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LAB SESSION 01

A. ldentify the type of transistor.

B. Implement the voltage divider bias circuit and find DC voltages and current values. Also
determine its mode of operation.
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LAB SESSION 01

Objective:
A. ldentify the type of transistor.

B. Implement the voltage divider bias circuit and find DC voltages and current values. Also
determine its mode of operation.

Equipment Required:
e Protoboard

e DC supply
e Resistors
o« BIJT

e Digital Multimeter

Theory:

A transistor is a solid state device made from semiconductor material with connections made at
three or more points where the electrical characteristics are different. The term transistor comes
from the words transfer and resistor. The term was adopted because it best describes the actual
operation of transistor, the transfer of an input signal current from a low resistance circuit to a high
resistance output circuit.

A transistor must be properly biased in order to operate as an amplifier. DC biasing is used to
establish a steady level of transistor current and voltage called the dc operating point (Q-
Point).Voltage divider bias provides good Q-point stability with a single polarity supply voltage. It
is the most common bias circuit.

Circuit Diagram




Observations:

Parameters

Measured value

Expected value

Ic

Ve

Ve

Vc

Vce

Mode of operation:

Calculations:




LAB SESSION 02

A. To investigate the operation of Common Emitter Amplifier

B. To describe the purpose of components present in Common Emitter
Amplifier

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 02

Objective::
A. To investigate the operation of Common Emitter Amplifier
B. To describe the purpose of components present in Common Emitter Amplifier

Equipment Required:
e Protoboard

e 0-15V dc power supply
e Resistors, Capacitors
BJT

Digital Multimeter
Oscilloscope

Function generator

Theory:
The CE Amplifier is one of the three basic transistor amplifier circuit used in electronic industry. In

this configuration input is applied at the base lead while its output is taken at collector, which is in
180°phase shift. The CE Amplifier exhibits high voltage and current gain.

The term “common emitter “comes from the fact that the emitter node of the transistor is connected
to a “common” power rail, usually the ground. The collector node goes to the output of the circuit
and the base node is an input here is design of the circuit as shown in figure. The resistor Rc is used
to load the circuit via VVcc, other elements are used to bias the transistor.Rg and Rc seems to break
the term “common emitter” because the emitter is not connected anymore directly to the ground but
the point is that for all the frequencies we used, Cg acts as a low impedance capacitor so the
transistor emitter is decoupled to the ground .Re does a negative feedback which increases the
stability of the transistor; this is called the emitter degeneration.in order to ensure the common
emitter transistor amplifier configuration, the transistor has to be in active mode otherwise, the
output is distorted due to a clipping in the negative part of the input signal.to do so ,R;& R, must
be chosen to have a base emitter voltage of around 0.7v, the “on” voltage of a transistor.



Circuit Diagram

é R4 R1
10k 3.5k
C1
c3 @ 100u
1}
Ly RE
100u L\‘ Q2ZN32504 % 3 sk
V2 § RS
VOFF =0 4Tk
VAMPL = 1 ““D Rz |
FREQ = 1k =0 ~o
G2
[—
100u

Observations:
1. DC analysis

Parameters Measured value

Expected value

Ve

Ve

Ve

2. AC Analysis

Vout (With by-pass capacitor)

Vout (Without by-pass capacitor)




3. Determine voltage gain

4. Draw input and output voltage waveform

Calculations:

Result:

The gain of the common emitter amplifier with load is:
The gain of the common emitter amplifier without load is:
The phase shift between input and output signal of common emitter amplifier is




LAB SESSION 03

To analyse the frequency response of Common Emitter Amplifier

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 03

Objective::
To analyse the frequency response of Common Emitter Amplifier

Equipment Required:
e Protoboard

0-15 V dc power supply
Resistors , Capacitors
BJT

Digital Multimeter
Oscilloscope

Function generator

Theory:
A Common-Emitter amplifier is one of three basic single-stage bipolar-junction-transistor (BJT)

amplifier topologies, typically used as a voltage amplifier. In this circuit the base terminal of the
transistor serves as the input, the collector is the output, and the emitter is common to both (for
example, it may be tied to ground reference or a power supply rail), hence its name.

EMITTER DEGENERATION RESISTANCE RE introduces negative feedback in the amplifier
circuit. C1 and C3 are coupling capacitors while C2 is bypass capacitor. Since XC=1/2=fC, hence
at low frequencies the reactance is greater and it decreases as the frequency increases. At low
frequencies the reactance of coupling capacitance is high (The coupling and bypass capacitances
are usually in microfarads) , hence they act as almost open circuit . Therefore at low frequencies the
coupling capacitances act as nearly as open circuit The bypass capacitance also acts as nearly open
circuit at low frequency.

In mid range frequency the coupling and by-pass capacitance act as nearly short circuit. At high
frequencies, the coupling and bypass capacitors become effective ac shorts and do not effect
amplifier’s response.



Circuit Diagram

d| -l..--
-5 ——
R4 é R
Dikc 3 3k
cd C
I {1 |
ca F-}:r::r:-;u = 100w
11 ! _
100u GG % i_g.k
.. WI § 5
S NP S |
] o
I
10D
? R
2.7k
=
Observations:
FREQUENCY RESPONSE
S.NO FREQUENCY OUTPUT VOLATGE




Calculations:

Result:

The bandwidth of the common emitter amplifier as measured comes out to be:




LAB SESSION 04

A. To investigate the operation of Common Base Amplifier
B. To describe the purpose of components present in Common Base Amplifier

Student Name:
Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 04

Objective:

A. To investigate the operation of Common Base Amplifier

B. To describe the purpose of components present in Common Base Amplifier

Equipment Required:
Protoboard

0-15 V dc power supply
Resistors , Capacitors
BJT

Digital Multimeter
Oscilloscope

Function generator

Theory:

In Common base amplifier input is provided at emitter lead while output is taken at Collector, so in common
base both input and output signal are in phase. Voltage gain of common base is like that of common emitter.
The common base amplifier has a very low input resistance but has an excellent high frequency response
and thus can be combined with common emitter to obtain an excellent amplifier circuit.

Circuit Diagram

)

=1

o,
-

A0




Observations:
1. DC analysis

Parameters Measured value Expected value

Ve

Ve

Ve

2. AC Analysis (Apply 20mV peak to peak sinusoidal input from function generator, measure
output voltage)

Vout(with load resistor) Vout(without load resistor)

3. Determine voltage gain

4. Draw input and output voltage waveform




Calculations:

Results:

The gain of the common emitter amplifier with load is:
The gain of the common emitter amplifier without load is:
The phase shift between input and output signal of common emitter amplifier is




LAB SESSION 05

A. To investigate the operation of Common Collector Amplifier

B. To describe the purpose of components present in Common Collector
Amplifier

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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Objective:

LAB SESSION 05

A. To investigate the operation of Common Collector Amplifier

B. To describe the purpose of components present in Common Collector Amplifier

Equipment Required:
e Protoboard

e 0-15V dc power supply

e Resistors , Capacitors
[ ] BJT

Digital Multimeter
Oscilloscope
Function generator

Theory:

The Common Collector amplifier is also known as ‘Emitter Follower’. In CC Amplifier input is taken at
base while output at emitter. In this configuration output follows input. The input impedance of CC
amplifier is much higher than bipolar transistor amplifier.

Circuit Diagram

R
18k

oz at
1 I
100w b

VOFF = 0 3

VAMFL = 1 F{’)’ R4

FREQ = 1k 18k

2N 2504
]

ci’

LT

3
Rz 1k
1k




Observations:
1. DC Analysis

Parameters Measured value Expected value

Ve

Ve

Ve

2. AC analysis (Apply 20mV peak to peak sinusoidal input from function generator, measure
output voltage)

Vout (with load resistor) Vout (Without load resistor)

3. Determine voltage gain

4. Draw input and output voltage waveform




5. Calculations:

Results:

The gain of the common collector amplifier with load is:
The gain of the common collector amplifier without load is:
The phase shift between input and output signal of common collector amplifier is




LAB SESSION 06

To demonstrate the operation of Combination of CE Amplifier and Emitter Follower (CC)
Amplifier

Student Name:
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Semester : Year:
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Instructor Name:
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LAB SESSION 06

Objective:
To demonstrate the operation of Combination of CE Amplifier and Emitter Follower (CC)
Amplifier

Equipment Required:

e Protoboard

e 0-15V dc power supply
e Resistors , Capacitors

[ ] B\]T

e Digital Multimeter

e Oscilloscope

e Function generator
Theory:

Combination of CE and CC Amplifier is known as phase-splitter or paraphase amplifier which is
capable of producing two identical output signals to identical loads except that they are 180° out-of-
phase with each other. The output signal from the collector is simply a CE amplifier having unity
voltage gain and also 180°out-of-phase with the input signal. Output is from the emitter-follower
and is in-phase with the input signal.

Circuit Diagram

E4 Voutl
-—|-
. {00 e
ca = 1k
|1
11
B0 CZNIs04
Vi 5 vouth
f, = ourtje
woez=s e
s 100 .
FREQ = 1k Ri}
R3 RS 1k
10k 1k




Observations:
1. DC analysis

Parameters Measured value Expected value

Ve

Ve

Ve

2. AC analysis

Vout1 (with load resistor) Vout1(without load resistor)

Vout2 (With load resistor) Voutz(without load resistor)

3.Draw input and output voltage waveform

Calculations:

Result :

Voutl with load resistor is:
Voutl without load resistor is:
Vout2 with load resistor is:
Vout2 without load resistor is:




LAB SESSION 07

To demonstrate the operation of BJT as a Switch

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 07

Objective:
To demonstrate the operation of BJT as a Switch

Equipment Required:
e Protoboard

e 0-15V dc power supply
e Resistors

[ ] B\]T

e Digital Multimeter

e Oscilloscope

e Function generator

e LED

Theory:

Switches are needed in electronics to turn-on a voltage or current of sufficient power to operate a
circuit. A bipolar junction transistor (BJT) can be used in many circuit configurations such as an
amplifier, oscillator, filter, and rectifier or just used as an on-off switch. If the transistor is biased
into the linear region, it will operate as an amplifier or other linear circuit, if biased alternately in
the saturation and cut-off regions, then it is being used as a switch, allowing current to flow or not
to flow in other parts of the circuit.

A switch consists of a BJT transistor that is alternately driven between the saturation and cut-off
regions. A simple version of the switch is shown in figure. When the input equals -Vi,, the base-
emitter junction is reverse biased or off so no current flows in the collector. This is illustrated by
the load line shown in the figure. When the BJT is in cut-off, the circuit (ideally) has the following
values:

Vce = Vce and Ic = 0A
This state is similar to an open switch.

When the input equals +Vi,, the transistor is driven into saturation and the following conditions
oceur:

VCE "0V and Icsat = Vcc/ Rc

This state is similar to a closed switch connecting the bottom of R¢ to ground.



Circuit Diagram

Wee @
1 losat = WeofFe
e 1 ..é Fe Ve = /
o
+h WeEm = Voo
in | |:"‘v"'c:E_1,|
b
L o MM E':h W ie
g \-"'
(Ve Load Line
Vv

Observations:

Take Rg = 6.8kohm, Rc= 100o0hm, LED (any colour), Vcc = 5V

Connect an LED at the collector terminal such that its cathode should be connected to collector
terminal. Observe the LED as the input goes low and high. Also measure voltages and current in

the given circuit and write below:

Calculations:

Result :
When logic input is 0 the switch is:
When logic input is 1 the switch is:



LAB SESSION 08

To investigate the Operation of BJT Current Mirror

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 08

Objective:
To investigate the Operation of BJT Current Mirror

Equipment Required:
Protoboard

Q2N3904 BJT npn transistors
Resistors, Capacitors

Digital Multimeter

Function Generator
Oscilloscope

Connecting wires

Theory:
The basic BJT Current Mirror is shown in figure. Neglecting base current, the reference Current I

is passes through the diode connected transistor Q1, & thus produces corresponding voltage Vye,
which in turn is applied between base & emitter of Q2. If Q2 is matched to Q1, then the collector
current of Q1 is equal to that of Q1.

rr ¥ T

R

FIGURE 1



Q2MAS0Y

Procedure:

[&1]

jl|||'—

e Implement the circuit given in figure 3.
e Vary the potentiometer and observe changes in I, and I,

Observations:

Rz :;
A
HE" k[ h’
§ =i {100k pot } QZM3504
I
~ -
| | =5
CoNIE04
" T
FIGURE 3
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Calculations:
Make calculation of lo for the observed value of Iref. Also calculate the percentage error.

Result:



LAB SESSION 09

To illustrate the operation of current source implemented using BJT, with Base-
Current Compensation.

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 09

Objective:
To illustrate the operation of current source implemented using BJT, with Base-Current
Compensation.

Equipment Required:
Protoboard

Q2N3904 BJT npn transistors
Resistors, Capacitors

Digital Multimeter

Function Generator
Oscilloscope

Connecting wires

THEORY:
Figure shows a bipolar current mirror with a current transfer ratio that is much less dependent on 3
than that of simple current mirror. The reduced dependence is achieved by using transistor Q3

FIGURE 1
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FIGURE 2
Procedure:
e Implement the circuit in figure 2 .
e Vary potentiometer & observe readings for lye & 1o
Observations:
S.No Iref Io
1
2
3
_,_1_
5
6
3
Calculations:

Make calculation of lo for the observed value of Iref. Also calculate the percentage error.



Result:



LAB SESSION 10

To illustrate the operation of BJT Differential Pair

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 10

Objective:
To illustrate the operation of BJT Differential Pair

Equipment Required:

e Protoboard

e Q2N2222 BJT npn transistors
e Resistors, Capacitors

e Digital Multimeter

e Function Generator

e Oscilloscope

e Connecting wires

Theory:

It consists of two matched transistors, Q1 & Q2, whose emitters are joined together and biased by
constant current source I. It is essential that, collector circuits be such that Q1 & Q2 never enter
saturation.

Circuit Diagram

Q2MN3E04 QNS0 =

vorE =0 9
1.-'AHPL=2${’}

FREQ = 1k

L
8

rd

Figure 1



Observations:

S.No Vg1

Ve

Ve1-Va2

Vi

Ve

Vci-Veo

3.Draw generalized output voltage waveform:

Calculations:

Result :
Ve iS:

Ve iS:
Vout IS




LAB SESSION 11

To investigate the characteristics curves for Field Effect Transistor.

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 11

Objective:

To investigate the characteristics curves for Field Effect Transistor.

Equipment Required:
e D.C power supply
Oscilloscope
Multimeter

MOSFET 2N7000
Resistors

Basic Theory

The acronym ‘FET’ stands for field effect transistor. It is a three-terminal unipolar solid state
device in which current is controlled by an electric field as is done in vacuum tubes.

Broadly speaking, there are two types of FETS:

(@) Junction field effect transistor (JFET)

(b) metal-oxide semiconductor FET (MOSFET)

It is also called insulated-gate FET (IGFET). It may be further subdivided into:
(1) depletion-enhancement MOSFET i.e. DEMOSFET
(ii) enhancement-only MOSFET i.e. E-only MOSFET

Figurel , shows the physical structure of the n-channel enhancement-type MOSFET. The meaning
of the name s "enhancement " and “channel " will become apparent shortly. The transistor is
fabricated on a p-type substrate, which is a single-crystal silicon wafer that provides physical
support for the device (and for the entire circuit in the case of an integrated circuit). Two heavily
doped n-type regions, indicated in the figure as the n * source 1 and the n * drain regions, are
created in the substrate. A thin layer of silicon dioxide (Si0 2 ) of thickness tox (typically 2-5 0
nm), which is an excellent electrical insulator, is grown on the surface of the substrate, covering
the area between the source and drain regions. Metal is deposited on top of the oxide layer to form
the gate electrode of the device. Meta | contacts are also mad e to the source region, the drain
region, and the substrate, also known as the body. Thus four terminals are brought out: the gate
terminal (G), the source terminal (S), the drain terminal (D), and the substrate or body terminal (B).



Oxide (Si0y)

Source
region

p-lype substrate

(Body)
Channel
Tegion
Drain region
(a)
Source {S) Gate (G) Drain (D)
O C O
Oxide (Si02) Metal

(thickness = ¢,,) /

Body
(B)

Fig.1

MOSFET with Vgs=0 and Vps=0
With no bias voltage applied to the gate, two back-to-back diodes exist in series between

drain and source. One diode is formed by the pn junction between the n * drain region and
the p-type substrate, and the other diode is formed by the pn junction between the p-type
substrate and the n* source region. These back-to-back diodes prevent current conduction
from drain to source when a voltage vps is applied. In fact, the path between drain and
source has a very high resistance (of the order of 10 2 Q).

MOSFET with small Vgs and Vps=0
Consider next the situation depicted in Fig. 4.2. Here we have grounded the source and the drain

and applied a positive voltage to the gate. Since the source is grounded, the gate voltage appears in
effect between gate and source and thus is denoted vgs. The positive voltage on the gate causes, in




the first instance, the free holes (which are positively charged) to be repelled from the region of the
substrate under the gate (the channel region). These holes are pushed downward into the substrate,
leaving behind a carrier-depletion region. The depletion region is populated by the bound negative
charge associated with the acceptor atoms. These charges are "uncovered™ because the neutralizing
holes have been pushed downward into the substrate. As well, the positive gate voltage attracts
electrons from the n * source and drain regions (where they are in abundance) into the channel
region. When a sufficient number of electrons accumulate near the surface of the substrate under
the gate, an n region is in effect created, connecting the source and drain regions. Now if a voltage
is applied between drain and source, current flows through this induced n region, carried by the
mobile electrons. The induced n region thus forms a channel for current flow from drain to source
and is aptly called so. Correspondingly, the MOSFET is called an n-channel MOSFET or,
alternatively, an NMOS transistor. Note that an n-channel MOSFET is formed on a p-type
substrate: The channel is created by inverting the substrate surface from p type to n type. Hence the
induced channel is also called an inversion. The value of vGS at which a sufficient number of
mobile electrons accumulate in the channel region to form a conducting channel is called the
threshold voltage and is denoted V; Obviously, for an n-channel FET is positive. The value of Vi is
controlled during device fabrication and typically lies in the range of 0.5V to 1.0 V.

MOSFET with small Vgs and small Vps:

Having induced a channel, we now apply a positive voltage Vps between drain and source. We first
consider the case where Vpsis small (i.e., 50 mV or so). The voltage Vps causes a current ip to
flow through the induced n channel. Current is carried by free electrons traveling from source to
drain (hence the names source and drain). By convention, the direction of current flow is opposite
to that of the flow of negative charge. Thus the current in the channel, ip, will be from drain to
source. The magnitude of ip depends on the density of electrons in the channel, which in turn
depends on the magnitude of Vps . Specifically, for Vgs = V, the channel is just induced and the
current conducted is still negligibly small. As Vgs exceeds Vi, more electrons are attracted into the
channel. We may visualize the increase in charge carriers in the channel as an increase in the
channel depth. The result is a channel of increased conductance or, equivalently, reduced
resistance. In fact, the conductance of the channel is proportional to the excess gate voltage (Ves -
Vy), also known as t h e effective voltage or the overdrive voltage. It follows that the current ip
will be proportional to Vgs - V4, and, of course, to the voltage Vps that causes ip to flow.

MOSFET with small Vgs and large Vps:.

We next consider the situation as Vps is increased. For this purpose let Vs be held constant

at a value greater than V,. Vps appears as a voltage drop across the length of the channel. That is, as
we travel along the channel from source to drain, the voltage (measured relative to the source)
increases from 0 to Vps. Thus the voltage between the gate and points along the channel decreases
from Vs at the source end to Vgs - Vps at the drain end. Since the channel depth depends on this
voltage, we find that the channel is no longer of uniform depth; rather, the channel will take the
tapered form being deepest at the source end and shallowest at the drain end. As Vps is increased,
the channel becomes more tapered and its resistance increases correspondingly. Thus the ip-Vps
curve does not continue as a straight line but bends

Eventually, when Vps is increased to the value that reduces the voltage between gate and

channel at the drain end to V—that is, Vgp = V: or Vgs - Vps = V: or Vps = Vgs - Vi— the channel
depth at the drain end decreases to almost zero, and the channel is said to be pinched

off. Increasing Vps beyond this value has little effect (theoretically, no effect) on the channel
shape, and the current through the channel remains constant at the value reached for Vps -

Vs - V,. The drain current thus saturates at this value, and the MOSFET is said to have




entered the saturation region of operation. The voltage Vps at which saturation occurs is
denoted by Vpssat

Vpssat = Vg s - Vi

Obviously, for every value of Vgs > V,, there is a corresponding value of Vpss;t The device
operates in the saturation region if Vpss. The region of the ip-Vps characteristic obtained
for Vps < Vpey IS called the triode region, a carryover from the days of vacuum-tube devices
whose operation a F E T resembles.

ip k

: I
==— Trode —-h-I":———- Sawration —————=

Ups < uUgs — V; Uns = Ugg — V,

-

Curve bends because —
the channel resistance
1ncreases with upg

\ Current saturates because the
channel is pinched off at the
drain end, and vy no longer
atfects the channel.

Almost a straight line |/
with slope proportiona\
to (vgs — V) Y] tgs >V,

0 Upgyt = Vs — Vi Ung

Procedure

1. Connect the circuit as shown in fig 3.

2. LetVps=(0,05,1,15,2,25,3,4,5,5,5.5,6, 6.5, 7) V measure Ip.

3. Repeat step 2 for Vgs =(0.5,1,15,2,25,3,35,4,45,5,5.5,6,6.5,7) V.

|
.| vos
Wi,
|
MZN ?—:d':nj

?




Observations & Calculations
A. Draw Ip Vs Vgs

a) For Vps=3V

Fig. 3

Ves 0 05 |1 15 |2 25 |3 35 4.5 55 6.5
Ip
B. Draw (drain characteristics) between Ip & Vps for different values of Vgs.

a. ForVgs =0.5V
Vbs 0 05 |1 15 |2 25 |3 3.5 4.5 55 6.5
Ip

b. For Vs =1.5V
Vbs 0 05 |1 15 |2 25 |3 35 4.5 55 6.5
Ip

c. For Vgs =2V
Vbs 0 05 |1 15 |2 25 |3 3.5 4.5 55 6.5




LAB SESSION 12

To analyze Common Source Amplifier circuit and also determine phase shift
between input and output

Student Name:
Roll no.: Batch:
Semester: Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 12

Objective:

To illustrate the operation of Common Source Amplifier and also determine phase shift between
input and output

EauipmentiRequired:
Protoboard

Function Generator
Digital Multimeter
Power Supply

Resistors

Transistors: 1 x 2N7000
Capacitors

Theory:

Common source FET amplifier circuit is one of the most commonly used providing current and
voltage gain along with a satisfactory input and output impedance.

Common source FET configuration is probably the most widely used of all the FET circuit
configurations for many applications, providing a high level of all round performance.

The common source circuit provides a medium input and output impedance levels. Both current
and voltage gain can be described as medium, but the output is the inverse of the input, i.e. 180°
phase change. This provides a good overall performance and as such it is often thought of as the
most widely used configuration.

Common Source Amplifier:

Fig 5: Common Source Amplifier



Hence Common Source amplifiers have:

|

Inverting output

High input resistance
Moderately high voltage gain
Large output resistance

O O™

Procedure:

Implement a common-source amplifier, as shown in Figure 6 . Note the 100uF AC coupling
capacitor at the input, and the 100uF bypass capacitor on the gate; the latter makes the gate an

AC ground, appropriate to the common-gate configuration.

o Construct the circuit in circuit Figure 6. Be sure to use the correct polarity for the
coupling capacitors, or the circuit may not function properly.

o With the power supply on, the function generator connected to the input port, and the
oscilloscope set to observe the input voltage Vin, adjust the amplitude of the function generator
such that Vin is a 10mV sinusoid at 1kHz. Then measure and record the AC voltage gain

Vout / Vin
é R3 é R
400k 1k
11
1N
fLioeT
c2 M1
11 |
" @
00u wziTods
VOFF =g oot c3
VAMPL = 2 H{’} I
FREQ = 1k L
R4 Rz
300k 1k

Fig 2: common source amplifier (practical circuit)




Analysis:

Determine the gate , drain and source voltage . perform all necessary calculations .Let Vi= 1V .
justify that the circuit can be used as an amplifier

Observations:

1. DC analysis

Parameters Measured value Expected value

Ve

Vs

Vb

2. AC Analysis (Apply 20mV peak to peak sinusoidal input from function generator, measure
output voltage)

Vout(with load resistor) Vout(without load resistor)

3. Determine voltage gain




4. Draw input and output voltage waveform

Results:

The gain of the common source amplifier with load is:
The gain of the common source amplifier without load is:

The phase shift between input and output signal of common source amplifier is




LAB SESSION 13

To illustrate the operation of Common Gate Amplifier and also determine phase
shift between input and output

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 13

Ob'|ective:
Odl uitratte the operation of Common Gate Amplifier and also determine phase shift between input
and outpu

EadipmentiRequired:
Protoboard

Function Generator
Digital Multimeter
Power Supply

Resistors

Transistors: 1 x 2N7000
Capacitors

Theory:

MOS transistor is a voltage controlled device, where gate voltage modulates the channel
resistance and voltage between drain and source determines current flow between the drain
and source terminals. Like BJT, MOS transistor can perform as amplifier and as electronic
switch. MOS comes in two different flavors, as NMOS and as PMOS.

Small-Signal Amplifier Design and Biasing

If a small time-varying signal 1s superimposed on the DC bias at the mput (gate or

base termunal), then under the night circumstances the transistor circuit can act as a linear
amplifier. Figure 1 illustrates the situation appropnate to a MOSFET common-source
amplifier. The transistor 1s first biased at a certain DC gate bias to establish a desired dramn
current, shown as the “Q”-pomnt (quescent pomnt) Figure 1la. A small AC signal of
amplitude AV 1s then superimposed on the gate bias, causing the drain current to fluctuate
synchronously. If AV, 1s small enough, then we can approximate the 7, vs. V. curve by a
straight line with a slope given by

- él,
v o,

(D

and then the dramn current amplitude 1s Af, =g, AV, . With a dramn resistor R, as shown,
the drain current 1s related to the output voltage by V, =V, —I,R, . so the AC output signal
will be given by

AV‘t ""AIaRa:‘ganAV-: ¢ 2)

The voltage gain 1s therefore 4 =-g, R, . This can be appreciated graphically using a load-
line approach as i Figure 1b.



Figure 1 - Amplification in a MOSFET common-source configuration. (a) A small AC signal
15 supenimposed on the DC gate bias, creating an AC dramn current. (b) Same situation with a
load-line superimposed on the output charactenistic, showing how the AC drain current leads to
an AC dramn voltage and gamof —g_R, .

Figure 1 also illustrates the importance of the bias point selection in the operation of
transistor amplifiers. Figure 1a shows that the transconductance (and hence the gamn) will
depend on the gate bias; this can be quantified using the I, vs. ¥, characteristic

1,=K,(V,-V) ( 3)

Substituting (  3) mto (1) gives
S
£, =2K,(V, ~V) =2[K 1, =——>*

- - (4
W, -V,) )



To establish a large transconductance we must bias the device well above threshold. This 1s
also mmportant to msure that the transistor stays mn saturation over the full AC cycle.
However, there 1s a limit on gate bias and drain current imposed by the output characteristic
and load resistor as shown in Figure 1b. To allow for maximum output voltage swing the
Q-point should lie approximately halfway

between V,, and the edge of the ohmic oy PP,

region, shown m the figure as V... If j
the dramn current or load resistor 1s too

large, the device will swing into the ohmuc

regidn during opemtioﬁ leading to x
significant waveform distortion. P=Vel;2 B
J

Another important consideration 1s the
DC power dissipation 1n the device given
by P=V_I,.  This power 1s dissipated as
heat within the device so there 1s always a
thermal linut on the dissipated power for
every device and package. The datasheet oy -
will specify the maximum DC power F:gure 2. — Limitations on biasing imposed by
P,.. maximum DC current I,__, and maximum power considerations.
maximum DC voltage V. . to avoud
destroying the device. These linuts are supennmposed on the output characteristic in Figure
2 . The Q-poimnt must be selected to lie below the shaded region in the figure.

Although the focus has been on MOSFETS 1n this discussion, 1t 1s important to recognize
that the key conclusions above are largely independent of the choice of dewvice. All
transistors can be described by an output-current versus input-voltage characteristic like that
m Figure 2-1a, and hence by a bias-dependent transconductance. Only the details of the
voltage dependence will be different. For example, BITs follow a diode-like exponential
model; state-of-the-art short-channel MOSFETS have a nearly linear I, vs. ¥, characteristic
and hence a constant g, .

-
L

ln'ls

Lastly, note that the supply voltage 1s also an umportant vanable. Generally a larger
supply voltage 1s desirable for maximum voltage gamn and maximum output voltage swing.
This can be seen as follows: for a given drawmn current 7, | the drain resistor that 1s required for
adrambias of ¥V, V¥V, /2 15

Vy=Va V.
R, = ~dd__"d: & _dd_ S5
ST ek C9
and thus the gaimn 15 given by
Em Vs K,
R =V, 6
|A\| g mesd /g 14 2 ]‘ ( )

The maximum gain scales with supply voltage for a specified device and current level.



MOSFET Design Parameters and Subthreshold Currents

For amplifier designs using any transistor (MOSFETs or BJTs) we need to know the
transconductance g,_. For MOSFETSs, a knowledge of the threshold voltage ¥, and the
current parameter K can be used to estimate g using ( 4), assuming the square-law
device model ( 3) holds. A common method to estimate these parameters 15 to measure and
plot the square-root of 7, versus V., which theoretically should yield a linear dependence,

\/I_dz\/l?n(Vy_Vr) 7

Thus the x-intercept if such a plot should yield the threshold voltage, and the slope should
yield the current parameter.

The 2N7000, also 1n your parts kit, 1s at the other extreme: 1t 15 intended for larger currents
and has an mherently larger transconductance. Consequently we need to operate this device
closer to threshold i order to keep the DC currents low, an imperative from a DC power-
dissipation standpomnt. The data sheet specifies a maximum DC power dissipation of
400mW; for drain voltages in the range of 2.5-5V (appropriate to supply voltages in the range

of 5-10V) we would need to keep the currents below ~100mA.

Figure 3 shows a measured plot of 1d vs. Vgs for a 2N 7000 for currents in this range; on
this scale we can see a significant departure from the square-law characteristic. This device
has gate lengths of around 2.5um.

2N7000 2N7000

10 120 ] 1 ’
9 V=235V e Daia
o 8 /QZ 100 1= ¢ - 220marv:™ L i)
e ¥ Z 80
< o — B
= 54— Subthreshold E 60
- 4 currents \ 2
N3 | 40
0l eosepeet® / 0 - |
15 20 25 30 22 24 26 28 30
Vgs, Volts Vgs, Volts
(a) (b)

Figure 3 - (a) Data for a 2N7000 device plotted as \/I 4 Vs. V. . showing sub-threshold
currents. (b) Same data set plotted as I, vs. Vg= ., with comparison to the ideal model using
given parameters (dashed line)



Is this a problem? No, 1t just means that we can’t expect ( 3) to work well below currents
of around 10mA. Above 10mA, the model seems to work reasonably well, and for the
particular device shown in Figure 3 we find ¥, ~2.35V and K, ~ 220mA/V".

Remember, these parameters vary from

3 ; 2N7000
device to device, and also may vary 120 777
considerably from manufacturer to 100 //
manufacturer. Figure 4 shows a /
comparison of characteristic from four 5 o | /
different 2N7000 devices, two from one g 60 /}
manufacturer, and two from another 40 o 4
manufacturer, selected randomly. Not only 20 - é /4
does the threshold voltage vary, but it 1s . _é‘/%

apparent that the current parameter K, 29 24 26 28 30 12
also varies between manufacturers. Vgs, Volts

Frankly the 2N7000 1sn’t a great choice
for small-signal linear amplifier designs, it Figure 4 — Comparison of four different 2N7000
55 : . S devices. Dashed lines and solid lines represent
1s really intended for use in power .

e : different manufacturers.
switching circuits. You might wonder why
we chose the 2N7000 for this experiment. The simple answer: it 1s cheap and ubiquitous, a
common theme for components used in AIC labs!

Common Gate Amplifier:

As shown in figure 5 the common gate amplifier has a grounded gate terminal , a signal input
at the source terminal and the output taken at the drain.

J
—
—

»

Fig 5: Common Gate Amplifier



Hence Common Gate amplifiers have

e Non-Inverting output

e Moderate input resistance

e Moderately large small signal voltage gain but smaller than common source amplifier.
e Small signal current gain less than one.

e Potentially large output resistance (Dependent on Rp)

Procedure:

e Implement a common-source amplifier, as shown in Figure 6 . Note the 100uF AC
coupling capacitor at the input, and the 100uF bypass capacitor on the gate; the latter
makes the gate an AC ground, appropriate to the common-gate configuration.

e Construct the circuit in circuit Figure 6. Be sure to use the correct polarity for the
coupling capacitors, or the circuit may not function properly.

e With the power supply on, the function generator connected to the input port, and the
oscilloscope set to observe the input voltage Vin, adjust the amplitude of the function
generator such that Vin is a 10mV sinusoid at 1kHz. Then measure and record the AC
voltage gain ~ Vout/ Vin

é 3 é Fit 1w, | W
400k ik p——

¥ |
c2 M1 RE
_y I ik
100u MZN ?—::»ft:-
ca "o
I 10w

R4 Rz FREQ = 1k
00k ik ‘

Fig 6: common gate amplifier (practical circuit)



Analysis:

Determine the gate , drain and source voltage . perform all necessary calculations .Let Vt= 1V .
justify that the circuit can be used as an amplifier

Observations:

1. DC analysis

Parameters Measured value Expected value

Ve

Vs

Vb

2. AC Analysis (Apply 20mV peak to peak sinusoidal input from function generator, measure
output voltage)

Vout(with load resistor) Vout(without load resistor)

3. Determine voltage gain




4. Draw input and output voltage waveform

Results:

The gain of the common gate amplifier with load is:

The gain of the common gate amplifier without load is:

The phase shift between input and output signal of common gate amplifier is




LAB SESSION 14

To illustrate the operation of Simple MOS Mirror

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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LAB SESSION 14

Objective:
To illustrate the operation of Simple MOS Mirror

EadipmeatiRequired:
Protoboard

Function Generator
Digital Multimeter
Power Supply

Resistors

Transistors: 1 x 2N7000
Capacitors

Theory:

Focus initially on N-MOS transistor Q1 which is connected in the so-called “diode connection.” That is,
the drain and gate are shorted together so that the drain node is at the same potential as the gate. Hence,
the drain-to-source voltage is equal to the gate-to-source voltage (i.e., VDS = VGS). From the theory of
the MOSFET, we know that VGS must exceed the threshold voltage Vt of the FET for drain current to
flow. The characteristic curve for the “diode connection” is shown below. [Reference: Figure 5.14 on
page 268 of Sedra & Smith.]

o . -
Vf VC‘ sf VG I

Fig 1. Ip Vs Vs curve

The goal for a current mirror is to establish a stable Iref value and then to mirror (or replicate) current Iref
in other branches of the circuit. In other words, we want 10 to equal Iref regardless of the applied value of
VDS of the mirroring transistor. This assumes identical transistor geometries of course. What causes a



current mirror to deviate from Iref = 10? An error or deviation can result from (1) the mirroring
transistor’s finite output drain-to-source resistance r0, (2) a parametric mismatch between transistors Q1
and Q2, and (3) a temperature difference between transistors Q1 and Q2. In integrated circuits the
transistors are physically close together for thermal matching and they are fabricated simultaneously on
the same wafer. So, they should be well matched and thermally coupled as well as physically possible.

Let us analyze how a finite output resistance causes loto deviate from Iref. To do this we write the
equations for the drain currents of transistors Q1 & Q2. These equations are

1 (W '-.I 2 . .
I, =E’“" | 7 _.II'[VGS“ —V ) = (1+ AV, ): where ¥V, =V_. 1 O,
1 (W) 2 ,
To=qtal ), e 7H) (15 AW5s2)

I, _(W/L),x(1+ V)
I, (W/L) x(1+iV,)

Select Value of Resistor Rref:
To set the value of resistor Rref requires knowing the reference current Iref— for our experiment we

choose 3 mA. Thus, Rrefcan be determined from 3 mA (R¢) = Vbb— Ves. Let Vgs=2V. Thus, you
will want to compensate for this in adjusting the reference current to 3mA (assume we want to set it
to better than a 2% error from the 3 mA target value).

For the range of load resistances provided measure the new I, in each case.
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Procedure:

Fig.2 Simple MOS Mirror

e Implement the circuit in figure 2 for Simple MOS Mirror.
e Vary R, & observe readings for It & I,

S. No

Iref

Io

1

-
-

»
% ]




Calculations:
Make calculation of lo for the observed value of Iref. Also calculate the percentage error.

Result:



OPEN-ENDED LAB

You are required to design an active loaded Wilson BJT current source having
a current of 5mA. You are required to change the base resistance of the active
load from the roll numbers of your group ranging from ohm to kohm. Incase
you have less than 5 group members you use any large variant resistance to
complete the count of 5 base resistances. Use +6 and —6 Volts supply.

Student Name:

Roll no.: Batch:
Semester : Year:
Total Marks Marks Obtained

Remarks (if any) :

Instructor Name:

Instructor Signature: Date:
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OPEN-ENDED LAB

Objective:
You are required to design an active loaded Wilson BJT current source having a current of
5mA. You are required to change the base resistance of the active load from the roll numbers of
your group ranging from ohm to kohm. Incase you have less than 5 group members you use any
large variant resistance to complete the count of 5 base resistances. Use +6 and —6 Volts supply.



