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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. 

 

 

 



Basic Electronics - Transistor ConfigurationsBasic Electronics - Transistor Configurations

A Transistor has 3 terminals, the emitter, the base and the collector. Using these 3 terminals theA Transistor has 3 terminals, the emitter, the base and the collector. Using these 3 terminals the
transistor can be connected in a circuit with one terminal common to both input and output in a 3transistor can be connected in a circuit with one terminal common to both input and output in a 3
different possible configurations.different possible configurations.

The three types of configurations are The three types of configurations are Common Base, Common EmitterCommon Base, Common Emitter and  and CommonCommon
CollectorCollector configurations. In every configuration, the emitter junction is forward biased and the configurations. In every configuration, the emitter junction is forward biased and the
collector junction is reverse biased.collector junction is reverse biased.

Common Base Common Base  Configuration Configuration

The name itself implies that the Base terminal is taken as common terminal for both input andThe name itself implies that the Base terminal is taken as common terminal for both input and
output of the transistor. The common base connection for both NPN and PNP transistors is asoutput of the transistor. The common base connection for both NPN and PNP transistors is as
shown in the following figure.shown in the following figure.

For the sake of understanding, let us consider NPN transistor in CB configuration. When theFor the sake of understanding, let us consider NPN transistor in CB configuration. When the
emitter voltage is applied, as it is forward biased, the electrons from the negative terminal repelemitter voltage is applied, as it is forward biased, the electrons from the negative terminal repel
the emitter electrons and current flows through the emitter and base to the collector tothe emitter electrons and current flows through the emitter and base to the collector to
contribute collector current. The collector voltage contribute collector current. The collector voltage VV  is kept constant throughout this. is kept constant throughout this.

In the CB configuration, the input current is the emitter current In the CB configuration, the input current is the emitter current II  and the output current is the and the output current is the
collector current collector current II ..

Current Amplification Factor Current Amplification Factor 

The ratio of change in collector current The ratio of change in collector current  to the change in emitter current  to the change in emitter current 

when collector voltage when collector voltage VV  is kept constant, is called as  is kept constant, is called as Current amplification factorCurrent amplification factor. It is. It is
denoted by α.denoted by α.

CCBB

CBCB

EE

CC

αα

$$ΔΔ $$IICC $$ΔΔ $$IIEE

CBCB



Expression for Collector currentExpression for Collector current

With the idea above, let us try to draw some expression for collector current. Along with theWith the idea above, let us try to draw some expression for collector current. Along with the
emitter current flowing, there is some amount of base current IB which flows through the baseemitter current flowing, there is some amount of base current IB which flows through the base
terminal due to electron hole recombination. As collector-base junction is reverse biased, thereterminal due to electron hole recombination. As collector-base junction is reverse biased, there
is another current which is flown due to minority charge carriers. This is the leakage currentis another current which is flown due to minority charge carriers. This is the leakage current
which can be understood as which can be understood as II . This is due to minority charge carriers and hence very. This is due to minority charge carriers and hence very
small.small.

The emitter current that reaches the collector terminal isThe emitter current that reaches the collector terminal is

Total collector currentTotal collector current

If the emitter-base voltage VIf the emitter-base voltage V  = 0, even then, there flows a small leakage current, which can = 0, even then, there flows a small leakage current, which can

be termed as Ibe termed as I   ..

The collector current therefore can be expressed asThe collector current therefore can be expressed as

αα == aatt ccoonnssttaanntt
ΔΔIICC

ΔΔIIEE
VVCC BB

leakageleakage

ααIIEE

== αα ++IICC IIEE IIlleeaakkaaggee

EBEB

CBOCBO ccoolllleeccttoorr −− bbaasseeccuurrrreennttwwiitthhoouuttppuuttooppeenn

== αα ++IICC IIEE IICC BBOO

== ++IIEE IICC IIBB

== αα(( ++ )) ++IICC IICC IIBB IICC BBOO

((11 −− αα)) == αα ++IICC IIBB IICC BBOO

== (( )) ++ (( ))IICC
αα

11 −− αα
IIBB

IICC BBOO

11 −− αα

== (( )) ++ (( ))IICC
αα

11 −− αα
IIBB

11

11 −− αα
IICC BBOO



Hence the above derived is the expression for collector current. The value of collector currentHence the above derived is the expression for collector current. The value of collector current
depends on base current and leakage current along with the current amplification factor of thatdepends on base current and leakage current along with the current amplification factor of that
transistor in use.transistor in use.

Characteristics of CB configurationCharacteristics of CB configuration

This configuration provides voltage gain but no current gain.This configuration provides voltage gain but no current gain.

Being Being VV  constant, with a small increase in the Emitter-base voltage V constant, with a small increase in the Emitter-base voltage V , Emitter, Emitter
current current II  gets increased. gets increased.

Emitter Current Emitter Current II  is independent of Collector voltage  is independent of Collector voltage VV ..

Collector Voltage Collector Voltage VV  can affect the collector current  can affect the collector current II  only at low voltages, when V only at low voltages, when V
is kept constant.is kept constant.

The input resistance ri is the ratio of change in emitter-base voltage The input resistance ri is the ratio of change in emitter-base voltage  to the to the

change in emitter current change in emitter current  at constant collector base voltage  at constant collector base voltage VV ..

As the input resistance is of very low value, a small value of VAs the input resistance is of very low value, a small value of V  is enough to produce a is enough to produce a
large current flow of emitter current large current flow of emitter current II ..

The output resistance rThe output resistance r  is the ratio of change in the collector base voltage  is the ratio of change in the collector base voltage 

to the change in collector current to the change in collector current  at constant emitter current  at constant emitter current II ..

As the output resistance is of very high value, a large change in As the output resistance is of very high value, a large change in VV  produces a very produces a very
little change in collector current little change in collector current II ..

This Configuration provides good stability against increase in temperature.This Configuration provides good stability against increase in temperature.

The CB configuration is used for high frequency applications.The CB configuration is used for high frequency applications.

Common Emitter Common Emitter  Configuration Configuration

The name itself implies that the The name itself implies that the EmitterEmitter terminal is taken as common terminal for both input and terminal is taken as common terminal for both input and
output of the transistor. The common emitter connection for both NPN and PNP transistors is asoutput of the transistor. The common emitter connection for both NPN and PNP transistors is as
shown in the following figure.shown in the following figure.
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Just as in CB configuration, the emitter junction is forward biased and the collector junction isJust as in CB configuration, the emitter junction is forward biased and the collector junction is
reverse biased. The flow of electrons is controlled in the same manner. The input current is thereverse biased. The flow of electrons is controlled in the same manner. The input current is the
base current base current II  and the output current is the collector current  and the output current is the collector current II  here. here.

Base Current Amplification factor Base Current Amplification factor 

The ratio of change in collector current The ratio of change in collector current  to the change in base current  to the change in base current  is is

known as known as Base Current Amplification FactorBase Current Amplification Factor. It is denoted by β. It is denoted by β

Relation between β and αRelation between β and α

Let us try to derive the relation between base current amplification factor and emitter currentLet us try to derive the relation between base current amplification factor and emitter current
amplification factor.amplification factor.
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We can writeWe can write

Dividing by $$Dividing by $$

We haveWe have

Therefore,Therefore,

From the above equation, it is evident that, as α approaches 1, β reaches infinity.From the above equation, it is evident that, as α approaches 1, β reaches infinity.

Hence, Hence, the current gain in Common Emitter connection is very highthe current gain in Common Emitter connection is very high. This is the reason this. This is the reason this
circuit connection is mostly used in all transistor applications.circuit connection is mostly used in all transistor applications.

Expression for Collector CurrentExpression for Collector Current

In the Common Emitter configuration, In the Common Emitter configuration, II  is the input current and  is the input current and II  is the output current. is the output current.

We knowWe know
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If base circuit is open, i.e. if If base circuit is open, i.e. if II  = 0, = 0,

The collector emitter current with base open is IThe collector emitter current with base open is I

Substituting the value of this in the previous equation, we getSubstituting the value of this in the previous equation, we get

Hence the equation for collector current is obtained.Hence the equation for collector current is obtained.

Knee VoltageKnee Voltage

In CE configuration, by keeping the base current In CE configuration, by keeping the base current II  constant, if  constant, if VV  is varied,  is varied, II  increases nearly increases nearly
to 1v of to 1v of VV  and stays constant thereafter. This value of  and stays constant thereafter. This value of VV  up to which collector current  up to which collector current II
changes with changes with VV  is called the  is called the Knee VoltageKnee Voltage. The transistors while operating in CE. The transistors while operating in CE
configuration, they are operated above this knee voltage.configuration, they are operated above this knee voltage.

Characteristics of CE ConfigurationCharacteristics of CE Configuration

This configuration provides good current gain and voltage gain.This configuration provides good current gain and voltage gain.

Keeping Keeping VV  constant, with a small increase in  constant, with a small increase in VV  the base current  the base current II  increases increases
rapidly than in CB configurations.rapidly than in CB configurations.

For any value of For any value of VV  above knee voltage,  above knee voltage, II  is approximately equal to β is approximately equal to βII ..

The input resistance The input resistance rr  is the ratio of change in base emitter voltage  is the ratio of change in base emitter voltage  to the to the

change in base current change in base current  at constant collector emitter voltage  at constant collector emitter voltage VV ..
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As the input resistance is of very low value, a small value of As the input resistance is of very low value, a small value of VV  is enough to produce a is enough to produce a
large current flow of base current large current flow of base current II ..

The output resistance The output resistance rr  is the ratio of change in collector emitter voltage  is the ratio of change in collector emitter voltage 

to the change in collector current to the change in collector current  at constant  at constant II ..

As the output resistance of CE circuit is less than that of CB circuit.As the output resistance of CE circuit is less than that of CB circuit.

This configuration is usually used for bias stabilization methods and audio frequencyThis configuration is usually used for bias stabilization methods and audio frequency
applications.applications.

Common Collector Common Collector  Configuration Configuration

The name itself implies that the The name itself implies that the CollectorCollector terminal is taken as common terminal for both input terminal is taken as common terminal for both input
and output of the transistor. The common collector connection for both NPN and PNPand output of the transistor. The common collector connection for both NPN and PNP
transistors is as shown in the following figure.transistors is as shown in the following figure.

Just as in CB and CE configurations, the emitter junction is forward biased and the collectorJust as in CB and CE configurations, the emitter junction is forward biased and the collector
junction is reverse biased. The flow of electrons is controlled in the same manner. The inputjunction is reverse biased. The flow of electrons is controlled in the same manner. The input
current is the base current current is the base current II  and the output current is the emitter current  and the output current is the emitter current II  here. here.
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Current Amplification Factor Current Amplification Factor 

The ratio of change in emitter current The ratio of change in emitter current  to the change in base current  to the change in base current  is is

known as known as Current Amplification factorCurrent Amplification factor in common collector  in common collector  configuration. It is denoted configuration. It is denoted

by by γγ..

The current gain in CC configuration is same as in CE configuration.The current gain in CC configuration is same as in CE configuration.

The voltage gain in CC configuration is always less than 1.The voltage gain in CC configuration is always less than 1.

Relation between γ and αRelation between γ and α

Let us try to draw some relation between γ and αLet us try to draw some relation between γ and α

Substituting the value of ISubstituting the value of I , we get, we get
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Expression for collector currentExpression for collector current

We knowWe know

The above is the expression for collector current.The above is the expression for collector current.

Characteristics of CC ConfigurationCharacteristics of CC Configuration

This configuration provides current gain but no voltage gain.This configuration provides current gain but no voltage gain.

In CC configuration, the input resistance is high and the output resistance is low.In CC configuration, the input resistance is high and the output resistance is low.

The voltage gain provided by this circuit is less than 1.The voltage gain provided by this circuit is less than 1.

The sum of collector current and base current equals emitter current.The sum of collector current and base current equals emitter current.

The input and output signals are in phase.The input and output signals are in phase.

This configuration works as non-inverting amplifier output.This configuration works as non-inverting amplifier output.

This circuit is mostly used for impedance matching. That means, to drive a lowThis circuit is mostly used for impedance matching. That means, to drive a low
impedance load from a high impedance source.impedance load from a high impedance source.
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Transistor Regions of OperationTransistor Regions of Operation

The DC supply is provided for the operation of a transistor. This DC supply is given to the twoThe DC supply is provided for the operation of a transistor. This DC supply is given to the two
PN junctions of a transistor which influences the actions of majority carriers in these emitter andPN junctions of a transistor which influences the actions of majority carriers in these emitter and
collector junctions.collector junctions.

The junctions are forward biased and reverse biased based on our requirement. The junctions are forward biased and reverse biased based on our requirement. ForwardForward
biasedbiased is the condition where a positive voltage is applied to the p-type and negative voltage is is the condition where a positive voltage is applied to the p-type and negative voltage is
applied to the n-type material. applied to the n-type material. Reverse biasedReverse biased is the condition where a positive voltage is is the condition where a positive voltage is
applied to the n-type and negative voltage is applied to the p-type material.applied to the n-type and negative voltage is applied to the p-type material.

Transistor biasingTransistor biasing

The supply of suitable external dc voltage is called as The supply of suitable external dc voltage is called as biasingbiasing. Either forward or reverse biasing. Either forward or reverse biasing
is done to the emitter and collector junctions of the transistor. These biasing methods make theis done to the emitter and collector junctions of the transistor. These biasing methods make the
transistor circuit to work in four kinds of regions such as transistor circuit to work in four kinds of regions such as Active region, Saturation region,Active region, Saturation region,

Cutoff regionCutoff region and  and Inverse active regionInverse active region  . This is understood by having a look. This is understood by having a look

at the following table.at the following table.

EMITTER JUNCTIONEMITTER JUNCTION COLLECTOR JUNCTIONCOLLECTOR JUNCTION REGION OF OPERATIONREGION OF OPERATION

Forward biasedForward biased Forward biasedForward biased Saturation regionSaturation region

Forward biasedForward biased Reverse biasedReverse biased Active regionActive region

Reverse biasedReverse biased Forward biasedForward biased Inverse active regionInverse active region

Reverse biasedReverse biased Reverse biasedReverse biased Cutoff regionCutoff region

Among these regions, Inverse active region, which is just the inverse of active region, is notAmong these regions, Inverse active region, which is just the inverse of active region, is not
suitable for any applications and hence not used.suitable for any applications and hence not used.

Active regionActive region

This is the region in which transistors have many applications. This is also called as This is the region in which transistors have many applications. This is also called as linearlinear
regionregion. A transistor while in this region, acts better as an . A transistor while in this region, acts better as an AmplifierAmplifier..
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This region lies between saturation and cutoff. The transistor operates in active region when theThis region lies between saturation and cutoff. The transistor operates in active region when the
emitter junction is forward biased and collector junction is reverse biased. In the active state,emitter junction is forward biased and collector junction is reverse biased. In the active state,
collector current is β times the base current, i.e.,collector current is β times the base current, i.e.,

Where,Where,

 = collector current = collector current

 = current amplification factor = current amplification factor

 = base current = base current

Saturation regionSaturation region

This is the region in which transistor tends to behave as a closed switch. The transistor has theThis is the region in which transistor tends to behave as a closed switch. The transistor has the
effect of its collector and Emitter being shorted. The collector and Emitter currents are maximumeffect of its collector and Emitter being shorted. The collector and Emitter currents are maximum
in this mode of operation.in this mode of operation.

The figure below shows a transistor working in saturation region.The figure below shows a transistor working in saturation region.
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The transistor operates in saturation region when both the emitter and collector junctions areThe transistor operates in saturation region when both the emitter and collector junctions are
forward biased. As it is understood that, in the saturation region the transistor tends to behaveforward biased. As it is understood that, in the saturation region the transistor tends to behave
as a closed switch, we can say that,as a closed switch, we can say that,

Where Where  = collector current and  = collector current and  = emitter current. = emitter current.

Cutoff regionCutoff region

This is the region in which transistor tends to behave as an open switch. The transistor has theThis is the region in which transistor tends to behave as an open switch. The transistor has the
effect of its collector and base being opened. The collector, emitter and base currents are alleffect of its collector and base being opened. The collector, emitter and base currents are all
zero in this mode of operation.zero in this mode of operation.

The following figure shows a transistor working in cutoff region.The following figure shows a transistor working in cutoff region.
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The transistor operates in cutoff region when both the emitter and collector junctions are reverseThe transistor operates in cutoff region when both the emitter and collector junctions are reverse
biased. As in cutoff region, the collector current, emitter current and base currents are nil, webiased. As in cutoff region, the collector current, emitter current and base currents are nil, we
can write ascan write as

Where Where  = collector current,  = collector current,  = emitter current, and  = emitter current, and  = base current. = base current.

== == == 00IICC IIEE IIBB

IICC IIEE IIBB



Transistor Load Line AnalysisTransistor Load Line Analysis

Till now we have discussed different regions of operation for a transistor. But among all theseTill now we have discussed different regions of operation for a transistor. But among all these
regions, we have found that the transistor operates well in active region and hence it is alsoregions, we have found that the transistor operates well in active region and hence it is also
called as called as linear regionlinear region. The outputs of the transistor are the collector current and collector. The outputs of the transistor are the collector current and collector
voltages.voltages.

Output CharacteristicsOutput Characteristics

When the output characteristics of a transistor are considered, the curve looks as below forWhen the output characteristics of a transistor are considered, the curve looks as below for
different input values.different input values.

In the above figure, the output characteristics are drawn between collector current In the above figure, the output characteristics are drawn between collector current II  and and
collector voltage collector voltage VV  for different values of base current  for different values of base current II . These are considered here for. These are considered here for
different input values to obtain different output curves.different input values to obtain different output curves.

Operating pointOperating point

When a value for the maximum possible collector current is considered, that point will beWhen a value for the maximum possible collector current is considered, that point will be
present on the Y-axis, which is nothing but the present on the Y-axis, which is nothing but the saturation pointsaturation point. As well, when a value for the. As well, when a value for the
maximum possible collector emitter voltage is considered, that point will be present on the X-maximum possible collector emitter voltage is considered, that point will be present on the X-
axis, which is the axis, which is the cutoff pointcutoff point..

When a line is drawn joining these two points, such a line can be called as When a line is drawn joining these two points, such a line can be called as Load lineLoad line. This is. This is
called so as it symbolizes the output at the load. This line, when drawn over the outputcalled 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 characteristic curve, makes contact at a point called as Operating pointOperating point..

This operating point is also called as This operating point is also called as quiescent pointquiescent point or simply  or simply Q-pointQ-point. There can be many. There can be many
such intersecting points, but the Q-point is selected in such a way that irrespective of AC signalsuch intersecting points, but the Q-point is selected in such a way that irrespective of AC signal
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swing, the transistor remains in active region. This can be better understood through the figureswing, the transistor remains in active region. This can be better understood through the figure
below.below.

The load line has to be drawn in order to obtain the Q-point. A transistor acts as a goodThe 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, faithfulamplifier when it is in active region and when it is made to operate at Q-point, faithful
amplification is achieved.amplification is achieved.

Faithful amplificationFaithful amplification is the process of obtaining complete portions of input signal by 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. This isincreasing the signal strength. This is done when AC signal is applied at its input. This is
discussed in AMPLIFIERS tutorial.discussed in AMPLIFIERS tutorial.

DC Load lineDC Load line

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



The value of collector emitter voltage at any given time will beThe value of collector emitter voltage at any given time will be

As VAs V  and R and R  are fixed values, the above one is a first degree equation and hence will be a 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 straight line on the output characteristics. This line is called as D.C. Load lineD.C. Load line. The figure below. The figure below
shows the DC load line.shows the DC load line.

To obtain the load line, the two end points of the straight line are to be determined. Let thoseTo obtain the load line, the two end points of the straight line are to be determined. Let those
two points be A and B.two points be A and B.

To obtain ATo obtain A

When collector emitter voltage VWhen collector emitter voltage V  = 0, the collector current is maximum and is equal to = 0, the collector current is maximum and is equal to
VV /R/R . This gives the maximum value of V. This gives the maximum value of V . This is shown as. This is shown as

This gives the point A (OA = VThis gives the point A (OA = V /R/R ) on collector current axis, shown in the above figure.) on collector current axis, shown in the above figure.

To obtain BTo obtain B

When the collector current IC = 0, then collector emitter voltage is maximum and will be equal toWhen 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 asthe VCC. This gives the maximum value of IC. This is shown as
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(As I(As I  = 0) = 0)

This gives the point B, which means (OB = VThis gives the point B, which means (OB = V ) on the collector emitter voltage axis shown in) on the collector emitter voltage axis shown in
the above figure.the above figure.

Hence we got both the saturation and cutoff point determined and learnt that the load line is aHence 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.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 theThe importance of this operating point is further understood when an AC signal is given at the
input. This will be discussed in AMPLIFIERS tutorial.input. This will be discussed in AMPLIFIERS tutorial.
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