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Bipolar Transistor Construction

1

Bipolar Transistor Configurations

• Common Base Configuration – has 
Voltage Gain but no Current Gain.

• Common Emitter Configuration –
has both Current and Voltage Gain.

• Common Collector Configuration –
has Current Gain but no Voltage 

Gain.
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The Common Base Transistor Circuit

• high voltage gain
• Vin and Vout are “in-phase”
• Common Base Voltage Gain

• single stage amplifier circuits such as microphone pre-
amplifier or radio frequency ( Rƒ ) amplifiers due to its 
very good high frequency response. 3

The Common Emitter (CE) Configuration

• highest current and power gain
• input impedance is LOW ,output impedance is HIGH
• Vin and Vout has a 180o phase-shift
• greater input impedance, current and power gain
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The Common Collector (CC) Configuration

• Voltage Follower or Emitter Follower circuit.
• useful for impedance matching applications
• very high input impedance, low output impedance
• good current amplification,  voltage gain of about “1” 

(unity gain)
• Vin and Vout are “in-phase”
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The Common Collector (CC) Configuration
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Bipolar Transistor Summary
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Characteristi
c

Common
Base

Common
Emitter

Common
Collector

Input 
Impedance Low Medium High

Output 
Impedance Very High High Low

Phase Shift 0o 180o 0o

Voltage Gain High Medium Low

Current Gain Low Medium High

Power Gain Low Very High Medium

Bipolar Junction Transistor(BJT)
as an Amplifer

Reference: Thomas L. Floyd, Electronics Devices: Pearson Education 
Inc
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BJT as an amplifier
• DC quantities always carry an 

uppercase roman (nonitalic) subscript. 
For example, IB, IC, and IE are the dc 
transistor currents. VBE, VCB, and VCE
are the dc voltages from one 
transistor terminal to another. Single 
subscripted voltages such as VB, VC, 
and VE are dc voltages from the 
transistor terminals to ground.
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BJT as an amplifier
• AC and all time-varying quantities 

always carry a lowercase italic 
subscript. For example, Ib, Ic, and Ie
are the ac transistor currents. Vbe, 
Vcb, and Vce are the ac voltages from 
one transistor terminal to another. 
Single subscripted voltages such as 
Vb, Vc, and Ve are ac voltages from 
the transistor terminals to ground.
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BJT as an amplifier
• The rule is different for internal 

transistor resistances. As you will see 
later, transistors have internal ac 
resistances that are designated by 
lowercase r’ with an appropriate subscript.

• For example, the internal ac emitter 
resistance is designated as r’e.

• For example RE is an external dc emitter 
resistance and Re is an external ac emitter 
resistance.
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DC Analysis of BJTs
• The voltage divider 

biasing is widely 
used

• Input resistance is:
RIN  DCRE

• The base voltage is 
approximately:
VB  VCCR2/(R1+R2)
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Voltage amplification
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Voltage amplification
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Voltage amplification
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Single Stage Common Emitter 
Amplifier Circuit
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Transistor Matching
• Class-B amplifiers uses “Complementary” or 

“Matched Pair”
• class B amplifiers use complementary NPN and 

PNP in their power output stage design. The NPN 
transistor conducts for only the positive half of 
the signal while the PNP transistor conducts for 
negative half of the signal.

17

Terminal Resistance Values for 
PNP and NPN Transistors

18

Between Transistor 
Terminals PNP NPN

Collector Emitter RHIGH RHIGH

Collector Base RLOW RHIGH

Emitter Collector RHIGH RHIGH

Emitter Base RLOW RHIGH

Base Collector RHIGH RLOW

Base Emitter RHIGH RLOW
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BJT Class A Amplifiers
• In a class A amplifier, the transistor conducts for 

the full cycle of the input signal (360°)
– used in low-power applications

• The transistor is operated in the active region, 
between saturation and cutoff
– saturation is when both junctions are forward biased
– the transistor is in cutoff when IB = 0

• The load line is drawn on the collector curves 
between saturation and cutoff

19

BJT Class A Amplifiers
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BJT Class A Amplifiers
• Three biasing mode for class A 

amplifiers
– common-emitter (CE) amplifier
– common-collector (CC) amplifier
– common-base (CB) amplifier

21

BJT Class A Amplifiers
• A common-emitter (CE) amplifier

– capacitors are used for coupling ac without 
disturbing dc levels
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BJT Class A Amplifiers
• A common-collector (CC) amplifier

– voltage gain is approximately 1, but current 
gain is greater than 1

23

BJT Class A Amplifiers
• The third configuration is the 
common-base (CB)
– the base is the grounded (common) 

terminal
– the input signal is applied to the emitter
– output signal is taken off the collector
– output is in-phase with the input
– voltage gain is greater than 1
– current gain is always less than 1
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BJT Class B Amplifiers
• When an amplifier is biased such that it operates 

in the linear region for 180° of the input cycle 
and is in cutoff for 180°, it is a class B amplifier
– A class B amplifier is more efficient than a 

class A
• In order to get a linear reproduction of the input 

waveform, the class B amplifier is configured in a 
push-pull  arrangement
– The transistors in a class B amplifier must be 

biased above cutoff to eliminate crossover 
distortion
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BJT Class B Amplifiers
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Bipolar Junction Transistor(BJT)
as a Switch

Reference: Thomas L. Floyd, Electronics Devices: Pearson Education 
Inc
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BJT as a Switch
• The transistor is in the cutoff region 

because the base-emitter junction is not 
forward-biased. In this condition, there is, 
ideally, an open between collector and 
emitter, as indicated by the switch 
equivalent.
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Cut-off Characteristics
• The input and Base are 

grounded ( 0v )
• Base-Emitter 

voltage VBE < 0.7v
• Base-Emitter junction is 

reverse biased
• Base-Collector junction is 

reverse biased
• Transistor is “fully-OFF” ( Cut-

off region )
• No Collector current flows 

( IC = 0 )
• VOUT = VCE = VCC = ”1″

• Transistor operates as an 
“open switch”

29

BJT as a Switch
The transistor is in the saturation region because 
the base-emitter junction and the base-collector 
junction are forward-biased and the collector 
current to reach its saturation value. In this 
condition, there is, ideally, a short between collector 
and emitter, as indicated by the switch equivalent. 
Actually, a small voltage drop across the transistor, 
which is the saturation 
voltage, VCE(sat).
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Saturation Characteristics
• The input and Base are 

connected to VCC

• Base-Emitter 
voltage VBE > 0.7v

• Base-Emitter junction is 
forward biased

• Base-Collector junction is 
forward biased

• Transistor is “fully-ON” ( 
saturation region )

• Max Collector current flows 
( IC = Vcc/RL )

• VCE = 0 ( ideal saturation )
• VOUT = VCE = ”0″

• Transistor operates as a 
“closed switch”

31

BJT as a Switch
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BJT as a Switch
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A Simple application of a BJT Switch
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A Simple application of a BJT Switch
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The BJT as a Switch
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The BJT as a Switch

• When used as an electronic switch, a 
transistor normally is operated alternately 
in cutoff and saturation
– A transistor is in cutoff when the base-emitter 

junction is not forward-biased.  VCE is 
approximately equal to VCC

– When the base-emitter junction is forward-
biased and there is enough base current to 
produce a maximum collector current, the 
transistor is saturated

37

Basic NPN Transistor Switching 
Circuit

• Using the transistor values from the previous tutorials of: β = 
200, Ic = 4mA and Ib = 20uA, find the value of the Base resistor 
(Rb) required to switch the load fully “ON” when the input 
terminal voltage exceeds 2.5v.
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Basic NPN Transistor Switching 
Circuit

• Again using the same values, find the minimum Base current 
required to turn the transistor “fully-ON” (saturated) for a load 
that requires 200mA of current when the input voltage is 
increased to 5.0V. Also calculate the new value of Rb.
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An example -- Digital Logic 
Transistor Switch

40
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An example --PNP 
Transistor Switching Circuit

41

An example --Darlington 
Transistor Configurations

42

• high switching speeds
• very high current gain
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Transistor as a Switch Summary

43

• Transistor switches can be used to switch and control 
lamps, relays or even motors.

• When using the bipolar transistor as a switch they must be 
either “fully-OFF” or “fully-ON”.

• Transistors that are fully “ON” are said to be in 
their Saturation region.

• Transistors that are fully “OFF” are said to be in their Cut-
off region.

• When using the transistor as a switch, a small Base current 
controls a much larger Collector load current.

• When using transistors to switch inductive loads such as 
relays and solenoids, a “Flywheel Diode” is used.

• When large currents or voltages need to be 
controlled, Darlington Transistors can be used.

Transistor Categories

44

Manufacturers generally classify bipolar 
junction transistors into three broad 
categories:
• general-purpose/small-signal devices.
• power devices.
• RF (radio frequency/microwave)devices.
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Transistor Categories
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