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Multistage and Compound Amplifiers

Basic Definitions:

Amplifiers that create voltage, current, and/or power gain through the use of two or more
stages (devices) are called multistage (compound) amplifiers The circuitry used to connect
the output of one stage of a multistage amplifier to the input of the next stage is called the
coupling method. In general, there are three coupling methods: RC coupling, direct
coupling, and transformer coupling.

Cascade Amplifiers:

A popular connection of amplifier stages is the cascade connection. Basically, a
cascade connection is a series connection with the output of one stage then applied as
input to the second stage. A combination of FET and/or BJT stages can be used to
provide high gain and high input impedance, as demonstrated by the following
example.

Example 19-1:

Calculate the voltage gain, output voltage, input impedance, and output impedance for
the cascade amplifier of Fig. 19-1. Calculate the output voltage resulting if a 10-kQ
load is connected to the output.

L

Solution:
For the FET amplifier (stagel),

V. @-19V, 1, d2.8md, 0o
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2[ oM -
gV a a 49 -4
For the BJT amplifier (stage2),
v, @47V, v, @4a0v, v @112, ,@4.0md,

00263267115659

I, 4m

r H

e

Since r.BStage2) @15k 11 4.7k 11 20086.50H953.6,

the gain of stagel (when loaded by
stage?) is:

A, H-g, YR, r 8 Stage2 ) d-2.6m§2.4k 11 953.6)d-1.77

The voltage gain of stage?2 is:

52—2"5 338.46

A d-

e

The overall voltage gain is then:

A A, A, dF-1.7708-338.46)E599.1

The output voltage is then:
VAV E§599.1081mv()=06V.

The input impedance of the amplifier is that of stagel,
ZHR,H33MQ.

While the output impedance of the amplifier is that of stage2,
Z @R H22kQ.

If a 10-kQ load is connected to the output, the resulting voltage across the load is:

R, *V, H'ﬁmk@ﬁo.@

vV e
Rz, 10k=122k

=H0.497.

Frequency Response of Cascade Amplifiers:
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When amplifier stages are cascaded to form a multistage amplifier, the dominant
frequency response is determined by the response of the individual stages. In general,
there are two cases to consider:

e When the lower-cutoff frequency, fi, of each amplifier stage is different, the

dominant lower-cutoff frequency, /', equals the cutoff frequency of the stage with

highest fi.
e When the higher-cutoff frequency, f#, of each amplifier stage is different, the

dominant higher-cutoff frequency, /="', equals the cutoff frequency of the stage with

lowest fH.
e The overall bandwidth of a multistage amplifier is the difference between the
dominant lower-cutoff frequency and the dominant higher-cutoff frequency.

T BWERfH -fL"

° When the lower-cutoff frequencies of each stage in a multistage amplifier are all

the
same, the dominant lower-cutoff frequency is increased by a factor of /1, —121
as shown by the following formula:

rra-—LL

Ny n: the number of stages in the multistage amplifier.

When the higher-cutoff frequencies of each stage are the same, the dominant higher
l1<=n
-1

cutoff frequency is reduced by a factor of V2 as shown by the following

formula:

ST DT =Ty

Fig. 19-2 shows an amplifier consisting of a common-emitter stage driving an emitter
follower (a common-collector) stage. The transistors have the following parameter
values: Q1: re1=15 Q, f1= 180, ro1 = o0, and Q2: re2=25 Q, p2= 100, ro2= o0,

Find Avs= Vo/Vs, and fi.
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Solution:

FER N R,EH10k 1150500,

r 8 Stage2)®R, 11 R, 11 B, 8 r., =7 (6811 47k 1 §100)§25=150)E5.9k 2,

~R. Il B Stage2) g4 7k 159k

A & H-174.4
r,, 15
RIRIR
- 1 2 cﬂ68k|| 47k 1147k ~40 Q.
‘ B, 100
4 & r 0 Ho0.435

3]
Y Er, Sl 400212502150
r.BStage L)ER, I R, Il p,r, ©150k 139k 11 §180) §15)E2.48 k Q,

riﬁStagel@ Lgk
“r BStage LI R T 2,48k (21100

1 1

3] H103 HZ
27@R =17 BStage 1)@ C, 27y100=12.48k§6 1

S,

[ RyIIR, Il R
RER,I ﬁ"’uD%HI.Sk L5 150K ||13890k 1100
1

2-174.4)80.435)=E-72.9

Q=150,
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1 1
f, H265.3 Hz.

H
E2x R, C, 22815040 1

1 1
5]
27QR [=1r,§Stage2) @ C, 272y4.7(=15.9kk§0.4 1

fo 6 |37.5HZ

R,@R, I Gr,=r (JE10k 1 §25=140)~652,

R,[=1R,,
OC

OC

2x®
1
S Hlm

fo@Max Qf, . [, [/, §@2653Hz.

Cascode Amplifiers:

A cascode connection has one transistor one top of (in series with) another. Fig. 19-3a
shows a cascode configuration with common-emitter (CE) stage feeding a commonbase
(CB) stage. This arrangement is designed to provide a high input impedance with

low voltage gain to insure that the input miller capacitance is at a minimum with the
CB stage providing good high-frequency operation. A practical BJT version of a
cascode amplifier is provided in Fig. 19-3b.
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Fig. 19-3

Example 19-3:

Calculate the voltage gain for the cascode amplifier of Fig. 19-3b.

Solution:

From dc analysis,

V, @49V Vv, @108V o, ~I. &@I,~I.@38mA.

The dynamic resistance of each transistor is then:

0.026 ; 26m
~r A @ 680,
e T TS 8 m

The voltage gain of stagel (common-emitter) is approximately:.

_reZ

A, @—2@d-1

r

el

The voltage gain of stage2 (common-base) is:.

R
cagl3Xgo6s.

r.,, 6.8

A, 6
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Resulting in an overall cascode amplifier gain of.

AdA, A, dF-10F265)d-265.

Cascaded Systems

The two-port systems approach is particularly useful for cascaded systems where:

A, dA4,04,,04,0..

And the total current gain is give by:

Zil
AiTB_AvTR_

L

] i
Ay -"1-'1-'] AI.'J [ Ay | L
i

A H A, x A, %A% ... As

§4.9 B—@A”@_a%a

04, 9a081,8 84,8 overall power gain of the system.

RC-coupled BJT amplifiers:

The name is derived from the capacitive coupling capacitor Cc and the fact that the load on
the first stage is an RC combination. The input impedance of the second stage acts as a load
on the first stage.

Example:

a. Calculate the no-load voltage gain and output voltage of the RC-coupled transistor

amplifiers. -

ltage if ém k $oad is applied to the second

b. Calculate the overall gain and qutput
stage. .

B uF
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c. Calculate the input impedance of the first stage and the output impedance of the second
stage.

Solution:

v .47V, v, @4y, v @iy, 1, dim4

- 26mV 326’”’/56.5{2
I, 4 mA

Z, @R IR I Br,

R
B22kQ N @15k 11 4.7k 11 §200)§6.5() %
RIBODLIR I Br.O

H-D
r

5 < H-102.3
vl 6.50

A

For the unloaded second stage

-R. _,-22k
Avmmar—a?a—%&%

e

AsgucB A, A ev.BE-102.308-338.46()H34.6010°

The output voltage :

VBA g,V BE34.6%10°)«®25 4V ®11865mV

b)

Z "R R, pr @44k 15k1 §200086.50d953.60Q

Z,,dR H22kQ
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Example:

Q1=0Q2: h,. = pEs0,h dprH0.5kQ

A

1

Z. 20114k 0.5k 0435k Q

Z .

ZBa @V HOOHER,H2kQ

A.:

1

R, :
JblﬂR,E']; if RER,IIR,,R={R} rsub {3} Il {R} rsub {4}

e

3333k 1,

I B———1 E0.871.
P17 333k (=70.5k i

Ji _Raﬁ]m@ t
o! R\ [=10.385k curren

divider rule
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~4kBI, O _ ~4kh I, _ ~40500B0.871,Q
4 k[=10.385k 4385k 4385k
[al
A, - E-39.68
I

1,667k BI,®

b HR} {I} rsub {i2}}0ver{{R}A{E|h' H
b2 ©1.667k[=10.5k

I, dh,1,,@50280.7691,,)d38.451,

]02

h
2K BI8451,0
3k
-R =
C2 &102®H@
R,LEIR,

BOD fel,,d

2k 2k[=11k

25631,

102
4,8 25,63

i2

A, |4, A, EF-39.68)F25.630=1017.

H0.769 7,

A4,:
h.R, _-R “50R
salefigh g S0R0.3509kD o e
) v, 0.5k
-S0BRL,DI R, _ -50B0.667kD
: H-66.7
r2 0.5k 0.5k
Note:

R, &R, Il R R, NI b, 6h0.3509k

A, 84, A, dBF-3509)8-66.7®12340.50

Or

10
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810170014
Ve

JUTIIRY K

Example:

|2337.93

of the two stage amplifier.

016 pE 100, H10.74Q

026 fE100,r, H4.51Q

Calculate the input and output impedance Ay, 4
VCC1av
T
20k}
2kt SpF RE
‘_I c1
Z: —]
1k} 1k}
ZER,/ R,/ Br @82k / 20k /1.074k Q= Br d1.074k Q
Z,:
AR
Zeﬂﬁ? =Tr,, RE2k 11200 k12 k
N>
Zeﬂ'ﬁfk.Dr H20(=14.51H24.51Q
A,:

RN R, I SBR L Z,D
&
-D

A, E—

rel

L

= I8

11
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2k 11200k 1 TOOBLL I 16D

D
~-D
SO
~ >~ ] V02
V=0V, V, =V with A,H =
Vol

A, A4, . A4, dF-186220F10H-186.22

z,
A @A, 7 18622 1'(17:" =200

Example:
Determine 4o 4v- 4 for the network.  vee 22v
§ﬂ‘.—’lﬁﬂ 4. Thi} éﬂlkﬂ
M n_ .
I Vo
li 0.75pF B =100
Vi —* B=g T, = 24.530
B1 hl11;:13.:-:& éwhﬂ
§22kﬂ 1 zi? ‘—|
’_3’ 2K} J_' Zo
R
BODELIR,OE22k 11 SOF3 k() W22 11 240k 122k
RER,, I O

R,*Vcc RB2VCC 2k@220
Vo, H— = = H4.657
PUTR'EIR,, Ry EIRy 22k[=182k

vV, @V, -V, @465-0.7@3.95V

Vi 3.95
L @22 H1.32m4
R =R, 3k "

V- |

12
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26mV o 26 mV

d d 1970
e TV

Z®R,, 1| Ry, Il BR,, &82k 1 22k Il 80 ki 14.26k Q
Z,:
ZBaBVEOOHR,H2kQ

A4,:

-R, _-BR.IZ,®

vV, dV.I1& A, =
o l & Ry [=r,, Ry [=r,,

I VA H—
ﬂl" i2 1 RC

Z,d éAV2a

F

y H_RLH_RQH ZLa -5k
V2

H-203.
¥r o 24.53 03.83

10°

Z”azo3.83

Il 100§24.53)E4.906 11 2.453 ki 1.6353 kQ

-B94.7kD 1 1.635k o -1.213

E-1.1
1 k[=10.0197k 1.0197 7

A, d

A, EA4,,.4,,@BF-1.19)-203.83011242.56

8
A4, 04,8 i ”g a 8242 5610ﬁk1426k@j345 81

A,d84,8 84, 9d834581)08242.56] 183.9010°

Example:

Calculate the dc bias, voltage gain, input impedance, output impedance, for the cascade
amplifier shown in Fig. and calculate load voltage if a 10k€2 load is connected.

13
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=Y

% 24Kk

1L
L]

10 mY 005 P

55 MR

Solution:

Vieso®—1.9V 1, @28mAg, H

{015 pF

it ) & T = 10hmd
it Vpm =4V

| T
sl szi

21
DSS H2&10111/1@

n
gmﬂgmo'ﬁ Yesol)gism ﬁl

A, d-g R @-§2.6mS)§2.4k()d-6.24

For the first stage:

AVla_ngD ” Rcz :2.4 k ” 3.3M D2.4k

A,dA, A, B88-620F-620H384

VA,V @§3840810m)d384my

The cascade amplifier input impedance:

Z @R, H33M QfRemake Z @R, Z ER,,§

Z,®R, =) 4kQ (assuming that rd=c0Q)

The voltage across a 10k load is

10k

" | R,
24k=110k

" Z =R,

8.8 8-49%

HZ6 mS

B384 my H310mV

14

33 M0

H5mS

L) 005 uF

GRO L2

Hpr = 10 mA
Vpm =4V

51
+
I 1M pF
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N1:N2
% V2 ZL
» V1 § ‘ |§
V_2 d Vi | a @ transformation ratio®
ﬂ N, E —
I, N,
ZHdZ,
Example:
For the network find 47
anl
1I2£81'-.-' step-dawn
% |E s
51 22060
5 )
1 Senk 2N11328
step up p
i |

59pF

e

—f—

h @ pES0

h&@pr @2k Q

15
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h, @20 MA<=V
For maximum power transfer the impedance %2:%4 should be equal to the output
impedance :
'ep -:I-:- m ""’":":' n
-|1'::|:|_up |J va
i,
1
= —H—HSOkQ ZzZ,,Z,8Z,
Zo h,, 20u

Z®d Z,, Z,da’ R, @52 k&50 ) Z,@50 whereare Z,, Zs=h, @2k Q.

VBN2V54V
1 Nl i i
1
—h . B=——V 7.0
v h, 7 fe - 2 5050k /
v, h, h 2k

ie

v,d—625V d—62584V . )d-25007,

—2500V
ﬁ@@i@—sow
V.d 2Vﬂ Vﬂ @
V, -h.Z, _ —50%
PR R A~ SO&SOkIISOk@H_&S
v, h,, 2k

vV, @—625V,d@—625F-500 7V JE312.50%10°V,

VLH% V4H%’E312.50* 10°7,®

16
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VL 3
4,8 @62.50010

1

Direct-Coupled Transistor Amplifiers:

B, &40, ®E13.47Q, p, @100, 520

Dc-conditions:

12-8
d87, ] @ —"E5mAd
Vo EsV, 1@ Esm

[,=1,,@5mA

v, d85mA)«§101 k)=d5.5V
v, @07V

V,,@v, @55=07d627
I,=p,1,,

I
2g3MA g 93,4

VN |
B2 ﬁz 3k

ISk >>IBZ
1,,=1,8@1.93md

V. @81.93m) 124232V

17
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vV, @V, =V, @2.32E0.7d3.027

Ac-analysis:
Z-WBR;  for emitter-follower con.

Z, @p R, @40812k) 48k Q
Z.&@p,R,,d10081.1k)E110kQ

4 g RugTRA T PRy g3k 7110k _ =3k
vl

R, R 12k 12k

R —R. _
g Tlog=08ka 73

A 6
"2 Rg,  Rg, L1k

A A A dF-25)08-0.7273)d1.818

0.8%

7. (] o=
4af4 88> fal LBIBIRABAD g9 g
ZL

A, d848 §48d81.81908109.08) 11983

H-2.5

18
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The silicon transistors in Fig. 19-4 have the following parameter values:
O1: p1=100, ro1 = 00, Che=4 pF, Cre= 10 pF and Q2: a2 = 1, ro2= o0.
Find Ic1, Ic2, Vi, Ve, Avs, and fil.

Solution:

P
v E10k512@

dH28V,V, @V, —0.7d2.8—0.7H2.1V .
B 10k [=133 k El Bl

V
Elﬁﬁ

10k@120Q

.= H
cro Tl 10k[=110 &

H2.1mAdI,,~1.,.V,, @ H6V,

Vo, @V, @V,,-0786-07d53V,

Ve, BV o= IR, @12-21m§2k()7.8V .

0.026 ; 26m

IElzIEzzrelzrezﬁ IE Hmﬂ124g,
—r R.I R

A @ 2@ 4 e g2kl 10k gy
Fo 7o 12.4

r. B Stage 10633k 10k §1000§12.4061.07k Q,

r, 8 Stage 1) 1.07k a

A, d—10K e 11813440123,
e sage TR A g op 81 VR 13440

19
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Ry, ®r §Stage1()ll RE1.07k 1 10091.5Q.
C,’dC,=C, dC, =C, §1-4,,()d10 p=14 p§20 618 pF,

S i 1 = | L H96.7 MH:z .

27 Ry C, 27289150 R18 p@

20
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Darlington Amplifiers:

A very popular connection of two BJTs for operation as one "superbeta" transistor is
the Darlington connection as shown in Fig. 19-5. The main feature of the Darlington
connection is that the composite transistor acts as a single unit with current gain that is
the product of the current gains of the individual transistors. That is

podpp.8 B’

Fig. 19-5

Example 19-5:

For the Darlington emitter-follower circuit shown in Fig. 19-6a, determine /s, Ic, Ik, VE,
Vs, Ve, Zv, Zi, Zo, Ai, and Av. Use fp= 8000, Vee=1.6 V, and ri= 5 kQ.

+Vp (+18 V)

Ve 1t - . B, = 8000
0.5 pF ‘] : I: = Vep =16V
(o
— v
,  05pF
Ry
iiﬂﬂﬂ
(a)

Fig. 19-6

21
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Solution:
From dc analysis:

Vee=V s 18-1.6

1,8
B R, ZI R, 3.3M [Z18000 3900

H2.56 ud

18§ p,=101,~B,1,81 E8000§2.56 . )H20.48mA,
v &EI,R d@2048m§390])=sV,
v, @y, =V, @8=11.6d9.6 7,00

v.av @18y,

From ac equivalent circuit of Fig. 19-6b:

Z,|r[=18,R, E5k=18000F390)E3.125M Q,

ZER, N Z,d33M 113.125M ®1.605M Q,

r. r.
ZER N r Il ==L -
E o B [Derive]

S5k
—— i 0.625,
8000

BpRy ’ 8000 &390

A
" R,=EZ, 33M[=13.125

E4109,0D

R =B R, a 390=1§ 8000) &390

= BRI B, R,D 5k=@390=188000] §390 &

Feedback Pair Amplifiers:

B0.998~1.

The feedback pair connection (see Fig. 19-7) is a two-transistor circuit that operates
like the Darlington circuit. Notice that the feedback pair uses a pnp transistor driving an
npn transistor, the two devices acting effectiyely much like one pnp transistor. As with
a Darlington connection, the feedback pair provides very high current gain (the product

B
22
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of the transistor current gains). A typical application uses a Darlington connection and a
feedback pair connection to provide complementary transistor operation.

Fig. 19-7

23
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For the feedback pair connection amplifier circuit shown in Fig. 19-8:
1. Calculate the dc bias currents and voltages to provide Vo(dc) at one-half the
supply voltage.

2. Calculate the ac circuit values of Zi, Zo, Ai, and Av. Assume that ri1 = 3 kQ.

| pima
e
3 B, = 180
P ; t L....-- 22
2 a:;z g o |
, il
| [V
- w
Fig. 19-8

Solution:

From the Q1 bias-emitter loop, on obtains

VCC_ICRC_VEBI_IBIRBHO’ VCC_ﬂlﬁlelRC_VEBI_IBIRBBO O

Vee=V e 18-0.7

I, d
U Rg=BiBoRe 2MI=1B140()F180) @750

d4.45 4.

The base Q2 current is then

I, |p 1, d14084.45,)80.623 m4,

resulting in a Q> collector current of

I.,8p,1,,@18050.623m)d112.1mA,

and the current through Rcis then

24
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I8, =, ,@0.623m=1121m=I.,@112.1mA.

The dc voltage at the output is thus

vV 8dc)dV .~ R @18-112.1mE75)d9.6V,
And V.Bdcldv Bdcl-v , H9.6-0.768.9V .

From the ac equivalent circuits of Fig. 19-9a and b:

Z=R; I &r, [Z1p, f,R-D

@2M | 3k =F 14005 1800 §E974 k Q.

Z &R N7, 'ﬁril @,Bl@ | @r, <= p,5,&0

3k

H0.120.
1400 @ 180@

A aﬁ1ﬂ2RB
" RE1Z,
140081800 B2 M ®

“ 2M [=1974 k

= 16950.

A6 BB, R
ﬁlﬁchE’”n

§140) 81800 B 75@
8140818008750 =13k

H0.9984~1.

Ty

BB

25




University of Thi-Qar

Electrical and Electronic Engineering Department lecture nineteen
Second year, Electronic 1, 2016-2017 by:Abd-alqafar
By C 8, Ty
: 3 . g
§"l 1 A, 2 LT
v R, __I T 7 J
A £ 1E 5 "
1l- | >
- g -
"L - b - ';'
(a)
B, iy j.'- : Cy
o - i - o
+ | L

Exercises:

1. The transistors in Fig. 19-10 have the following parameter values: Q1: gmi =4 mS,
ra1= oo, and Q2: re2= 30 Q, ro2= co. Find Avs.

b 10 ket
1k93
Q-

2000

il

Fig.19-10

2. Fig. 19-11 shows a common-emitter stage driving a Darlington pair connected as an
emitter follower. The f-values for the silicon transistors are 1= 200, f2= 100, and
ﬁ3 = 100. Find Avs.

26
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. 19-11

27




