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SYNOPSIS

Frequency measurement is required as part of
those instruments which converts the measured physical

quantity 1into a frequency change, such as the variable-

reluctance velocity transducer, stroboscopes. The
visrating wire Iorce sensor, resonant-wire prassure
measuring instruments and the quartz thermometer. Tho

output relationship of some forms of A.C. bridge circuit
used for measuring inductance and capacitance also

requires the excitation frequency to be known.

In this project a frequency meter module
is fabricated using 8digit,7 segment LED indicator with a
resolution of 10 Hz and accepts iuput frequencies 0 upto
3.5 MHz. Its presetting facility makes this simule-to -
build module for incorporating in a radio receiver. The
module uses two ICM 7217IPI Cmos presettable up ana ‘iown

caulters.
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CHAPTER 1

INTRODUCTION

1.1 Electronics Frequency Measurements:

It is needless to say that a frequency
meter finds'a very wide range of apllication, in a power
nouse, receiving station, sub stations, radio sStations
and Television stations. As it goes hand in hand wlth
financial involvement the meter should have a fair
accuracy and fast response. Electronic tehniques are
widely used in the measurement of variubices with groeuaier
accuracy. In this project, measurement of frequency by
electronic circuit is taken. The design 0of digital
frequency meter is carried out aud the lrequency motoer s
tabricated to give a numerical read out. Accordng e Luwu
mathematical equaticn [ = 1/T where ! 1s the Irequency i
He and T is the time period Li seconds.

1.2 Advantages of digital frequency measurements:
‘

The digital instruments which arec natirally
based on electronic circuits have several advantayas  as
mentioned below.

1. The digital instruments indicate the readings dlrectly

in decimal numbers and therefore errors an account of




human factors like errors due to parallex and
approximation are elimigated.

2. The readings may be carried to any number of
significant figures Dby merely positioning the decimal
point.

3. Since the output of digital instruments is in digital
form and therefore the output may be directly fed into
memory devices like tape recorders,printers ana digital
computers etc, for storage and future computations.
4.Electronically operating measuring scheme draw very
minute current which the signal source can supply without
affecting accuracy that 1is the signal sourcé is not
loaded as the electronics circuit provides high 1input
impedance which is essential to reduce error.

5. When manipulating the signal by electronic circuits,
the signal can be amplified Or attenuated LO the required

level.

1:3 Resolution in Digital Meters:

| The number of digit positicns wused ian a
digital meter determines the resolution. in practice a
fourth digit usually capable of indicating either 0 or 1
only, 1is placed to tLe left or active digits. This
permits going above 299 to 1999 to give overlap Dbetween

ranges for <convenience. This 1s called over ranging.




This type of display is known as a 31/2 digit display.

The resolution of a digital meter is
determined by the number of active or full digits used.
If n = number of full digits used in the meter.

n
Resolution = 1 / 10
4

Therefore a 4 digit display has a resolution of 1/10

= 0.0001 (eor) 0.01 percent.

1.4 Sensitivity of Digital meters:

Sensitivity 1s the smallest change 1n input
which a digital meter is able to detect. Therefore it 1is
lowest ranges full scale value multiplied by meter's

resolution.

Sensitivity S (f.s) minty x R

Where (f.s)mini = lowest full scale vulue of meter and R

= resolution expressed as declmal,

1.5 Scheme 0f the Project:

Alternative nethods of measurcments ot
ffequency is explained in chapter 2. The proposed digital
frequency meter is explained in chapter 3. This module
is based on two ICM 7217 CMOS presettable UP/DOWN

counters. Two of these chips are cascaded to obtain 8

digit read out on common anode 7 segmoent LED displays.




CHAPTER 2

FREQUENCY METERS

2.1 Types of frequency leters:
The different types of Ifrequency meters are
available based on different principles as follows:
1) Mechanical & resonance type
2) Electrical resonance type
3) Electrodynamometer type
1) Weston type
5) Ratiometers type
6) Saturable core type.
The frequency can also be measurcd and
compared by other arrangements like electronic counters,

frequency bridges, stroboscopic methods and cathode ray

oscilloscopes.

2.2 Mechanical Resonance type frequency meter (vibrating
r?ad type)

This meter consists of a number of thin
steel strips called reeds. These reeds are placcd 12 a
row alongside and close to an electromagnet which nas a
laminated 1iron core and its coil is connected in series
with a resistance, across the supply whose frequency is

to be measured.
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When the freguency meter is connected across
the supply whose frequency is to be measured, the coil of
electromagnet carries a current which alternates at the
supply frequency. The force of attraction between the
reeds and the electromagnet is proportional to ix*i and
therefore this force varies at twice the supply freguency.

Frequency Range.

The usual frequency span of these meters
is 6 Hz to 53 Hz. The range of frequeﬁcy meter can Dbe
doubled with polarization. The polarization muy be
accomplished by using a DC winding in addition to the A.C
winding or by using a permancnt ,magnet.

Advantages and disadvantages.

An advantage of the reed type of frequency
meter 1is that the indication is virtually independent of
the waveform of the supply voltage. The indication 1is
independent of magnitude of applied voltage also »nrovided
the voltage is not too low , as at low voltages, the

.
amplitude of vibrations will not be suifficient and thus

the readings will not be reliable.

The disadvantages 1s that such instruments

cannot be read much closer than half the Ifrequency

PR e T



difference between adjacent reeds. Thus they cannot bDe

used for precision measurements.

2.3 Electrical Resonance type frequency nmeters:

. Two types ot electrical resonance
frequency meters are

(i) Ferrodynamo type

(ii) electrodynamo meters type.

(i) Ferrodynamo Type:

The operation of this instrument, thoe
magnetising coil carries a current I and this current
produces a flux. If we reflect the resistance <o<: <the
coil and the iron losses 1in the «core , flux ¢, is In
phase with current I. Flux being alternating in rature
induces an enforce in the moving coil. This emf lags
behind the tflux by 90.. The emf induced <circuluates &
current in the moving coil. The phase of this current
depends upon the inductance L of the moving coil ana tihe

capacitauce C.

(1i) Blectric dynamonmeter Type Lrequuncy metor:

The torque on the movable element is
proportional to the current through the moving cCoil.
This current 1is the sum of the currents 1in fhe TWO

parts of the fixed coil. For applied Zrequency within the




1imits of the frequency range of the instrument, the

circuit of fixed coil 1 operates abcove resonant frequency
(as XL12XC1l) with current through it, lagging the applied
voltage. The circuit of fixed coil 2 opcrates Dbelow the
resonant frequency (as XC2 > XL2) with current in leading
the aplied voltage. One fixed coll circuit 1s inductive
and the other 1is capacitance and thererore the torgues
produced by the two currents I1 and I2 acts in opposition
on the moving coil. The reluctant torque is a function of
frequencoy of the applied voltage and therefore the meter
scale can be calibrated 1in terms of (freqguency. The
instrument scale spread over an angle of about 90: This

meter is used only for power frequency measuremenhts and

is used in power systems for mentioning the frequency.

2.4 Weston Frequency Meter:

This frequency meter conists 0 IWO 2o1lis
mounted perpendicular to each other. Fach coil =

inte two sections.

The meter is connected accross the supply
and the two coils carry currents, and these currents
setup two magnetic fields which are ut right angles Lo
each other. The meter is soO designedlthat the values of
various resistance and inductahces are such that for

normal frequency of suply the value oOf voltage J4rops




across resistance La and resistance Rb send equal

through coils A and B. Therefore the needle

takesup a position which is at 45. to both the coils and

currents

the pointer is at the centre of the scale.

Now if the fregquency iacreases uabove 1ts
normal value, reactance of coil A and Coll B increased.
while resistances coil A and coil B remain the same. This
means that with an increase in frequeancy. The voltage
impressed upon coil A increases as comparced with that
across coilB. Hence the current in coil A increuases while
it decreases 1in coil B ( cowing to increase in reactance
of Lb) thus the field cf coil 4 becomes stronger than
that of coil B. The tendency of the needle 1s to deflect
towards the stronger field and theretore,1t teands to sSet
itself in 1lige with axis of coil A. Thus the pointer

deflects to the left.

When the frequency decreases, an oOpposite

action takesplace and the pointer detflects to the right.

2.5 Ratiometer Type Frequency tieter:

A ratiometer type freqnency metur CONSisTs
of a ratiometer which gives ~a linear vrelationsiip
between the current ratio and the deflection. The:

two coils of this ratiometer are fea with




rectified output currents of two separate bridge

rectifiers. The input sides of the two Dbridge rectifiers
are connected to alternating current supply whose
frequency 1is to be measured. Input side of one bridge

rectifier has a series capacitance C and the other has

series resistance R.

Thecry and operation.

Let V be the sucply voltage and [ Dde i3
trequency output currents of pridge rectirier 1 1s L1 s

proportinal to 2*%3.14159*V*C

Output current of bridge rectifier 2 1o is

sroportional to V/X.

Tr o

= {§ * % 3.1313¢ «f*V=CY /(V/R)
= 9 * 5,14139 -« {l=CxgxL
Now K1, € and i uare constants.

Theretfore theta=KZxf,

Thus the iastruméent has a Linear scale o1

frequency in case the ratiometer is 3¢ designed that 1the

deflection is directly proporticnal to the ratioc ot  two

currents.

_JIER.
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It is clear from above that the supply

voltage V does not appear in the expression for

deflection. Thus the instrument may be used for a fairly

wide range of voltage below the maximum specitfied.

However, the voltage should not be too 1low otherwise

distortions are introduced which make the meter read

wrongly.

This meter may beused upto a frequency of
5000 Hz. Having discussed the various analog type of
frequency meter, the next chapter deals with digital

frequency meters.

11
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CHAPTER 3

DIGITAL FREQUENCY METER

3.1 Frequency Measurements:

The instrument which is now most widely
used for measuring fregquency which is measured in hertz,
is the digital counter timer. The osciloscope 1is also
commonly used for obtaining approximately measurements of
frequency especially in circuit test and fault diagnosis
applications. Within the audio lreguency rahge, the
wien bridge is a further instrument which is oiten used
certain other frequency measuring instruments also exist
which are used in some special applications. These
include the dynamometer frequency meter, the zero beat
meter, the grid vdip meter, compbells circuit and
maxwell's comutator bridge. Digital counter-times are the

most accurate and flexible instrument available Tor

measuring frequency.
3.2 Principle of operation of Digital frequency meter:

The signal whose frequency 1s to be measured
is converted in to a train of pulses one pulse Ior each
cycle of the signal. Then the number of pulses appearing

in a definite interval of time is counted by means Of an

12




nic counter. Since the pulses represent the cycles

electro
of unknown signals, the number appearing on the counter

is a direct 1indication of frequency of the unknown
signal. Since the elctronic counters are extremely flast

the frequency of high frequency signals may be xnown.

3.3 Basic circuit:

The block diagram of the basic circuilt of a
digital frequency meter is shown in fig (3.1) The unknown

frequency signal is fed tc a schmit crigger.

The signal may be amplified before being
applied to schmitt trigger the signal is converted in to
4 square wave with very fast rise and fuail times then
differentiated and clippged. As u result the output from o

schmitt crigger is a trala of pulses. ror each cycle of

The output from the schmitt =<-igger are rfed
to start stop gate. When this gate opens (starisy, the
input pulses psses through this gate and are fed to an
electronic counter which starts registering the 1input
pulses. When the gate 1s closed (stop), the input pulses

to counter ceases and it stop counting.

13
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The counter displays the number of pulses
that have passed through it in the time interval between
start and stop. If this interval is known, the pulse
rate and hence the frequency of the input signal can be
known suppose 'F' 1s the frequency of unknown signal "N'
the number of counts displayed by counter and 't' is the
time 1interval Detween start and stop gate. Theretore

frequency of unknown of signal £ = N/t.

3.4 Time Base:

It 1is abundantly clear that in order to
know the value of frequency o¢f input signal, the time
interval between start and stop of gate must be

accurately known. This time interval known as time Dbase

can be determined by the circuit given in fig (3.2). The

time base consists o0of a fixed frequency crystal
ascillactor. This oscillator which 1s Kknown as clock
oscillator must be very accurate. In order to 1insure

itts accuracy the crystal is enclosed in a4 coanstant
temperature over. The output of this constants frequency
oscillator is fed to a schmitt trigger which converts the
input to an output consisting of o train ol pulses al u
rate equal to the frequency of the clock oscillator. The
train of pulses then passes through a series of fresquency

assemblies connected i1ua cascuade., The

divider decade

15




N TS

connections are taken from the outpt of each decade in
the series chain, and by means of a selector switch, any
output may be selected. In the block diagram of fig 3.2

the clock oscillator frequency is IMHz. Thus the output
6
of the schmitt trigger is 10 pulses per second. At tLhe
6
¥1 tap of the switch there are 10 pulses per second, and

thus the time inverval between two consequtive pulses 1s

-6
10 sec or 1 micro secs.

-1
At 1x10 tap the pulses,having gone through

decade divider, are reduced by a factor 10 and now there

are 105 pulses per second. Therefore the time
intervel between them is 10 us . Similarly there are
104 pulses per second at tap 10—2 and the time
interval is 100 us lO3 pulses at tap 10—3 and the tlume

interval 100 ms. 10 pulses per second at tap lO-Oand the
zime interval 1 sec. One pulse per second at tap lu_baud
the time interval 1s 1 second. The time interval between
the pulses is the base and it can be selected by means of

the selector switch.
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3.5 ‘Circuit for measurement of frequency:

The complete circuit for measurement of
?frequency is shown in the fig (3.3) The positive pulses
} from the unknown source ‘called c¢ounted signal are
{arriving at input A of the main gate and positive pulses
. from the base sellector are arriving at input B of the
 start gate and at input B of stop gate. Initiaiiy the
FFF1 is its 1 state. The resetting voltage from output
volt of flip <flop FF1l applied to input A oI stop gate
opens this gate. The zero voltage from output Y of (flip

flop FFl, applied to input A of stop gate <closes that

gate.

As stop gate is open the positive pulses
from the time base, can get through to set input terminal
's' of flip flop FF2 and keep i1t 1n state 1. The
resulting =zero output voltage from Y is applied o]
:terminal 'B' of main gate. Hence no pulses from unknown

source can pass through the main gatce.

<

In order to start the operation, a positive
pulse called read pulse is applied to reset terminal, R
of FF1 this causes [Fl to reverse its state from 1 Lo O,
Now its output Y is positive voltage and output Y is O,

As a result the stop gate is closed und start gate 1Ls

18




The same read pulse is applied to the decades of

opened.

the counters bring them to zero and thus the count can

start now.

When the nextpulse from the time base
arrives it is able to pass through the start gate to the

terminal of FF2 flipping it from its 1 state to U

reset

state. The resulting positive voltage from its input Y
is applied to input B of main gate operating that gate.
Now the pulses from the unknown frequency source are

able to pass through and they are registered on cthe
counter. The same pulse that passes through the start
gate 1is applied to the set input S of I"'F1 changing 1its

state from O to 1. This results in closing of start gdte

and the stop gate is opened.

The next pulse from the time base selector

passes through the open stop gate to the set inpu

terminal S of FF2 changing it back to its 1 state. [ts

output from terminal Y is zero and so the main gate 1is

closed and the counting stops the assembly consisting ot
the two AND gate and the two flip flops is known as gacte

control Zlipflop.

19




3.6 Simplified composit diagram of a digital <frequency
meter:

A simplified compositive circuit of a
digital frequency meter is shown in fig(3.4) There are
two signal to be traced.

(i)Input signal - The frequency to be measured.

(ii)Gating signal - This determines the length of <time
during which the counters are allowed to totalize the

pulses.

The input signal is amplitied and is applied
to a schmitt trigger where it is converted to a train of

pulses.

The time base 1is shapped Dby a4 schmitt
trigger 1in to positive pulses, lus apart. These pulses
are applied to 6 decade driven asscubli.es. A selector
switch allows the time interval to te selected from 1 us
to 1 sec. The 1input to othe time base is proviucd by a

clock oscillator and a schmitt trigger.

The first output pulse from the time base
selector switch passes through the schmitt trigger to
the gate control flipflop;, The gate control flipflop
assures a state such that aﬁ enable signal is applied to

the main gate. The main gate being an AND gate, the

20
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input signal pulses are allowed to enter the DCAs where
they are totalized and ¢isp1ayed. This process continues
-till a second pulse arrives at the control gate
f1ip flop from the DDAs (Decade Dividing Assemblies) The
control gate reverses its state which removes the
enabling signal from the main gate and no more pulses are
allowed to go to counting assemblies since the main gate
closes. Thus the number of pulses which have passed
during a specific time are cunted and displayed on the
DCAs. The frequency can be read directly in case the

time base selector moves the decimal point in the display

areéa.

High frequency measurement:

The direct count range of digital frequency
meters extend from D.C to a few hunder MHz. The
limitations on account of <the counters used. High

frequency measurement demands very high rate of counting.

3.7 8Digit Frequency Meter Introduction:

The module is based on two ICM 7217 IJI CMOS
presettable up and down counters. Two of these chips are
cascaded to obtain an 8 digit readout on common anode 7

segment LED displays.

22




The counters presetting facility makes if
eminently suitable for use as a Ifrequency read out in

receivers the intermediate frequency (e.g 455Hz or 99MHz)

can be progarammed as an off set. In this manner, the
output frequency of the local oscillataor (LO) may be
measured by the counter module, when driven by a suitable
prescaler. Depending on whether the L.O frequency 1is
lower or higher than the received frequency the IF oiff
set 1is divided by the pre scale ratio and then proygrammed
as a pre set value which is uutomatically added to or

subtracted from the module's input frequency to ensure

that the received frequencoy is shown on the display.

An example might help to illustrate the
aboye procedure. A super heterodyne VHF FM ©broad cast
receiver has an intermediate frequency of 10.7MUz. The
LO frequency is higher than <the received frequency.
Assuming the receiver is tunned to i cStation 100MHz the
LQ generates 110.7 MHz. This signal is applied to a
divide by 100 pre scaler, which drives the ‘requency
meéter moudule. To ensure that the display reeds 100 Mz,

the counter must be programmed for an IF off set of

- 10.7 Mhz/100 =107 KHz . Since the counter will normally

~count up, it must be set to a negative off set, the

one's complement of this frequency, which is simple to

23
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calculate as, 10 000 000 - 0 107 000 = O 9 893 000
shift right (10MHz), MSD borrow;

preset = 99 989 300

The counter module has an up and doWn input
and a separate, but optimal. Circull lor programming the
off set,. Resolution and gating times are simple 7o
change, 1if desired. The maximum input frequency of the
counter module is about 3.5MHz at a senstivity of 60

mVrms.

3.8 The Counter Chip:

The ICM 7217 IJI is a CMOS decade counter is
a 28 pin plastic enclosure, intended for being
programmed with the aid of switches or fixed logic
contlgurations and driving comon anode displays. The
device from GE intersil is are of a family of single chip
4 bit programmable up down counters with an on <c¢hip

multiplex scan oscillator for simple driving of 7 segment

LED displays.

The internal structure of the ICM 7217 1is
given in fig 3.5. Three main outputs are provided.
CARRY/BARROW for cascading with further 4 bit counters,
zero which indicates when counter state zero (0000) 1is

counter state equals the value loaded 1n to the internal

24
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register via the BCD I/0 pins. The three outputs and the
BCD ports are TTL - <compatiable and internally -
multiplexed. Output CARRY/BORROW goes high when the
counter is clocked from 9999 to 0000 when counting up (
input up and down logic high) or from 0000 to 9999 wﬂen
counting down ( input up and down logic low) The schmit

trigger to prevent double clocking on slow rising cdgces.

The counter contents are transtered to tLthe
multiplexed 7 segment and BCD outputs when input STORE
is pulled low. A low level at the RESET input courses

the counter to be asynchronously reset to 0000.

As alreudy noted, thc BCD port cun lunction
as an input or an output. These functions are selected
with‘ the logic levels applied to the three level 1load
counter (LD) and LOAD REGISTER (LR) ilnputs. Wwhen both
are open, the BCD port provides the multiplexed B3CD
display selection signals, scanning from MSD (most
significant display) to LSD (least significant display).
When either LR or LC is taken high, the BCD port 1is
turned into a 4- bit input for loading the counter (LC)
or register (LR) data. Since the ICM 7217 I1JI 1s
designed to drive common anode displays, the 1levels

apblied to or provided by the BCD port are 'high true .
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When input LR is made low the BCD 1/0 lines
are switched to the high impedence state and the digit
and segment drivers are turned off. The counting
operation continues, however, and the remaining input and

output functions normally. The displays are normally

switched off with the aid of input LR to reduce power

consumption during stand by conditlons.

The on board multiplex scan osclllator
controls the internal timing of the ICM 7217. The
operation frequency of 2.5 KHz may Dbe reduced by
’ connecting a capacitor Dbetween input scan and Lhe
i positive suply line. The oscillator output signal has a
i relatively low duty factor to delay the digit driver

outputs and then prevent 'ghosting' effects on the

display.

The digital and segment drivers on Dboard
the ICM 7217 are capable of directly driving common anode
7‘ segment LED display at a peak.segment current of 40 mA.
At a peak segment current of 40 mA. At a duty factor of

0.925 this corresponds to 10 mA per segment.

Finally the DISPLAY CONTROL input recognizes
3 logic levels. When it is logic high, the display

segments are inhibited. when it is logic 1low, the

*



leading zero blanking feature is tuned off. Displays on
with 1leading zero suppression is achieved by leaving

output open.

3.9 PRACTICAL CIRCUIT:

As shown in the circuit diagram of fig 3.6
a pair of ICM 7217 IPI is used in conjunction with a
central timing generator type ICM 7207 IPD (ICl). This
chip controls the gating of the input signal with the aid
of an external quartz crystal X1, inverter Tl and 1input
amplifier T2. In addiion, the ICM 7207 IPD provides the
STORE and RESET signal for the counter chips, IC2 and
IC3. Although the STOBE output of the ICM 72071 1PD A
of the open drain type, and the associated inputs of the
ICM 7217s have 75 mA pull-up resistors, an external pul
up resistor R2 is fitted to ensure immunity to noise. The
U/d - and RESET inputs also have 1internal pull Up
resistors, and may, be leftopen for normal operation us

an up counter. The block diagram of the ICM 7207 is

given in fig 3.8.

Monostable IC4 enables the counter to load
the preset word. The LOAD COUNTER pulse is delayed with
respect to the RESET pulse because the counter can only

preset with data other than 000 when RESET is inactive,
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The preset frequency is set with two. block
of 4 way DIP switch blocks. The circuit diagram of
these (optional) wunits are given in fig 3.7 BCD
thumbwheel switches may be used as a more ergonomical
alternative to the DIP switches. Alternatively, wirc
link may be used 1if the counter works with <«<ne, fixed

preset frequency.

The BCD port lines and the scanning digit
selection signals are available on K1 and K3 for

connecting to the preset unit.

A few suggestions are give for those who
want to experiment with the circuit. The duration of the
count window may be reduced from 100 ms to 10ms by
typing pin 11 of the ICM 7207 IPD (RANGE CONTROL) to the
positive suplly one. This modification results 1n a
corresponding reduction of <the counter's resoclution,
however, with pin 11 at + 5v this is 100 Hz instead of 10
Hé. In both cases a good quality 6.5536 MHz quartz
crystal is required. For optimum stability of the read
out a type with 10 ppm tolerance or Dbetter is
recommended ( most inexpensive computer crystals do not

meet this cpecification).
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For high resolution applications the
duration of the count window may be increased by a factor
10 (100 ms or 1ls) by using a 5.24288 MHz quartz crystal.
Unfortunately, this is not staﬁdard frequency. So that

this crystal have to be made to order.

Pin 23 of both counter chips is connected to
ground so that leading zero suppression is not used. As
already discussed, this feature may be useful in a number
of applications. Where it is required, pin 23 of IC 3
may be left open to achieve leading zZero suppression ol
the ftull 8 digit display may realizea by the driving
the display CONTROL input pin of the L5 group driver ic 2
with the collector signal of a NPN transistor whose Dbasc
is driven by the ZERO output of the us group driver IC 3.

In a number of cases it may be posible To omit the two us

displays at together.

Resistor R17 is only required when <The
module is used without a prescaller. Depending on
whether a MHz or KHz indication is required the resistor
lights the decimal point on LD5 (MHz read out) or LD2

(KHz read out).

Three receiver mode indicators D33 D34 and




D35 are provided on the display board. The LEDs may be
controlled from the mode selection switch in the

receiver.

3.10 Three Boards: A compact frequency read out.

The PCB 1s cut in to three to separate the
preset unit (at the top) the main counter board (at the
centre), and the readout section (at the bottom). the
receiver mode 1indication board forms a separate unit,

which need,however, not be cut from the display board.

Populating the board 1s straight forward
and requires hardly any comment. It is strongly
recommended to use sockets for all integrated circuits,
displays and DIP switches. Kﬁ and K4' on the display
board and K2 and K4 on the main counter bocard, are 16 way
sockets with turned pins. There receive 16 way IDC pin
headers fitted at the ends of an upproximately 5 ¢m long

flat ribbon cable.

‘

Insert the cable between the socket or plug
and the associated plastic cap and align the individual
wires with the clip type connectors check the continuity
at all bins. The completed sub assembled are then ready
for mounting together in a sandwich construction. The

read out board is mounted on top of the main couater




board with the aid of three 25 mm long spares or lengths
of M3 threading. Make sure that the soldering
connections of the receiver mode LEDs and those tfor the
near by terminal posts do not touch the body of the large
electrolytic capacitor, C7 underneath. The preset Dboard
is fitted back to back below the main counter board with

the aid of 20 mm long PCB spacers with internal threading.

The unit may be installed in a receiver and
connected to a regulated and well decoupled &5 v, power
supply. In some cases it may be necessary to screen the
module to prevent interfrence in the receliver. The
readablity of the displays may be improved by filting

them behind a red bezel.

Calibration is simple if a frequency meter
is available, adjust timmer C3 for 6.5536 MHz measured at
pin . 5 of the ICM 7207. Alternatively tune the receilver
for zero beat against a fr2quency reference station and

adjust the timmer until the correct received frequency 1is

displayed.

325




CHAPTER 4

UP/DOWN COUNTER

4.1 GENERAL DESCRIPTION OF COUNTER CHIP =(ICM 7217)

The ICM 7217 and ICM 7227 are 4 digit
resetable UP/DOWN counters each with an on board
presetable register continuously compure Lo the
counter.The ICM 7217 versions are intended for use in
hard-wired applications whose thumwheel switches are used
for loading data and simple SPDT switches are used for
chip control. The ICM 7217 versions are for usc in
processor based system, where preseting and control

function are performed under processor control.

These circulits provide multiplexed 7
segment LED display outpuls, with common anode or common
cathode configurations available. Digit and segment
drives are provided to directly drive displays of up to
028 inch character hight (common anode ) at a 25% duty
cycle. The <frequency of the on board multiplexed
oscillator may be controled with a single capacitor or
the oscillator may be allowed to free run. Leading zeros

may be blanked. The duta appearing at the 7 segment and

BCD output 1is latched, the content of counter 1s
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transfered in to latches under external control by means

of the store pin.

The ICM 7217/7227 (common anode) and ICM
7217A/7227A  (common  cathode) versions  are "decade
counters, providing a maximum count oI 9999, while the
ICM 7217B/7227B (common anode) and ICM 7T217C/7227C
(common cathode) are intended for timing purposes,

providing maximum count ot 5959.
4,2 FEATURES:-

1. Four decade, presettable Up-DOWN counter with

parellel zero direct.

2. Settable register with contents continiously

compared to counters.

3. . Directly drives multiplexed 7 segment common anode

or common cathode LED display.

4. On-Board multiplex scan bpscillator.
5. Schimitt trigger counter inputs.
6. TTL compatible VCD I/O port, CARRY/BORROW, equal,

zero outputs.
7. Display bank control for lower Dpower operations,;
guiescent power dissipation 5 mW.

8. All terminals <fully protected against static

2F




discharge.

9. Single 5 volt supply operations.

4.3 OUTPUTS:-

The CARRY/BORROW output is a positive going
pulse occuring typically 500 ns after the positive going
edge of the COUNT INPUT. It occurs when the counter 1s
clocked from 9999 to 0000 when counting up and from 0000

to 9999 when counting down. This output 1llows direct

cascading of counters.

The LEQUAL output assumces U negative level

when the counter and register are equal.

The ZERO output assumes a negative level

when the counter of counter is 0000.

The CARRY/BORROW, EQUAL und ZERO Outputs
will drive a single TTL load cver the full range Of
supply voltage and ambient temperature; ior a logic zero,
these outputs will sink 1.6 mA @ 0.4V, and for o log:ic
one, the output will source 60 uA. A 10 K pull-up
register to VDD on the EQVKE or ZERO outputs Ls
recommended for highest speed operation, and on the

CARRY/BORROW output when it is being used for cascading.

The digit and segment drivers provide a
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decoded 7 segment display system. capable of directly
driving common anode LED displays at typical peak
currents of 40 mA/Seg. This corresponds to average
current of 10 mA/seg at a 25% multiplex duty cycle. Fig
(4.1) shows the multiplex timing, while fig (4.2) shows

the output timings.

The DISPLAY pin controls the display output
using three 1level logic. The pin is self biased to a
voltage approximately 1/2(VDD); this corresponds to VDD,
the segments are inhibited, and when connected to VSS,
the leading =zero Dblanking feature is inhibited. For
normal operation (Display on with leading zero blanking )

the pin may be left open.
4.4 COUNTING CONTROL: -

As shown in fig (4.2) the counter 1s
incremented by the rising edge of the COUNT INPUT signal
when UP/DOWN is high. It is decremented when UP/DOWN is
iow . A schmitt trigger on the COUNT INPUT provides
hysteresis 1o prevent double triggering on slow rising
edges and permits operation in noisy environments. The
COUNT INPUT 1is inhibted during reset and load counter

operations.
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The STORE pin controls the internal latches
and consequently the signals appearing at the 7 segments
and BCD outputs. Bringing the STORE pin low transters the

content of the counter in to the latchces.

The counter is asynchronously reset to 0000
by beginig the RESET pin low. The circuit performs cthe
reset operation by forcing the BCD input lines tc zero,
and "Presetting" all four decades of counter in parallel.
This affects register 1loading. If LOAD REGISTER 1is
activated when the RESET input is low, the register will
also be set to zero. The STORE, RESET and UP/DOWN pins

are provided with pull up registers of approximately 75K

4.5 BCD I/0 PINS:-

The BCD 1I/0 port provides & mJeans Ol
transferring data to and trom the device. The ICM 7217
versions can multiplex data 1in tO the counter or regilster
via thumbwheel switches, depending on inputs to LUAD
COUNTER or LOAD REGISTER pins. When functioning us
outputs, the BCD 1/0 pins will drive one standard TTL
load. common anode versions rbave internal pull down
registers and common cathode versions have internal pull

up registers on the four BCD 1/0 lines when used as

inputs.

AZ




A

4.6 LOADING THE COUNTER :-

The BCD 1I/0 pins. the LOAD COUNTER to
provide presetting and compare functions. LC have three-
level inputs, being self biased at approximately 1/2 VDD
for normal operations. With LC open, the BCD output of
the latch contents, scanned from MSD to LSD by the

display multiplex.

When LOAD COUNTER 1is taken high, the
drivers are tunned off and the BCD pins become high
input impedence. When LC is connected to VDD, the COUNT
INPUT is inhibited and the levels at the BCD pins are
multiplexed into the counter. The ICM 7217 have been
designed to drive common anode displays. The BCD 1nputs

are high true, as are the BCD outputs.

4.7 THUMBWHEEL SWITCHES & MULTIPLEXING:-

The thumbwheel switches used wilth thesc
circuits are TRUE BCD coded 1i.e all switches open
corresponds to 0000. Since the thumbwheel switches are

connected in parallel, diodes must be provided to prevent

Cross talk between digits. 1In order to maintaln

reasonable noise marigins, these diodes should be

specified with low forward voltage drops. Similarly if
A3
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the BCD outputs are to pe used, resistors should be
inserted in the digit 1lines to avoid loading

problems.This 1is shown in fig (4.3)
4.8 OUTPUT AND INPUT RESTRICTIONS: -

The CARRY/BORROW output is not valid during

1oad counter and reset operations.

The EQUAL output is not valid during 1load

counters or load register cperations.

The ZERO output is not valid during a load

counter operation.

The RESET input may be susceptible to noise
if its input rise time is gfeater than about 500 us. This
will prevent 1o problems when this input is driven Dy
active devices (i.e TTL or CMOS logic) bul in pnardwired
systems adding virtually any capaclitence to the REsSET
input can cause with the circuit is configured to reload
the counter with new value from the BCD 1lines, loading
time will be digit 'ON' time multiplexed by tour. If time

is larger than one period of the input count, a count can

be lost.




4.9 8 DIGIT UP/DOWN COUNTER :-

This circuit shows (Fig 4.4) how to cascade
counters and retain correct leading «cro blanking. The
NAND gate detects whether a digit is active since one of
the two segments a or b is active on any unblanked
numbers. The flip—riop is clocked by the least

significant digit of the higher order counter, and 1if

this digit is not blanked, the Q output of the flip-tlop

goes high and turns on the NPN transistors, thereby
inhibiting leading 2zero blanking on the low order
counter. It 1is possible to use seperate thumbwheel
switches.

4.10 PRECISION FREQUENCY COUNTER.

The circuit in fig (4.5) shows a simple
implementation of a four digit frequency counter, using
an.ICM 7907A to provide the one second gating window and
t?e STORE and RESET signals. In this corfiguration, the
display reads hertz directly. With pin 11 of the T207A
connected to VDD, the gating time will be 0.1 seconds,
this will display tens of hertz as the least significant
digit . For shorter gating times an ICM 7207 may be used,
giving a 0.01 second gating with pin 11 connected TO VDD

and a 0.1 second gating with pin 11 open.
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4.11 GENERAL DESCRIPTION:-
(ICM 7207/A - CMOS Time base generator)

The ICM 7207/A consists of a high stability
oscilattor and frequency divider providing four control
outputs suitable for the frequency u@unter time Dbascs.,
Specifically when used as a frequency counter time Dbase
in conjunction with the ICM 7208 frequency counter the
four outputs provide the gating signals for the count
window, store function, reset function and multiplex
frequency reference. Additionally the duration of the
count may be changed by a factor of 10 to provide a two

decade range counting system.

The normal operating voltage of the ICM
7207/A 1is 5 volts. The typical power dissipaticon 1s less
than 2mW when using an oscillator frequency of ©.5536 MHz
with the 7207 and 5.24288 MHz with the 7207 A.

In the 7207/A the gatting output. RESET
aﬁd the MULTIPLEX output provide both pull up and pull
down eliminating the need for three external resistors,

although , buffering must be provided it interfacing with

TTL is required.

A9

- gy



45

FEATURES: -

1. Stable HF oscillator

2. Low power dissipation < 2mW with 5 volt supply-.
3. Counter chain has output at = zlzand +2nor + (Zn*lo):
n=17 for 7207 and 20 for 7207A.

4. Low impedence output drives < 100 ohm.

5. Count windows of 10/100 ms (7207 with 6.5536 Milg

crystal ) or 0.1 / Sec.(7207 A with 5.24288 MHz crystal).

APPLICATIONS: -

1. System time bases.

2. Oscilloscope calibration generators.
3. Marker generator strobes.

4, Frequency counter controllers,
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CHAPTER 5

POWER SUPPLY

For operating the circuit, +5 volt
regulated power supply 1s necessary . The circuit tor

the same is explained in the following lines.

+5 VOLT POWER SUPPLY:-

The rating of the transformer is 230V/9V,
500mA is selected for this purpose. The secondary of the
transformer is connected to the AC input of the bridge
rectifiers. The output is filtered. That filtered output
is given to the input of the regulated [C's as shown in
fig 5.1. The output of the regulating IC's 1s a4 pure.

filtered regulated power supply.
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CHAPTER 6

TESTING OF THE METER
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CONCLUSION




CHAPTER 7

CONCLUSION

It is needless to say that the conventional
frequency meter cannot register the frequency to the
recquired accuracy. Since digital frequency meter
developed in the project measures resolution,
versatability and ofcourse range are greatly increased.
Sensitivity of the prototype was 35 mVrms over 200 Kiz Lo
1 MHz and 60 mVrms at an input frequency of 3 MHz.
Average current consumption with eight displays on

(indication : 8 x '8'), but the reciver mode LED's off,

was at approximately 450 mA.

Assuming that the counter operates in the
UP mode, and that the load oscillator frequency is higher
than the recived frequency, the required preset value 1is
fifst converted to its eight digit one's comploement. Next
the corresponding DIP switches are set until the preset
aépears on the displays. However, the counter cannot
handle input fregquencies higher than the 3.5 MHz, so that
the effectively programmed offset is the LF (freqguency
divided by the physical factor. For most SW and general

coverage receivers, a + 10 prescaler 1s sultable; lor the

VHF receivers a + 100 prescaler.
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- yTE MAXIMUM RATINGS
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symool Parameter i i ;
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3
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Input Notsu itsuiuly I o | | T sy veilags
o : 1 SR )
| foac Osciliator Frequency Range | Note 2 o2 Lo MHZ !
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Resistance Note 3
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Fig(@ad- PN CONFIGURATION ORECM r 2l
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’ “TABLL By B ' e
ELECTRICAL CHARACTERISTICS. o=% B 7. 25, il Dioda v 7V e

Symbol Parameter Test Conditions- M | Typ | Nae
lvo Supply Current - Drapiny CO9, LC, DG UP/DN, s
(7217) {Lowest power mode) -| ST, RS, BCD 1/O Floatng or it Vpp (Note 3) 350 | S00 |- whc B
oo’ Supply current Dispiay oft (Nole-3).. : - ’
(7227 (Lowest power mode) . 3oe ) S0 Mf '
lop Supply Current Common Anode, Display On, ail "'8's” 140 200 mA |
OPERATING Common Cathode, Display On, ail “8's" 50 100 Y
Yoo Supply Voltage a5 5 55 v |
loig Digit Driver output Common anoos, Yout=VYop —2.0V 140 200 ‘mA
current
ISEG SEGment drver Common anode, Yoyt = + 1.5V -20 -35 mA '
output current: peak
loig Digit Driver Common cathode, Voyt = + 1.0V ~-50 | —78 mA
output current peak
iseG . SEGment driver Common cathode Voyt = Vpp —2V g 12.5 mA
output current peak
e . ST, RS, UP/DN input VouT = Vop —2V (See Note 3) "5 25 pA
puliup current
Zin 3 level input impedance 40 350 ] k(l
Al
> RICAL CHARACTERISTICS (Conunued) (Voo = 5V. Vgg =0V, Ta= 25°C, Dispiay Diode Drop 1.7V.
. ified)
Parameter Test Conditions Min | Typ | Max | Unit
8C0 /0 nput ) ICM7217 common anode (Note 4) 1.8 v
righ voitage ICM7217 common cathode (Note 4) 4.40 v
ICM7227 with 50pF eftective load 3 \
L -
8GO 1/0 mput ICM7217 common anode (Note 4) 0.60 A
jow voitage ICM7217 common cathods (Note 4) 3.2V v
ICM7227 with SOpF eftective load 1.5 v
; 'w/'— 8CD I/0 input ICM7217 common cathode Vin = Vop -2V 5 | 28 i pA
= ) puilup current (Note 3) ! l
o BCD /O input \CM7217 common anode Vi = + 2V (Note 3) | 5 | 25 l vy
. pulldown current
v 8CD 170, ZERD, EGUAL Outputs | lon= 100uA 3.5 | I v
[ P output high voltage ! ! !
Vo i BCD 1/0, CARRY/BORROW oL = — 1.6mA ; i L 04 |V
) | 2ERT, EQUAL Outpuis | | l A
5 output low voltage i : ? f- P
o t ‘ " 1
\, | Countinput irequency | —20°C<TA< +70°C o {2 | Mhz
i {Guaranteed) ’ ! : L5
Tvm Countinput threshoid - | (Note 5) . 2 l Vol
Vurs Countinput hysterasis - 1 (Note 5) | o5 | v
T
Ve Count input LO | 1 0.40 %
Vo Count Input Hi 25 ‘ | i
7 T
loa Dispiay scan Frea-running (SCAN terminal open circuit) ! |10 | kH2Z
N I i |
oscillator irequency | ! | i
NOTER 1. These bmuta raler 10 1 DECKEGS &N will DOt BE COUNNW] GUNNG NOMMA) URErBLAN. .
. Due 1o the SCR struciure inherent in the CMOS pi used 10 these any 10 a voltagu gtesiw than Vpp Of wes

»
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af apphed 300 It 0 Mullicle syslems 1w supply W Ine ICM7217/7227 be Wined on st

. 1nihe ICM7217 the UP/DOWN. STORE, RESZT and the BCD 170 as inputs have puliup o PUNGIWN TEVICER WINCH CONBUIT Lowet whien cuniwecied
Ne OPPOSILe SuPPlY. UNGENr INese condiions, wilh he Gisplay Off, NG 0eVICH will Consumy typcally 750 pA. The ICMT7227 duvices a0 NOY have Nua
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TABLE 8.5

PARTS LIST

RESISTORS (+ or - 5%)

R1

10 M

R2;R3; R9 - R16 ind = 10 K

R4 = 1K
R5 = 27 K
R6 = 470 R
| R7 = 1.5 K
| R8 = 12 K
? R17 = 33 ohm
R18 = 220 ohm
* CAPACITORS: -

C1;C2=100 PF

C3
C4a
Cs

cé

Cs8,
C11

ciz

80 p trimmer

10 UF ; 25V tantlum
1 nF

27 nF

4700 ul; 1oV

C9;C10 = 100nF

2200 uF

0.1 uFfF

1




SEMICONDUCTORS: -

D1-D33 ind = IN4148

D35,D34,D35 = LED

IC1 = ICM 7207 IPD (GE InteNsil (or) maxim)

IC2:1C3 = ICM 7217 IJI (or) ICM 7217 lPJ (GL intensil
(or) mAXIM)

4538

1]

I1C4

7805

ICS

LD1 - LD8 ind = MAN72A
T1;T2 = BF494B

D36-D39-BY127

MISCELLANEOUS: -

K2;K2';K4;K4' = 16 way DIL socket with mating IDC plug.
K1;K1';K3;K3' = 10 way pin header with mating IDC
socket

S1-S8 ind = 4 way DIL switch olock
X1 = 6.5536 MHz quartz crystal

Transformer 230/9V;500mA.

GYA




REFERENCES

1. A course in Electrical

& Electronics Measurements

& Instrumentation

2. Elector - India 1989,

3. Intersil Data Book.

J \ St

by A. K. Sawhney



