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Unit III  
Fundamentals of BJT: Construction, basic operation, current components and equations,CB, CE and CC 
configuration, input and output characteristics, Early effect, Region of operations: active, cut-off and 
saturation region. BJT as an amplifier. 
 Ebers-Moll model, Power dissipation in transistor (Pd, max rating), Photo transistor. Transistor biasing 
circuits and analysis: Introduction, various biasing methods: Fixed bias, Self bias, Voltage Divider bias, 
Collector to base bias, Load-line analysis: DC and AC analysis, Operating Point and Bias Stabilization and 
Thermal Runaway, Transistor as a switch. 
---------------------------------------------------------------------------------------------------------------------- ----------- 
3.1. Bipolar Junction Transistor (BJT) 
The BJT is a device which has three ohmic contacts to the three different semiconductor layers that are 
connected together. Basically, the BJT structure consists of a series connection of a pn and np or np and pn 
diode where the n-regions, respectively p-regions, of both diodes overlap. This makes a pnp and npn BJT. 
The fusion of the two diodes produces a three layer, two junctions, and three terminal device forming the 
basis of a Bipolar Junction Transistor, or BJT for short. 
Transistors are three terminal active devices made from different semiconductor materials that can act as 
either an insulator or a conductor by the application of a small signal voltage. The transistor’s ability to 
change between these two states enables it to have two basic functions: “switching” (digital electronics) or 
“amplification” (analogue electronics).  
The word Transistor is a combination of the two words Transfer resistor which describes their mode of 
operation way back in their early days of electronics development. There are two basic types of bipolar 
transistor construction, PNP and NPN, which basically describes the physical arrangement of the P-type 
and N-type semiconductor materials from which they are made. 
 
Construction: The Bipolar Transistor basic construction consists of two PN-junctions producing three 
connecting terminals with each terminal being given a name to identify it from the other two. These three 
terminals are known and labelled as the Emitter (E), the Base (B) and the Collector (C) respectively. 
Bipolar Transistors are current regulating devices that control the amount of current flowing through them 
in proportion to the amount of biasing voltage applied to their base terminal acting like a current-controlled 
switch. The principle of operation of the two transistor types PNP and NPN, is exactly the same the only 
difference being in their biasing and the polarity of the power supply for each type. 
 
3.2. Bipolar Transistor Construction 

Physical construction: 

 

      

 

Two diode analogy: 

 

 

 

 

 

Symbol representation: 
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The construction and circuit symbols for both the PNP and NPN bipolar transistor are given above with the 
arrow in the circuit symbol always showing the direction of “conventional current flow” between the base 
terminal and its emitter terminal. The direction of the arrow always points from the positive P-type region 
to the negative N-type region for both transistor types, exactly the same as for the standard diode symbol. 
 
3.3. Transistor biasing 
 
 
 

 

 

 

 

 

 

 

 

Figure.3.1. Transistor biasing in different modes 
 
If a transistor has to work as an amplifier, the base-emitter junction J1 must be forward biased and the 
collector-base junction J2 must be reverse biased. Transistor biasing is a process of creating an appropriate 
potential difference across the base-emitter and the collector-base junctions. The base-emitter junction 
should always be forward biased by a voltage greater than its cut-in voltage (Vλ), while the collector-base 
junction should be sufficiently reverse biased for efficient collection of charges. If these two conditions are 
satisfied, the transistor provides faithful amplification while operating in the active region (linear region). 
 
A transistor can also operate as a switch (in the non-linear regions). If both the emitter-base & collector-
base junctions are forward biased then the transistor will behave as a closed switch offering almost zero 
resistance (saturation region). If both the emitter-base & collector-base junctions are reverse biased then 
the transistor behaves as an open switch offering very high resistance (cut-off region). 
 

3.4. Calculating the currents in a BJT 

In case of forward active mode, the currents in the emitter base diode determine all the BJT currents 
completely. The holes that are diffusing through the base will be collected by the collector and thus make 
the collector current. The electrons that are escaping from the base into the emitter have to be re-supplied 
by the base current, thus the electron current of the E-B diode defines the base current. The emitter current 
is the total current in the E-B diode. This gives the well known result: 

IE=IB+IC 

 

Figure.3.2. Left: A PNP BJT symbol with the directions of the different currents. Right: An NPN 
BJT symbol with the direction of current. 
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Apply nodal analysis (sum of current into node = sum of currents out of node) in the base node of fig.5: 

For PNP BJT: IE = IC + IB 

For NPN BJT: IC + IB = IE 

The bipolar transistors have the ability to operate within three different regions: 
 Active Region   –   the transistor operates as an amplifier and Ic = β.Ib 
 Saturation   –   the transistor is “Fully-ON” operating as a switch and Ic = I(saturation) 
 Cut-off   –   the transistor is “Fully-OFF” operating as a switch and Ic = 0 
 

3.5. Transistor configurations: 
A transistor has only 3 leads hence any one of the 3 leads has to be common to the input & output circuits 
if the transistor is to be considered as a 2-port linear network. Depending on the lead that is common to 
both the input & output circuits there are three transistor configurations: 

1. Common-base configuration or Grounded-base configuration 
2. Common-emitter configuration or Grounded-emitter configuration 
3. Common-collector configuration or Grounded-collector configuration 

The behavior of a transistor varies greatly with each configuration & can be understood by studying the 
input & output characteristics in all the 3 configurations. 
 
3.5.1. Common base configuration  
Figure shows the circuit arrangement for obtaining the input and output characteristics of a NPN transistor 
in common-base configuration. VEE is the emitter battery on the input side and RE is the emitter current 
limiting resistor. The milliammeter is used to measure the emitter current (input current) while the 
voltmeter is used to measure the input voltage VBE. VCC is the collector battery on the output side and RC is 
the collector resistance.  
 
 
 
 
 
 
 
 

 
Figure.3.3. Common base configuration 

The milliammeter measures the collector current (output current) while the voltmeter measures the 
collector-base voltage, VCB (output voltage). Here the base lead is common to both the input and output 
circuits, hence it is known as the common-base configuration (has Voltage Gain but no Current Gain). 
 
The behaviour of the NPN-transistor in CB configuration: 

 The forward biased base-emitter (BE) PN-junction allows the free electrons in emitter to go 
through the PN-junction to arrive at the base, forming the emitter current IE. 

 As the P-type base is thin and lightly doped, only a small number of the electrons from the 
emitter are combined with the holes in base to form the base current IB. 

 Most of the electrons coming from the emitter become minority carriers in the P-type base, 
and they go through the reverse biased collector-base PN junction to arrive at the collector. 

 The percentage of those electrons that arrive at the collector out of the electrons from the 
emitter is defined as , depending on the doping and geometry of the material. The total 
collector current IC is therefore I C =  . 

The current gain or current transfer ratio is defined as the ratio between the emitter (input) current  and 
the collector (output) current : I C =   
The base current IB is given as: 
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The CB configuration can be considered as a 2-port circuit. The input port is formed by the emitter and 
base, the output port is formed by the collector and base. The relationships between the current and voltage 
of both the input and output ports are described by the following input and output characteristics. 
 

 
Figure.3.4. Input and Output characteristics of CB configured BJT 

 
3.5.2. Common emitter configuration 
Figure 1.19 shows the circuit diagram for a transistor in common emitter configuration. Battery VBB is 
used to forward bias the base-emitter junction. The microammeter measures the input current IB and the 
voltmeter measures the input voltage VBE. Battery VCC is used to reverse bias the collector- base junction 
(VCC>VBB).  
 
 
 
 
 
 
 
 
 
 

Figure.3.5. Common emitter configuration 
The milliammeter is used to measure the output current IC while the voltmeter measures the output voltage 
VCE. RB is the base resistor and RC is the collector resistor. Here the emitter lead is common to both the 
input and output circuits, hence it is known as common emitter configuration (has both Current and 
Voltage Gain). A transistor in common-emitter configuration is used as a voltage amplifier, power 
amplifier and multi-stage amplifier. 
Analysis of circuit: 

The base current IB is treated as the input current, and the collector current IC is treated as 

the output current:  

Solving this equation for IC, we get the relationship between the output IC and the 
input current IB:  

 
Where we have defined the CE current gain, the ratio of the output current IC and the 
input current IB:  
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The two parameters  and  are related by any of the following:  

 
 

 

 
Figure.3.6. Input and Output characteristics of CE configured BJT 

 
3.5.3. Common collector configuration 
Figure 1.21 shows the circuit diagram for a NPN transistor in common collector configuration. Battery VBB 
is used to reverse bias the collector base junction. The microammeter measures input current IB and the 
voltmeter measures input voltage VCB. Battery VEE along with VBB is used to forward bias the base- emitter 
junction (VEE is at lower potential than VBB).  
 
 
 
 
 
 
 
 
 

 
Figure.3.7.Common collector configuration 

 
The milliammeter is used to measure output current IE , while the voltmeter measures the output voltage 
VCE. (IE is the output current and VCE is the output voltage).RB is the base resistor and RE is the emitter 
resistor. Here the collector lead is common to both the input and output circuits, hence it is known as 
common-collector configuration (has Current Gain but no Voltage Gain). It is used as a buffer amplifier to 
provide excellent impedance matching between two stages. The circuit is commonly known as an Emitter 
follower. 
Bipolar Transistor Characteristics: The static characteristics for a Bipolar Transistor can be divided 
into the following three main groups. 

Input Characteristics:-  Common Base  -  ΔVEB / ΔIE 

   Common Emitter  -  ΔVBE / ΔIB 

Output Characteristics:-  Common Base  -  ΔVC / ΔIC 

   Common Emitter  -  ΔVC / ΔIC 

Transfer Characteristics:-  Common Base  -  ΔIC / ΔIE 

   Common Emitter  -  ΔIC / ΔIB 
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Table.3.1.BJT Characteristic Summary 

 

Characteristic 
Common  

Base 
Common  
Emitter 

Common  
Collector 

Input Impedance Low Medium High 

Output Impedance Very High High Low 

Phase Angle 0o 180o 0o 

Voltage Gain High Medium Low 

Current Gain Low Medium High 

Power Gain Low Very High Medium 

 
3.6. Load line biasing method 
In the above figure, the output characteristics are drawn between collector current IC and collector 
voltage VCE for different values of base current IB. These are considered here for different input values to 
obtain different output curves. 
 
3.6.1. Operating point 
When a value for the maximum possible collector current is considered, that point will be present on the 
Y-axis, which is nothing but the saturation point. As well, when a value for the maximum possible 
collector emitter voltage is considered, that point will be present on the X-axis, which is the cutoff point. 
When a line is drawn joining these two points, such a line can be called as Load line. This is called so as it 
symbolizes the output at the load. This line, when drawn over the output characteristic curve, makes 
contact at a point called as Operating point. 
This operating point is also called as quiescent point or simply Q-point. There can be many such 
intersecting points, but the Q-point is selected in such a way that irrespective of AC signal swing, the 
transistor remains in active region. 
AC load Line: The load line has to be drawn in order to obtain the Q-point. A transistor acts as a good 
amplifier when it is in active region and when it is made to operate at Q-point, faithful amplification is 
achieved. Faithful amplification is the process of obtaining complete portions of input signal by increasing 
the signal strength. This is done when AC signal is applied at its input. The AC load line gives the peak-to-
peak voltage, or the maximum possible output swing for a given amplifier. 
 
 

 

 

  

 

Figure.3.8. AC equivalent circuit of a CE amplifier and AC Load line 
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From the above figure, 

VCE=(RC ll R1)×IC 

rC=RC ll R1 

For a transistor to operate as an amplifier, it should stay in active region. The quiescent point is so chosen 
in such a way that the maximum input signal excursion is symmetrical on both negative and positive half 
cycles. 
Hence, 
Vmax=VCEQ and Vmin=−VCEQ 
Where VCEQ is the emitter-collector voltage at quiescent point 
The following graph represents the AC load line which is drawn between saturation and cut off points. 
The end points of AC load line are 
IC(sat)=ICQ+VCEQ/(RC ll R1) 
VCE(off)=VCEQ+ICQ∗(RC ll R1) 
 
3.6.2. DC Load line 

When the transistor is given the bias and no signal is applied at its input, the load line drawn at such 
condition can be understood as DC condition. Here there will be no amplification as the signal is absent. 
The circuit will be as shown below. 
 
 
 
 
 
 
 
 
 
 

Figure.3.9. DC load line circuit 
 
The value of collector emitter voltage at any given time will be 
VCE=VCC−IcRC 
As VCC and RC are fixed values, the above one is a first degree equation and hence will be a straight line on 
the output characteristics. This line is called as D.C. Load line. The figure below shows the DC load line. 
To obtain the load line, the two end points of the straight line are to be determined. Let those two points be 
A and B. 
 
To obtain A 
When collector emitter voltage VCE = 0, the collector current is maximum and is equal to VCC/RC. This 
gives the maximum value of VCE. This is shown as  
VCE=VCC−IcRC 
0=VCC− Ic RC 
IC=VCC/RC 
This gives the point A (OA = VCC/RC) on collector current axis, shown in the figure. 
 
To obtain B: When the collector current IC = 0, then collector emitter voltage is maximum and will be 
equal to the VCC. This gives the maximum value of IC. This is shown as 
VCE=VCC−ICRC 
VCE =VCC                  (As IC = 0) 
 
This gives the point B, which means (OB = VCC) on the collector emitter voltage axis shown in the above 
figure. Hence we got both the saturation and cutoff point determined and learnt that the load line is a 
straight line. So, a DC load line can be drawn. The importance of this operating point is further understood 
when an AC signal is given at the input. 
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Figure.3.10. Load line analysis 

 
3.6.3. Early Effect 
This effect occurring in bipolar transistors is named after its discoverer J.M. Early. In a BJT, Early effect 
corresponds to the modulation of the emitter & collector currents by the collector-base voltage VCB. Early 
effect arises from the variation of the base width ‘w’ with the reverse voltage VCB across the collector- 
base junction & exists in both static & high frequency characteristics. Early effect is more prominent in 
BJTs with narrow base widths. 
Early effect or base width modulation is the variation in the actual width of the base region in a BJT due to 
a variation in the applied base-collector voltage. With an increase in the collector-base voltage the 
collector- base depletion width increases thereby decreasing the effective base width. The base-emitter 
depletion width is unchanged because there is no change in the base-emitter voltage. The narrowing of the 
base region results in reduced recombination & an increase in minority carrier injection into the collector 
region. This causes an increase in the current amplification factor α & hence an increase in the output or 
collector current due to an increase in collector-base voltage. Another damaging effect due to an increase 
in collector-base reverse voltage is the phenomenon of ‘Punch-Through’ or ‘Reach-Through’ which causes 
voltage breakdown of the transistor depending on the circuit configuration. 
 
3.6.4. Relationship between  and   is the current gain of a transistor in common-base configuration and is given by the relation,  

 = IC / IE  is the current gain of a transistor in common-emitter configuration and is given by the relation,  

 = IC / IB 

 

 in terms of  

 The basic transistor equation is given by: 

IE = IB + IC. ……….. a  

Considering the incremental values, we have   

IE = IB + IC …………. (b)  

Divide equation (b) throughout by IC, 

ie. (IE / IC) = (IB / IC) + (IC / IC  …………(c) 

But (IC / IE) =   (IE / IC) = (1 / )  

(IC / IB) =   (IB /  IC) = (1 / ) 

ie.  (1/) = (1 / ) + 1  ……………… d   

 

ie. (1 / )  = (1+ ) /    

Taking the reciprocal we have:  = [ / (  + 1)] 
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 in terms of  

 From equation (d), we have   

1 /  = 1 + (1 / )    1/  = (1 / ) – 1. ie. (1 / ) = (1 – ) /   

   = [ / (1 – )] 

 

 
3.7. Transistor as an amplifier: 
 
The most common amplifier configuration for an NPN transistor is that of the Common Emitter Amplifier 
circuit. Transistor amplifiers operate using AC signal inputs which alternate between a positive value and a 
negative value so some way of “presetting” the amplifier circuit to operate between these two maximum or 
peak values is required. This is achieved using a process known as Biasing. Biasing is very important in 
amplifier design as it establishes the correct operating point of the transistor amplifier ready to receive signals, 
thereby reducing any distortion to the output signal. We saw that a static or DC load line can be drawn onto the 
output characteristics curves to show all the possible operating points of the transistor from fully “ON” to fully 
“OFF”, and to which the quiescent operating point or Q-point of the amplifier can be found. 
The aim of any small signal amplifier is to amplify all of the input signal with the minimum amount of 
distortion possible to the output signal, in other words, the output signal must be an exact reproduction of the 
input signal but only bigger (amplified). To obtain low distortion when used as an amplifier the operating 
quiescent point needs to be correctly selected. This is in fact the DC operating point of the amplifier and its 
position may be established at any point along the load line by a suitable biasing arrangement. 
The best possible position for this Q-point is as close to the centre position of the load line as reasonably 
possible, thereby producing  Vce = 1/2Vcc. Consider the Common Emitter Amplifier circuit shown below. 
 

 
Figure.3.11. CE Transistor amplifier 

3.7.1. Amplifier Analysis:  
The single stage common emitter amplifier circuit shown above uses what is commonly called “Voltage 
Divider Biasing”. This type of biasing arrangement uses two resistors as a potential divider network across the 
supply with their centre point supplying the required Base bias voltage to the transistor. Voltage divider biasing 
is commonly used in the design of bipolar transistor amplifier circuits.  
This method of biasing the transistor greatly reduces the effects of varying Beta, ( β ) by holding the Base bias 
at a constant steady voltage level allowing for best stability. The quiescent Base voltage (Vb) is determined by 
the potential divider network formed by the two resistors, R1, R2 and the power supply voltage Vcc as shown 
with the current flowing through both resistors. 
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Figure.3.12. Voltage division part of amplifier 

Then the total resistance RT will be equal to R1 + R2 giving the current as i = Vcc/RT. The voltage level 
generated at the junction of resistors R1 and R2 holds the Base voltage (Vb) constant at a value below the supply 
voltage. Then the potential divider network used in the common emitter amplifier circuit divides the supply 
voltage in proportion to the resistance. This bias reference voltage can be easily calculated using the simple 
voltage divider formula below: 
Transistor Bias Voltage  

VB   =  
� �� +�   

The same supply voltage, (Vcc) also determines the maximum Collector current, Ic when the transistor is 
switched fully “ON” (saturation), Vce = 0. The Base current Ib for the transistor is found from the Collector 
current, Ic and the DC current gain Beta, β of the transistor. 
 
Waveform: The sinusoidal voltage at the base produces a base current that varies above and below the Q-point 
on the ac load line, as shown by the arrows. 

 
Figure.3.13. Graphical picture of CE amplifier characteristics 

 
3.8. Amplifier Parameters: 
3.8.1. Gain 
The gain of an amplifier is a measure of the "Amplification" of an amplifier, i.e. how much it increases the 
amplitude of a signal. More precisely it is the ratio of the output signal amplitude to the input signal amplitude, 
and is given the symbol "A". It can be calculated for voltage (Av), current (Ai) or power (Ap). 

 Voltage gain Av = Amplitude of output voltage /Amplitude of input voltage= Vo/Vi  

 Current gain Ai = Amplitude of output current / Amplitude of input current = Io/I i  

 Power gain Ap = Signal power out /Signal power in = Po/ Pi 
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3.8.2. Frequency Response 
 
Amplifiers do not have the same gain at all frequencies. For example, an amplifier designed for audio 
frequency amplification will amplify signals with a frequency of less than about 20kHz but will not amplify 
signals having higher frequencies. An amplifier designed for radio frequencies will amplify a band of 
frequencies above about 100kHz but will not amplify the lower frequency audio signals.  
In each case the amplifier has a particular frequency response, being a band of frequencies where it provides 
adequate amplification, and excluding frequencies above and below this band, where the amplification is less 
than adequate. 

 
Figure.3.14. Frequency response of amplifier 

To show how the gain of an amplifier varies with frequency, a graph, showing the frequency response of the 
amplifier is used. Fig. 1.33 shows the typical frequency response curve of an audio amplifier. In such graphs, it 
is common that very large values may be encountered for both gain and frequency. For this reason it is usual 
for both the frequency and gain axes of the graph to use logarithmic scales. It can be seen from Figure that 
scales on the (horizontal) x-axis do not increase in a linear manner; each equal division represents a tenfold 
increase in the frequency plotted. This ensures that a very wide range of frequency can be plotted on a single 
graph. The (vertical) y-axis uses linear divisions but logarithmic units (deciBels dB). The curve of the graph 
shows how gain, measured in deciBels, varies with frequency. 
 
3.8.3. Bandwidth 
An important piece of information that can be obtained from a frequency response curve is the Bandwidth of 
the amplifier. This refers to the ‘band’ of frequencies for which the amplifier has a useful gain. Outside this 
useful band the gain of the amplifier is considered to be insufficient compared with the gain at the centre of the 
bandwidth. Bandwidth specified for voltage amplifiers is the range of frequencies for which the amplifier’s 
gain is greater than 0.707 of the maximum gain. The useful bandwidth in Fig. 1.33 would be described as 
extending to those frequencies at which the voltage gain is −3dB down compared to the gain at the mid band 
frequency. 
3.9. Transistor Biasing Circuits: 
3.9.1. Need for transistor biasing: 

 If the o/p signal must be a faithful reproduction of the i/p signal, the transistor must be operated in 
active region. That means an operating point has to be established in this region . To establish an operating 
point (proper values of collector current Ic and collector to emitter voltage VCE) appropriate supply 
voltages and resistances must be suitably chosen in the ckt. This process of selecting proper supply 
voltages and resistance for obtaining desired operating point or Q point is called as biasing and the ckt 
used for transistor biasing is called as biasing ckt. 

 There are four conditions to be met by a transistor so that it acts as a faithful ampr: 

1) Emitter base junction must be forward biased (VBE=0.7Vfor Si, 0.2V for Ge) and collector base junction 
must be reverse biased for all levels of i/p signal. 

2) Vce voltage  should not fall below VCE (sat) (0.3V for Si, 0.1V for Ge) for any part of the i/p signal. For VCE 
less than VCE (sat) the collector base junction is not probably reverse biased. 
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3) The value of the signal Ic when no signal is applied should be at least equal to the max. collector current t 
due to signal alone. 

4) Max. rating of the transistor Ic(max), VCE (max) and PD(max) should not be exceeded at any value of i/p signal. 

The Q point is fixed properly, to ensure that the operating point remains stable where it is originally fixed. 
If the Q point shifts, the output voltage and current get clipped, thereby o/p signal is distorted. 

In practice, the Q-point tends to shift its position due to any or all of the following three main factors. 

1) Reverse saturation current, Ico, which doubles for every 10oC raise in temperature  
2) Base emitter Voltage ,VBE, which decreases by 2.5 mV per oC 
3) Transistor current gain, hFE or β which increases with temperature. 
 
3.9.2. Stability Factor (S): 
 The rise of temperature results in increase in the value of transistor gain β and the leakage current 
Ico. So, IC also increases which results in a shift in operating point. Therefore, The biasing network should 
be provided with thermal stability. Maintenance of the operating point is specified by S, which indicates 
the degree of change in operating point due to change in temperature.  
The extent to which IC is stabilized with varying IC is measured by a stability factor S = �Ic�� �  ≈  �� �   ≈  Δ�Δ� � ,� �  �  �  

       For CE configuration � =  ��  + 1 + � � � 
Differentiate the above equation w.r.t IC , We get 1 =  � �� +  1 + �  � ��  ∴   (1 − � �� ) =  � + 1

 ∴   = 1 + �1 − � ��  

S should be small to have better thermal stability. 
Stability factor S’ and S’’: 
S’ is defined as the rate of change of   IC with VBE, keeping IC and VBE constant. �′ = �Ic�� �  

S’’ is defined as the rate of change of   IC with β, keeping ICO and VBE constant. �′′ = �Ic�� 

 
3.9.3. Methods of Transistor Biasing: 
3.9.3.1. Fixed bias (base bias): As shown in figure 3.15 is also called base bias. In the fig 3.15 shown, the 
single power source (for example, a battery) is used for both collector and base of a transistor, although 
separate batteries can also be used. 
In the given circuit, 
Vcc = IBRB + Vbe 
Therefore,  IB = (Vcc - Vbe)/RB 
Since the equation is independent of current ICR, dIB//dICR =0  and the stability factor is given by the 
equation….. reduces to  
    S=1+β 
Since β is a large quantity, this is very poor biasing circuit. Therefore in practice the circuit is not used for 
biasing. 
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Figure.3.15. Fixed Bias Circuit 

For a given transistor, Vbe does not vary significantly during use. As Vcc is of fixed value, on selection of 
RB, the base current IB is fixed. Therefore this type is called fixed bias type of circuit. 
Also for given circuit, Vcc = ICRC + Vce 
Therefore, Vce = Vcc - ICRC 
Merits: 

 It is simple to shift the operating point anywhere in the active region by merely changing the 
base resistor (RB).  

 A very small number of components are required.  
Demerits: 

 The collector current does not remain constant with variation in temperature or power supply 
voltage. Therefore the operating point is unstable.  

 Changes in Vbe will change IB and thus cause RE to change. This in turn will alter the gain of 
the stage.  

 When the transistor is replaced with another one, considerable change in the value of β can be 
expected. Due to this change the operating point will shift.  

3.9.3.2. Emitter-Feedback Bias: 
The emitter feedback bias circuit is shown in the fig 3.16. The fixed bias circuit is modified by attaching an 
external resistor to the emitter. This resistor introduces negative feedback that stabilizes the Q-point. From 
Kirchhoff's voltage law, the voltage across the base resistor is 
VRb = VCC - IeRe - Vbe. 

 
Figure.3.16. Emitter feedback Bias 

From Ohm's law, the base current is 
Ib = VRb / Rb. 
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The way feedback controls the bias point is as follows. If V be is held constant and temperature increases, 
emitter current increases. However, a larger Ie increases the emitter voltage Ve = IeRe, which in turn 
reduces the voltage VRb across the base resistor. A lower base-resistor voltage drop reduces the base 
current, which results in less collector current because Ic = ß IB. Collector current and emitter current are 
related by Ic = α Ie with α ≈ 1, so increase in emitter current with temperature is opposed, and operating 
point is kept stable. 
Similarly, if the transistor is replaced by another, there may be a change in IC (corresponding to change in 
β-value, for example). By similar process as above, the change is negated and operating point kept stable. 
For the given circuit, 
IB = (VCC - Vbe)/(RB + (β+1)RE). 
Merits: 
The circuit has the tendency to stabilize operating point against changes in temperature and β-value. 
Demerits: 

 In this circuit, to keep IC independent of β the following condition must be met:  

 
which is approximately the case if ( β + 1 )RE >> RB.  

 As β-value is fixed for a given transistor, this relation can be satisfied either by keeping RE 
very large, or making RB very low.  

 If RE is of large value, high VCC is necessary. This increases cost as well as precautions 
necessary while handling.  

 If RB is low, a separate low voltage supply should be used in the base circuit. Using two 
supplies of different voltages is impractical.  

 In addition to the above, RE causes ac feedback which reduces the voltage gain of the 
amplifier. 

3.9.3.3. Collector to Base Bias or Collector Feed-Back Bias: 

 
Figure.3.17. Collector feedback bias 

This configuration shown in fig 3.17 employs negative feedback to prevent thermal runaway and stabilize 
the operating point. In this form of biasing, the base resistor RB is connected to the collector instead of 
connecting it to the DC source Vcc. So any thermal runaway will induce a voltage drop across the RC 
resistor that will throttle the transistor's base current. 

From Kirchhoff's voltage law, the voltage across the base resistor Rb is 

 
 
By the Ebers–Moll model, Ic = βIb, and so 
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From Ohm's law, the base current , and so 

 
Hence, the base current Ib is 

Ib = 
� −� �� + �+ �  

 
If Vbe is held constant and temperature increases, then the collector current Ic increases. However, a larger 

Ic causes the voltage drop across resistor Rc to increase, which in turn reduces the voltage across the 
base resistor Rb. A lower base-resistor voltage drop reduces the base current Ib, which results in less 
collector current Ic. Because an increase in collector current with temperature is opposed, the operating 
point is kept stable. 
Merits: 

 Circuit stabilizes the operating point against variations in temperature and β (i.e. replacement 
of transistor)  

Demerits: 
In this circuit, to keep Ic independent of β, the following condition must be met:  
 

Ic = βIb =
� � − � �� +� +��   ~ 

� − � ��  

 
which is the case when βRc >>Rb 

 As β-value is fixed (and generally unknown) for a given transistor, this relation can be 
satisfied either by keeping Rc fairly large or making Rb very low.  

 If Rc is large, a high Vcc is necessary, which increases cost as well as precautions necessary 
while handling.  

 If Rb is low, the reverse bias of the collector–base region is small, which limits the range of 
collector voltage swing that leaves the transistor in active mode.  

 The resistor Rb causes an AC feedback, reducing the voltage gain of the amplifier. This 
undesirable effect is a trade-off for greater Q-point stability.  

Usage: The feedback also decreases the input impedance of the amplifier as seen from the base, which can 
be advantageous. Due to the gain reduction from feedback, this biasing form is used only when the trade-
off for stability is warranted. 

3.9.3.4. Collector –Emitter Feedback Bias: 

The below fig 3.18 shows the collector –emitter feedback bias circuit that can be obtained by applying 
both the collector feedback and emitter feedback. Here the collector feedback is provided by connecting a 
resistance RB from the collector to the base and emitter feedback is provided by connecting an emitter Re 
from emitter to ground. Both feed backs are used  to control collector current  and base current IB in the 
opposite direction to increase the stability as compared to the previous biasing circuits.  
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Figure.3.18. Collector –Emitter Feedback Bias 

3.9.3.5. Voltage Divider Bias or Self Bias Or Emitter Bias 
The voltage divider as shown in the fig 4.7 is formed using external resistors R1 and R2. The voltage across 
R2 forward biases the emitter junction. By proper selection of resistors R1 and R2, the operating point of 
the transistor can be made independent of β. In this circuit, the voltage divider holds the base voltage fixed 
independent of base current provided the divider current is large compared to the base current. However, 
even with a fixed base voltage, collector current varies with temperature (for example) so an emitter 
resistor is added to stabilize the Q-point, similar to the above circuits with emitter resistor. 

 
Figure.3.19.Voltage divider bias 

In this circuit the base voltage is given by: 

VB= voltage across R2 = Vcc
�� +� −  � � �� +�  

~ Vcc= 
�� +�     provided IB << I2 = VB/ R2 

Also  
For the given circuit, 

 
Let the current in resistor R1 is I1 and this is divided into two parts – current through base and resistor R2. 
Since the base current is very small so for all practical purpose it is assumed that I1 also flows through R2, 
so we have 
 

I1 = 
�� +�  

V2 = 
�� +�   
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Applying KVL in the circuit, we have 

V2 = VBE + VE 

V2 = VBE + IERE 

IE = 
� − � ���  

IC = 
� − � ���     (since Ic ~ IE) 

IC = 
�� +�  �  − � ���  

It is apparent from above expression that the collector current is independent of  β thus the stability is 
excellent. In all practical cases the value of VBE is quite small in comparison to the V2, so it can be 
ignored in the above expression so the collector current is almost independent of the transistor 
parameters thus this arrangement provides excellent stability. 

Again applying KVL in collector circuit, we have 
Vcc = IcRc + VCE + IERE 

Ic ~ =IE 

Vcc = IcRc + VCE + IcRE 

VCE = Vcc – Ic(Rc+RE) 
The resistor RE provides stability to the circuit. If the current through the collector rises, the voltage across 
the resistor RE also rises. This will cause VCE to increase as the voltage V2 is independent of collector 
current. This decreases the base current, thus collector current increases to its former value. 
Merits: 

 Unlike above circuits, only one dc supply is necessary.  
 Operating point is almost independent of β variation.  
 Operating point stabilized against shift in temperature.  

Demerits: 
 In this circuit, to keep IC independent of β the following condition must be met:  

 
which is approximately the case if  
where R1 || R2 denotes the equivalent resistance of R1 and R2 connected in parallel. 

 As β-value is fixed for a given transistor, this relation can be satisfied either by keeping RE 
fairly large, or making R1||R2 very low.  

 If RE is of large value, high VCC is necessary. This increases cost as well as precautions 
necessary while handling.  

 If R1 || R2 is low, either R1 is low, or R2 is low, or both are low. A low R1 raises VB closer to 
VC, reducing the available swing in collector voltage, and limiting how large RC can be made 
without driving the transistor out of active mode. A low R2 lowers Vbe, reducing the allowed 
collector current. Lowering both resistor values draws more current from the power supply 
and lowers the input resistance of the amplifier as seen from the base.  

 AC as well as DC feedback is caused by RE, which reduces the AC voltage gain of the 
amplifier. A method to avoid AC feedback while retaining DC feedback is discussed below.  

Usage: The circuit's stability and merits as above make it widely used for linear circuits. 
 

3.10. Thermal Runaway: 
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 The collector current for the CE circuit is given by � =  ��  + 1 + � � � . The three variables in the 
equation, β, � , and � � increases with rise in temperature. In particular, the reverse saturation current or 
leakage current � � changes greatly with temperature. Specifically it doubles for every 10oC rise in 
temperature. The collector current � causes the collector base junction temperature to rise which in turn, 
increase  � � , as a result �  will increase still further, which will further rise the temperature at the collector 
base junction. This process will become cumulative leading at the collector base junction. This process will 
become cumulative leading to “thermal runaway”.  Consequently, the ratings of the transistor are exceeded 
which may destroy the transistor itself. 

 The collector is made larger in size than the emitter in order to help the heat developed at the collector 
junction. However if the circuit is designed such that the base current �  is made to decrease automatically 
with rise in temperature, then the decrease in β�  will compensate for increase in the 1 + � � � , keeping  �  
almost constant. 

3.11. Ebers Moll Model: 
The bipolar junction transistor can be considered essentially as two pn junctions placed back-to-back, with the 
base p-type region being common to both diodes. This can be viewed as two diodes having a common third 
terminal as shown in Fig.3.20. 

 
Figure.3.20.BJT as two back-to-back PN junction diode 

The Ebers-Moll transistor model is an attempt to create an electrical model of the device as two diodes whose 
currents are determined by the normal diode law but with additional transfer ratios to quantify the 
interdependency of the junctions as shown in Fig. 3.21. Two dependent current sources are used to indicate 
the interaction of the junctions. The interdependency is quantified by the forward and reverse transfer ratios, 
αF and αR. The diode currents are given as: 

 
Figure.3.21. Ebers moll Model 

IF = IES (
� � ��⁄ − 1) 

IR = ICS (
� ��⁄ − 1) 

Applying Kirchoff’s laws to the model gives the terminal currents as: 
IE = IF- αRIR 

 

IC = αFIF- IR 

IB = IE -IC 

 
This Gives: 
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IE = IES (
� � ��⁄ − 1) - αR ICS (

� ��⁄ − 1) 

IC = αF IES (
� � ��⁄ − 1) - ICS (

� ��⁄ − 1) 

IB =(1- αF) IES (
� � ��⁄ − 1) + (1 -αR) ICS (

� ��⁄ − 1) 
These are called the Ebers-Moll Equations for the bipolar transistor. 
 
3.12. Phototransistors: 
The phototransistor is a device that is able to sense light levels and alter the current flowing between emitter 
and collector according to the level of light it receives. 

Phototransistors and photodiodes can both be used for sensing light, but the phototransistor is more sensitive 
in view of the gain provided by the transistor. This makes phototransistors more suitable in a number of 
applications. 

Phototransistor operation 

The phototransistor uses the basic transistor concept as the basis of its operation. In fact a phototransistor can 
be made by exposing the semiconductor of an ordinary transistor to light. The photo transistor operates 
because light striking the semiconductor frees electronics / holes and causes current to flow in the base region. 

Photo transistors are operated in their active regime, although the base connection is generally left open 
circuit or disconnected because it is often not required. The base of the photo transistor would only be used to 
bias the transistor so that additional collector current was flowing and this would mask any current flowing as 
a result of the photo-action. For operation the bias conditions are quite simple. The collector of an n-p-n 
transistor is made positive with respect to the emitter or negative for a p-n-p transistor. 

The light enters the base region where it causes hole electron pairs to be generated. This generation mainly 
occurs in the reverse biased base-collector junction. The hole-electron pairs move under the influence of the 
electric field and provide the base current, causing electrons to be injected into the emitter. As a result the 
photodiode current is multiplied by the current gain β of the transistor. 

One of the drawbacks of the phototransistor is that is particularly slow and its high frequency response is very 
poor 

 
Figure.3.22. Symbol of phototransistor 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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