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Chapter 1

Solutions to Exercises within the Chapter
Ex: 1.1 When output terminals are
open-circuited, as in Fig. 1.1a:

For circuit a. vy, = v, (1)

For circuit b. v, = i5(¢) X Ry

When output terminals are short-circuited, as in
Fig. 1.1b:

v, (1)

N

For circuit a. i, =

For circuit b. ig. = i,(t)
For equivalency

Rsix(t) = vs(t)

s a
4, (D)
b
Figure 1.1a
a
i, (1) R,
b
Figure 1.1b

Ex: 1.2

Ve = 10 mV
ie = 10 pA
- 1.}“ _ IOmV=1kQ
[ 10 pA

Ex: 1.3 Using voltage divider:

Ry

o(1) = v (1) X ———
0(0) = 0(0) x

Exercise 1-1

v, (1)

Given vs(r) = 10 mV and R; = 1 kQ.

If R, =100 kQ
100

v, = 10 mV x
100 + 1

=9.9mV

If R, = 10kQ

v, = 10 mV x ~9.1 mV

1
10+1
If R, = 1kQ
v, = 10 mV x L =5mV

1+1
If R, =100 Q
v, = 10mV x % ~ 091 mV
For v, = 0.8v,,

Ry
RL+R,
Since Ry = 1 kQ,

R, =4kQ

0.8

Ex: 1.4 Using current divider:

Vo
i, =10 pA R, R,
. . R,
[p =iy X ————
R, + R,
Given iy = 10 pA, Ry = 100 kQ.
For
R, =1kQ, i, = 10 pA —99 1A
L ! WA X 100+ 1 "
For
R 10kQ, i 10 Axiloo 9.1 pnA
= , 1, = ~9.
L WA X700+ 10 "
For
R 100k, i 10 pA x 100 5 A
= N l() = —_—
L M T00+100 ~ 7"
100 K
For R, = IMQ, i, = I0pA x ————
100K+ 1M
~ 0.9 nA
100
Fori, =0.8i;, ———— = 0.8
100 + R,
= R; =25kQ



Exercise 1-2

1 p—
T 1073
o=2rf =2r x 10° rad/s

Ex:15 f = = 1000 Hz

1 1
Ex:16 ()7 = — = —s=16.7ms

f 60
(b)T:lz ! = 1000 s
f 103
(c)T:i:Ls:lus
f 100

Ex: 1.7 If 6 MHz is allocated for each channel,
then 470 MHz to 806 MHz will accommodate

806 =470 _ <6 channels

Since the broadcast band starts with channel 14, it
will go from channel 14 to channel 69.

T
1 02
Ex: 1.8 P = /—dt
R
0

T
1 v? v?
==X—XxT=—
T R R
Alternatively,

P=P +P+Ps+--

() ()

4v \’ 1
+(ﬁ)§+m
V28 111
:Rxnzx(1+§+25+49+”')

It can be shown by direct calculation that the
infinite series in the parentheses has a sum that
approaches 7%/8; thus P becomes V?/R as found
from direct calculation.

Fraction of energy in fundamental
=8/x? =081

Fraction of energy in first five harmonics

_ 8 1+1+1 =0.93
T or? 9 25) 7

Fraction of energy in first seven harmonics
_ 8 1-1-1-i—l+1 =0.95
w2 9 25 49)

Fraction of energy in first nine harmonics

9 25 49 &l

Note that 90% of the energy of the square wave is
in the first three harmonics, that is, in the
fundamental and the third harmonic.

8 1111
== (l+-++-+=—)=09%
T

Ex: 1.9 (a) D can represent 15 equally-spaced
values between 0 and 3.75 V. Thus, the values are
spaced 0.25 V apart.

vy =0V = D =0000

vy =0.25V = D = 0000

vy =1V = D =0000

vy =3.75V = D = 0000

(b) (i) 1 level spacing: 2° x +0.25 = +0.25 V
(ii) 2 level spacings: 2! x +0.25 = 4+0.5V
(iii) 4 level spacings: 22 x 4+0.25 = +1.0V
(iv) 8 level spacings: 2° x +0.25 = 4+2.0V

(c) The closest discrete value represented by D is
+1.25 V; thus D = 0101. The error is -0.05 V, or
—0.05/1.3 x 100 = —4%.

Ex: 1.10 Voltage gain = 20 log 100 = 40 dB
Current gain = 20 log 1000 = 60 dB
Power gain = 10log A, = 101og (A, A;)
=101log 10° = 50 dB

Ex: 1.11 Py =15 x 8 =120 mW

_(6/v/2)?
- 1

Py = 18 mW

Pdissipated =120—-18 =102 mW

Py 18
n=-—x100=— x 100 = 15%
Pac 120
10 _s
Ex:112 v, =1x ——— =107 V=10pV
10° + 10
10 x 107°)?
PL =‘U§/RL= g = lO_HW
10
With the buffer amplifier:
R; R,
v, =1x X A,y X
R, + Rr RL + Rn
10
=1x X =025V
1+1 10+ 10
» vk 025 625 mW
== =625m
TR0
. U, 0.25V
Voltage gain= — = =0.25V/V
Uy 1V
=—12dB
P
Power gain (A,) = ?L

where P; = 6.25 mW and P, = v;i;,

v; = 0.5V and

1V

=————=05pA
1 MQ + 1 MQ

7



Exercise 1-3

This figure belongs to Exercise 1.15.

Stage 1

100kQ ! 1kQ

Thus,
P=05x05=025puW

and

_625x107°
77025 % 107°
10log A, = 44 dB

=25x10°

Ex: 1.13 Open-circuit (no load) output voltage =
Avo Ui

Output voltage with load connected

Ry
= Avovii
RL + Ro
1
8 = = R, =0.25kQ =250 Q
R, +1

Ex: 1.14 A,, =40dB = 100 V/V
2 RL 2
Pr=-">=Avi—— R
TR ("URL+R0)/L
:vfx(loox
I+

1 2
1) /1000 =250

o o2
"= R T 10,000
PL 251)[2

A, = = =25x%x 10*W/W
PR 10742 8 /

10logA, =44 dB

Ex: 1.15 Without stage 3 (see figure above)

UL

vy
1 MQ (10) 100 kQ
100 kQ + 1 MQ 100 kQ + 1 kQ

100
x(100) (100 1 kQ)
Z’TL — (0.909)(10)(0.9901)(100)(0.0909)

=81.8V/V

Stage 2

1kQ

100 ©

Ex: 1.16 Refer the solution to Example 1.3 in the
text.

Vil

— =0.909V/V

Uy

v;1 = 0.909 v; = 0.909 x 1 = 0.909 mV

T2 _ T2 U _99%0.909=9V/V

Us Uil Us
Vi =9Xvs=9%x1=9mV

U T T2 Y909 % 9.9 x 0.909

Us Uiz Uil Us
=818 V/V

v;3 = 818 vy, = 818 x 1 = 818 mV

UL UL Ui3 Uiz Uil
X — X X —

Us U3 Uiz Uil Us

=0.909 x 90.9 x 9.9 x 0.909 =~ 744 VIV

v, =744 x 1 mV = 744 mV

Ex: 1.17 Using voltage amplifier model, the
three-stage amplifier can be represented as

R,=10Q

Ay =A1 XxApXxA;z3=99%x909 x 1=
900 V/V

The overall voltage gain
Vo R i R L

= — X AW, X —
U R,’ + Rx RL + Rn



Exercise 14

For R;, =10 Q

Overall voltage gain

IM 10
= —— x 900 x =409V/V
I M+ 100 K 10+ 10
For R, = 1000 Q
Overall voltage gain
=———— x900x ———— =810V/V
IM+100K " 1000+ 10 /

.".Range of voltage gain is from 409 V/V to
810 V/V.

Ex: 1.18
I

I R R;

Ry
I = I

R; + R,

. . R, . R R,
Lo = Aisli = Ai.slsi

R, + R, Ry + R R, + R,
Thus,
iy R R,
is "R+ R R,+ Ry
Ex: 1.19

R;
Vi = Ug——
Ri + Rs

Vo = vai(Ro ” RL)

i

= Gm Us R, + R, (R(l ” RL)

Thus,

U, R;
=2 =G,
Uy Ri + Rs

(R, I RL)

Ex: 1.20 Using the transresistance circuit model,
the circuit will be

1 _ R:
Ly B Ri + Rs
R
v, = Ry i; % L
RL + Ru

Uo _ RL
L T RL + Ro

o 0 .i R RS
No L = 1 L =R, L X

L I Ls RL + Ro Ri + Rs
_R R, R,

m X
R.r + Ri RL + Ro

Ex: 1.21

From node
equation
atE

vy = iyl + (ﬂ+ ])leE
= ibr,, + (ﬂ-{— 1)R(,

But v, = v, and i, = i, thus

Ux Up

RinE.i:.*:rn"l‘w"'l)Rg
Iy lp
Ex: 1.22
f Gain
10 Hz 60 dB
10 kHz 40 dB
100 kHz 20 dB
1 MHz 0dB



Exercise 1-5

Gain (dB)

—60

40
—20 dB/decade

20F------

1 1 O
1 10 10* 10° 10* 1

> 10° 107 f(Hz)

o |---

3dB
frequency

Ex: 1.23

Vo =G,ViR, ” Ry ” Cr

G
Lol ise
R, "R, HE
Vo G, 1
Th“s’f: 1 1 X1+ sCL
R, R. L i
Ro RL
Vo _ Gm(RL ” Ro)

Vi 1+4+sCL(R.IIR,)

which is of the STC LP type.

1
~ Cu(RL || R,)

B 1

T 4.5 x 1079(103 || R,)

Q0]

For wy to be at least wz x 40 x 10°, the highest
value allowed for R, is

10°

R, =

27 x 40 x 103 x 103 x 4.5 x 109 — 1

1 3
= e =17.64kQ

1.131 -1

The dc gain is
Gu(RL || R,)

To ensure a dc gain of at least 40 dB (i.e., 100),
the minimum value of G, is

= R, > 100/(10° || 7.64 x 10*) = 113.1 mA/V

Ex: 1.24 Refer to Fig. E1.24

Vz _ R,' _ Rl' s
72 1 TR +R 1
s RX . R, 5 1
tiet ST CR +R)
which is an HP STC function.
1
=——— <100H
faw = S R AR S g
1

C> . =0.16 uF
27 (1+9)10° x 100



Exercise 2—-1

Chapter 2

Solutions to Exercises within the Chapter

Ex: 2.1 The minimum number of terminals
required by a single op amp is 5: 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
(accounting for 12 terminals for the four op
amps). In addition, the four op amps can all share
one terminal for positive power supply and one
terminal for negative power supply.

Ex: 2.2 Relevant equations are:
vy = A(v2 — v1); Vg = 02 — 1,

Uiem = E(v] + v2)

(@)
U3

4
v =0 - — =0—— =—0004V=—4mV
A 10°

Vg = Uy — U] = 0-— (—0004) = +0004 \%
=4 mV

Upem = %(—4 mV +0) = —2mV

b)) —-10=10°QC - v)) = v, =2.01V

Vg =0—v; =2—2.01=-0.01V=-10mV
Upem = %(v] + ) = %(2.01 +2)=2.005V
~2V

(©

v3 = A(v, — v)) = 10°(1.998 — 2.002) = —4 V
Vg = vy — v; = 1.998 — 2.002 = =4 mV

Upem = %(vl + ) = %(2.002 +1.998) =2V
(d)

—12=10%v, — (=1.2) = 10°(v, + 1.2)

= v, =—1.2012V

vy = vy — v = —1.2012 — (—1.2)
=—0.0012V =—-12mV

Uiem = %(vl + vy) = %[— 1.2 4+ (—1.2012)]

~—-12V

Ex: 2.3 From Fig. E2.3 we have: v3 = yv, and

vy = (Gv2 — Gpv))R = G, R(vy — vy)
Therefore:
U3 = ,quR(UZ - vl)

That is, the open-loop gain of the op amp is
A= uG,R.For G, =20 mA/V and

u =50, we have:

A =50 %20 x5 =5000V/V, or equivalently,
74 dB.

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

—R—z and R, respectively. Therefore, we have:
1

R, = 100 kQ and

_72_10:R2=10R1

R, =10 x 100kQ =1 MQ

Ex: 2.5

R =10kQ

From Table 1.1 we have:

Yo
R, = —

I

; that is, output is open circuit

io=0
The negative input terminal of the op amp (i.e.,
v;) is a virtual ground, thus v; = 0:
Vo = VU —Rll =0—Rl, =—Rl,
Ri;

L

Uo
R, = =

I

ig=0
=—-10kQ

v L
R; = —* and v; is a virtual ground (v; = 0),
14

thusRi=i9=O:> R, =0Q

1

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

R =10k

10 k) —O 7,
0.5 mA

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

v; is a virtual ground that is v; = 0, thus the
current flowing through the 10-kQ resistor
connected between v; and ground is zero.
Therefore,

v,=v; — R x05mA =0-10kQ x 0.5 mA
=-5V.

Ex: 2.6
L R,=5kQ)
—_—
AW
ii R, =1kQ in
-
Uy —O
2v iyl

v is a virtual ground, thus v; =0V

2V - 2-0
i = STt omA
R, 1kQ
Assuming an ideal op amp, the current flowing
into the negative input terminal of the op amp is

zero. Therefore, i, = i} = i» =2 mA

Vo =0 —hRh=0—-2mA x5kQ=-10V

, —10V
i =2 = = —10mA
R; 1kQ
ip =i, —ip =—10mA —2mA = —12 mA
. vo —-10V
Volt === =-5V/V
oltage gain 7V v /V or
14 dB
. ipr —10mA
Current gain = — = ——— = —-5A/Aor
1 2 mA
14 dB
Power gain

P, —10(~10 mA
_ P ZI0EI0MA) s W woor 14 dB
P, 2Vx2mA
P
P

Note that power gain in dB is 10 log

Ex: 2.7

v ——MWAV—
R,

U
2 —O v,

For the circuit shown above we have:

R, +Rf
vo=—|—7v —
o R 1 R, 2

Since it is required that vy = —(v; + 4v,),
we want to have:

R/ Rs
T A and i A
R] R2

It is also desired that for a maximum output
voltage of 4 V, the current in the feedback
resistor not exceed 1 mA.

4

Therefore
4V v
— <1mA= R; > = R; > 4kQ

Let us choose R to be 4 kQ, then
R
R :Rf:4kQandR2:Tf:1kQ

Ex: 2.8

We want to design the circuit such that

vo = 201 + vy — 43

Thus we need to have

R R. R R, R,
) =22 ) (=) =1,and =< =4
R Ry Ry Ry R3

From the above three equations, we have to find
six unknown resistors; therefore, we can
arbitrarily choose three of these resistors. Let us
choose R, = R, = R.= 10 kQ.



Exercise 2-3

Then we have
R. 10

Ry=-*=—=25kQ
4 4

R, R. 10 10
— )l =)=2,2—x—==2
R Ry R, 10
= R, =5kQ
R\ ( Re 10 10
—_— — =1l — x —=1
R, Ry R, 10
= R, =10kQ
Ex: 2.9 Using the superposition principle to find

the contribution of v, to the output voltage v,
we set v, =0

7kQ
— AW

1kQ

AAA
4 M -
— 1 kQ — O
= n

Uy
3k

v, (the voltage at the positive input of the op amp

. 3

is: vy = mvl =0.75v;

Thus vy = (1 + @)m, =8 x 0.75v; = 6v,;
1 kQ

To find the contribution of v, to the output
voltage vo we set v = 0.

1
Then vy = ——v; = 0.25v,

1+3
Hence
7kQ
Vo = 1+@ vy =8 x 0.25v, =20,

Combining the contributions of v; and v,

to vo, we have vy = 6v; + 20,

Ex: 2.10
7k

1kQ
15, 0—ANW—9

1kQ —0 7

0, O——ANA—

1y © VVv
3kQ

Using the superposition principle to find the
contribution of v; to vy, we set v, = v3 = 0.
Then we have (refer to the solution of Exercise
29) Vo = 6'U|

To find the contribution of v, to vy, we set

V] = U3 = 0, then: vo = 21}2

To find the contribution of v3 to v, we set

v; = vy = 0, then
7kQ

L =
1kQ

Combining the contributions of vy, v,, and
v3 to vp we have: vy = 6v; + 4v, — Tvs.

U, = —Tv3

Ex: 2.11
R
——WA—
R,
A
\4
_,__)W —O07%p
- Ui0—+
R R
U—O=1+—2=2:>f2=1:>R1=R2

v; R, R,
If vo = 10V, then it is desired that i = 10 pA.

Thus,

_ OV oA R R =Y
“R+rR M TR 0 0A

Rl—I—Rz:lMQand

i

Ri =R, = R =R, =05MQ

Ex: 2.12
(@)
R,
——AW—
R,
A
L—o\Nv _
— U_ 2k’
= o— 1+
Y
v —v_=vo/A=v_=v; —vp/A (@)

But from the voltage divider across v,
R

"R 1+ Ry

Equating Eq. (1) and Eq. (2) gives

@)

Rl vo
Vg—— =U; — —
°Ri+R, ' A



Exercise 24

which can be manipulated to the form

vo _ 1+ (Ry/Ry)
U4 1+(§2/R1)

(b) For Ry = 1 kQ and R, = 9 kQ the ideal value
for the closed-loop gain is 1 + ?, that is, 10. The

10
1+10/A°
If A =10°, then G = 9.901 and

G—-10

10
Forv; =1V, vo =G x v; =9.901 V and
vo _ 9.901

v0=A(v+—v,):>v+—v7:X_m

actual closed-loop gainis G =

€= x 100 = —0.99% >~ —1%

~99mV
If A =10% then G = 9.99 and ¢ = —0.1%.
For v; = IV, vo =G X vy :999V,

therefore,

9.99
vy —U_ = v—oz—zl =0.99mV =~ 1mV
A 10

If A =10° then G = 9.999 and € = —0.01%
Forv; =1V, vp =G x v; =9.999 thus,

9.999

vy v =20 = 2777 _ 0,09999 mV
A 10°

~0.1mV

Ex: 2.13

i1=OA,v1=v1=1V
1V

=2 — Y _1mA

1kQ ~ 1kQ

i2=i1=1mA

I
-

U=

vo=1v1+iHh x9kQ=14+1x9=10V

Vo 10V
T1kQ  1kQ
io =i, +ir=11mA

iL =10 mA

10V
Yo _ Y _10V/Vor20dB
U 1V
ir 10 mA
.—:7200
15 0
PL_voxiL_IOXIO_
P, wurxi; 1x0
Ex: 2.14
(a) Load volt L kO x1V>~1mV
a) Load voltage = ————— ~1m
Tkt iMa
(b) Load voltage = 1 V
Ex: 2.15
R,
—AMW—
RI
U O—AWY =
—0 U
Up p
R
3 R,

(@) Ry = R3; =2kQ, R, = R, =200kQ
Since R4/ R3; = R,/R, we have:

R 20
vo R 20000y

Uy — g1 R, 2

(b) Riy =2R, =2 x2kQ =4kQ

Ad =

Since we are assuming the op amp is ideal,

R,=0Q
(©)
R R, R
A, =0 K (1_44)
Urem R3 + R4 R] R4

The worst-case common-mode gain (i.e., the
largest A.,,) occurs when the resistor tolerances
are such that the quantity in parentheses is
maximum. This in turn occurs when R, and R3
are at their highest possible values (each one
percent above nominal) and R, and R, are at their
lowest possible values (each one percent below
nominal), resulting in

Ao Ry . 1.01 x 1.01
T Ry + Ry 0.99 x 0.99

R,

| A(')ﬂ| :
Ry + Ry

x004~@x004~004V/V
ToT2020 T T

The corresponding CMRR is

A 1
14l _ 100 Hsh

CMRR = =
Al 0.04

or 68 dB.



Exercise 2-5

Ex: 2.16 We choose R; = Ry and Ry = R,.
Then for the circuit to behave as a difference
amplifier with a gain of 10 and an input resistance
of 20 kQ, we require

Ay = = 10 and

R,
Ry
Ris =2R, =20kQ = R, = 10kQ and
Ry, = AyR, = 10 x 10 kQ = 100 kQ
Therefore, Ry = R3; = 10 kQ and

R, = Ry = 100 kQ.

Ex: 2.17 Given vy, = +5V
v7q = 10 sin wt mV
2R, = 1kQ, R, = 0.5 MQ

R3; = Ry = 10kQ

1 1
Vi1 = Urem — E‘UM =5- E x 0.01 sin wt

=5—0.005sinwt V

U2 = Vfem + 51

=54 0.005 sinwt V

v_(opamp A;) = v;; =5 — 0.005 sinwt V
v_(op amp A,) = v;; =5+ 0.005 sinwt V

V1q = V12 — v = 0.01 sin ot

v
Vo1 =1)11—Rz><2711;]1
0.01 sin wt
— 5 — 0.005 sinwr — 500 kQ x ———
1kQ
= (5—5.005sinwt) V
Urd
= R —_—
Vo2 = U+ Ry X 2R,
= (545.005sinwt) V
R, 10
Az) = =
vy (op amp Az) = vpy X Rs+ R, V02 10+ 10

1 1
=jvor = 5(5 4+ 5.005 sin wt)

= (2.5 4+ 2.5025 sinwt)V
v_(op amp A3) = v, (op amp As)
= (2.5+2.5025sinwt) V

Ri (| R
Vo = — — ] v
o R3 R] 1d

10 kQ 0.5 MQ
10 kQ 0.5 kQ

= 1(1 + 1000) x 0.01 sin o

) x 0.01 sin wt

= 10.01sinwt V

Ex: 2.18
i C
Zl |_
R
e I S S
i v (0= Fr JOUI @) dt’

The signal waveforms will be as shown.

vy (1)

<2 us—
+2.5V

=25V famannn e

vp (1)
+2.5V

/\

When v; = 42.5 V, the current through the
capacitor will be in the direction indicated,

i = 2.5 V/R, and the output voltage will
decrease linearly from +2.5 V to —2.5 V. Thus in
(T /2) seconds, the capacitor voltage changes by
5 V. The charge equilibrium equation can be
expressed as

i(T/2)=C x5V

= —=5C=CR="—=-x2x10"°
R 2 10 X o x
=0.5ps
Ex: 2.19
C
11
1
R
Vio VVy—H »—oV,

The input resistance of this inverting integrator is
R; therefore, R = 10 kQ.



Exercise 2-6

Since the desired integration time constant
is 1073 s, we have: CR = 1072 s =
_ 107 s
T 10kQ
From Eq. (2.27) the transfer function of this
integrator is:
Vo(jo) 1
Viljo) — joCR

=0.1 pF

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

‘Vo . 1
Vil 1x107
and phase ¢ = 90°.

=100 V/V

For w = 1 rad/s, the integrator transfer function
has magnitude

‘Vo _ 1
Vil 1x107
and phase ¢ = 90°.

= 1000 V/V

The frequency at which the integrator gain
magnitude is unity is
1

Oipg = —— = ——5 = 1000 rad/s
CR 10
Ex: 2.20
R
—AWW——
C

C = 0.01 pF is the input capacitance of this
differentiator. We want CR = 1072 s (the time
constant of the differentiator); thus,

"~ 0.0l pF
From Eq. (2.33), the transfer function of the
differentiator is
V,(jo)

Vi(jo)
Thus, for @ = 10 rad/s the differentiator transfer
function has magnitude

Yo
Z

and phase ¢ = —90°.

MQ

—jwCR

=10x102=0.1V/V

For @ = 10> rad/s, the differentiator transfer
function has magnitude

Vo
Vi

and phase ¢ = —90°.

=10*x 102=10V/V

If we add a resistor in series with the capacitor to
limit the high-frequency gain of the differentiator
to 100, the circuit would be:

vio—] oV,

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

R
of this circuit is: —. To limit the magnitude of
1
this high-frequency gain to 100, we should have:
R 1MQ

R
R, "7 100 ~ 100

Ex: 2.21

Refer to the model in Fig. 2.27 and observe that
vy —v_=Vos+va—vi =Vos+ v

and since vp = v3 = A(vy — v_), then

vo = A(vig + Vos) (1)

where A = 10* V/V and Vp5 = 5 mV. From

Eq. (1) we see that v;; = O results in vp =50V,
which is impossible; thus the op amp saturates
and vp = +10 V. This situation pertains for

viq > —4 mV. If v;, decreases below —4 mV,
the op-amp output decreases correspondingly.

For instance, v;; = —4.5 mV results in vp = +5
V;v;g = —=5mVresultsin vp =0V,

v7g = —5.5 mV results in vop = —5 V; and

v7g = —6 mV results in vop = —10 V, at which

point the op amp saturates at the negative level of
—10 V. Further decreases in v;; have no effect on
the output voltage. The result is the transfer
characteristic sketched in Fig. E2.21. Observe
that the linear range of the characteristic is now
centered around v;; = —5 mV rather than the
ideal situation of v;; = 0; this shift is obviously a
result of the input offset voltage Vpg.



Exercise 2-7

Ex: 2.22 (a) The inverting amplifier of

—1000 V/V gain will exhibit an output dc offset
voltage of V(1 + Ry/Ry) =

+3 mV x (1 4+ 1000) = 4+3.03 V. Now, since the
op-amp saturation levels are £10 V, the room left
for output signal swing is approximately £7 V.
Thus to avoid op-amp saturation and the attendant
clipping of the peak of the output sinusoid, we
must limit the peak amplitude of the input sine
wave to approximately 7 V/1000 = 7 mV.

(b) If at room temperature (25°C), Vo is
trimmed to zero and (i) the circuit is operated at a
constant temperature, the peak of the input sine
wave can be increased to 10 mV. (ii) However, if
the circuit is to operate in the temperature range
of 0°C to 75°C (i.e., at a temperature that deviates
from room temperature by a maximum of 50°C),
the input offset voltage will drift from by a
maximum of 10 pV/°C x 50°C = 500 nV or 0.5
mV. This will reduce the allowed peak amplitude
of the input sinusoid to 9.5 mV.

Ex: 2.23

(a) If the amplifier is capacitively coupled in the
manner of Fig. 2.32(a), then the input offset
voltage Vs will see a unity-gain amplifier [Fig.
2.32(b)] and the dc offset voltage at the output
will be equal to V5, that is, 3 mV. Thus, almost
the entire output range of 10 V will be available
for signal swing, allowing a sine-wave input of
approximately 10-mV peak without the risk of
output clipping. Obviously, in this case there is
no need for output trimming.

(b) We need to select a value of the coupling
capacitor C that will place the 3-dB frequency of
the resulting high-pass STC circuit at 1000 Hz,
thus

1000 =

2w CR;
_ 1
T 27 x 1000 x 1 x 103

=C =0.16 nF
Ex: 2.24 From Eq. (2.35) we have:

Vo =1p1R, = IzR,

=100nA x 1MQ=0.1V

From Eq. (2.37) the value of resistor R3 (placed
in series with positive input to minimize the
output offset voltage) is

RiR,  10kQ x 1 MQ
R +R, 10kQ+1MQ

Ry =Ry || R, =

=9.9kQ

R; =9.9kQ ~ 10 kQ

With this value of Rj, the new value of the output
dc voltage [using Eq. (2.38)] is:

Vo =1IpsR, =10nA x 10kQ =0.01V

Ex: 2.25 Using Eq. (2.39) we have:

VOS 2mV
=V, —t=12=2mV+ ——¢
vo 0S+CR my -+ 1 ms
12V -2mV
=>t=——/——xIms=6s
2mV
Ry
—W—

s

V; o——A\WW— } —oV,

VOS

With the feedback resistor Ry, to have at least
+10 V of output signal swing available, we have
to make sure that the output voltage due to Vo
has a magnitude of at most 2 V. From Eq. (2.34),
we know that the output dc voltage due to Vyy is

Vo=Vos(1+ XY= 2v=2mv(1+ XF
= —_— =2m
o ros R 10 kQ

Rp
10 kQ
The corner frequency of the resulting STC
1

1+ = 1000 = Ry ~ 10 MQ

network is wy =

CRyr
We know RC = 1 ms and

R=10kQ = C =0.1 uF

1
Thus wy = ——————= = 1rad/s
0.1 pF x 10 MQ
=2l _oiem
= — = — = U. Z
07 2 2T
Ex: 2.26

20 log Ag = 106 dB = A, = 200,000 V/V
fi =3 MHz

3 MHz

Z - _15Hz
200,000

Jo = [i/Ao=



Exercise 2-8

At f}, the open-loop gain drops by 3 dB below
its value at dc; thus it becomes 103 dB.

For f>> fy. | Al = fi/f thus

At f =300 Hz, |A| = 3 MHz _ 10* VIV
300 Hz

or 80 dB

At f =3 kHz, |A|=%=103V/V
3 kHz

or 60 dB

At f = 12 kHz, which is two octaves higher than
3 kHz, the gain will be 2 x 6 = 12 dB below its
value at 3 kHz; that is, 60 — 12 = 48 dB.

3 MHz

At f =60 kHz, | A| = =50 V/V
60 kHz

or 34 dB

Ex: 2.27

Ao = 10° V/V or 120 dB

The gain falls off at the rate of 20 dB/decade.
Thus, it reaches 40 dB at a frequency four
decades higher than f;,

10* f, = 100 kHz = f, = 10 Hz

The unity-gain frequency f, will be two decades
higher than 100 kHz, that is,

f: =100 x 100 kHz = 10 MHz

Alternatively, we could have found f; from the
gain-bandwidth product

fi = Ao fp = 10° x 10 Hz = 10 MHz
At a frequency f > fj,
[Al=fi/f

10 MHz

For f = 10 kHz, |A| = ———*
or f z 1A= 0

Ex: 2.28

20 log Ag = 106 dB = A, = 200,000 V/V
f, = 20 MHz

For a noninverting amplifier with a nominal dc
gain of 100,

148 00
R,

=10’ V/V or 60 dB

Since the nominal dc gain is much lower than Ay,

~ 1 R
f3dB—ft/( +E)

20 MHz
T 100

= 200 kHz

Ex: 2.29 For the input voltage step of magnitude
V the output waveform will still be given by the
exponential waveform of Eq. (2.56) if

o,V < SR

. SR SR
thatis,V < — = V <
w, 27 f,

resulting in

V<016V
From Appendix F we know that the 10% to 90%

rise time of the output waveform of the form of

2.2
Eq. (2.56) is t, =~ 2.2 x time constant = —.
Wy

Thus, 7, =~ 0.35 ps

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

Slope = SR —

_09x1.6—0.1x16
" 1V/us
=1t =128 ps

Ex: 2.30 From Eq. (2.57) we have:

SR
B 2z VO max
Using Eq. (2.58), for an input sinusoid with
frequency f =5 fu, the maximum possible
amplitude that can be accommodated at the
output without incurring SR distortion is:

fur =318 kHz

Su 1
= max | — ) = - =1V k
Vo =Vo (SfM 5 x 5 (peak)



Exercise 3—-1

Chapter 3 (c) In n-type silicon, drift current density J, is

J,=qnu,E
Solutions to Exercises within the Chapter A

1V
=16x 107" x 10" x 1350 x ———
Ex:3.1 T =50K 2x 10

=1.08 x 10* A/cm?

(d) Drift current 1, = AJ,
=025x107% x 1.08 x 10*
=27 nA

n; = BT~ E8/(QKT)
—73 % 1015(50)3/2 e—l.12/(2x8.62xI0_5><50)
~ 9.6 x 107 /cm?

T =350K ) )
) The resistance of the bar is
n; = BT3¢~ E8/@kT)

=73 x 10I5(350)3/2 e—1412/(2x8.62x10‘5x350) R = p X %
=4.15 x 10" /em? _ y L
=qnpy 2
Ex: 3.2 Np = 10" /em® 2 x 107

=1.6 x 107" x 10" x 1350 x 025 x 105
From Exercise 3.1, n; at X

=37.0kQ
T =350K =4.15 x 10" Jem®

Alternatively, we may simply use the preceding

n, = Np = 10" jem® :
result for current and write

-2

ni
=Ny R=V/I, =1V/27 yA = 37.0kQ
D
(415 % 10')2 Note that 0.25 pm?* = 0.25 x 107 cm?.
107 dn(x)

Ex:3.5 J,=¢9D

=1.72 x 10®/cm? " odx

From Fig. E3.5,

no = 107 /em® = 10° /(um)?

D, =35cm?/s = 35 x (10)? (um)?/s
=35 x 10® (um)?/s

Ex: 3.3 At300K, n; = 1.5 x 10"%/cm®
Pp = Ny

Want electron concentration

dn  10° -0
1.5 x 10" = = =2x10°um™
= 2 15 % 10°/em’® dx 05 X ATm
10
dn(x)
.2 Jy = an
. _ _ ni dx
S Ny=p,=—
np =1.6x 107" x 35 x 10® x 2 x 10°
_ (5% 10'%)? =112 x 107° A/um?
1.5 x 10*

=112 pA/pm?
= 1.5 x 10" /cm?
Forl,=1mA=J,x A

1 mA 10° pA
- MR " ~ 9 pm?

Ex: 3.4 (a) vi_aire = —tn E = A - ~
Iy 112 pA/(um)?

Here negative sign indicates that electrons move

in a direction opposite to E. Ex: 3.6 Using Eq. (3.20),

We use D, D
L= vy
Vpeasitt = 1350 x ———— - 1Tpm=10"*cm Hn o Hp
it ax10 " .
D, = u,Vr = 1350 x 25.9 x 10~
=6.75 x 10® cm/s = 6.75 x 10* m/s
=35 cm?/s
(b) Time taken to cross 2-pum
5 v 10-6 D, =pu,Vr =480 x 259 x 107
X
length = 10 30 ps = 12.4 cm?/s



Exercise 3-2

Ex: 3.7 Equation (3.25)
W= 2¢, (1 N 1 v
Vg \Na TNy
\/2& (NA+ND)
= —_— VO
q N4Np

2¢, (N N,
W2 = €, A+ Np Vo
q N4Np

()
€ NA =+ N[)
Ex: 3.8 Ina p*n diode Ny> Np

Equation 3.26) W = |25 (-1 + L)y,
uation . = —_— —_— _—
d q Ny Np 0

1
V():E

1 1
We can neglect the term — as compared to —,
Ny Np
thus

2¢;
W~ - Vo
qNp

N
Equation (3.26) x, = W ——~—
Na+ Np
N
~w A
Ny
=W
Equation (3.28) w— o
uation (3.28), x, = W ———
d TN+ N,

since Ny > Np

N N,
~w2_w A
Ny Np

. NyNp
Equation (3.28), Q; = Ag{ — |W

Njs+ Np
NuN
~ Ag—2"2w
A
= AgNpW
. N4Np
Equation (3.29), 0, = A_|2e,q [ —2—2— )V,
quation (3.29), O, \/E'q(NA+ND)O
NuN
~A ZESq( 4 ")v0 since N >> Np
:A\/ZESCINDVU

Ex: 3.9 In Example 3.5, N4 = 10'8/em® and
Np = 10'° /cm3
In the n-region of this pn junction

n, = Np = 1016/cm3

n?  (1.5x10")?
' 10'

As one can see from above equation, to increase
minority-carrier concentration (p,) by a factor of
2, one must lower Np (= n,) by a factor of 2.

=225 x 10*/cm?

Pn =

Ex: 3.10

D D,
Equation (3.40) Iy = Agn? u -
quation ( ) I qn; (LpND + LnNA)

D, D, .
since — and — have approximately
L, L,

n

similar values, if Ny 3> Np, then the term

can be neglected as compared to P
L,Np

D
.‘.IsgAqni2 L
L,Np

D, D,
Ex: 3.11 I5 = Agn? ( P+ )
LpND L)LNA

=10"* x 1.6 x 107" x (1.5 x 10'%)?

10 18

+
5 10~ x 10" 10 x 107 x 10'8
2

=146 x 107" A
I=1Ig("Vr —1)

~ Ise"/VT = 1.45 x 10—1460.()05/(25.9><10_3)

=0.2mA

2. (1 1
B3z w= | (— 4 Y-V
X \/Cl (NA+ND)(0 F)

_\/2x1.04><10_12( L )(0814 0.605)
"V o1ex107®  \10® " o0) " .

=1.66 x 107> cm = 0.166 pm

2 (1 1
Ex: 3.13 W:\/ & (—+—) Vo + Vi)
q D

2x1.04x 10712 / 1 1
— e (— 4+ — ) 0814+2
\/ 1.6 x 1071 (10'8 10‘6)( )

=6.08 x 107 cm = 0.608 pm
Using Eq. (3.28),

0, =4 N4Np W
T =\ N, + Np
10" x 10'°

=107 x 1.6 x 10—'9(7
1018 + 1016

) x 6.08 x

107° cm

=9.63 pC



Reverse current

I=I=A nz( Dy + D )
ST AN\ LN, T LN,

=107 x 1.6 x 107" x (1.5 x 10'%)?

( 10 N 18
X
5% 107 %x 10" 10 x 107* x 10"

=73x 107" A

Ex: 3.14 Equation (3.47),

=) (%) (7)

B 10_4\/(1‘04 x 1072 x 1.6 x 107"

2

10" x 10 1
10" +10'°) \0.814
=3.2pF
Equation (3.46),

Exercise 3-3

dQ d
Ex: 3.1 =—=—(t71
x:3.15 Cy4 v dV(rT)

d
= W‘[T X Is(eV/VT - 1)

d
=17ls v "V —1)

1
= ‘L'TIS _— EV/VT
Vr

11

()"

Vr

Ex: 3.16 Equation (3.49),
2

_ L,

=25ns
Equation (3.57),

T
“= ()"
In Example 3.6, Ny = 10'8/cm3,
Np = 10'%/cm?
Assuming N4 > Np,
Tr >~ T, =25ns

-9

Gy = (%) 0.1 x 107°
=96.5 pF



Exercise 4-1

Chapter 4 (©

Solutions to Exercises within the Chapter

Ex: 4.1 Refer to Fig. 4.3(a). For v; > 0, the

diode conducts and presents a zero voltage drop. I=0A ¢
Thus vy = v;. For v; < 0, the diode is cut off,

zero current flows through R, and vy = 0. The

result is the transfer characteristic in Fig. E4.1.

Ex: 4.2 See Fig. 4.3a and 4.3b. During the

positive half of the sinusoid, the diode is forward

biased, so it conducts resulting in vp = 0. During (d)
the negative half cycle of the input signal v;, the

diode is reverse biased. The diode does not

conduct, resulting in no current flowing in the

circuit. So vp = 0 and vp = v; — vo = v;. This

results in the waveform shown in Fig. E4.2. 045
1="35
A g 10V =2mA
Ex:id3 ip= 2 = — =10mA
R 1kQ

1
dc component of vp = —7p
T

—>
(a) 1V 1
+
SV 1kQE¢1=i:3mA
1
® +5V
1k0§¢1=¥
0 _
- 4 mA
+3vo—|4—00—o
(b) - +
+2V b V=1V
+5V _
+1Vo—|4— -
-
1
1
Ex: 4.5 Vavgz—0
T
10
- 1
50+ R ==L =—0kQ
1 mA Fid

S R=3.133kQ



Exercise 4-2

Ex: 4.6 The maximum current arises when
|v;] =20 V. In this case,

20-5
Ip = R
To ensure this is 50 mA,
R = E = 0.3 kQ = 300Q
50

Ex: 4.7 Equation (4.5)

I
Vo=V, =23V, log(l—z)
1
At room temperature Vy = 25 mV

10
Vo=V =23 %x25x 107 x log( )

0.1
=115mV
Ex: 4.8 i = [geV/"'" (1)
1 (mA) = I;°7/Vr 2)

Dividing (1) by (2), we obtain

i (MA) = @07/ Vr

= v =0.7+0.025 In(i)

where i is in mA. Thus,

fori = 0.1 mA,

v =0.740.025 In(0.1) = 0.64 V
and for i = 10 mA,

v =0.740.025 In(10) = 0.76 V

Ex: 4.9 i, = IzeV''7T
= Is=ipe YV =0.25 x e300

=123 x 1024 = 1.23 x 107°A

Ex: 4.10 AT = 125 — 25 = 100°C
Ig = 107" x 1.15%7
=1.17 x 1078A

Y
Ex: 411 At20°C 1 = —— — 1 uA
X Mo~ M

Since the reverse leakage current doubles for
every 10°C increase, at 40°C

I =4x1pA=4pA
=>V=4pAx 1 MQ=40V

1
@0°C I=-pA
i
1
= V=x1=025V

Ex: 4.12 a. Use iteration:

Diode has 0.7 V drop at 1 mA current.

Assume Vp =0.7V
5—-0.7

Ip = =0.43 mA
10 kQ

Use Eq. (4.5) and note that

Vi=07V, I, =1mA

R=10kQ I,
W
Vee =5V =/ v,

15
Vo= Vi =23x%x Vp log(l—)
1

I
Vo=V, +23x Vp log(1—2)
1

First iteration

3 0.43
Vo =0.7423x25x 107" log e
=0.6719V

Second iteration

5-0.679
L="""—-0432mA
10 kQ

0.432
V, =0.74+23x%x253x%x 1073 1og(T)

=0.679V =0.68V

we get almost the same voltage.

.. The iteration yields

Ip =043 mA, Vp =0.68V

b. Use constant voltage drop model:

Vp = 0.7V constant voltage drop

5-0.7
b= =043 mA
10 kQ
Ex: 4.13
10V

Diodes have 0.7 V drop at 1 mA



Exercise 4-3

S 1 mA = [T/ 1)
At a current / (mA),

[ = Ige"r/Vr 2)
Using (1) and (2), we obtain

[ = Vo0 Vr
For an output voltage of 2.4 V, the voltage drop
across each diode = — = 0.8 V

Now 1, the current through each diode, is

] = £08-0.7)/0.025

=54.6mA
. 10-24
© 546 x 1077
=139Q

Ex: 4.14
(a)

2.5kQ ——— = 172mA

(b)

(©

(d
25k0
-5V
(e)
I
3V —_—
0
Vo =P} —e—o0Vv=3-07
0 =23V
1Vo—= 3
_23
I=5 ‘L 1kQ
=23 mA
(H)
5V
5-1.7
[:
1 J,glm
=33 mA

+3Vo—|<t—e——ov=1+07
0

12V o 17V
0

+1V o—<—
1

Ex: 4.15 With a reverse voltage, the diode in
Fig. 4.10 will not conduct. Thus, the voltage drop
on R will be zero, and the reverse voltage on the
diode is —Vp = —Vpp. To ensure we respect the
peak inverse voltage, we require

Vop = Vp > —30 V. Hence, the minimum
voltage on Vpp is =30 V.

Ex: 4.16 When conducting a reverse current of
20 mA, the reverse voltage is

Vz =Vzr+ Alzr, =
3.5V + (20 mA — 10 mA)10Q

=36V

The maximum current, /., is the current at
200 mW power dissipation.

200 MW = I,y (3.5 V + 10Q (Inax — 10 mA))



Exercise 44

0.2 = 3.51x + 1072

max

- O-llmax
=12 40341, —0.02=0

max

L= (—0.34 +/038 14 x 0.02)

2
=51 mA
V
Ex:4.17 ry = -~
Ip
Ip = 0.1 mA 253107 _ 50
=0.1mA r;= =
’ T 01x107
25 x 1072
Ip=1mA rj=——=25Q
i T %107
25 x 107°

Ip=10mA r;=————=25Q
P ‘T lox 107

Ex: 4.18 For small signal model,
AiD:AUD/rd (1)

V.
where r; = T
Ip

For exponential model,

ip=Ige"/Vr

’:LZ — V2=V VT _ AU/ Yy

Ip1

Aip =ipp —ip =ip1e"’? /"7 —ip,
=ipi (e2PVr —1) 2

In this problem, ip; = Ip = 1 mA.

Using Egs. (1) and (2) with V7 =25 mV, we
obtain

Avp (mV)  Aip (mA) Aip (mA)
small exponential
signal model

a —-10 —-04 —0.33
b =5 —-0.2 —0.18
c +5 +0.2 +0.22
d +10 +0.4 +0.49
Ex: 4.19
. AVyp  20mV
a. In this problem, —— = =20 Q.
Aip 1 mA

.. Total small-signal resistance of the four diodes
=20Q

. 20
.. For each diode, r;, = 7T =5Q.
% 25 mV
Butr; = -r =5= o .
D Ip

+15V
R
I
— v,
15 —
and R = g =2.4kQ.
5 mA

b. For Vo = 3V, voltage drop across each diode
3

=-=0.75V
4
ip= 15€V/VT
iD 5 x 1073 _16
Is = oV/Vr T o075/0025 47 x 1077 A

Across each diode the voltage drop is

I
VD = VT ln(—D)
Is

B _3 ( 4x107° )
=25%x 1077 x In{f —
4.7 x 1071°

=0.7443 V
Voltage drop across 4 diodes
=4x0.7443 =2977V

so change in Vp =3 —2.977 =23 mV.

Ex: 4.20 When the diode current is halved, the
voltage changes by

—5mA

AV, =r,Al, = 80Q x = —200 mV

=V,=6-02=58V

When the diode current is doubled,

AV; =r,Al; = 80Q x 5 mA = 400 mV
=V;=64+04=64V

Finally, the value of V is that obtained by using
the model at zero current.

VZ=VZO+erZ
= V=V, —r.I; =6V —80Q x 5mA
=56V



Exercise 4-5

Ex: 4.21
Us
V,=122}
Vp—
|
0 6

a. The diode starts conduction at
vs=Vp =07V

vg = V;sinwt, here V,; = 1242
Atwt =0,

vy = V,sin = Vp =0.7V
12¢/25in0 = 0.7

0.7
0 = sin™! (7) ~2.4°
124/2

Conduction starts at # and stops at 180 — 6.
.. Total conduction angle = 180 — 20 = 175.2°

(x—0)

/ (V, sing — Vp) d
)

b. vO,avg = 72”

1 S
= E[_VS cos¢p — Vng]ﬁ_g 0

1
=5 [Vscos@ — Vicos(mr —0) — Vp (mr — 20)]
v/

Butcosf ~1, cos(x —0)=~ —1, and

T =20~

ZV\‘ VD
vome= 5 T
Vi W
T 2

For V, = 1242 and V;, = 0.7V

122 0.7
V0.,avg = f —— =505V
T 2

c. The peak diode current occurs at the peak
diode voltage.
s Vi=Vp  12J2-07

R 100

..lp =
= 163 mA

PIV = +Vs=12V2
~17V

Ex: 4.22
Us
input
VS B -~ 1 t -~
/R0 outpu RN
L4 \ V4 .
V i \ /7 N
D +
0 ’ W\ 4 (7 +0) \ /
4 T—0 w’/
p— VS -

a. As shown in the diagram, the output is zero
between (x — ) to (x +0)

=20

Here 0 is the angle at which the input signal
reaches Vp,.

o Vsing = Vp

1%
0 = sin”! (—D)
V,
v,
20 = 2sin™! (—D)
Vs

b. Average value of the output signal is given by

(r—0)

/ (Vssing — Vp)de
0

1
VO:E 2 x

1
= —[=Vicos¢ = Vogli)

Vs
~2— —Vp, for 6 small.
T

T
c. Peak current occurs when ¢ = 7

Peak current

_Visin(mw /2)=Vp  V,=Vp
- R - R

If vg is 12 V(rms),

then V, = v/2 x 12 = 12/2

122 -0.7
100

Peak current = ~ 163 mA

Nonzero output occurs for angle = 2 (z — 20)

The fraction of the cycle for which vy > 0 is

_ 2(x —26)

T

x 100



Exercise 4-6

7
2 |:7r —2sin”! (07)}
12v2)1 100

2w

~97.4 %

Average output voltage V, is

v, 2 x 1242
Vo =22 — v, = 2xIV2_ 0 o1y
T T
Peak diode current fD is
s Vi=Vp  122-07
ETTR T T 100
= 163 mA
PIV =V, - Vp + Vs
=122 -07+12V2
=332V
Ex: 4.23
v,
tput =
ou gu ,/ \\ input
v / O\
P I/ \\ /

1 .
@ Vows =5 / (Vi sing — 2Vp) dep
2 7 —6
= E[_VX cos ¢ — 2VD¢]¢:0

1

= — [V cos¢p — V,cos(m —6) —2Vp(zm — 20)]
V4

But cosf ~ 1,

cos(r —0)~ —1

w — 260 ~ 7. Thus
2V

= Voae = —2Vp

2 x 1242
_2xIW2 oy
T

Peak voltage

(b) Peak diode current = IR

V-2V 12V2-14
- R 100
=156 mA

PIV=V,—Vy,=12/2-07=163V

Ex: 4.24 Full-wave peak rectifier:

D,

1 Jor Pt o
§+ R%CT
o SRV

D,

A assume
I N g N ideal diodes
: // \\
X t
]
LT

T
<~ 2 1

-/'u<

14

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

vo = Vpef’/RC

V, =V, = Vpe_%c2 < discharge is only

T
half the period. We also assumed At < 7

T2
V, = vp(l —e-rc)

Ra1-L2 fwcrs TR
~1-—-—, or
¢ RC
Thus v, = v, (1 = 1 4 222

us V, ~ — /=

i’ RC
%
=P @  QED.
2/RC

To find the average diode current, note that the
charge supplied to C during conduction is equal
to the charge lost during discharge.

Q SUPPLIED — Q LOST

icwAt =CV, SUB (a)

\%4 V
(iD,av _IL) At = CZf;(’C = zpr
. V,m
" R
. V,m '
Ipay =
D wAtR L

where wAt is the conduction angle.



Exercise 4-7

Note that the conduction angle has the same
expression as for the half-wave rectifier and is
given by Eq. (4.30),

2V,
Ve

oAt =

(b)

Substituting for wAt, we get

. TV,
Sipyw=—7——=—=+1
2V,
2T UR
VP
Since the output is approximately held at V,,,
V,
L ~ 1, - Thus
R

. ~ Vo
= Ip,av =rl; ﬁ‘i‘IL

Vs i| Q.E.D.

=1 |1
L|: +7 2V

If t = 0 is at the peak, the maximum diode current
occurs at the onset of conduction or at r = —wA¢.
During conduction, the diode current is given by
ip=ic+ig

dvug

iD,max =C — + iL
dt t=—wAt

L . V,
assuming i; is const. i; =~ ?" =1

= C% (V,cosot) + I,
=—-Csinotx oV, +1,

= —Csin(—wAt) x oV, + I,
For a small conduction angle
sin(—wAt) &~ — wAt. Thus
= ipmux = CoAt x 0V, + I,
Sub (b) to get

r

Vo

iD,max =C va + 1

Substituting w = 27 f and using (a) together with
V,/R = I, results in

14
ipmax = I |:1 + 2 2‘; :| QED

Ex: 4.25
The output voltage, vo, can be expressed as

vo = (V, —2Vp) e™"/*¢

O
ac *
line »
voltage 5
O

At the end of the discharge interval
vo =V, =2Vp =V,
The discharge occurs almost over half of the time
period =~ T/2.
. T
For time constant RC > 7
ey oDy L
2 RC

Vp=2Vp—V, = (V, —2Vp) (1 Tl
- VP D r = P D B RC

:>v,:(vp—2vu)><ﬁ

Here V, = 12v/2and V, =1V

Vp =08V
1 1

60"

1 =(12v2—-2x08) x —
(12v2-2x08) x o=

1242 — 1.
C:M:Qg]u]:
2 x 60 x 100

Without considering the ripple voltage, the dc
output voltage

—12V2-2x08=154V

If ripple voltage is included, the output voltage is
v,
= 12«5—2x0.8—7 =149V

14.9
IL=——=>~015A
100 Q

The conduction angle wAt can be obtained using
Eq. (4.30) but substituting V,, = 124/2 — 2 x 0.8:

N 2V, 2% 1
w = = _—
v, 1242 -2 % 0.8

= 0.36 rad = 20.7°

The average and peak diode currents can be
calculated using Eqgs. (4.34) and (4.35):



Exercise 4-8

, s [V o, 149V
v = , where I}, = ———,
ay = A\ 2T oy LT 7000

V, =12¢/2-2x 0.8, and V, = 1 V; thus

ipw = 1.45 A

i Dmax = 1(1 +or | o )
2V,

=276 A

PIV of the diodes

=Vy—Vpo=12/2-08=162V

To provide a safety margin, select a diode capable
of a peak current of 3.5 to 4A and having a PIV
rating of 20 V.

Ex: 4.26

The diode has 0.7 V drop at 1 mA current.

ip = Ise"?/"7

ip — D=0/ Vr
1 mA
= Vein( -2} +07v
vp = Vrln .
P 1 mA
Forv; =10 mV, v9 =v; =10 mV
It is an ideal op amp, so iy =i_ = 0.
L IOmV_10 A
S.lp =1Ip = 1kO = L

10 pA
vp =25 x 10- In( 2%
1 mA

) +0.7=058V

vy = vp + 10 mV
=0.58 +0.01
=059V

Forv; =1V

Vi=07V+1kQ x 1 mA
=17V

For v; = —1V, the diode is cut off.

Lo =0V
vy =—12V
Ex: 4.27
D—O-UO
Y, <
’ R340

v; > 0 ~ diode is cut off, loop is open, and the
opamp is saturated:

'UOZOV

v; < 0 ~ diode conducts and closes the negative
feedback loop:

Vo = Vg

Ex: 4.28 Reversing the diode results in the peak
output voltage being clamped at 0 V:

Yo
A

—10V p----

Here the dc component of vgp = Vp = -5V

Ex: 4.29 The capacitor voltage accounts for the
shift of the voltage waveforms from v; to vg.
Thus, from Fig. 4.30, we see the capacitor voltage
is V, + Vee = 8 V. The diode’s peak inverse
voltage arises at the peaks of v,

PIV = Vomax — VCC
= Vee +2V, — Vee
=2V,=6V

Ex:4.30 C;o =100 fF, V, =3V, m = 3. Using
Equation (3.47),

100 fF

at Ve =1V:C; = 5 = 42.2 {F, and
(1+3)
100 fF

atVp =3V:Cj = ——— =12.51F.
(1+3)

Ex: 4.31 The reverse current is



Exercise 4-9

—ip=Ip+ip=Ip+RxP The capacitance is 10 pF per mm? or,

ivalently, 1 nF *. Thus,
At an incident light power of P = 1 mW, cauivaiently, Tt per e w
C; =1x3.33=333nF

—ip=10"+05%x 1 =05mA p=Rx !

At an incident light power of P = 1 uW,

Ex: 4.33
—ip=10"*+05x 102 =6 x 107" mA = 9-3x%x18
Ex: 4.32 Neglecting dark current, Ex: 4.34
. 9-3x%x22
ip=RxP R=270X=0.12k9=1209

t

10°=03x%x001xA

107° 42
A= ————=333x10"m" =
0.3 x 102

3.33 cm?



Exercise 5-1

Chapter 5

Solutions to Exercises within the Chapter

Ex: 5.1
e 34.5pF
C,, = S Z3AIPE/M o s
tor 4 nm
u, =450cm?/V-S
k; = ,uncox =388 MA/VZ
Doy = UGs — V, =05V
_ L =k d = — =515
s = TV T LT

L =0.18 pm, so W =0.93 pum

Ex: 5.2 34 5 oF
Cpp = o = IS PE/M i pum?
tox 1.4 nm
U, =216cm?/V.s
K = 11,Co = 531 pA/V?
1, W,
EknfDOV
1 2
50:5 x 531 x 10 x vy,
. Doy = 014V
UGgs = V, +voy = 049V
Ops, min = oy = 0.14 'V,
Ex:5.3 ip = fk’ UOV in saturation

Change in i is:

(a) double L, 0.5

(b) double W, 2

(c) double vyy, 2> =4

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

(e) changes (a)—(d), 4
Case (c) would cause leaving saturation if

Ups < ZUOV

Ex: 5.4 For saturation vpgs > 0oy, SO pg Mmust
be changed to 2vpy

1, W

—k UOV, so0 ip increases by a factor of 4.

2L

Ex: 5.5 Doy = 05V

1

gDS—k vov— )

ok =k

n

=2mA/V?

~| =

T1x05

At vps = 0.2 V,vps < vgy, thus the transistor is
operating in the triode region,

1
. 2
ip = ky(vov vps — 5005)

1
=2(0.5x%x02— 3 X 0.2%) = 0.16 mA

Atops = 0.5V, vps = voy, thus the transistor is
operating in saturation,

1 1
ip= Ek,luzov =5 %x2x 0.5* = 0.25 mA

Atvps =1V, vps > voy and the transistor is
operating in saturation with i, = 0.25 mA.

Ex:56 Vi, =V, L=5%x08=4V

1
l=—=025V"!
%

A
Ups = 0.8V > Loy = 02V

= Saturation: i p = Zk:’ vOV (14 Aops)
o 16 s
ip= 3 x 400 x Y x 0.27 (1 4+ 0.25 x 0.8)
=0.192 mA

Va 4
rp= A= " —25kQ

ip 0.16

where ip is the value of i, without
channel-length modulation taken into account.

ADDS . 1V

Ty = — = Aip= —— =0.04 mA =
Aip 25 kQ

40 pA

Ex: 5.7

+1.8V

UG o—l

=-05V
’p 100 pA/V?
w
T =10=k =1 mA/V?

(a) Conduction occurs for Vsg > |V,,| = 0.5V
=05<18—-05=+13V
(b) Triode region occurs for vpg > |V,,| =0.5V

= Up > Vg +0.5



(c) Conversely, for saturation
vpG < |Vipl =05V
= vp <vg + 0.5

(d) Given A =0,

1, W 5
= Ek;f|00v| =50 pA

Solvov] =032V =056 — |V,

ip

= vsg = lvov| +|Vip| =0.82V
Vg = 1.8 —Usg = 098V
vp <vg+05=148V

(e) For A =—02V~'and |voy| =0.32V,
1
ip=50pAandr, = —— = 100 kQ
M|ln
(f) At Lp = +1 V, Usp = 0.8 V,

LW
ip= Eknfh’OV'z (L + [4]lvspl)

=50 pA(1.16) = 58 pA

Atop =0V, vgp =18V,
ip =50 A (1.36) = 68 pA
. Avpg _ 1V
7 Aip  10pA

which is the same value found in (c).

= 100 kQ

Ex: 5.8
VDD — Up 1-0.2
’ In 0.1
1 2
Ip = E:unCOXZVOV =

1 5,
IOO:§>(400>(074 OV:

Vov =02V =Vss=Voyr +V,=02+04
=06V
Vs = V.

Vi=—06V= Rg=——"

Ip
—0.6—(=1)
o
Rs = 4kQ

Ex: 5.9
Vi, =05V

My Cor =04 mA/V2
W 072pm

L 0.18um
2=0

Exercise 5-2

+1.8V

oV,

I

Saturation mode (vgp =0 < V,,,):

1 w
Ip = w,,coxf(vp — V,)? =0.032 mA

2
Vp=07V=18—1IpR
1.8—-0.7
SR=———=344kQ
0.032 mA
Ex: 5.10
+ 18V
R, R
0, 0,

Since Q, is identical to Q; and their Vg values
are the same,

102 = IDI = 0.032 mA

For Q, to operate at the triode—saturation
boundary, we must have

Voo =Voy =07-05=02V

1.8V-02V

)= ———— =50kQ
0.032 mA

Ex:5.11 Rp =6.55x2=13.1kQ

Vs = 2V, assume triode region:

/W 1 2
Ip = k"f (Vos = Vin) Vps — EVDS_
I — Voo — Vps
P R

) -

1%
=2 x [(Z—O.S)VDS - %S

2 — Vps
13.1

= Vjs —3.076Vps +0.15=0



= Vps =0.05V < Vyy = triode region

~2-0.05

I = =0.15mA
=30 m

Ex: 5.12 As indicated in Example 5.6,

Vp > Vg — V, for the transistor to be in the
saturation region.

Vomin =V =V, =5—-1=4V

Voo — Vomi
Ip =0.5mA = Rpyy, = —22 " Dmin

Ip

10—-4

= — =12kQ
0.5
Ex: 5.13
1 /W 2 2

ID =0.32mA = Ek"fvov = 5 x 1 x VOV
= Voy =08V

Vo=Vs+Vgs=16+18=34V

v, 3.4
Rop = 2 = 27 —34MQ
1 1 nA
5-34
RGI == == 16MQ
1 nA
1%
Ry = —— =5kQ
0.32
Vp =34V, thenRp = >4 _5k0
= 2J. N n = =
D ="
Ex: 5.14
1.8V
R ‘LID
V,y =—04V
K, =0.1mA/V’
w10
== M g, =556mA/V?
L 0.18 pm
Vse = [Vipl + Vovl
=044+06=1V
Ve=+1V

Exercise 5-3

Since Vpg = 0, the transistor is operating in
saturation, and

1 2
Ip =k, Vgy =1 mA
1.8 — 1.8—1
p= 182V 181 he0
I 1
=800 Q

Ex: 5.15 V, = 0: since the circuit is perfectly
symmetrical, Vy = 0 and therefore Vgg = 0,
which implies that the transistors are turned off
and IDN = IDP =0.

V; = 2.5 V: if we assume that the NMOS is
turned on, then V, would be less than 2.5 V, and
this implies that PMOS is off (Vsgp < 0).

I —lk’W(V V,)?
DN—2,,L GS t

+25V

—i[, o,
¢IDN

V,=25Vo— v,

10 kQ R,

1
Ipy = 3 X 12.5-V, —1)?

Ipy = 0.5(1.5 = Vp)?

Also: Vo = Ry Ipy = 10Ipy

Ipy =0.5(1.5 = 101 py)?

= 10013, —32Ipy +225=0= Ipy
=0.104mA  Ipp=0

Vo =10 x 0.104 = 1.04V

]
Q<

\lIIDP
—i[ o,
10 kQ)

25V o——

25V



Exercise 54

V; = —2.5 V: Again if we assume that Qp is Ex:5.16 V, =0.8 + 0.4[v0.7 +3 - v0.7]
turned on, then Vy > —2.5 Vand Vggy <0,

which implies that the NMOS Q is turned off. =123V

Ipy =0

Ex: 5.17 UpSmin = UGs + |V,|
Because of the symmetry,

Ipp = 0.104 mA, =1+2=3V
1
Vo = —Ipp x 10kQ Ip = 3 X 2 [1—(=2)F

= —1.04V —OmA



Exercise 6-1

Is 107'°
Chapter 6 Ip=2= = =107" A
p 100
Solutions to Exercises within the Chapter I 1 mA
VBE = VT 11’1|:fi| =25 IH[T]
. vpE/V; s 107 A
Ex: 6.1 lc = Ise BE/YT
. =25 x 29.9336
v vppr = V; ln|:lC2:|
BE2 —™ UBE1 — VT T —
ict =748 mV
700+ 251 0.1
= n|f —
e 1 Ex: 6.6

=642 mV

10
UBE3 = 700 4 25 In T

= 758 mV
Ex:6.2 ..a = L
p+1
50 150

— <a <
50+1 150 +1

0.980 < a < 0.993

Ex: 6.3 IC = IE - IB
= 1.460 mA — 0.01446 mA

= 1.446 mA
Ic 1.446 vprp = 690 mV
o= =2-099
Ir 1460 I — 1 mA
Ic 1.446
=-—= =100 For active range Vo > Vg,
P =1, = 001436 ge Ve = Vs
Vee — 0.690
Ie = IsevBE/VT Remax = <
Ic
Ic 1.446
Is = ooBE/Vr | ¢100/25 _ 5 _10~69
.44
_ 1M A= 10 A =431kQ
228
Ex: 64 f = — d Ic=10mA
X604 =g, an c=1om Ex: 6.7 Is=10"" A
0.99 =
Fora = 099’ ﬂ — : .99 — 99 Areac 100 x Arearp
e Ie =100 x Is = 107 A
I 10
Iy=—<=_=01mA
1) 99
F 0.98 098 _ 4o Ex: 6.8 ic = Ise""t/" — Isce*</V
oroa = 0.Y0, = =
/ 1-0.98 foric =0
Iy = _1_ 0.2 mA Ise"?t/VT = Iscetse/VT
B 49
Isc eVBE/ VT
T T upe/V
Ex: 6.5 Given: Iy evsc/ir
— eUBE=vBC)/ VT
Is =107 A, =100, Ic =1 mA
1
We write Vep = Ve — Vge = Vi 1n|:%i|
s
Isp = Is/o = Ig x (1 + %) For collector Area = 100 x Emitter area

100
=107 x 1.01 = 1.01 x 107" A Ver =25 IH[T] =15mv



Ex: 6.9 Ic = Is¢"BE/VT — [sceVBe/VT

Iy = ﬁeVBL’/VT + ISCeVBC/VT
B
Ic
igforced = T <ﬁ
B lsat

IgeVBE/VT — [oeVBc/VT

= IgeVBe/Vr + BlgoeVsc/Vr

[Se(VBE—VBc)/VT — I

- IseVBE=VBO)/Vr +,BISC

B ﬁ eV(jEsm/VT — ISC/IS
- eVCEsat/VT +ﬂISC/IS

£200/25 _ 100
ﬂforced =100 m

=100 x 0.2219 ~ 22.2

Ex: 6.10

—10V

Ir = ﬁeVBE/VT
a

2mA = k10 VeV
50

250
Ve =251In| — x — x 10"
BE Il|:103 X 3] X j|

=650 mV
50
= ﬁ 1E=fX2
f+1 51
= 1.96 mA
_Ie 196

Ip=— =——=392pA
B B 50:> K

Ic

Ex: 6.11 Ic = Ige"*/'T = 15A
o Vee = Vr In[1.5/107"]

=25 x 25.734

=643 mV

Q.E.D.

Exercise 6-2

Ex: 6.12

= Ve
_ VE 7VBE
2
—15V
1.5—-V¢ 1.5-0.5
RC — —
Ic 2
=0.5kQ =500 Q
Since at I = 1 mA, Vzr = 0.8 V, then at
IC =2 mA,

2
Ve = 0.8 +0.025 ln(I)

=0.840.017
=0.817V
2 mA 2
Iy = = — =2.02mA
o 0.99
Ve — (—1.5)
IE =
Re
Thus,
—0.817+1.5
p= 0 335k
2.02
=338Q
Ex: 6.13
+10V

—10V



_ Vp—(=10)  —-07410
o 10 - 10
=0.93 mA

Ig

Assuming active-mode operation,

I I 093 o182 mA
= = = . m.
PRl 50+1

=182 1A

Ic =1 — Iy =0.93 —0.0182 = 0.91 mA
VC = 10—10 x5
=10—-091x5=545V

Since V¢ > Vjp, the transistor is operating in the
active mode, as assumed.

Ex: 6.14

+10V

—-10V
V=10V
Thus,
V
Iy = ——>— =0.0l mA
100 kQ
Ve=+1.7V
Thus,
10 — Vg 10—-1.7
1 = - = = 1.66 A
= 7510 5 o
and
I 1.66
l=—=—-=166
p+ Iy 0.01
= p =165
1
L 65 =0.994

T Er1 T T65+1

Assuming active-mode operation,

Ic = alp =0.994 x 1.66 = 1.65 mA

Exercise 6-3

and
Ve=—=104+165x5=—-1.75V

Since V¢ < Vjp, the transistor is indeed operating
in the active mode.

Ex: 6.15

The transistor is operating at a constant emitter
current. Thus, a change in temperature of +30°C
results in a change in Vgp by

AVgp = —2mV x 30 = —60 mV
Thus,

Since the collector current remains unchanged at
oI, the collector voltage does not change:

AVe =0V

Ex: 6.16 Refer to Fig. 6.19(a):

ic = IsevBE/VT + Yee (1)
r()

Now using Egs. (6.21) and (6.22), we can express

r, as

Va

r, —m ——
¢ Igevse/Vr

Substituting in Eq. (1), we have

ic = ISeT’BE/VT (1 + E)

Va
which is Eq. (6.18). Q.E.D.
Ex: 6.17 r, = & = @
Ic Ic

Atle =0.1mA, r,=1MQ
Atle = 1 mA, r, = 100 kQ
Atle = 10mA, r, = 10kQ



AV,
Ex: 6.18 Al- = —<E
r()

where

Vi 100
r,= — = — =100 kQ

Ic 1

-1
Al = ——— = 0.1 mA
100

Thus, I- becomes 1.1 mA.

Ex: 6.19

(a) For operation in the active mode with
Vee =5V,
_ Vee=Ve 10-5

= =0.5mA
R¢ 10

I 0.5

Ip = < =~ = 0.0l mA
g 50

Vep = Vpe + IpRp

Ic

=0.74001 x10=08V

(b) For operation at the edge of saturation,

Vep =03V
Vee =V, 10-0.3
Jo =S¢ CE =0.97 mA
Re 10
Ic 097
I =5 =1 —0.0194 mA
B 50

Vg = Vg + IgRp
=0.740.0194 x 10 =0.894 V

(c) For operation deep in saturation with
Prorced = 10, we have

10-0.2
Ic = —— =0.98 mA
10
Ic 0.98
Iy = = —— = 0.098 mA
? ﬁforced 10 "

Vep = Vp + IpRp
=0.740.098 x 10 =1.68 V

Exercise 64

Ex: 6.20 For Vzp =0V, Iz = 0 and the
transistor is cut off. Thus,

1C = 0
and

Ve =Vee =410V

Ex: 6.21 Refer to the circuit in Fig. 6.22 and let

Vge = 1.7 V. The current Iz can be found from
Vg — V, 1.7-0.7
p=-22_"% =0.1 mA
R 10

Assuming operation in the active mode,

Ic =I5 =50 x 0.1 =5mA

Thus,

Ve = Vee — Rele

=10—-1x5=5V

which is greater than Vj, verifying that the

transistor is operating in the active mode, as
assumed.

(a) To obtain operation at the edge of saturation,
R must be increased to the value that results in
VC E = 0.3V:
Vee — 0.3
Rc = AR
Ic

10 —0.
:70 03=l.94kQ

(b) Further increasing R results in the transistor
operating in saturation. To obtain
saturation-mode operation with Vecg = 0.2 V and
Prorcea = 10, we use

IC = ﬁfr)rced X IB

=10x 0.1 =1 mA

The value of R required can be found from
Vee — Vee

Ic
_10-02
==

RC=

=9.8kQ

Ex: 6.22 Refer to the circuit in Fig. 6.23(a) with
the base voltage raised from 4 V to V. If at this
value of Vj, the transistor is at the edge of
saturation then,

VC = VB - 04 \'%
Since I ~ I, we can write

10-Ve Vg V=07

Re Rz Rz




Exercise 6-5

Thus,
10— (Vz —04) Vz—07

4.7 33
= Vy=+47V

Ex: 6.23

To establish a reverse-bias voltage of 2 V across
the CBJ,

Ve =46V

From the figure we see that

Rc = M =8 kQ
0.5
and
Ry = ﬁ = 6.6 kQ
0.5

where we have assumed o =~ 1.

Ex: 6.24

The figure shows the circuit with the base voltage
at Vp and the BJT operating in saturation with
VCE =0.2Vand ﬁforced =5.

10 — (V3 — 0.5)
Ie =53 = —— 52— 1
c B a7 M
Vp — 0.7
Ip =6l =-2—_"" 2
E B 33 2)

Dividing Eq. (1) by Eq. (2), we have
5 105-Vy 33

6 Vs—07 47

= Vp=+518V

Ex: 6.25 Refer to the circuit in Fig. 6.26(a). The
largest value for Rc while the BJT remains in the
active mode corresponds to

Ve =404V

Since the emitter and collector currents remain
unchanged, then from Fig. 6.26(b) we obtain

I = 4.65 mA
Thus,

Ve — (—1
g Ye= (=10

Ic

4
= M =2.26kQ

4.65
Ex: 6.26

+10V

—-10V

For a 4-V reverse-biased voltage across the CBJ,
Ve=—4V
Refer to the figure.
Ve — (=10
Ic =1 mA = ¥
Rc

—4410

= Re = =6kQ

10 — Vg
Ig
Assuming o = 1,

10-0.7
Rp = ———

E =

=9.3kQ
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Ex: 6.27 Refer to the circuit in Fig. 6.27:

, _5-07
5= 7100

=0.043 mA

To ensure that the transistor remains in the active
mode for f in the range 50 to 150, we need to
select R¢ so that for the highest collector current
possible, the BJT reaches the edge of saturation,
that is, Vcr = 0.3 V. Thus,

Vee = 0.3 =10 — Relemax
where

Iemax = Bax I

=150 x 0.043 = 6.45 mA

Thus,

Rc = % =1.5kQ

For the lowest £,

Ic = Puinlp

=50 % 0.043 =2.15mA

and the corresponding V¢ is

Vee =10 — Rele =10—1.5 x 2.15
=675V

Thus, Vg will range from 0.3 V to 6.8 V.

Ex: 6.28 Refer to the solution of Example 6.10.

I — Vep — Ve
f L R—
Rg + Rpp/(f+ 1)
5—-0.7
=1.177 mA

= 3+ (33.3/51)
le = aly =098 x 1.177 = 1.15 mA

Thus the current is reduced by
Nl =128 —1.15=0.13 mA

which is a —10% change.

Ex: 6.29 Refer to the circuit in Fig. 6.30(b). The
total current drawn from the power supply is

I =0.103+41.25242.78 = 4.135 mA
Thus, the power dissipated in the circuit is

P =15V x 4.135 mA = 62 mW

Ex: 6.30

From the figure we see that

I
Vis = —5 x 0.47
o

I
Ver = Vs + 0.7 = -2 x 047 + 0.7 (1)
a
A node equation at the collector of Q; yields
275 = Y fo
2.7 s

Substituting for V¢, from Eq. (1), we obtain
(047 Ic3/0t) + 0.7 ]C3
2.7 s

Substituting o = 0.99 and # = 100 and solving
for I3 results in

275 =

Ic3 = 13.4 mA

Now, Vg3 and V¢, can be determined:

Ves = 12 0472234 047 = 1636 v
= — X . = . == .
BTy 0.99

Ex: 6.31

+5V




Exercise 6-7

From the figure we see that Q; will be off and Q,
will be on. Since the base of O, will be at a
voltage higher than —5 V, transistor Q, will be
operating in the active mode. We can write a loop
equation for the loop containing the 10-kQ
resistor, the EBJ of Q, and the 1-kQ resistor:

—Igx1—-07—-1px10=-5

Substituting Iy = I /(S + 1) = I/101 and
rearranging gives

I = Slgi =39mA
101 +1

Thus,

Ve ==-39V

Vg, = —4.6V

Ig = 0.039 mA

Ex: 6.32 With the input at 4+ 10 V, there is a
strong possibility that the conducting transistor

This figure belongs to Exercise 6.32.

4 +55V

10 kQ

+10Vo—‘['—<;

10— 55 _
O 02 = 045 mA

0O, will be saturated. Assuming this to be the
case, the analysis steps will be as follows:

VCEsatlQl =02V
VE = 5 " VCEsal = +48 \'%

48V
IEl = ——=48mA
1 kQ
10-5.5
131 = T = 0.45 mA
Icy =1p — Ip =4.8-0.45=435mA
I 435
orced = — = —— = 9.7
Proves = 7= 045

which is lower than S, verifying that Q; is
indeed saturated.

Finally, since Q5 is off,
Ica =0

Ex: 6.33 Vo =+10— BVBCO =10-70
=-60V

+5V

0, 0on Ve, =02V (D

+48Vv 2

1 kQ

-5V



Exercise 7-1

Chapter 7
Solutions to Exercises within the Chapter

Ex: 7.1 Refer to Fig. 7.2(a) and 7.2(b).

Coordinates of point A: V, and Vpp; thus 0.4 V
and 1.8 V. To determine the coordinates of
point B, we use Eqgs. (7.7) and (7.8) as follows:

V2knRDVDD =+ 1—1

V()V‘B =

kyRp
_\/2><4x17.5x1.8+1—1
4 x17.5
=0.213V
Thus,

Vsl = Vi + Vov|, =04 40213 =0.613V
and

Vps|y = Vov|, =0.213V

Thus, coordinates of B are 0.613 V and 0.213 V.

At point C, the MOSFET is operating in the
triode region, thus

1
ip ==k, |:(‘U(;5|C - Vz)UDS|C - EU%S|Ci|

If vDS’C is very small,
ip = ka(vas|. — Vi) vps|,

=4(1.8 — 0.4)vps].

= 5.6'UDS c» mA
But
Vpp — v 1.8
ip = —2 DSl osle Voo _ 18 _ 0.1 mA
Rp Rp 175
0.1 .
Thus, vps|. = 55 = 0018V =18 mV, which

is indeed very small, as assumed.

Ex: 7.2 Refer to Example 7.1 and Fig. 7.4(a).

Design 1:

Vov =02V, Vgs=06V
Ip =0.08 mA

Now,

A, =—k,VovRp

Thus,

—10=-04x%x10x 0.2 x Rp
= Rp =12.5kQ

Vbs = Vop — Rplp
=18—-125x%x0.08=08V
Design 2:

Rp =17.5kQ

A, = —k,VovRp

—10=-04 x 10 x Voy x 17.5

Thus,

Voy = 0.14V

Vos =V, + Voy =0.4+0.14 =0.54 V

1 (WY, ,
ID:Ekn f VOV

1
=5 0.4 x 10 x 0.14> = 0.04 mA
Rp =17.5kQ

VDS = VDD - RDID
=18-175x004=11V

Ex: 7.3
IcR
Av:_C C
Vr
30— XRe p _ska
= 0.025 €

Ve =Vee — IcRe
=10-1x8=2V

Since the collector voltage is allowed to decrease
to +0.3 V, the largest negative swing allowed at
the output is 2 — 0.3 = 1.7 V. The corresponding
input signal amplitude can be found by dividing
1.7 V by the gain magnitude (320 V/V), resulting
in5.3 mV.

Ex: 7.4

VDD

ip \l, Ry

Uy Ups
+
UGs
IVGS a
Vop =5V
Vs =2V
V=1V
A=0
K =20 pA/V?
Rp =10kQ



w
— =20
L
(a)VGs:2V:>V0V:lV
1, w
Ip = Ek,,fvgv =200 pA = 0.2 mA

Vpos =Vpp —IpRp =+3V
w
(b) g = K, Vo = 400 LA/V = 0.4 mA/V

Uds

(©) Ay =— =—gnRp=—-4V/V

gs

(d) vgy = 0.2sinewt V
vgs = —0.8 sinwt V
vps = Vps +v4s = 2.2V < vpg <38V

(e) Using Eq. (7.28), we obtain
1
iD = Ekll(VGs - V[)z

+ h(Vas = Vg + 3kt

ip = 200 + 80 sinwt

+ 8sin’wr, WA

= [200 + 80sinwr + (4 — 4 cos2wt)]
=204 + 80 sinwt — 4 cos2wt, LA

Thus, Ip shifts by 4 pA and

e  4pA
oHD = 22 = M 05 (5%)
iy 80 nA
Ex: 7.5
(@) Vgs = 1.5V = Vyy =
15-1=05V
_2Ip
gn =
1, w |
IDZEknfvéV:§x60x4Ox0.52
2x0.3
= =12mA/V
& 0.5 mA/
1% 15
r= A= 2 —50kQ
Iy 03

w
b)Ip=05mA =g, = ZﬂnCoxf Ip

=V2x60 x40 x 0.5 x 10°

gn = 1.55mA/V

1
=E=—5=30k9
Ip 05

To

Exercise 7-2

Ex: 7.6
Ip =0.1mA, g, = 1 mA/V, £, = 500 nA/V?
21 2x0.1
m = =2 ov = =02V
Vov
1, w w21
Ip =k, — V2 — =
PTRT LV L T Ve,
2x0.1
= =10
500
—— x0.2?
1000
Ex: 7.7

=u,C WV
gm—,un oxL ov

Same bias conditions, so same Vv and also same
L and g, for both PMOS and NMOS.

1, Cox Wy = 11, Co W, = 22 — 0.4 =

n

=

n

=

W,
W,

=25

=

Ex: 7.8

1., W
]D_fk/i

2
= Sk, (Vs = [Vi])

1 16
=-x60x — x (1.6—1)2
2 0.8

Ip =216 pA

20, 2x216
Voyl ~ 1.6—1

=0.72mA/V

Sm =720 pA/V

1 1
A=004=|V;|=—=——=25V
1] = |Val 7]~ 0.04 /mm

_|V1§‘|><L_25><0.8

) = —92.6kQ
! I 0216

Ex: 7.9
2Ip Va2V,
Vor TIn  Vov
Va=VyxL=6x3x%x018=3.24V
2 x3.24
02

Emlo =

Ex: 7.10

Refer to the solution of Example 7.3. From
Eq. (7.47), A, = 22 = —g,.Rp (note that R,
v

is absent). I
Thus,

ngD =25



+5V

Substituting for g,, = k,Vov, we have
k.VovRp =25
where k, = 1 mA/V?, thus

VovRp =25 (1

Next, consider the bias equation

Vs = Vps = Vop — Rplp

Thus,

Vi+ Vov =Vpp — Rplp

Substituting V, = 0.7V, Vpp =5V, and

1 2 1 2 1
IDZEkHVOV:EXlXVOV:E ov
we obtain

1

0.7+ Voy =5— Ev},vRD )
Equations (1) and (2) can be solved to obtain
V()V == 0319 V
and
Rp =78.5kQ

The dc current I, can be now found as

1
Ip = Ek,,vgv =509 pA

To determine the required value of R; we use Eq.

(7.48), again noting that R, is absent:

R
R, = —9¢ _
1+ngD
R
05MQ=—2
1425

= Rg = 13MQ

Finally, the maximum allowable input signal 9;
can be found as follows:

. v, 0.7V
= —t = =27mV
A +1  25+1

Exercise 7-3

Ex: 7.11

Ex: 7.12

Oic

6UBE

Given: g,, =

ic=Ic

where I = IgeV?E/VT

dic | LgelnelVr g
ovBE gy Voo Vr
Thus,
Ic
=7,
Ex: 7.13
_Ic  05mA

_ e _ —20mA/V
8 =y, T 25 mv /

Ex: 7.14

Ic = 0.5 mA (constant)

For = 50:

I 05mA
=t = 20mA/V
=Y, T 25mv mA/
I _IC_O.S_IO A
B_ﬁ_SO_ W
el 0 _5ska

gm 20
For f = 200,

Ic
g = S = 20mA/V

Vr

1, S mA
[p=le _0SmA _HsiA

5200

200
el 220 ke

m 20



Exercise 74

Ex: 7.15 i = Bi, = B Ube
r7[
f =100 I =1mA 5
1 mA = (*)Ube = 8mUbe
gn = —— =40mA/V Iz
25 mV o
=i o Din = q
Vi aVp  25mV ie =ip+ Pipy = (B+ Dip = (B + )
ro=—=——-=25Q
I Ic 1 mA B Upe U
1 T /BHD T n
Sm 40
Ex: 7.18
Ex: 7.16
e _1mA  oma/v C
m = 5, = iz < — m
A\
vf(’
Ay, = = —gmRc
o 8mUpe
=—-40x 10 ;
b
= —400 V/V B —:
VC = VCC - ICRC -
e
=15—-1x10=5V Uy,

ve(t) = Ve + ve(1)
= VC + Avvhe(t) E
=5 —400 x 0.005 sinct

=5 —2sinwt  Upe
Iy = — 8mUbe

ip(t) = Ip +iy(t)

1
where = vbe(f — gm)
rf

ST F T 00 T :vbe( _E)
T /p+1 I'z
. gmvb('(t)
and i, (1) = -2 si1 B o
'B = Upe - | =
1 Iz Iz Vr
_ 40 x 0.005 sinwt
B 100
= 2sinwt, pA Ex: 7.19
Thus, +10V
ip(t) =10 4 2sinwt, pA
Ex: 7.17
Bo— Y




, _10-07
T
Ic = alp = 0.99 x 0.93

=0.93 mA

=0.92 mA
VC == —10+ ICRC

—10+092x75=-31V

Av _ & — (ZRC
Ui Fe
25 mV
where r, = —— =269 Q
0.93 mA
0.99 x 7.5 x 10°
Ayj=—F—— =2762V/V
26.9
For v; = 10 mV, 0, =276.2 x 10 =2.76 V
Ex: 7.20
+10V
8 k()
oY
o0
X o
o—
oe]
10kQg |0z
= I=1mA
Iy =1mA
100

1
Ip = — x 1 =0.0099 mA
101

(@ Ve=10—8x099=208~21V
Vg = —10 x 0.0099 = —0.099 ~ —0.1 V

This figure belongs to Exercise 7.20c.
R

sig

Exercise 7-5

Ve=-01-0.7=-08V
(b) le _ 09 _ 4 A/V
m = T = ~ m
Em =T 0.025
100
Iy :ﬁz—ZZ.SkQ
m 40
1% 100
o= -2 = — =101 ~ 100 kQ
Ic ~ 0.99
(c) See figure below.
Rig=2kQ Rz =10kQ r, =2.5kQ
gm =40 mA/V
Rc=8kQ R, =8kQ r,=100kQ

vy _ Va vy
Vsig B Vsig VI[
RB”rn

B (RB“rn) + Rsig

X —8m (RC ”RL ”ru)

101 2.5
= # x —40(8 || 8 || 100)
(10]2.5)+2
=—-0.5x40x3.846 =-77V/V
. Vy
If r, is negelected, = —80, for an error
sig
of 3.9%.
Ex: 7.21
21 2 x0.25
gmziD :7X :2mA/V
Vov 0.25
Ry, = o0
Ay = —8gnRp=—-2x20=—-40V/V

R, = Rp = 20kQ

RL 20
Av = Avo = —40 x
R, + R, 20+ 20
=20 V)V
G,=A, ==20V/)V

'l/},‘ =0.1x 2V0V

=01%x2x025=0.05V

9, =005%x20=1V

Y
i 8m Vw +.o +R C %L )
@ @ ® @ O

= + 0




Ex: 7.22
Ic = 0.5 mA
1 0.5 mA
gn = -2 = 2% oomAsv
Ve 0025V
1
e = p_10 50
gn 20
Rin =TI = 5kQ

Avo = —gnRc = =20 x 10 = =200 V/V
R, = Rc = 10kQ

RL 5

Ay = Ay = —200 x

R, + R, 5+10
— —66.7V/V

Rin 5
G, = A, = x —66.7

Riy + Ry, 545

— _333V/V

b, =5mV = 4, =2x5=10mV
5, =10x33.3=033V

Although a larger fraction of the input signal
reaches the amplifier input, linearity
considerations cause the output signal to be in
fact smaller than in the original design!

Ex: 7.23 Refer to the solution to Exercise 7.21.

If 95, = 0.2V and we wish to keep

Vg = 50 mV, then we need to connect a

3
resistance R, = — in the source lead. Thus,
gh‘l
B 3
T 2mA/V
_ RollR
1

— + R,
8m

=1.5kQ

s

Gv = Ay =

20120
=—"17 —_5V)V
0.5+1.5

Uy = G, U5y =5 x 0.2 =1V (unchanged)

Ex: 7.24
From the following figure we see that
~asig = 2hRsig + 7771' + ;eRe

le

= 7Rsig + 1/)7[ + 2.\eRe

A A~

= Ryt .+ =R
_(ﬁ_f_l)r() si1g vﬂ' rE e

A ~ Re Rsig
Usg = U |1+ — + — Q.E.D

Te 'z

Exercise 7-6

Ry h,=1,/B+1)
+ ¢ A'e = 0,/r,
0, r,
ﬁsig Ci) E
s Re

For Ic = 0.5 mA and g = 100,
_ & _ aVr _ 0.99 x 25 ~ 500
I Ic 0.5

r. =+ Dr. =5kQ

Te

For 74, = 100 mV, Ry, = 10 kQ and with 7,
limited to 10 mV, the value of R, required can be
found from

100 = 10 1+R€+lO
a 50 5

= R, =350 Q
Rw = (B + 1)(r. + R,) = 101 x (50 + 350)
= 40.4kQ

Rc|| R
G- cllRy
Rsig + (ﬁ + 1)(7'(, + Re)

=—100 10 =-198V/V
N 10+101 x04 7
Ex: 7.25
1
— = R4, = 100 Q
8m

= =10mA/V
=8 = ogg - 0mAY
But

_ 21p
8&m = Vou
Thus,

21
10=22
0.2
= ID =1 mA
G, = Rin X gmR
v Rin + Rsig Em D

=05x10x2=10V/V



Ex: 7.26
Ic =1mA
V. V 25 mV
o=t~ L =200 950
IE IC I mA
Ryn=r.=25Q
Ay =gnRc =40 x5=200V/V
R, = Rc =5kQ
Ry
A, =A,,——— =200 x =100 V/V
R; + R, 545
Rin
G,=——x A,
Rin + Rsig
= 25 x 100 =0.5V/V
© 2545000 o
Ex: 7.27
Rn=r,=50Q
= B A
= — = = 0.0m
T T 50Q
Ic = I = 0.5 mA
Rc|| R
G, = cll Ry,
re + Rsig
_ RelRe
T (50 4+ 50)Q
Rcl| R, = 4kQ
Ex: 7.28 Refer to Fig. 7.42(c).
R, = 100 Q
Thus,
1
— =100Q= g, = 10mA/V
8m
But
21[)
8m = 5
Vov
Thus,
10 x 0.25
Ip= —"2 _125mA
2
- - Ry
U, = U; X =1x =091V
R, + R, 140.1
1
0 0 ; 1 x 0.1 91 mV
Ugs = U; = =
1 0.1+1
— + R, *
Ex: 7.29
R, =200 Q

Exercise 7-7

1
— =200Q
8m

= gn =5mA/V
But

AW
gmzkn f Vov

Thus,

w
5:0.4><fx0.25

w
= — =50
L
1 /W 2
Ip =5k, 7 Vov

1
=3 x 0.4 x 50 x 0.25>

=0.625 mA

R, =1kQto 10kQ

Correspondingly,

R R
R.+R, R,+02

will range from

v

G, = =0.83V/V
1+02 /
to
10
Gy=—— =098V/V
104+ 0.2
Ex: 7.30
IC=5mA
V \% 25 mV
re=—AL L2080 50

T Ig T Ic 5mA

Ry = 10kQ R, =1kQ
Rmz(ﬁ—i_l) (re+RL)

=101 x (0.005 + 1)

= 101.5 kQ
Gy =1V/V
R + Rsig
out = Fe e
t ﬁ+1
10,000
=5+ =104 Q
101
R R
G, = R == +LR
R +r€ + sig L out
L ﬂ‘f’l
1
=——=091V/V
14 0.104
Ve
Un = Usig LR+ Rsig
Te
L ﬂ +1



Exercise 7-8

R R

re B+
. 1000 10,000
Correspondingly,

0, =G, x1.1=091x1.1=1V

Ex: 7.31

vsig

B+ Do +R) R

From the figure we can write
Rin= 1+ Dlra + B+ D(re2 + Rp)]

Rou = Ry | |:re2 y ot St 1)}

U, R,

et + Rg/(B1 + 1)
pr+1

For I, =5 mA, f = p, =100, R, = 1 kQ,

and R, = 100 k€, we obtain

Uie RL + 1+

_ 25 mV 50
Y
5 5
Igp= — = — ~ 0.05 mA
A +1 101
MV sh00
Fol = ———— =
"7 0.05mA
Rin = 101 x (0.5 + 101 x 1.005) = 10.3 MQ
0.5+ (100/101
Row = 1] [0.005 + 0.5+ A00/10D) 1 _ 54 ¢
101
Vo 1
T 0.5 + (100/101
g1 40.005 + 0.5 + (100/101)
101
=098 V/V
Ex: 7.32

1, W )
D= Ek,,f(vcs -V)

0.5= % x 1(Vgs — 1)?

= Vs =2V

IfV, =15V, then

Ip = % x1x2—152=0.125mA

Aly 0.125-05

= = =—-0.75=-75%

Ip 0.5
Ex: 7.33

Vop =V, 5-2
Ry =22 "0 _ =6kQ

Ip 0.5

— Rp =6.2kQ

1, w_, 1 )
ID:EknTVOVﬁO‘SZEXIXVOV
= Voy =1V

=>Ves=Vov+Vi=14+1=2V

= Vs=-2V
Vs — V. —2— (=5
Rs = S ss _ ( )=6kQ
In 0.5
— Rs = 6.2kQ

If we choose Rp = Ry = 6.2 kQ, then I will
change slightly:

1D=%><1><(VGS—1)2.

Also,

Vos =—Vs=5—RsIp

Thus,

21p = (4 —6.21p)*

= 384413 —51.613 +16=0

= Ip = 0.49mA, 0.86 mA

Ip = 0.86 results in Vg > 0 or Vg > V;, which is
not acceptable. Therefore I, = 0.49 mA and

Vs=-54+62x%x049=-196V
Vp=5-62x049=+196V

R¢ should be selected in the range of 1 MQ to
10 MQ.

Ex: 7.34
1 /W 2
Ip =05mA = EkanOV
2 05x%x2
= V5, = =1

1
:>V0V:1V:>V55:1+1:2V



Exercise 7-9

V= Rp= " —6kQ
p= 80 ="3

= Rp = 6.2 kQ (standard value). For this Ry
we have to recalculate Ip:

1
1,)=§><1><(VGS—1)2

1
= 5(Vop = RpIp — 1)’
(VGS = VD = VDD - RD ID)
1
Ip = 5(4 —6.21p)* = Ip 2049 mA

Vb =5-62x049=196V

Ex: 7.35 Refer to Example 7.12.

(a) For design 1, Rg = 3kQ, R = 80 kQ, and
R, = 40kQ. Thus, Vg =4 V.

I — VBB - VBE
£ Ryl Ry
Ry +
p+1
For the nominal case, f = 100 and
4—-0.7
IE:W:LO]_IHIA
101
For p = 50,
=220 o4ma
E= 40180 0™
51
For f = 150,
4—-0.7
Ig = W = 1.04 mA
151

Thus, I varies over a range approximately 10%
of the nominal value of 1 mA.

(b) For design 2, R = 3.3 kQ, R; = 8 kQ, and
R, = 4 kQ. Thus, Vzp = 4 V. For the nominal
case, f = 100 and

4-0.7

IE=33+74”8=0.99:1H1A
' 101
For g = 50,
= 2707 osama
T
’ 51
For p = 150,
4-0.7
IE=74”8 = 0.995 mA
33+ —
+ 151

Thus, /g varies over a range of 1.1% of the
nominal value of 1 mA. Note that lowering

the resistances of the voltage divider considerably
decreases the dependence on the value of f, a

highly desirable result obtained at the expense
of increased current and hence power
dissipation.

Ex: 7.36 Refer to Fig. 7.55. Since the circuit is to
be used as a common-base amplifier, we can
dispense with Ry altogether and ground the base;
thus Rp = 0. The circuit takes the form shown in
the figure below.

+10V

-5V

To establish Iz = ImA,

5— Ve
I =
E RE
5-0.7
I mA =
E
= Ry =4.3kQ

Yo
The voltage gain — = g,, Rc, where
v

i

fe _ 4omav
&n = v, mA/V.
To maximize the voltage gain, we select R¢ as
large as possible, consistent with obtaining a
+2-V signal swing at the collector. To maintain
active-mode operation at all times, the collector
voltage should not be allowed to fall below the
value that causes the CBJ to become forward
biased, namely, —0.4 V. Thus, the

lowest possible dc voltage at the

collectoris =0.4 V 4+ 2V = +1.6 V.
Correspondingly,

_10-1.6 _10-16

Re = ~ =8.4kQ
IC 1 mA

Ex: 7.37 Refer to Fig. 7.56. For Iz = 1 mA and
Ve =23V,

Vee = Ve
Ip=-c ¢
Rc
10—-2.3
= ——=2
Rc
= Re =7.7kQ

Now, using Eq. (7.147), we obtain



Exercise 7-10

Vee — Ve
1527
Re + 2
c 1
[ 10-07
=—%
7.7+ —
+ 101
= Ry = 162 kQ

Selecting standard 5% resistors (Appendix J), we

use
Rp =160 kQ and Rc =75kQ

The resulting value of /g is found as

=070 2 ma
TV

and the collector voltage will be

Ve =Vee — IgRe =23V

Ex: 7.38 Refer to Fig. 7.57(b).

Vs =3.5Vand Ip = 0.5 mA; thus
V. 3.5
s=— =22 =7kQ
I, 0.5
Vpp =15V and V, =6 V; thus

Voo — Vb 15-6

R = = 05ma~ Bk
To obtain Vyy, we use
Ip = lknvév

2

0.5= % x 4V3,

= Voy =05V

Thus,
Vos=V,+Voy=1405=15V

We now can obtain the dc voltage required at the
gate,

VG:VS+VGS:35+15:5V

Using a current of 2 pLA in the voltage divider, we
have

5V

Ry = —— =2.5MQ
@2=50A
The voltage drop across R is 10 V, thus
10V
1 = —— =5MQ
2 WA

This completes the bias design. To obtain g,, and
Ty, WE Use

21p 2x0.5
Vov 0.5
Va 100

Fo = —

= — =200kQ

T Ip 05

Ex: 7.39 Refer to Fig. 7.57(a) and (c) and to the
values found in the solution to Exercise 7.38
above.

Rin = Rgill Rg2 = 5112.5 = 1.67 MQ

R, = Rpllr, = 18]]200 = 16.5 kQ
Gy =~ ol Roll Ry)
v = m\Fo
Rin+Rsigg P ¢
1.67
=———— x2x (200]/18]/20)
1.67+0.1

=—17.1V/V

Ex: 7.40 To reduce v, to half its value, the
unbypassed R; is given by
1
R, = —
&m
From the solution to Exercise 7.38 above,
gnm = 2mA/V. Thus

1
R, = - =05kQ
2

Neglecting r,, G, is given by
Rin Rpll Ry
X —

G, =

Rin + Ryig 1 4R,
8m
1.67 18120
T T167+01 105405
— —89V/V

Ex: 7.41 Refer to Fig. 7.58(a). For Vy =5V and
50-pA current through Rp,, we have

5
Rpp = —— =100kQ
%27 0.05 mA
The base current is
1 0.5 mA
Iy = E_~ ma _ 5 nA
p+1 100

The current through Ry is
]RBI = IB +IRBZ :5+50:55 MA

Since the voltage drop across Rp; is
Vee — Vp = 10V, the value of Rp; can be
found from

10V
Ry = —— = 182kQ
0.055 pA
The value of Ry can be found from
Ve — VaE
lp = ——
E R,
5-0.7
= Rp = =8.6kQ
0.5

The value of R¢ can be found from

VC = VCC - ICRC



