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4.1 Multistage RC Coupled Amplifiers

‘ V,
Vo1 V V Auva — 4
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Cascaded Multistage Amplifiers

Note that in multistage amplifiers, (a) V, of the preceding stage
becomes V,, of the following stage, example V= V., (b) R, of
the following stage becomes R, of the preceding stage, example
R ;= R;», (c) Overall gain is the product of gain of every stage.
So the design depends upon the available data between stages.
For example, without knowing R, of the second stage, design is
not possible fo meet the voltage gain of the first stage.
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4.2 FET-BJT 2-stage RC Coupled Amplifiers

Desigh Example

Draw the circuit and design the following 2-stage RC coupled amplifier.

First stage is a JFET self-bias CS amplifier circuit. Design the parameters of
the JFET( Isss, Inss and Vp)and Vi, for required R;=20MQ2 , A, = -12 and Ry, =
R ; = Ri,» =2kQ. Assume Vy=Vyy/2=10V

The above FET amplifier is RC coupled to a second stage (CE) amplifier
circuit whose specifications are: =200, V..=10V, optimum output voltage
design, R.= R =2k, Rg= 0.4kQ, Design bias resistances R; and R,.

Overall performance

# What is the total voltage gain from the input of the first stage to the
output of the second stage?

# Find undistorted output voltage swing at second stage output and

# The possible maximum input voltage at the first stage.
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Draw Circuit to be designed

Self Bias CS Amp. CE Amp. p=200, V..=10V,
R;=20MQ , A, =-12and R,  optimum output voltage design,
= RLI =R, =2kQ. Assume R=R, = 2kQ, Re = 0.4k
VD:VDD/Z:IOV
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Because R; = R,, =2kQ is available, design is possible for the first

stage voltage gain and also design of Ry, of the second stage.
Therefore the design can start with the first FET stage as follows;

Given; CS Amp. R;=20MQ , A, = -12 and Ry = R ; = R;,;, =2kQ. Assume V=V/2=10V

-12

Opt. gy =12mS =1.42 ‘@5:»(1)

Take VWp from (2) and putitin (1),

12 - 142 Inss _142x0.6
IDSSR RS

0.6
'SS W
VDD IDRD VD =10V = 2 :> VDD 20V ID RD

=183V ~-2V

:>Rs=

-5mA x0.071k

0.3
) 01x2V B ZOV,ID =bH5mA

IDSS = IOmA,Vp =-2V

- Ves = 0.3\ = _IDRS =W =
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Because R;,, =2kQ is available, design is possible for the Ry, of the second stage.
Given; CE Amp. B=200, V..-10V, optimum output voltage design, R.= R, -2kQ, R¢

= 0.4kQ

Vee' ' 10

€~ Roc +Ry dk+24k

26 26
e = ﬁ ~%04 8.840) = Br, =200x8.84 =17680Q

-.Ra //Prs =Ra //1768Q =R > = 20002 = Rg = % _ 15,24k

Vee _ 15.24x10

=72.57k
2.1
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Designed Ry =19.25kQ,
Ry =72.57kQ
IC =2.94mA




Overall performance

# What is the total voltage gain from the input of the first stage to the
output of the second stage?

# Find undistorted output voltage swing at second stage output and

# The possible maximum input voltage at the first stage.

~ —R¢//R. -1000

A= _CRL = 113.12
o e 8.84

A = 12 S# A1 = —12x(-113.12) = 1357.44[v02 (pp) = 2T Ry = 2 x2.94mA x 1k = 5.88V

Vo2(pp) 5.8V
H#M ; = 02 P _ =0.00424v =4.24
axmum v; 1 (pp) A 1357 44 vV mV

4.24mV(pp}t—

RG§ Rs __l_

20MQ 7195 T

AV].:_]'Z AVT:1357 AVZ:_113
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4.3 FET-BJT-FET 3-stage- RC Coupled Amplifiers

To design an amplifier having (a) very high R, & (b) very high voltage gain & (c)
very large signal output voltage swin 9 driving a very low load resistance,
following stages are sgléeted. Vios

Re
I: l R . 5:3 § >

Rop
D L 6

R13 —
Re 3 {L bvm L Fe i R53§ ?RL

Self bias €S Amp. To provide SF Amp. To provide high
very high R,, but small signal Rins and Voltage divider
V, since it is a preamplifier bias to provide large
stage Take A, = -12 I output voltage swing to

drive Rg3= R =1000Q
CE Amp. For high A,
Take R-2kQ R - 20kQ
For maximum vol‘rage
transfer from 2n stage to
3rd stage



Draw and Design R, , Rs , Ry = R, and Vp of the first stage JFET self-bias CS
amplifier circuit. FET data is given as I;5s=300nA, I5ss=5mA and V,=-3V, The

required specification is Vp=Vpp/2 and A, = -12

Re O _ 03 0 -

IGSS 300nA ——

Opt. gm =142 |DV5|5 1425%”‘ 2.367(mA/V)
b

12
V——gm(RD//RL) —12:>RD R_= ka 1013kQ RD‘RL

— (5mA/2)=25mA
Opt. Vg = 0.3 = 0.3x(-3) = -0.9V

0.9
2.5mA

VGS =-0.9V = _IDRS = RS =

—0.36k =3600( IS

VDD — VD = IDRD = VDTD =2.5mA x10.13k

- Vpp =50.65V - Voo
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Draw and design second stage (CE) amplifier circuit

Given specifications are: = 200, V .=10V, R.= 2k Q, R, = 20 k Q , R-0.4kQ, R,
= 10.3k Q. Design bias resistances R, and R,,

# find voltage gain,and undistorted output voltage swing of this stage.

.n3 — '
__10 _ _538ma Vee
“18k+24k " .
=28 10920 = Br, = 200x10.92 = 2.184k0) <R }
238 ¢ ‘ ' ok
10.3x2.184 Ri
- Rg //Prs =R //2.184kQ =R, = 10.3KQ = Rp = -2 <5 _5 77y in2
8//Pe = Rp in ~ 87103 2184 4
Vin §R].Z
| RE CE
277k x10
_ &R 16.49K
168 Rz || Ry,

_—R¢//R_ -1800
- - 1092

e
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Draw and design R;3 , R,5 , and V55 of the third stage JFET voltage-divider
bias SF amplifier circuit if the FET data is Izsc=1pA, Iyss=10mA and Vp=-3V,
The required specification is Vs=Vp/2 to drive a load of Rg = R, 1kQ

# Find R, of your amplifier and # maximum input voltage at the first stage.

Rir3 =R13//Rp3 =20k =Rg < O 03 _gam- 300kl Check R;; < 300k with I c.=1pA
Isss 1uA —

Opt. Iy = (10mA/2)=5mA < Opt. Vg5 = 0.3x(-3) = -0.9V Vb3
Iyss 10mA
Opt. gm=142"222-142""" - 4734(mA/V
pT. gm V| 3 (m ) R23 §
ID3R5:m:5mAxlk:5V:>VDD=2x5:10V Vob3 6E>
2 R _lhj

VGG = VGS +IDR5 = -09+5=41V 13§ Rs3 § RL
10 _ 48.8k0 = 3 N
41 R23

4734Rs//R) _ 4T734mAxIK ) o5pfV03 =2Ip3Rac3 =2x5mAx 0.5k =5V

V37 1+4734x(Rg//R.) 1+4734mAxlk 5 5

AVT = (~12)(~164)(0.825) = 1623.6 Virt(PP) = 5 = 1623 ~ 0003V =3V @ Vi (Pp)

R, < 1k so it can drive
R =1kQ load easily

R, =Rs//(1/gm)=1k//(1/ 4734k =1k //0.211k = 174 (0
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Overall performance

# Find At of your amplifier and # maximum input voltage at the first
stage and # check R, whether it can drive R =1kQ load easily.

4734Rs//R)  4734mAxIk Vy3 = 2Ip3Ryc3 =2 x5mA x 0.5k = 5V

A3 = = = 0.825
V371, 4734x[Rg //R.) 1+ 4.734mA 1K ’ s 5 oo -
AVT = (-12)(-164)(0.825) = 1623.6 g m(PP) = 5 = 17 = 0003V - uaem Vi, (pp

Ro = Rs //(1/ gm) = 1k//(1/4.734) = 1k//0.211k = 1740 A 1k so it can drive
R =1kQ load easily

50.65V 10V iov
Voo Vec Vb3

10.13kQ RD§

ma] Rs 3 =Cs R 1kQ
3600 333ka | | L el | 1k
= S § 0.4k
A, =-12 A,,=-164 A,3=0.825

A,=1623.6 12



