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Experiment No. 1
DIGITAL COUNTERS

Aim : To construct and study the working of (i) binary ripple counters, (ii) decaderipple
counter

Apparatus: |1Cs:7476-three, 7400-one, 7405-one,7410-one;(2) I C power supply (5V ,1A

Stabilized);(3) Pulser switch unit;(4)Lamp monitoring unit;(5)Clock generator;(6)Logical level

switch

Counters:

A digital counter is a set of flip-flops (FFs) whose states change in response to pulses applied at
the input to the counter. Thus, as its name implies, a counter is used to count pulses. A counter
can aso be used as a frequency divider to obtain waveforms with frequencies that are specific
functions of the clock frequency. They are also used to perform the timing function as in digital
watches, to create time delays, to produce non-sequential binary counts, to generate pulse trains,
and to act as frequency counters, etc.

Counters may be asynchronous counters or synchronous counters. The term asynchronous
refers to events that do not occur at the same time.  Asynchronous counters are also called Ripple
counters. The asynchronous counter has a disadvantage, in so far as the unwanted spikes are
concerned. This limitation is overcome in parallel counters. Propagation delay is a major
disadvantage in asynchronous counters because it limits the rate at which the counter can be
clocked and creates decoding problem.

The term synchronous as applied to counter operation means that the counter is clocked such
that each flip-flop in the counter istriggered at the same time.

Asynchronous counters:

In a asynchronous counter, the flip-flop output transition serves as a source of triggering other
flip-flops. In other words, the CP inputs of all flip-flops are triggered not by the incoming pulses
but rather by the transition that that occurs in other flip-flops. In this section, we present some
asynchronous counters and explain their operation.

Four — Bit Asynchronous Binary Counter:

Four — Bit asynchronous binary counter consists of a series connection of complementing flip-
flops, with the output of each flip-flop connected to the CP input of the next higher-order flip-flop. The
flip-flop lading the least significant bit receives the incoming count pulses. The diagram of a4 —
bit binary ripple counter is shown infig 1. All Jand K inputs are equal to ‘1’. The small circlein
the CP input indicates that the flip flop complements during a negative-going transition or when
the output to which it is connected goes from 1 to O.
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To next —Q J)_ll>Q J)—_ll»Q J—1 Q J—1
stage 4 4 4 < Count
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x
l
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||_\
A
l
x

Fig 1 — bit binary ripple counter
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Table 1 Count sequencefor a binary ripple counter

Count sequence

Conditions for complementing flip-flops

A, As A, A

0 0 0 0O ComplementA;

0 0 0 1 ComplementA; A;will gofrom1to0and Complement A,
0 0 1 0 ComplementA;

0 0 1 1 ComplementA; A;will gofrom1to0and Complement A,

Y% A, will go from 1 to 0 and Complement As

0 1 0 0 ComplementA;
0 1 0 1 ComplementA; A;will gofrom1to0andComplement A,
0 1 1 0 ComplementA;
0 1 1 1 ComplementA; A;will gofrom1to0and Complement A,
NN A, will go from 1 to 0 and Complement A3
1 0 0 O andsoon... Az will go from 1 to 0 and Complement A,

To understand the operation of the binary counter, refer to its count sequence givenin Table 1. It
is obvious that the lowest order bit A; must be complemented with each count pulse. Every time
A; goes from 1 to O, it complements A,. Every time A, goes from 1 to 0, it complements A3, and
so on. For example, take the transition from count 0111 to 1000. The arrows in the table
emphasize the transition in this case. A; is complemented with the count pulse. Since A; goes
from 1 to O, it triggers A, and complements it. As a result, A, goes from 1 to 0, which in turn
complements As. Az now goes from 1 to 0, which complements A4. The output transition of Ag,
if connected to a next stage, will not trigger the next flip-flop, since it goes from 0 to 1. The flip-
flops change are at atime in rapid success on, and the signa propagates through the counter in a
ripple fashion. Hence asynchronous counters are sometimes called asynchronous counters.

The 7493A Four — Bit binary counter:-

The 7493A is presented as an example of a specific integrated circuit asynchronous counter.
Asthelogic diagram in fig 2 shows, this device actually consists of a single flip-flop and a three —
bit asynchronous counter. This arrangement is for flexibility. It can be used as a divide — by-2
device using only the single flip-flop, or it can be used as a modulus — 8 counter using only the
three-bit counter position. This device aso provides gated reset inputs, RO(1) and RO(2). When

both of these inputs are HIGH, the counter is RESET to the 0000 state by CLR .

ckp -8
CLK A &CD c ——g>C —9>C +—PcC
K K K
@ _ ¥R R R A
RO (1) W}l 1 1 1
RO (2) —| CLR |(12) ©) ® 11)
Qa Qe Qe Q
(LSB) (MSB)

Fig 2 The 7493A four-bit binary counter logic diagram. (Pin numbersarein
parentheses, and all J-K inputs areinternally connected HIGH.
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Additionally, the 7493A can be used as a four-bit modules-16 counter (counts O through 15) by
connecting Qa output to the CLK B input as shown in fig 2.

CLKA—>C CLKA—J>C
CLK B c CLKB c
RO (1) DIV 16 RO (1) DIV 10
RO (2) Counter RO (2) ]. Counter
Qa Qe Qc Qo Qa Qe Qc Qo
(a) 7493A connected as a (a) 7493A connected as a
modulus-16 counter decade counter

Fig 3 Two configurations of the 7493A asynchronous counter.

It can also be configured as a decade counter with asynchronous recycling by using the gated
reset inputs for partial decoding of count 10,9, as shown in fig 3.

Asynchronous Decade Counters:

Counters with ten states in their sequence are called decade counter. A decade counter with a
count sequence of 0(0000) through 9(1001) is a BCD decade counter because its ten-state
sequenceisthe BCD code. Thistype of counter isvery useful in display applications in which
BCD isrequired for conversion to a decimal readout.

A decade counter requires four flip-flops. We will now take a four-bit asynchronous counter
and modify its sequence in order to understand the principle of truncated counters. One method of
achieving this recycling after the count of 9(1001) is to decode count 1010(1010) with aNAND
gate and connect the output of the NAND gate to the clear (CLR) inputs of the flip-flops, as shown

infig 4.
10 decoder
CLR_
HIGH
QA QB QC QD
1 | J —‘ —1J —1J —
CLK ——d>¢ > C > >c
1 1 i
FIFA FIFB FIFC FED
(@
CLK 1I 2I 3' 4 5| 6| 7 8| 9 10
o | | | | L
oI T 1
o | L
Qo I—

CLR

i
(b)
Fig 4 An asynchronously clocked decade counter
with asynchronous recycling.
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Notice that only Qg and Qp are connected to the NAND gate inputs. Thisis an example of
partial decoding, in which the two unique states (Qg = 1and Qp = 0) are sufficient to decode the
count of 104 because none of the other states (0 through 9) have both Qg and Qp HIGH at the
sametime. When the counter goesinto count 10:0(1010), the decoding gate output goes LOW and
asynchronously RESETS al of the flip-flops.

The resulting timing diagramsis shown in fig.4 Notice that there is a glitch on the Qg wave
form. The reason for this glitch isthat Qg must first go HIGH before the count of 105 can be
decoded. Not until several nano seconds after the counter goes to the count of 10,¢ does the output
of the decoding gate go LOW. Thus, the counter isin the 1010 state for a short time beforeitis
RESET back to 0000, thus producing the glitch on Qg.

Synchronous Counters:

Synchronous counters are distinguished from ripple counters in that clock pulses are applied to
the CP inputs of al flip-flops. The common pulse triggers al the filp-flops simultaneoudly, rather
than one at atime in succession as in a ripple counter. The decision whether a flip-flop is to be
complemented or not is determined from the values of the J and K inputs at the time of the pulse.
If J=K =0, the flip-flop remains unchanged. If J=K =1, the flip-flop complements. In this
section, we present some typical MSI synchronous counters and explain their operation.

Three—Bit Synchronous Binary counter:

Three bit synchronous binary counter is shown in fig 5 and its timing diagram in (fig 6). An
understanding of this counter can be achieved by a careful examination of its sequence of states as
shown in Table 2.

HIGH
Qa
—3 J J
>c >C - >C
K —K K
CLK 1 1 1
FFA FFB FFC

Fig5 A three-bit synchronousbinary counter.

Fig 6) Timing diagram for the counter of
figure.
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First , let us look at Qa. Notice that Qa changes on each clock pulse as we progress from its
original state to its final state and then back to its origina state. To produce this operation, FFA
must be held in the toggle mode by constant HIGH on its J and K inputs. Now let us see what Qg
does. Notice that it goes to the opposite state following each time Qa isal. Thisoccursat CLK>,
CLK,4, CLKg and CLKg. CLKg causes the counter to recycle. To produce this operation, Qa is
connected to the J and K inputs of FFB. When Qa isa 1 and a clock pulse occurs. FFB is the
toggle mode and will change state. The other times when Q4 isaO0, FFB isin the no-change mode
and remainsin its present state.

Table 2 State sequencefor athree-stage binary counter.

Clock Pulse Oc (0 On
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

Next, let us see how FFC is made to change at the proper times according to the binary sequence.
Notice that both times Q¢ changes state, it is preceded by the unique condition of both Qa and Qg
being HIGH. This condition is detected by the AND gate and applied to the J and K inputs of
FFC. Whenever both Qa and Qg being HIGH, the output of the AND gate makesthe Jand K
inputs of FFC HIGH, and FFC toggle on the following clock pulse. At al other times, the Jand K
inputs of FFC are held LOW by the AND gate output, and FFC does not change state.

Experimental Procedure:

a) Asynchronous Binary up Counter:

Wire the four-bit ripple counter as shown in fig.1 using two IC7476s. Monitor the logic levels at
D,C,B,A using the lamp monitoring units. Feed the counter with the pulser switch. Tieup all clear
inputs and connect to pulser switch. Clear the FFs to read O by momentarily pressing the pul ser
switch. Apply sixteen pulses one by one and observe the D,C,B,A outputs and fill in the Table3.
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Table 3 Asynchronous Binary Up Counter
INPUT D C B A
0 0 0 0 0
1
2
16 0 0 0 0 0

Apply 1kHz square wave from the clock generator to the input and observe the output waves at
D,C,B,A using adual trace CRO
b) Asynchronous Binary down Counter:
1.wirethecircuit usingtwo IC 7476s
2.Clear the counter . the D,C,B,A outputs show logic level 1.
3.Enter sixteen clock pulses using PSI and observe the outputs after each input pulse. Enter your
resultsin atable similar to table 7 .
4. Observe the relation between the input and output waveforms using a dual trace oscilloscope .
Feed the counter with 1kHz signal from the clock generator.

c) Decade Ripple Counter:

Wire the decade ripple counter circuit as shown in fig 4 using two IC7476s and aNAND
gate (IC7400). Feed the counter units with the pulser switch(PSI) and monitor the outputs using
lamp monitors units. Enter ten pulses one by one and note the output levels after each input pul se.
Record your observationsin atabular form.

d)Modulo -3 Counter:

Two FFs are required to construct a modul o-3 counter as shown in fig wire the circuit
using IC7476.Monitor B and A outputs using the lamp monitoring unit. Feed the counter with the
pulser switch. Verify the count sequence.

(e)Modulo —8 synchronous binary counter:
Wirethe circuit shown asin fig 5 using two IC7476s and one IC7410 . Feed the input
with positive pulses and monitor C,B,A outputs with the help of the lamp monitoring unit.
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Precautions:
1. Verify the proper functioning of individual logic components used in the circuit before using
them in the circuit

Results: The working the logic circuit for the decade counter isis as per the truth table.
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Experiment No. 2
SHIFT REGISTERS

Aim: To study the working of four bit shift register

Apparatus: Two | C 7476 , Onel C 7405 Or 7400, Power supply , Bread board

_Shift Register:

Shift registers are very important in applications involving the storage and transfer of data in
digital system. A register, in genera, is used solely for storing and shifting data (1s and 0s)
entered into it from all external sources and possesses no characteristic internal sequence of states.
The storage capability of a register is one of its two basic functional characteristics and makes it
an important type of memory device.

Data bits

f_H

Data bits—s Databits l l l l

(a) Serial shift right, then out. (b) Serial shift left, then out.

(c) Paralld shift in.

o T

Data bits

(d) Paralle shift out. (e) Rotateright (f) Rotate left

Figure 1: Basic data movement in registers.

Registers are commonly used for the temporary storage of data within a digital system. The
shift capability of a register permits the movement of data from stage to stage within the register

or into or out of the register upon application of clock pulses.
Fig 1 shows symbolically the types of data movement in shift register operations. The block
represents any arbitrary four-bit register, and the arrow indicates the direction and type of data

movement.
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Serial In — Serial out Shift Register:

This type of shift register accepts data seridly, i.e. one bit at a time, and also outputs data
serially. The logic diagram of a 4 — bit serial — in, seria — out, shift register is shown in fig 2.
with four stages, i.e., four flip —flops, the register can store up to four bits of data.

Serial Serial
input D, Q D, Q Ds Qs D4 Q4 output
> > > >
CLK

Figure 2 —bit serial —in, serial —out, shift register

Serial datais applied at the D input of the first Flip-Flop (FF). The Q output of the first FF is
connected to the D input of the second FF, the Q output of the second FF is connected to the D
input of the third FF and the Q output of the third FF is connected to the D input of the fourth FF.
The datais outputted from the Q terminal of the last FF.

When seriad data is transferred into a register, each new bit is clocked into the first FF at the
positive — going edge of each clock pulse. The bit that was previously stored by the first FF is
transferred to the second FF. The bit that was stored by the second FF is transferred to the third
FF, and so on. The bit that was stored by the last FF is shifted out.

Fig 3 and table 1 illustrate this process to store the data bits 0101 in the register. Initially all the
FFsarereset,i.e, Q1 =0,Q,=0,Q3=0and Qs =0.

The right most bit ‘1" is applied at the D1 input of FF;. At the positive — going edge of the first
clock pulse, this‘1’ is shifted into FF; and al other FFs store their respective bits at the D inputs.
Therefore, Q1 =1, Q2=0, Q3 = 0and Q4 =0, after the first clock pulse.

Then a‘0 is applied at the D, input of FF;. At the positive — going edge of the second clock
pulse, this ‘0’ is shifted to Q; of FF; and the D inputs of al other FFs are also shifted to their

respective outputs. Therefore Q1 =0,Q2,=1,Q3=0and Qs = (3 after the second clock pulse.
0 0 0

Serial input o 1 D. Qi D, Q D: Qs Ds Q Serial output
FFy FFs FFs FFa

0 o s e

(@ Iﬁitial states (0600)
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- 0
Serial input o ODl Qll D, QZO Ds an Ds Q Serial output

FF FFs FFRs FF,
17 > T> T> |7>
CLK o—s

(b) After thefirst clock pulse (1000)

A 1 0 0 .
Seria input o 1 D, QlO D, Q Ds Q D: Qi Serial output

FFy FFs FFs FFs
J7> |7> 17> |7>
CLK 0—¢

(c) After the second clock pulse (0100)

s 0 1 0 .
Serial input c>—0D1 Qll D, Q Ds Qs Di Q Serial output

FFy FF3 FF3 FFa
J7 > T> |7> |7>
CLK o—4

(d) After thethird clock pulse (1010)

o 1 0 1 :
Serial input o 0 D, Qlo D, Q D: Qs Ds Q Serial output

FF. FFs FF FF,
J7> T> |7> |7
CLK o—4 : .
(e) After thefourth clock pulse (0101)
Fig3 Loading of the 4 — bit serial —in, serial — out, shift register

Thena‘l isapplied at the D; input of FF;. At the positive — going edge of the third clock pulse,
this*1’ isshifted into Q, of FF; and the D inputs of all other FFs are also shifted to their respective
outputs. Therefore, Q1 =1, Q2=0, Q3 =1 and Q4 =0, after the third clock pulse.

Then a‘'0’ is applied at the D, input of FF;. At the positive — going edge of the fourth clock
pulse, this ‘0’ is shifted into Q; of FF; and the D inputs of al other FFs are also shifted to their
respective outputs. Therefore, Q; =0, Q2 =1, Q3 = 0 and Q4 = 1, after the third clock pulse, this
‘0’ is shifted to Q, of FF; and the D inputs of all other FFs are also shifted to their respective

outputs. Therefore,

After clock pulse Serialinput Q; Q Qs Q4

0 1 \0\0\0\0 Initial states
1 0 1 0 O 0
2 1\ o 1 O 0
3 o\ 1 0 1 0
4 —\ 0 1 0 1

Table 1 Shifting in the data 0101 serially.
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Q:=0,Q,=1, Q:=0and Q, = 1, after the fourth clock pulse.
This completes the serial entry of 0101 into the 4-bit register fig 4 shows the timing diagram of the
loading of serial input 0101 into the 4-bit seria-in, serial-out, shift register.

CLK

L,
L t

Serial input

Q

Q.

Qs

Q4T —

Fig 4 Timing diagram showing the loading of the serial input
0101 into the 4 — bit Serial-in, Serial-out, shift register.

t

The shifting out of the stored data 0101 serially from the register isillustrated in table 2 . It
requires four clock pulsesto shift out the 4-bit stored data.

After clock pulse Serial input Q; Q, Qs Q4
0 0 \ O\ 1\ 0 ~ 1
1 0 0o o0 1 0
2 0\ 0 o0 O 1
3 0\ 0 0 0 0
4 —\ 0 0 0 0

Table2 Shiftingin the data 0101 serially.
Serial In, Parallel —out Shift Reqgister:

In this type of register, the data bits are entered into the register serialy, but the data stored in
the register is shifted out in parallel form. Fig 5 shows the logic diagram and the logic symbol of a
4-bit serial —in, parallel — out shift register.

Once the data bits are stored, each bit appears on its respective output line and al bits are
available simultaneoudly, rather than on a bit-by-bit basis as with the serial output. The seria —in,
parallel-out, shift register can be used as a serial-in, seria-out, shift register, if the output is taken
from the Q termina of the last FF.
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Qa

T ]) T |
Datainput ——p, Q. D, Qs*—D;s Qf—*Ds QDJ
FF, FFs FFs FFs

s B s

(a) Logic diagram

Datainout — rga
CLK >
QnQeQc Qo
(b) Logic symbol

Fig(5) 4-bit serial -in, paralld - out, shift register.

Parallel In, Serial — Out Shift Register:
In parallel — in, serial-out, shift register, the data bits are entered simultaneously into their

respective stages on parallel lines, rather than on a bit-by-bit basis on one line as with seria data
inputs, but the data bits are transferred out of the register serialy, i.e., on a bit-by-bit basis over a
single line.

Fig 6 illustrates a 4-bit paralel-in, seria out, shift register using D flip-flops. There are four
datalines A, B, C and D through which the data is entered into the register in paralel form. The
signal shift / load allows (a) the data to be entered in parallel form into the register and (b) the data
to be shifted out serially from terminal Q.

When Shift / Load line is high, gates G1, G, and Gz are disabled, but gates G4, Gs and Gg are
enabled alowing the data bits to shift — right from one stage to the next. When Shift / Load lineis
low, gates G4, Gs and Gg are disabled, whereas gates G;, G, and Gz are enabled allowing the data
input to appear at the D inputs of the respective flip-flops. When a clock pulse is applied, these
data bits are shifted to the Q output terminals of the flip-flops and therefore, datais inputted in one
step. The OR gate alows either the normal shifting operation or the parallel data entry depending
on which AND gates are enabled by the level on the Shift / Load input.
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A B C D
<] o b o
Shift/ Load
CLKo
(a) Logic diagram
Shift / Load — i
SRG-4 ' —Data out
CLK >

(b) Logic symbol

Fig 6 A 4-bit parallel, serial —out, shift register.

Parallel In, Parallel —out Shift Register:

B C D

[N [ .

o

Qa 68 (Sc Qo

Figure 7 L ogic diagram of a 4 —bit parallel —
in, parallel —out, shift register
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Inaparalel —in, parallel —out, shift register, the datais entered into the register in paralel
form, and also the datais taken out of the register in parallel form. Immediately following the
simultaneous entry of all data bits, the bits appear on the parallel outputs.

Fig 7 shows a 4-hit parallel-in, parallel-out, shift register using D Flip-Flops. Datais applied to
the D input terminals of the flip-flops. When a clock pulseis applied, at the positive going edge of
that pulse, the D inputs are shifted in to the Q outputs of the Flip-Flops. The register now stores
the data. The stored datais available instantaneously for shifting out in paralel form.

Bi-directional Shifter:

A bidirectiona shift register is one in which the data bits can be shifted from left to right or
from right to left.

Fig 8 shows the logic diagram of a 4-bit serial-in, serial-out, bi-directiona shift register.
Right/Left isthe mode signal.

DinC

Right / Lefto—4>0 " - X
G| [Gs Go G Gs

D: Q[ D Q[ Ds Qi Ds Q4 °
FFy FF FFs FF, o

w0 (O[O T

Fia 8 Lodic diaaram of a 4 — bit bi-directional shift reaister.
When Right / Left isa 1, the logic circuit works as a shift-right shift register. When Right / Left
isaO0, it works as a shift — left register. The bidirectional operation is achieved by using the mode
signal and two AND gates and one OR gate for each stage as shown in fig 8.

A HIGH on the Right /Left control input enables the AND gates Gy, G,, Gs and G, and
disables the AND gates Gs, Gg, Grand Gg and the state of Q output of each FF is passed through
the gate to the D input of the following FF. When a clock pulse occurs, the data bits are then
effectively shifted one place to theright. A low on the Right / Left control input enables the AND
gates Gs, Gg, Grand Gg and disables the AND gates G;, G,, Gz and G4 and the Q output of each
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Flip-Flop is passed to the D input of the preceding FF. When a clock pulse occurs, the data bits
are then effectively shifted one place to the left. Hence, the circuit works as a bidirectional shift

register.
Universal Shift Register: Peralle input
A
T 5 c B
Mode) s>
control
inputs | s,—F> Shift —eft
a
Shift —right L°'> 1 —fs ? !_°ser| Pt
serial input - (é&? N L‘été E?
S S Qs S S Qo
> —of
E RCLR RCLR >RCLR
CLRo [>o [ I !
CLKo o[>0
@ o3 Qe e/
~
Parallel output
(a) Logic diagram
(b)Truth Table
ISTputSso Clock Action
0 O X Nochange
0 1 m  Shift-right
1 0 m  Shift-left
1 1 m  Parallel lnad

Fig 9 The 74194 4-bit universal shift register.
A universal shift Register is a bidirectional register, whose input can be either in serial form or in
parallel form and whose output also can be either in serial form or in parallel form.

Fig 9 shows the logic diagrams of the 74194 4-bit universal shift register. The output of each
flip-flop is routed through AOI logic to the stage on its right and to the stage on itsleft. The mode
control inputs, S, and S; are used to enable the left-to-right connections. When it is desired to
shift-right, and the right-to-left connections. When it is desired to Shift-Left.
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The truth table (tabl3 3) shows that no shifting occurs when Sy and S; are both LOW or both
HIGH. When S = S; =0, there is no change in the contents of the register, and when So = S; = 1,
the paralel input data A, B, C and D are loaded into the register on the rising edge of the clock
pulse. The combination Sy = S; =0 is said to inhibit the loading of serial or parallel data, since the
register contents cannot change under that condition. The register has an asynchronous active —
LOW clear input, which can be used to reset al the flip-flops irrespective of the clock and any
seria or parallel inputs.

Procedure :
Seria in—seria out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 2. to form a seria in
seria out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs
show level 0. Feed the clock input with the pulser switch “and monitor the logic levels of the
output Q3 using the lamp monitoring unit. The Jinput of the flip —flop (FFO) is connected to
the logic switch to provide information bits. Verify the truth table following the method described
in theory.

Seria in paralé out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 5. to form a serial in
paralel out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs
show level 0. Feed the clock input with the pulser switch “and monitor the logic levels of the
outputs QO0,Q1,Q2 and Q3 using the lamp monitoring unit. The Jinput of the flip — flop (FFO)
is connected to the logic switch to provide information bits. Verify the truth table following the
method described in theory.

Parallel in serial out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 7. to form a paralel in
seria out 4-bit shift register .  Clear all the outputs by entering the reset pulse. All the outputs
show level 0. Feed the clock input with the pulser switch “and monitor the logic levels of the
output Q3 using the lamp monitoring unit. Each of the inputs of the flip —flops A,B,C and D
are preset with one bit data by connecting them to logic switches to provide information bits.
Verify the truth table following the method described in theory.
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Parallel in- parallel out shift register :

Using two 7476 ICsform 4 D-Hip flops and connect them as shown in Fig 7. to form aparalel in
seria out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs
show level 0. Feed the clock input with the pulser switch “and monitor the logic levels of the
outputs Q0,Q1,Q2 and Q3 using the lamp monitoring unit. Each of theinputs of the flip —flops
A,B,C and D are preset with one hit data by connecting them to logic switches to provide
information bits. Verify the truth table following the method described in theory.

Bi directional shift register :

Using two 7476 Ics form 4 D-Hlip flops .Using one AND gate IC and two OR gate Ics connect
the circuit as shown in Fig 8. to form a 4-bit bi directional shift register . Clear al the outputs
by entering the reset pulse. All the outputs show level 0. Feed the clock input with the pulser
switch “and monitor the logic levels of the output Q3 using the lamp monitoring unit. The D
in input is connected to the logic switch to provide information bits. Verify the truth table
following the method described in theory.

Universal shift register : Using a74194 IC connect various logics to various pins as shown in fig
9. Using SO and S1 controls and using the method given in theory test the various modes of
operation of the Universal shift register and verify the truth table in each mode.

Precautions:

1. Avoid the loose contacts

2. Check proper working of the individual 1Cs before use

3. Make the perfect contact in breadboard

4. Seethat al ground points have common ground

5. Use different color wires for clear identification of various signals

Result: The circuits are assembled properly and the results are as per truth tables.
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Experiment No. 3

R-C coupled Single stage Common source FET amplifier

Aim: -To construct an RC coupled amp (FET version) and study its frequency response with and
with out feedback.

Apparatus: - Field Effect Transistor BFW 10, resistances33k(,2.2k,1k,10kQ,
Capacitances .2uf,2uf,50uf/65V, Signal generator, DC Power supply

Theory: -

An amplifier is a device by which one parameter like voltage, current or power of the given
signal at input circuit can be increased and obtained at the output terminals by proper selection of
the operating point of the transistor. There are severa types of classifications of amplifiers basing
on
1.Purpose:  (Voltage amplifier, current amplifier. Power amplifier)

2. Coupling circuit: RC coupled , Inductance coupled, Transformer coupled
3.Operating point (Class A, Class B, Class C, Class AB)
In order to have very high amplification, we have to use multistage amplifiers. Here we take a
single stage amplifier and study its performance. If afraction of the output (current or voltage) is
taken and fed to theinput of transistor along with the input it is called feedback amplifier.
RC coupled amplifier can also be formed using Bi junction transistors and Field effect

transistors. RC coupled amplifier based on BJT was covered already in the first year course.
Here we construct an RC coupled amplifier based on FET and study its performance.
The static characteristics of FET BFW 10 was studied in the first year course. We reproduce
here some useful information about FETs

FET isathreeterminal device. FET's can be characterized in two main categories like
JFET (Junction Field Effect Transistor) and MOSFET (Metal Oxide Field semiconductor). Here we
study the JFET characteristics. JFET' s are further of two types n-channel type and p-channel type.

Main feature of JFET :-

1. Itisauni polar threeterminal device, which solely depends on the conduction of either of
electrons or holes.

2. Inthe operation of thisthe electric field established by the charges controls the conduction;
hence the name Field Effect Transistor.

3. Field Effect Transistor is an voltage control device where as BJT is a current control
device. The output current in the BJT is controlled by the input current level where asthe
output current in FET is controlled by the applied voltage in the input circuit.

4. There aretwo types of BJT i.e p-n-p and n-p-n. Similarly FET is of two types p-channel

FET and n-channel FET.

Gate-source junction is generally reverse biased and gate drain junction is forward biased.
The effective channel width, which alows current flow, is controlled by reverse biasing
the gate source junction, which changes the width of the space charge in the channdl.

oo
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7. Thereverse bias voltage given to gate- source junction, which just prevents the current
flow from the source to drain is called “pinch off voltage”.

8. Thereverse biasing effect of the gate will be more at the drain end. Asdrain current is
increased by increasing the drain voltage the reverse bias voltage appearing at the drain
end (gate - drain end) at some value of V, this exceeds the reverse breakdown value.Then
an avalanche current will flow which is very large Thisis called breakdown region.

Parametersof FET:-

1. Dynamic Drain resistance (rq):- Dynamic drain resistance at an operating point is
defined as the ratio of small change in drain voltage to the corresponding change in
the drain current , when the gate voltage is kept constant.

ra= (AVps) / (A Ip) Vs being constant.
Thetypical vaue of rgq is400Q(ohms).

2. Mutual Conductance or Trans conductance (gm):- The trans- conductance at an
operating point is defined as the ratio of asmall change in drain current to the
corresponding change in gate voltage when drain voltage is kept constant.

Om = (Alp) / (AVes) when Vps is constant. Typical value of g, is 250us (micro
siemen).

3. Amplification Factor (n):- Amplification factor is defined as the ratio of small
change in drain voltage to the corresponding change in gate voltage when drain
current is kept constant.

1= (AVps) / (AVgs) when| isconstant.
u being the ratio of two voltages it has no units. Typical value of amplification
factor of FET isaround 10. The above parameters are related by

1= (rg) X gm

The drain and the source terminals are taken from n-channel and gate terminal is taken from p type
material.

Schematic representation:-
Fig 3shows the schematic representation of FET

| |
B B

@ (b)
FIG3

The arrow mark on the gate terminal indicates the direction in which gate current flows when gate
junction is forward biased. For n-channel FET arrow is shown into the gate. For p- channel FET
arrow is away from gate.

Sour ce:- It isthe terminal through majority charge carriers enter the bar.
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Drain:- It isthe terminal through which magjority charge carriers leave the bar.

Gate:- It isthe terminal which analogous to base terminal in BJT(Bipolar Junction Transistor)
And controls the flow of charge carriers.

Channel:- The region between the source and drain through which majority charge carriers move.

The width of thisis adjustable by controlling the space charge region in it.

Distinction between BJT and FET amplifiers:

BJT isaBipolar Device. FET isaUnipolar device.

In BJT amplifiersinput junction is forward biased. In FETSs it is reverse biased.

BJT isacurrent controlled device. FET isafield controlled device.

Input current of BJT will be in micro amperes. In FETs it will be in nano to pico amperes.

Input resistance of BJT is about 1kohm .For FET it is about 1 megaohm.

The gain of BJTsishigh. Gain of FETsis small.

Astheinput resistance of FET ishigh in FET amplifiers to obtain same low frequency response ,it

issufficient if we use very small coupling capacitors when compared to the values coupling

capacitors used in BJT amplifiers.

The frequency response of FETS is poor when compared to BJTs. However the technology is

being improved to enhance frequency response and gain.

The characteristics of FET are more non linear when compared to BJT characteristics. Hence FET

amplifiers produce more distortion in the output signal.

The amplitude of input signal can be larger in FET amplifiers when compared to BJT amplifiers.
In the case of RC coupled amplifier asinusoidal signal of about 30mV is given and output

voltage is measured. The voltage amplification (A, =Vou/Vin) is calculated at different frequencies

and plotted against frequency .

o Voo

- I

Figl Asinglestage R-C coupled amplifier.
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At low freguencies the amplification increases with increase of frequency and at high frequencies
it falls with the increase of frequency. Inthe midband region gain remains as constant. The circuit
diagram is given below ( FIG 1). The frequency response curveis shown in fig 2

A

v

Logf
Normalized gain — frequency response curve

The behavior can be understood asfollows. FIG2

Low frequency region: The reactance of coupling capacitor is quite high(/oC) at low
frequencies and thus the output decreases with the decrease of frequency in low frequency region.
Further, Cs cannot effectively shunt to source resistance Rs. These are the two reasons that cause
the fall in amplification in the low frequency region.

High frequency region: At high frequencies, the reactance of coupling capacitorsis very small
and they do not offer resistance. If thereis a second stage this increases the loading effect and
thus decreases the gain. Further, capacitive reactance of Gate source junction at high frequencies
becomes low, which increases the gate current. This reduces the amplification factor. By these
reasons, gain falls at the high frequency region.

Mid frequency region: The voltage gain in this region remains constant. The coupling capacitors
offer zero reactance above the lower cut-off frequency, and at the same time shunt capacitors
offer very high and amost constant reactance independent of frequency up to upper cut-off
frequency. So in this frequency region gain remains maximum and constant.

The frequencies where the gain is 70.7% of the maximum gain are called cutoff frequencies.
There are two such frequencies f; and f, one on the lower frequency side and the other on the
higher frequency side.

Bandwidth =(f,—f;). On decibel scale the power reduction is of three decibels.
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Procedure:
Plotting frequency response curve:

Circuit should be connected as shown in the figure. 30mV (peak to peak) is applied to the
gate source using signal generator. Now measure the output voltage by varying the frequency from
50Hz to 1IMHz. First the output voltage increases and reaches a constant value. It remains constant
up to acertain frequency and then it decreases. M easure the input and out put voltages in the range
50 Hz to 2Mhz and calculate the gain in dB. After completion of taking readings draw graph
taking log f on x axisand gain on Y axis. It is called frequency response curve.

Measuring theinput and output resistances:
Connect the circuit as shown in fig. Measure the generator voltage and voltage across Rs. as Rs is
varied from zero in steps of 100 ohms the voltage across it increases. Note the value of Rs at
which V; isequa to VJ2. At thisvaue Ri=Rs

For output resistance put decade box at output and vary that until it comesto V/2. It isthe
output resistance R.,.

RL R
man—C 10 it

Observations:

FREQUENCY | OUTPUT Gain GaindB
VOLTAGE | Vol/Vi 201og
(Vo) volts (VolVi)

Precautions: 1.the coarse and fine knobs of a power supply should be kept in the minimum
position before the commencement of the experiment.
2.Loose connections are to be avoided.
3.Readings must be take carefully on C.R.O.
4. At each observations the input voltage magnitude maintain at 30mv peak to peak.

Result:
Band Width obtained from the graph = kHz.
Input resistance Ri = k Ohms.

Output resistance Ro = k Ohms.
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Experiment No:4

ASTABLE MULTI VIBRATOR USING 741
AIM:- To construct an astable multi vibrator with 741 op amp and generate different frequencies
with different time constants and compare them with calculated values .

APPARATUS;- IC 741, power supply , signal generator , CRO, resistances and capacitances of
various values.

THEORY :-
Square Wave Gener ator:

In contrast to sine wave oscillator, square wave outputs are generated when the op-amp is
forced to operate in the saturated regions, that is, the output of the op-amp is forced to swing
repetitively between positive saturation + V(= + Vee) and negative saturation-Vg (= - Veg),

resulting in the square wave output. Such acircuit shown in fig.

A Output Voltage across
voltage Vo capacitor V»
c |
I Ve MRA +Ver=Vee
\
RS N e’ Tl i sl
JE —— HVee /

R, Vi Vi 741 —Q, O/
L VVVV X > /.y I vl N
- R, Ve =-Vee +
< T—>
Rl

V4| = Vsl fo % = iif R, =1.16R;

R, +R, 2RC

Fig (a) Square wave generator (b) Wave form of output voltage.
Vo and capacitor voltage v, of the squar e wave gener ator .

This square wave (generator is aso «caled a freerunning multi-vibrator.
Assume that the voltage across the capacitor C is zero volts at the instant the dc supply voltages
+V e and —Vee are applied. This means that the voltage at the inverting terminal is zero initialy.
At the same instant, however, the voltage V; a the non-inverting terminal is very small finite
value, that is a function of the output offset voltage Voo, and the values of R; and R, resistors.
Thus the differential input voltage Viq is equal to the voltage V; at the non-inverting terminal.
Although very small, voltage V,will start to drive the op-amp into saturation.



M.Sc. Physics 2 Astable Multivibrator

For example, suppose that the output offset voltage Vo1 is positive and that, therefore voltage

V, isaso positive. Sinceinitialy the capacitor C acts as a short circuit, the gain of the amplifier is

very large (A); hence V; drives the output of the op-amp to its positive saturation + Vg with the

output voltage of the op-amp as +V«;, the capacitor C, starts charging toward +V« through the

resistor, R. However, as soon as the voltage v, across the capacitor is slightly more positive than

V,, the output of op-amp is forced to switch to a negative saturation, -V«. With the op-amps

output voltage as negative saturation, -V« the voltage V; across R; is aso negative, since Vi =
Rl

R, +R,

Thus the net differential voltage Vig = V1 —V> is negative, which holds the output of the op-
amp in negative saturation. The output remains in negative saturation until the capacitor C
discharges and then recharges to a negative voltage dightly higher than the -V, [see Fig.] Now,
as soon as the capacitor voltage v, becomes more negative than -V, the net differential voltage Vig
becomes positive and hence drives the output of the op-amp back to its positive saturation +V .
This completes one cycle. With output at +V <, and voltage V1, at the non-inverting input is

Rl
R, +R

Vi = N @

Thetime period T of the output waveform is given by

T=2RCIn (ZRlF: sz — @)

2

Equation 3 indicates that the frequency of the output fp is not only a function of the RC time
constant but also of the relationship between R; and R,. For example If R; = 1.16 Ry, equation 3

becomes

1

= - 4
2RC )
Equation (4) shows that the smaller the RC time constant, the higher the output frequency fo

fo

and vice versa. Asin the sine wave oscillator, the highest frequency square wave generated is also
set by the slew rate of the op-amp. In practice, each inverting and non-inverting terminal needs a
seriesresistor Rs to prevent excessive differential current flow because the input of the op-amp is

subjected to large differential voltage. Rs should have avalue of 100 KQ or higher.
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The feed back resistance R and the capacitance C provides the integrator action .The op-amp
serves as aregenerative comparator . The output of comparator is limited by the saturation level of
the op-amp .A function 8 = R1/R;+R; of the output voltage is feed back to the comparator that
compares the voltage across the capacitor with the voltage and switches to negative saturation
limit .

The moment V, becomes greater than Ve, the capacitor begins to discharge
through Rp until V. isequal to BV, Theoutput isthanswitched onto the +ve

saturations. The momentj vV, becomes less than BV,.

PROCEDURE: Thecircuit is connected as shown in fig and the output wave form is observed
using the CRO. The capacitor is varied and the frequency is measured at each step, The observed
frequencies are compared with the calculated ones.

OBSERVATIONS:

DC supply voltage Ve = ........ V

R R2=1.16R; | Capacitance C(uf) Time period Frequency

(Observed) | Calculated

PRECAUTIONS:
1. Distortion should not be in the waves.

2. Connections must be properly verified.
3. Power supply should be adjusted to 15V or less.

RESULT:
The calculated frequencies are found to be in good agreement with the observed values
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Experiment :4

Astable multi-vibrator using 555

Aim : To form an astable multivibrator and study its wave forms.

Apparatus : 555 timer 1C,0-15 V DC power supply, capacitors, resistors, connecting Wires
and bread board.

Description of 555 timer:

The 555 Timer and its pin configurations. Signetic corporation introduced this device as the SE
/ NE555 in early 1970 for the first time . It is one of the most versatile linear integrated circuit.
The applications of 555 timer includes mono-stable and astable multi-vibrators, a.c-d.c converters,
digital logic probes, wave form generators, analog frequency meters and tachometers, temperature
measurement and control, infrared transmitters, burglar or toxic gas alarm, voltage regulators,
electronic eyes and many others. The 555 is a monolithic timing circuit that can produce accurate
and highly stable time delays or oscillation. In other words the timer basically operates in one of
the two modes: either as a mono stable multi-vibrator (one shot) or as an astable (free running)
multi-vibrator. The device is available as an 8 pin metal, as an 8-pin mini DIP or a 14-pin DIP.
Fig shows that the pin connection diagram and the block diagram of the SE/NE 555 timer. The
SE 555 is designed for the operating temperature range of —55 to +125%, while NE 555 operates
over atemperature range of 0 to +70°. The important features of the 555 Timer are (1) It operates
on +5 to +15v supply voltage in both free running (astable) and one shot (mono stable) modes; (2)
It has an adjustable duty cycle; timing is from micro seconds through hours; (3) It has high current
output; it can source or sink 200 mA; (4) The output can drive TTL and has a temperature
stability of 50 parts per million (ppm) per degree Celsius change in temperature.

Ground [1] * (8] +Vee
Trigger [ 2 [7] Discharge
555
Output [3] [6] Threshold
Reset [4] [5] Control voltage

Fig (1a) 555 timer connecting diagram
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Before proceeding with the operations of 555 Timer an astable multi-vibrator, it is important to
examine its pin functions. The pin number is used in the following discussion refer to the 8 pin

mini DIP and 8 pin metal can packages
8 V¢ % Control Voltage

6
Threshold

O Comparator 1

o = .
Trigger

Discharge
O_
L Flip flop
Q
Output stace

1~ GND

o 3
Output

Fig (1b) block diagram
Pin 1. Ground. All voltages are measured w.r.t. this terminal.

Pin 2. trigger. The output of the timer depends on the amplitude of the external trigger pulse
applied to this pin. The output is low if the voltage at this pin is greater than 2/3 V.. However,
when a negative going pulse of amplitude larger than 1/3 V. applied to this pin, the comparator 2
output goes low, which is turn switches the output of the timer high. The output remains high as

long as the trigger terminal is held at alow voltage.

Pin 3. there are two ways aload can be connected to the output terminal: either between pin 3 and
ground (pin 1) or between pin 3 and supply voltage +V (pin 8). When the output is low, the
load current flows through the load connected between 3 and +V . into the output terminal and is
called the sink current. However, the current through the grounded load is zero when the output is

low. For this reason, the load connected between 3 and +V is caled normally on load , and that
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connected between pin 3 and ground normally off load and that connected between pin 3 and

ground is called the normally off load.

Pin 4. Reset. The 555 timer can be reset (disabled) by applying a negative pulse to this pin. When
the reset function is not in use, the reset termina should be connected to +V.. to avoid any

possibility of false triggering.

Pin 5. control voltage. An external voltage applied to this terminal changes the threshold as well
as the trigger voltage. In other words, by imposing a voltage on this pin or by connecting a pot
between this pin and ground, the pulse width of the waveform can be varied. When not used, the

control pin should be bypassed to ground with a 0.01uF capacitor to prevent noise problems.
Pin 6: Threshold. This is the non-inverting input terminal of comparator 1, which monitors the
voltage across the external capacitor. When the voltage at this point is > threshold voltage % Ve,

the output of comparator 1 goes high, which in turn switches the output of the timer low.

Pin 7: Discharge. This pin is connected internally to the collector of transistor Q;. When the
output is high, Q; is off and acts as an open circuit to the external capacitor C connected across it.
On the other hand, when the output is low, Q; is saturated and acts as a short circuit, shorting out
the external capacitor C to ground

Pin 8: +V. The supply voltage of +5V to +18V is applied to this pin with respect to ground
(pin 1)

The 555 as an astable multi-vibrator:

An astable multi-vibrator, often called a free running multi-vibrator, is a rectangular wave
generating circuit. The time during which output is either high or low is determined by the two
resistors and a capacitor, which are externally connected to the timer 555

Astable operation: Fig 2(a) shows the 555 timer connected as an astable multi-vibrator.

Initially, when the output is high, capacitor C starts charging toward V. through R and Rg.
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However as soon as voltage across the capacitor equals % Ve, cOmparator 1 triggers the flip-flop,
and the output switches low [see fig 2(b)]. Now capacitor C starts discharging through Rg and
transistor. When the voltage across C equals évcc, comparator 2's output triggers the flip-flop
and the output goes high. Then the cycle repeats. The output voltage and capacitor voltage

waveforms are shown in figure 2(b).

As shown in this figure, the capacitor C is periodically charged and discharged between % Ve

1 1
and 5 V. respectively. The time during which the capacitor charges from 5 Ve to g Ve is

equal to the time the output is high and is given by

to= 0.69 (Rp + Rg)C  <-enmeceee 1)
+Veec=+5V
Ra . ,
7 L
Re 6 555 S > Output

C

—l
U
o

Fig 2(a) The 555 astable multi-vibrator circuit

— T —
Input voltage
=Vcc —
ovVf-----
: : ( '
b | )
N 1 [ t
: : t 1 )
_ ! A S d
Capacitor voltage ! : ) )
2/3 Vcc -—— = : : E
/ NZEN
V3Vee .- - N N
b b

\ t
/ Charging
Discharging

Fig 2(b) The 555 astable multi-vibrator output voltage wave form
and voltage acr oss the capacitor.
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Where Ry and Rg areisohmsand Cisin Farads. Similarly the time during which the capacitor

1
discharges from g Ve to 5 Vc isequa to the time, the output is low and is given by

Thusthe total time period of the output waveformsis
T=t+t4=0.69 (Ra +2Rg) C = ------------ (3)
This, in turn gives the frequency of oscillation as

_1_ 1.45
T (Ry+2R,)C
Equation (4) indicates then the frequency fo isindependent of the supply voltage V .

fo .0

Output isasquare wave of period t=0.68(R; +R,)C. T, = 0.698R.C:
T=T1+T>
T =0.68(R; +2R,)C.
R = UT =1.443/( R, +2R,)C
PROCEDURE: Thecircuit is connected using capacitors and the output waveform is observed
using the CRO. R; and R; are chosen 1K and 20K respectively. The supply voltage is given to the
fourth and eighth pins respectively. The capacitor is varied and the frequency is measured at each
step. The observed frequency is compared with the calculated values. For each combination of
R & C the peak value of the output voltage and the voltage across sixth pin are measured. For
each setting using atracing paper the waveform observed on CRO screen is traced. The effect of

changein the value are recorded, by varying R; the effect of it on the waveform is studied.
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Observations:
DC supply voltage Ve = ........ \
Ra Rs Capacitance C (uf) Time period Frequency
(Observed) | Calculated

PRECAUTIONS:

1. Distortion should not be in the waves.
2. Connections must be properly verified.
3. Power supply should be adjusted to 15V or less.

RESULT:

Thecaculated freguencies are found to be good agreement with the observed values.
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Experiment No. 5
INVERTING, NONINVERTING and SUMMING AMPLIFIER

AIM:- To study the working of op-Amp as Inverting, Non-inverting and Summing amplifiers.

APPARATUS:-

S.NO. NAME OF THE ITEM RANGE QUANTITY

1 DC Regulated Power Supply +12V 1

2. Digital multi meter _ 1

3 breadboard - 1

4. Op-Amp IC-741 1

5. Resistances 10k 3
1kQ,2.2kQ
3.3k0Q,4.7kQ 1

Details of 741 OP AMP:
IC 741 is available in two packages. The pin configuration of 741 op-amp in dua in line package

(DIP) isgiven below
It is the most commonly and widely used general-purpose op-amp. It has an integrated 30pF
MOS capacitor. It has high input impedance (> 1IMQ ), low output impedance (750 2) and large

voltage gain (200,000).

[ ]
OFF SET NULL [1] 18] NC

Inverting I/P IZ:::I};Z' +Vee
' 6] OUTPUT

Non-inverting I/P [3

~Vee [4] [5]OFF SET NULL

Fig (1.9) pin configuration of pA-741 op-amp

A dot on the top left corner is used to identify pin number 1. It needsa+12V DC
dual power supply. It isbasically ahigh gain differential amplifier with two inputs.

Operational Amplifier:
An operational amplifier is a direct-coupled high gain amplifier usualy consists of one or more
differential amplifiers and usualy followed by a level trandator and an output stage. The output
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stage is generally a push pull or push pull complementary symmetry pair. An operational amplifier
is available as a single integrated circuit package. The operational amplifier is a versatile device
that can be used to amplify dc aswell as ac input signals and was originally designed for computing
such mathematical functions as addition, subtraction, multiplication and integration. Thus the
name operational amplifier stemsfrom its origina use for doing these

mathematical operations and so is abbreviated to op-amp. With the addition of suitable external
feed back component the modern day operationa amplifier can be used for a variety of
applications. Such as ac and dc signal amplification, active filters, oscillators, comparators,
regulators and others.

Schematic symbol:

The most widely used symbol for a circuit with two inputs and one out put is shown in fig (1.6)

Non-inverting input Vio—— A \/, output
Inverting input V,0——_
In fig (L1.6) Fig (1.6) Schematic symbol of op-amp

V1 = voltage at the non-inverting input (volts)
V7 = voltage at the inverting input (volts)
Vo = output voltage (voltage)
All these are measured w.r.t. ground
A =large signal voltage gain that is specified on the data sheets for an op-amp

power supply and other pin connections are not usually shown in circuits. Since the input
differential amplifier stage of the op-amp is designed to be operated in the differential mode, the
differential inputs are designated by the (+) and (-) notations, the (+) input is used for non-inverting
input. An ac signal (or dc voltage) applied to this input produces an in-phase (or same polarity)
signal at the output. On the other hand the (-) input is the inverting input because an ac signal (or dc
voltage) applied to this input produces an 180 out of phase (or opposite polarity) signal at the

output
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| deal op-amp:

Anideal op-amp exhibits the following electrical characteristics.

(2) Infinite voltage gain Ay.

(2) Infinite input resistance R;, so that, amost any signal source can drive it and there is no

loading of the preceding stage.

(3) Zero output resistance R,, so that, output can drive an infinite number of other devices

(4) Zero output voltage when the input voltage is zero.

(5) Infinite bandwidth, so that, any frequency signal from 0 to oc Hz can be amplified with out

attenuation.
(6) Infinite common mode rejection ratio so that output common mode noise voltage is zero.
(7) Infinite slew rate so that voltage changes occur simultaneously with input voltage changes.
There are practical op-amps that can be made to achieve some of these characteristic using a

negative feedback arrangement. In particular, the input resistance, the output resistance, and

bandwidth can be brought close to ideal values by this method.
As the open loop gain of op-amp is very high, only very small signals (of the order of micro-volts
or less) having very low frequency may be amplified accurately with out distortion. However,
signals this small are very susceptible to noise. Besides being large the open loop gain of the op-
amp is not constant. The voltage gain varies with changes in temperature and power supply as well
as with mass production techniques. The variations in voltage gain are relatively large in open-loop
op-amp, in particular, which makes the open-loop op-amp unsuitable for many linear applications.
In most linear applications the output is proportional to the input and is of the same type.

Further the bandwidth (band of frequencies for which the gain remains constant) of most open-
loop op-amps is negligibly small - amost a zero. For this reason, the open-loop op-amp is
impractical in ac applications. For instance the open loop bandwidth of the 741C is approximately
5Hz. However, in amost all ac applications a bandwidth larger than 5 Hz is needed.

Because of the above stated reasons, the open loop op-amp is generaly not used in linear
applications. Never the less in certain applications the open-loop op-amp is purposely used as a
nonlinear device; that is a square ware output is obtained by deliberately applying arelatively large

input signal. Open-loop op-amp configurations are most suitable in such applications.
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We will be able to select as well as control the gain of the op-amp, if we introduce a
modification in the basic circuit. This modification involves the use of feedback, that is, an output
signal is fed back to the input either directly or via another network. If the signal fed back is of
opposite polarity or out of phase by 180° with respect to input signal, the feedback is called of
negative feedback. An amplifier with negative feedback has a self - correcting ability against any
change in output voltage caused by changes in environmental conditions. Negative feedback is
also known as degenerative feedback because when used it degenerates (reduces) the output

voltage amplitude and in turn reduces the output gain.

Theinverting amplifier with negative feed back:
In the inverting amplifier only one input is applied and that, to the inverting input terminal.

The non-inverting input terminal is grounded. Sincev; =0 and v, = vip.

- Vie | A T Vo= - AV,

- i, §RLZZKQ

ul

Fig 1.13 Inverting amplifier

The negative sign indicates that the output voltage is out of phase with respect to input by
180° or is of opposite polarity. Thusin the inverting amplifier the input signal is amplified
by gain A and isalso inverted at the output.
Gain of inverting amplifier with feed back:
As the non inverting input of the amplifier is grounded and as no current passes through the

input resistance (it is assumed to beinfinite in ideal case)
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The inverting input terminal also must be at zero potential as there cannot be any voltage
drop across R;.The junction point of R; , Ry and inverting input is called virtual ground.
Therefore

: V
theinput current |, =—

flows through Rf resulting in avoltagedrop = Rs * |; = -V,.

Therefore Vo= Rt X (-Vs/ Ry) = - (Rf/ Ry) X vg

Voltagegan Av =VJV;=-(Ri/R1)

The expression for voltage gain doesn’t contain any parameter pertaining to

OP AMP. If Rf = R;. Theinput and output signals have equal amplitude but differ in phase
by 180° .It is called inverting unity gain amplifier. If the ratio Ri/R; is varied the output
signal amplitude can be scaled up or down. In this application it is called scale changer.
Because of virtual ground mentioned above any signal connected to the inverting input
through a resistance Ry = R; supplies current independent of other sources. The current
flowing through Ry is algebraic sum of the currents entering in the node. As a result the
output voltage can be considered as sum of input signal amplitudes. In this configuration
such an amplifier is caled summing amplifier. Any number of input signals can be

connected like this and the output voltage of the summing amplifier is

f
A :_F(Vl +V, +..V, +..V,)
The non-inverting amplifier:

R1 Rf

ﬂ

Vig

+
Ve~

Fig 2 Non — Inverting amplifier
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Fig 2 shows the open loop configuration of non inverting amplifier. In this configuration the
input is applied to the non inverting input termina and the inverting input termina is
grounded.

In the circuit shown below vi=vi, and v,=0v. Therefore according to equation vo = Avip.
This means that the output voltage is A times larger than the input voltage and is in phase
with input signal. The type of feedback involved is called voltage series feedback. The
circuit 2 is redrawn to show feedback.

Fig (2.2): voltage seriesfeed back amplifier.

Expression for voltage gain:

Astheinput resistance of the amplifier isinfinite, the inverting terminal will be at same potential as that of
non inverting input. The current flowing through the resistance Ry is (Vo-v1)/R;. It must be equal to vi/R; in
magnitude. Equating

ﬁ__(vl_vo)

R Ry

we can rewriteit as

1 1, v,
A/ (_ + _) =
Rf Rl Rf
. vV, R
The voltage gain =2=1+—
Vs R

In this configuration output signal will be in phase with input.. For R;=R; thegainis 2.
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PROCEDURE:-

INVERTING AMPLIFIER:-

1. Select Ryand R; depending on the gain required. Connections are made as per the circuit diagram .
Use low wattage resistors preferably one eighth watt so that resistance leads smoothly fit into the
breadboard. When high wattage resistors are used in acircuit do not use them in bread board. Use
separate group board for them.

2. Fix thelC741 on breadboard such that pinsinsert in the holes without bending. Enough care must be
taken while inserting and removing |Cs from bread boards and sockets. Better use IC inserters and
pluckersfor this.

3. Use minimum length of wire to make connections. The gauge of the wire is selected such that it goes
into the whole smoothly. Bent wires should not be inserted. Use awire cutter cum sleeve remover to
cut bent ends and to remove plastic sleeve. Use various colours of wires so that the connections can be
identified easily. Use common ground. If several ground points are used ensure that they are all
common by checking resistance between those points.

4. Usefixed voltage DC power supply preferably SMPs. The +12 V DC lineisgivento pin No. 7. -12V
DCisgivento pin No. 5. Fix the
2.For inverting amplifier vary the input voltage from 1 to 6v in steps of 1v and measure the output voltage
asafunction of theinput voltage.
3.Compare the experimental gain with the total gain of -R</R;

SNo. |R; Output Voltage Gain
Practical Theoreticd Practical Theoretical

SUMMING AMPLIFIER:-
1.Apply Viand varyV, from .5 to 2.5v in steps of .5measure the output voltage with the help of multimeter.
2. Compare the experimental values with the theoretical values.

S.No Input voltage Output voltage

V1 V> Theoretical Practical
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NONINVERTING AMPLIFIER:-
1.Apply the input voltage to the non-inverting terminal from 0.5 to 2.5 in steps of 0.5V measure
the output
voltages.
2. Compare the practical and theoretical values.

SNo. | Ry Output Voltage Gain
Practical Theoreticd Practical Theoretical

PRECAUTIONS:

1) Check the IC for corking by using it in inverting amplifier.

2) Ensure common ground for all ground connections.

3) Some function generators may have offset null facility. Useit if no output signal is observed even
after circuit is assembled properly.

RESULT:-
We observed that the OP-AMP is used as an inverting ,non-inverting and summing

amplifiers.
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Experiment No.6

WEIN BRIDGE OSCILLATOR

AIM: To construct wean bridge oscillator using |C 741 and to generate sine wave of different
frequencies.

APPARATUS: op-amp IC 741, resistance 1 kohm-2, 100 kohm, 10kohm , potentiometer 10k ohm
pot, capacitors 0.003Mf, 0.22mf, 0.022mf, 0.002mf, breadboard, DC regulated power supply,
function generator, dual trace C.R.O, connecting wires.

Fig1l Wein’'sbridge oscillator

THEORY: Anoscillator in which abalanced Wein's bridge is used as the feedback network is
called the Wein’ s bridge oscillator. The active element is an operational amplifier which has a
very large positive gain negligible output resistance and very high input resistance. At W,
frequency, the network introduces zero phase shift. At thisfrequency the feedback ratio is 1/3.
that isit introduces attenuation of 1/3. To maintain oscillations the gain must be unity. Thisis
achieved by introducing negative feedback through R1 and Rf. The values of R; and R; are
adjusted such that R; = 2Ry.

The cuircuit oscillates aslong as =1/3. Any deviation from this condition makes the
oscillator unstable. The amplitude of the oscillator may be stabilized by varying negative feedback
by using a potentiometer in place of R;. If for any reason, the amplitude of the output voltage
increases , the amount of negative feedback increases, there by bringing down the amplitudeto a
suitable value.

PROCEDURE:

1) connect the circuit as shown in diagram.

2) choose R;=10kohm potentiometer for R; connected as variabl e resistance.

3) Variation of potentiometer allows one to start the oscillations and also to
control the distortion.

4) Adjust the potentiomrer such that the oscillations are stable and distortion is
minimum.
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Wein's Bridge Oscillator

5) directly read the frequency of the sinewavein C.R.O.
6) by varying the capacitance value repeat the calibration.
7) repeat the same procedure for different capacitance values.

Table
S.No | Capacitance Time period (T) = Observed frequency (1/T) | Caculated
uf A t Seconds Hz frequency
1/2rRC Hz

PRECAUTIONS:
bread board should be cheeked before giving the connections.
it is checked with millimeter.

1)
2)
3)
4)
5)
6)

IC 741 also be checked by gain checking circuit as shown in the figure.
Loose connections are avoided in the circuit.

The conducting parts of any two wires cannot touch each other.
The C.R.O reading should be taken carefully.

RESULT:

Wien bridge oscillator using OP-AMP IC 741 was constructed and sine wave was generated

for different frequencies by changing the capacitors for a given value of R.

Experiment is also repeated for different values of R keeping afixed value for C. The calculated

and observed frequencies are agreeing satisfactorily.

Suggestions to teachers: The students may be asked to trace the waveforms for different values of

R and C maintaining RC product at a constant value and record their remarks.




ACHARYA NAGARJUNA UNIVERSITY 1 CENTRE FOR DISTANCE EDUCATION

Experiment No.7

Colpitts oscillator

AIM: To construct a Col pitts oscillator using Op amp IC 741 and to study its performance for
different inductance (L) values and capacitance values.

APPARATUS: Op-amp IC 741, resistance 1 kohm-2, 100 kohm, 10kohm, capacitors 0.003Mf,
0.22mf, 0.022mf, 0.002mf each 2 nos, breadboard, DC regulated power supply(12V DC), function
generator, dual trace C.R.O, bread board, single strand connecting wires of different colors
variable inductance box.

Theory:
1 1
° 2 i Mo 5
3 Av +
L— + ANz
= gzs =_ gzs
«~1=0 —
§ZZ «~—1=0 § z,
§ Zy § Zy
@ 3 (b) —31—

Fig 1(a) The basic configuration for many resonant-circuit oscillators
(b) The linear equivalent circuit using an operational amplifier

Many oscillator circuits fall into the general form shown in figla. The active device may be a
bipolar transistor, an operational amplifier or an FET. In the analysis that follows we assume an
active device with infinite input resistance such as an FET, or an operational amplifier. Fig.2b
shows the linear equivalent circuit of Fig.2a, using an amplifier with negative gain —A, and output
resistance R,. Clearly the topology of fig2 isthat of voltage-series feedback.

TheLoop Gain: Thevaue of -Ap will be obtained by considering the circuit of figto bea
feedback amplifier with output taken from terminals 2 and 3 and with input terminals 1 and 3. The
load impedance Z, consists of Z, in paralléel with the series combination of Z; and Zs. The gain
without feedback is A =-A,Z/(Z.+R,). The feedback factor is  =-Z,/(Z,+Z3). Theloop gainis
found to be
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-AZ,Z
-AB= vE1T2 e ()
Ry(Z,+Z,+Z,)+Z,(Z,+Z,)
Reactive Elements: Z;,Z,, and Z3 If the impedances are pure reactances (either inductive or
capacitive), then Z,=) X1, Z>5)X 2, Z3=jX3. For an inductor, X=wmL, and for a capacitor, X=-1/®C.
Then

Ap= e @
IR (X, + X, + X3) = X, (X, + X,)

For the loop gain to be real (zero phase shift),

X+ XotX3=0 s (3

and

_Aﬂ — A/Xlxz — Alxl __________________ (4)

X, (X + X5) X+ X,
From EQ.3 We see that the circuit will oscillate at the resonant frequency of the series

combination of X,, X», and Xa.
UsingEgq.3 InEQ. 4 Yields

+Avxl

X2
Since -Ap must be positive and at least unity in magnitude,then X; and X, must have the same
sign (Ay is positive). In other words,they must be the same kind of reactance, either both inductive
or both capacitive. Then, from Eq.3, X3=-(X1+X3) must be inductive if X; and X, are capacitive,
or vice versa.

If X1 and X, are capacitors and X3 is an inductor, the circuit is called a colpitts oscillator. If X,
and X areinductors and X3 is a capacitor, the circuit is called a Hartley oscillator.

-AB=

Procedure:

Ry R
AV AW
V|d A —©° Vo
+
d1 1 ICZ
QQ0)
L

Fig 2: Colpitts oscillator
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Before making the connections for the experiment, the functioning of 1C should by checking its
gain by connecting 741 in inverting configuration as shown in Fig 3.

1k 10k
AMA AMA
+
Vs~ -
- Vie | A Vo= -AVj,
+

) §RL > 2kQ)

Fig 3: circuit for the proper working of 741mplifier

As shown in thefig 2. an inductance box is connected parallel between the two end terminals of
capacitors C,:& C,. The other two ends of the capacitors are tied together and connected to ground.
The ground connection should be made perfectly .The CRO is to be connected between 6™
pin(output) and ground. DC power supply power supply with +12V and -12V are connected to 7
and 4 pins. When the connections are made correctly you will see Sine wave output.on CRO
screen. The frequency of the wave is determined by following the procedure mentioned in CRO
practical. The frequency of the sine wave generated can be varied by changing the inductance in
the decade inductance box given. For each value of inductance the frequency of the generated
sine wave is determined.
Calculated frequency :
The equivalent capacitance of C; and C; is obtained by the formula

Ce :(Cl.Cz) / (C1+C2)
By calculating Cg: value and the value of inductance kept in inductance box, we calculate the
theoretical frequency

fea = 1/ 211 (LC)Y2 Hz
The experiment is repeated for different values of C; = C,.In each case the corresponding
frequencies are measured and compared with the calculated values.

We may repest the experiment with different variable capacitors and compare the
Observed and calculated frequencies.
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Colpitts oscillator

+Veec= 12V,

L= ;

-Vcec =12V,

S No

Capacitance
uf

Period T
In seconds

Observed
frequency

Calculateg
frequency

Cl :sz 0.01 MFD

Sl .No

In mH

Inductance

Period T
In seconds

Observed
frequency

Calculated
frequency

Precautions:

1. The connecting wires should be as small as possible
2. Check the bread board with multimeter before using.
3. Scrap the connecting wires before using.

Result: In Colpitts oscillator the sine wave of different frequencies for various inductance is

generated and these frequency values are compared with the calculated val ues.
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Experiment No.8

FIRST ORDER ACTIVE FILTER

Aim: To construct afirst order low pass and high pass active filters (using an |C operational
amplifier) and to study their frequency response characteristics.

Apparatus. 1C 741, signa generator, resistors and capacitors of various values, power supply,
CR.O.

Theory:

A filter isan electrical network that prevents some frequencies from appearing at the output. If it
allows frequencies starting from zero and up to a frequency called cut-off frequency and prevents
all other frequencies above the cut-off frequency it is called alow passfilter. If anetwork prevents
all frequencies starting from zero and up to afrequency called cut-off frequency and alows all
other frequencies above the cut-off frequency it is called a high passfilter. A network prevents
frequencies starting from zero and up to a frequency and alows a band of frequencies up to a cut-
off frequency and prevents all other frequencies above this cut-off frequency is called a band pass
filter. The cut off frequency at the lower frequency sideis called lower cut-off frequency and the
one at higher frequency end is called upper cut-off frequency. The band of frequencies allowed in
between f; and f, is called pass band. And the difference f,-f; is called bandwidth. A band pass
filter may be considered as a cascade of high pass filter with cut-off frequency f; and alow pass
filter with cut-off frequency f,. A low pass filter with cut off frequency f; and a high passfilter
with cut-off frequency f,, connected in cascade will allow frequencies up to f; and above f,. All
frequencies between f1 and f, are prevented from appearing at the output. Such filters are called
band elimination filters. Filters formed with inductance-resistance combination or capacitance —
resistance combination, inductance — capacitance combination are called passive filters. These
frequencies attenuate signals even the frequencies in pass band to some extent. If such filters are
cascaded, attenuation increases and signal strength falls. It is observed that if including an active
component like operational amplifier forms afilter circuit, the signal amplitude can be boosted to
the required level. Further the portion below f; and above f, in aband pass filter can be made
steeper. It will reduce the overlapping of neighboring bands in communication systems.

R]_ R2
- AMA- AMA- 4
J=_ ) 20log (Vo/ Vi)
R A —°
+

+ | éRL > 2kQ) Vmax/ \/2 I —
Vs ~_ I C

= Jog f CUt Off

»

Figl Active low passfilter
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Rl I:22
AN AAMA- 4
201log (Vo! Vi)

A —o ., _ A
VO_ 'AVm Vmax/ \/2 ------ )

C
+ 1
+ §RL > 2kQ i
Vs “'_ %R :

Fig2 Active high passfilter

(I:IZ
R
1 Cll
N I
\Y
= -+
% Rs
Fig3 Active band passfilter
R]_ I:22
AMA- AMA-

A —0

C
+
+ { % éRLZZkQ
Vs~ R

Fig2 Active high passfilter
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Gan

/

fi fa frequency
fig 3: Frequency response curve of band- pass filter

Simple RL and RC networks are widely used in filter configurations while these passive filters are
quite adequate for many of the applications, they have disadvantage that any ordinary device loads
RC low passfilter at low frequencies because of high reactance of capacitor. Thisinteraction has
to be taken into account in the design of amultistage filter. It is difficult to achieve no loss
condition in the pass band of LC filter because of the heavy inductance used at low frequencies.

Op-amp because of high input impedance and low output impedance provide
excellent isolation of different stages of afilter network without actually using inductors. Itis
possible to realize network functions that can be realized when inductor is used. It is possible to
construct active filters with gain. The circuit as shown in fig 1. With aresistor in serieswith a
capacitor is caled op amp low pass active filter. The closed loop gain of low frequenciesfilter is
given by.

Where the cut off frequencies f,-1/27R,C,
The closed loop gain of high pass filter is given by,

An active band pass filter may be realized by combining the two filters. The
resulting circuit and the frequencies response as shown in fig 3

Procedure:

Choose avaue for the gain. Then R,= 10Q and R;= 1kQ. Design alow passfilter
with f, and a high passfilter f1. Evaluate C;and C, using the values of R; and R, aready selected.
Vary the frequency of the input signal and measure the corresponding output voltage using a CRO.
Change the frequency in suitable steps and measure the output at each setting.

Plot a graph between frequency values and theratio (vo/vi) values. Determine gain
and the cut-off frequency of the filter. Compare with design values. Repesat the experiment on a
high passfilter. Also repeat the experiment with a band pass filter whose circuit is shown in thefig
3. Compare bandwidth value with design values.
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For Low passfilter

Frequency | Output voltage Gain V,/V; 20log (Vo/ Vi) log f
V, (Volts)

For High passfilter

Frequency | Output voltage Gain V,/V; 20log (Vo! Vi) log f
V, (Volts)

For Band passfilter

Frequency | Output voltage Gain V,/V; 20log (Vo/ Vi) log f
V, (Volts)
From graph:

Low passfilter:

Observed  cut off frequency = ;gan=

Calculated cut off frequency = ;gan=
High pass filter :

Observed  cut off frequency = ;gain =

Calculated cut off frequency = ;gan=

Band passfilter :
Observed lower cut off frequency = ;

Calculated cut off frequency = ;gan=

Observed upper cut off frequency = ;

Calculated cut off frequency = ;gan=
Precautions:

1) Check the working of 741 OP amp before using it in filter circuit.

2) Keep the input signal amplitude constant through out the experiment

3) Ensure common ground for all ground connections.

4) Some function generators may have offset null facility. Useit if no output signa is observed
even after circuit is assembled properly.



ACHARYA NAGARJUNA UNIVERSITY 5 CENTRE FOR DISTANE EDUCATION

RESULT:

First order high pass and low pass filters are constructed with the given cutoff

frequency values and their frequency responses are studied. The observed values are agreeing with
design values within %.

Exercise:

1)
2)
3)
4)

5)

6)

Assemble an active low passfilter and study its gain frequency response curve.
Assemble an active high pass filter and study its gain frequency response curve.
Assemble an active band pass filter and study its gain frequency response curve.
Assemble an active low pass filter to have a cut-off frequency of 4kHz and study itsgain
frequency response curve

Assemble an active high passfilter to have a cut-off frequency of 1kHz and study its gain
frequency response curve

Assemble an active band passfilter to have alower cut-off frequency of

1kHz.and to have an upper cut-off frequency of 4kHz. Study its gain frequency response
Curve.
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INTEL 8085 M|ICROPROCESSOR

Addressing modes:

A microprocessor system operates under the control by a series of instructions that make up a
program. An instruction is a command to the microprocessor to perform a specific operation on certain
data.

Let us consider the following instructions

a) MOV C, B —Thisingtruction moves the contents of register B into register C.

b) LDA 2050H — Loads the contents of the memory location 2050H into accumulator.

1) Each instruction has two parts: first part indicates the task to be performed and it is called
Mneumonic (code in English characters that stand for binary op code) The second part is called
operand.

2) Inthefirst example MOV specifies the tasks of instruction (to move the content of one register
to another) and is therefore called op code. In the remaining part of the instruction two data
registers (source, destination) called operands are specified
In the second instruction, LDA is the op code (in this instruction Acc is one of the operands). A
16-bit number is specified for operand. This number stands for a memory location and
represents the second operand. According to INTEL notation if 2050 location is intended the
instruction hasto be entered in the order as op code, lower byte of address, upper byte of address

i.e. 3A 50 20. Here 3A isthe hexadecimal equivalent for the mneumonic of LDA op code.

Above examples indicates that each instruction specifies an operation to be performed on certain data.
There are certain techniques by which the address of the data to be operated upon may be specified. The
various ways of specifying the operand are called the addressing modes.

There are five addressing modes

i) Direct addressing mode ii) Register addressing mode iii) Register indirect addressing mode

iv) Immediate addressing mode v) Implicit addressing mode

1i) Direct addressing modes: In this mode, the address of the operand is specified directly within the
second and third byte of the instruction itself.
Examples:

a) STA 1850H: Load the contents of accumulator into memory location 1850H.
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b) LHLD 2015H: Load the contents of memory location 2015H into register L and the
contents 2016H into register H.

2 i) Register addressing mode: In this addressing mode, the source or destination or both operands
are located in the microprocessor registers
Examples:
a) MOV A, B —The contents of register B is copied into register A
b) ADD B — The contents of register B is added to the contents of accumulation and the
result stored in accumulator.
3iii) Register indirect addressing mode: In this addressing mode, the address of the
operand is specified by aregister pair.
Examples:
a) MOV A, M — The contents of the memory location whose address is specified in H-L register
pair is copied into accumulator.
b) LDAX B - The contents of the memory location whose address is specified by B-C register pair
iscopied into register A.

4 iv) Immediate addressing mode: In this addressing mode, the operand is specified in the instruction
itself.

Examples:

a) MVI B, 25H — The 8-bit data 25H is moved in to register B

b) LXI H, OF5AH — The 16-bit data OF5AH is moved into H-L register pair such that 5AH is

moved into register L and OFH is moved into register H.

5 v) Implicit addressing mode: Some instructions do not require the address of the operand. The
operands are implicit in the instruction itself. Most of these instructions operate on the contents of the
accumulator.

Examples:

a) CMA — Compliment the contents of accumulator.

b) STC- Set carry flag.
Exercise: Study programs given in material supplied and note the addressing mode of each

Instruction in the programs.
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INTEL 8085 MICROPROCESSOR

Architecture of 8085microprocessor

Pin configuration of 8085 microprocessor

8085 BUS configuration
The central processing unit of a digital computer built into a single LSl or VLSI chip is called a
microprocessor. It is the latest development in the field of computer technology. A VLSI chip
contains more than 10,000 transistors. Intel 8085 is an 8-bit NMOS microprocessor. This means the
transistors used in the manufacturing of 8085 IC are N-channel Metal Oxide Semiconductor Field
Effect Transistors. The 8085 IC has 40 pins and operates on a single +5V DC power supply. Its
clock speed is 3MHz. Its memory capacity is 64k Bytes. In the IC, there are 4 functional units:
Timing and control unit, to send central signals and synchronize the up operations with the clock;
ALU, to perform arithmetic-logic operations on the data given, Interrupt control unit, to interrupt the
execution of program; and serial 1/0 centra unit, to content, the serial form of datainto 8-bit, parallel
dataand viceversa. To reflect the data conditions, 5 Flags are used.

In order to use the microprocessor for a particular application, it has to be connected to various
devices. To communicate with the outside world or interna parts, a Microprocessor uses 3 buses
namely: address bus, data bus and control bus. The address bus is unidirectional and data busis bi-
directional. Some lines in control bus are input lines and others are output lines. The internal
architecture of 8085 Microprocessor determines how and what operations can be performed with
data.

The operations are: To transfer 8-bit data, to perform arithmetic and logic operations, to text, for a
condition and to sequence the execution of instructions.

The 8085 Microprocessor instruction set, has 74 operation codes that result in 246 instructions.
The set includes data transfer, arithmetic, logic, branching and machine control instructions. All
these ingtructions may be one byte, two byte or three byte long. In the instructions, the source and
destinations are operands. There are various ways or formats of specifying the operands, which are
called the addressing modes. The 8085 microprocessor has 5 types of addressing modes namely,

direct, Register, Immediate, Register indirect and Implicit.
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Unlike several other manufactures, the INTEL corporation supplied detailed instruction set, technical
details and developed a kit for learning about 8085 microprocessor. The 16-bit processors of INTEL
namely 8086 and 8088 are similar members with similar internal architecture. I1BM adopted INTEL
processors as CPUs in its brand of personal computers. Further, al over the world INTEL 8085 is being
used as model to acquaint about processors and various interfacing aspects. So, it is still in circulation and

itisconsidered essential to learn about this processor.

I ntr oduction to microcomputer:

Computer being a general-purpose device can be used in different varieties of applications — word
processing, computation or controlling industrial process are few of them. But the microcomputers, as the
name implies, are small computers having limited capacity, are used for specific applications.

Figure (1) shows ablock diagram of a simple microcomputer consists of CPU, memory, input and
output devices.

o AddrstBus i} >
Memory Input Out_put
CPU device device

5 107 Diﬁ ifih: g

& Control Bus
N

Fig 13.1 Block diagram of a simple microcomputer
consists of a CPU

The function of a microcomputer is receiving data and information and processing it. It means performing
arithmetic are logical computations on data, store the results or data or information in memory and display
the results of the computation.

The means used to receive data are known as input devices. Some of the input devices are: keyboards,
switches, mouse etc. A device, which performs computations, is known as arithmetic logic unit (ALU). In
microcomputers, a single chip called microprocessors performs this task, together with control of all
devices. Some of the well-known microprocessors are: 8085, 8086, Z80, 650Z etc. Storage of data
instructions is accomplished using memories. Cassettes, floppy disks, CD ROMSs, semiconductor
memories are some examples for memories. Presenting of results is done by output devices. Commonly
used output devices are monitor (VDU), printers, Seven segment LED displays, LCDs. Figure (1) gives a
block diagram of atypica microcomputer.
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Various peripherals-1/o devices, memories etc — are connected to the microprocessor by means of three
types of buses: Address bus, data bus and control bus. A busisagroup of conducting wires.

Over the address bus, the microprocessor transmits the address of the device, with which it desires to
communicate (access). The number of devices or memory locations that a CPU can address is determined
by the number of address lines. For example, a CPU with 16 address lines can address 2% or 65,536 or
64K (2'° = 1024 = 1K) locations. This busis unidirectional. It means information can flow in one direction
only. The CPU sends the address information on these lines.

Over the data bus, CPU can read in or writes out the data to various memory or 1/O devices. Therefore,
thisbusis bi-directional. Normally data bus widths of sizes 8, 16, 32 etc. are used.

Control bus may consist of some input lines, some output lines and some bi-directional lines depending
upon the processor. CPU sends out some control signals like memory read, 1/0 write etc that are necessary

for memory and I/O devices to work.

Ar chitectur e of 8085 microprocessor :

The internal logic design of the microprocessor is caled its architecture, determines how and what
various operations are performed by the microprocessor. As shown in the block diagram (figure 13.2), it
consists of arithmetic and logic unit ALU, register section, atiming and control unit and other sections like

address/ date bus buffers, interrupt control and serial | / O control.

Reqgister Section:
Inside the 8085, there are several interna registers, which are used for executing a program.

a) Accumulator: It isaso designated as register ‘A’ or Acc. It is an 8-bit register used for executing
various arithmetic and logical operations. In executing many of the instructions, one of the
operands must be in Acc. The accumulated result will also be in Acc, as the name ‘ Accumulator’
implies. For example, during the addition of two 8-bit integers, one of the operands must bein Acc
and the result also stored in Acc.

In the 1/O mapped I/0O mode of data transfer communication with external devices takes place via

Accumulator. To send data to output devices in 1/O mapped 1/0 mode the 8-bit data to be sent must be

kept in Acc before give OUT instruction. Similarly IN instruction transfers data from input port

addressed to Acc.

b) General-purpose registers: The 8085 has six genera-purpose 8-bit registers labeled as B, C, D, E,

H and L. They can be used individually to store 8-bit information or can be used in pairs to hold

16-bit information or data or address. When used in pairs, only contains combinations viz., B — C,
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D —E and H — L are permitted. These registers are programmable, means that a programmer can

use them to load or transfer data from the registers by using instructions.

:ﬂ: To control bus iﬂ: To control bus

Serial 110 Interrupt
control unit control unit]

U U

8-hit internal data bus

T T o0 1O

Tem Instruction, B (8) ¢ (8)
Accumu mp. Flags rericter DB | E®B) Reqister
lator (8) | | Register 5 % H(8) [ L () eg
(8) (8) 16) Array

SP
\U/ PC (16)
Incrementer/Decrem
enter address Latch

Instruction|
ALU (8)H || decoder
B )] —\I
- . Address Address/ Data
Timina and control unit Buffer Buffer
Control Bus ASEUA:g AD7- ADO ADDRESS
address bus DATA BUS

Fig 2 Block diagram of 8085 Microprocessor

¢) Program Counter (PC): PC is a 16-hit register used to point the memory address from which the

next instruction isto be fetched. Some timesiit is also called memory pointer. The contents of the
PC are automatically incremented by the microprocessor during the execution of the instruction, so
that at the end of execution of the present instruction it points to the address of the next instruction
in the memory.
The signal of RESET pin of timing and control unit presets the PC to 0000H memory
location which is the address of the very first instruction to be executed. The instruction
JUMP and subroutine call, also change the contents of PC.
d) Stack Pointer (SP): Stack is a portion of R/W memory set aside by the programmer. The stack is

used to save the contents of aregister during the execution of a program. Stack pointer holds the
address of the top element of the stack. Whenever something is added to the stack, the stack
pointer is decremented and whenever something is received from the stack, the stack pointer is

incremented. Hence, the SP always points to the top of the stack.
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€) Instruction register and instruction decoder: After fetching an instruction code from memory, the
microprocessor stores it in the instruction register, which is then decoded by instruction decoder
and then microprocessor performs the required operation.

f) Statusflag register: The flag register or status register consists of five status flip-flops called flags.

Each of these flip-flops holds 1-bit information that indicates certain condition that occurs during
an arithmetic or logic operation. The five status flags available in 8085 as shown below are Sign
(9), Zero (2), Auxiliary carry (AC), Parity (P), and carry (Cy).

D7 D6 D5 D4 D3 Dg Dl Do
S|Z|XACX|P|X|CY
Fig 3: Bit position of theflagsin flag register. (X standsfor unused)

Sign flag S — After the execution of a signed arithmetic or logical operation in ALU, if D5 bit of the result
in accumulator is 1, the sign flag is 1 indicating that the result is negative.
Zeroflag Z — Zero flag is set to 1, if the ALU operation results in O, and the flag resets to zero, if the result
isnot O.
Auxiliary Carry AC — In an arithmetic operation, when a carry is generated by digit D; and passed on to Dy,
the AC flag is set.
Parity flag P — If an operation produces even number of 1 initsresult, the flag isset to 1. For odd number
of 1sintheresult, theflagisreset to 0.
Carry flag C — If an ALU operation produces a carry or borrow in its result, the carry flag set to 1,
otherwiseit is reset.

g) Temporary register: Thisregister is used to hold information from the memory or from the register

array of the ALU. The other input to the ALU comes from the accumul ator.

h) Address Buffer and Address/Data buffer: Through these buffers microprocessor transfers address

aswell as data required for memory and input/output devices.

TheArithmetic and L ogic Unit (AL U):
The ALU performs the computing functions like addition, subtraction, logica AND, OR

and EX-OR, increment, decrement, complement, compare etc. It includes the accumulator, the temporary
register, the arithmetic and logic circuits and flag register. The result is stored in accumulator and flags one

set or reset according to the result of the operation.

Timing and Control Unit:
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Main function of the microprocessor in the microcomputer system is to perform computations and
controlling peripherals like memory and I/o devices. The timing and control unit provides status, control

and timing signals, which are necessary for the control of these peripherals.

Pin Configuration of 8085 micr opr ocessor :

The INTEL 8085 is an 8-bit microprocessor fabricated in a 40 Pin DIP package. It operates with single
+5VDC supply and with a clock speed of 3 MHz. All the signals corresponding to 40 pins can be divided
into six functional groups: 1) Address bus, 2) data bus, 3) Control and status signals, 4) power supply and
clock signals, 5) Interrupts and peripheral initiated signals, and 6) seria 1/0O ports. The pin diagram and
signal diagram are shown in Figs15.4 aand 15.4b.

On-chip \_/

oscillator pins J X1 0 1 200 Ve
PNS X0 2 39 0 HOLD L pyia
RESET OUT O 3 38 AHLD
Saridl data sop g 2 370 CLK (OUT)
transfer pins 0s 36 LI RESET IN
P TRAP O g 351 READY
RST750 7 340 10/M
Interrupt ) RST6.50C] 8 330 S1
pins RST550 9 320 RD
INTR ]10 310 WR
INTA 011 0O ALE
ADO 12 29075
AD1 13 28 O Al5
AD2 014 270 Al4
AD3 15 2600 A13(
Low orde_r AD4 16 250 A12 \ High order
addresspins | AD5 017 240 A1l ("address pins
AD6 018 230 A10
AD7 19 220 A9
GND 020 21 A8

Fig(a) 8085 1C pin diagram

AddressBus.

The 8085 has 16-bit address bus capable of addressing 2'° (= 2° x 2'° = 64 x 1k = 64k) memory
locations. The high order 8 address lines Ag — A5 carries high order address of memory through this bus.
Multiplexed Address/data bus:

These 8 lines are time multiplexed low order 8-bit address as well as 8-bit data bus. In the execution of

an instruction, during the first clock cycle microprocessor sends out low order 8-bit address and during the
remaining clock cycle microprocessor sends out 8-bit data on these pins in multiplexed mode. However,

the low — order address bus is separated from data bus using a latch.

+5V A/Vss
2 il

X1 X2 Vee
Serid 5 A15 28
o {%DD 7| High-order
ports Ag 2l Address Bus
TRAP__6,] 19
RST 757 AD7 /| AN
RST 6.5—385) multinlexed



ACHARYA NAGARJUNAUNIVERSITY 7 CENTRE FOR DISTANCE EDUCATION

Control and status signals:

This group of signalsincludes two control signals, RD and WR, three status signals, 10/ M, S and S,
and one specia signal ALE. The functions of these signals are asfollows:
ALE — Address Latch Enable: A positive going pulse is generated every time when microprocessor
sends out address over multiplexed bus. It is used to latch the low-order address from the multiplexed

address/data bus on to an octal latch, to generate separate set of eight address lines A to A;.

RD - This active low control signal indicates that the selected 1/0O or memory device isto be read and data
is available on the data bus.

WR - This active low write control signal indicates that the data on the data bus, isto be written into a

selected memory or 1/O device.
IO/M - This status signal is used to differentiate between 1/O and memory operations. A high on thisline
indicates an 1/0O operation whereas a low indicates a memory operation. This signal is combined with RD

and WR to generate I/0 and memory control signals.
S;and S - These status signals can be used to identify various operations of microprocessor as shown
below.

Sftus signals Operations
oM S S

0 1 1 |Opcodefetch

0 1 0 [(Memory Read

0 0 1 |Memory write

1 1 0 |[I/ORead

1 0 1 |[I/O write

1 1 1 |Interrupt Knowledge
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Power Supply and clock freqguency:

The power supply signals: V. is +5 volts DC supply and V - ground reference X; & X, — An external
crystal connected to these two pins generates a clock frequency by the internal oscillator for the operation
of microprocessor. Two divides the oscillator frequency internally; therefore, to operate a system at 3MHz,
the crystal should have the frequency of 6MHz.

CLK OUT —This signal can be used as the system clock for other devices.

I nterrupts and Externally initiated oper ations:

Interrupts: When an interrupt is recognized, the next instruction is executed from a fixed location in the
memory. The 8085 has five interrupt signals that can be used to interrupt a main program execution.
These are TRAP, RST 7.5, RST 6.5 RST5.5 and INTR. The TRAP is a non-maskable interrupt having
highest priority among the other interrupts.

INTR — INTR is an interrupt request signal. An interrupt is used by an 1/0O device to transfer data to the

microprocessor without wasting itstime.

INTA - INTA isaninterrupt acknowledge signal sent by the microprocessor after INTR is received.

RESET IN - It resets the program counter to zero, causes the microprocessor to execute the first
instruction at the 00O00H location.
READY — Input signal. It is used by slower devices to request the microprocessor to wait until they are

ready for datatransfer. Microprocessor entersinto WAIT states aslong asthispin is active.

.6 Serial 1/0 Ports.
The 8085 have two signals to implement the serial date transmission.
SID — Serid data input line. A serial data bit on this line is loaded into the most significant bit (D7) of

accumulator, when RIM instruction is executed.
SOD - Seria data output line. The most significant bit (D7) of accumulator is output on this line when

SIM instruction is executed.

13.5 8085 BUS confiqur ation:
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The program instructions are stored in memory. To execute an instruction the microprocessor first
sends out the address of the memory location on address bus. The address is decoded and the memory
location, where the instruction is stored is accessed. The instruction operation code (op code) is fetched
through data bus, and placed in instruction decoder. Here the number of bytes further needed is identified
and the number of machine cycles needed is determined. Timing and control section issues necessary
signals to proceed further with the instruction and the execution of the instruction is completed. These steps
are known as “Fetch, Decode and Execute’. All these operations are performed in synchronization with
system clock. Therefore these operations are performed at a given time period, depending on the clock
frequency. During these operations the 8085 signal activations can be visualized by studying its timing
diagram. Thetiming diagrams will give us a clear understanding of how the microprocessor works.
Timing diagram:

Figure 13.5 isthe timing diagram of MOV B, A (op code 47H) stored in a memory location say, 3050H.
Figure shows the timing activities of various signals like address bus, data bus, @, m, ALE,

10/ M etc.

Thefirst one in the figureisthe clock waveform. One cycle of this clock iscaled astate labeled as T.
A basic microprocessor’ s operation such as reading a byte from memory or writing into aport is called a
machine cycle. The time a microprocessor requires to fetch and execute an entire instruction is known as

an instruction cycle. Aninstruction cycle may consist of one or more machine cycles.

Ta T, Ts T4

R NVAR WA VAR WWan
Ass—As >< 30H Highjorder address | ><Undefined

Low-order
AD; —ADp D BH | >---- 47H opcod>t ---------1 -
address

ALE |\
107M So[ ><Saws [10/M S=1,S=1 ppcodefeich >K

RD

Fig. MOV B,A timing diagram
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The sequence of steps involved in the execution of an instruction MOV B, A having the operation code
47H stored in memory location 3050H are as follows (See figure 13.5):
Step 1 — The microprocessor places the contents of program counter 3050H on the address bus, such as
30H on the high order address bus and 50H on the low — order AD-AD; bus.
Step 2 — ALE goes high indicating AD, — AD- bus contains low order address. This signal is used to store
lower byte of address in an octal latch for further use as AD bus gets converted to data bus from second

clock cycle.

Step 310/ M goes low to indicate the operation relates to memory.
Step 4 — Both S; and S, goes high to tell the operation is op code fetch. All these operations from step 1 to
step 5isperformed in T state.

Step 5 — During T, RD goes low since it is memory read operation, the program counter is incremented
by one i.e.3051H, ALE goes low . The content of memory location 3050H, which is 47H, the op code of
MOQV B, A isplaced on the data bus.
Step 6 — In T state, 47H isread by microprocessor and transferred instruction decoder.
Step 7 — During T4, microprocessor decodes the instruction and executes the specified operation i.e.
transferring of accumulator contentsinto register B.

Above figure shows a complete machine cycle (in this case it is aso equal to one instruction cycle)

consisting of four states. If the clock frequency (f) is 2 MHz, the time for one clock period is

1 1 10°
-~ == -05us
f ~ 2x10° 2 H

. Total execution time = T- states x clock period =4 x 0.5x 10™° = 20us.

Suggestion to teachers:

1) Itisessentia that student understands the architectural details and the purpose of signals at
various pins.

2) Student must be in aposition to appreciate the significance of the status of signals
generated at various clock cyclesin a given instruction cycle.

3) Student must be in a position to identify the various ICs and various components used in
microprocessor Kits.

4) Students must be made to understand the concept of various types of memory and accessing
it.
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INTEL 8085 M|ICROPROCESSOR

Various groups of Instructions:

It is clear from the previous studies that the 8085 have a collection of 8-bit and 16-bit registers and 8-bit
memory locations that can be used for programming purpose. The collection of these register and memory
locations used by the programmer is called programmer’s model. The programmer’s model of 8085
consists of

i) 8-bit Accumulator ii) Six 8-bit registers: B, C, D, E, H & L or three 16-bit registers: B-C, D-E
& H-L .iii) 16-bit program counter PC iv) 16-bit stack pointer SP  v) 8-bit flags register
vi) 64KBmemory locations divided into ROM, RAM and stack areas and vii) 64 1/0 ports.

An instruction is a command to the microprocessor to program a specific task. The entire group of
instructions is called its instruction set. The 8085 instruction set has 74 op-codes that result in 246
instructions. Depending on their function al these instructions can be classified into the following
categories.

i) Datatransfer group ii) Arithmetic group iii) Logical group iv) Branch group

v) Stack, I/o and machine — control group.

i) Data transfer group: These instructions copy datafrom a source into a destination without

modifying the contents of the source and without affecting the flags.
8-bit datatransfer as
1) MOV destination, source — Copies the contents of source into destination where the source
may be
— animmediate value (e.g.# 35H)
— an8-hitregister (A,B,C,D,E,H& L)
— the contents of a memory location whose address is specified in H-L reg. Pair
The destination may be
— an 8-hit register (reg.)
— the contents of amemory location whose address is specified in H-L reg.
pair. But both source and destination should not be memory contents and
the destination should not be an immediate value.
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Examples:
Between registers:
MOV B, C —data of register Ciscopied into register B.

Specific data byte into aregister or memory
MVI B, 2FH —data 2FH copied into register B
MVI M, 2FH — data 2FH into a memory location whose address is specified by H-L pair (Before this
instruction H-L pair should be loaded with a memory address)
Datatransfer between memory location and aregister
MOV M, B — copy the contents of reg. B into a memory location address by H-L pair.
MQV B, M — copy the contents of memory location address by H-L pair into reg. B.
LDA 16-bit address: Load accumulator directly the contents of memory location whose address is specified
in the second and third byte of instruction.
e.g.. LDA 2050 H — Load the contents of memory location 2050H into the acc.
STA 16-bit address: Store accumulator direct.
The contents accumulator is stored into a memory location whose address is specified with second and
third byte of instruction.
STA 30A0H — Store accumulator content directly into memory location whose address is 30A0H.
LDAX rp: Load acc . indirect rp=B-C/D-C.
The contents of memory location whose address in the register pair rp isloaded into the acc.
STAX rp: Storeacc. Indirect rp=B-C/D-E.
The contents of acc. is stored in memory, whose addressisin the register pair rp.
e.g.. STAX B — Store the contents of acc. Into the memory location addressed by B — C.

16-bit data transfer:
1) LXI rp data 16: Load register pair immediate.
rP=B-C/D-C|H-C|sp.
The 16-bit immediate data is loaded into the specified register pair.
e.g. LXI H, 2450H — Loads 2450H into HL pair such that 50H isin L and 24H in H.

e.g: LDAX B —Thisinstruction will load the contents of the memory location, whose addressisinB —C

reg. Pair into acc.
2) LHLD 16-bit addr. : Load H — L pair direct.
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The contents of memory location, whose address is specified in second and third byte of instruction is
loaded into register L. The contents of the next memory location are loaded into register H.
e.g: LHLD 3050H — This instruction loads the contents of 3050H into register L and the contents of 3051H
into register H.
3) SHLD 16-bit addr: Store H — L pair direct.

The contents of register L is stored into the memory location whose address is specified in the
instruction, and the contents of register H is stored in the next memory |ocation.
e.g: SHLD 3500H — Thisinstruction will store the contents of register L in the memory location 3500H and
the contents of register H isthe location 3501H.
4) XCHG: Exchange the contents of H— L with D —E.

The contents of register pair H — L are exchanged with that of the register pair D — E.
e.g. if DE=2050;HL=307F ; after the execution of XCHG instruction DE=307F; HL=2050
ii) Arithmetic group:

These ingtructions perform arithmetic operations such as addition, subtraction, increment and

decrement.
i) 8-bit addition and subtraction: The 8085 can execute two types of addition / subtraction instructions —
addition or subtraction with out carry and addition or subtraction with carry. Both addition instructions can
be used to add the contents of accumulator to the contents of one of the general purpose registers or the
contents of memory locations (addressin H — L pair) or all immediate data byte.

a) Theseingtructions assume that the acc. is one of the operands.

b) Placetheresult in the acc.

¢) Do not affect the contents of another operand and

d) Maodify al the flags according to the data condition in acc.
e.g.1: ADD B — Adds the contents of register B with the contents of the accumulator and the result is stored
in the acc. If a=05H and B-0 7H ,execution of ADD B modifies the content of A as OCH. Reg B content is
not altered. As 8085 handles datain binary in the display we see the hexadecimal equivalent of result OCH
.Don’t expect the decimal answer of 12.
e.g.2: ADD M — The contents of the memory location addressed by the pair is added to the contents of acc.
one result is stored in the acc.
e.g.3: ADI 35H — The 8-bit immediate data 35H is added to the contents of the accumulator and the result
isstored in acc.
e.g.4: ADC D — The contents of register D and carry flag are added to the contents of acc. and result is

stored in the acc.
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e.9.5: ADC M — The contents of memory location addressed by H — L and carry are added to the contents
of the acc and the result is stored in the acc.

e.g.6: ACI 35H — 35H with carry are added to the contents of acc.

€.g.7: SUB B — The contents of register B is subtracted from the contents of the acc. and the result is stored
in the acc.

e.g.8: SBB M — The contents of the memory location addressed by H — L pair and carry are subtracted from

the contents of acc. And theresult is stored in the acc.

ii) 16-bit addition:

This instruction adds 16-bit data of H — L register to the 16-bit data of another 16-bit register contents.
Result isstored in HL pair. Except carry no other flags are effected.

DAD rp: Add the content of register pair specified to the content of H-L pair and store the result in H-L
pair.

rp=B-C/D-E/H-L/sp.

The contents of register pair rp are added to the contents of H — L pair and the result is stored in H — L
pair.
e.g.. DAD D — The contents of register pair D — E are added to the contents of HL pair and the result is
storedin H —L pair. If theresult is more than 16-bits carry flag is set. No other flags are affected.

iii) 8-bit increment/decrement:
These instructions increment or decrement the contents of 8-bit registers or the contents of memory
location whose address is specified in H — L register pair.
Carry flag is not affected.
e.g.. INR D —The contents of register D is incremented by one.
INR M — The contents of memory location addressed by H — L pair isincremented by one.
DCR C — The contents of register C is decremented by one.
DCR M —The contents of the memory location addressed by H — L pair is decremented by one.
iv) 16-bit increment/decr ement:
IN x rp: Increment register pair contents
rp=B-C/D-E/H-L/sp.
e.g.. INX H —The contents of the H — L pair isincremented by one. No flags are affected.
DCX rp: decrement register pair contents.
ro=B-C/D—-E/H-L/sp.
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e.g.. DCX B —The contents of the B — C pair is decremented by one. No flags are affected.

However it becomes necessary in some programs to check whether the execution of DCX rp resulted in
zero or not . After each decrement by checking the logical OR result of the registers involved one can
ascertain it See how thisisdonein program no. .

v) Decimal adjusting data:

DAA: Decimal adjusting accumulator.

DAA instruction is used in the program after an addition instruction. The DAA instruction operates on the
result in the accumulator and the final result in decimal form. It uses carry and auxiliary carry for decimal
adjustment. To use the DAA instruction the two numbers added should be in BCD form.

iii) Logical I nstruction:

These instructions perform logical operations such as AND, OR, EX-OR, compare, rotate and
complement of datain register or memory.
1) Logical OR, AND, NOT and EX-OR operations.
a) Theseingructionsimplicitly assume that the accumulator is one of the operands
b) Placetheresult in accumulator.
¢) Do not affect the contents of the operand reg. (except NOT operation)
d) Some of the flags are affected according to the resuilt.
e.g.1: ORA D — The contents of the register D islogically OR ed with the contents of the accumulator and
theresult is stored in the accumulator.
e.g.2: ANI 23H — The data 23H is logically AND ed with the contents of the accumulator and the result is
stored in the accumul ator.
e.0.3: XRA M — The contents of the memory location addressed by H — L pair is EX — OR ed with the
contents of the accumulator and the result is stored in the acc.
e.g.4: CMA — The contents of the accumulator is complemented and the result stored in accumulator.
2) Comparison:
The contents of the accumulator is compared with the contents of the other register or the contents of the
memory location addressed by H — L pair or an 8-bit data.
CMP R — Compare register with accumulator
CMP M — Compare memory contents with accumulator.
CPI 8-hit data— Compare immediate data with accumulator
Here comparison is performed through subtraction. However, neither contents are modified, but the

result of the subtraction is only reflected in the form of conditional flags.
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i) If the content of A islesser than compared data, carry flag set 1.
ii) If the content of A isgreater than compared data, carry flag is zero.
iii) If both are equal, zero flag set to 1.

3) Rotate Instructions:
a) Therotateinstructions are register specific, operates only on the accumulator
b) Intheseingtructions, the bit that is shifted out is used as the new bit shifted in
c) There arefour rotate instructions to rotate a bit pattern in the accumulator to the left or to the right

with or without carry.

RLC — rotate accumul ator left

RRC —rotate accumulator right

RAL —rotate al (including carry) left

RAR —rotate al (including carry) right.

iv) Branching I nstructions:

The flow of a program proceeds sequentially, from instruction to instruction, unless a control transfer
command is executed. The branch instructions allow microprocessor to go to a different memory location,
either unconditionally or conditionally (under certain test conditions) and up continues executing
instructions from that new location.

The branch instructions are classified in three categories:

— Unconditiona/conditional jump instructions.
— Unconditiona / conditional call and return instructions
— Restart instructions.
Jump Instructions:-
a) Unconditional jump
JMP addr — The program counter is loaded with 16-bit address and the program execution jumps to that
address unconditionally.
b) Conditiona jump

conditional jump instructions first check for the condition and if the condition is satisfied then only
execution jumps to new location. Flag(l), sign flag(S), and purity flag (P).

e.g.1: JC addr — Jump on Carry
JINZ addr — Jump on No zero
JPE addr — Jump on even parity.
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Call and Return instructions; -

The call instruction is used in the main program to call a subroutine, and the return instruction is used at

the end of the subroutine to return to the main program. When a subroutine is called, the contents of the

program counter, which is the address of the instruction following the call instruction, is stored in the stack

and the program execution is transferred to the subroutine address. When the return instruction is executed

at the end of the subroutine, the memory address stored in the stack is retrieved, and the sequence of

execution is resumed in the main program.
a) Unconditional call
CALL addr —unconditional call
b) Conditional call:
CC addr —call if the carry flag set
CNC addr —call of the carry flag not set
CNF addr — call on No zero
a) Unconditional return
RET — unconditional return
b) Conditional return
RC — Return on carry
RNC — Return on No carry
RP — Return on positive

Restart I nstructions:

Restart is a one byte CALL instruction. Because these instructions are having specific call addresses for

specific restart instructions as specified bellow. The program jumps to the instruction starting at restart

location.
Restart Instruction Location
RST 0 0000H
RST 1 0008H
RST 2 0010H
RST 3 0018H
RST 4 0020H
RST 5 0028H
RST 6 0030H
RST 7 0038H
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One interesting use of RST instruction isto create break point. Finding mistakes(bugs) in abig program
can be made simple by inserting break points at desired places. Program terminates when RST instruction
is executed. If there are no bugs up to that point, the break point can be shifted to some other place . The
process of removing bugsis called debugging. Instead of HALT instruction one may use Break point for
the safe transfer of control to monitor program.

v) Stack, I/o0 and machine — control group:

a) Stack instructions

PUSH rp — PUSH register pair onto stack

rp;=B-C/ D-C/ H-C/ psw.

The content of the specified register pair is pushed onto stack after the stack pointer is decremented by
two.
e.g.: PUSH B — The contents of register pair B — C is pushed on to stack.
POP rp — POP off stack to register pair.

rp=B-C/D—-C|H-C|psw.

The top two elements of the stack are POP ed into the specified register pair. The stack pointer is
incremented by two.
e.g.. POP D — The contents of stack top POP ed into register pair D — E.
In some programs the available internal registers may not be sufficient to write the program. However
some of the registers may not be needed immediately. In such situations the contents of immediately not
used register contents are pushed on to the stack. These registers are used for the present need and once the
purpose is served, they are reloaded with their earlier values with POP instruction. If a series of push
instructions like PUSH B, PUSH D, PUSH H are used, to restore their original contents the POP
instructions must be in the order POP H, POP D, POP B as stack operations follow first in last out policy.
b) I/0O Instructions
IN port-addr — Input to accumulator from input port

The data available on the port is moved into the accumulator. Port addressis 8-hit.

OUT port-addr — Out put from accumulator to output port. The contents of the accumulator is moved to the
port whose 8-bit address is specified in the instruction
External devices with suitable interfacing can be connected to input and output ports. The power of
microprocessor liesin its ability communicating with external devices. Industrial digital control systems,

Robots and other smart devices work under microprocessor control. All together
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256 1/0O devices can be connected . The devices which use IN and OUT instruction for data transfer are said
to be operating in 1/0 mapped 1/0 mode. If more than 256 devices are to be connected, Memory mapped
I/O mode can be used. In this mode each device is assigned with a 16 bit address.
¢) Machine control instructions
These instructions are used to control the microprocessor operation.
eg.. HLT —Halt

The execution of the HLT instruction stops the microprocessor.
Suggestion to teachers : Students must be trained to appreciate the use instructions in various groups of
instructions. Small problems may be given for writing programs and after ascertaining
That students devel oped good background they may be asked to write the programs for bigger problems.
Students have to be at ease while writing programs and should not get by heart the programs given as
examples. Students cannot get good programming experience by doing the four practicals given in the list.

They have to be taken as examples only and teachers can give much better problems than these.
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Experiment No. 9
DATA TRANSFER PROGRAM

Aim: To write an 8085 assembly language program to transfer data from one memory
area to another area.

Apparatus: 8085A Microprocessor kit and SMP with 5V DC current 3A. and +12V DC 100mA
Outputs.
Method: The method involves simple algorithm given below

1. Initialize the source memory pointer (mem ptr)

2. Initialize the destination pointer (dest ptr).

3. Initidizea byte counter

4. Increment the source and destination memory pointers

5. Transfer the first byte of source data to destination location pointed to by destination pointer.
Asthereis no direct memory to memory instruction for 8085, transfer content of source
location is to accumulator or some other general-purpose register and then transfer it to
destination location.

6. Decrement the byte counter. Check the content of the byte counter to see whether it zero or
not by verifying the status of ZERO FLAG. It isdone using JNZ or JZ instructions. If byte
counter (content) is not zero transfer the control to step 4 to repeat transfer operation .If the
byte counter is zero, it means al the bytes are transferred from source area to destination area.
Gotostep 7.

7. Halt or break the program execution and transfer the control to monitor.

To convert this algorithm to aform compatible for 8085A kit we have to define the memory as
follows:

Defining program & data area:

Program area: It starts from the address XX00. XX stands for upper byte of address. It is defined by
the Microprocessor kit manufacturer. To know about this one has to refer to the technical manual that
is supplied along with the kit. In giving examples programs commence from CO000.
The data area: Data area starts from the C0O51. The number of bytes of data available for transfer is
given in location CO50. The destination area for the transfer of data commences from C071

(It can be changed)

Stack memory area: The present program doesn’t use stack.

With these locations defined as above the modified algorithm will be as follows:
Algorithm: The datatransfer can be affected in several ways. Algorithm for one such method is given
below.

1. Initialize the source memory pointer by loading the address C050 in the HL register
pair.

2. Initialize the destination pointer is by loading C070 in DE register pair.

3.Initialize agenera purpose register (say C) as byte counter by moving the content of
CO050 location to C register. It is needed for loop operation.

4. Increment the source and destination memory pointer to C051 and CO71 respectively.

5. Transfer a byte of source datais to Accumulator

6. Transfer the content of accumulator to its destination.

7. Decrement the byte counter.

8. If byte counter (content) is not zero go to step 4 to repeat transfer operation .1f the byte
counter is zero Go to step 9.

9.Halt or break the program execution and transfer the control to monitor.

The problem of transferring a block of data from one memory areato another memory area
can be presented by means of aflow chart for better understanding as givenin Fig 1
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Data transfer

( START)

\ 4
Initialize H-L pair as
memory pointer.

A\ 4
Get the count in
‘C' reqister

P
Bl

A

Increment Source and
Dest. ptrsto next loc.

\4
Move content of ‘ NO
A to Dest loc.

!

Counter C

6

Figl

A
Move the source content
ToA.

YES

Decrement byte STOP

K in circleis used to indicate continuation of flow chart. It is usually done when flowchart

Extends from one page to another. Here it is done to save

Address Label Mnemonics  Operands machine

Code
C000 LXI D,C070 11,70, CO
C003 LXI H, C050 21, 50, CO
C006 MOV CM 4E
C007 loop: INX H 23
C008 INX D 13
C009 MOV AM 7E
CO0A STAX D 12
C00B DCR C 0D
C00C INZ loop C207CO:

space in the page.

Comments

> Initialize dest.ptr with CO70
- Initialize source ptr with C050
. Initialize byte counter
: Increment source pointer
:Increment destination pointer.
: Move the content of memory

location pointed to by source pointer
to accumulator(ACC)

: Move the content of ACC Memory

location pointed to by destination
poi nter

: decrement byte counter by one.

If Cisnot equal to zero then go to
location labeled loop
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COOF HLT /Break EF : Halt/ transfer control to monitor.
Procedure:
Identify the RAM areain the kit by referring to the manual given. Identify the Exam Mem/load
Memory Key. When this key is pressed Seven-segment display (SSD) of address field (one for each
digit of 4-digit address) and data field becomes blank. Enter starting address of program in address
field (EX C000) and press NEXT key. Control transfers to data field. Enter data pertaining to the
address given (EX 11). Press NEXT key. Monitor increments the address displayed to next address
(Ex CO001). Enter data corresponding to that address (EX 70). Press NEXT and go on entering data
given in column 4 until all the bytes are entered. Do not forget to press NEXT key after each entry of
byte of data.
After entering the program verify whether all the bytes are entered as is expected. Press RESET key
and EXAM MEM keys one after the other. Enter starting address of source data memory (EX C050)
And press NEXT key. Enter corresponding data (EX 05). Press NEXT key. Addressincreases. Enter
data corresponding to that location EX (01). Repeat the procedure until all the data bytes are entered.
Before execution of program the destination area may contain any thing called junk data. It is
represented by XX. (Seetable 1).
Sample: Data before execution of the program

TABLE 1
Source Memory data Dest memory  data
L ocation location
C050 05 C070 XX
C051 01 C071 XX
C052 02 C072 XX
C053 03 C073 XX
C053 04 C074 XX
C055 05 C075 XX

After entering data ensure whether data was entered correctly or not. After entering the program and
data correctly, press RESET key. Press GO key. Monitor transfers the control to some addressin
permanent memory area .Now enter starting address of the program (EX C000). Press EXEC key.
Display changes to the standard logo of kit manufacturer that is displayed whenever RESET key is
pressed. Now press EXAM MEM key and enter address of first location in destination area
(EXCOQ71), in addressfield. If the program was written correctly one sees 01(the program is expected
to transfer content of the first location in source area (here 01) to first location in destination areq).
Pressing NEXT key displays next address and its data

(EX C072 02). Verify whether all the bytes are transferred ).

Data after execution of the program:

TABLE 2

Source Memory data Destination Mem  data
Address address

C050 05 C070 XX
C051 01 C071 01
C052 02 C072 02
C053 03 C073 03
C074 04 C074 04
C075 05 C075 05
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RESULT:

After execution of the program the data given in tableis transferred from memory area

starting from CO051 to destination area starting from C071 as shown in table 2.

LIMITATIONS:. Thisprogram can transfer amaximum no. of 256 bytes data only.

PRECAUTIONS: 1. The operational codes should be given correctly.

2.the program must be checked before the execution of program.

Suggestions to teachers: As execution of programs take less amount of time give good number of
exercisesto studentsin class room and

1)
2)
3)
4)
5)
6)

7)

Encourage the students to write their own programs

Make students use their own data without repeating others data.

Make students write their program from other starting address.

If microprocessor kits of different makes are available let them run their
Programs on those kits after making needed modifications.

Encourage students to read program given in machine code and write
Corresponding assembly language instructions.

Encourage students to write the programs using variety of instructions so that
The program occupies less number of bytes.

Encourage students to write the programs using variety of instructions so that
the program takes | ess execution time.

Exercises:

1) create source data of 10 (Decimal) bytes;, make suitable modifications
in the given program and execute it and verify the destination area.
2) create source data of 10 (Hexadecimal) bytes;, make suitable modifications
in the given program and execute it and verify the destination area.
3) make modifications in Ex2 so that datais copied from source data to destination
In reverse order.
4) make suitable modifications to program in Ex2 to copy source data to destination
if the source area and destination area overlap.
5) modify the program in Ex2 using LDAX rp and STAX rp instructions.
6) Write program of your own using some other register as byte counter.
7) Write aprogram to copy a byte of datain 12 locations in destination area commencing
from XX81 location.
8) Study the program given at the end and include suitable remarks in remarks column.
9) Write aprogram to interchange the contents data given in two memory blocks.
other than the one given below.
10) Write a program that can transfer more than 256 bytes from source to
destination area.
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ADDRESS LABEL

XX00

XX03

XX06

XX07

XX08

XX09

XXO0A

XX0B

XX0C
XX0D

XXO0E

XXOF

XX12

PROGRAM FOR
(See Ex 8)

loop :

MNEMONICS

LXI1
LXI1
MOV
INX
INX
MOV
LDAX
MOV

MOV
STAX

DCR

JINZ loop

RST 5

OPREANDS MACHINE COMMENTY

H XX 50
D XX 70
CM

H

D

CODE REMARKS

2150 XX

1170 XX

4E

23

13

46

1A

77

78
12

0D

C2 07 XX

EF
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Experiment No.10

LOGICAL GROUP OF INSTRUCTIONS

Aim: Writing programs illustrating the use of programs

1) To find how many negative numbersin agiven list

Apparatus: 8085A Microprocessor kit and SMP with 5V DC current 3A and £12V DC 100mA

Outputs.

Method: The method involves simple algorithm given below

NogkrwbdpE

®

9.

In signed binary code most significant bit (d7) istreated as sign bit. If itis 1 the
Number is a negative number If it is zero it is apositive number. So the method
Involves identifying the most significant bit and testing its status. It may be
done as follows

Initialize the source memory pointer

Initialize the destination pointer.

Initialize a byte counter. Initialize another register as number counter.

Increment the source and destination memory pointers

A (first) byte of source dataistransferred to A register and tested for its sign.

If it is positive go to step 8 else continue.

increment number counter. Move the number to destination area. Increment location addressin
destination area.

Increment source address. Decrement byte counter. Check whether the content of the byte counter
is zero or not by verifying the status of ZERO FLAG. It can be done using JNZ or JZ instructions.
If byte counter (content) is not zero the control is transferred to step 5 to repeat the operation .If
the byte counter is zero, it means all the bytes are transferred from source area to destination area.
Go to step 9.

Halt or break the program execution and transfer the control to monitor.

To convert this algorithm to a form compatible for 8085A kit we have to define the memory as follows:
Defining program & data area:

Program area: It starts from the address XX00. XX stands for upper byte of address. The Microprocessor
kit manufacturer definesit. To know about this one has to refer to the technical manual that is supplied

along with the kit. In giving examples programs commence from C0QO.

The data area: Data area starts from the C0O51. The number of bytes of data availableis given in location
CO050. The destination area for the data commences from C071

(It can be changed)

Stack memory area: The present program doesn’t use stack.
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With these locations defined as above the modified algorithm will be as follows:

Algorithm: The listing of negative numbers can be affected in several ways. Algorithm for one such
method is given below.
1.The source memory pointer isinitialized by loading the address C050 in the HL
register pair.
2.The destination pointer isinitialized by loading CO70 in DE register pair.
3.A general purposeregister (say C) isinitialized as byte counter by moving the content of CO50
location to C register. It is needed for loop operation.
4. Initialize B reg as negative number counter with 00.
5.Increment the source and destination memory pointer to C051 and CO71 respectively.
6. A byte of source dataistransferred to Accumulator
7. The most significant bit isisolated. The most significant bit (msb) of number in accumulator is
tested for sign.
8. If it is positive go to step
9. If it is negative increment number counter.
10. Increment destination pointer
11. Move the content of source location to destination location
12. Increment source address.
13. The byte counter is decremented.
13. If byte counter (content) is not zero go to step 6 to repeat operation .If the byte
counter is zero Go to step 14.
14.Halt or break the program execution and transfer the control to monitor.

The problem of identifying negative numbers and copying them into destination area can be presented by
means of aflow chart representation for better understanding as givenin Fig 1

An assembly language program for listing negative numbersis shown in Fig2. Thisis not the only way to
write a program to list negative numbers. One may use different instructions to achieve the same purpose
or they may follow different logic. An aternative program to list negative numbersis shownin fig 3.
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( START)
A4
Initialize H-L pair as

memory pointer.

v
Gel the count in YES

‘C’ renister

A4

Increment Source and
Dest. ptrsto next loc.

>
«

NO

Increment negative
number Counter.

Move the source content
ToA. ¢
Move neg num to
Move content of Destination location
A to Dest loc. ¢
Decrement byte Increment dest address
Counter C

Increment source
address
v

Decrement byte counter

Figl

K incircleis used to indicate continuation of flow chart. It is usually done when flowchart
Extends from one page to another. Here it is done to save space in the page.

Note: There may be some omissionsin op codes, data jumps to wrong addresses etc. in the

Programs. The student has to study the programs and logic correct the mistakes and then
execute them
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Address Mnemonic  Operand Op-code Comments

C000 LXI H C050 21 50 CO :Initializethe source area.

C003 LXI D C070 11 70 CO :Initialize destination area

C006 MOV CM 4E ‘Initialize the byte counter.

C007 MVI B, 00 06 00 ‘initialize the data counter.

C009 INX H 23 :Increment the source area.

CO0A INX D 13 . Increment dest address

C00B loop: MOV AM 7E : move source loc content to ACC

C0ooC ANI 80 E6 80 . isolate msh of ACC content

COOE JZ (forward) CA 15 CO :jumpon zero tolocation
Forward.

C011 INR B 04 :Increment data counter.

C012 MOV AM 7E copy neg. numto ACC

C013 STAX D 12 saveitindest. loc

C014 INX D 13 inc . dest. pointer

C015 forward: INX H 23 Inc. source ptr.

C016 DCR C oD :Decrement byte counter

Co17 JINZ loop C2 0B CO :If c<>0goto step labeled loop

CO1A RST 5 EF :Halt/ Break.

We can also use rotate group instructions as shown in program given below to list the negative

numbers.

Address Mnemonic  Operand

C000
C003
C006
C007
C009 loop:
CO0A
C0ooB
C00oC
C0O0D

C010
Co11
C012
C013
C014 forward:
C015

LXI H C050
LXI D C070
MOV CM
MVI B,00
INX H

NOP

MOV AM
RLC

JZ (forward)
INR B
MOV AM
STAX D

INX D

NOP
DCR C

Op-code

21 50 CO
11 70 CO
4E

06 00

23

00

7E

07

CA 14 CO

04
7E
12
13
00
0D

Comments

:Initidlize the source area.
- Initialize destination area
:Initialize the byte counter.
sinitialize the data counter.
:Increment the source area.

:Rotate left by one.

- if carry bit iszero go to

Location labeled Forward.
:Increment data counter.

:Decrement counter
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C016 JINZ loop C2 09 CO :If c<>0go to back steps
and continuetill C=0
C019 MOV AB 78 ‘transfer memory to Acc.
CO1A STA C080 32 80 CO :store the value in C080
address.
C01D RST 5 EF ‘Halt.
Source data Destination area

Before After execution

C050 05 CO071  xx 89
C051 12 C072  xx A4
C052 89
C053 41
C054 A4
C055 21

Result:
After executing of the program the number of negative numbersin the given list availablein register B
IS
Limitations:
The program can handle a list having numbers up to 256 bytes data only.

2) To identify the odd numbers and write them separately in another memory area.

An odd number isidentified by testing the status of least significant bit of the number present in
Accumulator. If least significant bit (Isb) is zero, it is an even number. if Isb is 1 the number isan
odd number. Following similar agorithms modify the programs given for finding negative
numbers to suit this problem.

Address Mnemonic  Operand Op-code Comments

C000 LXI H C050 21 50 CO :Initidlize the source area.

C003 LXI D C070 11 70 CO :Initidizedestination area

C006 MOV CM 4E :Initialize the byte counter.

Coo7 MVI B, 00 06 00 sinitialize the data counter.

CO009 INX H 23 :Increment the source area .

CO0A INX D 13 . Increment dest address

CO0B loop: MOV AM 7E

CooC ANI 01 E6 01 : isolate Ish.

COOE JZ (forward) CA 15 CO . if Isbiszero jump go to
Forward.

Co011 INR B 04 :Increment data counter.

C012 MOV AM 7E
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C013 STAX D 12

C014 INX D 13

C015 forward: INX H 23

C016 DCR C 0D :Decrement counter

C017 JINZ loop C2 0B CO :If c<>0gototolocation
Labled loop.else

CO1A RST 5 EF ‘Halt/ Break.

3) Toisolate a hit pattern and compare it with the already available bit pattern we can

use ANI datainstruction

Example In a8-bit number d2d1d0 bit pattern corresponds to the password of users, write a
program to isolate the password bits and store in a separate array.
4) Write a program to compare whether a given number isin the given list or not.

Note to teachers. Teachers can device new problems to illustrate the use of all the logica group of
instructions. Encourage students to come up with their problems

and to write their programs. Tell to students that problems for which programs are available in
record will not be given in the examination.

Exercise:
1. Modify the program given for negative numbers to list positive numbers.
2. Modify the program given to find odd numbers to list even numbers.
3. Write programs for ex1 and ex 2 using Rotate instructions.
4. Write aprogram to test the status of d3 bit of every bytein the given list
And to put 00 if the bit is zero and to put FF if the bit is one in another array.
information based on a seven bit code is stored in an array. Writea
program to check its parity and to put 00 if the parity is even and to put FF if the parity is
odd in another array.
6. Modify program of Ex5 to convert the all information bytesin to odd parity.

o
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Experiment No. 11
Arithmetic programs 1

AIM:- To write a program to find the maximum number in a given set of 8-bit numbers.

Program area commences from 3900.
APPARATUS: 8085 Microprocessor kit .
DATA AREA:- Source data startsfrom 3951 and the number of bytes and data availableisgiven in
location 3950.

( START)
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memory pointer.

Flow chart
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and keepitin A

—
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Y
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Method used to find maximum in the given list :

Several methods are available for this. One such method isto put first element inthelist inaA register
and compare its value with second number in the list .Transfer larger of the two into A .Repeat the
process with other bytes until the list is exhausted. If there are n elementsin the list the program makes
(n-1) comparisons. However by initializing a register with 00 we can make n comparisons and find
minimum.

PROCEDURE:-

Initialize the source memory pointer by loading 3950 in the H-L register pair. Initialize Reg
C is by moving the content of 3950 into it. Initialize A register as counter with 00. Increment the H-L
pair register and compare the content of next location with the content of Accumulator. If the content of
memory location is less than the content of Accumulator go to the step to decrement byte counter.
otherwise move the content of memory location to Accumulator As one byte is compared decrement byte
counter and if the content of byte counter is not zero go to the step to increment the address of memory
location. The program loops through n times until all the bytes are compared with the content of
accumulator and storing the larger of the two numbers compared in Accumulator. After al the bytes are
compared the largest or maximum number in the list will be available in Accumulator and the program
halts after transferring the content of Accumulator to 3960 location.

Address mnemonics operands  op-code comments
3900 LXI H3900 215039: LoadH-L pairwith 3900
3903 MQV CM 4E : Initidlize C-reg.as down counter
3904 MVI A,00 3E 00 : Acc.sinitializedwith 00
3906 loop INX H 23 . Increment H-L pair reg.
3907 CMP M BE :  Compare acc. With content
of source.
3908 JNC forward D20C 39 : If thereisno carry decrement the
counter else next step.
390B MOV AM 7E :  Move memory content to Acc.
390C forward DCR C oD . Decrement the counter.
390D JINZ(loop) C20639 : If result isnon-zero go to back steps.
3910 STA 3960 326039 : Storethe content of Acc.in 3960.
3913 RST 5 EF : Halt./break
RESULT:-

After execution of the program the maximum number in the given datais available in
memory location 3960 and its value for the given datais ---.

Suggestions to teachers: Students may be trained to use al the arithmetic instructions
By devising new problems. The program given serves only as a sample.
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Exercise:

1
2.

8.

9.

Writea program to find minimum in the given list

Werite a program that stores maximum in the list in c060 and minimum in c061
Locations.

Write a program to find the average of maximum and minimum numbers.
Write a program that lists separately the numbers greater than are equal to

The mean found in ex.4.

Write a program using other instructions than those given in the program given.
Try new agorithms.

Write a program to find whether a given number is present in the list or not.

Put FF in CO50 location if the number exits other wise put 00.

Write a program to find how many times a given number repeated in the list.
Write a program to put given number in all the 16 locations starting from C051\

10. Write a program to increment each number in the given list by 1 and store them in the same

locations.

11. Write aprogram to logically OR the content of each location in the given list.
12. Write aprogram to increment each number in the list by 05.
13. Write aprogram to add two 32 bit numbersin the given list.
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Experiment No. 12

Arithmetic programs 2

Aim:- To write aprogram to arrange numbersin agiven list in ascending order.

Apparatus: 8085 microprocessor kit

Method:

There are several methods like simple sort, bubble sort, shell sort, quick sort etc to sort numbers.
Here we follow a simple method.

From the given list smallest number is identified .It is copied in to the first location in destination
area . This minimum number is replaced with FF (highest possible maximum number. (It is
assumed that the FF is not in the origina list) Find next minimum and copy it in to the next
location of destination area. These steps are carried out until the list is exhausted. At the end of
execution of the program the original list in source area is destroyed and sorted list appears in
destination area.

Defining program and data area :-

Program area :-

The main program starts from 3900. The program calls subroutines called MIN and PUTFF. The
subroutine for minimum commences from 3916. The subroutine put FF commences from 3930.

Data area:-

Source area starts from 3951 location .The no. of bytes in the given list is stored in 3950 .The
destination starts from 3970 .

( START’
A
Initialize H-L pair as
memory pointer.
) 4
| Get the count in |

‘R’ renister

NO

\4

Cal MIN subroutine
and find minimum in list

ES

Move the minimum to

Destination area. Inc
Aoct ntr

HAI'T

4

Call subroutine put
EE

Decrement byte
Counter B

b
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Procedure:

1. Source memory pointer isinitialized by loading the address 3950 in HL register pair. A byte
counter (B) isinitialized with number of elementsin the list. The destination areaisinitialized
by loading 3970 in DE pair . We identify the minimum number in the list by calling the
subroutine MIN.

After finding the first minimum it is copied to first location in destination area. This

minimum number in source areais replaced with a maximum number not present in the list

(say FF) by caling the sub routine PUT FF.

The B register is decremented once to indicate that one element in the list is sorted out.

To continue the process we check the status of Z flag. If it is not set, we loop back (we go
back to location 3907) and repeat the steps. This process sorts out all elementsin thelistin
ascending order. At the end, B register becomes zero and the program Halts or breaks.
Subroutine MIN: This sub program isidentical to the program of MPPR3 for finding
minimum in the list, but for the fact that the starting address is 3916 and it terminates with
RET instruction instead of RST 5.
Subroutine PUT FF:
This subroutine commences from 3930. It identifies the memory location of minimum number

2.

of thelist and replaces it with FF, so that, this minimum will not interfere in the further
execution . It is quite easy to follow the steps given in the program.

The source and destination areas before and after the execution are shown in table2& 3.

RESULT:-
The given list of numbers are arranged in ascending order as shown in following table.

ADDRESS MNEMONIC  OPERANDS Machine
code

3900 LXI H 3950

3903 LXI D 3970

3906 MOV B,M 46

3907 CALL MIN CD 16 39

390A INX D 13

390B STAX D 12

390C CALL PUT FF CD 30 39

390F DCR B 05

3910 INZ loop C2 07 39

3913 HLT EF

Comments

21 50 39 LOAD H-L PAIRWITH 3950

11 70 39 LOAD D-E PAIRWITH 3970

INTIALISE B COUNTER
CALL FOR MINIMUM NO.
INCREMENT DEST. ADD
STORE ACC..IN DEST. LOC

REPLACE MIN NO FOUND
WITH FFIN ORG LIST

DECREMENT THE COUNTER B
IF THE LIST ISNOT EXHAUSTED

REPEAT LOOP
HALT /BREAK
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Subroutine MIN

Address mnemonics operands  op-code comments
3916 LXI H 3950 21 50 39
3919 MOV C.M 4E
391A MVI A FF 3E FF
391C loop INX H 23
391D CMP M BE
391E JC forward DA 22 39
3921 MOV AM 7E
3922 forward DCR C oD
3923 INZ loop C2 1C39
3926 RET Cc9
SUBROUTINE PUT FF
Address Label mnemonics  operands  op-code comments
3930 LXI H 3950 21 5039
3933 loopl: INX H 23
3934 CMP M BE
3935 INZ loopl C2 3339
3938 MVI A FF 3E FF
3938 MoV M,A 77
3940 RET c9
Before execution: After execution;
Source data  destination data | Source data  destination data
Addr Addr Addr Addr
3950 05 3970 XX | 3950 05 3970
3951 72 3971 XX | 3951 72 3971
3952 21 3972 XX | 3952 21 3972
3953 34 3973 XX | 3953 34 3973
3954 12 3974 XX | 3954 12 3974
3955 B2 3975 XX 3955 B2 3975
Exercise

1) Write aprogram to sort datain descending order

2)
3)

Write programs to sort data using other sorting methods.
Characters are written in ASCII code. A list of names each

containing four characters are given in the memory area
starting from C051. The number of namesin thelist is stored
in CO50 location. Sort the names in aphabetical order

4)
5)
6)

Write a program to add a given list of numbers
Wrie aprogram to add the numbers including carry
Write a program to multiply two numbers by repeated addition method.
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Experiment No.1
DIELECTRIC CONSTANT OF A SOLID

Aim:- To study the temperature dependence of dielectric constant of a Ferro - electric
material and to determine its Curie temperature.

Apparatus:- Setup consisting of a heater arrangement to heat the sample kept in adielectric
cell with micrometer arrangement, Temperature indicator, capacitance meter ,and a sample
(Lead Zerconate tritrate or Barium Titanate) in the form of 20mm diameter circular wafer
with conductive coating on opposite faces .

Principle:-

A ferro electric crystal is defined as a crystal that exhibits a spontaneous
electric dipole moment; in other words, a crystal for which in the absence of an applied
electric field the center of positive charge does not coincide with center of negative charge.
The occurrence of Ferro electricity in pervoskite structured compounds like barium titanate is
believed to be the result of a polarization catastrophe in which the local electric fields arising
from polarization itself increases faster than the elastic restoring forces on the ionsin the
crystal, thereby leading ultimately to an asymmetrical shift in ionic positions; the shift limited
to afinite displacement by the onset of anharmonic restoring forces.

The dielectric constant can be expressed in terms of polarization as

1+8§Z N,

N
3

Where ¢; isthe polarization of anion of type | and N; isthe number of ions | per unit
volume. It is seen that the dielectric constant becomes infinite, corresponding to afinite

polarization for zero field, when )" N,o; = (47 /3)™ , and thisiscalled the polarization
catastrophe.
We note that the value of ¢ is sensitive to small departures of z N,;, from the critical value
of 3/4m; if we write

(4713)> Nia; =1-s,

Where s<<1, we havee = 3/s.
If we suppose that near the critical temperature the value of s varies with temperaturein a
linear fashion,

S = B(T'Tc),
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where 3 isaconstant. We have, above the transition temperature, a Curie-Weiss law for the
dielectric constant:

T 10%e |~

S

1 e
I
Temperatcure oC Temperature °C
The dielectric constant versus temperature graph shows a peak at Curie temperature.
Formula:-

Two plane parallel plates of area A and separation d are charged with a surface
charge density g, one plate being positive, the other negative. If the space between the plates
isevacuated and if d is small compared with the dimensions of the plates, there will result a
homogeneous electric field between the plates, the field strength being given by

Evac= 47 ines.u
The potentia difference between the platesis equal to
¢vac = Evacd

The dielectric constant of a system is defined by

Crac = Ad/ dvac
Suppose now that the space between the platesisfilled with adielectric, the charge on the
plates being kept constant. It is then observed that the potentia difference islower than
and similarly, the capacitance C of the system isincreased. The static dielectric constant &
isthen given by
& = ¢vac/(|) = CIC va
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Description of the apparatus. The apparatus consists of the following items

1) A dielectric cell with two parallel plates to keep the sample and a setup to measure the
capacitance of the cell.

2) A heating arrangement to raise the temperature of the dielectric cell

3) A digital thermometer with thermocouple and atemperature controller arrangement to
measure the temperature of the sample

Procedure:-

The sampleis placed in position between the parallel plates and the
capacitance at the room temperature is measured. The sampleis heated by feeding power to
the plate heater. As the temperature difference across the sampleis negligible, the
temperature given by the thermo couple D is taken as the sample temperature .The sample is
heated to a temperature more than the Curie temperature and the allowed to cool.. The
capacitance is measured at different temperature as the sample cools. After cooling the
sample to the room temperature, the sample should be removed and the capacitance between
the plates is measured which directly gives the capacitance of condenser in air

Observations:

Temperaturein | Capacitancein pf Dielectric

S.No. c° constant

Graph:-

A graph is drawn taking temperature in °C versus dielectric constant. We observe
from the figure that the graph increases exponentially and it reaches a peak point and falls
again even though the temperature increases.

Precautions:-
1. The sample should be placed exactly between the two paraléel plates
2. The sample should be removed carefully without disturbing parallel plates for
measuring the capacitance of the cell in air.
3. The micrometer screw has to be tightened for contact of the sample with upper
electrode of dielectric cell when the sample reached maximum temperature. The
sample should not be heated after establishing contact as the crystal may break
itself due to expansion.
4.The micrometer should be changed very slowly in one direction only, without
causing pressure on the thin sample. Any undue pressure will break the costly
sample. The quick forward and backward motion of micrometer will cause
backlash error.
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Result:-
The curie temperature of the sample from the graph =
Literature Curie temperature for the sample under test =
The corresponding dielectric constant =

Note to teachers:

The students may be asked to calibrate the LCR meter, temperature indicator with standard
values. The capacitance of the empty cell in air may be calibrated with movement of
micrometer screw and the students may be used to determine the capacitance of the cell for
the corresponding micrometer readings noted at different temperature with the sample present
in the cell. They may be asked to repeat the calcul ations with the C, values obtained at
different temperatures.
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Experiment No. 2
SPECIFIC HEAT OF GRAPHITE

Aim: To determine the specific heat of Graphite (solids).

Apparatus: Sample, Heater with temperature control and temperature indicator, Ammeter 0-5
Amp (wide scale), Voltmeter, Dimmer stat, Stopwatch.

Principle: Specific heat is defined as
s=dQ/dT

Where dQ is the quantity of heat supplied to one gram of body and dT is the corresponding
temperature.
When a solid of mass m is heated by supplying heat energy Q the resulting temperature T is given
by the equation

Q=msT

When a body is heated the temperature increases and attains a steady value. It isusually observed
that the rate of heating dQ/dt is exactly equal to the loss due to cooling .

In other words.

dQ/ dt = m.s.(dT / dt)
Thus by measuring dQ / dt and dT / dt the specific heat s can be calculated.

Description of the apparatus: The sample provided, is a graphite rod and the heat energy is
provided to the sample using a heating element kept in contact with it and passing electrical
current through it. The current which is equal to V / r produces heating in the element. The sample
is surrounded with insulating material to avoid hesat losses. As the element isin contact with the
sample, as equilibrium is reached, the sample heat energy can be considered as equal to the
electrical energy supplied to the heating element. The potential difference across the terminals of
the heating element can be measured with a voltmeter. The current passing through the element
can be measured with Ammeter. The temperature of the sample is measured with adigital
thermometer having thermocoupl e sensor. The time is noted with a stopwatch.

Procedure: The heater isfed electrical power from aVariac. The sample is hold in awooden box.
The space between the sample and the walls of the box isfilled with insulting material. The
thermocouple or thermometer isinserted in ahole drilled into sample. The leads of the heater are
connected to a Variac. The mass of the sample is determined using a suitable balance. The heater
and thermometer are inserted into the sample block and assembly is put into the wooden box.
Dimmer stat output is set at half the numeric value of the resistancei.e. if the heating
element resistance is 20 ohms apply a voltage of 10 V from dimmer stat to the heating element so
that only half-an ampere current flows. Allow for half minute and check if any burning smell is
observed or not. Measure the current and the equilibrium temperature of the sample for different
voltages (40,80, 120,160 V) with an interval of approximately 40 volts, Continue this process
slowly allowing sufficient time for the sample to heat until the temperature of the sample reaches
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300° C. The observations are given in the table 1. Potential difference V versus equilibrium
temperature graph is shown in fig 1.

dQ/dtisgivenby V% r wherer = V/I isthe resistance of the sample.

The power is switched off and as the sample block cools, the temperature is noted at
regular intervals of time. By plotting the sample temperature as a function of time. We get the
cooling curve from which the rate of cooling dT/dt can be obtained at any temperature.

Using the value of dT/dt from the cooling curve at the appropriate temp the specific heat can be
calculated from the egn.

dQ/dt = d(V2r)/dt=m.s(dT/dt)
s=(dQ/ dt) / m (dT / dt)

Observations:- Equilibrium temperature and current values of the specimen at different voltages

SI.No.  Voltage equilibrium current
(volts) temperature °C mA

Observationsfor determining the rate of cooling (dT / dt)

S.No. Time (t minutes) Temperatue (0C)

Graphs:

Eq. Temp T Eq. Temp T

Voltage (V) z'i r_ne)of cooling
min.
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Precautions:

1)
2)

3)
4)
5)
6)

7)

Handle the Graphite block carefully as it may break.

Keep the Variac at Zero voltage position and then give connections after ensuring that
The Variac output islessthan at most 5V if not zero. If the Variac is showing higher
voltage at minimum position it has to be changed. The thermocouple sensor is delicate and
it hasto be handled carefully.

Increase current in small increments say 0.1 amp

If possible use a dc voltage source like car batteries to supply steady voltages.

If you use aDimmer stat (Variac) do not touch the electrical part asit may give electrical
shock.

If avariac is used to supply electrical power do not take face reading as correct. measure it
with avoltmeter or adigital multimeter.

If avariac is used, to avoid fluctuations in power always use a voltage stabilizer.

Result: specific heat of graphite =

Standard value of specific heat for graphite = 0.38cal/gm/degree at 206 °C



ACHARYA NAGARJUNA UNIVERSITY 1 CENTER FOR DISTANCE EDUCATION

Experiment No. 3
COEFFICIENT OF THERMAL EXPANSION
Aim:- To determine the thermal expansion coefficient of a given solid sample.

Apparatus:- Sample in the form of small (2mm x 2mm x1mm) rectangular slab or thin metal
wire, glass didesto form wedge and a heating arrangement , dimmer stat, sodium vapour lamp,
traveling microscope, dimmer stat, arrangement to observe optical interference fringe pattern with
optical wedge.

Principle:- When asolid is heated its dimension changes. The change in dimension is described
in terms of the coefficient of thermal expansion as the change in the length of the specimen per
unit rise in temperature per unit length. A sample is athree dimensional object and due to change
in temperature, volume changes. However for isotropic substances the expansion is same in any
direction. So if we take the samplein the form of asmall rectangular slab the volume expansion
can berelated to linear expansion using the relation

Volume expansion = 3 x linear expansion =3 a

L, = L]_(l + OC(Tz- T]_))

Where L, and L; represents the thickness of the specimen at temperatures T, and T1.If the sample
isin the form of athin wire, the thermal expansion of the diameter of the sample can be
considered as linear. So, by measuring the linear expansion we can determine volume expansion
of the given material. We can measure the thickness of the sample L; with a screw gauge at
temperature T1. Suppose we heat the sample to temperature T,. The changein thicknessis so
small that we cannot measure it with a screw gauge and we have to use more accurate device or
method to determine L, or the changein length (Lo-L1). Usualy T1 isroom temperature.
However L,, the thickness of the sample at an elevated sample cannot be measured very accurately
asthe changein L isvery small because the expansion coefficient is very small. It will be of the
order of 50 X 107,

A change of temperature by 200 degree centigrade will result in a change of length of order
of 0.01mm. To determine the changes of small magnitude a common method based on the
principle of optical interferenceis used.

A parallel beam of light from a monochromatic source is made to fall vertically on awedge
system formed with two plane paraléel glass plates with the sample kept at one end of the system
in between the plates. The sampleisincluded in the optical arrangement such that it controls the
wedge angle. Anair film of uniformly varying thickness is formed between the plates. When a
monochromatic light falls on such asystem, it resultsin an optical interference pattern. The light
reflected from the surface of the upper plate and lower plate gives rise to afringe pattern
consisting of aset of parallel equally spaced lines. Simple derivation relates the fringe separation
to the angle between the two plates. Then the change in fringe separation due to heating of the
sample yield the change in thickness of the sample due to change in temperature dT which can be
measured with a thermocouple.
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D isthe distance between the eyepiece to the glass plate

L isthe length of solid (thicknessin the case of slab or diameter in the case of awire)
A isthe wave length of monochromatic light source

B1isthe fringe width at temperature T,

B2isthe fringe width at temperature T,

Procedure:- Thethickness of the sampleis measured at room temperature with a screw gauge .
The thickness of the sample at room temperature is determined with wedge method and compared
with the value determined using screw gauge. The sampleis placed on the top of plate Q; and the
second glass plate is placed over the sample. Screw is manipulated such that Q. touches Q; for the
stability of the assembly. Between Q; and Q. athin air film isformed. . If the sample is a metal
rod it may be shaped such that it provide a hold for Q; and Q.

e g

Incident rays Rays reflected from Rays reflected from
the upper plate lower plate

(b) Fringe pattern

@

Fig 1. Interface at a wedge (a) incident and reflected rays (b) fringe pattern

Looking through the microscope the screw is gently manipulated such that the light falling the
wedge produces the fringe pattern. The fringes are straight and parallel and equidistant. With the
help of microscope the distance between 5 or 10 fringes is measured and the fringe width 1 is
determined. The heater is switched on to give the desired temperature (T>). T is chosen to be
about 20-40 degree centigrade above room temperature.  The fringe width 3, is again determined.
From the formula calcul ate the value of a.

Observations:

To determinefringe width.

D isthe distance between the eyepiece to the glass plate =

L isthe length of solid (thicknessin the case of slab or diameter in the case of awire)
Initial temperature T, = °C

Final temperature T, = °C
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A isthe wave length of monochromatic light source

TEMP(C) | No. Of Micrometer reading Width of five | Average
Fringes MSRcm | Vernier Total fringes fringe width
Scale cm (B)
Reading
Precautions :

1) Thickness of the sample must be very small

2) Arrangethe optical system to get bright fringe pattern

Result:- The coefficient of thermal expansion of given specimen (aluminum) is determined.

The calculated valueis:-

The standard valueis:- 25x10°%/°C
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Experiment No.4
LATTICE DYNAMICS

Aim:- To study the dispersion relation for the monoatomic and diatomic lattice and determine cut
off frequency of the mono atomic lattice through electrically simulated network.

Apparatus:- lattice dynamic kit , C.R.O, connecting wires,,
Lattice dynamic kit consists of the following parts.

(1) Audio oscillator with amplitude control and facility to vary the frequency in the following
ranges.

Switch position frequency range out put voltage
Low 1.3-11.6 kHz 4-6 v
High 9.64-94 kHz 4-6v

The oscillator uses IC XR 2006 .It has built in power supply and an in put stage to match the
impedance of the stimulated |attice.

(2). The lattice dynamic kit consists of an electrical transmission line stimulates one dimensional
mono and diatomic lattice.

Theory:- An electric transmission line which stimulates one directional mono atomic and
diatomic lattice .the out put of the stimulated lattice is taken viaa four pin connector provided
with red, green and yellow wires . The red wireis to be connected to the horizontal input, the
yellow wire is connected to vertical in put and, the green wire is connected to ground of the
C.R.O. When operated on external horizontal mode we see display of Lissgjous figures, which
indicate the phase difference between in put and out put signals of |attice network.

Fig(1) shows one dimensional monoatomic lattice in mass and spring model. All
particles have mass m, force constant f and the distance between particlesis a, assuming only the
nearest neighbouring interaction. The equation of motion of n™ atom is given by

MX" = f (Xn.1+Xn+1+Xn)---(1).
Which when solved gives the angular frequency

W? = 4f/m sin? (kal2)
=2f/m (1-cosP)---(2)
The electrical analog of the mono atomic lattice is shown in fig(2). The dispersion relation for the
circuit is
W2 =2/lc (1-cosd)----(3)
The diatomic lattice with alternative masses m and M shown in fig (3) and can be stimulated by
the transmission line with alternative capacitors ¢ and ¢; shown in fig (4).
The dispersion for the mechanical and electrical are given as
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M M M M

Fig2: Network simulating mono atomic lattice

M‘WW\/OWW\A.WW\A ....................... O

Fig3: Diatomic lattice

L L L L L
(00— (000 TOOD (OO0 L (TTO

-C —C _L‘,C —C C;

Fig4: Network simulating diatomic lattice

W2 =f [Um + UM] + f [ (Um +UM)*4sin0/M*m]*?>  mechanical
W? = 1/L [1/c + Ucy] + VL [(Vc + Vcy)*4sin®0lcc]Y?  electrical

In contrast to the mono atomic lattice there are now two frequencies w.. and w. corresponding to a
value of the wave vector k. A plot is drawn for frequency versus 6 as shown below. Thislead to
the one corresponding to v. is called acoustical branch and the other one corresponding to the v. is

called the optical branch.



| ACHARYA NAGARJUNA UNIVERSITY 3 CENTER FOR DISTANCE EDUCATION

Procedure:-
(1) Monoatomic L attice:

Connect the lattice dynamic kit to the audio oscillator and plug in the
power cord of the oscillator. Feed the out put of kit to ageneral purpose C.R.O. Select the switch
monoatomic on the kit. The transmission line now consists of 10 unit cells. The lineisterminated
by the resistance Rz is equal in value to the characteristic impedance

R, = Sqrt (L/C)
Starting with the lowest frequency vary the frequency of the audio oscillator and determine the
frequencies at which the phase difference between like input and output voltages of the stimulated
lattice is nm/2. At low frequencies the C.R.O. pattern shows a straight line an ellipse and at a
particular frequency the pattern shows acircle. The phase differenceis now w/2. At this point
the phase difference per unit cell is90°/10 =9°. Vary the frequency and find out the maximum
frequency of transmission. Compare it with the theoretical value of
Ur x sgrt (L/C).

2.Diatomic L attice: Flip the slide switch on the front panel of the lattice dynamic kit towards the

di atomic. The alternate capacitors are now changed to C;=0.147uF
: Repest the procedure discussed in mono atomic lattice. Adjust R; to get distortion
free output.

Observations:
Mono atomic

SNo CROpattern Dial reading N6 0 frequency(kHz)
Observed Calculated

Diatomic

SNo CROpattern Dial reading N6 0 frequency(kHz)
Observed Calculated
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Mono atomic Diatomic
Freguency
inkHz Frequency
Calculated in kHz /
/Opticd
Observed ) Branch
Acoustical
Branch
0 — 0 —
Precautions:

1. The connections must be made perfectly.

2. The Lissgous figures must be distortion free. To get distortion free figures we can use R..
3. The frequencies corresponding to the dial reading must be taken from given chart.

4. The output figure must be with mean size without distortion.

Result:
The dispersion relation for mono and diatomic lattice is studied.
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Experiment No. 5
HALL EFFECT

Aim:- To study the Hall effect the semi conductor and determine hall constant and related
parameter.

Apparatus: Hall effect apparatus, Semiconductor sample with electrodes, Stabilized voltage
sources, Guass meter, Digital Multimeter, 0-1A current meter , Screw gauge, Vernier calipers etc.

Theory:-

Hall effect is magneto electric effect. A semi conductor in the shape of athin rectangular slab
with its edges taken as parallél to the Cartesian coordinate axes as shown in fig 1.A current flow
along X-axis and amagnetic field is applied along Z- axis. Then a potential difference appears
between the faces parallel to Y- axis. It is called Hall voltage and the phenomenon is called Hall
effect.

[«—Vi—|
| )
L Vy
I
x> L
4 N\
!
- + R +"_
0-.25mA DRPS

Hall coefficient Ry is given by the equation
Ri = Ev/(IB)

Ey - eectricfield produced along Y - axis of probe
Ey - Vv/b
Vy - hal voltageaong Y- axis

b - breadth of hall probe

Current density is given by
J = Ld(bt)
Ix - hall probe current
t - thickness
B, - magnetic field produced along X-axis.

Number of charge carriers per unit volumen is given by
n = UYRu0o
where,
q- charge of eectron = 1.602*10™°
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p = (Vxbt)/(IxL)
where,
Vx - hal voltage along x axis
Mobility of the charge carriersis given by u= Ru/p
Hall angle 6= Tan™(n By)

Description:-

A semi conductor in the shape of rectangular parallelopiped is placed between poles of an
electro magnet and a current from constant current source is passed through aong the length of the
bar. A magnetic field is applied in adirection perpendicular to the current direction by passing a
current the magnetic coils wound around pole pieces of electro magnet and the current is
measured with ammeter of range 500 mA. The potential difference across the length of crystal is
measured with avoltmeter. Hall voltage V is measured with millivoltmeter. FET electronic
voltmeter may be used to measure both voltages. The current through the bar should not exceed
the safety limit. The current to the electro magnet is supplied using a stabilized supply. Magnetic
field is measured with a Gauss meter.

Procedure:-

The dimensions of specimen are measured carefully. The probe is placed between the
poles of electromagnet. By applying voltage across the length ad.c current (I is passed along the
length of the probe. The Hall voltage is measured at zero field. Then magnetic field is applied by
switching on the current of electro magnet. For each value of | x we should take two transverse
voltages, oneiswithout field and second is with field and difference of these two gives the Hall
voltage .A graphisdrawn for Vi versus Ix It isastraight line.

Graph:
Vy(mv)
I I
I(mA)
Observations:
Material used :
Sample (Hall probe) thickness
Length

Breadth
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Current through the coils:
Magnetic field applied
Resistance across the length of probe:

S. No. Vy Iy Transverse Voltage(mv) Vy Ry
With out Field With Field (b-a)
@ (b)
Precautions:

1.The probe should be handled very carefully.

2.The maximum current through the probe specified should not be exceeded

3 Since the magnetic field is subjected to hysterisisin the material. Value of B istaken
corresponding to the increasing or decreasing current as the case may be.

Result:
The various parameters of Hall effect and hall constants are determined.

Standard Values:
Hall coefficient (Ry) =1.02*10*Ohm-mt*/web. (InAs)

Observed values :
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Experiment No. 6.
NUMERICAL APERTURE

Aim:-To measure the numerical aperture of an optical fiber cable.
Apparatus:-Step index optical fiber cables, laser source, traveling microscope, screen, scale.

Description:-

An important parameter of an optical fiber is Numerical Aperture. Numerical
aperture refers to the maximum angle at which the light incident on the fiber end istotally internal
reflected and is transmitted properly aong the fiber. (Or) Numerical apertureisthe light gathering
efficiency of the fiber.

The cone formed by the rotation of this angle along the axis of the fiber is the cone of the
acceptance of the fiber and the angle is known as the acceptance angle (0 max)-
The light ray must strike the fiber end with in this acceptance angle else it is reflected out of the
fiber core. Thisindicates the number of modes propagating with in fiber, which has consequent
effects on both fiber description and the fiber attenuation.

It is defined as the product of the refracting index of the incident medium and the sine of
the maximum ray angle. i.e.
NA: n,Sl n(emax)

=SiN(Omax)Ni=1 for air.

Procedure :- In this experiment one end of the optical fiber cable is connected to the laser source.
The laser light is transmitted to the fiber to theanother end of the cable through the phenomenon of
total internal reflection. The light coming from the second end is focused on the second end is
focused on the screen asacircle.

Microscope readings are taken by adjusting the cross wires at the two ends of the circle.

The difference between the two readings gives the diameter of the circle from which the radius(r)
of the circle can be measured.

The distance between the screen and the fiber end (d) can be measured.

Now the numerical aperture of the optical fiber can be calculated using the following formula.

NA= SinBmacr/(rP+d?)Y?
Wherer istheradius of thecircle.

Omax 1S the maximum angle at the incident. 6
And d is the distance between the screen and the fiber end.
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Fig:-

7

~,

emax ‘
core cladding
Observations:
Distance(d mm) | Diameter (2r) NA 0

Repeat the experiment with available different step index optical fibers (say plastic core - plastic
clad, glass core- glass clad, glass core- plastic clad, plastic core- glass clad)

Precautions:-

1. Thefiber cable should not bent in order to cut off the loss of light.

2. Thelaser source must be continuous.

3. Thelight must be well focused on the screen as a circle with out any diffusion.

4. Don't seethelaser light directly. It is hazardous and retina may damage. Care should

Be taken.

Result: -

The numerical aperture of the fiber cableis:
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Experiment no.7

B-H curve

Aim: @) To trace the B-H loop of atransformer core using CRO
b) To evaluate the hysterisis loss in the specimen

Apparatus. CRO, capacitors, resistor, multimeter, core transformers

I ntroduction:

Ferromagnetic materials contain large numbers of small regions called domain .in each
domain all the atomic magnets are locked in rigid paralelism. Thus each domain has a net
magnetization in a particular direction. When the specimen exposed to external magnetic field H.
the domains with magnetization component along the direction of the field grow at a phase of
those, which are not favourably oriented. Thus the magnetization increases with field as shown in
figure. When all the domains are aligned in the field direction, the specimen gets saturation.

When the external field is removed the domain boundaries do not move completely back
to thelir original positions and as such lead to remnant magnetization. When the specimen is
exposed to an alternating magnetic field, the phase difference between B and H causes the
hysterisis|oop. The tendency of adomain to move around gives rise to mechanical stressin the
specimen. These in turn produce heating. Thisloss due to heat energy is called the hysterisis|oss.
The area enclosed by the hysterisis loop gives the energy lost due to cyclic magnetization.

Circuit Diagram:

i R>

V
L MM 4%
220V < 1 J_
A.C T ngg ggNz — ) ICRO
AV\V\ N N - = )
-I=— Ry V(X); specimen -

Graph: A

o
T
\4
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Experimental procedure:

1. Arrangethecircuit as shown in the figure. The input to the primary of the coreis supplied by
the step down transformer (T). The voltage across R; is given to the horizontal input of CRO
while the voltage across C, feeds the vertical input of the CRO

2. The horizontal and the vertical gain controls of the CRO and adjusted to get aloop of
convenient size.

3. Tracethe B-H loop on a graph paper.

4. Determine the vertical sensitivity Vy and horizontal sensitivity V with out disturbing the gain
controls. The sensitivity is expressed in volts per cm.

Energy Loss:
— R,C, N,
The energy loss of the coreisgivenby | ——= |V | —- |V,
NLA R,L
_[RC, ) N, . 2 :
=| ——=|| = [\,V, xAreaof theloop incm” Joule/second /unit volume
NLA JI RL

Where L = length of coil in centimeters and A is the area of the cail.

Precautions:
I. The specimen should be at the centre of the magnetizing coil very close to the probe.
2. If the area of the loop is expressed in cm? , the sensitivities should be expressesin
Volts/centimeter in either case the length of the coil should be in meters.

Result:
Energy lossfor Iron core =
Energy lossfor Ferrite core =
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Experiment No. 8
QUINCKESMETHOD

Aim: To determine the magnetic susceptibility of a paramagnetic salt in a solution and study
the variation with concentration.

Apparatus: Quinckes tube, electro magnet, power supply, gauss meter, balance, measuring jar,
beakers, cathetometer.

Principle: when a paramagnetic salt like Ferric chloride is dissolved in water, the solution
becomes paramagnetic (water is diamagnetic). When the solution is placed in a narrow glass
tube and exposed to magnetic field in such away that part of the sameis out side the
magnetic field, the level of the solution rises in the narrow limb, due to the force due to
susceptibility. In the case of a diamagnetic liquid like water, the level is dispersed.

By measuring the rise of the liquid level the magnetic susceptibility is found out.

Description:

(A). The Quinckes tube is a glass tube with two limbs. The diameter of onelimb is
about 1.5 cm while that of second is 3mm. The wider tube can be fixed to a wooden stand in
such away that the tubes are vertical.

(B). The cathetometer is an instrument, which can be used to measure accurately
vertical (or) horizontal distance, While the object is at an adjustable distance of 1 meter or
more. It consists of a sturdy base to which a vertical shaft graduated in cm and mm is fixed.
A telescope is fixed to this shaft. Provision is made to fix the telescope at a position and
move it finely. The position of the telescope can be observed on the scale with vernier
accurate to 0.001 cm. The entire arrangement can be placed horizontally so that horizontal
distances can be measured.

Procedure:

The paramagnetic salt isweighed so that it is about 10 gm. It isdissolved in 20 ml of
distilled water. The same is transferred to the Quinckes tube so that the level in both limbsis
about three fourths. It is fixed to the wooden stand and placed in the magnetic field in such a
way that the narrow limb is at the center of the pole pieces while the wider tube is out side the
magnetic field.

The level is observed in the cathetometer and adjusted to coincide
with the cross wire with the help of fine motion. The level is noted. Now the magnetic field is
switched on. Thisresultsin arisein the level (for diamagnetic substance it is a depression).
Theliquid level is noted and the rise is found out.

Using a gauss meter the magnetic field is measured. The
density of the solution is found out using a specific bottle. The experiment is repeated with
different concentrations by diluting the solution progressively. The magnetic susceptibility
(x) is found out using the formula.
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1 = 2pgh/H?

Where H = magnetic field

h=riseinthelevel.

p= density of the solution.
Variation of ¢ with concentration of paramagnetic salt is studied as given below. If m denote
the mass of salt in solution per c.c, agraph is drawn taking m on the X-axisand ¢ on Y-axis.
A graph is obtained which makes an intercept on the — ve X-axis . The intercept gives the
value of magnetic susceptibility of the solvent.

A

v

m
Observations:
Magnetic field applied (H) = ................
Mass of salt Risein level of Density of the solution | Susceptibility
per c.c(m) liquid (h) () (x)

Precautions:

1. The Quinckestubeisfixed in the magnetic field so that it is vertical.

2. The tube should be handled care fully to avoid breakage.

3. The hall probe should be placed so that the crystal is perpendicular to the magnetic field.

Result:
The paramagnetic susceptibility of given paramagnetic saltis ............
The variation of susceptibility with different concentration is studied.
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Experiment no.9
Energy Band Gap

Aim: To determine the energy band gap of certain materials like silicon, germanium,
LED (light emitting diode) by studying the temperature variation of the reverse bias.

Apparatus: Digital panel meter, 9V battery, Jack pins, test tube, thermometer,
Dimmerstat, connecting wires, LED, silicon, Ge diode, soldering rod.

Theory: The current voltage characteristic of aP-N junction is given by
eq’
=1 =1 |- 11
® [ nkT } LD

Where |- forward junction current
| s-reverse saturation current
V-junction voltage
g- electric voltage
k- Boltzman constant
T-temperaturein Kelvin
n- constant

The reverse saturation current is given by
3 'Eg

I, =BT exp( nkT) (1.2)

Where B is constant and Ey is the energy band gap
Combining equations 1.1 & 1.2

y=Es 1T BT

qa q |
In the operating range of the diode, the temperature dependence is mainly determined by

.................................... (1.3)

the termnk—T . Henceaplot of V versus T gives astraight line. The straight line
q

extrapolate to OK gives the energy band gap in electron volts.

Procedure:
These are two jacks Jg and Jp on the front pandl. Jg is connected to 9V battery
using aplug. The diode under investigation is to be connected to the Jp.

1. Switch the main supply. We will observe some numbers on the digital panel
meter.

2. Connect a9V battery to jack Js.

3. Connect the diode under investigation to jack Jp in reverse bias phase

4. Adjust the current through the diode for a convenient values 80 pA by varying
the potentiometer P.

5. Place the diode in an ail bath. It is convenient to take oil heated to 110°Cin a
closed vessel and to place the diode in the ail.
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6. Take the voltage across the diode as ajunction of temperature. At each
temperature adjust the diode the diode current to the chosen values by adjusting the
potentiometer.

7.Tabulate the readings as shown in table below.

8. Repeat the experiment with silicon diode and the light emitting diode or LED

9. Theresults are recorded.

Temperature(°C) | Temperature(°K) Junction Voltage
LED Silicon Germanium

Graph:
Draw a graph between the junction voltage and absolute temperature.
Extrapolate the graph to OK. The Y -intercept gives the energy band gap of diode ineV.

4.

Junction
voltage(v)

\ A

Temp ( °K)

Precautions:
1.Don’'t interchange battery and diode chord.
2.Check the voltage of battery. It should be 9V on load
3. Avoid the use of water for temperature variation as any amount of conditions
may load to short circuiting of the diode.
4. If any problem occur, check the polarity of the diode the positive end of the
diode must go to the negative end of the battery.
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Result:
Standard values of energy band gap are
Germanium =0.55ev
Silicon=1.12 ev
LED =214 ev
Observed values of energy band gap are
Germanium =
Silicon =
LED =
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Experiment No.10

X-RAY DIFFRACTION
Aim: To analyse the powder x ray diffraction of ametal and determine the lattice constant.

Apparatus: x ray diffraction photograph, comparative, plate holder.

Principle: When abeam of monochromatic X-ray isincident on a sample contain randomly
oriented crystallites, the rays are diffracted satisfying Braggs condition, the scattered beam
forming a cone with the incident beam as axis and semi vertical angle 20y corresponding to a
plane hkl. A powdered sample satisfies the Bragg condition. The diffracted lines are curved unless
the angle 20 is very near to 90° in which case the lines are straight. If Sis the distance between the
lines formed by the same cone of radiation and R is the radius of the camera, the Bragg angle is
related by 6 =S/4R radius and ¢ =S/4R radius where ¢ =90-6. The distance between the centres of
the two holes on the film (corresponding to incident and emergent beam) correspondsto angle 6 .
Thisisused to find R and hence angles 6.

Procedure: the developed x ray film is placed on the plate holder. The plate holder is abox on
which aglass plateis fixed and over which the film is placed. The film isilluminated from the
back using alight. The x ray comparator used in the present case is a catheto meter placed
horizontally. Thisis properly leveled so that the centres of cross wires of the holes coincide with
the centre of cross wires during the traverse across the film.

The positions of thelinesLy L, Lyand L L'5. L% are noted.
Form these the center Cr through which the beam leaves is determined using the relationship.

Ce=L,+Ly/2 I=1ton
In the same way using the lines in the back reflection region the Centre Cg through which the
beam enters the camera is determined.
Rett = (Ca-Cp)/m.
The‘d" spacing of the reflecting planes (hkl) is determined from Braggs law. Using wavel ength of
CU Ko (1.544A9) the planes (hkl) are determined using (h?+k?+?) d%yq - &
The sum (h*+k®+1%) must be equal to an integer since hkl are integers. To assign suitable indices to
lives measured d? is multiplied successively by permissible integers 1,2,3.... The products which
agree within limits of error give the indices hkl of the respective plane. Using the above relation a,
the lattice constant is calculated. An average of all valuesistaken.
It may be noted that certain class of planes (hkl) may be extinguished due to

trandational symmetry.
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The no. of atoms per unit cell is calculated using
N= Npa’/A
Where N is Avagadro no.
aislattice parameter.
p isdensity.
A isatomic weight
Feu =8.96 g/cc a= 63.54
Fa =270 g/CC anL =27
Observations:
S.No. | Positionof | Arc correction | Corrected
line length | (p/100)S= | Arc 0=S/4|SnO| , A dA(h®+k*+))=a?
Left | Right | S= a length ~ 2Sing
X1 X2 X2-X1 S=S+a

Precautions. The comparator reading should be taken only in one direction.

Result: sample analysed

Lattice constant a=
No.of atoms/unit cell n=
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Experiment no.11
ELECTRON SPIN RESONANCE SPECTROMETER

Aim: To determine the g-factor of DPPH using ESR spectrometer.
Apparatus. ESR spectrometer, CRO, RF oscillators.
Theory: The g-factor is given by
hv,
HoHy
here h = Planck’s constant = 6.625x10°" erg-sec

110 = Bohr’s magnetron = 0.927x10% erg/gauss

Lo = resonance frequency in Hz

Ho= Magnetic field in gauss at resonance on the sample.

Where Hp = 165.25x Q
P
QI iscdculated from the graph

g:

Description:
(1) Basic circuit:

Thefirst stage of ESR circuit consists of critically adjusted radio frequency
oscillator having a frequency range of approximately 10-17 M Hz. A margina oscillator is required
here so that the dlightest increase. In its |oad decrease the amplitude of the oscillation to an
applicable extent. The sampleis kept inside the tank coil of this oscillator which intermisplaced in
the 50 Hg magnetic field generated by the Helmholtz coils .At resistance is when the frequency of
the oscillation equal to the Larmor’ s frequency of the sample. The oscillator amplitude registers a
dip due to the absorption of the power by the sample this obviously occurs periodically four timesin
each sample complete cycle of the Helmholtz coail, supply voltage. The result is an amplitude-
modulated carrier, which is then detected using a diode detector and amplitude by a chain of three
low noise. High gain audio amplitude by excellent stability. A sensitivity central is provided in the
amplifier to sent the input requirement of any oscilloscope.

(2) Phase shifter:

In order to make it possible to use an ordinary displaying type oscilloscope instead of a
measuring oscilloscope which preserve the phase between x and y plates signals a phase shifter is
provided this can compensate the underived phase difference which isintroduced in the amplification
stage of the ordinary oscilloscope.

The circuit diagram of the phase shifter is shown in the fig. The 1° of transformer is feed from
the 230V, 50 Hz and the 2° is center tapped developing. The operation of the circuit may be explained
with the help of vector diagram shown in fig. The vector OA and BO represent the voltage devel oped
in the 2° phase a magnitude the current flowing in the circuit ADB leads the voltage vector BA due to
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the presence of capacitor C and C1 shown in the diagram as | voltage developed across resistor R i.g,
V. isin phase with the current. |, and the voltage across capacitor V. is 90° out of phase with the
current. The vector sum of V¢ and V, isequa to 2V;.These are also plotted in diagram it is cleare
from the diagram that R isvaried V, will change the point P will trace Q semi circle shown dotted.
The vector OD or the voltage points O and D will therefore have a constant magnitude equal to V;

and phase variable from 0 to 180 . Thisvoltageis feed to the X- amplifier of the oscilloscope to
correct for any phase change that might have taken place in the rest of the circuit.

(3) 50 Hz Sweep unit:-

For modulation, with low frequency magnetic field , a50 Hz current flows
through the Helmholtz coils. As the resonance in this frequency range occurs at low magnetic fields,
no static DC magnetic field is required.

(4) Power Supplier:
(a) DC power supply:-
The ESR circuit requires a highly stabilized amost ripple frequency voltage. It is

obtained as an integrated circuit regulator, the specifications of the D.C power supply are:

1) DC voltage 20V

2) Load regulation 0.03%

3) Lineregulation 0.01%

4) Ripple <3mV

5) Long term stability 0.1% per 1000 units

6) Helmholtz coil power supply:- The Helmholtz coil power supply consists of a step down
transformer (220 to 35V AC) separate winding on the main transformer, a potentiometer (12-15)
and a moving coil rectifier type meter. The output is taken from the two terminals provided on a
panel.

(5) Helmholtz coils.- There are two coils exactly like a parallel to each other, so connected that
current passes through them in same direction. The coils increases the filling factor to the maximum
DPPH i.e, afreeradical & widely used as a standard for ESR measurements.

(6) RF Oscillator:- It is atransistorized radio frequency oscillator suitable for the determination of
resonance frequency. The power to it is provided from the ESR spectrometer through a cable.

(7) Oscilloscope: - The oscilloscope is not supplied with the spectrometer it is pre assumed that the
worker is already familiar with the central knobs and functioning of the oscilloscope in question.
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Procedure:

1. Increase the horizontal sensitivity of the oscilloscope to the maximum with in the linear
range.

2. Obtain the possible resource peaks by varying the frequency detection level and vertical
sensitivity of the Oscilloscope.

3. Keep the frequency fixed but vary the current flowing through the coil and measure the
corresponding horizontal separations between the peaks after adjusting the phase take 5-6 sets of
observations.

4. Draw agraph 1/1 Vs Q should be straight calculated the g-factor using the QI values from

graph.

5. Repeat the experiment with different frequencies.

Observations:
S.No | Current Distance between the | 1/1 Amp™ Q mm
peaks (2q)
Graph:
A
«—20Q0—>
T
Q(mm)
< P >

v

UI(AmpY)—
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Precautions:

1. Experiment should be set up at quite place free from electrical and mechanical disturbances.

2.Since the Helmholtz current is unstabilized should be taken that it should remain constant
during the observations.

3.'Y out put from the ESR spectrometer should be taken through shielded cable to minimize
external peaks.

Result: Standard value of g =2.0023
Cdlculated value of g =2.53
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Experiment No.12

Dielectric constant of Liquids/ solids at microwave frequency

I ntroduction:
Basic set-up:

Basic set up of the microwave test bench is shown in figurel. The klystron power supply is
connected to a klystron mounted on klystron mount.
This constitutes the microwave source and generates oscillations at about 9,000 Mc/s. It isfollowed
by padding attenuator, frequency meter, variable attenuator ,directiona coupler, slotted section and
unloaded load which could be ahorn or any other impedance to be measured.

Klystron Tunable crystal mount O
Power supply < To VSWR Meter
Klystron | Fixed Frequency | Variable Directional Coupler Slotted line Unknown
tubewith attenuator meter attenuator Load
mount Or
circulator

Obtaining oscillation:

1. Check the klystron power supply. Before connecting the klystron leads to the power supply,
switch on the power supply keeping the switch on the front panel in ‘beam off’ position. Wait for
few minutes and then change the switch to ‘beam on’ position. The meter on the power supply
should read 300 volts, which can be adjusted by beam voltage control. Bring back the switch to
beam off position. Switch Off the power supply. Now connect the klystron leads to the socket
‘output’ of klystron power supply. Switch on the fan to cool the klystron.

2. Switch on the power supply and wait for few minutes. Turn the modul ation switch to ‘CW

position.

Set the variable attenuator to maximum attenuation.

Connect VSWR Meter to the output of crystal mount. Keep the control knobs of VSWR as

follows:

Eal

Range db -50db
Input Switch -Crystal Low impedance
Meter Switch -Normal Position

Gain Coarse & Fine Coarse -Mid Position
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5. Switch on the beam voltage and check the beam current.

Therated vaues are:
Beam Voltage : 300 V
Beam current : 20-25 mA

6. Seeif thereisany deflection inthe VSWR. If there is no deflection decrease the attenuation of
variable attenuator to get some deflection . Adjust reflector voltage to get maximum deflection.

7. Adjust the movable short of the crystal mount and a so the probe penetration of the klystron
mount to get maximum deflection.

8. Adjust the movable short of the crystal mount to get the maximum deflection. Every time variable
attenuator must be adjusted so that the deflection of the spot does not exceed full scale.

9. Adjust the micrometer of the frequency meter to get the dip in deflection. Read the micrometer
and corresponding frequency of oscillation from the chart provided with frequency meter.

10. Disconnect the meter from crystal mount and connect it to the output of the tunable probe
mounted on the slotted section. The probe depth should be about 1/16™ inside the slotted section.
This should be checked before mounting the slotted section in the bench.

11. Decrease the attenuation of the variable attenuator and tune the probe to get deflection. The
connecting lead may have to be reversed to get deflection in the right direction Variable attenuator
can be adjusted to get full scale deflection.

12. Shift the position of the probe in the slotted section and see if maxima and minima are being
obtained and adjacent maxima or minimaare of equal amplitude. The slotted line can be |eft open
circulated at the time of observing the maxima and minima.

The test bench is now ready for experiments.

Aim: To demonstrate the method of measuring the die ectric constant of a sample of low loss
didectric (liquids/solids) at microwave frequencies

Apparatus:

Apparatus used

1. Basic set up with short circuit attached to the standing wave detector.

2. Liquid dielectric.

3. A piece of solid dielectric 0.9"x0.4” thick and one quarter wavelength thick.

Procedure:

For Solids:

One of the simplest methods for the measurement of dielectric constant of a solid materia involves
the measurement of The shift of the minimum of the standing wave produced by a short circuit
(closing) the wave guide aperture. In other words, the position of the standing wave minimum is
measured with or without the dielectric. If an approximate vaue of the dielectric constant is known
then only one measurement is necessary. If not then measurements with several different thickness of
dielectric
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1. Set up the apparatus as shown in fig 1. The short circuits without the solid dielectric should be

attached to the slotted section.

2. Obtain oscillations at some frequency.

3. Measure the exact guide/wavelength using the cavity frequency meter.

4.0Obtain a piece of dielectric medium. Measure the thickness of this dielectric in cms. As

accurately as possible using a micrometer.

5. Measure the exact possible of the first and second minimum from the right hand end of the
slotted section by connection the short circuit plate without the dielectric sample or if the sample
isfirmly fixed to one face of the short circuit, its other face should be attached to slotted section.
6. Now remove the short circuit plate and attach the other face which contains the dielectric
sample so astofit closdly in to the wave guide aperture.

7. The minimum will now have moved towards the short circuit. Measure the position of the first
minimum from the standing wave detector.

8. Calculate ‘L’ (actual movement of a particular minimum towards right)

or A (the shift of the first minimum with dielectric from the first minimum without dielectric)
which isto theright of the later.

9. Having found ‘'L’ calculate the value of factor * X’ given by

A
X:_gtanimn\]
d A

g

wherey =Guide wave length
d = thickness of dielectric samplein cms.
L = Shift as measured.

10. Now aquantity V (which happens to be the number of wavelength of microwave radiation in a
distance‘d’ of dielectric) is defined by an equation:-
X= tan(2zV)
\%

The value of V to be found from the above expression since ‘X’ isknown. This can be read of
directly from the plotted graphs of
tan(2zV) _x
Vv
or calculated otherwise.
11. Calculate the value of dielectric constant from:

s ) (%)

Note: - The above procedure for calculation is only applicable for non-lossing materials.
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For Liquids:
1. Assemblein the equipment asin fig2.
2. Energize the microwave power source and obtain suitable power level in the indicating meter.
3. Carefully move the shorting plunger till it touches the 90° bend.
4. Read and record the positions of standing wave voltage minima and determine Aqgand VSWR
5. Measure frequency of the exciting wave using frequency meter . If frequency meter is not
available, compute it from

1y (1) (1)
ENREn ey

A
¢ Short
Source SI rcuiting
Power R . unaoer
Sinnlv Indicati ng
Meter
ven
Microwave for liquid to E .
power pass /
Source Frequency Tuned
Meter detector
Micajoi ntJ
90° Wave
guide bend *:
Variable ;
attenuator — 7 Stotted section Didectric

Coupler cdl

6.With probe positioned at the maximum of the standing wave pattern, fill the cell with the dielectric

under test, taking out the shorting plunger. Install the plunger in the cell and move it through the

dielectric till it touches the 90° bend.

7. Slowly move the plunger up through the die ectric and record the position of the minimum.

8. Move the plunger down till meter reads double of that in step7, record the plunger position, say X;.

9. Move the plunger up till the meter again reads double the value at the minimum in step 7 and
record the plunger position, say Xo.

10. Find double the minimum width (X2-X1)= AX;.

11. Move the plunger up when it is positioned on the second minimum. Measure and record the
position of the minimum and double the minimum width.

12. Determine wavelength of the radiation in the dielectric, the distance between successive minima

in the dielectric being Aq/2.
13. Determine VSWR (SF%) for each minimum setting and compute p, = %
s

n
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14.Compute value of aglg using as shown below.
(a) Low-lossliquids
1. Determine A:=2a, Ag,\q and Ao

2. Compute 5'—[%] +[ﬁ]

)\d
>\d H 1 8pn 2>\g apmean
3. Draw agraph between p, = versusn and find its slope ||, to get o, = —& |
TAX, on Ay U On
A
: /
n >
4. compute
E” — 2[&] ﬁ[apmcan] , tané‘:E_”
7N AL On e
Observations:
For solids
(8) Waveguidedimensionsa= ............ cm, b=............. cm
(b) Cut off wavelength Ac=2a=......... cm
(c) Frequency of operation f=........... GHz
(d) Free spacewavelength Ap=............. cm
S.No | Cell without Cell with dielectric Position of minimum Doublethe | VSWR
dielectric minimum
width
Positionof | 3, | Position | Wavelength | Where power is doubled
VSWR of of the
minima VSWR | radiation (Lg) | Below the | Abovethe
minima | inthe minimum | minimum
dielectric
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For liquids:

(e) Waveguidedimensionsa=............ cm, b=............. cm

(f) Cut off wavelength Ac=2a=......... cm

(g) Frequency of operation f=........... GHz

(h) Free spacewavelength Ap= ............. cm
S.No | Cell without Cell with dielectric Position of Double VSWR

dielectric minimum the

Positionof |3, | Position | Wavelength | Where power is minimum

VSWR of of the doubled width

minima VSWR | radiation (Ag) | Below | Above

minima | inthe the the
dielectric minimu | minimu
m m

Precautions:

I. Check the power of the microwave bench before the experiment is being done.
2. The klystron should be cooled with afan.
3. Both the plunger and slotting section should be moved only in one direction.

Result:

The diglectric constant of solid is

Standard value:
Observed value:

The dielectric constant of Liquidis

Standard value:
Observed value:




