B Sc Physics (Electronics) Transistor

TRANSISTOR

Transistor

The BJT (bipolar junction transistor) is constracteith three doped semiconductor
regions separated by two pn junctions. The thregons are called emitter, base, and
collector. One type consists of two n regions satear by a p region (npn), and the other type
consists of two p regions separated by an n regiop). The term bipolar refers to the use of

both holes and electrons as carriers in the tremmssgucture. Q_\\
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The pn junction joining the base re’@ﬁw‘and t
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emitter region is called the base-emitté\@nctﬂilne pn
junction joining the base region g%zcollemgion B B
is called the base-collector jur}é‘ . The baseéoreds
E E

lightly doped and very thi mpared to the heav ,,,, ) prp

doped emitter and t oderately doped collector
regions. The sche%@symbols for the npn andlppglar junction transistors is shown in
the figure: 0
Transistor b&
he normal operation of a transistor, its
e%&é/@ase junction is always forward biased and BC reverse
0

biased

collector base junction is always reversed biased.
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To illustrate transistor action, let's examir —
BE torward

what happens inside the npn transistor. The forw biased

bias from base to emitter narrows the BE depleti

region, and the reverse bias from base to collesidens the BC depletion region. The

heavily doped n type emitter region is teeming witnduction-band (free) electrons that
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easily diffuse through the forward-biased BE jumiatinto the p-type base region. The base
region is lightly doped and very thin so that iskalimited number of holes. Thus, only a
small percentage of all the electrons flowing tlgiouhe BE junction can combine with the
available holes in the base. These relatively feeombined electrons flow out of the base

lead as valence electrons, forming the small besren current.

Collector clectron current (/)

Base

clectron . Al
L current (fy) 5% Emutter clectron
"5‘\‘ current Ug =lc + Iy)

Q Most of the electrons flowing from the emitter iribe thin, lightly doped base region

do not recombine but diffuse into the BC depletiegion. Once in this region they are pulled
through the reverse-biased BC junction by the ete@ield set up by the force of attraction
between the positive and negative ions. The elestn@mw move through the collector region,
out through the collector lead, and into the pesiterminal of the collector voltage source.
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Transistor Currents
The arrow on the emitter of the transistor symbptsnts in the direction of
conventional current.
This diagrams shows that the emitter currept id the sum of the collector current
(Ic) and the base curreng)] expressed as follows:
le=lc+1s
Transistor Parameters
Consider a transistor s

connected to dc bias voltages for bo

npn and pnp types. g¢ forward-

biases the base-emitter junction, at Vs =

V. reverse-biases the base-collect _Ll
junction. @ npn - ®) pnp
~/

DC Beta (B4c) ) "
The ratio of the dc collector curreng)lto the dc bas&rrengﬂis the dc betad;.), which
is the dc current gain of a transistor. Typica %dc lies in the range of 50 to 400.

Ic .

ﬁdc = g \‘\,

DC Alpha (a4.) \Z’V

The ratio of the dc collector nicX to the dc emitter curreniy) is the dc alpha.

Typically, values ofx,;. ran m 0.95 to 0.99 or greater, byt is always less than 1.

_Ic
adc—l— &
g D

Transistor in a Ci w

Transis three terminals:
(1) Emitter (i) Base (i)  Collecor
When ut the transistor in a circuit, one teahicts as input terminal and the other as

&terminal. The third terminal acts as a comnterminal to both input and output
circuits. Any one of the three terminals can be en@dmmon. So a transistor con be
connected in a circuit in three ways.

(1) Common Base Configuration

(i) Common Emitter Configuration

(i)  Common Collector Configuration
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Common Emitter Configuration
Figure shows the common emitter configuration gf plansistor. It is called common
emitter configuration because emitter is commobdth input and output circuits. Two sets
of curves are required to completely describe thieakiior of CE configuration. One set of
curves are called input characteristics and theratét is called output characteristics.
Input Characteristics
The input characteristics show a relationship betweput current gl andh@ut
voltage \ke for different values of output voltagec¥. The set of curves obtain%M input
characteristics is called base curves. 6
Base Curves /\/\
These are the curves obtained by plottigdainst \4e with V., E@parameter as
shown in the figure. The characteristics are sintda N
that of a forward biased diode. This is becausbef
reason that base emitter region is forward biadé=l.

obtain two hybrid parameters or transistor constaﬁ

from the input characteristics. ‘b
Input Resistance .
It is the ratio of the change in Eé&, mitter

voltage QAVg) to the change in base curreaty) at
constant/;. i.e v
CE- .., (b =
(AVB E) @ (¢) Family of /- versus Vg curves for several values of /g
Ri = Iy < Igp< Iy etc.)
Alg Ve
Voltage Gain ‘b‘

emitter volt e) at the constant values 6f |

é&;&fge Gain :(iggZ)IB

Q@QI Characteristics
The output characteristics show a relation betvikreroutput current §) and the

Itis thesa&the change in collector-emittettage AV, ;) to the change in base-

output voltagel(z) for the different values of input curremt the set of curves obtained
from input characteristics are called collectovest.

Collector Curves

These are the curves obtained by plotfinggainst/-z with Iz used as parameter.

These curves shows
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* I, increases rapidly with increaselif;
» These curves also show that for a fixed valudg.pfI. increases with increase fig.
The hybrid parameters obtained from output charsties are
Output Resistance
It is the ratio of change in collector-emitter \agjeAV; to the change in collector

currentAl; at constant;.

Ro = (AAVIEE>, N
(’)OO

Current Gain or Current Amplification Factor g
eé\é(ﬁ\mg at

The ratio of change in collector currexit: to the change in bas

constant/;. i.e., \b
Q

Al
h= (ﬁ)m Qﬂ)
Relation Between a and 8 . 1_'.3
rh%& ie

a is the ratio of collector curredtl, and emitter cu

CZZAE _____________ (1) (bi

Alg

g is the current amplification factor for @onﬁgtjon, which is described as:

Al¢

L — (26‘2’

Now as (b,

IE=IB+IC ‘&

:AIE =AIB+

ﬁ:

This is the relation betweenandp.
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DC Load Line

It is the line on the output characteristics ofamsistor circuit which gives the values
of Ic and e when no signal is applied. Consider an npn trémsissed as a common emitter
amplifier as shown in the figure below:

50. 500 A )\\

204 200 uA
-
0O i334s56785510 =V
(a) DC biased circuit (b) Collector chx:aduigic curves
o 0 J
From the output circuit, we have:
VCC == VCE + ICRL ,&‘}
Vee =Vee — IcR, - 1) ‘b‘\
This is the equation of dc load line irgp/-YIc plane. The dc load line can be plotted

the two end points on the straight line. '\
To get the T end point on theclaxis, w t ¥e = 0 in equation (1). So

0= VCC - ICRL b
4

VCC
I, ==
cTR, @

To get the 2 end poi cg axis, we puf,. = 0 in equation (1).
VCE = VCC&
By joining t end points, dc load line isabed.
&. I (mA)
601 Saturation
Q’Q o
404 IH=4(X)[IA
304 Ig =300 A
204 IB = 200[1/\
104 Cutoff (I = Ig(y)
,("BOEO
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With the construction of dc load line on the outpltaracteristics, we get the
complete information about the output circuit oartsistor amplifier in the zero signal
condition.

Operating Point

The zero signal values &f andV; are called the operating points. It is also called
point or quiescent point. It is the point where kb&d line intersects the collector curve for a
given base current. It is usually selected at tidsha of the load line. \

Cut Off Region \

If the signal voltage is made negative then theelmsrent decre and point Q
moves downward along the load line. If the sigr@tage is made ve &w negative, such
that the base currefg = 0, then the transistor is said to be in cut Hé;

So the point where the load line intersdgts= 0 curve is calle%)@:ut off point.
Saturation region

If the signal voltage is made positive then \E.Ve)baﬂrrent increase and point Q
moves upward along the load line. If the S|gnata@$ made very much positive such that
Iz = Ig(saturation), then the transistor is sai %e in saturategnan. So point where the
load line intersects thig = Iz (saturation) curve is called the saturation point.
Activeregion >

The region between the ut\iz and saturation reg® called active region. A

transistor is normally operated é@active region.
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