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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. v, = {(f) X R,
When output terminals are short-circuited

For circuit a. i, = m
$

Forcircuitb. {,, = ig(1)

For equivalency

Rgig(r) = vyt

Ve (1)

Figure 1.1

iv(t)

Figure [.1b
Ex: 12

VUC
ise = 10 pA
R=Y10mv o

Vi 0

R
v (1) = wyl(r) X R "*f"fz‘

Given vg(f) = 10 mV and Ry = 1 k)
IfR, = 100k}

Exercise 1--1

v = ) mV X 102)02 ;= 2.9 mV
IR, = 10 k0
10 :

Wy = v e~ 9l mV
o i0m x10+l'9lm
If R, = 1k}
vy = ]()mVX-i-% = SmV
IR, = (00Q

- 100 -
2y I V ¥ i e .91V
vy 10 m l()()#-lK"‘)m

80% of source voltage = 10 mV X %05 = 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= 10uA 2R, 2R
< <
s N RS
Y P, (i ——.. —
o TSR R,
Given ig = 10 pA, Ry = 100 k{)
For
. 100
R, = 1 k{2, = X = 99 pA
. Qg = 10 pA X o7 9
X ; . A 100
For R, = 10k, i, = 1 X i
or R, iy = 10 pA 160 + 10
=91 pA
For
: 100
R, = kQ, iy = 10 pA X ——re =
R, 100 kQ, i, O 100 + 100 5 kA
For
o i » 100 K
R, = 1 M), [,y = comm—————
2 Qo = 0 RAX g™
=~ 0.9 pA

80% of source current = 10 X 780% = 8 pA

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

» 100
A= 10 pAx 100
S R T



Ext1s f=1 < _L < jo00Hz
@ = 2nf = 27 X 10° rad/s
Ex: 16 () T =

= ey 16,7 ms

o7 = ;‘( = L= 1000

Ex: L7 If 6 MHz'is allocated for each channel,

then 470 MHz to 806 MH2 will accomodute

806 — 470
6

Since it starts with chaanel 14, it will go from
channel 14 1o channel 69

T
Exi18 P o= L Za
!
[V U v
wa X e X T = L
T R R
Alteratively,

P = P 4P Pb

:(,ﬂi)’l + (._i!’.,) L ( AV ) Ly
Jrm/ RO\3 3/ R \s 55/ R

4'\.1
_Lyg(.*url )
R g 25 49 7

It can be shown by direct calculation that the
infinite series in the parentheses has a sum that
E 2

approaches 7/ 8: thus / becomes V™ / Ras
found from direct calculation.
Fraction of energy in fundamental

2
=8/ = 081
Fraction of energy in first five harmonics

8¢, .1, 1
PR ) RN = 0.93
(1 rg5s) 0

25

l

N

7

§

Fraction of energy in first seven harmonics
_f,’:(| & 1 s ’_ 4 l) w ()98

— 9 25 49
Fraction of energy in first nine harmonics

5}‘_(, B A X
24938 39 81

€
Note that 9D% of the epergy of the square wave is
in the first three harmonics: that is, in the funda-
mental and the third harmonic.

Ex: L9 () D can represent 13 distinet values
between O and +13 V. Thus.,
v,o= 0V= D o= 0000

Exercise 1--2

vy, = | V=D = 001

@y, = 2 V= D= (010

wy = 15V D o= 1111

b))+ 1V D) -+2V (i) +4V (iv) +8V

{¢) The closest discrete value represented by
Dis 5V thus D = 0101, The ervor is ~0.2V or
~0.2/ 52X 100 = —4%

Ex: 110 Voltage gain = 20 log 100 = 40 dB

= 10 log 107 = 50 dB

Ex: L1l P, = 15X 8 = 120 mW

2
]’L o m;w[?')ﬁ = 18 mW

Phicipared = 120~ 18 = 102 mW

2
w = Pscion = I8 00 - 1sa
e 120

Ex: 112
10

Y = 1 X e o 105V = 10 pv
10"+ 10
-t 2
(HoxX 107 o w
10
With the butfer amplifier:

P,= 4R, =

[ uli XA, X R
R+ R, TR, ER,

i

1 10

=] X e X ] X e = )25V
14 ] 10+ 10
P, o Yo .o 035 L ga5 mw
R, 10
0 23V |
Voltage gain = 2 . 0»;2—5-]-\3 = ).25 VIV
Ty
= 12 dB

. Py
Power gain (A} = F
;

where P, = 625 mW and P, = wi, .
0.5 V and

! I MQ -+
Thus,
P 05508 0 025 pW

PO
i

< - 05 pA
) H

and,

625%10 "
025% 107"

0 log A, = 44 dB

A, < 25 % 107



Exercise 1-3

This figure belongs 1o Exercise 1.15

pr——————

ux}x M

S

Ex: 113 Open-circuit (no load) output voltage =
Av 1w
(i3

]

A

,|‘,.....”_.m_%~7.n_.

Output volinge with load comnected

= A, o, .
R, T Ry
08 = Fif»?mk,) = 025 k) = 250

o’

Ex: L4 A, = 40dB = 100 V/V

ﬁz o R 2 .

2517

i

=¥ (H)ﬁ x 1‘““{“‘) /1000 -

po= ‘
TR
P .
g, = & = 2.5 X 107 WiW
A, =5 s = 28

0 Jog A, == 44 ¢

Ex: LIS Without stage 3 (see figure above)

j( I M )(m;[ 100 K )
v MOOK + 1M 0K+ 1 K

' we o
% (1003 et
“‘m’(m() 1 }\)

W (0.9093(10)0.990) 3 100Y(0.0909) =

I8

$18 YV

Ex: 1.16 Given », 1 mV
l!i
e 0,909 Sa
2
v, 0.909 ¢, = 0909 X | = 0909 mV
B e B 900909 = 9 VIV
o V.V,
it ¥
For I mVy

o= Xy = 91 = YmV

g vy

Yin Y Vi Vi , ;
w22 Y = 909 X 9.9 % 0.909
T, t'i:’ v’. \ v

=818 VIV

For v, = I mV

v, 818 op o BIB K1 = B18mV

¥, PIVEE T T

e M B S 1)

iy [ T g

= (0,909 X 90,9 X 9.9 % (0.909 ~ 744
For vV, = tmV
t"’.l 744 x 1 mV = 744 mV

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

R, = 1 MQ
R, = 100
A, = Ay X A, = 99X 909 = 900 VIV

VU Rv . ; Rf

Yo XA ¥ .

Vy R, + Ry R, v R

For R, = 100

Overall voltage gain

S “ % 000 X LY
M4 100K 10 = I

For R, = 1000}

Overall voltage gain

1M 900 % . A000
M4 100K 1000+ 10

. Range of voltage gain is from 409 10 810 V7Y

a

A

= 81D VIV



Exercise 1--4

>
<
.'anm;dc
eguation
™ fsm atE
.. Ry . Re Ry »
o = A"‘"Ra TR, SRR, R, + R, v, = iy, (B 1D)iR,
Thus, =iylr.+ (B + DR
i R, Ry Bit v, = w and iy = i, thus
Ro= == r 4B+ R,
Ix y
Ex: 1.22
r Gain
10 Hz 60 dB

10 kHz 40.dB
100 kHz 20dB
1 MHz 0dB

g = G,ulRy | Ry)

. R
:(’mvﬁ : (Rf) § RL)

R, + Ry
Thus, ;
ty R;
b ¢ .. R
v " O Roll R 3dB

frequency

Ex: 1.20 Using transresistance circuit model the
circuit will be

+
_‘i’ b & > _L
4:R'u RL‘; V.,—-l— o
. ] Sp S -
i ::R, :: R;
Vo = GuVIRy || R ]| C,]
i _ R e GV,
is Ri = RS ,..,i... + _.1_ o} SCI
R R, Ry ’
- L N
V() le: Rl e Rg Thus. _‘iﬁ - (’m | ‘
v R, v Ly L, G
L e Ry Rp R 1,1
1; RL v R()- RU R’
Now Ve - Youli . g R R which is of the STC LP type.
g oy "Rt Ry R+ R G
’ DC gaip = wmoloen 2 100
=Ryt _x R L

"Rs+ R, R, + Ry R, R,



1 1. .G, 10

v et el i = (), v
7 R ST0 " oo - OTmA
L cor-L = 008 marv

R, 30

R, = ».%_ KO = 125 kO

AAAAA 4 1 )~ 1
@y 5 o e b e )22 29 X100 KH2
¢ ,,,(R,, R,

(i )

N 3 " 3 )

C = 30 X 10 12‘3 x 107 159.2 pF
27 X O

Exercise 1--5

Ex: 1,24 Refer to Fig. E1.23
Va_ R - R s
Vs ool R, + R, ]

5 R+ —+R, st Rig b

st ST TR, T Ry
which is a HP STC function.
{ I~
5 e 55 1) Hi
Taw = R *
|

22(1 + 9)10° % 100

= 046 wF



Ex:1.25
T=x 50K
n = BT e ~EgRIKT)

= 73 % !(}“‘(5())3'1 o2 X B2 Y s

~ 9.6 % 107 ¥/em*
T = 350K
BT ERKKD

n, e
= 7.3 % 10%(350)" ¢ V12X 862 %107 % 250
= 415X 10" fem’

Ex: 1. 26

Ny = 10" /em’
From Exercise 3.1 1; at

T = 350K = 4.15.x 10" fcim”
n, = Np = 10"cm’

mm‘2
Pe =5

Np

_ @15 x 10"y
!017

= 1,72 X 10%m’

Ex:1.27
AL300K, n; = 1.5 x10"%m’
P, = Ny

Want electron concentration

- L5x 10"

= = 15X 10*7em®
10

= ""
Prd
nt

"

. U5 x 10"
1.5 x 10°

= 1.5 % 10"%cm’

.'.Nﬂ = p,, =

Ex:1.28

a, ueodeiff = —-p B
‘Here negative sign indicatés that clectrons
moveina direction opposite'to E
We use

wAdiff s —p B

1350 X —L o L um = 107 em
2% 10

6.75 x 10%emss = 6.75 % 10° mfs

i)

i

Exercise 1--6

b. Time taken to-cross 2 pm

o
fength = 22X = 30 ps
6,75 % 10
¢ 1h n-g driff corrent density 1, in
Iy o= gnp, B
= 16X 107" % 10" x 1350 x LY
2X 10

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

{t

- dn(x)
: 1.28J = gD 2
" q n d,f
From Figure E1.29

ne = 107em® = 10°7 (em)*

= 35 % 10 (um)¥s
dn _ 10°~0

dx 1

= 10°um™?

= gp 90(X)
I, = 4D, ax

= 16x 107" x 35 % 10* x 10°
= 56 % 107" AllpmY

= 56 p Al(pm)’
Forl, = lmA=J XA

3
= lmA 107 pA =18’
g, 56. pA/(pm)
Ex: 1.30
Using equation 1.45
D, . Dy . Vy
Hey By
D, = p,Vy = 1350 X259 % 107°
= 35.ci’fs

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

o 124 cm’ls

Ex: 1 . 31
Eqguation 3. 50




Exercise 1--7

e N. EN As one can sec from above equation, to increase
= ——‘( “4,:,-—\;12)":) minority tarrier-concentration (p,) by a factor of
Y ai¥p !

4 2, one must lower Ny (= n,) by a factorof 2.

wh = s(Nat Ny )»
g VNN, )T Ex: 1.34
NN . b,
v, w l(ﬁ) = ( NNy )Wz Equation 1.38] = Aqn,( + D, )
Nee/ N+ N, LN, LN
DL‘ D,
Fx: 1.32 since i and <+ here approximately
2. 29 r “n
Inap* ndiode ¥y >> N
Zgwmwwwww similar vadues, if Ny >> Ny, then the term 7 1";
Eguation .50 W = "( .w!”_)vo ¥ A
g \N, Ny D
can be neglected as compared to £
¢ . 1 < 1 L )’Nl)
We can neglect the term N as Compared to o ¥
e o . x B,
since Ny >3 Ny ool g Agny —E-
A 2 “ptV B
- 2&;% T
“Wgn, © ix: 1.35
D D,
Tauatio 81X mr W e Iy = Agqn; ("“‘L" o )
Equation 1.81X, W o LNy, L N
w e = 107 X 16 % 1077 x (1.5 % 10'’
=N
o
- W . 10 4 10
-~ 10" 10x 107 x 10"
Equation1.52X,, = 5X10 "X R
since Ny > N, ' = 145 x 1077 A
Ni) N
W E =4) 1= 1y T
Ny 0 s
vy, 1 DBISKIS x 1 N
(i NN ~fe T b Y
Fauation 1,530, = hg(-———w‘%) = e 145 %10
At Ny - 1.2 mA

- Wosinee Ny »> N Ex: 1.36

]
w ;“E‘(J_u + w)(\» -V
¥

a\N, N
Bguation1.54{2, = A 5‘2&,541( o L% f? X VNS
N N+ N,/ f;il_‘)iig%,(u!*‘ ”)(0344 0.605)
A ———— N 16X 10 0w

i A o N
~A &{'255-«'1( o “)\",, since N, >> Ny,

N

166 % 107" em = 0.166 P
© A ZegN LV,

Ex: 1.32

o\ 1% 3
Inexample:.2 = 10 em” and

Ny o 10" eme ) (LIE RS

'\i‘

i : S ( - "
In the n-region of this pn juction diode N L6 X 10 -1} 107
ny = Ny o 10 %em’ = 008 % 107 em = 0,608 pm

2 f0,7 Using equation 1.53
1" 5 % (0™ o o y
p, o= B L 152107} 995 % 10Yem

n, 0% ¢, =




Exercise 1--8

a8 16y ~ Ex: 1.40
=107 x 16 x 1‘0“‘9[*-,—-“—«-“"" e )x's.asx 1075 cm  Bquation 1.74
107"+ 10 .2
= 9.63 pC T, = o
Reverse Current I o= [¢ = A ,,2(_2&_ s ..2"_,) 4,2
S 5 qn; LNy LN, . BX ;0,
= 107 % 16 x 1077 x (1.5 x 10")° = 25 as
x ( 10 + 18 ) Equation 1. 81
5% 107 x 10" 10x 107 x 10™ e = (")x
q ——
= 73% 107" A Yy
Inexample1.36N, = 10"em’
Ex:1.38 .
Equation 1.72 Ny = 10" /cm
Co - A [ e 1) Assuming N, >> Ny
’ 2 AN, + NV, Ty oz t, = 23 ns
. ~
= jort 10 x 107" x 16 % 10‘“"’) Gy = (m%) 0.1 % 107
2 259 x 1077
(IO'sx mm)( | ) == 065 pF
10'% ¢ 1010 N0.814
= 3.2 pF
Equation 1.71
c, = Lo
VR
fr + R
Vy
_32x10""?
f 2
A
: 0.814
= 172 pF
Ex: 1.39
= 40 o 4
= v av'rh

v,
= ;;-"-,{T,x LT - 1)

|74 'VT .

= tpls "‘d("!";. (e B

Viv
= TT'Ib‘-v]T-e r
T

T (2%
= L% [Se r
Vr

(vr. !



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 Yiem = E(Ul + vy

a)

u=v-3= 0—1103 = =002V = —2mV

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

Vem = :12(— 2mV +0) = —1 mV

b) =10 = 10°(5—v)=> v, = 501V
Vg = v,— v, = 5—501 = 001V =10mV
Vem = %(v. +0,) = %(5.01 +5) = 5005V

~5V

)
v; = A(v,— 1) = 10°(0.998 — 1.002) = -4 V
v = v;— v = 0998 — 1.002 = —4 mV

Vem = %(vl + ) = %(1.002 +0998) = 1V

d)

~36 = 10°[v, — (—=3.6)] = 10°(v, + 3.6)
=2 = —3.6036V

Vg = v, — v, = — 3.6036 — (—3.6)
= —00036V = —3.6 mV

1 1
Yiem = E(U| +uv,) = i[_ 3.6 +(—3.6)]
= =36V
Ex: 2.3
From Figure E2.3 we have: V; = uV and

v(l = (va2~ Glnvl)R =G R(V'_’_ Vl)

"

Therefore:

Vy = pG,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 10 X 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

—g—f and R, respectively. Therefore, we have:

R, = 100 kQ and

_R
R,

Thus:

R, = 10 X 100 k2 = 1 M£)

= —10=R, = 10 R,

Ex: 2.5
R =10k
Vi
VU
I
1.1

From Table  we have:
R, = ZQ , 1.e., output is open circuit

i |i,=0

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

Vo = V,—Ri, = 0—Ri, = —Rij,
Rm = &) = —R_l' = ~R=>Rm = —R
l',» iﬂZO L
= —10 k()

V.
R, = —V—' and V; is a virtual ground (V; =0),

thusR, = 2 = 0= R, = 00

~

H
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.



Exercise 2--2

v,

i

0.5 mA ™me i

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

V; is a virtal ground that is V; = 0, thos the cur-
rent flowing through the 10 k{Y resistor con-
nected between V; and ground iy zero. Therefore

Yy = V= RX05mA = 00— 10K X 05 mA

wm o § Y
Ex: 2.6
'_; £y = 10D

fy (= 1k i

> R
v Vi i AL

iy
= j‘;‘ "=>R, =1kQ

H

Vy is a virtual ground, thus V, =0V
. PV -V, -
f, = e .I_._Q = | mA

R, 1 kO
Assuming an ideal op amp, the current flowing
into the negative input terminal of the op amp is
zero. Therefore, i, = i, =i, = I mA

Vg = V,~ iRy = 0~ 1mAX 10k

= -V
1% -1V
i = A ‘..I.(,{.E. = — 1Y mA
R; kO
Py = §; =iy = ~ 0mA~1mA = -1l mA
v -
Voltage gain = --& = 0y . VA"
Iy TV
or 2048
Current gain = & = = — 10 AJA
Iy
or 20 dB
Power gain = 14 = Z10C-10mA)
P, FY X T mA

or 20 4B

P
Note that power gain in dB is 10 logm;%%’iy

HAE R

0 WIW

Ex: 2.7
Ry Ry
Vl D’“‘& A
Ry
‘.
Y20 4 b0 ¥,

Siyee it is required that V,, =
We want to have:

—(V, + 5V,).

B . t and R . 5
Ry Ry
1t is also desired that for a maximum output volt-
uge of 10V the current in the feedback resistor
does not:exceed 1 mA.

Therefore
]
BV cima=gr=12Y g =10k
R, 1 mA
Let us choose R, to be 10 k€ . then
R, = R, = 10kQ and R, = f:—’ = 2k

Fx: 28

Yo (la) e RE- G
RAR, RyAR, R;

We wam 1o design the circuit such that

V, = 2V 4+ V,— 4V,

Thus we need to have

(R )(R() D (RH)(R") = | and ’{l E
R AR, R, R;

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

Then we have



Re 10

Ry = =i o= ol = 25k

i 7 3 25kQ

RNRSY 5 10, 10

P | N — K e Y = "k
(R,)(R,,) RO AT I

RR, R, 10

Ex: 29

Using the super position principle, to find the con-
tribution of 7 to the autput voltage 1, we set V, =0

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

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

ampis: V, = —%V, = 0.6V,

Thus
vV, = (1 +%E%)v, = 10X 06V, = 6V,

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

2
Then V4 = mV; = (0.4 Vz
Hence
gk .
v m(x+-——p) = 10X 04V, = 4V,
o ‘ ka v, =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

Vz O .
3x0

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

(R)(ffx) = 1210510 g, = 10k0

Exercise 2--3

we have (refer 10 the solution of gxercise 2.9):
Vo = 6V,

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

¥V, = Vyow 0, them: Vi, = 4V,

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

Vy =V, = 0, then

Vy = ”%":‘% Vy = —~9V;y

Combining the contributions of ¥,V and V3 10
Vo we have: V,, = 6V + 4V, — 9V,

Ex: 2.11
©
R,
AY 0
< . v,
VO R'g R’s
Vi R‘ 2=§R! | = t 2
if V, = 10V thenitis desired that
i = 10 pA.
Thus,
. 0V 10V
= = 10 Lh Ry = et
"TRYR wA=R TR = oA

R, + R, = 1 MQ and
R, = Rzn‘#R] = R: = (1.5 MQ}

Ex: 2,12
a)

iR.m»«

— ™
L v v ' OV,

Ry i

Vo= AV~ V)=V = v,m..‘;j_’
L V-Vl V.Y, (1» 1)
2 = R le R, & r)
R " Ry 1%
v, = [1+ m':) C={14 wz)( - 4)
# ( R‘, V (l + 'Rl V, A =
14 Ry/R
V’O%va P {I “*"Rgf’Rl)V,
Vo o VHRJR . VA RAIR,
Vi LERIR L+ LHRAR
A ‘ A
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