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SRM VALLIAMMAI ENGINEERING COLLEGE

(An Autonomous Institution)
SRM Nagar, Kattankulathur — 603 203

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING
VISION OF THE INSTITUTE
Educate to excel in social transformation
MISSION OF THE INSTITUTE

* To contribute to the development of human resources in the form of professional
engineers and managers of international excellence and competence with high
motivation and dynamism, who besides serving as ideal citizen of our country will
contribute substantially to the economic development and advancement in their chosen
areas of specialization.

* To build the institution with international repute in education in several areas at several
levels with specific emphasis to promote higher education and research through strong
institute-industry interaction and consultancy.

VISION OF THE DEPARTMENT

To excel in the field of electronics and communication engineering and to develop highly
competent technocrats with global intellectual qualities.

MISSION OF THE DEPARTMENT

M1: To educate the students with the state of art technologies to compete
internationally, able to produce creative solutions to the society's needs, conscious
to the universal moral values, adherent to the professional ethical code

M2: To encourage the students for professional and software development career

M3: To equip the students with strong foundations to enable them for continuing
education and research.
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SRM VALLIAMMAI ENGINEERING COLLEGE

(An Autonomous Institution)
SRM Nagar, Kattankulathur — 603 203

PROGRAM OUTCOMES

1.Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals,
and an engineering specialization to the solution of complex engineering problems.

2.Problem analysis: Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural sciences,
and engineering sciences.

3.Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

4.Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information
to provide valid conclusions.

5.Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modelling to complex engineering activities with an
understanding of the limitations.

6.The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal,
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

7.Environment and sustainability: Understand the impact of the professional engineering solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

8.Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of
the engineering practice.

9.Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

10.Communication: Communicate effectively on complex engineering activities with the engineering
community and with society at large, such as, being able to comprehend and write effective reports and
design documentation, make effective presentations, and give and receive clear instructions.
11.Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments.

12.Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOME(PSOs)

PSOL1: Ability to apply the acquired knowledge of basic skills, mathematical foundations, principles of
electronics, modelling and design of electronics based systems in solving engineering Problems.
PSO2: Ability to understand and analyze the interdisciplinary problems for developing innovative
sustained solutions with environmental concerns.

PSO3: Ability to update knowledge continuously in the tools like MATLAB, NS2, XILINIX and
technologies like VLS|, Embedded, Wireless Communications to meet the industry requirements.
PSO4: Ability to manage effectively as part of a team with professional behaviour and ethics.
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SYLLABUS

1906305 - ANALOG AND DIGITAL ELECTRONICS LABORATORY LTPC
00142

OBJECTIVES:
The student should be made to:

v’ Determine the Frequency response of CE, CB and CC Amplifier.

v’ Learn the frequency response of CS Amplifiers.

v’ Study the Transfer characteristics of differential amplifier.

v

v

Perform experiment to obtain the bandwidth of single stage and multistage. Amplifiers.
Do SPICE simulation of Electronic Circuits.

LIST OF ANALOG EXPERIMENTS:

Design of Regulated power supplies.

Frequency Response of CE, CB, CC and CS Amplifiers.

Darlington Amplifier.

Differential Amplifiers- Transfer characteristic, CMRR Measurement.
Cascode and Cascade amplifier.

Determination of bandwidth of single stage and multistage amplifiers.
Analysis of BJT with fixed bias and voltage divider bias using Spice.
Analysisof FET, MOSFET with fixed bias, self-biasand voltage divider bias using
simulation software like Spice.

Analysis of Cascode and Cascade amplifiers using Spice.

Analysis of Frequency Response of BJT and FET using Spice.
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LIST OF DIGITAL EXPERIMENTS

11. Designand implementation of code converters using logic gates (i) BCD to excess-3 code and
vice versa (ii) Binary to gray and vice-versa.

12. Design and implementation of 4 bit binary Adder/ Sub tractor and BCD adder using IC 7483.

13. Design and implementation of Multiplexer and De-multiplexer using logic gates.

14. Design and implementation of encoder and decoder using logic gates.

15.  Construction and verification of 4 bit ripple counter and Mod-10 / Mod-12 Ripple counters.

16. Design and implementation of 3-bit synchronous up/down counter.

TOTAL: 60 PERIODS

OUTCOMES:

On completion of this lab course, the student would be able to,
v' Test rectifiers, filters and regulated power supplies.
Understand BJT/JFET amplifiers.
Design Cascode and cascade amplifiers.
Analyze the limitation in bandwidth of single stage and multi stage amplifier.

v
v
v
v' Simulate and analyze amplifier circuits using PSpice.
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LIST OF EXPERIMENTS
CYCLE-|

ANALOG EXPERIMENTS
Design of Regulated power supplies.

Frequency Response of CE, CB, CC and CS Amplifiers

Darlington Amplifier

Differential Amplifiers- Transfer characteristic, CMRR Measurement
Cascode and Cascade amplifier

Determination of bandwidth of single stage and multistage amplifiers

Analysis of BJT with fixed bias and voltage divider bias using Spice

© N o g Bk~ w Do

Analysisof FET, MOSFET with fixed bias, self-bias and voltage divider bias using simulation
software like Spice
9. Analysis of Cascode and Cascade amplifiers using Spice

10. Analysis of Frequency Response of BJT and FET using Spice

CYCLE-II
DIGITAL EXPERIMENTS

11. Study of Logic Gates and Flip Flops
12. Designand implementation of code converters using logic gates (i) BCD to excess-3 code
and vice versa (ii) Binary to gray andvice-versa
13. Design and implementation of 4 bit binary Adder/ Subtractor and BCD adder using IC 7483
14. Design and implementation of Multiplexer and De-multiplexer using logic gates
15. Design and implementation of encoder and decoder using logic gates
16. Construction and verification of 4 bit ripple counter and Mod-10 / Mod-12 Ripple counters
17. Design and implementation of 3-bit synchronous up/down counter

ADDITIONAL EXPERIMENTS

18. Design and implementation of 2 Bit Magnitude Comparator
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EXPT.NO:1 DESIGN OF REGULATED POWER SUPPLY

DATE:

AlM:

To design a +5 V DC regulated power supply delivering up to 1A of current to the load.

Also to determine the load regulation and efficiency of the regulated power supply.

COMPONENTS REQUIRED:

S.NO | Name of the Component | Specification/Range Quantity
1. | Diode 1N4007 04
2. |IC IC7805 01
3. | Step down transformer 230V/9V, 1A 01
4. | Resistor 100Q 01
5. | Capacitor 0.33uF, 0.1uF Each 1
6. | Electrolytic Capacitor 1000uF/25V 01
7. | Function Generator 3 MHz 01
8. | RPS (0-30)V 01
9. | CRO 30 MHz 01
10. | Bread Board 01
11. | Connecting Wires Single stand few

PRE-LAB EXERCISE

1. Design and create a SPICE model of a bridge-type, full-wave rectified, dc power supply using
a filter capacitor.

2. Analyze the circuit for different values of filter capacitors. Observe the change in ripple
content and comment on your observation.

3. Analyze the circuit for different load conditions. Observe the change in ripple content and
comment on your observation.

4. From the IC 7805 datasheet, write down the minimum, typical and maximum values of the
output voltage VO.

5. Determine the smallest value of the input voltage V1 for which 1C7805 can still work as a
voltage regulator.

THEORY:

Every electronic circuit is designed to operate off of supply voltage, which is usually
constant. A regulated power supply provides this constant DC output voltage and continuously
holds the output voltage at the design value regardless of changes in load current or input
voltage.

The power supply contains a rectifier, filter, and regulator. The rectifier changes the AC
input voltage to pulsating DC voltage. The filter section removes the ripple component and
provides an unregulated DC voltage to the regulator section. The regulator is designed to deliver
a constant voltage to the load under varying circuit conditions. The two factors that can cause
the voltage across the load to vary are fluctuations in input voltage and changes in load current
requirements.
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Load regulation is a measurement of power supply, showing its capacity to maintain a
constant voltage across the load with changes in load current. Line regulation is a measurement
of power supply, showing its capacity to maintain a constant output voltage with changes in
input voltage.

DESIGN
Design a 5V DC regulated power supply to deliver up to 1A of current to the load with
5% ripple. The input supply is 50Hz at 230 V AC.
Selection of Voltage regulator IC:
Fixed voltage linear IC regulators are available in a variation of voltages ranging from -24V to
+24V. The current handling capacity of these ICs ranges from 0.1A to 3A. Positive fixed voltage
regulator ICs have the part number as 78 XX. The design requires 5V fixed DC voltage, so 7805
regulator IC rated for 1A of output current is selected.
Selection of Bypass Capacitors:
The data sheet on the 7805 series of regulators states that for best stability, the input bypass
capacitor should be 0.33pF. The input bypass capacitor is needed even if the filter capacitor is
used. The large electrolytic capacitor will have high internal inductance and will not functionas a
high frequency bypass; therefore, a small capacitor with good high frequency response is
required. The output bypass capacitor improves the transient response of the regulator and the
data sheet recommends a value of 0.1pF.
Dropout voltage:
The dropout voltage for any regulator states the minimum allowable difference between output
and input voltages if the output is to be maintained at the correct level. For 7805, the dropout
voltage at the input of the regulator IC is Vo +2.5V.

Vdropout = 5+2.5 = 7.5V
Selection of Filter Capacitor:
The filter section should have a voltage of at least 7.5V as input to regulator IC.

ThatisVdc=75V

Vo

F 3

Ve ’

o / \/\/ AV

f

time

!

Figure 2: Output wave shape fromafull-wave filtered rectifier

Ripple voltage = AV =Vr
Two figures of merit for power supplies are the ripple voltage, Vr, and the ripple factor, RF.
Vm —Vmin Vy

RF = Vr(rms) / Vdc Uy (rms) = B = Z
Vdc=2Vm/n = 0.636 Vm

i

1% ]
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Vr = IL x Toff/C can be solved for the value of C.
The ripple frequency of the full-wave ripple is 100 Hz. The off-time of the diodes for 100 Hz
ripple is assumed to be 85%. Toff =8.5mS.
C=ILxToff /Vr
Selection of Diodes:
1N4007 diodes are used as it is capable of withstanding a higher reverse voltage, PIV of 1000V
whereas 1N4001 has PIV of 50V.
Selection of Transformer:
Maximum unregulated voltage, Vunreg(max) = VVdropout + Vr =
Two diodes conduct in the full-wave bridge rectifier, therefore peak of the secondary voltage
must be two diode drops higher than the peak of the unregulated DC.
Vsec(peak) = Vunreg(max) + 1.4V =
Vsec(rms) =0.707 x Vsec(peak) =

The power supply is designed to deliver 1A of load current, so the secondary winding of the
transformer needs to be rated for 1A.
PROCEDURE:
1.Power Supply
1. Connect the circuit as shown in Figure 1.
2. Apply 230V AC from the mains supply.
3. Observe the following waveforms using oscilloscope

(i) Waveform at the secondary of the transformer

(if) Waveform after rectification

(iif) Waveform after filter capacitor

(iv) Regulated DC output
Volt/div = Time/div = Volt/div = Time/div

TTTT T T[T I T [T T [ TT AT (T I T[T I T [TTT [ TITT{TTTIT

Graph 1: Waveform at the secondary of the transformer Graph 2: Waveform after rectification
Volt/div = Time/div = Volt/div = Time/div=
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2. Load Regulation

1. Observe the No load voltage and Full load voltage
2. Calculate the load regulation.

Load Regulation = ((VNL — VFL)/VFL) x 100 %
Theoretical efficiency of linear voltage regulator =

POST-LAB EXERCISE

1. Why is the ripple voltage larger at full load?

2. Under full load conditions, what is the power dissipated by the regulator IC?

3. Comment on the efficiency of the circuit for aminimum output voltage and a maximum
output

voltage.

4. Identify the short-circuit current of 7805 from data sheets.

5. What modification needs to be done to obtain a variable outputvoltage?

RESULT:
Thus the +5 V DC regulated power supply was designed and also the load regulation
and efficiency of the regulated power supply was determined.
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EXPT.NO:2 FREQUENCY RESPONSE OF CE/CB/CC AMPLIFIER

DATE:

EXPT. NO: 2A FREQUENCY RESPONSE OF CE AMPLIFIER

AlM:

To design a BJT Common Emitter (CE) Amplifier using voltage divider bias (self-bias)
bypassed emitter resistor to
Measurement of gain
Plot the frequency response & Determination of Gain Bandwidth Product.

COMPONENTS REQUIRED:

S.NO | Name of the Component | Specification/Range Quantity
1. | Transistor (BC547) 01
2. Resister 180KQ, 39KQ, 1KQ, 3.9KQ,
120Q, 470 Q, 2.2 KQ, DRB Each 1
3. | Capacitor 4.7uF, 10 uF 01,02
4. Function Generator 2MHz 01
5. | RPS (0-30)V 01
6. | CRO 30MHz 01
7. | Bread Board 01
8. | Connecting Wires Single stand few

PRE-LAB EXERCISE

oL e

5.

What are the types of bias compensation techniques?
What type of biasing used in this amplifier?

What are the advantages & disadvantages of RC coupled or CE amplifier?
Compare RC Coupled amplifier with Transformer coupled amplifier and Direct coupled

amplifier.

Define Bandwidth.

THEORY:
In CE amplifier, the input is applied between Base & Emitter and the output is taken
between Collector & Emitter. As Emitter is common to both input & output, hence the name
Common Emitter amplifier.

When Vin goes +ve, Vy increases. This increases I, and hence lc. This increases the
voltage drop at Rc & V¢ decreases. Thus whenever there is a +ve swing at the input, there isa —
ve swing at the Collector. Similarly, whenever there is a -ve swing at the input, there is a +ve
swing at the Collector. Or, there is 180 degree phase difference between input & output voltages.
A small change at the input gives a large change at the output resulting in amplification.

In RC coupled CE amplifier, Resistances R1, Rz and Re set the proper operating point for the CE
amplifier. Input Capacitor C1
— Couples the signal to the base of the transistor

SRM VEC/ECE/LM/1906305/ADCL/2022-23
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- Blocks DC and allows only AC Signal for Amplification & thereby ensures
Constant biasing conditions.

DESIGN

Given Av=10, h#=300, Vcc=10, lco=2mA and =200Hz
Step 1

Vceg=Vce [/2=10/2=5V
Step2

Ve=IgRe=V /10 =1V
Step 3

Re=Ve/le= 1/ (2*10'3) =0.5KQ =470
Step4d

Vs =Ve+0.7 =1+0.7 =1.7V

Let R1=180KQ
Step5
Ve=R2(Vcc/(R1 +R2))
1.7 =Rz (10/(180K +R2))
306K+1.7R2 =10R>
306KQ =8.3R>
R2=306K/8.3=36.8KQ =39KQ
Step6
Vcc=lcRc+Vceet+leRe
Rc=(Vce-Vee-leRe)/ Ic =(10-5-1)/(2*%103%)=2KQ =2.2KQ

Step7
re'=25mV/ 1[g=25*103/2*103=12.5Q
Step8
Av =(Rc||Rv) /¢
10 =(Rc||RL) /125
(Rc||RL)=125%
On solving, R.=132.5Q ~120Q

Step9

(R1]|IR2) =Rg=32054.7Q
Xc1= (hie]|Rs||hteREe)/10=(hi¢||Rs)/10=(1K]|32054.7)/10=96.972
C1 =172][f Xc1=1/2n*200%96.97=8.2uF =~10uF

Step10

Xc2= (RctRL)/10 =232Q

C = 1 /2xnf Xco=1 /2n*200%232=3.4uF =4.7uF
Stepll

Xes10= Re/10=470=47Q

Ce = 1/2nf Xe=1/ 2n*200%47=16.9uF =10puF
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DESIGN VALUES
Given Av=10,h#=300, Vcc=10V,lco=2mA and f=200Hz
R1=180KQ, R2=39KQ, Re=470Q2, Rc=2.2KQ, R =120Q, Rs=0€2, C1=10pF, C2=

4.7TpF, Ce=10pF.Use BC547

SRM VEC/ECE/LM/1906305/ADCL/2022-23
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Emitter Bypass Capacitor, Ce

— Provides a Low reactance path to the amplified ACsignal
— Ifitis absent, the amplified signal passing through RE will cause a voltage drop
across it & hence output voltage and Gain of the Amplifier will reduce

Output Coupling Capacitor, C»

— Couples the output signal to the Load or to the next stage of the Amplifier

— Blocks DC and allows only the amplified AC Signal

RC coupling scheme finds application in Audio small signal amplifiers which are used in

Record players, Tape recorders, Public address system, Radio & TV receivers etc.,

PROCEDURE:
Measurement of gain and plotting of frequency response curve

1. The circuit connection is made as per the circuit diagram using Bread board with Rs
being a Decade Resistance Box (DRB). Set Rs=0.
2. The RPS is adjusted to the value of VVcc needed.
3. The voltage level of AO is adjusted to be suitable value Vs. This level was maintained
constant through out the experiment.
4. The frequency of the oscillator was varied over its working range in suitable steps. For
each frequency setting, the corresponding value of output voltage Vo is noted.
5. The voltage gain Av in dB is given by 20 log (Vo/Vi) is computed for each frequency
setting.
6. The frequency response curve is plotted on semi log graph sheet. The bandwidth is
calculated from the graph by drawing the 3dB line.
BW = f,-f1 Hz
Where BW is the bandwidth
f1 is the lower cutoff frequency.
f2 is the lower and upper cutoff frequency

SRM VEC/ECE/LM/1906305/ADCL/2022-23 15



Determination of gain band width product

1. Find the mid band gain or maximum gain (Av) from thetable.

2. Find the band width BW= f2-f1

3. Gain bandwidth product =|Av|BW

TABULATION 1:

Input VOLTAGE (Vs) = mV
S.No Frequency Output voltage Gain in dB=
' f(Hz) Vo(Volt) (20logVo/Vs) dB

SRM VEC/ECE/LM/1906305/ADCL/2022-23
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POST-LAB EXERCISE

Why bandwidth is measured at 3 dB points?

What is Stability factor?

What is the expression of Stability factor S, S’ & S’” of Self biased BJT circuit?

Why is Voltage divider bias frequently used?

Based on operating point, Is VVoltage divider bias circuit, a class A or class B or class AB
amplifier?

arwdE

RESULT:

The BJT Common Emitter Amplifier using voltage divider bias (self-bias) with bypassed
emitter resistor is designed & constructed and the frequency response of the amplifier is plotted.

e Bandwidth of the bypassed CE amplifier = fo-f1=

e Midband gain of bypassed CE amplifier=

e Gain bandwidth product bypassed CE amplifier =
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EXPT. NO: 2B FREQUENCY RESPONSE OF CC AMPLIFIER

AlM:

To Design a BJT Common Collector Amplifier (CC or Emitter follower) using voltage

divider bias (self-bias) and to
e Measurement of gain

e Plot the frequency response & Determination of Gain Bandwidth Product

COMPONENTS REQUIRED:

S.NO Name of the Component Range Quantity
1.  [Transistor (Q2N2222 or BC107) 01
2. Resister SKQ, 02
1KQ, 12Q,12KQ Each 01
3. [Capacitor 6.4uF,2.6uF Each 01
4.  |Function Generator 01
5. |RPS (0-30) V 01
6. |CRO 01
7. |Bread Board 01
8.  |Connecting Wires

PRE-LAB EXERCISE

1. Why the common collector amplifier is also called as an emitter follower?

What is the need for coupling capacitors?

Hownr

THEORY:

What will be the input &output impedance of common collector amplifier?
Write some applications of common collector amplifier?
5. What is the current amplification factor of common collector amplifier?

The common collector configuration has the base as the input terminal and the emitter
as the output terminal with collector as the common terminal. It is otherwise called as the emitter

follower as the output follows the input.

The voltage gain is lesser than one and the current gain y=1+ is very larger. Hence this
amplifier can be used only for the current amplification and cannot be used as the voltage

amplifier.

It is the only configuration where the input is reverse biased and the output is forward
biased. Hence the input impedance which finds application in the impedance matching.
Impedance matching is used to connect the circuit with the higher output impedance to the

circuit with the lower input impedance.
DESIGN

Given Av=1, Ie=1mA, Vcc=12v, R i=12K Q, B=h=120 & f=200Hz

Step 1

Vceo =Vcc/2=12 /2=6V
Step 2

Vee =Vee+ Ve

Ve =Vcc-Vee

Therefore Ve=6V
SRM VEC/ECE/LM/1906305/ADCL/2022-23
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DESIGN VALUES

Given Av=10,h#=300, Vcc=10V,lco=2mA and f=200Hz

R1=180K€, R>=39KQ, Re=470Q, Rc=2.2KQ, R =120Q, Rs=0Q, C1=-10pF,

C2= 4.7pF, Ce=10pF.Use BC547

Determination of gain band width product

1. Find the mid band gain or maximum gain (Av) from thetable
2. Find the band width BW= f2-f1
3. Gain bandwidth product =|Av|BW

TABULATION:

Input Voltage (VsorVin)=___

S.No

Frequency
f(Hz)

Output voltage
Vo(VO't)

Gain in dB=
20log(Vo/Vs) dB

SRM VEC/ECE/LM/1906305/ADCL/2022-23
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Step 3
Re=Rs1|| Re2 =(R1]|R2)
Choose R1=R2 =10K Q Therefore Ry =10K Q
Step4
Since Re =R => Re =12K Q
Then Refi= Re||R.=12K Q
Step5
(R1]|R2)=Rs=32054.7Q2
Xc1= (hie| |Re||NreRe)/10=(hic| [Rs)  =(1K]|32054.7)/10=96.97Q

Ci=12nf Xc1  =1/2n*200*%96.97  =8.2uF =10uF or 6.4 pF(available)
Step6

Xe= Re/10=470/10=47Q

Ce=1 2nf Xe=121*200%*47=2.65uF

PROCEDURE:
Measurement of gain and plotting of frequency response curve

1. The circuit connection is made as per the circuit diagram using Bread board with Rs
being a Decade Resistance Box(DRB) . Set Rs=0.

2. The RPS is adjusted to the value of VVcc needed.

3. The voltage level of AO is adjusted to be suitable value Vs. This level was maintained
constant throughout the experiment.

4. The frequency of the oscillator was varied over its working range in suitable steps. For
each frequency setting, the corresponding value of output voltage Vo is noted.

5. The voltage gain Av in dB is given by 20 log (Vo/Vi) is computed for each frequency
setting.

6. The frequency response curve is plotted on semi log graph sheet. The bandwidth is
calculated from the graph by drawing the 3dB line.
Bandwidth= BW= f2-f1, where f1 & f2is the lower & upper cutoff frequency.

POST-LAB EXERCISE

What do you mean by ‘volt equivalent of temperature’?

What is the voltage gain of the CC amplifier?

Why the circuit is referred to an ‘emitter follower’?

Give one application for emitter follower.

What are the three most important characteristics of an emitter follower?

arwr e

RESULT:
The BJT Common Collector Amplifier (Emitter follower) using voltage divider bias (self
bias) designed & constructed and the frequency response of the amplifier is plotted.

e Bandwidth of the amplifier BW= f,-f;=
e Midband gain Ay=

e Gain bandwidth product=
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CIRCUIT DIAGRAM:
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EXPT. NO: 2C FREQUENCY RESPONSE OF CB AMPLIFIER

AlM:
To design a CB amplifier using voltage divider bias and to study the frequency response
characteristics of the amplifier.

COMPONENTS REQUIRED:

S.No Item Name Range Quantity

1 BJT BC547 or BC107 1

2 Resistors 90k,10k,12k,1k,50 | 1 (each)
3 Capacitors 10uF, 16uF 1(each)

4 Function Generator/AFO (0-3)MHz 1

5 CRO (0-20)MHz 1

6 RPS ( Regulated Power Supply ) (0-30)V 1

7 Bread Board and Connecting Wires

Pre-Lab Exercise

What do you mean by ‘volt equivalent of temperature’?
What is the voltage gain of the CB amplifier?

Give the technical specifications of BC107.

Write the hybrid parameters of CB amplifier.

Define miller effect.

SARE A

THEORY:

A common Base amplifier is also known as an emitter follower or voltage follower. In
this circuit the emitter terminal of the transistor serves as the input, the collector as the output
and the base is common to both. The common base amplifier has large bandwidth for voltage
gain. The Circuit has large voltage gain and low input impedance. typically used as acurrent
buffer or voltage amplifier This arrangement is not very common in low-frequency circuits,
where it is usually employed for amplifiers that require an unusually low input impedance, for
example to act as preamplifier for moving-coil microphones. However, it is popular in high-
frequency amplifiers, for example for VHF and UHF, because its input capacitance does not
suffer from the Miller effect, which degrades the bandwidth of the common emitter
configuration, and because of the relatively high isolation between the input and output. This
high isolation means that there is little feedback from the output back to the input, leading to
high stability.
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DESIGN:

Ve =12V, Vin=10mV@ 10KHz, Rs = 50Q,1e=0.51mA, Rin =50 Q

Vr
I. =
E R

in

0.026V
500

= 0.52mA, I, = 5.1p4,I, = .51mA

Let emitter voltage drop Vgyz = 0.5V, and Iz = 0.52m4, Ry ~ 10000

Vogg = 6V,

ceqg —

H:'.:'_i'rcgq_lz_ﬁ

= 12k

R. =
€ I

c

© 0.5mA

Vg = Vg +V,, =05V 4+ 0.7V = 1.2V
Rgp = 0.1 (1 + 100) = 1000 = 10.1k0
Rgg = Ryl R

Vg =V

(ve)
Ry + R,

R2=0.1*hre*Re=10kQ.

Ri1=VccRo-

VsR2/VE=90KQ

Design of coupling capacitor:

R, = 500
Tee1 = (Rs + Rinj * Ccl = [50 + 5']] * 10-”’!:‘- = 1mSec
1
Freq,, = = 100Hz C.= = 16uf
1 ' ﬂ’-Tr.rJ ! EH(R.: + Rin)FTeqmﬂ
TABULATION :
Input Voltage (Vsor Vin) = V
S.No Frequency Output voltage Gain in dB=
f(Hz) Vo(Volt) 20log(Vo/Vs) dB
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PROCEDURE:

1. The circuit connections are made as per the circuit diagram.

2. The regulated power supply is turned on and its voltage level is adjusted to the value of Vcc
3. Switch on the AFO and adjust the voltage to Vi.

4. The frequency of the oscillator was varied over its working range in suitable steps.

5. Note down the value of V, from CRO for each frequency setting.

6. Calculate the voltage gain.

7. Plot the frequency response curve and calculate Bandwidth fromgraph.

Post-Lab Exercise

Give one application for CB amplifier.

What are the three most important characteristics of a Common Base amplifier?
List the advantages of CB amplifier.

List the disadvantages of CB amplifier.

Define base width modulation.

arNdE

RESULT:

The BJT Common Base Amplifier (CB) using voltage divider bias designed &
constructed and the frequency response of the amplifier is plotted.

e Bandwidth of the amplifier BW=f,-f;=
e Midband gain Ay=

e Gain bandwidth product=
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EXPT. NO: 2D FREQUENCY RESPONSE OF CS AMPLIFIER

AlM:

To constructa Common Source (CS) Amplifier and to determine its frequency response curve
and to obtain its band width.

COMPONENTS REQUIRED:

S.No Item Name Range/ Quantity
Specification

1 FET BFW10 1

2 Resistors 10MQ,IMQ,2MQ | 1(each)
4KQ 2

3 Capacitors 0.1uF 3

4 Function Generator/AFO (0-3)MHz 1

5 | CRO (0-20)MHz 1

6 RPS ( Regulated Power Supply) (0-30)V 1

7 Bread Board and Connecting Wires

Pre-Lab Exercise

What is common source amplifier?

What are the applications of common source amplifier?

What is the other name of source follower?

What do you say about the input and output impedance of source follower?
What are the advantages of bootstrapping?

ard PR

THEORY:

There are three basic types of FET amplifier or FET transistor namely common source
amplifier, common gate amplifier and source follower amplifier.

The common-source (CS) amplifier may be viewed as a transconductance amplifier or as
a voltage amplifier.

i) As a transconductance amplifier, the input voltage is seen as modulating the current
going to the load.

i) As a voltage amplifier, input voltage modulates the amount of current flowing through
the FET, changing the voltage across the output resistance according to Ohm's law.

However, the FET device's output resistance typically is not high enough for a
reasonable transconductance amplifier (ideally infinite), nor low enough for a decent voltage
amplifier (ideally zero). Another major drawback is the amplifier's limited high-frequency
response. Therefore, in practice the output often is routed through either a voltage follower
(common-drain or CD stage), or a current follower (common-gate or CG stage), to obtain more
favorable output and frequency characteristics.

DESIGN:

Assume Av=0.9622, Ipss=1mA,Vp=-4V ,Vpp=30V,fL=300Hz
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Stepl

Ip=Ipss/2= 10/2 =5mA
Step2

Io=Ipss { 1-(Ves/Vp)}?

5 =10( 1+ (Ves/4))?

On solving, Ves=-1.17V

Step3
gm = gmo ( 1-(Vas/Vp))
gmo=2lpss/ [Vp|=2%(10%103)/4=5*103)'1
Hence gm=5*103(1-(1.17/4)) =3.537*10°Q"
Step4

Av= ((gm Rs)/(1+gm Rs))
Substituting the values of Ayand gm and solving for Rsin the above equation, we get,
Rs=7.02KQ =7.2KQ

Steps
Let Ri=1MQ and R=1MQ
Step6
Xci= (R1]|R2) /10 = (1M]||1M)/10 =50KQ
Ci=1/ 2nfXci=1/2n*300*50KQ  =0.01uF
Step7
Xco= Re/10 =7.2K/10=0.72KQ
Co= 1 /2xnf Xco=1/21*300%0.72K=0.73uF =~1uF
TABULATION :
Input Voltage (Vsor Vin) = V
S.No Frequency Output voltage | Gain in dB=
f(Hz) Vo(Volt) 20log(Vo/Vs
)
dB
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PROCEDURE:

1. The circuit connections are made as per the circuit diagram.

2. The regulated power supply is turned on and its voltage level is adjusted to the value of
Vcc needed.

3. The AFO was switched on and voltage level adjusted to be a suitable value Vs. This level
was maintained constant throughout the Experiments.

4. The frequency of the oscillator was varied over its working range in suitable steps.

5. For each frequency setting the corresponding value of output voltage Vo is noted.

6. Thevoltage gain Ay, glven by 20log (Vo /V|) is computed for each frequency setting.

The frequency response curve is plotted in a semi log graph sheet and BW is calculated

Post-Lab Exercise

What are the techniques of improving Input Impedance

Give the expression for Input Impedance of Bootstrapped source follower
How the above bootstrapped circuits provide a good impedance matching?
What is the difference between source follower & emitterfollower?
Define transconductance.

arwrpE

RESULT:

Thus the common source (CS) amplifier circuit is constructed & frequency response is
plotted.
e Bandwidth of the amplifier BW=f2-f1=

e Midbandgain Av=

e Gain bandwidth product=
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EXPT.NO: 3 DARLINGTON AMPLIFIER
Date:
AlM:

To construct a Darlington current amplifier circuit using BJT and to

1. Measurement of gain and input resistance.

2. Comparison with calculated values.

3. Plot the frequency response & Determination of Gain Bandwidth
Product

COMPONENTS REQUIRED:

S.No. Name Range Quantity
1. Transistor BC 107 1
2. Resistor 1kQ,3kQ,27KQ,560Q 2,111
3. Capacitor 0.1pF 2
4. Function Generator (0-3)MHz 1
5. | CRO 30MHz 1
6. Regulated power supply (0-30)V 1
7. Bread Board 1

Pre-Lab Exercise

What is meant by Darlington pair?

How many transistors are used to construct a Darlington amplifier circuit?
What is the advantage of Darlington amplifier circuit?

Write some applications of Darlington amplifier?

Whatisthe voltage gain of Darlington amplifier?

arwrpE

THEORY:

In Darlington connection of transistors, emitter of the first transistor is directly
connected to the base of the second transistor .Because of direct coupling dc output current of
the first stage is (1+hs )lp1.If Darlington connection for n transitor is considered, then due to
direct coupling the dc output current foe last stage is (1+hs ) " times Ip1 .Due to very large
amplification factor even two stage Darlington connection has large output current and output
stage may have to be a power stage. As the power amplifiers are not used in the amplifier circuits
it is not possible to use more than two transistors in the Darlington connection.

In Darlington transistor connection, the leakage current of the first transistor is
amplified by the second transistor and overall leakage current may be high, which is not desired.
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TABULATION :

Input Voltage (VsorVin)=__

S.No

Frequency
f(Hz)

Output voltage
Vo(VOlt)

Gain in dB=
20log(Vo/Vs) dB

SRM VEC/ECE/LM/1906305/ADCL/2022-23

32



PROCEDURE:

1. Connect the circuit as per the circuit diagram.

2. Set Vi =50 mv, using the signal generator.

3. Keeping the input voltage constant, vary the frequency from 0 Hz to 1M Hz in regular steps
and note down the corresponding output voltage.

4. Plotthe graph; Gain (dB) vs Frequency(Hz).

5. Calculate the bandwidth & Gain Bandwidth Product from the graph.

Post-Lab Exercise

Why the input impedance is higher than that of emitter follower?

Define stabilization factor.

How do you determine the lower and upper cutoff frequencies of the amplifier?
What is cascade amplifier?

What are the advantages of Darlington amplifier?

SARE I

RESULT:

The Darlington current amplifier circuit using BJT constructed and the frequency
response of the amplifier is plotted.
e Bandwidth of the amplifier BW=f2-f1=

e Midbandgain Av=

e Gain bandwidth product=
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EXPT.NO:4A DIFFERENTIAL AMPLIFIERS - TRANSFERCHARACTERISTIC

AlM:
To construct a differential amplifier and to determine Transfer Characteristics.

COMPONENTS REQUIRED:

S.No. Name Range Quantity
1. Transistor BC 107 2
2. Resistor 4.7kQ,10kQ, 2,1
3. Function Generator (0-3)MHz 2
4. CRO 30MHz 1
5. Regulated power supply (0-30)V 1
6. Bread Board 1

Post-Lab Exercise

1. What is a differential amplifier?
2. What is common mode and differential mode inputs in a differential amplifier?
3. What are the assumptions made while designing a differential amplifier?
4. What is meant by balanced output differential amplifier?
5. List some applications of differential amplifier.
THEORY:

A differential amplifier multiplies the difference between two inputs by a constant factor
called differential gain. A differential amplifier rejects noise common to both inputs. This circuit
has a unique topology: two inputs and two outputs. Differential amps finds use in control of
motors or servos, Signal amplification, in operational amplifiers, as Phase inverter.

The differential amplifier is a basic stage of an integrated operational amplifier. It is used
to amplify the difference between 2 signals. It has excellent stability, high versatility and
immunity to noise. In a practical differential amplifier, the output depends not only upon the
difference of the 2 signals but also depends upon the common mode signal.

Transistor Q1 and Q2 have matched characteristics. The values of Rc1 and Re2 are equal.
Re1 and Re2 are also equal and this differential amplifier is called emitter coupled differential
amplifier. The output is taken between the two outputterminals.

For the differential mode operation the input is taken from two different sources and the
common mode operation the applied signals are taken from the samesource .

We can perform a general analysis of the differential-pair configuration by using the
exponential relationship between collector current and B—E voltage. To begin, we know that
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ict = Isers/

and
ica = Is glrE2/ Vr
TABULATION:
Common Mode Difference Mode
S.No | Input Voltage Output Voltage S.No Input Output Voltage
Voltage
V1 V2 Theoretical | Practical V1 | V2 | Theoretical | Practical
Value Value Value Value

We assume Q1 and Q2 are matched and are operating at the same temperature, so the coefficient
Is is the same in each expression.

Neglecting base currents and assuming 1Q is an ideal constant-current source, we have
lo =ici+ica

where ic1 and iczare the total instantaneous currents, which may include the signal currents. e
then have

Ip = Ig[e™ el/Vr 4 pune/ VT
Taking the ratios of ic1 to lg and ic2 to lg, we obtain

rIlf‘ 1 1
IQ 1+ g\ VBEI—VBE] A%

and

ic2 ]

Ig 1 + e—(vapz—vBe1)/Vr
The above equations describe the basic current-voltage characteristics of the differential
amplifier. If the differential-mode input voltage is zero, then the current 1Q splits evenly
between ic1 and Icz, as we discussed. However, when a differential-mode signal vq is applied,a
difference occurs between ic1 and ic2 which in turn causes a change in the collector terminal
voltage. This is the fundamental operation of the diff-amp. If a common-mode signal vem = Vel
= vg2 is applied, the bias current Iq still splits evenly between the two transistors.

The figure shows the normalized plot of the dc transfer characteristics for the differential
amplifier. We can make two basic observations. First, the gain of the differential amplifier is
proportional to the slopes of the transfer curves about the point vq = 0. In order to maintain a
linear amplifier, the excursion of vg about zero must be kept small. Second, as the magnitude of
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vd becomes sufficiently large, essentially all of current lIg goes to one transistor, and the second
transistor effectively turns off.

PROCEDURE:
1. Connections are given as per the circuit diagram.
2. To determine the Transfer Characteristics, we set differentinput signal values.
3. Then measure output current across the collector terminals.

Post-Lab Exercise

Define common mode & differential mode gain.

What is ideal value of Ac, A¢?

What is transconductance in differential amplifier?
Compare common mode gain and differential mode gain.
What is common mode rejection ratio?

SARE I

RESULT:

Thus the differential amplifier using BJT is constructed and its transfer characteristic is obtained.
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EXPT.NO: 4B DIFFERENTIAL AMPLIFIERS-CMRR MEASUREMENT

AlM:
To construct a differential amplifier and to determine Common Mode Rejection Ratio
(CMRR).

COMPONENTS REQUIRED:

S.No. Name Range Quantity
1. Transistor BC 107 2
2. Resistor 4.7kQ,10kQ, 2,1
3. Function Generator (0-3)MHz 2
4. CRO 30MHz 1
5. Regulated power supply (0-30)V 1
6. Bread Board 1

Pre-Lab Exercise

1. What is a differential amplifier?

2. Why CMRR should be very high or low? Justify.

3. For a given value of differential gain, does a higher CMRR result in higher or lower
common mode gain?

4. How do you express CMRR in dB?

5. What are the assumptions made while designing a differential amplifier?

THEORY:

A differential amplifier multiplies the difference between two inputs by a constant factor
called differential gain. A differential amplifier rejects noise common to both inputs. This circuit
has a unique topology: two inputs and two outputs. Differential amps finds use in control of
motors or servos, Signal amplification, in operational amplifiers, as Phase inverter.

The differential amplifier is a basic stage of an integrated operational amplifier. It is used
to amplify the difference between 2 signals. It has excellent stability, high versatility and
immunity to noise. In a practical differential amplifier, the output depends not only upon the
difference of the 2 signals but also depends upon the common mode signal.

Transistor Q1 and Q2 have matched characteristics. The values of Rc1 and Re2 are equal.
Re1 and Re2 are also equal and this differential amplifier is called emitter coupled differential
amplifier. The output is taken between the two outputterminals.

For the differential mode operation the input is taken from two different sources and the
common mode operation the applied signals are taken from the samesource .

Common Mode Rejection Ratio (CMRR) is an important parameter of the differential
amplifier. CMRR is defined as the ratio of the differential mode gain, Aq to the common mode
gain, Ac.

CMRR =Aq/ Ac
In ideal cases, the value of CMRR is very high.

FORMULA:

Commonmode Gain  (Ac) = Vo/ Vin
Differential mode Gain (Ad) =Vo/ Vin Where Vin = V1— V2
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Common Mode Rejection Ratio (CMRR) = Ad/Ac

TABULATION:
Common Mode
V1 \V/! Vo Gain Ac= Vo/ V1 =Vo/ V2
Volts Volts Volts
Differential Mode
V1 V2 Vo Gain Ad = Vo /Vin
Volts Volts Volts Vin (V1 - V2)

CALCULATION:

CMRR =A4/AC
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PROCEDURE:

1. Connections are given as per the circuit diagram.

2. To determine the common mode gain, we set input signal with voltage Vin=2Vand
determine V, at the collector terminals. Calculate common mode gain, Ac=Vo/Vin.

3. Todetermine the differential mode gain, we set input signals with voltages V1 and V-.
Compute Vin=V1-V2 and find V, at the collector terminals. Calculate differential
mode gain, Ac=Vo/Vin.

4. Calculate the CMRR=AJ/A..

5. Measure the dc collector current for the individual transistors.

Post-Lab Exercise

What is meant by balanced output differential amplifier?
How to improve CMRR?

What is CMRR interms of ‘h’ parameters?

What is ideal value of A¢, As & CMRR?

What is transconductance in differential amplifier?

SARE I

RESULT:

Thusthe differential amplifier using BJT isconstructed and its CMRR is calculated.
The CMRR calculated value is
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CIRCUIT DIAGRAM: Cascode Amplifier
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EXPT.NO:5 CASCODE / CASCADE AMPLIFIER

AlM:

To construct and verify the performance of two stage Cascode/ Cascade amplifier and to
determine the frequency response and Bandwidth.

COMPONENTS REQUIRED:

S.No. Name Range Quantity
1. Transistor BC-547 2
2. Capacitors (designed values) | 1pF, 10uF 2
3. Resistors (designed values) 18 KQ, 8KQ, 3.3KQ Each 1
2KQ, 4 KQ(3No)
4. Function Generator 0 -1MHZ 1
5. Cathode Ray Oscilloscope 20MHZ 1
6. Regulated Power Supply 0-30V,1Amp 1

Pre-Lab Exercise

What is Cascode amplifier?

What is Cascadeamplifier?

What is the difference between cascade and cascade amplifier?
What is FET and MOSFET?

Compare BJT and FET.

arwrnE

THEORY:

Cascode amplifier is a two-stage circuit consisting of a transconductance amplifier
followed by a buffer amplifier. The word “cascode” was originated from the phrase “cascade to
cathode”. This circuit have a lot of advantages over the single stage amplifier like, better input
output isolation, better gain, improved bandwidth, higher input impedance, higher output
impedance, better stability, higher slew rate etc. The reason behind the increase in bandwidth is
the reduction of Miller effect. Cascode amplifier is generally constructed using FET (field effect
transistor) or BJT (bipolar junction transistor). One stage will be usually wired in common
source/common emitter mode and the other stage will be wired in common base/ common
emitter mode.

A cascade is type of multistage amplifier where two or more single stage amplifiers are
connected serially. Many times the primary requirement of the amplifier cannot be achieved with
single stage amplifier, because Of the limitation of the transistor parameters. In such situations
more than one amplifier stages are cascaded such that input and output stages provide
impedance matching requirements with some amplification and remaining middle stages provide
most of the amplification. These types of amplifier circuits are employed in designing
microphone and loudspeaker.
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MODEL GRAPH:
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PROCEDURE:

1. The circuit connections are made as per the circuit diagram.

2. Theregulated power supply is turned on and its voltage level is adjusted to the value of
Vcc needed.

3. The A/O was switched on and voltage level adjusted to be a suitable value Vs. This level

was maintained constant throughout the Experiments.

The frequency of the oscillator was varied over its working range in suitable steps.

For each frequency setting, the corresponding value of output voltage Vo is noted.

The voltage gain Av, given by 20 log (Vo / Vi) is computed for each frequency setting.

The frequency response curve is plotted in a semi log graph sheet and BW is calculated.

N ook

Post-Lab Exercise

Give an application Cascode amplifier.

What are the applications Cascade amplifiers?

What will be the effect on band width of cascadeamplifier?

How do you determine the lower and upper cutoff frequencies of the cascode amplifier?
List the advantages and disadvantages of cascade amplifier.

arwrp

RESULT:

Thus, the frequency response of the Cascode amplifier using BJT is constructed and the
Bandwidth is determined.
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EXPT.NO:6 DETERMINATION OF BANDWIDTH OF SINGLE STAGE AND
MULTISTAGE AMPLIFIERS

AlM:

To design, construct and verify the performance of two stage RC Coupled (Cascaded)
multistage amplifier and to determine the frequency response and Bandwidth.

COMPONENTS REQUIRED:

S.No. Name Range Quantity
1. [Transistor BC-107 2
2. Capacitors(designed values) 0.1pF, 0.01pF, 1pF, 5
10pF
3. Resistors (designed values) | 56 K, 9.8K,1.2K, 48K 9
4. Function Generator 0 -1MHZ 1
5. Cathode Ray Oscilloscope 20MHZ 1
6. Regulated Power Supply 0-30V,1Amp 1

Pre-Lab Exercise

Why RC coupled amplifiers widely used as voltage amplifiers?
What is multistage amplifier?

What are the advantages of multistage amplifier?

What are the different types of coupling?

What is cascade amplifier?

g~ owd e

THEORY:

When two amplifiers are connected, in such a way that the output signal of first serves as
the input signal of second, the amplifiers are said to be connected in cascade. Cascading is done
to increase the gain of the amplifier. Each stage of the cascade amplifier should be biased at its
designed level. It is possible to design a multistage cascade in which each stage is separately
biased and coupled to the adjacent stage using blocking or coupling capacitors. In this circuit
each of the two capacitors c1 & c2 isolate the separate bias network by acting as open circuits to
dc and allow only signals of sufficient high frequency to pass through cascade.

DESIGN:
Given Data: hfel = hfe2= 200, RL =10Q, IE1 = IE2 =1mA, s1 = s2 =8, f=100HZ,
VCC=12v
1) For fixing the optimum operating point Q, mark the middle of the d.c load
line and the corresponding VCE (Q) and ICQ values are determined.
VCE (Q)=VCC/2=12/2=6
2) By choosing drop across RE as 0.1
VCC VE =VCC/10 =12/10 = 1.2V
3) Intransistor since base currentis very small, so IE is approximately equal
to IC (IE=IC),IERE=1.2V;ICRE =12V
RE = VE / |IE =1.2/1mA =1.2KQ
4) Applying Kirchoff’s voltage law to the collector circuit in the
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diagram RC=(VCC—-VCE-VE)/IC=(12-6-1.2)/ImA=
4.8KQ
5) The voltage across R2 is

VBB = VCC * R2/ (R1 + R2)--------- (1)

VBB = VBE + IERE= 0.6 + (10°3) (103 *1.2)\= 1.8V )
Substitute (2) in (1)
1.8=12R2/(R1+R2)R2=0.1761 R1------eeemmemmev (a)

6) S=1+ R1R2/ (R1+R2) RE

8 = 1+ R1IR2/(R1+R2) 1.2%103 ===~ (b)

By solving (a) and (b) we get

R1=56KQ  R2=9.8KQ

TABULATION:
Input Voltage (Vsor Vin) = \%
S.No Frequency Output voltage Gain in dB=
f(Hz) Vo(Volt) 20log(Vo/Vin
)dB
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Capacitor calculations:

To provide low reactance’s almost short circuit at the operating frequency

f=100HZ. X cE =0.1RE , Xci =0.1 Zi, Xco =0.001 Zo
7) X CE << RE,
X cE =RE/10=1.2K/10=120
=> CE= 0.132uF
8) XCi=Zi/10 Where Zi=hie//RE =8.18KQ
=> Ci =1.96pF

9) XCo=Z0/1000
Zo=RL//RC =827Q
=> Co =19.2uF
Standard values
R11= R21= R1=56 K(Q, R22 = R12 =R2 = 9.8 K(), RE1 =RE2 =RE =1.2 K(),
RC1=RC2=RC=4.8 KQ, RL=10Q, Ci=0.1uF,CC=0.01pF,CE = 1uF C0= 10uF.

PROCEDURE:

Connect the circuit as per the circuit diagram.

Apply supply voltage, Vcc=12V.

Make sure that the transistor is operating in active region by keeping Vce half of Vcc.
Now feed an ac signal of 20mV at the input of the amplifier with different frequencies
ranging from 100Hz to 1MHz and measure the amplifier output voltage, Vo

Now calculate the gain in db at various input signalfrequencies.

6. Draw a graph with frequencies on X- axis and gain in db on Y- axis.

el N

o

Post-Lab Exercise

Why the voltage gain of RC coupled amplifier falls in low frequency range?
Why the voltage gain of RC coupled amplifier falls at high frequency range?
Write the applications of multistage amplifier.

What is the difference between single stage & multistage amplifier?

Why RC coupling is better than direct & transformer coupling?

g~ WD e

RESULT:

Thus the two stage RC Coupled (Cascaded) multistage amplifier was designed,
constructed and verified the performance of and determined the frequency response and
Bandwidth.

SRM VEC/ECE/LM/1906305/ADCL/2022-23 49



PSPICE TUTORIAL

I. Opening PSpice
« Find PSpice on the C-Drive. Open Schematics or you can go to PSpice A_D and then

click on the schematic icon @

* You will see the window as shown in Figure 1.

i&, Schematics - [ =new1> p.1 ]

]H File Edit Draw Mavigate Wiew Options Analysis Tools Markers wWindow Help

WEEIENN | SMIENEYEYEN IR

Figure 1
II. Drawing the circuit
A. Getting the Parts

® The first thing that you have to do is get some or all of the parts you need.

® This can be done by

o Clicking on the 'get new parts' button |i.| or
o Pressing "Control+G", or
o Going to "Draw" and selecting "Get New Part..."

® Once this box is open, select a part that you want in your circuit. This can be done
by typing in the name (part name) or scrolling down the list until you find it.
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Part Browser Basic

Part Name:

|m2n2222

Description:
NPN bipolar trarksistor

Close
Q2N29074 W
Q2N3904 =
02N3906 el
QbreaklL
QbreakN Place & Close
QbreakM3
QbreakN4
[QbreakP
QbreakP3
(QbreakP4
R

Help

R_wvar Libraries...
RAMBK=1break
RAMBK =Bbreak
Rbreak Advanced >>
readme N

L

Full List

Figure 2

® An important prerequisite to building a schematic is the availability of the
necessary parts (in the form of symbols) for assembly. Schematics have an
extensive symbol libraries and a fully integrated symbol editor for creating your
own symbols or modifying existing symbols. For the labs you will be using the
existing symbols.

® Some common parts are:

O

o 0O 0O O

o O

I - resistor

C - capacitor

L - inductor

d - diode

GND ANALOG or GND EARTH -- this i1s very important. you MUST
have a ground in your circuit

VAC and VDC

Q2N - bipolar transistor

VSIN —Transient sine voltage source

® TUpon selecting your part (you will also see description of the part below part
name and you can see the symbol of that part when you click on advanced in the
above figure). click on the place button (you will see the part attached to the
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mouse pointer) then click where you want it placed (somewhere on the white page
with the blue dots), if you need multiple instances of this part click again, once
you have selected that part right click your mouse the part will not be attached to
the mouse pointer. Don't worry about putting it in exactly the right place, it can
always be moved later.

® [f you want to take a part and close then you just select the part and click on
place& close.

® Once you have all the parts you think you need. close that box. You can always
open it again later if you need more or different parts. (The parts you have
selected will be listed on the menu bar for quick access)

B. Placing the Parts

® You should have most of the parts that you need at this point.

® Now. all you do is put them in the places that make the most sense (usually a
rectangle works well for simple circuits). Just select the part (It will become Red)
and drag it where you want it.

® To rotate parts so that they will fit in you circuit nicely, click on the part and press
"Ctrl+R" (or Edit "Rotate"). To flip them, press "Ctrl+F" (or Edit "Flip").

.

If you have any parts left over, just select them and press "Delete".

C. Connecting the Circuit

Now that your parts are arranged well, you'll have to attach them with wires.

Go up to the tool bar and

o select "Draw Wire" Elor
o "Ctrl+W" or
o go to "Draw" and select "Wire".

With the pencil looking pointer, click on one end of a part, when you move your
mouse around, you should see dotted lines appear. Attach the other end of your
wire to the next part in the circuit.

Repeat this until your circuit is completely wired.

If you want to make a node (to make a wire go more then one place), click
somewhere on the wire and then click to the part (or the other wire). Or you can
go from the part to the wire.

To get rid of the pencil, right click.

If you end up with extra dots near your parts, you probably have an extra wire,
select this short wire (it will turn red), then press "Delete".
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® [f the wire doesn't go the way you want (it doesn't look the way you want), you
can make extra bends in it by clicking in different places on the way (each click
will form a corner).

D. Changing the Name of the Part

® You probably don't want to keep the names C1, C2 etc., especially if you didn't
put the parts in the most logical order. To change the name. double click on the
present name (C1, or R1 or whatever your part is). and then a box will pop up
(Edit Reference Designator) see Figure 3. In the top window, you can type in the
name you want the part to have.

Edit Reference Designator E]

Package
Reference Designator:

Gate: ,ﬁ

Package Type: RCO5
[Footprint) | LI

| 0K I Cancell

Figure 3

® Note that if you double click on the part or its value, a different box will appear.

E. Changing the Value of the Part

® If you only want to change the value of the part (if you don't want all your
resistors to be 1K ohms), you can double click on the present value and a box
called "Set Attribute Value" will appear see Figure 4. Type in the new value and
press OK. Use u for micro as in uF = microFarad.

Set Attribute Value [g]
WVaLUE
’TI Cancell
Figure 4
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F. Making Sure You Have a GND

® This is very important. You cannot do any simulation on the circuit if you don't
have a ground. If you aren't sure where to put it, place it near the negative side of
your voltage source.

G. Voltage and Current Bubbles

® These are important if you want to measure the voltage at a point or the current
going through that point.

® To add voltage or current bubbles, go to the right side of the top tool bar and

select "Voltage/Level Marker" (Ctrl+M) glor "Current Marker" L‘%] To get
either of these, go to "Markers" and either "Voltage/Level Marker" or "Current
Marker".

III. Voltage Sources
A.VDC

® This is your basic direct current voltage source that simulates a simple battery and
allows you to specify the voltage value.

B. VAC

® A few things to note about the alternating current source, first PSpice takes it to
be a sine source, so if you want to simulate a cosine wave you need to add (or
subtract) a 90° phase shift. There are three values which PSpice will allow you to
alter, these being:
o ACMAG which is the RMS value of the voltage.
o DC which is the DC offset voltage
o ACPHASE which is the phase angle of the voltage

® Note that the phase angle if left unspecified will be set by default to 0°
C. VSIN

® The SIN type of source is actually a damped sine with time delay, phase shift and
a DC offset (see Figure 5). If you want to run a transient analysis you need to use
the VSIN see how AC will effect your circuit over time. Do not use this type of
source for a phasor or frequency sweep analysis, VAC would be appropriate for
that.
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V1 PartName: VSIN %]

MName Value

I

* TEMPLATE=V"@REFDES %+ %- ?DCIDC @DC| ?ACIAC @
DC=

AC= B
YOFF=

VAMPL=

FREQ= v

V' Include Non-changeable Attibutes oK |
V' Include System-defined Attributes Cancel |

Figure 5

o DC the DC component of the sine wave

AC the AC value of the sine wave

o VOFF is the DC offset value. It should be set to zero if you need a pure
sinusoid.

Vamplitude is the undamped amplitude of the sinusoid; i.e., the peak
value measured from zero if there were no DC offset value.

FREQ is the frequency in Hz of the sinusoid.

TD is the time delay in seconds. Set this to zero for the normal sinusoid.
DF is the damping factor. Also set this to zero for the normal sinusoid.
PHASE is the phase advance in degrees. Set this to 90 if you need a
cosine wave form.

O

O

o 0 O O

® Note that the normal usage of this source type is to set VOFF, TD and DF to zero
as this will give you a 'nice' sine wave.

D. VPULSE

® The VPULSE is often used for a transient simulation of a circuit where we want
to make it act like a square wave source. It should never be used in a frequency
response study because PSpice assumes it is in the time domain. and therefore
your probe plot will give you inaccurate results. Details of VPULSE are (see
Figure 6):

o DC the DC component of the wave.

o AC the AC component of the wave.

o V1 is the value when the pulse is not "on." So for a square wave, the value
when the wave is 'low'. This can be zero or negative as required. For a
pulsed current source, the units would be "amps" instead of "volts."

o V2 is the value when the pulse is fully turned 'on'. This can also be zero or
negative. (Obviously, V1 and V2 should not be equal.) Again, the units
would be "amps" if this were a current pulse.

o TD is the time delay. The default units are seconds. The time delay may be
zero, but not negative.
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o TR is the rise time of the pulse. PSpice allows this value to be zero, but
zero rise time may cause convergence problems in some transient analysis
simulations. The default units are seconds.

o TF is the fall time in seconds of the pulse.

o TW i1s the pulse width. This is the time in seconds that the pulse is fully on.

o PER is the period and is the total time in seconds of the pulse.

® This is a very important source for us because we do a lot of work on with the
square wave on the wave generator to see how various components and circuits
respond to it.

Y1 PartName: YPULSE @

Name Value

FerEs =
DC= Lo “hange Digplay
AC= g = '

V1=
V2=
D= =
TR=
TF=

IV Include Non-changeable Attributes OK |
IV Include System-defined Attributes Cancel l

Figure 6

<€

IV. Analysis Menu

Analysis Setup @

Enabled Enabled
[ AC Sweep... Options... ,WI
B Load Bias Point... o Parametric...
B Save Bias Point... - Sensitivity...
|| DC Sweep... I~ Temperature...
L Monte Carlo/ W orst Case... W Transfer Function...
v Bias Point Detail ] | Transient...
Digital Setup...

Figure 7

To open the analysis menu click on the Ejbutton.
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A. DC Sweep

® The DC sweep allows you to do various different sweeps of your circuit to see
how it responds to various conditions.

® For all the possible sweeps,
o voltage,
o current,
o temperature, and
o parameter and global

® You need to specify a start value, an end value, and the number of points you
wish to calculate.

® For example you can sweep your circuit over a voltage range from 0 to 12 volts.
The main two sweeps that will be most important to us at this stage are the
voltage sweep and the current sweep. For these two, you need to indicate to
PSpice what component you wish to sweep, for example V1 or V2.

® Another excellent feature of the DC sweep in PSpice, is the ability to do a nested
sweep.

® A nested sweep allows you to run two simultaneous sweeps to see how changes in
two different DC sources will affect your circuit.

® Once you've filled in the main sweep menu, click on the nested sweep button and
choose the second type of source to sweep and name it. also specifying the start
and end values. (Note: In some versions of PSpice you need to click on enable
nested sweep). Again you can choose Linear, Octave or Decade, but also you can
indicate your own list of values, example: 1V 10V 20V. DO NOT separate the
values with commas.

B. Bias Point Detail

® This is a simple, but incredibly useful sweep. It will not launch Probe and so give
you nothing to plot. But by clicking on enable bias current display or enable
bias voltage display, this will indicate the voltage and current at certain points
within the circuit.

C. Transient

The transient analysis is probably the most important analysis you can run in PSpice,
and it computes various values of your circuit over time

® (Choose Analysis...Setup from the menu bar, or click on the Setup Analysis

button Ein the toolbar. The Analysis Setup dialog box opens.
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® (lick on the Transient button in the Analysis Setup dialog box. The Transient
dialog box opens.

® Two very important parameters in the transient analysis are (see Figure8):

o print step
o final time.

Transient &nalysis
Print Step: 20ns

Final Time: |1 000ns
Mo-Print Delay: l
Step Ceiling: I

™ Detailed Bias Pt.
[~ Skip initial transient solution

- Fourier &nalysis
™ Enable Fourier

Center Frequency: I
MNumber of harmonics: I

Output Vars.: |

| oK I Cancell

Figure 8

® The ratio of final time: print step (Keep print step atleast 1/100® of the final
time) determines how many calculations PSpice must make to plot a wave form.
PSpice always defaults the start time to zero seconds and going until it reaches the
user defined final time. It is incredibly important that you think about what print
step you should use before running the simulation. if you make the print step too
small the probe screen will be cluttered with unnecessary points making it hard to
read, and taking extreme amounts of time for PSpice to calculate. However. at the
opposite side of that coin is the problem that if you set the print step too high you
might miss important phenomenon that are occurring over very short periods of
time in the circuit. Therefore play with step time to see what works best for your
circuit.

® You can set a step ceiling which will limit the size of each interval, thus
increasing calculation speed. Another handy feature is the Fourier analysis, which
allows you to specify your fundamental frequency and the number of harmonics
you wish to see on the plot. PSpice defaults to the 9th harmonic unless you
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specify otherwise, but this still will allow you to decompose a square wave to see
it's components with sufficient detail.

V. Probe
A. Before you do the Probe

You have to have your circuit properly drawn and saved.

There must not be any floating parts on your page (i.e. unattached devices).
You should make sure that all parts have the values that you want.

There are no extra wires.

It is very important that you have a ground on your circuit.

Make sure that you have done the Analysis Setup and that only the things you
want are enabled.

B. To Start the Probe:

Click on the Simulate button on the tool bar (01‘ Analysis. Simulate, or F11).

It will check to make sure you don't have any errors. If you do have errors, correct
them.

® Then a new window will pop up. Here is where you can do your graphs.

C. Graphing:

® [f you don't have any errors, you should get a window with a black background to
pop up.

® If you did have errors. in the bottom, left hand side. it will say what your errors
were (these may be difficult to understand. so go To "View - Output File").

D. Adding/Deleting Traces:

® PSpice will automatically put some traces in. You will probably want to change
them.

Go to Trace - Add Trace or Hon the toolbar. Then select all the traces you want.

To delete traces, select them on the bottom of the graph and push Delete.

E. Finding Points:

® There are Cursor buttons that allow you to find the maximum or minimum or just
a point on the line. These are located on the toolbar (to the right).
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® Select which curve you want to look at and then select "Toggle Cursor" L‘_ﬂ

® Then you can find the max, min, the slope. or the relative max or min ( Eis find
relative max).

VI. Measuring DC Analysis

® If you want to measure DC levels you can use two parts to view these levels.
These parts are placed on the schematic drawing the same way any other part is
placed. VIEWPOINT is a voltage viewing point, which will show the value after
the circuit 1s simulated. You place VIEWPOINT on a node. IPROBE is a current
probe. which will show the value after the circuit 1s simulated. You need to put
this part between two parts, so that current flowing in that branch can be
measured. If you have measurements that are time-varying (i.e. a sinusoid) then
you need to run Probe.
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EXPT.NO:7 ANALYSIS OF BJT WITH FIXED BIAS AND VOLTAGE DIVIDER
BIAS USING SPICE

AlM:

To design and simulate using Spice the BJT with fixed bias and voltage divider bias.

PRE-LAB EXERCISE:

1. What is Biasing?

2. Types of Biasing in BJT?

3. Explain fixed Bias?

4. Describe voltage divider bias?

5. lllustrate different configurations of BJT?

COMPONENTS REQUIRED:

Pc with PSPICE software.
THEORY::

In common emitter configuration input is connected between base and the emitter
while the output is taken between collector and emitter. Thus emitter is common to input and
output circuits. In this configuration, the bias voltages are applied between collector and emitter
and base and emitter. Emitter base junction is forward biased and the base is made more positive
than the emitter by Vge, collector-emitter junction is reverse-biased and the collector is made
more positive than emitter by Vce. The value of Vce must be greater than that of Vee. The bee
current Ig flows in the input circuit and collector current Ic flows in the output circuit. The
current gain between the input and output sides is obtained; and since the input resistance is
again less than the output resistance (though difference is not as much as in case of common
base arrangement) there will be high voltage and power gains like those in equivalent vacuum
tube circuits. The common emitter produces a reversal between input and output signals.
Common emitter (CE) is commonly used because it’s current, voltage and power gains are quite
high and output impedance ratio is moderate.

The ratio of change in collector current (output current) and change in base current (input
current) is called the base current amplification factor B *.

ie.p=4Alc/als
In CE configuration, asmall collector current flows even when base current is zero (i.e. base lead
is open). This is the collector cut-off current and denoted by Iceo
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CIRCUIT DIAGRAM:

VCC_BAR
T

hm VCC_BAR
T
3 | V2
12Vde—
’ 3

[]
Ln
0

N c2 J_m_» OUTPUT
L [ — o
7.568 lgu 6

Q2N2222

H |
N —
c
[
!
©
N
v

P § R5
o ‘;mT .

1Va
ow@ g R2 ? R3 = c3

PROGRAM:

2 VCC _BARG62k
02 10k

05 560

4 VCC BAR2.7k

0 OUTPUT 10k

12 2u

4 OUTPUT 2u

05 47u
10DCO0Vdc AC 1Vac
VCC_BAR 0 12Vdc
425 Q2N2222

OO0OXx20VAO0D
WNEFRFRORMWNR

OO0 00000

fOI<I<I
O <<
(e O

.model Q2N2222 NPN(Is=14.34f Xti=3 Eg=1.11 Vaf=74.03 Bf=255.9 Ne=1.307

+ Ise=14.34f 1kf=.2847 Xtb=1.5 Br=6.092 Nc=2 Isc=0 Ikr=0 Rc=1

+ Cjc=7.306p Mjc=.3416 Vjc=.75 Fc=.5 Cje=22.01p Mje=.377 Vje=.75
+ Tr=46.91n Tf=411.1p Itf=.6 Vitf=1.7 Xtf=3 Rb=10)

* National pid=19 case=TO18

*

88-09-07 bam creation
AC DEC 101 10 10meg

.PROBE V(*) I(*) W(*) D(*) NOISE(*)
.END
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CIRCUIT DIAGRAM:

FIXED BIAS
AMFLIFIER USING
BJT

AC Input
Signal o

MODEL GRAPH: To locate Q point:

lc

ma I

DC

— >
Ve
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GAININ 4B |

T

0dB -——~--: -
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fi1
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PROCEDURE:

1. Open Pspice software.

2. Goto Pspice AD/Lite in the software

3. Open the file Menu and create a new project

4. Type the program and save the file with extension .cir.

5. Simulate and Run the program and view the output frequencygraph.

POST-LAB EXERCISE:

1. Explain about Spice?

2. Important tabs in spice?

3. Difference between fixed Bias and voltage divider bias?
4. Describe Rb and Rc?

5. Hllustrate base current amplification factor?

RESULT:

Thus the BJT with fixed bias and voltage divider bias amplifier was simulated using Spice and
frequency response was plotted.
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EXPT.NO:8 ANALYSISOFFET, MOSFET WITH FIXED BIAS, SELF BIAS
AND VOLTAGE DIVIDER BIAS USING SPICE

AlM:

Todesignandsimulate using Spice the FET, MOSFET With Fixed Bias, Self-Bias And
Voltage Divider Bias.

PRE-LAB EXERCISE:

1. Explain self-bias?

2. Importance of biasing?

3. Difference between fixed Bias and self-bias?

4. Describe various biasing technique of FET?

5. Hllustrate various biasing technique of MOSFET?

COMPONENTS REQUIRED:

Pc with PSPICE software.

THEORY:
JFETs and MOSFETS are quite similar in their operating principles and in their electrical
characteristics. However, they differ in some aspects, as detailed below :

1. JFETs can only be operated in the depletion mode whereas MOSFETS can be operated
in either depletion or in enhancement mode. In a JFET, if the gate is forward biased,
excess- carrier injunction occurs and the gate current is substantial. Thus channel
conductance is enhanced to some degree due to excess carriers but the device is never
operated with gate forward biased because gate current is undesirable.

2. MOSFETSs have input impedance much higher than that of JFETs. This is due to
negligibly small leakage current.

3. JFETs have characteristic curves more flat than those of MOSFETSs indicating a higher
drain resistance.

4. When JFET is operated with a reverse bias on the junction, the gate current IG is larger
than it would be in a comparable MOSFET. The current caused by minority carrier
extraction across a reverse-biased junction is greater, per unit area, than the leakage
current that is supported by the oxide layer in a MOSFET. Thus MOSFET devices are
more useful in electrometer applications than are the JFETSs.

For the above reasons, and also because MOSFETSs are somewhat easier to manufacture, they
are more widely used than are the JFETSs
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CIRCUIT DIAGRAM:
FET-FIXED BIAS

33

20V —

FET-SELF BIAS

uD[fJ
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FET-VOLTAGE DIVIDER BIAS

VCC_BAR
T

L 12.00V] VCC_BAR

w2
12Vder
' 5

|
§R6 éRl

tmes 10omeg I‘}:Z JW))OUTPUT
I H
% 'C1 -J_;I:I r
2
|
0.1u EE
|

R

J2N4393

M —
MA

R5
100k

1vac
Oovdc

R3

PROGRAM:

* source COMMON

R_R1 3VCC_BAR 100meg

R_R2 02 10k

R_R6 VCC_BAR 21meg

R_R3 04 560

J J2 324 J2N4393

.model J2N4393 NJF(Beta=9.109m Betatce=-.5 Rd=1 Rs=1 Lambda=6m Vto=-1.422

+ Vtotc=-2.5m 1s=205.2f Isr=1.988p N=1 Nr=2 Xti=3 Alpha=20.98u
+ Vk=123.7 Cgd=4.57p M=.4069 Pb=1 Fc=.5 Cgs=4.06p Kf=123E-18
+ Af=1)

* National pid=51 case=TO18

* 88-07-13 bam BVmin=40

R_R5 0 OUTPUT 100k

ccc1 12 0.1u

C C2 4 OUTPUT 0.1u

V_V1 10DCO0Vdc AC 1Vac

V_V2 VCC_BAR 012Vdc
*Analysis directives:

.AC DEC 101 1meg 100000meg
PROBE V(*) I(*) W(*) D(*) NOISE(*)
.END
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CIRCUIT DIAGRAM:
MOSFET-VOLTAGE DIVIDER BIAS
15 :J: vz =,
1

REZ
100k

VOFF =0
R

VAMPL = 100m
'hic_-a =k
=0 1006

T
L]
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MOSFET-SELF BIAS

.H (—»oow
Cl luF
IN +1{ o J=ql
1t ) MOSFET-N

IuF

R4
+\VI Imeg
~/J1kHz ;RZ R3

®

MOSFET- FIXED BIAS

+ Voo

Vin
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PROCEDURE:

1. Open Pspice software.

2. Goto Pspice AD/Lite in the software

3. Open the file Menu and create a new project

4. Type the program and save the file with extension .cir.

5. Simulate and Run the program and view the output frequency graph.

POST-LAB EXERCISE:

1. Explain about drain current?

2. Elaborate modes of FET?

3. Difference between JFET and MOSFET?
4. Describe Rg and Rd?

5. lllustrate current amplification factor?

RESULT:

Thus the analysis of FET, MOSFET with fixed bias, self bias and voltage divider bias was

simulated using Spice.
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EXPT.NO:9 ANALYSIS OF CASCODE AND CASCADE USING SPICE

AlM:

To design and simulate using Spice the cascade and cascade amplifier.

PRE-LAB EXERCISE:

1. Explain cascade amplifier?

2. Importance of cascading?

3. Difference between cascode and cascade?
4. Describe miller effect?

5. Hlustrate coupling circuits?

COMPONENTS REQUIRED:

Pc with PSPICE software.

THEORY:

While the C-B (common-base) amplifier is known for wider bandwidth than the C-E (common-
emitter) configuration, the low input impedance (10s of Q) of C-B is a limitation for many
applications. The solution is to precede the C-B stage by a low gain C-E stage which has
moderately high input impedance (kQs). See Figure below. The stages are in a cascode
configuration, stacked in series, as opposed to cascaded for a standard amplifier chain. See
“Capacitor coupled three stage common-emitter amplifier” Capacitor coupled for a cascade
example. The cascode amplifier configuration has both wide bandwidth and a moderately high
input impedance.

Common

base_/"’
Vo
Vi Vo
R
- — Common —_—
- emitter -
Common-base Common-emitter Cascode

The cascode amplifier is combined common-emitter and common-base. This is an AC circuit
equivalent with batteries and capacitors replaced by short circuits. The
key to understanding the wide bandwidth of the cascode configuration is the Miller effect. The
Miller effect is the multiplication of the bandwidth robbing collector-base capacitance by
voltage gain Av. This C-B capacitance is smaller than the E-B capacitance. Thus, one would
think that the C-B capacitance would have little effect. However, in the C-E configuration, the
collector output signal is out of phase with the input at the base. The collector signal capacitively
coupled back opposes the base signal. Moreover, the collector feedback is (1-Av) times larger
than the base signal. Keep in mind that Av is a negative number for the inverting C-E amplifier.
Thus, the small C-B capacitance appears (1+A|v|) times larger than its actual value. This
capacitive gain reducing feedback increases with frequency, reducing the high frequency
response of a C-E amplifier.
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PROCEDURE:

1. Open Pspice software.

2. Goto Pspice AD/Lite in the software

3. Open the file Menu and create a new project

4. Type the program and save the file with extension .cir.

5. Simulate and Run the program and view the output frequencygraph.

CIRCUIT DIAGRAM:

CASCODE AMPLIFIER
R3
B0k0 Q2 =
q2n2222 Rl
_1 2 B4 47k0
on / TkQ
C3 T lOnF A 4.7k0
C3 pe— 10 nF
Z 0 - 1
10n F Q3 C1 Q
H * Q22222 | <—| q2n2222
V3 RS ) cC
0.1V,, 80K VI (E :
OV frome - vl 4+
| kHz Ye o 15V 20 f A —
) A
T\ >
(a) Cascode (b) Common-emitter
Units — vmi3) wn(13)
Yo L0um(E)— wmia)
20,0 e s g :
15.0 ..Eﬁ?ﬁ???!ﬁé
10,0 e
B H Ua B
—-._a-—-._.--é-—._.-——--._.—é--._.—ﬂlnput*:l()
3 Common—emi'g:,ter
0.0
0.0 2.0 4,0 B0
time s
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CASCADE AMPLIFIERS

.
g ~ %= Lo [{“ [1] Lo

POST-LAB EXERCISE:

1. Explain about half power frequency?

2. why mid frequency gain is independent to frequency?

3. Give the advantages and disadvantages of cascade amplifier.

4. What is the method to increase the output voltage swing of an amplifier?
5. How load resistances influence the gain of BJT amplifiers>

RESULT:

Thus the analysis of cascade and cascade amplifier was simulated using Spice.
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EXPT.NO:10 ANALYSIS OF FREQUENCY RESPONSE OF BJT AND FET
USING SPICE

AlM:

To design and simulate using Spice the BJT and FET and plot their frequency response.

PRE-LAB EXERCISE:

1. Explain positive slope and negative slope?

2. Importance of higher and lower frequency corner?
3. Difference between BJT and FET?

4. Describe bandwidth?

5. Hllustrate voltage gain?

COMPONENTS REQUIRED:

Pc with PSPICE software.

THEORY:

Frequency Response of an electric or electronics circuit allows us to see exactly how the
output gain (known as the magnitude response) and the phase (known as the phase response)
changes at a particular single frequency, or over a whole range of different frequencies from
OHz, (d.c.) to many thousands of mega-hertz, (MHz) depending upon the design characteristics
of the circuit.

Generally, the frequency response analysis of a circuit or system is shown by plotting its
gain, that is the size of its output signal to its input signal, Output/Input against a frequency
scale over which the circuit or system is expected to operate. Then by knowing the circuits
gain, (or loss) at each frequency point helps us to understand how well (or badly) the circuit
can distinguish between signals of different frequencies.

The frequency response of a given frequency dependent circuit can be displayed as a
graphical sketch of magnitude (gain) against frequency (f). The horizontal frequency axis is
usually plotted on a logarithmic scale while the vertical axis representing the voltage output
or gain, is usually drawn as a linear scale in decimal divisions. Since a systems gain can be
both positive or negative, the y-axis can therefore have both positive and negative values.

PROCEDURE:

1. Open Pspice software.

2. Goto Pspice AD/Lite in the software

3. Open the file Menu and create a new project

4. Type the program and save the file with extension .cir.

5. Simulate and Run the program and view the output frequencygraph.
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CIRCUIT DIAGRAM:
CASCODE AMPLIFIER

CIRCUIT DIAGRAM:

FIXED BIAS
AMFLIFIER USING
BJT

AC Input
Signal Ve

MODEL GRAPH: To locate Q point:

mé I

DC

Ve
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FREQUENCY RESPONSE CURVE

GAININ(IB‘
T
0dB -~~~ —- =
“3B |- ':' —————————————————————— —Ir
f1 f2 tf(:HZ)
FET
=33
c1 oH vz
X 20V —
|1 _
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| A
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POST-LAB EXERCISE:

1. Explain about frequency respose?

2. Plot the frequency response of BJT?

3. Give the advantages and disadvantages of BJT.

4. What is the method to increase response?

5. How would you plot the frequency response of MOSFET 2

RESULT:

Thus the analysis of BJT and was simulated using Spice and frequency response was plotted.
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EXPT NO. :11
DATE

AlIM:

STUDY OF LOGIC GATES AND FLIP FLOPS

To study the basic logic gates, Flip Flop’s and verifies their truth tables.

COMPONENTS REQUIRED:

SL No. COMPONENT | SPECIFICATION | QTY
1. AND GATE IC 7408 1
2. OR GATE IC 7432 1
3 NOT GATE IC 7404 1
4. NAND GATE 2 I/P IC 7400 1
5, NOR GATE IC 7402 1
6. X-OR GATE IC 7486 1
7. X-NOR GATE IC747266 1
8. AND GATE 3 I/P IC 7411 1
9. NAND GATE 3 I/P IC 7410 1
10. | D —Flip Flop IC 7474 1
11. | JK—Flip Flop IC 7476 1
12. | IC TRAINERKIT - 1
13. | PATCHCORD - 14

PRE-LAB EXCERICE:

©ooNoUk~ WM E

Differentiate Bit, Byte, and Nibble.
Explain the term universal gate.
What is a truth table? What is its significance in logic operations?
Define Minterm.& Maxterm.
What is sequential logic circuit?
What is latch?

What are the types of Latch?
What is Flip-flop?

What is the difference between latch & Flip-Flop?

10 What is the need of triggering?
11. What are the types of triggering?
12. What are the types Flip-flop?
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AND GATE:

SYMBOL
A
—: Y=A.B
B 7408
TRUTH TABLE
A B AB
0 0 0
0 1 0
1 0 0
1 1 1
OR GATE:
SYMBOL :
—
B 7432
TRUTH TABLE
A B A+B
0 0 0
0 1 1
1 0 1
1 1 1
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NOT GATE:

SYMBOL

A—{>o— Y-

7404

TRUTH TABLE :

A A
1
0

2-INPUT NAND GATE:

SYMBOL

s [ - v=mE

TRUTH TABLE
A | B | BB
o | o 1
0 1 1
1 0 1
i 1 0
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THEORY:

Digital electronics is based on the binary number system. Instead of voltages which vary
continuously, asinanalog electronics, digital circuits involve voltages which take one of only two
possible values. In our case these are 0 and 5 volts (TTL logic), but they are often referred to as
LOW and HIGH, or FALSE and TRUE, or as the binary digits 0 and 1.The basic building
blocks of digital electronics are logic gates which perform simple binary logic functions (AND,
OR, NOT, etc.). From these devices, one can construct more complex circuits to do arithmetic,
act as memory elements, and so on. Logic gates and other digital components come in the form
of integrated circuits (ICs) which consist of small semiconductor chips packaged in a ceramic or
plastic case with many pins.

The ICs are labeled by numbers like 74LSxx, where LS is technologies and xx is a number

identifying the type of device.

Circuit that takes the logical decision and the process are called logic gates. Each gate has
one or more input and only one output.

OR, AND and NOT are basic gates. NAND, NOR and X-OR are known as universal
gates. Basic gates form these gates.

AND GATE (7408):

The AND gate performs a logical multiplication commonly known as AND function.
The output is high when both the inputs are high. The output is low level when any one of the

inputs is low.

OR GATE (7432):

The OR gate performs a logical addition commonly known as OR function. The output is high
when any one of the inputs is high. The output is low level when both the inputs are low.
NOT GATE (7404):

The NOT gate is called an inverter. The output is high when the input is low. The

output is low when the input is high. (i.e., output is Complement of the input)
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NOR GATE:
SYMBOL :

A

:I> F=A+B

B 7102

TRUTH TABLE

A
0
0
1
1

- O |—= | O (D
ODD-;

X-OR GATE:

SYMBOL

A Y= AB + AB
g I

TAT6

TRUTH TAELE :

AB + AB

_\._\.DD:I:I
—- | o |—= | ||

8 | = |= O
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NAND GATE (7400):

The NAND gate is a contraction of AND-NOT. The output is high when both inputs

are low and any one of the input is low. The output is low level when both inputs are high.

NOR GATE (7402):

The NOR gate is a contraction of OR-NOT. The output is high when both inputs are
low. The output is low when one or both inputs are high.

X-OR (Exclusive OR) GATE (7486):

The output is high when any one of the inputs is high. The output is low when both the
inputs are low and both the inputs are high.

X-NOR (Exclusive NOR) GATE (747266):

The output is high when both the inputs are low and both the inputs are high. The

different inputs will produce low output (i.e. Logic ‘0’).
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X-NOR GATE :

SYMBOL
A o e e
< D—’Y —AB+AB
747266
TRUTH TABLE :
A B AB + AB
0 0 1
0 1 0
1 0 0
1 1 1
3-INPUT AND GATE :
SYMBOL
g ———— . Y=ABC
c - | 7
7411
TRUTH TABLE
A B C AB-C
0 0 0 0
0 0 1 0
a 1 a 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1
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PROCEDURE:
() Connections are given as per circuit diagram.

(i) Logical inputs are given as per circuit diagram.
(i) Observe the output and verify the truth table.
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3-INPUT NAND GATE:

SYMBOL PIN DIAGRAM
P =
b D"‘ F= A.B.C ® , W
7410 = =
~No
TRUTH TABLE = &
—_— Lo —
A B C ABC
1] 1] 1] 1
0 0 1 1 on =
0 1 0 1
0 1 1 1 o= l_l_ .
1 1] 1] 1
1 0 1 1 o
1 1 0 1 3 =
1 1 1 = o IC 7410
LOGIC DIAGRAM:
PRE
Q
Q D6
CLR
L)
TRUTH TABLE:
Input Output
Clock D Q
L X No change
H 0 0
H 1 1
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FUNCTION TABLE:

CLK D Q Q
1 1 1 0
1 0 0 1
PIN DIAGRAM:
(CLR1%) 1 ' 14 (VCCQ)
1) 2 13 (CLR2")
(CLK1) 3 12 (D2)
(PRE1) 4 11(CLK2)
QL) 5 o 10 (PRE2")
Qr) 6| ICHH 1o ()
(GND) 7 8 (Q2%)
Theory:

A flip-flop is a simplest kind of sequential circuit that has only two
states. It can be a binary 1 or 0. It is also used as a memory cell as it stores one bit
of information.

D FLIPFLOP:

It is a single input version of the flip-flop. It accepts single data and
provides output which is same as the applied input. It is called Delay flip flop. The
output of the D FF as follows the input.

JK FLIP-FLOP:

JK flip-flops are far more versatile than RS and D-type flip-flops and they can
perform many more functions than simple latches. JK Flip-flops 7476 which
use level-clocking. It is important to remember that for normal operation the
preset and clear inputs should be held (tied positive).

PROCEDURE:
I The power supply to D flip-flop and JK flip-flop is switched on.
. The truth tables of flip flops are verified. In a JK flip flop, first we
will consider the asynchronous operation of the flip flops. The J and
K inputs have no effects on the asynchronousoperation.
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APPLICATIONS:

I It finds immense use in parallel data storage.

. Itis used in shift registers and counter circuits.

li. It can also be used in frequency divider.
POST-LAB EXCERICE:

What is meant by logic family?

State two advantages of CMOS logic.

What is a tri-state gate?

Define fan out for a logic circuit.

What are the applications of latch?

What is Excitation table?

What is Master-slave JK Flip-flop?

What is called transition (state) table?

Draw the symbol of SR, JK, T & D Flip-flop?
10 How to realize one Flip-flop using another Flip-flop?
11. What are the applications of Flip-flop?

12. What is the full form of SR, JK, T & D?

N~ WM E

LOGIC DIAGRAM:
Truth Table

3

PRE
4 T Q 15
1 CLK 7476
16 K Q 4
CLR
)
31
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Inputs Output Q
CLK J K
X X X Invalid
X X X 1
X X X 0
clk 0 0 Nochange
clk 0 1 0
clk 1 0 1
clk 1 1 Toggle
PIN DIAGRAM:
(CLK1) 1 ' 16 (K1)
(PRE1") 2 15 (Q1)
(CLR1") 3 14 (Q1°)
(J1) 4 13(Gnd)
(Vee) S IC7476 12 (K2)
(CLK2) 6 11 (Q2)
(PRE2") 7 10(Q27)
‘CLR2%) 8 9 (J2)

RESULT:
Thus different types of logic gates and Flip flops are studied and their truth table

were verified.
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EXPT NO.

AlIM:

112  DESIGN AND IMPLEMENTATION OF

CODE CONVERTORS UNSIG LOGIC GATES

To design and implement 4-bit
BCD to excess-3 code converter
Excess-3 to BCD code converter

(i)
(ii)
(iii)
i

iv)

Binary to gray code converter
Gray to binary code converter

COMPONENTS REQUIRED:

SI.No. COMPONENT SPECIFICATION QTY.
1. X-OR GATE IC 7486 1
2. AND GATE IC 7408 1
3. OR GATE IC 7432 1
4. NOT GATE IC 7404 1
S. IC TRAINER KIT - 1
6. PATCH CORDS - 35

PRE-LAB EXCERICE:

1. What is the need for code converter?

2. How do you convert binary numbers to corresponding Gray codes using a
converter?

3. Define a code converter logic circuit.

4. How do you convert Gray code numbers to corresponding binary numbers using
a converter?

5. What are the steps involved in the BCD to binary conversion process?

THEORY:

A code converter is a combinational logic circuit that changes the data presented in one
type of binary code to another type of binary code.

To convert from BCD to Excess-3 code, the input lines must supply the bit combination of
elements as specified by code and the output lines generate the corresponding bit combination
of code. The Excess-3 code represents a decimal number, in binary form, as a number greater
than 3. An excess-3 code is obtained by adding 3 to a decimal number. The excess-3 code is a
self -complementing code.
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BCD TO EXCESS-3 CONVERTOR

TRUTH TABLE:

| BCDinput | Excess—3output |
B3 B2 B1 BO E3 E2 El EO
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
1 0 1 0 X X X X
1 0 1 1 X X X X
1 1 0 0 X X X X
1 1 0 1 X X X X
1 1 1 0 X X X X
1 1 1 1 X X X X
K-Map for Es and Ez:
wBD B1BO
B3B2 00 o1 1 10 B3B2 00 0 11 10

00

00

o)

1
o[

1

10

E3 =B3 + B2 (B0 + B1)
K-Map for E1 and Eo:

wsu
B3B2 00 01 1 10

1 1
00

1 1
01

X X X X
1

10 L | X

E1=B1®B0
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B1BO

B3B2 00 01 11 10

1 1
Qo

1 1
o1

X X X X
11

1 x
10 X

E0=B0
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LOGIC DIAGRAM:

B3 B2 B1 BO

TRUTH TABLE:

1

‘2{)3———131 3

743

2 7a0s

4 E3 = B3+ B2 (B1+B0)
; 6
5 7432

E2 = B2& (B1+B0)

7404

4—‘” 3
2 s
4 _
-, E1=B1£B0
) 3P
5 7ass 7404
1 D° ) E0=B0

EXCESS-3TO BCD CONVERTOR

| Excess—3 Input | BCD Output |
X3 X2 X1 X0 D C B A
0 0 1 1 0 0 0 0
0 1 0 0 0 0 0 1
0 1 0 1 0 0 1 0
0 1 1 0 0 0 1 1
0 1 1 1 0 1 0 0
1 0 0 0 0 1 0 1
1 0 0 1 0 1 1 0
1 0 1 0 0 1 1 1
1 0 1 1 1 0 0 0
1 1 0 0 1 0 0 1
K-Map for A: K-Map for B:
XIXO X1X0
X3X2 00 01 1 10 Bx2 00 01 11 10
00 X X 0 X 00| X X 0 X

01

"

10

01

1

0

X

10

']

A = X3 X2+ X1 X0 X3
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Each one of the four maps represent one of the four outputs of the circuit as a function
of the four input variables. A two-level logic diagram may be obtained directly from the Boolean
expressions derived by the maps. These are various other possibilities for a logic diagram that
implements this circuit.

SRM VEC/ECE/LM/1906305/ADCL/2022-23 93



K-Map for C: K-Map for D:
130 X130
ny 00 ] 11 10
B2 00 01 11 10
] . X X 0 X
X X 0
0 X 00
1 0 0 1
0 1 X 1
o1 01
1 X X X
ul 0 X X X 1
0] 1
o X ] 0 e ’ ’ 1
LOGIC DIAGRAM:
X3 l— 2 A=X3 (X2 +X1X0)
x 2 7408
4 1 3
X1 j 6 ] )
X0 | 2
T4LE32

i
J T4L332

1

>

2 74L386

4
T >

3 B=X2® (X1 +Xo)

3 T4L3E6

SRM VEC/ECE/LM/1906305/ADCL/2022-23

94



)
-]
o
)
>
(@)
(D)
©
o
(&)
=
| -
O]
]
]
w o
i
Q>
<G
TI c
T =
— o
-
x
— —

GO

O A1 00 A1 001000

Gl

OO A A A1 0000 dd—d—0O0O

G2

OO OO dd A A cAdAcdcd 1 OOOO

G3

O OO OO OO0 v v v

BO

O 1 OO0 10101010 d1HO0O+H0O

Bl

OO A1 00O A 100 AdAd10 O

B2
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B3
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K-Map for Gz and G2

B1B0

B1BO

00 0 11 10

B3B2

B3B2

10

1

01

00

00

0
1"
10 ‘1

00

01
1"
10

B3®#B2 =B’; B,+ B’, B3

G2=

Gs3=Bs
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THEORY:

A code converter is a combinational logic circuit that changes the data presented in one
type of binary code to another type of binary code.

BINARY TO GRAY CODE CONVERSION:
The advantage of gray code is that two adjacent code numbers differ by only one bit. Itis used in
some types of analog to digital converters.

» The MSB of the gray code is same as the MSB of the binary code.

» The second bit of the gray code is obtained by adding the first & second bits
of binary code after eliminating carry, (or) XOR operation of two inputs.

» The third bit of the gray code is obtained by adding the second & third bits of
binary code after eliminating carry & soon.

® @
1

D ©

Binary 0 1 1 1
byl
Gray (T | 0 0

Gray code is a non-weighted code.

K-Map for G: and Go:

B1BO B1BO
B3B2 00 o1 1 10 B3B2 00 01 1 10

00 ! 1 00 1_ 1—

01 1 ! 01 ! 1

11 1 1 " 1 1

10 1 1 10 L' al
G1=B1®B2 -, B>+ B, B, GO =B1®B0_R, '+ B, B,
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LOGIC DIAGRAM:

B3 G3
4]'&] 3
Gz
BZ 3 D 53@ B2
TASEN
>
G1
B1
3 7agen B1 ®E'2
.
GO
BO
]'U TAGEIN B1 @BD
GRAY CODE TO BINARY CONVERTOR
TRUTH TABLE:
| Gray Code | Binary Code |
G3 G2 Gl GO0 B3 B2 Bl BO
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 1 0 0 1 0
0 0 1 0 0 0 1 1
0 1 1 0 0 1 0 0
0 1 1 1 0 1 0 1
0 1 0 1 0 1 1 0
0 1 0 0 0 1 1 1
1 1 0 0 1 0 0 0
1 1 0 1 1 0 0 1
1 1 1 1 1 0 1 0
1 1 1 0 1 0 1 1
1 0 1 0 1 1 0 0
1 0 1 1 1 1 0 1
1 0 0 1 1 1 1 0
1 0 0 0 1 1 1 1

K-Map for B3 and Bz::
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G160 G160

6362
00 01 1 10 G362 00 01 11 10
0 0 0 0 0
00 wl ° 0 0
0 0 0 0 1 1 1 1
01 01
1 1 1 1
11 ul 0 0 0 0
1 1 1
10 L 1ol 1 1 1 1
B a3 B2=G3®G2

GRAY TO BINARY CODE CONVERSION:

» The MSB of the binary code is the same as the MSB of the gray code.

» The second bit of the binary code is obtained by adding the second bit of
gray code and first bit of the binary code after eliminating carry.

» The third bit of the binary code is obtained by adding the second bit of
binary code & third bit of gray code after eliminating carry & so on.

Y

The input variable are designated as B3, B2, B1, BO and the output variables are
designated as G3, G2, G1, Go. from the truth table, combinational circuit is designed. The
Boolean functions are obtained from K-Map for each output variable. A code converter is a
circuit that makes the two systems compatible even though each uses a different binary code.

Gray

Binary
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K-Map for B1 and Bo:

6160 6160
Gm\ 0 01 1 0 SO g 01 1 10
0| © 0 ] oo| © D ! U
01 b 1] 0 0 ul @ 0 @ 0
al o 0 [ 1] a0 ® 0 Q)
of LT ]| o 0 o O 0 ® 0

B1=G3®G2®G1 B0=G3&G2&G1®HG0

LOGIC DIAGRAM:

G3 B3=G3
1

- ) -2 B2= G38 G2
2 T486N
4

. ) - B1=63% 62861
d 486N
9

- L)I> s BO = G3%G2# G1 860
10 TARAN

PROCEDURE:
() Connections were given as per circuit diagram.

(i) Logical inputs were given as per truth table
(ii)  Observe the logical output and verify with the truthtables.

APPLICATIONS:

Code converters are circuits that make two systems compatible even though each of
them used a different mode.
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POST-LAB EXCERICE:

What is Gray code?

What are alphanumeric codes?

Draw the flow diagram for Gray to binary conversion.
What is ASCII code?

What is EBCDIC?

arwdE

RESULT: Thus the different types of code converters were designed, constructed and their

truth tables were verified.
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EXPT NO. :13 DESIGN & IMPLEMENTATIONOEF 4-BIT
ADDER/SUBTRACTOR AND BCD ADDER
USING IC 7483

AlIM:
To design and implement 4-bit adder /subtractor and BCD adder using IC 7483.

COMPONENTS REQUIRED:

SI. No. COMPONENT SPECIFICATION QTY.
1. IC IC 7483
2. EX-OR GATE IC 7486
3. NOT GATE IC 7404
3. IC TRAINER KIT -
4. PATCH CORDS - 40

POST-LAB EXCERICE:

What is the need of binary adder?

What are the advantage & disadvantage of paralleladder?
What is ripple carry adder?

What is carry look ahead adder?

What is serial adder?

a & w0 -

4 BIT BINARY ADDER:

A binary adder is a digital circuit that produces the arithmetic sum of two binary
numbers. It can be constructed with full adders connected in cascade, with the output carry from
each full adder connected to the input carry of next full adder in chain. The augends bits of ‘A’
and the addend bits of ‘B’ are designated by subscript numbers from right to left, with subscript
0 denoting the least significant bits. The carries are connected in chain through the full adder.

The input carry to the adder is Co and it ripples through the full adder to the output carry Ca.
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DATA TABLE FOR 4-BIT BIANRY ADDER / SUBTRACTOR :

Input Data A Input Data B Addition Subtraction
Ad | A3 | A2 | Al | B4|B3|B2|B1 S41S3(S2 |81 D4 | D3 | D2 | D1
1 0] 0] 010 o111]0 110 110 0 |1 1 0
1100020010 00|00 0| 0]0]O0
o(o0j1j0|1]0j0/|0 1101110 1701110
o(ojo0oj1 0111 1101010 1701110
10|10 1]0]1]1 01|01 1111
111 jof1]1]1]1 11101 1111
1101 1101 ol 1]1]1 11701
PIN DIAGRAM FOR IC 7483:

1 | A4 B4 | 16

2 - S3 sS4 — 15

3 - A3 c4 —14

4 — B3 c1 — 13

5 — vcC GND —{ 12

6 — S2 B1 — 11

7 |- B2 Al — 10

8 [~ Az s1 — 9
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LOGIC DIAGRAM:
4-BIT BINARY ADDER

VCC=+5V
A4 1 5
c4
A3 — 13 14— QUTPUT CARRY
INPUT DATA A —
a2 g I _
54
Al — {10 15
— c ’ S3
T4 16 7 ) oo — DATA OUTPUT
4 9 S1
g ———— 1 —
INPUT DATA B 8
Bg —— 7 3
g ——— 11
13 12
L
CE=0 GND
4-BIT BINARY SUBTRACTOR
VCC=+5V
A — 3 5
ca
A3 13 14—~ QUTPUT CARRY
INPUT DATA A —
Ad —  Ig I
54 T
Al — 110 15
L c , S3
— — OUTPUT
B4 4[>0; 16 7 6 s2 DATA
74041
4 g 51
B3 —% 1 —
INPUT DATA B — 74048 8
B2 —I>o— 7 3
740491
Bl —% 11
74041 13 12
L
GND
Co=1
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Addition:

When addition is carried out the Invert is kept low so that bits Bs, B2,B1,B0 pass on to
the full adders without any change and take part in the addition process in the normal way. Note
that when the Invert is low, the carry-in for the first full adder is 0, as the carry input for the first
adder is connected to the Inverter input, which is held low when addition is carried out.

The addition sequence for this adder is as follows

Cs C: C; C; Co Carry
Az A A Ao  Augend
Bs Bz B: Bo  Addend

S3 S2 S1 So Sum

4 BIT BINARY SUBTRACTOR:

The circuit for subtracting A-B consists of an adder with inverters, placed between each
data input ‘B’ and the corresponding input of full adder. The input carry Co must be equal to 1
when performing subtraction.
During subtraction the Invert is held high, which complements all the B inputs to the full adders.
Therefore, the B inputs to the full adders are in 1’s complement form. As the Invert is also
connected to the carry input of the first full-adder, and it is already high, this results in 1 being
added to the 1’s complement of the B input number. Thus, the resultant is the 2’s complement

of the B input.

Subtraction is effected by adding the 2’°s complement of the B input, so derived, to the A input
as follows:
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4-BIT BINARY ADDER/SUBTRACTOR

INPUT DATA A —

INPUT DATA B

MODE SELECT [M]

M=0 [ADDITION]

B4

B3

B2

B1

| A1

VeC=+3V

A4

A3

A2

10

16

-

13

12

14

15

M=1 [SUBTRACTION]
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c4

54

53

52

51

OUTPUT CARRY

DATA OUTPUT
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Minuend Az A A Ao
Subtrahend Bs B, B Bo 2’scomplementof B

Difference S3 S S1 So

4 BIT BINARY ADDER/SUBTRACTOR:

The addition and subtraction operation can be combined into one circuit with one
common binary adder. The mode input M controls the operation. When M=0, the circuit is
adder circuit. When M=1, it becomes subtractor.

The 4 bit parallel binary adder/Subtractor performs both addition and subtraction. It has
two 4 bits inputs A4A3A2A1 and B4B3B2B1. The Mode [M] control line is connected with CO.
The EX-OR gates are used as controlled inverters.

When Mode [M] = 0 (Each X-OR gate receives input M and one of the inputs of B we
have B®0 = B), the controlled inverter allows the addend B4 B3 B2 B1 without any change to
the input of the full adder and carry input CO become 0. Now the augends (A4 A3 A2 Al) and
addend (B4B3B2B1) are added with CO=0and produce a sum and carry (C4).

When Mode [M] =1 (When M=1, we have B@1 = and d3=1), the controlled inverter
produces the 1’s complement of the addend B4B3B2B1 and carry input CO becomes 1. Since 1
is given to CO, it is added to the 1’complement of the addend producing 2’s complement of the
addend. Now the augends (A4 A3 A2 Al) and 2’s complement of addend (B4 B3 B2 B1) are
added to produce the sum i.e. the difference between augends and addend and carry(C4) i.e. the
borrow output of 4 bit Subtractor.
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TRUTH TABLE:

BCD ADDER

BCD SUM CARRY
S4 S3 S2 S1 C
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 0
0 1 1 0 0
0 1 1 1 0
1 0 0 0 0
1 0 0 1 0
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1
K- MAP Simplification
wsz
S334 00 01 11 10
0 0 0 0
00
o1 0 0 0 0
1 1 1 1
1
10 0 0 1 1

Y =S4 (S3 + S2)
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4 BIT BCD ADDER:

Consider the arithmetic addition of two decimal digits in BCD, together with an input
carry from a previous stage. Since each input digit does not exceed 9, the output sum cannot be
greater than 19, the 1 in the sum being an input carry. The output of two decimal digits must be
represented in BCD and should appear in the form listed in the columns.

ABCD adder that adds 2 BCD digits and produce a sum digit in BCD. The 2 decimal
digits, together with the input carry, are first added in the top 4 bit adder to produce the binary

sum.
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LOGIC DIAGRAM:

Ad A3 A2 A1 B4 B3 B2 B1

1 3 B8 10 16 4 7 11
13— CE=0
C4=Y
14 I C 7T 48 3 S—VCC=+5V
12 GND
15 2 6 9
] S4| 83| 82| 81
3 —_—
Cout 4 |
Output —‘LC_f 3 i L 7anen 2
Carry 7432w 3 :(TI—Cal
74320 G |
74080 S
0 Ad |A3 | A2 A1 (B4 | B3| B2 | B1
| |
1 3 8 10 16 4 7 11
13— CE=0
Carry 14 | CT7 483 5L VCC=+5V
ignored
12— GND
15 2 6 9

S84 83 sz ©1
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BCD ADDER O/P VERIFICATION: Give Set of 4 bits for A & B and verify Output. Then

check it manually.

APPLICATIONS: Digital computersand calculators consist of arithmeticand logic circuits.

The basic blocks of arithmetic unit in digital computers are adders and subtractors.

PROCEDURE:
(i) Connections were given as per circuit diagram.
(ii) Logical inputs were given as per truth table
(iif)  Observe the logical output and verify with the truthtables.

POST-LAB EXCERICE:

Compare serial adder & parallel adder?

What is BCD adder?

What are the advantages of complement arithmetic?
What is binary multiplier?

What is binary divider?

a &~ w Do

RESULT:
Thus the 4 bit binary Adder/Subtractor, BCD Adder using basic gates and 1C7483

were constructed and their operations were verified.
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BLOCK DIAGRAM:

4:1 MULTIPLEXER

DO
DATAIP D1 — 4x1 DATA OIP
D2—3  MUX >
D3
S1 S0
DATA SELECT
FUNCTION TABLE:
S1 SO INPUTS Y
0 0 D0 — DO S1° SO’

D1 — D1S1’ S0

D2 — D2 S1 SO0’

D3 — D3 S1 S0

Y=D0S1’S0’+D1S1’S0+D2S1S0°+D3S1S0

TRUTH TABLE:

S1 SO Y =0OUTPUT
0 0 DO
0 1 D1
1 0 D2
1 1 D3
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EXPT NO.

AlM:

114  DESIGN AND IMPLEMENTATION OF MULTIPLEXER

AND DEMULTIPLEXER USING LOGIC GATES & STUDY

OF IC 74150 AND IC 74154

I.  Todesignand implement 4 x 1 MUX and 1x 4 DEMUX using logic gates and study

of IC 74150 and IC 74154.

ii.  Toimplement the Boolean function F (A, B, C) = Ym (1,3,4,7) with A as input.
COMPONENTS REQUIRED:

SI.No. COMPONENT SPECIFICATION QTY.
1. 3 1/P AND GATE IC 7411 2
2. OR GATE IC 7432
3. NOT GATE IC 7404
2. IC TRAINER KIT -

3. PATCH CORDS - 32

PRE-LAB EXCERICE:

What is another name of multiplexer?

What is a four channel multiplexer?

What is the function of a multiplexer’s selectinputs?
What are the major applications of multiplexers?
Identify each MSI device? (a)74157 (b) 71151 (c) 74150

arnE

THEORY:

MULTIPLEXER:

Multiplexer means transmitting a large number of information units over a smaller
number of channels or lines. A digital multiplexer is a combinational circuit that selects binary
information from one of many input lines and directs it to a single output line. The selection of a
particular input line is controlled by a set of selection lines. Normally there are 2" input line and n
selection lines whose bit combination determine which input is selected.
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LOGIC DIAGRAM FOR MULTIPLEXER:

s1 S0 DO D1 D2 D3

BLOCK DIAGRAM:

DATA liP 1x4 310
> LDEMUX — D5~ DATA OF
- D3
51 so0
DATA SELECT
FUNCTION TABLE:

S1 SO INPUT
0 0 X —-D0=XS1’S0°
0 1 X—-D1=XS1’S0
1 0 X —->D2=XS1S80p
1 1 X—-D3=XS1S0

Y=XS1"S0’+X S1° S0 + X S1 S0’ + X S1 S0
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DEMULTIPLEXER:

The function of Demultiplexer is in contrast to multiplexer function. It takes information
from one line and distributes it to a given number of output lines. For this reason, the
demultiplexer is also known as a data distributor. Decoder can also be used as demultiplexer.

In the 1: 4 demultiplexer circuit, the data input line goes to all of the AND gates. The
data select lines enable only one gate at a time and the data on the data input line will pass

through the selected gate to the associated data output line.
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TRUTH TABLE:

1:4 DEMULTIPLEXER

INPUT OUTPUT
S1 SO /P DO D1 D2 D3
0 0 0 0 0 0 0
0 0 1 1 0 0 0
0 1 0 0 0 0 0
0 1 1 0 1 0 0
1 0 0 0 0 0 0
1 0 1 0 0 1 0
1 1 0 0 0 0 0
1 1 1 0 0 0 1
LOGIC DIAGRAM FOR DEMULTIPLEXER:
S1 S0 P
:ig??404 qg;??404
_____T::::}__________}DU
|

FaL=ll
t:::: D1

;4LSll
_____1:::::}__________E32

|

FaLsll
— D3

1 i
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FUNCTION TABLE:

IMPLEMENTATION TABLE:

S| SO Y
DO D1 D2 D3
0 0 DO —_
Alo @O @ s
0 1 D1
T o T A2 3 8 @
1 1 D3 0 1 A A
TRUTH TABLE:
F(A,B,C) = Ym (1,3,4,7)
MIN DATA S1 S0 i
TERM A B C
0 0 0 0 0
1 0 0 1 1
2 0 1 0 0
3 0 1 1 1
4 1 0 0 1
5 1 0 1 0
6 1 1 0 0
7 1 1 1 1
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MULTIPLEXER IMPLEMENTATIONS:

A digital multiplexer is acombinational circuit that selects one digital information from
several sources and transmits the selected information on a single output line. It is also called a
data selector since it selects one of many inputs and steers the information to the output. Ithas
several data input lines and a single output line. The selection of the particular input line is
controlled by a set of selection lines.

General procedure for implementing any Boolean function of n variables with a
multiplexer with n-1 selection inputs and 2" data inputs, The Boolean function is first listed in
atruth table. The first n-1 variables in the table are applied to the selection inputs of the
multiplexer. For each combination of the selection variables we evaluate the output as function
of the last variable. This function can be 0,1 the variable, or the complement of the variable.
These values are then applied to the data inputs in the proper order.
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LOGIC DIAGRAM USING BASIC GATES:

S1(B)  s0{C)

; ; 7404 7404

= Ty
Do=0 L
74L311 E
] 7432
= Ty
Dl=1 }
T4L3LL j)_l:
— — i 7432
D2=A J

2404 T4L5LL1 _D

T4L511

3 1/P AND GATE:

PIN DIAGRAM
™ N

— Q-

.

» |

IC 7411

33[\

piaielaloialn
jajajojajaga

N9
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PROCEDURE:
() Connections are given as per circuit diagram.
(ii) Logical inputs are given as per circuitdiagram.
(iif)  Observe the output and verify the truth table.

APPLICATION:
I It can be used to implement logic functions in SOP form.

il. It can be used to as a parallel to serial converter.

POST-LAB EXCERICE:

What is another name of demultiplexer?

What are the differences between a MUX & DEMUX?

How would you construct a logic function generator using multiplexers?
Draw logic symbol of a 4-to-1 multiplexer.

How many pins in 1IC74150?

SARE A

RESULT:
Thus the multiplexer and De-multiplexer using logic gates were designed and
implemented and studied about IC 74150 and IC 74154.
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EXPT NO. :15

DESIGN AND IMPLEMENTATION OF ENCODER AND

DECODER USING LOGIC GATES & STUDY OF IC 7445

AND IC 74147

AlIM:
To design and implement encoder and decoder using logic gates and study of IC 7445
and IC 74147.
COMPONENTS REQUIRED:
SI.No. COMPONENT SPECIFICATION QTY.
1. 3 1/P NAND GATE IC 7410 2
2. OR GATE IC 7432 3
3. NOT GATE IC 7404 1
2. IC TRAINER KIT - 1
3. PATCH CORDS - 27

PRE-LAB EXCERICE:

arwrE

THEORY:
ENCODER:

What is meant by encoder?
What is meant by decoder?
What is priority encoder?
What are the applications of encoder and decoder?
What is BCD to seven segment decoder?

An encoder is a digital circuit that perform inverse operation of a decoder. An encoder
has 2" input lines and n output lines. In encoder the output lines generates the binary code
corresponding to the input value. In octal to binary encoder it has eight inputs, one for each
octal digit and three output that generate the corresponding binary code. In encoder it is
assumed that only one input has a value of one at any given time otherwise the circuit is
meaningless. It has an ambiguila that when all inputs are zero the outputs are zero. The zero
outputs can also be generated when DO = 1.
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ENCODER
TRUTH TABLE:

INPUT OUTPUT
YO | YL [ Y2 [ Y3 [ Y4 | Y5 | Y6 | Y7 A B C
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0
0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 0 1 0 1 1 0
0 0 0 0 0 0 0 1 1 1 1
LOGIC DIAGRAM
Y1 Y2 Y3 Y4 Y5 Y6 YT
J?432 —L A
‘:?an? A=Y4+Y5+Y6+YT
IS
7432
‘J_ _
7432 L B
‘:?Zm? B=Y2+Y3+Y6+Y7
) O
7432
1 c
‘:?Z%? C=Y1+Y3+Y5+YT
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TRUTH TABLE:

DECODER

INPUT OUTPUT
E A B Do D1 D2 D3
1 0 0 1 1 1 1
0 0 0 0 1 1 1
0 0 1 1 0 1 1
0 1 0 1 1 0 1
0 1 1 1 1 1 0

LOGIC DIAGRAM:

; ; 7404 ; ; 7404

; ; 7404

D

=

ﬁ”

7410

D

—

=1
=
[
=

D

ra

7410

D3
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DECODER:

A decoder is a multiple input multiple output logic circuit which converts coded input
into coded output where input and output codes are different. The input code generally has
fewer bits than the output code. Each input code word produces a different output code word i.e
there is one to one mapping can be expressed in truth table. In the block diagram of decoder
circuit the encoded information is present as n input producing 2" possible outputs. 2" output
values are from 0 through out 2" — 1.

PROCEDURE:
(i) Connections are given as per circuit diagram.
(ii) Logical inputs are given as per circuit diagram.
(iif)  Observe the output and verify the truth table.

POST-LAB EXCERICE:

Can more than one decoder output be activated at one time? Justify your answer.
What is the function of a decoder’s enable input(s)?

How does an encoder differ from decoder?

How does a priority encoder differ from an ordinary encoder?

What is decimal to BCD encoder?

SARE I

RESULT:
Thus the encoder and decoder using logic gates was designed and implemented and
studied about IC 7445 and IC 74147.
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EXPT NO.
Date:

CONSTRUCTION AND VERIFICATION OF 4 BIT RIPPLE COUNTER AND

116

AlIM:

MOD 10/MOD 12 RIPPLE COUNTER

To design and verify 4 bit ripple counter mod 10/ mod 12 ripple counter.
COMPONENTS REQUIRED:

SI.No. COMPONENT SPECIFICATION QTY.
1. JK FLIP FLOP IC 7476 2
2. NAND GATE IC 7400 1
3. IC TRAINER KIT - 1
4. PATCH CORDS - 30

PRE-LAB EXCERICE:

abrowpE

THEORY:

What is counter?

What are the types of counter?
Distinguish between a ripple counter & a synchronous counter.
Define the modulus of a counter.

How is a modulus counter built using count reset?

A counter is a register capable of counting number of clock pulse arriving at its clock

input. Counter represents the number of clock pulses arrived. A specified sequence of states

appears as counter output. This is the main difference between a register and a counter. There

are two types of counter, synchronous and asynchronous. In synchronous common clock is

given to all flip flop and in asynchronous first flip flop is clocked by external pulse and then each

successive flip flop is clocked by Q or Q output of previous stage. A soon the clock of second

stage is triggered by output of first stage. Because of inherent propagation delay time all flip flops

are not activated at same time which results in asynchronous operation.
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PIN DIAGRAM FOR IC 7476:

CLK1 |1 16 — K1
PRE1 |- 2 ! 15 — Q1
CLR1 -3 c 14 - @1
Ji -4 7 13 — GND
vcc 5 4 12 - K2
CLK2 6 7 11 — Q2
PRE2 -7 6 10 — Q2
CLR2 [~ 8 o — U2

4 BIT RIPPLE COUNTER

TRUTH TABLE:

CLK QA QB QC QD
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
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LOGIC DIAGRAM:

QA Qe ac QD
High
PRE |
17 7
~1PR ~2PR ~1PR ~2PR
CLK 417 ms = ar zor —H e e 2
—Lot 1CLE Bt 2CLE L= 10LE Bof= 2CLE
L& 11 L10HE W1 g ~zoPt 18 g 104 W19 ek ~zn L
~1CLE ~ZCLE ~1CLR ~ZCLR
- 5 7476 Ts 7476 5 7476 o 7476
CLR {
NOTE

In 4 bit Ripple counter, Mod-10, and Mod-12 Ripple counter
Use One IC7476 for FF A & C and another One IC7476 for FF B & D.
MOD - 10 RIPPLE COUNTER

TRUTH TABLE:

QO
>
L®)
o
Q
@)
Q
O

CLK

O O N O O B W N | O

O | k| O O O o o o o o
o O O | | k| k| O O ol o
ol o o = =l o o | = o o
oO| | O | O | O | o | o

[N
o
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PROCEDURE:

(i) Connections are given as per circuit diagram.
(i) Logical inputs are given as per circuit diagram.
(iif)  Observe the output and verify the truth table.
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LOGIC DIAGRAM:

QA QB Qc QD
HIGH
- 7400H
PRE . i i
T
L b I b
~1PR ~ZPR ~1PR T ~ZPR
CLK —3 17 10 HS =R 20 H 4117 1q Ha ] 27 2
—Lok 101K B> 20LK Lot 1 LK Bops 2CLK
L _1nAl 1E -10 |14 1 2K ~20 110 16 1E ~10 114 L 12 2E =20 L1
~1CLE ~ZCLE ~1CLE ~ZCLR
e 3 7478 ) 7478 5 7476 5 7478
CLR [ ! | I

Il

TRUTH TABLE:

MOD - 12 RIPPLE COUNTER

CLK QA OB QC QD
0 0 0 0 0
1 1 0 0 0
2 0 1 0 0
3 1 1 0 0
4 0 0 1 0
5 1 0 1 0
6 0 1 1 0
7 1 1 1 0
8 0 0 0 1
9 1 0 0 1
10 0 1 0 1
11 1 1 0 1
12 0 0 0 0
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APPLICATIONS:
Itis used as frequency divider in digital time pieces such as electronic digital clocks,
automobile digital clock and frequency counters.

POST-LAB EXCERICE:

What is an in asynchronous sequential circuit?
What is a sequence generator?

What is an asynchronous decade counter?
Define synchronous counter.

What is Johnson counter?

ISARE A

LOGIC DIAGRAM:

QA aB Qac aD
HIGH
_ 74008
PRE
:
e I Lo b
~1PR ~2ZFR ~1FE ] ~ZPR
4 15 9 11 & 15 =] 11
CLK 17 10 : 27 20 : 17 10 : 27 20
—Lot 101K O ZCLK 1CLE ZCLE
18 1p ~1p 4 13 21 ~zn 16 11 ~1pH2 18 21 ~zo P
~1CLE ~ZCLR «I1CLR ~ZCLR
T 7476 74786 74786 7476
cLR Ta ]’a Ta Ta
RESULT:

Thus the 4 bit ripple counter and Mod-10 /Mod-12 ripple counter were constructed and
their state tables were verified.
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EXPT NO. :17

Date:
DESIGN AND IMPLEMENTATION OF3BIT SYNCHRONOUS UP/DOWN
COUNTER
AlIM:

To design and implement 3 bit synchronous up/down counter.
COMPONENTS REQUIRED:

SI.No. COMPONENT SPECIFICATION QTY.
1. JK FLIP FLOP IC 7476 2
2. 3 1/P AND GATE IC 7411 1
3. OR GATE IC 7432 1
4. XOR GATE IC 7486 1
5. NOT GATE IC 7404 1
6. IC TRAINER KIT - 1
7. PATCH CORDS - 35

PRE-LAB EXCERICE:

Define up-down counter.

Define decade, BCD & modulo counter.

What is another name of shift counter?

What are the advantages of synchronous counter over ripplecounter?

What are the differences between synchronous counter & asynchronous counter?

SARE I

THEORY:
A counter is a register capable of counting number of clock pulse arriving at its clock

input. Counter represents the number of clock pulses arrived. An up/down counter is one that is
capable of progressing in increasing order or decreasing order through a certain sequence. An
up/down counter is also called bidirectional counter. Usually up/down operation of the counter
is controlled by up/down signal. When this signal is high counter goes through up sequence and

when up/down signal is low counter follows reverse sequence.
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STATE DIAGRAM:

CHARACTERISTICS TABLE:

TRUTH TABLE:

Kc

Jc

Ks

JB

Ja Ka

Next State
QA+1 Q B+1 QC+1

Present State

Qa QB Qc

Input
Up/Down
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K MAP

QB Qc
UD QA

(Tﬂ ol oo

bﬂ X | x | x

X | x Pq X

0| o Lﬂ 0

JA=UDQBQC+UDQBQC

QB QC
UD QA
7W 0| X [3?
e [ x [lx
0 1 X X
o (|1 | x| x
JB=UD®QC

QB QC
UD QA
ﬂﬂ X | X | x
e o T
o | 0 (ﬂ 0
X | x bgl X

KA=UD QB QC + UD QB QC

QB QC
~x o [
x| x [ o]l
X X 1 0
X |[x | 1| o
KB = (UD®QC)

PIN DIAGRAM FOR IC 7476:

CLK1
PRE1
CLR1
J
vee
CLK2
PRE2

CLR2

16 —

15 —

14 —|

13 —

11 —
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QB QC
uD QA
1 X X
1 X X
1 X X
1 X X
JC=
QB QC
UD QA
X 1 1
X 1 1
X 1 1
X 1 1
KC=1

K1
a1
at
GND
K2
a2
Q2

J2
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PROCEDURE:

() Connections are given as per circuit diagram.
(ii) Logical inputs are given as per circuit diagram.
(i) Observe the output and verify the truth table.

APPLICATIONS:

It is used as frequency dividers in digital timepieces such as electronic digital clocks,
automobile digital clocks and frequency counters.

POST-LAB EXCERICE:

What is another name of synchronous counter?

What is the maximum frequency of operation of synchronouscounter?
What is pre-settable (programmable) counter?

What is excitation table?

How the counter can be use in digital clock?

ardE

LOGIC DIAGRAM:

QA+1 QB+1 QC+1
(Up/Down) {>C?4D4 High +5 v DC
74L511 ) FRE
2 || 7 2
7436
7432 al g 1g Hsl CH P zn HL 4117 1n M5
Lt 1CLE fic: 2CLE Lot 1CLE
1A 1E lu_lﬂ Anan1 K 20 10 16 1K 10 14
3 7476 5 7476 3 7476
CLK T
CLR ]
M

74L311

RESULT:

Thus the 3 bit synchronous up-down counter was designed, implemented and their
state table was verified.
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EXPT. NO: 18

Date:

DESING & IMPLEMENTATION OF 2 BIT MAGNITUDE COMPARATOR

To design and implement a 2bit magnitude comparator using logic gates

COMPONENTS REQUIRED:

SI. No. COMPONENT SPECIFICATION QTY.
1. EX-NOR IC 747266 1
2. OR GATE IC 7432 1
3. NOT GATE IC 7404 1
4. AND GATE IC7408 1
S. IC TRAINER KIT - 1
6. PATCH CORDS - 40

PRE-LAB EXCERICE:

What is magnitude comparator?
Define most significant bit.
Why magnitude comparator is needed?

Which gate is a basic comparator?

a ~ w o

. How many inputs are required for a digital comparator?
THEORY:

A 2-bit comparator compares two binary numbers, each of two bits and produces their
relation such as one number is equal or greater than or less than the other. The figure below
shows the block diagram of a two-bit comparator which has four inputs and three outputs.

The first number A is designated as A = A1AQ and the second number is designated as B
= B1BO0. This comparator produces three outputsas G (G=1if A>B), E(E=1,if A=B) and
L (L =1if A<B).
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BLOCK DIAGRAM:

[ A} ——P
A Gl——» =B
Ar——> 2-bit £ |
Bl— Comparator AP
B [ : Ll—p B
B) ———»
LOGIC DIAGRAM:
Al Ap B1 Bo

!

A>B

A=B

UV
¥

y

A<B

LﬁU /
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TRUTH TABLE:

Outputs

A<B

A=B

A>B

Inputs

By

B,

Ay

K-MAP:

10

=B
11

A

01

BiBo oo

A1Ao

10

11

A>B
01

B1Bo

AiAg

00

01

11

10
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A>B: G=A0B1 B0+ AlB1+ Al A0BO

A=B:E=A1 A0 B1 BO +A1 A0 B1 BO+ Al A0 B1 BO+A1A0B1B0

Il
[N
=

(A0 BO + A0OB0)+A1B1(A0B0+A0 BO)

=(A0B0+A0 BO) (Al Bl + A1 B1)
= (A0 Ex-NOR B0) (Al Ex-NOR B1)

A<B:L=A1 B1+A0B1B0+A1 A0 B0

By using above obtained Boolean equation for each output, the logic diagram can be
implemented by using NOT gates, AND gates, OR gates and Ex-NOR gates.

POST- LAB EXERCISE:

If two numbers are not equal then binary variable will be....?
What is inequality?
Tell the applications of magnitude comparator.

How many types of digital comparators are there?

o B~ w0 D

TTL 74LS85 is which type of magnitude comparator?

Result:

Thus the 2-bit magnitude comparator was designed and the values are compared.
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