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Chapter 1

Exercise Solutions El4

ElLl (a) n, =5x10" cm™, p,<<n,
o =ep,n, =(16x107°)(1350)(5x10") =
= /? " E = - -t
n, = BT exp (-E%) o=108 (Q cm)
GaAs:
(®) p, =5x10% cm™, n,<<p,
i= (21 14 a2 —1.4 . _ -19
m= {21 10%)(300) "“’(_““-_—"z(asx m_,moo)) o=ep,p, =(16x107°)(480)(5x10") =
=18 x10° em™ 0 =384(Q-cm)”
Ge:

n, = (166 x 10'*)(300)*/2 exp ( 0.6 ) ELS

2(86 x 10"5)(300)_
A = 2.40 x 10'? =3

a. ng=MNg=8x10" em~?

o (L3x10)°
El.2 Po= e T TEx 10"
po =281 x 10' em™
Si:
-1.1 b. n=ng+6n=8x10"4+0.1x 10" =
n, = (5.23 x 10'*)(400)*/2 exp (———-——)
2(86 x 10-%)(400) n=A1x10" em™
n, = 4.76 x 10'? cm™ —
. p=po+bp=>
GaAs: < 10" em?
1.4 gx !l cm
v = (2.1 % 10'*)(400)*/? ——-———-———)
mo= (21 % 10%)(400) exp 2(36 x 10-9)(400)
n, = 2.44 x 10° em™® El.6
Ge:
~0.66
ni = (1.66 x l.()u')(‘tOO):”'2 exp (m) J=c¢E =(10}(15) =
= . 2
n, = 9.06 x 10'* ¢m™* —-—————-j = 1504/ cm
El3 El1.7
a. mjodq carrier: po = 10*7 em™? i Vo =Vrin (ﬁ‘.'.:f_d)
minority carrier: \ n

015 0[7
nl (1.5 x 10‘0)’ . - Voo = (0.026) In u(l—-)f
no = T = e = 2.25 % 10° cm (1.5 x 10%9)
——

Vo, = 0.697 V
b. no = Ny~ Ny =5 x 10
o . lolt’ 1017
majority carrier: ng = 5 x 10'% ¢cm™ b Ve = (0.026)1n _—"'—( - I )z
o ' (1.5 x 1019)
minonty carrier: Yo =0817V

nl (1.3 x10%)?

Po= e = TS 1008

=45x10' em™?
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E18

Ve = Vrin [M—i] = (0.026) In [(IO‘) (1017)
" (1.8 x 108)?

Vp =123 Vv
ELl9
VR -1/2
C,=Cr (1 + -‘7:)

Vi = Vrln[ =

1

17 18
= (0.026)In [w} =0.75TV

lvaNd]

(1.5 x 1019)

-1/2
3 -
0.8=Cjo (1 + ——0'757) = Cya(7.61)~'?

= C}Q(O.JGZ)

Cl° = 2.21 PF
El.10

2 I= Is[exp (%) -1]

For Vp=0.3: [ = 10" exp ( 0.

(71}

)

0.02
ForVp =06: [=10""e ( 0.6
oo <P\ 0.026
ForVp =07: I= 10~ X
o =75 P (o.ozs)
So we have
Vo I
035 2.25 uA
0.6 0.105 mA

0.7 493 mA

p. 10~'* A both cases

El.11

=t () -1
= 107 oo (585 -

(0.026)1n (10'°) = VD

Vp =0.599 Vv

Solutions Manual

El.12

AT = 100°C
AVp = 2 x 100 = 200 mV
‘= Vp = 0.650 — 0.2

= Vp = 0450 \

EL.13

Rz4Kp
T —
vl To *
Vpg =4V 7 Vo
[:=10""7 A

- V
Ves=IpR+Vpand [p = [SGXP(VD)
T
So

4= [p(&)+ VD =>1Ip =(4-Vp)/4mA
and

“~ Vo -9 Vo
Ip = [sexp (T’;) = [p =107 exp (m) mA
By trial and esror:
Ip = 0.864 mA and Vp = 0.335 v

El. 14

% D\'ooé-
c—mﬂ) Curnv
o9 -~
-\
wu&
;D“Z O PS4 - <
o% V& OS5 35V

£

o5 Py a7
%)



Chapter 1; Exercise Soluti

EL.1S Power dissipation in diodz = [pVp
'Y
1.0 mW = [p(0.T) > [p = 1.3 mA
R=Vps—v..=m—.0.7=g= 2 kO
Rzdw le 3
AAAA,
r—
] ID % - El.l7
\Jnss\l - X Vo
- T - ga=18 = %% _s0aps
J Vr T 0026 =
Vps =V, 35-0.7 EL.18
Ip= == = [p=108mA
LoV 00, 002
4—,D=>J-ID L‘——‘—so
Vps -V, Vps - V Ip =0.32 mA
b, Ip = = ' 5 fp =032 mA
R R==3
R= E.—o:.- = R=67
1.073 El-lg
c.
Ip =Tsexp (Y-D—)
Vr
Vo =1T7la (;—D)
s
V=01 " 10=?
pn junction: Vp = (0.026}(n (-—-———
{2 s\\ 10-:2
‘e Ve =03539 vV
. 103
L e ioas
I, ot Schonky Diode: Vg = (0.026)In (_10-‘)
A e Vo=0299V
od
9.2 E1.20
v For the pn junction diode
b L
. . Ip 1.2 x 1077
Vp=V =] =(0.02 —
D rln(,s) (0 6)ln(4x10_”)
ElL.16 Vp = 0.6871 V
R Schorky diode voltage will be smaller
AAAA = Vp = 0.6871 —0.265 = 0.4221 V
J= |
Ny zlov — To X&— tl fo = Isexp (7)
| 1 — D =
- — _ fs= —2X0 107 %1079 A
0.4221 0
[——————-——- “p( 5026 )
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El.21

Power = | - Vg

10=1(36)=>1=179mA
10 - 3.6

= R = 1.79
10 - 5.6
1.79
E1.22

Vz = Vzo + Izrz
So Vzo = Vz = Izrz
Vzo = 5.20 = (107°)(20) = 5.20 - 0.02 = 5.18
Then
Vz =518+ (10 x107%)(20) = ¥z =5.38 V
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Chapter 1

Problem Solutions

1.1
(a) n, = BT¥ 52T
(i) Silicon, T=275K
ny = (523x10")(275)"? ¢ Y2lben10* )
n, = 190x10° cm™

(i)  T=325K
m, =(523x10)(325)*2 Y 2(s6m10™ )09
=8.71x10" cm™

(b) GaAs
(i) T=275K

= (2.1x10")275)"
n, =134x10* em™

e-l,c/z(uno")(m)

(i) T=325K
n = (2.!Oxlo")(szs)’”e""/’(“‘”‘)(’”’
n, =163x10" cm™

S ——————————

1.2

-E
I;] g
i n; = BT exP(sz)

-11
12 1spena —
107 =823 x 10T exp (2(86 x 10-‘)(1‘))

3
191 x 107" = T%/2 oxp (__ 6.40; 10 )

Bymﬂmdcnur.Tzst" K
b. = 10* em™?

! 1373/2 -1.1 )
107 = 5.23 x 103T3/2 ¢xp (..___2(56 )
3
191 x 1077 = T2 oxp (_6.40; 10 )
By trial and error, T = 268° K

1.3

8 Na=3x10cm™* > n- type

ng =Ng=3x 10" cm=?

T (1.3 x 109)?
=

— n'
Po =0 5 x 1018

= po =4.3x10' cm™*

1.6

Solutions Manual

D. Na=3x10¥cm™> = n-~t

ng = Ng=5x10"*cm™
~1.4
14 3/2

= -+
a, = (2.10 x 10'*)(300)*/ exp (2(86 - 10-‘)(300))

= (2.10 x 10'*)(300)*/3(1.65 x 10~17)

=1.80 x 10° em™

2 6)?

po = TI_, = w = po = 6.48 x 10“ cm“’

ng 3 x 1018

b. Germanium

Na=10" cm™ = p - type
po=Na= 10' cm ™

—0.66
18 3/7 —————————sees e
= (1.86 x 107°)(300)""* exp (2(55 x 10*‘)(300))

= (1.66 x 10'*)(300)*/*(2.79 x 10™%)
=2.4x10"” em™

! (24x10%)°

g = ;; = 1018

ng = 5.76 x 10" ¢m™?

(a) n,=5x10" cm™
(152107’

pc = n, = sxloli

(b) n,>> p, = n-type

= p, =45x10* cm™
(¢) n,=N,=5x10"cm

a. Add Donors
Ng=7x 10" ¢cm™?
b. Wantpo = 10° em™ = n3/N,
So al = (10°%)(7 x 10*) =7 x 10*
Ey)
2
= BT exp( 5T

n_ 152 =11 )
Tx 10 = (5.23 x 10 ) quxP ((56 x 10=8)(T)

By trial and error, T = 324° K
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1.7
I1=J-A=0EA

(loll) (1015)
(1.8 x 108)?

8. Ve =(0.026)1n [ ] = VW =105V

1=(22Y15)(10%) = 1 =33 m4 (10'%) (10%)

b. Vb =(0.026)1In = V=12V
= (0.026) [(mxm')’] "

18 18
i c. Ve = (0.026) In [——————-——(108 )(10‘ 2)] =>V. =141V
J=d£=>d=i=:_:. (1.8 x 10%)
o = 7.08 (ohm ~ cm)™’ 1.13
N N, (10"
19 V, =V, ln( "iv‘)=(o.026)1n ——————( )2
g (15x10°)

(a) For n-type,
o= ep, N, =(16x107")(8500)N, For N, =10% em™, V, =0637V

y _ For N, =10" cm™, V,=0817V
For 10V S N,S10V em™ =

136< 0 < 136x10* (Q-cm)”

o, %\ '
(®) J=0E =o(0l)= 7
01365 J £136x10° A/cm?
0.637
1.10 /f’
a Ne=107 can™® = po =107 cm™? o' (" ('7
Po=10" cm™ -3
a? {18 x10%)° . AGLam )
ne = ;=—T—=nq=3.24xlo”m"
1.14
b. n=ne+én= 3.%} x10™* 410" = n = 10" em™?
- — TTTIAIT e =3
P=pa+0p=10"" +10"® = p =1.01 x 10°" em T
| kT = (0.026) (560-)
1.
. NaNg
Vb. = b‘rh‘l ( n? ) T kT (T)Jﬁ
a. Ve =(0.028)In (107) (107 Vi = 0378V X0 oo e
- V=0 s x toyr| = Vo =078 250 0.02167 3952.8
300 0026 5196.2
o = 0028yt | L2209
b. v = (0.026) In m;o—); =W, =077V 350 0.03033 6547.9
400 0.03467 8000.0
oll 18
. Vi =(0.026)ln [%—H = Vi =0.937V 450 0.0390 95459
) 500 0.04333 11.180.3
112 n o= (2.1 x 10'Y) (T’”) exp (——‘—l-i-———)
2(86 x 10-%)(T)
. NNy
. vb.=vrxn< 2! )
Voei=Vrhn (‘—",'—) '
LT
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T n, Vb\
200 1256 1.405
250 6.02 x 10° 1.389

300 1.80 x 10¢ 1.370
350 1.09 x 10* 1.349
400  2.44 x10° 1327
450 280 x 10 1302
500 200 x 10** 1277

l . PRt 1. A

200 130 200 350 %a 450 Seo
T Q)

1.15

v -1/2
C,=Chp (1 + -‘75-)

(2 x 10'%) (2 x 10**)
(1.5 x 1019)?

Vh' = (0.026)ll [

a Ve=1V

1 -1/2 £
- L =0.63
Ci (1)(1 + o.s‘rs) >C =05t

b. Vg =3V

s\~
C, —(1)(1+ 0_673.) =, = 0.344 pf

5 -u1
C = (0.02)(1 +5§) =000743 pF
For V, =15V,

15 -2
C,={002) 1 +— =00118 pF
} ( { 0.8) 14

] =0.6T3V

1.17

0.00743+00118
C,(avg) = B E—

=000962 pF

ve(¢) = vc( final) +(vc(initial) = ve( final))e ™"
where

7= RC = RC,(avg) = (47x10){0.00962x10"%)
or '
T=452x10" s
Then
ve(t)=15=0+(5-0) ™"

-5—-e""' =t =7ln é—)
15 s

t, =544x107° s
(b) For V, =0V,

C,=C, =002 pF
For V, =135V,

15 -1/2
o} =(o.oz)(1 +3§) = 000863 pF

0.02 +0.00863
C; (avg)= —

=00143 pF
T=RC,(avg) = 6.72x107% 5

ve(t) = ve( final) +(vc(initial) = ve( final))e ™"
35=54(0-5)" = 5(1-e™")

so that 1, =809x107 s

(loll) (1015)

Vie = (0.026) 1 =0.7571V
e = (0.026) In [(1‘3 ~ 10“’)2] 37

a. Va=1V

1 -1/
C = (0.25)(1 + m) = 0.164 pF
1

1
fo= 2evVLC 27 /(2.2 x 10-3)(0.164 x 10-13}
fo = 3‘33 MHZ
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1.18

{.19

b. Va =10V

10
757
fo= l

2x/(2.2 x 103)(0.0663 x 10-13)
fo =13.2 MHz

-1/2
C, = (0. 25)(l+0 ) = 0.0663 pF

.. I = Is[exp(

-0. 90—exp(v
Vo

exp (W) =1-~0.90 =0.10

Vo = Vrin(0.10) = Vp = =0.0533 V

Solutions Manual

b.
Ve 0.2
Ie| _Is _["P(Vr) ’l] _ "P(o.ozs) “’
In| ~ Is [ (VR) ] - —0.2
ex: —] -] =) -
\"r cxP (o 025) II
_ 2190
Tl -1
%:2190
'y
-t 0.5
I=(10" )exp( 3058 ) = [ =225 mA
I= (10’“)exp( 00;&) = [=0]05A
I=(10""") exp (000':6) = [ =493 A
b.
-~ - 0.5
12 (107%) exp (m) = [ =22.5 uA
- 05
I=(10"") exp (000;6) = [ =493 mA

.20

1.21

1.22

(@) I=1I(e"" -1)

x 1077 A

150x107% = lO'“(eV‘”V' - l) =107 eV
Then
. -4
V, =V, m[ii%__‘“g_) = (0026) ;n(.‘?ﬂ‘?_
Or
V, =0430V
(b
150x107*
VD =VT ln(—l—o—_i!—)
Or
V, =0549V
~ V
a. Ip =lIsexp (;T‘/’;)
107% =I5 (.__E.Z_..) o =142
= 15XP | 3{0.025) =L
-9 0.8
b. Ip = {1.42 x 107%) exp (m

Ip =6.82 mA

0.
-3 - ———
c. 107 = Isexp((m 6)

Is =203 x 10"'% A
Ip = (2.03 x 10™"*) exp 9.8
) 0.026

Ip = 46.8 mA

[}

I doubles for every 5C increase in
temperature.
Iy =107 A atT=300K

For [, =05x10™* A = T=295K

For I; =50x100%* A, (2)"=50 =

)

n=564

Where n equals number of 5C increases.

Then
=(564)(5)=282K

So
295<T<3282K
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1.23
Is(T) _ a1y .
Ts(=83) =2 . AT = 155°C
Is! 1002 185/3 9
Is(—55) =2 =2.147T x 10
Vr@100°C = 373°K = Vr =0.03220
Vr@ - 55°C = 216°K = Vi = 0.01865

0.6
P \ 9.0322

Ip(100) 9
— . (2.147 —_—
To(=83) = (2147 x10°) x . 0.6
P \ 0.01865
_ (2,147 % 10%)(1.237 x 10%)
- {9.374 x 1013)
{p(100) _ l 3
Tol—3] = 2.83 x 10
1.24

Ipa (Vnz-Vm)
4 = = 10 = exp | ==l
Iax VT

AVp =Vrin(10) » AVp =599 mV = 60 mV

b. Alp =Vrin(100) > AVp =119.7mV = 120 mV

1.25

1.5 =1Ip(10 x 10°) + Vp and

Ip = Is[exp (-“,-,%) - l]

1.5 = (10 x 10*) (30 x 10").[exp (VD) - 1] + Vo

r
Vv,
= 0.3[exp (V::) - 1] +Vp .

By trial and error, Vp = 0.046 V

Mlpr.l'—s;lg’oialo=0.l45u1\
b. Reverse-Bias

I=1¢=130nA

Va = (30 x 107*)(10 x 10*) =0.30 V
Vo=~13+03= Vp==12V

1.26
Is =5x 107" A
R\:sﬁk
—T TN
-
— +
Liv - R, 2 20K¢ 1517- Yo
- T ' _
Rew= R MNR =815 K
+ N S +
Voo — No
- Io -
- —(E\u:o-asv
Vru = (Rx +Rz)“'2) ao)( 2) =0.
, I
0.45 =IpRrg + Vo, Vo=Vrln (I_‘:.>
By trial and error:
Ip =2.6 uA, Vp =0.402V
1.27

Is =2x%107%4

Vo=060V
Yo . B g-13 0.60
L ‘I“‘p(v ) (2x1 )“p(o.ozs
=2.105 mA
0.6
= —— = 0.60 mA
Ia K 0 m.
I, = [ 4+ [a=12703 mA
A 2.70§ x 10~?
VD = VT ln (E) = (0.026)ln (—zx_xm—)

= 0.6063
Vi=2Vp+ Vo= V=181V
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(b) Diode is conducting

] S=V, +1,(10)-5
- —I:—?r._" or

-+
i =V 1a=lol—0°‘6=» [, =094 mA
- T T B Va=10R"5=(0.94)(IO)—5: V,=44V

(c) Diode is reverse biased

_ -12
Is=3x 107" A 1,=0 v

[ =0.50 mA
0.5 x 10™° = bound

Vp = (0.026)1n (?a?h_o:ﬁ'> 131 N N P!
Vg =0479 V Minimum diode current for V,,q(min)
S=[R+Vp +V Iy(min)=2mA, V,=07V

= (0.5 x 107) (4.7 x 10°) + 0.479 + V L2071 _5-07_43
2 = zll! \" 1 R2 ’ B Rl Rl

We have
(b) P=1,V,=(05)0479) L=0+1,
or 50
=024 mW
£202mW wm 2.,
R &

1.29

Maximum diode current for V,(max)
(a) Assume diode is conducting.

Then, V, =V, =07V P=1,V, 10=1,(07)=1,=143mA
So that I, = 2 =233 A Li=1+1,

30 or

12-07

Iy= = 50 A (2)%9--%1+|43

Then I, =g =l =50-233 Usmg‘Eq (;)
Or 93 43
1, =267 A T =o-2+l43= R= 0414kQ
- ————— ‘ —-———-——-

Th
(b) Let R, =504Q Diode is cutoff. en

R, =825Q

045V
Vo= 30+so( 2)=
Since V,, <V I,=0

1.30
(a) Diode is conducting
=[,(10)+V, -5
o( ) 4 1 0.65
or 6 IDl='2'ID‘2=IDl=IR—‘T'=°'65mA
0-0.
1°=l = ID=0.94mA ID,=1.3mA=§—:—3}-§E-s)-
1
VO =V"'5 =06-5= VD =44V R, = 2.35 kQ, IE = 0.65 mA., 122 =1.30 mA

10
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1.33
R +%-

i
|

W1

b

Vy=063V
Power = [ -V, = 0.2 mW = [(0.65)

= [ =0.308 mA
[ 3085 -1

= -—-—R——-—- = 0,308
R 285 _

== 0.30.—8 => &.:.;Lﬁ.ﬂ_kﬂ.

1.34
For forward bias
15-0.7
I,= =0,
o= Toma 008

For reverse bias
I,=0, V,==l5V

1.35
v; )
s rem o= Q028) o006 kn = 260

Ipg ot
ta = 0.05/pqg = 50 pA peak-to-peak
Vg = i4r4 = (25)(50) uA
= vg = 1.30 mV_peak-to-peak

b. PForlpg=01mA = ry= go—'oo%ﬂ»=2609

id = 0.05/pg = § A pesk-to-pesk
Va = iqrg = (250)(5) Y
= vg = 1.30 mV peak-to-peak

1.36
Ry

Ao

i

a.  diode resistance rq = Vp/[

vq = Zd vg = e/l v
d rat Rs/Y7 ) P s
T + Ks

V-
vy = ——T-—_ vg = vy
Ve +IRs

11

1.37

olutions

b. Rs = 260Q2

Ve ) _ 0.026
Vr + IRs/ — 0.026 + (1)(0.26)

I=1mA.-‘1=(
vs

= 2. =0.0909

v
v 0.026

[ = 0.1 mA, vs _ 0.026 + (0.1)(0.26)
= 2 =050

L7 S

w 0.026

[=0.01mA. 7%= 57576 + (0.01){0.26)
= 2% =0.909

v

I
I = [sexp (%)’ Vo=Vrin (T;)

100 x 10
pn juncton. ¥V, = (0.026)In (__13717_—)
V, = 0.599 \

100 x 10-¢

Schomky diode, Va = (0.026)1n —=

o = 0.299 \
1.38
Sawnotiwy
t . .
PN JuuaTiew
pul i
! ‘/
!
Y
-

- Va
Schotky: [ = [sexp (-—)

Vr
I 0.5 x 10~°
Vo= Vrln (E) = (0.026) In (—s—x—-mT-)
=0.1796 V
Then

V, of pa junction = 0.1796 +0.30

= 0.4796
I _03x107

v.\ 0.4796
xe\7r) P\ .02

[s = 4.87 x 10~'% A

Is =
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1.39
. [ =107 exp (YEL) =5 x 107" exp (Zﬂ-)
pnjunction [, =05mA Vr Vr
Vos + Vpr = 0.9
I, = 1e"™ =V, =V, ln[flz) 107" exp (YE‘_) =5 x 10" exp (M)
s Vr Vr
Then 0.9 - Vb1
R =5x10"" exp (-——) - exp (——)
05x107? Vr Vr
v, =(0026)In} ——— |=0521V
» =(0026) ( o ) ' o (2Vor) _ (52107 (09
P\ ) T \ o0 ) P\ 5026
i 5% 10~*
Schottky diode 2Vp1 = Vrln (—-1"0_7-) +0.9=1.1813
0Sx10°? Vo1 =0.591 pna junction
v, =(0026)in| 259 ) L 0281v SRLEZS52 PR JuReton
10 Vp2 = 0.309 Schoaky diode
Then -12 0.5907
I'=10 CXP(———) = [ =736 mA
V,o(pn)=V,(S) _0521~0281 0.026
R= = =
05 0s
R=480Q
1.41
R:QASK
1.40 AV No
+ V, = —
(a) I\DI r I +
-t Vpg=lOV_— l Va l Re
1 I, __ - [‘ xa L
— —_—
-
C.smA T. |
Vz2=Vzg=8586Valz =01mA
rz =100
Lo+ I =05 x 107 Izrz = (0.1)(10) =1 mV
v, v Vzo = 5.599
-8 Yo -12 Yo\ _,- -3
5x10 exp(vr)+10 exp(vr)-o.axlo
5.001 x 10" exp (“i—:) =0.3 % 107° a R -
. - 0 -35.599 4.401
0.5 x 10~ [z = > = — =8.63 mA
Vp = (0.026) ln (m) = Vp =0.2395 R+rz 0.50 +0.01

Vz =Vzo + Izrz =5.599 + (0.00863)(10)
V2 =Vy =35.685 V

Schorky diode, I3 == 0.49999 mA
pn junction, [; = 0.00001 mA

11 - 5.599

- 2 = e—— 0.‘
®) b, Vps=11V =z 031 10.39 mA
Vz = Vo = 5.599 + (0.01059)(10) = 5.705 V
Ves =9V = Iz = 22599 _ 4669 ma
+ VDS - VDA.— 0.51
Vz = Vo = 5.599 + (0.006669)(10) = 5.666 V
. D ( D,_I AVy = 5.7053 — 5.666 = AVQ =0.0319 V

12



Chapter 1: Problem Solutions

¢, 1=1:+IL

Vo Ves - Vo Va - Vzo
1L=R[_' = R , [za——r—z—
10-Ve Vo-5599 1V,

= + —
0.50 0.010 2
10 5599 _ S S
0.50 ' 0.010  °|0.50 © 0.010 ' 2
20.0 + 559.9 = V5 (102.5)
Vo =5.658 V
1.42

9~6.8
a. Iz-T2—=>11=11mA
Pz = (11)(6.8) » Pz =748 mW

b. 1z=£0:2£'-8-=>lz=26mA

26~ 11
%
=T

Pz =(26){(6.8) = 176.8 mW
176.8 — 74.8
%= 74.8

x 100 = 136%

x 100 = 136%

1.43

Izrz =(0.1)(20) =2 mV
Vzo = 6.3 — 0.002 = 6.798 V

10 — 6.798 i

Iz = 35007 = [z = 6.138 mA
Vo=Vz=Vzo+ Izrz =6.798 + (0.006158)(20)
. =6.921 \'4

b. I=lz+1,

0-% _%=-6798 Vi

030 0020 T 1

10 . 6.798 1 11
0.30 T d020 = °° [o‘so toom t T]
359.9 = Vi (33)
Vo =6.791 V

AVe =6.791 - 6.921
AV =-013V

13
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Chapter 2
Exercise Solutions E2.3
E2.1 v, = 120sin (2260¢), Vo =0.T. R =25k
Re=ilcOsn. D Full-wave rectifier

Tumsratio 1 : 2 = v3 = v,

Vu =120-07=1193V

—

£ v V. =119.3 =100 =193V
- Vo 119.3
-1 T S0C = FrRVT = T60)23 x 109)(19.3)
- C=1206x10"°=206x10"%=C =206 uF
. 24 =12 = 0.
1. ip(peak) = —1-—-—0121F—0-6- =114 mA E2.4
i v, = 30sin (2760t), V5 = 0.7, R =10 k2
b. Va(max) =24 +12 =136 V ( .
c. Pull-wave recdfier
coVm (50 - 1.4)
T O2fRV, T 2(60)(10 x 10%)(2)
C =12.025x 10~ =20.25 x 10™° = C =20.3 4F
[ AV P o
E2.5
u: t { .
S ' 1 Using Eq. (2-10)
d 4
Uf' Ut:. \ a. WAt = 2-!: = 24) = 0.327

Vv V775

vy = 24 sinwt = 12.6

v 2(19.3)
.- : . = ) —= = 0.
wty = sin™! (%‘E) =317 b wat » 193 - 0%
. . 0.569)
By symmeuy, wt; = 180 — 31.7 = 148.3 %= ) x 100% = 18.1%
48.3 - 31.
% = (L—-ﬁl) x 100% = 32.4%
360 A V. A2) _ 087
¢ wht=yyr=vVas

E2.2

NL L
! .L +
E2.6
"'C% TR e

L

V, Ve
e s =] - T.
v, = 73 sin (2x60t) -1 -
V= I
fRC
\Z 15
Of R = e = d
FCV. ~ (60)(30 x 10-%)(4)
= 6.2 10< Vps <14V, Vz =56
=623 kO < s
20 < Ry < 100

.6 . 5.6
I (max) = %—o- =028 A, [t(min) = 0= 0.056 A

15



ic Circuit A

[z(max}
- [Vp;(mﬂ) - Vz]h,(mu:)
Vps(min) = 0.9Vz = 0.1Vps(max)
_ [Vps(min) = Vz]!.(min)
Vps(min) - 0.9Vz ~ 0.1Vpg{max)
_ [14 = 5.6](280) ~ [10 = 5.6](56)
T 10 - (0.9)(5.6) = (0.1)(14)
2352 —- 246.4
3.56
Iz(max) = 591.3 mA
Power{min) = Iz{max) - Vz = (0.5913)(5.6)
Power =331 W
R = Ves(max) = Vz - 1456
* T Iz(max) + I (min) — 0.5915 +0.056

_ 84
= 06475

R = 13Q

E2.7
Ve =V,

-IL

I,=

For V.g(min) and I,(max), then

11-9 _41=0
0

I;(min) =

(Minimum Zener current is zero.)
For V,g(max) and I, (min), then

-0=>230mA

13.6-9
I(max) = 2

The characteristic of the minimum Zener current
being one-tenth of the maximum value is violated.

The proper circuit operation is questionable.

E2.8
Vps(min) -7,
R

I;(min) = - I (max)
s0
10-9
30=ors3 ~ elmax)
Or

I,(max) =354 mA

E2.9

Vi(max) = Vi (min)
Vi(nominal)

% Reguladon =
Vi (nominal) = 5.6
Vi{max) = V¢ (nominal) + Iz{max)rz

= 5.6 + (0.5915)(1.5) = 6.487

is and Design, 2™ edition

Solutions Manual

Vi (min) = ¥, (nominal) + [z{min)rz

= 3.6 + (Iz(min}))(1.5)

10 - 3.6
13

= 0.0585 A

Ve(min) = 5.6 + (0.0585)(1.5) = 5.688

% Reg = 6.48:3—63.688

{z(min) = - 0.280

=0.143 = 14.3%

(WP
4((‘ A

&

N/
~—1||H—§]——ww-*ﬂm
— [

16

E2.10
b (W
w15}
4+
2,7 +
Lt
-4
:b -y -2 2 &7 —_ o
=< v)
{-z
-
—_— -4.7
E2.11
.u‘
1
LS - -
]
-5 !
-T
. 2.8 v
'
H
i
-e- e —g =S
R\
— .
*
Ve



Test Your Understanding

Chapter 2: Exercise Solutions

V, =01V E2.15
Porvr <3, Dion > Vo==5Vas V=43V Vo=-06V. Ipi=0.
Diwmsonwhen vy =231 =18V Ipr=1I= :0_‘5_.;_'7("_1ﬂ= Ipr =1 =42"mA
Avy 1 R 1 ==
13 mm = - = -
Ror v > 2.3, 3 =3 = PR 3 e
= R] = 2R1 ’
(@)
E2.12
5T .
For ¥, =0, v,(max)=-2¥ 44 4
Now, Av, =8V, so that ]
vo(min) = -10¥
A
E2.13
As vs goes negative, D tumns on and vo = +5 V.
As vg goes positive, D turns off.
S |-
(®)
Y, ST
.9
sb i
Output. & square wave oscilladng berween +5 and +35 volts.
E2.14
w=td I= 19_9.‘# =0.5895 mA
Set [ = Ip,
vr = 4.4~ 0.6 - (0.3895)(0.5)
vy = 3.50§
e E2.17
O = = = = = = ==
! 6. Vo =06 Vforal¥
! b.
i
: .
44 i ! EWA
\ t
| i
1 i
A A u:
o 3.508% q.4
0.GY ¢
Summary: 0 < vy € 3.3, v = 4.4 Ve

For v; > 3.5. D2 wurns off and when vy 2> 9.4.

vo

=10

17
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E2.18

& [pn = ed A

Irn = (0.8)(1.6 x 10-")[(2)6.4 x 10~?

16 x 10-my | (%)

[pyp = 12.8 mA

b. We have v = (12.8)}(1) = 12.8 volts.
The diode must be reverse biased so that
Vps > 12.8 volts.

E2.19

The equivalent circuit is

\SmY =T

5-17-0.2
f=—=Fr—=tsma
§-1.7-02 3.1
T T 1= 0.207 kO

= 207Q

f,+R=

R=207-15= R =192Q

18
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Chapter 2

: 23
Problem Solutions @ v (max)= ‘_32 =40V
21
ux iy (®) PIV =|vs(max) =40V
R=1k ©)
T Yy “e

0

T s
z

IRV

-\Q

®
vo(avg =—TI—J' l)dl =-zl’-z-J'4OSinxdx
T, 1]

40 40
230, =2 -p=2
2”[ cosx]y 2”[ ( ) —
or

V, =06V, r =200 vo(avg) =127V

R
oV, — (10 -
Focvy =10V, vy = (R - rl)(m 0.6)

= (T?-l_oo—z) (5-4) 2.4

n = vs =2V, = vs(max) = wo(max) + 2V,
a. Por vg(max) = 25 V = vs(max} = 25 + 2(0.7)
top

=264V
N AY SR ..--..--..A. ﬂ=_1_6£_:£’_1_=6_05
v N2 26.4 ﬂ_z____

(d) 50%

v = 9.22

/

b. Por wy(max) = 100 V = vg(max) = 101.4 V
Vo o}

\
DG 4, g
wm e an
P
PR L]

)
2

Mo 160 Ny

. T i i
o Y i
From part (a) AR
22 ey PN:/ o ‘7 .'\I,
+ - o ; ; . -
N . prvisaiy Ns(max )~ N -

D fes}
R or, from part (b) RAETS

PIV =j{1014)~07

- or
PIV =202V
fot. S
W =y =vp

v ip in = 2
o=t () o=

Vo=w—Vrln( v°)
Is

19
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2.5

&,  wo(max) = 24 V = ve(max) = 24 + 2(0.7)
vs(max) = 25.4 V

25.4
vs(rms) = 7- = vg(tms) = 17.96 V

. Y Vu
U 77 it yiny
c 24

=ma=——-——"=mm

iD.max = 5.08 A

2.6

2.7

(a) vy(max)=24+07=247V

vg(rms)= vs(max) = vg(rms)=175V

v, 24
vt oot .

®) Ve =22 == v, = [#1s0503)

or L

C=5333 uF 71

(c) For the half-wave rectifier -

v, 24 24
=-M]14 A 4 [——0
or
ipau =100 4

------------

aaa

-dnb

e mces e -
e &
e mvae .o .-
en s sm e . -
P

g
o_:>:£

P P L

e TR T T

r-.
[

NAVAVAVAY,

238

l*'

vs(£)=24sinax
Now

T
io(avg) = Jia(oh
We have for x, Sax < x,
_ 24sinx-127
°° R

To find x, and x,,

24sinx, =127
x, = 0558 rad
x, =7 -0558=2584 rad
Then

24 12.7
g 1= [t

O

)“I ____( 127 ).x:!
6.482 4.095

2=—=-—< R=119Q
R

Fraction of time diode is conducting

=ﬁ§¥ix 100% =2—58—42;—95—5§x 100%

or
Fraction =322%

Power rating

1
RT, R }‘[24sinx—12.7]
B, = == [itdt = — || =1 dx
Reime T{"’ 2 R

=R Jl[(24 sin? x-2(12.7)(24)sin x +(12.7) }ix

[(24)’[1_ ‘"‘42“] ~2(12:7)(24)~cos x)’
+(12.7)’x"]
x
For R=L19Q, then

B =119W

20



Chapter 2: Problem Solutions

!¢
{ H \ \
- \L;‘L." ) ’l,
2.9 \\‘r&‘“’\ N 9. L 2.11
Y Tl [ ) |2 0
Ra-l—s=ISOQ Nels l:“" >0 =0
0.1 g
v;(max) = vo(max)+V, = 15407
or EA
v,(max)=_5}V ‘b’nq
Then 51 C
157 , uz
v,(mu)=-72r= UV 245
Now
ﬁLgl—zg.a ..NL= {3 [C:VH’ c\
N, 111 N,
w = (._Rlll_&n__).,,.
4.1 Ra||Re + Ry
Va o Ca et 15 ! Raf|Re = 2.2){6.8 = 1.66 kO
"7 2fRC 2/RV, ~ 2(60)(150)(04) 2llRe = '62 ST
or vy = (rgﬁ) vi = 0.43v;
C=2083 uF Z[\(,”’—’- : :
U
PIV =2v,(r2ax)-vr =2(157)-07 4a
or 154
PIV =307V ’
?)‘)‘V/
2.10
For v > 0 b.  wo(ms) = = max) o vo(ms) =3.04 V
V2
S u 2.12
D, R
Y %R"E R" Ve e :A Vo
— '
> 1/: l & l Rq_
R‘ I‘ Ig
=
k)
Vi =63 Vd 3 R.‘4= 12Q, Vz = 4.8
’. Iy = —-1_2— = 125 mA
=11 =[z2=125=1Iz2
28 < Iy <120mA > 40 < R; <1920
b. Pz =1IzVz =(100)(48) = Pz = 480 mW
Py =1I.Vs = (120)(4.8) = £, =576 mW
Vo=0
7 2.13
Voltage across Ry + Ry = v; 20 - 10
L. RL . 1 a. I;=—-272§—-=[/=45.0mz\
Yoltage Divider = 1o = (RL+R1)W=EW

10
IL—--JS—OOIL = 26.J mA

Y, Iz=l;-I=[z=18TmA

20

21
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b. Pz(max) = 400 mW = [z(max) = ‘1';: =40 mA

= [ (min) = [; - [z2{max) = 45 - 40

= [ (min) = 5 mA = &
R,

=R, =2k

For R, = 175Q

[} =353T1mA [ =726.3mA Iz =308 mA
[z(max) = 40 mA = [e(min) = 37.1 = 40 = 17.1 mA

RL:%:R‘ = 58500

2.14

a. From Eq, (2-23)
500(20 ~ 10} - 50{15 — 10}
15 = (0.9)(10) - (0.1)(29)
5000 - 250
=T
[z{max) = 1.1873 A

[z{min) = 0.11875 A

[z(max) =

From Eq. (2-21(b))

20 - 10
Bo=ersvs0 = Au=8080

b. Pz =(1.1875)(10) = Pz =119 W
Py = I1(max)V = (0.5)(10) = P, =S W

2.15

(a) As approximation, assume /,(max) and /,(min)
are the same as in problem 2-14,

Va(max) = Vo(nom) + [z(max)rz

= 20 + {0.453)(2) = 20.906
Vo(min) = Va(nom) + [z(min)rz

= 20 + (0.0453)(2) = 20.0906

20.906 - 20.0906

b. % Rgg = 70 x 100%
= % Reg = 4.08%
2.16
_ V,(max) =V, (min)
%Reg = V. (nom) x100%
_ Vi(nom)+ I;(max)r, —(V,(nom) + I, (min)r,)
- VL(uom)
1 ~ I, (min){(3
=[ z(max) Z( )I( ) =005
6
So

I,(max) = I,(min) =01 A

Now

I, (max) = S . 0012 A, [, (min) =-i-=0.006 A
500 1000

Now

Vs(min) -V,

R =
" I;(min)+ I, (max)

or
280 = ﬁf’m = I,(min)=0020 A
Then
I;(max)=0.1+002=012 A
and
Vps(max) -V,

I,(max)+ 7, (min)

or
V,s(max)-6

280=-L 1 V..(max)=413V

01250008 = Ves(max) =413V

2.17

Using Figure 2,17
& Ves=204+25% = 15< Vps <25V

For Vps(min) :
Ir = Iz(min) + [{max) = 5+ 20 = 25 mA
_ Vag(min}=Vz" 15-10

.= = . = 20002
R It 25 = £,=22000

b. For Ves(max)

25 ~ 10
R,

For [ (min) = 0 = [z(max) = 75 mA

Vzo = Vz = Izrz = 10 - (0.025)(3) = 9.875 V

Va(max) = 9.875 + (0.075)(5) = 10.2§

Vo(min) = 9.875 + (0.005)(5) = 9.90

= Ir(max) = = [r(max) = 75 mA

AV, =033V

¢. % Reg= -AY"—-x 100% = % Reg = 3.5%

Vo(nom)
2.18
From Equation (2.21(a))
g o Ves(min)-V, _ 24-16
" I(min)+/ (max) 40+400
or
R, =182Q
Also
4 v,
V =M C=—2_
*T2RC TR,
R=R +r,=182+2=202Q
Then
24
22 C=——————= C=9901uF

2(60)(1)(202)

N T




Chapter 2: Problem Solutions

2.19
Vz2xVz0o+Izrz Vi(nom)=8V
8 = Vzo +(0.1)(0.5) = Vze= T8V
L= Vs(max) -~ Vz(nom) 12-3
R =73
ForI. =02A =[2=1133 A

=1333 A

Por I =1A = [2=0333 A

Vi(max) = Vzo + [z(max)rz
=7.95 + (1.133)(0.5) = 8.5163
Vi(min) = Vzo + [z(min)rz

=T.95 + (0.333)(0.5) = 8.1165
AV =04V

_ AV, _ 04
PR o) = 5
Vi Vi
2/RC 2/RV,
R=R+r,=3+05=35Q

Then =

= % Reg = 5.0%

=C=

-
=
L4

8
C I cr————— -
)(3.5)(0‘8) = C=00238F

220

(a) For -10< v, 0, both diodes are
conducting=s v, =0
For 0<v, £3, Zener not in breakdown, so
§E=0, v,=0
For v, >3
i 243
20
vo =(—"-'53)(10)=%v, -15
Atv, =10V, v,=35V, i=035mA

/

mA

p XL
-5

—re 3.0 to
(v
’( )

(b) For v, <0, both diodes forward biased
0-v

10

—i‘=

LAY, =10V, =~1mA

_v,=3
For v, >3, j, =3§-. At v, =10V,i, =035mA

23

{o

~ L.'(’Nﬂ\
[~A121 /
—to 3
(v
F -
2.21
(a)
+~IS

V,=§x15=5Vaforv,55.7, vg = vy

- -V i
vi = (Vi +0.7) + 15 Lt yp=Vi+0.7
1 2 1
vy = vp 15-(v0—0.7)=vo—0.7
+ 2 1

ST
vr 187 07 _ (1 1 1)_ <
T+T+ —Vu(l+2+1 = vo(2.5)

1
v +8.33 = vo(2.5) > vo = E—SV[ +3.42

vy =3.7=> v =85.7
vr =13 => vy = 9.42
o S
ST T —
|
|
]
\4L A B
o <7 15
26

(b)ip =0 for OSv, $57

Then
- -‘1L+3.42)
=YY% _.v' (25
] l !
or

i = 0.6v, -342

o 1

For v, =15, i, =558mA
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. 30107 _ o ooca
f:f - Forvi =130V, l=-———-1°°+10=°1
uhl ve = i(10) +10.7 = 12.5 V
b.
7 - A s
% )
2.22 \“:-';‘! e -
ya
(a) For Doff, v,= (%)(20)- 10=333V o
Then for v, $333+07 =403V = v, =333V
For v, >403, v,=v,-07; -30
For v, = 10, Yo =93
0, (v)
q'-;l.. — - ——
2.24
> 85 -
T v —+1] Ve
L RzG2K
|
]
=) Yo /o
T V)
x V.=06V
vy = 153sin wt
(b) For v, 403V, i, =0
. 10=v, _v,~(~10)
F >403, i, + 0 2
or v, AT 5
o , _ 3 v
Which yields i, =3 -0.605 * {M‘ A
For v, =10, i, =0895mA - r.-.‘...i;../../:.:-*--
£ o) -R.4
o8- — — — — ~
2.25
a. Ve =20
TO O
— -3V |e-
° 4.3 'U‘(y) {o
2.23
. Y 4 Vo = 0.6
':\‘L- - e
o AT ¥ o
- A L
S o e -1..*4‘ u L—J
‘
1
< eeeede30

24




_Chapter 2: Problem Solutions

b, Vy=o0
3
|
Ve = 0.6
1a.4
s
]
2.26

One possible example is shown.

L will tend to block the transient signals
D, will limit the voltage to +14 Vand -0.7 V.

Power ratings depends on number of pulses per
second and duration of pulse.

2.27
Ve =0
[}

Y,
L

2.28

c
'Ux -—‘{ U

&
- V‘

— 1

a. ot Vo=0=>V, =27V
B, FRor Vo, =07V=2>l,=2

oV

2.29

C
v — Y,

Poc V=0 Ve=10V

2.30
For circuit in Figure P2.27(2)

For circuit in Figure P2.27(b)
G  ForV,=+3V

7
1o PrTES vo PR
NCTRR , -
7 A}
L) —5F A
. o
-3 v ,l > /
N, ~ P
-p N o -

() ForV,=-3¥V
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231 b VimVim=SV D and Dyon Dsoff
For Figure P2.27(a) 10 = I(9.5) + 0.6 + %(o.s) +5= [ =0451 mA
Iov=Ilpa= -;- = Ipy=Ip3= 0.226 mA
IQI =
Vo = 10 = [(9.5) = 10 = (0.451)(9.5) =
V=312V
ec. WW=8SV, V=0 D; off, D1, D3 on
V=44V
2.32 _10-4.4 -
o Iop=0=88 o =094mA Ip =0 =" = :
. | = e = Q. = -
9.5+0.3 2 =- Ips = 4.40 08 Ipy = 7.6 mA
)
Vq = 131(9.5) = Vn =893V Ipy =
§—0.8 Io;=[u1—[=7.6-0.589=.‘>£m_=_1._0_Ll_nA
b Iov =gy < ln=0MmA [p=0 & Vi=SV,Vs=2V Doff, Da, Dson
Vo=44V
Vo = Ip1(9.3)=> Vo =418 V I-:T;T—
I=—c—= [=0.589 mA
ame a3 (& 4.4-06~
c. S m() “”:—_—05 LN Ip3 =3.6 mA
d 10 = 325(0.8) + 0.6+ I{9.3) = [ = 0.964 mA :
2 Ipy=

Vo=1(95)=>Vy =9.16V Ips =Ipa—1=3.6-0589 = [py =130l mA

Ipy=Ipr= %9 Ip; = Ips =0.482 mA
2.35
233 (@) D,on,D, off, D,0on

So I, =0
8. [=lp=Ipn=0 =10 I

10-06-(-06) _ 10 _

Now ¥, =08V, Io=—p—p— 3.6

b. 10 = [(9.5) + 0.6 + [(0.5) =
I=Ipa=094mA Ip;=0 Iy =125md

Vo=10=1(9.5) = % =107V ¥, =10-06-(1252)= ¥, =69V
¢ 10=1(9.5) + 0.6 + [(0.5) +5 = -06=(-9)
Islpr=044mA [p; =0 2
Vo=m10-1(9.5) =% =582V

=22mA
loy=lgy=15=22-125> I5,=095mA

Igy=

4 10 =1(9.5)+ 0.6+ é(o.s) = [=0964 mA (®) D, on, D, on, D, off

So [, =0
I —
Ipy=Ipz= 3= Iy =1Ip; = 0.482 mA V=44V, I, = 10-06-44 ___%
Vo =10 = [(9.5) = V; = 0.842 V. - R
or
2.34 [Dl =0.833M
44-(-5) 94
e Vi=sVy=0=2>D01 D; Dy.on Vp=44V 1.,=—R—’-‘§-E,l=l—o=o.94m
- 4.4
I= 1_9_9_5__ = (=058 mA Iy = L =15 =094-0833> [, =0107 md
Ipv=l;r= “40_50'6 = [py = Ip; =7.6 mA v = [, Ry -5=(094)5)-5= 1, =-03V
Ips =Ipy +Ipa -1 =2(76)~0.589 >
Ipy = 14.6 mA
26

N




(c) All diodes are on
Vi=44V, V,=-06V

10-06-44
Iy, =05mA=T—-=> R =10kQ

[py=05+05= lmA:M:

R, =5k

-0.6-(-5
I,,=l.SmA=—(-.)..-_> R =293/kQ

2.36
For v, small, both diodes off

035
Vo = (05+5)v, = 0.0909v,

When v, -v, =06, D, turns on. So we have

v, =00909v, =06=>v, =066, v, =006
For D, on
v, =06-v, v, -

5 5
2v, -06

12
When v, =06, D, turns on. Then

06= 2v, -06
12

Yo - -‘6’95- which yields

Vo=

=v, =39V

Now for v, >3.9
v, ~06-v, Y% ;:2..4."2_0'6
5 5 0S5 0s
Which yields
2v, +54
v, =-%2—-;For v, =10 v, =115V

237

=\ov

For vy > 0. when D, turns off
l= 10 -0 = 0.463 mA
v =l(l0k) =4.65V

.63

=4

N

+-¢.08

vo = vy for — 4.85 < vr < 4.65

Ri=3kQ, Ry =10k
DiasdDion >V =0
10 - 0.7 - 0 - (-10)

Ipy= = 1.86 - 1.0

S 10
Ip; =0.86 mA

b. Rlslom,&=5kﬂ,D1ﬁ.D;m

Ipy =0
1= 0=0T=(210) _oee

15
Vo=IRa =10 Vo357V

2.39

15— (Vo +0.7) _ Vo +0.7 +}_f.,_

10 20 20
15 0.7 07 1,11 4.0
I?)'“l_o'z—o“"(m*'zo*zo)‘%(%")
Vo =6.975 V

v
Io =;§'=”2 = 0.349 mA



240
1A Yo v, 1ok
|ou1° 10K

a. Vi=m15V, V3 =10V Diodeoff

V‘aT.SV,%SSVQVn=—2.SV
Ip=0

b. Vi=10V, V3 =15V Diodeon

Va-W Vt+V Vo=V
10 10 10

15 10 11 1
=W
Tt = .( 0+w)+V..( +1o)

205( 5+ 55)

> Ve.anW <08

262:"5(10) =2>V=655V
18 = 6.55 555
Ip = =13 To “lo=019mA
p =06V
241
vy =0, Dy off, Dz on
I= 10 ::'5 = 0.5 mA

w=10~(05)S) > n=T5Vfr0<vy <73

Borvr =30V, Daoff, =10V
Détwerming vy when V, = 10

Ialq—z.s

25
Ve=10=[(10)+ 25> =0.7S mA

vy = (0.75)(25) + 2.5 = 21.2§

1Qlececcces

242

s, Vﬂl = V!Z =(
b. Vo =44V, Via=38V

. Voi=44V, V=38V

Logic “1” level degrades as it goes through addirional logic

gates.

243

. Vy=Vy=SV

b V=06V, V=12V
e Voyu=06V V=12V

Logic “0” signal degrades as it goes through additional logic

gates,

2.4
(% ANDY,) OR (¥, ANDV,)

2.45
10~-15-0.2
= —————— A = 0.012
I R+ 10 12mA =

8.3 .
R+10 = —0-012 = 691.7Q

R =6817Q

246
[ N-LT-W
0.75
Vi=10-17-8(0.75) >V =23V

247

Va=1V, [ =08 mA
Veag = 1 +(0.8)(2)
Vpe =26V

248

Ion = ne®A
0.6 x 10~° = (1){1.6 x 10"} (10') A
A=3.75x10~? cm?

28

\ |




Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

Chapter 3

Exercise Solutions

E3.1
a
g= l—a
For o = 0.980, 8 = —2380 _ _ 49
1= 0.980
0.995

F =0.995 A= —————— =199

or A= 1"055e5 =1

49 < B < 199
E3.2

g 75 — 0,9868
a=——z=—=9.
1+ 76
125

o= =2 = 0.9921
E33

Is=(1+B)s

Ig 0.780
So (1 = e e — 81.25 = 80.3
o(1+8) =T = tteg0 = 125 = £=803
B 8043 N
a = T+ 8 =813 = a = 0.9877

Ie = pBlg =(80.3)(9.60 uA) = Ic = 0.771 mA

E3.4
a 0.990
5: TR et —— o =
- = T_o0s90 ~ 2=2
Is 2.150
Ig = = —— = 21.50 p/
ET 03 E) - o0 o ip=2L80pkd

Ic = alg =(0.990)(2.150) = Ic = 2.13 mA

E3.5
L _Va_ 150
T Ic T Ie
Ice =01 mA = rp = 1.5 MQ)
Ie =1.0mA = rp =150 kQ

Ic =10 mA = rg =15 k2

E3.6

_ Vce
Ic = lo(l + v, )

AtVeg=1,Ic=1

a. V,.( =75

Ice=1=1 ]+%)=?10=0.9868mr\

AtVeep =10, Ic = (0.9858)(1 + %) =

Ic =112 mA

29

1
Ie=1=1I 1+———-):10=0.9934m,\

Atlcg =10 Ic = (0.9934)(1 + _1_0_) =

150

Ie =1.06 mA

E3.7
_ BVege _ 200 _ .

BVego = ——“ﬁ— m = 40.5 volts

E3.8
1%
BVCEo = B CBo

BV, =(¥100)(30) =139V

E3.9
a. ‘/120.2<V35(0n)=>13=]c~=0‘%:sv
P =0
b. V., = 3.6 Transistor is driven into saturation.
3.6-0.7 _
]B=QT=IB=4.03mA
5— Veg(sat) 5-—02
= = = 10.9 mA
Ic Re 0.44 = Ic 10.9 m
Note that 2 = 129 _ 5 41 < § which shows
Is 4.33

that the transistor is indeed in saturation.
P=1IcVce+IpVeg = (10.9)(0.2) + (4.53)(0.7)

=218 +3.17
P=3535mW

E3.10

For VBC =0= Vo =07V

5-0.7
= —_— =9.77
Then I¢ Vi Ic 7T mA
Ie 9.77
1 _———= — = 0.19-
and B 3 50 5 mA

Vi=1IpRe + Vpg(on) = (0.195)(0.64) + 0.7
=V, =0825V
Power = IcVeg + IgVBE
= (9.77)(0.7) + (0.195)(0.7)
Power = 6.98 mW
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E3.11
For Ve =4Vand Icqg = 1.5 mA
Re = 10-4 = Re = 4 kQ2
1.5 EEE—
Ie = —Vpg(on) - (-10)
Re
101\ .
]E = (m)lc =1315mA
—-0.70
RE=1-0—.—'-:-:>RE=6HkQ
1.513 e ——
E3.12
10 - V¢ 10 — 6.34
Je = = =0.913
c Re " = Ilc 0.915 mA
;. = —Veglon) = (=10) _ 1007
E= Re =T 7
Jrp =0.930 mA
Ic 0.915

I: I I e e— =
c=alg=>a s 0‘930:g 0.9839

Ig=1Ig—Jc =0930-0915= /g = 0.0150 mA

I 0913
_Tg_b.—uﬁﬁﬁ—el
VCE=VC—V£=6.34—-(—O.70)=>
VCE=T.04V
E3.13
10 -V, 0—-0.7
Ig = eslon) _ 10 -0 = Jp =1.16 mA
Rg 8

Ig 1.16
]B (+ﬁ)— 5] :>IB—221[1A

8
Je = —(1.16 = 1.

| c= l+ﬂ 51(1])alc 1.14 mA

) Ve =IcRc — 10 = (1.14)(4) ~ 10 = —5.44
VEc = 0.7 - (~5.44) = Vec = 6.14 V

E3.14

Ir = ¥88 = Vep(on)
g = -EBT YEBIOR)

E
—-0.7
:R5-410 L= Rp=33kQ
lc = alg = (0.9920)(1.0) = I¢c = 0.992 mA

Ip

Jlg—Ic =1.0-0.9920 = Ip = 0.0080 mA
Vep = ~Vpe = IcRe — Vee = (0.992)(1) - 5
= Ve =4.01V

E3.15
Vep = IpRp + Vpglon) + IgRe
=IpRp + Vgglon)+ (1 + B g R
Vep—Vpe _  2-0.7
Rp+ (1 +3)Re ~ 10+ (76)(1)
= Jp =151 pA

Ip =

Ic = 8lg = (T5)(15.1 uA) = I = 1.13 mA
Ie = {1+ 3V = (76){15.] gA) = Jg = 1.15 mA
Veg = Vec + Ve - IcRc = IgRg
=842 (L13)(2.3) ~ (1.15)(1)
Vee =603V

E3.16

Ve =25= Ve =25V = IR

Vs = IpRp + Vpg(on) + Vi

Iy = YeE~VeE(on) - Ve _5-07-23
Rp - 10

Ip = 0.18 mA = Ig = (101)(0.18)

= /g = 18.18 mA

So Rg = 22 = -

o Rg 18 8 = Rg = 0.138 k2 =138 Q
E3.17

Vep = IgRg + Vep(on) + IgRp

lg =22mA = g = -2—-2— = 0.043]1 mA

51
Ic = (1 f_ﬂ)]g E] (%)(22) = Ig = 2.16 mA
Vep = (2.2)(1) + 0.7 + (0.0431)(50)
= VEB =506V
VeEc =5 —JgRg =5 - (2.2)(1)
= Vepe =28V

E3.18
(1) 6 =IgRg+ Vge(on)+ IgRg
(2) 5=1cRc +Vce(sat) + IpR¢
le=Is+Ic
(1) 6 =101 + 0.7+ (In + Ic)(1)
(2) 5 =4lc +02+4+ (Ip+Ic)(1)
(1 [5.3=Ic+]lIB]x5—- 26.5 = 5]c + 551

(2) 4.8 =5lc+1Ip 4.8=5c+ Ip

21.7 = 54/p

= Ip = 0.402 mA
From (1), Je =53—-111/g = Jc = 0.880 mA

Ig =128 mA, Veg = Vcg(sat)=0.2V

E3.19

VEC = Vec(sat) = 0.2 \Y
02— (=5) _5

-0.2
Ie = o "I Jc = 0.48 mA
]B_-1—2€_9;-24—8=0.24=]§

Vi+IgRg + Veg(on) =0
30 = Vi = ~(0.24)(20) 0.7 = Vj = =5.5 V
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E3.20 E3.22
& V; = —-45V = Vgg < Vpglon) = Transistor is 2 :1:\/330. Iy =1p2 =Icy =Ica =Ir =0
cuwoff. Igp=Jlc=Jg=0, Vecg=10V °=_a
b. V; = -3.5 V Transistor is active. b Vi=3V. V=0 lg =1Ic; =0
Isy = 2227 & fp =453 mA
Vi =IpRp + Vpelon) + IgRg -3 B = 095 By =400 m
5~0.2
5—35=1Ip5(10)+ 0.7+ (76)/p(4) Iey = = Y i Iev =Ip =8mA
5§ —3.5~0.7 . .
o ————— 5 Vo =021\
Ie 0+ (76)(4) 0.00255 mA 0
= Ip = 2.55 uA c. WVW=V,=5V g =g =4.53 mA
lce =8lg = (75)(255 [JA) = Jc =0.191 mA Ir=8mA. Icy =Jcz=4mA, Vi =02V
Ig = (14 B)p = (76)(2.55 uA) E323
= Ig =90.194 mA 5_; 5— g
Veg =10 - IcRe — IgRe Vo =5—icRe =5~ fi,R.
and
= 10 — (0.191)(2) — (0.194)(4) i Vet by, —Vye{on)
Ve =884 V & RB
Then
¢. V. = +43.5V Transistor is in saturation. Av. = PR Ay,
, = et
R
(1) 3.5 =IgRg + Vgg(on) + IgRp -5 or ’
(2) 5 =1IcRc +VCE(SaL)+1£RE—5 AVO ——ﬁRC
(3) Ie=lp+lic Av, R,
Let B=100, R.=5KkQ, R, =100kQ
(1) 35+5-0.7=10Ip + 4(Ip + I¢) Then
(2) 3+4353-0.2=2I¢ +4(Ip + Ic) Av, _—(100)(5)_ 5
(1) 7.8 =14lp + 4lc Av, 100
(2) 9.8 =4lp +6]c Want Q-point to be
3Ix (1) = 234=420g+12]c ¥o(Q - p1) = 25=5-(100)15(5)
Then
2x(2) = 19.6= 8/p+12]c Ve, —0.7
I =0005mA , I, = 0005 =~28_—"
3.8 =34/p . — 100
= J/p =0.112 mA or
— Vg =12V
7.8 = 14(0.112) + 4/¢ = 1.368 + 4/c —_—
= le = 1.56 mA Also 1., = fil ;, =(100)(0.005)
IC Or
= 13.9 < 3 = In saruration, I =05mA
le=1lp+Ic = Ig=167mA
i . E3.24
Veg = Veg(sat) = 0.2
. . 5—-12.35
E3.21 a. For "CEQ =23V > ICQ = 2
= Jcg =125 mA
5-15-02
1 )= ——— = =
o(sar) = 15= R=02204Q Isg = 120 - 11023 = Ipg =125 uA
I 15 5-08 3 -
Iy =5 =-—"=075md = =5-07 -
20 20 X Then Rg = 00135 = Rp =344 k0
or
R, =56kQ b. Ipq is independent of 8.

3-1

FOl’chq=1V. 1c= = 2 mA

31
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Ic 2
=== = 160
B 0.0125 8=
For Vcpg =4V [c—a:4=05mf\
Ic 0.5
=== = 3 =40
A Ip 0.0125 4

So 40 < 3 < 160

E3.25

S o5
Ipg = 2 w55 " = Ipg = 0.005375 mA
=75 = lcg = (75)(0.005373) = 0.403 mA

8 =150 = Icg = (150)(0.005375) = 0.806 mA
Largest [cq = Smallest Voo

5-1
3 =150 = = ———— = 4
3 1 Rc 0806 4.96 kQ
5 -
J=75= Rc = =248k
B = Re =55 =248k

For a nominal J¢ = 0.604 mA and Vegg = 2.5
5-12.3
0.604
For Icq = 0.403,

Veeg = 5—(0.403)(4.14) = 3.33 V

For Icq = 0.806,

Veeq =5 — (0.806)(4.14) = 1.66 V

So for Rc = 4.14, 1.66 V < Vcopg €3.33 V

c= =4.14 = R¢

E3.26

& Rry = Rij|R: = 91]2.25 = RIH = 1.8k
R, 2.25
Veg = | ——— = [ ===
TH (Rl +R7)VCC (9+2.25)(5)

Vry — Vpe(on) 1-0.7

b I
B9 Ren+ (1 +PA)Re

= Ipg = 9.375 pA
Icqg = Blpq = (150)(9.375 uA)
= Icqg =141 mA
Teq =(1+ 38 pg = Igg = 1.42 mA
Veeq =3 —-1cqRc — IeqRe

=5 — (1.41)(1) — (1.42)(0.2)
Vegg =331V

¢ Por g =

1.8 + (151)(0.2)

Ing = 1-0.7
1.8+ (76)(0.2)

Icq = flpq = (T5)(17.6 pA)

= ]CQ =1.32 mA

Igq = (1+8)/5q = (76)(17.6 sA)

= lpg = 1.434 mA

Veeq =5 - (1.32)(1) -

= Vepg = 3.41V

= Ipg = 17.6 pA

(1.34)(0.2)

E3.27

33 14

Re @ K

Ry + Ry, =11.25kQ2, B =150

Ic = Ig. chq =25V
5§—~2.3

Solcq=Ieg = 1502 = 2.081 mA
Ico 2.08
Igqg = ] —150-_139 A

I _ Vry — Vee(on)
B9 = Rru + (14 B)Re

R,
2Ny . _
0.0139 = (R1+R,) cc - Vae(on)
038 =% x

m+(l + B)Re
Ry

)(s)—o;

11.2
R -+ (151)(0.2)

(11

R, =11.25 - R,, so
0.0139[R;(11.25 — R;y) + (151)(0.2)(11.25)]
= 35Rz - (0.7)(11.25)

=5(11.25 — Ry) — (0.7)(11.25)

0.156R; — 0.0139R} + 4.72 = 56.25 — 58, — 7.8

0.0139R? —5.156R, + 43.66 =0

5.156 + \/(5.156)z — 4(0.0139)(43.66)
2(0.0139)
= Ry = 8.67 kQ and R, = 2.58 kf

32
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E3.28

Iaq=li‘-"-_333=>lsq_ooz7smfx
dc equivalent circuit i) 120
Ino = Vry +5-0.1
Be = Rry + (1 +B8)Re
R = (0.
ey §u T = ( l)(l+ﬁ}:R£
2 -
(——-—-———— (10) =5 + 5 — 0.7
Ry +R )
\2¢:\\< Ipg = 0.0278 = ! 2

(1.1)(121)(0.3)
(0.0278)(1.1)(121)(0.3) = (—R—>(1o -07

fi+ Ry
R,
—=2 ) =018
(m+3) !

R,R,
= ———— = R,(0.181) = (0.1){121){0.3
Rty R+ K 1 ( ) = (0.1)(121)(0.3)
Re=o.2.¥ = R, = 20.1 kR

Ry = {0.181)(20.1 + Ry) = 0.819R, = 3.63 k
= R, = 4.44 kQ

-SV

3-0
ko=°1 =5mA E3.30
sl 5 _ _ (B _(100) 008 mA
IEQ—T—-]S =0.0333 mA a. Ico—(l+ﬁ)lso— Tor, (1) =099m
] Vru +35 0.7
B = ee—
e (e ke Tog = 10A = 1 oo,
RT3 T 1m #
Set Rry = (0.1){1 + 8)Rg Ve = —-IpoRp = —(0.0099)(50)
Vry +43 =Vp=-0495V
Isa = (£1)(1+ )R I 0.99 x 107"
' R, £ Vg = Vo ln( ;-Q) (0.026)1n<'T;-1OT)
(R )(10)—a+43 i /
= 0.0333 = 1+ Ry = Vpg = 0.630 V
3 2
{1.1)(151)(0.2) Ve = Ve — Vag = —0.495 ~ 0.630
R =>‘/‘E=—1.13V
(0.0333)(1.1)(151)(0.2) = (m)HO) -0.7 Vo =10 — (0.99)(5) = 5.05 \'
So( R, ) = 0.1806 Veepg = Ve — VE = 5.05 - (=1.13)
Ry + R, ' = Vero = 6,18\
Rry = Rk (0.1){151)(0.2) = 3.02 kQ2
TH Rl T R2 = . . = J.
Then R;(0.1806) = 3.02 = R, = 16.7 kQ )
Ry = (0.1806)(16.7 + Ry) = 0.8194R; = 3.02 b Jgg =1mA. [p = = =0.0196 mA
= R; = 3.68 kQ
E3.29 V¥p = —(0.0196)(30) = —0.98 V = Vp
' 50
B8=120 Vego =5V Icq = (ﬁ)(l)—O.QBmA
. 0.98 x 10~° .
Rry = Ri|[Rs, Vi = (F}-{:T,)(w) _s Ve = (0.026)1n (W) =0.629 \
Icqg =Igq Ve = —0.98 — 0.629 = ~1.61
S0 Jeg = 10— Verg Ve =10 — (0.98)(5) = 5.1V
10§%+RE Vepq =5.1 - (—1.61) = Vegg =611 V
Icqg = 17703~ Icg =333 mA

33
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E3.31 E3.33
Ip = ’Qﬁ 1%, Vp = (1]§1>(2o) = J4(0.165)
Ve=1 Q (0.165) + 0.7
tea = (725 )1ee = (1210 = @s2)1q
Ve =IcqRe — 5 =(0.992)1g(4) — 5

=3.97lg -5
Vecg = Vg - V¢
= [1g(0.165) + 0.7] — [3.97/q — 5]
= —3.805/g + 5.7
~3.805/g +35.7=3
= Ig =0.710 mA

IBI =

heus2
Vea

Qa2

Vea

Rc‘ 3 LS WSt

Vry — Vee(on)

407

Rru+{(1+4 3)Re; ~ 33.34(101)(2)

Igy = 14 pA, Icy = 1.40 mA, Ig; = 1.42 mA,

E3.32
Vg, = 4 — (0.014)(33.3)
= VB1 =353V, V}j] =2R3V
Ir+1Ipg2=1Icy
12 - Vo —(Vey, +0.7)
=14
= 3 + (101)(2) 1.40
12 12 -0.7) Ve Ve
et 140 = A e
. p— 5 T TIoue) s T oL
Yen 2.4 + 0.0559 — 1.40 = V(0.2 + 0.00493)

o

Ver = Vpr = 5.15 V.

VE) = 3.85

Jco = 3.04 mA.

12 - 3.85
Ipp = ——222

2 = /gy = 3.08 mA.

Ips = 30.4 uA

Voo = (3.04){1.53) = V3 = 4.56 V

30”100 =333k

Rry =

5-1.67-0.7 2.63
I = e = T = 2 ul
B = 33a e (01)(7) - 235 LA

Ici =1.12mA. Ig; = 1.13 mA

Ver =IeaRey —5=(113)(2) = 5= =274 V
VeE1 =325V = Vo =051V

= Ve =03531407=1.21V

Ipy = =190 mA = Ig; = 18.8 uA

5-1.21
2
Ica = 1.88 mA
[f-n = ICl - ]52 =1.12~0.0188 = 1.10 mA

5—0.51
Rey = 22098
et 1.10

VEC'I =2.3= ch = V£2

- Vec:
=1.21~-25=-1.29

-1.29 — (=5)

Rea =
€2 1.88

= Ry =1.97kQ
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] 510
@ fp=C="Z= p,=85
i, 6 -

Br 8s

== a,=09884
1+8, 8 ——

ip =(1+ B )iy =(86)(6) = i, =516 ud

ap =

()ﬂF=i§5—:

=53
0.050 £F————

53
ap=2o= ap=09815
i =(1+ B )ig =(54)(0.050) =

32
(®)

Por 8 =110

o= == =029
1+ 3 9099

For § = 180 :
Q—E—DQQMS
181

0.99099 < o < 0.99448

()1 =pl, =110(50 pd) = I, =550mA
or

I, =180(50 pd) =
SO
550<1.<9.0mA4

I, =900 mA

33

-
sV

T

5=IcR+Vceg - Ve =1Ic(2)+1~0.7
= Jc =2.35mA

Ic 2.35
= = 2.
~ 0982$I§ 2.39 mA

34

Same Figure as Problem 3.3

ip=270mA

35

35

3.6

3.7

38

3.9

5-13
ve =-07+2=13V; i; =-——5-—:> i. =185mA
i 18$ .
For B =120, i, = ,BCF:E: ip =154 ud
i = 2P - (121)(185)::»1 = 1865 mA
Pr 120 -
B8
a—l+ﬂ Gléu 0.9836
Ic 0.85 _
Ic _0.85
= == —— = ]p =142 uA
Ip 3 o = le n

ig =l =(107)" V% = =27.7mA
i = (Z?)m 7= i, =274mA

iE 211
l+,B 91

Ig=

> i, =0304mA

Device |: i = [ge™=™ = 05x107 = I,e* /%
So that
I, =694x10™" A4

Device 2: 122x107 =
Or
I, =169x107" 4

0.650/0.026
Is,e

I, _169x10™"

Ratio of areas = ——— = Ratio=244
o I, 694x107" —

(a) r,=K‘—=£5—Q:> r, =250k

I. 1
®) r,=K‘-:——2SO r, =250 MQ

I. 1

BVego _ 60

BVero = =95~ = Vito
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BV,
BVcee = ‘,/CEBO
220 220
56=—W=> {/E:—,6 =3.93

BV,
BVege = 2¥EB0

JB
BVceo = (BVero) /B = (50) V50
BVcpgo =184 V
@ I, = 121'00'7 = I, =113md

75
I.=]—={(113)=112
o= (F2 ) - 112 ma

Ve =24-(113)(10)-(L12)R. =6
so that
R, =598 kQ

1
I, =—=00132m4
® 7 76 m
Ve =—I,R; =—(00132)(50) => V, =—0658V

5
I. = (;—)( 1) = 0987 m4

6
=32, =3.04 kQ
0987 Re=
8§~07—(~2
c. Ip= el | )=>13=12.1pA

10+ (76)(10)
Ic =0.906 mA

Ve = 0.7 + (0.0121)(10) — 2
VE=-118V

Ve =IcRc -8 = (0.906)(3) — 8
=> V=528V

Vec = Vg - Ve = —1.18 ~ (~5.28)
= Vec=4.1V

d 5= (1+8}p(10)+ I5(20) + 0.7 + {1 + 3)/5(2)

5=1p[760 + 20 +132)+ 07 = g = 4.61 uA
Ic = 8Ip = (75)(4.61) = Ic = 0.346 mA

Ve =5—-(1+48)IsRc =5 - (76)(0.00461)(10}
= Ve =1.50

3.13
(a) Figure P3.12(c)
8=(76)1,(10)+07+I,(10)-2
_10-07

® 710+ (76)(10)
Then '
I.=(75)1, = I.=0906mA
and I, =0918mA

=001208 mA

Vec =8-1gRg = IR, "('8)

Ve =16-(0.918)(10) ~ (0906)(R.)

Vee =682 -(0906)R,

R.=3kQ+5% = 285< R, <3I5kQ

Then
397<V, . <424V

EC —

(b) Figure P3.12(d)

S=(1+ B R +1,(20)+0.7+(1+ B)4(2)
5=(76) 3R +1,(20)+0.7 +(76)1,(2)

Now R.=10kQ2£5% = 95< R, <105k
Then 000443 <7, <0.00481mA

And V. =5-(1+p8)I,R,

Sothat 146<V, <153V

3.14

Vg —Vey  25-07

B R, =1204Q
I, 0015 £ -

I.o =(70)(15 pA) = 105 mA

Vee=Vecp _ 5-25

Ry =

R.= = = R.=238kQ2

‘ Ieo s B =

3.15
_ =V _ (1)
a. Vp=-lgRp=Ig= Ry = 500
Ig =2.0 uA
VE=-1=-07T=-1.7TV
Ve—(=3)  —1.7+3

= = = 0.270
Ig R: ) 0.2708 mA
Ie ., . 02708 . 0
= (1+3) = YT N 1354 = 3 =134.4

a=1—j[:-b-=>.o_ﬂm

JIc =Bl = Ic =0.269 mA
Veg=3-Ve=3—-(-17)= Ve =47V

36
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§—4
b. 15——-2—=>IE-—-05mA

4=07+4+IgReg+(Ia+Ic)Rc -5
Ig+lIlc=Ig
4=0.7 + I5(100) + (0.5)(8) — &

lg 0.5
Ip =0.043 = — = = — =
B =>I (1+8) 5043 11.63

B
= 10.63, = = 0.9140
£=1083, o=y =a=040

3.16

8 Vp=0= Cutof = Jg =0, Ve =6V

_10'7 = Iz =03mA

b. VB=1V,IE=1
Ic~Ig= Ve =6-(0.3)(10) = Ve =3V

¢. Ve =12V, Assume active-mode

2-0.7

Ig = =Ilg=13mA = Ic
Ve =6 — (1.3)(10) = -7 V!
Transistor in satyration

2-0.7

Ig = = Ip=13mA

Ve =13V, Veg(sat) =0.2V
Ve = Vg + Vege(sat) = 1.3+ 0.2
=2>Ve=15V

8. Vgg = 0.

R 10
Cutoff Vp = (-1—2-;—_:—1{;) Vee = (10 " 5) (5)

Vo =333V

b. Vg =1V

1-07
B = 50 = 6 pA
Ic = Blg = (75)(6) = Ic = 0.45 mA
5-VW Vo
3 _IC+10
N

¢. Transistor in saturation

Vo = ch(sa,t.) =02V

37

(2) B =100
100
i) I,=01lm4 I
@) Ig=01m € (101
V,=5-(0099)(5)=> V,=4505V
100

(i) /o =05mA IC=(-1——- 05) = 0495 m4

Vy=5-(0495)(5) = V,=2525V
(i) I, =2mA Transistor is in saturation

V, = Vy(sat) +V.z(sat) = -08+02 =
V, =06V

)(0 1) = 0.0990 mA

() B =150

3.19

3.20

@) I,=01mA Io= (:20)(0 1) = 009934 m4

V, =5-(009934)(5)=> V,=4503V

4503-4.505

% change = x100% = -0.044%

(i) I,=05mA I, _(120)( 5) = 04967 mA

V,=5-(04967)(5)= V,=2517VF
2517-2525

2525
(iii) I, =2mA Transistor in saturation

% change = x100% =

-0.32%

V,=-06V No change

Ve — 0.7
1

i) 50 6 — Ve
Ic={ —— ={ — —-0.7) =
¢ (1+3)IE (51>(VB 0.7) 10
and Vo = Vg

50\ .. 6—Vp

— (Ve —-0.7) =
(51)( 5 -01) 10
9.80(Vg —0.7) =6~ Vp

10.80Vg = 6 + (0:(')(9.80) = Vg =119V

Ig = 1.191—-041

Ig =

= Ig = 0.49 mA

Vep =05V = V, =05V, I, =5—5i5-=o90m,4

101
I 0.90 =
0= (100 )= 1, =0909 mA
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3.21 3.24
-V - I,=0 =0
I£=m e _ 10 2=>15=0.80mA For /, , then F,
10 10 S
Ve=Ve—-07T=2~-07=13V 50
For I,=05mA, I.=|=— =0.
IE=Y£—=1—'3—=>IE=O.026 mA o fo ma e (51 05) 049 mA
Rg ~ 50 @ HE————=L2 _
Ic=1g-1p=080-002= [c=0774dmA 15=%%=0.0098mA, Vg =0490V , V. =L19V
le  0.174 V. =(049)(47)-9 =670V = Vg =789V
=15 = oz T E=BT P=1V, =(049)(789)= P =387mW
o= s —M:?a—o%"'
T 148 3077 =R

For I, =10mA, Using the same calculations as

Vee = Ve - Ve = Vi - (Icfc - 10) above, we find P =595mW

=2 — [(0.774)(10) — 10}

Voo = 426V For I, =15mA, P=626mW
For I, = 2mA, P=480mW
Load line developed assuming the ¥, voltage can For I, =25mA, P=15TmW

change and the R, resistor is removed.

For I, =3mA, Transistor is in saturation.
0.7+1,(50)=02+1.(47)-9
[ A Ip=l,=l,+1.=>1,=3-1,

0. 774 Then, 0.7+(3-17.)(50)=02+1.(47)-9
- Which yields 1. =2916m4 and I, =0.084 mA
£, P=1V,+1V,. =(0084)(0.7) +(2916)(02)

or P=0642mW
& ' 325
Y2 %c 2o !
Ipn =12 = 5:& Igy = Jpo = 0.5 mA

|

w 3.22 Icy = Ic2 = 0.5mA

] I _('5_(1 1)‘098!7114 Veir = Vea :5—(0.5)(4) :YEL__:__ZCLE’_‘L\_I_

o= =0.
51

V,=1I.R.-9=(098)(4.7)-9 3.26

. or V. =-439V Vcec — Vpe(on)

1o Lo fme= TR
I, =—=00196 mA ; )
51 Ipg = =% = = =0.0333 mA
- Vg =I,R, +Vg(on)=(00196)(50)+ 0.7 24/5 o 60
0!'V5=1.68V Rg:m:ﬁ»_ﬂ;g_f__ﬁ_gm
_ Vec —Vesg 24-12
323 leq=——Fp—="— = Re=—3
= Rc =6 kO
I. = _52 05)=0.49m‘4' ]B=9—5—=0.0098MA
51 31 Vee — Vee(on) 24 -07
Vy = 1,R, +V g(on) =(0.0098)(50) + 0.7 b. Ipg = e =5
or V=119V ) 0¥ = 0.0333 mA (Unchanged)
= -9 = X 9 . —-J = .

Ve = IR, -9 =(049)47)-9 Ieo = Blpo = (100)(0.0333)
Then Vg =V ~V. =119-(-67) =789V
Py = I Vg + 1,V =(049)(7:89) +(0.0098)(0.7) e T Re = 24 (3.33)(6)
or P,=38TmW cpe = Fecmicaic = '

—— = Vcepqg =4.02V
Power Supplied = P, = I,(9-V;) = (05)(9-119) -

Or P, =391mW

38
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©) Ve =V~ IR =24~ IC(G)

3.27
I Veeg — Ves(on) 9 -0.7
E = -
Rg 4
= Jg =2.075 mA
Ic = alp =(0.9920)(2.075)
= Jc = 2.06 mA

Vee + IcRc = Ve
Ve =9 — (2‘06)(2.2) = Vpe =447V

3.28

Vec-Veegg 12-6

Icqg = i == =2.73 mA
Icq 273

] = — = — =

BQ 7 30 Ipg =0.091 mA

07— (-12)
Ira = 100 = 0.127 mA

Imp=1Ire +150 =0.127 4+ 0.091 = 0.218 mA
Vi=Tr Ry +0.7=(0.218)(15) + 0.7

3.29

For Vg = 4.5
5—4.5

Icqg =

Ipg =
0.7 — (=5)
100
Iny = Ipa + Ipq = 0.057 +0.02 = 0.077 mA

Vi = Ir Ry + Vge(on) = (0.077)(15) + 0.7
=186V

Ira = = 0.057 mA

For Vcg = 1.0

Icq::-a.l——l=4mA

Ipg =215-=0.16mA

39

IR = 0.057 mA

Iry = Ipo + Ipg = 0.057 4+ 0.16 = 0.217 mA
= (0.217)(15) + 0.7 = 3.96 V

S01.86 <V; <3.96 V

T
-
" Lance oF
l R - ot VisLues
|
]
1
o5- - —
e ! W5 s
3.30
Rry = R;”Rz = 33“10 = T7.67 k§2
Ry o 10
Vre = (R: ¥ Rz)vcc = (10 ¥ 33)(18)
=419V
Ioo = VTE = Vep(on) _ 41907
B9 = Rrm+(1+ B Re  T.67+ (51)(1)
Ipg = 0.0595 mA
Icq=pBlpg = Icq =2.9TmA
Ieg = 3.03 mA
VCEQ = VCC bt Ichc -~ ]EQRE
=18 ~ (2.87)(2.2) - (3.03)(1)
= Vepo =844V
3.31

I =12m4, Verg =9V, Ry =50kQ
Also T, =E=O.015mA
80

Vg = IsgRey +Ve(on +(l+ﬂ) soR

1
o= )= R e —75(50)(18)

Then
7:1-(50)(18) = (0.015)(50) + 0.7 + (81)(0015)(1)

or R =338kQ2. Then 38R, =50=>
—_— 38+ R,
81
R, =587k Iep = 0 12)=1215mA

18=IoyRe +Vegp + R
18=(12)R. +9+(1215f1) = R. =649k
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3.32
Rpy = R|R, =20[15 =857 kQ
Sl
Vg =| === V) = 10) =429V
™ (R|+R, <) 15+20 )
I
Vee = 1goRe +Vm(on)+T—Egﬁ~Rm +V
10=Tgo(N)+ 0741, (857)+429
101
Then
10-07-429 _ 501 _
Igp = 857 = Toss = I, =462mA
101
= EQ (462 857)+429
+f 10
or
Vy =468V
3.33

& Rru = Ry|[R, = 58[j42 = 24.36 kQ

Ry 42
Vrg = | —=——m Voo = | =———
T (Rx TR )ve (42+58)(24)

=10.1V
Vry — Vpeg(on) 10.1 — 0.7

Ipg =

Vra = (__,.}L) (24) =95V

39.9+60.9
9.5-0.7

24.1 + (126)(10.3)

Icqg = 0.81TmA, lIgq = 0.823 mA
Vepg = 24 - (0.823)(10.5) = Vepg = 15.4 V

So 0.817 < ICQ < 1.02 mA and
14.2 < Vegg € 154 V.,

a. Rry = Ri{|R2 = 25||8 = 6.06 kQ

RQ R 8
' = ——— 1V = { —— (24
Vry (R1+Rz) cc <8+25>( )

=582V
Vry —Vpe(on) _ 3.82-07
Rrg +(1+ 3)Reg ~ 6.06 +(76)(1)

Ipg =0.0624 mA, Jcg =4.68 mA

Tea =777 (14 3)Re ~ 24.36 + (126)(10)

Ipg = 0.00732 mA

Icq = Blsq = (125)(0.00732)

= Icq = 0.915 mA

Igq = 0.922 = Vegq = 24 — (0.922)(10)
= Vepg =148V

b. Let

Ry =42%k0Q+ 5% = 44.1 k01
Ry =58 kQ ~ 5% = 55.1 kQ
Rg =10kl — 5% = 9.5 k)
Rry = Ry||R2 = 24.5 k2

44.1
Vew = [ —41 - 10.
T (44.1 ¥ 55.1)“4) 0.7V

10.7 — 0.7
24.5 + (126)(9.5)

Icq =102 mA, Igqg =103 mA

Veeq = 24 — (1.03){9.5) = Vcgqg = 14.2 V
Let

R; =42 kQ - 5% = 39.9 kQ

Ry =58 kQ + 5% = 60.9 kQ

Rg =10kQ + 5% = 10.5 kN

Rry = Ry||R; = 24.1 kQ

Igg = = 0.00819

Teqg = 4.74

Veceg = Vec - IcqRc - IeqRe
= 24 — (4.68)(3) — (4.74)(1)

Veeg =5.22V

5.82 - 0.7

b, Ipg = ——————— = Ipo = 0.0326 mA

6.06 + (151)(1)

Icqg = 4.89 mA

Ieq =4.92
Veeg = 24 — (4.89)(3) — (4.92)(1)

VCEQ =4.41V

@) Iop=lg=04m4

3 3
- - S R.o=— =R =75k
Re= 3= Ro=T5KY; Re= o=k

9

RX+R.2 E(O—Z—)-(O—4—)=ll25m

Vie = (& R, BQRTH+VBE(OH)+(1+ﬁ) soR
(1125 R)R,
Rone = R‘+R7 1n2s
1,9_1201_0004m/4
(112) (00 4)[(”25 Rj)Rq] o
+{101)(0.004)(7.5)
We obtain

R,(0.08) = 0.004R, —356x107 R} +3.73

From this quadratic, we find
R, =48k = R =645kQ

40
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(b) Standard resistor values:

Set R, = R. =75k and

R =62kQ, R,=47iQ

Now R, =R|R, = 62[47=267 kQ

|t -[_47 -
P _(R, +@)(V“)‘(47+62)(9-)_ S

Vew = IEQRTH +VBE(0") +(1 +ﬂ)IBQRE

So
388-07
=—C = 000406 mA
e 267 +(101)(75) "
Then
Ip = 0406 mA
Vie = Ve =(0.406)(7.5) =3.05V

3.36

& Rrp=Ri|R,=12|2=171kQ = Rry

Vryg = (E%S)(m)—s (121 2)(10) -5

= =357V = Vry

Ing = Vra - Vgg(on) — (=5)
Rry + (14 8)Re
-3357-07+45 073
1.71 + (101)(0.5) _ 52.2
= Ipg = 0.0140 mA

Icgq=140mA, Igg =1.41 mA

Veeq =10~ IcqRe — IggRE

=10 — (1.40)(5) — (1.41)(0.5)

Vepo =230V
c.
A *\ o
te ! = (.F2+mA
Sz Yas)
{,Ye
mA

d  PFor

Ry =2k +5% = 2.1k
R; =12k — 5% = 11.4 kQ
Rg =0.5k0 — 5% = 0.475 kQ

Rrg = Ri||R; = 1.77kQ2
41

2.1
21414

—~3.44~0.7+5 0.8

6
- =288 _ 5017
177 + (101)(0.475) — qg.7 = 013 mA

Icq =173 mA, Igq =175 mA

For Rec =3 k1 +5% = 5.25 k0

Veeg =10 — (1.73)(5.25) — (1.75)(0.475)
= Vcpg = 0.0863 V  (Saturation)

Vry = ( )(10)-—5:—3‘44\'

Ipqg

For

R, =2k01-5% =19k

Ry =12kl + 5% = 12.6 kQ
Rg =0.5kQ + 5% = 0.525 kQ
Rrr = Ri||R: = 1.65 kQ

1.9
(L8 —5=-369V
Vra (12.6 +1.9)(m)

_ _—369-07+45 061

1.65 + (101)(0.525)  54.7
Icg=112mA, Igq =1.13mA
For Rc =5k —5% = 4.75 kQ
Verg =10 — (1.12)(4.75) — (1.13)(0.525)
= Vepg =4.09V

S01.12 < Icqg < 1.73 mA and
0.0863 < VCEQ < 4.09 V.
_———— ™

Saturation

3.37

RTH = R] "Rz = 9"1 = 0.90 k2

Vrg = (ﬁ)(—n) = (ﬁ) (—12)

-1.2V
IgqRe + Ves(on) + IpgRruy + VT =0

_ =Vry —Vgp(on) _ 1.2-0.7
T Rrup+ (1 +B8)Rg ~ 0.90 + (76)(0.1)
Isq = (0.0588, ]CQ = 4.4] mA

IEQ =4.47T mA

Ipq

Center of load line = Vgcg =6V
IeQRE + Vecq + IcqRc - 12=10
(4.47)(0.1) + 6 + (4.41)Rc =12

= R¢ =1.26 k)
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(@) Ry, =(01)(1+ B)R, =(0.1)(101)(05) =505 k2

1
Viy = 7{ Ry Vec = LogRry +VBE(OH)+(1 +ﬁ)150R5

1

T _ 08
B 100
Then

71{—(5.05)(1 0) = (0.008)(5.05)+0.7 +(101)(0.008)(05)

or

=0.008 mA

R=aa1kq, 2K 505 R =s7080
——— " 441+R, —
Now I —(ﬂ)(os)—ososm

RANT)

Vee = 1cgRe + Vg + 1o Re
10=(0.8)R. +5+(0.808)(0.5)
Re =575k

(b) For 755 <150

R 57
V,, = 2y )={—""—110)=1145V
T (R,+R,)( ) (5.7+44‘1j( )

Viu =1 agRey + Ve (0”) +(1+ ﬂ)lBQRE
_1145-07
2 505+(76)(05)

Then I, =(75)(00103) = 0.775 mA
1145-07

505+ (151)(05)
Then I, = 0829 mA

Al 0829-0.775
Ieo 0.80
% Change = 6.75%

For =175, I =0.0103 mA

For #=150, Igo= =0.00552 mA

% Change = x100% =

(c) For R, =1kQ
Ry, = (0.1)(101)(1) = 10.1 kQ
Vg = R%R,.,, Vee =R%(10.1)(10) =
(0.008)(10.1)+0.7 +({101)(0.008)(1)
which yields R, =63.6kQ
63.6R,
63.6+R,

R 12
Now V., :(R +’R )(vcc)=(]2+636)(10)= 1587V
1 2 -

1587-0.7

And =101= R,=120kQ

For =75, 1, =—221 %7 _ 60103 ma
A #2100 +(76)(1)

So I,y =0773mA

For f=150, I,, =—201 =07 __ 000551 mA

% 101+(151)1)

Then 1., = 0826 mA

Ale, 0826-0.773
I 08
% Change = 6.63%

% Change =

x100% =

3.39
Vee = ICQ(RC + RE)+VCEQ
10=(08)(R. + R )+5= R+ R, =625kQ
Let Ry =1kQ
Then, for bias stable Ry, = (0.1)(121)(1) = 12.1 k2

0.
Lo =28 - 000667 ma
120

—(12.1)(10) =(000667)(12.)+07

‘ +(121)(0.00667)(1)
76.2R,

So R, =762 kQ and P
+ K,

=121=

R, =144 kQ
10

762+144
This is close to the design specification.

Then I, = =0.110mA

3.40
Icqg=Ipq = Veeq = Vecc — Icq(Rc + REg)
6 =12 — Ico(2 + 0.2)
Jco = 273 mA, Ipg = 0.0218 mA
Vopg =6 V

Vry = IsqRrr + Vee(on) + (1 + B)IpgREg —~ 6

i R,
= 12)-6, R = R ||R
Vry (R,+R;)( ) TH 1| Ra

Bias stable =

Rry = (0.1)(1 + 8)Rg = (0.1)(126)(0.2) = 2.52 k2

Vre = (?{L)(Rm)(lz) ~6

1
%—(2.52)(12) — 6 =(0.0218)(2.52) + 0.7
1
+ (126)(0.0218)(0.2) — 6
2 (30.24) = 0.7349 + 0.3494

Ry
23.2R; -
=232 — = 2.3
R] = 23.2 kﬂ. 732 R'z 32

42
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8. lcg=1mA. [ggo= (% (1) = 1.01 mA
Veeg = 12 — (1)(2) — (1.01)(0.2) = Vcge = 9.80 V
Isq = al_o = 0.0125 mA

Rry = +(0.1)(1 + 8)Rg = (0.1)(81)(0.2) = 1.62 kQ

R, ~ _L 2) —
Vrw = (m)(n) —-6= R)(RTH)(L-) 6

1
= «—(19.44) - 6
7 (19:44)

Vrw = IpqRry + Vee(on) + (14 B)IpqRe - 6

1

7 (19-44) — 6 = (0.0125)(1.62) + 0.7
1

+ (81)(0.0125)(0.2) ~ 6
2(19.44) = 0.923

R,
21.1R,
=211k} —— =1
Ry =2 ' NIt R 1.62
R, =1.75kQ
b.

Ry = 22.2kQ or Ry = 20.0 kQ
Rz =1.84kQ or Ry = 1.66 k2
Re=10.21kQor Rg = 0.19 k2
Re =121 kQor Rc = 1.9kQ
Ra(max), Ri(min}), Rg(min)
Rry = (1.84)]}(20.0) = 1.685 k2

1.84 + 20.0

—4.99 = 0.7~ (=6) _ 0.31
1.685 + (81)(0.19) ~ 17.08
Icq = 1.45 mA

For max, Re¢ =

Ver =12 - (1.45)(2.1) — {1.47)(0.19)

‘cE =8.68V

1.84
Vrg = (—-——-) (12) -6 = —4.99 V

Ipg =

= 0.0182 mA

Rz(min), R;(max), Rg(max)

Rra = (1.66)[[(22.2) = 1.547 kQ2

1.66
Vrg = [ —228 ~6=—5.165
TH (1.55+22.2)(12) 6=-3165V
—5.165-07+6  0.135

1 = p—1
f9 = Y547 1 (81)(0.21) ~ 18.56

= 0.00727 mA

For min, R¢c = Icg = 0.582 mA, Iz = 0.589
Veeq =12 ~ (0.582)(1.9) — (0.589)(0.21)
Veeq = 1077V

So 0.582 < Jc < 1.45mA

8.68 < Vepg <1077V 43

3.42

343

Verg =Vee ~ 1(Re + Re)

5=12-3(R. +R; )= R+ R, =233kQ2

Let R, =033kQ and R.=2kQ

Nominal value of =100

Ry = (00)(1+ f)R, =(0.1)(101)(0.33) = 333 kQ

3
lyp=—==003mA
2 00 "

! !
v,,,=;~R,,,-(12)—6:;(3.33)(12)—6

1 {

Then
Vi = IgoRry +VBE(on)+(l + ﬂ)lBQRE -6

7;—(3.33)(1 2)-6=(0.03)(333)+0.7+(101)(0.03)(0.33) - 6

which yields R, =222kQ2 and R, =392kQ

Now

R 392
Vi =| —2—(12)- 6= | —=——{(12) -6
™ (R,+R2)( ) (3.92+22.2)( )

or
Vi = —4.20V

For f=15,
Vi = IggRey +Vig(on) + (14 B)I R, — 6
I = Vpy £6-07  42+6-07
2 R +(1+ PR, 333+(76)(0.33)
=00387mA= I.=290mA
For =150,
_ —42+6-07
333+ (151)(033)
Then
I.=310mA

Specifications are met.

=0.0207 mA

Ry =RJR, =312=244Q

R 12
V., = 1 o= 20)=16V
™ [R‘+R,}“ (12+3)( )

(a) For =15

20= (14 f)1,oRe +Veg(on)+ Ig,Rpy +Vy,
20-07-16=1,,[(76)(2) +24]

So

lpo=00214mA, 1,,=160mA, I, =162mA
Vico =20-(16)(1) - (1.62)(2)

or

Vg = 1516V

(b) For =100, we find
I,p=00161mA, I, =161mA, Vg, =1513V
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3.44

Icqg=48mA — [gg =4.84 mA
Veceq = Vec — IcqRc — IeqRe
= 18 — (4.8)(2) - (4.84)Rg = Re = 0.496 k2

Rra = (0.1)(1 + B)Re = (0.1)(121)(0.496) = 6.0 kQ
Vry =IpqRru + Vee(on) + (1 + B)IgqRe
Ipq = 0.040 mA

1 1
Vryg = =— - R Vee = —(6.
TH =R TH  Yecco R}(G 0)(18)

-1;—1-(6.0)(18) =(0.04)(6.0) + 0.70

+ (121)(0.04)(0.496)
1

7-(108) = 3.34
32.3R,
R, =323k0, —23f
. .
B =3234Q R =60

R, =137k

For nominal J = 70
2
70
Veeqg = Veec ~ IcqgRe = IeqRe

10 = 20 — (2)(4) — (2.03)Rg = R = 0.985 K

Rry =(0.1)(1 + 3)Rg = (0.1)(71)(0.985) = 6.99 K
Vruy = IpqRra + Vpe(on) + IeqRE

Ipg = — = 0.0286 mA — Jgg = 2.03 mA

1 . .
" Rty Voo =IpqRry + Vee(on) + IgQRe
1

77 (6:99)(20) =(0.0286)(6.99) + 0.70

+ (2.03)(0.985)
1
7o (139:8) = 2.90

48.2R,
Ry =482 K, ——i_.=6.99
=0 R Waoxg o 0f
R, =8.18K

Check: For 3 = 50

Vrag = (——Bi——>(2o) =12.90

8.18 + 48.2
Isg = Vry ~ Vpg(on) 2.90 - 0.7
Rty + (1 +B)Re ~ 6.99 + (51)(0.985)
= 0.0384 mA

Icq =1.92 mA

For 8 = 90

Ipg = o 290-07 0.0228 mA
6.99 + (91)(0.983)

Icg = 2.05 mA

Design criterion is satisfied.

3.46

ICQ =1 mA — IEQ =1.02 mA

Veegq = Vec — IcqRe — IgqRE

5=15— (1)(5) — (1.02)Rz = Rg = 4.90 kQ

Bias stable:

Rty = (0.1)(1 + B)Re = (0.1)(61)(4.9) = 29.9 k2

1
1 ,

Vry = 5 Rry Voo =1gqRry + Veg(on)

+IeqRe

%(29‘9)(15) =(0.0167)(29.9) + 0.70
1
+ (1.02)(4.90)
1 e ran
-RT(448.3) = 6.197

72.4R, =209

Ry, = 72.4 k{1, m =

R. = 50.9 kQ

Check: For 8§ = 45

N\
Vg = (ﬂ-—-)(ls) =619V

50.9 + 72.4
Ine = Vry ~Vpe(on) 6.19 — 0.7
B Rru + 1 + H)Re  29.9 + (46)(4.90)
= 0.0215 mA
Icq = 0.968 mA, 3]1—‘5 = 3.2%
_— o4

Check: For § =75
_ 6.19-0.7
~29.9 + (76)(4.90)

I
Icq =1.02 mA, Ale _ 909
Ic

Ipg = 0.0136 mA

Design criterion is satisfied.

347

(@) Ve = 1gg(Re+ Re)+Veg

3=(01)(5R; +R)+14 = R, =267kQ

R =133k , Iy :i—g% = 03833 1A

Ry =(00)(1+ B)R, = (0.1)(121)(2.67) = 32.3kQ

1 1
Vig = ’E Rpy Ve = E‘(32-3)(3)
= IRy +Vye(on)+(1+ B R,

= (0.000833)(32.3) +07+(12 ))(0.000833)(2.67)
which gives R, =973kQ, and R, =484 kQ

44
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3 3
(b) Iy = = 206
"“R+R, 973+484 A
Icp =100 A
P=(Ico+15Vee = (100+206)(3)
or
P =362 uW
3.48
5—Ve 5
IE——'R-'E——-E—I.67m_A
Rrg = R)“Rz = (0.1)(1 + B)RE

= (0.1)(101)(3) = 30.3 kQ

Ry 1
Vg = | ——t_ - —— . . -
TH (Rx " R7)(4) 2 7 Rry - (4) -2

3
Igq
1+8

Ipqg = = 0.0165 mA

5=1IgqRe +Vgg(on) + IpRru + Vry
5= (1.67)(3) + 0.7 + (0.0165)(30.3)

+ 2 (30.3)(4) — 2

R
0.80 = 7%‘(30‘3)(” = R, = 152 kQ
1 —_—
152 R, _ _
m = 303 = R; = 37.8 k{2
3.49
8. Rry = Ri1||R: = 10|20 = Rry = 6.67 k(2

) R; 20
Vv = -5 = 0y-5
TH (R; +R:)(10) 7 <2o+10)(1 )

= VTH =167V

b. 10=(1+8)IsqRe + Ves(on)+ IeqRrr + Vry

10-0.7—1.67 _ 7.63
6.67 + (61)(2) ~ 128.7
= Ipq = 0.0593 mA

Ipg =

]cg = 3.65 mA, IEQ = 3.62 mA
VE =10 ~IgqRg =10 — (3.62)(2)

Vg =276 V
Ve = IcqRc — 10 = (3.56)(2.2) — 10
Ve=-217V

3.50

V =V 21(Re+ R )+ Ve,
20:(05)(RC+RE)+8:(RC+RE)=24kQ
Let R =10kQ then R.=14kQ
Let =60 from previous problem.

Rpy =011+ B)Re =(0.1)61)10)

45

351

Or Ry, =61kQ

Isp = %% = 000833 mA

R i
Vi =| 2= [(10)-5=— Ry, -10-5
TH (R5+Rz)< ) Rl TH

Now
10= (14 ) 4R, +Vy(on)+145Rpy, +Vyy
10=(61)(0.00833)(10)+0.7 +(0.00833)(61)

1
+E(6])(1O)—5
Then R, =700kQ and R, =474 kQ
10 10
R +R, 70+474
So the 40 4A current limit is met.

i

I, = 18.4 pA

8. Rry = RyJ|R; = 35|20 = Ry = 12.7kQ

Ra N G I Y
VT”=(31+R2>(')_5‘(20+35)() °

= Vryg =245V

Vryg = Vgg(on) — (=10)
Rty +(1+ B)Re
 —245-0.7+10
T 12.7 4 (76)(0.5)
= Ipg = 0.135 mA
Icq =101 mA, Igqg =103 mA
Veeq = 20 — IcqRc — IeqRe

Igq =

=20 — (10.1)(0.8) — (10.3)(0.5)
Vegq = 67TV

C.

R; =20+ 5% =21k

Ry = 35-5% = 33.25 k2

Rg = 0.5 — 5% = 0.475 k{2

Rrz = Ry||Ry = 21]|33.25 = 12.9 kQ

R
= -5
Vru (31+Rz)( )

- (_2_1__-)(7) —5=-229V
21 4+ 33.25
—2.29 0.7 ~ (~10)
12.9 + (76)(0.475)
Icqg =10.7T mA, Igq =109 mA

Ipg = = 0.143 mA

For Rc = 0.8 + 5% = 0.84 kQ
Veeq =20 - (10.7){0.84) — (10.9)(0.475)
= Vcgg =5.83 v
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For Re = 0.8 — 5% = 0.76 k{2
Veeg = 20 — (10.7)(0.76) — (10.9)(0.475)
= Veepg =669V

Ry =20 — 5% = 19 kQ

Ry =35+3% = 36.75 k0

Rg = 0.5+ 3% = 0.525 kQ

Rrx = Ri|{R: = 19]|36.75 = 12.5 kQ

Vru = (174%)(7) -35=-261V
~2.61 ~ 0.7 — (—10)
12.5 4 (76)(0.525)
Icg =958 mA. Igg =9.70 mA

Ipg = =0.128 mA

For Rc = 0.84 kQ1
Veeg = 20 — (9.58)(0.84) ~ (9.70)(0.525)
= Vceqg =6.86 V

For Rc = 0.76 kQ1
Vepg = 20 — (9.58)(0.76) — (9.70)(0.525)
= Vego =17.63 V
So 9.38 < Icg €10.7 mA
and
5.83 < Vegg <763V

352

8. Rry = 500 k500 k|70 kQ = 250 kQ||70 kQ

= Rzg = 54.7 k0
S—Vry  3—Vry _ Vrg —(-5)
500 500 70

s .3 5 v 1 ] 1
500 7500 70 - "#\ 500 v 300 T 70
— 0.0554 = V5 (0.0183)

Vig = —3.03V

Vry — Vee(on) — (—5)
Rty = (1 + ﬁ)RE
_ =3.03-0.74+35
T 54.7 4 (101)(5)
Ipg = 0.00227 mA

lcg =0.22T mA. Jpq =0.229
Veeq = 20 — (0.227)(50) — (0.229)(3)
VeEg = 7.51V

IBQ =

)

3.53

RTH = 30“60“20 = RTH =10 kﬂ
5~ Vry . 5—Vry  Vry

30 60 20

s .5y 11
36 "0/ TH\30 7 60 ' 20

For 3 =100
Ing = Vru — Vee(on) — (—=3)
Ba Rry 4+ (14 B)Re
25—-07+5

T 10+ 0)(02)
Ipg = 0.225 mA
Ico=225mA. Jgqg =227 mA
15 — (22.3)(0.5) — (22.7)(0.2)
Veceg = —0.79 ' In saturation

It

Vceq
= VCEQ =02V

Vg = Vry — IsqRry — VeEe(on)
= 2.5 — (0.225)(10) — 0.7
Vg = —0.45 V= Ve=-0.454+02=-0.25 \Y

10~ (=0.25)

feq= 0.5

= ICQ = 20.5 mA
3.54

Rry = RyjjR2 = 100”40 = 28.6 k2

Ra 40
([ f2 _ Y U =2.8
Vru (R; +R2)(10) (4o+100)(1°) 6V

I = YTH = VeE(on) _ _ 2.86 - 07
BV Rra+ (L4 B)Rer 286+ (121)(1)
Igy = 0.0144 mA

Icy =1.73mA, Jg; = 1.75 mA

10—V
—3—”— =lc;+1Ip
Ie = Ve — VBE(OD) —(—10)
E2 = 5
10-Ves _, ., Vez=07+10
3 ¢ (121)(5)
10 9.3 1 1
_— — —— =V, - —
3 "1 5 B’(s + (121)(5))

1.59 = V52(0.335) = Vg =475V

475 - 0.7 — (—=10)

157:‘- 3 $152=281mA.
Ip; =0.0232 mA
Icz = 2.79 mA

Vecegy = 4.75 — (1.75)(1) = Veegg: = 3.0 \%
Veeg: =10 — (4.75 ~ 0.7} = Veeg2 = 5.95 \
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3.55
—0.7 ~ (—5)
Igy = —————l = .
Rl 20 0.215 mA
VEr = —0.7T-07T=-14
—~1.4 — (-5
Igs = -—-——1—(-i) =g = 3.6 mA
ey = 0.0444 mA
]CQ = 3.56 mA
Iy = Iry + Ipy = 0.215 + 0.0444
Igy = 0.259 mA
121 = 0.00320 mA
Icy = 0.256 mA
3.56

Current through V'™ source = Jg; + Ig2 and
Ipy =1ga = (1 + 3)py = (51)(B.26) pA
So total current = 2(51)(8.26) uA = 843 uA

PT=1-VT|=(0843)(5) = P~ =4.22mW

{(From V™ source)

From Example 3.15, /g = 0.413 mA

50
Solce = (a) (0.413) = 0.405 mA

Pt =1.V* =(0.405)(5) = P* = 2,03 mW
(From V* source)

47

3.57

R‘I‘H = R) ”R: = 50"100 =333 kQ
R,
Vrg = | ———1(10) -5
TH (R,+R;>(1 )
100 .
= (m)(lﬂ) -5=167V
5=1IpRgy +Veplon) + Ipi Ry + Vry

101
Igy = (m) (0.8) = 0.808 mA

Ig; = 0.008 mA
5 = (0.808) Ry + 0.7 + (0.008)(33.3) + 1.67
Rgy =2.93 k0

Ve =5~ (0.808)(2.93) =263V
Ver=Ve1 —VEcgs =2.63-3.5=-087V
Vga = —0.87-070 = =1.57V

—1.57 — (—

I = 7 5 — 0.808 = Ry = 4.25kQ
E2

Veegr =4 = Vea=-1.57T+4 =243V

Rcz = 5-243 —028‘43 = Rcy =3.21kQ

]RCI = IC; - 132 = 0.8 —0.008 =0.792 mA
—0.87 — (-5)

R'Cl - 0.792 = .R.'_C.L_'—_s._ﬂ‘_kﬂ
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Chapter 4

Exercise Solutions

E4.1

Ieq 0.25 : .
== ——— 2 gy = 3.62 mA/V
gm Vi 0.026 L_._E.-mi‘./_.

_ Y18 _ (0.026)(120)

I

= r., =12.5 k1

Icq 0.25
Va 150
T _ICQ ——maro——GOOkQ
E4.2
Va Vi 75
I ——b ] = — =
P T T 9T T T 00k
= Jcg =0.375 mA
E4.3
7 _ Vgg—\/gg(on) _ 0982 -07
5@ = Rs = T 1o
= Ipg = 0.0022 mA
Jeq = (150)(0.0022) = 0.33 mA
Ico 0.33 ” .
) m=—_—= — m = 12.7mA/\
B 9m =TS Goge  Im =12TmA/L
VrB  (0.0026)(150)
= mm— e = 11.8 k{0
= Teq 033 e=ll8K
Va 200
o = ICQ —6.'3—3-:"10-606 k2
b o= IR ={——1\
. 0 = —gmbn(rol|Rc), ve= T Rs s
[ 44} 'n
Ay = e =~ | ———— R
s g <r7+Rg>('°” c)
11.8
= —(12.7)( —2
(12 )<11.8+100)(606"15)
= ~(12.7)(0.1055)(14.64)
= A, = ~19.6
F4.4
Icq
gm = Vr

Vep — Veglon) 1.145-10.70
s+ Ipg= Rp = 50

= Ipg = 0.0089 mA

Icq = (90)(0.0089) = /cq = 0.801 mA
0.801

9m = 5.026

= gm = 30.8 mA/V

= Yrd _ (0.0026)(90)  _ 5000

r

"7 Tco 0.801
,0=7%=%ar0_150k9
b.  vo = gmre(rollRc). v. = —(ﬁ;) vs
Av= 2 = —gn [ Yol Re)

- 09 (522 Yol

= —(30.8)(0.055)(2.46)

= A, =-4.17

E4.5
Rty = 250}|75 = 57.7 kQ

. R, 75 - -
Vry = 5} = | se————1(3) = 1.154
- (R1+R;>m (75”50)(3) 113
1.154 — 0.7
= e T 348 4
lee = =TT, 18 uA

ICQ =0.418 mA

_ (120)(0.026; -
a. r- = 0415 = 7.46 k2
0.418
= —= .08 A%
9m = T 038 16.08 mA/
VO = —ymVxRC

Ry, =r, +(1+ )R, =746+(121)(0.6) = 80.1 kQ
R|R, =250[75=577 kQ
R|R,|R, =57.7|80.1 = 3354 kQ

R|R,IR
Vs'={ JR:AR, 'Vs=( 3354 )'Vs
R|RJR, + R 3354+05
V¢ = (0.985)V,

V5’=V,,|:l+(l+ﬂJR£}

Then
A, =(0985)(-8.39)=-827

b. R =r-+ (1+ 3)(Rg) = 7.46 + (121)(0.6)

As a first approximation,

=R

= R,
Resulting gain is always smaller than this value.
The effect of R is very small.

Set £"-—:: 10
E
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S=I(Re+Ry)+Veg
S=05(R;+ Ry )+25
So that Ry =0454 kQ and R, =454 kQ
05
I =0.005mA
%~ 00
Ry, = (0.0)(1+ B)R; =(0.1)(101)(0.454) = 4.59 kQ -

R ] 1
Vi = ['E’f}z’) Vee= ‘R—‘ Ry Ve = E(4'59)(5)

23

1

Vg = goRey +Vn£(0n)+(l +ﬂ)1BQRE

or Vo, =

= (0.005)(4.59) +0.7 +(101)(0.005)(0.454)

which yields, R, =241kQ and R, =5.67 kQ

EA.7
dc analysis
Rry = Ry||R2 = 15|85 = 12.7
D
L"TH=<R1+R;> ( — >(12)
Vrg =102V
Iso = 12 - 0.7 = Vry
Rry + (1 + 8)Re
12 —-0.7-10.2 1.1

= = =0.0174
12.75 + (101)(0.5) ~ 63.25

ICQ = 1.74 mA

ac analysis
Vo = hyedo(RellRL)
1 —Vs
T R + (U + hya)Re
4, = —hse(Re|lRe)

hie +(1 +h1¢)RE
For JIcq = 1.7 mA
hfe(max) = 110 h/,(min)z'l'o

hie(max} = 2 k2 hie(min) = 1.1 k€2
—-110(4}|2)

A,(max) = 5T I(0.3) = —2.54
. —-70(4]2)
AR = s
E4.8

First approximation, A, = ——::—C which predicts a
£

low value. Set —RLC—=9. Now
E

Vee = Lep(Re + Rp )+ Vi
15=(06)(9R, + R;)+375
So Ry =0625kQ and R, =562 kQ

R, = (01)(1+ )R, = (0.1)(101)(0.625) = 6.31 kQ

1 1
Viu =E"‘ Ry Vee :'Rf"(6-31)(75)
Vee = (1+ B) yoRg +Veg(on) + 1o Rpy + Vi,

I = 1002‘_ 0.006 mA

75 = (101)(0.006)(0.625) + 0.7 + (0.006)(6.31)
+1—;—(6.3 1)(75)

Then R, =740kQ and R, =428 kQ

E4.9

dc analysis
10 - 0.7
= ——————— = (.00439
Ize = o moneo mA
Icg =0.439 mA. Igg = 0.443 mA

Vr3  (0.026)(100)

e = I—C—; ] -—m—— =592k
%“%f—%—lesam,x/\
To = I‘C"Q = 0—‘% =228 kQ

(@ V, =-gV(r|Rc)

v =y {_R_ll___}v
' RB“rx + R;

Ry|r, =100[592 = 559 Q2

Then

vV, = 39 -V, =0918V,
559405 ’

Then

A, =-(1617)(0918) =-148

b. R = Ralir- = (100)]|(5.92)
Ro = Reljro = 10[1228 = Ro = 9.38 kQ

E4.10
~PR. R 2 )
=—"t_—=—(095) =< |=—(095) —
A r.+(1+ AR 095) %2 R, ( 04
or A, =475
Assume r, = 1.2 kK from Example 4.5. Then
_ B 455
12+(1+ p)(04)

which yields f=76
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E4.11
dc analysis: Vp, =0, Ry, = R R, = 10 kQ
5-0.7

=—" " 000672
I8e = T m2e)9) '

Icq = 0.84 mA
. 9
r,=M=(_0’_9:6_).(_1__.25.l=3,37kQ
Icq 0.84
g ‘%’3‘%“3"3::11\/\’
Va 200
70-—-E 084—2381(9
a3 Vo = ~gmnlrof|Rcl|RL). ve = vs

Ay = —gm(rol|Rcl|RL) = —(32.3)(238][2.3(|5)
A= ~{32.3)(1.36) = A4, = —30.4

b. Ro = rof|Rc = Ro =2.28 kDD

E4.12

c.4i8

~.
l-)

Veeg = 5 — (0.418)(3 ( o-uo }{0.6}
=3-2.34-0.233
Veeq =241
AVcr variation (2.41 —0.3)2=3.82V
peak-10-peak
E4.13

a.  dc load line:

Vec =Vec = IgRg ~ IcRe

Vee =12~ Ic(Re+ Re) =12~ Ic(4.3)
ac load line:

Vee = ~ic(Re + RcljRyL)

Vee = =ic(0.5 + 4{|2) = —1¢(1.83)

51

; 12-07-102 _ L1
BQ = 1275+ (121)(0.5)  73.25
Igq = 0.0150

Icq =1.80. Igqg = 1.82
= Vecg = 3.89
b. PFor Aic =18 = Avgc =(1.8)(1.83) =3.29
For Avec = =3.29 = Avcg = 3.89 —-3.29 = 0.6
= Max. symmetrical swing

=2 x (3.29) = 6,38 V. peak-to-peak

E4.14
dc load line:
Vee = (10 + 10} — Ic(Rc + RE)

Vee =20 Ic(10+ Rg)

vee = —icRe = —1c{10)

ac load line:

Avee = Vepg = 0.7 = Qi (10) = Icg(10)
So VCEQ - 0.7 = ICQ(IO)
We have

Veeg = 20— Icg(10 + Rg)
Icg(10)+ 0.7 = 20 — Icq(10 + Rg} 0
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10 — 0.7

100)(9.3 E4.16
Ico = (100)(9.3) R

(2)

Tee = 155 tonRs = 19 = o0 + (101) Rz
From (1)

IcQ{10+ 10+ Rg}=20-0.7

Substitute (2)

(100)(9.3) _
[m](2° + Rg) =193

930(20 + Rg) = 19.3{100 + (101)RE]
18,600 + 930Rg = 1930 + 1949.3Rg
16.670 = 1019.3Rg = Rg =16.35 kQ}
So
_ (100)(9.3)

100 + (101)(16.35)
Veeg =20 — (0.531)(10 +16.35) = Vegg = 6.0 V
AQvcg =Vceg-07=6-~0.7=53

Icq = [cqg =0.331 mA

Max symmetrical swing
2 % (5.3) = 10.6 V peak-to-peak

E4.15

5~0.7

—_— = 0.00672
10 + (126)(3) ’

a. IBQ =
Icg = 0.84 mA, Jgg =0.847T mA
Va 200
= -l = — =238k}
o Icq 0.84

Vceeg = 10 — (0.84)(2.3) — (0.847)(5)
=10 ~ 1.932 — 4.235
cEqQ =3.83V

A laad liv
Nl

\ S‘WFE:. e———

.37

1.58%

o.g¢ -~
3.é3 /0
dc load line
Veg =10 — I¢(1.3)
ac load line
vee = —ic(Rel|RL) = ~1c(2.3]5) = —1c(1.58)

(neglecting ro)
b. Aic = 0.84
= Avcg = (0.84)(1.58) = 1.33 V
Vee(min) =3.83-1.33 =235V
Vee(max) =3.83+1.33 =5.16 V
So max symmetrical swing

=12 x(1.33) = 2.66 \ peak-to-peak

. . . 1
a. Vry= (m)“l)- Vrw = R—](RTH)(I?-)

Rry =(0.1)(1 + 3)Re = (0.1)(121)Rge
=12.1Rg = 12.1kQ
1
12-0.7 = Vrg 11.3 = p=12.1)(12)
IEQ =

Rruy + {1+ 3R =

.6
Icg=16=lpg = }—23 =0.01333 mA

12.1 + (121)(1)

1
33— —(145.2
113 R!(la )

133.1
%—(145.2) = 11.3 — (0.01333){133.1)
1

0.01333 =

= R, =15.24 kQ
R;Rz —12.1 = 13.24R;
Ri1+ Ry o 1524 + R,

(12.1)(15.24) = (15.24 — 12.1)R,

= R, = 38.7 k§

Vicg = 12~ (16)(41 = (1.61)(1) = Vecq = 3.99 V
b o =gmus(RellRi) = —gnlRellRi) = —vee
Ly = gmbs = —gmV>:

Of — Vee = !C(RC“RLJ

\(nc laad linme
\

3.7 2.

Want Atc =16 —-0.1=1.5
Avee = 3.99 — 0.5 = 3.49

—A—‘;c—" = 3_4_9. =2.327 k0 = Rc||RL
Aic 1.5
Rc Ry _ 4R,

= 2.327

Re+ Ry, 4+ R,
(4 — 2.327)RL = (4)(2.327) = R, =5.56 k2

E4.17

Rry = Ry |{R2 = 25{|50 = 16.7 kQ2

. R, . ( 50 _

Vru = (ETTR—z)vCC =\30 +25)(°)

Vry =333V

Ine = BB = VBelon) 3.33 = 0.70

B = Rom +il+ 5 Re 167 + (121)(1)
_2.63
T 1377

= IBQ = 0.0191
Ico = 2.29 mA
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lco 2.29 .

= et = == = 88 1 mA/V

Im = V7 T 0.026 /

= Vrd - (0.026)(120) — 1.36 kQ
ICQ 2.29
Va 100

= = —— = 43.7T kR
o Icg 229 431

V'=( RluRZuRrb ]vV
' R, "Ranib + Rs !
Ry =r, +(1+ B)Re|r,) = (136)+(121)(1]437) =

R,=120kQ and R|R, =167 kQ
Then R|R,[R, =16.7]120=147 kQ

Then

147
V= -V, = (0. V
! (14.7+05) y (967)’
Now

V, 1+
va=(,—K+gn. ,)< )= [ Ll
v - v’ (0967,

1+(ltﬂ)R

d 1 [‘*/’}Rsu .

So

1+ 4
Voo o 967)( Te )RE & _ (0967)(1+ B)Re|r,
v, r. +(1+ B)R,|r,

1+(1—+—’B}RE r,
rl'

Relr, = 1]43.7=0978 k2
Then
A= (0967)(121)(0.978)

1.36+(121)(0.978)

= A =0956

b Ru=r.+(1+ 3)Reliro = 1.36 + (121)(0.978)
= R, = 120 k0

©)
R =Rl +R[R;|Rs 1” 13]1:36+167J05
1+f 121
which yields
R, =151Q
E4.18

5
VCEO=5V=>IEQ=5=2.5mA

].s z5 = 0.0248
Q= 101 mA

Vry = lpqRry + Vee{on) + (1 4+ B)IpqRE
Rin = Rrufllrs + (1 + B)Rg)
r = 1.05 kQ

53

Rry 203
Rryg + 203
= Rry = 95.6 kN

65 = Rry||203 =

%{95.6)(10) = (0.0248)(95.6) + 0.7 + 2.5(2)

= 8.07
. 118R,
Ry =1 ——— = 95.
Ry =118 k0, Teray = %56
R2=504 k
R, = 65kQ

fo_: Rin . V‘ = ( 65 ) V’ = 0992‘/'
R, +R 65+0.5 '

Then

A= (0992)(1+ B)R, _ (0992)(101)(2) -
" o +(I+ PR, 105+(101)(2)

A, =0987

Neglecting R, A, =0995

o+ RIR AR, _ J105+956f0s
ST I B

R =R,

or
R,=152Q

Neglecting R, R, = 105

0

E4.19

, R,
Ve = (R +R;)(10)—D
B=100. V4 =125V, Vgplon) =07V
Icg =0.75 mA

125
Then ro = r 167 k2
3Vr _ (100)(0.026)
Ieq — 0.75
Vrun — Vpelon) = (=5)

Rty +{(1+ 3Re

Icqg = 31ls¢

Te = =1, = 3.47 kO

Ipg =

<
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Z, = re + (1 + B)[Re)| RLliro)

Io = (———R—Eﬂ”——)(l + )1y

Regllro + Ry
Ry|IRa )
e (R1||R2+Z. Is
_ 1o
Ar= Ts

Rgllro ) ( Ri|| R, )
=| ————— 1 —
(Rsllro +15) VPN RTR 2
Assume that Rs"ro -~ Rs

Ril|R; = (0.1){(1 + 3)Re
= (0.1)(101)R5 = 10.1Rg

Assume R, =1kQ

Then

- _{_ Re
Ar=13 _(R5+l>(ml)x

( 10.1Rg )
10.1Rg + 3.47 + (101){Rg||1 kQ}
where ReljRellro = Re||RL = Reljl kQ

_(1o1)(10. 1)R: <
Re+1
1

101Re
1+ Re

[IO.IRE + 3.47 +

_ (101)(10.1)R%
T T Rg+1
1
* T+ Re)10.1Rg +3.47) + 101 Rz
1+ Rg
{101)(10.1)R%

15 =

10.1RE + 3.47 + 10.1R% 4 3.4TRg 4+ 101Rg
(101)(10.1)R%
T 10.1R% 4 114.5TRg + 3.47

(101)(10.1)RE = 15{10.1R% + 114.37Rg + 3.47)
1020.1R%L = 151.3R% + 1718.55Rg + 52.05
868.6 R: — 1718.35R — 52.05 = 0
16.7R: ~33.0Rg ~1=0
33 +4/(33)? + 4(16.7)
2(16.7)
Must use + sign = Ry = 2.0 k(2

E =

Then Ry[|Ra = 10.1Rg = 20.2 kQ
R,

Vry = -3

TH (R[+Rz>(10) 3

1 R Ry
=\ 5= ](10) -
Rl (Rl + R1>( ) 5
L202)(10) - 5

R
lcog =0.75

It

E(zo 2)(10) =5 -0.7+5

= (100) _
20.2 + (101)(2)
1.67 = RL(zoz) -0.7= R =85.2k0
1

RiRy _ .0, _ 852R

m—;— .—maﬂz:?ﬁjkﬂ

E4.20
a. A =100. Vaggfon) = 0.7, [cq = 1.25 mA

leg =1.26 mA, Ipg =0.0125 mA

R -
(Rx +Rz>(10)—a

Vi Ril(mnnz;(m) -3

Vry — 0.1~ (=5)
Rru+(1 +3)Re
Veeq = 10— IggRe =4

1]

Vry

]

Ipq =

6 6
IEQR5=6=>IEQ=E=R5=m=4_76kﬂ

= Rz =4.76 k1
Rruy =(01){1 + 3)Re =10.1R¢

Then

1 .
; _ _IE_Qz R—l(IOI)Rs(IO)—D-0.7+5
B9 = 101 10.1Rg + (101)Rg

L (101)(a.76) - 0.7
0.0125 = < anET e = R, =658kQ
F‘f% = (10.1)Rg = (10.1)(4.76) = 48.1 kQ
(65.8) Ry = (48.1)(65.8) + (48.1) R,
(65.8 — 48.1) R, = (48.1)(65.8)

= R; =178.8 k(2

b.
Z: —

ﬂ<
ﬁ
2
JR
EEN *”“
r_A/E’/\/\J
% —<<>
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Vi 125
= e = — = 100
T Teq ~ 1.2 kQ
_ BVr _ (100)(0.026)
s e = gy = 208 KA

gmVe = gm(terx) = 31

Zo=r1x+ (14 B)RE|RL| 7o)
= 2.08 + (101)[4.76]11}]100)
= 2.08 + (101){0.826{100)
= 2.08 + (101)(0.819)

Z, = 84.8kQ

Assume R, =1kQ

Rgliro )
Jo=| ———— {1 + 3]
) (Rsllfa TR, { D)

_{_RilR. ) .
Ib—(Rxhﬂz-é-Z- I

_ 1o _ Reflro N ‘ __R_l‘.lﬂl._>
Ar= Is ~ (REHTO + RL)(I * 3)(_}11“32 + Z

Rgllro = 4.76]]100 = 4.34

4.54 48,1
Al = (4.54+ 1)“01)(45.1 + 8&8)

= A; = 30.0

c. Ro—mu “ ro=21'318‘4,76” 100
= Ry =204 9

d.

vo = Vee = (1 4+ B)i(Re|[RLlr0)

1p = =

B
v =ic(1+ﬂ
ce B

=ic (%) (4.76[11{[100)

= 1¢{0.828)

If Aic = 1.25 mA, —~ Avee = 1.035 V
Maximum symmetrical swing in output voltage
is = 20vce = 2.07 V peak-t0-peak

) (RellRulre)

55

E4.21
For 3 = 130
-0.7
Ipg = '136_1+0_(T;%7(‘io—) = 6.596 uA
Icqg = 0.857 mA
From Figure 4.21
I<he< 3k Let hre = 0

98 < hye < 170

8 < hoe < 16 uS
hie = 4 k2
h!¢= 134

h0£= 12 [15:5

= 83.3 kO

Oe

& Rz=Rp =10k

Rio=he+ (1 +h;=)<RE 2| ﬁ)

=4+ (135)( 10”10“53.3)
= R,b = 641 kN

Av = ( Rsisg}:]fﬂ.t,) 8
sema(mel 2l )

hee + (1 + h,c)(RE | 2 | 71.‘0_)
A.,-—'< 100[{641 )[ (135)(10]]104|83.3) ]

10 + 100][641 / [ 4 + (135)(10{[10{]83.3)
_ 86.5 ) 637
T\ 10 4+ 86.5/ | 641
= A, = 0.89]
1
Rsl —_— R
4, = 'l hoe (1+hh)(R +ER.,)
Rg ‘ rysths R g '
Oe
10}}83.3 100
= [ 22V (135) —————
(10"83.3 T m)“ )<100 + 641)
= 4, = 8.59
1 | he + Rsl|Rs
RO‘RE“ ho¢ 1+h]g
100 N
=10 “ 83.3 “ i 10‘ = 8.93/0.0970

= Ry =96.00

b. Rs=1kQ, Rs=641kQ A =839

86.5 \ (637
= —_— — A, = 0.982
Av (1+86.5)(641) T oe = oats

Ro =10 " 8.33 “ [__.J.L‘ +1 100]

135
= 8.93]/0.03696 = Rg =368 Q)
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22
E42 Ro = 1.96 “-—-———196“00364:35.79
Vi =25V, R, =25k
™ ™ r.(min) = 2.93 kQ
5-07-2.3 1.8
18 _ o0 9

Ipg = o) 221 0.00793 mA Ro = 1.96 “ L2 3 =1 96[{0.0290 = 28.6
Icg = 0.793 mA = 286< R <357 Q

Icg 0.793 :

=9 = 22— 303 vV

Im =V T D026 mA/ E4.23
r,=2ﬂ=wm=3.28kﬂ Ry

ICQ 0.793 —~
ro-——V—A——-lgi-=158kﬂ A ,

ICQ 0.793 ﬁ\

(N
i
8. REg||Rilire = 2][0.5]|158 = 0.4]|158 =~ 0.4 R
4 = U + B)(Rel|Rillro)
g + (1 + 8)(RellReillro)
(101){0.4)
=l 4, =0.925 VEco = 2.5V,
328 + (101)(0.4) - Se===22 For E";’ 22,5 s
' ]EQ=_~_.O=~__- =5mA

b. Ry =rr+(14+F)(RellReiiro)

Ruy = 3.28 4 (101){0.4)

‘ = R|b = 43.7 k0 \'.,—. = _Ibrv,'
T 3.28 BVr  (75){(0.026)
= - = r= — = e = (.396 k)
fo=173 | e H IR 2983 = Tce 4.93
= Ry =3200 Va5 e
- | To _—JCQ 93 15.2 k2
C. ]B(ma'x) - gm"'w =9m(“‘[b7'=r)= - 31

Re(min) = 1.9k

_ Reljro

'mm Rz(min) = 47.5 k2 fo= (Rsnro+RL> R
: Ry(max) = 52.5 kQ2 Iy = (WRIE{E%—;)I:

Rry =249k Ar = o _ ( Relro )(l +3)( Rij|Ra )

Vra = (—L\ Ve = (“-5\ (5) = 2.375 "7 I T \Relo + Re RilRa + 2o

.‘ Ry + Rz) e 100 ) -
Isg = 5-0.7-2375 _ 1.92% a. Rg =R, =05k
24.9 4+ (101)(1.9) ~ 216.5

4 lcg = 0.888 mA ) R =rs+ (1 + B)ReliRLll70)

=0.396 + (76)[0.5]]0.5]15.2)
Re(max) = 2.1kQ
o =0.396 + {76)(0.246)
R;(max):a’l.a k2 =>R.b= 19.1 k)

Ry{min) = 47.5 kQ Reliro = 0.5]|15.2 = 0.484 k0

Rry =24.9 k2 \ ‘
Ar=10 = (___0;4_84__)(76) __M&__\

'}H_(szo)m_1 625 0.484 + 0.5 RiJRz +19.1/

100 T Ri||R:

- 10 = 37.38 )
leg = (100)[ —0.7-2625 ]  {100)(1.673) Ril|lR2 + 191
24.9 + (101)(2.1) 237 0.2675( RyJ|R; +19.1) = Ri}|R;
Icqg =0.707 mA Ri||R; = 6.975 kQ
(100)(0.026) R
re(max) = *—————t = 3.68 kQ2 Vg = { =22 Ve = 1 RIR
0.707 TH (R;-o—R;) cc R:( RV ee

= Fll-(s.ws)(s)
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5—Veplon) -ty
Rry + (1 + 3)Rg
3-07—-Vry

Ipg =

0.0638 =

296 =43 - Vry = Vry =134 = —[_%-—(6.975)(5)
b

= R\ = 26.0 k07

RiRy 6,973 26R;
— . 12 =

R, + R, 26 + R,

6.975(26 + Ry) = 26 R,
= R, =9.53 k0

b. For Rg = 4R, = 4(0.3) = Re =2kQ

5-23

lgq =

— Igg = 0.0164 mA

(75)(0.026)
_ 123

75
= —— = 60,
To WE 0.9 k0

Zu =1+ (14 3)[Re||Reliro)
= 1.59 + (76)(2]/0.5]{60.9]

= Zu = 31.8 k2

Reljre = 2)|60.9 = 1.94 kO

= 1.59 k2

"

) _( 194\ )( Ry||Ry

"T\Tes+o0s R||Rz +31.8
Ri[|R:

0=604{ ——~"'———r

10=80 (R,||R,+31.s)

0.166(Ry||R; + 31.8) = Ry||R,
Rij|R; = 6.33 kQ

4.3 - Vry

Then Ipg = 0.0164 = —> — TH__
en g =00 6.33 + (76)(2)

Vig =170 = -1—

R, R,

= R) = 18.6 k0

R\R, =633 = (18.6)R;
Ry + R; 18.6 + R;
6.33(18.6 + Rz) = (l&ﬁ)Rz
= RZ =96 k.q

E4.24
10 - 0.7

a. IE-Q = T = 0.93 mA

d "~ (100
leg = (m)]gq = (1—()1-)(0,93)

= Icg =0.921 mA

VeEcq =10+ 10~ IcqRc ~ IgqRe
Vecq = 20 — (0.921)(5) ~ (0.93)(10)
= Vecg =61V

= 1.25 mA — [Icg =1.23 mA

(Rif|Ra)Vec = —-(6.33

57

ws

Im = Y T 0026

10 = gmVy and V. = vs

3

v 1
SRS (S S m)
YRl TS g (Rsun I

b .o SVT _ (100)0.026) g
i Icq 0.921
=lee J 0921 45 o mayv

4 =t gm¥s - _9m(Relirs)
=% . ( N ) 14 gm(Rel7#)
s 'R'E"”r—"' gm
_(35.42)(10 kQJ[2.82 kR2)
1+ (35.42)(10 kQJ|2.82 k)
= As = 0.987
A, = -:—D and vo = gmVe Rec = gmysRe

Av = gmRe = (35.42)(3) = Ay = 1771
C. VEC‘Q =61V > VECQ = ‘/—E -~ ‘/C

VC = VE - Vgcq =07-61=-54 \Y%
ve = Ve + w0 Re
For vge = 0.5 2 ve = +0.2

+0.2=-~54+15Rc

o = 9-3’;—” =1.12 mA

= Current limited

io(max) = 0.921

= vo(peak) = (0.921)(5) = 4.61

= 9.21 V peak-to-peak

E4.25

Veg — Vpg(on)

10 - 0.7

Teq = Rp+(1+8)Rg ~ 100+ (1

= Ipo =8.38 A, Icg =0.838 mA
_ BVT _ (100)(0.026)

01)(10)

Tr = e = el =, = 3.10 k2
Icq 0.838 ——
Icq 0.838 .
I e = —— = 32.23 mA/YV
9 Vr 0.026 = 21___"_‘__[__
o= dA o X
Icqg 0.838 -_
b.
’:

H
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VQ = »gmvp(RC”RL)

o g = an BB (2 e

- 2N (300 )

= (32.23)(0.909){0.0297} = 4, = 0.870

, - 310
Ro= 12— = 27 = 0.0307 kQ

Re

¢. R, = Rg||R = 10{0.0307

= R, =30.70Q
Ro = Rc =10 kQ

E4.26
5=1IpRp + Vaglon) + IeRg
o 5-01 43
7 Rs +(101)Re  Rs + (101)R¢
Jo = —(100)(4.3)

T Rs + (101)Rg
5=JcRc+Vce+IgRe-5

Veg =10 - IC(RC + (-1-2-1-) RE)

100
ac analysis
Vo = —gmVi(Rc||RL)
Vem -V, - Y2 Ry= -v,(n + fi)
T Tr

N e i

L. H;—}r}fg)]wcum

_ VY B
A, = Ve =y RB(RCHRL)

For Ic = 1 mA,

_ BVr _ (100)(0.026

= 2.6 k{1
Ie 1 2

Tw

.

E4.

wX

Rp = .(_]_933_(1)._2.6:}{3 = 2.4 k02
e =1= (100)(4.3)
2.4+ (101)Rg
(100)43) _,,
Rg = 1(10]) = Rg = 4.23 kQ)
27

8. Rrp = 70)j6 = 5.526 k2

6
TH = 0)—-53=—4.21V
Vru (6+70)(1 }—35 4

_ 5-421-070 _ 0.090
T 5.526 +(126)(0.2) ~ 30.726
Icgr = 0.366 mA

Ip

= gy = 2.93 A,

5-—Ves {Ver = 0.7)—(=3)
2T T+ -
3 ¢ (1+8)13
5—-Ves Ves 43
= 0.366
3 toeas T Tmn
4.3 Veu VCl
~0.36€ - ———— = —/— 4 —————
! (126)(1.5 5 (126)(1.5)
T

151 = 0.369 mA
Ve = (0.369)(0.2) = 3 = Vg, = —4.926 \'
= Veg = Voy = Ve = 2.977 ~ (--4.926)

=2 Ve =790V

(Ver—-07)~(=3) 5+298-07
1.5 - 1.3

lTggr =

4.85 mA

4}
Icg2 = (m) Ieg2 = Icg2 = 4.81 mA
Vea=Vey ~0.7=2.98-0.7=2.28

Veegrz =53~ VE2 =5-228 = Vepg, =272V

- 4 o
- R.ui"_é/"" S

BVr _ (125)(0.026)

el e T
Tea = fc‘;: = (1254)F:i°26) =0.676 k
g1 = -!f,—:_‘ = 2%2- =14.1 mA/V
Im2 = If,‘:’ = 04—:515 = 185 mA/V
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Ry =1e1 + (14 f)RE, = 8.88 + (126)(0.2)
= 34.08 k2

Rz = 1e2 + (1 + 3)(RE2||RL)
= 0.676 + (126)(1.5{]10) = 165 kQ2

Vo = (I + 8)]y2(Re2||RL)

Rey .
Iy = (m)(—gmﬂ'ﬂ)
Vi = 'E:‘ *Tm
A
.4,:(1+3)(RE;||RL)( Res )(—gmrn
Rer + Rz R
Vo
Ay = Vs-

W

—(126)(125)(1 '5”]0)(5 +5165> (34?03)

—(126)(125)(1.30) (150) (ﬁ)

Ay = ~17.7

¢ Ri= Ri|RyJ|R = (5.53)]}(34.1)

= R, = 4.76 kQ0

Ro = (rﬁli;cx> “ Res = (0 6:5; a) " 15

= 0.0450[|1.5
= Ro =43.70Q

E4.28

a. Jecga = (ig?>(l mA) = [cg2 = 0.990 mA

Iegr = 2892 _ L 0~ 0.0009 mA
1+3 101

I _ Ieg _ 0.0099

BV T I8 T 1ol

= Ipg1 = 0.000098 mA. Icgy = 0.0096 mA

Ve, = ~Igqi Re = —(0.000098)(10)

—0.00098 V =0

Ver = =07V, Vg = =14V

Iy =Ilcgr + Icg:r = 0.990 4+ 0.0098
LE1mA= Veo=5~-(1)4)=1V
Veega =1 -(~1.4) = 2.4

= Vepg2 =24 V. Icg2 =0.990 mA
Veegr =1 - (=0.7) = 1.7

= Vcegr = 1.7 V. Jecg: = 0.0098 mA

)
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w<

b. re = ———andgm =

For Q1 :

Tm

gm) .=

__ (100)(0.026)

0.
0.026

For Q> :

Te2 =

gm2 =

(100)(0.026)

0.99
026

BVr leg

Icq

0.0098
0098

0.990

0.

701 =T02 = °XC

Vo =

Vr

:r,n:Q

65 k2

= Tx2 = 2.63 k2

= gmy = 0.377T mA/V

= gm2 = 38.1 mA/V

Ibl*-
e &7, G
s -
-
J'!TL

w2 = (—-i—gm)“nl)

Then

Vo

Also

~{gm1Vm1 + gm2Vi2)Re

Ve= Vi, + 1y,

a4,

rlr w2

[gml"rl + 9m2 (&i‘r_-) vwl] . RC

1+ 3N
=V=)+( LR

=\m [1+(1TJ)K"—'2)]
Twl

Voo =

Vo =

i

-.(1+3)("‘>
r-

Vs

s

Vs
+

—[gm + gma(l + 3)(}-’)] R~

=1

14+(1+3)

[gm\ + gm2il +J3)

/—\
x

(rni
Try

>]RC

1+(1+3)(

To

Twi

\__/
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0.3 (38.08)(101) 2626)] For @
T+ ~ (4)
. 3653 - (100)(0.026) _ _ . ¢y
v 7626 0.464
1+(101)( — | 0.464
2653 ) gmi = o = g1 = 17.8 mA/V
153.8
= — = -7 .02
Av = - {geg7 T A= -189 S (_10_?;(;_32 = rg = 3.00 kQ
d. Ri=ra+(1+3)ra gm2 = gi:z = gm2 = 32.4 mA/V
R. = 265.3 + (101)(2.626) Tor = ror =<
= R, = 331 k2 c.
2.
——
E4.29 !
1
o lp = YELZ(210) (Ve —07) - (-10)
20 (1+ B8)(10) 1A Rg
~IgiRp — Vee(on) = Vg,
So
10-7/gRg - 0.7
(14 8)I 5 =P
10-0.7—Ig Rg — 0.7
(101)(10)
(101)g: + 1 (°°> 41 20
e + I 20 -Brm
_ 93 + g€ R =ra2+ (1 + 8)RE2 = 3.09 + (101}(10)
0 (101)(]0) = 1013.1 kQ

(102)/5; = 0.465 + 0.00851

i Ry =rm + {1+ B)[Re:l|Ria)
Ipy = 0.00464 mA = Vp, = —0.09281

= 5.60 + (101){20{{1013.1]
= "’E} = -0.793 V = VE: = —-1.463 V

Ic; = 0.464 mA, Ig; = 0.469 mA d. R, =1986 MO
10 — 0.793

L= —— = 0.46035 mA Note that gm; Vey = 811 208 gm2 Va2 = Bls2
=Ip=Ig~1 So Vo = —[81n + 31n]Rc

= 3 = B V R
Is; = 0.00865 mA = Ic; = 0.865 mA Toy = 25 and Iy = ( Ei )(1 + 8)es

10 — 1.493 Ra Rey + Re
of Jgg = ——=""= = 0.85] = J¢c; = 0.842 mA
10 So
Ie = Icy + Icz = 0.464 + 0.842 Ve = =[le + le2)8Re
RE;s }

= 1.306 mA = - ———————e 1 (1 4 3)] R
Vo = 10 — (1.306)(2) = 7.39 {IN i (REI +R'2>( NN
0= — . = 1. ’ /o 3R
. . =2 his —Rev N, gy dfe
Veegs = 7.39 — (—1.493) Vs Rl + Ra R
= Vcpga =8.88 V., Jcgr = 0.842 mA . ( 20 )( )] (100)(2)
Veeoy = 7.39 — (~0.793) - 20 + 1013.1 1986
= Veror =8.18 V. Ico, = 0.464 mA Ay, = =0.298
b r, = vt o = Q:_Q, E4.30

Ieq’ Vr a. dc analysis

8 =100, Vpg(on) = 0.7V, V4 =0
Want: Jcg: = 0.5mA, Vegy =Veg, =4V
Ry + Ra + Ry =100k
Neglecting base currents:
60
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12
= — =0.12
Iy 100 mA

Vey = Icq2Re = (0.5)(0.5) = 0.25 V

Vey=Veegr + Ver =44 0.25 = 4.25

So
"CZ VC1+"CEQI—4')5+4—8’)5\
Vee — Ve, 12-825

Re = = =7

c ICQ 05 = Rc 7.5 kQ
Ve = Vg +0.7=0.25+07=095V

R, Rs

Vey = | =————— )(12) = 0.95 = —(12
B (R1+Rz+33>( ) 100( )

= Ry =7.92k§]
Var = Ve, +0.7=4.25+0.7=4.95

. Ry + R
B (R1+R2+R3)( )
Ry +7.92
95 = ———(1.
= 4.95 ——(12)

4.95)(100
R; = (——1)2(1—) -7.92= R; =333k
Ry =100 - R; ~ Ry = 100 - 33.3 — 7.92

=4 R} = 58.8 ki

it

b For both Q; and Q

. _ BYr _ (100)(0.026)
" leq 0.5

5.2 k2
gm = Jc@ 05

T 0.026
= gm1 = gm2 = 19.23 mA/V

=l = Tay =

To1_ = To2 = X

Vo = "9m2vn2(RC"RL)

Vr
‘_‘1 + 9ma2 Vrrz = gmi V,ﬂ

ra2
1+3
V..l 22) 2 .
7( Fa2 ) gmll/wl
Ver = g V) 2 ) and Vyy = s
m L DY 1 ¥ 13 ) = V3

So

Av = = = —gma(Rcl{RL) - g..,,,( r,,;. )

3
= ~gm2(RellRL)
gma(Re] L,(HB)

100
Ay = ~(101\(19 23)(7.5012) = A, = =301

61

E4.31
a. dc analysis

8 =280, Vpg(on) =0.7. Vi =

23207 162
24.2 4 (81)(0.5) ~ 64.7
IEQ = 0.0230 mA, Jcg =2.00 mA

lgg =

Power dissipated in R = l?;QRf_- = (2.0)°(2)
= Pe=8.0mW

Power dissipated in Ry =0. P =

1+ 3
VcE=Vcc—Ic[Rc+< * )RE}

Vee =699V

Pr = IpVpE + IcVeE = (0.0259)(0.7) + (2)(6.99)

= Pr=14.0 mW

(80)(0.026)

2.0

B8

b. Fg = —=—— =
” IC

For v, = 18 coswt mV

From the text, power dissipation in the transistor

Tx

Pr =Vceqglcqg — (£‘> (\V/P—> (RellRe)

= (6.98)(2 x 107%)

2 2
80 0.018 3 3
- {2 x 10°}j2 x 10
(1.04“03) ( ﬁ) : I )

Pr=(14-0.96)mw = Pr =13.0 mW
From notes

lvcel = %(RC“R[_)VP cos wt
Power dissipated in Rr

P = 'VCe!

1
(RellR - X
bed - [ cl n] .

Rr
- [Feo) * 5w

0.018\?
2
= P =0479 mW

Re =2 kQ also so Pc = 8.0 +0.479
= Pc =848 mW

= rp = 1.04 k(I
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3 = 100, VBE(OH) =0.7V. Vaiz=o

a.  Rry = Ri||R; = 10]|53.8 = 8.43 kO

Vrg = (-1?1_%{;) (5) = (ﬁ'os,;g_g) (5)

Vry = 0.7837
0.7837 - 0.7
1 = —— = (.00
BQ 543 00993 mA

Icq = 0.993 mA
Veeq = Vec ~ IcqRce
2.5=15—-(0.993)Rc = Rc = 2.52 kQ

b. Powerin Rc = Pr = I%Rc = (0.993)%(2.52)

= Pr =248 mW
Power in Q = Pg = IcqVeeg = (0.993)(2.5)
= Pg =248 mW '

¢  tc = 0.993cos wt

ac power = % % (0.993)? x Rc = 1.24 mW
in Re
1.24
—e = (.25
2.48 + 2.48 .25
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Chapter 4

Problem Solutions 4.3 o s =54 BV _ (120)(0.026)
4.1 . T fea = feq
' ; , = lcqg = 0.578 mA
_lcq _ _2 — . . 1 1,. cu
& ™7 Vr ~ 0.026 = w‘l& Veeg = '2-Vcc = 5(0) =25V
- .'l.;_vl - LEO_)_%QLG) = r, = 2.34 kQ Veeq =Vec —IlcqRec = 2.5=5.0 - (0.378)R¢
cqQ =
Vi 150 = Rc = 4.33 kQ
o= —— = — => 19 = 15 kQ}
ce  ? Icq 0578
0.5 ) Ipq = 5 = TTw - 0.00482 mA
b gn = ——— = gm = 19.2 mA/V . ]
( 0.026 = ————— Ves = IpqRp + Vae(on)
180)(0.026
o= ——%(F—-—) = ry = 9.36 kQ = (0.00482)(25) + 0.70
ro= T2 = 1o = 300 kO = Vpp = 0821
i)
42 b, 1. = —-—-f‘/T = -—__—.(12(:]);9;8026) = 5.40 kQ
. co 37
gm = !-‘?— = 200 = Olggﬁ = Icg=52mA
T . ——— Icg 0.378 ,
m= —t = —— = 22.2 mA/V
o= IJQVT = (125)5(% 028) ;= 0625k ! Vr  0.026 A/
cq . Vi 100
rp=—— = —— =173 k0
Y0=7Zé-=%)-=>ro=38.5kﬂ ° T Icq 0578
cqQ . Ty
Vo = —gm Voo Vo= | =—— V3
. = —gm(rellRe)e. Vo= (2 )V
* T B(T(J“RC)
-— Av ==-9m| ——5— = e ——
(a) 1,Q=2—-°-'1=0.0052mA 9 (r,+Rs)(’°”RC) T+ Rp
250 A — _(120)173]14.33] _ _(120)(4.22)
I =(120)(00052) = 0624 mA YT T 50425 30.4
gm=0.624=> g =24mAlV = A, = ~16.7
0026 _— 4.6
120)(0.026 ) 1
rtz( 0)224 )=> r,=5m &. VEcqg = EVCC =3V
r,=oo
Vecq =10 - IcqRc = 5 =10 — (0.5)Rc
() A4 =-g R —= =_(24)(4)( > ):. = Rc=10kQ
r.+Rg 5+250 Icq 03
A,=—188 Isq=-ﬂ—=m=0.005
© v “Yo_ Yo _, Ves(on) + IsqRs = Vap = (0.70) + (0.005)(50)
‘T4 -188 = Vpg =095V
vy = ~04265in100r V ;
= feq _ 05 =
" b. gm = Ve = 0076 = gm =19.2 mA/V
- leg _ BV _ ono0ze) | _
gm = g7 1.08 £ Icg £1.32 mA T Tco 0.5 > 1. =52kQ
1.08 1.32 . Va )
e— — A% = e—— I e =
5.0%6 <gm < 0026 = 41.5 < gm < 50.8 mA/ To Teqg ~ 05 =10 =00
T = Eﬁ; re{max) = {120)(0.026) = 2.89 kQ2
feq o8 ¢ A =-BRe__ 00000 .,
{80)(0.026) r=+ Rp 5.2+ 50

re{min) = = 1.58 k0

1.32
1.58 < rp <2.89 kO
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& RRa]r
0.35 AR |,
a8 Ig=1035mA, Ip = —— =10.00347 mA VA =—p | 20T _Yplp
5= To1 ©A4, g"(R,“&“r,+& (Rc|R.)
Ve = —IpRp = —(0.00347)(10) R|RoJr, = 615167 = 0698 k2
= Vp = ~0.0347V A =—(108)( 0.698 )(1“1.2):
Ve = Vs — Veg(on) = Vg = —0.735 V 0.698+0.2
A, =458
b. Ve=Vecpg+VE=35~-073=27TV 49
a, ]CQ = ]gq
Ie = 8 Ig= (5)2 (0.35) = 0.347 mA Veeg =5 =10~ Icq(Rc + RE)
1478 101
Vt—Ve 5271 =10~ Icq(1.2+0.2)
Re Tc oaa7 = fc=643Kk0 Ieg = 3.57T mA
3.57
©a=-gf —2b= |k ) o= "
- Refr, +Rs ) Rij|R2 = Rty = (0.1)(1+ B)RE
é 0347 100 = (0.1)(151)(0.2) = 3.02 kR
w=——=133mA/V , r=——=28
8~ = 0026 % 7 =288k
(100)(0.026) )
‘ r, = ———————=t =749 kKQ ey = e . -3
N 0.347 Vry R Rry -(10) -3
Relr, =10]749 =428 k02 Vry = IsqRry + Vpe(on) + (1 + f)IsqRE -5
428 L (3.02)(10) = 5 =(0.0238)(3.02) + 0.7
=—(133)] ————— (643288 (3.02)(10) — 5 =(0.0238)(3.02) + 0.7
A=~ )(4.28+0.1)( [288) = R,
- A, =-817 +(151)(0.0238)(0.2) — 5
1
Rp|lr» ) —(302) =149 =R, =203 kQ
d. Ay = —gm| —2Tr
4 g (Ranrw + Rs (Rellro) R
|
; Ralr» = 10[7.49 = 4.28 kO 203R 50 Ry = 3550
4.28 20.3 + R, B
v= —(13.3)(m) (6.43{|288)
(150)(0.026)
Ay = —7 . r = el IS .
2> Ay=-T49 b. Tes 1.09 kQ
4.8 357 137 mA/V

9™ = 5.026
a. Rryg = R;uR: = 6"1.5 = 1.2k

m R, 1.5
Ve = Yo | ——— =1.
T (Rx+R2>V (1.5+6)(5) 10V
Ipo = —ZE=Vee(on) _ _ 10-07
= Rrz+(+8)Rs ~ 1.2+ (181)(0.1) y
S
= 0.0155 mA

Icg = 2.80 mA, Igq =2.81
Veeq =V* — IcqRc - IeqRe
=5—(2.8)(1) ~ (2.81)(0.1)
> Yegg=192V A = ~BRc _ ___(150)(1.2)
Y7 re+(1+8)Re 1.09 + (151)(0.2)
= Ay = —5.75

_ (180)(0.026)
- 2.80

2.80
gm = 2026 = Im =108 mA/V, ro =00

b. r» =1y =1.67kQ




4.10

Ra 30 ,
. = —2\Vec= [ ——)(12) =10V
4 VTH (Rx+Rz) cc (50+10)( )

Rry = Ry IIR2 = 50“10 = 8.33 kQ2
12-0.7-10
= m—— = (,0119 mA
Isa = g3 oy =00
Icq=1.19mA, Igqg=120mA
Vecq = 12 — (1.20)(1) — (1.19)(2)

VEcg =842V

119
74z 12 Thkc
b.
_ r A
V2N,
-
+ 8"‘4
% Rullr, -3 e
Re
-
_ (100)(0.026) _
rr= e = 2,18 K02
V;, =ngwRC
Vs =~V — (%5- + ng«) Rg
- v, [r, +(1 +J)Rs]
T'w
_ —3Rc _ —(100)(2)
T+ (1+B8)Re T 218+ (101)(1)
=4, = -1.94

¢.  Approximation: Assume r, does not vary significantly.

Re =2k x3% =21kQ or 1.9kN
Rg=1%Q 3% = 1.05 kQ or 0.95 kQ
Por Rc(max) = 2.1 k2 and Rg(min)

Ao = —U0ON2LH) o,

2.18 + (101)(0.95)

65
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For Rc(min) = 1.9 kQ and Rg(max) = 1.05 kQ

- -aonne) .
A= T onog) = LS

S0 1.76 < A} < 2.14
4.11

@) Vo= [“f} Ry +Veeo + IcoRe

101
12= (100)1CQ(1)+6+ 10o(2)

sothat I, =199 mA

Ipo = 11(9)(9) 00199 mA

Rpy = (01)(1+ A)R, =
R, -Lor

Viu :'(R‘ +R, )Vcc = R, Ve R1 (10'1)(12)

Vee =1+ B) yoR; +Veg(on)+ 155 Ryyy +Vyy

12 =(101)(0.0199)(1) +0.7 +(0.0199)(10.1) +

(0a)(101)(1) = 101 KQ

1212

1

which yields R, =133kQ and R, =42kQ

—(100)(2)

R,  131+(101)(1)

—_ _:BRC
®) 4= +(1+ f)
A, =-195

4.12

ICQ = 0.25 mA, IEQ =0.2525 mA
Ipq = 0.0025 mA

IpqRp + Vee(on) + Igq(Rs + Re)-5=0
(0.0025)(50) + 0.7 + (0.2525)(0.1 + Rg) =
Rg =16.4 kQ
Ve = —(0.0025)(50) — 0.7 = —0.825 V
Ve =Vceg+Ve=3~-0825=2175V
5—~-2.175
= —— =11.
R¢ 025 = Rc =113k
—8Rc

Av S T I+ A)R:

_ (100)(0.026) _
- = 025 = 10.4 kQ
A, = ~{100)(11.3) = A, = =55.1

10.4 + (101)(0.1)

R, = Rg||[r- + (1 + 3)Rs)
= 50]|[10.4 + (101)(0.1)]

R, =50|20.5 = R, = 14.5 k2
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4.13

4.14

8. 9 =1IgqRg + Vgp{on)+ IpgRs
)

L = 0.00926 mA

Ieq =0.75 mA, Ipg = 8

Icqg =0.741 mA

9 = (0.75)Rg + 0.7 + (0.00926)(2)
= Rg =11.0 kQ

b. Vg =9-(0.75)(11) = 0.75 V

Ve=VE—-~VEcg=075-7T=-625V

Ve~ (=9 _9-6.25 _
Re= =5t = = = Re =311 k0
c. A, = —0m (—-{-T)(RCHRLHTO)

= (80)(0.026) _, 61 vq

T 0.141
= 108 k2

80
o = ——
°= 0. 741
=(3.71][10]|108)

v

2 81
A, = —439

d R =Rs+ry=2+281= R, =481k0

@) Ve = ICQ(RC + R )+ Vg
9=1,(22+2)+375 So that
I, =125mA

125
b) 8. =22 _ 481 mA/V
®) 8. =078

_ (120)(0.026)

125

100
o =15 =80k

=250k0

Assume circuit is to be designed to be bias stable.

Rry = R[R, = (01}1+ B)R, = (0.1)(121)(2) =242 Q
¥
o At Q.
.k

Vx = Ig(Rl Rzllr')
Then
v,
R, = 7? R "Rz“’ L)

R, =—48.1(24.2025)(80[2.2]1) = —48.1(2.27)(0.682)

R ‘;—=—745kﬂ—-745V/mA

4.15
0.80
8. JIpg =080mA, Ipg = T = 0.012] mA

Icq = 0.788 mA

0 3
o = = 24.8 kb
Ve =IpgRs = Re = o171 = RB
Ve —(~3) 5-3 X
= = Re = 2.54 kQ
Re Tco 0788 & e
0.788
m = —— = 30, A%
b. ¢ 0026 3mA/
(65)(0.026)
= = 2.14 k2
" 0.788
7

Acllre

o = var, vﬂ = —Vs
o (RCIIfo+RL>g Y

_do _ Rcllro
Cr=37= gm(RCllfo + R,_>

= —(30.3)(_&5&]]22_)

2.54](95.2 + 4
Gj =-11.6 mA/V

4.16
I _ 4-0.7
B9 T 51 a0)(5)
]cq = 0.647 m.A

= 0.00647

2. 80 < hye €120, 10 < hoe < 20 48

e <3.7KQ.
245k S hie <ITEQ

low high
gain gain

%
|
‘i@ %R %“‘e @;ﬁ. b, %
=

Vo = —h;,!a(i “ Re " RL)
Rg

Lo RatRs
b=
RTH+hu

Rry = Rp||Rs = 5|1 = 0.833 k{1

66
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High-gain
5
Vs
(s + 1)
h= a1y = 018385
Low-gain
5
Vs
(5 + 1)
= Gaast 245 = 02538V
Ror
1
hoe =10 = || Re " Rr =310 0010 " l
= 100§2 = 1.96 k2
For
hoe = 20 = ——"4"4_50112_192kn

0.020
[Aui,, = (120)(0.1838)(1.96) = 43.2
|Aul,, = (80)(0.2538)(1.92) = 3.0
39.0 < |A.} < 43.2
b. R, = Rp|lh,. = 5|13.7 = 2.13 kQ
of R, = 5{|2.45 = 1.64 kQ
1.64 < R, <2.13 kR
Ro =

c =

1
0.010 H 4=
| 4= 50[|4 = 3.70 kQ

1
|
ot Ry = 3 I

0.020
3.70 < Ro € 3.85 k2

4.17

V¢<= oV

Assume an npn transistor with =100 and
V=00, bethc=10V.

|A]= m =50

Bias at I, =1mA and let R, =1kQ

For a bias stable circuit

R, =(01)(1+ )R, =(o 1)(101)(1) = 10.1 kQ

1 101
Vg =—Rpy Ve =—~(101 )(10)=—=

1

l
I‘Q =i—5«-)'=001mA

100]j4 = 3.85 k2

67

Vig = 15Rpy + Ve (0”) +(l +ﬂ)laoR£

191 _ (0on)(10.4)+0.7+ (101)001)(1)

which yields R, =558 kQ and R, =12.3kQ

Now
_ (100)(0.026)
1

=2.6 k2

rll

g = =3846mA/V
0.026
Va = —ngnRC

where

R [Rlr [ 104)2.6
" [WJ i [W)V

or

V, =0674V,
Then
A= :’/— =—(0.674)g, R, = —(0.674)(38.46)R, = ~50

which yields R, =193 kQ
With this R, the dc bias is OK.

6—0.7
10+ (101)(3)
Icg=169mA, Igg =171 mA
Veeg = (16 + 6) — (1.69)(6.8) — (1.71)(3)
Vepg =5.38V

a. Ipg = = 0.0169 mA

169
= = g = Y
b gm = G T gm =SS mA/V
o= (000020 sk, s = o
~B(R|R R,
(©) 1_ (C“ L) B“

- +(1+ )R, R,|R,+R,
R, =r, +(1 + B)Ry =154 +(101)(3) = 3045 kQ
Ry|R, = 10J3045=9.68 kQ

Then
-(100)(6.8[6.8) [ 968
154+(101)(3) (9.68+05)
A, =-106

( Re
0 = (RC+RL>(—5'¢>)

i—-( Re )l
*T“\Re+rn+(0+8)Rs /)"

L Rc Rp
A = (ﬂ)(RC+RL>(RE+r'+(1+5)RE

6.8 10
= _(100)(6_,3 " 5_,3) (m + 1.54 + (101)(3)

= A, = —-1.39

)
)
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(d) R, = R; + Ry|R, =05+10[3045=102 kQ

_ﬂ(RC“RL) . Rg||R,
re+(1+ B)Re R,|R, + R
_ —(100)(6.8}6.8) ( 968 )

154 +(101)(3) \9.68+1
A, =-101

A, = same as (¢) = A, = ~1.59

© A=

4.19
i,
+
+
-L)<Q _)zr
+ _ e 3“‘0%
_Uba_ —
!
+
<e
- Lﬁ’"va
VCe 1
r = _———
gmVCe gm
Sor.=rg (—]—-) u o
LR
4.20

Let Voo =25V
P=(Iy+Ic Ve =012=(I, +1.)25)=
Le+1.=48 A, Let I, =8 pA, I.=40puA

V
R.+RIE%=38§=:31251<Q
R

421

40

IBQ = 1—66 =04 /M

Let R, =2 kQ. For a bias stable circuit

Ry, =(0.1)(1+ B)Rg =(0.1)(101)(2) = 202 kQ
1

Vin = }—'RTH Vee = 1pgRpy +Ve(on)+(1 + B) 5oRe
i

—1-;-(20.2)(25) =(0.0004)(202) +0.7

+(101)(0.0004)(2)
which yields R, =64 kQ and R, =295kQ
r, =m(—)—2—6l= 65k  Neglect R;
0.04
v, -BR
A = Vo. E___EC_
5 rx+(l+ﬂ)RE
~100R
~10=———CS— = R.=267kQ
65+(101)(2) = ———m—

With this R., dc biasing is OK.

Need a voltage gain of 100 =20.

Assume a sign inversion from a common-emitter is
not important. Use the configuration for Figure
4.28. Need an input resistance of

_ 5x1073

" 02x107

R, =Ry|R, . Let Ry, =50kQ, R, =50kQ
Ry=r, +(1*ﬁ)RE E(1+ﬁ)RE

=25x10° =25 kQ

For =100, R, = Ry =—59=o.495m
1+4 10t
Let R, =05kQ, V=10V, I, =02mA

Then I,, = 02 _ 0.002 mA
100
Viy = TpoRey + VBE(O") +(1 + )B)IHQRE
Ri~ Ry Ve = 7;—(50)(10) =(0.002)(50)+0.7
1 1
+(101)(0.002)(05)
which yields R, =555kQ and R, =55kQ
Now

PR r,=(100)(0'026)=13m
r. +(1+ )R, 02
SO
~(100)R,
=———f o= R.=12.
13+(1o1)(05):’ Re=127ka

{Note: 7,,R. =(02)12.7)=254V . Sodc biasing
is OK.}]

68
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~BRc
e + (l + ﬂ)RE
Rirst approximation:

=80, A, =

(A) ~ €~ 10 Re = 10R:
Rg
Set Re = 12R¢
Vec = Vec = Ic(Rc + Rp) = 10 ~ Ic(13Rg)
For Vec = %Vcc =5
5=10—Ic(13Rg)
Ror Ic = 0.7 mA

Ig =0.709, Ip =0.00875 mA
= Rg =0.55kQ — R¢c = 6.6 k1

Bias stable =
RiflR2 = Rry ={0.1)(1 + 3)Re

= (0.1)(81)(0.55) = 4.46 kQ2
10 =(0.708)(0.55) + 0.7 + (0.00875)(4.46)

+ 2 (4.46)(10)

R,
8.87 = ——(4.46) = R, = 5.03 kQ
3 B =503k
5.03R,
———— = 4 .46 = 36.4 kQ
3.034+ R, = EZ—_——-
10 10

= =0.225 mA
Ri+ Rz 5034394 m

0.7 + 0.225 = 0.925 mA from Voc source.
(80)(0.026)

Now Teg = _—BT— = 2.97kQ
o

69
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423
+5V

-5V

g =120

Let Icq =0.35mA, Ipg = 0.353 mA
Ipg = 0.00292 mA

Let Re = 2kQ. For Vegg =4V =
10 = 4 + (0.35)Rc + (0.353)(2)
Re =15.1KQ, 1, = L‘:‘%Sml
A = —B(Rc||R) _ _(120)(15.1][10)

T 8.91
, = —~81.0

= 8.91 k2

For bias stable circuit:
R;“Rz = Rry =(01)(1 + B)Re

Ve = (-—’3-’-—)(10)4:}!}—.3”-(10)—5

1
Vry = IpgRry + Vpelon) + (14 B)IpqRe =5

72‘-(24.2)(10) — 5 = (0.00292)(24.2) + 0.7

+ (121)(0.00292)(2) - §
L(242) = 1.477, Ry =164 kD
R, —

164 R,
S84 242 = R, =28.4KkQ
164 + R, B
— 10 0052, 0.35+0.052 =0.402mA
164 + 284 La8zmA

4.24
From Prob. 4-10:
Rry = Ri|}R2 = 10}|50 = 8.33 kQ

, R, 50

1% = ———m {12} = | ————— =]0V
TH (R,+R;)( ) (50+10)(12) !
_12-07-10
T 8.33 4 (101)(1)
Icg=119mA, Jgq =1.20 mA

Vecg =12 = (1.19)(2) — (120){1) = 8.42 V

Ipq = 0.0119 mA
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! 1 AFEENTINE

Forl <vgc <11
Avpe =11 ~ 8.42 =2.58
=> Output voltage swing = 5.16 V

(peak-to-peak)
4.25
5—-0.7
I = = 0.
5O = S0+ (101)(0.1 4 12.9) - 00315 mA
Icg = 0.315 mA, Ipqg = 0.319 mA
Veeq = (54 5) — (0.315)(6) — (0.319)(13)
VCEQ =396V
\.—-G.: {oad lina
\ Siers= =L
oSus |~ =-2 o

3.7 o

Aic = —E%Augc

For Aic = 0.315 ~ 0.05 = 0.265

= |Avge| = 1.62

vEc(min) = 3.96 — 1.62 = 2.34

Output signal swing determined by curreat:
Max. output swing = 3.24 V peak-to-peak

4.26

1
For R.=6kQ, V,=5- (l%))(o.as)(s) =292V

035
Ve ==1,0R; = Vg (on) = "1'63(10)_0'7 =-0735V
Then Vi, =V, -V, =292~(-0735) =366V

Bvee = Aic-R. =5 (45-3.66) = Ai (6)

sothat Ai. =0.14mA

(2) Total Avy, =2(45-366)=168V peak-to-peak
(b) Total Ai, =2(0.14) =028 mA peak-to-peak

4.27
Ieq =080 mA, Icq =0.792 mA
Isq =0.008 mA
Vg = 0.7 + (0.008)(10) = 0.78 V
Ve =IlcqRc —5=(0.792)(4) - 5= -1.83 V
Vecg = 0.78 — (~1.83) = 2.61 V
Load line: Assume Vg remains constant at = 0.78 V

\f,qc load line
= '
\3=re= 2

ATPLE - = = == = =

-1
kQ
Collector current swing = 0.792 — 0.08

Aic = *Vec

=0.712 mA
[AVe] = (0.712)(2) = 1.42 V
Output swing determined by current.
Max. output swing = 2.84 V peak-to-pesk

L 2.84
Swing in 3o current = -

= 0.71 mA peak-to-peak

4.28

6 ~0.7
T 0+ (100)(3)
Icg=1.69mA, Igg =171 mA
Veeq = (16 +6) — (1.69)(6.8) — (1.71)(3)
Vceg =5.38V

M—lt ImJ ll'v-q.

-
\ StLePL= _'!-.T!—-P_S-
Layh--2

Ig =0.0169 mA

3038 azx

70
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Aic = — Ay For maximum symmetrical swing
64
Ror u“(min) =1 V, Avee =538~1=4.38V At = ICO ~0.25
= |Aic) = %—3—2 = 0.684 mA Avcg = Vegg - 0.3
g i d18ic] = gpere 18
Output swing limited by voltage: and [Aic| = g vCE|
Ave. = Max. swing in output voliage
, . V -0.5
= 8.76 V peak-to-peak Icg—1025= _C—f)$54_5—
Big = %A:‘C = Aig = 0.342 mA Vepq =5~ Icq(1.1)
(pcak-lo-pcak) 0.545(1cq —-0.258) = [5 - JCQ(I.I)] - 0.5
429 (0545 + 1.1)Jcq =5 — 0.5 +0.136
' Icqg = 2.82 mA, Isg =0.0157 mA
=V ‘ {7
Z14 N \ / = ,‘T Rrm = Ri|jR2 = (0.1)(1 + )R
A slope= B = (0.1)(181)(0.1) = 1.81 kQ
. 1 -
T+ - V1H=R—‘RTH‘V' = IlgqRru + Vee(on)
1
+ {1+ 3)eoRe
%(1.81)(5) = (0.0137)(1.81} + 0.7
| ! ' .
+ (181){0.0157){0.1)
! %56: ; 7 1
—(9.05)=1.01 = R, =896k
R ——
. 8.96R .
Avcs(max)zVCE -1, Atc(max)= [CQ m =181 = R, =227k
Avgg = Ai(0.6875). So 43
Vegp —1=1,(06875) and 31
Io=0647mA, Vg, =10-(0647)(9)=4.18V
Verg =Vee = Icg(Re + Rg) 2 Vg = 9= 1,(42)
Then Aig = Iy =0647TmA
9-1,,(42)—1=1,,(0.6875) So Avgg = Aig(4]4)=(0647)(2) = 1294V
So I =164mA and Vg, =211V Voltage swing is well within the voltage
1 specification. Then
Vi =2 Ry Vee and Ry = (0.1)(1+ )R, Avgy =2(1294) =259V peak-to-peak

Ry = ((;.1)(15 1)(2) =302k

Vi = T go Ry + Velon)+ (14 )R
™ 1‘2?4 ru + Vae(on) + (1+ ) LyoRe 8. Rry = Ry||R: = 10J]10 = 5 kQ
s =25 = 00109 mA

432

0 R, 10
Vry = (18) =9 = { ———](18) -9 =0
%(30.2)(9) = (00109)(30.2) + 0.7 + (151)(0.0109)(2) ™ (Rl + R=> (”’ + 1°>

= ‘;;‘i:_‘:?_) = 0.0869 mA
5+ (181)(0.5)

Icq =15.6 mA, Jgq =15.7TmA

1
which yields R, =629 kQ and R, =58.1kQ 9

430 Veeg =18 - {15.7)(0.5) = VCEQ =101V
dc load line
b. \(-Qr. land line
S = =t
- Tf-:;'l='-(.r5'--/4 \ Lere o.57)1eS
\—ac lead lime ee =i
- = = A3 it AT T3
%a ; Sweres 1t
t - |
: \ QYK 7ol T8
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S (1803206026) 0,30 kO A, =0484
_ (1+B)Re|R,) R|R,|R, d R =re+(1+B8)(RellRL)
T +(1+BYRJR) R[R,|R, + R

Ry =149+ (121)(2“2) = R, = 122 kQ1
R, =r,+(1+ B)(R[R,) =030+(181)(05}0.3) —

or R,=342kQ P +R|RAR; _ 149455
R|R,JR, =342=436kQ R Y 1 121
__(181)(0sfo3) ( 436 ):} 4 = 0806 R, =325Q
03+(181)(0503) \436+1) = ————
4.34 \
d R =re+(1+B8)(RellRy) : g

— pe———
Riy = 0.30 + (181)(0.188) = R,y = 34.3 kQ = Ty, + N =
Dt s ¢
=081,
re+R “RZHR 03+q|1 C_) - Am @
23
o 181 S \CZ kiR,

_6189 Ze% 2 K‘_

W 4.33
==

8. Rrg = RijjR: = 1010 = 5 kQ

o

R,
={ =—2_)(-10) = — R
P Vru (R,+R,>( 10) = -5V 1°=(1+,3)1,,(R_£__)
e+ Ry
Vry = IgqRrm + Vpgp(on) + (1 + B)IsgRe — 10 ; 1( Ri||Ra )
- - Y (. b =ds\ =
Ipg = =>=27 (=19) _ 6.0174 ma Ri||R2 + Re

5+ (121)(2)
Icg =2.09mA, Igg=211mA
Veeq = 10 — (2.09)(1) — (2.11)(2)

by Riy =1y + (14 8)(Re||RyL)

VCC = 10\/ For "cgq =35V

5=10-( +g)[ch5

= chg =363V 3
5 =80, For Rg = 0.5 k0
o b. Icq =9.88 mA, Igg = 10 mA, Ipg = 0.123 mA
_ (80)(0.026) _
T = —_—9.88 = 0.211 kO
= R,p = 0.211 + (81)(0.5{/0.5) = R,y = 20.46 kQ
Iy Rg Ri||R2 )
§ = = 3
& A= T (1+')(RE+RL)(R,(|R2+R.:,
8= (81)(1) (————R‘ IR )
RiJ[R2 +20.46
N - (120)(0.026) _ 149 k0 0.1975{Ry|| Rz + 20.46] = R, || R
2.09 Ri||R; = 5.04 kQ
Vra =IggR \% 1 IsgR
o (HANRAR) [ RIRIR, ru = agRri + Vos(on) + 1+ o R
+(1+/3)(REIIR ) RJRJR, + R, T (5:04)(10) = (0.123)(5.04) + 0.7 + (10)(0.5)
Ry=r, +(1+p)R EllR ) =149+ (121)(2]2) =R =797k
R,=1225k0, R|R]R, 5[]1225 480 kQ2 7-2%%-:5.04:: Ry = 13.7 k0
. 2

A= (121)(2“2 (480 + 5)

149 +(121)(2f2)

72
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(b) R, =0211+(81)}05]2)=3264kQ

A=(8 1)( 22 sz, o0t 2.6) - (81)(02)(0.134)
A =217

435
R =Ry R, where R, =r,+(1+S)R;
Vegg =35, Igp= 5-33 “23'5 =075mA
_ (120)(0.026)
* 0.75
R, =4.16+(121)(2) =246 kQ
Then R =120= R, [245= R, =235k
Ipp= 975 _ 000625 mA
120
Vi =1 gpRpy + Ve (0") + (1 + ﬁ)‘,BQRE
1

z Rey Vee = ;}:(235)(5) =(0.00625)(235)

=4.16 kQ

+0.7 +(121)(0.00625)(2)
which yields R, =319kQ and R, =892kQ

4.36
&. LetRe=24Qand Vegg = ;—Vcc =12V

=:'Izq=;—i—=0.5A

Icq=0493 A, Ipg =6.58 mA
(75)(0.026)
0.493

=3.96 Q

"

_ _fg
Iy -(1+ﬁ)1b(RE +RL>

_ Rry
fu = IS(RTH + R..)

Ry=ra +(14+B8)(RE||RL)
= 3.96 + (76)(24[|8) = R = 460 Q

. Rg Rty
A= Is ™ a +ﬁ)(R£+RL) (RTH +R.s)

73

= 24 Rry
8= ('6)(24+8> (Rm +4eo>

Rry
Rry + 460

= Rrp =749 Q (Minimum value)

0.140 =

dc analysis:
. 1
Vrg = — . .V
TH= B Rry - Vee
= IpqRry + Vee(on) + [gqRe

nf—(u.g)(u) = (0.00658)(74.9) + 0.70
1

+ (0.5)(24)
= 12.75
Ry =136 Q, %%:74.9:122: 167 0
b.
\‘,q,c lead line
\ S = 7
oI [~~~ - T~

/-‘L 24

Ale = —%Avu

For Aic = 0.493

= |Avece| = (0.493)(6)

= Max. swing in output voltage for this design
= 5.92 V peak-to-peak

3.96

— |l 24 = 0.0521}|24
5 | u =oom

c. Ro=-1-ﬁ_’-'-§l| Re =
= Rg =52 mQ}
4.37

8. Rryx = Ri||R; = 60||40 = 24 kQ

Rz 40 .
V- = | w— ]V, = | —ee— (3} =2V
Ta (R,+R,> ec (40+60)(°) 2
Ing 5-07-2 50130 mA

=241 (51)(3)

Icqg = 0.650 mA. Jgq = 0.663 mA
Vecg =5~ IggRe =5~ (0.663)(3)

= VCEQ =301V
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I.e3 \v__n‘ load line

\ Stare = L —

EYAm)

= =1

{TSK

_ (50)(0.026) _ _ B0 _
Tr= e =2k, ro = e =123k

Define R} = Rg||Rr|lro = 3{|4[|123 = 1.69 kQ
(1+ B)RY _ _(51)(1.69)

re + (1 +S8)R, 2+ (51)(1.69)

= A, =0.977

_ RE“TO
Ac=(1+ ﬂ)jb(RBHfo + RL)

Rty
1 = 15 ———
* (Rm +R..,)

Ry =rn.+(1+8)R) =2+ (51)(1.69) = 88.2
Rgllro = 3(|ro = 3{]123 = 2.93

A = (51) 2.93 24
T 2.93+4/\ 24 +86.2

= A, =4.61

A, =

d Re=re+(1+8)Rel|RLlro =2+ (51)(1.69)
=% R, = 88.2 k0

Ro = | 2= = (%) | 5= 003923
Ry =38.70Q

e.  Assume variations in r, and ro have negligible effects

Ry =60x£5% — R =63kQ, Ry =357k
R, =40 5% R, = 42 kQ, R, =38k
Rg =3%5% Rg =3.15k?, Rg =285k
R, =4+35% RL = 42kQ, Rp = 3.8kQ2

R;-;"ro ) ( Rryg )
A =
(1+ B)<REH'0 + R/ \Rra + R

R =rs+ (1 4+ 8)(Rel|Riilro)

Rry(max) = 25.2 k2, Rry(min) = 22.8 kQ
R,,(max) = 92.5 k2, R,s(min) = 84.0 kQ
Rg(max), Rp(min), R,, = 88.6 kQ2
Rg(min), Ri(max), R, =87.4kQ
Rg(max)ljro = 3.07 kQ

Re(min)|ro = 2.79 kQ

Ror Rg(min), Rr(max), Rry(min)

2.79 22.8
A =
(51) (2.79 + 4.2) <22.s + 37.4)

> Ai=4.21

For Rp(max), Rr(min), Rry(max)

A = (511 3.07 25.2
v = (81) 3.07+3.8/\252+88.6

= A, = 5.05

4.38

The output of the emitter follower is

For v, to be within 5% for a range of R, , we have
RL(.min) - (099) R, (max)
R, (min)+R, R, (max)+ R,
4 (0952
4+R, 10+ R
R, =0364 kQ

-+ R|R,|R
Wehave R, = (%’Ji){ksuro

The first term dominates
Let R[R,|R; = R;, then

which yields

,E————r"+R‘=>O.364=r‘+4
1+f 1+8
or
0364ty bt B, 4
I+ 148 1,(0+8) 1+
0364 =YL 44
Ieo 1+4

The factor 4 is in the range of 4 =0.044 to
1+8 91

4 £00305. Wecanset R, =032=—~1

131 co

Or I, =008125mA. To take into account other
factors, set I, = 015mA,

1= 000136 ma
110

For Vg =5V, set R, =65—-5-=33.3kQ

74
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Design a bias stable circuit.
1

Vo= J10)-5= L 103

Ry, = (01)(1+ )R, =(0.1)(111)(333) = 370 kQ
Viu = 1o Rey +Vye(on)+ (14 B)I ;oR; ~5
So %(370)(10) ~5=(000136)(370) +0.7

+(111)(0.00136)(33.3) -5
which yields R, =594 kQ and R, =981kQ
Now

(1+B)(R]R,) ( Royl[Re ]

e+ (14 BY\ReR) \ ReglRy + B
Re=ru (4 AYRR,) and =2

For =90, R,=4iQ,
r. =156 kO, R, = 340.6 kQ

(91)(33.314) 370]340.6

T 156+(91)(3334) 370[3406+4

A, =09332
For f=90, R, =10k
R, = 7154 12
_(91)(333]10) 370[7154
" 156+ (91)(333)10) 370[7154+4
A, =09625
For =130, R, =4k
r, = 225 K2, R, = 490 kO

_ - (131)(333)4) 370490

" 225+(131)(33.3)4) 370[490+ 4
A, =09360
For f=130,R, = 10kQ
R, = 1030 kQ

_ - (131)(333]10) 370J1030

" 225+(131)(333]10) 370[1030+ 4
A, = 09645
Now v, (min) =|A, (min)|- v, =3.73sinar
vo(max) =|A,(max)|- v; = 386sin
Ao _ 359,

Yo

4.39

8. Rrg = Ri||R: = 40|60 = 24 kQ

Vim = (-6—0-%>(10)=6V
B=75

_ 6-07
=24+ (765)(5)

ICQ = 0.984 mA

Ipqg =0.0131 mA

75

B8 =150
Isg = 6 — 0.7
24 + (151)(5)
Iceqg =102 mA
B=15
_ (75)(0.026)
T 0.984

= 0.00680 mA

=198 k{0

8 =150

re = 3.82 kQ2
8=175

Ri=r-+ (1 +3)(Re||RL) = 65.3 kQ
8 =150

R =130 kQ

__(1+B)(RJR)  R[R:|Rs
T r+(1+ B)(RR,) R[R,[R,+Rs

For f=75, R|R,|R, =40|60)653=175kQ
_ (76)(0833) 175

A= 198+ (76)(0833) 175+4

A, =089

For f=150, R[R,|R, =40|60)130=203kQ

A= (151)(0833) 203
382+(151)(0833) 203+4
A, =0811

Rg Rru
A= (1+5)(RE +RL> (RTH 5 R.b)

8 =15

5 \/ 24 -
= 2 V)= A =110
A (16)(54_1) k24+65.3) ‘

8 =150

5 24
- SV (=2 _) = 4 =106
A (151)(6> (24+130> TR

17.0< A <196

b. Current gain is the same as part ()

(b)For R =5 kQ
B=15= A =0754
B=150=5 A, =0779

05
(a) I, =8—l=0.00617 mA

Vs =150R, =(0.00617)(10) = V, =00617V
Ve=V, 407> V,=07617V
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() Iog= (05)[Q) =0494 mA @
8l V,,[__RML}V _( 10J44.7 ) V. = (0803
gm=Lci2.=.(.)igi: g, =19mAIV ! RsﬂRib*'Rs ! lql44.7+2 ! ’ :
V; 0026 oo Then
. = (0.803)(0.906 =0,
r‘=ﬁv7':.(_89_)£9_02_62: r,=421kQ A ( )( )::' A, =0728
I 0.494 Lo A, = 148 ‘(Unchanged)
vV, 150
=h o =304 kQ
"l 0494 RIS 441
© V, =(1+ PR,
[ = v,
«S \/;I b_rx+(l+ﬂ)RL
-_— - _ (1+ﬁ)RL
y =5 O USa A=+ AR,
5 s "7 For f=100, R, =05kQ
4
_ (100)(0.026) _ 5240
= l - 05
_ (101)(05)
h =0 09066
- e Then A,(min) 52+(101)(05)
L For f=180, R, =500kQ
- 180)(0.026
For Ry =0 ,=~(-—)0(————l=9.36k52
|4 (181)(500)
V,=— =+ ng,}R r =t =09999
(rx ) Then A4, (max) =5 S (181)(500)
so that
4.42
| /A —
(ljﬂ}RL"r’) 8. Igq =1mA, Vceqg = Vec — IegRe
Now §=10-(1)(Re) > =540
V,+V =V, Ipg = o1 = 0.0099
or 10 = IgqRg + Vee(on) + IeqRE
V,=V,-V =V 40— 10 = (0.0099)Rp + 0.7 + (1)(5)
(l+ﬂ} Ll = Rp =434 k{2
We find b
=Yoo (A(RE) _ (81)(ospoq) >
V, o +(1+B)R.r,)  421+(81)(05304) A
R
E___(_S.Q(_.i)_ﬁ A, =0906 :
421+(81)05)  —~——— =
Ry=r,+(1+ B)(R,fr,) = 421+(81)(05) = 44.7 kQ _ (100)(0.026) ., .o
R "= T ey T~
1,,=[ £ ]'l and [ =( % )(Hﬁ)[ Vo (1+ 3)REe (101)(5)
1 o b — . — -—
Ry +R, LR, v T4 (14 3)Rs - zesr o)) 00
Then 4
I, R, r ¥ = 0995 ~ 0.995
A I, —(Hﬂ)(R, +R,.,,Ir, +RL] = vp = 4.02 V peak-to-peak at base
10
. =(81) ——— .=
A= i 0= Aziss
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Ry=re+ (l +}3)R£ = 508 k2
RpllRw = 434|508 = 234 kQ

Rp||R.b 234vs 234
vy = cyg = - = Vs
Rel|Ris + Rs 234 + 0.7 2347
vy = 0.997v5s
4 02
= = 4.03 V peak-to-peak
= Vs Geer VS peak-to-p

c. Ri=r1e+(1+8)(ReliRL)

Rip = 2.63 + (101)(5]{1) = 86.8 kQ
RBMR.(, = 434||86.8 = 72.3 kQ
72.3

= | ——— =0.99v5 = (0.99)(4.03
v (72.3 T 0.7)"5 0.99v5 = (0.99)(4.03)
vy = 3.99 V peak-to-peak
(L + B)(RellRL) \
+ (1 + 8)(Re||RL)

___(101)(0.833)

= 2.63 + (101)(0.833)
vo = 3.87 V peak-to-peak

Vo =

(3.99)

443
P, =ii(rms)R, = 1=i(rms)(12)
so i, (rms)=0289 A= i,(peak)=12(0.289)
i,(peak)=0409 A

v (peak) =i (peak) R, =(0409)(12) =491V

Need a gain of —S—I =0982

With Rg =10 &0, we will not be able to meet this

voltage gain requirement. Need to insert a buffer or
an op-amp voltage follower {sec Chapter 9)

between Rg and C,,.
Set =054, Vgp= %(12—(—12)) =8V

24=],R; +Verp =(05)R, +8= R, =32Q

Let =50, Igg=33(05)=049 A
r,———w—Z.GSQ
I, 049

Ry =1, +(1+ B Re|R,) = 265+(51)(32]12)
R, =448Q

I,Q_%g—ow98A 98 mA

71

Chapter 4: Problem Solutions

24

Let Iy =— =101, =98 mA
l+ 2

Sothat R, +R, =245Q

R
zR (24)-12=1I4,Ry, +Vie(on)

1 2

(—’i’—)(m): (0.0098)R,R, N
245 245

Now R, =245-R,

So we obtain

4x107° R} +0.0882R, - 16.7=0

which yields R, =175Q and R, =70Q

TH=
+IgpRe —12

07+(05)(32)

4.44
(a) Ry =R|R, =256{10.4 =740 kQ

Vin = [ R+ Rz)( Vec)= (m)(ls) 52V

Vi = 1o Rpy + Ve (on)+(1+ )1 5oRe
_ 52-07
27 7.40+(126)(3)
Then I, =146mA and I, =147mA
Veeo =Vee = IgRe — I goRe
Vegg = 18— (146)(4) - (147)(3) = Vo =775V
(®)

=00117mA

.= (125)(0.026) _ .
146
gm=—1ﬁ§—=562mA/V
0.026

ﬂ —

=

Te

T & 2R, %

—

_r,+Ry 223+740
T 1+p 126
~(RsJRe) ~(100f3)
T (RJR:)*+ R, L ~ (100f3)+0.0764
or I, =-(0974)1,

Vo=t vl ={ 75 )

=0.0764 kK2
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Then

‘I’_i - ”(%)(—0.974)(&“&) = (125)(0 974)(44)
Then

R, =

%—:193&—193"/"1.4

(c)

Vx = l:(RS“RE“Rc) =

1=
0.0744

which yields % = %(0.0744) =193

5

1,(100[30.0764) = 1,(00744)

or

or Av‘——-—259

.I'

_B(RJR)
(a) A‘,—m, R,_-leQ, ﬂ~100

Let R|R, =50kQ, I, =05mA

Vi = 1agRey +Vie(on)+(1+ S),,R,

Iy = 05 95 _000smA, 1, = (100)(0.026)
100 05

-l:—- Ry -Vee = %(50)(1 2) =(0.005)(50)+0.7
t 1

=520

+(101)(0.005)(05)
which yields R, =500kQ and R, =556 kQ
_(100)(12]12)

52450 10.7, Design criterion is met.

(b)
Ig=05mA, I,,=0505mA

Vege =12~ (05)(12) - (0505)(0.5) =
Vg =575V

05
A =g (RJR,), g =-—r=
g(RJR.). &. o0 = 1923mAIV

A, =(1923f12)12) = A =115

i,(peak)=25yA, v,(peak)=5mv

-3
So we need Rm=i=——5—£!9—-—
i 25x10°¢

1

From Problem 4.44

=g e e

Let R.=4kQ,R, =5kQ, R, =2 kQ
Now B=120, so we have

2= Je "5’{ T } ”“[R_ﬁe"_RT)

=2x10°=24Q

Then —R—snﬁ—— =0.909
Rg|R: +R,

Re|Ry =502 =192 k2, so that R, =0.192kQ
Assume Vi, =6V

Vee 2 Teg(Re+ Re ) +Vegg
12=1,(4+2)+6=21,=1mA

,,2(1_29)(10&6):3_12“1

R =St Reu _ 0192 = 312+ Rey
1+ 121

which yields R, =20.1 k2

Now Vi, =1g,Rp, +Vy(on)+1,R,
1 121

10 =——=000833mA, I,
#7120 (

m)(l) =1008 mA

Vig =— Ry Vec =

R, —;—‘(20'1)(5) =(0.00833)(20.1)

+0.7 +(1.008)(2)
which yields R, =349kQ and R, =474KkQ

a. Emitter current
lgg =lcc = 0.5 mA
0.3

= —— = 0.0049

Inq ™ 5 mA
= IEQRE = (0.5)(1) = VE =05V

Vg =Vg + Vge(on)=0.5+0.7 = VQ =1.20V
Ve =Va+IpgqgRs =1.20 + (0.00495)(100)
= Ve=17V

(100)(0.026)

= =3.2
b e = 1100)(0.00495) = >3 k&
__ (100)(0.00495)
gm = et = 19.0 mA/V
R:
\ DY
—t /t——\ 14
e D f
RL

fe A z,ura,‘;r
(RE«'-@:)’

78



Vo = —gmVr(Rp||RL)

Rg
v (mems)ve- )

mvﬂ - =
g + ™ + RSMRE 0
1 1 "(R R:R )Vs
Velgm + — + = £ S
[9"‘ RsnRs] Rs|| Rz
1
| ———— Vs
1 1 (1 +0.05)
Ve l19.0 4 —— -
[19 O+sa:t o.osnl] 5.05]1

Vw(40.19) = ~20Vs = V, = —-(0.4976)V5
Vo = (19)(0.4976)Vs(100}j1)
Ay = 9.36

c.

%
V1~ 26 "Vr ‘J?w-
V 1%
Ix= X4+ X g Ve, Ve=-Vx
R r

RS R TL T

4.48

S

1 1
or EjflTe P 11i5.25 19
R; = 0.84]]0.0526
= R, =49.5Q
20 -0.7
R = -1
a EQ T 1.93 mA

Icg =1.91 mA
VeEcqg = Vecec + Vep(on) — IcRc

=25+ 0.7 - (1.91)(6.5)
= Vgcq =133V

b.
R, "
21 - /\\.kI\
: 4
—_— _f" <
I ] e P
Re l hie < -
I, _1

4.49

Chapter 4: Problem Solutions

Neglect effect of ho.
From Problem 4-16, assume
2.45 € hie < 3.7kQ

80 < hye < 120
Vo = (hyeds)(RcllRe)

h|¢ RE
Rie = T+h Ie= <R£+R.,>Is

Iy = <__’__) Je=m — V5
b 1 <+ h[¢ ' s RS + RB“RIe

— [ _hse Re
= () rern (5 )

(7r)

High gain device: h,. = 3.7kQ, hy. =120

3.7
= — =0.0306 k
R 121 0.0306 kQ

REgl|Ric = 10]/0.0306 = 0.0305

120 10 1
v = | = .5
A (121)(6 “5)(10 +0.0306) (1 1 0.0305

= A, =2.711

Low gain device: h,. = 2.45 k2, hy. = 80
Rie = —2;;5 =0.03025 kQ

REglR.e = 10]}0.03025 = 0.0302

80, . 10 1
Av = (H)(G‘°”5)( 10 + 0.03025) (1 +0.0302

= A, =270 So A, =~ constant
270 < A, € 2.71

c. R, = Rg||R..
We found 0.0302 < R, < 0.0305 kO
Neglecting hoe, Ro = Rc = 6.5 kQ}

a. Small-signal voltage gain
Av = gm(Rcl|RL) = 25 = gm(Rc|[1)
For Veeg =3 V
= Ve = -Vecq + Vep(on) = =3+ 0.7
= Ve =-23
Vee —IcqRc+ Ve =0

5-23 2.7

=?IC0= RC =Fg=1cq

For Icq =1mA, Rc =27k

1
- = e = 38.3 v
g 0076 38.5 mA/
A, = (38.5)(2.71) = 28.1

Design criterion satisfied and Vecq satisfied.
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100
Vee = IgRg + Vep(on)

Is = (“”)(1)_101 mA

5—0.7
Rg = = 4.
= Rg To1 = Rg = 4.26 kQ
AVr (100)(0.026)
b, reo= = MRS
Icq 1

= rp =26k, gm =38.5mA/V, rg =

4.50

R, 20
. Vs = | —~%e Ve = | ——](10
& Yrm <R1+Rz> ce (2o+so)( )
= Vrg1 =20V
Rty = Ri||R2 = 20]|80 = 16 kQ
2-0.7

Ipy = —————— =0.0111 mA
B = 16 + (101)(1) o
Ic; =1.11 mA
= =L = 42.7 mA/V
gm1 = 0.026 u___
Tw = -(—19—9-)—09-2-2 = 1y = 2.34 k0
1.11 —_—
T = x =>T o0
01 = 1.11 01 =

= (B = 15 =150V
Vruz = (R3+R4>VCC = (15 +85)(10) =150V

Rrys = Rs||Ry = 15]|85 = 12.75 kQ

1.50 — 0.70
Igy = W = 0.0126 mA
ch = 1.26 mA
1. 26
= gm2 = 0 026 = gm2 = 48.5 mA/\'
_ 100)(0.026) _
Try = 1.26 = ey = 2.06 k2
roz = 00
b. Au = —gmRcr = —-(42.7)(2)
= A, = —854
Avz = —gm2(Rca||RL) = —(48.5)(4[l4)

= Av2 = =97

c. Input resistance of 2nd stage

Ry, = R;”R—g"f,rz = 15”85"2.06
= 12.75(|2.06 = Ri; = 1.77 kQ
AL: = —gmi(Rc1|Ri2) = —(42.7)(2|1.77)

.,1 = —40.1

Overall gain: 4, = (—40.1)(—97) = A, = 3890
If we had Auy - Ava = (—55.4)(—97) =
Loading effect reduces overall gain

451

Ra 12.7
= | ———— | V, = | cee————
+ Vrm (R, + R,) ce (12.7 673

= Vry; =1.905 V

Rrm = Ri||R2 = 12.7||67.3 = 10.68 kQ
1.905 — 0.70 -
Igy = m = 0.00477 mA

Icy = 0.572 mA

_ 0572
™ m1 =22 mA/V
gmi = 02 < gy =22 mA/V
20)(0.026
T = (1——)‘('7'——) =TIy = 5.45 k§1
0.572 ha
> => I oG
r = =
0= 0572 2

Ry . _ 45
Vraz = (Ra + R.)VCC = (45 + ‘5>(12)

= Vryg, =90V
RrH2 = Ra||Ry = 15]j45 = 11.25 k2

9.0 - 0.70
Igg = —————— = 0.0405 m.
B2 = 1125 + (121)(1.6) 5ma
Ica = 4.86 mA
4.86
m m = \
gm2 0026:79 2 = 187 mA/
120)(0.026
Te2 = (_4)-(86_—1 =2 Tey = 0.642 k1

To2 = X

b. Igy = 0.577 mA

Veegqy =12 - (0.572)(10) - (0.577)(2)
= Vecegqr = 5.13 \Y4
Ig2 = 4.90

)a2)

chq; =12 - (4.90)(1.5) = VCEQ: =416 V

<

e =< load live,

\ Store =

loff7.92

SoIs 25

4.86

80
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Ra = Rsl|Re}| Ry

Ry =r1r2 + (1 + 8)(Re2||RL)
= 0.642 + (121)(1.6[/0.25)

R, =26.8

R = 15[J45(|26.8

R,; = 7.92 kQ

¢. Aun = —gmi(Re1l|Ri2) = —(22)(10])7.92)

= Ay = ~97.2
(1 + B)(Re2ljRL)
rre2 + (1 + 8)(Re2||Re)

_ (121)(0.216)
T 0.642 + (121)(0.216)
Overall gain = (~97.2)(0.976) = —94.9

Au] =

= 0.976

d. R.s = R]"R;”Tﬂ»l = 67.3"12.7"5‘45

= R,s =3.61 k{0

T2 +RS
=T s h
Rq T3 Rgy where
Rs = Ral|Rul|Ren
= 15]|45]|20 = R = 5.20 kQ
0.642 + 5.29
Ro = = “ 1.6 = 0.049]{1.6
= Ry =4750Q
e fic = — . Ave.. Dic = 4.86
: €= ta2t6kn e BlCEE

JAvee] = (4.86)(0.216) = 1.05 V
Max. output voltage swing
= 2.10 V peak-to-peak

5-2(0.7)
I, = =72 mA
@ Iy 0.050
07
Ipy=——=14mA
R2 05

[ = L 72-14 I., =699 mA

@ (Hﬂ)( )= I =699mA
69.9

I, =~ = 0699 mA

27 100

I === |14+0699)= [, =208mA
Cl [l ﬂ ( ) Cl 8

81

(b)

vx = vxl +vx2 +vo

V Vv
1 v, = [’6”:;‘ +—22 4 gm1‘/n1)(0~05)

rnl
100)(0.02
r, = (—u =0.0372 k2
69.9
8y = £929 =2688 mA/V
0.026
vV, = Vn(—l—+ L +2688)(0.05)
005 00372
Vv
so that (1) V, = —2—
D Ver 136.7
) v_ﬂ_+gmlv‘l =Y£+X&2_
rtl 05 r)r2
100)(0.02
r, = 100N0026) o6
2.08
Em = 10—8- =80mA/V
0.026

v,,(—l..+so)=v,z(l+ : )
1.25 05 00372

V,,(808) =V,,(28388) = (1:&7 )(28.88)

or (2) V,, =V, (0.00261)
Then

V.
V, =V,(000261)+ —2—+V, =V (100993
=V.(000 )+l36.7 aad )

V,
o =-2=0990
T A, v

()
Ry=r,+(1+B)R,]
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”;:t +
\4 0_;,2;\. szi 2 \L
A

|

f Ve Ve _y (L, 1
05 r, 05 r,

V. V.-V,
Yo YTV g Ly
005 005 T E&mVm

I (——l +g )

x m2
V, _11 =V11(_—l—+ MZ)::-L
0.05 0.05

We find ‘I’— =R, =289kQ

Then R, =125+(101)(289)= R, =293kQ

To find R, :

g V., -
005~ EmiVen 003)r,,

Q@ V,= [% +8uVa ](o.osurﬂ)

1) 1=

x|

= v,l(ég +80)(0.0S]]0.0372)
or V,, =(172)v,,
(B) Vo +V,+V, =0V, +(172)V,, +V, =0
so that V,, = —(0368)V,
and V,, =(172)f~(0368)V,]=-(0.633)V,

Do
4

% Soa

4.53

v, !
Now I, =2V g +—r—
7005 ”(g“’ 0.05]|r,1]

So that

\% 1
I, =—2-+(0.633)V | 2688 + ———
* 005 (0633) [ 0.05([0.0372}
which yields

&:%:%%Q

x

a. Rry = Ri||R2» = 335|]125 = 91.0 k@

125 + 335
Vry = IpyRra + Veer + Vee: + Ip2 Rea
Igs=(1+8)g =01 +5)Im

= (—ﬁi-)(m) =217V

_2.717 - 1.40
T 91.0 + (101)(1)
len =128 phA

Ip; = Ip = 0.128 uA

Ica = 3Ig1 = 3{1 + 8)Is = (100)(101)(0.128 pA)

Ico = 1.29mA, gz =1.31 mA
Irc =lca+1Icy =1294+0.0128 =1.31 mA

Ve =10 = IrcRe =10 = (1.31)(2.2) = 7.12 V
Ve =Ig:Rgy = (1.31)(1) =131V

Vepz =712 -131 =581V

Veer = Veg: — Vg = 5.81 — 0.7

Veer =511V
Summary:
Icy = 12.8 uA Ica =1.29 mA
Vegri =511V Ve, =581V
0.0128
= = 0.492 mA/V
b 9m = T 492 ma/
1.29 .
= —— = 49,
gm2 0.026 49.6 mA/V
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Vo = "(gml an + gm2 Vn2)RC
VS‘ = erl +v1r2, Vﬂl = VS - 1r2

Vi
Ve2 = (_r_!_r_l_ + gmi vﬂ) Tr2
nl

Vr2 = Vi (1 * ﬂ) Tw2
Twi

(100)(0.026)

™= Tgotgs 203k
(100)(0.026)

w2 = — "0 — 202 k0

T2 1.29 2k

Vo = —[,gml(Vs - sz) + 9m2 Vw2]RC
Vo = _[,gml Vs'+ (9m2 - 9m1)Vw2]RC

Via = (Vs = Vm2)(1 +ﬂ)(:ﬁ>
Vafi+ 040 (22)] = vs+0)(22)

(1+ﬁ)( “)
1+ (1+8)< 1)

Vo=— gmlvs + (gm2 "‘gml)

Vo
AV—W

02
(49.6 — 0.492)(101) { 222
203 9.2

= —< (0.492) +
2.02
(101)(203)

Ay = —55.2
¢. R = RiljRa||Rw

Ry=rm + (1 + ls)fﬁ’

= 203 + (101)(2.02) = 407 kQ2
R, =91{}407 =744 k0 = R,.
Ro = Re = 2.2k

4.54
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Chapter 4: Problem Solutions

vV -V
(1) I: = gmzvnl +_v_x+ . A +gmlvkl
ruI rnl
-V, 1%
(2) 4+ V=
ral n“"nz

3 Vn =V,=-V,
Then from (2)

L.:V ( ! +gml )
rnl ﬂ Kl“
1%

V
(1) 11=gn12 A £ —_A——gmlvl

ruZ rul L

ol

or 11=V1(—1_+—1—)+VA[3m2——}——gm|)
T Ta T

Solving for V, from Equation (2) and substituting
into Equation (1), we find

4+ L

s 1(1 I J 1( l ]
T \ Tt rxlnrxz i ’m“’n?

For #=100,V, =100V, I, =1, =1mA
Ty =Tn = 1(1)0—100“1
100)(0.02
Fy=ra =——-—~( )(1 6) =2.6kQ
= =3846mA/V
8&m Em2 = 0026 !
Then
1
—— 43846+ ——
10 2626

R =

L —1—+38‘46+———1— +—1—— ;+38.46

100{ 100 2626 ) 100{ 26]2.6
or
R, =500 kQ
Now
ICI—lmA le_«"
Replace [, by la £ _la , 1o, 2001 mA

B 1+8 1+8

razzl—o—o-zlookfz'l;,l 100’—'—‘10,000’((2

1 0.01
g. =1 _3g4smarv, g, =03846mA/V

" 0026
00)(0.0

I =(L—~)(-10—Z§l=2.6 kQ, 1, =260 kQ
Then
R, =664 kQ
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4.55
4. RTH = R) “Rg = 93.7"6.3 = 5.90 kO

R,
Vryg = | =———— |V,
rn = (g | Vee

6.3
= —— =0.756 V
(s.3+93.7)(12) >

0.756 — 0.70

= —0.00949 mA
Tee 5.90 949
Icqg = 0.949 mA

VCEQ =12 - (0949)(6) = VCEQ =631V

Transistor:

Pg = IcqVcEg = (0.949)(6.31)

= Pg =599 mW

Rc: Pr=I%gRc =(0.949)%(6)
= Pr =540 mW

.49

_ 100
= 0.949
Pesk signal current = 0.949 mA

[Vo(max)| = (5.68)(0.949) = 5.39 V
Ve (max) - l[(s.sg)’]

To = 105 kQ

1
Prc = 2 TR 2

= Ppc =2.42 mW

6

4.56
(@) 10=1,,Ry +Vye(on) +(1+ B) 5oR;
;- 10-07
#7100+ (121)(20)
oo =0443mA, I, =0447 mA

=0.00369 mA

For R.: Ppe=(0443)(10)= Py = 196 mW
For Rg: Pp =(0447)(20)= P, =40mW

(b)

Ai. =0443mA, Ave = (0,443)(10) =443V
Then

5 I, .. 1

Pre = -2-(Azc)1Rc = 5(0.443)’(10)

P, = 0981 mW

4.57

10 - 0.7

& Isa = om0

= 0.00596 mA

Icq =0.894 mA. leq = 0.90 mA
Vecg = 20 — (0.894)(5) — (0.90)(10)
= ‘;ECQ = 6.53 V

Pg = IcqVeEcq = (0.894)(6.33) = Pg =584 mW
Prc & I:qRc = (0.894)°(5) = Prc = 4.0 mW
Prp = IEQRC = (0.90)2(10) = Ppg = 8.1 mW

894

-1
T 1.43kQ
Aie = 0.894 = |Ave] = (0.894)(1.43) = 1.28 V

- AvVee

5 .
At = (5 T 2>A:c = 0.639 mA

Prr = %(0.639)’(2) = Paz = 0.408 mW
Prc = %-(0.394 — 0.639)(5) = Pac.=0.163 mW
RE =0

o =5.84 — 0.408 — 0.163 = Pg = 5.27T mW

o

84



458

10 — 0.70
100 + (101)(10)
Icq = 0.838 mA, lgq = 0.846 mA
Vceg = 20 — (0.838)(10) — (0.846)(10)
=> chq =3.16 V

Ipg = = 0.00838 mA

\4——0.: load lime

\ gbOPE = —=!
Kdlgul’”e

o.838l~ ~~
3G 20
100
= —119kD
= Ggas - !

Neglecting base currents:

a Ry =1k

-1 -1
! = =
SI0P€ = To[f1I8 ~ 0.902 k2

A ~1
Bie = —— . Au..

e =gEown S
Qic = 0.838 =5 |Avc.| = (0.902)(0.838)

= 0.736 V
1(0.756)°

Prp = = Pr; = 0.286 mW

ey}

1

b. Rp = 10 kQ

slope = ed T
10)10[j119 ~ 4.80

For

Aic =0.838 = |Avc.| = (0.838)(4.80) = 4.02

Max. swing determined by voltage

=— _ 1(3.16)?
Pry = ~
=270

= Ppy =0.499 mW

85

Chapter 4: Problem Solutions

10 - 0.7

=2 000838 mA
100 + (101)(10) m

a. Ipqg

Icqg =0.838 mA, Igq = 0.846 mA
Vepg = 20 — (0.838)(10) — (0.846)(10)
= Vceq =3.16 V

Pg = IcqVceq = (0.838)(3.16) = Pg =2.65 mW
Prc = I:gRc = (0.838)%(10) = Prc = 7.02 mW

AiC = cAvee

-1
0.909 k2

For
Aic = 0.838 = |Av,.| = (0.909)(0.838) = 0.762 V

" Re : 10 .
= —— = | = | Atc = 0.762 mA
Bio (Rc+ RL)AtC <10+1) e

1 — .

PrL = 5(0.762)2(1) = Ppr = 0.290 mW

Prc = 15 +(0.838 — 0.762)%(10) = Prc = 0.0289 mW
Po = 2.65 — 0.290 — 0.0288 = Pg =2.33 mW
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Chapter S

Exercise Solutions

ES.1
@) Vg =12V, Vg, =2V
Vps(sat) =V —Vpy =2-12=08V
) Vs = 0.4 = Nonsaturation
(ii) Vps = 1=> Saturation
(ii)  Vps =5=> Saturation

(®) Vi =-12V, V=2V
Vps(sat)=Vgs —Vp, =2~(~12)=32V
) Vs =04 = Nonsaturation
(i)  V,s =1= Nonsaturation

(iii)  Vpg =5=> Saturation

E5.2
(a) K"=.vvu"__.g’.£.
2L
39)(885x107"
o =%=%0_1%T2=7.67x10~“ Flem
or x
100)(500)(7.67x107®
- (1o0x 2)((7) X107 K, =0274 mA/V?

) Viy =12V, Vg =2V
(i) Vps =04V = Nonsaturation
I, =(0274) 2(2-12)(04)- (04)' | =
I,=0132mA
(i—i)__V;S—-:l-V = Saturation
I,=(0274)2-12)' = I,=0175mA
(i) Vs =5V => Sawration
I,=(0274)2-12)' = I,=0175mA

Ve = =12V, Vg =2V

(i) Vps =04V = Nonsaturation
1, =(0274)2(2 +12)(04) - (04)' | =
I, =0658mA

(ii)  Vps =1V = Nonsaturation

I, = (027422 +12)(1)- (1)’ ] = 1,=148mA
(iii)  V,s =5V = Saturation
I, =(0274)2+12)" = [,=281mA
ES3
Viw =1V Vg =3V Vi =45V
Vps =45>Vys(sat)=Vg -V, =3-1=2V
Transistor biased in the saturation region
Ip=K,(Vgs =V ) =08=K,(3~1)' =
K,=02mA/V?

87

(@) Vgs =2V, V=45V
Saturation region:

I,=(02)2-1) = I,=02mA

(b) Vg =3V, V=1V
Nonsaturation region:

1,=(02)23-1)(1)-(1)'|= 1,=06mA

E54
(@) Vp=-2V, V=3V
Vep(sat) =V +Vp, =3-2=1V
(1) V,p, =05V = Nonsaturation
(ii) V,p =2V = Saturation
(iii) V=S5V =» Saturation

(b) Vpp =05V, Vg =3V
Vsp(sar) =V +Vp =3+05=35V
) Vip =05V = Nonsaturation
(ii) Vg =2V = Nonsaturation
(iii) Vg =5V = Saturation
ES.5
(@) =0, Vp(sat)=25-08=17V
For Vs =2V, V,; =10V = Saturation Region
I,=(01)(25-08)" = 1,=0289mA

(b) 1=002V"!

Iy =K, (Vgs =V ) (14 AVps)
For Vs =2V

I, =(01}25-08)"[1+(002)(2)] =

Vps =10V

I, =(01)(25-08)"(1+(002)(10))] =
I,=0347 mA

(c) For part (a), A=0=>
For part (b), A=002V™,
r, =A%, (Ves V)| =[(002)01)25-08)']
or r,=173kQ

ro=°°
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E5.6

Vin = TN0+7[\!2¢1 +Vg _\/2_¢T/-]

29, =070V, Vpo=1V
(a) V53=O=5- Vm=lV

(b) Vg =1V,
Viy =14(035)V0T +1-0T|= vy, =116V

(©) Vi =4V,
Vin =14 (035]V07+4 07| = Vi, =147V

ES.7

y, =[Fa 10)-5:( 40 )(10)-5
R +R, 40+ 60

I Veo=-1V
Ve=1I,R; -5
Then

Vos =V =Vi=—1=(I,R;~5)=4— IR,
Assume transistor is biased in saturation region
Ip=K,(Vos — V) =2 ‘RVGS
4=Vgg = (05)(0)Vgs - 1] =
05V —35=0= Vg, =265V

l I,=(05(265-1)" = I,=136mA
Vps = 10— 1,(Rs + Rp) =10~ (136)(1+2) =

: Vps =592V
Vis > Vps(sar), Yes

1=

! ES.8

. R,
= )
G (R1+R7>(10)

200
= (3—5—0>(10) -5=0.714 V

Ve=5-IpR5=5-(12)Ip
So
Vsg=Vs~Vg=5-(12)Ip—0.714

=4.286 — (1.2)Ip

1o = 4.286 — Vs
e= 1.2

2
Iy =K, (Vg +Vr)

4.286 — Vzg = (1.2)(0.25)x

(Vic - 2Vsa(=1) + (1))
4.286 — V56 = (0.3)V3c - 0.6Vs6 + 0.3
0.3V3; +0.4Vsc — 3.986 = 0

—0.4 % \/(0.4)’ + 4(0.3)(3.986)
2(0.3)
Must use + sign = Vsg =3.04 V

Vs =

Ip = (0.25)(3.04 = 1) = [p = 1.04 mA
Vsp =10 — Ip(Rs + Rp) =10 — (1.04)(1.2 + 4)
= Vsp =439V

Vsp > Vip(sat), Yes

ES.9
2
I = Kn(VGS ‘Vm)
0.4 =0.25(Vos — 0.8)° = Vs =2.06 V

R,
’ o = ——— V
Vas (Rl +R2) DD

2.06 = (—3—’-)(7.5) = R; = 68.7 kQ

250

Ry =181.3 k2
Vps=4=Vpp—1IpfAp

Rp = 72; 4 o Rp=8.75kQ

Vps > Vis(sar), Yes

ES5.10
Ip = Vs—;ﬂ and Vs = —Vss
5;VGS
So Rs = =37

Ip= Kn(vcs Vi )2

0.1 = (0.080)(Vgs — 1.2)* = Vgs = 2.32V
5—2.32

So Rs = 01

= Rs =26.8kQ

Vps=Vp = Vs = Vp =Vps+ Vs = 4.5 —-2.32
Vp = 2.18

353—Vp 5 —2.18 ng -
= - Rp = 28.2 kQ
Ao To 01 Se=e=s

Vos > Vps(sat), Yes

ES.11
Ip = 2= Y58 ;{:’“ and 1y =K,(Vig +Vp)’
0.12 = {0.050)(Vsg — 0.8)°
Vsg =235V
Rs= 30?122—35 = R:=63.75 kQ
Vsp = 8 =20 - Ip(Rs + Rp)
8 = 20 — (0.12)(63.75) — (0.12)Rc
Rp == (o.xi?igs.ls) 8
= Rp = 36.25 k0
88
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E5.12
Voo = Ves

=Yop
I, =

» Ip= Kn(VGS "VrN)z

S
10= Vs = (10)(02)(Ves ~ 2VisViw + Vi)

10~ Vos =2Vés - 8Vos 4+ 8
zvé_.- -1TVgs—-2=0

7+ /(7) + 4(2)2
2(2)
Use + sign: Vgs = Vpe =377V

Gs =

10 = 3.77
= ——— = [p = 0.623
10 D 23 mA

Power = IpVps = (0.623)(3.77)

Ip

= Power = 2.35 mW

E5.13

For Vs =22V

5-2.
I,= 522:. I, =056mA

Ip= K,,(VG, ‘Vr~)2
056= K, (22~1)"
K, =o.389mA/v=%£‘_~5»L

2
(389)(2) _

S

~|=

ES.14
(a) The transition point is
V. = Voo =V +Vr~n(1 +yKp/Ko)
' 1+Kp/Ky
5-1+1(1+,/005/001)
1+ ,/0.05/0.01

_7.236
~3.236

=V, =224V

Vo =V =Vipp =224~ 15 V, =124V

(b) We may write

1,= Ko (Vasp = Vo) = (0.05)(224 - 1)"
= I,=769 yA

ES.15
V. = Voo =V +Vr~o(1+1,‘K.o/K.L)
" H'\/Kw/K.L
5-1+1(1+ JK /K, )
25=
1+ K, /Ky

89

25+25/K,,[K, =5+ JK [K, =

5-25
JKo /K, = o =167 =

K,/K, =278

b. For V; =3, driver in nonsaturated region.

Ipp=1IpL

KAD[2(VI Voo Vo =Vo ] =K, (Vose = Vu )1
K

KHD [Z(V/ Vo )Vo - V02 ] = [VDD —Vo - VTNL]Z
al

278025 - YW = V&i =[5~ Vo —~ 1]
22.24Vp ~ 2,78V = (4 = W)°

=16 — 8Vo + V&
378V — 3024V + 16 =0

3024 % 1/(30.24)7 ~ 4(3.78)(16)
Yo = 2(3.78)

= Vo =057V

E5.16

If the transistor is biased in the saturation region
Ip= Kn(vas —VTN)Z = Kn(—VTN )2
Ip = {0.25)(2.5) = Jp = 1.56 mA
Vpe = Vop — IpRs = 10 — (1.56){4)
= Vpe =3.76

Vs > Vs =V =~Vyy

3.76 > ~(-2.5)
Yes — biased in the saturation region
Power = IpVpe = (1.56)(3.76)

= Power = 5. 87 mW

ES.17

We have Vp, =12V <V -V, ==V, =18V
Transistor is biased in the nonsaturation region.
Ip= K"[Z(VGS -V )Vns - V;_;]

and

[o=Voo=Vos 5-12
b Ry 8

1,=0475mA

0475= K,[2(0~ (-18))(12) - (12)']
0475=K,(288)= K,=0165mA/V’

kW MG

L 2
!:0—6.5_)(_21-:5 !—:9.43
L 35 L



p

f

) i

i
i

#

Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

ES.18

(a) Transition point for the load transistor — Driver
is in the saturation region.

Inp=1Ip,

KnD(VGSD Voo )2 = KnL(VGSL - VTNL)z

Vosu(sat) = Vos, =V =~V

= Vpg, =Vop — Vo =2V

Then V,, =5-2=3V, V, =3V
K.p

aL

0.08
001

(V/. - l) = ('VTNL)
V,-1)=2= V, =189V

(b) For the driver:
Vo=V, - Vino
vV,=18%V, V, =089V

ES.19

() For V, =5V, Load in saturation and driver in
nonsaturation.

e

oo =1p,

Kw[z(vl Vo Vo~ Vo ] = KnL("V

2
TNL )

%[2(5— 1)(025)-(025)"]|=4 =
K

2D =2.06

L

e

®) I, =K, (- TNL) z02:1{»1.["(“’2)]2
K, =50uA/V? and K, =103 pAlV?

E5.20
(@) Tpee = K.J(Vasz -V )2 = an(vcn -V )2
VGS.,=2V=:»VGS‘=3V
K, 1
) S P — =
R

2
®) 1= Kn(vcsz ‘Vm)
But Vg, =V, =2V
01=K,,(2-1)’ = K,,=0lmA/V?

() 02=K,(2-1)" =
02=K,(3-1) =

K,=02mA/V?
K, =005mA/V?

ES.21
For R, = 10kQ,V,, =5V, and V, =1V
I, =%=0.4m.4
Ip = K[2Vas =V Wos — Vi)
1,=04=K,[2(s-1)(1)-(1)"] =
K, =005TmA/V?
P=1,Vy=(04)1)= P=04mW

E5.22

Ip=K, [2(Vcs -V )Vns - V;s]

= (0.050)[2(10 — 0.7)(0.35) — (0.35)%:
Ip = 0.319 mA
Voo -Vo  10-0.35

Io 0319
= Rp =30.3kQ

Rp =

B5.23

(a) Transistor biased in the nonsaturation region

Pt Ll

Ip= Kn[z(vcs Vi )Vns “V;s]
12 = 4[2(5-08)V,s ~ V3]
4V) =336V, +12=0= V,  =0374V

Then

R=5~151_20'374: R=261Q

E5.24

a. Vi=5V, VWV, =0, Mycutoff = Ip; =0

5-V,
Ip= Kn[z(vl ~Vm Vo "V;] =_ﬁ
D
(0.05)(30)[2(5 - 1)Vo - V&', =5~ Vi

1.5V —13Vo +5=0

2 _ 4(1.5)(5
13 £ 1/(13)* — 4(1.5)(5) Ve 040\

2(1.5)

0 =

Ir=1Ipy = 3—32.40 = Jr=Ipy =0.153 mA

b. i =V, =35V

3=Vo _ 2K, [2(V, Vi Vo - V3 I

5 — Vo = 2(0.05)(30){2(5 ~ 1)Vo — V¢!
V7 25V, +5=0

90
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y 25 £ 1/(25)? - 4(3)(5)
°= 2(3)

_ §5-0.205

T30

Ipy = Ip; = 0.080 mA

ES.25

Ir = [p = 0.160 mA

@ ID=5-VO

= Kn[?'(vz =V )Vo . Voz]

5—2(;10) - K,[2(5— 1)0.10) - (0.10)2] =

K, =0248ma /V?

3-Vo
25
5~ Vo = 12.4[8V0 - V)
124V = 100.2Vp +5 = 0
100.2 £ /(100.2)% — 4(12.4)(5)
v V(100.2) )5

°T 2(12.4)
= Vo = 0.0502 V

b.

= 2(0.248)[2(5 - 1)Vo — V)

E5.26

Vps(sat) = Vgs — Vp = —1.2 — (—4.3)
= Vps(sat) =33V

Ves\? —1.2
ID=1055(1—- ;) =1'2<1—( 12)

P
= Jp =6.45 mA

E5.27
2
In=fnss(1—- -V—GE)
Ve
Vas \?
1.2 = 2(1 - (~;’5)) = Vgs = —0.564 V.
E5.28
_ Vos\’®
Ip =Ipss (1 i
0.8\?
3= 11)55(1 - 3—-8-) = Ipecz =4.81 mA

V,-o(sat) =Vp~V5s=38-0.8

Vsu!sal} =30V

= Vs =0.205V

Iy =K(Vgs —Viy )’

a. Vg =1035=Jp
= Ip =0.25 uA

b, Vgs =030 = Ip
= Ip =136 uA

il
[3o]
I3
—
o
w
w
t
(=]
1o
3
~—
~

25(0.50 — 0.25)°

E5.30

Assume the transistor is biased in the saturation region.

Vos\®
Ip = IDSS(l -V, >

8—18(1— Vos >2=>v =-117V
- (—3.5) e — =

= Vs = =Vgs = 1.17

b =15 — (8)(0.8) = 8.6

Vps = 8.6 - (1.17) = 7.43 V

Vps = 7.43 > Vgs — Vp = —1.17 — (=3.3)

= 2.33

Yes. the transistor is biased in the saturation region.

ES.31
Ip = 2.5 mA
Vos\?
ID—1D55<1“‘V';'>
Vos \’
2.5 = P = -], V
B 6(1 (_4)> = Vs 1.42

Ve =IpRs—5=(2.5)(0.25) — 5

Vs = —4.375

Vos=6=Vp =6 —-4.375=1.625
5—1625

Rp = ———— = Rp = 1.35 k
2.5 I m——

(20)°
R, + R,
Vo = Vge+ Ve= —1.42 ~ 4375 = —-35.793
. R, )

Ve = | =——— }{20) =10

G (R1+R2 ( ) !

—5.795 = (%)(20) -10 =

Ry = 42.05 k3 — 42 kN
R, = 15795 k1 — 158 kO

=2= R; + R, =200 kQ
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E5.32
Ip = ID,-:_( _ },T/g:i)z
v,;-s _ 6(1 _ _V_z_)z _ 6(1 _ v;_: N y;is\)

0.375V8; —4Vs +6 =0

4+ ,/16 — 4(0.373)(6)
2(0.375)

Vs =8.86 or Vgs =181V

N st R E——

Vos =

impossible
Vos
] = = .
D R< 1.81 mA

Vp =IpRp — 5= (1.81)(0.4) — 5 = ~4.276
Vsp = Vs — Vo = —1.81 — (—4.276)

= Vsp =247V

Vsp(sat) = Vp ~ Vgs = 4 - 1.81 = 2.19

So Vsp > Vsp(sat)

E5.33
R = Ry[|Ry = 02

—=— =100 kO
R, + R

]DQ =35 mA, VS = —]DQRS = _(5)(1'2) =-6V

VS’DQ =12V = VD = Vs - VSDQ

=-6-12=-18V

—-18 - (=20
RD=———5—(——)=> Rp = 0.4kQ
2 2
V.
Ing = 1D55(1 _ _E_S.) oo 5<1 _ ﬁ)
P
Vs =0.838 V

Ve =Vss+ Vs =0.838 -6 = —5.162

Vo = (E,%Tg) (~20)

~5.162 = -}%—(100)(—20) = R, = 387 kO
1

= 100 = (387)R; = 100(387) + 100R;
(387 — 100)R; = (100)(387)
= R; =135 k2

E5.34

Ipp = K(Vgs Vi)' = 5= 50(V; - 0.15)°

= Vgs = 0.466 V
s = (0.005)(10) = 0.050 V
= Vee = Vos + V= = 0.466 + 0.050

= Voo = 0.316 \/

Vb

=5 —(0.005)(100) = Vp =43V
Vps=Vp - Vs =4.3—-0.050

= Vps =443V

E5.35

Ip= K[2(Vcs ~Vru WVos "V;s}

= 100{2(0.7 — 0.2)(0.1) — (0.1)?}]

Ip

Rp =

92

=9 uA
_2.5-01
0.009

= Rp = 267 kQ
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Problem Solutions

5.1
(@) Vps =6V > Vg~V =5-15=35V
Biased in the saturation region
I, =K, (Vgs. Vi)' = (025)(5-15)" =
I,=306mA

(b) Vps =25V <V 5(sat) =35V
Biased in nonsaturation region

I, = KA[Z(VGS Vo )Vos ‘V;s]
I, =(025)2(5-15)(29) - (25)'] =
I,=281mA

52

(a) 1,

) [:"Z

w
I(V "VrN )2

05~ (°°8°)< Ve -08)'

05
o5 TOB=Ver = Ve =238V
Vps(sat)=Vg -V, =238-08 =

Vps(sat) =158V

®) 15= (0(;80)(5)(%5—-0.8)2

15

o5 t08=Vos = Vus =354V

Vos(sar) =354-08 = Vys(sar) =274V

5.3
a. Vgs =10
Vps(sar) = Vgs =V =0-(-25) =25V

i  Vps = 0.5 V = Biased in nonsaturation

= (L.1)[2(0 — (—2.5))(0.5) — (0.5)7}
= Ip =248 mA

ii. Vps = 2.5V = Biased in saturation

= (1.1)(0 - (-2.5))°
= Ip =6.88 mA

fi. Vps=5V Sameas (i) = [p =688 mA

b. Vgs=2V

Vps(sat) =2 — (=2.5) =45V

i Vps = 0.5 V = Nonsaturation

Ip = (1.1)[2(2 - (=2.5))(0.5) — (0.5)%]
= Ip =468 mA

ii. Vps = 2.5V = Nonsaturation

Ip = (1.1)[2(2 = (=2.5))(2.5) — (2.5)]
= Ip =17.9 mA

ilii. Vps = 5 V =Saturation

Ip = (1.1)(2 = {—2.3))?
= Ip =223 mA

54
Vos > Vs =Vpy =0-(-2)=2V
Biased in the saturation region

ki W 2
Iy =2—(Vas —Viw)

(
15= (9'—028&)(%)[0— -2 = % =9375

5.5
€or  (3.9)(8.85 x 107'4)
8. Cox= —= gy
tox 450 x 10
=7.67 x 107% F/em?

€or

=

=TT
- %(650)(7.67::10" )(%5)

K, =0399mA/V?

b. Vos = Vps = 3 V = Sawration

I = K,(Vos = V)" =(0.399)(3~08)’
= I,=193mA

5.6
€o:  (3.9)(8.85 % 107%)
a. Cor = — =
tos 600 x 108
Cox

= 1= =575 x 107 F/cm?
Ox

uC, W
K =faer
" 2 L

1 " 100)
= 1 —_—
2(soo)(5.75x 0 )( 3 i

K, =0288mA/V?
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5.8

5.9

b. i Ves =0, Vps =5V

Vps(sat) =0 —(-2) =2V
Biased in saturation
Ip = (0.288)(0 — (—2))* = Ip = 1.15 mA

i, Ves =2V, Vps=1V

Vps(sat) =2 ~ (—-2) =4V
Nonsaturation
Ip = (0.288){2(2 — (=2))(1) — (1)"]

C. = fer (3.9)(8.85 x 107%)
7 tor 400 x 108
=8.63x 10™° F/cm?
K = baCoc W
2 L

K, =(104x10")W

I, = K..(Vos “Vm)z

12%x107° = (1.04 x 107*)W(5 - 1)}
= W =1721pum

Biased in the saturation region in both cases.

’

k
I =E.
2= L(V +V)

0040Y W
(1) 0225= (TX-L-)@ +Vp,)
0.040Y W
(2) 140 = (-——Z'—XT}4 + VTP )2

Take ratio of (2) to (1):
2
140 _ (095 (44Vn)
0225 225 (3+ Vi)

46222=249-';:V"’ = V,, =-233V

Then

0225= (OMOXW)@ 233 = -——~251

Vs=§5V, Vg=0=3Vsg=5V
Vp =05V
=9Vw(sat)=V,G +Vp =5-05=45V

a. Vp=0=>Vsp=5V

= Biased in saturation

Ip=2(5-05)" = Ip =405 mA

b Vp=2V=Vsp=3V
=> Nonsaturation

Ip =2[2(5 - 0.5)(3) — (3)*]
= Ip =36 mA

c. Vp=4V=>Vsp=1V

= Nonsaturation
=2{2(5 - 0.5)(1) — (1)?]

d. VD=5V=>VSD=0:IQ=0

5.10
VSD(S(ZI) =V +Vp
(a) VSD(sa1)=—1+2:>VSD(saI)= 18
(b) Vp(sat)=0+2=>Vyp(sar)=2V
(c) Vep(sat)=1+2=>Vyp(sar)=3V

k' W kK w 2
1 =‘{'T(Vsa+vrr) =—2’—~—L—-[Vm(sal)]
(a) 10:(%42)(6)(1)2:’ I, =012mA

®) I, %%Q 6)(2) = 1,=048mA

© I, =(@;9 6)3) = 1,=108mA

5.11
Vep(sat) =V 4V, =0+2=2V
(a) V5, =1V, Nonsaturation
Ip= KP[Z(VSG +Vip Ve = Vszo]
1,=(05)2(0+2)(1)- ()] = 1, =15ma

(b) V;, =2V, Saturation

I,=K,(Vi +Vpp)' =(05)(0+2)" =
I, =2mA

(c) Vsp =3V , Saturation
Same as (b), I, =2mA
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5.12

€os _ (3.9)(8.85 x 107")

tor 500 x 10—%
=6.90 x 10™* F/cm’

Cor =

kn = (unCoz) = (675)(6.90 x 10%)
= 46.6 uA/V?
kp = (upCoz) = (375)(6.90 x 107°)
= 25.9 uA/V?

PMOS:
k

(W
I,= _F(f (Vg +Vip)’

()0
- (),

L=4pm=>W, =128 um

'v

00259
K, =( > )(3.19)=> K,=413pA1V? =

Want K, =K,

(), oo
(8] (3

L=4pum =Wy =708 um

5.13

Ves =2V, Ip =(0.2)(2 -1.2)> =0.128 mA
1 1

=315 T [on)o1ze) T o=k

Ves =4 V. Ip =(02)(4-1.2) =1.5T mA

1
01)(1.57

0 = 0.01)(1.57)
l 1
Y 01

= rg = 63.7 k2

Vi= @

)=>VA 100 V

5.14

I= (@ 4)(3-08)* =(0.16}3-08)’ =

I,=0774mA
1 I I

r,=—-—=>,1=-—=_.___..
A, rlp (200)(0.774)=>
A{max) = 000646 V™
V,(min) = l . V,(min) =155V

R(max) 0.00646

5.15
AV =2=(08)] {26, +Vss -{2(033)]
25+0837=,[2(035)+V,, = Vi =104V
5.16
BV = 1] 26, ¥V, - 24, ]
12 = 7{{2(037)+ 10 - {2(037) ] = ¥(2.42)

Then y=0496V"?

5.17

8. Vo = €ortor = (6 x 10°)(275 x 107°%)
Vg =165V

b, Vg = lz"’ = Vg =535V

5.18

Want Vg = (3)(24) = costos = (6 x 10%)tos
to: = 1.2 x 107° cm = 1200 Angstroms

5.19

. R, 18 .
Ve = | e———— = 3.
¢ (R1+R2>VDD (]8+32)(10) eV

Assume transistor biased in saturation region

y=Ys YoV
R, Ry

3.6 — Vgs = (0.5)(2)(Vgs — 0.8)?

= K..(Vcs -V )z

=Vis — 1.6Vas + 0.64

Vic —0.6Vgs —2.96 =0

0.6 + 1/(0.6)% + 4(2.96)

2
= Vs =2.05V

Vo

Gs =

Vo —Vos _ 3.6 =2.05
Rs 2
Vbs = Vpp ~ Ip(Rp + Rs)

=10 — (0.775)(4 + 2)
= Vp: =535V
Vps > Vps(sat)

Ip =

= /p =0.775 mA
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5.20 5.22
R Vo=0. Vsg=V
Vp =| ——2 20)-10=(L)(20)—10=> N e
R +R, 14+6 Assume saturation region
Vo=—4V I,=04= K, (Vi +Vp)’

Assume transistor is biased in saturation region 0.4 = (0.2)(Vs — 0.8)?
Vi=(=10) VvV, -V, + 10 _

I,= = ' 04
P R, R, K, (Vos = Vi)’ v5=,100+08=>vs_221\/

K, = (0060)(60) = 18mA/V?

Vp =IpRp —53=(04)(5)-5=-3V

4= Vg5 +10 = (18)(05)(Vs =2)° Vsp=Vs ~ Vp =221 - (-3)
=09V 36V, +36 = Vsp =321V
Then 09V} —2.6V, ~24=0 Vep > Vep(sat)
26+4/(2.6)" +4(09)(24
= y 7?(0 9)( 24) Vgs =362V 5.23
’ Vop = Ip,Rp + Ve, + I, R
V-V +10  —4-362+10 NN
I Ip= R, = 05 = (1) 10=1,,(5)+5+V, and
_ k! 2
I, =476 mA 1DQ=(2)( )(vm Vin)
Vys =20—1,(R, + Rg) =20—(4.76)(1.2+05) =
oy 1 {0060 WY, 2
m VDS =119V or (2) pg = _—2 'z s 12)
Vps =119V >V —V,, =362-2=162V Let Vg, =25V
521 Then from (1), 10=1,,(5)+5+25= I,=05mA
10-V, 2 _{0060Y W 2
I ID = R S — KP(VSG +VTF) Then from (2), 05= (""‘2— 'Z 25- 12) =
£)
Assume transistor biased in saturation region _"Y__ =986
it R
Ve = ( 2 )(20)—10
it Ry + R, I, R =V, = R; _‘_I/__—__?'é.__, Ry =5k
= (s 1222) (20) - 10 10 *
Ip= =(05)(0.05) = 0.025 mA
" =2 Ve=467TV Rl + R'l
I Then R+ R, = _10_ =400 kQ
Ve =Vg + Vsg 0.025
1 10 — (4.67 + Vsg) = (1)(0.5)(Vsc — 2)° (R 2R2 Vpp) =2V :(%)(IOFZ(ZS) =
M +
5.33 — Vsg = 0.5(V3s —4Vsg + 4 !
, se = 0.3(Vig —4Vsa +4) R =R, =200kQ
" 0.5V3g -~ Vsg — 3.33 =0 _—

5.24

1+ \ﬁl)’ + 4(0.5)(3.33)

56 = = Ry
2(0.5) (R = Rz)(m) -5
= Vsa =377V

(10) =5 = ~2.25V
10 - (467 +3.77) (145+55)
Ip==—"""2 1 o 1p=312mA
0.5 I} V GS ( 5)~K(V )2
Vsp = 20 — Ip(Rs + Rp) 2= o
—(3.12)(0.5 + 2) Assume transistor biased in saturation region
= VEE =122V

—2.25 - Vgs + § = (0.5)(0.6)(Vas — (-1))°

Ysp > Vsplsar) 2.75 — Vs = (0.3)(V3s + 2Vas + 1)
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0.3V35 + 1.6Vgs — 2.45 =0

~ 1.6 1/(1.6)° + 4(0.3)(2.45)

Vs =
oS 2(0.3)
= Vs =124V
~225-1.2 5
Ip = —-——0-%-—4+—=> Ip = 2.52 mA

Vps =10 — Ip(Rs 4+ Rp)
=10 - (2.52)(0.6 4 0.8)
= VQE =647V
Vps > Vps(sat)
5.25
20=TpoRs +Vspg + I poRp
(1) 20=V,; +104+ I R,

tog=( [ ¥ i+

@ Ipp= (94?49)(%}"5@ -2)’

For example, let 1,, =08 mA and Vi =4V

Then 08 = (994—0)(_“1)(4_ 2)" = LT
2 AL L

IpgRs =V = (08)R; =4 = R;=5kQ
From (1) 20=4+10+(08)R, = R,=75kQ
20
*"R+R,

(R. : R, )(20) =2V =(2)(4)

R
250

=(08)(0.1) = R, + R, =250 kQ

(20)=8= R, =100kQ, R,=150kQ

5.26
(@) (i) I =50=500(Vys —12)" = Vg5 =1516V
Vps =5-(-1516)=> V, =6516V
(V) Ip=1=(05)Vgs—12)' = Vg =261V
Vs =5-(=261)=> V, =761V

(b) (i) Sameas (a) Vg =V =1516V
(iV) Vg =Vps =261V

527

2
Ip= K.(Vas "VTN)
0.25 = (0.2)(Vas — 0.6)°

Vs = OT'ZES--Q-O.G:Vas:l.'l'ZV
= VE = =172V

Vp=9-(0.25)(24) = Vp =3V
97

5.28

5-Vp 5~-1 .
R = 0.8 Rp = ap =29

Ip =
Ve=0
I,=K,(Vgs =V ) = 08=(04)(Vgs—17)

/ R)
Ves = %—4+1,79VG5=3.11V

= VS' = —3.11 \%
_ —3.11 — (—5)
Rs

2

= Rsg = 2.36 kQ

5.29
Voo =Vsp + IpgR
9=25+(01)R=> R=65kQ

KYw
I b= (-?I’X_L')(VSG +Vi )2

(0.1)=(@E -“i)(zj—lj)’: W s
2 AL L

Then for L=pum, W =32um

5.30
5= IpoRs +Vip, = 1,,(2)+25
I,,=125mA
Iy == = (125)(01) = R, + R, =80 k2

R, +R,
Ipg= Kp(VSG +Vrr)z

125=05(Vys +15)" = %3553 ~15=V,g

Vi = 00811V
Vg =Vs —Vye =25-00811=242V

Vg =( e )(10)—5
R +R,

242= (%)(10) -5=

R, =594k, R, =206kQ

5.31

03
K,:(Q%_O 20)=>030mA/V?

Ip= Kp(VSG *'Vrr‘)z

05=030(Vy —12)" = V,; =249V
Vo=V, =249V

5—- -2,
[o= VS-,,::RS=5 249:3 RS=502K2
R, 05 | =27
VvV, ~(- -
RD=_L-(__5_)='5—_3‘: RD=4m
I, os 7
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5.32

—Vsp — {-10 —-6+1
]D=—12—Ebi___—)=5=—}i%"g

= Rp =0.8kN
Ip=K,(Vs +Vrr)1 = 5= 3Vee~L75)"

Vse = \/g +1.75=3.04V = Vg = ~3.04

R, )
Ve = 10) — 5 = —3.04
- (R1+R: (10)

Rin = Ri}|R2 = 80 kQ

7;- - (80)(10) = 5 — 3.04 = Ry = 408 kQ)
1

408 R,
—_— = R, = 99.5 kQ
408 + R, e
5.33
(@ K, =(6—20)(4)=120;1A/V’

K, =(929)(1) =30 uA/V?

For v, =1V, M, Sat. region, M, Non-sat region.
Iy =1y,

302~V (5= v0) - (5= vo)' | = 120(1- 08)"
We find v2 —64v,+7.16=0= v,=4955V

(b) For v, =3V, M, Non-sat region, M, Sat.
region. I, =1,

30{—(-18)] = 120{2(3- 08)v, - v

We find 4v2—17.6v, +324=0=> v, =0193V

(c) For v, =5V, biasing same as (b)

30-(-18)]' = 120{2(5-08)v, - v?)

We find 4v2 —336v,+324=0= v, =00976V

5.34

For v, =5V, M, Non-sat region, M, Sat. region.

Ipy=1Ip,
kYW
(_2‘ T) [Z(VG_" _anx)van _Vgn] =
1

(52 0o
(%1[2(5 -08)(0.15)-(015)"| = (1fo- (2)]

which yields (_V_V_) =323
L 1

5.35
a. M, and M, in saturation
Knl(VGSI "le)2 = an(vcsz —anz)1
K, =K, Vi=Vn
= Vgs1=Vesa =25V, V=25V
Ip = (15)(40)(2.5 — 0.8)’ = Jp = 1.73 mA

b. (-‘%)l > (KL:), = Ves1 < Vas2

40(Ves: — 0.8)% = (15)(Vasz — 0.8)°

Ves2 =5 — Vesr

1.63(Vas: — 0.8) = (5 — Vasi — 0.8)
2.63Vgs = 5.50 = Vgs1 = 2.09 V

Vosz =291V, Vo =Vgs =209V

Ip = (15)(15)(2.91 — 0.8)* = [p = 1.0 mA

5.36
Each transistor biased in saturation.
Mi: Vi=Vgsa =2V

w
Ip =0.3 =0.018(—) (2-1)?
L 3

w
—] =278
- (%) -

My: Vesa=Va=-Vi=5-2=3V

Ip = 0.5 =0.018 (E’-> (3-1)?
L 2

w
— = 6.94
=>(L)2 9

M]i VGsl=10—%=10—5=5V

Ip =0.5=0.018 (%—) (5 -1y
1

w
—_— =1.74
”(L), '

5.37
M, in saturation
M, in nonsaturation

() Vo=

w
= ('z) [2 (VGSD = Vo )VDSD - V;sn]
D

(1)(5 — 0.1 — 0.8)?

W -
= (T)D[z(s ~0.8)(0.1) — (0.1)*]

16.81 = (V—Z-) D[o,ss]

w
(%) =3
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5.38

M in saturation
M, in nonsaturation

(%) o=V

%%
= ( L ) [2(Vcsu Vino Vosp = V;SD]

((1.8)°

= (-‘f-) D[z(s ~ 0.8)(0.05) — (0.05)7]
3.24 = (-‘f—) D[o.ms]
(#) =ras

539
2
pge = KnA(VGSA ~Viw )z = Kua(VGSJ _VTN)

Vesi =5 — Vgsa

400
-2-0'6'(5 —Vgsa — 1) = (Vgss — 1)

2.41Vgsa = 6.66 = Vgsa = 2.76 V
Vose =224V, Vgsa =Vgs3 =276 V

Taer = nJ(VGSJ ~Viw )2 = (0.2)(2.76 - 1)2
Ligr = 0.620 mA

Ig= K3 (Vas; = V)’ =(01)(276-1)"
I,=0310mA

1 =K, (Vcsn"v )
= 0310 = (0.08)(Vgs, —1)°

0310
Then Vg, = 008 +1= Vg, =297V
5.40 v v o
pp—Vo 5-0.
Ip Ry To 0.49 mA
Transistor biased in noasaturation
Ip = 0.49

= (0. 015)( (2(4.2 — 0.8)(0.1) = (0. N>

w - w .
0.49 = (—L—)[O.Gl] = —L— = 0.731

5.41
5=I,R, +V, +Vy
5=(12)R, +16+02= R, =267Q

= (k_;X..“i)(VGS ~Vix )2

0040Y W w
2=|—]— —=34
( > 3 5- 0.8) = T

5.42
5=V +I,Ry+Y,
5=015+(15)R, +16=> R,=217Q

kYW 2
1, =(_p')(_)(vsc+vrr)
(OOZOXW)(S 08 = —WI:=85

Vps(sat) = Vgs — Ve
So Vps > Vps(sat) = =Vp, Ip = Ipss

5.43

5.44
Vps(sat) = Vs — Vp = Vgs + 3 = Vb s(sat)

a. Vgs=0= Ip=Ipss=6mA

Vos\* —1\?
b. 1D=1055(1--§;5—> =6(1—_—3—>

= [p = 2.67 mA

2
c. ]D=6(l—-_—'§> = Ip = 0.667 mA

8‘&“ =2.055 = Vp =397V
P

1

2.8 = IDss(l ~ 397

2
) = Ipss(0.560)

= Ipss = 5.0 mA
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546 5.50

Vs =—-Vgs, Vsp=Ve~Vpp

want Vsp > Vsp(sat) = Vp — Vs

Vs = Vpp 2 Vp - Vs

~Vgs = Vpp 2Vp —Vgs = Vpp < -Vp
SoVpp < -2.5V

Vos\’
=2 = - —
Ip h)ss(l Vp)

Vos)? , - .
2=6 l—-—z-g— = Vs = 1.06 V

= Vs=—-106V
5.47

Ip= Ku(vcs _VTN)

185=K,(035-V,,)’

862 = K,(05- V)’

2

Vps = Vpp - Vs
8:10—-Vs=>V5=2V=]DR5=(5)R5
= Re = 0.4 k

Vp

2
~1
S = 1055(1 —_ ——> Let Ipse = 10 mA

Ve _

2
5=10(1 —{,—1> = Vp=-341V

F
Ve=Vgs+Ve==-142=1V
. R, 1
Voe=|———"—=—)Vop=—=— Rin V
G (R]+R2) bD R] bro

1= %—(500)(10) = Ry =3 MQ
1

SR,

" =0.5= R, =0.556 MQ
5+ R, e

Then 5.51
185 035-V,, )’

-:0.2146=£-—¢)2=> Vi =0221V

862 (050-Vyy) ———

185=K,(035-0221)" = K, =111mA/V?
5.48

Iy =KV Vi)

250= K(0.75-024)" = K =0961mA/V?

5

il
oo
TN
t
N
L]

2
T) = Vgs = 0838 V¥
Vep = Vpp = Ip(Rs + Rp)
=20-(5)(0.5+2) = Vip =7.5V

Ve =20 - (5)(0.3) = 17.5 V

5.49 Vo =Vs 4+ Vgs =17.5+0.838 =183 V
Ip=1Ip (1_b>2=i:_i€ Vo = _Ra Vop = - Rin . V.
b s Vp Rs Rs °CT\Ri+R /) PPT R PP
Vos\’ Vgs 18.3 = -—1—-(100)(20 = Ry =109 kQ
10(1_ —5) Y 09RR1 )= &
299 _ 100 Ry =121 M0
2Wes | V& 109 + Ko o
2{1+ + —Gi> =-Vss
5 25 5.52

2 .2 9
—V =V 2=0
25 c;s-*‘s Gs +

2V3s + 45Vos +50 = 0

—45 £ 1/ (45) = 4(2)(50)

2(2)
= Vgs=-117V

Vos =

Vi .
Ip = — GS 1.17

7{-5—-:37:}[0:535!11}\
Vb = 20 — (5.85)(2) = 8.3 V
Vbs=Vp—-Vs=83-117T=Vps =713V

Ves\?
Ip =IDSS(1 - —G—)

Ves\?
5=T|1- 3 = Vs =0465V

Vsp = Vpp —Ip(Rs+ Rp)
6 =12—-(5)(0.3+ Rp)= Rp =0.9 k2

Ve =12 — (5)(0.3) = 10.5 V
Vo = Vs + Vgs = 10.5 +0.465 = 10.965 V
R, )
Vo = | =———— 1V,
] (Rx oy g AL

R

10.965 = (100) (12) = R, =91.4 kQ

=> R; =86k0

100
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5.53

5.56
R, 60 Vsp =V, —~IpR
Ve = (-----) Vop = (______>(20) 5D DD Dits
v R':R’ 140 +60 10 =20 — (1)Rs = Rs = 10 kQ)
=2>Veg=6
- _Vop _ 20
Ri+ Ry = T =01 = 200 kQ
Vos ? s Ve —~ Vgs ( VGS)2
Ip=1 ] - — = e I e =1 1 - —
D DSS( Ve ) Re i Ip DsS A
\% ? 2
(8)(2)(1 - (_G:)> =6- Vs 1= (1 - Y-‘f} = Vgs = 0.586 V
Vos Vés
16<l+ 2 +T =6-Vos Vo = Vs + Vgs = 10 + 0.586 = 10.586
R,
Vds+9Ves +10=0 Vo = (—“—’—Rl +R2>VDD
-9 £ ,/(9)" - 4(10) 10.586 = (—Ri) (20) = R, = 106 kQ
Vgs = 5 = Vgs = ~1.30 200 —H—_
R, =94 k)
—-1.30) > iy =94 K
lo=8<1 —(——1—3—)> = Ip = 3.65 mA
(=4 5.57
Vbs = Vpp — Ip(Rs + Rp) Vps = Vpp ~ In(Rs + Rp)
2=3-(0.040)(10+ R Rp =15k}
=20 — (3.65)(2 +2.7) ( ) 1+ p)= Rp =15k
VDS =283V ID = K(VGS —VTN)
. 40 = 250(Vgs — 0.20) = Vgs = 0.60 V
Vpbs > Vps(sat) = Vgs ~ Vp )
= —1.30 — (~4) Vo = Vgs + Ve = 0.60 + (0.040)(10) = 1.0V
Ry .
=27V (Yes) Vo = (m) Voo
554 1= (1%)(3):’ R, = 50 kO
Vps = Vpp — Ip(Rs + Rp) Ry =100 k(2
5=12-Ip(0.541) = Ip =4.67TmA 5.8
Vs=IpRe = (4.67)(0.5) = Vs =2.33 V )
Ve = ( R, )V N 20 (12) For V, =070V =
°T\Ri+R:/P°PT \&s0+20 Vs = 070> Vg (sat) = Vs =V
= Ve =0311V 0.75-015=06
Biased in the saturation region
Voo =V, 3-07
Vos = Vg — Vs = 0.511 - 2.33 I,= DDR DS - o = I, =46 uA
=>Ves =~-182V ° 2 2
o ( Vos\? Ip=K(Vgs —Vpy) = 46 = K(075-0.15) =
= 1~ - H
b =ipss A ) K=128 yA IV
2
467 = 10(1 - g:_l_gz_)) = Vp=—573V
Ve ——

5.55
2
Ip= IDss(l - YE) . Vgs=0
Vp

Ip=Ipss=4mA

_Vop—-Vps 10-3
Rp = Ty =3 = Rp =175k}

101
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Chapter 6

Exercise Solutions
E6.1
&n = 2Kn(VGS _VTN) and
Iy= Kn(vcs _Vm)z

0.75= 05(Vgs —08)" =V, =2.025V
8 =2(05)(2025-08)= g, =122mA/V

f= [Z'Kn(vas - Vm)2 r

=[0oros)2.025- 087" =
=133k

E6.2
En= 2Kn(vc _an) and I, = Kn(vcs _Vm)2

1
= Vs =V = I’;" and

n

- bg _
8n=2K, K —2\}1{..100

2 2
K = gm (3'4)

n =——=145mA/V
4y 4(2)
K" - /'lnCnx "i/_
2 L

145= (001 8)(%) = % =806

L= [’U(:-(Vas - Vm)zl-1 = [ﬂm]_l
r, =[(0015)2)]" = r, =333k

E6.3
2
8 Ipg=K,(Vos—Van)
0.4 =0.5(Vos — 2)2 = Vs =2.80V

Vpsq = Vpp — IpgRp = 10 — (0.4)(10)
= Vpsg=6V

b. g, =2K,(Vgs — Vi) =2(05)(289-2)
= gm = 0.89 mA/V
ro=[Alpg]™, A=0=ro =00

.= :—° = —gmRp = —(0.89)(10)

= A, = -89
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¢. v, =0.4sinwl! = vq, = —(8.9)(0.4)sinwt

vge = —3.56 sinwt
-At Vpsy = 6 — 3.56 = 2.44
Voer = 2.89+0.4=23.29

Vesi — Viw =329-2=129
So Vg, > Vg, ~ Vi = Biased in saturation region
E6.4

a. V’SDQ = VDD -—IDQRD
T=12—1Ipg(6) = Ipg = 0.833 mA

2
Ipg = Kp(vsc —-]V,,,\)
0833 =2(Vsg — 1)? = Vsg =1.65 V

b g, =2K, (Vs ~[Vrl) =2(2)(165- 1)

= gm = 2.6 mA/V. g =
- A
Ve % i
-+ 2
.___T

E6.5

1o

K

IDQ = K.(VG “'VTN)2 2V — Vi =

’1
8. = 2K, (Vos — Vi) = 2K, —I‘;—Q

So g,=2JK,Ip,

E6.6
14

n= ==
2,,24&, +Vgy

040

@ n= 2,/2(035)+1

= n=0153
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040
®) = —p——= 1=0104
7 2,2(035)+3 ="
8n = 2[K 1 5 =2,/(05)(075) =122 mA 1V

For (a), g,, = g,7=(1.22)(0.153) =
gy =0187 mAIV

For (b), g,, =(122)(0.104)= g,, =0.127mA/V

E6.7
2 Ipy =K, (Vos ~ Vi )2 =(025)(2- 0.8)2
= Ipg =036 mA

Vpsq = Vop — IpgRp = 5 — (0.36)(5)
= Vpsg =32V

b g, =2K, (Vg ~ Vi) =2(025)(2-08)

= gm =06 mMA/V, 10 =2

. Av= == —gnRp = —(0.6)(3)
[
= A, =-30
E6.8
v = vy, = 0.1 sin wt

1d = gmVgs = (06)(01)5111 wt
ig = 0.06 sin wt mA

Vg, = (—3){0.1}sin wt = —0.3sin Wt

Then ip = IDQ 4+ 14 = 0.36 + 0.06 sin wt

= 1p mA

Vps = VDSQ +vg, = 3.2 -0.3sinwt = vp=

E6.9
Vipe =3V and Ipg = 0.5 mA

-3
:RD=°—0—5—=>RD=4kQ
. 2
I'ng = K, (Vs ~[Virl)
05=1Vsg —1) = Vs =171V

2 Ve =5-1.71 = Vg =329V

Ay = ~-gm R

8a =2,[K, Iy =2,/(1)05)

gm = 1.41 mA/V

A, = —(1.41)(4) > 4, = —5.64

A= Y0 o Ve _ _0.46sin wt
¥, ¥, ¥,

= y, = 0.0816 sin wit

|

= —5.64

E6.10 2
a. Vsg=9-IpgRs, Ipp= Kp(vsc ‘an’D

Vs =9 — (2)(1.2)(Vsc — 2)°

=9 ~24(Vig ~ 4Vsc +4)
2.4V3; - 8.6Vsg +0.6 =0

8.6 + \/(8.6)2 — 4(2.4)(0.6)
2(2.4)

Vse =351V, Ipg=2(3.51-2)

= Ipg = 4.56 mA

Vs =

Vspg=9+9—1Ipg(l.2+1) =18 — (4.56)(2.2)
= VSDQ =797V

[

Vo = gmVscRp
A, = —gmRAp = —(6.04)(1) = A, = —6.04
E6.11

Ipg =1Ig =0.3 mA

w
=25
Let T 5
K, =(20)(25)=500 A1V’
Vos = ?+15=25V:>V5=—~"5V
)
A, = —gmfp

gm = 2(0.5)(2.5 — 1.5) = 1 mA/V

For A, = -4.0 = Rp = 4 kQ2

Vb =5-(05){4) =3V

= Vpsq=3-(-25)=535V
E6.12

a. With R = Vos = Vps = wansistor biased in sat.
region
2 2
1p= Kn(vcs - TN) = K-(Vo: 'an)
Vos =Vop = IpRp
2
=Vpp— K.RD(VD: - TN)
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Vbs = 15 — (0.15)(10)(Vps — 1.8)?
=15 -15(Vi¢ — 3.6Vps + 3.24)
1.5V3s ~4.4Vps —10.14 = 0

44z \/fu)’ + (4)(1.5)(10.14)
= 2(1.5)
= Vpsg =445V

Ipg = (0.15)(4.45 - 1.8)? = Ipg = 1.05 mA

Ds

b. Neglectung effect of Rg :

Av = —gm(Rp||R2)

&m = 2K, (Vos = Vi ) = 2(0.15)(4.45~ 18)
= gm = 0.795 mA/V

A, = —(0.795)(10][5) = A, = —2.65

c.  Rg = establishes Vgs = Vps = essentially no effect
on small-signal voltage gain.

v V.
Ipg =0.8(2 — Vsc)'z = =8 = -SZS

3.2(4 = 4Vsg + V&s) = Vsq
3.2V3; —13.8Vsg +12.8 =0

138 + \/(13.8)2 —4(3.2)(12.8)
2(3.2)

Vsg =135V = Ipg = 0.8(2 — 1.35)°

= Ipo = 0.338 mA

s =

b. Vbsq = Vbop — Ipg(Rp + Rs)

6 =10 — (0.338)(Rp + 4)
Rp = 10-(0.338)(4) — 6

= Rp = 7.83 k{0

0.338
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Vi

Vi= Vs + 9mVy, Rs = Vo, = m:

Vo = —gmVeaRo
8a=2K,(Vos ~ Vi) = 2(08)(-135+2)

=1.04 mA/V
4o Yo _ momRo _ —(1.04)(7 83)
YTV T l4gmRs T 1+ (1.04)(4)
:Au= ~1.38
E6.14

a. 5=1p,R; +V,; and

Ing= Kp(vsc +VTF)1

0.8 =0.5(Vsg +08) = Vsg =0.465 V

5= (0.B)Rs + 0.465 = Re = 5.67 k0

Vspg =10 = Ipg{Rs + Rp)

3=10—(0.8){(5.67+ Rp)

_ 10— (0.8)(5.67) - 3
0.8

Rp
b.

— A
() v a SR
« 3 a ©
. @“’:
=

Vo = gmVig(Rpllre) = —gmVi(Rblire)

= Rp = 3.08 k2

Vi
A, = "“/%' = ‘9m(R-D“TD)

8m =2K (Vsg +Vpp) = 2(05)(0465+08)

=1.27 mA/V

1 1

v = —(1.27)(3.08{{62.5) = A, = —3.73
E6.15
‘/0 = 9mv'gard
Vi=Vo,+Vo=2 V.=V -V
So Vo = gmro(V, — Vo)

YTV T 14 gmre 14 (4)(30)
= A, = 0.995
+ ;{s_
Ta
R, Vi
s
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Is + gmVye = Ve and V., = =1} A= gnRs . Rn“R—z
i 1+¢,Rs Rl“RZ +Ry

_ (0894)5)  707)9.3
" 1+(0894)(5) 70793 +05
Neglecting R;, A, =0817

, Vs
]x =gm"‘: + — = RO =To
To

= Ry = 0.25 k0

= A =0770

With R: = 4 k1 = A, = gmlrol|Rs)

1+9m(7’0”4]?33)— Ro = Rs ” _l._—:s" 0_8197=5”1'12
roll Rs = 5004 = 3.7 kQ = 4, = A3 gm :
I+ (4)(3.7) = Ro = 0.915 kQ
= 4, = 0937
— " E6.18
E6.16
(a) g, =2JK, I, =2=2{K (08)=
Ypsq = Voo ~ Ipafis K. =125mA/V?
5=10-(1.5)Rs = Rs = 3.33 kQ "'/‘JC w w
2 n “or —
Ipp = K, (Vs =V )’ = 15=(1)(Vys - 08) K, =S 125:= (0.020)[1)
Ves=202V=Ve-Ve=Vs—5
¢ ¢ . N 2 So %:625
=>VG=702V=(-RI—+7R:)VDD=ZB%IO — 2 2
Ipo =K (Vos =Viry) =2 08=125V, -2
So Ry = 2808 kQ, Ry =119.2 kQ :Qv A f’8 N w) = AVes -2)
G = ~.
Neglecting R, b, ro=[Mpg]™' = [(0.01)(0.8)]" = 125 kO
A, = Im(Rslro) 4, = SImlrollRe)
l+9H\(R5”70) l'n‘gm‘_fcnRL)
1o = [Mpg)™" =[(0.013)(1.5)]7" = 44.4 kN rollRL = 1254 = 3.8¢
Rsire = 3.33]}44.4 = 3.1 kQ A= T% = A, = 0.886
=2JK Iy = 2J(1)(15) = 245 mA IV '
& +Tog =2¢(1)(15) Ro = — ro=l—|ll25=>RgzO.5kQ
245)3) . _ 884 gm 2 .
YT 1+ (243)(3) T H—m——— E6.19
=L = 7
Ro= | Rs|ro= gz [asa] s log = K,(Vio V)
' = 0.408]|3.1 3=2(Vsg —2)" = Vsg =3.22V
= Ry = 0.36 k@ Ing = 5 —RVsc - 3= 5 —R3.22
s S
E6.17 = Rs =0.593 kQ
. R, . 93 .. ro = [Apg]™! = [(0.02)3)]7 = 16.7 kQ
Yo={g7g/)'re= (70.7+9,3 (51
8 = 2K, 15 =2,(2)(3) =49 mA IV
=0.581V
2 2 N
Ing =K, (Veg ~ Vi) = K, (Vs =V = |Vi|) For Ru = oc, Ay = - i";(r?“?fﬂ) ;
5 — ‘,':_ m{To 5
= TR: ro||Rs = 16.7||0.593 = 0.573 kQ
(4.9)(0.573) o
T mer——— Av = 0.737
Then (0.4)(5)(Vs — 0.581 —=0.8)> =5 — Vs A 1+ (4.9)(0.573) T A= o
Vs -1.381)? =5 - Ve b 10
. is reduced b
2(V3 - 2.762Vs +1.907) = 5 — Vs u "A 1 e yoo*;:7 e
2V7_‘-3_.= = A, =0.737 -0.0737 = 0.
2 —4.52V5s-119=0 ool Rl Re)

A, =
1+ gm(roliR<l|Re)

v 4.52 \/(4.52)’ +4(2)(1.19)
°T 2(2)
Vs =250V = Ipg =

§-12.5

= 0.5 mA

8a=2/K, 1,4 =2,/(04)05) = 0894 mA /V
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Let rof|Rs{|RL =z
4.9
0.663 = — 3z
r = 0.402 = 0.573|| R,
0.573R.

Ry +0.573
= (0.573 — 0.402) R,
= R; =1.35kQ

= 0.402

= (0.402)(0.573)

E6.20

.= — = 0.35KQ = g = 2.86 mA/V

m

Vi 4R
7 = Rol|Ry =24 = Rolj¢ = 2

) 4+ Rp
(4-2.4)Rp ={2.4)(4) = Rp = 6 kQ

=2.[K,Ip
286=2./K,(05) = K, =409 mA/V’
2
IDQ = KH(VGS "VTN)
0.5=4.09(Vos—1)" = Ve =135V
= Vs =-135V,
Vps = Vp - Vs =2~ (—1.35)=13.35 \Y
We have
Vps = 3355 Vg =V, =135-1= 035V
= Biased in the saturation region
E6.21
Q- Vsg

(N

Vp=5-(035)(6)=2V

2% o 0.663 = 4.92(1 ~ 0.663
1+(4.9)z z( )

Vo = gmVig(Rp{|RL) and V,, = V|
Av = gm(Rp||RL)
[= S—RVSG =K ( 56 lVTPD
N
5= Vsg = (1)(1)(Vig — 0.8)?
5- Vsg = 4(Vig = 1.6Vig + 0.64)

Vi — 54V ~2.44 =0

54+ v’r(5.4)’ + (4)(4)(2.44)

v’: —
G 2(4)
Vse =171V
5-1.7
Ipg = i—;—l = 0.822 mA
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gn =2,JK, Iy =2,[(1)(0822) = 181 mA/V

= {1.81)(2 ||4) = (1.81)(1.33) = A, = 2.4]
R.,,:Rs\ _4‘\m=41 0.552
= R.,n, = 0.483 kQ

E6.22
v
Ko = taCor (1—) =(0.020)(80) = L6 mA/V?
2 L)

K __luncax

(W) =(0.020)(1) = 0020 mA /V?

K,‘, L6
K,,2 0.020
The transition point is determined from

K
’K—M(Vca —Viwo )

n2

A, =-8. 94

Vos: = Vono = Voo = Vi —
vGse — 0.8 =(5-08)—(8.94)(vcs: — 0.8)
(5 — 0.8) + (8.94)(0.8) + 0.8

14 8.94

VGSt =

ves, =1.22V

For Q-point in middle of saturation region

122 -0.8

s = ———T——+0.8=> Vs =1.01V

K, = i‘i(ﬂ) =(0015)(2) =0.030 mA/V?
2 \L),
K, K,
= =~6 =36
AV an K, Kni

K, =(36)(0.030)= 108 mA/V?
l.08=(0.015)(—‘%)‘ = (—‘9 =72

The transition point is found from

vesi — 1 = (10 = 1) — (6){vgs — 1)
10-14+6+1 .
VG5t = —T;—é—-—=229\

For Q-point in middle of saturation region
229 -1
2

‘*Gs= +1=>Vr_75=1.645\'

E6.24
(a) Transition points:

For My: v =Vpp = |V |=5-12=38V
For M,:

Kl () (14 200
= Kuz[(vrm.)z(1 + Az[v"” ~Vou D]

250(v5, +(001)v5.4]

= 25[(12)’(1 +(0.01)(5) - (0.01)vy )]
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10v3, +(001)v3, ] = 1512-00144v,,
(001)vy,, + V5, +000144v,, —0512=0
which yields v,, =0388V

Then middle of saturation region

3.8 -0.388

voQ = 3 + 0.)88 = "’DSC_)E = 2.094 \

Knn[(van - VTND)Z(l + leo)]

= an[(V ) (1+'1 [ DD"Va])]

230{(Ves: — 0.8)°(1 +[0.01](2.094])

= 25{(1.2)*(1 + {0.01]{5 — 2.094])
10{(Vss — 0.8)*(1.0209), = 1.482
(Vosi —0.8)7 =0.145 = Vgs1 = 1.18 V

b Ipg = K[(Ves ~08)'(1+(001)(2.094))]

Ipg = (0.25){(0.145)7(1.02094))
= IDQ = 37.0 uA

- T9m
) Y Ing(Ay +23) — gmi(roiliroz)

_2K ( GS) TND)

= 2(0.25)(1.18 — 0.8) = 0.19 mA/V
—0.19
A, = =
v = (0030001 $o.01) — Aw==297

gm2 = 0.632 mA/V, Rs: = 8 kQ

1 .
Ro=8 u 5e55 =838 = Ro=132k0

E6.26

a. 11302 = 2mA, VSDQ) =10V

Ipg2-Rs2 =10 =2Rs; = Rs, = 5k
2

Inoz= AI(VG.H_VTNZ)

2=1(Vesz — 2)° = Vsg2 = 341V

= Vo2 =341V

10 ~ 3.41

Then R *q— Rpy =3.3kQ

For VDSQ\ =10V = Vs =341 ~10=-639V
—6.59 — (=

Then Rsy = =2 (210 b 11 ke

2
Ip = -l(vcsn - mx)
2=1(Von ~2) = Vo5 =341V

RN\,

Vesi = (R1 +R2>("0) IpgiRsy
1
Ri+ R; - R

3.41 = ——(200)(20) — (2)(1.71)
R

'Run

= R, = 386 kQ
586 R, - -

= R, =304 k0

b gu= 2\/1{"11001 = 2\/(1)(2)

= gm1 = gm2 = 2.83 mA/V
From Example 6-16

~gmigm2 Rp1(Rs2||Ry)
1+ gm2(Rs2||RL)

Rsz"RL = 5"4 =2.22 kQ

—(2.83)(2.83)(3.3)(2.22)

AL =

Av = =T T8 (2.22)
= A, = —8.06
Ro = — “ — " 5 = 0.353(|5

gm2
= Ro = 0.330 kQ

E6.27

. Ipn=K, {(Voss Vrm)2

1=12Ves1 —2)° = Vos1 = Vs =291 V
Rs =10k = Vsy = IpgRs — 10

= (1)(10) =10 = 0

o= —2 Voo
Voi = 2.91 = (R1 R +Ra>(10)

(;’0)(10)

= Ry = 145.3 kQ

Vpsqy =3.52 Ve =3.5V = 3.5+ 291

= Vg2 = 6.41
. R+ Ry
Vga = (R TR, +Rs)(10) = 6.41
(R7+R3)(10)

R:+4+ Ry =320.3=R; +145.3 = R, =173 kQ0

Then R; + Ry + R3 =500 = Ry 4175 + 143.3

= R] = 179.5 k{?
Now Vg2 =3.5= Vpa = Vsa + VSDQ7

=35+35=7TV
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10 ~7

SoRp = :

= Rp =3 k0
b. From Example 6-18:

A, = —gmiRp
8 = 2K, T g =2,/(12)(1) =219 mA/V
Ay = —(2.19)(3) = A, = —6.57
E6.28
Prom Example 6-18:
gm =298 mA/V, 15 =421 kQ
Ri||R; = 420[{180 = 126 kQ

RiR: .
Vie = | ——7—— |V,
9! (R1]]R2+R.)v

(126 Vv 2 o863y,
&126+"0 oo

AL = "‘9mvy-'("0"RD“RL)
v - L"
—(2.98)(0.863)(42.1{|2.7|/4)

= —(2.57)(42.1]]1.61) = —(2.57)(1.53)
= A, = ~3.098

E6.29
= ]DQR;: = (12)(27) =324V

Vp=Vs+Vps0=324+12=1524

20 — 15.24
HD=~0——]-?——=>HD=3.97‘(Q

Vos\?
Ip —Inss(l A )

V. Ve
_4“ Gs) = <22 — 0452
Ve

Vos = (0.452)(~3) = ~1.356
Ve =Vs+4+Vgs =3.24-1356=188V

. RZ — R2
Vo = (m)m) = (300)(20) =1.88

= R, =47kQ0. R, =453k

1 1
Apg ~ (0.005)(1.2)

_ 2pss ( Vc; 2(4) ( 1.356)
Im = =ve) ) B 3

= 1.46 mA/V
—(146)(167[|3.97|4)

To =

= 167 kQ

Av = —gm(rollRp{|RL) =
= A, = —2.87

E6.30

= (B2
s Vg = (RI+R:)(VDD)

, 430\,
Vor = (430+7o)(2°) =172V
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V V _V. 2
]Dq1=1055(l-—v—— =6(]—.—gl_5_.il—)
17.2 Vg \? (vs, 2
=61- —= 4+ L) =g 2L 7.
(1-12 ) o g
20 ~ V.
and Ipqi = ——=-
4
-V % ?
Thw20451=6( ;’—76)

v
20 — Vg _24( 45‘ —7.6Vsy + 57, 76)

= 6V3Z, — 182.4Vs; + 1386.24
6V, ~181.4Vs +1366.24 = 0

181.4 & \/(131.4)’ — 4(6)(1366.24)
2(6)

st =

Vo1 =142V = Vggy = 17.2 — 14.2

=3V >Vp
So V51 = 16.0 = VGS) =17.2 - 16

=12<Vp -Q
20 - 16

onIpgy = = Ipor = 1 mA

Vspgi = 20 — Ipgi(Rsy + Rpa)
=20~ (1)(8)

= Vspg1 =12V

Vor=IpqiRp: = (1)(4) =4V = Vi,

\? Vor — Va2 \’
1 = Ipss|1 - —= =6{1~ —mm———
b@z = b s( W) ( )

v
Ve _24(9—31 o + -—451)
6V, — T3Vs; +216 =0
73 £ ,/(73)% - 4(6)(216)

2(6)
= Ve =709Vor =508V

Vs =

For Vs; = 5.08 V

= V652 = 4 — 5.08 = —1.08 transistor biased ON
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Ipg2 = s—gﬁ = Ipg: = 1.27T mA

Vps2 =20 — Vs =20 - 5.08 = Vpsy =149 V

b.
Y2
- s
Vasa,
Vi Vv <T oy
A 3&}431
4+

Vo2 = gmiVegt Rp1 = —gemi ViRpy

% = 9m2vgl2(R$2“RL)
Vo2

Vi =Vypr + Vo> Voo = —— 95

92 = Te T e e T I Y gm2(Rs2||Re)

‘/0 _gmlRD‘l

dy =0 = ——
Vi 14 gm2(Rsaf|RL)

_ 2Ipss (1 3 Vcs>
gm1 = IV l VP

P
=28 _ L2y
== (1 : ) =24mA/V
gm3 = 3@(1 - %) =2.76 mA/V
—(2.4)(4) -
Then 4, = ~————"—— = -205=A4,
oA = TR | e
E6.31
. 2
8. Ipg = sts(l - %)
Ves\® | Ves .
'2=8(1— VP) = Vp =0.5
'GS = (05)(—35) = Vc;:- = —1.75
Ve — (-
Also IDQ - ——‘—;}-{—(—M
2= L3410 p _ssskn
Rs R E—

b.
==
-
‘ \/1$ 3"«\ Is
Vi . - vV
[

_ pss (| VGS) _2(8) (1 3 1.75)
Im = Ve Ve ) 35 3.5

=2.29 mA/V
1
= ——— =50 k?
= 10.01)(2)
. . , Vi
Vo= Vos + gmRsVse = Voo = 7725
4 = Yo _ _gnRsire (2.29)[5.88||50)
=Y _

Vi~ 14 gmRs|lro 1+ (2.29)(5.88(50]
= A, = 0.923

gm(Rs||RL)

¢ A= —— 2=l
14 gm(Rs||RL)

(2.29)(Rs||RL)
1+ (2.29)(Rs||Ry)
(2.29)(RsRL)(1 - 0.745) = 0.745
= Rs|jRL =1.28 kQ

5.88R.L =128
588+ Rp

= (5.88 — 1.28) R, = (1.28)(5.88)
= R; = 1.64kQ

= 0.745

110

= 0.931 - 0.186 = 0.745
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EET

0.5 =2 (0.020)(%)(05) = LVL— =12.5

c. YW
®) I,= (_'L_l!‘_f)(—[)(‘/cs -V )

0.5 = (0.02)(12.5)(Vgs — 0.8)2
= Vgs =221V
6.2

4,Co YW
(@) g.=2K,I,=2 (—”2—)(7)10

(229)2 - (10)(%)(100) = % = 0.625

) I, [#F ”X )(Vsc'*'vn’)

100 = (10)(0.625)(Vsg ~ 1.2)?
= Vsg =42V

6.1

(a) gm =2 KnlD

6.3
2
1o =K, (Vos = Vaw) (14 AVp5)
Iy _ 14+3Vps _ 34 _1+1(10)
Ipa 14 AVps 3.0 1+ A(5)

3.4(1 + 5A] = 3.0(1 + 104]
34-3.0=X(3-10-(3.4)-5)
= A= 0.0308

1
(0.0308)(3)

1
Toz-—I—= = rg = 10.8 kQ2

6.4

To = —l--
Ip

Ip = —— 1
) (0.012)(100)

6.5

A, = —gm(rof|Rp) = -—(l)(SO“lO)
= A, = —8.33

= e = [p = 0.833 mA
To —_—

It

6.6

Vop ~ V 10-6
s Rp=-R2 DsQ

Ipg 0.5

fl

For Vgsq = 2V, for example,

C w
N E e

0.5 = (0.030)(-‘}?) (2 - 0.8)?

%%
— =11.6
=1

b. 8.=2 KuIDQZZK(GSQ VTA)

gm = 2(0.030)(11.6)(2 — 0.8)
= gm = 0.835 mA/V
Ipg = (0.030)(11.6)(2 — 0.8)* = 0.501 mA

o = e = ! = 1o = 133 k2

Mpqg (0.015)(0.501)

c. Av = —gm(ro]|Rp) = —(0.835)(133”8)
= A, = —6.30

6.7
i =K,[V,sin azt] = K,VZsin® wr

n' gs
sin ot = —12-[1 —cos2at]

KV,
So K,v3, =—£[1-cos2at]
2
Ratio of signal at 2w to thatat w:

2
a’ps

-cos2ax

2K (Vosg Vi )V, -sin
The coefficient of this expression is then:
1%

4(VGSQ - VTN)

6.8

1%
00l= —&
4(Vso = Vin)
So V., = {0.01)(4)(3 — 1)
= V!, = 0.08 V
6.9
Vo = _gmvp(ra"RD)
R[R 50
V. = 12 -V ( ) = (0. V.
" RIR,+R;, ' \50+2 V.= (0962,

A, =-.(0962)r,[R,) = —{(1)(0.962)(50}10) =

= Rp = 8 k2
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6.10

A, = —gm(ro]|RD)
-10= —9m(100uS)
= gm = 2.1 mA/V

6.11 2
o | e |V
s Vo (R, ¥ Rz) bp
200 N
Ve = (m) (12) =48V
V.-V
Iy= ¢ G =k (Vcs "Vm):
48—VGs—(l)( (
ZVGS hand 7"65 + 5.2=0
(1) - 4(2)(3.2)
2(2)
= (1)(2.96 —=2)* = Ip = 0920 mA
Vps = Vpp — Ip(Rp + Rs)

— 4Vgs + 4)

Vgs = =296V

=12 - (0.92)(3+2)
= Vpe=74V

(b) Vo - _gmvg:(RD“RL)
1+ g,.R;s
where V= R“R i = 300200 Vi
R|R,+Rs, 300200+2
120
= V. =(0984)}V.
120+2 ° (0984,
Then
- "8.(0-984)(RD“RL)
1+ g,.R;
8. =2(1)296-2)=192mA/V
—(192)(0.984)(33)
S = =
° o) ~05%¢

ac L-eq_J L‘.,'q_

= =1 - e—
\ Siere SR Tex
oLl - - - -

A | /2.

. -1
Aip = ————
= 35va O
Aip = 0.92 mA
= |Ava,| = (0.92)(3.5) = 3.22

=> 6.44 V peak-to-pesak

6.12
a. Ipg=3mA= Vs = IDQR5=(3)(0.5)= 15V

2
Ipg = K-(Vcs ‘Vm)
3 = (2)(Vos —2) = Vos =3.22V
=Vos +Vs =3.22+4+15=472V

R, 1
(- Vvpp= = Rin-V
Ve (R;+R2) bp =R, R bp

472 = -};—-(200)(15) = R, = 636 kQ
1

636R2_ _ _
308 200y =2mk0
=gm(RoliRe)

14 ngS
gm = 2(2)(3.22 — 2) = 4.88 mA/V
—(4.88)(2]|5)
T+ (4.88)(0.5)

b. A =

Ay = = Ay =203

6.13
Erom Problem 6-11: Ip = 0.920 mA

ps=T4V

gm = 1.92 mA/V

A= —8m(RD“RL)("R§‘WI;g““§L§}
=-(1 92)(3{[3)( 200300 )- ~(2.88)(0.984)

200{300+2
A, =-283

\ Store= T—= =L

303
o7z d =k

7.4 o

Aip = . Avps. Aip = 0.92 mA

Ll

1.5k
= |Avps| = (0.92)(1.5) = 1.38

= 2.76 V peak-to-peak output voltage swing

6.14

a.
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Vpsq=V* - IpqRp - (-Vassq)
Output Voltage Swing = Vpsq — Vps(sat)
=[V* L pgRp +Veso |~ (Vs — Vim)
=V —1,0Rp+Vpry

1
So |Al,|=1,, = = -|AV,I,S\

= — V‘-—[ R, +V.
R
Ipq = 7375 = Ipa(10) + 1)
=12-2Ipg =1Ipg

= Ipg=04mA =g

b g, =2,K,Ip, =2,(05)(04) = 0894 mA/V
__1
Mpq ~ (0.01)(0.4)
Av = —gm(Rp||Re|Iro)
= —(0.894)(10]|10}/250)
= A, = —4.38

=250 kQ

To

6.15

e 1=K, (Vos -Viy )2

2 = 4(Vgs — (-1))?

Vgs = —0.293 V

= Vs =0.293V =IpRs = (2)Rs
= Rs = 0.146 kQ

VD = VDS + Vs =6+ 0.293 = 6.293

sz-l—g—:-ie-'-zﬁ:}tg=1.85kﬂ

~gm(Rp||R1)
14 ngS
8 =2Ku(VGS _VTN)
gm = 2(4)(-0.293 + 1) =5.66 mA/V
_ —(5.66)(1.85}{2)
1+ (5.66)(0.146)

b. A, =

1

= A, = —2.98

\4—-0.: Loc..l Live

\ Sl.op¢=, _;‘.____—-
LI fla+o.ye

Impt— — = ——- -
[A-x4 =%

113

Avo = (Aip)(1.85{2) = (2)(1.85([2)
=192V

1.92
y = —— = (. V. =0645 V
Av, 298 0.645 = 0.645

e&. Vpsq = Vop — Ipg(Rp + Rs)

25=5 - [DQ(2 + Rs)
2.

3

foq = 2+ Rs
. -V
IDQ=Kn(VGS_VT') = RGS
s
-2.5R
2
—-25R
| 223R oy, 1. 25
2+R; 2+ R;
ofi _ 2:58s T2
2+ Rs - 2+ Rs
4[2tRs—25Rs T
2+ Rs T 24 Rs
(2 - 1.5R5)?
4 =25
2+ Rs

4(4 ~ 6Rs +2.25R%) = 2.5(2 + Rs)
9RL —26.5Rs +11 =10

26.5 + 1/(26.5)7 — 4(9)(11)
2(9)

Rs =05k or 2.44 kQ
But Rs = 2.44 k1 = Vgs = —1.37 Cut off.
= Rs =05k, Ipg=1.0mA
—gm(Bpl|Re)

1+ gmRs
8n = 2K Ipy =2,J(4)(1) =4 mA IV

= —@al2)
Av= 1+ (4)(0.5)

Rs =

b. A, =

= A, =-1.33

6.17

a. S5=1IpgRs+Vspg+IpgRp -5

5=IpgRs+6 + Ipg(l0) -5

4
A ST
Vs = Vspg +IpqRp - 5 = Vsgqg
2. 1+ IDQ(IO) = VSGQ
2
IDQ = KP(VSGQ—z)
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Choose Rs =10 kQ = Ipg = — = 0.20 mA 6.19
% Ipg =K (Vs =Vo )’
Vs =1+ (0.2)(10) =3V g~ ( cse” m)
020=K,(3-2)' = K, =020mA/V? ga = 2K, pg
- 22=2JK (6)= K, =0202mA/V?
b. Ipg = (0.20)(3 —2)’ = 0.20 mA 6=0202(28~V,,)" = V,, =-265V
8 =2/K, 159 =2/(02)(02) =04 mA/V Vbsq =18 ~ Ing(Rs + Rp)
18 — 10
Av = —gm(Rp||RL) = —(0.4)(10}}10) Rs+ Rp = e =133k = Rs =133 - Rp
=»> A, =20
A = _gm(RolIRL)
v 14+ gmRs
c. Choose Rs =20k = Ipg = — = 0.133 mA 29 Bo:1
30 Rp 41

S T+(22)(1.33  Rp)
Vscg = 14 (0.133)(10) = 2.33 V

2.2Rp
142.93-22Rp =
0133=K,(233-2)' = K, =122mA/V? " 13Ro
gm = 21/(1.22)(0.133) = 0.806 mA/V (3.93 — 2.2Rp)(1 + Rl:) =2.2Rp
A, = -—(0.806)(10"10) = A, = —4.03 3.934 1.73Rp ~ 2.2Rp =2.2Rp
A larger gain can be achieved. 2.2R% + 0.47Rp ~3.93 =0
~0.47 + 1/(0.47)? 4 4(2.2)(3.93
6.18 o = V(047 + 42.2)(3.9)
8 bo— "= "( SGQ+V77) = Rp =123k, Rs =0.10 k
1= S(Vsaq — 1..5)2 = Vsaq =195V Vo = Vs + Ve=1284 (6)(0.1) =34V
- .1 1
Rs = 5185 = Rg = 3.05 k2 Ve = == Rin- Vpp = =—(100)(18) = 3.4
1 R,y R,
Vspq =10— Ipq(Rs + Rp) = R, =529 kQ
5 =10 — (1)(3.05 + Rp) = Rp = 1.95 kQ2 529R,

=22 100 = R, =123
5t By 0= R=123k0

b g.=2/K, I, =2[(5\1) =447 marv

6.20
Av = —gm(Rp{|RL) = —(4.47)(1.95]j2)

a.
= Ay = —44]

C.
¢ ¢ Lood Line v
\ SLtore = ~| ‘G K

1952

i

i I
! |
i i
" i

AV

Vi=9+V, Vgp(sar)=Vg +V,
=1 V, -V, (sat
n Sk Viog =022l
i
= le 94V )= (Ve +V,
=( SC) 2( 3G T’)"'(VSG +VTP)
9+1.5 .
AiD=———l—-Ast =3 +Vsg —1.5
i Vspg =3.75+ Vs = 9 + Vsg — IpoR
= |Avps| = (1)(0.987) = 0.987 V spg =3.75+ scz— + Vs — IpgRp
Swing in output voltage = 1.97 V peak-to-peak 1pg =K, (Ves +Vp)
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Set Rp = 0.1R, =2 kQ2 6.23
3.75 = 9 — Ipg(2) = Ipq = 2.625 mA A, = Imlo . _(£)00)

T 14 gmro 1+ (4)(30)
b. &m =2‘\/ KI'IDQ =2 (2)(2'625) =458mAlV Ro = ~1— “ ro = % “ 50 = Ry =0.249 k

= A, = 0.995

9
1 1 gm(roliRs) 4(50(]2.5)
= ES = A, = = —
"= Xpg  (0.01)(2.625) 38.1 ka2 1+ gm(rolfRs) 1+ 4(50]|2.3)
Open circuit. 4(2.38)
= —e=2) 4, =0.905
Av = —gm(Rpliro) 11+ 4(2.38) 1
A, = —4.58(2(38.1) = A, = ~8.70 Ro= — | ro s =] 5025
= Ro = 0.226 kQ
c. With Rg
6.24
A, = —4.58(2}|20}|38.1) = A4, = —7.95 R, 396
a. Ve = (_‘_‘_) Vop = (_—'—4'6' (10)
=+ Change = 8.62% R+ R 396 + 12
= Ve =242V
6.21
10— (V,, +242 )
2 "DQ =—(—S—G'_“): Kl'(VSG +vrp)
a. IDQ=K,,(V:G+VTP) < X
, 7.58 — Vsg = (2)(4)(Vig — 4VsG + 4)
2= (0.3)(\’-5‘6 + 2) = VSG =0V ngc —31Vsc + 244 =0
Re=2270 L R =540
$ET T Rzl W (31)? — 4(5)(24.4)
vb=o-x/sDQ=o_s::.RD=;6:3(‘J’l s¢ = 2(8)
= 2. \Y%
= Rp =2XQ = Vs =2.78
- — 2 = 1.
A, = —gmRp Ipg = (2)(2.718 - 2)" = Ipg = 1.21 mA
b 8 =2,K,Tpp =2J(05)(2) =2mA/V Vspa =10~ IogRs =10 - (1.21)(4)
Av = —(2)(2) = A, = —4.0 = Vspg =5.16 V.

6.22 b, £.=2JK,Ipg =2,J(2)(121) =311 mA/V

A, = —~gm(Rp||RL)

1 1
Vbsq = Vop — Ipg(Rs + Rp) To = Moo = CXAEN) = 41.3 kQ2
10 =20 — (1}(Rs+ Rp) = Rs+ Rp =10 kN A = 9m(RS”RLn"O)
- Rsl{Ri]|ro)
Let Rp =8kQ. Rs=2kQ 1+ gm(Rsl{RL
- 3.11(4{|4]|41.3) = A, = 0.886
= -10‘—"-—9".(8“20) l+(311)(4“4“413)

g.=L715mAIV =2 /K,,IDQ =2JK,(1) =

—_— -
K, =0.766 mA/V? xT: v N
) 39 3,.\{3 o
Vs =IpqRs=(1)(2) =2V ve (*+ *
Tpg =K, (Vos =V )’ = 1= 0.766(Vs —2) L\ NN
= Ve =331V (25 l 2(—
IQ
Ve=Vgs+ Vs =3.3142=25.231 —
) S
VG= E'R'n‘VDD

= Rl(zooxzm =331 = R =753k
1

Io = ~(gm v_g)(__._Riui_)
753Ra

Rs|lro + AL
—="2_ —200 = Ry =272 k0 =V
753+ R ST sls R V,, = :
’ " = T+ gm(RslRzliro)
Vi = Li(Ri||Ra)
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A= Io - gm{R1 | R2) Rsiiro
T~ 1+ gm(Rs|[Ri]lre) Rslire + Ry
_(3.11)(396}}1240) 4)41.3
T T+ (3A0)(4)4l[41.3) 4413 + 4

__(311)(300)  3.647
1+ (3.11)(1.908) 3.647 44
= A, =64.2

e ne - o] s

6.25
g _2./K1 =201 =2masv
1
10 —m-— (6—6—1)(—1)=100kﬂ
Ao Im(rollRe) _ _20100}4)
"7 14 gm(roflRL) — 1+ 2(100)4)
=> A, = 0.885

&:-gl;l‘r(,:%" 100 = Ro = 0.490 k)

6.26

gm Ry ﬂm(4)
a A= ——— =095 = ———
YT 14gmRy 1+ gm(4)
0.95 = 4(1 — 0.95)gm => gm = 4.75 mA/V

o = 2\/(%;&-,60:) (-V{—)Io

4.75 = 2,/ (0. oso)(w)(4)=> T =47.0

1 w
b. gm = 2\/7(5#nc03) (T)IQ

4.75 = 2,/(0.030)(60)/q = [ = 3.13 mA
6.27

1

Ioa = KA(VGS -VTN)

5=5(Vos+2) = Ves=~1V
=2 Vs==-Vgs=1V
ID0=Y-5-:IT(::9-)-=>R5=-1-§-‘Z=>R§=1.2kQ

=2JK, 1,9 =2,/(5)(5) =10mA/V

1 1
"= Xog = oN)(E) = 20K
, = Im(rollAslRr)

1+ gm(rollRs}{RL)

- _(10)(20}1.2}j2)
1 + (10)(20]]1.2[[2)

R°=;1:|l'°ﬂ’*s=i%u2°l|1-2
= Ry =919 0

= A, = 0.878

6.28
gmRs gm(10)
Ay = wmm——— = 0.90 =
v 1+ng5 1+9m(lo)
0.90 = 10(1 — 0.90)gm = gm = 0.90 mA/V
1 1
Ro=;;‘" Rs=6~9—6“ 10 = Ry =1k
With Ry :
A, = Im(BsliRe) __(0.90)(10§2)
"7 14 gm(Rs[[RL) ~ 1+ (0.90)(10}12)
= Ag = 0.60
6.29
1
Ro=— | Rs
gm
Output resistance determined primarily by gm
Se:-l——02k9=>gm =5mA/V
gm
8 = ZJKJDQ
= 5=2v/(4)Ipg = Ipg = 1.56 mA
2
IDQ - K ( TN)
1.56 = 4(Vgs +2)°
Vos = =138V, Vg=<-Vgg=138V
_ 138 — (=5) _
Rs = 156 = Rs =4.09 kQ}
4 = Im(RsliRr) _ _5(4.09(2)
YT 14+gm(Rsl|RL) ~ 1+ 5(4.092)
= A, = 0.870
6.30

8 8.=2JK, I =2,/(5(5)=10mA/V

1
1—6‘=>Ro-1000

Ru:-——:

b. Open-circuit gain

A, =272 Butro =00 30 Ay = 1.0
1+g...ro

With Ry :

ngL
1 + Im RL
10RL
050=T¥or;

= R; =0.1 k{1

v =

= 0.50 = 10(1 — 0.5)R;
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6.31
. -1
A =1 = —
{Aip| = Ipg RolRL Ave
Ipg-RsR,
Avg = =1 Rs5ljRp = — 2" %
vp pq - Rs|lR. Re ¥ Ri
vo(min) = — 22efte
L+ =2
Ry

o ImlBsIRY) _ wo

YT 14+ gm(Rs||RL) v
v = =Ipg(Rs||RL)[1 + gm(Rs||RL)]
gm(Rs||Ry)

vi(min) = -’;’—Qn + gm(Rs||RL)]

6.32

a. VDSQ = VDD et IDQRS

3=5-(1.7)R: > Re = 1.18 kQ
2
I'og = K, (Ves = Vi)
1.7 = (1}(Vos —1)* = Vos = 2.30 V
Ve=Vpp~Vpsg=5-3=2V

Ve=Vs4+V5s=24+230=430V

1 1
Vo= -~— R, -Vpp = — 5) = 4.
o= g DD R,(30°)(°) 4.30

= .R.1 = 349 k0

349R; _
O+ R 300 = R, = 2.14 MQ

b g, =2/K. I =2,J(1)(17) =261mA/V

gmRs _ 2.61(1.18)
" 14 gmRs  1+(261)(1.18)
= A, = 0.755

1 1
Ro= — | &s = T | 118 = 0.383)1.18
= Ro = 0.289 kQ

6.33

8. Vgs+ IpgRs =5

_S_Vcs
5~ Vas = (10)(3)(Vés - 2Vas +1)
30VEs — 59Vgs +25 =0

_ 592 V(59)? — 4(30)(25)

Gs =

I, = Ku(vcs "Vm)2

2(30) > Ves=135V

Ipg = (3)(1.35 — 1) = Ipg = 0.365 mA
VDSQ =10 — (0.365)(5 +10) = VDSQ =4.53V

b. 8a = 24K, I g =2,(3)(0365) =

g, =209mA/IV

1 1
= Xpo _ (0)(0.365) & ==

To

c. A, =gm(Rp||RL) = (2.09)(5]]4)

= A, = 4.64

& Ipg=K,(Vig +Vpp)

0.75 = (0.5)(Vsg — 1)° = Vsg = 2.22 V
5—2.22

S=IpqRs+Vsc = Rs = 075

= Rs: =3.71kQ
Vspg = 10 = Ipg{Rs + Rp)
=10 - (0.75)(3.71 + Rp) = Rp = 1.62 k02

8n=2[K, I =2J(05)(075) =122 mA 1V
1

Ri = -1—5-5 = R, = 0.816 kO

Ro=Rp = Ro = 1.62 k1

¢ = (RoRf RL) (Rsf[i/gm]) o

[ 162 3.71 i
= \T62+2/\371 +0816/"

to = 0.367i, = ip = 1.84sinwi (uA)
vo = iRy = (1.84)(2) sin wt
= vo = 3.68sinwt (mV)

2
e Iy =K (Vs —Viu)

5= 4(Vgs — 2)2 = Vgs =3.12V
V* =IpqRp + Vbsq - Vs
10 =(5)Rp+12~3.12= Rp = 0.224 kQ}

b. g.=2JK, 5, =2J(4)5) = g.=894mA/V

1 1
T = ; =0.112 kQ
’ gm  8.94 = R=0l12 k0

c. Av=gm(RpllRL) = (8.94)(0.224]j2)

= A, =1.80
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6.36
s Do =K (Ve +Vp)
3=2(Vsg -2 = Vsg =3.22V

V+ = IDQRs -+ VsG

Rg=-1-0——:'2-2—:R§=2.26k0

Vspq =20 — Ipg(Rs + Rp)
10 = 20 — (3)(2.26 + Rp) = Rp = 1.07 k0

b. v = gm(RDuRL)
8m =2,K, I 5o =2,/(2)(3) =490mA/V

A, = (4.90)(1.07}j10) = A, = 4.74

6.37

Wil .
L A= @, < F

= (W/L), = 25(0.5) = (W/L), =12.3

Ko=gh.Cal %) =(0(125)=375 1y
2 L),

K, = (30)(05): 15 uA 1V?

Transition point:

’K
Veso = Venp = (Von -V )"‘ “‘ED‘(VGSD "ano)
L

375
vGsp ~2=(10~-2) - T (vgsp — 2)

vGsp(1+5) = (10 - 2) + 2 + 5(2)
vesp =3.33Vand vpsp =133 V

b Tog = Ko(Vag=Vro)

Ipg = 0.375(2.67 - 2)* = [pg = 0.167 mA
8- 1.33

Vbsg = 2 — +1.33 > VDSQ =467V

6.38

(a) Transition point: Load:
Vas =Vop —|[Vpu|=10~2=8V
Driver:

KD[(vm)z(l + low)]
= KL[(—V,NLY (1 + AL(VDD “Vou ))]

0.5[v3ca + (0.02)13, 4]
= 0.1[(4)(1 + 0.02(10 — vo:a))]

We have

0.01v3, 4 + 05024 + 0.0080g,4 — 0.48 = 0

Thesefore voia = 0.963 V
Now

8 — 0.963

Vo = 2

+0.963 =4.48V = Vpsgq

Thea

KD[(VGSD - va)z(l + Anvoa)}
= KL[(-VWL)Z(l + Z'L(VDD - VOQ))]

0.5{(Vesp — 1.2)*(1 + (0.02)(4.48))]
= 0.1[(4)(1 + 0.02(10 — 4.48))]
which yields Vosp = 2.103 V

b Ip,= KD[(VGSD = Vo )z(1 +'1"V°Q)]

Ing = 0.5[(2.103 - 1.2)*(1 + (0.02)(4.48)))
S0 Ipg = 0.444 mA

1

1
C. = = =
Tep = 0L = XToe - (0.02)(0.444)

=113 kQ

8np = 2K p(Vosp ~ Vip) = 2(05)2.103-12) =
80 =0903mA/V

Then

Av = ~gmp(ropliror) = —(0.903)(113[1113)
or Ay = =510

118



Chapter 6: Problem Solutions

639
2
Iy= KA(VGS "VTN) v Vs =Ves
I,=0 when V=15V =2V, =15V
08=K,(3-15)' = K, =0356 mA/V?
dr, 1
=—=2K, (Vs -V,
dVDS R" n( Ds TN)
=2(0356)(3-15)
= R, =0936kQ

gﬂ=

6.40

a.

2
luo = KnD(VGS _VTND)
IDQ =05mA

2
lnq = KnL(VGSL —VTNL) = KAL(VDD -
0.5 = 0.030(10 —~ Vp — 1)*

{05
0.030 ®

b. IDD =

=(05)(0~(-)’

2

va - le_)

~-V=>W=402V

IpL
KnD(vi =Viw )2 =K, (VDD -V, -V )2

K
_"D(Vi - VTND) =Vpp

KnL
V VDD VTNL 1‘ 20 (v TND
nD
nL W/ L

20, 4 =408

- Va - VTNL

dV

A== 30

6.41

(@ Ipg=K L(VGSL _VTNL)I = L(VDSL
=(o 1)(4-1)" =09 mA

= Kp(Vesp =V,

Vi)'

TND )1

0.9=(1)}(Vesp - 1)2 = Vesp=195V
Voe = Vosp + VpsL = 1.95 +4

= Vee =595V

b. Ipp = Ip.

2

K, (Vcso ~Vrwo )1 =K L(VGSL - VTNL)

’K
(Voo +Vi =V, =Vpp) =V, =V,
K,
K ’
V‘[l+ K:) KL(V +V VTND) TNL

=dvc= Kﬂ/KL = A," 1
av, 1+ JK, /K, 1+JK, /K,

(¢) From Problem 6.39:
1
R, = —r——
® 2KL(VDSL —VTNL)
1
= = 167 kQ
2(01)(4 - 1)
8n = 2JKpl pg = 2/(1)(09) = 190mA 1V
gm(Rup||Re) _ _(1.90)(167[4)
“ T 14 gm(RLpf{RL) 14 (1.90)(1.67(4)
= A, = 0.691

6.42
a. From Problem 6-41:
4 = Sm(BiofiRr) (1.90)(1.67{]10)
YT T4 gm(RiplRL) 1+ (1.90)(1.67]10)
, =0.731
1 1
= —{l Rup = — Il 1.67 = 0.526([1.67
b. | R =1 | 1.67 = 0.526]
Ro = 0.40 k0
6.43
2
& D\ =K (Vcsx TN\)

0.4=0.1(Vgs; —2)° = Vgs1 =4 V
Ve1 = Ip1Rsy = (0.4)(4) =16V
Ve1i=Var+Ves1 =16+4=56V

Ry 1
= Vob =~ Rin -V,
Ve (R: +R;) bp = & DD
5.6 = 7}(200)(10) = R, = 357kQ
1
357R; .
= = 45 k

S = 200 Ra =455 k0

Vos1 = Vpp ~ Ipi(Rs1 + Rpy)
42=10-(04)(4+ Rpy)= Rpy =11 kQ
Vpy = 10— (0.4)(11) = 5.6 V

2
Ipy = Ky(Vigy + Vipy)
2=1Vse2—2)" = Vsgz =341V

Vsa = Vpy + Vsgz = 5.6 + 3.41 = 9.01
10 - 9 01
Rsy =

= Rs; =0495 k0
Vsp2 = VDD — Ipa{Rs2 + Rpa)

5 =10 - (2)(0.495 + Rpz) = Rp2 = 2.01 k)
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Vi (sat)=V, ~Ip(Rpy + R;,)
= VDD - pI(RDI + Rsz )VSIIH (Jat)
R“z‘ %oa (1)(2 + 0.5)V3pa(sat) + Vspa(sat) — 10 =0
q""\é f’- 3"*%* 2.5V3pa(sat) + Vspa(sat) — 10 =0

13 /TF 4(2.5)(10)

o<

= =181V
VSDZ (ut) 2(2‘5) 1
10 — 1.81
Vspga = ——— + 1. =5.
Vo = gmVigz Roz = (gma Ro2)(gm Vss B3) s091 = = + 181 = Vonqz = 5,91V
Vo = Vi Vspqz = Vpp ~ Ipq2(Rpa + Rsz2)
Vo 5.91 =10 — Ipgz(2 + 0.5) = Ipgz = 1.64 mA
A= V= gmigm2 Rp1Rp2 , pasl ) e -
' Vsz = 10 — (1.64)(0.5) = 9.18 V
8w = 2K, T, =2,J(01)(04) =04 mA/V 2
Ipg, = sz(Vscz +Vipy)
8m = 2Kyl py =2/(1X2) =283 mAIV R
A = (0.4)(2.83)(11)(2.01) = A, = 25.0 1.64=(1)(Vse2 = 2)" = Vsaz = 3.28 V
Vo1 =Vsa = Vsg2 =9.18-328=5.90V
c.

10 - 5.90
———— — 2]
04 = Rp; = 10.25 kO

Iom: .x(VGn"Vrm)z
0.4=(0.1)(Vgs; —2)* = Vgs1 =4 V
Vo1 = (0.4)(1) =04 V

Vo1 =Vs1 +Ves1 =04 +4 =44V

R, 1
Vo = Vobp = —— - R -
@ (R: + Rz) bo Ry R Voo
44= -‘— +(200)(10) = Ry = 455 kQ

450R2
55+ Fa =200 = R; =357 k{2

Rpy =

Vsp(sat) = Vs + Vra
=Vpp — Ip2(Rp2 + Rs3)

2 b. Ipgi=1.64mA
= Vpp = kp2(Rp2 + Rs2)Vsp(sat)

Vquz =10 - (1.54)(2 + 0.5) = VSDQ2 =590V
Vbsg: =10 — (0.4)(10.25 + 1) = Vpsg; = 5.50 V

(€) 8t = 2Ky pgy =24/(0.1}(04) =04 mA 1V

So
(1)(2.01 + 0.495)Vap(sat) + Vsp(sat) — Vpp = 0
2.505V2, (sat) + Vsp(sat) — 10 =0

Von(saty = ~LE VLT AZSEI0) 8a2 = 24K al oy = 24/(1(164) =256 mA 1V
spis = 2(2.505) v = gm19m2 Ry Rpy = (0.4)(2.56)(10.25)(2)
Vsp(sat) = 1.81 V = Ay =21.0
5—1.81=3.19 6.45
=> Max. output swing = 6.38 V peak-topeak 8. Vpsga=7=Vpp — IpgiRsz = 10 — Ipga(6)

Ipg2 =0.5mA
2
Ipg, = Kz(VGsz“Vrm)

e 0.5 = (0.2)(Vos2 — 0.8)° = Vgs3 =2.38 V
Vs1 = Vs2 + Vgs2 =3 +2.38 =5.38
jo
1_5-="f-.4‘ / [DQ,_.Vi=5_3.8.—0259 mA
Rsy 20

1

Ipgi = KI(VGSI ‘Vm)

0.269 = (0.2)(Vos1 — 0.8)* = Vgs1 = 1.96 V
Vo1 =Vsy +Vgs1 =5.38 4196 =734V

\4929-.-) lo 120
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7.34 = 721'(400)(10) = Ry =545 kD
1
545R,

b. Ipgi=0.269mA, Ipg =0.5mA

Vpsgq: = 10 — (0.269)(20) = Vpsgr = 4.62V

gm7R$2
1+ gm2 R52

m R
A, = gm) fis)

C. = .
1+ 9mi RS]

8t = 2K pgr =24/(02)(0269) = 0464 mA /V
82 = 2 Kol gy = 2,/(02)(05) =0632mA/V

(0.464)(20)
T 14 (0.464}(20)
= (0.9027)(0.7913)
= A, =0.714

(0.632)(6)
1+ (0.632)(6)

Ro = gL H Rs2 = EGLBE H 6 = 1.582]j6

m2
= Ro =125 kf}
6.46
10-V, 2
(a) Ipy, ='—R_ﬂ_ K (Vos: - mx)
52

10 = Vosy = (4)(10)(Visy ~ 4Vos +4)
40Vis, - 159Ves +150 =0

159 4 /(139 — 4(40)(150)
2(40)

= Vgsy = 2435V

GSs1 =

Ipg = (4)(2435 - 2)* = Ipg = 0.757 mA
VDSQ! =20~ (0757)(10) = VDSQ! =124V
Also Ipg; = 0.757T mA

Vpsqz = 20 ~ (0.757)(10 + 5) = Vpsqa = 8.65 V

121

6.47

®) 8t =8m = 2\(

= &2 —-3.48mA/V

2 @@ =

Vo = —(gmzVy2 {Ro|[R1}

Vos2 = (=9m1 Va1 — 9m2 Vo2 {(Rs1|{Rs2)

Vi=Via = Vi =2 V=V 4V,
s2(RaliRs2)

= —9"'Il(v + ‘gs? RSX ”R52)

‘ga? + Pm?

Vgn + gm2 Vg:?

= —gm1V‘(R51 ”RS'A’)
g ViR 1R1)

sillRe2) 4 gmiVou2(Rex || Rsa)

Yo = T R [Rso) + 9w (Ror | o)
4 = Yo gmigma(Rss||Rs2)(RD[R1)
Y 14 (gm1 + 9m2)(Rs1l|R2)

A - (3.48(10020)(5]12)

Y7 14 (3.48 + 3.48)(10]]10)

= A, =242

& Ipg=3mA
Vsi = IpgRs - 5=(3)(1.2) =5 =—=14V
Ipo = Ky(Vos =V,

3=2Ves—1P = Vgs =222V
Vor=Vgs+ Ve =2.22-14=082V

Rs Rs
Vo = | ———r—r— 82 =
& (R,+R=+Ra)(s)”°82 (soo

= R; = B2k}

Voi=Vsi+ Vpsqr = ~14+25=11V
Var=Vpr+Ves = 1.14222=332V

_ Ry + Rs
(RI +Rz+Ra)(5)

_ Ri+ Ry
:3.32_( 700 )(5)

Ry + Ry = 332 = Ry = 250 kR

)w>

AN
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Ry = 500 — 250 - 82 = R; =168 k(1

Vo2 =Vp1+Vpsga=1.14+25=36V

S _33‘6 = Rp = 0.467k0

D =
b. A, = —gmlR—D
8 = 2K Tog =2,J(2)(3) =490 mA IV
A, = —(4.90)(0.467) > A, = —2.29

6.48

8. Vsi=IpgRs—-10=(5)(2)-10=> Vs =0
Ipg = K\(Van "VTN)2

5=4(Vos: —1.5) = Vgs; = 2.618 V

Voi = Vosi + Vs = 2.618 V= IRy = (0.1)Rs

= Ra = 26.2 k01

Vo1 =Vs1i +Vpsq1 =0+35=35V

Voa = Vp1 + Vs =3.5+262=6.12V
= (0.1)(Rz + Ra)

R+ Ry =61.2k0 = R; =35k

Vo2 = Vp1 + Vpbsq2=35+35=70V

-7
RD=105 = Rp = 0.6 k0
0-—6.
R;:l—Tl-—y—z-#?R] = 38.8 k)

b. Ay = —9m1RD
8o = 2K, 1,5 =2,J(4Y5) =894 mA 1V
v = —(8.94)(0.6) = A, = ~5.36

6.49

Vos\?
8. Ipg = Ibss(l - W)
Vc:s)2
4=6{1~—
(-5
Vos = (=3) [1 - \/%I = Vgs = —0.551V

Vbsq = Vpp —~ IpgRp
6=10~—(4)Rp=> Rp =1k}

2Ipss Vegs 2(6) ( —0.551)
b. =2l - 2 ) = i)
Grm {-Vp) (1 Ve ) 3 ! -3
= gm =3.2TmA/V
To ! 1 = rp = 25 k}

= Xbpg _ (0.01){4)

¢ A, = —gm(rollRp) = —(3.27)(25{]1)

=+ A, =~3.14

6.50

Vos + Ipg(Rs1 + Rs3) =0

2
Ipg = IDss(l - }T,/CE)
P

2
Vos + Ipss(Rs +Rsz)(l - %) =0

v - 2
Vos + (2)(0.1 + o.zs)(1 - -?-’-) =0
Ve
s ri
Vos + 0.7 (l - Zvis + —-—-—VGSQ) =0
(-2)  (-2)
0.175V2s + 1.7V + 0.7 = 0

-1.7% \/(1.7)’ - 4(0.175)(0.7)
2(0.175)
= Vs = -0.431V

- XUpss |- Vas) _ 2(2) L =0:431
m -Vp Ve 2 -2

= gm = 1.57 mA/V

Vs =

A4, = —9m{RpllRL) _ —(1.57)(8]}4)
v 1+ gmRs: 1+ (1.57)(0.1)
= A, = —3.62

= A, = —45.3

6.51

Ipss

Ipg = =4 mA

Vpsq = %— =10V

Vosq = Vpp — Ipg(Rs + Rp)

10 =20 — (4}(Rs + Rp) = Rs + Rp =2.5kQ
Vs =2V = [qus ='4Rs

= Rs=05k}, Rp =12.0kQ

_ Ves\’
Ipg = 1Dss(1 - W)

V. ?
=31~ Z55) = ves ("“’(1 - \@)

= Vs =-1.23V

Ve=Vs+Vgs=2~-1.23

- = (_f = (R
Vo=01TV = (R1 - Rz)(zo) = (100)(20)

= R, =3.85kfl, R; =96.2k0
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Vi
Ipg = 1Dss(1 - ——cﬁ)

_ Vos oy 15

= Vos=-146V

Vo =Vs+Vgs=6~-1.46 =454V

R, 1
Ve={—2 " VVpp=—="Ri. V
G (R;+R2) DD R R DD
4.54 = Rl(mo)(n) = R, = 264 kD

1

264 R,
264 + R,

_ 2Ipss Vos\ _ 2(10]( -1.46
b m= (—VP)(l Ve ) =5\ 5

-5
= gm = 2.83 mA/V
1 1
= 3og = anGs - 0K
AL = gm{rol| Rs||RL)
"7 1+ gm(rollRs|lRL)
A — (2:83)(20]]1 2{j0.5)
¥ 7 1+ (2.83)(20{1.24}0.5)

= A, = 0.495

:100=>Rz =161 kN

Ro = g—l; | &s = 5—18—3 | 1:2=03s3p02

= Ry = 0.273 k2

6.53

. R, R 110
) V = e | V _ JEEUe 10
bl T (Rl+Rz) po (110+90)( )

35 ¥

10 — (Vo - Vas Ves\’
Tog = =e=Ves) _ pp (- Yer)

. _\7
10 ~ 5.5+ Vos = (2)(5){ 1 = 23

5+ Vs = (2)(5)(1 - 12£)
4.5+ Vgs = 10(1 ~ 1.143Ves + 0.3263VE5)
3.265V3s - 12.43Ves + 5.5 =0

123

12.43 % \/(12.43)’ — 4(3.265)(5.5)
2(3.265)

Vs =
= Vgs =0.511V

0.511
]DQ = (2)(1 — —1—7—5—

Vspg = 10 — (1.42)(5) = Vspq = 2.9 \Y

0.511
b gm = 2SS (1 - Yﬂ) =22 (1 - -———)

2
) = IDQ = 1.42 mA

Vp Ve 1.75 1.75
= gm = 1.62 mA/V
o - _sm(Rs|Ry) _ _(L62)(5])10)

T T+ gm(Rs[[RL) 1+ (1.62)(5]10)
= A, = 0.844

W (w/R) R.
Ri = Ry||R: = 90||110 = 49.5 kQ
A = (0.844)(———4?65) = A, =418

\6/-::: load Linwe

S = =L
142 ———.\ FPET e

2.9 o

Maximum swing in output voltage
= 3.8 V peak-to-peak

Vspq = Vpp ~ Ipg(Rs + Rp)
7.3=20-4(Rs+ Rp)= Rs+ Rp =3.125 k0

gom = 2Ipss (1 _ VGs> - 2(8) (1 _ 1.417)

= gm = 2.83 mA/V
Rs =3.125 - Rp
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_ —gmBp
A = 1+gmRs

- 31+ gmRs) =—gmRp
3[1 +(2.83)(3.125 — Rp)) = (2.83)Rp
9.844 — 2.83Rp = 0.7075Rp = Rp = 2.78 kQ

R: = 0.345 k2

Vs =20 — (4)(0.345) = Vs = 186 V
Voe=Vs—-Vos =18.6—-1.17=174V

R, R,
Ve={—"2_\vpp = [ 22
¢ (R:+R;) bp (400)(20)
= R; =348 k). R, =352kQ
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Chapter 7

Exercise Solutions

E7.1
a. Rs = Rp =4 k

1 1
YT T Bs+ Rp)Cs
Ce = 1 _ 1

7 2xf(Rs+ Rp)  2x(20)(4 + 4) x 10
Cs = 0.995 uF
. Rp ) wTs

b T =

I (Jw)l (RS +RP \/1 +UJ2T§
rs =(Rs+ Rp)Cs = 7.96 x 107

Rp _ 4 =053

Rs+Rp  4+4
f =40 Hz

_(0.5)(2)(40)(7.96 x 107°)

[TOw)l =
\/1+ [27(40)(7.96 x 10-3)]
|T(Hw)| = 0.447
f=80H:z
z -3
T(w)| = (0.3)(27)(80){7.96 % 107%)
\/1 + [27(80)(7.96 x 10-2))?
|T(jw)| = 0.485
f =200 Hz
T(w)) = (0.5)(27)(200)(7.96 x 1077)
\ﬂ+ [27(200)(7.96 x 10-2))°
|T(jw)| = 0.498
E7.2
w= = — L
T 7 (Rs||Rp)Cp
Cp= ——t
2xf(Rs||Rp)
1
= 27(500 x 10%)(10{]10) x 10°
Cp = 63.7 pF

125

Tr

Ve = —_— x V;
w+ —+ Rs
T +ch + fig
_ Vals) _ —gmTa Ry
T(s) = Vi(s) ~ te+ Rs+(1/sCc)
= —gmr=Ri(sCc)
1+s(r- + R5)Cc
gmTe =
T(s) = —3R, ( s(rx + Rs)Cc
= L ¥ Re \1+s(r. + Rs)Cc
N S
© DB = o + Rs)Co
1
fimap =

27(2 x 10% + 1 x 10°][10-¢]
= fgdg = 53.1 Hz

. _ TngmR _ (2)(30)(4)
IT(JW)Imax - Tw + Rs - 241
IT{3w)lpa, =133
C.

‘Tf—j*-\\,.
\33 4+ ;
|
1
]
H
ST H= 5=
E74

1
& Vo= —gmVi (RLH ;C_L)

Tr
= Vi
v (T,.—+Rs) X

R x __.l—
T(s) = Vols) _ _ - L™ scy
TV T T FRs I

T(s) =

()
r + Rs 1+sR.CL

1 1

b fo-48 = TTRICE T 2R(5 X 109)(10 x 10-19)
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= faap = 3.18 MHz A,=.§a=:rﬂ_~.-ﬁ£}
o gmraRr _ (75)(1.5)(5) ' "
T = R = "Ts5703 = ‘(251)32254
T(s = 281 :
'_("_”l!m.tz__ A, = —231
C.
1 1
= - =354H
29 1 ¢ = T a0y~ fL=384Hz
1 1
= = = 0.796 MH
’ o= e = e 10=ey L= 0796 M
ey |
! E7.7
ot I8 Mida . 8. rs = (111. + Rs)Cc
b. /= 2rrs
a. 20log,, (——P——) =1 . R2 . 2.2
Rp +Rs ‘ Vrg = iR Vee = 737730 (10)
o =2 _ 01 = B2
Rp+R: T Rp+1 =0.991V
= (1 —-0.891)Rp = 0.891 = RE_—..B,]T k2 I _ Vru — Vpe(on) - 0.991 -~ 0.7
B9 = Rru+ (1 + 8)Re  1.98 + (201)(0.1)
f1= R S = 0.0132 mA
2x(Rs + Rp)Cs Icg =2.64 mA
= C_; = 1
27(100)(1 + 8.17) x 10° . _BVr _ (200)0.026) _ ooy
Cs=0.174 uF i Icq - 2.64 -
1 Icq 2.64
4 = S ReIRAICr 9m = = Doz /
= Cp = 1 R =rx+ {1+ 8)Re =1.97 +(201)(0.1)
= 6 3
27 (106)(1]]8.17) x 10 — 22.1%0
Cp =179 pF

Rp = Ri||R2 = 1.98 kQ
R. = Rpl|Ri» = 1.98{}22.1 = 1.82 k2
rs = (R + Rs)Cc

= (1.82+ 0.1)(x10%) (47 x 107°)

b. Ts = (Rs + Rp)Cs

rs = (1 x 10 + 8.17 x 10°) (0.174 x 107%)
rs = 1.60 ms open-circuit time-constant

e = (Rs||Rp)Cp

P = (1])8.17) x 10*(179 x 10™2) =90.24 ";‘
p = 0.160 us short-circuit time-constant f= I(P024 X 105) = [=176Hz
E7.6 Midband Gain

a. Open-circuit time constant {(Cr — open) —BRe R

7s = (Rs +7x)Cc A= TU+AR: R +Rs
=(0.25+2) x 10°(2 x 107%) = 4.5 ms _ __—(200)(2)  _ 1.82

Short-circuit time constant (Cc — short) 1.97 + (201)(0.1) 1.82 + 0.1

P =R1Cy = (4 x 10°) (50 x 1071%) Ap =172

Tp = 0.2 us
b.  Midband gain

Vo = —gmVaRL, V-=(-——r:—-);
4 g L ey Vi
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E7.8 E7.11
0-0.7~(-10)
1 = — 2 . = m————t = 0.0230 m!
po = K. (Ves = Viw) 2 Isq = 55 mon 0230 mA
T3 Icg = 2.30 mA
a. ’/5;5"'2 =Vgs = Vgs =3.26 V . BVvr _ (100)(0.026) _ 113 k2
’ P 2.30 ‘
Icq 2.30
7 — A=) m S e I e Y%
Vs =-3.26 = [pg = KS_R(_S_) g T = g = $83mA/
~3.26 + 5 : ro = BE(Rs+14)C
Rs=-_08_-=>R5=218kQ E_R5+rw+(l+ﬁ)RE
Vb =0= Rp = —— = Rp = 6.25 k0 (4% 10%(0.3 4 1.13)Ce
0.8 — T 05+ 1.13 + (101)(4)
1 1
b. rs=(Rp+ Rr)Cc = (10+6.25) x 10° x C¢ Te"m-m=0:96 ms
- -3
f= 1 = Ce = 1 '1",;::16.07C;.;=>C;;=94&6;2:L
2xTs €= 27 f(16.25 x 10%) 16.07
1 = Cg = 49.5 pF
Ce = 27(20)(16.25 x 10°
J(16.25 > 10%) b. ta= RgCg = (4x10°)(49.5 x 107¢)

= Ce =0.49 uF

1 1

E79 fo= 5 = rloren) © A= 080 H:
Te = (RL + REHRQ)CC] E7.14
1 1 BoVr  (150)(0.026)
= e = g = - Berr -
/ 2xrs 2 27 f(Rr + Rel|Ro) Tr= Ieq — 0.5 =T7.8k0
- r=+ (Rs||R5) 1
Ro =To { 1+3 fB - 2frw(c1r+cu)
From Example 7-5, Ro = 35.6 {1 _ 1
Ry||Rg = 0.0356}{10 = 0.0356 k2 27(7.8 x 10°)(2 + 0.3) x 10-12
1 = fg = 8.87 MHz
Cer = LZo - -
27x(10){10 x 103 + 35.6]
Ccz = 1.59 uF E7.15
_ BoVr _ (100)(0.026) _
E7.10 Ty = Tea 035 =104k
I, = ? fa= —_
8 Ipg =K, (Vg +Vip) 277(Cr + Cu)
[1 : : =1 = !
75~ (-9 =Vsg = Veg =341 V Ce+Cu 2nfar.  2m(11.5 x 108)(10.4 x 103)
Ve =3.41 Ce +C, =133 pF
Rs=2=341 L g — 150k Cu=0.1pF
1 = Cr =1.23 pF
For VSDG = VSGQ = Vp =0
5 .16
ﬁRD=2-=>RD=5kQ E7

he B
1+ j(f/fs)
fa=5MHz, fo =100

—

b. rp = (RpjiRL)C.
1 1
f= 5 = O = S REIIED At f = 50 MHz
1 10
L

- bl = .
Cr= 2x(109)(5(10) x 10° [hre] = ————===== = |hyc| = 9.95
= C; =47.7 BF ( )

Phase = — tan™’ (i-) = Phase = —84.3°

o.lg

127



Electronic Circuit Analysis and Design, 2™ edition

E7.17
fr _ 500
fs= ﬁo 120 = fs = 4.17 MHz
7 S
2= 2%r.(Cr + C,)
CotCu=gr—-= 1

2rfare  2x(4.17 x 108)(5 x 103)
C,+C, =763 pF
C. =0.2pF
= C,. =7.43 pF

E7.18
Lo BV _ (150)(0026) L oo
Icg 1
fo= !

2715 (Cx + Cy)
1
T 2x(3.9 x 10%)(4 + 0.3)(10-12)
= fs = 9.07 MHz
fr = Pofs = (150)(9.07)
= fr =1.36 GHz

E7.19

Rrg = Ri||R2 = 200|220 = 105 k2

Y = (220 __
Vra = (R: +R,)VC" = (zoo+zzo)(5)

=262V
Ipg = TE)%?({OOT.I(I). =0.00932 mA
Icqg =0.932 mA
9m=£5f' gg:z = gm = 35.8 mA/V
e = 7:: (—10—06)—(9%222—6-)- = e = 2.79 k2

8. Cum = Cu[l +gm(Rc||RL)]

= (2)[1 + (35.8)(2.2|4.7)]
= Cyu =109 BF

b. Rp = rs||R;||R: = 100}j200[|220 = 51.2 kQ

1
2x(Rallr«)(Cx + Cu)
1

frap =

= 27[51.2]]2.79] x 10° x (10 + 108) x 10-12
= fagp = 0.505 MHz

E7.20
(@) g, =2K,(Vos —Viw) = 2(04)(3-1)
= gm = 1.6 MA/V
g', = 80% of gm = 1.28 mA/V

't gm
§m 14 gmrs
gm

1+ Ts = =
=

1 (gm 1 (16 )
LAY L N ) RS T (A |
T (,;,, 1) 1'6(1-28

rs = 0.156 kQ => rz = 156 ohms

)= 2(04)5-1)

tn
]

(b) 8, =2K,(Vos —V,

= gm = 3.2 mA/V
.o gm _ 3.2
Im = T ¥ gmrs 1+ (3.2)(0.156)

Bgm _ 32-213 = A 33.4% reduction

=2.13

am 3.2
E7.21
Ir= n'(C +c 27{C, +C,,)
og = Ku(Vas =Vu)’

04=02(Vgs 1) = Vg =241V
8. = 2K, (Vs — Vo ) = 2(02)(241-1)

=0564mA/V
fo= 0564x107 -
T 272(025+002)x107"
Jr =332 MH:
E7.22
jr= —n
T= 2T(C"T + cydT)
gm
= 21?(051 + Cytp + Cydr}
Coe = ‘2L"f; = Couip —Coap
0.5x107° -2

= X (0.01 +0.01) x 10
27(500 x 10°) ( )

= CZ‘ = 0.139 pF
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Test Your Understanding

Chapter 7: Exercise Solutions

E7.23
fr= i
27(Cga + Coap + Coap)
Cosp = Coap
gm 1x107? -12
p = e = Cgy = e~ (.4
Cor = gy~ O = mr(so 1oy

2C;.p = 0.0547 pF
= Cgup = Coap = 0.0274 pF

E7.24

dc analysis

Ra 166
= Vpp = | e ) (10) = 4.15 V
Ve (R,+R2) bp (166+234)(1 )

ID=Z£'En.dV5=VG‘;VGS
Rs

K, (VGS ~Viy )1 = Y ;VGS
s

(0.5)(0.5)(VEs — ¢Vgs + 4) = 4.15 ~ Vgs
0.25V3s—315=0= Vgg =3.55V
8n = 2K, (Vos — Vi ) = 2(05)(255-2)

= 1.55 mA/V
Small-signal equivalent circuit.
zlecﬁn_
AAA— !4_ € 4
\/E T e
V. (g
‘ i rig. Ty, % g%
P2

e ¢
l

o i

—

a. Cy= c,d(“’ gm(RDnRL))
Crn = (0.1){1 + (1.35)(¢}{20)]

= Cyu = 0.617 EF
1
b Ja= 2zTp

7o =(Rg|R)(C,, +C)

Rg = Ry||R; = 234[j166 = 97.1 kQ

RGliR: = 97.1]]10 = 9.07 k

7P = (9.07 x 10°)(1 +0.617) x 107*% = 14.7 ns

o= !

~Wafﬁ=10.9 ME:z
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E7.25
dc analysis
Vry = 0, Rry =10kQ)
Isg = 2297 =05 _ g 00672 ma

10 + (126)(5)
Icq =0.840 mA

_ AVr _ (125)(0.026) _
Ty = Teo = 0.840 = 3.87kQ
Icq 0.840
==t o =32.3mA/V
Im = = o ~ o2 ™A/
Vi 200
= - = — = 238 k(}
T Teq U84

High-frequency equivelent circuit

25:\12.!1

|
r 1
R

v
Rl T

= )
- Ce 3 %
-

a.  Miller capacitance

Cum = Cu(l+gmRL)

R =rollRcl|Re

R} = 238}[2.3]|5 = 1.57 kQ

Cum = (3)[1 + (32.3)(1.57)] = C,, = 155 pF

b.  Req = Rs||Ra|re = Rs||Rif|Ra|lr~
Req = 1]|20]|20[}3.87 = 0.736 kQ2
TP = R:q(cx + CM)

= (0.736 x 10°)(24 + 153) x 10712

=1.32x10"7
1

o= i3 % 169

= fy =1.21 MHz

¢ (A)y = _ng,L[ Rplire ]

RE“"« + Rs
(Av)p = -(32.3)(1.57)[

= (Av)y, = =373

10§13.87
10{3.87 + 1
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E7.26 E1.27
dc analysis The dc analysis
50
= — ~5=-25

Ve (50 +150)(1°) ° ° | 10— 0.7 000838 mA

. . Vs — (= 9= Too+ (lony(iey o
Ve = Vo - Vas. Ip= Y2=(=8) 100 + (101)(10)

_ Sﬂs Icg =0.838 mA
2 - + .
K.(Vas"vnv) =g e r,=g—Y—7;—(1—0(J)((’—M(;—)-—310kQ
R Icq 0.838

(1)(2)[V3s — 1.6VGs +0.64] = ~2.5 - Vos + 5 g = 1EQ = 322 mA/V

2Vis - 2.2Vgs ~1.22 =10 vr

Ve o 2.24,/(2.2)" + 4(2)(1.22) For the input

Gs = 2(2)

= V=151V

G TP"_[(I-}-,;) “ RE “ R;]Cw
8 = 2K, (Vgs ~ Vi) = 2(1)(151-08)
= 142 mA/V = 11'-;-10- | 10 u 1] x 10° x 24 x 10~ 2
Equivalent circuit
=7.13x107"s
o~ 1 1
®: = y fre = prre ~ (713 X 10-19)
N 1 ¢ A = fyr =223 MHz
v %
\2'“?1 3"[:5: 9.4 For the output

rp, = [ReclRL)C. = (10}11) x 10® x 3 x 107"?
() c = C, (14 g.R,) = (02)1+(142)(5)] =

=273x10"°
v =162 pF ) )
M® z,= R,ﬂR )(c +C ) fu= 2x7p,  27(2.73 x 10-%)

= fn, = 58.3 MHz
rp = [20}}50150] x 10° x (2 + 1.62) x 10™*?

- RE " ( Tx
= 3 -12y _ -8 1+ 8
(1:1; x 10 )(3.621x 107'%) =471 %107 s (Au)yy = gm(ReRL) S
= = R ( kit ) +RS
In 2xrp 27(4.7 x 10-%) L E “ 1+8
= fy = 3.38 MHz r 10 " i}.)
101
= (32.2)(10||1) “ 31
Rg 10. (—) +1
. v = —@gm r————— L 101
¢ Ay I RD(RG+RS)

= (Au) )y =0.869

(A)y = 41.42)(5)(5-_7%)
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Chapter 7

Problem Solutions b.
7.1 | ,
Vo(s) _ _ 1/(sCy) ;
. T(s) = = -
v IO = Y6 = Teen+ I - ,
1 \
T(J) B 1+aR,C1 i
b. SELSTH=
fL= 1 _ 1
( L= 97R,C; T 2x(104)(10 x 10-¢)
| = fr =1.59 Hz
[
!T\ | N .SR.;C:
| C. Vo(s) = V'.(S) : T:—;—R-;E;
: 1
Vi(s) = =
5= T IST R P RC 1
VO(S)=]+.§R2C2=S+ 1
1 . R Cy
= = — p—t/R3C;
fo = 5%G 27(10°)(10-9) volty=e "7
= fug =159 Hz
7.3
e Vo(s) = Vi(s) - ——em v Rl ——
. ! 14 sR,C; a. T(S) = ‘/0((:)) = - sCp
FornstepfuncﬁnnV.'(s)-:% RPII;EZ_+(R'+_E_>
1 1 K, K
Vo(s) =& —— o B 2 1
o(s) s 14sRC s + 1+3R,C 1 P.-’-E;- Rp
_Ki(14sRiCy) + Koo Reles = o r L~ T5sRsCr
s(1+ sR;Cy) PTsCr
_ K1+ s(Ki1R1Cy + K2) Then
= s(14+ sRiCy) T(s) = Rp
K2 =~-KiRiCy and K =1 RP+(R5+—1—->(1+3RPCP)
SCS
1 -RiCy Rp
Vo(s) = L4 =L =
s T T smG Rp+Rs+ 22CP 1 R.RpCh
1 1 Cs sCs
RC, T(s)
llo(!) =1- e-‘/ﬁxcx — ( Rp ) ( [ Rp . gi
Rr+Rs) ™ Vir+ Rp+Rs Cs
72 1 sRpRs . ])
s T(e) = 20) _ Ry t RsTRr)Cs TRs+ ks T
Vi(s)  Ra+[1/(sCy))
.!RzC;

T(3) = ———"=m
(8) 14+ sR,C;
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b.
T(s)
- (w¥m)

(e

1o-° (2 % 104) - 10~

+5(5x 10%) - 10‘”])

=1 !

2 1+:((:T2)+s(5x10"“)

$ = jw

T(w) =3 - - 1
1+j[w(5x 10-!)-m]

Fot wy = ! = : =50

(Rs+ Rp)Cs (2 x 10%)(10-8) _ °
1

: ~ 1
1+J[(50)(5 x 10=¢) — (50)(0. 02)]

T(jw) = = -

x5 T = ITGw)l =

L
) 2

1
2

—

Por

wyg = =2x 10

1
(Rs"RF)Cp = (5 x 103)(10"")
T(w)

1

N|b-

1+}[(2X10 )(3 x 10-8) — ————1-0—1%—0'{)']

> [TGu)l = 3+ ==

V2
Rp

Rp 4+ Rs

, 1
T(""')z"i'1+

In each case, [T(jw)| = \-}_5
c. Rs =Rp =10k}, Cs =Cp = 0.1 uF
1 11 1
Ts)=3- (l/[l +3 Tt e <1010

+ 5(5 x 10%) (m—’)])

s =jw
. 1 1
TGw)=3-— :
- y ) o —
1+ 3 +J[w(5 x 10-4) o= 10_3)]
1
POt w = s e =
Y= Exionaen - 0%
T(jw)
=1 1
T2

1.5 +j[(5°°)(5 x10=4) - m]
1

=1 T(jw)| = 0.298
2 1.5 - 4(0.75) =’L.(£2L—__-__.

1 3
Forw= g To9y00-1) - 2

T(jw) = -;- {1/(1.5 +j[(2 x 10°)(5 x 107%)

1
‘ T (2x10%)(2 x 107%) )}
1 1 .
= 5 . -1—?1]—(0;’3-)- = IT(]U)‘ = 0.298

In each case, |T(jw)| < f RPI?:Rs
74
Circuit (a):
T R )
V. 1 /56y
Rt R R R WG
N R, _ R(1+sRC)
- R+ R, R,+sRR,C +R
1+ sR,C,
or
V. __R (1+sR.C)
V, R +R, 1+sRRC,
Low frequency:
__2 _2
H—Ru\; 10+20 3
High frequency:
LA

i

7, =R,C, =(10')(10x10*)=010=

1
=——=|59 H
5 > z

T,
7, =(RJR,)C =(1020)x10’x(10x10¢) =
7, =00667 =
1

= =239 Hz
1 27,

gd!

(.0 -
Qa7 e
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Circuit (b):
R] L R
rYe_ IsG_ __1+sRG,
V. 1 2
Ble*R 1vmg ™

Z[R,Iisz Il +:(R,l||R2)C2)

Low frequency:
V__ R _ 20 2
V| R+R, 20+10 3
7=(R|R,)C, = (10{20)x10°x10x10* = 0.0667

f=—L 2239H,
2nr

237 S
7.5
8. rs=(Ri+ Rp)Cs=[30+10] x 10°> x 10 x 10~°
~
=>1r5=040s

rp = (Ri||Rp)Cp = [30]]10] x 10° x 50 x 1077
= rp = 0.375 us

1 1
= e = =0.398 H
b. fL 2xrs 21['(0.4) = _f_L______Z_
fu= 1 1 = fg =424 kHz

T 2x(0.375 x 10-5)
At midband. Cs — short, Cp — open

Vo = L(Ri||Rp)

T(s) = Ri|Rp = 3010 = T(s) = 7.5 kQ

C.

25kt

a g

N - — -
r
‘-:{4____._
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7.6
a) T= l =
(1+j2/g;‘1')2
_ I 1
4 VivGmey) G
|7}, =1
1 I
AL ==l ()2

171,,3—2010&0( ) [Ny =-64B

Phase =2tan” (2/;7’1) =-2tan” ( )= -2(45°) =
Phase =-90°
{(b) Slope
= -2(6 dB/ oct) =
~12dB/oct = 40 dB / decade
Phase = -2(90°) = Phase =-180°

7.7
@ T(ja) —10 j(v
o(1+ )(2000( )
25x10“()a))
(1+i“—’X1+j—“’)
20 A 2000
25x10™(w)
e o
M) )
20 2000
fri
Swsst
l (
— N X
2‘7"/0 /1,I 2o Dz
[
(10)(10) 1+JT§)
®) T(jw)= .
1000(1+j—)
1000
2
(0.10), 1+(l%)
7= - (J‘_’_)z
1000
brl
jo 1

fo (oo oD
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7.8

r b.
. Vo = —gmVeR V, = b V;
8 0= —gmVrilL w—( R)

T _ 5.2
I7) = gm R (r. ¥ Rs) = (29)(6) (5.2 ¥ 0.5)
[Tmidbana| = 159
b. TS = (Rs -+ r,)Cc

1 1 1
fu= m— S rs= —— =
21’1’5

= 7z = 5.31 ms Open-circuit

1 1 Vo = —(BIs)Rc

T 2xfy - 2x(480 x 10%) Ry =ry+(1+8)Rs
= rp = 0.332 us Short-circuit

TP

= 0.343 + (101)(0.1) = 10.4 kQ

= ( RiflRs I
c Ce = TS __531x 1072 RiJR: + Ry )
T Eitr) (03452 =108 130
= (m)b = (0.111)J;

= Cc = 0.932 uF

V.
TP:RLCL ‘=____.__—'___._..
e I Rs+ Rif[Raf{Ris
Co="12 0332107 .~ _ssaoF Vi
Ry B = 109 LLz= 90 dpr

= 05+ (La)](10.4)
7.11 Vi

Ii= 1%
s Rra = Ri||R; = 10J1.5 = 1.30 kO Vol  BRe(0.111)
Tf}'l T 1.656
Ry 1.5
Vog = (—)Vcc = (____)(12) L% _ (100)(1)(0.111)
R + R, 1.5+ 10 Vi | savand 1.656
=1565V Vo
1.565 — 0.7 =\ =6.70
= e = (], | " lgidband
Tee = {367 ooy — VTS mA
Icq=T7.59 mA ¢
re = Qﬁ_}%ﬂz_ﬁl =0.343kQ
7_59. 6.70"
gm = m = 292 m.A/V ,
I |
Vi
R; = Raj|Rall[re + (1 + B)Re] : 3

= 10[J1.5]1[0.343 + (101){0.1 L
f.slfo-363 + (101)(0.1)] TR
=1.30[]10.4 = R, = 1.16 k0

r=(Rs+ R)Cc =[0.5+1.16) x 10° x 0.1 x 10~°
r=1.66x10""*

1 1 7.12
S e T ey T =0 K

Ipg = 0.5mA = V5 = (0.5)(0.5) = 0.25 V
2
Ipg= K,(Vos = Vrw)

=V55=‘/g'—52-+ 1.5=3.08V

Ve=Vgs+Vs=3.084025=>V5=333V

R 1
22 [ emeemme—n } Y/ = 3.33 = -— . R‘ -V,
Ve (}h +Rz) DD z a- VoD
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3.33 = Rl(zoo)(g) = R = 541kQ
1

541 R,
——s == — 7
S TR, 200 = R, =317k}
Vo =Vpsq+ Vs =4.540.25 =475
9 —4.75
Rp = = Rp = 8.5k}
0‘5 —_———
1 1 1
= —— = e = ——— = 7.96
e v = B

_ _om, _ 196x107°
TL—R-qn CC#CC-—R‘“— 200)(103

= Cc = 0.0398 uF
gm = 2(0.2)(3.08 — 1.5) = 0.632 mA/V

Al _ _gmRp __  (0.632)(8.5)
Vimidband T 1 4 g Rs 1+ (0.632)(0.5)
= lAyl = 4.08
Hoat+ i
!
\Avl '
!
!

-?O +
1

—l-Sf 1 -\

—{Bo+

7.13

Ve==-241V

~2.4]1 — (=5
Rs=———-1—(—-°—)=>R§=2.59kQ
Vo=Vpsq+Vs=3-241=0.59V
Rp= 37089 _ o
D= I = Rp = 4.4k

135

b.
4+
Ve
Q
&
R
Io = —(ng,,) —-—~—D—-—1—.
Rp+Rp+ —
sCc
Vi
Vg‘ T 1+ gmRs
Io(s) - ~4m 'RD[ sCc ]
Vi(s) 14 gmRs 1+ s(Rp + R)Cc
_ Io(s)
T(s) = V(o)
_ —gmRp 1 __3(Rp + R1)Cc
“ 14gmRs Rp+R. 1+ 3s(Rp+Ri)Cc
1 1 1
= = e = e = 159
©  S= o T LT i T amie) oS
TL = (RD + RL)CC
Co = TL _ _159x107°
= RO+ R (B4lF 4 x10°
= Cc = 1.89 uF
7.14

99—V

a. =1, =K, (Ve +Vp)

s
9 - Vsg = (0.5)(12)(Vs - 4Vsc + 4)
6V3ic —23Vsg +15 =0
23 & 1/(23)? - 4(6)(15)
s = sg =3V
Vs 206) = Vsg =3
8 = 2K, (Vi +Vp) = 2(05)(3-2)
= gm = 1mA/V

Ro = gL u Rs = 1[}12 = Ro = 0923 k00

b. r=(Ro+ RL)Cc

1 1 1
= — = e = —— = T7.96
s fi 27T =T 2nfr 2m(20) ' ms
r 7.96 x 1073
Ce = =
Ro+ Ry ™~ (0.923 +10) x 102

= Cc = 0.729 uF
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7.15

s, Icq=1mA, Ipg= -1;—0 = 0.00833 mA

Ry||R: = (0.1)(1 + B)(RE)
= (0.1)(121)(4) = 48.4 kO
Vry = IpqRry + Vee(on) + (1 + 8} pqRE
" Rryg -Vee
= (0.00833)(48.4) + 0.7 + (121)(0.00833)(4)

1
i—;(48.4)(12) =5.13

R =113 kO

113R;

——t . = 48, = 84.7
T3+ F, 48.4 = R; = 84.7 k1

b. Ro=---

5]
= Q’“’_"l(_l"_‘ﬁl =3.12k0

ro = -812 = 80 k2
3.12
=312y, " 80 = 0.0258][4|80
Ro=22| 14l

= = 25.6

c. 1= {(Ro+RL)Cc

r=(0.0256+4)x10% x 2 x107® =8.05 x 107> s

7.16

(a)

=K, (Vi +Vp )

s-v,a = (11.2)(Vss — 15)" =(12)(VE, - 3V, +225)
12VE ~ 2.6V —23= 0=V, =284V
I,,=18mA

Vipg =10-(18)(12+12) = V,,, =568V

8n = 2,[K, Iy =2,/(1(18) =268 mA/V

R, =12[0373=0285k
For C, 7, =(285+200)4.7x10*)=228ms
For Cc,, 7,,=(12x10°+50x10°)10*) =512 ms

() C, dominates,

fom= L . !
T Tamr,,  2n(512x107)

=31 Hz

Assume Vp, =1V, k! =80uA/V?, A=0
Neglecting R;; =200, Midband gain is:
IAVI= guRD
Let I, =02mA, Ve, =5V

9-5

Then R,,'=5=> R, =20kQ

We need
—-I—-l——=05mA/V1

and

kYW
8a=2K.Ipg =2 (EX—L-)I,,Q

ot
0.080 Y W w
05=2j) —— | — K02 —_—=17,
( 5 XL)( )= T 781

9 9
(02)1,, (02)(02)

Ipg=02= (992@ T81)(Vs — 1)

=V = 180= ( i&)(g).—.(a%)@):

R,=45kQ, R =180kQ

Ry = R|R, =18045= 36 kQ

1 1
: =__I._M=796x10" s=(Rg+Rp,)Ce

Let R +R, = =225kQ

or
___196x10™
€7 (200+36x10°)
PSS
P2, 2a(3x10°)

or

= C.=220uF

=531x10"s = R,C,

_531x10°

= = =2.66nF
L™ 90x10? E"___.6_6"_

Ry +(1/sC)
Tt/ + R
14 sR,C
14 s(Ry + R3)C

r4 = R:C, g =(R1 + Ra)C

a. T(s) =

T(s) =

b. Iy
‘ -

O.0FF 7+
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. Ta=RC=(10°)(100x 107%) = 107" s =74

e = (Ry + R2)C = [10 + 1] x 10° x 100 x 107"

=11x10"¢ s=T1p

1 1
~ = — =1.59 MH
fa 2rra  27(10-7) {a =159 MHz
1 1
fB

~ 27re  27(1.1 x 10-5)
= fp = 0.145 MHz

7.19
10-0.7

lpg=—mm————
" 430+(201)(2.5)
1¢g =(200)1,, =199 mA

(200)(0.026)
A 06
199 1

R, =2.61+(201)(25) = 505 kQ2

r = 1 _ 1
* 2, 2x(15)

=0.00997 mA

=

=00106 s

= R,,C; =(05+505430)x10°C, = 232.7x10°C,
Or
C.=456x10" F = 456 nF

7.20
Rpy = R|R, = 12§12 =06 kQ

R 12
Viy =1 —2— [(Vee) =| —=—=|(5) =25V
™ (R,+R,)( ) (1.2+1.2)()

;o 25-07
7 0.6+(101)(005)
I, =319mA
(100)(0.026)

r, =2 - 00815 KQ
319

=0319 mA

7

C

F1-2(Car) << f1-an(Cos)
Then, for f,_4;(Cc,) = Cg, acts as an open and for

1
,>>7¢, and f =2_7z; so that

f1-48(Ces ) = C¢y acts as a short circuit.

1
Co)=25Hz=
f3—dB( cz) z ot

, so that
2

=000637 5= R, C,,

e+ R Ry[Rs
1+f

(W) =10+502.79 =

101

27(25)

where R =R, +R;

=10+50‘

137

721

0.00637

R,=126Q = C, =_12—.6—

= Cg, =506 uF
R, =r,+(1+ P)R; Assume C,, an open

R, =815+(101)(50)=5132Q

7, =(100)7, = (100)(0.00637) = 0.637 s = R,,,
R, = Rs + Ryy||R,, =300+ 6005132 =837 Q

0637
So Coy=- = Cq =161 4F

CC 1

2
a. In = K,.(Vas _VTN)

1 0.5
Ves = ?’1+Vm= 65+0.8=1.8V
Rs=—Yos=(=9) _3-18  p _ 64k
0.5 0.5 —=—
Vp=Vpsg+Vs=4-18=22V
Rp=2"2%2 & R, =56k

®) g, =2yK,I, =2,/(05)(05) = 1ma/V
From Problem 7.20,
T4 = RsCs = (6.4 x 10°) (5 x 107°)

=3.2x10"%s
I S 1
T 2rra  27(3.2 x 10-2)

Rs 6.4 % 10° ] _s
= —25 Voo =|=222" l(sx10
i (1+ngs> ] [1+(1)(6-4) (5x107)

=432x10%5s

1 1
= = =
27rg  27(4.32 x 1073)

fa => fa =4.97 Hz

fB

p = 36.8 Hz

C.

gmRD(1+ sRsCs)
Rs
(1 +gmRs) [1 +s(l T ngs)Cs]

As Rs becomes large

lAu| =

gmRD(3RsCs)
Rs
(omRs) [1 T (ngS) Cs]

. (ngp)[a(gim) |
1+ (ng) Cs

[Ay| —
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1 7.24
The corner fr = e——————0- and the
¢ Squency §2 = Zx{i/am)Cs ri = (RL))Rc)Cr = (10f|5) x 10° x 15 x 10™*2
corresponding fa — 0 re=5x10""s
£ =2FiT, =240N05) = 1mA 1V e
1 2xrg  2x(5 x 10-%)
fB= 1 = fp =31.8 Hz 10 — 0.7
21’( 10_:)(5 x 10~¢) Igg = o= 0.93 mA, Icqg = 0.921 mA
Im = 0921 _ 35.4 mA/V
7.22 0.026
) ) Ay = gm(Rc||Rr) = 35.4(5]|10) = A, = 118
a. fg = 2."2
and rg = Re(Rs +10)Ck 725 R 166
Rs+re+(14+8)Rs Vo = | == |Vpp = —'——) (10)
RereCk Ri 4+ R; 166 4+ 234
For Rg =0 = —Tr
or fLs T e + (1 ¥ ia)RE =415V
V., -V, 2
—0.7~(~ I, =870 = K (Vo5 - Vi)
leg = —OLEL—}-Q = 1.86 mA ° R c ™
= 1
f=15=Icq=184mA 4.15 :V“ = (0.5)(0.5)(Vas ‘Wa\j +4)
. -3.15=0 = 3.55
8= 126 = Icq = 1.85 mA 0.25V3s—3.15=0= Vgs = 3.5
For fo < 200 s £ = 2K, (Vs —Vi) = 2(05)(355-2)
s =2 (), =155mAlV
=752 27(200) 0.796 ms & : y 1
_ Ro = Rs “ Loos “ 55 = 0.51[0.645
r=afl so smallest rp will occur for smallest 3. gm 1.
Ry = 0.282 kQ
B =15 fr=£15‘¥%:ﬁl=l.06kn
« 10° - L
0.796 x 10-3 = 85X 10°)(1.06)Ce r = (Ro|[R1)Cs and S = =—
1.06 + (76)(5) Buw = fu =5 MHz
= Cp =572 yF 1
=*T=2—a_(5—x-m—d)=3.18x10" s
b Forf=125 r, = SRMOI) _ 7640 ot 218 x 10-*
. L= =
_(5x100)(76)(57.2%207%) _ Rol|R — (0.282])4) x 10°
I K767 ) R = Ci=121pF
1 1
I8 = G = 0497 x 1079) 7.26
= fp = 199.7 Hz Bssentially independent of 5. (a) Low-frequency

ra = RgCx = (5 10%)(57.2 x 107°) = 0.286 sec

famtoa L _ Rs e
A= 25r, © 27(0.286) ‘VW""{\

<

N\

= fa = 0.556 Hz Independent of 3. *
A 4 2
s v
7.23 ™ T A
¢ Expression for the voltage gain is the same as -
. <
Equation (7.58) with R =0, =
b. = RgC
e e Mid-Band
rp = RET,CE
e+ (14 8)Rg
A !
s R v
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uw<

High-frequency

& %
. _L °
« \,(r J?f ’L (Lc (ZL. L
T s
(b)
727
(a1 | l . [ %
V- A
| 1 : & W & SR
// I ‘ \\ h ==
| | =
3 T o>
: s 2] )
© I, =229 _ 13, Vig=~Vi
I MQ Vo(s) !
Tep=113mA Avls) = gy = —9m (RD | 2| ?C'Z)
, - (100)0026) . o0 Ro|Rt - %;
113 = —gnm :
g, =22 4346 mA sV RollRe + =

0.026

v, . Ryl
A, = Vj(mzdband) = "g..(Rc‘“RL)(Eﬁ;)

=—(4346)(5 111500)(7(1%%)

229
=—(43.46)(505
( )( )(2.29 +1
|4, =437dB
1
fi= 2,
or
7, = (1+1000]2.3)x10°(10x10*) =
7,=329x107 5= f, =484 Hz
fu= 27y,
7, =(51J500)x10*(10x10""2) = 505x10°* s
= f, =315 MHz '

): |4, =153

7, =(Rs + Ryllr,)Cc

7, =(R|R,)C, =

139

7.31

As) = =9l ROVRL) - T E oA

b. r o= (RD”RL)CL
c. = (10]]20) x 10° x 10 x 10™*?

=>r=667Tx10""s

P S S
B = xr ~ 2x(6.67 x 10-96)

From Example 7.6, gm = 0.705 mA/V
|Av] = gm(Rpl|RL) = (0.705)(10]}20)

= 'A.,I =4.7

= 9m
Ir 2x(C. + C,)
_Icg 1
fr= 385X 10~*
TE (0 +2) x 10-12
fr =511 MHz
_Jfr_ i
fﬂ— B = 120 5fﬁ—426 MH:z



Electronic Circuit Analysis and Design, 2™ edition Solutions Manual

7.32 1

c =— =

fa= % = soogszm_z = fs = 33.3 MBz ©) fran o (slr)c

; o - (i)  For 5, =100Q

T 2x(Cr + Cu) 7, = (0.1f2.6)x10°(22x107?) = 2.12x10™° 5
0.5

gm = goe =19.2mA/V = fra =751 MHz
(i)  For r, =500Q

s x 10° 19.2 x 10° 7, =(0523)x10°(22x107"?) = 9.04x10™° 5

= 2x(Cn +0.15) x 10-12
3 fr-ap =176 MHz
Co+015= a2 X1 _ 011 pF
2x(10-12)(5 x 10%) O P

Cy = 0.461 pF 7.35

8. Cu=Cu(l+gmRi)
7.33 b.
2000 MH
a. fs= Lﬁz = '——1-5—6——2- =133 MHz = f; zdlhls N,
b Ry = 180 v
C M T TE(fTs) T?“.L.w v o
thyel = —10 10 Ferts S TQ TCH +
V1+(f/1a) =

£\ fs0N?
1+ (L) = () ==

f= ng224=(133)V224 Vo = —ngWRL LetC'+CM =C|'
= f =199 MH; “ A
V. = sC; ( Rs )V-
7.34 " = tRsllRs+ 1, Re +&s
(a) V,=-g, VR, where
N =4
v, = sC, V= l:-sr,C, v _ 1 -
— L+ 7,
r SC|+’;’ 1+sr,C E ’1
_ RB e + ;a
o -V.-=( r, I v = 9"'”‘(12”125) L
ry+n,+sn,r,C, e+ l+.v(r,,“r_)CI _,—Cl"" + Rpl|Rs +r1s
So {"4':—0- i
V,(s) r ( Rs )
s)=2l=_g R|—= = —gmRe| =5
Tr
x
(b) Midband gain: ["' (14 oreC)(RaliRs + 7o)
, _ (100)(0.026) 2640 Let Req = (RB||Rs +13)
x l . ’ RB
Au(s) =-8RL (————
1 Rp + Rs)
8u 0'026—38.46M/V .
(i) For n,=100Q . [(r, + Reg)[1 + s(rx}|Req)Ci}
-8R, Rp 1
3846)4 - Au(s) = ( )
 =~{3846K )(26 01)=° Ai=-l48l 0= R \ Tt £5) TRl
(ii)  For r,=500Q

6 .
—-(3846)(4)(26 5 5)=> A, =-1290 ¢ E = TR,
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7.36

Upper 3 — d B frequency:
High Freq. = Cc1, Cca, Cg —+ short circuits

gm ¢ 85.4x107°
= 2P =5 400 x 10° = ——————
Ir= 5. ¢ x 27(Cn + C,)
J Ce+Cu=34pF, C.=2pF = Cr =32 pF
1= ¥ Cum = Cull + gmRc) = 2(1 + (85.4)(4))
N l :
= Cp = 685 pF
e, & R
B i ‘,’r T e 2% BN C =Cy+Cu=324685 = 717 pF
Req = Rs||R1||Ralir~ = 2]|60}}5.5]11.17
Icq 5 = 0.644 kQ
m= a2 = =192mA/V .
g Vr ~ 0.026 / . r= Ry C, = (0.644 x 10°) (717 x 1071?)
_ gom 192 x 10~ =
fr=smC. vcy = B0 10° = S e el =462%107" s
Ce +C, =122 pF = C, = 5 pF, Cy = 117 pF fa = —1—=>fH=344kHz

CM=CM(1+gm(RC"RL)) 7.38
= 51 + (192)(1|1)} = Cu = 485 pF _ g,
Ci = Cr + Cy = 117 + 485 = 602 pF fT_zrr(c +C )
_ {200)(0.026)

5 - Lokn g.=2JK1,, K, =(15)(?—8)=60#A/v2
Req = Ri||Ra||re = 5]|1.04 = 0.861 kQ g, = 2,/(60)(100) = 155 A / V2
7= Req-C, = (0.861 x 10°) (602 x 107'%) 1 -
q ( ) foe 55x10 = f, =449 MHz
=5.18 x 1077 272(05+0.05)x10 4 -
1 1
f= g = s x10—7) L= 307 kB 7.39
737 8. Cum = Coa (1+gm(rallRp))
Rry = Ry||R; = 60[|5.5 = 5.04 kQ Cu = 5[1+ (3)(15][10)] = Cn = 95 pF
R, ( 5.5 )
Vig = [ 2= |Vec = [ ————|(15) = 1.26 V
i (RI+R2) ce=\s3+e0) " b T =(n)Co +Cn)
1.26 — 0.7
Ipg = ——— ' =0.0222 mA
#9504+ (101)(0.2) = (10 x 10°)(50 +95) x 1072 = 1.45 x 10 5
1 1
= = s 1)
Icg =222mA 2rr 2m(1.45 x 10-6)
=110 kH
__ (100)(0.026) _ o0 > f 2
2.22
2.22
9m"0—02E=354mA/V 7.40
fr= ozl (Eq. 7.90)
Lower 3 — d B frequency: 21(Cgat + Cgar) s
1L =Req-Con Let Coar = 0 and Cyy7 = (?2‘-) (W LCo:)
Req = Rs + R-l“RZ ”fi
=2 + 60}|5.5/[1.17 = 2.95 kQ gn=2JK I, =2 (E'zc—x%) I,
rz = (2.95%10°)(0.1 x 107%) = 2.95 x 10" s
fL= 1 __1 = fr = 540 Hz

2xrL 2r(2.95 x 10—4)
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z\/ (%u..c.,) (_v%) Io
2% (%) (WLCe)

G B

2xL’ WCos

f ___:_'__ pnlp
T= 5L\ oLl

Em
1+g.r

8u = 2Ku(VGS "Vm)

(e E)z(w)(m)

So fr=

(@) go=

2 AL 2
K, =145x10" mA/V?

For Vgs =5V
gm = 2(1.45 x 107*)(5 - 0.65) = 1.26 x 10™°
gm = (0.80)gm = 1.01 x 107°

1.26 x 1073
DI x107° =
1.01x1 1+ (1.26 x 10-3)rs

1+ (1.26 x 107%)rs = 1.25
>rs=198Q

b. PorVgs =3V

gm = 2(1.45 x 107*)(3 ~ 0.65) = 0.6815 x 10™°
0.6815 x 1072

1+ (0.6815 x 10-°)(198)

gm =0.60 x 107> A/V

Reduced by = 12%

’
Im =

7.42

x> ﬂ; ‘4,. %S:-‘ésr. 2.

—

I = FmVu and Vgo = LR - QmVufs

_ LR
.ov"—1+!mfs
ThenA.-=]—f= gm R

b. As an approximation, consider

é .
% l L
In this case
!0 [] 1
-l R .
Ai= L= ImR T R(Cor ¥ 0n0)
_ ' T gm
where Cur = Coar (1 + g R1) and g = THonrs

c. As rg increases, C)s decreases, so the bandwidth in-
creases, but the current gain magnitude decresses.

7.43
_ R, _ 225
Vos = (Rx ¥ Rz) Voo = (225 ¥ soo) (10)
Ves =310V
8. = 2K, (Vos ~ V) = 2(1)(310-2)
g =22mAlV

a.
B P il

)
N

L

b. Cm = Cyar(l + gmRp) = (1)1 + (2.2)(5)]

il
‘ z.{’ZL \3/5 ";\ T \Z’D

Cum =12 pF

c. 1= (Ril|Ri|R:)(Cyor + Cnr)
Ri||R:[|R: = 1{|500]|225 = 1{j155 = 0.994 kQ
r=(0.994 x10°)(5+12) x 107 =169 x 107" 5

1 1
fu =5

. S— = 9.42 ME
Ger = 3a(1.69 x10-%) L2 =342 MH:

A = ———'——""‘Y‘RD and

Ri{|R, 155 .
= -V = -V, =10. h
Voo = & fRz + R, '~ 185+1 Ve = 0.994
v = —(2.2)(5)(0.994) = A, = ~10.9
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7.44

1.45

Rrp = R,||R; = 33|22 = 13.2 k§}

Vra = ('ET}%E)("‘) = (222+233>(5) =2V
2-0.7

13.2 + (121)(4)
Icg =0.314 mA

_ (120)(0.026) _ o0\

Ipqg = = 0.00261 mA

=TT 031

0.314

= e— . v

gm = e =121 mA/

100
To = m =318 kQ

gm
a. | ——
fr 2x(Cr + C,)

12.1 x 107°
C, =" =
Cr +C 2xfr  2x(600 x 106)

Cr+C,=3.21pF; C, =1pF = Cr =221pF
Cnm = Cull + gm(roljRcl|RL)]

= (1)1 + (12.1)(318][4|5)]
Cyp = 27.7 pF

b. T = qu(CR+CM)
Req = Ry||Rz||Rsljrx = 33}j22||2]r~

7= (1.48 x 10°)(2.21 + 27.7) x 10712
r=443x10""s

fr= e — 1
= 2xr = 2r(4.43 x 10-%)

= fy = 3.5¢ MHz

Vo = —gmVe(rolRc||RL)
Ry || Raljrx )
Ve = [ m—2ll2lile Yy,
(Rl ||R2]lre + Rs
Ri||Rs||re = 33]}22||9.94 = 5.67 kQ2

Vi = ( 5.67

567 + 2) Vi = 0.739V,

rol|Rc|| R = 318|j4||5 = 2.18 kD
A = —(12.1)(0.739)(2.18)
A, = ~—195

Ry

5
Vg = | =—4— ) Ver = [ —e -
TH (R; +Rz> cc (5+40>(10) 111V

___Ln-o07
T 4.44 4+ (121)(0.5)
Icqg =0.758 mA

ng = 0.00631 mA

143

_ (120)(0.026)

Te o= e = 41210
0.738 _ ,
Im = Toop = 292 mA/
7o = OQ
- 9m
1= c. 5

g 29.2 x 1072
Cw C = =
+tCu 2rfr ~ 27(250 x 10¢)

C,+C,=186pF;: C, =3 pF = C, =15.6 pF

a. Cum

Cull + gm(RcliRLY)

Cnm = 3[1 + (29.2)(5}]2.3)) = Cn = 149 pF
For upper frequency:

78 = Reo(Cr + Cnr)

Req = rel|Ri|| R || Rs = 4.12]140{(5][0.5

Req = 0.405 kQ

g = (0.405 x 10%)(15.6 + 149) x 1072
=6.67Tx107%s

fo=

27TTH F————

For lower frequency:

TL = Reqccx

R.; = Rs + R, ||Ra|lr= = 0.5 + 40||5|[4.12
R., = 2.64 kQ

o= (2.64 x 10°) (4.7 % 107%) =1.24 x 1077 5

1
ft’"gr = fL=128Hz

TL
b.
14,1
3y '
/ I
, )
| .
¥ S =
‘/0 = —ngw(RC"RL)
R\ R |7
Ve = __;lL_zle_) A
(R1$]R2||Tn+Rs v
2.14
Ve = (2.14 ¥ 0.5) V. = 0.8106V,

|Au] = (29.2)(0.8106)(5][2.5)
AL} = 39.4
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7.46 o v b.  Ca = Coar(l+ gm(Rp|[RL))
I,=K, (Vg +Vp, ) =215
R, Cum = (3)[1 +(3.54)(2]|5)} = Ca = 18.2 pF

(2)(1.2)(Vig = 4Vse +4) =9 — Vsg
2.4ViG — 8.6Vsg + 0.6 =0

L8 V/(8.6) — 4(2.4)(0.6) _ 8. = R(Cor +Cu)
s = 2(2.4) .
Vs =3.51 V Req = Ri||R1|| Rz = 0.5]|8]|22 = 0.461 k)
= 3 -12
8 = 2K, (Vi +V;p) = 22)(351-2) T = (0.461 x 10°)(15 + 18.2) x 10
8, =604mAlIV =153x10""s
Ip = (2)(3.51 —2)° = 4.56 mA fu = §:r—r = fu = 10.4 MHz
o = 1 1 = rp = 21.9 k2

o ~ (0.01)(4.56)

c V= —vay!(RD"RL)
8. Cuy = Coar(1 4 gm(ro]|Rp))

Cau = (1)[1 + (6.04)(21.9||1)] = Cn = 6.78 pF Vo= (__Miﬂz_)v = ___5__37_) :
9 Ri|R:+ R,/ 5.87 4+ 0.5 v
b = (RJ|RG)(Cosr + Cur) = V,, = (0.9213)V,
i = (2]}100) x 10°(10 + 6.78) x 10™*? v = —(3.34)(0.9215)(2}}5)
TH=329%x10""%s => A, = —4.66
1
fu= TR — Z}; = 4.84 MH: 7.48
100
Vo = —gm(rol|Rp) - V,, Ig=05mA=Jcg= (m) (0.5) = 0.495 mA
Rs 100 0.495
Vl =l—7F i = | = A TN e =
3 (RG+ R.-)V (102)V 9m = 5056 19.0 mA/V
100 _ (100)(0.026) _
A = —(6.04)(-10—2) (21.9])1) e = ey = 525k
Ap = ~5.66 8. Input: From Bq. 7.107b
7.47 r —2—“1%"3 c
K Pr = 1+ B E s "
Ry 22 5.25
V = - - - — | DL 3 -12
G (}h +R})(zo) 10 (22_”)(20) 10 = [101 “ 0.5 ” o.os] x 10° x 10 x 10
Vo=4.67TV =243 %107
fox = hip = fue =656 MHz
10-V,, -4.67 v
m—G T 2
I ;s = K, (Voo +V;,)
5.33 = Vsa = (1)(0.5) (Vo - 4Veo + 4) Output: From Eq. 7.108b
0.5V25 — Vg — 3.33 = 0 Tpu = (Rp}|RL)C, = (100§]1) x 10° x 107%?
1 (3. =9.90 x 10~"°
Voo < LEVI :(;(50)5)(3 DN ) x *
fru= m = fuu =161 MHz
822K, (Vie +Vpp ) =2(1)(377-2) b. 4
(s A 'or
8a=354mAlV <
- N\
Vi o % A Re
S
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Vo = —gmVr(Rs||RL)

Vo, Vo Vi (=Vs
b o Loy Bl g

Re Rs

1 1 1 -V
Vr [gm + — RE + ] = R

1 1 -V,
‘ﬁ“nﬁ—aﬂ*m
Vir(41.19) = ~V;(20)
Ve = —(0.4856)V,
% —(19)(—0.4856)(100J]1)
A, =9.14
¢ 7=CL(R.]|Rg) = (15 x 107'?)(1}]100) x 10°

r=1485x10""s

1
f=—— f=10.7 MHz

2rr
Since f < fy, = 3dB freq. dominated by Cr.

Ieg =207 _ 14 A
9= T Tim
100
Ieo = 93) =
cq (101>(1 3) = 1.91 mA
=23 35 mayv
Im = Goze - oS mA/
_ (100)(0.026)
191 = 1.36 kQ
a. Input:
Thm = | " ”R "R c
Py = 1+5 E S| Cnm
1.36 3 -2
=[5 [ 10 ]1] %100 x 10510
rpe =1.327 %1070 g
1
fpr= = fp- = 1.20 GHz
2arTpy | it T
output;

rpu = (Re||RL)C, = (6.5|5) x 10° x 10~"?
TP, =2.826 x107"s

fPa = — fp, = 56.3 MHz

2#7‘}:“

b. Vo = —gmvlr(RC“RL)
Vw er ‘/t -~ (_Vw)

,,..V -L— —— =
g + R: + Rs 0
l 1 1 Vi
Velgm + — 4+ o=+ =— ) = - =
(g 1-rw +Rs +Rs) Rs

145

1 1 +1 --V.
136 10 (1
Ve(75.34) = =V, = V, = —(0.01327)V,
Vo = —(73.5)(—0.01327)(6.3}|5)V,

v 2= 2.76

Ve [73a+

c. r=Cr(R.||Rc)=(15x10""2)(6.5]|5) x 10°
r=424x10""s

1
f=5=—f=375 MH

Since f < fp., 3dB frequency is dominated by C..

Ves+IpRs =5
-V
1p =5 o= Kn(vcs‘vnv)2

L)
5 — Vos = (3)(10)(Vés - 2Vgs + 1)

30V3s —59Ves +25 =0

59 + 1/(59)% — 4(30)(25)

Vos = 2(30) = Vs =135V
gm = 2Kn(VGS —V77V ) = 2(3)(135 - 1)
8a=21mAIV

On the output:

TPu = (Rp||RL)Cyar = (5{14) x 10° x 4 x 10712
TP, =8.89 x 107% s

1
Jru=

— fp,=17.9 MHz

28TP,

Vo = —gm Vo (RoliRL)

Vl T ‘.l
hb+%+£4gg=
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7.51
R -= | Re = T
ysis \ % gm . = -V,
Vi-Ve _ 2 ” _I_nR-+R ‘ —-1—H4+0.5
fo= R, K Vsg +Ver) gm B 77T 1.81
5 — Vsg = (1)(4)(Vsg — 0.8)? = —0.492V;
= 4(Vig ~ 1.6Vsq + 0.64) Vo = —gmVys(Rol|RL)
4Vic - 5.4Vs6 — 244 =0 A, = (0.492)(1.81)(4}j2) = A, = 1.19
5.4+ 1/(5.4)% + 4(4)(2.44
Vs = \/( 2)(4) (4)(2.49) = 1.707 1.52
py = 220000.026) _ 4 0 yq
8w =2K, (Vs +Vp) = 2(1)(1.707 - 08) 1.02
- gm = 39.2 mA/V
g.=181mA/V
Z; a.%
(3 /\ o . — 1
_ ‘L < l a. Input fu. = Tare
a . » = [Rs||Ral| Ra]jr=)(Cx + 2C
2% T - SR R 7 = [Rs||Raf| Ra]jr=)( u)
- T T = 0.1{]20.5[{28.3]|3.06 = 0.096 k2
' = = (96)(12+2(2)) x 1071 = 1.536 x 107" s
1
frr = oE5e x 105 — A6 MHz
. =1 . i 1
3.dB frequency due to Cy,7 : Req = = " Rs " R; Output: fr, = Zer,
_—-—-——-1 —
A= R ot ru = (RcuaL)c,J ] |
Ru= 5o | 4] 05 =0246 k0 = (5}f10) x 107 x 2 x 10
; ’ 1 ME = 6.67 x 10~°
a= =162 MHz
2x(246)(4 x 10-17) _ 1 _
fHe = Srs ek 109) — L3S Milz
3 ~ dB frequency due t0 Cgar
1 b A= gm(Rc|RL) —MR“—""—]
8 = s Ry||Rslir= + Rs
2x(Rp{lRL)Cgar
\ ? Ra||Rs]jre = 20.5]/28.3||3.06 = 2.43 kQ
= (24 X 10° x 1072 A = (39.2)(5]]10) [-ﬁ%”ﬁ] > A=1255
f =119 MHz ‘ ‘
¢c. Cr =15 pF > C, = C. dominates frequency
Midband gain response.
R: Yas
/\éﬂ 3 y
v ‘é‘ ‘zs Ro R
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Chapter 8

Exercise Soluti
se Solutions ES3 .
E8.1
24 .
Por Vps = 0. Ip(max) = 7 =1.2 A= Ip(max)
For Ip = 0= Vps(max) =24V e
Maximum power when E
Vps = ‘,bs(;lu =12V and é
L
Ip = !&?HJ:MA lo 2o o Yo $o

= Pp(max) = (12)(0.6) = 7.2 Waus

Maximum power at ceater of load line

£82 Paax = (0.05){10) = Py, = 05 W

2,0

E8.4
c;\{\/ Power = 1p - vpe = (1}{12) = 12 watts

c. Tunk = Tumb + P bnk—amd

Tias = 25+ (12)(4) = T = 13°C

b. 7‘:“: = T;ini +P- ecue-—-‘nk

Ve
S‘D Tcn: =73 + (12)(1) = Tcue = Bsoc
8. Tdev = Tcue + P Bacv—case
8. Vec=30V, Vog =30-IcRe, IcVee =10 Taew = 85+ (12)(3) = Tyev = 121°C
Maximum power at Vo = ';-Vcc =15 E8.5
Ic = 10 = 10 = 2 Gaev—case = TJ'm‘x - T‘mb = 20025 = 3.5°C/W’
C"WE—-E—E PD,nled 50
So 15 = 30~ g-RLé R; =22.50 T, max — Temb
3 Ppras = ) "9 ]
= Manmmn Power=10 W dev—case t Oease—ank + Benk—amp
__200-125
b Vec =15V, Ioms =2 A 35+05+12

= Ppoas =292 W
Vee =15 -IcRyL
0=15-2RL =R =750
= Maximum Power = (1)(1.5) = 7.5 W =8+92)(05+2)
= Tease = 98°C

Tewse = Tamb + PD.mu(e:ue—mk + eanl—;mb)
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E8.6 _ 2
5= (2929 (20 _ g4 135
8. Pqg=Vceq-Icq = (7.5)(7.5) x(8) 4(8)
= Pg="14W
Pg = 56.3 mW
xV, x 20
. \ d 7= V"‘:4 75 = 1=1628%
s=_1 V2 _1 (65°  — 4Vec
b Pr=z.—">—==. = P, =21.1mW
2 R 2 1
Ps = (15)(7.5) = Ps = 113 mW £8.9
Pr 211 ) — 1 V2 (4)? = .
P - 11 T L=18T% ¢ Pi=ggr=spn A= 80mi
Pg=56.3—21.1=352mW b I’='1‘;_F'=o4—1=’1”=4°mA
L .
=5 _ Vcch V;
E8.7 ¢ Po= R iR
10— 4 2
s. Ipg= = Ipg = 60 mA =B84 _ear_40
01 = Po = x(01) a1 = o374
b. = Pg =23.7mW
oo 4
\ zVp T 4
d. n=m=z-3—:7]=62.8%
o
de load line E8.10
| ac load Verp
i \ line &. vy = Vo + VGsn — —2—
| _d_ll _ dVGSn
.1 /o dUo - dllc
. 2
9 ipn = Kn(vGSn =Vix)
Var = — (1—0) (60){0.050) = —2.7 V ;
Vase = o2 +Vpy /
= vps(min) =4 -2.7=13V K,
dvgs, dvg,, dip,
So maximum swing is determined by drain-to-source dv, di, adv,
voitage.
: so Pan__L 11
Vep =2x(2.3) =50V dipu K, 2 -V-'D«
Aty =0, ipn = 0.050 A
— 1 Vi3 1 (2.3 dvGsn 1 1 1 .
. P=...._L=—. = 235 4y So ™ = -l =9
¢ =R I o T Bl =3125mW dipn V02 2 0.050
Ps =Vpp-Ipg = (10)(60) = 600 mW _ o
_ E— 31.25 = 5202 ipn =1L +1pp
"_E_ 600 = A= 2.27 For & small change in v — AiL = Aipn ~ (—Aipp)
So AiDn = %A'L
E8.8 o
— 1 V3 di
. = e e n 1 d
: Fe 2 R, 1D —-..i—l._}_=l._l.=o_025

= Vp = V2R PL = /2(8)(25) = Vp =20 V

. 20

d
Then =L =1 +0.125 = 1.125
Ve 20 dvo
b Ip=F = ap=25A d 1
R. 8 ) and A, = 22

— = e = 4 = (.889
. = VeeVp V; dvy 1.125 e
" 9T IR TaRs

b. Foru =5V, i =025 A=1ipa, andipp =0
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dvGsn _ dvGsn ) dipn E8.12
dvo dipn duo 8. Ry = r.+ (14 8)Rs
dVGS' 1 l l I 1 ' 2 2
n R R and R = a® Ry = (10)%(8) = 800

di ,/ ,(‘ ,/ J

Dn 2 2 02 R, =1.5k0 = RrulRs
dlpn dlL 1 - Vcc 18
—_—— = == = — =10.05 =—-—=—————22.'
dvo dvg 20 Io a?R: — (10)(8) > mA
dVGSn . _
el (2.24)(0.05) = 0.112 _ (100)(0.026)

Te = — =0.116 kQ2
dv; 22.3

+0.112 =1.112

dve R, =0.116 + {101)(0.8) = 80.9 kQ
dvo 1 . Rrp(80.9)
Ap= — = —u L, = 1.5 = Rry||80.9 = — 21
do; = 1912 Ae=0899 5= Rra| Rra + (80.9)
(80.9 - 1.3)Rrx = (1.5){80.9
E8.11 = 5}Rry = (1.3){80.9)
~ ¢ V 1 =1.3
a ICQ=1“ 2Vee - CC:—l_::er\ = Rry 1.33 kQ2
2 RL R, 153 ] R: . 1 ,
Vg = (—m) Vee = " Rry - Vee
Rru = Ri||R2 ) 1 .') 2 1
L. D
R; 1 i Isg = 2 =222 = 0.225 mA
TH (R; +R;) cc Rl TH cc
Icgq 8 - Vry — Vee Ve = 0.7
Ipg="L%= = =010TmA = ——2F "B Jpg = ~LE L
BQ B 75 tm Rrg +(1+ 3)Re 9 Rry
= —(1.33)(18) = {0.225)(1.53) + 0.7
]
Let Rty -~(1+l3)RE- 76)(0.1) = 7.6 kQ = Ry = 26.4 kQ
— - (7.6)(12) — 0.7
0107_—.Rl A : —2—6'—4R—z=1.53
’ 7.6 +7.6 264+ R,
RL (91.2) =2.33 = R; = 39.1kQ (26.4 = 1.33)Rz = (1.53)(26.4)
1 = .R_z = 1.62 k(2
b. ve = 0.9Vee = (0.9){18) = 16.2 V
S0 e (39.1 - 7.6)R = (7.6)(39.1)
39.14+ R, tg = 0.9]cq = (0.9)(22.5) = 20.25 mA
= R; =9.43kQ
e v="E=182 16V
a 10 —F————
—_ 1 1 1o = aip = (10)(20.25) = Ip = 203 mA
b. Pr=3-(0.97cq) Re = 3{(0.9)(8)(1:5)

Pr = %(1.62)(0.203) = PL=0164 W
= Py =389 mW
Ps =Veclcg = (12)(8) = 96 mW

- _ E8.13
Pqg=Ps~ P, =96—38.9= Pg=57.1mW Ver Ie
'p: 38.9 8. JIc=lsqgexp|—)=Vee=Vrln -1-——-
ﬂ=—;;——=-§i-=>ﬂ=405% Tm:\ 5Q
s 3 X
Vee = (0.026)In (—Tﬁ> = 0.6225 V
= Vp1 = Vp2 = 0.6225
0.6225
Isia =Ip =1Isp exp( 0026 )

- -13 0.6225
=5x10 exP(O.OZG)

Ipiyy = 12.5 mA
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b. Vo_ZV,u,____gs-(mA E8.14

0.075 8. vi=0=w, vg3 =0TV
1st approximation:

. ~ . - 0.7
icn = 26.TmA, ipn = 0.444 mA Inn = 1—2—52— ;122 => Ipy = 45.2 mA
1
26.7 x 1073
Vee = (0.026)In (2—“6:73-—) = 0.6661
Ip = 12.5 — 0.444 = 12.056 mA If wansistors are maiched, then
. -3 i) = 1E3
Vp = (0.026)In (22056 X 1077 _ 4 6216 -
§ x 10-13 : = e
tRy =ig +ipa =i + T+7
2Vp = 1.243 V ) !
Vep = 2Vp ~ Vg = 0.5769 iR =ig (1 +1 +3) =1iE (1 + ;—1-)
. _ 0.5769
icp =2x 107 exp ( 076 ) = 0.866 mA
: 45 2
2nd approximation: B =T if) =i1p2 = 44.1 mA
iEn =L +icp = 26.7 + 0.866 = 27.6 mA = ipn im = ip = l'ilﬂ - L;‘.il
. 60 .
icn = (a)(27.6)=> icn = 27.1 mA =ip; =ip; = 1.08 mA
1pn = 0.452 mA
ID=12.5—0.452=>IQ=1205mA b. Forwvy =8V =y =5V
27.1 x 10~°
Vaen = (0.026)In ('—"iﬁ—'ﬁ_>

io=%=>i9=0.625A
= VpEn = 0.6664 V 0.625
ipa = 0.625 A, ips = ——— = igy = 15.2 mA

41
12.05 x 10-2
‘ = (0.026 ln (.—__.) = 0.6215 VvV — - . _ 12 ~ 5.7 _
D= ) x 10-13 VBJ—5-1V=>IR1——0-:-2—5-——25._2/u1A

2Vpp =1.243 V

Vep = 1.243 — 0.6664 = VEBE = 0.5766 V

0.5766
P

iE] = 25.2 —15.2 = .El 10.0 mA
—— = icz = 0.856 mA
0.0-’6 )

-13
lcP=2X10 ex :151—1—]—0”44m/\

c. Vo=10V, iy = OIO% =133 mA
075 vea =5-0.7=43V

_M=55n

ipn =218 mA = Ip =12.5— 2.18 Ira = == $52mA =i

1En =1L =133 mA = icy =131 ma

= IE = 10.3 mA
65.2
igz'-?i--l59m“\
) = 0.6175
t1=1ipy —ipy = 1.59 - 0.244 = 1; = 1.35 mA

- , 10.3 x 10-°

2Vpp =1.235 V

-3
VeEn = (0.026)1n M)
2% 1078 e Ar=2_58 443
= Vagn = 0.7074 V T T T T A==
) jon (8.54
VEsp = 1.235 - 0.7074 = Vgp, = 0.5276 V From Bquation (8.54)
s _(L+ AR _ (41)(250) _
icp =2 x 10712 LA 2R 2(8)
lep=2x XP ( 0.026 L (8)

= icp = 0.130 mA
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E8.15

Ie =Igs+1ci+Ics
=Igs+Ica+ B8s1ps
= Igs + Bed o + Bs(1 + B4 )54
Ig = (14 B3)Ips + BuiBslps + Bs(1 + 34)Bslpa

If 34 and fBs are large, then
Ie = B384fsIps
So that composite current gain is

B = B384 8s
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Chapter 8

Problem Solutions [gfea L L6T oo
B 8 '
8.1 RB=E—E&=>RB=1.12kQ
a 20.8 _—
T
s _ _Icg-R. _ (1.67)7.2) _
s Zle b. A =gmBL = = Toe = 462
Vo(max) 12
o(max) =12V = Vp A, 162
7 2 »>VpZ26mV
L
~ %
—~——— ;2
o — g,;‘és 8.3 . ‘
a. For maximum power delivered to the load, set
b. &
; Vi
Set Ve =25V = Vegpu)
Vee 25
I e
Thea Ic RL 0.1
ICm = 250 mA < IC,m;x
v Icq = 21.—0;_11_2_3 = 125 mA
Maximum power at Vps = 22D _4v ) Vee
2 Pg(max) = Icq - —= = (0.125)(12.5)
I Pr 25 2
D=V—-=—-=0.625A
DS 40 = 1.56 W < PD,mLx
80 — 40
Rp = 0825 = Rp =640
125
) y . IBQ—W—I,ZSHIA
i = —0.7
P Re = 251 22' = Rp =194kQ

b. Pr(max) = %-I’CQ-RL = -;-(0.125)’(100)

= Pp(max) = 0.781 W

8.4
A Lrmad
)
8.2
Vee N ~.J
a. Pg(max) = Icq - 3 V. Voglmand
ps
2Pg(max) _ 2(20)
So E = =167
¢lcq Vee 24 167 A Point (b): Maximum power delivered to load.
R, = Vee —I(Vcc/2) = M-12 R, =720 Point (a): Will obtain maximum signal current
cq 1.67 s output.
Point (c): Will obtain maximum signal voltage
output,
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sav

b. Vee =5V, Ip =0.25(5-4) = 0.254,
Vps =375V, P=9315 W
Vee=6V, Ip =0.25(6 —4)> = 1.0 A,
Vps =30V, P'=30W

Ve =1V, Ip = 0.25(7 - 4)® = 2.25 A,
Vps=17.3V, P =39.3T5 W

Ve =8V, Ip = 0.25[2(8 — 4)Vps — V]
_40-Vps
T
Ip=3.71A, P=108W
Vo =9V, Ip = 0.25[2(9 - 4)Vps — VD]

=39—-€-0ZD-—S=VDS=1.88V

Ip=381A, P=716 W

C. Yes, at VGG =17 V, P =3935 W > PD,mu =
35 W

= Vps = 2.92

R, ,
Vos = (R1+R2)"DD
Let Ry + Ry = 100 kQ

- R,
6.5 = ( 2 =
5 (mo)(so) =R, =13 k0

R =87k

b.  Pp =1IpqVpsq = (1.25)(25) = Pp = 31.25 W

c. ID.mu = 2IDQ = ID.mu =25A

VDS.uxn =Vpp =’VD$,nu =50V

PD mex = 31.25 W

d. 1-‘{;‘:—‘ = gmRyL
g =2K.1pg =2,(02)(125) =1 41V
Vol = (1)(20)(0.5) = 10 V

1 V& 1 (o)

L=2'R.°7 20
Pg =31.25-25= Pg =28.75 W

8.7
(a)

¢ Y
e

%))

25% T Ty A
) P, = P, ~(Slope)(T, -25)
At By =0, T, =%+25=o T, s = 145°C
Tmax = Toawe

Buv-ams =5 Ouy-ans =2°C1W

8.8

Tz,mu = Tamb
PD.nlcd = ]
dev —case

or

Tz’,nu = Tamp
PD,nud

150 - 25
50

Bdev —case =

=2.5°C/W

Then
Tsev = Tamb = Pp(fdev—crse + Bcase—amb)
150 — 25 = Pp(2.5 + fease—amb)

= 125 = Pp(2.5 + Ocasemarnd)
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8.9

Pp=1Ip-Vps=(4)(5)=20W
Tsev = Tomb = Pp(fdev—case + Ocasemsnk + onk—amb)
Taev — 25 = 20(1.75 + 0.8 + 3) = 111

= Tyev = 136°C

Taev — Tcue = PD . odev—cue = (20)(1-75) =35
Tease = Tiey — 35 = 136 — 35 = Tepee = 101°C

Terse = Taink = Pp - Ocage—snx = (20)(0.8) = 16°C
Tiink = Tcase — 16 = 101 — 16 = Tyiny = 85°C
8.10

Tdev - Tunh = PD(edev—:ue + gr.ue—unb)
200 — 25 = 25(3 + fcaue—amb)
= ocue—lmb = 4oc/w

8.11
T; - b 175 — 25 "
8 ev—case = 3, max am! = =10 C W
¢ u PD,n.ud 15 /
T, ax —Tnnb
Pp = L.
b odev—cue +8cue—snk +oonk—|mb
175 — 25 ,
= m = PQ =10 W
8.12
P
1= =
s
Ps=Vec-Iq
— Ve
L=Vp-lp= ( gc)(lo)
1
'Z--Vcc g
n= Voo T =1 =350%
8.13

2. Neglect base currents.

v(max) = V* - Vee(sat) =10 - 0.2 =98V

iL(mu)=IQ=9—‘8—=9—'§-$Iq=9.8mA
R 1 ——

R:__O—O.zg-—s(—lO)=_-=P R = '

ig1(max) = 2]g =ig; (max) = 19.6 mA

ig;(min) =0
1r(max) = Iqg = 9.8 mA
ir(min) = —-Jg = —=9.8 mA
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b, Pr = %(Q(mu))’m = %(9.5)’(1)
= Pr = 48.02 mW
Ps=Iq(V* =V +Iq(0—-V7)

= 9.8(20) + 9.8(10) = Ps = 294 mW

_ P _ 48.02 _
r;_._?_-—294 =>n = 16.3%
8.14
a Io(min) = 2o(max) 10 Io(min) = 100 mA
R, 0.1
_0-0.7 ~(=12) _
R= ™ = R=1139
b. Poy=1Iq-Vcg =(100)(12):Pq; =12W
P(source) = 2/g(12) =24 W
oL VE_ (o
¢ Pr= 3R =300 = 0F
Ps=12+424=36W
17=-£—L_=0—'a-=>17=1349%
s 3.6
8.15
—_ Vi _ (V)
L = —— =

So Pr = (V+)2
°rs= ",
]L
n Ps=>n 0%
8.16

(@) Vps 2V(sat) = Vs =Vpy =V
Vps =10-V,(max) and 1, =1, = K,(V, )’

V,{max

L) - K. (Ve

V,(max)
RL . Kn

2

So
_ _ [Vo(max) [V, (max)
oot = 2 22 V6109

[10 - Vo (max))? = (2]

100 — 20V, (max) + V2 (max) = -‘1°-(-'2'L".‘l
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Vs (max) — 20.5Vp(max) + 100 = 0

20.5 £ 1/(20.5)* - 4(100)

2
= Vo(max) =8V

Vo{max) =

Solutions Manual

80 x 1073

vep = Vrln ( Ts ) (0.026)In (-——16-—,3—

)

vep = 0.6708 V

B o ypp +vo = 0.5987 — 0.6708 — 8

vy =

B
2

8 = yr=—8.0712V
tp= - =1 =16mA
’ 16 vpe = Vgp — vEp = 1.1973 — 0.6708 = 0.5265 V
i
Ves = —‘=,’—'—-= - 0.5265
o K, 4 v 1c"=lsexp(:/€-r§—)—ax10 1 XP(O.OZG)
Su=10Y = 1cn = 0.311 mA
2
b. Pr = %.(_%L___“mw PL=ilRy = (80)2(0.1) = P =640 mW
20(1. 6) Pon = tcn - vcE = (0.311)(10 — {~8))
= "¢ 10.2 mW = Pgn = 5.60 mW
n= f_i_ =54 =5 =62.7% Pgp = icp - vec = (80)(2) = Pgp = 160 mW
s 10.2
8.17 8.19
@ ip, = K,(vgs —Vin )’
vo=i,R, and i, =i, = Kn(vGS _Vm)2 Dn w\Vesn ~¥Yrw
; 2
or i, = K,(vgs) and vgs =v,—v, /%-5-+2=uas..=2.sv= Vs
Then 2
2 2 = Vpp =50V
vo=K.R (v, —v,) or vo=2(v, - v,) —EE=SS i
Ppn = (0.5){10) = P, = P, = 5mW
dwy dvo —_—
dll =2.2(vi —wo)|1 — m
(b) VD‘; = VGS "V;v =>VD, =VGS -
d =10~
2L+ (w1 = )] = 4(v1 — ) ,,, 10~ v,(max)
o Aol v (max
dv; - 1+4(V}-Vo) ___+V a
(10-8) M DA
dVo 4(10 -8
Forvi =10V, =8V ———lee
v= =Y S T TT 40— 8) vo(max)
= 3% _ .89 @0
dvs $0
_ dvo -
Aty =0, o = 0»41’1 0 lo—uo(mu)=\/v.°—__— F;u!’*'z_Z:W
dv,
A“’l=1.uo=0.5=ﬁ—0667 s0 vo(max) =8 V
. 8 . .
ipn =i = = => ip, =17 =8 mA
8.18 " 1 Rk
' 5x10"°
. Vep =V 'i) ______)
] e =Vrln (Is (0.026)1n o= . :
Vss=v4;’l=o.59s7v Vas=\/;+2=~vas=4v

= VEE = 1.1973 V
Pq =ic vcE = (5)(10) = Pg = 50 mW
b.

-8V
-8
|L=—=‘-—80mA

lce = 80 mA

'Ihenv1=vo+Vcs—Y%P-"8+4—2°

>y=95V

' v,
vsGp = vo — (u, - —;‘-’-) - (9.5-2.5)

vsgp =1V = M, cutoff = ipp =0
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PL=iiR. = (8)°(1) = P, = 64 mW
Ppn =ipn-vps = (8)(10 — 8) = Pypn =16 mW
Pup =1ipp-vsp = Ppyp =10

8.20

. 24 . .
a. Vo=24v=?lL=-8—=>lLZlN=3A

3
n= — = n =732
iB a g mA

Forip = 25 mA = 15y =25+ 73.2 = 98.2 mA

Ver = Vrln () = -3
BE Tll\(ls) (0.026)&1(6)(10_12

= 0.7004 V
30 — (24 + 0.7) 5.3
Then 982 = ——=—n—""Z = R} = —
R, 17 982
= R1 = 53.97T N
25 x 1072 I
VD = (0.025)11} (G—)To_-l-z—) =0.5759 V

Vep = 2Vp - Vg = 2(0.5759) — 0.7004

= 04514 V

Vep 12 0.4514
=] — V) =(6x10"" ——
= lsexp ( Vr ) (6 ) exp ( 0.026

= 1p = 0.208 mA
b. Neglecting base current
(o 30-06 3006
PETTR,T Ts3on

0.545
Vp = (0.026) In | ——2_
o = (0.026)In (s % 10-17

Approximation for 1p is okay.

= 1p = 545 mA

) = 0.656 V

Diodes and transistors matched = iy = ip = 545 mA

8.21

@ I, = Kz(vc.n Vo )1

vm,=\/§+1=2v

D\"K( GS3 VTN)l
200=K,(2~1)" = K=K, =200pAlV?

(®) v, + Vg +Voss = Vs = v

For v, large i, =i =K, (Vg5, -V,

Vo
GS 1= TN

157

SOU1+2+2-—( 20 +1)=u0

Vo
= =2 .3
vi=vo+aos

dv; ] dvo 1 1 dvo

dv; YT Foeee dur

dvo 1 dvo
] = 1 4 —e— | = —2(1.1414
dv; [ 2 2.5(5)] dW( )

v 1
v0=v,+—£~”-— os and Vo= ’-—[5-"—+Vm

For vy =0, Ip, =10 +i, = Ipy + -2
RL

Then

N +_‘_/££_ _ Ipg+(vo/R,)

o i 2 N K

or

1
v0=v,+Yﬂ—VrN- 2. fj4+-—Yo_
2 K, 1R,

For v, small,

1
zv, +_V;~9._.VTN - _ﬂ_[l.*-l—‘io——J

K, 2 IR,
1
vo l+l ;’Q. l
2 VK, IR,
Vs Ipg
=y, +-88 —
I ™ K”
Now
vy _ ! =095
dV, 1+l iﬂ !
2 VK, InR
1
Sol~ fop 1 ZJ_..1=0,0526
2 VK, IR, 095
For R, =0.1 kQ, then =0.01052
KnIDQ

Or JK,I,, =951
We can write
8n =2 K 15, =190mA/V

This is the required transconductance for the output
transistor. This implies a very large transistor.
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8.23
Ay = —ngL
50 —12=-gn(2) > gm =6 mA/V = Icq
Vr

But for maximum symmetrical swing, set

J— 1 V2 10 —
Pr{max) = 7 —Igf- = (2?))— => Pr(max) = 25 mW

Ps=Vcc - Icqg= (10)(5) = 50 mW
Son = 50%

Ipg = =~ = — =0.0278 mA
Ri=Rry =6k
Vruy = IsqRra + Veelon) + (1 + f)IsqRe

Set Re =200

Vry = (0.0278)(6) + 0.7 + (181)(0.0278)(0.020)
Vrg =0.967 V

. 1
Vrg = ' Rryg-Vee

.1
0.967 = ==(6)(10) =R, = 62.0 k@
1

R; = 6.64 kQ
8.24
Vee 15
Jeg = =S5 . 22 _
cqQ R 1 15 mA
15

— 1
Pr(max) = 5 R, < ?(—'l-)— = P;(max) =112.5 mW

Virn = IpqRru + Ve + (1 + B)Isg Re
= (0.15)(10) + 0.7 + (101)(0.15)(0.1)

1 1
Vrg =3.715 = = . Ry - Vee = — .
7 Rrw o Vee= & (10)(15)

Ry =40.4k0
Ry = 13.3k0

8.25

R, 1.55
== Ve = [ —=22
Vru (Rl +R,> cc (1.55+0.73)(m)
=680V

Rty = Ri}|R; = 0.73||1.55 = 0.496 kQ
Ing = —VTE =VBE _ _ 6.80-070
9= Rru +(1+B)Rg  0.496 + (26)(0.02)
Ipg = 6.0 mA, [cq =150 mA
A, = —gmR} and R} =’ R =(3)’(8) =720

-1 R I
Im =Y T ooz
A, = —(5.77)(72) = —415
[Val' = |A,] - Vi = (415)(0.017) = 7.06 V

7.
Vo= 08 _oas5v
3

— 1 V& (2.35)?% .

=~ 2= L P =345 mW
Pr=3 R 28— Le=345mW
Ps=1Icq Voo = (0.15)(10) = 1.5 W

P.  0.345

= = —— =23

n=gr = S 1=2%

8.26

8. Assuming the maximum power is being delivered, then

Vi(peak) =36V Vo= Z =9V

9
=>Vm.=$=>Vn_m=6.36V

36

b. Vo=$=>Vo=}:5.5V2
=Lt _ = =
c. Secondary Iim, = Vi = 536 = Iimy = 0.314 A
Primary Ir = O'i“ = Ip = 78.6 mA
d PFPs= Icqg-Veoc = (0.15)(36) = 5.4 W
=2 =n=3T%
n= 5.4 =907
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8.27 8.28

a. With a 10:1 transformer ratio, we need & current gain
of 8 through the transistor.

ey,
i
(e AN
o RlIR, 2
= oo
) . ) Ry|| Ry .
e = 1 = _L_'__‘ 1
' ' (14 3)is and 1 (R1”R2+R|b>'
n=Vetve s Ve =vi-ve 50 we need
143 ‘.—==8=(1+ﬂ)(“—R1[—1&'——)
ve = (1n ‘”°)(—r_) R, 1 Ri|R: + R
1+3 o, where
ve _ __te E (14 BRE v
vooaeitlog, LrUFARE v Rw=ro+(1+B)RL = (1+H)RL
, 2 = (101)(0.8) = 80.8
where Ry = (%) R, R:|R;
= Q (il | S S
Then 8 = (1 ”(R,1}R;+so.s)
Ri|[R,
— Ve _ mn S ) U S .07 = 6.
v = (nx soy,_yo(n2> RilR: + 805 0.0792 or R;||R2 = 6.95 k2
n2
Vo 1 {1+ B8Ry Set
50 — = . -
vi (ﬂ) e+ (1+ 3)R% v N 12
n2 ——(-:—C-::RIL=>ICQ=-—£———'~ S mA
2lcq Ry 0.8
15
b. ?:=%'I;RL,G=%L,ICQ=L:; Iaq=ﬁ—0-=0.15mA
: Vrg = IpgRrue + Vpe
SO PL = - a’!éqRL
Ps=1Icq-Vcc _1;_‘37_” Ve = IsqRru + Var
Ror n = 50% : 11
_ 1 5.4 —(6.95)(12) = (0.15)(6.95) + 0.7
Pr_o5-2" IeaRe  g1cqRy Ry
P = Toq Voo = T2ee = R; = 47.9 k0 then R; = 8.13 kO
1 _Vec Vee 2 _ Yec b. I.=09lcg=135mA= Lol =
= = - . e =20 g = 13.5mA = = [; =135 mA
I Py Pl TR ST R a
—_— 1 2 —
PL = =(0.135)%(8) = PL =72.9 mW
¢ Re= Tn__ __BVr _ 49(0.026) o= 3(0187°®) =
' 1+8  (1+fcq ~ (50)(0.1) Ps = Voclcg = (12)(15) = Ps = 180 mW
= Ro =0.255 0 P,

r]=..1.)—? !Z=40.5%
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8.29

8. Vp = V2R, P
Ve = V/2(8)(1) = 5.66 V = peak output voltage

Ve 5.66
Ip = y P 0.708 A = peak output current

Set V, = 0.9Vcc = aVp to minimize distortion

Thcna=£-0—'i)im=>a=2‘86

5.66

_ 1 (Ie\ _ 1 (0.708 _
fea = 0.9( s ) =03 ('2—3_6') = lcq=0275 A
Then PQ = Vcc]q = (18)(0.275)

= Pg = 4.95 W Power rating of transistor

8.30

a. Need a current gain of 8 through the transistor.

'U,_' locn.
R IR,
I2L=
Foo o

-

e Ril|R
=8=( +B)(31HR: +zReb)

where Ry = (1 + ﬂ)(Og) =90.9 kO

8 Ry || R,
| e ) == (0,07
101 (R\“Rz Fo0g ) = 00792
or Ranz = T.82 kQ0

Set
2Vee 12
= 0. = oee—— = . ¥,
oo 9k = Icq oo 13.3 mA
13.3
I = . = (.
BQ 100 0.133 mA
Then

?21—1(7.52)(12) = (0.133)(7.82) + 0.7

=> Ry =53.9 k{2 and R; = 9.15 k{}

b, Io=(09)cq=12mA = % = I =120 mA

PL = (0.12)’(8) = P = 51.6 mW

Ps = Vcc]cq = (12)(13.3) = Ps = 159.6 mW
_ P, _ 516 _

n= P = 1596 = n = 36.1%

8.31

a. All transistors are matched.
. . 148)\. t
3mA =1g; +1B3 = (———)lc+—c—

61 -1
= —_— = = 2.90 A
3 (60 + 60)'° ez st oA

b. PForw =6V, let Ry =200 0,

6
= =003A=30mA =1
o = 350 E3
30
13 = — = 0.492 mA
18 =

ip1 = 3 —0.492 = 2.508 mA

151=2—65{.—8=>151—4111ul\

~ 3
ls;=3m_A=>152=é—1—=>49.18uA
fy=1ip2 — im = 49.18 — 41.11 = i = 8.07 uA
Current gain
-3
A = SOXT07 4 372 % 10°

8.07 x 108
30 x 10~
Vees = Vrln (‘?) (0.026}1n (—ra‘@

Vegs = 0.6453 V

iE 2.508 x 107°
Ve = Vrln ( 1;> = (0.026}In (W

Veggmy = 0.5807T V
vr = vo + Vees — VEg:1 = 6 + 0.6453 — 0.5807
vy = 6.0646 V

Voltage gain
A== o4 =0.989
v . 6.0646 T/
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8.32
g&. Porig=1A, 1535%:20mA

We can then write

10 - Vgp, =2 10 — (Vo,max + VBEJ)
R.1 Rl

- 20

I, for simplicity, we assume Vep, = Vpgs = 0.7 V,

then

10 - Vg 210 max
=22 40
i R T

If we assume Yo max = 4 V, then

9.3 _ 2(4)
R R T

which yields Ry = R; =32.5Q
b. Por v = 0,

9.3
IE1=32, =>IE1"0286A—I£2
Since [e3,¢ = 10[5, 2, then

Iy =1py = 2.86 A

¢. We can write

ey + Ry “ Lot

1 145
Ro=od —— N 1+5
2 1+ 8
BaVr  (50)(0.026)
N = = = 0.
OW T3 Tos XTS 0.4545 O
_ BiVr _ (120)(0.026) _
S TTn T T ogse C 10918
So
y | 04545 + 325 H 10 o1
Ro=13
2 51
32.3 ﬂ -1& = 32.5/[0.0902 = 0.0900
Thean

Ry = _1_{0.4a45 +0.0900

= = 0.0053
5 51 }OrRo 0.00534 Q

161

8.33

Ri= %{m + (14 B)Rul(rea + (1 + B)RL)])

ic1 = 7.2mA and ic3 = 7.2 mA

_ (60)(0.026)
7.2

Then r = 0.217 kQ

So

R, = %{0‘217 +(61)[201(0.217 + (61)(0.1))]}

= %{0.217 + 61(2//6.32]}

or

R, = 46.4 k1

8.34

=
LAY
b. 1,=K,(VSG+VTP)2=—E—ﬁ
1
5 =10(Vsg — 2)* = Vsg = 2.707T V
5= 220 R Ry =146k
Ry
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¢ R =100 Q Por a sinusoidal output signal: Ip1 = 1.692 uA = Iy = 1.534 pA

10
— 2 2 Ica = (50 ( )(1 692)=>Icz"769pA
PL=1'%L=%~%=>P;—I25mW 1
L

2
= (51)(s0 1.692) = Ics = 3.92 mA
'Daz“—z)-=g-57)=>im=50m,&. Ics = (51)( )( )( )= Ics m
Vess = E-0-+2=4235v
10
“<
_ 10— (4.236 + 5) =
5 146 = Ip; =0.523 mA
Vi

Vsa1 = \/ m +2_2229v

vy =5+4+4.236 ~2229= 1 =7.007TV

—~ Vo) = (= %
Ipr = Y 51"4)6 (219 _ 1o(vse - 2 Rkl

17.007 - V. =
% = 10(VZ - 4Vse +4)

1.46 Because of r«; and Z, neglect effect of ro. Then neglecting
14.6V3; ~ 57.4Vss + 41.4 = 0 ro1, roz, and ros, we find
Vi
574:1:\/ 7.4)7 — 4(14.6)(41.4) Ix = gmaVea + gmaVer + gma Vs + ——
2(14.6) Now
Vega = 2.98 V

Vey = | —Z— |V s Vez = mi1Ve1Te
1 (r ) Z) X 2 9 1 1Tx2
102 = 10(2.98 - 2)2 = ID7 = 9.60 mA

Vi =vi—Vgss =T—-298=402V and

Vsge =5—-4.02=0. =
564 =5-4.02=098V=>1Ip, =0 Vis = (g1 Vet + gz V2 )T

8.35 = [gm1 Vi1 + gm2{(gm1 Vi 7n2)}r =3
For vy =0
Te
Ig=1Ics+Ics+1Ig Ves = (r” _:_Z)[gml + gm1gmaTr2)Trs - Vx
1+ 3n) Ica B1 + B1Ba)r
Ipgy = Ig; = Jop = 22 =!1 182)Tra
B3 E2 ( 7 2= 3" Vis —H Vx
and
Iea =1 + 3n)lca
Tog = Jer = [ Be Ica _ ol v =( P17z )V
IBZ_ICI_(I"'&)IE}*E- sz—gmx(r“_*_z)r,r; x el + 2 X
Iz = a,,( B )15, Then
+ 5 Ix _ (B1+5:18)8s Vx4 8182 TV
—_ BP Twl +Z Tre1 + z
Ics= (14 8,)8, IE
1+ 3 + B1 Vx + Vx
Te1 + 2 X i+ 2
B
Iq = 1+ 8n n( E )I
e =t )8 1+ 8, & Then
+,3n( ﬂﬂ)lsl-"]m R°=Y5_= tmt+ 2
s Ix 145814 81824 (B + B162)8s
= (5])(50)( )151 +(50)( )151 +IE; Tl = (101(2;126) = 0.169 MQ
Iq =2318.181 5, +45.45]5, + Igy Z =25k
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Then
169 + 25
10+ (10)(50) + {10 + (10)(50)](50)
194
Ry = 76017 = 0-00746 ka2

or Rg = 7.46

8.36

8. Neglect base currents.

s

5x 103
= 2(0.026) In (-10-;?)

Vg =2Vp = 2V In (11;‘“>

= Vpp=1281V

Veer + Vems = Vpp
Igi = Igs + I

Ips = Iy = (1 fpﬂp)fss

Icy = 8nlpy = ﬁn(

% Y1
7'

— P
Igy ’I“{Hﬂ“(up,)]

(5 re= (5o oo (225))

I
Vasx"VTln[Is]. Ves VTln[IC;]

(1.01)I¢cy = (%)1 [1+(1oo (2(1))]

2
= Ica [5% + 100] = 101.051c3

Igy = Igs +ﬂn(

Icy = 100.05]ca
Vrln (100 .051c3

) v
o (SR
o (32

100. oslc3 Ves
Vr

VeB

sy (22)
Ios = —i5 ZBB ) 04997 mA =]
= Jooos Y P\ ) =R ImA=lc

Then Igy = 0.5247 mA

tn (22} = vas

163

Now

Icy = 100.05]c3 = 50 mA = Icy

2
Iea = (100)(20) (0.5247) = 49.97 mA = Ic;

. 10
b. =10V ~ — =0.1 S
Vo = 151 100 0A 1

4x1073

Vg = 2(0.026) In (—TBT

) =1.269V

Ve e

(0. 026)111( 0.1

o= 13) =0.7184

1.269 — 0.7184 = 0.5506 V

0.5506
0.026

Veps

Ica =107 exp (

) = 0.157 mA

2 ?
E: Vg (10) :E‘:

= i

R, ~ 100

PQ] =1ic1VCcCE1 = (0.1)(12 - 10) = PQ] =02W
PQ3 =1ic3-VEC: = (0.157)(10 - [0.7 - ]2])
= PQ3 =3.34 mW

tcz = (100)(1c2) = (100)(0.157) = 15.7 mA
Pgi =1ca - ver2 = (15.7)(10 = [~12})
= PQQ =0.345 W

-3
8. Vpp = 3(0.026)In (10 x 10 )

2 x 10—12
= VBE = 174195 V
VeEy + VBE2 + VEB: = VBE

Ica Ica
Iev= —, Ica = 5
n

Bn
. Ic) 1 IC A -
A == | =1
\/Tln(ls)+Vrln(!=)+\/7-ln(1=_) BB

. I3, .
Vrin [/3“%] = Ve

—

Icy = Bnls v/txp (}:{,E;E')

1.74195
= {20){- -7y e ————
(20)(2 x 107°7) exp( 5096 )

Ica =020 A, Ici =10 mA, Jca 0.5 mA

10 x 103
2 x 1012

= Vpg, = 0.58065 V

Veer = (0.026)In (
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0.2
VeE2 = (0.026)In (m)

= Vppg; = 0.6585 V

0.5 x 1072
Veps = (0.026)11\ (2—;—10__12)

= Veps = 0.50276 V

—_ 1 %2 1 %2
. PP =10W =2 == =~ =
b A 2 R 2 20

= Vo(max) =20V
For vo(max) :

(20

PL“‘RL 20 = PL=20W

to{max) = —-;—g =-1A

ics +ice + i3 = —ig(max) =1 A

. ics . 1+)3P> 3&(]-}-,@,)
test g ( 5 ) 1B,
+ 8,

el (52l (52 ]
Jas HORED)

ics[l + 0.06 + 0.0036] =1 =ic; =0.940 A

ice = 0.0564 A

i§3 = 3.38 mA
ic2 = 2.82 mA

. 2.82 x 1073
V -— ) ——n. = 0.5 7T
ERs = (0.026)1n ( % 10-12 ) 5477V

“"BE) + VBE: = 1.74195 —- 0.5477 = 1.1942

votn (222) + vria (122) = 1100

Tez = /B Is exp(11942)

0.026

= +/20(18.83) mA

lc2 =842 mA
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Chapter 9

Exercise Solutions

E9.5
vo = Adl{va — 1) Ag = 10°
E9.1
_ Ry -100kQ _
ACL- R; = 10 k0 =?Ac1_-——10 o ™
vy =025V=>pyy=-25V '
vr 0.25 . n .
= e I — =), = . ©
5 R oka 0.025 mA = i} = 25 pA ~
12 =14 =25 [.LA
Ri = Ry =10k}
E9.2
Ra v 5
A = — = =15 = = = — Vv
cL I vy yy e = 1 5 m
R, = R; =20k =+ R, = (15)(20 kQ)
R, = 300 kQ b. vy =5 vo=-10
vo
— =y -V
E9.3 yy 2 )
-R -10
(@) A = 2 5= v, =499V
A R +R; T T
. ~-100
min) = =-4926 c. vy = 0001, v2 = —0.00]
Ay( ) 19+13 \
-100 vo = 10°(~0.001 — 0.001)
max | = =-5076
A"( ) 19+0.7

s0 4926<|A | <5076

(b) i,(max)= 0l =5076 uA

l/o="—-—2v

d. V2=3,V0=3

vo = Ag(va — 1)

T 19+07 vo
z—; =y —-W"n

i{min) = ——=4926

l( ) 19413 HA —-3-—=3-u1 =y =2.997V
s0 4926<i, <5076 yA 10°

{c) Maximum current specification is violated. E9.6

E9.4 We have
. _ R 1

We can write AcL="R~ {1+_1_<1+£=_>]
A Ry (1 + Rs) Ra Ay Ry

cL= == 0 A

Ry Re) R R, = R, =25 k0 La B2,
Ri=Ry =10kQ . Ry
- _ _ -12 = —
Want AcL = 50 Set Ry = Ry =50kQ} 1+ 1.3(1_,.,)
R 5x 10
ACL=—50=—5(1+72:’-)—5 _ -z
- F 4
R, R, 50 1.0002 + 5 x 103
ld+—=9= —=8= —
Ry Ry R
Ry =6.25kQ

165

z
12(1.0002 + S_;ﬁ?) =

12.0024 = z — (2.4 x 107°)z
12.0024 R
z= Joete ~ 120 = 350
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ES.7 E9.11

Ry
= (-ﬁ—::;“ + Vn + ﬁ—w:)

(@)oo (o ()

vo = —[1000 + 400 + 100]
vo = —1500 pV = -1.5 mV U, / /464(@1—11.3
&
E9.8
|
R Rr R R —_
Vo = (RTVI) + 7 ——via + R:W: + R—fw«)
R, A= vo = Aoalvz — v1) = Acd(vr — v1)
T
a4 27 %'_\/\/\/\,——“—\I :0 -y = —vy O V) = vy — :od
Aod o
vg — VvV
l):%;‘lQBﬂdli: 0R21
1 vo — Vv
Then u;(E‘—) = R2
(m+%)-%
R, R; R>
We need R; R:) vo )
22 - {14 =2 .-
RF-7 .@.f.-u .}_25.—35 EL..H) (1+R1)‘ (+Rl (\V' Aoa
Ry Ry, ~ 7 Ra T T R (l+&\
Set Rr = 280 k2 oA %)
280 o‘v_"'”1+ L (14 B
Then R1 ="'7—=40 kQ Aod R!
280
280
R = -5-? 80 kA For vy, =0, vy = (——&—-—)v“ and
280 R5+R.
R4="_'—28 kﬂ R2 Rb
10 vo(vn) = (1+—> (—""——’>Vn
R1 Rb+Ra
E9.9 (1+7°)( 50 )w
= —_— — 1
lV |=V”+V;2+V[3=_R_F(v +V,. Vv ) 5 50 +25
4 3 R n 1 3 = 10v1,
Ry 1
—E—§=R,=R2=R3€R=IMQ For vy = 0,
i Vo = (_Ra__)m
Then RF=~§MQ=333kQ Ry + Ra
R, R,
E9.10 vo(vrz) = (‘ R )(R., +R.>
Yo Ra 70 25
Ay = — (l+—) =5 = —_ [ ——
vi R, = (1 *3 ) (25+5o>"”
R
sothatﬁz-=4 = Sup2
FOI’Vo:lOV, vi=2V
Then

. 2
Thcnl:—R—l—SO#A:R,=40 kQ vo = vo(vn1) + vo(vr2)

vo = 10vy; + Svpa
Then R; = 160 k) we find
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Chapter 9: Exercise Solutions

E9.13

Rs >» R; Soi,=|2=i5=100uA

vo = —igRfp
We want ~ 10 = ~(100 x 10™°) Ry
= Rr =100 k)
E9.14
We may note that
R, 3 Rp 20
_—— e =] _—= =2
R, 1.5 and R, 10
so that
Ry _ Re
R: " Ry
Then
o= Y —(-3)
TR, T Tsxa
=1 =2 ma

13 =14 +11 =0.267 +2 =2.26T mA

vo=taRs +vL = (2'267 x 10-3)(3 x 103) - 04

=>Uo=7.2v

ES.15
We want iz =1 mA whenv; = -5V
. —vr -y —{=5)
= = R = ——— e———
't RQ 2 i7 10-3
= R, =3k

ve =112 = (107%)(500)
=Sy =03V

1/1__.0.5=> =01 N
R, skn T UIM

14 =

I3=d+i1=01+1=11mA

If op-amp is biased at + 10 V, output must be

limited to =8 V.

So Vo =i3R3 + vy

8=(11x107°)Rs +0.5
= Ra =682k

Let R = 7.0 kQ

Then we want
RJ RF T
R R —s5= M

Can choose Ry = 10kl and Rr = 14 k2

ES.16

Refer to Fig. 9.24

R, =2R; =5k
Let By =Ry =25kQ

Set R; = R,
. . . o is) _ _ R,
Differential Gain = o= R = 100 = T30

=?R2=R4=250kﬂ

ES.17

We have the general reladon that

(. R\ (_[RR] Ry
vo = (” R1>(1+[R./Ra] TR
R] =R3=10kﬂ, R2=20 kﬂ, Rq=2] kﬂ
_ 20 (21/10] _ (2_q>
vo = (1 + 10) (1 F110)) 72 T\ )M
Vo = 2.03231’]: - 2.01/]
a. v o= 1, vy = =1
vo = —2.0323 — 2.0 = vy = —4.032 V
b. vn=vip =1V

vo = 2.0323 — 2.0 = vy =0.0323 V

C.  Vem = b1 = vy S0 common-mode gain

Vo

Aem = = 0.0323

Vemn

cm

2.0323 1
Ag= =5 - (2.0)(—§> =2.016

4. CMRR4p = 2010g,, (fi>

2.016

C."’[ RRdg = 20 logm (m

) ~359dB
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E9.18

Vo =

R, 2R,
_E(1+ T >(vn via)

R4 2R2
E;(‘ + 727)

Minimum Gain = Maximum R, = 1 + 50 = 31 k2

20 2(100)
Ag = — + Ag = 4.92
So dA«= 733 (\l 51 ) = e

Differendal gain (magnitude) =

Maximum Gain = Minimum R, = 1 k2

E9.21
20 2(100)\ — 20
Ag =01+ =3 ) = Aa =201 Time constant = 7 = R;C; = (10*)(0.1 x 107°)
Range of Differential Gain = 4.92—201 =1m sec
-1
0 S 1 S 1=>v = x t
E9.19 G
Att =l msec=>vo=~1V
a o, = - tn 1
R 0<t<2=>p=-1+ x (t—1)
. ot R, G,

voo =vn + Ry, w2 =wvi2 ~uR; and (2-1)

R, Att=2msec=> v =~ + —= =0
vg = —(vo2 — vo1) i

R,

- _@l[ i\ R R Uc + ('”")

Vo—-RJ viz — itz — v — 1y 2] OT 1r 1 < Y

R .
Vo = R_: (viz = vn) — i1 (R2 + R;)]

R -
v = = (vra —vn)— Hz o0 (Rz + Rlz)

Ry Ry

-V

PFor common-mode input vy, = vy
Sy =0 ain=0, CMRR= o0 E9.22
b. Ag4(min) = R; min, R; max End of lst pulse:

_ {20 100 + 957 _
ho= () [+ 2222 0

20 00
Ad(max) = (E) [1 + }—%192] = 206

¢. CMRR = |4
Am=0=>CMRR=
E9.20
. . . Ry 2R,
Diffi tal G = ~— pube
eren ain T (1 + R >

Let Ry = Ry so the difference amplifier gain is unity.

Minimum Gain = Maximum R,

2R, \ _
s (14 a2

We want 2R; = R,(max)

Maximum Gain = Minimum R;
2R, .
— | = 1000 2R, =
So (1 + R,(m'm)) or 2R, = 999 R, (min)
If R, =30k, let Ri(min) = 100 Q fixed resistor
and let R;(nrax) = 100 k§2 +100 Q = 100.1
v e’
pot
Then actual differential gain is in the range of
1.999 — 100]

-1 10 pec  —10 % 107
vg = — Xt l = e————
r 0 r

After 10 pulses:
—(10)(10 x 107°)
Vo = —_ = —
T
—&
Sor=l(l9-—x,—l—o——=20usec=r

T = R1C; = 20 usec = 20 x 10~¢

For example,
C, =0.01 x10™° =0.01 uF = R, =2k
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B9.23 E9.26
vo = vr1 + 10vrs — 25v13 — 80w voy = [% - TZ__TRLEI_‘__gs] V+
From Figure 9.37, vy input to Ry, vi¢ input to Rz, vn - [R + R(1+6) - ZR]
input to R4, and vy, input to Rp. 2(R+ R(1 +§))
From Equation (9.87) - Ré vt
Rr g Rr 2R(2 + 6)
Tz—l‘ = 25 an T{-z- = 80
Set Ry = 500 kQ, then R, = 20 kQ?, and vor = (_i_) v+
Ry = 6.25 k2.
| o V* =5 For § = 0.01
RFr Rp 0.01) .
— — ) = = = 0.0125
o (14 £2) (22) o = (22)o
Rr\(Re\ _
and <1+RN)(E};> =10 Need a gain
where Ry = Ry||Ry = 20/6.25 = 4.76 kQ Ag= 2= > =400
Vol 00125
and Rp = Ra||Ral|Rc

Use 2n instrumentation amplifier
We find thet 24 = 10

Rs Ag = 400 = (-‘%—‘-) (1 + %)
Let R4 =200k, R =20k 3 ! R
R = 150 k2, Rs = 10 kQ, then == = 12.8
Now (1 + %’%) (%ﬁ) =1= (106)(%%) Let Ry 3 R
: 8 . Let R, = 150 kQ, Ry = 11.7k
Then Rp = 1.89 k02

RA“RB = 200"20 = 18.2 k2
18.2R¢

SoRp =189 = m = Rg =72.11 kQ2
E9.25
) _[ R-AR
= |(R<AR) + (R + AR)

_ R+ AR ]V*
(R+AR)+(R- AR)

[R—AR__R+AR -
2R R
_ (R-AR—R—AR>V+

]

2R

Vo = —~ (éhﬁ) V+

For V' =35V, AR=150, R =10 x 10°

50
vor = -(—)(3.5) =~1.75x 1072

10¢
Need an amplifier with a gain of
=5 = ~285.7
Ag = e = 175 % 107 = Aq = —285.7

Use instrumentation amplifier, Fig. 9-25.
Connect vg; to vy and (*Vo‘) t0 vrs.

|Adl = (}%) (1 + 2%’) = 285.7

Let Ry = 150 k&, Ry = 10 kQ Then %:9.02
1

Let R; = 100 k@, By =11.1kQ
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Chapter 9
Problem Solutions
9.1
200
Ay = -0 = -10
and for each case 9.7
R, =20 k
9.2
100
2 v == = 10
R =R, =10k
b, A4, = 10000
10
R =R, = 10kQ
= — }‘0’0/ - _—A;) -
[ Ay = 1“0_ 20 .,j,,
3 1010 =5kQ < . 9.8

9.3

Ez‘=-12=> R2 =12R1
1

A.,::-R

R. = R1 = 25 k2
= R, = (12)(25) = 300 kQ

9.4

R,
A,,_—Rl =-8= Ry =8R,

Ror vy = —1, i1=~1—:-=15pA=:R1=66.7k9
1

= R, = 533.3 kQ

9.5

A=t
1

R = -30 = R; = 30R,
Set Ra =1 MQ
= R; =333k}

9.6

_ R2 1.05R, _ { Ra
L A = R = 095k, — l.lOa(Ri)

9958 ~ o 905(&)

1.05R, ~ R,

Deviation in gain is +10.5% and -9.5%

171

9.9

Deviation in gain = +2%

@ A =Ye-TB3_ s

v, 1

Vo =—15v, = v, ==150siner (mV)

) iy =i = ;—'= 10sin ax (uA)
{

i, = —VRL = i, =-375sinax (uA)

L

ig=i, 1,

i, =—475sinar (UA)

A=-—t
- R, + R
A, =-30%25% = 2925<|4,| <3075
So Ry =29.25 and Ry =30.75
2 R +1

, |+

We have 29.25(R, +2)=3075(R, +1)

Which yields R, =185kQ and R, =599.6 kQ
For v, =25mV , then

0731< |v0] <0769V

w == (3 )1 = (-5)0.19) = vy = 075V

10
50
v = -—12—5 Yoy = (—6)(—0.75) = p =45V
. . 0.15 . .
.,-..—x;:-—-—lo =t =1 = 15 A
0.7 .
13 =14 = ;;—;:—-2—55-=13=14 = =30 uA

First op-amp must sink 15 + 30 = 45 gA
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-k __22 o
(@) A = R, l = A =-22
R 1
(b) A =--2%
Ry l:l+ ! [1+&)]
And Rl
_ _23 1 22 1

. — e -
| 1 ( 22) 1 1000153
T ——— | 1+ —
1.5x10 1

A =-2199663

© |A]=22-1%=22-022=2178

Then 2178 = 22. 1

——1—~——=> A =2277
1+ 23
)

od

Rz( Ry Ra
A, = -== = 22
= 1+&+R?)

R, 100 100
a. —-10--—-100(1 m-'i-'ﬁ;-)
2R,
0= —— =
1 100 +1 = Rg 450 k2
2R,
b. 100—m+1=>R7-4.95Mﬂ
R, Ry R,
AL E — 1 e
8 R, ( TR R;)
Ry =500k
Rz RJ RI!
0= — —_— 4 =
8 soo(1+ 7T R,)

Set R; = Ry = 500 k2

500 500
80 =1 1+°—+1)—_-2+.__.
( Ry R

= Ry = 6.41 k2

b. Fory; = 005V

~0.05

‘!=tz=mﬁ=>l‘=|2=—~0,l,“\

vx = ~1R; = —(-0.1 x 107%) (500 x 10%)

= 0.05
Vx 0.05 .
Y= - = e = = -7.80
! R4 41 = —T80uA

B=1n+1=-01-780=13=-790uA

9.13

W= =
1= R =
. v
VA--—lzR=—(—R;)R=—UI
—_va_u
BETRTR
- —_va_va_ v _2u
WEntHw=-p-7 R~ R
vg =Va~3R= ~vy— (%‘;—l)(}?) = —3u;
_ve_ _(3w) 3w
"ETRTTTR TR
. 2 3 5
. 5
Vo=vB—15R=-3u;—(—;i)R
Yo - 8
v
From Figure 9.11 = A, = -3
9.14
R 1
@ 4 =-Zr
Pl —| 142
A R,
=—-S—q- ! = A, =-4.99985
10 1 50) -
l+——“s‘ l+—
2x10 10

(b) v, =—(4.99985)(100x107%) =
v, =—499.985mV

- 0.499985
() Error =05 004 998

x100% = 0.003%
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9.15

a. From Equation (9.23)

=R 1
YT R, 1 R,
[‘*z;(”?zr)]
100 1

Then vo = A, - v; = (—0.9980)(2)

=y = —1.9960

vo = Aod{¥a — vB)

"_a_=u,,,,(L+_l_)=v_o
R1/ R

v =
Ra2
(‘*n—,)

Then vy = Aoavs — 202
s
R
Vo 1 + A“ = AodVA
1+ 82
Rx).
(1 + ﬂz_) + Aoca
Ry
vo = Aodba
148
=) |
Aod(l + -—2-)114
Y, Rl
0 =
Ry
Acd + (l + R;)
(l + %)VA
Vo =

173

10° 10
Forv; =2V
vo =1.9960 V.
9.16
, R
{a) 1'=-—’—=12=_.\i‘l=, _‘.’Q_z_._.z..
1 R, vy 1
(b) 12 —1l=—v-’—=13+b-.=13+_!_(_&.vl]
R, R, R, 1
Then i, =1'—(1+3l]
) L
9.17

V. = —R:‘“&_ V= __9_‘1_!1___ ]0):
e U R|R, + R, 0jt+10

Vy s = 0.09008 V

RZ
\¢ =_‘V raax
bol= v,

10=-R—’(0.09008) =R
Rl Rl

So R, =111kQ
9.18
vo = Aor(v2 — 1)
& Ao = SN S— = Aor = 500
T T T () x 10 T Sek =220
b 1=500(r; ~1%x107%) = p; =3 mV
€ 5=500(1-w)=>y =093V
d v =500(~1~(-1))=> =0
e.  —3=500(v; —(—0.5)) = vy = ~0.506 V
9.19
R R R
& W =—Tz£' n —Tz:;'l'n-'hf-vn
80 80 80
vo = —25(0.5) - o= 2@
= —4(0.5) - 2(—1) - 1.33(2)
»w =-f2.667V

b —86.2 = —4(1) - 2(0.25) - 1.33u1,
viy = 0.525
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9.20
vo = —Buyy — 2v12 — Svpa
_ Rp Y R R
=% I R vz — R Via
Rr = Rr =2 Rr =5
Ry Ry Rs

Let RF =500 kQ = R, = 62.5 kQ

R, =250 kQ
Ry =100 kQ2
9.21 .
R
v = —4vn — 0.5viy = _E::U“ —_ E'::'VI'I
RF RF
AF _ F o5
R} 4 R2 9
= R, is the smallest resistor
i =100 yA = 2L = 2 5 R, = 20kQ2
e A= Rl - R) S =
= Rrp = 80 kQ}
= R = 160kQ
9.22

= (0.05)V2 sin(27f1) = 00707 sin(2ft)
f =1kHz=oT=-i-(l—);=:>lms

1
=T, =—=10ms
Y= 00

voo Re , Re 10, 10,
o~ R| 1 Rz 12 1 n 5 12
-(10)(0.0707 sin(271)) - (2)(£1 V)
=—0.707sin(277) - (£2 V)
1.7074
it SRt
I e “Ycles I
% 1
| |
—12737 . { -
_L..;;;r/\/' - _\7/}| e
lo CYelos
9.23
R R R
Vo:"“}‘{""n"—ki“"lz_‘R_F'Vu
1 2 3
vo=-2.y, - 2,8,
(4] lO n s 12 2 13

Ksinax =-2v,, -4[2+100sinax]-0
Set v, =—4

Solutions Manual

9.24
a.
Re Re O
Uo-*“}g'aa("—S)— R, caz(—35) - N a1 (-8)
- %f-ao(—s)
F [a3 az ay o
SOVO-—W[T 4+8+16]()
b uo='2.5=%’i ~.5 = Rp =10kQ
c 10 1 50 by =03125V
vg = — - — =
T T 16 o= Se2if o
.. 10 [ 1 1 1 1
ii. Uo—ﬁ[-2-+z+§+-l~6-l(5)
= vo = 4.6875 V
9.25
10
(a) vy =_T'vn
20 20
V, = ——}- Vou —T- Vg = —(20)(—10)v” —(20)v,2

v, =200v,, —20v,,

() v, =1+2sinar (nV)
v, =-10mV

Then v, = 200(1+2sinax) -
So v, =04+ 04sinax (V)

20(-10)

9.26

For one-input

2T 0 S S _1_] b
R, ‘"‘[Rl * R’k T Rr| T Rf
vo [ 1 1 1 ] Vo
= e w— | —— e o cpmem | v
™ [m * &g Hr Rr
_ 1 1 (
=~k A“Rr Rr R

1 1
Tz?{"‘ +i+ I mnnzu&}
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F 1
Vo = —7p— v

1 ! Ef.)
14— A (1 + Rp
where Rp = Ry||Ra{j Rs
Therefore, for three-inputs

-1
1 RF)
4 (1+ =

Rp Rr Rr )
x (R1 v+ R, via + R, Vs

vo =

9.27
R,
Ry _
-R—l-9
il =

= R, =8k, Ry =72kQ

9.28

£
L4

50 20 40
Yo = (l + 36) [(20 +4o)"” + (20 +4o)"“]

ve = 1.33v7; 4+ 0.66Tv72
100
(l + 50 )

x 10]40 )m + 10§20 ),,,,
10|40 + 20 1020 + 40

wom 3| [ ——Yon 4+ (=51 Vo
8 +20 6.67+ 40

vo == 0.857v7; + 0.429 2

9.30
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9.31

. (41 .
h=p=n

vx = 3R+ vy = (E)Rﬁ-w = 2y

2]
R

+
vo= i R4+vx = (—EL)

QJ

vi
4=lz+l:—'§

9.32
(a) -2 =

vy

(b) From Exercise 9.11

But R, =0,R, =

Yo _ 11 - 11 = Yo - 099999
Vioole— 14+ s U
A, 15x10

(b) Want Y2 = 0990 = :
vl [+ —_—
Ay

= A,=99
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9.33
T -A
| + CI GJ(T‘;):—T)c\)
&)
=
vo = Aod(V1 — vo)
1
(-/C + 1> Vo = v}
Y z
0 = "
1
(1 + 1—0;)
Aog = 10%; 22 =0.99990
vy
Aoa = 10%; 22 = 0.9990
v
Aoq = 10%; X2 = 0.990
vi
Aoa = 10; 22 = 0.909
vi
9.34
R
VoA = (1 + R_j) Vi
R R
Vo1 = (1 + —R-:-)w. Vo = —-(1 + ﬁ)w
So Vo3 = —Vo3
9.35
A%
a) {, =
(@) i, R,
() voy =i, R, +v, =i,R, +i,R,
Vor(max)=8V =i (1+9)=10i,
So i (max) = 08 mA
Then v,(max)=i,R, =(08)(9)= v,(max)=72V
9.36
20 20
@) v, = v, =t 22 X6) =
x [20+40) v (60)( )=2
Vo=2V

(b) Same as (a)

141 vy — Vo .
a. Rin = ';" and ———— = 1 and vy = —Aqs
1

Rr

vy — (—Aoat1) - vi(l + Agg)
Rr Rp

501'1 =

Re
1+ Aod

L3

R .
b. l1=("R—S-:s§:'>t5uldVo=—Aod-

_ Aod RS
Sovo = RF(1+A“> (Rs+ R...)'S

Rr 10
Ry = =——er = —— = (.
" A 1001 009990

" R 1000) Rs .
= - 1
o F\ 1001/ \ Rs + 0.009990 / **

1000 Rs
Wi $ :
ant (1001) (Rs ¥ 0'009990> 2 0.990

which yields Rs > 1.099 kQ

9.38

—JoV

Vo=iR,, 0<i.<8mA
For vy(max)=8V, Then
R, =1kQ

9.39

i=%sol=l£-=:» R =10 kQ

In the ideal op-amp, R, has no influence.

Output voltage : vo = (1 + R—Rz) 7

vo must remain within the bias voltages of the op-amp; the
larger the R,, the smaller the range of input voltage v; in
which the output is valid
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$L = 2 =10 = Rz =

Rg:lkﬂ
2

i = '}—’%!'- and vy = iz 2 = (0.010)(100) =1V
2

X 1

W=rig =i mA

=4+ =14+10=11 mA
For vo(max) = 12V =13Ra +vL = (11)Ra +1

ﬁR;:lkn
We need

. e . v . .
(a) i, =i, and i, =-k5-+1o, vy ==i,Rp
2

Then i, = —i‘(ﬁf—)+i b
R1

Or i, =i,(l+—R—’—}
R,

(b) R,:f_'—=§=¥ R =5kQ

Y

12= (1)(1+R’) R on
R, R,

For example, R, =5k, R, =55kQ

9.42
Ve Vy=-v
(1) I, =-%4-X_0
R, 3
V
(2) X+-X =0
Rl F
RF
From (2) v, =V, 1+=&
R,
1 1 1 R
Then (1) I, =V, o |—— .V, | 1+—E£
S )
L L _ VL,V V R 1 R
VX R- Rl RJ R! Rl R! R1 Rl RJ
RR - R,R,
RR,R,
or
R, = R,R,R,
R,R, - R,R,

R 1
Note: If —f—=— =
AR, R, = R)R, = RR,

then R, =, which corresponds to an ideal current

source.

A4=§3——5—‘-=5

Ry
Minimnm resistance seen by v is R;.

Set Ry = Ra = 25 k) Then Ry = Ry =125 k)

L= 2 =y = iR = (05)(3) =235V
R
vo = 5(viz — vn1)

25=5(wr2~2)=> v =25V

a. From superposition:
R,

Yoy = —— V)

Ry

R; Ry
Yoz = (‘+ Rx)(R3+R4>w

Setting vy = v12 = Vem

R
Vo = voy + Vo2 = ]+R2 1 —-—-z-l/.-_m
VAR R:
Ry
Ve R( Rz ] R7
A‘"“ucm“Ra'(l+R,>(l | R
Ry

b Max [Acm| = Min 2L ana Max 2
Rl R)
475 52.5
Max _ 105 95 _ 4.5238 —5.5263
[Aeml 475 T 14 4.5238
+ —
10.5
= |Aeml, . = 0.1815

max

9.45
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vy —va _ VA—VB+VA—V0
Ry + R, Rv Ry
Vi2 — VB VB—V.-|+I_/_B_

Ry + Ra Rv R,

R, R,
y-—(R:+Rz)VA+(R1+RQ)y“
_(___RL_),, +(.__R.2__ Y
“TE\R+RrR)PT\R R

Nowv_ =v;y = Riva+ Rovny = Ryve + Ravna

R
Sothat vy = vp + —l(w: —-vn)

R,

Vi 1 1 1 ) Ve
—_— = —_— —— o —
R: + Rz "*(R, +R; R R) Ry

PN S
R1+R2— B R1+R21-RV R, Ry
Then

Vi
R1+R2

1 1 1 ve Vo
VB(Rl +Rz + RV + R!) - RV - R?

NS
R, Ry +Ra  Rv

[ 2¢] 1 1 1
Ri+ Ry ””B(R,m, +EJ+E{)

1 R.
- ‘E‘V‘[UB + —R%(un - Un)]

Substitute (1)-(2)

(1)

(2)

3)

4)

1)

{2)

9.46

R, R,
vo1 = (1 + R])V“ TR V2
(l + )( 25 sin wt) ~ —-(25 sin wt)
vo; = —275sinwt mV
v 1+ B—-)u - -—Ri—-“— v
02 7 72 R, n
= (1 + i—g)(% sinwt) — %90-(—25 sin wt)
Vo2 = 275sinwt mV

Rq 2R2
vo = o~ (1 + R )(w: —-vn)

;g( +2[ D(zs—[ 28]) sin wt

vo = 825 sinwt mV

Current in R; and R;:

(=25 — 25)sinwt mV
10 kQ

Vin —Vvi2
R
[11] = Ssinwt pA

5 =

Current in bottom Rs and Ry:

VY2 _ 2T5sinwtmV
=Ry + R, (20 + 30) kQ2
lia] = 5.5sinwt A

Current in top R and R4:

o (gl
i3 =

1 Rs
———(¥11 = vn2) 30
Ri+ R [-275-—( )(275)] sinwt mV
~ (R; . ) 1 _ 30 +20
- (&) (mrm R ) e 20k
w1 R Ry, \ lia] = 22sinwt uA
R.z RV R 12 — VI
9.47
Lo _ - R V(L __ 2} — vo = -3—0-<l+2(50)) 25 — (~25)) sinwt mV
2| () (e h) e (e E)eeen
1 1 R vo| = (1.5 50(1+1°—9)mv
Sy m} ool = (1.8)(50)( 1+ 7
uu—(l/n "'Ull)(R ){ R ...Ri.f.l For 100
R Ry +R; =01V =(l 5)(0050)(1+-R—)
R, Ry
t R TR +-R_v.} = R; =300 k0

2R
Vo = -1—1-13-(1 + -ﬁ—’) (vrz ~ vn)
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9.48

9.49

For

|vo]l = 5 V = (1.5)(0.050) (1 + 11%2)
1
= R} =1.52 kQ?

So Ry =1.52 kQ = Potentiometer == 300 kQ}

R 232)
Ad = R, (1+ R

For Aa(ma.x), R.] = R,(mm) = R._f

200= (2R
B\ T &,

For Ad(min), R1 = R;(ma.x) 2 50 k2
_ R 2R,

oon a1 20)
R,

Let-n;:=0.4

Then 0.5 = 0.4(1 + 2—:},—’) = Ry = 6.25 k1

and

200 = (0.4)(1 + ?-(%2-5-’1) = Rys = 25.05 Q
1f —_——

Por & common-mode gain, vem = yn =vn
Then ‘

= R, Ry, _
Vo1 = (l + R, ) Vem R, Ve = Vem

R R:
Voa = (1 + 'R%) Ve — R—:V:m = Vem

From Problem 941, we can write

R _R
A = T2 Ry
(+%)
Rs
Ry =R, =20k, Ry =20KkQ 5%
20

1 = o=
R, 1 20
=——J-=— — Cm—
Aem = T71) 2(1 Rs)
Por Ry = 20 kQ? — 5% = 19 kQ

2 19

Por Ry = 20 kQ + 5% = 21 kQ
1 20

Acm = 5(1 - ﬁ) = 0.0238

S0 |Acm|g,, = 0.0263

179

9.50
1
8. Vv = m—;-/y](t') dt’

/0.55inwt dt = —-qi cos wt
w

Cae_ 1l (05 05
Ivol = 0.5 = RiC; w T~ 2xRiCif
PR S 1
T 2xRiC; 2x(50 x 10°)(0.1 x 10-¢)
= f=31.8H:z

Output signal lags input signal by 90°

b | f= 0.5
' = 2x(50 x 103)(0.1 x 10-%)
fe 0.5
T {0.1)(27)(50 x 103)(0.1 x 10-¢)
= f =159 Hz
9.51

@) v,= ——Rl—cj v, (1 )dr’

]
Vo = —a(o.s)(z) = v,=-5V

= f=15.9H:z

1
) —15=—63(05)t=o t=6s
9.52 .
e o —Fa " jwlcz _ jwCiy
v R, R, (R; + w]Cz)
vy R, 1

b, __k
u__ R
1
¢ I=5EG
9.53
V_o= ~R; - _ R:(ij;)
YI R+ - 1 14+ jwRC
JwCy
Yo R _JuRiC
17 R, 1 +ij)C1
v R:
b — - ——
vi R,
c. f= !
xR, G
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9.54
Assuming the Zener diode is in breakdown,
Vo = -ﬁ-vz = —1(6.8): vo=—68V
R, [
- 0-(-68
i =0v 0-(-68) i, = 68 mA
R, 1
i, =19V ~iy=10768 s i, =62 mA!l!
R 56
Circuit is not in breakdown. Now
10-0 . 10

=h=———= i, =152mA
Ry+R % 5641 1

vo = =i, Ry =—(152)1)= v,=-152V
i;=0

9.55

vo ==V, 1;{ ls;?l ) = —(0.026)1n[m} =

v, = -0.0261n( i )
1

0-!0

For v, =20mV, ivo|=0.497V
Forv, =2V, |v,|=0617V

Okok7
XA
o,47

9.56

333
vo = (TO-) (Vm - Vo;) ] 16.65(1’01 - Voz)

ic1
-— VT ln (I—s-)

ica
-Vrin ( Te )

Vo1 —wvo2 = —Vrln (}_c_:_) =Vriln (19-?-)
1c2 ics

Yoy = —VBE)

Vo2 = —VpEg2

fc2=82 o=

c2 = Ry’ C1 = R

So vo1 —vo2 = Vrln (y—2 . E‘_)
R, u

Thea

vo = (16.65)(0.026) In (‘.2. iy
w Ra

w R
w = 0.43291 -
. (Vx Rg)

In (z) = log, (z) = [log,, (%)} - log, (10)]
= 2.3026 log,, (z)
Then

~ v R
vo = (1.0)log,, (;:— - -I_T:—)

9.57
vo ==IR(e"") = -(107)(10*)e" /"
ol = (1071 )eroe
For v, =030V, |v,|=103x10"V
For v, =060V, |v,|=105V

(S
1ot
b°
1s™4
Tk
S
R & v
le _S)OS o.Y - [
S
T
9.58

Vo =2v; =10v,, +3v,, v
From Figure 9. 37

14

4
Q, c .
Ul
= R
Ty -
N ¥
€ a °
9, +
2
Y,
Qe

From Equation (9.110), we can write

RF Rr
Vo = —=p—-Vi2 — 55— -V

R, R,
Re\[Rp Rp
+ (1-{- RN) [RA “vn + Rs -wa]

where Ry = Rif[R2, Rp = RAl|RB||Rc

Then RE _ 10, B2 o

Ry Ry

180



Now Ry = R;||Ra = 50||500 = 45.45 k)

Rp _ §00 \ _
(H' 'E;) = (1 + 45.45) =12

Then (12)(%) oy (12)(%2—) =3

12(Rp/Ra) 2 _Rp
Now 12(Rp/Rs) ~ 3~ Ra

R, is the largest resistor

Set Ry =500 k), then Rp = 333.3 kfl

12Rp 12Rp
=2= = = 83.33 kQ2
Then . 2 %00 2=>Rp=8
Rp = RaY|Rp||Rc and Rl|Rp = 500}{333.3

= 200 k0

Then 200[|Rc = 83.33 s0 Rc = 142.8 kQ

9.59

Vo =6V, +3v,, 45V, -V, —2v,
From Figure 9.37

vo=—RE , _Rr
0 = R 14 Ra Vis

Rr\{Rp Rp Rp
+ (1 + RN) [RA vn + -l + Ra vn]

where
Ry = Ril|R2, Rp = Ra||Ra||Rc)|Ro

Rr _ . Rr _
’I'henR—‘_l, E-Z
Let Rrp =250 k), then Ry = 250 k2, R; =125 k2

Then Ry = Ry||Ry = 250[j125 = 83.33 k)

Rr\ _ 250 \ _
(H' RN) = (H' 33.33) =4

Rp\ _ Rp\ _ Bi _
(52 4(32) -5 () -
4!RFZR4! = _6._2 _ .IEE.

«(Rp/Rs) " 3"*“T R,
i——-L-—l‘RP Re =§-=1667=££-
“(Rs/Rp) 3 181
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Set Rp = 250 kQ3, then
Ra=125kl, Rc=150k0N

4RP 4RP
— o = —— = = .
Then 7. 125 = Rp = 187.5 kQ

= won't work since
Rp = RA“RBHRCHRD > R4 and Re

Add a resistor R; in parallel with R; and R, to decrease Rn
(but with zero input to R3).

Set Rp = 00 = Rp = Ru||RsllRc = 53.57 k2

Ry = %9 =19.23 = Ry[|Rq||Rs = 83.33(| Ry

9.60

So Ry = 25 kQ
Vo R,
vz“(”m>

9 _ Rz R:_
5.6—1+R1 =% I = 0.607
j\F__Vo—Vz

=%

9 ~5.6

SetIr =0.8mA = = Rp = 4.25 k0
RF

Want Ip; = 0.1 mA; if weset [q =0.1 mA = 6—3-

R,
= Ry =63 k2
3.

Thenl;=0,2m.A=R—7=#R;=18.5kﬂ
3 e
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NOWIIO=£ 1+2_R51>(.;.>.5
ForIz = 1 mA For6 =0 6;7 5l
or 6 = 0.1 , Vo =
Iz=v° Vz=10—5'6=1mA=>R,=4.4kQ 5 2R, 5
U el S S TRES O
y _( Rs >V=>56— R 0.1667 R, J\2
PT\R+R) T T R+ Rs ﬁ(l ):12
10 R
(”&) Set T = 4 Thea 222 — 311 R, =30 k0
Ry Ry R * =
R, =20 k§
R, 10 R,
1+E=§f€="’:=0'786 Resistor R; can be a fixed resistor in series with a poten-
Vo 10 tiometer for more precise control.
Let =]1mA= ————=1mA
R: + R, R+R ™
= Ry + Ry = 10kQ 9.63

R; =0.786 R; = 0.786 R; + R; = 10

= Ry =5.6kQ, R, =4.4kQ [
Vo1 =

(

1‘me—Vo =2mA=12—10

Ry Ry
In this case, the op-amp must supply the load -

= R =1kQ

current.

Using the bridge circuit shown in Figure 9.44

R Jye i L
R+R(1+5)]V ‘[2 2+5](10)

2o

= = — = 2.5§
Vo1 4

Ror vo1 — vo2 = 0 at T = 250° K, set
Ry =R;=R; = Rr @250° K =12 k§1

Vo = o

R;
When § = 0.02, v =5

Assuming vo, and ro; look into an open circuit.

Connect vo; 10 an instrumentation amplifier.

)(2.55)

Rr ) + 5 Ry 2R
vo2 = | —— | V7 and —_— = A e}
(Rf + Ra s - T E, (1 * & )
Ra + v+ Ry 2R
=(="2_ ). y+ ¥ _ & 28
Vo1 (Rx T Ra) 2 Set i 10 Then R = 9

As temperature increases, Rr decreases. Let Ry =
12(1 ~ §) where § is positive.

Rr =10 k2 @ 300° => § = 0.1667

[ 12(1-86)
Yoz = (12(1 —6)+12>V+

Counsider

_(_120-8 1
vor — vor = (12(1 -8 +12 2)(10)

- (12(1 —6) —6[{1 — &) + ”)(10)

12{(1 — 6) + 1]

_{ 6(1—8)—6 _ 606
- (12[(1 -6)+1})(10)_ 12{(1 — §) + 1}

. 56 5
Now cal - = —— =
nsider vg1 — vo2 o5~ 3 §

Connect vo; to the vy terminal of the instrumentation am-
Pnﬁﬂ' and voz to the vy terminal,

182
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Chapter 10

Exercise Solutions E10.5
Ipgr = l(_’_:ﬂl)_(_z_)_ =0.717 mA
E10.1 12
V* — Vag(on) _ 10-0.1 Io = Irer = 0.117
Irer = R T Va 100
1 fo=T=m=>rg=l39kQ
Irgr = 0.62 mA °1 . .
I= e V - ——
Io = IpEr - 0.622 Al foA CE2 130
1+.§ 14 2= = Alo = 0.0288 mA
Io = 0.604 mA
E10.6

E10.2 1 0.50

For Io = 0.75 mA Io = Irer (1+ 2 ) (1+ 2 )

I 2 2 B(1+B8) 50(51)

rer = ko (1 + E) = (0'75)(1 + Tﬁ) = o = 0.4996 mA
Ipgr =0.765 mA [B:’:.I.‘l:,[m:g'gg#A
Ingr = vt - Vge(on) -V~ B
Ry rm=(‘+”)zca=>zgs_.=.9_-w_6_nu\.
R = 5207 (=5) B
e 0.765

Ry =12.2 k2 e = I3 - 0.5096

_— NSRS
E10.3 Il 50

V* — Vgeg{on) -V~ 5—0.7—(=5) = Jo; = 0.490 mA = [y
Irer = R, = 12

Ipgr = 0.775 mA

Igy = Igs = L;_’ = Ig, = Ip; = 9.80 pA

1+ % 1+ % E10.7
IyRe = Vrin (-!-RYE-L)
Alo = (0.02)(0.754) = 0.0151 mA Ve !u: 0.026 0.75
and Alo = :I-AVcsz = o= AX‘}“ Rs = Kh‘( To ) = %oz ™ (0.025)
4]
PR V. = Rg = 3.54 k)
ro = goisr = 2o k=7~ Ri=2=07 L p =5.13k0
= Va = (265)(0.754) => V4 = 200 V 0.75
Vaer — Vags = oRe = (0.025)(3.54)
E10.4 = Vag, — Vpg, =885 mV
+_ -
Iner = \'4 g_\_/as(on) =8 2(0.7)
£ 12 E10.8
Iper = 0.6333 mA 5-0.7 — (—5)
IREF = ~————i—l. = Jppp = 0.775 mA
I = —3 L °'63323 = 0.6331 mA 1?
REF
1+ B +B) 1+ 75(76) IoRg = Vrin (T)
Io = 0.6331 mA = I, ‘
2 ——=ra Io(6) = (0.026)1n (——0'}'75)
0

131=Iaz=%-=>1m=152=8.44uA =>___.__I°E]6‘GnA

Igy = Ipy + Ipz = Ipy = 16.88 pA

Igs _
Y = Iy = 0.222 gA

Ipy =
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E10.9

IoRg = Vrin (Q‘ﬁﬁ)
I

E=g%:—§ n(0007205)¢ﬂg=347kﬂ
gm2 =-‘£/°; gg;z = gm2 = 0.962 mA/V
» —%:%:155](9
foz’%“%g:'iOOOkﬂ

Rz = Rg|rxa = 3.47}]156 = 3.39 kO
Ro = ro2(1 + gma R'5) = 4000(1 + (0.962)(3.39))
Ro = 17,045 kQ

1 3
do = p--dVes = 7e

= dlo = 0.176 yA

E10.10

Irgr=Ir+Ipr+Im+ ... +18n
In=1s = Ioz=... = lon
I
deBR=IBJ=137=...=IBN=_;l
N+1
Irgr = Inn + (N + 1)(—0—> = Io, (1 + _._.'t._>
A 8
Sodos = fog = ... = Ion = —BEE
031 2 ° 1+N+1
B
la _ 1
Irsr 090 1+N+1
50
N+1 1
1+ 50 =09
1
N+1"(5§“1)(5°)
N={Z -1 (50) 1
T \0.9
N=455=3 N=4
11
&.  From Equation (10.52),
Vo = = x 10+ = | x(18)
VAT 1+
1-0.5
Vos1 =
() (1+05)() (1+0.5)x(1.8)

Ves1 =3.93V also Vps; =3.93V
Irer = (12)(0.020){3.93 — 1.8]*(1 + (0.01)(3.93))
= Ipgr =1.13 mA

(W/L), , (1+3Vosa)
(W/L), = (1+ AVps1)
) 8 L+ 0on@)
Io = (1.13) x (1_2') * Ti + (0.01)(3.93)]
= Ip = 0.555 mA

b. Io '—‘-IREFX

c. For Vps, = 6 V
= Jo = 0.576 mA

El10.12 ) )
KHI(VGSI ‘Vm) = Kn.w(vcs.l "Vm)

0.i0
Ves1 ~ 2= (\/ 038 '("633 -2)

Vos1 — 2 = (0.632)(Vgss — 2)

Voss =10 - Vs,

Vsi — 2 = (0.632)(10 — Vos1) — (0.632)(2)

1.632V5s; = 7.056 = Vgs; = 4.32 V

IREF =K, (Ves) - Viw )’ =(025)(432-2)" =
Legr = 135mA

=3K,,(Vos — Vi)’ = 3(025)(4.32 -2)°
Io=310 = 1,=404mA

E10.13

Vos(m’) =1V =Vgs =Viy = Vs —2
=V, =3V

2 Co. YW 2
Io'—'an(Vcsz m "(ﬂ )( ) G651 TN)

020= (0020)(Ll(3~2)’=> (-Z)2=10
Iy = (ﬂzC )(L),(VGS‘ v}

Vesi = Vesa

= (0.020)(%)‘(3 -2) = (%)‘ =25

Visy =V* —Vgs =10-3=7V

'ICDX W
Toer = (ﬂ 5 )(']‘:) (VGsa =V )2
3

05= (0.020)(%)1(7 -2) = (—‘%) =1
E10.14

a. IREF =K, (Vcs m)l

0.020 = 0.080(Vgs — 1)*
Vos = 1.5 V all wransistors
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b. Vau=Vosa+Vosi + V- =15+15~-5==-2V

Ves = Vg —Vgsy =-2-15=-35V
Vs¢ + Vpse(sat)
=15-1=05V

Vp4(min) =
and Vg, (sat) = Vgsu = Vo
S0 Vpe(min) = —3.5 + 0.5
= Vp«(min) = -3.0V

¢. Ry = rog + ro2{l + gmros)

1
= = e = e = 2500 k}
foz = Tos ,\1,, (0.02)(0.020)

= 2K, (Vs = Vi) = 2(0.080)(15- 1) =
8. =0080mA/V

Ro = 2500 + 2500(1 + (0.080)(2500))
= Ro = 505 MQ
E10.15

REF -020 K ( Gst
= Vg, = Vi, =215V

2 015(

rN)1 = O'IS(VGSI - ])2

Ip= an(vcsz _an)
1,=010mA

I, = KnJ(VGS! ~Viw )2
010 =015V, ~ 1) = Vg, =182V

215-1)" =

E10.16
All transistors are identical
= Iy = Ipgr = 250 uA
Togr = K, (Vcs ~Vin )2
0.25 = 0.20(Ves - 1)*
= VQi =212V

E10.17
For Q2 : vps(min) = |Vp|=2V
= Vs(min) = vps(min) ~5 =2 -5
= Vs(min) = —3 V

Iy = Ipss2(l + Avpsz) = 0.5(1 + (0.15)(2))
= Jp = 0.65 mA

2
_ _ves1
Io=Ipsss (1 Vor )

2
0.65 = 0.80(1 - "“’;’)

222 = 0.0986 = vosy = ~0.197 V

vasi = Vi - Vs
-0.197 =V, - (-—3) = V;(mm) =-32V

4
Vgﬂ = 01 Vgn =-Vx
g——@.
| —
T,
Y 7
%N\ 3 ')(01 \/‘
%
—
V. Vx -V,
Ix= X4 X 400 Vx (1)
ro2 o1
W Vi -V,
-Rl- TR NLL. S gm1 Vx 2)
D o1
1
Vx (_ + gml)
V= —p—-
Rp " ra
1Ly,
IX 1 1 o1 701 ™
VX—Ro—fo:+T +9m1- 1 _1-
Rp " roy
A iy
To2 To1 1 1
Rp o1
A
_ 1 R R
=+ (s o) RIS
Rp " ro

185
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For RD £ rox

_ 2pss (1 _ VGSx) _ 2(0.8) (1 _ —0.197>
Y Ve )T 2 X

gm1 = 0.721 mA/V

1 1
= o= e = 10.3 k)
™= < [@1syees - 103
1 1 1
= To3 o3t 072 =0915
= Ro = 1.09 k2

For Qi: 1p =Ipssi(1+ Avps)

2
For Q2 : ip = Ipss: (1 - y&f?) (1 + Avpsz)

VGs: = —VDs

and vps2 = Vps — vps)

So
Ipssi(l 4+ Avpsy)

2
_ _ ZVps1 o -
=Ipssa [1 Ve ] [1+X(Vps — vps1))

Ipssy = Ipssa
[] +(0 I)UD51]

- [l Vosx} [14(0.1)(3) = (0.1)vps]

140.1vps; = (1 —vps: +0.25vb5,) (1.3 — 0.lups1)

This becomes
0.025v3 5, — 0.425v%5 ¢, + 1.5vps; — 0.3 =10
We find vps; = 0.212 V, vpsa =2.79 V)

vgsa = =0.212 V
ip = Ipssi(l + Avpsi) = 2{1 +(0.1)(0.212)]
ip = 2.04 mA

Rg =102 + 101 (1 + gm2702)

_ 2pss 1 vesz) _ 2(2) 1= -0.212
gm = -Vp Ve /T 2 -2

gm = 1.79 mA/V

T02 = rog = —_I\JDss = —-——(0 @ =5kQ

=35 +35(1 + (1.79)(5))
= Ry = 54.8 kQ

E10.19

Vv
8. Iper = ]sexp( 587)
T

Is 10-12
= Vpgs =0.521V

-3
Vep2s = Vrln (]REF) = (0.026) In (Qj_x_l[)__)

5 —-0.521
—————— = R} = 8.96 k()
0.5

b. R =
c. From Equation (10.72)
Vec2
Vi Ve o ! Vap
— 14— =1 X ———t
Iso [exp (V-r)]( + VAN) REF (1 VEm)
+ ——
Vap
1% 2.5
12 L 2
e ()](0+22)
2.5
= (0.5 x 10'3)@
- (1 + 0.521
100
- Vi -4
1.03 x 10 exp( )-5125)(10
Vr

exp (Vr) =4.976 x 10°

=V, =0521V

d.

1 1
_(Vr) T Qo026 _ _—38.46
1 1 7 1 7 0.01+0.01
~ V. 100 T 100

Ay =

E10.20

-3
.  Ves = (0.026)In (gi"—lg—)

10—14
= Vgg» =0.557V

—~0.557
i—ﬁo—f—‘r’—:iz,:u.un

Vi Ve eo
c. [Iso [exp (VT>} (1 + _VAN )
Vec
Vv,

VEB2
Var

b. Ry =

1+
= IRrer %
1+

186
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5x 1071 [exp (V’ -20—5)
2

= (0.1x107%) -—-19307-

Vi -
(5.125 x 107"*) exp (—) =1.019 x 10~*
Vr
exp (“;—;) =1.988 x 10°

= V; =0.857V

1

d A, = —rﬂ—mr- = A, = —1923

—

100 ° 100
E10.21

2
& T = Kpl(VSG +VTP)
0.25 = 0.20(Vsg ~ 1)?

= Veg =212V

b.  Prom Equation (10.89)

v _V~[1+,1,(V
bSO~ To T

_V’G)] _ Ku(Vl =V )2

5 - L+ (0.015)(10 —2.12)

A+ A, IW(AAHIF)

(0.2)(Vr = 1)

0.030 ~ 70.25(0.030)

0.15 = 1.12 — 0.8(V; — 1)?
=V, =210V

—2K,(V, Vi)
c. A=—p—*

Lgr(A,+4,)
A = _2(02)(210-1.0)

v 0.25(0.030)

= A, = ~58.7

187

E10.22
@) Tpge = K,x (Vso +Vep )2
80 =50V ~1)" = V,, =226V

(b) Vps, =V, = a0 ‘V‘G)]_ KV, ~Vn)'
o A, +A, ’nsr(lﬁl,)

s = [L+(0.015)(10 - 2.26)]  (50)(V; —1)?
0.030 (80)(0.030)
2083(Vi—1) =322V, =2.24V

_ 22K, (V= Vp) _ =2(50)(224-1)
© A Ier(A,+4,)  (80)(0.030)
A =517

8. Vo= —gmVal(rollrez), Ver =WV

A, = —gm(rollro2) = —(30.8)[100}]100]
= A, = —1540

b. Ay = —gm(ro|lrea]|RL)

1540

Ay = —T = ~T70
= T70 = —(30.8)(50[|R.) = (50}|RL) = 25
= R, =50kQ
E10.24
Ico 0.5

8. gm = -‘TT- 0026=>g...—192mA/V

- Van _ 120
Tro = Icq..05=>ro—240k9

Var 80

r02=7;-q-=6-3=>rnz=160k9

b. Ay = —gm(roflroa]|Rz) = —(19.2)[240}[160}|50)

= Ay = —631
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E10.25
(a) Neglecting effect of A and R,
Io=luer = K (Vg Vi)'
0.40 = 0.25(Vig ~ 1)?
Then Vg = 2.26 V

1 1
b. To—Toz—m—W=125kQ
&n=2K,(Vig = Vi) = 2(025)(2.26 - 1)

=0.63mA/V
Ay = —gm(To"TD2) = —(0.63)(125"125)
= A, = -394

c. Av = —gm(rollraal|RL)

_ 392_4 = —(0.63)(62.5||R,)

= 62.5||Ry = 31.25 = Ry = 62.5 k0

E10.26

M, and M; identical = Iy = Irer
2
8. lo=K,,(V,—V,~)

0.25 = 0.2(Vp ~ 1)?

Vi=212V

8n =2K,(V, -Vy ) =2(02)(212-1)
= gm = 0.448 mA/V

] 1
n= = n = 400 k2
o= T (001)(0.2) ) Ten =400k
1
Top = ! = rop = 200 k2

Mplo . (0.02)(0.25)

b. A = —gm(rollroz)|RL)

A, = —(0.448)[400(|200{100]
= A, = -256

188



Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

Chapter 10

Problem Solutions

10.1

2V, + IRy = Ve + IcRs

R; -
-~ -V =V I
2V~f+ Rl +R.2( 2V~f ) BE + CR3
1

Ic=E-

R
{ZV, - (2w, + VY (Rx :R:) - Vs.r-:}

293
(58.6)(1.05)
Al, = 05260476 = 005 mA = +5%

14.
Forpan 11y =

=0476 mA

1,(min) = =0476 mA

=0526mA

143
I (min)= —2

o{min) (28.6)(1.05)
Al, =005 mA = 5%

b. V, =Vpgand Ry = R;

1 . 1 , -
Ic = E—{ZVW - -2-(2"-, +V ) - VBE}

V-
orle = om
=(~10)
c. Ic=2mA= 7R = Ry = 2.5k
3
_ _ =2(0.7) — (-10)
I1-—12-—2111.A— R1+R2

= R; + Ry = 4.3k
=2 R, = R, =2.15 k0

10.2
Iner 1
Ier = 7= )
1+E 1+5_0

Ic; = Ica = 0.962 mA

Igy =Ipgy = {;‘_2 = Ip; = Ip; = 0.0192 mA

10.3
vi-y, -V
@) Iper =..__.__ﬁ'l).____
R,
or
R=13707-(19) | p _sesxa

05

by B =Y Verlon)=V" _ 0—0.70;(-15)

=>
IREF

R, =286 kQ

Advantage: Requires smaller resistance.

(c) For part (a):
293

lo(max)= (58.6)095)

= 0526 mA

104

2 2
8. Ipgr = Io(1+3) ’Z(HTGE)

of Ipgr = 2.04 mA

15 ~ 0.7
R, -——2—.0—4—-:& = 7.01 kQ
Va 80
b To = r = —2-' = 40 kQ
Al 1 1
AVCE = ; = Al = (Za) (93) = 0.2325 mA
Al _ 02325 _ Al _
T = = T = 11.6%

10.5
2 2
Irer = Io (1 + E) = (0.5) (1 + 5-5-)

=0.54 mA = Igpp

Ry = 50'5"{'7 = R, =1.96 k0
10.6
. Ingr =2 -1307 =0.239 mA
Iy = 0‘232 = [o =0.230 mA
1+ 50
Va 50
b ro = I—o T30 = 217k

1 1
Aly = :o- -AVge = ('2-1—7) (1.3) = 0.00599 mA

= Jo =0.236 mA

c. A= (2’?) (3.3) = 0.0152 mA

= o = 0.245 mA

189
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5 — 0.7 — (=5)

. I =1=
a REF Rl

= R =9.3k0}

b. Jo = 2Irer = o =2 mA

; 5—0.7
¢. Por Veca(min) = 0.7 = Ree =

2

= Rca =2.15 k}

Jo = nlcy

I I
IREF=ICI+IB)+I3;=IC1+_CL+_2.

B B

1n5r=Ic;(l+%+%>=Ic1(l+ l;“)

—-.Iﬁ l4n
‘n(” ; )

nlper

01-]0:__._._...._.._.
l1+n

1+
( B )

10.9
Using the results of Problem 10-8,
2= 21”; = Irer = 1.06 mA
1+ %'
5~0.7
Ry —T66—-=‘>R! = 4.06 k2
10.10

First approximation — BE area of (, is 3 times that
of O,.
5-07~(~5
R, 5—-—————(—): R =18.6kQ
05

Second approximation - take into account /. vsV,,
variation.
For O,:

—IC—‘=exp Vsn_vasz
I v,

or

Vaer =V, =Vr 1“(%)

c2

0.7 = Ve, = 0.026 m(alg) =V, = 0682V for

I.=05mA
Then

5-0682—(~5)
b=

= R =1864KkQ
Now

-1
lgm—ea O —203x107 A
v, 0026
For 0,
I, 15x107* 15
- = = 609x10™ A
s, Vv 0682 *
expl V| “*Plooze
v, .
10.11

I,=2I and I,=3],
() I,=10mA, 1, =15mA
(b) 1,=025mA,I,=075mA
(c) 1,=0167mA,1,=0333mA

10.12
I
a. Io=1Iciand Ipgr =Ici+Ipa=Ic1+ If‘ﬂ
Vee _ 2lc; | Vbe
Igs =Ip1 + 12 + iy +—-—R2
2lcy Vse
I =1 +
REF c1+ A0+ A) Y2
VsE ( 2 )
— e = Jp{ 1 e
IrerF T35 o FO+P)
Inep — —VBE
e REF = T B)Ea
°= 2
1 ——
( * ﬂ(l+ﬂ))
2 0.7
b, Tner = 0791+ 5y ) + G
Iregr = 0.700216 + 0.000864
- T
Iner = 0.7011 mA = 22207
Ry
= Ry =12.27kQ
10.13
Igs
2. Ioi=Icrand Irer =Icr+1Ips =Icr+
1+8
Igs=Ipr+Im +Ip2+ ...+ Ien = (1 + N)IBr
- (1+ N)ler
B
(1+N)lcr
Then I =] Aot JeR
en IREF cR+ BG+ B)
or IO e _—i‘ﬂ_—_
(1+ (1+N)>
B(1 +8)
b, Irer = (0.5)|1 4+ ———| = 0.5012 mA
- IREF =S oG]

()

0.5012
= R} =17.16 k{3
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10.14

10.16

The analysis is exactly the same as in the text. We have

1

I = Ingp - e
T ()

10.17

Jo =2mA, Ipa = % = 0.0267 mA

Jey =1mA, Iz = 715 =0.0133 mA
Igs =Ipgy 4+ Igy; = 0.0133 4+ 0.0267 = 0.04 mA

IEs 0.04
Ipy = 147 = -,7;6—— 0.000526 mA
v- Ipgr =Ic1 + Ips = Iger = 1.000526 = 1 mA
Iup:]o(l-{--—-—z—-—):(o,s)[].{._z_] Rlzl_o-%:_ﬂ:gi—ﬁ‘:}z.l:&ﬁkﬂ
B(1+8) {(50)(51)
= Ipgr = 0.5004 mA
_ 5-2(0.7) - (-5) _ 10.18
Ry = 05002 = R, =17.19 k0
8. We have
10.15 - ﬁr;a
Va  Va _ 80
To3 = T S Taer — 03 = 160 kQ2
Then

R
= REE ! LI
i

V-9

1

Io=Ipgr: 2
i1+———5
B(2+8)

Foc Jo = 0.8 mA

2
Irer = (0.8) (1 + 2—5-(2—7)-)
= Ippr = 0.8024 mA
18 -~ 2!0.7!

Ry = XTST = R; = 20.69 kQ

Roz(—ag)glﬂl:»}lozSAMﬂ

b Al = -}-;:-AVc = 6—"’; = Al = 0.781 yA

10.19

Veg = Vrln (’”—’)
Is

-3
0.7 = (0.026)In (y}—-) = Is=203x10""* A
s
2x107°
Ves = (0. —
At 2 mA, Vpg = (0.026)1n (2.03 = 10"“)
=0.718 V
-0.7
P .5 N
_Vr. (Igsgr _ 0.026 ( 2 )
Re=7 1“( To ) = %050\ 5o%0
= Rp =1.92kQ
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10.20

10 - 0.7
20

. Irsr = = 0.465 mA

La V" =0

VBE -'; VT In (IREF)
Is

0.7 = (0.026)1n (10
Is

-3

) = Js=1203x10"" A

Then

0.465 x 10~*

Vez £ (0. 046510
5= (0 026)“(2.03“0—15

) = 0.680 V

Then

~ 10— 0.680

IRer = 20 = Jpgr = 0.466 mA

b Rp= Y-T—ln (IREF) _ 0.026 n (0.466)

10.21

I Io 0.10 0.10
= Rg = 400Q
V'V, -V~ 5-07-(-5)
(@) Joge = = =

R, 100
Irgr =93 A

1 -3
IR, =V, m(—ffi] = 1,(10) = 0.026 m[?}x—llg—i’—‘é

o
By trial and error, I, =68 uA
Ro = ral(l + gm2Ré)
Now

=29=4.41 MQ
638

_ 00068
Em =026
_ (100)(0.026)
"~ 00068

4]

ral

=0262mA/V

x2
So
Ry =r,|R; =382[10=9.74 kQ
Then

R, =4411+(0262)(9.74)} = R, =157 MQ
(d) Vg, =V, = 1R, =(00068)10) =

=382 kKQ

Viaer = Vg, = 0068V

)

10.22
1
AIO = E - AVC
Ry = Toz(l +ngR'E)
V. 80
== e I eeee——e DT “ Q
Toz = 7= Ty =46 M
Io 0.0174 .
m2 = = = ——— = 0.6 vV
9m2 = o= 5026 69 mA/
(80)(0.026)
= BRE0) 4195k
w2 0.0174 1
Rs = Rejlrwa = 7||119.5
R = 6.61 kQ

Ro = (4.6)[1 + (0.669)(6.61)] = Ro = 24.9 MQ

Now

Al = (-1—) (5) = Alo = 0.201 pA

349
10.23
Ro = 7021+ gma R) where R = Rellra:
roz = %0‘- = ;—2 =3 MQ
gz = .{7‘;. = g—g-;% = 0.962 mA/V
raz = %:L%’%zfl:ss.zm

Vr . (Irer) _ 0.026 0.75
Re = Tln( To ) = %025 (0.025)

= 3.54 kQ
Ry = 3.54{[83.2 = 3.40 kQ@
Ro = 3[1 + (0.962)(3.4)] = 12.86 MQ

1 3
Aly = .}T-o -AVer = m =0.234 uA
So
Al _ 0234
-—70—- =3z = 0.936%
10.24
Let R, =5k2, Then
12~-07-{-12
Now
IR, =V, ln(—lﬂﬁ)za
10
R, =%m(i§9)ﬁ Ry =10
0.10 0.10 —_—

192



Chapter 10: Problem Solutions

10.25

Ingr ~ 20207 =(210) _ 4895 mA

40
o = v (1222)

Is

102 —-15
0.7=(0.026)ln ( —) = Is =203 x 107 A
)

Now

~3
Ve = (0.026)1n (0'4825 x 10 ) =0.681V

2.03 x 10-1%
ngg = 0.681 V
So
~ 10 - 0.681 —(-10)
40
= Ippp = 0.483 mA

Irer

IoRe = Ve ln (”‘")

Io
Io(12) = (0.026) In (14—83)
Iy
By trial and error,
= Io = 8.7 uA

Vee: = Veer — IoRg = 0.681 — (0.0087)(12)
= Vpg2 =0.5766 V

10.26

Vees + IrerRey = Veez + hRE2
VeEs — VeE2 = IoRE2 — IREFRE1
For matched transistors

Ve = Vrln (I';EF)

Veea = Vrln (i—o)

Thea

Vrln (I!;fr) = IoRes — IrerREr

Output resistance looking into the collector of - is increased.

10.27

!

0 g %] 3';"!:)
Q, v

193

Vi V. V'
Ix = ——'" + gmiVer + —"‘ + =X )
Ty Ry
Vel
Vi =V + (—+g...,vﬂ+ Y-—)R - @)
01

Vx = Vm [1 + (—— + gm1 + —) REI]

~ 10—

REF =136+ 5 mA
_ (50)(0.026) _
= L <26k

75
= — = 150 k2
To1 03 150 ki

0.5
T — 1O v
Imi 0096 19.23 mA/

1 1
Vi = —
% V.,,[1+(26+1923+ 150)(5)]

= Vi = V4(0.01009)

Vx

Then I = V4 (0.01009){ — 19.23 -t
= Vi( )[ + +150]+m6

Ix = Vx (0 1980) + Vx(0.0735)
= Ry = = 3.683 k0

R e R
= -+ :
22N RS
ﬁ': a a'hlqr: he V‘
e

Re -

=a

Vx -V,
Ix= X224 g Ve
Toz

Ve = Ix[Real|(r=2 + R3))
e (20 )
fr2+R-€;

Then

Ix= XX —[Razll rer + R)]

To2

-gmz( I ) () Real (o + RS))

Rgy = Rpa = Ipgr = Ilo Srea = 2.6 k0
' Toz = 150 kﬂ
gma = 19.23 mA/V
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\7 = 0.7 — Io2Rg2 = 0.7 — (0.01)(10.17
Ix = 2% - 21X (51006 4 3.68)] b2 o2 R a2 (0.01)(20.17)
150 ~ 150 ) = Vpgs = 0.598 V
—(19.23) (W) (Ix){s1}(2.6 + 3.68)] Veps = 0.7 — loaRes = 0.7 — (0.03)(2.438)
Ix = Vx(0.00666) — Ix(0.01853) — Ix(22.13) = Vopy = 06271V
Ix(23.1482,= Vx (0.00666) 10,30
X
= — =13.48 MQ
= R Ix 8 M (@) Vg = Vigy
LY =Wy -V
b. When Rg1 = Rg2 =0 REF "—Rl':r
Ro = 150 kQ Now
=12 = Wee + g Ry = Vs + IR,
or
10.28 ToRg =2Vpe, —Viey + 1 e Ry
Assume all transistors are matched. We have
I I
o Vee, = Vi ln[—%’-) and Vg, =V, ln(—lg)
5 S
2Vee1 = Vpes + IoRe
1 1 ° () Let Ry =R, and Iy =Tge = Vi) =V =V
Vegy = Vrln ( I;EF> Then
10- Voe = IoRe ~Ige Ry = I4(Re ~ Ry)
Vees = Vrln (.—s> s0
[ =1 _V‘ _v-_ZIO(RE_Rz)
REF — 40 —
I I 2R,
2Vrln [ BEE) _vpmn [ 22) = I Re . -
Ts p Ve -v R,
2 Y Ny A
Irer o 2 2
- 20N =
Vi [m( . ) In ( s)} oRe Then
laer Vv
Veln | ===~ | = [ =
T ( Tols ) = oFe T
b Ve orVaimAm w0 e (L) O W lo=05ma
. 5-(-5)
So = = R,.=10kQ
or Is =2.03x107"° A E7 2005 T %
V; 1 5-2(0.7)-(-5
EE&(O mA 2R2= ( ) ( )=17.2m
= Vog = (0.026)1n [ 222107 ) g 6u0v 03
pE =15 Z03x10-5 ) " Then R, = R, = 8.6 kQ
Since Jo = ] " 10.31
Ince fo = {reF, then - 0.7~ 0.
0.640 a. Irgr ='——-——————20 97-07 = 1.55 mA
Veg = IoRg = Rg = —— 12
Re = 6.4 k0 0.1 Ioy = 2Iger = 3.1 mA
or E=0.
Ioa = Irpr = 1.55 mA
10.29 Ios = 3Iper = 4.65 mA
10 - 0.7 . = - - (- = —(3. 0
Irer = — 0 05 R, =18.6 kD b Vem forRes = (-10) (3:1)@2) +1
1
Vi =38V
Irer =Vep =38V
ToaRgz = V5
oflez = Vrin ( 1oy ) Veca2 = 10 — Jaa Rea = 10 — (1.55)(3)
0.02 .5 —
m=oglg~ln(%-g%)=>!{§2=lo.17kﬂ = Vpca =535V
’ ' Vecs = 10 = Ios Res = 10 — (4.65)(1)
= 2028 o (930) . R,y =2.438k0
E3 = 5030 0.03 = fipy = £.430 K30 = Vecy =5.35V
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10.32
s.  Ist approximation
Ippr = 2 -8 14 _ 2.325 mA

Now Vi — 0.7 = (0.026) In (3113)

= Vpe =VEr =0.722 V

Then 2nd approximation

~ 20 — 2(0.
Irer = 0 - 2(0.722 = 2.32 mA

8
Ioy = 2Iper = 4.64 mA

Ioa = Ingr = 2.32 mA
Ios = 3IRer = 6.96 mA

b. At the edge of saturation, Vog = Vg = 0.722 V

0~ 0.722 ~ (~10) _
Rey= =022(210)

) 464 Re; =2.0k0
10 -0.722
Reg = = 2-122 =
c2 232 & Rgy = 4.0k
10 - 0.722
Res = =
cs 696 = Rc3 =1.33 k0

10.33

Ist approximation

10-0.7
6.3+3
= Ve = 0.7 V a3 assumed

Vrgr = Ingr-Rer = (1)(3) =3V

Ipgr = = 1mA

Vn;,=av=as,=l’5—“-=-l3-=aﬁ,=3kn
Vapr =3Vo Rm=v22_3 g 1540
T2 2
Vu3=3v=}ﬂzg=ﬁ£i=-3-=>ﬂﬂ=0.75kn
Ios 4
Im=1mA
Ioz=2mA
Ios =4 mA

10.34

’I ’200
Vos =Vpu +. 2 =1+ |—=189V =V
Gs = Y X, 250 DS}

Is _14AVps:
Ingr = 14 AVps

8. Vpsa =2V

_ 1+ (0.02)(2 ~
Io = (200)[1_:(_(555%.-829-5] = Io = 200 &A

195

b. Vps2 =4V

Io= (200)[_1:_!%1] = Iy = 208 4A

1+ (0.02)(1.89)

c. Vpsa =6V
Iy = (200)[_1_ﬂ0'_0?.)(_6)__] = [o = 216 uA

1+ (0.02)(1.89)

10.35

! 05
(@) Voo =V, + |-REE =14 = =
cs = Vo " X, \’05 2V
! ’ I
] =K" REF | _ g REF
4] 2[ K” J nl( Knl )

Io(max) = (0.5)(1.05)(8—:—%) = Io(max) = 0.525 mA

Io(min) = (0.5)(0.95) (0—5) = Jo(min) = 0.475 mA

0.5
So
0.475 < Iy < 0.525 mA

2
I
® I,= Kn{ IQEF +Vr~1“vr~z}

nl

— 2
Io(min) = (o.s){\/%-;- +1- 1.05]

= Io(min) = 0.451 mA
]
. 0.5
Is(max) = (0.5) {\/ 55t 1- 0.95]
= Jo(max) = 0.551 mA

So
0.451 € Io € 0.551 mA
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10.36
o
I | . T
Stamal W4
Gnm _35& W%k
%.LIK
" > N
\ o
927 % \5.%,
vV, -V

(l) 11= A+ng5;2

P43}

@ 1= Va, gV
rﬂ

Vpl = vx * vg:l = —VA

So

Vv
(1) Ix =__‘__.VA(_]_+ gm)
I, r

1%
@ I = —rA+ &V, =2V, =r[l,-¢g,V.]
Then

V, 1
] =ty (] - -
x r rD( x gmvl)(r +gm}

4 4

v 1

11 =r—‘_rn[4+gm x ——g—m.vx - g;vxil
vx 2

Il =" Il - gmrnll + gmvx +gln’;vx
r0

e

1
L{2+g.r,]= V.[—+ gnt gf.r,]
r
. I
Since g, >>—
r

1,[2+g,,r,] =V (g, )1 +8.1)
Then

1%
Yop o 2+g.r

ll - - gm(1+gmra)
Usually, g, r. >>2, so that

RsL

o g..

AN

10.37
(@) Vps(sat)=Vg =V,
or Vs =Vps(sat)+Vy, =02+08=10

=5 (v
50= 48(%)(0.2)2 = (%) =26

(d) Vgss =V = Z(VG: - an)
Voss =08+2(02) = V=12V

(€) Vo (min) =2V, (sar)=2(02) =
Vp,(min) =04V

10.38

Vosa (:at) =2V =V, Vo, = Vosa = 15=

Visa =35V

i w 2
I,= (5 u#,C, )(I)Z(sz - Vrm)

250 = (20)(%1(35- 15) =

(ﬂ) =3125
L/,

1 w
I per =('2‘/1,.Cax)(—l:)l(vcxz "le)

w

100 = (20)(2)1(35 -15)" =

Now Vg, =10-V,, =10-35=65V
So 100=(20)(3VL—) (65-15)" =

3
()
L)

10.39
a. From Equation (10.50),

5

V25 L
Ves1 = Vesa = S )+ | —=

14/ 1+

0.447 1 - 0.447
= (2447 =027 05
(1 +o.447)(5) + (1 ¥ 0.447)( )

Ves1 = Vgsa =1.74V
196
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REF = K ( GS1
Legr = 0692 mA

b, _( 4.C )(W) (Vigs = Vi (14 AV,s3)

Io = (18)(18)(1.74 — 0.5) {1 4+ (0.02)(2))
= (415)(104) = Io =0.432 mA

¢ Io = (415)[1 + (0.02)(4))

= Ip = 0.448 mA

10.40

@ Iy = ( X"‘ Vsc: +V, TP
w
= (_ZLX L )](Vscz + VTP)

But Vg, =3-V,
So
= 53—V, —04)’
which yields Vi, =108V and Vg, =192V

Vie )’ = (18Y25K1.74 - 05)' =

25(V561 ‘0-4)2

Lper = 20(25)(1.08---0.4)z = I =231 A
.10_ = (W/L)z 15 _

L gr (W/ L)l 25

Then I,=(0.6)231)=139 yA

(b) Vpsy(sar)=1.08-04 =068V
Vp=3-068=232=1I,R
then
R=———-232 = R=167iK2
0139 ———
10.41
Vipa(5a1) =025=V,; +Vpp =V, 04 =
Vo, =065V

k' (w
Io=“2'( )(Vscz“'v'rr)

Chapter 10: Problem Solutions

10.42
8. I =K, (Vcs -V )z

100 = 100(Vgs —2)* = Vgs =3 V
For Vpy = -3V, Io = 100 uA

b.  Ro = roe + ro2(1 + gmros)

S S
Ao~ (0.02)(0.1)
8m = 2K, (Vo5 =V ) =2(01)(3-2)=02mA/V
Ro = 500 + 500{1 + (0.2)(500)]

Ry = 51 MQ

Toz = To4 =

= 500 kQ

1 6
Al = -ﬂ: -AVpy = H = Alo = 0.118 uA

10.43

Viyse = —Ixroz
Vss = (Ix — gmVgst)rod + Ixroz

= (Ix + gmIxro2)rod + Ixroz

=

Vse = Ix[roz + (1 + gmroz)roc] = =Viue
Hv (Z)
2B5=— 065-04)"' = {—| =20 _ .
2\L 2( ) L), [x=ng,‘6+K’.‘__ﬁi=Y£_vss(gm+_)
(W/L) w Toe To6 roe
: Vx
=75 =7 o |Z] =60 Vx _ ( _ —-) . _
o (W/L)z ° (L), Ix= Toe Ix | gm + [roz + (1 + gmroa)rod
, — Vx
k 'm - m = —
Lper ="'P'(!V-) (Vs +Vip)* Ix{l + (9 + r“)['oz +(1+g roz)rod]} Toe
2\,
Vigy = 3-0.65=235V VX o Ry = ros + (1 + 9mros)[ros + (1 + gmros)rod)
Then Ix

40

w
75=— 2.35-04) = | =0986
2(L),( 04) = (L),

Io = Ingr = 0.2 mA = 0.2(Vgs - l)2
Ves =2V

197



Electronic Circuit Analysis and Design, 2™ edition Solutions Manual

8m=2K,(Vos —Viy ) =2(02)2~1) = 04 mA/V

1 1
To2 = ot = Tos = 37 = Goayog) 20 ke

Ro = 250 + {1 + (0.4)(250)]

x {250 + [1 4+ (0.4)(250)](250)}
Ro = 2575750 kQ
= Ro =2.58 x 10° O

10.44

(1) 50(20)(Vs, = 05)2 = 50(5)(Vas; "05)2

(2) 50(20)(Voq, ~05)" = 20(10)Vig, - 03)’

(3) Vi + Vo5 + Vg5, =

From (1) 4(Vgg, ~05)" = Vg, ~05) =

Vess = 2(Vgs, - 05)+ 05

From (2) 5(Vys, - 05)" = Vg, - 05)} =

Vesa = \/g(vc.n -05)+05

Then (3) becomes

V5(Vgs; ~05)+ 05+ 2V, ~05)+ 054V, =6
which yields Vi, =136V and

Visa =222V, Vg =242V
Then

k(W
Toer = 3"_("[) (VGSI -V )Z = 50(20)<1'36 . 05)2
!
or Ipee =1,=0.740mA
Vos) = Vg, = 136V
V,m(sat) =V Viy =136-05=

Vpsa(sat) =086V

10.45
Vsa(sat) =05V =Vgg, ~Vp, =V, 05
Ves =1V

k(W
I, =50 pA 3"2*(T) (Vesa —VTN)Z

=5 2%)2(1~05)’ = (—‘L‘i)z =4

Vesi =Vgs; =1V =

- k. (W 2
Tper =150= "{(T)](Vcsn =V )

Voss +Vse4 +Vos =
2Vi53=6~1=5V = Vi, =25V

= 50(%))(1-05)’ = (%). =12
] A N

1m=150=50(ﬂ) (25-05) = (W—) =075
L k) L 3

L

150=2o(ﬂ) (25-05)" = (K) 188
L), L,

10.46
a. As a first approximation

kK (w 2
Ipgr = _2’:'(_) (Vsm +V7r)
4

Iper = 80 = B0(Vgs1 — 1) = Vgs1 =2V
Then Vpgy =2(2) =4V

The second approximation

80 = 80(Vasy — 1)°[1 + (0.02)(4))
80

—= ~1)? = Vas: = 1.962
Or 6.4 (Vos:1 — 1) = Vasi 1
Then

2

I,= KA(VGSI "VTN) (1 +’lnv051)

= 80(1.962 ~ 1)*[1 + (0.02)(1.962)]
Or Io = 76.94 uA
b. Prom a PSpice analysis, Jo = 77.09 pA for Vps =

~1Vand Jo = 77.14 puA for Vps = 3 V., The change
is Alg = 0.05 uA or 0.065%.

10.47

a. For a first approximation,

Irgr = 80 = 80(Vgsy — 1)2 = Vesy =2V

As 8 second approximation

Irer = 80 = 80(Voss — 1)°[1 + (0.02)(2)]
Or Vgsy = 1.98 V = Vg5
lo= Kn(vcsz ‘vm)Z(H' ZAZ)
To a very good approximation
Io = 80 puA

b. From a PSpice analysis, /o = 80.00 puA for Vp3 =
—1 V and the output resistance is Ro = 76.9 MQ.
Then -

1 4
= — . Vps = ——— = 0.052
&lo = g~ Vpy = 75 A

or a change of 0.065%.
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10.48 10.50

(a) X, =k7(%) =50(5) =250 uA /V?
1

reL_[,_ [@/L)
‘\/KulmL V(W/L)z

1 51
= —m(l - 36) =(8.94)(0.684)
R=611kQ

(B) V™ =V~ =V, (sar)+ Vg,

Vips(sat) = Vios +Vie

I, =50=20(5)(Vyg, = 05)" = Vg, =121V
Then

Vips(sat)=121-05=0.71v
Also

I5, =50=50(5)(V;5, —05) = Vi, =0947V
Then

(V*-v7)  =071+0947=166V

() I, =25= 50(—%) (0947 -05)" = (ﬂ) =25
. L), LJs

w 2 w
I5;=75=200 — | (121-05)"'= | —| =744
o2 {Ll( ) (L)5

10.49

Vass = 3(5) = 1.667 V

1 w 2
Lpgr = (Eﬂncax X“E)J(Vcss Vi)

100 = (20)(%’-)3(1.667 -1y

- (), (8),- (8-

199

24- V:cr - Vasu
R

Togr =
Also

Lygp = 40(1)(Va:~ - 12)2
Lygp = 18(1)(VSGI' - 1-2)2

Then
VA0(Vigy = 12) = VT8(Vig, - 12)
which yields
6.325
sgp = m(VGSN - 1.2) +12
Then

[0.040(v,, - 12)']- R =24~V = 149(Vy ~12) - 12
which yields

Vosw =269V and V, =342V
Now

24-342-2.69
Toer = = L =895 A

200

I, =89?5 =179 1A

I, =(125)(895)=112 A
1,=(08)895)=716 uA
I,=4(895)=358 yA

10.51

We have Vi, =269V and Vg, =342V
So

10-269-342 389
IREfz———R =566: IREF=19'45‘IA
Then

1, =(02)(19.45) =389 uA
1, =(125)(19.45) = 24.3 A
I, =(08)(19.45) = 1556 uA
1,=4(1945)=778 pA

10.52

For vgs =0, ip = Ipss(1 + Avps)
& Vp=-=5V, ups=5

ip = (2)[1 + (0.05)(5)]

= ip =2.5mA

b. Vo =0, vps= 10

ip = (2)[1 + (0.05)(10)]

=ip =3 mA

¢ Vp=5V, vwps=15V

ip = (2)[1 + (0.05)(15))
=ip =3.5mA
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10.54 c. Prom Bquation (10.72) applies with slight modifications
V 2
o= Ipss(l - _‘_/g_s_) 1+ Ve
i e ex (Vsao)[1+ V_EG_‘J] = Ipgr - | —YAN
2=af1- Yo ©EP\ Var |4 VBEZ
Ve Van
v V 2.5
Vi 2 -13 EBo 2.5
t oy [ s (42)] (2 3)
So Vs = (0.293)(~4) = -1.17 V 1+ 22
- -3
= (O.J x 10 ) | 7 7%%08
Vs 1+ 120
Then Io = 3 and Vs = ~Vgs
—-Ves (—1.17) _ _13 Veso _ _ -3y 1.02083
R= AR S R =10585kQ 5.15625 x 107" exp | = | = (0.5 x107%) 100434
Vege = 0.5384 = V; = 5 — 0.5384
10.55 v 462V
Ves =V, =446
8. Irgr = Isiexp ("V—")
' ~(1/Vr)
I 1x107° d A, =
or Vem =V7-ln(—ln—ff;) =(0.025)h\(;—1—0:ﬁ> v (1/Van) + (1/Var)
= VEgp1 = 0.5568 )
A = T 0,026 _ ~38.46
Y7 1 1 7 0.00833 +0.0125
b. R,:kﬂ?ﬂ:&:a‘.ukn 120 T 80
A, = —1846
c. From Bquation (10.72) and letting Vepo = Vec: =
25V 10.57
v 25 l+§—§ Ignore (W/L), = S specification
1072 exp| - I+-———]=10'3 — 55568
Vr 120 14— a. M, and M, matched, so we must have
1.0208x10™ exp! Y =(10")(1‘93—123) Vsp2 = Vsg = Vsgs = Vpso = 2.5V
v, 1.00696
Then o For M, and M;;
V, =0.0261n(1.003613x10°)
V,=0 \% 1 W 2
So V, =05389 Iegr =(E”’C‘")(—E) (Ve + Vi) (l+ },,VSD)
(1/Vr) ‘
= - w
& A= V) + (1/Var) 100 = “’(T) (2.5 — 1)*{1 + (0.02)(2.5)]
1
1 w 154 w
~_ 0026 ___ 3846 a(f) =4‘23=(T) =(_L_)
A= 1 .1 7 0.00833+0.0125 4 2 i
120 ' 80
A, = —~1846 For Mo:
1 w
10‘56 10 =(—ﬂncox)(—) (VGS —VTN )2(l+ anDS)
Irer 0.5 %1072 2 L
8. Vpg=Vrin = (0.026)In ( ——=——
Is1 10

100 = 20 (Xg-) (2 = 1)*[1 + (0.02)(2.5)]

= Vpg = 0.5208

w
5 — 0.5208 = (T)o =476

b. R =-—0—5—-——#RI=8.961€Q
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1
(0.02)(0.1)

1
o
w
\/( ”~CuXI),’°
= 2,/(0.02)(4.76)(0.1)

gm = 0.195mA/V
v = —gm(ronlirop) = —(0.195)(500/|500)

= 500 kQ

b. Ton = Top =

= A, = —48.75

10.58

8  Jpg= pl(VSG +VTP)2

100 = 100(Vsg ~1)* = Vsg =2V

b. Vpso =Vpsa =5V

From Equation (10.87)
100(V; ~1)? = 100{1 + (0.02)(5)]
x [1 = (0.02)(2)){1 — (0.02)(5)]
(Vr ~1)® = (1.1)(0.96)(0.90) = 0.9504

=V, =1975V

¢ Av = —gm(ron|lrop)

Ton = Top = LS ! = 500 kQ
o =TT Xrer | (0.02)(0.1)

8m = 2K, Iper =2J(01)(0.1) =02mA/V

A, = —(0.2)(500[}500)
= Ay = =50

10.59

a.  Using the results of problem 10.27, we find the resis-

tance looking into the collector of 03 to be

RO = roa 1+ RE“!"*! + Rtl))

Toz

+ gm2 ( ) [Rell(re2 + Ro)]

+Rv

where R; is the resistance from the base of Q, toward

Q:. We found

b. A, = —gmo(rol||ReljRo)

201

10.60
Output resistance of Wilson source
~ Bros
Ro = 2
Then
Ay = —gm(7o]| Ro)
_ Varp - 80 _
To3 Ther 7= 400 k2
ro_IR.EF 02 = 600 k2
Irer 0.2
= = e =T,
g Ve = Doz = OmA/V

~17.69[600(|16, 000)

A = —-7.69[600 “ (-8—02%5-0_01] =

= Ay = —4447

10.61
s 8.(M,)=2JK e
gm(Mo) = 24/(0.25)(0.2)
= gm(Mo) = 0.447 mA/V
for = Anfltu-;r = (0‘021)(0.2) = Iop =250k}
Tor = ’\pll)iEF = (0.03;(0.2) = rop = 167 k1

b. v = —gm(ronlirop) = —(0.447)(250|}167)
= A, = —44.8
c. Ry = 250§|167 = ron|lrap or Ry = 100 kO

10.62

=0, the circuit becomes

Since V,,
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10.63

A= _ng(Rol Raa)
J?G.s From the results of JFETs:
R,=r, +r02(1 +8;.’n|)
From results of Problem 10.62
Ri.=r,+ rn4(1+ g.:-r.d)
We find

2 = 2,/(005)(20)(0.08) = 0566 mA /V

1 I
M T, (002)(008)
1

I
=r

M T T (002)(008)

g2, =2,J(0.02)(40)(0.08) = 0506 mA /V

=625 kQ

V.-V,
Ix - _grlnvvgl + - & and vx;l = Ixra'l Then
oz ) R,, = 625+625{1+(0506)(625)] = 199 MQ

Then R,y =625+6251+(0506)(625)] = 199 MQ
1,(1+g,’nrﬂ3+i”-)=_*. Then

) Ta A, =-(0566)[199000)199000] = A, =-56,317
so that -
V

=R = ’ 5
-;L—-Ra—':vl[l-*gmrn]-}- - )
T2

X

or
Rv = ra'l + rn'.l(l + g;lro'l)

= %‘ = —gm\(’o:“Ro)
Now l
8w = 2¢/(0.050)(20)(0.10) = 0.632 mA /V
1 1
= Al (002)(010)
8n=2,JK, 155 =2,/(0020)(80)(0.1) = 080 mA /V
1
Al {0020)01)

=500 k2

=500 kK2

To2 =y =

Then
R, =500+500[1 +(08)(500)] = 201 MQ

A, =~(0.632)(500]201000) = A, =-315

202
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Chapter 11

Exercise Solutions

Ell.1
Va=Wi =V,

= 2 + 0.005 sin wt — (0.5 — 0.005 sin wt)
= V4 = 1.5+ 0.010sin wt (V)

i+ VW,
Vi = 2 : 2
_ 2+0.005sinwt + 0.5 - 0.005 sin wt
- 2
= Vsm =125V
Ell.2
ve = ~Vgglon) = vg = =0.TV

Ici =Icz =0.5mA
ver =vezr =10 - (0.5)(10)

Spvoy=vey=5V

El1.3
Forvi =1 =44V
= Minimum vcy =vc2 =4V
Icy =Icz=]—29-=1mA

Rc=lol_4=?R£=6kn

= yg=-=119.5mV

El1.6

& n=r=0=pp=07V
AVpc = (0.25)(8) =2 V

= Vo =Vc2=—3v
2>vepc1 =37V

203

b rm=1yn=25V=>ypyp=32V

= vpe; =62V
C. n=vy=-25V=ys=—18V

=S vec; =12V

E11.7

Let I, =1mA, then I p, = Iy, =05mA

05
= =——=1923mA/V
g.l gnll 0026
Atv,,,
v, 1
A ==
4 v, zg-Rcz

So, 150=%(19.23)RC, = R, =156kQ
Aty

Ci»
Y 1
A =—L=—_
d vd zguRCl

So, ~100= —%(19.23)&, = R, =104k

IfV* =+10¥ and ¥~ =-10¥, dc biasing is OK.

E11.8

a. Diff. Gain Asz = Iofe
4Vr

For v, = v, = 5 V = Minimum collector voltage

vea =5V
=>-1-2Q—~Rc=15—5=10V

or IgRc = 20 V for max. A4
Then

20
Ag = W = Ag(max) = 192
b. IfIg =0.5mA, Rc =40 k)
_(1eRc
2Vr

14 3 +B)gRs
Vrg

- (__29_)
[1 N (2021( 02(‘3.256))5100)]

(0.026)(200)

Acm = [

Then Acm =

= Acm = —0.199

and CM RRyp = 20log,, (01—;’925)

= CMRR4p = 59.7dB
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E11.9

Forvyu =v, =5V =>minvcy =vec2=5V

SoIciRc =10-5=0.25Rc = Rc =20k}
IqRc _ (0.5)(20)
4Vr T 4(0.026)
CMRR4p = 95db = CMRR = 5.62 x 10°

Ad = = Aa=96.2 Let I, =05m4

_ 96.2 _ -3
=> Am = e ior = |[Acm| =1.71 x 10
(IQRC)
2Vr —3
Acm) = =171 %10
e [1+(X+B)IQRO] X
Vr8
(0.5)(20
2(0.026)

(201)(0.5) Ro

=1.71x 107"
(0.026)(200)]

1+

1419.3R; =1.12 x 10° = Ry = 5.83 x 10° kQ

Ell.

= 5.83 M
We have Ro = roq[l + gm2(R2l|i7n2)]

19.2 mA/V
(200)(0.026)

0.5 -

BVr

Ty = —/ =

To 10.4 kQ

5830 = 250{1 + gma2(Ra2lir~2)]
19.2(Rajjrs2) = 22.3
(Rzf|rx2) = 1.16 kQ

R2(10.4) -
Ry +104
R2(10.4 — 1.16) = (1.16)(10.4)
= R, = 1.31 k2

1.16

I Let I, =1mA
IQR; ~ TRy =VrIn (—l)
Iq
(0.5)(1.31) — (1) Rs = (0.026)In (0—15-)
= Ra = 0.637 kQ
I Vee(Q:) =0.7V

0-0.7-(~
R1+R3=1——-—0—71M=19.3

= R, =18.7kQ

a. Vo = Aava + AcmVem
Va = v — vy = 0.505 sin wt — 0.495 sin wi

= 0.01sinwt
vi+ vy 0.505sinwt + 0.495 sin wt

2 2

= 0.50 sin wt

Ven =

Ell

EllL

vo = (60)(0.01sin wt) + (0.5)(0.5 sin wi)
= yp = 0.85sinwt (V) .

b.

Vg =1 — V2

= 0.5 + 0.005sinwt ~ (0.5 — 0.005 sin wt)

= 0.01sinwt
4+
Ven =
2
_ 0.5+ 0.005sip wt + 0.5 — 0.005 sin wt
- 2
=0.5

vo = (60)(0.01sinwt) + (0.5)(0.5)
= g = 0.25 + 0.6sinwt (V)

11

Ig/? 1
a B1 Iz, T +5) 51
= Ipgy = Ipy = 6.62 uA
b, - & _ (150){0.026) 3.9k

Rug=2r, =2(3.9) = 7.8 k0

_ 10sinwt (mV)
7.8 kQ2

= I, = 1.28sinwt (gA)

c.  Rim =2(14B8)Ry = 2(151)(50) = 15.1 MQ
Vem _ 3sinwt
Rem ~ 151 MQ

12
.’_Ql__—_l+ ._KL.vd l_(f_"_)v:
1, 2 \}210 21,

Using the parameters in Example 11.11,
K,=05mA/V?, I,=1mA, then

ipy 1 [o5 05 ,
DL=090=—+ |——-v, 1-| =%
1, 2 \fzo) J (2(1) £

By trial and error,

Iy = = Jp = 0.199sinwt (gA)

v, =0894V
13
10-V,
1 = R = Koy (Vas "‘Vm)z
1
10 — Vs = (0.1)(80)(Vasy — 0.8)°

10 — Vass = 8(Vésy — 1.6Vass +0.64)
8Vésy —11.8Vssy —4.88 =0

11.8.+/(11.8)" + 4(8)(4.88)
2(8)

Vase = =181V

204
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Ell1.14

Ell.

Ell.

L=Ig= l.o__soi§.1_=0_102 mA
Ipy -—IDZ—O—%(E"‘UUsl mA
2
—K ( GS1 Vm)

0.051 = 0.050(Vgs: — 0.8)* = Vgs; = 1.81V

vo1 = Mgz = 5 — (0.051)(40) = 2.96 V

Maxv,: Vpg(sat)=Ves —Viy
=181-08=101V

vem(max) = vo1 — Vpsi(sat) + Vo

= 2,96 — 1.01 + 1.81
Vem{max) = 3.76 V

Minv,. Vps(sat)=Vee—
=181 -08=101V
Vem{min) = Vgs;, + Vpsy(sat) = 5

=1.81+4+1.01-5
Vem(min) = -2.18 V
—2.18 < vem < 3.6 V

o[- 0

g,(max)=1mA/V

A, =g Ry =(1f5)=> 4,=5

15

A;=g,R

8=g,(4)=> g,(max)=2md/V
K]

8/ (max) = 29

(2)':1(,(%): K. =2mA/V?

16

From Example 11-10, /g = 0.588 mA

J?,.—J— \/(—&—)(;)_._.5—@.(16)

> A4=274
For My, Ro = —— = ———ot
4 T NeIg T (0.02)(0.588)
8. = 2K, (Vos, ~Vy) =2(0.1)(2.71-1)
=0.342 mA/V

= Ry = 85 kN

205
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A = _—gmBp _ _—(0342)(16)
T 14+ 2gmBRo 14 2(0.342)(85)
= ASI! = ~-0.0925

2.74
CMRR‘E = 20 logm (m)

=> CMRRyp =29.4dB

17

CMRR = [1+2 2K 1, R,]

CMRR4.p =60dB = CMRR = 1000
1000 = %[1 +2v/2(01)(02) - Ro]

2000 = 1+ 0.4R,
= Ry =5 M

18
Ra =ro4 +r01(l+gn4ro4)
Assume I, =1,=100 44 and A=0017"

! 1 =1MQ

GG TN (YY) (T}

Let K, (all devices)=0.1mA/V?

Then
g =2JK 1, = 2,/(0.1)(0.1) =02mAlV

R, = 1000+1ooo(1+ (0:2)(1000)) = 202 MQ

{ ’00
=V, +I=171V
Vosi =Ves1 = ol

V,,s,(sar) usi — Ve =L71=1=071V

So

v,,(min) = +4 =V +V s (sat) = 4-171+0.71
v,,(min) =3V =10-I,R, =10-(0.05)R, =

R, =140k

For a one-sided output, the differential gain is:

4, =_;-g-|RD where g, =2{K.I,

=2,/(0.1)(0.05) = 0141 mA/V
4,= %(0.141)(140) = A4,=987

The common-mode gain is:

2K 1,-R, J2(01){01)-(140)
™ 1+2,2K,1, R, 1+2,[2(01)(0.)-(202000)
= 4, =0000347
Then

CMRR 5 = 20log,,

:;’Ll: CMRR,, =89.1dB
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1.19 14 25
El ) s r, = A=610—:>25MQ
a. Igs = 9 = - = 15.3 nA c2
BT B B) - (180)(181) " v, 85
ro=-=_" —17MQ
Solo =15.3 nA v 005
b.  Por a balanced condition
£, =29 1 023marv
Vecs = Veca = Vems = Vpey = 0.7V 0.026
Vers = Vez = Vi = (10 = 0.7) — (=0.7) 4, = g rafpalR.) = (1923)(2500]1700)90) =>
= Vepa =10V Ad=159
E11.23
E11.20 R I
a. 0 — T02i|To4
IQ 0.5
. —_— =4, A
qoa= 4V1- 4(0.026) 81 mA/ 120
To2 = 6—-—1— = 1.2 MQ
Va2 _ 125 _ 80
7'02—1.C'Z 025—500}(9 r04=0—1-~08MQ
=Ya _ 85 _ Ro = 1.2/[0.8 = Ry = 0.48 MQ
rou= 2 = oo =340k I =S
Ag=2 = 2(4.81)(500{|340
¢ = 294 (rozllros) = 2(4.81)(500}|340) b.  Ad(open circuit) = 2g;(ro2][ros)
= A5 = 1947
Ad(with load) = 2 R
b, As = 2g;(roallros| Re) a(with load) 9/(1702 flrasiRL)
For A4(with load) = -4 en circuit
Aa = 2(4.81)[500)}340[]100] of As(with load) = 7 As{open circul)
= A, = 644 = Ry = (roz2fjro«) = Ry = 0.48 MQ
e rp= YD _ (150)(0.026) o000 Bi
T T Icq 025 A =2 2K
TN, (A, +4)
Riyg=2rr = R,‘d = 31.2 kQ [} ( 2 4
d  Ro =ro "704 = 500{{340 = Ro = 202 kf2 =2 2(0.1) . ! =
- \ o1 (0.01+0.015)
El11.21 A, =113
Ad=12g;(roz]Iro4) E11.25
Iq 0.2
y;—m_‘- m—)' 1.92 mA/V For the MOSFET, £n=25 BA
= Vgs — 1 Vgs =212V
T02=-V"—2='1-?-9-=1200kﬂ 2 = 20(Ves ) = Vos
{/cz 2.01 8 = 2K, (Vos — Vi) = 2(20)(2.12 1)
A4
Tog=7:=aj=800kﬂ = gm1 —44.8 pA/V, 1o =0

A = 2(1.92)(1200[/800) = Ay = 1843
For the Bipolar, g = 100 — 25 = 75 pA

E11.22 oy =AYz _ (100)(0.026) 34740
Icg 0.075 I —
P=(IQ+IW)(5—(—5)) _Icq 75
gm2 = " = D026
10= (014145 J(10) > o =09 mA roonee
5_07_(_5) 93 = gm2 = 2.88 mA/\/‘ Taz = o0
R=17 R =103kQ
I 0. —_ c _ gmi(l+ gmars)

1 m = (1 + gmi 7'1r)
I Re =V 1"(%} _ (44.8)[1 + (2.88)(34.7)]
2 T 71+ (0.0448)(34.7)
RE=M1 (09): Rg =0571kQ (44.8)(100.9)
o1 \o1)T EA——— =

= g5 =177 mA/V
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E11.26 res = L’IXE = (120)(20'026 = 1.56 kQ
From Figure 11.41 c

Ros = 748 + (14 B) Ry = 1.56 + (121)(5)

~ = 607 kQ
Ro = froy = (150)(160) k2 = Ry = 24 M}

. Then
From Figure 11.42
1 1 Ri7 = RenfjRes = 694[/607 = 324 k2

Mo = (00125)(05) ~ lee =160k

To4 = 8—0, = 160 k2
0.5

Tos =

Then
Iq 0.5
0.5=05(Vos~1)’ > Vos =2V A= (ZV )Ru [5?5_053)-](324)
gn&=2Ku(Vos_Vm)=2(05)(2-1)=1m'4/V = A, = 3115
Tog = 160 kﬂ
. =R Trs + z
Ro = (gme)(ros)(Ar0s) = (1)(160)(150)(160) Ro = R " (T;‘@‘)
= Ro = 3,840 MQ Z = Renl|Rer
E11.27 Rer=72=2 =200
Q 0.5

From Equation (11.103)

201+ 8)8Vr  2(121)(120)(0.026) Z = 694]j240 = 178 ki
R = LA :

T 0.5 =5| (1 56 + 178) = 5/|1.48
121
= R, =151 MQ
- =2 R =1.14 kQ
Tvru=ﬂlﬁ=(12—0)0(0;22—6)-=624k9 E11.28
Q

Re = ren1[|Rs = 6.24}0.1 = 0.0984 kQ2 Ay = (21%) Ryt

_lg_ 05 _ T
gmi = Vr = 0.026 19.23 mA/V 10° = ( 0.5 )RLT

Va _ 120 2(0.026)

ron =7 =55 =240k = Ry =104kQ
Then

Reun = ron (1 + gmi1 RE)
= 240[1 + (19.23)(0.0984)]
= 694 kQ
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E11.29

_ 10—0.7~(-10)
= A
Icy =Ic2 =0.1mA = Ig =0.2 mA

Vr (11 0.026 (ﬁ
0.2

Ry = —. — —_—
2 To In Tg 73 In

=>R2=143Q
Ipe =1, =0.6mA = R; =0

& R =322k}

= ‘19—3: R}
0.6

V02=VCEQ+VE=4—0.7=3.3V

10-33 6.7
Ro= ———= = =
c Tea 01 = Re = 67 kQ
Ves = Vo2 —2Vpe =3.3-2(0.7) =19V
19 1.9
R = e—— T e = J. 7
= T T 06 = Ry =3.17kQ

Vos=Vepa+ Vea =3+1.9=4.9

10-49 5.1
Ry = mm” = 22 -3
s Tre O.G:RS 8.5 k2
Ves = Vo3 — Vg = 4.9 - 0.7 = 4.2
4.2-07 3.5
0—(-10 0
R7=—(——Z=L=>R7=2kﬂ
IRJ 5 —_—

b. Ro=rma+(1+8)rm
BVr _ (100)(0.026)
g = = el 3 kQ
r T 0.6 4.3
~ B2V (9.
rey 2 2V _ (100 (0.02) _ 3549
IRe 0.6

Riz = 433 + (101)(4.33) = R, = 870 kQ
Ris =ras + (1 + B)[Re + rre + (1 + B)R7]

BVr _ (100)(0.026)
ry = m—— el — 4. 33 k2
™= T 0.6 43
b BT (100)(0.026) oo
Irt 5

Riy = 4.33 + (101)[5.83 + 0.52 + (101)(2)]
= R,g = 21.0 M}

C. Ad = Aa1-Ax- As

Aar = g5(Rc||Ry2)
g 0.2

9s 1.92 mA/V

Aar = (1.92)(67]|870) = 119

( 0.6

* = 2(0.026)
1

Ag = (119)(98.1)(1)
= Ag=11,674

IR

Az 27)

I

(8.5) = 98.1

A =
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Chapter 11
P b luti 11.3
roblem Solutions 10— 207
& Ii= 85. = I; =1.01 mA
1.1 I . 1.01
a. IE=]C1+ICQ=4mA=~_0'7_;(___B.i). Ic2 = N 3 =1+ 3
E B(1 + B) (100)(101)
SORE=§';Q=2kﬂ=RE :]cggl.OImA
Thea Tow = (i‘%%‘) (l;’—1> = Igy Z 0.50 mA
16 — Via 16 — 8
Re =——I———~=-—T—'=?Rc—4kﬂ
c2 Vepr = (0-0.7) = (=5) = Vg =43V
b. Neglecting base currents Vepa =[5 - (0.5)(2)] - (-0.7) => Veps =47V
b. PForVeps =25V=>Vee=—-07+4+25=18YV
16 = IcRc + Vcea + 2IcRg — 8.7 s 18
Veez =247 = Ic(Bc + 2Rg) = 24.7 — Ic(8) Icv = = ey =1.6mA
For Ic =2 mA, Vcgq=8.TV Iea ( : )mm) _ (12(1))(2)(1 6)

= Ic2 =3.23 mA

L = Icp =3.23 mA

10 — 2(0.7)
3.23

R = = R, =2.66 k)

114
& 0=07+ ]TE(Z) +Ig(85) -5

5—0.7

Ig = 85+1=>IE—0050mA
) I 100 0.050
g7 e A7 Iey=lIca= (1£ﬂ)( B) B ('ﬁ)( 2 )

Ot Ic; = Iga = 0.0248 mA
¢. vem(max) for Vep =0 = vem(max) =8V v

Vem(min) for @, and Q; at edge of cutoff Vers = Ver =[5 — Iea(100)] - (=0.7)
= V:m(m-in)= -8V So V. CE} =V£m =322V
12 b. vem(max) for Vcp = 0 and
P=(I+1, )V -V~
I (11+ c‘)( ) Ve =5—Ic1{(100) =252 V
151¢q 80
cm =252V
12=2I(6)= I,=1,=01mAd S0 Ve (max) = 2
3-07-(-3) 3) Vem(min) for Q1 and Q> at the edge of cutoff
R = 01 = R =532 = Vem(min) = 4.3V
For YT HY =2V =V, =1V = (¢) Differential-mode half circuits
e Vv,
Re= o= Re=t0k2 evoBrgr ),
0ne-sxded output re
0% L
A, -—ngc where g_=0——l923mA/V =V |1+ .
Then o

A, = %(1.923)(40) = A4,=385
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Then
= -(Vd /2)
1
{l + (—:Ji) RE]

1 AR
2 r,+(1+ AR,
- By _ (100)(0026) - 105XQ
Ieo 0.0248
Then
_ 1 (100)(100)
2 105+(101)(2)

v, =gV R.= 4, =

d

= A,=163

115

a. i {voy — Voz) =0
i. Jc1 =1Icz =1 mA

Vo1 — Vo2 = lv+ -Ic Ra] - [V+ - fczﬂcz]

= Ic(ch i Rc,) = (1)(79 - 8)
=> vy —voa =—0.1V

b Jo = (Iss + I'sa) exp ("iﬂ.)

Vr
2x107°
So ex (Zi%) =
P\ 10-13 4 1.1 x 10-13

=9.524 x 10°

- VBE _ —
Ici = Isiexp (7;) = (1071%)(9.524 x 10°)
= Ic1 = 0.952 mA

Ica = (1.1 x 1071%)(9.524 x 10%)
= Ics = 1.048 mA

L vn —woe =IcaRe2 - IciRey

= vor — vo2 = (1.048 — 0.952)(8)
= vy = Vo2 =0.T68 V

i vor — voy = (1.048)(7.9) — (0.952)(8)

Vvoy — Vpp = 8.279 — 7.616
= vg1 — Vg = 0.663 V

From Equation (11.12(b))

- __1q
ez = 14 e”d/VT
1
0.90 =

1
So e"/VT = 535~ =011

ve = Vrin(0.111) = {0.026)1n (0.111)
= vg = ~0.0571 V

For v, =35V and a maximum peak-to-peak

swing in the output voltage of 2V, we need the

quiescent collector voltage to be

V.=35+1=45V

Assume the biasis £10V ,and I, =05mA.

Then I, =025mA
10-45

025

Now R, = = R.=22kQ

(100)(0.026)

In this case, r, =
025

=104 kQ
Then
_ (100)(22)
‘" 2(104+05)
For CMRR;, =80dB =

CMRR =10* =-1—[1+(1+—’[3)I—in]
2 V:p

~ 1[]+ (101)(0.5)1'{,}:>

=101 So gain specification is met.

2| (0026)(100)

R, =103 MQ

Need to use a Modified Widlar current source.
Ra = ro[l + gu(REl“rx)]
100

If¥, =100V, then 7, = =200 kQ

(100)(0.026)

0.5

= 1923 mA IV
0.026

Then

1030 =200[1-+(1923)(Rs |, )| =

Rg . = 0216 kQ = Ry, |52 =

R, =225Q

Also let Ry, =225Q and I, =05mA

r.=

=52kQ
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11.8

8. For vy = v; = 0 and neglecting base currents
RE=M;1;—WL=’RE=62!:Q

b. Using the small-signal equivalent circuit shown in Fig-
ure 11.8, but including the Rp resistors, we have

l:'? +gmVei + gmVe2 + _‘;:_2 = l_‘i,i:-

(Vs +v,:)(1:") - %

Now g = T o =2
Then

o= ()W

and Vip = (R;l r")(vz -V.)

Substituting, we find

Tw 1+ __}ie_
(v + vz _ZV‘)(R5+r,)( Tr ) ~ Rg

or

1+8 \ _ Ve
(1 + 12 —ZV‘)(_RB‘F"') = R:

Solving for V,,

_ ]
Ve = 24 Rp + 1y
(1+B)Re
Now w2 = ~gmVma R
= ~omte (757 )0 = %
Substituting for V.,
Vos = —BRc ve = i+ v
”—R3+r, 2+ B+ s
L (1+B8)Re
[ Rp + 1«
—BRe¢ Vz(1+(1+ﬁ)R ) "
Rp+rs 24 RB+"w
L (1+A)Re

1 4

Nowu;:m—,,.-.+—2'1
14
V2=ch—?d

Substituting and rearranging terms, we obtain

voy = —BRc_Jva _
Re+re] 2 1+ Rs!1+ﬁ2
Rp + 1«

211

Ad = Lo —"BRC
va 2(rx + RB)

_ BVr _ (100)(0.026) _
o L =T
100)(50

= = T1.
A= gaT 05 — Aemlll

A = — BRc 1
™ re+ Rp ) 2Re(1+ B)
R A LA o 4
r++ Ry
_ (100)(50) 1
34.740.5 1+ 2(62)(101)
34.7 4+ 0.5
= Aem = —0.398

CMRR4p = 20log,, l ‘ = CMRR.,p = 45.0dB

0.398

¢. Ry =2rr+Rp)

Ria = 2(34.7 +0.5) = Rjg = 70.4 kQ
Common-mode input resistance

Riem = 3lre + Ra +2(1 +§)Rs]

= .;.[34.7 + 0.5+ 2(101)(62))

= Rioy = 6.28 MQ
11.9
-0.7-(~-10)
a) Ry = ———~ R =372k
® 5 025 Ze=ileMl
2, <
(Zg—ogﬂ.n. L/z_
+
28V 4
£
() =
.V_'.‘..{.g-V' +V +gan2_L-
r, r, R,
or (1) (1 By +v)=Le
l RR
Vo V-V, r,
Bzl *op, = £ V, -V
r, RB+rl - (rl+R3}‘ .)
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Vx2 = I/Z —V-
Then
1+ v,
1 H-V)+(,-V) ===
Q) ( r.+R )+ ( )] R,
From thlS, we fmd
v LIt Ry +Rg v,
v, = il :
r.+R, 14+ +R,
R (44,
Now
Va = _ngx2RC = —ngC(VZ -V:)
We have
120)(0.
r 2 0200026) oo o L0y
0125 0.026
. V. V.
i SetV. =4 and V, = -2
@ 1= and V, A
Then
v, [ [25+0.5)) v
AT 4(-002)
Vo= 2 25 2
25+05 25405 2.026
+1+
(372)(121) 25
So
V, =-0.00494V,
Now
V,=—(4 81)(50)(— (~0.00494)V, )
4, = Yo cio
d
| (i) SetV,=V,=V,
Then
25+05
7. (1+25299)
4 V= 25 _ V..(2.02)
25+05 25405 2.02567
| +1+
»‘ (372)(121) 25
V,=V_(09972)
Then
V, =~(481)(50)[V.,, ~V..(09972)]
or
A, =-—2=-0673
11.10
a. Neglecting base currents
30 - 0.7
L =1, =400 yA = R, = >

= R; =73.25 kO

Very, =10V = Vo =93V
15-9.3
Re = =53

= Rc =28.5 kQ

b e = GO0 gy

50

ro(Q2) = 04 =125 k2

Using the results from problem 11.9, we have

BRc _ _ (100)(28.5) _ , _ ¢
Ad= o T Ra) - (134 10) ST
Ao = — BRc 1
“m =TT I Rs 1+2ro(1+ﬁ)
r~+ Rp
_ (100)(28.5) 1
SR U BN )

13+ 10
= Acm = —0.113

0.113
= CMRRyp = 54.8dB

62
CMRRap = 20logy, (-—-——)

¢. Rua=20rr+Rs)=2(13+10)= Ry =46kQ

Ricm = %[Tﬂ' -+ RB + 2(1 + )6)70]

= 1113 + 10 +2(101)(125)]
= Riem = 12.6 MQ1

11.11

From Equation (11.18)

Vo = vey — ve1 = gmRevd
Vr

gm = T

For Ig = 2mA, Icqg=1mA

Then gm = = 38.46 mA/V

1
0.026
Now

2 = (38.46)Rc(0.015)

So Rc =3.47k2

Now Vo = V1 — IcRc =10 — (1)(3.47)
=653V

For Vep = 0 = vem(max) = 6.53 V
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11.12
The small-signal equivalent circuit is

vor ngL
Av=—=
Ya 24 _R;l:.
Rc
i 1
L Yoz EngL
From symmetry: A,z = — = —4———
v vd 24 RL
% Re
- Then A, = Yoz — Vo1 = ymRL
W TR
A KVL equation: vy = Vi, — V2 + 11 Re
n—vyg=Ve = Ve
11.13
A KCL equation The small-signal equivalent circuit is
Vﬂ'l Vﬂ"l
— 4+ gmVu+ — +gmVm =0
Tw Tx
(Va1 + v,.,)(;l— + g,,,) =02 Vo = =V
. (8
Then vy — vy =2Ve) = Vo = E(Vl - V7)

and Vep = —%(V: ~ 1)
At the 11 node:

Vo1 Vo1 — Vo2
— + ————

Re R,

Vo1 (Rlc. + };—L) - vo2 (RLL) = ';'gvn("? -un) M

+9mVa =0 m‘{n

KVL equation: v; = Vi — Vg
At the Yoz node: “ " ' V. ’ +sz o
Vi — V2= Vg1 — Vx2
Vo2 Vo2 — Voi -
Re + T"'ﬂmvﬂ =0
KCL equation:
\7Z
v (_1..-}-..1...)‘” (-1_)_'1' (11 — va) ) %‘+ng,1+ng.2+‘:—'2=0
02 e R. 01 RL = zgm 1 ] L | . x
(Vm +Vr‘1)(‘r—+ﬂm) =203 Va=-Va
From (1) :
1
Then - = _2V1r = - -
Vo2 = voy (1 + %L-) - %9'-31-("2 - v1) no oo Z(VI &
Y c Now 1o = —gm Vi (Rel{RL)
Substituting into (2) 1
R 1 = =gm(Rc||R -
Vo1 (1 + EE) (RL"' Ti_) 29m( oA
5'1 c L . . Forvi —»m =wa
_1 - R 1
zngL(v: '“)(Rc + RL) = Ag = 5% = ‘i‘gm(RC"RL)

( 1 1
- Vo1 —RL = Eﬂm(”l - VZ)
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11.14

We have

Vez = ~gmVa2Re = —gm(vbl -~ Ve)RC
and

Ver = —gmVmRe = —gm(Va1 ~ Ve)Re

Then

Vo = Ve - Ve
= ~gm (Vb2 — Ve)Re = [—gm(Vir — Vo) Re]
=gmRc(Vey ~ Via)

Differential gain

Vo

Ag = e = g R
T Va Ve I

Common-mode gain

A =0

11.15

@ v, =3V=V,=V,=3V

Then Rc=190—_1'2:> R. =70 kQ

(b) CMRR, =75dB = CMRR = 5623
Now

CMRR = %[l + ———(1 +A)oR, }

B,
_ 1, (51)(02)R, _
5623 = > [1 +W] = Ro =145 MQ

Use a Widlar current source.

R, =r[1+g.R;]

Let ¥, of current source transistor be 100V .
Then

100 02
r,=——=500kQ, g, =——=769md/V
02 == 0026
150)(0.026
r, =(--)§—2———l=19.5kﬂ

So

1450 = 500{1+(7.69)R; | = Ry = 0247 kQ
Now

Ry = Rglr, = 0247=R,[195= R, =250Q
Then

I
IRy =V, In(—m‘-—)
To

(0.2)(0.250) = (o.ozs)ln(lﬂ] > T =13Tm4

(02)

Then
R = 10-0.7-(~10)

=141
3 A=l

11.16

Aq =180, CMRR, 5 = 85dB
180

- Acm

CMRR = 17,783 = Ad

cm

= |Aem] = 0.01012

Assume the common-mode gain is negative.

Vo = Ag¥g + AcmVem

= 180p4 — 0.01012vcm
vo = 180(2sinwt) mV — (0.01012){(2sinwt) V
Vo = 0.36 sin wt — 0.02024 sin wt

Ideal Output:  »o = 0.360 sin wt (V)
Actual Output:  vo = 0.340sin wt (V)

11.17

At terminal A.
R(1+6)-R _ R(1+6
Ryu=R,|R= R((1+5))+R B §+5)
Variation in R, is not significant
- _( R, )V‘_ R(1+8)S) _ 5(1+3)
T T\R,+R] T R(1+68)+R™ 2+48
At terminal B.

=5kQ

it

R
2

R
R = RIR="=54Q

R
Ve =| —— W+ =257
B (R+R)V

From Eq. (11.27)

- vV, -V,
Vo= J;i(z:—(_;zR—)ﬁ where ¥V, =V, and ¥, =V,
L4 B
0
RB:SkQ , ,'2(_1_2__0)(0_26)312_5&
025
So
g =i]39)(_3M'l=—]0_3(V2 -V
2(125+5)
We can find V, -V, =V =V,
5(1+6
Vs =V :2‘5—[—%_:5—)]
_25(2+6)-5(1+68) 255-568
2+ 2+4
=729 _ 158
2

Then

Vo =—(103)(-125)8 = 1296
Sofor —-001< <001

We have

~0.129<V,, <0129V

o2 —
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1118 £.=29% _1923marv
8. Ria= 2r, 0.026
(180)(0.026)
=X A 71 -936kQ
re = (180)(0.026) _ 5 440 e 005 0
0.2
So Ry =0
N Then
fusteixd 4 =—B0 00760
_ - 2(181)(3270) T T
b. Assuming r, — oo, then 1+T
Riem = [(14 B)Ro} | [(1+;3)('7°)] 11.20
ro= % =625 kQ 44 = 8u(Rlr)
: 1, /2
Riem = [(181)(1)]][[(181)(0.3125)] de2_ 19231,
T
o = 18‘“56'“':; o gy, 2(100)(0026) _ 52
3 = 43.1 =3 - R
= fem Z 25,0 W00 ) 1, Iy,
11.19 A, =—~g";R‘ G = af2_ 19231,
T
8. Porly=1mA, Ve =07V Then
(1923)1,,
Ry = 20 : 0.7 = Ry =19.3kQ 30="———"R, = [,R, =312V
Vr I 0.026 1 Maximum v,, —v, =118 mV for linearity
Rz = =—_.In (—-) = —— .In (—)
Ig Iq 0.1 0.1 v ;(max) = (£18)(30) mV = 1054V
= R; = 0.599 k0 so Ip,R, =312V is OK.
' From A4,:
b ree = SO0 _ 540 20=19231,,(R}..)
0.1 52
= e—— 3. \' finbindy
Im = 5 oos 3.846 mA/ R{Iez)
o4 = 1-9-0- =1 MQ = 1923]0‘
0.1 R4l52
From Chapter 10 ! 1o
Ry = ro4[1 + gm(RE||res )]
Rg||res = 0.599(46.8 = 0.591 20= 19_123_[2‘_?5(;;2)
Ry = (1)[1 + (3.846)(0.591)] = 3.27 MQ ! el
ror = 292 2 M Let 2.R =5V = IR =10V
0.05 2
Then
Riem 22 1 oL
{1+ 8) Ko “ [( 'H”( 2 )] 20:%392)%?%):192&:443V
+).
= [(181) (327 [(181)(1)] ok
Now
= 592181 R 10
= Rigm = 139 MQ o “IODR'_?;
So
(c) From Eq. (11.32(b)) 10 I,
A =8 Ip| 7 |= 4812 =448
== A+ AR, @ @
+W Let 15, =100 ud , I, = 448 p4
Then

IR, =312 R,=696iQ
InR =10 R =100kQ
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11.21
20 -Vg

S3 2
= 0.25(Vgss — 2
N (Voss - 2)
20 ~ Vgss = 12.5(Véss — 4Vass + 4)
12.5V3s; — 49V5ss +30 =0
49 + \/ 4(12.5)(30)
2.5)

Il=

Vass =

= Vgss = 3.16 V

20 — 3.16 -
50

I
Ip1 =~?Q-=>1D1 = 0.168 mA

I = Iy = Ig =0.337T mA

0.168 = 0.25(Vs1 —2)° = Vos1 =282V

Vpss = —2.82 — (—~10) = Vpsy =T7.18 V
Vb1 = 10 — (0.168)(24) = 5.97 V
Vps1 = 5.97 — (—2.82) = Vps1 =8.79V

®)

0«47

G-t
O, (S £ -

!
|
i

(OMax vey, Vg =V, = VDs(sal) =Vesi — Vv
282-2=082V

Now V,, =10-(0.168)(24) =597V

Vs(max) =597 -V, (sat) =5.97- 082

Vs(max) =515V

Verr(max) = Vy(max) + Vg, =515+282

Var(max) =797V

ar(min) =V~ +V,,(sat) +Voq
Vosa(sat) =V, =V, =316-2=116V
Then
Ve (min)=-10+116+282 =
Ve (min) = -6.02V

11.22
a. Ipi = Ip; = 120 pA = 100(Ves — 1.2)°

= Vos1 = Vos2 =2.30 V
Forvy = vy ==54Vand Vps1 =Vps2 =12V

=»>Vo=-54-230+12=43V
10 - 4.3

= —_—— = 47.5 kQ
Rp 012 = Rp =4

Ig =1Ip1+1Ipa= Iqg =11 = 240 A
I) =240 = 200(Vss — 1.2)° = Vass =230 V

20 - 2.3
Ry= === = Ry =T3.75 k0
1 1
b. o4 = m— = e = 416.7 kO

T Mg~ (0.01)(0.24)

1 54
Al — - AVps =
= DS = 57 = Alg =13 A

1123
N RD=100_5 = Rp =6 kD

Ig=1Ip1+1p2 = Ig=1mA

b. 10 ZID(6)+VDS“VGS

I
and Vg = J—D+V
GS Kn IN
/0.5
For Ip = 0.5 mA, Vgs = a—f—?:(}.IZV

and Vps = 10.12

Load line is actually nonlinear.
¢. Maximum common-mode voltage when M; and M,
reach the transition point, or

Vps(sat) =V -V =312=2=112V

Then

Vem = Vo2 — Vps(sat) + Vgs = 7 — 1.12 + 3.12

Or vem(max) =9V
Minimum common-mode voltage, voltage across /g be-
comes zero.

SO vem(min) = —10 + 3.12

= Vem(min) = —6.88 V

11.24
a. ID] =ID2=0.5 mA

vor —voz = [V* —Ip1Rp1] ~ [V* = IpaRpa]

vo1 —voz = Ip2Rp2 — Ip1Rpy = Ip(Rp2 — RD:)
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i Rpr—Rp2=6k, voy—vep=90 11.26
R

ii. Rpy=6Xk0, Rp; =59k 4,= 3-2 D
vo1 — Yoz = (0.5)(5.9 — 6) For v, =2.§V
=y — Vg =—005V Ip =1y =?Q=0.25mA

10-3
b. K,=04mA(V? K,=044mAlV’ Let Vy,, =V,, =3V, then R, > =075 =
R, =28kQ

Vos1 = Vs
Iy = (Knl +K, )(Vas Vo )2

A Then 100=822%) s o _ 714 masv
1= (04 +0.44)Vys —Vpn) 2

2 [
= (Vs —Vm) =119 And g =2 k2 (T)ID
Ipy = (0.4)(1.19) = 0.476 mA
_ _ 714=2 0080 W 025
Ip; = (0.44)(1.19) = 0.524 mA
. w w .
i Rpi = Rpy =6k 71 =\7) = 1274 (Extremely large transistors to
1 2
Vo1 — voz = (0.524 — 0.476)(6) meet the gain requirement.)
= yo; — vy = 0.288 V
Need |4,,,|=010
i. Rpy =6XQ, Rp; =59 kQ From Eq. (11 64(b))
Aol =
vor — vaz = (0.524)(5.9) — (0.476)(6) el = l+2g_R°
7.14)(28
= 3.0916 — 2.856 So 010= 1—(_—7%: R,=1404Q
= yg; — g2 = 0.236 V +2( : ) °
For the basic 2-transistor current source
1125 R =r =L=_l =200k.Q

(a) From Equation (11, 51)

This current source is adequate to meet common-
‘m = ’___ f mode gain requirement.

11.27
p— 2 —Vc;51 -— (—5
0.90=0350~- \/2(0 25) "‘\/ [2(0 25) s Is= ————-——le

- 0.40 = —(0.4472)vaq/1 — (0.2)02 and 5 =21, =2K (Vo Vi)'
\Z

0.8945 = v4q/1 — (0.2)13 "—z'vo_aﬂ =2(0.050)(Vgs1 = 1)?

5—Vas1 = 2(Vés1 - 2Vas1 +1)

Square both sides 2Vés1 - 3Vas1 —3 =0

0.80 = v3(1 - [0.2]43)

(0.2)(v3)* = v +0.80 =0 3:£4/(3)° +4(2)3)

= = Vgs1 =2.186 V
2 1% +/T = 4(0.2)(0.80) 2 2 Ves: 702) oSt
v = 2 =4V  or 1V § — 2.186
2(0.2) 15=_2T'-=¢Ig=0.141 mA
Thenud=‘2Vor1V IDI=ID2=£2£:IDI=ID2=0‘O704mA
But ‘v“lmu = -Iks- = 0—0—2-1-5— = 1.58 vo2 =5 — (0'0704)(25) = ﬂz-is—z-i—\i
Vi, V0.

Soyg=1V

b. From part (8), vamax =1.58 V

cnve e e —————

217



Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

b. g, =2K,(Vs—Vin)=2(0.05)2.186-1)
gm =0.119 mA/V
1 1
= Tpe - (0.09)0.0704) 10k
- -
Qo Qs
T, s
TS n 2
<+ n -+
V’ﬂ V’ Lész.
- - U
= (Z’ =
Vg.ll =u - Vs, Vgs’l =1 ~Vs
Vo1 vor — Vs
RD + gm Vgal + o =0
Vs
m -2 =0 1
(RD+T0)+9 (1 = Vs) - (8)]
Vo2 vo2 — Vs
—_— 4+ gm Vs —_ =
Rp + gmVgs2 + o 0
1 1 V.
Vnz(R—+'—) + gm(v2 —Vs)——5-=0 2)
D To To
voy = Vs  woa— Vs _Vs
yngu + o + o + gmvgsi = Rs
V.
-V e v s vy = 2
gm (1 s) + ™ + - ™ + gm(v2a = Vs) R,

Vo1

1
gm(m+v;)+-——+ Vs{29m+——+ﬁg} 3)

From (1)

Vs(ym + —‘—) - gmw1

To

(& +2)
Rp

1
Vs(gm +;—-) —gmn
gm(n + 1) + 2 + =
To(

Vo) =

Then

2 1
= V5{29m +—+ —}
To

1 1 1
gm(¥1 + v3)ro (-}-z-' + -—) + Vs (gm + -—-—)
D To 7o
1 1
gmW + Vo2 RD+T0
2 1 1 1
=Vslogm+ =+ — 5 ro[ — 4+ —
5{29 +T0+R5} ro(RD +r0>
1

(s +oa) (14 12 (7+ =
gm(v1 2 s gmvi + Vo2 R Tn

1
=ve{ (sam+ 2o ) (14 25) - (o )}
To
'h——)-i-l/oz(ﬂ +To>

To o, 2
Epr T Ep

e g - l}
RsRp gm To
To +u + 1 )
Rp o2 R 7o
—Vs{29m+—+ ( ) )

’+‘ 1 +_qm70)}

To
gm(l’]"ﬁ—-i'vz'f-vz-

V{2ym+—+ + 2gm -

Rs

L
gm 1 RD 2 2

Then substituting into (2),

1 1
( + — )+ngz=Vs(gm+—->
Rp 1o )

Substitute numbers:

710 710 1 1
(0. 119)[1'1—+V2+V2 25 ] +V02['—‘+--—]

25 25 710
1 710
—Vs{0119+ 20 (1+E') 4)
2
+5§[1 + (0.119)(710)]}

(0.119){28.4v1 + 29.4v2) + (0.0414) w2
= Vs{0.1204 + 1.470 + 6.8392}
= V5(8.4296)

or

Vs = 0.40100; + 0.41500, + 0.00491vp2

Then

1 1 1
Voz(zs 7]0) + (0.119)y; = Vs (0 119 + '7—16“) @)

v02(0.0414) + 2(0.119)

= (0.1204)[0.401vy + 0.41500; + 0.00491v,]
102(0.0408) = (0.04828)w; — (0.0690)w;
voz = (1.183)1; — (1.691)v,
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va R
Now V1 = Vem + "i- From (1) I Vg1 = Vo2 (1 + -}—z-f;) +ngLV’,,
Ve = vem = 2 Substitute into (2) :
So Ry
= Z‘i - _y_d —yngn=Vo:( )( )
voz = (1.183) (vem + 2) (1.691) (Vem 2) U TYAVT 1 t &
Vo2
+gmR ( + ""‘) -
Ot vo; = 1.437v4 — 0.508vm £ R “27 R
=> Ag = 1437, Acm = —0.508 R
1.437 —gm - (Vl-"z)+9m( R—')( )(w—-w)
CMRRdE =20 logm (-——
0.508 1 Ry 1
= CMRRgp = 9.03 dB = o (E et E;)
1 Ry voz ( RL)
—gm| =& )= (o4 2L
11.28 39 (Ru)("‘ m =Xt as
1
= Ap = Yo E'ngL
h-v 24 R
Rp
Prom symmetry
1
Vo1 —-2-1"'1{1'
Aa
- 2+ Ry
Rp
Then
A, = Vo2 =~ Vo1 = ngL
" — 1 R
o+ 22)
Yy Ry
11.29

KVL: _—r

v =Vo = Voo + 12

Sovi —vy = Vg:l - Vg,z

KCL: -
ymvﬂ'l + yng,z =0 = V’,l = —"",2
1 1
So V,al = '2'(V1 - Vz), V’.z = —-2-(1/1 — V!) ﬂh%l
Now
+ - -
Yoz, + Yoz — Vo1 _ _ . v Vﬂﬂ %’l
Rp Ry = ImVen o - o,
= y (.1_ + L) o
=va| -t &; . L T
n—wm =V — Vi
_‘_’_0_1_ Vo1 — Vo2 _ —e V.
RD + RL = —gmVgsl (2 M gmvg‘]_ + ng,,z =0 Vgll = _V’ll
=y, ...L.+_1_. _ b ) Then vy — 13 = -2V
= RD RL RL

Of Vyur = —%(v; — )
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vo = —gmVesa( Ro||R1) = £’22(RD||RL)(V, -n)

11.30

Or Ag = ng(RD"RL)
. K1,
From Equation (11.64(a)), 4, = 5 ‘R,
2
Weneed 4, =—=10

02
K, (05
Then 10 = #-RD or JK, -R,=20

If we set R, =20k, then K, =1mA/V?

For this case Vp = 10 — (0.25)(20) = 5 V

VGS'—‘VOI2 +1=15V

Vos(sat)=V -V, =15-1=05V

Then vem(max) = Vp — Vps(sat) + Vas

=5-0.5+15
Or vem(max) = 6 V

11.31

Va = “‘g..V 1Ry :_ngD(VI “V;)
le = —nggJZR = _ngD(IJZ _I/J)

Now
Vo=V —Va =-g.Ro(V, _V.) _(_ngD(VI _V:))
v, =ngD(Vl —Vz)

Define V, -V, =V,

Then

4, = % =8.Rp

11.32

10)=040mA/V?

kiYW 0.080
@ £o= k=35
Vosi =Vosa = J—‘ ‘/7+1—15V

Vpsi(sat) =15-1=05V
For v, =3V =V, =V, =vg, ~
=3-15+05=V,, =V,, =2V

_10-
R
> =701

VGSI + VDSI (Saf)

2:> R, =804Q

®) 4,= %g,RD and g, =2,/(04)(0.1) =04 mA/V

Then 4, =—(04)(80)=16

1
2

CMRR,, = 45=> CMRR = 177.8:-}15

So |Am[— 0.090

ol = 15 1+2g,,Ra

0000= Y p k0
1+2(04)R,

If we assume A =0.01V"" for the current source

transistor, then
1 1

rﬂ = sr—— S e——

A, (001)(02)
So the CMRR specification can be met by a
2-transistor current source.

=500 Q2

)( =0040mA/V?

2
02
and V, J 1=324V
GS] 00
For v, = 3V,V =-3-Vg, =-3-15=-45V

=5 Vpgs(min) = ~45—(~10) = 5.5V >V, (sar)
So design is OK.

On reference side: For (

=~ |

)z 1,Vgs(max) =324V
20-Vy5, =20~324=1676V

Then
16.67 . . . .
—37 =517 = We need six transistors in series.
+ oy
6
TRAVS /Srey2s
Tecr
0-324 i
Vs = —2 2 =2793V

6 —f{oV

A4
Tpgr = (?)(Z)(Vcs Vo )2
02= (0—059 w )(2 793-1)" =

w

(I) =156 for each of the 6 transistors.
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11.33

@D_|

v

A=—1—g_R

_2,/K1 2,[(0:25Y025) = 050 m4 /¥
1

4,= —2—(0.50)(3) =0.75
From Problem 11.17

1+6
V,=V,=5§+5), V,=Vy =25V
and V, -V, =1256
Then

V., = 4,-(V,-V,)=(0.75(1.256) = 093758
So for -001<6<001
-9375<V,,<9375mV

11.34

From previous results

\4 \4
Ap = :2 =gk = 'JZKﬂIQI ‘R, =20
2
and
v, 1 1
4, = 2 ==k =—‘/2K_3191'R2=30
V=V, 2 2

I
Set %Ruw and -1—322£=2.5V

Let Iy, =1,, =01mA
Then R1 =100kQ, R,=50iQ

Lo -
(5)-(2)

and

221

L))o =
(2),-(Z).

11.35

2
. _ vasi
a. ip) = Iuss(l ———-—VP )

2
ip2 = Ipss (l - u;;,)
Vibx - Vibz
IDss(l - yf,s‘) ~VIpss (1 - VGSZ)
P Vp
VIDss

A (vesa — vGs1)

ViIpss \/lbss

- - . d

T (=R

ipr+ip2=Ig=>ip2=Iq—ips
fior - Ipss

( V=) =

ipr —2Vipi(Ig —ip1) + (Ig

Then

Vioilg —ip1) = ';‘[Iq _ Ibss ‘”:]

(-Ve)?

Ipss

—) = Ty

Square both sides

2
2D —‘DlIQ+ [IQ_.lEr.yzl =0
(=Vp)

Clg kD2 _4(}_) [IQ _ bss -y2]2
_ Q 4 (_VP)z d
l —

2

ip1 =

I | 1
7iE\JI2°_[IZQ_

Use + sign

2IqIpssv? + (Ipssl‘lfi)2
(=Ve)' (=Ve)?

_q_ 2Iqlpss

. IDSS v ?
2 vy (( Vi) 3‘)

2

*Vd

g 1 Ig ZIpss_(Ipss (_‘_’i
2 " 2(-ve) 2 TIg Ig Ve

7

tpy 1 ( 1 ) 2Ipss (Ipss)z(vd
s | ) vy —m—— - | =— —
2 —-2Vp Ig Iq Ve

ipz = Iq—ip1
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_igz____l_( 1 )_” 21055__(1055 2 ”_dz
e 2 \=2vs) "VTIg Iq Ve

1_l+( 1 ).., 21Dss__(IDsszld_2
T2 —-2Vp ¢ Ig Iq Ve
Vel = 2IDSS_<IDSS)2(V_4 2

F 4 Iq Ig Ve

Square both sides
Vel =3 21055_(11355 2(:/_4)2
To To ) \V»

Ipss 271)? 22 2Ipss 2 2 _
(5°) (7)o - 2p st =

Or ol = [Vl 722 )m

Ipss

c. For vy small,

g _ 3o _1 _Ig 2Ipss
T L 2 V) Y Ig
Or
1 Igl
= gs(max) = ("VF)V 'Q—zqg
11.36

8. Ig=1Ip1i+Ip2 = Ig=1mA
vo=T7=10-(0.5)Rp = Rp =6k}

1\ [To 1
b. 9,(,1,“):(__‘/:)‘/0_2-@_52

as(man) = (1) LA2

= gs(max) = 0.25 mA/V

c. Aa= g—"‘?:g,(mu)-ﬂp

As=(0.25)(6) = Ag =15

11.37
2
a. Is= ﬂg%#:[pgs(l—%)
Vas \’
5 — Vos = (0.8)(20) (1 - (_2))

1
5-Vgs = 16(1 + Vas + ng’s)

4Vis +1TVgs +11 =0

~17 4 /(17) — 4(4)(11)

Vas =
Gs )
Vgs = —0.796 V
5—(—0.7
Is = ——L{Oﬂ = [g =0.290 mA

Ipy =1D2=12—s=>]D1 = Ip; = 0.145 mA

v = 5 — (0.145)(25) = vy, = 1375V
b. Taking into account the ro parameters of 0, and Q3, the
analysis is identical to that in problem 11.34,
11.38

Equivalent circuit and analysis is identical to that in
problem 11.36.

A E ngL
a2 = ———
(2+ﬂ
Rp
LR
Aa = S
2+ oL )
( Rp
A, = Lz e __9mByL
v (2+£L—
Rp
11.39

a.  Using the results of problem 10.59, the resistance
from the base of Q, looking toward Q,:

1 1
(—'+9m3+—)
L__l___,‘_ re3 703
T 1 1
By ra [1+(T—+gm3+ )Rz]

LE! Toa
120 80
= T f, roa =737

Assume 5 = 100

e (1000(01.026) 26461
1

m3 = ——— = 3.846 mA/V

gm3 = G5 = 3846 mA/
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1
8
1_, ( +3. 46+800)
5 120
Ry 1200 1+( +3.846 + )(1)
26
1 3886 L R =1256kQ

= 1200 T T+ (3.886)(1)

Ro = ro2 [1 + J—RE" rez + o)

+om (2 ) Rel(rea + )}
Reli(rr2 + Ro) = 1)u (26 + 1.256)
= (1)}}(27.256)
= 0.965 k0

0.965 26
= —— —— .965
Bo 1200[1 + Tz00 T (38 )(2s+ 1.256>(U )}

= Ry = 5.45 MQ

Then

Ay = —gm(roal|Ro)
120

ro2 = 6—-1- = 1200 kQQ

0.1
gm = m =3.846 mA/V

A, = —(3.846)[1200][5450]
= A, = —3782
b. For R =0, ros =%.—.soo k0
Ay = "ﬂm('O:"TIM)
= —(3.846)[1200}|800]

= A, = —1846

(c) For part (a), R, =(545|12) = 0983 MQ
For part (b), R, =(12]0.8) = 048 MQ

11.40

Ips _ Ip3 +1p, =Ica + Ica
148 ~1+8 B(1 + 8)
Now Ica + Ics = Ig

Ips =

SoIgs =~

_dq__
B(1+8)

_des _ _I;
Tee = T35 =500+ 9

For balance, we want g = Igs

So that Igy = Ig

223

11.41
& Ad = gm(roafiros)
roz = %-%.—.3751(9
,M=‘I’_:1=Li°=zsom
m-%-%—lsssmw

Aq = (15.38)(375]]250)
= Aqg = 2307

b. Ry = roz|lros = 375|250

= R; = 150 k{2

11.42
(a) For 0,0,

W 1= g

L# Tos

V-V V.

2 V + x x4 = =4

() guVar 7 ’,“Ir‘2
(3) V:4 = ..VIZ

From (2)

Ve 1
- Vxl —+ g-l]

02 r x4 "’zz o

120
0.5) = 0.496 mA
eu= (1+/}I ) 121 )=

fe = ( )(Hﬂ)(lﬁ?) (112282)3

I, =00041mA
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So
_ (120)(0.026)

7 00041

& - 00041 0158 mA/V
0.026

100
0.0041

026
= (120)(0.02 ):6'29 @
0.496

0496
=——=1908mA/V
gm4 026

ro=—% 20240
0496

Now

—Vi: Ve —1—~+L+0.158 =
I 629]761 24400

which yields

Ve

(0318)r,,
From (1),

=761 kQ

=244 MQ

02=

=

v, V. 1
Ix = _+_+Vx4(gm4 _gnl_—)

rol r¢>4 rol

1
19.08-0.158— ———
I, 1 1 ( 24400)

+—q
V, |24400 202 (0318)(24400)

which yields
R,= II/—’ =135kQ

x

Now
80
=—=160
I 03 60 kQQ
Then
R, =Rl =135160=> R,=7324Q

() 4,=g.R, where g; =

v,/2

b

=g VutgV,, and V  +V,, ?

AlSO (L+glexl} Vx3
So 7, (”ﬂ} =V,

v, (121)(629) V,zV,
761

Then 2V, =%‘—:V =

So

Ai = (g0 + o3 Ve = (0158 + 19.08)(34‘—) - 9.62(32‘—)
So

g = Ai =962=> 4, = (9.62)(73.2) =
v,/2

A, =704

Now

R,=2R where R =r_ +(1+p)r,

R =761+(121)(6.29) = 1522 kQ
Then
R, =3044 MQ

11.43

Se

V=—tsVv

Ig
B 9=y Iq = gs(4Vr) = (8)(4)(0.026)
= Iq = 0.832 mA
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Neglecting base currents,
R=3-0"T_ p —352k0
1= 0.832 sl = 39.4 Xik

_Va _ 100 _

b ro;—-"o:—lq——o.416—240kﬂ
_Icq _ 0416
Im = ¥ = Tage = 16 mA/Y
Ad = gm(roaliros) = 16(240}j240)
= Ag = 1920
80)(0.0

Rig=2rg, rp = 180)(0.026) =11.25 k0

0.416
= Rig =22.5 kQ}

Ro = roz|jros = Ro =120 kN

¢. Max. common-mode voltage when

Ves =0 for Q) and Q2.

Therefore

Vem(max) = vt . Ves(@i) =15 - 0.7
Vem(max) = 143V

Min. common-mode voltage when

Ve = 0 for Qs.

Therefore

Vem(min) = 0.7+ 0.7+ (~15) = -13.6 V
S0 —-13.6 < vem <143 V

Riem = %(1 +8)(2Ro)

Va 100
= -I_;— o8 = 120 kQ

Riem = (181)(120) = Riem = 21.7 MQ)

11.44
a. Iy =Ipg3 +Ips = 2(1—Q) (l)
2 /\8
_ Ig - 0.2 _
Iy = 3 =1 0=>Io-—2eA
v, 0
b. ro2 =rou = T—"—: %%—:10001:9
—fcqg 01 _
gm VT 0.026 3.846 mA/V
Ad = gm(roa||ros) = (3.846)(1000}j1000)
= Ag = 1923

¢ Ad = gm(roaliros||Re)

Ada = (3.846)(1000[|1000),250)
= Ag = 641

225

11.45
Let #=100, V, =100V

VJ-

r,= Y = 1% = 1000 kQ
I, 01

R, =r,J1+gR;] where R =r |R,

Now

.o (100)(0.026)

T ol

g. =% _3g46marv
0.026

R; =261 =0963 kQ

Then

R,, = 1000[1+ (3846)(0.963)] = 4704 k2

A4, = g.(r.2]R..) = 3846(1000}4704) =
4,=3172

=26 k2

11.46

a. Ay = gm(rozflred| RL)

= Ice _ Iq

" Vr - 2Vr
roy = 242 128
Icq  Icq

roy = Yas _ 80
Icq  Icq
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K Iq =2 mA, then g, = 38.46 mA/V 11.49
Ad = gm
ro2 = 125 k. roq = 80 kQ 4= gm{roaliros)
m = 2/knlpg = 0. 0.075
So Aq = 38.46(125]|80[{200] 9m = 2VknIpg = 2/(0.12)(0.073)
or Ad—_- 1508 = 0.1897 mA/V
For each gain of 1000, lower the curreat level = ! = 889 k2
T2 = Xolpg  (0.015)(0.075)
For Iq = 0.60 mA, Icq = 0.30 mA _ 1 1 = 667 KO
3 T = X Tpg - (0.023(0.075) ~ 6Tk
=2 o 1samAsv »°ba
Im = G026 - Aq = (0.1897)(889]|667)
25
To2 = %'3— =417 k2 = Ag=1723
To4 = ﬂ=267 k2 11.50
0.3 Resistance looking into drain of Ms.
Aa = 11.54[417]|267|200] = 1036 ;
So Iq = 0.60 mA is adequate
1 €=
o =%

b. ForV* =10V, Vygg=Vgg =06V

1N

T \{3.‘ Doy %3'1 Doy
For Veg =0, +

Vem(max) = VY — 2Vgg = 10 - 2(0.6)

Of Vem(max) = 8.8 V -+
A ‘23
53&
11.48 —_
a. From symmetry, =
01 V394 = IXRX
Vi = = = =1/ — Vx = V.
Gsa = Vgss = Vpss = Vpgy v 71 +1 Ix = gmiVogs = X - ag4
OrVD53=VDS4=2V Rl ‘/X
01 fx[1+9m431+;—]=r——
V561=V5G2=\/6-'T+1=2V 04 04

R
Or Ro = ros [1 + gms 1 + —1]

704

Vsp1 = Vspa = Vsar — (Vpss — 10)

=2-(2-10) a. 4, :gmz(rozllRo)
Or Vspy = Vspy =10V 8 = 24K, 1y =2,J(0.080)(0.1)
=0179 mA/V
__1
b T = N Toe T oD T L M9 o=~ } - (0012)(0 5 = 667 kQ
1 1 o (O :
= = 0.667 MQ
"= NToe - (001801 8o = 2K, 15 =2,[(0080)(0.1)
8n =2K,(Ves +V7) =0179mA/V
=2(0.0)(2-1)=02mA/V = LSRR S PN
4, = g{ronlr.,) = (02)(1000667) 11, (002)0)
= Aq = 80 1
I Ry = 500[1 +(0.179)(1) + BFE] =590.5 kQ
I
(©) Ip; =1, = -;-: 0.1 mA Ad = (0.179)[667(|590.5)
1 1 1000 2 = Ay = 56.06
r,= = — =
A0 (001)01)
1 1

Ty = = =667
* 2,0, (0015)0]) K

R, =r,r., = 667]1000 = 400 Q2 226

“
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b. WhCIIR1=0, Ry = roq = 500 k2
Aq = (0.179)[667]{500]
= Ag=351.15

(c) For part (a), R, =r,,|R, = 667[5905=>
R, =3134Q

For part (b), R, =r,,|r,, = 667500 =
R, =286 Q)

11.51

(a) 4,=100= g.(raznra)

Let I, =05mA
1 1
= = = 200 kQ
" T, (002)025)
1 1
= = =160 kQ
et A1, (0025)025)
Then

100 = g,(200§160) = g,, = 1125 mA /V

(5.
oo = (£) e

Now (%,-) somewhat arbitrary. Let (—Z:) =316
?

4

11.52

4,= gu("n"’u)
P=(I,+Lg YV -V")
Let I, = Ig,
Then 05=21,(3~(-3)) = I, = Iz = 00417 mA
1 1
" = 71, " (0015)(00208)
1 1

e = = 2404 kQ2
2L, (002)(00208)

Then
A, =80=g,(32052404) = g, = 00582 mA /V

kYW
Em = 2(2 -Z)ID

00582 = 2\/(0(;80 T) (0.0208) =

(F) =12
L,

=32054Q

227

11.53
Ad =gn(r02|IRo)
Want 4, =400
From Example 11.15, r, = 1 MQ

Assuming that g =0283mA/V for the PMOS
from Example 11.15, then R, =285 MQ .
So

400 = g, (1000[285000) =

kYW
=04014mA/V =2 )| 21| —| 1
i " (2)(L). o

ooz -(2022)(¥

7 on=

()-5) o

11.54

4,= gn(RM HRas)
where

Ry=r,+r z[1+gmr‘,,]
Ro6 - ro6 al[l+gll6 06]

We have
1
= = e = 1667 kQ
For = o (0.015)(0.040)
1
=y = e = 1250 k)
e = et = (0.02){0040)

s = 2‘/(0—(;@ 15)(0.040) = 0268 mA /V

s = 2\/(@ 10)(0040) =0.141mA [V
Then
R,  =1667+1667[1+(0.268)1667)] = 748 MO
R, =1250+1250[1+(0.141(1250)] = 2228 MQ
(@
R,=R R, =748]2228= R =172 MQ
)

Ay = 8pa(Ro4||R,) = (0268)(172000) =
A, =46096

11.55

9mi = 2/, I =2,/(02)(025)

Ic 0.75

gm2 = Ve = 0.026 = 28.85 mA/V
BVr (120)(0 026)

Tm2 = Icq ~ 0.78
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10 = gm1 Vg.vl + gma2 Va2

Vez = gm1 VgnToz and v, = Vg,l + V2

0= Vg:l(gmi + 9gm2 - gm1 Tvr’z)

Vi = Vgs1 + gma Vgslr1|‘2

Vi

14+ gmitn2

L gmi {1+28)
1+ GmiTr2

and Vg,l =

o =W

m Vs 1+ gmiTm2
_(0.44T)(121)
1+ (0.447)(4.16)
= g5 =18.9 mA/V

! < b.
3"‘“‘4’1 La ICQ+1D0=IQ
Ve 0.7
Ipg = —= = —— = 0.0875
DQ R 8 875 mA
= 0 - U, 5= .
A . Ié, _ Icq 9 — 0.0875 = 0.8125 mA
bor gm1 =2\/KPIDQ =2\/(1)(0.0875)
g v .
= gm1 = 0.592 mA/V
\’{Tz_ J.L‘TZ.
—_ _Icg _ 0.8125 _
gmz2 = Ve 0026 => gmz = 31.25 mA/V
_ BVr _ (100)(0.026)

Assume R; is capacitively coupled. Then

Tr2

=D Ty = 3.2k

lecg ~ 08125

c. Vo =(-gmiVig—gm2Vr2)RL

Vit Vy=V=2V,, =V -V,

V2 = (gm1 Vag)(Riljr=2)

Vo = =[gm1Vig + gm29m1 Vag( Rillrs2)]Re
Vo = = (Vo = Vi)lgm1 + gm2gmi(Rilfr=2)]Re

A< Yo _ _[omi + gm2gmi(Rillrs2)}Re
R YTV 1+ [gm1 + gm2gmi (Rs "r’f?)]RL
We find

gm1 + gm2gm1(Rl ”Tr2)
= 0.592 + (31.25)(0.592)(8}|3.2)

= 42.88
(42.88)(Ry.)

Then A, = —me\TE)
1+ (4288
11.56 LRI
N . . 11.58
ro( M) = *ive — (001)(02) = 500 k€2 a. Assume R; is capacitively coupled.
%
ro(Qa) = =2 = 2% _ 400 k0 07 .
Icq 0.2 IDQ = T = 0.0875 mA
gm(M2) =2/K 15, =2,[(02)(02) Icq =1.2-0.0875 = 1.11 mA
=04 mA/V gm1 =2,JK, Iy, =2,[{1)(0.0875)
= 0.592 mA/V
Ad = gon (M) (1o (M2)]lr0(Q2)] = A/
= 0.4{500]}400] I
_dcqg _ 1.11 _
= Ag=88.9 gm2 = Vr  0.026 = L’E.:M
If the Iq current source is ideal, Ta2 = g_‘i: (10_01)(%9@_—_;.%2 =2.34 k0
Aem =0 and CMRRyp = 9 '
b. le— R,
11.57 {
Ly =
l{ = 53 IK
3h.v
a
Vi
X SO
\ Fom i
1 ™
3%-‘{"" K’. b N

228

-~



Chapter 11: Problem Solutions

Vig=Vx

Ix = gmaVer + gmi1Vig

(9 Ves) (R llrez) = Vi

Ix = Vx[gmi + gmagm1 (R “'*2)]

Vx _ 1

Ix gm1 + gngml(Rl "r"z)

1

= 0.592 + (0.592)(42.7)(8]j2.34)

= Ry =216 0
11.59
(@ ‘é
o,
.
[ NE—
+ -
2y
povs
V[ VAR =41 ™
ﬁ'm«t “! +
| —+
V. -(-V
(l) guZVl’+—Li—£l=o
o2
Vo-(-V, Ve Ve
(2) guZVt +_L—)'=gani + +
raz ol rl’
or
1 1
0=g V-V —+—
gul i l’(r"l r‘)
Then
V — glei
" (1 1)
—_——
rol rx
From (1)
1 v,
—_ +-2=0
g'ﬂ roi 'oz

1
g-z + _)
1 ( £
Vo = _’az(guz +—-)Vx == azg-lVl 2
’oz

—_t—
rol rl’

229

8 = 2K, I =2,(025)(0.025) = 0158 mA 1V

I
g, =298 _oo615marv
V, 0026
1 1
LA ——])',} To}
A, (002)(0.025)
r, Ve 30 o000k
1, 0025
, B (100002 o
1, 0025
Then
(o1 58)(2000)(0.9615 . _‘—)
4= 2000
(o5 3)
e
2000 ' 104
A, =-30039

Tofind R ;set ¥, =0=>g,V, =0

3

Ve~ (—V,)
L%

Ve= _Ix(ralw})

Then

P e s

Combining terms,

R JI’_,_ ,,[H( ralre )(3-2 r:,)]

= 200({1 +(2000f]1 04)(0.9615 + 50103)] =3

R =1922 MQ

Ix = g.th +
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®)

e 0 Ten
Tz 3.1“1%1

+
v /zmi’ e

T

m gmng:J +YL"(;VL3) =0

3

V,-(-V,, B g
(2) ngVpJ+_.—£—gj):gn2Vlz +_'!‘3—(‘V‘—2)

3 ro2
or
0= sz(guz +'1—)" Q
r02 roZ
% V.~ (- -
() "2+g WV, +— ( £ =gV +( Vﬁ)
rl2 raZ rol
V

From(2),V_, =

Then

1 1 V
(3) VIZ(__+gm2 +—+_1—) =gm|‘/r' +-£3—
rtl 02 ol 02

or
V.

1 V
’oz(gmz +L) Te2 Tx Ta o2

02

14

253

1 [—‘-+0.9615+
2000(0.9615+—— 104
2000

14
=09615V, +-EL
2000

L r
2000 2000]

Then V,,, =183x10%V,

230

From (1),

(gml + —}_)Vgal = —_L
ral ra}

or

v, = —2000(0.158 +
20

1 183x10°)¥,
00

v
To find R,
V.- !
() I, =gV + E o)
o3
v,-(-¥ ol
(2) gm3V313+ * ( 3’3) =g,,zV,2+ g3 ( VKZ)
o3 roZ
0) ¥ =1 0k)

From(l) I, = Vg,{gm3 + -1—) +£
roJ ro]
V.

1.=V,, 0.158+——l— +—=
& 2000/ 2000
So

v,

— X

__* 2000
#7 01585
From (2),

1 1 V. 1
Vm[gms +_+—}+—x =V,| &m t ”—')

o3 r02 T

o3 o2

1 1 4
+ +
2000 20003 2000

=v[ 096154 ——
2000

V

853

[0.158 +

Then

[L ./ 2000}(0., 59) + —=— = —1,(2000}104)(0.962)
0.1585 2000

We find
R, = ;- = 6.09x10" Q

X
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11.60

Assume emitter of (, is capacitively coupled to
signal ground.

Ig= oz(zo) 0.1975mA4
02
Iog =57 = 000247 md

_ (80)(0.026)

=T 01975

01975
8.(0))= 5 = T60mA IV
ga(M,)=2K, I, = 2,/(02)(0.00247)

8.(M,)=00445mA |V

=105k

w

=V, +V, and V, =g, (M,)V,r.

or
V.

V =—7+H=

" gl M),
Then

1

V=V l+———
! ( gu(MI)rl)
or

V = Y

()

I,o = —'g.(Ql)Vch =
A' = _I{o_ - —'gm(Ql)RC

" (i)

Then

A= —(7.60)1(20)
+mmame

A, =-484

231

11.61

Using the results from Chapter 4 for the emitter-follower:

Tx9 + 707 + Rony

Txs +
- 1+8
Bo = R T+4
_ Ve _ (100)(0.026) _, oo
Icg 1
Ics 1
~ —— = — = 0.01 mA
Tes = =5~ = 150 “
100)(0.026
= =26
Txo 0.01 0 kQ
\ 7 100
= == = e =50
ror Tq 0.2 500 k0
Va 100
= <L = e = 500 kQ
o1 =7 0.2 50
Ronn =ronn[l+g RE], gm = 92 = 7.69
m 0.026

0){0.026
Txll = 10 )0 202 =13 kQ

Rz = 0.2]|13 = 0.197 kO
Rour = 500[1 + (7.69)(0.197)] = 1257 kQ2

Thea
260 + 500 + 1257
2.6+ __+0_+__
101
= 5/[0.223

= Rg =0.213 kf}

11.62

Ri=rm+(1+8)rm
(100)(0.026)

g2 = T =52k
_ (100)(0.026) _ (100)*(0. (0.026) _ o0 4
™ = To.s/100) 0.5 520 k

R =520 + (101)(5.2) = R; = 1.05 MQ

s (100)(10'026)=2.6k9

5 ‘l =3 + 50
= 101

=s| 2= 2.6 + 50 _ 5[j0.521 = Rg = 0.472 k0
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So

— V0(0.001148)

= [Vin + Vo(o.001148)]<—;—(2%)(5.2)

3

— V5(0.001148) — V,(0.001159) = V;,.(1.01)

sox => A, = -‘;/2- = —438
+ L‘/ 'n
11.63
K s
| I, = T= 1 mA
VGS‘)=\"1—5+08=ZZIV
Vw! ’ y '
Vo = _<E + g,,,av,,a) (5) 5 =22 (=5 3‘5(‘5) = 0.206 mA
1
Vo=—na< +B>(5) 1)
T3
Ve Vo -
== gm2 Va2 + ‘—“’"—( o = Va)
Trna 50
V™ v
- 1.\ a SR
gma V1r2 = sz (7‘*3 + 50) 50 (2) Lé‘:' 3’.'\/‘:‘ hdl !
.
Vi -
Ve = (T:— + ngV-ru) Tr2
T 3)
= erl <u> Tn2
Tm
. Vo = (9m2Vja2)(Rallroz)
Vos2 = (gm1 Vit Y(raa || R1) — Voo
Vin = Vs + Va2 @ and Vggl = _Vin
0.5
= — =19, So
gm2 = go—s = 19.23 mA/V '
Visr = —=(gm1 Vin)(ra1 [|R:) = Vo
Then Then
Vo = —Vi (&‘) ) Vo = gma(Ra|lroz)[—(gm1Vin)(ro1 || R1) — Vo]
2.6 1)
= Vis = ~V5(0.005149) A, = 2 = Zgma(Rallro)gm (ros | 1y)
Vin 1 + gmz(Rajjroz)
And gmz =2JK,, I, =2,/(05)(1) =1414md |V
gm1 =3 [K I =2./(02)0206)=0406mA/V
19.23V,p = —vo(o.oos,ms;)(L + —1—> _% ol =2(02)0206)
26 50/ 50 ¥) : 1
_ = = = 485 kQ
= —V(0.02208) "= XIpr  (0.01)(0.206)
1 1
Or Vyr; = —V;(0.001148) 2= Xelos | (0O0)(1) 100 ka2
» Rajroz = 5||100 = 4.76 kQ
Rl"fﬂl = 35"485 = 32.6 k2
Vi = Vin = Vag = Vin + V5(0.001148) @ Then

_ =(1.414)(4.76)(0.406)(32.6)

Av 1+ (1.414)(4.76)

232
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So
= A, =-115

Output Resistance—From the results for a source follower in

Chapter 6.

Bo= oo | ] = | 3] 200
= 0.707[{4.76

So Rg = 0.616 k)

11.64

=oi=>n =10k

,——’”—— 1/ +1=241V
so: 02

R, = '0'1“1 = R =T741k0
b.
(3} + = Va‘_+ V°
Vaﬁ 3‘“\6“ J‘" «' %.. J{t «l‘

Vo = —(9maVag2)(roa|| R2)
V,,z = Vo - [—(ymegn)("OluRl )]

and Vg:l = Vin
A, = 2o _ =(gma)(roa|| Ra)(gm1)(rou | Rs)
Vin 1+ (gma2)(ro2]| R2)

gmy = 2Kl =2,J(01)01) =02mA/V

gma =2[K I, =2,/(025)(05) = 0707 mA 1V
1 1

™= XIo - enen) - 00 k2
1 1

e vy e XTI

roz2{| R2 = 200}10 = 9.52 kQ

ro1{|R; = 1000||74.1 = 69.0 kQ

Then
A= —(0.707)(9.52)(0.2)(69)
1+ (0.707){9.52)
So
=> Ay = -12.0
Ro=;m—zl|Rz|| 02—0—7()?“10"200
= 1.414(/9.52
Or Ry =1.23 k1

233

11.65
a. Ica2 = 0.25 mA
5—2 R=12k0
R= 025 =
_ vm —Vgsson! _2-07
les = Rex = Re = =

=>Rm=2.6kn
5 — vo3 5-3

Rec = Tos —-—6?-=>Rg=4kn
Ied _ [vs ~ VeE(on)] - (-5)

Re
Rg2 = t—(zsl-t—s- = Rg; =2.43 k0

b. Input resistance to base of O,

Ris =res+(1+8)Re1
_ (100)(0.026)
= =05 = 5.2 k0

Ris = 5.2 + (101)(2.6) = 267.8 k3
An = "2 = Zgma(Rl|Ris)
a = va 2gm2 43
0.25
= v
0 To2s = 962 mA/
Aq = E(9.62)(1'.’"267.3) = Ag =55.2

gm2 =

wa _ _ —B(Rcl|Ri)

vez Ttma+(1+8)Re

where Riy = rni + (1 + 8)RE2
Vo __ (1 + 8)Rz2

and Vos  Tms + (14 B)Rea

_ {100)(0.026)
- 3

Now

= 0.867 k2

vo _ __ (101)(2.43)

voa  0.867 + (101)(2.43)
Ris = 0.867 + (101)(2.43) = 246.3 kQ
ey = 5.2 kQ

So

vos _ —(100)(4]]246.3)

voz 5.2 +(101)(2.6)

= 0.9965

= —1.47

So
Ag= .:l = (55.2)(0.9965)(~1.47)
d

=> Aqg = —80.9

¢. Using Equation (11.32b)

Ay = —gma(R||Ris)
em 14 2(1 +B)Ro

Tx2

rvn = (100)(0.026)

0.25 = 10.4 kQ

—(9.62)(12

1+ 2(101 100) =AY = Aemy
10.4
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Acm = (ﬂ') (VO_.'!) : Acml
Vo3 Vo2
E (0.9965)(-—-1.47)(—0.0569)

= A = 0.08335

0.08335
= CMRR;B = 59.7dB

CMRRa4p = 201o0g,, (-—89—9—)

11.66
10 - Vo1 10-2
a Rey = —— = =
c1 T 01 = Rg] 80 k2
10 — Vou 10-46
R = = =
C2 Ton 0.2 = Rcz 20 k
14 - Y
b, Aa = iﬁ = —gmi{Rci||7x3)
0.1
gmi1 = 0026 = 3.846 mA/V
180)(0.026
res = U80U0.026) _ s 4 ke
0.2
Ag = —(3.846)(80”23.4) = A4 = —69.6
Vos 1
App = ——— = —g« R
AT el —wg 2Tt
0.2
Ims = m = 7.692 mA/V

1
Aa = -2-(7.692)(20) = 76.9
Then Ay = (76.9)(—69.6)
= Ad = —5352

11.67

a. Neglect the effect of ro in determining the differential-
mode gain.

Agy = % = %sz(Rc"R-a)
where Ris = 1.3 + (1 + 8)Rg
_ —BRcy
" rea+(1+B8)Re
12-07 - (=12) 233

= ——— = 27 ~
1 ) 2 1.94 mA = Ics
(194
9m2 = 0.026 = 37.3 mA/V
(200)(0.026)
ey = 2
Ics
voz = 12 — -;-(1.94)(8) =4.24V
4.24 - 0.7
Ica = -——5-5——— =1.07 mA

(200)(0.026)
1.07
Riy = 4.86 + (201)(3.3) = 668 k0

= 4.86 k2

Twd =

Ag = %(37.3)[8"668] = 1474
—(200)(4)

Ag == e = ],
? 7 486 + (201)(3.3) 1197
Then
Ad = Aar - Az = (147.4)(=1.197) = Ag = —176
Va 80
Ro =195 = Tes T9: =~ 41.2 k2
Ay = —gm2(Rcl|Ris)
L+ 2(1 + B)Ro
Tr2
2
rea = uio_w = 5.36 kO
--(1.94
5(1.94)
_ —(37.3)(8[l668) _ .
5.36
A = ~1.197

Acm = (—0.09539)(—-1.197) = A,y =0.114
b. va= vy —vy; = 2.015sinwt — 1.985sin wt

vg = 0.03 sinwt (V)

v v .
—‘-—f—z = 2.0sin wi

Ve =

vo3 = Aava + Acmbem

= (~176)(0.03) + (0.114)(2)

Or

Vo3 = —5.052 sin wi
Ideal, Acm =0

So

Yoy = Adl/d = (—-176)(0.03)

Vo3 = —5.28 sin wi
¢.  Riag=2rp2 =2(5.36) = R;y =10.72 k2

2R.em = 2(] + ﬂ)RO"(I + ﬂ)To

Va 80
ro=+—=+——— =825k
R %-(1.94)

2Ricm = (2(201)(41.2)]}|[(201)(82.5)]

16.6 MQ||16.6 MQ

So

= R =4.15 MQ

234
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11.68

- Vi
a. )’1=L_G_s_‘.

Ry
24 — Vose = (55)(0.2)(Vass — 2)°
24~ Vosy = 11(V3sy — 4Vass +4)
11V35, — 43Vase +20 =0

43 + 1/(43)% — 4(11)(20)

= kn(Vase — Vra)?

= =337V
G54 310
L= M:O.I‘)TSM:IQ
55
Yoz =12 (0—?-5-) (40) = 45V
voa - Voss _

7 = Ips = kn(Vass — Vrn)?
s .

4.5 — Vgss = (0.2)(6)(Véss — 4Vass + 4)
1.2V3sy — 3.8Vgss +0.3 =0

3.8%1/(3.8)° —4(1.2)(0.3)

= =30V
Vass i) 3.09
Ips = ﬁ—:ga—gg = 0.235 mA
gma =2/K I, =2 /(02 9:—;15-)
=0.387T mA/V
1 1

Aa = Egmzﬂp = 5(0.387)(40)
= An =174

- ""gmBRDQ
Az = 14 gmaRs
gms =2,K,Ip, =2,{(02)(0235)

_ =3y _
A2 = 17 0.434)(6) 0.482
S0 Ag = Agy - Az = (7.74)(—0.482)
= Ag = —3.73

1 1
Ro=ros—x1—q—m)-—l33kﬂ
A _ _—gm2 Rp _ -(0.387)(40L
M 14 2gmaRo 1+ 2(0.387)(133)

= —0.149
Acm = (—0.149)(—0.482) = Agm = 0.0718

b. va=wm —w»y =03sinwt

Vem = Z’—;'ﬂ = 28in wt

Vo3 = AgVd + AcemVem

= (~3.73)(0.3) + (0.0718)(2)
= 1oz = —0.975sinwt (V)

Ideal, Acn =0
vo1 = Aqvq = (—3.73)(0.3)
Or

= vo3 = —1.12sinwt (V)

11.69
The low-frequency, one-sided differential gain is

Vo2 1 Tx
v2 = — = ~gmRc| ——
Avz vd 2gm c(r'+RB)

= L&“)_(%_QZ?). —52kQ
1
=.(100)(10)
2 o = 87.
Av =S T An =817

Cu = Cu(l + gmRc)

0.5
= —— =19.2 \'
gm 0.026 19.23 mA/
Cu = 2[1 + (19.23)(10)] = Cm = 387 pF
1
2x[r«||R2}(Cr + Cn)
1
= 2%[5.2]]0.5] x 10° x (8 + 387) x 1012
So
= fg = 883 kHz

fo=

11.70
a. From Equation (11.117),

1 1
2= S ReCe = 7n(5 % 10°)(0.8 % 10-19)

Or fz = 39.8 kHz

From Problem 11.69, f,, =883 kHz. From

Equation (11.116(b)), the low-frequency common-
mode gain is

Aem = = —ngC
[(1+ Ez) N 2(1+ﬂ)Ro}

Tx Tw

re =52k, gm =19.23 mA/V

So
~{19.23)(10)
Aem = 1 0.5\  2(101)(5 x 10°)
[(1+E) *TEzx 108 ]

=-99x10""
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CMRRap = 20log,, (g—&%‘.) =98.9dB 172

The differentiai-mode half circuit is:

98-

CM@R“B

11.71

a. From Equation (7.72),

gm

L. — 1
fr 2x(Cr + C,.) gm(”_d) Re <5> BRc

=L 3846 mA/V vor = 12+ﬂ A= I UTHR
9m = Toze = S3-46 mA/ 1+(r )RE " E
Then v

(100)(0.026
800 x 106 = 3846 x 107° = —-)6?_1 = 5.2 k00
27(Cr + C,) 1
= (100)(10)
Ao \2 _ 500

Or Y7 524 (101)Rg ~ 5.2+ (101)Rg

Cr+C,=765%x10""2F =17.65pF
And C, = 6.65 pF

a. ForRg =01kQ: A, =327
Cum = Cu(l + gmRc) = 1{1 + (38.46)(10)]

For Rg =0.25kQ2: A, =164

14

= 386 pF

1

I8 = S TRa)Cr % Cn)

Ty = @M = 3.12 k2
fu= 1

2x(3.12{[1] x 10 x (6.65 + 386) x 10-12
Or
fr = 535 kHz
b. From Equation (11.117),

1 1

f2= R ReCo = Za(10 X 10°)(10-T%)
Or
fz =15.9kHz
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Chapter 12
Exercise Solutions E126
Aj-fe=Ac-f
El12.1 Ayt fi_ (10°)(8)
8 Ay = 1_32? ="fz  250x10°
s Ag = A . A :A!(0)=32
+ A—I = Af = 27 -1
’3321"%:2'16‘1_(1)4':0'05_0'0001 E127
! 8 V.=Vs-v,,=1oo—99=1mv
= f = 0.0499
—_— V.,=A,V¢=.'>A.,-0001=>A..—5000V£V
b A _ 20 20 _ Vps _ 0.099
" (1/B) T (1/0.0499) ~ 20.040 =099 V=V == Vo =—5— > f=00198V/V
A 5000
E12.2 P .

! A A= T84, = 17 (0.0198)(5000)
A!=1+—Aﬂ— =?A.4Z=50V/V
Ar+AjAf=A b.  Rip = Ri(14BA.) = (5)[1 + (0.0198)(5000)]
Ag = A(l - AsB) = Ris = 500 kQ)

A= Ay 80 Ro 4
1-Ag8 1-(80)(0.0120) Ros =1 ¥ BA, 1+ (0.0198)(5000)
El12.3
A El12.8 _
A= =2
I =148 8 I.o=Is—I;=100-99=1pA
= _1_ 1 1 0110 1 5
5—Al 2= o5 " Tof = 001-10 A.-=[—‘:-0001=>A.~=5000A/A
8 = 0.009999 §= 51& 0.099 099 = 4 f=00198 A/A
x F=00198 A/A
dA 1 dA A\ dA A~ 5000
=L 22— — L . — Air = =
Ay (1+84A) A ( A ) A =T+ A8 ~ 1+ (5000)(0.0198)
da; _ (100)(20)% = Aig =50 AJA
Ay 106
R 5
dA . -— : =
= <L = 0.002% b R =TTEA T (0.0198)(5000)
A A
= Riy = 50
E124 Roy = (1 + AA)Ro = [1 + (0.0198)(5000)](4)
dA 1 dA (A7) dA
....l.__._.__..__—_ 421).84 = 400 k2
(1+84) 4 ( A ) A = By = 400K
dA_dA, A\ _ 5 % 10° E12.9
=50 () = oo '
dA £5% Ve=Vs =V =100-99=1mV
T = (]
_ é_ S mA
g A A,_V' THv = As=SA/V
El2.
8= —L— ¥mY o s=108V/A
Bandwidth = wy (1 + fAq) 5mA | el
Aq 10’) A 5
= 2x)(10 =
“H (A!) (2= )(100 Asr = g +BA,  1+(19.8)(5)
w = (2x)(10*) rad/sec = f = 10 kHz = Ags = 0.05 A/V =50 mA/V
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E12.10 E12.13
Io=1Is—Ip=100-99=1puA V;

Vo 5V + 3
A,:T—m:A,'—leO V/A v \/
ﬁ:i&:gg“A=>ﬁ=19ax10“’A/v ¥ R

Vo SV . - Vv

o
A, 5 % 10°
Aer =7 +BA:  1+4(1.98 % 10-5)(5 x 10¢) RS
= A,y =5x10* V/A=50V/mA
El12.11
Ay 104
A=y 2 U Vo = (9mVyo)R
+ — =19 3
T+®/R) Y TT G0 V° V"' ‘ RSV
= A,y = 3.9984 e +‘f"‘ $Tee
Vor = 13 s
10° i
Ay = = 3.99984
10° -
'+ TG gm =2K,Ing =2.(02)(025) =0447mA/V
- WV gmRs
3'999:4998i'9984 x 100% => 0.0360% A =g = 1+ gmRs
) (0.447)(5)
= A, = 0.691
At = T oaan(s) = 2 =220
El12.12
hreVr  (100)(0.0 A=
8 re=—22To - = 5.2 kQ
Icq 0.5
Icq 0.5 -
m=ad = =2 \%
g " 0‘026 =19.23 mA/ V 2 y
1 B g5 A
- R — +19.23 }(2) =
rp T m 52 +
Ay = 1 = 1 —-=
1+ (-+g,,,) Re 1+ (-5—54- 19.23)(2)
_ _(19.42)(2) _ - =Y
= Ty )@ A,y = 0.97490 Ix = gmVes = 7o
Vs = —Vx
Rij=rx+ (1 4+ hre)Re = 5.2+ (101)(2) 1
= Riy = 2072 k0 ’X=VX(9'"+E;)
Rol——RElll-i-hpg "101 R _LuR 1 ”
= Ros = 0.0502 k1 = 50.2 0 = ° 7 0.447
Roy =1.55 k2
b. hrp=150=r, =7.8kQ, gm = 19.23 mA/V
El2.15
1
— +19.23)(2
4 (7.3 +19 3>( ) (19.36)(2) _ ( P
vf = = 1, =
14 (7_15_'_19.23)(2) 1+ (19.36)(2) 1+hy R, +
Avy = 0.97482 = 0.0082% change in A, (80)(0.026)
TTTos
Riy = 7.8+ (101)(2) = 209.8 kQ Then
L _A18_Gosi4ka
1+h 81

=> 1.25% change in R,,

Rop=ks | s =2 w7

Then we want

7
8 _ 2jj0.0817
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Roy = 50.4 Q = 0.397% change in Roy
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L_095= (80 R
i R, +0.0514
or

— R \_o9619
Rg +0.0514

which yields
Rg(min) =130 kQ

and
V*=IR,+07= (:(l))os)(13)+o7:>

V*(min) =136V

El2.19
. A hpg - Ay (200)(10%)
© O T T (hrsA,)Re 1+ (200)(109)(10°)
= Ay =10"° A/V=1mA/V
[3
b A= (200)(10%)

Percent change is negligible. (4.5 x 1077 %)

(200)(10%) (200)(10%)
1 +(200)(104)(10%) ~ 1+ (200)(10%)(10%)
10-3
_ (200)(10%) [1 + (200)(10%) (10°);
T (10=3)(2 x 10%)(2 x 10%)
(200)(10%) {1 + (200)(10*) (10%)!
T T (107%)(2 x 10%)(2 x 108)

200 x 10* — 200 x 10°

- i -3
= (109 (2 x 109} (2 % 10%) ~ +5 %10
E12.20
. 20
A (R + R, )(10) (2o+3o)(1°)
Ve=-1V

Ve = -1-Vgs

Ve -(-5 2
I, =%l=x,(v,,, %)
4
1 - Vgs + 5 = (1.5)(0.4)(Vas — 2)?
4 - Vgs = 0.6(VG’5 - 4VGs + 4)
0.6V3is ~14Vss — 1.6 =0

14 \/(1.4:)z +4(0.6)(1.6)
2(0.6)

Vs =
Ves =3.17V
gm = ZK_(VG, —Vm) = 2(1.5)(3.17 - 2)

T (200)(10%)(109) — Aur =1 mA/V

z

-

239

<

&2 % (Do v, }4
- «v a (2 .
= Rs

Rp _ 2
Ip = -1.76V,,
Vi=Vou+gmVysRs = Vg = —V'—--
« = Vgs gmVgslLs "—1+9mRS
Vi
V,, = W = (0.416)"-
Io = —(1.76)(0.416)V;
> Ay = ."7 = 0732 mA/V

b. For K, =1mA/V?

From dc analysis:

4 — Vgs = (1)(0.4)(Ves - 2)°
4= Vgs =04(Vis—4Vos +4)
0.4V35 — 0.6Vgs —2.4 =0

0.6 £ /(0.6)° + 4(0.4)(2.4)

Gs = 2(0.4)
Vags =3.31V
gm = 2(1)(3.31 — 2) = 2.62 mA/V
o= - =2=) (2.62)V,, = ~1.31,
0= 7432 . ge = —L1l.0lVge
Voe = v: = V:(0.488)

1+ (2.62)(0.4)
Io = —(1.31)(0.488)V;

Agy = %,9- = —0.639 mA/V

1
% change = 272089 o, 1579
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)]

Ip = K,Vos Vi )z @

20

Vaos = (m) Vo = 0.2985V; 3)

2.13 - V5(0.213) = Ip + (0.0149)Vp

8]
Ip = 2.13 — V5(0.2279)

From (2):

2.13 ~ V(0.2279) = 1{(0.2985V,) — 1.5}
2.13 — V(0.2279) = 0.0891Vg — 0.8955V; + 2.25
0.0891Vy! — 0.6676V, +0.12 =0

0.6676  1/(0.6676)* — 4(0.0891)(0.12)
2(0.0891)

Vo =
Vo=1731V

10-7.31 17.31
2107381 T3 s70 0109
I 47 g7 — 057201

Ip = 0.463 mA

Vas = \}9-"1—63--{-1.5 = 2.18

8. gm =2K, (Vo — Vi) = 2(1)(218-15)

= gm = 1.36 mA/V

L, Reedrr

<

3-»‘\/‘39 %.7x

0Y)

2)

Vs (0.0713) = V5(0.0213) + V;(0.050)
Ve = V0(0.299) + V;(0.701)

From (1):

Vo Vo V,
= 4+ (1.36)V,, + — — <22 —
4.7+( )”+47 47 0

V0(0.213) + (1.36)V,,
+ V5 (0.0213) — V,,(0.0213) = 0
V0(0.234) + V,,(1.34) = 0

V0(0.234) + (1.34){(V6)(0.299) + (V.)(0.701)} = 0
V0(0.635) + V;(0.939) = 0
Vo
= Ayl =

0
— = —1.48
Vi

b. For K,=15mA/V?
From dc analysis:

2.13 — Vp(0.2279) = 1.5((0.2985Vp) — 1.5]°
= 1.5(0.0891V;' — 0.8955V, + 2.25]
= 0.1337V* — 1.343V, + 3.375

0.1337V3 — 1.115Vo + 1.245 =0

1.115 % \/(1.115)’ ~ 4(0.1337)(1.245)
0 =

2(0.1337)

1.115 £ 0.7597
Vo= moeiin” oV =T.
o= Joamny T e =TV

10 - 7.01 7.01
Ip = —5 7~ 5 =0636-0.105
Ip = 0.531 mA
Vos = g-'5%_4'1-'—)::2.09

1.5
gm =2K,(Vos — Vi) = 2(15)(2.09 - 15)
= 17T mA/V

From ac analysis:
Vo Vo Vi
— ANV + — = & =
a7 TVt gz -7 =0

Vo (0.213) + (1.77)V,,

+ V5(0.0213) — V,,(0.0213) = 0
Vo(0.234) + V,,(1.75) = 0

Vo(0.234) + (1.75)[V0(0.299) + V;(0.701)) = 0
Vo(0.757) + V;(1.28) = 0
= A,y = %?— = —1.62
1.62 — 1.48
1.48

% change =

= 9.46%
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Test Your Understanding

E12.23

a. Input resistance.

g V
I ] e
\q Q
<X D
%

Vo Voo

R— +gm Vg, + TL 0 (n

I, = Z?LVE )]

Rp

So Vo = V,, - I.’RF
1 1 1
(g ) +Vorlom - 7)< D
1 1 1
[Vg, - 1,(47)] (-4—7 + 4—7> + V’, (1.36 - 4—7> =40

[Vys — 1i(47)](0.234) + V,,,(1.34) = 0
Voe(1.57) = I;(11.0)

= Ry = Y,",*=7-°k9
Quiput Resistance.
(L‘ VAT le— ¢
of
. & ‘:
L * YNy
\4, wias ao x
<+
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Vx Vx
= = mV, ———
Ix Ro + g g4 + RS+ Rr
Rs 20
V,, = (Rs T RP>VX = (20+—47) Vx =0.2985Vx

Vx X
== . . V.
Ix 7 + (1.36){0.2985)Vx + 70 + 47
Ix = Vx[0.213 4 0.406 + 0.0149]
Roy = Y% _1sska
Ix

b. Prom part (a)

Ve — L{4T))(0.234) + V, (1.77 - %) =0
V. (1.98) = [;(11)

Yo 55610

= Riy = T

v
= - 77 V;
Ix = 25 +(L77)(0.2985)Vx + s 20+47

Ix .-Vx[O 213 + 0.528 4 0.0149]
= Roy = —-—132m

El12.25

Vry.= (———5—5—) (10)=0973 V

5.5+ 51
Rrx = 5.551 = 4.96 k2

. 0.973-0.7

= 2300 0.00217
Ise = Tos T azn ) 217 mA

Icq = 0.260 mA

e =12kQ, gm = 10 mA/V
Req = Rsl{R1{|Ra|lr» = 10, 000}{51||5.5{12
=3.51 kQ

From Equation (12.99(b)):

Req
= <
T (’"‘Rc)(nc + Rr + R..,)

3.51
= (10)(10) ( 10 + 82 + 3.51)
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E12.26
in —V
= +
v A
— =
Vt ?
\6._ YAYAYAY;
QL
2. o

\

‘/c = "‘/t) % = Ayvz = _Av‘/l

_(_RilR )V__( Ri||R, )AV
V"(R1||36+Rz ¢ Ri||Ri + Ra (AV)

T=_Z_ _Av(hi‘u&_)
1

Vi IR + Ra
or
T= AVR
14 —2
Rl RI
E12.27
- 10%)(0.01
(+5F) 1+ (F)
10°
IT(f)l=1=

14+ (fs) =10°

Ji=10/106 =1 = fg = 10" Hz

b= —tan— ({E) = _tan— (100
Phase = ¢ = —tan (10)— tan (10)

= ~tan~! (103)
¢ = 90°

Phase Margin = 180 ~ 90 = Phase Margin = 90°

Ei2.28

A8 A B
TR
o=l (£) o0 (£)

Phase Margin = 60° => Phase = —120°

o=l () o™ ()

At f'=17.66 x 10* He,
Phase = —[tan™" (7.66) + tan™"' (0.766)]

= —[82.56 + 37.45)

= —120°

|T(fl)| =1= (105)5
\/1+ 766 \/1+(0766)

___(10°)8 on -
—mﬁﬂ—g.ﬂxlo
E12.29
—_ ° . _ -1 i’_
Phase = ~180 3tan <105)
or tan™! (Tj'(.)-;) =60° = f'=1.732 x 10° Hz
()] =1 = (100
_B(oo)
[ 1+(1.732) ]
E12.30

Phase Margin = 60° => Phase = ~120°

Phase = —120° = =3 tan"" (I%?)

!
tan™! (—f—) =40° = f' =0.839 x 10° Hz

108
IT(f) =1= .__E(L23
L+ ()]
- B(100)
"o
= f =0.0222
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El12.31
The new loop gein function is
10°
T'(f) =

. ;
(143-55) (4 o)

1

(1+j-%,-) (1+i'—-“—'5xf10,)

- _ -~ _f -1 f
Phase = {tu (fpo)-Hu (leo-")
- f
+tan l(1£1)+‘ l(Sxmﬂ)}

For a phase margin 45° => Phase = —135°, the poles are far
apart so this will occur at approximately f' = 5 x 10° Haz.
Then

[T‘(f)|=1= 5 2105
1+(5x10) x\/1+1x\/l-x\/f
frp

X

5 105
(1 414)\/1 + a

- 5\ 2
1+(ﬂ—10—) =5x 10°
fep

~ 5x10°
fPD=-—5\/—ﬁ=> pp = 7.07 Hz

243

El12.32

Phase Margin = 45° = Phase = —135°
This will occur at approximately f' = 107 Hz

T'Hl =
10’
\/1 + 2 x V1
107 )
1+ =5 10°
(fPD X
,/5 = = fpp = 141 Hz
F12.33
AL0) = A0 2 x 10°
10 =7 + A0 1+ (0.05)(2 x 108%)
= As(0) =20
fo = fep(1 + BAo) = 100(1 + (0.05)(2 x 10°)]
= fc =1 MHz
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Chapter 12
Problem Solutions For A, =-120=—220__, 5_0008
1430008  ————
12.1 () Now V,, = (-9)(-135)-18)V_ = -2187V,
a Ar = —A_.
Y Then 2187 2187
_ 108 oo 10° A =— = =-11824
80 = ;o < L (0 )8 =55 1421878  1+2187(0.008)
20-118.
0 _ 1 % change = 10—”———2-4—x100:> 1.47 % change
=>f8= —5-01-0—5— = 8 = 0.01249 120
12.4
dA; _(Ar) . dA_ 80
b As ‘(A)' A = 1ov (20
or
447 o _0.016% -
A -—
Ay =80 —(0.00016)80 = A; = 79.99
! ( )80 = Ay U
&
10°
= — +
¢ 8= TTaes
3
0,
f=Hm— > p=0.015 -
d4; _ (80 _ a4y _
A, —(103)( 20) = Vil 1.6% __L
Ay =80 —(0.016)(80) = Ay = 78.72
12.2 Vo =V, =V DV =V, -V,
(4) Then v, = A(v,—v,)= Av, - Av,
a. A = e ° o
T T+ (a8 And
1000 v,(1+ 4) = Ay,
100= —2999 __ 5 = § =0.009 so
1+ (1000)8 1000 _ v 4
2= _-09998=> A=4999
b. A goes from 10 to 11 so Yi
(11)° _ 1331 12.5

12.3

! = T+ (11)°(0.009) _ 1+ (1331)(0.009)
or

Ay = 102.55

50
AA 2.55
287 499
A, Too = 2.55% change

(8) ¥, =(~10Y~15)-20)V, = 3000V,
Vs = ﬂVo +Vs
So V¥, =-3000(8V, +V,)
We find
_V,  -3000
A Ve 1+30008

245

(10°)(4)=(50)f, = f,=8kHz

12.6
(@) (50)/sp =(10°)4) > S, =8KHz

®) (10)/,p =(10°)4) > f, 5 =40kHz

12.7
(50)(20 x 10°) = 540 50 Ap = 2 x 10°

12.8
vo = A1Aavi + A1vn
vo = (100)y; + (1)wg = (100)(10) + (1)(1)
L So_ 1000

Mo = 1 = 1000
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12.9 12.11
@ @) R(max)=R(1+T)=10(1+10") =
~ S
A Lo w57 R (max) =10° kQ
Awo (-l-(o'ﬂ(b,,)
As R(min)=—2 = 19 1040
Fo 1+7 1+10
11?53@3’7 Or R(min)=1Q
() R,(max)=R,(1+7)=11+10"})=
R (max) = 10*
Rmin)=—e =L _=10* 40
1+7T 1+10
73, Or R, (min)=01Q
Mer 4 ey -
12.12
&1 i
Overall Transconductance Amplifier, 4, ==

Series output = current signal and Shunt input =
current signal. Also, Shunt output = voltage signal
®) and Series input = voltage signal. Two possible
solutions are shown.

'55{( s - gries —> > ShunT- HRies

J

Seaigs -Sekcer > — Seties -Series

Circuit (b) - less distortion 12.13
12.10 N 2,
(a) Low input R => Shunt input MV
Low output R=> Shunt output ¥,
Or a Shunt-Shunt circuit [YMwIW—= —
(b) High input R => Series input gt Ao
High output R => Series output -
Or a Series-Series circuit T-;
(c) Shunt-Series circuit
(d) Series-Shunt circuit
vs —vd _ Vo — (Vs =~ vq) _ W
R, Ry and vg = A
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1 1 Aorvd | (Vs ~ vd)
11 1 R RSN T
vs(R—1+R—2)=%[1+Z(l+ﬁ%)] W(Ro+Rz) Ro T R,
(1+2) B Lopd
v\ R o= s
vs 1 R, (_+_)
1+A(1+ R}) Ro ~ Ry
From (1):
which can be written as
1 JAorva | (vs—vd)
Ay["‘—“'y-= A . __ Vs ~wvg Vs — vd R, [ Ry + R,
s R, Is=—Fp—+ -
L+ |A/{(1+ & 1 R, <L+L
1 Ry  R:
1 1
b = -—-R- —_—
’ 1+ =2 is=vs —+-3——-——R—R’
R] Rl R2 1+_i
10° ROA
c. 20 = ——n 1
T+ (10598 L R
—va| ==+ 5=+ 2
R1 R2 1 2
w "R
S°ﬂ='m105_'=’ﬂ=°'°4999 va=isRi
Ra 1 1
Then pr =5~ 1= Toae98 ~ ! Rl(g+ o)1+ 2) v dee- 2
. 1 2 2
= % =19.004 1541+ g2
Ro
d A —8x10t 1 L)( &)_1_
= Vs (R\+R2 1+R° R,
8 x 10* - R,
A1 = T = 10%)(0.04999) — 10999 "R
AAy 0.001 AAy
= - = = —0.005%
R 1 A
A’ 20 _AL___.._ ts 1+§3.+R'-_1_+_2_ 1 +__+_°.I:.]}
Ro Ri R R R R
1 R, 1 1
_vs[——+ "—"+"—]
12.14 Ri R R Ro

is{Ro+R2+Ri[%;-+(l+R—:) +Ao;_]

B (B
_vs[—il—+(1+ Rx)]

Let Ry = 190 k2, R; = 10 k2

(1)

is{O.l + 190 + 100 - [01—01 +20 + 10‘]}

0.1
=vs [—1'0- + 20]

R, i5(1.000219 x 107) = v5(20.01)

A,,=(1+§-’-)=2o=>—=19
R;

R.-,=1:,525x105kn=:12‘[5500Mn
5

vs-—-vd+(vs-v.4)—vo

= TR, Ra

(1)

vo = AoLVd R (vs — va) —
Ro Ra

0 )
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Output Resistance From above
Rp)
I 14 =—] =1
jb( + Rs [}
[ VY VY | Iy Rp)
_ ZFEY o
\Qn 21 (Is A-‘) (l+ &, [
L - = 1 R
= e q Is(l+%£)=fn[l+7(l+-ﬁj—)]
k&) R- v‘ 3 s
d . a ),
* . o= . or
Rp)
14 =~
I _Vx—AoLUd+ Vix A _ I _ ( Rs
*TT R TRIAIR E L+ 5]
—Rl”Ro V. A" Rs
Vo o= rmmmmm—r————
‘TRNR+R _ A, A
1+ 7R\
Ix 1 _ 1 A RR 1 (1+_F_>
Vx  Roy Ro  Ro(RuillRi+ R2) = Ra+ Ri||R: Ry
Ri||R: = 10}j100 = 9.09
11 10-"(9.09 )+ 1 1
Ro, ~ 01 701 \909+190, T 150+ 9.00 b B = _('——Ii_p_)_
14+ =
= 10 + 4.566 x 10* 4+ 0.00502 R,
Roy =2.19 x 107° k2 = Roy = 0.0219 0 10°
¢ 2= T8,
12.15 108
— -1
& Qe s0 B = J%.OT_ = B = 0.03999
— Re _ 3, __t LR _og,
Tre o g =g " 1=gmee TR
Y . e
T d. A =10° - (0.15)(10°) = 8.5 x 10*
Ll .
% TS R; @3 ‘
-T 8.5 % 10
€ = = 24.9989
L L S0 Aif = 7785 = 104)(0.03999)
-3
s AAiy =__1.10)(10 = 441 x10~°
Aif 25
Assume that V; is at virtual ground. = —4.41 x 107°%
Vo = —~IswRr
Now
_ o IjnRp
I!b—I0+R3——IO e
Ijb = 15 - I(
and
I
lo=Adc=1.= 1%
80
1o Is=Ic+Igp, Vi = LRi
Igp=Is ~ ™

1,,,=10+-;;'°—md%=w—1,my
3

I
10=Aa1.=>1,=74"—i
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Now

Iy = A+ ila-(vl ~ IuRF)

1,.[1 + -’;—:] = Al + X—’s

In=1Is~1I,

(Is ~ L)[l + -;—:'] = Al + -1%-

I [1+%-’-] =I,[(1+EF) +A‘] +RL:

=1—s'= 1 RF . 1
{-E {(1+E)+A.]+E

The /R, term in the denominator will be negligible.

Using the results of Problem 12.15:
25 '
Riy = : -
-2-[(25) + 10%)

Riy=5x10"*kQ = Ri; =050

Output Resistance (Let Z, = 0)

Vx

Ix = X 4 AL

X=R YAt RATE,
[o= VX

¢~RF+R|

50

Ix 1 1 Ai+1 Rr

=24

Let Rp =240k, R3 = 10 kQ
1 1 10° +1

Ro; 10 T 220+2

Rr+ R, _ 24042
Ac+1 108 41
= Roy = 2.42 x 107 k2 or Roy =~ 2.42 9

so Roy =

249
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12.17

v/
< "Slé_
= Qe
In = (1+hre) L= Vs - Ve
E= hrE 0 RE
Io
Also Iy = hrp(A,Ve) so V. = FreA,
Then
1theg | Vs Lo
hre °~ Re hreA4RE
[1 +hrg 1 ] _Vs
hre hrgAsRe|"° ~ Rg

[A,(l +hre)Re+1], Vs
hreA RE °~ Re

VOO S YW
Vs Re |14+ A;(1+hre)Re
= 10_ ~ h___F‘EAg____.
Vs 1+(hFEAg)RE
b. fB.=Rg
5 x 10%
¢ 0= o,
5 x10°
1
= = = 0. 8
B g = B = Re = 0.099998 k)

d I A, — 5.3 x 10° then

_ 5.5 % 10°

T 1+ (5.5 x 10%)(0.099998)
AAg, _ 1.82%107°
Agp 10

Agy = 10.0000182

= 1.82 x 107'%
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12.18

Ig =(1+ hre)AGV,, IE= %g—- ~Is and V. = IsR,,
E
Ve=Vs -V, =Vs - IsR,
Now (14 hrg)A,IsR, = RL (Vs = IsRi) = Is
E

R Vs
AgR; + =~ 4+ 1|Is = ==
[(1 + hre)AgRi + Rs +1|Is Rs
V. R;
R(/=—£=RE (14+Are)AgRi+ 5— +1
Is RE

From Problem 12.16:
(1 4+ kre)Ay
Reg =~ 0.1kQ}

so Riy = (0.1) [(5 x 10°)(20) + :;.1 + 1]

~hrpA;=35x10° mS

or Riy =10° k0
- < R
y ) 4 ‘4 “E,]
« 3%, A-\/ -
+= %4
e
Ve
',-_: = A,V,
Ix = gmVi + VL}E—VQ M
Ve = —(Ix + AgV)(RE||Ri) 2)

or Ve =[1 4+ Ay(Rel|Ri)) = —Ix(Rel|R\)

Now
V; V.

Ix = gmAgraVe +—Ez—+ﬁi n
1 —Ix{REe}|R:) ] Vx

1 = mA L3 - o

x (g i *Ro)[HAg(REn&) "R

V;
Roy = =

= Ro{l + (9mA9"" + 1;7) [%N

gmTrAg = hppAy = 5 x 10° mS
Let hpg = 100 s0 A, = 5 x 10° mS
REg||R, = 0.1}|20 = 0.1 kQ

Then

0.1
R°/=50{1+(5x10 + )[—-————-1+(5X103)(0 1)]}
orRo/=5.04Mﬂ

12.19

Assuming V) is at virtual ground

Ve
(=V6) = —IpsRr and (=Vo) = —A;Le = I = =2
I/b=15_1¢
Vo
SoVo=(s~1)Rr = IsRr - e Rp
R
%[H;&]:ISRF
50 A —&— Re = Afr
VUL T [ Re] T A+ Re
A,
orA,,: As As
1 14+ A8,
L+ AL (R )
1
b = —
Bg RF

250
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5 x 10°
c. 5)(10‘:—-—-____.—.
14 (5 % 10%)3,
5 x 10°
_ 5 x10¢ _ -5
ﬂ,_-————_Sx 15 = f, =1.98 x 10

Rr=—1—=>RE=50,5kﬂ
Bs
d A= (0.9)(5x10%) = 4.5 x 10°

A, = 4.5 x 10°
T 14(4.5 x 108)(1.98 x 10-3)

BAy _ 554989 1x107 = —011%

= 4.994 x 10*

A 5x 104

12.20

Vl = Ian "'VO = _AXI!‘ = VO = A:L
Ijp=Is—1I.and —Vo =V = I RF

- Al =V —(IS—Ic)R-F
Vi
—A.( ‘) =V —-Ier+(%_->Rr

R,

N A, . Re
ISRF_VI[1+R.‘+R.']
i Rr
B1=Ts = 1+ﬁ+££]

R, R,

Or, using the results from Problem 12.18,

Rif = - 50.5 x 10° ,
d | 4 5X10° 7505 x 107
10 x 105 10 x 10°

_ __50.5x10°
{1 +500 + 5.05)
= Riy =99.79 Q

12.21
Assume /., =02 mA
100K 0.026
Then r, = (_)éi_) =13 kQ

= 1Ra

~
AN

where V_=V, -V,
Then

Then
(5x10°)(101); v (101) ¥,
14 14 10
_((5::10’)(101) 1

14 10]*

Rearranging terms, we find

| 4
=-2=1097
4, %

i

V__V ( 4 )
== = Rl
A (V,;{V,) =7

Vo= gslt, +,) = L7, +1057) = 09975,
Then
1
=| ——— (10 k2 =4 MQ
B (1-0.9975)( )= R -4
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To find the output resistance:

; +(AVVE—V)(I+h ) v,

R +r, R7 +RJ|R
V.= -[_._‘___‘___).Vx
R|R +R,
Now
R|R =1J10=0909
Then
V, =-00833V,
Now
5x10°)(0.0833) +1
I = Vx{[u___)j_}(m) + _1___}
1+13 10 +0.909
=V,{3.012x10° +00917}
Or
14

7& =R, =332x10"kQ= R,=0332Q
12.22

a. Neglecting base currents

Ic, =0.3mA, Ve =
Icy = 0.5 mA

S n=0
Then Icy =2 mA

12 — (0.5)(22.6) = 0.7V

hre-Vr  (100)(0.026)
= = =52kQ
b. Trl Tx2 ICl 0.5 5.2
g2 = 2 = 1923 mA/V
gm1 =9m2 = G926
_ (100)(0.026) _ . .o
2
2
= —f =176.92mA/V
gm3 = 57026 mA/

L,
1

Re =
+
VC \~/v| e
vvr vn'
l+9mlvnl+9mlvw2+ 2=0
T Tw)
1
(vﬂ'] + vvr2)<_ + gml> =0
Tri
= erl = =V (l)
Vw)
Vi = . 1(R$+ re1) = Vi + Vin
or
R
Vi= Vn1<1+:~i) ~ Vr2 + V2
wl
But Vw? = —Vmr
50
Vi=Vn (2 + f—s) + Viz 2)
L2 1
Vo2 \%
%2 4 gV + 227V &)}
R Tn3
Vra Vo Vo ~ Via
3 g3 Vs = oL 4 2 Th2
P + gmaVra RL i
Vea = Vo2 — Vo
30
1+ hre 1 1 Vo2
- _— —_—) = === 4
(%2 VO)( Txa ) Vo (R Rz) Rz ( )
Vo = Vo Vb2 Vea _
T Rx + = 0 (5)
Substitute numbers into (2), (3), (4) and (5):
Vi=-Vel2+ 1— Vi
V= 2 ) + V2
Vi = ~Vr2(2.192) + Vi )
Vi ‘) +(19.23)V, -v( )—o
02 22 726 " T\ T
Vo2(0.8135) + (19.23)Viez — (0.7692)Vp = 0 3)

252
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101 101 1 1 1
"(1—3) -V"(ﬁ“‘z“‘E) "V"’(s_o)

Voa (77.69) = Vo (77.96) — V42(0.02) @
1 1 1 1

Vm(ﬁ-%-l-a) -Vo(ﬁ) +Vw2('§3) =0

V52(0.120) — V5(0.020) + Viz(0.1923) = 0 ®)

From (2): Via = Vi + V¢2(2.192). Substitute in (4)
and (5) 1o obtain:

Vor (77.69) = Vo (77.96) = [Vi + Va(2.192))(0.02)  (4)

[Vi + Vi2(2.192)](0.120) — V5(0.020)

’
5)
+ Ve2(0.1923) =0
So we now have the following three equations:

V02(0.8135) + (19.23) V3 — (0.7692)Vo = 0 3
Vo2(77.69) (4;)
= Vo(77.96) = Vi(0.02) — Vi2(0.04384)
(0.120)V; + Viez (0.4553) — V(0.020) = 0 )

From (3): %'2 = V0(0.9455) — Vx2(23.64). Substitute
for Vo2 in (4 ) to obtain:

(77.69)[Vo(0.9455) — V2 (23.64)]
= Vo(77.96) ~ V;(0.02) — Vi (0.04384)
or

0 = Vo(4.504) — V;(0.02) + V42 (1836.5)

Next, solve (5') for Vi :
(0.120)V; + V2 (0.4553) — V5(0.020) = 0
V2 = Vo(0.04393) — V;(0.2636)
Rinally,
b = Vo(4.504) — Vi(0.02)
+ (1836.5)[Vo (0.04393) — V;(0.2636)]
0 = V4 (85.18) — Vi (484.12)

So

Vo 484.12

Ay1=~VT=m-8-=>Ayl=5.68

253

12.23
8. Rrg = Ri||R; = 400}{75 = 63.2 k1

Ra 75
Vou = [ =2 =( T
TH (R1 + R,)V“ (75 + 400)(10)

=1579V
1.57% - 0.7
3.2+ (121)(0.5)
Icq; = 0.853 mA

Isqr = = 0.007106 mA

Vei = 10 — (0.853)(8.8) = 249 V
248 - 01

Iea = 76 = 0.497 mA
Vea =10 — (0.497)(13) = 3.54 V
3.54-0.7
R ———— = 2.0
Ics T1 2.03 mA
Then
- 120){0.026) = 3.66 kQ
0.853
0.853
gm1 = 538 = 32.81 mA/V
_ (120)(0.026) _
[ 0.497 = 6.28 kQ2
0.497
gm2 = gooe = 19.12 mA/V
= 120)(0.026) = 1.54 kO
2.03
2.03
9m3s = 5056 = 78.08 mA/V
b.
) 3~V
“ -
Kl' - Vas

Vi=Vm+Va=22Va=V,-Vy

Vi1 Va  Va-V
L b gV = = 2
ru1+y trm Rm+ Rp

Vaz = —(gm1 Vo1 )(Realjre2)

V. Ve V.
gma Ve +"'Ekj-_—i+i=0
C2 Txd
Vs Vo Vo = Va
Yus Vig = =0 4 = Ve
— + gma V=3 Res + Ry

Substitute numbers in (2), (3), (4) and (5):

0]

2)

(©)

@

&)
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1
V 0
(s +m) = - v,,.( A

or V»1(35.18) = V,(2.10) — Vo (0 )]

Vp2 = ~(32.81)V,, (88]/6.28)

or Vig = —Vx(120.2) )]
Vs Vo
(19.12)V,2+1_3+T§+ =0
or
Vi2(19.12) + Vi3 (0.7263) + V5 (0.07692) = 0 @
1 1 V.= Vn
Vi 78. - —
«a<1.54+ 308) Vo( +10) o
or
Vr31(78.73)
= V(0.8143) — V;(0.10) + V;1(0.10) )]
Now substituting Va2, = —V;;(120.2) in (4):

{19.12)[—V#1(120.2)] + Va3 (0.7263)

+ V5(0.07692) =
or
— Vr1(2298.2) 4+ Vr3(0.7263) + V5(0.07692) = 0
Then
Vs = Vi1 (3164.3) ~ V(0.1059)

Substituting Vys = Viry (3164.3) — Vp(0.1059) in (5):

(78.73)[ V1 (3164.3) — V4(0.1059)]

= V5(0.8143) — V;(0.10) + Vr;(0.10)
or
Vi1 (2.49 % 10°) — V(9.152) = —V;(0.10)
Then

Vi = Vo(3.674 x 107%) — V;(4.014 x 1077)

Now substituting Vi1 = V5 (3.674 x 107%)
—Vi(4.014 x 1077) in (2):

(35.18)[ Vo (3.674 x 10™%) — V;(4.014 x 107")]
= Vi(2.10) - V5(0.10)
or V5(0.1013) = V;(2.10)

Vo
So V. = 20.7

Vi
¢ Ry= T and Iy = Irp1 + In

1

Vi
Inp1 = Rar

V-rrl
Iy = ~——
L 31

Now

Viy = (20.7V,)(3.674 x 10™%) — V;(4.014 x 1077)
Ve = Vi(7.60 x 107*)

Then
Vi
R, =
PV V(160 x 107%)
632 3.66

1
~ 0.01582 + 2.077 x 10—+

or R =62.4 kQ

d. To determine Rqy:

Equation (1) is modified to V,; + Vo3 =0 (V; = 0)
Equation (5) is modified to:

Vra(78.73) + [x = Vo(0.8143) + V1 (0.10) )]
Now

Vir1(35.18) = —V,(0.10) 2)

V2 = —V1(120.2) 3

Vi2(19.12) + Va3 (0.7263) + V5(0.07692) =0 C))
Now

Vit = — Vo (0.002843)

£{s]

Vi = —(~V5)(0.002843)(120.2)
Vi = Vo(0.3417)

Then

Vo(0-3417)(19.12) + Va3(0.7263) + V5(0.07692) = 0
or

So then

— Vo(9.101)(78.73) + Ix

= V5 (0.8143) + (0.10)(—V5)(0.002843)
or

Ix = Vp(717.3) *

or

Ros = }/—° =0.00139 kQ = Ro; = 1.39 0
- Jop=1498
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12.24
b.
v
[N
VO = (gml Vgn + graZV,r)RL
Vt = Vgl + Vu
- + gm2 Vw + r =0
l
=0
( ) Re2
Ve v -
'1‘_': glega + Ron =
or
Ve Ve
= Rp [-;: + Ry gm1 Vg:]
Then
v (1+hn:) Rp1 [Vi
L]
T REQ

80 Ve = g1 R,,(—R—-

(1)

@

3

@

255

Then

R
VO = [gml Vg.v + gmigm2 Req( Rl;; ) Vya] RL
so

Rp
‘/0 —gmeL[l +9m2Req(RE )](V —Vo)

SO
R
V gmi Ry [1 +9m2Req( Dl)]
0 —

' 1+gmlRL[1+gm2R¢q(_‘)]

A, =

R
c. SV =

Vx
MV‘ me—
1x+9 1Yg +g 2 RL
Vgs=—VX

From part (b), we have

R
Ve = gmi Reg ( %‘-’;) Vys = =g Req (ﬁ) Vi

Ix _ 1 - RDl)
VX - Ro R +gmlgm2Req(Rsz

gmi ll 1 Rpy
Im19maReq (E)

Vo = (ynga)Rs
Vi=Vg:+Vo 30V,.=V|'—Vo

(¢Y]
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Then 14
A V‘ o X
Vo = gmRs(Vi - Vh) R ™ R 98, & &
gmRs 1(2) ~
T+gnRs  1H(D(2) 2=
R
To determine Ray =
Ix +gmVye = ;—x and Vg, = —Vx Vs =Vn + Ve (1)
s
Ix 1 1 v, V. V.-V
—_——= —— = gm 4+ — _11 = Ye e 0
VX RO[ g RS Tl +gmlvnl Rl + RF‘ (2)
1 1
50 Roy =—“ Rs == \2=>Rof=0.667kﬂ
. gm 1 _— V2 Vez | Vm
—in Vel + =2 2212 3
gma1 1+R01+RB'2+‘H2 3)
b. For K =O.8mA/V’ Ve Vo = V.
" m2 Vi 9 =Y 0 4
gm2 Vw2 + R + Ry 4)
gm = 20/(0.8)(0.5) = 1.265 mA/V
(1.265)(2) Substitute numerical values in (2), (3) and (4):
Ay = ————"t—— = 0.7167
1+ (1.265)(2)
AA; 07167 — 0.667 ) Ve=Vs—Vm @
= = 7.45% increase
Ag 0.667 e Vs
55 + (35.96)Vi
1 1 1
Ry = Tzl'— “ 2 = 0.7905)}2 =(s- V"‘)(ﬂ + I'f) -V (Z’F)
Ro 0.5::6 o
Al’%‘ 5666 — 0.667 Vi1 (46.89) = V5(10.213) — V;(0.2128) 2
L == - = 15.05% decrease
Roy 0.667 e 35.96VVos 4 Voo [ L 1 1
96Wry +Viez | — 4+ —— s —— | =
(35.96)Vmy + 2(1()+19.4+o.703) 0
12.26 or
dc analysis: (35.96)Viry + Via (1.574) = 0 @
Ry = 150]]47 = 35.8 kQ, 1 1
‘ 47 (71.18)Vea + Vo (ﬁ+ :1_'.7-)
\% = —_— = 5. Vv . .
THI (47+150)(25) 5.96 .
~ (Vs - — ) =
(Vs V"‘)(4.7) 0
Rraa: = 33][47 = 19.4 kQ, or
” (71.15) V2 + V0(0.4255) — V5(0.2128) @
V; = | ——— 5)=103V
TH2 (33+47)(2 ) =103 + Vi1 (0.2128) =0
5.96 — 0.7 From (3) : Vs = — Vi (22.85)
-—— e = 0.0187 .
s = 55 Gy — 00187 mA Then substitute in (4) :
Icy = (50)(0.0187) = 0.935 mA —~(71.15)V;; (22.85) + V5(0.4255)
10.3 - 0.7 — V5(0.2128) + V41(0.2128) = 0
Ipy = ——————— = 0.03705 mA

19.4 + (51)(4.7)
Icz2 = (50)(0.03705) = 1.85 mA

o = 50)(0.026 = 139 kQ:

0.935

or

— Vi1 (1625.6) + V5(0.4255) ~ Vis(0.2128) = 0

From (2) : Vi = Vs(0.2178) — V;(0.004538)

. Th
rog = BO0026) _ 20340 e
1.85 —(1625.6)[V5(0.2178) — V4 (0.004538)]
0.935 Vo(0.4255) — V5(0.2128) = 0
mi = ——— = 35, v + V0(0.4255) — V5(0.2128)

gmi = Foon = 35.96 mA/

1.85
gma = gooe = 71.15 mA/V

) 256
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or — Vs(354.3) + V,(7.802) =0
Pinally

= ﬁ = 45.4
Y.

12.27

For example, use the circuit shown in Figure 12.23

12.28
V+-_ 2V
%
Q“!{ 72N [‘
Ml Mﬂ-
—l): %\/\,‘
== :E': S
o.2mwA v

V-

For M,: K, =£2—"—(E,—) Let (K) =25
3 3

Then K, = (Q%Q 25) = Lmd /P2
Want v, =0 for v, =0, so that

Ipy=1Ip =04=1(Voey = Vi)'

Then Vg, =‘/QT4+2=2'63V

For Vs, =263V =V, =12-1,,R,
Or 263=12—-(01)R, = R,=9374Q

L

257

8us = 2K, 1y =2,/(1)(04) = 126 m4/V

& _(__10 _
v, —(R, +R2}V,) "(120+10)(V°) =0.0769V,

(Small amount of feedback)
(W) V=V =V, +V,

£52

@ gl!V'.I +guV¢.z =0:Vpl =-V,

52

Then

V=2 4V, V0 =50, -)

V,,; = 003846V, - 0.5,

() Ve = -8V iR = —8.R,[0.03846V, - 0.5V]
@) Voy =V =V, and ¥V, =g,V [R R +R)|
So

V,= ng[RLlKRI + Rq)](VB -V,)

Then

V, = 2[R, + R)|[-8.Ro(0.03846V, - 057,) -,
Or

Va[l + 2[R R + R,)| 8.R,(0.03846) + 1]]

= gms[RLIKRl + Rx)][o-sngD]'Vi
Now
R (R +R,)=4130=388
So
V,[1+(126)(388)[g,(93.7)(003846) + 1]]
=(1.26)(3.38)(0.5)g,.(93.7)V,

Rearranging terms, we find

ﬂ.:zzg;&:lO:’gm:l.llmA/V
V, 589+176g,

We have

0.080\ W
=2 —\ —o1) =
( 2 L)< )

(-5

12.29

Assuming an ideal op-amp, then from Equation (12.58)

Io Jio) 20
— —_—= — = 100
Is 1+ R, 0.2

R

Then-E-=99

For example, set R2 = 5 k(2 and R, = 495 k{}

12.30

h 100
a) I. = FE_ 1 =1 —1¥02)=01
@ I, [m.m]“ (101)(0) 0.198 mA

Ve =10-(0.198)(40) =208V

L 2.081—0.7 3

100
I, =[ 19 38)= 137
e (101 )=137mA
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. and substituting into (2),
For O:: (7.62)V,, +V,,(05513)
(100)(0.026)
“=T0108 3.1k +0025)[V,,(4839) +V,, (00909)}=0
0.198 or
B =006 - [ S2mAIV (1.622)V,, +V,,(1761) =0
For Q,: =V, =-V,(02310) )
100)(0.026
P2 = ( 2(37 ) =190 kQ Then substituting (2') into (1"), we obtain
137
82 = G0 = o2 ATV I, =(02672)(-V,,)(02310)-V,,(4.839)
or
(b) Iy = "‘/n2(4-90])
€0 — Now
3 i_‘ 5 v 1 =—g \ .__1_?&._
' +) M +J  Feitn l [2) m2¥n2 R(‘z N RL
eY V'I T Vf‘- bl v R - Qn. 9
- 4 B e = (527 V., =-(42.16)V,,
: : (529 5255 o = 02161,
b 7 fe
Then
L -1
- I, =-(42.16) ——
o o= (o216 k)
15=_'_1+.L1+V/n—v< (1 or
Ry r, R- l
V.o+v v AU=—iQ=8.60
BtV + £+ 22 =0 (2) S R
c1 ez
V., vV, V.-V 1%
+g,,V,=—t+ o =2 ;=
rx: gml 2 RE RF (3) (C) R.‘ IS and R: RS“RJ
We had
V., =-V,,(02310) and I; = -V,,(4.901)
SO .
Substitute 1numelrical \l'alucs in (11), (2), and (3): = _( -V, )(4.901) v, (2122)
15=Vn|(—+ﬁ“+—”)“v,(—) 02310
10 131 10 10 Then
I;=V,,(02763)-V,(0.10) m R Voo b o413
v ) I, 2122
(7‘62)‘/,1 +Ve2 E"I'EB +V, 26 =0 Finally
- 10R,
(7.62)V,, +V,,(05513)+V,(0025)=0 (2) 004713 = —— L =
v —'—+527)~v lJr-‘-)-v (l) 10+ K,
L0 T A1 10, "\1o R, =474Q
V,,(53.23) =V (110)-V,,(0.10) 3)
12.31
From (3), (a) Using Figure 12.25
V, =V,,(4839)+V,,(00909) 1 v, Ver = Via o
v = . R
Substituting into (1), Rs|Esifjrm F
I, =V,,(02763) . Voa Va _,
~(0.10)[V,,(48.39) +V,,(0.0909)] gmiVm 4+ g ¥ T @
or = gmiVm + —&2——““
I, =V,,(02672)-V,,(4839) (1 Reil|Rpalirma
258
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Via V, Va =V,
2 L gmaVey = = 22 M
o2 +g 2Vx2 RE? + RF
Rca )
Iy = | ——— 1 (gm2 V&
¢ (Rcz+RL (gm2 Vr2)
e tm  Va
Rs{iRpilireillRF Rrs
so that
Rp

Vao=| =——=—————|Vp - Rpl,
’ (Rsuﬂmnmunr) mTar
Then

148, 1 1
Ve = ——— ——
2( Tr2 ) (Rsz + RF)
RF ) } an
- F - Reliy - 2
x{(RsIIRmIImIIRr 1o Relip - g,

From (2):

N R
L3 T == T T
gm1  (Rcr]|Realire2)
Then
v (1+ﬁz) V2 1
2 = .
T2 gmRr Rci||Rpz2lr=

o) (Eemmtrets) )
x{l-(1+ 5 ) ot
{ ( Rg2 / \ Rs||Rai|rm||RF
Rr
—(14+5—L
( + RB:)
Solve for Va2 and substitute into Equation 4.

®)Rpyp, = 20‘]80= 16 kQ = Ry,
Vig = (39-)(10) =2V

100
2-07
I, ,=—————=00111mA
22! = Te+(101)(1) =
Iy =111m4

Ry, =15[85=1275kQ

15
Vigs = 10)=15V
™ (15+85) )

15-07
Iy == 00126 mA =
27 12.75+(101)(0.5)
1oy =126 mA
111
g =———=4269mA/V
0026
£ =28 - aga6mAIV
0.026
100)(0.026
= 10N _, 34k
111
100)(0.026
. (100X0026) _, o612
126

From part (a)

@ Vv (lgl)= Va . 1
206 (42.69)(10) 2[12.75)2.06

@ 1—(1+R . | .
, * 05} 10000f16f2.3410 -( +E)
1) So
V., (4934)=-(21)/,

or
V., = -04256l,

I

No

w
I, = {—4—)(48.46)(-0.4256)1,.
4+4
or
, A4 = L 103
@) d
From Example 12.9, computer analysis showed
A4, =958. The difference in results is usually in the

calculation of quiescent currents which leads to
slight differences in the small-signal parameter
values.

12.32
8. Rra =13.5|38.3 = 9.98 kQ

13.5

Vrg = [ ———=—)(10) = 2.606 V
TH (13.5+3s.3)(1) 2.606
(120)(2.606 — 0.7)

= 1.75
S8t (2 o mA

Iev =

Ver = 10 — (1.75)(3) = 4.75 V

- 4,75 —-0.7
Y e == (0,50
Ic2 o1 0.50 mA
ry = (1200(0026) _ 2o
1.75

1.7%
9m1 = 5556 = 67.31 mA/V

rog = L200026) _ o) 0

0.50
0.50
gm2 = gooe = 1923 mA/V
b.
& %
Y * R 3>
. % Yad ™ R,
s S e
[ —= =
.\/z\, %ﬁa
3

259



Electronic Circuit Analysis and Design, 2™ edition Solutions Manual

VS - Vlrl - V!rl + erl. - V¢2
Rs ~ Rp|rm Rr

V!r! + Vez V|r2

— =0

Ve +
gmi1Vm RC1 Tr2

\% \Z Vez -V,
=2 + gm2 Vi2 = —2 + L2 _m

Tr2 Re: Ry

and

Vo = —(9m2Vr2) R
Substitute numerical values in (1), (2), and (3):
o6 "|os tomee 12| 12
or

Vs(1.667) = Vi (4.011) — Vi(0.8333)

Vs Vo [ 1 Vi 1 Vea

11 V.
731)Va + Vo | =+ —— 2
(67.31)Vms + ’(3+s.24)+ 3 =0
or

Vire1(67.31) 4 V2(0.4936) + V,3(0.3333) = 0

1 Veo | Ve Vi1
V"’(s.24 + 19'23) =317 12 12
or

Vi2(19.39) = V,.2(0.9568) — Vi1 (0.8333)

From (1)

Vea = VK1(4.813) — VS(2.00)

Then

Vi1 (67.31) + V2 (0.4936)

+(0.3333)[Vir1 (4.813) — V5(2.00)] = 0
or
Vir1(68.91) + V2 (0.4936) — V5(0.6666) = 0

and

Vir2(19.39)

= (0.9568)[Vir1 (4.813) — V5(2.00)] — Vi1 (0.8333)
or

Vi2(19.39) = Vpy (3.772) — Vs(1.914)

n

2

K))

)

)

2

3

2)

3)

We find

V1 = V5(0.009673) — V,,(0.007163)
Then

Vr2(19.39)
= (3.772)[Vs(0.009673) — Vir(0.007163)]

- V5(1.914)

Vi2(19.42) = Vs(—1.878) or Vea = —V5(0.09670)
so that

Vo = —(19.23)(4)(~V5)(0.09670)

Then

Vo
2% 186
Ve 1.8

12.33

v,
Using the circuit from Problem 12.32, we have R, = —[5‘—
s

VS - erl
Rs ~

From Problem 12.32

where Is =

Vi1 = Vs(0.009673) — Vir(0.007163)
= V5(0.009673) ~ (0.007163)(~Vs)(0.09670)
= V5(0.01037)

So

V(0.01037) - (0.6)
o Vs(0.01087) - (06) _ 4 60629 kO
Ry = 5 =V, Gor0sm) = %8

or

Ry=6290Q

12.34

Rry = 1.4{]17.9 = 1.298 kQ

1.4
= —=—)(10)=07254 V
Vra (1.4+17.9)(1 )
0.7254 — 0.7
= = 0.0196 mA
Ien 1.298 -

Ict = (50)(0.0196) = 0.98 mA

Neglecting dc base currents,

Vo2 = 10 — (0.98)(7) = 3.14 V
3.14 -07

=t ~325mA
Im =557 0s m

Ica = (%%) (3.28) = 3.19 mA
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= g%so—zﬁl = 1.33 k)
0.98

0.026

_ (50)(0.026) _
Faz = St = 0.408 k2
319

gma = 0026 =123 A/V

Imy1 = =31.TmA/V

7]
M Vs &

V’PI erl - Vl

Is =
S= RilBalirm T Rr

Vs V; Ve
gmi Vi + 224 22t Y2
T2 Rey

Vﬂ'? V.z - V]
2 b gV = 2
Tw2 + gma Ve REI
Va-Ve _ Vi Vi-Va
Rey  ~ Re Rfp

Enter numerical values in (1), (2), (3) and (4):

_ Va Vo =i
Is= araias t ~ s

or

Is = Va1(1.722) - V1(0.20)

V2 Vea + Vea
ETNWert Ggos t — 7 =0
or

Vi1 (37.7) + V2(2.594) + Ve2(0.1429) = 0

Vﬂ’? _ Vel‘ - Vl
5a08 T (123)Vm = =5
of

Ve2(125.5) = Vip (4) — Vi (4)

Va-Wi W + i =Vm
0.25 ~ 0.50 5

or
Vez2(4) = V1(6.20) ~ Vi1 (0.20)

m

0]

()]

@

()

2)

&)

@)
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From (4):
Vea = V1(1.55) — V1(0.05)
Then substituting in (3):

Vi2(125.3) = (4)[V2(1.55) —
or

Vi1 (0.05)] - V4 (4)

Va2(125.5) = V4 (2.20) — Vi1 (0.20)

and substituting in (2):

Vel (37.7) <+ V'2(2.594)
+ (0.1429)["1(1.55) - V71(0.05)] =0
or

Vr1(37.69) + Vi3 (2.594) + V1(0.2215) = 0
Now

Vi = —V51(170.16) — Vaa(11.71)

Then substituting in (1):
Is = Vr1(1.722)

~(0.20)[— V1 (170.16) — Va2 (11.71)]
or

Is = Vu1(35.75) + Va2 (2.342)

and substituting in (3 ):
V2 (125.5) = (2.20)[— Vi1 (170.16) — Vira (11.71)]
— Vi1 (0.20)
or Vea(151.3) = —Vn(374.55) so that
Vi = —Vi2(0.4040)

Then

Is = (35.75)[— V2 (0.4040)] + Vr2(2.342)
IS' = -Vg2(12.10)

R
I = —(gmzv’rz)(ﬁz)

= _(123)(-22_'9'2) Va2 = —(64.43)Vr2

or Vyea = —(0.01552) 1,

Then

£9. = _..._._1.__ I_ = 5.33
(0.01552)(12.10) ~ Is

)
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1235 From (1) V,u = Vs — Ye1

For example, use the circui in Figure P12.30
mple, use the circuit shown in Figure Then

12.36
re1 = 6.24 kQ, 1.2 = 3.12kQ, ry3 = 1.56 kQ
gmi = 19.23 mA/V, gmz = 38.46 mA/V,

(Vs = Vi1 )(19.39) = Vy (11.25) — Via(1.25)
or

Vs(19.39) = V.,(30.64) — V.3(1.25) 2)
Viz = —V5(36.94) + V.1(36.94) 3)
o (38.46)[—Vs(36.94) + V.1(36.94)]
+ Va3 (1.141) + Ve3(0.5) = 0 @)
From (5): Vea = Vira(6.894) + Ve (0.1111)
Then
VS = le + Vel (1)
v v v v Vs(19.39)
pALY m Vw = el el — Vel vy — _ ) % )
T, TomVm =g+ —p— @) 21(30.64) — (1.25)[Vira(6.894) + V,,(0.1111)]
or .
Vrz = —gm1Vm(Rei|lrs2) ® Vs(19.39) = V.1 (30.30) — Vya(8.6175) @)
Ves+Vea | Vi
Gma Vg + 22 Ye8 T @)
RC: Tr3
and
VWB - V¢3 Ves - Vel
Toy T ImaVm = ot = ) = Vs(1420.7) + Vi1 (1420.7) + Viya(1.141)
0.5 6.894) + V.1 (0.1111)) = 0
Enter numerical values in (2)(5): + (0-5)[Vea (6:894) + Vea (0.1111))
or
Vi _ 1 1 1 — V5(1420.7) 4 V.1(1420.76) + Vr3(4.588) = 0 “4)
624 T (19.23) Vi = Vi (0—1 + a“é') -V (ﬁ)
or
Vr1(19.39) = V.1(11.25) ~ V.3(1.25) 2) From @
Vo1 = V5(0.6357) + Vira(0.2825)
Va2 = —(19.23) V1 (5][3.12) = —(36.94)Vy ©) "
Then substituting in (4 ):
1 1 1
(38.46) V2 + Virs (5 + T—sc?) + Ves (-2~> =0 — Vs(1420.7) + (1420.76)(Vs(0.6357) + Vi3 (0.2825)]
or + Vr3(4.588) = 0
Vir2(38.46) + Vya(1.141) + V3(0.5) =0 @) — V5(517.5) + V,r3(405.95) = 0
Now
1 1 1 1 Iy = 9m3V,r3 = 76.92Vy; Or V3 = 10(0.0130)
Ves (1,55 + 76’”) = Ve (6‘1‘ + ﬁ) —Ves (ﬁ) Then ~ Vs(517.5) + Io(0.0130)(405.95) = 0
or or
Vies (77.56) = Vea(11.25) — Vi (1.25 (5
o (17.56) = Ves (11.25) = Var (1.25) Lo _ 98.06 mA/V
ys
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12.38 (77.71)Vaes = (0.0989)Vs
Tl =Tm2 = ‘('1_09%95;0_'26‘)' = 5.2 kQ2 or
0.5 Vs = (0.001273)Vs
gm1 = gmz = Goe = 19.23 mA/V .
1o 1
_ (100)(0.026) _ 4\ 0
) 2 Io = —(51.28)(0.001273) Vs

dm3 = 0026 =176.92mA/V or
L o (0.0653) mA/V
Vs

}
x ﬂ‘_
R
Ve e AAA—] Lj:c
I
Ve Ve
=L + gmi Ver + gm2vfr2 + -2 =0 (1) +-
Trl Tr2
Since rx1 = rez A0d gy = gm2, then Vg = =V
Vs = Vfrl — V2 + Vea = —2V1.—2 + Ves (2)
Ves  Vaa 4 V. Ce
™3 wd €l
m2Ve2a + — + ———— = 3
92V2+r"3+ R 0 3 1
Ve Ve Ve
—_3'+gm:!V1r3=‘Ee'+—2 Q)]
Trs FoTm For the ideal case
_ Res L _ 1
I =~ (m) (gm3Vra) {S) V. " Rs
we want
From (2): V.3 = Vs + 2V, Io
v v 7= 107 A/V=1mA/V
3 =3 1 - [
(1933)Vma + 13 + 156 T o ° T2V =0 Set Re = 1k0
or
(19.23)Vw2 + (0.8230)‘/'3 + (0.0537G)Vs =0 3 ) Since the op-amp has a finite gm finite mput resistance,
and finite output resistance, the closed-loop gain is slightly
1 _ (2 V2 less than the ideal. Rp will need to be slightly decreased to
Vea (1.3 + 75'92) - (E) (Vs +2Vea) + 52 increase the gain.
or
]
(T7.69)Vas = (0.3923)Virz + (0.1)V5s @) 1240
dc analysis
' IgR Vep(on)+ IgRp + Veo =1
Io = —( =2 (76.92)Vis = —(51.28)Vies s) sRe + Ves(on) +IsRe + Voo
2+1 Iom —5=0T 0 0a4
) B = 100+ (51)(0.5)
From (3 ):

Vea = —(0.04255)Vxs — (0.002780)Vs

12.39

Use the basic circuit shown in Figure 12.27.

Ic = (50)(0.0343) = 1.71 mA
Thea rp = SQUE8) _ g 760 k0

Then 1.71

. 171
(77.69) Vs gm = 53¢ = 6577 mA/V
= (0.3923)[—(0.04255) Vsrs — (0.002780)V3s]

+ (O.I)Vs
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a. Now
74 VVV(Z’ (100{j0.760)
- ] € ={-= : = —(0.07014)V.
"s‘—j Vo= ((100“0.760) ¥ m)(v") (0.07014)Vx
j + —Y s0 '
1 1
X @‘ v, o y g, Ix = Vx (I + 555t (65.77)(0.07014))
- 3"1!' VX
— R°I=——=>Ro/=1759
= = = = = Iy & —L——
To determine Ry b.  From part (g), we find
Vr % - (—Vw) _ _ 15
Is+ Relre T~ Rr 0 @ V= —Gam
then
_ W V- (-V) _ (—15)
ImVe = e + T 2) Vo = (59.7) 5824
Now from (2): or v
=L = —8.75 kQ
(65.77) Vi — = Vol L4d L
SVr g =\ T
(65.67)Vx = V(1.10) c.  If capacitance is finite, a phase shift will be introduced.
or
Vo = (59.7)V, 12.41
dc analysis: Vs = Vps
d fr 1): Voo =V,
and from (1) Ip= DDR GS=Kn(VG —Vm)z
"D
.r Vo W 10 - Vgs = (0.20 Vos —2)?
Isd ——Fe— g I 20 Gs = (0.20)(8)(Vos — 2)
s+ Toojore0 T 10 T 10 70 10— Voo = 16(Vis — Vs 4 4)
—Ves = 1. -
Is + Vi (0.8543) + (0.1)(59.7)Vi = 0 esTRYes
Is = =V,(6.824
: (6.:62¢) 1.6Vas — 5.4Vgs — 3.6 =0
Now .
54+ \/(5.4)2 + 4(1.6)(3.6) 205V
GS = =3.
- 2(1.6
R.‘f=¥ll=>}lq=l47ﬂ (1.6)
3 LigzZ 1878

10 — 3.95
Ip = —————2—-=0.756 mA

8
om =2JK,1, =2,[(02)(.756)

= gm = 0.778 mA/V

—WZ\’__‘ R AN S
F il
s | N
 — _ I
St T y +
as v—r ol 2 (Zc Ve 5 %5 \/%‘ Qv
“ | - 3**
= = = = <L = —=
a.
_ Vx Vx Vgu - VS Vgl - VO _
be= &+ Re s Ralry O ® Rs TR C°
(gt a) =R g
= (={Ralre) ) % 4
Ve = ((Rallfw) v 7)) @
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Vo VO - Vgl
Ro + ng,. + Rr 0
1 1 1
Vo (ﬁ_ + 'E'F-) = Vg, (E— - 9m) 2)
So from (1):
1 1 _ Vs Vo
V"(lo + m) =70t 100
or
V,4(0.11) = V5(0.10) + V5(0.010)
Vs = V5(0.909) + V5(0.0909)
Thea from (2):
1 1 1
VO(E+IO_O) =V (W—OTIB)
Vo(0.135) = V,,(—0.768)
= (—0.768)[Vs(0.909) + V5(0.0909)]
Va(0.2048) = —V(0.6981)
50
Vo
Ay = V_ = =341
b. We have
Vie = V5(0.909) + Vo (0.0909)
= Vs(0.909) + (0.0909)(—3.41V5s)
= 0.599Vs
Now
A, = Vo _ Vo _ (=3.41V5)Rs
YL T V=V, T Vs —0599Vs
Rs
or
Agp = M = Ay = —85.0 V/ma
0.401
Ve _ Ve _ 0.599Vs
¢ Ry=TC= 701V - oaorvs 0
Rs
= Ry =149 kQ
d.
AN
Re
s
VA~ - <£
Vas a, Y%
= X
- L L L

Vx Vx
Ix= R_ "‘V" Rs+ Rr
- (__1_0__) Vi
Rs + Rr 10 + 100
(0.0909)Vx

1
Ix = Vx[ + (0.778)(0.0909) + m]

Ix 1
i e = (), = 4.88 kQ
Ve = ) =0.2048 => Ry,

Vo _-Rr
m , — i —— 2 — =]
Asg oo Ve P o 1

To be within 10% of ideal,

Vo —3 = -
7 = —10(0.9) = -9
From Problem 12.41, we had

V,, = Vs(0.909) + V5 (0.0909)
= V5(0.909) + (-9V5)(0.0909)
= 0.0909Vs

Also from Problem 12.41, we had

V0(0.135) = V,,(0.010 — gm)
or
(~9Vs)(0.135) = (0.0909)Vs(0.010 ~ grm)
—1.215 = 0.000909 — 0.0909g.m

or

12.43

gm = 13.36 mA/V
dc analysis
Rry = 24][150 = 20.7kQ
24
Vry = (—24 = 150)(12) =1.655V
ng = .—IM = 0.00556 mA

30.7 + (151)(1)
30 Icq = 0.834 mA

(150)(0.026)

e = W =4.58 kﬂ
0834
= v
Im = 5026 32.08 mA/



Electronic Circuit Analysis and Desipn, 2™ edition

Solutions Manual

gmVe 4 ot ——T = @)
C F

From (1):

Vs 1 1 1 Vo
Loyl 1 _1]|_Y
5 [5 t Zo7pees T R,] Rr

or

1 Vo
Vs(0.20) = Vi { 0. 1y_ Y
5(0.20) (o 4620 + Rp) e

From (2):
1 1 1
(32.08 - E;)V" +V (g + R_F) =0

S0
-Vo (0.1667 + L)
F

Ve = 1R
(32.08 - R—p)
2
Then @)
Vs(0.20)
1
-Vo (0.1667 + ——)
= (04620 + - Re/ -2
Re 32.08 - —l-> Re
08 - &

Neglect the Rr in the denominator term. Now
—==5=Vs= -—‘—/52 = —V5(0.20)

— V6(0.20)(0.20) R F

i —Vo(0.1667TRF + )] _
_.(0.4620Rp+1)[ 32.08 R ] v

—1.283R% = —(0.4620Rr + 1)(0.1667Rr + 1)

—32.08Rp
1.206R% ~32.7T1RF -1 =10

32.71 £4/(32.711)" +4(1.206)(1)
2(1.206)

Rp =272k

12.44
dc analysis
Rry = 4|15 =3.16 k2 = Rp

4
Vry = =2.
TH <4+15)12 2.526 V

. 2.526—0.7
T 3.16 + (181){4)
Icg = 0.452 mA

Isg = 0.00251

e = 180)(0.026 =104 kQ

0.452
0.452
gm = m— =174 mA/V
e, (¥

gmVm + o 7— =0
(o

Vo Vo Vo -V
mVes + =+ =+ ———— =0
g 3+ Ro + R, + Ry
Now

Rc||Rp||r= = 8)}3.16]/10.4 = 1.86 kQ2
Rpjiry = 3.16/]10.4 = 2.42 kQ

Now substituting in (2):

|2
(17.4)Vi, + 1;2 =0 or Vep = —(32.36)V},

and substituting in (3):

vﬂ3
7. =
(1 4)Vn’2 + 1.86 1]

(17.4)(~(32.36) V] +
of Vies = (1047.3)Viy

Vas _ 0
1.86

266
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Substitute numerical values in (1):

V 1 1 Vo
10 V'"(10+2.42+R—p)-3€;
or

Vo
Vi(0.10) = Vi, (o 513 + R_p) s

Substitute numerical values in (4):

(17.4)(1047.3)Viy + Yo (
Rr

Ve (1 822 x 10% — -R}—) + Vo (0_375 + _1-) =0

Rr
-V (0.375 + —)
V'l - RF

1
. 0 - —
1.822 x 1 7

F
so that
Vi(0.10)
1
V4 (0.375 + —)
1 Rp Vo

= [ 0.513 4+ = _——_—

( + F) 1 Rr

[ R
1.822 x 10 B

Vo Vo
We have v = —80orV; = -3

(0.10)
T

1
- (0.375 + —)
= (0,513 + _Rl;) N Rrj) 1

1 RF
o
1.822 x 10 R

Neglect the 1/Rr term in the denominator.

_(0.513Rr +1)(0.375RF +1) _

- (0.00125RF) = 1.822 x 10%Rr

22.7T5R%
= (0.513Rp + 1)(0.375RF + 1) + 1.822 x 10*Rp

We find

22.58R% —1.822 x 10*Rr —1 =10

1.822 x 10¢ & 1/(1.822 x 104)? + 4(22.58)(1)
3(22.59)

Rr =
or

Ry =0.807 MQ

267

12.45

w<

it

Vs —(=Va) _
Rg - Rp

1 1 Vs A _
Vd(Rs+RF‘) TR tR O m

or

V-V _ % Vi-(-V)

Ry Ry Rp

or
Vo 1 1 1 V4
= — e — — 2
= V‘(n,*a,*x;)*xp @

de.,:Ao,,VgorVd——‘-/—-

. Substitute numerical vduumﬁ)mda):
Vo 171 Vs Vi
— | = 4 - =0
10"(5+10)+ [} +10
or

V(0.3 x 107Y) 4 V5(0.20) + V3(0.10) = 0 (1

Vo _ 1 1 1 Vo (1
H-" (50 tot 10) * Tos (10)
or
Vo (0.02 - 10™°) = V;1(0.22) 2

0.02 - 10%
Thea V3 = Vo ("'o—zr—)
and
Vo (0.3 x 107*) 4 Vis(0.20)
0.02 — 10~°
=10
+ (0.10)[Vn( 053 )]
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Vo[0.3 x 107" — 0.4545 x 10™° + 0.00909)

+ Vs(0.20) =0
Vo —0.20 Vo
Yo _ 2020 Yo 9304
Thea & = ST x 103~ Vg %%
b Ry e Ve Ve Bs
) U= Vs = (—Va) T Vs+Vu
Rs
Vo 21.94V;s
Now Vo= - = - M
(21.94 x 107*)(5)
Then Riy = 5154 % 109
or Ris =1.099 x 102 kQ o Vs + F_Vﬁ_ -0
C1||Tm2
= Ry =109 9 = Ve = —(gmi Vo1 )(Rcs|l7n2) @
¢. Because of the AorVa source,
Ro! =0
Va2 = Vi so that
12.46 oaVid Vst Ves )
Res Tw3
For example, use the circuit shown in Figure 12.41
Ve Vo Vo - Ve
e TV = Rt T @
12.47 "
Break the loop From (4):
1 1 Ve
Vo(-'l—+R—) =Vn3(_—+gm3) + 7{‘1—
NAAAS REs F Txa F
‘lr But Vo = -V
A
Ix :-E: Q. Vs (r—l— + yma) - %3-
& @ & e s0Vo = ——7% -
; C v ) 1 1
Ate I
- ‘
- Then
It = 1¢
% v (2 om) - ()]
Now A i + — + ————— = ml gm1 +
ow t+ R + Rr + RS[R, ¢ Tr Re:1 | Rrp
1'_:( Rs ) Yo —Vw:a(-—l-'-i-yma)+h
Fs+ &) Rr+ R, - I Be )
Rs + R; N RSN
or o= 1o (B ) (ke + RelR) v (fm
and
Then 1 1
st v (74 1)
Ao+ ( 1 + 1 ) c2  Tn3
edt - ey —
R, * Rr + Rsl||R: Via (L + gms) _Vn
R R, T3 Rr '
x [I"('—SF-:_>(RF+RSHR;)]=O + - N 1 =0 3)
for I (Rm + R_F')
T= _!f. = ' s
¢ A PFrom (3 ), solve for Vi3 and substitute into (1 ). Then f€/om
1 ] -
T= ] - (1), solve for Vi, and substitute into (2). Then T = — .
L (R5+R')(Rp+RsllR-) Vi
Ry ~ Rr+ Rs||R: Rs '
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12.49
L
&é ]
r‘v
Vr Vr ' Vr - Ve
— —d —— = () (1)
Rs Trl Rp
gmiVi 4 L2t e V1 g @
Rc Tx2

er? Vc Vc - Vr

-_— m2V¥Vn2 = 5= T =9 3

r"2+y a1Vm RE+ e 3

Using the parameters from Problem 12.29, we obtain

1 1 1 Ve
"'(“fa’fm;*ra) "0 =°
or
V;(0.2633) = V,(0.10) (1
(7.62)V; +V.,(l+ . ) +Y o

w0 7228) W
or

V4(7.62) + Vie3(0.4636) + V.(0.025) = 0 @

1 1 1 Ve
or

Vir2(53.14) = V,(1.10) = V,(0.10)
Then

Va2 = V¢(0.0207) — V;(0.001882) 3)
Substituting in (2):

Vi(7.62) + (0.4636)[V.(0.0207) — V;(0.001882)]
+ Ve(0.025) = 0
or

V4(7.62) + V,(0.03460) — V;-(0.0008725) = 0
From (1) Ve = V;(2.633)
Then

Vi(7.62) + V;(2.633)(0.03460) — V;(0.0008725) = 0
Vi(7.62) + V- (0.09023) = 0
r

or — = —B84.45

Now
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12.50 AN\~
Re
\4 - %
Y
fe < @ 3 \A b
- .
-
Vo= -Vi
— Vo Vo 1
gmVe = Re + RP+RB"’" W
and
_ RB“'! )
Vr - (RB“"’ -+ RF VB (2)
Now
1 1
(65.7T)Va = Vo (; + ﬁm)

or (65.77)V, = V,(1.0930)

and

0.754
Ve= (m)vo = (0.07011)V,

so Vo = (14.26)V;

Then(65.77)(—V;) = (14.26)V;(1.0930)

% = —4.22 sothat T =4.22
t

12.51

3. ¢=—tan™? (‘5%102-) —2tan~! (T{;—‘)

or
-t [ _S180 ) ~1 [ frso
a0 () g ()
= fiso = 1.05 x 10* Hz
b.
{T(fiso)| =1
) 8(10°)
1.05 x 104\ ? 1.05 x 10‘)’
\/1+( 5 x 10° ) [H( 10°
_ B(10%)
= (21.02)(2.105) or

B=442x10""
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12.52
5x10°

(1+j£;)(l+jlios—)z

Prase = ¢=—tan”( L )20 ()

10* 10°
By trial and error, when f =1095x10° Hz,
#=180°

For [T]=1 at f =1095x10° Hz,

- ﬂ(ixloz) .
) (5]

A0 484x107
" (10996)(2199) F=a8107

- f
-— tan 1 (m;)
At f=8.1x 10" Hz, ¢ = —180.28°
Determine |T'( f)} at this frequency.
1T
3 1
= ﬂ(lo ) x 5
8.1 x 10*
Jl + (BLx10)

1 1
x

X
8.1 x 104\ ? 8.1 x 10
1 e ———— ——
\/+(5x104> \/H( 10°

_ A(10%)
T (8.161)(1.904)(1.287)

a. For g = 0.005

IT(f)| = 0.250 < 1 = Stable

b. For 8 = 0.05

[T(f)] = 2.50 > 1 = Unstable

7

12.54
(b)Phase margin =80°= ¢ = —100°

- . -|_f__ -1 f
¢=-100=-2tan (103) tan ('__—leo‘)

By trial and error, f =116x10° Hz

Then
=12 A(5x10°)
2
\/ [1.16x10’)2J J (1,16x10’)2
1+ 3 L1+ y
10 5x10
B A{5x10%) ) .
= —-———(2‘35)(1.00) = pf=47x10
12.55

c. For 8 = 0.005,

IT(f)| =1 (0 dB) at f = 2.24 x 10* Hz
Then

_ -1 (224 x 10* -1 (224 x 10
¢=-tan (“"T" tan Io*

tan™! 2.24 x 10*
T tan 105

= —87.44 — 65.94 — 12.63
or
¢ = —166° System is stable,
Phase margin = 14°
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For g = 0.05,

[T(f)| =1 (0 dB) at f =~ 7.08 x 10* Hz
Then

_ -1 {7.08 x 10* -1 (7.08 x 10*
=t ( 10° tan 100

tan-l 7.08 x 10*
—tan 10°

= —B89.19 — 81.96 - 35.30
or

= —~206.45° =>System is unstable.

12.56

A1)

. f X ' f . f )
1+ 1+j=—11+
( U ERT Gt
Phase Margin = 60°=> ¢ =-120°

T=Ap=

So
-120= —tan""| —L__ ) - tan" —f-)—ta "‘[ S )
" (leo‘) (10’ " 5x10°
By trial and error, at f =10° Hz, ¢ =-120°
Then
10°
m-1= A)

1+ .__1_0_’_. ' - 41+ lgi ' 11+ ._li i
5x10* | - 10° 5x10°
A10)

1= 2zenanio)

= f=322x10"

12.57

a. Phase Margin = 60° = ¢ = —120°
Thea

e o o -1 _f_
¢ = ~120" = -2tan (103)

of f = 1.732 x 10° Hz

Then

B(10%)
1.732 x 10° \ ?
1+ (——-—103 ) }

which yields

[T =1= [

B=dx10"°
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12.58
7(0) = A(0) 8 = (500)0.6) = 300
)= N
(I'f'j'lF 1+ W 1+j1—06-)
Find f at which |T=1|
300

2 2 2
G (6] )
By trial and error, f, =512x10° Hz
Then
o)) ()
10* 10° 10°

=-8888-78.95-271=-1949°
System is unstable, Phase margin is not defined.

12.59

Go 3

k!

drg
Yo+

12.60

Phase Margin = 45° = ¢ = —135°
¢ = —135°

- - A f
- ) o () - (3

At f =10* Hz, ¢ = ~135.6°
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1 1
2 X 2)(
10* 10*
\/‘*(m) \/”(m)
1

8(10%)
(10.05)(1.414)(1.005)(1.00)

1=

or

£ =0.01428
12.61
T = 5000 x 1 7 X ! 7
(1 +JT;;> (1 * 7350 x 1oa>
1 1
X

2 X 2
10* 10*
\ﬂ* (IT) \/ b+ (Tﬁ_)

X
. f . f
(1+J2x105 1455 Toe

Phase Margin = 45° = ¢ = —135° at f = 300 kHz
300 x 103)
fpp

tan=1 300 x 10° 0—0
300 x 103

= —90° ~ 45°

—135° = —tan™? (

Now

T} = 1@f =300 kHaz
T =1 5000

3N 2
1+<————-——300x10) V2141
fPD

(300 x 103)2 (5000)2

(22X (222
frp V2

fpp e 200X 10°v2

PD = ™5000

= fpp =848 Hz

12.62
8. T(0) = 100 dB = T(0) = 10°

T(f)
10%

= i i 7
(H"T(T) (1+15x 105>(1+me 106)

By trial and error

f=0.976 MHz

o iag-! (0976 X 10°) -, (0.976
¢ = —tan 10 5

can—! [ 2276
10

= ~90° — 11.05° — 5.574° = —106.6°

Phase Margin = 180° — 106.6° = 73.4°

e g J0 TS
b. fp x o T3
or
fp =2.67 Hz
Now
ITl=1=
=105>< ! 2)( ! 2
f f
\/1+(2.67 T+ 5% 108
1
x 2
-
\/1+(10x10°
By trial and error
f ~2.66 x 10° Hz
then
—1 [2.66 x 10° -1 0.266)
=—tan | ———r ] -t -_—
¢ an ( 2.67 ) an (s
tan~! 0_2_6_§
Tan 10

= —90° — 3.045° — 1.524° = —94.57°

Phase Margin = 180° — 94.57° = 85.4°
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12.63

@ fis =_”‘T’ where 7= ( oIIlRlz)Cl

=(50041000)x10°x2x10™"* = 7=667x107 s
Then
1

= e =S =239 kHz
fra 27(6.67x1077) L kil
(b) For
1 1
=10Hz, 1=——=—7-—-=00159s
T 27 e 2”(10)

Then 7=(R,JR,)C +Cy)

0.0159 = (500{1000)x10°x(C, +C,,)

or

(G, +C,)=477x10" =2x10" +C,, =
Cy =471 yF

12.64

Want f, = 12 MHz for a phase margin of 45°
T(0) =804B = T(0) = 10"
Then

- 7(0)
f)= 7 7

(1 +j=—11+j 5)
Seo 12x10

Set f = f, and |T{=1
So

10*

T

which yields
12x10° 10*

= fpp =170kHz
fPD T I -

12.65

Ao = 80 dB = Ap = 10*
40 = 15

ors = Tlﬁo(:lo_‘) = =02
Then T(0) = f#A¢ = 0.2 x 10*
Inserting & dominate pole

e () o () e
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If we want a phase margin of 45°, then

- ° x —90° —t =1 L - -1 —f_
135 90 an (106) tan (107

By trial and error, f = 0.845 MHz

Then
0.2 x 10*
ITj=1= _—
0.8 $
\ﬁ+ 45xl0)\/1+ 0845
0.345 2
10
0.845 x 10° 0.2 x 10

fep  (1.309)(1.0036)
so fpp = 555 Hz

12.66

Assuming a phase margin of 45°,

° 2 —90° — tan—! | —L—
—135° ~ —90° — tan (2><1o°)

- S
~tan™ (25>< 106)

By trial and error, f ~ 1.74 MHz

Then
T =1
= 5000 x

\/7 (1.7“10‘)2
1+ (=
fpp

or

1.74 x 10° 5000
frp (1 325)(1.0024)

$0 tpp = 462 Hz
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Exercise Solutions

-E13.3
Vin(max) = V' — Vgp(on) =15 - 0.6 = 14.4 V
Vin(min) = 4Vpg(on) + V*
= 4(0.6) ~ 15 = ~12.6 V
—12.6 < Vin(cm) €144V

E13.4
s Vo(max) 2 V* — 2Vpg(on) = 15 — 2(0.6)
Vo(max) =138V
Vo(mm) = 3V55(on) + VT = 3(0.5) - 15

Vo(min) = —13.2 V
-13.2<V; <138V

b. W(max)=5-12=38V

Vo(min) =3V + V™ =3(0.6) - 5= ~32V
-32<V,<38V

El13.5
Icy =Ic2 =9.5 uA
_ _ 9.5 A =
131 = IBz = _200 0.0475 MA
= Ip) = Ipz = 47.5 nA
El13.6
~ 15— 6) - (—
Irer 0.72 x 1072
Ve = V; ==} = (0. —_———
BE rln( T. ) (0026)ln( To=it )
=0.650V
So
Ipgr = &_:(()&l >Ipppr = 0.718 mA
Veey =0.650 V
IcyoRy = Vrin (IREF)
Icio
Ic10(5) = (0.026) In (%—”—8)
c10

By trial and ervor: Icio = 18.9 uA

Veg1o = Ve — Ic10 Ry = 0.650 — (0.0189)(5)
= Vpgio = 0.556 V

275

Ics 9.45x 10~*
Vees = Vrln (F) = (0.026) ln (TT—)

= Vpps = 0.537V
E13.7

lfc P LRE Ny

0.18 x 107 = 107 exp (V_D)
Vr

-3
Vo = Vrln (2_‘5_"11_)

lo-ll

= (0.026)In (
Vo = 0.6140
Vep =2Vpp = 1.228 V

0.18 x 10~
10—“

Vi
Icig = Icz0 = Isexp (%/2)

0.026
Iciq = Ic =0.541 mA

= 3% 10" exp (0.5140)

El13.8
_10—0.6 — 0.6 — (~10)
- 40

= Ippr =0.47TmA

vchoR« =Vrin (IIREF)
c10

Irer

Icio(5) = (0.026)1n (0_‘1)
Icio
By trial and error:
= Ic1o = 17.2 A

~ Icio

Ics = > = Icg = 8.6 BA
Iciap = (0.75)Irer = Icjap = 0.353 mA

Iciaa = (0.25)Irer = Iﬂlld = 0.118 mA
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E13.9

Ry = Re¢ + Rpa
Rppe = Tt + Rodll Roiza
¢ 14 Bn

The diode resistance can be found as

ID = Isexp (%)

1 _ 9 _,; (_L cexn [ Y2) = In
va oVp S\V¢) ®*P\W% )T Vs

or

Vr Vr 0.026
I e IX e ST ease— Q
i Ip Iciaa 018 = 144

Rpx = rx22 + Roi7||Roiap
1+ 8p
ROIGB = T013p = 92.6 kﬂ

Ro1r = ro17{l + gmar(Rsjrn17)] = 283 kQ
From previous calculations

RE22 = 1.51 k2
Rod = 24 + Rpa2a = 2(0.144) + 1.51 = 1.80 k)
Ro134 = 10134 = 278 k0

rony o BV _ (20000026) _ oo
Ic1a 5
104 +1.8][278
Rew = 701 =141 Q
Ro = Re + RE1s =27 + 14.1
= Ro =410

E13.10

For Qs we have Vsgs = Vsgs = 1.06 V
So

Vspe(sat) = 1.06 —~ 0.5 = 0.56 V
For M, and M,

I
Ip= 7‘2 =K,(Ver +Vip)’

0.0397
2

= 0.125(Vsa; — 0.5)°

= Vsgy = 0.898 V

So maximum input voltage
= V* = Vsps(sat) — Vs
=35 -~ 0.56 — 0.898

= Vin(max) =354 V

For Ma,

K, =(625)20)=125 ud /V?
Iq  39.7

Ips = N BA

397 2

w3 = lZS(VG.rs - Vm)

Ve =05V =

Vesy = 0.898 V

Vspi(sat) = 0.898 — 0.5 = 0.398 V

Vin(min) = V™ + Vgss + Vspi(sat) — Vs
= ~5+0.898 4+ 0.398 — 0.898
Vin(min) = ~4.60 V
~4.60 < Viy(cm) < 3.54 V

E13.11

Vo(max) = V¥ — Vsps(sat)

Vsas = Vsgs = 1.06 V

Vspa(sat) = 1.06 ~ 0.5 = 0.56 V
Vo(max) =5 —~0.56 = 4.44 V

Vo(min) =V~ + Vpgsr(sat)

Vst = 1.06 = Vpsr(sat) = 1.06 — 0.5 = 0.56
Vo{min) = ~5+ 0.56 = —4.44
~4.44 <Vp <4.44V
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El3

E13.

A2

Chapter 13: Exercise Solutions

(8) For M, K, =125ud/V?

Kp! (VNS + VTP

0.125(Vsgs — 0.5)? =

)2 - V’ —V- —Vm’

R

sef

5+5—Vsas

100

12.5(V5205 - Vses + 0.25) =10 —- Vsos
12.5V35s — 11.5Vsqs — 6.875 =0

Vsas =

115 £ /(11.5)? + 4(12.5)(6.875)

2(12.5)

Vees =133V

Then

Irgr=Ig=1Ips =Ipr =

10 - 1.33
100

= 86.7 pA

Ipy =Ips =1Ipy = Ips =;'£'=43.35 uA

®K, =K, =1254/V?
1 1

Toa = Tos

Ay

Input stage gain
4, = 2K, 1, (r.¥..)
= /2(0.125)0.0867) -(1153]1153) =

4

=849

Transconductance of M,
Zur = 2K 117 =2,/(0250)(0.0867)

For = et = 1= (002)(0.0867)

=0294

mAlV
1

1

Second stage gain

A,= 3.1( a1“"ol)

A, =848
Overall gain = 4, - 4,, =(84.9Y848) =

A

13

=7,200

Iy =1p, =25 A

81 = 8t —Z\Ikzl ( L)l,,Q -2\,(? 25)25) =

=gu=224 yAlV

8us = Z\I(%X%)Im = 2J(§29 25)(25) =

8o =316 ud/V

g-l

(0294)(577[577) =

=577

== =11534Q
(0.02)(0.04335)

.9}
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Ry = oa(raro) = (224)(2)(2) = 896 MQ

Rog = Zuglris)(roallr) = 316(2)(12) = 421 MM
Then

A, = gu(RgIR,s) = 224{421[896) =

A, =64158

El3.14

(a) A B g ml lkﬁl )

e ) o

8. =400 g4 1V
1 1
r, = = = 0333 MQ
A, (002)150)
Fy= =L _=0333MQ

A1, (002)(150)
A, =3(400){0333]0333) = 4, =200

1
®) frmp= Zﬂo(CL"'CP)

where R, =r,d,, =0333]0333 MQ

1

= =
Tro 27(0333§0333)x10°x2x10™
Sop =477 kHz

Sop+ A, =(477x10%)(200) = 95.4 MHz

E13.15

(a) From Exercise 13.14, g, =400 y4/V
Tos =708 =Tono _rvll =0333 MQ

. k’
gmo‘_‘z" "2" —L" po =2 _2‘ 20)(150)2>

8o =490 AV

2 = 2\/(52;)(%)1,,,2 = 2\/(?29}20)(150) >

8oy =693 pAlV
R0 = 8o(Tusdlus) = (490)(0.333)(0333) = 54.3 MQ
R, = 8z (Tata) = (693Y0333)(0333) = 76.8 MQ

A Bglnl( olou oﬂ) 3(400)(54 3“‘768)
A, =38172

(®) R, =R,,|R,, =543]768 =318 MQ

Iro= ‘
™ 2a{318x10°)(2x107™)

Jro+ A, =(25x10°)(38,172) = 954 MH:z

=250 kHz
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El13.16

(@) 4,= g-l(RnG“Rul)

From Example 13.10,

g =316A/V R, =316 MQ

Now

Ry = g-s(roa)(’oa I"al)

r,=1MQ,r, =05MQ
I 50

o= == 1923mA/V
Vv, 0026

V. 80
T =28 ="" =16 Ml
* I, 50 @

Then
R, =(1923)(1600)(0.51) = 1026 AMQ2
4, =(316)(1026]316) = 4, = 76343

_ 1
®) Joo = 27(316[1026)x10°x2x10%

S =329 Hz
Seo+ 4y =(329)(76,343) = 251 MH:

E13.17

V¥ —~V™ = Vep1 + Vese + Vesr + L Ry

= 0.6+ 0.6 + 0.6 + (0.24)(8) = 3.72 V

So
Vi=-V- =186V
El13.18
For Q7 and R,
Vs = Vpegr + LRy = 0.6 + I1(5)
For M :

L= Kp(Vsa +VTP)2
I3 = O.S(Vsa - 1.4)2
By trial and error:

Vsg =254V
Iy =1, =0.388 mA

El13.19
lrca =
oo . A
Qiz -’J\ =
. (I
(ZE\'!: ‘K
V-
. _ BV _ (200)(0.026)
s = Icia - 0.20
=26 kQ
Riz = rria + (14 B)REg1s = 26 + 201(1)
=227 kQ2
r = L ] = 500 kQ
1% = X (0.02)(01)
Va 50
To12 _TC—I-;_B-I_SOOkQ
_de1a _ 01 .
gmi2 = Ve — 0026 = 3.85 mA/V
V; .
Twi2 = BVr = —-——-—(200)(0 026) =52 kQ
Iciz 0.1

Racar = ro12{l + gmi2(re12|Rs)]
= 500{1 + (3.85)(52|[0.3)] = 1453 kQ

4,= \)2Kulgs '(roIOIBMII‘RIZ)
= /2(0.6)(0.2) - (500(|1453]|227)
= (0.490)(141) = Ay = 69.1
E13.20
For Je biased in the saturation region

= Icy = Ipss =300 pA
Q1, Qz, Qi are matched
= Icy = lca = Ica = 300 uA
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13.3

(a) 4, = g.n( ozu’u“Rm)

=t 20 060 marv
V, 0026

r, =-£=-8—9-=4MQ

20

R =r +(1 +ﬂu)[R1H’n]
_ (120)0.026)
T 02
Vas(on)
R
_(120)0.026)

= 0030
Then

R =104+(121)20}15.6] = 116 MQ
Then

4, =765(4jufL16) = 4, =565
Now

=156 kQ2

x?

mn

ICS

=
[=2 &N

=0.030mA

=104 kQ

Vo=-Lz,=~B). ﬂfcﬂ(
=AY B 1,
Then

RARYACTAER
MV ST R \Ran
7, —-Y‘—=8—0=400k()

I., 02
So

—(120)(121)(400)( 20

A2 = 1160 \20+156)=>
A, =-2813

Overall gain = 4, - 4,, =(565—2813) =
A=-159x10°

_ (80)(0.026)

®) Ry=2r, 0.020

R, =208 kQ

and r

Solutions Manual

Chapter 13

13.4
8. Qs acts as the protection device,

13.5

13.6

)

i~

13.7

=104 kQ

279

© feo=

1
———— and
2nR,qCM o

C, =(10)1+2813) = 28,140 pF
R, =ral R = 44116 = 0734 MQ

_ 1
Jr= 22{0.734x10°)(28,140x10°"%)

=771 Hz

Gain-Bandwidth Product = (7.71)(159x10%) =

123 MHz

b. Same as part (a).

If we assume Vgg(on) = 0.7 V, then

Vin =0.740.7450+5

So breakdown voltage =~ 56.4 V.

15 06-0
(@) I S- ( )-0.50
R,
= R, =576k
Togr
IRy =V; 1n
I,
0026 050
= 44 kQ
R= 0030 (0030)=> -—R—-—-z—-—-
: 5-06-06-(-
®) Iige = ———-—-———576 (5) Tnge =0.153 mA

Ic1o(2.44) = (0.026) ln( 01‘1 53)

cio

By trial and error, I, =211 u4

(a) Iy =050mA

-3
Vs =Vy In| 2222} _ (0026)1nf 222600 )
1, 10

Vian = 0641V =V,

EB12
Then
15-0.641-0.641-(~15)
= = =574 kQ
R’ 050 .1_-"’__._._.
= _ 0026 (o.so = R, =2441Q
0030 \0030

-3
- =o.026m(wg_$)= Vo = 05677
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(b) From Problem 13.6, I, =0.15mA

-3
BISK107)tpy

5-0.609 - 0.609 —(~5)
574

Vaen =Vepis = o‘ozsh{

Then I, =

Ipee = 0153 mA
Then 1, =211 24 from Problem 13.6

13.8
5—0.6—0.6—(—5)
40

= Iper = 0.22 mA
IC10R4 = VT ln (IIREF)

Clo

a. Imrer =

Ic10(5) = (0.026)In (0 22)
Icio

By trial and error;

Icio = 14.2 A

Ics;ICT=>Ice—710pA

Ic1r =0.751rpr => Icy7 = 0.165 mA
Iciaa = 0.25Irer = Ici3a = 0.055 mA
b.  Using Example 13.4

re17 = 31.5 kN
RE = 50[[31.5 + (201){0.1)] = 50{|51.6

=25.4kQ
Txie = ﬂ"VT
Cié
_ 0.165  (0.165)(0.1) + 0.6 _
Icie = 200 + 50 = 0.0132 mA
Twis = 394 kﬂ
Then

Riz = 394 + (201)(25.4) = 5.5 MQ

res = 732 kQ
gme = 060'8';(130 = 0.273 mA/V
Tos = G%T = 7.04 MQ

Then

Racer = 7.04[1 + (0.273)(1]|732)] = 8.96 MQ

50
To4 = 0—007—1 =T7.04 MQ

Then

7.1
As= (0 026)(7 04/8.96]{5.5)
or

Ag4 = —627 Gain of differential amp stage

Using Example 13.5, and neglecting the input
resistance to the output stage:

LA 50
R _—_— e e Q
act2 = IC)JH 0.165 303 k
—(200)(201)(50)(303)
A =

(5500)[50 + 31.5 + (201)(0.1)]

or

Ayz = —1090 Gain of second stage

13.9
Icio =19 A
From Equation (13.6)
2 . '
Iowo = 21|22+ 20¢ ”] - 21[(10) +2(10) + 2

BL+38p+2 (20)% +3(10) + 2
122
=2
1[132]
So
132
= =20.5
2l = (19)(122) 0.56 A
Ic; =1=10.28 uA
21 0.5
Icy = 3 = 2 DZ = Joy = 17.13 uA
14 — 1+ =
( "B ) ( * 10)
Ico 17.13

139“7;"' m = Ipg = 1.713 pA

(1_+IF}=_) 1(1128:1.9‘—09345&1\

Ics = I( ﬂ’;P> = (10.28)(-}91-)

= Jcq = 9.345 uA

Ips =

13.10

Vs — V™ = Vpg(on) + Ics(1)

= 0.6 + (0.0095)(1) = 0.6095
0.6095
50

Icr = = [cr = 12.2 pA
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Ics =Iceg =19 pA
Irpr =0.72 mA

Ig13 = Irpr = 0.72 mA
Icia = 138 pA

Power = (V* — V™) [Ics + Ics + Ics
+Iper + Ig1s + Ica4]
= 30[0.0122 + 0.019 + 0.019
+0.72 + 0.72 + 0.138]
= Power = 48.8 mW

Current supplied by V* and V=~
=Icr+Ics + Ics + Irer + Ip13 + Ic1a
=163 mA
13.11
(8) v (min)=-15+06+06+06+06=-126V

V(max)=+15-6=144V
So -126<v_ <144V

(®) v.(min)=-5+4(06)=-26V
V. (max)=5-06=44V
So -26<v_<44V

13.12
Ku =V~ = —15 V, the base voltage of Q.4 is pulled
low, and Qs and Qs are effectively cut off. As a first
approximation :
0.6
I = we— = 22,
c14 5027 22.2 mA
22.2
Ip = 200 = 0.111 mA
Then

Icis = Ic134 — Ip14 = 0.18 — 0.111 = 0.069 mA

Now
Vee1s = Vrln (I(I"&)
s
0.069 x 10~
= (0.026) ln (_].()—'T—-)

=0.589 V
As a second approximation
0.589
Icu = YT Ici4 = 21.8 mA

21.8
1314 = ‘m = 0.109 mA

and
Icu =0.18 - 0.109 = Ig" = 0.071 mA

281

13.13
a. Neglecting base currents:
Ip = Ip1as
Then

Ve =2Vp =2Vrin (-I-X-J-)
Is

-3
= 2(0.026) In (M)

2 x 1014

or

Vpp =1.2089 V
Icn =Icp = Isexp (M)
Vr
1.2089
=5x10"M —_—
107 exp (2(0.026))

So
Icy = Icp = 0.625 mA

b. Porvi =5V, VQESV

s | en

ir = = =1.25mA

As a first approximation
Ieny =i =125 mA

1.25 % 1073

VBEN = (0.026) in (W

) =0.6225 V

Neglecting base currents,

Vep =1.2089 V
Then Vegp = 1.2089 — 0.6225 = 0.5864 V

0.5864
0.026

Icp =5 %107 exp ( ) = Icp =0.312 mA

As a second approximation,

Icn=ir+Icp=125+031= Icy =156 mA

1.56 x 103

Veeny = (0.026)In (—5-;—1—0—_-1—‘-—

) = 0.62826 V
Vepp = 1.2089 — 0.62826 = 0.5806 V

0.5806
Icp=5x10"" (—-—- = 0.
cp X exp 0.026 = Iocp =025 mA

13.14
__Ves _ _ L1587 _
Fotfa= (0.1)Igras ~ 0.018 ~ 64.28 k02
Vee = Vrln Ie) _ (0.026) In ((0-9)131,45)
Is Ts
0.162 x 10~
= (0.026)In (_1_0__“__)
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Veg =0.6112V Then
R,
= =2 I
Vee (R1 > RZ)VBB Ag = —(—‘%)(rmnRunllRiz)
R; )
0.6112 = (— (1.157) 20
64.28 = —| ——

- (0‘026)(2.5n4.42u4.o7)

So So
R; = 33.96 kQ Ag = 882
Then
13.17
13.15 Rers = _1-::[7}-2_ and Ro = Re + R
(@) 4,= "gn(’uu"ocﬂRa) "
From egasmple 13.4 Assume series resistance of Qs and Qs is small. Then
8= ———=365 441V, r,, =526 MQ
0.026 Ro1 = ro13a|[Re22

Now rx22 + Roirllraram
re=T1,,=526 MQ where R.22 = T
Assuming R, =0, we find

and Roi7 = ro17{l + gm17(Rsl|rmi7))
R, =rﬂs+(]+ﬂn)Rl’s‘

=329 +(201)(5009.63) = 1.95 MQ

Then
4, =~(365)(526[526]1.95) = 4, =409 rrir =963 k00 ren =720
e gmi7 = 20.8 mA/V ro17 = 92.6 k{2

Using results from Example 13.6,

(b) From Equation (13.20),

Then
_=B1+B)R(R o |Ro R
2= R,,{R, +[r (18 )R,]} Ro17 = 92.6[1 + (20.8)(0.1}|9.63)] = 283 kQ2
X n 50

For R, =0, R, =195 MQ ro1sp = ger = 92.6 k2
Using the results of Example 13.5

~200(201)(50)(92.6}4050]92.6) Thea

= =
? (1950){50+9.63} Rums = 7_2“_;:3"2_5. = 1.51 kO
A, =-1792
LS Ro1 = r013A||R¢22 = 278“1.51 = 1.50 k2
1316 Tri4 = w:o.ﬁs kQ
Let Icio = 40 pA, then Ici = Ic; = 20 pA. Using
Example 13.5, Then
0.65 + 1.50
Riz = 4.07 MQ Ray = =222 = 0.0422k0
Frg = (200)(0.026) = 260 kQ or
0.020 Rore =

0.020 14 = 42.2 Q2
gme = m = 0.769 mA/V Then
m:%::,z,sym Ro=42.2+27=> Ro =692
Then

Raca = 2.5{1 + (0.769)(1}|260)] = 4.42 MQ

50
Tos = oo = 2.5 MQ
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13.18

=+ 0400 (7255

Assume 8, = 200 and Sp = 10

Then

_ (200)(0.026) _ (010

=t = 7700095

rey = O0026) _ o i

= 0.0095
Then

Rig =2|547 4 201 27.4]

11
or

Rig = 2.095 MQ
13.19
We can write
Ao

(4375) 0 +55)
356, 796

(+355) (+£)
Phase:

oo () ()

For a phase margin = 70°, ¢ = —110°
So

e et (L) et (L
0 = - () - (£)

Assuming f > 5.43, we have

tan™! (fi) =120° = fi = 0.364
1 1

A(f)

At this frequency, |A(f)] = 1, so
356,796

i+ () Vi oser

335,275
f 2
1+ (5.43

I _ =
or == = 335,275 = f = 1.82 MHz

Then, second pole at

I -
fi = 0.364 #ks_@

1 =

13.20
a. Original gm; and gma

K,=K,= (-’{-Xf'z&) =(12.510)

=12544/V?
So
I
gmi = gm2 =2 K"(TQ) =2,[(0125)(10)
= 0.09975 mA/V

I (%) is increased to 50, then
K, =K,, =(50)10) =500 pd /V?
So
gm1 = gm2 = 2+/(0.5)(0.0189) = 0.1995 mA/V
b. Gain of first stage
A4 = gmi(rozlroe) = (0.1995)(5025]{5025)
or

Ag =501

Voltage gain of second stage remains the same, or

A2 = 251
Theri A, = Ag- A, = (501)(251)
or

Ag = 125,751

13.22
8. K, =(10)(20)=200 ud/V* =02md /V*

Ingr = Ispr = 10 - Vsg — (=10
- 200
= kp(Vsg — l..5)2

20 — Vsg = (0.2)(200)(Vig — 3Vsa + 2.25)

40V3; —119Veg +70 =0

119 £ /(119)? — 4(40)(70)

Vs =
e 2(40)
= VEQ =217V
Then
-20 -2.17
I = e = 89.
REF 300 = Ippr = 89.2 pA

Ms, Ms, My matched ransistors so that
Ig =Ipr = Ingr = 89.2 pA
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b.  Small-signal voltage gain of input stage:

A, = 2K, 1, -(r..lr..)
1

T

02 = = =1.12 MQ
Arlp (0.02)
1

Tos = o

B (0.01)

2B
2
=2.24 MQ

892)
2

AN N

Then

Aa = /2(200)(89.2) - (1.12]|2.24)

or

Ag = 141

Small-signal voltage gain of second stage:

Avz = gmr(rorfjros)

K., =(20X20) = 400 ud /V?

So
gmr =2,K, 15, =2,/(0.4)(00892)
=0.378 mA/V
1 1
T = Yooy - (0.02)(0.0897) — o1 k¢
1
ro7 1 = 1121 kQ

= Xalpr . (0.01)(0.0892)
So

A,z = (0.378)(1121/|561) = A, = 141

Then overall voltage gain

Ay = Aq- Ay = (141)(141) = A, = 19,881

13.23

Small-signal voltage gain of input stage:

A, = 2K, 1, (ral.)
K, =(10Y10)=100 z4/V*
1

1
ro2 = = = 1000 k2
Ap (17") (0.01) ( 0‘2)

2
1
To4 = T = ! X = 2000 k2
An ('2—) (0.005) (T)

Then

Aq = /2(0.1)(0.2) - (1000(|2000)

or

Ag =133

Small-signal voltage gain of second stage:

Av2 = gmr(ror]iros)
K., =(20)(20) =400 pd /V?

So
gmr =2JK 15, =2,{(04)(02)

= 0.566 mA/V
Tos = Apllm = (0.01;(0.2) = 500 k0
ToT = A,.}m = (0.0051)(0.2) = 1000k
So

Avz = (0.566)(1000}[500) = A,, = 189

Then overall voltage gain is

Ay = Aa- Aup = (133)(189) = A, = 25,137

13.24

1
fep = m
where R.q = ro4||roz and C, = C (1 + Aua])
We can find that
Avz = 251 and roq = ro2 = 5.025 MQ

13.25

Now

R.q = 5.025(|5.025 = 2.51 MQ
and

Ci = 12(1 + 251) = 3024 pF
So

fro = 1
PP = 37(2.51 x 10°)(3024 x 10-12)

or

tpu = 21.0 Hz

1
feo = 27R..C,

where ch = TuQ“To;
From Problem 13.22,
ro2 = 1.12 MQ, ro¢ = 2.24 MQ and A,, = 141
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So

1
T 2m(1.12])2.24) x 10¢ x C;

or
Ci =266 x 107° = C1(1 + |Au2|) = C1(142)
of

C; =188 EF
13.26

Ro = rorliros
We can find that

To7r = Tos = 2.52 MO

Then
Ro = 2.52[|2.52
or
Ro = 1.26 MQ}
13.27
a.
e e
vz % =
s ¢
\'/3“ ‘3»-‘4“ o
—V
|,

Vo = (gm1 Va1 )(ro1]|roz)
Vi=Via + Vo
Then Vo = gmi (701 liro2 (V1 ~ Vo)

or

A, = gmi(ro1ljrea)

14+ gmi(roallroz)

Vx
b. Ix +g...1V,,1 =—+—aﬂdvgn =-Vx

To2 To

1
Ry = — “ To1 u To2
Gmi

13.28

(@) 4,= g.l(RoGnRol)

8 = 2K, T 5y =2,[(05)0025) = 224 st /v
gnl = gnll

8os =24/(05)(0.025) = 224 4 /V

1 1
= = = == ———= 267 MQ
o e S e = G (0015)(25)
1 1
= 3133 MQ
. (0015Y(50)
Now

R,= gnl( TosT olo) (224)(2 67)(2 67) =1597 MQ

Ros = Zuelrua)ralr) = (224)(267)Y2.67133) =
R, =531 MQ

Then

A, =(224)(5311597) = 4, =89,264

() R, =R,|R, =531J1597 = R, =398 MO

© fro == ‘ =
22R,C,  22(398x10°)(5x107?)

JSop =80 Hz

GBW =(89,264)(80) = GBW =714 MHz

13.29

1 1
@) ry=ry=r, =———=2 MQ)
17T o0 A1,  (002)(25)
1 1
= = =267 MQ
%=1, (0015K25)
. WY 9V

" Ao, (001550)

=2 J(325 Z’) (25)=41 8\/(’;:)‘ =g
8o = 2\/(820 %) (25) = 63.2\/(%)6

R,= Roe"Rat [gue ’aa)(’u""ol)] gnl ’u’ow

Define X, = ’ and X = "

Then R,,_[tssz){6 267)(133)2 ][41.8X, (2)(2)]
22,539X, X,
1348X, +1672X,

22,539.X, X,
4= 418X ) e ie
<= 8uR =( )(1348){ +1672X)
=10,000

Now X, = (Z) - L(Z) = 0674X,
L), "¥22\1),

=1348XJl672X, =
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We then find

X} =(Z) = 4.06_=(£V-)
L) L),

13.30
Let V* =5V V™ =-5V
P=1,(10)=3=1.=03m4
= [ oge = 0.1 mA =100 g4

1
= = = = 1 MQ
rol ra! ralo (002)(50)
e
(0.015)(50)
B
" (0.015)(100)

f 3SYw
g =2 (TXT)(SO) =592X,=g..

where X, = (%)
1

=133 MQ

=0.667 MQ

Assume all width-to-length ratios are the same.

80\ W
8 =2 (7)(?)(50) =894X,

Now

R, =R R, = [g-s(’oe)(’u“"nn)m{gmt(’o:’alo)]
= [89.4.x,(133)(0.667}1) [[592.%,(1)(1)]
(47.6.X,)(592X,)

= [47.6Xl ]|[59-2X|] 476 X, +592X,

So R,=264X,
Now
A, =g R, =(592X,)(264X,) = 25000

So that X7 = % =16 for all transistors

13.31

(a) 4,=Bg nl(r vénrol)
1 1
=ry=——=———— = 0741 MQ
Gl A,  (0.015)(90)

Em =2 (%)(%)1,,, =2,[(500)(30) =245 pd /V

A, =(3)(245)(0741j0741) = 4, =272

®) R, =7, =07410741=> R, =371ikQ

© fro=5mm= :
" 2R C 24(371x10°)(5x10™
fro =858 kHz

)I>

GBW =(272)(858x10°)=> GBW =233 MH:

13.32

1
(@) re= W =05 MQ
1
re= W =0.667 MQ
A, = Bg,, (’os I’oa)

400 =(25)g,,,(05/0.667) = g,,, = 560 pd 1V

g, =560=2 (§9 K)(40) - (E) =49
2AL L
Assume all (W/L) ratios are the same except for

M, and M. (—p{—) =(L’E) =1225
s 6

(b) Assume the bias voltages are
V=5V, V- =-5V.

45V
M‘: Féufl
TN ISroes
! !
fneFAl |
=P ForA
Mg }_ + MA
o
1
— 5

Assume (E,—) =(1V—) =49
L A L B

I,= (?}49)(%“ ~05)" =80 =5V, =0702V
Then

80y W
Iogn =80= (-2- T)C(V°” ~05)’

286
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For four transistors
- 10-0.702 =2325V

Vasc

80=(9 Z) (2325-05)' = (Z) =060
2AL). Lje

1

27R,C
1

27{286x10°)3x107?)

GBW =(400)(185x10°) = 74 MHz

© fiw= R, =050.667 = 0286 M

Jow= =185kHz

13.33

(a) From previous results, we can write
R0 = EmiolTuro%es)

R, = Zua(Turales)

A= Bgml(RowﬂRoll)

Now
1 1
Too =Tog = = =05 MQ
% 4,B(1,/2)  (002)(25)(40)
Toa =T ! = ! 0667 MQ

" 2.B(1,/2) (0015)25)40)

Assume all transistors have the same width-to-
length ratios except for M, and M,.

w
Let | —]=X?
(L)

Then

8o =2 \{(%- %'—)m(lm,,) = 2\/(3;))(’(25)(40)

=8367X

=2 \K"? -’E’-)n(lm‘,) = 2{%)){’(25)(40)

=1265X

B =2, ’(8—20-)X’ (40) =80X

Then

R,,, =(83.67X)05X05)=209.X MQ

R, =(1265X)X0.667)0.667) =563X MQ
We want

20,000 = (2.5)(80.X)[20.9.X[563.X]

=200 Mﬁﬁ = 3048X2
209X +563X
Then
X =656= (.”_’)
L
Then

(%l - (_’;"_l =(25)(656)= 164

287

(b) Assume bias voltagesare V* =5F , V- =-S5V

+5v
M‘, Fove
TRANS 1St s
! '|
fnerdl L=
=50, §CeeA
/‘73 + MA
G ™
1
-5V
Assume (ZV_) =[V—V-) =6.56
L A L B
80 2
I,=80= (-2— 656)(Vys ~05) =
Voe =1052V
Need 5 transistors in series
Vg = E%OSZ =179V

Then

SOV W 2
I =80=|—}§2) (179-0
e (2XL)C( 9-05) =

W
—1 =120
(L)c'

© fiw=

Now
R, = 209656 = 535 MQ

R, = 563656 = 144 MQ
Then
R,=535]144 =39 MQ

1
22{39x10°)(3x107?)

GBW = (20,000)(1.36x10%) = GBW =212 MHz

-i-;l‘? where R,=Ro|oﬂRm

fow= =136 kHz
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13.34 So
- 8u(M,) [ra (M, ra(2)] R, =(0447)(667)(667) = 1989 MQ
) i R, = (3846)(800)(333]667) = 683.4 MQ
)=2 (i-)( (100) = 447 A /V Then
2 4, =447(1989|6834) = 4, = 68365
1 —_—
M,)=——=—"""—=5004kQ
(M) Ay, (0.02)(0.1) 13.37
’ (Q):_KA_=_2_9=1200K1 Assume biased at V* =10V V™~ =10V .
T I, 01 P =31 (20)=10= I, = 167 ud
Then A = -
= gu(Ro|Ros) = 25,000
A,=447(05[12) = 4, =158 o = En(Ralls)

13.35

= ga(M;) [ra(M

ra(22)]
g.(M,)=2 (8;)(25)(100) =632 AV
M) = == o

A, (0015)01)

v, 80
=2 =— =800
rol(QZ) I 01

A, =(632)(0667(080) = 4, =230

=667 kQ

13.36
e = 200 pid K,=K,=05mA/V?

A,=2,=0015V"

Ral)
where
R, —g.x(’u lo)

R = 8ue(r0s (’M“’ol)
Now

&t = 2,/K 15 =2,J(05)(01) =
1 1
2,1 (0015)01)

0447 mAlV

Te =

=667 kQ2

r
010 A I

=667 kKQ

—19!. 01

—— =3846
v, 0026 mAlY

= = =333
Tot AJp,  (0015)02) k2

1 1
A, (0015)(0)

8 = 2K, 15, =2,/(05)(01) = 0447 md /V

rol =

=667 kQ

k) =80 AV [k, =35 pd/V?
A,=0015V", 1, =002V

Assume (E,—) =2.2(Z)
L R L),

Ry = gmﬁ( Tos olo)

R, = g-.s( 06)( Tos k;l)
1 1
AT, (002)833)

=0.60 MQ

rD.=

=0.60 MQ

rolO
p D8

Bms =2 (%’X—Vg)'!m =2 (325)(2 2)X*(833)

=1133X
where X2=(Z)
L,

V%0

re= =—=0960 MQ
833

o6 I 6
1 1

TS AT, (0015)167)

N S

A0, (002)(833)

=040 MQ

= 0.60 MQ

8=~ =—_=3204 A /V

&m=2 (I;—PX—;%)‘ I, =2 (325 )(2 2)X*(833)

=1133X
Now

R, = (3204)(0960){0.40{0.60] = 738 MQ
R, =(1133.X)(0.60)(0.60) = 408X MQ
Then
A4,=25,000=(1133X)[738}408.X]

=(1133 X)[M]

738+408X
which yields X =248
or

288




X*=616= (1)
L),
and

(L'E) =(22)(616)=123

4

13.38
For vem(max), assume Vog(Qs) = 0. Then

Ve=15-06-06=138V

0.236
Ipe = Ipre = = 0.118 mA

Using parameters given in Example 13.11

,l {ons

Vo = |2 ~Vpp = f——— +14=217V
“ Yk, T Vo2

hen

T

Vem(max) = 13.8 — 2.17 = vem(max) = 11.6 V

For

Vem(min), assume

Veo(M,) =V (sat) = Vg, +¥,,
=217T-14=077V

Now

Vbio = Ip10(0.5) + 0.6 + Ip10(0.5) — 15
=0.118 + 0.6 — 15 = Vpjo = —14.28 V

Then

Vem{(min) = —14.28 + Vsp(sat) — Vsg
= —-14.28 +0.77 - 2.17= —15.68 V
Then, common-mode voltage range

~15.68 < wem <116

Or, assuming the input is limited to £15 V, then

=15<vm <116V

13.39
For I, = I; = 300 uA,
Vs = Ve +(0.3)(8) = 0.6 +2.4=3.0V
Then
L=K,Ve +V5)'

03=K,(3-14)
= K,=011TmA/V?

289
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13.40
For Vop = 0 for both Qs and Q5, then
Vs = 0.6 +0.6 + Vse + (-——Vs)
So2Vs =1.2 4+ Vsg
Now

06+ LR =V, = ’1’(—'+V,,, and 1, =1,
4

Also I, =1, =K, (Ve +V5)" s0

0.6 + (0.25)(8)(Vsg — 1.4)* = Vsg
0.6 +2(Vis — 2.8Vs + 1.96) = Vsg
2V3c — 6.6Vsg +4.52 = 0

6.6 + 1/(6.6)% — 4(2)(4.52)
2(2)

Vse = =233V

Then 2Vs = 1.2 4+ 2.33 = 3.53 and

V=1

65V

[31

s,

13.41
Ics = Icy = 300 uA

Using the parameters from Examples 13.12 and
13.13, we have

_ BaVr _ (200)(0.026)

Ri=ruy = 7 o =173k
4= T T (R,) = {Z0803)-(173)
or
Ay =10.38

Now

- Ichs _ 03
gm1y = Ve = 0.0%8 = 11.5 mA/V

_Va 50
To13 = Tos 03 °= 167 k2
Then

Ava| = gm13 - ro13 = (11.5)(167)

or
[Ava| = 1917
Overall gain:
{A.] = (10.38)(1917) < 19, 895
13.42

Assuming the resistances looking into Q4 and into the output
stage are very large, we have

_ B Roxs
14val = tra + (14 B)Res

where Royy = ro13(1 + gmia (REesal|rma)]
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50
ICIJ = 300 #A, 013 = ﬁ =167 kQ 13.43
. ' . V —0i . I — I
gmia = 93 11.5 mA/V Since Vgs in Jo. Irer Dss
0.026

r"u:w:n“} k0 = Ipss = 0.8 mA

0.3 e E—
So

Ro1a = (167)[1 + (11.5)(1]{17.3)] = 1.98 MQ
Then

(200)(1980)
v = —=—————— =18
|Avl 17.3 + (201)(1) 14
Now
C. = Ci(1 +]Au2|) = 12[1 + 1814]
= C, = 21,780 pF
1
feo = 577,
Reg= R.zHTouIIfaxo
Neglecting Ra,
1 1
= = = 333
010 = o1 (0.02)(0.15) ke
Neglecting R,

50
Toiz2 = '6'-1'-5- = 333 kQ

Riz =rtmia+ (1 4+ B)RE1s = 17.3 4 (201)(1)

= 218 kQ)
Then

1
fpp

or

fpp =77.4 Hz

Unity-Gain Bandwidth
Gain of first stage:

A4,= 2K-’Q$ ‘(Rzl’oxzn’m)
= /2(0.6)(0.3) - (218]|333||333)

= (0.6)(218||333]|333)

or Agq = 56.6
Overall gain:
A, = (56.6)(1814) = 102,672
Then unity-gain bandwidth = (77.4)(102, 672)

= 1.95 MH2z

= 2x[218][333][333] x 10° x (21, 780) x 10-12

13.44

8. Ri=res+ (14 0)[res + (1 + B)RE)

_ (100)(0.026)

~ Ics 200 uA
I = — i ——=
cs 7 100 uA
So

rs = 100)(0.026) — 1300 kQ
0.002
Then

R,z = 1300 + (101)[13 + (101)(0.3))

or

Rix =5.67 MQ

b. A, = gma(reafjrod||Ri2)

Iz = % VT5 Toss = 5 - 0D)(02)

= 0.0943 mA/V
ro,=7\-}?= Wm:soom
ro.=%:=§—:(l]-=500kﬂ

Then

A, = (0.0943){500]|500]}5670}
or

A, =22.6

13.45

a. Need VSD(QE) 2 Vsp(sat) = Vp
Por minimum bias £3 V

Set Vp =3Vand Vorr =3V
Vzxk — Vpy

R,

3-0.

lrer =

so that Ry =

Setbiasin Qg = Irgr2 + 1722 = 0.1+0.1 = 0.2 mA

Therefore,

Ipss =0.2 mA
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b. Neglecting base currents

12 -0.6
Iy = IpgF = 0.3 mA = “5—™
01 F1 R¢
50 that
R, =22.8k0
13.46
a. We have

w2 = e VI5 Toss = 2 /G

=0.354 mA/V

1 1

Toz = Mo - ——_(0.02)(0.5) =100 kQ
Vi 100

Tos = E—o—‘__)--.200k9

0.5
Ime = gooe = 19.23 mA/V

00)(0.
"= u‘l&s) =10.4 k)

0.5
So

Ros = 1o4[l + gma(r=4]|R2))
= 200[1 + (19.23)(10.4}[0.5)]
= 2035 k2

|Ad| = gma(roal| Ros]|RL)

For Ry — o©
jAd] = 0.354(100}2035) = 33.7

With these parameter values, gain can never reach 500.

b. Similarly for this part, gain can never reach 700.
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Chapter 14

Exercise Solutions El4.3

El4.1

Vmu(ma'x) =V - le(sa’) - le

Vlcu(min) =V +de(sal)+le (sal)— Ve

We have:

Toge =100 44, k! =804 /V?, k, =40 yd/V?,

(&)

For M,:
I,=50= (?
S0 50 = 500(V;g, —05)" =V, =0816V
Ve (sat)=0816-05=0316V

Then

Vo (max)=V* -0316-0816=V"* - 113V
For M, :

I,=100= (%9)(25)(%5. Vo)

So 100= 1000y, —05)° =V, =0816V
Vosd(sat) =0816-05=0316V

Vo (min) =¥~ +0316+0316-0816 =V~ -0.184
So

V- -0184<vy, sV -113V

25 Ve +Vip)’

El4.2

v,(max) =Pt - V’,,(sal ) - leo(sa’ )
v,(min) =V~ +V, (sat) +V,eq(sar)
Now
50

V.. =V. = Jom—————

%ot B Ty (40/2)(25)
Ves(sat) =Vg,o(sat) = 0316V
So v,(max)=V"* -0316-0316=V" —0.632
Also

50
V.. = ’__ 5= 0.
as6 (80 /2)(25) +05=0724V
, 100
Vie= |-————+05=0,
ass (80/2)(25)+ 0816V

Vass(sat) = 0.724-05= 0224V
Vnse(sar) = 0816-05= 0316V
So v,(min) =¥~ +0316+0224 =V~ +054

Then
V- 4054<v,<V*-0632V

+05=0816V

293

~50

EE=m

= Acr = —49.949

a8 AcL =

dAcL - 10 x 51 dAct

b. =
3 x 104 ACL

= 0.0102%
v 0.0102%

-50
AcL = 051 = AcL = —49.943
{ + 4.5 x 10‘]
El4.4
. 500
Acr(ideal) = -2 = -23

Within 0.1% = —25 + (0.001)(25)
= AcrL = ~24.975

~24.975 = __‘_%__
14 =2
[ - Au!-]
26 -25
— LT e - = V. 0 0
AogL —-24.975 1=0.001
AoL = 25,974
El4.5
8 AcL = Acr{oo)
1+ [-——-—A“(w)]
AoL
R, 495
AcL{oo) =1+ R, —1+T_100
100
AcL = 155 =Acy = 99.90
+ ——
105
Acw{oo) =100
dAc, 100
—_—Z =10 X — = 0.01%
ActL X 105 ==

Acr = 99.90 — (0.0001)(99.90)
= Agy =199.89

El4.6
Acr(oo) ~Ace _ . _AcL . _ 1
Acr(o0) Ac(oo) 14 Ac(o0)
Act
1+ ACL(OO) -1 Ac[,(oo)
$00.001 = Acy = ——Ace
1+ Acr(oo) 1+ Act(o0)
AcL ActL
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0.001 = 0.999 . AcL()
AoL
0.001 0.001
Acr(oo) = gag - Aor = giaoe -

= Acr{oo) = 10.010

or

Acp = (1 —0.001)(10.010)
= Acr = 10.0

El4.7

a. Por Ry =0

Solutions Manual

10%)

1 11 . 5
——=— — 10Y) = 0.
R l0+m(1+ Y=01+410

=>R;=10"k0=10Q

1o

Ry 10 1+1+1
Ry =3x10""kQ
= R;=3Q
El14.8
’_'_(B_-L
3y - R.
s 0.1 _ -5
a. '.1—10‘—-1)(10
17 10 _a3
b. o —-10‘_1x10
El14.9

o
2
|

1 | {1+1o‘+1
—_ X | e—————

40
40(1 4 10%) +99(1 + —1—>

1+ =
~ 4 x 10° +4.059 x 10°

- 100

+ 10¢
’ 3(10)

Ry = 4.04 x 10° k2 = Riy = 4.04 MQ

El4.10

Voltage follower R, =0, R; = oo
Ry = Ri(1 + Aor) =10(1+ 5 x 10°)

= 5 x 10° kQ = R;; = 5000 MQ

El4.11
R;
1+ — =100
R
5
a _1_-.-_1—[1—()—]:10
Roy 100 | 100
= Ro]:().lg
5
b. _}_:_1_ l.(.]_] =10%
Roy 10 [ 100

Roy = 1072kt = M

El4.12

From Equation (14.43)

A
ACL(f) = CLOf
L)
fep(Ao/AcLo)
3 25 3 25
- f T f
"o Goae s T Tk
a. For f =2 kHz
2 =25 = vo(peak) = 1.25 mV
Vi
b. f = 20 kHz
Y _ 125 o yo(peak) = 0.884 mV
vi~ V2
c. f =100 kHz
o o_ 2 = 2599 = 4.90
v \ﬂ +(100/20)2 50
= yy = 0.245 mV
El4.13
Full-scale response = 1 x5 =5V
t= -;— = t=125us
El14.14
SR 0.63 x 10°
. W = =
» FPB 27 Vo({max) 2n(1)

FPBW =1.0 x 10° = FPBW = 100 kHz

b.

294

0.63 x 10°

FPBW= Tm)-

=1.0 x 10*

= FPBW =10 kHz
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Chapter 14: Exercise Solutions

El4.15
(100
faam = = 20 kHz
SR
Jmax = faap = el
SR 0.8 x 10°
Volmax) = 2xfaap  2m(20 x 103)
= Vo(max) = 6.37V
El4.16
-14
oot = [viein (22| = 0.026)1a (152555
Is
= Vo5 =2.03mV
El14.17
We need

ic1 = ica, VEC3 = VEcy = 0.6 V, and

vegy =vcEa =10V

By Equation (14.60(a))

caminfon ()] c+3)
= 1o (222)] (1 + 57)

By Equation (14.60(b))

ica=1s [exp (foiz)] (1 + 1—3-)
-isfoe (522)] (+56)

Isy = Is2, take the ratio:

VBE1 — VBE2 Iss
xp Vr = Tse

Iss
= 0.026 - In (1.05)

veE:s —vBEx = Vos = Vrln (-I-s—3>

= Ws=12TmV
El4.18

V_l. IQ.AKn
> 22K, | X,

0020=1. ﬁ(ﬁ‘_K_-)
2 Y2(50) \ 50

= AK,=163ud/V?

=>-A—K—"—=E-3-=> 326%
K 50

)

295

E14.19

o

R,
Rs + Ry

>V+ =5mV

Rs € Ry so-}-{—b- x V* =0.005
R,

R

E14.20

(0.005)(100)

0 = 0.05 k2

=$R5=50Q

R; =25{|1 =0.9615 k2
R, = 75||]1 = 0.9868 k2
For Ig = 100 A = ic1 = ic2 = 50 pA

From Equation (14.75)

(0.026) 1n (

50 x 107°

-—1—0—:;;—) + (0.050)(0.9615)

1C2

= (0.026)1n (—-) + (0.050){0.9868)

Isq

0.58065 + 0.048073

El14.21

= (0.026)In ('i’-> +0.04934
Is4

Iss 21.05 x 10724 A

From Equation (14.79)

R
o =IpmR: — IpmaR; (1 + —2>

Ry

Ror vy =0

0= (1.1 x 107°)(100 k§2) — (1.0 x 10‘5)1{3(1 + 1_‘29.)

10

Rs(11) = (1.1)(100 kf}) = Ry = 10 kQ2

E14.22

a.

vo = Im Ry = (107%) (200 x 10°)

=y =020V

Ry = Ri|{Ra||Rs = 100{|50{}200
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Problem Solutions

Solutions Manual

= Acp = —4.92
14.1 1 1  1+10°
2, -E—]-_l—o-+ oo = Ry=9890
N\ NN
K, A
n ¢. PBor R; = 100 kQ
v L, ——
T —L,-—:- i ° s = —(1/20) 7
! - N AN R
- (2: T 100 ' 103\ 20 ' 100 ' 100
< _ -0.05
= = T [0.01 47 x 10-3)
or
vy = in vy — Vo vy
R, R, R, ad vo = —Aorn ‘= Acp = —4.965

vo 3
50 that vy = ——— 1 1 . 1+10 ~

aL R; =100 T 0 P9840
CONC R (S
R, R, '\R, " R, 'R,

142 @
So A
el ko)
R~ "R T A \Ri " R R
Then
vo ~(1/R1) 3
A S
CL 2.

77=[L+_1_(_1_+-1_+L)r
Ry, Ao \Ri R, R

From Equation {14.20) for Ry = oo and Ry = 0

a. For R, =1 k)

—(1/20)

ACSTT a1 11
100 103 \ 20 100 1

_ —0.05
~ [0.01 + 1.06 x 10-3]

or

= Ag[ = —4.52
1 1 1410
-1 iy =908 0
__...RU 1 + 100 = R, 143

b. For Ri = 10 k2
. —(/20)
Act= [ESPEN ERRE
100 103\ 20 100 10

_ —0.05
= [001 + 1.6 x 10-4]

297

For the ideal:

R_010
(1+R1)_00002_50

v,(actual) = (01 0)(1-0.001) = 0.0999
So
0.0999 _ 50

0002 ¢, 1 (50)

L

=49.95

which yields
A, =1000
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_(leo’ 1 )
1 100 4.99999x10°
- 100) o )

ot = 'V‘
(_l_+1+_l_ L1
10 1 100

v,y =—4.504495x10° .y,
Now

171
Then
v,~v, = KRy,
which yields
V'.
Vv =

' KR +1
Now

-

14+5x10° + -
1,1 10
10 100} 1 1
10 100 |

=
=(01)+(00 1)[5'0011+1° = 4515495

Then

V‘ _ v,
(45.15495)(10) +1 4525495
We find

v, = —4.504495¢10°| ———
452.5495

\ =

Or
v
Ay =—2L=-99536

For the second stage, R, =
_(leo’ 1

1 100) ) 3

v,= =Ty M —4.950485x10" - v,
-
(l 100)

3

715+—1l ———.“5"}0 = 4961485
Y
100

K=

Vv = vol = vol = vol
' KR +1 (49.61485)(10)+1 497.1485

Then

v,, _ —4.950485x10°
v, 4971485

So
4, =22 =(-9.9536)(-9.95776) =
vl

A, =99.12

=-995776

.V‘

vy —Vr V_1 V1—-Vo_0

Ri+ R, Ry R, -
Y R U SR ) R
"|Re+R "R R} R R tR
Vo vo - AaLVa | Vo — 1)
ol =90
R Ro + R,

or

_ vr — v .
va = (RS + Rl) RI
So substituting numbers:

ml—tey Ly Ll w0 v
o0+20 " 107 20] ~ 40 T 10+ 20

or

11[0.15833] = 15[0.025) + v[0.03333)

11 1 v (10%Y g
"°[1+ 5 ]_40+ 05

v0[3.025) = »1[0.025] + (2 x 10*)vq

vr—wm

= (L=} 20 =0, _

V4 (10 B 20) 2 0 6667(111 V1)
So

10[3.025] = 11[0.025} + (2 x 10*) (0.6667)(v1 — 11)
or

v0[3.025] = 1.333 x 10*v; — 1.333 x 10*1,

298

N

2)

3

(1)

2)

()

2)




Rrom (1):

v1 = vo(0.1579) + v1(0.2105)
Then
vo[3.025] = 1.333 x 10%y;
—1.333 x 10*[19(0.1579) + »1{0.2105)]
vo[2.1078 x 10°] = v7{1.0524 x 10*]

or

Acr = 2 =4.993
(214

To find Riy: Use Bquation (14.27)

1 1 0.5 0.5 0.5
(EJ’TO)(HT*ZB') - (40)2}

(10%) vy
T

ir(1.5125) = vy {(0.125)(1.5125) — 0.0003125} — 25w,
or

i7(1.5125) = v;{0.18875} — 25p,
Now

va = 17 R; = i7(20) and v1 = vy — 17(20)

So

ir(1.5125) = [vr — ir(20)] - [0.18875) — 25i7(20)
i1{505.3] = v1(0.18875)

or

Y2677 k02
i

Now R,y =10 + 2677 = R,y = 2.687 M}

To determine Ro,: Using Equation (14.36)

Aol A S S DS
R T RC|TT B | TR | T
Ry | R: 10420
orRyy =350
Thea Roy =1 kQf}3.5 Q
=>Ro‘=3.49ﬂ

b. Using Equation (14.16)

dAcr _ 5 dAcy _
k= ( 10)(10,) = =2k = —(0.05)%

299

14.5
a.
4 -~
- (2°
v »
’ Sk AU
.
<
— A - ’
Vo ROoLVd VDR‘-VI =0and vqg = ¥; — vo
So
Vo AoL Vo vr

Chapter 14: Problem Solutions

A AR OR Ml Ak

0.2 02 " 100 100 7 0.2
v0[5.000501 x 10*] = v;[5.000001 x 10*]

S0 Acr = 2% = 0.9999
v

yo{z_+ﬂﬂ‘l+_l_}=,,[_l_+m]

b. Setv; =0

"°=Z‘;—-IEA;.+L”‘+—;%MV4=_VO
1 Aor 1
lo—Vo[R°+ R +Ri]
Then
1 1 A 1
Ry R R TR
or
1 1 (10Y) 1
Roy 0.2 0.2 100
which yields
Roy =0.0200
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14.6
Yoy
20w
T —AANNA—
I
—,
4
{-1"%
T, =\ o,
xa -
-1 _
= oL
yn —n i =W Vi — Vo
20 10~ 40
Vi Vi Vo __ 1 _1_ 1
20 "ot o ""‘[20+ 10+40]

and vo = ~AoLvy S0 that vy = —/:o

oL

Then

1 1 7
0.05 0.10) = —~ —_———— | —
v (0-08) + v12(0.10) "°{4o+2x103 (40)}

= —10{2.50875 x 1077]

= yo = —-1.993vn — 3.986vr12
2 -1.993

14.7

1\

40 4
= | — = =~ = 0.8 1
Ve (40+10>"’ (5)"’ 0.8 )
_UA—Vo

vV, —Va
10~ 40

2 Vo 1 1
vt = "‘(10 + 4o>

v1(0.1) + v5(0.025) = w4(0.125) (2)

vo = Aorva = AoL(ve — va) 3)

14.8

or

vo = Aor[0.8v; — va]

Vo
bnd 0.81/2 = —V4
AoL
14
=> va = 0.8vp — 2
oL
Then

V1(0.1)+u0(0.025)=(0.125)[0.8u; L ]
oL

U](O.l) — V}(Ol) = —Vlo [0025 -+ 0123}

10°

—10]2.5125 x 1077

i

%]

= Ag = = 3.9801
Vo, — vy
AA 0.0199
= 4 - = 0.4975%
Ag

a. Considering the second op-amp and Equation (14.20),

we have
1 _ L, |1st00) o0 101
Ryp 1001 |, 1177 (0.1)(11}
* o1

So H./z =0.0109 k2

The effective load on the first op-amp is then

Ry =01+ H‘/z = 0.1109 kQ

Again using Equation (14.20), we have

1
1 11 14100+ 20rrp 110017
— = —— QU0 g0 4 i
Ry 101 7 g 11.017
0.1108 * 1
so that
Ry =99.1Q

b. To determine Roy:
For the first op-emp, we can write, using Equation

(14.36)
11 AoL 1 100
Rojgs T R R, T 40
1+ Ry|R; b+ 1jj10

which yields Ros1 = 0.021 kQ
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L 1 Aor
Ro;  Ro 1+ R
(R1 + Rop1 )| R:
1 100
=1 0.10
1+ Gznyo

or Roy =184 1)

¢. To find the gain, consider the second op-amp.

Vo1 — (~Vd2 vda —Vdz — Vo2

.i__l =22 e 2L 1
0.1 + R; 0.1 m
Vo1 1 1 1 _ Vo2

0.1 +"‘“(0.1 tot o.1> =7

or

V01(10) + va(20.1) = —Voz(lO)

Vo2 — AoLVaz L B (—va2)
Ro 0.1

=0 )

2 e ) + =0
vo2(11) — w2 (90) =0

or

Vaz = v02(0.1222)

Then Equation (1) becomes

V01(10) -+ Voz(0.1222)(20.1) = -Voz(l())
or
Vo1 = —lloz(l.245)
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Now consider the first op-amp.

vy — (—va1)
1 + R;

Va1 _ —Vd1 — Voi

- 8

1 1 1
vr(1) + de(;'i- '1-0‘+ -1-) = —vpi(1)

or
vi(1) + vai1(2.1) = —vo1 (1)
Vo1 vor — Aorvay | Vo1 — (—va1)
=0 2
0.1109 Ro + 1 @

1 11 100 1
l'°‘(0.1109 + '1'+T) _"‘“('1__ T) =0

v01(11.017) — vdl(gg) =0
or
Vd1 = v°1(0.1113)

Then Equation (1) becomes

vr(1) + v01(0.1113)(2.1) = ~vo1
or vy = —~wg1(1.234)

We had vo; = —w02(1.246)

S0 v = vg2(1.246)(1.234)

or 222 — 0.650
v

4. Ideal 22 =
vy

So ratio of actual to ideal = 0.650.
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14.9 14.11
The open loop gain can be written as Sty
Aw(f) = 7 Ao 7
1 - P A
( T fPD) (l g 105)
where Ao = 2 x 10°. 2eo
The closed-loop response is
Aor
Acy = m——
R Wy P
At low frequency, A= 4,
= 7
2 x 10° 1+j
100 = ——————
1+ A(2 x 10%) S
AO
e
So that § = 9.995 x 107°. 7 Y
Assuming the second pole is the same for both the open-loop 1+ f—“
and closed-loop, then +-dB
5x10°
¢__m_1( / )_m_,( ; 200= 320 s, ,=40H:
B frp 5 x 108

1+[ 10* )
Jiw

For a phase margin of 80°, ¢ = —100°,

So Then
; fr =(5x10*)(40) > f, =2 MH:z
—100 = —90 — tan ™" (—-——5> -
510 14.12
or
f=8.816 x 10° Hz (5x10*) fpp =10°=> f,, =20 Hz
(25)f,p10° > fy i =40 kHz
Then B A, *—‘——‘ l_ 25
Mozl =1 FEA Rl /Y
= 2 10° Sra l+(40;:10’)
- (s.sus x 105)2 - (8.816 x 105>2 At f =05f, g =20kHz
fep 5 x 108 25
|4 |= —==——=2236
or 1+(05)
s At f =2f, o =80kHz
8816 x 107 =~ 9696 x 10° 2’;””
frp iAv|=————2 =1118
or 1+(2)
fpp = 4.48 Hz
14.10 14.13
3 —10° -
(a) 1% stage (20x10%)-|4, |, =10°=> |4, =50
(lo)fs-a =1MHz = f, , =100 kHz o S
2™ stage 14.14

(50)f,is =1 MHz = f, 5 =20kHz
Bandwidth of overall system =20 kHz
(b) If each stage has the same gain, so FPBW = SR _ 10x 10°
K*=500=K =2236 2Vpo | 2x(10)
Then bandwidth of each stage

(2236)f, . = | MHz = f, , =447 kHz

From Equation (14.55),

or
FPBW = fmax = 159 kHz
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14.15 For input (c), maximum output is 0.5 V so the output is
a.  Using Equation (14.55),
Veo = 8 x 10°
PO = 2x(250 x 10°) o5
or 0, X |
: Vpp =5.09V ; ,
Doty T
b.
14.17
For iﬂpul (a), max ‘Uo]l =3V,
\40..
Slope =S R
, 1 *(M”,L o A
° —(§ ]
)
» |\ !
Dy t X
¢
-3 D] ~f
. 1 1 - Then |vozl,,, =3(3) =9V
B e I eem——— 0
Period T 7= W< 107 4x1 s
One-fourth period = 1 ps
Vpo Q 3
Slope T SR=8V/us |
=Vpp=8V i
14.16 T, ;
For input (a), maximum output is 5 V. |
_.7 L
SR=1V/us
For input (b), max {ver| = 1.5 V.
0
+
5 o ! C,us)l( 2 2
| f MY i
Lo ! I | '
' | TJ‘! | 1
i { i
! - -Ls 45
5 lo is”
e Then Jroaly,, = 3(1.5) = 4.5 V
For input (b), maximum output is 2 V.
e tlus)
o {. Y1 19 20.5
l K ]
2 J t
I ¢ 3
}
1{: l, ) -Uea. ‘ l
{ 1 ¢
-8 I N -Y,5T Q%
tg«»;\
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14.18
Jiwx =20kHz, SR=08V / us
SR 08x10°
sz = N
2y 27(20x10%)
V,=63TV
14.19

|4 V
I =1 exp( ”E‘), L=1I exp[ﬂ)
1 s VT 2 52 VT

Want I, =1,, so

5x107*(1+x) exp(V;E' )

L. =]l= T
L 5x107*(1-x) exp(&’ﬂ—)
VT
— (1 + x) exp(VB’” _Vnsz)
(1-x) Ve
Or

l+x VBE:"VBEI Vos
—=exp| /= .
i-x p( v, N7,

_ exp(o.oozs 110
0.026

Now
1+x =(1-x)(L10) =
x = 00476 = 4.76%

14.20
From Equation (14.62),
VCcE1 vcE?
1 4+ = 1
Ve | L Iss [ Vi
VEB i VECH
1+ 54 14+ ——
VAP VAP
Forvces = 0.6 V, thenvgcy =5 V. Wehavevcp; =5V
$0
5 0.6
5% _Is |1t
0.6 | = Is, 3
1 —_ —
+ 30 1+ 80

== > = 1.112
s« (1.0075)

So

Iss = (107")(1.112)
or

Iss =1.112 x 107" A

14.21

f
aC

s

By superposition:
VO(V‘.) = _&'Vi =-=50v,
R

[ R, -
V,(Vee) = (l +F‘)-v‘_ =5lv,
So
v, =v,(v,)+v,(v,)=—50v, +51v,,
For v, =20mV and v, +25mV
v, = -50(0.02) +51(0.0025) = ~0.8725V
For v, =20mV and v, =-25mV
v, = =50(0.02) +51(-0.0025) = —1.1275V

So
~11275<v, < -08725V

14.22

<
_"_\(__'*. —

0 =
_ ; / B

o -
(ot

SV
L

I= 05x107?

" 5x107 4
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14.23
a.

vor| = 10(1 + 11—0(;’-) or jvo3| = 110 mV

Then

|Voz| = |llml(5) + 10(1 + %) = (110)(5) + (10)(5)

or

}Vozl =610 mV
14.24
vo due to v;

vo = (0.5) (1 + Ill_) =0.9545 V

Wiper arm at V* = 10 V, (using superposition)

_ Ry Rs ) _ ( 0.0909 )
= (R, R + e )0 = \ 50905 + 10 (10)
=0.090

Thea vo; = — (%-) (0.090) = —-0.090

Wiper arm in center, v; = 0 and voz = 0

Wiperam at V™ = —~10 V, v, = —0.090
So

Voz = 0.090
Finally, total output vo: (from superposition)
Wiper arm at V+,
vg = 0.8645 V
Wiper arm in center,
vg = 0.9545 V
Wiper arm at V',
vg=1.0445 V
14.25

1. R = R} = 0.5(125 = 0.490 kQ

or .

R,l = RZI =480 N

b.  From Equation (14.75),

125 x 10

(0.026)1n (——1—0—17

) + (0.125) R}

= (0.026)In (135-"——11(;)—1‘-) +(0.125) R}

0.586452 + (0.125) R} = 0.583974 + (0.125) R}
0.002478 = (0.125)(R3 — R})
So R} — R} =0.0198 kQ = 19.3 Q

Then

Rz(l - I)R, Rlsz
Ry + (1 —I)R, - Ri +zR:
(0.5)(1 —z)(50)  (0.5)(50)=
(0.5) + (1 — z)(50) ~ (0.5) + z(50)

25(1 - 1) 251
50.5— 50z 0.5+ 50z

= 0.0198

= 0.0198

= 0.0198

(0.5 + 50z)(25 — 25z) — (252)(50.5 — 50z)
(50.5 — 502)(0.5 + 50z)

= 0.0198
25{0.5 — 0.5z + 50z — 50z° — 50.5z + 50z° }
=0.0198{25.25 + 2525z — 25z — 2500z}

25{0.5 — £} = 0.0198{25.25 + 2500z — 2500z%}
0.5 — z = 0.019998 + 1.98z — 1.98z°
1.982% ~ 2.98z + 0.48 = 0

2.98 & \/(2.98)2 — 4{1.98)(0.48)
2(1.98)

=

So
=0.18
and
l—z=0.817

14.26

R} = Ry||15 = 0.5[|15 = 0.4839 kQ
Ri = Rz||35 = 0.5|35 = 0.4930 kQ

From Equation (14.75),

(0. oze)ln( )+:C,Rl_(o 026) In (1 )+1czRq

(0.0‘26)1n( ) ic2R; —ien Ry
(0.026) In (:C‘) = 16232[1 - f% %]
(0.026) In (:m) = ic,(o.4930)[ — (0. 9815)("")]
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By trial and error:

1oy = 252 pA and ic2 = 248 pA

or
0 _ 1.0155
1ic2
14.27
a.
I‘__ 2
o1 2
oK °
.
‘ —_—
- . Taa
r —
Por Ip2 = 1 uA, then vy = —(10"6) (10‘)
or

v = —0.010 V

b. If a 10 kQ resistor is included in the feedback loop

lok
!—\/\/\N——-
I, -
3)
%
lok +
eIy,
- Taz

Now vy = —Ip,(10) +Ip(10) =0

Circuit is compensated if 5, = [g2.
14.28
From Equation (14.83), we have

vo = Ralos
where Rz = 40 k) and 105 =3 AIA.
Then

vo = (40 x 10*){3 x 107°)

or

Vg = 0.12 V

14.29
a.  Assume all bias currents are in the same direction and
into each op-amp.
vo; = I31(100 k) = (107°)(10°) = vg3 = 0.1 V
Then
voz = voi1(~5) + I (50 k§2)
= (0.1)(=5) + (107%) (5 x 10%)

= —0.54+0.05

or

v, = —0.45 V

b. Connect Ry = 10|100 = 9.09 kf} resistor to nonin-
verting terminal of first op-amp, and Rs = 10|50 =
8.33 k2 resistor to noninverting terminal of second op-

amp.
14.30

a. Por a constant current through a capacitor,

1 ¢
= —_ t
vo C_/old

0.1 x107°
or vy = —-—'i%:r‘*~t=&l/o=(0.l)t

b. Att=10s, =1V
c. Then

_ 100 x 10712
Yo = T o-e

Att=10s, yo=1mV

= wo = (107)¢

1431

a. Assume all bias currents are into the op-amp.

vor = Ip1(50 k§2) = (10 x 107°) (50 x 10%)
or

Yo =vo =05V

vos = (—1)(vo1) + (10 x 107) (20 x 10°)
or

Voa = —0.3V
b. Ra = 10|50 = R, =28.33kQ

Rp = 20]|20 = Rp = 10 kO
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Assume the worst case offset current, that is, Jos
Isy = Ipa or Ios = Ip2 — In1.
From Equation (14.83),

c.

vo1 = Ralos = (50 x 10°) (2 x 107°)

or

v =w =01V

vos = (~1)vor — los Rz
= (=1)(0.1) = (2 x 107%) (20 x 10%)

or
llg; = —0.14 v
14.32
a. Using Equation (14.79),
Circuit (a),

vo = (0.8 x 107°)(50 x 10%)
- (0.8 % 107%) (25 x 10%) (1 + %g-)

or
= 0
Circuit (b),
vo = (0.8 x 107°) (50 x 10%)

— (0.8 x 10™°) (10%) (1 + %%)

14.33
a. ¥ R=0,

100
Vo, max = (1 + ‘ﬁ) Vos + 18(100 kn)

= (11)(10 x 107%) + (2 x 107°) (100 x 10°)

Vo, max = 0.110 + 0.20
= ¥o,max = 0.310 Vv

b.
v“'
1 Joo K
e VANA VA W Ve
jo ik lor
- v
oLk +
—

v- = Q
k3

R=10.1100 = 9.17kQ = R

=4x10"7 - 1.6
or
vo=—156V 1434

b. Assume Ip; = 0.7 pA and Iz2 = 0.9 pA, then using a ( R; )(15) = 0.010 V

Equation (14.79): Ri+ Ry

15
Circuit (a), T5-+_R; = 0.0006667
15(1 — 0.0006667) = 0.0006667 R,

vo = (0.7 x 107°) (50 x 10%)
— (0.9 x 107°) (25 x 10°) (1 + 55’%)

= 0.035 — 0.045

or
vg = —0.010 \4
Circuit (b), )

vo = (0.7 x 107*) (50 x 10°)

- (0.9 x 107%) (10°) (1 + '55%)

=0.036 -1.8

v =-1765V

Then
R, = 22.48 MDD

b. Ry = Rij|Rr =15[10 = R; =6k
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14.35 14.36
a.  Assume the offset voltage polarities are such as to pro- Assume bias currents are in same direction, but assume po-
duce the worst case values, but the bias currents are in larity of offset voltages are such as to produce the worst case
the same direction. output.
Use superposition: a. Let gy = 5.5 uA, Ig, = 4.5 pA

Offset voltages
Bias Current Effects:

100
lvor| = (l + 1—0)(10) =110 mV = |ve1 ] vor = 151(50 k2) = 0.275 V = vy = 0.275 V
50 Vo3 = 151(20 kﬂ) - vpy = vp3 = —0.165 V
lve2} = (5)(110) + (1 + 1—0)(10)
= |voa| = 610 mV Offset Voltage Effects:
50
Vo1 = (5)(1 -+ -—') =30 mV = voz = 30 mV
Bias Currents: 10
20
=~vo1 =5{1+ =) = w3 = —40 mV
vor = I5(100 k) = (2 x 107°) (100 x 10°) = 0.2 V Fos = e ( 20) vos m
Then
Total Effect:

voz = (—5)(0.2) + (2 x 107°) (50 x 10°) = —0.9 V
vo; = 0.305 V and vgy = 0.305 V

Worst case: vo; is positive and vo; is negative, then vo3 = =0.205 V

14.37

For circuit (a), effect of bias current:

Vo1 = 0.31 V and Vo2 = —1.51V

b. Compensation network: vo = (50 x 10°) (100 x 107%) = 5 mV

Effect of offset voltage

50
vo —(2)<1+3—0-) =4mV

So net output voltage is yp =9 mV
For circuit (b), effect of bias current:

Let Ip, = 550 nA, Ip; = 450 nA, then from
Equation (14.79),

vo = (450 x 107°) (50 x 10°)

If we want - (550 x 10‘9)(105) (1 + ‘:_06)
= -7 _
( Rp )V+=20mvmdv+=1ov =2.25 x 10 1.1
R + Re or
8.33
e 0)=0. = -1.0775V
(3.33 T RC) (10) 020 Vo 1

or If the offset voltage is negative, then
Rc = 4.15 MQ
vo =(—2)(2) = -4 mV

So the net output voltage is

vo=~1.0815V
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14.38
a. AtT =25°C, Vos = 2 mV so the output voltage for
each circuit is
vg=4mV

b. PFor T = 50°C, the offset voltage for is

Vos =2 mV + (0.0067)(25) = 2.1675 mV
so the output voltage for each circuit is
v = 4.335 mV

14.39

a. AtT =25°C, Vs =1 mV, then

Vvoy = (1)(1 + ?—g) = Vo1 = 6mV

and
Vo2 = Yoy (l + %) +(1)<1 + g—g)
=6(4)+(1)(4) = vz =28 mV

b. AtT =50°C, Vos = 1+(0.0033)(25) = 1.0825 mV,
then

vo1 = (1.0825)(6) = voy = 6.495 mV

and
voz = (6.495)(4) + (1.0825)(4)
or
voa = 30.31 mV
14.40

25°C; I'p = 500 nA, Ios = 200 nA
50°C, Ip == 500 nA + (8 nA/°C)(25°C) = 700 nA
Ios = 200 nA + (2 nA/°C)(25°C) = 250 nA

a. Circuit (a): For Ip, bias current cancellation, vg =0

Circuit (b): For I, Equation (14.79),
vo = (500 x 10~°) (50 x 10°)

— (500 x 107°) (10%) (1 + %%)
=0025—-1.00 =¥ =-0975V
b. Due to offset bias currents.
Circuit (a):
vo = (200 x 107°) (50 x 10°) = yg = 0.010 V

309

Circuit (b):
Let Ipz = 600 nA
Ig; = 400 nA

Then
vo = (400 x 107°) (50 x 10°)

— (800 x 107%)(10°) (1 + 59)
50
=0.020 -1.20= ¥ = —1.18 V
¢. Circuit (a): Dueto Ig, vo =0

Circuit (b): Due to [p,
vo = (700 x 107°) (50 x 10%)

~ (700 x 167%) (10%) (1 + %)

=0.035~1.40= o = —-1.365 V

Circuit (a): Due to lps,

vo = (250 x 107%)(50 x 10°) = v = 0.0125 V

Circuit (b); Due to [gs,
Let Ig; = 825 nA
Ig, = 875 nA

Then
vo = (575 x 107°) (50 x 10%)

~ (825 x 107°) (10%) (1 + ﬂ’-)

50
=0.02875 — 1.65 => yp = —1.62V
14.41 .
25°C; Ip =2 pA, Ips = 0.2 pA
50°C, Ig = 2 pA + (0.020 pA/°C)(25°C) = 2.5 pA
Ios = 0.2 pA + (0.005 pA/°C)(25°C)

a. Dueto Ig: (Assume bias currents into op-amp).
vo1 = Is(50 k) = (2 % 107°) (50 x 10%)

Sy =010V

6
Vo1 = Vo1 (l + '2—%) + IB(GU kﬂ)

- I5(50 kn)(1 + g—g—)
=(0.1)(4) + (2 x 107°) (60 x 10°)

— (2 x 107%)(50 x 10°)(4)
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or

14.42
voy = 0.12 V
b. Due to Ips:
[ &
1st op-amp. Let Ig1 = 2.1 pA E
2nd op-amp. Let /5, = 2.1 A
Ig2 = 1.9 uA
—UJZJ.
vor = Ig1(50 kQ) = (2.1 x 107°) (50 x 10°)
= po; = 0.105 V
60
Vo2 = Voi (1 =+ %> =+ 131(60 kQ)
60
— Ig2(50 kﬂ)(l + —) R R,
20 vg = (R—R—-> vr2 and vo(vi2) = vp (1 + R——>
= (0.105)(4) + (2.1 x 107%) (60 x 10%) M !
— (1.9 % 107 (50 x 10°)(4) or . s
4 2
=== {1+
or volvra) (R3+R1>( Rl)un
vog = 0.166 V For vy,
c. Dueto 5 R,
vo(vn) = '—*R— tvr
vor = (2.5 x 167%) (50 x 10°) = vo; = 0.125 V !
Then
60 _ Ry Ra Ry
Vo2 = Vo1 (1 + 56) + 15(60 kQ?) vo = (R3 T R4> (1 + R])Vn - E' -vn
Is(sok) (14 % v v
TE 20 Wecanwriteunzvcm-f--éiandu“=ch—Td.Thcn
= (0.125)(4) + (2.5 x 107°) (60 x 10°) _
— (2.5 % 107%) (50 x 10°) (4 - _&_>(1 E&) v
( ) (50 % 10%)(4) w={ ) (14 &) (Ven+ 4
or _ %g_ (Vm B Z;_)
vaz = 0.15V !
Due to [os: Common-mode gain
Let IB] = 2.6625 [J.A Acm = Yo = ( R4 ) (1 =+ ‘1}_2") et &
Im = 2.3375 A Vem  \ Rs + R4 Rij R

Differential mode gain
vor = Ip1(50 kQ) = (2.6625 x 107°) (50 x 10°)

= vo; = 0,133 V 1 (_34_> R\ R
e A=y =il\mrr/ Ut ) TR

60
Yo = Vo1 (l + Ea) + 131(50 kﬂ)

Then
~Im@Go )1+ 82

B2 20 CMRR = |24

_ -6 3 cm
= (0.133)(4) + (2.6625 x 107°) (60 x 10%) 1 R, R, R,
~ (2.3375 x 107°) (50 x 10%)(4) s \Bm+r/)UTR) TR

= R, R, R,
or [(R3+R4)(1+R1>—R1]
voa = 0.224 V
310



1 | Ry 1 Ry R»
et ee— 1 4+ =% =
2| B ( R.) (+Rx)+31

1+-R'—'

CMRR = 2
R 1 B &
R“‘(1+§L.).(1+Rl R’

R,

Minimum CM RR =>Maximum denominator

=>maximum-R—‘andminimum 5—’- Then
R; R,

Ry _ (1.02)(50)

Rs ~ (0.98)(10)

Ry _ (0.98)(50) _
"~ (Lez)ao) — +8%

= 5.204

Then

%E%g% - (5.804) + (4.804)]

CMRR = —=0 '
[m-(5.804) — (4.804)]

1
=(9.6725
2 )

= "(0.06447)

CMRR =75.0=> CMRR4n = 20log,, (75.0)
= CMRR;p = 37.5dB
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14.43

Use the resuits of Problem 14.42;

R4 1+2 50
Ra . . (1—6) ~ (l +22)(5)

R —
L 2o los G‘ol) % (1 - 22)(5)
Then
1{(1 +2z)5
ST (6 - 102) + (1 —2z)(5)]
CMRR =2 (16:"1:)2
[?;_;_0?.(6_ 10z) - (1—2x)(5)}

%[30 + 10z — 100z + 30 — 10z — 100z7]
~ [30 + 10z - 100z* — (30 — 10z — 100z%)]

1 2
5'[50 — 200z] _ 30 — 10027
20z - 20z

a. Por CMRR4g =90dB = CMRR = 31,623
x will be small, neglect the x* term. Then

——— = z = 0.0000474 = 0.00474%

b. Por CMRR4p =60dB => CMRR = 1000. Then

30 -
20z = E—O-a =z = 0.0015 = 0.15%
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Chapter 15

Exercise Solutions

EIS.1 1 3-pole |T|= _L-—_s = —6.0dB
deB = ——ZTRC ) + _i%)
1 1 V
RC= —— = ———— =139 x 10"
nfram  2x(10%) 4-pole [T| = — = ~7.24 dB
10
Then
El15.4
C) = 0.03546 uF i
R., = ——
C; = 0.01392 uF 7 feC
Cs = 0.002024 uF L1 -7
3 or fcC B = 5x 108 x 10
T} 1 1 If C =10 pF = fc = 20 kHz
= = = -
0
1+ (—f-> 1+ (3—> E15.5
fad 10 c %
. _ _) _ LA
[T| =0.124 or |T} = —~18.1 dB Low-frequency gdin: T = ~7 =~ =6
_ feCa _ (100 x 10%)(5 x 1071}
E15.2 fram = 27Cr _ 2x(12 x 10-12)
=t S = fiqp = 6.63 kHz
faap = Y Tolind RC = . 348
- 1 = -6 El15.6
RC = 010 = 3.18 x 10 1
Let C = 0.001 uF =1nF = R =3.18k0 fo=mc-
1 1 -6
RC = = =6.13 x 10
Thea T fov3 2x(15 x 100)/3
Ry =294k0 Let C =0.001 uF = 1 nF
R: = 3.44 kQ Then R =6.13 kQ) so R; = 8R = 49 k)
Ry =1.22k0
’ E15.7
fo - =
27V6RC  2x/6(104)(100 x 10~12)
|T| =001 = 1 = = [o = 65 kHz
1+ (___f3}‘5’) Ry = 29R = 29(10%)
8 2 = R; = 290 k1
1+(fa-da> =( 1 > - 10° Sz
f 0.01 E158
fa.-da>2 ~ fsdaB
Z10= f= _ 1 _ 1
( f vio fo_ZIRC=>C~2tfoR
= f =158 kHz i ~
= e = C £ 0.02 yF
E15.3 C = ax(@o0)(10) - kT
' R2 = 2Ry = 2(10) = R = 20 kO
1-pole |T| = ——=be = —3.87dB
1+ (2 ’
10
2pole |T| = ! = -4.88 dB
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El5.9
1 1
fO = > C = T ( 9)2
ox L - 102 ) _ 10—")
I\/ (01 +G ) |07 oo
C;
— =gmi
c, -7
C; 1 1
== = m=025mA/V
gm Cl R 4 % 103 = .g___.__o-.—.i.—l.—-/—_
We have

gm = 2(%’) (%—) (Vas = Vra)

K =20 uA/V? Vgs—Vrn S1V

w 0.25 x 10™°
S0 T = w100

and a value of W/L = 12.5 is certainly reasonable.
E15.10

= (R
i= (R, +2o)(12)

2(Ry + 20) = 12R,
40 = 10R, = R; = 4k

E15.11
P Rl
Vrg = (R2>VL

Rl Rl
0.10=—( =2 (- =L =o.
(R2>( 10) = 7 = 0.010

Let R1 = 0.10 kQ then R: = 10 k§2

El15.12
Ra 10
v v (i) e = ()@
Vs =182V
VTH=V5+( & >VH—132+( >(10
Ry + R,
Vrg =213V
VTL=V5+(——-—-R;1—>VL=1.82+( >
Ri + R,
Vrr =091V

2,731
o

El15.13
R
Vs = (l + —1—2—;~> Vrer

Ve = Vs - (%)w and Vr, = Vs — (%—) Vi
2 2

Hysteresis Width = Vpy — Vpp = (%)(VH - Vi)
2

o= (&) -t=n(8)

So & = 0.25
R
Then

) R
Vs =—1= (]_ + -R_1> Verer = (1 +40.25)Veer
2
= Yrpr =08V
Then

Vrg = -1- (0.25)(—5) = VIH =025V
Vryp = -1-— (0.25)(5) = Vrp = —2.25 V

El15.14
VTH"VTL—-(R1+R (Vg -~ V1)
0.10:( >(10-—[ 10))
Rz_ 20 _ Ra _
1+R1 —0.10—200:» R, = 199
R,
Ve [ —22
s (Rl-i-Rz)VMF
Ry 1
V, ={l4+==|Ve=1{1 ——
REF ( +R2) s ( + 199)(1)
= VREE = 1.005V
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Test Your Understanding

= Vu —Vgs(on) - V-.,

! R+01
10 - 0.7 - 0.7 =43 k0

R+01= o3

= 9

E15.15
Att=0",let vy = -5sovxy = —-2.5 Fort> 0

~1
vx =10 4+ (—2.5 - 10) exp (——)
X
When vx = 5.0, output switches

5.0 = 10 — 12.5exp (-‘—‘)
™

o (_ﬁ_) _10-5 _ 50
P\Tn/) T s Tizs
4 12.5 12.5
exp +;—; =-5—6-=>L1=rx-ln ?‘0—
= = rx(0.916)

During the next part of the cycle

x =5+ (5= [-Sher (--L)

When vx = —2.5, output switches

-2.5=-=5+10exp (—--ff—)
X

oo (L) _5=25 _ 23
P U/ "10 " 10
t2 10 10
exp (+;) =73 Sla=7x-In (ﬁ)

= t; = rx(1.39)
Period = t) +t2 = T = [(0.916) + (1.39))rx

=231rx
1

= Frequency = 51—
rx = (50 x 10°)(0.01 x 107%) =5 x 107" s

= f =866 Hz

i
D = 00
uty cycle i1+t2XI %
_ __ (0.916)
~ (0.916) + (1.39)

= Duty cycle = 39.7%

x 100%

-Ue
lo
s I A
A ,
, N\ / \
yi N / b »
/ \\ / /'
_;'S‘/
-
E15.16
(i) ()
XE\R v+ R ) T \10+20)"° 737"
t=20, ux=——1§q.
10
Vx = 10 + (“—3—' - 10) exp (—:;)

-3

Output switches when vx

t
10 j0-1333exp (—;—‘;)
i) _10-333 _ 6.67
P\ T 13.33  13.33
1) 13.33
exp +:; ==

67
th =7xIn(2) =

2

K]

6.
(0.693)rx

T = 2(0.693)rx
!
f= 2(0.693)7x

rx = RxCx = (10*)(0.1 x 107%) =1 x 107

= f =722 Hz
= Duty cycle = 50%

o v

335 /N
N\

fo

- ¥

AN
7,
y

1

-3

-0

315




Electronic Circuit Analysis and Design. 2™ edition

Solutions Manual
E15.17 Ei5.19
a. 7tx = RxCx f= 1
R . T 0.693(Ra +2RB)C
1 0
vy = (-———-)1«,: (-———)(12):1.2V _ 1
g" + Ra 10+ 90 = 10.693)[20 + 2(80)] x 10° x (0.01 x 10-°)
1
= =0.10 — a0
b= v i1 H = f=1802Hz
0.7 _ Ry + Rp
1+ Vy/Ve] 1+T2_ Durycycle-RA+2RE x 100%
T=rxln|——| =7xIn | —4~
1-8 1 - (0.10) 20 + 80
I 20 + 2(80)
T =50x 107 = rxIn{1.18] = (0.162)rx .
50 % 10~ = Duty cycle = 55.6%
= = 3.09 k1
Rx = Gixio-oy01en) — 2a=309
E15.20
b. Recovery time f= t
T (0.693)(Ra + Rp)C
t
vx = Vp + (~1.2 — Vp)exp (———) - R
* ( ) ™ Rat Re = Gheayre
Whenvx =Vy, t=1 Let C =001 uF, f=1kHz
0.7 =124 (—~1.2 - 12)exp (—-—t?—-> Ri+ Ry = 1 - = 1.44 x 10°
TX (0.693)(103)(0.01 x 10-6)
ts . R+ Rp
exp (—;;—) =T - 0.856 Duty cycle = 35 = R, T 1Rs x 100%
) (0.155) 55 = {1.44 x 10*)(100)
b =7xn osse Jrx = {144 < 10°) + Rz
rx = (3.09 x 10°) (0.1 x 107°%) = 3.09 x 107 Rp = {1.44 x 10°)(100 ~ 55)
= t, = 47.9 us 55
- = Rp =118 kQ so R4 = 26 k0
E15.18
E15.21
ﬁ——( R, )— 0 _pan 2
“\Ri+R) 20440 o P=lYe
- - 2 Ry
rx = RxCx = (10*)(0.01 x 107%) =1 x 10~*
1‘{’-0.7 Ve = V2R P=208)(1) = Vp=4V
1+ V,/Vp -4 8 Ve 4
= ————— | == 1 1 —_— = e = — =
T rxln< =7 (1x107%)1n T 0333 Ip = - 5> 1p=05A
=T =48.9 us b. Vee=12-4=8YV
Jc~05A
Recovery time

So P=1Ic-Veeg=(03)(8) =L =4 W
0.7 = 8 + (—2.66 — 8) exp (-?-)
X

E15.22
R 30
exp (_Tx> = e = 0.685 vr Ry 20
1 vaa _ B 50,
to = txIn (m) Vi Rs 20 .
= t; = 37.8 ps = 1 v 1 [2-(-12)f
A P=—Lf=_.L" 2 "2 _240mW
® =%y 12 .
Or
P=024W
c. 2 _v.=48V
- 25 L
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Test Your Understanding

E15.23
 dVe _ dVe dVy
Line regulation = 2770 = 70> - o3
Now

dVy Tz 10 -
avE (rz T R,) = To+ 4400 ~ 000277

So Line regulation = (2)(0.00227) = 0.00454

0.454%
E1524
13 3
e
Ta

i _W-W 1, 1) _ W
T =’V‘(1o+1o)

10 T 10
2 Vo Vo
%(ﬁ)—ﬁ:%—le:%”?
Vo-Wi Vo Vo—A(Vz-V) _
10 +RL+ Ro =0

Vo W Vo AuVz Vi AuV
10 " Ry ' Ro Ro 10 R

_ Y AuW
~ 2(10) 2Ro
Vo o, Ye 1000(63) Vo _ (1000)Vg
107°7 05 0.5 20  2(0.5)
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Chapter 15: Exercise Solutions

Vo[0.10 + 2.0 — 0.05 + 1000} + Jo = 12,600
Vo(1002.05) + I = 12, 600

For [p =1 mA = Vb = 12.5732

For Jo =100 mA = Vp = 12.4744

Vo(NL) — Vo(FL)

= 100
Load reg AT x %
12.5732 — 12.4744
= stz X 100%
Load reg = 0.786%
E15.25
. fon = Vz — 3Vgg(on)
' = Ri+ R+ Rs
oo 56-3(06) _ 38
3T 39+34+0576 188
= [-y = 0.482 mA
IceRy = Vrin (Iﬂ>
Ics
Tca(0.1) = (0.026)In (t‘ﬁ)
Iey
By trial and error
Ig, = 0.213 mA

Va7 = 2(0.6) + (0.482)(3.9)
. = Vp; =308V

: Ry; ) .
b. — Vo = Vg = V
(R];; T Ru [} B8 B7

223\, _
(2.23 ¥ Rn) (5) = 3.08

(2.23)(5) = (3.08)(2.23) + (3.08) Ry2
11.15 = 6.868 = 3.08R;,

= R“ = 1.39 kQ
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Chapter 15
Problem Solutions 15.2 1 1
(a) |4|= = =0447 =
15.1 2 2
NEARR T
(2) For example: fim
W)=-1d8
‘W——-‘ e
@ 1 I
e, > ®) |4]= — = T =02425>
-_-EW - \/“'( f )
- b7 ) fs-a
° =-123dB
©: -—\/\/(\l/\zv—:[ + |4
i 1
© |4|= = =0.1240 =
< 2 1+(2 [
T J,( 1 ) V1+(2)
= Jrm
|4,|=-181dB
Low-Frequency: Yoo [14.%.) =10=> R =9 —_—
Y ) )
Corner Frequency: 153
_ b 3 _ s Using PFigure 15.9(a)
f= SRE =5x10° = RC =318x10
faap = 1
(b) For Example: 2xRC
So
— 1 — 1 _ -5
_\,\/\(5\’;\,__1 kC= 27 fi_ap  2%(10 x 103) 159 x10
Y
W For example, C = 0.001 uF, R = 15.9 kQ
L (Z' so that R; = 11.2 k2 and Ry = 22.4 kQ
- ANV -
15.4
e J)
& Use Pigure 15.10(b)
+
L ,
- fieaB = TEC
1 or
- o 1 -6
"==_§f“‘c__&, 1 RC = ooy = 18 % 10
v, R, R, 1+ jaR,C
SI;’; set For example, let C = 100 pF Then R = 31.8 kQ
E‘=15=> For example, R =102, R,=150kQ And R, =8.97 kQ

1 1
R,C - =

2 e 22(15x10%)
Then C=70.7 pF

=106x10>*

319

R; =228 k1
Ry =157 k2

From Equation (15.26)

Il =
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We find Taking the derivative, we find
-3/2
f kHz IT} diTGw)l _ 1 L 1 2 . 4
30 0211 Tdw T2 P wir?
35 0.324
40 0.456 « [2(1_ 1 )( 2 )+4(3—21)]
45 0.589 Wity Ty WoTITy wrTy
or
15.5 AT
From Bquation (15.7), e I =0
() - -4
VER (% T 4 ) Wity winsty) Wi
2
- Sl - ) - 7
Por a high-pass filter, let Y; = Yz = sC, Wi LT wiTaTy A
Y; and Y = — Then
CEe (5= (-5m) - 3
1-—- - = =0
TyTy wiryrg LAl T A
Then
1 2
3202 So that — = — = 21 =Ty
T(s) = T3 T
320 + -R—(sc +3C+ —R-) Then the transfer function can be written as:
3
- 1 1 7)? 4 T
- 1 1 [T(jw) = {[1 - u2(2r2)] + w7(4r7)}
1+_JR4C(2+__SR;;C) 3 3 ] o
1 1
= {1 - + + }
2.2 2,212 2.2
Define s = RsC and ry = RyC wiry - 4w 1’;32) w3
1 -
T(s) = ———F——~ { s(w2r3)’
1+ ——(2 + ——)
8Ty aTy 3 — dB frequency
wiri=1or 1 !
Set s = jw 2 J2r . V2RsC
T(jw) = ————— Define
1+Jwr 2+‘wr) =1
41 JwT3 w = RC
= ; 5 So that
() ;
wry wTy R —
_ 1 Y/
‘(1_ 1 )__Q We had 23 = 14 of 2(RsC) = R«C = Ry = 2R
winm ) wr Sothat Ry = V2 R
L, e 15.6
IT(jw)} = {(1 - m) + w—zr?-} From Equation (15.25)
1
) 171 = =
For a maximally flat filter, we want 1+( i )2
dT fJ-—dE
a7 =0 —25dB = [T} = 0.0562
dw |, _ o
[ o_n_,
faap 10
320
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So
1

0.0562 =
;l +(2)2N
1+ (2)*Y = 316.6 = (2)*" =315.6
2N -1n (2) = In (315.6)
= N=415= N =35 A 5-pole filter
15.7

Consider

For low-frequency: -2 = KRR,
v, R+

For high-frequency: Yo o R’
v

-

So we need
R+R_ _
R+R,+R, &+&

Let R+R,=50kQ and R, =154kQ =
R =485
Then

LS+R, _
=M e)= Ao

Connect the output of this circuit to a non-inverting
op-amp circuit.

€
LT

VW —yr
L4
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At low-frequency:
15+1
Va = Rz +R’ v, = +144 ¥,
R +R,+R, 485+15+144
Need to have v, =25.

v,=25= (1 +—1§:—) v, = (1 + %‘)0.75)% =’

=323

=075y,

&=

To check at high-frequency.
v = R, __ 15

“ R+ & 15+485
v, = (1+323)v,, =(333)(003)v, = (LO)v,
which meets the design specification

v, = 0.03y,

Consider the frequency response.
R, +R|-

1 R
sC  1+sRC
Then, we find

v, _ R, +R,(1+sR,C)

v R +(R+R)1+RC)

which can be rearranged as

vy (R+RY1+s(R[R)C)

(R + R+ RY1+5{RJR + R))C)
> N 1 o1
fu= 22{RJR,)C  22{1144)x10°C ~ (933x10°)C
1 1

Juz 22(R|(R +R,))C ~ 24{144]50)x10°C
1

" (233x10°)C
Set
s kHr=Lette L1
2 2 (933x10°)C  (233x10°°C
Which yields
C=223nF
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15.8

4
12 Rt 770 Pkz

(L )
Sim

-100dB = 10*
So

107 =

4.|=

2
1+(642)" = (1—(};) =10"

or
(642)™ =10"

4112x10°
1.7x10’

Now
N Left Side
1

2

3 7x10"

So, we need a 3" order filter.

15.9
43

of

— %o t+

Low-pass: —50dB = 3.16x10
Then
1 1

316x107% = =

(] ()

We find f, =337 Hz

High Pass:
316x107 = : = :

We find f, =1067 Hz

Bandwidth: BW = f, — f, =1067-337=
BW =1064 Hz

15.10

a.
vy Vo2 Vo
—— e 1
R, Ry o n 1 o
! sC
Vo Vo1
o _ _ 2
> T @
sC
u—};:— = —-% = Vo1 = ~Vq2 3)
Then
vo Vo2 _ 1
y + 1 of vo2 = Vo (—_ngC) 2)
C
And
yo__ % ( 1 ) S
R, ~ Rs \GsR.C 1
(%)
_ 1 N 1
= "1 Ri(sR:C) T Ri-(1/sC) o)
R, + (I/SC)
- 1 L. sR,C]
= TP Ri(sR:0) R,

_ [Rl + (l + SR1C)(3R2RJC)]
v (sC)Ri R: Rs

EP_ _ _l_ lsC)(R; R:Rs) ]
Ry + 3R, RiC + 82 Ry R, R3C?

1

Au(!) = 10_ = 1 R’

1

vr

e 4 3C 4 e
’R Tt SRR,

322
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. - 15.11
b A(w) = - By T a
— =+ wC + ————
E TVt LORE
Vi —=Va = VA 1)
« S ‘
L ¢
Av(jw) = 1 L : vi—ves _VE—W @
R—,“[“‘C"wcn,iz,] R R
- __R_l‘ 1 and va = vp
R4 {1+;‘uR,c——Rl—-— S
wCRa R,
vI 1 14 sRC
. 1 < (E + ,c) = va (—R—) M
lAv(jw)| = 5
1/2
R 14 {wRiC - -—-{2-1——— ’ or
'Y T WCR2Rs
R, vam
|Ayim“ when lec - m =0 1+"RC
2 413
Then Then
Ry 85 - 2v1
IAVL::A: = .ﬁ: = -3— = IA“lmAx = 28.3 vi tw= 21{8 = 2VA = 1 + SRC (2)
Now
anC[l_"'—l'— =001‘w=—"'1—"- Vo=l’1[ : —1]=W[l_’RC]
W2C2Ry R, CVTaRs 1+ sRC 14+ sRC
Then Now |
1 1 Vo - . 1~ JwRC
f:—-———: " .y_—A(Jw)zl-{-'RC
2CVR Ry 2x(0.1 x 10-6)\/ (300)? ! Ww
Al = = |Aj=1
So 4l ) ;l +w’ﬁ56" 4l
f = 5.305 kHz Phase:
¢ = —2tan"! (WRC
To find the two 3 — dB frequencies, . ( )
__ R _ b. RC = (10%)(15.9 x 10~°) = 1.59 x 10~*
[wR;C “CR. R ==+l
3 2 _ f $ |
w RszR;C - R; = :*:sz.Rac
0 0 1
w? (85 x 10%)(300)% (0.1 x 10~*)* - 85 x 10° 10? -114
= 3w(300)?(0.1 x 107°) 5 x 10° 531
w?(7.65 x 107°) — 85 x 10° = +w(9 x 107°) 3 . '
— - o
W (7.65%107°) £w(9x 107°) —85 x 10° =0 1/2xRC = 10" Ha »
( ) 5x 10° -157
+(9 % 10™
w 10 -169

= 2(7.65 x 10-%)

s /(9 % 10-3)% 4+ 4(1.65 x 10-%)(85 x 10~2)
2(7.65 x 10-7)
We find f = 5.315 kHz and f = 5.296 kHz
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15.12
Y, %% _
Ry R;]|(1/sC) -
Ks‘ Vi-W

E'T R

[l + stC]
Ra 1
R 1+ sR,C

a. 0

=0

(Viy+Vi =V,

Vo _ Ra+ Ri(1+3sRC)
Vi T Ri(1+sR;C)

(R2 + Ry)[1 + s(Ry||R2)C]
Ri(1 + sR.C)

d&=O+&HHdmww

Vi R, (l + stc)
= f = ;
3481 = 9 TR.C
= f = 1
2482 = 0 r(Ri[[R2)C
LA A 7
Ri|(1/sC) R, —
Vi Vi W

(‘T,—ﬁi:*ﬁ;
14+ R, C
1

Vi
E‘“[RQ +R1 +SRlRQC]=VQ

Vo Ry + R
Vo R
:W=@+ﬁyuqmwmﬂ
1
= deB = 2’|_(1z1 "RQ)C
15.13
Vi -V

Ri +(1/sC1) ~ Ra|[(1/sCa)

C 14 sR,C
Vi --’—‘——) =y LEsfCr
(1+3RICI Vo 3C,

ﬁ _ —8R.2C1
A (1+SR:CI)(1+JRQCQ)
- —8R201
14 sRiC + sR.Cy + 2R, R,C\C,
Yo __B
Vi R
x 801

L R2 C2 2
I + sCy (1+ E“ C—l) + 3°R:C1Cy

or
T(s) = Yg
__RE 1
" R, ] R, C,
— == . = R,C
SR G +(1+ R Cl) + 35202
b.
. R,
‘T(]W)l - - Rl X
X 1
172
R, G\° 1 2
{<‘+ﬁ7‘a‘) #(omi- i)
1
when (wz,cz - uR101> = 0, we want
R, 1
=50 = ==.
R1- C}

At the 3 — d B frequencies, we want

1 R, C
(”chz_m>=i(l+R_j'C_j)

PFor f = 5 kHz, use + sign and for f = 200 Hz, use
— sign

wy = 27(200) = 1257
w2 = 27(5 x 10°) = 3.142 x 10*

Define T = R202 and = Rlcl
Then

. 1
BRI W

(um- 1 )=+<1+’—’) @
wa T ™1
1 ™

@m_ ):-Q+—) ®
Wi 1

From (2)

w%nrg -1 _ ™ +T2
waTy 1

or

1
waTT = == =T + 72
w2

1
r(were — 1) = E + 1
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So

1

—+ T
=

wary -1

Substituting into (3), we find

1 T -1
Wity = e = — 14 Rlean = 1)
—+mn —+ 7
Wy w2
wyrmy —1

1 1
um[—+ 1“2] - —(wym — 1)
W) wq

= —[(‘:—2+ rn) + r2(wary — 1)]

w 1
Lot -2t —
w2 wy wh
1 2
Se——-n-wT; + 7
w2
w w 1 1
(w1 +wa)7] + (—1~—3')T:+ ('—-+—') =0
w3 Wy Wy w3

(3.2677 x 10*) rj — 24.96m, +8.273 x 107" =0

_ 24.96
™ = (3.2677 x 108)
1/(24.96)° — 4(3.2677 x 104)(8.273 x 10~4)
* 2(3.2677 x 10%)
Since w; is large, r should be small so use minus sign:
™ =347 x107°
Then
3.18 x 1075 + 3.47 x 10~5 -
= =7 =732x10
n 9.09 x 10-3 n X
Now
R, 1
80 = =2 i —,
R, 3.47x10°°
7.32 x 104
Then
R;

-E- = 52.37 or Rz = 524 k§}
1

Also

1 = RyC, 30 that Cy = 0.0732 uF
2 = R2C; 30 that C; = 66.3 pF
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15.14
Gain = 10 dB = Gain = 3.162

For example, we may have

W

Want Bl = 2.162

R,

For example, let Ry = 50 k2,
‘R, =108 kQ

fi= — =200
L 21I’R.1C1 -
So

. -3
RiCy = 21(200) = 0.796 x 10

For example, let R; = 200 kS =>A large input
resistance

C; = 0.00398 uF

=50 x 10°

1
2%(50 x 103)
For example, let

R; = 10 k2 and C; = 318 pF

1
fa= 2rR,C,

= RaC; = =3.18x10"%

15.15

fe =100 kBz

1
R.,— ?;-E

8. For C =1 pF, R, =10MQ
For C = 10 pF, R =1 MQ
¢. For C = 30 pF, R, = 333 ki

&
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15.16
a. From Bquation (15.28),

-V,
=A% T
Q . o

1
= = e—————— 0

and fc = 100 kHz so that T¢ 100 % 103 = 10 us

Now
Reg = L= 1 =1MQ

47 fcC T (100 x 10%)(10 x 10—12)

So

(2 - 1)(10 x 107°) 2
Q= 06 =10%x10""* C
or

Q =10pC

10 x 10~2
b = I%= Tox 10 O lea=lrd

Q = CV s0 find the time that V;, reaches 99% of its
full value.

Vo= Vi (1 - c“"') where r = RC
Then 0.99 =1~ e~ /" or /" = 0.01
ort=rln(100)

r=RC =(10°)(10x107"?) =107"% s
Then
1=461x10""5

15.17
Low frequency gain = —10 = % =10
2
_ 3 _ feCo
faap =10 x 10° Hz = 2%Cr

Set

fc = 10faas = 100 kHz
Then
C; _ 27(10 % 10%)

= = 0.628
Cr 100 x 103

The largest capacitor is Ci, so let

C; =30 pF
Then

C, =3 pF
and

Cr = 4.78 pF

15.18

a.

Req

or

b.

or

AV0='(‘1)1_E. Tczl'

Solutions Manual

Time constant = R., - Cr = r where
1 1

= = =2x10%Q
7oCs - (100 x 10%)(5 = 10-12) ~

Thea

r = (2 % 10°) (30 x 107'%)

T =60 us

V0=—'1—/ vy - dt
r

fc
So
Avy = 1
= (60 x 10~¢)(100 x 10%),

or

Avg =0.167 V
c. Now Avg = 13 = N(0.167)
or

N = 78 clock pulses

15.19

Using Equation (15.41)

fo

or

R,

15.20

a.

326

1 1
T 2xV3RC  2xv/3(4 x 10?)(10 x 10-°)

fo = 2.3 kHz

—R—=Bsothath=B(4x103)

=>Rg=32kﬂ

R ( sRCv )
= ————— ] s Yo

= Rx(/sCy) T \1+sRCv
R_ _( sRC )
= 1 "= \1+shRC) "
R+3C
R v __( sRC ) ”
= T 2T \T+sRC 2
R+ —
R
—3 R ]




Then
Vo = — R,(..Rc *( sRCy y
*T=T"R\1+sRC) \T+sRCy )"
Set s = jw

) ~w3R2C? jwRCy )
~ R \142jwRC - w*R2C?* /\1+ jwRCv
The real part of the denominator must be zero.

1-w?R3C? - P RCCy =0
SO
1

" RJO(C +20v)

b. fo max = 1
' 2x(104),/(10-11)(10-17 4 2{10-11])

fo,max = 919 kHz

1
2x(104),/(10-17)(10-1! + 2[50 x 10-12))
fo_min = 480 kHz

fo.min =

15.21

From Equation (15.46)
1
fo= wiRC

1
sOR=
2x+/6(80 x 10%)(100 x 10-17)

E=812k0

We need

Vo—Vx_l_h_ Vi — W
RER LA
sC sC

or (o ~ v1)sC = % + (11 — 13)sC

iV 1 ¥
T =7t
sC ;—C-+R

or - C = — —M
(1 = 1a)s *1TsRC
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%
v, = _—(1 + sRC)
From (2)
sC
n(sC) = [sC+ -y 7ol +3RC]
or
_ vo(1+sRC) 14 L 1 1 ]
=TT RC sRC T T+sRC

From (1)

r(sC) =1 [JC + }Ii + sC] - v3(sC)

Thea
_ 1 Vo(l +JRC)
o= [2 + ..Rc” sE:C ]
14 sRC 1
[ sEC T 1+aRC] THg (1+4R0)

e [1+23RC] [1 +sRC] [(1 + sRC)* +3RC]
sRC sR,C {(sRC)(1+ sRC)
1+ sRC
T sR,C
_ (1+2sRC)(1 +2sRC + 8 R*C” + sRC)
(sRC)*(sR;C)

_ (1+sRC)(sRC)?
(sRC)*(sR;0)

Set s = jw

(1 +2jwRC)(1 + 3;wRC + w*R*C?)
(—w?RC?)(jwR,C)
(1 + jwRC)(—w? R*C?)
T T(~w?RiIC?)(jwR2C)

-1=

The real part of the numerator must be zero.
1-w?RC* — 6w R*C* + W R} C? =0
6w’ R3C* =1
so that

1

“ = JeRC

Condition for oscillation:

2jwRC + 3jwRC - 25w R3C® + ju* R C?

-l= (—A RiC?)ja R C)

= 5 — W R*C?
T (wRC)wR,C)
But
W= wp = 1
T T YerC
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5 — % (5 - %) (6R*C?)

The imaginary term on the left must be zero.
4jwRC + jwRC — jW*R*C* =0

= = 2 p2 2y _
6R2C? or
29
(?)(SR) R w = [5— (Not the same as in book)
1= —~—5——or == =129 — RC
R, R
15.24
15.23 a.
8. Yo —voy _ "oy + Vo = Vo2
1 R ( 1 ) R
R - —_
vo1 = (1 + i) $€ - Vo 1) ¢
Ra L + R
3Cy ! Vo ~ Vo2 _ Vo2 + Vo2 — Vo3
. R (L) R
—_ sC
R
voz = (1 + R”) el 2)
Al + R, Vo2 — Vo3 =~ Vo3 + Vos
R (_1__) R
1 sC
Ro| &
Vo3 = T 3 * Vo2 3) _ Rf
RAJ“;E‘*"RJ Vo = —=~p~ Vo3
Fi We can write the equations as
Vo = — Voa (4)
A3
. vo — vo1 = w01 (SRC) + vo; — vo2
With all resistors equal and all capacitors equal, we find:
1 - = RC) + vz — v
Vog = (2)(_____) Vo o)) vo1 — voz = voz (s 02 — Vo3
1+ sRC
1 Vo2 — Vo3 = Voa(sRC) <+ Vo3
= — 2
voz (2)(1+3RC)”01 (2) and
R
. ___,L__ vo = = —R; - Vo3
voa = (2) _I-I%J—.R'C_ Vo2
. Ts.ac R Combining terms, we find
R
= [m] Vo2 vo = vo1(2 + sRC) — voz
Sy (. @
voa =\2FsRC)" voy = v02(2 + sRC) — voa
" and Vo2 = V03(2 + SRC)
vo = —Vo3 (4 and
Rre
Then Vo= —=p= Vo3

Yo = '(2 +laRc>(2)(1 +laRc)(2)(

Let s = jw

(2+ jwRC)(1 + jwRC)(1 + jwRC) = —4

(2 + jwRC)(1 + 2jwRC - w?R*C?) = —4

1+ sRC

Combining Equations (3) and (2)

Vvoy = V03(2 -+ 3R.C)2 — Vg3 = Vog[(?. + SRC)2 - 1.

Then Equation (1) is
(A)

vo = v03[(2 + sRC)? —11(2 + sRC)
— vo3(2 + sRC)
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Using Bquation (4), we find

R
- —R’l -3 = ma{{(2 + sRC)? —1](2 + sRC)

—(2+ sRC)}

To find the frequency of oscillation, set s = jw and set

the imaginary part of the right side of the equation to
zero.

We will have
Rrp . . 2 52 2
—T=(2+JwRC)[4+4JwRC—w R'C* —1-1]

Then
JwRC(2 - w?R*C?) +8jwRC =10

or
ijC[Z -w?RC? + 8 =0

Then the frequency of oscillation is

fo= L. Y10
o-—zr-—-——gz

The condition to sustain oscillations is determined from

- =22- R - R C?

Rp
- S =4-610)

or

Rr
—_ = 56
B

b. PFor R =3kl and fo = 5 kHz, we find

vio
C= eI 1)~ L=202F

and Rr = 56(5) = Rp = 280 kQ
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15.25

8. We can write

_ Ry _ Zp
Va = (R1+R2)vomdvs- (Z,+Z.)"°

_ 1 _ Rp
whete Z, = Rp “ sCg 1 +sRgCs
1 1+ sRACa
Z,=R —_— ===
and A+ 3Ca Ca

Setting v4 = vg, we have

Rp
Ry - 1+sRsCp
R1 + Rz RB 1+ -’RACA
14 sRgCp sC4
R,
R+ R
sRgCa ®

T SRpCA +(1+3RACA)(1 + sRsCp)

To find the frequency of oscillation, set s = jw and
set the real part of the denominator on the right side of
Equation (1) equal to zero.

The denominator term is

JwRpCA + (1 + jwRACA)Y1 + jwRRCBE)

or

jwRBCa + 1+ jwRACA + jwRECE
~w'RARpCACp )

‘Then from (2), we must have

1 -wiRAR5CACE =0
or
1

Jo = 2!7 ﬁ,«ﬁagaga

b. To find the condition for sustained oscillation, combine
Equations (1) and (2). Then

R _ JWRBCa
Ri+ R, jwRpCa+ jwRaCa + jwRsCp

or

R, Ra Co
I+ e =+, T e
Then
By Ra Cs
Ay _ap 4
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15.26

a. We can write

- (m5m)
VAE\Ri + R/

and
e = RilsL Y
BT \RlsL+R+sL)"

Setting v4 = vp, we have

sRL
/R R+ sL v
Ri+R sRL
R+l + R+sL
R _ sRL W
Ri+R: " sRL+(R+sL)?

To find the frequency of oscillation, set s = jw and
set the real part of the denominator on the right side of
Equation (1) equal to zero.

The denominator term is:
jwRL + (R + jwL)?
or
JwRL + R? + 2jwRL —w*L? (3]

Then

R-dil*=0
or

1 R
=57 VI

b. To find the condition for sustained oscillations, combine
Bquations (1) and (2).

R jwRL
Ri+ R, JwRL + 2jwRL

=1
3

15.27

From Equation (15.52(b))

fo=22RC
or
! 1
ke = 2rf  27(80 x 109)
RCZ2x10"

Set R = 20 k§2 and C = 100 pF

We must have

R,
—2 =2
R

Set R; = 40 k2 and R, = 20 k2, for example.

15.28

Prom Bquation (15.59)

1

[/ ac
L
2 (c, +c:>

and from Equation (15.61)

C,
=2 — 4R
c, 7

fo=

Now,

gm = 2/kalpg = 2/(0.5)(1) = 1.414 mA/V
We have C, = 0.01 uF, R =4kQ, fo = 400 kHz

So

C1 = gm RCy = (1.414)(4)(0.01)
or

Cz = 0.0566 uF

and
400 x 10° = 1
(0.01){0.0566) e
P w10
2”\/1’[ 0.01 + 0.0566 | ~
1 : 13
. Nz | ———— =138x 10"
L(8.5 % 1077) [2"(400“03)] 1.38 x
Then
L=18.6 uH
330




15.29
V. = —Vo
Ve Ve Vo - W4
Z-T"-j+-—::+ 2 l=g,..V,.,=--g,“V(,
[sCz+301 +—-+gm] =W (sC) 1)
Vi Vo —
Lyl =0 @

at (%)
sC,

1
i (;[—I+3C1> =Vo(sCi + gm)
VO(’CI +9m)

1
(;'Z + !C;)

v [’(Cx +Ca)+ EIZ + g.,.] = Yo(sC)(Ch + gm)

1
(iz+ )

[,(c1 +C) + —+g.,.]( lL + sc,)

i =

Then

= 3C1(3Cy + gm)
C; + C; SC1
L +JC;(Cl+Cz)+ RL R
+ 3gmC) + TI: = s’C, + 3gmCi
Cl +Cz 2 1 JC] dm
T +-!C102+RL+— e 0
Set s = jw
Ci+C; 2 1 chl
I YOGt Tt R tiel JwL =0
Then
3 _ Ci+C; w C1 + C;
GGl =Vl
and
gm l wC;
sz_L RL
Then
9_m_+ 1 = (C1 +CglC;
L R.L CiC LR,
1 Ci+C;
Imt R = GiRL
ngL+l=gl-+10rﬂ=ngL
C: &)
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15.30
a.
Y ¥ Vo
L +—+9mVr+T——--—0 (1)
—+ sl
sC
Vo= | 22— @
;6 +sl,
Then
11 sC gm (s L,C)
Vo{ —— + — =
0{3L1+R+1+37L1C+ 1+ s2L0,C 0

R(1 4 $*L,C) + (sL,)(1 + s* L.C)
(SRLy)(1 + 52 L.C)
3?RL,C + gm(sRL1)(s* L, C) -0
(.!R.Ll)(l +32L2C) -

Set s = jw. Both real and imaginary parts of the
numerator must be zero.
R(1 =’ LC) + jwl, (1 - w?L,C)
~w?RL;C + (jwgmRL )(=w’L2C) =0
Real part:
R(l - szQC) - w’RL;C =0
R ='w’RC(L: + L)

or
1

\/C([q + L:)

b. Imaginary part
jwLi(1 = w?LyC) - jwgm RLy (w* L2C) = 0
L, = w’L, L,C + ngIq (w’LzC)

Wy =

Now w =G +Ly
1
= s [lC + 9mRL
1= —ﬂz-(l +gmR) = 1’- =(1 +gmar,
or
L
I =k
7 S,
15.31

1

VC(L:s + L3)

wo = 2x(800 x 10°) =

or
C(Ly 4 L3) = 3.96 x 107
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L,
— R
Also L') gm

For example, if R = 1kQ, then f—‘ = (20)(1) = 20
2
So
Ll = 20L2
Then

C(21L2) =3.96 x 107" or CL; = 1.89 x 107'°

15.32

If C = 0.01 #F
then Ly =0.189 uH
and Ll =3.78 #H
Vo — W1 _ ﬂ‘ Vi — VB
N "FT R M
sC
and
Ve vep —W»n

or

v (sC+l- =4 -

B )= F = 1 =ve(l+sRC)
From (1)

2
v (sC) =1 (aC + E) - %
or
w(sRC) =vp(1 +sRC)(2+ sRC) — vp

=vsp{(1 + sRC)(2 + sRC) ~ 1]

Now

T(s) = (1+ ﬁ—f) B +,Rc;(fi sRC) - 1]

oo B
Ry /{2+3sRC +s2R2C2 —

or

Rz sRC
T =11 —_—
(o) ( + m) Lzmc2 TIsRC T 1]

. R JwRC
T = |1 Pl
() ( + 1) [I—L«"‘R’C2 +31’wRC]

Frequency of oscillation:

1

f°=21r C

Condition for oscillation:

_ Ra\ [ jwRC
= (‘ * Rx) [W]

or

1533

R,

R, °

Vo — 1 . V_] VvV, - Vvpg

sL T R * R 1)
sL

yE_(R+.~rL)V1 @
or
v R+sL Y
e sL 5
Then

Yo o (RAsL)(L  2Y, _ve
sL \ sL sL ' R)VP TR

1)
_ { R+sL R+23L)__1_}
=ve sl SRL R

Thea

vy = 2. 1

Sy {(R+3L)(R+23L)—- (sL)’_}
(sL)(sRL)

Now

- Ra sRL
T(s) = (1+Rx)(R2 +33RL+23’L2—32L2)

or

_ Rz sRL
Tl = (1 + R,) (szm T 3RLF R2)

And

. Ry jwRL
TGw) = (1 t R,) (R’ Yy +3ijL)

S
Rrequency of oscillation: fo = Tl

Condition for oscillation:

e

or
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15.34
From Equation (15.65 i B )ve
(15.65(b)), the crossover voltage is R+ R;
. _R =(—Ra__ —EE—)V
vi=—q Vrer _(R4+RB)VR‘BF+(RA+RB T
Let R = Rvar + Rr where Ry g is the potentiometer or
and Rp is the fixed resistor. Ri+Rs\/ R, R4
vee = (5 (25) Ve - (R2) veer
Let VRgr = =5V, Rp = 10 kQ, and Ry ap = 40 kQ T Ry + Ra Rs) " Rs) "
Then we have Lower crossover voltage when vs = ~Vp
RFp 10 So
V)] = —— . V] = | a— ~53) =
1'="F, 'RmEF (so)( =1V v __(E_A_+_R£) (&)v _ (EA.)VMF
TL="\R+R J\Rz) * " \Rs
and
__(50 ey _f{10+20 _5_ l(.)_
vy = (50)( §)=5V b. VTH—(_‘—5+20)(20)(10)_(20)(2)
Veg=2V
15.35 o
fmax = m—— = 0.1 = Ry + Ry = 100 k02 e ‘
max = p——w— =, 1 2 = 0 20 5
Ri+R; Vs _(1-_“‘_)(—)(10)—1=>v =—4V
TL =20
Hysteresis width S+ 2,0 20
R,
AV = Vrg ~Vpp = [ =2 -
TH ~ Vry (R‘l +R2)(VH Vi) 15.38
v6 _ Vagr —vp  vo—vB
R, 3. R~ R; + R,
or0.1= (m) (20) 1 1 1 Vaer | w0
vl Bt EtE) " Rt R
so that ! : : :
Ry = 05K Vryg = vp when vy = +Vp and Vrp = vp when
v =-Vp
R =99.5 k2
So
15.36
R 10 er 2
& Vrg=|s—"0—|Vyg=[—r](10 = R R
™ (R1+Rz) " (10+40)(1 ) Vra = 75 : 1 21
so Ve =2V (R—;+-R_:-+E)
Ry 10
Vrr = | = = ——— (-
TL (R1 +R,)V‘ (1o+40)( 10) and
30 Vrp = -2V
ITe = <o v VreF _ Zﬂ
b. Vr = 53inwt VTL = 1 R3 1 R?]
15.37 (R—1+ E*E)
a.  Upper crossover voltage when vy = +Vp, b
Now
v VreF
R = 1 1 1
""(RHR,)HV’) R’(R1 * R R,)
and -8= 1 _12 1
Ra Ry ) 10(—+ —+—)
va=|—"2_\v, —_— R R 10
4 (R,.+RB) ReF + (R.. YRa) " v
va = vp 80 that L+—1-=-—L=010

333
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AVp =Vrg - VpL =

0.2

1.1, 1
R,y R, R,

_ 2(12)
= R2(0.10 +0.10)

So R; = 600 kQ

1
Ry
1

R,

Then
1
_— —— =(.1
+R; 0.10
1
—_— =0, R, =10.17
+600 0.10 = R; =10.17 kQ
Vrg = -5 40.1 = -4.9

c.

Vpp = —-5—-0.1= -5.1

15.39

15.40

a.

U+=II]EV5=( R,

If the saturated output voltage is |Vr| < 6.2 V, then
the circuit behaves as a comparator

where |{vo] < 6.2 V.

If the saturated output voltage is |Vp| > 6.2 V., the
output will flip to either +Vp or —Vp and the input has
no control.

Same as part (a) except the curve at vy =~ 0 will have
a finite slope.

Circuit works as a comparator as long as vo; < 8.7 V
and vo; > —3.7 V. Otherwise the input has no control.

Switching point is when vy = 0. Then

|V
R;+R;) REF

Vru occurs when vo = Vy, then by superposition

— - Ry R,
vy =Vrg = (Rz +R2>VH + (m) Vrer

or

VTH=VS+(

Ry
—_\y,
Rz+R2) A

VL occurs when vy = Vi, thea by superposition

_ _ Ry R,
vy =VrL = (———R1 +R2)VL + (—-——-R1 - RZ)VREF

or

Vrr =Vs + (E%E) Vi

b. RorVeyg =2VandVrp =1V, thea Vs =15V
Now

2=15+ (ﬁ)(m)

%: 101+°R2 = Ry =190 kQ

Now V5=15=(

SO

15.41
i

Now

R
V+=VREF=( 2

Vry

190
e | V/,
10+190) REF

VR.EE = 1579V

Switching point when vo = 0.

m) 1734 where vy = Vsk

_(Ri+ R, _ Ry
( R )VREF—(1+R2)VREF

Now upper crossover voltage for vy occurs when vg =
V. and vy = Vrer. Then

- Verer _ Vrer = VL

R; R
or Vrg =“R—;'VL+VREF(1 + -—l>

R] R2

R,
R,

orVTH=VS“'R—"VL

2

Lower crossover voltage for vy occurs whea v = Vi
and vy = Vrer. Then

Vu - Veer _ Veer - V1L
R2 R-l
_ R R,
ofr Vo = —-R2'~VH +VREF(1 + Rz)
orVTL =Vs— —RI-VH
R,

334
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b. PorVrg=-—~lamd Vrr = ~2, Ve = -1.5 V.

R, R,
Then Vo = Vs — =% . Vg = =2 = 1.5 — —>
en Vry Gl H=> -2 1.5 20(12)

so that R; = 0.833 kQ}

Now
R,
Vs = —_
5 (1 + Rq)VuF

0.833
-15= (1 + —26")"}13;

which gives
Veer =-144 YV

1542

a. Vu=56407=63VandV, =-6.3V

From Equation (15.72(b)),

VTH = -‘(ﬁ—;) VL
and from Bquation (15.75(b)),

=+ (-’}:—:) (2)(6.3)

R
50 =L = 0.07937
R 3

1
Thﬂle—m#Rzzllﬁkﬂ

Now Vrg = ~(0.07937)(—6.3) = 0.5,
Vrr = ~-0.5

b. For v high, we have

I'=1Ip+Ig, Iis fixed for a given R.
Assume v; varies between + 12V

6.3 —(~
Ir(max) = —13(3-}—21 =1.35 mA
6.3-0.5
~3s = 0.426 mA
1.35 4 0.426

2

Ir(min) =

Ip(avg) = = 0.888 mA

Then we want

I = Ip(avg) + Ip(avg) = 1 4+ 0.888 = 1.888 mA
Then
12 -6.3
R = S =
1888 &=3.0k0
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15.43

8. v = Vagr +2V,

5 = Vagr +2(0.7)
or

Vrgrp =36V
R,
. Vog = ———}(V,
b T8 (R1+Rz)( REF + 2V4)

0= (5220

R, R,
orl4+—=10= — =9
+H1 R

For example, let R, = 90 kQ and R, = 10 kQ

c¢. FPorv; =10V, and v is in its low state. D; is on
and D; is off.

vi={(n+07) Vrer—n _ »n —w
100 1 T
PFor v; = —0.7, then
10-0 + 3.6 - (—0.7) - -0.7T— wo
100 1 1
ot

vp=-51V

15.44

For vy = High = (Veer + 2V,). Then switching point is
when .

v;=vs=( ! Vo
Ri+ R,

) R
or Vrg = (_—R1 -l-le)(VREF +2V,)

Lower switching point is when

R
mw=vg= (Rl-i-qu)me:—(qu +2V,)

sO

R,
VrL =~ (m) (Vaer +2V;)

15.45

By symmetry, inverting terminal switches about zero.
Now, for vy low, upper diode is on.

Vaer =1 =v1 —wo
vo = 2v1 — Vrer whete vy = -V,
SO

v = ~(Vrer +2V5)

Similarly, in the high state

vg = (VRQF + 2V,)
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Switching occurs when non-inverting terminal is zero. 15.48

Only change from Problem (15.47) is that maximum output
So for vo low, is £15 V and the vx switching voltages are £11.25 V.
Vrg =0 0 —[=(Vrzr +2V4)]
R, R, 15.49

or Vry = % - (Vrer +2V5y) t; = 1L1RxCx = (1.1)(10*) (0.1 x 107°)
2

=t =1.1ms

By symmetry 0<t<ty, vy =10(1-¢"7)

R
VrL = _'Ri, (Vrer +2Va) v = RyCy = (2 x 10°)(0.02 x 107°)

=4%x10"" g
15.46

fo =5 kHz and 50% duty cycle.

Now b o_91s
Prom Bquation (15.88) v

1 = Cy completely charges during each cycle.
f =
2.2RxCx 15.50
50 a. Switching voltage
! - R+ R 10 + 10
RxCx = ——————= =9.09 x 10 S o2 T ai. s S - T 0
2.2(5 x 10%) X (R,+RJ+RQ) Ve _(10+10+m)(il )
Let CX = 0.01 [IF. Then RX = 9.09 kQ2. So vx = +6.667 v
Also let R; = Ry = 10 kQ
Using Equation (15.83(b})
15.47 ) )
=V —2Vp - Vp e /™x = 2V
Switching point occurs when bx=Vet ( 37 P)c 3F

Then1-2..~/x = 2

R, 30 3 3
= | =—————|Vp = | ———o
x (R1+Rz) d (30+10)(1°) .

1 5
353 e~TX orty = rxIn(5)
Hvx =275V T )
h=-=m—=— =>4 =0.001s
b. Duty cycle = 50% 2 2f  2(500)

1073 = rxIn(5) = rx =6.21 x 107*
F tion (15.83(a)), 1 -
rom Equation (15.83(a)), we can write = Rx(0.01 x 107°)

3 So Rx = 62.1 k02
vx =Vp+ ("'ZVP - Vp)e"/"‘

3 b.  Switching voltage
At time ¢t = t, (one-half period) vx = e Ve

—_ Rl
vx = (Rx TR +R2)(:EVP)
So

10 1
= | e Vp) = = (V]
3 7 (1o+10+10)(‘+‘ P) =7 (2VP)
Z . VP = Vp —_ I . VPC_‘l/rx
1 = Te~t1/7x Using Equation (15.83(b))
ort; =rxln(7) 1 1
vx = Vp+ (—E‘VP - Vp)c-"/”‘ = ‘S‘VP

One period is T = 2rx In(T) = 3.89rx or the fre- Then1-— & o—timx oL
quency is 3 3
3 = i Le~ti/Tx
1 3 3
f= %R Cr ty = rxIn(2) = (6.21 x 107*)In (2) = 4.30 x 107" 5
Then

1 T=2t =86x10"%s
= =257
= GEame ey =2

1
f=T=?f=1.16kHz
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15.51

15.53
From Equation (15.92) &. From Equation (15.95)
14+ (é) T =1.1RC
T=rxln —I—-—TP— FOI'T=605=1.1R.C
then RC = 54.55s
_ R 10 .
where 8 = R+ R =10 Y = 0.2857 For example, let
C =50 uF and R =1.09 MQ
50
b. Recovery time: capacitor is discharged by current
14+ 20 through the discharge transistor.
—_ ) -
100 = rxln | S Y V* =5V, then I = > 102'7 = 0.043 mA
80 x = 213.9 us = RxCx ¥p= ;00' Ie = 4.3ImA
For example, Rx =10 k2, Cx = 0.0214 uF Ve = 5_/10 di = ’c—rf"
; 2 oyt
vy = (R TR )VP - (101025)(5) 143V Capacitor has chatged to -3--V =333V
1 + s et = Ve C _ (3:33)(50 x 10°6)
and vx = 0.7V .90 T TIe. T T 4ax10-?
To trigger the circuit, vy must be brought to a voltage less So recovery time £ & 38.7 ms
than vx.
15.54
Therefore minimum triggering pulse is —0.73 V. T = 1.1RC
Using Bquation (15.82) for T < t < T" 5% 10" = 1.1RC
: — -6
vx = Vp +(~0.2857Vp — Vp)e~t'I"x SO RC=4.545x10""s
Recovery period is when vx = V, = 0.7 V. Por example, let
o~ -t'/r
0.7 =5+(—6.43)e™" '™ C =100 pF and B = 45.5 kO
6.43¢™ /"X =43
ort' = rx In(1.495) From: Problem (15.53), recovery time
x = 213.9 us 1z Ve-C = (3.33)(100 x 107"%)
Ic 4.3 x 103
s0
=T —T=86.1 o
= t=177.4ns
15.52
From Equation (15.92), the pulse width 15.55 i
V. Prom Bquation (15.102),
1+ (72)
T=rxh | ———2L f= 1
1-58 {0.693)(20 + 2(20)) x 103 x (0.1 x 10~¢)
or f=240.5 Hz
where = =0 = _20__ _ 5 20 + 20
Ry+ Ry 20420

Duty cycle = m x 100% = 66.7%
rx = RxCx = (50 x 10°)(0.1 x 10™°*) = 5 ms

14+ %7 15.56
SoT =5In T'—é%— =#z=§,§nm§ f= )1
-0 (0.693)(R + 2R5)C
Recovery time 2 0.4rx = 2.ms Ra=Ri =10k}, Rg =Ry +zRs

S0 10kQ < Rp < 110 k0
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b. IQ = 0.398 mA, current in D, and D,

1
faua = (0.693)(10 + 2(110)) x 10? x (0.01 x 10~*) y Vo — 2Veln (,D)
= 627 Hz BB = &YD =4VT Is
= 1 0.398 x 10~°
fmex = (57693)(10 +2(10)) x 10° % (0.01 x 10 = 2(0.026)In (‘—"_10—13 ' )
= 4.81 kHz

or Vgg = 1.149 V = Veer + VeBs

S0 627 Hz < f < 4.81 kHz

Now
_ Ra+Rp
Duty cycle = R.+2Rg x 100% Ier=Tci+Ico + Iks
Now Icy = 0.379 mA
10+ 10 Iso =1 (20)1
+ Be = Ics = | 5= ) Ies
— % 100% = 66.7 21
Tos200) ~ 100% =661%
and So
10+ 110
e =52. 1
o7 3(i10) < 100% = 522% Ips = 1.051ps = 1,05(1—%)
S0 52.2 < Duty cycle < 66.7% 100
Icr=1Ici+ (m)fm + Igs
15.57 ’

1kQ1 < Ra <51k =Jci + (96.24)(%) Ics
1k < Rp <51kQ
SoIc? =0.379 mA + 1011¢cs

1

fmin = (0.693)(1 + 2(51)) x 10° x (0.01 x 10-9) and
= 1.40 kHz
1 Veer =Vrln (Ijﬂ)f Veps = Vrln (1_10_3)
frmax = s s
(0-693)(51 + 2(1)) x 10° x (0.01 x 10-%)
=2.72 kHz Then
or 1.40 kHz < f < 2.72 kHz 1.149 = 0.026[1:\ (-IIC—’> +1n (Ilﬂ)]
=FRatRe | 1oy - :
Duty cycle = 5=~ x 100% Ics(0.379 x 10™%) + 101/cs
44.19=1In .
1+ 51 (107)
7260 100% = 50.5% (1072%) exp (44.19) = 101134 + 3.79 x 10™* Ics
or
SI+1  100% = 98.1% 1.554 x 1077 = 101%¢ -+ 3.79 x 10™* Ics
51+ 2(1) === )
[on = =379 X 10
or 50.5% < Duty cycle < 98.1% cs = ———"——2(101)
(3.79 x 10—4)* + 4(101)(1.354 x 10-7)
15.58 " \/ (101)(
V*t —3Veg 2(101)
8. Ips =1Ip = m Ice = 37.4 uA
Assume Vgp = 0.7
- Icr = 0.379 +101(0.0374) = Jc7 = 4.16 mA
Igs =IE4=‘212'3":3_LZD‘%—7)=0.398HLA ) n
Ico = 4.16 — 0.379 — 0'0374(36)
Now i

Iceg = 3.T4 mA

20
Ies = Iy =Ics = Ico = (2_1) (0.398) c. P =(0.398+0.398 + 4.16)(22) = P = 109 mW
Ica=Ics = Ics = Ice = 0.379 mA
0.398 (20
21

Ici=Icy = E) = Icy = Ica = 0.018 mA
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15.59

1 V3
¢. P=2-=%
a. From Figure 1547, 3.7 W 1o the load 2R
or
+ ~
b Yalsy Ve = V2R, P = /2(20)(10) = 20 V
Y
c. P= %%’— So peak values of output voltages are
L
or vor| = Jwoz]l =10V
20
Ve = V2R.P = \/2(10)(3.7) = Vp = 8.6 V Peak load current = 5= =1 A
15.60 15.62
?_lﬁ a. vm=(l+%’-)u1
T 2R R 1 R, R
= - _ 2
so Vp = V2RP = /2(10)(20) = 20 V Voz = —p- Ve = —E(l + E—)w

-to-peak 1
peak-to-peak output voltage VL=Vo1—Uoz=(1+:—:')(l+g—:)w
Maximum output voltage of each op-amp = 410 V. Current

is (20/10) = 2 A. Bias op-amps at £12 V. $0

Vo1 R, R, R R,
For 4,, —=(14+~—~| = - =14 - =2 —_
Yy ( +R1) > A"‘<%+R1)<1+Ra)
For A,, foz =£‘—=15
v Rs b Want (1 + E_z_) vy = le‘ = ‘llog‘ = R.: = R,
For example, let Ry = Ry = 10 kQ, and R, = 140 kO ’ R,
and R, = 150 kf2. Then
R, _ R, .
15.61 <1+E1.)(2) =15= R =6.5
. .
a. vm=tRz+wwhere|=EI- . F:l.ﬁ
T 2 A
or
=1+ B =
Vo1 "’( Rx) Ve = V2R, P = /2(8)(50) = 28.3 V
Now =-peak-to-peak load voitage
vo2 = —iRy = —yg (%) Then
So Vo]l =Jvoﬂ= 14.15\/
1754 =Vo1—Voz=V]<l+§-z')— '—Vj'(&)] 1.0&dcmrem=2§—i=m
R Ry 8
- YL _ R, Ry
Av=Tr=1+ 5+ 5 15.63
Line regulation = Ao
b. WlntA..:lO:&-i--R—i:B avH
R R Now
R2 - RG +
Ahbwmt(l-{-—kr)—-m- A‘I=AI¥ and AVz =71z - Al and AV, = 10AVz
1
Thea -&--{- 1+§-’— =930-R—’=4
R’ R, Ry So
For Ry = 50 kfl, R; = 200 k{2
+
and AVo=10-rz - AX
1
%=5wai=2som So
1
. . AVe _ 10(15)
Line regulation = AV+ = 9300
= 1.61%
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15.64 15.67
=% . . AW
Ry = Alo Line regulation = =
—_{ - -3
So Rgy = _(_l’fl__). Now
! AVer = Alos - Ry
or
Roy =10 mQ
8 and (——Ri"‘—') (AVD) = AVgy = Alcs Ry
15.65 Riz + Ris
. Alz -2
For Vo =8V and Alcs = AV - z
V* (min) = Vo + Io(max)Ry; + Ve AR‘;;F R, +R; V}-{l +Ra+ Ry
A
+ VBE10 + VEBS and Alz = e where 7o = I
This assumes Vgcs = 0.
Then

Then
V* (min) = 8 + (0.1)(1.9) + 0.6 + 0.6 + 0.6
V*¥(min) =9.99 V

(0.4288)(AVo) = Alca(3.9)

0.015
_aoars(202)
15.66 To = —i = 87.6 kQ2
& os = los = Vz — 3Vpe(npn) 0.571
-e *T "R+ R + Rs
6.3 — 3(0.6) Then
Ica=Icy = ——— """ __ = (.57
c3=les = o6 134139 - OoimA AVH
. 0.4288)(AVL) = (0.00743 ( )
Ics = l(i’i) =0.106 mA ( Ja¥e) =( N 575
2\ 2.84
So
Neglecting current in Qs, total collector current and AVe
emitter current in Qs is N 0.0198%
0.571 + 0.106 = 0.677
Now 15.68
Iz2R4 + VEBy = VEBs 25 -5
a. Iz = =10
Izo Ry +rz
VEB{ = VTln I—
5

: Ics)
Vepe = V- s
EBS TIn (215

Then Iz2 Ry = Vrln Ics )

SORI+,Z=%=2L{Q=R,+O-01
= Ry = 1.99 kQ

b. In@eidealcase;

Uz Ry + Ry
_ 0.026 0.677 (—“———) Vo=Vz
Ry = 025 ~\n(2(0.25) R22+ 1:3 + Ry
+
= Wo=5=V =667V
or (2 g ]> (i = Vo
}_2! =31.50
b. From Example 15.16, V,, = 3.43V. Then and

Ry, )
13\ = Ve = V
(ng + R13 (1] B8 B7

or

2.23
camm——e = 3,
(223+ R12>(12) 4

3.43(2.23 + Ryz) = (2.23)(12)
which yields

Ry, =557k

—_ Vo=V
(R2+RJ+R4 ° z

1
(2+1+1) 0 ¢

So

667< Vo <2V
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H

i @ )

3 3
VI=Z'V0 sov,,=5—-4-«Vo
m‘/o——-Ao[,l/d—VEE

and Vs = Virln (1—°)
Is
Now

V0=AOL(5—%'V0) -~ VeE

3
Vo(l + res AOL) = 5A0r - Vg
5AoL -V,
‘/0 - 01.3 BE
14 = .
+ 1 AoL

Load regulation = Yo(NL) — Vo(FL)

Vo(NL)
5Aor ~ Vee(NL) _ SAorL — Vere(FL)
(14 2401) (14 2A0s)
5A0L ~ VBE(NLZ
(1 + %Aoz_)
Iy(FL)
_ Ves(FL) - Vas(NL) _ "™ (MNL))

5AcL ~ Vee(NL) - 5A0L — Ve(NL)

V 6.67
Io(FL)=1A, ) = et = e =
o(FL) Io(NL k0 gyl 1.67 mA

1
{0.026)In (._.._..)
. 1.67 x 102
Load regulation = :
reguiation 5(10¢) — 0.7
= 3.33x 107'%
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15.69

Vz 5.6
[E— Tz‘;—-—s——l.IZmA

8 100
Io—m'ls (101)(1 12)

= Iy = 1.109 mA Load current

Por

Vee =0=Vy=20-Vz —-056

=20-56—06
or

Vo =138V
Then

Vo 138

= — R; =124 k0
Re=1 =115 7
So

0< Rz <12.4kQ
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Chapter 16

Exercise Solutions

El6.1

a.  Driver in nonsaturation:

iy = fm“_“g = (."iXZ)z(v, ~Viu Vo - V3]

5_1;0 15) _ (5)[2(5_03)(0 15) - (0.15)%
D

4 85
=R 4.8 kn

b. Prom Equation (16-10):

(332) @rae8) Vi~ 0.8 + (Vi - 0.9) -5 =0

3.920(Vye —0.8)2 + (Vy; —0.8) =5 =0

-1+ /1 + 4(3.92)(5)
2(3.92)

Vie-08=10=V, =18V

Vie—08=

Ve=1.0V
E16.2

a. L. vp=0=>yy =4V

ii. w; =4V, drver in nonsaturation

(5)5) v

(7)o

o Vo 'Vznm]

2(5 — vo — 1)% = (16)[2(4 - 1)vo — 1{]
16 — 8vo + v§ = 8(6vo — 1)
9v§ —56vp +16 =10

56 £ 1/(56)% — 4(9)(16)

2(9)

Vo =

vo =030V

b. P = ip . VDD

. 35 2

tp = —2—(2)(5 -0.30 - 1) =479 pA
= (0.479)(5)

= P=24mW
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El16.3

P=ip~Vpp=>iD=3-gg-=150uA

150 = %(%’-) (5-0.2—-0.8)

150-280( ) (——) =0.536

( %) (vl mD)Vo“Vo]

150_—.—(%’—) [2(4.2 - 0.8)(0.2) — (0.2)?)

150=23.1-(-‘%’-) ( ) = 6.49
El6.4

a. Load in saturation; driver in nonsaturation:

k'YW .
(TX_) (Vo =V )2
k'
( 2 NL )D[Z(VGSD mD)VD.s'D - v‘z)m]
2(—[~1.5]) = (6)[2(5 - 0.T)vo — v3]
4.5 = 6(8.6vp — v3)
6vs —51.6v0 +4.5=0

51.6 + 1/(51.6)° — 4(6)(4.5)

2(6)

Vo =

vo = 0.0881V

b. Load

Vo =Vpp +Vne Equation (16.26(b))
=5-15=>v =35V

From Equation (16 — 28(b)) :

Y‘:'(Vu ~Voo) =V
‘/;:(w. -0.7) = —(-1.5) = 1.5
Load:

Y =151V

Vor = 35V
Driver:

vie =157V

vo =087V

. o= (2)(1 5)° = 78.75 wA
P=Ip-Vpp = (73.75)(5)

= P =394 aW
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E16.5

P=iD-VDD=>ID=ﬂ=70ﬂ.A

70:731'(-‘!- = (E = 9.58
L),"\T),

E16.6

From Equation (16 ~ 35) :

Vi =085y 5088 [ 1+206)
16 V1 + 3(16)

=>Vg=181V

Then from Equation (16-34):

(5 — 0.85) + 16(1.81 — 0.85)

Ve =
oLy (1 +2(16))
VoLu =0.591V
ViL =0.85
Vowu = 4.15
So

NMy, =Vip - Voru = 0.85 — 0.591
= NM, =0.259V

NMy = Vogu — Vig = 4.15 — 1.81
= NMy =234V

El6.7
From Equation (16-38):

N
Vie=14 —mt— = Vp =131V
(5)(6)

Then from Equation (16-37):
Vouv = (5~ 1.7) + (5)(1.31 — 1)
=485V
From Bquation (16-41):

2(1.7)

Vin=1+ =Vig =18V
(3)(5)

Then from Bquation (16-40):
1.88 —1
2

Vorv = = Vorv =044V
NMy =V - Vorv =1.31 - 0.44

= NM; =0.87V
NMyg =Vogv —~ Vig = 4.85 — 1.88

:NME=2.97V

El16.8

a. 1. A=logicl=10V, B =logic0
"A” driver in nonsaturation, “B" driver off

()
) mr

2(3)* = (10)[2(10 — 1.5)Vor - V&
9="5(1TVor — Viy)
SViL —85VoL +9=0
85 & 1/(85)° - 4(5)(9)
2(3)
= VoL = 0.107 V

Voo =

i. A =B =logicl

kYW 2
(‘{XT)L(_VM)
- 2(%1%)0[2(\1, VoW~V
2(3)% = (2)(10)[2(10 — 1.5)Vp, — Vg, !
9 =10(17VoL — Vi)
10V — 170V, +9 =0
170 + 1/(170)% — 4(10)(9)

2(10)
= Vor = 0.0531 \%

Voo =

b. Both cases.
35 2 ‘.
iD= 7(2)(3) =315uA = P=ip-Vpp
=P =315mW
E16.9

P=I'D~VDD$I-D=8%=160#A
33 (W s W
=160 = — . { — . =34.3( —
D - (L>L(H) 343(L)L

= (%) =ass

SRS

w i
1p =160 = . _-_) [2(5 — 0.8)(0.12) — (0.12)%
2 \1)/, ;
w
= (T>D=9.20
E16.10
P=iD-VDD=>tD=§g£=160yA
—s0=3 (W 2
1ip =160 = > (L>L(].4)
= z = 4.66
A
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ip = 160 BA
=55 (%) [2(5 - 0.8)(0.12) — (0.12)?}
D

= (T) = 27.6
El6.11
a. Prom the load transistor:
(3N ) ey
= —(03)(5-015—07)
or
Ipr = 150.7 yA

Maximum vy occurs when either A or B is high and C
is high. For the two NMOS in series, the effective ky
is cut in half, so

(kYW
Ip = .2—[(7I7)0}2(V as0=Vo Wos —Vos ]

or

- 35 (W 2
150.7 2[ 5" ( T )D] [2(5 - 0.7)(0.15) ~ (0.15)*}
which yields
w
(—L—) = 13.6
b. P=1ip. Vpp =(150.7)(5) = P =753 uW
El6.12

8.  vo(max)occus when A=B=1andC=D=0or

A=B=0adC=D=1
w

(), =2 (%) 2t Fnoe 2]

(0.5)(1.2)* = % - (V—V-) A [2(5 — 0.7)(0.15) - (0.15)]

0.72 = (0. 634)(T) = (—VY-) =1.14
AL/p
W
(5] Bt
ip = 12.6 pA
P=ip.Vpp =(12.6)(5) = P =63 uW
E16.13
s K /K, =1
Vj,:%#‘/“:!iv

Vor =Vy +WVp| =542V, =7V
Vowe =Vy~Vpy =5-2V,, =3V
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b. K./K,=05
= Vi = 10-2+v05 2) =2V =552V
14+0.5
Vopre =752V
Vone =3.52V
c. K"/K’=2
10 — 2 + v/2(2)
= Ve=m— L V=449V
It 1+\/§ It
Vope = 6,49V
%N( =2.49V
El16.14

& K =K, =504/V?
Vie=25V .
ip(max) = K,(V,, -V )} =50(25-08)’
= ip(max) = 145 pA

b. K,=K,=200ud/V?
Vj( = 2.5 V
ip(max) = (200)(2.5 — 0.8)?
= ip(max) = 578 uA

E16.15
P=f-C.-Vip
(0.10 x 107°) = £(0.5 x 107*%)(3)?
f=222x10"Hz = f =22.2 kHz

E16.16
s K,/K,=200/80=25

10 - 2 + VZ.5(2)
=V = =Vie=4.32V
T 1+ V25 “

Vopg =6.32 v
Vone =2.32V

10-2-2 75
b Vi=2+—=7 '[2V2.5+3_1]

=2V,=33V
Vorru = 2{(1+2.5)(3.39) +10 — (2.8)(2) +2)

Vogu =943V
10-2-2 2(2.5)
Vi=2+ . -1
d 2.5 -1 [\/3(2.5)+1 ]

= Vig =486V
_ (4.86)(1+25) - 10— (2.5)(2) +2
2(2.5)

VoLv = 0.802 V
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C. NML = V”_ - VQLU = 3.39 — 0.802

= NM‘ =259V
NMyg = Vopu — Vig = 9.43 — 4.86

= NMg =457V

E16.17
5-—-24(1)(6.8)
Vi = ——————tt
A n 1+1
Vie=19V
qug =3.9 v
VONt = 1.1 V

b. V;L=0.8+%'[5—2—0.8]

>V =163V
Voru = %{2(1,63) +5-0.8+2)
Vopv =473V
Vig =08+ %(5 ~-2-0.8)
=>Vig=218V
VoLv = -12-{2(2.18) ~5-0.84+2)
Vory =0.275V

c¢. NMy =V —Voy =1.63-0.275

= NMp =135V
NMy =Vogu — Vig =473 - 2.18

= NMy =255V

E16.18

& A=0= Mp, (assume zero resistance)

(2
()

Kﬂ
KP=2K-":‘E—=

(3%,

From Equation (16-55),

Vie = 5—-1+v0.3(1) v0.5(1) 2>V =216V
1+ v0.5

%P: = 376 V
Vone =176 V

b. PFrom Bquation (16-58(b))
ip(peak) = K,(V, ~Viy )’

5 (W 2 (W)
=== 16— 1) = 54.2{ —
50 > (L)N(Z 6-1) L),

w
—_ =0.923
= (L)_V

(%) = (8)(0.923) = 7.38

E16.19
Want K, =K, »

(%)%(%)N L
-(7),-2(%),

E16.20
Want K =K,

(B, (300,440
(1)1 (),

Or

Or
(W/L), 2
= = =
W/L)y 9
E16.22
NMOS:

My, , My in series = (%) =2

=~

M,y , M, in parallel = (—)=1
. . . w
M, in series with M, |M,; = (——)=2

Effective composite (%) =1 for each side.
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PMOS:

Want the effective composite (%) of each side to be 2.

M,, M, in series = (%):4

M,,,M,, in parallel = (%) =4

B

M,, M. inseries = (%) =8
E16.23
Vi

=
L
®
L
N
.

o
|

ioror
(3 7 L
i

B

E16.24
The NMOS part of the circuit is:

~

347

E16.25
The NMOS part of the circuit is:

E16.26
& vi=¢=5V =>y=4V
b v=3V, ¢=5V=>p=3V
C. vi=42V, ¢=5V=3ypy=4V
d v=3V,¢=3V=2ypy=2V
E16.27

(@) v, =8V, ¢g=10V v, =8V
M, in nonsaturation

Ky [2("0.91 ~Vao Vo = ";]
KL[VDD ~Y "VIM.]2
f(—l:[‘z(s -2)(05)-(05)"]=[10-05-2]
K

= —£2=978
KL

® v, =¢=8Vv, =6V
—%[2(6—2)(0.5)—(0.5)1]: [10-05-2]

= ﬁa—= 15
L
E16.28
Exclusive-OR A B f
0 0 0
1 0 1
0 1 1
3 110
A
A ] [
3
L |—5
a ] |
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El6.29 El16.32
sV
i From Equation (16.93)
T T /L)y _ 2WWooVrm) =
> s
o /L)y (Voo =2Wm)
= % _223)(04)-304) _ o
HENE (25204
. T e From Equation (16.95)
[ = WIL), ki AooVm) =W
oV WLy k(oo Vo)
3 2
NMOS conducting for 0 < v; < 4.2 V _(29) 2(2.5)(0.4)—3(20.4) 131
(25-04)
=NMOS Conducting: 0 < t < 84s W
NMOS Cutoff :  84<t<10s So (-Z) of transmission gate device must be

PMOS cutoff for 0 < vy < 12V < 0.526 times the (%) of the NMOS transistors in

S Cutoff : <t<2 .
= FMOS Cuto 0sts2ds the inverter cell. The (KV—) of the PMOS transistors
PMOS Conducting: 2.4 <t < 10s L .

must be <131 times the (—PZ—) of the transmission

gate devices. Then the (%) of the PMOS devices

must be <0.689 times (%) of NMOS devices in

cell.
E16.30
(a) 1X =>32x32 array

Each row and column requires a 5-bit word = E16'33, . .

6 transistors per row and column, = Initial voltage across the storage capacitor
32x6+32x6 = 384 transistors plus buffer =Vop ~Vpy =3-05=25V.

transistors. Now

(b) 4 K = 64x64 array av

-I=C—or V=——1—-1+K
Each row and column requires a 6-bit word=> at c

7 transistors per row and column =

where K =25V, t=15ms, V =2L5~=1.25V, and
64x7+64x7 = 896 transistors plus buffer 2
transistors. C =005 pF. Then
(C) 16 K = 128x128 array 1(15x10-3)
Each row and column requires a 7-bit word = 125=25— om0t
8 transistors per row and column = (0.05x10 )
128x8 + 128x8 = 2048 transistors plus buffer I=417x10" 4= I=417 pA
transistors.
El16.31

16 K = 16384 cells
Total Power =125mW =(2.5)I,

=1,=50mA
50mA
Then, for each cell, ] = ——=71=305
e, for 16384 #
V., 25
Is R=-P2 " =
Now, [ ==t or I 305

R=082 MQ
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Problem Solutions

16.1

(a) AV, =@[Jz¢hwﬂ - 20,1

e, (39)88s5x107™)

C.,=—== —=767x10"
1, 450x10°

2e € N,
= [2(16x10™117)(885x10"*)(8x10%)] "
= 515x10°*
Then

515x10°*

AV, = W.[Jz(aus) +Vg —/2(0343) |
ForVg=1V:
AVp =0671[1686 - V0686 = AV, =0316V
For Vg =2V:

AV = 067142686 -0686|= AV, =0544¥

(b) For Vos =25V, Vps =5 V, transistor biased in the

saturation region.

Iy = Kn(Vos "Vm)2

For Vsp = 0,

Ip =0.2(2.5 - 0.8)> = 0.578 mA
PFor Vsp =1,

Ip =0.2(2.5 — [0.8 +0.316])* = 0.383 mA
For Vsp = 2,

Ip = 0.2(2.5 — [0.8 + 0.544])* = 0.267 mA

16.2 ,
@ I,= DL}QD Yo = K,[Z(Va, ~Vn %o ‘Vg]
s-(01 :
” o:f 1 0,) = K,[2(5-08)01)~(0.) ]

’ -5
or K,=1476x10" A/ =8"i.(1)
w L
So that (T) = 3.69

b. From Equation (16.10),
KnRD[Vh “Vm]z +[Vn “Vm]_Vw =0
(0.1476)(40)[V7. — 0.8 4 [V, —0.8) =5 =10

~11/(1)* 4+ 4(0.1476)(40)(5)
2(0.1476)(40)

or [V - 0.8] =

or [Vi, ~ 0.8) = 0.839
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Sothat Ve =164V
P = Ip(max) - Vpp

—-(0.1)
and Ip(max) = 3 m D _ 01225 mA

or P.=0.6125 mW

4. PFrom Equation (16.10), the transistor point is found
from

KnRD(Vll _VrN)z +(Vn _VTN)—VDD =0
K, =504A4/V* R,=20kQ,V,, =08V
(0.05X20XV, ~Vix )" +(V,y =V ) -5=0

_— =-1i,71+4(o.05)(2o)(5)

™ 2(0.05)20)

=179V S0 Vi =259V
Vor =179V

Output voltage for v; = 5 V is determined from Equa-
tion (16.12):

vo =5 — (0.05)(20)[2(5 — 0.8)v0 ~ v3]
v —94r+5=0

2
9.4 £ 1/(9.4)7 — 4(1)(5) —oses v

2(1)

Sow =

b. For Rp = 200 kQ,

V.-V, )=—|¢,/1+4(o.05)(200)(5)

2(0.05)(200)

=0.659 VSoV;, =146V
Voe = 0.659 V

vo = 5 — (0.05)(200) [2(5 — 0.8)wo — )
or 10v3 — 850, +5 =10

85z v/ (85)* — 4(10)(5) — 0.0592 V

vo = 2(10)
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a.(.v-

16.4
P=i, -V,
1= :D(s) =02mA
Now
[2(v Vo - vo]
02= K"[Z(S— 08)(02)-(02)’]
or K,=0122mA/V? = (w)(z)z
2 \L
[Z) =305
L
Also
Vo =Vop —K,R [Z(vl Vo = vo]
02 =5-(0.122)R,[2(5-08)(02) -(02)']=
R, =240
16.5

From Equation (16.21) :

,200
10—2+2(1+ 5—0)

200
50

VI: =

1+
or Vi, =467V

Voo =V Voo =467-22 V,, =267V
From Bquation (16.23):

200(2(8 - 2)vo — ¥3] = 50[10 — vo — 2)?
4[121/0 - vg] = (8 - uo]2 = [64 — 16wy + vg]
5v5 — 64vo + 64 =0
64 £ 1/(64)° — 4(5)(64)
2(5)

Vo =

oryy =1.09V

16.6
(a) From Equation (16.23)

%[2(3 -05)(025)-(025)]= (3- 025-03)’

= & =426
KL
() %‘-’-[2(2.5 -05)(0.25) - (0.25)’] =(3-025-05)’
L
KL
(c) ip=K (Vc.v. TNL) =K:.(VDD”"O—VTM.)2
= (9‘—02@ 1)(3-025-05) =

i, =0203 mA
P=i,-V,, =(0203)(3)=> P =0608mW
for both parts (a) and (b).
16.7
@ P=04mW=i,-V,, =i,(3)=
i, =0.133mA4

ip = KL(VDD ~Vo _VWL)2
0.133=(9ﬁ9 E’-) (3-01-05)" =(0.2304)(Z)
2 L), L),

So (z) =0577
L L

%’-[2(2.5 -05)(01)-(01)*} = (3-01-05)’

= ﬁ=14.8 so that (Z =854
K L),

L

3-05+05(1++148)
V= 5(
1+4/148

or
V, =102V, V, =052V

(b) NM, =V, —Vow
NMy =Vouy =V
From Equation (16.35)

v 20.5+(3—05){(1+2(14.8)) —1} .

148 | f1+3(1438)
Vig =110V

Vouy =30-05=25V
NMy =V, =V, =25-110= NM,, =140V
Vi =V =05V

350



K
(Vw ‘Vm) +'k£(Vl _an)

Vows = L
1+2] =2
KL

- (3- 0.5)+ 14.8(11- 05)

1+2(148)
Vorw =0372V
Then NM, =V, -V, =05-0372 =
NM, =0128V7
We have
_"[2("1 Vo =V, ] (Voo “Vo‘VmL)z
(W/L)D

W[Z(V o0 =V =V X0.08V,) - (°'°8V””)2]

= (Vop ~ 0,08V, -V, )?

E% 30 (2720 ~2(02)V,, (0087,,) - 0006472, |

=[(092~02),,] =051842,

> - (W/L), _
/L), [0.096]=05184 = WD)~ 54

Vow =Vy —V,s =Logic 1
So

@Vy=4V> vV, =3V
®Vy=5V= vV, =4V
©) Vy=6V=> ¥V, =5V
V=TV ¥, =6V

Forv, =V,

Ko[z("l Vo - "«2:] = KL[VB ~Vo _Vrlz

Then

@ (1 )[ (B3-1W, - Vozl.] (04)[4-V,, _l]2 =
V,, =065TV

®) (D[2(4~1Wo, -V2 = (04)5-Vy -1 =
Vo, = 07917

© ( [2 (5~ 1Wo, -¥3.]=(04)[6-V,, -1 =
v, =0935)

@ (l)[2(6“ l)VOL - Vozl.] = (0-4)[7_ Vo - ]]2 =
V,, =108V
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16.10

. Forload V, =V, +V,, =5-2=3V
K
'K—l:'(Vk Vo) =V
500

100(Vl: 0.8) = —(-2)

= Ve = 1.69V
Load

Vor =3V

Driver: V,, =V, -V, =169-08=089V

VI: =169V
Driver
Vot =0.89 V

b. From Equation (16.29(b)):

0 (25— 08)w0 = 1) = [~(-2)F

50 — 4200 +4 =0

42 1 ,/(42)% — 4(5)(4)

= = 0.0963 V
174 2(5) = Vg 0.0963

¢ iy =K, (Vpy) =100{~(-2)] =
i, =400 pd

16.11

[359(%]2(3 - 0501) - (01)"] = (V)
So
(Vi)' =49=> Vpy =221V

16.12
(@) P=iy-Vp,
150=i,-(3) =i, =50 ud
ip =K:.(‘Vrm.)2

50= (82—0 %)L[—(q)]’ = (%)L =125

K—[z(s 03)01)-(01)*]=[~(-nJ

K, (W/L), (W)

—= =204 |—| =255
k.~ (W), L)y

For the Load:

Voo =Vop +Vpp =3-1= V, =2V
V204(V, ~05) = [(-1)] = ¥, =120¥
For the Driver:

Voo =V —Vip =120-05= ¥, =070V

V, =120V

't
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() NM, =V, -V,

b . .
oLy L U1=0.25v=lp=0=>_f_:=0
NM VOHU V’H
[(-1)] ii. v; =43V, From Bquation (16.23),
Vy=05+—t > _oo02p
(2.04)(1+2.04) 100(2(4.3 — 0.T)vo — ¥2] = 10[5 — vo — 0.7)

4-- 10{7.2v — 1] = 18.49 — 8.6 2
V,H'—'0.5+—[il—)]=l,3lV [ Vo ”o] vo + V)

J3(204)

Then V,,,, =(3-1)+(204)(0902-05) =282V Then
(131-05) 11v5 — 80.6vo + 18.49 = 0
Vo = ~—————= = 0405V 2
80.6 % 1/(80.6)% — 4(11)(18.49)
NM, =0902-0405=> NM, =0497V o=

2(11)

NM, =282-131= NM, =151V = g =0.237V

16.13
a. From Equation (16.29(b)):

Then

ip = 10{5 — 0.237 — 0.7]* = 165 uA

(‘{-) [2(2.5 - 0.5)(0.05) — (0.05)*] P=ip-Vpop = (165)(5) = P = 825 yW
D
= (%) [—(—l)]2 ¢ i vi =003V = 1p = 0= P=20
L
d. vi =5V
w :
(), io = Ku(Vna)" = (10] (- ]-40wi
(W) P=1p- VDD = (40)(3) = P = 200 uW
Then | — | =15.06 —
NL/p
16.15
b. ip= (8—20-)(1)[—(——1)]2 From Equation (16.35)
of ip = 40 wA Vin = 0.8+ 32(08). { L 221;12) _ 1}
P =ip-Vpp = (40)(2.5) ” V1+3(10)
= P =100 uW V[H=0.8+0.42~{EE;—1}
or
16.14

V1ﬂ=1.96V
a. i vi=05V=ip=0= P=0

Mp; in non-saturation region. Then
ii. w7 =5V, From Equation (16.12), o2 B
2
: . Ko[z(vosz ~Vin Vns2 "Vusz]
vo =5 — (0.1)(20)[2(5 — 1.5)vo — v 2
2 — 150 +5 =0 :KL[VDD"voz"an]
Vg — =
0 0 vpsz = Voo and vgs2 = Vig = 1.96
15 & 1/(15)% — 4(2)(5)
= =035V .
vo 202) =090 10[2(1.96 — 0.8)v0z — v} =[5 — voz — 0.8
23.2v02 — 1003, = 17.64 ~ B.4v02 + vy
, 5—-0.35
ip = T = 0.2325 mA or

P = ip VDD = (0’2325)(5) = E.-——_l.m_m_w_ 11[’(2)2 —31.6v07 +17.64 =0

31.6 + \/(31.6)’ — 4(11)(17.64)
2(11)

Voz =

= pyy =0.758 V
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Now Mp, in saturation region. Then

2 2
Kp[": _Vm] = L[VDD ~Vor =~ m]
VI0-(v;—0.8)=5—1.96 - 0.8 =2.24
Theay; =151V

16.16

a.  Prom Equation (16.41),

2[—(~2)]

Vig = 0.8 Vig =195V =

1H + m >Vig=1 voy
Mp; in non-saturation and My in saturation.

Kp[z(vm Voo Vor — Véz] =K (-Vma )2

4[2(1.95 - 0.8)w0z — v3,] = (1)[~(—2))?
4v; —9.2u02 +4 =0

9.2 1/(9.2)* ~ 4(4)(4)

voz = = (.582 V
02 2(4) = Vo2

Both Mp, and M., in saturation region. From Equa-
tion (16.28(b)),

V& (v ~08) = ~(-2)

ory; =18V
b. ViL=08+ (+2) _ _ 1.25 V = vy
4(1+9)

Mp; in saturation, M in non-saturation
Kp["m —VmD]z
= KL[Z(" rm.)(s ~Vo2) —(5 - voz)I]
4(1.25 - 0.8) = 2(2)(5 ~ vo2) — (5 - vo2)?
(5 = vo2)* — 4(5 ~ voz) +0.81 =0

4 1/(4)7 - 4(1)(0.81) 0214V

5=y = 200)

30
Vo2 =4.T86 V

To find v,

4(vor — 0.8)* = (1)(—(~2))*
vor—-08=1
Vo1 =18V

¢ Vig=195V, Vi; =125V
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16.17

8. i  Neglecting the body effect,

vo = Vpp — Vra
Assume Vpp =5V, then yy =42V

ii. Taking the body effect into account:
PFrom Problem 16.1,

Vi =Vinvo + 0671 J0.686 +V g, ~/0.686]

and Vsp = g

Then

vo=5~ [o.s +0.671(VIEEE ¥ 36 — Jo.sss)]
vo = 4.756 — 0.671/0.686 + vg

0.6711/0.686 + 1o = 4.756 — uo
0.450(0.686 + vo) = 22.62 — 9.51vo + va
ve —9.96vp +22.3=10

9.96 + 1/(9.96)? — 4(22.3)

2 D>y =340V

Vo =

b. PSpice results similar to Figure 16.18(a).

16.18
Results similar to Figure 16.18(b).

16.19
2. Mx on, My cutoff.
From Equation (16.29(b)):

_’.‘K_:_[z(s -08)02)-(02)"]=[«-2)f

or E‘l =244
KL

b. Porvx =vy =5V
2(2.44)[2(5 - 0.8)ug — vg] =[~(~2)]
4.880F ~41.00 +4=10

4 \/(41)2 ~ 4(4.88)(4)

ve = 2(4.88)

or

vo =0.0987 V

c. ip= (?)(1)[-(—2)]2 =160 pA

P = (160)(5) = P = 800 yW
for both parts (a) and (b).
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16.20

(a) Maximum value of v, in low state- when only
one input is high, then,

K 2 2

K—'Z[2(3 ~03)(01) - (01)*] = [-(-1)]

Ko 204

K

L

®) P=iy,-
0l=ip(3) =i, _333;1/1

(%)H &
333= ( X ) -] = (-’LK)L=0.8325
e (1) -1

(©) ¥204)[2(3-05)v, - v3]=[(-1)] =

v, = 00329V

16.21
a. P =1ip.-Vpp
250 = ip{5) = ip = 50 pA

B b
o= (§)(2), e

-

K_o[z(s 08)(015) (0.15)’]=H“2)]2

or 5"—:3.23::» (Z) =135
KL L MD1

b. Foflllely=0=>l/m=53ndll03=4.2
Then

Kp, [2("01 mo)Vor = véz]
+K03[ (voz - VmD)Voz - V?Jz] =K, ["Vmu ]z
Kp, x8,Kp; x8,K,, 1
8[2(5 — 0.8)vo2 — vj,) +8[2(4.2 — 0.8)v02 — 13y]

=()[=(-2))
672192 — 51/32 + 54.4v09 — 81/32 =4

Then
1603 — 121600+ 4 =0

1216 + \/(121.6)° - 4(16)(4)
2(16)

Vo2 =

So v =0.0330 V

16.22

a. We can write
Kx[z("x —V Wosr - "lzm']
= Ky[Z(v, ~Vosr =Vin WVosr = v:,s,]
=K, [Vpp ~vo - V,.,‘,]2
where 1o = vpsx + Vpsy

We have
v, =v, =92V V=10V V, =08V

As a good first approximation, neglect the v} sx and
vh sy terms. Let vo = 2vpsx. Then from the first and
third terms in the above equaton,

9{2(9.2 — 0.8)vpsx] = (1)(10 — 2upsx ~ 0.8)°

(151.2)vpsx = 84.64 — 36.8upsx
So that v = 0.450 V

From the first and second terms of the above equation,

9{2(9.2 — 0.8)vpsx) = 9[2(9.2 —vpsx ~ 0.8)vpsy]
or

(16.8)(0.45) = 2(9.2 — 0.45 — 0.8)vpsy

which yields vpsy = 0475 V

Then vo = vpsx + vpsy = 0.450 + 0.475

orvg =092V

We have ygsx =9.2 V
and vgs5y = 9.2 -~ vpsx = 9.2 — 0.45
orvgsy =8.75 V

b. Since v is close .to ground potential, the body effect
will have minimal effect on the results.
From a PSpice analysis:
Por part (a) :
vpsx =0.462 V, vpsy = 0.491V, vy = 0.9536 V,
vesx = 9.2V, and vgsy = 8.738 V

For part (b) :
vpsx =0.441 V, vpsy = 0475V, 1o = 0.9154 V,
vesx = 9.2V, and vgsy =8.759 V
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16.23
8. We can write

K‘[Z(vx ~Vrax Vo 'V:xr]
= K,[Z(v, ~Vosx —Vir Woer —vf,,,]
2
= KL[_ m.]
From the first and third terms, (neglect vhsx ).
4{2(5 - 0.8)vpsx] = (1)[—(~1.5))?
of vpsx = 0.067 V
From the second and third terms, (neglect v} sv),
4[2(5 — 0.067 — 0.8)vpsy] = (1)[—(~1.5)]
or uQSZ = 0.068 V
Now
vesx =5, vgsy = 5 — 0.067 = vgsy = 4.933 V

and vo = vpsx + vpsy = v =0.135 V

Since vo is close to ground potential, the body-effect
has little effect on the results.

16.24
Complement of (B ANDC)OR A= (B-C) + 4
16.25

Considering & truth table, we find

A B .Y
0 0 0
0 1 1
1 0 1
1 1 0
which shows that the circuit performs the exclusive-OR func-
tion.
16.26

(a) Carry-out = As(B+C)+BeC

Voo© SV sV
E I
b
Alm, el m | %

355

(b) For v,, = Low =02V
I;_:[z(s -08)(02)~ (o.z)’] =[H-13) =

For (.’Z) =1, then (Z) =137
L L L D

So, for M;: (%) =137
6

To achieve the required composite conduction
parameter,

For M, - M,: (—W—) =274
L 1-5

16.28
a. Prom BEquation (16.55),

v1=V1.=5-_%3-—TiE=VU=2.5V

p — channel, Vop, = 2.5 — (—0.8) = Vop, = 3.3V
n — channel, Vonyy =2.5-0.8 = Vone = 1.7V

¢ Pory; =2V, NMOS in saturation and PMOS in
nonsaturation. From Bquation (16.49),

(2-0.8)% = [2(5 -2 — 0.8){5 — v} — (5 ~ m)?]
1.44 = 4.4(5 — wo) — (5 — m)?
S0 (5~ 1) —~4.4(5—wvo)+1.44=0

4.4 %1/ (4.4)° - 4(1)(1.44)
(5 - Vo) =

2

or

5~ v =0.356=>p =464V
By symmetry, for vy =3V, =035V

16.29
) K, = (529)(2) =80 4A/V?

K, (? 4) =80 4d/V*

K
Voo +Vep + |2 Vi
K -0. 1X04
0 V- J, _33-04+(1}04)

K 1+1
1+ ="
Kl
V, =165V
PMOS:

Vou =V, ~Vpp =165-(-04) = ¥, =205V
NMOS:
Voo =V Ve =165-(04) = ¥, =125V



Electronic Circuit Analysis and Design, 2™ edition Solutions Manual

(i) For v, =04V : NMOS: Non-sat: PMOS:Sat 16.31

< <
K,,[Z(Vow _VTN)VDS—VE:S]=K'[V30P +Vn’]2 2. Vane < vt < Vope
2(v, -04)04) - (04)" =(33-v, -04) = By symmerry, Ve =2.5 V
v, =189V Vope =2.5+08=33V
For v, =29V, By symmetry and Vone =2.5-08 =17V
v, =165-(189-165)=> v, =141V S017< vy £33V

®) X, =(§29)(2) =80 ud /V?

b For vy, =06<Vp = vy =5V

40 ) N, in nonsaturation and_maturation. From
K= (7}2) =40pdlV Equation (16.57),
33-04+ ‘80 (04) [2(v1s — 0.8)(0.6) = (0.6)") =[5 — w12 — 0.8)°
@) V, = . ‘ 40 — V. =144V 12057 —1.32 = 17.64 — 8.4v12 + vis
" It :
14—1’§9 -
PMOS: )
- 9. 96 =0
V, =144—(-04) > V, =184V vi; — 9.6v72 + 18
NMOS: Sowp; =voy =2.78V

V,=144-04= V, =104V
EEE—— For vo; = 2.78, both N, and P; in saturation. Then
(iii) For v, =04V

vr =25V
2 2
(so)[2(v, -(:4)(0.4)- (04)']=(40)[33-v, -04] 632
= v, =162V -
e il 8 i =K (v Vi)
For v, = 29V : NMOS:Sat, PMOS:Non-sat ot =KV
(80)[¥; —04]" = (40)[2(33-v, -04)(04) - (04)’] Viper = V01 (2.5 - 0.8) = 0.538 (mA)'/*
= v, =116V
b, imm = V01 (7.5 —0.8) = 2.12 (mA)'/?
16.30
a. Forvy, =06<V, = v, =5V 2.t
N, in nonsaturation and 7, in saturation. From /\
Equation (16.57), \ [“-
2 2 lp / \
[2(v1 — 0.8)(0.6) — (0.6)*] =[5 — vs — 0.8] / Vo=
1.2vr — 1.32 = 17.64 — 8.4u; + v} N\

/ \

o538t
o=~ \
v} —9.6ur +18.96 =0 N
Vs . IS
9.6 % /(9.6)* — 4(1)(18.96) OF art T o, E
vr = 3 T
16.33
or 5
278 V () X, =(—2—)(2)=50,1A/V2
V! = 4.
25 2
K =l=Y4)=504/V
b. Vone € vo2 < Vore * (2 ) H
V) =50(25-08)°
From symmetry, V;, =25V Io.,.a = K.(": - nv) = /
Vope=25+08=33V Of Ip puu =144.5 44

and Vone =2.5—-0.8 =17V

T< 3V
Sol vo2 < 3.3 356
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®) K,=50p4/V? K,=25ud/V?
From Equation (16.55),

5- 08+J_(08
V, = =221V

14—
25

Then

Iy o = K, (Vi = Vi) = 50(2.21-08)’

or [D_m, =994 ud

16.34

a. P=fCLVip

FPor Vpp =5V, P = (]_0 X 105) (02 x 10—12)(5)2
or P =50 yW

For Vop =15V, P = (10 x 10°) (0.2 x 107*)(15)?
or P = 450 yW

b. ForVpp =5V, P= (10 x 10°)(0.2 x 107!2)(5)?
or P =350 uyW

16.35
(@ P=fCVp, =(150x10°){04x10"2)5)"
=15x10" W/inverter
Total power: P, =(2x10°)(15x107") =
P, = 30001111

() For f =300 MH:
15x107 = (300x10°)(0.4x10™* V2, =
Vop =354V

16.36
(a) For v, =V,,, NMOS in nonsaturation
ip= K,[Z(v, —V,,,)v,,,—v,’,,] and v, =0

1 diy _

So = dv;=K,[2(Vw~Vm)]

Or

, o= 1

«T YW
(?"XZ)H'Z(VDD— rN)

or

_ 1
" (), )

For v, =0, PMOS in nonsaturation

ip= K’[Z(Vw -V Ve "V.zu)]
and vg, =0 for v, =0.

357

k'
5(—’ ¥ . 2(Vpo +Vip)
r,, o 2 L
ra=
k(z"—’—) Voo +Vrp)
4
For [ — —
or(z) (2,
r =———:>r =238kQ
* (50)2)(5-08) " *
r =—-—-—-l =r, =238k
o (25(4)(s-08) " <
For (_ﬂ_’) =2,
L 14
1
1y = oo =31,, =476 kKQ)
“ 7 (25)2)(5-08) " “
Now, for NMOS:
: .V 05
Vg =il orld—i=m:> i,=021mA
For PMOS:
For r, = 23840,
i,="i=—95-=> iy=021mA
r, 238 <A~ °
For r,, =476 kQ,
=229 o i 0105ma
r, 416 L~
16.37

From Equation (16.73)
ViL =15+ % {10-15-15)=> VL =4.125V
and Equation (16.72)

Voru = -;- {2(4.125) 4+ 10 — 1.5 + 1.5}

or W =9.125 V

From Equation (16.79)
Vin=15+ «2— (10-15-15)=> Vg =5875V
and Bquation (16.78)

Vorv = % -[2(5.875) = 10 — 1.5 + 1.5]

or Voru=0875V
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Now 16.39
a. VA = vp = 53V
NMy =ViL ~ Vorv = 4.125 — 0.875
=> NM; =325V N, and N, on, so vpsy = vpsa =0V
L =3
NMg = Vouy — Vrg = 9.125 — 5.875 Py and P, off

= NMp =325V So we have a Py — N3 CMOS inverter. By symmerry,

ve = 2.5 V (Transition Point),
16.38
From Equation (16.71) b. Forvqa =vg =ve = v;
100 Want K, , =K, .,
Vi =154 {0 :0‘0'5‘1'5) 2 | p2l— -1 K (w) Ky <3W)
—_ —_— 43 o \3L =5\
(50 1) =5 T 2 \3L), 2 L),

With k;, = 2kp, then
= 1.5 + 7{2(0.632) — 1]

RNCANEENGA
or 2 L"__ . _L_P

1
3 2
Vip = 3.348V w 9 144
PR (7).-1 (1),

Or
From Equation (16.70)
1
Voru = 7 { (1 + %) (3.348) + 10 c. We have
10 ' ’
() 05)+15) e-(5)) ()2
2AL), U2 K2A L),
or Voguv =9.272V ,
X (LXZ)
From Equation (16.77) " \2A\L),
Then from Equation (16.55)
2(100) X
—-1.5~ 50 5+(—08)+ |—2-(08
Vim = 154 (10=15-15) 50 o (-08) e (08)
100 100 vV = P
S0 7! 3 —) +1 g K
50 =0 1+ |—=n
KP
=15+71.51 1) Now
or
Eo@2)=0
Vig =5.07V K’ 2
From Bquation (16.76 Then
rom Equation (16.76) 5+(—08)+3(08
100 100 Vi :_—('_1._)33(—.): Vi =165V
(5.07) (1 + W) - 10 - (T)(l5) +1.5 + —
Vorv = T 2 16.40
2('5‘6’) By definition, NMOS is on if gate voltage is 5 V and is off
or V”“ =0.9275 V if gate voltage is 0 V.

Now NMp = Vi — VoLv = 3.348 — 0.9275 Sme N, N Na N Ne v

or NMy, =242V

1 off on off on on 0
NMg = Vogu — Vig =9.272 - 5.07

2 off off on on off 0
or NMg =420V
3 on on off off on 5
4 on on off on on 0

Logic function (vx OR vy)® (vx AND vz)
Exclusive OR of (Ux OR Uy) with (Vx AND Vz)
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16.41 16.42
(a) A classic design is shown: (a) A classic design is shown:

Voo

w w
o (b)(—) =1, (—) —2
A,B,C signals supplied through inverters. L)w L) vamne
w w
W w Lours T ™
() For Inverters, (T) =1 and (-L-) =2 pa.pe re-re
! 7 16.43
For PMOS in Logic function, let (T) =1, then
’ (AOR B) AND C
for NMOS in Logic function, (E,—) =225
L, 16.44

Let (EE) =1 for each PMOS: Composite PMOS
14
(%) =5. Want composite (%) =25 for NMOS,

So that (%) =525)=125 for each NMOS.

L]
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16.45 16.47

(a)Let (%) =1 for each NMOS. Composite (%) State  voy  vo2

Voa

1
of NMOS = 6. Want composite (—:ﬁ) of PMOS =

12. Then (%) =6{12) = 72 for each PMOS. Let
P

(_Hi) =1 and (-Hi) =2 for each transistor in
L), L),

inverter.

o O v O Wwnw O

5
0
5
0
5
5

© W oW WL O W

2
3
4
5
6

Logic function:
(a) For 3-input NOR.

w /4 vos = (vx OR vz) AND vy
Let (—L—) =1 for each NMOS. Composite (I) of

16.48
NMOS = 3. Want composite (%) of PMOS =6.

Then (ZZ—) =13(6) = 18 for each PMOS.
P
For 2-input NAND:
/4
Let (f) =1 for each PMOS. Composite (%) of
4

PMOS =2. Want composite (—Izi) of NMOS = 1.

<LK

Then (%—) =2 for each NMOS.

Sizes of PMOS transistors in (b) are substantially
less than those in (a).

16.46
By definition:

NMOS off if gate voltage = 0
NMOS on if gate voltage =35 V
PMOS off if gate voltage =5V

16.49
PMOS on if gate voltage = 0

State Ni P No Ng Nc veyn N P Voz ‘

1 of on off off off 5 on off 0
2 on off on off off 5 on off 0
3 of on off off off 5 on off 0] cie |
4 on off off off on 5 on off 0
5 of on off off of 5 on off 0
6 on off off on on 0 of on 5
Logic function is

vo2 = (v4 OR vp) AND v¢
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16.50
~ —
<X
© L.
255
Mwa Mug
L

av.
2l=-C—-£

dt
So

l
AV, =-—(21)-

=~ (21) 1
For AV, =-05V
05< 2(2x107?)-¢
D= W: t=3125ms
16.51

@
(l) Vo =0
(ii) v, =42V
(iii) Vo, =25V
®)
® v, =0
(i) v, =32V

Gii) v, =25V

16.52

”

Neglect the body effect.
8. wva(logicl) =42V, voz(logic 1) = 5 V
b. M =5V=uss; =42V

M, in nonsaturation and M, in saturation. From Bqua-

tion (16.23)
w
(T) [2("0:1 ~Voo Vo~ Vou ]
D
14
= (f) (VDD ~Vor =V )1
L

(%) N {2(4.2 - 0.8)(0.1) - (0.1)%]

= (1){5~0.1-0.8)

Or

w o w
(T) D(O.GI) = 16.81 = (T) = 25.1
Now

o1 =42V > uges =42V

F
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M; in nonsaturation and M, in saturation. Rrom Equa-
tion (16.29(b)),

W w 2
(’Z')D[Z(Vasg Voo )vm - v"n] = (—Z)L[_Vm'-]
(%) lsta2- 00~ 0177 = @157

D

(EVL—) D(o.sv) =2.25

w
Or (—z—) = 3.36

-—p

16.53

For¢ =1 ¢=0thenY = B. Andfor¢ =0, § = 1,
then ¥ = A.

A multiplexer.
16.54
A B ¥
o o 1
o 1 o0
l 0 0
l i 0,1 =>indeterminate

16.55

Without the top transistor, the circuit performs the exclusive-
NOR function.

A B Y
0

1 0 1

0 1 1

1 1 0

Exclusive-OR function.

16.56

This circuit is referred to as s ratioless circuit. Identical
minimum-sized transistors can be used throughout.

When ¢, is low, C; is charged to Vpp. Then when ¢ is
high and ¢, is low, Mg tums on. If A = B = 0, then
M, and M, are off so Cy remains charged and 1o, = high.
When ¢2 goes high, then vo; is applied to the gates of My
and Myo. The circuit performs the OR logic function.

16.57

This circuit is referred to as a two-phase ratioed circuit.
The same width-to-length ratios between the driver and load
transistors must be maintained as discussed previously with
the enhancement load inverter.

When ¢, is high, 11 becomes the complement of v;. When
¢2 goes high, then v becomes the complement of vo; or is
the same as v;. The circuit is a shift register.
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16.58

Let Q=0 and 0 =1; as § increases, O decreases.
When § reaches the transition point of the

M, — M, inverter, the flip-flop with change state.
From Equation (16.28(b)),

K
Vi = —IEL '("VM) +Vow

D
where K, = K, and K, = K.
Then
V, = —3-9-'[-—(»2)]+1:> V,=0 =2095V
100 '

This is the region where both M, and M, are
biased in the saturation region. Then

§= \/—%'(~VWL)+VTND = ”230%'[_('2)]‘*"

16.59

o\

K.[2(25-05)0 - 0]=K,[25-05]
Or

_ ., (K
G- =)

For the other circuit, M, — M, in saturation and
M, in nonsaturation. Then

K.(25-05) +K,(Q-05)
=K, [2(5-Q - 05)(25)-(25))]

Combining these equations and neglecting the 0°
term, we find

0 =14V and K, 09
= L ang —— =0,
= K

16.60
or §=177V
This analysis neglects the effect of M, starting to
turn on at the same time.
Letvy =R, vx =S, voa = Q, and vo; = Q. Assume
Vran = 0.5V and Vppp = —0.5 V. For S = 0, we have
the following:
Voe=sV Vo=V
Ms= {17 Me
a —Q
— &
16.61
M, l—- M, M,f t,-g a.  Positive edge triggered fiip-flop when CLK = 1, output

If we want the switching to occur for R = 2.5 V, then
because of the nonsymmetry between the two circuits, we
cannot have Q and Q both equal to 2.5 V.

Set R = Q = 2.5V and assume Q goes low.

For the M, — M; inverter, M, in nonsaturation and Ms in
saturation. Then

of first inverter is D and then Q = D = D.

b. Por example, put a CMOS transmission gate between
the output and the gate of M, driven by a CLK pulse.
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16.62

1«]:1,K=0,andCLK=l;thiamakesQ=lmd
Q = 0.

Por J =0, K=1, and CLK = 1, and if Q = 1, then the
circuit is driven so that Q = 0 and 0 = 1.

If initially, Q = 0, then the _c_ircuit is driven so that there is
no change and Q = 0 and Q = 1.

J =1 K=1,and CLK = 1, and if Q = 1, then the
circuit is driven so that Q = 0,

If initially, Q = 0, then the circuit is driven so that Q =1,

So if J = K = 1, the output changes state.

16.63

For J =vx =1, K=vy =0, andCLK = vz = 1
thenuo =0
For J=vx =0, K=vy =1, and CLK = vz = 1,
then vy = 1.
Now consider J = K = CLK = 1. Withvx = vz =1, the

output is always ¥ = 0. So the output does not change state
when J = K = CLK = 1. This is not actually a J — K
flip-flop.

16.64

64 K = 65,536 transistors arranged in a

256x256 array.

(a) Each column and row decoder required 8 inputs.

®)

0) Address = 01011110 so input
=a,8,44a,a,a,aa,

(i)  Address=11101111 so input
=a,a4a,a,4,a,a3a,

©

@) Address = 00100111 so input
=a,a,4,,a,a,3,3,

(i)  Address=01111011 so input
=a,a44,d,a,33,

16.65

Put 128 words in a 8x16 array, which means 8 row
{or column) address lines and 16 column (or row)
address lines.

16.66

Assume the address line is initially uncharged, then
_ Ay, 21 _ I

I -—C? or Vc ] —C-;J.Idl —E'(

V.-C_(27)58x10™)

I~ 250x107°
1=626x10" s= 626 ns

Then t=
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16.67

@) f—ﬂ - (?X%Iz(s -07)01)-(01)’]

W
—|=0329
or ( L)

(b) 16K:> 16,384 cells
E =2 A

Power per cell =(2 pA)2V)=4 uW
Total Power = P, = (4 uW)(16,384) =
P, =655mW

Standby current =(2 uA)16,384) = I, =328md

16.68

16 K = 16,384 cells
P, =200mW = Power per cell

200
16,384 .

25
D,_..P__lz.'z_4sgﬂ,45_122.=_:>
Vep 25 R R

R=0512 MQ

1f we want v, - v, =01V for alogic 0, then

( XW){ o0 =V Vo = "0]
488 = (?X%Iz(z.s ~07)(01)-(01)’]

W
— |=0.797
So ( L)

16.69
0=0,0=1
So D = Logic1=5V

A very short time after the row has been addressed,
D remains charged at ¥V, =5V . Then M,,, M,

and M, begin to conduct and D decreases. In

steady-state, all three transistors are biased in the
nonsaturation region. Then

K p1[2(Vsu3 +VipsWaps = V:vz]

= Km[2(Vou - m)Vm - Vliu]
=K, [2(Vas| - th)Vsz - V;sn ]
Or
Kp3[2(VDD + ans)(you D) "‘(Vpo - D):]

= KM[2(VDD - m)(D" 0)- (D" Q)l]
"Kul[2(VDD_VTNI)Q_Q2] )
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Equating the first and third terms:

(329 1)[2(s-08)(s- D)~ (5- D)’
= (?)(z)[z(s -08)0-0?] @

As a first approximation, neglect the (S— D)’ and
Q* terms. We find

0=125-025D )
Then, equating the first and second terms of

Equation (1):
(270 1)[2(5 -08)(5-D)- (5~ D)z]

= (%9)(1){2(5 -Q-08)(D-Q)-(D~ Q)Z]

Substituting Equation (3), we find as a first
approximation:. D =214V

Substituting this value of D into equation (2), we
find

8.4(5-214)-(5-214)" =4840 - Q7]

Wefind Q=050)V

Using this value of O, we can find a second

approximation for D by equating the second and
third terms of equation (1). We have

20{2(42-0)(D-0)-(D-0)']

= 40[2(420) - 0"]
Using =050V ,wefind D=179V

16.70
Initially M, and M, turnon.
M,,,, Nonsat, M, sat.

KM[VDD -g- an]2 = Knllz(VDD - le)Q - Ql]
(?)(1)[5 -0-08]' = (523 2)[2(5-08)0- 0]

which yields
0=0771V

Initially M,, and M, tum on
Both biased in nonsaturation reagion

Kp7[2(VDD + Vrm)(VDD - @ - (VDD B @2)
= K| 2V ~Vrrs)0 - 07]
(2_20)(4)[2(5 -08)(5-0)-(5- @2]

40

- (_2_)(1)[2(5 -08)0- 0]

which yields Q =378V

Note: (W/L) ratios do not satisfy Equation (16.95)

16.71
For Logic 1, v;:
(5)(0.05) +(4)(1) = (1+005)v, = v, =4.0476V

Z;):(o.ozs) +(4)(1) =(1+1025)v, = v, =4.0244V

For Logic 0, v;:
(0)(0.05) +(4)(1) = (1+005)v, = v, =38095V

ZZ)):(o.ozs) +(4)(1) = (1+0025)v, = v, =39024V
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Chapter 17
Exercise Solutions Va= 220w pp= 11V
. -1.1-0.7 ~ (-5.
El17.1 Qron=ig = 1 0152( 52):2.24mA
. ~0.7 - (- .
& g ='—0—-(——5-2=1mA=>R5=4.3kﬂ 0-(-15+0.7)
Rg Rea = 2.4 = Ry =357Q
o _5-3.5 —0.7 — (—5.
ter =ic2 =05 mA = —p— Ra=R4=—-—2—é——21=>R,=g!=1.em
*Ea=Rep =3k E17.4
b L =1V Picxy + tcr+is +14)(5.2)
8. wvx =vy =logicl
- (1=07)—(=5) .
= —— E=1. 3 .
‘e 4.3 =1L 123 mA Sicxy = 3.22 mA
ici =1 = vy =5 — (1.23)(3) icR=0
= =131V -
voy =1.31 is = 0.:-|5-5.Z=3mA
vo =5V . -1.4.+ 5.2
1y = —15‘—— = 2.53 mA
i yy=-1V ‘
P = (3.22 4 0+ 3 + 2.53)(5.2)
iE =1 mA = vy =5 — (1)(3) =P =455mW
Sy =2V b vx = vy = logic 0
ﬂLié_! =>iCXY =0
fcrR=2.92 mA
El17.2 t3 = 2.53 mA
i; =3mA
2. Qron
_1s-or—(as) P = (0+2.92+2.53+3)(5.2)
E= Rz = = P=439mW
= Rg =2.15k0}
- El17.5
icRNiE=2mA= 3.5~-2
Rca
= RQ; = 0.75 kQQ (.o -1\7 ~hes -0, 73 -o.7e
' l T ;
b. vx=vyr=2V=>QandQ;on o7 — ____\\ o7
Tien. . i
| -
ip= 220038 A o203ma >
E= RE = 2.15 = 4.0 M | “\. l
Rey = 3‘,5 -2 _ —-21 253 = Rg; = 0.673 kD —1Ye -mbr-" T el
cXY 1)0&
E173
logic 1 = ~0.7V

Qi and Q2 on whea vx = vy = ~0.7V
—07-07-(-52) _,
Rg
= R =1.52kQ

0—-(-1. .
woR =—1.5= Rc; = L5+07

2.5

5

ig =

= Rg;=3200
365

NMyg = -0.70 — (-0.93) => NMy =023 V
NMp=-1.17-(~140) = NM =023 V
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E17.6

P=1Iq Voo = 0.2 =1Ig(1.7)

= Ig:lls BA
Qron = v =1T7~IgRc=17-04

=>Rc=—-9-é—=>Rc=3.39kQ

Solutions Manual

0.118
Vo= 2l Sy m sy
E17.7
Sate A B C Qo1 Qo2 Qos & @
1 0 0 0 off of of off on
2 1 0 0 "on" off of off on
3 0 I 0 of on off off on
4 0 0 1 of of on on off
5 1 1 0 on on off of on
6 1 0 1 on of on on off
7 0 1 1 of on on on off
8 1 1 1 on on on on off
(AAND C) OR (B ANDC)
tru:for u-ueffo'r
states 6 and 8 states 3 and 5
Output goes highvfor these 4 states
E17.8
A B C vo
0 0 0 0
1 0 0 1
0 1 0 1
0 0 1 1
1 1 0 0
1 0 1 0
0 1 1 0
1 1 1 1
=>(A®dB)eC

on

on

"off"

on

off

"off"

on

off

Yo

E17.9
ic =

ip =

E17.10

5—-0.1

= 4.9 mA
49 ol63ma= =0T _ 43
30 Rp Rp

= Rp =26.4 kQ

@) vy=v, =5V
v, =Vye(sat)+2V, =08+2(07) =22V

i,=5—_-§;2—=0.70mA

Voo =Veg(sat) _5-01

fpe = = 4' =123 mA

R

P =(i, +ige Woe =(0.70+123)(5)
or P=965mW

(B) vy=v, =0 =y, =070V

i

- _Vee=v, _5-070

=108 mA
R,

P=i -V, =(108)(5)=> P=54mW

El7.11
a.

l.)=

Inputs high v = 0.8 4+ 0.7+ 0.8 =23V

ig = 3 '42'3 = 0.675 mA

ve1 =084+07+4+0T7=16V

12

i

i =

5—1.6

=1.7mA

1.7 4 0.675 = 2.38 mA

igo = 2.38 - 0.08 = 2.3 mA

Bipo

5-0.1

= 1.23 mA

5-0.8
4

= 1.05 mA

= Ni, +irc

(30)(2.3) = N(1.05) + 1.23 = N =64

b.

IC,rn.ud = 20 mA

20 = Ni} + irc = N{1.05) +1.23
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El17.12
6. vx=vy=01=1»$y =038

. 5-0.8
n =

=1 = 0.7 mA
I, =ig=1g =igc =0
vo =5V

b. Same as part (a).

c. vx':-l/y=5v=>v1=0.8+0.7+0.7
53-2.2

==

=1 =13 = 0.467T mA

. 0.8 . -
tp= — = ip =0.053 mA

15
ip=1;—1p=>ig=0414 mA
5~0.
inc = 20 ipc =098 mA
Vg = 0.1V
El17.13
& vw=vw=01V
=208 _ o525 ma
P =i;(5—0.1) = (0.525)(4.9)
= P=25TmW

b. vx=wvy=5V,»n=23V

i] = 5 -82.3 = 0.338 mA
ver =16V = ig = ‘3‘;6 = 0.044 mA
irc = 5-01 _0817mA

P = (§ + 13 + irc)(Vee)
= (0.338 + 0.944 + 0.817)(5)
E.a.o.é_r_nﬂ.

E17.14

8. vx=vw=01V

ve1 =014+08=09V
5—0.9

g1 =1 = =i =i =0.683 mA

ict =0

ipa =ica=0

ipo =ico=0
b. vx=vy =36V

ver =08+4+08+07=23V

1 =i = 5 —62.3 24 =ig =045 mA

22V

367
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igx =ipgy =1, - Br = (0.45)(0.1) = 0.045 mA
ip2 = [ic1| = i1 + i5x +igy = 0.45 + 2(0.045)
ipz = lic1] = 0.54 mA

vc2=0.8+4+0.1=0.9
5—~0.9
1.5

W =ica= =4 =icy =273 mA

1gz = 2.73 4+ 0.54 = 3.27T mA
. 0.8
I = -I—-E = 0.533 mA

tpo = 3.27 - 0.533 = igo = 2.74 mA
§-0.1

El17.15

ia = icn = 2.3 = li = lgﬂ = 2.23 m;\
For Q: :
ica _ 2.73 . .
—_— = ——— = 5.06 < fr => Q3 in saturation
]2 0.54
For Qo :
ico 2.23 . .
— = = = 0.81 < BFr = Qo in saturation
1B 2.74
8.  Output low:

i = 301408 0'2 +08) _ o683

ico(max) = fr - igo = NiL + 13
(20)(2.74) = N(0.683) + 2.23

b. Output high:

Q! inverse active

s 5-23
5 =

= 0.45 mA
i}, = Br- il = (0.1)(0.45) = 0.045 mA

5-—-24
2.2

vo(min) = 2.4 V = i (max) =
1.18 = N(0.045)

-N-i

E17.16

8 wvx=vy =01V = p(mx)=36V

Q} inverse active
g =2 —52‘3 = 0.45 mA
il = Br- i} = (0.1)(0.45) = 0.045

ipy = OTI = 0.05 mA

iL=(14+B8r)n = (21)(0.05) = 1.05§ mA
12 =Nip = 1.05=N(0.045) = N =23
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b. wvx = vy = 3.6 V, Output low:

. §-23
5 = ry

iga = (14 28R)NH
tpz = 0.54 mA

= 0.45 mA

vpa=08+40.1=0.9
5-0.9

i =

= 2.05 mA

0.
tpo = 2.05 4+ 0.54 - i-% = igg = 2.06 mA

Ei7.18

@, in saturation
5—-0.9

im = =ip; = 0.683 mA

licil=1ipa=1ca =0

1gg =1ce =0
vee =0.1407=08V

0.1 .
iPy = ——— => = 1.19 gA
B4 (21)(4) 154 [od

i = 5703 _p683mA ics = 23.8 uA
Br-ipo = N il = (20)(2.06) = N(0.683) ips =ig3 =0
= 4= E17.19
El7.17 & trc = i{%i = 2.04 mA
Lovx =vy =36V o= 222 L —a6TmA
5~23 T

i = = 0.675 mA=i31=|i01|=iaz

vee =084+01=09V

5~0.9
I3 = = 2. A
12 6 2.56m
0.2 0.2 )

gy = = =ips = 1.61 A

T OEAE) | Ghe) R
1cq = 48.3 uA
tpa =ica=10

= 10 & 1'3 = 2.56 mA

0. .
tpo = 2.45+ 0.675 — Ts = tgg = 2.44 mA

One load:
5-0.9
4

i',_ =gy = = igco(max) = 1.03 mA

b. vx =vy =01V
5-10.9

g1 = =1p; = 1.03 mA

lici|=ip2 =ica=0

ipo = icg =0
Output high, Fr = 0=> 1py = icy =0
5= tg4(16)+07+(3])131(4)
=ips = 0.0342 mA

icy = 1.03 mA

.67
is = 11%- = 0.367 mA

ip =2—0.367 = :1p =1.63 mA
b. ip=0=1ig=ig=2mA

ic = Bip = (10)(2) = 20 mA = irc +ir
ip =20 — 2.04 = ir{max) =~ 18 mA
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8. vr=-15V; Q off, Q2 on

ip = Z07=(=35)

5 = ig =0.56 mA

ici1=0=>p; =35V
ica = ig = Vo = 3.5 —igRca = 3.5 — (0.56)(2)
or

v =238V

b. wv;=10V; Q; on Q; off

.'E_-_(l_".‘ﬂg:iﬂaisﬂ.mm

ica=0=>ypp =35V
¢. logic O at wo; (low level) = 2.38 V

Then

vor = 2.38 = 3.5 — (0.76)Rca
or

Ry =147k}

(8 Q,on, vy =-12-07=-19V

.. _—19-(-52)

ig=ig =————==132m4
5=l 25

v = -1V =i, Rey = (132R,,)
R,, =0758 kQ

() Q on, vy, =-07-07=-140V

.. -14-(-52)

Slg =————+=152
ig =ig 25 52mA
v, =~1V =i, Ry = (152)R.,)
R, = 0658 kQ

(c) For v, =07V, Q on, Q, off
=DV, =070V

Vor =—1-07= vy =-17V

For v, =-17V, Q, off, Q, on
=DV, =0TV
Vo ==1-07= v, =-17V
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(d) (i) For v, =07V, i, =152mA
~17-(~52

in, = —-—-31—5——) =117 mA

—07-(-52)
3

P=(ig +ie, +ic,X52)=(152+117 +15)(52)
or P=218mW

=15mA

iy

Gi)For v, =-17V, i, =132mA

~-07-(-52
feq = —5(—————)- =15mA
-17-(-52
iy = ———(————)—= 117 mA
P=(132+15+117)52)
or P=20TmW
17.3 .
3.7-0.7
a. 13 = -om- =15mA
VR =I1R¢ + V4, = (1.5)(1.33) + 0.7
or
VB =270V

b. logicllevel =3.7-07= 30V

For vx = vy = logic 1,
3-~0.7

1= = 2.875 mA = irch
vps = 3.7 — (2.875)(0.21) = 3.10 V

=> vo; (logic 0) =2.4 V

For vx = vy = logic 0, Qr on
i 2107
E="08
vee = 3.7 (2.5)(0.24) =3.1 V
= voa(logic 0) =24V

= 2.5mA =igca

17.4
Vg=l° 1+ lo °=Lﬂ=o.5v
2 2
Fori2 = 1 mA

Ry 05 l-2.3)

= Ry =28k

For Qg on,

_ Va-Vss —(-23)

1 ¥4 RE

or

_05-0.7+23

Re 1

= RE = 2.1kQ
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Vea=Vr+ Ve =05+07T=12V

. 12-14-(=2.3)
f] = — et

R,

or

R;=l'2—-l-i—4—+-£=>R3=2-lk9
Rl=ll7—;-l—'2—=>R1=o.5kn
i,:l—‘-ﬁgﬁl=3=3;=1.1kn
. 0—-(-2.3 .
t.=—%:——)‘=3=>&=0.767k9
For Qr on,

vor=logic0 =0V =2 vp3 =0TV
tE =3icr=1mA
So

Rcz=1-'7{il=’ﬁgzi@.

Forv; =logicl =1V,

1-0.7—(=2.3)

- 2.1

For snor = logic0 =0V,
vpe =0TV

ig = 1.238 mA

Then

1.7-0.7
Rcy = =o'l o Roy = 0.808 kQ
a 1238~ 2a=0803 k0

17.5

Maximum ig for v; = logic 1 =3.3 V

Then ig = 5 mA = S5—07

For vo2 = logic 1 =3.3V
3.3-0

1E3 = T =5mA

or
R; = 0.66 k(2
By symmetry,

R; = 0.66 k2

For Q; on,

4-(2.7+0.7)

g =1 =5mA =
tE = 1RC1 m Ren

So
RQ] =0.12 k2
For Qg on,

_3-07
‘= 082

and 1gc2 = 4.423 =

= 4.423 mA = trc2

4-(2.740.7)
Re2

= Rgp =0.136 kQ

—RE-—=> RE=0'52 kQ

17.6

17.7

17.8

Neglecting base currents:
(@ Iz =0,1,=0

-07
I =220 172 ma
Y=07V

-07

(b) ]E|=5—1‘8—3 IE,=0239mA
Ig;=0

5-07
IES=_—2-3—: 15521.72"1/4
Y=07V

07
© I =1,,= é—lg— = I, =1,=0239mA

I, =0,Y=5V
(d) Same as (c).

@ Ve=—(1)(1)-07=> V,=-17TV
(b) O, off, then v, = Logic1=-07V
Q, on, then v,, =~(1)(2)-07 =

vy, = Logic0=-21V

Q,/Q, off, then v,, = Logic1=-07V

Q,/Q, on, then v,, = =(1)(2)-0.7=>

v,, = Logic0=-27V

(c) A=B=Logic0=-27V, Q, on,
Ve==17-07= V,=-24V

A=B=Logici=-07V, Q,/Q, on,

V,=-07-07= V,=~14V

(d) A=B=Logicl=-01V, Q,/Q, on,
_-27-(-52)

- 15

~0.7-(~5.2)

15

P=(167+1+1+143)(52)=> P =399mW

A=B=Logic0=-27Vv

iy =3mA i, =167 mA

P =399 mW

=167TmA

C3

Iea =

=3mA

&.  AND logic function

b. log'cO:OV
~ (1.6 +0.
Qs orx.i:i__(.l.l_.iﬂl).:msmA

V2 = (2.25)(0.8) = logic 1 = 1.8V
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C. g1 =

13 igz =3mA
ica=0, igg =iz =3mA
V=0
. 5—(1. .
d ip= M = ig; = 0.962 mA
2.6
ig2 = hon (1i62+ 0.7 = ig; = 2.25 mA
1c3 =0, g3 =ig; = 2.25 mA
Vz =18V
17.9
3. .
8 Vg= -—5—42"2-1-—0.7=:-VB=2.6V

5~0.7

2.6 = g1 =1.65 mA

, 5~ (0.7+0. ,
’m:———i—"-—ol-l:

b. ForQyonvx =wvy =logicl =35V

. 35-(0.T40.
ig =380 +07) _ 195 ma

12

0.175 0.4

Want ipe; = - = o = Rc; =457kl
C1

¢c. PRorQi;on ig =

Wmt iRC! =

2.6—-0.7
. —=0.158
13 0.158 mA
0.158 0.4
—— = e => Ren = 5.06 k)
> y = Rey =5.06k

d PForvy =logicl =35V

=035 mA, ig =0.175 mA

;o _35-07

n = T‘

P = (im +ie)(Vcc) = (0.35 + 0.175)(3.5)
17.10

& logicl =02V

logic0=—-0.2V

(0-0.7)—(=3.1) _
b. g = s =028
So
Rg =3k}

¢ Waatim =200

o

-4
1

1=1k01

d Porvx =vy=logicl =02V

ip= (02200 = (=31) _heerma

3
tRa = "i—‘:&im = 0.4 mA
ip3 = 0.467 mA

¢ ig = 0.867 mA

i = 0.2—!—3.1! =1mA

33
. =02-(~3.1) _
= 3 = 0.879 mA
P = (0.867 + 1 + 0.879)(0.9 — (—3.1))
or
P=110mW
17.11
8 = (=0.9 ‘°i7) = (=3) = i; =14mA
iy = (202 "157) (=% L i = 014mA
i o= (=02 - 01‘57) = (=3) =i = 0.14 mA

i2+ip =14 +13 =1.4+0.14 =154 mA

o

I = —€=>iz = 0.8 mA
ip=074mA

vo=-04V

b. 4§ =14mA

iy = °"°'715' ) N i3 = 0.153 mA

iy =1i3 = ig = 0.153 mA
i2+ip =is i3 =0.153 mA
ip=0
vo = —(0.153)(0.5) = yp = —0.0765 V

c_ _il___(o—o.'r-;].-z)—(-s):“. ClemA
= {22200 200 i s odma

1y =13 = l" = 0.14 mA

f2+ip =13 =iz =0.14 mA

ip=100
vo = —(0.14)(0.5) = ¥ = —0.07 V

d i = (0-07- ?7) =(=3) =i =16mA
13 = 0- o:)s_ (_3) = l'; = 0.153 mA

i4 = ig = i’ = (0.153 mA
i34 ip =i + iy = 1.6 + 0.153 = 1.753 mA

0.

o

1= =iz = 0.8 mA

ip =0.953 mA
rp=-040V

o
[,
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17.12
a. i A=B=C=D=0= Q) — Qq cutoff

So
Vpp =2IgR; + Vg + IsRa
and
Ip=de _ _1s
14+ 8, 51
Then
2.5 =2/g{2)+ 0.7+ !5—!1: -(15)
15
S-0T= . —_—
25-01mts (14 )
So
Ig = 0.419 mA
and

Y =25-2(0419)(2) = Y = 0824 V
i, A=C=0 B=D=25V

Now
ves =Vps =2.5-0T7T=18V

Y=ves4+07T=Y =25V

b. Y = (AOR B) AND (C OR D)

b. wvo; = AOR B

v92=C OR D

Vo3 = Vo1 OR voz

or

wa = (A OR B) AND (C OR D)

17.14

a. Por CLOCK = high, Ipc flows through the left side of
the circuit.. If D is high, /pc flows through the left R
resistor pulling Q low. If D is low, Ipc flows through
the right R resistor pulling O low.

For CLOCK = low, Ipc flows through the right side
of the circuit maintaining Q and Q in their previous
state.

b. P=(Ipc+05Ipc+0.1lpc+0.1Ipc)(3)
P=171pc(3) = (1.7){50)(3) = P = 255 uW

17.15
ii Porvx=vy=01V=y =08V

. 5-~2.2
1 =

i3 =14 =0

ii. Porvx =vy =5V,

'

vV =08+4+074+07T=2>=>p =22V

W= 5 ‘82'2 = 1) = 0.35 mA

. . 0.8 .
|4=1]—-1~§-=> 1 = 0.297 mA

. 5-0.1 .
13 = 24 = L= 2.04 mA
17.16
a. Ror vx = vy = 5 V, both @, and Q. driven into
saturation.
vy =08+074+08=p =23V
- ’42‘3 = i, =ig; = 0.675 mA
-~ (0. 74 0. -’
iq:s (08+20 + 1)ﬂ12=1.7mA

e =1p1 +12 = 44 =2375 mA

08 .

15=ﬁ=$15=0.08m1\

19y = iy — 1y => 1p, = 2.295 mA

=220 i 1225 mA
vo=01V

b iy = 5_‘_(0_1.&7) = 1.05 mA

ic(mu.x) = Bigy = NI'IL + 13
(20)(2.295) = N(1.05) + 1.225
So

17.17 N=42

D, and D, off, O, forward active mode
v, =08+07+07=22V

5=iR +i,R +v, and i, =(1+B)i,

So 5-22=i[(1+ AR +R,]

Assume =25

f o 522
T(26)(175)+2
i, =(1+ )i, = (26)(0.0589) = i, =153 mA
iy=fi, > i,=14TmA

= i, =00589 mA

ig, =iy +i, —% =00589+147-016 =
ig =137 mA

Q, in saturation

=
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17.18
& L vx=wvy=01V,10 Q in saturation.

ii. vx=vy =5V, 30 Q in inverse active mode.
Assume Q; and Q, in saturation.

i _5-(0.8+08+0.7)
] =

- =) =ip; =045 mA
iy A °';+°'1 = i3 = 2.05 mA
0.8

i.=—?=ri‘=0.533mA

-

183 = (im2 +43) — 54 = 0.45 + 2.05 — 0.533
or
igg = 1.9T mA

. 5-0.1 .
= = 2.23
13 72 =i3 = 2.23 mA

b. For Qa:
%=%=1.13<ﬂ

For Q2:
%:%:4.56<ﬂ

Since (Ic/1p) < B. then each transistor is in saturation.
17.19
(a) vx‘:vy:LOgiCl
V' =08+2(07)=22V
i) = 5;823 =035m4

iy =i T =0.35-0.0533 = 02967 m4

iy= %(4)—1 =204mA

. _5-(01+07)

I =———*
8

Assume B=25

Then (25)0.2967) = 2.04 + N(0525)

So N=102=> N=10

(b) Now

5=2.04+ N(0525)

So N=564= N-=5

=0.525mA
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17.20
8. Poruvx =vy =5V, Q, in inverse active mode.

_5-(0s8 +60.a +07) _ 0.45 mA

ip2 = 1p1 + 28Rip1 = 0.45(1 4+ 2[0.1]) = 0.54 mA

im
'.c’=5— 0.8+40.1 =2.05 mA

2

. 0.
'.BS 3 (“B’ + lcz) — 'l—-g- = 0.54 + 205 - 0.533

or

3p; = 2.06 mA
Now
i =3z (0'2 +08) _ 0.683 mA
Thea

ica(max) = Brips = Ni}
or (20)(2.06) = N (0.683)

b.  From above, for »o high, J7 = (0.1)(0.45)
= 0.045 mA. Now

I (max) = (1 +ﬂr)(5 }24.9) - 91)2(0.1)

= 1.05 mA

So

I (max) = NI}
or 1.05 = N(0.045)
17.21

(a) V,,=01V: Q,, Sat: Q;,(Q,, Cutoff
5—-(01+08

i = —(4—+—l = 1025 mA

P =i (5-0.1)=(1025)49) =

P=502mW

®) ¥V, =5V, Q,, Inverse Active; O, ,0,,

Saturation
vy =07+08407=22V

i= 5_% =07m4

ig = Bg-i; =(01)0.7) = 007 mA

V.. =07+01=08V

=20 42

P=(i, +ig +i,)(5)=(07+007 +42)(5) =
P =249 mW
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17.22 b. vx =vy=vz =01V
8, vxz=vy=vz=01V
_ : 5~(0.140.8)
isl=5 !0:.;19+0.8!=>‘, =1.05 mA !m=———§———-—- 1p; = 2.05 mA
Then ) From part (a),
ic; =ipy =ica=1ipy =ica =0 L= fr-ip = (0.3)(0.25) = 0.075 mA
Then
b. = = =5V . 51 5(0.
vx = vy = vz 1By = 1+”b = (13:5) = ige = 0.00371 mA
F
. _5-(08+08+07) . o
i = 39 = ip =0.692 mA 17.24
Then A, vx=vy =vz =01V
tci=1g =itp(l + 3fR) = (0.692)(1 + 3[0.5])
= icy =gy = 1.73 mA ,-m=§__‘:.(_°'1_+°_‘§l+,'93
Bl
. 5—(0.14+0.8) _ . where
1c2 = ————————= 3 1¢; = 2.05 mA
’ 2 g : = . 2-07)—(0.9) 0.4
- . . . ) = _
L §:-1) =l32+lcz—9—=1.73+2.05—-1.0 = RB" 1
0.8 .
B = 2.
iRy = 5;2'1 =2.04 mA Thea
. . 1.1 }
; —(01+0. =—+04=ip =15mA
=2 (0319+0 8 - 1.05 mA o= 04 = -
tc3 = irs + 5if = 2.04 + (5)(1.05) ip=0=1tc
= 1c3 = 7.29 mA .
—_— Qs in saturation ics = 511
For e high,
17.23 .
& wvx = vy = vz =28 V, Q, biased in the inverse Vg =0.8+0.7 =15V = Q; off
active mode. i = 2215 _gsmaA
.8 — (0. . . ', = Bri’s; = (0.2)(0.5) = 0.1 mA
im = 22 (08;°8+°7)—_~»;‘E,=0.25m1\ i = Priz = (0.2(05)
ip2 = im(1 + 3fR) = 0.25(1 + 3[0.3])
= ip; = 0475 mA Then
vez =0.8401=09V ics =05mA
b. vx=vy=vz =2V
; 0.9 — (0.7 +0.1) 0.1
B4 = =
(1 + BF)(OS) (101)(0'5) PFrom part (a,),
=0.00198 mA (Negligible) =ip; =0.5mA
. 5—-0.9
tp = 0.9 = 4 56 mA 13 =0=1

= "CZ = 456 mA

. . . .8
tps =1p2 +1c2 ~ 0—1' = 0.475 + 4.56 — 0.8

iz = ip (1 + 38R) = (0.5)(1 +3[0.2])

ipz = 0.8 mA
= ip; = 4.235 mA ica = 5i7, and from part (a), iz = 1.5 mA
So
icp=T.5mA
374
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58-0.
@ I,+1,= 07 =051mA
5-(0.7-03
Ic"10=—“(—l—-—l=4.6m,4
Now

I,=051-1, =o.51—%=o.51—1—c

50
Then
I
50

I-1I,= 1C—(o.51—-5%)= IC(1+—1~)—0.51=4.6

So I, =501md4
I. 501

I === ] = .
B 850 s = 0.1002 mA

»=051-01002=> I, =0.4098 md
Vg =04V -
®) 1, =0,V =V (sar) =01V
58-08

I, =

= I, =05m4

5-01
I.= = I.=49md

17.26
& vx =vy =04V
ve1 =04407=3pp =11V

. 5-1.1 R
= = 1.
8B X = ip; =139 mA

Vg2 = 0.4404=>pyg; =08V
B2 = ica = imo = ico = ims = ics
=1ipy =ics =0 (No load)

5=1ipsRa+Veg+ (14 8)ipRy
5-0.7

4= 076 + (31)(3.5)
= ipy = 0.0394 mA
ice = frip

= icg =118 mA
vpe = § — (0.0394)(0.76)
= ypy =491V
b. vx=vy =36V
ve1 =07+4+07+03=>pp =17V
vpz =14V
vpo = 0.7V
vep =11V

2.8
= ip; =1.18 mA

82 = ip1(1 + 28R) = 1.18(1 + 2[0.1])
igz = 142 mA
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ine o L1107
B = B1)(3.5)
= ipy = 0.00369 mA
. 5-1.1
tha = 076 = 5.13mA

= icy £ 5.13 mA
iBo & ip2 +ic2

tpo = 6.55 mA

17.27
8. Assuming the output transistor Q3 is & Schottky tran-
sistor, then
vo=04V, iy = 25 =(04403) .,
Rp:
Then
Rp; = 3.6 kQ
Then
: 2.5~ (0.7+0.8) 10
= —,—— el = - = 0.27
1B Rar 36 0.278 mA

, . 0.7
1ga = 0.5 mA, 11 =054 T = 1.50 mA

1E1 =1p1 +ic1 = t¢g = 1.50 — 0.278 = 1.222 mA
2.5 — (0.7 +0.1)
—_—
= Rgp =1.39 k1

and i¢; = =1.222 mA

b. vx=vy =04V, ygy =07V
v =25-0T7=>pyc; =18V
All transistor currents are zero.

c. vpgp=15V, yo3 =08V
Currents calculated in part (a).

d. ipz = 0.5mA, i} = 0.5 mA
ica{max) = figz = N1 or (50)(0.5) = N(0.5)
So
N=30
17.28
8. Porvx =vy =36V

v = 3(0.7) =2.1

R 5-21
=2 ip = T 0.29 mA
ve1=074074+04=18YV
R 5-1.8
= ic1 = Tl 0.32 mA

tps = ipy + ic; ~ llé =0.29 +0.32 — 0.0933
So
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tg2 = 0.517T mA

voa =074+04=11V

5-=1.1
4.1

ica = = 0.951 mA

ips = ip2 +ic2 — 9{- = 0.517 + 0.951 — 0.175
of ips = 1.293 mA
Forvwe =04V, v, =044+07=11V

Then
M 1.1-0.7
= =———— = 0.00086 mA
'8 = G)(s)
i = 5 —1 31 _ 0.00086 or i, = 0.39 mA

So ics(max) = Bips = Niy
(30)(1.293) = N(0.39)
= N =99

b. P =(0.29 + 0.32 +0.951)(5) + (99)(0.39)(0.4)

P =17805+15444 or P =23.2 mW

(Assumming 99 load circuits which is unreasonably

large.)

17.29

8. Assume no load. For vx = logic 0 = 0.4V

i = 2o 0A+0D ) hors mA

40

Essentially all of this curreat goes to ground from Vec.

P=ig - Vec = (0.0975)(5)

b im o= oo (30(0‘7 = 0.0725 mA

5= (0.7T+0.74+04) _

tR2 %0 0.064 mA

fpy = E:Lolzsilul =0.26 mA

P = (0.0725 + 0.064 + 0.26)(5)
P=198mW

¢e. Porwve=0 ver=07404=11V

, 5-1.1 . .
S e— =17 ~
Ry 0050 = tRy 8 mA = i5¢c

17.30
(a) v, =v, =25V ; A transient situation
Vos(M,)=25-07=18V
vos(My)=25-07=18V = M, in saturation
vio(M,)=5-(25+07) =18V
veo(M,)5-25=25V = M, in saturation
iny = K. (Vasw —Viw )z =(01)(18 - 0'8)2 =
iny =01 mA
ipp = K, (Vsap +Vpp)' =(0.1)(25-08)" =
inp =0.289 mA
iy = Pipy = (50)(0289) = i, =1445mA
ey = Pipy =(50)(01)= i, =5mA
Difference between i, and i, +i, is aload

current.
(b) Assume i, =14.45mA is a constant

V. C
chlj"'(_ldl=£_!_z[=(_t)§__)

C C e
5)(15x107"
I:-———--———~( )( _\ 1)—_—> =519 ns
14.45x107 —_—
5)(15x107""
© r=~——————-—( sy ‘)=> 1=260ns
0.289x10° —
17.31

Let R =R, =10kQ
(@) ipy =01mA, iy =0289mA

(Same as Problem 17.30)

0.
i = 2L =007 mA = i, = 0289~ 007 =0219 mA
10

ic; =(50)(0219) = i, =1095mA

iy = 2 =007 mA = iy, = 0.1~ 0.07 = 0.03 mA
710

ic; =(50)(003)= i, =15mA
(5)(15x107"%)

(b) t= Y
1095x10~
(c) +=260ns (Same as Problem 17.30)

= t=685ns
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