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SYNOPSIS

This is a frequency meter card, capable of measuring frequencies
upto 1GHz. The value of the frequency thus measured is displayed on
the CRT screen of a personal computer. It can accomodate only TTL
compatible input signal and non TTL compatible signals should be suitably
converted toc TTL compatible signals andthen inputtied. The other feature
of this project is that it can be directly plugged into the motherboard
of a PC, thus elimimating any external interfacing cord connection from
the card to the PC. A software writien in GWBASIC controls the operation
of the hardware circuit. This software can be aptly amended and the

plug in card can be used as a counter also.



INTRODUCTION

Frequency is a parameter which is associated with almost all
electronic § electrical circuits. Precise and accurate measurement of
frequency is extremely important in such circuits. A wrong reading of
frequency due to unreliable and inaccurate meters could lead to malfunction

of the system and in cases even to system failure.

Frequency can be measured by analog and digital methods. Analog
methods of measuring frequency is hardly used in industrial and scientific
applications. Here.. digital methods of frequency measurement is employed

as it totally eliminates errors on account of human factors.

One way of measuring frequency employing digital technique would
be to interface the hardware components to a P.C. where in the frequency

could be read by a software and displayed on the CRT screen of the P.C.

Our project employing the above method is a cost-efficient
alternative to a stand-alone digital frequency meter. Simple to. build
and program, this meter has high sensitivity and is capable of measuring

a wide range of frequency.



CHAPTER 1

FREQUENCY MEASUREMENT

An analog frequency meter displays the frequency in terms of

deflection of a pointer. i.e. an analog displacement or an angle
corresponding to the frequency. While digital measurements gives the
measurand in decimal number. The digital instruments work on the

principle of quantization. The analog quantity to be measured is quantized
into a number of small intervals upto many small decimal places. The
objective of the digital instrument is then to determine in which portion
of the subdivision. the measurand can thus be identified as an integral
multiple of the smallest unit called the quantum, chosen for subdivision.
Thus the measuring Iprocedure reduces to one of counting the number of

quanta present in the measurand.

The counter circuit or chip is used for counting. The counter output
is fed to the ports of a Programmable Peripheral Interface Chip which
acts as a buffer and later is fed to a computer where we can read the

output or obtain the printout at certain time intervals.
1.1 Advantages of digital frequency measurement
i) The computer screen gives the wvalue of the frequency directly in

decimal numbers and therefore errors on account of human factors

like errors due to parallax and approximation are eliminated.



ii) The readings are carried to any number of significant figures by

merely positioning the decimal point.

iii) The output being in digital form and therefore the O/P may be
directly fed to memory devices like tape recorders, printers for

storage.
iv) The power requirement is less.
1.2 Digital versus analog frequency measurement

1) Accuracy - Digital instruments can be made very accurate unlike analog
where frequency measuring instruments are rated usually within # 0.1 per

cent of full scale.

2) Reaction to environment - Analog frequency measuring instruments
operate under a wide range of environments. Whereas digital instruments
are relatively complex and sensitive to temperature and humidity.
However no mechanical movements are involved in digital instruments and

hence errors are less.

3) Resolution - This is sometimes referred to as readability below which
differences can no longer be differentiated. In analog instruments the
limit is one part in several hundreds. Digital instruments can be made

with a resolution of one part in several thousands.



4) Power requirement ~ Digital instruments draw only negligible power,
where as the analog instruments may heavily load the circuit under
measurement and thus indicate an erroneous reading. Digital instruments

have I/P impedances of the order of 10 Mega ohmS. or even higher.

5) Cost and Portability -~ Analog instruments are extremely portable and
usually do not requires an outside source of supply for measurements.
Analog instruments are low in cost and can be moved from one place to
another with ease. On the other hand digital instruments are not easily
portable and require an external source of power. However in the meter
card that we have fabricated. the circuit is portable and moderate in

cost.

5) Range and polarity - This meter card incorporates automatic polarity

and range 1indication. (Automatic Polarity selection and auto-ranging
facilities) which reduces operator training, measurement error and possible

damage through overloads.

7) Free iIrom observational errors - As explained earlier the reading of

the frequency is in decimal in the screen of the P.C. They directly

indicate the frequency being measured.

Analog instruments causes parallax.. and observational errors.



CHAPTER 2

DIGITAL FREQUENCY MEASUREMENT

2.1 Basic digital frequency measuring unit

Fig 2.1 shows a basic digital frequency measuring unit. The clock
oscillator usually employs a quartz crystal as R C § L C oscillators are
unreliable due to variation in the parametric value of resistors, inductors
and capacitors because of temperature § external magnetic fields. The
clock oscillator producers square wave of very high frequency (in Mega
hertz). The oscillator frequency is then divided by a divider circuit.
i.e the time period of the square wave is raised to a known value. Let

us assume that the clock frequency is divided § the time period raised

to one second. This wave is called as gate enable. Let the input signal
have a frequency of 750 Hz. Then the urknown waveform will have logic
1 state 750 times in 1 second. The AND gate will then have an output

of logic 1 750 times during one logic high period of gate enable. The
output from AND gate is counted by a counter § the output can be obtained

in the screen of a computer or in a LED display unit.

The gateneed not necessarily be an AND gate. The output pulses
can be counted using a NOR gate also where the logic 0 level is taken
into account. The only criteria here is that the output of the gate should

in some way convey the frequency of the input wave to the counter.

2.2 Clock Oscillator

The heart of every digital system 1is the digital clock it does,

indeed, provide the heart beat without which the system would cease



to function. We shall consider the characteristics of a digital clock

circuit § the clock signal.

Since all logic operations in a digital system occur in synchronism
with a clock, the system clock becomes the basictiming unit. The system
clock must provide a periodic waveform that can be used as a
synchronizing signal. The clock signal need not be a perfectly
symmetrical square wave. The wave can be asymmetrical square wave.
But however the main requirement is simply that the clock be perfectly

periodic.

The clock defines a basic timing interval during which the logic
operations must be peformed. The basic timing interval is defined as
a clock cycle time and is equal to one period of the clock waveform.
Thus all logic elements, flip-flops, gates and so on must complete their

transitions in less than one clock cycle time.

The meter card that we have fabricated uses the clock signal as
a reference based on which the frequency of the input waveform is

measured.

The clock levels must hold a steady value of +5v(high) & Ov(low).
However in actual practice the stability of the clock is much more
important than the absolute value of the voltage level. For instance it
might be perfectly acceptable to have a high level of +4.8v instead of

+5.0v provided it is steady, unchanging +4.8v.



The second characteristic deals with the time required for the clock
to: change from high to low or vice versa. The transition of the clock
from low to high at point 'a' in Fig 2.2(i) as shown by a vertical line
segment. This implies a time of =zero, i.e the transition occurs
instantaneously -it requires zero time. The same is true of the transition
from high to low at point 'b' in Fig 2.2(i). Thus an ideal clock has

zero transition time.

A nearlyperfect clock waveform on an oscilloscope might look as
in Fig 2.2(ii). At first it would seen to be two horizontal traces
composed of line segments. On closer examination, the vertical segments
may not appear on the oscilloscope as the oscilloscope is not capable

of fast transitions.

After reducing the 'sweep time' in the oscilloscope the waveform
can be expanded such that the transition times are visible as in Fig
2.2(iii). Clearly it requires some time for the waveform to transit from
low to high § vice versa. The time required for transition from low
to high is tr § that from high to low is tf.

Finally the third requirement that defines an ideal clock is its
frequency stability. The frequency of the clock should be steady and
unchanging over a specified period of time. Short term stability can
be specified by requiring that the clock frequency (or its period) not
be allowed to vary by more than a given percentage over a short period

of time- say a few hours.

10




The meter card requires a clock chip with short term rating as

it would normally be operating for a short time.

Long term rating clocks are required in electronic watches, ovens
having timer facilities etc, which should work for days, months or years

without losing stability.

2.3 TTL Clock

An excellent TTL compatible clock circuit is shown in Fig 2.3.
This clock circuit is well known and is widely used. Two inverters
are used to construct a two stage amplifier with an overall phase shift
360°. A portion of the signal at 6 is fed back by means of a crystal
to 1 and the circuit oscillates at a frequency determined by the crystal.
Since the feedback element is a crystal the frequency of oscillation is
stable. Here's how the oscillator works.

Inverter - 1 has a 330 ohm feedback resistor (R connected from

1)
output (2) to input (1). This forms a current to voltage amplifier with
a gain of _Aﬂ = V out/Il in = _Rl' In this case the gain is -330 V/A
where the negative sign indicates a 180° phase shift. An increase in
1mA in Iin' will cause a negat’ve - going voltage of 1mA x 330

= 330m V at V out.

Inverter - 2 is connected exactly as in inverter 1, Its gain is

A, = R The two amplifier are then a-c coupled with a 0.01 M F

[\ ]

-

11



capacitor to form an amplifier that has an overall gain of A = A, x A
=R1 RZ' The overall gain is +ve as the phase shift is 360°.

A series mode crystal is used as the feedback element to return
a portion of the signal at 6 to 1. The crystal acts as a series RLC
circuit and at resonance it ideally appears as a low-resistance element
with no phase - shift. The feedback signal must therefore be at
resonance and the two inverters 1in conjunction with the crystal form an

oscillator operating at the crystal resonant frequency.

With the overall feedback element connected the overall gain is
sufficient to = drive each inverter between saturation and cut off and the
output signal is a periodic waveform as shown in fig 2.3. Typically the
output clock signal will transition between 0 to +b5v and will essentially
be a square wave. The frequency of the oscillator is determined: by

the crystal, and values between 1 and 20 MHz are common..

Inverter 3 is used as an output buffer amplifier and is capable of
driving a load of 330 ohms in parallel with 100 p.F. while still providing

rise § fall times of less than 10 ns.

2.4 Counters & dividers

Counters and dividers are probably one of the most useful and
versatile subsystem in a digital system. A counter driven by a clock
can be used to count the number of clock cycles. Since the clock pulses

occur at known intervals, the counter can be used as an instrument for

12



measuring time and therefore period or frequency. There are basically

two different types of counters - synchronous and asynchronous.

The ripple counter is simple § straight forward in operation and
construction and wusually requires a minimum of hardware. It does,
however, have a speed limitation. Each flip-flop 1is triggered by the
previous flip flop, and thus the counter has a cummulative settling time.

Lhp e

Counters such as these are called serial or asynchronous.

An increase in speed of operation can be achieved by use of
parallel or synchronous counter. Here, every Iflip-flop is triggered by
the clock [in synchronism) and thus. settling time is simply equal to
the delay time of a single flip - flop. The increase in speed is

usually obtained at the price of increased hardware.

Serial and parallel counters are used in combination to compromise
between speed of operation and hardware count. Serial, parallel or
combination counters can be designed such that each clock pulse advances
the contents of the counter by one; it is then operating in a count-up
mode. The opposite is also possible; the counter then operates in the
count-down mode. Furthermore many counters can be either ‘'cleared' so
that every flip-flop contains a zero, or preset such that the contents

of the flip-flop represent any desired binary number. .

13



2.5 Flip-flops

The main component of a counter § divider are the flip flops. Flip-
flop and is a circuit whose output remain unchanged, once set, even if

there is a change in input. Flip flop is used to store a binary number.

A counter / divider circuit used JK flip-flop. The characteristics

of a JK flip and its operation is described below.

2.6 JX Flip-flop

JK flip flop is the ideal element to use 1in digital counter. Fig
2.4(ii) shows one way to build a JK flip flop. The wvariable J and K
are called control inputs because they determine what the flip-flop does
when a positive clock edge arrives. The RC circuit has a short time

constant, thus converting the rectangular clock pulse into narrow spikes.

The logic block of a NAND. gate latch as shown in fig 2.4(i).

When J andi: .K zare both 1low, both AND gates are disabled.
Therefore, :.clock pulses have no effect. The first possibility is the
initial entey in the truth table. As shown when J § K are both O0s,

q retains its last value.

When J is low § Q is high, the upper gate is disabled, so there's
no way to set the flip flop. The only possibility is reset when Q is
high, the lower gate passes a RESET trigger as soon as the next positive

glock edge arrives. This forces Q to become low ( the second entry

14



in the truth table). Therefore J = 0 and K = 1 means that the next clock

edge resets the flip -~ flop (unless Q is already reset).

When J is high and K is low, the lower gate is disabled, so its
impossible to reset the flip - flop. But we can set the flip-flop as
follows. When Q is low, Q is high; therefore, the upper gate passes
a SET trigger on the next positive clock edge. This drives Q into the
high state ( the third entry in the truth table). It can be seen that
J = 1 and K = 0 means that the next positive clock edge sets the flip

flop (unless Q is already high).

When J and K are both high (this is a forbidden state with an RS
flip -flop) it's  possible to set or reset the flip - fllop. If Q is high,
the' lower gate passes a RESET trigger on the next positive clock edge.
On the other hand, when Q is low, the upper gate passes a SET trigger
on the next positive clock edge. Either way, Q changes  to the complement
of the last state (see the truth table). Therefore J = 1 and K = 1 means
the flip flop will toggle on the next positive clock edge. 'Toggle' means

to switch to the opposite state.

propogation delay prevents the JK flip flop from racing (toggling
more than once during a positive clock edge). Here's why. In Fig
2.4(ii) the outputs change after the positive clock edge has struck. By
then, the new Q and Q values are too late to coincide with the positive
spikes driving the AND gates. For instance if tp = 20 ns, the outputs
change approximately 20 ns after the leading edge of the clock. If the

clock spikes are narrower than 20ns, the returning Q and Q arrive too

15



iate to cause false triggering.

Fig 2.5(i) shows a symbol for a JK flip flop of any design. When
seen this on a schematic diagram, remember that on the neXt positive
clock edge, (1) low J and K have no effect, (2) low J and high K produce
a reset high J and low K produce a set, and high J and K reseult in

a toggle.

We can include OR gates in the design to accomodate PRESET and
CLEAR. Fig 2.5(ii) shows the symbol for a JK flip flop with.. PR and

CLR . It is positive edge triggerred.

Fig 2.5(ii) is also another commercially available JK flip flop.
It is negative edge triggerred and requires low PR to set it or low CIR

to reset it.

At J = 1 and K =1, the flip - flop simply toggles each time the
clock goes low. The waveform at Q has a period twice that of the CLK
waveform. In other words the frequency of Q is only one - half that
of CLK. This circuit acts as a frequency divider-the output frequency
is equal to the input frequency divided by 2. Fig: 2.6 gives the

connection and the waveforms.

Now that we have seen the operation of a flip-flop we can now take

a look at how counters and dividers use the flip flops and operate.

We shall briefly see the working of asynchronous counters and

synchronous counters.

16



2.7 Asynchronous counters

A binary ripple counter can be constructed by use of clocked JK flip-
flops. Fig 2.7(i) shows three master-slave, JK flip-flops connected in cas-
cade. The system clock, a square wave, drives flip-flop A. The output
of A drives B, and the output of B drives f{fiip-flop C. All the J and
i inputs are tied to +Vcc. This means thatt each flip-=flop will change

state (toggle) with a negative transition at its clock input.

When the output of a flip - flop is used as the clock input: for the
next flip-flop, we call the counter a ripple counter or asynchronous
counter. The A flip - flop must change states before it can trigger the
B flip - flop, and the B flip flop has to change states before it can

trigger the C flip flop. The triggers move through the flip-flops like

a ripple in water. Because of this, the overall propagation delay time
is the sum of the individual delays. For instance if each flip - flop
in this three flip - flop counter has a propagation delay time of 10 ns,

the overall propagation delay time for the counter is 30 ns.

The waveforms given in Fig 2.8 (iii) show the action of the counter
as the clock runs. Let's assume that the flip-flops are all intially reset
to produce O outputs. If we consider A to be least significant bit (LSB)

and C the most significant bit (MSB), we can say contents of the counter

is CBA = 000.

17



Every time there is a negative-clock transition, flip-flop
A will change states. Thus at point a on the time line, A goes
high, at point b it goes back low, at C it goes back high and so
on. Notice that the waveform at the output of flip-flop A is one

half the clock frequency.

Since A acts as the clock for B, each time the waveform at
A goes low, flip-flop B will toggle. Thus at point b on the time
linm, B goes high, it then goes low at point d and toggles back
high again at point f. Notice that the waveform at the output of
flip-flop B is one - half the frequency of A and one - fourth the

clock frequency.

Since B acts as the clock for C, each time the waveform at
B goes low, flip-flop C will toggle. Thus C goes high at point
d on the time line and goes back low again at point h. The
frequency of the waveform at C is one - half that at B, but it is

only one - eighth the clock frequency.

Therefore if we consider the O/P ABC where A is the LSB
and C the MSB then the output ABC will give a value which is the
no. of highs counted. In other words ABC output is the output of
a counter. By cascading many JK flip-flops we can count many
pulses. The circuit as a divider can be studied from the waveform
in fig. 2.7(ii). The frequency gets divided in each stage of JK
flip-flop. The cascaded flip-flops can be used as a divider and

division depends upon the no. of flip-flops used.
18



2.8 Synchronous Counters

The ripple counter is the simplest to build, but there is a
limit to its highest operating frequency. Each flip-flop has a delay
time. In ripple counter these delay times are additive, and the total
'settling' time for the counter is approximately the delay time times

the total numbber of flip flops.

Furthermore, there is the possibility of glitches occuring at
the output of decoding gates used with a ripple counter. Both of these
problems can be overcome by the use of a synchronous or parallel
‘counter. The main difference here is that every flip-flop is triggered

in synchronism with the clock.

The construction of one type of parallel binary counter is shown
in fig. 2.8 (i) along with the truth table and waveforms for the natural
count sequence. Since each state corresponds to an equivalent binary
number (or count), we refer to each state as a count from now on.
The basic idea here is to keep the J and K inputs of each flip-flop
high, such that the flip-flop will toggle with any negative clock
transitions at its clock input. We then use AND gates to gate every
second clock to flip-flop B, every fourth clock to flip-flop C, and
SO on. This logic configuration is often referred to as "Steering logic"

since the clock pulse are gated or steered to each individual flip-flop.

19



The clock is applied directly to flip-flop A. Since the JK
flip-flop used responds to a negative transition at the clock input and
toggles when both the J and K inputs are high, flip-flop A will change

state with each negative clock transition.

Whenver A is high, AND gate X is enabled and a clock pulse
is passed through the gate to the clock input of flip-flop B. Thus
B changes state with every other negative clock transition at points

b, d, f and h on the time line.

Since AND gate Y is enabled and will transmit the clock to
flip-flop C only when both A and B are high, flip-flop C changes state
with every fourth negative clock transition at points d and h on the

time line.

Examination of the waveforms and the truth table reveals that
this counter progresses upward in a natural binary sequency from count
000 up to count 111, advancing one count with each negative clock
tansition.Fig. 2.8 (ii) illustrates the operation as a counter and

fig.2.8(iii) the operation as a divider.

20
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Fig 2.5 JK
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CHAPTER 3

CIRCUIT HARDWARE OPERATION DETAILS

The signals on the expansion slots of an IBM PC or compatible
machine form the starting point for the design of an extension card for
this type of computer. The hardware arranges the data flow, and
addressing must be laid down carefully to meet the technical requirements
for the hardware to work. In practice the eight bidirectional datalines
between the extension card and the motherboard must be buffered to
prevent the drive capacity of the CPU and associated peripheral chips
being exceeded at the risk of permanent damage to the computer. The
next requirement is that the extension circuit must occupy a carefully
selected address range that can be accessed by the CPU in accordance
with the I/0 (input/output) map defined by IBM. Hence, the address range
occupied by the extension card must be unique in the computer system to

avoid I/0 contention problems.

The ' frequency meter card presented here has a type 8255 PPI
(Programmable Peripheral Interface) to meet the above requirements
regarding buffering and decoding. All control of counter and clock
circuits on the extension card is arranged by the CPU via the three data

registers and one control register contained in the 8255 PPI.

The circuit diagram of the meter card is shown in Fig. 3.0. This

frequency meter card is capable of measuring frequencies of both TTL
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compatible and TTL non compatible waves. The TTL compatible wave can
be directly fed to the NOR gate N13 as shown in the circuit diagram.
The TTL non compatible wave is fed through the socket K1. The chip
U6060B converts the TTL non compatible wave to TTL compatible wave.

The switch S1 can then be utilised to input either of the two waves.

Frequency measurement invariably requires a clock oscillator. The
basic principle and operations of a clock oscillator has been already
described. A 4MHz oscillator block controlled by an on board gquartz

crystal is need for our frequency meter card.

The clock pulses are fed through 3 NOR gates which change the
levels of the pulses. 1i.e. High level 1 becomes 0 and vice versa. The

circuit operates during the low level (0).

An electronic switch IC4066 inputs the pulses to 74HCT393. The
input is to pin no.l. As explained, 74HCT393 is a divider circuit chip.
The output is obtained at pin no. 8. Between pin no. 1 and 8 there are

8 flip flops and hence the input frequency at pir no.l is divided and the

6
frequency obtained at the output will be __4_)_(8L= 15625 Hz.
2

The divider 74HCT393 is cascaded with 1IC4040 which is also &

divider circuit. The input is at pin no.10, the CLK. The output



is obtained at pin no. 1 of IC4040. The frequency on the way to pin no.1l

gets divided by a factor 212 and the frequency now obtained at the output

15625

212

of IC10 pin 1 will be = 3.81 Hz.

The IC10 is cascaded with another IC4040 chip (IC9) and output is

obtained at pin 9 which divides the frequency obtained at its input by a

3.81

5 1.905 Hz.

factor 21. Hence the frequency at the output of IC9 is

Hence the frequency which was initially at 4MHz has been divided
and finally frequency of 1.905 Hz has been reached. The time
period has risen from 2.5 x 10-'7 to 0.52493 sec. The time period at pin
2 of N13 is 0.524 sec. The gate time i.e. the time during which the

signal remains low is 0.262 sec.
The low level signal which remains for 0.262 sec. at pin 2 of N1i3
is inverted by N15 and the high level obtained at the O/P of N15 keeps

the LED glowing and the electronic switch ES1 in ON position.

The other input signal to the NOR gate is the TTL compatible signal

whose frequency has to be measured.

The NOR gate gives a high level during the periods when the input

signal remains low. Hence for a period of 0.262 sec. the mumber of times
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the NOR gate N13 gives high level output is dependent on the frequency of
the input way. The pulses at the output of N13 are fed to the counter

circuits.

After 0.262 sec is over the signal at the input pin 2 of N13 is
high. The inverter N15 gives a low output and ES1 and LED are

disabled. i.e. the switch ES1 is opened and the LED stops glowing.

The output pulses at N13 pin 1 is connected to pin 1 of 74HCT393
(IC14). Now the chip 74HCT393 acts as a counter. The output of the
counter is obtained from each of the 8 flip flops present in it. Hence
the first 8 bit information regarding the number of pulses counted are

obtained. These bits of information are fed to port B of PPI.

IC14 is cascaded to two other counter chips IC12 and IC11. 1C12
measures 12 bits out of which 7 bits go to port C. As the computer
would read these bits separately from the byte of information obtained at

port B therefore the pulses counted at C are multiplied by 28 = 256.

IC12 counts 5 bits for port A while IC11 the other 3 bits. The

number of pulses actually counted should be multiplied by 28+'7 = 215 =32768

These multiplication factors are taken into account by the software.
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Also the PPI which gets the 23 bits of information regarding the

mumber of pulses counted is controlled by the software.

Chapter 6 describes the software which controls the PPI. The

chapter also describes how the mumber of pulses counted can be used to

calculate frequency.
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s
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1000
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il —J2A 24 9]
oo| —IoA " _
ICt

N1 =IC3=74L530

N2..N7 = IC4 = 741504
N8..N11=IC5 = 74L.S00

N12= %16 = 74LS32

ES1= Y108 = 4066

N13 = % IC15 = 74L.502
N14..N17 = 2/3 IC16 = 74HCT04

Fig 3.0 Circuit diagram of the Frequency meter card for
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CHAPTER 4

PCB AND COMPONENTS DETAILS

The components used in the Frequency meter card are all TTL
compatible. A brief description of the components employed in the circuit
is given in this chapter. Let us see the details regarding the printed

circuit board(PCB) before we move on to the components description.
4.1.Printed circuit Board(P.C.B.)

A print-out of the PCB designed using a software SMART WORK is as
shown in Fig 4.1  The PCB is a double-sided board. The holes are
plated through. The male PC slots which are connected to the female

expansion slots in the PC mother board are gold plated.
4.2 8255 A Programmable Peripheral Interface:

Tn this project we are using the programmable peripheral interfacing
device 8255 A. Tt is a programmable, parallel T/0 device. Tt can be
programmed to transfer data under various conditions, i.e. from simple
1/0 to interrupt J7/0. Tt has 24 T/0 pins that can be grouped primarily
in to 8 bit parallel port, A and B,with the remaining 8 bits as port C.
The eight bits of port C can be used as individual bits or grouped in
to two 4 bit ports, C upper(Cu) and C lower (Cl). The function of these
ports are definrd by writing a control word in the control register. The

fig.4.2(i),(i1) shows the block diagram and pin details of 8255 PPI.
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Functions:
The function of 8255 A is classified according to two modes. The Bit

set/Reset mode (BSR) and T/0 mode.

The Bit set/Reset mode is used to set or reset the bits in port C.
The T/0 mode is further divided in to three modes, mode 0, mode 1 and

mode 2.

In mode 0, all port function as simple T/0O ports, mode 1 is a handshake
mode where by Port A and /or B use bit from port C as handshake
signals. In handshake mode, two type of 1/0 data transfer can be
implemented. Status check and interrupt. In mode 2, port A can be set
up for bidirectional data transfer using handshake signals from port C,

and port B can be set up either in mode 0 or mode 1.

Control Logic:

The control section has six lines. Their functions and connection are

as given.

RD (Read) - This control signal enables the Read operation. when the
signal is low, the MPU reads data from a selected 1/0
Port of the 8255 A

WR (write) - This control signal enables the write operation. When the

“gignal "goes dow, the MPU Wwrites in to a selected J/0 port

or control register.
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RESET (Reset) - This is an active high signal. It clears the conirol

register and set all ports in the input mode.

CS AO and A1 : These are device select signals. CS is connected to
a decoded address, and A0 and A1 are generally
connected to MPU address lines AO and Al’
respectively.

The CS signal is the master chip select and AO and A1 specify

one of A2 I/0 ports or the control register as given below

Cs A1 A0 selected

0 0 0 Port A

0 0 1 Port B

0 1 0 Port C

0 1 1 Control register

1 X b4 8255 A is not selected

Control Word:

Figure 4.3 (i),§(ii) shows a register called the control register.
The contents of this register, called the control word, specify an I/0
functions for each port. This register can accessed to write a control

word when A0 and A1 are at logic 1, as mentioned previously. The

register is not accessible for a read operation.

Bit D7 of the control register specifies either the I/0 function
or the Bit set/reset funtion as classified in fig 4.3(i),§(ii). If bit D7=0,
Port C operates in the Bit set/Reset (BSR) mode. The BSR control word

does not affect the functions of Port A and B.
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To communicate with peripherals through the 8255 A, these steps are
necessary.

1. Determine the addresses of port A, B and C and of the control
register according to the chip select logic and address lines AO and A1

2. Write a control word in the control register.

3. Write I/0 instructions to communicate with peripherals through
port A, B, and C.

Various modes are given below.

Mode 0 - Simple input or output:

In this mode, Port A and B can be viewed as equivalent to two
8212, and port C as equivalent to two 4 bit 82125. Each port can be
programmed to function as simply as input port or on output port. The

input/output features in mode 0 are as followes.

1. QOutputs are latched
2. Tnputs are not latched
3. Ports do not have handshake or intempt capability

In BSR mode is concerned only with the eight bit of port C,
which can be set or reset by writing an appropriate control word in the
control register. A control word with bit D7 = 0 is recognised a BSR
control word, and it does not alter any previously transmitted control
word with bit D7 = 1, thus the T1/0 operations of port A and B are not
affected by BSR control word. In the BSR mode individual bits of port

C can be used for applications such an on/off switch.
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Mode O : control word.

The configuration of the ports is specified as follows
Port A: As an input port
Port CL: As an output port because hbit PC0 is used to start conversion.
Port Cu: As an input port to read the status at PC,7
Port B : Not used

Mode 1 TInput or Output with handshake:

In mode 1, handshake signals are exchanged between the MPU
and peripherals prior to data transfer. The features of this mode include
1. Twd> ports (A and B) function as 8 bit T/0 ports. They can be
configurated either as input or output ports.

2. Each port uses three lines from port C as handshakes signals.
The remaining two lines of port C can be used for simple T/0 function.
3. Input and output data are latched

4. Interrupt logic is supported.
In the 8255 A, the specific lines from port C used for handshake

signals vary according to the I/0 fuction of a port. Therefore, input and

output functions in mode 1 are discussed separately.

41



Mode 1 Tnput control signals:

The control signals used for handshaking when port A and B
configured as input ports. Port A uses the upper three signals;
PC3. PC4, and PCS' Port B uses the lower three signal:PCz, PC1

are PCO. The function of three signals are as follow.

STB (stroke Input):

This signal is generated by a peripheral device to indicate that

. it has transmitted a byte of data.

IBF (Input Buffer Full):

This signal is an acknowledgement by the 8255 A to indicate that
the input latch has received the data byte. This is reset when

he MPU reads the data.

INTR (Interrupt Request):
This is an output signal that may be uses to interrupt the MPU.
This signal is generated if STB, IFB and INTE (Internal flip -

flop) are all at logic 1. This reset by the falling edge of the

RD signal.
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INTE (Interrupt Enable)

This is an internal flip flop used to enable or disable the

generation of the INTR signal.

Mode 1 : Out Put Control Words.

The signals used when port A and B are configured as out put

ports.

OBF (Out put Buffer Full):

This 1is an ooutput signals that goes low when the MPU writes
data into the output latch of the 8255A. This indicates to an
outp’ut peripheral that new data are ready to be read. Tt goes

high agiain after the 8255 A receives an ACK from the peripheral.

ACK (Acknowledge):

This 1is an input signal from a peripheral that must out put a

low when the peripheral receives the data from the 8255A port.

INTR (Interrupt Request):

This is an out put signal and it is set by the rising edge of
the ACK signal. This signal can be used to interrupt the MPU
to request the next data byte for output. The INTR is set when
OBF, ACK and INTE are all one and reset by the falling edge

of WR. 43



Mode 2 : Bidirectional Data Transfer:

This mode is wused primarily in applications such as data
transfer betweernr two computers or floppy disk controller
interface. In this mode, port A can be configured as the bi-
directional port and port B either in mode 0 or Mode 1. Port
A uses five signals from port C as control signals for data
transfer. The remaining three signals from port C can be used

either as simple T/0O or as handshake for port B.
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4.3 IC 74121 Monostable with Tnput Logic

The basic monostable circuit discussed in the previous
section provides an output pulse of predetermined with in response
to an input trigger. Logic gates have been added to the inputs of
a number of commercially available monostable circuits to facilitate
the use of these circuits as general purpose delay elements. The

74121 non triggerable is such a circuit.

The logic inputs to these circuits can be used to allow
triggering of the device on either a high-to-low transition or on
a low-to-high transition. Whenever the value of the input logic
equation changes from false to true, the circuit will trigger. Takes
care to not that a transition from false to frue must occur, and
simply holding the input logic equation in the true state will have

no effect.

The logic digram, truth table, and typical waveform for

a 74121 are given vin Fig. 4.4(i). The inputs to the 74121 are A

11

A2 and B . The trigger input to the monostable appears at the
output of the AND gate. Here's how the gates work:-

1. If B is held high, a negative transition at either A1 or

A2 will trigger the circut (see fig. 4.4(ii)). This

corresponds to the bottom two entries in the truth table,
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2. If either A, or A, or both are held low, a positive

1 2

transition at B will trigger the circuit (see fig. 4.4(iii).

3. This corresponds to the top two entries in the truth
table. A logic equation for the trigger input can be

written as

Note that for T to be true (high) either A1 or A, must

be true - that is, either —Al or Kz at the gate input must be low.
Also since Q is low during the timing cycle (in the quasistable
state) it is not possible for a transition to occur at T during this
time. The logic equation for T must be low if Q is low. In other
words, once the monostable has been triggered into its quasistable

state, it must time out and switch back to its stable state before

it can be triggered again. This circuit is thus nontriggerable.

The output pulse with at Q is set according to the values
of the timing resistor R and capacitor C as t=0.69 RC. For
instance, - if C = 1 }J-F and R = 10 K , the output pulse width will

be t = 0.69 X 107 x 107% - 6.9 ms.
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Consider a 74121 monostable in fig. 4.4(i) with R =1Ka
and C = 10,000 pF. Pins 3 and 4 are tiedd to GND and a series
of positive pulses are applied to pin 5. The expected waveform
at pin 6 is as shown in fig. 4.4 (iv) assuming the input pulses are
spaced by 10a s, the circuit is connected such that positive pulses
applied to pin 5 will trigger it. The output pulse width will be
t = 0.69 X 10° x 10 ~8 = 6.9 Ms.  The monostable will trigger and

time out for every input pulse appearing at B, as shown in fig

4.4.(iv).

The same condition applied in the input pulses spaced
by 5 u s causes the monostable to become non-triggerable, it will
trigger once and time out for every other input pulse shown in fig.

4.4 (v).
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4.4 74L504

Hex inverters 4] Ve

{
Description

These devices contain six

independent inverters.

~5

741.804 is characterized for

) b G
<

operation from 0°C to 70°C

[ Fl Rl Fl R FLF
1] o] [T ) &l

GND |7

Logic Diagram(each: inverter)

A Y

Function Table(each inverter)

INPOTS| OUTPOUT Positive Logic
2 L vV = A
H (.
L i
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4.5

74L.502

Quadruple 2 Input Positive NOR Gates

Description

These devices contain four

independent 2 -input-NOR gates.

741,502 is characterized

for operation from 0°C to 70°C.

Function Table (each gate)

INPOTS OLTPLT
A B Y

A X

X H (I

L L. H

44

4 Vcck

ERE

ESpCS

GND

[ Fl Fl R FLFE

Logic diagram (each gate)

A

B

Positive Logic

e

Y=A.B e Y=A
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4.6 741532

Quadruple 2 Input Positive OR Gates 14| Vee

Description

These devices contain four

independent 2 input OR gates.

741832 is characterized for

) ]
<5 [

lof [of & Bl B & [F

operation from 0°c to 70°c.

GND |7

[l 5 Bl FE R

Logic Diagram(each gate)

Function Table(each gate)

INPOTS OUTPOT

A B Y Positive Logic

Ho X H Y=A+B e A-B
X - H

L L L
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741530
4.7

8 Input Positive NAND Gates 14| Vee

Description

single 8 Input NAND Gate,

741,530 is characterized

for operation from 0°c to 70° .

[1]
[2]
(2]
These devices contain a E
5]
B
[@

lof [of [8] =] I&] [&] [=]

Logic Diagram

[ P |
S ———
H :—_}———— Y
¢ ——
Function Table
THRU ouTPUT
INPUTS A THRD 1 Y Positive Logic
Au. INpuTS  H L Y=A-B-CD-EFGH
N L
Ong oR MORE H Y= A+B+C+D+E+F+G+H
Inpots L
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4.8 IC 4040

12 Stage Ripple Carry Bimary Coumnters

Description

1040 is a 12 stage ripple carry
bimary counter.The counters are advanced
one count on the negative transition of
each clock pulse. The counters are reset
to the zero state by a logical "1" at the

reset input independent of clock.

Vss

Features

# Wide supply voltage range

# High noise immunity

*# Low power TTL compatibility fan out of 2 driving 74L

Voo

Fl & R

63

Q2

-

G

E Voo

RESET

BRSECRSEE

Vss

oEninly

=l 18]

1.0V to 156 V

0.45 VDD (typ.)

1 driving 74LS

# Medium speed operation

# Schmitt trigger clock input

52

8 MHz typ. at VDD
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4.9

Octal Bus Transceivers with 3 State

Description

These octal bus transceivers
are designed for asynchronous two

way communication between data

buses. The control function

implementation minimizes exterml

timing requirements.

The devices allow —data

transmission from the A bus to

the B bus or from the B bus to
the A bus depending upon the logic

level at the direction control (DIR)

input. The emble input (G) can
be used to disable the device so
that the buses are effectively
isolated.

The 7418245 is
characterized for operation from
0°C to 70°C.
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SN741L5245

Outputs L/
e [ 20[ ] Vee
Al []2 19[] 6
Az [ 3 18 ] 81
A3 [] 4 17[] 82
a4 ] 5 fe| ] B3
as[ | 6 {5 [ ] B4
A6 7 14 ] 8%
AT[] 8 13| ] 86
Ag[] o 12 [ ] B7
éno[] 10 1 []es
FUNCTIONAL TABLE
ENABLE  DIRECTION
E- CONTROL OPERATION
! DR
L B dota 1o Abus
L W A data o Blbus
H X Tsolatiown
H = Hian LBVEL
L = Low LEVEL
X = IrRELENANT
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IC 4066

Quad Bilateral Switch

Description

The 4066 is a quad bilateral switch intended for the transmission
or multiplexing of amlog or digital signals. It is pin for pin compatible
with CD4016BC, but has a much lower "ON" resistance, and "ON" resistance

is relatively constant over the input signal range.

Features
* Wide supply voltage range 3V to 15V
* High noise immunity 0.45 VDD (typ.)

* Wide range of digital and amalog

switching 7.5 VPEAK
¥ "ON" resistance for 15V
operation 80

* Matched "ON" resistance over

15V signal input RON = 5 (typ.)
* "ON" resistance flat over peak to peak signal range
* High "ON"/"OFF" 65 dB (typ.)

QOutput voltage ratio fis = 1b KHZ, RL = 10 K
* High degree linearity 0.1 % distortion (typ.)
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High degree lirearity @ fis = 1 kHz, ViS = 5V
High degree limearity VDD _VSS = 10v, RL = 10
Extremely low "OFF" switch @ VDD—VSS = 10V

leakage

Extremely high control input

impedance

Low crosstalk between @ fis = 0.9 MHz

switches

Frequency response, switch 40 MHz

"ON"
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74HC393

Description

These counter circuits contain independent ripple carry counters .
and utilize micro CMOS Techmnology, 3.5 micron sillicon gate P w=ll CMOS.
The 74HC393 contain two 4 bit ripple carry bimary counters, which can be

cascaded to create a single divide—by-256 counter.

Each of the two 4 bit counters is incremented on the high to low
transition (negative edge) of the clock input, and each has an independent
clear input. When clear is set high all four bits of each counter are set
to a low level. This embles count truncation and allows the implementation

of divide by N counter configurations.

Each of the counters outputs can drive 10 low power Schottky TTL
equivalent loads. These counter are functionally as well as pin equivalent
to the 74LS393. All inputs are protected from damage due to staatic

discharge by diodes to V and ground.

CcC

Features

# Typical operating frequency: 50 MHZ

*# Typical propagation delay: 13 ns (CK to QA)

# Wide operating supply voltage range: 2 oV

¥ Low ipput current: 1 A

¥ Low quiescent supply current: 80 A maximum (74HC Series)

# Fanout of 10 LS TTL loads
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—

110
PB7-PBO

RECTIONAL DATA BUS
DATA
D1, DO BUS ¢
BUFFER
Rf) e sl
) READ
WR— = = ——=Q WRITE
CONTROL
Al ——————=1 | 0GIC
AQ ——r m
RESET ———
[®]
|

Fig 4.2 (i) Block diagram of 8255 PPI



PA3 1 40 ] PA4
PAz [0 2 ] PAs
Ay O 3 8] PAe
Pro[] 4 a1 Pav
@O s &g wWR
s e 35[0 Reser
GNDd O 7 343 o
ALl S 33: 3
Ao 9 321 D2
ad o B255A i s
PCe [ 1 @[] Dg
PCs [ 12 20 ds
Py 13 R De
PCe [ @+ 213 Dy
C 1 261 Vee
PCe [ e 2s [ PB~
Py 17 24 P8
P8o ] 18 2311 P@s
P& [ 2[] PB4
PB2(C] 20 24 [J] PBy

Fig 4.2(ii) Pin details of 8255 PPI
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(i)

CONTROL WORD

D7 1 D6 { D5 | D4 | D3 | D2

[o}}

00

L

GROUP B

PORT C (LOWER)
1 - INPUT
0 - OUTPUT

PORT B
1 = INPUT
0 QUTPUT

MODE SELECTION
0 - MODEO
1 - MODE

GROUP A

PORT C (UPPER)
T INPUT
0 OQuUTPUT

PORT A
1 INPUT
0« OUTPUT

MODE SELECTION
00 :: MODE O
01 MODE
1X MODE 2

(ii)
CONTROL WORD

(o)

MODE SET FLAG
1 - ACTIVE

D7) D6 | D5 | D4 [ D3 | D2

D1

Do

X X

OON'T
CARE

BIT SET RESET
1 - SET
0 RESET

BIT SELECT
(o[T273[ale 6]7]
o110l 1jof 170N 8ol

1
1 0

olo[171]ofoi1]181

olo[ofo[i] 11182

Fig 4.3 8255 control word formats
(i) Mode set control word.

i}

BITSET RESET FLAG

“lo ACTIVE

(ii) Port C Bit set/Reset control word.
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g Vece

¢ R
i 10 €: 0-69RC
14 . - <
+Vee | Q
A 3
A_a.:D‘—rj _
| 74121
s —= / 1
Q
GnNY
7
=
Fig 4.4(i) Logic Diagram of IC 74121
" = [ = Low
Al Ay B | ResuLT
' H = Hen
X | L 1 | Trieasr f‘- Jow TO  BIGH
TRANSITION
L H H TRIGGER
J/ 2 tauw 1 LOW
H l i IOeER TRANSITION

Fig 4.4(i’)) Truth Table of IC 74121
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CHAPTER 5

EXPANSION SLOTS IN A PC:

The Frequency meter ard is diven by software written in GW BASIC.
This' meter card should be connected to a IBM PC for its operation. The
frequency meter card should have a direct access with the CPU of a
IBMPC which then controls the PPI used in the meter card circuit by

software and the required data from the PPT is obtained.

In the main microprocessor board of a IBMPC often called a
motherboard there are expansion slots. These slots allow us to add the
specific function we require it to do in addition to the basic CPU board.
This 'open system' approach lets us easily customize the system for our
application. Fig 5.1. shows the motherboard of a IBMPC. The system

expansion slots are shown in the upper left hand corner of the fig.

Fig 5.2. shows the block diagram as to how the expansion slots are
provided inan IBM PC motherboard. The main processor unit (8088Cpu)
is connected to address buffers & data buffers. A bus controller chip
8288 is required as 8088 is operated in maximum mode. An interrupt
controller (82594) is also provided. The buses from these connect to the
62-pin peripheral board connectors. The CPU can then use these buffers

to communicate directly with the boards in the peripheral expansion slots.

The pin names and members for peripheral slots on IBM PC mother

slots are shown in fig 5.3.
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CASSETTE 1/0 KEYBOARD /O

YSTEM EXPANSION oT
s"S'E Ra \ IBM MATH
> J3 J4 0J5 "@* COPROCESSOR
O J o)
— | \'-“ o)

(S
—

)

FE D)

SYSTEM BOARD
POWER CONNECTIONS

(e
s

CLOCK CHIiP
Bj TRIMMER

READ ONLY

MEMORY | D ] h Ln};‘gﬁczgggsﬁ
el e
i Uj \ e
1 00000

srosseen |1 0O00C

e 110 00000
\'0_00ngoqa;

PIN 1/ \SPEAKER \CASSETTE MICROPHONE

OQUTPUT OR AUXILIARY SELECT

Fig 5.1 Component lay out diagram for IBM PC
mother - board .
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SIGNAL
NAME

GND
+RESET DRV
+5V
+1RQ2
—5vDC
+DRQ2
A VAY
RESERVED
+12V
GND
—MEMW
~MEMR
-~1OW
~10R
—DACK3
+DRQ3
—DACKI1
+DRQ1
~DACKO
CLOCK
+1RQ7
+1RQ6
+1RQ5
+1RQ4
+1RQ3
—~DACK?2
+T/C
+ALE
+5V
+0SC
+GND

REAR PANEL

— B1 Al

- 810  A10

- 820 A20
B31 A31

SIGNAL
NAME

~1/0 CH CK

- +D7

+D6
+Db
4+ D4
+D3
4 D2
t D1
DO
+1/0 CH RDY
+AEN
+A19
+A18
4 A7
+A16
+A15
+A14
+A13
+A12
+ A1
+A10
+ A9
t A8
+AT
+ AB
I AD
1 A4
+A3
+A2

+ Al
+A0

COMPONENT

Fig 5.3 Pin names and numbers for Peripheral slots on IBM PC

mother board .



DESIGN OF SOFTWARE

CHAPTER 6

There are three ports in a 8255 chip namely Port A, portB and port

C. A part from it there is a control register.

The control

register is

sometimes called as Port D. The decimal and hexadecimal address of the

ports for 8255 AC-2 is as given below.

The data contained in port D is called as control word.

The control word

Format for 1/0 mode is shown in Fig 6

address

register
dec. hex.
768 300 Port A
769 301 Port B
770 302 Port C
771 303 Port D

The computer can read the

data present

in these

ports

(i),(ii),(1i1)

by simply

giving in the port address. The computer can also store data in the porté

by giving suitable GW BASIC command.

6.1 Software procedure for reading data:

i) The computer feeds into the control register 771dec. (303H) the value

147 dec(=93H).
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The control register now contains

D7 D6 D5 D4 D3 D2 D1 D0
1 0 0 1 0 0 1 1
= 147 dec.

This implies that now the port A, port B and lower part of C (lower
4bits) are ready to be read. While the upper 4 bits of C are in output

mode.

ii) The computer feeds in 128Dec(=80Hex) to port C.

The port C will have

Then PC7 bit gets high and it activates the monostable multivibrator
IC7(74121 ), which responds by resetting all counters by meaans of its
output signal at pin 6. A counter state of 0 results in a low level at

the input of N Also Es1l is closed, so that the circuit is ready for

15°

a new measurement cycle.

iii) The computer writes 0 to port C which makes the port C

The PC7 bit is brought back to the low level.
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iv) Port D (control register) is written with the control word 115 dec

(9BH). Port D becomes

A 0 in D,7 implies it is in BSR mode § hence the bits of' port C are
reset.
v) Time is allowed for the port C to read-in data again.
vi) The data contained in Port A, Port B and Port C are read.
vi) The number of pulses counted will be then given by
Count (or) Pulses = 32768 *A + 256%C + B
The factors 32768 (215) § 256 (28] come because of the reasons earlier
explained.
vii) The number of pulses (or) count divided by the gate time would give
the frequency.

Frequency = count/gate time

The program is simply typed in under GW BASIC, saved to disk and
started with RUN command. LED Dl flashes during measurements to indicate

activity of the card.

Flow chart of the software that controls the frequency meter card

is given in fig 6.1(i),(ii),(iii).
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CONCLUSION

In the concluding part of our report, we would like
to admit with reasonable modesty that this frequency meter card
for Personal Computer wassuccessfully tested and has proved to be
a success.

This is a plug-in-card i.e., it can be directly connected
with the Personal computer eliminating the usage of external
intert‘acing cordswhich are cumbersome to the user motherboard.
It is a cost-efficient alternative to a stand-alone frequency meter.
This project is simple to build and programme with a TTL input
as well as a prescaler input. The other advantage is that it has
a high sensivity, very versatile, capable of handling frequencies
upto 1 GHZ. The one draw back with this kit is that some
components are imported and not readily available in India.

It has one limitation that it cannot measure frequencies
higher than 1 GHZ. Hence, measurement of high oscillating
irequencies are not possible. This card's scope is restricted to
stable and continuous signals, and widely varying oscillating signals
cannot be faithfully read.

This project work can be amended to work as a counter
or divider circuit by slightly altering the software language,

G.W.Basic which can be easily understood. Also this card can be

suitably protected to provide immunity against external field
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disturbances for a more accurate and sensitive measurement.
Finally, we encourage our predecesors to actively take up further
developments and improvements in this project to bring about a

better version of the same.
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APPENDIX

COMPONENTS LIST

Resistors:
R1 = 6K8
R2 = IK5
R3 = 330
R4 = 75
R5 = 4KT
R6 = 100K

Capacitors

€1 = 1No; 10v ; radial

C2;C3 = 1 No

C4;C5;C6 = 100n
Semiconductors :

D1 = LED(5mm)

IC1 = 8255AC-2

IC2 = 74LS245
IC3 = 74LS30
IC4 = 74LS04

IC5 = 74LS00

IC6 = 74LS32

IC7 = 74121

I1C8 4066

Ic9;1E10;I1C11;1C12 = 4040

fC13;IC14 = 74HC7393
IC15 = 74LS02
IC16 = 74HC704
IC17 = U6060BC (Telefunken)
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