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VISION

To evolve into a center of excellence in
Engineering Technology through creative and
innovative practices in teaching-learning,

promoting academic achievement & research
excellence to produce internationally accepted
competitive and world class professionals.

MISSION

To provide high quality academic programmes,
training activities, research facilities and
opportunities supported by continuous
industry institute interaction aimed at
employability, entrepreneurship, Ileadership
and research aptitude among students.

QUALITY POLICY

“<*Impart up-to-date knowledge to the
students in Electronics & Communication
area to make them quality engineers.

<*Make the students experience the
applications on quality equipment and tools.

** Provide systems, resources and training
opportunities to achieve continuous
improvement.

<*Maintain global standards in education,
training and services.




IC Applications and HDL Simulation Lab Manual ECE, MRCET

PROGRAMME EDUCATIONAL
OBJECTIVES

PEO1: PROFESSIONALISM & CITIZENSHIP

To create and sustain a community of learning in which students acquire
knowledge and learn to apply it professionally with due consideration
for ethical, ecological and economic issues.

PEO2: TECHNICAL ACCOMPLISHMENTS

To provide knowledge based services to satisfy the needs of society and
the industry by providing hands on experience in various technologies in
core field.

PEO3: INVENTION, INNOVATION AND CREATIVITY

To make the students to design, experiment, analyze, interpret in the
core field with the help of other multi disciplinary concepts wherever
applicable.

PEO4: PROFESSIONAL DEVELOPMENT

To educate the students to disseminate research findings with good soft
skills and become a successful entrepreneur.

PEOS5: HUMAN RESOURCE DEVELOPMENT

To graduate the students in building national capabilities in technology,
education and research.
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CODE OF CONDUCT FOR THE LABORATORIES

» All students must observe the Dress Code while in the laboratory.
> Sandals or open-toed shoes are NOT allowed.
» Foods, drinks and smoking are NOT allowed.
» All bags must be left at the indicated place.
> The lab timetable must be strictly followed.
> Be PUNCTUAL for your laboratory session.
» Program must be executed within the given time.
> Noise must be kept to a minimum.
> Workspace must be kept clean and tidy at all time.
» Handle the systems and interfacing Kkits with care.
> All students are liable for any damage to the accessories due to their own negligence.
> All interfacing Kits connecting cables must be RETURNED if you taken from the lab supervisor.
> Students are strictly PROHIBITED from taking out any items from the laboratory.
> Students are NOT allowed to work alone in the laboratory without the Lab Supervisor
» USB Ports have been disabled if you want to use USB drive consult lab supervisor.

> Report immediately to the Lab Supervisor if any malfunction of the accessories, is there.

Before leaving the lab

> Place the chairs properly.
> Turn off the system properly
> Turn off the monitor.

> Please check the laboratory notice board regularly for updates.
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INTRODUCTION

STUDY OF IC741, 1C555 & 1C565

AIM: To study pin details, specifications, applications and features of IC741 (Op-Amp) IC555 (Timer)
& I1C565.

COMPONENTS: IC741, IC555 & IC565

1C741: (OPERATIONAL AMPLIFIER)
Symbol:

! !
-nput ? ? +15V
+aput z E output
-15\’2 V, m :

Piaout for the 741 op s,
SPECIFICATIONS:

Supply Voltage +18V
Internal Power Dissipation 310mw
Differential input voltage + 30V
Input Voltage + 15V
Operating temperature range 0°Cto 70°C

APPLICATIONS:

Non-inverting amplifier

Inverting amplifier

Integrator, Differentiator

Low Pass, High Pass, Band pass and Band Reject Filters
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FEATURES:

No External frequency compensation is required

Short circuit Protection

Off Set Null Capability

Large Common mode and differential VVoltage ranges

Low Power Dissipation

No-Latch up Problem

741 is available in three packages: 8-pin metal can, 10-pin flat pack and 8 or 14-pin DIP

1C555: (TIMER)

PIN CONFIGURATION:

. S
1. Ground Ground 1 8 Ycc
2. Trigger
3 g:;i:t Trigger 2 7 Discharge
5. (v:olnttrol 5 5 5
oltage
6. Threshold Output 3 6 Threshold
7. Discharge
8. ¥eo (+) Reset + 5 sglntt;gé
fig. 1. 8-pin T package fig. 2. 8-pin V package
FUNCTIONAL BLOCK DIAGRAM:
Vee
18
T2
4
5K O
Reset
Upper
» ol o Comp.
Control 5731
Thresholde ¥ecc |,
R Q
§5K S Ct:mtrol:_0
& Comp. F/F Q
Trigger 731 S
Input o 2 vee |
U - T1
Discharge 7 PoOwET Outpgt
§ SK 1 amp 3
.
1
1 Ground
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SPECIFICATIONS

Supply Voltage 5V to 18V
Maximum Current rating 200mA
Minimum Triggering Voltage - (1/3) VCC
Operating temperature range 0°C to 70°C

APPLICATIONS:
1. Astable Multivibrator, Schmitt trigger, Free running ramp Generator, etc.,
2. Monostable Multivibrator, Frequency divider, Pulse structure

FEATURES:
555 timers are reliable, easy to use and low cost. The device is available as an 8 pin circular style, an 8—
pin mini DIP or a 14 Pin DIP

1C565: PHASE LOCKED LOOP (PLL)

PIN CONFIGURATION

—
-V |1 14| NC
ey
=
weur- 2 13 Ne
weur (31 12] N
1 Nese
veo Ej ‘
OUTPUT 55 1w
PHASE COMPARATOR [ 5 E’V
VEO INTRPUT
REFERENCE [ ] EXTERNAL CAPACITOR
OUTRUT FOR VCO
DEMOOULATED [ 7] EXTERNAL RESISTOR
OUTRUT FOR VGO

14-Pin DIP Package
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FUNCTIONAL BLOCK DIAGRAM

PO LI P,
£ FEIER:
IO | e S, T |
i R
4 2mea >
L T AT e R e
L e I . AN ("
T ] DETECTOR AMRLFER ; ”cu'luu N
; 1 LT
¥ {
AT COMPARATOR 5L _J :
R 0 T J ,
WD LT -ti'{- e §
;s 28
| |

1T

NE/SE 583 PLL Block Diagram

MONOLITHIC PLL CHARACTERISTICS

+ Operating frequency range: 0.001 Hz to 500 kHz.

+ Operating voltage range: £ 6 to £ 12 V.

+ Input impedance: 10 k Q typically.

+ Output sink current: ImA typically.

+ Output source current: 10 m A typically.

+ Drift in VCO centre frequency with temperature: 300 ppm/ °C typically.

+ Drift in VCO centre frequency with supply voltage: 1.5 %/V maximum.

+ Input level required for tracking: 10 mVrms minimum to 3 V peak -to-peak maximum.
+ Bandwidth adjustment range: < = 1 to > + 60 %.

APPLICATIONS:
1. Modems
2. FSK Demodulation
3. FM Demodulation
4. Frequency Synthasizers etc.
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QUESTIONS:

1. What is the symbol of op-amp?

2. Draw the pin diagram of op-amp.

3. What is the supply voltage range that an op-amp can with stand?

4. What is the input voltage range that an op-amp can with stand?

5. What are the available package types of IC741?

6. What is a virtual ground? What are the differences between the physical ground and the
virtual ground?

7. What is the current flowing through the input terminals of an Ideal op-amp?

8. Which loop voltage gain is larger, closed or open?

9. What is the normal value of saturation voltage of an op-amp?

10. Mention a few applications of op-amp.

11. Mention some features of op-amp.

12. What is the main purpose of 1C555 timer?

13. Draw the pin diagram of op-amp.

14. Draw the functional diagram of 1C555 timer.

15. How many comparators are present in IC555 timer?

16. What are the trigger voltages of UC and LC?

17. What is the functionality of power amplifier in the output stage of 1C555 timer?

18. Which is the Flip-Flop used in IC555 timer?

19. What is the use of RESET pin in IC555 timer?

20. What are the available package types of IC555 timer?

21. Mention a few applications of IC555 timer.

22. What is the dc level required for the negative going trigger pulse at pin 2 of IC555 timer?

23. What is 1C565?

24. Draw the pin diagram of 1C565
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EXPERIMENT NO: 1 DATE:

OP-AMP APPLICATIONS - ADDER, SUBTRACTOR & COMPARATOR

AIM: To study Adder, Subtractor & Comparator circuits using OP-AMP IC741 and verify their
theoretical and practical output.

APPARATUS: Bread Board
IC741, Resistors
DC Supply
Function Generator
Multi meter
CRO
Probes, Connecting Wires

THEORY:

ADDER: Op-amp can be used to design a circuit whose output is the sum of several input signals. Such
a circuit is called a summing amplifier or an adder. Summing amplifier can be classified as inverting &
non-inverting summer depending on the input applied to inverting & non-inverting terminals
respectively. Circuit Diagram shows a non-inverting adder with n inputs. Here the output will be the
linear summation of input voltages. The circuit can be used either as summing amplifier, scaling
amplifier, or as averaging amplifier.

From the circuit of adder, it can be noted that at pin3

[1+12+13+............. In=0
Vva—-V1 Va—-Vv2 Va—-V3 Va—Vn
+ + F = ol
R R R R
"V“_(V1+V2+V3+...+Vn)20
R

V1i+V24+V3+---4+Vn
Va=

n

R
Vo :(1+—f)Va
R1

R
Vo =(1+—f)("1 +V2+V3+...Vn)
R1 n

— (1+(n=1)R1 \ (V1
Vo= (1 s ) ( AV 2+V3+ vn)
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= (1+ (n-1)) (“ +V2+V3="+Vn)
n
=n (" +V24v3+..4Vn)
n
Vo= V1+V2+V3+...4+Vn

This means that the output voltage is equal to the sum of all the input voltages.

SUBTRACTOR: A subtractor is a circuit that gives the difference of the two inputs, Vo =V2-V1,
Where V1 and V2 are the inputs. By connecting one input voltage V1 to inverting terminal and another
input voltage V2 to the non — inverting terminal, we get the resulting circuit as the Subtractor. This is
also called as differential or difference amplifier using op-amps.
Output of a differential amplifier (subtractor) is given as

Vo = (-Rf/R1) (V1-V2)
If all external resistors are equal in value, then the gain of the amplifier is equal to -1. The output
voltage of the differential amplifier with a gain of -1 is

Vo = (V2-V1)

Thus the output voltage Vo is equal to the voltage V2 applied to the non — inverting terminal

minus the voltage V1 applied to the inverting terminal. Hence the circuit is called a Subtractor.

COMPARATOR: A Comparator is a non-linear signal processor. It is an open loop mode application
of Op-amp operated in saturation mode. Comparator compares a signal voltage at one input with a
reference voltage at the other input. Here the Op-amp is operated in open loop mode and hence the
output is +Vsat. It is basically classified as inverting and non-inverting comparator. In a non-inverting
comparator Vin is given to +ve terminal and Vref to —ve terminal. When Vin < Vref, the output is —Vsat and
when Vin > Vref, the output is +Vsat (see expected waveforms). In an inverting comparator input is given

to the inverting terminal and reference voltage is given to the non inverting terminal. The output of the
inverting comparator is the inverse of the output of non-inverting comparator. The comparator can be
used as a zero crossing detector, window detector, time marker generator and phase meter.

CIRCUITDIAGRAM:

ADDER:
AN~
(-1)R 4
+Vee
mprea | gk
- _Y ,\ -;‘"L\\- B Yo
'_i, Va. . . 5__'&7'“ T '
. ‘r 1, /4 _
I e AN A i -Vee L
vy R Tz R % 10kQ
‘ VWTET r-1KO
Vs R e '
: Ty el
v, R ol
—AAA
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SUBTRACTOR:
R w1 K Rf=1 K
Vl ¢ ANV "’/'\l\
- L Ve
R2=1 K L7
/41\ B N,
V2 A~ ~ /_'_/T 4
by Vea
10K oF
L 5
a RL
SR=1K *L
I W
-
COMPARATOR:
7
+Vee
R1 = 10K 3
L -
1C741 output
SVp-p
|+ -Vee
Vin Q ~
1KHz l
PROCEDURE:
ADDER:

1. Connect the components/equipment as shown in the circuit diagram.

2. Switch ON the power supply.

3. Apply dc voltages at each input terminal for V1 and V2 from the dc supply and check the output
voltage Vo at the output terminal.

4. Tabulate 3 different sets of readings by repeating the above step.

5. Compare practical Vo with the theoretical output voltage Vo =V1+V2,

SUBTRACTOR:

1. Connect the components/equipment as shown in the circuit diagram.

2. Switch ON the power supply.

3. Apply dc voltages at each input terminal for V1 and V2 from the dc supply and check the output
voltage Vo at the output terminal.

4. Tabulate 3 different sets of readings by repeating the above step.

5. Compare practical Vo with the theoretical output voltage Vo =V2-V1.
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COMPARATOR:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Apply 1 KHz sine wave with 5 Vpp at the non-inverting input terminal of IC741 using a function
generator.
4. Apply 1V dc voltage as reference voltage at the inverting terminal of IC741.
5. Connect the channel-1 of CRO at the input terminals and channel-2 of CRO at the output
terminals.
6. Observe the input sinusoidal signal at channel-1 and the corresponding output square wave at
channel-2 of CRO. Note down their amplitude and time period.
7. Overlap both the input and output waves and note down voltages at positions on sine wave
where the output changes its state. These voltages denote the Reference voltage.
8. Plot the output square wave corresponding to the sine input with Vref = 1V.
TABLE
ADDER:
S.No. | V1 V2 Theoretical Practical Vo
Volts | Volts | Vo=V1+V2 Volts
SUBTRACTOR:
S.No. | V1 V2 Theoretical Practical Vo
Volts [ Volts | Vo=V2-V1 Volts
COMPARATOR:
Theoretical Reference voltage (from
circuit)
Practical Reference voltage (from output
waveforms)
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EXPECTED WAVEFORMS:
COMPARATOR INPUT & OUTPUT WAVEFORMS

¥V,

Vi« O vin | =,
Vet e \] time
| ! :
,-Vp l -¥5 b ’
"‘sz“ T ¥ ks
| |
VO;.K 0¥ Vourt: Bv —— . L A——
} time
- ‘,mr ™ - E ~ Waar d
o o M o
o B
rsn < "r‘f l"m < rr(f
{a) Inipit and dofpist waveldims (b)Y Input-and ovtpul Waselorms
Far Positwe Wref ForNegative Vst
RESULT:
QUESTIONS:
1. Draw the circuit diagram of 3 input adder.
2. What is the other name for adder?
3. Draw the circuit diagram of a Subtractor.
4. Which amplifier acts as a Subtractor?
5. How many basic input parameters are required for a comparator?
6. Draw the circuit diagram of a non-inverting comparator and inverting comparator.
7. What is the output of a non-inverting comparator and inverting comparator if the input

is sinusoidal?
8. What are the differences between the Inverting and Non-Inverting comparator?
9. What is the name of the comparator if the reference voltage is 0V?

10. Draw the circuit diagram and the output waveform of a Zero Crossing Detector if the input

is sinusoidal?
11. What is the name of a regenerative comparator?
12. Draw an op- amp circuit whose output Vo is V1+ V2 — V3 -V4,

10
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EXPERIMENT NO: 2 DATE:

INTEGRATOR AND DIFFERENTIATOR USING IC741 OP-AMP

AIM: To study the operation of the Integrator & differentiator using op-amp and trace the output wave
forms for sine and square wave inputs.

APPARATUS: Bread Board
IC741, Resistors, Capacitors
Function Generator
CRO
Probes
Connecting wires

THEORY:
INTEGRATOR:

A circuit in which the output voltage is the integration of the input voltage is called an
integrator.

1
Vo= [ Vpdt —— (M
1°f
In the practical integrator to reduce the error voltage at the output, a resistor RF is connected

across the feedback capacitor CF. Thus, R F limits the low-frequency gain and hence minimizes the
variations in the output voltage.

»

Basic mtegrator response

30
Ideal responise of

practical integrator

{[g—f]cﬂs-sdﬁﬂ

Actual response of
practical mtegrator

§0

40

-

\atrvefrequency (Hz)

| |
f 10f  10°f 10°% 107F  10°f
fy fi

Fig 2.1 Frequency Response of Integrator

The frequency response of the integrator is shown in the fig. 2.1. fo is the frequency at which the
gain is 0 dB and is given by
fo = 1/2 nR1CH.

11
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In this fig. there is some relative operating frequency, and for frequencies from f to fa the gain
RF/R1 is constant. However, after fa the gain decreases at a rate of 20 dB/decade. In other words,
between fa and fb the circuit of fig. 2.1 acts as an integrator. The gain-limiting frequency fais given by

fa= 1/2 =R¢C+.

Normally fa<fb. From the above equation, we can calculate Rf by assuming fa & Cf. This is very
important frequency. It tells us where the useful integration range starts.

If fin< fa - circuit acts like a simple inverting amplifier and no integration
If fin=fa results, - integration takes place with only 50% accuracy results, -
If fin=10fa  integration takes place with 99% accuracy results.

In the circuit diagram of Integrator, the values are calculated by assuming fa as 50 Hz. Hence the input
frequency is to be taken as 500Hz to get 99% accuracy results.

Integrator has wide applications in

1. Analog computers used for solving differential equations in simulation arrangements.
2. A/D Converters

3. Signal wave shaping

4. Function Generators.

DIFFERENTIATOR:

As the name suggests, the circuit performs the mathematical operation of differentiation, i.e. the
output voltage is the o(lje\r}vatlve of the input voltage.

Vo=-RfC1 in
dt

Both the stability and the high-frequency noise problems can be corrected by the addition of two
components: R1 and Cf, as shown in the circuit diagram. This circuit is a practical differentiator.

The input signal will be differentiated properly if the time period T of the input signal is larger
than or equal to RfC1. That is, T>= RfC1

Differentiator can be designed by implementing the following steps.

1. Select fa equal to the highest frequency of the input signal to be
differentiated. Then, assuming a value of C1<1 uF, calculate the value of Rf
2. Calculate the values of R1and Cf so that R1C1=RfCf.

Differentiator has wide applications in
1. Monostable Multivibrator

2. Signal wave shaping

3. Function Generators.

12
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CIRCUIT DIAGRAM:
INTEGRATOR:

LR OSNICALIAE SNICLRLY W
AAA—
E (UG WIS B, ||
iy {1
T SN S AN
N . LG B R
B . T DR LTS
R T il TRt L B
e ol B e e B
PeBOBRE. 155 i sioih igai ahy s o gaiid

:Eé_j.l._.fﬁﬁﬁﬁﬁlﬁﬁiiﬁ i v

(et Crrebre Laetlelt saar]ys
; VInBWpp- L5 E o A
. §=500HZ ;;;;:;;;;;;;??9".“. .............

.................................................
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PROCEDURE:
INTEGRATOR:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Apply sine wave at the input terminals of the circuit using function Generator.
4. Connect channel-1 of CRO at the input terminals and channel-2 at the output terminals.
5. Observe the output of the circuit on the CRO which is a cosine wave (900 phase shifted

from the sine wave input) and note down the position, the amplitude and the time period
of Vin & Vo.

. Now apply the square wave as input signal.

Observe the output of the circuit on the CRO which is a triangular wave and note down
the position, the amplitude and the time period of Vin & Vo.

8. Plot the output voltages corresponding to sine and square wave inputs.

~N o

DIFEFERENTIATOR:

Connect the components/equipment as shown in the circuit diagram.

Switch ON the power supply.

Apply sine wave at the input terminals of the circuit using function Generator.

Connect channel-1 of CRO at the input terminals and channel-2 at the output terminals.
Observe the output of the circuit on the CRO which is a cosine wave (900 phase shifted

from the sine wave input) and note down the position, the amplitude and the time period
of Vin & Vo.

6. Now apply the square wave as input signal.

7. Observe the output of the circuit on the CRO which is a spike wave and note down the
position, the amplitude and the time period of Vin & Vo.

8. Plot the output voltages corresponding to sine and square wave inputs.

agbRrwdE

EXPECTED WAVEFORMS:

Integrator

Vin

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

14
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DIFFERENTIATOR:

A
Vin
0 > 1
A
Yo
oV t
P
Vin
0 > 1
A
VO /\
oV y \/ \/

RESULT:

QUESTIONS:

What is an Integrator?

Draw the circuit of the Integrator using op-amp IC741.

Write down the expression for Vo of an Integrator.

Draw the frequency response of the Integrator and explain.

Draw the output waveform of the Integrator when the input is a Square wave.
What is the purpose behind the connection of Rf in the feedback path of Integrator?
What are the applications of Integrator?

Why Rcomp is used in both Integrator and Differentiator circuits?

9. What is a Differentiator?

10. Draw the circuit of the Differentiator using op-amp IC741.

11. Write down the expression for Vo of a Differentiator.

12. Draw the output waveform of the Differentiator when the input is a Sine wave.
13. Why R1 and Cf are connected in the circuit of the Differentiator?

14. What are the applications of Differentiator?

NGO~ LONE

15
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EXPERIMENT NO: 3 DATE:

ACTIVE FILTER APPLICATIONS - LPF & HPF (1st ORDER)
A) 1st ORDER LOW PASS FILTER

AIM: To plot the frequency response of Butterworth LPF (First order) and find the high cut-off
frequency.

APPARATUS: Bread Board
Function Generator
CRO
Probes
Connecting Wires
741 Op-amp, Resistors, Capacitors

THEORY:
Filters are classified as follows:
Based on components used in the circuit
1 Active filters — Use active elements like transistor or op-amp(provides
gain) in addition to passive elements
1 Passive filters — Use only passive elements like resistors, capacitors
and inductors, hence no gain here.

Based on frequency range
1 Low pass filter(LPF) — Allows low frequencies
1 High pass filter(HPF) — Allows high frequencies
1 Band pass filter(BPF) — Allows band of frequencies

] Band reject filter(BRF) — Rejects band of frequencies
All pass filter — Allows all frequencies but with a phase shift

Active Filter is often a frequency — selective circuit that passes a specified band of
frequencies and blocks or attenuates signals of frequencies outside this band.

These Active Filters are most extensively used in the field of communications and signal
processing. They are employed in one form or another in almost all sophisticated electronic systems
such as Radio, Television, Telephone, Radar, Space Satellites, and Bio-Medical Equipment.

Active Filters employ transistors or Op — Amps in addition to that of resistors and capacitors.
Active filters have the following advantages over passive filters. (1) Flexible gain and frequency
adjustment. (2) No loading problem (because of high input impedance and low output impedance) and
(3) Active filters are more economical than passive filters.

A first — Order Low — Pass Butterworth filter uses RC network for filtering. Note that the op-
amp is used in the non-inverting configuration; hence it does not load down the RC network. Resistors
R1 and RF determine the gain of the filter.

The gain magnitude equation of the Low — Pass filter can be obtained by converting equation
into its equivalent polar form, as follows.

| Vo/ Vin| =AFNI+ (f/H) 2

16
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Where 1
T = high cut-off frequency of the filter.

The operation of the low — pass filter can be verified from the gain magnitude
equation. 1. At very low frequencies, that is f < fH

| Vo/Vin | = AF
2. Atf=1H, | Vo/Vin| = AFA2 =0.707 AF
3.Atf>fH | Vol/Vin| <AF

Thus the Low — Pass filter has a constant gain AF from 0 Hz to the almost high cut-off
frequency, fH, it has the gain 0.707AF at exactly fH, and after fH it decreases at a constant rate with an
increase in frequency. The gain decreases 20 dB (= 20 log 10) each time the frequency is increased by
10. Hence the rate at which the gain rolls off after fH is 20 dB/decade. The frequency f = fH is called the
cut-off frequency because the gain of the filter at this frequency is down by 3 dB (=20log 0.707) from 0
Hz. Other equivalent terms for cut-off frequency are -3dB frequency, break frequency, or corner
frequency.

DESIGN:
1. Choose a value for high cut-off frequency, fH(1 KHz) and a value for gain, AF (2)
2. Assume a value of C=1pF (0.1 pF)
3. Calculate the value of R using the equation R =

2nCfy
4. Finally, select values of R1 and RF dependent on the desired pass band gain AF
using AF = 1+ RF/R1
2 =1+RF/R1
RF=R1
5. Assume a value for R1 (10KQ) and calculate RF.

CIRCUIT DIAGRAM:

* Ve
R1 [ I
AN~ 4 v M
| 741 A Vo
AAS BRI = : Vee
AAA - Lra
! -'{ . ":m
427\ Vin ]
ﬂ._, ./ wt= C
=l 2
o 2N
<>

(You can assume any value for C which is available in the Lab)
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PROCEDURE:

N =

Switch ON the power supply.

Set Vin = 1V & fin=10Hz using function generator.

No gk~ w

Semi log Graph.

. Connect the components/equipment as shown in the circuit diagram.

Connect channel -1 of CRO to input terminals (Vin) and channel -2 to output terminals (Vo).

By varying the input frequency in regular intervals, note down the output voltage.
Calculate the gain (Vo/Vin) and Gain in dB = 20 log (Vo/Vin) at every frequency.
Plot the frequency response curve (taking frequency on X-axis & Gain in dB on Y-axis) using

8. Find out the high cut-off frequency, fH (at Gain= Constant Gain, Af— 3 dB) from the frequency

response plotted.

9. Verify the practical (fH from graph) and the calculated theoretical cut-off frequency (fH =

1/2aRC).
TABLE:
Vin= 1V
S.No. | Input Frequency Output Voltage Gain Magnitude |[Gain in dB =
f(Hz) Vo (V) | Vo/Vin | 20log| Vo/Vin |

CALCULATIONS:

THEORETICAL Cut-off frequency:
fH =1/ (2aRC) = high cut-off frequency of the Low pass filter.

PRACTICAL Cut-off frequency (from Graph) :
fH = high cut-off frequency of the Low pass filter
= 3dB cut-off frequency
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EXPECTED GRAPH:

Voltage gain{dB)

WL
Ag” - i
/
Ag-3dB ‘-K -20db/decade
\\\\
\\
;‘,—,Pﬁgf_n?f 7/ S R » Frequency in(Hz)
f= fl-l-' high cut-off frequency

RESULT:
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ACTIVE LOW PASS & HIGH PASS BUTTERWORTH FILTERS (1+ORDER).

B) 1t ORDER HIGH PASS FILTER

AIM: To plot the frequency response of Butterworth HPF (First order) and find the low cut-off
frequency.

APPARATUS: Bread Board
Function Generator
CRO
Probes
Connecting Wires
741 Op-amp, Resistors, Capacitors

THEORY:

First Order High Pass Filter consists of RC network for filtering. First Order High Pass filter can
be constructed from a First Order Low Pass filter simply by interchanging frequency determining
components R & C . Op-Amp is used in the non — inverting configuration. Resistor R1 and RF
determine the gain of the Filter.

The voltage gain magnitude equation of the second order High-pass filter is
Vo AF (fifL)

Vin[ 1+(f/fL)2]
where AF=1+RF/R1
f = Operating (input) frequency.

1

fL= - = Low cut-off frequency of the filter.
2nRC

This is the frequency at which the magnitude of the gain is 0.707 times its pass band value.
Obviously, all frequencies higher than fL are Pass Band frequencies, with the highest frequency
determined by the closed-loop bandwidth of the OP-Amp.

The operation of the high—pass filter can be verified from the gain magnitude
equation. 1. At very low frequencies, that is f < fL

| Vo/Vin | <AF
2. Atf=fL, |VolVin| = AFA2 =0.707 AF
3.Atf>fL, |Vo/Vin| =AF
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For example, in the first order High — Pass filter the gain rolls — off or increases at the rate of
20dB/decade in stop band, that is for input signal frequency lesser than Low cut-off frequency (fL) ;

High Pass filter has constant gain AF, after the Low cut-off frequency onwards (fL).
DESIGN: Follow the same procedure as given for low-pass filter.

CIRCUIT DIAGRAM:

A
_x?’\_
lfV« C
_/543/\,_ - = _ e Y
By v s | Vo
A | ?41‘ S
1 ;
C |e
R _I |_ & Vee R
= 10682
= K l
(1 ,t } Vin ‘\:R l
\.'I'_/ 1
<

&

PROCEDURE:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Connect channel -1 of CRO to input terminals (Vin) and channel -2 to output terminals (Vo).
4. Set Vin=1V & fin=10Hz using function generator.
5. By varying the input frequency in regular intervals, note down the output voltage.
6. Calculate the gain (Vo/Vin) and Gain in dB = 20 log(Vo/Vin) at every frequency.
7. Plot the frequency response curve (taking frequency on X-axis & Gain in dB on Y-axis) using

Semi log Graph.

8. Find out the low cut-off frequency, fL (at Gain= Constant Gain, Af— 3 dB) from the frequency
response plotted.

9. Verify the practical (fL from graph) and the calculated theoretical cut-off frequency (fL =
1/27RC).
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TABLE

Vin=1V
S.No. [ Input Frequency Output Voltage Gain Magnitude |Gain in dB =
f(Hz) Vo (V) | Vo/Vin | 20log| Vo/Vin |

CALCULATIONS:

THEORETICAL Cut-off frequency:
fL=1/(2nRC) = Low cut-off frequency of the HPF.

PRACTICAL Cut-off frequency:
fL = Low cut-off frequency of the HPF.
= 3dB cut-off frequency

EXPECTED GRAPH:
Veoltage Gain[dB)

t

F\:
P o om 7
AF-BdB ¥

s
/iﬂﬁ 20 dB/Decade
/

T
/
Ston
Rand

A

Pazs Band »

» Frequency [Hz)

f=f Lowcut-off frequency
RESULT:
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QUESTIONS:

1. How filters are classified? Give one example for each classification.

2. What is an active filter and why it is called so?

3. How an active filter differs from a passive filter?

4. What are the advantages of active filters over passive filters?

5. Draw the circuit diagrams of active filters LPF and HPF.

6. Draw the frequency response of all filters (LPF, HPF, BPF, BRF and All-pass).
7. What is the gain roll off rate for a 1st order and 2nd order filter?

8. What is the formula for cut-off frequency?

9. What is a 3 dB frequency and why it is called so?

10. What are the other names for 3 dB frequency?
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EXPERIMENT NO: 4 DATE:

IC 741 WAVEFORM GENERATORS - SINE, SQUAREWAVE AND TRIANGULAR WAVES

AIM: To design a Waveform Generator which generates Sine, Square and Triangular waveforms
using IC741 and to verify it’s various output waveforms.

APPARATUS: Bread Board

CRO

Probes

741 Op-amp, Resistors, Capacitors
THEORY:

Waveform generator using IC741 is a circuit which generates Sine wave, Square wave and
Triangular wave. This circuit is a combination of Wien Bridge oscillator, Zero crossing detector
(Comparator with zero reference voltage) and Integrator. The Wien Bridge oscillator generates
Sine wave which is fed to the input of Zero crossing detector. This detector gives the square wave
output which is connected to the input of the Integrator which in turn produces the Triangular
wave output.

The frequency of oscillations of the Sine wave output of Wien Bridge oscillator is given by
fo=1/2aRC

The frequency of oscillations of Square and Triangular wave outputs will also be the
same frequency as that of the Sine wave output.

For theory of individual circuits i.e. Wien Bridge oscillator, Zero Crossing Detector
and Integrator, please refer to the THEORY section of respective experiments mentioned
earlier in this manual.

DESIGN FOR WIEN BRIDGE OSCILLATOR:

1. Choose a desired frequency of oscillation, say fo =500 Hz.

2. Choose a value for capacitor C (0.1 puF) and then calculate the value of R by using the
equation for fo (fo = 1/2aRC).

3. Choose a value for R1 (10 KQ) and calculate the value of Rf from the gain equation
(Av = 1+Rf/R1 = 3). (Note: In practical, the value of Rf may need to be varied to be
more than the calculated value.)
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CIRCUIT DIAGRAM:

SINE WAVE GENERATOR (WIEN BRIDGE OSCILLATOR):

i

—
output Vo

SQUARE WAVE GENERATOR (ZERO CROSSING DETECTOR):

+12V
Rt = 10K .
Outputof 3 .
Wien  ° oy s
Bridge osc. - .'// =
IC741 output
R2 e
10K Y
4
- 12V
l Vref
L0V
e

25




IC Applications and HDL Simulation Lab Manual ECE, MRCET

TRIANGULAR WAVE GENERATOR (INTEGRATOR):

ZCD B 1] <3

HERS e Sua bl n bR B iy CWRE TS SRR
R U T ::_.gmkn.'g-"?v\/‘:: ::.§1omi

PROCEDURE:
SINE WAVE GENERATOR:
1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
3. Connect output to the CRO.
4
5

. Adjust the potentiometer to get an undistorted waveform.
. Note down the amplitude and the time period, T of the sine wave and calculate the
frequency of oscillation, fo=1/T.
. Verify the practical frequency of oscillation calculated in the preceding step with the
theoretical value, fo =1/2nRC.
7. Plot the waveform.
SQUARE WAVE GENERATOR:
1. Switch OFF the power supply.
2. Connect the components/equipment as shown in the circuit diagram.
3. Switch ON the power supply.
4. Connect the input to the channel-1 of CRO and output to the channel-2 of CRO.
5. Observe the square wave output at channel-2 and note down the amplitude and time period,
T of the wave form.
6. Verify that the frequency of oscillation of both the input and the output waves is same.
Also verify that both the input and the output waves are in same phase.
7. Plot the output waveform in accordance with the input waveform.

(o2}
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TRIANGULAR WAVE GENERATOR:

1. Switch OFF the power supply.

2. Connect the components/equipment as shown in the circuit diagram.

3. Switch ON the power supply.

4. Connect the input to the channel-1 of CRO and output to the channel-2 of CRO.

5. Observe the triangular wave output at channel-2 and note down the amplitude and time period, T
of the wave form.

6. Verify that the frequency of oscillation of both the input and the output waves is same. Also
verify that the output wave is inverted i.e. 1800 phase shift from the input wave.

7. Plot the output waveform in accordance with the input waveform.

CALCULATIONS:

THEORETICAL Frequency of Oscillation
fo=1/2nRC

PRACTICAL Frequency of Oscillation
fo= 1T

EXPECTED WAVEFORMS:

‘Sine Wave Generator

/ ™\ ;
Vo\/

Square Wave Generator

Vo 4

Vo A

|
Vo ATraingular Wave Generator

NI AL A
VIV

Y
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RESULT:

QUESTIONS:

1. What is a Function Generator?

2. What are the different stages in a Function Generator and how they are connected?

3. Draw the output waveforms at different stages of Function Generator.

4. What is the relationship among the frequencies of output waveforms at different stages of

Function Generator?

5. Will there be any phase shift between the input and the output of any stage in the Function
Generator and what factor it depends on?

. Why is Rcomp used in the circuit of Triangular wave generator?

. Why is potentiometer used in the circuit of Wien Bridge Oscillator?

~N o
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EXPERIMENT NO: 5 DATE

IC555 TIMER — MONOSTABLE & ASTABLE MULTIVIBRATOR CIRCUITS

A) MONOSTABLE MULTIVIBRATOR

AlM: To design a Monostable Multivibrator using IC555 and compare it’s theoretical and practical
pulse width.

APPARATUS: Bread Board.
CRO
Probes
Connecting wires
555 Timer, Resistors, Capacitors

THEORY:

Monostable multivibrator is also called as one-shot Multivibrator. When the output is low, the
circuit is in stable state, transistor T1 is ON and Capacitor C is shorted to the ground. However, upon
application of a negative trigger pulse to Pin-2, transistor T1 is turned OFF, which releases short circuit
across the external capacitor and drives the output High. The capacitor C now starts charging up toward
Vcc through R. However when the voltage across the external capacitor equals 2/3 VCC, upper
comparator’s output switches from low to high which in turn derives the output to its low state. And the
output of the flip flop turns transistor T1 ON, and hence the capacitor C rapidly discharges through the
transistor. The output of the Monostable remains low until a trigger pulse is again applied. Then the
cycle repeats. The time during which the output remains high is given by

tp=11RC
Vee
! 8
o T2 4
$ 5K 7 2
= £ Reset
5 Upper
Comp.
b 7]
¥cc |, o
3 23 R
T{:jg%?r S sk " Control_|
5 3 Comp. 51_F/F_[3
l ] 2 1/3 N\
o ¥cc |_
T1
7 . kﬁ Power Outp;t
— 3 SK ‘_l,)' amp 3
C
4
i
Ground
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Waveforms for IC555 Monostable Multivibrator

. l i~ Additional pulse has
Trigger | i no effect on output
: . Z--J: ‘——l
¢ it i Extended pulse does

Capacitor —/"‘" . 2/3 Ve

Voltage _ ¥ | | L oy
°. H . i +VCC
Output J !
[
! + Yce

Reset
S | LY
A reset pulse applied during

<— ‘timing interval terminates
the output pulse

Once triggered, the circuit‘s output will remain in the high state until the set time tp elapses. The
output will not change its state even if an input trigger is applied again during this time interval t p.

DESIGN:

1. Choose a desired pulse width, say tp =1.1 ms.

2. Choose a value for capacitor C (0.1 puF) and then calculate the value of R by using the equation

for tp.

CIRCUIT DIAGRAM:

Tngget arcutt

JUL A_V Diode

O— F—>—K}— Inputto Ind pin

0.0 uF _V_

10K
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V. #5TO #15V

RESET
6
TRIGGER
PULSE IN
| | P 2 3 I |
o G T TR
Olp T
Ground I 1 g i Yo
Trigger . 2 555 1 - Discharge
Output I 3 6 JJ Threshold
Control
Reset ﬁ + 5 F Yoltage
PROCEDURE:

1. Connect the components/equipment as shown in the circuit diagram.

2. Switch ON the power supply.

3. Connect function generator at the trigger input.

4. Connect channel-1 of CRO to the trigger input and channel-2 of CRO to the output (Pin 3).

5. Using Function Generator, apply 1 KHz square wave with amplitude of approx. equal to 9 Vpp
at the trigger input.

. Observe the output voltage with respect to input and note down the pulse width and amplitude.

Now connect channel-2 of CRO across capacitor and observe the voltage across the capacitor

and note it down.

. Compare the practical pulse width noted in the step above with its theoretical value (tp=1.1 RC)

~N o

(e0)

CALCULATIONS:
THEORETICAL Pulse width

R= C=
tp=1.1RC =
PRACTICAL Pulse width
tp =
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EXPECTED WAVEFORMS:

Capacitor
VYoltage

Output

Additional pulse has

Trigger [| ’ no effect on output

i | 1 Extended pulse does

o

/s

RESULT:

273 Vee
ov

+ VYec
ov

+ Vee
ov

A reset pulse applied during
timing interval terminates

the output pulse

QUESTIONS:

ST AWM

. What is the other name for monostable multivibrator (MSMV)?
. When MSMV is in stable state, what is the output level?

. Why trigger is required in the case of MSMV?

Which type of trigger pulse is required for MSMV?

What is the formula for the output pulse width of MSMV?
How long MSMV stays in unstable state?
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(B) ASTABLE MULTIVIBRATOR

AIM: To design an Astable Multivibrator using 1C555 and compare it’s theoretical and practical time
period and duty cycle.

APPARATUS: Bread Board.
CRO
Probes
Connecting wires
555 Timer, Resistors, Capacitors

THEORY:

An Astable multivibrator, often called a free-running Multivibrator, is a rectangular-wave-
generating circuit. Unlike the Monostable multivibrator, this circuit does not require an external trigger
to change the state of the output, hence the name free running. However, the time during which the
output is either high or low is determinate by the Two resistors and a capacitor, which are externally
connected to the 555 timer.

Figure 1 shows the 555 timer connected as an Astable multivibrator. Initially, when the output is high,
capacitor C starts charging towards Vcc through RA and RB. However as soon as voltage across the
capacitor equals 2/3 Vcc, comparator 1 triggers the flip-flop, and the output switches low. Now the
capacitor C starts discharging through RB and the transistor Q 1. When the voltage across C equals 1/3
Vce, comparator 2’s output triggers the flip-flop, and the output goes high. Then the cycle repeats. The
output voltage and the capacitor voltage waveforms are shown in the following figures.

As shown in this figure, the capacitor is periodically charged and discharged between 2/3 Vcc and 1/3

Ve, respectively. The time during which the capacitor charges from 1/3 Vcc to 2/3 Ve is equal to the
time the output is high and is given by

tc=0.69 (RA + RB) C )

Similarly, the time during which the capacitor discharges from 2/3 Vcc to 1/3 Vcc is equal to the time
the output is low and is given by

td = 0.69 (RB)C (2

Thus the total time period of the waveform is
T =tc+td=0.69(RA + 2RB) 3)

Therefore the frequency of oscillation is fo = 1/T = 1.45/(RA + 2RB)C

And % Duty cycle = (tc/T) *100 4)
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CIRCUIT DIAGRAM:

+5¥

Output

—3

5

I.Ol uF
_]_

Figure 1 The 555 as an
Astable Multivibrator

EXPECTED WAVE FORMS:

Ve
2 .
E§ Ve Capacitor
1 Voltage
3—Vcc | - -
Vout '
& |
1 Output
Voltage
1) >
ty Lt;
?
PROCEDURE:

1. Connect the components/equipment as shown in the circuit diagram.

2. Switch ON the power supply.

3. Connect channel-1 of CRO to the output (Pin 3).

4. Observe the output voltage and note down the time period and duty cycle.

5. Now connect channel-2 of CRO across capacitor and observe the voltage across the capacitor
and note it down.

6. Compare the practical time period and duty cycle.

CALCULATIONS:

THEORETICAL time periods
tc=0.69 (RA+RB) C
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td = 0.69 (RB)C

Total time period of the waveform, T =tc + td
% Duty Cycle = (tc/ T) *100

PRACTICAL (from output waveforms)

time period, T =

% Duty cycle =

RESULT:

\

QUESTIONS:

1. What is the other name for Astable multivibrator (AMV)?
2. What is the formula for the time period of the waveform of AMV?
| 3. What is the formula for the % of Duty cycle?
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EXPERIMENT NO: 6 DATE

SCHMITT TRIGGER CIRCUIT USING 1C741

AIM: To study the Schmitt trigger characteristics by using IC741 and compare theoretical and
practical values of the Upper Threshold voltage, VUT and the Lower Threshold voltage, VLT.

APPARATUS: 741 0Op-Amp
Resistors
Bread board
Function generator
CRO
Probes
Connecting wires

THEORY:

Circuit shows an inverting comparator with positive feedback. This circuit converts an irregular
shaped waveform to square wave or pulse. This circuit is known as Schmitt trigger or Regenerative
comparator or Squaring circuit. The input voltage Vin triggers (changes the state of ) the output Vo
every time it exceeds certain voltage levels called Upper threshold voltage, VUT and Lower threshold
voltage, VLT. The hysteresis width is the difference between these two threshold voltages i.e. VUT —
VLT. These threshold voltages are calculated as follows.

VUT = (R1/R1+R2) Vsat when Vo= Vsat

VLT = (R1/R1+R2) (-Vsat)  when Vo= -Vsat
The output of Schmitt trigger is a square wave when the input is sine wave or triangular wave, where as
if the input is a saw tooth wave then the output is a pulse wave.

CIRCUIT DIAGRAM:

+12
-V
Rom 10k 2 " -
t 2 ra>S
INPUT Vi r P 1)
EVpp “
f=1 KHz o3 e

PROCEDURE:

1. Connect the components/equipment as shown in the circuit diagram.
2. Switch ON the power supply.
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3. Apply the input sine wave using function generator.

4. Connect the channel-1 of CRO at the input terminals and Channel-2 at the output terminals.

5. Observe the output square waveform corresponding to input sinusoidal signal.

6. Overlap both the input and output waves and note down voltages at positions on sine wave
where output changes its state. These voltages denote the Upper threshold voltage and the
Lower threshold voltage (see EXPECTED WAVEFORMS below).

. Verify that these practical threshold voltages are almost same as the theoretical threshold
voltages calculated using formulas given in the THEORY section above.

. Sketch the waveforms by noting down the amplitude and the time period of the input Vin and the
output Vo.

\l

oo

EXPECTED WAVEFORMS:

INPUT Vi

-

T —_—

‘sat

Vo versus Vin plot-of Hysterisis Voltage

— 4

Vut-V1t 7

'4

Vo
+ Vsat
N
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Vit + Vut
Ny k 4 P
5. 3 » Vin
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Voltage @ S
¢

- Wsat
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TABLE:
Theoretical Values Practical
value
SNo R.
Ry R: Vig= ¥ ) R, Va Va
R, + R, Vie= e (=)
R, +R o

i

3
RESULT:
QUESTIONS:

1. Which is type of comparator called Schmitt trigger using 1IC741?

N

What is the output wave of Schmitt trigger if the input is sine wave?

What type of waveform is obtained when triangular or ramp waveforms are applied to
Schmitt trigger circuit?

Explain how a square wave is obtained at the output of timer when sine wave input is given?
What is the Threshold voltage?

How do you calculate the theoretical values of VUT and VLT in the case of IC741?

What is the Hysteresis width?

What is the minimum amplitude of the input sine wave in the case of Schmitt trigger

using IC741?

w

N GA
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EXPERIMENT NO:7 DATE:

1IC565 PLL APPLICATIONS

AlM:

1. To study the operation of NE565PLL
2.To use NE565 as multiplier

EQUIPMENTSANDCOMPONENTS:

APPARATUS:

1. DC power supply 1No.
2.CRO 1No.
3. Function Generator 1No
4. Bread Board 1No.
THEORY::

The 565 is available as al4-pin DIP package. It is produced by Signatic Corporation. The output
frequency of the VCO can be rewritten as

fo=0.25/ RTCTHz.
Where RT and CTare the external resistor and capacitor connected to pin8 and pin9. A value
between 2k and 20k is recommended for RT .The VCO free running frequency is adjusted with

RT and CT to be at the centre for the input frequency range.

CIRCUIT DIAGRAM:

4.7k8)

11
2 3 6 710} ?\ A '
=i 2N2222 :l S
f 10k102
I

1
|

| ¢
10uF
—
VCO Cutput
4 - R —— ©

|
o 46V ?
s — |

st [ —_— .
; L] 7490 (+5) | e !
i ‘ |
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PROCEDURE:

I. Connect the circuit using the component values as shown in the figure

il .Measure the free running frequency of VCO at pin4 with the input signal
Vinset= zero. Compare it with the calculated value=0.25/R+C+

iii. Now apply the input signal of 1VVpp square wave at alkHz to pin2

iv. Connectlst channel of the scope to pin2 and display this signal on the scope.

v .Gradually increase the input frequency till the PLL is locked to the input frequency. This
frequency f1 gives the lower ends of the capture range. Go on increase the input frequencys; till
PLL tracks the

input signal, say to a frequency f..This frequency f. gives the upper end of the lock range. If
the input frequency is increased further the loop will get unlocked.

vi. Now gradually decrease the input frequency till the PLL is a gain locked. This is the
frequency fs the upper end of the capture range .Keep on decreasing the input frequency until

the loop is unlocked. This frequency figives the lower end of the lock range

vii. The lock range  fu=(f>— fi) compare it with the calculated value of (7.8 fo /12) Also the

capture range is fe=(fs— f1). Compare it with the calculated value of capture range. fc = [fL/

(2)(3.6)(103)C]1/2

viii To use PLL as a multiplier,make connections as show in fig. The circuit uses a 4-bit binary

counter7490 used as a divide-by-5circuit.

iX. Set the input signal at 1\Vpp square wave at 500Hz

x..Vary the VCO frequency by adjusting the 20K potentiometer till the PLL is locked.
Measure the output frequency.

xi. Repeat step9 and10 for input frequency of 1kHz and 1.5kHz.

OBSERVATIONS:

fo=
fL=
fc=

CALCULATIONS:

fL = (f2 — f4) = 7.8f0 /12
fc = (f3— f1) = [fL/(2) (3.6)(103)C]1/2
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GRAPH:
) ‘ A
inputs «
X output
B e O}
low-pass
filter
(a)
waveforms
input A
input B
* | ! +
output ¢ ol
B in phase with A, B shifted 90 from A,
positive output zero average output
(also 360, etc,) (also 270", etc.)
RESULT:
fo =
fL=
fc=

B shifted 180 from A,
negative output
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EXPERIMENT No: 8 DATE:

VOLTAGE REGULATOR USING IC 723, THREE TERMINAL VOLTAGE
REGULATORS — 7805, 7809, 7912

AlM:
To study the Fixed Voltage Regulators (1) 7805

(2) 7809

(3) 7812

(4) 7912

(5) 723 Variable Voltage Regulator
THEORY:

DC power for electronic circuits is most conveniently obtained  from commercial ac  lines by using
rectifier - filter system,  Called a dc power supply. The rectifier-filter combination  constitutes an
ordinary dc power supply . The dc voltage from an ordinary power supply remains constant so long as
ac mains voltage or load is unaltered . However, in many electronic applications, it is desired that
dc voltage should remain constant irrespective of changes inac mainsorload. Under such
situations, voltage regulating devices are used with ordinary power supply. This constitutes
regulated dc power supply and keeps the dc voltage at fairly constant value.

ORDINARY DC POWER SUPPLY

An ordinary or regulated dc power supply contains a rectifier and a filter circuit as shown in Fig-1.
The output from the rectifier is pulsating dc. These pulsations are dueto the presence ofac
component in the rectifier output.  The filter circuit removes the ac component so that steady dc
voltage is obtained across the load.

230V E

AC 0
3 ;

—— Vde
o v
0

Fig 1.

Limitations: An ordinary dc power supply has two following drawbacks:
1. The dc output voltage changes directly with input ac voltage.
2. The dc output voltage decreases as the load current increases. This is due to

voltage drop in (a) Transformer windings (b) Rectifier (c) Filter circuit
These variations in dc output voltage may cause inaccurate or erratic operation or even malfunctioning
of many electronic circuits. Eg. In an oscillator, the frequency will shift and in transmitters, distorted
output will result, therefore, ordinary power supply is unsuited for many applications and is being
replaced by regulated power supply.
For comparison of different types of power supplies, the following terms are commonly used:
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1. Voltage Regulation : The dc voltage available across the output terminals of a given power supply
depends upon load current. If the load current Idc is increased by decreasing RL as in Fig-

2, there is greater voltage drop in the power  supply and hence smaller dc output voltage will be
available . Reverse will happen if the load current decreases. The variation of output voltage w.r.t.
the amount of load current drawn from

the power supply is known as voltage regulation and is expressed by the following relation:

% voltage regulation = (VNL - VFL) / VFL * 100

VNL = dc output voltage at no load.
VFL =dc output voltage at full load

NO LOAD

Vi
Full load
WO i i ey
1 > ldc
0 leL

In a well designed power supply, the full load voltage is only slightly less than no -load voltage l.e.
voltage regulation approaches zero. Therefore, lower the voltage regulation, the lesser the difference
between full-load and no-load voltage and better is the power supply. Power supplies used in practice
have a voltage regulation of 1% i.e. full load voltage is within 1% of the no -load voltage. Fig-3 shows
the change of dc output voltage with load current. This is known as voltage regulation curve.

2. Minimum Load Resistance : The change of load connected to a power supply varies the load
current and hence the dc output voltage. In order that a power supply gives the rated output

voltage and current, there is minimum load resistance allowed. For instance, | a power supply is
required to deliver a full-load current IFL at full load voltage VFL, then,

VEL

leL

RL (min) =

Regulated Power Supply

A dc power supply which maintains the output voltage constant irrespective of ac mains fluctuations or
load variations is known as regulated dc power supply. A regulated power supply consists of an
ordinary power supply and voltage regulating device an in fig-4. The output of ordinary power supply is
fed to the voltage regulator which produces the final output. The output voltage (VVdc) remains constant
whether the load current changes or there are fluctuations in the input ac voltage.
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o—
Ordinary K
AC Voltage Power VOitage Ril] Ve
Supply Regulator _‘k

[ M—

Need : In an ordinary power supply, the voltage regulation is poor i.e dc output voltage changes
appreciably with load current. Moreover, output voltage also changes due to variations in the input ac
voltage. This is due to the following reasons:-

1)In practice, there are considerable variations in ac line voltage caused by outside factors beyond our
control. This changes the dc output voltage. Most of the electronic circuits will refuse to work
Satisfactorily on such output voltage fluctuations. This necessitates to use regulated dc power supply.
1) The internal resistance of power supply is relatively large (>30W). Therefore, output voltage is
markedly affected by the amount of load current drawn from the supply. These variations in

dc voltage may cause erratic operation of electronic circuits. Therefore, regulated dc

power supply is the only solution in such situations.

HARDWARE SPECIFICATIONS:

1. Built - in 16V - 0 - 16V / 350mA
12V - 0- 12V / 350mA

8V - 0 - 8V /350mA AC sources

2. Bridge rectifier using IN4007 diodes - 1No.

3. Filter capacitors (470uF / 35V) - 2Nos.
4. Fixed Voltage Regulator 7805 - 1No.
7809 - 1No.
7812 - 1No.
7912 - 1No.

5. Variable Voltage Regulator using 723 IC

EXPERIMENTAL PROCEDURE:

IN4OO7
| | 1 3
{7805 +5V
\/[ 2
]
-+
A7 0uF
o - 38V
8
. [::% () GND
IN4OO7

Fig- 4
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1. Connect the circuit as shown in fig - 4.
2. Connect different load resistors available in the front panel, note down the output current

and voltage.

3. Also test the circuit with 12V - 0 - 12V, 16V - 0 - 16V AC sources also.
4. Remove 7805 and connect 7809, 7812 also repeat 2 and 3 steps.
5. Connect the circuit shown in fig - 5.

@]
16V
0
1 3
7812 — H2v
s 4x1N4007
2
0 +
—L_ 470uR
T 38V
O G
+H
_|_470uF
asv |1
- 7912 —0 12V
2 3
Fig-5

723 Regulator

It is monolithic voltage regulator constructed on a single silicon chip. The device consists of a
temperature compensated reference amplifier. Error amplifier, power series pass transistor and
current limit circuitary.additional NPN or PNP pass element may be used when output currents
excedding150ma are required. Provision are mad for adjustable current limiting and remote
shutdown in addition to the above the device features low stand by current drain. Low
temperature drift and high ripple rejections. The 723 is intended for use with positive and
negative supplies as a series, shunt switching or floating regulator .applications include
laboratory power supplies, air borne systems and other power supplies for digital and linear
circuits

CIRCUIT DESCRIPTION:

Fig 4 shows the circuit of a variable regulator constructed with 723ic .pin is connected to
positive terminal of the supply 10kw potentiometer connected to pin-4, controls the output
voltage. Output is available at pin-10.this output is not sufficient to drive loads .so it is passed
through the Darlington pair of transistor (CL100)
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EXPERIMENTAL PROCEDURE:

1. Switch ON the experimental board by connecting power card to the AC mains.

2. Make sure that the potentiometer are in minimum position.

3. Connect the 8V AC tapping of the transformer secondary to the bridge rectifier input and
short Raw DC +Ve point and pin 12 of 723 ( See Fig-)

4. Measure the output voltage with a DMM and also measure the output with the 10KW
potentiometer with its maximum position.

5. Now, disconnect the 8V AC tapping and connect 10V AC tapping and notedown the
minimum and maximum output voltages with 10KW minimum and maximum positions.

6. Repeat the same procedure for 12V, 16V and 18V AC transformer secondary tapings and
tabulate these values in Table-1.

7. Now, again connect 8V AC to the bridge rectifier input, set the output DC voltage at 5V with

10KW potentiometer.

8. Connect the load resistor with (0-50mA) milliammeter and vary the load resistor and note
down the readings of the output voltage and output current with different load resistor.

9. Tabulate these values in Table-2.

S.No. AC INPUT DC OUTPUT
(RMS Volts) minimum maximum
y 8V 2,96V 5.58V
2. 10V 3.00V 5.69V
3. 12V 3.03V 5.77V
4, 16V 3.08V 5.89V
5, 18V 3.10V 5.90V
Table -1
S.No. LOAD CURRENT OUTPUT VOLTAGE
loutr (MA) Vour (volIts)
1 49mA 527V
2 45mA 5.30V
3 40mA 5.32Vv
-1 35mA 5 36V
5 30MmA 5.40V
6 25mA 541V
7 20mA 5.43Vv
8 15mA 550V
9 10mA 5.5V
10 5mA 5.5V
Table -2
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LOAD REGULATION:

10. Calculate & Tabulate the load regulation at each load current.

% Regulation = (VnL - Vr)/VEL * 100

11. Draw a graph between load current lscand load voltage Vdc regulation.

o
FALIWLTOA

A )
.

AMMETER
s
@
o, 100mA

VOLTAGE ADJUST

VOLTAGE REGULATORS ( 78XX, 79XX & 723

FT2401

FUTURETECH

RESULT:
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CYCLE - II
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INTRODUCTION - XILINX

Xilinx ISE is a software tool produced by Xilinx for synthesis and analysis of HDL designs,
which enables the developer to synthesize (“compile™) their designs, perform timing analysis,
examine RTL diagrams, simulate a design's reaction to different stimuli, and configure the
target device with the programmer.

In our Lab, the scope is limited to design and analyze the design using test benches &

simulation.

The following is the step by step procedure to design in the Xilinx ISE:

1. New Project Creation
Once the Xilinx ISE Design suite is started, open a new project & enter your design
name and the location path. By default ‘HDL’ is selected as the top-level source type. (If
not, please select Top-level source type as ‘HDL’)

D2HEO L& X oo i AR AIREIDILRIGE L
Getting Started X A OO Sy ST ever TESTTT SUraaoTT =
j : A en rator-for DSP; and
QLR IR 2 ey project Wizard ¢ Generator for DSP; and
Select one of the buttans Pe Create New Project
Also, check ouk the "What's Specify project location and type.
avalable from the "Help" mej
i ™ softwan , PlanAhead,
HeerBroleutid Enver a namme; Jocations, and comment for the projedt software, 1Sim, PlanAhead
[:Opanmm.“ Name:
Locaton; |<:Docunents nd setgs =
Froject Browser,.. Desaription:
d complexity
ign suite
e
Selert the type of topeiel source For the project
d Engine {SGE) compute
Top-kevel source type:
EHZ'L v! &
Corsole 08X
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2. Continue to the next window and check if the Preferred Language is selected as “Verilog’

E o —
D2 Ao ADBX v RiAAKXARAIRA R PRRGE LLQ
Getting Started & x ‘d a o VTSI TS OGOt =

No project §. 4% Project Wizard

73 teny Generator for DSP; and

Select one of the buttons bl plavic
Ao, check ouk tha "What's ;o;:::::::;d projct properties =
avalable from the "Help" me; > &
Sélect the device'and dsion flow foe the peajact k™ software, 1Sim, PlahAhead,
oy e ,
|Product Category | P B
Famly | CoolRunner ¥PLA3 CPLDs v
Project Sroyser Device | Austornatic cr3000x v
Package | g v
Speed £ v jd complexity
Top-Level Sowrca Type {HOL
Synthesis Tool | XST (¥HOL Verilog) v
Siulstor (Modekin-SE Mixed vl [ansuite
Preferred Language | Yerilog v
Marwal Comelle Order 3
Enable Enhanced Design Summary |2 k
Enable Mossage Fiterng = fia:Engine (SGE) compiite
Display Incremental Messages 3 x
- v
Conscle 08 x
[ ore rée [—ecmade ] [ mesens 1 [ icasicel 7]

3. Proceed by clicking ‘Next” and create a ‘New Source’ using the ‘Create New Source’

Window
No project ff =71 feny Generator for DSP; and
Sedect cne of the buttons be Creste New Source
Abw:wm\e "‘,. 3 ‘You may oponaly oreate one souca at this time. You can add exdsting sources on the next pags, and later create | T
AFSseONIM £’ e addtional sources vath the "Project->dew Source” command.
New Broject.... Create a new source K™ goftare, ISim, PlafiAliead;
L] st ekind Tive s seurce,.
i l
B Be
Project Srowser
2= New Source Wizard 3v(
Select Source Type
Salact source type, fie-name and ks location.
(0] Schemaic
2] Lsar Document
] “verilog Module
| Yerilog Test Ficture
g ¥HOL Module
D) vHOL Libeary File name:
7] e Pockage Trgkos
YHOL Tost Banch {iogiegerzs| | te
Location:
i v
{CiiDocumants and Setengsiiogicgates [ =
Console “0O&X
[ore Info
Add to project
[ Poreiiria | ‘ Bext > | Ceancel
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4. Select the source type as ‘Verilog Module’ and input a filename and proceed to ‘Next’. In
the next window ‘Define Module’ enter the ports.

Also, check out the “What's

Dl &
1
' £

You may optionaly create coe source ot this time. You can add existing sources on the next page; and later creste
addtional sources with the “Project->New Source™ command.

Craate 3 new source

7

5. Finish with the New project setup with the ‘Summary’ window.

=
w=s New Source

== New Source Wizard

Define Module
Specify ports for module,

Madude name | logicgates

™ software,; ISim, PlanAhe:

Direction | Bus MsE Lse !
0 TN §
[ JCTS vid
|noza |output v
|§ndAB Vb;ui&;t_i\"_ilj X
|orag output - v
] [nandas gt i)
|noras lourput v
wsnte | | %8 T 6
= lxmfAB ::ID
l | T )
I v;‘;):ll VD | v
e oo | [osteck ] [ metar ] [ iconed |

Caneel

Wizard

te

Summary

Project Navigator will create a new skeleton source with the Following specfications.

Add to Project: Yes
Source Directory: C:\Documents and Settingsilogicgates
Source Type: Verilog Module
Source Name: logicgates. v

Module name: logicgates

Port Definitions:
A Pin input
B Pin nput
notA Piry output
andAB Pin output
orAB Pin output
nandAB Pin output
noraB Pin output
xorAB Pin output
xnorAB Pin output

More Info [ <Back || Eosh | cancel |
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6. Once ‘Finish’ is selected a pop-up appears to create the directory. Select ‘yes’

— New Source Wizard

Summary
Project Navigator will create a new skeleton source with the Following specifications.

= - .
Source Directory: C:\Docu
Source Type: Yerilog Modu <> The directory
Source Name: logicgates. \‘/
: 'C:\Documents and Settingsilogicgates'
Module name: logicgates
Port Definitions: does not exist, Would you like to create it?
A
B
LN et ]
andAB r—rr T
orAB Pin output
nandAB Pin output
noraB Pin output
xoraB Pin ouktput
xnoraB Pin output
1
More Info [—epsec—| | _mnst | [ cancel |

7. Then proceed to ‘Next’ in the “New Project Wizard’ to ‘Add Existing Sources’. ‘Add
source’ if an existing source is available, If not proceed to ‘Next” and finish with the
‘Project Summary’ window

LI EHF S & R X").(‘l MESAFARIPINITHTOSE MR W TV
setting Started & x| it ey 4

No project [ rx' em: Generator for'DSP,-and
N;Sd:ctone t‘:"u:‘t""‘:‘ Project Summary =
i dnd(ﬁomt)é 4 |‘a'me Project Navigator will create a new project with the Folowing spedfications:

Project Path: C:\Document= and Sec€tings\10gicgates jal K™ software, 1Sim, PlanAhead;
Working ‘Directory:
Open Propoti. Description:

Top Level Source Type: HDL

Device:
Device Family: CoolRunner XPLA3 CPLDs
Device: Xer3txl
Package: v d complexity.
Speed: =%

Synthesis Tool: XST (VHDL/Veralog)
Simulavor: MNodelsim-3E Mixed Joiy suite
Preferred Language: Verilog
Manuml Compile Order: false

Enbanced Design Swmnary: enabled
Nessage Filtering: disabled
Display Incremental Messages: disabled

€

Lnj Engine (SGE) compute
New Source:
Verilog Module logicgates.v

<]

Zonscle .- — =¥ ¥
B (s ] [pman ] [ | | iy
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8. Design Entry and Syntax Check
The ports defined during the ‘Project Creation’ are defined as a module in the ‘filename.v’
file

== ISE Project Navigator - C:\Documents and Settings\MogicgatesMopicgates, xise - [lopicpgates.v]

[B) Fle Edk  View Projct Scurce Process Tods  Window  Heb L@
NP2ETG SHXD X o RiALPHX AT AIZTEAEIDIFR|IBELHT
Design 08X E 7 77 Dassgn Hamer -~
70 Sourcas fer: ;lmplmrt;lnn vl = B8 /Y HOduiE Neames -
[ i g -
| [Heandiy ' ja %
i ) dogegeras a 11 Taok vernsanas
e d "":“"" = 12 /¢ Destrsppaons
8 [F)els ooicgares (hgicgates.v) = ¥
2 " 14 S/ Uspendencoayt
o 15 48
a A 16 /¢ BAGRasa
% 17 A Relsagon 0,03 - Fils Craated
18, /¢ Addsrionsd Commentsi
. e d TR
» 2Q  LAAEALL I GL I ILUAEIALIATA DAL LA L LA LA LA T LA LA LALALALALLIATLL AT LA
21 wodulé logicgates|
Lim Y e ——— . | 22 inpur X,
= N 1 23 input ‘B,
4§ 2 900e ot Mo S B ol sk ! 24 Gutput- notk,
we e JP Design Litibes 25 Gutput AndiB,
26 output. orAB,
A 27 output- nandas,
- 28 gutput  norib,
20 | autput. xorAl,
30 autput: xnorAB
31 1
32
33
34 Endmoduls
RN b
< i 2
Desion. |/ Fles: | “Lbranes: ] What's New in ISE Desgn sute 1.1 [2) logegates.v i Design Summary
Corsole w08 x

9. Input your design (verilog code) within the module definition

== ISE Project Navigator - C:\Documents and Settings\logicgates\logicgates. xise - [logicgates. v*]

[E) Fle ER View Projct Sowce Process Took Window  Help 2 %
NPAG LiitBxXx v RIEAEAXXAR ZEODIERIBELHT
Deson = 408X & 21 medule logicgar -
Sources for: |Implementation - 22 Inpuc A,
o1 23 ingut B,
& | Avearcy S 24 OHTPUL notk,
2, logicgates
o v
a 25 oULPUL ‘AandAB
8. xoaed = = 26 OULPUL DCAB
e ¥ .
{¥ o5 logogates (logicgotes.v) 27 LutPEL nandiB,
x . 28 ontyuc norAB,
& 29 QUTPUL XOrAB,
a A 30 OULPUC “XnOriB
% 31 i
32
— » 33 f Touk ¥
» 34 |ssign
35
< N = 2 36 assign
e x i
el :b",“"s“_ odue s selectad, 38 assign.ordB = a [ bi /Y OR gate
o= , Desigry Liities 39
o 40 assign.pandAB = ~{a & b): F7 NAND gste
- 41
- 42 assign:nordB = ~(a [ b)} #/ HOR garE
43
43 assignixordB = a b f77
45
46 Aassign xnorAB= ~{a * b): A/ INOR gate
47
48 endmodule
a0 :
& . 3 2
Dpstp Fies:' | “Libraries E What's New In ISE Design Suke 11,1 @ logicgates.v* ; Design Summary
Console “0O&x
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10. Select the design from the ‘Hierarchy‘window. In the below window of Processes
‘Implement Design ‘would be orange (in color) ready for implementation

== ISE Project Navigator - C:\Documents and Settings\ogicgates\logicgates. xise - [logicgates.v]

[3) File Edt View Prolect Scurce Process Tods  Window  Hel = Al
B2Eo X o i LHXARAIZAROBLLEANIBE L
Design . et 93‘ e[ 22 input A, A
[7[ + Sources for: {implementaton vl iz 23 input B,
= SR el 24 outpuy’ notk;
=
& m’fd‘y - 28 output. andiB;
. e 'W'-g‘*':' . 26 output’ orkB;
g R . " 27 output nandis;
. » logicgates {logicgates v) 28 output Noris;
fa 29 ourput XorkB;
& 30 output’ xnoriB
%) 4 31 )z
£a % 32
el . 33 A7 Heven Adtisrent dogie gares Ssudng on four-diip juages of
- o 34 .assign noth= ~Lk; JPANOT gane
» as
36 -.assign andAB= K & B /) AND gane
i L 2] 37
{ 38 assy OrAB = & By /2 QN gane
“{, | Processes: hgcgates { 38 52 ! ¢
o L Design Summary/Reports 40 assign nandAB = ~(k & By 2 AN gane
# g Design Utiities a1
i . User Constrants 42 -assign norkB = ~{k | By #/ NOE gane
- & 800 malement Design 49
44 .aspign xorkB = X A B S EOR gare
48
46 -asyign xnorAB= ~ (A A Bl ¥/ ENOR gare
47
48 endmodule
49 ¢
v
K '
Desn - Fles' | Lbraries 5 What's ewin 15E Design sute 11,1 [2) logegates.y | 15 Desgn summery (out of date) | [ ] com
Conscle

11. Double click on implement design, it turns green (in color) once the design is
implemented successfully and the Summary report is displayed.

Bl Fle Edt Wew Project Sowrce Process Tools Window Heb - =
oAy X X oo s EX AR AZEOQ AR IGE L
Design «~08x.Q3 S
e memen 20| FXUNK ¢/ Wunnés
i [Pt CPLD Reports .
P @1 logicgates S e
LR et 3 _
g [Vl logegates (ogegates.v) /" Fitter Report A
= -~ Summary
&
a Design Name logicgates
- Fitting Status Successtul
£ Software Version 133
2 3 Device Used XCR303IXT.2-PCIS )|
- Date 6-26-2012, 10:51AM
o RESOURCES STAMMARY
X .
- Macrocells - Registers AR > Function Block
Equation Used v el Used i Hosd Inputs Used
Display Style 731 (22%) | 796 (8% | 032 @%) | 932 (29%) | 2130 (3%)
{VHOL i=
LOCAL CONTROL TERM RESOTRCES
LCT0 LCTI LCT2 LCT3 LCT4 LCTS LCT6 LCIT -
Desion | Flex | Ubeanes ) logegates.y | X Deson Summary (Fited) | || compiblog 58 C:iDocuments and Settrgsiiogegatesliogogates_hftizcgletref.him | «
Console “wO & x
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12. Test-Bench creation, Simulation & Verification
To add a test-bench to the existing design, right click on the “.v’ file from the Hierarchy
window and select ‘New Source’

& ISE Project Navigator - C:\Documentis and Setlings\Mogicgates\logicgates. xise - [logicgates.v]

) Fie Edt Yew Propct Scurce Frocess Tools  Window  Help 115
BEY GhdDhDXwa (iFPAXARMBTEIILRIBS P

Desion = c0&FX| S 22 input. k; ~
7| | Sources for: [Implementaticn v| ;_‘ 23 input. B,

= | 24 CMUPUL;-NOTA,

gl,mmmy 25 output; andaB,

L’;A abo':uakcs ‘ - 26 ontput; orkB,

& Cxastd | | 27 output: nandilb,
[ Neiw Saisce, ., output; noris,
o OMTPUL  XOrAB,
§E] Add Sturce.., OMEPUL: xnorAB

[§5] Add Copy of Scirce... iz

{* Seven-girferent. logic gates qoting -on- Tour it ‘Husses ¥/
asaign notk= ~i; ¢/ NOT gans

assign andiB= A& B; /f AND-gate
<

e ———————— aselgn OrkB. = 4| B; // ©OR gats

by i fnocesses: logicgates Ry, Part
S| OB Desrsumid Gt pitition assign nandiB = ~{A-§ Bl: £/ HIND- qate
¥ Desin Lkiities | partition Force »
Hje Usar Constraint — -} aseigm norkB = ~(A | B): &/ NOR gane
— | = 2 nplement Desl & Remove
-0 57""’“”}*7‘ assign XOrAB = A~ B; [/ HOR gate
T Trarelate | v Fie Names
L0 |v Display Ful Paths assign: xnorkB= ~(A°* 'B); F/ EZNOH.gnte
L) Geneedto o
£ Conifigure B Design Properties... e bhondia,
* OptivndIn) [&) Source Properties... ]
L v
| hl SR .)~__
- Desion | “Fies | thraes | m:_)[ % Design Summary (Ftted) | || compoib.log lﬂ C:\Dacuments and Settingsliopicoatesyogicgates_htmiifklappietref hir € »
Console “0O&x
13 : : )
13. Select “Verilog Text Fixture’ from the Select Source Type and name the Test-Bench
1P Ld &= =ma " 1 oo - - ~- wa e ™ -] =% T 3 < L d N Mottt 0 | v
Desn “08x E[ 22 i7put 2, ) . A
[_J Sources for: Implemantation vl = 23 inpwt B,
i | v 24 CUtput nota,
| |Herarchy - 28 outpyt sndAB,
& 2 S bogackes | 25 cuEput GraB,
& Bl xtra:t 27 SuEpst nandAB,
oo [A1% logiogares (ogegates.v) 23 outpit NoriB,
Ps g 3 29 outgut xorAB,
&l R S
&= New Source Wizard
i Select Source Type "
- Select source typs, file nama and ¥5 location,
<l ' Sthematic
e ] Implemenkation Constrainks Fie
“{ | Processes: logigates B Pser Document
I Desion SummeryjReports] | K Verioa Modde
L =% Design Witties WS veriiog Test Fixture
b - Uger Congtraints b YHOL Module File name:
= 00 1 Dl [} YHOL Lbrary
1 38 Synthesize - 25T [#] VHOL Packags |bgicgated TE \
[4 Trarsiste [ VHOL Test Bench Location:
¢ Fit T
22D Generae Progranmg [€APonuments and setthgogegates 16
3 Configire Targe: Ded
® Optional Implesneryaf
v
.
_Desion | 'Fles || Liraries s'ogicgates_htmilftiappletref htr € *
Consele | [V] addto project w08 x
Started : "Generate Prog 1 A
Release 11.1 - Programw mﬂ
Copyright {c) 1995-2009 -
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14. Continue to ‘Finish’ and a test bench is added in the project area

== ISE Project Navigator - C:\Documents and Seitings\logicgates\logicgates. xise - [logicgated 1B.v] 1|
[B) Fie Edt Vew Project Sowre Process Tools  Window Help =%
NeEo 5 v, X = 3§ Al ’k’ﬁ.—f’ v
Design “0D&X'E 1 pibescsle 1ns / 1ps ~
7| | Sources for: {Implamentatica v gz 2
EJ ;LH”'WW = : PLSRLLL LI ERLL L LSRG LGS LGSR ELELELALLTALALL LA LLLALL LD PLRL PRSP RS S A
B’:f a logrgates - 5
* | B B xor3tulae E 6
: (V)% logrgates Jogkgates:y) 7 AP Ciente DhEed  1dedBash OR/48s20a3
¢ 8 S . Design/Names loficontes
<+ 8 KA Yotule Names C:/Ducunenss Aid Seefingallogiegares?logicgated Thov
a A 10 5 - Projees None: loFicgases
11 ot
L » 12, A Teok versig
o~ s 13, A DEEgEiIpEiens 2
k » 4 M
: 15 ACVErDlvy Tesk Fixturs CrestEg By ISE Tor mEtwle: 1ogicystes
AL - - 16 #
| s M Dependencins;
2t | No single design medide s selected. ;;’ 1, IRpERNmET
i
o = , Degign Ubities § 19 i
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15. Edit the test bench as per your simulation requirements and select ‘Behavioral Simulation’
in the ‘Design Window’. In the Processes window Isim Simulator would be displayed. First

= ISCirojeda/sindgniiar [E ANVAOLAN CHRCK S e - [logicgated TB.v]
[£] Fle Edt wew Froect Scurce Process Tools Window  Help ~ &R
BAS L) & X oo i AEAXXARIAIRENREAIRIGE LT
Design «0DeX § 1 ‘mimeecsle -lns / ips T~k
1| | Sources for: |Behavioral Simvlation vl 5= 2
. " N }” s 3 I’l’ .‘Ilfi'(,i'l,(f/r"/l"/rl/fl(///,/ I'/f}’ l’/fl’/If’///‘/’/./I'I/’/F’.f///‘///’//‘/‘/’ji‘/‘/’/’/‘/‘/‘f’i‘/‘/‘f’l’/‘/‘/’/‘/‘/l’f’l‘/l'r”/
&} |Herarc | = 4 #¢ LCompany
K & logrgates n 5§ #{ Englneers
15 £ X2c56-6TQ144 = &
dh| 8] Jogkgeted T8 (ogegated T6.4) 7 i foe 116450 WaazEabin
£~ 8 ¥ logicgntes
g 9 M CrfPocypents andd: Settings/ logiogates/ togicgated: THa
A 10 #? loglogstes
7]
e - 11 ¥ Te
el ‘ 12 # T
- ‘ P 13 i D
‘ » b L 4
4 15 #i Vepilong Test Fixture created by I9E $or moduler logicgates:
< ! 2% 16
7 #{ Qependencies:
8¢ | Processes: boicpated T8 | i s :;
il i ” 15¢n Sicivdstor ’ 19 #{ Rewisian:
) Behovioral Chek Syntax | 20 #{ Revigion Bl = File Created
Simuiate Bohavioral Model 21 #{ Xdditionsl Comments:
— 2z ¥
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24
25 module loglcgated TE:
b
%
Dieshin | “Fiss | Libraries > loghgaes.v B Jogigated_TB.
Console «08x
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16. Double click on ‘Behavioral Check Syntax” & check for no errors

Sources for: |Behavioral Smulaton vii§s 2
(3] | Merarchy d ! I
& 4
i 5
15
. 6
¥ |¥] logicgatad TB (lcgogated T8.v) - al
| 8
& 9 7! ¥ entE And Seetingsd thgiogates/
@ 1 w7 1 3
i !
I8F L dilas TogicaNces
< >
* | Procasses: logegated TE
= B 150 Smulator
('JO Bahavicral Check Syrkax
7= [~ Smulate Behavioral Modsl
23 # ¢ / i ¢ 7 &
249
25
26
27
28
- v
28
< >
Dasign Flos Librares Deasign Summary E logogates. v [5] logicgeted TB.v
Corsole “wO8 X
Analyzing Verilog file “C:/Documents and Settings/logicgates/logicgates.v™ into library 131 _Sewp A
Analy g Verilog file Documenta g aces/logicgated TB.v"™ into library 121im tewyp
Ansly g Verilog file Zilinx/ 11,1/ Ibl.v" into library igin remp
Process “Check Syntax” completed succe

17. Then double click on ‘Simulate Behavioral Model’ and the ISIM simulator window
would open. Check for the outputs

a ISim - [Default.wcfg®]
@ Fie Edt  View Smubston Window Heb

128 EROXG VA WBiTFETERLN
Iretances and Processes 05 X Objects »O8 X | %
— y - Objects
aliF=Elcs T e Simulation Objects for logicosted T8 p
ey :
Irstance and Process Name SLSLERL 9l "] o) WK X
8 logicgated T8 Object Name value ~
o ot $ rota 5t )
@ s st
(8 OvAS st 9
@ nandas St0 =
@ nariB S %
3 xoral S0 =
‘? :th ?‘.l Ll’
4B 1
< 2 < > ¢ > <
Instances. and Procosses | Sourcs Filss < > Defauk wefg®

Console

WARNING: A WEBPACK Icense was Found

WARNING: Ploase use Xiinx Ucense Configurabion Manager to chedk out a full 15m Icease,

WARNING: 15im wil run In Lite mode. Please refer to the ISim dooumentation For more information on the differences betwean the Lte and the Full version.
This is & Uke Vet sion of 15im

P v e

08 x
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EXPERIMENT No: 1 DATE

HDL CODE TO REALIZE ALL LOGIC GATES

AlIM:

To develop the source code for logic gates by using VERILOG and obtain the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2.FPGA-SPARTAN-3E

LOGIC DIAGRAM:

AND GATE: OR GATE:

LOGIC DIAGRAM: TRUTH TABLE: LOGICDIAGRAM TRUTH TABLE:

" A B [Y=AB A | B | Y=A+B
‘ }— ¥=AB 0l0] o0 0|0 0
B Y, A g5 TN
0l1] o — ™\ feusm 0 | 1 1
1 0 0 B 'L’_’c'_l_,./’, 1 0 1
11| 1 11 1
NOT GATE: NAND GATE:
LOGIC DIAGRAM: TRUTH TABLE: LOGICDIAGRAM TRUTH TABLE
A | B | Y=(AB)
A Y=A"
o 0 10 1
A e YA 0 0 b | e v 0 |1 1
0 1 s 110 1
1 | 1 0
NOR GATE: XOR GATE:
LOGIC DIAGRAM: TRUTH TABLE: LOGICDIAGRAM TRUTH TABLE:
A B | Y=(ATB)y
: o N a) 1 Co— A B r = 1
A ¢ o~ AL 4 \ -A@B
< j p—a YHA'B) A jj \—a Y=A®B 7o 5
L e 0 |1 0 B -
T 10 0 —r 01 1
1 1 0 1 0 1
1|1 0
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XNORGATE:

LOGIC DIAGRAM: TRUTH TABLE:
INPUTS OUTPUT
A B Y=A®B

Input =ABcRH
= A:)Do— Output :
Inputy :

VERILOG SOURCE CODE:

Bl I e |
-0 =0

module logicgatesl(a, b, c);
input a;
input b;
OUTPUT: [6:0] c;
assign c[0]=a & b;
assign c[1]=a| b;
assign c[2]= ~(a &b);
assign c[3]=~(a | b);
assign c[4]=a”b;
assign c[5]= ~(a ™ b);
assign c[6]= ~a;

endmodule

SIMULATION OUTPUT:

|

1101100 41010110 3001011 10100011

L

—
R
 TH—

RESULT:

Thus the OUTPUT’s of all logic gates are verified by simulating the VERILOG code.
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EXPERIMENT No: 2 DATE

DESIGN OF 2-TO-4 ENCODER

AlM:
To develop the source code for encoder by using VERILOG and obtain the simulation.
SOFTWARE & HARDWARE:
1. XILINX 9.2i
2. FPGA-SPARTAN-3E
DECODER
LOGIC DIAGRAM: TRUTH TABLE:
AlB | CzO0|zD)]z0Q ]| zZB)
- 0olo 1] o0 | 1 |11
= r— 0|1 [T 1 |0 1] 1
= [ 1o |11 1 0 1
% 1 (1 1 1 1 1 0
=
= o=

VERILOG SOURCE CODE:

module decoderbehv(a, b, en, z);
inputa;
inputb;
input en;
output [3:0] z;
reg [3:0] z;
reg abar,bbar;
always @ (a,b,en) begin
z[0] = (abar&bbar&en);
z[1] = (abar&b&en);
z[2] = (a&bbar&en);
z[3] = (a&b&en);
end
endmodule
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SIMULATION OUTPUT:

RESULT:

Sim:
1000

/bhhed

Thus the OUTPUT’s of encoder are verified by simulating the VERILOG code.
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EXPERIMENT No:3 DATE

DESIGN OF 8-TO-3 ENCODER

AlIM:

To develop the source code for encoder by using VERILOG and obtain the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2. FPGA-SPARTAN-3E

ENCODER:
TRUTH
LOGIC DIAGRAM: TABLE:
DO D1 D2 D3 D4 D5 D6 D7 Do|D1 | D2 | D3|D4|D5|D6|D7|X]|Y]|Z
- . L] O0OJoOoO]JojJojfo[oOo]oO]0[|O]O
o ol 2ol olo]lolo]loojol1
- oflo]1[o]lo]JofJo]ofo]1]o
S A— Y cloJoflol 1JoloJo]oJof[1]1
“lolo o[ of1]oflofof1]o]o0
— ofoJoJoJo[1]ofJol1]o]1
o ) , [0Jof[o]JoJoOofoOo]1f[O0]1]1]0
o TolfoJoJoJoJoflo]1la]a]1
]

VERILOG SOURCE CODE:

module encoderbehav(d, a,b,c);

input [7:0] d;

outputx;

outputy;

output z;
reg a,b,c;
always @ (d [7:0]) begin
a=d[4] | d[5] | d[6] | d[7];
b=d[2] | d[3] | d[6] | d[7];
c=d[1] | d[3] | d[5] | d[7];
end

endmodule

62




IC Applications and HDL Simulation Lab Manual ECE, MRCET

SIMULATION OUTPUT:

E-* ' /bhesncoder/d
* . /Bheencoder/a
* /bheencoder/b

& bheencoder/e

RESULT:

Thus the OUTPUT’s of Encoded are verified by simulating the VERILOG code.
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EXPERIMENT No: 4 DATE

DESIGN OF 8-to-1IMULTIPLEXER AND 1X8 DEMULTIPLEXER

AlIM:

To develop the source code for 8x1 multiplexer and demultiplexer by using VERILOG and
obtain the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2. FPGA-SPARTAN-3E

MULTIPLEXER:

LOGIC DIAGRAM:
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TRUTH TABLE:

oioiaioiolx

—iLidisieiaininioinioioioiooio)

—iiinininigioinieiwieioioiaiofm

—iioioivioioisinigioi~isioiclo

—ioisiai—ioi— D—o - CJE—‘EO —~c> =
oi=iDio

VERILOG SOURCE CODE:

module MUX8TO1(sel, A,B,C,D,E,F,G,H, MUX_OUT);
input [2:0] sel;

input A,B,C,D,E,F,G,H;

output reg MUX_OUT,
always@(A,B,C,D,E,F,G,H,sel)
begin

case(sel)

3'd0:MUX_OUT=A;
3'd1:MUX_OUT=B;
3'd2:MUX_OUT=C;
3'd3:MUX_OUT=D;
3'd4:MUX_OUT=E;
3'd5:MUX_OUT=F;
3'd6:MUX_OUT=G;
3'd7:MUX_OUT=H,;

default:; // indicates null
endcase

end

endmodule
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SIMULATION OUTPUT:

i

10

il

T

DEMULTIPLEXER:

LOGIC DIAGRAM:

RESULT:

Thus the OUTPUT’s of Multiplexers and Demultiplexers are verified by simulating the

VHDL and VERILOG code.
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EXPERIMENT No: 5 DATE

DESIGN OF 4-BIT BINARY TO GRAY CONVERTER

AlM:

To develop the source code for binary to gray converter by using VERILOG and obtained
the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2. FPGA-SPARTAN-3E

CODE CONVERTER (BCD TO GRAY):

TRUTH TABLE:

BCD GRAY
0000 0000
0001 0001
0010 0011
0011 0010
0100 0110
0101 0111
0110 0101
0111 0100
1000 1100
1001 1101

LOGIC DIAGRAM:

B3 G3

G2

& N i::jn:

- — ) > e
O N . o
BO _>} / ’ b

BEHAVIORAL MODELING:

module b2g_behv(b, g);
input [3:0] b;
output [3:0] g;
reg [3:0] g;

67




IC Applications and HDL Simulation Lab Manual

ECE, MRCET

always@(b) begin
g[3]=b[3];
9[2]=b[3]"b[2];
g[1]=b[2]"b[1];
g[0]=b[1]"b[0];
end

endmodule

SIMULATION OUTPUT:

=

(00 1000001

Y1000 J0000_{0700. 110

(037000 0700
=

[ &

Tkl

N l

|

F |

J |

jil

1
"

Bt
)

) |
A
A
A
) |
J |
) |
) |

RESULT:

Thus the OUTPUT’s of binary to gray converter are verified by simulating the VERILOG

code.
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EXPERIMENT No: 6 DATE

4-BIT COMPARATOR

AlM:

To develop the source code for 4-Bit comparator by using VERILOG and obtained the
simulation .

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2.FPGA-SPARTAN-3E

4-BITCOMPARATOR.

LOGIC DIAGRAM:

. X>Y
X=Y

-,7-
: . X<Y

VERILOG SOURCE CODE:

module comparator ( a ,b ,equal ,greater ,lower );
output equal ;

output greater ;

output lower ;

input [3:0] a;

input [3:0] b;

always @ (a or b) begin

if (a<b) begin

equal =0;

lower =1,

greater = 0;
end else if (a==Db) begin
equal = 1;
lower = 0;
greater = 0;
end else begin
equal =0;
lower = 0;
greater = 1,
end
end
endmodule
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SIMULATION OUTPUT:

Signal name: Vaolue v 2 T ;A0 s e 1 1 A0 v 120

! 0 . RN R
Bea A 5 I & )
o-a[d) 1 |
o-3[2] 0 {
o-3[1] 1 §
o- a0} 0 1
Eed FioQ
s Tl I - T e
5-2[2] BEne________ F———————a3 )  f—————y =
o-bil o0 ) L 1| L ] 1 i| L 8| L { L 1 L
w50 3ia0 50 0 o B O A O e b iy A B s A O
Outputs Outpists
- equal 0 T I
o greater 15+ s L A | | 1 i
» lower 140005 § L —
RESULT:

Thus the OUTPUT’s of 4-bit comparator is verified by simulating the VERILOG code.
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EXPERIMENT No: 7

DATE

DESIGN OF FULL ADDER USING THREE MODELING STYLES

AlIM:

To develop the source code for full adder using three modeling styles by using VERILOG

and obtained the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2.FPGA-SPARTAN-3E

FULL ADDER:

LOGIC DIAGRAM:

A ——-"—1‘| \, e
8 . O 1 s
= T
—_— { \ =
A A e B CARRY
| L L Fany
| I— ) !
— -| |" L/

VERILOG SOURCE CODE:

Dataflow Modeling:

module fulladddataflow(a, b, c, sum, carry);
inputa;
inputb;
inputc;
outputsum;
output carry;
assign#2 p=a&b;
assign#2 q=h&c;
assign#2 r=c&a,;
assign#4 sum=a"b”\c;
assign#4carry =(pl | p2) | p3;

endmodule

TRUTH TABLE:

A | B | C | SUM | CARRY
0]0 1O 0 0
0]1]0]1 1 0
0]1]1]0 1 0
0]1]1 0 1
1 {00 1 0
110 (1 0 1
111 (0 0 1
111 (1 1 1
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Behavioral Modeling:

module fuladbehavioral(a, b, ¢, sum, carry);
inputa;
inputb;
inputc;
outputsum;
output carry;
regsum,carry;
reg pl,p2,p3;
always @ (a or b or c) begin
sum = (a"b)"\c;
pl=a & b;
p2=b & c;
p3=a &c;
carry=(pl | p2) | p3;
end
endmodule

Structural Modeling:

module fa_struct(a, b, ¢, sum, carry);
inputa;
inputb;
inputc;
outputsum;
output carry;
wiretl,t2,t3,s1
xor
x1(tla,b),
x2(sum,s1,c);
and
al(tl,a,b),
a2(t2,b,c),
a3(t3,a,c);
or
ol(carry,t1,t2,t3);
endmodule
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SIMULATION OQUTPUT:

{
| | : |
M kL |  E_—— O |
i ¥ I £ F .
, T4 j .
f T L
) I
i | S ) ] -
. ' (3 ]
= -

RESULT:
Thus the OUTPUTs of full adder using three modeling styles are verified by simulating the
VERILOG code.
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EXPERIMENT No: 8

DESIGN OF FLIP FLOPS (SR, JK,D,T).

AlIM:

To develop the source code for FLIP FLOPS by using VERILOG and obtained the

simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2. FPGA-SPARTAN-3E

SR FLIPFLOP:
LOGIC DIAGRAM:

VERILOG SOURCE CODE:

Behavioral Modeling:

module srflipflop(s, r, clk, rst, g, gbar);

inputs;

inputr;

inputclk;

inputrst;

outputq;

output gbar;
reg g,qbar;
always @ (posedge(clk) or posedge(rst)) begin
if(rst==1'b1) begin
g=1'b0;gbar=1'b1;
end
else if(s==1'b0 && r==1'b0)
begin

DATE

TRUTH TABLE:

QW |S |R |Q+])
0 0o [o o
0 o [1 o
0 1 o |1
0 1 1 X
1 0o [o 1
1 o [1 o
1 1 o |1
1 1 1 X
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q=q; gbar=gbar;

end
else if(s==1'b0 && r==1'bl)
begin

g=1'b0; gbar=1'b1;

end
else if(s==1'bl && r==1'b0)
begin

g=1'b1; gbar=1'b0;

end

else

begin

g=1'bx;gbar=1'bx;

end

end

endmodule

SIMULATION OUTPUT:

l P
L - R i
BEEERENInls5RefglgUghpfglzlich
1 : j
T k]
JKFLIPFLOP:
LOGIC DIAGRAM: TRUTH TABLE:
=~ QO | I | K | o@D
2 4 0 [ 0 | 0 0
0 0 1 0
P 0 1 0 1
; 0 1 1 1
7 g 3 o—t— 5 1 0 0 1
ey T 10 [ 1 0
1 1 0 1
1 1 1 0
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VERILOG SOURCE CODE:

Behavioral Modeling:

module jkff(j, k, clk, rst, g, gbar);
inputj;
inputk;
inputclk;
inputrst;
outputq;
output gbar;
reg q;
reg gbar;
always @ (posedge(clk) or posedge(rst)) begin
if (rst==1'b1)
begin
gq=1'b0;
gbar=1'b1;
end
else if (j==1'b0 && k==1'b0)
begin
q=a;
gbar=gbar;
end
else if j==1'00 && k==1'b1)
begin
gq=1'b0;
gbar=1'b1;
end
else if j==1'b1 && k==1'b0)
begin
q=1'b1;
gbar=1'b0;
end
else
begin
q=~q;
gbar=~qbar;
end
end
endmodule
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SIMULATION OUTPUT:

DELIPFLOP:
LOGIC DIAGRAM:

VERILOG SOURCE CODE:

Behavioral Modeling:

module dff(d, clk, rst, q, gbar);

inputd;

inputclk;

inputrst;

outputq;

output gbar;
reg q;
reg gbar;
always @ (posedge(clk) or posedge(rst)) begin
if (rst==1'b1)
begin
gq=1'b0;
gbar=1'b1;
end
else if (d==1'b0)
begin
g=1'b0;
gbar=1'b1;
end
else
begin
g=1'b1,;
gbar=1'b0;
end
end

endmodule

== gy

TRUTH TABLE:
QM |D |[Q(t+])
0 o |o
0 1 |1
1 o Jo
1 1 |1
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SIMULATION OUTPUT:

E

|

T-FLIPFLOP

LOGIC DIAGRAM: TRUTH TABALE:

dk | D | | @
0} |— \ " 0| 0| al| a
) —
P 0 1 Q| a
' 1 0 0 1
ﬂ -
- 1| 4|1 o
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VERILOG SOURCE CODE:

module t_flip_flop (t ,clk ,reset ,dout);
output dout ;

input t;

input clk ;
always @ (posedge (clk)) begin
if (reset)

dout <=0;

elsebegin

if (t)

dout <= ~dout;

end
end
endmodule

SIMULATION OUTPUT:

Signal name Value ¢ 20 0 0 ¥ T & G0 C gde f W K 800 ¢ 0 e ¢ w4 g ¢ L MU
o £ ¢ 31 [ | | I |
o-reset ] ! |

Closk Sgnat
P o | 1 Jeu— — o | Y
» ok 1100 l ]
Dufputs
o dout 0 i L | |

RESULT:
Thus the OUTPUTs of Flip Flops are verified by simulating the VERILOG code.

79




IC Applications and HDL Simulation Lab Manual ECE, MRCET

EXPERIMENT-9 DATE

DESIGN OF 4-BIT BINARY COUNTER AND BCD COUNTER

AlIM:

To develop the source code for 4-bit binary counter and BCD counter by using VERILOG
and obtained the simulation.

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2.FPGA-SPARTAN-3E

LOGIC DIAGRAM:

Do D1 P2 D3
1 Q0 Q@1 Q2 Q3
] o] =] o J
D Gl B] Qre D Qre D Q
D Flipflop D Flipflop D Flipflop D Flipflop
r> > > B

CLK

VERILOG SOURCE CODE:

module Counter_4Bit ( clk ,reset ,dout );

output [3:0] dout ;
input clk ;
input reset ;

initial dout = 0;

always @ (posedge (clk)) begin
if (reset)
dout <=0;
else
dout <= dout + 1;
end
endmodule
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SIMULATION OUTPUT:

Signal name Valum " S . P T
nputs § Inputs [
o-clk [¢]

[| [ raset 0L [
T — = |
|12 it 3
= dout(3} 0 | 1 ]
sdout[2] ' oE T 1 |
= dout1] 1 [ 1 | ¥ I ] I J | |
= dout[o] i P R o T By B I L s Y S o

BCD COUNTER

LOGIC DIAGRAM

(Lagic 1)
B
FRA FFB
—J Qa J Qs
CLK Qs CLK Gle CLK Qp CLK Qr
K Qa K Qg K Q¢ K Qo
"
o
Clock'Pulse ) i

VERILOG SOURCE CODE

module BCD_Counter ( clk ,reset ,dout );
output [3:0] dout ;;
input clk ;
input reset ;
initial dout=0;
always @ (posedge (clk)) begin
if (reset)
dout <=0;
else if (dout<=9) begin
dout <=dout + 1;
end else if (dout==9) begin
dout <=0;
end
end
endmodule
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SIMULATION OUTPUT:

Sigoal name Value T p v W ez s s WE oy 3 vz MR 4 4 4 O e o 3PN v 4t G0 4

o clk T 0 gk mmmm“uumfu‘uumj_r]mm LT EELTY
o-reset 0
e
&= dout i
= dout3] 0
= doutf2] 1 e———F [ e
‘= douf{1] 1 ] 1 | 1 Ir . | ip | | [
= GoutO] N e W ) S O v R N o S

RESULT:
Thus the OUTPUT’s of 4-bit counter and BCD COUNTER using three modeling styles are
verified by synthesizing and simulating the VERILOG code
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EXPERIMENT :10 DATE

FINITE STATE MACHINE DESIGN

AlM:

To develop the source code for finite state machine design by using VERILOG and obtained
the simulation

SOFTWARE & HARDWARE:

1. XILINX 9.2i
2. FPGA-SPARTAN-3E

FSM DESIGN

VERILOG SOURCE CODE:

module fsm using function (

clock , // clock
reset , // Active high, syn reset
req 0 , // Request 0
req 1 , // Request 1
gnt 0 , // Grant 0
gnt 1
);
[/-==—===——————- Input Ports----------—-—————————~—~————————
input clock,reset,req 0,req 1;
//--—-—-—-—-=—- Output Ports-------———=-———————————————
output gnt 0,gnt 1;
[/====———————— Input ports Data Type-----—--—-———=—————=
//-----———=———-= Output Ports Data Type----------—-————-—-
reg gnt O0,gnt_1;
//-----———=———-= Internal Constants----——————————————————————

parameter SIZE = 3 ;
parameter IDLE = 3'b001,GNTO = 3'b010,GNT1 = 3'b100 ; //-----
———————— Internal Variables----—----—----——---—————-———

reg [SIZE-1:0] state ;// Seq part of the FSM
//-—=======—- Code startes Here------------—-———-————————

assign next state = fsm function(state, req 0, req 1);

//-——==————- Function for Combo Logic-----------------

function [SIZE-1:0] fsm_function;
input [SIZE-1:0] state ;
input req 0 ;
input req_l ;
case (state)
IDLE : if (req 0 == 1'bl) begin
fsm function = GNTO;
end else if (req 1 == 1'bl) begin
fsm function= GNT1;
end else begin
fsm function = IDLE;
end
GNTO : if (req 0 == 1'bl) begin
fsm function = GNTO;
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end else begin
fsm_function = IDLE;
end
GNT1 : if (req_ 1l == 1'bl) begin
fsm_function = GNT1;
end else begin
fsm function = IDLE;

end
default : fsm function = IDLE;
endcase
endfunction
/)= Seq Logic-—--——=————————————— -

always Q@ (posedge clock)
begin : FSM_SEQ
if (reset == 1'bl) begin
state <= #1 IDLE;
end else begin
state <= #1 next_ state;
end
end

always @ (posedge clock)
begin : OUTPUT_LOGIC
if (reset == 1'bl) begin
gnt 0 <= #1 1'bO;
gnt_ 1 <= #1 1'b0O;
end
else begin
case (state)
IDLE : begin

end
GNTO : begin
gnt 0 <= #1 1'bl;
gnt_ 1 <= #1 1'b0;
end
GNT1 : begin
gnt 0 <= #1 1'bO;
gnt 1 <= #1 1'bl;
end
default : begin
gnt 0 <= #1 1'bO;
gnt 1 <= #1 1'b0;
end
endcase
end
end // End Of Block OUTPUT_ LOGIC

endmodule // End of Module arbiter

RESULT:

ECE, MRCET

Thus the OUTPUT s of finite state machine design is verified by simulating the VERILOG

code.
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