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Homework Assignment No. 13 - Solutions

Problem 1

Use the method of feedback analysis to find
volvy, Riy = viliy, and R, = vyliy. Assume that Ry =
all transistors are matched and that g,,; = g,», =  100kQ
ImS. Neglect r .
Solution

o i,
The topology is series-series. O_II
T . e

The circuit is redrawn below in order to help
identify the various terms for the analysis: Vi

1
—>
1% - - =
N FO2H12P4
VlA
ViF |
Vs T iF ZNF= T inp=0 = Rs = 1kQ
+
4 vor | =R, +R: = 10kQ
+R: =
VI Rs F Circuit  V2F 2 = g i p=0 = F4 ¥
o © Z10F = —0=Rs5=
FO2H12S4A = ip i1
Calculation of the A circuit:
iO‘ ' / ngZ‘ \
< o Vsl -<<>_+
o—] E— + \ \ Ti '
Ml M2 8mVgsl R4 s 0
. %Rz %Rg,l:’ Vs %RS %Rz R3%
o o

FO02H12S4B

A—E—( iol)(vgsz)( gsz) ( ngz) L) (103)(5)0.5) = 2.5 mS
_vsr = vgszr vgsl (gm) 1+g R3 1+ng5 _( )(_ )(_ . )_ D m

Iy A 2.5mS

v, = T+Ap = 1+2.5 =0.714mS
Since, 7114 = %, then R;, = 50kQlloo = 50k€2

V2 Ry o
=30 Ry =-0.714mS(1kQ) = -0.714 V/V

Vi T
R, = (2yyp+ R3)(1+AB) = (1 +R3)(1+A/3) 2kQ(3.5) = 7kQ

However, the output resistance specified by the problem, R, is found as

Ry = (R, - Ryl Ry = 6kQIIKQ = 857Q

our
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Problem 2 - The amplifier in the feedback circuit
shown has a transfer function of

100
A(s) =75

05 S

What value of f will increase the upper —3db frequency by a factor of 10 for the closed
loop gain? What is the closed loop, low frequency gain?

Solution
s A 1 1 100 ( 100 ) 1
FZ1+AB =1 = 5105+1 = 1+1008
AT oo+ B 105 +1+ 1008 105(1+1008) * !
. 10°(1+1008) = 10° —  1+1008=10 —  B=9/100=0.09
The closed-loop, low frequency gain is,
100 100
Ap0)=T41008=T+9 =10 —  4g=10
3.) Problem 18.40 of the text.
)R
T="2=g.(rl.) (B, +1) | 8, =40(10™) = 4.00mS
vx (02 r;)4)+rn +(ﬁ0+1)R
100(0.025
=204 s 1, 220 g - 10000.025) _, ogx
10 107 (12V /10kQ)

(lOI)IOkQ
280k +2.08%kQ + 101(10k§2)
4.) Problem 18.59 of the text.
2x10" 72
(27 x10%)(27 x10°) 5:10°

(a) A(s)= S S = S P
(1+ 3)(1+ 5) (1+ 3)(1+ 5)
27 x10 2w x10 27w x10 27 x10

A(s) represents a low - pass amplifier with two widely - spaced poles

Open —loop: A, =5x10°=114dB | f, =0 | f, = f =1000 Hz
(b)A common mistake would be the following :

Closed - loop: f,, =1000Hz[1+5x10°(0.01)] = SMHz

T =(4x107)(280kQ) =876 (58.9 dB)

Oops! - This exceeds f, =100 kHz! This is a two - pole low - pass amplifier.

2x10" 72
(s + 2ﬂx103)(s + 2ﬂx105) 2x10™ 72
Av(s)= 14_2 =7 5 2 2
2x10" 7 (001 ° +1.01(2frx10 )s+2x10 p

¥ (s+2frx103)(s+2ftx105)

Using dominant - root factorization: f, =101 kHz, f, =4.95 MHz
So the closed - loop values are f,, =101 kHz and f, =
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5.) Problem 18.62 (18.30) of the text.

C
IC:IL | - 2 1 uF
N | |
|_>
C) 1 MF 10 kQ
* 1MQ | 10 kQ
/ 100 kQ 1MO 0
I.
|
P 209097 | o, - — ! _s58.574d
107°(100kQ + 1MQ) s 107°(10kQ + 25kQ[10kQ1 M) s
: A 58.5
Separate, widely - spaced, poles — f; = f, =2—=9.31 Hz
JU
C
GD| |
g N
+ 3pF
— v, i 4.15 kQ
C -
100 kQYN 1 MQ GS 10 pF ImV1
®
25kQ| |1K2] |10R] | 10R
ot = | 1
Ao -
-
7 (100kQLMQ)(10pF + 3pF| 1+ 2mS(4.15kQ) + mg};}m
A 1 1
= = 46.1 kHz
T =2z (90.9kQ)(38.0pF)

Ve, =i, (100kQJIMQ) = (90.9kQ)i, | v, =—(2x107)v,,(25kQIOKRQ[10kQIMQ)
vO

lS
1+ AB =1+(-7.55x10°Q)(-10"5) =1.76

£ = 19-_361 =529 Hz f, =46.1kHz(1.76) = 81.0 kHz

A =" = _(2mS)(4.15kQ)(90.9kQ) = ~7.55x10°Q | yf; =-107S



