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TRANSISTORS

Introduction

When a third doped element is added to a crystal diode in such a way that two pn junctions
are formed, the resulting device is known as.a transistor. The transistor—an entirely new type
of electronic device—is capable of achieving amplification of weak signals in a fashion comparable
and often superior to that realised by vacuum tubes. Transistors are far smaller than vacuum
tubes, have no Tilament and hence need no heating power and may be operated in any position.
They are mechanically strong, have practically unlimited life and can do some jobs better than
vacuum tubes.

Invented in 1948 by J. Bardeen and W.H. Brattain of Bell Telephone Laboratories, U.S A -
transistor has now become the heart of most electronic applications. Though transistor is only
slightly more than 45 years old, yet it is fast replacing vacuum tubes in almost all applications.
In this chapter, we.shall focus our attention on the various aspects of transistors and their increasing
applications ur'the fast developing electronics industry.

A transistor consists of two pn junctions formed by *sandwiching either p-type or n-type
semiconductor berween a pair of opposite types. Accordingly , there are two types of transistors,
namely ;

(i) n-p-n transistor (ii) p-n-p transistor
An n-p-n transistor is composed of two n-type semiconductors separated by a thin section

of p-type as shown in Fig. 10.1 (i). However, a p-n-p transistor is formed by two p-sections
separated by a thin section of n-type as shown in Fig. 10.1 (ji).
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* In practice, these three blocks p, 1, p are grown out of the same crystal by adding corresponding impe=itie:d
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‘ ions. Therefore, 1 g
B dlodes comoG D tions. a transistor may bg regarded as a combination

(1) There are three terminals, taken from each type of semiconductor.

i) The middle section iy : : :
A N : . I8 a very thin layer. T IS ' actor_in_the
\ction of & transistor. Y yer. This_is the most important f.

‘ Origin of the name “Transistor”. When new devices are invented, scientists often try to
dgvnse a name that will appropriately describe the device. A transistor has two pn junctions. As
dmug*ed later, ope junction is forward biased and the other is reverse biased. The forward biased
has‘{\ lu\\: resistance path whereas a reverse biased junction has a high resistance path.
weak §‘8“f“ 18 introduced in the low resistance circuit and output is taken from the high
resistance c!mlllt."rllen:fom. a transistor transfers a SMCC to high resistance.
m prefix ‘trans’ means the signal transfer property of the device while ‘istor” classifies it as a

me the same general family with resistors.

aming the Transistor Terminals

i A mnsi§lor (pnp or npn) has three sections of doped semiconductors. The section on one
Jsiﬁ is the emitter and the sect.ion on the opposite side is the collector. The middle section is
r-P’?“ lhme‘b?&and forms two junctions between the emitter and collector.
g;" k. mitter. The section on one side that supplies charge carriers (electrons or holes) is
itter. The emitter is always forward biased wr.I. base so that it can supply a large
" pumber of *majority carriers. In Fig. 10.2°(i), the emitter (p-type) of pnp transistor is forward
piased and supplies hole charges to its junction with the base. Similarly, in Fig. 10.2 (ii), the
emitter (n-type) of npn transistor has a forward bias and supplies free electrons to its junction
' he base.
i) Collector. The section on the other side that collects the charges is called the collector.
Phe collector is always reverse biased. Tts function is to remove charges from its junction with
e base. In Fig. 10.2 (i), the collector (p-type) of pnp transistor has a reverse bias and receives
ole charges that flow in the output circuit. Similarly, in Fig. 10.2 (ii), the collector (n-type) of
n transistor has reverse bias and receives electrons.

BASE BASE
EMITTER { COLLECTOR EMITTER | COLLECTOR
P ni P Wy prn
= FORWARD | REVERSE =

REVERSE —

BIAS J— BIAS BIAS J

(i)

Fig. 10.2

ection which forms two pn-junctions between the emitter and
base-emitter junction is forwa biased, allowing low resistance
junction is reverse biased and provides high resistance

©

) Afase. The middie §
called the base. The
“The base-collector

rons if the emitter in a-type.

-
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10.3 Some Facts about the Transistor

ey er may keepin mind the
Before discussing transistor action, it is important that the read y
following facts about the transistor :

s i tor. The base is much
(i) The transistor has three regions, namely ; emitter, base and cgll;ci 10.3. However. for
than the emitter while *collector is wider than both as shown in ti of .e- ual size |

¢ of convenience, it is customary to show emitter and collector to q NS

(ii) The emitter is heavily doped so that it can inject a large nl_lm'bgr of :ellarr;g]z“ceg;lir\
(electrons or holes) into the ase. The base is lightly doped an_d very thin l’ l:jPaS : e
emitter injected charge carriers to the collector. The collector is moderate y doped.

thinner
the sak

B

ASE BASE ~
EMITTER | COLLECTOR EMITTER | COLLECTOR
P (n P I—o0 Oo———i. . 0.lp n i——0o0
J li '

(i) (ii)

Fig. 10.3
(iii) The transistor has two pn junctions i.e. it is lik
emitter and base may be called emitter-base diode or si
between the base and collector may be called collector-

€ two diodes. The junction between
mply the emiitter diode The junction
base diode or simply collector diode.

(7v) The emitter diode is always forward biased whereas collector diode is always reverse

biased.

(forward biased) is very small as compared to collector
, forward bias applied to the emitt

: i om er diode is generally very small
whereas reverse bias on the collector diode is much higher.

10.4 Transistor Action

the emitter-base junction is also present, then forw
flow. It is seen that this emitter Current almost
the current in the collector circuit depends upon the emitter curren;. If th
then collector current is nearly zero. However, if the emitter curreng js 1

is also about ImA. This is precisely what happens in a transistor,
transistor action for npn and pnp transistors.

entirely flows in the collector circuit. Therefore,

€ emitter current is zero,
MA, then collector current
We shall now discuss this

i During transistor operation, much heat is produced at the collector Junction, The Bollecsor is made large!
to dissjpate the heat.

** Jn actual practice, a very little current (a few 1L A) would flow in the collecior circuit. This is called collector
cut off current and is due to minority carriers,

——_“
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is lightly doped and very thin, therefore, o
{o constitute base® current /5. The remai

n to constitute collector current Ie.
m; collector circuit. It is clear that emitt

nly a few electrons (less than 5%) combine with holes
nder (**more than 95%) cross over into the collector
In this way, almost the entire emitter current flows in
er current is the sum of collector and base currents i.e.

8 IE=IB+IC
n P n
1
I / —— — (" U
i E —— e | —

I | |
1 IR
&‘ﬁ%l —— i

Ves Ves
Basic connection of npn transistor
I Fig. 104

o (ii) Working of pnp transistor. Fig. 10.5 shows the basic connection of a pnp transistor.
- The forward bias causes the holes in the p-type emitter to flow towards the base. This constitutes
 the é_mittcr current /. As these holes cross into n-type base, they tend to combine with the
_ﬂﬁm}'ons As the base is lightly doped and very thin, therefore, only a few holes (less than 5%)
y combine with the electrons. The remainder (more than 95%) cross into the collector region to
stitute collector current /~. In this way, almost the entire emitter current flows in the collector
. It may be noted that current conduction within pnp transistor is by holes. However, in
ernal connecting wires, the current is still by electrons. ; '

P n P

| |

fij WA Ly Jlm | e
l P <_____, | I

Ves Vee

Basic connection of pnp transistor

Fig. 10.5

trons which combine with holes become valence electrons. Then as valence electrons, they flow
ough holes and into the external base lead. This constitutes base current /p.

T "t'hat most of the electrons from emitter continue their joumey_ through the base to collector 1o
< L t are : (i) The base is lightly df)ped and very thin. Therefore, there are a few holes
mougl h time to combine with electrons. (if) The reverse bias on collector is quite hi gh and exerts

I L T Ll —
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178 Principles of Electrop,,

Importance of transistor action. The input circuit (i.e. emitter-base :IU"C"“’") has low
resistance because of forward bias whereas output circuit (i.e. collector-base _|uncl|(m_) has higl,
resistance due to reverse bias. As we have seen, the input emitter current almost entirely {10y
oA the collector circuit. Therefore, a transistor transfers the input signal current from a low-resistanc,
cireuit to a high-resistance circuit. This is the key factor responsible for the amplifying capabilj,
ol the transistor. We shall discuss the amplifying property of transistor later in this chapier

10.5  Transistor Symbols

. In the carlier diagrams, the transistors have been shown in diagrammatic form. Howev,
for 1hg sake of convenience, the transistors are represented by schematic diagrams. The symbo.
used for npn and pnp transistors are shown in Fig. 10.6.

IE R n p| n - Ic IE e pln| p e l(‘
E c E C
"’T B BulB

VEB | |VCB VEB | VCB

'E | | |
Emitter < Emitter e

(E) Collector (C) (E) Collector (C)
|

» )\ lla

 PASE R Base (B)
(i) (i)
Fig. 10.6

Note that emitter is shown by an arrow which indicates the direction of conventionl
current flow with forward bias. For npn connection, it is clear that conventional current {lows
out of the emitter as indicated by the outgoing arrow in Fig. 10.6 (i). Similarly, for pnp connection,
the conventional current flows into the emitter as indicated by inward arrow in Fig. 10.6 (ii).

10.6 Transistor as an Amplifier

A transistor raises the strength of a weak signal and thus acts as an amplifier, Fig. 10.7
shows the basic circuit of a transistor amplifier. The weak signal is applied between emitter basc
junction and output is taken across the load Re connected in the collector circuit. In order (o
achieve faithiful amplification, the input circuit should always remain forward biased. To do 50,
a d.c. voltage Vpp 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.

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 |

*It may be recalled that biasing is also necessary in vacuum tube amplifiers for faithful amplification (sc¢
Chapter 5). The reader may find the detailed discussion on transistor biasing in Chapter 11.

##%  The reason is as follows. The collector-base junction is reverse biased and has a very high resistance: of
the order of mega ohms, Thus collector-base voltage has little effect on the collector current. This means
that a large resistance R can be inserted in series with collector without disturbing the collector current
relation to the emitter current viz. Ic = @lg + Icpo. Therefore, collector current variations caused by @
<mall base-emitter voltage fluctuations resultin voltage changes in Re that are quite high—often hundreds
of times larger than the emitter-base voltage.
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current due to transistor actig
e n. The ~
pmduces a large voltage g
amplified form in the ¢q

across it, Thas tor curqen( flowing through a high load resistance R¢
llector circyit 1 ; Wgak signal applied in the input circuit appears in the
- AL1s in this way that a tmﬁsistor acts as an amplifier.

le e \*(\‘? ‘ﬂ/

SIGNA
. SK Q OUTPUT

i
Vee Ves

A _ Fig. 10.7
4 USt‘l'atlloFl. 'Ijhe acton of a transistor as an amplifier can be made more illustrative if we
::hOIISl Cll; typica fCIrCUII_\'alpes. Suppose collector load resistance Rc = 5KQ. Let us further assume
th:t ';lc ange of 0.1V in signal voltage produces a change of ImA in emitter current. Obviously,
change in collector current would also be approximately ImA. This collector current flowing
through collgctor load R¢ would produce a voltage = 5 KQ x 1 mA = SV. Thus, a change of
0.1V in the signal has caused a change of 5V in the output circuit. In other words, the transistor

hass(l))een able to raise the voltage level of the signal from 0.1V to 5V i.e. voltage amplification
18 JU.

Example 10.1 A common base transistor amplifier has an input resistance of 202 and

output resistance of 100 kXL The collector load is Ik If a signal of 500 mV is applied between
emitter and base, find the voltage amplification. Assume Q.. to be nearly one.

Solution

*Fig. 10.8 shows the conditions of the problem. Note that output resistance is very high
- @ compared to input resistance. This is not surprising because input junction (base to emitter)
of the transistor is forward biased while the output junction (base to cqllector) is reverse biased.

| p n p :
Cc
- E|B |C >
bl
) R, = 100 kQ
'“ ‘ i
o
i Fig. 10.8
& Signal _ 500mV _ : ,
Input current, I = —R&,:,_ = 7)?2— = 25 mA. Since O, is nearly 1, output current
e = Iz = 25 mA. Output voltage, Vou = IcRc = 25 mAX 1kQ = 25V
7 Viour 3 5 28V atins 50

- & Voltage amplification, A= Gona) =500 mv =

Comments. The reader may note that basic amplifying action is produced by transfering
re t from a I'ow-resistance to a high-resistance circuit. Consequently, the name transistor

ven to the device by combining the two terms given in bold letters below :

i i 0 mitted in the figure because our interest is limited to amplification.

o A
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nt flows dye g1 s the collector-base junction is reversé biased,
collector current consists of - O minority carriers, It follows, therefore, that total
() That part of emitter current w
"' (ii) The leakage curren leakase Thi : SR e
 poross base-collector junction on aeee e o TENt is due to the movement of minority ' carriers

ac it bei :
ol count of it being reverse biased, This is generally much smaller

hich reaches the collector terminal i.e. *a If.

an
k!

It is clear that if /. = o (; : .

E (ie., emitter circuit is o

: . pen), a

small leakage current still flows In the collector circuit ])‘his

leakage 1S @bbreviated as /5, meanin
Tieatage 1 : g collector-base current
with emitter open. The Icpo is indicated in Fig. 10.10.

LIC = alg+icg, W Fig. 10.10
4 Now Ig = Ic+1y
Gag s :
B Ig= o lc+Ip) +icy,
% - Ic(l-0) = alz+igp,
o o Icpo e ! Tp+ (T
= e dp <+ ) \ - i -
. ol ") ; (ir)

- Relation (i) or (ii) can be used to find /.. It is further clear from these relations that the
Ctor current of a transistor can be controlled by either the emitter or base current.

Fig. 10.11 shows the concept of /5. In CB configuration, a small collector current flows
when the emitter current is zero. This is the leakage collector current (i.e. the collector
t when emitter is open) and is denoted by Icpo. When the emitter voltage Vgp is also
the various currents are as shown in Fig. 10.11 (ii).

a lc + Icso

&

= Veo
b

i 1 : VEE
- Emitter open
b - =Veo

(i) (ii)
Fig. 10.11
%, o : i i itude of /g, for general-purpose and
. roved construction techniques, the magnitu cBo g purpose an
= Miwt: (ler::ecially silicon transistors) is usually very §mall and may be neglected in cal-
ever, for high power applications, it will appear in microampere range. Further, /oy, is
s dependent; it ingreases rapidly with the increase in temperature. Therefore, at higher
; y. g impo;’w" role and must be taken care of in calculations.
CBO .

gl
A

Ic s o do = ol
e S AC E
“’ IE

the collector temunal

¢

e Wi;td&, ol part of emitter current reaches

-

R
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Using the relation, Ig & {ps )
E=dp+Ie

Ip = Iy - Ic = 1.05-1 = 0.05 mA

e

AN

L[]

Fig. 10,12

Example 10.7. For the .
Ple 10.7. For the common base circuit shown in Fig. 10.13, determine I and Vo,

Assume the transistor to be of silicon.

ot Rez15x0 Re=1.2K0
L: I
Fhir
-
VH“WI Vee=t8v
L 4

&
w
i
5k
? 1 Fig. 10.13
4 - Solution. Since the transistor is of silicon, Ve = 0.7V. Applying Kirchhoff’s voltage law
0 the emitter-side loop, we get,

Vee = g Rp+ Vpg

1 _ vEﬁ—VBE . 8V"‘O7V
“4 E~ R 15KQ

= Ip = 487 mA

= 4.87 mA

)
1

Applying Kirchhoff’s voltage law to the collector-side loop, we have,
Veg = Vec—IcRe = 18V=48TmAX 12KQ = 12,16 V

9 Characteristics of Common Base Connection
 Th complete electrical behaviour of a transistgr can be describeq by stating the interrelation
s currents and voltages. These relationships can be conveniently displayed graphically

thus obtained are known as the characteristics of transistor( The most important
i common base connection are input characteristics and output ¢ cteristics. )

characteristic. It is the curve between emitter current /i and emitter-base voltage
nt collector-base voltage Vep. The emitter current is generally taken along y-axis

. si;
R (RS F R ] T ———————
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s the input characteristics of a

and emitter-base voltage along x-axis. Fig. 10.14 showbe noted from these charactensticy

transistor in CB arrangement. The following points may

Ie (mA)

]
3.0

EMITTEA CURRENT
4 L »
w»n o w

%
&

o
g

Ves(mV)

o 10 20 30 4 S0
EMITTER-BASE VOLTAGE

] g 1014
(i) The emitter current /¢ increases mRidly with small increase in emitter-base voltage Vig
It means that input resistance is very small.
“(ii) The emitter current is almost independent of collector-base voltage Vg This leads ©

the conclusion that emitter current (and hence collector current) is almost independent of collector
-~ voltage.

l_npilt resistance. It is the ratio of change in emitter-base voltage (AVyp ) to the resultng
change in emitter current (Alg) at constant collector-base voltage (Vp) ie.
-~ AV,
Input resistance, r; = e
: Alg
. In fac}, input resistance is the opposition offered to the signal current. As a very small
VE‘ is sufficient to produce a large flow of emitter current I, therefore, input resistance is quite
small, of the order of a few ohms.

atconstant Vg

- | / / :

2. Output characteristics. It is the curve between collector current /¢~ and collector-base
voltage Vcp at “constant emitter current /g, Generally, collector current is taken along y-ais and
collector-base voltage along x-axis. Fig. 10.15 shows the output characteristics of a typical transistor
in CB arrangement. | F

The followiné points may be noted from the Msﬁm .

collector current /¢ varies with Vp on

iy ly at very | Y V ). The
transistor roperaledinthisregim.) g ) pash V&yow g )
the value of Vg is raised above 1-2 V, the collector current becomes constant
as indicated by straight horizontal curves. It means that now } is independent of V- and depends
upon /g only. This is consistent with meﬂmyd\nﬂ\eendc&t 4

' irely to
the collector terminal. The transistor is always operated in this &'ﬁ;ﬂows almost entirely

*  Ig mlo&wmmmthﬁﬁ“

are interested to see how Vg influences /c. - corresponding change in /¢
~ i/
= - X F P W e S I Em omoa- *\ —
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. Ic (mA) or
E S s le = 5mA
T 4
r f IE =4mA
jor: |
(&) 7.
8 s le = 3mA
_ =
e 8 s le = 2mA
i o |
' =
:,E\-“ ¢ 8 1 "( le = TmA
-
?‘L le = OmMA
% 0 Ve (VOLTS)
&‘ COLLECTOR-BASE VOLTAGE
s

L

F ~Eig. 10.15

] i {A very large change in collector-base voltage produces only a tiny change in collector
'!"1"1‘ e to’l‘h?means that output resistance is very high.\
o dd'

tput rcslstance.\lt is the ratio of change in collector-base voltage (A Vp) to the resulting
ange in collector current (A/:) at constant emitter current ie.

A VCB

= sy
B ]
ﬁrw

Output resistance, r, =

at constant I
Ic

The output resistance of CB circuit is very high, of the order of several tens of kilo-ohms.
ot surprising because the collector current changes very slightly with the change in VCB

) Common Emitter Connection

- [In this circuit arrangement, input is applied between base and emitter and output is taken
m the collector and emitter. Here, emitter of the transistor is common to both input and output
ts and hence the name common emitter connection. Fig. 10.16 (i) shows common emitter

cun whereas Fig. lO 16 (ii) shows common emmer pnp transistor circuit.)

A \-\.\

ase current ampllficatlon factor ( [3 ) In common emitter connection, input current

aud output current is /.
ratio of change in collector current (Al¢) to the change in base current ( Alp) is

;‘ as base current amplification factor ie.

Al
pFe
Al
le
ls >
ouTPUT Rc 2 QUTPUT
Rc
SIGNAL le
Ly
! Ves Vee
(i)
Fig. 10.16
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. TP . s as the base current. Therefore.
In almost any transistor, less than 5% of emitter current flows as the hd]_() to 500. This 1
3 g . ' s " s i 0 < . S e
the value of B is generally greater than 20. Usually, its value ranges !mln” 4 j YPpe
' ‘ L y & o, ; i P ain as well as voltage gain
Ot connection is frequently used as it gives appreciable current gain as well a E¢ 8

R : 2 fete en 3 [} X "“S can I,C (l('l'l\/‘l
as "l‘"l\\\\\' .

B = \I( ~(1)
Alg
R (i)
A I!','
NO\\', ’I‘ = IB+I(‘
or Al = A Ip+Al-
or AI” = AIE—AI(‘
Substituting the value of A Ip in exp.(i), we get,
Alq
B = i SNn!
Alg-Ale-
Dividing the numerator and denominator of R.H.S. of exp. (ifi) by A I, we get,
AlH Al o Al
B - — (yj E — o — *—(
A IE A ]C |- A IIA
Alg Al
o N
& l-a )

£ain in common emitter connection is very high. It is due to this reason that this circuit arrangement
is used in about 90 to 95 percent of all transistor applications.

‘2. Expression for collector cur
and /- is the output current.

(lt is clear that as o approaches unity, $approaches infinity. In other words, the current

rent. In common emitter circuit, I is the input current

We know, IE = IB+1C (i)
and IC = alE+lC80 (i)
From exp. (ii), we get, Ice = alg+icyy = a(lg+1Ip)+ Icpo
or Ic(l-(!) =olg + ,CBO
o 1
or Ie = el i T-o lcso ) ...(iii)

/From €Xp. (iii), it is apparent that if Ip = 0 (i.e. base circuit is open), the collector current
will be the current to the emitter, This is abbreviated as Icko, meaning collector-emitter current

with base open.)

o
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[‘_ Ic = Bl S B=—

ol lcgp - In (;E‘FmﬁsmamdluimcmﬂowsemthndnbaSCcmnl
See Fig. 1017 ) “}ls 1S the collector cut off current (ie. the collector current that
#S whea Base 1S open) and is denoted by Iegp. The value of Jcgp is much larger than Icgo-

pig + Icso

Fig 10.17
e the base voltage is applied as shown in Fig. 10.17 (ii), then the various currents

Base cumrent = I3
Collector current = Blg+Icgp
] Emitter current = Collector current + Base current
. = Blz+lcgo) +15 = B+ D ip+Icgo
it may be noted here that:

- 1
3 lco = T2 lcwo = B+ Dlcso [ngetag, o]

10.8. Find the value of B if (i) @ = 0.9 (ii) @ = 0.98 (iii) a = 0.99.
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When base is open [See Fig 10,21 (ii)], a small leakage current /¢zo flows due to minori
carriers.
Iepo = 20 pA given
Icp
We know, lopo = ‘cBo
1-o
A b
l-a
> a = 0.99
Now lc = alg+icgo

Here Ic = 1mA = 1000 pA ; o =099 : Icpo = 0.2 pA

1000 = 0.99 x I +0.2

1000 - 0.2

% el Y

= 1010 pA

and IB = ]E—IC = 1010 - 1000 = 10|J.A

10.11 Characteristics of Common Emitter Connection

The important characteristics of this circuit arrangement are the input characteristics an

output characteristics.

|

—

—

—

L

Fig. 10.22

1< Input characteristics. I1 is the curve between base curren

Vi at constant collector-emitter voltage VCE-/‘

' The input characteristics of a CE connection
can be determined by the circuit shown in Fig, 10.22.
Keeping Vg constant (say at 10V), note the base

currént Ip for various values of Vg Then plot the

readings obtained on the graph,| taking Iy along Y-
axis and Vgg along J(—axZ1 is gives the input char-
acteristic at Vg = 10V/as shown in Fig. 10,23,
Following a similar procedure, a family of input
characteristics can be drawn. The following points
may be noted from the characteristics ;

) The characteristic resembles that of a for-
ward biased diode curve. This is expected since the
base-emitter section of transistor is a diode and it is
forward biased. |

/

J
J
7/

Is (uA)

4-1

t Ip and base-emitter voliag
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X '(x;\s compared to CB arrangement, [ i '
; ._ | CB . Iy increases less rapidly with Vgg. Therefore, input
jstanc of a CE circuit is higher than that of CB circuit. G
b resistance. i |
J Input nce. It is the ratio of change in base-emitter voltage (AVgg) to the P At
current (Alp) at constant Vi ie.

AV

: Input resistance ;= —BE
© ' A= at constant Vg
AIB

E :"lc, value of input resistance for a CE circuit is of the order of a few hundred ohms.
K . 2. Output characteristics. /1 is the curve between collector current Icand collector—emitter
ge Vg at constani base current I

~ The output characteristics of a CE circuit can be drawn with the help of the circuit shown
ue say, 5 pA, note the collector current

1022 \Kecping the base current /5 fixed at some val

for various values of Vg Then plot the readings on a graph, taking I along Y-axis and VCE

png X-axis. This gives the output characteristic at Iy = SuA as shown in Fig. 1024 (i). The
¢ as shown in Fig. 10.24

t can be m‘ed for Iz = 10pA to obtain the new output characteristi _
Following similar procedure, a family of output characteristics can be drawn as shown In

. 10.24 (iii).
Lv h lc le
3 \
4mA 4 lg= 20 pA
Vince 3mA+ lg = 15 pA
Vince 2mA j lp= 1017 2mA1 Is = 10 pA
I lg = SpHA ! 1mA1 ls=5pA
PE i
i ! -
W ! " ' en
o v A ) 0
. (ii) (i)~

Fig. 10.24

owing points may be noted from the characteristics:—

] i d 1V only. After this
current /¢ varies with Vg for Vg between 0 an y is,
‘:oll)l:ccotzcs almost gonsmnt and independent of VcE- This value of Vg upto which
‘ current [ changes with VcE ltage (Vinee)- The transistors are always

is called the knee vo
‘ region above knee voltage.
‘Above knee i all increase in I with in-
oltage, Ic 18 almost constant. Howgvet, a sm : ¢
is caused \::y thi coﬁector depletion layer getting wider and capturing a few more
e ‘ ations occur in the base area.

S beforJ electron-hole combin
knee voltage, the collector current I is approximately

»
CarT,

i For any value of VCE above

ffu is the ratio of change in collector-emitter voltage (AVcg) to the
current (Alc) at constant [p o

AV
‘A__g:_ at constant /g

o Nc
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. " izontal, they
It may be noted that whereas the output characteristics of CB circuit arcC ;\:O(f: I':?:I ["H ok
have noticeable slope for the CE circuit. Therefore, the output resistance of a
than that of CB circuit. Its value is of the order of SOKL.

10.12 Common Collector Connection

In this circuit arrangement, input is applied between base and qollector while OU;PU‘ i
taken between the emitter and collector. Here, collector of the transistor is common to both input
and output circuits and hence the name common collector connection. Fig. lQZS (i) shows common
collector npn transistor circuit whereas Fig. 10.25 (ii) shows common emitter pnp circuit

OUTPUT

SIGNAL +

-

g (i) (id)
: Fig. 10.25
\'ﬁ) Current amplification factor Y. In common collector circuit, input current is the base
current /5 and output current is the emitter current Ig. Therefore, current amplification in this
circuit arrangement can be defined as under :
The ratio of cflange in emitter current (A Ig) to the chang

A € in base current (A Ip) is known
as current amplification factor in common collector (CC)

arrangement i.e.

This circuit provides about the same current gain as the common emitter circuit as
Alg = Alc. However, its voltage gain is always less than 1. )

Relation between y and

[
\ ¥=

>
S

|

(1)

B b

Iy

oolg

ey i)
Now, Ig = Ig+ 1
or Alg = Alg+Alc
or Alg = Alg-Alc
Substituting the value of Al in exp. (i), we get,
Alg

VYALeAL
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Dividin :
ng the numerator and denominator on R.H.S. by Aly, we get,

A’I:
Aly
' ¥ = " E 4o (co=Alc/Alp
| II.:_AI() l -0 § '
AII: AII;
B |
: L

(i) Expression for collector current

We know [ IC = alpg+Icpo (see Art. 10.8)
Also Ig = Ig+1¢c = Ig+ (0l +1cpo)

IE(I -0) = IB+ICB()

£ I = Iy ¢ Iepo
] —o -
or Iy = *@B+ 1) 1g' + B+ 1) Icpo

(iii) Applications. The common collector circuit has very high input resistance (about 750
KS) and very low output resistance (about 25 €2). Due to this reason, the voltage gain provided
by this circuit is always less than 1. Therefore, this circuit arrangement is seldom used for amplifica-
tion. However, due to relatively high input resistance and low output resistance, thig circuit is
primarily used for impedance matching 7.c. for driving a low impedance load from a high im-

pedance source.

10.13 Comparison of Transistor Connections

The comparison of various characteristics of the three connections is given below in the
tabular form.
I A —— L
Common emitter Common collector

/————’—Tr"" v
S. No. | Characteristic Common base | S0 WL o' 7t
e | I1.ow (about 100 £2) Low (about 750 £2) Very high (about 750

1. Input resistance
i K€2)
? 2. Output resistance Very high (about 450 | High (about 45 K ) | Low (about 50 €2)
i K£2) '
g_ 3. Voltage gain about 150 about 500 less than |
& g Applications For 'higt'\ frequency For a'udi(‘) frequency For in}pcdancc
E, applications e V_Wz}gplu:ratnons L matching

Used Transistor Connection
nections, the common emitter circuit is the most efficient
{ of all transistor applications. The main reasons for th

~ 10.14 Commonly
Out of the three transistor con
l“suwdinabout%w% per cen

widespread use of this circuit arrangement are:
(i) High current gain. [n a common emitter connection, /¢ is the output current and /

u 8% ¢, In this circuit arrangement, collector current is given by |
Y Ic = Blpticeo

Z"'"" ¥ .

o .
prl = 1--a,"'l "1-a

)
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A : I8 much more than (he
As the value of B is very large, therefore, the OU‘PU‘IW"""" ,It' i"“"“uw range from 20
input current s Hence, the current gain in CF arrangement 1s very high. : ‘
o S00.

48 y : , m emitier cireniy
(11) High voltage and power gain, Due to high-current gain, ""',l,‘]‘?m.m(l;:( major re l‘w“
. . H \ ‘11 SIS ‘ { X
has the highest Voltage and power gain of three transistor connections. This i :
for using the transistor in this circuit arrangement.

(1) Moderate output to input impedance ratio. In a common (‘n'llill(‘.l‘ uf'cm_l. llu-‘ ratio
of output impedance to input impedance is small (about 50), This mnkc.\: this circuit arrangement
an ideal one for coupling between various transistor stages. However, in olI}cr connections, the
ratio of output impedance to input impedance is very large and hence coupling becomes highly
inefficient due to £ross mismatching.

*0.15 Transistor as an Amplifier in CE Arrangement

Fig. 10.26 shows the common emitter npn amplifier circuit. Note that a battery Vj,, |
connected in the input circuit in addition to the signal voltage. This d.c. voltage is known as hias
voltage and its magnitude is such that it always keeps the emitter-base junction forward * bigsed
regardless of the polarity of the signal source,

le
lo
SIGNAL
Re SouTpuT

le
il
Vi Veo

Yig. 10.26

Operation. During the positive half-cycle of the o
**signal, the forward bias across the emitter-base junction
is increased. Therefore, more electrons flow from the emit-
ter to the collector via the base. This causes an increase
in collector current. The increased collector current
produces a greater voltage drop across the collector load
resistance R. However, during the negative half-cycle of
the signal, the forward bias across emitter-base junction
is decreased. Therefore, collector current decreases. This
results in the decreased output voltage (in the opposite

direction). Hence, an amplified output is obtained across Fig. 10,27
the load. ,

*1f d.c. bias voltage is not provided, then during negative half-cycle of the signal, the emitter-base junction
will be reverse biased. This will upset the transistor action, .

** Throughout the book, we shall use sine wave signals because these are convenjent for testing amplifiers.
But it must be realised that signals (e.g. speech, music erc.) with which we Are generally complex
having little resemblance 10 a sine wave. However, fourier series analysis tells us thay such complex signals
may be expressed as a sum of sine waves of various frequencies.
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Emitter Bias of a BJT Transistor

One way to bias a BJT transistor is a method
called emitter bias.

Emitter bias is a very good and stable way to
bias transistors if both positive and negative
power supplies are available. Emitter bias
fluctuates very little with temperature
variation and transistor replacement.

Below is a BJT transistor receiving emitter
bias:
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Vee=+10V

Rc = 1KO
oy Bdc= 200
Re= 1KQ
. RE = 2.2KO
— VEe= =10V

You can see how that both positive and
negative voltage supplies are necessary to
bias a transistor in this way. Positive voltage
is fed to the collector of the transistor and
negative voltage is fed to the emitter.

Calculations

Assuming this is a silicon transistor, the

voltage drop across the base-emitter diode
Scanned with CamScanner



Calculations

Assuming this is a silicon transistor, the
voltage drop across the base-emitter diode
is equal to 0.7V.

To calculate the emitter current, I, the
formulais:

Ads by Google

Stop seeing this ad

AMbv thic AAD 7
\lln-'l II-'I !-_] '_-'. !_: .I. ‘_‘l (,‘] rkll ’ |

Vee - VBE
IrQ= Re .
(Pac)

Scanned with CamScanner



X Vee - VBE
EQ= Rp
+ RE
(Pae)

So in the circuit above, the emitter current

calculation is:

l:= (10V - 0.7V)/(2.2KQ + (1KQ/200))=
4.22mA

To calculate the collector voltage, Vc, the
formulais:

Ve= Ve = lcRc =10V - (423mA X 1KQ)
=3.7/V

Again, emitter bias is an effective way to bias
a BJT transistor. However, the

is still the most popular way to do so,
while is the least popular way
because of the instability it provides if B
changes.
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Transistor Biasing Ax
(1) Base resistor ¥
i method (1) Biasing with feedback resistor
(711) Voltage-divider bias.
In all these maé
methods, the same basic principle s employed 7.¢ pecquired value of

current (and hence /) is obtai : . ’

load R 1s selected kfc')cllin:hi';:lsml h;“" “//( e I (e SR conditions, ‘The value ": ”'".M‘ ':;:
ili iew that Ve should not fall below 0.5V for ety ansist

and 1V for silicon transistors. ” o fall below #

ig 1 be st o A, theh

For example, if = 100 and the zero signal collector cutrent I
fientildd be 80 dasigned thnt

:Bbfq;n::; cqtua: ll‘(’):;/-\/h = 1/100 = 10pA. Thus, the biasing network
1 R flows in the ze i y
ditions. zero signal con A o+ Vs

11.8 Base Resistor Method /

In this method, a high resistance Ry (several Ae
hundred K<) is connected between the base and +ve
end of supply for npn transistor (see Fig. 11.6) and
between base and negative end of supply for pnp tran-
sistor. Here, the required zero signal base current (0
provided by V¢ and it flows through Rp. It is be
cause now base is positive w.r.f. emitter i.e. base-

emitter junction is forward biased, The required value Ie
of zero signal base current /5 (and hence o= Ply) l
can be made to flow by selecting the proper value j -
of base resistor Rp. "
Circuit analysis. It 15 required to find the 20
t flows m the zero signal umlm'nmq/ et I, be the

value of Rpg so that required collector curren
required zero signal collector current.

I
In =
B B
Considering the closed circuit ABENA and applying Kirchhoff's voltage law, we gel,
Vee = lp R+ Vo
or IgRy =Vee=Vae
Vee = Vo
RB i —'El’[} Xy } sns ‘I,

As V¢ and I are known and Vg, can be seen from the transistor manual, therefore, value

of Rp can be readily found from exp. (1).
/ gince Vg is generally quite small as compared to V¢, the former can be neglected with

ttle error. It then follows from exp. (i) that :

Vee
Ry = —=
1] IB )
P
"1t may be noted that V¢ is a fixed known quantity and Iy is chosen at some suitable
value. Hence, Ry can always be found directly, and for this reason, this
called fixed-hias method. ) . ; method is m ki

Stability factor As shown in Art, 11.6
K i ) A “-i_- ﬁ
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Transistor Biasing -

(1) Base resiston ’
method (1) Biasing with feedback resiaton

(7i11) Voltage-divider bias

In all these me
i hese methods, the same basi principle 1s emplayed /¢ reequired e of Pse

curregt (and hence /¢) is obgained from Ve in e zoro signal condigigs. The vigue of conlectn
baad ) L g o T : U] !‘uCc ot gl 111 ATAIRAEITS
and ( i { s10l a e

For example, if §

j 100 and the zero signal collector cutrent /¢ 16 1o be st #l 1A, then
I is made equal to /M 1) 0 Th h® biagihegetwork shicnild be 8o designed thnt
a base current of 10pA (wae gn |I a
ditions. _ I

11.8 Base Resistor Method ]

In this method, a high resistance Ry (several Aa
hundred KQ) is connected between the base and +ve
end of supply for npn transistor (see Fig. 11.6) and
between base and negative end of supply for pap tran
sistor. Here, the required zero signal base current 18
provided by Ve and it flows through Rpy. It is be

cause now base is positive w.r.f. emitter fe. base: Vor
emitter junction is forward biased. The required value Ie

of zero signal base current /g (and hence I = Ply) 1

can be made to flow by seleeting the proper value | ,L —
of base resistor Rp. N

. ¢ P Fig. 11.6
Circuit analysis. It 1s required 1o find the

value of R so that required collector current flows m the zero signal umtlnicmw/lm I be the
required zero signal collector current,
Iy = I[;'
Considering the closed circuit ABENA and applying Kirchhoff's voltage law, we get,
Vee = IpRp+ Vae
or In Ry = Vee = Ve

Vee = Ve i
cc = VBE ) by
Iy ,
As Vo and I are known and Vg can be seen from the transistor manual, therefore, value
of Rg can be readily found from exp. (7).

" Since Vpg is generally quite small as compared to Ve the former can be neglected with
little error. It then follows from exp. (i) that

RB:

Vee
4 Rer E oY

It may be noted that Ve is a fixed known quantity and / is chosen at some suitable

value. Hence, Ry can always be found directly, and for this reason, this method is sometimes
called fixed-bias method. )

Stability factor As shown in Art. 11.6,

e L cetnt———.
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: Ipldl~ = 0. Puttin th
In fixed-bias method of biasing, Iy i§ independent of /¢ so that dlp/dlc € the
value of dig | dl- = 0 in the above expression, we have,
Stability factor, S=p+1
f . t Ic changes (B + |
Thus the stability factor in a fixed bias is (B + 1). This means that /¢ g

: = 101 which means
times as much as any change in /. For instance, if § = 100, then S = 10 at

i ed bias, it has pg
Ic increases 101 times faster than Ico. Due to the large value of S in a fix poor
thermal stability

Advantages : . "
(i) This biasing circuit is very simple as only one resistance Rp ls. required.
(if) Biasing conditions can easily be set and the calculations are simple.

(iii) There is no loading of the source by the biasing circuit since no resistor is employed
across base-emitter Junction.

Disadvantages :

(1) This method provides poor stabilisation, It is because there is'.m') means (o stop a
self-increase in collector current due to temperature rise and individual variations. For example,
if B increases due to transistor replacement, then I¢c also increases by the same factor as Ip is

(i1) The stability factor is very high. Therefore
Due to these disadvantages, this method of biasing is rarely employed.

Example 11.3. Fig 11.7 (i) shows biasing with base resistor method. (i) Determine the
collector current Ic and collector-emitter voltage Vp. Neglect small base-emitter voltage. Given
that B = 50.

» there are strong chances of thermal runway.

(1) If Rp in this circuir is changed to S0KQ, find the new operating point.
Solution

le 2V
Re =2KQ
;Rc=2KQ
Re=100K Q > Ig
<
le _—__VCC=9V
l”; J
mul;
Ves=2V N
(,‘) ..
Fig. 117 (i)

In the circuit shown in Fig. 11.7 (i), biasing 1S provideq by
DRR BRI B the battery V. (= V) used in the ou
circuit is shown in a simplified way in Flg: LL7 (i), Hore i oo
+2V and +9V. It may be noted that negative terminals of :
a complete path of current.
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o
Also, Iy =5 = L = 001 mA

Using the relation,

|

Ry

[2-03-100x001 x4 _ 770 K Q
0.01

(ti) Now 3 = 50, and other citcuit values remain the same.
' Vee = Vpp+Ig Ry +PBIgRe

or 12 = 03+ 15 (R + B RC)

or 11.7 = I5(770 + 50 X 4)

or IB = —‘l17 V_ = 0012 ’"A
970 K Q

S Collector current,
Ic = Bl = 50x0.012 = 0.6 mA
“ Collector-emitter voltage, ‘
Veg = Vee=IcRe = 12-06mAx4KQ = 9.6V
New operating point is 9.6V, 0.6mA : ;
Comments. It may be seen that operating point 1is changed when a new transistor with

lesser {3 is used. Therefore, biasing with feedback resistor does not provide very good-stablllsatlon.
It may be noted, however, that change in operating point is less than that of base r.es1.stor me'tl.mod.

Example 11.10. It is desired to set the operating point at 2V, ImA by biasing a silicon
transistor with feedback resistor Ry If p = 100, find the value of Rp

+Vce
Solution
For a silicon transistor, Re
VBE = 0.7V RB
~“ANVWWN
Iy = < = 1/100 = 0.01 mA |
g AF
Now, Vee = Vpe+ Ves / W
or 2 = 0.7 + VCB : \
VCB = 2—07 = 13V g
Vee 1.3V 4
= = = 130K
Rs =, = 001 mA d

11.10 Voltage Divider Bias Method 4 “'13‘.;‘ L

This is the most widely used method of providing biasing and stabilisation to a transistor.
In this method, tworesistances R, and R, are connected across the supply voltage Vee (See Fig.
11.14) and provide biasing. The emitter resistance Ry provides stabilisation. The name "voltage
di\;i der" comes from the voltage divider formed by R; and R;. The voltage drop across R, forwand
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- 'jblsc-emitter junction. This cause '
[ERR AR a h > '
signal conditions. | the base current and hence collector current floy 58

/

/
' +Vee

- Fig. 11.14
i analysis, Suppose -that the current flowing through resistance R is ;. As base
small, therefore, it can be assumed with reasonable accuracy that current flowing

30112
‘ or current I¢ :

- (' pe s Vec

~ LR Ry

Voltage across resistance Ry,

e ¥

" V2= [R fiz Ry
1t Ry

' Kirchhoff’s voltage law to the base circuit of Fig. 11.14,.

V, = Vpe+ VE
V, = Vge+IERE
gy = V, - VB
Rg
Ig = Ic o
Va-Vee )

LE

"'a pm exp. (i) above that I does not .at all (_iepend upon B. Though I depends
actice V, >> VpE 50 4 ally independent of Vgg. Thus I¢ in this
or parameters and hence good stabilisation is ensured. Tt

indcpendent of transist !
ason that potential divider bias has become universal method for providing transistor

i "‘J‘F.‘.‘—;‘:q .
A

/App]ying Kirchhoff’s voltage law to the

lector-emitter voltage VcE
e Vee = lcRet Vee+ e RE

¢ Ig~ 1@ IcRet VegtIcRg
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= lc(Re+Rp)+ VeE
Ve = Vec—lc RS +Re)
Stabilisation. In this circuit, excellent stabilisation is provided by Rg. Consideration of
€q. (1) reveals this fact.
Vy = Ve tic R

Suppose the collector current /- increases due to rise in temperature. ThISRWl”‘CdU.‘S/E the
voltage drop across emitter resistance Rp to increase. As voltage drop across 2T§1’ -€. d2)- IS
*independent of /¢ therefore, Ve decreases. This in turn causes /g to decrease. The reduced
value of /5 tends to restore /- to the original value.

. Stability factor.‘&lt can be shown mathematically that stability factor of the circuit is given

by 2
b
+1)(Rr+R
Stability factor, = Sg”;;?‘(—iffa—d
TTREg E
R
| +_T Rl R»
2 " 2
= ([5+l)><——TT wherg Ry = R|+I€;
Bt 1 +— /
R

If the ratio Ry/R is very small, then R7/Rp can be neglected as compared to 1 and the
stability factor becomes :

Stability factor = (B+ l)><,L =1

B+1

This is the smallest possible value of S and leads to the maximum possible thermal stability.
Due to design **considerations, Ry/Rg has a value that cannot be neglected as compared to 1.
In actual practice, the circuit may have stability factor around 10.

Example 11.11. Fig. 11.15 (i) shows the voltage divider bias method. Draw the d.c.

line and determine the operating point. Assume the transistor to be of silicon. -
Solution
(i) d.c. load line. The collector-emitter voltage Vi is given by ;
Vee = Vee = Ic Re +Rg)
When Ic = 0, Veg = Ve = 15V, This locates the first point B (0B = 15V) of the 1oad
line on the collector-emitter voltage axis.

Yeg 15V
Veg = 0. R - WA B
gl T Re+Rp T (1+2)KQ = OMA
This locates the second point A (OA = SmA) of the load line on
; t i
By joining points A and B, the d.c. load line AB is constructe ne collector current axis

d as shown in Fig. 11.15 (ii).

¥ yoltage drop across R, = Vec R
voltage P SRR R, +R, |

#* Low value of Ry can hc. uhlmncd. b?' making Ry very smali. But iNith s '

drawn from Ve will be large. This puts restrictions on the choice of Rr. Increasing gh ue of R,, current

‘ intat > Qf > V4 > Dl . i g ¢ Val i i
greater Ve in order to maintain the same value of zero signal collector curreng Theref i e
cannot be made very small from design point of view, ore, the ratio R;/R;

m ikl ~&_A | R
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