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Bipolar Junction Transistors”,under the
paper Analog Electronics .
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INTRODUCTION

BIPOLAR JUNCTION TRANSISTOR

A bipolar junction transistor (bipolar
transistor or BJT) 1s a type of transistor that uses
both electrons and holes as charge carriers.

Unipolar transistors, such as field-effect
transistors, use only one kind of charge carrier.
BJTs use two junctions between

two semiconductor types, n-type and p-type.

A bipolar junction transistor is a current
controlled device.



BJT schematic symbols




Terminals of Transistor

The emutter layer 1s heavily doped base lightly
doped.
Doping level : emitter > base > collector

Outer layer has width much greater than those of
sandwiched p or n — type material . For transistor
the ratio of width of outer layer to that of sand
wiched p or n — type material 1s (150 : 1) .

The doping of the base layer 1s considerably less
than that of the outer layers .

This lower doping level decreases the conductivity
of this material by limiting the number of free
electrons . The term bipolar reflects the fact that
holes and electrons participate in the injection
process into the oppositely polarised material .



Transistor operation

For working of a trnasistor, base —
emitter junction must be forward biased
and collector base junction must be
reverse biased.




When proper biasing 1s achieved, then the following
condition holds:

Ig=Ic+1g
lc = ICmajority T ICOminority
Where It 1s emitter current and Is 1s base
current.

Collector current 1s comprised of two
components, majority components
and minority components.

IC — ICmaj()lrity T ICOminority

where , 1., = collector current with E
terminal open



Transistor types: Construction

~..  Transistor 1s a three layer semiconductor device
categorised as npn and pnp.
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NPN Transistor

The transistor in which one p-type material is
placed between two n-type materials is known
as NPN transistor.

The NPN transistor amplifies the weak
signal enter into the base and produces strong
amplify signals at the collector end. In this BJT,
the direction of movement of an electron is
from emitter to collector region due to
which the current constitutes in the transistor.

Such type of transistor is mostly used in the
circuit because their majority charge carriers are
electrons which have high mobility as compared
to holes.



Construction of NPN Transistor

The NPN transistor has two diodes
connected back to back.The diode on the
left side is called an emitter-base diode,
and the diodes on the left side are called
collector-base diode. These names are
given as per the name of the terminals.
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Working of NPN Transistor

The forward biased 1s applied across the
emitter-base junction, and the reversed
biased 1s applied across the collector-base
junction. The forward biased voltage

Vg 1s small as compared to the reverse

bias voltage V .
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PNP Transistor

The transistor in which one n-type material
1s doped with two p-type materials such
type of transistor 1s known as PNP
transistor.

4 I L ‘ }—j")
Crirar AT



Working of PNP Transistor

The emitter-base junction 1s connected 1n
forward biased due to which the emitter
pushes the holes 1n the base region.

Thes

e holes constitute the emitter current.

When these electrons move into the N-type
semiconductor material or base, they
combined with the electrons.

The |

base of the transistor 1s thin and very

light

'y doped. Hence only a few holes

combined with the electrons forming the base
current and the remaining are moved towards

the ¢

ollector space charge layer.



As CB junction is reverse biased, the holes
move towards the collector , as the base
allows the minority holes to move further.
This constitutes the collector current due to
holes moving from emitter to collector.
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MODES OF OPERATION

A transistor 1s a three terminal device. But in
2 port analysis we require 2 terminals for
input, 2 terminals for output. So, one terminal
1s common to both input and output circuit.

A transistor can be used in three modes:
»Common emitter( CE)
» Common base(CB)
»Common collector (CC)

Each circuit connection has specific
advantages and disadvantages. BJT in CE
mode 1s used as an amplifier as the gain 1s
very high.



COMMON BASE(CB)
CONFIGURATION

Here base 1s grounded and 1t 1s used as the
common terminal for both input and
output.

It 1s also called as grounded base
configuration. Emitter 1s used as a input
terminal where as collector is the output
terminal.
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Input characteristics

It 1s defined as the characteristic curve
drawn between 1nput voltage to input
current whereas output voltage 1s constant.

A curve 1s drawn between emitter current

and

col

| emitter base voltage at constant
ector base voltage 1s shown 1n figure

W

nen Vg 1s zero EB junctions 1s forward

biased. So i1t behaves as a diode so that
emitter current increases rapidly.



s The curve 1s analogous to the
forward biased diode characteristics.



Output Characteristics

It 1s defined as the characteristic curve
drawn between output voltage to output
current whereas input current 1s constant.

To determine output characteristics, the
emitter current I 1s kept constant at zero
and collector current Ic 1s increased from
zero by increasing V5. This 1s repeated for
higher fixed values of .
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Transfer Characteristics

It 1s a plot of Input
versus Output o ;
current for fixed .
values of Vcs. AL

It 1s a straight line .
showing linear |
relation with the r it
slope giving value

of Alpha.



COMMON EMITTER (CE)
CONFIGURATION

In common emitter configuration, emitter
1s grounded and 1t 1s used as the common

terminal for both iput and output. Base 1s
used as a input terminal whereas collector

1s the output terminal
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Input Characteristics

It 1s defined as the characteristic curve
drawn between 1nput voltages to input
current whereas output voltage 1s constant.

A curve 1s drawn between base current and
base emitter voltage at constant collector
base voltage 1s shown. Here the base width
decreases. So curve moves right as

Vg Increases.
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Output Characteristics

It 1s defined as the characteristic curve
drawn between output voltage to output
current whereas input current 1s constant.

From the characteristic it 1s seen that for a
constant value of Is, Ic 1s independent of

VB and the curves are parallel to the axis
of Vce.
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TRANSISTOR IN ACTIVE
REGION

In this region, the transistor 1s operated
because it offers a linear curve with gain
stability.

Active region 1s one in which base emitter

junction 1s forward biased and base
collector junction 1s reverse biased.



TRANSISTOR IN SATURATION
REGION

Saturation 1s one in which both emitter base
and base collector junctions of the transistor are
forward biased.

In this region high current flows through the
transistor , as both junctions of the transistor
are forward biased and bulk resistance offered
1s very much less .

Transistor in saturation region is considered as
one state 1n digital logic.
A transistor 1s said to be 1n saturation if and
only if

B= 1/l



TRANSISTOR IN CUT-OFF
REGION

In this region both junctions of the transistor
are reverse biased. Hence transistor in cut-off
does not conduct any current except for
small reverse saturation currents that flow
across junctions.

In cut-off condition emitter current is zero
and the collector current consists of small
reverse saturation currents.

Transistor when used as switch is operated in
cut-off on condition and saturation regions
which corresponds to switch off an on
condition respectively.



Transfer Characteristics

From the transfer
characteristic
curve, we can
obtain the value of
Current

Amplification
factor [




COMMON COLLECTOR (CC)
CONFIGURATION

In common collector configuration circuit
1s shown 1n figure. Here collector 1s
grounded and 1t 1s used as the common
terminal for both input and output.

It 1s also called as grounded collector
configuration.

Base 1s used as a mput terminal whereas
emitter 1s the output terminal.
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Input Characteristics

It 1s defined as the characteristic curve drawn
between input voltage to input current whereas
output voltage 1s constant.

To determine mput characteristics, the emitter
base voltage VEs 1s kept constant at zero and
base current Is 1s increased from zero by
increasing Vsc.This 1s repeated for higher fixed
values of Vce. A curve 1s drawn between base
current and base emitter voltage at constant
collector base voltage 1s shown.
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Output Characteristics

It 1s defined as the characteristic curve drawn
between output voltage to output current
whereas input current 1s constant.

From the characteristic 1t 1s seen that for a
constant value of Is, It 1s independent of
VEB and the curves are parallel to the axis of

VEC.
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Transfer Characteristics

It 1s a plot of 1nput

current Is versus :
output current Ie
for fixed value of R

&
VCE.
—m

Its slope gives the .
value of current %' e lerenueam ek ek
amplification

factor v.
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Common Base Connection

* Currert smalFkcation racter x| -
The ratic al thasge in cellactor canrpnt 1 Lhe
chang=in emitier currert 3 tenstant Va s known
ssodmrent areircssion Rcar /7.
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“? Froctica value cf ¢F 15 sz than unity, dutin the
range ol 0.9 ¢ 0.99



Expression for Collector Current

=2 1ol emitte s current gors nat reach the colestar
tenmmal, becauss s small portar of it constitute

base purrenit. 5o,
“ - { * .‘c

=050, vollector diaoe &5 reverss Gigsed, so very
[ rinor Ly cortier passes Ue collecior-base
junction which sutualy constitule leakape
0."‘@“(.‘-\'.

= S, collectar Current constitute af aoetion of
emitter current (rf, anc leakage currem <.
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Input and Output Resistance of
common base conf.

* Input Resistance: The ratio of change in
e Uler-base voltape o Uhe changs= in smiler
currant is called Input Resistance

LY
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* Dulpul Pesistancs: The rabo ol changes n
collectar base weltage to the change in
vallector current o called Qutput Resiswsncy,
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Common Emitter Connection

* Base Current amolification faotee (7))
* Inocommon amister connecton nowt current is hase
current and outout current is collector current.

¢ The rasa ot change in cotactar currant ta the
chanpes in base currenl s known a3 base current
amplification factor, e Al

| P —

M.’
* Normally only 53% o emitter current Hows 1o base,
s0 amplificatian factar is greater than 20 Usua'ly
this range vases from 20 1o 500,




Relation Between® and &
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Input and Output Resistance of
caommon emitter conf.

* Input Resistance: The ratio af change n
ermitter-gese yoltage to the change in bass

curvent s called Input Resistance

LAY,

A,
« Dutput Resistance. The rata af change In

callector-emitter voltage to the change in
collector current is called Qutput Resistance.
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TRANSISTOR LOAD LINE
ANALYSIS

The load line analysis of transistors means , for the
given value of collector-emitter voltage , we find
the value of collector current.

For drawing the DC load line , we need to know
its cut off and saturation point.

The DC load represents the desirable
combinations of the collector current and
collector-emitter voltage.

DC load line is straight line joining the cut off and
saturation point.

Let us consider a CE NPN transistor circuit
shown in the figure given , when no input signal is
applied.
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The DC load line curve of the

previous circuit is shown here:
\ i

D AW, Vorfwaka)
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CUT OFF & SATURATION POINTS

Vee = IcRe T Ve
Therefore I~ = V/R¢c — Vp/Re
TWO PARTICULAR CASES
Dwhenl-=0,V.=Vc
It gives the cut off point A.
2)when V=0, 1= V-/R¢
It gives the saturation point.




Q- point or Operating Point

A point on the DC load line , which
represents the value of I and V- that
exi1st 1n a transistor circuit when no input
signal 1s applied.

It 1s also known as the DC operating point
or working point.

The best position for this point 1s midway
between cut-off and saturation point where

Ve = 1/2V e






Q-POINT AND MAXIMUM

UNDISORTED OUTPUT

Position of the Q-point on the DC load line
determines the maximum signal that we
can get from the circuit before clipping
occurs.

THE THREE CASES

1) When Q-point Q, is located near cut-off
point , signal first starts to clip at A. 1t 1s
called cut-off clipping because the positive

swing of the signal drives the transistor to
cut-off.



* As seen from the given figure , maximum
swing is = |coRc
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“2)When Q-point Q, is located near
saturation point , then clipping first starts
at B as shown.

< The maximum negative swing =VcEQ
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3)When Q-point Q; 1s located at the centre
of the load line , 1n this condition , we get
the maximum posmble output signal.

The point Q; gives the optimum Q-point

The maximum undistorted signal = 2V

Q point 1s also known as quiesent point or
silent point because it 1s the point where
the transistor 1s silent 1e. There 1s no a.c.
signal.



ACTIVE REGION

% IDEAL OPERATING POINT IN




APPLICATIONS OF BJT

BJTs can be used as amplifiers or switches.

This ability gives them many applications
in electronic equipment such as computers,
televisions, mobile phones.

These are also commonly used 1n audio
amplifiers, industrial control, and radio
transmitters.

It serves as the fundamental unit in design
of Integrated Circuits.



> D

cleNs:

REFERENCES

Electronic Devices by B.L. Theraja
Basic Electronics by V.K.Mehta
Electronics hub for figures

lectronics by Rakshit and
hattopadhyay

lectronic Devices by Boylestead






