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Preface

This manual contains complete solutions for all exercises and end-of-chapter problems included in the book
Microelectronic Circuits, International Sixth Edition, by Adel S. Sedra and Kenneth C. Smith.

We are grateful to Mandana Amiri, Shahriar Mirabbasi, Roberto Rosales, Alok Berry, Norman Cox, John Wilson,
Clark Kinnaird, Roger King, Marc Cahay, Kathleen Muhonen, Angela Rasmussen, Mike Green, John Davis, Dan
Moore, and Bob Krueger, who assisted in the preparation of this manual. We also acknowledge the contribution of
Ralph Duncan and Brian Silveira to previous editions of this manual.

Communications concerning detected errors should be sent to the attention of the Engineering Editor, mail to
Oxford University Press, 198 Madison Avenue, New York, New York, USA 10016 or e-mail to
higher.education.us@oup.com. Needless to say, they would be greatly appreciated.

A website for the book is available at www.oup.com/sedra-xse
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Ex: 1.1 When output terminals are open circuited

For circuita. v, = v,(1)

For circuith. 0 = {(f) X R,

When output terminals are short-circuited
For circuita. #,, = S0

s

Forcircuitb. i, = ig#)
For equivalency

Ryig(r) = wuglr)

Velt)

Figure 1.1

i)

Figure 1.1b
Ex: 12

Vor

ise = 10 pA
14 10 mV

R=Y =0mV g
i 10 pA

Vi (0

R
v, (1) = vg(r)’X ; __}f’RL

Given vg(r) = 10 mV and Rg = 1 k€
IR, = 100 kQ

Exercise 1--1

v = ) mV X 102)0? ;= 2.9 mV
IfR, = 10k
10 :

Py = A% S~ 9l mV
o i0m x10+l"9lm
IfR, = 1k}
vy = ]()m\"x-i-% = 5mV
R, = 100Q

; 100 -
o = V X s 2o .91V
vy 10 m l()()*)-”("‘)m

80% of source voltage = 10 mV X ?0% = 8 mV

If R, gives 8 mV when Ry = 1 k{), then

8 0 TR, =R, = 4kQ

Ex: 1.4 Using current divider

M 75
is= 10pA 2R, 2R
< <
s N RS
= g X
fo = 1s Rs+ R,
Given ig = 10 pA, Ry = 100 k{)
For
. 100
R, = 1 kf}, = X = 99 pA
. Qg = 10 pA X o7 9
. ; . A 100
For R, = 10k, i, = } X i
or R, iy = 10 pA 160 + 10
=91 pA
For
: 100
R, = 100kQ, i, = 10 pAx —10__ -
R, = 100k, i, O 100 + 100 5 nA
For
o i » 100 K
R, = I M Doy = o ———————
2 Qo = 10 RAX G T ™
=09 pA

80% of source current = 10 X i%% = 8 pA

If a load Ry gives 80%.of the source current, then

A = 10 K
8 O pA 00+ K,

=5 Ry = 25 k(}



Exercise 1--2

Ex:15 =% = Lo = 1000 uz = 1 V=D o= 0001
T 167 wy = 2 Vs D= (010
@ = 2uf = 27 % 10" radss uy = 15V D = 1111
MYy + TV QD) -+2V (i) +4V (iv) +8V

Ex: 16 () T = 1 —Ls = 16,7 ms {¢) The closest discrete value represented by

‘ e Dis 5V thus D = 0101, The ervor is ~0.2V or
M7 = - w...L. = 1000 s ~0.2 52 % 100 = —4%

£
©f = 1w ooy, Ex: 110 Voltage gain = 20 log 100 = 40 dB

i 10° Current gain == 20 log 1000 = 60 dB

Power gain = 10log A, = 10log {A,A)

Ex: L7 If 6 MHz'is allocated for each channel, = 10 log 10° = 50 dB
then 470 MHz to 806 MHz will accomodate
806 ; 470 56 chamels Ex: 111 P, = 15%x8 = 120mW

52
Since it starts with chaane) 14, it will go from Py mg%L = 18 mW
channel 14 1o channel 69 !

Phicipared = 120~ 18 = 102 mW

g
g p o L[ n = Pecioo = 1800 = 15w
Ex: 1.8 P = i E(ﬂ 1 P 120 ) -
!
.2 3 Ex: 1112
m*..‘. 4 1/.. KT = }i. X
T R R

b= 1%t 07ty = 10y

i

Alteratively, "+ 10"

P P§ + P\; & PS + o 2 6y
P, = 7’27/Rl, - M.l. == l()w” W

.‘(i‘i) LI {..:’L!i..)"i + (‘3‘ )31 " 10
ST/ RO\3 87/ R \555/ R With the buffer amplifier:

= ,‘.'.f w8 e (1 P R TP T ) Uy 0K el A X R

- G 23 49 R, + Ry R, + R,
It can be shown by direct calculation that the “1x L _wx ..._'._Q.m = 025V
infinite series in the parentheses has a sum that 1 10+ 10
P . — i Qs . p . ,’2 PR ac ; 2 2
dppm‘u..hcs "/ 8: thus P becomes V™ / Ras P, - Yo oo 0325 a5 mw
found {rom direct calculation. R, 10
Fraction of energy in fundamental vo 025V
> Voltage gain = & = Simee = 025 VIV

=8/ = 081 BeE s v
Fraction of energy in first five harmonics = ~12 dB

8¢ I,
w2l el LY = 09 . P

7‘_2(‘ 9 25) .93 Power gain (A ) = 7}

:

“raction of energy in first seven harmonics , .
Fraction of energy in first harmonics where P, = 6,25 mWand P, = wi,.

8( Jb l) .
N B A LA o 3V oz
- 955" 49 ;v 03V oand
S . i . . . 1V <
Fraction of energy in first nine harmonics FIREC T - LS pA
- CT MO T MG '
smg—,(x T Thus,
e g 25 49 81/ . . B
' P 05% 05 ¢ 025 pW
Note that 90% of the energy of the square wave is and
in the first three harmonics: that is, in the funda- o B
mental and the third harmonic. A e B23X0 a5 gt
0.25 % 107"
Ex: L9 (2) D can represent 135 distinet values 10 log A, = 44 dB

between O and +13 V. Thus.,
vy = OV=20 = 0000



Exercise 1--3

This figure belongs to Exercise 1.15

Ex: L13 Open-circuit (no load) output voltage =
Au L
o

Output-voltnge with load connected
Ry
F: W 7 T—. —
" R+ Ry
i :
0.8 = ) =3 Ry o= 025 k) = 250 0

o

Ex: 1.14 A,X,(_ = 40 dB = 100 VY

: R, ¥

P, o= 8 A iR

¢ R ( iR, f}e,,) .

=% {100 x wm) /000 = 2507
?2 1‘2

= Wi %

Pi= % = To.000
P 250 v

A,==b = 22 o 25 % 10" Wiw
P oty

10log A, = 44 dB

Ex: LIS Without stage 3 (see figure above)

v ( I M )(!0)( 100 K )
v MDOK s iM) UID0OK : 1K
' 100
« A4

”m’(mo 1 ;\)

Y o= (0.909)(10)0.9901)( 10000909} = S1R YV

e

Ex: 116 Given v, = 1 mV
1,“1-
A 0909 So
i
v, = 0.909 v = 0.909 X 1 = 0909 mV
'ih" '{5.« k£
A 2o B 900909 = 9 VIV
o V. 7
it
For v, = 1 mV¥

o= U, = 91 = 9mV
i ;

z
ém
100K 4 v a 00
‘ v/ 100v; »
;. . LTV N )
e B D250 1V 9009 % 9.9 < 0.900
L P TR
=818 VIV
For v, = 1 mV
w, = 818 ug = BIB X | = BIBmV
P, Kt T,
Je i X A3 LI W AL
s ST C TR

=,909 X 90,9 X 9.9 2 0.909 ~ 744

For vV, = | mV
V:‘; 744 x 1 mV = 744 mV

Ex: 1.17 Using voltage amplifier model. it can be
represented as

R, = 1 MQ
R, = 100

99 X 909 =

A, = Ay 900 ViV

3

X AL =

The overall voltage gain

Yo R, . R

G e ¥ -

Ve o R+ Ry R, + R,

For R, = 10 Q

Overall voltage 2ain

s M e 0 a0 viv
M I00K 10+ 10

For &, = 1000 Q

Overall voltage gain
- IM g x MO0
i T™M 1 100K 1000 + 10
~. Range of voltage gain is from 409 to 810 V/V

= 81O VIV



i, = Rs

POPR R,

fo A“"Ra R, A‘*"RS + R R, + Ry
Thus,

R,

" YRIR,
vy = G,u(R, || Rp)

R,
‘::GM'USR‘ T RS(RC) §§ RL)

‘Thus,

Yo - — R,._"_,_ R
g Gme+.RS(Rf)|| L)

Ex: 1.20 Using transresistance circuit model the
circuit will be

§j
i <R, ::Rf
>
i _Rs
iy Ryt Ry
R
Vo = R bt 2
G wli Rt, 3 Ro
Yo . R,
i R, + Ry
No VOWMY.QxféW Ry X Ry
) ly i,« i&‘ MRL 4 Ro R, + R‘
R x A

Exercise 1--4

-~
o™

vy

ot
From node
eguation
@tk

G

v, =y, + (B DR,
=ijlr, + (B + DR
But v, = v, and i, = i, thus

Ro=F == r +(B+ DR,

Tx 1
Ex: 1.22
r Gain
10 Hz 60dB

10 kHz 40.dB
100 kHz 204dB
1 MHz 0dB

L. L
t 10 10
3dB
frequency
Ex: 1.23
v ¥

v

<
1l
i

o

L -

x
AAA
\Adi
=
Q
3
=

< <
> >
.1.R,, RL:.

fol]
i[l——-o

Vo= G, ViR, | R, I <

it 4w o 5C,,

G, ]
. 1 1 sC
H U R 3 1,
Ry R, : 1 {

P

Ry Ry
which is of the STC'LP type.

G
B 22 |
| S | "

L. T,
Rl.’} RL

DC gain =



Loy 1 G 10

P M T S T
Lscor-L = 008 marv
R, 30

‘ _...t...., ) == §)
R.Z oho KO = 125 kO

AAAAA l ‘ l ) ay e
..... Al b S )m 2w x Hz
@y Cz,( - - ar X 100 kHz

( L1
= 30x 10" 125% 10’
o :

2 2 1O

Exercise 1--5

Ex: 1.24 Refer to Fig. E1.23

.Y.% = Rl 3 R" s
Vg 1 Rs +R; 1
SR+ R CRSE AL —
e T TRy R
which is a HP STC function.
Fads = ! < 100 Hz

" 2aCR,+ Ry

C= L
2m(1 + 9)10° % 100

= 046 uF



Ex:1.25
T SOK

32 ~EghIKD
ny = BTV BT

= 73 x 10750y} ¢ M2 xhe2 w10 Y sy

~ 9.6 % 10" ¥em*
T = 350K
BT!I’!’M Egl2KT)

ni 5
= 73 % 10%(350)" ¢~ V12X w62 %107 % 250
= 415X 10" fem®

Ex: 1. 26

Ny = 10" /em’

From Exercise 3.1 #; at

T = 350K = 4.15 % 10" fcm’
n, = Np = 10"cm’

ni*
Pu = 5

Ny
_ @15 x 10"y
) 10"
= 1.72 x 10%m’

Ex:1.27

At300K, n, = 1.5 x10"%em’
p, = N,

Want electron concentration

_ L5x10"

AR = 15% 10%em?
( !06

= n

. U5 x 10"
1.5 x 10°

= 1.5 X% 10"%cm’

Ex:1.28

a, uodeiff = —-p B
‘Here negative sign indicatés that clectrons
moveina direction opposite'to B

We use
W'Mt‘f % --;LHE'
= 1350 X -t o L gem = 107 em

2x 107
6.75 x 10%emss = 6.75 % 10° mfs

i

Exercise 1--6

b. Time taken o cross 2 pm

o
fength = 22X = 30 ps
6,75 % 10
¢ i n-g driff current density 1, in
Jy o= gqnp,B
= 16X 107" x 10" x 1350 x LY.
2x 10

= 1,08 x 10" Alem’
d. Driff current [, = Agn u,-driff
= Agnp, E
0.25 % 107" % 1.08 x 10"
= 27 pA
Note 0.25 pm’® = 025X 107* cm’

ft

- dn(x)
Bx: 1.29J0, = gD —ws
” q M d,f

From Figure E1.29

ne = 107em® = 10°7 (um)*

= 35 % 10 (um)¥s
dn _ 10°~0

dx 1

= 10°um™?

dn(x)
n qil, dx

= 1.6x 107" x 35 x 10* x 10°
= 56 % 107° Aljpm)’
= 56 p Al(pm)’
Forl,= ImA=J XA

ImA _ 10" pA
Iy 56 pA/(pm)’

=3 A = =18 um’

Ex: 1.30

Using equation 1.45

Dy LDy,

Moy By

D, = p,Vy = 1350 X259 x 1077
= 35.c’fs

D, = p,Vy = 480X 259 % 107"

& 124 emls

Ex: 1 . 31
Eqguation 3. 50




25*;

o G, e

?ﬁs(i‘? = \u)y
NNy ¢

Ny+ N,
NN,

W

Az
v, = l(ﬁ) - (M)Wz
2 €y ‘"”A + Nl)

Fx: 1.32
Ina p* ndiode ¥, >> N,

Eqguation1 .50 W - ey (ML Jw) v,
g \N, N,

We can neglect the term }i"}' as Compared to
A

since Ny > Ny,

f}f;ﬂ Vi
thn

Iquation 1.81X, s W .
Equation X, it N .
N
W R
- Ny
= W
Fguation1. 52X w N
dquation 1. € » NoT A{n
since Af‘ >Ny,
(N
aw ey =)
N, (:‘\" 0

Equation 1.530, = A z,r( ;———;—
Na

N &‘Vz

W Ag— - W osince Ny >> Ny,

4
= AgN,W

Equation1 .54, = A g“ew
N

NN
~A / e“’( ,: ”)V,, since N, >> Ny,
A Ny

A, 7‘\‘?\’0 o

Ex: 1.33

Inexampler-29 N, = 10%/em’ and
10 % ems
tn the n-region of this pn juction diode

R P )

A
"‘*x‘k

in
em®

P

225 % 10 em’

Exercise 1--7

As one can see from above equation, to increéase
minority carrier-concentration (p,) by a factor of
2, one must Jower Nj, (=a,) by a factorof 2.

Ex: 1.34

LN,

.. D, D, .
since 4 and i here approximately

-

similar values, if Ny >> Ny, then the term

D
can be neglected as compared to £+

Eguation 1.38] = Aqn;(«gffw + D”_)
LN,

ni? A

“pt VI
y D,
o= A __1__
s ’I" Nn
ix: 1.35
D, . D,
Iy = A ( S )
L VA 7Y
=07 X 16 X 1077 % (15 % 10'Y
. 10 N 10
% 10~ % 10 1ex 107 x 10"
§ 2
= 145 % 107" A
] = l;{(’w‘:'f . ])
; v 145 % 10" " DS X 10 )
1T
= {12 mA
Ex: 1.3¢6

9]
w "'5~( L + w)(\'{, -V

NG Vn

[2 X 1,04 % 107"

No16x 107"

166> 107" cm =

(,“_

|
0™ "

0.166 pm

Ex: 1.37
2

W !;':f,:(“l, L )(L‘, + V)
NNy N,

)(08;4 0.605)

EEE

9

N g
¥L6 % 10
= 608 ¥ H) - cm

Using equation 1.53

1

e o

l() 10’

0.608 |um

)(OSM + 2)



Exercise 1--8

a8 16y - Ex: 1.40
w107 x 16 x 1‘0“‘1%) X608 1075 cm  Equation 1.74
107+ 10 12
= 9.63 pC T, = o
P . ! Dr”
Reverse Current | o= f¢ = A ,,2(_2&_ + —{1&) ~4y2
‘ 5T ANEN, T LN, - (BX ;0 )
= 107" x 16X 1077 x (15 10")° = 25 ns
% ( 10 " 18 ) Equation 1. 81
5% 107 x 10" 10x 107 x 10" € = (‘r,)l
R Bl
= 73x 107" A Vr
Inexample 136N, = 10"/em’ ,
Ex:1.38 _
Equation 1.72 Np = 107 /cm
Co = A (ﬁ_sﬂ)( N Np L) Assumiing N >> Ny,
J 2 AN, + N AV, Ty =1, = 25 ns
. ~4
= jort 10 x 107" x 16 % 10“"”’) Gy = (m%) 0.1 % 107
2 259 x 1077
(I()mx mm)( | ) = 965 pF
10" 4+ 19t N0814
= 3.2 pF
Equation 1,71
c, = Lo
VR
1+ 2
Vy
_32x10"?
/: 4 2
0.814
= .72 pF
Ex: 1.39
- = dQ
Cy av IV(TTI)

d (27
o= ‘%{T,x Ide "T— 1)

|74 'V.’. -

= tply "‘d("'z",: (e t

Vv,
= vply 'VIT‘ e’ 7

T \ 727
= L fe T
Vy

()



Exercise 2--1

Ex: 2.1

The minimum number of terminals required by a
single op amp is five: two input terminals, one output
terminal, one terminal for positive power supply and
one terminal for negative power supply.

The minimum number of terminals required by a
quad op amp is 14: each op amp requires two
input terminals and one output terminal (account-
ing for 12 terminals for the four op amps). In
addition, the four op amp can all share one termi-
nal for positive power supply and one terminal for
negative power supply.

Ex: 2.2
Equation are v; = A(v, — v));

_ 1
Vg = Uy~ U, Ve = E(Th +v)

a)

v = vz—% = 0—1%3 = —002V =-2mV

Ge = v— v, = 0—(—0002) = +0.002V
= 2mV

T %(— 2mV +0) = —1 mV

b) =10 = 105~ v)=>v, = 501V
vy = v,—v, = 5—501 = 001V =10mV
Yem = 3(0 1) = 2501 +5) = 5005V

~5V

c)
v; = A(v,— v;) = 10°(0.998 — 1.002) = —4 V
vy = v, — v = 0998 —1.002 = —4mV

e = %(vl +oy) = %(1.002 +0.998) = 1V

d)

=36 = 10’1, — (=3.6)] = 10°(v, + 3.6)
=2 = -36036V

v, = —3.6036 — (—3.6)

= —0.0036V = —3.6 mV

Vg = Uy —

1 1
Yiem = i(v! + Uz) = 5[_ 36+ (“‘36)]
= -36V
Ex: 2.3
From Figure E2.3 we have: V; = uV , and

vll = (GmVZ— GmVI)R =G R(V'_‘— V|)

m

Therefore:

Vy = nG,R(V,— V)

That is the open-loop gain of the op amp
isA = pG,R .For G, = 10 mA/V and
p = 100 we have:

A = 100X 10X 10 = 10* V/V Or equiva-
lently 80 dB

Ex: 2.4
The gain and input resistance of the inverting
amplifier circuit shown in Figure 2.5 are

_IRTZ and R, respectively. Therefore, we have:
1

R, = 100 kQ and

Ex: 2.5
R =10k
Vi
VO
i
1.1

From Table we have:
R, = KQ , i.e., output is open circuit

i li,=0

The negative input terminal of the op amp, i.e.,
V; is a virtual ground, thus V; =0

Vo = V,—Ri; = 0—Ri; = —Rj
R, = Yo M~ —r=k, = -R
l; i"=0 L
= —10kQ
_ Vv . .
R, = v and V; is a virtual ground (V; = 0),
thusR, = 9 = 0= R, = 00

L

Since we are assuming that the op amp in this
transresistance amplifier is ideal, the op amp has
zero output resistance and therefore the output
resistance of this transresistance amplifier is also
zero. Thatis R, = 0 Q.



0.5 mA

—
-

Connecting the signal source shown in Figure
E2.5 to the input of this amplifier we have:

V; is o virtal ground that is V; = 0, thus the cor-
rent flowing through the 10 k€ resistor con-
nected between V,and gro\md is 2zero. Therefore

Vo = Vi~ R%05mA = 0~ [0 KX 05 mA
Ex: 2.6

2 Ry= 10kQ
> A
Y

iR =1k

SR
MNVWMM*
v,

1V

-_1_: " <R, = 1k

Vy is a virtal ground, thus V=0V
V-V, _1-0
i, = — = | mA
R, TkQ
Assuming an ideal op amp, the current flowing
into the negative input terminal of the op amp is

zero. Therefore, i, = i =i, = | mA

Vo = V, = iRy = 0~ 1 mA > 10kQ

= ~10V
. Vg -0V
i ol w il = — [ mA
LR, 1 kO
i = i =i, = - 0mA~1mA = -1l mA
v - ;
Voltage gain = £ = MJQ-! = ~ 10 VIV
i Iy { Y
or 20dB
Current gain = % = Z0mA o asa
i I mA
or 20 dB
r
Power gain = [-} a—— = 100 WIW

or 20dB

Note that power gain in dB is 10 log;,,: ___é

-—ov,

Exercise 2--2

Ex: 2.7

For the cireuit shown above we have:

R R
v, = (R;‘ v, + R’; vz)

Since it is required that V,, = ~(V, + 5V,).
‘We want to have:

Ry Ry
wie = ] oapd -t = §
&R,

1t is wlso desired that for a maximum output volt-

uge of 10V the current in the feedback resistor

does notexceed 1 mA.

Therefore

wnyv
y

Let us choose R, tobe 10 k) . then

= R, = 10k

stmasg={0Y

R, = R, = 10KQ and Ry = & = 2k0)

Ex: 28

Yoo R @BIE G

We wam 1o design the circuit such that
Vi, = 2V 4V, — a4V,

Thus we peed to have

RA(Re N (R,, 'R,.) R.
w D 1 = 1 and ~¢ = 4
[R )(R,,,) )(R,, R,

From the above three equations, we have to Find
six unknown resistors, theretfore, we can arbi-
trarily choose three of these resistors, Let us
choose:

Then we have



Re 10

Ry = i o= oo = 25 k(

RNRSY 5 10, 10

P | BN i Ve = "k
(R,)(R,,) RO AT I

RR, R, 10

Ex: 29

Using the super position principle, to find the con-
tribution of » to the autput voltage 1, we set V, =0

9k}
1k6} v
A P
- LT >0V,
= v 4
vy
3kQ

The V, (the voliage at the positive input of the op

ampis: V, = —%—;V, = .6V,

Thus
v, = (1 +%‘é§)v, = 10X 06V, = 6V,

To find the contribution of V; to the output volt-
age Vywe set V=0,

2
Then V4 = mV; = (.4 Vz
Hence
9k .
v m(x+-——p) = 10X 04V, = 4V,
o ‘ ka vV, =1 2 2

Combining the contributions of vi and v2
To Vywehave ¥V, = 6V, + 4V,

Ex: 2.10

9k
ke [ \!—*
V3 O“*&’———“

2k0 oV,

V) O

v, o— =
3k0

Using the super position principle, to find the con-
tribution of V, to Vywe set V, = Vi = 0 Then

(R“)(fsﬁ) e [:_‘g){.‘g e [::;’Rz = )Y k€Y

Exercise 2--3

we have (refer 1o the solution of exercise 2.9)
Vo = 6V,

To find the contribution of Vj to ¥V we set

¥V, o= Vyow 0, them: Vi = 4V,

To find the contribution of V; to ¥, we set

Vy =V, = 0, then

9 kQ ,
S e eems W, ¥~ QY
Vo 1ka !
Combining the contributions of ¥,V and V310

Vo wehave: V,, = 6V + 4V, — 9V,

Ex: 2.11
©
R,
AY 0
< . v,
VQ Ra R’:
Vi R‘ 2:§R§ | = t 2
if vV, = 10V thenitis desired that
io= 10 pA.
Thus,
. v 10V
= = 10 VF Ry = o
"TRYR wA=R TR = oA

R,+ Ry = 1 MQ and
R, = Rzl’!@R] = R: = (1.5 MQ}

Ex: 2,12
a)

iR.m»«

b A ~
é_ V V.. " Ly Vﬂ

Ry i

Vo = AV, = V)= V. = vlm};‘g
PP Tl SR FIN £ (1‘ 1)
2 1y =3 R R!m R, & r)
R Ry 14
” ( Rl, V (l "{' 'R! 1 A =y
1+ R,/R
Vo ¥ Wf‘”“ivo = {1+ Ry/ ROV,
Vo o VHRJR, . L RiR
V; 14 1+ Rle‘ . ) L+ ! 3 R?»!RI

A



value for the closed-loop gin is 1 -+ ‘% that is

19

1+ 10
A

16). The actual closed-loop gainis G =

e =920 100 = ~099% ~ ~1%

1o 7N T TR
For V, = IV, V, = GX ¥V, = 9901 V and
v 9.901

Vo= AV, = V)=V, —V_ = 2w 2200
O (& —)% + - A ]()00

- 9.9 mV

HA=10"then G = 999 and e = ~0.1%
ForV, = 1V, V, = GXV, = 999V,

i

therefore,

v,V = Y2 = 299 . 0099 mV=l mV
A 10

IfA = 10° then G = 9.999 and

€ = ~001%

For V; = 1V, V, = GX V, = 9999 thus,

V= v = Yo = 9999 _ 400999 mv
A 10°

~0.1 mV

Ex: 2.13

iI:OA, VIZV’&: 1V,

. Y 1V _
e T T o ™A

il e LR e R
Vi TV !QV or 20 d

Exercise 2--4

&-.Mwm

s 0
P Vo X iy L loxao
Pl VI x I} 1 X "}
Ex:2.14
(a) load voltage
1 kQ)
5 e X LV~ ]V
kil + 1 MO = Im

{b) load voltage = IV

Ex: 215

(@) Ry = Ry =2k}, Ry = Ry =200 k()
Since Ry/Ry = Ry/R| we have:

v R 200
Ay = et = 2 = 28 = 100V/V

¢ V=V R, 2
(DY Ry =2R, =2 X 2k} =4 k()
Since we are assuming the op amp is ideal
R,=00
v R, R, R,

@A = 5= = (3= V- B &)

1 (1~§-‘%£-3)
B Rk

¥
Ry Ry
R. R,

Risn
The worst case comnion-mode. gain A, happens
when]A,,| has its maximum value:
If the resistors have 1% tolerance, we
have Ranon(L = 001) _ Ry _ Rypon(l +001)
Rigon(l + 0.01) ~ Ry Ryl ~ 0.01)

where Rup, and Ry, 2t nominal values for Ry
and Ry respectively. We have :
R’}lﬁ)ﬂ\ = 2 ki zmd Rﬂmom = 200 k.ﬁ, iiius,
200% 099 _ Ry 200 % 101

IXLOL Ry 2X%X099

i

98.02 = X4 < 10002
R3



Simlarly, we can show that

9802 = N2 < 100,02
R

Hence, — 102,02 = w%‘. = —98.02

Therefore,
R, R R
4wt e A gyt - By
"R, R, Ry R
In the WOrst case
R-7l. |
' S om0 el =004

f +
3
Note that the werst case &, happens when
=2 = 98.02 and »= = 102
%, an R 02
The differential gain' A of the amplifier

N RG . o
isA, = k- , therefore, the corresponding value of

1
CMRR for the worst case A, is

CMRR = 20 mgi}é[ - 20 tog“’z 02

Lol

CMRR = 20 log(2550.5) ~ 68 dB

Ex: 2.16

We choose R; = R and Ry = R, Then for the
circuit to behave as a difference amplifier with
a gain of 10 and an input resistance of 20 k{}
we require

Ad*%: 10 and

Ry = 2R, = 20k = R, = 10k} and
Ry = A R, = 10X 10k = 100 k&Y
Therefore, R, = R; = 10k} and

Ry, = R, = 100k

Ex: 2.17
Given V., = +5V

Viy = 10sinot mV
2R, = 1k}, R, = 05 MO
Ry = Ry = 10k}

= § = (003 sinet V
i
Upy = Vg iv!l)

= 5§+ 0.005sinwt V
2.(0Op AmpA ) = V, = § - 0.005sinwt V

Exercise 2--5

#.(0p AmpA,) = V;; = 5+ 0.005sinmt V
g 7ty vy = 0.0] sinwt

1 ~The 1o voltage at the output of bp amp A.
Vi

DN V., - Ro o el
Yoy 1" 2 2R,

= - 0.01 sinwt
§.~ 0.005 sinwt — 500 k x on

= (5 - 5.005sinwt) V
vy - The voltage at the output of op amp A2

Vs = + R
%2 2 2R
= {5 4+ 5.0055inwt)V
R 10
v, (Op Amp Ay) = vy X RQ:R, T g 10

Ry = Ry = 10KQ

= Lup = 35+ 5.005 sinot)

= (2.5 + 25025 sinwt)V
w(Op Amp Ay) = V_ (Op Amp A,)
= (2.5 + 2.5025sinw) ¥

R
N
1 ]

10k, , 050
10k " 05 M0

= {1+ 1000) %X 0.0] sinw!
1001 sinwt V

) X 0.01 sinwt

Ex: 2.18

C

___I

R
s

— +
V, (h= [ Vit
[

-—
-

The waveforms for one period of the inputand the
output signals are shown below:

0y Vi)

0 1 ms

Ims

-10v




0 i im -
: 2 ms
-20 \V.,("*)
We have
1 e
~20 = ;—f 10 dt
CR} s

-}
— B e K X
= =20 R 10X 1 ms

CR = -l-gxlmsx().ﬁ ms

20
Ex: 2.19
C
11
1

Kk

v,(+)o———y——4

0V, (+)

The input resistance of this inverting integrator is
R,. therefore, R = 10 k{)
Since the desired integration time constant

is 107" s, wehave: CR = 107" s =

= 0.1 uF

From equation (2.50) the transfer function of this
integrator is:

Yoliw) _ __1_

VGw ~ jwCR

For w = 10rad/s the integrator transfer
function has magnitude

Vol = L = 100 V/V and phase
Vil 1ox10”

b = 90°

For w = Irad/s the integrator transfer func-
tion has magnitude

Yol = — L = 1000 /v and phase
Vil 1x 107
¢ = 90°

Using equation (2.53) the frequency at which the
integrator gain magnitude is unity is

o A 1§
Wim = g Ig—-; = 1000 rad/s

Exercise 2--6

- X

C
V}(+)c>——1}-~4

— ;W..,,.OV:D {(+)

C = 001 wF Is the inpm capacitance of this
differentiator. We want CR = 107 5 (the time.
constant of the differentiator), thus,

N S RVP

0.01 wF

From equation {2.57), we know that the transfer
furiction of the differentiator is of the form
Voliw) _
Vi(jw)
Thus, for w = 10 rad /s the differentiator trans-
fer function has magnitude

Il;.ﬂ, = 10% 1072 = 0.1 V/V and phase

—jwCR

o=~
Forw = 10° rad/s the differentiator transfer
function has magnitude
_“flg = 10°X 1072 = 10 V/V and phase
i
$ = —90°
If we add a resistor in series with the capacitor to

1imit the high frequency gain of the differentiator
to 100, the circuit would be:

R

...__~___

C R,
Vi (+)o—] |--—4

b0V (+)

At high frequencies the capacitor Cacts like a

shont cir¢oit. Therefore, the high-frequency gain

of this circuit is: }?" To limit the magnitude of
(A

this high-frequency gain to 100, we should have:

R R 1 M0
PR R S A b k)
R, 100=3 R, 10 0o 10k



Exercise 2--7

Ex: 221
VotV
A
v
¥
Slope = Ad = 104 WV [:
i { H i 3 i 1 i i 1 i L { 1.,
1 H H H ) 1 T 3 H T 1 ¥ T
-9 -4 -3 22 4 12 3 4 5 6 1 8 gvmmy)
=10V
Vo = Vy Fx: 2.23

Vip = ¥, - Vog = V

Vip = 0= 3mV = -5mV . This input offset
voltage causes an offset in the voltage transfer
charactenistic. Rather than passing through the
origin, it is now shifted to the left by V¢

Ex: 2,22

From equation (2.41) we have:

Fuo= =3B = 15915KHs ~ 159 KMy
2uV,

Using equation {2.42), for an input sinusoid with
frequency f = 5 fy,. the maximum possible
amplitude that can be accommuodated at the output
without incurring SR distortion is:

R Y

P { fyo 1
V, = &.“ﬂm(%) - “)Xg = 2 Vipeak)

Actual op amp

Vs

Oftset-Free op amp

Vo =V,
Vig = Vo= ¥,y
Vig Vo= Ve V

I order o have zero differential input for the off-
set-free op amp (e, V, - V= 0) we need

Vi o V.=V =V, = 0=-3mV = -5 mV

Thus, the transter characteristic V', versus V, is:

VoV

shope = 10
A=100 Vv

R B

ERITUE B I B A T A

= 1




Exercise 2--8

Ex: 2.24
From equaﬁon(z A44) we have:

""" “ IpyRy = 1gRy.

= 100nA X I M{} = 0.1V

From equation (2.46) the value of resistor Ry
(plaocd in series with positive input to minimize
the output offset voltage) is:

_____ R R, = R:Rz . 0K X 1 MO

' R+ Ry 10kQ + 1 MO

With this value _cf Ry the new valué of the vutput
dc voltage (u‘:ing equmion (2.47Mis:

Ex:2.28
Using equation (2.54) we have:

v 2my
V, = ¥, .+ ....,9,5/ wa 12 = 2 mV o4 SNy
¢ @R I ms
T
—y f o M Kl mg 6D =y 1 o= 0D
2mV

iV,

i
V:

With the feedback resistor Ry to have at least

* 10 V of output signal swing available, we have
to make sure that the output voltage due to Vi, has
a magnitude of at most 2 V. From equation (2.43),
we know that the output de voltage due to Vi, is

R R,
T 4 F 2V = £
¥ o V()A\( R )m AY 2 an( 14 0 k!l)

R, )
bt 0 =2 Ry~ 1) ML)
10k b=
The corner frequency of the resulting STC
network is w = wl
CR;
Weknow RC = 1 ms and
R = HW0kQ =y ¢ = O p¥F
I

Thus w et
0.1 pF » 10 MO

~ Pradyss

= (.16 Hz

Ex: 226
From equation {2.28) we have:

= Agwy=s f = Agfy = fy, = -!-'*. and

Ao
we know
20 logA, = 106 and f, = 3 MHz, therefore
Jom 15 Hz

By definition the open-loop gain (in dB) at f,, is:
AplindB)~3 = 106 -3 = 103 dB

To find the open-loop gain at frequency f we can
use equation (2.31) {especially when f>> £, which
is the case in this exercise) and write:

Open-loop gain at f ~ 20 log( 5—‘)

Therefore:
Open-loop gain at 300 Hz =
3 MHz
20 1 = 80 dB
og 300 ¢

Open-loop gain at 3 kHz =
20 tog3MH2 6 4

“3kHz
Open-loop gain at 12 kHz =
3 MHz
20 log = 48 dB
T
Open-loop gain at 60 kHz =
3 MHz .
201 = 34 JdB
%60 kHy ‘

Ex: 2.27

L0y \/{E)dr

The waveforms for one period of the input and the
output signals are shown below:

TAY Vi)

0 b

2ms

=10V




2 ms

SOu -

Ny ()
20

We have

] 1
]| R 10 at
) CRL

= =20 = =t X 10X | ms
=5 20 P 00X 1 ms

{0
= e B s == (). 8

Ex: 2.28

Since de gain of the op amp is much larger than
the de gain of the designed non-inverting
amplifier, we can use equation(2.35).

Therefore:
Saan = and 1+ By 100 and
1+ 2 Ry
I
[, = 2MHz

3 »,
Hence fig, = i‘e-?%{f = 20 kHz

Ex: 2.29

For the input voltage step of magnitude V the out-
put waveform will still be given by the exponen-
tial waveform of equation(2.40)

If w,V <SR

That is vf,:*?-’-?.»_: V<~:~§-6-

W, 2nf,
V = 0.16 V, thus, the largest possible input volt-
agestepis 016V,
From Appendix F we know that the 10% to 90%
rise time of the output waveform of the form of

equation (2.40) s 1, = 2.2

w,

Thus, 1, = 0.35 ps

If an input step of amplitude 1.6 V (10 times as
large compared to the previous case) is applied,
the the output is slew-rate limited and is linearly
rising with a slope equal to the slew-rate, as
shown in the following figure.

Exercise 2--9

bt)

o

slope=SR
BN 1.6V

{
"y

+ ¥

_09%16-0.0X16
1 Vips

=1 = 128 ps

I,

Ex:2.30

From equation (2.41) we have:

Fu = 5;31‘--— = 15915 kHz =~ 15.9 kHz
Using equation (2.42), for an input sinuscid with
frequency f = 5 f,y, the maximum possible
amplitude that can be accommodated at the output
without incurring SR distortion is:

{ mbx

. Iu ) {
U 7 =2V
Vo o "“"(5 " 10 X 3 2 V (peak)



Exercise 3—-1

Ex:3.1

Refer to Fig3. 3(a). for V, = 0, the diode con-
ducts and presents a zero voltage drop. Thus

Vo = V; For ¥, < 0, the diode is cut-off, zero
current flows throvigh Rand ¥, = 0, The
results is the wansfer characteristic in Fig 83,1

Ex: 3 . 2

see Fig“rcf} «3aandl.3b

During the positive half of the sinusoid, the diode
is forward biased, so it conducts resulting in

v, = () During the negative half of the input sig-
nal o, the diode is reverse blased. The diode does
not conduct resulting in no current flowing in'the
circuit. S0 v, = 0 and w, = - v, = 1y
This results in the waveform shown in Figure £3.2

Ex: 3.3
o {,, A
P .\ S T
in R T 10 mA

de component of 2, = 71721(,

R R | 1)
- e
k12 k1
= 38V
Ex: 3.4
{a)
sV
4
25K0 %\@ 0= 2ma
%Mﬂ
eV
! )
L -
()
5V
A
|
2.5k0 % § = 0A
% Ve 5V

{©)
= N
Ve -5V
1=0A § o0
~5V
(d)
()

N
5V
L5=1
D
= 4 mA
3V D,,",W“N_' —0
2V o-...13<{w Ve v
11V O =
Ex: 3.5
; 10
vzn';_: = “;
ooy
0 R = T . 104
! mA P

SR = 3133 k()



For an output voltage of 2.4 V, the voltage drop
across each diode = %‘? = (.8 V

Now [, the current through ¢ach diode is

v o828 10 -3 j

1=t o= 691 % 107 %

= 54.6 mA

R = 10— 2.4“2
54.6 X 107

= 39 {}
Ex: 3.12
(a)

2.5k} 1.72 mA
(b)
5V
[=0A ¢ 25kQ
+
V=5V

«©)

Exercise 3--2

@

25k 3 | ,,:(2512,;%;5

= 1,72 mA

o V=1+07
= 1.7V

Ex: 3.13
o VT
£, ID
~3
Iy = 01mA 5, = 2X10 . 950 ¢
0.1% 10"
~3
= tmA r, =220 .99
1% 10
-3
Iy =10ma r, =2BX10 559
10X 107

Ex: 3.14
For small signal inodel, using equation 3. 15

]
'I) ..... [" i,}f_: 1:-“
Aip = Ip.a 1



For exponential model
1V,

. 7
'n Ise
L L avry,
IR ¢ p
I
Vv,
Alp = ipy iy 7 oipge T im
v,

S ipte 1 23

In this problem i, = {, = 1 mA

Using equations (1) and (2) results and using
Vo= 25mV

AV(imVY)  Ai(mA)  Aij(mA)
small expo.
signal model

T 10 04 -0.33
b -5 -().2 ~0).18
¢ +3 +().2 +(0).22
d +10) +0.4 +H0.49

Ex: 3.15

+15V
A
gk
ro
(i;__:a_._g Vv

AV ]
a. In this problem 7\»»—‘3 - Wmv 20 Q

Aty TmA
- Total small signal resistance of the four diodes
2200 0
. . 2 .
For each diode r, = :‘? = 5 0
V.
But r, e bt} =5 5 = g?._li\'_’
0D II)
Ay s S mA
and R = 273 L oakn
5 mA

Exercise 3--3

b. For V, = 3 V. voltage drop across cach
) 3 ;
diode = = =~ 075 V
4
Vv
. Yy
i = 1y
i 5 . 16
o= T’f“ T e 47 1) A
e T ST !

clfiy, = 5—i = 5~ 1 = 4mA
Across each diode the voltage drop is

, !
¥y = \/,lﬂ(;’%)

§

3

25 K107 % ln( i:i,L‘?.,-'Tl..)
4710 "
07443 V

Voltage drop across 4 diodes
-4 X 07443 = 2977V

sochangein V,, = 3 2977 =~ 23 mV

Ex: 3.16

For a zener diode

Vo = V, o+ 1,r,

10~ V,, + 001 x50

V,, = 95V

For I, = 5 mA

Vo o= 95 4 0005 X 50 = 975V

i

Fx: 3.17

—0 56V

k() o 1S mA

The minimum zener current should be

Sxly = SX 1 o= SmA.

Since the load current can be as large as 15 mA,
we should sclect R so that with /; = 15 mA, a
zener curremt of 5 mA is available. Thus the cur-
rent should be 20 mA Lcading to

= 470 €}

Maximum power dissipated in the diode oceurs
when /; =0} is

o 3 - 3
P, S 20210 T X 56 = 112 mV

max T



Ex: 3.18

15V
2000
ey ALMOfOUd Vy = 51V
A
~ ve
Ve
FOR LINE REGULATION

76

Line Regulation = 3:‘-: = ’f(i)lﬁ = 338 9—3—"
For Load Reguatation:
2000
—
Van Al
’ %
Av‘) " “Ali,'z
Al I mA
\
Bz -7 &
mA

Exercise 3--4

Ex: 3 .19
Vs
Vym 122}
Vi
T
Q 2
(4 \i, __..]!
2] [¢]

. The diode starts conduction at
vg = Vy = 0TV
v = Vysinot, here Vg = 12,2
Al wt = 0
ve = Vsind = V, = 07V
12./25in0 = 07

. 0.7
9 = sm“(»-—-) ~ 2.4°

122

Conduction starts at 8 and stops at 180 — 8.
. Total conduction angle = 180 — 20
= 175.2°

(o~}
b. Vo = i!; f (Vssiﬂd) d Vﬂ)dd)
@
= hi-vicoss = Voell 11

= il{r“"“’s" - Vyeos(m — 8) — Vp(m —

But ¢cos8 =1, cos{w—0) ~-1" and

T~ 28 ~ 7

- 2V Vp

Yoag = by - 3
_ Y Vs
T 2

For Vy = 12/2and Vv, = 0.7V

122 07
ome amE 0l e 505 v
Voravy o b 0!

wt

26))



¢. The peak diode current occers at the péak diode
voltage
iy = Yem Vo 12807
N R 100
= 163 mA
PIV = 4V, = 122
~17V

Ex: 3.20

vg
1 input
Vo
s FeNN, otput ey
4 ~ K4 Y
" » l’ \\
vp bfe . P
0 6; 3 L@ N [
7
A

a. As shown in the diagram the output is zero
hetween. (7 — @)t (7 + 0)

= 20
Here 0 is the angle at which the input signal
reaches V,
s Vgsing =V,

.
6 = sin '{;ﬁ)
¥

Fd
20 = 2sin »‘(L’-’)
v,
b

b. Average value of the output signal is given by
e [ 3
IR 1 P R .
Vous = 5;;%2 B (Vesind — Vi)dd
£

él ~Vcosd - V17 ?.
Vg

i

= ===V,

¢. Peak current occers when ¢ '—_;
Peak Current
Vesin(w/2y -V, V-V,

7 i A

If v is 12 Virms)

then ¥V, = J2AX 12 = 12./2

Peak current. =

Exercise 3—5

12/2-07
00 ~ 163 mA

Non zero output occurs for angle = 2(w — 28)
The fraction.of the cycle for which v, > 0 is

21

2[’« - 28in ‘(l—%)]

2 (
= 974%
Average output voltage V,, is
Vo= 2V, = 2X1202 g5 - o v
7 L

Peak diode current ip is
3, = Vo= Vp - 12,02 - 0.7
& R 100
w163 mA
PIV = Vy= Vp + Vy
= 12207+ 12,02
= 332V

Ex: 3.21

Vst utput
O ant .
P S \\ input

2V, / N
“¥p
1’ \\ /

_v‘,

T

Voue = %j(vﬁsimb ~2V,) dé

2 B u
= ,,——‘:_[ —Veosd = 2V,bl, -,
7

- Lavg—2v,m - 200)
™

But cost == |
cos{m — B) == ~ 1

= 20 == a7

ta

‘}S oo

vy Wiy
Vg -



{b) Peak diode current. = Peak Xol.la .

Vs—2Vy 12214
R ’ 100
156 mA
PIV = VgV, = 12207 = 163V

#

Ex: 3.22

Full wave peak Rectifier:

by
o)
L |

o §.§ Db— i

D,

v assunted the

)\ e ldeal uix()de
[ARE R Lhargeﬁ to V,

—w

The ripple voltage is the amount of discharge that
oceurs when the diades are not conducting. The
output voltage is given by

~HRC

1

bad g

oy = Ve
-1

V,—V, = Ve RC e~ discharge is only

half the period.

1z
vV, = v{,[l —e ”C)

_m TR

Fezl—72=

e NOC RC
for CR>>T/2

TiZ
~ ¥ — ] —
m"’(l R(')

\'4 ;
= ’E}'—RFZ‘ (a)
To find the average current, nofe that the charge
supplied during conduction is equivalent to the
charge lost during discharge.
Qsureien = Qrost
FaaMt = CV, SUB ()

Exercise 3--6

V |4
ipa 1AL = L
Upa— 11) ¢ i TiRe 7R
ol
f!; | ..El‘jl«{»[[
Ay mA‘R ..

where wA¢ is the conduction angle.

Note the conduction angle is the same expression
as for the half wave rectifier and s given in
EQ3.30

e [EVe
WAl s J‘-{;; ()]
Substituting for aAr we get:

7wV
::oil).#‘! = ""‘"’e"“ + ]L

’2 v,
- R
VI’
Since the output is approximately held at V.

14
}L’wl,_.'!hus:

. ’V
T—«‘blb'avﬁﬂ'lt’ ”V +11
= IL[l - }}_] QED
v

1If 1 = ( is at the peak, the maximum diode current
oceurs al the onset of conduction orat t = war
During conduction, the diode current is given by:
ip = ictiy

. dog .
Ipmex = C":ﬂ‘ iy

A LY,
assuming i, isconst, iy = R - i

= C (V coswt) + I,

i

—Csinmt X mV,, + 1,
~Csin{—wiAr) X wV,, + 1,

i

for a small conduction angle
sin(—wAt) =~ —wAr. Thus:

=D ip ey & CWAIX u)Vp +.1,
Sub (b) 1o get:

V’!
i.D.max = C T,:"’VP# IL
’)

Zﬁﬂgﬁ—.
2V ,RC

A ’ZV 2wV
D hpg < ¢ 5-‘}'”!*‘{%. + 1y
’ZV



Exercise 3—-7

Ex: 3.23

& i
ac ! 4
lirie

v,
voltage ?

(:\

The vutput voltage, v, can be expressed as

. “URC
g o AV, — 2Vpp)e v

At the end of the discharge interval

vy = (V- 2Vpo = V)

The discharge occurs almost over half of the time
period =172

For time constant RC >> »g

[ HRC i H

; , . . 1
LV, WV, = (V- ZV,,(,)(l -5 X l—f—(_]

ro I~

7
, = W) X
# 20 ARC
Here V, = 122 and V, = |V
Vpo, = 08V

r=1- 1y

760

=V, = (V

1

1 = (12./2 ~ L,
(12 7N 60 X 100 % C

2 x 08) %

S22 1.6)

1281 pF

Without considering the ripple voltage the de
output voltage
122~ 2% 08 = 154V

If nipple voltage is included the sutput voltage is

A ., vV,
122~ 2% 08 ~ =

149V

Diode current without taking ripple voltage into

12/2-2x08

S =~ D15 A
100 0

consideration =

The conduction angle wAt can be obtained using
equation 4.30

5 S
WAL = :..Y_' = _..._.._22.(..1..__._. = {1.36
JV,, Jl2Jl—~2xo.8

rad = 20.7°
The average and peak diode currents can be caleu-
Jated using cquations 8 - 34 and 8 . 35

, v, 149 V
Ipaw ™ l&(i + “J;_",L) Here 1; = T&Tﬁ‘*
and ¥V, = 122-2%08, V, = 1V

e = 145 A

Tppesic = 1(1 + 2 g‘f-)

= 2.4 A
PIV of the diodes

s Vg Voo = 1242~ 08 = 162V
To keep the safety margin, select a diode capable
of a peak current of 3.5 to 4A and having a PIV
rating of 20 V.

=Ty

Ex: 3.24
i+

ty O——]+
1—

The diode has 0.7 V drop at | mA current.

PRION
. 'ty
in = dge
__i” N ‘(rn U'll,“",r

1 mA

=y = V,!n(rfﬁ’—l&) +07V

mA,
For v; = 0 mV, w, = v = 10mV
Itis ideal op amp, so i, = i = 0

. 10 mV

in = ip = ——— = 10 pA

PR TR -

) - 10 mA° y - <
by = 25 X 10 ‘1.‘(«wm $07 = 058V
"o 1 mA )

V, = vy 2 10mV
= (.58 + 0.01
= 039V

For vy = |V

I



= 17V
For v, = — 1V, the diode is cutoff
vy = OV
V,y = 12V because it is ideal amplifier.
Ex: 3.25
AR
w <
‘ k3t

w >0 ~ diode s cutoff
By = OV

) << 0 ~ diode conducts and opamp sinks load

current.

Yo =

Ex: 3.26

H k()

o—vIAVA o

+ +
by D,
- +

e 5 Z e :‘S—V ty

10 k&2 10k
o o

Both diodes are cut-off
for —5 = v = +5

and v, = 1

Exercise 3--8

Forvy=-5V
Diode 3y conducts and

vg = 5 %{4‘ v+ S)

o
= w-z.sm.l)v
(-2s-3

Forv, =3V
Diode D, conducets and

[ S S ;«i»(v‘. -~ 5)
= (2s+3)v
(2543

Ex: 3.27
Reversing the diode results in the peak output
voltage being clamped st 0 V2

Uy

o4

=10V peoe.

Here the dc componentof vy, = Vi, = —5V



Exercise 4--1

L. 4.1
Ex; v Loy = 3¢ 2 077 ey
s =, T i B 100
; = Tl s -6, 101
Uggy = Vg = Veln [;‘-3] lgp = Ige [l + Bl = 1077° % 16
¢t

= 101X 107 A

Vppy = 00+ 25In [Q,l.!] I » |
A Vg = Vyln [T‘:] = 251n [’ "'A‘
Ay 1

= 642 m¥Y : 0%,
Upgs = 700+ 25In [%g i:sx 23.9336
S = m
= 758 mV
Ex: 4-6
Ex: 4.2
o = ...E_
B+

50 150
50+1 T+
0.98 <o < (.993

Ex: 4.3
foo= T 1y
=1.460 mA-0.01446 mA
= |.446 mA
2 de . Lade
T T Tae0 ¥
1 1446
B = £ = 0 - 00
1, 001446 vgp = 690 mV
te = g ev’mwr le = 1mA
For active range V.= V
e BETTT K1 Rc(max) == _._.(:E...l..._.__._...
1.446 5 ¢
== A =10 7A _ 5-069
) |
Ex: 4.4 = 4.31 k{}
B = lila and I = H0 mA Ex: 4.7
Iy = 107" A
Fora=099p = 992 _ _ o9 5
[ —-099 Area. = 100 X Area,
I ~13
,nm.émé_g:o.lm Lo = 100X 75 = 107" A
Fora=098p = 398 _ = 49 Fx: 4.8
1 - (.98 Vo1V [T
SRR AL I I
w e W0 y 5 le $ 5
1 g = -g b ?F) = (.2 mA for ;C s {)
VgV, Vo f Vi
fus 4.5 Lo 7T o lsct’m: 1
vy . YppiV
Given: | Ie _ e BE r
Ig = 107 A, B = 100, I = | mA Iy JVac''r

t s - & .
Iy = Iy + Igp = ’s‘»‘[l *+ E] = o BE VO



cVep = Vg = Vae = Vyln {'—‘ﬂ
For collector Area = 100 X Emitter Area

Ve = bxn”wl = 115 mV

Ex: 4.9

Y, iv Vo Vs
. e Vr peiVy
ip = le K w fope !
. Iy Yppi¥y Yoo Vr
iy = =e + o€
B 3
= bl
Bl’nrt"&‘d - ':“"”l &”B
lﬁgmt
Vipi ¥ Vel V.
BETT BCT
o tse — lyee
Vool ¥ [
e’ Vr g Vr
Iy + Blyet
! Ve Ve Ve
B 3" St
[P YV
RET By .
Iee + Pl
Vepsa /¥y ,
= B =g/ 1
‘i r:aai»‘i 7
e Blgei s
s £ 2%
g € 00
Bl’urccd = 100 TRGE L e
T 100 X 100
= 1) ® 0.2219 = 22.2
Ex: 4.10
Is ¥up'Vy
I, e ¥
£ o

it

J

= (43 mV

Exercise 4--2

Fig 6.12
B o= 100, Vpp = D8V at [, =

Viln ea/ 1]
= 25 X 0.693 = 001733
Vg = 0817V

Vs = Ve =

ke = YeeZ Ve o 13203 g
I, 3
= 500 0
R~ Vee=Vor B
£ Io B+
_ LS 0817, 100

2 101
= 338 0

Ex: 4.13
+10V

S5k

7T

AT ¢
—

_TJ

10 kQ

M

10V

Fig 6.13
£ 50, Vg = 07V

=TV




=0 =07 = —07V
1, = =07+10

g 10K
= (1,93 mA
le = 31 = 091 ma
Ve = 10~091%5

= 545V
= le 091

B 30
= 00182 nA

i

Ex: 4.14

+10¥

g 100 kO V,
OV —tee 5k0
10V

Vg = Vi
Ry
5
= .66 mA
Vg0
= (L0 mA
le = dg— 1y

Iy =

@ ££ N A 0.99
I 1.66

i I(" 2 .!..Z@ P
I, 001

Ve o Ve + IoR,

sl 165X S = T3V

= 163

Exercise 4--3

Ex: 4.15

2mA
e Vg
_____ I
1 k)
-5V

Ve decreases approx 2 mV/°C rise
for 30°C rise
AVyy = ~2X 30

AVy = —60mV
Since 7, is constant
1,15 constant
AV = 0V

Ex:4.16

Bo—s Th
Iy ¥

VYVYY

iV, K o

ieo= T PP T4 ZEE G Big
To

I

v PV
T eettr
iy = = ¢
k B
. . Ve L g .
S By b —;—— as in Fig (b)
i

QED



Ex: 4.17
=Y )
"() I(’ ( A)
ImAy | 0.1 10 10
ro 100 100 100
0.6001 0.001 0.010

rg wa |l wo 10" 0

L]

MO | 1000 10 k{2

Ex: 4 .18

=V
sl
~ 100 { ” »
Vg™ 1V V= 11V
Fig 4.18
By similar trinngles ABD v ACE
! e Al‘«“

ro  AVeg

BD  AD | lmA 10 E L

CE AE X 100 -+ 11

R 1
HAl

o= L mA

=y o

= LOS9 mA

Ex: 4.19

Vg

Re = 10K B = 50

(a)actve Vo = 5V

Exercise 44

_10-5

T

= 0.5 mA
Vg = Vgt IxRy
= )7 4+ 10X 0.04

(b) edge of saturation ve, = 0.3V

¢ 10K 10

I = 178 = 097/50 = 0.0194 mA
Vap = 0.7+ 00194 X 10 = 0894 V

(¢)saturated Vep = 0.2V

leo= (10— 0.2)710 = 098 mA

Iy = Lo/ BF = 098710 = 0098 mA
Vg = 07+ 0098 X 10 = 1.68V

= (.97 mA

Ex: 4.20

Vi + 1OV

10k(2

Fig 6.20
For Vg = 0

Iy=0
Transistor 1s OFF
i 0

sk [ -0
AR AY



0
For Vgg= 1.7V
1y = 207 o g rma

10

e = Bly

= 50 X 0.0 = 3 mA
Ve = 10~ 3 X 1k

---------- +5 ¥ > Ve (50 Active)
() edge of saturation Vg = 0.3V
Vee ™ Vg - 10 - 03 1.94 k)

Ie 2

(b} deep saturation ppp = 0.2V

Re =

1y = 0.1 mA (unchanged)
l(‘ i ﬁffmceaitﬁ = K)XDI = ImA

10 - 0.2

R, = :
¢ I mA

= 9] kO

Ex: 4.22

L0V
A
E
4V 34.7 k()
Iy §_
~ 03V
.
=1
« é 33K0
Lo

Fig 4.22

At edge of saturation vy = 03V
Vee = IR+ 03 5 IR,
“ 1R+ Ryl + 03

17433

Viap = 1Ry 07

= 1225 % 3.3 + 07
=47V

1 = 1.2253 mA

Exercise 4--5

Ex: 4.23

+10V

Vi = V=07

o 33V
£ 05mA

Ve Vp+ 2V

= 6.6 k{}

Ex: 4.24
+10V

Vs 4.7 k)

ov

ﬁﬁ»fccd =3

1,=61,
0w-02
5X 47+ 6x%33
w (L2260 mA
Vew 61, X 33
= 448V
Vo, =V, 0.7
= 518V

p =



+10V
A

i

gx

FOTV e b

04V
________________________ r\/ e 403
0

i
f

H R(‘
> 1k

10V

1. = 049§,
R, - 10-04307
(.99 > 4.65
= 2.2 k&)
[Vimax) = ¢ + 0.7 = 04 = +0.3V]

Ex: 4.26

+1OV
i
0TV —

E
et

L

A

i
R..
o § ¢

-
jooe
S

Exercise 4--6

Ex: 4.27

50 = = 150

In active range
- 0.7

= %&T“k” = 0.043 mA

¥, lowest for largest B

Il st ﬁ ]n am 150 h24 0.0‘43 A

Vee= 0.3
150 X 0043
= [,5kf)

Vo= 10 = 50 X 0.043 = 6,78V
For 8 = 150
Vo= 03V

Ex 4.28

You

=
g
AAA

B = 50
Vpg = 13 % 30 >_< 30 .
150
Ryy = 300 100
= HO0/3 k)

5V

1, Van = Vg

R+ {Rpp /(3 + 1))

< LIS mA



% change =
= ~9.8%

Ex: 4.29

=15V

i
P 278 mA

i 0.103 i 1252

Total current drawn

= 4,135 mA

Power Consumed = V X |
= 15 % 4,135
= 62 mW

mA & ,:’j
{ A

|
27 k!!§ § 470 0

e s N S,

275
s
\

B = 100

> unchanged

1~ unchanged

Viz = Ve ~ 07V

1, - Y€ 07
' 0.470

= 101 Iy

101 [2:'5
37

Hence
LI ROV
27k

Ve t S S 7
B+ 1043
OV
207
« 100
)

wy Ve
- 636V

134 mA

35 .

Exercise 47

4.31

Ex:

. 507
BI04 100X 1
== {0,039 mA

Ex: 4.32

F10 Vo 4 L:

10 k€2

s
b |

i

10
= .45 mA

@I('Is:xﬂ )
w48 e )48
= 4,35 mA

1o

0.7 e

.
v Blme od

i D e
12

+5V

+SV
le, = B 1y, X Sat®

v mandp = (B DI
@ = 7.03 mA X Sat®
I 4

[V AY
@v, = 703 ¥ |
7.03V
> 5 . Saturation

~5V

vy Ve =02

48V

{p=> 4.8 mA

Vee— 02

V, =
F 1

13

= 48V
fp= 4.8 mA

s 9.6 <2 30



Exercise 4--8

Ex: 4.33 Fx: 4.38

Vee = Ve 10—V,
Ay = — o CE .. : [ J— -3 ISV
k v, 0.025 A -
w3 Vg = 1 —~8§ = 20V o
10k}
¢ { mA ] 10 wA 1 mA

S [AVE = 22l = 53 mV
[AV 3 3m - Ie - L mA

= A mA/V
V. T asmy | fomA/

Ex: 4.34

B o YE e L
. 1;1(' A Voo ng(.“
Given: g, = : Uy,

2 w4 X 10

Vo V.
But /. = Je ©F T Ve = Vee— TRy

Lr s i
thus -;«—"1%,”.. .

Ve

Nl 5= Vi + Ned)
= AVep = 1pRe) + Ay, (1)
- i, = (15 — 10) ~ 400 % 0.005 sinwr
Ve, = § - 2sinwi ()
iy = Iy + w00

Ex: 4 .35 =10+ 2 sin wr (pA)
a5 %‘; = %%;{%‘ = 20 mASV fx: 4.39
B 4-36 i i i
fe- = 0.5 mA (constant) _>_—} (W‘ém R
B =50 B = 200

. = 1c 03 mA
! vV, 25 mv

= 20mA/V = 20 AV
1o 05 0.5

by o 5= 2 e 2

B N 200 i
10 pA = 7.5 mA Note: g, = TL and r, = B

5 50 200 7 K
3 2 . . . .
T f;‘ = 5 TS given i = Bi, = (g,r. )i,

= 2.5k = 10k =y (}L:)
wom
S P
Ex: 4.37
B 0 s L mA
Lo ImA
25 my

po BTy
Lo 40

= JOmA SV

o
S

L
Bl



Ex: 4.40
IOV

092 mA

0V

Change R to 7.5 ki)
Ve =10 + 092X 7.5
w3 Y

f!(.
Ay = % = g R
kN

= 276 VIV

Ty = Avv‘_

= 276 % 10 mV
= 276V

Ex: 4.41

f“t!»-ma ¥
é}«'««mi |-——v——l<

10k @,.“,_0/

i
@ 7= 1 mA
, v
e = 1 mA
I = 100 .99 mA
: 101
i .
Frp o= — o (L0099 mA
0

Ve = 10 8% 099 = 218V
Vo =10 0.0099 = —0.099 5= ~0.1 V
Ve o =]~ 0.7 = ~08V

Exercise 4--9

Y

V,

18
) Ta Ty {{(T Rl
> S
Vs e Ry ‘: ::
£, Vi
Z
w . rdRe
B D BRLLB — r R.. R
ps Rs . . ” R;; ( )bm( (.)ﬂ i ﬁ L)
2
et (=) 396 (3LB5) = ~T70.2 V'V
2_"{2{ ) y (3.85) 7
4,00
thus effect of vy is = 3.9%
Ex 2)4.41
Ao = ~galrol Ro)
Ry = {fui! Rid
S — A A
ool % Rq + oo
K Yo :‘E R,
l U 2R o ]

Al; - __ngﬂvl - RL

V., T R,+R,
g xR
"Ry 4R,

(roll R+ Ry
= "”.’v'm(."r)%i R i R;)

= e ow
S

Ex: 4.42
For 1+ 1 mA

g, .{:(—- = A mA SV
"y
, B . 100 . 5540

"o, A0

r Y 1‘T"3 100 k€2

Ry = 1, = 23k{)
App = =g lred Rey = —a0(5 ] 100)

= =976 VIV



Exercise 4-10

(cont.) TX5S 5
W e s =Ry = = 2~ 035k = 350 Q

_ _ 1 101 01
g Ry + Ry 5+238 3 Rix = 3 k+ (B + 1035 =404 k§)
' 1

~1%976 = —325VIv Go = Blroll Re ll R _ 100x 10
3 ¥ R + Rix 10+ 404
13

" 5 - w16
!!:OE = Aygty, = 325 X m = A9V 198V

For - =05 mA and R, = 10 k() Ex: 4.44

0.025

Vg Uy Uy
vg v B

- 20 mAV Lo = o = = 40 ms

1
v, 0025

. LU ' = = 0 o askn
Yo “‘2—6‘ = 5,0 k{} T R 40 e

€

re = W o 200 k0 ;o Bf: £ =250

Ry = ry = 3k8 Ry = r, = 250

= —190.3 VIV
Ry = Relbry
= 10k} 200k “
= 95K i Tty = o
s Re+ Ry 7 5000+ 25

5495 = 0.5 VIV
= =656 VIV

® 100

Ay =

Gy = 22 - %; 656 - —~328 VIV Rg= 500
v 2
1% ] :
o3 1 Ry = r, = =% = 25mV o«

B el 8 m w10 WV
vy 545 2 )

=1 = 25750 = 0.5 mA
Apg = HguRe = 2035 = 100 VIV

ool = 328 10m = 033V

Ex: 4 .43

Gy X Ay = 40VIV

T3
= Ay = B0 - g Ry

R o= 80720 = 1k0

Ex: 4.46

P Insert 30
P T TR :
iy o o~ and e L g, VR,

i f"’u) é’}

RERETLL A TR :,,_fﬁ;,u T
(R 10 37101

i
:zf>R| = 'l_' = i ([f’ + ”Ri
1y



Exercise 4—11

= 05+ 101X 1 = 101:5k0 Ip = “3-.3, = 0.995 mA
Gy = 1[R, moved, ro = =] %ﬁ;{ +33
LM tRy 05410 .
Ry = ES T = 104 ) g = 0993 —l- 0.984 . 100
Y, R | S R &,
Gy = -2 L = - 91 VIV L%
Yoy R,+ Ry 0104+ 1
Ex: 4.48
Ex: 4 ‘ 47
Vee = +12V
-
R R
> Ry
k3 Re Re
I mA
Design 1 “Vee= -3V
B = 100 R
Rp = 3k} Ay = l%/ﬁ( Iggiven . maximize R
- T
_ 80x40 _
Ryy = 80+ 40 26.7 k) Ve = 1eRe+ 2+ 03 + 1R,
¢ 40 Viep = 0.7 4.3
. 12%40 _ ], = EE o o = I mA
Vin = 80 + 40 =4V FORgYRy(BET) R FR/(BHD) l
- 2o = 43k
Iy = 5:{...9.-1 = 1LOI mA =Rt Ry (B 1) = 43kQ .
;_6;2 +3 For independence from B, set Ry = 0 (OK for Cp)
101 = Ry = 43 k)
p=50 . |
33 Veimin) = Vo + 03V = —03V
Iy = Z‘—E“L ; = LO4 mA VCQ = Ve(min) + 2V = +10V
st

R, = Yeem Ve | 10~
104 ~ 0937 . |00 ¢ T 59

: Ex: 4.49

= RA8 k)

% change =

== 10.3 %

Design 2 10V
B = 100
”

8 X 40
Rpp = S22 = 2,67 k)
L T 24V
Vag = _.“..1: ?f = 4V

' — B 100

Tep = 4207 L 599 ma 07V
E T B I

~“~m)-!~ T Y
B = 150 ] Ve o V40402
15 e ;}}3) = (J.984 mA = 424V

2+ 33 ‘ .

3 Rp # Veem Ve e 10 - 24 P 1(3 = 76 kO
B= 150 1 ] 1

Iy 1

Ip = —F— = —— mA

B+ 101



Exercise 4—-12

(cont.)
Ry = mmv“;" Ye - 10124 - 07) = 717 k0
B

Using 5% resistors:

0.7+ 1yRy 4 TR = Ve = 0

1, = . A0=07

180+ 7.5(8 + 1)
Iy = 992 p
e = 101 % 1,
= 1002 mA
Ve = 10~ 7.5(1.002)
=25V

Ex 4.50

’
Voo

v ¥
Vi Ve = — 10V

B 100
R = 75k0

Ty = T/ (B + V== 1,7100
= (.01 mA

Vg = 0—=14R, = =1V

Vi = V=07V = —L7V

R, = 100k0

Ve o Ve~ B x %75 = 1257V
30

ke YeeZ T Ve 193 45 k0

gy I
Ex: 4.51
Referto Fig B4 .51
1o = a(l my= § mA
1, = 001 mA
/. 10— 8 kilm) = 2V
Ve o 100k= (-00tm) = -1V
L I | A A
B == 100 upper imit=s Voo~ Vo= 8V

lower value =2 Vi — V. = 04V (where

Swing: ~1.4 -2 =-34V
£ = 50: upper still 8 V, lower
= 15= 00196 mA so V, = —1.96 V
w190V — 0id — 2= ~4.4V
$ == 200 :upper still 8V,
lower =15 = 0.005mA so V) = ~05V
~05~04-2 = ~20V
Vv, = 100V
100

Ty = T;’;‘; = 100 k{)

100
Ta Lo 40 m

Ex: 4.52

Ry = Ryl vy = 100 25 = 244 k0
Avp = “8uRe= ~40 X § = ~320 VIV
Ry = Rq = 8kQ
App = =gulro | Re | Ry) =40 35
- =119 VIV

Ry = roll Re = 100] 8 = 7.4kQ
Ave = = 8ulrp ” Re)

= X 74 = =296 VIV

Gy = Rix Ay Re
R+ Ry R,+ R,
2.4 s
= o 13 Pn.A
5 om Y5

=391 VIV

. Ko+ Ry - <

PR i P N
Rix

H’ui == (;{!é;’.\'%

= 3900 1S = 586 mV



Exercise 4-13

Ex: 4 .53 with R, 1
Ry B [ Vg _ 5+20 _ 5
= = W V. = 6.
Vs oW 0 Vo Smv T T30 T 3 Ve T 6BmV
:.. w/oR;:
< T4 | Vv, 54 (25]100) 3
RK: ;gmva‘ :E‘R(f :PRI 5% = (2.5 E; ’m)) i 'i:"" VS = 15 mV

R, R, ‘%, Ex:4.54
.= AmAN Vo= 100
o= 100k B

©

Example 4. 50 Iy = 2.5KQ = 0.99
& A0mANV  r = 25kD r, =250 T = 1 mA
= 0K Vo= 100V R, = 100kQ Ry = 1, =25 Q)

Rgy = 5K Ro=8kQ R=3k) Ao = +g.(Rell re)

R| =y -+ (ﬁ ;I’RI

= 40 % 107 % (8 k|| 100 k)
Riv = Ryll Ry = 4% Ry = 20k

= 296 VIV

Ry = %‘3}?(2)-{3:7 < 022KQ = 2230 Roii = Rell 1o = 74%Q
~g. R 10(R) Ay = 4R R o)
E am R 2 i o i e 3\ 3 we,
Avp = 77 e TT 30055 32 VIV 40 % 3= 120VIV
Rum = g kﬁ rxig Rsig + T 5000 + 25
Ay = Rl SKESK o pavy o o00s Vv
r, < o B SR
‘ ~i(k IR Gy = «Rell Ry)
Gy = o bifel ®) = =99 VIV Roig e
R&ig + (‘5 -+ l)(lt 4 R!;) = 0.6 VIV
. Ry WK a(Re|| Ry
OR Gy = i, = BN oy _ow SRl Ry
. R+ Ry . 25K R Gy
Note: without R,: Ay = g, (Roi R,) R, = 340

= —123VIV

o, l\"-~ . Rl
D3
: Sk ¥5K0
B
NV —o—c (SN— — OV




Ex: 4.55
R —
I 7 e (B + 1), E
Viovww (44 v"“;vA i * y oV,
T-: _ |8,
|2
< <
Rag v, a3 70| $ Ry
| ‘ i |-+-GND
R, R"“_L ¢ R
I = SmA
. BYr
A
P 100225 ) . 500 0
Sm
vV, 100,
oA AU L an k0
o 1o Sm
vV, -V, ;
By = e 2 and Vi = (B4 Dy, Ry
l‘:
gy = Vel BB DO R
o v, £

Ex 4.56 blank

Exercise 4—-14

Ry = = e (B DUl Ry
b

= 0.5+ (10120} 1)
=967k
Ry = Ryl Ry = 40] 967 = 283 kQ)
Vo Vi Ve
L et 2 e K i
Ve VeV,
o B (B + D(ryll R
Ryt Ry (Rl Rp) + (B + DO, + (Y R
= ), 796 VIV

10+40 (10 K|;(i)]40 K)(‘“_: 4 54+ 0 K)

Gyo = 0.8 VIV
Rom = r()" (r, + lRS " Rﬂl)/(ﬁ + 1)

~ 8 Q)
Py = V=Xl r) L 001x005 _ 4y
r, 0.005

ForR(k() 05 1.0 20

G (VIV)  0.68 0.735 0.765




Ex: 8.0

C, = S o= BIPEIM _ g5 iR/ (um)?

L 4 nm
W, = 450 ¢m® 7 VS
k= p,C,, = 388 pA/ v?

Vay = (g~ V,). = 05 V.

; | a4 w
2 i 2 e Y w315
fos = g T R Ve 7B

so. W o= 0,93 pm
Ex:5.2

¢ = €y . M5 pF/m
i1 g
’ [ 4 nm

o = 530 e’/ VS

I, = %k;%v)fv =02 mA.,lI‘f =20

‘i ng’ = (L40 V.

v = Vg o

- .40 V|, for saturation
Js, mia

Ex:53 1, = 2k ¥y
3 . OV

5 in saturation

Change in /;; is:

(a) double L, 0.5

{b) double W, 2

(c)double V,,, 2% =

(d) double V,,, no change (ignoring length
modulation)

(e) changes (a) - (d), 4

case (¢) would cause leaving saturation if

’ ~ Y7
Vs < 2V

Ex: 5.4 In saturation  vpy = V., so 2V,

oW, 2
Iy = *Ekn’[_‘"m, .50 4 1.
Ex: 5.5 Vop = 03V
W, |
fns 1\"( 7 Voo ;k;_
b=k Y Ay

For vps @ 05 Vo= V,,

230 fF/ pm’

Exercise 5--1

£ ¥v2 =025 mA

LW
1p %L ov

forall vps= V(,\r = .5 V.

Ex: 5.6
V, = V,L = 50X 08 = 40V,
A= o= 0025 VT

V{l
Vps = 1 V>V, = 05V

i a S ey e oW

=y Saturation: [, = ‘,')‘IL”T Voell + AV 0
1, = Lx 200 x 18 x 050 + 0.025 x.1)
P2 0.8
= {.5) mA
o= Y2 0L 984 k0 - 80KQ

7, 03

- A"m:)A, 2

]‘ﬁ P .. P ————
Al, Y g0
¥x: 5.7
+5V
Ye; o..m_._.m.._\.'
K
iy
v, = ~1V.

K = 60 pA sV

Wow 10k, = 600 pA/ vV

(a) Conduction oceurs for vgy = V,

or Vg = \-’,P + \/‘ =+ 4 V.

(b) Triode region occurs for 11, =

or g Up s -

or v, E b |

(¢} Conversely. for saturation

() Given A = 0

b, W .

BAF QRO | LA R £ A
I{; 2}‘,, i “ 718 ERETIY
. !\f'm! = 5V owm — Yy + V

= Uy b Ug b Vs

o

0.025 mA

.

S

Wy

U



Exercise 5--2

LYy o= + 35V,

Up s U +1 = 45 V.,

o -1 e
() Forx 002 V ' oand [V, 05 V. satoration mode (tgp = 0 < V,)

o 4 s m...,l..._n o GE
by = 75 pAoand r, A 667 k0 v, = 08 V.= 18— IR,

2 5 S 1 . W 1.
ALV, = 3 V. Ip = S Col(Vp = Vo) = 72 pA
Io = S Wv 20+ Ioesh 18— 08

LY T A Vav bxi) SR - 139 ko

72 pA
= 75 pA(L4) = 78 pA -
ALV, = OV

* + LBV
Iy = 75 pA(LI0) = 825 pA
r,o= 2os o N- . o667 ka
Aly 4.5 pA -
Ex: 5.8 —[- ’

- 1 I
hy n(ul /oy = 03 :’.%‘1.6(")6
x mf?»,,‘ From Exc. 59, Vyy = 08V, V, = 05V,
: . Vyop = 03 V.
Vap = 03 Ve Vo = Vg + ¥V, = 05+ 1 ov = 0
15V 1; = 72 pA (saturation)
V-V Al the triode/saturation boundary
’ s = 58
\"g B PR R‘ = ‘—‘;;"‘" V” = an = 03V
= 1.5 = {~2.5) -
- odastnad) Ry = BV 03V g5k
0.3 72 pA
Ry = 333 k) Ex:5.11
Ve Ve 2504 L Ry 124 > 4.8 k)
R, = == = 7 k0
In 0.3 Vo = 5V, Assume triode region:
Ex: 5.9 W |
f1.8V 1y = k:::[(vﬁs - V,)Vns - év;)xl l
=
;o= Vop ™ Vs I
D R
B3
) 2 Yy (5 - vy - Vs
v 248 !
; o "1) - -
= Vi~ BORV,  + 04 = 0
i l'___,_ = Ve = 005 V< Vo= triode region
1, = 32005 L g2ma
. : 248
‘ Ex: 5.12
Ve = 03 V. As indicaed in Example 3.5
B ¢ Vo V. for the transis .
1. Coo = 04 mA 7V V, 2V, ~ V, forthe transistor 1o be in

saturation region,



Exercise 53

Vl)min = y(;-vx = 5"’" = 4V
V.. —V. .
Ip = OSmA =R, = 2p . Domia
AX l”
» 10— 4 - :
o3 12 k)
Ex: 5.13

I, = 032 mA = %k;%fvf;,, = % X 1% V3,

= Vyy = 08V
Ve = 0841 = 18V
V(; m Vg A Vg;_g = L6+ 1.8 = 34V

Vpsm Vppm V2 Vi + Ve V2 08
+ 1.6 = 24V

Assume
i . L3 -34 "
Vp = 34V, then Ry = S22 = 5 kO
Ex: 5.14
18V
?
RD% L’n

;—m»wll

!

.1

i
V, = —04 V.
K= 01mAsV
W 10um k= 5.56 mA sV

L 018 pm

Viy = =064V, = =10 V= ~ 184 IR
IpR = 08 V. for ¥V, = —06V

Iy = Zkf"m’ 0.1 mA

SR = 800 0

Ex:5.158

1 = 02 Since the circuit is perfectly
symmiétrical V, = 0and therefore V5= 0 which
implies the transistors are turned off and Iy =
Ipp=0.

v, = 2.5 V: If we assume that the NMOS is
turned on, then », would be less than 2.5 V and
this inplies that PMOS is off (Vigp > O)

e YW 2
DN ,‘iknz(v(i&’“vl)

25V

I SN

V=25V e

V()

10K SR,

- 1 2
1, = ixl(?..fi “ Vg=1)

1,, = 05(15 = vy

Alsor Ve = R 1= 10/

T ™ 0.5(1.5 - “”n;vy

A",

10K

i

= W00~ 32/ 4 225 =

DN 0=/ .

= 0,104 mA

Im’ = 0, Vo= 10X 0004 = 104V

v, = 25 VI Again if we assume that O is
wirned on, then ¥V, > —2.5 Vand Vi, < 0 which
implies the NMOS Qy is turned off.

Tpy =0



Exercise 5--4

..... LW LR I
Ly = sk (Vo = V) 31
<t b 23 by
Ve oo 100, = 2, o+ (- 10, + LSY

=l = 004 MA= V= =10 X 0104
=104 V

Ex: 5.16
V{)h
4
R,,§ i in
ng ,,,,,,,,,,,,, 0T, T Uy

R, = 175 kQ
Vo= 04V,

k, 4 mA /v

A 0

(A} Cutoft/Saturation Boundary

Vg = V04 Vo, 1, = upg 18 V.

(B) Saturation/Triode Boundary

Ugp ¢ Vuy o U, 0V, o 04V
I, 1 2
=5 oy = | Vi = Skl Voy = V'R | = 04

Uy ~ |18 - 35(1'(;"5;»- 0.8 Ve 1 0.16)] = 0.4
350y gy + 34 =0
tos = 0.613 V.. 01385
Iy = 907 pA
Uy = 0213 V.
(C) For vyl Voo 1.8 V., triode,

Vi = L4V,

rae = 1k VL) 179 4
Voi o Vo eV DS 8 mV
ole osle = Yoo g '

Ex: 5.17

A
H
n ,L Rp
ek Tpyg

Gy [
O
i,

V, = 04 V.

Vpp — 18 V.

Vi 06 V.

k=04 mAsV

LA

L

R, = 17.5 ko

)V, - 02V,

Bw k,,“‘;v‘,vm' = 800 pA/V

for Ay== —g, R, = 10, make
R, = 125 k)
s~ 06 Vo, 1, = 0.08 mA,
Vs = 08 V.

tbykeep R, = 17.5 k)

g Ry = —10= g = 571 HATV

W,
=k, 7 Vor

Vo o 0143 V.
Vs ~ 054 V. [, = 0.04 mA,

Upy o+ 11 V.
Ex: 5.18

4
i
R, \L ip
R
W_,, .................... Uy
GS



S 23 :”g.t

-25, R

Yo .

W

= 500 kQ

Design for 4 =
©

in

S BBy = 25 =k VouR)y,

k) k4
o« SRR S 3%
u Y,

Rm =
= R, = 26R, = 13 M{)

b, 2
IpRy = (;}‘:c\(m,)kn

—

= ;Rmanov = 125 Voy
and
Ve =

“Veop = 0319V,

g, = 39 pA/Y

Ry = 785 kO
Vips = Vo +V,
fop = 0+ 26455V,

13
. lﬂi 22w 27 mV
N hio Li mv,
i 26

Ex: 5.19

Exercise 5--5

. v, A
= Hdaj=dyg oy,

o Reg = %r,, " ;5:
1 "

Ex: 5.20

VDD

ip & Ry

Yy

Yas -
Vo = 5 V.
Ves = 2 V.
v, = 1V,
A= 0
K, = 20 pAsV?
Ry = 10kQ
LA )
L
() Vg = 2V V0 = 1 V.
I, = %;gnk‘_’ Vo = 200 pA
Vs = Vpp = IpRp = +3V

by g, = k;;%\r",v = 400 wA /Y
v,

(©) Ay = e R = —4
v,s;.‘

v, = 02 sinen V.

Uy, —0.8 sin o V.

‘{_]’)s e
{e) Using (5.43)

. i , 1
n ™ T,k,,( Vs — V)
. , ] 3
} kf({ ";(L\‘ - \',-')’l"'m + .:,'kn—”::t

o= 200 pA 4+ (80 wA)sinms

+ (8 wA)sin "t

Ups

Vgt U= 225 Upye s 38V,



Exercise 5--6

= [200 + 80 sinot + (4 — 4 cosw)lLA Ex: 5'2“

1, shiftsby 4 pA Ip = kT T(Vss = V)Y

-~y

D = 22 = ABA 05 (se = R XEOx R (s -
i, S0 uA

Iy = 210 pA

: 21 2 X216

21 n 1. "W g ww oendd  & &R
: R P ¥ V"' A )( 60 Ew o
a) g Vo D 3 AT Yoy 5 Voy 1.6 -~}

2 = .72 mAIV

Ex: 5.21
720 pA/Y

X A (18~ 1)

T R T
Ip = 300 pA = 03 mA, Vgy = 05V A= O V= oo o= 25 Vipm
2 x 0.3 ’
w200 w12 mATY, 25
& 53 m . = VaX L 25x Q.8 = 92,6 k)

n 0216
o= oA = L s 50K Ex: 5.25

iy 0.3
R e 2y Ve 2y,
) ) H . W Emle 7 o
fy = 0S mA=>g, ;2;1,,(.,,‘[ 1, Vor Iy Yoy
V

p VXL = vV,
A K B0 300X 05 X 10 ’

" s
g, = 135 mAIY L= 08 pm=sA, - ‘3“5‘*"]%%*5"9&
F,o "i-} - _!_f_;: = 30 k) = 100 VIV
Iy 0.3 Ex: 8.26
Ex: 5.22 ‘ (BIN A, = —g. Ry 1)
f, o 0 mAL g, = 1 mAIV, &, U VAT GBI R, = Ryl rg
21 2 > .
g, = 7_’_’ = Ve = ~/‘jll w2V
‘:(}" S Ie"
B e 21 AN ¥ ’
by - %""a‘l Vi =9 w ""“'Q" YW g b
< i i 1{?., ‘/;’j . ;
R
201 i t
S0 [ e |
T _— L
Ex: 5.23 = =
L u(g}- Vv Sume bias conditions, so
' S L A Yo / .m_’iLA
same Vo, and also same L and g, for both PMOS v ey CYoR, + R,
. NMOS
and NMOS. R R,
W = g, Ryt
B W, = O, W, s 58 = 04 = 7 "Ry + R
) ’ H,  p
w ’ ’ S Ay = gaRoll R = gl Ryl r, IR
g ‘—‘7 """ 2.3 same as {5.75)

Ex: 5.27

i
|

20K ....*.. ’()]\

1] '~_ M""



Iy = 025 mA, V,p = 025V,
Vy= 50V

\3
~A = 200 kQ

ro = i,
21y
2y = == 2= 2 m$
" Yoy
Rin =

A" s Gy o= —g (R, i rag R,)

it

”Sm(Rngl Rl) = =20 VIV
for gy, = (10%) 2V, = 0.05 V.

fio = (-"‘vi'?x,:i = )V,
Ex: 5.28

s
Assuming V3 %
From Ex 5.27
g < 2 mS
U, B v
T ! L 30m - =g, Ry
‘,’)‘;_‘4 ' + ng-Y 2‘)0 f"\’
20
4

fog §(;i-"{}<ig?! = Y,
Ex:5.29

Exercise 5--7

£,
=3 a = 10 mA/V
21 2
PR et =1, = 1 mA
Vor 0.2V
Vg R,
G, o= PG S i ,R )
v '{,’nx Rgig + R;"g" D

- (é)(m mA 7 V)2 k)

= -+ 1)
Ex: 5.30
CD amplifier
Ry, = = 100 Q=sg, = 10 mA/V
Yo
. 211) . 211) .
L, @;: mm 1, = 1.25 mA
DO Py T = 091V
Phax Py e 91 mVv

Ry = 100Q

A, = | RL
1k}
—
Ex: 5.31
CD (source follower)
Ry = 2000 = Lmg = smarv

K k;‘%\,l)\’ o (0.4 'I.l,,\:j\',l)

W . . | A

], W, 2

In = 51;,,7\;,.,. = 0.625 mA
2, R
G, Ruilly

LIRS ."»'.-r;Rf
for' K= R, = 10 K
0.83 < G, < 0.98



Exercise 5--8

Ex: 532 ;
Vs Ve _ —2-(=5

Ry = — b g (=3) - ¢ k{

d 1, 0.5 6 ke

If we choose R, = R, = 6.2 k() then /,, will
slightly change:

1, = %X I X (Ve — I)z.Also

Vs = =Vg = 5~ Ryl
21, = (4 621,)

=5 [, = (49 mA, 0.86 mA

A Ayl 8o 1, =0.86 results in V> 0 or V> V,, which is not
wo ! Ry .. b gorg acceptable, therefore 1, = (.49 mA

Vi =54 62 X 049 = ~ 196 V

V=5 ~62%X049= +196V

R should be selected in the range of 1 MQ 10
10 M) 10 have low current.

Ex: 5.35

\ 1, W 2 2
Ip = 05 mA = :,;k,,“l":“,,v = Viy
05 x2 N
= l = =

Vor = 1 Vs Vo = 141 = 2V
) s-2
SV R, o TS 6KG)

= R, = 6.2 k€ standard value. For this R,

we have to recaleulate 7,

Ex: 5.33 Iy = Lxixv, )
oW .2 < -
Iy = X (Voo V) =05 mA , s
2 ’ 3( Vo = Rplpy = 1)
| 2
- x {v oo i . .
2 v ) (Vs = Vi = Vi = Ryl y)
Vg = 2 V. Iy = 24 = 621,) 1, = 049 mA
IFV, =135V ithen: -
! 2 Vp = 5022049 = 196V
= L X (2 =15 = 2
1y 3 <P X (2 1.5} 0.125 mA Ex: 5.36
Using Eq. 3 .53
Al 5 - ().125
= ..7.1' Q;?M?),%M::; w075 = 75% , ] (WL, sy ]
az s g e R | B
- - REEW Ly, ke 5
Ex: 8.34
Viop =V g 2 =3 L = D1 MA
R{) """ 11:71 L J” o 6 ki) |
2 - WY L2 ,2
Lypy = 1 = “’k"(T) Vioy = V)
s Ry o 6.2 k0 2\,
1, W 2
! DS JE = (L3 R I G .
p o sRa Vi ay ”");3 C025 =V, o DAV
4 Vnif ! v ’
Vg = Vgu bV, = 15V
=3 3 vui' Y [ 2V o o
! =V, = - 5+15 = ~35V



VC:S - V(i - S~ ("3.5) = 5 kﬂ
0.1

Vor = 05V

R =
lﬂfff"

Vpsa 2 Vop = Vo =
= Viain = =45V
Ex: 537

V, = 1,5V

k‘w = lmAin

"L

v, = 15V.

Iy = 05mA = %k;%vi,,.mvm = 10 V.

40 25V
e

LS mA

~ IV

- 25V

Ve = =235V,
Vi = Vup = IpR, = + 235 V.

s W
= kn%\f’m = I mA/V

Bm
\4
ry = <4 = 150 k)
!f)
Von = Oea =V,
Dt = = V= Vg, = 40V
Ex:5.38
Rin D
G A
T B ((7‘
7T % | | ]
R ) i ¢ ¢
@ %'-" 2 K
4TMO T
= . —

Exercise 5--9

it

Jii:;,%l,, = 1 mA/V

Ya = 150 ko
b

For.r, — =

R, = Ry = 47 MQ

Ao = ~BaRp = —15
Ry = Rp = 15 kG
For r, = 150 kQ, R, = 15 kQ
R, = 4.7 MQ
= =~ gn(Rpll ry) = —136

vo
Rom = R{)" Fyp = 13.6 k)
Rin A RL
R;ﬂ + R.\ig ‘()RL + Runr

En

i

ro

= —7.0

Gy =

Upg = Uy = Vg + Uy
= 25 V4 Gu04 V)
Vo i5a28 V, ., sinusoid superimposed upon

a 25V d,. voltage.

Ex:5.39
LinVys D
1!(’
>
<
>
L«
<7, Rp
D
,
Ry
LU

(D vy = Yy e
Ry +r, + Ry

'2) T:’,“ . T"e Rn ¥ o 4 RS
V TRy g b RUD b gy

Ny, = V ~Salulp
. ERp A v, b R4 )

we want



Yol = 1%
v, 3y
IR “Rs g
using (3)
“taroRy _ 1=EaroRy

(R v rp) ¥ Ry + gr9) 3 Rptry

3 o . F
Ry = B2 To) o 585 ko

L+ g,y
basedon Ry = 15 K, ry = 150 K,
& = 1 m8
Ex: 5.40

gl’l’! =
For R, 50 0

b, = L o= 1kn
g?ﬂ

ke © Ry 15 k)

it te,Rp =+ IS
A = g Ry RY = 75
R,

Gy = 4, 7.1

R,«xg i Ris}

For other R,

R Gy
I k§2 375
10 ke 0.68

100 k£ .07

Exercise 5-10

Ex: 541

8w = 1 MAYSV

ro = 150 kQ
R, = Ry
v Balo
vo | R

1+ g, (rp Ry}

|
R = 'g—mgl o

()
f, —> % r, = 150 kQ
Rin 4.7 Mo 4.7 Ma
Aw |10 0.993
A, 0.938 0.932

Ru |1 kO 0.993 kO

D4 e 0,768

Ex 5.42
See the next page



using eq. (5.107

V= Vo, b2+ VSB""AJS&’}]
V, = 08 + 04107 + 3 - /7]

Exercise 5—-11



Exercise 5-12

Ex: 543

Vi = + 1V, V, = =2V

Vy—V =3V

TO OPERATE IN SATURATION REGION:

Vosaw = Yos— Ve = 3V



Ex: 6A.1 (a) The minimum valve of 1, occurs
when

V,, =02V and % = 0.1, that is
1 . W )
“(&rﬁn == i "-n(o,;”’;: oy 0.8 }12\
The maximum value of 1, occurs when

V,, = 04V and % = 100. that is

T = % ;L,,(;‘,K-l“i V2, ~3.1mA
{b) For a similar range of current in an npn
transistor, we have

Viskneax: v
.I_‘_'f.'.ﬁf = 3" mA $23 13 ¢ " T
Temin 0.8 A

VBEmin: v
lee

< r

(Vhtmax * Vogmin) Ve Wppvy
= e = e

o I mA
0.8 pA

3.1 mA e
AVpy =V lﬂ(ox ;u\) and V; = (25) mV

=5 AVpe = 207 mV

Ex: GA.2 Foran NMOS Fabricated in the 0.5

3
[m process, with LA 10, we want to find the

transconductance and the intrinsic gain obtained
for the following drain curvents: (2. - 0.5 um)

c.| ;3 )1,,.

"
Iy = (10) kA, g, = Jz i,
o= (190) B2

v’
9= DXOOXTOXTO ~ 0.2 l‘{-’i
Va_ ViL _20x05

1y 1y 10 pA

intrinsic gain

r, = = 1 ML)
cw gy =2 MA MO = 200 Y
gurs = 0282 51 M0 = 200 Y

For 7p = 100 gA we have:

W

.= 2 u,.-,ffm(“i)lb s J3CT00 X 10 100

B Vi

) oy MA mA
R = 0()2 “6;*' e 0.6 —\'}—
I i ?;U_%A“:.' =100 kO

7, 00 paA

our, = 0.62 '%’l‘ X0 KO = 62 ViV

Exercise 6—1

For Ip = 1 mA

K xj;uncnv(%)]l)

= mlm)xu)xi:z!‘_‘\%
L VAL 20%05
Ip I mA

gnr, = 2 %‘i X 10k = 20 V/V

= 10 kO

Ex:6.A.3 For an NMOS fabricated in the 0.5 pm
CMOS technology specified in Table 7.A.1 with L.
= 0.5 pm, W= 5 pm, and Vi == 0.3 V

We have

1 - W oy pA L S 2
To = 5wl Ve =5 190 v X g5 X 03
I, = 835 A
g, = g,{!l - %35&15,1&_4 = 057 mA/V
Vv 03V

VL  20x05 :
moe Al X0 gy
I, 855 pA ~

A, = g7, = 60,7 VIV

]
C,, = ZWLC, + ¢
3 A’

I

[SER 1Y

X5X05X38~04%5

Cp = 83TF Cpp= Cou W = 04X 5 =2 (F
)57 A

g'" . ( 7 \{

7(C, G Im (834 D)

fr 883 GHz

.!‘T

Ex: 6.1
For this problem, usceq. 6 . 11

. (W
By — r\‘lzp‘n(nv(l_) : "‘afi_l-’

For I, = 10 pA,

B = A2G8TANVH0)(10 1) = 0.28 mA/V
using cq. 16 .15

SV/Lmy 203870 AV ) 10)(.36)°

hﬁb(ﬁ)h WA
Agy o= SOVIV
Since g, varies with ﬂ:, and A, with .
1
ip



For

Exercise 6—2

Ex: 6.3
Ve
Ip = 100 pA =g, = 0.28 m(‘&") 89 mA/Y ‘
ib : [Ty — &
= 5)( ) = 158 VIV
( 100 : d +!QV
>
For I, = 1 mA: '
YV, O o
N > “a
28 mr\/v( ™ 0) = 2.8 MAIV R, L
)
3
Ay = 50(9_11.9) = S VIV lei== 1= 100 pA
ley 0.0 pA
TE o L seseias = 4 /\’V
6 o Bt = YT Sy T ™
LXe .
, 100
IeV = =3 ﬁl = 25 ‘;!
Voo i T T L 4 mAV !
vV, 0V
s e e LY e 500K
B r"j'?‘“*’lm & T T T B mA =
N P poo= Ml S0V skn
- 5)-4':1 & » I 0am
Y Y — Ay ™ 2 Ty = (A MAIV) (500 k) = 2000 VIV
2 = A= g, ) = — (G mAN)
= (500 kQ || 500 k) = 1000 V/V
Since all transistors have the same
W 72 um Ex:6.4 1 Lis halved: L. = W—————;E"—" and
L 036 pm’ o .
we have Wal = IVAl L
Tayae = I = s = Iy = 100 UA v, =5 \f/%,n»(,p&é::nlﬂ.‘};’ 1375 V
| S AN h
tn= 2 0C(F) o poo Wl ML 2aamsvy
I Ivol’l"" 1, C(03 VY (100 rA)
. - ; 32 _?
= [P RA )( ()(umu\) - 126K0
- B24 mASY ‘ v
. N -l T . H \I}
. VasLi 53 V/pm©36 pm) 18 k() Since 1y, 2 G ( I )“ ol ( V;')
ot In: 0.1 mA .
W 2(100 p A
A . §VA;!§L3 ) Vi pm (0 36 }Lm) = 2].6 k) 7: = 2 : i, : 0.3V )
ra s =t O mA 90 wANV 03 V(14 2N

Voltage Gain is

Apm =g i, I§ o)

Acrr - (L24 mAVI IR KD E 216 kD)
— 122V

L4

o 203
I

1.375 V,



Exercise 6-3

Ex: 6 )
=+18V

j Yoo

VeIV
o—i[ 0,

Vvﬁ(; = 0.8 v

S o,

V= LOV

o— t,! 1978

4+ O] Q
=07V :[-

If all transistors are identical and the gate vollages
are fixed, Vgl = 0.7 03 = 02 V
Vg = Vg = Vg = V- ¥y
= 1 -05-02 = 03V
the Towest Vg, cangois [V = 02 V
" Voin = Vg ¥ Vpsy = 03402 =
Similarly, Vg = Vgs = 0.7 V
Voo = Vi = Vg # [V 1+ [V
= 0.8+05+02 =15V
Vips can goas low as {V i, s0
v

= DSV

= 1502

niin

= V.. -V .
omas = Vs~ Vips = L3V

":x:6’6gmf ol &8
Ay _02maA

wmi T Bms T Bm

= : 2 o= 2 mASV
[V(ivf 02V42
3
T T

[A VO
YA L 2V L ok
In 0.2 mA

Ruy  (8alun)oy = (2 mANII0KQ)Y

= 2000 kO

Ry = (2,7,0(r0) = (2 mANVII0KQ)
= 200 kO

§R, 100 kO

Av e - é(g;; —é[(z MmANV)(10 kDY

Av o= =200 VIV

1 0.25 mA
6.7 = B . Y A
Bxb - Taw = 5 = 035VR
2
= 2 mAIV
= 2a= 3V ook

° 1, 025 mA
{a) Prom Fig. 6 .13

1 R,
Ry, = b b
T e ()
Ry = =
R = At R,
"2 mANY (2 mAVY(20 k)

o
=500 0+ 2o

R, = | M

R, = 100 kQ:

500 0 4 100 K€ _
a0

R, = 20k
R, = 500 0+ 20 kO "’ k“

R, = 0:

3 kO

= ] ki)

= 500 Q-+ = = 0.5 k¢
1" ‘1‘() 1

{b) From Fig. 6 . 13
Ry = r, + Ryt (8,7
Ry = O:

m’ e

R, = 20k + 0 + (40)(0) = 20kQ

Ry

Ry = 1k

Ry, = 20kQ + 1 kQ + (40)(1 k) = 61
Ry = 10Kk0:

R, = 20kQ + 10kQ + (40)(10 kQ) =
Ry = 20 kb

Ry o= 20kQ + 20 kO
Ry = 100 k&)

R, = 20 kQ + 100 kQ + (40)(100 k) = 4.1

Ex:6.8g,, = g,. ¢

o 100 pA

Ve 02 VR2

b

+ (40)(20 k2) =

.
K

= 1 mA/NV



Exercise ' 64

Ip 0.1 mA 0k

$0, (g.7,) = I mA/V20kD) = 20
(a) For R, = 20k(),
Rytr,  20kQ+20k0 _
L+ aran 1 +20

S Ay = =g (Pl Rigs)
= o] MAVR0KE 1L9K) = L7 VY
or
If we wse the approximation of eq. 6 = 35
Rypoe by L 20K 1

Zwarlor  Lur 20 I mA/Y
= 2 ki)

then,
Ay, = =1 mAV20KO] 2k€)) = ~ 182 VIV
Either method is correct.
continuing, fromeg. 16 . 31

Ay = —gmylgmyr ) Ry )
Ay = =1 mANVITCOI20 kO E 20k}
= —19.04 VIV
Av  —19.04

Av, ~182
thy Now, for R, = 400 k),
LT £
Yorton Ko 20
= 21k

Apy % =1 mA/V0 KO T 21 k) = — 102 VIV
Av = =1 mAVI[(20320 k)] § 400 kN

= 200 VIV

iny 1.9k

Avs = = 10.5 VIV

RTINS

R RO A—
I mA/V

2

Ay, = Av L D200 19.6 ViV
N Ay, - 102

Ex:& - PThe circuit of Fig.6.14 can be
modeled as

. oV,
! R,

Where (7, -

and K~ (1 & g Rsir,

The open-circait (no leud) Voltage gain is

S B . .
Av, = -G Ro v wnl2 o] o R
. o . ng.\‘ 5 o2 ) o

= "'ng 14
50, the gain remains the same
if R, is connected to the output;
T 8m
e [ (] 4 @ RS R
mRS[( Bm }'»»I “ L

Ay = 1'?‘3{

- mgm . (l + ng‘v)rBRL
T+guRs (1 +g.Rshr, + Ry

R,
T G )
{8 f)Rl. 4+ (1 + BuRs),

¥x:6.10

Vpp=+1.8V

(@ 1, = Tand 1, =1
Since Voy, = Vov, = 0.2 V we have

] L { Wy 2
§ 'L;v('<!l( Z )’ Vt!l"z

lpp 2 7 ML G

Iy ;j “"Cv.v(";')lv?w' !

and

I\"(%) W k k, (W

;“(;_g)‘ r=(7), - T, g( ),
VL,

or

(), = (%)

(b) The minimum voltage allowed across current

source 7, would be [Vodl = 0.2 V if made with
asingle transistor, I a 0.1 V,,. signal swing is to he
allowed at the drain of (0, the highest de bias
voltage would be

01 Vpy

Voo = IVord = = ts-02- Lo
135V
(Cy Vg o Woid + [Viph = 02405 = 07V



(d) Since<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>