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                  EDO UNIVERSITY IYAMHO  

                       Department of Electrical/Electronic Engineering      
 EEE 312 Analogue Electronic Circuit 
 

Instructor: Engr. (Dr.) Amhenrior Henry E, email: Amhenrior.henry@edouniversity.edu.ng 

Lectures: Tuesday, 1 pm – 2 pm & Wednesday, 10 am – 12 noon, Engineering Drawing Studio,  

Phone: (+234) 8032107220; Office hours: Wednesday, 8.30am to 9.30am,  

Office: First room by the left, right wing, ground floor, Engineering & Medical. Sc. Building. 

  

Teaching Assistants: None 

 

General overview of lecture: This lecture is intended to give students an introduction and the 

basic understanding of a bipolar junction amplifiers. It covers the basic definition of transistor, 

types, construction and dimension, operations/action, configurations and the various amplification 

factors in each of the configuration. 

 

Prerequisites: Students are expected to have good knowledge of ac and dc circuit analysis and be 

familiar with some concepts such as amplification, gain, depletion zone, concentration gradient, 

majority and minority carriers, current, voltage etc. Students are also expected to have basic 

mathematical and circuit analytical skills. 

 

Learning outcomes: At the end of this course, it is expected that students: 

i. will be able to describe the structure of Bipolar Junction Transistor (BJT), 

ii. will be able to explain the working/operation of the BJT transistors, 

iii. will be able to discuss the various configurations of the BJT transistors and their best 

applications, 

iv. will have a better understanding of the use of mathematical principles in circuit analysis, 

v. will be able to analyse the input and output characteristics of the common emitter transistor 

configuration. 

 

Assignments: In this course, we shall have three (3) assignments for each student and a Test after 

the midway of the semester. The assignments are systematically structured to prepare the students 

for the Test and the examination at the end of the semester.  

 

Grading: The continuous assessment of this course will have a total of 30% with attendance 

accounting for 10%, assignment accounting for 10% and Test accounting for 10%. The semester 

examination will account for 70% of the grade/mark. 

 

Textbook: The recommended textbook for this class are as stated: 

1. Title: Principles of Electronics 

Authors: V.K. Mehta and Rohit Mehta  

Publisher: S. Chand & Company Ram Nagar, New Delhi-110 055 (Multicolour Illustrative 

Edition) 

 

2. Title: Electronic Devices and Circuits   
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Author: K. Lal Kishore 

Publisher: BS Publications 

ISBN: 81-7800-167-5 

 

3. Title: Electronic Devices (Second Edition) 

Author: Jimmie J. Cathey (Schaum’s Outline Series)  

Publisher: Mcgraw-Hill 

ISBN: 0-13-127827-4 

 

4. Title: Electronic Devices and Circuits (Tenth Edition) 

Author: Thomas l. Floyd  

Publisher: Pearson Education, Inc., 

 

5. Title: Electronic Devices and Circuit Theory (Seventh Edition) 

Author: Robert Boylestad and Louis Nashelsky 

 Publisher: Prentice Hall 

 

Main Lecture: Below is a description of the contents.  

 

Transistor 

A transistor is a three-layer semiconductor device made up of either two N-type and one P-type 

layers of material or two P-type and one N-type layers of material. The former is called an NPN 

transistor, while the latter is called a PNP transistor. It uses a little amount of electric current or 

voltage to control great current. Figure 1 shows the BJT transistor. 

 

 
(a) NPN transistor     (b)NPN transistor 

Figure 1: Structure of a transistor 

 

The above described transistor is called a Bipolar Junction Transistor (BJT). There is another type 

of transistor which operation depends of an electric field created by the carriers and it is unipolar. 

This type of transistor is called Field Effect Transistor (FET). 

 

In the BJT, there are typically two junctions (pn) between an N-type material and a P-type material 

that make up any of the two types of the bipolar junction transistor. Each of these junction is like 

a diode junction in operation. It has three terminals each connected to the three subdivision of the 

semiconductor materials used in the fabrication of the transistor. The following are the main parts 

of a BJT and there characteristics. 
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(a) NPN transistor     (b)NPN transistor 

Figure 2: Constructional details of a transistor 

 

(i) Emitter. This region is heavily doped with N impurity in the case of an NPN transistor or P 

impurity in the case of the PNP transistor. It provides the carriers which forms the major flow of 

current in the transistor. This pn junction between this region and the base region is usually forward 

biased. Its construction dimension is larger than the base, but less than that of the collector 

(ii) Collector. This region is lightly doped with N impurity in the case of an NPN transistor or P 

impurity in the case of the PNP transistor. It receives the carrier flow from the emitter. The pn 

junction between this region and the base region is usually reversed biased. Its construction 

dimension is larger than those of the base and the emitter region. 

(iii) Base. This region which is sparingly doped with an impurity opposite to both the emitter and 

the collector sandwiches both the emitter and the collector and forms a pn junction on either side. 

The emitter and the collector junctions are forward bias with low resistance and reversed bias with 

high resistance respectively.  

To obtain either an N-type or P-type material, a pure semiconductor material is doped with an 

impurity. The process of introducing an impurity into a pure semiconductor to generate charged 

carriers is called doping. 

 

Transistor Action 

In the operating mode of the BJT transistor, the emitter base junction usually will be forward biased 

and this allows large numbers of electrons from the emitter to be swept into the base across the 

emitter base junction due to the very low resistance of this junction. Due to the presence of 

electrons from the emitter in the base the electron constitute the minority carrier with high with 

high concentration in the base and only a few of these electrons will combine with the holes in the 

base. At the same time, the Base Collector junction is reverse biased with a depletion zone and the 

minority carrier electron concentration at this pn junction is zero. This creates a high gradient of 

electron concentration in the two section of the transistor and the collector creates an electric field 

with its force. The electron concentration gradient and the electric field created enables the electron 

to move from the base region through the depletion region into the collector. According to 

Kirchhoff current law, the current flowing in a BJT transistor can be given as:  

𝐼𝐸 = 𝐼𝐶 + 𝐼𝐵  
Where IE = emitter current 
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 IC = collector current 

 IB = base current 

Transistor Connections 

The circuitry connection of a transistor requires that it be connected as a two-port network with 

two circuit namely the input circuit and the output circuit. But the transistor has only three 

terminals which are the emitter, the base and the collector; in connecting the device, one of the 

terminals is usually made common to both the input and the output. The transistor can be connected 

in three configurations which are as follows. 

 

(i) Common base connection  

(ii) Common emitter connection 

(iii) Common collector connection 

 

1. Common base connection:  In this configuration, the base is made to be part of the input and 

output circuits (i.e. common to both). The emitter with the base forms the input circuit while the 

collector and the base connection forms the output circuit. 

 

 
Figure 3: Common base configuration 

 

Current amplification factor: In the common base configuration, the ratio of the change in the 

output circuit current in the collector (IC) to the input circuit current in the emitter (IE) at a constant 

collector base voltage is called the amplification factor (). This is given as: 

 

𝛼 =
∆𝐼𝐶

∆𝐼𝐸
 𝑎𝑡 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑉𝐶𝐵 

 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝐼𝐶 = 𝛼𝐼𝐸 + 𝐼𝑙𝑒𝑎𝑘𝑎𝑔𝑒   

When 𝐼𝐸 = 0 (i.e. emitter current is opened), a little collector leakage current (𝐼𝑙𝑒𝑎𝑘𝑎𝑔𝑒 is 

abbreviated 𝐼𝐶𝐵𝑂 flows in the collector circuit.  

  𝐼𝐶 = 𝛼𝐼𝐸 + 𝐼𝐶𝐵𝑂     (1) 

Now       𝐼𝐸 = 𝐼𝐶 + 𝐼𝐵 
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∴                                                            𝐼𝐶 = 𝛼(𝐼𝐶 + 𝐼𝐵) + 𝐼𝐶𝐵𝑂 

      𝐼𝐶(1 − 𝛼) = 𝛼𝐼𝐵 + 𝐼𝐶𝐵𝑂 

  𝐼𝐶 =
𝛼

1−𝛼
𝐼𝐵 +

𝐼𝐶𝐵𝑂

1−𝛼
      (2)  

 

2. Common emitter connection:  In this configuration, the emitter is made to be part of the input 

and output circuits (i.e. common to both). The emitter with the base forms the input circuit while 

the collector and the emitter connection forms the output circuit. The circuit schematics, the input 

and out characteristics curve of this configuration are as shown below. 

 

 
Figure 4: Common emitter configuration 

 

 

 
(a) Input Characteristics of CE configuration  (b) Output Characteristics of CE configuration 

Figure 5: Common emitter configuration charateristics 

 

Base current amplification factor: In the common emitter configuration, the ratio of the change 

in the output circuit current in the collector (IC) to the input circuit current in the base (IB is called 

the amplification factor (). This is given as: 
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𝛽 =
∆𝐼𝐶

∆𝐼𝐵
 

 

Relation between β and α.  

𝛽 =
∆𝐼𝐶

∆𝐼𝐵
    (3) 

𝛼 =
∆𝐼𝐶

∆𝐼𝐸
     (4) 

𝐼𝐸 = 𝐼𝐶 + 𝐼𝐵 

∆𝐼𝐸 = ∆𝐼𝐶 + ∆𝐼𝐵 

∆𝐼𝐵 = ∆𝐼𝐸 − ∆𝐼𝐶 

Putting the value of IB in (3), we have 

𝛽 =
∆𝐼𝐶

∆𝐼𝐸−∆𝐼𝐶
      (5) 

      𝛼 =
∆𝐼𝐶

∆𝐼𝐸
 

∴ 𝛽 =
𝛼

1−𝛼
     (6) 

Collector current: 

We have established      

𝐼𝐸 = 𝐼𝐵 + 𝐼𝐶 

From equation (1)        𝐼𝐶 = 𝛼𝐼𝐸 + 𝐼𝐶𝐵𝑂 

                                                              ∴ 𝐼𝐶 = 𝛼𝐼𝐸 + 𝐼𝐶𝐵𝑂 = 𝛼(𝐼𝐵 + 𝐼𝐶) + 𝐼𝐶𝐵𝑂 

    𝐼𝐶(1 − 𝛼) = 𝛼𝐼𝐵 + 𝐼𝐶𝐵𝑂  

     𝐼𝐶 =
𝛼

1−𝛼
𝐼𝐵 +

1

1−𝛼
𝐼𝐶𝐵𝑂      

If IB = 0  

Then      𝐼𝐶𝐸𝑂 =
1

1−𝛼
𝐼𝐶𝐵𝑂 

Therefore    𝐼𝐶 =
𝛼

1−𝛼
𝐼𝐵 + 𝐼𝐶𝐸𝑂 

But  

𝛽 =
𝛼

1 − 𝛼
 

     ∴ 𝐼𝐶 = 𝛽𝐼𝐵 +
1

1−𝛼
𝐼𝐶𝐵𝑂 ≡ 𝛽𝐼𝐵 + 𝐼𝐶𝐸𝑂  (7) 

 

Common collector connection:  In this configuration, the collector is made to be part of the input 

and output circuits (i.e. common to both). The base with the collector forms the input circuit while 

the collector and the emitter connection forms the output circuit. 



7 | 8  
 

 

 

 
Figure 3: Common collector configuration 

 

Current amplification factor: In the common collector configuration, the ratio of the change in 

the output circuit current in the emitter (IE) to the input circuit current in the base (IB is called the 

amplification factor (γ). This is given as: 

 

𝛾 =
∆𝐼𝐸

∆𝐼𝐵
       (8) 

This circuit provides about the same current gain as the common emitter circuit as ΔIE ≈ ΔIC. 

 

Relation between γ and α 

𝛾 =
∆𝐼𝐸

∆𝐼𝐵
  and 𝛼 =

∆𝐼𝐶

∆𝐼𝐸
 

𝐼𝐸 = 𝐼𝐶 + 𝐼𝐵 

∆𝐼𝐸 = ∆𝐼𝐶 + ∆𝐼𝐵 

∆𝐼𝐵 = ∆𝐼𝐸 − ∆𝐼𝐶 

Putting the value of IB in (8), we have 

𝛾 =
∆𝐼𝐸

∆𝐼𝐸 − ∆𝐼𝐶
 

𝛾 =
∆𝐼𝐸 ∆𝐼𝐸⁄

∆𝐼𝐸 ∆𝐼𝐸⁄ − ∆𝐼𝐶 ∆𝐼𝐸⁄
 

But from equation (4) 

𝛼 =
∆𝐼𝐶

∆𝐼𝐸
 

     ∴ 𝛾 =
1

1−𝛼
               (9) 

Expression for collector current.  
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We established that      

         𝐼𝐶 = 𝛼𝐼𝐸 + 𝐼𝐶𝐵𝑂 

∴ 𝐼𝐸 = 𝐼𝐵 + 𝐼𝐶 = 𝐼𝐵 + (𝛼𝐼𝐸 + 𝐼𝐶𝐵𝑂) 

                                                                  𝐼𝐸(1 − 𝛼) = 𝐼𝐵 + 𝐼𝐶𝐵𝑂 

     𝐼𝐸 =
𝐼𝐵

1−𝛼
+

𝐼𝐶𝐵𝑂

1−𝛼
   

But  

𝛽 =
𝛼

1 − 𝛼
 

𝛽 + 1 =
𝛼

1 − 𝛼
+ 1 =

1

1 − 𝛼
 

𝐼𝐸 = (𝛽 + 1)𝐼𝐵 + (𝛽 + 1)𝐼𝐶𝐵𝑂   (10) 

 

 

 


