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Abstract
The objective of the course project was to develop a comprehensive understanding of the
structure and functioning of the Bipolar Junction Transistor (BJT) through its most fundamental
application – the amplifier. The Common Emitter Amplifier was therefore constructed and tested
using laboratory equipment, after a thorough theoretical analysis of the amplifier. This report
introduces the BJT, and explains the concept behind the working of the amplifier. It then presents
a theoretical analysis of the calculational aspect of the amplifier, and specifies the expected design
parameters, primarily resistances that would meet the constraints and yet meet the specifications.
Having addressed the design problem with the aid of reasonable assumptions, the report outlines
the software simulation using Advanced Design System (ADS) to verify the correspondence
between the theoretically obtained values and the simulation results. The Amplifier is then
constructed using laboratory equipment, and is tested for a range of values. The results obtained
from the experiment are then discussed using graphical analysis. A comparison between the
theoretical and practically obtained values is also provided to compare the correspondence.

2

Table of Contents
List of Figures ................................................................................................................................ 4
List of Equations ........................................................................................................................... 6
List of Tables ................................................................................................................................. 6
Background ................................................................................................................................... 7
BJT and Vacuum Tubes – A Historical Overview .............................................................. 7
Functioning of the Transistor ............................................................................................. 8
Transistor Characteristics ................................................................................................ 10
H- Parameters of the Transistor ....................................................................................... 11
The Amplification Circuit ................................................................................................. 12
Procedure ..................................................................................................................................... 19
1: Theoretical Calculation of DC Biasing ..................................................................................... 19
2: ADS Simulation ........................................................................................................................ 20
3: Attempt 1: NG .......................................................................................................................... 21
3.1: Results ........................................................................................................................ 22
3.2: Reasons for Failure ................................................................................................... 22
4: Final Circuit - DC Biasing ........................................................................................................ 23
4.1: Design Parameters .................................................................................................... 23
4.2: Circuit Implementation .............................................................................................. 23
4.3: Recording Results ...................................................................................................... 24
5: Voltage Gain Measurement ...................................................................................................... 24
5.1: Circuit Implementation .............................................................................................. 25
5.2: Recording Results ...................................................................................................... 25
6: Input and Output Impedance..................................................................................................... 27
7: Channel Frequency Measurement ............................................................................................ 27
Results And Discussion ............................................................................................................... 28
Conclusion ................................................................................................................................... 32
References .................................................................................................................................... 33
Appendix ...................................................................................................................................... 34

3

List of Figures
Sl. No.

Figure

Figure Name

Number

Page Number

1

Figure 1

Inventors of the BJT

7

2

Figure 2

Vacuum Tube

7

3

Figure 3

N-P-N Transistor

8

4

Figure 4

Circuit Symbol – N-P-N Transistor

8

5

Figure 5

Cross Sectional View of the BJT

9

6

Figure 6

Input Characteristics of BJT

10

7

Figure 7

Output Characteristics of BJT

11

8

Figure 8

Circuit Diagram for DC Biasing

14

9

Figure 9

BJT Amplifier Circuit

15

10

Figure 10

Visual Representation of the Amplification Process

16

11

Figure 11

Measurement of Rin

17

12

Figure 12

Measurement of ROUT

18

13

Figure 13

Theoretical Calculation of DC Biasing

19

14

Figure 14

Circuit Schematic of ADS with DC Annotations

20

4

15

Figure 15

Simulation Result

21

16

Figure 16

DC Biasing Circuit

23

17

Figure 17

AC Implementation

25

18

Figure 18

Input at 24 mV

25

19

Figure 19

Input at 40 mV

25

20

Figure 20

Input at 60 mV

25

21

Figure 21

Input at 84 mV

25

22

Figure 22

Input at 110 mV

26

23

Figure 23

Input at 126 mV

26

24

Figure 24

Decade Resistance Box

27

25

Figure 25

Frequency – Initial Output at 4V

27

26

Figure 26

Frequency – Final Output at 2.8V

27

27

Figure 27

Output vs Input Voltage Graph

28

28

Figure 28

Clipped Output for Large Input Signal

28

29

Figure 29

Trendline Analysis

29

30

Figure 30

Datasheet of the BC-107 Transistor

34

5

List of Equations
Sl. No.

Equation

Page

Equation Name

Number

Number

1

Equation 1

H – Parameters of the BJT

11

2

Equation 2

Forward Transfer Current Ratio

12

3

Equation 3

Common Emitter Amplifier Characteristic Equations

18

4

Equation 4

Voltage Gain

24

5

Equation 5

Current Gain

30

6

Equation 6

Comprehensive List of Equations for AC Analysis

31

List of Tables
Sl. No.

Table Number

Table Name

1

Table 1

Resistance Values

23

2

Table 2

DC Biasing

24

3

Table 3

Voltage Gain

26

4

Table 4

Comparison between Theoretical Calculations
and Practical Results

6

Page Number

30

Background
BJT and Vacuum Tubes – A Historical Overview
The invention of the BJT in 1947 by physicists
John Bardeen, Walter Brattain and William Shockley
revolutionized modern electronics. The significance of
this invention is evident from the fact that this endeavor
earned the inventors the Noble Prize in Physics in 1956.
The BJT transistor is regarded by many to be one of the

Figure 1: Inventors of the BJT[1]

greatest inventions of the twentieth century. It is especially interesting to note that although the
patent for Field-Effect Transistors was filed prior to the invention of even the BJT, the BJT was
the first transistor to be practically manufactured in a laboratory.
The BJT replaced Vacuum Tubes in electronic
devices – greatly impacting size, cost and convenience of
manufacturing electronics. The significance of this can be
immediately realized from the huge magnitude of amount of
transistors required for the functioning of modern electronic
devices. A single logic gate requires up to twenty transistors

Figure 2: Vacuum Tube[3]

whereas advanced microprocessors can require 3 billion and more transistors[2].
It becomes evident at the outset that integrating this magnitude of transistors on a small
single chip requires great precision – but more importantly – the transistors must be of very small
size and weight so as to ensure convenience of operation of the device. Indeed, the transistor was
able to achieve this.
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Functioning of the Transistor
The Bipolar Junction Transistor (BJT) is a device that can be thought of as two p-n junctions
cascaded together to form either n-p-n or p-n-p type of connection. This forms three regions –
the Emitter, the Base and the Collector, which are represented in Figure 3.

Figure 4: Circuit Symbol: n-p-n transistor

Figure 3: n-p-n Transistor

The transistor consists of the following three regions:
1. Emitter: The emitter is the most heavily doped region. It gets its name from the fact that
it “emits” electrons because the flow of electrons is from emitter to base under normal
circumstances. This results in the Emitter Current, IE.
2. Base: The base is the thin lightly doped layer in the middle. It is important to note that
the base current (IB) is small under normal circumstances as opposed to the other currents
in the transistor.
3. Collector: The collector is the largest region in terms of volume. This is due to the fact
that electrons flow from emitter to the collector via the base (hence the name collector)
and therefore it must be able to accommodate this current. This collector current is
denoted as IC.
8

Figure 5 shows the cross sectional view of a BJT. It is evident that the collector occupies the
bulk of the volume of the BJT. The base is the most lightly doped region whereas the emitter is
the most heavily doped region.

Figure 5: Cross Sectional View of the BJT [5]

Having comprehended the structure of the BJT, we look at its functioning. There are three modes
in which the transistor can be operated:
1. Active Mode: The transistor acts as an amplifier in active mode. This is because the
Emitter-Base Junction is forward biased and the Base-Collector Junction is reverse
biased, as a consequence of which the collector-emitter current (ICE) is proportional and
much larger than the base current (IB). This proportionality results in the linear region of
the transistor characteristics graph.
2. Saturation Mode: The BJT is said to be in saturation mode when the base current is
increased to such a state that the collector current (IC) cannot be further increased. The
name “saturation” comes from the fact that the output current seems to have “saturated”
and reached a maximum. This occurs when both junctions are forward biased.
3. Cut-off Mode: The BJT is said to be in Cut-Off Mode when the Base-Emitter Voltage
(VBE) is too small for any current to flow in the transistor. This is typically the case when
9

VBE is below 0.7 V for Silicon transistors. This occurs when both junctions are reverse
biased[6].
Transistor Characteristics
Transistor Characteristics refer to graphical representation of Voltage-Current relationships
holding other parameters constant. This is essential for the understanding of how the transistor
works. It makes sense to talk about input and output characteristics separately given then
structure and functioning of the transistor.
1. Input Characteristics: It is understood that under usual mode of operation, the base
behaves as the transistor input. Therefore, the input characteristics describe the change in
base current (IB) for a change in Base-Emitter Voltage (VBE). Given that the Base-Emitter
Junction is effectively a p-n Junction, it is expected that the input characteristics graph is
as follows:
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Figure 6: Input Characteristics of BJT
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2. Output Characteristics: The output characteristics graph measures collector current (IC)

with respect to the collector voltage. It results in a family of curves because we get a
different curve for a given base current, IB. The following graph shows the expected
characteristics:

Saturation Mode

Active Mode

Cut-Off Mode

Figure 7: Output Characteristics of the Transistor

H-Parameters of the Transistor:

ℎ𝑖𝑒 = 𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =

∆𝑣𝑏𝑒
( 𝐴𝑡 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑐𝑒 )
∆𝑖𝑏

ℎ𝑟𝑒 = 𝑅𝑒𝑣𝑒𝑟𝑠𝑒 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑜 =

∆𝑣𝑏𝑒
( 𝐴𝑡 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑖𝑏 )
∆𝑣𝑐𝑒

ℎ𝑓𝑒 = ( = 𝛽) = 𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜 =
ℎ𝑜𝑒 = 𝑂𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 =

∆𝑖𝑐
( 𝐴𝑡 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑖𝑏 )
∆𝑣𝑐𝑒

Equation 1: H-Parameters of the BJT
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∆𝑖𝑐
( 𝐴𝑡 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑐𝑒 )
∆𝑖𝑏

The H- parameters of the transistor provide a numerical value to the qualitative aspects of the
transistor. It is to be noted that for the transistor to be operated as an amplifier, it must be
operated in the Active Mode. This is illustrated from the output characteristics graph.
It becomes evident immediately that only in the active region, amplification occurs. It is
observed that as there is a marginal change in the base current, there is a correspondingly larger
change in the collector current, and the collector current remains (approximately) constant in
magnitude in the base region. This can be manipulated in favor of the amplifier by treating the
base current to be the input signal, and thereby getting an amplified version of it as the collector
current, which is captured as the output signal. The extent of amplification depends on β, which
can be calculated as follows:
ℎ𝑓𝑒 = ( = 𝛽) = 𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜 =

∆𝑖𝑐
( 𝐴𝑡 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑐𝑒 )
∆𝑖𝑏

Equation 2: Calculation of Forward Transfer Current Ratio

This β is the current gain, which we experimentally measure and then compare with the
theoretically calculated value.

Having comprehended the conceptual ideas behind amplification, we study the
amplification circuit and the requirements it must meet.

The Amplification Circuit

It is understood that in communications and networks, signals that are transmitted and
received are in the form of voltages or current. It is the power component responsible for
delivering the message. The purpose of an amplifier is to enhance this power component, which
can be done through current amplification and / or voltage amplification. It is also understood
12

that BJT’s are used for this purpose, with the base current behaving as the input signal and the
collector current behaving as the output signal. Although it is possible to construct a BJT
amplifier in Common Collector Configuration, we attempt the construction of a Common
Emitter BJT Amplifier due to its effective nature, and high value of gain.

(a) Transistor DC Biasing

It is essential to ensure active mode operation for reasons aforementioned. This can be
achieved through proper biasing of the circuit components. Biasing refers to the process of presetting the DC values of currents and voltages in the circuit. This is done to ensure stable
operation, and in effect – is choosing the Q – point. The Q – point (quiescent point) is the point
on the load line at which the transistor is operated, and for optimal operations, it is best chosen to
be the middle of the load line in order to ensure headroom for AC swings. This is essential to
prevent the transistor from unintentionally entering Saturation mode or Cutoff mode. It is also
essential to ensure that the DC conditions once fixed are resistant to surrounding conditions
inclusive of temperature to avoid signal distortions. Although there are many biasing methods,
we choose self biasing technique which removes the requirement of having two DC Sources. We
instead use one DC Source, and resistors in parallel to ensure that the base and collector currents
are as required. This is evident from the circuit diagram below:
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Figure 8: Circuit Diagram for DC Biasing

Through the steps outlined in the Procedure Section of this report, the values of the four
resistances are to be determined based on theoretical expectations and practical implementations.
Although their quantitative magnitude will be determined later, it is imperative to understand the
function and significance of these resistors. It is acknowledged that this circuit is incomplete for
amplification. However, it is sufficient for DC biasing. The functioning of the components is
outlined below:

Resistors R1 and R2: The purpose of these two resistors is to contribute to a voltage divider
network. Along with the supply (VCC) and the resistor RE, the resistors ensure a fixed value for IB
which is the base current. This DC Biasing value of the current can be found using Kirchoff’s
Current Law and is done so in the Procedure Section later in this report.
Resistor RE: The resistor provides the emitter with self bias. It does so as follows: In the event
of an increase in the collector current, IC, the voltage drop across RE (V = IR) also increases and
consequently, the base current is reduced. As seen from the transistor characteristics, reduction in
base current implies reduction in collector current. This ensures stability in the circuit.
14

Voltage Supply VCC: The voltage supply provides the necessary biasing conditions. However,
the signal to be amplified must not interfere with these DC components. Therefore, we use
capacitors to filter the DC component. The full circuit for the BJT amplifier is presented below:

Figure 9: BJT Amplifier Circuit

Capacitors: The Capacitor CE is placed across the emitter resistor RE. This capacitor acts as a
bypass capacitor. Although it has no effect on the DC behavior of the circuit, it plays an
important role in improving thermal stability as well as ensuring appropriate quiescent point of
operation.
The Capacitor CS is the coupling capacitor. It blocks the DC voltage from the circuit and
allows only the AC component of the signal to pass through. It also ensures that the bias of the
transistor does not reach the source of the input signal.
(b) Circuit Functioning:
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The underlying concept behind the functioning of the transistor has been discussed in this
report. Below is a figure that diagrammatically represents this phenomenon.

Figure 10: Visual Representation of Amplification Process

Having ensured that the DC Biasing conditions are functional, we proceed to study the
input and output waveforms of amplification.
A sine wave is passed as the input. It is important to note that the amplitude of the sine wave is
relatively small as is expected of a signal that requires amplification. This magnitude is in the
order of a few millivolts centered at zero, and is passed onto the circuit through the coupling
capacitor. Here, the signal is contained in the voltage, and it can be observed that as the input
voltage (signal) increases, the voltage across the Emitter Base Junction (EBJ) also increases.
Consequently, the base current is increased, as a result of which the collector current is increased
by β times the increase in base current. Since β is a large value, it is safe to say that the collector
current increases by a lot more than the base current.
At this point, the Phase Inversion is immediately noticeable. The explanation behind the
same is evident from the consideration of the following equation:
𝑉𝑂 = 𝑉𝐶𝐶 − 𝐼𝐶 ∗ 𝑅𝐶
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As IB goes up and therefore IC goes up, VO is decreased as evident from the above formula. A
similar explanation holds in the opposite case, where decrease in IB results in an increase in VO.
The takeaway is that the output waveform of the amplifier is a signal with opposite polarity
and higher amplitude, but same characteristics as the input waveform.
(c) Linear Range:
This is the range in which the input signal can be without the output clipping off. The
clipping occurs due to the fact that the amplitude of the output cannot exceed the
supply voltage, as this would contradict the Law of Conservation of Energy.
(d) Measurement of Input and Output Resistance:
We utilize the “Decade Resistance Box” method in order to achieve this. This involves
the principle of voltage division and the understanding that the amplifier only amplifies the
signal that is provided to it as the input. As shown in figure below, a decade resistance box is
introduced in series with the input signal, thereby behaving like a variable resistor.

Figure 11: Measurement of Rin

Initially, Rin is maintained at zero, allowing the input signal to pass on to the transistor as
is. As Rin is gradually increased, the input and therefore the output signal is reduced in terms of
amplitude. We increase Rin until the output waveform’s peak-to-peak Voltage (VO,pk-pk) is
halved. This value is the input impedance by voltage division.
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The process for measuring Output Impedance is similar in concept, but involves
connecting the Decade Box across (in parallel with) the output. We set an initial value of this
resistance to be the maximum in an attempt to act as an open circuit as we want our initial
current to flow entirely through the output load resistance. The figure below illustrates this:

Figure 12: Measurement of ROUT

We decrease the resistance in the decade box so as to decrease the output waveform’s
magnitude of amplitude to half of its initial value. When this occurs, there is an equal division of
voltage at the output, thereby justifying the box value to be the output resistance, Rout.
Some important formulae associated with this setup and required for comparison with the
measured values are as follows:

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐺𝑎𝑖𝑛 (𝐴𝑉 ) =

−𝑅𝐶
𝑉𝑇 (= 25𝑚𝑉)
, 𝑤ℎ𝑒𝑟𝑒 𝑟𝐸 =
𝑟𝐸
𝐼𝐶𝑄

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐺𝑎𝑖𝑛 (𝐴𝑖 ) ≅

𝛽 ∗ (𝑅1 || 𝑅2 )
(𝑅1 || 𝑅2 ) + 𝛽 ∗ 𝑟𝐸

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑍𝑖 ) = 𝑅1 || 𝑅2|| (𝛽 ∗ 𝑟𝐸 )
𝑂𝑢𝑡𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑍𝑂 ) ≅ 𝑅𝐶
Equation 3: Common Emitter Amplifier Characteristic Equations
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Procedure
Part 1: Theoretical Calculation of DC Biasing
The figure below is a scanned copy of the theoretical calculation done as the initial step towards
estimating the values of the design parameters and resistances.

Figure 13: Theoretical Calculation of DC Biasing
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Part 2: ADS Simulation
Having estimated the resistance values, a software simulation was run to predict the output of the
set up. For this purpose, Advanced Design System (ADS) was used to set up a circuit schematic
and study the DC Annotations. The simulation profile was constructed accordingly, and the
results of the simulation were found to be satisfactory, and corresponded with the theoretical
calculations. Below are snapshots with respect to the same.

Figure 14: Circuit Schematic from ADS with DC Annotations

With the AC part of the circuit in place inclusive of the input signal and the capacitors, we
simulate the expected output at the Collector.
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Figure 15: Simulation Result

As seen from the schematic of the circuit, Vin = 10 mV (Amplitude).
Therefore, Vin,pk-pk = 20 mV.
Using cursors on the simulation output during steady state, Vout,pk-pk = (9.05 – 8.00) = 1.05 V.
Voltage Gain, AV = Vout / Vin = 1.05 / 20m = 52.5 V/V.
Therefore, in an ideal environment with ideal transistor, we expect these values to resistances to
provide the gain and meet the requirements of the project.
Part 3: Attempt 1 - NG
Equipment Required:
-

Breadboarding Socket & Copper Wires

-

DC Power Supply (0 – 30 V)

-

4 Resistors (18.5kΩ, 22kΩ, 330Ω, 1kΩ)

-

Digital Multimeter (DMM)

-

BJT Transistor (2N2222)
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For the purpose of avoiding repetition, we simply outline the attempts in minimal detail. The
final circuit is discussed appropriately afterward.
3.1: Results: The circuit was implemented as per the schematic in the Background section.
However, the ratio of the output voltage to the input voltage, i.e. the Voltage Gain was measured
to be 35.
AV = 35 V/V

NG

3.2: Reasons for Failure: The result was not ideally as expected and seemed to contradict the
results of the simulation and theoretical calculation. However, this is attributed to the following
factors:
1. Effect of Temperature: Temperature plays a significant role in the β value
2. Early Voltage: The effect of Early Voltage was not considered in the calculations.
3. Non-ideal Transistor.
4. Tolerance of Resistances.
5. Power Loss in Copper Wires.
Considering these factors, we proceeded towards consolidating the design.
It was immediately realized that the non-ideal behavior of the components implied
changing the resistance values so as to accommodate the non-ideality. The roles of each
resistance was revisited (as discussed in the Background section), and the resistances were
replaced with Decade Resistance Boxes for the purpose of versatility.
The decade resistances were fixed at the previous values, and the effect of changing one
of the resistances ceteris paribus was observed. Accordingly, the design was modified to work so
as to meet the requirements. Part 4 of the Procedure Section is a detailed discussion of this
working circuit.
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Part 4: Final Circuit: DC Biasing
4.1: Design Parameters
The values of the resistances were modified for better performance as follows:
Sl. No.

Resistance Name

Color-Coded Value

Measured Value

1

R1

23 kΩ

23.012 kΩ

2

R2

13 kΩ

12.987 kΩ

3

RC

620 Ω

620.56 Ω

4

RE

820 Ω

819.76 Ω

Table 1: Resistance Values

Having built the circuit diagram using the above resistance values, we proceed to implement the
circuit on the breadboard.
4.2: Circuit Implementation
For DC Biasing, we do not require the capacitances to be placed just yet. The following circuit
was implemented for the purpose of measuring the biasing values:

Figure 16: DC Biasing Circuit
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4.3: Recording Results
- The DC biasing values were then read with the help of a Digital Multimeter and recorded as
tabulated below:
Sl. No.

DC Biasing Parameter

Measured Value

1

Collector-Emitter Voltage, VCE

4.971 V

2

Collector Current, IC

4.65 mA

3

Base Current, IB

18.0 µA

Table 2: DC Biasing

It is possible to calculate β value using Equation 2 as follows:
β = Ic / IB = (4m)/(18µ) = 222.2
Part 5: Final Circuit: Voltage Gain Measurement
Equipment Required:
-

4 Resistors (13kΩ, 23 kΩ = (18 kΩ +

-

Breadboarding Socket

-

Copper Wires

-

Function Generator

-

BJT Transistor (2N2222)

-

Oscilloscope

-

DC Power Supply (0 – 30 V)

-

3 Capacitors (10µF, 10µF, 100µF)

-

Digital Multimeter (DMM)

5kΩ), 620Ω, 820Ω)

Voltage Gain is measured as the ratio of the output to the input signal’s amplitudes:

𝑨𝒗 =

𝑽𝑶
𝑽𝑺

Equation 4: Voltage Gain
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5.1: Circuit Implementation: The input signal’s frequency is set to 10 kHz. The following is a
photograph of the actual circuit as implemented on the breadboard:

Figure 17: AC Implementation

5.2: Recording Results
The following set of photographs are of the oscilloscope display of some measurements.

Figure 19: Input at 40 mV

Figure 18: Input at 24 mV

Figure 20: Input at 60 mV

Figure 21: Input at 84 mV
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Figure 22: Input at 110 mV

Figure 23: Input at 126 mV

The results are recorded in the table below:

Sl.

Input Voltage (VI) (mV)

Output Voltage (VO) (Volts)

Voltage Gain(AV) (V/V)

1

24.0

0.720

33.33

2

40.0

1.76

44.00

3

60.0

2.96

49.33

4

75.0

3.95

52.66

5

84.0

4.32

51.42

6

110.0

5.36

48.72

7

126.0

6.00

47.61

8

150.0

6.64

44.26

9

158.0

6.80

43.03

10

182.0

7.04

38.68

No.

Table 3: Voltage Gain

26

Part 6: Input and Output Impedance
For measuring Input and Output Impedance, a decade box was connected in series with the input
and output respectively. However, the two were measured separately using the concepts
discussed in the background section. The value of the resistance for which the peak to peak value
of the output signal was halved is recorded.

Figure 24: Decade Resistance Box

Input Resistance, Zi = 2600 Ω
Output Resistance, ZO = 570 Ω
Part 7: Frequency Measurement
The required frequency is the frequency which reduces the output to 70% of its initial value
ceteris paribus.

Figure 26: Frequency – Final Output = 2.80 V

Figure 2: Frequency – Initial Output = 4.00 V

This occurred at a frequency of 958.8 kHz as can be seen from the oscilloscope display.
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Results and Discussion
Graphical Analysis of Voltage Gain
Consider the graph plotted from the results recorded above using MS Excel. A linear range is
immediately noticeable in this graph, wherein the slope (which gives the voltage gain) is
relatively constant. It is in this region that we wish to operate our transistor as we can expect a
constant gain in this region.

Output vs Input Voltage
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Figure 27: Ouput vs. Input Voltage Graph

This range is specified in the graph, and is seen to be
approximately from 25 mV to 158 mV. This is the
region of constant voltage gain. However, as observed
from oscilloscope display figures, the output starts
getting clipped after 126 mV.
Figure 28: Clipped Output for Large Input

28

Therefore, Linear Range: 25 – 120 mV.
In this linear range, we calculate the Voltage Gain, AV.
Since AV = Vo / Vin, it is expected that the value of the gain depends on the input signal. This is
indeed the case. However, in the linear range, the ratio is seen to be approximately constant as
interpreted from the graph, and will be equal to the slope of the line. Therefore, Av can be
estimated as an average value of the slope of the line segment in the linear range:

Linear Trendline
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Figure 29: Trendline Analysis

Using MS Excel, the linear trendline is plotted and found to have an R2 value (Linear Correlation
Coefficient) of 0.9845. This value is close to 1, indicating a strong linear correlation.
The equation of this line is displayed on the chart, and it becomes immediately evident that the
slope of the graph after adjusting for the mV scale factor is 48.6.
Therefore,
Measured Value of Voltage Gain: AV = 48.6 V/V.
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Calculation of Current Gain

𝑨𝒊 = 𝑨𝑽 ∗

Equation 5: Currrent Gain

Therefore,
𝑨𝒊 = 𝟒𝟖. 𝟔 ∗

𝒁𝒊
𝒁𝒐

𝟐𝟔𝟎𝟎
= 𝟐𝟐𝟏. 𝟔𝟖
𝟓𝟕𝟎

Comparison between Theoretical Values and Practical Results

Sl. No.

Name

Theoretical Value

Practical Result

% Error

1

R1

24 kΩ

23 kΩ

4.2%

2

R2

18.5 kΩ

13 kΩ

29.7%

3

RC

325 Ω

620 Ω

90.0%

4

RE

925 Ω

820 Ω

11.3%

5

VCE

5.00 V

4.971 V

0.58%

6

IC

4.00 mA

3.65 mA

8.75%

7

AV

50.0 V/V

48.6 V/V

2.80%

8

ZI

1269 Ω

2600 Ω

51.0%

9

ZO

620 Ω

570 Ω

8.06%

10

AI

196.1

221.68

13.0%

Table 4: Comparison between Theoretical Calculations and Practical Results
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The results tabulated above were obtained using the following formulae:

𝑨𝒊 (𝑷𝒓𝒂𝒄𝒕𝒊𝒄𝒂𝒍) = 𝑨𝒗 ∗
% 𝑬𝒓𝒓𝒐𝒓 =

𝒁𝒊𝒏
𝒁𝒐𝒖𝒕

𝑽𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 − 𝑽𝑷𝒓𝒂𝒄𝒕𝒊𝒄𝒂𝒍
∗ 𝟏𝟎𝟎
𝑽𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍

𝑽𝒐𝒍𝒕𝒂𝒈𝒆 𝑮𝒂𝒊𝒏 (𝑨𝑽 ) =

−𝑹𝑪
𝑽𝑻 (= 𝟐𝟓𝒎𝑽)
, 𝒘𝒉𝒆𝒓𝒆 𝒓𝑬 =
𝒓𝑬
𝑰𝑪𝑸

𝑪𝒖𝒓𝒓𝒆𝒏𝒕 𝑮𝒂𝒊𝒏 (𝑨𝒊 ) ≅

𝜷 ∗ (𝑹𝟏 || 𝑹𝟐 )
(𝑹𝟏 || 𝑹𝟐 ) + 𝜷 ∗ 𝒓𝑬

𝑰𝒏𝒑𝒖𝒕 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (𝒁𝒊 ) = 𝑹𝟏 || 𝑹𝟐|| (𝜷 ∗ 𝒓𝑬 )
𝑶𝒖𝒕𝒑𝒖𝒕 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (𝒁𝑶 ) ≅ 𝑹𝑪

Equation 6: Comprehensive List of Equations for AC Analysis

Comment on % Errors
Evidently, most of the values are within the range of experimental error and are acceptable.
However, a relatively large value of % error is calculated for the Collector Resistance (RC) and
Input Impedance (Zi). These are attributed to the same causes as discussed in the procedure
section, i.e. Temperature, Power Loss in the wires, Tolerance and Early Voltage of components.
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Conclusion
The course project aimed to develop the design aspect of electronics, through presenting
a task with constraints and specifications. The report outlines the entire project, detailing the
theoretical concepts associated with the BJT amplifier, in addition to providing a theoretical
calculation of the design parameters which are verified through ADS simulation. The circuit is
then implemented in the laboratory and analyzed for errors. After modifying the circuit
accordingly, the circuit was tested over a range of values. The observations and related
inferences of the result from this testing process is also discussed under the results section, with
particular emphasis on comparing the practically obtained values with the theoretically
calculated ones. The comparison also explains the reasons behind the deviation from ideal
behavior. The performance of the BJT Amplifier in terms of its DC and AC response is analyzed
and the objectives of the project have been achieved.
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Appendix
Datasheet of the BC-107 Transistor

Figure 30: Datasheet of the BC-107 Transistor
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