Electropic Circuit Analysis and Design, 2™ edition

Solutions Manual
Chapter 17
Exercise Solutions Va = Lszﬂ s V=11V
E17.1 . Oran= ig = —1.1 ~c;.22,—(—5.2) =224 mA
Sl X el ) - '
. 1E= s =ImA=Rg=43kQ Ron = 60— {-~21.254+ 0.7) = Rey = 35702
. _ _3-33 - .,7.. —5.
ioy =1c =05 mA = —— Re=R=C g g ousie
- = 9
= Rey = Roa = 3 k0 E174
by =1V Plicxy + tcr+1ds +14){5.2)
(=0T = (=5) _ . _ o0 8 wx =wy =logcl
B ———— ig=1. : )
E 1.3 = =icxy = 3.22 mA
ic1=ig =1 =5 - (1.23}(3) ier =0
Sy =13V . —0.7T+5.2 '
= —---15— =3 mA
vp=5V . ~1.4452
ty = ——=— =253 mA
1.5
i vr=-=-1V
P = (3224043 +2555.2)
ig =1mA = vg; =35 = (1)(3) =>P=455mW
=epp=2V b. wvx =wvy =logic0
_lﬂ}_f_ﬁ_v_ =faxy =10
icg = 2.92 mA
Ei17.2 iy =2.53mA
iy =3mA
a. Qron ¢
. 18- 01— (35) _, P = (0 +2.92+2.53 +3){5.2)
E —-—RE = = E=$§,E mw
= Rg =2.15 k1
- El175
icnzis=2mh=3'5 2
Rez
= Rep =0.75 k{} —i.4a -l 7 —hes -9 -a_7o
bh. vx=ve=2VaQdQ:on e s -7
Mok, . i
oo 207 =(-35 48 . aaimA | ~ l
- o — = dds .
E Rz 15 - E=&sTS | ~. |
_35-2 _ 15 _ I/ Sae—
Rc; = Fpa— = _23 = &J = 0,673 ki} R ¥ | R T Y
o
Ei73

logic l=-0TV
Qiand Q: onwhenwxy = vy = =0TV

_ 0T -01-(-53) _,
Rg -«

= Bp =152k}

U-!-—. . |
mior = —-1.5= Rer = ;:+01

ig 5

= Rop=3200

NMyg = =070 —(=0.93) > NMg =023V
NMy =—-117=(=140) = NM; =023V
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El7.6 El17.9
P =g Voo =012=1Ig(l7) ) 5= 0.1
ic = =49 mA
= fs = 118 pA 4‘91
Qroo = w = 1.7~ IgRc =1.7— 0.4 =2 <0163 mA= AT 43
0.4 30 Ra Re
o — = 3. B = b,
= Re O.IIB:RQ 3.39 kQ = R 26.4 kf)
1.74+1.13
Ve = ; =>Vp=15V E17.10
(a) v, =v, =5V
E17.7 v, =Vog(sat)+2V, =08+2(07) =22V
. i = %: 0.70 mA
Sare A 8 C Qo Qoz Qua @ Q2 Qr w
Ve —Veg(sar) 5-01
1 0 0 0 of of of of on on O fpe = R = =123 mA
2 1 9 06 "on~ of of off on on 0 P =(i1 - fnc)Vcc =(0-70 +]_23)(5)
3 0 L 0 of on of of on "offf 1 or P=965mW
4 0 0 1 of of on on of on 0
5 1 | 0 on on of of on of | ®) :}" =Vr= 05 z::)";O: 070¥
. -, -
& 1 0 1 on of on on off “offf | L= %‘{'L=——4‘—= LO& mA
7 0 ¢t 1 of on on on of on O P=i-V. =(1.{)3){5) = P=S54AmW
b 1 1 1 on on on on off off i
E17.11
2 Inputs high sy =08 +0.7+68 =23V
. . 5-2.3
" (AANDC) OR (B ANDT) ho=tm = = 0.675 mA
= wus for ~ s or d vor =08 4+0T7+07T=18V
statea & and 8 states 3 and § . 5-156
. ~ — iz = = 1.T mA
Quipint igh for these 4 sates
put goes Kigh 42 = 1.7+ 0.675 =238 mA
. 0.8
El17.8 g = 0 = 0.08 mA
A B c vo igg = 2.38 —0.08 = 2.3 mA
0o 0 o0 o0 ing =2 -‘0.1 =123 mA
I 4ol '4“ = 1.05 mA
4] 1 0 l . g
0 0 Bige = Nip +tre
b1 (30)(2.3) = N(1.05) +1.23 = N =64
1 1 1] a
b, Ic.rnld. = 20 mA
10 1 0 20 = Nil, + irc = N(1.08) + 1.23
o 1 t o - N =11
1 1 1 1

=2(A®B)8C
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E17.12 ipx = igy = i1 - Br = (0.45)(0.1) = 0.045 mA
bookxmey =00y =08 ig2 = lica| = iv + iBx + iy = 0.45 +2(0.045)
= -su.s =iy = 0.7 mA iz = lici| = 0.54 mA

ve3=084+01=109
=5V 5-10.9

iz=icn=l_5=:v-l'g=l'cz=2.73m&

b Same as part (a).
iz =2.734054=3.2TmA

¢ wx=vy=3V=apy =08+0T4+07=22V i¢=9-'%=0.533m}\
. 5—-22 . . - o1
h == =1 =i = 0.46T mA ips =3.27 - 0.533 = gy = 2.T4 mA
. 0.8 . . . 5—-10.1 . \ ;
iR= == ig=0053mA h=ice=—gg- > i =ig=228mA
ig =12 —ig =1 =0.414 mA For Q3 :
. 5=0.1 . ]
iRc = ——— =ipc = 0.98 mA icz 273 _ 506 < fr = Qi in saturation
3 ig2 0.54
pp =01V For Qo :
feo o, 23 _ 081 < 8r = Qo in saturation
EI7.13 g 24
8 wvwe=ww=01YV
508 El17.15
5] = = 0.525 mA L Ouw low:
P= % (5 - 0.1) = ‘0.525)(".9’) ” 5 - g‘].l + 0‘8!
= - . W 1y = "—"0.683

6
ico(max) = Sr-ipn = Nit + i3

b. vx=wvy =5V, n=23YV (20)(2.74) = N(0.683) + 2.23

=222 0338 mA > N=10
ver=16V =i = ;;G = 0.944 mA b.  Cutput high
inc = 2=l — 0817 mA Q' inverse active

0= 5223 _p4sma

P = (iy + iz + inc){Vec)

it = fp -4y = [0.1)(0.45) = 0.045 mA
= (0.338 + 0.944 + 0.817)(5)}

E=103mW . 5-2.4 .
= 'w wo(min) = 2.4 V = iy (max) = =3 -N-i
El17.14 1.18 = N(0.045)
. o
& vx mpy =01V H=26
vgn =0.14+08=03V El17.16
o =iy =2 -sa.g =i =im =0683mA & px=vy =01V = w(max) =35V
icy =D Q! inverse active
: : - 5—23
g =ic2 =10 i = = 0.45 mA
im=ica=0 iy = AR = (0.1){0.45) = 0.045
. 0.1
b. wx =uvy =346V 133——2—-—0.05111A

vm = 0.8 +50.a;30.7 =23V i = (1 + fr)im = (21){0.05) = 1:.05 mA

iy =ig = i =i =ip =045 mA i = Niy = 1.05 = N(0.045) = N =23
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b. wux = vy = 3.6 V, Output low:

5=33 0asmA

im={1+28r)0:
igz = 0.54 mA

vpa=08+0.1=09
5-0.9
2

iy = = 2.05 mA

1go = 2.05 + 0.54 — % = igg = 2.06 mA

iy = L—_BO_Q =0.683 mA
Br-ipe = N - iy = (20)(2.06) = N(0.683)

E17.17
8, wx=vy =238V
5§-123

im= =067T5mA =1m = lic1| = im

vpy =0.8401=09V
5-0.9

=256 mA
1.6

1 =

: 0.2 _ 02
R Ty Ty B ETYITY)

=>igy = 1.61 uA

gy = 48.3 EA

tpa =ica =10

= igy s g = 2.56 mA
igp = 2.45 + 0.675 — El-i-Il = igy =244 mA
One load:

= igg{max) = 1.03 mA

o ] 5-0-9
1 =igo = Y

b wx=vy =01V

ig = :";4“_'3 =igy =103 mA

licy| =tpz = ic2 =0

fu=ig! = {

Output high, fn =0 => igy = icy =10
5 = igo(1.6) + 0.7+ {31)iga (4}

=»igy = 0.0342 mA

fcg = 1.03 mA

El17.18

G, in saturation
5~09

tg = 2ig) = 0.683 mA

it'c~|| =igm=ic1=10

tgy =1gp =0

vy = 0.1 +07=408 v

0.1 .
. [ =1.19 gA
-l (21)(4] 2‘__——#—

ice = 23.8 sA
igy =ica =10
El7.19
. 5—-0.4
a tRc = 725 = 2.04 mﬁ.u
o = z +2’?4 =g = 3.67 mA
1+ 1%

. 3.67
=220 —p.387
ig 0 67 mA

tp =2—_0.367=>ig = 1.6 mA
bh. ip=0=ipg=ig=2mA

i = Pip = {10)(2) = 20 mA = tac + 1L
iz =20 = 2.04 => ir(max} = 14 mA

Sojutions Manual
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Chapter 17
Problem Solutions (@) (@) Forv, =07V, i;=152md
17.1 oy = 2 2A52) —3,(_5'2) =117 mA
B v =-15V; Qhoff. Gz o0 s -07-(-52) 1S md
@3

—-0.7 — (-3, .
.‘E=_5(ﬂ=>.==o.56m.k

i =0=p =35V

ic: =i = wa = 3.5 - igRez = 3.5 - (0.56)(2)

or

vy =238V
b. v =10V; ¢ on Q: off

: 5

im=0=mg=3.5\f

c. logic 0 at wop (low level) = 2.38 V

Then
vor = 2.38 = 3.5 - (0.76) Rcy
of
EEJ = 1.47 k{1
17.2
() Q,on vg=-12-07=-19¥
-1.9-(-5.2)
fp =igy = ————==132mAd
by =igy 25
v=-lV=—igRy= ’(L32)(Rcz)
Ry =0.758 k2

() Q on, v, =—07-07=-140F

=iy = -14- —5.2) =152 md
v==W=-igR,= "(152)(Rc1)
R, = 0658 k2

{c) For v, =07V, G, on, O, off
= v, =-070F

Vpy = =1=07=> v, =—LTV
For v, =-L7V, @, off, Q, on
=¥, =07V

vy ==i=07> v, =-17F

'E=u)_-_‘i5.l=,,'5=o_mm,a

P=(ig +ig, +ic,)(52) =152+ 117+ 15)52)
or P=218mW

(iDForv,_=-17V, i, =132mA
-07-{-52
e = ——-—%: 1.5mA

_-11-(-52)

ies =117 mA

P=(132+15+117)(52)
or P=207TmW

17.3

=01
4. 13 3

= 067 +132
Va = 1R + V4 =(1.5){1.33) 4+ 0.7
ar

=15mA

VE =270V

b. logicllevel =3.7—07= 30V

Por vx = vy = logic 1,

31-0.7 ,
Th = 2.8T5 mA =1irc1

ves =3.7—(2.875){(0.21) =310 V
= Vn:[lﬂm 0) =24Y

For vx = vy = logic 0, Qr on

ig= 2.7=0.7
0.8

gy =3.7—(2.5)(0.2¢) = 3.1 V

= W:(I_Ogﬂ 0)=24V

=2.5m2\=£a,c3

174
V= £WI:M= 1-;0 =05V

For iz = 1 mA
g,=M"1-‘ﬁl=-R,=z.sm

PFor Qr on,
_Va-Ver —(-23)
= A

7]

R;=w=‘#ﬂi=3.lkﬂ
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Ve =Va+ Var=054+0T=12V 176
i\ = 1.2 -1.4-(-~23) Neglecting base currents:
R @) Iy =01, =0
or
5-07
- = =17
R = 1.2 1i4+2.3 o Ry =2.1k0 Igy ' = [p=172mA
¥=07V
R = i}ﬂ = A, =05k M) I, = 5'12'7 = 1, =0239md
i3=l—%l=3=>ﬂg=l.lkﬂ gy =0
. 5-07
i4=u£ﬂ=a:&=0.767kﬂ Ig = = I =172md
¥Y=07V
i -07
Fot Qr on, @ Iy =l =T o I =1, =0239md
ma=logc0 =0V =3 rvpy =0TV 18
ig=ica=1mA I5=0.Y=5V
S0 (d) Same as (c).
Rc,-_-i‘llﬂl=ﬂm=1m 17.7
(a) Vo =~(11)-07= Vp=-LTF
Forvy=logic L =1V, (b} O, off, then v,, = Logic1=-07V
ig= 128002 ) asgma Oy on, then vy, =-(1)(2}-07 =
2.1 v, = Logic0=-27V
Por iuor = logic0 =0V,
”B‘=0.7V QJIQ,_oﬁ:then Vm=LOgic1="G.TV
Then Q, 7, on, then v,, =—{12)})-07=
- = ic0=-27TFV
Rey= =31 & Ro) = 0808 k0 Yy = Logic
1.238 (c) A=B=Logic0=-27V, J, on,
78 Ve=-17-0T= Vy=-24V
T . A=B=Logic1=—07V, 0,10, on,
forvr=logicl =33V Poeitasd
Muximum ts for vr = ope LT Vp=-07-07= V,=-14¥
Then ig = 5 mA = R—‘ﬁ- Rg =0.52 kD2 (@ A:B:Logiélz—O.TV,QJ/Q, on,
icl=33V ~27-(-52
Fﬂmﬂlﬂmaa . ic:=—"( )=L67mA
: o = 15
ipy = e = § mA
Rs -0.7-(-52)
iC! =—L5 =3mA
or . P={167T+1+1+1+3}52)=> P=399mW
By = 006 ki} A=B=Logic0=-27V
By symmetry. iy =3md i =167Tm4
Rz = 0.66 k1 P=399mW
For @, on,
o smAm $2(2740.7) 178
tg migey =9 m - PP 1. AND logic function
So b. logicG=0V
Roy =0.12%0 6407
Qroni= =080 oo ma
For @r an. V2 = (2.25)(0.8) ulo 1 v
- 2= (225)(08) > logic1 =18 Y
ig = 307 = 4423 mA =1ipc; ‘
0.52
4-{2.740.7)

and ipog = 4,423 =
Rea

= Ry =0.138 kil
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c. igl =

5-0.7

2.6 = ig =165 mA

. 5—(07+07)
183 =

1.2 =>im=3mA

ic3=0, ic==i5=3mA

Vz_-.l]

d. ig =

_5-(18+0T) .

= 2
28 ig = 0,962 mA

. 5~ (1.6 +0.7)
1E3 =

12 gz =225 mA

gz =10, igy =tgy =225 mA

Vz =18V
179
a Va= 1'-5—';—.-3—'1-—0.7=>VE=2.EV

b. Por@Qionevx =vy =logicl =35V

5 =0, T

ig =38 (01:*'“ ) - 0175 mA

Want iac1 = 0.175 = 24 Roy = 45Tk
2 ct

c. PForQaomig= % =0.158 mA

, 0. .
Want ipoz = L;s- =34 = Rgp = 5.06 k1
2

d PForvy=logicl =38V

im = g =0.35mA, ig = 0.175 mA
P =(ig +iz){Voc) = (0.35 + 0.175){3.5}
=» E =1.84 mﬂ
17.10
. logicl =02V
logic 0 = —0.2 V
__(0-0m)—(-31) _
b g Ra = 0.8
S0
Rz =3k

e, Wantig

0.8 04
—T=R—1=PR; = 1 kQ

d BPoavx=vy=logicl =02V

o (020

7) = (=3.1)

3 = 0.867 mA

iz = Eii =igy = 0.4 mA

ipz = 0.46T mA

e ig = 0.867 mA

= 02-(-31) =1mA

3.3
$ o= 202-(=31) _ 479 ma
1.3
P = (0.867 + 1 +0.879)(0.9 — (—3.1))
or
P=10mW
17.11
L 0= (=08 —oin —(=3 i, =l4mA
= (=02~ 01:) (=3 i3 =0.14 mA

= {~02- 01‘:]' —{=3) iy = 0.14 mA

2 +ip =1 +i3=14+014= 1.54 mA

[=]

-4

13 = =i; =08 mA

o
tn

ip=0.74 mA
vg=—0.4 v

b. i =14mA

= 020 =€) L 0153 mA

" 15
i mia = i = 0.153 mA
i24+ip= =g = 0,153 mA
o=
vo = —(0.153)(0.5) = 1 = —0.0765 V

(0-07-0T)=(-3 _ .

e @= T i =16mA
iy = (=02- ul.:) =(=3) = iy =014 mA

iy =iy 2> ig =0.14 mA

ia+ip =11 =iz =014 mA
ip =0.0
wp = —(0.14)(0.5) = pg = —0.07 v

PR I A 1 5 B GV O

1 - p=16mA
200D =3 o s gas3maA
3 15 A==

iq = I'a = -1 =0.153 mA
iz +ip =iy + iy = 1.6 +0.153 = 1.753 mA

(]
-

2= =iz =0.8 mA

e
n

ip = 0,953 mA
py = =0.40 v
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17.12 17.15
& L A=B=Cw=Da==0=0Q, - cutoff i Porvx=vy=01Vep =08V
So n=3=22 ) cossma
Vpp = 2IgR1 + Vg + IpRa =1 =0
and
Ig fe ii. PRorex =vy =5V,
Ig = E —
BT 1T+8, §1 W =08 +0T+0T = p =22V
™ .‘1=5"2'2=n',=0.35mA
(]
0.8 .
s 2= §y == w— = {J.297
25 = 205(2) + 0.7+ L£. (15) w=h-Tr=i=029TmA
T =izl i =204mA
3.5—0.7=.Ig-(4+-§-i-) 2= 2.4 A==
So 17.16
Ig =0.419 mA . FPotvx = vy = § V., both @, and Q2 driven into
and saturation,
5-12.13

i =

= l:], = fB; = 0.675 mA

iy = 5—(0.84+0.7+0.1) i = 1.7 mA
Now 2

fh=ig + 0 =5 =2378 mA

i A=C=0 8=D=235V

vps =rge=25-0T=18YV

and i5=°1‘—:=»',,=u.osmA
Y= 0.7 Y =25V
vas 30T = imy = iy —is = igy =2.295 mA
. 5-0.0 .
b. Y =(AOR B)AND (C OR D) = S =122 mA
17.13 vp=01V
2 logicl=0V _
gic o, i = 30 +0.1) _ | o5 mA
logic 0 = -0.4 V 4
ic(max) = i = Ni} +is
b. v = AORB {20)(2.295) = N(1.08) + 1.225
vz =C OR D So
gy = boy OR Vo3 N=42
o 17.17
D, and D, off, Q, forward active mode
= AND R x r 1
ws = (4 OR B) AND (C'OR D) v, =08+07+07=22V
1714 5=iR +iL,R, +v, and i ={1+5),
) So 5-22=4[(1+ +
.  For CLOCK = high, Ipc Sows through the left side of b1+ AR + Ry]
macﬁcuin.lf%ilhigh.lpcﬂowtﬂmghmwftl? Assume f=25
resistor pulling J low. X D is low, Ipc flows through . 5=22 .
the right R resistor pulling O low. b= Ao 00589 mA
For CLOCK = low, Inc flaws through the right side iy =(1+ By =(26)(00589) = i =153 md
of the circuit maintaining @ and & in their previous b= fi, > i,=14Tmd

state. 08

ig, =iy +i, -—5—=0.0589+1.47-0.16:>
ig, =137 md

{2, in saturation

ic.=5—:§=' iy = 0817 mA

b. P=(lpc+05lpc+0.1lpc+0.1Ipc)(3)
P=17/pc(3) = (L.T)(50)(3) = P = 255 uW
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17.18
& L vx=wvy =01V, 30Q in sataration.
jyom oo °';"'°'° = iy = 0.683 mA
#u’=i2=|“=1‘33=|‘3=0
i, wvx =wy =5V, 30 G in inverse active mode.
Asstme @ and Qy in saturation.
it=5—(0.+°.8+0.7)=>i1 =1ig; =0.45 mA

6
iy = 5-(08+01) u.g+n.1 =iy = 2.05 mA

. 0.8 .
f =ﬁ=b 3 =0.533 mA

iy = {ipz +42) = iy = 0.45 + 2.05 — 0.333

or
igy =1.97T mA
R §-01 .
fa = 72 =iy =223 mA
b. FRor Qa:
13 223 _
E: = ToT = 113 < 8
Por Q2!
s _ 208
o = 0.45 =456 < 8
Siace (Je/Ip) < B. then each transistor is in saturation.
17.19

{a) V;=V1=L63161
v =08+2(07)=22V
=52 assm

i, =i —% =035-0.0533 = 02967 mA

iy= 0 2 04ma
24

P -{01+0.7)

£ 8

Assume S=25

Then {25)0.2967) = 2.04 + N(0.525)

So N=102= N=10

(b) Now

5=2.04+ N(0525)

SoN=564=> N=35

=0525mA

17.20
8. PRorvxy =wy =5V, Q. in inverss active mode.

_5-(08+0840T) . oo
= = = 0.

tg: =g +2ﬂn|'g; = 3.45{1 + 2[0-1]} = 0.54 mA

i

iy = 5-~-(0.8+0.1) = 2.05 mA

2
igs = ($m +ic1) - (1’—: =054 + 2.05 - 0.533
or
ips = 2.06 mA
Now

- (0.140.8
&= Li";_*__} = 0.683 mA

Then
ics{max) = frims = Ni}
or (20)(2.06) = N(0.683)

b. From above, for »g high, IL = (0.1){0.45)
= 0.045 mA. Now

4 (max) = (1 +m(5 -49) _ @iy

= 1.0S mA

So

f1{max) = NI}
or 1.0§ = N({0.045)
17.21

(a) ¥, =01V : g,, Sat: 0, , Q,, Cutoff
i =-5-'-'-(°+l’f'ﬁ= 1.025 mA
P =i, (5-01)=(1025)49) =
P =502mW

() V,, =5V, O, Inverse Active; O, ,(,,

Saturation
vy =07 +08+07=22VF

iy = 3-22 '422 =0.7 mAd

ig = Bl =(01Y0.7) =007 md
V.=07+01=08V

h= 2 42ma

P =(i, +ig +5,}5)=(07 +007 +42)5) =
P=249mW
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17.22

b. = = =01V

L VX =vy myz = 01V vx vy v
_ . 5-{0.1408 .
;,,:L_(":;‘T*“—"’lam =m=———-12 =iz =2.05mA
Thee ) From part {a),
gl =ipy =igg=igy=igy =0 iL =fr-ip: = (0.3){0.25) = 0.075 mA

Then

b vx=vy =vz=5V ing = 13-”3 = 5(‘;‘3;'51 = iy = 0.00371 mA
F
. _5~-(0.8408+07} . _
imn = ) = ig = 0.692 mA 17.24
Then i. yx=vy=b’z=ﬂ.lv
ic1 = iz = im (1 + 30&) = (0.682)(1 + 3[0.5])
=ig =igm=1T3mA S L1 (5% 1) B
Rm
. 5—!0.1+0.8! . where
=> 2.05

ter = T toa = 2.06 mA oo _(2-0m-(09) 04
ips = ip +£c,—-n'—a-l.73+2.05-1.u B = R 1

= ipy =278 mA +im=04mh

5-10.1

Ry = 5 = 2.0 mA Then
. . 1.1 .
o -, . = e . = 1.
oo 3=(01+08) (0319"'“ =1.05 mA im =+ 04 =g = LImA
ic1 = iry + 5it = 2.04 + (5)(1.05) igp=0=1
= icy =729 mA o
Qs in saturation igy = Sap
For o high,
17.23 _
8 wy = vy = pz = 2.8V, Qy bissed in the inverse ui"=o‘s+o.7=1.sv=>qg off
active mode. i'3,=2_l'5={).5m\
A8 - (0. . .7 . iy = Ari) 0.2){0.5) = 0.1 mA
ig = 22 (ns';uaq'o )#‘EJ=U.25mA iy, = Brip = (0.2)(0.5)
izz = im(l + 38n) = 0.25(1 + 3{0.3])
= iz = 0475 mA Then
ves =08+01=09YV icy =0.5mA
b, vx=vy=vz =2V
. 0.9~(0.740.1) 0.1
194 =

T+ Ar)(05)  (101)(0.5)

=0.00198 mA (Negligible)

. 5—-0.9
1m=——i-9—=4.58m.h

Prom part (a),
=ig; =05mA
igy=0=1ig)
= fpg = 4.56 mA
ig2 = im (1 +38r) = (0.5)(1 +3(0.2))

igg =08 mA
= igy =4.235 mA icz = 51, and from part (a}, iz, = 1.5 mA

So

ips =ig: +tcz — Ei£=0.475+4.55 —0.8

icg =TS mA



17.25

@ I'+ID=5.81—00.7=051M
5-{07-0,
Io-1,=3207293) _ 4 6oy

Now

I,=051-1, =o.51-%-=o.sx—’_°

50
Then

I.-1,= Ic-(051—;—;)=IC[I+L)—0.51=4.6

50
So [.=501m4d
I. 501
i, =?c=-§= Iy =0.1002 mA

I, =051-01002=> 7, = 04098 md
Vg =04V -
() I, =0,V =Vop(sat) =01V
58-08

1, =

= [,=05md

I = 3~-0l

= I, =49md

17.26

., wx =vy =04V

vn=04+4+0T=2pn =11V

. 5§—-1.1 .
o = 1.
¥} 2.8 =ig =1.19 mA

vpp =04+04=> ppy =08V

ipa = fca = igo = ico *= igs = icy
=ip3 =icy = 0 (No load)
S=igBy+Vag+(1+ Mias Ry

. 5 - 0.7
1B = 576 + (31)(3.5)

= ipgy =0.0394 mA

icy = frip
=ics=118mA
vpy = 5 — (0.0394)(0.76)
=y =497V
b. vy =wry =36V
v =074+0T4+03=pg =17V

vlm=14V
vpe =07V
yoy=11V
. §-1.7
8L =T

= ig = 1.1 mA
ipe = im(l +28r) = 1.18(1 + 2[0.1]}
ig =142 mA

Chapter 17: Problem Solutions

, 1.1 =07
B = BNE5)
= igq = 0.00369 mA
5-1.1

lm=—ﬁg—=5.]3m

= icy =513 mA
ipo = ig1 +ic:

tpe = 6.55 mA

17.27

a. Assuming the cutput transistor Q2 is a Schottky tran-
gistor, then
5 =1{0. 0.3
w=04V, i = ?-5-(04—“=0.5
)
Then
fig =36kl
Then
. _35-(07+08) _10 _ ..
tg = RBI- 3 = 0.278 mA

0.7
izz =05 mA, igpn =05+ e 1.50 mA

igp =im +ict = ic; = 1.50 - 0.278 = 1.222 mA
2.5 = (0.7 4 0.1)
Re

‘= Rgp =139k0

and icy = = 1.222 mA

b, wx =vy =04V, ¥y =07V
vo3=25-0T=pcz =18V
All transistor currents are Zero.

c. =15V, vg =08 v
Cusrents calculated in part (a).

d.  im = 0.5 mA, i} = 0.5 mA
ica(max) = fip = Niy or (50)(0.5) = N(0.5)
S0

N=250

17.28

t. Bavx=vw=38YV

ve = 3{0.7) = 2.1

5—2.1

i = =0.29 mA

ver =0.T4+0T+04=18V
- 1.8

= =3
cL = 10

=0.32 mA

imy = im +ict — % = 0.29 + 0.32 — 0.0933
So
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igy = 0.517T mA

vor = 0T+04=11V
§-1.1

‘o3 = = 0.951 mA

. . . 0.7

ips = tg1 + 102 — —r = 0.517 + 0.951 — 0.175
of ips = 1.293 mA

Focwy =04V, ¥py =0440.7=11V

Then
" 1.1 -0.7T
s =2 ], BG
tgy = (31](15) 000 mA
- -10“ — 0.00086 or i, 2 0.39 mA

S0 ics(max) = Sigs = Nij
(30){1.263) = N(0.39)
= N =19

. P =(0.29+ 0.32 4+ 0.951)(5) + (99)(0.39)(0.4)

P=7T805+15444or P =222 mW

(Assumming 99 load circuits which is unreasonably
large.)

17.29
s. Assume noload Forvx =logic 0 =04V

i o= 2= (O0ATOD) _ sors mA

40

Essentially all of this current goes to ground from Ve,

P = ip - Voo = (0.0075)(5)
=» E = ) 4875 nﬂ

b i o= i—'—(:-ol(ﬂ)- = 0.0725 mA

i B OTHOTHO) o

50
iny = 5 -§0.175+ 04) _ 0.26 mA
P = (0.0725 + 0.064 + 0.26)(5)
P=150mW

¢. Forwym=m0d ver=074+04=11V

. _5=11_ . .
i = poe *im =18 mA N isg

17.30
(a) v, =v, =15V ; A transient situation
vos{M,)=25-07=18V
ves(M,}=25-07=18V = M, in saturation
vip(M,)=5-(25+07)=18V
Vio(M,)5-25=25V = M, in saturation
iny = K (vosw =Vee ) = (01)(18-08)" =
ipy =0.1mA
ipp = K,-("scr +Vrr)z =(0.l)(2.5-‘03)1 =
fpp =289 mA
i = fii, =(50)(0289} = i, =1445mA
ics = Pipy = (SO 0) = i, =5mA
Difference between i, am is a load

current,
(b) Assume i, =1445mA is aconstant

1 r. for 'l VT
Vc=-c—_ja¢.,dz= ‘72: a.f:( "")( )

e

(5Y15x107'7)
" 14455107

(5)}(15x107%)
T 0289x107

= t=3519ns

(c) ¢ = =260ns

17.31
Let R, = R, = 10kQ
() ipy =01mA ,ip =0289 mA

(Same as Problem 17.30)

ipy =9-'Z-=0-07 mA =i, =0289-007=0219mAd
10 3 f:1]

ic, =(50)(0219) = i, =1095mA

fny =%’= 0.07 mA = iy, =0.1-007 =003 mA

ie; =(50)(003) = i, =15mA

(sY155107')
{b} t=—m= t=685ns

(c) t =260 ns (Same as Problem 17.30)




