gipolar Junction
Transistors and Field
Effect Transistors

5.1 Introduction

Bipolar junction transistor (BJT) was invented in 1948 by Bardeen and Brattain under the
guidance of William Schockley. Itis a three terminal doped semiconductor device, which is widely
used in electronic circuits (analog and digital both). For example, amplifier, oscillators, switches
and logical circuits. There are two types of charged carriers which may involve in the transistor
operations, 0 referred as electrons and holes, that is why this device is known as bipolar junction

transistor or BJT.
The BJT is analogous to a vacuum triode. The main difference between the two is that the

BJT is a current controlled device whereas vacuum triode is a voltage controlled device. BJT has
many advantages over the vacuum tube such as smaller in size, light weight, more resistive to
shocks and vibrations, quick operation, low operating voltage and long life etc. The BJT has some
drawbacks as limited operating frequency (upto few MHz) and has restriction for operating
temperature range in comparison to vacuum triode.

The Field-Effect-Transistor (FET) is a unipolar transistor which involves single carrier
(either electrons or holes) operation. FET uses an electric field to control the flow of charge carriers
through a channel in a semiconducting material. FETs are manufactured using a variety of
materials such as silicon carbide (SiC), gallium arsenide (GaAS), gallium nitride (GaN). It is a
voltage controlled device and hence shows a high degree of isolation between input and output.
Main advantage of FET is its high input impedance (of the order of 100 MQ). The FET has lorv gain
bandwidth product compare to BJT. It produces less noise and also has better thermal stability than

BIT.
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f};l;un' 5.1 (a) PNP and (b) NPN transistors.

The BJT (PNPor NPN transistor) has three regions — emitter, bage and collecto, and hau.,

0 i 2 oY 7 tt r haS Iar 5 o It

two junctions f ¢, emitter-base and coHec_tor base, UsuaH) em.x ef _gc.* do ing
provide more majority carriers. Base js lightly doped and thin (less Majority carpie

Collector js thick and collects almost all the majority carriers emitted from eMitter oo
construction, emitter ang collector are not symmetrical, thys cannot be mterchanged_

Operation
Mode

Emitter-Bgge
Junction (£-B)

Collector-Bgse
Junction (C-B)

Reverse bias

Forward bias

Forward bias

For transistor to be operated in the actjye mode
£-B junction should be forward biased and (.p Junction

should pe in Teverse bias, In amplifiers ang oscillator ¥
circuits, transistor mys¢ Operate in actipe Mode, whereas N 3
in Switching and other logica] Circuits transistor must .
OPerate in either off or in saturation mod, g
The circyit Symbols of pnp and NpN type tran. ,E NPN
istors are shown in Figs. 5.2(a) and (b) respectively. S

he arrow in the emitter indicates the

direction of
Nitter Current.

e NP and
Figure 5.2 (a) Circuit symbols 0!_ P\s
(b) NPN bipolar transistors.
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52 Construction of Transistor %
od back-to-back or front-to-f,
I f two PN-junction diodes, which are cemented bac é ont Iy
t consists of two Ju

A witched between two p.
: ave a N-type semiconductor sand iconduct
Other WUrdS, it m‘]y either hd\v}- nductor inserted thween two N'type sem uc ors, TWU
Semiconductors or 4 P-type semico

o own in Fi n respectively.
: t ferred as PNP or NPN as shown in Figs. 5.1(a) and (b) p y
rfangements are refer e

N P N
r N P l
. Emitter Ba'se Col ector
Emitter | Base C°”?;‘n°' - l.ol - Eml?'——uer region | region region Collecto
l gl i regi ollec
Emitter region | region 1 0
l Base
o =
a
e

Figure 5.1 (a) PNP and (b) NPN transistors.

The BJT (PNPor NPN transistor) has three regions - emitter, base and collector and having
two junctions i.e., emitter-base and collector-base, Usually emitter has large doping so that jt can

Different modes of transistor operation depend upon the bias condition of each of the two
junctions, namely, emitter-base ang collector-base as listeq in Table 5.1,

Table 5.1 Bias conditions Jor different modes of transistor Operations.

Operation Emitter-Base Collector-Base
Mode Junction (E-B) Junction (C-B)
Active Forward bjag Reverse bias

Cut-off

Saturation

Reverse bjas Forward bjas -

Forward bias

should be in reverse bias. In amplifiers ang oscillator B .

crcuits, transistor Mmust operate In actipe niode, Whereas P

In switching and other logical CIrcuits, transistoy must Bo—N Bo—L

Operate in either cyt OI In saturatipy Mode P N
The circuit symbojs of PNP and NPN type tran- E E

Sistors are shown in Figs 5.2(a) and (b) respectively. | PNP NEN

: direction B i —
emitter current, F igure 5.2 (@) Circujt symbols of PNP and
fhY ArRnra . .
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5.4 Transistor Operalion
+i IN D K g
The action of PNPtransistor in active mode (normal mode) is explained as follows (Fig. 5.3) :

Electrons are majority carriers in the
ion and holes are majority carriers in the Sk

r‘ﬂ-’g . 1He » ] ) ] ¥

soion. The forward bias on Qmittpr_bdw( E-B) Emitter - f N p ¢ Collector
i forces the holes in the emitte L Tt
unCtlon orce: nttter to trﬂ\'t‘l E T e ’l" R C
lfmm emitter to base region. Few holes P [T Teen
rt,Cm-nl.)ine with the electrons present in the base I i I-

B
while most of them (=95%) cross the base and It '!l',
enter into the mild doped collector region. This vlf . B {,
- § ” CB

happens because base region is thin and lightly

doped. The collector-base junction is reverse  Figure 5.3 Biasing for a BJT + and - signs show the
piased, therefore negative terminal of the VCB holes and electrons as majority carriers in P and N
will attract the holes. The current flow in the  layersrespectively.

emitter, base and collector leads, due to carriers

movement, can be explained as follows : total current (I ) consists of base current(I;)and collector
current (I} The number of electrons in base region is very small ; hence very few holes will
recombine with electrons to constitute base current I ;. The rest of holes cross the base to reach the
collector region constitute collector current I.. Further collector current consists of two
components one is due to holes reaching collector region from emitter region after crossing the
base region and other is due to reverse saturation current I, (contribution of minority carriers).
If a is the fraction of emitter current reaching the collector region, then total collector current will
be sum of a I and reverse saturation current (I55).

Thus Ip=1-+1Iy .(5.1)
and I. =alp +1p0 i)

where Iz, = Iy = reverse saturation current flowing through the reverse biased collector-base
junction ; or collector to base leakage current when emitter is open.

From Eq. (5.2), I-=alp+Iy
or Io =a(l- + Ig)+ 1o [From Eq. (5.1)]
or (1-a)lo =alp+1q
or Jin [LJI +[_LJ1 .(5.3)
C 1-a B '{1-a co
We will define another parameter as B=1—f—& ..(5.4)
We get, I. =Bz +(B+ Dl «(5.5)

where o and B are current amplification factors in common base configurations. Usually reverse
Saturation current is negligible therefore (I =0)-
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. nt I

The expression for collector CUrreiin &
[L_ = }”H

9to0.95

ving from 0.
§ine sistor for

pical values of aran
e a tran

(5.1) - (5.6) are general equations of

DC Current Gain (B, oF fe) ]
c

Puc =7
1 IB

ratio of collector current to b
important for trans'lstor
ided by the transistor
ame.

e
B, is defined as .
current. This parameter is very
circuit design. Its value is prov _
manufacturer. Usually p,. and B, remain s
The action of NPN transistor is similar to that (?f
a PNP type except that role of electrons _and 'holes is
interchanged. Biasing and current directions in NPN
configuration are shown in Fig. 5.4.

General transistor equation is, I =Ip + 1.

Relationship between I, and I,
Consider Eq. (5.3),

and of p varies from 50 to 150 or mor. j
any configuration (PNP or NPN)' ' quah-%

rc(‘l llCL‘S t(’l

N P N
————— + 4+~
EQ— ~———~— ] P
————— i c
l
L B L
| |

Figure 5.4 Biasing and flow of currents i,
NPN configuration.

a 1
te=(7%5 ) +{122) oo i
If I; =0pA and o =0.996 (typical value), then collector current I~ reduces to,
1 5
I =(ﬂ) Ieso =250 I gy, (39
We define a new parameter, Iegp as:
I
_[ ZcBo
leeo = ( 1-a ] =(1+By)lepo e
Ip=0pA
Ieeo > Icpo
where Ipo = collector-to-base reverse saturation current and
Icgo = collector-to-emitter current when base is open.
Therefore, i i i i
. ere (l)res, ;r; a transistor operation Icpo is much greater than Iego-
xample 5.1 In a transistor, emi ]
r. emitter current is3mA, o =0.95, leakage current I, =5pA Calculat

base current and collector current.

Solution. Given [ . = e
nip 3mA; o =0.95, ICBO=5“'A

(1) The collector current I =al g+l

cso =0.95%3+0.005=2.855 mA

(1) The bas =].:
jh ecurrent I =] 41, Iy=1I, —1I. =3-2.855 =0.145 mA.
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e nd base current |
15

xample
A Eu!culatc o and p.
A auton- O | =096mA, [ =508A
) '“9_%—55 =095
0 IE 0.96 +V. (- I£=IC’[8)
I. 096 _

(i 5’7;'555'19'2 =

CBO ’ egleded)

ol Ject

and,

IC’IB

In CB arrangement, @ voltage drop of SV is obtained across load 5kQ, connected in

or circuit. Ifa -0.99, find the collector and base current.

Solution Given Vo =5 V, R. =5kQ= 5x10°kQ .

V.(= V) 5
The collector current I~ = Yelo Rl 2 ik
2 s Re 5x10°

")Thebase CUITCI'lt (I.-'——I-g— = I _____Ig_z_l___l 01 mA
g Is E= e 099
_101-1=0.01mA

Example 5.4 Calculate emitter current in a transistor for which p=40 and I =25uA.

Solution. Givenp= 40 and I =25puA =0.025 mA
Then I =Bl _40x25x107> mA =1mA
I, =lc+1p _140.025=1.025 mA

Base current IB =1 -IC

(Leakage current is neglected)

o =0.99, IE =10 mA, ICBO =05uA Calculate 1, I, Iero and p.

_10mA, Igo =03 1A
-0.99x10 L05x1073(mA)=990 mA.

Example 5.5 Ina transistor,

Solution. Given o = 099, I
099 _g9 (i) I =odg +1cso

-1, -] =10mA-9%0 mA=0.10 mA

. I .

(i) lego =(1£3—Q]=(1+ Bileno —(1+99)x05%10 3 mA =0.05 mA
-0

Example 5.6 In an NPN transistor, o

and Iepo-

Solution. Given a=0995, I- =mA, I
(i);;:.j‘L:_Q-?_?i _199
1-a 1-0.995
(if) I =odg +Ico =(0~995x10+0.0005) mA =9.9505 mA (- Iego = Ico)

_[(1+199)x05IRA ~100pA

=05 pA Determine the values of

=0.995. IE —10mA I
[GGSIPU, Nov. 2013 2.5 marks)]

=0.5 pA=0.5><1O'3 mA =0.0005

(i) Iego =(1+B)cpo =1+ Peo
() I, =1, -1, =10-9.9505=0.045 mA
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55 Transistor Configurations

B ave in a circuit as follows :
BJT can be connected in three ways in a ¢l

8 i i { i i minal is Omm()n I ,

ion, in which base terminal is common ey,
(i) Common base configuration, mlwh':ch base etween b
(emitter) and output (collector) circuits. ' -
(i) C collector configuration, in which collector terminal is commgy, betye,
iif) Common : i ”
input (base) and output (emitter) circuits. -
Usually common terminal is grounded. Figure 5.5 shows the circuit arrangemen; ¢,

: : T Norm,
(active) mode operation of an NPN transistor in all three configurations.

(a) Common emitter (b) Common base (c) Common collector

Figure 5.5 Different configuration of NPN transistor. &

5.6 Transistor Characteristics

The transistor circuit behaviour and characteristic curves are very different in the three
biasing cases i.e., CB,CEand CC configurations. To study the input and output characteristics of the
transistor, hybrid model is used in which input current and output voltage are considered as
independent variables while input voltage and output current are dependent on them.

5.6.1 The Common Base (CB) Configuration

Practical circuit for in

put and output characteristics of an NPN transistor is shown in
Fig. 5.6.

[+

VEE —
b

Fi B Ky
ure 5. i < . O S
gure 5.6 Circuit for NP transistor characteristics in common-base arrangement.
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§ base junction, V., is negative and for reverse biased collector junction,
*ulped to base which is grounded.

VEB -fl(vc.fI )
» voltage (V) constant, variation of emitter-base voltage (V) with
hh{p&ﬂduracuﬁsﬂaof&utrmmtorushownhl’ig. -

Vc,)O V“-O(apcn)

02 04 06 08 v,

tion, the input diode is forward biased. So the input characteristic is
characteristic. Below the cut-in voltage (0.3 or 0.7 V) emitter current is
circuit will represent the forward biased emitter diode when V. is
mt, I, increases. Therefore, curve shifted towards the left. The

y ,‘.- provides the input impedance represented by hy, or B

Ic = f,(Vep: Ig)
1g the variation of collector current [. with collector-base (Vz)

Active region
!E=25mA

IgtO.ZmA

I£=1.5mA

IE’S 1.0 mA

1£==0.5mA
I£=0mA

A ~4 -5 ) -6 -.-?- Ves(V)
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» collector currer ;
ar that the W (I )is Ver,

» collector junction. Colle - °
irrent Lo of the l (””Litnr[

when [ =0and becomes rever Stfmrvn-t:L:rrl:}lmrallcl to the Vi hnrnf‘-‘_m,ml IS, This is gy (t”"“r:
Vies and curve ““ 15 a few more electrons. This reduces the Mo tar)

r.ftlet‘l-c;'f“d' If collector voltage is increased, d("PI“Unn li,-«.-.

and hence'r ﬁ Af the base. As a result, less chance of recombiy Wiy
i becomes collector current, [ . ~ | j“Un;,
nt & F “l-l \U)-T}

it is cle

ok o Uy " ':i" 5.8)-
From characteristics curvt (rig

slightly increases with the
effect. At higher V., voltage
This difference is very small nd b
ases the effective )
mitter curre

collecto

increases, this decre
the base region. Therefore almost €
f B \ .
' (ILT" * prn\'ldcs the

X “l‘-‘ﬁ 'Jlf

admittance denoted by h,, or .
slope of this curve

ai bf(.[' 1I'c risi-
ll]th(-! t‘ ) P‘" H‘"L‘lLI"-’ can (‘\]SU L'L' Ul'tﬁ]nt’d fl'()m “(.“l 4 (:h( -]Cte i s,
1 y \'t . - - )
everse \'Ultﬂgt. gﬂln ” b 3““{‘

d 5
forward current gain, Ji ,, and
as follows :

ol
hﬂr - —(:1-[_&'— " (511)

cB

Vg
"n =\ WV {51y

lg

The parameters are defined

Typical values of input impedance /i, varying from 15 to .50 Q, hnb can talfe value of the
order of Sumohs, /1, has value ranging from 0.9 to 0.999 and typical value of 1 is about 195

Saturation region in the output characteristic, lies on the left of ordinate V-5 =0 and aboye
I. =0. In this region both emitter and collector junctions are forward biased. If diodes are
sufficiently forward biased then I changes fast and does not depend on the emitter current.

Cut-off region lies on the right of V- i.e., V3 =0 and below I =0, where both emitter and
collector junctions are reverse biased. As I =0. I =1-4 e, reverse saturation current in the
output. This current (I, ) strongly increases with temperature.

5.6.2 The Common Emitter (CE) Configuration
Practical circuit for CE configuration of an NPN transistor is shown in Fig. 5.9.

This configuration is most widely used because of large current, voltage and power gain.
BJT is operated in active region. Therefore, base and collector junctions are in forward and reverse
bias respectively. Emitter is common in both and grounded.

< Ground

. r i - . . . e .
Figure 5.9 Circuit for NPN transistor characteristics in common-emitter arrangement
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wt characteristics. is casc
Iny s. In this case,

base-¢
ase-current (1) and output collector-emitter voltage

» taken as independent
(Vo) ar€ Parameters and input voltage (V
de"Pcndcnt b put voltage (V) and output current (1) as
p -

Thus "BE _fl(IB'VCE) and IC = f"“B’VCE) INITENR

Figure 5.10 shows the curves between [, and e
P different value iy
Vae for s = es of VCE. known as input 150}
characteristic curves.

At Ve =0V, emitter-base junction is forward e
biased, it acts as a forward biased diode. With higher 50}
values of Vg, collector collects slightly more
electrons due to decrease of effective width of the’ 02 04 06 08 Vee(V)
base, hence base current decreases. Therefore curve o ‘
shifted towards the right on increasing VBE' _ Figure 5.10 Input characteristics

Output characteristics. It is curve between collector current (I.) and collector-emitter

voltage (V¢ ) for different values of I; as shown in Fig. 5.11.
() Active region. In this case emitter and collector junctions are forward and reverse

(if)

(1i7)

(iv)

o N

F iaare 5.11 Output characteristics. 0

biased respectively. The region above I, =0 and between two dotted vertical lines.
Here collector gathers almost all clectrons, emitted and injected from the emitter.
Therefore any change in V., has no effect on I.. This region is more sensitive to
base current (I;). For amplifier circuit, transistor must operate in this region.

Cut-off region. This region is defined by Iy =0 and I = I, This bottom curve is
called the collector cut-off current. For a given transistor 2 N3904, approximately

50 nA collector cut-off current flows.

Saturation region. Region between ordinate (Vi
(Vg =0.1V) is called the saturation region. Both the junctions now act
biased diode. In this case, I, is larger than the normal value and current gain B, is

smaller than the normal values. In this region, collector current I. is almost

independent of Ij.
Breakdown region. This region is dangero
operated in breakdown region otherwise i

=0) and first dotted vertical line
as forward

us for a transistor. Transistor must not be
t may be destroyed.

ImA} ¢
‘% S i Active Breakdown
50 region region
&7
20 !
1
1
15 f
10 :
. ]
5 ]
] Il Jo]
| T Rl S
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y input and output characte

. >, ris | |
asily obtained b . ln

8 Jteors can be €
The four transistor parameters ¢
CE configurations. —
curve.
Ve , slope of inpu
: - h, =
(@) Input impedance, 10 élg Ver

‘q'l(;} . slope of output curve.
(b) Output impedance, e = .'

al.
(c) Forward current gain, g = ol Ves

Ve
(d) Reverse voltage gain, I, = F A
d 107° res ectively,
Typical values of h,,, h,.. /i and h,, are 1k, 10pmhos, 150 an P y
~ 1‘.1 “-I e : ' - |
Example 5.7 A transistor is connected in CE configuration as shown in Fig. 512. Use the jgey
ampie . :ob“ > ; 7

transistor. Determine (i) Vyp (ii) Iy (iii) I (10) Vg (v) I s Dbl o

Solution. Given R, =470kQ, R. =3.6kQ, V; = : Y m

(7) For ideal transistor, V. =0.

(ii) 1 determination. Apply KVL in the
input circuit (base circuit)

Vo = IgRg + Vg

| 15

Zin
Ry 470x103 o
=319 uA Figure 5.12

il

I

5 (- Vgp =0V)

(i) I~ determination, - | =Bl S =100x31.9uA =3.19 mA.

(1) Vi determination, Apply KVL in the output circuit e

Vee =Vy-I-R. =15-(3.19x10%)x3,6x 103

=15-11.48=352V
(v) 1, determination, Usually [ E

~ I, because | B 1S very small.
%=%+%
Example 5.8 What are | B

In this case =3.19mA +319 HA=322 mA

I and VCE ™ Fg 533 if VBE =0.
Solution, Given VBE =07V, RB =470 kO RC =3.6 kO
Vin =Vo=15Vandp, -1
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() KVL in the input circuj
cuit, V, = [gRy+ Var

1 :Kin__“, BE _ 15-0.7

! —BE VL 3,
Ry 470x100 O HA

(if) Ic =P. 15 =100(30.4x 102 )mA =3.04 mA
(1i)) KVL in the output circuit
Vo=1IeRe + Vg

Vee = Vo~ Ic Re =15-3.04x 102 x3.6x10% =4.06 V

Example 59Ina CE transistor ci [ V V oV
S circuit, collector t ] ges

" iioos B vpllers  curvent o emitter ( ' CE ) U()“ﬂgf‘ Chﬂ?l‘ €s fl"OHl 5Vtiel ’

cause 8 ’ . € fmm SmAto 58 mA Determine the dme?IiC (Tlltpllt resistance.

Solution. Dynamic output resistance (r,)= Aer | 10-5
Al (5.8-5)x1072
5
s g =6.25 kQQ
0.8x10~

5.6.3 Common Collector (CC) Configurations

In ﬂ‘-lis a-rrangement, collector of the transistor is common in both input and output circuits
as shown in Fig. 5.13. Here NPN transistor is considered for determination of transistor charac-
teristics. The common collector
configuration offers high input
impedance and low output
impedance and hence it is used for
impedance matching applications.
Voltage gain offered by this
arrangement is less than unity and
current gain is high. Power gain is .
also very small. Therefore such
configuration is rarely used for Fligure 5.13 Circuit for transistor characteristics is CC arrangement.
amplification.

The input and output characteristics are shown in Figs. 5.14 and 5.15 respectively.

L+

l—

: ‘ Ig(mA)]
s(HA) o
100k-1------A-------------- 5
80} 4 St
i 3
— =40 pA
2
| =20 pA
1
20 N
' V¥ VecV)
0 4 VW) £C
ment. F iguwre 5.15 Output characteristics of CE arrangement.

Figure 5.14 Inpur characteristics of CE arrange
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lification factors, i.e., u, pand vy in three configurations, cg
amplitice 8

as follows : -

or current (output) to corresponding change i,

as constant. Therefore

Relationship between current
CE and CC respectively can be obtained
(i) « is defined as ratio of change -
. - rre
‘ emitter current by keeping output collector

(i’fc J (5.13)
a=|— .
Ven

in collect
nt Vg

ol £

i is defined as
(i) Similarly, in CE configuration, current 52t By is defi

al- -.(5.19)
P { Tr]
OB /v
(i) In CC configuration, current gain v, is defined as :
(9 (5.15)
i
B/Vec
In any transistor arrangement Ip=1I-+1Iy (5.16)
and IC = aIE + ICO .(517)
From Eq. (5.16), we can write ol =0l +0lpg (5.18)
From Egq. (5.17), we can write ol =adlg + 0l -(5.19)
SN On putting &l,. in from Eq. (5.19) to Eq. (5.18), we get, 8l =a(dl, +8l5)+al,
] B Since &l -, is almost negligible. Hence
V aIE = O'ﬁIE +é‘IB 3 or aIE a --.(1)::613 : (5.20)
By dividing 0l - on both sides, we get
; ol ol '
E B 1 1
5 (1-0)= = S(l-a)=-
I, . = b
Therefore B= -—
—a (5.21)
or _B
1+ . il a2)
Usually o i :
sua- ly a 1.s less than unity (say 0.98). Then B should be larger i.e., 45.
Relationship between a,Band y
Consider ~ y=SE__ % 1 4 ]
GIB 5IE —aIC _?{C_ 1-q Thus =.1Ta._=1+B (523)
ol -
hich show‘s that current amplification will be large in CEand ¢
s than unity in CB configuration. configuration whereas it will be
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comparison of different Configurations

The various characteristics R - o
tics of the CB, CE and CC arrangements are given in Table 52.

Table 5.2 The comparison of various characweristics of three connections.

PR = P s - S e
s.No. Characteristic CB 7 - cc i
b e w——
1 Input resistance (h ) Low (about 1006 Koderats Very high
(about 1 k£2) (about 750k() v ]
: (ﬁt]put T Very high about High to moderate Low (about 500Q2)
(1/hy) (0.5 MQ) (45k€2)
3 | Voltage gain (1/h,) About 150 About 500 Less than unity
4 | Current gain (h_,) Less than unity High High
Phase change . ;
5 e ingt:t and 0 or 2r (No change) n (phase reversal) 0 or 2r (No change)
output signal voltage
6 | Appliations Used in high _ Used in audio Used for impedance
frequency circuits frequency circuits as | matching
an amplifier

5.7 Transistor as an Amplifier

If we compare different type transistors in Table 5.2, we find that CE arrangement is most
suited for signal application. Figure 5.16 shows the CE, NPN amplifier circuit. A dc voltage source
(Vgg) is applied to the input circuit so that emitter-base ( E-B) junction operates in the forward bias
irrespective of polarity of input ac signal. A dc voltage source (V) is connected to the output
circuit in such a way that collection-base (C- B) junction operates in reverse-biased.

Output 4 Output 4
current voltage
A
| LW e \J T
¢
Input ac signal g ! - : -
(@) (©) (d)
Figure 5.16 CE Amplifier circuit. \

When ac input signal is applied in the input, base-emitter voltage (V. ) begins to oscillate
with the polarity of signal. During positive half-cycle, Vi is increased which results [; increases.
This causes an increase in the collector current and larger voltage drop will appear across the load
R-. As V¢ is constant, therefore, output voltage V. (V, as Eis grounded) decr'ea.ses. In .Othf"'
words, as the signal voltage is increasing in the positive half of the cycle, the output is increasing in
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e input. While in negative half
the ne of phase w ith the inpu g of the

and current through 1o,
cycle, Vy. decreases (ic., I, decreases) causes smaller V(.)ltagt‘ drop that in CE anE\; lifi .
) * YRE CCTeases ('. S ] v [n conc]uslon we can Say d p Ier‘ the
This leads to increase in output voltage V- . ive half-cycle in the outpyt
lified negative cy Put anq
positive half-cycle of the signal appears ?jsbnn:{fe phase reversal.
vice-versa, Here : ification is not affected by . . o
Ir a. Here amplifi lifier, the input and output currents are in phase. As shown in Fig, 5.16,
nevery type of amplitier, o
collector current consists of fwo components : _ Al
(i) de collector current I (absence of input ac s.lgnal)
(i) ac collector current i, (presence of input ac signal)

Thus resultant collector current i = I +i,

Bative sense i ¢, output is 180° output

Table 5.3 provides the standard notations for currents and voltages in transistor Operationg
where ac signals are superimposed over the dc. (Refer to Fig. 5.16)

Table 5.3 Standard notations for currents and voltages in a transistor.

S.No. Particular de ac Instantaneous Total
1 Emitter-base voltage Veg v, Vep
2 Base current I i, ip
3 | Collector-base voltage Vep Uy Ucp
4 | Collector current 1. i ic

5.8 Eber-Moll's Model

Eber-Moll model is called the cour'ed diode model

a transistor. This model generalizes the behaviour of
inverted mode of operations.

which describes the dc characteristics of
a transistor by considering the normal and

Let us consider the PNP transistor, and current flow through it as given in Fig. 5.17.

E C
I Ie
P IN| P P IN| P
E B ¢C C B E
(a) PNP transistor (b) Normal operation () Inverted operation
Figure 5.17

During normal operation, Vg is forward and Vs is reverse biased.

Therefore, I v =1 EO(eVEB" ¥y ~-1)

(diode current equation) (5.24)
and I

o =OnIpy =y Tpo(eVmiVr _y ~(5.29)
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ar » r » “ 8 ] &
pere Tis and a,, are .ow. rse satur
v sor in normal operation respe
facpecﬁ" ely in normal mode.
res

Under inverted mode, Vg is reverse and Ve

ation currents at emitte

. r junction and current amplification
ctively. Here [y and |

cn are emitter and collector current

p is forward biased.

s WenlV % .
Therefore, Iy = ~leple s’V -1) (diode current equation) .(5.26)

I

3 g =0yl = -, [co(,_,vCB"kBT =) <5273

where Ico and a; are reverse saturation currents of diode
amplification factor in inverted mode respective
current respectively in the inverted operation.

at collector junction and current
ly. Here I, and I, are emitter and collector

Superposition of normal and inverted mode o

perations provides the generalized emitter
current (I ) and collector current (I..), given by :

P S IEO(evEB/VT ~1)-a, ICO(EVCBIVT 1) .(5.28)

VeplV

e Ie =g + ey ==Ico(e YT~y a I (e m/VT _1) (5.29)

Equations (5.28) and (5.29) are Eber-Moll equations. I g contains two terms, first represents
the diode equation at emitter junction and second represents a current controlled by collector
diode. Similarly, first term of I indicates the diode equation at collector junction and second term
is for a current controlled by emitter diode.

Therefore, equivalent circuit from Eber-Moll equations gives the Eber-Moll model
(Fig. 5.18).

Vin

vl n

Ign=Igo(e" - 1) fe = Irole” =1
o o H -
Ig ¢ Ic
Ien=aylg
Bo
s
F‘igure 518 Eber-Moli Model of a PNP transistor. Figure 5.19 Eber-Moll model for normal PNP operation.

= and
For a PNP transistor in normal mode, common base arrangement, Vp, = forward

. and I, =0. Thus
Vs = reverse biased. Hence, I o =0 (collector-base diode behaves as_open) £l

Eber-Moll equivalent circuit is shown in Fig. 5.19.

This circuit acts as bridge between internal PhYSical device
characteristics.

parameter and device terminal
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5.9 Bias Stability
5.9.1 Need for Biasing e - _
[n most of the operations. transistar acts & % amtl:\llf:itiZ'to‘r\t:;:-]frz?g\l;tf;i?t ttt:;nls?zm
alterrating signal and produces the amp“ﬁt‘d output. To get the . ly v 1 2
s : . i« obtained by the proper selection of supply voltages and
and it l‘.- fO *'"d biasing the base-emitter junction and reverse biasing
N e free and linear amplification, the transistor should
operate in the active region (i.e., if I increases, I increases a.nd Vee :e:\r;:filscfij)rlft;op;):c;oz;]fl;)th ?n
the other hand, if transistor is not biased properly, it \'mll WOTt ]factor '(haty determmels 111]]
distorted signal will be pruduccd in the output. f\“ 1mportant i lapacter it i t' ¢
amplification characteristic of an amplifier is the region (_)f th}f odu 8 s B G LD % ct" e
which the transistor operates. This can be obtained by locating the dc operating p € output

characteristic curve as discussed in the

must be properly biased
resistances in the circuit. This me ;
the collector base junction. For distortion-

next section.

5.9.2 dc Load Line

Let us consider a CE amplif
visualised in Fig. 5.20.

ier circuit with base resistor R and collector (load) resistor R- as

—— AW\
Iy Rg
+
| Vg =

1

! —— i ———————

Figure 5.20 CE,NPN transistor amplifier circuit.

In the output circuit, applying Kirchhoff's voltage law (KVL), we get

= Ve = Vg + Ic Re
-V, Vv
Vg = Vi =0 Res or I.=—CE+F5C (5.30)
Re  Re
. . Vee .
As V. and R are fixed values i.e, —<- is a constant, therefore above equation is a straight
C

. . = . 1
line like y = mx + C, where m=slope of line =—— and % is the intercept of line on the vertical

: ¢
current axis of the output characteristics. Consider the two extreme points on the straight line.

(i) When I. =0,V =V ; cut off point A

_ v
(1) When Vi =0, I =—RC?C ; saturation point B
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The dc load line is obtained by I.
ining points Aand B The intersection D
of dc Joad line .ll"td cha_racteristic curve
ives the operating point (or quiescent
juf) as shownin Fig. 5.21. The dc load

a.c. load line

d.c. load line

line §1VES the dynamic behaviour of the = i

Grcuit and @Qpoint provides the valie i Y !

o I and V- of the. circuit. When \ h

cignal is applied to the input, values of - \\

| and Vcg vary about the Qpoint TN SN 00k o
accordin8‘Y° Q-point is also known as 0 C \;(C V:

operating point. Figure 5.21 Common-emitter output characteristics and load lines.

5.9.3 ac Load Line

On applying the ac signal to the input, Q-point remains stable while transistor voltage V.,

and collector current I~ vary about the point. If we draw ac load line, it has steep. - (greater slope,

___ld-) slope than the dc load line but two lines will intersect at the quiescent point Q. The effective ac

ac
load resistance R, can be obtained as follows (Refer to Fig. 5.22)

1 1 1 R +R.

'__=___+___._ (R ||R ) ...(5.31
Rac RC RL RC RL . ¢ ( )
R-R
_ G L i
R, =R .(5.33) .

where R, is effective in case of ac signal and ineffective when dc is applied (no signal). This
happens due to coupling capacitor C,. It becomes short for ac signal and open for dc.

J* Vee

l_Ci\E\citor

VT

a.c. signal

E"“-ﬁw—.__ PP /
'Qure 5.22 CE amplifier circuit /
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_ : v.. and maximum /. is required in pre

To draw ac load line, maximum vey

These values are given below : : -
ese values are g IR (cut off point C)

b

CQ "ac

Sence of

VL'E - VCEQ
. VC‘EQ_ (saturation point D)
IC - ICQ R,,,; (53.

The ac load line is shown in Fig. 521 - 25kQ

Example 5.10 In Fig. 5.23, draw dc load line. o
Solution. To draw dc load line, we will obtain 5:
two extreme points from output circuit. 1 ’B B’\; )

e o it =1
(1) KVL in the output circuit 1 = szvcc
Vee =Vee ~ e Re I

Iy

‘I
When I =0, Vea
Veg = Ve =125V (cut off region)

—C¥ﬁ_________.

R e ST,

Figure 5.23
Point A(12.5,0) on the X-axis.

Ve 125
€ R. 25x10°
Point B(0V, 5mA) lies on Y-axis. On A

0
joining these two points, dc load line is obtained as 125V,0) v,
shown in Fig. 5.24.

=5mA (saturation region)

Figure 5.24 dc load line

Example 5.11 A NPN transistor is used in Fig. 5.25 from the circuit. Find dc load line and Q-point
on the output characteristics of CE configuration. (Si material is used).

Figure 5.25

Solution. To draw dc load line, first find two
(i) Point A. Apply KVL in the output circuit

Vee =1cR- ¥V

Vg = Vee =6V. Thus A will be (6V, 0mA).

extreme points from output characteristics
B

When I =0,
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~ point B When V. =0, Vec NUSTORS ® ] 87
([n Pﬂ!ﬂt CE y IC :-__‘_Lg'_:’vj :
1x103 =6mA

Then:fore, Bwill be (0 V, 6 mA).

co the straight line ABjoining these two points is the dc load
¢ dc load line.

(ii) To find Q-point I is required. Consider
at dreuit and apply KVL,

VBB = IBRB +VBE

Vis ~Vee _57-07

inf

= 40pnA

I =
. Rg 125x10°
Iy =40 A

50 Q-point is the point of intersection of the dc

joad line and output characteristic curve at I; =40pA ) '
i : A6V, -

Ifﬁwould be given, Q-point, I~ and V. can - (6V,0mA) Vg
also be calculated. Figure 5.26

Example 5.12 Draw the dc and ac load lines for the given CE circutt shown in Fig. 5.27. Also
Jetermine Q.

_°VCC=+2OV
RC=3kn
G T
P?gure 527
Solution. (a) Calculation of dc load line

() At cut-off, Io =0, Veg =Vee =20V

. Point A (20 V, 0 mA)

(ii) At saturation, Veg =0

I = ___‘fg_g——— =_________2_9-—-——"3' .—_4 mA
c =R +Rp 3x10°+2x10
(because KVL, Ve = IR+ Vg1 £Re)
Point B=(0 V, 4 mA)
load line.

The straight line joining A and Bis called the dc
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(b) Calculation of Q-point

{ition, we W

Under given cont
jer voltag

I (Q) and V ’(Q) Consic
Vi C 5 g 3
Vs c((i 3 R] » (16+4)<10
I 2
1 : S0 ¢ i Ry i.t’.,
Apply KVL in loop containing R,. pase and 8
V= Var +1g R
= Vo ~Vee - ot 7— ~1.65 mA
e =" Rg = 2x10°

(consider Si transistor, V. =07y

(.'. IB 20 mA)

- -=lg=1 65 mA
So L= 1.65 mA
Again apply KVL to output f0 obtain Vg (Q) 1.6
I(Re +Re)+Ver ) (Let . ~1,)

Vee = Ic Re +Vee +1gRe

CL(Q(Re + R;)=20-165x10" 33+2)x10°=11.75V

{ VCE(Q) = VCC

(c) Calculation of ac load line .
ReR, _(3x12)x10 i
= = RellRL=RVR, ~ (3+12)%10°
D £Q _; g5, 1175 655 mA |
o Ic(saturatlon)- I-(Q+ R 6 o : (Point D
| and Vg (cut off) = Vo (Q+ I (Q R, = 1175 + 1.65x 2.4 =1571V (Point O

is ac load line.

' Straight line joining points C and Di
ac load line with Q-point.

(d) Graphical representation of dc,

; v A IC
’ I{Q) + “(Q) =655mA |
4
Vor X d.c. load line
Rg+R¢ B

1c(Q) = (165 mA)

a.c. load line

Var=20V
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L Runaway

collector current (or current guin, y
- : 4c) Of a transistor strongly depends on :

() Tansisto (ii) Temperature e o8
circuit, if transistor is

 cir v h:;hcedt:i :r;oﬂt:m. thepn Ic and V,, also change. Similarly,
= “' :\ei“b* sy varypefro“m i 3‘mtloﬂs.m 2;: example, data sheet of a transistor

B C temperature. Circuit '
icates that B . increases with _ per rcuit analysis of
il Bac with increasing temperature and decreases with decreasing

Ve, for faithful amplification of inout « -
vever, . . put signal, Q-point must remain fixed, irrespecti
‘ 1s. This process is known as stabilization. -
s, is::\?"m in Whish collector current increases with temperature. As
e increases, Sam Pe'l‘ltm:E of the junction increases due to power dissipation, | R at
: : unct : 'I.'hm mm In temperature AT can cause further collector current to

eb! hﬁu urthe nmasnnfg li:emperature. As a result self destruction of the transistor. It can
rematically as follows :

ctor current, I in a CE configuration is given by
Ie =Blg+Icpo =Bly +(B+1)] o, .(5.36)
 are leakage currents.

ol

ge current I, is strongly temperature dependent. The collector current I-

within the transistor. This raises the temperature and as a result I, , increases.
s obvious that I. will increase. The increased I. further increases the
» increased I,. This process is cumulative and fast and may cause the
stroyed or damaged. Therefore, in any transistor circuit, this effect should be

sircuit, it is necessary and desirable to keep I and V. constant so that

oint) becomes stable. There are fwo methods to make operating point fixed
(i) Compensation

circuit is used, which allows I, to vary such that [ remains constant

. In second case, diodes, sensistors, thermistor etc.

' t biasing circuits can be compared by a paramete'r S, known as
d as the rate of change of collector current with respect to
ent, heepingp dc and V,; constant.

(@ A (5.37)

_"{tza,'”q--———

The large value of Smeans circit s thermally wriZ2e
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In CE amplifier, collector current is :
I =Pyl +(1+ By )Mo 63

Differentiating with respect to I
alg N (1+B,.)
i Bdc _a—IE‘_ S

_ ___-I:.Ed—c—— _”(5'39)
ol
1-Pad 31 !
B

For a circuit in which Iy and I are independ'ent Le., Ec—

S=1+P, ' - (540

If B, =100 (say) then 5=101, means variation of‘ IC‘ will l:-le 101 times faster than Ioo-Such
circuit may operate in the saturation region. Example is fixed bias.

5.10 Transistor Biasing

So far, we have discussed the transistor amplifier circuits using two voltage sources, one jg
connected in the input and other is connected in the output to operate the transistor in the normg]
mode. To make circuit simpler and economical, only one voltage source can be used. In the
following circuits, only one power supply will be used for proper biasing of the transistor -

> Base bias or fixed bias > Emitter feedback bias
> Collector feedback bias > Voltage divider bias

5.10.1 Fixed Bias or Base Bias

Figure 5.29 shows the CE amplifier using base resistor Ry (several hundred kQ), connected
between base and positive terminal of supply for NPN transistor. Apply KVL in the input circuit :

Vee =1IzRy +Vge

or I =‘_/C_.CR;VB£
B

Now consider stability factor S= —113“":__

ol
I_Bdc('a_fq]
C

Since express; . +(5.42) Vi
Sepod L. pression for I, shows that, | g 15 indepen-
al
Therefore, B _
3l 0 and S=1+Bdc ..(5.43) T

F igure 5.29 Fixed bias circuit
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" b s o e . . " .
nt ’;t"np “d{' 15 \Lr}’ Iﬂrgl; h 19 ﬂl‘:‘) Idrg[‘ &) lh‘__l il“(‘d blsl‘i (‘lr{'u" %\'I“ b‘, }”}:h!",

i curre : : -
lly unstable. That is why this circuit is seldomly used. The most remarkable feature of this
T is simplicity:
From Fig. 5.30, determine collector current and collector to emitter voltage

dﬂ:u E’ﬁlmpk 5-]3
"l. Given: VCL‘ =6 V, R“ =300 m’ RL‘ =2 k(2

Soluth
‘mdp:w | - Veemtb6V
0 ApPlY KVL in the base circuit i.e., p— 2k82 =R
Vec = TsRe* Var
fs = 50 (Si transistor)

Vo~V 6 ~0.
o A AT Y

-

Iy = Ry 300x103

I = plg = 50x17.7=0.88 mA Figgxre 530 Fix.zad bias circuit

To get collector to emitter voltage apply KVL in the collector circuit (output)
Ve =1cRe + Ve

~I-R. =6-0.88x107 x2x10° =4.24 V.

(if)

- Vee = Vee
Example 5.14 Draw the dc load line and locate the operating point Q, for fixed bias circuit shown in

1. What will be stability factor (Vg =0.7V)?

Fig. 5.3
=820k, RC =4.7kQ

Solution. Given Ve =15V, Ry
and p=120

(i) d.c. load line
Vcc _ 15

a) |- (saturation) = = =3.2 mA
5 gl R 47x10°

(b) Vg (cut off) = Ve =15V
- For dc load line two extreme points are (15V,0MA)  moermmaoe
and B(0V,3.2 mA). Figure 5.31
(if) Operating point (Q) #.¢., I-(Q)and V£ (Q)

V.- -V =
Ip=—C2E = i 0‘73 =17.44 pA
Rp 820x10
and  Vip(Q=Vee ~IcRe =Vee ~B-Tp) Re
=15-120x17.44x 47 =5.16 V

This I (Q)=ply =209 mA, Ve (=516 V

(iii) Stability factor S=p+ 1=121. Given circuit will = )
be thermally unstable. Figures32
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5.10.2 Emitter Feedback Bias e current in the R, (feedback .

Figure 5.33 shows the emitter fee
op across it which is in the
this will increase

2 hiag circuit. Tt
sdback bias circt aate the changes in 17 klk.tr,,)
2 . - MSC ¢ 3 v
direction to compet gesin Vi, ‘S“Ppn:,,

the emitter voltage V; which in‘turn decreage, tl
32D — e » e
decreases. Since - =P, - Therefore, less colle

and k-ml_t‘.(_-qllnn!i}' !g_,' oy input and output circuit The o Ctor
FR— ) = » e
ant. RL’ is commc Circuit i

s a change in input current [, through R
[’.

causes a voltage dr
collector current increases
base-to-enmutter voltage, \'m-
current /.. So - remains almost const

£y rrent |- produce
termed as feedback because output current [ |

Here I:' = !C + IB

¢ ..(5.44)
and VLT = 1[‘; R“ + vn[_‘ + II.‘ RE (I\VL) (

Al .
. N B tavs (],
To find stability factor 5, =715 equired

-

C

Differentiate current equation with respect to I,

L JO. ..(5.45)
el él-
Also differentiate voltage equation with respect to I,
ol
O=‘ELB“RB ‘fE‘RE I ——
ol- ol Figure 5.33 Emitter feedback bias circyj;

ol
On putting the value of —1-5, we get
' (’IC
% R
ol S 549

6IC Ry+ RE
1+ 1+
P ‘; = Pac <<(1+B,.) (5.47)
1-p [ 28| 14p, | B
ﬁdﬂ(alc J Bdc( Rp+ R ]

In this arrangement, stability factor S is smaller than that of fixed bias. Hence, thermal
stability of operating point will be enhanced. The stability factor (S) can be reduced to 1, when ratio
Ry / R, is very very small compared to 1.

Therefore,

Condition for Ry value : Since Ip = I (- Iz =0) .
From voltage equation, we can write
Ve =V,
~ B BE
I (= IE)—R——RB— (e I =R, L) ..(5.48)
-+ —=

E
B dce . k
From Egq. (5.48), it is clear that I. depends upon p 4c- Therefore, to keep 1. independent of
B;., Ry should be greater than R, /B, ie.,

- R
RE S5

Bdc
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Apply KVL in the input circuit,

bV «.(5.4¢
Vee =g+ Ic)Rc * IgRg * Ve )

Differentiate with respect to [,
= --—+‘ | e B
’ [a’c ]RC (9 e

1’8 _RL

C

dl-  Rg+Rc

Therefore,

1+,

Stability factor S= -
1-1,1’1.'( ]

oly
ale
ol

C
If we put the value of —£ , then
ol

5o 1+B,.
14 .EE’L:_R_‘;
Rg + Re _
So this circuit is more stable than fixed bias. Its stability can be improved by proper selection
of Ry (small) and R.. (large). This circuit is not good for amplification though simpler and requires

<1+B,, (5.50)

only two resistors.

Example 5.16 In a collector feedback bias shown in
Fig. 5.36, determine (i) position of Q-point and (ii) stability
factor S.

Solution. Given : V.. =10V, R;=100 kQ,
R. =2kQ,B=50and Vg =0V

VCC= + 10V

(1) Apply KVL to base emitter circuit,
Vec =1cRe +1gRp + Ve

Vec =Ug+Ic)Re +IgRy + Vi,

((A+B)R¢ + Rp)lg = Ve —Vipg 'Fligure 5.36

VC’C

Iy =
Rp+(1+B).R-

_ 10
[100+(1+50)x2]x 103

or

=495 pA

. (- Vgg =0V)
(i0) I-(Q) =B I, =50x 49.54A=2.475 mA
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Apply KVL to collector-emitter circuit
Ver = Vee -1 + Ip).- R
=10-(2.475 + 0.0495)x 10~ 1
. 0495)x10 % x2x10* =4.95 V
Therefore Q-point is (4.95 v, 2 475 mA) - -

Hli_ﬂ_h_ o 1+ 50
. — = 25.75.

1+p( RC 1+50x( E
R- +R, 2+100

(iv) Stability factor $ =

5.10.4 Voltage Divider Bias or Self Bias

The voltage divider bias circuit is shown in Fig. 5.37
This is commonly used for biasing and stabilizatiogr; o.f .a'
transistor R, and R, formed the voltage divider, in which
voltage across R, provides the forward bias v:fo]tage to
base-emitter junction. Resistor R, is used for stabilization.

Suppose collector current increases due to change in
temperature. This increases the current in R g Wwhich
increases the voltage drop across R;. In this process, Vy,
decreases, led to decrease in Iy. Consequently I. reduces

and tends to its initial value.

From circuit
Vv
s CC _
- _[R +R J R, =Viy ~(5.51)
! . Figure 5.37 Voltage divider or
P R R ! RZ - self bias circuit.
an B - Rl + Rz - RTH ...( A )

which can be obtained by applying

This voltage is also known as Thevenin’s voltage V,,
KVL) around base circuit,

Thevenin’s theorem to the input circuit. Consider loop equation (
V, = Vg + IR +IgRy

or V, = Ve +(I5+ Ic)Rg +15Rg (5.53)
Differentiating with inspect to I, we get
| oy ___Re
ol.  Rp+ R
1484 .(554)

S=
de| R + Ry
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R

. 2 v ks LR

Again we can say that § =1if !}:x wal i (\n increases, Skeeps on increasing. When R, S0,
R¢ R, ;

f ! and more power

S._’ .1+p~h" Here good stability is obtaine
dlSSlpahon. Inspite of all that it is most prefe

f high Rg less gain

arrangement.
Thevenin's theorem (Vg =03 V),

d at the cost ©
rred biasing

point using

Exa mple 5.17 For Fig. 5.38, determine the upcml ing

Also find S of the circuit.
=+12 kQ2

o Vee= 12V Ved

(b) Thevenin's equivalent circuit

(@) Potential divider circuit

Figure 5.38 Thevenin’s equivalent circuit.

=40kQ, R, =5kQ, R~ =5kQ, R =1kQ and B =60
At circuit of Fig. 5.38(a) where

R;R, 40x5

Ve 12x5
Vo, ) e~ R = =13V and = =
¥ [R1+R2J 27 (40+5) Ko R,+R, 40+5

(i) I5- Apply KVL to the base-emitter circuit
Vi = IgRyy + Ve +1eRe
VT —VBE . 1.3—03
=15.28 pA

I, =
1 3
Ry +(1+P)Rg 4,44 +(1+60)x1x 107

Solution. Given : V¢ =12 V, R,
Fig. 5.38(b) shows the Thevenin’s equivale

=4.44 kQ

(i) I.(Q) =B 1, ~60x15.28x1073(mA) =0.917 mA.

(iif) Vg (Q). Apply KVL to collector-emitter circuit
V =V.. - - =
e (Q=Vee ~Ic Re =1 Rg =Vee = Ic(Re + R) - (e =lp)
=12-0917x1073(5+1)x10° =6.45 V

Therefore Q-point is (6.45 V, 0.917 mA)
1+B 3 1+60

1+p[—E 1+60 (_1 --~]
Rp + Ry, 1+4.44

(lv) S:
=5.07 (Very stable)
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6.11 Bias Compensation

The different biasing arrangements have been studigd in section 5.10. Out of them, potm-nt:al
ivider bias provides the best stability of transistor npcmtmr.\. In which negative feedback resistor
dl\-l. : yroves the stability at the cost of reduced gain. This
Re - k c.‘m be furthc:r improved by using temperature
dmf::;:: devices such as diodes, thermistors or resistors. This
:::mwn as bias compensation.

(1) Thermistor compensation. In this case, thermistor is
used which has negative coefficient of resistance Le., resistance
d;-croases with temperature. The potential divider bias with a
thermistor, Ry is visualised in Fig, 5.39.

If temperature increases resistance of thermistor, R,
decreases. As a result current in R; and R (ie, I¢) increases.
More voltage drop across R, decreases the Ve which in turn
decreases the Iy and consequently collector current reduces to

maintain its original value. Thus any mcrea_se in terrinper-ature Figure 5.39 Thermistor compensation.
does not affect the collector current and Q-point remains fixed.

(if) Sensistor compensation. Sensistors are resi

stors with positive coefficient of resistance i.e.,
their resistance increases with temperature. The sensi

stor compensation circuit is shown in Fig. 5.40.

: e : R\ R

As temperature increases, R; increases, causing increase in the resultant resistance 1. . This
R, +R;

ase decreases and I~ decreases.

d by sensistor.

decreases the voltage drop across R,. So bias voltage at the b
Therefore increased I due to temperature is being compensate

—O0 + VCC

+

Figure 5,49 Sensistor compensation.

—
H

‘Wm—ma D S —

Figure 5.41 Diode compensation.

(iif) Diode compensation. Variations in leakage current Ico with temperature can be
COmpensated by a diode. When temperature increases, reverse saturation current of diode (I o)and
tranSiStc’r(lco)irlcreases at the same rate as shown in Fio 841 Thae T amar 10 9
[
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whereas inPl'lt voltage and uulP'Ut current as dependent variables, given as follows :

v, = fi(i,. ) and g = f2(i;,vg)

e e o ; : , . i rt network as sh in Fj
The positive directions of currents and voltages are shown in two-po OwninFig. 54>

The network equations are : |
] i Iy
% e ) ‘
v, =hi +huv, § +— .
. 3 I‘. 2 :
i,=h i +hv, i Transistor 4
0 fh 0t i
— ] e

where h.,h ,h, and h, are input impedance,

reverse voltage gain, forward current gain and o -
output admittance respectively. These hybrid or igure 542 Two port network.

I-parameters can be defined as :
(-& (ohms) ; output short circuited
1.

(D hy=hy, =
1 p0=0

3\

v.
i h =h,=| 2
8 = ("0};

(unitless) ; input open circuited

(i) h = h,, =( I—O—] (unitless) ; output short circuited
tl’ 10 =
i
() hy =h,, = ( i} (Stemens or mhos) ; input open circuited
v
where subscripts i =11 =input, 0 =22 = output, f=21=forward transfer, r=12 =reverse transfer.

Using above network equations,”equivalent model for a transistor can be drawn as in

Fig. 5.43.
This general hybrid-parameter equivalent circuit contains input and output. In input, an

impedance }; is in series with the voltage source h_ vy while in output, a current source h fiiisin
parallel with an admittance hy.

o—m—AM, o,

[ L h; T

v, hv, Impe;iance %o
()

’ ’

c_
Figure 5.43 Equivalent circuit for a transistor in hybrid-parameter representation..
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5.12.1 Analysis of a Transistor Amplifier Circuit using Hybrid h-parameters

A transistor amplifier c-onsists of a transistor, load resistor, bias supply and input alternating
sisml' Its two-port network is shown in Fig. 5.44

Rs i iy
'.L
v Transistor vy R, R,
T lifier circui
Figure 5.44 Basicanpier i Figure 5.45 Hybrid model of amplifier circuit.
Its equivalent hybrid model is shown in Fig. 5.45.
where v; =hi; +Iv0 ;i =hi; +hyv, (Network equations)
: g i _
(i) Current gain (A;) A, =_l_£ =__IQ
. 1.
I 1
From second network equation
fg =hpi; +hyigR; (v =-igRy)
oo T
i, 1+h,. R,
"y (5.55)
A =— " 2.
Therefore i = "T3hoR,
(ii) Input impedance (Z,)
v. hi+hv v
ZI.=—-1-=”,r0 h hr_i_(l
L L i
ihR N
7 =h’.—hr*°—l—’*— (v =—iRy)
, .
. ) (5.56)
Z, =h+h AR, ( A; = i,-J
it Gain (A,)
(i1i) Voltage 4 e v =i R))
Vo _ "™ 0 =%
Aoy )
e .
A—AJI’RL ( ' l:]
[4 U!
Ui D7,
AR, ( Z: =__L] (5.57)
A =— 1.
v yA !
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‘ lifier

) mmon-emitter Amp

5.12.2 h-parameters Analysis of a (0 Fig. 5.46.

ircuit as ywn in
y CE .\mphticr circuit as shov

Let us consider
C - ~ k
{1 3
C j ;
'
1
p l
Qutput : . hn"ﬂ("‘) ey (T,:)
'
1
'

s y,ml L l
= i :

g - o
- e W W= =S

S AAS
=

1

— . P
F":.;urr 546 CE.PNP {ransistor amplifier.

- i i is S 11 in lb- 5.
li ¢ (_E ‘Unflgurdtlun 15 .'9h0‘\ l: 4 4 . :
[ ‘l i‘ dr]‘ﬁ'“ fﬂr ﬂltemﬂting P.lrt ()nly. C ﬂpﬂ( lt( " C1s 1 l

ed to be zero over the given range of frequencies where

amplifier operates his also m‘glected because most og the ffﬂnSIStOTS give very small valye
(~10°%). Finally h is!;m:lected as it is of the order of 107> mho. Hence it has very large valye o
Y Ror as value of 5kQ. Therefore, -— can be treated as open circuit.

Figure 5.47 Equivalent model for CE amplifier,

7, where dc bias sources have begn

The h—mix!t‘
omitted because - mod
circuit because impedance 15 assum

h]v (=100 kQ). Typically, load h =
After considering the above assumptions, simplified equivalent circuit is shown in Fig. 5.48.
From circuit o, =h,4, L eeme-----
and I =hgty ¥ B '
’, : (i3 i
or hy =< e i heiy ' R, 7,
S ! 1
! |
Thus (i) current gain : —l —4 J
I
" !
‘ b oem e e e e e o em em em e e e = = -
A, =h g = £ ' ...(5.58)
; st
b Figure 5.48 Simplified equivalent circuit for CE amplifier.
. v
(i) Voltage gain A, = iy
Uin
ve h“_,lb hm Ib hle L ...(5-59) ‘
(iif) Power gain A, =|Current gain|x | Voltage gain|
: 2
M g
h. L ..(5.60)

1e

In common-emitter amplifier, usuall i .
. ) , y I, is large and k. is
gain-voltage gain and power gain, all should bfee high. i ¥ inederate, Thersfors; G
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Example 5.18 Given h | = 1kQ), h, =25x10"%, o = 100, draw the h-parameter equivalent circuit

f the ‘mquf;ﬁc'r shown tn Fig. 5.49. Calculate the input impedance, output mqrm.’ﬂm’t', current gamn and
(

poltage qain.
+ Ve supply

S5mV

Ry=10 mg

I

(a) CE amplifier
g SRS B e .
! By ] 1 ]
1
. g !
3 gl g 7 g
v = o Sy S -: I
in : Py Y . = el 0e§§ § p : Ve §RL=2kQ
— o~ O
L =4 54 =4
vV, =5 mV@ | :
1 - |
1 1
b—6 ® ® o o —O
—— — ~—— - —
Input circuit Qutput circuit

(b) Hybrid equivalent circuit of CE amplifier

Figure5.49
Solution. Given : hie =1kQ, hae =2.5x10_5, hﬁ, =100, R, =20kQ, R, =10kQ, R =1kQ,
R-=2kQ, R, =2kQ
(i) Input impedance (Z;)
(Z,)=h, IR, |IR, =1]|20]|10 = 0.87 k2
(i) Output impedance (Z,),
Z, =Fic—|| R. =40kQ[|2kQ =19 kQ.

(iif) Current gain (A, )

hRgRe ~100x6.667 x 2
4 TR AR )Ry +Z,) @+2)x(6667+])

RiR,
= =6.67 kQ
(where R, R <R, )
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' R
(iv) Voltage gain (4) ~hg 100 1.0=-100. (ehere By« \C-&\
A :"i"“xn‘" 1 RC+RL)
R rit' . T3l t » R mLl
o SOUTCE ofmternal resistance Ry =8000) -
_ 5 g byapolta&r. sou ) _pew f b o d the
lifier is drawn s are b, =1k, h, =2x107 .
Example 519 4 CE m:?:fl; -1k The A %mmmt’fzt otttPltrtl resistancerczo and volmge'fE -30'
load impedance 15 4 resistar L”-” A, input resistance Sipe Sain A
I

h =25pA/V. Calculate curient g
o

: 2 SIS.
using exact and appmxmmh analy

Solution. (a) Exact analysis :

g «———ﬂe‘"?? ~—48.78
(1) Current gain (A,') = m 1+25x% 107" x 10
-4
| hfehre =1000 ____5_0_x_2__x_19—T— =990.24 O
2 . Z =h, =1 . L
(if) Input resistance (Zi) ie - %I: SExT0™ 4 nT
R, 1000 _ _ 4926
(ii) Voltage gain (4;) =4 g~ =(-48.78)X 590,24
hh

fere _1.94%x10 > mho

ie T Rg

(iv) Output admittance (Yy)=hpe — 2

1
Output resistance (Ry)= i 51.42 kQ
0

(b) Approximate analysis
(i) Curreht gain (4;) = —hfe =-50 (i) Input resistance (R,,)=Z;, =h;, =1kQ

~he Ry -50x1000
(iif) Output resistance R =<0 (iv) Voltage gain A = e N TR, BRRER,

h,, 1000
Therefore to save the effort, we can analyze the circuit using approximate analysis method.

5.12.3 Hybrid Model for Common-Base Amplifier

g

Figure 5.50 Common base amplifier.

Fig ure 5.51 Hybrid equivalent circuit.

Network equations are : o
q 'Ue '—h,ble +hrbvc

i.=h.i
g fble+h0bvc
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For most of the transistors 1
ors, h, ~10 (very small) and }1 =100k, hence h, v (voltage

b

: 1
nerator) and shunt impedance ! . e _ o o
gene ! - h, can be omitted. Thus simplified circuit is shown in Fig. 5.52.
Netwm’k equations become :
ko FE, § 8 e S
z'l’ -hlhl‘- == :_M
. . hrh hd‘
I =hﬂ, i :
[" I ]
1 [ 4
() Current gain (A,) :
' B
1‘1 = ‘_c S | *—o
. ir S e i
A,- = hﬂ, ---(5.61) Figure 5.52 Simplified h-model.
(i) Voltage gain (A )
A, =2e TRy
L v, (- He=tn = _'cRL)
_ 1,h % RL
¥ B, (From network equations)
A, = _h_ﬂ’ R
g L -(5.62)
h . 5
where —ﬂ’ztclle i =g
hib v, /ie Ve U, " ¢ e Ufb =Vhe =—Ub)
8m = transconductance, which is independent of transistor configuration.
(i) Power gain ( Ap).

h% R
L
4y =14;1 1A, =L

ib
In common base arrangement A; <1 Hence,

hy,
Power gain Ap ~| A =5 R,
ib

A,=g,R .(5.63)

124 Hybrid Model for Common Collector Amplifier

6 Common collector amplifier circuit and its hybrid equivalent circuit are shown in Figs. 5.53
145.54 fespectively. Here biasing has been ignored because in hybrid model it has no meaning.

o
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| [ |

o S S A—

e ] brid equivalent circuit,
?E:re 5.53 Common collector amplifier. Figure 554 Hy q rcuit

Basically CEand CC amplifier circuits are same except the positioTx of load. In CE amplife,
load is connected at the collector while in CC, it is connected to the emitter. To get }Jetter undey.
standing of hybrid model in this configuration, Fig. 5.53 can be redrawn as shown in Fig. 555

ie B C ic
Iy
@ ;hﬁ'ib

£

p ™

| ]

Figure 5.55 Redrawn common collector circuit. Fligure 5.56 Simplified h-model.

Hybrid equivalent circuit as shown in Fig. 5.54, can be simplified by ignoring v, and hl
U4
Reasons are same as mentioned in the previous models. Thus, simplified circuit can be shownin

Fig. 5.56.

From circuit, i, ==(i +i,)=—(1+ e i (564
v; =h i, +(~i,)R, (i =hgi,) 569
vy =-i,R, ' (5.6

(i) Current gain (A, )

i
w6

Aie=i==(lhg)ah, 561

(i) Voltage gain (A,)
. M. 6
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_ R,
I (from current $ain, A )
[l +hﬂ.]+ [\l.
A, = —-—-{\L___ -
. --(5.69)
R, + ’ 1
e
g,
ince —— =g, = transcond uct; i
Since . 8 uctance (true for any transistor configurations)
Az'c = —ﬁﬂfi.[‘__. <1 ~
g, RL 1 L)
(it1) Power gain (A, ).
1.8 R
Ape =l ] 14, = Lm0
pc 3 SR, +1 (5.71)

source and low impedance load.

5.12.5 Comparison of CB, CE and CC Transistor Amplifiers
Brief comparison among CB, CE and CC transistor amplifier is given in Table 5.4

Table 5.4 Comparison of various parameters of the three transistor amplifiers.

S.No. Parameters CB CE cc
1 Current gain £1 High High

2 | Voltage gain High High <1

3 Power gain Moderate Very high Low
4 | Input impedance Low Moderate High
|5 | Output impedance Very low High Low

5]3 Field Effect Transistor (FET)

A field effect transistor is a unipolar device in which current conduction is only by one
Polarity carrier (Le., majority carrier) and conduction takes place in a channel of a semiconductor.
oW of current ig controlled by electric field. FET can be categorized into two types i.e.. (1) Tiinetine

ﬁeld effect tma _» .
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The FET has many adv ‘
(i) In BJT output current1s con ‘r
device, while FET is voltage

(i) The input to BJT
resistance, while input t
resistance (= 100 MQ).

(iii) Thermally stable than BJT.

(iv) Less noise than BJT.

: srate much level of radiation .
wlliiaivh atively small gain bandwidth product.

The main drawback of FET is rel

antages over BJ

olle \
controlled device.

amplifier inVOIVes
o FET involves

T, as given below :

d by input current. So named as curren; iy
td

olves a forward biased PN-junctiop il

a reverse biased PN-junction wi, very Ow

high

as it does not depend on minority Carriers

5.13.1 Junction-Field Effect Transistor (JFET)

It can be of two kinds :

(i) N-channel. It is made of N-type semiconductor.
(if) P-channel. It is made of P-type semiconductor.

Let us consider a N-channel semiconductor and its electrical equivalent circyjt When

connected by a voltags source as shown in Fig. 5.57.

Source (S) Rps Drain (D)

Source(5) N Drain (D)
| ‘ I
e b 5
I " 1
Vbs Vps

B N ——

Figure 557 N-type semiconductor with its electrical equivalent circuit.

Here current flows from drain (D) to source (S)and majority carrier electrons will flow from
5 to D. Therefore, the terminal through which majority carriers (electrons in this case) enter the
channel is called source, termed as Sand terminal through which majority carrier leaves the channel
is called drain, termed as D. If external voltage Vpg is increased, drain current, | p Will increase
proportionally. To control this current I p heavily doped P-type semiconductors are formed on

both sides of N-type material. These

impure regions are called gates G, usually

connected together by the same potential.

The gate is given a negative potential
with respect to the source so that PN-
junctions are reverse biased. The word
gate is used because the voltage applied
between gate and source, Vg controls
the channel width and hence the drain
current /. The N-channel JFET structure
is shown in Fig. 5.58.

Ves
e =
Gate |G
++ P N
Source N-channel Depletion | $—g 22"
= layer D 7
++ P
i
Gate|G
; ID
1 ——"

————

Figure 5.58 The structure of N-channel JFET.
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The mmtl oprrl.mnn of JFET depends on the formation of depletion layer at the reverse
piased PN-’.um lm‘n ,;(_" h_dw.wn ftype gate and N-type channel The width of depletion region
jncreases weithy the = \furhc biased. The potential at any point along the channel depends (an’tht-
distance of that|pnmlt r(-Jm the drain. So the points nearer to the tir.;izt have higher potential than
the points aearer tothe source. Hence near g g drain, width of depletion layer will be larger and
e Utt "{'L“;S[::“ir: I;B:t‘:l dtec{mt;qOS 15 We move towards the anurjc The f‘l({w of clcttr‘m:‘s f;um
source to drain 1s restricted due to formapi - ) .
N . Tt g, AT Sl e v depto
source. [n extreme case channel may tend towards the closer. This situ:ﬂ‘ion is known as ;:mdr‘-v,"f.

practically complete pinch-off is impossible.
5.13.2 JFET Characteristics

An N-channel JFET with a reverce , .
everse gate source, Vi.s is shown in Fig. 5.59.

Io(mA) 4 Ohmic: -
rcgi(,l;;: Saturation region Brﬁg;s;wn
: =05V
Foge Ves =0V
I =-05V |
G D + =-10V E
I P i Vbs Z Vs ;
Ves z‘£ Vlcs Is] :
a1 Vps(V)
Figure 5.59 Conventional symbols used in JFET. Figure 5.60 Dl characteristics of an N-channel JFET.

Drain characteristics of JFET (I, vs. Vs ) are plotted for different values of Vg as shown in
Fig. 5.60.
() Suppose Vg =0and Vj, =0, I, becomes zero. In this case channel will remain open
and behaves like simple semiconductor material because of no depletion region in
the channel. As V. increases, I, increases linearly (region AB). This region, ABis

1%
ohmic region with resistance, —25 . It is useful in voltage variable resistor (VVR) or
D

voltage dependent resistor (VDR).

(i1) When Vps reaches point Vp, I, becomes maximum and beyond that saturation or
pinchoff region occurs where I, becomes almost independent of V.. The reason for
this is as follows : As V¢ increases, the effective cross-sectional area of the channel
decreases, resulting in increase in the channel resistance. As a result, I, maintains a

constant value. This is shown by the region BC in Fig. 5.60.
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_— This region 1s represented by CD, ve
occurs producing large [, This reg I Y ertic 1] CUrren; l'n(,\
Y

as breakdown region.
(#2) Drain characteristic curve also shows that for any fixed value of v, ps: 1, g
t d " "D Uecrg
' —y , channel width decreases &g
“.ltl‘ ki(‘k‘rl‘-""‘& ot ‘{;S bgu’lllht [y ¢ as V Gs lS mddu

negative. Hence less flow of carriers, produces less current. More

5.13.3 JFET Parameters
Characteristic curve of JFET shows that I, depends on Vps and Ves- So we can defip, .
Ome

parameters relating to these variables as follows :

vV, .
(/) Drain resistance (r;) =[ > IDS ] - where Vc:s 1S constant N
i 5 L’Gs (372)
It has unit of resistance (Q or MQ).
oI, ]
(1) Transconductance (&) = ; where Vs is constant.
v, Vs +(5.73)
It has unit of conductance (mho).
i lification fact Vos here I, i
(iff) Amplification factor (n)=- 57— ;» where I is constant ~(5.74)

where negative sign indicates that when V. is increased, Vps should be decreased for 5 constant
Ip. This is a unitless parameter.
The relationship among three parameters can be obtained as follows :

oV
We have Tl =[ DSJ
Vs

Multiply and divide R.H.S, by oI,
Vps
2
6V ol
"= Vs y oI,
ol, Vs
5.79)
H=1y%8n (

Thus amplification factor = drain resistance x transconductance.
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5.13.4 Transconductance Curves

The transconductance curve of 4 JFET
T is

Vg 88 shown in Fig. 5.61. a plot of output current, [, versus input voltage,

lomAY Y 41 imaA)
110108
19 9}
rf"\.l
Ves=0V
' Ves==-1V
I
1
'
: Vl':S-—Zv
- o=l - - te = -
- '; L L 1 V[;S- ’3\’
» . =4 ) 1 |
s - =i 0 0| 5 10 15 30 )

Vs
VC?’_"V Ds

ID =0 mA, V‘;g - Vr G V(_.'Swﬂ')

Figure 5.61 Transfer curve (I, vs. V) obtained from the drain characteristics (I, vs. V).

By reading the value of I, and V. for a particular value of Vs the transconductance curve
can be drawn. The transconductance curve is a part of parabola.

(1) Formula for saturation drain current I, is obtained from the transconductance curves as
shown below :

V. 72
- GS
Ips = Ings [1 ——V-P-} ..(5.76)
where [,¢ is the saturation drain current ; [ is the value of [, at Vg =0V
V, is pinch-off voltage =(V;5) 5 ; Vs is gate to source voltage.

(if) Minimum value of V/,¢ for pinch off to happen at Vs is:

Vs (min) = Vg =V 5.77)

Data sheet provides only I5gs and Vp = Vig) value.

5.13.5 JFET Applications
It has several applications given below :
(1) JFETs are used in cascade amplifiers in test and measu
level noise. '
(i) They can be used in voltage
ohmic region.

ring devices, because of low

variable resistor (VVR), because of variable resistance in
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used in low frequ amplifiers. (Hearing aid etc.), becyy,
: e

(i) They are ency "
coupling capacitor. LS i

(iv) They can be used in FM, TV receivers y other communicatigy, 4
because of low modulation distortion. | -

mpedance matching device between high imped,

3 They can be used as i ' _ ;
) an::iylow impedance load, because of high input impedance and 1

impedance.
(vi) They are prefe
(vii) They can be used in
(viii) They have very high

lCeS’

nce SOurcE
oW outpy,

rred in computers and other integrated circuits, because of small g;
Sizeg

analog switches.
power gain. Thus eliminating the requirement of driye, st
ages,

Example 5.20 For a N-channel JFET, Ipgs =8.7mA, Vp =3V, Vg =-1V.

Calculate (i) Ipg (1) & (1) 8,0

Drain-source saturation current, Ipgs =8.7mA=0.0087 mA, pinch i
0

Solution. Given :
=-1V.

voltage, V,, =-3V, Gate-source voltage Vs

Vis 2 1\
() Ips =Ipss| 1= | =0:0087 (1-5) =3.8667 mA
P

. Vis
(i) Transconductance, g, =&y 1*—V——
P
where g, o= transconductance at V¢ =0, which is defined as :
=21 -2x8.7
g = D85 - TZ7 2" ~58 mA/V
Vp -3

-
Therefore, g, =5.8 Ll———;) =3.867 mA/V.

5,14 Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
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Construction. The structure of N-channel enhancement type is provided in Fig. 5.62(a). Its
Ymbol is shown in Fig. 5.62(b). MOSFETs do not have continuous channe! for conduction,
by broken line in the circuit symbol.

BIPOLAR JUNCTION TRANSISTORS AND FIELD EFFFCT TRANSISTORS @ 211

+ its
achlt
whiCh is shown

Metallization

= E layer
h] I D

------ =1 . e D¢ Drain D © Drain

++++++ SIOZ

——=-—-c-<[. - dielectric
o i N layer Substrate
Induced C G
N-channel 5SS
P-Type substrate Gate Gate
il 5© Source §© Source
* ®

e e am———

mz (a) Structure of enhancement MOSFET (b) circuit symbols.

A lightly doped P-type semiconductor is taken as a substrate and two highly doped N “-type
regions are diffused in it. One N -region is source S and other N*-region acts as drain D. These
regions are separated by a small distance of approximately 1 mm. A thin layer of insulating
material (i.e., 5Si0,) is then deposited leaving only two holes for connections to the source and the
drain. A thin layer of aluminium metal is now deposited over the Si0,. This metallic layer acts as
gate. The gate (Al), insulator (SiO,) and semiconductor channel together form a parallel plate
capacitor, which replaces the PN-junction of the JFET. Insulating layer provides very high
impedance to the input of the MOSFET. This value is of the order of 10"’ -10" ohms. An
enhancement type MOSFET is suitable for switching application in digital circuits.

Operation of MOSFET

Suppose V¢ =0, a very small drain current will flow due to minority carriers present in the
substrate of P-type. When positive voltage is applied at the gate with respect to source ie., Vg 15
positive, an electric field is produced through
the capacitor that draws minority carriers
(electrons) from the substrate towards the
region between source and drain forming
channel of N-type material. In other words,
positive potential at the gate induces opposite T AR
charges (electrons) between source and drain .
which acts as N-channel. Hence this channel is Veg=+1V
also known as induced channel. As a result
conductivity increases and current flows
through this channel. Therefore, drain current
z:s:zgl{vm)cie;lizs WI_thh mcre.a S‘;.m 5g:3t.e N Fligure 5.63 The drain characteristics of

GS AR B T S e N-channel enhancement type.

&

Ip(mA)A
Ves=+4 V

;—VGS=+3V

0 Vps(V)
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55 a, I’

where @, = current gain in common b

contiguration.

NEYH

I
5.6 B =

where [}, = current gain in common emitter

configuration.

57 I =Puelp + By + Dy Uepo = Ie)

58 I =Bgle  ( lego = negligible)

59 Iy =(B+ 1Dy
5.10 Minimum power rating of a transistor
Prax = Vee ke
where P =1t is the power which a
transistor can withstand.

511 Ve =0.7 V (51 material)
=0.3 V (Ge material)

where Vy =cut-in voltage required
to operate the diode in
forward bias.

5.12 Fixed bias

Ve -V,
- _CC BE 5] =
G =

S=p+1

where S = stability factor of the circuit

=( él- J
dleo

and B=h T
= current gain of transistor.

5.13 Emitter feedback bias

- Vee = Ve
BT Ry +(1+B)R
. 1+P
I.{_ﬂ(__ISE_. _J
RE + RB

ISTORS AND FIFLD FFFECT TRANSISTORS

e 2/73

where V.« supply voltage

VW base-to-emitter voltage
R, = base resistor
R, = emitter resistor

I
S = stability factor

f} = current gain of transistor.
5.14 Collector feedback bias

- 1+p _
L+ %
Rl. + Rn
5.15 Voltage divider or self bias
R R R
Wimelidin s o=V .
RT” R[ 4 R: TH R] + R"D__ CC
I = Vi —Ver
R’I‘H +([j+])RIE
e 1+

1+ Re
Ré*"’"m

R1 anc R2 = potential divider resistances

where

Rpy; =Thevenin's equivalent resistance
Vry =Thevenin’s voltage

B = Current gain of transistor used.

- 5.16 Stability factor S is defined as,

. ol
I
5.17 S=6—C, S= oy
: op Ve
- 5.18 For small signal transistor amplifier
=h
p f »
() A =1+’10RL (i) R;=h,+h AR,
ARy
(i) Al = T
h.h
g 1 Fin
(v) Z, = ?0 where Y =, _E*‘ R,

where
A. = current gain of an amplifier
R, =input impedance of an amplifier
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214 @ ELECTRONIC DEVICES
.20 JFET parameters

- ifier
N B ifi i istance (r;) = 4 H
ttance of an amplifier Drain resi f al, X

Y, = output admi
Z, = output impedance

of an amplifier
: sistor ol
= current gain of a transt q._.m:wncn&:n.m:nn A.A:_ v = m;\n

h
f . v.
I, = output admittance of a transistor a3
0 ) /
i ‘e of a transistor o
# =input impedance © o : ) ;
‘ ster voltage gain of Amplification factor () ET
i = reverse transfer voltag s
transistor )
=0 *8&m

R =load resistance
: 5.21 Transconductance,

Ves
Sm uwaTldﬂu

R, = source resistance.

5.19 For JFET and depletion type MOSFET

Schockley’s equation : ) A

: =_2DSS at V.. =0

G5 here " Ve

f f = transconductance at Vo =0V.
V= Vosio) ¥

= saturation drain current o

V, =pinch off voltage.

= saturation drain current at V.. =0V
where I sa GS

Ipgs = saturation drain current at V¢ =0V
s =gate to source voltage

V, = m,ﬁnrém voltage.

QNN_.MQ::::; solved Numerical Problems

Problem 5.1 In an NPN transistor I =5mA, Iy =50p4, Icgo =1pA
Y Determine (D a Gi)B (i) Ip () Igo.
Solution. Given : I. =5mA, I, =50pA and I ., =1pA

I
Snnw.h. Thus nuw.mﬁ..o.oo
a 0.99
@) P=1 g “1-099

i) I =Ty + 1. - I =005+5=505mA

. ; i .
(@) Iero u?lt!nww lcgo =(1+B)pg =(1499)%0.05 mA =5 mA.

BIPOLAR JUNCTION TRANSISTORS AND FIELD EFFECT TRANSISTORS ® 215 |

.2 Determi ; ;
m;uwmm.“b.m elernine the values of I, 1 of a transistor having o =098 and Iepo =4nA Base current
Ig=

m&:.y.s:. Given : o =0.98, Iego =4pAand I, =50uA
(i) Since we know that

Ie =Bl +(1+B)l ey,

I uTmi% ﬁ ! u ho.om u 1x0.004
or ot pH —|I = i =2,
1-a 1-a )80 =( 1008 ocm+’|I.H.ro.£w 2.65mA

(i) Ip =Ig+1- =0.05+2.65=27 mA.

Problem 5.3 In a transistor amplifier as shown in Fig 5.66(a), R. =8kQ, R, =24kQ) and V. <24V,
Draw the d.c. load line, determine the optimum operating point, Also draw the a.c. load lire. Ge

I{mA)

35

Figure 5.66

Solution. Given : R. =8k, R; =24kQ and Ve =24V
(@) (i) I- (saturation), when Ve =0, is given by

Yee | 2
R-  8x10°
(if) Vi (cut off), when Io =0 ie, V=V =24V (Doint A)

= dcload line is a line connecting two points Aand B on the output characteristic curves.

I.=

C =3mA (PointB)

(b) Optimum operating point. Midway of the load line AB provides the optimum or maximum

operating point I (Q) and Vi (Q). In this case I, c@u% =15 mA and V. (Q) un~|p 12V

Vee(Q) 2
=] _CEV) =15+—"=_=3. v
c(Q)+ - + S 35mA (Point D)

ac

and Vep (cutoff) =V (Q+1-(QxR,
=12+(1.5)x103 x6x103 =21 V

wn.x—. 8x24
0 = R =——_%t = =
[+ R,.=R:IR, R <R, 8+24 6 kQJ

(¢) ac load line, I (saturation)

(Point O
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Solution. Given : p=100, Vg, =07V, I- =1mA, Vee =5V i
C
V.. -V, .
() R.=—-—F= = mu =5kQ C
I, 2x10" B
(ir) Vyp =0.7 but Vp =0 (as grounded) mm
E
Hence V, =-0.7V
-15V
. Voltage drop across -
Rp =-07-(-15)=143 V Figure 5.68
R, 143 143 ~715 kQ

“(I; =1.) 2x107

Therefore, to design the circuit
R, =5k and R; =7.15k2 would be used.

Problem 5.10 Determine the [ - and V- for the voltage
divider bias configuration of Fig. 5.69.

Solution. Given : V.. =-18V, R, =47k,
R, =10k, R =24kQ and R; =1.1kQ2

(i) From Fig. 5.69,

T ¥
V. = cC =
g R, +R, k

-18x10
47 +10

=-3,16 V.

Figure 5.69
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~ Donceptual Questions

AT IR

5.1 Explain why I, s greater than I, in BJL.

Ans. In a BJT, lg=lc+Ty
i / |-&m +HQE.
= aly + ko =@l + 1)+ fewo C(l-a) (1-@)

and I

When I, =0, _—m = ..r.mz_

__ﬁzb

Le, h‘ﬁmG T1-a

since a1 = __Q: >> #.E#
For example, a =099, lepo = 100 Iegp-

2 What are « and p ? How they are related to each other ?
I
Ans. a is related to I- and I ic, nwmh
E

I

pis related to Iy and I.. This is also known as dc current gain fm ie, p= I

« is usually slightly less than unity.
5.3 Why CE configuration is preferred in amplifier circuits ?
Ans. In this arrangement, current gain, voltage gain and power gain are quite high compared
to CBand CC configurations.
5.4 Why CC arrangement is called a voltage buffer ? Does CC circuit same as emitter follower ?

Ans. CC configuration has very high input impedance and very low output impedance. That
is why this configuration is placed between a high impedance source and low impedance source load.
So CC arrangement is called as a voltage buffer. It is also known as impedance matching amplifier or

emitter follower. (Here, A, <1).

55 What is early effect or base width modulation ? [GGSIPU, Dec. 2013 (5 marks)]
Ans. The modulation of the effective base width by the collector voltage is known as early
effect. When collector voltage increases, width of depletion region at output junction diode increases
and thus effective base width decreases.
5.6 Explain why transistor action cannot be achieved by connecting two diodes back to back.
[GGSIPU, Nov. 2013 (5 marks)]

: Ans. Transistor action cannot be achieved by connecting two diodes back to back. It is not
.vog.zm because in transistor the depletion layer formed in Emitter-Base junction and Collector-Base
junction, are penetrable by both current carriers but in this case of two diodes both current carriers but

[GGSIPU, Nov. 2013 (2.5 marks)]
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