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Introduction

• John Bardeen, William Shockley and Walter 
Brattain at Bell Labs, 1948

• Transistor is a combination of transfer and 
resistance. This is because it transfers the 
resistance from one end of the device to the 
other end 
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Transistor Structure
The term bipolar refers to the use of both holes and electrons as current carriers in the Transistor 
Structure. 

base region is lightly doped and very thin 

 emitter region   heavily doped 

collector regions    moderate doped 
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Standard BJT 
(bipolar junction 
transistor) symbols
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Transistor Configuration 

Common Base Configuration 

A transistor is a three-terminal device, but we require four terminals (two for input and two for output) for 

connecting it in a circuit. 

Common Emitter Configuration(CE) 

Common collector configuration(CC)
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Modes of BJT Operation
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Basic Transistor Operation
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Transistor Currents
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Example 1: Determine the dc current gain  βDC and the emitter current IE 

for a transistor where IB = 50 µA and IC = 3.65 mA. 
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Current and Voltage Analysis
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Example 2: Determine IB, IC, IE, VBE, VCE, and VCB in the circuit. Assume 

βDC = 150.
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Home Work: Determine IB, IC, IE, VBE, VCE, and VCB in the circuit. Assume βDC = 150.

- 15 - 



The BJT (bipolar junction transistor) is constructed with three regions: base, collector, and emitter.

◆ The BJT has two pn junctions, the base-emitter junction and the base-collector junction.

◆ Current in a BJT consists of both free electrons and holes, thus the term bipolar.

◆ The base region is very thin and lightly doped compared to the collector and emitter regions.

◆ The two types of bipolar junction transistor are the npn and the pnp.

Section
 ◆ To operate as an amplifier, the base-emitter junction must be forward-biased and the base-collector

junction must be reverse-biased. This is called forward-reverse bias.

◆ The three currents in the transistor are the base current (IB), emitter current (IE), and collector

current (IC).

◆ IB is very small compared to IC and IE.

Section
 ◆ The dc current gain of a transistor is the ratio of IC to IB and is designated βDC. Values typically

range from less than 20 to several hundred.

◆ βDC is usually referred to as hFE on transistor datasheets.

◆ The ratio of IC to IE is called αDC. Values typically range from 0.95 to 0.99.

◆ There is a variation in βDC over temperature and also from one transistor to another of the

same type.

SUMMARY
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Current and Voltage Analysis

- 3 - 



Example 2: Determine IB, IC, IE, VBE, VCE, and VCB in the circuit. Assume 

βDC = 150.
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Home Work: Determine IB, IC, IE, VBE, VCE, and VCB in the circuit. Assume βDC = 150.
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Characteristics Curves
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Modes of BJT Operation
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Characteristics Curves
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Example : Sketch an ideal family of collector curves for the circuit in Figure below , for  

IB = 5 µA to 25 µA in 5 µA increments. Assume βDC = 100 and that VCE does not 

exceed breakdown
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Solution:



DC Load 
Line
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Solution:
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Example : Determine whether or not the transistor in Figure below 
is in saturation. Assume VCE(sat) = 0.2 V.
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Example 7: Determine whether or not the transistor in Figure 21 is in saturation. 

Assume VCE(sat) = 0.2 V. βDC=50.
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Home work: Find Q-point when VBB = 1V, 2 V and 3 V. And then 

construct DC load line for this transistor. Assume VCE(sat) = 0 V.
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The DC Operation Point
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Linear Operation:
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Waveform Distortion:
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Example 1: Determine the Q-point and find the maximum peak value of the base current for linear operation. 

Assume βDC = 200.
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Example 1: Determine the Q-point and find the maximum peak value of the base current for linear operation. 

Assume βDC = 200.

Solution:

- 7 - 



H.W: Determine the Q-point values of IC and VCE for the circuit in the Figure below
 Find IC(sat) and VCE(cut off), and then construct the load line and plot the Q-point.
 ** Assume IC = IE to find IC(sat) and VCE(cut off)
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DC Biasing Types 
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Fixed Bias

KVL  Base emitter loop 

For the DC analysis  the network can be isolated from the indicated 
AC levels by replacing the capacitor with an open circuit equivalent
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Fixed Bias

KVL  Base emitter loop 
KVL collector emitter loop 

The DC supply VCC can be separated into two supplies
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Fixed Bias

KVL  Base emitter loop 

Forward Bias of Base–Emitter
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Collector–Emitter Loop
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Example 2: Determine the following for the fixed-bias configuration 
of Fig. 

(a) IBQ and ICQ.

(b) VCEQ.

(c) VB and VC.

(d) VBC. 
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Solution:
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Example 2 Given the load line of Figure below and the defined Q -point, determine the 

required values of VC. RC, and RB for a fixed-bias configuration.
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Example 2 Given the load line of Figure below and the defined Q -point, determine 

the required values of VC. RC, and RB for a fixed-bias configuration.

Solution:
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• Examples
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VOLTAGE-DIVIDER BIAS

There are two methods that can be applied to analyze the voltage 

divider configuration.

1. The exact method

2.  The approximate method











VOLTAGE-DIVIDER BIAS

There are two methods that can be applied to analyze the voltage 

divider configuration.

1. The exact method

2.  The approximate method
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Exact Analysis:
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Exact Analysis :

Base emitter loop 

Base collector loop 
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Example: Determine the DC bias voltage VCE and the  current IC for the voltage divider configuration of 

Figure 4.
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Repeat the exact analysis of the previous example if β is reduced to 50 and 

compare solutions for ICQ and VCEQ

Example: 
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Solution:
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Approximate analysis: 
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Example: Repeat the analysis of figure using the approximate technique and compare solutions for I.CQ 

and VCEQ.
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Example: Repeat the analysis of figure using the approximate technique and compare solutions for I.CQ 

and VCEQ.
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Solution:



Home work: Determine VCE and IC in the voltage-divider biased transistor circuit. Assume 
βDC = 50 and IE = IB + IC.
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Collector feedback Bias
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Collector feedback Bias
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Example : Calculate the Q-point values (IC and VCE) for this circuit
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Example : Calculate the Q-point values (IC and VCE) for this circuit
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Solution:
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• Hybrid equivalent model

• re model
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• Input Impedance Zi

• Output Impedance Zo

• Voltage gain AV:

• current gain Ai

• Phase Relationship

THE re TRANSISTOR MODEL

• Common Base Configuration

• Common Emitter Configuration

• Common Collector Configuration

Outlines of Presentation

- 3 - 



BJT Transistor Modeling
A model is a combination of circuit elements, properly chosen, that best approximates 
the actual behavior of a semiconductor device under specific operating conditions.

There are 2 models commonly used in small signal AC analysis of a transistor:
• Hybrid equivalent model
• re model

- 4 - 



BJT Transistor 
Modeling

The ac equivalent of a transistor 
network is obtained by:

1.Setting all dc sources to zero and replacing 
them by a short-circuit equivalent 

2.Replacing all capacitors by a short-circuit 
equivalent 

3.Removing all elements bypassed by the short-
circuit equivalents introduced by steps 1 and 2 

4.Redrawing the network in a more  convenient 
and logical form
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Defining the important parameters of any system. 
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To determine Ii: insert a “sensing resistor”

then calculate Ii:

Input Impedance Zi

The input impedance of a BJT transistor amplifier can vary from a few ohms to megohms.
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Example: For the system of Figure 1 determine the level of input impedance. 

Solution:
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Example: For the system of Figure 1 determine the level of input impedance. 

Solution:
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Output Impedance Zo

The output impedance is determined at the output terminals looking back 
into the system with the applied signal set to zero. 

The output impedance of a BJT transistor amplifier is resistive in nature and depending on the

configuration and the placement of the resistive elements, Zo, can vary from a few ohms to a level that 

can exceed 2 MΩ.
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Example: 

 Determine the level of output impedance

Solution:
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Example: 

 Determine the level of output impedance

Solution:
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Voltage gain AV:

For the transistor amplifier, the no load voltage gain is greater than the loaded 
voltage gain
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Example: For the BJT amplifier of Figure 2, determine

(a) Vi.

(b) Ii.

(c) Zi.

(d) Avs.

Solution:
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Example: For the BJT amplifier of Figure 2, determine

(a) Vi.

(b) Ii.

(c) Zi.

(d) Avs.

Solution:
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current gain Ai
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THE re TRANSISTOR 
MODEL

• The re model employs a diode and 
controlled current source to duplicate the 
behavior of a transistor in the region of 
interest. BJT transistor amplifiers are 
referred to as current-controlled devices.
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Common Base Configuration

The ac resistance of a diode can be determined by the equation

Zi = reCB

For the output impedance, if we set the signal to zero, then mean  Ie= 0 A and Ic=0 

where Ic  =α Ie = α (0A) = 0A resulting in an open-circuit equivalence at the output terminals.

- 20 - 



Common Base Configuration

Zi = reCB

- 21 - 



Example : For a common-base configuration of Figure below. with IE=4 mA, α=0.98, and an ac 

signal of 2 mV applied between the base and emitter terminals:

(a) Determine the input impedance.

(b) Calculate the voltage gain if a load of 0.56 kΩ is connected to the output terminals.

(c) Find the output impedance and current gain.
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Example : For a common-base configuration of Figure below. with IE=4 mA, α=0.98, and an ac 

signal of 2 mV applied between the base and emitter terminals:

(a) Determine the input impedance.

(b) Calculate the voltage gain if a load of 0.56 kΩ is connected to the output terminals.

(c) Find the output impedance and current gain.

Solution:
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Common Base Configuration
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Common Base Configuration
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Common Emitter Configuration

• Input Impedance Zi

• Output Impedance Zo

• Voltage gain AV:

• current gain Ai

• Phase Relationship

• Example

Common Collector Configuration

• Voltage gain AV

• Input Impedance Zi

• Output Impedance Zo

• current gain Ai

• Power again 

Outlines of Presentation



Common-Emitter BJT Transistor



Common-emitter BJT transistor



Common-emitter BJT transistor



The Input impedance for the common-emitter configuration



The output impedance for the common-emitter  configuration

For the common-emitter configuration, typical values of Zo are in the range of 40 to 50 kΩ.



The voltage gain for the common-emitter configuration



The voltage gain for the common-emitter configuration



The Current  gain for the common-emitter configuration



EXAMPLE: Given  β= 120 and IE =3.2 mA for a common-emitter configuration 

with ro=∞Ω determine:

(a) Zi.

(b) Av if a load of 2 kΩ is applied.

(c) Ai with the 2 kΩ load.

Solution: 



EXAMPLE: Given  β= 120 and IE =3.2 mA for a common-emitter configuration 

with ro=∞Ω determine:

(a) Zi.

(b) Av if a load of 2 kΩ is applied.

(c) Ai with the 2 kΩ load.

Solution: 



• This is also known as the common-collector configuration.
•   The input is applied to the base and the output is taken from the emitter. 
• There is no phase shift between input and output

Common-Collector Configuration.





The voltage gain for the common-collector  configuration



VO= Ie RE =(1+β) Ib RE 

Vin = Ib β re + Ie RE

Av= RE / (RE + re) 

Av= VO / Vin

The voltage gain for the common-collector  configuration

Av= 1

RE≫ re



The Input Resistance for the common-collector  configuration



The Input Resistance for the common-collector  configuration

Zin= Vin / Iin 

Vin = Ib β re + Ie RE  Vin = ( Ib β re + Ib (β+1) RE ) 

 Iin = Ib

 Z in  =( β re + β RE )  = β ( re + RE) = β RE

If RE >> re’ then the input resistance at the base is 

simplified to  β RE



Output Resistance (homework)



Current Gain Ai



Ai = IO / Iin  

IO = Ie = (1+β) Ib ≈ β Ib 

Iin = Ib 

Ai ≈ β 

Current Gain Ai



AG = Av * Ai  

Av≈1  

AG = Ai 

Power Gain

The common-collector power gain is the product of the voltage gain and the current gain. For the emitter-

follower, the power gain is approximately equal to the current gain because the voltage gain is approximately 1.
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The Common-collector Amplifier

◼ The common-collector (CC) amplifier is usually referred to as an emitter-follower (EF). The 

input is applied to the base through a coupling capacitor, and the output is at the emitter (no 

phase change between input and output). The voltage gain of a CC amplifier is approximately 

1, and its main advantages are its high input resistance and current gain. The high input 

resistance is very useful to minimize the loading effect specially when circuit is driving a low-

resistance load→ CC amplifier is used as a Buffer. 



Example: : For the emitter-follower 

network of Fig.below, determine:

(a) re. 

(b) Zi.

(c) Zo.

(d) Av.

(e) Ai.

(f) Repeat parts (b) through (e) 

with ro=25 kΩ and compare results.







Home work: For the network of Fig below:
(a) Determine the type of configuration.

(b) Determine re and βre.

(c) Find Zi and Zo.

(d) Calculate Av and Ai. 



The Common-Base Amplifier
◼ The common-base (CB) amplifier provides high voltage gain with a 

maximum current gain of 1. Since it has a low input resistance.

◼ A typical common-base amplifier is shown in figure below. The base is 

the common terminal and is at ac ground because of capacitor C2. The 

input signal is capacitively coupled to the emitter. The output is 

capacitively coupled from the collector to a load resistor.



The Common-Base Amplifier characteristic 
curve 



Example: 

  For the network of Figure below, determine:

(a) re.

(b) Zi.

(c) Zo.

(d) Av.

(e) Ai.



Example: 

  For the network of Figure below, determine:

(a) re.

(b) Zi.

(c) Zo.

(d) Av.

(e) Ai.

Solution:





Home Work

• For the common-base configuration of Figure 
below

• (a) Determine re.

• (b) Find Zi and Zo.

• (c) Calculate Av and Ai.



Home Work

 For the network of Figure 
below, determine Av and Ai.
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Common Emitter Fixed bias configuration



Common Emitter Fixed bias configuration



For the network of Fig. 

EXAMPLE:

(a) Determine re.

(b) Find Zi (with ro =∞ Ω).

(c) Calculate Zo (with ro= ∞Ω).

(d) Determine Av (with ro= ∞Ω).

(e) Find Ai (with ro=∞ Ω).

(f) Repeat parts (c) through (e) including ro = 50 kΩ in all 

calculations and compare results.



For the network of Fig 

EXAMPLE:



EXAMPLE:

Solution:



Common emitter voltage divider Configuration



EXAMPLE:

For the network of Fig, determine: 

(a) re.

(b) Zi.

(c) Zo (with ro= ∞Ω

(d) Av (with ro= ∞Ω

(e) Ai (with ro= ∞Ω

(f) The parameters of parts (b) through (e) if ro =  50 kΩ and compare 

results.



EXAMPLE:



CE Emitter-Bias Configuration (Unbypassed)



CE Emitter-Bias Configuration (Unbypassed)

EXAMPLE:

For the network shown in the figure below , without CE (unbypassed), determine:

(a) re.

(b) Zi.

(c) Zo.

(d) Av. 

(e) Ai. 



CE Emitter-Bias Configuration (Unbypassed)

EXAMPLE:

For the network shown in the figure below , without CE (unbypassed), determine:

(a) re.

(b) Zi.

(c) Zo.

(d) Av. 

(e) Ai. 



CE Emitter-Bias Configuration (Unbypassed)

Solution:



Home Work

Repeat the analysis of the previous example with CE in place.



Collector Feedback Configuration



Collector Feedback Configuration

For the network of Fig. , determine:

(a) re.

(b) Zi.

(c) Zo 

(d) Av 

(e) Ai

EXAMPLE:



Collector Feedback Configuration



Collector Feedback Configuration
EXAMPLE:

For the network of Fig. , determine:

(a) re.

(b) Zi.

(c) Zo 

(d) Av 

(e) Ai



Solution:



The AC equivalent network appears in figure below
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Effect of RL and the RS





For the network of Fig 

EXAMPLE:



Using the parameter values for the fixed-bias configuration of the previous 

example with an applied load of 4.7 kΩ and a source resistance of 0.3 k Ω 

determine the following and compare to the no-load values:

a. AvL.

b. Avs.

c. . Z i ..

d. Z o .

EXAMPLE:



Using the parameter values for the fixed-bias configuration of the previous 

example with an applied load of 4.7 kΩ and a source resistance of 0.3 k Ω 

determine the following and compare to the no-load values:

a. AvL.

b. Avs.

c. . Z i ..

d. Z o .

EXAMPLE:



The Effect of R L  and RS   in Emitter-Follower Configuration (CC) 



Two-port system.

The Effect of R L  and RS   in Two Port Network



Because the ratio RL /(RL + Ro) is always less than 1, 

the loaded voltage gain of an amplifier is always 

less than the no-load level.



The output impedance may be affected by the magnitude of R s .









EXAMPLE 5.13 Given the packaged (no-entry-possible) 

amplifier of figure below

a. Determine the gain AvL and compare it to the no-load value 

with RL = 1.2 k.

b. Repeat part (a) with RL = 5.6 k and compare solutions.

c. Determine Avs with RL = 1.2 k.



EXAMPLE Given the packaged (no-entry-possible) amplifier of figure below

a. Determine the gain AvL and compare it to the no-load value with RL = 1.2 k.

b. Repeat part (a) with RL = 5.6 k and compare solutions.

c. Determine Avs with RL = 1.2 k.
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Typical Frequency Response



Low-Frequency Range



High-Frequency Range



Mid-Frequency Range

the effect of the capacitive elements in an amplifier are ignored for the mid-frequency 
range when important quantities such as the gain and impedance levels are determined.



Typical Frequency Response



Typical Frequency Response

and at the half-power frequencies,



LOW-FREQUENCY ANALYSIS—BODE PLOT

At high frequencies, the reactance of the capacitor of



RC circuit at very high frequencies

RC circuit at Zero frequency

Low-frequency response for the RC circuit .





LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R L

The capacitors C s , C C , and C E will determine the low-frequency response



LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R L

The capacitors C s , C C , and C E will determine the low-frequency response



LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R L

Cs
Since Cs is normally connected between the applied source and the active device, the general form of the R-C 

configuration is established by the network of Figure below

The total resistance is now Rs Ri, and the cutoff frequency  is



LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R L

Cs



LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R LCc
Since the coupling capacitor is normally connected between the output of the active device and the applied load, 

the R-C configuration that determines the low cutoff frequency due to CC appears in figure below, the total series 

resistance is now Ro +RL and the cutoff frequency due to CC is determined by

Ignoring the effects of Cs and CE, the output voltage Vo will be 70.7% of its midband value at fLC. , the ac 

equivalent network for the output section with Vi = 0 V . The resulting value for Ro 

is 



LOW-FREQUENCY RESPONSE—BJT AMPLIFIER WITH R L

CE
To determine fLE, the network “seen” by CE  must be determined as shown in Figure below

Once the level of Re is established, the cutoff frequency due to CE can be determined using the following 

equation:



EXAMPLE:

Determine the lower cutoff frequency for the network of figure below using the following parameters:
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The two-port systems approach is particularly useful for cascaded systems such as that appearing in Figure below , 

where Av1, Av2, Av3, and so on, are the voltage gains of each stage under loaded conditions. The total gain of the system 

is then determined by the product of the individual gains as follows:

and the total current gain is given by

Cascaded System 



Multistage Amplifiers

◼ Two or more amplifiers can be connected in a cascaded arrangement with the output of one 

amplifier driving the input of the next. The basic purpose of a multistage arrangement is to increase the 

overall voltage gain
◼ The overall voltage gain, of cascaded amplifiers, as shown in the figure, is the product of the 

individual voltage gains.

◼ Also amplifier voltage gain is often expressed in decibels (dB) as follows:

This is particularly useful in multistage systems because the overall 

voltage gain in dB is the sum of the individual voltage gains in dB.

Cascaded System 











Multistage Amplifiers: 

Example

Solution:



As shown in figure below the collector output of the first stage is fed directly into the base of the next 
stage using coupling capacitor (CC). Capacitive coupling prevents the dc bias of one stage from affecting that 
of the other but allows the ac signal to pass without attenuation because XC=0 at the frequency of operation. 
The same coupling can be used between any combinations of networks. Substituting an open circuit equivalent 
for CC and other capacitors of the network will result in two voltage divider biasing networks so the 
introduced methods of analysis can be used.

R-C Coupled BJT Amplifiers

Loading Effects: It means the effect 

of Zi of  the second stage on the gain . 
where the total input impedance of the 
second stage is present as Load to the first 
stage. 



11

R-C Coupled BJT Amplifiers

i i1 1 2 e1
Z = Z = R || R ||βr

Input impedance, first stage:

Output impedance, second stage:

Voltage gain:

o C2
Z = R

i2 3 4 e2
Z = R || R ||βr

1 1

C1 i2 C1 3 4 e2
V1

e e

R || Z R || R || R ||βr
A = - =

r r

C2
V2

e2

R
A = -

r

V V1 V2
A = A A



Example :

Two-stage capacitively coupled amplifier is shown in Figure below. 

Notice that both stages are identical common-emitter amplifiers with the

output of the first stage capacitively coupled to the input of the second 

stage. Capacitive coupling prevents the dc bias of one stage from affecting 

that of the other. Find overall voltage gain

The DC biasing is same for both stages and is identical for common 

emitter dc biasing discussed before (VB, VE, VC, IB, IE, IC, and VCE)



DC Voltages in the Capacitively Coupled Multistage Amplifier 
Since both stages in Figure are identical, the dc voltages for Q1 

and Q2 are the same. Since β R4≫ 10 𝑅2 and β R8 ≫ 10 𝑅6
and the dc base voltage for Q1 and Q2 is

Solution:



Solution:



Direct-Coupled Multistage Amplifiers

A basic two-stage, the direct-coupled amplifier is shown in Figure. Notice that there are no 

coupling or bypass capacitors in this circuit. The dc collector voltage of the first stage 

provides the base-bias voltage for the second stage. Because of the direct coupling, this type 

of amplifier has a better low-frequency response than the capacitively coupled type in which 

the reactance of coupling and bypass capacitors at very low frequencies may become 

excessive. The increased reactance of capacitors at lower frequencies produces gain 

reduction in capacitively coupled amplifiers.

Direct-coupled amplifiers can be used to amplify low frequencies all the way down to dc

(0 Hz) without loss of voltage gain because there are no capacitive reactance in the circuit.

The disadvantage of direct-coupled amplifiers, on the other hand, is that small changes in 

the dc bias voltages from temperature effects or power-supply variation are amplified by the 

succeeding stages, which can result in a significant drift in the dc levels throughout the 

circuit.



Figure below shows a direct-coupled (that is, with no coupling capacitors between stages)
two-stage amplifier. The dc bias of the first stage sets the dc bias of the second. Determine all
dc voltages for both stages and the overall ac voltage gain.

Example:



Solution:
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