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Terminal Gain and I/O Resistances of BJT Amplifiers

Common Emitter (CE) Common Collector (CC) Common Base (CB)
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Without degeneration: '
Simply set R, =0

For the gain, R;, R, of the whole amplifier, you need to include voltage/
current dividers at input and output stages
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Terminal Gain and I/O Resistances of MOS Amplifiers

Common Source (CS) Common Drain (CD) Common Gate (CG)
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Without degeneration: '
Simply set R; =0

For the gain, R;, R, of the whole amplifier, you need to include voltage/
current dividers at input and output stages
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Summary of Single-Transistor Amplifiers
BJT Ideal Common | Common |Common | Common
Voltage Emitter Emitter Collector | Base
Amplifiers with Deg.
R 0 Moderate | Large Large Small
R, 0 Large Very Large | Small Large
Ay 0 Large Moderate |~1 Large
fy 0 Small Moderate | Large Large
MOS Ideal Common | Common |Common |Common
Voltage Source Source Drain Gate
Amplifiers with Deg.
R = Very Large | Very Large | Large Small
R, 0 Large Very Large | Small Large
Ay o0 Moderate | Small ~1 Moderate
fu 3 Small Moderate | Large Large
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Need for Multistage Amplifiers

» Typical spec for a general purpose operational amplifier
— Input resistance ~ 1MQ
— Output resistance ~ 100Q
— Voltage gain ~ 100,000

* No single transistor amplifier can satisfy the spec
+ Cascading multiple stages of amplifiers to meet the spec

* Usually
— An input stage to provide required input resistance
— A middle stage(s) to provide gain
— An output stage to provide required output resistance

+ It is important to note that the input resistance of the follow
-on stage becomes the load of the previous stage

@ Lecture21-Multistage Amplifiers 5

=1
m

A 3-Stage ac-coupled Amplifier Circuit

C-S amplifier

C-E amplifier

C-C amplifier
+15V

|

|

|

I

[
;

|

Co

3.3kQ
250Q

Res |
120 kQ R,
|
|
|

* MOSFET M,operating in the C-S configuration provides high input
resistance and moderate voltage gain.

+ BJT Q, in a C-E configuration, the second stage, provides high
gain.

+ BJT Q;, an emitter-follower gives low output resistance and buffers
the high gain stage from the relatively low value of load resistance.
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A 3-Stage ac-coupled Amplifier Circuit

C-Camplifier |
+15V |

C-S amplifier

C-E amplifier

620 Q

G 120 kQ

2000 R ; 33kQ

250 Q

|
| Vo
|

+ Input and output of overall amplifier is ac-coupled through capacitors C, and C,.

+ Bypass capacitors C, and C, are used to get maximum voltage gain from the two
inverting amplifiers.

+ Interstage coupling capacitors C, and C; transfer ac signals between amplifiers but
provide isolation at dc and prevent Q-points of the transistors from being affected.

+ In the ac equivalent circuit, bias resistors are replaced by Rg, = R;||IR, and Rg; = R;||R4
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dc Equivalent Circuit

+15v  Transistor Parameters
M, : K, =10 mA/V?, Vpy ==2V, A=0.021""
0,: B =150, V, =80V, V,, =0.7V
O,: B-=80, V, =60V, V., =0.7V

620Q S Ry

AA

4.7 kSZl
[N
o |

R
| * Res

AAA
V

120 kQ

L6k | azke Q- Points
I M, : (5.00mA, 10.9V)

0,: (1.57mA, 5.09V)
0,: (1.99 mA, 8.36 v)

At dc, the capacitors isolate each

individual transistor stage from the Small - Signal Parameters

others. Thus, the bias point for each M,: g, =10.0 mS, r,, =12.2 kQ

transistor may be found using the Q,: g,,=628mS, r, =239 kQ,

single transistor analysis methods T, =542 kQ

already discussed. Q¢ 8,5 =79.6 mS, r,; =1.00 £Q,
1y =344 kQ
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ac and Small-Signal Equivalent Circuits

o

=

| C-S amplifier I C-E amplifier | cc amplifier
Rin | | l
i e [

My Rpy § | { Riz Rex § | L Rps

| |

v; — | — 47kQ | SIEER
' |
l |

ac Equivalent

U3
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Small-signal Equivalent

C-S amplifier C-E amplifier
R, = 620Q||17.2kQ = 598Q

R, =47kQ|51.8Q = 431kQ

R, =3.3kQ|250Q = 232Q

R, =R,
R,=R,=1MQ
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C-C amplifier

R,, =598Q|r,, =598Q[2390Q = 478Q

Input Resistance and Voltage Gain

R,

in

R,
Av = szAvrzszl ——
R, +

% < —g,.Ryy = -0.015(0.478kQ) = -4.78

Vi
R, 1MQ
v, =V, =v,
R+R, 10kQ+1MQ

=0.990v,

Ry, =Rp|Ris =Ry,

[rns +(Bs + l)R“] =3.54kQ

v
A, = 73 =-g,,R,=-62.8S

2

(3.54/@) =-222

(B +1)Rs =0.950

V3 ) Ty ¥ (/3)03 + I)Ru

vO

Aw} =

R.
Av = AwsAvrzAwl m =+998




Output Resistance

| C-S amplifier | C-E amplifier e amplifier |
| o 1=
|
Ry Re2 & !
{12k | 47FR :
|
| |
rzr + th 1 Rth
3=, St~
1+ g, B
R, =R, I, =431kQII 54 2kQ = 4kQ
3= #+ 4k =12.6Q2+50Q = 62.6Q2
T 79.6mS 80

R, =R, IR, =33kQ162.6Q=613Q
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Current and Power Gain

| C-S amplifier | C-E amplifier | c-C amplifier |
[ | o, | =
——]_ e | b
M Ry, q | Ry il | s R Rp | +
g :: | 4.7kQ l 51.8 kQ < Yo
! 6200 3 | 17.2kQ : | SUBKR =
250 Q
| |
=
| - | |
The input signal current delivered to the amplifier Current Gain: A =-2=403x10° (132dB)
from source v, is '
jj=——=9.90x10” v
I T Voltage Gain: A, =22 =9.98x10° (60 dB)
1 in V.

i

and the signal current delivered to the load resistor is P lvi
Power Gain: A, =—2=|22l= A A =402x10° (96 dB)
Ve i AV 998 549, "R i T

i = R
R, 250Q 250Q !
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10K l—‘ RG 1
VI § IMEG <RSI o SR
200 Q" 122 UF 22K
T

C4

IL5K |22 UF

Input and Output Signal Range
| C-$ amplifier | C-E amplifier | c-C amplifier
| |
f [_e |
M; Rpy I L Ry, Rex | Ry
v 620Q : ¢ 17.2kQ H : S
| |
i
| = |
For the first stage: ‘vl ‘ = 0.2(VGS —VTN) - |v|= 0'2((_)19-;2)‘/ =0202V
For the second stage: v, ,|= ‘vz‘ = ‘Avlvl‘ =5mV
‘vl‘ssm—v=5m—v=l.05mv - |yl= 1.05my =1.06 mV
A, 478 0.99
For the third stage: v, , = — > — = A4, (0:990v,) <5mV
1+g,:R;5 1+g,:R;5
a8 s,y 907 4y
A,A,,(0.990)
Overall: ‘v,‘ < min(202mV,l 06mv, 92.7MV) =92.7uv
[v,|= A, (92.7uV)=998(92.7uV)=92.5 mV
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SPICE Simulation Circuit
/) Ve
< L
RDI 15V =
620 Q ché
|
c1 Ml 6
Rl RUF —| bl 22 UF

R4 > RE3 RL
120K %3.3 K 2250

@ Lecture21-Multistage Amplifiers 14

10




SPICE Simulation Results
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SPICE Simulation Results

. . ‘ . %1 (bs)
+0 +20 +40 +60 +80 +100
Distorted output with amplitude exceeding output voltage capability of amplifier.

/

i
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Short-Circuit Time Constant Estimate for f;

An estimate for the lower cutoff frequency for an amplifier
with multiple coupling and bypass capacitors is given by the

sum of the reciprocals of the "short-circuit" time constants:

o 1

where R, is the resistance at the terminals of the ith capacitor

with all the other capacitors shorted.
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Short-Circuit Time Constant Estimate for f,

| C-S amplifier | C-E amplifier | ccamplifir |
| | | +ISV |
| | | 5% |
R RS 47kQ
| 6200 3 Ry, | I Soiva |
| | 78kQ . S |
4 c
SR et DA B
ke G | | Co
]| ™ 4

i H I: 1 | Lw | [ & —
| | Res |

W AMR R I nke ke 120kQ R
| 20092 3 Ry | c | 33kQ | =
| —Fz ‘ 16k T | | 2500
| | = | |

C:Rs=R +R;=101 MQ
1 1
C,: Ry = Ry || Ry, = Ry | — = 2009 =66.7Q
- ) ’ 0.01S

ml

CiiRyg =R, + R,

Ry, = Ry + Ry |1,y = 620Q+17 2kQ|2.39kQ =272 kQ

2.394Q +17.2k2]0.620kQ
151

R T + Rthz

iE2 = EZH

CiiRis=Ry,

=1.5kQ| =1920Q

02

ie)

“Rsg =R +Rp,|Rys =R, + RnHr:n (1 + gm3RL3)
Ry =4.7kQ+51 .SkQHl .OkQ[l + 0.07965(2329)] =189 kQ

T+ R,y

‘R =R, +RE’§HR1'E’§ =R, +R1»:3H%

1.0kQ +51.8kQ|4.7kQ
81

EN

03

Rys =250Q+3.3k9) =315Q
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Short-Circuit Time Constant Estimate for f,

1 1 1 1 1
e 10IMQ(22uF) | 66.7Q(22uF) " 272k (22uF) * 192Q(224F)
+ ! + ! 1=511Hz
18.9kQ(22uF) * 315Q(22uF)
Av (dB) }

+10.0 K +100K  +1.00M +IO..0M
Frequency (Hz)
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