[unrr - v |

W

Bipolar Junction Transistor

ﬁfﬁ&?&i&mﬂ

BSF[INTU : Part A]

Q.1 What is transistor ?

Ans. : ¢ Transistor is a three terminal device : Base,

emitter and collector, can be operated in three

configurations common base, common emitter and

common collector.

e According to configuration it can be used for
voltage as well as current amplification.

Q.2 Explain the word transistor. CZ[INTU : Part A]

Ans. : » The amplification in the transistor is achieved
by passing input current signal from a region of low
resistance to a region of high resistance. This concept
of transfer of resistance has given the name
TRANSfer-resISTOR (TRANSISTOR).

Q.3 State the two types of transistors.
DS[INTU : Part A]

Ans. : There are two types of transistors : Unipolar
junction transistor and Bipolar junction transistor.

Q.4 Why transistor is also called bipolar junction
transistor ? OS°[INTU : Part A]

Ans, : The current conduction in bipolar transistor is
because of both the types of charge carriers, holes
and electrons. Hence this is called Bipolar junction
transistor.

Q.5 What are the types of BJT ? [S[INTU : Part A]

-Ans, : 1. n-p-n type 2. p-n-p type
Q.6 State the advantages of transistor.
IS[INTU : Part A]

that have allowed
replace vacuum tubes in most

Ans. : The key advantages
transistors to
applications are :

1. Very small size and weight,

equipment size

Low operating voltages
4. Low power consumplion

I’k‘d Ufln?
4

. Lower costs
. Higher efficiency 6. Very long life
. Very low sensitivity to mechanical shock and
vibration.

N LW N

Q.7 State the applications of trasistor.
ESTINTU ¢ Part A

Ans. : Applications of transistor :

1. Transistor can be used as an amplifier and
switch.

2. Transistor can be used as an amplifier. It is used
as a current and voltage amplifier. |

3. As a switch, transistor is used in SMPS (Switch
Mode Power Supply) and digital circuits.

4 Transistors are used in oscillator circuits and

feedback amplifiers.

7.2 Construction of BJT |

Q.8 Explain the construction of npn and pnp
transistor. ES[INTU : Part B, June - 17, Marks 5]

OR What is an NPN transistor ?
US[INTU : Part A, June - 17, Marks 2]

Ans. : » When a transistor is formed by sandwiching

a single p-region between two n-regions, as shown in

the Fig. Q8.1 (a), it is an n-p-n type transistor. The

p-n-p type transistor has a single n-region between

two p-regions, as shown in Fig. Q.8.1 (b).

o The middle region of each transistor type is called
the base of the transistor. This region is very thir
and lightly doped.

o The process by which impurities are added to
pure semiconductor is called doping.

¢ The remaining two regions are called emitter an
collector.
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(a) n-p-n

Baae Ccllector

Emitter Base Ccllector
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(b) p-n-p

Fig. Q.3.1 Bipolar transistor construction
", The emitter and collector are heavily doped. But
se doping level in emitter is slightly greater than
| ghat of collector.
'Ihe collector region-area is slightly more than that
" of emitter.

:?Q.g Draw the symbols of pnp and npn transistors.
; IST[INTU ¢ Part A, April-18, Marks 2]
Ans : » Fig Q9.1 (2) and (b) shows the symbols of
. npn and prp transistors. Arrow head on a transistor
" symbol indicates the conventional current which is

Emitter Collector
Base
(a) n-p-n
Emitter =o Collector
Base
f (b) p-n-p

Fig. Q.9.1 Standard transistor symbols
Q.10 State the two junctions i the transistor.
I°[INTU : Part A]

) - B F‘EE’“" Ig_nition Transistor
* * A transistor hag . ‘

* The other junction

collector ang is between the base and the

is called collector base juncti
im " un
simply collector junction J o J on or

r_‘-‘—"ﬂ-‘-—- ‘———.___-——...._,._____. o hrmn.
L7'3 Principle of Operation
Q.11 Explain the w
fransie orking principle of npn
ES"[INTU : Part B, June - 17, Marks 7]
Ans, :

S.: e The base to emitter junction is forward
biased by the d.c. source Vee- Thus, the width of
depletion region at this junction is small. The
collector to base junction is reverse biased and hence
width of depletion region at this junction is large,
shown in Fig. Q.11.1 (Fig. Q.11.1 shows conventional
currents).

Cureit) BE c8 TCorant;
; fmiting ; depletion  deplstion Vtmiting 7
=]
=)
Re o @
o BRI
- I 5]
- o
= Vee S 644 °]
¥ B
BE junction ‘ CB junction
forward biased ] reverse biased
8

Fig. Q.11.1 Forward biased EB junction and reverse
biased CB junction in npn transistor

e The forward biased EB junction causes the electrons
in the n-type emitter to flow towards the base. This
constitutes the emitter current I¢. As these electrons
flow through the p-type base, they tend to combine
with holes in p-region (base).

e Due to light doping, very few of the electrons
injected into the base from the emitter recombine
with holes to constitute base current, Iy and the
remaining large number of electrons cross the base
region and move through the collector region to th.e
positive terminal of the external d.c. source. This
constitutes collector current Ic. Thus the electron
flow constitutes the dominant current in an npn
transistor.

¢ Since, the most of the electrons from emitter flow in
the collector circuit and very few combine with
holes in the base. Thus, the collector current is
larger than the base current.

m
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* The emitter current is summation of base current
and collector current,
e = Tyl
Q12 Explaln  the working  principle  of pnp
tranaistor,
UA"[INTU : Part D)
Ana, t o The pnp transistor has its bias voltages Vi,

and V‘-;C reversed from those in the npn transistor,
ghown in lig. Q12,1 (Fig. Q.12.1 shows conventional
vurrents). This s necessary 1o forward-bias the
emitter-base junction and reverse-blas the collector
base Junction in pnp transistor.

i Quatg} AE ce (Gurrant
Emhlilfi dapletion  deplation *imitlng |
e | [ {reslator
\ 1)) e ) a0 /
5] (0] B CTAT: &
Re ¢ olg) - @ o R
A= poBdlge &) SN
- | Ol @ o P
3 g O - g
(AN @l o
Ry B V'FE =] i ) €) VCC -_;'
P ]
’ BE Junction L]

CB junction
la

Fig. Q.12,1 Forward blased EB Junctlon and reverse
blasoed CB junction In pnp transistor

« The forward binsed EB junction causes the holes in
the p-type emitter to flow towards the base. This
constitutes the emitter current I As these holes
flow through the n-type base, they tend to combine
with electrons in n-region (base). As the base is
very thin and lightly doped, very few of the holes
injected into the base from the emitter recombine
with electrons to constitute base current, Iy,

¢ The remaining large number of holes cross the
depletion region and move through the collector
reglon to the negative terminal of the external dc
source. This constitutes collector current I.. Thus
the hole flow constitutes the dominant current in an
pnp transistor,

o Like npn transistor, in pnp transistor the emitter
current is summation of base current and collector
current.

]E = IB +]C

Q.13 State the operating reglons of BJT.
05[Part A)

Ans, : o' Depending upon external bias voltage-

polarities used, the transistor works in one of the
three regions : 1) Actlve region 2) Cut-off region
and 3) Saturation region.

R e e

7-1

Bipolar Junction Transisy,,

A ——
p—— T
Reglon ’1 Emitter-base | Collector-bas  Applicatioy
junction e junctionr -
Active Forward 'Reverse biased Amplifier B
biased | -
- Cut-off |Reverse blnscdmevcrse biased Off-Switch =
VSnlm"nt.lon Forward | Forward On-Switch
biased i biased

i Table Q.13.1 Operating regions

In order to operate transistor as an amplifier, it ig
necessary to bias it in the active region.
Q.14 Explain various voltage components of BJT.
IS[INTU : Part B)
Ans, ; « Fig. Q.14.1 shows the terminal voltages and
its polarities for an npn transistor. The voltage
between base and emitter is denoted as Vgg- For Vgg,
base is positive than emitter because for npn
transistor, the base is biased positive with respect to
the emitter.

Ves

Fig. Q.14.1 Voltage source connections for npn
transistor

¢ The voltage between the collector and the emitter is
denoted as Vg and the voltage between the
collector and the base is denoted as V(g. Since
collector is positive with respect to base and emitter
the polarities are as shown in the Fig. Q.14.1.

e Fig. Q.14.1 shows the npn transistor with voltage
source connections. The voltage sources are
connected to the transistor with series resistors
These resistors are called current limiting resistors.

* The base supply voltage Vg is connected Vi

resistor Ry, and the collector supply voltage, Vcc i
connected via resistor R.

* The negative terminals of both the supply voltage
are connected to emitter terminal of the transistor.

(]
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\ nake CB ‘]unctlcm Teverse biased, the su !_

I - Vee B8 always much larger than suPP:Y '

::»IMS‘? Ves: i
mﬂ,istar

f; , Fig Q.14.2 shows the. terminal voltages and its

') arities f'or a‘P“P transistor. For a pnp transistor,

fhoeb"’se js biased negative with respect o the

gitte” and the collector is made more negative

thlrlthe base-

VBB —
‘ + A (L

Fig- Q.14.2 Voltage source connection for pnp
transistor

+ Fig. Q.142 shows the pnp transistor with voltage

source connections. Like npn transistor voltage
sources are connected with series resistors. The
source voltage positive terminals are connected at
the emitter with Vec larger than Vpg to keep
collector-base junction reverse biased.

Q.15 State the junction voltages of BJT.
EF{INTU : Part A]

Ans.: e In different conditions such as active,
saturation and cutoff there are different junction

voltages. The junction voltages for 2 typical npn
transistor at 25 ° C are given in the Table Q15.1.

~)

Type  Veesa -VBEsst VBEactive VBE cutin Y BE cutoff

v i e g R i S I

Si 0.2 08 07 05

| Ge 0.1 ‘ 03 "0_2 - 0.1

0.0

3 S

-01

Table Q.15.1 Typical npn transistor junction voltages at
25°C
. Zhe f.:ntries in the table are appropriate for an npn
ansistor. For pnp transistor the signs of all enfries
should be reversed.

:’:e hi’l"“ the varlous current components of
fator. EFINTU ; Part B)

' - - 4 r g y 4
T TECHACAL PUBLICATIONS ™. A 1 thrust for knowiedge

Ans.
npn transistor are as shown in Fig.

Bipolar ]uﬂ_ffl'gi'l:m _ﬂfi"",’i
r’a.l currents in an
Q161 (2) and
are shown in
es show the
symbols of

: » The directions of convention

Fi.g- Q.16.1 (c) and those for a pnP
Fig. Q161 (b) and Q161 (d). Figur
conventional currents using the schematic
npn and pnp transistors, respectively.

EDES o
M 3"

-—
le

Vi
:‘—EE

(d)
Fig. Q.16.1 Transistor conventional current directions
o It can be noticed that the arrow at the emitter of
the transistor's symbol points in the direction of
conventional current.

« Let us consider pnp transistor. The current flowing

emitter current and identified as lg. The currents
flowing out of the collector and base terminals are
referred to as collector current and base current,
respectively. The collector current is identified as I¢

and base current as lg.

For both npn and pnp transistors.
Ig = g +1¢

Refer Fig. Q16.1-
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Vee

(b) pnp

® Here, base of the transistor is common to both
“input and output circuits and hence the name
common base configuration.

021 Draw and explain the input characteristics of
CB configuration. IS[INTU : Part B)

~Ans. : e It is the curve between input voltage Vpg
~ (emitter-base voltage) and input current Iy (emitter
current) at constant collector-base voltage V5. The
‘ ";».emitter current is taken along Y-axis and emitter base

. voltage along X-axis. Fig. Q.21.1 shows the input

* characteristics of a typical transistor in common-base
*configuration.

JlemaA)

Note : While plotting Input characteristics
the magnitudes of voltaga and cument are
considered, Practically the voltage and
current polarities are opposite for pnp and
npn transistors

-
o i G i

- |Vegl(V)

I
05 10 15 20
Emitter-base voltage

Fig. Q.21.1 Input characteristics of transistor in CB
conflguration

-
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* From this

characteristicg we
_ this can obsery
following Important pointg - e e

emitter-base yolta
change in emitte
collector-base voly
It is given by

AV
5

T current (Al:) at constant
age (Vcp).

=

VCBa constant

2. After the cut-in voltage
nomally 0.7 v gor silico
germanium), the emitter
rapidly with smal
voltage (Ve
very small.

(barrier potential,
n and 03 V for

current (1) increases

increase in emitter-base
p)- Thus, the input resistance is

It can be observed that there is slight increase in
emitter current (1) with increase in Vep- This is
due to change in the width of the depletion
Tegion in the base region under the reverse

biased condition.
Q.22 Define IC(INJ) and Icgg. IS[INTU : Part A)

Ans, : In common base configuration, the collector
current I is given by,

|

e ey Hlao

anyy |

It is an injected collector current due to

number of electrons crossing the collector
base junction.
kBo *

It is the reverse saturation current flo'wing

due to the minority carrier between
collector and base when the emitter is

open. Iy is negligible as compared to
IC(INJ) and therefore we have

However, when emitter is open

Ie = Icpo
Icg 0 —= Emitter open L
— Collector to base leakage current

{Key Point : The reverse saturation current, Icpg, 18,
i;temperature sensitive and it doubles for every 10 °C
rise in temperature. \

w =
2
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Bipolar Junction Transist,,

7-7 e g
A — the output characteristicy

Basic Electrical & Flectronics Engineering
''''''' - i
£ s B Q.25 Draw and explain EF[INTU : Part g
o " of CB configuration-

Erntior ‘s the curve petween collector current | ¢
ot i Ans.: e It 18 ltage Vep at constant emitie;
2 < and collector base Vvolt28 CB, taken along Y-axi
fe * foa rrent I. The collector current 13 o
‘ll' cu £ base voltage magmtude along X-axis.

=iz and collector-b2 characteristics of
g the outptlt ra ot a

Fig. Q25.1 show . :
tygical transistor in common base configuration.

Vec
From this characteristics  We observe following

Fig. Q.22.1 CB configuration with base open

Q.23 Define current amplification factor or current
characteristics has  three basic

Ans.: It is defined as the ratio of the collector t
current resulting fr jer fniect 1 1. The oulpu turation
e ng from carrier injection to the fotal regions : Active, cut-off and saturation.

emitter current -
I - 2. Active region : ‘ _
- Uy = 0 = CI[Z‘JH ,;_g . For the operaticm in the active regmn,' the
“ Iggp is negligibly small | emitter-base junction (g 15 farv;rafd biased
1 i base junction is reverse
Since 1. < I the value of «,_is zlways less than w:}ule collector jun C
unity. It ranges from 0.95 to 0.995 depending on the ‘- biased. I
thickness of the base region; larger the thickness of ~  »In this region, collector .curren c is
the base, smaller is the value of ¢ 4. : approximately equal to the emitter current (Ig)
Q.24 What is early effect? How can it account for and transistor works as an amplifier.
. In the active region, the collector current is

the CB input characteristics ? I=TINTU : Part B]

8 4
Ans, - » When reverse bias voltage Vg increases, the essentially almost constant.

EL‘L? !@I bﬁ?ﬂdfﬂzﬁm v:;;: | s The D}@C output resistance is the ratio of
25 Early effect’ or ‘Base width modulation’. - change in collector base voltage (AVqg) to the
o This decrease in base width has two consequences. - resulting change in collector current (Alc) at
_ constant emitter current (I¢ ). It is given by
1. There is less chance for recombination within the AV
baéemgianﬁemeﬂzeuzmwrtfadorﬁ',and : Ro=ﬁ2£‘
also ¢, increase with an incease in the I =Constant
magnitude of the collector junction voltzge. . = The collector current I¢ is almost independent
2. The charge gradient is increased within the base, on collector-base voltage V5 and the transistor
, can be said to work as constant-current source.

and consequently, the current of minority carriers
This provides very high dynamic output

incresses emitter amrent slightly. Refer resistance.

Fig Q241 o ' 3. Saturation region : In this region, the

’E-jry tzmiiter—base junction (Jp) and collector base

P ; junction (J-) both are forward biased. Here, the

Vg =5V Ic is independent of L.

e aghb !? ---------- . 4 Cotoff region : The region below the curve
ty, dom 0 iexesss in :. Iz = 0 is known as cut-off region, where the

[ i 1 collector current is nearly zero and the
| Ypdmbeyeted : . collector-base (J¢) and emitter-base (Jg) junctions

[4Ve=0 Ve " of a transistor are reverse biased.

e Fig. 0.24.1
=
ocos
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Note : While plotting output
charactoristics the magnitudes
of voltage and current are
considered. Practically the
vollago and current polarilies

aro opposite for pnp and npn
tranaistora

s 7-8
¢ e e L et et e i S
:‘fs.”i/ — ligl(mA) o
ME:L:_j T Aclive replon — .
PN e e ma
L co
’ TTTPTPTOTITR lgl= 4 mA
g 9
29 Siiiii gl =3 mA
8
3 8
: 5 Maaisiaa llgl= 2 mA
»
1 ............. A llE‘ = 1 mA
e | ¥ N N p T i, ‘ -‘ : "E‘ =0
. i o
T 1 T T T  (
- ol 5 10 15 20 \ Vsl (V)
T o Collector-base voltage Cutofireglon
‘ _ Fig. Q.25.1 CB output characteristics
)6 Draw the circuit configuration of CE | Q.27 Define Bgy.-
nection. U5 [INTU : Part A, June - 17, Marks 2]

s:e In this configuration input is applied

nween base and emitter, and

flector and emitter. Here, emitter of the transistor is
mmon to both, input and output circuits, and hence
- name common emitter configuration. -

output is taken from

gain.

Common emitter configurations for both npn and
pnp transistors are shown in Fig. Q.26.1 (a) and

Q26.1 (b), respectively.

Ans, :

(b) pnp

Fi
9261 c°mm0n:em|tterfconﬂ urations

e It is given by,

p=1C

B

. ile
T LI

g=Ig-1¢

- L/l
Ig /Tg - Ic/Ig

. @ i
‘;B 1-a

B_

Bipolar Jurggﬁcr_n_‘l'ransigtgr-

BS[INTU : Part A)
l Ans.: o The B, is the ratio of output current I¢ and

Q.28 Derive the relationship between oy, and By,
USS[INTU : Part B)

input current I in common emitter configuration. It
is common emitter amplification factor or current

Dividing the numerator and denominator of RH.S. of
above equation by I, we get,

'S(fzanriérd with CamScanner
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above equation by 1, we gt
= I /n

| PO

nitn * e
g

|l
0 =
' In

TR

Q.20 Calculate the values of 1. and Iy for & IJT

with i, = 0.97 and Iy = 80 WA, Determine |\,
for the device. PAINTU  Pant B
Ant.t  fa = k. o U0 Ly

e oy, 00 2.1

T = Py = 2220 x 50 jA = 16163 mA

w 5 pA+1.6165 mA = 1.6665 mA

Q.30 Define reverse leakage current (l.po) In CE
conflguration. A [INTU ; Part B)

Ans. : In CE configuration,

Ic = Bycln+ (1 fﬂdc)lcm (1)

The terms (1 + ) Ipo in equation (1) is denoted as
Icro and is the reverse saturation current for the CE

configuration.

Ic =Byclptlceo (1+Bgc)cpo =Iceo

Q.31 For a transistor In common emitter

configuration, the reverse leakage current Is

21 upA, whereas when the same transistor is
connected In common base conflguration, it
reduces to 1.1 pA. Calculate values of ¢y and By,
of the transistor. ES[INTU : Part B]

Ans. : Given : I 5o = 1.1 1A, Icgo =21 1A
Iego = (1+Bac) Icno
Icpo | 2104 19.09

1+Ps T Ipo 11pA
ﬁdﬂ = 18.09
g = Topo " TriE0s - 76

Q.32 Calculate the oy and fy for the glven
transistor for which Iz =5 mA, Ip = 50 pA and

Ico = 1A,

lr"recHNmAL PUBLICATIONS®: An up thrust for knowledge

Dividing the numerator apd deniominator of 0TS of

y. o

Ripolar Junction Transist,,

. sapA, e ® leso =1 HA

Ans.t Iy~ amA, Inp
le = Pactn +(1 +Pae Meno
en 10 @ Bag 3001078 +(14Bg prixiv
» A Lo
axin) -1 %10 6 wnt 2107 Pye
yuman ' o
“,!v = "l"“ '
”\,ﬂ 'IH' . = (),9899

Uae " § .‘i‘-"_ YT

jrcutt has 1o = 10 mA and
value of ) and Iy,
E@INTU ; Pant A)

Q.33 The BJT ¢
i o= 0,98, Determine the

[ = 10 mA and « = 098
“ -. ,.,_‘,‘ . - ..D.—:’T?_ - 40
- 1—-0Y%

Ans, ¢ Glven @

(+@le
g = —pF 10.2 mA

input characteristics of

Q.34 Draw and explain the
EFTINTU : Part 8]

transistor in CE mode.

Ans. : » The input voltage in the CE configuration is

the base-emitter voltage and the output voltage is the

collector-emitter voltage. The input current is Iy and
the output current is I¢-

o Input characteristics is the curve between input
voltage Vg (base-emitter voltage) and input current
I (base current) at constant collector-emitter

voltage, Vcg. The base current is taken along Y-axis

and base emitter voltage Vg is taken along X-axs.

Fig. Q.34.1 shows the input characteristics of a

typical transistor in common-emitter configuration.

From this characteristics we observe the following

important points :

1. The input resistance is the ratio of change in
base-emitter voltage (AVgg) to the resulting
change in base current (Alg) at constant collector
emitter voltage Vcg. It is given by,

o AVBE
P AR,
CE = Constant

2. After the cut-in voltage, the base current (15)
increases rapidly with small increase in
base-emitter voltage (Vye). Thus the dynamic
input resistance is small in CE configuration.

3. For a fixed value of Vg, Iy decreases as Vcg I
increased.
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52
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ftpolar Junction Tramsistor

Mota ; ‘Pitata prernng
el rharps tariaticn e
ragrdisles of vitagpa anrd
Currard gt a faairimra]
Brartivaty yelans snd
canrent grdarfas sra
e

M R ansagtorn

Flg. Q.34.1 Input characteristics of the transistor in CE configuration

« With @ neat dlagram explain the output
rs‘fﬁ'““ of npn  transistor In CE
tlon. EXTINTU : Part B)
st 1 This characteristics shows the relation
weween the collector current I~ and collector voltage
o for various fixed values of I;. This
,meensu is often called collector characteristics.
4 typical family of output characteristics for an n-p-n
snsistor in CE configuration is shown in Fig. Q.35.1.

oM

. The value of By, of the transistor can be found at

any point on the characteristics by taking the
natio I to Ig at that point, ie. By =Ic/Ig. This
is known as D.C. beta for the transistor.

From the output characteristics, we can 2= that
change in collector-emitter voltage (AV, ) causes
the little change in the collector current (8l ) for
constant base current [;. Thus the ourput
dynamic resistance is high in CE configuration.

. AVC-E\
a
A[C la-cmwmblgvﬂ

e The output characteristics of common emitter

configuration consists of three regions : Active,
Saturation and Cut-off.

Active Region :

» For the operation in the active region, the
emitter-base junction (Jg) is forward biased
while collector base junction (Jc) is reverse
biased. =

- a lici(mA) s
) @ region ——e  llgl=80pA
Saturation 80— \ ‘ Alc
regiom>~—__| AVee == | |
oY S [Igl = 60 pA Note : While plotting output
s P characteristics the magnitudes
60-aet of voltage and current ara
e a Al =20 mA considered. Practically the
E i lIgl = 40 pA voltage and current polarities
! vt A are opposite for pnp and npn
| 3 d 0 Alg 720 KA transistors
° | ligl = 20 pA
f =} fé’ B
| v B ooff—
;r 3 | et |l = O A
| P = 2Lk b o
: e T R e R e S T > |
| 0 0.5 10\ 1.5 \Vcl:ei V) |
\ ut-off reglon /
\. Collector-emitter voltage o JWWE_” Weg’ " o
" Fig. Q.35.1 Output chaructnmtlcl of the transistor In CE conﬂgumlon -
—
'DECOD
S——
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* The collector CUETENl  pf g Mote )
Inrn‘*mlnn \ =

oI the e

arply  with
ahmntlorhur- of

A teplon of oulpul

cn tanalsiog,
Saturation reglon

l
= In thia teglon, the emilterbang function ()) and
ollector bhage function (5. iy
-y : Je) both ape Torward
« The saturation value

of Viy, des| !
cte deslgnated v i
usually ranges between 0.1 Vwoay, ™
Cut-off reglon

* The reglon below I

= 0 s the
Operation for the (¢

cut-off region of
4 ansistor, In this region, both
the junctions of the transistor are reverse biased.
To fdentify the operating re
observe ce

®lon of transistor we can
rtain conditiona,

These are .

For saturation ; Iy > -4

Bdc

For active region : Veg > VCE (say)

For cut-off : I;; =0

Q.38 Draw the neat circult configuration of CC.

TS"[INTU : Part A)
Ans. : ¢ The Fig. Q.36.1 shows the common collector
configuration. In this configuration, input is applied
between base and collector and output is taken from
emitter and collector.

® Here, collector of the transistor is common to both

input and output circuits and hence the name
common collector configuration.

® Common collector connections for both npn and

pnp transistors are shown in Fig. Q361 (a)
and Q.36.1 (b), respectively.

-

(o) npn

11

|
. Gommon collector —

Dipolar Junction 'l'nm"."j
r

* Here, the output at the emitter follows the inpug it
the base and hence this configuration in alsg k“()wn
an emitter follower conliguration,

Q.37 Sketch and explain the Input Chl!l(‘,tlr‘lﬂu
of translstor In CC configuration.  TTINTY 1 pyyy B

Ans. 1 e The Input characteristica of CC configuration

fn a graph of input current Iy (base current) versys

input voltage Vi, (collector base voltage) at constan

Vop: The base current s taken along Y-axig and

collector base voltage Ve, ia taken along X-axis,

e Fig. QJA7.1 shows the Input characteristics of a
typlical transistor in common-collector configuration,

Ipl(nA)
1 120

100_ ................... ..lvc-.E-l.a..{. . '.|V.C.E.' . 2 V
80 : '

60

40— i

20 1.7 | V27

0 1 2 25 3 Neg)
Fig. Q.37.1 Input characteristics of transistor in CC
configuration

* The common collector input characteristics are quite

different from either common base or common
emitter input characteristics.

* This difference is due to the fact that the input

voltage Vi is largely determined by the level of
collector to emitter voltage V..

& p“p, P

Fig. Q.36.1 Common collector configurations

P *TECHNICAL PUBLICATIONS®- An up thrustfor knowledgo
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d Transisto,

the input gt

Bipolar Junction ’11:15;'!;_{0_7’4 {

¢ Etectronics Engineering 7-12

b=
# , Looking at Fig. Q.37.1 we can write,
Vee = Ven — Voe

of Vep = VeE + Vie
C configuration input junction is BC and it is reversed biased so input resistance in CC \
|

also known
oIn € ! :
acteristice conﬁgumﬂon is very high. {
i art By d explain the output ch b"
figurati 5ue¢¢" an characteristics of transistor in CC configuration.
ntfliferson ,33 BEINTY £ Part B] {
us
t consta ¢ is the curve between emitter current I and collector to emitter voltage Vcg at constant base current Ip.
nt )i ol . ) E ge VCE
axis and A 'emi“er current is taken along Y-axis and collector to emitter voltage along X-axis.
iS. ﬂ;g 0381 shows the output characteristics of a typical transistor in common collector configuration
ics of g L4 : o
suration, — [Tgl(mA) . = -
/ +~——Acti —_—
| - ctive region l[g] = 80 A
’ Saturation 80—
) region ~—__ |
" ligl = 60 WA ]
\ | R T s
! :
i i
f = lIg| = 40 pA
B 40z am T
i{ 3 Alg = 20pA
k<] ligl =20 pA
E 2 20
v | 3 N
i
cC i - — 1
| - H
' 1.0 \ 15 Vel )
"\ Collector - emitter voltage Cut-off region 3
quite '
\mion Fig. Q.38.1 Output characteristics of the transistor in CC configuration
aput « Since, I is. approximately equal to Ig, the common collector ‘output characteristics are practically
] of similar to those of the common emitter output characteristics.
DS{INTU : Part A}

39 What is the current gain of CC configuration ?

Ans, : » The current gain of CC configuration is given by
o

k

= — = ——= ‘- - = + = =
1 dall ik el 1+f =1*14 10

Q40 Explain how a BJT acts as an current ampliﬁer. B" [INTU : Sept.-17, Marks 3]
Ans. : In CC configuration, the output current is emitter current, Ig
crrent is Iy. The output current, Ig is 1+p times input current Iy and
Current amplifier.

Q41 Compare CB, CE and CC transistor configurations. :

and input current which controls the output
hence in this configuration, BJT acts as an

[S{INTU : Part B, Sept. - 17, April - 18,
Aug. - 18, May - 19, Marks 5]

) o 2 ‘Drcoi

f L
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Bipolar Junction Tm"""
e "lstgy

Basic Llectrical & Electronics Engineering 7-13 -
[ - R — mitter COl'l"-m"':m i
llsr- an Characteristic Common base Co_l‘nl?off """""""""" A Hth (500 m) e
j 1 Input re»sista;-cefRi) K Ver;/low (ZEIQ)_ 5 L‘fw gl%ﬁ —— T Low (50 Q)

’_ % 3 Ou{pgt_ E{.'%istance (RQ) Very high (i MQ) — E{gh,('w_.),‘__--,)-— IB_ 7 I
3 Input current LT o B g e
4. Output current r v -Ic _lc -ﬁfiase‘a'ﬂd collector

fa = e one — e s s e e e ptter
5. l’nput voltage aPPIJed Emltter and base Base and em! e e
rueEs ___bet_ween g - ter Enutter and collector
| 6. Output voltage taken “c&u}chEE and base  Collector ‘and emit e
’[ . between o ______,_,__YC—-——-——"‘"’"M y= [_E %
T Current amplxﬁcahon o= Lo : “Tn e IB;'.;W..;_W
L factor [Pl c “’”gﬁa-bm;o few.
87 Curreh?;g:m_‘(;x‘) " Less thar than umty , ngﬁ\ unzc? ré?isf)ew hundredS)l
[ 9 Volmgegin) _ Medum _ Medum . impedance matching
i 10. Applications Asa mput stage of Prowdes both vol::%ema:n ‘ :
: multistage amplifier current gain grea 5 ‘
H umty a_nd hence it is
i : dio
i widely used in au
f s[gnal amphfr.catlon
ES[INTU : Part ]

Q.42 Why CE configuration Is widely used in amplifier circuits ? .
three transistor configurations. The main

e The common-emitter configuration is widely used amongst

Ans, :
reasons for the wide-spread use of this circuit arrangement are : i
« The CE configuration is the only configuration which provides both voltage gain as well as current

E amplifier is

gain greater than unity.
« The power gain is a product of voltage gain and current gain. The power gain of the CE

much greater than the power gain provided by the other two configurations.
«In a common emitter circuit, the ratio of output resistance to input resistance is small, may range

from 10 © to 100 . This makes configuration an ideal for coupling between various transistor stages. |
END... &

—
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Scanned with CamScanner




isto,

' FET. Thus we can say that FET is more

UNIT - v

Field Effect Transistor (FET)

\\

l 8.1 : Introduction

FET ?
ot What 19 D" [INTU : Part A]
, The Field Effect Transistor abbreviated as
s an another semiconductor device like a BJT
Ffr can be used as an amplifier or switch.
B le » BJT, FET is also a three terminal device;
e terminals of FET are named as Drain (D),

source (5) and Gate (G), as shown in the Fig. Q.1.1.
out of these three terminals gate terminal acts as a

2 List Important features of FET.
0 [INTU : Part B]

Ans, : Voltage Controlled Device
+ Unipolar Device

+FET, current is carried by only one type of charge
particles, either electrons or holes. Hence FET is
called unipolar device.

+ Unlike BJT, thermal runaway does not occur with

temperature stable as compared to the BJT.

* FET has very high input impedance.
* FETs require less space than that for BJTs, hence
they are preferred in integrated circuits.
Q.3 State the types of FET.
B [INTU : Part A]
Ans. : » The FETs are categorised as :
« Junction Field Effect Transistors (JFETs),

« Metal Oxide Semiconductor Field Effect
Transistors (MOSFETSs)

8.2 : Construction of FET

Q.4 Explain with neat sketch construction of
n-channel FET.

0S5 [INTU : Aug.-18, May-19, Marks 3]

OR Draw symbols of n-channel JFET.
0 [INTU : Part B]

Ans. : » The Fig. Q4.1 shows structure and symbol of
n-channel JFET. A small bar of extrinsic
semiconductor material, n type is taken and at its two
ends, two ohmic contacts are made which are the
drain and source terminals of FET.

Controlled output current

Ic(Collector
current)
I (Base |
Controlling __current) c
input current - oE
!
!\\ BJT : Current controlled device

Controlled output current \\

I (Drain
current)

Controlling
input voltage

FET : Voltage controlled device

Fig. Q.1.1 Controlling element for BJT and FET

@-1)

Scanned with CamScanner



N

Field Effect Transistor (FEyy
Basic Eltrtr(m! and Clectronics I ngincering | | -

alxen (D) Dran (D) i
r:-": i cindacts
]

|
|
Qata (Q) o ’}
Gt (03) v M |
t 4 Sourca (51 E
sty 4 hatwrenl i
N‘ - ayinbol lof
1 « thannel JFET 1
e}t fignatva (1)
S————
N

Fig. Q.4.1 Structure and symbol for n-channel JFET

side of the bar. The thin
* Heavily doped electrodes of p type material form p-n junctions on m:c.h ;:_1 the n type bar, the FET
region between the two p gates is called the channel. Since this channel 19 -
is known as n-channel JFET.
» ugh the terminal
* The electrons enter the channel through the terminal called source and leave throail';i iy
called drain. The terminals taken out from heavily doped electrodes of p W?c :‘kc i i i
gates. Usually, these electrodes are connected together and only one terminal is Ik Oy =
called gate, as shown in the Fig. Q.4.1.
Q.5 Explain with neat sketch construction of p-channel FET. U [INTU : Part g]

OR Draw the symbol of n-channel and p-channel JFET. U [INTU : April-18, Marks 2]

Ans. : « The device could be made of p type bar with two n type gates as shown in the Fig. Q.5.1. Then this will
be p-channel JFET.

G LN
|

O Drain (D)

Drain (D)
Ohmic contacts

o

Gate (G)

Gate (G) 0 .

' 1
‘ p-channel Sourca (S) {
{ i
i oSource (S) Symbol for ;
{ | p-channel JFET H
e y

{

Flg. Q.5.1 Structure and symbol for p-channel JFET

* The principle of working of n-channel JFET and p-channel JFET is similar; the only difference being
that in n-channel JFET the current is carried by electrons while in p-ch

annel JFET, it is carried by
holes,

8.3 : Principle of Operation
Q.6 Explain the working of n-channel FET.

: B [INTU : Part B]
OR Explain the details about the principle of operation of JFET. IS [INTU : June-17, Aug.

-18, May-19, Marks 5]
®
T TECHNICAL PUBLICATIONS®- An up thrust for knowledge
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wiiee Enghisrilig
b b yyesety s lain
wlesbpirpig Fleztr Heesiei

fadl Uu‘”'ﬁ“ piid Flerth
adlr

. g i ¥ Wi vallags b apprhiail
oo »
A Jriaz vl b3 wiappily Yy

9.1

Fletd Bffect TM(mr

» Ylhen tagative vatue of Yes acreased further, 3

sage is reached at which twe depletion PIEIONS
wdth for conducing

| i i y
»“:“";' 1 Hath phrinigh Tl prakpiss ehminies) eristiti ricti ench ofhet leaving ZeTo
| r..‘lw“:n i dlepiletinn FERlaRY Thia eates 4 desif pentiont  of  he  charwel  as chown i the )
{ ,.»”‘m (1) 1w Ml 00t Apalit b ginitbes Fig, (241 (cy This will preverd any carrent flow E
| o e e pale 1o shinpfead 1) Genipee 48 stipyrn it fremni dezin Yoy serarce and hence cut off the drain ¢
] 'I?“ (hl (A ihepe g b puyetee biss currerd. The gate to source voltage that produces
j‘ lt?wuéi' gate PR L L L L miakittg ciptedt is knowrn as cat-off voltage and it @8 :
" b j i 7 [} 1 i
[ i o il i 10 ol devtl b7 Yoty |
I channe! widihy narinii f ' f " ¢ From aberre discussiont it is cleated that the gate o
L flawa wihiehi 18 degignated by liss 4 ] - ’ _
drain W7 sensree woltage controls the curtent flowing through
‘ , Whe the gate 1 sniis wullage Yeg 1o ltr{rfawj charnel and herce FET is also called voltage
with jegative valus 89 hurvin it Figy (26 (b), the eomntrolled current source.
. jee Inas yullage Airuss gate {0 senitee inereases, 3
i ;:an yesulty (e vt 0f thie depletion  tegion 0.7 Explain the working of p-channel FET.
g io:'mm This reduees the widith of the chiatirel 5 [INTU : Part B}
j‘ 3 coa . y .
y and thua controls the drain curtent Iy, Ans, : » The p<hannel JFET is constructed in exactly
o oIt i heserved that fhe channel js narrawer at the the same [anner as the n-channel JFET but with
| drain e, This happens heeatise amutnt of reverse reversal of the p-and n-type materials as shown in
Sl [ias 15 ot PAINE ihroughiout  the length of pn the Fig. Q7.1.
function. e e
[ | h
! t
' } ‘ 1
P f (#) Hy tilne vitisge (ti) Smafl negative gats ¢
‘ on Geled .9 biss ‘;
i
| a
J H
| 3
I !
T F |
{
= Vo
lﬁlr K
{6) Large negstive gais
N soures blas
Fig, 0.6.1 Tha sffact of gate voltage on channel- width and on drain current Ip
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Fig. Q.7.1 pchannel FET

* All current directions and voltage polarities are
reversed

For Vo = 0, channel width is maximum. By

increasing positive gate to source (Vgs) voltage, the
channel width is reduced.
Q.8 List the important characteristics of JFET.
ES" [INTU : Part A]
Ans. : The important characteristics of JFET are :
1. Drain characteristics and
2. Transfer characteristics

Q.9 Explain the drain characteristics for an
n-channel FET.

OR Define pinch off voltage.
BES"[INTU : Part B, April-18, Marks 5, Sept.-17,
Aug.-18, Marks 2]
Ans. : ¢ Fig. Q9.1 shows the drain characteristics of a
n-channel JFET. The curves represent relationship
e

—

ﬁ

| Field Effect Tramsistor gy, |
between the drain current and drain to Sourge
voltage for different values of Vgs-

1. Ohmic Region Shov@ by curve OA
Fig. Q9.1 In this rcgmn‘ the dra.m Curee
increases linearly with the increase in drain |
source voltage Vpg. here, JFET acts as a simplq

resistor.

2 Pinch-Off Voltage (V) : At some value of y
(shown by point A for Vgg = 0), drain currep,
Ip cannot be increased further, ‘due to reductiop
in channel width. Any further increase in Vg
does not . I

approaches the constant saturation value. The

voltage Vpg at which the current Ip reaches 4

its constant saturation level is called ‘Pinch-Qfg

Voltage’, Vp. From Fig. Q9.1 it can be obseryeq

that for more negative values of Vgg, the

pinch-off voltage is reached at lesser values of

increase the drain current Ij.

Ip-

3. Saturation Region (Pinch-off Region) : This
region shown by AB curve. In the saturation
region, the drain current Ip remains fairly
constant and does not vary with Vpg.

4. Break down Region : In this region the drain
current increases rapidly as the drain to source
voltage increases. This happens because of break
down of gate to source junction due to
avalanche breakdown. The drain to source

voltage corresponding to point B is called
breakdown voltage VBR.

Relation of Vg (otp and Vp : Ip is 0 when
VGS == VP'

go*'

ol

Y

.
’ ~+—— Saturation Region or — = i1
Pinch-off Region i
Ip (mA) |Ohmic o k5 it off volts !
(current from |regi rve represents pinch o ges |
: drain to sourcs) [REEY Vgs=0V
10
§ 8 VGS =1V (‘
; Breakdown region
& Vgs=-2V (Breakdown due to ‘
; avalanche effect) :
¥ Vos =3V !i
,s 0 .
H || 1 1 1 il
] 0 0 15 20 25 \r
i Drain to Source voltageV
'-.\. V, for Vgg = =3 V= geVos ) ;
, o
Fig. Q.9.1 Drain VH characteristics of n-channs! JFET
w—\
® & Femery
T 7ECHNICAL PUBLICATIONS®- An up thrust for knowledge Drooot
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. :cal and Electronics Engineering 8-5 i
tor (FET) pasic Hlectrict S0 o= — Field Effect Transistor (FED) _ ’\
— =D 10 Explain the drain characteristics for p-channel FET, H
souiis a L TEET th ‘ N _ | IS5 [INTU : Part B] !
: « In a p-channel ] SR ECS ;_)osmve with respect to the drain. Here the source is the source of holes
oA i hich flow through the channel to the dram._'l'he pinch-off is achieved by making the source to gate voltage, V.
citrrensy negative (ie. Vgs positive) there by reverse biasing the p-n junction diode formed by the channel and the ga;e °¢
rain to « The Fig. Q.10.1 shows the drain characteristics of p-channel JFET. Note the similarities betw gth .
simple characteristics and those shown for n-channel JFET in Fig. Q9.1. eem These ‘
e e =— = |
of 'V, —1 1 b
o { . b l
urrent SN || S 1. '
Uction A — i
v ? \ l \
Ds — I
ID Breakdown region |
. Th 7 (Breakdowndue tg H "
e __gvalancheeffect) | {
es to i Lo i !
h-Of¢ — | 11 |
\ 7/

Fig. Q.10.1 Drain V- characteristics of p-channel JFET

o The curves are identical except that voltage Vg and Vps have reversed polarities and current Ip
flows in reverse direction.

Q.11 Explain the transfer characteristics for n-channel JFET. e . EF[INTU : Part B)
o ‘

~

~ Ans. : Square Law Expression for Ip

1 ‘s The relationship between the drain current I, and
gate to source voltage Vgg is non-linear as shown
in the Fig. Q.11.1 This relationship is defined by
Shockley’s equation

Ip(mA)

e (1)

e The squared term of the equation will result in a

non-linear relationship between I and Vg

producing a curve that grows exponentially with o
decreasing magnitudes of V;s. From equation we VasV) 4
can also write, _ Fig. Q.11.1 Transfer characteristics of n-channel JFET

T
‘Vee =V.|1- ] 22
;0 pl! IDSS)

« In the equation values of g and V,, are constants, value of Vgg controls I,

o ~"_ : * A point A at the bottom end of the curve on the Vgg-axis represents Vgg (o) and point B at the top
end of the curve on the I, axis represents Ipgs (maximum drain current at Vgs=0).

§ e 1
| 'Y TECHNICAL PUBLICATIONS®- An up thrust for knowledge becoes
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4-0

s, this conva ahoen (o aperating lnots of a [T, These are

" ]“ =) Wlw" Vu-'] - vllhtnl”

. lll . "hQ wlhon \',n “ |}
QA2 Buplaln (he tansler charavtsilailon for pechunnel JIET,

» ,“E’r-
Andot e The Pl Q120 showas the franefor characterlstics of I""”"""‘Ivirwd
characteriatics of nchanpel JEIET ewcapt thai the polarities of Vg and Ty are severse

Field ffect Transistor (FEy,

U [INTU : Part B)

It is identical to transfe

Iy LA

[
STE R

=10

l[)=01

]

Flg. Q.12.1 Transfer characterlstics of p-channel JFET

6 Vgs(V)

S —

Q.13 Por JFET, determine Iy, If Ipgg = 12 mA, Vp =~4Vand Vgg = - 1.

Ang, ¢ ’n ad

= 12%10-3[1-

Q.14 Give compnrison between BJT and FET,

Ans, ;

Inss [

2
1. Yes
VP

2
((—:—3‘—))) = 6,75 mA

0" [INTU : Part B, Dec.-18, Marks 5]

1 s s ey

[0.4 : Comparison of BJT and FET ]

e e TP E——

U [INTU  Part B, April-18, June-17, Aug.-18, May-19, Sept-17, Marks 5]

8r.No.  Parameter
L Control element

2 Davles type

i
1
-

. Types

LA e,

'-"3-;
s

s

e L

'fn_-p~n and prnep

Current controlled device. Input
‘current |y controls output current |,

Fopaislig

10 jait

Current flows due to both, majority . |
" and minbrity carrfers ond hence
bipolar device.

— WET i gy
1' TECHNICAL PUBLICATIONS®. An up

VO I N et v

Vas controls drain current Ig.

 carrlers and hence unipolar device.

FET

Voltage controlled device. Inpu

t voltage

Current flows only due to majority

n-channel and p-channel,

(hrust for knowledge
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yrical and Electronics Engineering

R —— CS CG CD
6.  Input resistance S TG I i e

Less compare to JFET. ngh compare to B]T

e e L A Field Effect Transistor (FET) _
W . ST
2 3 Symbols e
]l : ] c D D
| B ; @ é : é
|
| € E s s
! e ! pnp n-channal p-chanr
l" 5.  Configurations CE, CB, CC I e e < - S S
{
l
i

7. Size i

Bigger than JFET. Smaller in construction than BJT, thus
making them useful in Integrated -
o ) ercults (IC)
g.  Sensitivity Higher sensitivity to changes in the Less senslhﬂty to changes in the apphed §
apphed s1gnals voltage i
» 9, Thermal stability  Less More iﬁ
e S :%
10. Thermal runaway  Exists in BJT, because of cummulative Does not exist in JFET, because drain 3
: effect of increase in 1 with resistance fy increases with temperature, 11
temperature, resulﬁng increase in which reduces | p, reducing the lp and
temperature in the device. : hence the temperature of the device. %
11.  Relation between Linear , . Non-linear a
jnput and output - .
12. Ratioofolptoip ABlc _ . _ Sloecy
.. B “BVgg "
13.  Thermal noise More in BJT as more charge carriers ~ Much lower in JFET as very few charge
cross junctions. ~ carriers cross the junction. .
LDk . : A3 e i £ ; -
14. Gain bandwidth - High Low \
product '

8.5 : Biasing of FET S

.15 Comment '6n FET biasing in ohmic region and active region. I [INTU ¢ Part A]
Ans.: o The JFET can be biased in the ohmic or in the active region.
« When biased in the ohmic region, the JFET in equivalent to a resistance.

« When biased in the active region, the JFET is equivalent to a current source.

Q.18 Explaln the gate bias circuit used to bias FET in ohmic region. T [INTU : Part B]

Ans. : o Fig. Q.16.1 shows the gate bias circuit for the n-channel JFET. This is the simplest biasing arrangement.
(See Fig. Q.16.1 on next page).

* To make gate-source junction reverse-biased, a separate supply Vgg is connected such that. gate is
more negative than the source.

» For the d.c. analysis coupling capacitors are open circuits. The current through Rg is Ig which is zero

t = . =s iy — ==
TEC o
T HNICAL PUBLICATIONS®- An up thrust for knowledge .
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“n;f th
[
c;

Flg. Q.16,1 Gate hlas clrcuit for n-channel clrcult

e This permits R to replace by short  clrcuit

equivalent, simplifying the gate blas circuit as

shown in the Fig. Q.16.2
OVOD
i

a

T s
Vaa : Vr,s__'_ ls -
L—-——«

]

Fig. Q.16.2 Simplified gate blas circult

Step 1: Calculate Vgg

o We know for d.c. analysis Ig = 0 A and applying
KVL to the input circuit we get,
Vas * Voo = 0
Vos = ~ Voo .. (Q16.1)
e Since Vg is a fixed d.c. supply, the voltage Vs 18
fixed in magnitude and hence the name gate bias
circuit,
8top 2 : Calculate Ing
e The drain current I, can be calculated using

equation.
2

o =] [-Xﬁ_&)

DQ DSS Vp

8tep 3 : Calculate Vg
o The drain to source voltage of drain circuit can be
determined by applying KVL.

Vop ~IpRp ~Vpsg = 0

Field Effect Transistor (FET)

pias circuit of FET |s

rate
back of g3
The main draw/ .« gupplies:
] th‘ﬂ it requires 10 pow! o he ohmic region
the © "
To ensure that @ JFET Is bias{zldl " << Ipgge
A1l we have to use Vg = 0 and D st aFia
For the clrcult showh ind )ﬂl; Flﬁ.' d)' V;,
Qa7 For the SV lpg, © VDsa
Cnlculate : a) VosQ' g3 [INTU : Part 8]
a8V
]
F Z1ka
D
I = 10 mA
S 0\33 s -4V
1 M2 s
Veg—2V
Fig. Q.17.1
. 0 and IgRg =0
- =—-2V <« lg=0andlgRg*™
3) Vesg =~ Voo T2, T 2V
Ves | - -3 22

= 10x 1073 (1—(4).5)2 =10x 1073 (0.25)
—25mA
¢) Vpsg = Vob ~ IDakD
—gV-25x102 (1x103)=55V
d) Vp = Vpg+Vs=55+0=55V

Q.18 Calculate the drain voltage for gate bias
circuit with Rp = 10 kQ. Assume that the JFET is

based in the ohmic region. Assume Ipgs = 10

mA,V, = 4V and Vpp = 10 V.
0SS [INTU : Part B]

Ans, : In the ohmic region, we can replace JFET by a
resistance Rppg, as shown in the Fig. Q.18.1.

*+ Voo
Rp

T

Ros v,
.

Fig. Q.18.1 JFET equivalent circult when blased In the

" VDSQ pad VDD -IDRD e (Q.l6.2)

ohmic reglon

W%
A,

)
T rECHMOAL PUBLICATIONS®™- An up thrust for knowledge
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tor TCDH N‘_‘“—llnfﬂﬂ a .
r _— h \J.\-m‘“
‘ET is Rps = Tpss 10 mv
Ry oy ‘.
’ - . b |
region, Vp Riw * Rpy ot !
A0 0= 0388 V ?
.17.1 = j0+ 10N
Vp
rt 8] and explain the self blas clrcuit for
Q.19 Draw lon.
F ctive regic
plasing FET 1" # R [INTU ¢ Part B)
| IlTl“ must be U}‘l"l'nlh'd such that the gate
Ans. @ °® m.di\\ll is  always reverse-biased.  This
r. 'ﬁ‘uﬁ.“_ ]\n»quin‘-*‘ a negative Vg for an n-channel
] condition ve Vs for p-channel JFET. This can

JFET and a posit
he achieved using ¢
Fig. Q19.1
¢ The gate
because it has €sS€ :
and therefore the gate remains at0 V.
e Rg is necessary only to isolate an a.c
' ground in amplifier applications.
" The voltage drop across resistor, Rg
' source junction reverse biased.

DC Analysis :
~ step 1: Obtain expression for Vgs
For the n-channel FET in Fig. Q19.1 (a),

he self bias arrangement shown in

R; does mnot affect the bias

R‘Sismrr X
ntially no voltage drop across it;

. signal from

makes gate

Ig produces
the source

Feld Effect Tranaistor (FET)

positive with respect to ground. Since 1g = Ip and
Vg =0, then

Vg = I Rgq = 15y Rg. The gate to source voltage s,
Vs = Vo= Vg =01 Rg =~ IpRg

I'or the p-channel FET in Fig, Q.19.1 (b), Ig produces
a voltage drop acroas Rg and makes the source
negative with respect to ground. Since lg = Ip and
Vg = 0, then

Vg = - I Rg = = Ip Rg. The gate to source voltage is

Vs = Vg = Vs = 0 = (- IpRg) = + IpRs

In the following D.C. analysis, the n-channel JFET
shown in Fig. Q.19.1 (a) is used to for illustration. For
D.C. analysis we can replace coupling capacitors by
open circuits and we can also replace the resistor Rg
by a short circuit equivalent, since 1g = 0. This is

illustrated in Fig. Q.19.2.

a voltage drop across Rs and makes

‘ (a) n-channel (b) p-channel
¥ | Y _ Note:lg=lpinall JFETs
| Fig. Q.19.1 Self blas circuits for JFET
-I —
DECOD

L)
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Basi, .
if‘,l_clf-_’fft’_'ﬂarr_“_ﬂfi Electronics Engincering
Step 2 : .
P 2: Calculate 11y,
- 2
\’
Ip = ]DSS[ |__T,'c\._: }
Substituting value of Vgg in above equation we get
2 . 2
-1 Re Iy Rg
Ip =1 e =D RS | wypgf 1422
D uss[ Vi DSS A
.. (Q191)
Step 3 : Calculate Vpg
Applying KVL to the output circuit we get,
Vs +Vps +1Ip Rp = Vop = 0
~ Vps = Vpp=Ys-IpRp = Voo ~IpRs~IpRp
= Vpp-Ip(Rs*Rp)
Q.20 For the circuit shown in Fig. Q.20.1.

Calculate VGSO- ’DQ’ VDS- Vs and Vp.
05" [INTU : Part B]

+12V

Rp
2.2kQ

D

G ]DSS =8 mA
Vp=-4V
S
1MQ 1kQ
Fig. Q.20.1

Ans. : Step 1 : Obtain expression for Vg
Vos = —IpRs |
Step 2 : Calculate I, and Values of Vgs and Vs,

Ip Rs Y
P .

. 2
3
Ip = 8x10‘3[1+ Ip %X I ]

= +D
Ip ]DSS[I v

= 8x1073 (1-2501p )
= -3
= 8x1073 (1- 5001 + 6250012

Ip = 8x1073- 41 +5001%
Sl 50012 - 51p, +8x107° = 0

|
|

Field Effect Transistor (FET)

i tion using formula
2 olvi padratic  equd
Solving, : q
~biy b” - 4ac e have,

2a

e —T .
N DS

A'.
- 2% (500)

+5% 25_”’-"‘Siﬁ-”ﬂ-SonrzmA
B 1000 1000 1000
1 cannot have value 8 mA because maximum

value of Ip, Ipss is given as 8 mA at Vgg = 0 and

hence Ipq is taken as 2 mA.

-3 39—
=_1DRS=—2><10 % 1x 10 2V

‘.'VGS
Q =2x10‘3x1x103-2V

step 3 : Calculate Vps

VDS = VDD —‘D(RD + Rs)

12— 2% 1073 (2.2x10° +1%x10%)
=12-64=56V

Step 4 : Calculate Vp
T Vp = VpstVs -56+2 =76V

Q.21 Calculate the value of feedback resistor (R)
required to self bias an n-channel JFET with

IDSS = 40 mA, VP =-10 an'd VGSQ =-5V.
: IS [INTU : Part B]

Ans. :
step 1: Calculate Ipg

2
- Ipg [1-S2
DSS VP

S, BT
40x10 {1 m} =10 mA

Step 2 : Calculate Rg
F_OI' self bias circuit : VGSQ =— IDQ RS

R - _Vos _ (5 _
IDQ 10 mA

S

500 €2

Q22V, =-2V, Ipgs = 1.65 mA for the circuit
in Fig. Q.22.1. It is desired to bias the circuit at
Ip = 0.8 mA, Vpp = 24 V. Calculate i) Vgs i)
gm iii) Rg. IS [INTU : Part B]

ﬁ_—_._——_-
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naistor (TLT)

formula

T2 mA

iIximum
0 and

®
T TECHNICAL PUBLICATIONS®

J,
|

y crical and Electronics Engineering
e 1
”

Flg. Q.22.1

1 : Calculate Vg

2
In ™ ll S 1 .__Y_(_-'S_
D b vp

A : Step

Wwe have

I

D
Vos = V. = -
& r Ipss

9] 1= 0.8% 1073
e | oy

Calculate g,
-2lpss _ -2x1.65
-2

 —

\Y
_Ygi] -

stop 2
- - 1.65 mS

P
0.
2 'gmo[ v 1.65(1-___6274Jx10-3

- 1.65x10~3 % 0.6963 =1.15 mS

step 3 : Calculate Rs
0= VGS +IDR5

_Ves
Ip

0.6074
0.8 mA

Rg ) = 759.25 Q

Q.23 The FET shown in Fig. Q.23.1 has
llpss|] = 12 mA and [V,]| = 5 V. Calculate the

Ip i) Vps 1) Vgs.

quiescent values of i)
0 [INTU : Part B)

-18V
33K
¢ —oVo
0.05puF
vio—| D
ren 12K :I' 20 pf-’
e
=
Flg. Q.23.1

An up thrust for knowledge

Fiald Effect Tﬂlruillor/m

Ans. 1 Flg. Q232 shows simplified circuit for d.c.

Analysin _;
|

I 18V

Z 13k

[V

=

.:f" e |
1% -; |
Z12K .,‘

Fig. Q.23.2

VAW

Step 1 : Obtain expression for Vs

Applying KVL to the input circuit we get,
Vgs - Ip Rg = 0
Vos = Ip Rs
Step 2 : Calculate Ip
2
Vi
We have, 1p = Ipgs| 1- -vis-
P

Substituting value of Vg in above equation and

solving for Ip we get,
Ip = 233 mA or 7.45 mA

We calculate Vpg using Ip = 7.45 mA
Vps = Vpp - - 1p Rs*Rp )}
- —18 - [- 7.45 (1.2x 103+ 33x 10%))
= -18+33525=15525V

Practically, value of Vpg for p-channel FET should be
negative, hence value of I, = 7.45mA is invalid.

ID = 233 mA

step 3 : Calculate Vpg and Vgs:
Now calculating Vpg taking Ip = 233 mA
Vps = Vop - [-1p Rs*+Rpll
-_18 - [- 233x103(12x 103+ 33x 10%))
=-18+10485=~-7515V

Vgs = Ip Rg = 233% 107 x 12x10°

= 2796 V
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Q.24 Draw ang

ci

: explain the voltage divider bias
cuit for blasing FET in active region.
U5 [INTU : Part B]

Ans. : e The Fig. Q24.1 shows n-channel JFET with
voltage divider bias.

Fig. Q.24.1 Voltage divider bla-s for n-channel JFET

¢ The voltage at the source of the JFET must be more
positive than the voltage at the gate in order to
keep the gate-source junction reverse-biased.

e The source voltage is,

Vs = IpRg
_ ¢ The gate voltage is set by resistors R; and R, .

¢ Coupling capacitors C; and C, and source resistor
' bypass capacitor Cg are assumed to be open circuit
for DC analysis.

Step 1: Calculate Vg
- Voo Ry s ]
R; +R, G

Ve

= - Step 2: Obtain expression for Vg

=

. Applying KVL to the input circuit we get,

Vo = Vos —~IpRg = 0

VGS - VG - ID RS ves (024.1)

0 +VD D

* Flg. Q.24.2 Simplified voltage divider circuit for d.c.

analysis

Lt .

Field Effect Transistor (FET)

Step 73 . Calculate IpQ

The g can be calculated using equation :
e Ipg

1-Jes.
IDQ = IDSS VP

Step 4 : Calculate Vpg and Vgs

Applying
Vop — IpRp — Vs

KVL to the output circuit we get,
-IpRg = 0
Vps = Yop — Ip Rp = Tn R
= Vpp —Ip (Rp+Rg)
o (Q242)
amplifier using the voltage

The Q point of a JFET
divider bias is given by :

1-Yes Y
Ipg = Toss|! v,
Vpsg = Vop ~ Ip Rp*Rs)
Vgsq = Ve~ IpRs
Q.25 Determine 'DQ' Vgsq: Vb, Vs, Vps and Vpg
for the network of Fig. Q.25.1.
' U [INTU : Part B]

016V
2.4 kQ

E VO
10 pF
IDSS =8 mA. VP ==4V

Fig. Q.25.1
Ans. :
Step 1 : Calculate Vg
VopR 16x270K
V = DD 2: = —
¢ " R(+R, "~ ZIM+zoR “ 8BV

Step 2: Obtain expression for Vas

“  Vgg = 1823 -1 Rg = 1,823 - 1.5x 10° Ip

o -
A" TECHNICAL PUBLICATIONS®- An up thrust for knowladge
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N

= v 42 " 2
o '“"5{"1?5-} - 810" 3§1-“323—ln:15x 10°) ‘
p —

X107 2(1-{(- 0456 + 375 1)) = 5x107 2 (1456~ 375 1)’

82107 (212-1092 1, +140625 i)

0.01696 - 8736 1, + 112512

ID.

N 2
Solving quadratic equation using formula -bxvb‘ -4ac
]

we
2

_ (9736 W-9736)% —4x 1125x 0.016% 9736+ 42976
2% 1125 T T 2x1125

= 6237 mA or 2417 mA
If we calculate value of V¢ taking I, = 6237 mA we get,

Vs = Vpp —IpRp +Rg) =16-6237x10"3(24K+15K) = - 83243 V
Practically, the value of Vg must be positive, hence

Ip = 6237 mA is invalid.

I

Ip = 2417 mA

Vs = Vpp -Ip(Rp +Rg) =16-2417x10"3(24K+15K) = 65737 V
Vs = 1.823-1p Rg =1.823-(2417x107> x1.5%x10%) = - 1.8025 V

Vs = IpRg = 2417x1073 x1.5x103 = 3.6255 V

Vpp ~1pRp =16-(2417x1073x24x10%) =102 V
Vm Cred VD —VG = 10.2 - 1.823 = 8.377 vV

Q28 For the circuit shown in Fig. Q.25.1, the FET has V, = 4 V, Ipgs = 4 mA
Calculate 1) Ipgg 1) Vgsg ill) Vpsg

7

AN
%

' Fig. Q.26.1
M‘__,, - 3 :

| i 250 Firld Effect Traxsistor (FED)
geep 3 : Calauslate I, —— s e

- TS [INTU : Part B]
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Basic Electrical and Electronics Engineering

Ans. : Simplified circuit for d.c. analysis is shown in

Fig. Q.26.2.
Fig. Q.26.2
Step 1:
Calculate Vg
_ R Yoo
Y% = R +R,

200x 10 x (- 60)
1.3% 10% +200x 103

=-8V

Step 2 : Obtain expression for Vas
Applying KVL to input circuit we get,

Vg-VgstIpRs =0
Vos = Vo *Ip Rs
Vo5 = Vg +Ip Rg
= -8+IpRg
Step 3 : Calculate I
2
We have, Ip = IDSS(IE-%§]
- p

- Substituting value of Vgg in the above equation and

solving for I we get,
. Ip = 225mA or 4 mA
We calculate Vg using I = 4 mA,
Vps = Vop ~ Ip Rg +Rp))
= —60+4x107 (4x103 +18x103)

-60+88=28V

L]
T TECHNICAL PUBLICATIONS®- An up thrisst for knowledge

Fleld Effect Transistor (°ET)

. T Ve for p-channel FET should be
cally, value of Vos =% - 4 mA is invalid.

Pract .
negative, hence value of ip
ID - 2-25 mA
Step 4 : Calculate Vps and Vs -
i = 2.25 mA,
g A takmgalo 1?0?;5+ 18 x10%))
_60—(-225%107 (4%
Vps = 60-(-2
= -60—49.5==-10.5V
Voo = —8+IpRg=—8 +225%x107 (4x10%)
GS
- -8+9=1V
Q.27 Forthe network shown in Fig. Q.27.1, determine
Ve, Vp, Vs and Vps-
to: Yo, ¥ Tox 8 05" [INTU : Part B]
—o0 +20V
2.2kQ

Inss = 10 MA
Ve Vp=-35V
110 0.51 ke
Fig. Q.27.1
Ans. : _
Step 1: Calculate V5
V
ppR; 20 x 110 —2157V

Ve = R,+R, ~ 910 + 110

Step 2 : Obtain expression of Vg

VGS . Vé "'Vs =2-157 -IDRS
= 2.157-510Ip
Step 3 : Calculate I
\V, 2
In =1 - -GS
D DSS( Vo }
g 10)(10_3(1_(2.157-35;0 Ip)

Solving for I, we get,

Ip = 2098 mA or 5.863 mA

:

8\
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48 S
For Ip = 20.98 mA

Vps = Vop ~Ip(Rp +Rg)
= 20-2098 (22+0.51) = - 36,85 V

I,rﬁcticauy’ the value of V|55 must be positive, hence
Ip = 20.98 mA is invalid.
Ip = 5863 mA
;wp A Calculate Vs, Vi, Vg and Vpg
Vgs ™ 2157 =1pRg

= 2.157-5.863 x 0.51 =-0.833 V

Vp = Vop ~lpRp
= 20-5.863%X22=71V
\’DSVS = IpRg = 5863 x 051 = 299V
Vps = Vp=Vs =71-299=411V

28 List the important parameters of JFET.
U5 [INTU : Part A

Ans.: » The important parametres of JFET are as

follows :
« Input resistance

. DC drain resistance
. Dynamic (AC) Drain resistance (rq)
» Transconductance (8m)
» Amplification factor (W)
Q.29 What is the input resistance of JFET ? '
6" [INTU : Part A]

Ans.: » The input junction of JEET (gate - source
junction) is reverse-biased and hence its input
resistance is very high. The input resistance of JFET
can be determined from a value of the gate reverse
current, I5gq at a certain gate-to-source voltage.

Itis given by, -
Vs

]

Iass

*Since Ingg increases with temperature,
resistance decreases with temperature.

Ry =

input

?-30 Calculate the input resistance of JFET If
Gss = - 2 nA when Vgg = =15 V. '
ISF [INTU : Part A]

Fleld Effect Transistor (FET)

Vv,
b1 Ry [ s = 7800 ML

Q.31 What Is DC drain resistance ?

U%° [INTU : Part A)
Ang. t o The DC drain resistance is the resistance
between drain  and  source terminals for the
corresponding value of drain current, 1y, and Vpe It
is denoted by Ry, and mathematically given by,

Ve
Rp = _.iL’-",

D
e Its value is few hundred k.

Q.32 What Is AC (Dynamic) drain resistance ?
035" [INTU & Part A)

Ans. : o The drain resistance ry i8 the a.c. resistance
between drain and source terminals when the JFET is
operating in the saturation region. It is the reciprocal
of the slope of the drain characteristic in the
saturation region.
e It is given by,

- 2|

T
d = Al
D VGS constant

Q.33 What is JFET forward transconductance ?

OR Derive the
transconductance.

for forward
0 [INTU : Part B)

expression

Ans. : ¢ The forward transconductance, gp . is the
change in the drain current for given change in gate
to source voltage with the drain to source voltage
constant.

e The forward transconductance g, is defined as

Bm = %I_gg :

DS constant
o It is the slope of the transfer characteristic.

e The forward transconductance Bm is also called

mutual conductance. The practical unit for gm is
mS (millisiemen) or mA/V.
o We can calculate an approximate value for g, at

any point on the transfer characteristic curve using
the following equation

f
pECoDt

L)
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(o708 .. (@31) —
Em = Bmo |7 Vegefn s Since the parameter y is the ratio of two
b
- tities viz. ratio of two voltages: 1 30 ...
e g s i g ot Yo " G| quentin T 000
S buy, | 8.7 : JFET Amplification and sztchr““;
4 -2Ipss .. (Q33.2) B _'""“‘—‘"”'—‘—-—&.“3‘#
Za0 Vo fat Q.36 Explain the operation of JFET as 5 switey,
know that, N
o This can be Froved as given bzelow We ) ‘ @{Jpnu ) Pm I‘
Vos (Q333) = Ans.:e For n-channel JFET when Vi is syff
Ip = Toss| 1=+~ : is reduced to 0. Thi lently
D DS VP negatlve, [D 1S reduce o 0. This represents OFE
y ‘ 3 iti f switch. At this condition
. . : ation with respect to Vgs W€ | condition © - . (Cut-off)
» Differentiating this equ . yalue of Vgs is designated as Vg (off). The g:
" 5V % [I”"T] ~ When JFET is heavily driven Le. when Ve is oy
positive in case of n-channel JFET rg qy, is Minimyp,
P switch. The bipolar transistor has the advantage aver
where - ~2Ipss the field effect device in that ON-resistance is usually
Emd Vp ' only a few ohms, and hence is much smaller thay
= N-resistance of JFET.
Q.34 For JFET, if Ipss = 20 mA, Vgsem = - 5 V- ON-resistance .
and gz,, = 4 mS or mANV. Determine the e In short, we can say that by making Vgg = Vq(off)
transconductance for Vgg = - 4 V, and find Ip at we can open the switch and by making Vg
this point. sufficiently positive we can close the switch,
B [INTU : Part B) _ FET log swi
« Fig. Q36.1 shows ] as an analog switch Vg is
Ans. : From equation (Q-34.1) we have, either 0 V, which causes the JFET to conduct, o
v _an Vi, a negative voltage that cuts the JFET off. The
PO Zmo[l"‘\}—ai‘]"‘xm_a[l"iﬁ] output voltage of the switch, v, is the drain to
GS(ofly source voltage, which will be either v, (when JFET
o dvein-3 - is cut-off) or close to 0 (when the JFET is
421077 % 02=08mS : conducting).
4
V ol
We have, Ip = | - 8
D DSS[ VGS(oﬂ')
3 -4V’
= 20x10 [ "Ts_://]
= 201073 x 0.04 = 0.8 mA
Q.35 What is amplification factor of JFET ? ? 0---_-|—
EP[INTU : Part A, Sept-17, Marks 2] | Ve
Ans. : o The amplification factor, denoted by p is |
defined as, .
AV '
Amplification factor, p = AVDS {
: GSp constant Fig. 0-3_301
. AVDS_AVDSX Alp . Q.37 Write a note on JFET as an ampilfier.
U= B Blp < 3V B G [INTU ¢ Part O]

A "TECHMICAL PUBLICATIONS . An up st for kromiedge:
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Ans.:* Let us discuss the use of the ]FET as an

jmplifier by considering the common-source clreuit,
chown in the Fig. Q.37.1.

%*VDD m40yV
lo} SRo=8ka

Fig. Q.37.1 Common source clrcuit

o The voltage Vg Provides the necessary reverse-bias

between gate and source of the JFET. The signal to

be amplified is V. The V-I' characteristics of the
JFET is as shown in Fig. Q.37.1.

eOn the output characteristicss, a load line
corresponding to Vo, =40 V and R = 8 kQ is
constructed. The transistor is biased at point Q and
results in Vpgg =20 Vand  Ipg = 270 mA.

o Assuming that the signal voltage V. is a sinusoid
of peak voltage

= 05 V, this signal is superimposed on the
quiescent level. The instantaneous gate-to source
voltage is

Vgs = V¥ - Va6
¢ Both quantities, Iy and Vg, can be considered as

sinusoids superimposed on the d.c. values.

Then VGS R VGG + VgS - "'1.5 + 0-5 Sin wt
V.

our = Vps = Vpgq * V45 =20 + 4 sin ot
* We observe that the output signal is greater than
the input signal, thus indicating amplification.

* The magnitude of the voltage gain |A, |is the ratio

of the output ac. signal amplitude [4.0V] to the

input a.c. signal amplitude [0.5 V]. Then, in this
example,

40
A S —_—=
Ay 05 8

[ ——
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Field Effect Transistor (FE)

8.8 : JFET Advantages, Disadvantages
nnd Appllcntlon*z

Q.38 List the advantages of JFET.
0 [INTU : Part B]

: The advantages of FET are ;

1. Extremely high input impedance, typically, of
100 meg-ohms.

2. Lower noise than BJT.

Ans,

Easier to fabricate and are particularly suitable
for 1Cs.

4. No offset voltage such as base-to-emitter voltage
in BJT. This property is very important in the
applications like switch, chopper, etc.

Immune to radiation.

Better thermal stability.

Low input capacitance.

Low frequency drift.

Draws very low power in the digital circuitry.

H 0 ® NN o

39 List the disadvantages of JFET.

0 [INTU : Part A]
Ans. : Disadvantages of FET are :
Poor performance at high frequency.
Small gain-bandwidth in comparison to the BJT.
Poor voltage gain.

Can be operated only in low power applications.

.40 List the applications of JFET.
D [INTU : Part a]

Ans. : Applications of FET are :

o In general, like BJTs the FETs can be used in
switch, digital and linear amplifier applications.
Let us see specific applications of FET.

* Since JFET has high input impedance and low

output impedance they are used as a buffer in
measuring instruments.

* Because of low noise, they are used in RF

amplifiers in FM tuners and in communication
equipments.

* Since the input capacitance of FET is low, it is used

in cascade amplifiers in measuring and test
equipments.

%
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