Electronic Circuit Analysis and Desipn. 2™ edition

Solutions Manual

Exercise Solutions

1
E3.1 ( E) = Io = 0.9934 mA
[+ 4
B=1— AtVeg = 10. J¢=(o.9934)(1+%)=>
0.980
For a = 0.980, ﬂ-m—4g Ilc=1.06 maA
0,995
Far o = 0.995. ﬂ = m‘m = 199 E3-7
49 < A <€ 159 ) . .
_ Bbb50=—ﬂ—;}:%—-?%=4ﬂ_5 vols
E3.2
73
a=—_ =2 _gos6s E3.8
1+5 TG BV BVCB::
125 o =
a= l—a = 0.9921 QJE
BV, = (¥100)(30) =139V
E33
Ie={1+/)g E39
—_-_.Mi_. = . Vi=02< Vag(on)=Jg=Ilc=0 V=5V
So (1+4) Tr = 700980 81.25 = § = 80.3 P
o= ﬁﬁ = g%:-a—OSB?a b. Vi = 3.6 Transistor is driven into satwration.
Ice = flp = (80.3)(3.60 pA) = [c = 0.771 mA -
I = 3—'E'a--é-;9-'-‘-=fﬁ=4.53m:\
E3.4 Jo= 3= Vestsat) 5202 p _16.0ma
g o _ 0990 _ .. Re 0.44 _—
YT l—e T 1-08%  —
fg __ 2.150
= s Ig = 21.50 uA
lo= 555 = Jog = le= 2150 ud
Ie = alg = (0.990){2.150) = Jc = 2.13 mA Note that i_c =109 _ o 41 < 3 which shows
B .53
£3.5 that the uansi.smr is indesd in saturation
) v _m P = IcVop + IaVee = (10.9}(0.2) + (4.53){0.7)
T T T =2.13 +3.17
ITc=01mA=ro=15M0 P =535 mW
lo = 1.0 mA = ro =150 k{2 '
Je=10mA = rg =15k}
E3.10
E3.6 ) .
Ves ForVge =0= 1 =07V
le =1 (1 + ) -0
T Va Thcn]c=5o_&' = Ic = 9.77T mA
MVes=1 lc= ndig =15 = 27T g195 maA
Ve — ala=F =g =
. = ra
8 VA , Vi =IpRa + Vere(on) = (0.195)(0.64) + 0.7
le=1=1l I+E):I0=°‘9353mf\ =V, = 0.825 V
AtVer =10, Ie = (0. ssss)(x + 1—‘1) - Power = IcVog + 1sVae

Ic=1.12mA

Chapter 3

b. Vi =150

= (9.77)(0.7) + [0.195){0.7)
Power = 6,98 mW
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E3.1l
For Ve =4V and ey = 1.3 mA
Re = 101-4 = R- =4k
Ie = ~Vgglon] — {—10}
E= Rz
101
ig= (IUUJIC‘ =1313 mA
R};:E-:_O—_-U-::-Rg:&hlkﬁ
1.315 -
E3.12
10-Ve 10 —634 .
e = ok . = [o = 0.913 mA
fo o —¥eslon) —(-10) 10 -07
E= Re T 10
fg =0.930 mA
Ic 0.913
Ic—aIg==-a—~IE S < a= 0.3819
- fs — Ic = 0.93ﬂ —0.913 = IE =ﬂﬂ].50 maA
Ie 04915
B=1. = tos = 8=8
Veeg = Vo -~ Ve =634 - (—0.70) =
V£E=T.04 v
E3.13
-V, -0.7
g =2 R”{“) 0-07 L je=116mA
= B E=. B8
Ie 1 16
= — —_— = T
Is=mig =5 ~la=22Tur
e = lf_ﬂrg = —(1 16) = fc = L14 mA
=feRe — 10 =(1.14)(4) - 10 = ~3.44
Vee =0.7—(—5.44) = Vgc =6.14 V
E3.14
I ¥eg = Vesglonl
E= " Re
4 —-0.7
= Rg = = = Rg =323kN

fc = olg = (6.9920)(1.0) = Jo =0.892 mA
la=Jg—Jc=10-08920= [p=0.0080 mA
Veg = =Vge = IcRe — Voo = (0.992){1} - 5
= Vg =401V

E3.15
Veg = IpRp + Vgglon) + [eRe

= ngp L Vgg(on}+ (1 +ﬂ]I5Rg
2-0.7
10 4+ (76)({1)

Ig = Ve —Vee  _
Ra+ (Y +NRg
= Ip =15.1 uA

Ic = 8l = (T8}{15.1 pA) = Ic =113 mA
Te =1+ 35 = (T6}{15.1 uA) = [g = 115 mA
Veg =Vee +Veg ~lcRe ~ [efe
=84 2-(113}2.31—-{1.15)(1}
Voer =603 V

E3.16

Veg=253= Vg =23V =IgR¢

Veg = IpRg + Vaeglon) + V¢

In = Vag = Vaglon) - V¢ §5=0F¥=25
8 = =
Re 10
Ip = 018 mA = Jg = (101)(0.18}
= Iz = 18.18 mA
2.3

[ = = -

o Rg = 1818=?R£ 0.138 k1 =138 Q3
E3.17

Veg = fgfg + Vepl{on) + [afls

2.
IE=2.2mA=>I3—-5—f“UO431mA

Ic = (Tf-_ﬁ) Ig = (%)(2.2) = [e.=2.16 mA
Vae = (2.2)(1) + 0.7 + (0.0431)(50)

= Vag =506V

Vee =5 —IgRg =5 —(2.2){1)

= Ve =28V

E3.18
{1) 6§ = IpRe+ Vpglon) + [z Rz
(2) 5 =IcRe +Veg(sat) + [z Re
Ige=lg+ic
{1} 6 =10{p + 0.7+ [Is + {c}(1)
(2) 5=4fc +0.2+{Is+ Ic)1}
(1) 53=Tc+ 11/ 3= 2635= Sl + 3518

(2) 4.8 =5lc+1Is 4.8 =5+ [p

21.7T = 5415

= fg = 0.402 mA
From (1), Jc = 5.3 — 1l{g = [g = 0.880 mA
fe =128 mA, Vog = Veop(sal) =102 v

E3.19
Vee = Vec{sat) =0.2 V
02— (-5 5-02
o= n.:z.JII (—=3) _ 3 100 = [ = 0.48 mA
=y
_,B=ITC=°_-_;‘1._0.24= 2

V; +IgRp + Veg(on) =0
= V= —{(0.24){20) - 0.7 = V; = -85V
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E3.20 E3.22
8. Vi = —-45V = Vpp < Vgglon) = Transistor is a. L:‘ = "_-’ =_U fav =lg =fey=Ica=1Ig
cutolf. fpg=lec=fg =0, V=10V "?'—'3‘_"
b. V; = —3.5 V Transistor is actve. b Mi=5V.l =0 lm=ln=0
Vi =IgRp + Veglon) + IcRg — 3 [ = 30.905.‘ = Ig = 433 mA
5 — 3.5 = I5(10) + 0.7 + (76)2(4) Jey =2 36‘” = Ic = /r=8mA
In= %ﬁ = 0.00255 mA bo =02V
= Jg = 2.35 uA e W=lky,=3V Ig =15 =433 mA
le = f81g =(75)(2.55 pA) = Jc = 0.191 mA Ip=8mA. ey =l =4mA, W =02V
Ie = (1+ 8 p =(76)(2.55 uA) E3.23
= Jg =0.194 mA ] ;
Veg =10 - JcRe = fe R ::d=5_'CRC=5_ﬁ3RC
= 10 — (0.191)(2} — (0.194)(4) . Vg +Av, —Vye{on)
Veg =834V th R,
Then
¢. V¥, = +3.5 V Transistor is in saturation. Av, = - AR Av,
(1) 3.5 =IgRs + Vae(on) + [pRg ~ 5 or B
(2} 5=icRc+ Vce(sat) +eReg —5 Av, -8R
(3) le=1Is+lc Av, R,
Let #=100, R, =5k}, R,=100kQ
(1) 35+5-07=100p + 4z + Ic) Then
(2) 3+5-02=2Ic +4(fa+ic) _._51:2_=—(100)(5)=_5
(1) 7.8 =14/5 + ¢l Av, 160
(2) 9.6 =4l +6/c¢ Want Q-point to be
Ix (1) = 23.4 =420 +12]c vo(Q— pt) =25 =5 (100}, (5)
Then

2x(2) = 196= B8/p+12]c

V., —-07
=0005md .. =0005=2E____
18 =23%4is IEQ » TRD 100
=Ipg=10.112mA or

V., =12V
7.8 = 14(0.112) + 4/c = 1.368 + d/c ——
o fe =156 ma Also I, = fil,, =(100)(0.005)
Ie ~=—=as _ Cr 7
= 13.8 < & = In saturation, I =05md

Ie=lp+lc=lg=16TmA

Ves = Ver(sat) = 0.2 £3.24
B33 2. Foulegg=23V=icg= 2 —22.5
= leg =125 mA
5-15-02
f(sat)=—="_""=15 =0, ! 2
o (saf) = = R=0220i 1m=__;°=_.._‘105=>;3q=125m
I. 15 5-08 3-07
}',z-—0=5=0.75m‘4= - Th‘“33=;u$£ = Rp = 344 k1
or 1e i
R, =560 b.  Ipg is independen: of 3.

For Vegg =1V, Ic=a_1

=2mA
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Ie 2 .
7o = toim A =160

5—4
Fcr‘fcsq—‘i‘l IC“T-OomA

0.5
- .__ — = 40
A= Ie 0.0125 ’

So 40 < J < 150

8=

-

E323

5-0.7
800
d=75= Icp=(73

lgg = = Igg = 0.003373 mA

}0.005375) = 0.403 m A
§ =130 = Jcg = {150)(0.005375) = 0.806 mA
Largest [cg => Smallest Vegg

d=150= Ac = 0;'0; = 4.96 kD

3=75= Re = ;103 = 2,48 k{2

For a nominal ¢ = 0.604 mA and Vegg = 2.3
Re = %&E=4.H=Rc

For Icg = 0.403,

Vesg =5~ (0.402){4.14) = 3.33 V

For fcq = 0.806,

Vepg =5~ (0.806){4.14} = 1.66 V

Sofor e =4.14, 166 V< Vepg €333 Y

E3.26

8.  Rry = Ri||R; =9)[2.25 = Rry =13 kD
Ry 2.25
V% = | — ] 2 | ——
TH (fh +R=) ce= (9+225)(5)
>Vrg =10V

Vrg — Vez{on)

b. ng = = 1-07

Rrg +{1+B8)Re
= g = 9.375 pA
Icq = Blpg = (150}(5.375 ud)
= leg = 1.4l mA
lgq =(1+)sq = Izqg = 1.42 mA
Vegg =3 —IlcqgRec — IggRe

1.8 + (151){0.2)

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

>4 For 8 =

1-0.7
I [ R4 S g =176 A
5q = 1.8 4+ (76)(D.2) =1e 1 =

leg=BIpqg = {TSH17.6 uA)

= Jeg =132 mA
Ieg=(1+3)ag = (T6}{17.6 pA)
= lgg = 1..34 mA
Veeg = 5= (1.32){1) — (1.34)(0.2}

= Vepo =341V
E3.27

K= 5V

"BERE

Re=Caak

By + R =11.25k), 8 =150
e =Ig. Vcegq =25V

5~2.3
a f = = 2. i
So lcqg 597 1o 2.081 mA
_leg 208
Ing 5 Ts0 = 13.9 A
Isq = Vra — Vee{on)
VT Ren+(1+A)Rs
Rz ) . i
(—-—-—— Vee = Vag(on)
0.0139 = Mt £
ey LRSI
Ry
()m-o
By R,
T11.25) +{151)(0.2)

A =11.25 - R;, s0
0.0138{/;(11.25 = Ry} + (151)(0.21{11.25)]
= 5R2 — (0.7){11.25)

= 5(11.25 — Ry} — (0.7){11.25)

0.156 Ry — 0.0139R? + 4.72 = 56.25 — 58, — 7.8

0.01398] ~ 5.156R, +43.66 = 0

5.156 & \/(5.155)’ — 4{0.0139)(43.66}
~2(0.0139)
= R =867k and Ry = 2.58 kQ}

] =

Solutions Manual
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E3.28 _
de equivalent circuit

Be=o.ax

-5V
A =150, Rry = Rif|Ra,

. Rz
v = — 5
TH (Rn " 81)“0} 3

5-0
lcq=-—1—=5m.’s.

Icg 5
I = —_— = — = (.0
BQ 3 150 0.0333 mA
7 Vra +5=07

59 = Rra+(1+ 3R

Set Rrp = (0.1l + 8 Re
Ime = Vry +4.3
B = TN + d)Re

R -
(31 + Rz)(m] —3+43
(1.1)(151)(0.2)

= 0.0332 =

R

{0.0333)(L.1)(15140.2) = (m)(m) -07

Ry
e i, = {.
Sa (R! T R:) 1806

RiRy - -
A = (0-1(151)(0.2) =3.02 k0

Then R, (0.1806} = 3.02 = R, = 16.7 k0
Rz = {0.1806}{16.7 + H2} = 0.B194R; = 3.02

Rrg =

= fi; = 3.68 kit
E3.29
8 =120, Vegg =3 v

Rryx = Ri||A2, VT = (i—-)(lﬂ) -5

R+ R,
Icqg = Ieq
_ 10 -Verg
Seleo = piTRe
Icq = W-5 = Jeq = 3.33 mA

1.2+403

lag = -I-—céﬂ--—— %:’ Ipg = 0.0278 mA
VTH‘ +3—-0.7

lsg= —TH £3 =07
B9 = Rru + (1 +8)Rs

.Sﬂ Brg =(0.1){1 + 8} Re

R -
(Rl +R:)[10)—5+5—0.t
(1.13(121)(0.3)

(0.0278)(1.1){121)(2.3} = (—Rs—-‘j‘_-’sz(mJ -07

(-——52—)—0131
R+ Ry -

' Ry Ra

= il 181) = {0.1)(121)(0.
Rru = g = Ra(0.181) = (0.1)( (0.3}
= R, =20.1kQ
Ry = (0.181)(20.1 + Rz} = 0.819R; = 3.63 kQ?

= R = 4,44 kD

Ipg = 0.0278 =

E3.30

g N {10[}
a. icg= lgo =7 — (1) = 0.89 mA
co=(h3)tee = {Tar)
I mA 1
= ———=— 9.90 uA
fee =135 =1 =270
Vg = ~fpoRp = —(0.0099)(30}
= Vp = -0435V
) . Icg 0.99 »x 107"
=V — ] =[(0.02 ———
"EE rin(I;_) [UO 6:'1“(3)(10-“ )
= Vpe = 0630V
Vg = Vg — Vpr = —0.4%5 - 0.630
= Vg =-113V
Ve =10 = (0.99)}{3) = 5.05 V
Vega=Ve — Ve =505— {—1.13}
= VrEg = 618 Y
, 1
b. Igg =1 mA. /g = — =10.0186 mA

n

1

I'g = —(0.0136){30] = ~0.98 V' = Vg
50
Icg = (ﬁ)(l) =098 mA

0.98 x 1073
I x 10—
Ve = —0.98 - 0.6290 = —1.61
Ve =10 = (0.98)(3) = 5.1 V
Vegg =5.1 = (=161} = Vcgg =6.T1 V

Vag = (0.026}1n ( ) =0629V
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E3.31 E3.33
= la__ Ila -
g = T+ F - 121" Ve (121){20) I5(0.165)
= [g(0.165) + 0.7
12 P‘E =1% 5L
fcq—(]+ﬁ)[sq=(121)}':3—(0992}.[:; v *
[ &'
=fchc-5=(0.992)IQ(4)-—5 Q'l.
= 3.97lg -5 Va
S
V w= Ve =V
ECQ E [=4 RQ,_: L5 %5t
= {I5(0.165) + 0.7] - [3.97Ig — 5]
= =3.80509 + 3.7
-3808Ig+37=3
= IQ = 0.710 mA or = Vra — Veelon) _ 4-0.7
' T Ren +(143)1Rer 333 + (101)(2)
IBI = Id4 uA, "Cl = 140 mA, IE] = 1.42 mA,
E3.32

Ve =4 — {0.014){33.3)
= Vg =333V, Ve =283V

*ENV +5 Y

Ir+Ip=1Ics
12 = Ve 12 = (Ve +0.7)

5 o -
(12-0.7) Ve | Ve
T oo YT T Yo

2.4 4 0.0559 — 1.40 = V(0.2 + 0.00493)
Yoy = Ve =515V, Ve == 3.85

—
l.:-i.:”.ﬁi = Igy = 3.08 mA.

Igs =
Je: =104 mA. Ipr =304 uA
Ve = (3.04)(1.3) = Vep = 4.36 V

Rrx = 50§|100 = 33.3 k2

Vru = (1550){10) ~-5=~167V
3=1.67=0.7 163
T3 +1003(2) T 235
Ty =112mA, Tg =113 mA
Ver =lmmBer —35=(113)}{2) =-53=-2T4 V
Vep1 =325V = Vo =051V
= Ve, =031 40T =121V

5=1.21

Il = —-;—-_—-- =190 mA = [py =188 uA

Ics = 1.88 mA

far = Jcr = Iga = 1.12 = 00188 = 1.10 mA
5 —0.51
Rey = BT = Rec; =4.08 k01

VEc: = 2.5 = Vor = Vgs — Ve

=121~25=-129
=1.29 = (=5)

Bea= T = Rep = 1.97 k)
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Chapter 3

Problem Solutions

EN]
i 510
(a) ﬂr—".‘c":_:’ ﬂr=35
i, 6 —
_Be__85
Tp T———m = — =3 =09884
F1e g, 86 G ZTI008

ig ={1+ 8.}, =(86)(6) = i, =516 pd
265
®) Br = o0
53

a,_.—a: a, =09815

= f.=353

ig =(1+ )iy =(54)(0050) = i =2.70md

32

PFor § = 180G :

180
= m = 0.99445

0.5309% < o < 0.99448

®) e = A, =110(50 pd) = [, =550 mA
or

1. =180(50 pd) . I. =9.00md

50

55057, 590 m4

33
Ta
- - YA Ve Rerye
=_- =
=@, = bl
Voo . _—
L -

S=JcR+Vep-Vee =Ic(2)+1-0.7
= fe = 2.35mA

I- 2.35
« m = IE = 2.3% mA

34

Same Figure as Problem 3.3

35

36

7

338

3.9

5—
=-07+2=13F,; ——2——:> i =185mA4
i 185
For =120, i, =5 =—= i, =154
) B TR 120 3 A
121
o= ) - ( )(lss)::,,._mssm
Br 120 A ——
8 1]
a=—-E=E——=>g=0.9836
Ie .85
fs—-;—oga:;ﬁ:*[E—U.aﬁ‘imA
I 085
Ig = 5 = 60 = la =142 yA

fp =T =(10")" 49 = | =277 mA
ie= (%9 270> i, =274mAd

e 277
fp=—E—="= j, =0304md
1+ﬂ‘ Q1 e

Device 1: ig= Iﬂe"nf*’r = 05x107 = Iﬂeo.sso;u.ax
So that
I, =694x10™" 4

Device 2; 122x107 = [ o®Was

Or
I, =169x10"" 4
Ratio of areas = E—Ma Ratin =244
I, 694x107" '
V
(a) n:-i:@:} r°=250m
I, 1
¥V 250
) =A== - =250MQ
1. 01
BVega 60
BV, = = m—
BT TR /100
BVege =129V
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3.12

v,
BVeeo = B;;G
=220 om0
6= 75 = e = = =3.93
g =60.6
BV
BVcge = J;u
BVepo = (BVere) VB = (50)V/50
BVepo =184 V
(a) I, = 12-07 I.=113md
1c=[7—5 LI3)=112mA
76
Ve =24-(113)(10)~(LI2)R. =6
sg that
R, =598k

®) 7, =%= 0.0132 m4
V, = ~I R, =—(00132)(50) = ¥, =-0658¥

75
I.=| = (1) =0
e (76 ) =0987 m4

5-12
Rc—ag-—s?b R. =304 k2
c. Ig=§:—£ﬂ=13=12.1yA

10 + (76)(10)
Ie = 0,906 mA
Ve = 0.7 + (0.0121)(10) - 2
Ve=-1.18V
Vo = IcRc — & = (0.906){3) — B
= Ve=-528V
Vec = Vg = Ve = —1.18 — (—5.28)

= Vec =41V

¢ S=(1+3We(I0+ {200+ 0.7+ (1+ Np(D)

5= {760 +20 +152] + 07 = I3 = 4.61 A’
le = 38Ig = (73)(4.61) = [¢ = 0.346 mA
Ve=5—(1+8)pRec =5 -(76)(0.00461)}(10]
= Ve =1.50

3.13
{a) Figure P3.12(c)
8 =(76)1,(10)+ 07+ 1,(10)~2

. 10-07

“* 7 10+(76){10)
Then )
1. ={75)1, = [.=0506mA
and [, =0918mA

=001208 mA

Vee =8~ 1gRe IR ~(-8)

Ve = 16—(0.918)(10) - (0906)( R.)

V. =682 -(0906)R,

R.=3k2%5% = 285< R <3I5KQ

Then
397<V <424V

(b) Figure P3.12(d)

5= (14 ), Re +1,(20)+ 0.7 +(1+ B)1,(2)
5= (76} ;Rc + 14(20)+0.7 +(76)1,(2)

Now R, = 0k2L5% = 9525 R- 51052
Then 0.00443%; €000431mA

And V. =5-(1+8),R,

Sothat 1465V, <153V

3.14

Var =V _25-07
iy 0015

1o =(70)15 pA) = 105 mA

R, = = R,=120k0

V..-V -
Ro=-tete@ 3725 g _23840
fep LOS —_—e
3.15
_=Ve _ =1}
a Vg=-IgRg=Ig= Ry = 500
Ig=20pA
5 = w1 =0T=-17TV
_Vg—(-3]_—l.7+3_ 108 mA
lg = e = 5 =0.2 m
Ie 0.2708 .
s (1+ 3} 002 1354 = 3 =134.4
g
= = (1.9926
d 148 T e=SAEa

le =Blp = [ec = 0.269 mA
Vc£=3—VE=3~(—1.T]=?Vc£=4.7V
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b. g = s—g—iafs-—ﬂﬁmﬁ;

4=074+TaRa+ (Is+ Ic)Rc -5
Ie+ic=1g
4= 0.7+ Ig(100) +{0.5)(3) — 5

19_0043:-——(1 A= = 11.63

5
0.043

A=10863, a= % = o0 =10.9140

a Ve=0= Cutoff = Jg =0, Vc =86V

- 0.7
b, Vsg=1V, Jg=1=0

= [rp=0.3mA

le=Ig=Ve=6-{03)(10)= V=3V

¢. Vp =2YV. Assume active-mods

2-10" =lg=L3imA=Ic

Ve=6-= (1.3)(10) ==T7TYV!
Transistor in sahoation
2-0.7

Ig=

Ig = =g =13mA

VeE=11V, Veg(sat) =02V
Ve = Ve + Vep(sat) = 1.3+ 0.2
=V=15V

a. Vag =0,

Ry 10
Cutoff Vo = (m) Vee = (ru“::z) ()
Vo=333V

b Vea =1V

1—-4q.7
Ip = ™ = 6 ud
Ic = 8lg = (T3}6) = fc = 0.45 mA
s-%_ . %
s =t

1——0.45:%(—-}- 10) = W=183V

¢.  Transistor in saturation

Va= ch(sa.l) =02V

3.18

(2) B, =100

. 100

(D) I, =01md I.= (101 0.1) = 0.0990 mA
V,=5-{0099)5) = ¥,=4505V

" 100

(i) Ip,=05m4 [cz(l 0.5) = 0495 mA

V,=5-(0495)(5)=> ¥, =2525V
(iiiy I, =2md Transistor is in saturation

V, = Ve(sat) +V, (sar) =—08+02 =
V, =06V

) B =150

3.19

3.20

@) Iy=01md I.= (%’)(0.1) =0.09934 mA
V, =5-(009934)(5) = F,=4503V

4503 -4505

% change = x100% = -0.044%

150
(ii) I, =05m4 !C_(m)(os) 04967 md

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

% change = M—S-xmo% = -032%
2525

(iii} 7, =2 mA Transistor in saturation

¥, ==06V No change

Ve — 0.7
Is—T

N 350 - Ve
IC_(1+3)IE"(.:1)(VE_O?) 10

and Ve = Ve

50 . 6—Vy
- [V —0.T) =
(51)( 2 —07) 10

9.80(Vp ~0.7}) =6 -V

1030V5—5+(07)(950]=VE—119V

Is= 20500 o fp s odoma

Veg =05V = ¥, =05V, 1c=5‘°'5=0_9om
101

Ipo=|=—Y090)= 1, =0

2= (100 )= I, =0509 mA
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10-Vg' 1012
Ie = TR = [g = 0.80 mA

Ve=Ve=-07=72-07T=13V

IB—E=E:IE=0.026mA

fczfs—fg —-—030—'0026:’ Ig = 0.774 mA

I 0.774
g = 1€

A A = 7
]5 {]25:6 29.7
Fel 29.77
- = 0L = 0.967
o Y 30,”=>a 0.9675

Vge = Vg — Ve = Vg ~ {IcRe — 10)
=2 - [(0.7T4){10) — 10]
Vec =426V

Load line developed assuming the ¥, voltage can
change and the R, resistor is removed.

ey

o0.774

"f'Z-Gv VEf'r.' 2:c:

322
50
=| =1} =098 mA4
I [51 )

Ve = IR, -9 =(098)47)-9
or V. =439V

1
I, =—=00196 mA
'S

Ve = 1,R, +V5{on) = (00196)(50) +0.7
or ¥y =168F

323

Io= (io 05)=049md , I, -95%_0009%,4

Vg = I,R, +Vgz(on) =(0.0098)(50) + 0.7
of Fe=119F
Vo=1I.R. -9=(049(4.7)-9=—670V
Then Vg, =V, =V, = 119-(—67) =789V
Py = I Ve + I,V =(049)(7.89) +(0.0098)0.7)
or Fp =387 mW

Power Supplied = P = I,(9-¥;) = (059 -119)
Qr B =391m#

324
For [, =0, then 7, =0

For I, =05mA, I, = [50 0.5) = 0.49 mA
51

93 _ 00008 md, V,=0490V , ¥, =119V
51

1

Ve =(049)(47)-9=-670V = V=789V
P=1V, =(049)(78%)= P=38TmW

For 7, = 1.0m4, Using the same calculations as
above, we find P =595mi

For I, =15md, P=626mW
For I;=2md, P=480mW
For [, =25mAd, P=15TmW

For I, =3m4, Transistor is in saturation.
0.7 +1,(50)=02+1.(4.7)-
Ip=ly=l+l. =1, =3-1,
Then, 0.7+{3-1.)(50)=02+/.(47}-9
Which yields [, =2916 mA and [, = 0.084 mA
P =V +1 Ve =(0084)(07) +(2916)(02)
or P=0642mW
3.25

Im =Im=é=’fﬁ’ = JIgs = 0.5 mA
Ici =Ic: = 0.5 mA

Ver=Voa =3~ (0.5 d) = Vo, =V =3V

3.26
Vec = Vag(on
. laq = Yec = Vaz(on)
a B RB
Isg = .I%’. = g5 = 0.0333 mA
24 = 0.7

= m— =
Rg 0.0313 = Rp =699 k()

- Vcc—chq _ 24 =12
.[cq = Re = Re = 3
= R =6k}
b, Isg = Vee = Vpelon) - 24 - 0.7

Re 699
= 0.0333 mA {Unchanged)
lcq = Blsq = {100)(0.0333)
= e =333 mA
Veeg = Vee - IcgRec =24 - (3 13}(€)
= Vepg =402V



{€) Vee =V~ 1R, =24 - 1 (6)

327

15 = VEE -_— VEB{OH} = 9 - 0.7
Rg 4

= Jp =2.075 mA

Ic = alp = (0.9920)(2.075)

= o =206 mA
Veac + e Re = Vee

B =9 — (2.06)(2.2) = B =447V

3.28
_Vec~Verg 12—6
]CQ = Rc = % =2T3mA
I 2.73
IBQ= --C'B‘—Q= W:?Isq:ﬂ.ﬂgl mA
07— (=12

Jm =Ima +Ig = 0127 + 0.09]1 = 0.218 mA
WVi=Tri R + 0.7 = (0.218){15) + 0.7

=V =197V
3.29
ForVocp =45
5 -4,
Ieg= =1 S~ 05mA
0.5
Ipg = ?é_ = 0.02 mA
Ira = gtl-T‘(J-sl = 0.057T mA

Tar = fre + Ipg = 0.057 + 0.02 = 0.077 maA
W=ImR + Vee(on) = (0.077){15) + 0.7
=18V

For Vog = 1.0

~1
1 = 4{mA

4
I = — =016
B =2 16 mA

H
Icq =

Chapter 3: Problem Solutjons

Ipa = 0.05T mA

Ins = Inz + Ing = 0.057 4 0.16 = 0.217 mA
Vi = (0.217)(15) 4+ 0.7 = 3.96 V
Sol86<¥ <396V

o
C;'
" Chanca o
: Q- ot vieLoes
|
1
o5~ - ;—-
e N5 s
Rryg = Ry||Ry = 33||10 = 7.67 k2
B2 . 10
V = ——— ‘f - ——
TH (Rt‘i‘R‘z) ce (10+33)“’”
=419V
Iso Vre — Veefon)  4.19-107

“Rrat(+8R: 16T+ (s0)(1)
IEQ = 0.0595 mA

feg=P8lsg = lcg =2.9T mA
Isq = 3.03 mA
Vegg = Voo —IcqRe — Ieq RE
= 18 - {2.97)(2.2) - (3.03)(1)
= Vegg =844V

3.31

I, =12mA, Vegy=9V, Rp =50kQ
Also 7, =22 =0015m4
g0

Vi = Ly Ry +Vaelom) +(1+ B) 1o R,

{_R a2l
Vo = o) = o o = (50100
Then
}e‘l-(so)(as) = (0.015X50) +0.7 +(8150015)(1)

338R,
=3384Q. Then —>-2 =50
or R Then SR~ 0

R =587k I, = (%%)(1-2) =1215md

18= Loy Re +Vogy + I Re
18={12)R, +9+(1215K1}=> R.=649k1
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3.33

Ry, = R[R, =20J15=857 kQ

Vg = [& &} cc) 15 20)(10]:4.29!»’

I
ve = legRe +Vplon) + —2. R +V,,

1+4
1():!539(1)+0.‘!+;r [357 +4729
: 101
Then
7 10-07-429 50] /
P |+BS7 1085 5o = 4.62m4
- 101
4.62
Vy = =2 8.57)+429
=t ﬂ B Vi =102 )( )+
oF
V, =463V
i Rry = Ri||Ry = 58|42 = 24.36 k2
R N, 42
Vig = | =—————|Ver = | m—
™ (R‘L +R7J ce (4'2-*-;13)(24)
=101V
Isg Vru — Vag(en) 10.1 — 0.7

R.TH + (1 + 5)R£
Ipqg = 0.00732 mA

feq = 81pg = (125)(0.00732)

24.36 + (126)(10)

= feg = 0915 maA
feg =0.922 = Vopg = 24 - (0.922)(10)

= Veceg =148V

b. Let

R =42kl +5% = 44.1 kN
Ry =58 k(1 — 5% = 55.1 k0
R =10k} - 5% = 9.5k}
Rry = Ril|Ra = 24.5 k{0

44.1
A 72 = | ——
TH (44.1 +55.1

10.7 - 0.7
24.3 + (126)(9.5]
lcg =102 mA, [gq =1.03mA
Veeg =24 — (1.03){9.5) = Vepg = 14.2 V

Let
Ry =42k ~ 5% = 39.9 k2
Ry =58k + 5% =609 kD
Rp=10%0 4+ 5% =10.5%N
Rrpg = 8|82 = 24.1 kO

)(24) =107V

Ipg = =0.00819

334

333

39.9
= | — =95V
Vra (39.9+ao.9){2” 33
9.5-0.7
= e = ().00653 mA
T30 = ey — V008
leg = 0.B1T mA, lgq =0.823 mA
Veen = 24 = (0.823)(10.3) = Veogg = 15.4 v
50 0.817 £ fog € 1.02 mA and
142 < VC‘EQ < 154 V.

a.  Rry = Ri||R: = 25||8 = 6.06 kD

5
Vrg = (R]Rﬁ;) Vee = (8 f2°){24)
=382V
Vry - Vae{on) _  382-07
Rrp +(3+ 3)Rg ~ 608 +(76}(1]
Ipg =0.0624 mA, fcg = 4.66 mA
leg =4.74

Tgg =

Veeg = Voo = IcqgfRc - Tgg R
= 24 — (4.68)(3) -
Vego =532V

(4.74)(1)

5.82 -0.7
6.06 + (151}41)
Icg =489 mA
Ieq = 4.92
Veeg = 24 — (4.89)(3) — (4.92)(1)
Veeg =441V

b, Ipg = = Ipg = 0.0326 mA

(a) Iy
Rc=i=,3c=75m; RE=H3-Z:>RE=7.SHI

=IEQ =0.4M..4

R+R = =1125 4

- (02)(0 4)

Vew =[R, 3 Vee) = Lao Ry +Vpelom) +(1+ AU o R,

r o RR _(125-R)R,
™TR+R, 1125 7

o= 0004 md
100

R,(_g_) - (o.om)[w] 07

1125 1125
+{101)(0.004)(7.5)

We obtain
R,(0.08)=0004R, -356x107 R} +3.73

From this quadratic, we find
R=48i0) = R =645/
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(b) Standard resistor values:
Set Ry =R.=75K] and

R =62k, R, =47k
Now Ry, =R||R, = 62J47 =267 kQ

Ve = [&+R1)(m) 4?+62)(9) 388V

Vie = 15oRy, +V.!I‘5‘(O")+(1 +ﬁ)I.BQ’RE

So
=288-07 00406 md
% T+(o0(7s)
Then
1op =0.406 mA
Vac =Veg =(0.406)7.5) =305V
3.36

& Rru=R|R=122=1T1kl1 = Rra

. R, _ 2 _
Vra = (Rl +Rz)(10)—5 - (12+2){10)—°

==35TV ="Vry

Vre ~ Vag(on) - (-5)
Rry +(1+3)Re
_ =337 -0T+3 D73
T LTI F(101)(0.5)
= Jgg = 0.0140 mA

fcg = 1.40 mA. Ipg = 1.41 mA

13q=

Vegqg =10~ IcgRe ~ I5qR:

=10 = (1.40)(5) ~ (1.41){0.5)
Vege =230V

X

= [.F2~mA

5-‘"(';'-'-‘"’)(-.53

L. 9a
LT

d For

Ry =2k +5% = 2.1 k02

R =12%0 =5% = 11.4 kf
Re =05 k0 - 5% = 0.475 kN
Bryg = B[R = 1.7T k00

2.1
Vrg = (2_1_;-_1_4.) (1¢) -8 =-3.44V

~344-07+5 086
177 + (1013(0.475)  49.7

Icg =1.73mA, [gg =1.75mA

Par Re =3k + 3% = 5.25 kD2

Verq = 10 — (1.73)(5.25) — {1.75)(0.475)
= Vopg = 0.0863 V  (Samration)

Ipg = =0.0173 mA

Far

Ry =2k0-5%=193kD

A =120+ 5% =12.6 kD
Reg =05k + 5% =0.525 k)
Rrg = Ry||R: =165 k00

1.9
Veg = ———}(10) - 5 = =3.
TH (12.s+1.9)(1) S= 368V

Isg = —-3.69—-0T+5 - 6
1.65 + (101)(0.525)  54.7
Icq =1.12mA, fgg =1.13 mA
For Re =5k —3% =475 kN
Verg = 10 — (1.12)(4.75) - (1.13)(0.525)

= Vceg =409V

(=]

E

=0.0112 mA

501.12 € Jeq € 1.73 mA and
0.0863 < Vepg < 4.08 V.
o

Saturation

337

Rrp = FafjR: = 9[|1 = 0.90 k2

Vi = (ﬁﬁ—)( 12)=(H1_9){ 12)

==-12V
fgqReg + Vep(on) + IpgRru + Ve =0

-Vry —Vzg(on) - 1.2-0.7
Rrg +(1 +5)Rg 090+ (78){0.1)
Ipg = 00588, Jeq = 4.41 mA
Ieg=44TmA

Ipg =

Center af load line = Vecg =6 V
IgqRe +Vecqg +leqRe-12=10
(4.47)(0.1) 4 6 + {4.41)Rec =12

= R =126 k00
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(@ Ry, =(01)(1+ B)R, = (01X101)05) = 505 402

Vou

= (505K10) = (0008)(505)+ 07 + (101){0008)(05)

or

IR
R =441 kQ, 218

=305= R,=3570ik0
441+ R,

Now .= (Im)(os) 0.808 mA

Vee = IegRe +Vegg + Lo Rs
10 = (08)R, +5+(0808)05)
Re=575kQ

(b} For 75 <1350

](v )= (ﬁ-{)(m) = 1145V

+(1+ A1,
1145-07
505+(76)(05)

Then Ig, = (75)(0.0103) = 0.775 ma

L145-07
For f=150, [,,=—o_07 _
r b= 505+ (151Y03)

= 0829 mA

&
V., =
™ [R+R

= Lo Ry +Vee(on)+(

For f=75, [,5= =0.0103 mA

Then [,

0829-0.775
0.80

Algy _

(4]
% Change =6.75%

% Change =

x100% =

(c} Far R, = 142

Rpy = (GI}101)(1) = 10.1 k2
! -—(10 1X10) =

Viu =— R
lem

(0.008)(10.1}+0.7+ (101)(0.008)(1)
which yields R, =63640

636R,
=101 R, =12012
G3er R, o =12l

And

Now V., =[R Y-
1 T iy

_ _1587-07
T 101+(76)(1)
=0773m4

For i=175, =0.0103 mA

So qu

158707

Foi =150, [, = ———
r B=150. Iy, 10.1+(151)1)

=0.0055i mA

1
=}_.Rm-v =1, R,,,+V,£(on)+(l+ﬁ)!mRE

12
Vo= —=< Y0} =
)( ec) (12+63.6J(m) 1387V

3.39

3.40

Then [, =0826ma

Bleg _0826-0773

% Change =
08

xt00% =

Fo)
% Change = 6.63%

Vee = (R, + RE)H@Eﬂ

10={08)(R. + R, )+5= R. + R, =62540
Let R, =110

Then, for bias stable R, =(0.(121)(1) = 12.1 k2
3
=—-=0.00667
7120 4

El-(lz.l)(lo) =(0.00667)(12.1)+0.7
' +121}0.00667)(1)

76.2R, 121

So R, =762 40 and —o2fa_
o ETTIY

R, =440

Then fn_-_?‘gzio—

=0110m4
144
This is close to the design specification.

feg = Ipq = Vepg = Vee = fcq(Re + RE)

6 =12 — Ico(2 +0.2)
Tcg =273 mA, Irg =0.0218 mA

chq =&Y

Vrw = IpgRru + Vaz(on) + (1 + B)ipqgRe ~ 6
. R, )

V = 12Y-6 R = B
TH (Rx+Rz (12} TH 1| R2

Bias stable =+
Bry =(00){1 + B)Rs = (0.1){126)(0.2) = 2.52 k(2

Vi = (-}-};){Rmfm -

%(2.52){12) — 6 =(0.0218)(2.52) + 0.7
1

+ (126)(0.0218){0.2) — 6
}—;-{30,24) = 0.7549 + 0.5494

1
23.2R,

= 23.2 e = 2.3
£ =232k0 231 + R, 52
R =283k}
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3.41

8. fecg=1mA. Jegg= (3—0-){1) = 1.0l mA

1
VCEQ =12 — {1){2) - (101]{02) = P'cgq =980V

1
Isg = 55 = 0.0125 mA
Rry = +{0.13{(1 + 8)Rz = (0.1)(81}(0.2) = 1.62 k2
R, _ 1 _
Vre = (m)(lz) -6= R—](RTH)(IE) §
1
= R—‘(m.u] -6
Vrg = IggRru + Vgg(on) + (14 8} pgRe — 6
RL(w.u) -6 = (0.0125)(1.62) + 0.7
1

+ (81)(0.0125)(0.2) — &
1}—(19.44) =0.923
1

_ 21.1R,
R] = 21.1 k01, m = 1.62
R; =1.75k0D
b

Ry =222k0 or Ry = 20.0 k2
R; =184k0 or Ry = 1.66 k{2
Re=021klor Rg = 0.19 k(3
Re=21 kRor Re =19k
Ri(max), Ri{min), Re(min)
Rra = (1.84)]|(20.0) = 1.685 kQ

1.84

Vg = [ —m—. g =

™ (1-84+ 20.0)(”) =499V
=499 —0.7—(-6) _ 0.31

1.685 + (B1)(0.19) _ 17.08 0.0182 mA
fcg = 1.45 mA
For max, Re =

Vep =12 ~ (1.45)(2.1) — (1.47)(0.19)

Vcs =868V

Ipg =

R?(minju R;(max). RE(mu)
Rra = (1.66)]{22.2) = 1.547 k0

1.66
Vg = [~ Y1) 6w s 165
™ (1.554-22.2)(121 6= ~5.165 V
-3.165—0.7+6 _ 0.138

I = = E 7
P9 = 157 4 (81)(0.31) — 1858 = V0072 mA

For min, Re = lcg = 0.582 mA, g = 0.589
Vosq =12 — (0.582)(1.9) — (0.589)(0.21)
Vegg =10.77 ¥

Se 0582 € fo € 145 mA

8.68 < Vopg < 10.7TTV

342

3.43

Veeg = Ve — 1o Re + Rg)
5=12-3R.+R, )= R+ R, =233k

Let R, =03340 and R. =240

Nominal value of §=100

Rp, ={0.1)(1+ AR, =(01}101)(0.33) = 333 k2

3
IBQ = @ =003m4

Vou ‘_'l'RTH {12)-6=

l
—(3.33)12)~5
. £ 03302

Then
Ven = {308 +V,£(an)+(l+ﬁ)inE -6

Rl(s.sa)(l 2)-6=(003333)+07 +(101)(003)(033)- 6

which yields R =222k0Q and R, =392 10
Now

R 392
Vi =| —2—K12)-6=| —Z5__ 121
™ {R,+Rg]( ) (3.92+22.2)( -6

or

Vg ==420V

For =175,

Vg =15y Rey +Vye{on) +(1 +B)lsqRe -6
Vpy £6-07 ~42+6-07

2 Ry +(1+ PR, 333+(76)(033)
=00387mA= [_.=290mA
For #=150, -
__ =4246-07
*2 " 333+ {151)(033)

Then
{-=310ma4

Specifications are met.

=0.0207 mA

Ry, =RJR, =Y12=2412

R, [ 12 _
Vi =(R, v ]v“ = [—1“3)(20) =16V
(2) For =15

20=(1+fH R +Veg(on) + 1o Ry, +Vy,
20-07~16=1,,[(76)(2) +24]

So :

Thg=00214mA, I, =160mA, Ig=162mA
Vieco = 20-(16)Y1)- (1.62)(2)

or

Veg = 1516V

(b) For =100, we find
I,Q=0.OIGIM. Ica=1.61mA. Veeo = 1513V
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Icg =48 mA — Igg = 4.84 mA
Veeq = Voo = IcqgRe ~ IeqRe
6 =18 - (4.8)(2) ~ (4.84)Rs = Rg = 0.496 kN

Rry = (0.1){1 + B)Re = (0.1){121)(0.496) = 6.0 kO
Vryg =IpqRrr + Vaeglon) + (1 + 8)Ipg Re

Vra = -h}—l Rruy Voo = ?11-;-(6.0)[18)
?;T(s.u)(la) =(0.04)(6.0) + 0.70
+ (121)(0.04){0.496)

1 BY =
7o(108) = 3.34

32.3R;
- .3 k1. ———
£1.=33.1 323+ Ra 5.0

Rz = 7.37 k01

For nominal § = 70
9
Ipg = # = 0.0286 mA — Jgg =2.03 mA
Vesg = Voo — lcqgRe - IgqRe
10 =20 = (2){4) — (2.03)Rs = RE = 0.985 K
Brag = (0.1 + 3)Re = (0.1}(71)}{0.985) = 6.98 K
Vry = IggRrs + Vee(on) + fgqRe

1 . .
S Rry Voo =IpgRry + Vee(on) + fzo s
Ri(s.ss)(zu) =(0.0286)(6.99) + 0.70
1
+ (2.03)(0.983)

1
—E(139.8) = 2.90

Ry =482 K B _ o
B=923K oL =0

R, =818 K

Check: For 3 =50
8.18
Vrg = (————) (20) = 2.90

8.18 + 48.2
Isg = Vrg — Vee(on) _ 2.90 - 0.7
Rry +{1+pB)Re 6.99 + (51){0.985)
= 0.0384 mA

Ieg =192 mA

For 8 =90

Ing =m0 07 _ 4 0228 ma
6.99 + (81)(0.083)

Icg = 2.05 mA

Design criterion is satisfied.

Ieg =1 mA « [gg = 1.02 mA

Veeg = Voo = IcgRe — IsgRE

5 =15~ (1)(5) - (1.02)Rg = Rz = 4.90 k§)

Bias stable: -

Rry =(0.1)(1 + A)Re = (0.1)(61){4.9) = 29.9 kDD
1 -

Ipg = 50 0.0167 mA
1 .

Voa = 7 Rry - Voo = IpgRry + Vazlon)

+IgqRe

-Rl-(zg.g}(ls) ={0.0167)(29.9) + 0.70
1

+ (1.02)(4.90)
1 = -
F(448:5) = 6.197

T2.4R,
= 72. —7rd a9,
Fid) 2.4 kD, 7244 B, 20.9

R = 50.9 k2

Check; For 3 = 43

Vorg = (ﬂ-—-—)(l.ﬁ) =619V

308 +724
foo = Vrir — Vee{en) _ 6.19 — 0.7
B9 = Rrz+ (1 +3)Rg 209 + (46)(4.90}
=0.0215 mA

Al
Icq = 0.968 mA, -;,—5 =3.2%
icg =098 mA, -3~

Check: For 8 = 75
619 — 0.7

= s T = 0.0136 mA
9.9 + (769{4.90) m

Ipg

fcg = 1.02 mA, % = 2.0%
Ic
Design criterion is sadsfied.

(@) Ve =L g(Ro+ R ) +Vegp

3=(0)(5R, + R )+ 14 = R, =267k

100
R.=133k2 , 1,,0:@:0333;1,4
Ry, = (00)(1+ A)Re =(0.)(121)(2.67) = 323402
1 1

V., =— R, V. .=—(323)3

= R Voo = (3233

= Ly Rey +Vag{on)+(1+ B)1 4R,
= (0.000833)(32.3)+ 0.7 + (121 0:000833)(2.67)
which gives R, =973k}, and R, =484 42
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3 3
m I, = =
*TR+R, 973+484
co =100 A
P=(Iq + 1 Ve
or
P =362 uW

=206 yA

= (100+206)(3)

3.48

Rrp = Ri{|R2 = (0.1)(1 + 3R
= (0.1)(101)(3) = 30.3 k(2

R,
Vr3=(R+R)(4) —E'RTH'(4)—2

Igq
IEQ-I-{-B- 5 mA

5=1IgqgRe+ Vealon) + [gRry + V1
5 = (1.67}{3) + 0.7 + (0.0165)(30.3)

1
+ R—1(30.3}{4) —2
0.80 = %-(30.3}(4} - R_= 152 kO
1

152 R,
s 303 = 37.
152 + i, 303 = By =378 k{2

349

8.  Rrmy = AR = 1020 = Rry = 6.67 kO

. i 20
Yrwu = (m) (10} -5= (m)(lol -5

= Vryg =167V

b. 10=(1+5)IEQRE+VEB(OII)+IEQRTH-!-VTH

foq o 18=07—167 _ 7.3
=TT+ (613(2) 1287

= Igg = 0.0593 mA

Icg = 3.65 mA, [gg =3.62mA
Ve =10 = [eqRe = 10 — (3.52)(2)
Vg =276 V

Ve = leqRe - 10 = {3.56)(2.2) — 10
Ve==21TV

3.50

V* =V =l ,(Re+R.)+V, f
20= (05K R+ R ) +8=> (R, + R )=24 k2
Let R, =10k then R =14 kQ

Let 8=60 frem previous problem.
Ry, =(00)1+ B)R, =(0.1)(61)10)

3.51

O Ry, =61k

lig = g2 = 000833 mA

R, 1
V., = (R R)(IO) -5= E-Rm-m—s

Now
0= (1 +ﬂ){30RE +VE.9(0"1)+ IBQRTH +VTH
10=(61)0.00833)(10) + 0.7 + (0.00833)(61)
1
+—(61}10)-5
2 (6000
Then R, =7004k2 and R, =474 10
- 10 i0
fp= = = 154
*TR+R, 70+474 A
So the 40 pA current limit is met,

K. Rry = R.1"Rz = 35”:2'0 = RIE. = 12.7T k¥
Vr‘“":(ﬁ +Rz)m (20+35)( -
= Vg =—2.45V
b.
foo = YTH = Vaz(on) — (-10)
79 = T Rraz + (1 +B)Re

 —245-0.74+10

= 2.7 + (76)(0.3)
= Ipg = 0.135 mA
Icg =10.1 mA, Jfzg=103mA
Vegpq =20 - IggRe — [eqRe

= 20 — {10.1){0.8) — {10.3){0.5}
Veeg =677V
<.
Ry =20+ 5% =21 ki}
R, =35-5% =33.25 kD
Reg =0.5 —5% =0.475 kil
Rrg = Ry||Ry = 213225 = 12,9 k[
R )
Vrg = =——— [T} =5
TH (R. i)
21
= | e — -5==229V
(21 T 33..25)(”I S=-2.28

IBQ = —2.29 - 0.7 — {~10) =0.143 mA

12.9 + (76){0.473)
Ieqg=10.TmA, [pq = 10.9 mA

Fort R =08+ 5% =0.84kQ
Veeg = 20 = (10.7)(0.84) - (10.9)(0.475)
= Vogg =5.83 V
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For Re = 0.8 - 5% = 0.756 ki
Voeg = 20 — (10.740.76) — (10.9)(0.475)
= Veopgg =6.63 V

Ri1=20-353% =19 k13
R =35 +3% =3673 k0
Reg = 0.3+ 3% = 0.325 kf2

Rru = Rij|R: = 19]]36.75 = 12.3 kR

. 19

Vv = | ———= {7 =5 = =2, 1

TH (19+35.75)“ 2 61V
-2.61 —0.7T - [~10

Ing = L = (-1 }=o.123 mA

12.5 4 (76){0.525)
feg =938 mA, [go =9.70 mA

For Re = 0.84 k()
VCEQ =20 - [953}(054) - (9.70)(0525}
= Vcsq = §.86

For Re = 0.76 kD
Voeg = 20 - (3.38){0.76} ~ {9.70}(0.523)
= Vego =763V
So 9.58 £ Jcg £ 10.TmA
and
583 S Veegg €763V

1. Rrp = 500 k(500 k|70 k2 = 250 k|70 kO

= Rry =54.7KQ
5w Ve 3 =Vry _ Vrg — (—5}
500 500 70
5 3 5

1 1 1
500 ¥ 500 ﬁ"“"”’(ﬁ'&"’ﬁ*’ ﬁ)
- 0.0554 = Vr5(0.0183)
Veg =-3.03V

Vry = Vpg{on) — (=5)
Rru = (1+ JAg
 —3.03-0.T+3
= ST aeGT
Isq = 0.00227 mA

Icg = 0.227 mA. fgg =10.229
Veeg =20 - {0.227)(50) — (0.229)(5)
Vegg =751V

Igg =

Ry = 3060420 = Rry = 10k
5—=Vry +5—VTH _ Vry
30 60 20

5 5% L, L1
30 80 #1300 T 60 T 20

D'I

YVrg =35V
For 3 =100

Vryg -~ Vog(on) = [—-5)
ARrg + (1 + B8R
253-0T+35

= 10 + {101)(0.2)
[BQ = 0.225 mA

fco =225 mA.

Iﬂq=

leq=1727mA
13 = (22.5)(0.5) = (22.7){0.2)
Vegg = =0.79 ! In saruraton

Veeg
= chq =02V

Ve = Vry ~ lagRry = Veg(on)
=12.5— (0.225)(10) — 0.7
= —043V = Vo = =043+ 0.2 = =0.25 v
10 = [=0.25)

lcg = s = Ieg =20.3 mA

3.54

Rrg = Rif|R2 = 100{40 = 28.6 kO

R 40
VTH (R T R )(10} (m) (10) = 2.B6 V
oy = —2d = Veglon) 2.86— 0.7

Rra + {1+ MRz 28.6 + (121){1)
Ip; = 0.0144 mA
IC; = 1.73 mA.

Igp = 1.75 mA

10 — Vga
3

Iga =

10 — Vg,
3

=iy +1p2

Vgs — Vg;(nn) - (—10)
5
V2 — 0.7+ 10
=1 ——reis
T mne)

10 9.3 1 1
T3 2 Vg e —
3 &5 “”(a + (121)(5))

1.59 = Vpa(0.335) = Vg = 4.75 V

4.75 — 0-: =10 I =281 mA

lga =

Ipg = 0.0232 mA

Ioy =279 mA

Vegor = .75 — (1.75)(1) = Vego1 = 3.0V
Verg: =10 — {4.75-0.7) = Vepgy =595V
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3.55

3.56

Ve, = —0.7

I = L;D(':ﬂ = 0.215 mA

Ve = —0.7—-07T= =14

Tea = ?”—;{'—” =g =36 mA

Igz = 0.0444 mA

feg = 3.36 mA

Iy = Ipy + Iga = 0.215 + 0.0444
Ip; = 0.259 mA

Ip; =0.00320 mA

Iry = 0.256 mA

Current through V'~ source = Iz + /g3 and
Iey =Igz = (1 4 8z = (51)(8.26) uA

So total current = 2(51)(8.26) A = 843 gA

PT =1V | =(0843)5) = P~ =422 mW
{(From V™ source)

From Exagmple 1.15, Io = 0.413 mA
5
S0 feo = (5-?-)(0.413} = 0.405 mA

Pt =1.V*=(0405)(5)= P* = 203 nW

(From V™ source)

3.57

Rrg = Ry ||Ra = 50[]100 = 33.3 kQ
Vg = (-L)(m) -5

B+ R
100
= | —————— —5=167V
(100+5e)(m 5=1
S=Ig Re +Vgplon) + g Rry + Vry
101
= [ = .8) = 0.808
Iex (100)(0 8) mA

Iz, = 0.008 mA
5 = (0.808) Ry + 0.7 + {0.008){33.3) + 1.67
Rz =293k

Vi, =5 — (0.808)(2.93) = 2.63 V
Vor=Ve = Veeq =263 -35= -087TV
Vg = ~0.87 = 0.70 = —1.57 V

~1.57 = {—35)

Iz = =0.808 = Rpy =4.25 k0
Rea

Vesgr =4 = Vo =-157T+4=2431V
5—2.43

Roy= =—go— = Roa =321 k00
Ire1 = lcy = Tgy = 0.8 — 0.008 = 0.792 mA
—0.87 — {=5)
B ee——— = 3.
Re e < R =521k



