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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



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

10. The actual closed-loop gainis G = '0! 3
14 ==
A

e =920 100 = ~099% ~ 1%

o 0= —0% -
For V, = 1V, V, = GXV, = 9901 V and

v 9.901
Vo= AV, = V)=V, - V_ = 2= 2200
4] (& —)“‘”” + - A ‘o(x)

- 9.9 mV

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

v,-v. = Y2 = 292 < 099 mv =1 mv
10
IfA = 10° then G = 9.999 and
€ = ~001%
For V; = 1V, V, = GXV, = 9999 thus,
v,-v. = Yo - 2999 _ 009909 v
A 10
~0.1 mV
Ex: 2.13
iI:OA, Vle’&: tv,
.Y 1v _
T T o ™A

Exercise 2--4

&-.Mwm

s 0
P Vo X iy L Joxao
pl VI x li 1 X "}
Ex: 2,14
(a) load voltage
1 k)
5 e X LV~ Y
kil + 1 MO = Im

{b) load voltage = IV

Ex: 2.15

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

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

¢ V= Vy 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,

(c)A‘.,,,=~———'—‘~=( )(|~--)

L (1—-5‘%5-3)
1a % Ry Ry

»
Ry Ry
R, R,

R
Ry
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)
Ryl #0.01) " Ry Rypow(l — 0.01)
where R, and Ry, 2t nominal values for Ry
and Ry respectively. We have :
R%‘m = 2 ki zmd R4,mm = 200 k«ﬁ, iﬁu.s,
200% 099 _ Ry 200 % 1.01
22X LOL Ry 2X%099

i

98.02 = X4 < 10002
RJ



Simlarly, we can show that

9802 = X2 102,02
R

Hence, — 102,02 = wﬁ_z. = -98.02

Therefore,
R, R R
~dm St s |- By
"Ry, R, Ry R
In the worst case
l 2
4 )
' S om0 el =004

t +
3
Note that the werst case &, happens when
=2 = 98.02 and »= = 102
%, an R 02

The differential gain' A, of the amplifier

. RG « g
isAy = «k— , therefore, the corresponding value of

1
CMRR for the worst case A, is ¢

CMRR = 20 log——-l-{:" = 20 10g 10202

Rl

CMRR = 20 log(2550.5) ~ 68 dB

Ex: 2.16

We choose R3 = R and Ry = R, Then for the
circuit to behave as a difference amplifier with
4 gain of 10 and an input resistance of 20 k{}
we require

Adﬁ%: 10 and

Ry = 2Ry = 20k = R, = 10k{} and
Ry = AR, = 10X 10k = 100 kQ}
Therefore, Ry = R; = 10k} and

Ry, = R, = 100k§)

Ex: 2.17
Given V., = +5V

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

= § = (003 sinet V
i
Ypy B Vg ivf«o

= 5+ 0.005sinwt V
u.(Op AmpA ) = V; = § - 0.005sinat V

Exercise 2--5

#.(Op AmpA,) = V,; = 5+ 0.005sinmt V
g 7ty = vy = 0.0] sinewt

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

. Vv

vy = V= Ry “2"1‘?";

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

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

Vg = + R
%2 2 2R
= {5 + 5.005sinwt)V
Ry 10
v, (Op Amp Ay) = yy X R, + R, = 70”10 + 10

Ry = Ry = 10KQ

= %vm - %(s + 5.005 sinet)
= (2.5 + 2.5025 sinwt)V
w(Op Amp Ay) = V_ (Op Amp A,)
= (2.5 4+ 2.5025sinwt) V
R R
v = 21+ B
M(. L 05MO
10kl 05MQ

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

) X 0.01 sint

Ex: 2.18

C

___I

R
s

— +
V, (h=g [ Vi
0

-—
-

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

0v Vil+)

0 1 ms

Ims

-10v




I ms
0 5 >t
: 2 ms
-20 \V,.("*)
We have
| ¥ s
) “»-—«I 10 dt
CR o

-1
=y =0 = X X
0 R X I ms

CR = %«gxlmsxﬁ.ims

Ex: 2.19

Kk

V,«(+')O-——--——4

"'"""’ovu("')

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

is 107" 5, wehave: CR = 107" s=»

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

Voliw) _ _ 1

V(w)  JwCR

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

'Zg = b = 100 V/V and phase
v =

d o 1xi0

b = 9%°

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

‘Yg' = —d = 1000 V/V and phase
V; 10 x

10
(b e 900
Using equation (2.53) the frequency at which the
integrator gain magnitude is unity is
i i

Wipy = 'c'_—R s i-(—)*—:; = 1000 rad /s

Exercise 2--6

Ex: 2,20

b_..ywwm

C
v, (4._)()le t—»«* ......... o3V (4)

-
-

C = 001 wF Is the inpnt capacitance of this
differentiator. We waint CR = 107" 5 (the fime
constant of the differentiator), thus,
_ _107?
001 uF
From equation {2.57), we know that the transfer
funiction of the differentiator is of the form

Volgw) _
V.(jw)
Thus, for w = 10 rad /s the differentiator trans-
fer function has magnitude

= 10X 10”7 = 0.1 V/V and phase

= ] M{}

—jwCR

Yo
V.

i

b = —o0°
For w = 10° rad/s the differentiator transfer

function has magnitude

Yol = 10x 107 = 10 V/V and phase

4
¢ = —90°

1f 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
A
Y

c R

Vi to—| A >_<.,_ov‘,(+)
j +

At high frequencies the capacitor C acts like a
shon circuit. Therefore, the high-frequency gain

of this circuit is: R To limit the magnitude of
1

this high-frequency-gain 10100, we should have:



Exercise 2--7

Ex: 2,21
Vo(Vv)
A
v
Slope = Ao = 10s Vv |[:
; H $ 2 | 1 i 1 i i ¢ I {
i H H 3 i T 3 ¥ 1 1 t T .
-4 -3 -2 - 1 2 3 4 5 6 7 & gvmmv)
{..—10V
Vo = ¥y Fx: 2.23

Vig = V=V,
Vip = Vo= Vg - V

when V, =V =0 then

Actual op amp

Vip = 0= 3mV = -5mV . This input offset Vi

voltage causes an offset in the voltage transfer
characteristic. Rather than passing through the

>
Oftset-Free op amp
origin, it is now shifted to the left by Vg

? ;
Ex: 2.22 Vo o Vs
From cquation (2.41) we have: Vig = Vo= ¥,
fa = '—%,E-m = {3915kHz - 159 kH~ Vig = Vo Vo ¥
T o ma I order to have zero differential input for the off-
Using equation (2.42), for an input sinusoid with set-free op amp G.e., V, - V. = 0) we need
frequency f = 3 f,,.the maximum possible Vi V,—V =V, = 0-3mV=-5mV

amplitude that can be accommodated at the output

. . o Thus, the transfer characteristic V,, versus ¥y, is:
without incurring SR distortion is:

PR ffu Yy I
v o ‘(Hmt{\i _i_") | “)X'g = 2 \[(pt"l“)

V. (V)

slope = 10

de

O N IS L R S B U VAPV

- 10




Exercise 2--8

Ex: 2.24
me equation(z 44) we have:
“““ < ARy = IaRs
= 100nA X | M8} = 0.1V

From equation (2.46) the valuc of resistor Ry

(placed in.series with positive input to minimize

the output offset voltage) is:

Ry = R Ry = RR, 10 kl} X1 M0
R, + Ry 10k + 1 MO

99 k()
= 99k ~ 10 ki)
thh this value of Ry the new value of the output
dc voltage (uﬁing equalion {2. 47))is-

Ex:2.28
Using equation (2.54) we have:
v v
V., = V.4 ,_., w12 = 2 mV 2my 1
¢ TR I ms

_’0;___*_:: 2mV

P
2 mv

Xl mg 6D = 1 o2 6D

] Vu

With the feedback resistor R to have at Jeast

+ 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 Vigis

Vv, = Vos(’ _Ri)m 2V = 2m\r(| + lf)k‘l
R, :

[ L = 1000 =2 Ry ~ 10 M{
10kO b=

The corner frequency of the resulting STC
network is wo= wl

#
Weknow RC = 1 ms and
R = kQ = C = 00 pF
I

Thus w U S—
O pF > 10 MO

©bradss

Ex:.2.26
From equation {2.28) we have:

= Agwp= fo = Aofy= [, = {{ . and

2]
we know
20 logA, = 106 and f, = 3 MHz, therefore
fb: 15 Hz

By definition the open-loop gain (in dB) at f), is:

Ap(indB)~3 = 106 —3 = 103dB

To find the open-loop gain at frequency f we can

use equation (2.31) {especially when f>> f, which
is the-case in this exercise) and write:

Open-loop gain at f - 20 lo«(g—)

Therefore:
Open-loop gain at 300 Hz =

20 lm\”4 :g:;l'

= 80 4B
Open-loop gain at 3 kHz =

20 10e3MHz _ oy i

3 kHz
Open-loop gain at 12 kHz =
20 1og2MHZ _ e 4
12 kHz
Open-loop gain at 60 kHz =
3 MHz
201 = 34 dB
Ly ‘

Ex: 2.27

]\/(‘)‘Ir

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

v Vi)

s

2ms

10V




-
2 ms

SO

Ny ()
- 20

We have

] 1 s
| R 10 gt
) CRL

B
= =) = ol K10 X §
= =20 ) 00X I ms

10
T e B s == {), 8
CR I ms = 0.5 ms

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 vse equation(2.35).

Therefore:
S = and 1+ By _ 100 and
1+ 2 Ry
I
[, = 2MHz
2 MHz
H = S22 = 20 KH;
ence fian 100 Hz
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 V5§5: V<€-S-5-

W, 2w f,
V = 0.16 V, thus, the largest possible input volt-
apestepis 0.16 V,
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, = 035 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

3
r W
slope=SR d
N4 16V
P “
1l +
i = Y% 16—-01X%X16
‘ 1 V/ps
=1 = 128 ps
Ex: 2.30
From equation (2.41) we have:
- SR _ : 3 :
fu= 520 = 15915 kHz =~ 15.9 kHz

{2 max
Using equation (2.42), for an input sinuscid with
frequency f = 5 f,, the maximum possible

amplitude that can be accommodated al the output
without incurring SR distortion is:

Ju ) {
S s - e \Y
Vo Vo m“(S " 10 X 3 2V (peak)



Exercise 3—1

Ex:3.1 {c)
Refer 10 Fig3 . 3(a). for ¥, = 0, the diode con-

ducts and presents a zero voltage drop. Thils +
Vo = V,; For V; <0, the diode is cut-off, zero Ve ~5V
current flows throvgh Rand ¥y, = 0, The

restits is the wansfer characteristic in Fig 3.1 1= 0A ,& i

Ex: 3.2

see Figured. 3aand3.3b

During the positive half of the sinusoid, the diode

is forward biased, so it conducts resulting in

v, = [} During the negative nlf of the input sig- =5V

nal 4, the diode is reverse blased. The diode does )
not conduct resulting in no current flowing in'the

circuit. So v, = 0 and wy = m— vy = U
This results in the waveforim shown in Figure £3.2

Ex: 3.3
in R T 10 mA

de component of o, = 111 v

Iy . 10
T ki -3V
= 38V {e)
Ex: 3.4
{a)
5V
A
250 % 370 smaA
23
o ———
& * in
{ V=0V
L -
- =2zl
1)) |
= 4 mA
5V
A -0
: Ve |V
zik!'lg,}m(m ~
: Vo 3V V:lv;f = w
; : m
= LU o
505 R = & Vo
1 mA T



For an output voltage of 2.4 V, the voltage drop

across each diode = 2{—1 = (8 V

Now [, the current through each diode is

v o825 0 -3 j

1=t | o= 691 % 107 %

= 54.6 mA
54.6 X 107

= {39 {}
Ex:3.12
(a)

2.5 ket 1.72 mA
(b)
5V
[=0A ¢ 25k0
+
V=35V

(<)

Exercise 3--2

(@)
= +
~0TV =V
U— .o
R
25k ,} I="5%
= 1,72 mA

O V=1+07
= .7V

Ex: 3.13
.V
ry i

~3
Ip = 00mA r, = BXI . 9550

0 01x107
~3

1107
-3
Iy =10ma r =2BX10 559
10107
Ex: 3.14
For small signal inodel, using equation 3. 15

> ] ')
ip = Ip+t v, T
7

Aiy = -";i’- - A, (1)

r



For exponential model
VIV,

. 7
'n Ise
"“: ) it A 1 i \'! J\'.’\'(
2N ¢ ¢
I
J!‘/‘V'T
Alp = ipy =iy 7 e T im
At 7
Ciple 1 (2)
In this problem i, = {, = I mA

Using equations (1) and (2) results and using
Vy - 25 mv

AV(mY)  Ai(mA)  Aij(mA)
smatil expo.
signal mode!

T 10 04 -0.33
b -5 -().2 -0.18
¢ +3 +().2 +(.22
d +16) +0.4 +0.49

Ex: 3.15

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

a. In this problem 7\»"—,—'3 - Wmy 20 0

LY TmA
- Total small signal resistance of the four diodes
2200 0
. . 2 .
For each diode r, = :‘i(—) = 5 0
V.
But r, e i =5 = g;._li\f
0 II)
Ay s S mA
and R = 273 L oakn
5 mA

Exercise 3--3

b. For V, = 3 V. volage drop across cach
) 3 ,
diode = = =~ 075 V
4
Ve
. vy
i = g
i 5 . 16
g = T’%“ T e 47 1) A
P TS !

clfiy = 5—i = 5~ 1 = 4mA

Across each diode the voltage drop is

, !
¥y = l/,ln(f%)

§

25 K107 % ln( Mi:iﬂ.)._;”..)
4710 "
07443 V

Voltage drop across 4 diodes
A X 07443 = 2977V

sochangein ¥V, = 3 2977 =~ 23 mV

Ex: 3.16

For a zener diode

Vo = V, o+ 1,r,

10~ Vv, + 001 x50

V,, = 95V

For I, = 5 mA

Ve = 9.5 4 0005 X 50 = 975V

Ex: 3.17

—0 56V

k() o 15 mA

The minimum zener current should be

Sxdy, = SX 1= SmA.

Since the load current can be as large as 15 mA,
we should select R so that with 7, = 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

P = P
P, 2010 "X 56 = [12mV

max



Ex: 3.18

15V
2004
ey AtMOfORd Vy = 51V
4
~ ve
Ve
FOR LINE REGULATION

76

Line Regulation = 35:-,’ = 5«661;;? = 338 9—9—"
For Load Reguatation:
2000
—
Van Al
’ %
AV‘) " “AI"}'Z
Al I mA
\
o -7 &
mA

Exercise 3--4

Ex: 3 .19
Vs
Vo= 322k
Vi
T
Q 2
o
3] [£]

a. The diode starts conduction at
vg = Vi = 07V
v = Vysinot, here Vg = 12,2
Al wt = 0
ve = Vesind = V= 07V
122600 = 07

. 0.7
9 = sm“(»-—-) -~ 2.4°

122

Conduction starts at 8 and stops at 180 — 0.
. Total conduction angle = 180 — 20
= 175.2°

[ 3]
b. Yoy = i]; f (Vssiﬂd) - Vl,)dd)
@
= Li-vicoss = voell 11

= %i-r[l!scosa - Vyeos(m — 8) — Vp(m —

But cos® = 1,
T2 ~ 7

cos{w —~ 0) ~-1 and

- 2V Vp

Uoag = by - 3
_ Y Vs
T 2

For Vy = 12/2 and V) = 07V
- 243 -2 = s0sv

P ave =
Qavy p

<wt

26))



¢. The peak diode current occers at the péak diode

voltage
"m - Ve~ Vp - 122 - 07
R 100
= 163 mA
PIV = 4V, = 12./2
~17V

Ex: 3.20

Peak current. =

Vg
3 .
mput
Ve
s o0\ output  eeg
(4 ~ 74 \
" » ’1 \‘
Yo iy W\ Lrrey *
¢} {; ;‘ Rl ) \\ /
7=
- "S -

a. As shown in the diagram the output is zero
between. (7 — @) w0 (7 + 0)

= 20
Here 0 is the angle at which the input signal
reaches V)
o Vgsing = ¥,

v
b = sino(%2)
V

§¢

b. Average value of the output signal is given by

f [ 3]
V = 137‘4 - (Vesind — V,0d
oay = 5127 (Vesimds 5)dd

L u

I 7 e v K

;{ -V S"Oh{b - l}d’ ld, o

4

v

fé —Va

T

| 9]

¢. Peak current occers when & '—;
Peak Current
Vesin(e/2) - v, Vo~ V,
R I

I g is 12 Virms)

then V= 2% 12 = 1272

Exercise 3—5

1242 — 0.7

100 ~ 163 mA

Non zero-output oceurs forangle = 2(m — 20)

The fraction.of the cycle for which v, > 0 is

2

) 2[1:— 2sin ‘(T(zl}fi)]

X 100
2ar

= 974%
Average output voltage V,, is

V=25 oy, = 2X022 5 ooy
w mw

Peak diode current ip is
Vi=Vy 12207
R 100

w163 mA
PIV = Ve~ ¥V, + Vg

w 12207+ 123

ip =

= 332V
Ex: 3.21
Vs +
qu\)‘::,/ \\ inp\ur
O~
a1y
H= sm-“:l/i’)
Y Vg
-Vt

! j(v.,»simb = 2V,) dd

v = A
Oave
E 2

2 ™
= = =Vscosd = 2Vpdl
e ;

- Lavg—avm - 20
,,
But cos = |

cos(m — B) = ~1

= 20 == g1

vy ‘

’ - MV
Oavg =¥n

t



{b) Peak diode current = Wgﬁ-

L V-2V, 1242 ~ 1.4
R 100

= 156 mA
PIV = Ve Vo= 12/2-07 = 163V

Ex: 3,22

Full wave peak Rectifier:

i
L 4

assumed the

%»_ “:‘ . /ideal iode
M ot S N charges to V,,
VA
13
¥
t

The ripple voltage is the amount of discharge that
occurs when the diodes are not conducting. The
output voltage is given by:

~tRC
vy o Ve

RC R N N
V,=V, = Ve e discharge is only
half the period,

Vr Eos V{t(l — R(f)

TR
e " =" ge

for CR>>T/#2

T2
=V il =1+ ==
- ”(l RC)

e MEE.. ()
2fRC
To find the average current, note that the charge
supplied during conduction is eyuivalent tothe
charge lost during discharge.
Qsurerien = Quosr
F A = CV, SUB ()

Exercise 3--6

14 y
; -} = P o 2
('I)‘nv I.)Af 14 2fR¢ ng
ok

v,
i!x av z + i
) wdIR i
where wAf is the conduction angle.

Note the conduction angle is the same expression
as for the half wave rectifier and is given in

EQ3.30

AT Jﬁl& )
vy

Substituting for mAr we get:

wV .
= iﬁ.uv = e + 'IL

f?__‘iz R
VI’
Since the output is approximately held at Vi
vV

fml,v.%us:

v
= ip 2wl };"{ff‘ +1;
. Vv,
= 11[1 4+ o 3_‘5‘] Q.E,D

1f 1 = 0 is at the peak, the maximum diode current
oceurs al the onset of conduction orat ¢ = wAt.
During conduction, the diode current is-given by:
i n = l( t ) i

. d Uy .

I max = C ':i"; + iy

Sl .V
assuming i, is const, i, = 7-?‘3 = I

d s
= C;i;(" peoswt) + 1,

= —Csinot X'wV, +1,
= = Csin(~wdr) XwV, + 1,

for a small conduction angle
sin{ —wAt) = —wAtr. Thus:

D ip ey & COAIX @V, + 1,
Sub (b) to get:

’V’-’.
iﬂ‘max = C "'/—:ll)v’, + ’1.'»
P

SUB @ = 2uf sub(a)forf

pw Vo
© =TIV RC

N 2V, 2mvp’
D gy ¢ ’{7’ 2:; R,E + 1 L
p “Vr



Exercise 3—-7

Ex: 3.23

© f
ac l 4
line
v,
voltage h
(:\

The output voltage, o, can be expressed as

. “URC
g o (V, = 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 >> ?2:

B (e 7.1

) S 1
R A A 2v,,(,)(1 ~Tx l'e?]

ro~

r
7 2Vpo) X 3RC
Here V, = 122 and V, = |V

Vpo = 08V

=V, = (V

1

= 2 X B) X s
&) 260X 100% C

2o W iEae T w1281 wF
2% 60 % 100 :
Without considering the ripple voltage the de
output voltage
122 2)08 = 154V

I nipple voltage is included the butput voltage is
;

122 2% 08 - f,)—

149V

Diode current without taking ripple voltage into

1272 -2 %08

onsideration = - ~ 015 A
comee 100 6 ’

The conduction angle wAt can be obtained using
equation 4.30

" -
oAl = /:-V— E /--————-——-2" ! = 036
Y, 122~2%08

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

) v, 149 V
ipae = l‘(i + ﬂ;j;_il&) Here 1; = oa
and V, = 122-2%08, V, = 1V

e = 145 A

T pesic = 1(1 +2m Jz%‘)

= 2.4 A
PIV of the diodes

s Vg Vpp = 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.

=T

Ex: 3.24
i+

ty O——]+
1—

The diode has 0.7 V drop at | mA current.
L2958 N
. BUAN
in = dge
il) - ‘(r” o 'IIH',’;
I mA

=y = V,!n(rﬂ’—l&) +07V

m
For @ = W0 mV. w, = v = 10mV
Itisideal op amp, so i, = i = 0
. 10 mV
in = ip = ——— = 10 pA
PR T TR -

) - 10 mA’ y - ¢ v
i = 25 X 10 ‘m(«mm $ 07 = 058V
o 1 mA )

Vo= vyt 10mV
= (0.58 + 0.01
= ()59 V

For vy = |V

R Y



[ Wmm...........l E
= Ta " Tka CIMA

v, = 0TV

= 17V
For v, = — 1V, the diode is cutoff
Sy = OV

V, =~ 12V because it is ideal amplifier.
Ex: 3.25
A A
1, <
d r3ha

w >0 ~ diode s cutoff
vy = OV

v << 0 ~ diode conducts and opamp sinks load
current.

Yo =

Ex: 3.26

10 kid

o—vIAVA o

+ +
D, D,
- +

W 5 Z == iv Yo

10kg} 10k}
o o

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

and v, = 1

Exercise 3--8

Forvy=-SV
Diode )y conducts and

Vg = 5k %{ o4 5)

o
= w-2.5~.1)v
(-2s5-3

Forv, =35V
Diode D, conducts and

vy = 5+ %(v, -~ 5)
= (25 L’) v
(2543

Ex: 3.27
Reversing the diode results in the peak output
voltage being clamped a1t 0 V:

Uy

o4

=10V peoo.

Here the dc componentof v, = V, = —5V



Exercise 4--1

4.1 i
= - e 107! 18
“ue 'V Igp = =% = o = 107 A
e = 1 e B 100
[‘ g X ‘- l = 18 ,!,Ql
Uggy = Vpgy = Viln [;ﬂ] Isg = Isc {.' * ﬂJ 0% 100
Ct

0.1 = 1.01 X 107" A
11,9,52 = 700 + 25'“ [T

Lo—

' U L mA’
Vgg = Vyln [—-‘f = 25In m]
= 642 mVY BE riny IJ =1
10 = 235 X 29.9336
Uppy = 100+ 25In {“_] B2
) = m
= 758 mV
Ex: 4.6
Ex: 4.2
o= B
B

50 150
[P AR oflf'y il
5041 1504+ 1

0.98 <o < 0.993

Ex: 4 . 3
feo= Ip—~ Iy
= 1,460 mA - 0.01446 mA
= |.446 mA
le _ 1446
= Lo e (099
C T I T 1460
Ie 1.446
= & o= LI = 100
B =3, = toias vge = 690 mV
v .»‘Vr )
[‘. = ,SEHE [( I mA
- 1 1.446 For active range V.=V,
T 700725 -
o e Re(max) = w
-
1.446 ~§5
=A =10 7A _5-069
B = 202
1
Ex: 4-4 = 4.31 k)
B =5 2. and I = 10 mA Ex: 4.7
— o .
Iy = 107" A
0.99 5
Fora =099 8 = = 99
ore 8 - 099 Area. = 100 X Area,
e 10 - BT &
]nz_‘;.:‘::q—(}::o‘lmA Lo = 100X 7y = 107 A
Fora = 098 B = 098 4 Ex: 4.8
1~ (.98 e Vap! Ve Vel Vy
e 10 . '( § s¢ ¢
1 B _B_ {-{") = (.2 mA for i 0
VgV Vo Vy
Ex: 4.5 fge " T dge e
oy . Vo'V
Given: I _ e BE :r
Ig = 107" A, B = 100, I = I mA Iy~ JVaciVr

! (Vpe~ Ve ¥
Iyp = Igp + Igg = ’sc[l + E] = ¢ BETVBOYT



Exercise 4--2

Vg = Vg = Vae = Viln {Il]

For collector Area = 100 X Emitter Area

Ve = bxn”‘ml = 115 mV

Ex: 4.9

Ve ¥ Voo F Vo
ic* = e RETT 13‘(‘(' BT
g i Vg Vo iV,
iy = {'Se BET 4 15¢e pe T
Bl’nw'ed = E.“"”g < ﬁ
ll’?!.‘at
vy ooy ~15V
N IS(? BETTT _ IS(T" BT
Vee'¥y Yee'Vr
I 4 Blgoe
e #5 T Fig 6.12
B I .'VRE,.A m‘, ¥ ”; [5 e l()() VI)‘F s 08 \' at ’t w l'ﬂ\i\
s¢ P
VopoatiVy Vigs = Vapr = Veln Uea/1y]
CE ;
B ~ iy = 25 X 0.693 = 0.01733
Voo pnat s ¥ R
e T Bl 1 Ve = 0817V
B = 100 S0 00 Re = Vee=Ve 1505 KQ
fureed 2,[,32“,;“‘ — l(‘ )
¢ 4+ 100 X 100
= 1) % 0.2219 = 222 = 500 0
Vg = Var B
R, == EEL L BE | -
By 4.10 ' e B
Iy Vue'¥r 1.5 — 0817 ., 100
I -2 [ A 4 § )
S 2 101
3mA = Shyg v re =338 0

Ex: 4.13
+10V

= 650 mV
feoo "ﬁ_ Iy = ?’9"3
B 31 Sk}
1.96 mA |
le 1.96 .
ly = £ = 222 =392 pA
i B 50 =392 p 0 Vooend?

_TJ

. ——
x 4.11
Vi = Vo Inf15 > 1077

= 043 mV

10V

Fig 6.13
B S0, Vg = 0.7V
Ve = V=0TV



Exercise 4--3

=0 =07 = =07V Ex: 4.15
[ = =07+10
* 10K
= 0‘(93 mA I mA
e = 21, = 091 mA
51
Ve = W0~091%5 S
= 545V 1
;oo le oo
SR P A
B 30
= 00182 pA
-5V
Ex: 4.14
+10V Ve decreases approx 2 mV/°C rise
for 30°C rise
AVge = =2 %30
sk L 60 mV
v AV, = —60mV
Fromies Vg . .
1y Y Since 1, is constant
\ W’”“"?’“W-“‘K " ‘ 1,.is constant
3 100 kO i'-d- Ve o AVe = 0V
ov-L ﬁsm Ex: 4.16
i
E B g8 (]
b . vV, /V
, i l.eYar/VTl 1¢
e LAY P
LS
Iy = Vee = Vi E
‘ Ry
" ‘Q;‘..J VoY ,
5 A C Qe de T e XE
.
= 1.66 mA ¢
[ Vg~ 0 and ry, - XIJ
00 k0 .
= .01 mA i = I_P*'m:'""r | Vg 1se e
Te = bp— g4 ’ v,
- | A Vi Ko o
= L.65 mA = I T {’ + l‘_f]
le . 163 oY
: W LB e (0,99 -
R e M QED
Ve ae
p ool LOS L es io= L T4 2 G Fig
I, 001 K o
Ve o Vo + FaRe iy = %yx-m__., Vo
w4 165X E = - T5V
S = Biy g in Fig (b)
.



Ex: 4.17

=Y )

g = . (&)
bmAy | 0L Lo 10
rg 100 100 100
0.0001 | 0001 0.010

ro wa | 1wo 10" 0

o IMQO | 100k0 10 k2

Ex: 4.18

{
Vg™ +1V Vg = 11V

Fig 4.18
By similar trinngles ABD v ACE
1 Al

BD AD TmA 100D 4+ ]
2w 2D op A e

CE AE kY HUUES B
=» o R L1 1099 mA

101

= L1 mA
Fx: 4.19

Vg 10V

Re = 10K B = 30

fayactive Ve = 3V

Exercise 4—4

= 0.5 mA

Vap = Vap t 14Ry

= 0.7+ 10 X 0.01

= 08V

(b) edge of satration ve, = 0.3V

Joow 10=03 97
¢ WK 10

T 1e78 = 097750 = 0.0194 mA
Vyg = 0.7+ 00194 X 10 = 0.894 V

(¢) saturated Vep = 02V

feo= (10 0.2) 710 = .98 mA

Iy = dpf BF s 098710 = 0098 mA
Ve = 07+ 0098 % 10 = 1.68V

= {197 mA

Ex: 4.20

Van + 10V
%
10kQ 1k
Ve
0

Fig 6.20
For Vg = 0
Iy =0

Transistor is OFF

e =0
Vs Ve 1R,

10 -0
A4



For Vgg= 1.7V
L7 ~07 :
lg = P2 = 00 mA
é 10
e = Bly
= 50 X 0.0 = 3 mA
Ve @ 10—~ 53X 1k
---------- +5 ¥ > Ve (50 Active)
() edge of saturation Vg = 0.3V
Vee = Ver 10 - 03 1.94 kO
I o
(b) deep saturation vy = 0.2V

R =

1, = 0.1 mA (unchanged)
lt‘." i Bffmceaitl? = 10X0.1 = I mA

I mA

Ex: 4.22

10V
A
E
TA4v 34.7 k()
Iy §_
~ 03V
.
=
* é 33k0
Lo

[’*'ig 4 .22

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

0-02 _
37433

Vap = 1Ry 4 07

= 1225 % 33 4 07
=47V

1 = 1.225 mA

Exercise 4--5

Ex: 4.23

+10V

Ve = V=07

. 33V
£ 05mA
Vo= Vp+2V

= 6.6 k{}

Re = VW
_10-6 _
=53 8k

Ex: 4.24
+10V

Vs 4.7 k)

ov

ﬁﬁwccd =3

1,=61,
» 10— 02
w (L2260 mA
Vew 61, X 33
= 448V
Vo = Vo5 0.7
= 518V



Vy =0
V, = +0.7V
1007

= d,05 mA

1. = QN9 {,
R, = 1004107
(.99 X 4.65

= 2.2k

[Vidmax) == 0 + 0.7 — 0.4 = +0.3 V]

Ex: 4.26

Ry = 1 93 k0
VooV, -4

C gV
K, .‘_9; ek

Exercise 4--6

Ex: 4.27

50 = = 150
In active range
Iy = 975‘6%2 = 0.043 mA
¥, lowest for largest B
1w 1y = 150 % 0.043 A
- Ve 03
150 X 0.043
= ,5kf)
V.= 10— 50 X 0.043 = 6.78 V
For B = 150
V.= 0.3V

Ex 4 .28

£

> S50 k2

$ = 50
, 15 X 50 <
Vag = 150 = 5V
Ryy = 501 100
= 10073 kL)

1, = Vo~ Vo
Ryt [Ryg /(B + )]

2, 1001
3 <

N =

3 Al

< LIS mA




I, 152‘-') = 1.15 mA
(,yﬁ chan_gé - 1-28!‘2;.!5
Py

-9.8%

Ex: 4.29

l().l();i l 1.252 %‘2.78 mA

'I‘ntnl current drawn
----- = (103 4+ 1.252 +
= 4,135 mA

Power Consumed =

275 mA

VX1
15 > 4,135
= 62 mW

i

4.30

Ex:

= 5 vV

B = 100

1> onchanged

1.~ unchanged

Vi = Vey =~ 07V

i, - VG0
‘ 0.470

=101 Iy

= 101 {2.75 :

Hence

I

( (4 )hw,:

= Ver = 700V

Vi o= ~ (7 = 636V
les x 100 134 mA

101

+15V

Exercise 4--7

Ex: 4.31
+5V
i (e @
e’ OFF
+) e = B+ D
10k @2 %4 b
A B Jo S—
ll','
sy ¥ ON 21k
) .
e
204 100X 1 YV @V, = (= )Ry
== ().039 mA = (~)3.94 V

Ans: Vp s -394V

Ex: 4.32

+5V
le, = B 1y, X Sat®

- ,) = (3 o+ DIy
10 k2 P = 7.03 mA X Sat"
AN
.Ai.
~—~>i»)~-— 1k
7
5V ov
T @V, =703 1
7.03V
> 5 . Saturation
o - ()2
SV, = vV, +07 V= “—‘I—L'
= 55V = 48V
Iy LQ"’:;:E =5 4.8 mA

= .45 mA

o~ . Vo..— 0.2
K(l) ’('u:u:» ’ Ir; Ay \’; e Ll—ﬁ
w48 - 045 48V

= 4,35 mA Iy =5 4.8 mA

e 1c
Kj) Bl eed 7"
i

‘1.}_5 9.6 <<« ()



Ex: 4.33
A, = _AV(*C = Ver . 10— Ve .
’ Vv, 0.025
W —8 = 20V
o Vo
Re = 0 Ver
f mA 1

oy Vo
=3 ¥ g

-320 = A2

AVp,

Ll o 53mv

ex: 4 .34

Given: g, = weeie]
GV epl
8,
€t
VeV

But /. = Iee '

ale
thus et

Vs

el
-~

bl
-

Ex: 4,35

le . D3mA

—= — s 20 mASY
Ve 25 mV

3 s
Em

Ex: 4-36
1= .53 mA {constant)

B = 50 B = 200

= 2 mA/YV

fi

20 mA/V

Exercise 4--8

- 320 V/V

Fx: 4.38

e
AV T wgmk(f
Uy,

40 X 10

400 VIV

V(fﬂf‘ — }(,["(‘

~ X 0= 5V

Nty == Vi + N
= Ve = IeRe) + Ay, (1)
= {15 — 10) —~ 400 > 0.005 sinwr
= 5 - 2sin wt ()

f;,(l) b 113 + "'"1!?('1)

U

- (Wgw

rr

1] A et

.
Gl ~z
r, s e 5

0.3

200

23 mA
200

20

mA

40

mA/Y

i,
Note: g, = »{—f- and »
.

B

Q
Ko

given ic = Bi, = (g,r. )i,

. Vpe
=Ry m( -
v,

g iL!’ _ 15"(



Ex: 4.40
IOV

092 A

0V

Change R to 7.5 ki)
Veos= 10+ 092X 78
w3V

= 276 % 10 mV
= 276V

Ex: 4.41

f“t!—mo ¥
é}—'«ml |-——v——l<

10k @»—“——o/

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

Ve = 10 8% 099 = 218V
Vg o — 10X 0.0099 = —0.099 = ~ (] V
Ve o =01~ 0.7 = ~08V

Exercise 4--9

T . = 101 = 100 k()

T 1. 099

Y
Vo
i Tx r ) R(,‘ Rl
W
Vs e Ry s 3
£, Vi
Z
v roll Ry
o el B R.. R
v Rotr | Ry (=)8ulroll Rl Ry
2
w Ee (=) 396 (385) = ~762 VWV
2_‘%2{ ) 5 (3.85) 7
$.00

thus effect of vy is = 3.9%
Ex 2)4.41
Ao = ~galrol RO

Ry = Uui! R¢)

— e Ay e

bl | Rq +o-

Ny v, ;E R,

l % gm Rm-i + h

A’J - ~_gm""l’)‘;l - RL

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

(roll Red + R,
e "”.’ffm(."r)%i R i R.)

= e @
S

Ex: 4.42
For 1+ 1 mA

le o 1mA g Ay

STy om
, B . 100 55k

P

SR (L TTIRNT
oo

Ry = r, = 23k}
Avy = =g, lro] Ry = —A40(5] 100)

= =97 .6 VIV



{cont.)
41 Rix 25 1

v, Ry+Ry 5+25 3

0w U Y

2 o 2 ~Lx 976 = —325 VIV
Yy Ve 1y 3

For Jo. = (.5 mA and R, =

05
0.025

100

10 k&

L = = 20 mAIV

= 5.0 k{

ro = g3 = 20K

Rpy = ry = 5kU)
Avn = ~200200 ki 10K)
= 10,3 VIV
Ry = Relry
= 0 kd 200k

. ~195 x5

Ay = A2V S
5445
= 6356 VIV

Gy = 2 Luess - ~azs v
i 5 £

¢ 3 -

E..!. **** .._.‘:. ES .i e TR 10 mV

Vg 2 :

Bol = 8% 10m = 033V

Ex: 4 .43

Ry = S = r o (B DR,
V. R, i (8 + DR,
Y r,
- Ry R,
r. LB
R, R,
poesy o UF QED
Yo r,

Exercise 4-10

=Re = 57 < 01

Riy = 5 k+ (B + 1)035 = 40.4 k)

G = BUoll Rell R _ 100 x 10
¥ Roe + Rix 10 + 404
= - 198 VIV

= (135 k) = 350 O

sig

I
e o 1o oms
vV, 0035 me

=B o 100 sy
r 0 2.5k0

‘ r
cT B
Ry = r, = 250
Avp = Ballo f Rp) = g, Re
= WS e 200 VIV

3 e 100 VIV
54+ 5

Ay = Ay ¥
Gy = D T
Rot Ry 3000 1 25

= 0.5V/V

®x 00

Ex: 4.45
Ry = 30 {1

Ve o Bmv
1. s

=3 Jp o 25750 = 0.5 mA

Ry =1, = 50

Ave @ Ve R = 205 = 100 VIV

Gy = - XAy = 40VV

[rd f e

= Ay = 80 o g R

. i\'; = 80720 = 4 k()
fix: 4 .46

= B,
S

P Inxert 30

TRl

iy = and o, = g VR,
r,
. o (g Ve IR,
lh faerd i R, S
4 T

= R= o= o SR DR,
i



Exercise 4-11

= 0.5 + X1 =10 [ ;
‘ 05+ 101X 1 1015k0 I = = 33 = 0,995 mA
Gyp = Ry, moved, rg = =] .2.%5’, + 33
131
L rm Ry 0S5+10
R, = ¥ = Y A 5 -
o Bl T = 104 () g = 099 10984xl()()
. , R b s omy I
Gy = w2 el = = {191 VIV 111%
YU oy Ry+ Ry 0104+ 1
kx: 4.48
Vee = +12V
-
R( :b R('
. R
Ry s: Ry !
I mA -
Design 1
B =100 IR | . -
Rp = 3k&) Ay = T lggiven . maximize R
T
= 80x40 _
Rus = o rn = 267k Ve = IeRe+ 2+ 03 + IR,
- 12%a0 . = Ve~ 0.7 - 4.3 = I mA
Ven = a0~ 4V ET Rp v Ry (B 1) Rpt Rp/(B+ D)
Iy = ;‘"O;Z. = 101 mA =R+ Ry/(B+ 1) = 43k
26.7 + 3 For independence from B, set Ry = 0 (OK for Cp)
101 = Ry = 43 k()
Bo= 50 :
33 Vedmin) = Ve + 03V = —03V
g T oo = LO4MA . .
2.7, , VO = Ve(min) + 2V = +10V
151 ,
. Ve = Ve o -
aa R, = L& L8 — = 848 k()
% change = '_%1_0?32 > 100 ¢ 09
= 10,3 %
Design 2 -+10V
B = 100
Ry = 33k R
- ¢
Rpp = 5230 o 56710
i 5 4 24V
12 X ,
Van 3 j = 4V

B 100
07V ™

Ty ;M;r—*-— = (.99 mA

B = 150 )
1% Vit 04+ 2
I 3...‘ . (} q‘gl .—\ ! ¢ ?
; 5% 984 m w42V
proidaiet S 26 V - \./ . - .
51 Ry = “I ¢ . 10 |2~4 = —’%(3 = 7.6 k&)
B = 150
f
/S B

Bt 101



{cont.)
Ve~ Ve
B

Using 5% resistors:
R.= T5kO R, = 180 k0
0.7+ 1Ry + R~ Ve = 0
1007
180+ 7.5(8 + 1)
]” = Q.92 i
e = 101 1,
= 002 mA
Ve = 10— 7.5¢1.002)

R” e

= 25V
Ex 4.50
Vo
i

['R[S’f’ "

% R¢ R v

' }
-V Vi = — 10V

3= HOO R, = 100k

R, = 7.5k

Ty = T/ (B 4 1= f,/100
= (.01 mA

Ve = 0—1,Ry = —IV

Vi = V=07V s 17V

g o= YeeZ 0T F Vi i%l = 193 k0
Ex: 4.51

Refer o Fig B4 .51

lo = all my= | mA

1, 0.01 mA

v, ) & kil my) = 2V

Ve = 100k < {0081 m) = Y

L o | A I A

B o= 100 apper mit=s V..~ V. = 8§V

lower value =5 V), ~ Vo = 0.4V (where

= JOH24 — 0:7) = 1717 k(Y

Exercise 4—-12

Swing: ~1.4-2=-34V

8 = 507 upper still 8 V, lower

= 1= 00196 mA so V, = —196 V
=196V~ 04 - 2= —44V

$ = 200:upper still 8V,

lower =31, = 0005 mA so V, = ~05V
“05~04 -2 = 29V

V= 10V

r = L"‘% = 100 kQ

1
1 1m
e 2 V
Ey v, = %m 40 mA/

= B 100 L 55k
T £, 40m h

“e 050

I't - (B+|)

Bx: 4.52
Example 4. 50

B i, ¢
VWA Vo
R
53 R(~
> $. 5 S
@)"’* R g E 30 I
B Vir R,
BN )
I I © I
R R=r R,= 1 Re

R, = % = r = 25k0

iy
Riw = Ryl ry = 100f 25 = 2440
Avo = ~g Rp= —40 % 8§ = ~320 VIV
R, = Rq = 8kQ
App = = gulro | Re || Ry )= —40% 35

= =119 VIV

Ry = ryll Re = 100] 8 = 7.4kQ
Al"(ﬁ = _gm("l) u R(..)

= ) X 74w =296 VIV
Rix o _Re

o, = A
RGP Ry VR, YR,
244 N
- Y § 1Y TO
5o MO9S

w391 VIV
. Re+ Ry -
O e\ T E Y

Rix

~ ot T
|Uui = Fiasg

= 301 )15 = 586 mV



Exercise 4—-13

Ex: 4 .53 with R, 1
Ry B (o Vag _5+20 _ 5 =
Vs oW 7T Yo Smv T T30 T 3 Ve T 62BmV
b3 w/oOR;:
< W Vie _ 54(25] 100) 3
R Butr | SReISR Smv ©@as]ion 1o Vs 1smy
[Vl = [Vi| XAy = 5124 = 62mV
lR'm ,R,, Ex: 4. 54
g. = AmAV V= 100
ro= 100k B =100
Example 4.50 re = 2.5kQ a = 0.99
& A0mA/NV ro s 25k r, =25 Q) Iy = 1 mA
Ry = S kQ Re#= 8kl R, =5k Ay = Fg (Re| o)

R| =y -+ (ﬁ ;I’R'

= 40 107" X (8 k|| 100 k)
Rix = Ryll Ry = 4 X Ry = 20k0)

= 296 VIV

Ry = *233“!;:”—?:5 = (22 R4) = 223.Q Roii = Re “ rp = T4k
~g. R 10(8) Ay = 4R R 1)
E am R v i S i e 37\ s e
Avp = 57 KT T a0 R VIV 40X 3= 120VIV
Ry = 8 k) ue  Rugtr, 50004 25
Ay = Hlh SKESK - pavy o 00s Vv
r, v e o B S
i G, - SRl R
Gy = —f ‘el Ky = —9.9 VIV Rig + 1.
Rig # (B + DU+ Ry) = 0.6 VIV
OR Gy = —Fm g = 2K oy R = Rl R
o Ry 25K sig G,
Note: without R,: Ay = g (Roi R,) R, = 340

=~ 123 VIV

wi, I\"-~ . Rl
D3
: 8k ¥5K0
B
NV —o—c (SN— — OV




Ex: 4.55
_ i
Bs vip “m@+d,  E
VoA —8- \AA A oo ooV,
T T oy Bi,,
< - 4 .
R»:E v, BB LEL)
l i i GND
« Ro“l

I, = SmA
v
[ E. L4
e
o= 100E5 M) 500
5m
v,»‘ 1()0 Y, 4
it 2w 20 k0
"o I Sm
vV, - V,
iu ,,»ff..“.:_.wf:f and ‘,'()
i, = Yoo BB DO R

~

% Fr

Ex 4.56 blank

= B+ Dirpd Ry

Exercise 4—-14

Yy

7
= 0.5+ (10120 1)
= 96,7k()

Ry = Ryl R, = 40| 96.7 = 283 k(2

Ve Vg V¥,

R (B + Dyl Ry

Rg+ Ry (Ry I Rp) + (B -+ D(r, + ("a") Ry)
= )7796 VIV

Ry = 2=+ (B DUl RY)

G p =

Grp = 20« 20K
¢ 10+40" (Q0K] 40 K)(SE + 5 + 20 K)
101 o

Gyp = 08 VIV
Rmn = r()“ (r, + lR.ﬁ‘ " Ra‘i)f(ﬁ + 1)

= R ()
.C,() . V,,, X ("U n r.) - 0.01 X 0.95 = 1OV
T, 0.005
For Ry(k) 0.5 1.0 2.0
G (VIV)  0.68 0.735 0.765



Exercise 51

Ex: 8.1 L We 5
. 14.% pF/m I, = zkn Lvm 0.25 mA
c, = € .. I pF/m _ 8:625 fF/ (pm)*

t 4 nm forall vps= Vg = DS V.
W, = 450 cm® 7 VS Ex: 5.6

Vo = Vol = 50X 08 = 40V,
k w,C,, = 388 pA/ v?
A o o= 0025V

Vay = (Vg ~ V,). = 05 V.
Ve = 1V > Vo, = 05V

. ! .4 w
. S LA VA QA N I B .
s T Tk L 7L = Saturation: I, = ;L ‘;-‘-’vf,‘,n AV )
oos 08 pm, soeW o= 093 pm 1 16 .
= 2% 200 % 21 0.57(1 + 0.025 %1
Ex:5.2 fo = 3% W05y ‘ )
= .51 mA
Cp= S = zjﬂ-’—‘—“ = 230 fF/ pm’ y
nm r, = _l.f*. = 63% = 784 k() ~ 80k
Py = 530 om®/ VS oo
Avps 2
= = 127 nA/ Y r, ® =z A, s e = (25 mA
k p’n( “Bx ‘ ""\ Ai(; o 80 K
WL R ) / ix: 5.
1y = ¥y 02 mA.,lI‘. =20 Yix: 5.7
2L Ly - L5V
= (040 V.
v oo min = Vaou = 040 V. for saturation Ly Su—
. LWt i yir
Ex:53 /1, = ikﬁr"rvt’ in saturation
iy
Change in /;; is:
(a) double L. 0.5 Vi, = =1 V.
s W. 2 s
(b) double W, 2 k;,: 60 WA/ V-
(c) double V,,, 22 =
(d) double V,,, no change (ignoring length W = k, = 600 pA/ V2
modulation) I
(e} changes (a) - (d), 4 (a) Conduction oceurs for vy =V, = —1 V.
case (¢) would cause leaving saturation if
v 2V or Vg = V’Z' + V‘ i +4 V.
j259 =V oy

: : : ’ (b)Y Triode region occurs for = V
Ex: 5.4 In saturation  vpy = V., so 2V, ) £ Gh

or g Up s -

Ip = l’* Wy L5041y
. o ov (U} G AP LA 1
e - ; .y Conversely. for saturati
Ex: 55V, = 05V (¢) Conversely. for saturation
¥ [ P |
T
- Lko () Given X = 0
W, e
ko= ok ;72 mA /v i, 3};)" T“t”"i ~ 75 WA
For vpe » 03 V.= V. AVl = 05V s = ugy + v,

= v b U b Vo d e g



Vg o= + 35V,

@ Forx = —002 V™' and [Vgy] = 05 V.
1

Iy = 75 pAand r, = —— = 667 kQ2
2ty

ALV, = 3 V.

I = ;ﬁjk;%évmézu + N [ood)

= 73 pA(LO4) = 78 pA
AtV == ov,
Ip = 75 pA(1L10) = 8285 pA

AVpe . V.

r, = 667 kK
| Alp 4.5 pA

1 W, .2 o 60
Iy 5“,;(: T Vor => 0.3 5 » 1000

Vy = 05 V= Vg = VgV, = 05+ 1

¢
15V
Ve~ ¥
Vi = =15 Vs Ry = —— 39
II)
15— (-2.5)
0.3
R, = 333 k0
¥ v, 25
R, By oo 253 -04 7 k0
fn 0.3
Ex: 5.9
+1.8Y
<V,

v, = 03V,

H

O, B4 mAY v

Exercise 5-2

saturation mode (Vg = 0 << V)

V, = 08 V. = 18— IR,

Iy = %}L,,C,,r%(vb - vm)l = T2 A
72 pA

Ex:5.10

From Exc. 39, Vo = 08V, V= 035V,
Vor = 03 V.
1; = 72 pA (saturation)

Al the triode/saturation boundary
Vp = Ve = 03V

Ry = L8V ~-03V 208 k0

Ex: 511
R, = 1242 = 248 kQ)

Vie = 5V, Assume triode region:

o s vV = 31 |

1, = Yoo~ Vos [
R

. N

:.5“1_‘};& X ({5 - DV, Lé"_:_x)

Vi~ 808V, + 04 = 0

= Ve = 005 V< V=8 triode region

5~ 0.05
24.8

1, = = (.2 mA

Ex:5.12
As indicaed in Example 3.5
V, 2 V.~ V, for the transistor 10 be in

saturation region,



Exercise 5--3

V.. -V,
Iy = 05 mA SRy, = 22D
n
we Lu w 3
03 12 k2
Ex: 5.13

Iy = 032 mA = %k;%vf;,, = % X 1% V3,

= Vyy = 08V
Ve = 0841 = 18V
Vo = Vet Vg = L6+ 18 = 34V

Vs Vppmt V2 Vi + Ve V2 08
+ 16 = 24V

Assume
Vp = 34V, then R, = 57{3—3,—1’ = 5k
Ex: 5.14
18V
?
RD% ll,,
;»W{I
o

V, = —04 V.

K=01mAzvV

”

W M0pm

i =k, = 5.56 mA/V
L 0.18 ’

Vi = =06 4V, = =10V = ~ L84 IR

s

IR o= 08 V. for V,, = ~0.6V
I PRV
1, = ikf,\w 0.1 mA

SR = 800 Q)

Ex:5.18

1 = 02 Since the circuit is perfectly
symmiétrical V, = 0and therefore V5= 0 which
implies the transistors are turned off and Ipy =
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 implies thot PMOS is off (Vigp > O)

e YW, 2
BN ik,z(vas““v,)

25V

I, Oy

V)s25Ve Vo
10Kk 28,
— 1 g -2
]I)A’ = ix l(.,.S Vg t)
_ - 2
]l);\’ ~~~~~ 0.5(1.5 V)
Also: Ve = R 1= 10/
1, = O5(15 =107, )
v,
Ao,
10K
25Ve
Y ———
2.5V -
= 1000 — 324+ 225 = 0=,
= 0104 mA
Ly = O Vo = 10X 0104 = 104V
v, = 25 VI Again if we assume that Q) is

wrned on, then ¥, > —2.5 Vand V) < 0 which
implies the NMOS Qy is turned off.

Tpy =0



Exercise 5--4

_____ oW C
R L LW (AP
< (v bOLA 1y
vy L A i L 17 P S [.5)‘,‘

= = 01 MA =V - =10 X 0104

=14V
Ex: 5.16
V.‘)h
i
R,,,% L in
[ e 3y I L &/ 370
s
[ T

v, = 04V
Lk, - A mAsV?
A e 0

(A) Cutoff/Saturation Boundary
L I T L A
(B) Satwration/Triecde Boundary

Vi ¢ Vg i, 0V, e 04V

= Uy | v[)l: - %kn‘ Uy V;)-RI’E = 0.4

Uiy - 118 - 35(:;’:‘5» 0.8 Use 1 0.161] = 04
35U MUy ¢ 34 =0
Tos = 0.613 V., (L1585
Iy = 907 pA
o = 0213 V.
(C) For vl Vin 1.8 V., triode,

Ve = L V.

i

tps = RV 179 Q
V()i(- ani o5 Vo _lbs I8 mV.
A ) Ry + rps

Ex: 5.17

s
‘U.’)

Ve l -
i,

V, = 04 V.
Vop = L8 V.
Viis 0.6 V.

k=04 mA/ vl

W
L

1)

R, = 175 kQ
ta) V. .2 V.,

Bw k,,&;f Voo = 800 pA/V

for Ay == —g, R, = -
R, = 12.5 k()

10, make

Yy o 06 Vo, I, = 008 mA,
Ve = 0.8 V.

(bykeep R, = 17.5 kQ

g Ry v — 10 g, = 371 HA/V
W,
= kaT\' v

L Vor 7 U143 V.
Yoy = 054 Vo [, = 0.04 mA,

Upe o+ 11 V.
Ex: S.18

Uiy



vV, = 07 V.

k, = lmAa/V’

y; R¢ it
O AAA
o
Zines _L
Design for A_=Y¢ = —25 R, = 500 k()

W

gy = 28 = k Vi Ry,

< B Y
Ry, = o w5 e R,
£ U Uy,

=5 Ry, = 26K, = 13 M{)

b, 2
IRy = (;kn‘/u‘,)kn

—

- = 4
- ;gmk})vm’ = 12.5 Vay

and

Voo = Vp = V. = IRy = 43 = 12.5 Voy
Voy = 0319 V.

g, = 319 WAV

R, = 78.5 kO

Vs = Ve + 1V,

Oop = 04265 =V,

Iﬁ,‘! < 27 mV
Ex: 5.19
iy [) Reg i

b e :

Exercise 5-5

U, L/
i, = d+i=2+gn
rl) rlt

Ex: 5.20

ip & Ry

Uny

A= 0
K, = 20 pA/V?
= 10 k(2

= 20

fa) Vg = 2V > V. = | V.

51\) EV:,\, = 200 pA

o,
Vs = Vopp = IpRp = + 3V

1, =

(b) 2, = A—‘,,%vl,v = 400 pA /Y

(€ Ay = Eag R, = -4

() v,, = 02 sinwt V.

Uy, v —08 sinoy V.

Upy = Vpgt Uy, = 228 Upy = I8 V.
{e) Using (5.43)

. 1 , 2
o ™ ;k,.( Vs — V)
. , | 2

} "‘.a:‘« \SU.\‘ - \!_'“'.::\ -+ ;;/\'"'U,“.

i = 200 pA 4 (80 wA)sinmt

+ (8 pA)sin ‘ot



Exercise 5--6

= [200 + 80 sinws + (4 — 4 coser)]pA Ex: 5-2“
1, shiftsby 4 pA Ip = kT T(Vse = V)Y

i, o ) 2
D = 22 . ABA L h0s %) o= XX R os X (16~

”{: 80 WA

1, = 216 pA
Ex: 5.21 » "

24 2 X 216 :
In 1 W G el SIS e 720 pASV
R oL N R kA VEL = s L) L v — JL
Yoy 2 Lo 2 uy 1.6~ 1
‘ . = .72
40 % (15 ~ 1y’ 0.72 mA/vV
' ] 1
fp = 300 pA = 03 mA, Vgp = 05V A= O V= s o= 25 Vipm
2x03 .
En = —-bn—-%-)»—' = |2 I)’!A/V, rooa= VA XL . 25 X 0.8 s 926 kQ
v h s “ I 0.216 ’
F, = A S A 0 kO Xy
" 7 i3 Ex: 8.25
MMMMMM e 21 v 2V,
' ) 3 !{ W Ll = .,.;..,.).. X oA Y Al)
I, = 05 mA =g, J2aCont I Vor Iy Vo
V
/ VXL = V¥V,
= K60 30 £ 05 X 10 ’ n
2, = 135 mAZV L= 08 pm=>A, - ‘3*35‘*"]"%*‘%*5"9&
F, o "i-} - _!;_;: = 30 k) = 100 VIV
I 3 Ex: 5.26
Ex: 5.22 ‘ ‘ (BI0)A,, = —g. Ryl rp)
f, o 00 mAL g, = 1 mAIV, &, U VAT GBI R, = Ryl rg
by 2 -
g, = Uy Vy = 2X01 . pav
Ve . i
ot Ieﬂl
W e % 2 N e Up
IH b ‘)i\l:[ ‘(H b }W "'—.—!%O Wv g
) A Vi ;
R
2% 0l i !
= 100 v Ao Vs !
ol 12 H
1000 e ..j..
Ex: 5.23 = =
L u(‘i Vv Sume bias conditions, so
' S L A Yo / ..“__QLA
same Vi and also same L and g, for both PMOS v Vo CYoR, + R,
. NMOS
and NMOS. R
w w = g R,—t
WO W, = O W, o 2 = 04 = '{47 Ry + R
’ : Hop " p \
W ’ Sy “gnlRoll R = —g, (Rl Yy " R}
o 2. same as (3.75)
i Ex: 5.27
L

20K ’()]\

ar



I, = 025 mA, Vo, = 025V,
V, = 50V

D
21,

By = == 2 2 mS

VO ¥

i
}
EN

Rin ’
Ay = ~BalRpll To) = — g, R, =

Ry = Rpll ro = Rp =20 kQ

AU 3 G\, o "&'m(Rl} !i ’,;;g RL) -
~gu(Rpll R) = —20 VIV
for fig, = (10%) 2V, = 0.05 V.
i}f) Y (AV{)t'! -~ l v,
Ex: 5.28
D
i o *h
L
R ¢ =
O A A ] > SRy R,
00K + Y Ens Ve !

Assuming V- =
From Ex 5.27

g, < 2 m$

fagg <
100 EE. G) |
R

Exercise 57

= R, = 100 £}

B F
= = 10 mA/V
21 21
gy @ el wm B s | mA
) Vor 0.2
Vg R,
Gy ~L - P 1
Uyjy R*i{: + Rin »

(%J(m mA 7 V)2 k)

= + 10

Ex: 5.30

CD amplifier

Ry, = - = 100 Q=g
S
21,

By, T el o

Vv 025V

= [} mA/V

"

= [, = 1.25 mA
Bo = gy —ke 091 V.

= QL mV.

Ry = 1000

i —— WA o
Yoo M
RL
1k}
—
Ex: 5.31
CD (source follower)
Row = 2000 = L mg = smA/vV
o
o
W,
Lo k"TV”V = (04 mASVT)
(i‘-’)m.zs vi= W o 50
L, L
1, W, .2 N
I, = Ek"mlt‘.” 0.625 mA
2, R
G, Bty



Ex: 8§32

— TN
_é_.
A $ulo
wa ] + gml o
At’f; -

for V, = 20V,

A =099 = —L v o= 040V,

TieH T
P ety

1 ék;-‘;‘u{m V)P =5 0.5 mA
Devgv, - 1)
2 {e¥ s

Vie = 2 V.

1y = Lxix @ -1 = 0025 mA
Al -
LA 05-0025 oo g
] 0.5
Ex: 5.34
Vop o~ V 5. ,
Ry £n 2 2 -Z = 6 ko)
I, Ik
R, -~ 6.2k0
¥, ) 5
1y liill Vie = 0.5 i XV,
> Vo Iy
*"r,» ‘u‘»\" P4 = 2V

Exercise 5--8

Vo=V s
Ry = =% = Z22029) - 6xn
P2 -

If we choose Ry, = Ry= 6.2 k€Y then 1, will
slightly change:

1, = %x 1 X (Ve — I)QAAlso
Vs = ~ Vg = 5~ Ryl

21, = (4 - 621,)°
= 38441, — 51615 + 16 = 0

=51, = 049 mA, 0.86 mA

1,=0.86 results in V> 0 or V> V,, which is not
acceptable, therefore 1, = 0.49 mA

vm =85 4+ 62X 049 = ~196V
V=5 ~62%X049= +196V
R, should be selected in the range of 1 M£) o
10 M{) 10 have low current.
Ex: 5.35

\ 1, W. 2 2t
Iy = 05 mA = §k,,Z",,‘, = Vi
. 05 lX 2 o=

Vor = 1 Vs Voo = I+ = 2V

S~ 2
sV, =R, DM“ S 6 kA

= Ry = 6.2 k§) standard value. For this R,

we have to recalculate /7,

Ip = ilmy' b (vm - 1)~

(Vop =~ Rplpy = 1)

o ) Rt

(Ve = Vi = Vi — Rl )

1, = %(1 - (u.lll,): s 1y, .49 mA

Vi = 5~ 02% 049 = [96 V
Ex: 5360

Using Gg. 3 .53

(W /L), . )
I = P — e r f)v:‘ w L
REF OV 0, REL 5
= Ly 0.1 mA
1, (W 2 2
lygr o 01 '%k”(T) Vi =2 Vi
o =y

AR
0.8

Vg = Vo FV, = 15V

’

025 sV, o NSV

. ‘;“ - §4+15 = 385V



Exercise 5--9

Ves Vs . 5-(=35)
R = 7] G . s =
Lrer 0.1 8 k0

Vpsa ZVor = Voguin = Vor = 05V
Ex: 537

Iy = 05mA = %k;%l’fn.zsz = 10 V.

+JOV

40 25V
i

[
X — =25V
v
Ol
47MQ L 05 mA
~ IV
Vog = V, + Ve = 23V
VC; =3 ()
Ve = =23 V.
Vyp = Vup = IpR, =  + 25 V.

- Wy Y
Em 7 I‘;-.'Z\"nv = 1 mAsY

Va

o = oA = 150 k)
Iy
Vin = O = Y,

Dt =y = V= Vg = 40V,
Ex: 5.38

R D
G A
g.(. e ,...{,.. Senw— ((1\
- . %
! R # . ¢ ;
P 33
$TIMO Do
! __é_ ’ i i i 15K

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

By =

ro = YA = 150 kQ
II)

For.r, — =

R, = Ry = 47 MQ

Apy = ~BaRp = —15

Ry = Rp = 15 kG

For ry, = 150 kQ, R, = 15 kQ
R, = 47 MQ

= =~ guRpll rp) = —136

vo
Rom = R{)" Fyp = 13.6 k)
Ri“ A RL
R, + R, "R +R

= =70

Gy =
ol

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

a 2.5V d,. voltage.

Ex: 539
LinVys D
Uy
5
<
>
<
<7, Rp
b]
1,
Rp
TRy
(hy v = z)".‘wi&'ﬁw{.uw_
Rp +r, + Ry
M = b Ry + Yo RS
B Ry & rg bR+ gory)

‘. »
”gm’(![‘i)
Ry 4 ry v Ro(l 4+ g,r)

(3) Vo v,

&

we wan!



Exercise 5-10

_?Q - l BQ Ex: 541
v, 3y
¥ RS ¢ RS == ) - -
using (3)
Mgmr.()RI) . imgmrﬁﬁg !
(R +rp) v Rl + gore) 3Ryt rg Rig

od B -
Ry = Ko Te) o 9485 ka

1+ 2,1,
basedon Ry = 15 K, ry = 150 K,
& = 1 m8

Ex: 540

8w = 1 MA/V
ro = 150 kQ
R,

in 7 R(’I

v Bmlo
e gy

A, = _Ealroll R
§ I+ g,(r, §§ R;)

|
Rmu = _H o

()
€. = I MAZY r, — % r, = 150 kQ
2 : 30 (
For R.\"g 50 4 Rin a7 M.ﬂ 47 MO
! (
ki .- Pk An 1.0 0.993
ko Ry, 15 k&2 A, 0.938 0.932
- t Ry =+ 15 R, |1 kO 0.993 kO
Ay = g RyTRY = + 75
R.
L o Re o
\ R, + R, v G, R A, = 0.768
Ex 5.42
For other R, See the next page
R.e Gy
Fk§) 375
10 kO 0.68
100 k€ .07




using eq. (5.107

Ve = Vi, b b Vg o
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:

Vs = Yos— Ve = 3V



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

V,, =02V and % =0.1, that is

Wy
B I

The maximum-valve of 7, ocowrs when

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

b = 3 0, €, B Vi 2 08 1A

f . Wee
Ly ™ 3 ,L”(,vm_[ Vipx 3.1 mA

{b) For a similar range of current in an npn
transistor, we have
v

BEmax v
femax - 3.1 m‘\ 1 r
Fermin 0.8 p./\

Vopin o
’g ¢ t}hm:m\r

(Vtmmu “Ypemin) Y1 avpvy
=5 e = e

AVig = Vrhl(gj; ‘:‘2) and V; = (25) mV

g A"I”K = 207 mV

Ex: GA.2 Foran NMOS Fabricated in the 0.5

(m process, with % = 1{), we want to find the

transconductance and the intrinsic gain obtained
for the following drain currents: (X~ 0.5 um)

! ;
I = (10) kA, g, = JZ ;L.,‘(.',,”(!;)l,,.

1, Cm (190) B2
"

g2 ORTOXTOXTO =02 “\‘\

T, 1, 10pA

intrinsic gain

I MO

5 MA ey . A ¥
wopor, = (.2 2 X1 M) = 200 v

For I, = 100 pA we have:

( 7‘.) L ATTE0X 0 100

e 062 B2 - 00 WA

WX 93 o0 ko
100 A

2.7, 062 r%"} X100 k) = 62 VsV

Exercise 6—1

For Ip = ' mA
B ::'A/:’Z\ ”Cm’(?ﬁ)]”
= XXX -2 %8

o YAL L WXO05 hyv
i l mA

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

We have

. u,.Cm Vfw Wi 190 iLA 0'55 % 0.3

Iy = 855 puA

21’2 - 22X B35 pA

: & : = 037 mASY
Voy 0.3V

. 2005
oA X0 g7k
Ty T 855 uA

A, = gar, = 066.7 VIV

2wie, ¢

g 3 . oV

‘wd § b

X003 X38+04x5
C, = 83TF Cpy = Cop W = 04 X5 =2 (F
A
0.57 22
A\

B
27 (C,

£

fr  88GHz

[ .
7 F ) 2w (834 2)

Ex: 6.1
For this problem, use eq. 6 . 11

o= e (B)

For I, = 10 pA,

J20870ANVIO0I0 Y = 0.28 mAY
using ¢ 16 . 15

SVImy20G870 AV )(10)(.36)°
JI0WA

A, = DV

o : - i N
Since g, varies with /7, and A, with -
l

i



For
1

Iy = 100 pA =g, = ozsm(“’é’)

Ay = su( l‘&) = 158 VIV

For [, = 1 mA:
1

S AV ’ 2 £
g, = 28 mA/ (m) 8 MAIV

Ap = so( ""’) = SVIV

Ex: 6.2

V,
no i

0, ‘11:¢~—~xL o,
Iype @ O_{t:h &
i

Y

o

Since all transistors have the same

W 72pum
L 0.36 pum’
we have
T = Ipa = s = Ipg = 100 UA
Lo (WY
B = ,;2 M (m(zl J oy
[
= ot pasvh (L )(mou\)
N 36
CE24 mAKY
, VarL, L3NV pm 036 pm)
ot Ip1 0.1 mA
Lo
L WaniL, 6 V/pm (036 pm)
o 1oz 0.1 mA

Voltage Gain is

Exercise 6—2

Ex: 6.3
Ve
LT — e
I
- — of
i N
Rin -:E:
Boo= 1= 100 pA
ey . 01 pA
we WV Ml = 4 mAIY
Bt = YT 5 mv mA
, 1 100 \
Lo & IR ssssiaese _‘SL(!
Ria = 7ot L AMAN
Vi o 50V
v e LY s 500 kO
T T T i mA
[Vl _ s0v
w LM 20 T 500 kO
%] ! 0.1 mA
Ai, = g By = (4 MAIV) (500 k) = 2000 VIV
Ay o Uy s ) = — (4 mA/V)
(500 KQ ) 500 k€)) = 1000 V/V
Ex:6.4 1 Lis halved: L (—P‘—)'SS’ M and
Val = v, -L
V] = 5 Vi O3B 375 v
o MUl G 20wy
Wodl 72 1, (03 V) {100 pA)
= 126 k)
e | . W , 2f . "’xp
Since 1y = = (w, Co S WV {1 __)
18 kO o 3 G el { il
wo_ 2(100 pA)
= 21.6 kQ) L V0.3 V 03V
90 A/V3(0). )(1 s v]

LA
T



Exercise 6-3

Ex: 6 5
Vpp=+18Y

V= LIV j

o—i[ 0,

Vvt;x = 0.8 v

S o

=07V

:[-Qx

If all transistors are identical and the gate volages
are fixed, Vg = 0.7 03 = 02 V
Vg = Vg = Vo - Vo ¥y

= 10-05-02 = 03V
the Towest Vg, cangois [V = 02 V
" Vi = Vg + Vpsz = 03402 =
Similarly, Vg = Ves = 0.7 V
Voo = Vi = Vg # [V 1+ [V

= 0.8+05+02 =15V
Vips can goas low as [V, so
v

= D5V

= 1502

niin

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

":x:6’6gmf - P

ax »-1,"" 02mA _ 5 mA/YV
Vo  02V/2

Bz ™ Bms 7 Bm

Vot = Yaz T o Fey Tl E N,

LA = 2V g ko
In 0.2 mA

Roy  (8uarun)oy = (2 mAN(10KQ)Y

=200 kQ

Roy = (€,37,00r,5) = (2 mANVI(I0 kQ)’

= 206 k4

R §R, 100 kO

o

| 2
AV s enfgoro
3 2(.&‘,,; o)

Av = =200 VIV

< =2 maviao keny

I 0.25 mA
6.7 = L2 . 02 A
Bt Taw = - = 025VR
T2
= 2 mAIV
ro= VAo 3V L oggn

> T, T 025 mA
{a) Prom Fig. 6 .13

1 R,
Ry, = A b
e ()
Ry = =
R = A 4 R,
"2 mANY (2 mAVY(20 kD)

o6
=500 0+ 2o

R, = 1| M

R, = 100 kQ:

— 500 g + 100 kO
T

R, = 20k
R, = 500 0+ 20 kO ’“ m

R, = 0:

3 k0

= ] ki)

= 500 0 + — = 0.5 k¢
Rin 4() !

(b) From Fig. 6 . 13
R{’ s r‘[ + RS ‘+‘ (’77
Ry = 0:

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

”m r;)RS

Ry = 1kQ:

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

Ry = 20kQ + 10k + (40)(10 k) =
Ry = 20 k€

Ry = 20kQ + 20k
Ry = 1DO kL)

R, = 20kQ -+ 100 kO
Ex:i6.8g,, = g,, =

o 100pA

Ve 02 VR

15

+ (40)(20 k42) =

= (40)100 kO = 4]

.
K

I mA/N



Exercise ' 6—-4

Vi 2V 5
2 e G el = 20 kY
ID 0.1 mA

so, (g.0,) = 1 mAN20kD) =
(a) For R, = 20%(};

Ry = Ry trp,  20kQ 420k 1.9 k0
1+ gm«rﬂﬁ 1+20
S Apy =gl Rin)
----- -1 MAV20KE LOK) = 174wV
or
If we wse the approximation of éq. 6 + 35
SO, TN B (3 Xt S |
Ry = py b s S i S
Bunlin  Lun 20 I mA/V
= 2 ki)

then,
Ay, = 1 mAN{20 KOQE 2k = ~ )82 VIV

Either miethod is correet.
continuing, fromegq. (6 , 31

Ay o g [lgmar o, YE R
Av = =1 mAV{[(20)(20 kO
= — 004 VIV

A oA =104
Apy 7 o “

Aw, -~ 1.82
{hi Now, for £, = 400 k82,

4200}

0.3 VIV

R o Moo L A00kQ
W Tur B 20 I mA/V

2 k) = — 102 VIV
Ay = =1 mA/NI[(205(20 kO)}E 400 kD)
= 200 VIV

—200

= 19.6 VIV
TR

Ex:6 - PThe circuit of Fig.6 .34 can be
modeled as

< 2 4 oV,
v
R

. - o
Where (7, =
and K~ (1 + ¢ Rsir,
The open-circuit (no load) Voltage gain iy

< 5 B
Av, @ =G Rop v D2 (4 RSV,

b g Ry

= —g.Ro
50, the gain remains the same
If R, is connecied to the output;

Ay = --—----I(l + g Ry, Ry,

S me
. wg‘m . (l + ngS}rnRL
1+ g, Rs (1 +g.Rs)r, + R,
R,
R, + () g, Re)r

«

= {8, )

¥x:6.10

Vop=+18V

=2

v, <>-~~ll:.3<;), 0.,

=

PO Vs

o

byt

(@, = Tand [, =1

since Vor, = Vov, = 02V we have

I (WY Lz
3 ;L;,cm(z) Viw,

LA S B
1y l . W !
and
5(7)
LT, W Ky wy _ k, (w
—r s () - () - ()

ar
(4], - ()

L, 1/,
(b) The minimum voltage allowed across current
source 7, would be |Vod = 0.2 V if made with
asingle transistor. I a 0.1 ¥, signal swing is to he
allowed at the drain of (), the highest de bias
voltage would be

Yoy — 1Vori 18- 02

0.1V,
et (0.1

Py

L35V
(¢} Vg = Woid =+ Wipl = 02405 = 07V

Vg, canbe setat 155 ~ 0.7 =085V



(d) Since current source /5 is implemented with a
cascoded current source similar to Fig.6 .10 ,the
minimum voltage required across it for proper
operation is 2Vow = 2(02V) = 04V

(e} From parts (¢) and (d), the allowable range of
signal swing at the output is from 0.4 Vio 1L.55V
-~ Vovor 133 V.

$0, DAV < Vos 135V

Ex:6 - L1Referring to fig. 6.19,

Rop = (Rl rosl] ra3) and

If @ and Q4 can be selected and biased so that
rop and roy are very high and have insignificant

effect (r, >> r_ ) then,

Sinee g0, = B.

R = Bargs

Ry, = Bares

Since Av = —g (R} R,

AWid = 2ot (Barozll Baroy)

Ex: 6 - 12For the npn trasistors,

= U2 mA

Emi e 35 MV E YDA/V
Yoy oE T, ® B 1o 1235 k0
i 2., 8 mA/Y
\ 5 .
ro = e = Al o BV a5y

FromFig. €.19,

R = (G2 ror b roa)
= (8§ mA/VH2S kD25 kO
R 1.67 MQ

For the pnp transistors,

i

0.2 mA o v
Lz Lens 35 mvy S mA/V
5 <
rog Py }:‘. % ___‘_0._. = 6,28 k{)
’ E {8 MmA/V
4V N
Fos vy B e 2 KED
v . e 0.2 mA
Rx,sp : U,«'._,- 5.1‘; :ﬁ)( ’-g; -

= (8§ mA/VIH20 kNI20 k¢
R, = 762 k&)

“‘:- = M‘gf?e?{[{(‘?l Rugx\'

= (8 MA/VY (1,67 MO 10,762 M)
A, 4186 VIV

Exercise 6-5

Au,,, occtrs when Q; and Q, are selected and bias
so that rgand ry, are>> r,

Then, Ry = (Bmal02) ez = Parm

Ryn = 100(25 k) = 2.5 M

R»p = (gmﬂr().!)rn.} = ﬁa"m

Ryp = S0(20k0)) = | MO

Finally,

Aimse = —{BMAIVI2.5 MO} 1.0 MO)
Apmgs = 3714 VIV

i

it

2 1d I mA :
Ex:6.13g,, = Hel . 1mA _ 40 mAIV
* B Vy 25 mv

o= B2 100 L a5k
Tx g, A0mAN T

Vi 10V
EL LSS (1 RS 9)
T T, T TmA

Referring to Fig. 6. 20,
R,x roll + gu(Refl ro)]

R, =10 k!l[l + 40 —‘%’-‘—

[

(05 k0| 2.5 kO )]

R,~ 176.7kQ
without R, (that is, R, = 0),
R, = ry, = 10kQ

#

Ex:6 . 14 Fig.6.21(a)

v, SV
Ty T Pgp = rg = —I—‘ = m = 50 kf)

Sm = o 2 Bq (‘v‘;(ﬂﬁ;,&lj i‘l—')

2. = 20200 WA/ VI(25)(100 pA)

Ly = ]i’l‘é (;m = By = I mAIV

v’
U 00 mA ;
- L8 e o = 4 mAIV
- Ve 25 mV

rw, = B0 25 kO
S g. 4 mANV

Assuming an ideal current source.
Ry = (gmar o) ol 752)

K,
Ao 7 —GaRy = —(1 mAIVHIIIM)

n

= =333 x 107 vy

= (4 mA/VY(S0 kS0 kO 25 k) = 333 MO



Fig. 7.21 (b)

From part (a).

gu3 = L WAV

Lof 7 Lap = A MAIY

Foy F Fgsr Py @ org s S0k

Fap 0 ory = or o= 25k

Gy = A mAIV

Hrom Fig. 6 .19 R;g Ao e | 7o)
R, = (,:r00R, 50,

R, = (1 mA/VY(50 k(4 mA/VI(30 k)
(50 k0 25 k6

R, = 167 M}

A, = —z..R, = —4 mA/VII6TMQ)

= —668 X 107 VIV

Ex:6 . 15In the current source of Example 6 .15
we have 1, = 100 pA and we want to reduce

the change in output current, Al coresponding
to a 1V change in output voltage, AV, 10 1% of

Iy

AV
Thatis A, = Y2 = pots, = LY
1o, ey
= 0.01 3 100 A
ro, = LY 1Mo
- P A
roy = YaXl o = 20
2 i, 100 1A
100 v

s SRS BN TR LY
20 Vipm

To keep Vg of the matched transistors the same

W .
as that of Example 6 .15 T of the transistor

should remain the same. Therefore

Exercise 6—6

_w - '0&‘“#w=50,.,m
5 um 1pm

So the dimensions of the matched transistors
and @y should be changed to:

W o= S50 pm and L= 5 pm

Ex:6 . 16 For the circuit Figure2 - Twe have:
(WiLy, , , (W/L)

IR Tl S SR At
2 RM(W/L), 3 R!,r(wlld),'
(W/L)s
and T = 1yl
e s = W,

Since all channel lengths are equal
Ly = Ly = = Lg = | pm
and
Toep = 10 pA Ly = 60 pA; Ty = 20 pA,
o= 4y o= 20 pAand  Tg = 80 pA,
we have;
W, W, I, 60
S T Ry ST

W, W, I, _ 20
1y oo e =5 o w0 st w22 D
PR WL Tepe 10

Wy We 180

I

’

i
o

I = 1

e D o
w,OW, I, 10
In order 1o allow the voltage at the drain of Q5 to

2o down to within 0.2 V of the negative supply
voltage we need Viyyp =02V

Ny . .
I, = %,1"(,‘,_,\.(}%):!*0»«} = %k"(%):‘/zrwz

60 A = 1200 E—‘({') (0.2 =
= A\ 2

(11) e 120 5w, = 15X,
L7y 200 % (02)

W. W, «

Wy = 15 pm. ot = 6= W = —= = 25 pm
2 W, 6

v,

.1_,;‘ w 2es W, o= 2% W, = 5 pm

W ' ] .
i

In order to allow the voltage at the drain of Q5 w
go up o within 0.2 V of positive supply we need
1

) (W

Vor Is = ?_.'kﬁ( [) = Vo

80 A ig()l"i}(‘g) (0.2) =
2 VLA ‘

A 9 e &
(i!) P ..,“>\ .59\»,”.,; = S e W = 30 ,,5

Lis w002y

W o= 50 pm

W
i"l?é v e W, = 5-”-1-*1“ 12,5 pm



Exercise 6--7

Thus:
Wi = 25 pm, W, = 15 pm, W3 = 5Sum
Wy = 125 pmand W, = 50 pm

Ex:6 . 17 From equation & . 72 we have:

n V, = Vg
h, = Iyed P 14 -2 v M)
|+ a2

B

i 5-—0.7)
I = 1 mA [t = 102 mA
S ( 100 "

100
I, = 1.02 mA

. v 100 v :
Ry=Fppmmd = wnnll =98 k) = 100 k)
0= Is 102 mA -

Ex:6.18

.
~

R %,&lxrsr-‘ .Va
%H Vo
0 }-—KQQ

=

l‘[»«m

From equation € . 74 we have:

I lype & Vz;x“Vim‘)m
2 e v,

05 mA =~ T8 (1 22 7).,
L (27100) 50

< 1.02 "
Tope = 0.3 mA e = 0,497 mA
REF A6 mA

Ippp ™ Voo = Vae =R = Ve~ Vi v”“:

) R Trpr

- 5-07 _ 43
0497 mA 0.497

Vomin ™ Vegsar & 03V

For ¥, = $ V. From equation £ - 74 we have:

R 8.65 k€2

I, = ‘/m\s}' {l - v, qu
12 pN v,

o 0a7 (‘ +3207) 053 0a
14 (271000, 50

Ex: 6-19

See next page:



Ignoring the effect of finlic output resistances; we
have

A A T P

REEF

Feogee ¥1 = lresl™)
Y LY NN

Y gty

., TR

! I("QR{{F[é § ‘—; N | g)
N+
F [‘QE;—{—T

From (*) we have:

I‘-anztf I Ty =

Exercise 6--8

. N+ 1
Iner = ICQREF + 1"’-’1151: B
Iggr
=3 ICQRI?F — e

P M S ____I_"ﬂi!_’_._,‘
1+ Nl
B

Foran error not exceeding 10% we need:

v o -0y

S
B
AR 091 s e 2 09
I‘*NW“ 11,{}“’:?'1
B
N+1_ 1 Nl
wb ] b e 1 = | et % 1)
B 09 B
V_ﬁ' SO =N+ =001 B

N4+ l=ll= N 10

The maximum number of outputs for an error not
exceeding to be lessthan 10% then we need N<10.
In this case the maximum number of outputs for
and error of Jess than 10% s N =9,



Exercise .6--9

Ex:6 20 Refering o Fig, 6 .32
Ipy = Iy = Ipy = lpg = Iygp = 100 pA

Since I, = %HHC‘”,‘(%V}OV

vooo |2 T pAY
oy - s VEY
= ()23 V

The minimum output voltage is

"To obtain the owtput resistance, Ry, we need g3,

Ipsy 2(0.1 mA) )
k3 5 Fed wz {), A
B3 Vuvf 3 6.3 v 0.87 !T\A

? T, 0.1 mA
= 18 KO  Fromeq. 6.77
R, = g..rrs = (087 mAZ V(18 kQ)Y
= 282 k)

Ex: For the Wilson mirror from the equation
6. 80we have ;
PR = 0.9998
IKEF i _,,_.,_lm
BB+
Thas e ZIreed 50 100 = 0009
REF

whereas for the simple mirror from equation
£.69 we have :

LT
Teer )4 2

Hence o = Trel X 100 = 2%
Ippp

For the Wilson current mirror we have

- 92':" = 100 X 100 k{} 2100 kQ =5 MO and for

&

R

L

the simple ntirror R, = r, = 100 kN

Ex:6 .22 For the two current sources designed in
Example 6.6
we have :

](' 10 pnA mA
P e ST T S 0.4 —< and
B vy 25mV v "

- !‘.‘ .1.‘29..}).. = 100 MY, ¥, == ,@, = 2850 k)
0 o
ie 10 pA P

For the current source in Figh . 37awe have

R, = 1, = r, = 10 M}

For the current source in Fig.s . 37p from equation
6 .98 we have:

Rﬂ;t Il + 3«’,”“";;'” rn)'rn
inExample6-6R,. = Ry = 115k{),
therefore,

Ro=[1 404 %ﬁ( 115 k0] 250 mﬂ;ao MO
s o4

=R, = 54 MO



Ex: 7.1
Referring to Fig 7 . 3
If Ry is doubled to 5 K;

1
Vpr = Vpg = Vpp = 5 Ry

=15- 0 mAs gy g5y

Since the currents Iy, and Jpyy ave st 0.2 mA

each,
Ve = 082V

SO.V" s Vl'..é. ‘)_ ..'%»VA.
LA :me 8y s Gy

S0, the common-mode range is
-2V 1o 1OV

Ex: 7.2

(i} Thee value of «, that cadses @ to conduct the

. N o
entire curvent is J2 Vi,

them, ¥V, = Vi~ I X Ry

= L5~ 04X25 =05V

Vg = Vpp = + 13V

(b} For O, to conduct the entire current:
= df2 Voy = —045 ¥

then,

Vo o Vi @ 4 L3V

Vpr = 13- 04X25 =035V

{c} Thus the differential ontpui range is:
Vo~ Vpifrom 1505 =+ ¢+ 1V

005 ~15= -1V

Ex: 7.3

Refer to answer table for Exercise7 . 3where val-

ues were obtained in the following way:

Viw = \;’T?X’ W L»—)E}l == !

KV,
o = A
o "/()V
(gt 2V PR
{ o ) D0 e v, = 2V J0

= ud mA

Iy = %5( ? )( Yeon )} So that

Exercise 7--1

+ Vpp

= (.8 mA

= Vs

v - 2o . [204mA)
v - S
v (ﬂ ) 0.2{mA 7 VI(100)
" L
0 = In .. 04WAR) . 4 AV
TV i2 02V
ro = Y4 AV sog

i, O4mA
Ad = gm{RhH r('))

=02V

Ap = (AmA/V)SK| SOK) = IB2V/V

Bx: 7.5
With 1 = 200 pA . for all transistors,

I ,é_ @%ﬂ»ﬁ = 100 kA

Lo 2(0.18 pm) -~ 036 um

e

P, ™ Ty ™ Foz & Fog & —F—
! ' 1y

= (“J \' ]L!n) (0.3() }}.I“} = 36 ki)
0.1 mA

Since 1y, = 1y, i

L)y \LLy Vo)
20100 pA) =
(400 pA 7 V)02 VY

L), \1),
20100 pA)

{100 wA 7 VI ?
1 Lo 00 wAN2)

A TR 2V
W, 2 0.2V

50,

I . (WY, 2
”i pA ('.n(-)“ [

P mA Y,

Ap = 2alror ] ros) = HmAZ V36K || 36 K)

= I8V/V



Ex 7.6
L= 2(0.18 pm) = 0.36 pm:

w
Vil - L
All ry = Yals L
7] T
The drain current. for all wansistors is

Iy = £ = ZOEA <400 ua

o U0V um)(0.36 pm) . ¢y
0.1 mA

Refering to Figz . 12(a),

1

2

o

Sinee £, =

transisiors

), - ()

2y L 20100 1A)
WG VoY 400 pA 7V (02 vy

(2), = (1), = (2), - (),

21, ; 20100 pA)
prCod Vo) 100 pA 7 V02 VY
For all transistors,

ol _ (0.1 mAYD)
Vol 72 (0.2°V)
From Fig.7.12b),

R, = (s Foddror = (1 mA 7 VI(36 k)
= 1.296 MO

Ry = (2 Fos)or = (1 mA/ V)36 k)
= 1.296 MQ)

Using eq.7 .38

Ay = g (R R,

= (1 mA 7 V)L296( MO}
= 648 VIV

(), - (),

A

K

1296 M)

Ex: 7.7
The trunsconductance for each transistor is

= 12

= } mA/

M(L‘M( %’)(v,ﬂ;)*2 for all NMOS

= §()

\Y

from eqt7 . 35 the differential gain for matched

Ven = Vi

Ry values isA, = - o

If we ignore the 1% here,

© 2, Rp

el

Ay =g, Ry = (AmAZVHSKY = 20V 7
Fromeqg. .48

o Yo o ARy (0015 K)
fon Ty TR, 225K)

A%

Exercise 7--2

)

= (.01 VIV

= 86 dB

Bx: 7.8

CMRR(dB) = 20 log10

From Esercise 7.7

2 2

1 08mA
- 1 20104

8w ™ Jz’j‘n(“w{( Iw)ll)

l (&)

= (.4 mA

= J2(02 mA 7 VI)(100)(0.4 mA)

gn = AmAIV
using eq. i - 64 and the fact that Ry = 25 k{1
(28, Rss) 204 mA/VN25 K)

i’lﬁ—t = 20 log 10

"MRR =
¢ (’Ag‘,,) 0.01
8n
CMRR(AB) = 20%og o 20,000) = 86 dB3
Bx:7.9
507
— = 43 mA

Ex: 7.10

e %
"

Fr—

vy = +0IV

=43 mA
(o == 1}

4
;
% Re = 5k

o

e Yt

|

~25V
Vg

I 04 mA

Uiy —LTV
(=5+43x 1)

20 )
0.001,

20, GO0



Exercise 7--3

1 04 mA Ex: 7-13
Loy = Doy = 1y Iy = 5 = =508
- - i [;l .
- 0.2 mA ?

Fromeq. 7 .66 . i -

Visrme ™ Vo 1 04V j I

= Ve IR+ 04V Vit o l:Q Q.z}]‘o Vi,

=25 -02mASKI+ 04V = + 19V # ) .
el VL ST YN

Fromeq. 7.67 . 2 Yol > Vi

vl*,w w7 Vi‘! \/i"{ k V}x‘.‘,

Visgn = =23V 03IV 07V = ~135V

Input range is =13V & 1.9V

Ex: 7,11
Substituting iy, + ipy = 1 inEgn7 .70 yields

Ver
(115 Y SEER— S R Fo 200 A
Eilgs Ty 0 -
Pie 7000 ! Since B 1,
, ! I 200 A
g =V, :n(@—qw 1) lov == 3 = —~§J£L = 100 pA
: -2 auay i, .
23t/ ) Emt 7 Bz 7 Bw T {L;Q I—?;) /,\ = 4mA/V
= 25 In(99) = 115 mV Vi 25 mV
v W
Ex: 7.12 Rey = Ren = Rpom ory o= T
{
{a) The DC current in each transister is 0.5 mA.
Thus Vg for each will be 100 kQ
. {05 , .
Vi = 07 40025 In( = ] v, 10 V .
i Ry = o = Y o 50 kD)
b E 1 200 pA
= (L681 V ;
e r.oor. r Va EARUNE 0.25 k()
s bl = 8- 0683 -+ 4317V oy : 1; 01 mA -
(by g, - 05 L 5y mA Since R, >>r,.
o vr 0.025 v A
t [Ad =
() ¢ g 25 i 4, A iy . .
ey b ..~x up Rl ry 100K 106K _ A0 VIV
= (L5 + 20 % DOUSSin( 27 2 10000 r 0.25 K o
= (.5 0FSin{27 % 10001), mA ;
, AR R, 2, r, B 100 sy
iy o= 5 — 08in( 29 X 10001), mA i ’ 2. 4 mA/YV
(d) R, 225K) 50K
ey o (Ve o TeRe) = O X ReSint 2o < 10000) If the total load resistance is assumed to be
= (15~ 03X 1) - 0.1 % 10Sin{ 2 10001y mismatched by 1%.
= 10 =~ 18in(27 X 10001). V A, - ARc (000K oy
e = 1) 5 1Sin(2 % 10007). V 2Ree 2(50 Ky
(€) vy~ vy = 2 Sin2em X 10001), V CMRR(dB) = 20 log,, }.fis{.‘ = 20 lngl,,‘;;*.(%‘%l
A, 0.4
(1) Voltage gamn = 86 dB
S Note: 1f only the load transistors are mismatched,
o 2V Peak and since o ~ 1,

LIV peak



Exercise 7--4

v (100 KJ| 100 K)V,,, Ex:7.15
01 - 2(50 K) : (025 K From Eqn. 7.127
© 049V, : Vos = Vy /(%\?’() :’ (élls)k
’ __l(R( t ).\R()” '.{i] V;.ur AR !
"0)2 o 5 - L 3
2Ry & 7. = 25000029 ¢ (0.1
B, ”l(lj.l)l)ll)(‘) K[| 100 K V. o= 0501V, = 2.5 mV
2(50 Ky + 0.25 K 100 100 0
A 00 Iy = 583 = Ixm = 15 nA
CMRR - 22w =2l 2+ “
AL 0501 = 0.499 Ag

100, 000 —> 100 dB fos = I”(T{)

Usingeq.7.103 = 0.5 X 0.0 pA = 50 nA

Ex:7.16

Riw = BRyy - — = (100150 K

- (WIL), X m,C. 02mx 100~ 20 m %
_ 100K (W/ Ly X ppC. = 0.0 m X 200 = 20 m %
100100 K)
100 K + 2(50 K) Since all transistors have the same drain current
YO K (1/2) and the name product W/ L % pC then all
R 1,68 MO transconductances g, are identical.
I 50— A
Ex: 7.14 Vo = / lo . [O8mA 4,y
From Exercise 7 . 4 20 mA/V 20 mA/N
Ve = 0.2V thus,
Using Equ. 7.108 we obtain V,,, due to AR,/ R,, o - Ty (08 mAR) I mA
HEN o Vv 02V Vv
Voo (‘V‘,,) ' (“AR,,) From Eqn.17.138
R (MCUR B el
. 2 . Rp G, =g, = 4mA/V
952-){ 0.02 = 0002V ic2mV Ro = ronil ros
- Vi 20 .
/ ‘ r oMo S v 50 k()
To obtain V,, due to :\i%" - o2 1p> (0.8 m/2)
—~ Is
Use Egn. (7.113 Foo }lm‘}ﬁ = R ;’0 T 50 k)
Rel 111008
Vos = | }%')( AW/L) b
: 2 NANWL i
R, = 500 50 = 25k
5
> Vs = (%) x 002 = 0002 From Eqn. 17 . 141
S2mv Ay =GR, = 'Ll’—\ X25KQ = 100 %
The offset voltage arising from AVtis obtained From Eqn. 17 . 148a
from Eqn. 7 - 116 | |
V.= AVE= 2 mV Az g = gbme = GO0 VIV
Finally. from Eqn.7. 117 the total input offset is: “Baalley =2 -
Vs = CMRR = J{‘,gl,, : 61':%)? = 20,000
oy ARG (Vou AW/ LY R 1Al 00
(5 %) (5] o - 86 4B
= n .- - ;

Cdex Y saxn s exity £ 7.17 B
e From Egn. 7 .156 (5, = g,

o~ 112 . (0.8 mA/Z) | mA
= 346 mV R g 25 mV Y

From Eqn. 7. 159

I
Ry = roall ros



0= Gy X Ry = 16X 125 = 2000%

From Bqn. {7 .162

Ry=23%r,

AL p, = 2X25mX 160
(r72) (0.8 m/2)

= 20 k2

For a simple current mirror the output resistance
(thus R,3is r,

Vi 100V

> Ry ~2 « 125 kQ
£ 0.8 mA
From Eqn. 7 . 167
m ¥

A = .

T BsRey

Ao = TGO 195 K
Ay = = m"s%
(:MRR

Corn = 160, 000
20 log,(160,000) = 104 dB

Ex: 7.18
172 . 1m/i2

(7, = gm,. " —= -
“ vy 25 m

A
= 20 m{;

Vi o ooy
12 1.3 mA

SRy = PBires = SOX 200K = 10 MO

Fos ™ Tos =

= 200 k{2

&

Ros = B "2 = 100 x 20K 10 Mo

From Egn. (7 . 174

¥ i r
Ry ~ EB' Fard Be

= (10F 10y MO = 5 MQ
; = 20 3000 = 103V
e (00 aB

Ex: 7.19
Referto Fig (7 . 41
{a) Using Bgn. (7 . 178

thus, (W/ 116 = 200

Exercise 7--5

Using Bqn. 7 - 179

- WLy
T (WL,
(W/L),
00 = X 100
= 100 T 1

thus, (W/ L), = 200
(b) For Q..

1 i 2
] .2-;).,,(:,,,. (*l'j)’vm‘;

| = 0029V
% X 30 % 200

Similarly for Q,, V., = 0120V

For Q,,

00 = >< 90 % 200V, 2

(Jl

=5 Ve = 0105V
21
(C) gm 2 i}._’,).

oV

1, Von B

Q, | 50pA 0120V 0775 mAV
Q. | 50pA 0129V 0775mAIV
0. | 100pA 0105V 1.90mANV
(d) 7, = 107005 = 200 kQ
5= 107005 = 200 k0
L= 10701 = 100kOD

o= 10700 = D kQ
{e)EBgn.17.176

Ay = =gy (e | 7o

= —0.775 (200§ 200) = w77.5-\\§
Eqn.«7.177
As —LBme (oot 7o)

= 05 VIV
Overall voltage gain is:
A 7 A =TT %95 = T303 VIV

Ex:7.20

Refernng 1o Fig.7 . 42 all 1, values are the same.
s, Vi, o Vi LR,

Using the equation developed in the wext,

v
(%),
Ry = ’,__.__....,, e ; - 2
-f . (“‘(17) Iy ,‘Aq(‘z)u
Ry = z . 'rf% l.,\‘;

2000 pA VS0 pay
5.27 ki)



#

Bni2

k% -1
’ N(L)ns'

,‘m_“‘gg“,x._x ATV
S WZ?K ( j;O l) 0.38 mA/

Bx 7.21

[L‘,C;‘, = 4() p‘ANZ
For Qpand @, W1 L = 40708
(as:given in Example 7. 5)

: "’Tz‘}; ~
Vgl = frmel B
t ‘”! "’:pcn,r(“", L')
[ wow e
= IValgy = 2X90p .. 0.3V
' 40 1 X 40
0.8
then,
Gony = 0D o 2X 90 pA
S, tv()yf ERY
= (16 MA/V

Since g, of Qv Q,, and Q,; are identical to g, of
Q. and Q. then:
Vs = 0.3V
Thus, for Q,,
037 = 2201
160w (W7 L)
= (WiLly, = 125
ie (1070.8)

Since Q,, is 4 times as wide as Q... then
() -4xto. 4

L 0.8 0.8

R — 2 ( ;"W(“"”«)Tz“l)
] !}r—""‘ °_‘ W e A‘; { W/ l“)f3
2p, C 4 —11
"j Hate (1‘)9 #
- 2 {40708 l)

4125
sz uﬁ(mxg%xoup, K

The voltage drop on R, is:
EOT KE) X 90 pA = 150 mV

"y(ﬂ‘ i = 5:—:‘—— “- ‘ f{ Y
F160 p X =
AT

s

Exercise 7--6

Vevss = ch -V,

Ve = 015+ 07= 085V

thus, Visy = Vige + LRy — Vgss
= (.85 ¥ 0.15 —~ 2.5
= - 15V

Vovu = lvava] =03V

Vin = =15+ 1 = ~05V

Finally, »

Vie = Vi — Vigy = +2.5 + (—0.3 ~ 0.8)
= +14V

Ex: 7.22

R,=202k0

A = 8313 VIV
R,= 1520
With R, = 10k} and R, = 1 Kk

202 1
Ay = B2 3 513 X it
Y7202+ 10 8 (1 + 0.152)

- 4943 VIV
Ex 7.23

L= gt 1 = 101
]
{IL{‘ 2 RS a2 15.7

= = 0.0492
is Ryt Ry 157+ 3035

|

"'—‘1 = B? = 100

ilr?

b R 3 g0

s R VR, 371238

ir%

=2 = o= 100

1py

by RER 40 s

i. R +R, R, 40+505

= B, = 100

»«.J“ .

Thus the overall current gain is:
b = 101 X 0.0492 X 100 X 0.0126 X 100..
h
X (.8879 x 100
= 55993 AIA
and the overall voltage gain is
Vi Ry i
3

w wles X 55593 w0 8256 VIV
20.2



Exer¢ise 8—1

Ex: 8.1

. | Cye = SWLC, + Coy
Ay = E"";'%— X gn(Rp | Rp)
6 Reig =25 10% 1 X345+ 172 = 24.72 fF
w10,y 10K 3
10+ 0.1 ) Cypi= Cop=1.712F
Ay = ~99 VIV ¢ Cao 10 _ o
| * )
[ — Vs J L
" 2aCe(Rg + Ryp) 1+ v, : 0.6
1 ,
= = 0.016 Hz Cano
Za X 1 X (10 + 0.1 M) 16 He Cop = b = 10 = 41 ¢F
1 1 - J! + _Y_{’.‘.’_’ JI + 2+1
== = = 3|8 Hz . 0.6
I 20Cs/ g, 27X 1u/2m ? Yo
1 1 )
fm = - = , Ex: 8.4
2aCer(R+ Rp) 2wl p X (10 +10) Peak current occurs At V) = V= 5V
=8 Hz o
Jr. = fp = 318 Hz i Peak = 3K,‘(—,-) ViVl
= “n
Ex: 8.2 = 1 %20 %2005 - 2)" = 1800
Cep= Cp= Cen = | uF 2
10 A Y T
L = 4()7- = le = Adm>X 25 m = 1 mA Ex: 8.5
_dc _ 1mA mA
re=25k0 = B op = 100 B =T seay © 0N
”
; Cyo = 15 = 20X 10712 % 40 X 103
r. = Y_I_’ - 25 mV .25 0) de TF " 8m
Iy I mA = {).8 pF
P " Cjo=2Cpp = 2% 20 = 40F
o 27TCL![RB ‘ L + Rﬁig] (jﬁ = Cdc + C:[(‘ = 0.84 pF
) | (‘u = e CE”
2w ipl 100 K 25 K +5 K] ' | Veg)iens
+ L8
fp = 214 Hz ( V',,(-)
fez = ! = 20 (F = 12 fF

. r Ry R,
2 Cyr, R

A (L33
(3
Y 0.5,

[ Sewm——

r
el

; ! 8
Fro . [ -
27 1p25 + 10K II(OLI 5 K1 Za(Cm+ Cp)
. - 40 x 10 ~ 7.47 GHy
frn = 22 KMz 2m(0.84 + 0.012) X 10~ 12
I3 = !
TP 25 Cer (R + Ry Ex:8.6
- ! i, = Ir sy = 11
27 (8K 1 5 K) = 50
fin = 12.2 Hz = f = 500 MHz
> = ..._______._g'" .
Ex: 8.3 I 20(Co + Cp)
. e 10 > 103
Cow = 72 = Cnvop o XN g

2ar % 500 X 106
= 345 % 10°7F/m? = 345 (F/ pm’ Cr= 127~ Cp = 12.7-2=10.7 pF

Cov = WLuC,, = 10 X 0.05 X 345 o . .
o A ’ Ex:8 .7 Diffusion component of Crrat I, of 1 mA
=172 {F = 10.7-2 = 8.7 pF
Since C, is proportional to /. then:



Cye (l¢= 0.1 mA) = 0.87 pF
Crr{le = 0. mA) = 2.87 pF

8
Ie. = 0.1 mA) = — B
frlle mA) 29 (Car + Cp)

4 % 10-3
27(2.87 + 2) X 101
= 130.7 MHz

Ex: 8.8
R(;

Ro + Ry,

AM o B R;,

R’, = 704Kk, 2, = | mA/V
Ry, = 10K0)
A = . —8TMO
MU 37+ 001) MO
= ~712V/V

K IX714

1 -
fu = i = 4,26 pF
" IwC(Rug|R) P

1

e B S ';7 N’]“l
fn e X AZEO R AT *
Ex:8.9
C,, = 1 pF

= (14 g,R)Cpy = (141X 7.14)
= B.14C,,
=} MHz =~ =1 MH
fr 7= 75?(",,,(11\,@!!1? 5 2
Cin = Cgy + Cpp = 1 pF + 8.14 Cpyrm
1

=1 MHz
2m(1 + 8.14C )pF(100 K| 47 M)

=163 =1+ 8.14C,,
Coy = 0.077 pFor C,y = 77 {F

Ex: 8 . 10
DA, = -39/2 = ~19.5 VIV
A = MRH . r:? ) gm ° R;{

A RR s Rs.:ig rﬂ 4 "X + (R,, + R“g)
\ —100  25%40- 107 xR,
THTT00 5 255005 F (100 | 3

—0.013 X R,
=R = LSKQ = ] Rel R,
S5k = (100% 8§ R kO

= 74kl 1<L

=R, = 19k
Qfy = Ry, = 165 KO

27"’(”&(54 sig ‘
Cip = Cm + Cp(l + g, Ry)

Exercise 8—-2

‘Ci';.-”‘ T+1(0 +40X 103 + 1.5+ 10%
= 68 pF
1

L~ 142 MH2
3 68p - 165 K MHz

= fu

Ex:8-11'Using equations8 . 61and 8. 63 we can
write the general form of the transfer function of a
direct-coupled amplifier as:

Apc

A(s) = where A, is the DC gain

27 f34n
of the amplifier and f3,p is the upper 3dB
frequency of the amplifier.
In this case we have A, = 1000 and
ji%d[f = 100 KHZ =4 ‘05 Hz

Therefore A(s) = 1000
+ $
2 % 105
Ex:8.12
For this amplifier we have:
His) = Ay

(1 + ;-‘;-I)(l + w’;g)

By definition at w = w, we have

2

2 Ay
(o) = 2=
2

Ai LYY

CEE)
G ) -

I wp = Kwpy and wy = 0.9 wp,, then
o (2 o (0222 -
Wy Koy,
0.9
1+099)1 + = 2
(o051 + (R J \

(09) = 11 a(gtg)“ = 01=K = 278
K K

If wy = 0.99 wp,, then :

[1+ (O&MH[. (‘9,-2?35;! )3} -2
wpy L Kwp, /4
(1 +0.992)(| + (9';9)“) - 2=

- (099) = 10! = (0 )3) = 001 =
K K.

K = 9.88




Exercise 8--3

Ex:8.13

) v : Now we want to find the value of R, that will
From Exercise 8 - 12 we have: -

tesult inf, = 180 KHz, We have:

2 2
[1+(§£’.£H[1+(3-’i)]m2and S R B
Wy wpys } B0 wn 2wfy

wpy = Kwpy !

‘ . bty B ek = 8842
K = ,:,[, +(f;g)27[1 . (‘:ﬁz)”} -3 Tes T Ted = 37180 KHz. nee
Wor L Al T, = 808 nsec =1, = 884.2 — 808
. 2 " . 3 "
14 (.“i’i) - jgzb(i'l'l) w2 = Tt = 803:4 nsec
Wpy Wpy.

Tyd ™ Rg:ic:gd - (R’ + R:’ + xng;AR’)ng

X

Frrm— .
wy = A2 1 ey = .64 w0, (exact value) R = R, | R, = 808 KkO.g, = 4 mA
in sig 7 . v Bm T T

(note that in thiscase thezerosareat § = %) we v

have : Cea = 1 pF
- ——— Thus
Wy 17 ......!_._, B S \-._]..M w7 .__l e ! . . N . . .
# " w oW e K:’w’,lz 8034 nsec = (80.8 k) + R, +323.2R;) + | pF
—— = 32428, = S034meC_ gogp0
Wy - wp,le 4 "‘K“E 1 p}‘
| s R, = 1220KD 530
For K = }up @y = wen = 071 wpy - 3242
s
Ve = Ry = 223 ki)
For the case of K = 2, the exact value of w,; can . . o
be found from the following equation: For this value of R, we have
. ‘*‘;1)3"[ ' ( wy )27 o o Ry
I B NI P A, et (2, R))
[ (w,,. | Kop) | g R+ Ry~
Assuming 28 = X we have Ay = *f—ﬂgw X4 X223 = ~TF2VIV
& o 320 % 100
_ o Therefore. the gain-bandwidth product is:
(1 xa(: i ;\L) -2 7.2 % 180 KHz = 1.296 MHz = 1.3 MHz
2 . A 8 . 15
Lxty (f L)x 1= 2= Ex:
K2 K2

XK+ X -k = 0=

N . SRR R (| SR R
3 5 ‘
s N BT TS
L7 U Sh VRS NISERNEE TS
©p; 4 2 )
. © . .
For K = 2=~ = 084 =3 w, = 084w, Using Miller’s theorem we have
Wpy
, . P kO, R, .
s case, the g ximate value of w, is: R, = Vo Ve and
In this case h:ﬂi@“mdk\ e of w,, is in AT Rk e
| 1
s w Wy £ 1 b e s (.80, V, = - AV
thyy Wy v\jl K 089w, " AV,

_ Assuming V,, = 1 V we have
For K = 4, using equation (), the exact value of

w, 15! ANVIVY | Ry L vamy [ v ovy | vgv,
a7 0.95 oy, =
. T S A%
In this case, the approximate value of w18 ¢ (Q)
Wy ADpy / ;; # ——1——; E ()\Q?h}p]
NOKS 10 909 | 476 | 476 | 4.76
g € -9
Ex: 8.14 100 99 90 9 9
We have 4, = 1000 9.99 99 -99 9.9
=108 VIV and f, ~ 128.3 KHz, therefore, the — P —
gain-bandwidth product is: 10000 ! 0.999 | -9.99 1 -9.99

0.8 x128.3 = 13856 MHz ~ 1.39 MHz



Exercise 8--4

Ex:8 - 16 Refering 10 the solution of Example
8.10 the value of £, determined by the exact
‘ana_lyqxs is:

fo=fu= 1434 MHz
Also,
Ay = —8, R, = —=123%X 10 = ~125V/V

Therefore the gain-bandwidth product () is:
5= 14343125 = L.79GHz

Since £y is ess than . = 2.44 GHz and f, =

40 GHz, therefore it is 4 good approximation of
the unity gain frequency.

Ex: Referring to the solution of Example
8.10if a load resistor is connected at the output

halving the value of R, , then we have

Ry = f—‘-’—'—ﬂo—r‘i:' and therefore

-

= 625 VIV

Using equation8 . 92 and assuming [}, ~ f..,
we have:

R =

T

ﬁt.‘:
1
')ﬂ'-[(Cq, + rqn’(l + ngL)] Rs;g + (Cl, + Caﬂ)RL]
fm 1
= oq[[20f C SF(L 125X 5)] 10K
]

+(25f +5/)%5 K]

fu=223 MHz

fr = |Amlefy = 625X 223= 1.4 GHz

x:8 . 18Referring to the solution of
Example 8.10

Lot = 2pi s 1, is increased by 4 and V,, by 2

V()\’l
then :
aQJll = 2)(411)!) = 28”}; == 2 X l ')s Il
2V v
= 2.50 B2 '“A

To calculate R;

IT R = rogill rogs = 10 k€ in example
9.10
Il)

Since r, = increasing /, by 4 reduces

both rogy and rpp, by 4
Thus :

_ > togry Toor _ 1
rogill rogr = 10K =1 4% = i

it
(Fogril Fog:)

X 10K = 25kQ

&4—

|Asl = 8, Ry = 2525
6.25 AIA

i

Using equation8 . 93 and assuming f, ~ /i,
we have:

1
277‘ ‘('gs + ngtl(l + ng;)]Rslg + ((‘l + (jt:u)R;,}

Ty =

1
2o(f20 F+ 5 (1 + 62510 K + (25 + 5) f X 25K

fu = 250 MHz=> f, ~f, = 250 MHz
= |Aul- fu = 625%250 = 1.56 GHz

Fx:8.19

Van .. 130V
e T TmA

. S0V
I mA

130 kQ

= 50 k)

7

y'u;:mp =

Ri = roppull Topnp = 130 kQ ] 50 kQ
R; = 36k}
I _ ImA _ 4ymA

() From equation 8 . 97 we have:

'4" = (ng’,)
A R,‘ig +or ot !
5 v
S X - — Y
ETET Y (40 36 k) ~ —~175 v
= —175 Y
AM v

(b) Using Miller’s theorem we have:
(jm = ("n + (‘vu(l + ng;.)
= 16 pF + 0.3 pF(1 + 40 X 36) = 448 pF

Ci, = 448 pF
f . | » |
YT amcR,,  2Calr (R, )
fu= ' - 826 kHz
27 % 448 pF (5] (36 + 0.2)]

= 4.3k

{c) Using the method of open-circuit time con-
stants, from equation 8 . 100 we have:

Ty = C R;.__ OO g Ry )R\,* R, + C,R;
We have Rm. st (R +r) ~43kQ
RI = "n:\[m ” rnpnp = 36 l\(l



Exercise 8--5

Thus:
Ty == 16 %43 + 03[(1 + 40X 36)4.3 + 36]
+5 X 36
w = 2.12 nsec
fa = !
: Ty

(dy Using equations 8..102,8.103 and 8.104
we have:

~ 751 kHz

mA
fr = LB o iﬂm‘f; = 21.2GHz
27C, 203 pF
Sz
1 1

"#(c + Cy(1 + g RDIR,

= [,y = 75.1 kHz

Joz=

1C, + € (0 . RR, vig T (C, + C“)R,
CAC, + €+ C ¢, ]R

[z = 252 MHz

Since f,; << foand f) << fp. s fiy = f,) =75.1 KHz

(€)f, ~lAyl Sy = 175 X 75.1 kHz = 13.1 MHz
£, = 13.0 MHz

+(Cp, + COR;

sig

A
2
q;g

Ex:8 . 20 Referring to the solution of Example
g.11we have [, = |A,} - fy.since Ay
remains the same as that of the example, to place
[y at 2 GHz we need

. iA
2GHz = fr = WAyl fu = |4

27(Cp + C IR,

Ayl :

2nR, - fr M

= 12.3 ~5 XIF
2w X 10 k2 % 2 GHz

5 C, = 945 fF

= C, =

Ex:8 - 21 For u CS amplifier fed with R
we know that:

0

sig

[ I B
! 2m(Cy v Cyy)
!;
and . = J_)i-»”«*m
<y

I /27C, - Cp
f! L i [277((«1 + (.{’z;‘)] (‘gd
Lo Sy L
.'4 C o [ ('_-m’

Ex:8.22 R, = 300 k(. and from
Example 8.12

g, @ L2ZSmA/V (7, = 20k0),

Co = 20fF,Cy = SfF C, = 15 fF,
R, = 10kQ, R, = 20kQ.

Ro= Ly R 1, S0OK
8 &ml, 125m  125%20

= 20.8 k)

i

of R 500 X

G, = L S = 162 VIV
YT R t R, T0r28

To obtain f3;:

Ry = Ry | Ry = 10K 208K =675k

Ry = Rl Ry

Ry = ro+ R, + (8,r,) Ry = 280K
{same asin Bq. 8.12)

R, = SO0 K| 280 K = 179.5 k)

T = Co Ry +(Coa+ C) - Ry

=20fX6T5K+ (ST +15)x1795K

o1y = 0135 ns 4+ 3.59 ns = 392 ns

Thus, fp, = 5}%—’ = 427 MHz

Ex:8.23 a) Low-frequency gain

Ayt gur A0y Ry = 1y
CS — Amplifier: 4, = —g (R, | rp)
Since = R = r,—

Ay = —-i:(gmro) = »;‘ix 40 = —20V/V
CASCODE Amplifier:
Ay = g (Rl Ry) = =g, Ry 1)
where R, = 1oyt roy + (g,070) 04

since rpy = ro; = rgand g.. = g, = g,
Ry = 2rpt (gulo) 1o = 12 4 gu1p)

= A2r,
= Ay = g (A2l ry) = -
= —40 V/V

Kot " T0

Avcascope . =40 5
Ayes 20
b) £, - Negleet components of 7, that do not
*
include R, . also C, 025 C,,

CS - Amplifier:
Ty T (‘;f!‘ ) Rs‘iiﬂ * C;:a‘[(l R R!)R~

iy

+ R
FC, Y CR,

o

wherer Ry = roll 1 = 2
» 3 " W y gmr(} y
=Ty ('ks ) R-.ig' + ('Jfrilz( IR 3 R,«ig

since €, = 0.25 C,, and g,r, = 40



=21y = Cor Ry 025 X C /%21 X Ry
Ry % Cy, X 6.25

CASCODE - Amplifier:
Using Eq8 . ¥18and neglecting the terms that do

not include R,

Ty = sig[cg« + ng(] + ng«iln

. ro b ‘RL 2}‘0
Ry = rgl (0 .“’“) = rall —
gm 0. KN

T, Ty
'”"nﬁ 50 :’2’3

g = R%{C +025% C, ( + &;%2)]

= Ryp* Cpo X 175

sig
Sucascove . Ta

f” s 1‘.(‘«‘\5(‘(“)[‘;
C,, %625

” n&\w‘szﬁ._--_m = 36
Ry C, %135 ¢

sig

) f,r = EAV!'..{H

It cascopr (MV§CASC()|):;) « (f H cascong)

}A\’§ s fil s

Tres
=2X36
= 7.2

Ex:8 .24 Referring to the solution of
Exercise8 - 19 we have:

mA

gm = 4002 andr, = 5kQ

Note that for the cascode amplifier considered in
this exercise:

Py = roy =, = 5kQ
mA
By = &my ™ Huw & 40 T
Ry = 1ty = SKQ 02K = 52k0

A, = gor, = 40X 130 = 5200 V/V
R, = r = r = 130kQ

R. N by r:;,z + R[, o 5 K
T LR 200 + 1
02 ‘3 P
x 130 + 50
130 + 20
201
R, =350

R

Ay = =~242

;

Exercise 8--6

To'caknlate f, we use the method of open-circuit
time constants. From Figure8 . 30we have:
R'»:&ig = rﬂ!(rx, + Rs‘g)= 5 K“(Oﬂz -+ 36)

Ry = 44 k0
Ry = Ry, = 44 k0

#

A . roa+ R
Ry, = "m“ Riny = roll |re ‘““‘B“”RL"

RO S
for " g )

Ry = 130Kf 350350

Ry = R(1+ g, Rp,) + Ry,

R, = 10.6 kO

T = C-rl ‘ R'xrl + C Rul + (Ct‘:rl + C-nrl)
Roy + (Cp+ € + Cio) - (R Rp)

T = 16pX 44 K+ 03 p % 10.6 K + (0 + 16 p)

L X35 (G p+0+03p)50K]| 26 M)
...... ’;’;9 nq

fy =t = L ~ 469 KHz

2arty 2w X 33908 T
Fr = Ay} fy = 242 X 469 KHz
= 1135 MHz
Compared to the CE amplifier in Exercisc 8.19
|A4] has increased from 175 V/V 1o
242 V /V , f, has increased from 75.1 KHz to
469 KHz and f; has increased from 13.1 MHz 10
113.5 MHz
2 To ncrease fj, to | MHz we need:
1
= = 159 ns, thus
™ Infa
16 pX 44K +03px 106K+ 16px 35
+ (€, + 03 p)- (50 K} 26 M) 159 ns

=C, = 14pf

Ex:8.25 R, = R, || r, = 20K 20K
= 10 K
From Eq.8.121 we have:
Ay = SRy . _125X10 493V
' 1+g,R,  1T+125%x10 Y
f'l' - gm R _J., % 1.25 m
’ 2w(C, + Cy) 27 (20045 1)
= 8 GHz
oo a1 LW gy,
C 2@ €, 2@ 207
R, = R, = 10K
R = PRy 10K+ 10K

B iR, 1 125% 10

=148 k)



Exercise 8--7

Ex:8.28
— 1
T Cys Ry
_ i
27+ {04 p)25K
Ex:8.. 29For 4 loaded bipolar differential
amplifier:

= 159 MHz

1
Ay = i'.i!m To

where,
172 0.5 mA ;
L A e AV
En | 25 mvV 20 mA/
v, 100 V
AR Y 200 k()
0 5 55mAa 0

1 mA
Ay = 2 X 20 === X 2 '
= A, 3 20 v 00 k)

= 2000 V/V
The dominant pole is set by the output load
capacitance
j‘m e m.....__..___!__......‘.w
T 2me Culroall res)
- 1

2m % 2 pF X (200 K| 200 K)(Q

= (.796 MHz ~ 0.8 MHz

Ex:8.30()
AH = _—gmx R‘L = “gm(RL!g ra)

Vv

Ay = =2 ‘L‘{ﬁi‘ X (0 k2| 20kD) = ~20 5

To calculate 7, using the method of open-circuit
time-constants we can employ Eq 18 . 84
n ™ Cym Ry + Cpl R (1 + g,,R)) + RY

+C R,
tw - 20 £ 20K+ 5 f[20 K(1 +20) 1 10 K]
5% 10K

Ty = 2608 £ = = 61.2 MHz

LTy
The gain-bandwidth product is:
GBP = 20x61.2M = 1.22 GHz

(b) With source degeneration of Ry = =
\Q,‘H
Ry = rpll + g, Rl = - 3ry

Ry = 3 X 20k = 60 k§}

R L./ S PO
R, + l‘u
L2 oY
2071 60 v
G, = m....a‘f" — 8w . 8 2MA

e

vgRe 1#2 3 3V

Using Bq 8-153 to 8-157 we have:

Ry =R Ry = 20K|| 60K = 15kQ2

Ry = Ryl + G R+ R, = 235 kQ
R~ R, + R Ry *+Rs
g R x 0 1+2x20
"3 kot R, 20 + 20
_Ryg + Ry
2
Ry = 2 = 1k0=R, = 211 —j05k0
Ag’l" ) -
w= CpRyy + Cpgt Reg + C R,

"2()f(|()3K+5fX235K+ f % 15 K)

= 146ns= fy = — = 109 MHz
2ty

GBP = 10 X 109 MHz ~1.1 GHz

Ex:8.31
Rm= (Bl + l)(rrl + I’l.:)
Since inthis case r,, = r,, = r, and
B, = Ba = B wehave
28V
Ry = rotry = 2r, = X1 _j0ka

- we have:

'}Q)' = ‘( Ri" )ngL
Vi Rm + Rﬁig

Sig
v
_‘./_'_Q. = ‘( 'SLW) TR, - 5()}!.
Vi 1o+ 1w/ " \Y
we have:
|
Iy = 2
271{-5'«' } c.‘) Rl 27
. |
In = e oF
2f{_§- +2 pF)(m K|l 10K)
~ 6.4 MHz
we have:
1 1
fpy =

27C,R, 2w x2pFX 10K
~ 8§ MHz

Therefore, the transfer function of this CC-CB
amplifier is:

Als) = Ay
(| P - )( |+ -3 )
2afp SN ’7'/,1
A " A;
A, g ™ [Aul or |A(s)T =
LN Ji s jegy 2



Thus:
‘[, . (2qu)2)[l . (»zm.)’] ?
ufe )’ Qufe)

3 2y
(1 +I§£)[1 +ﬁfzi‘—] = 2
Ir Ips

Solving this equation for f;; we have:

S~ 4.6 MHz
Using the approximate fonmula, we have:
In= ! =5MHz

{_J_ L
I T

Ex:8.32FromEq8.178

w, = C»('-?'J from Example 7. 4
e

Gml = G,,,g‘z = (L3 mA/V

thus, for fy == 10 MHz:

Ce = 03 mA/V . = 4.8 pF
22 X 10 X 10"

From Eqn. 18 .173

fz = MG.’!LZ——— Gm2  Bme = 0.6 ﬂ’!A/V

2 Ce
_ 06mA/V
24 X 4.8 pF
From Eqn.18.177
G a2 - 0.6 mA/V
27 - C, 27 X2 pF

. f z = 20 M}'IZ

fpg i = 48 MHz

Exercise 8--8

“Ex:8..33Tp obtain Req:

Reg = Ryl ro3 | ras
R, = 20 k)

F'A . '
Fry & ot o i L = k
02 " o T 025 mA 400 k2

L 25 mV
g = — oz (O] XA
w3 Iy Ry

= 2525 €1
Thus,
Req = 20K| 400 K || 2525 = 22 k{
To:obtain Ceq :
Ceq = Cp’l + C‘t!5 + Cuj“ + ngRLS)
C,p = Cuy = 2pF

RL5:R3 =33 kfl

~,
i
-
=
4
=

g = 43 = LMA 4, mA
oS Yy 25mV v
r
» . 40 m — - y F
""" >Cos = scaoom SP 4P
thus,
Ceq = 2 pF + 14 pF + 2 pF(l + 40 X 3)
=258 pF
Finally,
- 1
Ir 27 - Req - Ceq
1

2w X 22K X258 p
= 280 KHz



Ex:9.1(c)A = 100 V/V and A; = 10V/V

A 1 1 1 1
Ay = ot il ety SRl v v
! |+3A:>B Ay A 10 100
= 0.09
B = 0.09
since: | -+ LE.
R, B
R,
=22 o0
R, 0.09

(d) The amount of feed-back is‘

V’« = (3 ‘ V(} = (.09 X 10 = .9V

V.= Yo . 10

i A 100
() If A decreases by 20%
A = 0.8 X 100 = 80 V/V

80 B

A s 973(l

T TER0X 009 b

AA, = 10 ~ 97561 -> 2.44% of A;= 10

= 01V

Ex:9 . 2(c)A = 10° V/V and A; =107

- NS N R N
AR Sk W 10* 10
=9x107*

L S TR

R, B

(d) The amount of feed-back is:

1 +AB = 1 +10°%9% 107" = 10 which
is 20 dB
(e) For Vg = 0LO1 V:

Vo = A,V = 10'x001 = 10V
=BV, = 9x107"x10 = 0009V

v, - Yo 19 o001 v

Ex:9.3 dA, 0.1% and ‘-1: = 10%

Ay

da, | (_.J_,,,) A o0 = ot
A, 1+ AR, A 1+ AR
A, T—A‘; and the largest close-loop gain

puwhk oceurs when A = 1000 V/V
= Ay = 001 X000 = 10 VIV
If three of these amplifiers are cascaded:
Apgr = Ay X A XA = 1000 VIV and
the total variahility is:

= {1,3% maximum
A, A,

A

Exercise 9--1

Ex:9 . 4 For Example 7.1

Ay=6000,8 = 107°

(1+AB) = (1 +(6x10)x107% = 7
o Sfu(l+AB) = 1 X7 = 7kHz

Ex:9.5
_ AA, A,
V, = Vet 4y = Vgt Vy
” .‘l +A!AZB 'r] +A|AQB of nf
{1 X 100) X Vg + 11XV,

FIT00Xx D XT T+ (00X X1
= 0.99 + 0.0099

Thus, Vo 1V and V. == 0.01V

New S/N ratio = 100/ 1

an ‘improvement of 20 log(100/1) = 40 dB

Iix:9 . 6 Replacing the amplifier by its small
signal model

D

oV,

Ry

Open-loop gain: without R, and R, ang the gate
grounded:

Vo = —g,V ;u x Rn
V= —Vy=A = g.R,
Feed-back factor:
B - Vi % R 0B R,
Yo R, + Ry Ry + R,
Closed-loop gain Ag
v
Ay o= V‘:’
V«) * _‘fi',.yv- X “R + R5) ﬂ Rl.)}
e gy, R RORy
s R, + R, + R,

but R'z + R; Pt RI’ R'y + Rl + R”" Rz + R‘

(Rv + )Rl))
R, + R,

T gn:v;;s‘ R!l




Exercise 9--2

., R,V
=V, = g,Rp{ Vg~ 1l
¢4 Em D{ 3 Ri%Rg}

. ngDRl o
::)V,,{l 1 W} = guRpVs

Thus:

Kg ) ngI)
VS l + ngDRI -;(RI + Rl)

ifA‘B >‘>l w(gmkl-,)-R,f(R, + Rg) >>1

Ay =

A, = gm'Rb ’ - Ri kS R:’
! ngI)R| "(Rl - R2) Rl
=148
i

Ex:9 . 7 From Example 9. 2 we know that:

- wgmlR-D ; - is the
Ap = 2B 2 where —g,.,R), is the open-

loop gain

- . 2R
if loop-gain AR >>1 = Be2lln ooy

1+ =
Ry
thus: A, = et 77 £ ~~(! ¢ L{—F‘)
! LRy Ry
()
Ry

Ex: 9 8The equivalent smali-signal model for
Fig9.10b) is;

Open-loop gain: V=V,

] o - ;3”;31'-’?&. and Vﬁ,z w o AV,

I

*

i
wy [ g,,;:( "‘! V,»') -3 A = —‘:” = A 18 m2

1

,O

. . \4
V= IO»R\,w)Tj = R;=p = Ry

Closed-loop gain; A, = L»-«"

s
lop = Ayg,,V, and V; = V-V,
lo = AgualVs = V1 = Aig,olVy— 1oRe}
= Lo(1 + RpA 8, = Ay Vs
Iy AL

Ap w2 2B which i the same:

Vi T+ ReA 8,2

A
as A}' b m

HAB >> 1 = RpA1g,» >> ) and

- Algm?
r= Ri"/‘lng

—> AJ foond ‘Iél«
F

Ex9 .9 The equivalent small-signal circuit for
Fig 2.11p)

&> AA
7?77
4 A d V‘()
, < AV,
I “‘:I_:_RM i
v
Vo = —AV, -V, 2
V. -~V
I = 1, +1, I, = L == 9 n
SO R, AR,
H VI - v() V() V()
! Ry AR, R,
1 i
=V (— + -) 2)
NAR, R,

1 1 1
1 EN 2l = -~V SN S S S
Dk s "{ AR, AR, R;|

i) I
Ry AR, A

= | + 1 + Ri zland A, =~ ~ R,
A AR,

i



Exercise 9--3

Ex:9.10
From Example 7-1

Ag~6000,8 = 107
(1+AB) = (1 +(6X 10X 1077 = 7

S Sfup = fptl +AB) = UXT = 7 kHz
Ex:9.11

ley = Igs = 05mA

Vey = 107 -05X20= +07»

V, = 0.7~ Vyey = 0

Igy = S mA

oy = rg = Vil = 5000, r,, = 50
A-Circuit:

_ Vo _ 120] (Ba+ D)t 2] 10)]
Vv, , L2100y
Byt 1 Byt

M = 837V/:V

Fe3 + (2? ’O)

H

3 g
et T Ten

Ry = R+ (B+ {r,, +ra)+ Rel Ry
= 10+ 101(50 + 50) + (1] 9) = 21 kQ
R =20 10 [rn+ 2T < 1510

B-Circuit:

B =V, 7V,
=1 - DIV /V
9+
v y 857 .
Ay e A 837~ §96v/v
TV TEAB Ti857 %00

Ry = R(1+ AB) = 21 X 957 = 201 kQ)

Rin = Ry~ Rg = 201 — 10 = 191 kQ
1 Ro 181 4
or = (R [l Ry) T+ Ap 957 )

=R, = 1910

Ex: 9 - 12The feed-back network is composed of
the voltage-driver resistors Ry and R,

a) The loading effect of the feed-back network at:

the input is: R, || R,

b) The loading effect of the feed-back network at

the output is: R, + R,

The A circuit is:

oV,
R,

Vg o Il/gm

R‘”RZ R1

i

For the CG amplifier:
A = gmlRl) H (’el + RQ) ]

To obtain f3:

p=Veo R
V. R R,
Ay = "r\— Substituting:
1+ AB
A, = ngl)
Ry + R,

if Ry + Ry >> Ry we obtain the same result as in
Exercise 10.6

From the A circuit:

Lo apy

A

Ri = l",gm: Rin =

L Ry | R+ Ry)

Ry = Rp il (R, + Ry = R,



©R; = Ry || Re
Following the procedure used in Example 9., 7

R; 1 1, AB
R = L s T e
“T TTAB Ry R, R,

1 1

1 (Rell Redgntr, | R

1 .
— = L if we cal
Ry R Ry || Rp) - Ry
W= gulry | R
| Y Re
ZY e e o Ry o= R 2
Ry R R " . N
Substituting for R, = Rg || Ry
R,
Re = Rs |l Re || =
I
R
=Ry | L
(1+p)
Since
Ry
Ry = Rl Ryy— Ry, = —5
14+ p
T+ g0, | Rp)
DRy = r, I R,

Following the procedure used in Example 9.7

R

1 | Aﬁ
R, = _.‘...._.2___ Sy e == e ]
o T T+ AR T R, R, R,

(RS ﬂ RI')gm(rl) § Rf)

1 1 =
— e if we call
Rnf RO RI' ) “_0 i; Rl)
llvv = g,.(Rg '5 Rp)
R:'
Ry = R, =%
®

Substituting for

H Hop ¥ RF
Ry = roll Ret Ry = rpl Rp} —

of

Ry
Ry = L :
I+
Since: R, = Ry & R, and R, = =

eut i

Rp

=R = o | T TR
. A
(¢)For g, = 5 ":', r, = 20 kQ
R, = 10 k()
Ry = 1 kO

A= —(1K§I0K)-Sm20K § 10K)
= —30.3 kO

Exercise 94

B=—1/Rr=—-1/10K = —0.1l mA/V
AB = =303 % —0.1 = 303

w A, 303K
Ar= TEAR = Teaps = 152K

Rio=Rg || Rp = 1] 10 = 909 O

R,=r, I R = 20 ]| 10 = 6.67kQ
10 K
R = = 29] ¢
" T TT S5m0 K || 10 K) y
Ry = —F_ = 99 _ 560
7 AR 403
Ro 6.67 K
Rn{ . E - - = ].66 k)
[+ AR 403
R = 20K | 10K = 1.66 k@

1+5m(I K| 10K)

Ex:9.16 p = 100

Ry = o Ty = 1 KQ R, = 10KQ
R, = 90k g, = SmA/V

fo ™ 20kQ

Refer to Example 9, 8
R, == 100K, unchanged

A = wp..._..lf.’......, = — ,..__L(_.@._.
LR, 10§ 90

= =111 X 10" A/A
B = —0.1 A/ A, unchanged
AB = 111

3

A, = ZLUXI0 o g9y asa

. 1+ 10
Riu e, 90K = 900 ﬂ

100

R, = 900 K, unchanged
R, = (1 +111). 900K = 100 MO

R
Ex:2-1710R, = 0= B = oot = ]
X ! B R TR,
All of 1, is fed-back.
= AR >> 1 - ideal

A, = =L AsA

B
Ro= Rl Ryl By = » ] =] R = R,
Ry = r ¢ (R, T 01 g (R, 1] 0) = r

0 r{)z )J

Replacing R, forOinEq 9.69



A = “RRiry,

]

—ngaRi = — g, R,

i
= X7y

"

A, = A . _l)‘"gn:'kl
] - b .

1+ AB L+ pg, R

FromEqg9.77
R
Ry = p* 'k": ) g"'r'az Ry = Mgm",,z YRy
To obtain R;,:
- B R

Ry = i

T+AB 1+ pg.k,

. 1
R,J o
R N

Ry Ry

RS S ey Rirx w R' o ]
I+ p‘ngl _‘_, + pg
Rl n

Since g P2 % oy Rin = l/llfgm
1

Ex:9 .18 Small-signal equivalent circuit:
=V, 8wy Rp )
v, Ry + Ry + R | 178,

R
(..__,_.__L.»...) R
Ry +1/8.,

4mx 10K )
(IOK+9K+ 1K 1/4m)

I K

AB =

m). 10K = 16.66

(l Kit/idm
Compared to 17.39 obtained in Example 9.4

-V L F
ek = AR e "_ — - Ry
v, r, tRp R
s .
AB = SmXKXIK 45,

20K +10K+ 1K
as compared to 3.03 obtained in Exercise 9.15

Exercise 9-5

Rr
AAA .
\AAZ >
——--—-—-0
+

>
R-s‘i vV, V,

Ex9.20 A(jw) = (TT _”)/ w‘f
+ o

Thus ¢ = —3 tan™" (/10"
Ao & = 180 =5 tan”" (w5p/10%) = 60

(0/10") = B= oy = 3% 10" radjs

Amplifier stable if [AB] < 1 at @,y

When [AB] = 1:8,, = Witl» )l
S0
B = : — = 0.008

1000/ (1 + (3"

Ex9 . 21Pole is shifted by factor (1 + A B)

< 1+ 10° X 0.01 = 1001
Sop = S0+ A B) = 100 X 1001 = 100.1kHz
For closed loop gain = 1, B = |
fo= f A B = 10°0001) = 10" Hz
{)

nl

Ex:9.22 From Eq. 9. 92 Poles will coincide
when

{wp, + (-,t,.z)3 =401 + AB) wpywpy =0
Using

A, = 100, wp = 10", wp, = 10° rad)s

(2

(10" +10% - 41 + 100 By x 10" = 0
L4100 B = (1.01) X 10074

= o= 0.245
Corresponding (0 = (.5

For maximally flat response @ = 0.707 and

S ———

1A+ 100p) X 10"

: = B wm 05
2 10"+ 10°
Corresponding gain is
A e A 100 « 196 V/V

TTAB  1+100%x05
1



Ex5 . 23 Closed loop poles are found using

I+A)B =0
10°

(1 +5/10%

(+s/4+108 = 0

EEIEn

e e AU 100B) = 0

1+ B =20

=8 +238, 38,4 (1+1008) = 0 for

Sy = =5
10
Roots of this cubic equation are:

(-—l~l()(5”“),- - 58““:]5.,/3(3”"
Amplifier becomes unstable when complex poles

are on jw axis ie. when g = B

143 !

08" = L = 2mpg. =0,
Bee cos60° = B, = 0.008

A A
Ex:9.24 A = 4 - "o
w Vit

10° X 001 _
Ju+ 7100
10°= £ = 10 Hz

B = 001 |AB| =

il

thus 1+ £27100
Atf = 10° Hz
& = —tan—'(10'/10) = —90°
making phase margin 180 — 90 = 90°
Ex:9 .25 FromEgn 9.105

— and L. low fre-

_.J,;i B

180° — Phase margin

A, o) =

quency gain 6 =
For PM = 30° ¢ = 150"
[A o)/ (1/B) = 1.93
For PM = 60°.6 = 120°
[A o)l 7(1/B) = 1.0
For PM = 90°. o = 90°
FAGw, ) 7 CHB)Y = 0.707

Ex:2.26 g o _1SC o 1
R + 1SC 1 +SCR

= S+ (wery:

Bl

1 < | Hz

25CR
cr= L

27

Thus CR = 0.1595.

Exercise 9-6

20loglAl

Y

100 dB

20 Jog(1/1B1)
0

1 Hz j 10° Hz f

Rate of closure = 20 dB/dec

04dB

Ex:9.27 Must place new dominant pole at

j' 3 ‘l..’.' o ‘!..Qf
T

S fl) = 100 Hz

dB
10 Ap Original responsc /2()
80 4 2
2
B,
60 - ”
X2
0
40 - e
=A,—2
2 A=A,—20dB .
\E— —40
0 ™ T T

10102 108 10* 108 108/

{ft) fp*

Ex: 9+ 28 The pole must be moved f,, to

1'p where

fp = Frequency of 2nd pole
4D Av v: /\’_»
o
_10x10°
10« (100 dB — 20 db)

= 10’ Hz
The capacitance at the controlling node must be
increased by same factor as fis lowered.
= C Coa X 1000

new 7



Exercise 9—-7

Ex 13.1

For @

[ = Yee~ Ve . 15202
R, 1 k&)

I= 148 mA
R s Vp—=(=Vee) . — 07— (—15)

148 14.8
= (.97 k)
= Ve Vg
= 15~ 0.2
= 148V
s Ve + Vi,
w15 4 0.2
= e 148
Output signal swing is from 4.8V io ~148Y
Maximum emitter current = 2/ = 2 X 14.8
= 29.6 mA

&,

ks

”um«a

Ex13.2
At n, = 10V, the load current is — 10 mA and
the emitter current of ¢ 1s 14.8 10 = 4.8 mA.

Thus, e, = 0.6 + 0.025 m(k‘;:’i)

= .64V
Thus, # = ~ 10+ 064 = ~936V
Atw, = OV, ip =0uand i = 148 mA

Thus. vy = 0.6 + 0.025 ;ni‘{-‘

= 67V
v =067V

Thus, vge; = 0.6 + 0.025 In (24.8)
= 068V
v = 1068 V

To calcubuate the incremental voltage gain we use

o R
s R, v r,

Atv, =~ 10V, ig, =4.8 mA and

- 23 L sa0
o T TR

T 1 cuu
Thus, =2 = commswnse 22 (3,995 V /Y
e U anss DO VY

i

r

Similarly. at =2, = OV, r = B o170

14.8
and. Yoo b npgug vy
o 00017
Ata, ~ IV i~ 248 mAandr, - 11
Thus, o ,___}M = 0.999 ViV

w1 F 0001

Ex 13.3
» 2
= W2y 823 w
a P, R o 0.32
Py= 2V X 12 2% 10 X 100 X 107
=2W

Efficiency v = :,«”—‘ x 100
3

0.32
WY e P
5 100

= 16%
Ex 13.4
2
|V
ay P, o= oo Y
@ =3
253 W
. 1 v,
) P, o= P Ve X 2 =t
) “Cla R
=oxtxd o a15w
w4
P, 2.53
d I X e e Lt ]
© = x0T
= 59 %
v
(d) Peak input currents = B—’;—I Rf
L 1,4
51 4

= 22.1 mA
{¢) Using Bq.40.22

Vie
p}h\’max = Pl)l‘mu\ = ""«'c"L
TR,
62
=0 - porw
X4

Ix 13.5

{a) The quicscent power dissipated in each tran-

sistor = [, X V.

Total power dissipated in the two transistors

= 2, XV

=2 X 2IX A0 XS

= 00 mW

(b 1, is increased o 10 mA

ALV, = 0,8, = 6, = 10mA

From equation 13 .31

Ry = ~alo . B _ 250
g+ iy 10 + 10

v o R 100

v R, + R 100 + 1.25

B



iExercise 9--8

Yo = 0988 aty, =0V

v
Aty = 10 v,

. Vv
o el X (0] A
i 00T D1 A 100 mA

use equation 13 . 270 caleulate iy,
i iy~ 17 = 0
iF = 100 iy~ 10 = O
=iy = 99.99 mA
using equation 13 .26

12
il* = ;‘j ~ 1 mA
v 25
R = —I— = oo = 02475
T X E !
v o R L 100 -1
v, Ry+ Ry, 100402475~

% change = _L:_(ll.28§ ¥ 100 = 120

..... VI' . 25 . s
Rmu = l:‘—;«'}; e :2—";'*?: = 6,25
oo K100 gy
i1 R, + Ry 100 + 6.25
o= 10V

. 0V

TN

Again calealate i, (for £, = 2 mA) using equation
13.27 iy = 99.90 mA

= 100 mA

I(" 22
fpo= o= S s (L4 mA
I, 9996
Vv 2 )
Ry = —dm = — 2 = 0250
iy 4ip 996+ 004
Yo L Ry I
Y Rl + Rm!l -

- )9
% Change = 1094

X 100 = 6%

For I, = 10 mA, change is 1.2%

For [, = 2 mA, change is 6%

() The quiesent power dissipated in each transis-
tor = [, XV

Total power dissipated = 2 X 10 X 1077 % 15

= 300 mW

Ex 13.6

From example 3.3 V. = [SV. R, = 100 )

Q. and Q. matched and £, = 10 “ Aand §§ = 50,
fio = 3 MA

10
100
As a first approximation i ~ 0.0 AL, = 0, fy =

O1A 2 mA
50+ 1~

Forw, = 10V, I, = = (1A

il)zlm—‘i;m:3"'2:lmA

1073
= X 1018

Vig = 2V, In

§

W

This -:I; is because biasing diodes have % area of

the output devices.

+Vee

] Biay

Yo

But V,,N = ‘/ﬁf.'.!-t + VR“‘ Wt hH

R i iy — Iy
Vyln (Ti) + V,ln ( Vl- ')

k)

v [t ) @
I3

Eguating equations | and 2

10-3 iy = iz.)
_077 o v 1
1 ] i ( I

1% 1074
3

2V, in

S

10-3 | ivtiy -0
X 1073 (1071

1
3
idi,~0.D=9x10"
i, is in mA, then
iy = 100y = 9
i = 100iy,— 9 =0
=34y = 1001 mA

iy = 0y~ 0= 0.1 mA

0V and i, = S =

For @, ==

= =100 mA
As a first approximation assume ip 2= 100 mA,
3ImA

iy~ O since iy = 0. current through diodes



Exercise 9--9

3x1073
1

2% ~13
3 10

But Vyp = V l"(m l)af v,m(m ”)

= Ve (2] + von (25) @

Here i, = 0.1 A
Equating equations 3 and 4

Vs~ 2V in 3

2Vyin | 22002
o X 101
3% 10

=00y i
viin () + Vet (5ts)

. 2
3 X 10 " i p( i P ().l)
Lxion (10-1)°
3

i iy = D1} = 81 X 10

Expressing currents in mA

i (i~ 100) = 81

i = 10047, - 81 = 0
=iy = 100.8 mA

iy =iy~ i, = 0.8 mA

Ex13.7
My 7 g, X2mV/:°CX5°C . mA

where g, is inmA/mV

"
o = JOmMA
S 25 mV

Thus, Al = 04X 2 X5 = 4 mA

04 mA/ mV

Ex13.8
Referto Fig.10.14
() To obtain a terminal voltage of 1.2 V. and since

3, is very large, it follows, that Vi = Vpy = 0.6 V.

Thus [y = I mA

2V 12
R, + R, 24
Thus. I = 1o, v 1 =+ L3 mA
(hy For AV, = +50mV:

Iy =

Vg = 123V Iy = _1;213 = (.52 mA
ae

Vg = ‘i;" = 0.625 V

fi 1 7 ¢ ”“’kt" t;T XA X TR

Ct ’ 4

Nn
Joa 272 4 052 5 324 mA
AV, 1 1BMY

V=13V 1, = 13 = 0sama
5B Y m
Vee = 12 = 065V

Jo = IXe Ve | x (008005
o= , FPECT

= 7,39
1=739 + 0.54 = 7.93 mA
For AV,, = +200 mV:

Vag= 14V 1, = 1 058 ma

&

Vap = 07V

.17 8028

Iey = I Xe = 54.60 mA
1= 54,60 +0.58 = 55.18 mA
For AVy, = =50 mV

LIS
Vap= LISV Ip = 522 = 048 mA
115
Ve = 5=
= 0,575
Tog = 1770 037 mA

1= 048+ 037 - 085 mA
For AV,, = — 100 mV:
Vg 1AV 1y = {YZ‘I; = 0.46 mA
Vg = 0.55V

0480025

Tey = 1% ¢ 0.13 mA
1= 046+ 0.13 = 0.59 mA
For AVy, = =200 mV:

, | ‘
Vpr=10V Iy = 52 = 0.417 mA
Vg = 0.5V
Iey = 1% eV~ 0.018 mA

7= 0.43 mA
Fx 13.9
Using equation 13 .43
(W71,
"Q = gias (“’/14):
‘t 4'
1 - 02 W/L,

0 Iy -'~A-'('I‘)uf.s v,

wﬁn( ) 0.2
A



Exercise 9—-10

GainBeror = ~—0,035 X 100 = 3.5%

» : o _l_ ’ }}_’ i 2
Qs Iyiay = 5 kp (L)z(v‘” vy _ 2y 2Xx1X1073

. ] W g’"” B g”’l’ - Vov 0" 14
02 = 1x o.;oox(z) X (02)2 = 14,14 mA/V
- i
. Rypy = e ==
w(%) = 100 . l‘l'(gmp + Bia)
2 1
) e Ly WY fy Y2 10 % (14,14 + 14.14) x 103
Qi lo = 3 k(Y) Vs vy
UL R V5 R ~350
| = lxo.zsox(-"f 0.22 13.12
SRARERA V) N Bx 13.1
: See solution on next page
s
:.«:(E—) = 200
L)y
Qi 1y = ]i k"’(%);'( Ves = [VA)?

- le‘lO‘()\“(E) % 022
2 Ly

Now V= Vg + Vo
= (Vm-l + vt) + (sz + [V,‘)
= (02 + 0.5) + (0.2 + 0.5
=14V

Ex 13.10
Ly % djpy = 10 MA

1, . 'W) 3
A LU S I I O
2 n (Lvﬂ ov

10 = « X 0.250 X 200 X V3,

B o

=V, = 063V
Using equation 13 .48
V = Vpn— V"’»'Eu’m:\ — V.~ Vion
=25-02-05~-063
=117V

OnyEx

Ex13.11
New values of W/L. are

(g{) = 2000 _ 1000
L/, 2

2

(ﬂ) « 800 a0
N

Ly 2

=

i

o § e

o = 5k

AWTE:
Sy

~

b

E 1070 =~ X 00 X 107% % 1000 X V3,

(| e

=V, = 014V
Gain Error =
— v.’n: " ()]4

Al Ry 410X 1 X 107 < 100

0,035




Exercise 9—-11

Ex13.12

Need 10 prove when V,; =4 I5R; then Vegn =V,
Assume Oy off (Vgsy = Vi) 50 iy = 0 and

3= fys

Ve
fpp = Ipy = =% = 4]
2 RL @

Ay = %k}', (%)I‘( Vgps = !'V‘pt)z
J“@"%’(%)p( Voarp ~ !V,,,;f)
) Jlf‘/(g )p( Vg~ [v,;&)Z

2Vopp — (Vo) = (Vagpe — 1V, 1)

Vsam = 2Vsgpg = 2Vl + 1V,

= 2¥sppp — Vol )
Find V;, forthe gate voltage, Vpa:

Vc;m = (Vop =~ Vsrw{;) + Vs~ V;z5

Vepr= Vo) = = Vigpg + 1V — Vp)
Vespr ORI~ Vsgm = — Vigpg + 0V~ Vi3)
using (1):

= 2Wgpp+ IVl = ~ Vigpp + n(Vgr = Vf;)
wVia = Vor) = — Vyepg + 2Vsgpg = |V,

VI‘Z s +V"2 ¥ (VS(;P — tvl ) V02' + _V()V‘e,
" "

Plug this value for V, info the value for Vi,
and show Vo, = Vo
(= VA + Vosg) + mlVor = Vi) = Vna =~ (= V)

VoveY
Vs ')‘(% - ‘7)2 - _}_"9) = V¥asm
where
Vovg = (Vasvg = V) = (Vsape = |Vil)

Vosho = Voo + Vi = Vaswr QED.
Same proof for p transistor.



Exercise 10—-1

Ex:t 10.1

Viesomass = Vob = [Vovsl — [Vl — [Voul
=+ 165-03-05~03
=+ 055V

2= 165 +03+05-05
=-135V

% b 165 ~ 0.5

= + LISV

Vomin & ~ Yss + Vove
=~ 165+ 05

=~ 115V

Ex: 10.2
Vi = 30V, I = 0.5 mA,
Vo = 02V, Vyg = 05V

1o K(Vu‘,)z

For 0 :0.5 = K(0.3) = K = 2 mA7V?
ForQy:ly = 2(0.2) =5/, = 0.8 mA
1 0.8
T oz g el = 4 MAIV
Em =y T 8T 0
e Q.‘i B ;
=5 Q00 03 I mA/V

B . 20 b g
- A STt ;5 k
r, 1 = oz 0.8 o

== ra = 24 0K

Ay T Bty v —4X 25 = 100V
Ay % =@l @ 1 X 40 = —40 VIV
A AA,  (—100)(—40) ¢+ 4000V /Y

=30k _ 20kn

Ex: 10.3

The small-signal equivalent circuit for the op-amp
in Fig. 12.1 on page of the Text is redrawn below
for o unity-gain builer.

From Eq30.%,16.7,12.14,18.350n page of the

Text : (-’mi = By (’m’.‘ = e

From the above we can write :

Vollt

Lo = GpaVia+ =22 where

2
Vio = —GpyVin Ryand
Viai = '—an = viZ = GmlRl Vmu therefore :

Vﬂlll

’om = n’gmﬁgmlRanmv "k';'

1
T = Vﬂﬂl(gmbl,m‘R| + k"’)or
2

1
8oy (Fuall 70) +

Rl) =
1

Tt " Tor

Since 1| 7, is huge. we can neglect
V6 H For

and have ;

o P m.-—!m-m—ma—.a
gmﬁgm!(ruz u ’.u«l)

Ex:10.4
C:' R
+ + +
I
Vit R Vir R, Y
Gml Vial ! G m Vi! i —

G,y = 1mA/V G, = 2mA/YV
C: @ | P
Fog = g = 100K .r, = r, = 40K

@ f, = g = ALY = 100 MHe

= C¢ = 1.6 pF
A= =GR, = (X 107, )

= (1 x107)I00K/2) = =50 V/V

Ay = =GRy = (2% 107 0 ry)

= (2% 107 W40( K)/2) = =40 V/ V

A = AL Ay (=50)(—40) =+ 2000

fp= F7A = 100 210°72 % 10" = 50 KHz
{b) to move zeroto § = %

R L so00
G 21077



from o = 02X 10— 318 % 10° HZ

6
§ == tan TieS “LQ(}W)SWLQR
r 318 %10

PM = 90 — 8 = 72.6.

= 174

Bx:10. 5
Find SR for £, = 100 MHz
Vo = 02V
SR = 25 [,V = 27 X 100X 10°X 02
= 125,67 = 126 V7 uS
SR = Lomt = SRXCp
Ce
=126 % 10° % L x 1077

= 200 pA

Ex:10.6
Vicwman = Yo = Vous + ¥,
%4 163 -03+03= 4+ 85V
Viesimim = — Vg + Vory + Vo V),
=—165+03+03+05= ~055V
Vomas T Yo = Vo = [Vl

< 4+ 1L653~03~03 = + 105V
Viminy = = Vg ¥ Vorn + Vo + V,,

=~ 166+ 03+ 03 +03= 0355V
Ex: 10.7
Vi = 20V, Vg = 02V, 1 = 100 pA

20 a0
G, = g R
ov Vo

Vo o20x 100

N £ =35 200 k{2
) ] 160

Ry = 1guiraslrs b roandl {2uerootos]
L1 I
= );’m",,g‘;” 12)
2 i

= 10X 2007 % 1 /3 % 10° = 1333 MO
A =GR, = 10> 1077 % 13333 10°
= 1333 % 1P VIV
Fx:10.8

Given:all Vi, = 03V,
Vo Vg = 2.8V

() Va0 for NMOS

= 07TV

s = 47 S 4 FI T
Viescmasy, & Vi = Ve #V,

TLOmA/Y

Exercise 10-2

=4+ 25-034+07=+29V
Viemaiasy = — Vs + Voy + Voy + Vi
=2-23+034+034+07=—-12V
L= 12VE (Vi) % + 29V

(b) By Sym:.

=29V (Viey)p 5 + 12V

©)~12 V= (Viegor S+ 1.2V
() —~2.9 Vs (V,ey) 5+ 29V

wyeral
Ex: 10 - 9
I = ARW/L)Vas - Vo'

1, = %x(wug,)(vw —vy
For 1, = I4:

(Vi - V?'}z = Vg Vr)z
b Vg = Vy = UV g~ Vi)

= DV o~
or Vasi = Wi Vy

£x:10.10
npnily = 107YA B = 200V, = 125V
pp: iy = 10VA B = 50, = 50V

Vi ¥
HETTT
I = I

= Ve = Vool
IS

10

Viop = 25 mVln-»:ﬁ = 633 mV

Ly = Birg = 200/5k =40 mA/v

ImA
o & — 125\, s
Y 1. ImA

Ex: 10.11

Iootge ® T as Vi o Voingl Q)
and ¥y e Jy 0y = f,

Fromect: Vg, + Ve = Vigps + Vg,
S P B o P S Y P
Veln[ 7] 6y ,m{l—«i = V| Mm.J

§1- L el gs




Ex:10.12

Vig = 0.7 Vforlc = 1 mAfor Q1)

I = 10 pA for 010

Vapig = 07 + V,In| {LER] — 0585 v
Voltage across Ry = Ve~ Vary

= (L7~ 0585 = 0I5 V

\4
m[lﬁ £ ﬁﬁf:;s[\’ = 015V

g = 11.5 k{)
A 10 pA

Ex: 10.13

Viesars = Voo = Vees = Vi + Var
= 4 15~ 0.6 ~0.3 + 0.6

= -+ 147V

Viestamin = = Ves + Vage + Vggy + Vi, + Vg

=~ 154 06+06+03+06
= =29V
(neglecting Ry & R, drops)

Ex: 10.14

Assume (4. Oy (now diode connected transis-
tors) have normal area

Q14 Q3 have arca = 3 * normal

Ty o 180 0 X 3 = 540 pA

Ex: 10.15
Assume 1o, = 1og = 1o = 95 pA
@) Voo = TetR + 1) = i (1 +2.63)
= 3.63/,
) ‘;Kf i
(b) Iy = =2 4 Jpe v Iy
= M) 4. 2y g_(ﬁl_f . :21&
R, B+1 50 20
= 0.081,
Ve, 0081,
g+1 20

Wy Vg o Vi 4 gt

() Iy = = 000047

= 3631, + 0.081, % %{'}W}{
R L5

= 384k X I,

+ 11V
()R, = ‘Jib—”—l’i ~ 384 kO
¥

Exercise 10-3

Ex:
See Fig10.:22 on page of the Text, Let Ry =R,
Ry =R+ AR Assume B >>1 and ryg = 1, then
Vps = Vg = ilres + Ry) = i(reg + Ry)
[T

’ r.s + R+ AR

Ly = leg—~ 171

f o rest R N ,WAR
e r+t R+ AR ros+ R+ AR
Y€, = AR

res+ R4 AR

AR
For = = 0.02
or R
- 0.02R - 002

“n T R¥ 002R + r.q op 4 T3
TR

Substituting R = 1 k) and r, = 2.63 k(} for 741
op-amp, we have

Ex: 10.17

From Fig.10.23 on page of the Text:

Ru = Ru‘] “ Rnl()
Ry = ra = 22 = — 30~ 263M0
! 19x 107"
. 12
Row = Towld + gl rooll R))= ““—5—,6
19 X 10

P ” 3
4 19X 1074200 X 25X 101 o '05]
25 % 107N 19% 10

Rop=31.1 MO
R, = 2.63]] 311 = 242 MQ

Ex:10.18

N - €
From Eq.1¢.93 we have: G 2—'3 From

mem
a

Ex.10.16and10.17n the Text, we have:
e, = 33x 1077, R, = 243 MQ

Hence:
L 5Sx10
(’mc:n B S
2% 24310
From Eq.10.25we have:
CMRR = 28, (Rl Roag)ie,

9.5 % m"’)(z‘(ﬁ w31l .1)
o \asx 107203 p b 3T

55 %1077

CMRR

113X 107" mA/V



Exercise 10—-4

1.68 % 10° or 104.5 dB (Adye = ~Gma R
If the contmon-maode feedback is not present, as = —BSXB1 = —5265V/V
explained in the text, common-mode transconduc-
tance and common-mode gain are buth reduced ¥x:10.23
by a fuctor of B, Hence,
CMRR = L@&%&Q = 3360 o lr
CMRR = 0.5 dB L g iV
..}u
Ex: 10.18 R 10 v
Big= By =200 WKy, T
25 mV =
rog = =Y o q54 k0
1% 162 pA yo o 2 mV
25 mv . 6 wA
gy At @ 455 () b
et T 335 mA =156K
Ry = 00§, By = 50k .o e 2060
T
Substituting into By, @ .77 "’ 402 0165
R,y = 201[1.54 % 501 (201 X 0.0455)) = 303 ki)
=4 ML} I = Vy + LogVr(Ryy ll rag)

Fao (R | ro) 1o+ (Ryy i o)

= v [ 1 6.6xu.9|7]
o 188K 188K

= V,{0.05 + 6.05)

Ex:10.20

- B . Viz - Vi _ Vi
B+1 rast Ry 455+ 100 1455

(Rq%i Riyq)

irl?

| LSRR ¥ St . L LA . Vy .
on CIRGE Ripp) + 1oy =Ry= 71 = 1630
;

needs R,z = (B4 Dr, 4 Ry)
= 201{45.5 + 100) = 29.2 k() Ex: 10.24

S Ve Vi X 092 { Rigio ! roms b pr_wJ

Pyp— - T Byt

Ex:10.21 - ! Bt I
R,y # R, R,

’ (l(ﬁ + “”“‘IQSOM + §%T’§)
25 b <

where R,iz5 = 7,158 = 90.9 k) Ry~ gg;); * “)()‘lJL
Royp = roll 4 g, Assuming B, 530 and By, - 200 and
N ) Tisa = 180 pA from Table
o 55 4 o ) B A

055 mA o S U635 1304 1588 oo
By = S2IMA 5 ALY ¢ 201 ‘
. 0.023 mV Ry 144 O
roy = B =20 90910

,%m Rkl
Ry — 1000

Thus R,,, = 722 k)

Hence R,, = 90.91 722k = 81 kQ

Ex: 10.22

e 1 a6 %0017 = 005 + 605
T
=6.11

open-circuil voltage gain



Exercise 10-5

Ex: 10.25 Ex; 10.28
SR = 0.63 V/uS using eq: 110.129
using g, N I = }-,—’ln(l-—‘“) where V, = 25 mV
- _ SR _ 0.63 R Ry N
I SV 2m(10) X 1 X 107° 10kH
oms  2m(10) Ry = R, = wl‘[’)'zu = 20,000 0
Ex: 10.26 1% 1
R, = J,,,(.s_;)
) Iy
A R, = B2y = 1,733 0
YVv 10 p )
“Cc

A, = 243147 % 10°

- 1 13
(Im. g mx 10

. A“ == 6”,,,; R
SR = A,/ Gy = 1279 MH2

ix: 10.27

Gml 21
@ ol ey SR S W W,
21 G,
with Ry inserted inemitters of Q5. Q4
-y 1 1
G, = 2X -
T Ar,+ 2R, 2r,+ Ry
2% 0_027 mV. Ry 2+ IR,
for/ = 95x 107" A
0.050

Ry = 0 _ — 536k0
9.5% 107"

now SR = _3_1_1_“_1 X 2V, + IR)

= 4V, o+ 1e2]" QED
G , Gml

new C, ;2! = —ml

ac,

. €. must be reduce X factor of 2
= 15 pF

Gain A a G,y . A also halved
Apee = Ayy— 6dB = 1017 dB

: w2 —_ N LR
Fpoew = 2X [ ga = 82 Wz



Exercise 10-6

Ex:10.29 ip
use Ry = Ry = 20k0) Find in for (Vip)
and I = 10 pA from Exercise 10.28 Assume fyp == ipy and igy = ipy

: W 4 - ;
For fy = 10 A = Lthen (¥) = (¥) S/ S B

$ Ly L/, iy (E)(l)(_]_) Br - By
For [y = 20 A = 21, then (%) = o(%) Br/AB /By
L) L),

. w W
For Iy = § pA = ‘%,thcn (7)'0 = %(»Z)‘

Since V¢ has to equal the original
(Ve — 12R) = Ve — 0.2 50 Ry, Ry, and Ry,
can be found by

0.2
R, = 82 = ko
LTI

02

= 10 k{}
T W

Ex: 10.30

() Find 2 for (Vi) ige = 0B o 6o5 uA
ips

i = AL {Assume Bp= 10}

Assume
fex = Iy
. s
igy = 22
By
. Y
lea ™ tgy 70 ==
By
Ty




Ex: 11.1
= —201og [T] [dB]

ITi=1 099 09 08 07 05 01
A~ 001 1 2 3 6 2

Ex:11.2
A, = 201og 1.05 — 2010g 0.95 = 0.9dB

A= 20T0g| L _| = 4048
0.001

Ex: 11.3
o - b D 6=

R P £ ) 1.8
(2o tD

- k-—ii’- +4)

2, .. 1.3
sSH s+ -2
‘ ? £ 4

S T(s) =

Ex:11.4

s+ 4)
(s + 0.1 + j8) (s + 0.1— j8)
(s + 0.0 +j12) (s + 0.1—j1.2)

Tisy = k

-k s(s* + 4)
(5" + 023 + 065) (s + 023 + 1.45)

Ex:11.5

jw
1 .-
i A 30¢
B S
5 o
*,
AWN £y ‘mm

q

@, /2Q = 1Cos60 = 112

As shown, the pair of computex poles has

Exercise 11-1

1]
20 2
Q=1
S 7‘(3) w g " i

(S + ‘) (S' 4§+ o8+ ])
since T(0) = 1L,k = 1
Thuis: 7°(s) = mém

s+ D +s+ D)

iy = 1
«/i + w-«/(l - m2)~ 4w’
- 1
J0 =0 (1= o)) + 0’ (1 +w)
- {
Jl et 'y
L QED
1+ w®
'l‘hu«;"«-—'—— SR S =D = Jrad/s
dda:dd Ji 1 JdB as s g

[ 2
(1 + wagy )

A(3) = - 20 log = 28.6 dB

1+ 3¢

T
= «[1;'% 1 = (.5088

Tl = -

- N
/u + (m)
[OFS

Alw,) = —20 log|T(jw»)l

oy 2N
= 10 log[ 1 +e'($) ]
i Wy

Thus, 10 log]] + 0.5888° % 1.5} = 30
N = IOLHS = 29.35dB
N =11 LHS = 32.87dB

s Use N = 11 and obtain
Ao = 32.87 dB

For A,,, 10 be exactly 30 dB
1030e[1 + ¢ % 157 = 30

€ = 0.3658 = Amas + 20 log 41 + 0.3654°
= 0.54 dB

ix: 11.7

The real pole is at y =~ |

The complex conjugate poles are at
s = 2¢0s00% & jsin60”

@ )52 Jg



Exercise 11-2

jo
....... i
L300
T(s) = !
(s + 1;(; F05 ¢ ,f’)(‘ ¢ us-,f)
SO T for DC,,, = 1

G DG s

for w < wy.

Peaks are obtained when

2
COS

Scos (."’) Ck+ DTk = 01,2
(Y)I» 2
j.(:) = m,(ns T”‘rﬂk 0.1,2

o = wpC n\(ﬁ) = {1.95mp

c”' o

(;)3 “ walos (

N

wy o wpC m( l().;) "

) = 0.5%0,

St

Valleys are obtained when
Cnsz[NCos-'(-‘P—)] = |
wp
SCos"‘(_) = kmk = 0,1,2
wp
o= w,,Cm(k: ) = 0,1,2
@, = wCosh = v,
By = m,.COSZ-; = 081wy,
2w

Wy = m,.(,os—g- = 031w,

£x: 11.9

/ o [
- NI 1= N1 -1 = 03493

Aftwy) = 10 log[l + € cosh Q(Nmsh “"9-’—“«‘)]
W

= 10 log{!1 + 0.3493% cosh *(7cosh “'2)1

= 64.9 dB

ForA,=1dB, e = J10" =1 = 0.5088

= 10 log{1 + 0.50887cosh Z(7cosh™'2)]

© 68.2 dB
This is an increase of 3.3 dB

Af{wy)

Ex: 11.10
..‘.\
e - 410" =1 - 05088
(a) For the Chebyshev Filter:
Alwmg) =
= 50 dB
N o= 74 s choose N = 8
Excess Altenuation =
10 log(1 + 0.50382(2()Sh:(8C05h “1.5)] - 50
= 55 - 50 = 5dB
(b) For a Butterworth Filter
= .5088
F Sof oy, VN
10 togi | 1 e‘(gﬁ) !

®p 3

Aflw) =

= 10 Jog[1 + 0.5088°(1.5)°] = 50
N 139 o choose N = 16

Excess altenuation =

10 tog([1 + 0.5088°(1.5)°) ~ 50) = 0.5 dB

10 log] 1 + 0.5088%cosh*(Ncosh "' 1.5

N



Bx: 11.11

10° = F}T? R, = 10 k{2
Ry

C = 0.01 pF

HE Giin = —32 = ~10
RI

R, = 100 k€

Ex: 11.12
ReferwoFig. 11 .14

i 3 .
w1 rads s
@0 TR
For R arbitrarily sefected (o be
1

1O kL C = Srm— s (L) p.F
107 x 10

The two resistors labelled R, can also be selected
tobe 10 ki) each.

Ex: 11.13

T(s) 7 w2l (for dc gatin = 1)

¢ i 4 2
$+ sy2g + ooy

2
Wy

r(jo)l =

{2 2, e 2T
Hlog o) b (2a, w')

e

Do

e

Wy

Atw = w,|Ti= ——IF which is 3 dB below the
N2

value at deunity) Q.E.D.

x:11.14

This 7{y) =

$n 10ty g0t

wy = 107 rad /s

Exercise 11--3

wo 3
— = [07rad/s
Q

selected to yeild a centre. Frequency gain of 10.

px: 11,15

@
1]
________ S
Al T
' W, @3 >

= 0

£ 4w}

) P s/ QO+ wh

w;!) — m’l

17'(1.(!))' e

232
. 2)2 n WG
((x)(; [ ———

Ql
. whw? B
e B Ty
{0} — 020!

for any two frequencies w, and o, at which |71 is
the same

2

wle, _ wiw}

3 2 w2 — )2
{tog = (nf) (w5 — ws)

2 2 .2 a
wiwg—m.) = wulw,; - oF)
= ow. = g (1)
Now 10 obtain attennation = A dB at o, and o,
where @, - m, = Bw,

2wl .
10 1oz [l + mu;--(ffig}:m; = A
{wd ~ wi)*Q=]

gy b AR T e
el e 2 JIOATW — ] SUB (1)
wh — wi @

(O] e e
L U S T Y Sy
Wy, — wi ¢

Wa [ \/“”-’ SUATIRN
P L T LR Ly |
Wy 7 Wy Q

Wy ] e

BW, Q

e

B — —— QED.

BW, 103710
(b) ForA = 3dB

Q-

Oy

Bw.J1 0 BW,

OR BW, = w,j(Q) Q.E.D.



Exercise 11—4

Ex:11.16 From Exercise 11 16above 3dB bandwidth
From Fig10.16(e) = w,/Q
[(w..fwo)’(l - _,1,3)- | 2710 = 2760/Q=Q = 6
By T Wy 2 le ‘ Q = o,R
‘J (@, 0"+ == 1 6 = 2m60 X CX 10'=C = 1L6pF
For w, = 1 radls, w, = L2radls Q = 10 0= R
v L
. [w? . 4
de gain = %azi[“;} = L=-R o 10 . 4owu
D, w0 2160X6
P I
Jaf = @orw’s = T4 Ex:11.19
— £, = 10kHz Afyy, = 500 Hz
- «-) -1 »
ARSI\, 0= =W oy
T Afwm 500
200 Using the data at the top of Table 11 .1
Co = Cp = 12nF
a;é(wznm i) Ry = Ry, = Ry = Rg = Ml?
!(mz ~ wa . ),2 . (&ﬁ‘l‘jj)z w,
T ) = 1326 k0
- 2m10° % 1.2% 10
20 3
R T Re= Qlog = ——u20 = 25k0
TG = @ = 7 = 069 b C 2m0'x 12 % 107°

Now uging the data in Table11. 2 for the bandpass
Ex:11.17 case
K = centre-frequency gain = 10
Ldr,/ry = 10

Selecting r, = 10 kQ thenr, = 90 k2

. 1
ally iz ) =
Maximally flat = 5

&

w, = 2w X 100 % 10

Arbitrarily selecting R = 1 k{} Ex:11.20
Q=0CR=C = — 1 Eq(16.25)~ o, = 2m10°
A2 X 29100 X WY .

= 1125 pF Tis) = Dp x
o ) ETA0R(s T 0.28950 )
o— ¥ | —0 ! P

i (57 + $0.468dw, + 0.4293w,7)
= CgR !

‘ (57 + 50.1789w, + 0.9883w,°)
O ¢]

) R The circuit consists of 3 sections in cascade:
Also O = m (a) First order section
. Ry
e B 0 s WV
@@ agietx L S
2 R
Ex:11.18 t
L o—WWV— ol
1)) )

¢ R the number coefficient was set so that the de gain =1.
| - ~0.28950,,
{} H o I (.‘ ’ e

s+ 028950,



Exercise 11-5

il

Let R, = 10-k0)
deguin = Ry7R, = 1 = R, = 10kQ

#5 jor -0

(T(w)! 929850, A
o wCR,
C - ‘ = 5.5 nF

| 0.2895 % 2710° X 10°
(b} Second-Order section with transfer fumction:
04295005
5 + 046840, + 042930}

where the numerator coeflicient was selécted 1o
yield a'de gain of unity

T(sy =

Ry
Y
Select R, = Ry = Ry = Ry = 10kQ)
=C = b = 2430F
J04293 » 2710° x 10
C, = C, = C = 243nF
—
4042930 0 .
) = el P o= (4 m R, = ~%e = {4 k)
€= Gattae, Tl GC
(¢} Second-Order Section with Transfer-function;

0.9883w°,
5* 4+ 50.178%0, + 0.98830°,
The circuit is similar to that in ¢(b) above but with
R, = R, = R, = R, = 10kQ

T(s) =

. | i
Cy o Cy =
POTY e x 100 JO9883 x 2410° % 10
{.6 nF
e
0 = JOI88I < q6
0.1789

Placing the three sections in cascade, 1.¢. connect-
ing the output of the first-order section to the
input of the second-order section in (b) and the
autput of of section (b} to the input of (¢) results
in the overall transfor function in ¢q. 01 .25

Ex: 11.21
Refer to the KHN circuit in Fig.11. 24Choosing
C=nF

Using Eq.11.62 and sclecting Ry = 10 kf}
Ry = Ri.= 10k{)
Using Bq, 31.63 and setting R, = 10 kQ

High freuency gain= K = 2~ i} = 15V/V

The transfer function to the output of the first inte-
grator is

Ve o _ 1 Ve o _sK/(CR)
V; SCR v, w,

5+ s W

Thus the centre-frequency gain

=KQ . ko= 15x2=3V/V
CRuw,,

ix: 11.22

AA“
vy
Ry
>
3
2 s 2
YL’ . ‘_K(sz’ Rip)s™ + (Rp/ Rpw™y
v, s+ sw,/ @+ w,

given C = InF R, = |0 k{}

PR ,..___‘_‘.___Q = 31.83 k()
Wy 295 x 10 x |U
R, = W0 k=R, = 10kQ

Ry = 10 ks Ry = R(20~ 1)
= JO(H) -~ 1) = 90 kO

%ﬁm‘.z < o= Ry = 10(8) = sek0
1 o
.. R IRLY
DC gain = K% = (2 —)m - 3
=R ( or,
R,‘ w ”3 % l() = 16,7 k)

25178



Exercise 11-6

Ex: 11.23
Refer to Fig.16.25(h)

wg 27107 % 10
R, = QR = WX 10 = 200 k0

= 1,59 nF

Centré frequency gain = KQ = |
L.

o 2
R, = R/K = 20R = 200 kQ

Ex: 11.24
Refer to Figil.26and Table 11.2

C = 10 nF
1 | 4
Re — = b 10 K0
o,C ot xjox 107!

OR = 3% 10 = 50 k)
Cp = Cxflatgain= 10« ) = 10nF
Ry = =
R
fam
¢ o= 10 ki)

Q. _5x%10
gain I

= R4 = {0 kY

= 50 k)

£

Ex: 11.25

Fromeq 11.75
Cr = 2 = 22X L og 50t
0, 10*
For € = ¢, = ¢y = In¥
-3
R = M{.. = 200 k(}
10"
‘Thus R, = 200 k0
Fromeq. 41.75
m o= 40° = 4

Thus. R, = -‘R; - :’439 = 50 kO

Ex:11.26

The transfer function of the feedback network is
given in Fig. 11. 28a.The poles are the roots of
the denominator polynomial,

.\‘2 ' S( _!_].__ H ; n:l} 4 ,,,:,,WTL‘.\MN = {)
CR, CR, CR)} C,CoR,R,

For €, = €, = 107 F. Ry = 2% 1070,

R, = 5% 10" Q,

2 2 1 1 p
s .\{ - + )+ LA
107%x2x10° 107" x5x10"  107"%10"
S+s@3x 105+ 100 =0

B

2
= ~0382 % 10* and —2.618 X 10* 'i':“

Ex:11.27
AAN
Ry/a Vv‘{ s
V,0-AVA- y . VolRy

oV

Vo= O-
S 1 at(A)
Yo,scv,—vy+ ——Ya
R, U YT RI(N - a)
V.-V,
4 3o e O
R,/
7 Yo (] s
Voo scv,+ 580 U Z @)Wy, aV,
R, SC,Ry  SCR:R, R,
AL 0
SC‘:R}R,;
Vo -~/ R,
v, ;
Pose r R S L
R, SC.R.R,
- —Sa/(CyRy)
S“_S(”l 1 )+ 1
C\R, R, C,GR.R,

‘This is a bandpass function whose poles are iden-
tical to the zeros of 1{s) in Fig. 1. 28a).

ForC, = C;= 10"F. R, = 2X 10 Q &R, = 5X
10° 0

Vo .. -SX2x 101X«

Vv, ST S X104+ 05

For unity centre-frequency pain

2P X = W= = 05

Thus Ry 0 k0 LI 100 kO
o I~ o



Exercise 11-7

Ex: 11.28

OV,
Cy
il
H
—: )
SCy(Vi~Vyy)

24 o

i

V‘ ''''' V § S(‘x V()R'i
=V (1 + SC,R3)
51 av(A)

SCVy - l";"t
! !

4] 02 o SCR
R vr,[szc_,c,qu , R‘ 2% sc, + ;H
.E{Q B llc.‘C-IRIRz
rs
Vi $7+ 8 ,] (l + &) 4 e ‘l
CR\ T RJ GGRER,
Wy = S E— as-in Eq. (16.77)
JC.C.RR,
) i Cy .
Q= asin Bqi11.78
JeemR: (10 1)
R, R,

D.C. gain = 1 QE.D.

Ex: 11.29

From Figll.34(¢)

R, = R.= R = {0k}
R = 20/,

m o= 40 = 4(%) =2
C, = 281 nF
e 11230

Refer to the results in Example 11. 2
(a) ARJR., = +2G

" A

§% 12 e Ly o g
I W 2

¢ . ¢ 1 7= 19
S T T3 BAQIQ = 3x2 = 1%

(b)Y AR,/ R, -+ 2%

Vo, Vo . o
R RSO VL SCST IR

v o L A% o
Sl‘ 2 wy 1%
SQ" = .*. .,Q £y ml KD o= e
%, = 3 = ) 3 2 1%
(¢) Combining the results in (1) & (b)

Awy
Wy

A0 . oy = o
s 1= 0

{d) using the results in () for both resistors being
2% high we have:
A(ﬁo = oAC 1 ‘.A Co

R T e

— S + Seg——r 2
Wy aer Cj 2 C‘
= -l—2ys Z-2) -2
27 2
= =2 = 0%
AQ . 0 AC, @Gy o

0 St c 7,
s 0(=2) +(0)(—~2) + 0 = 0%

Ex:11.31
FromEqil1.96 &111.97
o= Gy = wpl €

= 27010 X st X 20
200 x 10*

= §.283 pF
From Eq. n1.99

From Eq411.100
. C
Centre-frequency gain = E}’ =
5

Co = Cs = 0314 pF

Ex:11.32
R, = wolQy = 2710° X 32X 10" x 150 = 3k()

R=Rroll R, = 2kQ=R, =~ I5kQ

Ex:11. 33

" |()"‘§§ 10? = 35
(27 X 455 X 103y X 5% 10~

BW = [, A0 = 453/35 = 13 KHz
]

Cpd Gy o ey,
Hi1

1
(2 rxﬁsx]ﬂ) X 107
= 2447 nF
¢, v 2447~ 02 2427 n¥




Ex:11.34

To just meet specifications

BW 10
Rl wk 455
(JJ()L )

Ryjl nR, = 455 X 455 X 103 » 5 % 10~
= 650
n;’.R;" e 1,8() k!l

poavensim,

n ‘j'?(’ = 1.36
¢+ (mw N 24.47
n? w} L

¢, = 24.36 aF
At resonanee, the voltage developed across R, is

I(Rk " ”’zRiﬂ) . Thus. Vn__, = IR &

le = 8 Voo = g, IR, here

/e 40 X 0.65 A

om0 R el ]9]._..

;s 136 A

Ex: 11.35

200 = f,/042" =1 Eqi6.110)

fo o 3108 ki

Q

C o= { e I .
wpl om0 x3x 070

= 73.7 pF

wg 1

0 G

k= iz i 3
F37 X0 T2 25 X308 X 10

=695 k()

Ex: 11.36

Y -
Tor = fo+2EB 6115
22
107 MHz - 2 g4 - 1077 MH2
2./
B, = BIJ2 = 200142 = 1414 KHz
Tor = fu B kgaenie
= 107 MHz — 20072.72 = 10.63 Milz
B, 20 ki
42

For stage |

Exercise 11-8

1 1 _
ohl 271077 %x10% % 3x107°
= 728 pF

k= E%} T s x |0““"xli4|4x2 *
k . a7 10
= 15.5kf)
For stage 2
1 |

wiil (271063 % 10° x 3% 107°
= 747 pF

e 1

CBy 747 %107 x 141.4 % 27 10°
15.1 kO

Ex:11.37
Gain of stagger-tuned amplifier at £, is propor-
tional to

|,
mstgel x

7 A
1

wow X 5.5 X151 =
2

stagel

Gain of synchronous-tuned amplifier at to
@ ‘Rsmgv:l X Ruagt?
= 695 X 6.95

= 483
- Ratio = uz . 2.42
483



Exercise 12—-1

Ex:12.1

Pole frequency £, = 1 kHz

Centre frequency gain = AMPL!FI|ER GAIN
= %v /v

e 12.2

L, =V ' %% v,,(l & I’::-j)

ls(g) + 0.7(1 v g)

= 54003 = +593V
L= - vgi‘ V,,(I Fe')

BT N 0.7(1 + ‘}")
9 9
=593V /Y

Linviter gain = R 60

R, 30
= 2V/¥
Thus limiting occurs at }_%291
= 2297V
Slope in the limiting regions
~R, Il R, 0
SRR L6013 a5 Y
R, 30 Y
Ex:12.3
Ry Zp
@) L(sy = {1+ -«f) 4
() ( RZp+ 2y

()

3 !
A (ko L)L sc)

303

3+ SCR+ e
SCR

J

where B = 10 k{) and C = 16 aF
Thus

Lix) = 303

34 516X |()‘"'\' , MWI.MW

§x 16 107
The closed loop poles are found by setting
Lisy = 1, that . they are the values of s_satihiying
A Sx 1% 10 s b w303
S 16 10

10° .
= 220,015 =
=S 16(‘ 7

{b) The frequency of oscillation is (105/16) rad/s
or 1 kHz

(c) Refer wfig. 12. 5At the positine peak Vo, the
voltage at node b will be one diode drop (0.7 V)
above the voltage V, which is about /3 of V,; thus
V, = 0.7+ 9o/ 3 . Now if we negleet the cur-
rent through I, in comparison with the currents
through R, and R, we find that

i/() -V, - v, (- 15)

Thus,
Voa—v, _v,+15
i 3

bo - v, 4

i’() = 2(().7 t ‘—‘;‘—)) + 5

= Vo = 1068V
from symmetry, we sce that the negative peak is
equal to the positive peak. Thus the output peak-
to-peak voltage is 21.36 V

Ex:12-4

a) for oscillations to stan, R, /R, = 2 thus the
potentiometer should be set so that its resistance

o ground is 20 k)

. I !
)1, = 5 = ; .
20RC 2m10% 10" % 16 % 10"
=1 kHz

Ex: 12.5
Working from the output back to the input and
continuing the equations we get J

Vo, 1} Vo o1

.
/
R SRR

"R, SCR,R SCK,R SCR

( Yo, Yo )
R, SCR,R

Voo Yo J,(i“ i Vo ] A
" SCR, SC\R, SCRR!SC

,,..,h,}w‘!.[ i L ' L ¢ __!__( |+ .mwlm)]
SCR L SCR  SCR SCRY SCRJ|




Exercise 12—2

[(:Ef,‘“& (32 + )] 05 -)i- VIR,

[ISCR, s‘at(k, **Eﬁw)]

Thus:
Vx 3+ .\..i_‘ F o !
SCR ™ g
V., -
V‘.’(jw) e JoCR,
v 4 l—}(yw( 'R~ -—LM)
wCR.

Ex:12.6

The circuit will oscillate at the value of @ that

Vo, .
makes Fg( jw} areal aumber.

3

[t follows that @, is ebtained from

1 1
3yCR ™ vt =3 g3 = e
M T kT AR
Thus, [, = ! _ :
2a3 % 16 % 1077 X 10 % W
~574.3 Hz

For oscillations to begin, the magnitude of

V,

i,i’( Jw) should equal to or greater than) unity.,
€

that is

wyC"RR .

4
Thus the minimum value of R, is
R A . AR AR

F R s e R

wo’R iR
3

=12 R or 120 k)

Ex:12.7

i
2710
For €' = 16nlF R = QK

My 7 ";!"—‘ =y CR =
CR

. the oulput is twice as farge as the voltage
across the resonator, the peak-1o-peak amplitude
18

4V 42X 14

Ex: 12.8
C
P
Va
s,
IST—— 0
+

v,
m;f:;* g’a Ve gmV,

Ve L 1
V, =V, 4 o -wv(u )
! SL, sC "\

Node equation at collector:
Vv,

e g Y
Si, ¥

SL, T 0 ' $cL

+ Y ( R ) -0
54 s'CL,

Since V_ # D, (oscillations have staried) it can
be eliminated resulting in

53L|1,:c(gm + %) + SHLC + L,C)

+s!:! 1 o= 0
R
Substingting § = jm

11~ &’CL, 1 L)) + jo

il 1 2 N
[ - (,, + ,;) X w 1,,1.3(..41 =0

Ry = 0=, =

I, = 024, R+ 1 = e

;!;L + L,

Ly
=p e R Ly
tor oscillations to start
8.8 > L,/ L, QED.

Ex:12.9

0
R o= 4R

2y k)
w0107 100 % 10°

10" < 10
104 20 100 - 164 k0
C,

G gk 40X 160 = 656
-



Cy = 656 %001 = 0.66 pF

1
S J—,
w2 Cxcz
,‘3("‘ +C,
= ! = 100 pA

a2 001X 0,66 X 107°
107X 0.01 +0.66

Ex: 12.10
from Eqi12.24
1 1

20JLC, 240052 % 0012 x 1077
= 2015 MHz
fromEqt12.25

1
fr= b
" GG

S o

0012 % 4% 107
¥z s~ X ST —
Ia j() 52 1x3x

= 2.018 MHz
w,l gl

r r

_2m X 2.015 % 10° X 0.52
120

= 55,000
Ex:12.11
Vog = Vo o= BILE
R,

= X 13
R, + R,

R,

22 = 16

R,

R, = 16k

Ex: 12.12

RI
Vo — Vo o= = {1
™ LA & S R: ! ‘
5w R, X 10
R,
R, = 2R,

Possible choice R, = 10k} R, = 20k

Exercise 12—-3

Ex:12.13

103
5

Time delay = _.zl;_ ms = 0,125 ms

Ex: 12 . 14

3V o—|

v o—N+

-12

A comparator with a threshold of 3 V and output
levelsof #12V

Ex: 12.15

100
2

Vi = = 50 mV

s0x 107 = 105
R

Ry . 10
R, 006

R, = 200 R,
for R, = 1 k€2 R, = 200k{)



Exercise 12—4

Ex: 12.16

Ry 100 v .
= = = 0.091 = Y -
B=ram  toriom Py 4
D
T = 2¢inl 2B
-8 .
. . 3 \ ¥y i :_ l
X 001 X 10°° % 10° x ( 1091 ) ,
2X001 X 107" x 10° X In{ ;== ! ™
wo.(mlss s !
fo= = 04 Hz ]
T, T
Ex: 12.17 During 7,
Vi) = 12 = (12 + Vp)e?
o Vp = Vpatt=T12
Y o _ ~Te28
0 KO Vp = 12— (12+ Ve
- 124 V)
! : ' ” ﬂn(]g - Vn)
% © 25000 % 107" % 10X 10" X 1.,(!31_‘21)
_L y 12-v,
C= o= '
WE ks | 500
= “—.%-" 0. 1nF 10k f= Y
freronead ‘“( = l))
= 2=V,
Ty =T, =T7i2 500
Thse 127
(713)
Vi (V) B
124 . =4281 Hz

ALO*C. V= 074 .05 = 075V

- = —20_ - 39951
172 T |,,(!_2_-Z§)
125

ALSDSC, V) = 0.7 =005 = 065V
500

Mo = ———— = 4,611 Hz
S | (12,65)
i -
o 11.35.
s A
" - ALIODC, V), = 07— 005 = 055V
f‘my*(' = ""ix'l“‘ e 5, 451 Hz.
1 ' ]n(12.55)
T T s,
Vo Ex: 12.18

To obtain a triangular waveform with 10-V peak-
to-peak amplitute we should have

Vi -V, 3V
R
But Vo = L il
R

Thus ~5 = — 10 10

Ry

R, = 20kQ)



For | kHz frequency, T'= Ims
Thus,

T/2 =05%107° = CRYlﬂiXﬂ

et )

= 0.01 X 10" X R X 10710
R = 50k

Ex: 12.19
Using Eqi12.37

l~)
9

100X 107 = 0.1 X 107X R, ln(-———«)

».-

4 = 6171 )

];x;12.20
= JLICR=R = T/11C = 9.1 kO

Ex;:12.21
T = 0.69C(R, + 2Ry)

M_“ml.mwi = .69 K lu‘ X thb(z(l\’q e 2RN)
100 X 10
=Ry 2Ry = — = 1449K0()
0.69 X 10
Using Eq (13.45)
0.75 = ARy
R, + 2R,

R,+ R, = 0.75% 1444 = 1088k (2)
(1) = (2)=> Ry = 3.61 k(1

Naw, substituting into (2)

Ry = 727kQ

Use 7.2 k€ and 3.6 k). standard 5% resistors.

Ex: 12.22

40

kY <>

iy
«~»-1H|~|<1~2—

o

Atwe= 2V.i = 0.4mA
Thus R, = _}_ = 5k
)1

For 3V =< V= 7V

Exercise 12-5

To obfain a perfect matchat V = 4V (i.c. 1o obtain
i= 1.6mA)

4,4-3
16 = 2+
s 5 R,
R, = 125k
forpz=7V

FE=3 _1_’. -} v—-3 4 3.':..:.—2
R, R Ry

Ty obtain a perfect match at v = 8V we must have
toselect R, so that i = 6.4 mA,

8, 8~ 3 8.7
64 = 34823

5T TR,

=Ry = 125k

At v= 3V, the circuit provides .

i = % = 0.6 mA while ideally

i= 0.1 X9 = 0.9mA. Thus the error is

-0.3 mA.

AtV = 5V. the circuit provides

I I
5 125
= 0.1 X 25 = 2.5 mA . Thus the error is

+0.1 mA.

* Al v = 7V, the circuit provides

= 2.6 mA , while ideally

-~

i = <+ ~——= = 4.6 mA, while ideally. Thus

the error is —0.3 mA
* At v = 10V, the circuit provides,
- 19 1(.)—-3+ 10-7 .

6 1.25 1.25
ideally i = 10 mA. Thus the error is 0 A,

) mA |, while

i{mA) f
’,
1 4
31 Slope = R /IRJIR, 4
N ‘\ (A
e
o / =002
4-
5
2. Sl:)pe= LR, ~.. Slope = /\' "l\’
* -
T € T T T ) "
0 2 1 6 8 T



Ex:12.23

]1, [ Tm— Q; e Q2
L 242V
I
! R
If "'1‘?'("4’) V,} R
242V,
1[1 + .._LI
lLl ; %‘f_g__‘lé
23V,
/(a + 242)
2.3 7
I, = 1(| ; 2;‘_‘3)
‘ 23
oy 242
fo® l(' 25 )
e = (V. —15R)— (V. —1,R)
= U = )R,
= IR, x 2x 232
' 23
L A

Ex:12.24

lll—J

Exercise 12—-6

= 0.5V so

vy = vgt up = 051V

0= 1V=uy =1V

ip=1mA vy =07Vu =17V

v = =1 V ~The negative feedback loop is not

operative.
= OV py= 12V

-1V o

Ex: 12.25

V) O

Va

For the diode to conduct and close the negative

feedback loop, v, must be negative, in which
case, the negative feedback causes a virtual short
circuit to appear between the input terminals of
the op amp and thus v, = 1, For positive v, , the
op amp saturates in the positive saturation level.
The diode will be cut off and 2, =

In summary

R : v, = O for w,=0
= v, w for v, =0
cCThe opamp s idead ©, = lor = >0, Fx: 12.26
, , efer to Figt 12 . :
oo 10mV o, o 10 mV Referto Figi12 .34
For o= +1 V2
S my ) . o
p = = 10 pA D, will conduct and close the negative feedback
- i loop around the op amp. v__ = 0, the current
Given = i, = [ mA 0 JmA 10 pA ¥ © opamp. v_

vy DIV 06V

(UNIAY

through R, and D. will be 1 mA. Thus the voltage
at the op amp output. w, = —0.7 V which will set



D, off and no current will flow through R,. Thus
=0V

For 1, = —10mV

D, will conduct through R, & R,to ;. The nega-
tive feedback loop of the op-amp will thus be
closed and a virtual ground will appear at the
inverting input terminal. D, will be cutoff. The
current through R,, R,and D, will be

l:)";(n‘("fv = 10 wA . Thus the diode, D, voltage
will be 0.5 V.
, = O+ 10 pAX10kQ = +01V

vy = oty 0, = 05+ 00 = 06V

This is similar to the case when v, = ~10 mV .

The current through Ry, R, D, will be

I kG I mA

oupy = 0TV

vy = 10+ oy = 107V

Ex: 12.27

R,
D, /
R,
e ~ -
bt
— D,
!
s

o= )

Current flows from ¢, through R,, R., D, into the
output terminal of the opamp. 1, goes negative
and s thus off. The following circuit results:

Ty R

I

Exercise 12-7

®<0~D,on

~ o, goes the & forms D, oft
~no current flows through
Ro=m =0V

~V,= 07V

R,
U oMWV

L

Ex: 12.28

R
A
Y Y OA
15V IR »M.__
t~—~-——~——0 ! D?
A
u Vo> v =ov
R oV 0O —O V=0V

7V
[__ + -0.

V1> 0 - Equivalant Circuit
~D.oon . D, off

I.l,

15, %

3R OR
As w, goes negative. the above circuit holds so
that 2, = 0. This occurs as the 15V supply
sources the current | even for small negative .

This situation remains the case until / = ()

B R B
3R R
Wy -~5V

w5V o Dy off D, -on



Exercise 12—-8

R
A
Y
3R MH_W
T‘—'\r* D,

1H O~ -

D,
vy == O~ IR
=0 - (1.5. + fl)k
3R R
= —y =5
note v, = vyt 07 = — g - 4320
oy = 0= V<0 — D, off!
A
0 1
Ex: 12.29
01V > OA
Vi=0.6V
H-001mA
01V S > SR
ps D,
{001 mA
10k 10k
e e N
0 0
OFF
/” ) = 1 _&V:'h
0.1V /0
/ <
= / SY0.0ImA = |
{ 10 k{&
V, 12V =
a) [{R Y
NB

for all circunts, currents are given m mA. resis-
tance in k) & voltages in V.

b) 1 = 1 V ~ similar to the circuit in (a) but
with all of the undergrounded opamp input termi-
nalsaty, = 1V

= 1V
{ = 1710k} = 0.1 mA
vy == 1A Uy,

= 1407+ 0.1 log (‘—’ll)

v, = 10 V-~ similar to (a) & (b)

~all input terminals (not grounded) of opamps is
cyual o 10 V.

vy = 10V
1

VA = S (}1)2 £l
) vy oy

Vi = Vit Vi

10407 = 10TV

B

0.1 +0.7 + 0.1 log (9-?—:-")

063V

1t

f

|14 1= 002 mA
T7° Vo="7

=01V

S 10 k()
4

Vg=V¥p+Up

=0.1407+0.0 log CJ-02>
=063V !

{ey oy = -1 V.ouse circoitin (d)
I=0.4ma

Vi om oy w1V

1= Dl mA

L= 4+ 0 = 0.2mA

V, = VeV

~

3

S 140750 mg("")

= 1.63V



Exercise 12-9

) v = — 1OV vsecireuit (d)
1=..0mA

v = —y o= 0V

== PO mA

Iy = 2 mA

Vp = Vot Vi = 10207 + 0.1 lo&(%)
= .73 ¥

Ex: 12.30

> Y, o

»
v o %»—J
AN

For o220 Lie v = jul,

v, = -lol and

= = o= 2% ~ful =+ ol
For v, = 0,ie. v = —|u)

n =0, 7 = ==l

=+ !v’[

Thus, the block diagram implements the absolute
value operation.

Using the circuits of Figil2 . 344), with the diodes
reversed, to implement the half-wave rectifier, and
a weighted summer results in the circuit shown
below.

£
-

Use R = R, = 10k

Ex: 12.31
1, is 4 sinusoid of 5-V rms (peak voltage of

5.2 ) The average current through the meter will

be 2 x éi{g . To obtain full-scale leading, This
o

current must be equal to 1 mA. Thus 2 X %{“/—“2» =

ks

1 ' mA; which leads 1o R = 4.5 k)

v, will be maximum when V, is atits positive
peak, ié. v, = 5.2 V. Atthis value of VA, we
obtain

o= Vot Vit Vg + Vo where

Vir = Vps = 07V and

V, = 5&.@ % 0.05 = 0.08 V

Thus

Vilges = 07+ 08407 +5/2 = 855V
Similarly we can calculate :

U|pin = —8S5V



Ex 13.1

For Q,
1= VCC - VCEsal — 15—-0.2
R, 1 kO
I=148mA
R = - VD - (‘Vcc) I 0.7 — (“15)
14.8 14.8
=097k

Vomax = VCC - VC‘Esm

=15-02

=148V
Upmio = ~ Voo + Vg

=-15+02

=-148

Output signal swing is from 14.8 Vto —14.8V
Maximum emitter current = 2] = 2 X 14.8
= 29.6 mA

Ex13.2
At y, = —10V, the load current is —10 mA and
the emitter current of Q, is 14.8 —10 = 4.8 mA.

Thus, vgg; = 0.6 + 0.025 ln(l—1§)

= 0.64V
Thus, © = —10+0.64 = —9.36 V
At v, = 0 V, iL = (0 and iEl = 14.8 mA
Thus, vgg, = 0.6 + 0.025 ln‘li—g
- 067V
y =+0.67V

Aty,=+10V, i, =10 mA and ig; = 24.8 mA
Thus, vgg; = 0.6 + 0.025 In (24.8)

=0.68V
v = 10.68V
To calculate the incremental voltage gain we use
% - R
Y; Ry +r,
Atv,=—10V,ir; =4.8 mA and
r, =2 =520
4.8
Thus, 2 = —L__ = 0995 v/v
T v 1+ 0.0052 '
Similarly,at v, = 0V, r,, = 22 = 17 Q
14.8
and, Yoo 1 _g99gv/v
v; 1 +0.0017
Atv,=+10V,ig, =248mAandr,, = 1}
Thes, 2= _—1 __ ~999v/v
y; 1 +0.001

Ex 13.3
2 2
a P, = Vo’ 2 _ 872 _ g3ow
R, 100
Pi=2V'(XI=2x10Xx 100 X 10
=2W
. P,
Efficiency n = — X 100
Py
0.32
= =22 % 100
2
= 16%
Ex 13 .4
52
1V
p, = -_°
@ P=3x
1@ 5w
2 4 ’
1 v
(b) P,=P_= VCCX?:Ef
=6xix32 215w
™ 4
© m="ttxi00 =28 100
P 2X2.15
=59 %
(d) Peak input currents = 1 ‘;"
P *T"B+I1R,
_ 1,45
51 4
= 22.1 mA
(e) UsingEq.20.22
V2
PDNmax = PDPmnx = ZCC
TR,
2
=5 -o0w
w X4

Ex 13.5

(a) The quiescent power dissipated in each tran-
sistor = I, X V¢,

Total power dissipated in the two transistors
=21, X V.

=2X2X107*X 15

= 60 mW

(b) I, is increased to 10 mA
AtV,=0,i,=1i,=10mA

From equation 13 .31

=V _ 2 _ 550
ip+iy 10+ 10

Yo _ R, _ 100
Y;

R, +R,, 100+125

out

Exercise 13--1



i=la—in=3-2=1mA
Yo = 0988 aty, =0V oo W

i 10-3

Aty = 10V, Vi =2V;In | o
S v 3x 1070

i, = —/— = 0.1 A = 100 mA 3

L= T00 m

1. . . 1
use equation13 - 27to calculate iy This 3 is because biasing diodes have 3 area of

i = ivi, — I =0
i = 100 iy, — 10° = 0
=iy = 99.99 mA +Vee

the output devices.

using equation 13 .26
2

1
ip = £ ~1mA
Iy Tias <+>

Vr 25

Roy = 7—— = ~0.2475 Q
iv+tip 99.99 + 1
¥ o,
Yo R _ 100 _, in |
v R, +R,, 100+ 02475 ‘L iy
% change = L=9988 5 100 = 129

In example13 .51, = 2 mA, and for y, = 0

ot = __Y_T_ =2 _~ 6250 U o ,"\(Qp R
iy +ip 2+2

oo R 100 _ 594

U; R, + R, 100 + 6.25 .
y, =10V ~Vee

10 V
= —— = 100 mA

L7 1000 "

Again calculate i, (for I, = 2 mA) using equation But Vy, = Viyey + Vigep = n
13.27 1;2= 99.96 mA V,in (';’1') + Vi (IN; l,_)

2
ip = R = sa = 004 mA S
P ) ) = V,In ['_NS'_N;;_'L)] )
Row = —I— = o2 = 0250 . I
iy+ip 99.6 + 0.04 Equating equations 1 and 2

Yo _ RL -3 i — 1

o RorRL ! 2vin | 10 =Vr1"('NzlL)

i L out 1 10-13 ]S

% Change = %‘ X 100 = 6% 3

2

For I, = 10 mA, change is 1.2% 1073 _ Iy — 0.1

For I, = 2 mA, change is 6% 1y 10-8 (1071)2

(c) The quiesent power dissipated in each transis- 3

tor = I, X Ve iiy—0.1) =9 X 10"

Total power dissipated = 2 X 10 X 107 X 15 If i, is in mA, then

= 300 mW i(iy — 100) = 9

iy — 100i,— 9 =0

Ex 13.6 =iy = 100.1 mA

From example13.4 V.= 15V, R, = 100 () iv=i,—i, = 0.1 mA

Q. and @, matched and I, = 10" A and 3 = 50, 10

Iy, = 3mA Forvy, = —10Vandi;, = — = —0.1 A

0 100

Foru, =10V, I, = — = 0.1 A = -1 A

or v, L 100 00 m

R . . As a first approximation assume i, = 100 mA,
As a first approximation iy ~ 0.1 A, i, = 0, iy ~ pp P

0.1 A
50 + 1

iy ~ 0 since i, = 0, current through diodes = 3 mA
~ 2 mA

Exercise 13—2



-3

Vpp— 2V, | 3210 3)
=% 10713

But Vyy = v,ln( . 13)+ , (10 n)

— ip— i ip
= Vrln ( 10—13) * Vrln (10—'3) @

Herei, = 0.1 A
Equating equations 3 and 4

-3
2V n [ 221070

Ly 10-13
3

ip—0.1 i
Vrln ( 10-13 )+ Vrln (10-13)
bl

31073 [ _ iplip—0.1)

3 X 1070 (10713

i, (i, — 0.1) = 81 X 10™®
Expressing currents in mA
i, (i, — 100) = 81
i, —100i, — 81 =0
=ip = 100.8 mA
iy=1I,— i, =08 mA
Ex13.7
Al = g, X2mV/°C X5 °C,mA

where g, is in mA / mV

8m = 10mA _ 04 mA/mV
25 mV

Thus, Al = 04X 2 X5 = 4 mA

Ex13.8

Refer to Fig. 10 .14

(a) To obtain a terminal voltage of 1.2V, and since
B, is very large, it follows, that Vg, =Vg, = 0.6 V.
Thus Icy = 1 mA

p= 22V =12 g5 ma
R, +R, 24

Thus, I = I + 1 = 1.5 mA
(b) For AV, = +50 mV:
Veg = 125V I, = ‘_-24.5 = 052 mA
Ve = 122~ 0625V

2

AV 1V, N "

IC| = I Xe BE T - 60.0_5/0.0..5
=272 mA

I1=272+052=324mA
For AVgp, = +100 mV

V=13V I, = 13 = 054 mA
= 13VIe =53 m
Vee = 122 = 065 v
2
AV, /V
IC] = 1Xe BE''T =1 ><e().()S/O.OZS
=739

I=1739+0.54 = 7.93mA
For AVgp = +200 mV:

—
H

Veg =14V I = =2 = 058 mA

NG
~

VBE =0.7 \'

Iey = 1xe™%% = 5460 mA
1= 54.60 +0.58 = 55.18 mA
For AVgz = =50 mV

1.15
Vgp=1.15V I = =2 = 048 mA
5B T 22 n
1.15
Vap = =2
BE )
=0.575
161 = 1X 6—0.025/0.025 = 037 mA
I = 048 + 037 = 0.85 mA
For AVgp = —100 mV:
1.1
Vgp=1.1V I, = == = 046 mA
58 RT 24 "
Ve = 055V
Iep = 1xe7 %% = 013 mA
1=046 + 0.13 = 0.59 mA
For AVgp = =200 mV:
1
Vgp=10V Iz = — = 0417 mA
28 Y m

VBE =05V

Iy = 1xe*%% = 0018 mA
I=043mA

Ex 13.9

Using equation 13 .43
_ ., /D),

] Bias (W/L)l

1 =02 W7L),

(W/L),
wrL), _ 5
(W/L),

1

(W )
Ql: lBias = kn ('Z) (VGS - V’")L
1

1
2

X 0.250(%’) (0.2)2
1

0o —

40

U
—
S

~—

It

Exercise 13--3



Gain Error = —0.035 X 100 = 3.5%

1 W
s T = 2 ko[ ) (Ve — V)2
Q:: Ijys 2kp(L)2( es IV 215 _ 2X1Xx1073

| w Emn = &mp = 0.14
02 = 1 x0.100 x (f)z X (0.2)? — 14.14 mAV
R =1
=>(—u—,') = 100 out p-(gmp-'-gmn)
L), |
R U4 10 X (14.14 + 14.14) X 10-3
I, = 2 k(2] (Vs — V)2
Qi lo = 5 kn (L)N( os = V) ~350
| = %xo.zso x(%’) 0.22 Ex13.12
N See solution on next page
W
) =200
=>(L),v
1, (W
0l = 5 k, (Z)P(Vcs —|v?
1= le.lOOx(-vy) X 0.22
2 L),
(l') = 500
L P

Now Vi = Vs + Vs
= (Vovl + Vr) + (Vovz + IVII)
=(0.2 +0.5) + (0.2 + 0.5)
=14V

Ex 13.10
Iy = i = 10 MA
w

1
10 = k" [ —| V2
3 () v

10 = 1 %0250 x 200 x v2,

SRR

=V, = 063V
Using equation 13 .46
Vnmax = VDD - vovlgias - Vm - VovN
=25-02-05-0.63
1.17V

Ex13.11
New values of W/L are

(W) = 2000 _ 1009
,

L 2
(W)—S_O_O~400
L), 2
1, (W
1, = L (W) vz
¢ 2”(L)p o

1 x10-3 = %XO.I X 10-3 X 1000 X V2,

=V, =014V

Gain Error =
_ Ve _ _ 0.14
4plyR, 4X 10X 1 X 1073 X100

= —0.035 Exercise 13--4



Ex13.12 (Vpa = Vpp) = = Vsgpg T (Vg — Vi)
Need to prove when V, = 4 I;R, then Von, = V),

|4 OR] -V = -V + Vo — V.
Assume Qy off (Vggy = V,,,) 50 ipp =0 and [ 'GSPZ J sGP2 serg T H(Vor i)
. R using (1):
b2=112
v - 2VSGPQ + |th| = - VSGPQ + (Vg — Vi)
1 = i = 202 —
T2 = M2 R, 41y R(Via = Vo2) = = Vsgpp + 2Visgpo — |V,
v, 14
=1 2 Vi = 4V, + (_&Eg_lp_ V., + L0ve
4y = ik ( ) (Vsor2 = Vo)) 2 0z n

Plug this value for V, into the value for Vy,

«/4@(]%,(%),,( Vsero — |thl)2) and show Vg, = V,y

(= Vs + Vosng) + 1(Vor = Via) = Vgny = (= V4)

= A/%’k/(%)p(vscpz - IprI)2 Vesro +){(% B % _ VOVQ) = Vegns

2(VSGPQ - lvrpl) = (Vsgp2 — IV,,,I) 'A

where
Vsorz = 2Vsgpo = 2|V, + |V, Vovo = (Vasng = Vi) = (Vsopg = |Vil)
= 2Vs6p0 — |Vl (M Vedho = Voo + Vir = Vasuz QED.

Find V, for the gaie voltage, Vp,:

Verr = (Vpop = Vsgpg) + 1(Vor — Vin)

Same proof for p transistor.

Exercise 13--5



Ex 13.13

Ti=Ty=0uPp

- l?é 2 SN P AKF

w= = s5cw
But, 8y, = Ot B+ gy
35 = 14+ 06+ b,

= g = 1SCIW

Ty = Te= 0Py
Tew= Ty— %Py
= 200~ 1.4 X50

Ex13.14

(a) From symmetry we see that all trasistors will
conduct equal currents and have equal Vie's Thus.

o, = (12"
+ 15V
i A
i Sk
3
]

Oy
ov

- 15V

W Vpp ~ 0.7V Then
15 - 0.7

Ve = 07V and 1, = = 2,86 mA

If we neglect [y, then
’("l - 2.86 mA
At this current, Ve is given by

286 x 1077
a3x 1
Thus Vyy = 0.63V and J; = 2.87 mA
No meore iterations are required and

i feor gy ¥ iy 2 2887 MA

Ve = 0.0251_!1( ) ~063V

Py =

(b) For vy = +10V:
To start the iterations Jet VBEI ~ YAy
Thus,

+10v

Neglecting /g3,
Ty = Igy = dy = 086 mA
But at this corrent

!
Vaer = Vi 11‘(—‘1)
Iy

= 0.0251n( 2802 '97;)
3310

= 0.6V
Thus, Vi = +10.6 V and 1, = 0.88 mA No fur-
ther iterations are required and /- ~ 0.88 mA.
To find 1~ we use an identical procedure :
Vaga =07V
Vi = 10-07= 493V

232(213) & 486 mA
<

I =

4.86 % 1077
Vo = 0.025 1n(-—~——~;—]3)
33X 10

= 0.643V

VI;'Z s ) - 643 = +9.357
[; = 4.87 mA

Ien ~ 3487 mA

Finally,

o Ve Vy

Ty o ey = 33X 1077 e !

Where

= (.62 V

Thus. fp = Ty = 1.95 mA

Exercise 13—6



The symmetry of the circuit enables us 1o find the
values for vy = —10 V as follows:

Ie, = 487 MA Io= 088 mA

ey = Iey = 1.95 mA

= 10.6 -~ 0,62 = +9.98V
For vy = — WV, v, = Vi~ Vypa
==9357 - 0.62 = ~998V
(c)Por vy = +10 V.

vy~ 10V

I = 0 mA

100
Iyy = o
B 501
:0.5 mA
A
l,‘l 5k0
? ................. -t;Qz
i 1
Ly
o L ———— T
t?, ‘,‘ IL‘L

Assuming that Vg, has not changed much from
0.6 V. then

Vi = 106V

15 -10.6
5
Iy = I~Iyy = 0.88 — 0.5 = 038 mA
I(V,‘I ~ 0.38 mA

Ve, = 0.025 ]n{g————————————'ig\(xl:;il;)
33>

I, = = (1L88 mA

= (.58 V
Vi = 1088V
1, = D108 g e ma

Thus, I¢ = 030 mA

Now for (3, we have:

Vi = 0643V

Vi = 1) — 0.643 = 9357
1, ~ 487 mA

Ipi~0

I~ 4.87 mA (as in (b))
Assuming that [ = 100 mA,

. -3
Vies = 0025 m(wﬁ)
33% 10

=0.72V
Thus, Yy = VE}— VB!B

Vags =~ Vg3
=986-936=05V
This, Ty = 3.3 X 107140800

~0.02 mA

For symmetry we find the value for the case
= —10Vas,

1(*3 = 0-02 mA ICA = 100 mA
y, =986 V.

Ex13.15

Por Q,:

i Vo
. EBT VY
iy = Igp &
i(. rpgt Vo

S

By +1 sp

L LN
, En
ic~Palgp €

Thus, Effective scale current = By Jgp

Irs N

E. 5 s tie 5—

It 55 B¢ B
4 - = .

‘/l:g ¢ { U ]] B—’!—, _—M(“—k
- By ! Buey
30—4:—1‘\/9! T
€ U AP
By l [BN’ l] ¢

. S
BB, 1
ic/(ﬂNH) li('

o)

.
N ¥ . . i(’
{b) Effective current gain = Pl Br By
= 20 X 50 = 1000
g 0025

100 % 107 = 50 x 107" ¢
vy ™ 0.025 In (2 X 10
= 0651V

5y 13.16

See Figure 13 .34

When Vi, = 150 X 10 % R, then [ = [,
= 2 mA

a, L

Vs = Voln ((‘)
BES T I‘S
9 X 10-3

= 25 % 10~3n (r_“_“l)

= 0651V

Exercise 13-7



150 % 10~ R, = 0.651

SN 2
. 2
Ry =4349 P, = (————-—*V"lfﬁ)
If peak output current = 100 mA L2
Vigs = By X 100mA = 4.34 % 100 X 10~ Thus V, = JAIX2X8 = 82V
='0.434V

or 16.4 V peak-to-peak

ies = Iy pes’"T
s [ p0434725 % 1073 Ex13. 2_0
035 u A Voltage gain = 2K
B where k = R o 3Rl s
Ex 13.17 R Ry
20 v Thus, 4, = 3 V/V
Total curent out of mode B = w:‘ + ;—é Input resistance = R, = 10 k()
Thus i Peak-to-Peak 1, = 3 X 20 = 60V
2y AT Peak loud current = S0.Y = 375 A
RORJS T TA 80
: i 3
= 1 + RY _ _2R , P, = (30/ﬁ = §6.25
=u{3 %k X D 8
2R Ex13.21
. R We wish to value
Y 1,8 W .
4 ‘Rl T"‘*““S““j’” -6 mV/°C
1
| ?;I;z’/l/‘;z}e QED but From Eq. 00.58
+ (Ry/AR) W _ ( |+ l_e;‘)avm
S aT R,) aT
: Ry
§ —6 = + =X -2
0 Y eee Thus —6 (l R4) X
R,
== = 2
=5 R,
Ex13.22

Refer to Figure 13 .44

] . W 2
Ipy = Ipp = iu'n(‘fn E(i"(.‘ﬂ =V
100x10°* = 1 xoqv, -3
0.1 = ([Vgd = V)2
= Ve = 332V
LA B VA ) }
ec13.18 V,, =2 »Y 6.64 V
. G 0.64 .
R R= Yo - 66 430
Ppmax ™ I'L‘:;W*-JJ 20mA 20 107
a Using equation
15050 _ 59w :
YA = 20 W , Ry, LA ,
RA] Vio (l } ,\T‘)‘ nen ! (‘ t ;;;“)"Rz:f = AV

Ex 13.19

v ’ R
664 = (1+2)% 07 é--(l ; ——')x 0.7 - 407
For Fig. 12.22 we see that for P, . R,

to be less

dissipation
than 2.9 W, a maxinupm supply voltage of 20V is R.
e anxs . =y — ~ O3
called for, The 20-V-supply curve intersects the = R 9.5

3% distoration line at a point for which the output
power is 4.2 W_ Since

Exercise 13--8



Exercise 14—-1

Ex:14 .1
In the low-ouput state; the transistor is on and
i

R, = rpg = e
A £ iv L
P'.qu r( Vs — Vi

Therefore, the Current drawn from the supply in
this §tate can be caleulated as:

BL s s JE
Ipp = wnifn == 50 pA s Ry b orpy

Ryt rps
235V
= el w50 k¢
SO pA :

Ty

e . Id
AlsorVg, = Vgp R
» v Ipy

Substituting for
s 2 k)

and hence:Ry, = 48 k)

" LW
To obiain -, we use:

L
o ; W
Lo "}t{ S
2x 108 % 125 % 107 % (25 - 0.5)
W,
=2

When the switch is closed or in low-output state,
the current drawn from the supply is 30 AL

» ¢ o2y« y
Pup = Vaplpy = 23X30X 1077 = 125w
When the switch is open. no corrent is drawn

from the supply: Py, = 0

Ex: 14 .2

When input is fow, the cutput is high and cqual to
Ve - Innthis case, the switch is connected to
R . therefore the current through R, is zero.

V. = 5V,

Hence, Vi, = Vi

When the input is high, the output is low and equal
to V', . The switch is connected 1o R, . Hence

] —_ . PR s B8 o UG
Vg = Vee = Bedgp = 5+ 2% | 3V

Ex: 14.3
W
To deterimine § o we use: KR, = ‘i and sub-

[SH]

stitute V', 0.089V, R, 1

ke 300 pA SV

30010 % Wqox o« LW

L T

~}
L

Noise margins stay unchanged, because
Vor-Von-Yi, Vg only dependon Vi, V,, and
V.. Since V, has not changed, noise margins
stay the same.
Inorderto calculite the power dissipation, we
need 1o first recalculate

Voo~ Vo _ 1.8~012 _

Iop: Ipp = Ry = ke 168 wA

1.8 X 168 pA = 3024 pW

Pop = Voplpp =
| -

P puserige ™= ipm) = 151 pW

Note that keeping V, unchanged resulted in

higher power consumption, but noise margins
stayed the same.

Ex: 14 .4

To deteymine V,, we use:

KR, = 1 and with R, =
v

i

H k) and K,

unchanged:
Vo Boiyy — 009% 2 = 022v
Ve D2 10

To calculate the new noise margins, we have to

find Vo Vi Vi Vo -
Von = Vpp = L8V unchanged

Vy o= Ve Vs 054022 = 072V
Vig = V,+ L83V, V - v,

= 05+ 163 JT8X 022 - 0.22 = 131V

Vo, = Voo _ - 18 = 026V
L Vep—V, |, 18-03
) v 0,22

NMy, = V=V = 18= 131 = 049V
NM, = V, ~ Vg = 072026 = 046V

The power dissiption becomes:

| | !
> - e Py = LS
Prpenge = 3P0 = ,,‘Dnlnn 5Vno
T
Yoo = Vo

R,

18-026

139 pW
10 kO

: 1
o m o W ‘-
f dwwege 3 1.8 %

oW .
Note that keeping T unchanged resulted in lower

noise margins and higher power dissipation.



Exercise 14--2

Ex: 14.5
(WrsL), _
(W/L),
FromBq. 1420 Vi = V=V, = 13V
unchnnged
From Bq.14.28

v o Wpn— W) (18 ~ 0.5
[¢7 M

= (L12V
From Eq.14.22 ¥V, = V = D3V
unchanged.
From Eq. 14.23

o Ypp+ G~V 18 4+(3- 105

Vv -
M k41 341

= 07V
From FEq.34 . 26 jogether with setting
dv, 4.
dv;

2 Jo2 ; 2
2k, [( v V) 5¥ 0] = (Vpp = % 9g)

1 dv, d,
2k "[1.' + (1~ v)—2 — 1 —--91
3 (&} v iz (I'U, “dv,_!
, dug
= =2{Vps =V, — vy}
vy
- Lo dy
Now if we substitute for o = —1 then:
dvy

SR I - PR VN V)
kK olwgy = o o, =gl = #Vpp =V, =V,

L3002 =V + 054+ 0.02] = 18 -05 - 0.12

9[0.74 ~ V,y] = LI8= V,, = 0.61V
NMy = Vop— Vi = 13— .61 = 69V
NM, = V, - Vo = 5 .12 = 38V

Ex: 14.6
The inverter area is approximately
4

W
A = WL, + W,L, Since L! = K, and

i
W,
_—= »‘«_».wc have W, = kL, and
L, K. )

Ly o= &, W,  Assuming &k, > 1, we have
Ly« dand W, L.

Thus:

A s kL L WokeW, = k LY+ kW

1

= kd o ko = 2k

UW(Vop —2V) 2% (18 ~ 2 X 0.5)

Ex: 14.7
From Eq.24-36we have: P, = fC V,,,,,2

1%

P,o= 100 % 10° % 100 x 107" % 1.8°

i
=324 X 107" = 324 pw
Ex: 14 .8

S
g2 Py Ci{V oo
de,,ﬂ(.v'v Db == _;4,... R e

5
dyn2 CyVinpe

05 . 5
= B3 = 66.73 = 668
CXEREES: .

fx: 14.9

¥

oDy,
v Y] ’( """"" €
B8 = Vi =~ (Vpp — O)e ! )

In ‘!) = - g;__’mﬂuw)
2 Vop: €
i
Solppy T _L_LL’;,.“(* - 0.69
for 1py gy = 10 psec. with C = 10 Fand Vp, = 1.8V

;= 18 10f o0 = 1 2maA
0P



Exercise 14—-3

Ex:14.10 »
For tpy,; the.ontput starts at ¥y, -and goes to Vpy
throngh the Pu which is 20 k) :

i e . , e H'T
'i_( Vor + Vo) = You= (Vyg = Vpde

1 i
(“ §Vrm + 3 VOL)

=~ {Vout+ Vo

e ptT

Tpra = 0.69 R.C = 0.69 (20 K) (10f) = [38 pSec
For fpy . the output starls at Vi, and goes 1o V.
through P which is 10 k).

1 il T
E(Vrm Vo) = Vo= Vo = Voyle

ly 4 ly 2 ]
(zvou F3Vou sz‘y _ e

= Vot Vou

(-afg) - o

tone = 069.R.C = 069X 10 K X 10f = 69 psec

(138 p + 69 p) = 10° psee

0 |

te = slpp t tpyd =



Exercise 14—-4

Ex: 14.11
V() = V() ~ [Vd('m‘) - Vo(oir)']ewh
Volt) = O = [V, — 0] "R 1N0 77
1yis when voltage is ~ .1V 5,
(O~ igitr

MVpp = —Vppe

t
~In(.l) = 4

+
237y,

1y =23-2K- 100 f = 0.46 nsec



Exercise 14—-5

Ex: 14.12

a) From Eq. 14..58

VM = r(VD.D - ivrpn + y«m
r+1

r12-04 + 04 pe 4 06r

b+r
=087 + 04=p r =

u,,w 4 w w»,,

= (w, = 4 X 0.13 wm = 0.52 um)
by Vg = Vpp = L2V, V4 = OV

or

Vi = é(sv,,,, —-2V) = é(s X 12-2X04)
= 0,65V

Vy = "é(Svl)h +2V))

= (055 V
NMy = Vg = Vi = 12065 = 055V
NM, = V= Vg = 035V

f

%(3 X 12+ 2% 0.4)

¢y The output resistance of the inverter in the low-
oufput state is:

1
Fpsy =
’an ( ) (‘ no Vm)
- 1
430 % 107 % 1{1.2 - 0.4)
= 29 k)

Since Qy and Qp are matched, the output resis-
tance in the high-output state is the same:
fsp = Tpsy = 2.9 kO

d) For (YE\)} = (%),, = 1.0, we have

o _I_ . = 3
’ e\/;(l 0.3,

hence:v,, = 05U2=04) £ 04 _

1405

v
L)
<

Ex: 14.13
Using Fq.14.58 and 14.59

r(Vpp = [Vl + V)

V,, & o : P =235
M 2.5
rl

= '
r ,'p“_f’“ _— 2
NI, 1

When V, = Vi, and V,, =

in riode region and hence the circuit is given as:

0.2V. 0, operates

in = k(%) [vi = viovo—1v.]

= 50 % m”‘x(ﬂ)
L,

[(5 - 1)02 - % X 0‘2{.]‘*("1‘;’,), =5

From above: w, = 2w =:(

=02x 107"

Ex: 14 .14

Using Eqsl4.63 to 14.67we have:

p - a,C
pal, T m———
! w
kll (T) Vl)l)
w, = 22 - 3V"‘ + (a.!.,'.'.'_)2
4 V,,,-, Vnn
4 1.8 1. 8
Noting that V,, = |V |, thenx, = o, = 1.99
199 X 10x 107"
o, = - - = 24.7ps
00X 0" X IL5X 1R
tppyy = e or
k (ﬁ') v,
» L . Do
W
k(Y
o . \LJy - 1.5

Lo K ,(E)
LW

= 494 ps

1 1
l" B :'2(11.,'” -+ ,PHL) = -2‘(247 4‘494) = 37[‘5

Ex:14 .15
From Eq.14 . 68 we have:
tpr = 0.69R,C and if we substitute for Ry

from Eq.14.70 i.cRy = l‘; k() then:

L

"

2
tor = 0.69 X B_’ ¢ H)"XC - SELiE

(%), (4,

-2 8625 x 20 10"

(%)

“n

50 %10

2) -

n

5

1Ss

Similarly, using Egs.14.6%and 14 . 71 we obtain:



Exercise 14—-6

tin = 0.69R; C = 0.69 X 30 X 16’-‘5-

L.

1’
or
tory = 207 % 10“% =550 % 1072
L),

) T
=207 % 107 x 20X 10 :,5(,.“.’) = 83

W L
(2)
Ex: 14 .16

»
tpgy, and 1p; g are proportional o ¢
Sodpyy = tpyy.— orginal & £
wid

and

c

Lppy = original ¥ Liex

“ald

= Cog 4 dp = 625+ dp
= 10625 pF

Tpa, ™

~
(" new

~
Chew

W

Cﬁlq

o = SUpms ¥ tpry) = Torp

. 28p * -%“—g%fl? = 476 psec

Ex:14 .17
Wy is reduced from 1425 pm 1o 0.375 um

0.375
1125

Cpr = Cpy = 03375 (F

Co = Cys - 07875

C = (4% 033756) + If + If + (2 X .7875) + 2f
= 4225 (F

X 100 = 33% reduction

2 4228
{PUI, = 24.6 X 1{} l‘;{ ({;-:{j{) = 10.0 psec
iz ‘4.225
ton = 315X 1077 x('l(_’";:{) = 213 psec
ty = Mgy 1) = 206.6p + 213p) = 19 psec

Ex: 14 .18

P 1

S = 5 = = T
A, 228 107

The minimum period at which the inverter can

reliability operate is

= 17,9 GHz

Voin ™ tpar ¥ Lpgpr- Thus,

Hay

i

= 17,96 Hz

Ex: 14.19

a) As'mentioned on page of the Text, Cjy is the
contribution of intrinsic capacitances of Qy and

Qp.- Therefore,

Cine = 2€55 + 2C 52+ Cp + Cyyy

G = 2X 00125 42X 03375 + 1+ 1 = 29(F
Cop = Cpat+ Cgy+ €, = 0.7875 + 2.3625 + 0.2

= 3.351F

b) From Eq.14 .79 we have:

= ()J)Q(R,qu + %chcm) The extrinsic

part of 7, is: O‘GQ%RWC”‘ and in order to reduce

the extrinsic part by a factor of 2, S has to be

increased by a factor of 2. Note that § = Rey .

e
Therefore, R.q has o be reduced by a factor of 2

or equivalently (%Y ) :‘md(lﬂ) have o be
“Tan i

increased by factor of 2.

¢) From Eq.14.79

= 0.69(R Cong + lia“,,‘,cm). Hence,
5

cyg
ppew . Cim + Cuk /s
’pn!d C int + ("rx\

. 29+335/2

K v o= - B
For § = 2: by = =557535

x 28 ps

= 20.5 ps

) A = WX Landsince (-L“-, ) is doubled and L.

is constant, then A or area is also doubled.

Ex: 14.20
Using Eq.14.35
P,{m “ .f(ﬁvl,’-v: =
= 301 pw

15,

&2
® 2.5

1% 10" X 6.25 % 107

The maximum possible operating frequency is:

Foas = :)L_Hencc.
“Ip
PDP = Py X1, = [, CVip %,
1 X > Cv :n!)
= e X CKV Sl T e
2,’ RV n!)y(,, 5
P [ 2
25 x A 2.5° 3 iE
- 625 %10 " %25 19.51F /)

5
4



Exercise 14-7

Ex: 14.21

a) For NMOS devices:
w 0.18 0.27

e 22 = b4 bl
R TR

For PMOS devices:

w 0.18 2.16
i o ST 3 w I
P T S 0.18
b) For NMOS devices:

Woean = QI8 g5 - LOS
L 018 .18
For PMOS devices:

W, o008 g 04

L .18 0.1

Ex:14 .22

() The minimum current available to charage a
toad capacitance is that provided by a single
PMOS device. The maximum current available to
charge a load capacitance is that provided by four
PMOS transistors. Thus, the ratio is 4,

by There is only one possible configuration {or
path) for capacitor discharge. Thus the minimum
and maximum currents are the same

= ratio is |,

Ex:14 .23

Sinee dynamic power dissipation is scaled by —l;

and propagation delay is scaled by { \hence. PDP

is scaled by —l; X l L
s S 5

decreases by a factor of 8,

So PDP

2 Rt

Fx: 14 .24
If Vyypy and Vi are kept constant, the entries in
Table4 - 2 that change are as follows:

Obviously, Vi, and ¥V, do not scale by ! any-

more. They are kept constant!
;

) v,
i, al SINCE @ # o thus & remains
KV on

unchanged, while Cis scaled by ; ,and K7 s

scaled by S, therefore t is scaled by l~~:-§ -l-,
: S°
Energy/Switching cvele, 1e. OV o is sealed by
5
oV 1/58
P, 2P0 and thus is sealed by =22 = §
21 178

thus Py inereases.

: P
The power density, i.e., ——22.. is scaled
power Sity, 1.€. deive 15 scale

Ex: 14 - 25
Using Bq.14.. 93 we have:
_____ Ly . 025%107"

) X 107 % 107
M 400 X 10

Ex:14.26

For the NMOS transistor, Ve = 1.2 V results
nVee—V,, = 12~04 = 0.8V whichis
greater than Vi, = 0.34 V. Also,

Ve = L2V is greater than Vi, thus both
conditions in

.14 - 101 yre satisfied and the NMOS transistor

will be operating in the velotity-saturation region
and thus iy, is given by Eq.14. 100

ip = 430% 1070 X 15 % 0.34(1.2 ~04-1tx 0.34)

L]
2
(1 + 0.0 % 1.2) = 154.7 pA

if velocity-saturation-were absent, the current
would be:

ip = %x 430 % 107° X 1.5(1.2 — 0.4)°

X {1+ 00X 1L2) = 2312 pA
Saturation is obtained over the range
Ve = 0.34V to 1.2V compared o
Vs = Ve = (12-04) = 08V 1012V

in the absence of velocity saturation.
For the PMOS transistor, we see that since

Vel —1V,i = 08V and |V, | = 12V are
both larger than |V, I = 0.6 V the device will

be operating in velocity saturation and
iy = 110% 107" x 1.5 % 0.6(L2~ 04-1x 0.6)

(0 +00% 1.2) = 554 pA
06 = Vo= 12V

without velocity saturation

ip = LX 10X 15X 06012 0.4)(1 + 0.1 X 1.2)

= 391 pA
Vs Ve 12V or 08V = Ve 1.2V

Note that the vc(ocny saturation reduces the
NMOS current by 33% and the PMOS curremt by
-~ T,



Exercise 14--8

Ex: 14.27
a) Using Bq. 14.102 we have

ip = L VeglnVy

Therefore, the slope of the straight Tine represent-
ing subthreshold conduction is given by:

nVy
b)Vy = 25 mV for ip = 100 nA
AV = 21V

= 23nVy

IO{Jn = lxe‘}.‘!ll!(ﬁm)
I, = 1nA

. “r‘n\-’r
ip = .Ine = InA

) For Vg = 0, i = .InA
Ly = 500 1055 1 X 107 = 50 mA
Prie = Do X Vop = S0mX 12 = 60 mW



Exercise 15~1

15.1 15.3

(W7L), = 1.5 (wsLy, = 032 V, =V, oy V(mm‘ _ ,/é?f,)
fren = 0 0 since Vo = Vi — V,,
tey = 003ms L

THE NOISE MARGINS WILL NOT CHANGE Substituting values, we get

15.2 v, = 05+ 03V
Usingeq. 48.11

Vor = (Vpp =~ V,)il - Jl Vv, = 05+ 03v'"?
[' “P} LGV =V, - 03V J085V
4 V,~ 0223 = 0.3 /265~ V,

Vor = 027V Squaring both sides yields
usingeq. 45, 13and 15.14

, . 1 i )
NMy =V, = (Vpp — UL’ - J‘ - ;”'fmfrfﬁ} so that, V7 — 0,356V, - 0.189 = 0
JR— ‘NY Y Solving this quadratic equation, yields one

(JI8V -V, +085V ~ /085 V)

NML e (L3 (2)?1 - j| - % - 1w 07V practical value for V, :
A
L V, = 0.648 V
NMy = (Vpp — "")(1 ?g’l:) = (L)X Vo = Vpp = V, = 18V~ 0648 V
3y
’ = LISV
5
( t--2) = ossv
3. 15.4
c W 115 of 8375 (a) Referring to Fig 15 . 12 without loading,
He M(Z‘ H( a.25 Vou—>3V
y o Loae T |
7 7 7
wu(Y)  0u(¥ Vo 50}
L B L p (b) Referring to Fig.15.12(a),
W . 1, (W . 2
(‘L“) = L44 Ipxlo) = EA:(”LJ Vo= V,.)
Y "
using €q. 115.12 ./ N
B Lq! . = {(50 ﬂA,’v*)(éi‘l‘l)ts V= | V)Y = 800 A
L = 5030 (14425 ~ 0.5)° = 864 pA = < pm
- . Lo (W 2
Pp = 1,4Vpp = 864 1w 2.5 = 022 mW ipplo) = ;kr(‘l‘) (Voo — V)
2\ L,
using e - 15 and 15.16 | X
. 5\ 7052 = 220pA VI Y5V - 1vY - 320 A
:vgiu?ﬁ@.‘.}e)s; ; 2 2
“ =2/ "(2.5) (53] ] = e
Capuacitor current is
. 18 ) . . ~
lpn = 1.68 x 7% 10 = 0.1 nsec icl0) = ipg(0) + ipp(0) = B00pA + 320 nA
30X[()>6Xl.44>(2,5 = 1120 pA

using €q.15.17 and 15 .18 Tor obtain ipitpgp), We note that this sitation is

£ 3 3 ()57 1.5y identical 0 that in Examplel5.2; Ve can use
@, = 2/, P ?‘(l ~ _l_) _ (3 _ 1)( )..:) v ( )ﬁ) ] identical o that in Example15 . 2 and we can use

" v 23 ?ﬁ E the result of part () :
= 1.9 innltpypd = 30 uA
_ WY L
Lo, = .03 nsec inpllp ) kr'(z)}’ Xy

I, R TERTATT .
! t ’(\;!)I" l h))%‘-“;-{“? " E(—:’.—) J
o Mg+t = 5010+ 0030 = 0,07 nsee



Exercise 15—-2

= (20 .MAIV’)@)[G v-19()- %(éi! ]

=275 pA
Thus, i {fpry) = SOuA + 275uA = 325 pA

I

tpen = - e
cluw T22.5(107%A

= (.24 ns

(¢) Referring 10 Fig.15. 1(b),

ipn(0) = —k ( ) (Vpp = V.0

= 1 7= ‘3 - 2 -
= Jsoua V) 2)‘5 V-1 V) = 800 pA
ipp(0) = ]" ( ) Vpp— v,

= ~(°0Wx % )( )(w 1V): = 320pA

io(0) = ipy(0) ¥ ipp(0) = 8O0pA + 320 A
= 1120pA

. AWy .
ippUppy) = k.:(“l“) "3

g % 1 Vor)
[( Vip = V;.J““‘,}D“Q - E(“'g'l‘)) ]

= 50 uA/ V[ é){(

To find ippltpy; ), we first determine V,, when
a0, = Y22 which correspo dsto V,, = Yon
b =5 which corresponds 1o Vg = —=

__QL’.,')b - 2‘3’/]

2
=1V 405 v““{f-l;}l £ 06V~ f06 v] = 149 V

’ i l L4
Thus. ippltpy) = 5 (7) 1)0 ”,I]

[

%(2(@\/ v?y( )E i x49vj =20 pA

i
2

Alpar) = LpyUand Fipplipg)
= 088 A £ 20 pA o FO8 nA

Hl

: 1120 A+ 708 A )
R *.....Vv,.,“!}iwﬁ;_._—,lﬁ!“ SETERN
So.
Z N V4
((Lj") 700107 ‘S)F(g)
T, 0~ T2 0.9 s

el 914¢10"HA

(- 453)

@, wilumoff when vV, = |V, ]
where

Wil = Vi + YL Von = IV, ]+ 26, - 24)]
Solving for |V, ],

[Vl = 1V +05v'7?
[S3V=]V, [+06V-.J06V]

IV, — 0613V = 05V'"? FGV=TV

squaring both sides and setting one side equal to
zero, we have the quadratic equation,

[V, l° = 0.976|V,| — 1.024V* = 0
solving, we get |V, | = 1.6 V
)

| 1.
1, = 5(:,,,,,, + tppr) = 5(0.24 ns + 0.19 ns)

il

2

tp)

fad 0.22 ns

15.5

R - Rygr + Ry - 43 KO+ 6.5 kO
TG,y 5 5

= 5.5k0
toy = 0.69RC = 0.69(5.5kQ)(70)( 10

taey = 0.27ns which is close to the value of
(.24ns obtained in Exercise 15.14

_]i

15.6

(‘_‘_’) - (!Y) - 18
L L),

"
Using Eq. 05 .36
12.5 12.5

g e = oS o 83k
6w, 1.5 BA K

15.7
Using 13414 .71
Rp = =2 k0 - g0 - 15k0

@,

with Eq. £5 - 36 we see that

Reg = 222 k0 = 123 k0 = 125 k0

(LV) (|)
L,
Using Eq.05.38

r, QO9(C )+ Cra IRy 4 (Ca 4 Cpy)
X (R, + Ry)

= 0691 TOIF + STEY(13kO) + (10fF 4 SITF)
X (13 k)2 + 12.5 k()]

< 0.64 ns

» k=

!



Exercise 153

]

%xSOx 15— 1)

B oB
i = 400 A
Ao ] i (v =V _;‘(_‘1’) [V ..vvml’]
} ay $—Gy=Ash ipy{vy )] L/, v( Do IV, 27:
B’ 7 2 i T OR 1
1 xﬁox;[(&»t)}—iw]
- — [ = 1T5uA
L 0 V= AR 400+ 175
" T NOR Il ™~ = 288pA
Bo 2
©ipy], A1 = Cpy Any,
B oB ar= CutVop=V) _40x 107" x4
! . i1y 288 % 107°
Ao f } l = 0.56 ns
s &0 Y=AB+AB (d) Following the hint we assume that Oy,
- LT XOR , o
Ao i : remains saturated during Ar .
. . b (W £
op— = ] w L — —
fo T 1 \ il = inalry = 3V) = 2o LL,:” 3
e & F=AB+AB ) i a
Ao § ! | XNOR il ™ ‘:ZX SOX H(3—-1)
= 100pA
. ipa|,, M
15 9., L (WY (©) 8w,y = = |(
Since ip(Vyp) = 7,(51"(—;,\») 1 Vpp— V). “12
, T 00X 107" X 0.56 X 107°
AT Wy . =~ 20
doubling (-L-)Wi" doub]c(-}— and i,(Vpy,) a0 x 107"
i “leq
= -4V
SO iV = 20760 pA) = 1522
S0 iptVpn) = 20761 uA) = 1522 puA Thus, v, decrease 10 3.6 V.
t V
This ne\v(!}») will also double { ,,( ;m) :
L7y 2 15.11
i "’I)D) ] ) _ Vou = 0
~= = 268 9uAY = 137.8 u/
l”( 2 (05.91A) A Vo = —088V
This doubles 1, 10 2(72.5 pA) = 145 pA SHOULD BE SHIFTED BY ~ 088 V
the new tpyy is Vi = ~0.88V AFTER SHIFTING
. Vv P e TER SHIETIN
c:(v,,,, _ _?g) Vi, = —1.76V AFTER SHIFTING
tpyr = “*—"‘[’“ =
@ 15.12
30010 FUL8Y — 09V 0.19 ns Refer to Fig. 15 - 12 Neglecting the base current
= S 1 ns of 9, , the current through R,
145¢10 A b
15.10
Refer to Fig. E15.10
NLA WY 14 59 — 075
(H)(T) = ;(*I’) RS - :’.2.._.0_75“917 = (L6285 mA
“Tegn AR - = 0.907 + 4,98
(%) = YE) - s Thus.Vy = <l = =057V
Ll RAN A 22 . ; , . < a v
4 Vi oo W= Vg ~0537T-0795 132V



Exercise 15—4

15.13

Referto Fig. 15.26

Ve = Vaelgip — (— Vir)
RE

1,32 - 075 +52

= 0779 =4 ma

Ip =

Velgn = =¥ X 4X Ry ~4 X 0245 = ~1 V-

Vel 005" OV (because the current through Ry
is zeroy

15.14
Refer to Fig.15.28

ForV, = ¥, Tog = 99 1,
=132 = Vg + 52
0.779
Assume Vel = 0.75V, 1, = 4018 mA
= (199 X 4018 = 3,98 mA

IE ==

Thuc. a better estimate of Vel is

vR
Vagloe = 075+ ()()2"-)1\(X )8)

= (L7853 V
and correspondingly,
= 1.32 ~ 0,785 + 5.2

Ig = 5555 = 397 mA

For Vy = =132V, [l = lgy = 1572,
- 132~075+352

[ R R 4.018 mA

Thus a better estimate for Vel is
Varlpe = 0.75 4 0.025 In( 0‘"’)

= 0767V

and correspodingly.

Ie = 400 mA

For vV, = V,, = ~1208 V,
Toa = 99 k.

- 1.2058 —~0.78 + 5.2
0779

Thus a better estimate for \",{,;g(‘"‘ is

- 075 4 ().()251:1(‘-1:?33"—3'—‘—99)

I = = 4,166 mA

g
v BE{ Q1

= (LTRE V.

and correspondinaly

~ 1205 ~ (.788 = 5.2
3,799

1, - 442 mA

ALY, = Vdgy = S 2 mA

Thas, Vi

clox L

=2X 0283 = 049V

Vor = — 049075 = ~1.24 V

_ 12442

Il = Tt = 152 mA

A betier estimate for V|, is
15.2
Vaslgz = 075 + 0025n(132)

= 0818 V
Thus a better estimate for vy is
Vop = — 049~ 0818 = —131 V

15.15
REFER TO FIG. 15 . 32for

Vyow Vg o= = 1205
The value of 1, we found in Exercise 15. 14to be
4.12 mA. The Velge > =022 X 4.12
= ~0.906 V

e ™ 0906 - 075 = ~ 1636 V

_ = 1656 +2

flgy = =55 = 683 mA

A better estimate for V|, is
Vislge = 075+ 00251n( S58)

= 0.798 V

and correspondingly

Vyor = — 0906 = 0798 = ~1.704 V
(byFor v, = V), = —~088V,

~ .88 - 0.75 + 5.2 -
1)z i W‘“‘“ = 458 mA

A better estimate for Vge},,, is

Vaelgn = 075 + 0‘025111( ) = 0788 V

~ 088 ~ 0.788 + 5.2

Thusdy = 0.779 = 4.53 mA
Velpy = —022X 453 = ~1 V
Vaor = — 1 =075 = =175V
— 1.75 + 2
! = D = 5 MA
tar 0.03 A

Varlgs = 075+ 00253

=079V

Vegr = = 1 =079 = =179 V

{¢) The input resistance into the base of Q4 is
B+ Dir + Ryl

ml{r’é b 50] = 555 kQ
D 4



Exercise 15-5

Velos - _(555k0] 022kQ)
V; r,iQA + R
- 2:‘5.55 102 _ ~0.269
25 . PR )
s TFL YR
(5 mm)= w0

UvoR 500) )
: 5 = (0,909
¢l g4 500 +30

Thus, ~X98 = ~0.269 X 0.909 = ~0.24V/V

Peioa

d) See figure below. Assume Vg, = .79V

F
0.22 k)
ey (V ~0,7940.3)
VOWM»{ Q2
£}
O (V ~(.79)
0779 k(1
¥
-52V

(because the current will be 4 to'3 mA). At the
range of saturation,
fe = aly = 0.991,

0~ V,+ 07903
S
' 022
V,~ 079452
0.779
= Vg = ~058 V

Thu: = .99 X

15.16

Refer o Fig.15.26 For the referénce circuit, the
current through Ry, Iy, D5, and R,

i 22— 2% 0.75
T 498 4+ 0.907
Valgy = ~057V

Vg = — 057 — 075 = ~132V

~132+5.
gy = 23T = 0636 mA

Thus the reference circnit draws a currént of
(0:629 +0.636) = 1.265 mA fromthe 5.2V
supply. 1t follows that the power dissipated in the
reference cirenit is 1,263 X5.2 = 6.6 mW. Since
the reference-circuit supplies four pates, the dissi-

= 0.629 mA

pation attributed 10 a gate is 66 . |65 mw

In addition, the gate draws a current

1 =4 mA from the 5.2V supply. Thus the total
power dissipation / gate i8

Ppo 44524 1,65 = 224 mW



Exercise 161

Ex16.1
Refer to Fig16.. 5(a)

v .
when v, = 1, = _2'1'-’ then Q,,, will be

v
saturatted vy, = —22 and @, will be in triode

o (%) = %)

Lee (WY (Yoo ) w e (W
2 (1) ( 2 “v 21‘”(L)2

eq

NI AT
[an=vag2 - 3(537) ]

From Example 16 .1
k, = 4k, = 300 pA/ V",
IV‘{ 0‘5: V,)n = 1.8

«(zmx m”";(')( 1)( *28 0%)

;(302 )((')‘,’;){(m 05)(—%‘)««49)]

(2% 107 (W) = 172x 107"
£

W 2.6 pm
-] = 43 = =
( J)g ! 0.18 pm

Fx 16.2

Bits for row address:

™M~ o

I()gl(VBM) = Jog,(1.024)
log,(1,024)

_ logy(1,024)

o= logy(2) =

------- — = |0
log,(2)
Bits for column address:
2¥ = 128
o {12
v o lom(128)
h)"s(.')
Bits tor block address:
,ﬂiiax -
Bits # R
Ex 16.3
o Vol = ¢ 7Ry
V.. ‘i R

5k0 “
v”l)—-—— ~~~~~~~~ VDD
A . " A ml2
' i 1
W
ty = CRIn2
C2x 1077 % 5% 10" X 0.69
= 6.9 ns
Ix 16 . 4
(D)
L), o 1 -1
Gl
L 2|z v [115] vm
W - I 5 &
- w5 L5 X | s o || s DS
(L ),, " ( 05 Y
mux | O s O
1.8 ~ (. 'iJ
m(l’-’\) =25
L),
Ex 16.5
1%
Ar - Cs T A : To find /5. we use
5

I = 3G () Von = ¥, = Vo

(@) (ﬂ) « 25
L

a

I %x 300X 10 ©% 25 X (1.8 — 05 - 05)°
= 240 A
12
At = 2x10 " x y(_): = 1.7 ns

240 % 107

¥
by{—1] =15
1)(1) |

1= 1% 30041077 % 15 % (18 - 05 - 0.5)°
144 A
ﬁ 9
At =X m—-~ X002 2.8 ny
144 nA
or: Aoy 1 a L theretore
I' W
25
Ar 1.7 ns == = 28 ns



Exercise 16—-2

Ex 16.6

(), < (), <2~ (1 - e
(), =(D) %o x[1-( - 5%5)]
(%)p < 25(%’) of

(.‘2_’)(, € 25X 25 (%), < 625

For minimum area: select
W, = Wp = W = 0J8um

X 16.7
From Egs.16.14and16.15 we have:
AV, =
Y - -3

g.‘ X ,‘_i’i’ P '_’(_’_'\5_59_.\%; X L:: = 6.0 mV
Ca 2 p3xi®
Avm) pog

- Y ; 15
__(._2 « !l’_‘l - :3(2“’319.._; w12 0.06 V

Cy 2 03x 1077 2

w ~6) mV
Ex16.8

Area of the storage array
= 64 X 1024 X 1024 X 2 = 134217728 pum”

= 1342 mm’ or equivalently
= 11.6 mm X 1.6 mm
Total chip area

= 13X 1342 = 17446 mm’ = 132 % 132 mm’

ix 16 .9
Refer to Example 16 .2
Since Ar is proportional to 7 = (—(} . We can
P
reduce Ar by a factor of 2 by decreasing + by the

. 1
same factor, A7 6 T @ -

]

Hence, G, has to be doubled. G, = g+ g,
and both g, and g, have 10 be increased by a
tactor of 2. The increase in g, can be achieved by
increasing the correspondng ‘;— thus:

4]

Ex16.11
From Eq.16 .18 A¢ = E.YIEQ or
[ = CVpp _ 50™ x 1.8 = 180 pA

At 0.5 ns
P o Vpl = 18X 180 pA = 324 pW

Ex16.12

Refer to Fig. 13.26

Our decoder is an extension of that show:

We have M bits is the address (as opposed to 3)
and correspondingly there will be 2M word lines.
Now, each of the 2M word lines is connected to M
NMOS devices and 10 one PMOS wansistor. Thus
the total number ot devices required is
M2¥(NMOS) + 2M(PMOS)

= 2M(M 4 1)

£x16.13

Refer 1 Fig.13. 2B Our tree decoder will have 2N
bit lines. Thus it will have N levels: At the first
levels there will be 2 transistors. at the second
2%..... atthe Nth level there will be 2N transis-
tors. Thus the total number of transistors, can be
find as

Number = 24 27 + 2% 4+ -+ ¢+ 2V

=2 (1t2+24 02V

Geometric series r =2

A a
. Ao M
Sum = !~-~—-—-l- T ewersetion
r—1 2-1

N

Thus,
Number = 22V~ 1)

Ex 16.14
|

2
2 X 51,

f=

e 00 M

IXIX IO



Exercise 16—3

Ex16 .15 () In one time-constant the voliage reached js

@1, = K (“q [(5- 1)25 - ‘25]

= WX %no - 3.125)

Vn '3

© 1.65 mA

+5 V.
4 Vool = ¢™) = 0.632V,,,

= 316V

SV->45V

'avl ——0 +2.5V ’n
L. 316V
J———— ¥ I
< o—-] \

Th"s, [ mwm«kum'——:: = 6] ng
Chirging 165 % 10°° Saturated
(h
l w
] - _— 3 |6 - ]
3ku K 2 (1‘ ) ¢ )
£ 0 1, 2
WA = xs0x 8% 216
! 2 2
IpK = 033 mA
i C, AV
. !i At = B
fo! v% o 1p
= = }_3_«__"__)( 10.22,(‘,9_;5 = 29 s
035 % 107"
1, =225

-
222 x 3% T30
= 198 s



Chapter 1--1

1.1 v oy 1.5
B . B e 5 R
oy R 1 k§2 10 mA Vo = Vg Rmt : 7
mr =Y. 10V o T
MR = il v S 10k} To find R, we short circuit ¥, and look hick
@V = IR = 10 mAX 10k = 100V teto ade X, .
I [+ 5 Ry = Ry | R, » oAi
] =g oy = 014 1.6 R R,
Note: Volus, millinmps, and kilo-nhms constitute o Use voliage divider to find ¥,
consistent set of units. 33
! V. = Yot = 204V
N T3+ 68 .;,94\
1.2 Equivalent output resistance R, is
@Y =IR = I0mAXTIkS = 10V Ry = (33K § 68k = 222k
P PR (10m AV X Tk = 160 mW The extreme values of ¥, for %5 % wierance
MR = V71 = 10 Vi mA = 10kD fosisior sre

9 3.3(1 ~ 0.08)
3301~ 008) + 6.8(1 + 0L0S)
@ JJ8V

Po= V= 10VX1mA = 10 mW
(1 = PiV = I WHOV=0]A
Rom Vil = 10 VIOEA = 1000
WV = Prl oo 0 WG mA

= 100 mW/ IO mA £ 10V
Ro= VIEw [OVI0GEA =L R(
©F = PRt = JPIR
P JT000 mWITETE = 31.6 mA
Ve IR = 3BmAX LKD) = 316V

Note: V. mA, k), and mW constitste 1 consis-
tent set of units,

1.3
Thus, there arc 17 possible resistance values.

Voo mis =

This figure is for 1.3

o 3
i0 40 VvV
o-AWV-¢ 20 T 7
1.4 20 L_‘.NAM&
Shunting the 10 k{} by aresixtor of value of A0 20
R result in the combination having a resistance 40 10 20 "
oA AN—-0 3
R, o—AN—0 a0
. 10R
bl -1 ] 10 40
e R+ 10 J:l"' Q“"‘\ﬁk“"wr"{’ 56
Thus, fora 1% reduction. o4 3 $—0 67
B = 099 R = W0OKO AN 20 W
k10 o—A—AWy-—0 60
For a 5% reduction,
R » - 10 i} 40
et 2 09522 R = 190 k42 X (
R+ 10 = 80 o—AM—AM—A—C 70
For u 10% reduetion,
R
: = 090 =R = YKk
LN W
by H ¥Y Yy
For a 30% reduction, ! © b 132 b % 0 9 86
kmfwfﬁ = 030=R = W0k AN AN—ANy
Shunting the 10 k8 by Ax&
{n) IMIY resultin Yvy ‘“2‘0‘
10 1000 _ 19 20 WA 143
B A M 99 RA, o 87 P 4
Res = 606+ 10 ~ Toi > YWy oo 40
i 40 LA L mune A4
# 1% reduction; ANA-
{b) 100 K{} results in
40
e WX 100 10 gagk0, _ R a0
¢ 0+ 100 Lt 10 W ‘ \AA S ‘ i
2 9.1% reduction; >-AMy-4 4 4 B33 4 “1& 20 P :
(c) 10 k) fesules in \A42 LA AN 4 44
10
R, ™ w2 S kAR, . 13
10+ 10 2 AN
# 50% reduction; o-AN® 40 1»—*«4& a8
AAA




Chapter 1-2

A Volege generaed
+3V (iwo ways: (a).and (c) with (c) having lower
o1 output resistance)
6.8kE) 5V (b)
+6V (two ways: (a) and (d) with (d) having a lower
output resistance)
A3k 1.8
- > . 4 O
hy + e
* ! R VSR
v -G 3361 ¢ 008 -
o we T TR ¢ 0.05) ¢ 681 - 0.09) = = =
= 314V
V = IR
The extrente vatues of R, for 5% (R || Ry
wlerance resistors ane _ =/ R, R,
R _ 33(1 - 005) X 68(1 — 0.05) R, +R,
o-m T OFREY 005 + GRIT - G.08) , v R,
= 211 kO 'R T IRGE
_33() + 0.03) X 6.8(1 + 0.03)
Ro wao = F3(7T00%) v 63(1 « 008} L =Y = KR
* TR R, + R
- 233k 2 ! 2
1.7
49V
< +9V
10kQ <
«
0 +HV <&
< Ro=20/1 10k ke
10k0 =67k
h —0+3V
R,=10// 10410
b + 0
) 2V =333k0
& Ry = 10k 720k
10 mj; =6.67 kQ 10k 10 kO
(a) (<)
+9V +9V
10 k) 10k 10 kO
e N A e+ 0V
10 k0 10k

|

=  R,=10/10
=5kQ
(b)

= R,=10//10//10
=3.33 k0



Chapter 1-3

1.9
Connect a resistor R in parallel with R, .
Tomake I, = 027 (and thus the current
through R, 0.87), R should be such
027 X1 k&) = 0.8IR
= 250 k)

1 = o,-zq, ' 0.8/ @

1 Ry =1k R

1.10
For R, = 10 kQ}, when signal source generates

0-1 I;A.avc}hagenf()u!()v may appear across

the source

RL: 10k}

To limit ¥V, = | V, the net resistance has to be
= 1 k). To achieve this we have to shunt R,
with a resistor R so that (R § R,) = 1kQ.
R R, = 1KQ.
RR,; )
= =2 ] kS
ey I ki)

For R, = 10K

R~ 111k
The resulting cireuit needs only one additional

resistance of 1.11 kQ in parallel with R, so tha

Ve 1Y
1.11
T O
. Ry
‘k% TH
;
L AAA, ! o
1k
®» "l
! +
v tk 4-—1 V’l'tl

AAA, ,
1k i “

AAA

_L 0.5KQ
15 -{
;)

(@)
ATk k) T Y
Ry = 1kfl 1k = 05k
Same procedure is used for by & ©)

0.5 k(2 2k
‘[‘%—{) 2 I%O {

5V 3y

(b} )

3 10k

10kQ | 10kQ

10k0

10k0

-
!

!

|

SKQ 5 10kQ 3 10k)
_I_i 10kQ 10 k(2
b 10410 - a4
= =5V = =

(015 =6k 3 10k 4

J—“ 16 kQ2

I 10k

YR e
=_,v 10 + H s

U

Thévenin equl\‘dknt (104 ]m =615k 4
.............. —)

m + !h I



6.15k0)

O.TIVI /D L5k

—
- .

Now, whenca'resistance of 1.5 k() is connected
between 4-and ground,

- _0m
615+15

1 Y mA

+(a) Node ¢quation at the comimon mode
yields

L =L+l

Using the fact that the sum of the voltage drops
across Ry and Ry equals 1SV, we write

IS = LRy + LR,y

0L+ (I, +1)yx2

= 121y + 21,

i

H

+15V

That is,
121 + 24, = 15 (€3]
Similarly, the voltage drops across R, and R, add
up to 10V, thus
10 = LRy + 1R,

= S+ (I, + 1) %2
which yields
20, + T, = 10 @)

Equations (1) and (2) can be solved together by
multiplying (2) by 6,

127, + 421, = 60 3)
Now, subtracting (1) from (3) vields
401, = 45

=3 f, = 1125 mA

Substituting in (2) gives
21 = 10 -7 X LI25 mA

= [, = 1.0625 mA
Ly=1I+1
= 10625 + 1.1250
= 1.1875 mA
V = IR,
= 11875 X 2 = 23750V
To sununarize:
1;~ 1.06 mA I~ 1.13mA
I~ 1.19mA V~ 238V

(b) A node equation at the common node can be
written in terms of V as

15-V 10~V _ ¥
R, R, Ry

Thus,

5V, 10-V _V
10 5 2
=08V = 35

=V = 23715V

Now, Iy, I, and I can be easily found as
1, = iI5-V _ 152375
10 10
= 1.0625 mA ~ 1.06 mA
- 10-V _10-2375

= L125mA ~ LI3mA
=Y =235 - 1875 mA ~ 119 mA

Method (b) is much preferred; faster, more
insightful and less prone to errors, In general, one
attempts to identify the least possible number of
variables and write the corresponding minimum
number of equations.
1.13

From the symmetry of the circuit, there will
be no current in R,. (Otherwise the symmetry
would be violated.) Thus each branch will carry a
current V. /2 k) and 7, will be the sum of the two
current,

= 2V Vs

{, =
2k 1k0

1,=2V/2k0
s

*—

”}V,/g k€ o v

V2 k0 {‘

R <R

1S k0
Ry 0
V2 ‘VAVAV et V2
1kQ

qu <R

KOS S




Chapter 1-5

1.14
a) Z = 1k{} atall frequencies
Thus, | (@) q ‘
v, ®Z = ljuC =
R, -T—nm 21rfx10x|0
x
- AUf = 60Hz, Z = —j265kQ
Now, if R is raised t0 1.2k £} the symine il
beoken T find e symmety vl Af = 100KHz Z = —j1990Q
roken, To I, we use Thevenin's theorem Atf = 1GHz Z = - j0.016 0
as follows: ;
0545V, ~ 0.5V, _ . © 2 = 1juC = —j————es
5= osrivoss - 00RY: T x2x 107
v, At f = 60 Hz, Z = ~j133 G}
Vi = 5 + 0022V, %05 Atf = 100kHz, Z = —j08 M
1 AMf =1GH, Z=-j1960
Ly Y ? J _ -
(d) Z = joL = j2ufl = j2wf X 10X 107
v, ﬁ —]a At f = 60 Hz, Z = j3717Q
P e Atf = 100kHz, Z = j628 kQ)
: .
= 10 Sk Atf =1GHz, Z=j6280Q
R © Z = jolL = j2uflL = j2uf(1x107")
v -
! A v = 60Hz Z = j377X 107 = jO377 uQ
R, S <R f= 100 kHz,
1kQ 1.2k0 Z=j6.28 X10™* = j0.628 mQ

f=16Hz Z = j62.8 0

1.15
1

)Z = R+ ——
@ joC

=10+ L -
727 X 10 X 10° X 10 X 10
= (1 - j1.59) k2

mY = Ile+jwc

=L 4 jpax10x10"x 001 x 107

3

10
= 107(1 + j0.628) 0

z = L o 1000
Y 1+ j0628
_ 10001 ~ j0.628)
1+ 0.628°

U = (717.2 - j45.04) 2

i . .
_ @Y = -+ jaC
RUGRY 1 Rs 5 (RyIRY R

1 . 3 12
oV, = VW = L 4 jmx10x 10" % 100X 10
05kQ ; 0.545k0) 100 x 10
‘ Ry -5 .
2 = | I+ jO.6!
X R‘*R) V(Rﬁ&) 071 + joe2s)
V,/2 0.545 v, 7 = 10
1+ j0.628
- = = (7172 ~ j450.4) kQ

(D Z = R+ jol

= 100+ j2r X 10x 10° % 10%x 1077
[ o= }; IIAE SN v, = 100+ 76.28 X 100
‘ I m .

= (100 + j628) O

= Ve Ve L astv
Tky e
L= 0 v ], e 0956V,

v
=R, = 1— = 105k



Chapter 1-6

R,

Uy Iy

Norton

Thévenin
Equivalent

Frquivalent

vor = Vs

ise = is
US = i’$R$
Thus,

Yoo

il

s -
Isc

@ vs = voc = 10V
iy = iy = 100 }LA
or v _

ts¢

Rs = 0.1 MO = 100kD

10 pA

Dividing (1) by (2} gives
I+ (R10)

PRE———- e S
1+ (RJ100)
= Ry = 28.6 k0

Substituting in (2) gives

v, = 386 mV

The Norton curtent i, can be fou nd as

vs . 386 mY

R, 286kQ

3

= 135 pA

g =

Yo = Yy

- il)Rx

Uy = {f, - il’)Rx
= ‘JRJ ~igR,
vy = vy~ igR,

U, y

Open-circuit
(fp =0) ~» v,
voltage

R, represents the input resistance of the processor

For vy = {9 Uy
R
09 = L =
RL T R, = Rl- ‘J)Rg
Fori, =091
R
09 = i =
Ry + R, =& ka9
1.20
Case | o (radfs) | f(Hz) T (s)
a 6.28 X 1y 1 X 1ty | X 107
b X1y 1.59 X 107 | 6.28 X 1(*
¢ 028 X 10 Pxoe [ e L4 2l
d A97 X W 60 1.67 X 0%
e 6.28 X 100 Xy 1 X 107
¥ 6.28 X 1(r | X WF 1 x 10




Chapter 1-7

1.21

@ Viyer = N7X .2 = 165V
) Ve = 339X J2 = 24V
© Vyus = 220X .3 =

DV, = 220x 3

1.22

@ v = 10 sin (27 % (0%, v
) v
@) v
) v

i

my
3 kv

ft

li

12042 sin (27 X 60), V
0.1 sin(10001), V

0.1 sin (27 x 10%%), v

[

It

1.23

The two harmonics have the ratio

126798 = 977, Thus, these are the 7th and 9th har-
monics. From Eq. 1.2 we note that the amplitudes
of these two harmonics will have the ratio 7 10 9,
which is confirmed by the measurement reported.
Thus the fundamental will have a frequency of 98/
7 or 14 kHz and peak amplitade of 63 X 7 = 441
mV. The rms value of the fundamental will be

44172 = 312 mV. To find the peak-to-peak
amplitude of the square wave we note that

4V /7w = 441 mV. Thus,

Peak-to-peak amplitude

=2V = 4.»n><2= 693 mV

1.24

. To be barely audible by a relatively young
listener, the Sth harmonic must be limited to 20
kHz; thus the fundamental will be 4 kHz. At the
low end, hearing extends down to about 20 Hz.
For the fifth and higher to be audible the fifth
must be no lower than 20 Hz. Correspondingly,
the fundamental will be at 4 Hz.

1.25

if the amplitude of the square wave is V,,
then the power delivered by the square wave w0 a

resistance R will be V7 R. If this power is to
equal that delivered by a sine wave of peak amli-

tude V then

\

Thus, V o ¢ ,f - Thes result i3 independam

of frequency.

1.26
Decimal Binary
0 0
5 101
8 1000
25 11001
57 111001
1.27
b, b, b, b, Value
Repreésented
0 0 0 +0
0 0 1 +1
0 0 1 0 +2
0 0 1 i +3
0 1 0 0 +4
0 1 0 1 +5
0 1 ! 0 +6
0 1 1 i +7
1 0 0 0 —0
i 0 0 1 -1
1 4] | 0 -2
1 0 1 i -3
1 i 0 0 -4
! 1 0 1 -5
1 1 1 0 -6
1 1 1 1 -7

Note that there are two possible representation of
zero: (000 and 1000. For a 0.5-V step size, analog

signals in the range 3.5 V can be represented

Input Steps Code
+25V +5 0101
=30V -6 1110
+2.7 +5 0101
2.8 -6 110




1.28

(a) For N bits there will be 2* possible lev-
els, from 0.t0 Vyg: Thus there will be (2 ~ 1) dis-
crete steps from O 1o Vs with the stép size given
by

. Vs

Step size = w1
This is the analog change corresponding to &
change in the LSB, It is the value of the resolution
of the ADC.
{b) The maximum error in conversion occurs
when the anatog sighal value is at the middle of a
step. Thus the maximum error is

[

Step

i

1 L Vs
2 22% -1
This is known as the quantization error.

oy OV sy
e 55§ Y
© 7=

Xstep size =

2¥— 122000
W=2001=3 N = 11,
ForN =11

10

Resolution = Y = 4.9 mV

Quantization error = f‘-;- = 24 mV

1.29

There will be 44,100 samples per second
with cach sample represented by 16 bits. Thus the
through-put or speed will be 44,100 X 16 =
7.056 X ¥ bits per second,

1.30
Y, 10V .
@A, = 7‘: = lf)(())xn\’ = 100 V/V
or, 20 log 100 = 40 dB
A =lo - v/R _10V/1000 _ 014
g i 100 pA 100 pA
= 1000 A/A

or, 20 log 1000 = 60 4B

Ap = Tolo o Toylo o 90 x 1000

i (S
= 10° WiW
or 10 log 1F = 50 4B
2V

By A, = 22 = = 2K 0N V/V

v 16 pv

2V/10kQ)
13 nA

A, = {...“ £ Yo R’» Es

¥

k

L 02mA _ 02x1077
100nA (00X 107"
or 20 log A, = 66 dR

200 A7 A

Chapter 1—-8

1.31
ol [ P
= 2 X 10* X 2000
=4 X 10* W/W
or 10 fog A, = 86 dB
=% =0V . qov/v
A, o v
or, 20 log 10 = 20 dB
A =do_ Yo/R _10V/10Q
S i 1 mA
=LA = 000 A/4A
1 mA
or, 20 log 1000 = 60 dB
Ap = EQ';Q = Exi_f_’
vil; Y i

= 10 X 1000 = 10* W/W
or 10log,, A, = 40 dB

1.32
v
1 mA
DA, iy
A 20 mA _%[X_»
4 (average)

20 mA
(average)

=11V/iv

or20log 11 = 20.8 dB

= o - 22V/100 0
i I mA

- 22 mA
1 mA

or, 20log A, = 26.8 dB

¥ ) ) 7 "
i 0.2 % M)\w‘
A/:? 42
= 242 WIW

A;

i

@ 22 AZA

Supply power = 2 X 3V X 20 mA = 120 mW
Quiput power =

Vs _ (227 A2y
e e Su S ¥ B W\

R, oo - oW

I Sy e 242 s

Input power = 55 0.1 mW (negligible)
Amplifier dissipation ~ Supply power — Output
power

Amplifier efficiency = QE!R“‘ LORED % 100
Supply power )

e 242 * 100 Ay 3
B Lein W = My e,
0 | 20.2%
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- - Vop — 1.2

500 ViV

L]

wede Vg + 12

For Vi, = 15V, the largest undistorted sine-
wave output is of 13.8-V peak amplitude or 9.8
V... The input needed is 9.8 V/500 = 19.6 mV,,..

1.33

(a) For an output whose extremes are just at
the edge of clipping, i.c., an output of 9-V_,,, the
input must have 9 V/1000 = 9 mV_,,

EVANWA\
VAN

(b) For an output that is clipping 90% of the time,
= 0.1 X90° = 9° and V. sin
=9 V=3V, = 575 V which of course
does not oceur as the output saturates at =9 V.

To produce this result, the input peak must be
57.5M1000 = 57.5 mV.

9V~ Vo

T

(c) For an output that is clipping 99% of the time,
4 = 001 X 90" = 097
Vpsin 0.9% = 9V

=V, = §73 V and the input must he 573 V/
1000 or 0.573 V.

1.34
10 k{1 lkﬂ

AAAS- OMM,
t’ 10 !2 100 (
100 mv l(X)zr

'k”;e“

o] i
H

E:e'l

= :—?xlox 0 - gav/V
or. 20 log 8.26 = 18.3 dB
w2 = K5 xa Ro

ve Rg+Rg ™ RotRy
=5 X 10 X 0.5 =25V/V
or,20log 25 =8dB
©
v R0 R,/ 10
o (Ry/10) + Rg " (Ry/10) ¥ Ry
1o 1 .
= X — = 0083 V/V
11 x 10 11
or 20 log 0.083 = —21.6 4B

U,
A, = ¢

100
= 100 X ——
0o 100 + 10

=909 V/V
or, 20 log 90.9 = 39.1 dB
v 7100 O

Ap = D020 = AZX10% = 83X 10TW/W

! vl /1 MQ N
or 10log (8.3 X 107 = 79.1 dB.
For a peak output sine-wave current of 100 £, the
peak output voltage will be 100 mA X 100 (2 =
10V, Correspondingly v, will be a sine wave with
apeak value of 10V/A, = 10/90.9 or an rms value
of 10/(90.9 % ./2) = 0.08 V.
Corresponding output power =
(107 .2) /100 Q
= (L5 W

Yo .. okt 00
vy 0K+ 100K 1000+ 1TKO

x 1000 x — 100 £}

l() 100 P ;
X0 e MW VIV
”0 “00 826 V/V



This

=

1.36

The signal loses about 90% of its strength when
connected to the amplifier input (because R, = R,/
10). Also, the output signal of the amplifier loses
approximately 90% of its strength when the load
is.connected (becnuse K, = R, /10). Not a good
design! Nevertheless, if the source were con-
nected directly to the load,

Yo . _Ru

u R+ R

100 3
100 & + 100 k2
= 0.001 VIV

=

R,= 100kQ

which is clearly a much worse situation. Indeed
inserting the amplifier increases the gain by a fac-
tor 8.3/0.001 = 8300,
1.37

In example 1.3 when the first and the sec-
ond stages are interchanged, the circuit looks like
the figure above
- 100 k)

A

o ettt ot TZ. 3 7
g 100 k} + 100 k2 0SV/V
Ay =2 = qoox 1M __
Yyp I MO+ 1k}
= 999 VIV
Ay = T8 o gx _ 10KO
) s 1WEkO+1 kD
= 909 VIV
, ¢
Ny = D= 1 x wa
A = 2k TG oIV

This figure is for 1.38(a)
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figure is for 1.37

Total gain = A, = % = A, XA, XAy,
[}

=999 X 9.09 X 0.909 = 825.5 V/V
The voltage gain from source to load is

Ve o Byt ooop M
T
= 825.5 X 0.5
= H2TVIV

The overall voliage has reduced appreciably. Itis
due 10 the reason because the input impedance of
the first stage, R, is comparable to the source resis-
tance R,. In example 1.3 the input impedance of the
first stage is much larger than the source resistance
1.38
a. Case S-A-B-L

Vo o Yo Viey Vs —
VS Vi.'; Vm VS

100

10

(ix-...l?i’_“)x(loox
100 + 100

—“;Q = 4,13 V/V and gainindB 20 log 4.1 =
s

12.32 dB (See figure below)
b. Case §-B-A-L

e ED e s

= 100 ( 0K )
={100x 100 ___ — B %
(l(' x]()()+ l()K) ' 10K + 100
( 100 K )
100 X + 100
%‘3 = 049 V/ 8 and gainin dB is 201og 0.49 =
§

~6.19 dB case a is preferred as it provides higher
voltage gain.

5 ,.W. _..,} .,,____,J\M,‘ ,?_,__1 ; : ] ’
Caw WY, ? v, Z 1k, }{y;si:% &
N : :\m)‘l'tﬂn:r A" Arnglioc B
This figure is for 1.38(b)
Wk

[feil 343

’\~ s I
N
¥ % %0

Asupifaer 1

106 kA .

0wV, a0 0 L v,

O
N e H
¢ ]
[ 1w
Pt % W
[

e

Aspiificr

A

100 + 10) (100 + !O)
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0.5 MQ 10K

4
oV 10K

RMS i R
10u; -~

ThlS flgure is for 1 39

1.39

Deliver 0:3W to a 100€2 load
Source is 30mV RMS with Q. SML) source resis-
tance. Choose from 3 amplifiers types

B>

i
tf

R IMQ R=10kQ R= 10k(2 _ R‘R 3or, - %RI, 0
A= 10V A= 100 viv A= Ll R, + Ry

Iy k() R' 1K R =200 (If R, were greater than this value, the output volt-
Ro= 10k} o= 1R o =

age across R, would be less than 3 V)
Choose order to eliminate loading on input and

output (d) For R, = 90 Kk and R, = 667 {3, the required
A -1st-to minimize loading on 0.5 M2 source value A,, can be found from
B - 2nd-to boost gain 00V/V =20 xa x|
C - 3rd - to minimize loading at 10002 output. 90 + 10 1 + 0.667
(See figure below) =A, = §557V/V
o
v _ 2V o 2357{‘(“‘“]'%’7)“0) (&) R, = 100k (1 X 10° £))
g A0myv 0.5p B R, = 1000 (1 X 10° Q)
100 1000
00 = - XA X e
')(1 )( 10 )(H( 100 ) 300 = 5o+ 10 <+ ™ 1600 + 100
(t0+ 10 10+ 1/ 120+ 100 =A, = 363V/V
235.7 < 253.6 ’
v, = (253.6)(30mV) = 7.61v RMS 1.41
p v (6D gsgw R,= 100k0 R,=2000
R, 100 = o , M
L3 R, » 100w &
10 mv ' ! 100
1 N 4 O ? 10Nk - 0
: : Yo = - -
(@) Required voltage gain = —2
(a) Required voltage gain " (a)
_ 3v R ¥y = 10 mV X 100
= = 3 7/ X 1000 %
gorv - OVY = 03 10+ 100 100 + 206
(b) The smallest R, allowed is obtained from =B my
0.1 pA = “’"‘; =R+ R, = 100kQ Yo _ 303 @V
B - = oy = 303 vy
Thus R, = 90 k(L. s mv
For R, = 90 k). £, = 0.1 pA peak. and ¥,
. ;( (c);ﬁ's10()0><7‘_J.20_~w WV
Overall current gain = 2t o 0 + 200
4 (d)
o ()l]l‘lﬁi = 3 X0 AFA R‘
Rl *-'“_M'“O-——T_‘ S
Overall power gain = fj . Rf R %
2% X drmgd F ' o
(»—1) 21000 = alr
- vLi2
(“’ X160 ) (9;!”,2‘."19_1?)
42 2

= GO T WIW
(This takes into acet. the power dissipated in the
internal resistance of the source.)

{c) |f'(:\,,“ ;) has its peak value limited (0 3 V. 1he

fargest value of K. is found from



Chapter 1--12

Connect a resistance R, in parallel with the input

and select its value from - 4020 X 1
(RI‘ ﬁ Ri) - _1‘ R, 20 + l
(R [ RY+ Ry 2R+ R - 4020 Us
212
»l+k-%’-—iw’22=kp!! Rimﬁ‘zﬂ
> 1R, ‘ o2 Overall voltage gai Yo o
1 3.:.21_ gegain == = 19.05 V/V
Re R, 100
Rp = b = 91k
r=garoon - Ok 1.44

o
R< R >
4 <
10k 1101 S
1t -
(a) Current gain = :_? iy= i+ i, = v /R +g,v,
i :
R o= ulR, i*vn‘(]“ﬂi)
- X v
= Ai:R :R Iy = 8nt Yy R
o wmv, | Wo 1
= 100%? . VR *gn
== Rl = .
= 9092 = 39248 T+ g.R "
{(b) Voltage gain = Yo in .
T * L
_fo Ry 1000
I R\ + R
=909 x L. =
101
=09 VIV = —0.9dB 1.45
; . Vi,
(c) Power gain = A, = ”;’7)—19 Transresistance amplifier
= 0.9 %X 90.9 To limit Aw, to 10% corresponding 1o R, varying
= R1.8 W/W = 191 dB in the range 1 to 10 k{}, we select R, sufticiently
low;
1 . 43 R' . R,ym'm
10
Ry=2ki} Thus, R; = 100

To limit Av, 10 10% while R, varics over the
range | to 10 k(2. we select R, sufficiently fow:

Thus, Ry, = 100

Now, for iy = 10 pA,

B seren o
"4
104 Hiku
-

"
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Yomin = ]O_SJ&_R”__%‘_. 1.47
Rmin + RI RLmin + Rl) .
Current Amplifier
1 = 1075 1000__p 1000
1000 + 100" "1000 + 100 ‘1,
=R, = 121 % 10° i & At
‘ iy S0, SR; SRS L
= 121 k) 1OmA Slkto &7 > © S 1k to
100 ) 10kQ 10kQ2
In +i,. Qut T
i Ry =
100 121 k0 For R, varying in the range 1 k£ to 10 k{} range
and load voltage variation limited to 10%, select
- - R; to be sufficiently low:
R\'m'm
gy L2
k=0
1.46 R = 1K = yg00 = 1x1070Q
Voltage Amplifier 10
For R, varying in the range 1 kQ to 10 k{2 and
R load voltage variation limited to 10%, R, is
1o 10K R, selected sufficiently large:
*to R,z 10 Ry
A R, = 10X 10k§)
Ve Ri g q’RL ]
ko = 100k} = 1 X10°Q
10k Now we find A,

Re .
Vomin = 10 pA X —E——ﬂ:—ﬁ X Ay X Ryl Rimin
For R, varying in the range 1 K to 10k} and Smin 5T
Ai, variation limited to 10%, select R, to be suffi- 10 X 1()““,‘_.5;?211&_ X A, RoR
cie.ntfy 'm.ge: smin T Ry Rv + RLmin

R; = 10 R, = 10x% 10°° 1k} x o JOOK X 1K
' i . 0 TkQ+ 1000 “T00K + 1K
R = 10X 10kQ = 100kQ = 1% 10° 0

= A, = 1111 A/A

For R, varying in the range 1 to 10 k(). the load Current amplifier equivalent circuit is
current variation limited to 109, select R, suffi-

ciently low:

Lmin

i

RO = _.Ri»;;zx + , io
Ry = LX2 — 00 = 1 x10° 0 X R S
) 10 R; ALl :: R, v,
Now find 4, } —
e MV X ) ,
o T R R R R, = 1x10°Q, A, = 1111 Afs,
100 k2

1x107° = 10X 107 % Ry=1x10°0

100 kO + 10k

1
KA K e
FI00 0+ 10k
100 | 1.48
‘“} = —} . .
EXH0 7 = 10X 10 7 X e A Tion R, - Qpen-circuit output voltage _ 10V
A 121 VAV ! Short-circuit output current 10 mA
A =1 k()
= ) A e
R,; L] S T 8V
R Y ¥
“+ +
g N T
. t § 3 e i T
00k e &
Voltage amplifier equivalent cireuit is ::‘” kngf’: 9 o, 4k
) . ) : i POV }
Ry = 1 X 1074}, A, = 121 V/Vand | A L=

R, = 1 X10° 0
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= Yo o 8
A= = 3 Tl
i 1X 107 x(100] 10) X 10 for (a) V. =v( 1/8¢C )
=888 VIV or 58.9 dB 7 RI7SCHFR
A=l w/R__ B/(aX10%) Yoo 1
i l} ]0_‘ 100 lo,} x m V; 1+ SCR
100 + 10 110 where k =1
= 2300 AJA or 66.8 B wy = }T](T from table 1.2 it is low pass.
A = /R 8/{4 X 10") g
i 2 2
IR; -3 100 (pd R
1% (10 X 760 + 16 IO) 10X 10 for (h).V, = V, — ;
= 19.36 X 10° W/W or 62.9 dB s¢
) i Yo . _SRC
Overall current gain = m v, 1+ 3CR
_ ve/R _ 8/(4%10%) %9 -
i pA 107} S+ —R—%
= 2000 A/A or 66 dB where k =1
= L ; 2 itis hi
wy Rcfmrn table 1.2 it is high pass.
1.49 1.51
Using the voltage divider rule : R
8
YW +
—e) ]
+ v >
= 100mA / 5 RS G Vv
" Em #n=100m A he T
R, = 5k0) - -
Uy =
R-L
& . A'Ci
o R+ L R;
v, _ TsC N 14+ sCR;
v h
5 Ri_:.:_ R +( R; )
Ry + | —250 1+ sCR,
R+ L
sC,,
e Rl
a. i{z = Bwt T Bm¥: R»\' + ’fc.fRiR.v + Ri
vy = LR = gR(1 mm) = 5 R,
bow = oty = OV Vi o & s (Ry + R,)
Vs Ry 4 R+ sCR R, L S,( CR R,
1y oW 1.01 } S 10V - ié:.;h}?:)
vy = 099 Where K = i
(R + R
R+ R,
1.50 w = W from table 1.2 low pass for given
values w, = 12.5 MHy




1.52
Using the voltage-divider rule.
3
v, Ry ‘1: Vo
=
T(s) = %‘2 = e T
PR R L
sC
" R
T 5} = ( 2 §
« R+ R, PSR S
C(R, + k)
which is from Table 1.2 is of the high-pass type with
R S
Ry+R, " C(R, +Ry)

As a further verification that this is a high-pass
network and 7(x) is a high-pass transfer function,
weassume as 5= 0, 7(s)=s 0;andas s — =,

T(s) = Ry/{(Ry + Ry). Also, from the circuit
observeas s o, (1/5C)— 0 and

Va/V; = Ry/(R, + R,}. Now, for

R, = 10kLR, = 40k, and C = 0.1 pF.

f. = oy 1
a T 5T =
27 25 %040 X 107510 + 40y X 10°
= 318 Hz
g s K 40 1
T | o 2N o= - 4
T (o] R 0.57 VIV
1.53

Using the voltage divider rule,

R, ¢

W—o-||-

S
=

Y.!.’ = ‘___.—__—___Ri‘
v, P
R A
R $
Rov R . L
T LCR, ¢ Ry

which s of the high-pass STC type (see Table 1.2)
with

PP N
N CR, + RO
.u.:v._,j., uuuuuuuu <5 10
2o C{R, + Ry
=3 (3 !

2 X020 + 5y ¢ 10"
Thus, the smatlest value of C that will do vhe job
i € = (064 pf
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1.54

The given measured data indicate that this
amplifier has a low-pass STC frequency response
with a low-frequency gain of 40 dB, and a 3-dB
frequency of 10* Hz. From our knowledge of the
Bode plots for low-pass STC networks (Figure
1.:23a) we can complete the Table entries and
sketch the amplifier fiequency response

171, dB

#

10 102 100 108 105 106 f(Hy)

i) | [TIdB) | £7(%)
0 40 0
100 40 0
1000 | 40 0
10* 37 ~45°
10 20 -90°
108 0 -90°
1.55

Since the overall transfer function is that of
three identical STC LP circuits in cascade (but
with no loading effects since the buffer amplifiers
have input and zero output resistances) the overall
gain will drop by 3 dB below the value at de at the.
frequency for which the gain of each STC circuit
is 1 dB down. This frequency is found as follows:
The transfer function of each STC circuitis

T(s) = —)
I+ =
Wy
where
w, = 1/CR
Thus,
ITGo) = r_*_‘____‘
h+ (59.)'
"“{ Wy
20 log we -1
o+ ("’hm)"
Ny
= 14 ((_M"“”')E = 1!
(x)ﬁ

Wi = 050w,

wgw = 0S1/CR



1.56

Rg = 100 k), since the 3:dB frequency is
reduced by a very high factor (from 6 MHz to 120
kHz) C, must be much lnrger than C,. Thus;
neglecting €, we find C, from

1
Hz =
120 kHz ~ TCE

Thévenin
equivalent at

node A R, node A
I
Shant Initial
capacitor capacitor
b
25C, X 10°
= C, = 133 pF

If the original 3-dB frequency (6 MHz) is atiribut-
able to C, then

1

[ f 5D s

MHz = 5FR.

1
=C = 5 3
2a X6 X 10° X 10

= (.26 pF
1.57

Since when C'is connected the 3-dB frequency is
reduced by a large factor, the value of € must be
much larger than whatever parasitic capacitance
originally existed at node A (i.c., between A and
ground). Furthermore, it must be that C is now the
dominant determinant of the amplifier 3-dB fre-
quency (i.e., it is dominating over whatever may
be: happening at node B or anywhere else in the
amplifier), Thus, we can write

1

150 KHZ = s
* ZFC(.RQD H Ri?)
= (Rl Rpp) = ‘ 5

2w X ISOX 10" X 1 X 107
1.06 kO

i
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f’nl C

Now R, = 100k(}.
Thus R,, = 1.07k{}
Similarly, for node B,

2mCR [ Ry)

2R Ry = l}
27X 15X 10° x 1 x 107°
= 10.6 kQ
R, = 119k

She should connect a capacitor of value C.to
node B where C, can be found from,

0kHz = b
EWCF(RM u Rﬂ)
=, = !
I Y k] 3
2 X 10X 1) X 10.6 % {0
=15 nF

Note that if she chooses to use node A she would
need o connect a capacitor 10 times Jarger!

1.58

For the input circuit, the corner frequency £, is
found from

f.»] £ -—4-—-.-.-.-..1........‘..__._
2rCHRy+ R)

R,? § - R(:
10k € 1k0

, R, R
v, & .
' o0k SVYi 100V, |1

For 7., % 100 Hz,
1
2w C (10 100) X 10°

= 100D



1
2@ X 110 X 10° % 107
Thuswe select €, = 1 X 1077 F = 0.1 pF.
The actual corner frequency resulting from G,
will be
i

o = - 5 = S5 Hz
e X 10 T X HOX 10

For the output circait,

Frg = el
Te2 7 TRCRy + R

For f,, < 100 Hz.
___m._l___.n_;ﬁ 100
2wCa(1 + 1) X 10°
I S
27 X 2 % 10° x 10

=€ = = 14X 107"

=C, = = 08Xx10°°
Select €, = 1 X 107" = | pF
This will place the comer frequency at

1

f[f@ = Tz 3 = 80 Hz
2 X 10 "X 2X 10

T(s) = 100 —
(5700 57
1.59

The LP factor 1/(1 + jf710%) results in a Bode
plot like that in Fig, 1.23(a) with the 3dB fre-

quency fp = 10% Hz. The high-pass factor
VET + 10%f) results in a Bode plot like that in
Fig.1.24(a) with the 3dB frequency

fo= 10° Hz.

The Bode plot for the overall transfer function
can he obtained by summing the dB values of the
two individual plots and then raising the resalting
plot vertically by 40 dB (corresponding to the fac-
tor 100 in the nomerator). The result is as follows:

W, dB

+20 dBAkecade —20 dB/decade
40 b o st -

30+
20+
101

O i i

1 i

::)/‘ 10 10F 100 10° 107 \0" f (H2)
10

20

=10 107 108 10t 108 108 W7 (Ho

AJ=20 46 40 49 20 0 -20 @)

4

a7

5
N

H
;
t
t
t
i
i
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Better approximation
{3-dB frequencies)
Bandwidth = 10* — 10 = 9900 Hz

1.60
LoV WG
T = 55 " TAC, * R, sCR ¥ 1
Lp
3 dB frequency
L 1

= 159 Hz

S 2GR 107 i0*
For Ty(§) , the following quivalent circuit can be
used:

R, G

J

PR}

©<
A A
¥y

R
e T ST —
R+ Ry + 1SC,
s
[ S E—
Cy(Ry + R3)

I
I7CR, + Ry)

To(S)

It

il

NGM(RL’ " R?}

348 frequency =

N 1
2100 X 107° X 30 X 10°
S T(S) = TAHT(S)

= e b % 6667 % s

Lt S 5+ (27 X 53)
27 X 159 X 10°

= 53 Hz

+20 dB/decade -~ ) dB/decade

1 L)
Poos65dB )
1 t

/s 16Hz N

Bandwidth= 16 kHz - 53 Hz ~ 16 Hz
1.61

a) To satisfy constraint (1), namely
V,.;:(l + —‘L)v\.
’ 100/~
We substitute in Eq.(1) to obtain
R x
R + R, 100




Rg+ R _ 1
R; "|.-_.x_.
100
X
. X X
Rn ]-«.l..(.;ﬁ 1 m

which can be expressed as

R, = Rs(-l-g-o - 1)

by The 3-dB frequency is determined by the par-
allel RC circuit at the output

I WS N S
fo = 3290 = 35C,(R, 1 Ry)

Thus,
N B 0 T i_)
fo = srclm 7
To obtain a value for f, greater than a specified
value figy e select Ry 5o that

1 (l + _L)szu!t

2aC\R, Ryl

1 | B
— =270, [
R, R,

L AL

R" 14 n Rl,

Ry = “'—_-“’“ @

29 fagy + €~ ry

¢} To satisfy constraint (3), we first determine the
dc gain as

Rl

R+ RO Ro LR

de gain =

For the de gain to be greater than a specified value

AO‘

»-«—ﬁ'—(l (R, § Rz Ay

S m
R+ R;
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The first factor on the LHS is (from constaint (1))}
greater or equal to (1-x/100). Thus

G20 ®

(1- %) 1 R
Substituting Rg = 10 k() and x = 20% in (1)
results in

100
zZ 10| == — 1] = 40kQ)
Rs= 10 1% ) = 40k
Substituting fy4 = 3 MHz, C; = 10 pF and
RL =10k} in Eq. (2) result in
1

2w x3x10°x 10x 107% - L
10

Ry =

= 113k
Substituting A, = 80, x = 20%, R, = 10k}, and
= 11.3k8), eq. (3) results in
80

G, = — = 18.85 mA/V
1 ~—-—) 10 11.3) % 107
(1-2Jaoj 13y x 10
If the more practical value of R, =10k is used
then
Gy % 80 = 20 mAV
1~ =2)10] 10) x 10’
( 100)( 1oy 0
1.62
» Using the voltage-divider rule we obtain
Yo . _ %4
v, Z,+27,
where

. 1 . 1

[1 = Rl %l ;E—'ilﬂd lz = R; ﬁ :Y_E;

1t is obviously more convenient to work in terms
of admittances. Therefore we express V,/V,in the
alternate form

Yoo _ T

Vi ¥ty

and substitute Y, = (1/R)) + sC and Y, = (1/R) +
sC, to obtain

, 1 sC,
Yo _ R
v, 1.1, -
— C,+C,
R, R, (G )
.
__ € C\R,
(:|+(:s+ i ! : (,_L-LL)
(Cy+ COAR, R,

This transfer function will be independent of fre-
quency (53 if the second factor reduces to unity.



This in tarn will happen if

b .,,L._(i + J.)
CR, G +C\R, R,

which can be simplified as follows

C;+Cz (l ]) X
b e S N (S 1
c, \Rr, R, M
C R
e
C, R,
or

CiRy = OyR,

When this condition applies, the attenuator is said
to be compensated, and its transfer function is
given by

Yo . G
V., G +¢

which, using Eq. (1) can be expressed in the alter-
nate form

Vo _ 1 _ _&
Vi 12 B Ry + Ry

Thus when the attenuator is compensated (CR, =
C,R,} its transmission can be determined either by
its two resistors R,, R, or by its two capacitors, €,
C,. and the transmission is nor a function of fre-
quency.

1.63
The HP STC circuit whose response deter-
mines the frequency response of the amplifier in
the low-frequency range has a phase angle of
11.4° at f = 100 Hz. Using the equation for
LT(jw) from Table 1.2 we obtain

tan~! Y!(To = 114°=s f, = 20,16 Hz

The LP STC circuit whose tesponse determines
the amplifier response at the high-frequency end

the relationship for 271 jos) given in Table 1.2
we obtain for the LP STC circuit.

~tan »‘}9 o =A% = f, = 4959.4 Hr
Atf = 100 Hz the drop in gain is duc to the HP
STC network, and thus its value is

20 log ~mmm——e = —0.17 dB

Similarly, 5t f = 1 kHz the drop in gain is caused
by the LP 5TC network. The drop in gain is

20 Jog — - = 017 di

The gain drops by 3 dB at the corner frequencies
of the 1wo STC networks, that s, at /= 2016 Hz
and = 49594 Ha.
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1.64

Lising the expression in (3.2) using
B = 73% 10" em K
¢ 2 1* 4 :
k= 862X 10 TeV/K E, = 112V, we
have:
T o 00 = M3 K

" ow 26T X ")‘ om -2; 1’3 = §33 % 1 W

rt

That is, one out of every 5.33 % 10" silican
atoms is ionized at this terperature.
T 0 = 313K

now 182 % 10% em Y §' 305 % 10
T oo 207 = 293 K.
A= 60X 10%em N B =y o
T = 100"C = 373 K:

ST N
%, = 143 % 16" em

i

28T x 10"

LA A ]{)‘31:”‘ S; . 9.45 % 10

1.65

Hsle concentration inintinsic 5, = n;

PR x4 Fpi ¥
a, o BT FF

Y
CRRHE Y RAD 3D wO2EA

- 13 e

137 10" hotestem’”
In phosphorus doped Si. hole concenteation drops
below intrinsic level by a factor of 107
. Hole concentration in 7 doped Siis
ERATI.
w
Phosphorus doped Sic so

. 1 1
A L8 X om

", Ny, Pty ® R

n, voaip, =

1.5 % o

Ny o= o, = 1.5% 107 Patomsiom’

7T = 27°C = 273+ 27 = 300K
ALIOK. ny = 1.5 x 10" em?
Phosphorous doped Si

n, = Ny o= 10'%em’

B

1

Lo USXI0y

" 225 % 10" % em’
T

Hole concentration = p, = 225 X 10" em’

o A25°C = 273 o+ 125 = 398 K



ALIOR K, 5, = BT Pe BHCKD

73 X 10" % (398)"" 1122 X862 X 103

472 X 10" /em’

[

1

, = By 9.3

Ny 223 %107 /em

At 398 K, hole concentration
p, = 223 X 10%em’
1.67

(a) The resistivity of silicon is given
For intrinsic silicon,
p=h=n=15% 10° em™
Using p, = 1350 em’/Vs and
By = 480 cm Vs, we have:

= 228 % 10° em.

UsingR = p- % with L= 0.01 cm and

A = 3x 107" em’, we have

R = 759%10" Q.
®) n,~Np = 10 em™:
b4
pe = M = 225%x10'em”
nﬂ

Using p, = 1110 em’/Vs and
By = 400 cm’fVs , we have:
= 0.56 0-cm R = 188k{L

©yn, =Ny = 10" em ™

2
Py = M= 225x10%em”’
n,

Using i, = 1110 em’/Vsand
Py = 400 cm’/Vs, we have:

p = 563 X107 Q-co; R = 188 0.
As expected, since ND is increased by 100, the
resistivity decreases by the same factor.

X

o 5

]

e 10 e =
(d)y p,= Ny = 107 em T, =

~
B

t
= 225x10°em™

p = 156 Q-cm; R = 32.1 k0

(e) Since p is given to be 28 % 107% Qem. we

dircetly calculate R = 933 % 107 0.

1.68

Jarie = & (T m*l]:) £
Here n = N, and since it is 4 - 57 one can assume
p << nand jgnore the wom pi,, Also

X 398)
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v _ 1
E= oum " o0x |X”‘cm = 10" V/em
Need Jgsn = | mA/jm: = g Ny pn E

107°A _
107 %em?

=Ny = 463 % 107 /em’

1,6 X 107" N, X 1350 % 10

1.69
2 W2
n
Pro = 3o = U2 = 225 x0%fem’

From Figure p3.10

]
9.2 P .._‘0 Pro — pna:_‘ 10“[)@“‘
dx w 01x 10"

since 0.1 pm = 0.1 X 107 em

dp _ 10° %225 x 10°

dx 0.1 x107*
=225 x 10"
Hence
J, = —qD,%
i Pdx

= —1.6 X 107" x 12 X (=225 X 10')
= 0.432 A/em’

1.70

Ny = N, = 10" em? and
= 1.5 X 10" cmr* we have V, = 695 mV,
Using (3.26) and €, = 11.7 X 8.85 x 10 F/em,
we have W= 4.24 X 10° cm = 0.424 pm. The
extension of the depletion width into the # and 4
regions is given in (3.27) and (3. 28) reﬂpex,uvdii

x, = W- A -
» N,a Y "v” 0.212 nm
N
X = W D
P NN, 0.212 pm

Since both regions are do
ped equall -
tion region is symmetric. ity the depte

Using (3.29) and A > 10° cmv’ the charge magni-
tude on gach side of the junction js:
Q; =33 X 10"C.



1.71
Vy 86 300° K = 25.8 mV
built in voltage V,
v, = vemn(2ale) = 258 x 1070
n
[ 10" % 10 ]
(1.5 % 10')°
= 0633V

Holkes * Q
It 12
R N ’ a .
Xt 11
s+ GO
S G
X, X,
Depletion with
W o= es( Lo m) Vo ¢ equation 3.26
Ny
~1i
W = szx Lo4 X 10 ( ] u)xos:;s
’ 1.6 X 10 10 10
= 0.951 X 10 *cm = 0.951 um
to find X, and X,
N, 10
= = 0951 X e
X WNA +Np 09 10" + 10"
= (.8642 wm
10"
= W = 0,951 X ————
X NA + No 10" + 10"
= {}.8642 pin
to calculate charge stored on
either side
0, - Aq (NN A N‘(,’ )w where junction area
4 p

= 400 pm* = 400 X 10 %em®

H3 15
= 400X 107+ 1.6 X m”“’(mMg—ﬁ].
10" + 10
= 0951 x 107
Hence,

Q =s5:3x1w0tc

1.72

Charge stored 2, = gAXN
Here X 0.0 pm == 0.1 % 10 om
A= 10 fm X 10 wm = 10X 10 em

x 10X 10 cm

So. Q= 16% 107 x 100 x 167% x 0.1

X104 x 1o'f
=16 1C

1.73

Vo = v, ln(M)

HN, or N is increased by a factor of 10, then
new value of V,, will be

yo = VT ]n(}—o_NA.__N..Q)
2
n,;
‘The changé in the value of V,,is
= _In(10)
l »NANI))

7
ny

1.74

with N, = 10'¢ em?,
Np= 10" cm™® and ;= 15 X 10'%, we have
V=635 mV.
and VR= 5V, we have
W= 283 X 10* cm = 2.83 pum.

with A = 4 X 10* cm?, we have
Q;=412 X 10MC.

1.75

._e_!(_+._‘..v =W
q \N, N,J°° ¢

NaNo Yy o
Q}. = AJZE‘Q (1-‘—1-;-4;“}3'—)) '("()+ VR)

AA/?.E Nn) V(; 1 + == )
N v
A2 Na ")v.(1+—5)
J €9 N,+Np 0 V,
\

/1 + K
QJU N V(')

U NANL Y
'.'Aﬁfﬂ (,NAA+ f‘!;n) Vo = Qo

1.76

i

i

i

I, = 4:]m(~£’-—4 -—L-)m)
LNy LN,

A = 200 pm? = 200 X 107% em?
1, = 200X 107 X 1.6 X 107" x (1.5 % 10"

10 . 18

5% 107 x 10” 10 % 107" x 10



Vrv.
b4
IT=le

=144 X107 % ¢
=79 pA

02239

1.77

L 2RI}
362750
n.= BT %

At3I00K,

~%
. ~LIZ/2 X B2 X 10 T X 300
n= 13 % 10% x 300y * x ( )

=1:4939 % 10"/ cm®

nitat 300 K) = 2232 %107
At305K,

3

—uz:(z xgs2%10™ % 3::5)

mo= 73% 10" % (305)" % x e

=2.152 % 10"

7 (at 305 K) = 4.631 % 107
n’(at 305 K) _
n’(at 300 K)

1.78

2:152

of D D vivy
1= Agn(; 2+ e T
LNy LN

« D vivy

Sol, = Agn —Ef-{e ~ 1

o 1, qn; L,,Nn( )
s D vivy

I, = Agqn; L,,A’C’A(e - 1)

For p* —n junction Ny >> Np
. D vivy
oA =1, = Agn)—t-(e - 13
s ! II;§;\~ n
For this case

2 D -8 2 X T
I, ~ Agn, i,“;:."_ = m“ i P emt x 18 % 18

o+ D

X (1.5 % 10 IO
10 % 167 % 10"

=36 %1077 A

vy )
I=1g "-1)=05%x10"

e V;‘{ZS,'JVH‘":‘: -
36% 107 e ] = 05 % 107

wh Vo 06645 V

Chapter 1—-22

i Vo
(r+52)
V()

ForV,=1Y, ¢, = _06pF

1

(1)

=0.45 pF
ForV,=10V, ¢, = —90PF

(1+2)
=0.25 pF
1.80

| |

10 pF = ( Tr H)x 1%107°
25.9 % 107

)

Ty
v

7 = 10X 1072 x 259

= 259 pS
Forl=0.1mA

= {Ir
Cd - (V;_)Xl
~12
- (M)XO‘I X 10-?
259 % 107
= 1 pF
1.81

- L uoxaoty

D, 10

Tp

note tum = 10 *cm

= 100 ns
Qp = tplp

= 100X 107" x02x% 107"
C

~12

= 20 X 10

c, = (:L)J
W ' V}'

N -G
w (M) X 0.2 % 10

259 % 107

3
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Pns p

\ ln-mgion
Pa(Xa)
Po(X)
Pucy
1 |
1 |
i |
1 1
o Xy Wa
Depletion _4
Region
r Length of p and n region rl

b. The current /=1, +1,
Find current component [,

p
ViV, "
and Pre = 5

Np

pﬂ(‘t!ﬁ) = J’I‘,‘{.’e

[}

I, = AJ, = Aqopaf
(A

QQ - PalXa) = Pus — Pref ~ Pas

dx W, - X, W, - X

(01’” -

e Bl
Voo

W, — X,

&

ﬂé(cwv, -
Np(W, ~ X))
d
o1, = AgD,SE
# vix
3 D viv,
w5 A G, i X (¢ =~ 1}
GR; (“,-” o X,;)N;) (¢ )
Similarly
B — X (e T-1)
(W, ~ XN,
= 1,41,

i, = Aqnf

a 4(122? DP - Dﬂ
W, XN, (W, — XN,

Vv,

The excess change, @, can be obtained by mul-
tiplying the area of the sheded triangle of the
pAx) distiburion graph by Aq.

Q, = AgX 12 [Pa(X,) = Prad(W, ~ X,)

i1

EI Y-
SI3

d. &

Solve
“/ ”

RO f e

[ TR

LW, X)
2 D, r

e

A, for W >> X,

W 1xi0”

10 259 % 10™°
for W,

1
3

= 6H3.25 pm

V7V,
= %Aq[Pnoe e Puod(W, — X))

V/V,
qum) + (e T 1) W;, - X,)

:2 ’
AGEE W, = X" - 1)
D

=gx 10
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2.1
U = kR
+ 1 L
Q AG myAs B o jop) MK 100l
‘Ytaa'
2.2

The "“(tﬁac ok the positive wmput hayto
hc ﬁg.'baov .
U,;,g..s.ozov' yAx U =2

— e | 00
(Vp-l) -3om(y

# 1 u v, V= ve | vdu,

Ty - U,

1 10.00]000 0.00 0.00 -

2 Jiooli00] 000 | ooD | -
3 1@ (10| @ 1.00

4 {100l o010 10.1 101
5 |201{200] —001 | —099 99
6 [199|200] oo 1.00 100
7 15101 (© (@) ~5.10

experiments 4,5,6 show that the gain is approxi-
mately 100 V/V. The missing entry for experiment
#3 can be predicied as follows:

) v, = v,— v, 100~ 001 =099V
The missing entries for experiment #7;

\ =516
f) v, = —dlel = 0051V
(dy =, i

(© v, v, + v, =510 - DOS] = 5049V
All the restuts seen 1o be reasonable.

2.4
S ‘

-f »

& G L« 3
2 j R,
-

.2 GY;

-

2.5

Ve = 1 8in 2760y = %(v, + )

v, = 0.01 Sin 271000} = v,~ v,

U= Uy =~ v/ 2 = Sin(1207)% — 0.005 Sin
20007t

U= vy + v,/ 2 = Sin 120wt + 0.005 Sin 20007

2.6
Circnit | 4 f9(V/IV) R, (k{})
a -0 10
T - e
b -10 10
¢ —10 10
d —10 10

virtual ground no current in 10 k{)

2.7

tlosead kooP aw'un.: A U‘/U_ . For L;' 5V on- %’.—:—3

Goin weuldbe in tag rou.“a,ﬁ of ’.9.:12 to

~AOS ;084 G 4 1.0 hadd
©.q¢
For (}l- -5 m}rt“g()é <~SSU‘



2.8
There are four possibilities:

0K 10k0

10k
%
e 1y

% w —2viv R, = 10K

¥

A 10k
|

A
100 Vioxn

u *__~_,_..
mmmasssnas K¢ 7Y

Yo = —05VIV R, = 10Kk
£

,

4 10k

|4
10 k€ 10k

?l;.._,._,H__
et 1y

~05 VIV R, = 20kQ

4

410 k() 410 k)
¥ Y
410K

7 e

¥,

. L ATAY

3 s ] VIV b, G o=
¥ o ~ XY VIV

0.1 VIV d G
VIV
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2.10

%:_z-. :-:i:.z :'-)-Q =5R,
R,-’- R2 = {2080 =y S'R'«D-R’a‘—"'lOKJZ".-_?
R, = 2000 o R, =00 kR

10e kL
9 [ ¥/3
9
2.11
= - .9 Jy 20,.-
2089/Gl= 2648 => G=19.95 ] If‘“‘?%"
=R = 19-95R, { oM.

For largest possible input resistan ce, sded

Rz. = JoMSL a—.}-R'c:’.S'OOKJ?.
R,-,\ = Soo kN

2.12
Oennns
—10w»
G="= ~R, = 100 ~10
i R, 10
Vi = 10V, 2y =0, Ve = —5V
2.13

—L:g' = "& .nyug ~tx~10kJL =loVv
R ° Tk

Q- (;2 ..33 4mA TR oddibonal curvent
Comes From tha out puk of et

o P.WP_
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2.14

(Cmin\ 2Rz« Ra (M Xioo) v R (13X,
R, R QX 100) R. oo

]
9,,.27([ is 4z tolerontz op M&&i::! (:.op

Join ().
G ~(O0V ;X uS mp—l0 G L -90
or wore precigaly: loo;‘lﬂ‘»’( G (100 95
-110.5°¢ G-4-90.5 fos”

2.15

Ly Ry=3k0

Ry =15k}
Y

@ Uy

=% R _ R _ 5
% R, R 15
v, = 0OV, v, = py,=5V
For 1% onR.R;: R, = 15+ 0.15kQ
R, = 5% 005k}
~R, R

- 4.95

= fr? = [5-2m 15 X 220

YT R R 15.15
= = 15 % 305
1485

=49V=y =51V

For o, = — 15+ 015 V 1485 x 293

15.18

5.05
pet =< }J5.15 X <=
Ve 14.85

=485 vy, =515V

:-’7& = 8.9k

2.16
ve% .-t s
POA Qo0 R
VNG -
Y = !; x %
D +
,0'
O,
‘f__._(__e.__ (A__I).-,,.R-.:roak.zzz%
IDOK -U _%

=R, = l00K 1,.3__ = 1.4%%5

shent Resistor Ra_ R, [ 2% a4k

Rax2 _ 149 =y Ry<5.5440
Rot 2 “

Gr-b Y-
R Ry
[ "R’/R. .......LT.__,_QO.SVV/V
(o)
v I+ (H-fg-)/ﬁ I+ Lol

— Y/
= 0. g.ﬂo-g
. "

© Assume R;,Rx i|R, hen R =ik

=100 V,

B3 /V
K-V U -Us R R, % _0)
R’ Rz i (‘:;o woo) loog °

R’ = =0
/ J.00]

=0 819K -‘-_&BL: Rx
R,+Rx Ry

o 5.8FKA IIZ
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2.18 ,
v,= —Avw.=y_ — iR,
()plfaac of the inwrh'n} input terminal iRy=v_(1+A)
ij Ry
')«-.. . SR
1+
wil from =0V to ¥  Thus Lo
A {000 (oo the dml Again v, = LR + v.
. . 4 '
the virtoal grovn will dtporﬂ' From iR, ?A

Voltugg of Zero b]@ maximum of TlomV.

SoR, = % =R+t
1y A+ 1
2.19
2.21
"‘R&/R'
R' =R | R G = L -
1T |+ LHR/R,
A
In order for G’ = G:
B W— G- R,/ Ry’ _ =R
1+R,/R’ R,
R T Ll
A
R,R
R, = 1%
! R, +R,
g R+ R
R, + R i 2 RyR,
= = o] ] e
R'IRC Rl A
Riu = }‘i = O
' . ~ (R, + R)A = ARC+R¢.+23(RK+R(.)
b) For A-finite: v; = —-2, ¥, = 4~ iiRp 1
A RA=R. + GR, + GR.
R
Uy . Ve o F R A-QG
z'_..—-*lR_:?R FE v =t —
=1, A P n i ]~§~.!. Rs TG
a
- Y Re
Ri i 1+A 2.22
C"zf_g.LLg‘.L.__. G . = ~Re
2.20 . LaEilE, roninad = @
A
R, e:l&:&:m«;ﬂl=1&____. _\\
AAA Coponinald Grominek
{ ; 4+ R2/@
A R e_.‘ ] -\l,‘_:,_______—-rl'* -
‘+1—"=—K~_~ Rile, V+ l R/ | A~ 1)
A 1t

which cam \m.mum%d to \(MH.:
B e ARG

t

*%x— or A::(l-(z;“‘d)('é'”’)

B
]
\/

r 6 inaf =-10€ V/v ond 6:(02-’-"0»/

Aot
A = (lwao)(_gi ~1) =201 Y\,
This is Ha winiwsm requiced value for A,
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2.23

@ AlGL/0l 1+ R/R)
AATA A

(b)—-—1 = 0.5%, AA = s0%. B = 100

0005 _ 1+ 100
5 A

. loics

(005) = 10,1 k

2.24

Vh . _ B2 Qe+ f__a.)
Le R,

For R = ,‘-Rq -lN.ﬂ- » .-ny% _g,..(].'- 14+ )

Q) .(..-’33. —-'OV/ =ty jo= lf# .—.7&4-1.";1,

b m_ -mo%_o,uozau. ,..L.Hp.:lo

O 12 ..
C.) _,.ul-::. & - 2"/0.” L:lft ﬂ.,pR’-m 2 C&N‘ﬂﬂ{‘s.

2.25

Ry/R = 1000 R, = 100kQ =R, = 1000 O
AR, =R = 1000

v, ~Ryf. R, R
b)—"::w.:(l.; A I ")...,w
vy Rt R‘ Rz 1000
R, =R =R, = 100K =R, = .J0K _
1000 —-2 ™
1000

R, =R, = 100k}

2.26
% = O”L’Rz "éf—‘iavvyc""’!%
z‘-—z—,ﬂ@i R! !
o R,
Ve=G Rallfs — _o RaRy

RllRs+Ry  “RiR+RA+RRs

B o RyRs + ReRu+RaR4 ,(+@3_+_@1
Yy RaR3 Ry = Rz

Bof - e

Oyvy Y ~RifRy
gi——._&u,.&ew%&
oy 2
2.27

a)R,

= R_R,LR

R (R!IR)+2 5t =R
R?“(R11|R)+§“(RHR)+§

]

Ri= (R I B+E = R+E <

byv=Rl =Rl,=1 =1

g = 1+1 = 21m1r|+21>(§ =

RI+RI = RI,=>1, = 2]
Iyyn = I+ 1, = 4= u+ 41 X%
RX21+4I><§ =

1y = —(H+4D 1, = 81

Tn Iy
R k72 R2

=

2
Rl =1, = 4],

RI,

Rl

+
e, =1L R=~-IR
=~LR=-2IR
= ], R = —4IR
2 U | I_e e A JR e ]M‘: .
vy IR+ ,’,,2 4R 812 PR
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2.28
a>g-_SL.~o\MA

Ifli'o B W\A le‘o’lhzix‘ooﬁ:,.f— lo
X _\OMAx!oo.ﬁ all

b} u;zaLtL+\% s ILAI;‘*.I =16.1mA
(Ve RLx\DinA.‘,L)‘;’ .
= L‘.‘.’.?«?.. =Ny - '-‘:’éa&\;ﬁ =\‘—|
K (L9 RLW 1o 0.0

Q) lboJ\.(K IR
I 5*’3\\,3 “-.,ged al 164w A
o v, - Rtst*ﬁxmw,.dt(‘}éwﬂi

2.29

o) 4 =20 = ¢ =20¢

“l

~JOER {, -R(«'

R = (OK.ﬂ-n Az
20y -

v
b) R =tkN -zzgagz o
V= Rt wfokh n £ = € (KA ELylo )
1 I i
U oz CIx20 410) = 301{
o

1 "..w_ﬂ_ e :L% (: '2' anr 0"'(!.
G 3. > 3o € 855 Ol

7, =0 -=-)-4‘.o =0
g_—’-ﬂ(‘axz\MA
From poarta: %:&Dt-ix:QC’ mA

2.30

= 100 k0 — !051'35—1-3

R, = R, = 100k

Y . "Rz(R‘ *R4 + l)

v Ry
Yy —RZ

Ry = 0= -2 = wd = ~1 =R, = 100KkS}
Yy R,

R, = 1om=-.>3’—° = 10

(10 kﬂ+ 10kQ ‘)
R, 100kQ

+10 = (.’.9 + 1,])=>R‘ = 112k}
R3 )
Potentiometer in the middle:

Yy _ 5 5
== -1 + 2
v (5 Ry 100 ')

- 1.87 viv

)
i

&
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2.32
we choose y
the w&gk&:«) Sonmntr tontiqoraly
3 " 2.35
%,,[qq*}f&] o Ry R V.= v, + 20, - 3u, - du,:
3 [ For a weighted summer
" o 3. circuit;
t = S
Il "'RL (‘2 2 &_ Vy = oy "R._.‘?v-{- &B.g 11355 11‘-—‘:»
' Ry v RiRy,  “RRy Ry TR,
'R {.‘z é‘ Od m A Far ({‘,L;,}V = ¢ R, R R. R R R,
R S i T e R M Sy |
R ,,{,,\. 1ok R, R, R, R, Ry R,
Rt R =10k N assume
R, J ';R; 10 =y RE = “Yorn
Re =
R = % B R_z = j20kn 10kQ
———————— 14 O~V
R2=
100
"
2 33 R4=H)kﬁ
V.= —Qu, + 4u, + 8o, R, = I0kQ =R, = 40kQ =R, = 4.?
RX»RXQRSB |0kﬂ = ]33kﬂ “
Ry Ry R .
— = 2, “F o pha .
Ry = 10 k0 1 f z J
s =R, = B0 kO R.=40kQ, R =R, =R, =10kQ
R, = 20k}
R, = 40kD 2.36
s 3335"‘-(’-"“06)1-0-015&\ (2nyxpoot)
. 2 =35 (ANx6ot)— 0,00 5,0 ( 2n xjo00t)
The ocukpuk siaml shoold be . we Went To have : U =100 —100
= (B R

'Jo' = ..58«‘«(»&: =5
F e assome 1 Uz 5Sinwt

]
.
= 2V }9-4{425@ G =0 R R oy Re

U, =
()
In a weighted sowmwmar cn«'&:ax)m'luhn: R R, 3 -k;
3&_:4‘ ”33.:25 ..R._a.:-_ Re =lo Re .. ) fn K2
R, R, R R, 2 Ry 0, Rz6= R - 100
n
R, =16k =y Re = 95K =R, = Do x et g = &_zR‘sz:(ok-Jz

o Re= jogk_n

Rb = (Om

! D o
i ’ /.—-4 (J;
-S’Z Wu o U;;_ &
) %a' b

00, \oxfl-yous., 10x0.02 Sm‘}mtooot
v, :O-QSM(.innooot) ~O'1\<¢.}° {0-20
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2.37
This is a weighted summer circuit:

2.40
Re . Re _Re Ry )
Y, = —(—k;ﬂo"'i-' N +*~R§'&+R3 e .= u. = u,=RXi i=100pA when
v = SeXa, wo=SuXua »= 10V
write: ’
e may = Suxa, v =SvXay ok =10 _ ok
5 5 0.1 mA
vy = =R (30520 405“) AT TTORCARTT ] a;) Agindicated, i only depends on R and vand the
meter resistance does not affect i.
G, 4y, 4 a
w= k(g gey)
v, = -g—g (2%, + 2'ay + 22a, + 2%a,) 2.41
v,= vy +3u, ~2(vy, + 3v,)
2.38 &, :
=L = 2ifRy; = 10KQ =R, = 20k
a-) 22.. - l:: '*‘,&2'_ er:l ‘=‘°)R|=‘°¥A R,w
. R 2%
vy : Ry = R, =lokJL £ = 6=R, =Y = 33k0
b).,o__.,_l,.t+}§z.;—uy 1 5. R "=

Ry =Ry |l Ry = 10K || 33k = 248 kO
) --Q =fol V/V I+ R’- = |FR =10 —;R HJ\. RFARP " 2!:) R,
d) %{. ‘°°\y _”%_’.; R |d""_.~.? &—q% (1 +,3;_)§; = i=(: +§.'4'§)E,T.
‘ =1=906 R, = R,
Rp = Rpi|l Rpy [| Rpy =R,

2.39 1
LN B
Ry =10k Ree  Rpy Ry
R\ R, R,
1+ 2E = 3m9, =3 o =3R,
Ry = 10k ( \) 2 =906 o = Rp2 23R
S
_9X3R,
Ry=10k2 — Rev | Rer = =37 = 2.25R,.
= " -

Rp = 225R, || Ryy

Short-circuit &,
. PRyt Rpy = 225 Rpy = Ry = 18 R,

v - Ry = 10kQ=sR,, = I8k}
Short-circuit R, Ry =910k = 90k
£, =3X 10k =30k
3.3k Ry =20k
“ O— AN
10 k2
LE (>——-W & —_
10 k) 90 k2 b
—»_.«'m vy O—AW +
30k
R! e O

> .
18 k)
-2 i
24

-
-



2.42

Yy 5y i

YU R E R

p o U, U n (l Rz)
-— =Dy, =y 1+ =
Ry R, ¥ R,

From the two above equations:
,

_ (,+RZ'X R, )m 1+ R,/ Ry
ki3 R; ,R3+R4 1+R3/’R4

2.43 Setting v, = ©, we obtain the
output component du¢ o v, as:
v, = =20

Setting v, = o, we obtain the output compornent
due to v, as:

- o+ RR) 2R Y
or = V1T TR ATOR + R

The total outpht voltage is:

¥.= rqt v =20(v;— vy

For v, = 108in 27 X 60t ~ 0.1 Sin 27 X 1000 1)
v, = 108in 29r X 60t + 0.1 Sin 27 X 1000 1)
v, = 4Sin (29 X 1000 1)

20 v,

2.44
Do 21y Ra e Q=) o e 1l
O, \ x. x x

o(xi\\ oy "4%’ Lo
1P we odd oresisStor on the a,munl poth
Do o)y Yoxlxiok

G Zuiok +R fﬂ %—1
: ! L,
Goin _ 1 when o > 3

Axo mmy 2 =t Jdok

—y Rz 10X f}:— o. SR
20

Chapter 2—-9

10 k€)
A
Y

e
4

10kQ2

1k{)
A

Y
1k}

u

(-

L
T+10

10 o

vy =

Vp)

.46

100 kQ
A

a) Source is connected directly.

vy = 10% TEI)T = 0.099 V

[ 22

0V 1 kQ

| ®

Current supplied by the source is 0.099 mA,

b) inserting a buffer
H

100 kQ >,_m_ w
4
iy = 10V
L = }-IS}T:: = 10 mA

current supplied by the source is 0.
The load current £, comes from the power supply
of the op-amp.



2.47
"o/A A - T
+ 4
L
Yy £ A
Yo . _1_
L 1+ 1
A
error of Gain magnitade
Yoy
Ty - 1
i A+l
- 1000 100 10
A3)
v
Vorvy | 0999 0990 0909
At
Gain —0.1% -1% -9.1%
error
2.48
A =50VIV 1+£2 = 10 VIV
1
TR, = 10k =>R, = 90kQ
1+ B
G = E:Q = mkl -
¥ 1+ 1+ Ry/R,
A
G = LEMBAO 10 g3y
1+ 1F9010 12
' 50

In order to compensate the gain drop,
we can shunt a resistor with Ry,

Compensated:
1+ (% + 29_)
10 Ry
Ry 10 & B
1+ 20,90
+ MJEMJL
50

10 X (S10R,, + 90R,, + 900)
= 50 % (10R, + 90R,, + 900)

H00R, = 3600 => Ry = 36 k()

Chapter 2—-10

Ra
A
Y

g A B @ Uy
= 1wkaY . :
Uy @]

1If A = 100 then:

1+2 o
1+1+90110 11
100

90 ., 90

+ L e

G - ! 10 36
Compenssted W
1+242
1410 3%

100

Guncomwe usated

= &= 111 VIV

o A0 A (190 y)

Gy X Go

P
A

= A= G,F where F = l%qu L

x lo.m\
s

Thus for:

0.1‘1!m
103i102t10

=001 Go(vivy 110 102 103 10t

ACVIVY 108 108 106 107 10}

PRI

too high to
be practical
=01 G, (VIV) 1 1002 108 108

ACV/VY 108 100 108 108 1

x=1 G, vivy 110 10 1t 10!
A(VIVY 107 107 10t 108 e
=10 Ggovpvy 1100 1 108w

AViVYy 10402 108 108 1
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2.50
for non-inverting amplifier
G = Go ,e*-:-—n--———G"“GXIOO'
1+ Go Go
Pe
for inverting amplifier
=Yoo & = Go— Gy 100
1+ 1~ Gy Gy
A
case Gg  A(VV) G €%
(VIV) (VIV)
a -1 10 -083 16
b 1 10 091 9
¢ -1 100 -0.98 2
d 10 10 5 50
e ~10 100 -9 10
f -10 000 -9.89 1.1
g +1 2 0.67 33
2.51 when potentiometer is set to
the bottom:
- - 30 X 20 -
vy = v, |5+~————-—~——20+ 106 £ 30 10714V
when set to the top:
' 30 X 20
2Z - D e . V
g 15 + 30+ 100 + 30 10.714
=~ 10714 = = + 10714
pot bas 20 tum, each turn:
2 X 10714
A(la £ w—-—-—é—o——w = {07V
2.52 Notica Hat
we have : %L:K:.. =100 |
tinereFore s R le
v, = B v

= S A= :'V’
> Z >A__;_§_'z.l0/‘,

R,'J = ZR‘ = .20;.51.
I Rz , Ru were ditherent by (] 2
1.

R,
——ﬂz:- = 0.99
) Ry

2.53
If we assume Ry = Ry, Ry = Ry then

Ry = 2R, =R, = %‘-’ = 10k}

a) Ay = %’ = 1VIV=3 R, = 10kQ

R, =Ry = Ry = Ry = 10k}
Ry
R,
R, = Ry = 10k

-

b)A, = =2 = 2VIV=3 Ry = 20k} = R,

o A,,=%’== 100 VIV=> R, = 1 MQ'= R,
1

R, = R, = 10k
R,
R,
R, = R, = 10k

d) A, = = 05 VIV=3R, = 5k} = Ry

2.54
Considering that v_ = v, :
Vo~ ™
!’|+"———2—-—— = 52231'0 =y T
vyonly: R, = 1—;‘ = R
R
A
i R ’
(1,%
b 14y
0
A [ A
e A | A
= R =

wonly: R, = 3.1'2 = 2R

-.E-::“'JM

Y
R R

<b
iH



g hetween 2 terminals:

Rl = y = 2R
i
v, =y =0
R
. Av
R
[¢]
]
o L
1 i P
| A "
R R -
w3 connected to both vy & vy
R, = ¥ o R
P
L i =§;~i

b—@ 11
¥y

A A
- \ ¥ =
ts R R4 -
Ry
Uy Yem R, + R,
v, = v
i‘} . L’Sl“
- Ry + Ry
o R 1 _ s R,

i 7‘;1 - R_; LR, R R R+ R,

‘ ;
[ 3 RS 4 ¥ ;L

Cot .
ROR TR, RytR,

e
v -~
b T4y
Ve O~ »

Chapter 2—-12

N R‘ . Wi 5__2~ .’R_i = .uR—z)
if we replace ;{-3 : with R \K, R
R, R +R; Ryt+Ry

=Ry = (Ri+R)| (Rs+ Ry

2.56
Pem - Cremt %*Ru('- tﬁ)

The worst cossr s when ke has ivs

MmaximUOW yalue .

(\—_.L_.‘L

..L«H R, Ry
Rag

Max A, =» _&3_ has te be ak
volua and alse "_Pg. hos te be wmintwdu.
1°0~:t(_&5_ 1004%“ 1609 $ _@_ﬁ_é ootX

e =

ts waivne

teorx Ry 100-x oo R, \oo.x
% i Re . \Go-x & B2 . |oo-x
Ry 100 ¢ % R, oorn
\ |~ l8o=X 160X
= S ———————
s Max 100-2 oy ( \oo¢x. 160 4x
1worn
A Hox = (mo-q-.v.) ..ueo—z) = 2% ek
1“’ jo0o + X 160 £30 5'0

* jo-! "5
Mm,lo.ool 062 od

CHRR = Q.oloa\ \ . New We hove to ealelale

Al vonaed ov\w;.ﬁp.u wa chose Forﬁ Py_(

Hoek gove s Ay, -
Q;,;R&:\oo-x

U= O! *Usq W@P(\,\V\% SuP(\"PoSchU'\
V, = .%z..o + U J:ﬁi_.. U+ R’-)
‘%: Mﬂxu*u ("+ ?:ofx
&) ~-m___. 1 4+
{eo+x.
;Y— wi e C_pv\5\c1¢f \oo-x | .-."-37' _"_'l
YOO 4 ‘-"A Cont



O"RR& Q1o (-03 %Mz 10Q°3_«-x!?—— =
(Y4

*xe - \ s
cMRR 54db 34db 204k
2.57

=R () RaRy
o R+ R‘(, R,R,)

In order to calculate A, we use Superposition
principle:

Ry R‘ ( Ry
Vo = by + vy = —~tty + Dy |+«3~)
Q (1] o R; 1 IR;“P R_, R,
then replace v, = v, — 1;2'
. v
vy =Y, —
P i 2
- 2 R, .
Yo = — RT';"ms + _R?"d}z ¥ Vo
1+ R v
Ry, ¥ |+ RR,
e
1+ E—‘ I E}
L) 4

Ri/Ry+ 1Y Rof

R, T , b 1
vy = -”wﬁ-it k2 1+ RiIRy !J
~fRy

L I S 4 =2 ol e S
RR + 1% Ri RR, 71
e
Ad
CMRR = 20 log| 44| = 20 1og o /R * L
["t’m _,_.Lm(l - E_:.R;})
Ry i RiR,
k-
R
1224 2 R,/Réég
CMRR = 20og (274 22
1~ B
ROR, |
CMRR = 20 log | 2Fz 2R
Ry By
ROR

for worst ¢ase, minimum CMRR we have co max-
imize the denominator, which means:

R, » R (1+te) Ry = R~ e

Ry = Ry ()~ ¢} Ry = Rt e}

R
abse
R

Chapter 2—-13

9.0943.%’.

Tm

1+t

1+e

1 1~€

CMRR

i

2Kl ~-¢

2 Kb+ ¢

20 log |k

I+e 1-%¢
1+e

I~e

k(1 — &)+ (1 + e
e -

CMRR

[}

20 log

20 1o ’sil'

gl de

for € << 1.

ik = Ay = 100, € = 0.01

101
CMRR = 20 log JOL
20 loe 575

= 68 db

2.58
e PR () R By
A = BH R,(' R, RJ
- _..JQ‘L__(, _ 100,100
100+ 1000 100.700
A, =0

Referio 2.17- 52 - ﬁd
R, R,
R, _

b
!
b) Since A, = o,

IﬁAd =

100 k2

Yo

e

—
=

then if we apply V., to ¥, and v, o,

Therefore, V, = 4 ... 100
’ 100 + 100

v,

1% A _tz_m

{4
e

Similarly, 1

we know V, = V, and

= -5 %, =5

=0,

2.8 p, =28
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¢)-we aply the Superposition principle to calculate

12 100 k2 | 10k )
o = them (" P 12500 %0 | 10 k) + 100 kQ)
v, i% the output voltage when vy, = o .
v 4 is the output voltage when 11, = 0 e = A, =0
v, =0yt vy A

) ‘ R Now we calculate 1, range:
e ~25 % vy €25 =

1

100 k2 | 10 kQ <95
{00 k0 | 10 k(1) + 100 kO

=25 < tem X

100 kQ ~FOV € v, €30V
A
100 kQ Y
U . " ¥ e
il()kﬂ bt 14
n
100 kQ =
, - PB
H)kﬂdpgmkﬂ
a3
= +
v,
U, =y 100 k2 | 100 "
o2 2100 k0 [ 10 k& + 100

(“‘rmk'(%m‘“&?m)

v, = ¥ 50 we can consider v, . a virtual
Ve = v, X |

L Lty
e A TR (TR P short: iy = /2R, =i, = 511;—;
Now we calculate A,
o= g, = l’.‘i
1 2 5
100 kQ i 100 kG2 N <Ky
: S then:
’lr ‘y *
i3+ :I[l(}kﬂ DRy ¥ vpt bRy = O vy = RUmRz
A l: l 1
b [ B kKEN i(; _ i)x—dxlfmz
Ry Ry
100 kG
Vem Ay o . B g o= P Ui 6.;'
= ) =" 2Ry RyR
IUOkQ% :TEI(}kQ _ ) ! O
= wE fy = g+ iy = iy
=y, = '“[iTRA +ouga LR,
o= 100 k0 | 10kQ . ‘ N
' M 160 RO Fiokf+ 10050 4 8 v, = 2Ry + vyl
i DM T Vs
" oT100 Q2
v, = v, ~ WOk X and
fp = dp~ iy = ir“ﬁ“ﬁ

P T Pt o, FIOX

Ty U T o,



- fun g g
1 R
SR
Y= a, = ’[ (J
v TR, Re
2.60
a) A, = ;% =1, Connecte
and o together
a)
25kQ 25kQ
A C
Yy 0
Y Ag=1
+ A
S SR e
252 25k =
W= -tV
R
i)
A 25k 25 k2

25kQ  25kQ
A g ; 'c

The circuit on the left ideally has infinite input
resistance

e T P,
iy ¢ = +2 VWV
k4

Chapter 2—-15

25kQ 25kQ

% = +lyy
v; 2
v, = }-2’—' = v,
v 2
2.61

34 0.04Siawt V

300850 wt V

=Mlﬁwﬁ:ﬁ:&g&&ﬂl 2 0.08 i, ™A
3+oo‘1$.nwt;+5'oku, 34 4048wt V
=3- do"SaﬂbJe--SD"-x.L =3 ‘!O‘lsmut "4
= =.li. B o= l.sﬂz.ozs.n;lb»\f

Uy -y = -§.08 Siawt
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2.62

“The gain of the first stage is: (1 + %2) =101 If
< 1

the opamps of the first stage saturate at =14V :

“HVEp s+ Vs ~14VE10] p,s+H4V
= —0.14 V< y,, 014V

As explained in the text, the disadvantage of cir-

cuit in Fig. 2.20a i3 that vy is amplified by a

gain equal to v, (l + g}) in the first stage and
'

therefore a very small v, range is acceptable to

avoid saturation.

b) In Fig. 2.20b, when v . is applied, v _ for both

A; & A, is the same and therefore no current

flows through 2R,. This means voltage at the out-

put of A, and A, is the same as v ..

-~ By 4= -M=Ey =14

wm

This circuit allow for bigger range of v,

2.63

_@s_ R !
e 22 ) = o2 ir fe2k). 2y,

Ato.\‘°

CMRR = Qoena A

ronl Bl

IF oWl resistors are ‘.tlZ :

Psd o2

En order to talewlode A, | mpf\‘,vcmt—o
Both inpuks and note that v
ak both sulpul termainaly af- T Fest she
Now wa tam eveluale 0, 4 Myz.«&w
second shu.a,e. s wWob donr in probiuad 2.65,

In P2.£5 we Showed that (¢ each (aox resish,

hews 1%'/_ toleromea, A‘M of the &fferentia

onplifiee i3 A =2 -._?\‘ TRerefore the

O2an
overnll A, is alse x
Ll ey AL =L

S
CMRR < 20Rey zjl, 60db
;Y]

;:c.cL

Wt aﬂuw‘"

Chapter 2—-16

1 2R =10 ¢+ A . €2y . \/
= d %.Cn-_é.‘.),ao\ /\(
A‘u:oo?- un

CHMRR =20 le} ._....L 3045
onclosion : lar,c c.mm Comn be achieved L\{

hav.-\a N.lahvlla_ lo;ra,e Ag v tha Glesh Sf?e..

2.64

Ay, of the second stage is g—‘- = 0.5
3
R, = 100k}, R, = 200 k0
we use a series configuration of R, and
R, (Pot): R, = 100 kQPot (Fixed)
Minimum gain =

R")
14+ 2] =
( R,) 0.5(1 +
Rip + 100 kﬂ)

1
M
%)
/2
2R, = 19 R, @
(1),2) =R, = 0505k ~05k02
R, = 50.25k0) ~ 50 kN

R,
100 K + R,
2

0.5(1 +

2R,

SA=100=31

=§R;f+ 100 =
R

1

3

Maximum gain = 100 = 0.5 (l +

2.65
Vg 20
a) —= 1+ = = 3wV,
N 10 !
T )
Yoo 30 . 3 VIV
v, 10
D)y w, = vy e = 6V, =2 = 6 Vv
s
n(V)
A
OS5 = = = = — = — - =

~(.5
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¢) vgand vocanbe 214 Vor 28 V P-P.
~28 % v, =< 28 or 56 VP-P.

Yoy = 198V = —?182-

2.66

Ziy

* iy

Since the inputs of the op-amp do not draw any
current, v, appears across R,

, )
i\ =2
vp = Z I,in

we use superposition:

VT W T Uy

vV, 2z
w,only: V, = vﬁi' = m’j’(‘l

. i P U
2%("’) =y W ls:!R:>loI - 'E

15 b o e et e e Now if only {— v ,) is applied:
. 2 KR A2

2 A )

Ttz iul‘
vy = = e

My o g —any F Ifs = LR i

oy = i“_:Rggi g T

LR R
The total current due to both sources is:

b2 ; N (& 12

= 1
Iy ¥ Ly

i, = b 2=

R R R
The circuit has ideally infinite
input resistance, and if requires that both termi-
nals of Z, be available, while the other circuit has
finite input resistance with one side of Z,
grounded.




2.67
_‘_’L = , - :—, = i
W ScR  JweR ~juxtowid Y100 ri0¥
Y. 1®
% w0

KA E . sqane

b} ..L.. wmdicale s qo » bl Lince ifs-‘

JE msu!bs ‘n owfput' taw(ng the mpd)bf‘b
ey Yo . _.5.2_3.« ik Fre?uencj iF lowered by ﬂﬁufb’
ofF (o, rk_e.\ Hvz du.l‘fnl’ wWould 1y crease by afactor
of lo.

d) The phase cdoesnot Wl?c and e oubad
stll leads the wpub by 90

2.68 c
}__..
Rin =R, = |00K S\ - £ T
—
cR =15 .—.->C-:_!......M/(F —B:

looxt

with & <1 Ve iaput applied ,the capacitor
Charges with o constard corrent .
T:17. ool mA ond 15 vdlbage nies linsark:

CTdt ~i0s I b= -ton bt -
U'(,e')= —lo +-J--f ool benloe 2

e reaches oV at L=zt6RC:zios

tha voltay -
10V al €= 205470

and it reaches

Chapter 2—-18

2.69
T = —L_ it |7 = 100 V/V forf=1kHz,
wRC
then for IT| = 1 V/V, fhastobe 1 kHzX 100 =
100 kHz.
Also
3 _’. w W_Jmm =
RC = o = Sa X TR X 100 |0 ¥
2.70
R, = R, Thus R = 100 k{}.
1 =L
i ~To = | at ® RC"
= 3 -l_ 3 w‘ =
1000 rad /s RC:C TTEET 10mF

with a 2V-2ms pulse at the input, the output falls
linearly until ¢ = 2ms at which
=1, _ =2

V= UL, = C RC’ = —2r Volis
where £ in ms
Thus v, = —4V
v
A
2
0 2 "t (ms)
k11
2
: £ {ms)
!
1
1
!
L7 [
with ¥, = 2sin 1000t applied at the input,

] . ,
x el 0001 + 90"
IO x 1 sin( 10001 07)

v Af) = 2sin (10001 -+ 90
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2.71
R, = R = 20Kk{} )
e a) when no R,
M= re=1a .
. =1 B
@ =20 X 16 kHz oo € = - 1 (1) = Rt = —6281 o r= 01 ms
27w X 10 kH2 X 20 K °
C = 0.796 nF v (0.1) = -628V
B with Re: v,(1) = 4 (oe)fi ~ ¢ Fr
Yo o _Re/R ite de wain ic —F® ) ¥ Y ()i~ e )
*'; T+ 5 CR, and the finite de gain is 5 (Referto pg. 112)
There fore for 40db gain or equivalently 100 V/V vil) = —IXRo= AV s5 o ooy
' Ry ) 20K
we have: < - - 100 v/iv (1) = ~100(1 ~ emt/15)
SR = 100X20k = 2MQ
| w{z)
The comer f 3 ]
r frequency — R is f
1 -
97%6mxam - 2 Hz
w(w)
0.1
f > 1 (ms)
1
H
]
I
H

| S [ SR, ) exponential

0.1 > (ms) 2.72
Each pulse lowers the output voltage by:

fOms

) 1 10 ps 10 ps
Ay, = —m dt = = AU PS v
A, . [ .dt T 0m

1 ms

Therefore a total of 100 pulses are required to
cause a change of 1 Vin w{n.

(1)
0.1 T
e > 7 (ms) - 1(ms)
Tl 0
ey DR e e e - 8
6.28 <V 1 {ms})
~ 10 1
20
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2.73
- v
‘.—&:"_?&'-L:.- YR' L - ’hl 1:’
vy 3, Yz ‘&zfsc 1+5¢Ck,
wihich is an STC LP cirautk with o de goim . -t
.5 ms
of <Ra amd o 3~6b(¢¢q P .
RE; a “ Ry’
Tha twpub pesisramee. equad To R, . So For:
Ria 1k > R, =1k omd for de.gosnof20%8y
i :Ba zie => Ry =6 KA. -2
R, Ty 3
for 3db Crequinsy of Upga: ods « Atiule x10 “‘é‘g“
2 X
= C . "i!\; vy = _CRédi,
: . t
the unity goms Fﬂqu.wg '3 (0db) s Uo wHu2Z therefore:
} % cdb) For 0=<1=05:
20 vy = —Ims X 1V = -2V
o)~ - + 0.5 ms
[ .
a1 Fex and v, = 0 otherwise
- > H2) (4
2.76
i K
C
0.
2.74 . C'J'_,., ]
) 10 dlty — .
Y05y = —sRC = —s X 0.01 X 107° X 10 % 10° ;\’1 dt Uy=-iR
v
i 'V_
= =107 A
, i
Yogjwy = —jwx 107 = Yol = —wx 107 ! Slopea 2V 4V
I8 iyl t 1 m = /
o | ! — s
= l’i‘i = | whenw = 10%rad /s oS w7/ o } €ms)
L1 .
orf=1.59KkHz v ' :
for an input 10 times this frequency, the output ~
will be 10 times as large as the input: 10V peak-
to-peak. The (-j) indicates that the output lags the 8
input by 90° . Thus YO
. 4
ve(ry = =3 sin (1071 + 90%) Volts
2.75
05} 1 s 2
-4

~¥

@ 0.3 ms
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Thus tha peat value of Hha oulpul Squans wan
is OMmAxia® I, 4V T, f-m1m¢z’ ot B ’“b?“‘b

Is thi Sovre o8 the 'i&?vJ«‘ LiRH2),
e W‘ volur of tha ouwkpukis ©.
T increads Ha volue of *M°&*’—?“h*’°*°‘5

R haa to ‘oo tacveossd to Jﬁ-& 2.5,':&25“.&

Whea o 1Kz, IV peak {npuk sing ok is q,(fl\d

Y = Snartxrvoo t)
o sinusdidal signal ok tha oukpub.
Lt e o debermined by ont ol tha "0“0\0;4&
wmethod s .
Do Re dur _04xi6 %100 v ‘_,;‘y_‘i
Bty =16 251000 x Coo L2r1x1606E) dt
‘%Cé) PRS- 3 4] Cos (Arigi0e ot)

Thus +rz peaic Mlt‘f’dd‘ & 6.250 omd

the negalove praks occoral Cep, A ., ..
mg P A1 500

b) Lo = SRE oy Lo (jw) «-juIRC o UIZJuRCEHD
0; Lr

X oubpub i3 inverted owd Moo %0 phasssift,
der to -}) Pacter.

Up L) == (WRC) x| Sin( 2rix {000t +20)

Uy Lt) » - 6.28 Sin €2 txl000t + 90)

U, (k) = ~6.28 deiﬁﬂxloooc)

Sorne s before.

C) Th peaks of Hu oukpat womeform arl

equal to RCx(maximum Sope of inpuk wawe)
Smer the naoximum  Slepe  0eeors ak the W
Crossings , its volut is 2rirwoo . Thus tha prak

cubpuk = 2N rio0o » RC = 6.28V
The Ma.nw ptak securs okl wtes, ;...

2.77

RC = 10"% when

C = 10mF=R = 100 k0

= —sRC, 2(jw) = —jwRC
‘K',-

@ = —90° always

1

= |=dw = — = lkrad/s
unity RC

Gain is 10 times the unity gain, when = the fre-
quency is 10 times the unity gain frequency. Sim-

ilarly for w = 716 krad/s, gainis 0.1 V/V . (for

w = 10krad/s, gain = 10 V/V)
for high frequency C is short circuited,
o= ZR - 100, = 1k0
ke

i

vo . ~RCs _ —107"s

v RCs+1  107% 4

=2 Wigy = 100 krad /s or
fﬁd}, = 15.9 kHz

s L

P g
—

for unity gain:
o sl = [107%s + 1] = w,, = 1.01 kradss
0.1

Yo . 1001 2 g,

T

if w = 10.1krad/s:

@ = 95771
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2.78
Ra -2y Lo
.‘_’9....- 2 » sl which iste
3‘ TRAxE s *-%;—z

Eromster Lonchon of om STC WP Kiter wivie
o \m:ah Frequancy %ouw\. K"“S‘.‘l\. amd o

3.db %e.t‘mez
“The \\Lak-"ﬂ‘(w u\e«x t.meulom,lb awmadu.s
R (as ]sxa becomts vaglibibyy swaally So
we, toun  galeeb R\u \d\"-n-
To Dotain a W "*-*F"-‘( g ot of Uodh
(i, o} L ,B_k «\00 =y (l « VNS,

A

Eor o 2-db l-ru‘um% of Woo WL

e 3 PG00 amy Co 15.9nF
&<

;rm Hae Bode. Afo‘afw below , W see thak
\U'o \N,&ou.s to oniry ok Feo.0l Fy sloH2

/ ! " Fens

2.79
QU S NN !
" Z, 7, (R M_L)(l “()
SO AR,
(. K./ R,y
" (z L )u £ 5R,C)
AP

20(jw) = R/ Ry

K + )1+ R,C
(14 5o ) + wkec

“Rz/ Rl

)

1
hé 4 ._.._....... .
where wy R|C| Wy = chz

ayforw = wy << wy

RJ/R, —R;R R

Pz L = S = R

i 14,'1{) ¢l ihid
jw.

b) forwy << w << w,

Yy, . R,

-y W)= = e

W)z — 5

¢) for w>> wy and wy >>wy:

UO( W)= “RR,  ~RyR, (R«;)(w )
v, T+ jwiw,~ gwhwy, AR AW

from the results of a), b} and ¢) we can draw the
Bode-plot:

A
Y
+20db/decade —20db/decade
i i
RN
1 1
1 i
L 1 -
o W, W
RyRy RafRy
Pt i
Jjw Wy
HP STC LPSTC

. R . . .
Design: ]}3 = 1000 (60 dB gain in the mid-
1

frequency range)

Ry, forw>>w,

FH]

= R = 1kl=> R, = 1 MO
fy = 100Hz=3w; = 2 X 10D = "’
R,C
= C, = 1.59 pF
f:= I0DHz=w, = 2r X 10X T R,l

=C, = 159 pF
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2.80

vps = E2mV

vy = 001 sinet X 200 + w5 X 200
= 2sinwt £ 04V

2.81

Outpult Dc offset ,Usg = InmVxiooo= 3V
Therefore the maximom amplitude of an input
snvtord s the ona that resolbs s am oubrwb

pear cunplitvde of 13,3 =10V oy \,':’T'::o’ 1o MV

If tha oplifiier s capacity tovpled , Hrom s
Koy = 13 30l
loco

o>

1.4 mv

10 MQ

100 kQ

7 o—————-
o ad b 77,
e NN K
\_/ -

o Iz

ayly = g+ )2
open input:

vy = v+ Rolyy =
931 = vps + 100001, th

input connected to ground:

L)
vy = v+ RE(/_,” + _E:é)

s+ Rolp

= vOS(l + % + R:Iyi)

9.09 = pog X 101 + 10000 I, (2)
1).(2)
= 100vog = —022=5 vy = ~22mV
= Iy = 930 nA
Ig=~ Ig; =930nA

b) vy = —22mV
10MQ
A
I
In I
>~4»—-—0 ,
|
-
R=10MQ e Ip

¢) In this case, Since R is too large, we may
ignore 1 compare to the voltage drop across R.
155 << Rip, Also Eq 2.46 holds:

Ry = R|R,

therefore from Eq. 2.47:

vy = logs X Ry =1y = !00].30
Iyy = —80nA
2.84
RZ
A
C Y

_
]

c,

i

R, = R, = 100kQ

1+ B 2900
3
= 100k . 500 0
Ry 199
L 00m € e b
e, TS0 e <
318 pF
L coax 00, = - R

T TR % 27 X 100
= (.16 pF
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2.85 !

The cubpnk Comprnent  10E for Capod Hw‘i oopled ‘mpu—t“\ i
> r G V,=V =V, -
dur tovag is : > v, v
10 Vs - 108

U v cw.‘.ﬁ MR A Vos ot =

‘;n 4 os {ok. 1 - 4 H‘\r!ﬁi-.

6y =t (14i100) = HOQMVM uo_. o %s‘-u, “HV "\‘l.
The ,unomm‘»}‘ s >~-—-—-—-—‘§ : - V:‘ ond:

r - ’ u* 'Li . m

dut to Ty o0 Capuk }ﬁ\(“ v“ hw.\J coopled 17 £ P% A
bias current is : *.v_-\!“

y-fpefos , Ip,ofp-Tos Vo sy damy £

I, -0.3,0: oS‘ Tgy= 275 MA ) \
5' 0.3, 2:02 0325 pA 81 "1/‘ “This s m\,\smﬂ-u‘(r (
\; = ~Tb_1 x(w:'n M) | Yhoua Capocdtrely “"’N M(f‘ml‘ tase.

2 .2.12m
G ey )
\)'62’2 SomV AL 0°C, we expect

10X 25 X 1000 p = =250 mV
The Worst cas e larges t) DC oFfset Oul!ha,f. At 75°C, we expect

10X 50 X 1000 = *500 mV
. l‘ =
ol He ""“kP"J: is 4o 4So= US4m v ‘We expect these quantities to have opposite polar-

ities.

2.88
Ry = RNR, =2.qK%

2.86 (Refber to 2.46)
VaV, = os“‘TU ‘lV suv Vo=las R, Eq.2M7
: L = 05 (PM VO 30-1‘=x°$,,|"(=) %sgo_Z‘}(A

V'D_z\tl;s.‘.!“ (‘,{% L\L‘?_‘-.) ==?.OO3V =ro3;q zv Ir U;,;:‘MV

V(,:?V V*_a ~¥31R3:vo
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13..%&&2_\/_«:_ + 224 RyTay * Vs . o~
‘ Ra o= 3mv(1+ 1M0Y4 1004 x 1 Mo
I&.,.RJI'32 Loy 1\t Vos( 1 - = 0303V+001V
(R~ P\a.) (R, * Ra) V, = 0313V
r okl =» Ql 6 - v J"*L—
Ry R, ' Ry L os(ﬂ‘ Rz) 2.90
v W, o= Agw
=r D=t _ tou pA £ S
* 7 Tqax A =i = Aofy

1:“‘“ APPly Tt Some Cument as T, 4, 4iny '10‘; Jo(H2) JAH2)

othar exwd of Ry s thon b W tauacel auk thae ! to? 107

offset current e Ffeck ow Mt oub\»t.:o.ym 106 | 105

P -~ 103 103 108

2.89 107 107! 106

a) To compensate for the effect of dc bias current

Iy, we can consider the following model 2x10° 10 2% 10°

1 MQ

2.91  Ashe— g W
. kN /»)h " . £_)z
Ag=86db |, A=zH0db @ F-isownz

% Log /né_b)l - %Qoa!*gl_ - %Qng&o-mloak
= 5e-udt ede

2
l+&°{"z) = (1a9.5)* = Fb =0.50WAZ

Ry = R{ Ry = 10kQ} 1 MO=R; = 99k . y N ne
b= Aef, =1 %10, S0l qqaE mrE & loMHZ
Ry Bédb
A
Y

i i
> <>

b) the de output
voltage of the integrator when the input is

grounded is: V,, = Vns(‘ »v: %1) + L Ry



:

5.4 10°

¥
3
¥
! : -

10 kHz2 100 kHz

Ag = 83x10° VIV
Ap

x+jfib

Eq.225: A =

fi = Aofe

six10 = . 83x10° =’l+(100kliz)2
h . (.1.0_9_"5)2 £
k| 13
= 265
fyr = 60.7 kHz

o= Agfy = 83X 10" X 60.7kHz = S03 MHz

2.93

we have:
Ap(db) = 20 dB + A(db)

20db = 20logl0=> A, = 10A
Ay A, = 10x3x 10" = 3 x 10°Hz VIV

Ag A
A=t oyl = 202 g
L+ s, jf!lg A

6x10° _ 55
B
= f, = 603 Hz

fo= Aofy = 3X 10" X603 = 180.9 MH2

b)

A= 50X10° X 10 V/V=s A, = 10 % 50 X 10°
= 50 % 10" viv

oL fl A 10 H;
Haedl = 20 oo WHE o g5 0 Ly,
A 7, A

f,= Apf, = 50 MHz

CIA = 1300 VIV = 4, = 1500 ViV

il ¥ -
he JI |(},__,_$Q-_L:;f,lfl = M0 f, = 10 kHz

{ A

£ = 15000 X 10 K = 150 MHz

Chapter 2—-26

d) A, = 10X 100 = 1000 VIV

. 9

lni‘ = 103210 o A5y, = 10MHz
Ty Is

. = 1000 X 10 MHz = 10 GHz

e)A = 25 VimV X 10 = 25 x 10° vrv

- 10 5,2-5;‘“2 = J® = f, = 251 kHz
k

I+JI
Iy

fo = Apfy = 25X 10° X 251 X 10° = 627.5 MHz

2.95

Gy = -2 s
Now Rh| = - Aﬂ = 10" VIV

fo= 10°Hz

Wogy = = 27X 10°

1+ RyR, 1+20
= 2o X 476 kHz
j‘:‘ldh = 47.6 kHz

Yo_ “RIR, -20
TS —“, |+ 215
T
R
o= O-If:(dh:’lzl—@{ = "7—1:3’9“” = {99 Vv
)
’ i —
I o= l()»f3d,,=>:513[ = -2 - wovy

¥y A1+ 100

2.96
t+ R2 . 100V, -
y ° (P Fk_a.auua
‘:3‘“’ z_E‘:___, = 200 kH 2
:r%

Gq'd) =loo =y Pz - tm:\l _.S’.'_, =
t+} /931\‘ t'll‘o

C\?c.. ° ==z, = °
g° > § %betams = 21Kuz
Q-8 oy Fa Fau., ¥ Ko B4 o 1LAMKHZ
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:&)%3 = —100 VIV, fass = 100KHZ
1

W, = Wig l*‘i’Rx

b) 1 +%§ = 100 VIV, frg = 100kHZ
1

Ry
5= fs db(; + ﬁ) = 10MHz

c)i+%?“ = 3VIV, fia = 10KHZ
\

fi = 10 MHz X 2 = 20 MHz

d R o v, fig = 10KHZ
) R,

f, = 10MHz(l + 2) = 30 MHz

) »%é — 1000 VIV, fage = 20KH2
3
f, = 20 KHz(1 + 100) = 20.02 MHz

f)l+’;:—’:‘= LVIV, fi = 1 MHZ
1

fo= IMX1 = 1MHz

g) “% = =1, fig = | MHz
i

fo= 1M1+ 1) = 2MH2

2.97

"+ Béz-. =100V By, = WU

A
F‘: =z 8x )00 = BoOLHE

S = w2
or B = >B¥
2.98
fn 7 fo = 1 MHZ
Gl ! s b £ MHz

1G] = 099 = f o 0.142 MHz

The follower behaves fike a low-pass STC cirenit

1 -

with a time constatit T =

T [

£, = 220 = 035 ps (Refer to Appendix F)

-"2)=>f, - 100k X 101 = 10.1 MHz

— S
3a
u
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= B00 .
Go _ch. =Ro V/\/‘

2.99
a) Assume two identical stages, each with a gain
function: G = Co_ .. G_"
14+ })_9’_ t+ Jf / f ]
!
G = Go

,2
overall gain of the cascade is __.,.(._’.E'm
%)
S

The gain will drop by 3db when:
2
1+ (i}d_*’) = /3. Note 3db = 20log./3

Sagn = Fid2 -1

b) 40 db = 20 log G = G, = 100 = |+§—2
i
Frn = wf'k = LMHz = 3o ki
1+ 22
R,

¢) Each stage should have 20db gain or

. R,
1+ F: = 10 and therefore a 3db frequency of:

1

fr= g = 107 He

The overall £z = 10°//2 ~ 1 = 64.35 kHz
which is 6 time greater than the bandwidth
achieved using single op amp.

{case b above)

2.100

f, = 1005 = 500 MHz if single op-amp is
used.

with op-amp that has only f, = 40 MHz,

the possible closed 100 p gain at § MHz is:

Al =2 =8V

To obtain a overall gain of 100, three such ampli-
fier cascaded, would be required. Now, if each of
the 3 stages, has a low-frequency (d) closed loop

gain K. then its 3-db frequency will %\9 MHz.



Thus for each stage the closed loop gain is:
6l =

which atf = 5 MHz becomes:
k

|Gennn =

The overall gain of 100: 100 = —k

k=357

40
Thus for each cascade stage: fqy, = e
Suw = 7T MHz
The 3-db frequency of the overall amplifier £, can

be calculated as:
3

43
5.7 =G oy, = 36 MHz
.[2 ‘4/_2-
w()
7
2.101
R, £ /i
ay == = k. fap = = :
Ry l*rliz ek
!
GBP = Gain X fy,
fe
GBP = k2
R, =L
b)l+’-€—;~—l&f«m i

GBP = k{- = f

The non-inverting amplifier realizes a higher
GBP and it's independent of k.

2.102

To Ro~d (:3“’ 9L was Super Posfh‘oax

set Vzzo v

e
p A

Now Using Thevenin §

Theoremn go S,-Mpt:‘F& tha t'npu.t i

erewghs resolks ja v

Chapter 2--28

Vo “Q/R(z. '

Vija 148 |+k/.e/,_ 3“: -
v

'O'Mtkgult}t °

y’»: =1 Thevening . |
v e /W3) vening ec‘umlul'

3& g_&. Simdlan results tou be oltonrel

for ,LZL
%

2.103

The peak value of the largest possible sine wave
that can be applied at the input without output
clipping is: = ]020\] = 0.12V = 120 mV nns

120
value = =~ = 85 mV
2

2.104
The oubpat Vs “rr:ow\aolqr with te Slew) cola

of 20"//,(5 -Th order ke veatls 2V, ik balces
3 $ 20 1S5 = (SOns .,
= M M

m«f.’“ Tl MmeAA VA PU\S( Avdtla g \')o
": G
1

=
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2.105
4 <
P w
0.9
0.5
0.1 -t
e N — 3y b
W=12ps _
L+ 4= 02W =04 ps
t,=1=02pus
SR = (09-0.)P _ 08X 10 _
” 02 40 Vipus
2.106
Slope of the triangle wave = 20_._%’ = SR

Thus%‘g)( 2 = 10 Vips

=:T==4psorf=—}=250kﬂz
For a sine wave v, = v gin 27 X 250 X 10°)

9nl = omx 250 % 107 # = SR

d‘ max
- 10 X 108
=3Py = e AU .
Vo 3 X 107 X 250 637,V
2.107

. d,
1, = 10sinet = ~7 = lOwcaswtméﬁ’_ﬂ
d‘ t max

= 1) @
The highest frequency at which this output is pos-
sible is that for which:

Aol SR = 100, = 60X 1076 = o,
d[ may
=6 X 1

= fo 0w 455 kHz



LV e v,

The diode can be reverse-blased and thus no cur-
rent would flow, or forveard-blased where current
would flow.

(a) Reverse biased I = QA V= 15V

(b) Foward biased ] = 1.5AV, =0V

3.2
(a)
L Cutoff
o,
+1V o—Pl——
D,
+2V o___—-b‘-————-——-h—-—«o Vv =2V
7
Conducting 2kQ3: * [=2—(~%)
t 2kQ
' = 3.5 mA
—~SV¥
(b)
5V
1
5 —(+1)
$2k0 V= {2 !
Conducn\t;g D, =2 mA

1 Vo J——t—0 v = 1V

+2 Vo«———MM‘*“-
b, \Cumff
3.3
(a)

T,

!
P vy
|

V= 10V V= 0V

Chapter 3—1

)
Yo
> 1
I \./.__wv)s-/
Vj,e =0V V',w':-lGV
fz 1 k“3
©
ll‘
A
i
vo=0V

Neither Dy nor D, conducts so there is no output.

@

LA

T/'Y"W?\ .

V,, =10V V, =0V f=1kH,

Both D, and D, conduct when V; >0

(©)

V=10V V, =10V f=1kH;
D, conducts when 2y > 0 and [, conducts when v
< 1. Thus the output follows the input.



0

Yy

VN,

V=10V ¥, =0V f=1kH,
~Dy is cutoff when vy <0

®

U

L\ N A

Vo =0V V, =10V f=1kH;
D, shorts to ground when v, > 0 and is cut off
when v, < 0 whereby the output follows v,.

U]

A, =0V
i
!

vg =0V ~The ontput is always shorted to ground
as D; conducts when 17> 0 and D; conducts when
7y <0,

@

N\

I\ v N

R S

V,” =10V Vp_ =-5V f=1kHy

When vy > 8, Dy is cutoff and v, follows 1y

When ;< 0, D, is conducting and the circuit

becomes a voltage divider where the negative

peak is
1k

-0V = -5V
T+ 1 kO

Chapter 3—2

o

/X'”f\

L. sy N

sz ov V‘,‘,--'WS V f=1kH,4

When 1y > 0, the output follows the input as D is
conducting .

When v, <0, Dy is cut off and the circuit becores
a voltage divider.

£3)
1y

v

~10V

V=1V Vo

=-9V f=1kH,

When 1y > 0, D, is cutoff and D, is
conducting. The output becomes 1 V.

When 1 <0, Dy is conducting and D, is cutoff.
The ontput becomes:-

vy = v+ 1V




conduchion

cma\e. =

T-26

+= > ¢

-when Uz < 4S8V Di conducts
and Dz is  cubely so g OA. For
Or > 46V Dz conducks and
D s ot of{ Ythos dis wnned‘;nﬁﬂ\{.
mpot oz AN of the corrent
then CLlows Tkrouﬁk the ba‘&er%-

0SS ® = 4§V
= Sin” @'s-/l0>

conduchon anﬁ\t = W-26

‘c‘m‘\‘w,\ ,S. cjo\o_ Yhak ‘\.5 = 1DOmhk
s %l.\bﬁ-ﬁ Bva'.‘

XX = w26
2

-s_‘-;g i, dt
T

.
% 00 * o- Ti
TiO 0135

= 35 mh

= 0.35

iev'\‘ls =

]

Chapter 3--3

T§¢ U s veduced "‘"3 10% The
prak valve of la cramains the

sama
lppaok = 100mb

bot e Lrackion DS the Cadt.
Cor conduchion c.\'\mxsa.s

s wo28 . X-25m”(“7a)
rAis v
= A
3
Thos
lbavs:’ —’%‘- ‘00'33:;1
= 333 mh
3.5
5.:__0_. \s 0"lmp(
R
R 7 “loy = 50k,
3.6

The maximum input current oceurs when one
input is low and the other two arc high.

8-0- 0.1 mA
R

R=50k8
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Sk = (mA

//

c.on&uc.fmrj

1‘-5..&2;.). A
10 kR 5

"/3 mA

=0 D D )

* __-—'_"—-__b.lr c“’;"ss c.eﬁ&ud'ms

= V=
~5+72, (g
Skn 5(5)
2 =33\
~5v
3.8 (
101/20 )k S2.

Q)

‘ v
?(%,%)=6\/ e 20K N
I =

e = 0'225mk

(ton20)+20

V = _._.2,... é 4,‘“ sv
(onzo) +20
) 5w
PARR AR LA
-V *
10410 =5“‘Lcu,::ﬁ 1OHID 28k SL.
1D M N A\
2 4.6\ L. I’aQ___g. 0+10 WL.
) = = 2.5v ":_:.
3.9
‘2"*’5 =34%0
The largest reverse voltage appearing across the
diode is equal to the peak input voltage
1202 = 1697V
3.10
R, D
— J
O
=g +IR\
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3 Ut k. i
Z'D: peak ¥ % 50mA ‘

Ve
3y "‘f
i e
U;, prak = 3V
\yc,mvs - ‘:{...""S \fﬁ Glb
= L =
F[3F
:lt;?‘akﬁ /ioo = 3Omh
ib, avg = 3'{)2‘0 = 15 mA

Tk.c, max‘tmum raverse d-lbd’-( YDH@-L

Maximom favare voﬂ-a.ae. = AV,

3.13
v RED GREEN
3V ON OFF = )y conducts
0 OFF OFF - No current flows
-3V OFF ON - Dy conducts
3.14
07:v -
iy=1l e T=107
7 (3,51‘!’7,
i? =1, ¢
3/ 2 V 05 - 07
iz = ..,:.2_.. = g haes
i 1077
i; = 0335 pA
3.15
: v/aoy e3+fo.025 -
i:Ts e = Ty e =5(®)

-0%o.
5 (‘0‘.3) e. /0 o 23""6‘[0-‘5A

s 3BV
J 2
o-nv FHb mA
3.12 08V | 273. 21 m
-{HE: 0.69y 3-38 wA
5v 06V | 91-¢5 un
>t .
-1V 7, T 2T Let 2, = Ty Q\I‘;/g 025
2.
Uo Zp: 10, = I o Viforers
5@
pt ; V-
T T 7 f‘& = (0 = e o
] 1
J«'n,pno.\c = g
U5, ave = 25Y co AU = Up-U; = W
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3.16
To ealcolate Ts usa

- -‘\",,..
I& = T e V/nw‘:j:e’/?\oozs

To caleolafe the vol'faaa. at 1%

of the measvred correal use
i.: 0012, so,
; Uy V7
%‘r’"’* 0-0f = &-""-WL-
[}
Vo = Vi +nVrln 00
= V + n(o-028) In(o-01)
v |z Is Vv \'
1=} | a2 n=] | A=2
vl CAQ Cal |CVI|Lv
oF [In [6-9xi0™| 8325107 | 0588] 0.470
0650 |1mh | §.11x 1072 | 2-26x10"Y | 0535 | p-u20
0650 J104A | 5. 11x10™'?| 2-26x10™ | 0535 | 0-420
0% i0wh|6-21x10"| 2-32x10°% 0.534| 0.470

3.17

v
Lt T = To "V

and

\'£
I;_: Ise &/’“& = 1‘,/{0

Claleviate n by /-

T Y V.
e S
T,

Vz. -~ Vl z. “'V
Vr I IzAj "o ozs 1,, o1

n =

Caleylate Ts by :-

Vi
I = L, e vr

Calevlate +he diode voltage ot 10T,
by :~ -
U V3 = n %—In. %

vl] vl [al 1Lvl
omh ]| 03 | 06 | 937 | 107 08
iImA |07 ]| 06| 1-33% | 107 | o8
oA | 08|02 | 1337 | 107 .| o
ImA| 03| 068 2085 |1-43x10 | 0-BL
10yl o} o-64]| 1042 216x10 | O-F
3.18
ooo The voltage across sach dioda
s \/0/3

Ve/s
I =TIse" =:o""e.3?‘m
238 lmkh
-V,
6&';9%
-2
e C-025

:
N
i

~22-8mY
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With one A\'oét the current

'ﬁ\rouak v s
Vi/au
_:C. - I:s /nvy

Wit oo diodes i parallel , the

current s?(’u‘i's batween each diode
so that )fzxt- A!Oc!&-s each kaa "\a“‘

the current

. Yefavs
XL = I,e
- ¥a =~V
I{z_ - C”rTQ;J"‘
LR J I

’“\4 c‘\anﬁt ;v\ VOH‘O.S{_
AV = Va2 -V, = Y\VT ‘n(‘\i) = o- 1353&

‘Q‘“’i <.+

Chapter 3--7

The correat H«rouak D s

10 Ly ef\é‘% = I,
The currant ‘H«rouak D2 s
i Y Q'g‘t"““: = 0.0i- Iy
i B 2(0-01—1'1'2_) é’"x‘h;' €
®-+® Y

o (oo1-Tye™ = T,

V= = v‘l" ‘ﬂ(‘o(o .01 _1“))

= o0-025) ( ) = 2.2V
lo(8) —
“ZDI" Y= SOmV
-V la (-NEE_____ = x10™>
10 (10 -T,) Sox!
I, = ;o(to~1:,_) g,-z-

T, (1 + 10e™*) = 100 e

I:_ - 5'?5mA‘
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3.21

v %m'\

¥l T
Y.DL :Dg \/!

-
ey

i;;(q-

Givan for eath diwde

o%/nx 0.025
. N e . I o nox @
Te = tone -3 & °8/Ax0-025
100 %10 = Xy e o
’ o1 /n(o-025
®p 0-= >
n= t+-3%

ve eV = b (L) = BomV

-13% (szlo"z’) in (?"?‘LL,;EL) = %0
i(«o"- 4 MA o
R= 80/j = P = 5318

3.22

For a diode conducting a constant current, the
diode voltage decreases by approximately 2 mV
per increase of 1 C.

T = -20°C corresponds to a temperature
decrease of 407 C ,which results in an increase of
the diode voltage by 80 mV. Thus Vi = 770 mV.
T = +70° C corresponds 10 a temperature
in¢rease of 50° C . which results in a decrease of
the diode voltage by 100 mV. Thus Vp = 590 mV.

3.23
+10V
{!
Ry 2k
+
Vi
Dy
+
VZ
DZ
At 20°C:
VRI = V; = 520 mV
R, = 520kQ)
520 mV
] ow 22ll0Y
sokq L MA
Al 40“)(:,[ LR § "-A
I
40°C  20°C

4pA

1uA

480 520 mV

V, = 480 + 2.3 X 1 X 25 log4
= 5146 mV¥
Var = 4 RAXS20kQ = 208V

ALOC, 1 = }2 pA

V, = 560 -~ 23 X 1 %25 logd
= 85254 mVY

Vo, = Y50 =o013v
g



3.24

The voltage drop = 200~580=120mV
Since the dicde vol
by n,f"bx;Md.‘l't{y Zmy
merease  in terparatore , the ‘)undlo'n

JlN,umIvm.. most have mcreased bj

decreases
awr\zj 1°c
Rno . °

2 = GO °C.

Powar l:u:;cj J:Esi};aha[ =
S80 %107 x5 = 8-21

Tharmal Resistance = 4‘4~Fu¢lua ris;/ \
wy

=“0/g3=6-9"%|

3.25

. U /nV

i:T. € /nVr
5 .

0= Ts e /2(0:025)

Is = 12 >t'l0m6 A

Jor ourrmf’ var .m betfwaeen

iz 0-SmA fo i2=15 mA! +he

from

volfega. varies

0:-SX107>
Uy = 2(0-02.6)‘0\ (l-l‘?_mo' )=(_)__}_9__§_!
to:
-3
: ' [-S X0 : D340V
vz = 2(o 015) ‘“(Hzx:o"’) 0

90 He vo Ih34 decrsases l;d affmxt;ak\ly
Zm\[ for wud 1°C incroase in ﬁﬂpﬂﬂl"f-’»,
Ha Vollaja may  vary Lf)

FE50mV v the F25°C feqprab

Va;'ta.hbu .

Chapter 3—-9

3.26

. Ll

j= Te e InVr

Is2 = "‘"L'—--':;" = qu
Is‘ O xiD

For anhical currents

T, etn Invr . T, ﬁ\.ﬁ{n\}r
e’% = o4
Ui -U2 = n\rln Tol
= 26x10°> w10

L.E. THE VOLTAGE IFFERENCE BETWBEN THE Tud
DI00BS 15 *O.23V INOEPERDENT OF THE CYRREAT.

HowEvER, SINCE THE TWO CofRENTS CAN YRAY
gy A FAcTOR of 3 (0.5 mA To 1.5 mA) TUE
DJFFEQENCE VOLTAGE WiLl BE;
0.3+ AVTLn3=093VE 3.5 mV

S NCE TEMPERATURE CHANGE AFFECTS B3TK

DIOOES S1M oLy TRE DIFFERENCE VolTad &
REMAING  Cong STANT,

3.27
Rz kS22 L LY o
A . 1> 10 e
Vop._L N whare n= |
\V ‘I" @ v
Oz 0-7Y  i= I-45mh
Uz 0-6Y L= 0-02¢mK

A skebch oJ the 8r¢\‘>kfm1, wnshuchonto
debermine  tha ofu.u.h;g ?o;nt 1%

S‘v\o wn below -
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1 .1», (m k)
Iy
+T -1 d‘]ow
1o iv (.f;i\
.04
ok AD LINE
oy -0~ " A
ot

-
w)
TFrom the abous gheleh wa sse ok te

0”«‘-&3 Po;»\t waust lie behooen
0= 006 and 03V and 1x03+o

O-Ym b. Jo tu;\A e Po'.“& LY 2
accun an .znlms.ui ampk s
(o'ﬂ‘«eA {n

“az Vo025
i:03mh= 107 &

Tor
= U= 6e0-F mV

. -1z 9o
Tor 120-dmk= 10 70
= JF= 667F-9 m\

Yor the load Lina:

U= 660:4\’::.) L= 0-34 mi
Uz 630mV = L = o -33mh

L 4(mk)

640

03¢

036 load

o,&q ;:.::--.-_ {ing
|
4 i; »
@y “e o

()

Grapheal | = 0333 mh
Point U= 663-4mV

C""’"P‘lﬂﬂj The ampka:al resolls o Hha
2 powental  woddl st
/o025

A{’« i= 0'331-»4’;':

=2 = 663 6m\

wohick is ..\lan(ct.aa ¢G3 q) 0-2nV
gru&u-

(360 nd a‘rae\\ttaﬂu\

3.28
Sevatiue P«m\aa»'ss :
lk S

-+
v -:L—- + Xe= ‘ohﬂ
W == O g% e

——

C,

L= 1-0-3 - 0-amh
\

B2 U= o-zslm(%> = 06603V

0-3393 mh

#| J=0.3V

i: l"'o' 0:*‘ -

{

#3 g > 0-26|\ )
26 “(—-—33}—‘-,?- 06638V
1= [-06628 . . 2342

\

Dro i d&d no{' clungb. bﬂ mucL\
slop hana .
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3.29
02k N
‘Y vy
A +
N T Q ¥z
2%
©@ tp= t-0-3 _ .
= -Smb

(b) lrerative pma{ 518 atw»\ Op=0-%+V

0& ip= [MP:

$#l U=0-3V. ip= 1o

| 21502 = Lomh
. U/adr

w2 0 Lt =Tge / =2
* -J3
L. o
L

Qo Uy = Ul 40 05 L/C\

v.o ‘€0V' i—"“"l'% MA

LS
U= 0°F + 006\ 7

é ;:b: I~ 0-320
0.2

= 0-F20V
= -4mhA
#3
U=0-7220 +0- os\n( 5)# 11,— - D’JIL
= 0-FI6V :qzm\

4
U=-o -?rtéi-o-us‘,\»\(%\) # (o=

= O-FH6\

= [ 42mh

3.30
oV U,D_-.;:_;_. =0-36V

R :
3y lp= T, eUb/nw

Vo Goy
~ 3 —\,
g.o LD =lpy = ol ﬁ
-
= 7.389 mh
sope B2 003 oo
D 2389 T
3.31
Sl;\c_g... 2Vp= v\ s close fo o
ruboa 25V, wuse N paailed
pairs o& dicdss  {o 3.‘,\'\{— the corrent
-Q.MU\‘S

>
K
%

oo V= 2,[0?+01103 ]'125\/
=2 lUse 3 gets of At'odns
1- 2.8t

N=2-3

V=2 (o3 & o-\log,—'-"-;%);




3.32 ~ CONSTANT VOLTAGE
DROPMODEL
(@)

+10V

(®186-1= 10kQ:
0.86 mA

~07 + 10
. 5m£@ —

= 1.86 mA
~10V
(b}
+10V
—10v
Ip, = 0 Z(210) - 07 =0T = 129 ma
vp = = 10+ 1.29(10) + 0.7 = 16V
3.33
(a)
3V
,} 3_”_':)'7 =046 ma @)
5k "
L Doy
' !
046 - 03 | ¥
= (.16 mA i V:‘O\I@
= In 10k
a g
0 - ( ’}] 4 H
e 03mAY |
10 Y

Chapter 3—-12

1))
_ 07 - 0353 maA
100
@ -1.235 + 0.7 = -0.535 v@
0A Y
= -3+ 0.353(5)

V=-1235V (3

3.34
(a)
(10]20) k)

6x (3=
=4V

b —
—

I=—3207 . 9124mA
(107 20) + 20

V = 20 = 248V

i)
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3.35
— DT .
== EE R % cuanNGE = é-k?o-\)bos" 2 o n=|
o€y _ 190 .
(om0 = 3% _nzz
ii) peak = WJ’ 50
12042 - 0.7 _ .. v
R===3 = 338k0 For a worvant dnna-L loibed o xi0ls
Reverse voltage == 1202 = 1697 V. 9
The design is essentially the same since the sup- l » , A0 016
ply voltage >5 0.7 V —?-": = e_ = 09 o {-]
Loy '
3.36 BV= { -2.63y,N to 2-383m _ n=t
Usina the ea ponanhol wmodel
"3 ee ™ “5:263 N to Y- ¥bw  n=p
. B/
‘.D = rs ef ’
For. A +10mN uanNGE =1
100 mA
[ XV y 7RV 0'0%(0_025.)
...21:. = - & ‘_
o éz R
- 492  ~n=\ A v
t-22} ~ N=2. i _
.»7 ™
i . 10
% eurnge= 22T®L <100
lpy .
Each diode has the current
V442 — | )X 100 = +492} L = bl
( ) 2rek 21 L, o o0l A
(‘ 22\~ ‘)”00 = 224\% s=2 gad,\ dwod 2 has a 6rm“-513y\a.L
cesishonce
Foe a —iomV CAMNGE A' QL‘TI - 8026 255 .
. T, 0-D|\
: -0.0l
in -0 /A (o 02") 0470  Az| o
Loy b-gI] n=2 ?"’%’ fo = 0259
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©) T-w0p Ti= 190.4

.= D:0AS [ = oo
o 1oxi0 ¢ 2 “4Mo0u0""
= 2-5% 5~ = 25250
Volay = 0-0W/A
@ I= \ocy,‘ﬁ o= ?0?,«’)“
d joox 107 MYoxio™k
- 2509 = 231 E
Yo, = 0-1V4
v
Jr
(e) I = 800,k T2 = 500,40
= - ©-025 o
G fae So0x107¢ S0
Us = LWy
O3 2-
() T=co0un T = 40Dt
[, = ©015 . = 2e01%
PR 4t Loox ¥
= 41635~ 2 62-5K2

WHEN THE BIAS CURRENT iN EACH
DIOOE 15 zIQ A [ ThE DIODE RES 1STANLE
wiee 8 & 3.5ka . To cimir TRE
CURRENT SIENAL To A pAxiMum OF 107,
OF BIAS  THE CURRENT s1sNAL musT BZ
<! P‘A‘ TuoS , THE SIENAL VOLTAGE ACSS
THE "STARVEO" DjoDE witk BE

1.5 mV  wuicH 15 APPAIXIMATELY THE
JALUE To WHIEH THC (APUT Si6NAL
sWiNg SHoutd BE  Lim (TED,

3.41
@ Ve . R |
oy T Re (g [ ora)
= R
R+ry
WHERE [ _ Ve _ 2V
4T T
= 0.0sV
T
r ra
A —A/

Mé ‘“J\f J\, Q'll‘..
r,
= h * Rimkn

T (mA) s, Jor; (V/V)
0 O

10-3 0.167
0.0! 0.¢€¢7
0.1 0.954%
1.0 0.995
10 0.9915

(b) lf THE stenal current 1S TO BE
Lamiteo TO A IOI, THE CHANEGE N DIOOL
vouTAGe Aar, can BE FOUND FRom

_'3_9” - A‘V‘b/n\‘r - 0.4 70 L/
= = €

Tuus, FOR  n= |
A‘V\D = -2.63 MV 'T’L’)"- a¢3$ M\/
OR APPROYXWATELY % 4.5 mV



(bcont) For THE DIODE GURRENT TO
REMAtn WiTHIn 210 of HEIR de BIAS
CURRENTS, THE SIENAL VOLTAGE ACRASS
EACN DIODE MusT BE Limrred To L.5mV,
Now, 1F  APipeax = 10mV

WE CAN OBTAIN Tug FOLLOWING SITUATION

+3.5mV- +3.5mV -
4 T
%"nv W A—— s
= +3.5mV~ +2.5mV-

il

We see ruar Vo z 5mV ano

. 5mV _O5uA.
' oka - P

SzE FILURE .
Eacn DIODE HAS =504

Chapter 3—-17

Thus, EACH OIO0E 13 CARRY NG A CURRENT
SienaL of 0.25mA. For Tuis 1o 8&

AT moST 107. OF THE dc curRRENT | THE
AC CURRENT N EACH DIODE mMuysr AE

w1 ceasT Q5uA. IT Foows TwaT
THE MINimOM YALVE oF I must

OF ng\.

) For I = ImA, I.D’ 0.5 mA, anp For
MAximom Siénac of 107 Tz 0.05mA.
Tuos ig= Qig = O0-1mA Ano Twe
COAREIPONDING MAXIMUM Wy ;3
O.0mA = I0kaq = IV,

THE CORREsPONO NG PEAK INPUT CAN
BE FOUND BY DIVIOING Vy BY THE
TRANSMISSION FACTOR  of 0.775,1'#105

A = 6'.’%3;1 = [.OO5 V

s ————

dmA
Q; +V

é

Z 10 kSr

xl%



I = 1mA
Each diode exhibits 0.7 V drop at 1 mA current.
using diode exponential model we have

i

and », = 0TV, i) = 1mA
=y =074 Vo m(%)

= 700 + 25In{i)
Calculation for different values of g
vy = 0. ip = 0, the cutrent [ = 1 mA,
divides equally in Dy, Dy side and Dy, D, side.
=0 = =i 1~ 05ma
2 3 3
v = 700 + 25 In(0.5) ~ 683 mV
v o = o 683 mV
From circuit
vy mm b vyt = - 683+ 683+ 0 = 0V

. s . i

i = YV, e = (] mA
For #, o Ty

Because of symmetry of the circuit

o= = L6 = 054005 = 055mA

and iy = iy = 045

#

vy = 700 + zﬁln(‘f) 685 mV

L)

= 1y o T+ 28In(iy) = 680 mV

Chapter 3—18

w@ | by b= | L= |a=un=y | p=-y+
mA) | (mA) | (mA) | (mV) | V) | n+nlnV

0 0 0.5 0.5 683 683 0

+1 ]01 055 [045 |685 680 | 1.005

+2 |02 o6 0.4 ~687 | 677 |2010

+5 |05 Jo75 (025 |-693 [665 5028

9 109 1095 |005 |-699 |-625 |9.074

+99 [099 |0995 {0005 |~700 |s68 10.09

999 |0:999 | 0.9995 | 0.0005 | ~700 | 510 10.18

10 |1 t 0 700 0 107

Y = oyt = ~0.680

+ 0685+ 1 = 1005V

Similarly other values ate calculated in the table
for both positive and negative values of v,
The largest values of », on positive and negative
side are +10 V and —10 V respectively. This
restriction is imposed by the current / = | mA
A similat table can be generated for the negative
values. It is symmetrical.
For V,;> 10, v, will be saturated at 10 V and it is
because 7 = 1 mA,

For1=0.5 mA, will saturate at 0.5 mA X 10K =
3V

ulV)
3 {=1mA
10fp---=-=-5
[=05mA
5 S
— : AV)
0 -s s w0
..5 L
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3.43
Op-m. e current sowrca. it ) Ao - (4 - /;
tHe fo ouom3 omall - s:jn«l carey’y AVY G+¥R n\hk*{(
. (n= l)
" o =_nVr whset ot 1o loal
G= Y + WNr+ TR Tyt o3
J T o= % R
onF | - = O\
o NNy +V'-03F Q.&D.
o . S -
Ot Yect iy v Scly B) For w ducdus n cunes  use
- - SYALIAY ' .
Phasa Shft= - Jan '(-—T-‘L') T= VY- mvo.-3
R
= —Tan"(zw io°x 1ox107 XO"”-S“/::)
_ TRus
Tor a phase 3‘\\{4: o\S—‘fS‘O rae Lo Ao _ _mla - m(n\;r)

TS = m - =
Z:“‘O‘- 1.3 lO(\odq) % 0.025’ AV G + R (n VT) ¥ R
I

=

= m (u\’r\
= 153 M(n\h') +Vt-o0-%m
2 o} phase shift Q\/Iﬁls‘iaﬁ’
to IS?'O/uﬁ' ws (C) Lone %ulq/um Kw Vt-%lO\f' n=2
-24-3° o -5-21° Ym=l AV = g5.35mUN
Avt r——
3.44 » J
(“ m-'-3 h o - . m\l
. NG 1-63 ™
gm‘l‘-= \/L-‘b G

{
i

——
P
-
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Ve
R 5
+
Vo

=

Chapter 3-20

Vo
avuafl p—ry
= siqral D
model R% Gj}’lrt-

Ao = - T (RUM)

Mo .

I

-R1a)

Q.E D

(b) Gwnn ok DC T, yr-o0-3
R

Also Q = n\}‘l‘
5
We fane:
MWo . - _t
I Jﬁ“"Jﬁ
= - |
Ip ....:EL
vto3 nVy
> - nVr I
T |+ 0¥
V'-o-#
= —.g!;_ 3[’*0'?'
To V*™-o0-3+nVr QED.
for Al my
° I <5 LYi}

-3
-2¥0-015 . __10-0-} S$xi0
ID lo-0-3+0Q-08 S i

Ip 5 1-94FmhDTL, ~0mk

R= T-o. = -0-F .
i——ﬂl 27 = 4200

Thos The diwde shoold ke o 1OmA dwde -

() Fov m diodes """;l—
I.D: V-’-__Ko.;m i G: m::‘b‘n T!
AVo -\
I + -rl_i-
- ""
—Ip Ip
T-07m mnVr
= -malk l
I mh\y + |
V™~0Tm
= -mn\r Y'-o-Fm
ID \/".- p-?—m + mnVr
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+5V

= Yo

’D‘ R,

Diode has 0.7 V drop at 10 mA current
=15V whenR, = 150 Q1

Vive
,D = ,se

10% 107 = ,sem/o.ozs

=15 = 691x107" A

Voltage drop across each diode = ‘75- =075V

viv _
sy =Tse L 6.91 X 1073 x (0737095

=739 mA

I, = 15/150 = 10 mA

I=1I,+1, = 739mA+10mA
839 mA

5—15
R=2_"2=4170Q

83.9 mA

Use small signal model to find voltage v, when
load resistor, R,, has lower values

Vr _ 0025
= = = === = (034
M= T q3e - 00

When load is disconnected all the current / flows

through the diode.
sdp =1 = 839mA

83.9 X 10")

v = v,.xn(’—”) = 0.025 X ln( _
! 691 % 107"

s
v =0753V
SoNoload, v, =2V, =2 X 0.753 = 1.506 V.
Increase in voltage = 1.506 — 1.5 = 0.006 V
Now load is changed

Chapter 3—-21

Ro=1000: 4 =15 _

L L 100 15 mA

The diode current reduced by =15-10=SmA
AV, = -5 mAXr; = —1.7mv
R=75Q: 1, = % = 20mA
Diode current reduced by 20—-10 = 10 mA
vy = -107, = -10X 034 = —-34mV
R=500: 1, =15_

. L 50 30 mA
Diode current reduced by 30—10 = 20 mA
AVy = -20r, = 68 mV

3.47
I
S— Uo = I14V+
i|_=2nA MVo
‘Smﬁ, 10mb +o
or ISmA A

For a lbad ewvankt of z o Fmh, T
most  be arealer han FmhA. Thes
He 5 mA seure would motr d o

We are WEE do choose bebuamn Hao
1D and 'S mA sovras. The 15 mb
ssura Provd.va loware oad vaesolabion
becovse ta diodes will have wora
wrrent C‘.w.\vﬂ 'ﬂu-ougk Hum at all huos
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This  is shown helows:

Load 'Raoo\ak;w W& Tiomb

use LIpz _ ew/ 2% my-
(8 zdwwdas
) e
ooo = 3/ o o r/ 1
A\r; = —~120mV o —22.-3m\

So M peale bo pasle sppla 15

-120 - (-12-3) 2, -1oom\
Load Replahon = Mo . 100
. s

=-20 mV_
A

Lood 'R.nao\ak.aw fot T = 15mk N
change fom T to I3 m -cw'**f"""j
to

AVo = o1\ (¥/13)
= ~49ml/
) ~-49
Lood Reyulahon = 75

X -lomV_
mh .

Ihe obvious dcsdvaﬂkl‘j*- fd 'us-ni e
ISmhA sepply s the AoguIrEmIN Oé
‘ua‘ur current  and L-jlu«r pory

allss,)paltfm« .

Mlerrade solohon ol Lme'R.aghk.M
us':uﬁﬂ\n smodl S\Xvwd ~aundal
opan ;'-,

[ 4 “ﬂ“" . .
Sooe oo Tez2 o Tmk or U.SE 2.1 uh

2 Vo
213 %

Load Rnﬂohh.;u\ = 5:.;.:.,2. =—-204 =24\
[ b

<Lp
Whine e bias corramt Ty = 10~y -5 four
He (0mh sooree .
=D DVo . -2x2x0-02%
I lo~-y. 5

> ~1g2 MY

!

Fov 15 MA seuvra Tp= IS—y4.5

Ave _ -0/ = S
AT, IS5~ 8
Sketchh o.} eotpot -
Jo

$ v
Vo TGAMAANRAIATAAAAA B
A

P




+5V

15080

— —
-

Both diodes are 0.7 V, 10 mA diodes
First find V, withno load, i.e/, = Oand I = [..
Use iteration to find V,and I,

o= $=0TX2 _ 5npa
P 180 Q

I
V-V, = 2.3v,rog(-2)

I
- 20
V, = 07+23%25X 107X log(ﬁ)
=077V
I, = 5-0717X2 _ 2379 mA
180
Vv, = 07+ 23V, log(23‘79)
’ 10
= 07216 V
1, = SZ2X0T6 _ g6 ma
: 180
V, = 0.7+ 23V, ){)g(‘gl‘gé)

=077V

Iy = S 2X0NT _ 1951 mA =1
180
1t is atmost similar to earlier result, we stop itera-
tion here
V, = 0717V and [, = 19.81 mA

SoVy = 2X0717 = 1434V

a. Load of 150 £} is connected
_ 0717 %2

L 150
Sy = 1956 = 1981 - 956 = 10.25 mA

= 956 mA

Chapter 3—-23

So now

Vp =2V, = 2[0.7 +23V, 1og(~‘;‘:?~(-)—~25)]
= 1.401 V |

b. As found earlier, with no load V, = [ 434V

¢. With 150 2 load connected and V, is-lowered
by 0.1 V of its nominal value.

V, = 1401 = 0.1 = 1301V
Voltage across each diode = 1.301/2 = 0.6505 V

-3 AV VT
I, = 10X 107% where

AV = L401—1301 _ ooy

A= Ip+ i = 161 mA
.~ New value of 5V supply =
180 DX 16,1 mA+ V,=42V
So the 5 V supply can be lowered to ~ 4.2 V

d. New value of the voltage supply = 5 +
{5—4.2) = 5.8 V. Now do the problem again as
done in the begining and in parts a and b,
_ 58~2x07

= 244 mA
180

Ip

1
V, = v, +23V, log(—")

i

~

=07+ 23V, mg(?;%i‘—)

=072V
I, = 58~ 2%X0722
180
= 24,2 mA
Doing one more iteration, almost same value is
obtained
SV, = 0722V, 1, = 242 mA
Now when 130  load is present
1, = 2X0722 _ 96 ma
150

Sol,=242-96 = 146 mA
a 14.6)
2V, w074 23XV logl ——
D ¥ ’b{( T
= 07095V
Vo= 2V, =142V
.. Loaded output voltage = 142V
¢. Percentage change in output voltage
. 142 - 1301
58 ~42

> 100



Chapter 3—24

3.49
© Va = Vap + M3 Tar =
o = q’& * r‘. xsox,o

Pousr rah
Va2 = Vaot M ¥ 2Xo7
= 44 + ¢x100x107>

= 104\

P = 10-4gxi00xi0™> = 1:04W.

(b) V-;, Vzg + M r‘&‘r’

9.1 = Yo + 30% (0XID"
Vio= L 8V

V2= ¢-¥+ 30%20xi0" 2. 9.4\
P :=9.4yx 26x10> = 18%mW

(C) 62 - 6o+ 2x Tar
Tar = lO(,')w\A

Vo= 66+ 2%200x10 "= 7V
P=Fxzooxio™ = |-4w

@) ig= 132 &-(‘ex‘s;to"—"’
N = 1605

Ve =1F-2_ + 16Dx WXIO 2> = (8-FV
P= 183 x loriv™> = M

@ *6 = Vzp +1-5x 200%i0 -3

Vao = 3-2N

Vo= 72+ 1'5x I{aoxlo”3=’4~‘t\_/
P = 7.2 xuox10™> = 3-12w

3.50

(a) Three 6.8 V zeners provide 3 X 6.8 = 204V
with 3 X 10 = 30 {) resistance. Neglecting R, we
have

Load Regulation = —30 mv/mA.

(b) For 5.1 V zeners we use 4 diodes to provide
20.4 V with 4 X 30 = 120 0 resistance.
Load regulation = —120 mV/mA

3.51

S mall 6;3m] modtl for lme noulctﬁt;n'-

BT
A —o
-r
5 %s.n. >
° —
Dop - 5
AT, S+R2.
6\5"0 = %—T x &0".5
= 5 x1°3
37

1

F4:F m\/



3.52

My =30a
I,g = 0.5mA
Vo = 25V
T, = 1amA

7.5‘-‘- VZ.O +)]dx30 % jo-3
=7 Vzo =724V
Iy - 25 - 6.5 A
l.

Seceetr T = 10 mA
so TuaT IZ = 3.7 mA

WHNICH IS IZK

R. I0-2.5 _
=5 = 250 .
v Lo
f 1.4 kL
FQR A\/* =7 \

A'\/;) = + X 1.1//0‘03
0.2509+().3 // 0.03)

F oV

i

Chapter 3—-25

THUS Vo'_'. +24\ 50 *7.6V
with V= 1IV Awp IL:'O

Vo = Vzo 4 ._._..._”"V" x 0.03
0.25 '

= VO = 7.55V
RY,
R

Ve

LMM

n
>
S
=
b
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3.53
15V 2'10% By
300k
R {,I, %
9 0 883V
L 3 < Vz
03mA §
{0 mA{ - Ry, +Ik,‘
1k0

V.= V,+rld Lowest output voliage = 8.83 V
9.1 = V,, +30(0.009) ) . Iy 30

20 Regulat = 4 v
V., = 883V Line Regulation R+r, 300 + 30
V, = 883+ 30(001) = 913 V = 9o MY

v
Iy = 9.13/1kQ = 9.13 mA

I = 10+913 = 19.13 mA

, ion = —{r- = —201 mv
Load Regulation (1| B 9 Y

S 15013 e

19.13
=300 )
15 -V, \%
V, = 883 + 30(;“_5 _ Yz )
‘ 300 1000 3.54
= 103322 _3
0 100V, .
V, = %14V \S:s R *
| D
v ms83+”§()(15i1'5"vz_ ‘1) v
S 300 1000 | .

f

(883 +154015] = 9.14+ 013V

113 Us;nj Ha constant uol-‘a?.lz, Jrop mode( -

~20.13 V variation in output voltage Halving
the load current = R, doubling

Vv, = 883 + 10('5 ~ Vs Yy ) vg" v
20 T 300 2000 Weal = 17 520
3 A ©
10.33 : 1 v
w2000 = 926 Y
1115 6 l +
£ 9.26 ~9.14 = 0 increase i
20926 - 9.14 212 V increase in output L& 15ka Jo
voltage. —
At the edge of the breakdown region bt
V,=V,, = 883V I, = 03 mA
883
R[ e —
" 135 - 3383 -
I e (3 0063
300 0.0

= 578 £}



C&) Us = U4 +0:F V’ Fov 03.5.‘0'?0
V=0, fov G 0V

’U‘s

Q’) y 3 84

-f:v./-\‘i éﬁ/\

v \ 7::
-5V M&N}V \/

(©) The dode comdurelo of mnmaﬁn.
&= Sm™ %Lg_- = 2.67° £ ﬁ"DPS

at- T~ > 177°33°

Thues Ha m&uc\-ww o.yoﬂ\»l:\b w-26
= 1246 6° o 3.05 «d.

e
U—;:*"Q': -”?_%g 15Smp-0-7F Y

o

IS
1| ~1Blosh -0 7P
W

®
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= =\ B xen®> ~0-% (w-‘z,e)]
rA'S

= -—40& 5!!

(d)Rek curvant w dieds s

103 = ¢.5,A
SAI0° 1 =

(&) PIV occors when Us = of s
PN ,uak. and Uo=0:

‘P = IS5V

3.55
D
N
| G
+ Uy - +
<
>
vs(iD R :: Uy
O
. u”i;\'.r
ip = Iy
i{! ) Fogy = vpla I3V,

e 2 g
in(1 maA)

i
1y~ wp{at ImA)Y = Vi ln—2e
D {23} ) T 1 mA

1 R
vy = vplat ImA) + V, |n[:&5}
Lo

Vp Mg T My

= py o wpfat ]nn’\)*l:’,.ln(%)

where R isin k{2
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‘{‘e'nA t, 4 te b%‘-
28 . 06S
T t

=> (:,3" 00657

}z= T"/z....D.QGS'T::. 0"'&3%1”

R o t
mlava = ‘!4: RT, (JE' oas) d

- L B [Aeen oF s#ADED
T Rt

ol Gy [

[QQb '8 34;{) =D 335\/
{020 ( =

n

120 Vims
AN Hr

Vo = 12,2-07 = 1627V
Conduction begins at
v = 12.f25in8 = 0.7

. 0.7
0 = sin “(—-“—»-)
12,2

= 00412 rad

Conduction ends at o ~ 0

. Conduction angle = - — 28 = 3.06 rad
The diode conducts for

3.06 X 100 = 48.7% of the cycle
27
LA ]
Vom = % J (12./2sing ~ 0.7)deb
[
= 506V

1,
in we = 2;% = 506 mA
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+ O

120V, “ !

Peak voltage across R = 12./2 — 2V,
124214
1557V

[

i

Vs
12V2V -y

14V |-
]

[} \/ - f

0 = sin 1A = 00826 rad
12.3

Fraction of cycle that Dy & Dy conduct is

=285 100 = 474%

2n
Note Dy & D4 conduct in the other half cycle so that

there is 2(47.4) = 94.8% conduction interval,
L

Vo gvg = 2'_21'; J {lZﬁSind) - 2V,,)dd>

¥
LS

= L 12.Bcosd — 14015
ki

2(12./3c0s0) _ LA(w —~ 20)

w ks
= 944V
ils‘.nvgv"y’;v'g = ?‘i:j} = 944 mA
3.59

120,72 2 10%: 24./2 % 10%
=> Lurns Ratio = 5:1
= 22, 10q,
2
PIV = 2V~ V,,
= ngf%-@x L1=-07

= 366 V
using a factor of 1.5 for safety we select a diode
having a PIV rating of 55 V



3.60

The circuit is a full wave rectifier with centre-
tapped secondary winding. The circuit can be ana-

tyzed by looking at v} and v, seperately.
[

® Wt ov,*
+  p L
Vs 1

Dy

ARAA
vy

-
X

"}07V

,.Lj (Vysind ~ 0.7)dd =
2w .

Yo, ave

=W g7 =15
w
assumed Vg>> 07V
v, = ’_5,_3,"9;&- 5 2466 V

Thus voltage across secondary winding
= 2V, = amnv
Looking at Dy
PIV = Vi~ ¥,
= Vi + (V- 07)
= 2V~ 07
486V
If choosing a dicde, allow a safety margin of
LEPIV = T3V

i

7
J J
ll ) ¢ e
" . »
\ ;
\ ’
5 /
N ! '\-\ .
N ,
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+0

A

o

3.61
v Sl
+ + i
120 Vrms 12Vrms = V;
- -

Vp

" T .
o V — 3
{h v, =(Vy VDQ)-“‘-CR Eq (4.28)

0.1{Vp = Vpp) = (Vp =~ Vuo)“czﬁ

co 1
0.1 X 60 X 10

(ii) for

= 001(V,— Vyp) =

@

) vo.me = Vi~ Voo~ %V,»
= (12,2 - 0.7)(1 - 9-21)
= 155V

i)

= 1619V

= 166.7 pF

Vo

Ya2.a- om0

vo,ag = (1202~ 0,7)(1 - ().f;)l)



L)

[} 2 we have the conduction angle =

wAt = ,22‘/ /(V, Vl)f))
X 0.1(V,~ 0.7)
(Vp~07)
J02
0.447 rad
Fraction of ¢ycle for

i

i

it

(’2“‘7 X 100

¥

conduction =

= T.1%

f (Vo= 07)

T A _
(i) wAt = J, X 001E 55" = 0141 rad

Fraction of cycle = 014 141 X100 = 225%

o)y
; _ ( i (Vl' no))
Doave T (}
- v()‘avg(i tw Z(VP ~ Vo) )
R MOV, = Vpo)
15.5¢ 2 )
= 1921
10 ( 'y"() 1
= 233 mA
() ip ay = M(} + 7. /300)
l[)
s T35 mA

Vo~V
NB nextuser [, = V,/R = £ BE

but here are used iy, L., 5

which is more accurate.

() ) ip o = _1,,(& 2 jlr s Two)

- 133 gy [1)
10° i

= 449 mA

U 16,19(, . 2 )
)] ok T —— 1+ 2
Y £y peak o { ﬂ‘.{()()‘

= 1433 mA

Chapter 3-31



Chapter 332

3.62

o Va2V
Do, = 0KVp— Vy3X2) = ;fa';" :
Aice Loy 1 During the diode’s off interval, the capacitor dia-
discharge occurs only over 3 T = 2 charges through the resistor R according to.;
c= :Zp - ix"")‘ 2 0‘1 = §33 uF v= 93¢ =930 - T/CR)

Ve = 2Vno) 20.DfR - vp= 93— 93(1 = T/CR)
o i .
1) € = i == 33 :
(i) OO 833 pF . 93T
CR
N _ 20Ar At 23 NB this is Eq(4.38)

(b) ) Fraction of cycle SAL 5 100 ® ICR “a

- = 093V

= /-(—M S X100 = 142% Vs avg= Vo= Vo — 112 oy

(ii) Fraction of cycle =973 — .'?: 0.93

0.01) ., -

HL;.)x 100 = 45% =B84V

©1) ip g = -’i"l?(x + TTJB%) = 119 mA (b)
L 15 49 to.v
() ip yug = ~22(1+ /. J002) = 356 mA 93 ;;R_. } V=03V

93 -V,
s 1479 Ty -
W@ = BB(1 4 20 j{; ) = 23ma _s.W
T
i) I = ‘5;‘9(1 +2m /002) = 704 mA 0 Z

At =

3.63 10 _ 093

Af =5 e

tl T/4 Al

At = 0.02325T
= 0.02325 ms

T 0

S
100 uF Tio0

=
&
i
A
14
=3
-

=

]
G|

{¢).. Charge gained during conduction =
Charge lost during discharge
ia g Ar= CUr

v ;= Cm_ 100X 10°°x 093
AT gmmsx 107
4.0A

i

4 g p avg
ii’. avg R

in, avg = l{.avg

I
= 4.0 »ﬁi‘: 4.09A

—10 V4

et B e



. dry
(d); , 2= —t
oma at at onset of eonduction
?_2!

at
100 % 107% % 40 % 10°
= 4A

in,max: i(‘ymax + ili.mu

= 4+ Yy e /100
4+93/100

= 4.09 A.
Note that in this €ase i, = is.. during to the lin-
ear input (i is constant and i, is approximately
constant).

=C

H

[

3.64 fet capacitor C be con-
nected across each of the load resistors R. The two
supplies. ty and 1y are identical. Each is a foll-
wave rectifier similar fo that based on the center-
tapped-transformer circuit for each supply, the dc
output is 15 V and the ripple is 1 V peak-to-peak.
Thus u,=15 = 1/2 V. It follows that the peak
value of v, mustbe 15.5 + 0.7 = 16.2 V.

. Voltage across secondary =2(16.2)

=324V

RMS across secondary = g’-?‘—i;_éz 229V rms
Turns Ratio = 120 5.24:1
bt 7)9" B ¥y

Use Eqg.(4.35) to find
il}, max™ IL“ + 277«} V,JEV;}
= 0.2(1 + 27w J155/2)
= 3704
Ve _ y
2fCR
Eq (4.28)
DISCHARGE OCCURS OVER 7/ 2=

i

32

S~

2
15.5
2X60% 75

where 200 mA = !7;

= O

Chapter 3—-33

15
= = 78
R o3 750

C = 1722 pF
Consider Ds when looking at PIV

PIV over D y

PIV= 1 + v,

= 155+ 16.2= 317 V.
Allowing for 50 % safety margin
PIV= L5 X 31.7= 476 V

use Bq(4.34) 1o find

i(),a»-g: 11_(1 + m/V,,fzvr)

= 02(1 + 7./15572)
=195A
3.65

[j‘o‘-’ o-t( 14 R/R)
= 2Jx UOI\RA’\ Hia d»lbd@ “.‘: CO/}A-

vcl—ﬁﬁ‘

@) Oz=+l\N uUb=2y Un=L32] ¢
=N
b =

Giey Vbead Uas B¢ o 2L

9
Je = -1V U’n":“_z___.\../ ~ dioda je caf'bjj

Ge=01]
Ul = 0V
-
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d)
G=2V Un=-2V uUsapy U =py
oy 4 e r'M--",e %
Sy
\-———-k__._ .
Lol
"'5' L—.
Ub, avg = Sv
3.66
@ 4%
L A e
2ey fom -
| :
!
1 ]
J 1
S
2.5V 3V
/ el
#* asgo e
::?o:dtlc"? dioda, comducts
a.i:d",:;o-?\/ mbk wlon,
Up =203V
®
a0'3y 1SV ox

©

%«
)
1 -3V
! o 3
-1-SV
|}
w3V .2
--{-2-5v
-2y
3.67
2y
gsbu 28gYzg 2
7k °h%
Do ~Ue =Vx
AV
toc U3 7/9‘5\, ~Di onn

Up1z0-F of ioy 2 |mi
U =23V ot Ux = 2.3+ +r|
= 3-2Y




Uo

Ui = ~2-7 ~ Y = ~3.2

- .- .

———— ¥
\
ol

DioFF  DigOr boown

P2 ow [31-2 Dz oFF
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3.69
Pr cadv diode

o——-b*—-—-o

n

oy 20
IBZQL bb%y

For the zenardwedo

V?o B=205

¢-2=\Nzo ¥ 1Oy 16> x20
N2o:= %-0V

The lwaier Roeholls are
% (2x0-65 +%0) = * 9.3V
for Ux > Q-3 (aswellao B Uz <~ ‘I-%)

W2 Ty traatyy | 1ERT30D) v
Uo(V
o)
'Z‘O ~9-3
] 1
: i
! ' !
1 bpe : ]
! *0-0857 : ]
! Atk 3 |
e R LT
I |
D, Dy oFF b, 0. kv
ML |[Diobes | » ¥
DyDy,2 o ™" Are|ore ] Dj, Dy- OFF
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3.70
[&’L

’FOI".D‘

Gwan ..l:.&_ . &%l

Im

(%-o-‘l-) = I\O-}-L.(tb/\mk>
= 0] 103(__‘&61_33) G can find

U Grom Lp
- \ . %“ﬁ'-‘"
ce ' ® 1p3x oo
-3 16(Ve -0-%)
=10 " x 0

4 Ur = Up+ ‘lp“losc
(0% -0«
= Us + (O °)

-0 (Vo-0-3)
‘cb“szl Vr = Us = D
Vo (v) UrY)

0:S oS0

o 0.3 D on
b-3 S

o-£ (0}

(o) 0

"'O'S —O.Sl

A -b-F
-03 ~1-3 Dz on

-0-8 -10-F

06 (v)

W

Tﬁn. Wmder s &L\r\% VYordh vorth « G«m
K 21
L»,’-’-O-t\i, L- 2 —o-tV
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Ck .
Ua °;:;\:

_ s 05
D
4 . * LT
] D‘ Dq \{c
= ksL :

Uy =03 +D-l\os (t‘,/o.|)

) o UVayo D, D, off =>T, =0

Ir'=rr, = U?:/(k&— Un = Vg +I.5

®) Yoc <o Dy, Dy off D> Ve =0
= -Ti va= -(u *Um,)
On= ~(vs 1))

‘o) kst o} ponts fov Ua 50

Ue | To | Yoa, Usq [V =Wt VostVoy | Un
W M| ) | ) )
0 *600|| o-vool| Oy ot ot
p-doi{|000l | 0D 1-00 t-oi|
ool o'l |0 -2 1-2¢
0 0-] D3} 150 1490
-2 lo-2 | 033 TYA 2-6f
03 {03 035 1-co 330
0-Y4 oy D36 192 392
0-6 ]og o 20y Y.5¢
o-p lo-p 0-73¢% 216 516
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(b) Lt o,! Pomke fov VUa <0
Ty  |Us,Un| Ve Un
COREORIOERED)
o-oo0! oY -5.%0 ~0.80
D00 | -5 |-1-00 | ¢
o0-04 06 120 | -125
o-to -7 ~jottb -4-90
o0 0¥y |-1y46 |-24f
030 0-?8 |-1-50 |-3.-po
D40 oOH% |48 |-z52
6-50 0¥+ sy |-u-oy
0-¢o 0.3t |-154 o .
©30 | 0N |53 |-50F %
v v
o4 - &
]
. e
(Y e
o
. =1 o
Ug A L -1
3
Up -~y 3.72
== 3k

{I:L A ~o Je
D, %Tépz, D‘l in‘

@ ' 1)
ios[ Dy S e

LI‘ LV
-2V

AE corrent s l:m?luk,t)p,.‘ib';'v
Lt Op =0tV U > SFY
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\

- # + Lpy % thsy
H 4+ (U‘:.-l-‘H> x1
[Ty

Vo

= E;_ +1-2825 NS slopt = ¥

S0 For Uz 58V slope T2z 2 Yy
U‘;\:s\l Z Uo (V Z
5-% 3315
60 231815
1-0 3-0325
g0 2.2825
%.0 3.83%
o-0 332
(V)

J

00‘ \.\ ehu\oJ

bdows -2V . .
& ~3-4V

*)

F <7 4 = = 4 r \ TR
B Dy has a conshant
N i\och.tro ‘ﬁw
. "'ww\ :‘:;: ll:j;jm‘lr

wliae pounks Por —FE U g 6 V
mmlw as  ebovra oo

i«b= (MR ot IJp =0~7!-\l n=\

D condwe l-:na Lpz =0
oy Un |vo Ut =(4K)ior O
™ v) ) o)
0° o |27 [129% cvin o
w0 fosr sy [1-533 % yw,
10> Jostd [.sas [1.638 e
-4 LpyxO
(0 oed |-z |2ouZ
0? low |23 63
oo [0 |o3g |1z
ior |o-35% [y |ur-¥S
For tha D; ’ -D5 arw\ W}\lﬁ wae
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[NCYTS G < -2-§ J

Skr\-;us ..'».1-9.. a  uwalug cwm\’h wit hane

Yoz = Va +2 Vosfo. 028
lpa = Ts & @
loz = Va+2

A ®
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Up 2 Un -Upe ®
Ur = Uo— lpy x3kSL. ®
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@ 0-5 V drep across Da cavses
Da jo slart ‘o conduck

© va=-23V
T 03 voltaga. acnoas Dy clarygs
e vollege. acrens Ra sothat
Da combvol  the conmank vz

31[.‘5(37&:;’“" % avh

10V,,
1OVZV, e =

Average (dc) value of output = 10./2
= 1414 V
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4.1
Case  wiooe
! actiue
2 satvration
3 ackive
4 &x‘vmﬁt;w
5 mverted achius mode
e PYY
? evt -0t
11 cut-oft
4.2
le= T e""/‘*

For Device $#\
a o-?*it/o-0%
02716 = T, €

Is, = "2,Hx'°..;A‘

For. Device #2
o fe 01§

1zxi0™> = Tz, €

s
T = xtb" A

Since Igﬁlﬁ/m “;“-d;ml.
acras 18

Az’ s %L. - L.CI. - 12 o

-
T m— =

A‘ I$l 2‘4 o.

ovm——
r—

4.3

Ag = 107%4, =
L= 101,

e"nm"’r

i

Iy

= "ee2’Vr .
= Iyq€ & ey = 'sz
a1/ Vy . . vpgaVr
Isie = Qo) =ip; = Ige

s/ Vr -6, gealVr
Ige = 10""1ye

) (9 2y " Y, g WV
100 = ¢ BELTTRELTTT

vggr = vpgr = Vg In(10%) = 0,025 In(10%

= (.345
4.4
v, V. _
iCl = Ige BEV'T _ 10 l2e0,7ll),[)25 = 145 A
iV _ -
i(‘z e Sze”BEZ_' T = 10 ‘88 070028 = 145 uA

If we set i to 1.45 pA in case /and

vy -are allowed to vary

v 025
145X 10°% = 10712 #F

Vpr = 0.354

URE. oldtv,.
i =]
e ot S0 €

& i 1
Vpeog = VrIn (——i’»
S, ofd

g = TMAL I = 5 X 107" A
vV, = 0.025 Volts

3

Upe g = 0.025In (l x 10 ) = 0.651

5x 107"
{enew = ETMAL T, = 53X |0"'xA
Vy o= 0.025

-3
Vo new = o'ozsm(lwél‘.m’m) = 0823
510
4.6
ioo= e
10X 107 = 1, 2T S = 6273 X107 A
For
. P ~Af DTS
vge = 0T V= ic = 6273 %107 7e



For

ic = 10 pA=>10X 10" = 6273 x 107"
rppDO2s

S Ugp 0.587 vV
Alternate way —~without calculating /5
For vy = 0.7V

. 07 076
e - 6125

0mA
" e = 0907 mA
For iy = 10 pA

" 095'0\76
10X10 ° e 005

10x107*
Uy = 0.587 v

A B = 6o o 300

Ic. = F T rang+s Fom
= éox‘:g.,h +o
300 x50,A
= 3/124 }D ISMA‘

Chapter 4—2

= 3.08mA fo 15 -06uh

Max ?ow a 4x Lm,, =Gy
= 136 mW

4.9

sy eV
Iy = Isf
TP Eg

ip B

i = E-g—l ic

i{? = {5 X ‘045)80.65&1;&025 = 977 p.A

i is constant and independent of B

ic _911%10™°

iy ranges from E— 50 = 19.6 pA
ic _ 977%107°
L = = 4.89 pA

©3 200 *

iy ranges from

Br1,; - ::%) 977 % 107 = 998 pA

B

Br1l, - 2lgyy10® = 983 pA
0Bt ic = 2597 83 1
4.10
ig = 1 mA

Casel iy = 50 pA

ieo=dp—ip = 1X 1077 =50 % 107 = 950 pA
> = ~f

p = lc - 90X1070_ g
s 50%10

n:...ﬁ..,::.l_?.:()_gs
B+1 20

Cascli: iy = 10 pA

i = ip—ip = 1X107 —10% 107" A
© 990 pA
. -8
B 2 {..._“ £ ?Wgox lOﬁ = 99
in 0% 107
B 29w 099

TREA 100



Chapter 4--3

Caselll: iy = 25 pA
- -6
ic = ig—ig = 1X107° A-25x 107 A

= 975 pA
B =ic o WISXI0°_ oy
in  25%107*
a=-B_ =3 . 975
B+l
4 .11
Iy Ve - Bly
A vy In[ ’s}
10" )= gsomv
- zsxn[w-——-—"—l = 650 m
VHE SXIO 15‘

Iy = 10125 = 1000/125 = § pA

+5V +5V

Ry = =12 0.008
R = Yecm Ver . 51 o 4y
. T
4.12 )
. Lo ¥pcior i
Bo . D r<=oC
" D, le Upe/ty
Upg ’
Dy
ViV Var'Vr
I = O when ’_g(j ) = !} ¢
Isc . foe TR g
Iy
I
Vep = Vap = Ve = Vr E“T;

= 28100 = 115 mVY
ForV, =04V Vg = 07 ~ 04 = 03V

031V, o
ipe = Isce =107 = 0.0168 RA

ForVep=03V Vye = 07-03 = 04V

041V, _
ine = Igee = 1078, o 0.089 uA

ForVep =01V Vp. = 07-01 = 06V

061V, - v
ipe = Isee T =10""* = 265 mA
For Vpp =07V
, Ig 0avp  yo1S o

= ¥ =i a.
igg B e 100°¢ =5 14.5 nA

02V, i
g = Igce =107 = 145 mA

For Ve =04V Vae=03V

iy = igg+ipe = 1454002 = 1452 pA
ic = iep—ige = 145~ 0 = 1.45mA
ic/ip = 145 mA/14.52 A = 100

For Vop =03V Vae=04V

i, = 145+ 0089 = 14589 pA

. 0.089 »
= 1452089 _ s mA
fe 1000

idiy =145 mA/I46 pA = 9.9
For Veg = 0.1V Vac=06V
i, = 145+ 265 = 4.1 mA

ic = 145 - 265 —12 mA
Ve too low for model

il

i

4.13 , v
. . Vae'Vr _ ! VaclVy
given: i = I e sc €
] IV
Iy Var'¥r Vac!Vr
and i = E e +lgp e
- i(’ <
and Bl’urced - = B
13igm®
- . Vo, ¥
! e“'«:max* Vach¥r Ieo e PMT
X §
Broccea = B- Yepsa VeV Vac'Vr
Iye ©FF i e €

v VepsVr !
Iy evBrJ\r e 7% - gells)

¥y SV Voo AV
I o Tle Chsar ' T YN

Ise _ alse
— BB X Bl«mﬁ:kﬁ
Versa B Is Is )
e o

B - Bfnvted
5.': l?('[&+ ﬁ ma‘.cd}
s

T B-B Bf(\nml‘é

'g[ I Puea ] opp
l}-’ A ﬁl’urcmﬂjﬁ 3

For {afnrmi = 50

. 1450
Verw = 25 h\‘AmO - TT“S(‘S"/'?BB]



= 25 1n[10200] = 2308 mV
For Btm'aﬂ = 10

_ . 1+10
Vepw = 25 ""[lw 1 - lOIXOO]

= 25 [1222] = 1777 mV

For Brocces = 3

145
Veg = 25 m[mo-_m----—-l L oo]

= 25§ In[631.6] = 161.2 mV

For ﬂl’ome_d =1

; 1+1
VCEnt = 2§ ‘ﬂ[lOO’ m]

= 25 In[202] = 1327 mV

4.14

20 pA
alg

-10V

o Vi Vyp/ ¥V, ~
AL T e ™ Thoomx107 A

Vip ¥y .
I, e ¥ '(l— 1) = 002% 107" A
X4

Voo / DOIR
107" 8 (ﬂ - 1) —002x107% A

0
Vip = 0570 Vs Vy = ~0.570 V

-z 857

. I¢ Yep'Vry 10777 o
1y = -~ ¢ TR e
£ o 40
=0.82 mA
i = oip=»
Vo= =10+ aig X 10

= ~10+ % %08 x 10

41

=2V

Chapter 4—-4

, Vig'V

". ’(~ e Ise (2 r

vpg 08
0725

i
USC 4__(.‘_ =
A ¢

to calenlate vy, for a particular i
Foric=10mA w, = 0685V
Foric=35A vy = 0.840 V

4 .16
o
1OmA
ia l=oile= *‘!-'-o-*x 10 =30%b
- ——
- Ui ta=le-le= 0-9/ ak
le
. Vza /
1SV te= Is @ w—v Jo-02
- - eafo- 028"
903 - ‘e °
Ve=Vea = 0803\
Fov B =100D
3> > - Do
1 .-.f—pﬂ L= 222 xi0= 9 9Imh
4 .17
for g = 15
e = (B + iy
10 = (B + Ly



Chapter 4—-5

4.19
@1, = 10.71307 - ImA
iy = %% = 0625 A o)
Caleunlating I5; v
p , “en’ vy
'C=B+ll5=!5‘e
8570023 5.6k}

%gx 10 = Ig ¢

PPt
Iy = 1608 % 107 A Vi=12-56X25= —2v

Compare this to
. Tvep'tr
Iy = ice -4V
= 10«»3 eAa-uoms =27V 24k 4410
4 1 -
- —— = ) Y
= 6914 % 107 24 mA
- Ig ocarea
Areal _ Iy _ 1.608x 107" -1y
Area2  Iyn  6914x 107" (©
= 233 times larger
4.18
P =1lmA = a=1
o
Biy ov
Dy 0~(—10)
— ]
,‘,i“f_ 10 mA
B B C
L .
» ic -0V
E
()
Vi +10V
o Ve x
n _ . .
Bo< since [ = 0 15k)
i o,
fe Vy o
Sk 1 I
LAY

"E:,(.‘
Vp~ 02+ 10 10 v,

5 15




15V + 139.5 = 50 - 5V

Vg =—4475V
Ve— 0.7+ 10
Iy = S~
s
= =4475-07+ 10 _ (965 mA
SR = 0968
4 .20
(a) 5V
43V
P" +2V
200k )21k
(%)
I, 1K 2m
Iy B ( 43 ) 0.0215 m 9
200 K

U 1) = 23 = 10mA

230
_(43-23) _
Iy (-—--—ZOK ) 0.l mA
l,=(10m—0.1m)= -
Ty 0l m B =9

Chapter 4—-6

fs = (857) = 3ma

I = I.+1, = 3mA

V,=3m(1K) =3V
63-3
Iy = —=——= = 33 pA
"~ 00K H
’_E=B+|=.3_m.=90_9
Iy Ip
B = 899
4.21
Vee=+9V
50 pA FSD Re
iy
ic
I mA

ForFS.D i, = 50 pA
ic = 1000 — 50 = 950 pA
Since R,, = 08 Veg=Vge=07V

-, active mode
Vee =V 9-07 .
R.= L¢__"€ 2700 g
c T Ty 8.3 k(2
950
1. = Bl, . = 22U -
c=Bl:. B 50 19
For FSD/5: i, = 10 pA, ic = 990 pA
=p=9
ForFSD/10: i, = 5 pA,ic = 995 pA
=p =199
4.22

+15V




fr=*-kT—r5'”“3°”A
50

1«“;;%’3“'-"30”73”‘“

I 80

=gy =5 = 16vA

V, = Vi ~IRs = 15V -0078X5V

=111V

4 .23

— 8
Vﬂ&,tmm ‘quﬂ.lm_;\;

1
In[(}.]}

o Varama = 040 mV + 579 mV

= 698 mV
100
I{ g mig = 0,99 mA
-1 = (=%
R. = 2t (73w gk
¢ 099
R, = 220898 _ 43kn

V- can be raised untill =~ +04 'V

= 545 k{}

+15V

Ie | SRe=51 k0

S
Ik

Ie | $ Rp=63K0

Chapter 4--7

a1

tg=1, = (207 —(-15) "Zé‘k&"s = 21 mA

15 - 5.1 K(2.1 m)
43v

4.25

i

£
v

-5V

AV = Vo ln UJJ:]
(4]
= 25In{0.1] = —537.6 mA
Varey = 742 mV

R = 15-03

= }
o 10 k£
Vp= 0742V
R, = —0742+15
’ pri,
B
= 160 0758 7.5k}
101 Q1
4 .26
@ Ve=oL
Ve= Ye-0F = =02V

Ie =
2 2




Le= 30 Te = 1-02mA

2
Ve = 3~ 162422 = D-286V

Ia - Ic_ - 1-02.
- = p-03
B 2D 0 "fMA

&  Va=o\
Ve: Vavro-F =03V
Te= 3Ve o 30F 234

i
Te» <12 =20y 2.3 > 2:23mA

-3+ IxIe = -3r223

e 2-23 - .
g = T O 674347
© Ve=3\

Ye= Ya +0-F =332V
i’ﬁ_r?. = 4 szA

Ic,: Kre = -%% xd-F2 =

Ta= T - 466 . o 155mA
£ 30
@ Ve=3y
e = 3D F= 2 2.3y

Ve/o-43 = 23 [0y

466 mh

= 4:-F9mfl

Chapter 4--8

T len 77489 = 4. 73,7

Vem 9= IxTez Gov 332 20:2249

Ta = TYp = 015 § mb
et sistmtimromassith

4.27

Tcao doubles «50( Mlo'& a2

% Tecao = 20nA ot~ 2.5°C..

£6-3.$"
Tao = 2 ™

= 1280:A

At g°C

¥ 2.0

o C
1e Vel
{. Y1
ipg = = ¢ ! ~Tepn 4§
. V.'. ! 9
e Ise "+ lego 2)
. , 1y reetYr
iy = :ﬁ(; + 5) ¢ 3)
for B opencircuited. ig= 0 and (1) gives
Ie vwe'¥1 _ i . Blepo
E € = lpgp=>e ‘*‘““"l\_

substitute into (2} & (3) =
i = AR+ Wepa
ip = (B + Dlego



Chapter 4-9

4.29

I:e' = 0-Smft
Vea = O:692Y

trhvenN

} AT 20°C.

Yo S0°C

Ves = 0692 - 2502 (50-20)
=0-632V

() The Base- mitec Uollage is fuud
Ver = 0-FV  af Au TEMPEALS

At 20°C. ~ Le = p.SmA at Ver =06/
Tono Fov Vea =0 2V wt hounte

N 03 ~0: 692
__!’E_.-—- - 6‘ roLsT
o-Sx10°3

l:g = D-é?ﬁm&

Now & T=50°C 4 Veg =0-7y
fom (@) we o Yok oX 50°C./
Ig=°-5m?\) Vea = 0:632V

Mﬂl fer Ves =07V

f.» e/q-?'—o' 632
(=2 - o ors
o SXIO >

(\
M
"

7659,k

4 .30
N X
by e, 2 @
OmA
o™ 05— B
- - —ETeIY

e

le = 335 g'f

Jee Nohw ‘“«L cyrﬂd‘.
drops ‘ﬁm"\w«“‘s
ak Upg =066V

4 .31

Vi changes by -2 mV/°C for a particular
current. Given that at 25° C Vi =0.7V and

i = 10 mA
Thus
@ —25°C Vg = 07 —2x107}(~50)
=08V and i-=10mA
@ 125°C Vg = 07 —2 % 107(100)
=05V and i-=10mA
4 .32
| -
fo > = 333k
3,,@ ——
LY -3
Yo = o T, = 33-3%10 * 3xID
= 1poV
v 8]
A 108 = .
r; = i’" = 30D .3.——?:’__5_2"_



Chapter 4-10

4.33
: z00
ﬁs\}ﬂ/rb g /C.Cc.

eT. = tmk f6= 200k
—— 200 - .0
@ Le= 100uA o= 50 = zﬁ————'ﬂ‘—g"‘“w

4 .34
VBI:" =01V “i(_« = 1.8 mA ch;_) =2V
“C = 2.4 mA ch = 14V

AVep . 142
o= K, T 24-18

Near saturation Ve = 0.3V

2 AYer - 0322 — g0

Aic g = 1.
f(: = l.72mA
Calculating Vo for i = 20 mA
AVee -
Aig o
VCF - 2
tien. = I = Vo = A%
318 0=V =6
Take the ratio of currents to find the early voltage
(with Eq 5.36)
Vee~ Vee
24, Yy (l + 14/VA)
1.8 12V,
=1

438 232
244 = = LB 4 0

Vs Va
Ve 34V

v
g Tf

where [ is the current near saturation ¢3 active
boundary. As calculated above I = 172 mA

MV
1.72 mA

ahove calcalation of 20 k).

= 19.8 k) compared 1o the

)

4 .35
’{u'a.t mﬁ"ml or DC B

- ,i'_&. = L2mh = 50

,' = 0 A
S'nuﬂs‘jml ";‘ D*K/',kz 125

. V& , iocov - 23k S2.
ra I@. !'Zmﬂ 8

J¢
M= A blyr AL
= 125 % guA + 77’?33\:1?. = D 2MYmh

o 2‘&" lr2mf +Aic = M

(a) active region

V,..— V.
1o e KL (8
{ R[‘
S el 4 mA
1K
1. 4
i, = £ = = = 008 mA
TR 80
, 20 % 4
"’Im = {7 + —?“(M}w



(b) edge of saturation v, = 03V
Ie = 5m-.-“l°‘3 = 47mA

Iy = 1B = 4.7/50 = 0.094 mA
Vop = 0.094X 20 + 0.7 = 258V

(c) deep saturation v = 02V 8, = 10
le = (5~ 0.2)/1 = 4.8 mA

Iy = Ie/Beorcca = 48710 = 0.48 mA
Vap = 048X 20+ 0.7 = +103V

4 .37
Assume active:
Ve =3V, Vg =23 (Assume Vg = 0.7V)
23 ’
= =2 = 23 mA
' = %

1.,=23 m(50) = {3 mA

V. =115 m{l Ky =115V,
saturation. Use Vpegar = 0.2V
+3 = Veesar — Ve =0
V,=3-02=28V
Vg=23

V=3V

V, > Vg < Vy - SATURATED

V, < Vg(not true!)

(t%)

Lesa 1K 28

Bfl\ﬂi:‘fd = LiAr = = 2 = 9.33
n B

‘Fransistor will operate at edge of saturation when
V, = Vg = 28V

@ Ye=2v ® VYa=1y

Ve=1-0-%=03y

IE EI:. = 0-3mh

Vez 5~03
Ve = 5-1-3= 3.2y = 4.3y

Chapter 4--11

@ Ye = OV - cotogs

Ve=0V\
JTe = oA
Ye= BML
4 .39
bv ? s Do
J,:z:..’gre
2k Ve G
c= _ZIG':L"?V . v
\)g m'il.-\’,_;l.l.!.’
-y, 0,1
° Ve = Va -03
2k = -]
\L ¥, o3, o3
IE - \JE 1‘3
~3y 2

065, 1116, |-bSuh

= Want Vs whkin Te = 5 x1-1$mh
= 01 SmA

Ve = =3+0.11§x2 = ~2. 22V
Vo= Ve+ro.3F = —-2.0FV

et 8 at _fLa .,w(fiycendvcfw‘
At vﬂ conduskion oaoumi
Jae =0.G V

.. V& -D'5 - Z'IE-’—?)"‘D %"I&':D

Vo= -2.6V at edge
T of-conduchon



Chapter 4—12

Vo= Va-9-5 = “3M
I;, 5 0* :‘ VC:.@-SL

Ok 350Gl saamms Ve = 0.2V
Neg = -0 -8V

oo Tps\Va-D2+3 8T, = G- (Vo-05)

2 2.

B VB""Z‘B’:‘ 6‘5"Y5
VL = Z_:.\)L

Ves2:1-03 =140 V= Vg-0S1Y

Wt Vo oF By g = 2 Vo2V

UCG:’D'SV
Beound = Tesat = 2.
Tg
Te =T T Tegat = Legat + Xesal
2
= 3[2 IC&AC
Ve= Ve-0-3 = -3+ 2T¢
= =3+ BT e«xat
Ics,a.t': w
2
Te= Vee — L\lﬂ '0~5> = I‘m‘f
2-
65 -\Va = %(2.3) + —23\13
- o 23D
Ve e = -298
IRES :

4.40

sV

5V
o208) % Ro1 1ks2.
Ne

yA' —
° Ve
Raz ks
z = 00

for P
-5 = O'2. _g&z,___s';
Re: t€az2 3 Rai+faz h

Rai +Re2 = 2D kl‘/us
=2 _832-..7. S = 2.
28

Re = 1ok Rev= Bka
fm——

Now for B= 100, s Havaam's
I-p ob,'m‘n:

2V

Rar il
101118

- Gkﬂ..
9

loor @ 2-6(35)-0% -Te() =0

oy

Te = 1-29mh

lkn

Eond
pe~a



Chapter 4—-13

Te- 10O = 199 x,.29= 2¥wh
o1 I \ol 24 —

Ve= 5-— 12800 = 3.2V

4.41
O Te= -l 0.8mp \L S kS
|\Y)
® Va=1-03 ®
= 0-3y Ve
D =6+0-257(8)
Tp= %‘6520 015mh = -1-038Y
¢’I¢, ®
=Te-Tg
=0:.%-0'015

—8V =0.-785 mh

e 0. 015
D o= Le - 0385 . p.9¢
e oY
4 .42
v o X
& \’E‘ ?—2?¢"D¢7""s‘
Ve 6.4 -Re—Re =0
Ve LET Vg = OV
Re = 9-0-%
{ 22mh Y
=Y Bl

—qv

Re = :ffgi’ﬁ_ =226k

Using 5% Avoisbor ualuss

’Eg gg_q"n ’Rc_u%?_.k&--

Te=9-0F _5.;2qh
3.9

Ve = =9+ 2°12% 22 = =43V

:o \I%lf': __L_t_%_y_

p-s0

Te = 2-3242 mh
Vg= Rex Tefa) = 2:02V
Vez 9- 23T = 2 %2\

Ve = =9+ %?‘16(1'?') = —-2-9QV

Foe Re = 2F0kSL

ﬁop@ ‘7"2-21}»-—0-?- S&ie’ =0
31

Te = 02274 mh



Chapter 4—-14

Vo = Re x Te _ 4.45
== G.3uy 145
@R, = 100k0 — - R, is large assume active
Ve = §=2.3Te = 204V mode.
Ve = LT (2#)-9 = —70V N 5y

7; fl“urb‘\ "m:ﬁ WIJ@?J—O .{Dﬂ\l oNeS
first  calevlabed we Lo

ﬁof O ~Te= 23243 mhA

v
7-23%Te-0?-270 1 .o ® 10 S =5 = Vi mA)
B+
'& = 30 =
% 100, _ 100
101 2 = 101 V2 (™A
Loop (1)
4.44 5~~l—‘:—)%x100—0.7—v,;x1 =0

X - Vp=216V
’Msn\sj Hae valrs fww‘ tha %"‘"tf“‘d Vp=Vg+07=286V

L.

DJL PSS - F6  a,d form
ijr.:a;m Uge = - D4V

v

. J, 2-B243mA

232y

202+ 0= 242N T

2(;,‘ 7,

CITLLIT AT THE
EDGE ©OF sATUEATION

= .é.g«'?.”‘ = o .
Te= S0 Te = 32 r 203243

Ke= 2:42 +9
B0/ X 23243

= §.0%k3S

100
Ve=53—-1Xw=V, =28V
P le,,_ 86

Thus the BIT is in active mode as assumed.
(1) Ry = 10 k() - assume saturation

5 (Ve + 07)
Ry
_S- (Vp, +02)

Vi .
s {’. S R

3o Y
Vg = A3 Vi ig4g-v ¥

10



10V, + Vg + 10V, = 43 + 48
V=249V

Ve = 249402 = 269V
Vy = V407 = 319V

Check: I = 11%9? = 231 mA

§—-3.19
I, = 2207 = (1181 mA
B o 0 m
.’.E = 231 . 12,76 < 100
Iy 0.181

Hence, we are in saturation as assumed!
(¢} Ry = 1 k{} - expect saturation, use circuit in (b}
1 = S—(Vg+07) _ 43V,

B Ry {
_5=(Ve+02) _ 48—V,

i 1

Iy = ly+ 1o = Vg

43 -V + 48—V, = vV,

Vg=3V

Ve=37V
Ve=32V
Check I, = 43~3 = 1.3mA

Ir = 48~3 = 18 mA

I

fe - 18 = ja<io0
Iy 13

. Saturation as assumed

Chapter 4—-15

4.46

CY) 5V

@ f
™
I'GkJLJ'
Vo= 5-2(+6)®
22k = 1 gY
4 o @
= O V, = ¥ 025 -03Y
2mh
) Bv
T
v3= 5- “érq @
=Y

_D-?.v ﬁ
JTy=-02+5 @
2-2.

-aV = 1-955 A

see balow for jpact ()
@ 5V
\L 5-'5,:“";’3'1 2 0. 939mpt @

12V Ve=1.240-2 = [.qv@

Vq = ~5+0939(5.1)
= -~ 0,209y

lv X 0-939mA ®
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© sv
s mb @
Lok ,L % 1:985

®
V3 =5-16(1-9585)
=1 X2V

e ———

Vg = 0-0:3= -0

—————t vy

seke- |5

V;‘ = V‘b +0-3

~-BvY
‘){oofa D )
5-9/Tgg ~'150Tae +5 =0
T = {0
se 91+150
Ve = -5+ 150784
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Since we are assuming linear operation we don’t

Voeiv, )
equation.

DL collector voltage
SmV
—.Q,. T, l + Ay
1 j“ (53 Ty
er
Ve

havetogoto i, = Ige
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Vee = 03 +|P| + IR

IR
Aol = (=~ Ry == -C £ P
[Ad] = (~)gmRe "“‘“‘VT >VT

2~ Ve min
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On the verge of Satuation
Vep = Aup= 03V

for linear operation Avg = Ay vy,
Ver — [Aym,] = 03

(5~ IR = Ay X 3X 107 =03
5— AV = Ay xsx 107 = 03
|4,(0.025 + 0.005)] = 5~ 0.3

{Ay = 156,67 Note A, is negative,
S A= —1566TV/V

Now we can find the d¢ collector voltage. Refer to
the sketch of the output voltage, we see that

[Avl = Ay X 0.00)
Ve = 03 4+ 14,0005 = 108V

i

= [/(vb.h” + Pt i,’\‘,gvr
[(fR(: = lAyiV,

i
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AVIVY IPOVY AV, v = i), +
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(ay | —20 [02 jO5 {10 — 1OV
by | ~50 |05 ]1.25 1205 - 25V
¢y | —100 105 125 |33 —» 38V
(d) i 10 125 138 «» 40V
ey | 200 1 L0 130 163 -» 65V
) 540 110 1128 1438 s 14V
(g) | ~500 120 1125 148 «» 18V
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For V() = 2V, R(j = 1k}

Ie = 5r2= 3 mA

=IeR
Vi
AV, = ~120 X 5 = ~600 mV
AV = Vi In[ly/ 1]
Svppd vy :
!-?=e (O
i
@1, = Le"* =3x122 =366 mA
AV, = (I — IDRe = 0.66 X 1 = 0.660 V
Ay = ~660/5= ~132V/V

Ay = = ~120V/V

by, = Le V' = 3x082 =246 mA
AVy = (I, ~ )R = 0544V
Ay = —544/5 = =109 V/V

i

AVpe | AV, (exp) | AV, (lincar)

| 45mV | —-660mV ~600 mV
~3mV | +544 mV +600 mV
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4.62
4.63
(a) Using the exponential characteristic :
Vll(/VT
fo=1,e =1
i v,y
giving££ =™ "1
I
(b) Using small-signal approximation :
. 1
ic = gy V), = ’i’;; * Vi
1;
Ay = -E = i 7
Y Thus‘;—(‘- = %”—’
= ¢ T
ButV,, = See table below
. For signals at = 5 mV, the error introduced by the
. deRe 1R small-signal approximation is 10 %
Ve Ve The error increases to above 20% for signals at
. + 1 mV.
Now g, = Qutput current . i¢
™ Input voltage  un,
v g Re= TRe e idl. | idl. | % Error
’ Vi (mVv) | Expan. | small
&= 1c7V, signal.
ImA _ +1 | +0041 | +0040 | -2
8m By 40 ms
-1 ~0.03P | ~0.040 +2
for I = 1 mA
+2 +0.083 | +0.080 —4
-2 -0.077 | —0.080 +4
4.63 +5 | +0221 | +0200| -9.5
Iymay ForB=1003 Le=ply ~5 | —0,181 | —0.200 | +103
Load live for R-= 1 kQ .
Ste—r’ iy =504A +8 | +0377 | +0320] ~15.2
iy = 40 pA
T e -8 | ~0.274 | -0320 | +16.8
3 ) ig= M pA
T~ A_ Y10 | +0.492 | 40400 | —18.7
2 iy = HpA
S i =10 10 | —0330 | ~0.400 | +213
¢ \ #
v + T T q +12 +0.616 | +0480 | —22.1
0 I 2 3 4 5 vein
. s 12 ~0.381 | ~0480 | +259

Penk-to-peak V, swing = 4—1 = 3V
ForQupointat Voo /2= 25V
Vep = 25V 0 1, = 25mA
Iy = 23 pA
Iy = Vg — 07
Ry
= Vpp o IgRy + 0.7 » 25 +07 = 32V

= 25 pA
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*l5v
1ok Ves 15-4x10
Ic =
AmA Sv
+0.3a0 Ve

Uge= 0.3+ Ube
where tée = 0. cosv

le® Te (4+ Ube) Eg.(5.29)
vr

le = T + (e where :
teeAdmx 0.008 = 0.2m
295 wa

Ve = Vee —Cc Re 55;. (5.101)

? Ve - (eRe
——
O.2mx lOK
Ve= 5V -2v
KSN'V‘ - -2V  =-{ooVyy
o.008V
while —*sm.kc z-lwm .|lok=-400
25m v/iv

4 .65
S\M“ J.;E.= 4_:__2_'\£A = 4{8"2__4
vT Z5wmy v
(=8 = 120 = 2.5ku
Im  qgme® =
fe=“rr = 2222 = 20.6u

(‘;.", 121

For a. bras curreut ap (20x4
1.e. 10 tines /awer:
SM’ g_g_ = .8 wANY
lo
fme 10v2.5 = 256K
(e = 10x 20.6 = 206

4.66

Te=2m4 - 5m= 2wma
25umy
6‘“' SOwmA /Y
fe= Vr , Te= Tc (3+1)

Te JER
ITe =Z.vw‘l~(_5_! = 2.04wmA
Lie]
fe= 28m = 12.25
2.04m

(m=p = 50 = 6258

SM $ox1o3

3aiw : -5mx Ke

FofA Re = SKkun awd 8& = Sy

Vo= ~FOw A EK ¥ Syl
=-2V
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4.67
‘wm = 50% ’-'*__:E__gn
Vv vr
= T.co= jma\l"r » BOw x 25w
= 4.25umA
(r= 2K = (.’) z?(.’) = Z KR BOM,
Sw.
P”m —_— ol = L(ZQ::O.??
1@y
Ié‘ = IC, = ﬂ.ZSm& = 4.26“14“
oL a .39 =

4.68
Sw\ varies prow : \.2x¢0 =~72wA

to a g % 60= qsm
/] varies fraw. 50 te 2ae0 ¥

fiu[b se = {1 = 0/6144
laréesé valve : {1 = Jmax = 200

W ain ‘(ﬁm
Sweallest valve : (- ('im.m = 50
Wimay 7ZM
= 694
4.69
Vek2v=> 18= Vec - Ve
Re
Te= 5-2 = Juan
3K
SM =Ie = Im = HOwA
VT 28 m 174

L'ee:f) = To +eQuuUbe(t)

= Awt UD.10% 0.005 Sinwt
2 A+ 0.2 Biuwét , mA

VUete)y = B — Re tece)
= _.2___"‘ 0.6 Sruwé , V

Lstey = Lecer /(B
=A+0.2. Sivwt wAa
A00
= lo+ 2 Suwt :/"(A

Volﬁae aiuw = ~0.6 = ~120V,
28 o 2ev

4.70 Vec

el e

L(! T+ 3mV6e S we
Ve

UC’. = Vec-TcBe Vee+ re 87wy
——" A .
S\m Vée RC Sinwé l
Jo warutacu BIT ru active

re-\l own , Ue >, Vge Ehos
Vée -TeRe - Sm Rc \,/\68 > V8e 4\?64
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vr
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VT
=D Re Ie (A4 \Zég )a Vee ~Vse ~{ be
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(Vee -Vse -\76e)
(A+ vbe

ReIe=

) a.eo.

a.«.uu—~w.ge

Vol &ase

=-Lc
VT
= . Vee-Vge - Uée
Vr + Vbe

For \ee =5V, VBe=0.3v and
Vbe = Swmav

ﬁc Ie = 5~0.9 -0.005 =3.6V
A+ 0.005
0.029

-TZCUSl
Ve=5-3.¢ =+1.4V

Am()&'éude o OU(:IOUE mSuaﬁ 'S
- 1.4 - Uaa + U be)
= LYy- 0 1 -0.005
= Q. 695 v

f— m—

UO”:&SC 5@&4 = ~0.695 =-13%V

o.a08 TV
@LtecK

Valba.se(saawl = —(8-2.9~0.c0s)

O.028 +0.00%8
= —[43% V/V
The diereuce s cavsed 6
deormb! rovuwodiue ~vp o

ﬂéherwise:
Voltoce o> — Q.26
5 6 a.005%
==[{3 y)v

Chapter 4-31
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/3) 'U@UJ Wshv-—) o= |

Te=Te= O.5mA
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P
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e
3
Ube frr <
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Apply Vr

P, 7
thenvy, = V,
"x = ih+ b

v, = (i +ir,

= ix e
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I +
+
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i
E
1
Sop o d =y
ll’
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fo= Bl + iy,
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Neglecting 7,

= Uhe

Riy = 3

= lre + Re)
IRNICERD)

= (B + 1)(r, + Ry)

vy = ~ai, Ry

Upe
e T, 4“R_q
. 1’2‘—'(!( RE
“‘(’m r.+ Ry
A _ % _ _«a Re = - ngC‘
v . r,l+R£/r, l+ngE
4.78

B = 200 o = 0995
Ip—alp = 0995 X 10 mA = 9.95 mA
Ve = 995mV X 100 = 0995 v

0m _
= W = 0.05 mA

Vy = 1.5 — 10 k) X 0.05 mA

= x\/’

= Ve = + 0.005

— Active region
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2 4.81
7 .
g,,,=-‘;‘4;=§—5§%=0.4/\/\! Ve=10V
200
re =8 =20 - 5000
B OA ]B 3kﬂ
Ry = r, = 5000 100 K&
R, = 10kQ] r, = 476 Q
R

; v
1 b QAL L - X032 "
Tyy = Uy Rt R, Yy X 03 I

afso : @ N
Yo = ~Lum¥s Ry .
= —g, RcX 032 v, DCA"””’Z’i o3
= ~0.4 X 100 X 032 v, My = =55
= ~128 v, Iy = 0.023 mA
= gain Yo o _y28 - ~13 2 Saturation begins to occur when V=< 0.7V
Us v 1210207 g
' e A
o, = +04 V =T -
. <X
. Ta .= Bl =3l g3
w= 5= 30 mV le = Blg—B Yor
. =25
e = 032X 30 m = 9.8 mA -1
o=V Y 25% 107
C Iy B+ DL 26%x0023%x107°
r, = 41,8 02
g @ = 25726 3 mA
v, 418 v
4.82
”sng

Ry = r | Ry

iV, = 250 V= %L = ~10.000 =750
) 25 mV
C B M e— RENGY
1y ) {0.33 mA)
10 07 ag v r
R o= 2l o= IRk )
£ 0.33 k¢
no= 2R
Re o= 14 k)
V y . i
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4.83

ﬂiw= Re llle fe>~ lcown
Ehvs , VT =100 ~> Te=o0.25m4
TIe +iov
Ve =0.3v Rezloe > S Re
Re =10-0.3
A Us r
o g ~3 Kbl 2“\‘!”& ?_cvo
Re
—\ov

Selectiou of = valve ro( Re:

The voltoge gouis is a'ireaé@
Yrofof{’a'ou.‘ 1Vt Ke,
Uo = Ue .o
Us Us Ue

= Riy . &R

Rg+Rin fe
> loco @ pe
leo+ice a.1

= 5RC. Ve RC I“M Kl/l.

For au ewilter - base s/ wal
as large as 4owmVv , th
fguo) et the colleector

{ifgél be

LSWRC X Q.0le vwlts.
Thug theLwaximone collector

valtoge w the ,0035 Elve
diree¥on will lbe:

Ualmax =Ve +g.01 owm. &e

= =g+ Te Re + 0. x! xKe
Q.1
= =-lQ +0.25 e +0.lRe

-0 +0.35 Re
Qfa(freueué natuvrakiou ,
Ve lwmax € VB wluelk is av.
Thus to ebtain wmaxiwuvwa
aivw wlule allowriue an
ewitter — base srohal
as larpe a8 AOuzv auafti-e
the sBwe Erure Leepiug t
Eraungigtor i the a.c[;i'u}i
wiade we gelect KRe frova:
o +0.35 K e =0
= Rec=28.6 Ku

Ualéase 541;4 =Uo =5Re= Y3/
Us
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4.84
For lar §¢ A7 Eue pe base Svbstitvtiug (e= U-r 25w
ecurrewt will be ~ o '5

ZZ""Z Ehe oc ’2‘;“9 N ;é aud Re= 6.8tu , ;ec::q..%m
€ pase caln H a .

a’zreaé& vsing l[ and K 51!/53
VOfé‘Clse G/:’Vi’ ?r rule U'_.gl = 6.8 = 0.¢96 Vv

V Ur o0.025+6.8

100 +ioo JU
Ue . .02
l(»VBE’*'O:? 6.8 +to.025
Ve =3.5-0.9=6.8V 14 the uode labeled voz is
—* Te= 6.8V = Twm4h conneeted €Eo Sravuo':
6.8Ku Re =0
C Uczr = -o EC
Ueayz Ut fe
4.3k
4 .85
Vo1 Rs R,
+ + +
ﬁ‘i‘m Vg i iE Rin A‘u‘ivl Et RL v,
U6=0U. Given:R, = 100KQ A, =2kQ& R, =1k
— UQ( = ﬁ&— Q-E.D, Find 1 R,, Ao, Ry
U v Lerle a) [V (e)| 2;»9§'{s(f)!
A [30 t 'ﬁi(n = k”"""“&?e': ug(t)
(c = 06 = UL s R 7\(C)i>09l"\(”l
fe+Re f(e+Re R
and, . Ry + Rfo’g
Uoz = -otte. 'ec b) (1) = — e Ay 14(1)
= -~ Ke Ul o R;!+ Ry v
rc 'f‘ﬂé' :.r;,{r) = — { Ay, 1)
Thos ke
! K }xa,,(f)% = 09]wylr)
U'az_ = —X C a.E.D. . .
Ue Re+ e R, +LR{, TR TR,

pow MR (0@ x10)

OR, ~ 10R, 92 % 107y~ 10(1 % 10°)
= 250 ()




¢)Taking the limiting values for R, & R,

" R R
0 = A ( N )( L )
ARy + RAR, + R,

( 900 % 10°

A )( 2 %10
900 X 107 + 100 X 10° 350 + 2 x 10°
Ay[} = 125

Rm

R

Yy

Rm +R ?lg g Ri
Setting R, — o and substit

vhdd

; iy
+ R“} 2

ution for

WA

R B
R <R,

R,
) ==
" T RER

sig

= 1)0,? .

S Ri
sig Ri + R

at]

At 0 Vsigp = GV()

Avy

sig

Connecting the toad

R,
1y 5 et (G v, ;:.9(;' I IR
] R, +R vir ¥ o

aut

R,

”“‘“—_"*“(I
R! + Rmr .

sig

+

Auy Ry,

Chapter 4-37

R, and R, are in Parallel. Also do a source trans-
formation

AA A
v

Combine Rfand R, || R, and do another source
transformation

> &m (Ra]IR,) b U
e 33 Ry, R AR B
SR Q) &+ Ry M )

The dependent current source is equivalent to a
resistor

5
-+

i RHR, IR
Zm (RRD

i

RAHR|R)

+
R, = u/i, = R,| J__._(.lf_%.“l.&.gg (R, + [Ry| R

m(R3 ig
Consider the form
RR R
R/ FP SRS\ T
( ,e)HRA/a"FR I +a

R, + (R, R,)]
L1+ gu(Ry + Ry)
The circuit for A, is

R, "Rl;!!

B ¥ RZ Yy




v,35k0
o«

Chapter 4-38

-+

X . >
20%107%0; $9.09k0 310k ,
> <

vy~ B 1
OR! Lkt R
A o)
e o [V g | g MY
I:Rf RQ (] RI # yYi
. - I — 8w R[
Avﬂ = vpl Y = 1+ R,{R:
The circuit for R,
R,
AN -
+ >
. -
i: ; Bm Vioy E:R2 <«—Ry= R,
- O

for values given
R, = 9990, Ay, = —~9.9989, R, = 100

The dependence on R, is
1100 R, + 10°
1100 R, + 1.21 X 10°
R, ~ 10
-1 (75w,
If R, decreases the gain becomes sensitive to R,
If R, == R, =100,A,=~10

= 100

in

A Vo

withlf,
Ry = 799 (99089
Gvo = Rix + Ry, Avo = o)
= 4997 V/V
WithnulRf
— v__l_oa.‘,’,.,_)—m = -5
Gvo = (;oo+ o0 10 ’

4.88
Re=10k, V, = 50V, B = 100,/ = 0.5 mA
Te _ 05x107°
g T e T el . =2 -3
=5 o3 20x107s
v
ro=-4=-—30___ypkn
A 05X%10
r, = B . 100 = 5)('103
8 20x10°° e
Ro = Rell ro = (10 10° | 100 x 10%
=9.09 k}
R, =r, =35 x10°

The circuit is now (see figure above)

v,
= -2 ”‘&n(Roﬂ Ry)

v
¥

—(20 x 1077)(9.09 x 10°]| 10 x 10%)
A= ~95.23

A

Rin
R, +R

sig

)(-95.2) =

,
Gy = v,/ Yyig

( 5% 10"
5 X 10" + 10 x 10°
max signal ug, is

max [P _ 5x 107

Ay = -3L74

Gl i7a ~ TSRV
4.89
. Rell R || r
Gl = C 1 (2]
{ “ B Rsig+ L™

IF ry, == then R.|| Rl ry > Rell R,
letR," = R.|| R,

R’
Gl o= 1
] ‘J BRsig +r,
6 = R
Rsig 4 Iy
B B
But r /B = 1/p,
1 ? R !
Gy = L
B oz
R," = 10k{); R, = 0K B = 100:

1= 1 mA



ga=14V, so
Gy =

10°
10* | 0025
100 107°

a) t(;vl = = B0 VIV

b) If @ ranges from 50 - 150
For§ = 50:

3
10 = 44.44 VIV

{Gy| =

ForB = 150
4
10
14 = 5 oos
0 4+ 002

[T

= 109.09 V/V

¢y Whatis Brange if G, = 1G] =96
at|G = 64:
4
_ 107~ gamB = 7619
10' | 0025
B 107"
at|G,| = 96:
10°
10* , 0025
107°

= 96> p = 12632

d} Suppose the nomingl G is Gy o and I is
variable

B = 50 = (;V = 0.8 GY ~— B

ﬂ = [50"—"(;\" = 12 (".V~mmx

Then
4
10 = 0.8 Gy . yom
10, 0025
50 e
&
. 10 = 1.2 Gy ogow
10, 902
150 Ie

Take ratio

4 -
100, 0025

10 Te =08 = 0125ma

i 1.2
10°, 0025
S0 I,

Chapter 4-39

10*
4
10* |, 0025
Bmm H ol
Gropom™= 31.25 Byor = 8333

= GVnnmn

4 .90

_aRel Rl o _ SR R)| ry
‘GV‘ B Riig + L - g Rsi; + L

14
Tg = 7"4

.V
m&mwﬁ

G =

154 ’E’iil+f£ '
B B

o Lo Ve

B &nm I(‘

14
(Rl RO 72
thus, |Gy} = €

&1&4-!!
B I

Rel Ry = 100, Ry, = 10kQ, V, = 25V,
and V, = 0025V
] 10 2571,
|(’t’| = ( 4)1; [
10", 0025
100 1.
_ 25 X 10°1
(10* 7. + 25)(10* 1 + 2.5)

I.(ref) | |G
01 | 2747
0.2 | 4115
05 | 55.56
10 | 57.14
125 | 55.55

The values of /. that result in |G, = 50 are :

1 X 0.925 mA and 0.324 mA,

The 0.324 mA would be preferred since a lower
power is required,



4 .91
E +
i SR > R, v
EROLE LR8I0
+ —
e .
+ g Egr,ra
g Y% <
- :b R«
- i 1
Rx’n Rwl = Rr

i

= g /(r,+ R,)

. s o ;
6 =i, —ai, = (1 -a), = (1 a)r,+R,
B+1 100+ 1
1 v

b BIDLEER
Ry, = viliy = B+ 1)r,+R)

Ve o Vr _ Y
G PR SV
© )( 0025 _3) = 4950
05 X 10

R, = (100 + 1)(49.5 + 150) = 20150 Q

1

= ~af,Re = ~aR,
Ayp ai Re (r, TR,

Ayp = —(0.99)(10 X 103),f(49.5 + 150) = ~49.62

now model becomes

Ry

Uy = e A ¥
¢ L+ RO\U
RI Rin
vy = e A Veig
¢ Rl, + R(m{ uRin + R:x'ig "
Gy = uyf Usig
10 k§) 20150 O

Chapter 4--40

10 kQ + 10 k4
= —16.582

(~49.62)

20150 O + 10000 O

4.92
Ry
4+
< 8Bm ¥,
Vi > m ::R
» e
<
>
« »
‘:R¢+‘F

I
By= @B+ 1D, +R)

R = (B+ 1)(r, +R,)

r, = .YI
I

R, = B+ 1)(.}’1 + R,) multiply both sides
«

by I and rearrange

“BH DRI+ R I = B+ ny,

Given B = 100: R, =20k(); V,= 0025V
Equation becomes

~HHRIL +(2X 109, = (101)(0.025) = 2,525
(Eq A)

Our unknowns are 7, & R, This is one equation.
b= vt gav, = (1/re+ Lm)Um

={1 )
- n + ] ln,’,’r
(a 8
= (l + i) 1!« LI
BV,

. o,
Vi = Rr'r + o, b Raig';"
w

It

I Rl
R{(.’. + ])—‘;{-’—uﬂ + v, + -ﬁisi}-vw

B r ¥
= [L 4 1]Zeg, g + Rua¥s,
Thig T Teig T !"é ]p; o le BV, ¢
'}
« (1, r5sx10"
0.1 — 0.005 = {T(To 4 1][W0_025 }.

(5000)(5 X 10"

2 e . .
Rolc (100)(0.025) ¢
0.005 = 0202 RJ,. + 101, (Fq B)



Eqguations A and B can be solved simultangously
I.= 125 mA

RJI¢ = 0.00064
=R, = 022264/125%10"°
= [78.11

UVl = ~Regy = '“R('“‘l}g
-

~3
- 1% x 3(125)(!0 )_:_,
G X 10 =5z 250

-3
Gy = (—250)(2-%‘12—) = -125

4 .93
- BR¢
Gy Ro, +(B+ D(r, *+ R)
LV
€ I}:
R,
ng{ = ﬁ C

Ry +(B+ IV, /I + R
R, = 10kQ; R = 10k} ; 8 = 100;

V,=0025V;
1= 1mA

=B =0 _ g9
“TEF1 m
I, = IJa = 1.01 X 10-A
IfR, =0

3

iG] = (100)(10 X 10°) b

10 % 10° + (10D)[0.025/ (1.01 X 1077
Suppose [G.] has a nominal value Gy, and
0.8 Gy corresponds to B = 50. Let R, be a
variable (note that « = 0.98):
BR.
Rys + (B + 1[0.025/(1.02X 107) + R,]

= (08Gy . om

(50)(10%)
107 + (51)(0.025/1.02 X 107" + R,)
At =150 G,=12G, pum
(1500(10%)
10° + (151(0.005/1.01 X 107" + R,)

These two equations can be solved simulta-
neousty for R, & G, oo

= 08Gy_yom

= 1‘2GV—n"¢m

Chapter 4--41

4.94
B
>
R, $VE
E
+
Vg

”be(') = reiz
uplt) = —ai( R} Rp)
vo(1)

(1) = “'rta( R(,'u R

Rell R
looln)] = Wh‘be(""
= (L(.%L&:)]Aw"(fjl
T
Suppose a = |
— N | o) B -3
loo(n) = LOKD | (10 kD)) KLU0 KD .25 may(10 x 107

[va(D] = 0.5V
Rl Ry _ Rl Ry

Gy, = 1/ v, =

¥ vol1) sign) a Rsig +r, Rsig + Vsl
~ (OKD] (10KD) oo

1kQ +0025/10°

=488 VIV

o8] = ot /Gy

oy ()] = 0.5/488 = 0.1025 V

4.95

i"(}(t)!max = (05V)

iy = s =03 50,0

R, 2% 10]

2Ol 5x10°0 o0

]i(“( f )i max 250 K A

£~ V, Y2
r, = h:ﬁ ]’~ P (__)._9:'..‘? = 1.2mA
. 20

iiﬁ(f)‘max = ’&” + %‘(‘f)l = 1.5 mA

max
(O mae ™ 1 = Hel Dl ae = 1 mMA
Suppose B = 100

(B+ 1R,
(B+ DR+ (B + 1y, + R.sig

Gy =

_ (101)(2 % 10Y)

) = 0.499
(1012 % 107 + (101)(20) + 200 X 10°




(Gy = 1’o(f)f'f’si;(f))m>

T (t)
Byeli)e= ~L
" Gy 0499
WVatluiae = 1.00 Volt
4 .96
= lmA; B =100, R, =20k{k
R = 1000}
B, 101,
I g le = 1107 = 101mA
r’mﬁm*_g.p.g_s_.wﬂ'?szﬂ

Ry = (B + D)(r, + Ry) = (101)(24.752 + 1000)

= 103.5 k€}
we have:
- B+ iR,
fog = G
Vo ! Ugie v (B"‘X)R,*f'(ﬁ**l)r +R“g
(101)(1000) 08178

(I()l)( 1000) + {101)(24.752) + 20 X 10°

ok AN/ 4
L

Vi (8) = rd (1) = (r./ R Gy V,e{1) =
Ul 8} vg(1) = (r, / R)Gy,
= (24.752/ 1000)(0.8178) = 0.02024
v(0) = wp(1) + v (1) =
(1)) vy (D) = Gy + (1, / RYGy = (1 + 1,/ R)Gy
1)/ (1) = (1 + 247527 1000)(0.8178)
= (L.B38056
B 1o (1) / 15y (1) = 0.02024

= ti Mﬁ"“)é max

ig(t} = vt} / R, =

GyV
R

= fun () e/ 0.02024
[ial Dl = 10X 107 7002024 = 0.494V o
e = Gty (D ™ (0A93D8178)
= 0404 ¥
ch If &, is removed i, = O, therefore,
u, = 1w, Thus
Go = L.

Now for R,

Chapter 4-42

>
b3
,4}

=
&
L 3--]

o Y J
(1 — )i ldf)*:: r,

)
out i) \
i = wlt) = v, v;,(r): (1)
i) = “i,(!)glmu)R;fxm '
i == (01 - :‘)Rsxg —un
ri 1y = — i, (1~ l Ry ~ 1)
i = W

Substituting into R, expression

\ 1
R{)ul =T, + (' —a) Rsig =Ty + mRsig

g+1
1
= 24752 + X0 _ 550772
101
now
222717202
+ +
[T <
g () 2100V 1,
o
{1}/ v, (1) = mm_};%g; = (.8178

This agrees with G

4 .97
. =025mA Rgp = 10kQ; R, = 1k,
Vo= (.025
Gy = B+ 1R,
B+ DR +(B+ yr, + R,

r o= ll,’. E™ -.ﬁ Vi

€ Iy B+,
G“ e (B + l)R,'

B+ DR, + BV, 1.+ R,

sig

Rk‘lll( r + R!(;g !(B + I)



for B = 100 B =50 B =150
G, =08347 G, =077127 G,=085
Ron = 19901 (1 Ry = 298.0 ) Ry, = 16600

4.98
Part 1) Nodal equations:

Ry g C
. +
A

—*&
< P 4
P
) Uy & tx L Te g e |
Yyig 5 < g S
e - 1 SRy

AAA
vy

Y, U™ Uy v, — 1,
Ye p e Sif oo Y4 ¢ = {
Ry Rptr, Smim’ o

Y, ™ v v,
O e Rl
Rmn Fa R(‘
_"_n+”e+vw_"xig =0
Fo B
Solving:
U((f) - (gmrurvr - RE)R(‘
Vyia(1) (roRe+ Rer, +rry+ g .Rpr.r. + ReRy
+Rer, + 1 Rp+ RpRe + ReRy)
v ) Relgrory + Rpe 1)
“’sig(‘) (rnR(.' + RE":: + Foln + ngErorﬁ + R(.‘RB

T Rpr, + r Ry + ReRe + RpRp)

[Val
Te

r, =

Part b) Nodal equations:

Chapter 4—43

Solutions

V,_(t) - Re{8mlolw + Ry + Tw)

V(D (rgRe+ Rery + 17y + guRerols + RcRy
*RE"G + r.,Ra + RERC + R},’RB)

Vi) (Rp+ r)(Ry+ry)
Vsig(') B (rrR(‘ + Rk'rw + Tole + ngErorw + RCRB
+Rer, v v, Ry + ReRe ¥ ReRy)
4 .99
@ +5v
0 [ 582 = 0.690
° “ Re1+ K82
Y
RBZ a’f_ - 5“82 =
0.65K81 + ©O.-69Ks2
> (.31 Rz = 0.69Rs
=P Rel = ¢.24
Rg2
@ Sruce Vse= 5 Ksz

Re1+Rgz

r{ botl. Razy R8! are at

0.9¢ or .0 op Elkerr
vouwwnal valve —= Vge will
not be a#ee.(:eo/-
We nust'lcons /der tle cases
wheu oue resistor i3 at 0.9¢
and the other at (.01 ot
their no wwual valve.

lf.: Kez'= 1.01 Rez
Ret' = ©0.9¢9 Ra !
= UBe= 0.202V
l{,: Rez2' = ©.¢9 R8sz
Re1' =1,01 Rsi
=P Ve = 0.67%V
thues VUse ramges /Lfaw .68V
to &’,?azvj CONT.
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.

For Ic: Te=1Xs eV+e/vr

Jor Vbe= 0.6¢0 —> Ta=1mA
=» T.s=].082x10""'S

or Vge ©.618 v Tec = O.Glz‘
VBe = 0. 2022 Te= A.62m

Je rauvees .trow Q.618mA to
l’o éZWA .

@ lf. Re = 3ku

Vee = 5-3kx0.62um= 3.14V
Vee = §-3Kx l.62uw = O.14V

Tluls eircet is boc seusitive
fa.ra.me.ée_r variatbious
as' showu Uhere fora 1%
fesistor Eclerande .

4.100
+5 .
2 L0 Res7ipprio0
AwmA
A st(ﬁ= Ie
5-0.7 =z Tw
Rs 100

—>» Ra= {30k

Vee = 5v-3K.4mA= 2V

lf P=60: Tc-5-03x 50
430k
Te =050 wA
=P Yoz = H-3Kkx0.8ur =+ 3.5V

lf/’:-“- 180 Tes= I.5mA
Vee- 0.5V

This desiou 18 too seusilive

ta variatlious of 3.

4.101
+3v _
ﬂc =00
1e R Lo 3iA
ie 5 "J'wi—avm
| --- 43V
Rz Ce
Re =3v » 1K
3wma
Re= 3v =4ku
3wmA
Vb=a.3+3= 3.3V
Ri= 9-3.3 = (?.?7Kwn
TE/10
v = (Ri+R2) Tg —» Rz =12.8K
lo

@[tmse suitable 5% cesistors
Ri=12.2K — 19Ku
R2=12.3k— 13kun
R)=Rz = 1K

Ves = §x13 = 3.372V
g+13

For these valves of R aud

B=90: Rg = 131113 = '2.55Ku
Te= 332 0.7 2 2,33wmaA

1 «l—?ﬁz

{1
A= 0.99¢ => Te=2.80mA

lf Re /s redveed 6J ~3.55K
9!
»>Re~ Y10
= 1 e=3.09m4
Te=3.25mA .
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4.102
ForB =, Iy = 0,1, = 0.6 mA
3v
Rp=66——skﬂ-RE
V,=07+3=37
Ry = 2237 106 _ 55,0
H6m

1,72

9 = (li’zw“l?;)l—5=>l?2 = l§—R. = 123k0

Suitable 5%. Resistors: R, = |7 4 k)
Ry= 12,1k
B = 90:

Ry = (174 K)|| (12.1 K)

= 174K(I21K) _ 5,300

29500

9(12.1 K

Vs = =3

T GTKk+174K >V
37-07 3

Ip = - -

f SK+ I3 SK+7Es - OmA
0 +1)

4.103

Ie= Vee-Vae
Re + Rs

a) For(3=100, va. i
betweeu 50 and lﬁd? f%l«ce

wmaxiwmwwue deviatiou fuTe
($rewn the uaucnal valve
obtaiwed ror D=100) accurs
at the low euwd o ﬁvalues
(b=50). Thos, éo Keep

Te withiu £ 5% ot uouwvual
we wwet o fa.se tle coustrame
Te(b=50)> 0.95Te(p=100)
of, Ngb- VBE > 0.95 Ve -Vse
RE + R8 Re +R8
Re +Re > o. ?5(RE+
loy Sl
0.0o5Re> Re (0.95 - 1

51 lor
= Re ¢ 5.33
Re
Thus. €ke /adeeé ratic o,.

RS/RE is 5?3
(b) Te.Re = Vee/3
— Vs8-VBe . Re = Ve
Re + R8_ 3
3
Vee -0.3 . Vee
A+Re . 4
Re (b+1
Ve =1Vee (1+5.33 )+0.3
3 101

= /88 :0.38 Veec + 0.7
-—

(¢) Vee = 1OV
VNEgB =0.35x10+0.2 = (4.2V

- Rz x10= Y.,2
R'+Rz
R = 0.42 ()
Ri+R2

Te.Re=_L Vee
3 CoONT,
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2xRe=_L xI0
3x

=> Re =1.63Kn

Re=5.23x1.67= 9.55 Ku
RJ-RZ & ?.555
Ri+ Rz

8oésél'éué¢‘u5 from G) Sl'ves

Ri= .56 = 2.3 ku
o.42

———

4.104
(a) WV pheoo,Te=0
o QC»L Te=1Tc
3
= K:‘V‘
Re el
Re

3v=Rex3wmA
= Re=AKw

(+3-2.2)=Rex3wmaA
—> Re= 67u

) B=%0 Vee =vrse
la
Ts.Re = Ie.Re
o
- Te .Re=Te.Re
((>+1) lo
— Re=(B+HRe @
lQ

-3v

also, 0=Veras +0.3 + Vee - 3

2.3 =\RE. + Vre
lo
— VQE" é;é =-2—C)9V
1.1
2.00=TexRe @

bot: Te=Ic = 3wmA = 3.033wm
ol o.98¢
Svbstibvéin m@):
e+ 63¢a
f.ram@:
R~ 6269

(¢) Staudard 5% valves:
Re=1Kun

Re = 68 — 680u
Re= 62691 > 6.2K

(d) (},:ao: Is=0

Te=TIe¢
Up=0
Ue=-0.3
Te=3-0.7 = 3-0.7 =3.88wmA
ReE 63%c
Ve= 3-3.38mv4K = —0.38V
ForA=90:
Te= 2.3 = 3.0%wA
&30+ & 2K
]1

Te=olTe = 3.04wA
——

Ve= R8.Te = - 0.209¢
0+
Ve= -0.20¢9 ~©.2 = 0.90¢ V
Ve= 3-Ic.Re
T 3-~304xq = -0.QHyvy

P ee—

4.105 15y
Ve=-0.3v Re

Yo obtain Ie=IwA e
Re= —03-~(-5) ReE

\ -8y

=y.3 KR CONT.
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‘TO maxiwe eain wlile ITa.Ra= A4V
R = AV = 1 M =2Z2caku

+Y1v sioual ot

allowriw
collectdt , desiqu f ra de BShA 5
collector volbage ap +1V. Now, :/. the BIT vesed has
°T’Lu,¢s, ‘5 /} 50, the ewmitter correut
Re= 5- =4 = {{_E___UL (;f:) (esplbiu \§ coan be auuo’ frow
.Ic A — E; (5
ITe Vcc - VBe
For 100°c ri'ge iu Eewpera- W
bute , VBE Jecreases izf ;!
Ixi10o = 200my aud/thus = 5 ~0.9 = 0. Y4lmA
T e iucreases by Q.2v E.6 + 200
Re 51
= 02V = 2.047 w4 and Ig= 0.4l >~ YuA
é{ 3k 51
/.€. Au rmerease af 4. 1. 7 % Thus the collectorwill be
= LL«.&LL&( tleau tlhe basge b
“The clhan e:uffxamédéa 8*02—[6‘/;@“0 w
50 C',W a e Tof‘ a * 1.6V siqual swiw
i,fowu Q.980 te O.993 el at the™ — colléetor .
kes au iverease iu
aatl ekor currené op 1.3% For > =150
Thws the averall iwaie Te= 56-0.9 =0.59wA
ih To /8 6 % é.6 +2:‘(ni5_a?
ITe:=0. .54 = 3€EHA
151
4.106 Te Tlhuws the collecter volk
To allow a eolieetor /Jga Re will be dSf,r thane tea
Val(:a. e 8w:w6 Rs J"f at, tlhe b
L1V, we “ 3.6x0.2 Y0.32V
es:&w (/ ve Vie G-MOMN'MS por OM[J *+ Q.2V
e = VB+ 4 s«'éma,! .sw:‘us.
= Q.3+ 1= 1.3}V
XTe= 0 - 5wmA
=+ Re =5-1.9 = 6.6 kK
o5 e
For/b = 100 :

ITe =Te = ©.5 x5 pA
A2 NPy



4.107

Chapter 4—-48

Te=Te/3=3MmA /90 =0.083wm

\VVe= Re.Tg +0.7

Ves= 1.5V 2>Re=24.2KL
Ter Ie= 3.03wm4

ot
T e Te-Ig 2 T¢
T =3.03mA

4.108

R,

Ry

Ig

2__ =

Ve BAR,  B+1

Ry
2 __y
VCC Rl + Rz BE

Sl R Ry
Ry + (R, || Ry)

B+1

(R 1l Ry) + Ve + IR

4.109

(+05V)
+10V
I° E, -10V)
2R, -05V
B2 sy

[ -
(-35V)
E, -30V

< >
> :FRE 20V(15V)
|

~5V
The constraints imposed cannot be met
Ve < —0.7V for Q, active.
Change Vy; to 1.5 V then
= —35V
Va=Vp+25=-10V
Vo =Va +15=+05V
Forp = «
Rp=1.5V/0.1 mA = 15kQ
Vp=-35+07=-28V

Ve: 22 R,
V=0, =0)
Vo=-07V

Va=Va+15=+08V

Vv
Rcz = Olcf‘l'(l.A‘Aan
For I, (B = 50) within 5% I, (B = =)
For8 = 50

1.5

lr = —_—— e
E7 Re+ (R, [R)/51
B::x:

1, < 1S



RillRy_5
Need 1 2< 2 R
51 100 £
SR, | Ry=51R./2 = 3825k
RiRe _ R _ R _3395k0
Ri+R, 1+R,/R, 1+28/22

s R, <869 kQ use 82kf)
R, < 68.3 k2 use 68 k2
R, | Ry = 37k <3825k
For B = © and 5% values
-5XR
Ve = !
B R+ R,
Va=227+07=-157V
I = 1.57/ 15 = 0.1046 mA
For B = 50V determine R,
227 -0.7
= == = 0.0998 mA
T/sTe a5 ooeRm
In =098 X I, = 0.098 mA
I = 098 X I = 0.096 mA
Iy, = 1a/50
Ve =0099 X 15=147V
Vo= -5+ V,=-353V
ForVe, =25V
Va=Va=Vpt+Vy,=—-103V
Vo =Va+07=-033V

Ry = Vg X ;E = 173.7 k use 180kQ)
(4]

= -273V

IEI

For B = 50
I = 0.096 mA

Vo = —9-5%2>< 180 = —035V
Vo =Vy—07=-105V

Vo = 5 — 0.096 X 43 = 0.872V
Ve = 19V

For B = 100

Iy = — 157
377101 + 15

I =0.99 X 099 X I, = 0.10 mA

Ve =07V

Va = —‘:-T‘:’ X 180 = —0.878 V

Ve =V, — 07 = —0.878V

Ven = 0.7 + 0.878 = 1.578 V

For 8 = 200

= 0.102 mA

I = 1.57
E2 7 377201 - 15
Ia = 0.995 X 0.995 X I,, = 0.102 mA

= 0.103 mA

Vo =0615V
0.102
Vg = — 2192 % 180 = —0.091 V
o 201

Vo =V, — 0.7 = —0791V
Ve = 145V

Chapter 4--49

4.110

To=2wmA=ax 5-03 5 4.3
R R
=P R=2.15ku

Ue winm = ov Clu actuval
Pracéu'ec r Uewdu o O,QV)

4.111
Te= Vss - Use
Re + L& /(p+)

where, Vga= Vee . K2
Ri+ Rz
=¢. 15 =3.21v
23+15
Re =R IRz =15/12% = §. 64 Kwn
Thvs, L& =3.21-0.7 = [.9¢w4
1.2 + 9.64 -

E—
1ol

Rs
o Ve
+ m
Vs W_\m f ifo iﬁcfg,_

é‘M'—‘ Te = 0.99% 1.9¢ = 3C.8wa
vT )

0.025 v
(r=p = 100 = |.3kn
S 6.9
fo=va = (90 = 52.1Ku

Te o0.70v 194
Ri= RBJITm=9.64/(.3% 1.15Kku
@M‘“6M=_?f_;‘8w_£_ _—
- v



Chapter 4-50

Ro=Rellfa = 2.2 52.) =211 Ka

Rs (‘l

Eew valewt eirewi

Av = Ve ~Uz Vo

Us US Je
= Ri . Gm (RoltR) U

Ra+ R ue

= =l15 x36.8x (2.u(2)
lo+1.15

= 3 13 v/v

Ar=lo = Uo.Re
) Us/(Rs+R:)

> Ac=Ue . R3+ Ko

‘ Us Ri
= -8.13x (lO+115)
_ 2
- T45.3 A/A

4.112

[ Nee = ¢v U33=3L Vee = 3V

N%S/eaé: é tle éasc curreut
£+ = 45K

Ko = 4
6 +R1 3
=> Q2= 15kn , Ki= 30ku
L8 = NTIE 30’1)5“_:/0Kq
45

0'2

Vo

f;;&f} % ?C;m(ﬂiko ’le_

Te = Vs~ Vsge
Re + RB
+l

2= 3-0.3 -:>£a"msm

RE + 10/i01
U.se Re = /IKoz

The resvltin 5 Tz will be
Te-= = 2.09 mA

l-l- 19/
Te=KIg 20.99%2.0F =7 .03wA

dma Te =2.07 »82.9wm4

v-r 0. 028 v
fwr= /> = Ioc = (.2l Ku
w 82.9
lo0=Va = 100 = 48.3ku.
Te 2.07
é‘rs % % %Sw\lnirﬂ Re 2 R,
&'mmu
21,03 Ka
Uﬁ = Un o = ﬁc' S V!TR
Us Us 5:7 Esrﬂc
= —.28 «x SZ,QxR
la+ .08
QTO obtain _t[g =-8y we yse:
Us v
R= 8x1.08 =0.%9kuw
1.08x82 .9

Now R=rajiRelRL
2.9¢9=448.3 [/Rc /|2
> Ke <2.04 ku
vse Ke = é_égz,
Check : Vo = §-7z.07x2= H.86v
while Vo =3y . Thus ju
active mode as qssvued
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4.113 4.114 T3V
Vee= ¢. 47 = 3.2¢V £=100
g2+47 {o= o
Re= U2/ gz =2¢0.88 Kk
ITe= 329 0.3 = 0.66wA v
3.6 +29.48 8
[£-¥]
Le= 0992 0.66 = 0.65mA Riv=5km , Bry “Ro U Frr
SM =065 =26 ma => 5K= Re.(r
¢.025 v Re + fm
Y= %aa.ss Ko S5K(m = Rp (fmr-5K)
é 6’!)6:' fr=Vr aud =
fo= lao = 151.5Kn Ta RerLs= 0.5
Q.66 - 5;(_1]1 = 0_;5_—(‘-11_,5,()
Rs L . A8 L8
Re =117 Un (oare2a, thos, = 5250u
Ve - guvn theu Ke=105K
elioose KR8 = 100K
L S—— e f——
Ris 70.88 113, 151.5116.8 012
’;’Z;‘q”}(lias = .53 KW aud Tg+- 4. ?6 A
Te=(A+)DIp= /01 % 4.3INA
Av=Uo = 3.41 x -26x1.53 Te: 0.48uA
Us 10+3.4) T=Te -7 T 0.5m
= —lo.tvwy Whiek rs \ '
. akovt 2:5?/0 To avoid sakuration:
[/;,éiltef ata.u iu the ariginal Ve -Vg > 0.5
éaiow . The fwmprove wé s Ve = 5v-Re [Te + Ube
nob as laree a's mcot have [Te oM 1
beeu e,x{)e d becase a(éhabéh Te=T.-= 0.5mx loe/lle|
gl'('ugrwgg ; ém o'ecreaucs 5\7 = @a. qq wr A
abouvt the sawe r. wz NT = 25m = 50wA
Indeed wast o) tlhe twprovewent 6 Te 0.4%w v
is dve to the iucrease i Ke Ube = 0.co08v
aud heuece in the e/fedjve load —> Up = 5~ Re [0.49w+ 50 wmx Sw.l

resistaunce . = 5 - 0.3Yx103x Re
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Thew :
Ve-Vs = (5- 0.%uRe) ~(-0.5+ Ube)

= 5.4¢5 - 0. Wuke % -05
Re & 3.1Kw.

Base -to -Collector apeu elrewdt
A
Ue = *sm&: = —Saucx 8.1K

e = -uosuy

Fa(‘ Rs=10K , PL= (OK
= -Jwe (RetlRe)

U’b
a —Z0uwmw .47 K

= =223V
Ue = b .Ua= 5 x-223
Vs Us Ub Stz
= -3Y4.3 Vv

4.115
I&“ 0#5WA

(a) Te= I!5-0.3
Re + Rs_
Itk

0.5 = (43

Re +2.5
120

= Re= 28.87 K.

(b) Ve =15 ~Re.Te
5= 15~ Rex0.89 vO.5m

= Kc: 20.2Kwn
= ZOKW

e ——————..

te) Rs Va

wVyr| ]
gt $T I

Re= 20k , Rs=2.5K
{o= 200Fuw

6M= To =~ O0.85wm = 20wmi4

vr 28wm v
fr= 0 = 100 = 5k
dm 20

AU-‘go_ = gE" Us
Us Us Urr
'=..____. we ((allRel/R
fr+Rs 3 [ Re lRe)
- 5 x 20 (tooftol1a)
54+2.5
~86 VIV

i}

[}

4.116
(a) For eacl traunsistor
Usg= 15 x 43 = ¢ Qv
1004-({)
RB= Ri[/R2 = too14? = 32K
Te= 4.2 -0.2 = 0.97 wmA
3.9+32
1Q1

Tec=0.99x0.93 = O. 96 wma

Ve = Vee -Tex Re
=15 - 0.96%x 6,8 = 35U



(b
. ™ 5'7 !m!
mqw Res :,,,, Re
iy - Reaf -
sr r
Rf“{ Efﬁl
8= Rgz = Re = 32kun
6Wt=\3mz= 0.9 = 38.HwA
a .025 v
fim= faz= 02 =2.6Ku
38.4

gc(: Rez= 6.3k
{o1= (oz=c

e Riva= R8I (i

ommy

= B32(2.-6* 2;’—_!5»&
Uél = E:‘ud
Us RLs+ Rimt
- 2. Y4 = .32 V/U
P m——cI
5+2.4

(Jd) Rinz= Koz l/ (2
=32l2.6°2L.Kkw
Ubz = “SMI Um CRer / Rinz)
= -33.4 Ubr (6.8112.4)

q_ég; = -68.1 Vv
Ubi

(€) Uo = —Qwa Unz (Rezil Re)
= -38 Y Ubz (6.812)

Uo =-57.3 Wy

véz  ~

Chapter 4--53

() Uo =Ubi U6z x U2
Us s Uébr Ub2
= 0,.82x ~6%8.1x -5%.3

= 1292 v/v

4.119

Rin = {+1) (fe+ 250)
=100 fe =Vr =a.025=250a

o3 o
Rivi= 101 (250 +250)
= 50.5Kw
Ub = Rin_ = 505
Us KRs+Rimv 704+50.5
= 0.1Z2V)y
Us = -t (200120)

Ub (e + Ke)d

= .09 xlo =-[9.8 Vv
st —_—
0.260+ 0.250

Thus, Uo - 0.32%19.8=~14.2V,
Us .
For Ube = Swv , Ue = SmV algo
(siuce Le= e = 250w)

Thus,
Ub = 5+5= 10mV
Us = E_C_?_ﬂd = |3.88wmV
0.2z
Uo = 13.88 x(4.2= ]97.2wmV

marasss g
g ——

e
foomamm—



4.120

(@) Te= 0.99¢0.5 mA O 5wh
= 0.5 umA —

Ve = TeRe +VBE ...

= 0.85%0.135 + 0.7
+ 0.008 % B3ao
= 2.28V

————T c

Cb) L‘e = y_,_‘::_. wK%

(e=Vr = 50n
Le Je fe
. 3
—(e= U £ej, 2804
. 50+ 250
le= UcC
30a

Node e vatiouw atc:
Ve -L}u' tote + s =0
300K 30K
Vo ~VUr + ;oi.___l_”_g_. + Ue =0
“RBook (250¢+50) 30K
= Ue = -0 Vy

Y ——
Ul =

250

Chapter 4--54

4.121 +5v

a.sm»J, Re

o
E‘;K
U'3 ; 50Qr:
R —sv

Ri= Vr =300 = I.=0.5mA
e hy-orrmeom———
I

Ve = 5 - 0.5.Ke

Ve min= Ve - 0.01 g (Rell 4K)

07-0 gfeueu.l: satvration Uewuy

~» 0= \Ve-0-01x20 (Relld)
= 5- @5 Re_
Re+l
SRe +5-0.5Re* 0.58e-0.2R20

G.5Rc? -4 .3Rc+5=0

Le=4.3+ /432 +10

A

= Y 6Uka
Select Re = .1 Kkwe

m——
————

Ve = 0.45v

Us =~ K¢ Qua (Rell 1)
Us Rs+Re

=_B02 xzox (9101
S50+50

= Y wy
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For Ubewax = 10wV
Usmax = 20wV
Vewar = 1§OmV

Thus the eollector voltage

Swiwngs fawm
( BS,‘}; - 0.18)V ta (0.45+0.19)V

e trom 0.23V €o 0.63v

4.122

Ri=fe =Vt = VUr = 50«
Ie 0.5
Yo Liud blie voltage oain
Uo/ys ji“é uoééjél&g_t

Ve=- k' = 50 =o.5
Us RstRi So+so
eu,
Ue =o x (Total resistaunce atc)
Ue fe
~ A x ((OOKka (/AKR)
50w

= (9.3 v/v

Thus, Ue =19.8 xa.5 = .2 Vv
U‘s —_—

4.123

() Te= §-0.7
| + 108 3+

lt'or[}=q0,l‘e- 8.3 =2.4lma
1+102 ~

i

Ve=4x2.4i= 2.41V
Ve = 2.41 +0.3~* 3.uv

For =200, Ie=8.5 = 5.54m4
1+ 120

Ve =+ 58.54V 2a1

Vs = +6.2qVv

Cb) Ri=100ka //((3H)[fe+ltlh)]'
= [Q0 ([ (P+H)[ re+os]

For(b=40, Ie= 2.4lmA
2 fe<10.37wn

thus Bc= 100 (f Ul x(0.010% +05)
= (00 [l 2]

= [F.30wn

For (b= 200 ;T e =5.54m4
—» fe= 4.5 n

thvs Re= 102 201 (0.0045 +25)

= (co [l le1.4

= 50.3 Kk«

(c) Vo =Up - Uo

Us Us vé
= Lc . (i)
$+RC Qi)+ re
Forb =40,

Ve = 13.3 = @.5

U—S 10+ 13.3% O.5+0.01037
= 0.2 Vv/y

For»= zoo,

Ua = 50—3 0-5;__

Us (0+50.8 0.5+0.004%
= 2.823% V/V
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4.124
Te = 5-0.3 = 4.00wA
3.3 + loo
(@t
fe =25 = 28
4.00
Re=(B+1) [ re+ (331 1]
= B0.0Kwn

Vo=yb.vo = R (33U1)
Us US Ub Rs+RC e +(3.5M)
T'rﬂ)g,
Uo = Bo «(3.3/1)
Us loo+80 o.az5 +(3.3)

= Q.30 V/V

é_q = Uo/Ke

(e Us/®s +RC)

Lff . (Re +R¢)

Us Re

= ag.43 x (oo + §o)
1

= 2.4 A/A

e

Rouvt = 3.3 //[fe + (ac
o+

= 3.3 [a.ozs + l_c_:_g)

lai

= o.7276e ku

4.125

() Tez~= Swa
Aes0T - Ba=100

Ter= S5on+Te2
= 50 + Iez = 50+ 5000

Lz 101
2 0.4mA
ey +Qyv

L5V A9 =asha

Tar= QAwh
(50+1)

* L7 6 A
V81 4.5-p08x196 = 3.82V

V2= 8.582-0.3 =~ 2.82v
(b) /Qefer to Ffs. P.5.148
Ue Re
Uba RL+Tez
Ri=4Kku fez=25 = s
5
Vo = _4 = 0.995 vp,
Ubz A1+ @.0as
Ribz = (Ba+1) (fez +RL)
= o) x (1.005)
101.5 K

o

(_C) (fﬁ = /Qa‘ba
Ubr  Ribz + e
fer = Vr = 250«
\OO)A
> Uer = _101.5 = 0.993V
Ubr tot.5+a.258 ~— Vv
Ri= tHelldana W(CB+1)(le+Ritz)
AN Blx(0.25 + 101.5 Yku
= Al 5.2 M
= 04990 = Y99ku

() Ub = Re = 499 =083
Us Rs+Ri 100+499 Vv
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(e)Ua= Ub . Uel . Up
Us Us Ubl Uel
= 7.833 ¢ 0.993Y x 0.995
= (.826 v/v




Chapter 51

5.1
The capacitance per unil area is: C",xs.‘?;x.
6, = B45cis" 5, "

-~{f
f‘," =5am qu,x x};gill%.-u 69 PZ..‘

£(0,
b, =40nm =G, = © ét%mz
For IPF capacitante,we requsra o Qreo A:
e 2 For &, = Snn

A =.J2._._?...-I‘16 s
6. 9%l6 /4

-~ 12

A - ,J.Q_.—-?- = "‘3/0“2 For tox :QOm.n

0.!5,\45

For a S?uaﬂ P’aﬁ cafa.ol-f'b:f ofF (0PF:

1 2 nmy
A = (0x14S=1HS0pm or IBeO8 uar Syt Bor b5

NN

2
Az 1021632 1E3O " o lo&xDS}lmsfml’V Gy 20

5.2

With V, small, compared to V,,,

S S
A LAY
Gy, Cn.r)(lL‘)( Vov)
(a) V,y is doubled — r,; is halved. factor = (0.5

{b) W is doubled —> r,is halved. facior = 0.5
(¢) Wand L are doubled — r,, is unchanged.

Ips

factor = 1.0
(dy If oxide thickness t,,, is halved, and
Cm( = E‘:'

ax
Co is doubled. If W and L are also halved, r,
is halved, factor = (.5

5.3
The transistor size will be minimized if W/L
is minimized, since W/L appears in the
equations that must be satisifyed, we can
minimize (W/L). Clearly we want to mimnnze

L by using the smallest feture size.
L=018pm
SR S—
KW A Ly (vge ~ VD)
SR S
ka(W /L) gy

Frs =

ps ™

Two conditions need to met for Upy and rpg
Condition 1:
1
400 X ]0M6(W/L) Yov.y
200 = (W/ LYUVpv,y = 12.5

pg1 =

i

Condition 2:
1

400 X 107%(W/ L) Ugy.2

psa2 =

= 1000 =3 (W/L)Upv,2 =25

If condition 1 is met, condition 2 will be met
since the over-voltage can always be reduced to
satisfy this requirement. For condition 1, we
want to decrease W/L as much as possible (so
long as it is greater than or equal to 1), while
still meeting all of the other constraints.

This requires our using the largest possible
vy, voltage. Uy, = 1.8 Volts, so Uy = 1.4
Volts that

2
W/L = ,.1_'.?_2 = Ll:fﬁ&gz‘
Vo, 1 -
Condition 2 now can be used to find Vgg o
Vov,2 = 123 - 23 - gag

W/L 12.5/14

= Ugsz = 0.68Volts = 0.68 = Uy = 1.8
5.4
k, = 5 mA N? Vv, = 05V

Small Uy

ip = k, (Ugs— V) Ups = Kk, Uos Uns

I -
gpy = — = Kk, Uy
I'ps

il)
=2
S00pA ‘ Ugs = 2.5V
s = 2.0V
37SpA
Vs = 1.5V
250pA
1
l‘“’"‘;S = 1OV
125pA -
" bugs = 0.5V
y }‘j > Ups
0 S0mY
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5.5
Vos sat = Ve
Vi = Vs =Vr =25 -1 = L5V

= Vpssat = 1.5V
In saturation:
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= (1.125 mA)
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* - Lo IS’;»'-\ts'a /h 26.5
K = My G, = 550x10 9% 2.3 16 =126 /“X,z

2
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b} tp = ﬁ Kn ‘% Wgg-Y,) =y 190 “‘J—" '25‘5"01%(‘2;"})

Vgs— 0 F= ‘0.28 Vov = 0. JSV
GS =098V
VDSMU\ E-4 VG'S -V': = 0‘3-8\/

Q) for Smadl Ups °(£‘na¢l¢ "JK"‘) ‘b 2/ \év VQ.S
rm - \’l?S = 1 . L 1000
e
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w
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bnCoxt = wpCox—L = P = 2

5.7
p-Channel
V, = =07V,

@ Jvay] = 05 V.

ves = —12 V. = v

) for Ugp = V,,, Uy = Ugs — Uy
= (- 12) ~ (0.5} = 0.7 V.

Uy, = Up= 0T V.
() iy = 1 mA in saturation mode

24

ik = TR = g mA/V?
(ves — 'U:p)

For vp = —10 mV, ohmic mode

=k ("l- Vip = %"ns)(”m‘)

= 39.6 pA
For v, = ~2 V,satmode, i, = | mA
5. 8
ip = 2 nL(V s~V kn = #pCox

for equal drain currents :
W w B
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n r

0.4
5.9
. ) W, R
For small ¥V, =i, ~ k"r(l’“x ~¥) Vos
»
' kﬁ( V(}X - Vv)

ol
1

r N

50X 10° X 20 X (5 — 0.8)

= 238 0 Vo = Fpg Xip = 238 mV

for the same performance of a p-channel

device :
i’,l’ Mo g,s;,h = L'_:ygq
W, o, )

W
WX25= 71’ = 50
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“; =M G« /4, Eox o-ss'dixlgqx' 445,

@ e regonls G5 (Y-,
o Ko [(%V Vs ~4 Vi) |
“pwh2dx 15 % :u-[(s.o.r),. - ﬁ""j s 4.5 mA

|' 5" LENY.L S

b) gdgc of saluralion reqon : Y= Vos Ve

Lo Wy, ,\@1 « .‘.lixﬂﬂ.-lgls X10x(). 3 50-8mA

¢y triode region: Vo L Vs -V .
"'b r ”R.lylg‘g m[(S.a.}),o.n,.k x.g.lJ so.?bqf(

iy e bnli2inme xJ0x(5-0.8 e 9.9mA

5.11

(o)

C. (ﬁ“—;) €. = 4.5 pFim 345 690 9.58 133
pm
& [%ﬁ)
” \3-2 173 345 470 215
i, o SO0 enmVS
o
A 173 345 479 664
W
for 2 = 10
i
A {am)
> " '8 4 ):’ y’&’
ﬁx[ff. - 15 250 1625 (1324 159
Vi () 3 23 1.8 13
VAV 0.7 AR 4 04
I {itmA}
for e ™ Bas ™ Van 16 £.90 465 364
gy éﬁ:rx{ Vo 5"’;}2
P {mW}
P o ;{?39 1. B 17.3 8.44 1A
32 217 264 T
) s n dn T2n 14.8n




= 1917 X 10-5 % 10[(5 — 0.7) X 0.2 — %(o.z)i]

=161 mA ‘
(d) saturation region: Ve > Ves -V

iy = % X 1917 X 105X 10 X (5 — 0.7)?
= 7.7 mA

5.12
Satmode, X = 0

i() - b, 2
(]'E:) - ﬁvov

Slope at Upy = 1 V.

v?
m = e
v
2V
v Py
1V
(4 Hov

Ohmic mode, X\ = 0

i s
(’Q) = UpyUps —~ lv‘.
k, S

6v?

v = vyy
e
D¥lepgwn

For pmos, change

Uy ¥ Yy

Tyt Vg ™ {V”,]
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o = LK, ¥ Vos—%y) wr 0.2 = xotst 4
VGS..H: 2 -»V es= 3N

VD& —V“-t-'.a_\sn.v
for & LroBmA: O.8.Lroggnf

Vos <)~ 4 =>Vge =5\

VBSmin= % - % <51 =47

5.14

Vs 'VDS Mnmﬂo opmalon n s,EmLm
2

mode ; 'Losl-l‘ ‘M(vars 1)

H = .L K ﬁ.(S’_. 2

sl w SV oy
) = .Lx,, w L3~vh) } (3-v)?

’,
=1V W _o.
(5-U)=203V) = Ve =1V, K _l.-.-osuA/V,

5.15

s 1

tp —i k..!;{ (Vyq- e’ «p0.8= L,:S‘om_ﬂ(s-l)z
5.16

For the chonnt] €0 mmaoin tontinoms. .

Vo34 Yo% =r Voo, = S0 8203

ps =

Vee = LIV rp = 10k
Vg = 11V = rpg = 100 ()
=5 10002 = rpe = 10 kO
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1 o
a) rpg O W so if Wis halved. r,, is doubled:
200 )= Fpe 20 KO
LS
b} rps o Losoif Lis halved, ry; is also halved:
50 £) < rye = 5 k8
L .. ) W —
€) Fpy o w e if both W and L are halved, A -
stays-unchanged and s0 does rp. Vps ™ Vgy
100 Q< ry = .. 1
or = 10 kD) Ip = Ek‘»(’fns - V)
. w fod?
S = + ¥V,
5.18 v+t B VE, 'w
Vid 3
Yoo
V424
v+ 14
Vi 4
%‘u ] ;
0 1p
0
vA‘
= 5.20
vgp = 0= saturation Vs =V, —V; Vo=V,~V,
!:D = }'ka("(‘\‘ -V )2 »’m- = Vm—V, = VGS— l.oACCUrdiﬂg to Table 5.1,
A three regions are possible.
gy = Vpp— oy CaselV, Ve Vo Ve |V |V |Regionof
t R Operation
nip = ;k',, [(Vpp — V) — nld
1 N R a +1.0 {+1.0]1+2.0 |0 -~ 1,0 |-+ 1.0fcut-off
ip = ’z‘kn“"'rm — V) ~ 2V — Vv + 5]
b +1.0 [+2.5]4+2.0 | +1.5]+05 | +1.0]sat.
0= o= (Vpp~ V)
ip = 0, 0= (Vyp — V) c +1.0 | +25]+1.5 | +1.5]+0.5 | +0.5]sa
i d +10 [+1.510 +0.5(~0.5 |~ 1.0{sa1.
3]
Vo=V /,»0 e {0 +2511.0  ]4+25]+ 15 | +1.0{triode,
2k, f +10 1+1L0{+1.010 1.0 {0 cnt-off,
g ]-10 10 0 +1.0{0 +1.0]sat.
{ + Ll 1N
i} Vo=V Vo h =15 |0 0 +1.51+0.5 [+1.5]sat
i - 1.0 [0 +1.0 |+1.0]0 +2.0 sat.
i +0.5 [42.01+05 | +151+05 {0 trivde.

* with V,, negative, drain and source are reversed
to show the device is in the saturation region.
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.',(,\n)k
2.2
2
-
-
w
-
AT
o | -0 - 4 .8 Ubstv)
A
ro = 803 =. 8- . 20kn

4% Vs Cons b 23-2

To calolate Y Consider 4l ABC 'tn‘av»a\'-:
VAQ-“\:. 2wk x Yo = 2220 =46V =~y VA= 2wV

)\u_l_ = 0.02.% v
Va

5.22
A = 0020 = vUs= 50V for
L =1 pm

V= ULV, =50V

for L = 3 pm: ¥, = 50 X3 = 150V
r = % = %% = 1875 k2
ry ‘%;:Zq = Aij,

T R e

“2
for ¥,¢ raised from 1V w0 5V, i, increases
from 80 pA to 82.13 pA.
Ai
2= 2.7 % change in i,
n

Ai
In order to reduce —2 by a factar of 2, Ai, has
Iy h
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