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— Bipolar Junction Transistors

& * The transistor is a three-layer semiconductor
device consisting of either two n- and one p-
type layers of material or two p- and one n-
type layers of material.

* The former is called an npn transistor, while
the latter is called a pnp transistor

* So, there are two types of BJT-
i) pnp transistor ii) npn transistor
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Bipolar Junction Transistors

In each transistor following points to be noted-

i) There are two junction, so transistor can be
considered as two diode connected back to
back.

ii) There are three terminals.

iii)The middle section is thin than other.

. o
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Naming of Transistor Terminals
* Transistor has three section of doped
semiconductor.

e The section one side is called “emitter” and
the opposite side is called “collector”.

* The middle section is called “base”.

2 Transistor
Bane € symbol
1 Emitter

~—r’
~ )
-
~r’
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Naming of Transistor Terminals

1) Emitter:

- The section of one side that supplies
carriers is called emitter.

- Emitter is always forward biased wr to
base so it can supply carrier.

- For “npn transistor” emitter supply holes
to its junction.

- For “pnp transistor” emitter supply
electrons to its junction. e

3 . e
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Naming of Transistor Terminals

2) Collector:

—>The section on the other side that collects
carrier is called collector.

—> The collector is always reversed biased wr to
base.

= For “npn transistor” collector receives holes
to its junction.

- For “pnp transistor” collector receives
electrons to its junction.
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Naming of Transistor Terminals

— 3) Base:

—>The middle section which forms two pn
junction between emitter and collector is
called Base.

\-/
- \
-’
~r’
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Transistor Operation

1) Working of npn transistor:

f P v Forward bias Is
== = applied to emitter-
k= = % — | 1 base junction and
! I | reverse bias is
T W _ applied to collector-

g u base junction.

v'The forward bias in the emitter-base junction
causes electrons to move toward base. This
constitute emitter current, I

e " —
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2) Worki

Transistor Operation

P
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ng of pnp transistor:

o—= | o—>

v’ Forward bias is

=i applied to emitter-

—  —————

~> == 7| basejunction and

I reverse bias is

1

Hilk

base junction.

applied to collector-

v'The forward bias in the emitter-base junction
causes holes to move toward base. This
constitute emitter current, I
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Transistor Symbol
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Transistor Operating Modes

* Active Mode

- Base- Emitter junction is forward and Base-
Collector junction is reverse biased.

* Saturation Mode

- Base- Emitter junction is forward and Base-
Collector junction is forward biased.

* Cut-off Mode
— Both junctions are reverse biased. N—

:
-’
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Transistor Connection

* Transistor can be connected in a circuit in
following three ways-

1) Common Base
2) Common Emitter
3) Common Collector

~—
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Common Base Connection

* The common-base terminology is derived

from the fact that the base is common to both

S—
the input and output sides of the
configuration.
- < (4. ;‘:\" - »’ (/;;) >
Si(:‘;NM. 4, R, %}E O_I:'F‘UT SI(%NAL - R, ;\‘ O_LTJ—TPUT
| il } . thfe ‘
V, V, Vi J
* First Figure shows common base npn configuration and second
figure shows common base pnp configuration.
' » q
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- Characteristics of common base

configuration

* |nput Characteristics:

23EET103 / ECED

= Vee Vs l:characteristics is
called input
characteristics.

- lcincreases rapidly with
Vee. It means input
resistance is very small.
- lcalmost independent
of Ve.

= —
DR.MVP / PROFESSOR & WNNOVATOR (CFC)
"

/



= Characteristics of common base
configuration

O Qutput Characteristics: SVivsi

characteristics is called

. 275 output characteristics.

= -2 lcvaries linearly

with Vec,only when Vs

. is very small.

T - As, Vecincreases, Ic

41 : == .. becomes constant. N
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= Input and Output Resistance of
common base conf.

* Input Resistance: The ratio of change in
emitter-base voltage to the change in emitter

current is called Input Resistance.
p o= AVge
i AII:'
* Qutput Resistance: The ratio of change in
collector-base voltage to the change in

collector current is called Output Resistance.

AV,
To =
Al

~— v
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Common Emitter Connection

* The common-emitter terminology is derived from

—
the fact that the emitter is common to both the
input and output sides of the configuration.
&) 5T L) .37
51-:g:r‘:.L ¥ s .cn..’.:mav. 4 )l
* First Figure shows common emitter npn configuration and second ~__
figure shows common emitter pnp configuration.
) & \/
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Common Emitter Connection

* Base Current amplification factor (ﬂ) :

* In common emitter connection input current is base
current and output current is collector current.

* The ratio of change in collector current to the
change in base current is known as base current
amplification factor,lg. Al,

=

* Normally only 5% of emitter current flows to base,

so amplification factor is greater than 20. Usually
this range varies from 20 to 500.

- T —
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Characteristics of common emitter
configuration

—* Input Characteristics: -V vs lscharacteristics is
s . called input
Veg=10% characteristics.
Sl - lsincreases rapidly with

Vee. It means input
resistance is very small.

- lcalmost independent

1“1*1“141{/1 L of Ve N

6 05 10 . —2lsis of the range of micro
amps. /
9
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- Characteristics of common emitter

configuration
- * Qutput Characteristics: SVevs .

characteristics is called
Ao T output characteristics.
Wi = levaries linearly
;f:-jﬁ_f'_ﬁ = el il with Ve, only when Ve
M is very small.
ﬁ_ﬂ: 7 e > As, Vesincreases, Ic

s -—% — becomes constant. e
=4 " \-/
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Common Collector Configuration

* The common-collector terminology is derived from
the fact that the collector is common to both the
input and output sides of the configuration.

T T

OUTPUT T outeur

- sl
{ l \ J — r l p—
{ ! ) - =
SIGNAL | SIGNAL 4 1

(i)

* First Figure shows common collector npn configuration and second figure
shows common collector pnp configuration.

~r’ =
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Common Collector Configuration

* Current amplification factor (,7/) :

* In common emitter connection input current is base
current and output current is emitter current.

* The ratio of change in emitter current to the change
in base current is known as current amplification

factor in common collectoArlconfiguration.
.

y=——
Al,
* This circuit provides same gain as CE configuration
as, "
AT, = AL,

-
S q
2
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Comparison of Transistor Connection

S. No. | Characteristic | Common base Common emitter  |Common collector
I. | Inputresistance | Low (about 100€) | Low (about 750 ) |Very high (about
750 kQ)

2. | Qutputresistance | Very high (about High (about 45 k€2) |Low (about 50 )
450 kQ)

3. | Voltage gain about 150 about 500 less than |

4. | Applications For high frequency | For audio frequency |For impedance
applications applications matching

5. | Current gain No (less than 1) High (B) Appreciable
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Transistor as an amplifier in CE conf.

S s ) \ <
‘ d
i, SIGNAL e R b T
A 7 R-ZoutPuT F=-d--- e e
’ ~ < /
N8 9 < | X
0 \/ 1,

| s UL

* Figure shows CE amp‘Iifier for npn transistor.

* Battery Vs is connected with base in-order to
make base forward biased, regardless of input ac
polarity.

* Qutput is taken across Load R
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Transistor as an amplifier in CE conf.

* During positive half cycle input ac will keep the emitter-
base junction more forward biased. So, more carrier
will be emitted by emitter, this huge current will flow
through load and we will find output amplified signal.

* During negative half cycle input ac will keep the
emitter-base junction less forward biased. So, less
carrier will be emitted by emitter. Hence collector
current decreases.

* This results in decreased output voltage (In opposite N

direction).
& - q
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Transistor Load line analysis

* In transistor circuit analysis it is necessary to
determine collector current for various Ve
voltage.

* One method is we can determine the collector
current at any desired Ve voltage, from the
output characteristics.

* More conveniently we can use load line
analysis to determine operating point.

- T—
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Transistor Load line analysis

1 : ;
= - ->Consider common emitter
; | npn transistor ckt shown in
i i 2
> @ figure.
‘ . R . . .
2 [ Ve 4 —>There is no input signal.
I ¥ :
SIGNAL £ l - Apply KVL in the output
i 4 ,HM., th" : . :
Via Ve Vee = Vee—1cRe
(/) When the collector current /= 0, then collector-emitter voltage is maximum and is equal to
Vecie
Max, Vep = Vee— IR,
= Vee (" 1-=0)
When collector-emitter voltage V.= 0, Vep = Vee=1IpRe
0 = l'(..(.—/(./\’(_
Max. I = Vee/R,
- -
( 7
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Transistor Load line analysis

» Vep (VOLTS)
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Operating Point
The zero signal values of I ~and V- are known as the operating point.

It is called operating point because variation of Ic
takes place about this point.
- It is also called quiescent point or Q-point.
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