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Chapter 8

Exercise Solutions B3
200 Y PP
E8.!
For Vps =0, Ip(max) = ;—; =1.2 A'= Ip[max)
For Jp =0 = Vos(max) =24 V [
Maximum power when ;:j
Vps = Yps(max} =12V and E
Ip:ﬂ?jil=0.ﬁh o i o i §o

= Pp(max) = (12)(0.6) = 7.2 Wans

Maximum power at center of load line

82 Paae = {0.03){10) = Py, = 0.5 W

E8 .4
Power = ip - vpe = {1{12) = 12 wans

c. Tunk = I-‘arnlb + P 3snk-lmh
f.o1
Thiok = 25 + (12)(4) = Tyme = 73°C

b Tcue = Jiink + P acue-tnk

Fa
a - Teae = T3+ (12)(1) = Tewse = B3°C
L® Tdev = T:lu +P. Hdlv—cug
& Ve =30V, Vop =30~ IgRe, IcVep =10 Taew = 85 + {12)(3) = Ty, = 121°C
Mazimom powes & Vez = JVec = 15 E8.5
MmAr = 4. 00 — 25 1]

IC=—10—-=H_—_£ adev—cug=T,'Pt Tm_b.=2050 2°=3.J C}'W

Vex 15 3 D rated

2
So15=30~ iRL = _L""-"'-R =250 j Tj.mu - Timb
= w ' Baeverse + Bcare—enk + Finkmsmb
200125

b. Vec =15V, Jema =2 A 354+035+42

= Pooma =292 W
Veg =15 -IcR:
0=15~2Re =R =750

= Maximum Power = (1)(7.5) = 7.5 W =+ (2.2)(05+7)
= TLowy =98°C

Teue = Tunb + PD.mu{ecne-—nak + aui-mb)
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2. Pg = Vepg:Icqg = (7.5)(7.5)

Pg = 56.3 mW

b Pr=Li.YBA_1 (65

2 R "3 N = P =21.1mW

By = (15)7.5} = Ps = 113 mW
P21
1'l—-}-a——s'= i3 =n=18.7%

Pg=56.3—21.1=2352mW

_10-4

= Ipg = 60 mA

0.1

vis _(]io) (60){0.030) = —2.7 V

= vps(min) =4-27=13V

So maximum swing is determined by drain-to-source
voltage.

Vep=2x(25)=350V

1 V31 (23} e
=~ =Lz ol L= w
< E- 7' R 2 o1 =P, =31.73m
Ps=Vpp - {pg ={10)(60) = 600 mW
P, 3135
'F—P—s——w‘—‘bn_s.?%
ES.8
_1 v
v Pi=gogs
= Vp = VIRLPL = /2(8)(28) = Ve =20 V

#Vcc—:—(:!-=>Vgg=25V

9T Tx(sy T 4(a)
=>TQ.=7{W
rVp r 20
T — = 62.8
¢ Woec 1 38 % %
E8.9 Vi e
— 1 V3 4 - ]
==.=£ = Py =80 mW
¢ P=gg T T =8l
Ve 4
b [F -é-;=b-:i-=>13=40mA
w _ VocVp VR
¢ Pa=—TF IR
{5}(4} _ (&7 -
S G4 T A G IR 'T I Y|
r{0.1) 4(0.1)
= Py = 23.7mW
= MVe _x AL
d. q_4Vcc—4 5=>n—52.5%
ES.10
V;
a. UI=UQ+UGS|-|—"_§£
dey dvgsn
dllq_- dvn

ion =K (VGIn

Vo, = +V
dv,m
dv, d: Da dv,,
dves, _

S0 =
dip, :fK 2 :}

Aty =10, tp, =0.050 A

S'D dUGSn 1 1

diDn V0.2 1

ipn =iz +ipp

Por a small change in vg — Aig = Aipa — {—Qipp)
So ﬁign = %’Aiz_

or

dipn 1 dig 1 1 _1 1

oo =3 T =3 RL T3 7 = 008

d

Then —%ﬂ = (5)}{0.025) = 0.125
g
4ot 40025 = 1125
qu
dllo 1

ad A, = —— = —— .=

L4 d‘,! 1.125 =>-4.-__0.ﬁ

bB. Forwm=5V, iy =0.25A=1p,, andip, =0
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d”G‘Sﬂ - dllcsn . dion E8.12
dvo dipn dvo . Rv=r-+ (1 +4d)R:
dv 1 1 1 | I l
Ves _ - =gt Ry o= (10178 =
= c— = — =224 and Ry =a Ry = (10)7(B} = 800 Q
di ..f 2 ,f J
O K, ‘m V02 2 4025 Ro=15k0 = RruliRs
dipn  dig < Ve 18
= === = =005 = =S8 o a3
duo drg 20 Iq = a?R. - (10)'(8) 3 mA
dGsn
= {2.24)(0.05) = 0.112
dro {2.24)(0.08) = (muuo;nzsl — 0.116 kR
duv; 223
Toe —rtollZ=1112 Ry = 0.116 + (101)(0.8) = 80.9 kN2
dvy 1 Rry(80.9)
g T —— e, Ay =9, .- = 0.9 = ———
A dvy 1.112 = A, =0803 15 = Rrals Rra + (B0.9}
(80.9 — 1.5)Rrx = (1.3)(80.9
E8.11 = (8 3YRre = (1.3) )
a I¢QE£~(2vcc)=Vcc=£=BmA = Rrrg = 1.33 kQ
2 R A 1.5 . Rs . 1
Vry = (m) Voo = = Rry - Vee
Rru = Ri||Ra ) 1 -22 2 ;
o
Fi®) ) 1 . ng=-g-= —_ = 0225 mA
Vig = [ =2 VVee = = Ry .V 3~ Too
TH (Rl + RZ cC Rl TH ce
icg e " Viw — Vae Veg = 0.7
= =2 = - =010 o e e— I = —_——
faa = o = gy = T mA = e T T R, Pe= g
= Rl—(l.sa)(w} = (0.223)(1.33) + 0.7
1
Let Rrpy = (1 + B8)Rg =(76)(0.1} = T.6 kO = R =264 kQ
1
— . [7.6)(12) ~ 0.7
0.z07 = & (812 - 07 L
) 764 7.6 264+ R;
‘RL - (91.2) =2.33 = R; = 30.1 k) (26.4 ~ 1.33) Ry = (1.53)(26.4)
1 = R; =162k
b. vE =09Vec = (0.9){18) = 16.2 V
318 16w (39.1 - 76} R = (7.6)(39.1) _
3181 + R; ig = 0.9]cq = (0.9)(22.5) = 20.25 mA
Ry = 9.43 kD
R =943 kR . .
= vo=%=%="fe=1.52v
—_ 1 o is = aig = {10)(20.25) = /p = 203 mA
b Pr= 7 (0.80cq) Ru = Z{(0.9)(8)(13) ° S

Py = 1(1.62)(0.203) = PL = 0.164 W
7 k==t 7
= T; =389 mW

Ps = Vecleg = (12)(8) = 96 mW E8.12
Po=Ps—P, =96-389= Pg=5T.1mW
fg=srmw Vee Ic
- 389 t.  fc=Isgexp o = Vge =Vrln T
q=$li=Té-=>ﬂ=4ﬂ.5% . :0_3 #9
5 Ix
Vee = (0025)1!! (m) =D.62258 V

= Vpl = Vp: = 0.6225

0.6225
0.026

Inins ={p =Ispexp (

_ -12 0.6225
=5x10 exp(u‘uzs)

Tpipy = 12.5 mA
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2

b. %=2V,IL=M

= 26.T mA

1st approximation:
ica = 26.7mA, ign = 0.444 mA

26.7 x 103
Vae = {(0.026)In (—2-3110—"”

Ip =125 - 0.444 = 12.056 mA

) = 0.6661

12.056 x [0~?

Vp = (o.ozs)ln( o

) = 0.6216

2Vp =1.243 V
Veg = 2Vp — Vg = 0.5769
0.5769

. —-13 0.5763
tep=2x10 exp(D.OQE

) = 0.866 mA

2ad approximaton:

ign =iL+icp = 26.7 +0.866 =276 mA =ig,
. 0 .
icw = (:—1)(27.5) = icn =27.1 mA

igs = 0.432 mA
Ip =125 -0.452 = [p = 12.05 mA

27.1 % 1073
2x 1012

= Vpga = 0.6664 V

VBEa = {0.026)In (

-1
Vp = (0.026)1n (M)

T 10-03 =0.6215¥
2¥pp = 1243 V¥

Ves = 1.243 — 0.6664 = Vg, = 0.5766 V'

. - 0.53766 .
top=2%10 1 exp (_uaol_os) = icp = 0.856 mA

. - 10
e. W=10V,ii = — =133 mA
0.073

ign =iL =133 mA = icy = 131 mA
ign = 2.1BmA = [p =12.5-2.18
= Jp =103 mA

-3
Vo = (0.026}1n (10'3 x 10

'E';TFH_) = 0.6175

2Vpp =123V

-3
Vegn = (0.026) ln (131 x 10 )

2 % 1013
= -E En =0.7074 V
Vepp = 1.235 - 0.T07T¢ = Vepp = 0.3276 V

0.5276
0.026

= ic: = 0.130 mA

icp =2x 107 exp (

ES8.14 _
4 wvi=0=w, vpra =07V

12 - 0.7 11.3
Im = T—-m#[m =45.2 mA

If wansistors are matched, then

gy = iEy

. . ) , i

trr =ig +tpa =1E1 + %

i =1 I+ 1 =1 1+1)
R =1iE1 T+3) =8 o
ig;:]ﬁ—‘ziafm:im:‘ﬂ.lmk
i =igs = 1 __44.1
nEMTIYE T

= ig; =i = 1.0B mA

b, Foryy =5 V=3 =3V

3

iu=§=‘ig=0.525ﬁu

igs S 0.625 A, iz = % = ip = 15.2mA
-1r . 12 -5.7

vpa=m5.TV=2>ipg = W=25'2 mA

1) =252 -15.2 =i =10.0 mA

=iz = %=D.2‘H mA

vy =5=0.7=43V

Taa= 43200 o mazip
0.25
§5.2

isz = 4— =159 mA

1
iy=1p; —ip =139 - 0244 = 15 =135 mA

ta 625
;_T = —1.35 == A; =463

c. Ar=

From Bquation (8.54}

_ U +A)R _ {41)(250)
A= mR < 2(8) =64l
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ES8.15

Ie=Ilpn+ici+lcs
=Igs +fca + 3l ps
=Igy + Fudpe + Bs(1 + 84} 54
Ig = (14 Ba3)lpa + Budalps + 8:(1 + A )BT ma

If 3, and £ are larpe, then
Ig = fafifBsls

So thar composie curfent gain is
8= B38:8s
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Chapter 8

Problem Solutions

8.1
A
Te,.
Ly ] %’L
\« 2
\\. b
——— —_— —-é
Maximum power at Vos = Vg” =25V
Pr 25 _
Io=gr=3%=14
Rp = 5";25=>Rg=zsn
8.2
_ Vee
L. Pq(ma.x) = Icq - —2—
_ 2Pg{max) _ 2({20) _
Solcg = Ve == =167 A

_ Ve ~(Veef2) _24-12 _
Ry = Tea =15 >R, =720

8.3

8.4

87
In = _IC'EQ = —-1 U' = 208 mA
- 0.7
R5=24'_’ 5 : = Rp =112k}

Icg-Rp _ (L67)7.2)
Vo T 0.026

Vo{max) 12
= v Ve —m L = =
Vo(max) =12V = Vp . 160

:Vpézﬁmv

b. [Aul = gmRL =

= 462

a.  Por maximum power delivered to the load, set

. Vi
SaVec =23V = VCE[mi)
Vee 25
Then fem = -K =57

[Cm =250 mA < IC.max

26~ 12.3
0.1

Pg(max) = Icg - -‘152“—9- = (0.125)(12.5)

Icq = = 125 mA

= 1.56 w < Pn_mgx

125
IBQ = 'i-u'a- =125 mA
25 - 0.7
T — = .
Rp TS = Rp=19.4kQ

b Pi(max) = -;--Ié-q Ry = é(o.ms}’(mtr)

= Py(max) = 0.781 W

Point (b): Maximum power delivered to load.
Point (a): Will obtain maximum signal current
output.
Point (¢): Will abtain maximum signal voltage
output.
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b. Vee=35V, Ip =0.25(5 - 4)> = 0.254,
Vos =375V, P=93T1s W

Vo =6V, Ip =0.25(6 - 4)* = 1.0 A,
Vps =30V, P§30W

Voc =TV, Ip =0.25(T—4)? = 2.25 A,
Vos =173V, P=3837T5 W

Vog =8V, Ip = 0.25[2(8 - 4)Vps - V3]

40 - Vpgs
= —— Vhg = 2.
o = Vps = 2.92

Ip=37T1A, P=108W
Veec=9V,Ip= 0.25[2(9 - 4)Vps — szs]

-V
=&IE-E§-=V95=1.38V

Ip=381A P=T116W

c. Yes, atVogo =TV P=1393T5 W > Popar =

IS W

R .
Vos = | et | I
(2] (R1+R-;) DD
Let Ry + By =100 k¥

=[R2\, _
6.5 = (wo) (50) =Ry = 13 kO
R, =87k
b.  Pp =1IpqVpsq = (1.25)(25) = Pp = 31.25 W

C. ID.nul = 2IDQ = Ip'm‘, =25A

VDS.nAz =Vop =‘VDS,=||::|: =30V

Pb mar = 31,25 W

8.7

88

d.lE

V. = gmilg

8n =2JK.1pg =2,/(02)125) =1 A1V
Vol = {1)(20)(0.5) = 10 V

(a)

P Caeay
p( ()

=Y

25 < -7
Tasg

—r“s-(naw.\

() Py = Py —(Slope)(T; - 25)

py=0. 7 =R 1w

T o= T

c) P, =_fm o
©) Ppoun 9

or

14525

9d'n'4ub= = 9‘,,-,_,=2°CIW

T),mn: - Tlmb
PD.n:ed = '—_'—ad"-c“l

or

8 - T!,mt Tunb
dev—case = PD ated

=802 o seoyw
30

Then

Taev = Tionn = P.D(sd.nv-n.u + a:m—unb]

150 — 25 = P5(2.5 + feasamamn)

= 125 = PD(2-5 + acue—lmh)
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8.9
Pop=1Ip-Vps=(4)(5) =20 W

lei = luimb = Pﬂ(adﬂ'—cuc + stuc—ml + alnk—amb)
Taev = 25 = 20(1.75 4+ 0.8 +3) = 111

= Ty, = 136°C

Taev = Tease = Pp - 8gevcase = (20}(1-75] = 15
Tcue = Td.v - 35 =136 - 35 =» M

Tesse = Taink = P - Benseea = (20)(0.8) = 16°C

Tuink = Tcase — 16 = 101 — 16 = Ty = 85°C
8.10

Tﬂﬂ - Tunh = PD(adev—cne + |9cne—unh}

200 - 25 = 25(3 + fcase—namn )}
= easemims = 4°C/W

31

Tjmae = Tams _ 175 — 25
-PD.nud - 15
TJ.HIII - Tmb

=10°C/W

adev —caie =

Pp
gdcv—cuc + gcut-——mi + gank—amb

175 — 25
== e W
Tot1ss f2=10W

B.12

B
,’=_L
5

Ps=Vec-Iq
Fo=Ve 1= (%) (ra)

i..
=Veeo-Ig
1= Vee - Ig = 1=30%

B.13
4. Neglect base curreats.

si{max) = V* = Vegsat) = 10 ~0.2 =93 V
9.8 9.8

iL(mn]—IQ—FE=T‘=‘IQ—98mA

_0-0.7-(-10) _

izi(max) = 2/g =rig (max) = 19.6 mA

igi{min) =0

ir{max) = Ig = 9.8 mA

ir{min) = —Jg = =98 mA

b PL = lic(max)) R = 2(9.8(1)

= P = 46.02 mW
Ps=Ig(V* -VT) +ig{0 -V
= 9.5(20) +9.3(10) = Ps =294 mW

P, 4802
8.14
. - vo{max)
8. lg(min) = RL 0 1 = Jo{min) = 100 mA
R=1287=(=1D) 13

100

b. Pgi=lg-Vep =(100){12)=> Poy =12 W

P(source) = 2/q(12) = 24 W

+_ 1 Vi _ (1) .
¢ Pr=3 Re = 2100y = O W
Pr=12+24=36W
_ P, 05 _
1=F =73 =0 =13.9%
8.15
VA _ (Y
L= R T &
_— v+l
L VD L ) e e
2 R 2 Ry
(v+y?
SoPs = T
Pr

8.16
(3) Vs 2Vpg(sar) =V —Vpy =V
Vos =10-Vy(max} and 1, =1, = Kn(vcs)z

Vo{max) 2
RL = K-(VGS)
V,(max)
V. =_|-2
Gs R, K,
So
{max) V,{max)
10—V,
o{max) = J (5){04)
[10 = Vo (max)]’ = YEL'_;.‘.’."_}
100 —-20P3(mu) + Vil (max) = M

z
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) 80 x 1072
Ve (max) — 20.5Vp(max) + 100 = 0 vep = Vrin ('Tcsﬂ) (0.026)In (W)
20.5 = 1/{20.3)% — 4(100)
Vo{max} = ) veg = 0.67T08 V
= Vomax) =8 V vy = V;B — vEB + vo = 0.5987 — 0.6708 — 8
" =y =-807T2V
i = == i =16mA
- = ves = Vag = ves = 1.1973 ~ 0.6708 = 0.5265 V
i
Vo= b= |20 sy _ 0.5265
i K, 4 2 im=[sexp(%€-)=5x10 ”exp(oozs)
- .
= =10V
=20y = :g,.=0.311mA
2
b. Pr= %-Eg]-—=6.-t mW P. =11 R =(80)°(0.1) = Pr = 640 mW
PQn = lc,. o ER = (0.311}(10 - (—3))
—  20(L.6) A
s = = =102 mW = Pon =560 mW
= Po_64 §2.7% Pgp = icp - vECc = (80)(2) = Pgy = 160 mW
Pz I=——=
8.17 8.19 2
=K Y,
Vs =iLRL and iL =£'D = K_(vm "VTN)I (@) ip, "(VG:" TA')
or ;',_=,K,,(v,._;,)2 and vy =v, —v, /Qi+2 m oo =25V = VB2
Then 2 2
vo =K, R, (v, -\»-ﬁ,)2 or vy =2(v, -'vc,)2 = Ve =50V
; Prn=(0.5)(10}) = Pp = P, = 5mW
dvo = 2.2{v; — wp) 1=
dvy dvr
(b) Vos =V -V = Vs =V -2
d =10—
2001 + 4vr = wo)l = 4(vr - ) Vas = 10— v,(max)
or do . _Ar—w) i v,(max)
dllj— 1+4(lﬂ'—lﬁ'o) V.. = —L_+V = _O.._+2
d 4{10 — B) R R
w ——
= v = —_—
Forvi=10V,m=8V=m 1+ 4(10 — 8} = [Yo(max)
= 9% _ o589 @0)
duy 50
Atpr =0, iy = 0=:od”° =0 {max)
d P dv; 1D-w(mu]=\/-@+2—2=vﬂ-2—
dwg ‘
A!Vr=1.m=0.5=o-m=0.667 $0 vs(max) =8 V
. R 8 . .
1D"=”'_=—=>tn“=i; =B mA
8.18 , 1
_ icY _ $ x 10~
a. Vgg = V‘r In (Is) (0 026)1 (—10 13)
5 .
V35=VT 0.5387 V V65=J;+2=&Vas=4\f
Py =ic-veg = (5}{10} = Pg = 50 mW =y =95V
b 1vy= ~8V
-8
L= e =ips -g0mA ,,m,:;,n_(.,,_""T”)=s-(9.s-z.5)

icp = 80 mA psgp =1V = My cutoff = ipp, =0
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Po=iiR = (8)*(1) = P; = 64 mW

Prin = ipn - vps = (B)(10 - 8) = Pyn =16 mW

Pyp=ipp-¥sp =>PME=0

8.20

a. m:'.’*lV:at:_:%:i;z-iE:SA

3
tBn=H‘-"ls.-T32mA

Potip =25 mA = igy =25+ 73.2 = 98.2 mA

=W I—N = (0. ——3——
VEE T]-n (IS) (D DEG)Ln (ﬁ x 10—12)

= 0.7004 V
30 — (24 + 0.7} 5.3
982 =il t 1) =
Then R]_ R] 382
=> Ry =353.97 00
25 x 10~?
Vo = (0.026)1n (——%) = 0.575% V

Vep = 2';’.}.3 - Vg = 2(0.5759) - 0.7004

= 04514 V

B Vv 45

= ip = 0.208 mA
b. Neglecdng base current

. 0-06 W-—056 .
\p o Rl = 531.97 =>ip = 545 mA

0.545
Vp = {0.025} In ('é""xlo__u

Approximation for ip is okay,

) = 0.656 V

Diodes and transistors matched = iy = ip = 543 mA

8.21
(a) ‘rm‘K( G5 m)z

VG:1=E+I=2V

ID!—K( G5 -V )z
200= K, (2-1)' = K=K, =200ud/V?

B) vy + Vo, + Vo =V = v,

For vy large, iy =i, = K, (Vo -V,

Var = [ 47, J‘

1

{05)(5)
o
- -— 3
Vi = inph + 75
dur _ _;‘_"_°+l._1_.d"°

der durr V2.50,  dur
dl’n 1
L= [1 + 2,F2.5‘u°‘]

Forwm =5V :

dvp 1 dug
= —1] | = ~—=={1.1414
dw[ * ./2.5(5)] dort )

= 3 _ 076
dvl

3.22

V,, _ [
Vg =¥, +T—V and V KL""-VTN

For v, =0, Im=!m+il=fm+ﬂ’—
‘RL
Then
{on + R
vo—v,+v—— oo +{vo/R.)
K,
or

I
vo=vi+lsm_y |l fi Yo
2 \‘K_ 1’ T50R,

For v, small,

v !
Vo= v+ LV - ﬂ-[ni -2 J

K, 2 IR
I
va ]+—!.- ﬂ.—.l_
2 VK, IR,
v !
=v, =Sy . [02
WS Tk
Now
Lo | =095
v, 1+l. _Iﬂ 1
2 YK, IR,
i (I 1 1
oo |- e _1-00526
2 YK, IzR, 095
|
For R, =01 k2, then = 001052
t N
K1, =951
We can write

8 =2fK I =190mA1V

This is the required transconductance for the output
transistor. This implies a very large transistor.



Electronic Circuit Analysis and Desien, 2™ edition Solutions Manual

8.23 823
A, = =gmRer Ra 1.55
Vru = (——-—-——) Vee = (———-—-—){10}
S0 = 12= ~gm(2) => gm =6 mA/V = I%.— R+ Ry 155+ 073
T =680V

Iog = (6)(0.026) = Icqg =0.156 mA
Rrp = Ri[JRa = 0.73|{1.55 = 0.496 k(2

But for maximum symmetrical swing, set

Vi 10 foog=—VTE=VEE _ __ 6.80~0.70
Icqg = ch' = =SmA=|Al>12 59 = Rrm +(1 + B)Rg 0496 + (26){0.02)
. Ipg = 6.0 mA, fcg =150 mA
Maximum power to the load: A, = —gmRr and RY =a’ Ry = (3 (8} =72 02
t Vic (100 Ic 150
== ==k = _dcq _
?;= Vee - [CQ = {10)(5) =350 mW A, = _(5_77:’(72) = =415
So g = 50% Vol = Al - Vi = (415)(0.017) = 7.06 V
Vo = —DB =235V
Isg =252 = 5 - 0.0278 ma 3
5Q = .B = 180 = U m
2 2
R o= Rryg =6k} E=l-%=&§§l-#r=343mw
Vry = lagRra + Vee(on) + (1 + 8 5g Rz ? R 2(8) )
FPs=lcg Vee = (0.15)(10) = L5 W
Set Rg =20 02 n=§=w=‘ﬂ=23%
Vry = (0.0278)(6) + 0.7 + (181)(0.0278){0.020) : 1§ —
Veg =0.967V
1 8.26
Vrg = -l Rry  Vec a. Asgsuming the maximum power it being dalivered, then
1 -

1
0.867 = —(8)(10) = R; = 62.0 k}
R:()( ) %’[peak):SSV»%=3TG=9V

R; = 6.64 kO o Vigs = 79_5. = Vig, = 6.36 V
8.24
IcQ=VRL:=%=1.5mA . %=_3‘%=.VJ_=25.5V
Ian'flﬁsﬁ=0.15mA c. Smoﬂwfm=%=ﬁ%=’&ﬁm
2
Primax) = ;- %”- = {21(% = Pr(max) = 112.5 mW Primary I» = 0.314 .y '=73_5 mA

Lat Rrp =10 %0
Vrw = IsqRry + Ve + (1 + 8)IsaRe

= (0.15)(10) + 0.7 + (101)(0.15){0.1)

d Ps=lcg: Ve = (0.15)(36) = 5.4 W

n= ﬁ =n= 3T%
1 1
Vrw =3.715 = —. Vee= —.
TH E Rra - Voo R {10)(15)
Ry = 40.4 kQ
Ry =133k
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8.27

1+8Y
=V
(55)=

mh=Vetv,oVy=v, -1,

o= o = v (222) 7

"

1+3-R‘
ve o _ o F __(U+HRE v
v, 1+1;|-3_R.s re +(1+ B8R~ w
‘I'n 2
whmR'=(—‘) Ry
n3
Ve (ﬂ})
v = 50 v, = Vo [ ~—
o 2
()
o=t _(+8Ry
vi (:_1_1') re + (1 + 3) R}
Az

Ps=1Icq- -Vec
For n = 50%
L ]
E =05= : ICQRL “QICQRL
Bs leg-Vee 2WVee
50 a? Vee Ver 1 Voo

STeq-Rr @S LT 5

o Tx_ BV 45(0.026)
© = T v Bl - GOOD
= & =0,255 0

8.28

a.  With a 10:] wansformer ratio, we nced 4 current gain
of § through the transistor.

— ;

LL- L)

= Fooa

. o ( RiRa )
"‘(”’3"*”‘“‘"(Rluﬁwa.., b
50 we nead
i Ry||Rs
y -8_(1+m(R:IIRz+Ru)

where

Ry=re+{1+ ARy = (1 +3)RL
= (101)(0.8) = 80.8

R || Ry )
Then &8 = (101)] ————t2 ___
( )(RIHR, +80.8

RifilRy
Rl + 803 = 00792 or il Bz = 6.95 k2

Set
2b’c¢_ " _VCC__IE__
2leq =R =lcq= R, " 08 =13 mA
Iag = 11le =0.15 mA

Vrg =IpqRry +Vae

1 . .
7 Bry Vec = IsgRrr + VaE

Ri(e.ss)m) = (0.15)(6.95) + 0.7
1
= R: = 47.9 k(1 then RQ = §.13 k{¥

b I.=09%s=135mA = % = [; =135 mA
1

P = =(0.135)*(8) = PL=T2.9 mW
Ps = Veclog = (12)(15) = Pz = 180 mW

L] |

=

= n=40.5%
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. Vp= V‘QR;F;
Ve = /2(8)(1) = 5.66 V = peak output voltage

_ Ve _566 _
[_.:-RL_ s 0.7038 A = peak output curreat
Set V, = 0.9V = aVp o minimize distortion

0.9)(18
b. Now
1 fIp 1 f0.708

Icq—ng( )=ﬁ(m)=}lcq-‘=ﬂ.275?t_

Thea Pg = Veclg = (15)(9.275)
= Py = 4.95 W Power rating of transistor

8.30

& Need s current gain of 8 through the transistor.

—ﬁ
Le
‘L):
RMR,
| =

ib-: = —L—Rl Rz
o8 “*‘”(Rlnﬂnﬁu)

=2 (1 + §)(0.9) = 90.9 k0
e (gl
101 RijlRy +90.9
or R;"R: = T7.82 k7

L jloo. e
AL

Foona,

where Ris

) = 0.0792

Sex
Ve 12
2Icq-09kﬂ=>[cq=aﬂ- 13.3 mA
13.3
Igg = m— = 0.133 mA
Then
RL(T.az}uz) = (0.133)(7.82) + 0.7
L
= R; = 53.9k{and R; =913 k¥

I.-—(09)Icq—121‘hA=I—=>IL=12OmA

b,
P = (0.12) (8) =P =516 mW
b2

= Vccfcn =(12)(13.3) = P5 = 159.6 mW

L 516
q_?ssm%l}—36.1%

8.31

4. All transistors are matched,

sy

61 -1
= =
3.-( Go)lc-::pg 2,90 mA

. . 1
3m-ﬁ-=ts1+tsa=(

b, Porwa =6V, let A; =200 .

o= =003 A=30mA =ig

S
200
. 30

18y = H = 0.492 mA

tg1 =3 — 0492 = 2.508 mA

231"'2—6510—8='l§1—41 llﬂ}\

is:;?-mA:im=§—l=>49.lspA

fy=igy —ig = 49.18 —~ 41,11 = {7 = 8.07 gA

Current gain
30 x 1072 a
A.=W=A.=3.szlﬂ
iE3 30 x 107
Veegs = Vrln ( T ) (0.026) 1n (*-F

Vaes = 0.6453 V

izi) _ 2.508 x 10-3)
Vem = Vrln ( Is ) = (0.026)1n ( 5o

Vepy = 05807 V
= g + Ve — Vgg1 =6 + 0.6453 — 0.5307
v = 6.0646 V

Voltage gain

g ]
o e— .= 4.98%
Av = = Soees T Ae=0989
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8.32

a. Forig =1 A, Imgg%awmA

We can then write

10 = Vgo = 10 - (Uﬂ max + VBEJ)
Rl Rl

- 20

I, for simplicity, we assume'Vgg, = Vpgs = 0.7 V,

then

0 - v‘BE 200 maz
R, = R. + 40

If we a55UME vo max = 4 V, then

8.3
15;:32_#[31—0256 A= g

Since Isa ¢ = 100353, then
Igs =Ipy = 2.86 A

c.  We zan write

L]

e+ R
NS M Y Evn
2 1+ 4,
_ BsVr _ (50)(0.026)
Now re; = Ter = 236 = [.4545
_ BVr  (120)(0.026)
S e T oa2ms - 1091@
So
o | 04545 + 325 | 091
Ro== 121
2 51
0. 9
32.5 || 1991 _ 52 5010.0902 = 0.0900
Then

0.4545 + 0.0500

1
= E{T} or flg = 0.00534 O

8.33

1
R = -E{m + (1 4+ B)[Rul{{rws + (1 + F)R2)]}
icy = 7.2mA and icy =2 7.2 mA

(60){0.026)
7

Then r, = =0.217 k{}

So

R = -;-{u.zn + (61)[2[{0.217 + (613(0.1))]}

= %{0.217 +61[2[46.32]}

ar

R; = 46.4 kQ

8.34

-
b, 1=K (Vg +Vp) =%

1
5=10(Vsg =2 = Vsg =2.707T V

s= 2200 g =R =145k
R,
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e Rp =100 Q For a sinuseidal output signai: Ip1 = 1.692 pA = Iy = 1.534 pA
2 2 IC_SO( )1692 = fox = 76.9 uA
?‘:l-g"—°L=l-£§-}—=>Tc=125mw 2= (80) ( )
2 R:_ 2 01
= = 3.92
ips & {vo ﬂ = ins =50 mA Ieca (51)(50}( )(l 692) = Iy mA
R T 0.1
=1HT+2—-4236V
-
=R @B6FE o gsmma a3
1.46 -
Vigi = 1}015023 +2=2229V
v =35+4236 —2.229 = v =T7.00TV
- Veor) = (=
los = {v; 5164}5 (=10) _ 10(Vio = 2)?
17.007 = Vg s
— e I Vi — 4V .
1.46 10(Vsg —~ 4Vsc +4) Because of roy and Z, neglect effect of ro. Then negiectng
14.6V3c — 5T.4Veg + 414 =10 ra1, roz. And ros, we fnd
. Vy
v 374 % \/(57.4)’ ~ 4{14.5)(41.4) Ix = gmiVies + gm2Vez + gmi Ve + .
sa = 2(14.5) Now
Vsgs =298V .
w1 = Vi, Vez = gmiVeire
1 (rﬂ-i-Z)x 2 91 17m2

Ips =10(2.98 —2)* = p; = 9.60 mA
Veur=ur— Ve =T=-298=4.02V and

V; =5-402=098V=Jps =10
G == Ves = {gm1 V1 + gma Vi )rma

= [ﬁml Vi1 + gm2(gmi Verre2 )}Tﬂ

8.35
Far g =0
-
Ig=lca+Icr+1E1 Vier = (r,,l +Z)[9m1 + gmigmarsezires - Vx
14+ 3a Ics
Ips =Ige = Ieg = — (81 + A1 fa)res
= = ( Ba ) @ = Bn Ves = Twr + 2 Vx
and
foca = (1 + Fa}ler
g o B _de2 _ 1 ) Vv =( Bi7ea )V
tor = lev = () = 2 Ve = w057 ) = (205
2 Then
IC = ﬁn(—L)I
: Y oo BithBss o BB

lea = “ + 5,1)8"(—'GL)151 ey + 2 Ty + Z

+,3’ + Jﬁl ; VX + X

re+ 2 el + Z

85

Ig=(148a _( )I
Q ( '6 }ﬁ +|Gp £l
+3ﬂ(‘f‘%)?£l+]5! Ra—v— ey + 2
¥ o Ix = 1451 £ Bifa + (Br + B151)Bs
= 500 (12} 151 + 50 (12) 121 + 1y o = (09 _ 560 30

Iq = 2318.18J;, +45.45/g + Ig: Z =25k
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Then Mow
Ro = 169 + 25 Iy = 100.05J¢cy = 50 mA = Iy
1 +g(10) + (10)(50) + [10 + (10)(50]{50) Ics = (100)( )(u 5247) = 49.97T mA = I¢,
194
R= EE._oﬁ = 0.00746 k3 : .
of Ro = 7.46 0 b. p.,=1oV=>iElzIITD=e_mA=ic1
. 100
8.36 F T T L 3
4 x« 107
A Ncglect base currents. Veg = 2(0.026)1:1 (-IUT) = 1.269 V
0.1
1% = (0.026)1 wea—— 4z 0.7184
Vas =2Vp =2Vrln (IB'“) 71 = ( o (10“3)
Is
- -3 - — = 0.55
= 2(0-.02'5) In (a x 10 Vems = 1.269 — 0.T184 = 0.5506 V
0= o =107 ex (0'5506 =0.157T mA
= Vgp = 1281 V e = P\Toze ) =00

b4 z
I R—°={—191-=>'PI=1W

Veer + Vems = Vaa 100

I =ley+ica Pg: =ic1 -ver = (0.1)(12 10} = Pg, =02 W

Ips = foy = (I 17 )IE.B Pga =icy -veea = (0.15TH10 — [0.7 = 12])
? = Pgy =3.34 mW

fcz—ﬂ..fsz-ﬁ'n( B )Isa

15, ey = {100){1is3) = (100){0.157) = 15.7 mA
Iss = I'es +ﬂ,.(1 - )IE; Pga = ica -wegs = (16.7H10 = [-12])
+ f;a = Pgy = 0.345 W
Ig —Is;[1+.r3 (—-—J’—)]
: 1+5 8.37
1"'5") (1+3 ) [ ( A v M
oy = —X8e)f » 8. g = 3{0.026}1n —
( 3. €1 A c3|l + B 1+5P)] 192
! = Vpp =174195 V
Vee —Vln[—} Vess = Virl [‘”
: v £83 Tn Is Vee1 + Vee2 + VEpy = Vasr
21 20 Ies = le2 [c,-{‘:_’
= (= 20 T fa -7
(1.01) ]y (20)&.-; [1+(100)(21)] g
= 21 _ - 1 :[E'.) (IC’) vein {122 2 v
—Ica[20+1001 = 101.05]cy rl“(!; +Vrin )+ Tln L_) = lga
- . IJ .
Ier = 100.05/c3 Vrln [aﬁg] —Vas

Veln (mn osIcag ( )=vaa i @

o = 8nls\exp -
Vel (100 0sI2, - Ve Y Vr )

- 1.74195
100, c'sIm ( ) = (20}{2 % 107'%) Mexp (—)

= 0.026

Joez =020 A, [y 210 mA, Ioy 2= 0.3 mA

=0, = . - 0 -3
mo 05 04997 mA = Jop Vae: = (0.026)In (-——1 x 10 )

2 x 1012
Then /gy = 0.5247 mA = V; = .58065 V
g =10
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0.2
VeE2 = (0.026)1n (W)

= Vpps = 06585V

0.5 x 10~°
Vegs = (0.026)1n (W)

= VEBS = 0.50276 V

—_— 1 %2 1 Voi
b PL=10W=7z-2-=3 3%

= Vo(max) =20V

For vo(max) :
7 2
LR ) M
PL_RL_ 30 :P —.20W

. 20
io[max) = Tk —-1A

icy +ics +1igy = —lp(max) =1 A

. dcs 1+ﬁ,) i£4__(1+ﬁg)_
et . (ﬁ, 5. g /!

ol () (£ (52))]

S REROMCIDY

ics[1+ 0.06 +0.0036] = 1 =ics = 0.940 A

igi = 0.0564 A
igs =3.38 mA
ic: = 2.82 mA
2.82 x 1072 .
Vo = (0.026)1n (-QN_IO"?-) = (0.547T V

Ve + Ve = 1.74195 — 0.5477 = 1.1942

' Iea Iea
% 22 Y\ L e _
ﬂn(ﬂnfs)-'- Tln(fs) 1.1942

/ 1942
ler = \/Bn-Is\fexp (%ﬁ_ﬁ")

= V/20(18.83) mA
Ica = 84.2 mA



