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Transistor

A transistor consists of two pn junctions formed by

*sanawiching either p-type or n-type semiconauctor
between a pair of opposite types. Accordingly ; there
are two types of transistors, namely;

(/) n-p-ntransistor

(/1) p-n-p transistor
An npntransistor 1s composed of two 7-type
semiconductors separated by a thin section of p-type

where, a pnp transistor is formed by two p-sections
separated by a thin section of r-type




Naming the Transistor Terminals

A transistor (pnp or npn) has three sections of doped semiconductors. The section on one
side is the emitter and the section on the opposite side is the collector. The middle section is
called the base and forms two junctions between the emitter and collector.

(/) Emitter. The section on one side that supplies charge carriers (electrons or holes) is called the
emitter. The emitter is always forward biased w.r.t. base so that it can supply a large
number of *majority carriers. the emitter (p-type) of pnp transistor is forward biased and
supplies hole charges to its junction with the base. Similarly, the emitter (/-type) of npn
transistor has a forward bias and supplies free electrons to its junction with the base.

« (/1) Collector. The section on the other side that collects the charges is called the collector.
The collector is always reverse biased. Its function is to remove charges from its junction
with the base.

» (/17 Base. The middle section which forms two pr+junctions between the emitter and
collector is called the base. The base-emitter junction is forward biased, allowing low
resistance for the emitter circuit. 7he base-collector junction is reversing biased and
provides high resistance in the collector circuit.
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The symbols used for npnis shown in Fig.
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Fig. 8.7

the input circuit should always remain forward biased. To do so, a d.c. voltage
Ve Is applied in the input circuit in addition to the signal as shown. This d.c.
voltage is known as bias voltage and its magnitude is such that it always keeps

the input circuit forward biased regardless of the polarity of the signal.



Transistor Connections

There are three leads in a transistor viz., emitter, base and collector
terminals. However, when a transistor is to be connected in a circuit,
we require four terminals; two for the input and two for the output.
This difficulty is overcome by making one terminal of the transistor
common to both input and output terminals. The input is fed between
this common terminal and one of the other two terminals. The output
IS obtained between the common terminal and the remaining terminal.

Accordingly; a transistor can be connected in a circuit in the following
three ways:

e common base connection
e common emitter connection
o (1]) common collector connection



Transistor Circuit

As the input circuit has low resistance, therefore, a
small change in signal voltage causes an appreciable
change In emitter current. This causes almost the
same change In collector current due to transistor
action. The collector current flowing through a high
load resistance R produces a large voltage across It.
hus, a weak signal applied in the input circuit
appears in the amplified form in the collector circuit.
It IS In this way that a transistor acts as an amplifier.




Trangistor

The npn transistor with forward bias
to emitter base junction and reverse
bias to collector-base junction. The
forward bias causes the electrons In
the n-type emitter to flow towards
the base. This constitutes the emitter Basic comection o rpm ansisin
current /.. As these electrons flow

through the p-type base, they tend to

combine with holes. As the base is

lightly doped and very thin.
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e Suppose that number N of electrons in the emitter terminal and oN are pass the
base region (more than 95%) cross over into the collector region to constitute
collector current /. only a few(1-a)N electrons (less than 5%) combine with holes
to constitute base current /5. It is clear that emitter current is the sum of collector and

base currents /.e.

(N)  no.of electron exist in emitter region N
and (aN) no.of electron pass to collector region (aN) =1;
(1- )N no.of electron are recombine in base region  (Z-a)N =/,
Or
N = (Z-a)N+aN
lg=Igt Ic
l-=a I

oa=1-/1Ic




Emitter

(B)
c?r?’fgét Emitter-base Collecter-base
junction junction
(==8) Base (&=N))
(B)
Mode EBJ CBJ
Cutoff Reverse Reverse
Active Forward Reverse
Saturation Forward Forward

Collecter

(®)



Operation of the npn Transistor in the Active
Mode




Current Flow

e Only diffusion-current components are considered

* Profiles of minority-carrier concentrations in the base and in the emitter of an npn
transistor operating in the active mode; v > 0 and vg > 0.

' CBJ
AL LET 5 s : Collector
* (n) depletion (p) depletion )
region region
Electron
concentration

A

n, (ideal)

Hole
concentration

L/

rier concentration

,(0)!

v

[
»

/', (with |
recombination) Distance (x)

Effective base
width W



Bipolar Junction Transistors

The Collector Current

= Most of the diffusing electrons will reach the boundary of the collector-base depletion
region

» These successful electrons will be swept across the CBJ depletion region into the
collector

= By convention, the direction of i is opposite to that of electron flow

ic =1, andn (0)=n_e"="

i =1 e'=M
saturation current | _ A:qD,n;
N,W
Npo = niz/NA
ls = AEannpO/VV
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 TheBase Current —

Two components of base current, ig; and ig,.

/\ Hole diffusivity
in the emitter

AEqun' VBE/VT

Nok?———— vl o ent .
Doping concentration mln?i:‘g%/i-rﬁaemer
of the emitter
Qn=AEq><1np(o)/v . DN, W 1 W? e i
= DN L e 7,
Q AEqwn VBE/VT
2l - F
sy
: 5 D, N, W 1 W?
== 2D 2 ﬂ:/[ Tt J
2 TbNA : IS Veg NV n D —p nCh
L= E common-emitter

current gain



The Emitter Current

common-base
current gain

| 5

p+1
ic = (15 /a)e’="
IB a

=




