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Bipolar Junction 

Transistors 

    During the period 1904–1947, the vacuum tube was undoubtedly the 

electronic device of interest and development. In 1904, the vacuum-tube 

diode was introduced by J. A. Fleming 

    On December 23, 1947, however, the electronics industry was to 

experience the advent of a completely new direction of interest and 

development. 

   It was on the afternoon of this day that Walter H. Brattain and John 

Bardeen demonstrated the amplifying action of the first transistor at the 

Bell Telephone Laboratories. 

   The advantages of this three terminal solid-state device over the tube 

were immediately obvious: It was smallern and lightweight; had no heater 

requirement or heater loss; had rugged construction; and was more 

efficient since less power was absorbed by the device itself; it was 

instantly available for use, requiring no warm-up period; and lower 

operating voltages were possible.  

You will find that all amplifiers (devices that increase the voltage, 

current, or power level) will have at least three terminals with 

one controlling the flow between two other terminals. 

TRANSISTOR CONSTRUCTION 

   The transistor is a three-layer semiconductor device consisting of either 

two n- and one p-type layers of material or two p- and one n-type layers 

of material. The former is called an npn transistor, while the latter is 

called a pnp transistor. Both are shown in Fig. 3.2 with the proper dc 

biasing. We will find in Chapter 4 that the dc biasing is necessary to 

establish the proper region of operation for ac amplification.  

   The emitter layer is heavily doped, the base lightly doped, and the 

collector only lightly doped. 

    The outer layers have widths much greater than the sandwiched p- or 

n-type material. For the transistors shown in Fig. 3.2 the ratio of the total 

width to that of the center 

layer is 0.150/0.001 = 150:1. 

 

 

 



   The doping of the sandwiched layer is also considerably 

less than that of the outer layers (typically, 10:1 or less). This lower 

doping level decreases the conductivity (increases the resistance) of this 

material by limiting 

the number of “free” carriers. 

   The term bipolar reflects the fact that holes and electrons participate 

in the injection process into the oppositely polarized material. If only one 

carrier is employed (electron or hole), it is considered a unipolar device. 

The Schottky diode 

of Chapter 20 is such a device. 

 

 

COMMON-BASE CONFIGURATION 

    The common-base terminology is derived from the fact that the base is 

common to both the input and output sides of the configuration. 

In addition, the base is usually the terminal closest to, or at, ground 

potential. 

 

Alpha (_) 
In the dc mode the levels of IC and IE due to the majority carriers are related by a 

quantity called alpha and defined by the following equation: 

alpha    dc=IC/IE                          0.90 to 0.998 

  where IC and IE are the levels of current at the point of operation. 

Alpha ac = delta IC /delta IE 

The ac alpha is formally called the common-base, short-circuit, amplification factor 

 



 

 

 

 

called alpha and defined by the following equation: 

 alpha typically extends from 0.90 to 0.998,           

 

 

 

The ac alpha is formally called the common-base, short-circuit, amplification factor, 

that a relatively small change in collector current is divided by the corresponding 

change in IE with the collector-to-base voltage held constant. For most situations the 

magnitudes of 

are quite close. 

BIASING 

 

TRANSISTOR AMPLIFYING ACTION 

For the common-base configuration the ac input resistance determined by the 

characteristics of Fig. 3.7 is quite small and typically varies from 10 to 100    ohm. 



The output resistance as determined by the curves of Fig. 3.8 is quite high (the more 

horizontal the curves the higher the resistance) and typically varies from 50 k ohm to 

1 M ohm (100 k ohm for the transistor of Fig. 3.12). The difference in resistance is 

due to the forward-biased junction at the input (base to emitter) 

and the reverse-biased junction at the output (base to collector). Using a common 

value of 20 ohm for the input resistance, we find that 

 
 

 

 

 

 

COMMON-EMITTER CONFIGURATION             
 

It is called the common-emitter configuration since the emitter 

is common or reference to both the input and output terminals (in this 

case common to both the base and collector terminals). 

one for the input or base-emitter circuit and one for the output or 

collector-emitter circuit. Both are shown in Fig. 3.14. 
 

 



 
 

 

 

 

 

 

 

 

 

 

Figure 3.14 Characteristics of a silicon transistor in the common-emitter configuration: 
(a) collector characteristics; (b) base characteristics. 

Consider also that the curves of IB are not as horizontal as those obtained for IE in the 

common-base configuration, indicating that the collector-to-emitter voltage will 

influence the magnitude of the collector current. 

The  active  region  for  the  common-emitter  configuration  is  that  portion  of  the upper-

right  quadrant  that  has  the  greatest  linearity, that  is, that  region  in  which  the curves for 

IB are nearly straight and equally spaced. In Fig. 3.14a this region exists to the right of the 

vertical dashed line a VCEsat  

and above the curve for  IB equal to zero. The region to the left of VCEsat 

is called the saturation region 

In the active region of a common-emitter amplifier the collector-base junction 
is reverse-biased, while the base-emitter junction is forward-biased. 

The active region of the common-emitter configuration can be employed for voltage, current, 

or power amplification. 



 

 

 

 

conclusion that for a transistor in the “on” or active region the base-to emitter 

voltage is 0.7V. In this case the voltage is fixed for any level of base current. 
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3.7 COMMON-COLLECTOR 

CONFIGURATION 

    The common-collector configuration is used primarily for impedance-matching purposes 

since it has a high input impedance and low output impedance, opposite to that of the 

common-base and common-emitter configurations. 

 

 



 
 

A common-collector circuit configuration is provided in Fig. 3.21 with the load 

resistor connected from emitter to ground. Note that the collector is tied to ground 

even though the transistor is connected in a manner similar to the common-emitter 

configuration. 

    From a design viewpoint, there is no need for a set of commoncollector 

characteristics to choose the parameters of the circuit of Fig. 3.21. It can 

be designed using the common-emitter characteristics of Section 3.6. For all practical 

purposes, the output characteristics of the common-collector configuration are the 

same as for the common-emitter configuration. For the common-collector 

configuration 

the output characteristics are a plot of IE versus VEC for a range of values of IB. 

The input current, therefore, is the same for both the common-emitter and 

commoncollector 

 characteristics. 

The horizontal voltage axis for the common-collector configuration 

is obtained by simply changing the sign of the collector-to-emitter voltage 

of the common-emitter characteristics. Finally, there is an almost unnoticeable change 

in the vertical scale of IC of the common-emitter characteristics if IC is replaced by 

IE for the common-collector characteristics (since  alpha= 1). For the input circuit of 

the 

common-collector configuration the common-emitter base characteristics are 

sufficient 

for obtaining the required information. 

 

         

 

 

 

 



 

 

 

 

 

 

Figure 3.14 Characteristics of a silicon transistor in the common-emitter configuration: 
(a) collector characteristics; (b) base characteristics. 

 

  

 

 

 

 

 

 

Figure 3.14 Characteristics of a silicon transistor in the common-emitter configuration: 
a) collector characteristics; (b) base characteristics. 

 

  

  

 

 

 

 

 

 

Figure 3.14 Characteristics of a silicon transistor in the common-emitter configuration: 
(a) collector characteristics; (b) base characteristics. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Lect 2 

DC Biasing—BJTs  
 INTRODUCTION 

The analysis or design of a transistor amplifier requires a knowledge  

of both the dc and ac response of the system.            
  

    
OPERATING POINT 
quiescent point (abbreviated Q-point). By definition, quiescent means 

quiet, still, inactive. 

The maximum ratings are indicated on the characteristics of Fig. 4.1 by a horizontal 

line for the maximum collector current I and a vertical line at the maximum collector-

to-emitter voltage VCEmax 

. The maximum power constraint is defined by the curve Pcmax in the 

same figure. 

 

 

If no bias were used, the device would initially be completely off, 

resulting in a Q-point at A—namely, zero current through the device (and 

zero voltage across it). 

the effect of temperature must also be taken into account. 



    Higher temperatures result in increased leakage currents in the 

device,thereby changing the operating condition set by the biasing 

network. 

    stability factor, S, which indicates the degree of change 

in operating point due to a temperature variation. 

       For the BJT to be biased in its linear or active operating region the 

following must 

be true: 

1. The base–emitter junction must be forward-biased (p-region voltage 

more positive), with a resulting forward-bias voltage of about 0.6 to 0.7 

V. 

2. The base–collector junction must be reverse-biased (n-region more 

positive), with the reverse-bias voltage being any value within the 

maximum limits of the device. 

[Note that for forward bias the voltage across the p-n junction is p-

positive, while for reverse bias it is opposite (reverse) with n-positive. 

 

    

   FIXED-BIAS CIRCUIT 

   The fixed-bias circuit of Fig. 4.2 provides a relatively straightforward 

 and simple introduction to transistor dc bias analysis. 

 

 

 

 

 

 

the base–emitter circuit loop  applying  Kirchhoff’s voltage 

equation 
 

 

 
 

   

 

 Collector–Emitter Loop  

VCE + ICRC - VCC = 0 

VCE = VCC - ICRC 

 

 

 

 

 

 



 
 
 
Collector–Emitter Loop          

It is interesting to note that since the base current is controlled by the 

level of RB and IC is related to IB by a constant B, the magnitude of IC is 

not a function of the resistance RC. Change RC to any level and it will not 

affect the level of IB or IC as long as we remain in the active region of the 

device. 

 
Applying Kirchhoff’s voltage law in the clockwise direction around the indicated 

closed loop of Fig. 4.5 will result in the following: 

 

 

 

 
 

 
 
Ex: 

 



 

 
 

Transistor Saturation 

The term saturation is applied to any system where levels have reached 

their maximum values. 

Saturation conditions are normally avoided because the base–collector 

junction is no longer reverse-biased and the output amplified signal will 

be distorted. 

 
 

 

 

ICsat=VCC/RC 
 

 

 

 



 

 

Load-Line Analysis 

called the load line since it is defined by the load resistor Rc. If the level of IB is 

changed by varying the value of RB the Q-point moves up or down the load line as 

shown in Fig. 4.13.  

 
 

                 

 

 

 

 

 

    

 

 

           

    

 



 

 

4.4 EMITTER-STABILIZED BIAS CIRCUIT 

The dc bias network of Fig. 4.17 contains an emitter resistor to improve 

the stability level over that of the fixed-bias configuration. 

 
 

 

Base–Emitter Loop 

Kirchhoff’s voltage law around the indicated loop in the clockwise direction 

 



 

 

 

Collector–Emitter Loop 
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EXAMPLE 4.5 

 

 

 

 

 

 

 

 

 

 



 

 

EXAMPLE4.6 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 





 

 



 

 

 

 

 

 



 

 



 

 

 



 

 

 

 



 

 

 

 

 

 

 

 



 

 

 



 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 


	Lect1
	lect2
	lect3



