Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

Chapter 4

Exercise Solutions

E4.1
G = I;: = ;:256 2t gm = 9.62 mA/V
r,=%=%: re =123 k00
ro = ;*; % = g = 600 kD2
E4.2
V4 Va 75
ro=I—c-—0-=>fca=r—°'=m

= lep =0.376 mA

E4.3

Ves — Vge(on) _ 0.92-0.7
Re 100
= lag = 0.0022 mA

Icq = (150){0.0022) = 0.33 mA

Isg =

_leg - 0.33 " \
3 gm =T ouzﬁagm_lrm;\/
Vg _ (0.0026)(150)
T Icqg 0.33

Va 200
= =t = 60
ICQ iRl 6 k{2

=TIy = 11.8 kﬂ

|

Fu
R A G L LY
11.8
= —{12.7)(m) (6086]113)

= —{12.7}{0.1055)({14.64)

E4.4
_ Icq
Im = Ve
Vea — Vegplon)  1.145 - 0.70
. Ipg = =

Re - 50
= [pgy = 0.0089 mA

Icog = (90)(0.0089) = [cq = 0.801 mA
0.801

Im = D026

= gm = 30.8 mA/SV

Ved  (0.0026){90)

= yrd | (000030 -292kn
Tw IE‘Q 0.801 = s dd K
Va 120
= — = 150 kil
™= Teg 0801 | A=

b. ug=ymve[rnllﬂc1‘ yuz_(.......:“_)ys

o F=
- —gm R
A e g (r,+RE)(r°H c)

—(30. 8](—03——\](150”2.5)

II

2.92 + 30
= —{30.8}(0.055){2.46)
= A, = =417

Rry = 230)75 = 57.7 k0

" R TSN, -
i - 3) = ———— 3y =1.134
Vra (R;-!—RQ)(‘)) (75-&250){:" 2
1134 = 0.7
=T 38 uaA
Tee = =TTt y06) K

leg=10418 mA

{120 1{0.D26})

_ o SOHBESR) g e k0
a7 0.418 7
0.418
= 22% _16.08 mA/V
gm = 5536 = 1608 mA/
Vo = ~gmVeRe

R, =r. +(1+ B)R, =746 +(121)(06) =801 kQ
R R, =250075=577 Q2
R |RJR, = 577|80.1 = 3354 £Q

vis RJR|R, v, - ( 3354 )-V;
RR R, + Ry 3354 +05
= {0985}V,

V! =v,[1 +(' :‘B]RE]

Then
A= (0.985)(-8.39) =-827

b, Rp=rz+ {1+ 3)(Re) =746+ (121)(06)
= R, =801 kit

As a first approximation,
R
RE
Resulting gain is always smaller than this value.
The effect of R, is very small.

R,
Set —==10
“ %R

£
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53T (R +Re)+Verp
5=05(R.+R;)+25
Sothat R, =0454 k) and R, =454iQ

05
I3 =355 = 0005 mA

Ry = (0.1)(E+ B)R; = (01)(101){0.454) = 459 kQ -

R, 1 1
= Ve = Ry Ve = —(459)5
Vo [ R+ R:] ce = R, ™ R ( )( )

1

aE(on)"'(H'xB)IsQRE

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

whlch yields, R, =241kQ and R, =567k

E47
de anslysis
Rry = Ry||Rz = 15]85 = 12.75

. " R . . B3
Vru = (Rl :R” Voo = (55 T 15)“2]
=102V
12 -0.7T = Vry
Rru +(1+3)Rg
- 12 = 0.7 - 10.2 = 1.1 = 0.0174
12.75 + (101)(0.5) _ 63.25

Icg =174 mA

Vry

)

Isg

ac analysis
Vo = hrLu{RellRL)
-Vs
hoe + (1 + hselRe
—hse(RellRe)
bug + (14 hye)Rs

Ib=

Ay =

For [cg =1.TmA
hra{max) =110

hyo{max) = 2 kQ

Ape{min) =7

hye(min) = 1.1 k2

—110(4{)2)
A.{max) = T4 (L11)(0. a] -2.54
_ —70(4)]2) _
Au(min) = TTEnREy < T4
E4.8

First approximation, A, = -T!:-Q which predicts a
£

low value. Set 55- =9, Now
R

Vee = Tg(Re + Re) 4 Veey
75=(06)9R, +Rg)+375

S0 Ry =0625k2 and R, =562 K2

E4.9

R, = ( 1)1+ B)Rg =(0.1Y101){0.625) = 631 k2
Vi = = -Rm Ve = —(6.31)(75}

]
Voo = (1+ M o Re +Vig(on) + 1 gq Ry, + V1,

06

Ts0 = T00= 0.006 mA
7.5 = (101){0.006)(0.625) + 0:7 + (0.006)(6.31}
+T;-(e.3 1)(75)

Then R, =740kQ and R, =428

dc analysis

10 - 0.7
100 +(101){20)
feg =0.439 mA. Tgg = 0.443 mA

Isg = = 0.00439 mA

Vrd  {0.026)(100}
s L QP L LLL) UL R )
r T 139 92 k(1
Ico  0.439
= = §.88 mA/V
Im = = Gz (DA mAS
V. 100
= A= 212 a2k
= Tea 0439

(a) Vn = _gmvx(ra

)

RB“‘rx 'V
Rfr.+R; ]

Rylr. =100[5.92 =559 k02

V. =V'=

* £

Then
- [_—-559 )-v, = 0918V,
559+05
Then

A, =—(1617)(0918) = —148

b. Rn\ = RB”TH = {100)”(592]
= Ry =539 ki

Ro = Re|iro = 19{]228 = Ro = .58 k{2

E4.10

A = 7";({”5&—“'{095)[ ] -(0.95)(%]

or A =—475

Assume r, =12 ¥Q from Example 4.5. Then
-5(2}

12 +(1+ 8)¥04)

which yields F=76

=—475
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E4.11
dc analysis: Voy =0, Ry, = R,[]R1 =10 k02

5—0.7
T —— 72
fea =157 (126)(5) 0.0067

Icq = 0.84 mA

= & = = =238k
"7 Teq T B L _J2-07i-l02 _ 11
89 = 175+ (121){0.5) ~ 73.25
2. vg = —gme(Tol|Rel|RL). v = wvs Tng = 0.0150
Icqg =1.80, Jgg = 1.82
A = —gmira|Rel|Re) = —(32.3)(238]2.3)j5) ca 59

= Vgcq = 31.89

X
1
]

~{32.3)(1.36) = 4, = —30.4
b, PFor Aie = 1.B = Avge = (1.8){(1.83) = 3.29
b. Ra=rfiRe = Ro =228 k0 For Avees = —3.29 = Avsp = 3.80 — .29 = 0.6

= Max. symmewical swing

E4.12 =7 % (3.29) = .38 V peak-to-peak
E4.14
de Ioad line:
Ver = (10 + 10) = fe(Re + Rg)
o.q18

) Veg =20 - Ic(10 + Rg)
Vee = —lcRe = -ic(ln)
ac load line:

“

Vepo =5 — (0.418KH5.6) = (17111) (0.418}{0.6)

=3 =234 - 233
Vegg = 2.41
AVer varizdon (2.41 —0.3)2 =3.82 V
peak-to-peak

E4.13

e I A

a. de load line:

Vee = Vee —IgRe - IcRe

Vee =12 - Ic(Rs + Re) = 12 = Io(4.5) Bree = Vegg — 0.7 = dic(10) = [eq(10)
ac load lLine: So Vegg — 0.7 = Jcgq{10)

Vee 22 —iC[RE + RC"RL) We have

vee = ~ic(0.5 + 42) = —ie(1.83)

Veeg = 20 — ICQ{IO + Rg)
Ieg(10) + 0.7 = 20 — fcg(10 + Re)

(1)
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- 0.7 { . .
10 lea 100)(9.3) @ F4.16

Isg = m—r—— = =
100 + [101)R 100 4+ (101 R . R , 1
(101)Re (101)&¢ a. Vry= (E—:—R:‘)(l?]- Vrg = -E(Rrx}(l’-’)

Rrpg =(01 $Re = (0.1{12HR
From (1} ra = (0.1)(1+ @)Re = (0.1){ 121 Re
lcgllt + 10 + Rg) =20 = 0.7 =12.1Rg = 12.1 k0
Substitue (2) 12— 0.7 = Vg 11.3—721—(12.1)[121
Igg = =— . = '-
(100)(9.3 ](304.35):19_3 B Ern + 1+ DRe 121+ (121(1)
100 +(101)Re lca=i6=1 LS 0.01333 mA
930{20 + Rg) = 19.3{100 + (101} Rg] CQEADZ A= g T o
18, 600 + 930 Rz = 1920 + 1949.3 R 113 — Rl—ms.z)
16,670 = 1019.3Rs = Rg = 16.35 k1 0.01333 = 331
Sa %-[145.21 =11.3 - (0.01333)(133.1)
1
£100)(8.3) .
= [ro =0. . = 15.24 k%
lea = fgo(rony16.38) <9 331 mA 23}‘1—1—"—' IS 1eR
- : BT BRI i LIC
Veeg = 20 - (0-531)(104— 16.35) = Ifcsq =60V T+ R, 12.1 1524 =
Sveg = Vegg -07=6-0T7=353 (12.13(16.24) = (15.24 = 12.1)R;
Max symmetrical swing = Ry = 58.7 kD
2 x (5.3) = 10,6 V. peak-to-peak Veecg = 12 —{16)141 = {1.61)(1) = Vecgo =3.95 V
b. vy = gmielRoflRi) = —gmlRellRil = =vee
E4.15
1 = gmbe = =0mVr
f5g = — ol _ 0.00672 of — vee = ic{ Rl Ry
& 189 = pr(izes) e = 2CLRCUAL)

IC‘Q = .84 mA, IEQ = 0.847 mA

Va _ 200 o3k
0.84

o =

Ieg
10 ~ (0.84)(2.3) — (0.847)3)
10— 1.932 - 4.235

Vegg =383 Y

Vczg

Tl 1ime
? ra _T Want Aic = 1.6—01=15
\ [ =

o Avee = 3.99 — 0.5 = 3.49

[=%_2 3 nlaiai Ay 3.49
=2 - - =2.327 k= R R
Y = 2.327 . cllRe
ReRi _ _4Ri 4397
Re+R: 4+ K
. -1 = 327 R; =5.36 ki

78S yo (4 —2327)RL = (4)(2.327) = A, =390 ki
dc load line E4.17
Veog = 10 = I=(7.3) Rru = Ry flRs = 25050 = 16.7 kQ
ac load line Ra . 50 .

. Vg = (———) Vee = (:—")(DJ
vee = —ic{AcliRe) = —1c{2.3]|3) = ~ic{1.58) Ry + Ra 50 + 25
(neglecdng ro) Veu =303V

. . ! _ ‘gg — Vgelon} 3.33 - 0.70
b Aic =084 8= Rrp+ 1+ HRe 167+ (121)(1)
= Advce = (0.84)(1.58) = 1.33 V 263
Vep(min) =3.83-131 =23V T 1317
Veg(max) = 3.83 + 1.33 = 5.16 V = Ipg =0.0191
. . Ieg =229 mA

50 max symumetrical swing .

=7 x (1.33) = 2.66 V peak-to-peak
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—lee _ 23 _ga ) mayv
9m = 3 T D026 mA/
o= Yrd _(00260)120) _ 54 4q

Mecg 1.29
Va 100

= 2A 3B T

o leq 229

Vie R’“'RzuRl'ﬁ 'V_{

T\ R|R|R, + Rs

R, =r, +(1+ BYRelr,) = (136) +(121)(1j43.7) =
R, =120kQ and RJR, =167k

Then R|R,|R, =167]120 =147 k2
Then

V= (—-—'4—?—) V. = (0967)V,

14.7+05
Now

V= [-‘:—‘+3_V,)(Rf|lra) = v,,( 1 ': ‘B]RE

v’ ___ (o567,

i 1+[1+ﬁ) . 1-;-(11‘5}& r

r

n

@

So
1+ f

-\:’L _ (0967 )[T)RE“r (0 967)(1 " ﬁ
v, 1+(1:_ﬁ]R£1h r, +{1+B) E||r
Relr, = ]¢3.7=0978 k02
Then

_{0967)121)(0.978) _

T 136+ (121){0978) = A =096

b. Rou=r-+ (14 3)Rellro = 1.36 + (121)(0.978)
= R =120 k{1

(<}
“r. + B[R, ]R; 136+167)05
= = 437
R, = e, 1+ 8 3 121

which yields
R, =151Q

E4.18

Vegg =5V Igg===25mA

e

N 2.5
Igo = =X —q.
Bg 01 0.0248 mA

Vra = IpgRry + Vae(on) + (1 + 8)IsgRE
Rin = Rrull(re + (1 + 8)Re]
ry = 1.08 ki

Rrp - 203
Rra + 203
= Rry =95.5 k)

65 = Rryl|203 =

Rl(gs.s)(m; = (0.0248)(95.6) + 0.7 + 2.5(2)

= 8.07
—_ 118R:  _ ..
R,-llakﬂ. T8+ &, = 83.6
R =504 k2
R, =65k

R 65
vie| B |y = -V, 20992V,
d [R,A+R5] ! (654-05)

Then

_(0992)1+ B)R, _ (0552)(101%2) -
L +(1+ PR 105+(101)(2)
A, =0987
Neglecting R,. A, =0595
e = o e RIRIRs _ Jros+osdos
’ E[ 1+ || 101
or
R, =152
Neglecting Ry, R, =r = R,=1030Q
eglecting R;. R, =A-> , =10
E4.19

(R ~
"TH—(R!_'_R:)(IGJ ]

=100 V4 =125V, Vpelon) =0TV
leg =0.75 mA
125 -
Then ro = === = 167 ki1
0.73
o Ot (00H0.028) _  _347k0
Ieg 0.75
Vrag — Vaglon) — (=3)
Rrg +{1+ 3VRg

leq =813z

Igg =

-
I
4-\4

=)
™
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Z.=rTe+ {1+ ﬁ)[RE"RL“I‘n] Then R]“R; = 10.1Rg = 20.2 k(2
= _f‘ﬁ“ﬂ-— Veg = (_&‘_)(10}_5
fo = (Rsnrwm)“ t ok B+
Rif|Ra ) 1 ( R Ra )
Y LY L - = | 2 b (10) -
Iy (R!|1R!+Zu ls R\ R + Ra (a0
Ar=g = 2(20.2)(10) -5
Is 7 (202
Re|ra ) ( || R {cq =075
= | =——— (1 —— i
(RE“"'O + R (t+3) RilR2 + 2., ) )
Assume that Rellro = R —1(20.2)(10) -5=07+5
= (100) :
RullRz = (0.1 + DAk { 3 (10102)
= (0.1)(101} 8z = 10.1Rz 1.67 = Ié—-(zoz) -0.7= Ry =852kD
1
Assume R, =1KQ RiRr  _ 4nao 83.2R; R = 265 kQ
‘ R + R: =20.2 5.2+ R, =L =00
Then
A;.-=1s=( Re )(lﬂl)x E4.20
Rz +1 .
10.18¢ a. 3 = 106. Vaelon) = 0.7, lcqg =145 mA
(10.1!{; +3.47+ (101} Rz1 m])

where RellReliro = Rl e = Re(1 k0 feq = 1.26 mA, Isg =0.0123 mA

(R .
PTH_(RL-I_R:)(IG] 3

A .
15 _gml)(m.qa’gx Vrg = R:[RMR:JUG) 5

Rg + 1 fon o Yaw =0T (=5)
! _ B2 = Rrw +(1+d)Re
[EIR;+3.4T+ llti:ig Vepg =10 —feqRe =14 .
E 6 .
s (101){10.1)R% IzqRe=6=leq = V- Fing Re = 155 = 4.76 k2
15 = I
Rg+1 . - Rp =476 k00
* 115 BeN10.1Rg +3.47) + 101 Rz Rry ={0.1)(1 + 3} Re = 10.1Rg
14 B
(101){10.11R% Thea

15 = l0.1Rz + 3.47 + 10.1R% + 3.4TRp + 101Re Rl-(ml)ﬁg{w) -53=0.7+3
]

)
15= (101)(10.1) Ry fsa= 15 = 101 R + (101)RE
10.IA% + 114.5TRp + 3.47 .
—(101}{4.76) - 0.7
. RiRy  _ _ el = 48.1 kO
(101)(10.1}R% = 15[10.1R} + 114.5TRg + 347, R -G URe = (10.1)(2.76) = 48.1 k
1020.1R% = 151.3R% + 1T18.55Rg + 52.05 (65.8) Rz = (48.1}(65.8) + (48.1) Rz
868.6R% — 1718.35Rg — 52.05 =0 (65.8 — 48.1) Rz = (48.1)(63.8)

16.7R% —33.0Rg -1 =0 = R; = 178.8 k0

33+ 1/(33) + 4{16.7) b.

Reg =

e —x
2(16.7} ;
Must use + sign = Rp =2.0kD ‘ 1‘
A
¥ %l
s
RIE, -~

i
~
L)
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Va 125
bl y 100 k2
8Vr _ (100){(0.026)
o= 5 = 208 k0

ImVe = gm{tore) = 3

Zi=re +(1+ DRENRL]ire]
= 2.08 + (101)[4.76}|1]]100]
= 2.08 + (101)[0.826j100)
= 2.08 4 (101){0.819)

Z, = 84.8 k{}

Assume R, =1kQ

= (Rl Y.
Io = (Rsllfo+RL){1 w3V

_ M) .
I"'(Rlnnmz. %

Io__ Rellre ) _ ( BR[| R2
Ar= (_" U+ 7R + 2,

T s Relrs + Re
Rellra = 4.76[}100 = 4.34

4.54 48.1
A = | —— —_—
! (4.54+1)“°“(43‘1 +a4.s)

- (85)oon (55)

= A; =300

S . R
= Re =204 02

d

Vea = 3C(l + B)(Rs"ﬁg“?ﬂ)

= i,,-(m)u 76){1{100)

= ic(0.828)
FAir=1.25mA, — Ave,e = 1035V
Maximum symmetrical swing in output voltage
is = 2Av., = 2.07 V peak-to-peak

E4.21

For 2 =130

10 - 0.7
100 + (131)(10)
Icg =085T mA

IEQ = = B.596 uA
From Figure 4.21
I < he <5k Let hre =0
98 < h;. < 170

8 < hpe € 16 .uS
he =4k
h_f. =134

hoe=l2.u5=>h—1-=83.3k9

Qe

2. R:= R =10k

Bum bt o5 | | 1)

= 4+ {135)(10[;20}83.3)
= Rjp = 641 ki

A, =( R.B“Rnb )X
Rs:+ Rpl|fw

(1 +hr¢)(RE “ AL “ )

hee + {1 + h;a)(ﬂs H Re h ht)

AL = 100(}641 )[ (135)(10[j10]83.3)
v (1o+1ou||su 4+ {135){10[{10||83.3}

_ (883 \[es
T 10+ 86.5 ) | 64)

= A, =0.891
Rz " —_— R
A Wﬁ . +h’°}(ﬁ +BR¢)

. 00
= M)ms}(_l_.)
10[]83.3 + 10 100 + 641
=>4 =859

1 hee + Rsi|R
Rﬁﬁsﬂn_ A + Rsilfls

1+ hy,

=10 833 —"'-;—30'_19-_39311009 0
= R =9600

b Rs=1k, R, =0641kN A, =639

86.5 \ /837 '
= (883 V(8 4 =008
A (1+86.5) (541) =4y =0.982

Ro=10]833 u [ﬂlo_o_]

135
= 8.93(|0.03696 = Rp =368 D
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E4.22
Vo =25V, Ry, =25k0

5=07~23 1.8

3 Y L - 0.00793 mA
Ise = 5o - 127 '
!cq = 0.793 mA

f_c_'_g_ 0 793

gm = T2 = g = 303 mA/Y
_ Ved _ (0.0026)(100) _
e T 3.28 k0
Va 125
o= = ey = 158 kO

2. Rgl|Ryflro = 2(]0.5[{158 = 0.4{{138 = 0.4
_ _(1+8)(Rs|Refira)
T ore+ (1 + BN RefRLTe)

. (101)(0.4) __
= T 0y) — Ax=032

5. Ra=re+(1+30RellRellra)
Ris = 3.28 4 (101){0.4)
= R, =43.7k0

fo=rigl Refro = T 2] s0

o= Rg; =32.00

c. Ip{max) —
Rg{min) = 1.9 kD2
Ra{min) = 47.3 kf}

Ry (max} =323 k2

Rry =249k}

. R: .. (47.3

¥ = | —] = [ = }{5) = 2.37
TH (R;+Rz) cc m){a) 2.375
5-07=-2375 1.92%

24.9 4 (1013(1. 9) 216.3

leg =0.888 mA

lpg =

Rgimax) = 2.1 k2
Ri(max) = 32.5 k2
Ry(min) = 47.5 kDR

Rry =24.9k02
. _ {523 e
Vrg = ( wo)( ) = 2.825
_ 3-07-2625 1  (100)(1.675)
feq= ““}[24.9 +{101Kz2.1}| — 237

Izq =0.707 mA

003{0.
re{max) = (100}(0.026) = 3.68 k?

0.707

Solutions Manual
Ry =1.96 " ﬂ=196||00354..3 0

re{min} = 2.93 kﬂ
= hhuduAgo 290 = 2
Ro = 1.96 " 101 1.96[]0.0290 = 28.6

= 28.6 < Ap €£35.7 11

E4.23

Ry -

-
| —
I,
L4t

For Vgeqg =25V,
5—2.3 5—-2.3

IEQ:_F:T:smA

Ieq = (%)(5} = 493 mA = Igg = 0.0638 mA

ll;;r = -Ibrn

r = avr - {73)(0.026) = 0.196 k2
Ieq 4,93
Va 75 -

To Tog 293 = 13.2 k02

ImVe = gm{=Iyra) = =814

Re|lra )
I (Rxnfo-i-ﬂz. x {1+ 83,

R,|| R, )
=] ——r—— | ]
¢ (R, B2+ 2w/ *

To Relire ) ( Ri]|Ra )
A= == = | ————t—_— (1 — e
1= 1. (Rsﬂfa 7)) TP\ RR 7 2,
a. Rg = Ry = 0.3 kO

R =re +(1+ 3)(Rel|Reliro)
= 0.396 + (76){0.5(10:5015.2]
= 0.396 + (76){0.2461

= R =19.1kO

Rgliro = 0.3{]15.2 = 0.484 kO

e 0.484 - Ry R;
Ar=10= (0.434 +o.s)(‘ﬁ)(mm, + 19.1)
10 = 37.38(—"1“*—)

R\j|Ry + 191
D.2673( Ry 1Ry + 19.1) = Ri|R;
A ||Ry = 6.973 kD

.- Ra o4 -
Yru = (m +Rz)‘°"‘ &, RillRaltee

1 P
R—‘(G.Qra](a)
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5 — Veglon) = Vry
Rru + (1 + 3)Re

5~0.7 = Vry
2= 5975 + (76)(0.5)

fpo =

£96 =43 = Ve = Vg = 134 = 2(6.975)(3)
I

Ry Ry = 6.973 = 26 R,
R+ R; T 2+ R;

6.975(26 + Ra} = 26R;

= R; =933k

b. ForRg =4R: =4(0.3) = R =2k

5-12.35

Isg =

— Ipg = 0.0164 mA
(75)(0.026)
1.23

= 1.59 k0

Te =

2w =re+ {1 + B[R] Rs| ")

= 1.39 + (76}{2}|0.3]60.9]
= Z.,=31.8 k{1
Rellro = 2[|60.9 = 1.94 k2

=125mA — Icg =123 mA

_ 1.94 Ry iR,
Ar= (1.94 + a.s)(m(ﬂxunz +31.8

_ Ri||R;

10 = s“(ﬂx & + 31.3)
0.166{ A1 || R; + 31.8) = Ry ||R.
Ri[|R: = 6.33 k@

4.3 — Vry

1 . 1
Vrg = 1.70 = -}Tl-(lﬂdlﬂz)vr:c = R—‘[5.33}(5)

= R =186 k0

Ri R, (18.6)Ra
R+ R 18.6 + Rz
6.33{18.6 + Rz) = (1B.6) A2

=633=

= R; =56k}

E4.24

10 -0V
H

3 ~ (100

= leg =0.921 mA

Vecg = 10 +10 - IegRe — [eqhe
Veeco = 20 = (0.921)(3) — (0.93)(10)
= Veeqg =61V

a. IEQ = = 0.93 mA

_ 8Vr _ (100)(0.026)

8vr _ =282k0
b = Too 0.921
leg _ 0521 _ 45 i2 masv

Im = T 5.026
ig = gm Ve and Vo = w5

ve

1% ( 1 + g )
mV¥y = ¥ —— m
Rellre ' ° *\ Rzl

o gm¥s

gmlRe||rn]

A= == 1
b‘s(———REnr' + gm

t
_ (35.42)(10 kD||2.82 k)
T 1+ (35.42){10 k(2Y[2.82 kQ)
= Ay = 0.987
v = = and vg = ngwRC = gml‘SRC
ve

Av = gmRe = (35.42)(3) = A, =177.1
¢ Vecg=61V=Vecg=Ve~V¢

Ve=Veg—Vgcg=0T7-61=-54¢ V
ve = Ve +fe
For vge = 0.3 = roc = +0.2

+0.2=-54+1sRc

o = .'“_2?511.12 mA

= Curent limired

ig{max) = 0.921

= wo(peak) = (0.921}(5) = 4.61
= 321 V peak-to-peak

E4.25

Veg — Vaglon) _ 10 - 0.7

a. I

) = T+ gm(Rellrn)

= fgq. = §.38 gA, ICQ = 0.838 mA
=ﬁ_‘:’];=(1_00_)_{_(l.92_5)=’.r'=3‘10kn
Icq 0.838 _—

Icqg  0.838 .
o et — = I mASY
gm 7 YT = gm = 32.23 mA/

VA_ x>

Tw

Be = p X (1+A)Rz 100+ (101){10)

Crp e —ma =
TS Tog - 0.438
b.
RE-.,J
26 1 _/3:\{"'?:”
—_— T — \*\_/-'—-D ;

tH €

4

[N
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Ve -V, -V, — V.
mv Xr (228 L Ly
g -+ Tr ( E * RS
1+3 1 1 Vs
vl () e == -2
[( re ) + R + Rs] 5
x2

Vo = =gm Ve{Rell L)

e B R (o ]

- {32.2?:[}10“1}{3;_.01% ﬂ 19 n [}

[32.23)[0.909){0.0297} = A, = 0.870

.‘
+

—
(=]

3 _f Re

1+3) o o= LRC+RL)I‘:
3

RL)(1+3)I:—

A—ID—(——IO (@— = A; = 0.900
1= S \toer/\t01) T S——

c. R, = Rg||Rl = 10[10.030%

= R, =30.70Q

Ro = Re = 10k}
E4.26
5=7gfa +Vaslont+IcRe
In = 3=-07 _ 4.3
8= Fo+(10L)Rs  Ra +(101)Rz
[ (100){4.3)

¢ = Ra + (101)Rs
5=IcRc+Vee+/eRg -3

. [+D
Vee=10-Jc (Rc + (:—06) RE)

ac analysis
Vo = —gmVr{Rel|Re}

e Tw

Ve =~ — Vs
or (r.r+ﬂa) °

Vo fr
% o —gn|- (77 )| RelRL
% __8

Vszul’;wh-ﬂgz—vw(lq-ﬂ_s_)

A= =7 RH(RGHRL)
PFor Ic = 1 mA,
v = BVr _ (100)(0:026) _ o540

Ie 1

Solutions_ Manual

L

A, =20= '.5.1503- fi},
Rg = g-E-;,%']i—z.ﬁ = RE =24k
to=1= {100){4.3)
2.4 + (101)Rg
(100)(4.3) _,
Rg = _'lu_ui)—_ = Rg = 423 kQ

E4.27

a. Rryg = 70"6 = 53.326 kQ2

[
= —— 0] =5 = =4, 1 9
Vry (G s ?0) (10) =5 2
5-421-070 0.090

Tsy = T 7 (126)(0.2)  30.126
= Jg =293 uA, lcgy = 0.366 mA

5 ~ Ve (Vs — 0.7) = {=5]
—— = e+
e 1+ 3).5
6 — Ve Vo 4.3
e = (366
s T ITeNIE) T (126103.5)

: % Ve

1-0.366 - == Y E1

el - 5 eis
0.6112 = V1 (0.2053) = Vgp = 2.977 v
Jzy = 0.369 mA

1z, = {0.369){0.2} -9 = Vg = —4.928 V
= Vegy = Voy = Ve = 2.977 — (-4.926)

= Veg =790V
(Voo —0.7) = (=5) 5+298-0.1
lggs = T3 = ~
3 1.3
= 4.85ma

)
= — 4. A
Fatet] (1+3)f'5qz=>fcqz 48lm
Vigs = Ve, - 0.7=2.98 —0.7 =2.18

Vegqr =5 —Ver =5 =228 = Veega =272 V

_ AVr _ (125)(0.026)

e = = e =88k
_ 8Vr _ (125)(0.026)
Fe2 = IC‘QJ = 151 =0.676 k0
Teqy _ 0.366
gmt = Ve = 3.026 = 14.1 mA/V
! 4.81
gmz = S = 2 =185 mA/V



Test Your Upderstanding

Chapter 4: Exercise Solutions

R =rm + {1+ AR5 = 8.88 + (126)(0.2)
‘= 34,08 k2

Rz = rez + (1 + 3Y Reaf|BL)
= 0.676 + (126)(1.5{10) = 165 kf}

Vo = (1 + 8)s2( RE:|| RL}

Ry .
= e — =4ym b'ﬂ’
To2 (RC|+R:b2)( Jm1 1)
Vs
Ve = E- S Fxl
_ ! ey ) (—gmifn)
Av=({1+ '3HREIHRL)ch1 + Rz Ry
A=
=V
. 3 1
= —(128)(125)(1 3]110) (5 + 155) (34.05)
= —(126){125)(1.30) (-5—) (-—1-—
170 34.08
= =1T.7
c. R = R Rz || R = (5.53)]|(34.1)
= R, = 4.76 k{}
rea + Res /067645 -
Rn'(1+5)“R£"' 126 )W
= 0.0450[]1.5

= R =470

E4.28

(lmA) = [gg: = 0.990 mA

10
a. Jcor= (10

‘\__/

lggz _ 1

= Iegr = 0.0099 mA
leq =G = 1q1 = 5 m
i _ e - D.0099

kL ] 101

= [poiL = 0.000098 mA,. [cgy = 0.0098 mA
Vg, = ~JgqRs = —(0.000098)({10)
= =0.000%8 V = 0

Ve = =0TV, Vgz = =14V

I =lIlcga + feq =0.990 + 0.0098
HLElmA=l=5-(1)4}=1V
Veega =1l —{~14) = 2.4

Iegz = 0.990 mA
Veggr =1 ={=0.T) = 1.7

= Veggqr = 1.7V, Jcgi =0.0098 mA

= Vepgr =24 V.

AN

8Vvr _leg
b e = E and gm _-VT
For Q| M
(100}(0.026) s k01
I ————p Ty = 203
m 0.0098 '
0.0038 0T ey
Fmy = 5076 = gm1 = 0.377 mA/
For Q2 !
(100)(0.026) )
= el oy e = 263 kO
T2 0.950 :
0.99 .
= — = = J8.1 mAlf\‘
Fm2 0.026 Im2

Tpy = To2 = 2%

C.
P
- 1
I’frr 47"': 3"'{" ‘I
25
Vn-;, J?v.:. _,“,}’«1.
LI! = -'(gm] V-:rl +gm2Vw2)RC
Ve =Vm + 1
(s 1+ 3);
Vr2 = ( wi | T2 = L )ler.-.—2
Frl i
Then

- . {1+ Jran
Vo = —[9:-:11'.1-1 +ym2(¢) V-r]] “Re

=

Also
w=»a+(‘ }hnq
Trl
_L,1[1+\1+3\k“’)]
Vs
Ve = = —
1-(1-1-.3)( =y
T=y /
v = [gm.+gm2{1-1-3\(r )]Rc
-1
Vs
L F—
1+(1+ 3} ’L’)
Tl
[Qm. +gm211'|')3)(f 2)]Rc
A, = =- h

e

1

P

1+{1+3)(r }
=]
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For :
{0.37'.'+{38.08}{101)(f;2§)](4j Q‘“DD (5.026)
A = - r"’|-="'-;"='l'u=5.60kﬂ
2,626 0.464
T+ 0 353 3} 0.464
g = = gm1 = 178 mASV
151.8 0.026
A, =—m—m = | = -76.9 (100)(0.026)
19997 === T"lo2 _ 02 _a
ey = e = T = 3.09 ki
d. R, =P‘1u+[1-1-ﬁ)r,1 0342 _ v
i fm2 = 0 026 = gm2 32.4 m—\/
R, = 265.3 + {101){2.615) For = ro2 = 2%
= R, =331 k{2 c.
L g = Ve, = (-10) + e -07) - (~10)
20 (} + B)10) 2
~ I Rp ~ Vaglon) = Vg,
So =
_10—1IsRg-0.1
(1+8){p = 50
L1007 15 Re — 07
(101)(10)
20 20
1017 I =gy —— -
(101)]z + 31(20) 2 o) L
=33, 26 Ra=re+(l+3)Re = 3.09 + (101)(10)

101){10}

1013.1 k2
(102) 5, = 0.465 + 0.00851

Is = 0.00464 mA = Vg, = —0.0928] Ru=ra+ 1+ 5Eai R
= 5.60 + (101)[20{]1013.1]
2= Ve ==0793V = Vg, = —1.403 V
iy = 0.464 mA, Ir: =0.469 mA d R, =1986MQ
10 — 0.793
h= =0 .
! 20 0.46035 mA Notws that Fmi Ver = ﬁIbl and Bma Ve = EIbz
= lm =1 -1 So Vo = —[d1n + 31x)Re
Igz = 0.00865 mA = [ci = 0.865 mA Ve
i 10 ~ 1.493 “ i I*‘gR__'de":(R Ri’R )(H'ﬁml
of fgz = ——"" — 0.85] = Jcy = 0.842 mA " BL T e
10 So
le =1cy + oz = 0.464 + 0.842 Vo = —[In + [2]8Re
= 1.306 mA =—{[M+(R -Rf—lR )[l+3)fﬁ1}ﬁﬁ£‘
Vo = 10 — [1.30612) =T.23 V A & TR
v, 4 --EE'————[I-# —&—-)(1 7| 2Re
cegr = T.39 — (—1.493) e Ty Rer + Rz + R
= Vegg: =888 V. Togr = 0.842 ma __[, ( 20 on] {2602(2)
Veggr =7.39 — (—0.793) - 5o+ 10137, 10N TTame
= Vepgr =818V, log) = 0.464 mA A, = =0.288
b rp= ¥z -l E4.30
feq Ve

8. dc analysis

d=100. Vaglon) =07V, V., =20

Want Jcga =03 mA, Veg, = Ve =4 V
i+ Ra+ Ry =100k

Neglecting base currents:

Y



Test Your Understandin

Chapter 4: Exercise Solutionsg

Ve = fegrRe = (05){(0.3) =025 V
Voo =Vegar +Ver =4+ 0.256 = 4.25
So

Ver=Ver + Veegr =425 +4 =825 V

Voo - Vo 12 — 8.:
Re = S5 °7C2 25=>R£=?,skﬂ
leg 0.5
Vg, = Ve +0.7T=025+07 =095V
R3 ) RJ
Vg = { —————o {12 0.95 = —=(12
&l (RL+RJ+R3 {12) =085 IUD(I )

= R =792k
Var = Veor +0.7T=4254+0.7 =< 4.95
. R + Ry )
Ve = | —————
B2 (R1+R2+R3 (12]
Ry +T7.92

100

_ (4.95)(100)
Ay = 12

R, =100 - Ry — R3 = 100 - 33.3 — 7.92

= 4.95 = (1)

~-T792= R; =33.3k0

= R =538k
b.  For both ; and Q;

e ﬁV‘r {100]{0.026]

Icq 0.5
= g = ray = 5.3 k)
Ieq _ 035

¥m = 7 T Doz
= gm) = gmz = 19.23 mA/V

l'm = rgz = G
c.

DN
\/
g (o) Sty w

Vo = —gm2 sz(Rc"RL)
Vs

- + gm2Vez = gmi Ve
Tx2
. fl1+8
(2w
Tx2
Vier = grma Vi | 2 ey
2 gma 1(I+ﬂ)and£f.,_u__
So
A= 2 F2
=TS -sz(ﬂcflﬂr_]-gmx(—-—_)

a
= —gma( R 3
gma( cI]RL}(]+3)

100 <
A, = _(m)(m.n} 752 = A, = —30.1

E4.31

a.  dc analysis

8 =280, Vee{on) =0.7. V', = x
232-07 182

242 ¥ (81)(05) B4

fgg = 0.0250 mA, fcqg =2.00 mA

Tag =

Power dissipated in Re = IfgRe =12.0)%(2)
= Pr =B.0mW
Power dissipared in R, =0, Fr =0

Vece —‘h:t:—«f«:[ﬂt:‘+(1 3 )RE]

=12- 2[2 + (3_1)(0.5}]
B
Vog =699V
Pr = 1gVag + IcVers = (0.0259){0.7) + (2)(6.99)
= Pr=140mW

8Vr _ (80){0.026) _
IC = _""—_"'20 = r, = 1.04 k2

18 coswt mV

B re=

Bor v,

From the text, power dissipation in the transistor

Pr =Vceqleqg - (%)z (V—J%)!(RCHRL)

= (6.99)(2 x 1077)

F] 2
- (1 0452 103) (u‘jl;) (2 x 10°])2 x 10%)

Pr =(14=096)mw =+ Pr = 13.0 mW

From notes
veed = ‘;ﬁ—(RCIIRL)VP cos wi
Power dissipated in R

1
|VC=I
P‘r' = RL |rmi

80 2 1 0.0181?
[104“0)] “2x10=x( 2 )

= P =0479 mW
Re =2k also so P =R0+0.479

8 o v
= [:{RC"R{_]] o ﬁ‘: x —2—

= Pr =348 mW
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E4.32
8 = IDO. V_a_gfol'i.} = 0.7 V. VA = o

a. R;r;; = R;"R; = 10"53.3

Vrg = (72;—}:-11—?.;)(5) = (IT_-:—DS-:TS-)(S)

Vrg = 0.7837

0.7837 — 0.7
faq = 3.43

Icqg =0.993 mA

8.43 kN

= 0.00993 mA

Veeg = Vee — feqRe
25=5-(0.993)Rc = Re =252k}

b. Powerin Rc = Pa = It Rc = (0.993)%(2.52)

= Pg =248 mW
Powerin @ = Pg = lcgVegg = (0.993)(2.5)
= P =248 mW .

c.  te = 0.992 coswi

1
8¢ power = > x (0.993)° x Rg = 1.24 mW

in Re
1.24

rmr—— = {} 25
2.48 + 2.48
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Chapter 4
Problem Solutions WS e B (20)0.02)
4.1 | " fea fea
’ = oo = 0578 mA
feg _ _2 | 1 1
a. Jm = VT ﬂ 026 = &_"M_/_\i VCEQ = EVCC = '-3-(5) =23V
r ?VT - !180){20-025} = 1. = 2.34 k2 Vesg = Voo —legRe = 25 =353.0 - {0.378)Re
cq = Re =4.33 kO
Ve 150 Be =433 ki}
to }‘—:; == = rg = T5 k1
s Ing = IS = 0_-'1‘1;3 = (00482 mA
b. gm = = gm = 19.2 mA/V -
oo L =— Veg = IggRe + Ves{on)
180){0.026
= ]és Lo re=936k0 = (0.00482}(23) + 0.70
rg=;£=)r9—‘300kﬂ = Vgp =0.821
_ 3vr | (1200{0.026) .
4.2 b =T T T o0a8 A0 k02
’ Ieg Ico
a =
Vr 0025 0.578
=8 o 2 22 mASY
.= 2T _ (128)(0.028) . _ o sasvn g V> = 0028 mA/f
Icq 5.2 I — Via 100 -
Va 200 rp = = = ——= = 173k}
ro= ——= > =385ki cq 0578
Icg 5.2 . , -
i3 Vo = —gmirollRe ). Va= (m;‘) Vs
) fr ) B(rallRc)
T w==0m| =5 _ R =-——"_
(@ I,Q=—2—25L-00052m s (r,+ag)"°" V=3 3Ra
(120){17344.33] _  (120)(4.22)
I =(120)0.0052) = 0.624 mA Av= m a0 w2s 304
g = 0624__7 g = U mAIV = A, = —-16.7
0026 _—
(120)(0.026) 510 48 . 1 .
" oem 222 8 Vecq = glec =3V
r,=
R Vecg =10 = IegRe = 3 =10 — (0.3)Re
Re =10
® A =g =008 5355 )= ~ om0k
3+250 Isqg =29 = 22 _ 005
A,-—138 s T T
Veg(on) + Ipglls = Vas = (0.70) + (0.005)(50)
© ve= ,4_ 1,33 = Ve =095V
=-0426sin100¢t V Ieg 0.5
b. Im = —-—-—--=>g,..—192mA/V
V e e
ad T+  0.026
BVr  (100){0.026
g,,.-——°-, 1.08 € Icq < 1.32 mA e E=——}5(_5—-l=fr_=.5_-2_k_&
1.08 1.32 Vi _ = —
msg 50026=>415<g,,.<508m.r\/\' o = ICQ us:D—_w
re = 'BVT; re{max} = {120)(0.026) = 2.89 k{1
Ica 1.08 . A __BRc _ {100)(10) = A, = —18.1
v - TT32+5 s
re{min) = _____(au)l(t;.;zﬁ) = 1.58 kb re+ Re +30

1.58 < r, £2.89 k0
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L [g=03mA, Ig= %313 = 0.00347 mA

Vg = —IgRg = —(0.00247)(10)

= Vp = —0.0347 v
Ve=Vg — VBE(Dn]‘ = VE = -0.735 V

b. Ve =Vegg+VE=353-0735=27TTV

B - (100 =0.347
e = (m):,; = (101)(0.35) = 0.34T mA
Wt Ve 5277 B
Re= g% = i = Ao = 64340
R,Hr
c = —t e R
(e} A, g"‘[R,||r,+R,} c“ c)
0.347 100
=222 S 133mAIV | ==
&= 0026 = Oaa7 - B8R
_(o0f009)
0.347

Ry[r. =10]749 =428 k0

428
= (133} ———— [(643]288
A= )[4.28+0.IJ\ Hass)=
A =-817

_ RB""’R )
d. A, = gm(———RB“r’ +R5 (Rclifn)

Ra||r~ = 10|[7.49 = 4.2 kD2

4.28
A, = —(13.3) (m) {&43“283)

= 4, = ~74.9

2.  Rrg = Ri|R: = §]]1.5 = 1.2 kN

RQ + 1.5 -
Vre (R;+R=)V _(1.5+6){5)—1'°V

I — Vrg - VB;(On) - 1.0 =07
P = Rrz+(1+ARs 1.2+ (181)(0.1)

= 0.0155 mA

Icqg =280 mA, Ipqg =281
Veeq =V* — IcqRc = IgqRs

=5 = (2.8)(1) — {2.81){0.1)
= Vcsg =192V

b, g, o (180)(0.026)

2.50 = 1.67 ki
_ 2.80

!m—m#gm=losmzv, o =00

4.9

W

- RI Rl“rx
©A, = g.[ RIR + E, ](RCIIRJ

R|R [, = 6f141.67 = 0,698 k2
A = —(103)(&](1|]L2) =

0.698+0.2
A, =—458

a. Jfog = IEqg

Veeg = 3 =10 = Ieg(Re 4+ Rz)

=10 - Icg(1.2 +0.2)
Icg=3353TmA

Ipo = ﬁ = 0.0238 mA

Ri||R: = Rry = (0.1)(1 + 8)Re
= {0.14151){0.2) = 3.02 k{2

. 1 -
"’TH—R—I-RTH'{IU)—J

Vry = InqBRry + Veeion) + (1 + S} aqilg -5

R’—(a.uz)(w) — 5 ={0.0238)(3.02) + 0.7
+ (151)(0.0238){0.2) = 3

é(so.z) =149 = R, =203 kQ

20.3 R, _
NIT R - .02 = Ry =3.55 k2

_ (150)(0.026) _
b re == = 109 kD
3.57
gm = 3028 =137 mA/JV
+
K g g%
RS
Re
A, = —BRc _ (150){1.2)

re+ {1+ A)Rg  1.09 + (151)(0.2}
= A, = —5.75

"~



4.10

Rz a0 .
s Vrg (R‘Hh) e (50+m)(m 10

Rry = Ba "Rz = 50"10 = 8.33 ki
oo 2=07-10
59 = 333 + (101)(1)

Icq =113 mA, fzg =1.20 mA
Vecg = 12 - {1.20)(1) — (1.19)(2)}
Veco = 8.42V

= 0.0119 mA

IS
e
b.
— v
V.2
0"
. - 3"“4
RillR,_ R
Re
-
_ (100)(0.026)
e = 1 - 2.18 kO
Vo = ngwRC
Ve
Vs= =, — (;— + ngw) Re
-V [r, + (1 +5)R;]
Tr
A = —-3Rc —(100)(2}

re+(1+B8)Re 218+ (101){1)
=4, = ~1.94

€ Approximation: Assume r, does not very significantly,

Re =2k 23%=21%or 1.9 kO
Rg=1kf1+3% = £.05 kf? or 0.95 kI
For Rc(max) = 2.1 kt end Rg{min)

_ _ —{100)(2.1 214

Av=7T3 +(t01)(0.95) ~

Chapter 4: Problem Solutions

For Rc(min) = 1.9 kX and Reg{max) = 1.05 kN2
—(100)(1.9}

A= Sy Ty onog - LT
S01.76 <AL €2.14
4.11
1+
() Vec= (Tﬁ)"mRs +Veco + LepRe

101
12 =[-IE)1€Q(1)+6+ 10(2)
sothat [, =199 mA

lag =12 = 00199 ma

Ry = (0014 B)Rg = (01Y101)(1) = 101 k&

] I 1

v, = =—R_-V.=—/(10.

™ (Rl-l-R., f=ng R: TH oo RI(OI)(IZ)
Voo =(1+ BY goRe +Veg{on) + 5o Rpy +Vp, "

12 = (101)00199)(1)+07 + (00199)(10.) + 222

3

which yields R =133k2 and R, =42kQ

__ PR, __ -(100K7)
®) 4= re+(! fﬁ)RE RN Ol
A,=-195

4.12

Jeq = 0.25 mA, Jgg =0.2525 mA

Ipg = 0.0025 mA

lTeqRe + Vps(on} + Igg(Rs + Rg) -5 =10
(0.0025)(50) + 0.7 + {0.2525)(0.1 +- Rg) =3

Rp =164k
Ve = —(0.0025)(30) — 0.7 = —0.825 V'
Ve=Vegg+Ve=3—-0.825 22175V
3 -2173%

Re -"“‘n‘—"zs—-wﬂﬂca-ll.:;kn

_ -8R¢

YT e+ 14+ DR

_ (100)(0.028) _
T = 0.3 = 10.4 kD
Au “(0)(13) o 55y

= 104 + (101)(0.1}

R, = Rpll[r- + (1 + 8)Rs]
= 300}{10.4 + (101){0.1)]
R, =30[20.5 = R, = 14.5 k1
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4.14

Solutions Mannual

8. 9= ggRg + Vgg(on)+ IpqRs
- 0.73
Igg =0.73 mA, lgg = ol 0.00926 mA

ITcg = 0.4l mA
9 = (0.73)Re + 0.7 + (0.00926)(2)
= Rp=11.0k0

b, Ve =9-—(0.75)(11) = 0.75 V

Ve=Ve=Vecg =0.T5—-T=-625V

 Ve—(=9) _9-86.25 B
Re = o = o~ Re = 3.71 kf}
. A= —ym( -:-R )(RGIIRLIIN)

ry = BON0026) 5 ke

0.741
80
rg = m = 108 k}
—(3.71||10{| 108
Ay = =P (3.7110]108)
A = —43.9

d R =Rs+re=2+281= R, =481kD

{a) Voo = [CQ(RC +R )+ch

9=1g,(22+2)+375 Sothat

I =125mA
125
———=A481mA/V
®) &= 5026
_ (120)0.026)
' 1.25 —2.50’((1
100
r= 125 =80KQ2

Assume circuit is to be designed to be bias stable.

Ry = R[R, = (0.1)(1+ B)R, =(01)121)(2) = 2420

[y

Y

-+,
O ¥
4 Moo, % 3.

V.=—gV.(r]r|R,)

Ve = I(R[R,].)
Then
V
R, =T,= ( [R,Er XnRAR, )

R, = —48.1(24.202.5)(802.2ft) = ~48.1(2.27)(0.682)

or

R_=l;&=—745m=—745wm

£

415
0.80
8. Ilgg=0BImA. Ipg= - = 0.0121 mA
Icqg =0.788 mA
. U 3
Ve=IpgRe = Rs = oI = Rg =248 k¥
Ve—(-5) _5-3 4
= 2.34 kil
Re = Tea = 3788 = Az 3
0.788
b. gm = 026 - 30.3 mA/SY
_ (85){0.026) _
Ty = —0.?88 =2.14 k]
ra = _OTFSEB = 95.2 k{1
- RCl!fﬂ
= me, Vur = —Vg
" (Rcurn +Ra)g v
] Reliro
Cr=—=- ,,.(_______
T s d Rellro + Ry
- _(30‘3)( _2.54]95.2 )
2.34(95.2 + 4
Gy =—-11.6 mA/Y
4.16
4-07 = 0.00647

s = 5205
Icg = 0.547 mA

a2, B0 < hye <120,
245 KD < b S 3T Q.

low high
gain gain

10 € hoe < 20 4$

Py
f@ %Es %“&. é&ﬁ i-_‘

V= —h;.h(ﬁ H Re H RL)

Rg Ve

fo= BBt RS
¥ Rem + hie

Rrg = Rpf|Rs = i1 = 0.833 k(2

-~



High-gain

(545»1)Vs
Iy = m = 0.1834V5
Low-gain

5
—_— Vs

(7
b= §ai3 245~ 2e38Vs
Por
"“"""’JT.,: R‘"“ R“oum ||*||*

= 100“2 = 1.96 kO
For

1

Roe = 20 = o"E‘E""E 1=5002 = 1.92 kQ

|4y pey = (120)(0.1838)(1.96) = 43.2
|Aul,y, = (80)(0.2538){1.92) = 35.0
39.0 € |A.] < 43.2

b. R = Rgllh. = 5[|3.7 = 2.13 kQ
or B = 5[]2.45 = 1.64 kQ
1.64 < R, < 2.13 k2

1

g1

1 -
Ae = m ” 4 = 100|j4 = 3.85 k2
1
ar Ry = 3050 |I 4 =504 = 3.70 kQQ

3.70 € Ro < 3.85 k§}

4.17

Assume an npn transister with § = 100 and
Viy=w. Lat V. =10V,

Ml-m-m

Biasat /oy =1mA and let R, =10
For-a bias stable circuit
Ry, = (0 I+ F)R, = (0.1}{101)(1) = 101 kG2

Vo = - Vee = - 10010) = 2L

1,e=-l-;3=o.01m

Chapter 4: Problem Solutions

Vi = 1 agRpy +Vaglon)+(1+ B) R,

101 =(001){10.1)+0.7 +(101){0.01)(1)

1
which yields R =5584k2 and R, =123k)

Now
_ (100)(0.026)

1

g = =846 mA/V
0026
= —ganR'C

where

v, - R[Rr, v 10.42.6 v,
R [R,|r. + R 1026+1)

or
V, =0674V,

Then
A= % ~(0674)g, R = ~{0674)(3846)R = ~50

which yields R. =193 &0
With this R, the de bias is OK.

=26 k2

6§07
a. JIpg = m = 0.0169 mA
Ieg =169 mA, [gg=1T1mA
Vepg = (16 + 6) — (1.69)(6.8) = (1.7143)

Veeg =538V

1 69
= v
B, g = = s = I 65 mA/
l‘n=ﬂ%=rq=l.54kﬂ. To = O

© a=_—PEIR) _R[R,
r,+(1+BIR, R|R, +R;

R, =r, +(1+ )R, =154 +(101){3) = 3045 kQ

RefR, =10[3045=9.68 kQ

Then
—(100)(6 8|6:8) [ 9,68 ]
" 154+(101)(3) \9.68+05
A, =-106

o= (ET—R)‘-S‘“
By == ( Re )
RB+"w+{1+5}RE)
-0z ) (mraoe)
Rc+ R Reg+r.+(1+3)Rs

= —(100)(5_56.;.85.3) (m + 1.541-?- [101)(33)

= A, = —1.39
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(d) R, =R;+R,[R, =05+10J3045=102 k0

{e) A' = _ﬂ(RCIIRL) . Rl“Rii
r.+(L+ PR, Ry R, + Ry
_loieak) (sa )
T 154 +(101)(3) \968+1
A =-101

A, =same a5 {¢) = A, = ~1.59

4,19

Let V. =25V
P=(IR+IC)VCC=0'12=(IR+ICX25):
[R+[c=48yA, Lat [stm‘ IC=4OM

R+R =Y 223 310540
I, 8

40
I‘Q = ﬁo' =04 M
Let R =2 k0. For a bias stable circuit
Ry =(01)(1+ B)R, =(01){101)2) = 202 k2
1
Yy = re Rey Voo = LapRpy +Vge(on)+(1 +ﬁ)laaR£

—-(202)(25) = (00004)(202) +07

+(101)(0.0004)(2)
which yields R, =642 and R, =295/
;= (100)(0026) _ o)
004
Yoo PR
A= V., r.+(1+5)R;
_ —100R,
65+(101)(2)
With this R, dc biasing is OK.

Neglect R;

= R =267

4.21

Need a voltage gain of % =20.

Assume a sign inversion from a common-emitter is
not important. Use the configuration for Figure
4,28, Need an input resistance of

3x107°
k= 2xi07
R =Ry |R, . Let Rpy =504, R, =50k
Ry=r +(1+ B8Ry =(1+B)Ry

For #=100, R, =—0 =32 =049540)

1+8 101
Let Ry =05k, V=10V, I =02mA

=25x10° = 254Q

Then 1, =%=0.002m/1
Vi = TpgRpy + Vo {on) +(1+ B)I 4R,

721-. Ry Ve = 7;1—(50)(10) = (0002)(50)+ 0.7

1
+(101)(0.002)(05)
which yields R, =555k} and R, =55&Q
Now

A,

S0

___ =BR: . _ (100)(0026) _
T+ /R, T 02

13 k02

= _(lOO)Rc

=— R.=1271KQ
3+(101)(05) . fe=1ATE

[Note: IR =(02)127)=254V. Sodc biasing
is OK.]
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4.22

-8Rc
e+ (1+2)R5
First approximation:

=80, Ac=

Re
v == 0= o = 10R
(Aw) Ao < E

Set Re = 12A¢

Vge = Voo — fe(Re + R} = 10 = [e{13RE}
For Vec = %Vcc =35

5 =10 — Ic{13Re)

For [ = 0.7TmA

Ig =0.709, Ig = 0.00875 mA

= Rp =035kl — Rec =6.6 k0

Bias stable =
Ry||Rz = Rrp ={0.1){1 + 8}Rs

= {0.1)(81)(0.55) = 4.46 k2
10 =(0.709}{0.55) + 0.7 + (0.00875)(4.46)

1
+ E—(ua)(m)

8.87 = ——(4.46) = R, = 5.03 kO
i Li=s0dkl

5.03R;
——a = = 39.
T3 T R, 4.46 = R, = 394 ki

10 10
= = 0.225 mA
Rit R:  303+394 m

0.7 + 0.225 = 0.925 mA from Ve source.
_ (80)(0.026)
.= ————
0.7
(80)}{6.6)

Mol = 57 T (anyi03s) — M2

Now r =297 k1

4,21
+ 5

A =120

Let fog = 0.35 mA, [eg =0.353 mA
Ing = 0.00292 mA

Let Rg =2k Por Vegg =4V =2
10 = 4 + (0.35) Re + (0.353)(2)

Re=15.1kQ, o= S2000026) 4 o) v
fie =151 K1 0.35

_ —B(RelRy) _ _(120)(15.1J10)

- e - 8.91

A, = —81.0

Au

For bias stable circuit
Ri||R2 = RBrg =(0.1)(1 + ARE
= (0.1)(121}{2) = 24.2 k2
iz) =L, 10y —
Vrg = (m)(lﬂ] —5= i Rry (ID}I 5

Vrg = IsqgRrr + Vpelon) + (1+ 8)aofe -5

R#{zu)(m) -5 = (0.00292){24.2) + 0.7
1

+ (121)(0.00292)(2} - 5

31-(242) = 1477, R, =164 kO
1

16483 _ pi0 Ry =284 kD
164 + R
10
— 10 0052, 0.35+0.052 =0402mA
164 4 28.4 o5 +

424
From Prob. 4-10:

. R 50

¥V = 12) = | =——— =10V
TH (RH-R:){ ) (s.cu»m)(1 J=1
12-0.7-10
8.33 + {101)(1)
Icg=119mA, fgg =1.20mA

Vecq = 12 — (1.19){2) — (120){1} = 8.42 V

Iog = =0.011%9 mA
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4.22

~3Rc
re +[1 4+ A)Re
First approximation:

=280, Av=

(Av) = i'L =10 = Rc = 10Rg
E

Set Ro = 12Rg

Vee = Voc = Ic{Rec + Re) = 10 — Ic{13Rg)
For Vec = EVcc =5

5=10— Ic{13R£]

For Jo =0.TmA

Ig =0.708, [z = 0.00873 mA
= Rg =0.35 k{1l — Rc = 6.6 k1

Biss stable =
Ri||Ra = Rra = (0.1)(1 = B Re

= (0.1}{81}(0.55) = 4.46 kf?
10 =(0.709)(0.55) + 0.7 + (0.00875)(4.46)

1,
+ E—u.w)(m)

8.87 = ~-(4.46) = Ry = 3.03 kO
Ry

5.03R,
- =R .4 ki1
3.034+ R: 44 ik

10 10
Ry + Rz 5.03+39.4
0.7 + 0.225 = 0.925 mA from Ve source.
_ (80){0.026)
- 0.7
(80)(6.5)
2.97 + (81)(0.55)

= 0.225 mA

Now r = 2.97 k{}

[A] = =111

4,23

A=120

Let Icg =0.35mA, [pg=10353mA
Ipg = 0.00292 mA

Lat g =2 k§1. Por Vogg =4V =
10 = 4 + (0.35) Rc + (0.353)(2)

(120){0.026}
-

—B{Rc||Rs) _ _({120)(15.1[]10)
Te B 8.01
A, = —B1L.D

Rc=13.1kfl, r. = = 8.91 k2

Ay =

For bias stable circuit:

Ri[|R2 = Rry = (0.1}{(1 + A)Re
= (0.1)(121}(2) = 24.2 k©2

Ve = (R T 7 )(10)

Vryg = IpgRry + Vaelon) + [1 +MIpgRe -5

= Rrg-(10) -5

-}:—(24.2)(10} — 5 = (0.00292)(24.2) + 0.7
1

+ (121){0.00282)(2) — §
L 242) = 1477, Ry = 164 k0
Ry _—

1641
. = 342 Rz = 28.4 kf
164 + Ri wi= 1k
10
———a = 0,052, 0.35 +0.052 = 0.402 mA
164 + 28.4 *
4.24
From Prob. 4-10:

Rryg = M| R2 = 10[j50 = 8.33 k2

. R 50 .
¥ = | — = = W
TH (R1+Rz)“2) (50-4-10)“2j 10

12— 0.7 =10
Ing

= 833+ (101)(1)
Icq =119 mA, Iz = 1.20 mA

Vecg =12 = (1.19)(2) — (120)(1) =B8.42 V

=0.0119 mA
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427
fgg =GB mA, Jog =0.792 mA
Iag = 0.008 mA
Ve =07 +(0.008)(10) = 0.78 V
Ve = lcqRc — 5 = (0.792)}(4) - 5 = —1.83 V
Vecqg = 0.78 — {—1.83) = 2.61 V
Load line: Assume Ve remains constant ar = 0.78 V

PFor 1l < wge <11
Avge = 11 = B.42 = 258

= Qutpur voltage swing = 3.16 V
(pesk-to-peak) N T e
\5'l-nl'5= Ec-ﬁ'zx_
425 Eadtod Sl T
Ipg = 507 = 0.00315 mA 8
50 + (101){0.1 + 12.9)
Icg = 0.315 mA, Ipg = 0.319 mA 2.af £.78
Veeg = (5§ + 5) - (0.315)(8) — (0.319){(13)
Vegg =398V

et 28
2k
Coflector current swing == 0.752 — 0.08

Al = Vee

= 0712 mA
|Ape] = (0.7T12){(2) =142V
Output swing determined by current.

013 o Max. output swing = 2.84 V peak-to-peak
. 2.84
Swing in i cument = ~

= 0.71 mA peak-to-peak

4.28
6-10.7
.1 Ing = —————=10.0
Por Aig = 0.315 — 0.05 = 0.265 feg =189 mA, lzg=17T1mA
= |Avge] = 1.62 Vorg = (16 +6) — (1.69)(6.8) — (1.7T1}(3)
vec{min) = 3.96 — 1.62 = 2.34 Veeg =538V
Ourput signal swing desermined by current: ‘
Max. output swing = 3.24 V peak-to-peak \,,_-u: locd dime
4.26 r e \ SI-UP‘H-. —'—'.;:',_._3

1
For R, =640, vc=s-(%°1- 035)6) =292V

_ 035
Ve = ~l,qRy ~Vyelon}= -m(m)-cu =-0735V
Then Ve =V, -V, =292-(-0.735) = 366V

e 22

Aveg = Aic - Re = {45~ 3.66) = Ai(6)

sothat Ai.=0l4mA

(2) Total Ave, =2(45-3.66)=168V peak-to-peak
(®) Total Ai =2(0.14) =028 mA peak-to-peak



Aig = -;—i-‘&vu

Por vee(min) =1V, Av,, =538-1=4.38V
= |Aic] = ‘6—3} =0.684 mA

OQuiput swing l.un.uad by voltage:

Ap.. = Max. swing in output voltage

= B.76 V peak-to-peak

1, . .
Arg = ;a.;c = A = 0.342 mA

{peak-to-peak)

Avgg(max)=Vop -1, Ai(max)= 1,

Avg, = Ai{0.6875). So

Vegg — 1= 14,(06875) and

Veeg =Vee = Ieg(Re + Re ) 2 Vg =9 = [ ,(4.2)
Then

9=1,(42)=1=1,,{0.6875)

So Iy=164mA and Ve, =211V

Vi = % Rpy Ve and Ry, =(0.1)1+ B)R,
1

Ry, =(01)(151)(2) =302 k0
Vi = Tyg Ry, + Ve (on) +(1+ B} R,
164

[lQ ﬁ=00109mA

Rl(so.z)(f)) ={0.0109)(30.2) +0.7 +(151)(0.0109)(2)

which yields R, =629k0 and R, =581k

de load line

s

- Tray LN

Nt Jamd fima

Taf == -

Chapter 4: Problem Solutions

Por maximum symmerrical swing

Aig = fcg - 0.25
Avce = Voeg — 0.5

. 1
= — A
and [Aig| TR jbvegl
Vegg = 0.5
-0.25 = ——————
Ieq ? 0.545

Vepg =3 = Icg(l1)

0.545{fcg — 0.25) =[5 — Icg(1.1)] - 0.3
(0345 + 1.1} fcg =5 — 0.5 +0.136

lcg =282 mA, Igg=0013TmA

Rryg = Ry||R; = (0.1)(1 + 3 Be
= (0.1}{181}{0.1) = 1.81 k{2

. 1
Vrg = = Rry V¥ = IlgqRry + Vaglon)

+ {1+ 3)egREe
L (1.81)(5) = (0.0157){1.81) + 0.7
R,

+ {181){0.0157){0.1)
-1—(9.05) =10l= R =896k
R E——

B.96 R,
8.96 + Ry

=181 = Ry =227 k{0

Iog =0647mA, Vegp=10-(0647)3) =418V
Al =1, =0647TmA

S0 Avee = Aic(4]4) =(0647)(2) = 1294V
Voltage swing is well within the voitage

specification. Then
Avoe = 21294} =259V peak-to-peak

8. Rry = Rif|R: = 10)|10 = 5 k0

R 10
= -z [ —— —-9=0
Vra (}h + R;)(m s (10+m){1SJ
0—-0.7 —{=9)
3+ (181)(0.3)
Ieg =156 mA, Igg = 15.7T mA
VCEQ =18 — (157)(05) = VCEQ =101V

Iag = = 0.0869 mA

\(_ﬂ.: [

\ Seasg = = .
a5l e%
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€. Tp= -(Lméo—;lz-sl = 0.30 kO
A= (1+ B RelR.} [ R-l“R'xIRw ]
(0 BXRelR)  RRRs + &,
R, =r, +{1+ B Re|R,) =030+ (181){05}03)
or R, =342kQ
RIR:|R, =342 =436 k2
(181){05f0.3) [ 4.36

T 03+(181){0503) \436+1

)::» A, =0806

d  Ria=re+{1+8)(RellRe)

R =0.30 + (181)(0.188) = Ry = 34.3 kO

e+ RIRR:  Jo3+d
R"Rsﬂ 1+4 = e
R,=6180Q

433
8.  Rrp = Ry||R: = 10§10 = 5 kI

Vrg = (E-‘%—E){—IO) ==5V

Vrg = IpgRrg + Ves(ea) + (1 + 8)isqRe - 10

-5 -O.T—!—ID!
5 + (121)(2)

fcg =209 mA, Igg=12.11mA

Veeg = 10 — (2.00)(1) — {2.11)(2)

Isg = = 0.0174 mA

= Vcsg =369V

\v—-ﬂ.ﬁ: load ine

sl—qr‘ - '_‘_
\ iz,

et el s =t

' e
N

'S.‘a? =)

_ (120){0.026) _

€ re= SRl o 149 KO
- (l"'ﬂ)(RsHRL) ] -R:"Rzl[R-'a
o+ {1+ BXRgR,) | R[RER, + &,

Ry =r +(1+ Y RJR,) = 149+ (121)(22)
R, =1225k0, RIRJR, =51225=4804

4 = (120020) [430)

149 +(121Y2) \480+5) "

434

A =0484
d. Ry =re+(1+B)RelRe}
Rip = 1.49 +(121)(2]|2) = Riy =122 k0

_eJrtRIRIR oo+
'_Rfﬂ 1+f _ZH iz
R, =325Q

fo={1+ '3”‘(35}?&)

_ Ri\R: )
I“I‘(mum -

Ris = + (1 + 8)(RelRe)
Vee=10V, FarVegg =5V
5=10-— (1+ﬁ)fcqﬂs

g
8 = 80, For Rg = 0.5 kil

Irq =988 mA, Izqg =10 mA, [pg =0.122 mA
Fe = M =0.211 kn
9.88

Ry = 0.211 + (81)(0.5[10.5) = R.p = 20.46 k

Aa=~{9—={1+3}(
Is

o) (zimm)
Rg 4 Rp )\ Rij|R2 4+ R

(L) [ RalR:
3‘(5”(2) Ral|R:+20.4s)

0.1975[ R || Rz + 20.46) = Ry||R;

Ri||R: = 5.04 kQ

Vra = laqRrr + Ves(on) + (1 + BllsgRe
—Rl—l-(.S.D{)(lﬂ} = (0.123)(5.04} + 0.7 + {10)(0.5)
= R =797 k{1

T.9TR;
—_— 504 = Rao= 13.7T kO
T+ R =137k
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(5) R, =0211+(81)05]2) =326 k2

A= (81)(05”150“326) (81)(02)0.134)
A =217

4.35
R, = Rpy|R, where R, =r, +(1+ )R,
Vegg =35, Igp= 222 - 075 mA
_(120)0026) _ . o
- 075

R, =416+ (121)(2) = 246 k0
Then R, =120=R,,[245=+ R, =235}Q

Tig =2 =000625 mA
i = L agRry +Vae{on) +(1+ B)I 5o Re
R%- Rey Ve = R%l(zas)(s) = (0.00625)(235)
+0.7 +(121}0.00625)(2)
which yields R, =319K42 and R, =892 k(2

4.36
a. mR5='Z4ndecsq=%Vcc=]2V

12
=>Isq-=§-;=0.5A

Tog =0493 A, Igg =6.58 mA
_ (75)(0.026)
Tr = T 0.493

- ‘4:_'""' X=gn,
'”sC: zm Lv—rjé J,

- _Re
o= (1+ﬂ)Ib(RE+RL)

Rru
h= Is(ﬂ-rﬂ + R-b)

Re=re+(1+8{Rc|jRe)
= 3.96 + (76)(24]|8) = R = 460 0

_do Re ATy
A=r=U *‘”(RH RL) (Rm +R.J

=396 0

- 24 Rry
8= ('6}(24-4-3) (Rm +4su)

Rru
flry + 460
= Rry = 7490 {Minimum valuc)

0.140 =

de analysis:

1
Vg = = . W
TH = Rrp Vee

= lagRru + Vee(on) + [eqgRE

—(74 9)(24) = (0.00638)(74.9) + 0.70

+ (0.5){24)
= 12.73

136 R; _ _ age
Jidl =136 N, m =T4.9 = R; = 16T {1
b.

a,$ 73
Aie = —~4v,
ie = 8 ce

For Aic = 0.493

= |Ave] = (0.493)(6}

= Max, swing in output voltage for this design
= §.92 V peak-t0-peak

c. Ro= 1+ﬂ “ Rg—age | 2¢ = 0.05211j24

= Ro =52 mQ
4.37
8 Rry = Ri[R; = 60[|40 = 24 kQ

- Rs _ 4
Vrz = (R: +R2)V°°_ (40+6o)( y=2V

§-0T-2
HTGDE 130 mA

.{cg = 0.650 mA, [gg = 0.663 mA
Vecg =5 —=legRe =5 - (0.663)(3)

= VC’EQ =301V

Ipg =
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as lacd line
\‘Sn.-ne.. = -

(“;z)ﬁh)

=1
TS

(50)(0.026) . _ 80
0.550 "= Des
Define Ry = Re||Rifiro = 3]|44123 = 1.69 kD

€. fa= =12k = 123 kO

(1 + A)RY
re +(1 + F)RY,

= 4, =0977

(51){1.69)

A= = 2+ (51)(1.69)

A= (14 ﬁ)!.( Rejlra )

Rejre+ R

Rry
= L(RTH + R.a)

Ru=ry +(1+8)R, =2 +(51)(1.69) = 88.2
Rellre = 3||ro = 3123 = 2.93

2.93 24
- (5”(2.93 + 4) (24 + 38.2)

= 4, = 4.61

d  Re=re+(l+HRellReilrn =2+ {51)(1.69)

(%) ' 3 = 0.0392|[3

= Ry, =882 k{2

R°"1+3

Ro=38.T02

e.  Assume variations io r and rp have negligible effects

R =60£3% — R =63k0, Ry =357k
Ry =40£5% R2 = 42 k0, Ry =38 k2
Reg=31x5% Re =315k, Rz =12.85kQ
Ry =4x35% R =4.2kQ, R, =38k

_ Rellro )( Rry )
A"{1+B)(Rsllrn+ﬁx. Frw + Ron

R =re +{1 + ) RellReilre)
Rry{max) = 25.2 k{1, Rrg{min) = 22.8 k0

R(max) = 92.5 k2, R.{min} = B4.0 kD
Rg(max), Ar(min), R = 88.5 kil
Rg({min), Ry(max), A, =87.4kQO

Re{max)|ry = 3.07 k{1
Rg(min)|jre = 2.79 kQ

Por Rg{min), R.(max}, Rra(min)

2.79 22.8
A= I(5”(2.?9 + 4.2) (22.8 + 87.4)

= A; = 4.21

Solutions Manual

For Rz(max), Ri(min), Rry(max)

3.07 25.2
A= (5”(3.07 ¥ 3.5) (25.2 " ea.s)

4.38

The output of the emitter follower is

For v, to be within 5% for a range of R, , we have

R (min) R (max)
R, (min)+ R, (033) R,(max)+ R,

10
={0.95
R, ( )10+
R, =0364 k)

Wehave R = [ﬂmﬁ]‘&:ﬂr,

which yields

1+
The first term dominates
Let R|R[R, = R;, then

r,+ R r +4
=L 3 (3=~

1+ 4 1+3
ar

’, 4 BV, 4
0364 =ty =L

+8 1+8 !CQ(1+,B)
O364~£—— 4

Ieg H’ﬁ

. 4
The factor 4 is in the range of —=10.044 to
I+4 91

= 00305. Wecanset R, =032= e

131 o

Or [, =008125mA. To take into account other
factors, set [o, =013mA,

1 =25 000136 ma
%2 = Tig

For Vogp =5V, set R, %:333!@



Chapter 4: Probiem Solutions

Design a bias stable circuit,
Vo = 10} 5= (R 10) -5

Ry = {011+ B) Ry = (01{111)(33.3) = 370402
Vin = LagRey +Vae{on)+ (14 Y oR, -5

So —é-(s‘m)(l 0)-5=(0.00136)(370)+ 0.7

+{111)(0.00136)33.3)-5
which yields R =594 kQ and R, = 981kQ
Now

(1+BYRe]R.) [ Rry[Rs ]

T, +(1+ BYRR) | RrulRy + R
Ry=r, +(1+ﬁ)(R£||R,_) and r, = er

="

For £=90, R, =4iQ,
r, =156 kQ, R, = 3406 kQ

o (on{3334)  370[3406
" 156+(91333) 370PA0E4

A, =09332
For 8=90, R, =10kQ
R, =T154 kQ
_ (91)(33310) 3707154
156+(91)(33310) 70[7154+4
A, =09625
For =130, R =4kQ
=225kQ, R, =490 kQ
__ (13n333) 37490
225+ (131){33.34) 370ﬂ490+4
A, =09360
For S=130,R, =104
R, =1030 k0
(131Y333]10) 370f1030
225+ (131(33310) 370[1030+4
A, =09645
Now v,(min)=(A (min) v, =373sinar
vo(max) =|A, (max)-v, = 386sinar
bvgy

Vo

=35%

4.39

.  Rruy = Ri||R; = 40[j60 = 24 k{1

60
Vrg = (m)(lo:, =§V
A=T5
6-—0.7
Ipg = .27-{.-(7_5)(5—}. =0.013! mA

Icg = 0.984 mA

A =150
§—0.7
= ———ie— = 0.00680 mA
T8¢ = T {T509)
fcq = 1.02 mA
g =15
_ (75)(0.026)
T 0,984
8 = 150

re = 3.82 k{2

=198 k(0

8=13

R =r.+{1+ 3(Rel|RL) =633 k0
g =150

Ry = 130 k2

_ (+A)ER)  RlRJR,
ro+{1+ B)(Re[R,) R[R:[R, +Rs
For 8=75, R|RJR, =40f60[653=175k0
_ (76)(0833) 175
T 198+(76){0833) 175+4
A, =089
For =150, R|R,[R, =40[60}130=2034Q
A= (151)(0833) 203 _
382+(151){0833) 203+4
A, =0811

_ Rs Rra )
A=l ﬁ)(Rs-i- Rr.) (Rm + Ra

g=15

3 /24 ) -
= P A =17.0
A= (75)( T3 )L24+6a3 LSS
g =130

S 24
= - —— = A =19.6
A, (1513(6) (24+ 130) A =18.6

b. Cureat gain is the same as part (a)

(b)For R, =5 kO
B=75= A, =0754
B=150= 4 =0779

4.40

(@) Iy —9——000617m

Vy =14 R, ={000617X10)= Vv, =00617V
Ve=V,+07= V,=07617V
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b) Iy = (05)(%) = 0.494 mA

_=%=%= B =19mAlV
r‘=f:=-(-823%0—42-ﬂ=> =421 k0
r,=£";=-d—§9%=> r, =304 kQ
(c)

s

ws

For R; =0
V ==| =&
o [r‘_ +g,,V,}RL||r,)
so that
Vesrm ‘;V,
+
( . Ral"-)
Now
V‘ +V‘ =V
or
V‘ —V.—V‘ ___V.+ 1 ﬂVo
+
(=2
We find
ot  _WARE) _ (31)0304)
V. r+(1+8YR.].) 421+(81)05304)
L L . A, = 0506
T 421+(81{05) T ——

By =re+ (14 F)R.[r) =421 +(81)(05) =447 k02
R

I = £ ¥ - %
f (R,+R&) . and [, (r.+R,_)(I+ﬁ)h

(d)
RyfR 10j44.7
V:= Bl Vo= . —
[R,HR“RSJ ! [10||44.7+2] V. = (0803,
Then

A= (0.803}(0‘906) = A =0728
A =148 _(Unchanged)

441
v, =(l+ﬁ)leL
pa Ve
’ r.+(1+ AR,
r,+(1+ B8R,
For #=100, R =05kQ
. = (100)(0.026)

. =524kQ
05
101)(05
Then A,(min)= _{100003) __ 49066
52+{101)(05}

For =180, R, =500
(180){0.026)

. = =936 kQ
05s
(181)(500)
=2 A 9999
Then 4,(max) 936+ (181)(500)

4.42
8. Ipg=1mA, Vocgq = Veoc —IeqgR:z
5=10-(1)(Re) = Rg =5k

Ing = TrlaT = 0.0099

10 = IpgRa + Vee(on) + Igg RE
10 = (0.0098)Rp + 0.7 4+ (1)(5)
= RE = 434 ki}

b.
™,

Re

_ (100)0.026) . o

0.99
v _ _Q+BR:  _ _ (101)(3) — 0.995
vy re+{14+A)Rz " 263+ (101)(3)
D S U

0.995 0,995

= 1y = 4.02 V peak-to-peak at base




1 5%

T.; e G‘BU gﬂ-

Ap=re+(1+3)Rg =508k
Ag|| Ry = 434]|308 = 234 k(1

Rpj R 234ve 234
Ly = iy = =

= = v
*~ RallRw + As 234+ 0.7 234.7 °

vy = 0.997us
4.02 = ¥ 4.03 V peak-to-peak
VS =Feer T VST P

€ Ry =rx+(1+8)Recl{Re)

Ry = 2.63 + (101)(5[j1) = 86.8 k2
RallRw = 434)j86.8 = 72.3 ki
72.3
vy = (m) vy = 0.99ps = (0.99)(4.03)
vy = 3.9 V peak-ro-peak
{1+ 8HR=|[Rs)
re + (1 4+ 8} Rg| Az}
(101)(0.833)
= 2763 + (101)(0.833
vy = 3.87 V peak-topeak

g = ]

)(3.99)

4.43
Py =iy (rms)R, = 1=il(rms)(12)
so i (rms)=0289 A= i (peak) = 2(0289)
i,(peak)=0409 A
v (peak)=1i,( peak) R, ={0409)(12) =491V
Need a gain of -—5— =0.982

With Ry = 10k, we will not be able to meet this

voltage gain requirement. Need to insert a buffer or
an op-amp voltage follower (see Chapter 9)
between R; and C, .

Set I, =05 A, vcm=—;(|z-(-1z))=gv
24=IWR£+VCEQ=(05)R +8= R =320
Let §=50, ! _—(05) 049 A

B, _ (so)(o.oze)
I, 049

Ry =ro+(1+ BYRe|R.) =265+ (51)(32]12)
R, =448Q

049
Tag =35 = 00098 A =98 mA

=2650

x

Chapter 4: Problem Solutions

2 o7, =98 ma
\+ Ry
Sothat R, + R, =245Q
R
P

Let Ip=

R =12

[%)(24) = &.ﬁ-—ﬂ +0.7 +{05)(32)

Now R, =245-R,

S0 we obtain

4x107°R] +00882R, - 167 =0

which yiclds R, =175Q and R =70Q

4.44
(8) Ry =R|R, =256]10.4 = 740 k02

(& 104
Vm"(m](v )= [104+256]( 8)=s2v

Vi = Ry +Vyelon)+(1+ B)I R,
[ o 52-07

% 740+(126)(3)
Then [, =146mA and I, =147 mA
Vegp = Vee = TegRe — T o R
Verg =18~ (L46)(4) - (147)(3) = Vg, =775V
(&

=00117 mA

fmﬁ_):mgm

146
g, = _S62mA/V

0.026

tZe_—u]

S

Te

g Rs {ze%

_re+Ry 2234740
< 1+7 126

O 0 i R e )
- (Re|Re}+R, ' (1003)+0.0764 *
or I, =-(0974)1,

v, =L (RJR.)= -[%Jz,(xcu}g)

=0.0764 Q2




Electronic Circuit Analysis and Design, 2™ edition

Then

4 8 : i25

o = ol L Y0574 R R, } = = |(0974){4]s
7 (Hﬁ](-ow NRAR.} (126)(09 N4l4)
Then

R_=—‘;z=1.93m=|.93wm

{c)

V, = L(R(|Re[R.) = 1,(1003j00764) = £,(0.0744)
4 v
or I,=—=

0.0744

which yields l;— = %(0.0744) =193

£ r

v
==-2=259
or A, v

4.45

_ AR R.)
ORI
Let R|R, =50k, [, =05mA

Vig = Ly Rpy +Vae(on) + (1+ S)1 R,

R, =12k, A=100

05 (100){0.026)
lgg=——==0005mA, r =+t _"T_3
%100 * 05 S22
% Ry Voo = Ri(so)(l 2) = (0.005)(50) + 0.7
1 1
+{101)(0.005)05)

which yields R =500k and R, =556

002012

52050 =10.7, Design criterion is met.

)
Ip=05mA, I =0505mA

Verg = 12~ (05)(12) - (0505)05) =
Viogg =575V

05
= R R D — .
4, gn(RCﬂ L} -4 0026 1923mA [V

A =(1923Y12012) = A =115
4.46

i,(peak}=25 A, v,(peak)=5mV
5x107°
S0 we need R =i=_._._=2 10" =
i 25x107 ¥10" =22
From Problem 4.44

Vo_(_FB R;|R,
I, (H ﬁ)(RC“R‘)( RR, + R,

Let Re=4KkQ R =5k0, R =210
Now =120, so we have

120 RR R R
2= = el Y () i
[121)(4ﬂ5)[k,|3,+ﬁ,) ({R,HRE+R,)

Solutions Manual

Then ﬁ"R—‘— =0909

Ro|Re + R,
Re|Re =502 =192 kL2, sothat R, =0.192 0
Assume Vg, =06V
Ve = Tog(Ro+ Re )+ Vg
12= [y (4+2)+6= 1y =1 mA

ED . NP
R <l Bou ooy 3124 Ry
1+4 121

which yields &, =20.1 kQ
Now Vi, =TI, R +V, (on)+1 R,

1 121
IBQ =E= 0.00823 mA. IEQ =(m](l) = 1008 mA

Vo == Ray Ve ==-(20.1)3) =(000833)201)
H 1

+0.7 + (1008 2)
which yields R, =349k2 and R,=474K0
4.47
4.  Emitter current
lgg = Icc =05 mA
Ipg = -?-.%- = 0.00495 mA

Ve =IeqgRe = {0.5)(1) = VE =05V
VB = VE -+~ VEE{DH) =034+07= VE =120V
Ve = Ve + Isgfe = 1.20 + {0.00485)(100)

= Ve=17V
_ (100)(0.026) _ _
B Te = Ho0)(0.00a85) oS kO
_ (100){0.00495) _
m = o = 19.0 mA/V
€
-
] ﬁ'n-\':r
. J{’_.\ v
125 _ T N I b
K ?‘E ‘1"(\' T Q\! R“‘
o
—=
e
RgliR, -

-4
(u;&, « (& -

e



Chapter 4: Problem Sclutions

Vo = —gmVe(ABllRL)

v (mem)ve- -

gm"w + ‘;: + RE“RE =1
_(i_
1 1 Rs + Rz
Vejgm + — + = =
[" T RSHRE] RslRz

1
A —\V

1 1 (1 +0.05
Va [19‘0 *is T 0.05||1] =T oo

Ve (40.19) = —20V5 = V., = —(0.4976) V5

Vo = (19)(0.4976)Vs(100]|1)

Av =1%9.18
c.
<
- P
I'{L ?‘6 "'/" "‘q-r
Ve Vi
Ix = R_,5+ :—ngf. Ve = -Vx

Ix _ 1 1 1
YV R Rg Vi Tm

orRasﬁsr,uL=1H5.2sll L
gm 19
Ri = 0.84/j0.0526
= R, =49.5 {1
4.48

20-0.7

a. IEQ = 0

= [.93 mA

Ieg =191 mA
Vecqg = Vec + Ves{on) - Ie Rc

=25 4+ 0.7 = {1.91)(6.5)
= Vscg =133V

Neglect effect of fhae
From Problem 4-16, assume
245 € b, £3.TKQ

80 < hye < 120
Vo = (hyels)(Rel|lRL)

- e _ RE )

I Ve
Ih=f———], = ———m—
b (l+h;.:] ®~ Re + Rz R..

- h.l'c RE )
v (1 ¥ h;‘)(RCHRL)(Rz ¥R
1
(Rs + REHR--)

High gain deviee: ki, = 3.7 kD2, hy. = 120

3.7
R.= = 0.0306 k(2

Rg||Ric = 10/[0.0306 == 0.0305

120 10 1
w= | = ){6.5]5
A (121){ I )(10+0.0305) (1 +10.0305
= 4, =20T11

Low gain device: k. = 2.45 k2, h;. =80
Ri. = EE‘:—S = 0.03025 k11

Bzl Ric = 10[[0.03025 = 0.0302

80 10 1
Av= (u)(s.sus)(w + 0.03025) (1 + 0.0302
= A, =2.T0 80 A, = counstant

2.70 € A, < 2.71

C. Rl = RE“R-:
We found 0.0302 < R, < 0.0305 k0
Neglecting koe, Ro = Re = 6.5 k2

g£.  Small-signal voltage gain

Av = gm{Rc||Re) = 25 = gm{Rc|1)
For Vecq = 3 V

= Ve = =Vgcg + Veglon) = -3 + 0.7
= Ve = -21

Vee =IcqRec + Vo =10

§—-2.3 2.7
—J ICQ = RC = R_c = ICQ

For leg =1mA, Rgc=21k{
1
o — .5 v
gm = oae = 83 mAS

A, = (38.5)(2.71) = 28.1
Design criterion satisfied and Vzcog satisfied.
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Ig = (59-1.)(1} =1.01 mA

160
Veg = IgReg + Vep(on)
5 - 0.7
= Reg=

- .
T = Rp =4.26 k00

_ BV _ (100)(0.028)
= E =

=g =26kl gm =385 mA/V, ry =cc

bh. r

4.50

Ra 20
W Y L. S| VA L
a TH (R;+R—;) (=r= (20+80)(10]
= Vr},r; =20V

Rrm = Rif|R: = 20|80 = 16 k0
__2=07

T 16+ (101)(1)
Iecy = 1.11 mA

15] =0.0111 mA

= Jm) = '& = gdmi1 = 42.7 mA/‘v'

0.025
el = (_1&3{%0_2_5_} = rey =234 k0

o
I‘u;=m#!‘ul=m

= (B Y =130V
Vragz = (R; +R‘)Vcc‘ = (15+ss)(w} =150V
Rrpys = Rs||Ry = 15[|85 = 12.75 kD

1.5¢0 —-0.70
Te2 = s T onyos) = 00126 mA
Tea =126 mA
1.26 .
= gm2 = 3028 = gm2 = 48.5 mA/V
_ {100)(0.026) _
re = St o 1 = 2,06 k0
ro; =20

b. Ayz = —ngcl = —(42.7)(2)
> A, =854
Avz = —gma{Rea||Ry) = —{48.5)(¢l4)

= Agz = =97

¢. Input resistance of 2nd stage
R = R3[| Rulrea = 15]|85]2.06

= 12.75]2.06 = R = 177 k{2
Al = =gmi{Rer | Ri2) = —(42.7)(2)L.TT)
AL = —40.1

Overall gain: A, = (—40.1){(=97) = A, = 3890
If we had Ap - Az = (-85.‘)(-97) = 8284
Loading effect reduces overall gain

451
_ A, _ 12.7
i Vrg = (Rl T R,)VCC - (12.74— 57.3)(12)

= Vry, =1.905 V¥

Rrai = Byl|Ry = 12.7||67.3 = 10.68 k{2
1.905—0.70
T 10,68 + (121)(2)
I¢cy =0.5T2 mA

Im = 0.00477 mA

0.572
= —_— mi = ASV
Fm) 7026 = gm: =22 mMA/S
Fat = (I—EO—M = g = 5.45 kR
0.572
r = = =T = O
o = 0.572 =

R . ( 43 )
= ————|Veec = 2
Vru (R;+&) co=lm+us /9
= Vprygs =90V
RTH2 = R.;“Rq = 15“45 =11.235 kﬂ

9.0 - 0.70
= — = (] 1403 A
o2 = T a0 > m
Iop = 4.86 mA
4.36
= 2 o gs = 187 v
gm2 = Goag = m2 = 187 mASY
120){0.026
Tey = £—-—;‘)—¥-&—G-—l = T = 0.542 kQ

Top = 0

b, I = 0.377T mA

Vegg: = 12 — (0.572)(10} - (0.577)(2)

= Veggn = 5.13 V

Ip7 = 4.90

Veegs = 12 = (£.90)(1.8) = Veggs = 4.16 V

<

\‘—ﬂ.t [ mnd lineg,

-l
\ Suers = talf .92

QI - — - IS

;:L‘g [N

486




Chapter 4: Problem Solutions

Ria = Ra||Ry|| Ris
Ry = rez + (1 + F)(Rea|Re)

= 0.642 + (121){1.6/)0.25)

R, =268

R = 15]|45][26.8

Ra=792K0

¢ A= —gmi(Re1|R2) = =(22}{10}]7.92)

= A2 = —97.2
{1+ B8){Rez||R.)
rez + {1+ 3N Rea2||Re)

_ {121)(0.216) _
T 0.642 + {121)(0.216}
Overall gain = (=97.2}{0.976) = =349

Ay =

0.976

d Ry = R;||Raflr=, = 67.3]|12.7|}5.43

= R'E = 3.61 k0

T=2 + A5
I e—— R H
Ry T3 I Rgs where
s = Rl Rul| R
= 15”45"10 = Ry = 3.29 kD2
0.6 )
Re = -% u 1.6 = 0.049|1.6
= R =4730
e fic = ——— . Ay, Aip = 86
: €= illgkn Ve Sic =4

[Avee| = (4.86)(0.216) = 1.05 V
Max. output voltage swing
=210V puk-to-peak

5-2{0.7)
I =72 mA
@ In 0.050
Ipy=——==14mA

(8
e _[m T2-14)= I, =699 mA

699
Iy =———=0.699
22 =700 mA

B
lo= (ﬁ'ﬁ 14+0699) = [, =2.08 mA

-1

Bt

Sor
V.=V, +V,+V,
vV, V
1) V=|-t2pl82 0 v {005
(1) v, (05 - g,,m}( )
{100)(0.026)
= ATV 00372 KD
ok 699
699
==l = 2688 mA [V
Em2 = 5026 mA
1 i
V=V |—xt +2688 [0.05
e "(0.05 00372 )( )
V.
sothat (1) V,, =—=2
D) Vaa 1367
v v

v
(2) =L 4 e =2 xd
PR Y

o =125
2.08
2.08
By = M =80mAlV

! Lo
V., |—+80|= —
"‘(Lzs+ 0) V"‘(of&osvz)

V., (808)=V,,(2888)= (%)(23.88}

or (2) V,, =V, (000261)
Then

v,
V, =V,(0.00261) + —*—+V, = V(100993
5 .( )+1367+ L 0( 9 )

V
or =-=0990
4 Vv

©
Ry =ry +(1+ ﬁ)[R:]

o~
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—
=, <« =
V a_Sjgp. ')sz
b "{11 3-»,,_%1

We find -‘-;5-= R, =289 K1

Then R, =125+(101)(28%)= R, =293:O

To find R,:

v,
D I =—t-g.V =2
o 005 &m'm” 0osr,

@) vV, -[“":““'8-1 }00 )
«l
=V, (12 +so)(oosﬂooa72)

or V,, =(L72)V,,

(3) V,,+V,+V, =0=2V,, +(172)V,+V, =0
sa that V,, = —{0368)V,

and V,, =(172){-(0368)V,] =—(0633)V,

4.53

v 1
Now [ =—-V +—
“ =005 "[g = o.os[|rﬂ]
So that
1, = A 2688+ ——
005400372
which yields

R,,=%=0583Q

14

a. Rrup = R||R: = 335|125 = 91.0 kR

Ra
2V
VTH (R +Rq) cc
125 N
= (m)(lﬂ) =277V
Vrg = Ig Rry + Voe + Vag: + Iea R
I =(l+3)m ={1+8YIm

2.717 — 1.40

Iy = — 2 = 8 o fp = 0.128 A
S TR NI TS R #
Icr =128 A

c1=3lg = 3(1 + 3)Im = (100)(101){C.128 pA)
Iga =129 mA, [ee =1.31mA
Toe = Ica+ ey = 1.29 +0.0128 = 1.3l mA

Ve =10 - IgcRe =10 = (L31)(2.2) = 7.12V
Ve =l Rgx =(131)(1) =11V

Veps =T.12 =131 =581V

Veer = Vog = VB =581 - 0.7

Verpr =35.11V
Summary:
Ic1 = 12.8 uA Jea =129 mA
Vegr =511V Verp: =581V
0.0128
my = ——— = 0492 v
b, gm1 0,026 0.492 mA/
1.29
= — = 49, Vv
gm2 0.026 49.6 mA,f




' Vs = Vw1 + Va2,

4.54

= =(gmi1 Vs + ¢maVez) R
le = VS - Vf')

v
Veza = ("‘"’L + gmlvn) L F]
Ty

Vez =VI’1(1 +ﬂ)rw2

Tr1

_ (100){0.026) _
TR = oize - 208 ki
(100)(0.026)

Tey = —'—'—1'.-2"9—- = 2.02 k{1

= -[gmlst - nl) +§m2Vr2]RC
VO = "‘[gml Vs + (9m2 - QmI)VWZ]RC

Ver = (VS—sz)(1+ﬁ)(£-:—:)
Va2 [1 +{1+ ﬂ)(’"’)] Vs(2 +ﬁ)("=)

Vs{1+ﬁ1(‘}’)
Vo= —{ gmiVs+ (gm2 — gmi1) - :‘ Re
1+{1+.B)( ”j)
-V
» = VS
(49.6 — 0. 492)(101)(22:32)
= —{ (0.492) + 53 2
1+(101](203)

A, = —-558.2
c. R = Ri|Ra||R.s

Ro=ra + (1 + ﬁ]fwz

= 203 + (101)(2.02) = 407 kO
R,=940T=744%k0=R,,
Ro = Re = 2.2k}

Chapter 4: Problem Solutions

-V
A +glllvl'|
r

b

Y

v
(l) [g =gn|2v.l'1 +&+ *

al

@ L oy, =
r

L1} “
al willFx 2

) V=V, =-V,
Then from (2)

Y—--—V[ +g.+ )
I:'rI, a !ﬂ"

v Vv, Vv
(I) Ingmlvn +—'-+-L—'J‘_gmlvﬂ

T T T

or Ix =V:[—1—+LJ+VA[SIV'I -"-I.-_ gml]
fn a Tab

Solving for ¥, from Equation {2} and substituting
into Equation (1}, we find

+glﬂ
R =Yoo fa nll
o ! ( 1 +g ] ! +
- L gm
rn! l I|1I Fot rxlﬂrrl ’
For §=100,V, =100V, ], =1, =1m4d
= «z_g_lmkg
100)(0.626
Il=rgz=( )(—)-':Z.Gk.Q
i
= ———=3840mA/V
gml gm! 0026 )
Then
100+3846+2 1|26
R §

oot 1 ! i
+3846+ ——— [+ —| ———+38.
100[100 zsﬂsz 100[2.6]]2.6+3846]
or

R, =500£0
MNow
Io=1mA, I, =0
)
Replace 7, b g B _ £, [. =001mA
P Sius 2 8 1+8 1+7 fal !
r,z—-l-gg=100k§2.r,,=£=[0,000m
0.01
1
=—=3846mA IV, =0,
8, 0036 £, =03846mA/V
100)(0.026
,1=-(—-—)—(-1-—-—-1=2.6m,r,,=260k!.1
Then

R, = 664 kQ



Electronic Circuit Analysis and Design, 2™ edition Solutions Manual

4.55 4.357
8. Rrg = Ri[|R; = 93.7]|6.3 = 5.90 k{0 10— 0.7
Ry ) t. [pg = —————— = 0.005%6 mA
Vra = Ve 50 + (151)(10)
TH (Rl + Ra e
8.3
= (W) (12) =0.756 V Icg =0.894 mA, lgg =0.90 mA
0.756 — 0.70 VeEcq = 20 — {0.894){5) — (0.90)(10)
= — = (.00949
IBQ 5.50 mA = ‘;ECQ =653V

Icg = 0.949 mA
Vegg = 12 — (0.949)(6) = Voeg = 6.31 V

Transistor:
Py = [cqVeeg = (6.949)(6.31)

= Pg =599 mW
Rc: Pr=IiqRc =(0.949)%(6)
= Pp=540mW

Pg = icqVscg = (0.894)(6.53) = Pg = 5.84 mW
Pre = IZgRc = (0.894)*(5) > Pgc = 4.0 mW
Pre = IggRc = (0.90)*(10) = Ppe = 8.1 W

b.
b.
\F-‘ {omad limd
- =i
2 \5‘.‘.—‘, T v
<. 874
0.949
e.51 22
100
e = 0—34-5 =105 k(1 .
Pesk signal current = 0.949 mA Aie = #.‘;_k'ﬁ . Biver
[Vo({max)| = (5.68)(0.949) = 5.38 V Aie = 0.894 = |Ave] = (0.894)(1.43) = 1.28 V
125 1[(5.39)° : o
Pac =322 ;;&X) - f[gﬁ_)] Big = (5+2)¢1c = 0.639 mA
= Ppc = 2.42 mW Prr = %{0.639)’(2} = Fap = 0.408 mW
4.56 = % (0.894 — 0.639)*(5) = Pac = 0.163 mW
() 10=1,,R, +Vye{on)+ (14 S} 4R, P =0
10-07 = xan
L= (000369 mA Fo=584—-0408-0.163 = Pg =527 mW
#2100+ (121X20) I

I =0443mA, I, =0447 mA

For Re: Ppe=(0443)(10)> P, =196mW
For Ry: Py =(0447)'(20)= Py =40mW
(b)

Qi =0443mA, Avg =(0443)(10) =443V
Then

ﬁ.c = %(Aic)z R.= %(0.443)’(10)

P =0981mW
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4.58 4.59

10 - 0.70 10-0.7
Ipg = 100 + (161)(10) = 0.00838 mA 8. e = (),00838 mA

fsq = @3 (101)(10)
Icq =0.838 mA, lgq = 0.846 mA
Vegg = 20 — (0.838)(10) — (0.846)(10
;f’q =13 1(5 v = o leg = 0.838 mA, Ieq = 0.846 mA
cEe T Vezo = 20 — (0.838)(10} - (0.846)(10)
= chq =316V

¥—— ac [ond line

. Pg = IcqVerg = (0.838)(3.16) = Pg = 2.65 mW
\Seore s —_ ~ 3 2

o, 818/~~~

140
rg = D—EEE =119 kQ

Neglecting base currents;

a Rp =1k

-1 -1
slope = TGIIIIS — 0,902 k(1
. -1
Sic = Fprwn S _
A = 0.838 = [Awee] = (0.902}{0.838) Aig = m-mg.
=076V For
2 Aic = 0.838 = |Ave.| = (0.909)(0.838) = 0.762 V
= LOT6” Pry =0.286 mW R 10
T3 — g = | ——— ) A =(——)A' =0.762 mA
Ay (Rc+R:.) te o+1 te
Pri = %(0.762)2(1} = PaL = 0.290 mW
b. AR. = 10 k2 1 . ] )
Fre = 5 -{0-838 — 0.762)"(10) = Pac = 0.0289 mW
—1 -1 — _ i
E e—— — = — 0290 - 0. =233 mW
slepe = ToITo[1I8 ~ 430 Pg =2.65—0.290 - 0.0289 = Pg = 2.33 m
For

Aic = 0.838 = |Avce| = {0.838){4.80) = 4.02
Max, swing determined by volmage

i
Pre = %{3—’1-91- = Par == 0.499 mW

LBL = asemT
10



