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COURSE EDUCATIONAL OBJECTIVES :In this course student will learn about

COURSE EDUCATIONAL OBIJECTIVES (CEOs): This course gives the ability to
analyze and design analog electronic circuits using discrete components. To
empower the students to understand the design, working and analysis of BJT /
FET amplifiers using appropriate equivalent models. And it gives the
importance and effect of feedback in amplifiers to improve stability and to
design oscillators.

COURSE OUTCOMES (CO):The student can able to do

CO1: Design different single stage and multistage amplifiers.

CO2: Understand the effect of capacitances on frequency response.
CO3: Understand the applications of power and tuned amplifiers.
CO4: Know the importance of negative feedback in amplifiers.

CO5: Design Sinusoidal oscillators for different frequencies.
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UNIT-l : Small Signal Low Frequency Transistor Amplifiers

UNIT-ll : Multistage Amplifiers , Transistor at High Frequencies, Frequency
Response of Amplifiers

UNIT-lIl : Power Amplifiers, Tuned amplifiers
UNIT-IV : Feedback Amplifiers
UNIT-V : Sinusoidal Oscillators



UNIT -1
Small Signal Low Frequency Transistor Amplifiers: Hybrid parameter model
of a Two Port Network, h parameter model for Transistor in CE, CB and CC
Configurations, typical h parameter values, h parameter conversion from one
configuration to another configuration, Analysis of CE, CB and CC Amplifiers
using h parameter model, CE Amplifier with emitter resistance.

FET Amplifiers: Analysis of CG, CS and CD FET amplifiers.



UNIT-I :
SMALL SIGNAL LOW FREQUENCY TRANSISTOR AMPLIFIERS

Signal : Signal is a function, that represents the variation of a physical quantity
with respect to any parameter. In Electronics and Electrical , usually signal is
variation of electrical quantity ( current or voltage) with time.

Analog signal : Amplitude of Signal continuously varies with time.

Discrete signal : The signal which is defined for the discrete intervals of time.
Figure shows Continuous ( blue ) and discrete ( red) line
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Digital signal : Discretise in both time and magnitude of signal. v
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»Analog circuits : The circuits that process the analog signals are called analog circuits.
Analog circuits are linear circuits.

»Linear circuits : A circuit constitute by linear elements is called linear circuits. Linear
elements follows the linear property.

Ex: R, L, C, amplifiers.

»Linear property : A circuit / element which gives for every input there should be
corresponding output. No two inputs having same output. Graph between Input and
output should be straight line i.e y=mx where m is slope. gain should be constant.

» Non linear property : Number of inputs has same output.
Ex: Electronic devices, logic gates, digital circuits.

Amplifier : It is a electronic circuit , which amplifies or increases the strength or magnitude
(amplitude) of the input signal.

Linear amplifier : It amplifies an input signal and produce output signal which is larger and
directly proportional to the input signal.

Amplifiers are designed by basic component, i.e transistor( BJT or FET).
BJT : Current controlled device (output current (Ic) is controlled by input base current)
FET : Voltage controlled device (output is controlled by input voltage).

BJTs are traditionally used in linear amplifiers because of their high gain.



A Transistor is a three terminal semiconductor device that regulates current or
voltage flow and acts as a switch or gate for signals. It is a Non linear device.

Transistor is operating in three regions

1. Cut-off region ( both the junction are reverse biased)
2. Saturation region (both the junction are forward biased )

3. Active region ( Emitter - base junction is forward bias and base — collector
junction is reverse biased)

Applications of a transistor: Based on region of operations

A transistor acts as an Amplifier, where the signal strength has to be increased.
A transistor also acts as a switch to choose between available options.

It also regulates the incoming current and voltage of the signals.

» Transistor exhibits linear property ,when it is operates in active region.



How transistor act as a Amplifier: Transistor is operated in active mode, It act as a amplifier

Emitter Base Collector

N P N
- gl Il Bl o i e The operation of an NPN transistor can be
Y {O eroror I explained by having a look at the following
mACY :‘*I (O figure, in which emitter-base junction is

B
S L <o ST " v forward biased and collector-base junction is
<o | <o ! <o ;
Vee reverse biased.

The voltage V; provides a negative potential at the emitter which repels the electrons in
the N-type material and these electrons cross the emitter-base junction, to reach the base
region. There, a very low percent of electrons re-combine with free holes of P-region. This
provides very low current which constitutes the base current l;. The remaining most
electrons cross the collector-base junction, to constitute the collector current I.. 2 to 5%
electrons combined in base and 95% electrons move to collector create collector current.
Junction one(E-B) forward bias resistance at J1 is zero.

Junction two(B-C) reverse bias resistance at J2 is very large or infinity.

Above circuit current transfer from low resistance to high resistance.

-2 I Voltage ininput Vi=1r
il & A B s Voltage at output V, = I R
e e bk iy e it foye® R is large compared with r.

Therefore Vi < Vo
So weak signal applied at input side but we have received amplified signal at output.



Transistor used as a amplifier but it is a non linear device and amplifier is linear
circuit. To analyse non linear device is very difficult or complex.

So to simplify the analysis of the transistor, its operation is restricted to linear
characteristics region i.e. Active region. This approximation possible only with
small input signals.

Small signal means signal amplitude is small i.e. Amplitude is in milli volts

Amplifier is a linear device. So amplifier is designed by transistor, it can be
operated in linear region ( active region).

For small signals the operating point (Q-point) is not vary so the output is not
effected.

For large input signal operating point varies that cause to distortion in output.

So to analyse the amplifier, the transistor is replaced by equivalent linear
approximation circuit or model i.e. h-parameter model

Amplifier analysis : 1. DC analysis 2. AC analysis

DC analysis: Biasing —it is used to set operating point and know the stability
AC analysis : To measure gain (Av,Ai,Ap), input and output impedances



Small signal : Small signal means signal amplitude is small i.e. Amplitude is in
milli volts

Low frequency : The frequency is in terms of hertz , At low frequencies (50 hz),
large capacitances offer medium reactance ( cannot short circuited), which cannot
treated as short circuit . At mid frequencies ( 4 khz) large capacitances offer low
reactance (short circuited).



Transistor is a two port device or network i.e transistor having input port and output port
( input and output characteristics) but diode is a single port because it is having V —I
characteristics only.

i1 iz

= — Two port networks are analysed by Y, Z, h- parameters.
- ng?:t o But tr.ansis.tor used as a amplifier, ana/ysi.s of amplifier
. | o transistor is replaced by h-parameter equivalent model.

In order to analyse transistorised amplifier circuits , h-parameter model is used to describe its
input impedance, output impedance, voltage gain and current gain based on those
parameters, amplifier is used different applications such as voltage amplifiers, current
amplifiers, Impedance matching etc.

h — parameters mans hybrid (mixed) parameters such as impedance, admittance, gain etc.
So transistor is replaced by its equivalent h-parameter approximation model to know exact
analysis of amplifiers.

Advantages of h-parameters: 1. h- parameters are real numbers up to radio frequency.
2. Easy to measure

3. It can be obtained from the transistor static characteristic curves.

4. Convenient to use circuit analysis and design

5. Most of the transistor manufacturers specify the h-parameter of transistor.



h — parameter model

Equivalent circuit(model): it is a combination of circuit elements properly chosen to best
represent the actual behaviour of the device under specific operating point.

-} Two terminal

Linear Network

I

h-parameters

Iz

-{—* o

V2

Here, one pair of terminals, 1 & 1’ represents one port,
which is called as portl and the other pair of terminals, 2
& 2’ represents another port, which is called as port2.
There are four variables V,, V,, |, and |, in a two port
network as shown in the figure. Out of which, we can
choose two variables as independent and another two
variables as dependent.

We will get the following set of two equations by considering the variables V, & |, as
dependent and |, & V, as independent. The coefficients of independent variables, I,
and V,, are called as h-parameters.

Vi=hyli+h,V,
l, = hyli+hy,V,



Vi=hyli+h,V,y
= hylithy,V,
h,;=V, /1, when V,=0, inputimpedance when output is short circuited

The h-parameters are

h,, =V, /V,when |,=0, Reverse voltage gain when input is open circuited
h,, =1, /1, when V,=0, forward current gain when output is short circuited
h,, =1, /V, when |,=0, output admittance when input is open circuited

h-parameters are called as hybrid parameters. The parameters, h,, and h,,, do not
have any units, since those are dimension-less. The units of parameters, h,, and h,,,
are Ohm and Mho respectively.

We can calculate two parameters, h;; and h,, by doing short circuit of port2. Similarly,
we can calculate the other two parameters, h;, and h,, by doing open circuit of port1.
The h-parameters or hybrid parameters are useful in transistor modelling circuits

-2
I
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h-parameter representation of transistor:

At low frequencies, we analyze transistor using h-parameter. But for high frequency
analysis the h-parameter model is not suitable, because :-

(1) The value of h-parameters are not constant at high frequencies.

(2)At high frequency h-parameters becomes very complex in nature.

CE
Vp = hijgIp + hg V¢
'c = hfﬂ lb x hoe Vc

CcC
Vb =hjc Ip + hc Vg
[e = hfc lI:u 4 hoc Va

CcB
ve hib Ia * hl‘b Vc
lc hfb le -+ hob VG




CE configuration
=h,l,+hV
I = hfelb+h

re ce

oe " ce

CC configuration
=h. l.+h .V
I = hfclb+h

rc ec

oCc " ecC

CB configuration
Veb= hible-l'hrbvcb
Ic = hfble_l-hoch

Typical values of h-parameters
at quiescent operating point h

Common

Common

Common

Emitter Collector Base Definitions
v Vbe v
be S b, i eb [nput Impedance with
[ i - Iy ib i Output Short Circuit
b e
A Vv
hre s h = _be Vab Reverse Voltage Ratio
Vea = Vac hrb = "u"_ Input Open Circuit
ch
h, = I_C h, = I_e 5t ic Forward Current Gain
fe | fc hfb A Output Short Circuit
b b lg
i i i :
h = .8 h = — h. = . Output Admittance
oe oc ob ircui
Vce Vec Vcb Input Open Circuit
Parameter | CE CC CB
h, 1kQ or (1100Q) | 1kQ or (1100Q) |21.6Q
. 2.5x10 -1 2.9x10
h, 50 51 -0.98
h, 25uA/V 25uA/V 0.49uA/V
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ic
rc
fc

ocC

Typical values of h-parameters at quiescent operating point

Characteristic CE CB CC
Input resistance Low (1K to 2K) Very low (30-150 Q) High (20-500 KQ)
Output resistance Large (= 50 K) High (= 500 K) Low (50-1000 KQ)
Current gain B high a<l High (1 + )

Voltage gain

High (= 1500)

High (= 1500)

Less than one

Power gain

High (= 10,000)

High (= 7500)

Low (250-500)

Phase between input
and output

reversed

same

same

CC configuration

e

h,
1
-(1+ hfe)
h

oe

'il'!':'"i:' ==

Conversion formulas : in terms of CE

CB configuration

hr’n

hip = ———
T 1+ hy,

_ hz’a h‘ﬂ'El

1+ hys

— hyy

__hre
1+ h,.

Iil?'E'I':l

h, = —28
A



Analysis of transistor Amplifiers: AC equivalent circuit of amplifier

CE Amplifier: The amplifier circuit that is formed using a CE configured transistor
combination is called as CE amplifier.

In CE amplifiers, emitter is common to both input and output.

CE Amplifier It amplifies an input signal and produce output signal which is larger and
directly proportional to the input signal.

To get the AC equivalent circuit of the amplifier the
following sequence of steps has to be applied.

? Step 1: All external capacitors (C1,C2-coupling capacitors
and C3-bypass) are short circuited.
RE1 RC Step 2: DC power connected to ground.
1 . Step 3: Draw the modified circuit.
L— % Step 4: Transistor is replaced by h-parameter model and
ﬁ]; i draw final modified circuit.

O +\Vco

Wout

Win




- - As RB1 and RB2 are now in parallel the input

impedance will be RB1 || RB2. The collector resistor
y B RC also appears from collector to emitter (as emitter
- - is bypassed). See below :
r b yp )

1 1
1

(ﬂ?\!s Fa2 = Transisbor —?

’ sSmall signal —-=
e B Equivalent circuit C
h ) ) rRC W

RE1 || REZ L2

s i

e A — = (i I N
C“?‘DVS I LAY G2 JE > A | R |

s,

E I

Figure 2: Equivalent Circuit of CE amplifier using h-model

The hybrid model is suitable for small signals at mid band and describes the action of the

transistor. Two equations can be derived from the diagram, one for input voltage v, and
one for the output i

Vbe = hie Ib + hre Vce

Ic = hfe Ib + hoe Vce



Current Gain or Current Amplification (A)):

Current gain is defined as the ratio of the load current |, to the input current |,.

. IL I:'
Thus Current Gain A = ey, (1)
But from figure [ =hy xfith, x 1, —mmmmmmmeeee (2)
Also l; = [L X R;‘ = -L. X R;‘ """"""" (3)

Combining Equation (2) and (3) we get,
L. = hf,'r.f!'j i hm. X L. X R;‘UI'[] T hm- X R;‘)L. = h,r'r- X L‘;

L. hr’r-
Hence current gain A= T il



Input Impedance R;: Ratio of input voltage to the input current

Ri = Ve !y
Vig = i Ip + 'I-'i"E' Ve 1';. = 'LWRL = }hfgﬁ]r‘
Voe = Riedp + hpe (=1 By
?Ei"‘ "!II.' -
Ri= 22 =y + Ry (—5) B Ll
Ig ) oyt Aj=-—= -
y Iy 1+ hoe X R,
F.? = — = hﬁr- G h?'f";hﬁfi
b 1
Wh =g
I o ~
== .lri'l;r. == - 3
RS P

Voltage Gain or Voltage Amplification:
It is the ratio of the output voltage V to the input voltage V,. Thus,

Voltage Gain
VIR AR

"W OR




Output Admittance Y:
It is the ratio of the output current |_ to the output voltage V. with V, = 0. Hence

r
P — =
= 1. withV,=0 1

_ A [=hy, Xy th, XV,
]'“ = hfr. X 1_;' ‘I‘ hm. __________ 2 ( If y 0t I!l
But with V, = 0, Figure gives (R, +h,)I,+h V=0
or i _ ...
Ve e+ Hy - 3
Vi he, X hre
S e
(3) In (2) we get 0 Ty
1
Output impedance Ry = v
i

Overall Voltage Gain Considering R,:

Source voltage V, applied at the input of an amplifier results in voltage V, between
bae and emitter terminals (input terminals) of the transistor and voltage V, at the
output. Then the overall voltage gain considering the source resistance is given by



L kg L B s R o A
Y, R, ]V R lseg R[N IR Vs Y, R, lsgi RS R
i X [
E E E S E
(o) Voltage Souce V. (b) Current source | (&) Vottage Source V, ikt sorce |
Figure 3: Voltage source Vs or Current source Is drving the amplfer T G G U el sl o
. oV, Y
AU.S‘ BT, S fl,}x—
vV, Y
F
Vo =V X R+ =Ry /[ Ri
v R;
o r !
V. R.+R A A 4 R
s = T X = A=A ——
s Ve R; + k;



Overall Current Gain Considering R_:
We may replace the voltage source V with series source resistance R, by

what is known as the Norton’s equivalent source shown in Figure 3(b), consisting
of current source I, with source resistance R, in shunt. This current source drives
the amplifier resulting in I, at the input terminals of the amplifier and current |,
through the load impedance. Then the overall current gain A is given by:

F
_*FC' _Ic I.EJ I.EJ Rs
AIS — — A :AII_:AII—,
I, Iy I I R; + R;
From figure
L= R Ry =R, // RD
b Ri + Rsf s
Ib R.s‘:F
—= 55 — A
I R; + Ry
Formulas
A 'Irj',r'r-
T 1 ¥ hee x RL Ay R,
Ro=h +h,x A xR B
g, X A
VTR, AR,
Arg =
R; + R,

Py e g 1

};I = har- B T
,Irj'|;|._ + H:—: Z’il




CB Amplifier: The amplifier circuit that is formed using a CB configured transistor
combination is called as CB amplifier.
In CB amplifiers, Base is common to both input and output.

. E h, le C
|e E Q b —_—]
M R
R, 5 s
4 Ik v, hrbVCC"\D @hmle[]‘llhob RV
e i

Vg Vo

15 S T :
(a) a.c. equivalént circuit {b) Equivalent circuit using h-model

Figure 2: Small signal equivalent circuits of CB amplifier

TI. b . I R,
Aj=-—F=- T g Ve _ArxRy g 2l
Ir- ]. + h”!';. X RL 4311 1.r. R I}; R.l + R}__
1". lF i Ir-:. N ' 'F b 'Fr':-
R = Ve _ hyy — Ly X rr_r Y, = e By — brp X g P, R,
£ fise + ¥, | hip + R AP == = 41 ™ _;lf — _4;2 W —
% R h e
1 UL R .
Yo = v, VU R+R



Ex: A transistor in CB configuration is driven by a voltage source V_ of
internal resistance R, = 1000. The load impedance is a resistor R, = 4k. “the
h-parameters are : h,b =220, h 310" ,h,=-0.98andh, =105 . For
this amplifier, calculate the current gain A, input resistance R, voltage
gain A,, overall voltage gain A, overall current gain A, output resistance
R, and power gain A,

hys —(~0.98)

= = : =0.9%
1 +he x B 14(0.5 x 10-% x 4000)

e

R; = hiy +hoy x Ap x Ry =224 (3 % 107)(0.98)(4000) = 23.18

o _ AR, _098X4000
7 R, 2318

AyR;  169x 2318
R+ R, 23.18 +1000

.-q]_'.l._' —

AR, 098 x 1000

— = ().95%
R+ R, 23.18 + 1000

.-4._”-; =

=0.78 x 10798

v N - (0.98)(3 x 10-4)
Ji i - |. [_{_, iy A
e gl 22 + 1000

1 106

S DO v SO -
2o v 078 1.282

Ap =4y x Ay =169 x (.08 = 166

}:l = Iiri'.fJ!'a B



CC Amplifier: The amplifier circuit that is formed using a CC configured transistor
combination is called as CC amplifier.
In CC amplifiers, Collector is common to both input and output.

fc
A= -
! 1+ h,-R;, R.,=Rg /] Ry
R; = hic+ hy ARy,
AiRLf
e Ay =
& v Rl
R L
7 V. — _ hfchrc
X fo o ot ° % Ry, + hy
m N
% 2 5] YL Ahcve ) hfe 2 LN R = Re . AVS = AvX L
@a £ b hoc o s Rl’ +RS
A=A X Rs.
s TR, +R;
R;,=R;//Rg



Characteristics of CE, CB, CC amplifiers

Characteristic

CE

CB

CC

Input resistance

Low (1K to 2K)

Very low (30-150 Q)

High (20-500 KQ)

Output resistance

Large (= 50 K)

High (= 500 K)

Low (50-1000 KQ)

Current gain

B high

o<l

High (1 + )

Voltage gain

High (= 1500)

High (= 1500)

Less than one

Power gain

High (= 10,000)

High (= 7500)

Low (250-500)

Phase between input
and output

reversed

Same

Same




Application of CE,CB, CC amplifier

CE amplifier has a high input impedance and lower output impedance than
CB amplifier. The voltage gain and power gain are also high in CE amplifier
and hence this is mostly used for amplification purpose in AF amplifiers ,RF
amplifiers Signal generators..

If CC configuration is considered for amplification, though CC amplifier has
better input impedance and lower output impedance than CE amplifier, the
voltage gain of CC is very less which limits its applications to impedance
matching only.

CB amplifier: It is used to match low input impedance source circuit with the
high impedance load. It useful in audio and radio frequency applications as a
current buffer. It is suitable for AF, RF amplifiers as voltage amplifiers.



Analysis of transistor amplifiers using simplified (approximation) h-parameter model

In the analysis of transistor amplifier, we have as far used the exact h-model for the
transistor. In practice, we may conveniently use an approximately h-model for the

transistor which introduces error < 10% in most cases.
This much error may be conveniently tolerated since the h-parameters themselves are

not steady but vary considerably for the same type of transistor.

In most practical cases approximate model is used to describe the transistor amplifiers
and this provide same response.

It is applicable only if h,eR; < 0.1

In approximation or Simplified model h,, and h,., are neglected . Because
hoe =25 WAV =25x106= 0
hre = 25x10%=0



Simplified Analysis of CE amplifier using h-parameter model

h I I

e b

— %
%

B
— |
. h,evo@ hi .. (1™ v,
y [
n

B h, I, I c

[ 19}
0

hielb

P Y

AN E

i E
}47 Exact h-model for CE transistor ——

Figure 1: Equivalent circuit using exact h-model

mee—— <

Figure 2. Equivalent circuit using approximate
h-model of CE amplifier

Figure 2 is simplified model in which h,, and h,. are neglected because their values
are almostnearly zero.
From the figure 1/ h,, is parallel with R, , two unequal resistances are parallel, the
resultant resistance is approximately equal to low resistance.

l.e1/ hy,e > R_ sO 1/ hye I R = R,



Approximate h-model Valid for all the three g I N m I
Configuration —>—{Ul—+ S <
The approximate CE h-model of Figure 2 is redrawn LA U

in figure 3. This model may be used for any of the e hl,

three configurations by grounding the appropriate
node and analysis done accordingly. It may be proved
that the error in values of A}, R,, A, or output terminal
resistance R, (= R, || R;) caused by use of
approximate model does not exceed 10% 1f h,, X Ry < (.1

of
Figure 3: Approximate h-model valid for
all the three configurations of a transistor

Analysis of CE Amplifier using Approximate h-model
Figure 2 gives the equivalent circuit of CE amplifier using approximate h-model
for the transistor. For this equivalent circuit we get

Current gain A= :% = — ;—; = output current / input current

From the figure Ic = hgelp

—he. X I
_,.'1].- — L f— —||rj' Ir!_.
Iy E

Vi
Input resistance: Rf- = [i'“, R, =—=h, +h,AR Neglect h,,

']



Elr‘ —.iri'f,'r. o4 R;_

Voltage gain Ay = Ap X R h

Output resistance R, : From this approximate equivalent circuit of figure 1(b) with
V. = 0 and with external voltage source connected across the output, we get |, =0
and therefore |, = 0. Hence output resistance R, =~ However, in actual practice,
R, lies between 40K to 80K} depending on the value of Re.



Simplified Analysis of CE amplifier with emitter resistance using h-parameter model

In CE amplifiers emitter resistance is neglected it is bypassed with emitter
capacitance (Ce) to improve the output voltage or gain due no voltage drop across
emitter resistance.

But to get stabilized voltage amplification, it is necessary to consider emitter
resistance Rg

The gain is provided by an amplifier is not sufficient, it is necessary to cascade the
number of stages of the amplifier. In such cases it become important to stabilize
the voltage at the output of the each amplifier stage. Instability of the voltage
amplification is not desired. Simple and effective way to obtain stability of voltage
amplification by adding emitter resistor.

@ +\ e

(a2

8 A e ghod
. B Ayl e wits ke fe




Current gain (4,) = j:-; = — j—;= output current / input current

from figure I = hg.lp

—hye, x I}
.;1; = L = —.lrfr'r.
Iy E

: Vy  hielp+(1+hso)IpRE
Input Resistance(R;) = I—b — fe
b

Iy

Vb
Ri = E - hie + (1 + hfe)RE

The input resistance due to the factor (1 + hs.)Rr is very much larger than h;, .
Hence emitter resistance greatly increases input resistance.

AiRy,
R;

Voltage gain (Ay) =

. hfeRL
hie + (1 + hee )R

AVZ

Output Resistance( R): It is resistance of amplifier without source voltage

and load. R,= output voltage/output current with Vs =0, R, = &



Analysis of CB Amplifier using the Approximate Model

e L) Y c
Q/ 1 IL;='hfe|bV
hfelb
RS
Vv
| s,
V, |

.

; am Lo n.tm'i"‘l
¥ | ¥ ! .6 ConBiguyed
B B

Figure 4: Equivalent circuit of a CB amplifier using approximate h-model

. . I. I
Current gain (A;) = output current / input current :4; = — I—C = I—L
b b
.Er;‘ —h fo X .|r!', h fo
_;1; = — = - == -
I —(1+ hge) x f 14 hye

Current gain always less than 1



Input Resistance= input voltage / input current :R; = 1;—"3

V==l h, Jo=-{l4hy) X ]

R = 1: B —.!r!'j X h.;r- B Jri.;r.
"L -L{l+hg) 1+hg

Voltage Gain A, = output voltage / input voltage
I -h,'.?([iﬂiﬁ h,’.l{R
( feAdp AL Tfe A S

Output Resistance:

lo =~y XX R,

Output resistance In the equivalent circuit of figure 3, with V=0, we get |, =
0. Hence, |, = 0. Hence the output resistance R, =

Output Terminal Resistance = RHHRL - 1”[{;: i



Analysis of CC Amplifier using the Approximate Model

Te
QR Wwie < E

L ol
?'7
i = heT L
K, Ly
“":1. -~ s SRRy

e Coan ‘{"7"1’“*.&#

. I I
Current gain (A;) = output current / input current :A; = — I—"’ = I—L
b b

From the circuits [, + I, + hel, =0 Io = —(1+ hge)ly

A

_ L _ (1+ Ay, IL = H T hﬁ-”{‘:

II:-



Input resistance R,

HJ = L} X hr'r'+ H T hfr-)fi} X RL

14
R.; = f_ = h.;r- -+ fl =+ hf;r.:'j?;‘

Voltage Gain A,
I: e fl -+ .'rfa;r.:'_f!',, M RL
ooV (b xRy
Y =i
1|;. Ij;. X h,;r- 'I' H 'I' hfr-}l.{!':- X .HL
V hie+(1+hfe)RL hie+(1+hfe)RL R;
Output Resistance :
_ Open circurt output voltage — h;, + R, Open circuit output voltage = Vg
" Short circuit output current 1+ hife
(14 A )V,
o I=(14hg)ly=- Fhyo)
Short circuit output current : hi. + R,



FET Amplifiers

A Field Effect Transistor (FET) is a three-terminal semiconductor device. Its is a
voltage controlled device ( output current controlled by input small voltage). By
appearance .However, BJT is a current controlled device (output current is
controlled by input small current). Most commonly two types of FETs are available.
«Junction Field Effect Transistor (JFET)

*Metal Oxide Semiconductor FET (IGFET)

JFET amplifiers provides an excellent voltage gain with high input impedance.
Because its high input impedance other characteristics JFET preferred over BJTs
for certain applications. No feed back from output to input in FET but In BJT,
feedback from output to input with the parameter h,..

There are three configurations in FET
1. Common Source 2. Common drain 3. Common gate

Advantages of JFET:

¢ Very high input impedance ( up to 10k€2)

e Operation of JFET depends on the bulk material current carriers that do not cross
junctions.

e Very high power gain.

e Smaller in size and having high efficiency.



Difference between BJT and FET

*Bipolar junction transistors are bipolar devices, in this transistor there is a flow of
both majority & minority charge carriers.

*Field effect transistors are unipolar devices, in this transistor there are only the
maijority charge carriers flows.

*Bipolar junction transistors are current controlled.

Field effect transistors are voltage controlled.

*In many applications FETs are used than bipolar junction transistors.

*The input impedance of field effect transistors has high compared with bipolar
junction transistors.

A BJT needs a small amount of current to switch on the transistor. The heat
dissipated on bipolar stops the total number of transistors that can be fabricated on
the chip.

WWhenever the ‘G’ terminal of the FET transistor has been charged, no more current
is required to keep the transistor ON.

*The BJT is responsible for overheating due to a negative temperature co-efficient.
*FET has a +Ve temperature coefficient for stopping over heating.

*BJTs are applicable for low current applications.

*FETS are applicable for low voltage applications.

*FETs have low to medium gain.

*BJTs have a higher max frequency and a higher cutoff frequency.




JFET low frequency small signal model

Vi provides necessary reverse bias
between gate and source of JFET, The
signal to be amplified is Vin.

In pinch of region I, depends only on V.
Pinch of voltage is drain to source
voltage at which JFET enter to saturationa.I c

AL
han nf: |

Uil

The drain to source current I is controlled
by gate to source voltage V;.

The change in the drain current due to
change in gate to source voltage can be
obtain using transconductance factor (g,,).

Alg= gmAVgs

Another important parameter of JFET is _ AVps
drain resistance 1. Al




AC equivalent circuit of JFET

W GATE. G : —g |

Vgs C\/ gmvgs : Ids
S

| |

SOURCE, S
Figure 1. Low frequency small signal model of FET



Analysis of Common source(CS) amplifier with fixed bias

Figure shows Common Source Amplifier With
Fixed Bias. The coupling capacitor C1 and C2
which are used to isolate the d.c biasing from the
applied ac signal act as short circuits for ac
analysis.

All capacitors and d.c supply voltages with short
circuit.

vl ' gﬂ .
) % %—' i _f The following figure shows the low
> : 'imvp fa : Rg

v‘f % frequency equivalent model for Common
° Source Amplifier With Fixed Bias.

]
w

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Fig3.3 small signal model of CS JFET amplifier

Input impedance (Z;): from the circuit
Zi — RG



It is the impedance measured looking from the

Output Impedance ( Zo) : output side with input voltage Vi equal to Zero.
As Vi=0,Vgs =0 and hence g_Vgs =0 . And it
° e allows current source to be replaced by an
OrmVgs = 0 %rﬁ %Ru ~ open circulit.
o 05
So Zo = Rpllrg

Fig3 4 Equivalent circuit model of JFET for output

If the resistance rd is sufficiently large compared to R, then



Table

Voltage Gain A, :

The voltage gain A, = AP (]

Ve Vi
Looking at Fig.  we can write
V. = ~Bm Vp (rd ||IRp)

As we know V| = V,; we can write

Vo

Ay

and if ry >> Rp,

-8m Vi (rg II1Rp )

V.
v?='gm (rd lIRp )

Ay = =gn Rp
summarizes performance of common source amplifier with fixed bias.
Parameter Exact With ry>>Rp
Z, Rg Rg
Z, Rollrs Rop
A, ~8a (Rpllra) = g= Rp




Common source amplifier with self bias (Bypassed Rs)

Ro

ngj:[ Cs ‘-lzn

Fig3.5 Common source amplifier model of JFET

gvm Figure shows Common Source Amplifier With
c self Bias. The coupling capacitor Cl and
i C2 which are used to isolate the d.c biasing from
) the applied ac signal act as short circuits for ac
analysis. Bypass capacitor Cs also acts as a short

circuits for low frequency analysis.

The following figure shows the low frequency
equivalent model for Common Source
Amplifier With self Bias.

................................

aE

Fig3.6 Small signal model for Common source amplifier model of JFET

i) Input impedance Z; :
ii) Output impedance Z, :
if ry, >>Rp

iii) Voltage gain A, :

If rg >>Rp

Z;, = Rg

Z, = 14 |IRp

Z. = Ro

Ay = —Bm (rqg |[IRp )
Av = -gm Rp



Common source amplifier with self bias (unbypassed R,)

;

s
.
z,
1

Fig3.7 Common source amplifier model of JFET

Now Rs will be the part of low frequency equivalent model as shown in figure.

Fig3.8 Small signal model for Common source amplifier model of JFET



Input Impedance (Z,)

Z=Rg
Output Impedance (Z,)
2, = Z)'|IRp
where 7, = B
laly, o

Apply KVL to output circuit

Vo = (Ia = GmVs)ra + laRs
Apply KVL to input outer loop Vs = Vi, — I3 R;
Viy =0
Vgs = —IaRs
Substitute Vs in Vj

Vo = Ug — gm(—IgRs) Irg +14R;
Vo = 14(rq + gmRs1q + Ry)



=1+ @+ 1)R;

Zy, =Zy//Rp
Zo=(rg+(u+1)Rs)//Rp



Voltage gain (A,)

Vo = (I — gmYys)ra + 1aRs

\pply KVL to input outer loop Vs = Vi, — I3 R

(ID - gmvgs)
gmvgs g

Fig. 1.78

Substituting value of Vs in equation (25) we get,
[Id —Bm (Vi —Ig Ry )]I‘d +I4 Rg +14 Rp =0
Fq 14 —Em V; Iq +2m I4Rs ryg + 14 R+ Li ‘Rp=10

Iq (rg +R; +Rp+8m Rsra) = gmVirg
gm Vi rg
rq +Rs+Rp+gm Rsryg

! Id =



Voltage gain (A))

Vo
Ay v
We know that,
\’., = - Id “'D
A* — vﬂ ""E'I'II r‘ Rﬂ

Vi =[¢+R.+Rp+gm Ry 1y

Dividing numerator and denominator by ry we get,

Av == _hl:th+n
' l4gm R+ .I'a &
If ry >R, +Rp
- Vo _ -EmRp



Table

summarizes performance of common source amplifier with self bias.

Parameter Byp:nd Unbypassed Ry
5
Exact ta >>Rp Exact ra >>Rp
Z; Ra Rg Ra Rg

z, Ro I ra Rp Ira + Rslgurat1)] 1l Ro [+ Rs (gats + 1)] [ Ro
[ﬁ*l:hn:‘lllllln ln*lhian:‘lllllln

A, - gulRp|lrs) - = Rp - g= Rp ~ Bm Rp

Rs+Rp 1 +gaRs

I*l-l"l ta




Analysis of Common drain (CD) FET amplifier

Yoo

In this circuit, input is applied between
gate and source and output is taken
between source and drain.

In this circuit, the source voltage is
Vs = VgtVss

When a signal is applied to the JFET
gate via C, ,VG varies with the signal.
As VGS is fairly constant and V, = V +V
Vs varies with Vi.

-Fig} 13 small model of Common Drain amplifier



+ 005

= i
Rg OmVos Ta Rs V,
= % L,

Fig3:l3 Simplified small model of Common Drain amplifier

Ny
. < —0

Input Impedance Z, Z. =Rg
Output Impedance Z, Z. = ZLIIR,
where Zo = Vo
Id Vi =0
Applying KVL to the outer loop we can have,
It 1s given by V, 4V - Vo = 0
As Vi = 0,
Vﬂ = W
Looking at Fig. we can write that,
EmVeg = I
But Vgs = Vo, so
EmVe = lg
B T ¥
Id Em
Z, = _I_H R
L] Bm 4



Voltage gain (A,)

if Ig 22 R,

if guR; >> 1

A, =

<|=

Looking at Fig.
Ve
and Iy
Vo
But

=
'

~Bm Ve [Ty IRy )
“Ve (1+gn (1 lIRs))

i Em (s lIRs)
l+gm(7g |IRs)

A, =

gn R,
I+gnm Ry

A, = 1, butitis always less than one.

([}

I

we can write that,
- Ig (rg IRy )

Em Vis

-EmVe (rg lIRs)

"""'p + [ "Emvg; (rg 11Rs) ]



Analysis of Common gate (CG) FET amplifier

In this circuit, input is applied between
source and gate and output is taken between
drain and gate.

Fig3.14 Circuit diagram of Common gate amplifier

In CG Configuration, gate potential is at constant potential. so, increase in input
voltage Vi in positive direction increase the negative gate source voltage. Due to I
reduces, reduces, reducing the drop I;R,. Since V= V- Ry, the reduction in Iy
results in an increase in output voltage.

ol = (Ig = GmVgs)

Fig3.15 small signal model for Common gate amplifier



Input Impedance (Zi) And
. Vi
Zi = T
i S
=]
I’ _-v,
© G
where
Rp
Vi & 1+?: ra +Rp
1 I+gmr
';;"‘Bm Em T4
And
- i ra + Rp
Z = RIZ; R'"1+gmra

Z, = R, I Z;

SmVgs ql

) 1
l{l * OmVige) = I,
fa

Ro

If ry >> Rp and g, ry >> 1 then we can write,

21 = R;"

ra
gm

rd

=R, ||
=Nyl =

Ia 8m Vg
Vv, —IRp
Td



Output Impedance ( Z,)

It is given by

If ry >> Ry

2R Ve

1

-
Z,=14lIRp



Voltage gain (A,)
Vo
Vi

o -Ip R‘Cl?
V, = -V,
Using KVL to the outer loop, after simplification

>
|

-
]

_ Ve -Ia+Rp
Av Vi ~=la(ra+Rp)
14gmrg
Rp(1+8m ra)
= rqa +Rp

lfry>> Rpand g1y >> 1
Rp(gm ra)

Id

A\' = = RD Bm






