic
block, range select logic block, data latches bltock, decimal
point logic blocks, decoder and LZB logic block and segment
drivers block. The different inputs and outputs are also

shown in the block diagram.

The different input and outputs are the
different pins of the ICM 7226 B. Different opamps and op
amp inverters are also shown at the different input ané
~output pins. These are used for the proper operation of
Universal counter IC. The different pin numbers are also
shown at the different points of the block diagram. Though:.
the block diagram looks a bit complicated, the operation of

the circuit is very easy tounderstand.
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2.2 PIN CONFIGURATION OF ICM 7226 B

The figure.3 shows the pin configuration of the
8-digit counter/timer IC Type ICM 7226 B. This IC is a 40
pin IC. The different functions of the 40 pins are shown in

the figure.3. The important Pins of the IC are described

below.

INPUTS A & B

The signal to be measured is applied to INPUT A
in frequency, period, unit counter, frequency ratio and time
interval modes. The other input signal to be measured 1is
applied to INPUT B in frequency ratio and time interval.

fA should be higher than deuring frequency ratio.

Both inputs are digital inputs with a typical

+
switching threshold of 2.0 VatV = 5.0 V and input impedance

of 250 Ksa-. For optimum performance, the peak to peak input
signal should be at least 507% of the supply voltage and
centered about the switching voltage, when these inputs are
being driven from TTL logic, it is desirable to use a pull

up resistor. The circuit counts high to low transitions. at

both inputs.
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The table:2 shows the functions selected by each digit

for these inputs.

TABLE:2 MULTIPLEXED INPUT CONTROL

FUNCTION DIGIT
FUNCTION INPUT Frequency D1
PIN 4 Period D8
Frequency Ratio D2
Time Interval D5'
Unit Counter D4
Oscillator Frequency D3
RANGE INPUT : 0.01 sec/1 Cycle D1
PIN 21 ' 0.1 Sec/10 Cycles D,
1 Sec/100 Cycles Dy
10 Sec/1K Cycles D,
Enable External Range D5
Input
CONTROL INPUT Blank Display D, & Hold
PIN 1 Display Test D8
1MHZ Select D2
External Oscillator Enable D1
External Decimal Point
Enable D3
Test D5
EXTERNAL DECIMAL Decimal Point is Output for Same Digit.
POINT INPUT, That is Connected to This Input.

PIN 20




NOTE :-

The amplitude of the input should not exceed the
supply by more than 0.3V otherwise, the circuit may be

damaged.

MULTIPLEXED INPUTS : (

The FUNCTION, RANGE. CONTROL and EXTERNAL
DECIMAL POINT inputs are time multiplexed to select the
input function desired. This is acheived by connecting the
appropriate digit driven output to the inputs. - The input
function, range and control inputs must be stable during the
last half of each digit output (typically 125 pusec). The
multiplex inputs are active high for the common anode
ICM 7226 A, and active low for the common cathode ICM 7226 B.

Here since we used ICM 7226 B, the multiplex inputs are

active low.

Noise on the multiplex inputs can cause improper

operation. This is particularly true when the unit counter

mode of operation is selected, since charges in voltage on

the digit drivers can be capacitively coupled thro the LED
diodes to the multiplex inputs. For maximum noise immunity
a 10 K«-resistor should be placed in series with the

multiplex  inputs.



CONTROL INPUTS

Display Test - All segments are enabled
continuously, giving a display of all 8's with decimal
points. The display will be blanked if display off is

selected at the same time.

Display off - To enable the display off mode it
is necessary to tie D4 to the CONTROL input and have the
HOLD input at V'. The chip will remain in this mode until
HOLD is switched low. While in the display off mode, the
segment and digit driver outputs are open and the'oscillator
continues to run (with a typical supply current of 1.5 nmA
with a 10 MHz crystal) but no measurements are made. In
addition, signals applied to the multiplexed inputs have no
effect. A new measurements is initiated after the HOLD

input goes low. (This mode does not operate when

functioning as a unit counter).

IMHz select - The 1MHz select mode allows use of
a 1MHz crystal with the same digit multiplex rate and time
between measurements as a 10 MHz crystal., The internal
decimal point is also shifted one digit to the right in
period and time interval, since the least significant digit

will be in, lrsec increments rather than O.%&sec.

12
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External Oscillator Enable - In this mode, the
EXT ernal OSCillator INput is used, rather than the on-chip
oscillator, for the Time base and Main Counter inputs in
period and time interval modes. The on-chip oscillator will
continue to function when the external oscillator is

selected but have no effect on circuit operation.

The external oscillator input frequency must be
greater than 100 KHz or the chip will reset itself and
enable the on-chip oscillator. Connect external oscillator
to both OSC IN (Pin 35) and EXT OSC IN(Pin 33), on provide

crystal for 'default'" oscillation, to avibd hang-up problenms.

Externé] Decimal Point Enable - when external
point is enabled, a decimal point will be displayed whenever
the digit driver connected to the EXTERNAL DECIMAL POINT pin
is active. Leading Zero Blanking will be disabled for all
digits following the decimal point. Test Mode - This is a

special mode used only in high speed production testing and

serves no other purpose.

RANGE INPUT

The range input selects whether the measurement
is mode for 1,10,100 or 1000 counts of the reference
counter, or if the EXTernal RANGE INput determines the

measurement time. In all functional modes except unit



counter, a change in the RANGE input will stop the
measurement in progress, without updating the display and
initiate a new measurement. This prevents an erroneous

first reading, after the RANGE input is changed.

FUNCTION INPUT

Six functions can be selected.
They are: Frequency, Period, Time interval, Unit Counter,

Frequency Ratio and Oscillator Frequency.

These functions select which.signé1 is counted
into the main counter and which signal is counted by the
reference counter. 1In time interval, a flip flop is set
first by a 1-->0 transition at INPUT A and then reset by a

1 --> 0 transition at input B.

The oscillator is gated into the Main Counter
during the time the flip flop is set. A change in the
FUNCTION input will stop the measurement in progress without
updating the display and then initiate a new measurement.
This prevsnts an erroneous first reading after the FUNCTION
input is changed. If the main counter overflows, an

overflow indication is output on the Decimal Point Output

during D8'

Mo
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EXTERNAL DECIMAL POINT INPUT

When the external decimal point isg selected,
this input is active. Any of the digits, except D8’ can be
connected to this point., D8 should not be used since it
will override the overflow output and leading zeros will

remain unblanked after the decimal point.

HOLD Input - Except in the unit counter mode,
when the hold input is at V+, any measurement in progress
(before STORE goes low) 1is stopped, the main counter is
reset and the chip is held ready to initiate a1 new
measurement as soon as HOLD goes low. The latches which
hold the main counter data are not updated, so the 1last
complete measurement is displayed. In unit counter mode
when HOLb Input is at V+, the counter is not stopped or
reset, but the display is forzen at that instantaneous

value. When HOLD goes low the count continues from the new

value in the counter.

RESET Input - The RESET Input resets the main
countér, Stops any measurement in pProgress and enables the
main counter latched, resulting in an all zero output. A

capacitor to ground will prevent any hang-ups on power-up.
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EXTernal RANGE Input - The EXTernal RANGE Input
is used to select other ranges than those provided on the

chip. Figure . 4, shows the relationship-~ between

MEASurementIN PROGRESS and a EXTernal RANGE Input.

REFERENCE
COuNTER
Ctock .

' |
e T, ‘ ,

———

NEAS N

(
{

ExT
RANGE
INPUT

L. — —— e d e

Fla. 4 Ext pahge- (rypud To end ?measu%ema\t_4\»\?9109_‘9_14_&3 .



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

outputs can drive a low power schottky TTL 1load. The

MEASUREMENT IN PROGRESS Output can directly drive one ECL

load, if the ECG device is powered from the same power

supply as the ICM 7226.

}Q,Vho TO ZOOVﬂ$-———%‘

MEAS IN
PROG.RESS
' {d—bi - {-o M3
STORE
|
30 70 40 Ms--»~k§<—-—~v—b e » 60rng
l"“‘_!
RESET g L
ovT

< -h— 4D g

Fi6.5: ReseT OuT , STORE awnd MEASUREMENT IN

PROGRESS Qufdau\? befoeen Measuvemenls



BCD Outputs - The BCD representation of each
digit output is available at the BCD outputs. The negative
going (ICM 7226B - Common Cathode) digit drivers lag the BCD
data by 2 to 6 microseconds; the leading edge of the digit
~drive signal should be used to externally latch the BCD
data. Each BCD output will drive one low power Schottky
TTL 1load and when interfacing low power Schottky TTL
latches, it is necessary to use 1K~ pull down resistors on
the TTL 1inputs for optimum results. The display is
multiplexed form MSD to LSD. Leading zero blanking has no

effect on the BCD outputs.

BUFFered 0SCillator OUTput - The BUFFered
OSCillator OUTput has been provided to enable use of the
chip oscillator signal without loading the oscillator
itself. This output will drive one low power schottky  TTL

ltoad. Care should be taken to minimize capacitive loading

on this pin.
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CHAPTER - III

INDIVIDUAL DESCRIPTION OF EACH PART

3.1. THE 8-DIGIT READ-OUT

The 8-digit read out is shown in figure:6. It is
composed of common cathode LED displays multiplexed at 500Hz
and a duty factor of 0.122 per digit. Leading
(non-significant) zeroes are blanked when the meter is set
to frequency measurement in jrsec.LED D9 indicates an

overflow condition, i.e., the counter is "full" and all

digits read 9.

The decimal point and leading zero blanking have
been implemented for right hand decimal point displays;
zeroes fb]lowing the decimal point willnot.-be blanked.

.

Leading zero blanking will also be disabled if the main

counter over flows.

To increase the light output from the displays,
Al can be increased to 6.0 V, but however care isg taken to

see that maximum power and current ratings are not exceeded.
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The Segment and Digit outputs in the ICM 7226 B
is not directly compatible with either TTL or CMOS 1logic.
Therefore, level shifting with discrete transistors should
be used to use these outputs with discrete transistors.
External latching should also be done on the leading edge of

the digit signal.



22

3.2. OPTIONAL CONNECTIONS

The counter, ICB” has an on-chip time base
oscillator which operates at 10 MHz (Xl)' It is possible to
use a 1 MHz quartz crystal provided 88 is closed. The 1 MHz
select mode allows use of a 1 MHz crystal with the same
digit multiplex rate and time between measurements as a 10 MHz
crystal. The internal decimal point is also shifted one
digit to the right in period and time interval. since the
least significant digit will be in 1F5 increments rather

than O.l}ks.

Similarly, S7 makes it possible to apply an
external clock signal of 100 KHz or more to pin 33. We

have to connect external oscillator to both 0SC IN (Pin 35)

and EXT OSC IN (Pin 33), or provide crystal for "default"

oscillator, to avoid hang-up problenms.

When switch S6 is closed, the position of the
decimal point on the display is controlled externally via
the respective input, pin 20. The decimal point can thus be
positioned as required for the prescaler used. Leading zero
blanking will be disabled for all digits following the
decimal point. These External decimal point, External

Oscillator and the 1 MHz select options are connected to ICM

7226 B as shown in the figure 7.
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Ficure, ! OPTIoNAL, CONNECTIONS

Switches S6—S7—S8 and the associated diode§)
D6—D7—D8.are intended for the above options on the frequency
meter and may be omitted when the rélevant function is not
required. It is, ofcourse also possible to replace the

switches with wire 1links for permanent operation in a

particular mode.
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3.3. EXTERNAL DECIMAL POINT AND RESET INPUTS

The functions of the External Decimal Point

input and the RESET input of the IC3 - ICM 7226 B can be

expiained with the help of figure 8.
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When the external decimal point is seleted, this
input is active. Any of the digits, except D8’ can be
connected to this point. D8 should not be used since it
will over ride the over flow output and leading zeros will

remain unblanked after the decimal point.

The counter's internal circuitsand hence the

read-out-can be cleared at all times by pressing the RESET

key S3. Capacitor C7 is connected in parallel with S

3
to prevent hang-up's at power on. A push button is fitted
on the front panel for this switch Sg.  The RESET Input

resets the main counter, stops any measurement in progress,
and enables the main counter latches, resulting in all zero

output.



26

3.4. INPUTS A AND B

The maximum input frequency applied to input A
of the instrument is 10 MHZ in the frequency and unit count
modes, and 2 MHz in the other modes. The input B is only
used for measuring frequency ratios and time intervals. The
frequency of the signal which is applied to the input A
should be higher than that which is applied to the input B.
Similiarly, the pulse transition. on input A should occur
before that on input B. When the inputs are being driven
from TTL logic, we use a pullup resistbr of 330« The

Circuit counts high to low transistions at both inputs.

At the inputs A and B, some protective networks
are fitted before connecting the inverters. These are shown

in the the figure 9 and 10.
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These protective networks fitted at the inputs

of the invertors N5 and Ng enable applying atternating

voltages as well as CMOS or TTL (digital) pulses. For small

alternating voltages applied via C1 - CZ’ diodes Dl—D2 or
D3—D4 do not have a limiting effect, so that the invertors
NS—N6 operate as amplifiers. When the input amplitude is

greater than about ZVPP, the inverters operate as buffers.

The limiting of the input signal takes place
when the input signal at the digital inputs is lower than -
0.6V or higher than +5.6V. This means that AC coupled input

voltages are clippedto about 6 vpp' The input sensitivity

stated in the circuit diagram is an average and frequency

dependent value.

The invertors N5—N6 are connections from IC2.

When the type 74HCTO4 in position IC2 is replaced with a
74HCUO4 which is  Hex invertor the input sensitivity
increases by a factor 5 to 10.' The value of the capacitors
C1 and C2 used are 1f1farad 3 63V non electrolitic type
capacitors. The diode type 1 N 4148 is used for the Diodes

D, Dy, D

9> Dj and D4.
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3.5. RANGE AND FUNCTION SWITCHES

The RANGE and FUNCTION switches connected to the
counter ICq 1is shown in the figure.l11l. The FUNCTION switch
S2 used is a 2-pole 6-way rotary switch. The RANGE switch

Sy, used is a 2-pole 4 or 6-way rotary switch.

The counter modes and functions that can be
selected with the RANGE switch S4 a-b, and the FUNCTION
switch S, a-b, are summarized in Table 3. The position 6 of
S

5 is used for checking whether the internal oscillator

works, but not for verifying the frequency of oscillation.

The range input selects whether the measurement
is made for 1, 10, 100 or 1000 counts of the reference
copntef or if the EXTernal RANGE INput detefmines the
measurement time. In all functional modes except unit
counter, a change in the RANGE input will stop the
measurement in progress, without updating the display and
initiate a new measurement. This prevents an erroneous

first reading after the RANGE input is changed.

There are six functions which can be selected.
They are Frequency, Period, Time interval, Unit Counter,

Frequency ratio and Oscillator frequency. These functions



30

(SIHSLING NOILSNNS aly FONyy 4L “39097

da
o7

LLONN A

OILONN 4 7T

_ AI9TTtINTI
T1z] F9NVYS

\H\r.\dv_ \ . ¢« >T

1
rm]— ——— —— —— — e IV M\ 2! +
» s A
C s
g

—



sopAd 000'L /SOL| (PN ¥

) sapPAd 00t /S L (eX €

soppAd oL /S L'O| (AL

gpAd | /s 1070 (AL
(861040 / eWN UOPEINWNIDY Uonsod |
T 3ONVH ivS WumS |

T s 1sey jo1Boso | (EM) 9

. N jeunod Mun| (P S

(81-v3) jgAsoIur W | (SJ) ¥

(84 < vj ‘8j/vj) ones Aouenbeij | () E

(vy) pouad| (8] T

(v4) Aouanbelj (L1

B uonoung co_w_mom

NOILONNT S yoauUMs .
;golqel




select which signal is counted into the main counter and

which signal is counted by the reference counter. A change

in the FUNCTION input will stop the measurement in progress

without wup dating the display and then initiate a new
measurement. This prevents an erroneous first reading after

the FUNCTION input is changed. If the main counter

over-flows, an over flow indication is output on the Decimal

Point Output during D8'
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3.6. PRIMING CIRCUIT

The figure.12 explains the PRIME function of the
circuit. A push-button switch is used here. It consists of
inverters N7, N8’ N9 and N10 and XOR gates N3—N4 which is
shown in the figure.13. The IC 74HCUO04 which is an Hex
inverter is used for N7...Ni0. This type of IC has the
input and output both buffered and the typical propagation
delay of 6 nano seconds. The IC 74HCUO4 also has a wide

operating temperature range of - 40° ¢ to + 85°C, balanced

transition times and a high noise immunity.

The IC wused for the XOR gates 1is 74HC(T)86.
This IC is a Quad 2 - Input Exclusive - OR Gate. It has
four independent Exclusive - OR gates and it also has

buffered inputs and outputs.

The circuit around N7...NO incl. and XOR gates
N3—N4 is used for measuring time intervals, i.e., period
that 1lapses between the positive edges of the signals
applied to inputs A and B. A  bistable internal to
the ICM 7226B is set and reset by the pulse transitions at

input A and B respectively.

When the bistable is set, the oscillator pulses

are internally fed to the counter input. Evidently, the
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longer the bistable remains set, the more pulses are
counted, and the higher the read-out on the display.
Push-button PRIME is pressed before measuring the time
interval for a single event. Inverters NlO—N9 generate a

brief pulse for chip in put A.

The inverters N8—N7 generate a slightly delayed
pulse for input B. The internal logic in the ICM 7226 B is
thus primed ready for measuring the interval for one event,
delimited by the positive edges of the pulses applied to the
instrument input A and input B. Pressing the push-button
PRIME is not required when these inputs are driven with a
repetitive signal, as the first alternating signal states

cause automatic priming of the counter chip.



3.7. HOLD SWITCH AND 10 MHZ CRYSTAL CONNECTIONS

The figure.l4 represents the HOLD switch which
is a push-button switch and the 10 MHz crystal connections
of the circuit. The read-out can is retained or 'frozen' as
long as the HOLD switch S5 is presssed. Except in the unit
counter mode, when the HOLD input is at V+, any measurement
in progress is stopped, the main counter i1s reset and the

chip is held ready to intiate a new measurement as soon as

HOLD goes low.

The latches which hold the méin counter data are
not up dated, so the last complete measurement is displayed.
In the wunit counter mode when HOLD Input is at V+, the
counter is not stopped or reset, but the display is forzen
at that instantaneous value. When HOLD goes low, the count

continues from the new value in the counter.

The signal at BUFF. OSC can be used for setting
the oscillator frequency to 10.000 MHz precisely with -the

aid of trimmer capacitor Cqy- The value of C9 used is 40 pico

farad.

With a 10 MHz time-base <crystal, the time
between the two events can be as long as 10 Seconds.

Accurate resolution in time interval measurement is 100 nano

secs.
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3.8 POWER SUPPLY CONNECTIONS FOR THE CIRCUIT :

The circuit connections through which the power
is supplied to the circuit is shown in the figure 15. The
power supply wused is a 5 V power supply and is of
conventional design. A variable power supply can be used.
The supply is given to pin number 14 of IC1 and pin number 7
ICZ' The LED D14 used is a red LED which glows when the

power is ON.

The IC4 used is a voltage regulator IC 7805. It
is a three terminal voltage regulator whbse voltage range is
5 V., It will allow over 1.0 A load cﬁrrent if adequate heat
sinking is provided. The To-220 type heat sink is used here.

Current limiting is included in this IC to 1limit the peak

output current to a safe value.

If the internal power dissipation becomes too
high for the heat sinking provided, the thermal shut down
circuit takes over preventing the IC from over heating. The

capacitors C10 and C11 used are for filtering purpose.
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The brige circuit composed of diodes D1O - qu
is used for rectification purpose. The mains transformer
used in the circuit is a 8 V3 0.5 A transformer. The

resistor R15 used in series with the LED is a pull-up

resistor. The value of the pull-up resistor R is 3309t .

15



CHAPTER 1V

DESIGN OF THE FRONT PANEL FOIL

The figure.16 shows the lay-out of the front
panel foil for the frequency meter. The figure.l7 shows the
drilling diagram for the front panel. The switch 82 used for
selecting a particular FUNCTION is a 2 pole 6-way rotary
switch. The different which can be selected are Ffequency:
Period, Time Interval, Unit Counter, Frequency Ratio and

Oscillator Frequency.

The switch S4 which is the RANGE selector switch
can select for different ranges which are 0.01gec/ 1 cycle,
.1 sec/10 cycles, 1 sec/100 cycles and 10 sec/1000 cycles.
The switch S4 used can be a 2-pole 4 or 6-way rotary switch.
Ther= are two red LEDs used one is a high brilliance red LED
used to indicate over flow and the other red LED is used to

indicate the power ON.

There are 3-push-button switches S Sz and S

3? 5 1
used for RESET, HOLD and PRIME operations respectively.
There are 4 BNC sockets used. Two are used for Channel A for
AC and DC and the other two are used for channel B for AC and

DC respectively.
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There are two more switches used which are for
the operation of the Pre-scaler used. One switch is used
when the frequency range is from 10 - 40 MHz and the other
switch is used when the frequency goes beyond-. 40 MHz. There
is an 8 cm wide Gap which is provided for the 8 digit display

of the frequency meter. An ON/OFF switch is also used for

switching the power.
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CHAPTER - V

CONSTRUCTION OF THE CIRCUIT

Virtually all parts shown in the circuit diagram
are fitted on a single printed circuit board. The figures 18
and 19 show the track lay out and the component mounting plan

of the printed circuit board respectively.

PRINTED CIRCUIT BOARD DESIGN

Printed circuit boards are generally wused for

laying out complex digital circuits.

The Common problems which we meet with if not

properly designed are listed as follows

1. Reflections (causing signal delays and also double

pulsing i.e. conversion of one pulse into two or more

pulses.

2. Cross talk (inter ference between neibhouring

signal lines).

3. Ground and supply line noise.

4. Electro magnetic interference from pulse type EM fields

(under high noise conditions).
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REFLECTIONS

In families of fast tr(rise time) of IC's the
conductors must be looked as a piece of transmission lines
rather than short circuits. The transmission 1lines are
normally mismatched on both sides so that multiple

reflections take place based on the particular value of wave

impedance of the conductor.

While designing, the main points to be looked 1is

that it must be having a proper value of wave impedance a

value which has least reflections.

This wave impedance is chosen by selecting the
width of the signal lines lower values of wave impedance
such as needed in ECL 1IC's require broader signal
conductors. Relatively larger value of wave impedance as
needed by TTL, CMOS etc., require small width signal
conductors. As in a digital circuit we are having a low
operating frequency, double pulsing can't be‘tolerated. The

double pulsing is the result of reflections.

For TTL logic, a wave impedance of 100 to 150 is
desirable. The signal lines hence is 0.5 mm wide. The
standard width of PCB dielectric is 1.6 mm. The signal
lines can be even 1 mm wide only if the ground lines are

farther away.
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Current drawn or sunk back into the IC will be
very large 20 mA and -55 mA for 50 1line PCB for the rising
and trailing edges respectively. These currents spikes have
to be supplied by the VCC line, (rising edge) or fed to the
ground lines (trailing edge). Hence, in TTL PCB's wave

impedance of 50 or less must be avoided.

Very high impedance such as 72060y also cause
problems making voltage as well as double pulsing very high.
Hence, in TTL IC's loose wiring (high impedance) must be

avoided and signal connections must run always near the

ground line.

For CMOS circuits, broad PCB conductors for
signal 1ines is avoided. The wave impedance must be high
and the signal line width is 0.5 mm. If the wave impedance
is 150 to 300 ohms, the transition will be considerably
faster. The above value can be obtained if signal 1line
width is low, the ground lines are not too broad and kept
too near the signal lines. In the wiring between PCB's one
should defintely avoide using 50 ohm cables and also the

wave Iimpedance must be high.

&



CROSS TALK

The considerations that cross talk can be kept
low are uncritical. If a ground line or a ground plate is
nearby. A ground line that runs between two signal lines
eliminates almost all cross talk and should be used when
ever the situation becomes too «critical. A special
problematric situation occurs, when signal lines run next to
each other with a logical flow(signal flow) on opposite
directions. There it will be generally advisable to run a
ground 1ine between the two signal lines; specially for the

more critical cases of TTL and ECL IC's.

GROUND AND SUPPLY LINE NOISE

This is perhaps the most serious problem with
TTL - ICfs and is present in reduced from with ECL-IC's and’
in very much reduced form with C-MOS IC's. This problem can
definitely be solved with proper PCB lay out and with a few,

very simple measures.

The two principal measures are

a) To have a low inpedance Zw between proper supply line
and ground line. This is obtained by providing a large
copper surface for ground either full ground broad as it is
possible in the case of multilayer boards or at least a
ground mesh of finally leaving the copper in all unused

parts of PCB such as corners etc., and connecting it to the

ground.
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Current spikes are drawn from the Vecc line and
fed into the ground line during the IC's transition. These
current spikes are partly needed to charge or discharge the
transistor within the IC while they switch and this current
is referred as internal current spike which is required to
charge or discharge the transmission lines(i.e., conductors)
connected to the IC's output. Internal and external spike
are super imposed and must be carried by the same Vcc and
ground lines. If many synchronous gates or flip-flops are
connected to the same point, the situation becomes even

worse. Thus ground and supply line noise is reduced.



The construction is commenced with fitting all
the wire links. Care should be taken tht the 8 short wire
links underneath the displays are also fitted. The
electrolytic capacitor C12 is fitted at the track side of the
board. It is fitted securely and slightly off the board to
prevent sharp solder points piercing the insulating material
and causing short circuits with the grounded metal can. It
is advantageous to use only good quality sockets for

all integrated circuits.

The displays can either be connected directly to
the printed circuit board or they can. also be fitted in
10-way sockets, made from terminal strips or 14-way IC
sockets. Short lengths of strong wire is used to ensure the
correct height of the displays above the board. D9 is a high
bfilliancé type whose leads are lengthened and its top is

made in level with the displays in the sockets.

The wvoltage regulator IC4 is mounted with a

To-220 type heat-sink. The RANGE and FUNCTION switches S
and S

4
o are soldered direct on to the board, or with short

length of component wire, to minimize stray inductance and
capacitance. This effectively prevents the unwanted effects

such as indeterminate illumination of digits ('ghosting'").

¢



As already stated, the function switches S6’ S
and 88 are not required on the front panel of the instrument.
The inputs A and B are made in flange-type or single hole

BNC sockets. Two more of these are required when it is

intended to extend the frequency meter with the prescaler.

The signal of BUFF,0SC can be used for setting
the oscillation frequency to 10 MHz precisely with the aid
of the trimmer cpacitor Cg. It is also possible to use the
signal for driving other <circuits, providedthe BUFF.0SC

output is fitted with a 10K resistor to the +5V rail.

The supply voltage for the prescaler is

available on 2 soldering pins next to the EXT.DP output.

The shafts of the rotary switches, 82 and 84,
are cut to size to enable fitting suitable knobs. The LED
displays are fitted in a rectangular clearance cut in the
front panel. The visibility of the read-out is enchanced by
the semi-transparent bezel in the front panel foil. The

overflow indicator, Dy if fitted immediately below the right

had side of the display bezel.

It is intended to furnish the frequency meter

with its own, internal mains supply, the mains socket and



fuse (100 mA) should be fitted at safe locations. The mains
transformer should be preferably an 8V, 0.5A type. The
current consumption of the circuit is about 55mA with all

displays blanked, and 175mA will all displays illuminated.
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CHAPTER - VI

1.2 GHz PRESCALER

This 1.2 GHz prescaler is an add-on board that
extends the usable frequency range of the instrument from 10 MHz to
well over 1.2 GHz. The prescaler described here is intended as an

optional extension of the multifunction frequency meter.

There are various ways of adding a prescaler to an
existing frequency meter. The simplest of these is based on the
assumption that the instrument is mainly intended. for measuring
relatively low frequencies, indicated on a kilohertz (KHz) scale.
Fitting a prescaler with a divisor of 1,000 to the input of such a
frequency meter effectively changes the KHz scale into a MHz scale,
obviating the need for changing the position of the decimal point,
The rﬁaiﬁ disadvantage of the above method is the reduction by

1,000 of the meter's resolution.

A better approach entails increasing the gate time of

the counter by a factor 1,000. This results in more count pulses
fed to the counter circuits, and hence re-tains the formerly
available resolution. The gate time of a frequency meter is

determined primarily by the output frequency of the central clock

oscillator, which is quartz-controlled in most cases.
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The oscillator frequency 1is gcgled down
internally to obtain the required gate time. Inserting, for
instance, a binary scaler between the clock output and the internal
divider cascade results in a doubling of the gate time, so
that the measured signal must be passed through a -: 2
divider also. These applications are often thought to be
restricted to the use of decade scalers, while in practice

any other division works equally well.



6.1 BLOCK DIAGRAM OF THE PRESCALER

The present prescaler is designed for ready
connection to the multi-function frequency meter without

compromising its usability in other, similar instruments.

Figure.20 shows the block diagram of the
prescaler circuit. With reference to the block diagram of
fig.18, electronic switches ESS’ ES6 and ES7 select bethen
10MHz, 1.2 MHz and 78.125 KHz at point E. The switches are

controlled by signal detectors on the input channels.

The existing 10 MHz input on the multi-function
frequency meter 1is retained along with the 2 prescaler

inputs, sp that the complete instrument has 3 frequency,

ranges in all.

A seperate 10...40 MHz input is used in view of
the reduced sensitivity of the {— 64 prescaler in this
frequency range. The sensitivity of the‘%~ 64 prescaler is
highest at around 250 MHz. The use of the 10...40 MHz input
is also advantageous because it enables the |use of

relatively short gate periods.
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With the greatest divisor, 128, the available
gate periods are in the range from 0.14 to 140 sec.
Detector controlled switches ES1 and E82 arrange the correct
selection or disconnection of prescaler outputs onthe 10 MHz
input of the main frequency meter. ES4 functions as an
inverter, while E88 takes care of the "mode" settings, and

the shifting of the decimal point.

The switch configurations for the 3 frequency

ranges of the meter are as follows.

Switch (ES) 1 2 3 4 5 6 7 8

Range (MHz)

40-1250 X . . . X X
40-40 . X . . X . X X
< 10 X X X X . X X X

X : Switch opened

Switch closed



6.2. PREPARING FOR THE EXTENSION

A few simple modifications are required on the
main frequency meter board before the prescaler extension

can be used.

With reference to figure 1, the power for the
prescaler is available from the terminals + and _L_at the
output of the regulated 5V supply on the frequency meter
board. The AC coupled input of channel A on the frequency
meter, point F, accepts the prescaler output signal. The
divided or undivided clock signal from .the prescaler board

is connected to the EXT.OSC input of IC3 (Point E). Points

X and Y are connected by a wire link as shown.

The configuration switch S7 is replaced by a
wire 1link. Remove 86 and 88’ since their functions are

taken over by E88 on the prescaler board. Connect the anodes

of D6 and D8 to create point D. Point C in the prescaler

circuit is connected to junction R9—AD7. The 10 MHz crystal
may be removed for re-use in the oscillator on the prescaler
board. Figure 21 and figure 22 shows the 1locations of

various points and connections on the frequency meter board.
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CHAPTER VII

CIRCUIT DESCRIPTION OF THE PRESCALER :

The main functional blocks in the prescaler
discussed under the block diagram are readily found back in
the circuit diagram of figure 23. The crystal oscillator

which is a10 MHz crystal and the buffer Tl-TZ whereT1 is a

transistor BF 494 and T2 is a dual-gate MOSFET BF982 which
is wused in the VHF, UHF range, ensures the required
stability of the 10 MHz digital signal applied to counter

IC1 which is a 74HCT 4024 and the electronic switch ES

5
The IC1 which is a 74HCT 4024 IC, is a 7-stage
Binary Ripple Counter. All counter stages are Master-slave
flip-flops. The state of the stage advances one count on
the negative transition of each input pulse; a high voltage
level on the MR line resets all counters to their zero
statge. All inputs and outputs are buffered. It has fully
static operation and common reset. It has a wide operating
temperature range of -40 to +85°C. It has Dbalanced

propagation delay and transition times and a high noise

immunity.

The electronic switch ESl...ES4 are utilised

from a single IC which is IC,. The IC used is 74HCT 4066.
The electronic switches ESS""ESS also form IC7 which 1is

also a 74HCT 4066 IC. The 74HCT 4066 is a high-speed CMOS
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logic Quad Bilateral switch. It contains four independent
digitally controlled analog switches that use silicon-gate
CMOS technology to acheive high operating speeds and it has
low power consumption. Each switch is turned ON by a
high-level voltage on its control input. It has a wide
analog—input—vo]tage range of 0-10 V. It has 1low "ON"
resistance, fast switcing and propagation delay times and
low "OFF" leakage current. It has a wide operating

temperature range of -40 to +85°C and high noise immunity.

The binary ripple outputs Q. (—.:—22 = 4) and Q,
(%27 = 128) of IC1 carry the 2.5 MHz and 78.125 KHz clock

signal, respectively.

The signals applied to the 10...40 MHz input are
amp]ified-in fast op amp ICZand divided by 4 in bistables
FFl (72) and FF2(72).

The ICzused is a differential video amplifier.
It is a two stage, differential input, differtential output,
wide band video amplifier. The use of internal series-shunt
feedback gives wide band width with Tow phase distortion and
high gain stability. Emitter follower output provide a h;gh

current drive, low impedance capability.
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It's 120 MHz bandwidth and selectable gains of
10, 100 and 400, without need for frequency compensation,
make it a very useful circuit for memory element drivers,
pulse amplifiers and wide band linear gain stages. It has:
a 250 Ka input resistance and a high common mode rejection
ratio at high frequencies. The LM 733 is specified for
operation over the -55°C to +125°C temperature range for

military purpose and 0°C to +70°C for general purposes.

The FF1 and FFZ are available in a single IC
chip. Similarly FF3 and FF4 are also available in an IC
chip. The IC used is 74HCT74. It is a high-speed CMOS
logic Dual D flip-flop with set and Reset and positive
Edge Trigger. This flip-flop has independent DATA, SET,
RESET and CLOCK inputs and Q and Q Outputs. The logic level
present af the data input is transferred to the output

during the positive-going transition of the clock putse.

'SET and RESET are independent of the clock and
are accomplished by a low level at the appropriate input. It
has a wide operating temperature range of -40°C to +85°C,
balanced propagation delay and transition times and high
noise immunity. The main type features of this IC are
hysterisis on clock inputs for improved noise immunity and
increased input rise and fall times, _Asynchronous set and

reset, complementary outputs and buffered inputs.
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The preset P1 which is a 4K7 preset H enables
accurate setting of the bistable's switching threshold to
2.5V, The rectifier (signal detector) for controlling the
electronic switches as discussed is formed by diodes D3, D4

-C, 5.

and D7,together with R-C combination R9 12

The signals in the frequency range of 40...1250
MHz are applied direct to +64 prescaler IC, a type U664B
from AEG- Telefunken . The bistable FF, divides by 2, so
that the total divisor on this channel is 128. The function
of the rectifier and the threshold preset is similar to that
of the corresponding circuits in the 10 ;.. 40 MHz
channel. The dashed 1lines in the circuit diagram denote
metal screens fitted to prevent stray radiation and

erroneous meter readings caused by digital interference.



63

CHAPTER - VIII

CONSTRUCTION OF THE PRESCALER

The first components which are fitted on the
prescaler board are lead less ceramic capacitor C13 and 014'
Both disc and rectangular versions can be wused in these

positions. The values of C13 and C14 are 1n0O.

Figure 24 shows the track 1lay-out and the
component mounting plan for the prescaler circuit PCB.
Required slots are cut in the PCB to push the . capacitors,
the pre-tinned sides to the relevent copper areas are
carefully soldered. Soldering is done fast and accurately;
leadless ceramic capacitors are relatively brittle

components and hence it is advantageous to use them.

The next some what unusual part is prescaler
IC4. Precision pliers are used to carefully bend the 8 pins
of this IC over 180° and the chip is mounted at the track
side of the board by observing the orientation indicated on
the component over-lay. If bending the pins is considered
risky, it is also possible to mount the IC at the component
side of the PCB, provided a suitable clearance is cut. What
ever mounting method is adopted, the connections to the

prescaler pins should be as short as possible.



70

FIGURE. 24 PREScALER FCB.
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The fitting of the remaining components on the
prescaler board is straight forward. It 1is recommended to
use sockets for the 6 IC's. The metal screens at the
component side of the PCB are made of 15mm high brass or tin

metal sheet, bent to shape and secured with the aid of

soldering pins.

The screening of the VHF/UHF prescaler is
continued "at the track side of the PCB. The connections
between the BNC sockets and the prescaler inputs are made in
thin(@3mm) coaxial cable. The connection of "the centre
cores to the prescaler inputs are kept as short as
possible. The shielding braid of the 40..... 1250MHz input
cable is soldered direct to the screening plate at the track

side. Copper foil is used to shield the connections of the

BNC sockets to the coaxial cables.

It is recommended to make the connections
between the prescaler and the main frequency board in
coaxial cable, with the exception of the supply wires. The
completed prescaler board is fitted vertically behind the
main frequrncy meter baord. Finally it is made sure that

the mains adoptor can handle the additional current drain of

the prescaler board.



CHAPTER - IX

SETTING UP OF THE INSTRUMENT

The setting up of the extended frequency meter
is fairly simple if a signal source of 10..... 40MHz and
40..... 1250MHz is available. To begin with, the <clock
oscillation is set to 10,000 MHz precisely with the aid of a

second, calibrated, frequency meter.

A test signal is applied at a frequency higher
than 40MHz to the prescaler input A, and the generator output
is reduced untill the read-out becomes unstable. P2 is
adjusted to restore the correct read-out, the input signal
is reduced, and P2 is re-adjusted and so on, untill the

optimum threshold setting is achieved. The sensitivity of

the prescaler's B input is set like wise.

A carefully aligned prototype of the frequency

meter can achieve a sensitivity of about 400mVrms at 1190MHz.



CHAPTER - X

CONCLUSION

The ICM7226B has been designed as a stand alone
universal counter, or wused with prescalers and other
circuitary in a variety of applications. Since A IN and B
IN are digital inputs, additional circuitry is required in
many applications for input buffering amplification,
hysteresis and level shifting to obtain the required digital
voltages. For many applications a FET sources follower can
be used for input buffering and an ECL 10116 line receiver
can be used for amplification and hysteresis to obtain high

impedance input, sensitivity and band width.

However, cost and complexity of this circuitry
can vary widely, depending upton the sensitivity and band
width required. Prescalers can be designed even for
frequency measurement well above 1.2 GHz say upto the micro
wave ranges also. But the important problem faced is the
availability of components which work at these frequencies.
In case of the 1.2 GHz prescaler used in this project, an
important IC-U664 B was not available and hence, some otehr

arrangements were made. U664 B is a { by 64 counter from

AEG Telefunken distributors in UK. Instead, — byl6 counters

were cascaded to obtain the result. But in this case the
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speed of the equipment became very low. Hence the
improvement of this project ot higher frequency ranges will
be very advantageous for micro wave applications, provided

the components needed are available in the market.
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FEATURES

* CMOS design for very low power

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

* Measures frequencies from DC to 10MHz; periods
from 0.5:s to 10s

* Stable high trequency oscillator uses either 1MHz
or 10MHz crystal

¢ Control signals avalilable for externai systems
operation

* Muitiplexed BCD outputs

APPLICATIONS

* Frequency Counter

* Period Counter

Unit Counter

Frequency Ratio Counter
Time Interval Counter

ORDERING INFORMATION

’ ORDER

DISPLAY ;N DEVICE PACKAGE . NUMBER
: CERDiP ICM7226A10L

A ICM7

Common Anode CM7226A DICE ICM7226A70
Plastic ICM72268IPL
h -
Common Cathode | ICM7226B DICE CM72268/5

HIOTE: An evaluation kit is available for these devices — order
ICM7226AEV/KIT.

ICM7226AIB

10MHz Universal Counte,
System for LED Displays

GENERAL DESCRIPTION

ThelCM7c26is 7 ..lyintegrated Universal Couner andigp
display driver. it combines a high frequency oscillator, ,
decade timebase counter, an 8 decade data counter a--
latches, a 7 segment decoder, digit multiplexer, and segme-~
and digit drivers which can directly drive large LED dispiays
The counter inputs accept a maximum frequency ot 1CMk;
in frequency and unit counter modes and 2MHz in the othe:
modes. Both inputs are digital inputs. In many applications
amplification and level shifting will be required to obia -
proper digital signals for these inputs.

The ICM7226 can function as a frequency counter, perioe
counter, frequency ratio {fa/tg) counter, time interval COLNer
or atotalizing counter. The devices require either a 10MHz &
1MHz crystal timebase, or if desired an external timebase
can also be used. For period and time interval, the 10Mb;
timebase gives a 0.1usec resolution. in period average an:
time interval average, the resolution can be in the nane
second range. In the frequency mode, the user can Seig:
accumulation time of 10ms, 100ms, 1s and 10s. With ERIC
accumuiation time, the frequency can be displayed to a
resolution of 0.1Hz. There is a 0.25 interval betwesr
measurements in all ranges. Control signals are provided e
enable gating and storing of prescaler data.

Leading zero blanking has been incorporated with frequency
display in kHz and time in us. The display is multiplexed ata
500Hz rate with a 12.2% duty cycle for each digit. Tne
ICM7226A is designed for common anode display with ty;
cal peak segment currents of. 25mA, and the ICM72266
designed for common cathode displays with typical sep
ment currents of 12maA. In the display off mode, both digt
drivers & segment drivers are turned off, allowing the dispiay
to be used for other functions.

PIN CONFIGURATION (outline dwgs JL, PL)

—— .
CONTROLIN (] e i A IN
BIN [ % HOLD
B 58] agrr 0SsC ouT
FUNCTION (7 i NC*
go%? D [ 0SC oUT
BCD 4 [s 53] OSC IN
BCD 8 17 [3 NC*
DP {7} 33 EXT OSC IN
SEG ¢ 3] icMr2zea [57 RST OUT
SEG g (3§ 3% EXT RANGE
SEG a [ D1
GROUND % D2
SEG d [26) D3
SEG b ) D4
. SEG ¢ %) DS
SEG t 25 V-
BCD 2 =) D6
BCD 1 3 D7
IN 2} D3
EXT DP IN 7 RANGE

*For maximum frequency
stability, connect to V* or GROUND

CONTROL IN [T 0 AIN
IN[2 %) HO!
3 %] BUFF OSC OUT
FUNCTION {* i NC*

&B%E (5] 3% OSC OUT
BCO 4 [7] OSC IN
BCD 8 (7] 34 NC*

D1 (+] 33 EXT OSC IN
D3 (@ RST OU
D2 (] [53 EXT RANGE
D4 [ (55 DP OUT
GROUND (32 7 SEG g
DS (3] 2. SEG ¢
~ De 77 SEG a
D7 s € SEG d
D8 (ic] 5V

BCD 2 7] 4 SEG b

BCD 1 ] 73 SEG ¢
IN ] % SEG
EXT DPIN {20 27 RANGE

70
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ABSOLUTE MAXIMUM RATINGS

Maximum Supply Voltage ... .. .. . S, . 6.5V
Maximum Digit Output Current . .
Maximum Segment Qutput Current
*Voltage onany Input or
Qutput Terminal(Note1) ... . . ... ... ... ... ... .... NottoexceedV ™ orGND
by more than 0.3V

Maximum Power Dissipation at 70°C(Note 2)

ICMT22BA . . e L 1OW
ICM72268B . ... ... ... ... e 0.5w
Maximum Operating TemperatureRange ... . ...... ... .. ... ... -20°Cto +85°C
Maximum Storage TemperatureRange ... ... ... . ... ... .. .. -585°Cto +125°C

Stresses above triose listed under Absotute Maximum Ratings may cause permanent damage o

the cevice. These are stress ratings only. and functional operation of the device at these or any

other conditions above those indicated t1n the operational sections of the specifications 1s not

i implied Exposure 1o absolute maximum rating conditions for extended pericds may affect device

i reliabiity.

*Note 1: Destructive latchup may occur f input signals are applied before the power supply is
established or it inpuls or outputs are forced to voltages exceeding V' or GROUND by
0.3V. , :

t Note2: Assumes all leads solcered or welded to PC board and free air fiow.

ELECTF . CAL CHARACTERISTICS
TEST CONDITIONS: V™= 5.0V, Test Circuit, Ta = 25°C, unless otherwise specitied.

PARAMETER SYMBOL| CONDITION . MIN TYP | MAX [UNITS
Operating Supply Yop Display Off ’
: Current Unused inputs to GROUND 2 5 mA
; Supply Voltage Range Vsupp | -20°C < Ta <85°C
i : Input A, input B 4.75 6.0 \
%» Freq. ..cy at fmax
J Maximum Guaranteed '
! Frequency fagmaxy | ~20°C < Ta<85°C
! Input A, Pin 40 4.75V < V+ < 6.0V Figure 1
) : . Function - Frequency,
! ’ Ratio. Unit Counter : 10- 14 MHz
Function = Period, Time Intervat 25
Maximum Frequency : fa(max) | “20°C < Ta<85°C
input B, Pin 2 475V <V < 6.0V 2.5
. Figure 2
Minimum Separation -20°C < Ta<85°C
Input A to Input B . 475V < V- < 6.0V 250 . ns
Time Interval Function Figure 3
Maximum osc. freq..and ext. osc. fosc |-20°C <Ta < 85°C :
ieq. (minimum ext. osc. freq.) 475V < V+* < 6.0V 0.1) 10 . MHz
Oscillator Transconductance " gm Ve = 4,75\ - 2000 S
- Ta = +85°C -
.| Muittiplex Frequency . fmux  {fosc = 10 MHz 500 Hz
|_Time Between Measurements - fosc = 10 MHz ~ ~ : 200 ms
|__Minimum Input Rate of Charge dVip/dt | inputs A, B 15 mv/us

SEGMENT IDENTIFICATION AND DISPLAY FONT -

LED overflow ingicator connections:
a8 . - Overflow w:ll be indicated on the decimal point output of

'l I digits. o
e 0123455189
I d.p. ’

o

CATHODE ANODE
ICM7226A dp. . Dg
ICM7226B Dg d.p.

—

]

d

P N
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JELECTRICAL CHARACTERISTICS (Continuea)
I TEST CONDITIONS: V' = 5.0V, test circuit, Ta = 25°C, unless otherwise specified.

)

- PARAMETER SYMBOL|CONDITION MIN TYP | MAX [UNITS
T —

INPUT VOLTAGES
PINS 2,19,33,39,40,35

input low voitage Viy “20°C « Ta<+70°C 1.0 v

input high voltage ViH 3.5
PIN 2. 39 40 INPUT LEAKAGE, A B ik 20 A
Input resistance to V~
PINS 19,33 Rin ViIN = V™ -1.0V. 100 400 "
Input resistance to GROUND
PIN Rin {Vin=+10V 50 100

—

Output Current
PiNS 3,5,6,7.17,18,32,38 low Voi = +0.4V 400 uA
PINS 5.6,7.17,18,32 low |[Von= +2.4V 100 uA
PINS 3,38 fon |Von=V'-08V 265
ICM7226A

PINS 22,23,24,26,27,28,29,30

DIGIT DRIVER R

high output current lon Vo = V+ -2.0V 150 180 mA
iow output current loL Vo = +1.0V 0.3

SEGMENT DRIVER
NS 8,9,10,11,13,14,15,16

low outpul current log Vo = +1.5V ‘ 25 35 mA
high output current lon Vo = V* -1.0V 100 HA
MULTIPLEX INPUTS
PINS 1,4,20,21
input low voltage ViL - 0.8 v
input high voltage Vin 2.0
input resistance to GROUND RiN  [VIN = +1.0V 50 100 3t
ICM72268 '
DIGIT DRIVER
PINS 8,8.10,11,13,14,15,16
low output current ’ loL Vo = +1.0V 50 75 mA
high output current 10H Vo = V* =2.5V 100 uA

SEGMENT DRIVER .
PINS 22.23,24,26,27,28,29,30

high output current 1oH Vo = V* -2.0V 10 15 mA
leakage current i Vo = GROUND 10 WA
MULTIPLEX INPUTS
PINS 1,4,20.21
input low voltage ViL v -20
- input high voltage Vin V'-0.8 v
input resistance to V' CTRN [VIN= YV -1.0V 200 360 K

EVALUATION KIT

An evaluation kit is available for the ICM7226. It includes all the'components necessary 1o assemble and evaluale a
universal frequency/period counter based on the ICM7226. With the help of this kit, an engineer or technician can
have the ICM7226 “up-and-running” in less than an hour. Specifically, the kit contains an ICM7226A1JL, a 10MH2
quartz crystal, eight each 7-segment 0.3" LEDs, PC board, resistors, caRacitors, diodes, switches and IC socket.
Order Number ICM7226AEV/Kit.

et
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ICM7226A/, 1

COUNTED

/Tnmsmons
- v

| - 50 ny MIN

INPUT A

50 s MIN - tt 1 s 10 nsec

FIGURE 1. Waveform for Guaranteed Minimum f,(max)
Function = Frequency, Frequency Ratio, Unit Counter.

- MEASURED ____._ i
‘ INTERVAL !

o

INPUT A OR
INPUT 8

MIN

FIGURE 2. Waveform for Guaranteed Minimum fg(max)
and f,(max) for Function = Perlod and Time interval.

TIME INTERVAL MEASUREMENT

The ICM7226A/B can be used to accurately measure
the time interval between two events. With a 10 MHz
time-base crystai, the time between the two events
can be as long as ten seconds. Accurate resolution in
time interval measurement is 100ns.

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

When in the time interval mode and measuring a
single event, the ICM7226A/B must first be “primed”
prior to measuring the event of interest. This is done by
tirst generating a negative going edge on Channel A
followed by a negative going edge on Channel B to
start the “‘easurement interval.” The inputs are then
primed ready for the measurement. Positive going
edges on A and B, before or after the priming, will be
needed to restore the original condition.

FUNCTION:
TIME INTERVAL

This can be easily accomplished with the fouo\',1
circuit: (Figure 3b).

SIGNAL A

SIGNAL B

Device | Type

1 CD4049B Inverting Bulty i
2 CD4070B Exciusive-OR

FIGURE 3b. Priming Circuit, Signal A4B High or Low.

Following the priming procedure (when in single .«
or 1 cycle range input) the device is ready to meas.4
one (only) event.

When timing repetitive signals, it is not necessar;
“prime’ the ICM7226A/B as the first alternating si;

states automatically prime the device. See Figun h*

During any time interval measurement cycle.
ICM7226A/8B requires 200ms following B goingics
update all internal logic. A new measurement ¢y.*
will not take place until completion of this inlers
update time.

i 4oms
§TORE 4
|
30 TO 40ms 80ms 1
}
! 1 3
RESET —
| | i
= 40ms
| |
ATE N

MEASUREMENT INTERVAL

INPUT A

/

PRIMING EDGES

INPUT B

TX TN

NOTE: IF RANGE SSETTO EVENT, FIRST AND LAST MEASURED INTERVAL WiLL COINCIDE.

FIGURE 3a. Waveforms for Time Interval Measurement (Others are similar, without priming phase)

| 2S0mMiN, |
— renva —
0
P MEASUR
(FIRSTI INTERVAL
- {LAST)




ICM7226A/B

AppLICATION NOTES

GENERAL

WNPUTS A&B ' ) ‘

™e signalto be measured is applied 10 INPUT A in frequency
, unit counter, frequency ratio and time intervai modes.

me other input signal to be measured is applied to INPUT B

Alrequency ratio and time interval. t , shou!d be higher than

14 guring frequency ratio.

soth inputs =7e digital inputs with a typical switching
mresholg of 20V at v * = ./andinputimpedance of 2uuk{l.
tor optimum performance, the peak to peak input signat
should e at least 50% of the supply voltage and centered

{ the switching voitage. When these inputs are being
yiven from TTL logic, it is desirable to use a pullup resistor.
me circuit counts high to low transitions at both inputs.

pste: The amplitude of the input should not exceed the supply by
sore than 0.3V otherwise, the circuit may be damaged.

MULTIPLEXED INPUTS

me FUNCTION, RANGE, CONTROL and EXTERNAL
$ECIMAL POINT inputs are time multiplexed to select the
~put function desired. This is achieved by connecting the ap-
wopriate digit driver output to the inputs. The input function,
ange and control inputs must be stable during the last haif of
wach digit output, (typically 125.sec). The multiplex inputs
ye active high for the common anode ICM7226A, and active
ow for the common cathode ICM7226B.

soise on the multiplex inputs can cause improper operation.
Mus is particularly true when the unit counter mode of opera-
son is selected, since changes in voltage on the digit drivers
wan be capacitively coupled through the LED diodes to the
switiplex inputs. For maximum noise immunity, a 10kQ
wsistor should be piaced in series with the multiplex inputs
8 shown in the application notes.

“able 1 shows the functions selected by each digit for these
wputs.

TABLE 1. Multipiexed Input Control .

FUNCTION "™ DIGIT
FUNCTION INPUT Frequency Dy
4 Period Ny
Frequency Ratio L2
Time Interval Ds
Unit Counter D4
- Oscillator Frequency D3
PANGE INPUT 0.01 Sec/1 Cycle Dy
kil 0.1 Sec/10 Cycles D2
1 Sec/100 Cycles D3
&w 10 Sec/1k Cycles D4
i N Enable External Range Os
w Input
TROL INPUT Blank Display D& Hold
?“ 1 Display Test Ds
H 1MHz Select D2
i External Oscillator Enable D1
External Decimal Point
; Enable O3
Test Ds
EXTERNAL DEGIMAL Decimal Point is Output for Same Digit
INT INPUT, PIN 20 That is Connected to This Input

- CONTROL INPUTS

p :‘}“!v Test - All segments are enabled continuously, giving
. iplay of all 8's with decimal points. The display will be
L “Anked if disp'ay off is selected at the same time.

BINTERSIL

Display Off - To enable the display otf mode itis necessary to
tie D4 to the CONTROL input and have the HOLD inputat VvV *.
The chip witl remain in this mode untit HOLD is switched low.
While in the display off mode, the segment and digit driver
outputs are open and the oscillator continues to run (with a
typical supply current of 1.5mA with a 10MHz crystal) but no
measurements are made. In addition, signals applied to the
multiplexed inputs have no effect. A new measurement is in-
itiated after the HOLD input goes fow. (This mode does not
operate when functioning as a unit counter)

1MHz Select - The 1MHz select mode allows use of a TMHz
crystat with the same digit multiplex rate and time between
measurements as a 10MHz crystal. The internal decimal
pointis also shifted one digitto theright in period and time in-
terval, since the least significant digit wili be in 1xs incre-
ments rather than 0.1us. '

External Oscillator Enable - In this mode, the EXTernal
OSCillator {Nput is used, rather than the on-chip oscillator,

for the Timebase and Main Counter inputs in period and time’

interval modes. The on-chip osciliator will continue to func-
tion when the external osgillator is selected, but have no
effect on circuit operation. The external oscillator input ire-
quency must be greater than 100kHz or the chip will reset
itself and enable the on-chip oscillator. Connect external

oscillator to both OSC IN (pin 35) and EXT OSC IN (pin 33), or -

provide crystal for “default” osciilation, to avoid hang-up
problems.

External Decimal Point Enable - When external decimal
pointis enabled, a decimal point will be displayed whenever

the digit driver connected to the EXTERNAL DECIMAL POINT 8

pin is active. Leading Zero Blanking will be disabled for all
digits following the decimal point.

Test Mode - This is a special mode used bnly in high speed

production testing, and serves no other purpose.

RANGE INPUT

The range input selects whether the measurement is made
for 1, 10, 100 or 1000 counts of the reference counter, or if the
EXTernal RANGE INput determines the measurement time.
In ail tunctional modes except unit counter, a change in the
RANGE input will stop the measurement in progress, without
updating the display,’and initiate a new measurement. This
prevents an erroneous first reading after the RANGE input is
changed. ’

FUNCTION INPUT

Six functions can be selected. They are: Frequency, Period,
Time interval, Unit Counter, Frequency Ratio and Oscillator
Frequency.

These functions select which signat is counted into the main
counter and which signal is counted by the reference counter,
as shown in Table 2. In.time interval, a flip flop is set firstby a
1—0transition at INPUT A and then reset by a 1 -0 transition

atINPUT B. The osciltator is gated into the Main Couriter dur- |

ing the time the flip flop is set. A change in the FUNCTION in-
put will stop the measurement in progress without updating
*-3 display and then initiate a new measurement. This
prevents an erroneous first reading after the FUNCTION
input is changed. If the main counter overtiows, an overfiow
indication is output on the Decimal Point Qutput during Dg

3

FETSTer RN

4



ICM72 LA/B

TABLE 2. Input Rouling

. REFERENCE

DESCRIPTION MAIN COUNTER COUNTER

Frequency (fa) Input A 100Hz 'Oscillator +
105 or 104,

Period (ta) Oscillator Input A

Ratio (fa/fr) Input A input B

Time Interval AA—B; [Osc ON Gate Osc OFF Gate

Unit CounteriCount Ajinput A Not Applicable

Osc. Freq. tfosc! Oscillator 100Hz “s¢ 105 o
104) 5

EXTERNAL DECIMAL POINT INPUT

When the external decimal point is selected, this input is
active. Any of the digits, except Dg, can be conrnected to this
point. Dg should not be used since it will override the overflow
output and leading zeros will remain unblanked after the
decimal point.

HOLD Input - Except in the unit counter mode, when the
HOLD Input is at V*, any measurement in progress (before

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
displayed. In unit counter mode when HOLD Inputisat VvV ™,
the counteris not stopped or reset, but the display is frozen at
that instantaneous value. When HOLD goes low the count
continues from the new value in the counter.

RESET Input - The RESET Input resets the main counter,
stops any measurement in progress, and enables the main
counter latches, resuiting in an all zero output. A capacitor to
ground will prevent any hang-ups on power-up.

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

REFERENCE

COUNTER .

cLocx ,_] L ] l I l
- *rh..

MEAS.

iN PROGRESS

£XT AANGE . ‘l

INPUT |

Figure 4: External Range Input to End of Measurement in Progress.

MEASUREMENT IN PROGRESS, STORE AND RESET
Outputs -These Outputs are provided to facilitate externat in-
terfacing. Figure 5 shows the relationship between these
signals during the time between measurements. All three
outputs can drive a low power Schottky TTL load. The
MEASUREMENT IN PROGRESS output candirectly drive one
ECL load, if the ECL device is powered from the same power
supply as the ICM7226.

m?
IN PROGRES|

e

190 TO 200ms—— =

AOms

!
|

30 70O 40m * -
T

I~-~~—;r--wm|
RESET QuUT l I
t‘ ~—i-—l0m|
Figure S: RESET OUT. STORE. and MEASUREMENT I

PROGRESS Outputs Between Measurements.

BINTERS|L

BCD Outputs - The BCD representation of each digit outpy,
is available at the BCD outputs; see Table 3 for Truth Tap,
The positive going (ICM7226A - Common Anode) or Negative
going (ICM7226B - Common Cathode) digit drivers lag the
BCD data by 2 to 6 microseconds; the leading edge of the
digit drive signal should be used 1o externally latch the Bcp
data. Each BCD output will drive one tow power Schottky T
ioad and when interfacing low power Schottky TTL latches -
is necessary to use 1kQ pull down resistors on the TTL inpy,
for optimum results. T* . Jispiay is multiplexed from MSDy,
LSD. Leading zero blanking has no effect on the BCD outpy,

TABLE 3 Truth Table BCD Outputs

BCO 8 BCD 4 BCD 2 BCD1

NUMBER PIN 7 PIN 6 PIN 17 PIN 13
0 5} 0 0 0
1 0 0 0 1
2 0 [¢] 1 0
3 0 ] 1 1
4 4} 1 0 0
5 0 1 0 1
6 4} 1 1 0
7 o] 1 1 1
8 1 0 0 0
9 1 0 0 1

BUFFered OSCillator OUTput - The BUFFered OSCillater
OUTput has been provided to enable use of the on chg
oscillator signal without loading the oscitlator itself. Ths
output will drive one low power Schottky TTL load. Can
should be taken to minimize capacitive loading on this pin
DISPLAY CONSIDERATIONS

The display is multiplexed at a 500Hz rate with a digit timeot
244us, and an interdigit blanking time of 6us to prever
ghosting between digits. The decimal point and leading zers
blanking have been implemented for right hand decima
point displays,; zeros following the decimal point will not b
blanked. Leading zero blanking will also be disabled if ihe
Main Counter overflows. The internal decimal point contro!
displays frequency in kHz and time in us.

The ICM7226A is desugned to drive common anode LED
displays at a peak c.. -~ * of 25mA/segment, using display
with VE = 1.8V at 26mA. The average DC current will be
greater than 3mA under these conditions. The ICM72268 ¢
designed to drive common cathode displays at a peak current
of 15mA/segment, using displays with VF = 1.8V at 15mA
Resistors can be added in series with the segment drivers 6
limit the display current, if required. Figures 6, 7, 8 and ¥

show the digit and segment currents as a function of outpd

voltage for common anode and common cathode drivers.

300
4
200 /
E /4
)
2 //
100 ‘
70°C l
1\ e
[\ zo c .
o 3
VeV e,

Figure 6: ICM7226A Typical G vs. V*-Vo 4.5 < V+ £ 6.0V
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Figure 9: ICM7226B Typical Isgg vs. (V*-Vo) 4.5V < V* < 6.0V

To increase the light output from the displays, v+ may be
increased to 6.0V, however care shoLid be taken'to see that
- maximum power and current ratings are not exceeded.
The SEGment and Digit outputs in both the 1226A and B are
not directly compatible with either TTL or CMOS logic.
Therefore, level shifting with discrete transistors may be
fequired to use these outputs as logic signals. External latch-
ing should be done on the leading edge of the digit signal.

ACCURACY

in a Universal Counter, crystal drift and quantization errors
cause errors. In frequency, period and time interval modes,
a signal derived {rom the oscillator is used either in the
Reference Counter or Main Counter, and in these modes, an
error in the oscitlator frequency will cause an iden*‘=al error
in the measurement. For instance, an oscillator temperature
coefficient of 20ppm/° C will cause a measurement error of
2ppm/°C.

EINTERSIL

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

] 1CYCLE
B 10 CYCLES | PERIOD
b MEASUREMENT
5 § 2 107 CYCLES OSC - 10MH2
5
I, 3 105 CYCLES
Pz X
38« O
g; DA
E§ s X 0.01 SEC
’g [ 01 8EC | ragquENCY
v - 1/4’ ./I : l 1sec MEASUREMENT
N 10 SEC

A1 10 100 103 104 10° 106 107
FREQUENCY (¥iz)

Figure 10: Maximum Accuracy of Frequency and Period Measure-
ments Due to Limitations ot Quantization Errors.
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P
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2z A |
3 6 Pl L~ MAXIMUM TIME INTERVAL
2z FOR 100 INTERVALS
i3 s P L~ 13
P // MAXIMUM TIME INTERVAL
:g . FOR 10 INTEAVALS

) N

110 W0 102 104 105 100 107 10t
TIME INTERVAL (LSEC)

Figure 11: Maximum Accuracy of Time Interval Measurement Due
to Limitations of Quantization Errors.
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% icuv
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190 CYCLES | (CYCLES OF 8)

102 CYCLES
| 1 cve

MAXINUM NUMBER
OF SIGNIFICANT DIGITS
. e & u »

.~

110 102 103 104 105 106 107 100
taste

Figure 12: Maximum Accuracy for Frequency Ratio Measurement
Due to Limitations of Quantization Errors.

CIRCUIT APPLICATIONS

The ICM7226 has been designed asa compiete stand alone
Universal Counter, or used with prescalérs and other circuitry
in a variety of applications. Since A IN and B IN are digital in-
puts, additionat circuitry will be required in many applications,
for input buffering, amplification, hysteresis, and level shifting
to obtain the required digital voltages. For many applications
an FET source follower can be used for input buttering, and
an ECL 10116 line receiver can be used for amplificationand

i
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ICM7226A/B

hysteresis 10 obtain high impedance input, sensitivity and
bandwidth. However, cost and complexity of this circuitry
can vary widely, depending upon the sensitivity and
bandwidth required. When TTL prescalers or input buffers
are used, pull up resistors to V* should be used to obtain
optimal voltage swing at A IN and B IN.

If prescalers aren't required, the ICM7226 can be used to
implement a minimum component Universal counter as
shown in figure 13.

F- input frequencies up to 40MHz, the circuit shown in
figure 14 can be used to implement a frequency and period
counter. Tc obtain the correct value when measuring
frequency and period, il is necessary to divide the 10MHz
oscillator frequency down to 2.5MHKz. in doing this the time

BINTERS]]

between measurements is lengthened to 800ms ang the
display multipiex rate is decreased to 125Hz.

If the input frequency is prescaied by ten, the osciliator fra.
quency can remain at either 10MHz or IMHz, but the decimg;
point must be moved. Figure 15 shows use of a . 0
prescaler in frequency counter mode. Additional logic hag
been added to enable the 7226 to count the input directly
period mode for maximum accuracy. Note that A IN COmey
from Qg rather than Qp, to obtain an input duty cycle of 40%
If an output with a duty cycle not near 50% must be used the:
it may be necessary to use a 74121 monostable muitivibrate
or similar circult to-stretch the input pulse to guarantee ,
50ns minimum puise width.
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BLANK  TEST  ENABLE
1
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Figure 13: 10MHz Universal Counter
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Notes:

" If a 2.5MHz crystal is used, diode D1 and 1.C.'s 1 and 2 can be eliminated.
Figure 14: 40MHz Frequency, Period Counter
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pe used in systems in which the mode of operation is
controlled by a microprocessor rather than directly from
front panel switches. TTL multiplexers such as the 74153 or
74251 may also be used, but some additionai circuitry will be
required to convert the digit output to TTL compatible logic

ICM7226A/B

fFigure 16 shows the use of 2 CD4C  analog multipiexer to
mwultiplex the digital outputs back e FUNCTION Input.
since the CD4016 is a digitally comvrolied analog transmis-
sion gate, no level shifting of the digit output is required.
cD4051's or CD4052's coulid aiso be used to select the

proper inputs for the multiplexed input on the ICM7226 from levels.
2 or 3 bit digital inputs. These analog multiplexers may also ExT
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v
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Figure 15: 100MHz Multi Function Counter
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ICM7226A/B

The circuit shown 1n figure 17 can be used \n any of the
circuit applications shown to implement a single measure-
ment mode of operation. This circuit uses the STORE output
to put the ICM7226 into a hold mode. The HOLD input can
also be used to reduce the time between measurements. The
circuit shown in figure 18 puts a short pulse into the HOLD
input a short time after STORE goes low. A new measure-
ment will be initiated at the end of the pulse on the HOLD
Input. This circuit reduces the time between measurements
to less than 40ms from 200ms; use of the circuit shown in
Figure 18 on the circuit shown in Figure 14 will reduce the
time between measurements from 1600ms to 800ms.

STORE
ouTPUT
i
100k 11

1 [N

HOLD
INPUT

SZ

— -]
s v
SWITCH FUNCTION
$1 OPEN  SINGLE MEAS MODE ENABLED

S$2 CLOSED  INSTIATE NEW MEASUREMENT
$3 CLOSEQ  HOLD INPUT

Figure 17: Single Measurement Circuit for Use With ICM7226

v

100!
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wv PUT '_.
100pt DT HOLD INPUT
- 1 1
=T
<5N,o.

. HOLD swnc:{i

Figure 18: Circuit for Reducing Time Between Measurements
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1amax, fomax AS FUNCTION OF v+
Figure 19: Typical Operating Characteristics

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

OSCILLATOR CONSIDERATIONS

The oscillator is a high gain compiementary FET inverter. An
external resistor of 10MQ or 22MQ should be connected bet-
ween the oscillator input and output to provide biasing. The
oscillator is designed to work with a parallel resonant
10MHz quartz crystal with a load capacitafice of 22pF and a
series resistance of less than 350. Among suitable crystals
is the 10MHz CTS KNIGHTS 1S1-002.

(@D
il
For: ccific crystal and load capacitance. the reQuirea g,
can ralculated as foliows:

gm = w2 CiNCouT Rs (1+ %_‘L)) e

where CL =< CinCout )

Cin+Cout
Co = Crystal static capacitance
Rs = Crystal Series Resistance
Cin = Input Capacitance
Cout = Output Capacitance
=2t

i A A has A b

1
The required gm should not exceed 50% of the g, Speciteg |
for the ICM7226 to insure reliable startup. The osGillator i 3
put and output pins each contribute about 4pF to Cinane
Couyrt . For maximum frequ icy stability, Cjy and Coxz !
shouid be approximately twice the specitied crystal iy
capacitance.

In cases where nondecade prescalers are used, it May e
desirable to use a crystal which is neither 10MHz nor 1Mk
In this case both the multiplex rate and the time betwee
measurements will be different. The multiplex rate

f

¥

{OSL
mux = for 10MHZz mode and f = —"2— fg: 1y

mux

x 104 2x103

. 3
1MHz mode. The time between measurements is 2x1 =
0%

5
the 10MHz mode and 2%(& in the 1MHz mode. The bufte:s:
osC
oscillator output should be used as an oscillator test ponig
to drive additional logic; this output will drive one low poas
Schottky TTL toad. When the buffered oscillator outpu! 3
used to drive CMOS or the external oscillator input, a v

resistor should be added from the buffered osciilator outpt
tovt.

The crystal and oscillator components should be locatec a¢
close to the chip as practical to minimize pickup from otrw
signals. In particular, coupling from the BUFtered OSCulsio
QUTput and EXTernal OSCillator INput to the OSCillaie
OUTput or OSCillator iNput can cause undesirabie shitts &
oscillator frequency. To minimize this coupling, pins 34 sné.
37 shouid be connected to V+ or GROUND and these twe
signals should be kept away from the oscillator circurt
TYPICAL LCD DISPLAY
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Figure 20: 10MHz Universal Counter System with LCD D18t ¥
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LM733/LM733C

National
SemicorJjuctor

LM733/LM733C Differential Video Amp

General Description

The LM733/LM733C is a two-stage, differential
input, differential output, wide-band video ampli-
fier, The use of internal series-shunt feedback gives
wide bandwidth with tow phase distortion and high
gain stability. Emitter-folloawer outputs provide a
high current drive, low impedance capability. It's
120 MH2z bandwidth and selectable gains of 10,
100, and ‘400, without need for frequency compen-
sation, make it a very useful circuit for memory
‘element drivers, pulse amplifiers, and wide band
finear gain stages.

T.. LM733 is specified for operation over the
-55°C to +125°C military temperature range. The
_LM733C is specified for operation over the 0°C
to +70°C temperature range.

Industrial Blocks

Features

a 120 MHz bandwidth

250 k2 input resistance
Selectable gains of 10, 100, 400
No frequency compensation

High common mode rejection ratio at high
frequencies.

Applications

Magnetic tape systems

Disk file memories

Thin and thick film memories
Woven and plated wire memories
Wide band video amplifiers.

Schematic and Connection Diagrams

Dual-In-Line Paclkaga
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Sotrry
Order Number LM733CN
See NS Package N14A

Metal Can Package
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cam
stuecr

Test Circuits

Test Circuit 1

s

(L1

| Y

e
l"»—‘VY\—-{
Hw—e

Number in garenthewns show DIP connectiom.

Test Circuit 2

A& (1)

v
Note: Pin § connected to case.
Tor e

Order Number LM733H or LM733CH
See NS Package H10D

Voltage Gain Adjust Circuit

VstV T, =25 C
iPin mumbers spply 10 TO § pachage)




Absolute Maximum Ratings

Ditferential Input Voltage

Common Mode Input Voltage

Vee

Qutput Current

Power Dissipation (Note 1)

Junction Temperature

Storage Temperature Range

Operating Temperature Range tM733
LM733C

Lead Temperature (Soldering, 10 sec)

15V

+6V

*8V

10 mA

500 mW

+150°C

-65°C to +150°C
-85°C 1o +126°C
0°C to +70°C
300°C

Electrical Characteristics {Ta = 25°C, unless otherwise specified, see test circuits, Vs = 6.0V}

TEST LM733 LM733C
CHARACTERISTICS TEST CONDITIONS UNITS
CIRCUIT MIN TYP | MAX | MIN TYP | MAX
Ditferentiat Voltage Gain

Gain 1 [Note 2} 300 400 500 250 400 600

Gain 2 \(Note 3} 1 Ry = 2k Vour = 3Vee 90 100 110 80 100 120

Gain 3 (Note 4) 9.0 10 1 8.0 10 12
Bandwidth

Gain 1 a0 40 MHz

Gan2 * 2 90 90 MHz

Gain 3 120 120 MHZ
Rise Time

Gain ¥ Vour * 1 Voo 10.% 10.5 ns

Gain 2 2 45 10 45 12 ns

Gain 3 25 25 ns
Propagation Delay Vout = 1 Voo

Gain 1 75 75 ns

Gain 2 2 60 10 6.0 10 s

Gain 3 36 36 ns
Input Resistance

Gain 1 4.0 40 (393

Gain 2 20 30 10 30 (32

Gain 3 250 250 k2
1nput Capacitance * Gain 2 20 20 pF
input Offset Current 0.4 30 04 so| wa
1nput Bias Current 9.0 20 9.0 HA
Input Noise Voitage BW = 1 kH7 10 10 MHz 12 12 pVrms
Input Voltage Range_ 1 10 £1.0 v
Common Mode Rejection Ratio

Gain 2 1 Vem * 21V t< 100 kHz 60 86 60 86 dB8

Gain 2 Vem = 81V t = 5MH2z 60 &0 dB
Supply Voltage Rejection Ratio

Gan 2 1 OVg = £0.5V 50 70 50 70 48
Output Oftset Voltage

Gain 1 1 Ry =% 0.6 15 06 15 v

Gain2and 3 0.35 1.0 035 1.5 \
Qutput L 2mmon Mode Voltage 1 Ry =00 24 29 34 24 29 34
Output Voltage Swing 1 R, =2k 3.0 40 30 40
Output Sink Current 25 3.6 2.5 3.6 mA
Output Resistance 20 . 20 @
Power Supply Current 1 R = 18 24 18 24 mA

Aner
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LM733/LM733C

Electrical Characteristics (continuea)

{The toltowing specifications apply for -

55°C < Ta < 125°C for the LM733 and 0

°C < T < 70°C for the LM733C, Vg = £6.0V)

TEST LM733 LM733C .
CHARACTERISTICS ciRCUIT TEST CONDITIONS MIN 127 MAX MIN TvP MAX UNITS

Difterential Volitage Gain

Gan 1 200 600 250 600

Gan 2 1 R_ =2k Vour 73V, | 80 120 80 120

Gawn 3 80 ' 120 8.0 120
input Resistance Gan 2 8 8 (3]
Input Ottset Current 5 6 HA
Input Bras Current 40 40 HA
input Voitage Range 1 1 1 v
Common Mode Rejection Ratio

Gan 2 1 Vem - 1V, 1< 100 kH2z 50 50 'dB
Supply Voitage Rejection Ratio i

Gain 2 1 .| bvg =105V 50 50 a8
Output Offset Voltage

Gan ) . 1 R, == 15 15 v

Gan2and 3 1.2 15 v
Output Voltage Swing 1 R_ =2k 25 28 Vep
Output Sink Current 22 25 mA
Power Supply Current 1 R = 27 27 mA

BUTPUT VOLTAGE (V)

PHASE SHIFT (°)

(]
GAIN2
Vg o 16V
-5 \\‘ Ta = 25°C
-18 N
N

-15 ! f
-20 ™
-25 1]

Note 1: The maximum junction temperature of the LM733 is 150°C.
at elevated temperatures devices in the T0-100 package must be derate
to ambient or 45°C/W junction to case. Thermal resistance of the dual-in

Note 2: Pins G1A and G1B connected together.
Note 3: Pins G2A and G28 connected together.

Note 4: Gain select pins open.

Typical Performance Characteristics
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white that of the LM733C is 100°C. For operation
d based on a thermal resistance of 150° C/W junction
-line package is 100°C/W.
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Typical Performance Characteristics contnuea)
Gain vs Frequency Gain vs Frequency vs
Voltage Gain vs Frequency Temperature Supply Voltage
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National
Semiconductor

Voltage Regulators

LM78XX Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of apr'ications. One of these is
«ocal on card regulation, ewmninating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM7BXX series is available in an aluminum TO-3
package which will allow over 1.0A icad current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value.
Safe area protection for the output transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking
provided, the thermal shutdown circuit takes over
preventing the IC from overheating.

Considerable effort was expended to make the LM78XX
series of regulators easy 10 use and minimize the number

of external components. It is not necessary to bypass the
output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

For output voltage other than S5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V w 57V.

Features

® Qutput current in excess of 1A

& [nternat thermal overioad protection

®» No external components required

® Qutput transistor safe area proigaen

® |nternal short circuit current limit

® Available in the aluminum T0O-3 package

Voitage Range .
LM7805C 5V

LM7812C 12v
LM7815C 15V

Schematic and Connection Diagrams

Moetal Can Package

TO-3 (K)
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T
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R1% Order Numbers
:‘ LM7805CK "

ouTPuT LM7812CK
LM7815CK
See Package KCO2A
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F'astic Package
T0O-220(T)
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Order Numbars:
LM7805CT
LM7812CT
LM7815CT

See Package TO3B
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LM78XX Series

Absolute Maximum Ratings

input Voltage (Vo =5V, 12V and 15V)
Internal Power Dissipation (Note T)
Operating Temperature Range (TA)

35V
Internally Limited

0°Cto +70°C
Maximum Junction Temperature

(K Package) 150°C

(T Package) 125°C
Storage Temperature Range -65°Cto +150°C ;
Lead Temperature (Soldering, 10 seconds) H

TO-3 Package K 300°C

TO-220 Package T 230°C

Electrical Characteristics LM78XXC (Note 2) 0°C < Tj € 125°C unless otherwise noted.

OUTPUT VOLTAGE 5V 12v 15V -
INPUT VOLTAGE (unless otherwise noted) 1oV 19v 23V Utt‘.i
PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX {
- e
Ti=25°C.5mA < lp < 1A 4.8 5 52 | 115 12 125j144 15 156 1{
Vo Output Voltage PO ISW. 5 mA L Ig< 1A 475 5251114 12.6 [14.25 15.75 ol
VMIN € ViN € VMAX (TS VINK20) [ (145 ViNK 27} } (17.5< VN < 30) 1t
1
Ti=25'C 3 50 4 120 4 150 -
AVIN (7€ ViN&25) | (14.5< VN < 30) { (17.5< VyN < 30) ’
= A -
0 =500 mA e e v 125°C 56 320 150 -
AVIN B8€ VN € 200 (15< VN € 27) | (185 < VN <€ 30)
% Regu! . -
avVg  Line Regutatior T2 25°C 50 120 150 .
\ A AVIN (7.3 VNS 20) | (146& Vi< 27| (17.7 < VN € 30)
<
© 0° < Tj<+125°C 25 60 75 m
AVIN B< |NS12) (16 € VN € 22) (20 € V|N & 26)
T2 25°C 5mA < I < 154 \ 10 S0 12 120 12 150 .
aVgo  Load Regulation = 250 mA < Ig € 750 mA | 25 60 75 o
5mMA<I0& 1A, 0°C & T € +125°C 50 120 150 "
B Ti=25°C 8 8. 8 ma
[te) Quiescent Current o < 1A 0°C < Tj € +125°C 85 85 85 rs
S5mACIg< 1A 0.5 0.5 0.5 m
Ti=25°C. 1o € 1A 1.0 1.0 1.0 Ll
alg g:.::::m Current VMIN € ViN € VMAX (7SS VNS 20) [(14.8< VIN&27) | (17.9< Vi € 30) -
o€ SO0 mA, 0°C < T € +125°C 1.0 1.0 1.0 L2
VMIN € VIN € VMAX (7 € ViN & 25) (145 < VN € 30) [ (17.5 € V)N < 30) M
VN Output Noise Voltage|Ta =25°C, 10 Hz < & 100 kH2 40 75 9 A
10« 1A, Tj=25*Cor 62 80 55 72 54 70 o
SVIN Aroore A f=120 Hz 1o € 500 mA 62 55 54 ot
avgyy 'Pple Rejection 0°C & Tj< +125°C
VMIN € VIN € VMAX Bs VN < 18) (15 € VN & 25) K185 < VN < 28.5) '
Oropout Voltage Ti=25°C. loyt = 1A 20 2.0 2.0 v
Output Resistance | !=1kHz 8 18 19 e
Ro Short-Circuit Current [Tj=25°C 2.1 15 1.2 A
Peak Qutput Current |Tj=25°C 24 24 2.4 £
Average TC of VouT |0°C < Tj & +125°C. 10 =5 mA 0.6 15 1.8 mvi'C
Input Voltage [
ViN  Required to Maintain {T;=25°C. I & 1A 7.3 146 17.7 v
tine Regulation

NOTE 1: Thermai resistance of the TO-3 package (K, KC) is typically 4°C/ W junction to case and 35°C /W casa to ambient. Thermal resistance of e
T0O-220 package (T} is typicaily 4°C/W junction to case and 50°C/ W case to ambient,
NOTE 2: All characteristics are measured with capacitor across the inut of 0.22 uF, and a capacitor across the output of 0.1 uF. All characteristics €X'
cept noise voltags and ripple rejection ratio are measured using puise techniques (tw < 10ms, duty cycle £ 5%]. Output voitage changes dug 10

changes in internal temperature must be taken into account separately.

3

s



S

er ‘mance Characteristics

—

mical P

FOEUR AEUSATION W)
a

10

1005

$935
2399
[E13]
2580

1975

WGRUALITED DU TPYT YOLTATL tvy

[$ 2]

[ 3]

80

Culrul WP 0aNE t 1

Maximur.. Average Power

Maximum Average Power

Dissipation Dissipation Paak Output Current
2 3
T T T 103 ) TTTT T 10 220
|+ INFINITE T d - I»d» t—l».-‘»,‘,,,‘ - Y<!!22. , [ sVgyy - 100 mv
| HEAT SINK 1 o g LINFINTEHEATSING | Ll [ ity
= J z : B Y '
i I ; =
1 IR H z ‘»
= =
= T 2
a E
2 2o
8 =
:
H ER
os |
I
o L
75 -0 -25 0 25 3G )5 100 12% 0 s 10 15 20 25 30
AMBIENT TEMPERATURE { C) AMBIENT TEMPERA TURE { C) INPUT TO OUTPUT DIFFERENTIAL (V)
Output Voltage (Normalized
o
to 1V at T;=25°C) Ripple Rejection Ripple Rejaction
— 8 T
‘ lgyr s Sma T 3 :
: = = .
5] S w0
: = I
=3 =
3 g v
- = 0 —1-
Z ] |
T e -
™ = t=120 He
& S 60 | vin-Vour 8 Vpg 35 Vims
g ot z = Vin- —
= Figyrea ! | tout< A s
Fr-asc T,e25¢
0 e I - . .
755025 0 25 50 15 100125 150 10 100 I 10m 100 [] 5 0 15 I )
JUNCTION TEMPERATURE { C) FREQUENCY (M7} OUTPUT VOLTAGE (V)
Qutput Impedance Dropout Voltage Dropout Characteristics
A 25 8
ViN- v =—=F s [ T oVgur - 100 mV LM7B05C [ }
Vour * 5V - = IR AR S R F1-2s¢
. I ! 1
1oyt = 500 mA R P T T
z x =
1,228 ¢C z : TouT < 0A
-
— £ " = )
T =] =3 4
Cour = 1+F 5 i r I > "
TANTALUM = Ve ouT < 08 T 5 b }°U7-§uoTA.
e e i 1 s = [ i
e T | S 3 t =7 gur < 14—
R L e e e e x Co
P, Lot T
£ L ! 0 I ;
10100 e 10 100 M 75 -50 -2 0 25 50 75 100 125 150 ¢ 2 4 6 L 10
FREQUENCY (Hy) JUNCTION TEMPERATURE ( €I INPUT VOLTAGE (V)
Quiescent Current Quiescent Current
$5 T T T Vg 10v &3 T T T T
i Vour * 5V |
! Vot -5V = g b-ioyreroma ]
- b ma 5 I
kI I lour 2 £ 1,°2¢
z Z s T o
= = ;
2 N s
3 45 J S 5
E Z i
S as
2 . < 1‘
H 3 {
1% il 35 L
-75 -50-25 0 25 50 75 100 125 150 S W 15 20 2% W X

JUNCTION TEMPERATURE { C)

INPUT VOLTAG

E (Vi

S XX8.ZW1

Sall9




jecnnical wata

CDS4/74HCO4 Fiie Number 1471
CD54/74HCTO04

High-Speed CMOS Logic

Hex Inverter

Type Features:

a Input and Output are both buffered
» Typical propagation delay = 6 ns @ Vec = 5V. C. =15 pF. Ta=25°C

FUNCTIONAL DIAGRAM AND
TERMINAL ASSIGNMENT

The RCA-CD54/74HC04 and CDS4/74HCTO4 hex inverter
utitize silicon-gate CMOS technology 1o achieve cperating .
speeds similar to LSTTL gates with the low power ® Fanout (Over Temperature Range):

Family Features:

consumption of standard CMOS integrated circuits. Alt Standard Outputs - 10 LSTTL Loads
devices have the ability to drive 10 LSTTL loads. The Bus Driver Outputs - 15 LSTTL Loads
54HCT/7T4HCT logic family is functionally as well as pin ® Wide Operating Temperature Range:
compatible with the standard 54L.5/74LS logic family. CD74HC/HCT: -40t0 +85°C

. K = Balanced Propagation Delay and Transition Times
The CQSAHCO§ and CDSAHCTM are supplied in 14-lead 4 Signiticant Power Reduction Compared to LSTTL Logic ICs
hermetic duai-in-line ceramic packages (F suffix}). The « Alternate Source is Philips/Signetics
CD74HC04 and CD74HCTO04 are supplied in 14-lead dual- a CD54HC/CDT4HC Types:
in-line plastic packages (E suffix) and in 14-tead dual-in- pes.

. : . 2 to 6 V Operation
line surface mount plastic packages (M suffix). Bothtypes High Noise Immunity: NiL = 30%. NiH = 30% of VcC: @
are also availablg in chip form (H sutfix}. ’ i '

vec =5V
8 CD54HCT/CD74HCT Types:
4.5 to 5.5 V Operation
- D [: [: 5 Direct LSTTL Input Logic Compatibility
viL = 0.8 V Max., VIH = 2 V Min.
CMOS Input Compatibility
92C3-3694TRI h<1uA @ Vou Von

LOGIC DIAGRAM

TRUTH TABLE
INPUTS OUTPUTS
nA nY
L H
H »




Yechnical Data

////

CD54/74HC04
CD54/74HCTO04

MAXIMUM RATINGS. Absolute-Maximum Values.
oC SUPPLY-VOLTAGE. (Vee)

(Vohages reterenced 1 Qround) .. oo ettt e . I 05t -7V
0C INPUT DIODE CURRENT, I (FOR v, <05V ORV. > Vee +05V) e P L ... =20mA
pC QuUTPUT DIODE CURRENT, lox (FOR Ve < .05V ORV, » Vee +05V) ... S . I ... z20mA
DC DRAIN CURRENT, PER QUTPUT o} (FOR -0.5 V< Vol Vet 0 5V) . e T +25mA
DC Vee OR GROUND CURRENT (ge) o ovvrre B S e LA AR +50mA
POWER DISSIPATION PER PACKAGE (Po)

For T. = -4010 +60°C (PACKAGE TYPEE) ..o e W/ C Y 500 mW

For T. = +6010 .85°C (PACKAGE TYPEE) ... . T Cerate Linearly at 8 mw/°C to 300 mW

For Ta = -55 10 »100° C (PACKAGE TYPEF. H} ... - e e e S 500 MW

For T.+100t0 +125°C (PACKAGE TYPEE H) «ooeeeoensnee s Derate Linearly at 8 mw/°C to 300 mw

For Ta=-4010 +70°C {PACKAGE T iy a6 MW/ C 400 mW

For Ta=+7010 +«125°C (PACKAGE TYPE M) o ooereermremmssre s Derate Linearly at 6 mwW/°C to 70 mW
opEF\AﬂNG-TEMPERATURE RANGE (Ta):

e TOKAGE TYPE F H - o oo oo T .5510 +125°C

DA N TVPE EM oo oo -40to +85°C
STORAGE Y N g L .-6510 +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1716 = 1/32in. (1.59 =0 79 mm) from case for 10s MAX. ... orooe AR +265°C

Unit inserted into 2 PC Boara (M thickness 1/16in.. 1 58 mm)

with sotder contacting lead ips ONlY ... e I T A e -300°C

RECOMMENDED CPERATING CONDITIONS:
For maximum rellability, nominal operating conditions should be selected so that operation is always within the
tollowing ranges:

e

e
’ LIMITS
CHARACTERISTIC

.

Supply Voitage Range (For Ta = Full Packag
\ CD54/T4HC Types

e Range) vce*

CD54/74HCT Types

‘—TDC Input or Output Voltage VIN, VOUT
Operating Temperature TA:
CcD74 Types
CcD54 Types
Input Rise and Fall Times, tr, ¢
at2Vv
at45V
até Vv

-Unless otherwise specified, all voltages are ceferenced to Ground.




Technical Data

CD54/74HC04
CD54/74HCTO04

STATIC ELECTRICAL CHARACTERISTICS

\ CD74HC04/CD54HCO4 CD74HCT04/CD54HCTO04
TEST TAHC/SAHC 74HC 54HC TEST 74HCT/S4HCT | T4HCT S4HCT
CONDITIONS TYPES TYPES YYPES | CONDITIONS TYPES TYPES TYPES
CHARACTERIS? T UNITS
-40/ 55/ 40/ -85/
+25°C 25°C
v lo Vee +85°C | +126°C V. Vee * va5°C | +125°C
l v ma |V v v
Min | Typ |Max | Min |Max |Min |Max Min | Typ {Max | Min [Max |Min [Max
| ,
High-Level ll 2 15— | = 1w =15} — 45
Input Voltage Vim 45 1315 — — 1315} — 1318 — - to 2 — — 2 - 4 — v
6 (42| — — 1421 — 142 | —- 55
Low-Level 2 | — |~ |os}—|05})— 105 45
input Voitage 'N 45 — —~ 1135 — |135] - 135 - w |- — logt — log | — |08 A
|
[} —_ — | t8] - 18] - 1.8 55
High-Leve! V. 2 19 — - 190 — {19 — v,
Output Voltage Vo or -0.02 45(44}) — | — (44 ] — (44 —~ or 45 |aa |~ | — |44} — |44} — v
ChU> Loads Vi 6 159t — | — {59]~ |59~ V..
Va V.
TTL Loads or -4 45 1398 — — |384} — (37 | — or 45 {398 | — - 1384} — |37 | — v
A\ 52 6 |548| — — 534} — |52} — Vi
Low-Level Vi 2 - — o1t —jo01r | — |0 '
Qutput Voltage V! or G602 45 | — — {01 —{ov |~ 01 or 45| - — joyv}|— |01 | = jOn v
CMOS Loads v. 6 |~ | —|01]— JOrv]— {01 v
Vi Vi
TTL Loads or 4 451 — | — l026| — j033] — {04 or 45} — { — lo26] ~ j033] — (04 v
Vo 52 6 | — | — (026 — 1033} — |04 V.
Inpul Leakage Veo Any
Voitage
Current i or 6 | — | = |s01] = ler 1 — |21 |Between {55 ] — | — J:01f— 11 | — | uA
vCC
Gnd & Gnd
Quiescent Ve
Vee
Device or 0 6 - - 2 -~ 120 | — |40 or 55 | — — 2 — (20 |~ | 40 17
Gnd
Current [P Gngd
Addgitional 45
Quiescent {
Device Current Vee-2) to | — [100{360 | — (450 — [4%0 pA
per input pin .
1 unit load B lec” 55 }
1Y

*For dusl-supply systems theoretical worst case (Vi = 2.4 V, Vec = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

ﬁ Input

[

Unit Loads*®

ALL

1.2

“Unit Load 18 Alce limit specified in Static Characteristic Chart,

e.g. 360 4A max. @ 25°C.

g7



SWITCHING CHARACTERISTICS (Vec = 5V, Ta

Lo
oo

.ncai Data

CD! 74HCO04
CD54,74HCTO04

25°C, Input .. t, - 6 ns)

cT T Typical : Unit |

3 CHARACTERISTIC ne T ReT nits _____J
Propagation Delay, Data Input to Output Y (Fig. 1) oo, )
6 7 ns |

(C, = 15 pF) 1o, |
Power Dissipation Capacitance” Con 21 24 PF l

SWITCHING CHARACTERISTICS (C. = 50 pF, Input t,, t; = 6 ns)

Cu = output ioad capacitance
VCC = supply voltage

*CPD 15 used to determine the dynamic power consumption, per inverter where:
Po = vce2t (CPD + Ci) where f = input frequency

1
LIMITS !
|
TEST 25°C -40°C to -85°C -55°Cto +125°C X
CHARACTERISTIC CONDITION ’ UNITS |
HC HCT 74HC *T4HCT _54HC S4HCT ;
Vee l ‘
v Min. | Max. | Min. | Max. | Min. IMax‘ I Min. | Max. | Min. | Max. | Min. | Max, !
i
; N — 4 —
' Propagaton Delay tou 2 8s e B [ B B L R
i
Input to Output tone a5 - 17 0 - | e -2t - za | — |26 | - | o9 s
(Fig 1 6 L 1 18 I — - - | 22 - - i
{ 1

Transition Times trem 2 — 75 } - ;95 ! — - 110 — ;

(Fig 1) tr 43 15 | 5~ gl el - ]2 2 ¥

| |
: 6 - 13 - 6 | - - L= 18— - !
| Input Capacitance C. { 10 - 10 ;10 1 10 ! lOJ 10 pF I
dUTHUT
Tyl ! M
54/78HC “4/7aM4CT
INPUT LEVEL]  vee 3V
L. Vg S0% veg| 18V

92CS-36948R1

Fig. 1 - Transition tunes and propagation Jelay times.



Technical Data

File Number 1644

High-Speed CMOS Logic

TR

Y e Type Features:

CD54/74HC86
CD54/74HCT86

e e Quad 2 - Input EXCLUSIVE - OR Gate
u

A
s . s Four independent EXCLUSIVE - OR gates
. &9 s Butfered inputs and outputs
.
2y — o= A
o }_ . Applications: -

= [ogical comparators

FUNCTIONAL DIAGRAM AND » Parity generators and checkers

TERMINAL ASSIGNMENT 8 Adders/Subtracters

The RCA CD54/74HC86 and CD54/74HCT86 contain four
independent EXCLUSIVE-OR gates in one package. They
provide the system designer with a means for
implementation of the EXCLUSIVE-OR function.

The CDS4HC/HCTS6 are supplied in 14-lead cermetic duai-
in-line packages (F suffix). The CD74HC/HCTS86 are sup-
phed in 14-lead plastic dual-in-line packages (E suffix) and
n 14-tead dual-in-line surface mount plastic packages (M
suttix). Both types are aiso available in chip form (H
sulfix).

[ O

92¢S-38429

Fig. 1 - Logic diagram each gate.

Family Features:

s Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Qutputs - 15 LSTTL Loads
= Wide Operating Temperature Range:
CD74HC/HCT: -40 to +85°C
a Balanced Propagation Delay and Transition Times
» Significant Power Reduction Compared to
LSTTL Logic ICs
s Alternate Source is Philips/Signetics
® CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ni. = 30%, N = 30% of Vec
@ Vee=58V
s CD54HCT:CD74HCT Types:
4.51t0 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vie= 0.8V Max., Vin=2VMn.
CMOS Input Compatibility
h< 1}1A @ Vou, Von

TRUTH TABLE

INPUTS OUTPUT
nA nB nY
L L L
L H H
H L H
H H L

H = HIGH voltage level.
L = LOW voltage level.
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Technical Data

CD54/74HC86
CD54/74HCT86

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vce):
(Voltages referenced 10 @rouNnd) ... . ....ooveirnsrreeesirmreer et -0.5t10+*7V
OC INPUT DIODE CURRENT, iw (FORV, <05V ORVIDVec *05 V) ot .
DC QUTPUT DIODE CURRENT . tox (FOR Vo <05V OR Vo > Ve *0.5 V)
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR 05V < Vo< Vee +0.5 V)

DC Ve OF GROUND CURRENT (lge): .+ o e e s s s s s s e 150 mA
POWER DISSIPATION PER PACKAGE (Po)
For Ta = ~40 10 +60°C (PACKAGE TYPE £) ..o oonuno it e e e L 500 mwW
For Ta = +60 10 +85°C (PACKAGE TYPE B) .ottt ... Derate Linearly at 8 mW/*C to 300 mW

ForTe=-5510+100°C (PACKAGE TYPE FLH] L o.ouionrnr s et oo D0 500 mw

For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C to 300 mwW

For Ta = ~40 t0 +70°C (PACKAGE TYPE M) . 400 mW

For Ta= +7010 +125°C (PACKAGE TYPEM) .. ... ... Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta): - ’

PACKAGE TYPE F. H oottt ette i e et e s e oo as s e s s dr e -55to +1256°C

PACKAGE TYPE E. M. ..o rnntneenaanemae s s s s s s e s e e s s T -40 to +85°C
STORAGE TEMPERATURE (Tamg) « - cevevenremcencnnssssreensnsn s rtr e ses e s s s s 2 -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING) :

At distance 1716 £ 1/32in. (1.59 £ 0.79 mm) from case FOF 1008 MK, oo een e v eeeas e s a e +265°C
Unit inserted into a PC Board (min. thickness 1/16 in.. 1 59 mm)

with solder contacting 16ad TP OALY ... ... nnnennie nirms et R TLATRTEECEEELREE, +300°C
RECOMMENDED OPERATING CONDITIONS:
For maximum reilability, nominal operating conditions should be selected so that operation is always within the
following ranges:
LIMITS
CHARACTERISTIC UNITS
MIN. MAX,
Supply-Voitage Range (For Ta = Full Package-Temperature Range) V!
.. CD54/74HC Types 2 6 v
CD54/74HCT Types 45 5.5
DC input or Qutput Volitage Vi, Vo 0 Vee
Operating Temperature Ta:
CD74 Types -40 +85 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times, t.,t
at2Vv 0 1000 ns
at4sVv 0 500 ns
atéVv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.



STATIC ELECTRICAL CHARACTERISTICS

reciincal Data

CD54/74HC86
CD54/74HCT86

CD74HC88/CDS4HCSE CDT4HCTE8/CDS4HCTES |
T4HC/S4HC TAHC S4HC TEST TAHCT/S4HCT | 7T4HCT | SAMCT
CONDITIONS TYPE TYPE TYPE CONDITIONS TYPE TYPE TYPE
~HARACTERISTICS L AINITS
-40/ -58/ -40/ -58/
+25°C ~25°C
+85°C +125°C +85°C +1258°C
\ Veo A\ Vee
v v v v
Min [Typ Max jMin Max IMin Max Min {Typ [Max [Min IMax Min (Max
N
righ-Level 2 |v5 )~ j— l15]|— 115 |— a5
-
input Voltage Vi 45 B1S|— |— PIS}~ B15) — - to 2 - - 2 - 2 - v
6 j42 |— | — 142 1 — 142 | — 58
Low-Level 2 |- }— to5]|— 1051 — (05 45
1nput Vollage ' 45 |- | — J135]— |135|— 135 - to — }— l0oB}— |08 |— |08 v
6 |~ |— jr8]— |18}— 118 5.5
High-Leve! Ve 2 Jwel— |~ {19 |- 119 |~ Vi
Ourput Voltage Vor or 1-002 {45 laa |~ |~ {84 ]— 144 |— or 45 44| — | — |44 ] — |44 | — v
CMOS Loads Vi 6 {so|—|— [sef— |se ]~ Vin )
Va A\
TTL Loads or 45 Rog| — |- 84—~ (37 | — or 45 {3987 — | — |384] — 37§ — v
Vin -5.2 6 548 — | — [534{— |52 | — Vin
Low-Level Vu 2 - |- jotv ] — 01 1— 101 Vu
Output Voltage Vou or 002 |45 — | — oy f— 01 ]~ 101 or 45 —|=loev}{—Jori— o0 v
CMOS Loads Vin ] — | =—Jorv }— j01 |~ 101 Vien
. Ve Ve
TTL Loads or 45 |— |- 026} — j033|— |04 or 45 — | — |o28] — j033] — 04 v
.
Vin 6 | — | — lo26]— j033[— |04 Vi -
Input Leakage Any
Current I Veo Volitage
or [ —- | - pot{— [tV |— (2 Between 55 - |- RO == i uA
Gnd Vec and
Gnd
Qurescent Device
Current tee Vee Ve
or 6 |~ | — 21— (20 |— |40 or 55 -1 - 21— 24— |4 uA
Gnd Gnd
Aoational
Qurescent Device 45
Cutrent per Vee -2.1 to — 100380 | — [450 ) — |490 uA
input Pin 55
t Unit Load Alcc’
"For dusi-supply systems theorstical worst case (V, = 2.4 V. Vee = 5.5 V) specification is 1.8 mA.
HCT INPUT LOADING TABLE
INPUT UNIT LOADS * - £
[{e}o]
28 h
All Inputs 1 N
=\
: - o 2 Ql
* Unit load - Alce limit specified in Static Characteristic | 35 I N
Chart,e 360 uA max. @ 25°C. NANE=IV A
yj‘ —— 4
) oe T

-
AN

)



SWITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Inputt, ti= 6 ns)
TYPICAL VALUES
CHARACTERISTIC C. SYMBOL UNITS
pF 54/74HC 54/74HCT
i t
Propagation Delay, Any Input 15 PLH 9 13 ns
tere
Power Dissipation Capacitance® - Cro 22 27 pF
* Ceo is used to determine the dynamic power consumption, per gate.
Po = Vec? i (Cro + Co) where:
{, = nput frequency.
C. = output load capacitance.
Vce = supply voltage.
SWITCHING CHARACTERISTICS (C.= 50 pF, Input t, t, = 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL | Vcc HC HCT 74HC 74HCT S4HC 54HCT |UNITS
Min. IMax. |Min. Max. |Min. [Max. Ml.n; Max. |Miri, Max. [Min. |Max.
Propagation Delay, tein 2 120 — 150 - 180 -
nA. nBtonY tene 4.5 24 32 30 40 36 48 ns
20 — 26 —_ 31 —
Output Transition trim 2 75 - 95 — 110 —
Time tri 4.5 15 15 19 19 22 22 ns
6 13 - 16 — 19 —_
input Capacitance C, - 0| —[100]—~|10}—1]10]— 16 — 110 pF

ar e
aorne ;I;L ______ -
o ‘J rLH —I L'THL

92CS-38430R2

54/74HC 54/74HCT
input Level Vee 3v
Switching Voltage, Vs 50% Ve 1.3V

Fig. 2 - Transition times and propagation delay times.
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Technical Data
File Number 1476 CDS4/74HC74
High-Speed CMOS Logic
b
il " 2 Dual D Flip-Flop with Set and Reset
(N 7L 2T
uoee 2y lf”* 5 Positive-Edge Triggei
me_J .
» Type Features:
e .
g . ® Hysteresis on clock inputs lor improved noise immu-
om £.4o N nity and increased input Rise and Fall times.
[t & Asynchronous Set and Reset
coe Xper 3 = Compiementary Outputs
Y2 T vecomnia ® Bulffered inputs
“0 PN 7 [ ] TypiCB/ fax = 50 MHz @ Vee =5V, C =15 PF, Ta = 25°C
V205 369ESM
FUNCTIONAL DIAGRAM
The RCA-CD54/74HC74and CD54/74HCT74 utilize silicon- Family Features:
gate CMOS technology to achieve operating speeds equi- W Fanout (Over Temperature Range):
valent to LSTTL parts. They exhibit the low power con- Standard Oulputs - 10 LSTTL Loads i
sumption of standard CMOS integrated circuils, together Bus Driver Outputs - 15 LSTTL Loads
with the ability to drive 10 LSTTL Loads. ® Wide Operating Temperature Range:
This flip-tiop has’ independent DATA, SET., RESET and CD74HC/HCT: -40 to + 85°C
CLOCK inputs and Q and O outputs. The togic level present ™ Balanced Propagation Delay and Transition Times
at the data input is transferred to the output during the ® Significant Power Reduction Compared 1o LSTTL
positive-going transition of the ciock pulse. SET and Logic ICs
are independent of the clock and are accomplished W Alternate Source is Philips/Signetics
by a low level at the appropriate input. m CD54HC/CD74HC Types:
The S4HCT/74HCT logic family is functionally as well as pin 210 6 V Operation
compatible with the standard 54LS/74LS logic family. H’%"’ ’Y%’g; /,l:’lmygg)%/b [ Ve @ Vees 5 v
The CD54HC74 and CDS4HCT74 are supplied in 14-lead - CDsdII-LI(;T/CBMI:I-CT Tyges.” @ Vee:
hermetic dual-in-line Geramic packages (F suffix). The 4.510 5.5 V Operation ’
CD74HC74 and CD74HCT74 are supplied in 14-lead dual- L

in-line plastic packages (E suffix) and in 14-lead dual-in-
line surface mount piastic packages (M suffix). Both types
are also available in chip form (H suffix).

4(10}
5

& 6(8)
g P Dol

R O—D._;
5(9}
Co( )“_l >n_£:| g ; ‘-Do—ba_bo_oo
3(u} A

92CS- 36966

Fig. 1 — Logic Diagram

Direct LSTTL Input Logic Compatibility
VnL =08 VMax.. V=2 V Min.

CMOS input Compatibility
hE1 A @ Vo Vou

TRUTH TABLE

INPUTS CUTIUTS
SET  RESET  cp D Q a
L H X X H L
H L X X L H
L L X X H H*
H H e H H L
H H — L L H
H H L X Qo [+5)

H = High Level (Steady State)

L = Low Level (Steady State)

X = Don't Care

~~= Transition from Low 1o High level

NOTES: QO = the ievel of Q before the indicated input
conditions were established.

*This configuration is nonstable, that is, it wili not persist when set
and reset inputs return to their tnactive (high) level,



Technical Data

10

CD54/74HC74
CD54/74HCT74

MAXIMUM RATINGS, Aposolute-Maximum Values:

DC SUPPLY-VOLTAGE. (Vcc):
(Voltages referenced to ground) ................ccoooiiiiaonns
DC INPUT DIODE CURRENT, I (FOR V. <-0.5V OR V., > V¢c +0.5V)
DC OUTPUT DIODE CURRENT, 1ok (FOR V, <-0.5V OR V. > Ve *0.5V) ...
DC DRAIN CURRENT, PER OUTPUT (1) (FOR -0.5 V < Vo < Vee 0.5V} ...
DC Vee OR GROUND CURRENT (icc} ..o
POWER DISSIPATION PER PACKAGE (Po)
For Ta = -40 10 +60°C (PACKAGE TYPE E)
For Ta = +6010 +85°C (PACKAGE TYPEE) ..................
For Ta = -5510 +100°C (PACKAGE TYPEF. H) ... .. ...........
For Ta = +100 to +125°C (PACKAGE TYPE F. H)
For Ta = -40 to +70°C (PACKAGE TYPE M)
For Ta= +7T010 +125°C (PACKAGE TYPE M)
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H
PACKAGETYPEE. M ... ... ..o
STORAGE TEMPERATURE (Tug) ..o vovvvvr e e
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32n. (1.58 = C.79 mm) from case for 10's max.
Unit inserted into a PC Board (min. thuckness 1/16 in.. 1.59 mm)
with solder contacting lead tips only

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominai operating conditions should be selecte
the following ranges:

-05t0- 7V
=20mA

.............................. o ... 500 MW

500 mw

-551t0 +125°C
-40to +85°C
-6510 +150°C

. +265°C

d so that operation is always within

CHARACTERISTIC LiMITS UNITS
MiN. MAX.
Supply-Voltage Range (For Ta = Full Package Temperature Range) Vcc:”
CD54/74HC Types ’ 2 6 v
CD54/7aHCT Types 45 55 Y
DC Input or Qutput Voltage V... Vou 0 Vee \
Operating Temperature Ta:
CD74 Types -40 ~85 °C
CD54 Types -55 +125 °C
input Rise and Fall Times t.. t.®
at2Vv 0 1000 ns
atasyv 0 500 ns
até Vv o] 400 ns
‘Unless otherwise specified, ail voitages are referenced to Ground.
sApplicable for al! inputs except clock.
»

92CS- 36964

TERMINAL ASSIGNMENT

Wom



STATIC ELECTRICAL CHARACTERISTICS

Technical C

CD54/74HC’
CD54/74HCT: |

- T
CD?4HCT4/CDS4AHCTA CO74HCT74/COSAHCT74 J
TEST TAHC/S4HC T4HC S4HC TEST 7!HCT/S‘HFT TAHCT S4AHCT
CONDITIONS TYPES TYPES TYPES | CONDITIONS TYPES TYPES TYPES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -85/
*26° +25°C
v, o Ve ¢ +85°C | +125°C v, Vee +85°C | v125°C
v mA v v v
Min | Typ {Max | Min |Max | Min |Max Min | Typ [Maz { Min |Max | Min |Max
High-Level 2 |51~ | = [15) - |15] ~ 45
Input Voltage Voo 4513151 — | — |315] ~ |35} — - w2 [ —-7=-12 -2 v
6 |42 — — |42} — {42} — 55
Low-Level 3 - - 1081~ los| -~ los 45
Input Voltage v, a5 — | — [1358f — |r3s| — f1as] _— to - | —1o8]| - log{—~ |oa | wgts
6 - - 18] — 18} — 1.8 55
High-Levet Vo 2 (19| -t~ 19—~ 119] v, R
Qutput Voltage V.., or -002 45 144 | — ~ (44 | — |44 | - or 45 (44 - ~ laa | - 44 — v
CMOS toads Ve 6 |59 — 1 — [s9] — |59 — Ve
Va Vi
“ TTL Loads or -4 45 (398 ~ 384| — 371} -- or 45 1398} — — 1383 - 37| - v
V. 52 6 [548) — - |534] - 52| — Vi
Low-Level Vi 2 = =101 —i0v| - fo1 v,
Output Voltage v, or 002 45 — —Jo0Vv | — jo1}|-- |o or 45 - J0rv ] - 01| — jo1 v
CMOS Loads | Vi 6 — |~ Jor]|—jor1| =101 Vo,
V.- Ve
TTL toads or 4 45 | ~ — 1026) — {033| — {04 or 45 - — [026] -~ |033] — 104 v
Ve 52 6 | — | — |0o26} — [033)] - |04 Vi
tnput L eakage Ve, Any
Voltage
Cutrent I or 6 - - 1201 — 1 — :1 | Between |58 | — - f0 ] - 3 - I3 uA
V((
Gnd & Gna
Quiescent Ve Ve
Dewice or [+ 6 — - 4 - 140 | — |80 or - 185 | — — 4 — |40 {1 —~ 180 LA
Current [ Gnd Gnd
Additional 45
Quiescent )
Dewvice Current V21 1o | — 1100 (360 | — [450) — 490 uA
per input pin
1 umit load A lec” , 55
‘For duai-supply systems theoretical worst case (Vi= 2.4V, Ve = 5.5 V) specification is 1.8 mA.
HCT Input Loading Table
Input Unit Loads*
D 0.5
R 0.5
cP 0.7
g 0.75
‘Unit Load . Alcc limit specified in Static Characteristic Chart,

€.9.. 360 uA max. @ 25°C.

vt

<
o



[ NS
)

ieca . dia
CD5 '74HC74
CD5 /74HCT74
SWITCHING CHARACTERISTICS (VeC = 5V, TA = 25°C, Input ity = 6 ns)
CL TYPICAL
CHARACTERISTIC SYMBOL (pF) He HCT UNITS
Propagation Delay teLm
tene
CPto Q, Q (Fig. 2) 14 14
“Rto Q, Q (Fig. 3) 15 17 17 ns
“TtoQ, Q (Fig. 3) 17 17 B
CP Frequency famax 15 50 50 MHz |
Power Dissipation Capacitance” Ceo — 25 30 pF J‘
*Cro is used to determine the gynamic power consumption, per flip-flop.
PD = Coo Vee® 1, + £ (Cu Vee® 1o} where: f, = input trequency
fo = output frequency
C. = output load capacitance
Ve = supply voitage
PRE-REQUISITE FOR SWITCHING FUNCTION
: LIMITS /
TEST 25°C ~40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITIONS HC HCT T4HC TAHCT 54HC . 54HCT |UNITS
Vee (V) Min. [Max. |Min. [Max. |Min. [Max. |Min. [Max, |Min, |Max. |Min. Max.
Data to CP tsu 2 60 | — — — 75 - — - 90 — — -—
Set-up Time 4.5 12 | — 12 — 15 — 15 § — 18 | — 18 | —
(Fig. 4) 6 wl—|=-]—-—J13}{—j—]=—1185]—1=1==
Hold Time | 2 3 — = — 3 _ - - 3 -} - —
4.5 3 — 3 — 3 -— 3 — 3 — 3 —
(Fig. 4) 6 3 l—-]l—-—t—-]3l=-]—-—{=—131=}—=1=
Removal Time thewm 2 T (P R R o e e -y gy [
R.StocP 45 6 l—le|—|84—-|8l—]9|—-19]|—
(Fig. 3) 6 § —l—|=-t7}—|=-1l=181l=t=1=
Pulse Width | tw 2 80 | — | — [ — w0 —|~|— (120~ |—|—
RS . 45 6| ~11w6|—120}—|20]|—|2¢|—]24]|—
(Figs. 2, 3) 6 gl =—j17|{ =] =~|=-]20]|—-1~-1=
Pulse Width tw 2 80 [ — — | — 1100 | — — 1 — 1120} — _—| -
CP 4.5 16 | — 181 ~|20| — |23 -1} — 27|~
(Figs. 2, 3) 6 Ml l=-j—-t17|=—{=1—-—120} —1—=1—=
CP Frequency frax 2 5 |l = | —-1—|s5 |—|—1—{|4}{—1—1|—
4.5 30 | — |25 — 26 | — |20} — |20} — |16} — MHz
6 35| —|=t=—j29 ]|~ [—| =123 |~— —
SWITCHING CHARACTERISTICS (C. = 50 pF, Input .t = 6 ns) _
LIMITS
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC V(‘\:I)c HC nor | 7anc | 7anct | sanc_ | sanct |UNITS
Min. [Max. [Min. [Max. {Min. |Max. |Min. |Max. |Min. |Max. Min. jMax.
Propagation Delay, teLn 2 — 15 — | — | — jeo} —§y— | — [265}| — | —
CPtoQ, O tew 45 | —l3s | — |35 | —jaa )~ 14| — 83|~ |83
(Fig. 2) 6 —lao|l=-|—-]1=137l—-}—-]1=14] =1
R.S5100,Q tene 2 | — J200] = | — | = leso| = | — | — |s00] —1}— ns
' teun 45 | — 40| — |40y —|s0| —|50]— (60} — |60
(Fig. 3) 6 — gl -l =Ja3]l—-|=}=1511—=1=
Transition Times trn 2 —_ (-] =-!—Jes|—|—1—|110] =} —
trm 4.5 - 15 | — 15 | — 19 | — 19 | — 22 — 22
(Fig. 5} 6 vl —-=116]l—1—1]1—1191-=1]=
\nput Capacitance C “Ti0l -l —lw]|]—11w0] -"110}—110] pF

(eh)
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Fig. 2 — Clock pre-requisite and propagation delays

INPUT LEVEL

[-L 1}

92C5- 36969

Fig. 4 — Data pre-requisite times.

INPUT LEVEL

Technical Data

CD54/74HC74
CD54/74HCT74

RIS1 X vg vg
GND === w= .
—y, ——1REM
INPYT cmmwee!
cP N tV
S
S, Ttk
}
¢ (Q

5 @ vs x

92C$-36968

Fig. 3 — Reset or Set pre-requisite and propagation delays

L—'vm_

92C5-36970

Fig. 5 — OQutput transition times.

54/74HC 54/T4HCT
INPUT LEVEL Vee v
Ve 50% V. 13V

e St
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tecnnical Data

File Number 1683 CD54/74HC4024
CD54/74HCT4024

High-Speed CMOS Logic

12 ., . .
— o1
' TN 7-Stage Binary Ripple Counter
-4 - Q2 -
® a3
18 oa Type Features:
5 & Fully static operation:
- Qs ® Buffered inputs:
MR —2 4 ae ® Common reset
13_ a7 & Typical fuar = SO0 MHz @ Vec =5V, C. = 15pF, Ta = 25°C

92CS-38450R!
CD54/74HC4024, HCT4024
FUNCTIONAL DIAGRAM

The RCA-CD54/74HC4024 and CD54/75HCT4024 are 7- Family Features:

stage ripple-carry binary counters. All counter stages are » Fanout (over temperature range):
master-slave flip-flops. The state of the stage advances one Standard outputs - 10 LSTTL loads
count on the negative transition of each input pulse: a high Bus driver outputs - 15 LSTTL loads
voltage level on the MR line resets all counters to their zero ® Wide operating temperature range:
state. All inputs and outputs are buffered. CD74HC/HCT: -40 t0 +85° C "

Balanced propagation delay and
transition times

The CD54HC4024 and CD54HCT4024 are supplied in 16-
lead hermetic dual-in-line ceramic packages (F suffix). The ianifi :
CD74HC4024 and CD74HCT4024 are supplied in 16-lead f'sg}'}'l’_czj';ﬁg:' feduction compared to
dual-in-line plastic packages (E suffix) and in 16-lead dual- e Al . e X .
in-line surface mount plastic packages (M suffix). Both ernale source is Philips/Signetics
types are aiso available in chip form (H suffix). ® CDS4HC/CD74HC types:
_ 2 to 6 V operation
: High noise immunity: Ni.= 30%, Nuw=230% of Vee
. @ Vcc =5V
. CD54HCT/CD74HCT types:

4.5 to 5.5 V operation .
Direct LSTTL input logic compatibility

Vii=0.8 V max., Viu=2 V min.
CMOS input compatibility

/l = TpA @VOL, VOH

TRUTH TABLE

MR OUTPUT STATE

L Advance to Next State

¢
_/- L No Change
.

X

H | Al Outputs are Low

3 H = high level (steady state)
NC28,10,13 Q4 Qs Q6 Q7 L = low level (steady state)
X = don't care

92Cm -3645:m0)3

Fig. 1 - Logic diagram for the CD54/74HC/HC T4024.
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CD54/74HC4024
CD54/74HCTA4024

MAX!MUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vee):

(VOItBGOS rOIBIONCEA 10 QrOUMG) .. ...\t vttt ittt et n et s e e e et m s e e s s b e et e et e e et tut s nanees -0.5t10+7V
DC INPUT DIODE CURRENT, lix (FORV, < =05V OR V. D> Vee *0.5 V) 1 ouuiiiiit i ceiiiiinei et ttanaanesaes +20 mA
DC OUTPUT DIODE CURRENT, lox (FOR Vo < -0.5V OR Vo > Ve +0.5 V) .. 220 mA
DC DRAIN CURRENT, PER OUTPUT (lo} (FOR-05V <V, < Vec +0.5 V) .. 25 mA
DC Vee OR GROUND CURRENT, (1eC) vt venteentenetiiaate ittt et et ae e ettt eernes .... 250 mA
POWER DISSIPATION PER PACKAGE (Po): )

FOrTa=-4010 +60°C (PACKAGE TYPEE) .........ooiuiiiiiiiiiiiiiiniei e e . 00 mwW

ForTa=+6010+85°C (PACKAGE TYPEE) ... ... iiniiiiiiniiiiieinai e Derate Linearly at 8 mW/°C to 300 mW

FOrTa®-5510+100°C (PACKAGE TYPE F, H) ...t ts ittt iaaat s aasastsaenns 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/*C to 300 mW

FOP Ta = -840 10 +70°C (PACKAGE TYPE M) ... tm ittt et et e e e e e 400 mW

For Ta=+7010 +125°C (PACKAGE TYPEM) . ... ... ... ... i, Derate Linearly at 6 mW/°C 10 70 mW

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE F, H -55t0 +125°C
PACKAGE TYPEE, M .. 40 to +85°C
STORAGE TEMPERATURE (Tatg) - .o v o viviieiiaia i iaie i et iaa e e ereeieaeaa e -65t0 +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from Ca88 107 108 MBX. ... .t irtir ittt iisreenaonsnararaeeseseannans +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)
Wilh $010@r CONLACHING 1@BA LIPS ONIY L.\ uie ittt ittt te ettt ie ettt e aae e e ear e s aansasiseanranteaeosensns +300°C
RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be selected so that operation is always within
the following ranges:
LIMITS
CHARACTERISTIC MiN. AKX UNITS
Supply-Voitage Range (For Ta=Full Package Temperature Range)
Voc!'
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 55
DC Input or OQutput Voltage, Vi, Vo 0 Vee
Operating Temperature, Ta:
CD74 Types : -40 +85 o
CD#4 Types -55 +125 c
Input Rise and Fall Times, t.,ty.
at2v 0 1000
at4sVv o] 500 ns
até Vv 0 400 )
*Unless otherwise specified, ali voltages are referenced to Ground.
R
- b
¢ -
1 ¢
s !
n ) R e °
Y R # I n '
L ; g l ’ ;
n DC M I_J_-] —0Q
T I 4 0
i ? » "
¢

*|—2

92CS - 40280

FLIP-FLOP DETAIL
Y2CM-38452R1

Fig. 2 - Flip-ilop No. 1 detail. Fig. 3 - Detail for flip-fiops 2 through 7.
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STATIC ELECTRICAL CHARACTERISTICS

Technical Datz

CD54/74HC4024
CD54/74HCTA4024

COD74HC4024/CD54HC4024 CD74HCT4024/CDS4KCT4024
TEST T4AHC/S4HC T4HC S4HC TESY TAHCT/S4HCT | 74HCT | S4HCT
CONDITIONS TYPE TYPE TYPE CONDITIONS TYPE TYPE |- TYPE
CHARACTERISTICS UNITS
-85/ -4/ -58/
+28°C 4o/ +25°C
+85°C | +125°C +85°C | +125°C
\ o Ve \ ] Vee
v [mafv v v qu
Min [Typ (Max [Min [Max [Min [Max Min |Typ [Max [Min Min [Max
High-Level 2 |15 — 1~ |15]— (15 ]~ 45
tnput Voltage Vin 45 1316} — | — [315] — {315 — - to 2 j—-]=]l2f—-]j2 |- v
6 (42 | — | — (42 ] — |42 | — 5.5
Low-Level 2 =~ {05} [05{_ |05 45
Input Voltage Va 45 | — | — J1.35| — ]1.35{ — |1.35 - to- |~ |~ o8]~ |los]|~ los v
6 |- {— J18]—]18]_ |18 5.5
High-Level Vu 2 119 |~ |~ 1191 — (19|~ Vu
Qutput Voltage Vou or 002 |45 (44 | — | — (44 ] — |44 ) — or 45 |44 |~ | — |44 |~ Ja4 ]| = v
CMOS Loads Ve 6 1590 |~ | — i58|— [58|~ Vin
Vu Vo
TTL Loads or -4 451398 — | — 1384 — [37 ] — or 45 [3988| —~ | — |d8af— |37 ] - v
Vim -5.2 6 [548] — | — |534| — 152 | — Vin
Low-Level Vo 2 =]~ JO1}—JO1]— fO1 Ve
Output Voitage Voo or | 002 RN AR R AN ERIA or 45 | — | — |0t} ~ oy {— lo1 v
CMOS Loads Vin 6 | — |~ 101]— 01|~ 01 Vin
Ve Vi
TTL Loads or "4 45 | — | — j026] — lo33| — [o4 or 45 | — {— |0.26| — |033| — {04 v
- Vin 52 [] — | — 1026] — ]033] — {04 Vin
Input Leakage - Any
Current h Vee Voltage
or 8 | — |- pO| = jt1 ] — |21 ] Botween | 55 |-~ | — o] — {29 |~ [21 A
Gnd Vee and
Gnd
Quiescent Device
Current lee | Vec Vee
or [ 6 - |- 8 — |80 |~ [180 or 55 - |- 8 — 80 | — 1160 HA
Gnd Gnd s
Additional
Quisscent Device . 4.5
Current per Vee -2.1 o — (100 {360 | — |450 } — {490 uA
Input Pin: 55
1 Unit Load Blcc®

“For dual-supply system- theorstical worst case (V; =24 V, Vec = 5.5 V) specification is 1.8 mA.

HCT Input Loading Table

Input

Unit Loads*

? . MR

0.5

*Unit Load is Alcc limit
specified in Static
Characteristics Chart,
e.g., 360 pA max.@25°C.

TOP VIEW
92C5-368433R1

TERMINAL ASSIGNMENT
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CD54/74HC4024
CD54/74HCT4024

SWITCHING CHARACTERISTICS (Vco=> V, Ta=25°C, Input 1,,1,=6 ns)

TYPICAL VALUES
CHARACTERISTIC SYMBOL C. (pF) HC HCT UNITS
Propagation Delay tpre 15 11 17
¢ to Q1 toim
trme 15 6 6 ns
Qnto Qn+1 toin
trre 15 14 17
MR to Qa teun
Powe' Dissipation Capacitance® Cro — 30 30 pF
*Ceo is used to determine the dynamic power consumption, per packags.
Po = Ceo Vec® i + X (Co Vec? 1i/M) where:
M=21'22’23'24'25‘2l'27
Ci=output load capacitance
fi=zinput frequency
Prerequisite tor Switching Function
: 25°C -40°C1o +85°C -5§"Cto +125°C
CHARACTERISTIC SYMBOL vVee HC HCT 74HC 74HCT S4HC S4HCT |UNITS
IMin, [Max. | Min, [Max. Min. Max. [Min, [Max. |Min. Max.TMin. [Max.
Maximum Input 2 6 | — |~ —~ S {—~1—-1- 4 — ] -] -
Pulse Frequency frax 4.5 V| — (25| — 24— |20 —]20|— {16] — | MHz
6 3B | — |- —129| -} —~1 =24 = | =] =
Input Pulse Width tw 2 80 |~ — =100 —T=T=1720] = | <= =
4.5 6| — (20— j20 |~ |25} — |24}~ |30 —
6 M|l — | - —=f17 | -] =} |2l —-1_1]=
Reset Removal Time tagm 2 V|- - =168 =1 — =175 =1=]=
45 W~ 110 —(183]|—~J13|—-]15]—-1]115]— ns
6 9 |- |—-|—-fi1|—ft=—f—=]13]~}~=]<
Reset Pulse Width tw 2 80 | — 1 —|—J100] == =TJ120] — | — | =
. 45 |16 | — 120 — 20| — |25 | — |24 |~ |30 ] —
6 M |-~ [ —t17 |- =] =20} —=}]~1]~-—
-—
SWITCHING CHARACTERISTICS (C_ =50 pF, Input 1,1 =6 ns)
25°C -40°Cto +85°C | -55°C to +125°C
CHARACTERISTIC SYMBOL vece HC HCT T4HC 74HCT S4HC S4HCT |UNITS
[Min. [Max.[Min. [Max. [Min. [Max. |Min. [Max.|Min. [Max.[Min. [Max.]
" Propagation Delay, [ 2 — (10—t =]~ 175 =~ —=1210] = | —
@ to Q1 Output (T 45 | —~ | 28| —~ |40 | — |3 | — 50| — 42|~ 60| ns
6 — | 24 | — - - {30 | — —_ — | 36 | — _—
[Propagation Delay teun 2 — = =Js=1=T=T10—=T=
Qn to Qn+1 tene 45 t— 5 | =115 — |19 — |19 = 22| —]22]| ns
6 =18 |=-|—-|—-—{1m3)1—-—|=|=119]-]=
Propagation Delay [ 2 -7 -1 — = Ja21s | — | — [ — 2861 — | —
MR to Qa 4.5 — |3 ]| — |40 | —]43 |~ |50|— 15|~ |60 ns
6 — 12— |- —Jer|=|—=—|—-]a3| -]
Output Transition trom 2 ~— B |- =-=1SB ===l =1T=
Time trae 45 — (W] =15 = (19|~ j19]| —]22]|— 1|22 ns
6 — B8l — - —j16 ]~~~ ~j39)] =]
Input Capacitance Ci — =10 | -] ]j—=fw0]~Twl=T1wo ] =110 pF
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Technicai Data
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CD54/74HC4024
CD54/74HCTA4024

INPUT LEVEL — — — —,
¢ vsg
-—.-1 |,,m
INPUT LEVEL — —
MR Vs Vg Vg
[ SN Sypp—— !

92CS5 - 3845%R2

54/74HC 54/7T4HCT ool
input Level vee 3V
Switching Voltage, Vg S0%Vee | 1.3V

Fig. 4 - Input Pulse pre-requisite times, propagation delays
and output transition times.

Fig. 5 - Master Reset pre-requisite and propagation delays.
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CD54/74HC4066 - File No. 1777
CD54/74HCT4066

High-Speed CMOS Logic

13 1 . .
. ER Quad Bilateral Switch
263 142y
- -
() 8
* P Type Features:
2 LA s Wids analog-input-voltage range: 0-10v
[0 8 Low “ON” resistance: 25Q@Vec=45Vv
150@Vec=9vV
el ® Fast switching and propagation delay times
s Low “OFF” leakage current
22Cs-3908:
FUNCTIONAL DIAGRAM

The RCA CDS4/74 HC/HCT4066 contains four independent Family Features:
digital'y controtied analog switches that use silicon-gate & Alternate Source: Philips/Signetics
i s Wide operating temperatyre range:
CD74HC/HCT: -40 to +85° C ’
& CDS4HC/CD74HC types:

These switches feature the characteristic linear "ON"- '24 i‘; ;OHL‘I’S‘; z_g;” :Z";;
resistance of the metal-gate CD4066B. Each switch is 4
- f N|L=30%,Nm=30%olvcc:@vcc=5V&10V
turned on by a high-ievel voltage on its control input, ® CDS4HCT/CDT4HOT types:
The CD54HC4066 and CD54HCT4066 are supplied in 14- Direct LSTTL input logic compatibility
lead hermetic dual-in-line ceramic packages (F suffix). The ViL=0.8 V Max., Vy, = 2 v Min.
CD74HC4066 and CD74HCT4066 are supplied in 14-lead CMOS input compatiblity
dual-in-line plastic packages (E suffix) and in 14-lead dual- h<1 A @ Vo, Vou
in-line surface mount plastic packages (M sutfix). Both

types are aiso available in chip form (H suffix).

ny

Lt TRUTH TABLE

=L 4 If eyt swren |

ﬂn
7=

L oft

. H on
e "‘[>°—J:] H = HIGH Level
’ | L=LOW Leve!

92¢3-39059

Fig. 1 - Logic diagram (one switch).
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Technical Data

CD54/74HC4066
CD54/74HCT4066
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vec):
(Voitages referenced to ground)

0 B 17 T 05t0 +7V
L2 77 L N -05t0+105vV
DC INPUT DIODE CURRENT, ks (FORWVIK D5V OR VI D> Vee +0.5 V) toiuiniintiiinieiioe et atnenneionaananenns.
DC SWITCH DIODE CURRENT, ok (FOR Vo < -0.5 V OR Vo > Vec +0.5 V).

» DC SWITCH CURRENT, o, (FOR V; > -0.5 V OR V, < Vee + 0.5 V)
DC Ve OR GROUND CURRENT (f) + et vurnnnrenensstnentnnn e e it an s oe e e e e et et 2
POWER DISSIPATION PER PACKAGE (Po):

For Ta = 40 to +60°C (PACKAGE TYPE E)

............................................................................... 500 mW
For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +100%C (PACKAGE TYPE F, H) ..ottt ittt et eenaaense e 500 mw
For Ta=+10010 +125°C (PACKAGE TYPE F, HJ . ..iiiiriiiiiit ittt et eaieiianeans Derate Linearly at 8 mW/°C to 300 mw
FOr Ta=-4010 +70%°C (PACKAGE TYPE M) oottt ittt ittt ettt et ettt et e anaas 400 mw
For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW

OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TY PE F, H oo i ittt ettt ettt et e et et a e -55t0 +125°C
PACKAGE TYPEE, M....... -40to0 +85°C

STORAGE TEMPERATURE (Tatg) o« oottt tttetnttmuenaienatoenenetenanraeenanenoeanet e eaasaranisnsnenenns -85 1o +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.590 = 0.79 mm) from Gase for 108 Max. ...uuueriiniinin ittt ittt nanens +265°C
Unit insarted into a PC Board (min. thickness 1/16 in., 1.59 mm) .
with solder contacting 18ad tips ONly .....ouvueiineieiarneeneeairenrneerencanaaces PP +300°C

* In certain applications, the external load-resistor current may include both Vec and signai-line components. To avoid drawing Vce current
when switch current fiows into the transmission gate inputs, (terminals 1, 4, 8 and 11) the voitage drop across the pidirectional switch must

notexceed 0.6 voit (caiculated from R, vaiues shown in the Electrica’ Characteristics Chart). No Vce current will flow through R if the switch
current flows into terminals 2, 3, 9 and 10.

/]
v—N P vee
12— ALEEPPY
22— L PP
v Y ALEp
)
26— ALZPS
°
e —2 —-32
GND—1] 18 av
$2°3-39092
TERMINAL ASSIGNMENT

T



Technical Data

CD54/74HC4066 '
CD54/74HCT4066

RECOMMENDED OPERATING CONDITIONS: For maximum reliability, nominal operating c.. . *ionr should be selected so
that operation Is always within the foliowing ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range (For Ta = Full Package-Temperature Range) Vce:*
CD54/74HC Types 2 10
CD54/74HCT Types : 4.5 55 v
DC input Voltage, Vc. and Analog Switch Voltage, Vio 0 Vee
Operating Temperature Ta: .
CD74 Types ~40 +85 o
CD54 Types -55 +125 C
Input Rise and Fall Times t. t (Control Inputs)
at2Vv 0 1000
at4s5Vv 0 500 ns
at9 Vv 0 250
*Unless otherwise specified, ali voltages are referenced to Ground.
STATIC ELECTRICAL CHARACTERISTICS
CDT4HCA086/CDSAHCA08S CD74HCT4088/CD74HCT4068
TEST TAHC/S4HC | TaHC S4HC TEST T4HCT/54HCT | T4HCT | SAHCT
CONDITIONS TYPES TYPES | TYPES CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC . ] UNITS
CON- | SW- -0/ -58/ CON- | sSw- -40/ 55/
+25°C +25°C
TROL [ITCH |Vcc +85°C | +125°C | TROL [ITCH |Vce +85°C | +128°C
\'A Vis v \ ) Vis v
v v Min [Typ [Max jMin [Max |Min {Max v v Min |Typ |Max | Min [Max [Min iMax
High-Level 2 |1s5)—|— 15|~ |15]~ 45
In, o1 Voitage Vi - — |45 315{ — | — J3.15] — [3.15] — - —jo |2 |—-1—|2|-]2 |-
9 [63|~ [~ |63|— |63]— 5.5 v
Low-Level 2 - | — j05{— |05 }|— {05 45
Input Voltage Ve | — — |85 ]| = |~ Nas|— [135] —~ [1.35 - - |to}— |~ o8| — los ]|~ jos
g |—|—Jarl—jer |- |ar 55
tnput Leakage ” Any
Current Veco Voltage
{Any Control) e or _ 10 ({— | — KO} — |21 ] — [+1 |Between | — 55|~ | — RO} — x| — |21
Gnd Veo &
Gnd #A
Otf-Switch Vee Veo
Leakage VY or 110 |— | — EOIf— 121 |~ |1 Vu or |55 — | — O]~ |£1|— |X1
Current Iz Gnd | Gnd
“On" Vee (45 | — j25 |80 | — |108| — |128 Vee |45 |~ |25 |80 | — J108] — |128
Resistance Vee or [:] — |20 fjrs |~ [oa [~ |113 Vee or —_— -] =]~ ]=-]—- |-
lo*1mA ) Gnd |9 | —1i1s]eo|—[78]—~ |95 Gnd [— |~ |~ |=}=]-]=1}~
(Fig. ) Ren Voo 4.5 | — |35 95 [ — [118] — [142 Vee 145 ] — |35 |95 [ — 8] — |42
Vee to | 6 [— |24 |84 | — |105] — [126 ] Ve o [=|=|=|=-f{={=]=-1- 0
Gnd | 9 — |18 {70 | — |88 | -~ 105 énd |~ |~ |-} —}|— |~ |—1—
“On" Resistance Clas - (1~ ][~~~ as|—-J1|=|=1=1=1-
Between Any Two Vee - 6 |— Po1S|~=|—=|—1—1|— Vee - _—_ - = ===} -
Switches ARen 9 |— Jos -l == |- —_ |-
Quiescent Vee 6 {—~ |~ ]12{~}20]|— {40 Vee
Device or — W}l—-|—]16|— |60} — |320 or - 55| - |- 12 |~ |20}~ 140
Current lec Gnd Gnd
Additional
Quiescent Device - 45 { A
Current per - - |=]=]=]=1=]={<{=1vee21| — {to]— [100l360] — |as0]|—~ |490
Input Pin: ’ 5,5 v Ty
1UnitLoad  Alec ) |

* For dual-supply systems theoretical worst case (V, = 2.4 V, Ve = 5.5 V) specification is 1.8 mA.



HCT Input Loading Table

Technical Data

CD54/74HC4066
CD54/74HCT4066

tnput

Unit Loads *

All

1

« Unit load is Alcc limit specified in Static Characteristic

6

Chart, e.g.. 3__ pf nax. & ?5°C. e
SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, Input t,, 4 = 6 ns)
TYPICAL
CHARACTERISTIC Ci UNITS
pF HC HCT
Propagation Delay Time: truL
15 4 4
Switch In to Out trn
ns
Switch Turn Off tonz, tewz 15 12 Foma 14
Switch Turn On tezn, tezL 15 8 9
Power Dissipation Capacitance® Cro —_ 25 38 pF
* Cpp is used to determine the dynamic power consumption, per package.
Po = Ceo Vec?  + 2 (Cu + Cs) Vec® fo where: 1 = input frequency fo = output frequency
C. = load capacitance Cs = switch capacitance
Vcc = supply voltage
SWITCHING CHAARACTERISTICS (C. = 50 pF, Input t,, t; = 6 ns)
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC Vee HC HCT 74HC 74HCT 54HC S4HCT |UNITS
Min. Max. [Min. |Max.|Min. |Max.|Min. |Max.|Min. |Max.|Min. Max.
Propagation Delay Time tpin 2 —leot—-—|—-|—]15—|—{—}|0}—|—
Switch in to Out tone 45 | — 12 | — 12 - 115 | — 15§ — 18 | — 18
g l—|ls|—-|-|-j1]|=-}j=|=({W]|—1=
Switch Turn On Delay tezn — |10l = | - | — {125y — | — | — [150} — | —
tezu 45! —l20| — 24| —}25 ] — 30|~ |30|— |36 ns
—l12j-t=1=|5]=]=]—{18t-={—
Switch Turn Off Delay —l150f — | -t — (190 — | — | — |25 — | —
tonz tpz |45 ] — |30} — 135 | — |38 | — |4 ]| — 45 | — | 83
g l—-laa|—-|=fj—}30|—-|—]|— |3 ]—]—
input (Control)
. C |l —-t10ol={1w}—-t10|=~|W0O0]—(100}—1]10 pF
Capacitance .
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CD54/7 41C4066
CD54/74HCT4066

ANALOG CHANNEL CHARACTERISTICS - Typical Values at Tc = 25°C

CHARACTERISTIC TEST CONDITIONS V;c HC HCT UNITS
Switch Frequency Response Bandwidth Fig. 3
4.5 200 200 MHz
at-3dB (Fig. 12) Notes 1 & 2
Cross Talk Between Any Two Switches Fig. 4
: . 4.5 -72 -72 d8
(Fig. 13) nNotes a3
Total Harmonic Distortion 1 KHz, Vis =4 Vpp 4.5 0.022 0.023 %
Fig. 5 Vis = 8Vpp 9 0.008 N/A
Control to Switch Feedthrough Fig. 6 4.5 TBE TBE v
m
Noise 9 TBE TBE
Switch “OFF" Signal Feedthrough Fig.7
4.5 -72 -72 dB
(Fig. 13) Notes 2 & 3 ‘
Switch Input Capacitance Cs —_ - 5 5 pF
Notes: 1. Adjust input level for 0 dBm at output, { = 1 MHz. 2. Vis is centered at Vec/.
Tam2sC 3. Adjust input for 0 dBm at Vis.
S0 gND=OV

-

s

-
Vet

Ms4.sv.nuvmz

»
o
T

Vo= SV, PINITOS

-oﬁ-nemmc!«_‘m—n
g

b ——
1o}
L 1 1 L l 1 i i 1 1 J
° 1 2 3 4 48 S [ ] 7 [] [] 10
INPUT $IGNAL VOLTAGE (Vig) -V s2c8-39083
Fig. 2- Typical “ON" resistance vs. input signal voltage.
: vee ANALOG TEST CIRCUITS vee
. vis

0AMF o

Vos

00 10pF
a8
!
veersa

Fig. 3 - Frequency response test circuit.

INPUT

f15=1 MHZ SINE WAVE
R =508
C=10pF

Fig. 4 - Crosstalk between two switches to circuit.
fig = 1 kHZ TO 10KHz ! :

Fig. 5 - Total harmonic distortion test ¢ircuit. v »
cc

L] i Ve =V
T 0.1 pF . g 2 tMHZ SINE WAVE
l ve-r it SWITCH A=s0l
vos vis—4 oFF vos

C=10pF

¥

000 SWITCH
ALTERNATING ' os n L} <
ON AND OFF a4
cc/? 6000

i/

s HSOne
fcon~ =1 Mk
DUTY

( ) vegr2 vee/2
oL vee2 SCOPE Lo Tk
"L' - : i, 92cM~39840

.. s
Fig. 6 - Controi-to-switch feedthrough noise test circuit. Fig. 7 - Switch ol sign feedthrough.
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CD% /74HC4066
CD54 .4HCT4066

l,=em—l -~ ty='6ns
| inpUT LEVEL

=T 909
t=6ns '-— -—1 _‘l=°"' i—VCC E _:}S ___________ ,1::;‘1.'10*

switchineur |/ T T NTTT T 50 % tpzL
i e S S P
GND OUTPUT ———
tpLH r. l.. tPHL LOW TO OFF ___,,[_-::: _—\__“ %

‘Pﬂl- ———T— tpzH
WITCH OUTPUT  fmm e N e 0% -
switc OUTPUT ""“* 50 %

HIGH TO OFF
92C5-39835 '
SWITCH ON SWITCH OFF SWITCH ON
 92CS-39936
Fig. 8 - Switch propagation - delay times waveforms. Fig. 9 -Switch turn-on and turn-off plopagnuon delay times
waveforms.
! '.
54/T4HC 54/T4HCT

Input Level Vee v
Switching Voitage, V, . 50% Vcc . 1.3V,

R =1kil
GND FOP *~ 72 AND tpzy | |\ TG Oout Vee FOR tpLz AND tpz
Ve FOR tpyz AND tpzy O . GND FOR tpyyz AND tpzyy
ICL 50 pF

= 92CS-39937

Fig. 10 - Switch on/off propagation delay time test circuit.

. INO OouTt .
I.’)O pF

92CS5-38835

Fig. 11 - Switch-in to switch-out propagation delay time test circuit,
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Fig. 12 - Switch frequency response, Vg = 4.5 V. Fig. 13- Switch-off signal feedthrough and clossfi"F vs. ”"7“‘”‘7'

Vec=45V.
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Technical Data

CD54/74HCA4040
CD54/74HCT4040

High-Speed CMOS Logic

40_1
Judts B

z
E
M Type Features:
i ® Fully static operation
o ® Buffered inputs

KN % Common reset

uasTen aeser & Negative edge pulsing
[T NCY-TP06E T

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC4040 and CD54/74HCT4040 are 12-
stage ripple-carry binary counters. All counter stages are
master-slave flip-flops. The state of the stage advances one
count on the negative transition of each input pulse; a high
voltage level on the MR line resets all stages to their zero
state. All inputs and outputs are buffered.

The CDS4HC4040 and CD54HCT4040 are supplied in 16-
lead hermetic dual-in-line ceramic packages (F suffix). The
CD74HC4040 and CD74HCT4040 are supplied in 16-lead
dual-in-line plastic packages (E suffix} and in 16-lead dual-
in-line surface mount plastic package (M suffix). Both
types are also available in chip form (M suffix).

e TRUTH TABLE

@ MR Output State

e L No Change

N L Advance to next state
X H All Qutputs are low

H = high level (steady state)
L = low level (steady state)
X = don't care

+8

File Number 1483

12-Stage Binary Counter

® Typical Iuax = 50 MHZ @ Vec = 5V, C. = 15pF, Ta= 25°C

Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
» Wide Operating Temperature Range:
CD74HC/HCT: -40to +85°C
s Balanced Propagation Delay and Transition Times
= Significant Power Reduction Compared to
LSTTL Logic ICs
= Alternate Source is Philips/Signetics
® CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Nu= 30%, Niu=30% of Vcc
@ Vee=5 Vv
s CD54HCT/CD74HCT Types:
4.510 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vie=0.8 V Max., Vin=2 V Min.
CMOS Input Compatibility

h<1uA @ Voo, Vou

Q Q2 Q3 4

Fig. 1 - Logic block diagram.,

2 4 13 |2~ 14
c6 o0
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