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Electronic Circuits - I 2. BJT Amplifiers

UNIT II

BJT AMPLIFIERS

2.1. Small signal hybrid m equivalent circuit of the bipolar transistor:

<1, C.
LR f

Vbe ce
L 1

Fig 2.1. npn transistor

Vphe = Iply

[~~Small signal input current is related to small signal input voltage]

i = Vbe

b T

. IBQ

l, = (W) Vbe
Ve Vi _ BV

I, Igg Ieq

The resistance ry is called the diffusion resistance or base emitter input resistance.
Output side,
0.

io=—
¢ aVBE

| Q.pt X Vbe

%
Where, i. = [;exp (ﬂ)
Vr

di. _(1)l (VBE)
GVBE B VT s€XP VT

This parameter is called a transconductance.
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Electronic Circuits - I 2. BJT Amplifiers
+0— -0 o }’ +
T P gmvbe v
V be ce
| o '
= © 0 —
E

Fig 2.2. Simplified small signal hybrid = equivalent circuit for npn transistor
2.1.1. Common emitter current gain:
Current gain = g1,
- () (B) -
Vr Ieq

2.1.2. Common emitter amplifier:

Fig 2.3. Common emitter amplifier circuit

For a.c. equivalent circuit, remove all the capacitors & d.c. supply voltage.
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Fig 2.5. Small signal equivalent circuit of common emitter amplifier

2.1.3. Voltage gain:

It is defined as the ratio of output signal voltage to input signal voltage. It is given by
Vo

A, ==
v VS

V0 = Vce = _(ngbe)Rc

r7|.’ v PR
Vie = mvs [ Voltage divider theorem]|
Vie (T + R
Vs — be (I‘ B)
rT[
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2. BJT Amplifiers

A, = —8m Vbe Re

v, (@)

=k ()
B gmcr7[+RB

2.1.4. Hybrid 1 equivalent circuit including early effect:

According to early effect, the collector current does vary with collector-emitter
voltage.

r = aVCE ~ V_A
° T 0. Ieg

Where, V, — early voltage

r, —small signal transistor output resistance

++Ib B % — I .
b | ?
Veb Vﬁ P QmVn o VeC
f _al e 1

Fig 2.6. Hybrid m equivalent circuit

Fig 2.7. Small signal equivalent circuit of common emitter amplifier

Vo = _gmvn(ro | |Rc)

v:< n )V
T r, +Rg/
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r, +R
VS:V"(nr B)
T

A, =

& — _gmvn(ro | | RC) ( Iy )
Vi \'A r, + Rg

Iy
= _gm(ro | |Rc) (I‘ + RB)
T

_ B | R

A =
M I‘n+RB B

m rﬂ:

2.2. Small signal analysis of CE amplifier

Fig 2.9. Common emitter amplifier
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i) Input resistance (R;):
R =R ][R, |,
ii) Voltage gain (A,):
Vo = _gmvn(ro | |Rc)

(il ),
Rs'i'Rll |R2| |r7r

A =&=_gmvn(ro| |Rc)>< Rs'i'R1| |R2| |r1'r
v Vz rn||R1||R2

rn||R1||R2 )

A, = — ROX
v =—gm (| R (RS+R1||R2||rﬂ

R
A, = _gm(ro| |Rc) (R- TR )
i s

iii) Output resistance:

Ro=ro||Rc

2.2.1. CE amplifier with unbypassed Rg:

Fig 2.10. Common emitter amplifier with unbypassed Ry circuit
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| - i
—i +
R
Fig 2.11. Small signal equivalent circuit for CE amplifier with unbypassed Rg circuit

i) Input resistance:
Vi =Tpry + (1 + B)I,Rg

=Ip[rz + (1 + )R]

R' — & — Ib[rn + (1 + B)RE]
S Iy

Ry =1, + (1+P)Rg

R, =R, | |R.| |Ri=Rg]| R

ii) Voltage gain:

Vi Rl
V. R;+R
Vo _Blb Rc

Vi Iplre + (1 + P)Rg]

Page 2- 7
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_ _BRC Rl
Av = [r. + (1 + B)Rg] X (Ri + Rs)

IfR; » Ry & if (1 + B)Rg > 1y,

_BRC
A, =———X1
Y (14 B)Rg
—R
A, = REC

Advantages of unbypasssed Rg:

1. The voltage gain is less depended on the current gain 3 than the CE amplifier with
bypassed Rg.

2. It also reduces the loading effect.
2.2.2. CE with partially bypassed Rg:

+Vee=5V

Ve =8N

Fig 2.12. Common emitter amplifier with partially bypassed R circuit

2.3. Common collector amplifier (or) Emitter follower:

i) Input resistance:

Ri =R | |R;
R = Vi
i Ib
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@

Fig 2.13. Common collector amplifier

Ry lb— B g -l
A'A'A"A% T . |
V: rﬂ Eﬂlb rO _:_‘_
v - A"
s R, IR, SV, I .
>
Re
€ S V,

Fig 2.14. Small signal equivalent circuit of common collector amplifier

N Ry Iy = B A o E +—oV,
+ iyt 1
V., 1,
V, V, Bl o Re
= = C ‘—‘
R. R/ = Ro

Fig 2.15. Small signal equivalent circuit of common collector amplifier with all signals

grounds connected together
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Vi=V,+V,
L. =1, +1,
Io = Ib + Blb
=1 +Bl

Vo = (1+ B, (1 | |Rp)

Vi = rely + (14 B (| [ Rg)
= Ty[re + (1 + B)(ro | [Rp)]

R =1+ (1+B)( | [Rp)

ii) Voltage gain:

_ 1 +BLE ][Ry R;
" Ll + (L4 B | [Rp)] Ri+Rs

_ @+ Ry
T+ B | [Re)

iii) Current gain:
Ie Ie I0 Ib

[ =—=—X—X
L L L
By current divider rule,

Ie o

E Ty +RE

[, =1 =1+ Bl =I,(1+pB)
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L= (1+8)
b
Using current divider rule,
Rg
[ X 1
PRy +R
Iy R, | |R,

Ii_(R1||Rz)+R;

A=—=—X— —_—
L L
R, | |R
(2 )a+p 1L
Io + Rg (R1||R2)+Ri
IfRg » R, &r, » Rg
A=1+8

iv) Output resistance:

Apply KVL to the outer loop we have,
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V, ==V,
Apply KVL,
Ve W
L+8mV, et
X m Y1 VT[ ro RE
Sub V; = =V,
Vi W% W%
I.— =Xy XL X
x~8m V; TR,

VO
v
R
Fig 2.17. Common base amplifier circuit
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Fig 2.18. Simplified hybrid = Fig 2.19. Small signal equivalent circuit
model of npn transistor Common base amplifier
i) Voltage gain (A,):
Vo
A, =—
\'4 VS

Apply KCL to the emitter side,

v[1+1+1+ ]_ A
T[RS RE Cn Bm | = Rs

V[l 1 1+B V,

T Rs RE rn - RS * B_gmrn

Sub V inV,,
V. r
v, = ~gm [—R—S[m IRel | (755)] | R4 1 R
S
_ Vo _ 8n®rdIRD [ ( I )]
AV_VS_ Rs RsllREll 1+B

AsR; -0,

V

A, = V_O = gm(Rcl | Ry)
N
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ii) Current gain:
Apply KCL to emitter node,

I+W+W+ V.=0
i RE rn gm T

v[1+1+ |=-
nRE r, 8m| = i

V[l +1+B]_ :
HRE r, - i

V, = —I, [RE| | (1r+n [3)]

Using current divider rule output I,

R,
lo = ~=8mVa (R n RL)
C

lo = ~&nm [—li [RE| | (1 i B)] (Rc iCRL)

IO ngC r7[
A=2= [Rel | (125)]

. R.+R, 1+p

Sub V, in1,,

IfRg = o,R;, = 0,

p
A. = = — =

' gm1+[3 1+
where, «¢ —CB current gain

i) Input resistance (R,):

Ril — 00—

Fig 2.20. Small signal equivalent circuit to determine R;
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Ii = Ib + ngT[

_W+ V—v[1+ ]
_rT[ gm m™ T rT[ gm

1+
1= Ve B)
I'T[
A Iy
R =—= =
T T1ep
ii) Output resistance (R,):
R, = R,
2.5. AC load line :
Vet
RB RC C
2
C fic
+
R Ree v
s
Fig 2.21. Common emitter amplifier circuit
For AC analysis,
1. Coupling & bypass capacitors act as a short circuit
2. Shorting V¢ & ground lines
Vee = IcRqc
I =ic — Igq Vee = Vegg — Vee
V.. ac collector to emitter voltage
I¢: ac collector current
Ponjesly College of Engineering Page 2- 15
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Vegg — Veg = [ic - ICQ]Rac
where, ic = Totalinstantaneous collector current
vcg = Totalinstantaneous collector to emitter voltage
Rearranging the equation,
[ic - lCQ]Rac = Vegq — Ve
Racic — IggRac = Vegq — Vee

Racic = Vegg — Vee — Ieg Rac

_ VCEQ VCE

i I
©" Rp R, @

)X axis: ic=0
0 = Vgeqg — Veg + lgg Rac

Veemax = Veeg + Icg Rac

i)Y axis: veg =0
Verg
lc = —+ lC
Rpe %
Veeq

I(mA)

«— a.c. load line

Vee (V)

Fig 2.22. d.c. & a.c. load lines
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2.6. Voltage swing limitations:

In the linear amplification process, when symmetrical sinusoidal signals are applied to
the input of an amplifier we get amplified sinusoidal signals at the output. It is possible to
obtain maximum output symmetrical swing that amplifier can provide using an ac load line. If
the output exceeds this limit, a portion of the output signal will be clipped resulting signal
distortion.

2.7. Differential amplifier:
The differential amplifier amplifies the difference between two voltage signals. Hence

it is also called difference amplifier.

-+
o——

e Ideal
= Vg4 differential |———o,
amplifier o i

o———-—=1

v2i =

Fig 2.23. Ideal differential amplifier
Va=V1—V;

Vg < (Vi — V)

i) Differential gain Aq:
Vo =Aq(V1 = V2)

where, Ay —constant of proportionality of Differential gain

Vo = AgVy
Vo
Ag==2
T=Y,

Ay = 20logA4in dB
ii) Common mode gain A,:

Two inputs are equals,
VitV

cm 2
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iii) CMRR (Common Mode Rejection Ratio):
It is defined as the ratio of the differential voltage gain A4 to common mode voltage

gain A, .

2.8. BJT differential amplifier:

The transistorised differential amplifier basically uses the emitter biased circuits which
are identical in characteristics. The two transistors Q; and Q, have exactly matched
characteristics. The two collector resistances Rc; and R, are equal, emitters of Q; and Q, are
connected together and biased by a constant current source I,.

The magnitudes of the +Vc and — Vgg are also same. The differential amplifier can
be obtained by using such two emitter biased circuits. The base B; of Q, is connected to the
input 1 which is v,; , while the base B, of Q, is connected to the input 2 which is vy,. The
supply voltages are measured with respect to ground.

The balanced output is taken between the collector C; of Q; and the collector C, of Q,.
Such an amplifier is called emitter coupled differential amplifier. The two collector resistances
are same hence can be denoted as Rc.

The circuit operation in the two modes namely,

1. Differential mode operation

2. Common mode operation

Fig 2.24. Dual input, balanced output differential amplifier
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2.8.1. Differential mode operation:

g > b Ie

- *Al 3p R-<V5 ~al
4 < < I

\_./\ ‘Clo—¢ —o ez ¥\
| @ % . ‘
A/ :‘;; O BE . l o . .I:_Ijl v 8L ¢ ,.: (/,-x -

& ®

®

Fig 2.25. Differential mode operation

The two input signals which are same in magnitude but 180° out of phase.

lo
Voo, =V, — (? - AI) R,
Vo =Vez — Vg
Ig Ig
= Vi = Re + AIR, = Ve + 2R +AIR,
V, = 2AIR,

2.8.2. Common mode operation:
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Iy
VCZ = Vcc - ?Rc

Iy
Vcl = VCZ = Vcc - 7Rc

Q
2 C
ch ‘@;
a—
1o/2
la

- Vee
Fig 2.26. Common mode operation
2.8.3. Configuration of differential amplifier:

1. Dual input, balanced output differential amplifier

2. Dual input, unbalanced output differential amplifier
3. Single input, balanced output differential amplifier
4

Single input, unbalanced output differential amplifier

The differential amplifier uses two transistors in common emitter configuration. If output is
taken between the two collectors it is called balanced output or double ended output. While if
the output is taken between one collector with respect to ground it is called unbalanced output
(or) single ended output.

If the signal is given to both the input terminals it is called dual input, while if the signal is
given to only one input terminal and other terminal is grounded it is called single input or single

ended input.

Ponjesly College of Engineering Page 2- 20
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P +Vee

~Vee

(a) Dual input balanced output

“Vee

{b) Dual input unbalanced output

“Vee

(c) Single input balanced output (d) Single input unbalanced output

Fig 2.27. Configuration of differential amplifier
2.8.4. DC transfer characteristics:
To maintain the transfer characteristics, the following assumptions are made.
1. The current source circuit used with current I has infinite output resistance.
2. The source resistances Ry in the base of transistors Q; & Q, are neglected.
3. The output resistance of each transistor is oo.

Consider the dual input, balanced output differential amplifier circuit,
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+Vee

Current source
circuit

—Vee
Fig 2.28. Differential amplifier circuit

For transistor, we can write,
i, = I;eVbe/VT
Where, I — reverse saturation current
Ve — base emitter voltage
V7 - voltage equivalent of temperature

For two transistors,
. VBEl/V
1.1 = ISe T
i _ 1 aVBE2/V
i, = I,eVBE2/VT
Isl = ISZ = Is
IQ =1 + Ico

Iy = [S[eVBE 1/Vr 4 eVBEZ/VT]

Taking the ratio

i IeVBE 1/Vr

E = I [eVeE 1/V1 4 @VBE2/VT]

Ponjesly College of Engineering Page 2- 22
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eVBe1/VT

T eVBE1/VT 4 @VBE2/VT

icq 1

E "1 4 eVBE2—VBE1/VT
Similarly,

icp 1

E - 1 + e~ (VBE2=VBE1) /VT
Vq = Vgg1 — Vae2

i

. i
Sub Vy in lc—l & lc_z’
Q@ lo

-l
T e ValVr

27 1 +eVa/Vr

| L 4 i Il 4 I Il I
T T T T T T T T T T

-1.0 -0.06 -0.02 0.02 0.06

Fig 2.29. Normalized d.c. transfer characteristics of BJT differential amplifier
2.8.5. Small signal analysis of differential amplifier:
Assume that early voltage V, — oo
Applying KCL to the V, node,
Viz Ve

Vol g Ve + gV + o2 e g (1)
rn gm Tl gm 2 I'T[ RO

VT[l + gmrnvnl + gmrnvnz + VT[Z - Ve
I Iy Ro
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1+8 1+8 Ve
v (CB) v (BB e
ml r, + m2 Iy Ro ( )
- RC RC —
Rg Vgio—* ——oV., Rg

Vb1 Vai Sr, <> <>g,..,V xS Ve Vb2

gmvﬂ

Ve
3

Fig 2.30. Small signal equivalent circuit of differential amplifier

From figure,

E_Vbl_ve Ezvbz—ve
rp Trz+Rg’ ry Iy +Rg

— rrr(vbl - Ve) V., = rn(VbZ - Ve)
™l r. +Rg ' ™2 ry + Rg

(3

Sub (3) in (2)

rn(Vbl _Ve) (1 + B) I‘11(Vb2 _Ve) (1 + B) Ve
+ =
I, +Rg I'y r; + Rp Iy

R,

Vbl _Ve +Vb2 _Ve Ve

(1+B)[ rp + Rg =R_0

Solving for V,,

A +2ve(1+3) B
R, r.+Rg

a+p ]

=0+ [

(r + Rg + 2R, (1 + ) Voy + Vbz]
€ R,(r; + Rg) ry + Rg
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~ (Vb1 +W2)(1 + B)R,
¢ r, +Rg2R,(1+PB)

(Vo1 + Vp2)(1 + B)R,

T R,(1+B) 1{:}1;4??3)”]

Vb1 + Vb2
Ve = I’—+R (4)
2+ 5B
Ro(1+B)
One sided output at the collector of Q, is given by,

Vo = Vo2 = —(8m V2R,

Via
= _gmrn( h )Rc
In

From (3),
Vie _ Voo = Ve
I'n r; + Rp
Vb2 - Ve
v, = =R, ( ) (5
o= —BR(g, )
Sub (4) in (5),
Vo, — Vb1 + Vi
b2 2 4 In + Rp
(1+PB)R,
VO - _BRC r, + RB
T
V.. — m)
BR[| TVbr Vb2 (2 TTIPR,
L=
I'e + RB 2+ (;T[-:'BI;I:B{
(9]
_ m) _
(0]
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M
r; + Rp ) _
PR, [Wz (1 TR, W ©
o rT[ + RB 2 + rT[ + RB ars sas sns wes wes s
(1+B)R,

For ideal current source R, = oo

—BR¢ (Vbz — Vi

= Vg =W —V
° T ¥ Rg 2 ) d b1 ~ Vb2

The differential mode gain,

A= Vo BR. -
IfRB d 0
_ BRC _ 8mRe
I o e )
Va \A
Vbl = ch +?, VbZ =ch —? (9)
Sub (9) in (6),
_Vy IntRp ) _ Vq
_ —BR, (Ve 2)(1 taF B)RO) (Ve +41)
° rn+R Iyt Ry
’ 2T AT PR,
_Va Tt Rp )\ _Va(rn+Rp ) _ _ Vg
_ R [Vem m g F Vem (a5p) 7 (drp) Ve 3
" rp + R 2(1+ PR, + (ry; + Rp)
(1+BR,
Vd 'y + RB
pr, Vet (Ve =) (—(1 - B)Ro)
T, +Rp 2(1+ B)R, + (ry + Rp)
(I+PB)R,
Vi
_Vd(l + B)Ro _7(1'11 + RB) + ch
_ —BR¢ (1+ PR,
T rp+Rp 2(1+ PR, + (ry; + Rp)
(1+B)R,
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BR. [~ E[201L+ BIR, + (5 + Ry)]
T, +Rp 2(1+B)R, + (r; + Rp)

BRCVd BRchm (rn + RB)
2(1+B)R,
(rT[ + RB)

T 2(ry +Rp)

(I‘T[ + RB)(I'T[ + RB) 1+

BRch _ &m R(:ch (rT[ + RB)
2(1 + B)R,
(rn + RB)

o 2(1‘1.[ + RB)

et e (10)
1+

In general form, the output equation is given by,
Vo = AgVa + A Ve v voe er e (11)
Comparing (10) & (11),
BR. _ 8mRc(rr +Rp)

Ay=—m—" A =
47 2(r, + Rp) em 2(1 + PR,

1+
(rTr + RB)

Considering source resistors,Rg = 0,

=BRC=ngC=lCQRC .. =£ _IC_Q
4= T2 v Em T Bm Ty

IobR

QM™c
A — T tsi ses sse wae eae eee wes 12
d 1VT ( )

_ICQ RC
—8mR¢ _ Vr
1+2(1+BR, 1+2(1+PR,
rT[ rT[

Acm =

—IeqRc
Vi
2(1 + B)ROICQ Sm
VB

1+

IoR.
AR
m TR
V8

Ay = e (13)
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2.8.6. CMRR:
IR
A 1+ (1+B)R,I
oMRR = | 24| = AV 1+ @+ BRI
IAcm | IQRC VTB
2Vr

C1[. (1+PB)Rg
CMRRJ-E[I ———Vﬁ;——i.“““""““"(14)

2.9. Darlington amplifier:

The input impedance can be increased using two techniques:
1. Using direct coupling
2. Using Bootstrap technique
2.9.1. Darlington amplifier (or) direct coupling:
Cascaded connection of two emitter follower is called the Darlington connection. It

improves the current gain.

+Vee

Ve

Fig 2.31. Darlington pair amplifier
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Fig 2.32. Small signal equivalent circuit

2.9.2. Small signal current gain:

Vg = LiTng oo oo e (1)
Multiply by g1,
EmiViet = 8m1liter = B1li v vve v e e e (2)
Viz = (I + 8m1 V1) Tmz coe vee ver vee wve ene vee (3)
Sub (1) in (3),
Vo = (I + Bl coe vee e v e (4)

I0 = gmlvnl + ngnz
= Buli + gmz (I + B11)

I, = Byl + B2 (1 + B

Aizll—?:|31+|32(1+l31)
=By + B, + BBz = BiBz e v v e (B)
2.9.3. Input resistance:
R, = ﬁ .. (6)
I
Vi=Va1+ Va2
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= Lty + (I + B1l)7

= Ii[rp + (1 + B)1y2]
V;
Ri = I_ =1+ (1 + ﬁl)rnz (7)
B B

Bl Im1 B Ieo1

_ BiVrB,

Y1 =

Tr1

Icg2

legr ® ——

B2Vr
Icg2

Vi1 = By ( ) = P1Tr2

Ry =771 + (1 + BT
= Pty + (1 + B1y,
R 2B1T0 v vee e e e (8)

Equation (8) shows that the input resistance of a Darlington pair is large, because of
the f multiplication.

2.10. Bootsrap technique:

In emitter follower, the input resistance of the amplifier is reduced because of the
shunting effect of the biasing resistors. To overcome this problem the emitter follower circuit is
modified.

1. Two additional components are used, resistance R, and capacitance C.

2. The capacitor is connected between the emitter & the junction of Ry, R, &Rj5.

For d.c. signal, capacitor C acts as a open circuit & therefore resistance
R4, R, and R; providess necessary biasing to keep transistor in the active region.

For a.c. signal, the capacitor acts as a short circuit. Its value is chosen such that it
provides very low reactance nearly short circuit at lowest operating frequency. Hence, for a.c.,
the bottom of Rj is effectively connected to the output (the emitter), whereas the top of Rj is at

the input (the base). In other words, R; is connected between input node & output node.
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s

R¢ C I,
AW g i
[ 2 ™
| SRy
Re

Fig 2.33. Bootsrap emitter follower.

D
+—" N\ —¢
L—{—-&-}

"}

R" R/ R

For such connection effective input resistance is given by the Miler’s theorem. The
theorem says that the impedance between the two nodes can be resolved into two components,
one from each node to ground. The two components are:

z &Z.k
1-k k-1

In our case Rj is the impedance between output voltage and input voltage and K is

the voltage gain,

Vo
A, =—
v Vi
There are,
R3
Ry. =
M1 =7 —A,
R3AV
Ry, = —
M2 A, -1

Since, for an emitter follower, A, approaches unity, then Ry, becomes extremely large.
R; = Ryl | R,

When A, = 1 is called bootsrapping. The effective load on the emitter follower can be given

as,

S Rperr = Rl | Rl | Ryl | Ry
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*Vee
R1
Rg ©
@
= 11
‘“ U AR, | ?
R, ReS Ry V,
1 k| ; i
R," R/ R =

Fig 2.34. Bootsrap circuit using Miller’s theorem

i ;

Fig 2.35. Effective load resistance R; .ss
The resistance Ry, is very large and hence it is often neglected.
“Ryers =Rgl| Ri|| R,
2.11. Multistage amplifiers:
Cascading number of amplifier stages known as multistage amplifier.
2.11.1. Cascaded amplifier:

The output of the first stage is connected to the input of the second stage.
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RS
AN +
; ! ] |
Vi Stage 1 |V, Vi Stage2 | V., §RL

Fig 2.36. Block diagram of two stage cascade amplifier

Overall voltage gain,

_ Vo2 _ Voo Vio
ToVa Ve W
V01=V02
Voz ,, Vo1
Av = %X% = AleVZ

The voltage gain of multistage amplifier is the product of voltage gain of the

individual stages.

+Vee

I

Fig 2.37. Two stage CE amplifier
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Fig 2.38. Small signal equivalent circuit

Stage 2:
Input resistance, Rj; = ry;;

. Vo
Voltage gain = —
VT[Z

Vo = ngVTIZ(Rczl | RL)

Vo

v, = gm2(Real | R

Input resistance, Ry; = R; = Rg| | rpq

. VT[Z
Voltage gain, A, = —
Vrrl

Viz = 8m1Vr1(Ri1)
= gmlvrrl(Rcll | Riz)

= gmlvnl(Rcll | rT[Z)

\£%
VL = gml(Rcll | In2)

ml

Applying voltage divider rule,

i) Overall voltage gain:
Vo VT[Z V1T1

A, = Yo ——X——X—
Y Vs V1T2 Vrrl Vs

R,
= ng(Rczl | RL)gml(Rcll | rTl’Z) <R1 + Rs)
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R,
Ay = Gn1Gm2Real | RO Rl | 7222) (m)

ii) Output resistance:
Ry, =R

2.11.2. Cascode amplifier
The cascade amplifier consists of a common emitter amplifier stage in series with a

CB amplifier stage.

*Vee

]

Fig 2.40. a.c. equivalent circuit
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S

Fig 2.41. Small signal equivalent circuit of CE-CB Cascode amplifier
Vs = an

KCL to the E,,

VT[Z
gmlvnl = I'_ + ngV‘ITZ

2

Viz
gmlvs = I'L + ngVTEZ

2

Vi +BoVie
gmlvs -
Cr2
_ Vi (T+B2)
Bmi1Vs = I
m2
VT[2 1 +B (gmlv)

Vo = (_ngVnz)(Rcl | R)

Sub Vy;, in this equation,

Vo = ~maEmi¥) (757) (R | R)
v ="8m1 (imirgzz) (Rl | Ry)

Av = —8m (Rc| | RL)
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2.12. Large signal amplifiers:
2. 12.1. Class A amplifiers:

The power amplifier is said to be a class A amplifier if the Q point and the input signal

are selected such that the output signal is obtained for a full input cycle.

Fig 2.42. Waveforms representing class A operation
For this class, position of the Q point is approximately a the midpoint of the d.c load
line. Here signal is faithfully reproduced, at the output, without any distortion. This is an

important feature of a class A operation. The efficiency of a class A operation is very small.

2.12.2. Class B amplifiers:
The power amplifier is said to be a class B amplifier if the Q point and the input signal

are selected such that the output signal is obtained only for one half cycle for a full input cycle.

For this operation, the Q point is shifted on X-axis i.e) transistor is biased to cut-off.

lg

Fig 2.43. Waveforms representing class B operation
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As only a half cycle is obtained a the input, for full input cycle, the output signal is
distorted in this mode of operation. The efficiency of class class B operation is much higher

than the class A operation.

2.12.3. Class C amplifiers:

The power amplifier is said to be a class C amplifier if the Q point and the input signal
are selected such that the output signal is obtained for less than a half cycle, for a full input
cycle. For this operation, the Q point is to be shifted below X-axis. But the efficiency of this

class of operation is much higher and can reach very close to 100%.

Fig 2.44. Waveforms representing class C operation

2.13. Analysis of class A amplifiers:

The class A amplifiers are further classified as directly coupled and transformer
coupled amplifiers. In directly coupled type, the load is directly connected in the collector
circuit. While in the transformer coupled type, the load is coupled to the collector using the
transformer called an output transformer. Let us study in detail the various aspects of the two

types of Class A amplifiers.
2.13.1. Series fed, directly coupled Class A amplifier:

The difference between small signal version of this circuit is that the signals handled
by this large signal circuit are of the order of few volts. Similarly the transistor used, is a power
transistor. The value of Ry is selected in such a way that the Q point lies at the centre of the d.c

load line.

Ponjesly College of Engineering Page 2- 38

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 2. BJT Amplifiers

o +Vee

Fig 2.45. Large signal class A amplifier
The circuit represents the directly coupled Class A amplifier as the load resistance is
directly connected in the collector circuit. Most of the times the load is a loudspeaker, the
impedance of which varies from 3 to 4 ohms to 16 ohms. The beta of the transistor used is less
than 100.
Key point: This is called direcly coupled as the load Ry is directly connected in the collector
circuit of power transistor. The overall circuit handles large power, in the range of few to tens

of watts without providing much voltage gain.

.

Fig 2.46. Classical representation of class A amplifier

Ponjesly College of Engineering Page 2- 39

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 2. BJT Amplifiers

Applying Kirchoff’s voltage law to the circuit,
Vcc = ICRL + VCE
IRy = —Veg + Ve

1—[ 1]v +VCC
c RL CE RL

1
The slope of the load line is — - while the Y-intercept is \;i . The change is because
L L
the collector resistance R is named as load resistance Ry in this circuit. The Q point is adjusted
approximately at the centre of the load line.
i) D.C Operation:

The collector supply voltage V¢ and load resistance Rp decides the d.c base-bias

current Ipq. The expression is obtained applying KVL to the B-E loop with VBE=0.7 V.

- V.. —0.7
BQ Rg
The corresponding collector current is then,
ICQ = BIBQ

From the equation (1) the corresponding collector to emitter voltage is,
Veeq = Vee — IeqRL
Hence the Q point can be defined as Q (Vcgq, Icg)-

ii) D.C power input:

The d.c power input is provided by the supply. With no a.c input signal, the d.c current
drawn is the collector bias current Io. Hence d.c power input is,

Ppe = VCCICQ

It is important to note that even if a.c input signal is applied, the average current drawn
from the d.c supply remains same. Hence equation (5) represents d.c power input to the class A
series fed amplifier.
iii) A.C operation:

When an input a.c signal is applied, the base current varies sinusoidally. Assuming that
the nonlinear distortion is absent, the nature of the collector current and collector to emitter

voltage also vary sinusoidally.
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The output current i.e. collector current varies around its quiescent value while the
output voltage i.e. collector to emitter voltage varies around its quiescent value. The varying
output voltage and output current deliver an a.c power to the load.

iv) A.C Power Output:
Viuin = minimum instantaneous value of the collector (output) voltage
Viax =maximum instantaneous value of the collector (output) voltage
V,»= peak to peak value of a.c output voltage across the load
Vop = Vimax = Vinin
Now V,, = Amplitude (peak) of a.c output voltage
Vip _ Vinax = Vinin

— P _
Vin = 2 2

Similarly we can write for the output current as,
Ihin = minimum instantaneous value of the collector (output) current
Inax = maximum instantaneous value of the collector (output) current
[, = peak to peak value of a.c output (load) current

I

pp = Imax — Tmin

Now I, = amplitude (peak) of a.c output (load) current

Hence the r.m.s values of alternating output voltage and current can be obtained as,

Vrms =

Sl

II'l’l’lS =

Sl

Hence we can write,

Vrms = Irms RL

ie. V, =I,R,
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The a.c power delivered by the amplifier to the load can be expressed by using r.m.s
values, maximum i.e. peak values and peak to peak values of output values of output voltage

and current.
a) Using r.m.s values,
Pic = Vims rms

Pac = I1?ms RL

P — Vl"ZmS
ac RL
b) Using peak values,
Vi 1
Pac = Vrms Il"I'I'lS = \/_% Tn%
Vi1
Pac — mzm
I2R
or P, = mz L
_Vn
or P, 7R,

¢) Using peak to peak values,

=" =73
P, = VppB Ipp
or ac — IgpgRL
or P, = ZL;I’L

Butas Vyp = Vipax — Viin and Iy, = Loy — Inin -
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The a.c power can be expressed as ,

(Vmax - Vmin )(Imax - Imin )
8

Pac =

v) Efficiency:

The efficiency of an amplifier represents the amount of a.c power delivered or
transferred to the load, from the d.c source i.e. accepting the d.c power input.

The generalized expression for an efficiency of an amplifier is,

P
%n = ﬁxwo
C

(Vmax - Vmin )(Imax - Imin )
%m = X100
i 8Vecleq

The efficiency is also called conversion efficiency of an amplifier.

vi) Maximum efficiency:

Imax=2]f_}0 R,

Q (Veeq, lca)

Vinax™ VCC

Fig 2.47. Maximum voltage & current swings

For maximum efficiency calculation, assume maximum swings of both the output
voltage and the output current.
Vimax = Ve and Vi, =0

ImaX = ZICQ and Imin =0
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(Vec — 0)(2I¢q — 0) 2Vecleq
9 = X100 = ———=X100 = = 259
0 Mo 8Vecleq 8Vecleq %

Key point: Thus the maximum efficiency possible in case of directly coupled series
fed class A amplifier is just 25%. This maximum efficiency is an ideal value. For a practical
circuit, it is much less than 25% , of the order of 10 to 15%. Very low efficiency is the biggest
disadvantage of class A amplifier.

vii) Power dissipation:

Power dissipation in large signal amplifier is so large. The amount of power that must
be dissipated by the transistor is the difference between the d.c power input P;. and the a.c
power delivered to the load P,...

Power dissipation, Py= Pp; — P,

The maximum power dissipation occurs when there is zero a.c input signal. When a.c
input is zero, the a.c power output is also zero. But transistor operates at quiescent condition,
drawing d.c input power from the supply equal to V¢ I¢,. this entire power gets dissipated in the
form of heat. The d.c power input without a.c input signal is the maximum power dissipation.

(Py)max = Vieleq
Key point: Thus value of maximum power dissipation decides the maximum power dissipation
rating of the transistor to be selected for the amplifier.
viii) Advantages and disadvantages:
The advantages of directly coupled class A amplifier can be stated as,
1. The circuit is simple to design and to implement.
2. The load is connected directly in the collector circuit. Hence the output transformer is
not necessary. This makes the circuit cheaper.
3. Less number of components required as load is directly coupled.
The disadvantages are,
1. The load resistance is directly connected in collector and carries the quiescent collector
current. This causes considerable wastage of power.
2. Power dissipation is more. Hence power dissipation arrangements like heat sink are
essential.
3. The output impedance is high hence circuit cannot be used for low impedance loads,
such as loudspeakers.

4. The efficiency is very poor, due to large power dissipation.
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2.13.2. Transformer coupled class A amplifier:

For maximum power transfer to the load, the impedance matching is necessary. For
loads like loudspeaker, having low impedance values, impedance matching is difficult using
directly coupled amplifier circuit. This is because loudspeaker resistance is in the range of 3 to
4 ohms to 16 ohms while the output impedance of series fed directly coupled class A amplifier
is very much high. This problem can be eliminated by using a transformer to deliver power to
the load.

Key point: The transformer is called an output transformer and the amplifier is called
transformer coupled class A amplifier.
i) Circuit diagram of transformer coupled amplifier:

The basic circuit of a transformer coupled amplifier is shown in the fig. The

loudspeaker connected to the secondary acts as a load having impedance of R; ohms. The

transformer used is a step down transformer with the turns ratio as,

N,
n=—
Ny
§——0+YV, c
] Ny Ny ©
V4 Loudspeaker
C
E 4 Q

Fig 2.48. Transformer coupled class A amplifier
ii) D.C Operation:

It is assumed that the winding resistances are zero ohms. Hence for d.c purposes, the
resistance is 0 Q. There is no d.c voltage drop across the primary winding of the transformer.
The slope of the d.c load line is reciprocal of the d.c resistance in the collector circuit, which is
zero in this case, hence slope of the d.c load line is ideally infinite. This tells that the d.c load

line in the ideal condition is a vertically straight line.
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Applying Kirchoff’s voltage law to the collector circuit we get,

Vee =Vee =0
ie. Vee = Veg drop across winding is zero.
This is the d.c bias voltage V¢gq for the transistor.
So Vegg = Ve
Hence the d.c load line is a vertical straight line passing through a voltage point on the
X-axis which is Vcgq = V. The intersection of d.c load line and the base current set by the

circuit is the quiescent operating point of the circuit. The corresponding collector current is I¢q.

Fig 2.49. Load lines for transformer coupled class A amplifier
iii) D.C power input:
The d.c power input is provided by the supply voltage with no signal input, the d.c

current drawn is the collector bias current I¢q . Hence the d.c power input is given by,

Poc = Ve Igq
iv) A.C Operation:
For the a.c analysis, it is necessary to draw an a.c load line on the output
characteristics. For the a.c purposes, the load on the secondary is the load impedance R; ohms.

And the reflected load on the primary i.e. R; can be calculated using the equation,

. Ry, Np\?
RL_F_(N_Z) R,
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. The load line drawn with the slope of (— Ri) and passing through the operating point
L

i.e. quiescent point Q is called a.c load line. The output current i.e. collector current varies
around its quiescent value I¢q , when a.c input signal is applied to the amplifier. The
corresponding output voltage also varies sinusoidally around its quiescent value Vcgq which is
Ve in this case.

v) A.C Output power:

The a.c power developed is on the primary side of the transformer. While calculating
this power, the primary values of voltage and current and reflected load R; must be considered.
The a.c power delivered to the load is on the secondary side of the transformer. While
calculating load voltage, load current, load power the secondary voltage, current and the load
R, must be considered.

Let, Vi,, = Magnitude ofr peak value of primary voltage

Vi yms = R.M.S value of primary voltage
I; ,,= Peak value of primary current
I yms = R.M.S value of primary current
Hence the a.c power developed on the primary is given by,

Pac = Vl rms I1 rms
— 12 !
Pac - I1 rms RL

2
_ Vl rms

Pac RL

e =T

Vim
P Z2R]
L
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Similarly the a.c power delivered to the load on secondary, also can be calculated,
using secondary quantities.
Let, V,,, =Magnitude or peak value of secondary or load voltage
Vorms = R.ML.S value of secondary or load voltage
I;,,= Magnitude or Peak value of secondary or load current

Irrms = R.M.S value of secondary or load current

Pac = VZ rms IZ rms

P = I%rms RL

P = Verms
ac RL
— VZ mlz m

2

I%mRL
© =T

2
_VZm

P.=
ac 2R,

The generalized expression for a.c power output represented by the equation,

(Vmax - Vmin )(Imax - Imin )
8

Key point: The a.c power calculated is the power developed across the primary winding of the

Pac =

output transformer. Assuming ideal transformer, the power delivered to the load on secondary is
same as that developed across the primary. If the transformer efficiency is known, the power
delivered to the load must be calculated from the power developed on the primary, considering
the efficiency of the transformer.
vi) Efficiency:

The general expression for the efficiency remains same as that given by equations,

P
%n = ﬁxmo
Cc

_ (Vmax - Vmin )(Imax - Imin)
8VCC ICQ

X100
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vi) Maximum efficiency:
Assume maximum swings of both the output voltage and current, to calculate

maximum efficiency, as shown in fig.

:f-— D.C. load line

A.C. load ling

— Ve

[—-—Vm——“'ﬁ Vee : Yo

rrrrrrr

Fig 2.50. Maximum voltage & current swings
Assuming that the Q point is exactly centre of the load line, for maximum swing we can write,
Vinaxy = 2Vec and Vi, =0

Imax = ZICQ and Imin =0

Yo = (2Vee — 0)(21gq — 0)
max — 8VCCICQ

X100

4Vl
= 9Qy%100 =50%
8VCC ICQ

Key point: hence maximum possible theoretical efficiency in case of transformer coupled class
A amplifier is 50%.
vii) Power dissipation:

The power dissipation by the transistor is the difference between the a.c power output
and the d.c power input. The power dissipated by the transformer is very small due to negligible
(d.c) winding resistances and can be neglected.

Pd = 1:)DC - Pac
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When the input signal is larger, more power is delivered to the load and less is the
power dissipation. But when there is no input signal, the entire d.c input power gets dissipated

in the form of heat, which is the maximum power dissipation.

~ (Pg)max = Vecleg
Thus the class A amplifier dissipates less power when delivers maximum power to the
load. While it dissipates maximum power while delivering zero power to the load i.e. when load
is removed and there is no a.c input signal. The maximum power dissipation decides the
maximum power dissipation rating for the power transistor to be selected for an amplifier.

viii) Advantages and disadvantages:
The advantages of transformer coupled class A amplifier circuit are,

1. The efficiency of the operation is higher than directly coupled amplifier.

2. The d.c bias current that flows through th load in case of directly coupled amplifier is
stopped in case of transformer coupled.

3. The impedance matching required for maximum power transfer is possible.

The disadvantages are,

1. Due to the transformer, the circuit becomes bulkier, heavier and costlier compared to
directly coupled circuit.

2. The circuit is complicated to design and implement compared to directly coupled circuit.

3. The frequency response of the circuit is poor.

2.14. Analysis of class B amplifiers:

For class B operation, the quiescent operating point is located on the X-axis itself. Due
to this collector current flows only for a half cycle for a full cycle of the input signal. Hence the
output signal is distorted. To get a full cycle across the load, a pair of transistors is used in class
B operation. The two transistors conduct in alternate half cycles of the input signal and a full
wave across the load is obtained. The two transistors are identical in characteristics and called
matched transistors.

Depending on the type of the two transistors whether p-n-p or n-p-n, the two circuit
configurations of class B amplifier are possible. These are,

1. When both the transistors are of same type i.e. either p-n-p or n-p-n then the circuit is

called push pull class B A.F power amplifier circuit.
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2. When the two transistors form a complementary pair i.e. one n-p-n and other p-n-p then
the circuit is called complementary symmetry class B A.F. power amplifier circuit. Let
us analyze these two circuits of class B amplifiers in detail.
2.14.1. Push pull class B amplifier:

The Push pull circuit requires two transformers, one as input transformer called driver
transformer and the other to connect to load called output transformer. The input signal is
applied to primary of the driver transformer. Bothe the transformers are centre tapped

transformers. The Push pull class B amplifier circuit is shown in fig.

*Vee

Output

Driver
transformer Q T transformer

Push pull circuit

Fig 2.51. Push pull class B amplifier

In the circuit both Q; and Q, transistors are of n-p-n type. The circuit can use both Q
and Q, of p-n-p type. In such a case, the only change is that the supply voltage must be — V¢,
the basic circuit remains the same. Generally the circuit using n-p-n transistors is used. Both the
transistors are in common emitter configuration.

The driver transformer drives the circuit. The input signal is applied to the primary of
the driver transformer. The centre tap on the secondary of the driver transformer is grounded.
The centre tap on the primary of the output transformer is connected to the supply voltage +V¢,

With respect to the centre tap, for a positive half cycle of input signal, the point A
shown on the secondary of the driver transformer will be positive. While the point B will be

negative. Thus the voltages in the two halves of the secondary of the driver transformer will be
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equal but with positive polarity. Hence the input signals applied to the base of the transistors Q;
and Q, will be 180 out of phase.

The transformer Q4 conducts foe a positive cycle for the positive half cycle of the input
producing positive half cycle across the load. While the transistor @, conducts for a negative
half cycle of the input producing negative half cycle of the output producing negative half cycle
across the load. Thus across the load, we get a full cycle for a full input half cycle. The basic

push pull operation is shown in fig.

A_

Q,

Qp

Fig 2.52. Basic push pull operation

When positive A is positive, the transistor Q; gets driven into an active region while
the transistor @, is in cut-off region. While when point A is negative, the point B is positive,
hence the transistor @, gets driven into an active region while the transistor Q; is in cut-off
region.
i) D.C Operation:

The d.c biasing point i.e. Q point is adjusted on the X-axis such that Vggq = V¢ and
Icgq is zero. Hence the co-ordinates of the Q point are (Vg, 0). There is no d.c base bias
voltage.
ii) D.C Power Input:

Each transistor output is in the form of half rectified waveform. Hence if I,,, is the peak
. o .
value of the output current of each transistor, the d.c or average value is ?’" , due to half rectified

form. The two currents, drawn by the two transistors, form the d.c supply are in the same
direction. Hence the total d.c or average current drawn from the supply is the algebraic sum of

the individual average current drawn by each transistor.
I I 21,

m m
__+_ P ——
‘It ‘It

ldc -
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The total d.c power input is given by,
Poc = Vel
Ppc = EVCCIm
iii) A.C Operation:

When the a.c signal is applied to the driver transformer, for positive half cycle Q4
conducts. For the negative half cycle Q, conducts. It can be seen that Q; conducts, lower half of
the primary of the output transformer does not carry any current. Hence only N; number of
turns carry the current. While when Q, conducts, upper half of the primary does not carry any
current. Hence again only Nynumber of turns carry the current. Hence the reflected load on the

primary can be written as,

. 28
RL_n_Z
n—Nl

The slope of the a.cc load line is_l/Rr while the d.c load line is the vertical line
L

passing through the operating point Q on the X-axis. The slope of the a.c load line (magnitude

of slope) can be represented interms of V,, and I, as,

1 Iy
R, Vn
.V
'.'RL:—m
I

Where, I,,, =peak value of the collector current

iv) A.C power output:

As I, and V,, are the peak values of the output current and the output voltage

respectively, then,

Vims =

— NIl

m

And Irms = —2

Hence the a.c power output is expressed as,

2
Vr'ms
RL

Pac = Vr'ms Irms = IrmszRL( =
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While using peak values it can be expressed as,

o _Valn W _ Vi

ac — 2 - 2 L — ZRL,
v) Efficiency:

The efficiency of the class B amplifier can be calculated using the basic equation.

Vil
e ()
%n = P—XlOO =5
be 7 VeeIm

X100

% = T Vi X100
VAT

vi) Maximum efficiency:

The maximum value of ¥, possible is equal to V. as shown in the fig.

Ie

e e st emre s e

Vee

0 = =V
Y . "CC
Vm=Vec |
} +——Maximum output
voltage swing

Fig 2.53. Maximum voltage & current swings
Vi = Ve for maximum 1
T VCC
o % Mmax = ZE X100

=78.5%
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Key point: Thus the maximum possible theoretical efficiency in case of push pull class B
amplifier is 78.5% which is much higher than the transformer coupled class A transformer. For
practical circuits it is upto 65 to 70%. Practically the collector-emitter voltage of transistor is
neglected as small. But if Vig(yiny is given then maximum collector voltage V;, reduces
Veg(miny and becomes V,, = Ve — Veg(min) under maximum efficiency condition.
vii) Power dissipation:

The power dissipation by both the transistors is the difference between a.c power

output and d.c power input.

2 Vil
Py =Poc = P = — Vel — =5
2 Vv,?
Py = =Vee—
d T cc 2R,

Let us find out the condition for maximum power dissipation. In case of class A
amplifier, it is maximum when no input signal is there. But in class B operation, when the input
signal is zero, V,,=0 hence the power dissipation is zero and not the maximum.

viii) Maximum power dissipation:

The condition for maximum power dissipation can be obtained by differentiating the

equation () with respect to V,, and equating it to zero.

dPy 2V
dv, TtR_Lr

2Vee Vi

S —— = —p

T RL RL
2 . N
Vin = ;Vcc for maximum power dissipation

This is the condition for maximum power dissipation. Hence the maximum power

dissipation is,

2 2Vee 4 V&

P =—VeeX————5—
(d)max T cC T[RL 2 RL

4 V& 2V
m?R,' mR,
2 V&
(Pd)max 2 R_L'
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Key point: For maximum efficiency V,, =V¢ hence power dissipation is not maximum when
the efficiency is maximum. And when power dissipation is maximum efficiency is not
maximum. So maximum efficiency and maximum power dissipation do not occur

simultaneously in in case of class B amplifiers.

Now,
V2
Ppe =—
2R,
And V,, = V¢ is the maximum condition
Hence
V&
(Pac)max = E
P = 2 Vi 4 (V&
d/max — T2 RL' - T2 RL'

4
(P max = F (Pac) max

This much power is dissipated by the both transistors hence the maximum power

(Pd)max/z .

dissipation per transistor is

2
(Pa)max per transistor = =) (Pac)max

This is the maximum power dissipation rating of each transistor. For example, if 10 W

maximum power is to be supplied to the load, then power dissipation rating of each transistor

should be Zx10 ie. 2.02 W. The (%) is approximately 02 which is (1/5) . thus the

. o . 1\th .
maximum power dissipation is approximately (E) of the maximum a.c output power.

2.14.2. Complementary symmetry class B amplifier:

As stated earlier, instead of using same type of transistors (n-p-n or p-n-p), one n-p-n
and other p-n-p is used, the amplifier circuit is called as complementary symmetry class B
amplifier. This circuit is transformer less circuit. But with common emitter configuration, it
becomes difficult to match the output impedance for maximum power transfer without an
output transformers. Hence the matched pair of complementary transistors are used in common

collector (emitter follower) configuration, in this circuit.
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Vee

I|
/in @9

\J

Fig 2.54. Complementary symmetry class B amplifier
Key point: this is because common collector configuration has lowest output impedance and
hence the output impedance matching is possible.

In addition, voltage feedback can be used to reduce the output impedance for
matching. The basic circuit of complementary symmetry class B amplifier is shown in fig.

The circuit is driven a dual supply of £V, .. The transistor @ is n-p-n while Q, is of p-
n-p type. In the positive half cycle of the input signal, the transistor Q;gets driven into active
region and starts conducting. The same signal gets applied to the base of @, but as it is of
complementary type, remains in off condition, during positive half cycle. This results into
positive half cycle across the load R;.

During the negative half cycle of the signal, the transistor Q, being p-n-p gets biased
into condition. While the transistor Q; gets driven into cut-off region. Hence only @, conducts
during negative half cycle of the input, producing negative half cycle across the load R;.

Thus for a complete cycle of input, a complete cycle of output signal is developed across the
load R;.
i) Mathematical analysis:

All the results derived for push pull transformer coupled class B amplifier are

applicable to the complementary class B amplifier. The only change is that as the output

transformer is not present, hence the expression, R; value must be used as it is, instead of R;, .
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ii) Advantages and disadvantages:
The advantages are,
1. As the circuit is transformerless, its weight, size and cost are less.
2. Due to common collector configuration, impedance matching is possible.
3. The frequency response improves due to transformerless class B amplifier circuit.
The disadvantages are,
1. The circuit needs two separate voltage supplies.
2. The output is distorted to cross over distortion.
iii) Applications:
The various application areas of class B push pull power amplifiers are public address systems,
audio frequency amplifiers, AM/PM radio amplifiers, portable tape player amplifiers small
servo amplifiers, power convertors and output stages of devices like operational amplifiers.
Key point: while solving problems remember:

1. Given power is to be assumed maximum unless and otherwise specified. Hence use the

expression,
Vi Vée
P =— or (P =—
( ac)max ZRL ( ac)max ZRL

Depending on type of circuit.
2. Most of the times, the circuit uses dual supply as £V,..
3. The circuit may operate with single positive supply +V,, . this is single supply version
and discussed later in detail. So if supply given in the problem is +10V, +20V i.e. +V,
it is single supply version and while solving such problems V. should be taken as half
of the given positive single supply i.e. 5V, 10V respectively.
4. If in the problem V}, is given then remember that this circuit is common collector
circuit which has unity gain. Thus V,,; =V}, and then voltage across R;is same as V.
The peak value of V;,is Vj,and V;, # V. in such a case.
2.15. Class C operation:

In class C amplifier, a resonating circuit is used as a load. Thus most of the class C
amplifiers are used as tuned amplifiers.
i) Resonant frequency:

A parallel resonant circuit acts as a load impedance. The collector current flows for

less than half a cycle hence it consists of a series of pulses with the harmonics of the input
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signal. A parallel tuned circuit acting as a load is tuned to the input frequency. Thus it filters the
harmonic frequencies and produce a sine wave output voltage consisting of the fundamental

component of the input signal.

+Vee
Paraliel L i ;

resonant 4 C
circuit

; RFC Ry VIT
(radio |

frequency |
choke) 1

~Vae
Fig 2.55. Class C tuned amplifier
The a.c input voltage drives the base and amplified output voltage is available at the
collector. The amplified and inverted collector voltage is connected to load resistance R

through coupling capacitor.

Collector current
flow < 180°

Fig 2.56. Waveform representing Class C operation
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As class C amplifier is used with parallel tuned circuit, the output voltage is maximum

at the resonant frequency. The resonant frequency is given by,

Hz

1
Jr = 2nvVLC

The gain drops on either side of the resonant frequency. Thus the frequency response

of class C amplifier is as shown in fig. As gain is maximum at resonant frequency, these

amplifiers are used to amplify only narrow band of frequencies.

A

Gain v Gain drops
on both
sides of f

Av{'max} ——————— r

Fig 2.57. Frequency response

ii) Load lines:

+Vee

RS\

Series
resistance
of L

Fig 2.58. DC equivalent of class C amplifier
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The fig shows the d.c equivalent circuit of the unbiased class C amplifier. The
resistance Ry is the series resistance of an inductor L. The value of Rg is very very small. For
d.c., the capacitor C acts as an open circuit and does not affect the d.c operation.

As Rg is very small, the slope of d.c load line is reciprocal of Rg and is very high
tending to infinity. Hence d.c load line is almost vertical. The d.c load line is not important for
class C amplifiers.

For a.c load line, Q point is designed to be at the lower end of the a.cload line. When
a.c input signal is applied, instantaneously a.c operating point moves up the a.c load line

towards the saturation point. The maximum value of the collector current i.e. when Vg = 0 is

given by Vrﬁ both d.c and a.c load lines are shown in the fig.

A.C.
Vee load line

- < -—D.C.
. load line
(vertical)

Q

Vee

> Ve

Fig 2.59. Frequency response
iii) A.C equivalent circuit:
The a.c equivalent circuit of class C amplifier is shown in the fig().

The inductor has a series resistanceRs. The quality factor Q of the inductor is,

Q= )};—z = a});SL
Where,
@,=quality factor of coil
X =inductive resistance of coil
Rg=series coil resistance
Ponjesly College of Engineering Page 2- 61

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

Electronic Circuits - I 2. BJT Amplifiers
|
61y 0 LT i @-“f?
Rs | 1 L
- —— % _J—-_ = = i

Fig 2.60. A.C equivalent circuit
The series resistance R can be replaced by a parallel resistanceRp. This is given by,
Rp = Quoo,L = Q. X,
At resonance X cancels X, and hence only Rp remains in parallel with R; . thus the a.c

resistance seen by the collector at resonance is,

r. =Rp | | R,

The Q factor of the overall circuit is,
e T
Q= oL X,

iv) D.C clamping of input signal:
The a.c input dives the base-emitter junction i.e. the emitter diode. While the amplified
current pulse drives the resonant circuit. The input capacitor with emitter diode forms a clamper

circuit and hence signal available across the emitter diode is negatively clamped. This is shown

in fig.
Input Only for this
capacitor portion emitter
-— { IL _______ A diode turns on
Emitter
Rg diode

Negatively
clamped voltage

.Fig 2.61. D.C clamping of input

The input is almost clamped by —Vp. Only positive peaks of input can turn on the

emitter diode. Hence the current flows in brief pulse.
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v) Filtering the harmonics:

The current pulses consist of harmonics i.e. the components which are multiples of the
fundamental input frequency f. Thus the pulses are equivalent to a group of sine waves having
frequencies f, 2f, 3f ... nf. These components are called harmonics.

At fundamental frequency, the impedance of the tank circuit is high which produces a
large voltage gain. For all other harmonics, due to low impedance of tank circuit, the voltage
gain is very less. Hence all the harmonics are filtered and pure sine wave of fundamental
frequency is available across the tank circuit as shown in the fig.

Collector voltage is
pure sine wave

Ao - R Ve

.Fig 2.62. Collector voltage waveform
vi) Bandwidth:
We know that, bandwidth of resonant circuit is defined as
BW =1, —f,

Where, f; =lower half power (3 dB) frequency

f> = upper half power (3 dB) frequency

The half power frequencies are identical to the frequencies at which the volyage gain
equal 0.707 times the maximum gain.

The bandwidth is shown in the fig.

Fig 2.63. Bandwidth
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The bandwidth of class C tuned amplifier is given by,

Bw—f‘"
Q

Where Q= quality factor of circuit
Key point: Bandwidth is inversely proportional to Q. Higher the value of Q, smaller is the
bandwidth of the circuit.
vii) Duty cycle:

The duty cycle is the ratio of ON period of the transistor to total period of the pulses.
The width of current pulse represents on period of transistor.

Thus, W = width of pulse

T = period of pulses

Then the duty cycle D is given by,

Key point: the smaller the duty cycle, the narrower the pulses as compared to the period T.

This is shown in fig

& = Conduction angle

Fig 2.64. Representation of duty cycle
Interms of conduction angle @, the duty cycle is given by,
%
360°
viii) Output power:
If the r.m.s value of output voltage across load resistance is measured then the output

power is given by,

Ry,
But Vpp = 2V,, = 2V2 V.«

(VPP/ 2@)2 _ Vi

P —

out — R, ) R,

Pout =
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ix) Transistor dissipation:
The maximum power dissipation at @ = 180° is given by,

VlgP (max)
40r,

Pp(max) =
Note that Vi, (max) = 2Vee
Key point: The transistor power rating must be greater than Pp(max) value of the circuit.
Under normal working condition, as @ is much less than 180°, hence Pp is also much less than
Pp(max).
x) D.C input power:
The d.c input power is given by,

Py = Veclge

xi) Efficiency:
The efficiency is given by the ratio of a.c power output to the d.c power input.

out

%n = Pout v 100 = 2_x100
l:’DC VCC ldc

SOLVED EXAMPLES:

1. For the CE amplifier circuit shown in fig determine R;, A, and R,. The transistor

parameters are: =100, Vz=0.7 and V,=100.

+—— —oV
O- 00 2 |
. | s
Solution:
Stepl: Calculate I
Vi = 2y,
TH — R1+R2 cc
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2.2

= m X 10 = 0.909V

Vry

RB = Rl ”RZ = 2KQ

Lo Vm=Vee  _0909-07 .
B TR, + L+ PRy 2+ (1+100)01 <

lg =lc =100x17.27 = 1.727 mA

Step 2: Determine small signal transistor parameters r, g, and r,

_ Vi B _ (0.026)(100) _

b — 1.5KQ
" T 1.727 >
leg 1727
=-Q _ % _ 66.42mA/V
M =y T 0.026 mA/
ro =V_A:—100 =579 KQ
leq 1727 "

Step 3: Find R;, Ay and R,

R, =R, IR, Il r, =22[|2.2K||1.5K = 857Q

Ay = —g.( R)( Ri )— 66.42 579||2)( oo )— 81
v = ~8m(ollRc Ri+Rs/ - 0.857 +0.5/

Ry = ry||Re = 57.9 |2 = 1.933 kQ

2. For the circuit shown in fig, determine I¢o, R; and A,. Transistor parameters are,

B =120 s VEB=0°7V and VA=oo.
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Solution:

Step 1: Calculate I¢q

VTH VCC

__N
R;+R;

68

Rg = Ry||R, = 47||68 = 27.8KQ

Applying KVL to the input circuit we get,
Vee = (1 +B)lggRg — Veg —IgRg — Vpy =0

lgo = = = 4.97
B TRy + (1+B)Rg  27.8+ (1 +120)2 HA
Step 2: Determine small signal parameters ry, g, and r,
Vi (0.026)(120)
=—=——"——=0>5.2K0
" g 0.6
I 06 — 23mA/V
M = = Doze -~ 23mA/
Va
(b, =—=®
ICQ
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Step 3: Find R; and Ay

V

s

- -

Fig shows the small signal equivalent circuit for given circuit.

Looking at fig we have,

Vo =8mVeRc v e (1)
Applying KVL to the base emitter loop we have,
Vo
Iy
1+gnr
=V, [1 4 (ﬂ) RE] ........... ©)
r‘I'IT
1+
= -V, [1 + (r—f) RE] Y g T =B e (4)
Vs
Vi=————F——— 5)

i
Substituting value of V, from equation (5) in (1) we have
8m RC (_Vs)

1+8
TR

V():
14 (

A = & _ _ngC _ _gmrnRC
A 1+8 r + (1 +B)Rg
. )R

1+(I‘—

—BR¢

Ay =—F——
Yo+ (1+B)Rg

—120 x 4.7
Av =-2.28

T52+ (1+120) x 2
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R; = R{[IRz[IR; = Ry[IR;||[rr + (1 + B)RE]
=27.8||[5.2 + (1 + 120) x 2] = 25KQ

3. The circuit of BJT amplifier is shown in Fig, drawn a.c and d.c loadlines. Also find the

Q-point. Assume Vgg =0.7 volts and § = 100.

—o*Vec=12V
220 K 1

K
C,
C1 Vo
1K
Vin 5

Step1: Obtain I¢q, Vcgq, point A and point B

Solution:

Applying KVL to the base circuit we have,
Vec = IgRg—Vgg =0

Vee — Vie
Iy = ¢ B
Rg
—12_0.7—5136A
~ 220k OOV

loq = Blg = 100 x 51.36 pA = 5.136 mA

Applying KVL to the collector circuit we have,
Ve = IcRc—Vegg =0

VCEQ = VCC_ICRC =12 -5.136 X 10_3 X 1000 = 6.864

Thus Q-point is Igq , Vegg =3.424 mA, 6.864 V
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Axes Intersection Points:
Point A:

VCE = VCC =12V at IC =0
Point B:

Vee  Vee 12
= X _ 2% 1omA
¢ R, R. 1k ™

Step 2: Obtain R,, point a and point b
R.c = R¢||Ry = 1k||1k = 5000

Point a:
Ve max = Verq + leqRac = 6.864 + 3.424 X 1073 X 500
= 8.576V
Point b:
I¢ max = \Eﬂ+ Ieq = %+ 3.424 x 107% = 17.152 mA
ac

Step 3: Draw d.c. and a.c. load lines

lc(mA)

20

=17.152 mA

b ¢ I¢ max

L | <~— a.c. load line

Q(Igq = 3424 mA, Veeq = 6.864 V)

d.c. load line —*
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4. Calculate R;,R’;,A,,A;and R, for the circuit shown in Fig . Assume transistor

parameters are p=100, Vgg=0.7V. V,=80V.

+Vee = 0oV
51K
soo Cc
R
S Vo
v 51K
o 1K
Solution:
Given:R; = R, = 51KQ, V¢ = 10V and Rg=KQ
Step 1: Find I¢q and Vg
Vg = S1K Vee =5V
™7 51K+51K

RB = RlllRZ = ZSSKQ
Vry —IgRg — Vgg — (1 + B)IgRg = 0

=l =R T AT PR, 255+ 1+ 100)x1

= 34pA

1+
Veeq = Vee — [gRg = Ve — (T) IegRg =10 —

=6.566V

(1 + 100)
—X

100 34 %1

Step 2 : Find r;,,g, and r,

_ Vi _ (0.026)(100)

— 7650
" T 3.4 6>
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Lo L 34 307 may
&n =Y T 0026 15077mA/
vV, 80
= A = 2~ 2353KQ
T, g 34 3.53

Step 3: Find R; ,R’; A, ,A;and R,
R'; =1, + (1 + B)(ry||Rg) = 765 + (1 + 100)(23.53Kk||1k)
= 97.647 kQ

R; = Ry|IR,|IR; = 25.5K]|97.647K = 20.22KQ

v =

1+ Py I Rg) X( R )
Iy + (1 + B)(ro I RE) Ri + Rs

~ (1+100)(23.53]|1) ( 20.22
T 0.765 + (1 + 100)(23.53|[1) \20.22 + 0.5

A-:(1+[3)( Ri[IR, )( T )
' Ri|IR; + R/ \r,+Rg

) = 0.968

1+ 100)( 25.5 )( 23.53 )

25.5+97.647/\23.53+1
= 1.812
R, = — T IRgllr, = —%2_|11)123.53 = 7510
o =TT+ E T T 100 3=

5. For a common base amplifier shown in Fig 3.8.5 .Calculate R;,A,,A; and R,. The

transistor parameters are: =100, Vgg=0.7 and V, = .

1k@ C Ceo
—W—lF———o) —if
Ry tho
10K Re S 10K
v + R 2K
‘C—) . RgS100K + L§
Veg=10V = TCB — V=10V
k x
- o W "
R, R
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Solution :
Step1: Find I¢,
Lo VeVer  _ 10-0.7
BT Rg+(1+PB)Rg 100+ (1 + 100)10

= 8.378pA

Step2: Determine small-signal transistor parameters r; ,g,, and r,
Vrg  (0.026)(100)

=1, osss KO
gm = I\‘;: 00?032768 = 32.223mA/V
V,
r, = E = E =w
Step3: Find R; A, ,A;and R,
I 31 = 30.69Q

R =—1 =
"TT+B 1+100

a, = BB w22

_2 223(10||2)[ ol

= 1.594

1+10]

R¢
A= ( )[ ] =0.821
i gm R +RL E”(1+B
R, = R¢ = 10K
6. The common mode input to a certain differential amplifier, having differential gain of

125 is 4sin 200w t V. Determine the common mode output if CMRR is 60 dB.

Solution:
The CMRR in dB is
60 = 20 log Aq i.e. log =3
Acm Acm
4 — 1000
cm
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Now Ay =125

A Ay 125
‘™ 71000 1000

=0.125

Hence the common mode output is
= Acn Vem = 0.125(4 sin 2001 t) = 0.5sin(200m t)V

TWO MARK QUESTIONS AND ANSWERS
1. Define Diffusion Resistance.
The resistance r; is called the diffusion resistance or base emitter input resistance.
VB
i, Igg Igg

Vbe
r. =

2. What is transconductance?

The parameter g,, is called a transconductance.

Ic
&m =V_Q
T

3.What is loading effect?

1. In CE amplifier, input resistance is not much higher than signal source resistance.
Due to this, actual input voltage to the amplifier is reduced. This is called loading effect.

2. To minimize loading effect, R>>Rg.

4. Explain the meaning of voltage swing limitations.

In a linear amplification process, when symmetrical sinusoidal signals are applied to
the input of an amplifier, we get amplified sinusoidal signals at the output. It is possible to
obtain maximum output symmetrical swing that amplifier can provide using an a.c load line.If
the output exceeds the limit, a portion of the output signal will be clipped resulting signal
distortion.
5.What is differential amplifier? What is differential and common mode gain of
differential amplifier?

An amplifier which amplifies the difference between the two input voltage signals is
called differential amplifier.

The gain with which differential amplifier amplifies the difference between two input

signals is called differential gain denoted as A,.
Vo

A, =
d vy
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