ENEE2303
Multistage Amplifiers

1) Additional Amplification can be =4
required .

2) Improving the performance of the amplifier
( high input impedance ,high gain , small output
impedance ) .

3) Increasing the Bandwidth .

Vs

Vo2 =Av,V;;
Vi2 =Vo1
Vo1=Av Vg
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Multistage Amplifiers
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Vs - NOOT
_ _ NOOT

«* When the output of one amplifier stage is connected to the input
of another , the amplifier stages are said to be in cascade .

Avr=Av,. Av, . Av;......... Av,
Av, , Av,, and Av,are the in — circuit gains .

Methods of Coupling:

Capacitor Coupling,
Direct Coupling.

> Transtormer Coupling.

Instructor :Mr.Mohammad AL-Jubeh
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Multistage Amplifiers

Advantages:

¢ the coupling *
capacitor blocks
the flow of ——— a1
current while it
the flow
of Ac signal
between stages .

«» It makes it possible to have a dc bias voltage at the output of one stage that
is different from the dc bias voltage at the input to the next stage
«» (stage isolation ) .

Vee +

Disadvantages:
Rec1 Ry Rcz

Q2
——|a
+» It effects the low — ¢
frequency response of the fe
amplifier .

« It not used in integrated circuit , because it is difficult and
uneconomical to fabricate capacitors on a chip .

O —t—

=
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Multistage Amplifiers

)
Example: find the gain of the multistage amplifier
Q,
+20 volt
2k
20K 4K§ o 10 K? § CI-’|>
:: e |
:: -+ :
c1 2% v,
4K 1K 1K 1K
CE1 TEZ
B1=p2 =50

Solution:
DC Analysis: ’
RTH1= 4K\\ 20K= 333TK - :(:z::o - - N N
4K . .

Vru1= oor (20) = 3.33v Open Cjrgyit!
Ig1=247mA .. hj;1=0.51K !
RTH2= ZK ;}{].OK =1.67K 20K K ok K
VTHZ_ m (20) = 3.33v - -
IE2=2'55 mA

. hj.»=~ 0.51K 4K 1K 2k 1K

Instructor :Mr.Mohammad AL-Jubeh
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Multistage Amplifiers

Ac small signal equivalent circuit

Ac small signal equivalent circuit t

C1
V()
L
\ +
hye + ) K

% LE 1 Vol hi? 2 v
f// 4 0 hfe 0

F% -

L - el = =
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Multistage Amplifiers

AvT= Av1 . A'Uz

Vo1

L] AU1: 7, :M
hiez
Vo1= _hfel (4k||2k[[10k||hiez) " Av, = —66.66
Vi
hie1

= Av,;. Av

= Av, = —34.14 Avr= Avy. AV,
14 |4 |4

Viz Vo1 Vo1

% Avp = 2342
Vo2= —hrez1h, (1k||2k)

Instructor :Mr.Mohammad AL-Jubeh
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Advantages 1

Ry

VA—

Rpa
(O A bccooss

N --— a1

Rgq |

s*Used in differential and operational
amplifier .

**Used in low and high frequency
applications .

Disadvantages

R

++ Any change in the
dc voltage at the

Rp2
Q2  d-------

output of one stage
produce an identical Q!
change in dc

voltage at the input

to the next stage

»We must use Ry .
»\We must use alternating transistor
types (npn, pnp ) .

Rg1

Instructor : Mr.Mohammad AL-Jubeh
ECE
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DC Analysis :
Vee=Rplp1 +Vpp1 +Vpgz + Relp ok
Igy=(B2+1) I, RB§

I 1

Ip, =1 |

B2 El C1 QlI.A_K Q2
Ig1=(B1+1) Ip4 v, —

L RE§ v,

S A g2 = (B2+1) (B1+1) Ip4

+Vee

Rg

Ac small signal equivalent circuit
c1 at Q

Rp

e2

Instructor : Mr.Mohammad AL-Jubeh
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io iez
lb1 lb1

iez :(1+hf82) ibz

ibz = i61 Ry

ieg =(1+thgeq) iby 7 =

A; = 3= = (I+hyer) (1+hyeq)

L, RE Vn
14
A,=-2
Vs 1
Vo=REig

ip=(1+ hez) (1 + hyfeq)iby

To find ib; —> base equivalent

—

v RB% Rie1 + (hie2 + Rp(1+ her)) (1 + hrer)
s

Instructor : Mr.Mohammad AL-Jubeh
ECE
BZU 3
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bl

|
L7
Vs hier + (hicz + Re(1+ hyea)) (1+ hyer)
= = Rp
Z; Vs

Zi=hje1 + (Riea*Rg (1+hgez) )(1t+hfeq)

bl Zi

RE(1+her) (1+hfel)

<1
hie1+(RE (1+hfe2)+hiez) (1+hfe1)

A, =

Rﬁ'

TofindZy ,setVg =10

SA > Z; very very large
A, <1 Zovery very small
modified buffer

Instructor : Mr.Mohammad AL-Jubeh
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Ac small signal equivalent circuit of the BJT

b—> —
c +
+ hye
o hie
€ i -
o d

Ac small signal equivalent circuit of the Darlington

I

<

C .
= m
b1l ) + ( =
Q2 hieD g %,
okl - 5
02 e21
C .
lic —— I
ic1 *
bl = p + h/sl)
licz hiel)
ol 9 -
hieD‘ 2 hiel I ;
—_ 2
hfep = Rper- her 2 :
lc

hfeD= E
hieD= Zi with RE=O

Instructor : Mr.Mohammad AL-Jubeh
ECE
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h — l_c iic —
feb™ ip, bl £ +
licz h. b
le =lertle al < _
ic =hfe1 iby+hyerib, 7
. . . e2
ic =hfeqibythye; ieg

i =hfe1ibythysey(1+hgeq)iby
ic=(Rfe1 +hpeathpea Rpeq)ibq
hfep = Rpeq +hper+hferhfeq
hfep=hferhfeq

hiep=Z; |r:-o

Z; = hie1 + (Rg (1+hjep)+hiez)(1+hfeq)
" Riep= Rjeq + (1+hfel) hiez
(A+hyea)vr
Ig
(L+hger)vy
(L+hger)1gq

= Rjeq +(1+hgeq)

= Rjeq +(1+hgeq)

Instructor : Mr.Mohammad AL-Jubeh
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C
Lic — -~
i1 "
bl p l 2 + hfeD
Q2 Ic hieD
Q1 -
5 e2l
e

¢ Used to amplify video signal

¢ It has a wide bandwidth

¢ It consists of a and

stages or and stages.
Instructor : Mr.Mohammad AL-Jubeh
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DC Analysis :
18V e

Open
Circuit!

IC1 = IE2 = IC2

Since 3 = 32
IB1=1B2=1B
18V
DC Analysis : l §6.8K 1 8K§
Ie1 = Igp= ¢ — 'I: Q2
Vv IE2
Ig1 = Ipy=Ip "ol ¢ “
B [
Q1

18 = 6.8k I + 5.6k(I — Ip) + 4.7k(I — 215)
4.7K

Solving for Iy = 4mA 1K

Instructor : Mr.Mohammad AL-Jubeh
ECE
BZU 8
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Ac small signal analysis

VO= ‘hfbiez (18K)
i6'2= hfelibl

L Vs

Ibl_ hie1

. A, =-294

bl cl

7y
z
-~
S
%
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Transformer coupled multistage amplifier

5/13/2017

+8 v

()
N

20K§ Ql

Advantages:

&

1) The coupling transformer is used to pass the ac signal from one stage to
the next, while blocking the DC voltages
2) DC isolation .

3) matching for maximum power transfer

4) low dc power dissipation ( R =0) .

Disadvantages i@ # 3”{

1) cost , weight , size , and noise .

2) poor frequency response

Instructor : Mr. Mohammad AL-Jubeh
ECE
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Transformer coupled multistage amplifier

DC Analysis:

1:4
B
)m
4K

RTHI = RTH2= 4K \\ 20K=3.33K I
+8volt

4K ]
Vrn1=Vruz= 1K120K (+8)=1.33V = T Ll

20K 20 K§
4K
IE1=IE2 = Frgy = 0.595mA Q1 Q2
m'l‘lK
§4K 1K 4 k§ 1K
hie1=h;j.; =2K

Ac small signal equivalent circuit

<
g

1:4 b1

40

Instructor : Mr. Mohammad AL-Jubeh
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Transformer coupled multistage amplifier

Transformation ~
(@)
1:4 : o e
Ak

=

‘ 2K

2K hfeib,
2K+2K 5hoe

0=-

To find lbz

bl

5:1 b2 c2 5:1
. 1 hie: 1 Ve
e hj? e2 h)e
1 . L L
ibz = 511 \

To find I

1 hie2
hoe

50K =
I, = —hfeib,———
1 1
50K+50K hfe < _hoe = 2k(52) — 50k

v.

Instructor : Mr. Mohammad AL-Jubeh
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Transformer coupled multistage amplifier

b2

h-zel

To find ~i~ -
&
1 =
=+ Z IZ L
To find Ve
Vs
hiel V.0
16
V -
A,=-2=+62.5
Vs

Instructor : Mr. Mohammad AL-Jubeh
ECE
BZU
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