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CHAPTER 1 ' qv: L.1 v
m p 1 "ds P
d

-1-1 () From Eq.(1-5) for an sccalsrating potential
1 2.1 2 |

"H'd= -V, Fmv =5 mv - qVv. For v T D _ 14' .
we have = ja.sn:m = LB74x10'm/s
T2
vernving - 2UKI0 :{{':ahm 2 - 1006v | . 3
2% (1.60x107"7) ) &Y su:;q ::lﬂﬂxl 2710 :

¥y smdy Fd
(). Eq.{1-6) gives for a positive charge and a o ‘; 9*“"1“ ﬂ_h:.lﬂ =l:1-51""1'!3|-‘fl

. 1 1 - '
v:- -— ] .—. .
négative potential > m vz'! mive +tgV e 2.33:!10&::1 .
- -27 .o . ' o
Fram ﬁp‘pendix A, m'=2 01x166x10 o - ¥ 1.2'?::2.# I:ﬂﬂ *3.5‘.
= 3,337x10-% Txg, ‘ > 2 0.5 - 1gog . ===
' 19 _ {e) Since, from part '[t:] ¥_ is inversely propar-
2 2qV 2x1, 60x10"" "x)006 ‘ . - |
v=jvu+—§; Jlﬂm 30902 3.27x10%m/ 0 tonal to &, then V =22 x 1000 x 508V
3.337x10 _

Pu'hnhnl (V') | %?L%I)Enfrqy

1-2 {a) Since 1w=1*ﬁu:=m'1'9:, the initial energy of the 25w

electron in ¢V is lﬂ*l?;’l.ﬁﬂ:lﬂ"ﬁ= 62.5aVY
Since the retarding potential is -85V, the

elactron will not reach the second plate,

N0 .

() 62.5V
: . EMITTER. Mm b ANSDE ®
1-3(a) Let v, =0 in Eq,(1-6) to obtains | Fifi ‘e PR Fi€ sk
(a) Total energy of tllctrnn at the uml.tl:ar :‘WE
1 2 2qV .
3 mv_ * q"."‘. Or ¥y = "":'ﬂ'." _ where
. 1 2 '_ 31 12
{b} As woon am the slactron enters the vertical WE= 3 mv rqv= 9.11xt0” xd + 0
field of the parallel plateas PIPZ it is o 19'
- mccelerated upward with a constant accelaration -=4.555ﬂﬂ'l?3=% eY =2 85V
2. which is found asm followa:: , We have _ 1_'ﬁﬂﬂ
vE : q‘\i"E C x 2, 85 S Ei
r_rn}..=qE,r’ 97 or ty * | 0% = ip OF*T l'ﬂ I:ﬂ.'.i: D.143 cm
Therefore, its velocity upon leaving the plates (b) The electron must have W mawmﬂ.ﬁxm'l":
PP, is . . 16
v = at | ' | =L 6x10 Y
4 Yy b : *
w =lmv3+ V=*l*mvz or
whara tp is the time for crossing the plates E 2 q 4 o
l. &, - .
t = 2. /v |
: d’ x fix :
P qVv "d | vn?lj J Il' l'ﬂ I,BTizlnﬁmh
From the abhove equations, vy= _E_mdv ' Q. 1]:1[: .
x
18 Yote ‘
= | n'liu.l
(c) d.-ypq-y-. whera yp and ¥, dre the distances In - E'Mray )

the y-~direction traveled st the end of t'P and
t.{-t_lima it takes mn electron to hit the screen

after axjting from the plates PI.PE'.L raspectively.

£
qv /L qvy 4 A -t [2
d--l-ltz-i--r.rtﬂl P d o —24 s _d
E YY e mdv:: v

x
v - ¥
1 1 g_[ P .2 1 9% -
di-? md | 2 £d+lﬂul-"d'(z}]. ‘r_i md ‘t'd"l X
. . :

Subsetituting for vV, the expression found in ; :
The potential energy as a function of x is glven

part (@) we get
. by




l-6

X x 1 2
U(x)s -_r £(2)dz = [ kzdz = Ekx
o

]

and it ia shown In Fig, 2.

I we let W be the total energy we have

W=-;vaa+l]t -al—mvz+-kx 28 ghown in Fig, 2,

*

The maximuam dlnplacement X . 9ccurs when

ZW

=0 uf- Im .

The particle will move between x and -x

and its speed will be a maximum at x = (,

{(a) U = mgy
The maximum height ¥Ym
where v = 0, From Eq, {1-5},

occurs at the point

W= constant = g—mv°= mgy

(b) This Is clear in Flg. 3; at thﬁ point of reverasal

C where v=0, we have g5 "eollision" with the
Potential barrier,
By definition, the walight of an atom of a certain
elemeant is equal to jta atomic wmght times the
weight of "unit atomic weight',
atom = AM, and

o < ¥atomns X eIe:trnnn)( __5_)
AM atom

I.e, weight of an

Agmin, by dafinit:iun, the molecylar weight is equal
to the walght of che mole of a substance {ln grams)

Thus, if there are a . ttems/molecule,

Molecular weight = a A and

_ ﬁ; ))(m:lj(ms ;gs_)(% ﬁlﬂlenulpu)

mole,

atome elaatrunl
"m moleculs atorn
1034 dv 3
or n E i | electrons/m
A

m.

eluctrnnlfm

wo have |

1-8

I-9

1-10

111

1-12

1-13 n=§ 02x10%3.Btoms

The reaistance of the wire ia

-8
R = pt/a=-3:44x10 "x0.5

mx(trlo” e

= 5.48x10"3q

Finally, V=RI=5.48x10""x30210 221 gexmip-tv

L -

Tha croug section area A of the wire {a

A=nrie 3.14:{1.0311U-312]z= 3.33:1{]-Tm3

(2] I = JA =3xlﬂﬁxﬂ 33::1ﬂ*?'= 1.666 A

6
(8) v=i/ng =20
8.40x10" "xI, E::ID

{c})E i the voltage per unie length, 1 e,

19 - 1.433::1[?-4:11;’-

€ = Voltage drop {n Im=IxReslstance of 1lm
_ =L656::[l.ﬂ2.14=ﬂ,ﬂ35?'?'r'm, and
B =v/e =1.435xlﬂ'4_1’ﬂ.035?li.l?xm" 3m3f‘u’-:

() Fioally, o= nqu =8.40x10% % 60%10 %54 1751032
= 5.6l 107 (01 mj-1

(8} The ehergy of an electron of mass m which
la moving with an aversge drift velocity v ja

-3, .2 1 2
W.—zmv-—zmiun'&]

M mis ih kg, W in m®/Ves and € in V/m, thes
1 2.2 2.2
37 M € n'li.l £
W= 19 o " lev
Lex10™ %%y 3.2x10

Using 1 from Table 1-]

¢ =|: 3.?.:1&"19
9.1tx10 "

1/2 6
Y ] =4,56x10 V/im
::{ISEO::I{} }

=45.6kVicm

(b) Since the energy to break a covalent bond in
Silicon is 1, leVv (Sec.1-5) and tha reqguired
voltage ls 45.6kV/em we see that it is not
.prlctical to generate electron-hole pairs by
applying a voltage.

1.23x10%3 electrons/em> = (EiﬂZﬂﬂzs atomn/mole} x

(1 mole/184 g)x[18.8 g!cmz}:{u electrons/atom) or

o 1:23 184

Y 0z 1582

. a__ 3
lmulexﬂ.‘ilg tll} cm x -

23 alome
] . n e
(2} n=602x) IE-B. X om3 3

maole

.

electropn
electrons/m

[ ———— 3.4361:11133
Atom

From Eg.(1-15) O=nqu= 8, 43&:102511 Eﬂ:lﬂ"lg
34.8x10"%= ¢ 697x107 (0 e}

- —if -
(h) ?d_ri.ft =HE ={34 8x10 H500=1. 74 m/»

Imole 3 electrons y 2,703

mole ~ 26,98 * atom e
I_lelﬂa3 elactrons
CIT1
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From Eq, (1-15) U= g

(1. 81x10% 351, 60x10 " %3, 442108 ' = 10em” / V-0

1-14#)Veing Eg's{1-19) and (1-20) we get

2z 2
P HND-N.A}P-III. =0 or

-(N-N, /TNy -N, Fr4n
e S
2
since p » 0,

- choose the ".i-" sign

Substituting for (No-N,} the value 2-3paotts

-IKIDI4IIGMI f:m3

and for nf ={Z, ExIE'IEntum- a‘_t:ma ]3=

26

6.25x10 a.tum:lafcmﬁ we get

4 2B 27 4 28
P=1::10‘ﬂllﬂz +2, 5x10 =101.+.\/i£35:lﬂ i

1.ﬁ£:-xlﬂl4 hﬂltlfﬂmg

Eq. (M0 yields n=p+N_-N, =1.06x10"-1x10"

=0, D&:I:l0‘4= 6::1012 elaectrone/ l:rn3

Therefore the sample is p-type.

{b) From Egq, (I-20}and the fact that N,=N, we get

A

n=P, hence we get from Eq{i-m) :'nz’m:j[::-E-rnz.l ar

n=p= ni= Z. 5::1{}1351.: ctr nn:fcmz

and we have intrinelc Germanium by
compeaneation
ic} Here, since NA-IEH wea have n>> p and

Eq. (1-1¢) yvielda

DI

n = ND= lﬂlﬁelec.trunn:"cma

Now, fram Eqf-19) p=nifn = ﬁ.zﬁxmzﬁf_mm=

E.ZExlﬂlﬂ hnlusftm3

Claarly, the sample is a-type.

1-15 (a) In thiz part we have »»n_, and
‘s P e B
g= o= q{npun ppl.tp}
. l — 1
hecomes — =~ 4p =
R TS

7
-1.?35:1:'.11 hnl'nla"cms

19,1800

Finally, from Eq(l-l!), np=ni,‘pp-"'—- S.Exlﬂqalu ctr unlh:mj

1
(b) Here p_<<n;, and Eq(t-26) gives E:qnn“n or

B 1 = 3.40::1(]14!15&1-#119!:%3

B ) ex10 Px20xI300

, .
and P,=0, fnn=u.5:mm1‘?'fz.4=1 DH= 9.3?5:105hu1e|fcm3

1=-1& ({(a} n=p=n,.

¢=qn,M + up}ll.ﬁﬂxlﬂ'

From Eqg.{l-2&} and Table 1-]

19

z.24x10"°

(1 -cm

-Fls- = 44, 6% Si-cm

1.1.5:1013::[33:1&4-13&;};;‘..- 3z

(b} From Table 1-1, '“GE. 4--!xlﬂazltnm:fcm3
J"I.'IJ'E= 1.1::1U141tmnnfcm3

n

= Np ™ GE
p= nifn= 6.25x10%9/4 4210 =1,42x1012holes fcm”

=

9

1. 60x107) 2 (1800x1.42x10 5+ 3600x4 . 4x10™4)

3.73 {l-erm
1-17 (a) n=p=ni. From Eq.(1-26) snd Table 1.1

F e l = 1 = . 1
+ .
anMotR) ) cosae?

1. 5210 % (1300+300)

= &, 31580-¢m

(b) Amauming that,  with the additionof donor atoms,
4 - l =
Qi PQug

HD Snowp o =qnd  and =

1
-19
9.6x1 60xl0 " “x1300

= 5. 0x101%/cm?

From Table 1-1, the concentration of #ilicon

ia E.ﬂ:iﬂzzfcma, and therefore there are

5.0m10"% _ - 8
33 = 1 donor atom per 10° S5i atems

5.0x10 . , !

1-18 pge R = F‘i , Where

t=5cm, AsZx4mm®= Bxlﬂ'z'cmz, and proceeding as
in Prob.1-17a we find P =2,315x109N-cm

Heance . 2 2
R=2 315x1D x5/Bx10" = 1.447x1D" {1

1-192 For intrinsic material ¢ -qtpp+pn}nl

Therefore, aspuming a slow varistion in U, wa have

do dni ] ' '
— = — =dftn ni{T}] (1}. An expression for
i . +E~A7/2KT
En[ni{T}] is found from ni{T'.it.#:'g T‘hu Go
' (t-2m *
tnln (T)]= =t A.+1£ T el "
it g lgr T A Tt 2kt 2]
E__4T
From Ea'a(l) and (2) dTU='32d-$"_+ GGE =
2kT
(1+ Fooy ar
2 2kT T
At T= 300K we have kT=fB.EEzlﬂ_5aVIK} 300K =

0.025%9V and from Table 1=1 EGG= 1.21eV {for
31. Hernce |

do _/3 . 1.21 1 | _
5 —(3 + ﬂ,ﬂﬁlaaﬂﬂ)éuu%) = 8.286% per degrec K.

1-20 Proceedlag as in Prob, 1-19, with E,._=0.765eV

co

for Ge,

dy /73 0. 785Ny 1

rl '(E* 0.0518 m)@“”% 5.551% per degres K.




1.2} The equations from which p and n are determined

Rre

(1-13) and p+N_=n+N (1-20)

-
PRy D A

Here N_= 1.874x10'/cm” and N, 3. 748x10" / o

D
-

-E kT
and ni{T] le given by nf{T}":AnT}t Gﬂ; : l,'ll-l‘?}

from w:hlch

8y (500K) .3

| 1 .
= oxp [E—E k)| - }] =
nfrauum . 3007 GO 500 ~ 300

4,630 exp[(1.21/8.62x107)x0.00133 ] =
4.630%1.349x10°= 6.24 6% 108

) .
Hence nftSﬂDK}- &.316:108:{1.5::101“] = 1.405:1(?9.-‘-::113

From Eq's {1-19) and {1-20)

.' 2 2 '
“[':“"":H.A -ND}]'ui o n +{HA-ND]n-n§ = {)

: _ - -
N (N, HD}+ SN, Hn}rﬂnL
> 2 z =
11
-1.874x10 ! 87471007 ol
. rr cm ¥

p= nffn =1.405x1¢ /3, 656x10* = 3.843x10"% 0’

Hence the material is practically intrinsic.
The reason why the sample is intrinsic is that
n, = 3.'?45::1{11*!:::13 which is much greater than
N.& or ND
1-22 We have to find n and p [from Eqgs. l:i-l'i] and {1204]

but wa neeod n, which 1s found from Eq, (1-26) with

n=ps=n

| ]

{7 : 1
|
h U ST -
WU ox. 602107 Px(380041800)

ﬂl -]
I.EﬁﬂﬂllltﬂMIftml i
Now, from Eqs. (1-19) and (1-20) ws find (as in

prob, 1-2I)

«{N, -N N -N_F+int
ANy ANGNGPHE] g0 g 7eet®
+—_—_ -
A - 2 2
13 k.
3.89x10 " electrons /cm

13]2

n

2
p=n;/n=(1.86x10")°/3,89x10 = 8.89x10Zhotes/ cn’

Hence the conductivity of the sample

%3.89x10>x3800+8, 89x10%1800)

2

¢ =q{mn+mﬁ]-l.6ﬂn'l

= 2,62x10"
Finally, from Egq. (1-14) we have

- 2
€= J . B2 ImASfem or

9 2.62x0°%0 .em

€ =1, 996::103{mA- Oy/em =1, ?Bﬁﬂﬂamvkm 21,996 V/cm

1-23 {a) Uaing Table I-1
Concentration = b6, nzﬂnz 3 atoms

1 mole 5.32:
mole x *

T2.6g © _ 3

= 4.41!1ﬂ13ltﬂmlf¢m3

(b} Under such circumastances, ND=4.-!1::1&4ltnmlfcm3,
Thus
12 exiot 3
n™Np andp === *‘—'—-‘*ﬁl =1.42::1012hn1alf:m
4_41x10
e — &* "'lg
Since n>>p, oS nQU,=4.41x10 %1, 6x10 %3, 800 =
D.Eﬁﬂ{ﬁ-cml'l

p = %- 3.72{0-cm,

(¢} If sach wtorn contributed one fres elactron to
the '"metal", then

22 3

h = 4.41x10 elactronsfcm”,

o= ngu, = 4.4100%%x1, 6x10  %x3, 800= 2. 58210 Q- crn)

hance

Hence the conductivity in Increased by a factor

2.58x10" 8

0.268 ~10 _
1-24 The conductivity of intrineic eilicon at 300K ia

{froemn Table 1-1)
o= L
1 2300000-cm

= 4,35x10" %00 cmy ™

I wilicon ware & monovalent metal then emch atom

would contribute one free slectron for conduction

lnq (see Table 1-1)

n=5, ﬂxlﬂaz-ﬁlu:trunlf =m3

or

19 2

U= qng, = 1.60xI0 xﬁ.ﬂ:lﬂz :.l?-ﬂﬂﬂ.ﬂ-i:lﬂ.rtn-cm}'l

a _ 12
o Z.BMD

i
BJd 5
V" "o snd P ="
10

from which VH=BE=d'.|,. Since Nnhnfl.E:lﬂ
(Table 1-1), then the bar ls n-type and p=! .
a
Hence ?H=ﬂ.3:5ﬂﬂx5ﬂ0-3:13ﬁﬂ:ﬂﬂ4= 6.5x10 " v=
55m YV

(b) Since NA:I-:- B, .

V= 0.2x500x5X10 " x500x10" 40,025V = 25mV

A, 1
1-2 4
b My where 0= 200,000 1-c

Bl nﬂ.ltﬁtlﬂ-

Yu¥  30x10 3 x2xt0"
-3, .3 -9 3

B.33x10 "Clem ™= 8.33x10"'C/em

b

l1-25 (a) with J:uEl

now u=up .

= =5::10“'E’|:n-cm}'l
&

From Eqg,{I-}1} we have ¢=

_ Sxl10_

B.33x10"

1-27 We find p frem Egq, {1-32)
g  1xi1673

p=Sz —— = 7.6923107°C/m’
Mo 1300x10

= 600/(1-C wm 600 -:mz_)' V-u

Finaily 1

P 9

VEHpw niﬂ:lﬂ'?‘ﬂ.a?z:lu"?‘zla'z _
! 10x10~5

From Eq.{l-il] B=

*




0.308 —"%’-
m

1-28 From the figure of this problem, we find the

expresrion for pix) to be

P_-P(D)
pixiz{ —Sr—x+p(0)=hx+p(0),

oy '

. ]

where h® {pn-p{d-]]fwﬂ 4

D<x< W

x>W

- ——ap SP a
{a} From Eq, {1-33) qu{x}i qnpdx {with €= 0)

-qD_h = J , DCx W
J (x)= P
'pﬂ

O . x>W

- = oy B
(b} From T.f{;ﬂm T e PE-aD ’_'”
D D
E=qPP al —LEE
'J,UFF P M, dx

P

i D
1 h
P ]'lp '

e

snd mubstituting for p(x)=hxtp(¢} snd v, for D fu,

[Eq.{1-34)] we obtain
[

v, h |
E(x) = 4 bx+pio) *+ O -X<W
9 O . =W
(%)

!

E A
£

1-29

1-.3%0

1-31

W WV _hdx w

T g .
(¢} Ve.f Edx=. =-Voin(hx+pl0))| =
-V_[top -iep(D)]; V=-V ln'P—ﬁi-v lnm'.-?'-
T o i T pid) T
3'U'T£nlﬂ= 3Ix25.9mVx2,302 = 178 _9mVY
() Tha avarall slectron current must I:'nu' roro,
Thersfore, [rom Eq, (1-37)
Ome 8
Ta=0mnn€ +aD, =5, |
D v -
_ n dn T dn
£= - -—-—-unn et Dl where Eq.{1-34) l» use
Since €= - %} ‘wa obtain d"il':‘.FT%-?—- , and lIn-
tegrating from %, to X,
n n
- B _1 -VZ /v
‘u’zl—vz-*‘p"f ‘\F’Tln my --‘L"T.En iy or n =n,e 14 "

250, #Nn. while

(b) Using the fact that n

n1=np=ﬂf /IN,, we have f[or a step graded p-n

L

junction:

fp - HDNA v
— o ! ——r e
Va. 'u'T in ‘r‘p VT.lrn n:
(a) From Table 1-1, the value of the concentration 1
N of Ge atome ia 4.4x10% atoms /e |
Hence N .!IL= 4.411D3nltnmﬂm3. HD=4.4::102 z:tnmlfm

From Eq. {1-46)

3

N.N 0 2
Vo=Voin t D 0. t:nz5.*';»'!.1':.:tqm-—-—-—--————---""!""‘“F ’l':';’wl =
n (2.5x30 ')

i
0.02594n(3.1x1d%)

or V_=0.0259x 1034 = & 65V

{b) From Tuble 1-1
N = 5,0x10% Batome /m?, N, =5.016F Y m?,
ND=5.D_:1n“.fm3 _

- and .2

V_={0.0259V)4n20%3.0xd0

o _ 16.2
1.5x10" ) -

0.0259x 28, 43
or ¥, = 0.659Y

N N
AD
ny

L.et HDI{‘J‘m}lthu original donor concentration
{potential), and

=(0.0259V}£a(1l. 1x10' %)=

an{?nz-}- the new donor coocentration
(poteutisl), and
NN NA.H

A 1 D2
"-"D]ﬂ VT.tn TR ?nz=?Tl.n—-z-—'—- , heance
; n n
i i
N, N N,N
A D A Dl
: Vnz . vnlan in -5 -?Tln—'———'ﬂz =,
iy "y




D1l

: HAH
V 'vn].:v,r’*ﬂ z -VT-!'H ?...
i ni

n,

N
4 .
".FT.!.n N =2{0,0259V) £nl0 =0.0259x 4,21 =0.239 Y

]|

1
1-33 a) p = E:EH = =3nmnrN= »!
A

b & 2. 60x10"1%x1800

= 1.?3&:10‘5;?:::113, Similarly,

1

ND= 19 = 1.64-5::1015!::1':13
Ixl, 60xI0 " "x3800 :
N N_
) A'D
Fru:_rn E'q. (145} "-"n— VT.En 3

ﬂi.

5 5
0.02 gk 736%10 1. 64 5x10

s = 0,0264n(4,569x10") =
{2.5x10"7) = 0.219Y
(b) N, = ’ = 6.25x10% /em®

le‘ﬁu::m'lg:&nn .

1
N, = = ¢.81x1d% /e’
1x. 602207 P x1300 |

. 5 5
Then Vﬂ=ﬂ.ﬂ2 6in 6.2 51121_3“‘—5131(}

o 20,02 64n(l. 33610
CHAPTER 2

. _ 4 3
-1 .[a) "‘n”HD' !udllll fem

o 0,2
a0 lu.s.xu::] - 4.5510% e
" 5xi0
b) Py N = 5x10'%/ cm’
2 10,2
N
n=—i-o 8288 ag 530’ /em’®
P " sx10
The plets are shown in Fig, 1,
‘ |
=5'H1Di

wl-
ct
mﬂi
'
o i
& |
|
¢ | i
¢ R
} 4 .
p-reguon ~tet— Clepletion —amiu n-rogion — %
Flg L ' - |

2-2 The sketchex here are similar to those of Fig.1

and the valoan of n and p’P are ldentical of those
of Problem 2-1.

2=3

Z=-5

Lub

-In the n-region npn = =

The only differeance here iar that

- 13.2
n
pnz i = {3-.51:]:.3* } = I.EEllﬂllfcmz
T Aax10 .
and >
n 13 2
n = —i ={Z.5:tll‘iﬁ} = 1.ZE'm:'r.,llll'lIII':].?'ln::'l':l.3
P P, 5310

In the p-region ?1-= T_= qHFP or p =

P P P P quup
p_= . 3 = 1.30%10° /em®  with
.p 9, 6x1,60x10 %500 . : "
z .
n, 0.2
n o= { - [1.5::1(?‘ ] < l.'ll::lﬂsfcma

P Py Lioadd

1 1

1

B P Wn 100x) 60x10° X1300

: n 10,2

%.Hlxlﬂlsfcmj and Fn':f_t _':1-5'-‘“} 1;
n 4,B1x10

Finally, we plot curves similar to those of

Prob.2-1 {Fig.1)

- 4. 68210 ke

(a) Vo=T/, 600=0.026V at 360K,
With IsI{eV/TVT 1) wo have

V/Zx0, nza_l uv!uﬁusz

)} or = 1-0,95=0.0%
and V/0. 052 = L0{0,05)=-2.99% or V=-0.156V

-0.950 =1 (e

-1) _ 5,842
" =0,Bh4

1 (o0-170.052)
(b) The ratio s —of*

ID[;u.im_uaz_”

=-0,84]

0.5/0.052

(¢} (i} I=10(e -1)=1,499:1¢°nA

0.6/0.052

(ii) I =10(e -1)= I.H?.E:lnlobm'-

in) 121070 7 %92 _11a 7 01030 0PnA

(8} From Eq. (2-3) 0,5uA =500nA =1nA(e '/ 270026
or  V/0.052 = bn(501)= 6.217 and V=0,323 V

M) T=20e"/ VT_1)a20(6%323/0:026 1y 570010644

4 97 A
(a) We have, from Egq, (2-3)

b
I=1 (exp{0,8/0,052 }-1}=1n=4. 80Zx10

5=14(exp(0.7/0.052)-1)=I_xT.019x10°

Dividing the above egs, we get L. 48.02 or

5 7.019
I= 34,21 mA

(b) From the second equition we get

_ _ -4
1= 5/7.019210°27.123:10 *mA = 7,123 na
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'

Z=7

2-8

. (&) Observe that the

(a} Eq.(2-3} 1a I=Io{nvmvT-1}ﬁ Iqalv’!an

NPT 1 Ol

Dividing these l’.wu ‘equations

10z /

with r|'-"T= 2x0.026=0.052 ,

{?E-Vl}fﬂ.ﬂ52=lnlﬂ=3.3ﬂz and V

oo 1T

z--"iui"llll D.!.Z v

(b} Here, a similar approach yialda

(V,-V,)= 0,052 40100= 0,24 ¥

current-axis Ils n logarithmic
acale, hance we have to find an expression for .
log I in terms of V in the forward-bias ragion,

v
2 /vy

where from Eqg, (2-3) ar

v __

logl = logl +{log e} (V/nVyp)=logl +. 4 34 = Vg

(1)

which is a linear rallt-lnnuhip hetwaen logl and V
A mhown in Flg.2-6, We have two points on the
atraight line, i e, {I=D.0lmA, V=04 V) and
{I=10mA, V=0,75V).
Eq. (1} above, we have
-Z=lngI¢+ﬂ.434::0*4h1xﬂ.025=1n51ﬂ+E-.ﬁTT}-n
1=logl +0.434x0.75/nx0.02é=10g,+12.519/n

Subtracting the first of the above eguations from

Subatituting these values in

the sscond one, we get

12.519-6.677 5,842
3= QF 15 ————

" 3 1,947

{(b) The procedure hers is the same as :Ln part (&)

(1} T=-55° Cx-554273=218K and V=

i, ﬁuu =0.01%

Hll"l the poinks arc {I=0.0lma, “F-D 066V} and
{I=10mA, V=0, 66V) and (1=10mA, V=0,91V)
and we get |

-Z2=logl +0.434x0.66/r0.019x]0g Iu+15 076/n
{ =logl,+0.434x0. 91/1x0.019=10gl +20,786/n

r 3a20:786215.076 1]_?5.3"1'111 % 1.903

1

ii} T=150°C=15042 423
{ii} =15 7T38423K and Vo= i1, 600

The points sre {I=0.0lmA, V=0.1V), (I=z10maA, V=0,55V)
and |
-E'IngI +0.43x0,1/mpe0,0365= lngI +1,186 /n

1=logl +0.434x0.55/mx0.036521ogl +6.540/n

T iana0365 V

5,54 0=1,189 and ns 22331 5,351 351 1,784

n 3

or 3=

2-9

2 =11}

2 -11

2-}¢ From Fig, 3

(a) F rom Eq.{2-5) the factor is »{100-25)/10 _,7.5
=1

1.1

‘the factor is E{EBG'ES}HD= ;1?*5 T
5.

= 1. 85410

(b) Hare,

AT/10 trom Eq.({2-5)

Therefore mxn{mm::u;auu}z“‘ﬂ 10 r 50=28T/10

log{50)=(AT/10Nlog2 or 1,699= "ﬁ—TID 301

(a) Iﬂ{3ﬂﬂ+ ATY = Ia{iﬂﬂli

&T_=1ﬁ.99fﬂ.3ﬂl = 56.44 'C

(b) From Eq. (2-5) 0,11 (300)=I_ (300287710

0.1 = ﬂT“ﬂ' or lag{D.l'p - &THD log

AT
=]= 10 x0,301

The |itun.tiun ia depicted in Fig. 2, where
= Iu+ I’R

Agsume that IH

and AT =-10/.301= - 33,22 “

lv totally independent of T

{(actually- we can neglect d'[!l /4T because
Then

’

dl.R AT =< dlnde Je

We are given that

dl_/dT
—2——=0.11 and dl,i,” = 0.07
i ] . X

From the above two equations

dI
— Dlll”il'—

37T aT 0.07]

e 7 = 0:07
o

0.11 I=0.6361

1-Iﬂ={l-ﬂ.6iﬁlliﬂ.3ﬁilﬁ, Finally

Ty

. 2 10 v

I,  0.36 5uA

R

= Iptigel e
VIVE LY o 141
R 0

= 5.49 M0

VIAL, vy
-1}+ o

or [ =
o




Bed

Now, this squation is hard to solve by
analytical methods. We therafore use the V-I
characteriatic of the diode, 1. e,

We plot sufiicient pairs of values for IIJ and V to
obtain the diode charmcteristic of Fig.4. The
voltage V has to satiefy this relationship, We
have to flnd one more aquation that V has to
viatialy, The intermection of these two curves
should glve us the desired velue of Vv,

Hnth‘:ﬂ that

v v
R g o I'Ip*y

This is ancther relationship between I, and v,
which happens to be linear, Two pointson it nre
found. ae follows:

Lat [D= 0; then V=R I={1.25k(Hx(40u8)=0_ 05V
(point A)

Let V=0, then I aI=40uA u:pgﬁ:t B)

‘The intersection of the two :u:;va- gives the

desired answar V= 0,027V

Fig 4

. =
001 001 GbY 004 005 VY

2-13 The therma)l resistance Rt is 0.1 nW/%C.
Here we have AT =10°C and
P_ =R AT =(0.1mW/°C)10°C) =1 mW
From Eq.(2-5) I_(35°C)= (25°Cw287 /1% suaxz =
10uA

For therma) equilibrium wa want Pyt to be

equal to the rate of heat generated by the thermal
losses due to the current. The latter power is

Pelectr. =V In= Puut * I m¥
_out  1lmW . -
Thgrﬂ.’uru V= In o T; : =0.1k¥V=100Y
' . viny
2-14 From Eq.(2-3) I{T]:In{T}[l in T-l]

V11600
-rnrr)[ expt-Loi 1-1]
We want to find I{-55°C}/I1(25°C) = [{218K)/I{298K )

I{-55)=1_{-55) [up{%}-l] =] {-55)1,225x10

Using Eq.{2-5)
1[251=1n{z.5}[ n;’g:':ﬂ] I-_H: “”u-r (= 55}]
(298-218)/10

:xn:-saixa.zsmé

8

x {3.353:::10 ]=2

= Z .114!:1!]'3:1“{-55!

Therefore I{-55°C)/1{257C)=0,579

2-15  From Egq. {2-5)

AT /10 105-125)/10

= 0,152

In[105°}=1n1125"."}2 WA =25 nA
Vo T/1600={2734+106) /11600= 0.0326 V-
From Eqs.{2-T) n.n:l- (2-3)
nTrp 2%0.0
0324 BV
F - —
fa) r= T oxp(VinVy) - Z5exp(0.8/2x0.0326) ~ 22¥10 T
| =12.2D0
by = MV ___6.0652 . 556y
Iﬂ-xpi?fﬂ\f.r} 25expi-0.8/0,0652) nkA
=5 56x100

2.16 Since the atatic resistance B is defined am Vi1

weé have
. VaR-1=4,5Tx43 B mAz200,ITmV™ .2V
L4
From I=In{a m."_';l'_.]_} wa get (wlth n=l, VTI 0.026V,

rod V=02V)
[z —l e d2S IR 519992102 mA 2 200A
cxp{VfﬂVT)'i )

At V=0.1 V we have from Eq.{a T}
u.nza -5 ¥

ﬂvT
vf'ﬂv'r =El'hl:45.3 =2 777210 E=3?.T7n

re

I e
o




I:V 172
2-17 We have, from Eq (2-15) w:( )

But ainca :rp - qN AuP wa obtain

znviu 1/2

°p

zt\r fz
2-18, {a) -C and (rom Eq. (2-15) W’ )l

L5
T W

We hava

'(z: v, ﬂ'('gijn(;?_jm

Now, i'rﬂm Appendix Al

1/2 _ ] -
(58} 2(0.5x1.6m10 Pm1zns. B4 9m16 Zxag T 2

: 2.98x10%, hence
) -16 2 2_
Co./A =2.913%10 (Nhl'?’)l. F/em
z.en:m’*(ﬂ A”])” EoF ent

. (b} In this case A-ﬂRz-ﬂDz!«ll

-rr:{ﬁﬂ::lﬂ'-'slnﬂ.!i-!cmﬁn]zﬂ

ar A=l.2&7ﬂﬂ'zcmz

' 1
We filnd N _from ﬂﬂ-——or Nl
A HA“P pupq

from which

N A-{-I-:ﬂﬂﬂ:l. ﬁxlﬂ-lgl}-l_-—- 3.1 5:10151" 1:::r|:;3

"fjﬁ 4 + ﬂ..’;'o =4.3Y¥, Hence

o=, o13x10 4 (3.125x10° 74,33 2x1. 2671072 99,49 pF
z nDz i -3

219 A:nﬂ *.,401:1{} i.n:E..H:mfin}z- B‘.llil'J*:\l:ll!.'f*"l"1:.mz

Hence, using the result of Proh, 2-1 &

N, aVy (—EI)E( 1 )z
A NAJN, g13mod

N2
=15+u,35( ﬁl_g 4) =3.57x10° h:m
B,107x10""x2, 913x10
, 3 1 1 1
e R R RN 5
P o, " GRup” WANy ) iong 175 s7a1d 500

= 3. 50{l-em

2+20 {m) We firat derive an sxpression for E{x)

€ (x)= j‘l-;'- dx
*y

/g

i
L A

From Flg, 5a

{ 0 for =< -Wp
o fx =’ .-q'HAh for -Wp'ﬂl < 0
e qNDh: for 0<x<W,
i Q for = >W,

with the condition

W, N, =W N (1)

Therafors

€(x) haa the following expresslons

for various ranges of x,

i) ::"':-Wp: €=0

X = '
) W €x<0: E = J‘l pdx = [ —E;ﬂ-d:
—Wp Wp
N,
== {:-I-Wp]
-qN W
iil} At ==0 €=¢_= ——-—: E {1s}
. x x
iv) 0 xCW_: E-J‘ ":Ld”=.|'n -E—ﬂ;ﬂ' —E—d:
. - - “
*p %



X gN gqiN_.x dW
D . D _4q _ 4 '
=En+£ —;-:-d:n:-rEg+ () GT— d""} —d,{i quDWnﬂl“qNDA d‘l-r'i
v) Notice that at x= W ° E=E_+ D_n = zalN A-—A-—-"g"\i'— (3)
' Q 9
D N.A+HD d"-’:j
aqN . W qN_ W ' ' ; N N 1/2
A P D .
) ¢ + == 0 . From {2) vi/2_ (A D, q W firom which
| € | N, N, 2¢
We next obtain formulag for V 4
8 for Vix) from Lv_”z' N.AND 3_)1.-'3 dW
x 2§ N -I-HD 2K d¥
Vix)=-[ E{x)dx A J
o
. ) dWw
we distinguish again various ranges of values . and replacing this expresgsion far ‘*'““dv_ in (3)
J
Tor x, '
. we get 1/2
N.N
1} =< -Wp: V=0 _ cT=(?' A D_) v,'”z @.E.D
x -gN : NA+ND j

: A
ii - *: L : - ————p
} ﬁp x< 90 ve _J‘w € II::.I-Wl";Mim {d} If we subatitute in the lagt equation the
P

expression for ".l"j from Eq. (2} we get

x
aN 2 QN 2
=+—__Et {;+wp lw= e {::+WP} . E.A.: A
T p T W W +W
R p
Q
Let V¥ stand for V{0), i.e. V(0)=- ¢ax {a) Here WPd-:wnu W,
' -W
P Z-21 {a) Hers Wh<<W_ =W ifrom Table 1-1, e =12
qN, W3 7 y .
=‘"i-§-'—p— = y* . | and from Appendix Al gn= 8, Bagx10 F fem,
X X ENDI Hence e=e ¢, = I.GﬂﬂﬂileH:m
i) 0« x<wW; wm-v*-j:u;:v*-‘[;[sg . —hx or . QN W
HND 2 : Since V. T from Eq, [2-15), then
Vix}=VT. € x- x : i

_2::

] 12
W= 2e “.ri Uz{m.uﬁzﬂu lz{lﬂw.ﬁ} J =
iv) Bayond x=W_, V(x)<V(W,), found from the lagt aN 1.50x10" 10>

ion, - -
equation 3,733x10 em=3. 7332107 em ﬂi"l_:,'i in/cm)

(b) Vj=‘l-’{'wn}, and uwalng the last equation, - 1_47119'41“ = 0.147 mil
A

aN, qN W QN W
A AP
y 'ﬂi}= v*-euw “———W = (b) From Eq.{2-13) with x=0, €. %"

n 2e n 2e B

2
QN, W W gN_W -19_ 15 -4
4 - A‘ P8 atD n En= 1.60x10 :I::ll}l rfiga?mlﬂ - -5.534::104'\”1::111
_ 1.062x10 '
I we substitute W, s WPNAIND in the middle | Cw
term abéve {c} From Eq.(2-17) T From {a} "
C -
i T 1,062x10
2 W=3.733x10 "cm and = =
QN, W N, W W gQN . W W gN. W ) A =
pre A D 4B P 8 AR P_"A E[‘Wi-w'] : | 3.733x10
J 2e L 2e ZE P h g F -3 F F
| = 2,845x107"—— = 2.845x10 5 X~
Subutituti_ng for NA the value from Eq. (1) we get cm em 10 7 F
' 2 2
qN_ W cm -3 _in <
D . tm Jdo_ ) .
‘u}' T n"i'f where w=wn+wp. But we ohyerve _ 3(3.54 in x (lﬂ' mil 9.0184 pF/mil
that 2-22 We know that CorE 11:,-*3 for an abrupt junction
. N v
N W, Ny (W-W ) or W = AN W, bence WIth b a constant, Since Co= 10pF at V=4V,
~ __b b . /2
N . gN we have 10 RV b—Eﬂ{',FVl }
A D .2 4
vj-- N 4 e W d.E.D {2) 20
Aty Now, for V=4.5V C_=—%52 = 9428pF
| T 452

Thio is & 0,572 pF decrease in capacitance,

10



L Y s o o o L SRS TR
- - -k - fomat= .
b . -

2-23 ¢=t ¢, = 16x8, 34910 ¥ F/m = 1.41610" °F /m

{see ADP. Al)

_10 -3
JEA _ LAGXI0 x(0.5x10 ) L.y gop
T W 3x10°° |

c

3-34. From Eg.{2-15) we have \’:13 ¥ -v,= ﬂ,.ﬁ-"fd

N ¥ v I
A TEE o 12 2x12x8,849x10 1/z
. w—{qH 1 1ﬂ_ﬁ-'\"‘d'} _1_9 6 {ﬂ.ﬁ*vd:l
A 1. 6x10 151101 |
where we have used emg

L are taken

r¥o}
{raom Table l-1 and Appendix Al

ir and so

reapectively.

w=l, EZ?xlﬁ-E{ﬂ.ﬁ-Vd)l {?.'.‘ Therefore

(a) Wl 629x10 2(0.6+5.60 2= 4.056x10"> cm

(b W=1.629::lﬂ_5{n_ﬁ+ﬂ.3)”zl 1.451ﬂﬂ'5¢m

f2

"

=1, 629x10° 1IIvl:::l:n

12x8, 84 9x10"14x10
4.056x10 °

= 2.618x10"10F

=14
For (b) C‘T= 12x8, 84 9x10

ic} W!l.ﬁz'}:lﬂ'ﬁiﬂ.ﬁ-ﬂ.ﬁll

-2

A
(4} GT' w For {a} GTI

19-2

1.629::1{1'7

= 728800 F

Z~25 {a) Fromm Polason's eguation

dz‘-'_iﬂ_:.::_d‘lf I.Iz

2" "6 Te tax ttze TG

_ 2
At X=-W /2 we have =-:t—v=n and C_ = aw

1 8¢

A
2T X L

dy _ ax- aWZ ax]
be 8¢

A C2e tRe YT

rA
._.1W3+1W3. a‘ﬂ"3

2 4Be 16 24€
3 3 aw 3

3
) _ AW™ aW™ aW™
Finally at x=W /2 ‘-f=‘-':i"45, "'153 + 24e  1l2&w

At x=-W/Z we have V=0 or C

W/ Wi

Z
(b) Q=I -ﬁ-ﬁdx=‘r Anxdx = AsW
v} »)

8

dv _ aw®
dw ~ 4e

dfz _ Aaw dwW
and  Crp® 37 = av

From part (a)

11

AaW 4¢ _ €A

Hence {C_ = =
T 4 . I.Wz w
2-26 C..= _t?i... from Eq. (2-2T7) and L =(D T ]lfi.'.
-26 Since D= AV q. p Dpp
T . v D (from Eq(2-13)
Cpn¥ T 1x10” 7 2x0, 02 6x13
we have 1s—2L T, DT p Ly 2x0.02
| P LP (2.6x10 )

x 0. 0LA= 10mA

2-27 The excess minority charge QP and Q in the
p-gide and in the n-side, respectively, ara given
by Eq, (2-24)

Q Aqup o'
- )
Q.= AqL,n P[ﬂ}
: AqD p (0} Q
From Eq.(2-23) L__(0)= P _ - B
po L "
P P
. .
Aannp{ﬂ} n
I {ﬂ}= = ro——==
np Lap T,
- 2 FA
wheres we used LP= Dt ani L =D 7
PP n nn

The total diffusion charge is Q“Qr-*nn"plpnm]

+'rn1np{_ﬂ}
40 dL nmj dar (0}

_an np
C=av ="p —av  ‘umav—"pEp" "nkn

where gp{gn] is the conductance due to holes

(electronn)

2-28 {(a) From Eq.{Z-13} with x=0

qN
D
€ = le |= - ¥
W™ 2 |
From Eq, (2-15) "m"j=-——._="E W ; dividing those two
equations ' |
Em}"lu'j = 2/W, hence €_-= Z\EIW .
{bY From the first »q., W= + substituting this
qNp,
in the second eq. |
T F/
qN EZEE eE
v = D m 2 = v
i 2e 2.2 2qN. Z
D

229 {a) Proceeding as in Prob.2-2Bb we find (with Hh
‘repluced by Ny

th '
"le Eqﬂh {1) From Eq, (1-15) u=HAun
and subatituting into Egq. (1) yiclda
v, - ‘jfg _ 15::3.349:11.: :4::{2:1{}5}2:131:-9 . 3093
P P P
where we have used the constants in Table 1-1 and
Appendix Al
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{b) For intrinsic germanium from Table 1-] UP=1H5.

heance VE-ME_?_
1 | -
{c) Hare HP 3.7 (2 -cm} han:u ?zilﬂﬂ.iv
k J
. Z . 10
{d} F'p- Up = 50,93 - 5093 ™ 0.196 O-cm

2-30 {a) Assums that the dicde is ON with V=07V

{mince 'v‘r- 0.6V}

+//_'*fn\s-

Filé.7

Then i—vnm = (10-V)/R or Im9.3/2 =4.65mA

(b) We will now obtain a better mpproximation v,
for the voltage scroas the dlode,

Fruﬁ: 'tznzun:pwa!nvri and Llﬂluﬁlip{‘flfﬂVTi

va-v1=11vT£p{szrll:with vl- 0.5, I] ® ImA and
L,* the APproximate answer of part (a),

vz-u.a-n.nsznnt-m&}-r.u'r';g or ‘u:!l 0.680V

Hence a more hecurate value for the
current ip

1= (10-0,6B0)/R = 4,66 mA
(e} I = tlﬂ-\*z}fﬂ= (10-7)/2=2 1.5 A

{d) One diode ig in the brﬁkduwn region and tha
voltage across it ig Vo= 7V, The other diode
is forward bimsed and the veltage acroms it ig
about 0.7V, Hence

= {10+7-0.7)/2% 1.15 maA
Neither diode is In tha breakdown ragion,
Hence, one is.forward binsed and the othar js
reverse bijased; the current .il limited by the
reverse biased diode, =1, Since
(0.6 V, IlmA) is on the VI curve, we have
1a] o[®XP(0,6/2x0.026)-1) from which 1=l

-5 Tx10 Emﬁ

{e)

Hance

Z2-31 (&) The battary voltage is not rufficisnt to caupe

breakdown in any of the diodes,
of the diodes is reverss

. Hence, one

binssd and I“:,h flows

through 1t, ' For the forward biased diede
1"'ill:'illl"'.'“i"r':l' |

Ix1 (e -1) = I_= 1004

::::.-.:- : vfh vT | -

y . 2 or VanV,in230.052x0.693 = 0.034V

y n.

The voltage across the othar diode ig 6-0,036V

*5.064 V

(b} Naw the reverse biased dicde has o Zaner
breakdown with a voltage Vzl 5V
across it;, and the othar hag a voltage of

6-521y,

The current in the clreuit ia

VMY,

I=1 (e T-l}=mx[nxpllf1:ﬂ.ﬂ26]-l] =

10x2,25x10°0A = 2 254

2-32 Foar taro-temperature coofficlent, the svalanche

diode must have a coefficlant of +1.7mv/® t':
oxXpressed otherwise,

L+ 1y

Tamp. cnaf el X0 1”

15V —-::lﬂﬂﬁ = 0,0113% /°¢

2-33 I, = 1ua, I,= 2uA

o
-

Yzl = Vg @V,

For each Mlode we have

Ih=l lexp(v

= 100V

I

HnVT] 11 or ?Dlﬂ".l" ln{1+-:1l 1)

Aspaume 1 =2

(=) vﬂﬁ? t Here none of the diodes breaks down
apd I is limitad by the sroalle st I
Iﬂ- A

Ha-. for D2 ID--I- 1A | and

from IH .
v, n.nszunu-:fa;--sa,numv, and

"fln -ﬂﬂ+?’a Rt -?_9. Y64 V

Vel20V: Herse D] wil] break down, and DZ will
be reverse blased, Hance I‘Inz'il!:ﬂ'-
Vy= ztooy , V,=-20V

(b) ¥Y=80V: Here

RHEMH and these resistors
tend to equalize thae vultngu Across the digdes
B that Il= KA and Izl 24 A .,

12
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Now I= 11+Il"= L +1', or

' _ - )
Il = 12'11”3" (] +Iz:li.Lﬂ. {2}

v ¥ V+V,
; ' 1 [ _ 2
Also, Il=-T , L‘I = "R A
Vi V+V
Substitoting (3] into (2) we get - ——= (14

R R
R+V
V=3

This isa valid for "'o"lﬁ Vzﬂl 100

i3}

] or

For V=zBDY, vl=-{a+au:nfz=-44v, ?3--35'?. .

For V=120V, V,=-(8+120)/2=-64V, snd V,=-56V.

2
a) It is clear that the current is in the raverss

direction through the dieds. Hence 1=21,=30nA

and V= R-I=10M0x 30nA= 30010 >V=0.3V

the voltaps scross the diode is
Vp= 1-0.3 = 0,7V

F'inally,

b) Here the current I is in tha forward direction

and we have;

Vi Vg

I= 1 (e wl) {1)

v+ RIa1V @)

Eqs. (1) and (L) contain
only unknowns. We shall solve them graphically by

plotting both on the same coordinate systemn as in
Fig,2-14 and obtaining the value of VD from their

1 and ‘FD as tl_::

intersection, Corresponding values of V and I in
{i'_l are listod. below: |
L, nA

Y. mV
0 0
20 14.07
40 14, 74
&0 65,11
80 109.72
T, wA

4
L
'
3
]
]
*
X
]
’
b
t
I
A
4

Eq.(2) is » linear relationship callad the lcadline.
The slope Ils =1/R=-1/10M0=-1nA/10mYV and a point

13

Z=35

thus obtaining I=1V/R =1V/10M=0,1A=1008A
(point A). Finally, BTV '

. . . _ L l. - L
{a} Cne of the diodes har a Zenar hruhdnm:l- and -
VEI 4V,
forward-biased diode i 6-4alV

a voltage Hence the voltage I.r.rﬂll' .

and

- '

I=L (exp(V/nVp}-1)= ln[axp:zfz:u.ﬁzm-l Mnslgﬁqoa@:

{t} Load-line method

We plot the relation I-Iu{m{vm#_ri-_ll for
various values of V. Since the forward biased
diode '"sees" a battery of Elﬁ-‘fznz? and a 200-0
resistor, the load line passes through the points
(0,2V) and (E/R, 0)=(2/0.2, 0)= (10mA, 0). The

. intersection giveas a diode current 1% §,5mA and
V=0TV

A vﬁlt-n 4

Iterativae lﬂtﬂ:ﬂﬂ"ﬂtim As o ﬂ.flt guess, take the
Then Ilntz-ﬂifﬂ.1=lnnm
Now, the diode voltage corressponding to L i:
found by solving I)=I texp(V.MVy}-1) for V¥,

dicde voltage to be kero,

v=EnV_in *-]lﬂ.) {1}

17T NI,

10x106nA _

Now, a bettsr approximation to the current ie

or V.= 2x0,026 kn

121_{: -?1} /R=(2-0.718¥ 0.2 = 6.408mA

Again, from Eg,{l1) we obtain the diode voltage
corresponding to I, to be V,=0, 695V

The next. currént sapproximation Ls 13"={2-ﬂ.£95}fﬂ.3=
6.523mA
V.= 9,696V and Iinally 14=(2-ﬂ.696‘.lfﬂ.3= 6.519mA
which in very close to 13.

Henca 12 6.52mA

and the corresponding diode voltage is
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Z=37

%2-38

'5#3512+1+1ﬂ1 T orp

{a) The load-line method can be employed here
just as {n the previocus problem.. We use iterative
In what
follows, the voltage V across the diode will be

I through it by

. 1
employing | 1=In[u::p{“."fv-r}-l] or V=?T£n(-ﬂ +l) (1}

Approximations for more accuracy:

computed irom the known current

Neglecting the dicde voltage for the first
approximetion,

Il= {30-0)/1 = 30mA; Fu; this current we obtain
from (1) V;=0.026x¢n((30x10" /10x10"8+1)= 0.208V
For & ‘hetteg spproocimation, IZI{SD-D.EDBH’1=

49.79mA and from (1} vz-u.zuav and

I= 13 e IZ= 29.749 m.A

{b) Assuming that the dioda's resistance [when
raverseObiased) is mﬁ:h greater than Lk{l, we can
neglect the voltage acrome the 1k resistor,

Hance the diode's voltage is approximately -30V
and Inlut-lﬂuﬁ » As n check, nate that the drop

across the 1kl is 10UV which is indeed
negligible,

(¢) Eorward biased diode: Tha Analymsis here is

identical to that in part (a) and [229.79 mA

Reverse binand dicde: I=[-3[l+\r"zlfR=

-2G/1 =20 ma.

(a) The V-I characteristic is plotted for & number
of (I, V) paire,

T,A

The load line is defined by 5=V +10] (1)
Thur two points on it are obtained by setting V=0
for which 1z28/10=0.5

and I=0 for which v=5_

The interwection gives I%0.25A as the Aanswery
(b} The solution is obtained by combining Eq. (1)
above with I= 0.2/V-1 from which Iz= 0.04(V-1)

or V=25°+1 . Substituting in (1) we get

1=0,247 A

(a) R =10k |
Awsume that both diodes are on, Writing KVL
equations for the two loopa [defined by the 100-V

battery and R with DI and D2 replaced by their

14

Plecewise linear model) we g&

---I'.‘I'Il

Elé. (3

lﬂﬂ=R{II+Iz 1+0.021

1+I','I.2

100=R {Il+l'2 ]+ﬂ.01512 +0.6

{1}

ot 1ﬂ.ﬂ211+1ﬂ12= 99.8
10, 11 + I'D.DIEIZI': 9%.4

Uaing Crammer's rule we get

- ln.ﬂzx -4""101? !H
L= 10.02x20 015210210

but since 124: @ D2 is OFF, contrary to our

assumption,

= -5.743,

Hence assume that D1 s ON, D2 ia OFF, |

and L, % 0 N ow mav-nrlw.nz:lw.z or 1
Il=§.%m . As an additional check that D? is

OFF note that the voltage across D2
100-99.6=0.4V < v‘?&' 8.6

1n Iﬂ*ﬂ~lﬂ11=

(b} R=1kQ . Again, if we assume that both dicdea
are ON, we get from (1):
1021 +1. = 99.8 Hnw,uim' Crawmmer's yule
1 72 1 - LEEHHA"F?.BIM A
4 102 %{,015 -1 Ll

| 1, +1.0150,= 99.4
ond 1,2 5374 mA

Both currents are positive and the original

asaumption was correct,

Assume an infinite resistance for a diode which ia
' Alpo let V'=0,7V
{a) V= 10V, vzﬂl'.'l?': Here lwu assume that D1 is
ON, DZ is OFF. Then, the current through D1
and the 9% ) reaslstor is
= ™Y ml:}u.?
(9+1)

v, = 9x$.93 = 8,37V

reverse bizsed,

and

= (.93mA,

DZ is OFF because it in rl_eval.'l# biased by -
Vgt ¥y = -8.37V

(b) v, = 5Y, v,y = ﬂf‘f: Under the same assumptions,

i i

=S

=0.43mA and vnﬂ 9x0.43= 3.B7V

D4 ia OFF because {t is reverse biamed by -3.87¥

{¢} vy ® 10v, ¥,®3V: Now, assume that DI is ON
D2 js OFF, I[=0.93mA and

vﬂ= E,BT\T_

Agaln, as in (a),

Now, the wvoltage across D2 {assuming ne current
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z-41

v,= v,e 5-8.37=-3.37V which

verifias the msasumption that D2 is OFF.

through it) is

{d) V= ¥, = 5V: Aassurne that both diodes are ON.
Thea a current L, flows through each diode and
thelr sum ZID flows through the 9k reslstor,

Now, applying KVYL we got

1V 5.0
1 — —.—-i—'u-|—=
vy RtV +9x310-ﬂ or I 0.226mA

1418 = 19 .

and vu= 9:\:211): 4,074V

{a) Hare both diodes are OFF and.the current [

through the L0-k resistor is zero, Hence

v“=5-1ﬁ.t[=ﬂ
The wvoltage across each dicde isa 5-5x0Y and

‘hence sach diode is OFF indeed.

(b} Now D2 .is ON, Dl is OFF and the current
through D2 is
5V -0V

[DE= 1310 = 0.4545mA,. Hence
= =0 v
vﬂ- V‘r + IIIDZE D+ 0.4545% D.4545

Alternatively, v, =5-101_,=5.4,545=0.455V

is Yo=Y~ 0.,455-5==-4 545V

and hence D1 i1s indeed OFF.

The voltage acroas Dl

(c) Now both diodes conduct i_nd the currents
IDI! [Dz= [D while the current in the 10kl

resistor im I=ln ) °Y ] I

~S4L0X2L+V, HIXL 4v, =0 or L = 5-= 0.2381mA

From the circogit

Finally, «V_+ 1xI_= 0,2381V

M
Alternatively, vn=5 =-10{2% Iul= h=(Z20)0, 2381 )=0_238mA

Assume V:ﬂndnv'=ﬂ_'ﬁ’
R= 20k}, R,=R,= 1k{
(n) v1=ﬂ and vz= Z5V

15

D2 is OFF, D! and D3 ara ON
5'[’.?"‘0-?'\% —- 3. ﬁ

Hence L= Rl =73 =3, 6mh |
vu=5-ﬂ.?=4.31-" .
= EA
Iz= 1 %3.6 P, 3620243 _ 4 BiEma
L= L-1g®3.6- 62730 ¢ A.2iomA

D2 is OFF becauss it is revarse himwsed by

vﬂ-\rz =4.3=252-20,7V
b) '!r]=1r3=2 BV

Now agsume that D1 and D2 sare ON and D3
OFF and L=1,1, I,=2I.
-4D+RI4+V'+R111+1.F1=Q or

RZI+RII=4ﬂ-vl-1-"'=40-25-!}.T=14.3 and

Applying KVL we get:

I=14,3/(2R +Rl}=1'4.3!41 50,34%mA
Hence Il=]'2=I=0.349mﬁ. . 13-2

and vuﬂﬂ-ﬂﬂlﬂﬂ-lﬁxﬂ. 98=26.04V

D3 is OFF because it le reverse bissed by

5 -vni-zl 04V,
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CHAPTER 3

() The loud-line equation is

*VCE=vEE+FLIE Qr '\FGB . C-
Tjru pointe on the curve are (v nj__-l.l\f,_ 1

*-i1+40 I
o= O,
and {(OV, .12 VA0 (=30 mA), The intersection of
the load line with the I.E- 5 mA llne on the CB

output characteristica of Fig, 3-6 gives the

qulsscent point with IL‘;"'E A, vCBE -1 Vv
(b} If we use the quisscent values for IE and

?Gﬁ of part #){5 mA and -1 V, respectively) on the
CB input characteristles of Fig. 3-7, we obtain
V'B= 0.67V,

vL= '.nLlc-—in B{-5mAR200mAng 2 V

{¢) For _IEII. IE+ MEIZ =54+10/2 =10 mA,

we cbtain from the same load life of part {a)
Ic'-lﬂ ma; for IEZ=IE- &_IE)"Z =0 ma,
IE= IGU= 0 mA, |
(#) FProm the load-line sguation
"U’Cc=- EB-RLIC- 3-0.1x(-15)=4,5 V

Observe from the cutput characteristics of Fig.3-6
that IE!H-IG for negative values of V

{&) Now ?CL'.‘.:: 4.5-1 =32V and IE= 15 mA., Now

CB" Hence

Io® -Ip=:1§ mA, and from the squation of the

load tne Vopw -V -R 1.2-3.5-0.1x(-15)=-2 V.

Azssume that the transistor is In the actlve ragion,
Neglecting lecy l=-Qln=0.98x251.96 mA and
Ini-{Ic+IE}=ﬂ.ﬂ4 m.ﬂ. Thus \FBH= ?BE-—REIE =
0,710, 2x2 = 1,1 V and

VBN 1,1

= =

R R, 25
IRI' IB + IR;-_' 0.084 mA, We next apply KVL to find

= 0,044 mA. Hence

vGH= vCGTIIG-l-IR;}z k{lal2-(1.96+0,0B4)2 = 7.9] V

and vﬂll. vCN;'vHH- 7.91-1,1= .81 ¢ Fionlly,
R,= VR:HR: = 6.81/0.084 =~ 8],]1 k0
Vae ¥ mput

Notice that, in the ocutput characteristica, the

carves for which IB= constant are horizontal and

that IE= hFEIE= 1DGIB

16

3=5

LI

5-7

 are {VCE. ﬂ}l{ﬂ'_"d:lﬂ mA}and (0, V

(a) Aesume that both transietors are in the active

reglon. Then the [n\rlrnlng. equations are
I.= -2l and f =zp -
¢ g c"Plp T-a

with o, .99, T, = 0, 9B, ﬂlﬂ 0.99/0,01=99,

B,= 0.98/0,02x49
Hence, IGZ. —131E=+ﬂ.93112ﬂ= 117.6 mA

IBZ =-uE+IGZ} = -{-120+Ll17.6)=2 4 mA

IEIIHIBE.= -2.4 mh: Ic1=-u.11E1=+'U.?9::2§=2.3T£ A

IEl=IB=-{IEI+Ic]jﬁw{-3.4+3.3'fﬁ]'-= 0,044 mA

L= L+ Iea® 2.376+117.6=119 98 mA

-BR I =20-0.1x120=8 Y
c G o

Finzlly,

®) Vop® Vee
(c) 1_/15= 119.98/0.024 24999

IC}'IE = 119.98/(-120)% 0.9998

() Using the load llne equation we have

vGG‘ Rclﬂ+vGE' hence Ic={‘-’cc-?GE”R¢=m‘ﬂ/6.H'
26mA, The quicscent peinl iv Vg 6% and

1(‘:: 25 mA, and from Fig.3-9 we obtain I
0.1Z2mA

v

g~ 120 BA=
Hence, {rom Flg.3-10 we see that

=~ 0.7v. Hance vBB'E RbIB+ VBE =

BE
30%0.12+ 0,7T= 4.3 Vv

(b} The guiescent peint is located at .vCE
I~= 16 mA. Another point on the load line ia
?CE=E v, Icl'ﬂ'. Hence R.:"“»:E"Mc’
~{6-2}/(0-16)=250 01,

At 1.=16 mA and vCE-:ﬂ‘I[ we find from ¥ig 3-9 that

IEHEU Wi =0.08 mA et the quiescent point and from

=2 V,

-Fig. 3-10 we find vBE ® 0,68 vat IB=ﬂ.ﬂB mA and

vGE= 2V

Hence "."BBI 'F.bIE+ \"'BE= {30)(0.08)+ 0. 6B=3.08 Vv

{a} Draw a load line on Fig.3-9, Two points on it

cc/Ry)=

(0, 8/0.2 =40 mA). At the quiescent polat 1= 20 mA

Il:ldl from the load line we find vEE= 4 ¥ and

_LB=lDﬂ F_A= 0.1 ma apnd VEE= .U.T Y, .
vEE= ?EE-F IBRI: =0.7T+0.1x10= 1.7.’1" (EI--R' hﬁ}

{b} The slope of the input curve of Fig. 1-10 at this
point is obiained graphically to be
- £
= AV /A1, % (0,9-0.65)/0.60 = 4,17k

(c) Stace Vop= Veo- R 1

Vv
LC’® 4

cE™ "Ry,
Al_ln. since vBBn RLIB+‘U‘EE, ﬂvBB=RhMB+ﬂvBE=

Rhﬁl'ﬂ+rhu3=tﬂb+rh}ﬁlﬂ. Hence

1
Ax .H_GE =_iLi§- (1)
¥pp Ryt blp
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MCJ'MB is found from the load line in the common
Assuming that IB
varies from BO to 120uA around the gquiescent point
(I,=20mA, V..=4 V), we sce that Ig varies from

16.5 to 25 mA spproximsately.

cmitter output characteristida,

Al
Hence, TE » M—'Emﬁg = 212.5

B {120-80)1x10 mA
Now, {from (1) we have

0.2
10+4.17

Ax=- 212.5 = -3.00

The governing aquatlons for the input and output

circuit are Eq's {1) and (2), reapectively:

5 IRHIE + Vo (1)

Yo" Rlet Vex ()

Wa firat draw the load line for the input
characteristice.
in the (I_, VBE} plans,
obtain I, * \f’!l’lh; similarly, vBE-
Hence, two points on the line are {IB= vi’“‘h‘ VBE
and {0, "ft.'l. Observe that the slope is always *lfﬂh.
Hence, s "'fi increasen, (he load line will move

parallel to itsall se shown in the figure below for

Eq. (1) respresents a straight line

By letting VBE= 0 wa

IBl O gives "-"1.

some typical values of "u"i. Here we assume that

curves for which ¥V __>2V

CE are very close to that

with V. gp3e ¥V

0

17

Similarly, two points on the output load line ara:
“r:”cc’ﬂf B/0.2=40 mA,V__ =0} and

uc-n. vCE. vcc' g V).

CE

- 'We superilmpose this line on the output character-

istice {o0.¢.)
From the input characteristice {l.c.} we ses
that:
(1) When V £ 0.6V, then the load line meets the
characteristics at a point [or which 1B =0 .

Hence, from the o, c, IE =0 and

vV =V =8V,
o 8v

cE" 'cC

{it) For 0.6 i."'al"ii 1.8 v, wa sas from the 1, c. load
line that & IB varies drastically from 0 to about
180 yA. From the shape of the inpat curve with
VCE-ZV we sce that IB increases from 0 to
about 90A for 0.68 ‘H"i‘ 1.2 and from F0UA to
about 180 QA for 1.2% Vli 1.8, which indicates
that IB varies licearly with V., and the slope is

i
wniwm.z-u.mw ISORA/ V.

The same plope
is dbtained from (130-90MA /{1.8-1.2)V,

Thus [, =(150 pA/ V)(V, -0.6). (3)
$From the o.c. load line wa sea that when In
varies from O to 130pA, then IC varies from 0
to atoat 37 mA rather linearly with & elope of
37T mA/1B0 uA=206, | |
Thus ;c-z Dﬁlnﬂlﬂi{liﬂ F&fﬂﬁ& -ﬂ.ﬁ}f

(30.9 m&f?}[vi-n.ﬁ]l - (4)
® ng v =V CE-vcc-ncxc-a-anamsn.qmnrnvi-n,ﬂ
or ‘\Fn-t B-ﬁ.lﬂ{"«"i-ﬂ.ﬁl _ {5)

{mrf Now, for 1.8« *Vl £3.6 V, we see from the i c,
load line that I increases again linearly with a
slope of about (0.48-0.1B0kmA /{3, 6-1.8)V=a ‘ .
0.167mA/V=167TPA/Y., However, the o.c. load
line indicates that the output voliagse vGE is

limited to about 0.33V no matter how blg %

gets, Hence V = Vep™ 833V, and
Ir:' Wﬂﬂ-vﬂﬂ”nﬂ: ;a-u,zlua.z =38.4 mA

From party (i), {ii), and (ill) above we plot
the following graphe '
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3-9 (a) Slace FEE=6 V, the transistor is in the active
region. Neglecting e 1 -HIH ox IB=IC.-"E=IZI100
= 0.12 mA. Applylng XVL to the base circuit ,
VBa"pia*tVaEg °F

Rh=l:vBB-vEEH[B={6-D.?HD.12 = 44,2 k{}

Now apply KVL to the collector circuft:

Vec® RlgtVegp or

R = ch'vcE”Ic ={12-6})/12 =08k O

(b) Apply KVL to the base circuit:

vBB=RhIB+vB E+RE([B+IC:-.

R.h={ vBE -vBE-RHuBHC 1) !IB={6-G.?-ﬂ.aﬂz.1z}f 0,12
m 24 kil

APply KVL to the collector circuijt
?GC=R-:IC+?EE+R¢“B+IG} or
n;{vcc- Vep- RH{IB-’P Icmrca {12-6-0,2x12.12)/12 =

0.298B kQ

3-10 Since vC.‘E' 4 V, the tranaistor is in the active
Tegion.  Applylng KVL in the collector-emitier
locp we get

vGC={%+IC”R:+RE}+v or

CE
_IE”C"_vcc'vCE}”Rc*ﬂ’=‘3f"'””5+°*1’= 3.14 mA
Subatituting for In= BIB in the above we get

15+1001,=3.14 or I,=3.14 /10 = 0_0311 mA

Apply XYL again: v__aRI _+V d

CE B’ 'Rg 2"
R =¢vcE-vBE]le={4 ~0.7)/0.0311=~ 104 Fn

3-11 ‘Applying Thevenin's theorem to the left of the

3-12

base we cbtain the [ollowing c¢ircult, where

?tq=llﬂflﬂﬂ}vEG=D.IﬂU=ZV and R=g={lﬂ:9{]}f1ﬂﬂ=
k0
Aesume the transistor is in the nctive region with

vHE- 0.7V (Table 3-1), ang nﬂgli:t_lcﬂ.
KVL around base: "'u"uq= EEqIB+".’BE+RH{IC+IE]' or

Z=9]‘.E+ﬂ. ?+1{5ﬂ+l]LB or EI‘JIB=1.3, IB=D.0311'I:1A.

and IC=HIB= 50x0.0217 = 1.0B% mA

Verify that the collector }lunciion 1s reverse blased
{0 prove that the transistor ls in the active region;
thus, prove vCB }vnutin ~=0.5 V. Indead, from
KVL around the outer loop, |

Yeo= RcIﬂ+vCB-RquB+vnq or

20=5x]1,085%4 vcg-axn.uzn +2 or

B~ 12TV >

VG q.¢e.d.

(a)

Using Thevenia's theorem, Voq=(10/92)V, _=2.61V
and Roq™ 10%82/92=8.91 k2. Now, writing KVL
for the loop defined by Veq. Q2, and O] we obtain:

veq=maq"'ﬂ‘msz+vam”5m+°'”1131”c1] or

2,61= . : .
61 =108 NI ,+ L4490 WL+ Iey) | (1}
Trylng to find additional equations we notice that
= =B = s
I’:1 E:ILBI BI{BEH:'IBZ 2 lﬂﬂ:ﬁllﬂz EIﬂDLEz

Substituting these in Eq. (1) we obtain
2. 61= 10B_91 133+1.4+n.1{51133+ 5100 1132}
624, D1 152“1'31 or Iﬂfu.nm'ﬁ mA= ] 04 pa
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3-14 Asmssurne that the transistor s in saturation.

3-15

H ence Ic2= ﬂ3133= 0,097 mA;
" 51133= 0,0969 mA

=51001,,=2.89 mA; Io, *~{l,, . )=-2.99 m&
2100x0. 00194+0.7+40,7 +0.1x9.99=2_59 V

no

El

B'N
Hence 1]=124-2.59H32=ﬂ.3&1 mh Iz=]‘.l-IBz= 0.259 mh,

) V. 5V -1kOxl,

01" ' |
Vez* - 0. 1xllx b T-0.1x-9,99=0.999 ¥

Firet approximation: IB={B-D.TH50=0.HE:I&A=HE A,

Draw a load line passing through {8V, OmA) and

(OV, B/0.4=20 mA on Flg, 3-9, Tha intersection of

the load line with the Io=l46 HA curve ts tn the

Call it

Then IC' 8/0.4 220 mA,

From Fig.3-12 which gives
the saturation characteristics, we {ind {for ICIZE} mh

and IB-].-'IrE pAl Y

l’=z4-1x9.39=14,1 '

saturation region and is difficult to raad,
OV as firet approximation.

Second approsimation:

=0.1% V., Heace the second
is {(8-0.15)/0.4=19.6mA.

CE
approximation for ]

C
For vCE= 0.15 V¥V and IBI 0,146 mA we find from .
Fig, 3,10 (tka input characteristlcs} that ?BE= 0.MY,

Hence IE =(B«0.71)/50= 0. 146 mA as bhefore.
From Fig.3-12 at L =146 uA wnd I.219.5 mA we find

= 0,15V as before. The answers are;

CE

BG BE EG_ 0.71-0.15=0.56 7 M

Then

12 (¥ HE ={5-0. EHR n 4, ZIH

BB~ BE

1 s(V EHR =(10-0.2)/4,66=2,10 mA

G
For saturstion we should hava

_[B.': ICIhFE or 4.3!Eb:- 2.10/100 or
R <4 2x100/2.10=200k0}

-
Hence {Hh]ml 200 k(i

EGC

(a} Applying KVL at the base circuit, we have
Vep™ Folp * Vart Rty )

Assuming \FBEiﬂ.?\T (Tuble 3-1)

and letting IclﬁIB= 50 I, we get

1ﬂ=4ﬂIB+D.T+5[5ﬂ+1}IB. Hance I,=» 0.0315mA

and Il.'.'.'.= 1.575 mA

{b) The collector junction should be reverss blaged

for O to be in the active region; hence, we should

bave for a n-p-n transistor V > ?? =0.6 ¥

from KVL

= +
vGG Rclﬂ vCE RbIB-l-vBB or

25=15x], 575+"«FGB -40x0,03]15410 or "ﬁ"c R

Since ?EE‘: O, our asppumption was wrong.

CB
Again,

u.7,365 V
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(¢} Apaume that Q

Table 3-1 we have V.EE
and V

is in saturation; from -
2 0.8V, V=02 Y. _Fith

these values of V aquaticn (1)

BE CE'
hacofthén
{Rh+RE}IE+R!1C= vBB-vBE or
= ' z
45 IB+EIG 9,2 {Z)

Apply KVL to the collectar circﬂt; we have

ch=REIE+\FCE+R (I +15) or.

EIB-F 20 IC = 34.5 {3)

I we solve {2) apd (3) simultanecusly we cbtmin

| - = mubh
]C 1,'333 oA, IB 0.0686

{(d} For saturation, we should have IB'? IGH' .
Indeed, for the values obtained in part {c),

D.06B6 = 1,223/50=0,024% g e.d.

(e} The two equations from which I can be

obtained are

(R, +R M +R I
REIB+{RE+REHC

{; and IB

= ?_Z
= 24.8

. : '2_
or, is matrix form, Rb+R¢ R' IB - ’
R R +R 1 24 .8
[ e cdu

Uning Crammer's rule we find

Ip* JeotR

" tR H“tf"R E‘H‘“«]

whare R is the coefficient matrix,

-15,6R }

{991+15 6R )

< BI_;: hence the critkal valua of

C B
R is obtained when we let I _= PBI oT
a L B

or 5908 = 798.6 R,

For saturmtion I

19 92415.6 R¢1=5u{133-15.ﬁnﬁ1

and R‘E' " ‘kn
- x,

-{i'j Assume the transiator is in the sctive region,

Then, IG= Bl, and, from the base circuit

1
vBE= RbIB+-vBE+Ra|H+”IB {1)
lﬂ=EﬂIE+ﬂ_T+ZIlﬂlIB or IBIID.D'S'B? mh

and IGI 3.69 mA

To warify our assumption, we note that

- _ -10
vcﬂ' ?cc -R 1'[__'+rark_ﬂzE VBB 25-3x 3. 69 +50%x0,0369

or ch'_' 5.7T8Vv> 0. Indeed,

active region,

‘the transistor is in the

=08V, To be

CB

conmervative let us choose vCBi 0 eor

= - w]l =15 = =
?CE 25 '.’:Ic+RblE 10=15 3ﬂD[E+HbI.B 0

{rom which IB = iﬁfliﬂﬂ-ﬂb} {&}

(b} In the active region V




-

From (1) we have: '{Rb+3ﬂZ]IB= 9.3 or Active: For values of ‘H‘; above 0.7 V and up to a
IB=?.31[EB+EDE}. Hence 9.3!{R5+333}I15ﬂ3ﬂﬂ-ﬂb} certain voltage, the transistor is in the ]-
am | active regio here V__.=20.7V and
15(R, +202)* 9.3(200-R ); 24.3R * -240 | | cHVe region, w BE
b b I =8L,. -
This is eatiafied for all values of R_>0, hence : 1
R - 0. . | : Here IB- {Vl-VEEHRhI 0.0533{"'}'1-11.?] (1) @
m .
Lo BRI = 8.33(V,-0,7 {Z)
3-17 Applying Thevenin's theorem to the left of the Lase IC= IB [ l )
: Vono=R I =5§-21 e5-1666{V-0.7
we obtain Via Jita =0l and Re3E0, 50y - Yo" Yec™Re'cT 5 G (¥-0.7)
400 | 400
Similarly, for the circult seen by the collector, the . or v = 16_66-16.66 v, {3}
Thevenin voltage Vy snd aquinl:z;t resistance Saturation: Let us find the value of V; at which
3
Req *ve glven by V= ErRMAS TS LR | Q enters the saturation region, whers

{superposition was usesd hare) and vBE= 0.8 Vand ¥v__m 0.2V Hence

CE
qu={3:2'!’]!30-3,'? (1. Thue the equivalent clrcult | |
i 1n= (V;-0.8)/12 and 1.=(5-0.2)/2=2,40 mA.

Tha trn.ﬁlinltnr enters saturation when
vth 35V Vo= Voploat), From (3) 0.2=16.66-16.66 Y
or V. =0.988 V, Alternatively, the

transistor entera saturation when the walue

of I obteined by Eq, (2) is 2.40 mA or
5.33[v1-ﬂ.7_} 2. 40 or "'o"i = 0,988 V in
agreement with the above value,

Here -IB'- (V;-0.B)/12 = 0.0833 (V,-0.8) for

) 1
V> 0.988 V, [ =2.40 mA vV =
0.2V

CE, sat

L]
(a) V=l5V: Then V'=1.5V and assume that the

transistor is in the active reglon with Vap"0.7 V.
From KVL

'v1=1115+vHE op lB={V‘-—"-"BEHR M

or I1,=(1.5-0.7}/36 = 0.0222 maA

Thue 1. =8l = 0.B88 mA. To verify our assumptlon, .

note that vﬂﬂ-xih-naqlc+mn_—v' (2) cuToFF-""r'*"""""— SATURATION
;  OF V,5=3.5-2.7x0,888+36x0,0222-1.520.393V> 0. “ep

Hence the collector junction le reverse binsed as mA |

required in the active region. LA 5'5"3"“""1"-!',—?! 'Ic

| 1

AU S,

(b) ¥V = 30¥V: Then V"=3Yand now assume that the 2 40

transistor f» in ssturation, Hence Vpp= 0.8V,
VCE. m, and from ({1} | |
IB={3-ELBH’36=H Dell :na;a.; simnilarly, ' L _ 0.7 096w
o= (V- c.E”R =(3.%5-0.2)/2, 7 = 1.22 mA,
Siace L= 0.06lL>» Icﬁ = 1.22/40=0.0306,

the traneistor is indeed in saturation.

3-18 We have to find the values of v for which the tran-

sistor O enters the cutoff act iw.ru, and saturatioa

reglons,

Cutoff: Since vBE. act” 0.7V, any ¥, below 0.7V : g.'z|_
would have the transistor at cutolf, whare;

--n-t——_-i-"""'

AT oves 2 NN
IB“D, I w0 hence vn—v -REI’C#? =5V

20



At V= 0.988 ¥, 1,= 0.0833(0,988-0.8)= 0,056 mA =

15.6 pA. |
The discontinuity of the I:E. va, V, curve i
explained by the abrupt jump assumed for
?EE_{D.T to 0.8 V} from active to saturation.
Since in real life we have a gradual change rather
than » jump, we should expact this curve he

smooth around V, = 0.988°V, |

3-19 (a} Assume the tranaistor {3 1s in the active regicn,
From the base clrenit,
l10=10D IB+1{IB+ IG] or 10=100 LB+IB+ 100 IB

Hence 1= 0.0490 mA and T_.= 4,58 mA

B C
Now verify the assumption by checking if V_ >0,

CB
E-Ic‘l" VCB 100 IB. D or ”GB 4.93 9.96 0

Therefors, our assumption waas wrong and Q
is in saturation,
10m100 I

10=2 IG

Solving we cobiain In= 0.0662 mé, IE.:= 3.3l mA
Indesd, IB'.‘r IGJ'H and 0 is io sataration,
b} "J'u z 10«2 IG z 10-6,62=31.3B V¥ ‘
(¢} For saturation we have to have IB'?IGﬂ or
A IEIHB=50. = 50,

EI+ l[IB-l-Ic'_I-' from the bawse circult -

+IIIB+IC] from the collector circuit

min
3-20 {a) Assume that Ql iy cutoff and Q2 is in the
Then the equivalent clrecuit is

Hence P

Active region,

A\ 2V

where Thevenin's theorem was used at the has

10 '
af Q2 to obtain v-mﬂﬂ 1Z=8BV and
o {4+1)10

“Tat)+1p - 2k

Applying KVL to the base circuit of QZ we

8-0.7
obtaln VER L +VoptlU13B),, or L= 3334100

R

0.070 mA and IB2='T.0 mhA. We verify that Q2
im in the active reglon by proving that

VCEZ-R -0.5 1C3+R IBa ~V=12-3.540.233-B=0,733 V¥

Heance vn=1::-u.5:'r=a.5 V. Note that

?EEI--{IEHB}{IH @ thue Q1 s indded in the
cutedf regicon.

21

(k) For V.=6 V assume Q2 is at cutoff snd Q1 is at

saturation, Then we have the following

equivalent cirecuilt,

The Thevenin squivalent circuit at the collec.
tor of Ql jis obtalned weo follows

4410 (4H0)1.3 ) (00

Yeq" 2+1041.3 4+1041.3

12 =10.98 Vv, R.q=

From the base loop of Ql we have

E=D.E+HIBI+ICI} or IBI"'IEI: 5.2 (1)

From the collector Thevenin equivalent circult,

10.98=1.19 L, +0.241{I; + 12191,

10.7T8 (2}
=0.511 mA, .
Iclfﬂ and Q1

Icl} or 1

Bl
Bl ~

Solving (1}.and {2) we get I
Loy=4.69 A Indeed, I
is in eaturation,

Finally, we verify that Q2 is cutoff,

vc,,zfﬂ'.z”“m"'lcliﬂ," VY. Hence
L= (12-5.4)/1.3 =5.08mA D=1 -I = 0.39 mA,
Now Vg . =-1{ly +I  H10L =-5,243.9=-13 <0,
q.%.4d,
Hence Vﬂ= 12-.5x [{:E= i2v -
3-Z1 The small-signal current gain h. is defined by
Eq. {3-16)
al Al
Bre ™ :1; = -M; (3
?CE ' vEE. conwt,

Thus, the value of hu can be obtained from the
CE output characteristics and Eq.{]) above.

At VCE= 6V we note that to ﬁIB=[lﬁﬂuEﬂ}= 10 U A,
corresponds a ME 2 {(34-25)= 9mA

Hence h, =225

(Note that if we work with Al =(120-80)=40 pA,
wa have ﬂIG ™ (25-17T)=8 mA and hit = 200 ).

Hence (h = M

fﬂllwrnge 2 = 2125

g1

3.22 [a) Differentiating IG={1+ﬂlI with respect

to yields
as g

=1 +p=—
codl, "“C

cot®'s
e

. dB
1 +IB dlc



Since h =dI fdl

fe B'
dﬂ .
1= tGD IBI I = E.i"h where P E hr:!:

hpp  bep )
- T et .
Teotyldbpg/dl, ~  x |
(b} To the left of the rmaximum thE!dIG
positive, in Eq. (1) above ,
and k. = h
fo

then

h =

H
ancs feo 1o

is
Hence x < ]

FE/* ™ Bpp -

To the right of the maximum, thEdec < 0,

hence x»1 and hfe -:f FE
v IV T +al
3-23 (a) From Eq. (3-8} ¢ © T 1-—?—-——£. hence
H +::IE
Vc- "i.FT Ln( )

. I +a I
Similarly, we obtain V_=V_iIn[l-————i=a i C)

E T IE:}
"5 From E YoV
(®) From Eq. (1-5) Ic+a[E=.-IEG(: . 1)

Similarl VE f‘r"
rly, from (1) u'IIC'”E_'%:O(

solving theae two linear aqua.tlnnn, wa obtaln

Ileg ¢ Ve/V: Jgo V Al
- Ig®3 ¢ -1 1)
aq "Toaa.
| I , 1
Il LY
L atpoy A N teo (. Ve Yy
G l-l:l.u.I 1-an ¢ -1

I

3-24 (&) Assume the transistor is in saturation.
la=(-Vap-Var! /Ry * rzn-u.ﬂ}fnb= 19.2/R

Then

IC= {vCC-vGE‘”Rc‘ (12-0.2)/2 = 5.9 mA

For saturatl
. on we phould !_mva IB'.:- IﬂthE
19.2 _ 5.9 19,.2%30

RB :--i-a— or Rb-'-'. 5.9 = 97,6 k {}
(b) From Eg.(3-!7 ) we have
Ve Rylepo $O0V or Rys v/ leso™

AVl mA=200%k0

3-25 {a) Icmtlﬂn“m = ]

CBO
1
10x2'% nA = 6.55x10% nA = 0.455 mA.

‘we should have

—VEB+ Rblcﬂﬂiﬂ Vor R i’lu"

(250 c}ﬂ[135-351!10=

For cutoff

BB‘r lepo™

8/0,656 = 12.2 k 0

= [Rb’]*m.u:

b A .
(b) Again vEB RyIceo

G{T} svﬂﬂmh-n 1 mA or

{T)< 0

CB

o250 Cyx2tT-23HMI0 g 4

6 (T-25)/10

(10x10 mA)2 £ 0.1, Hence

22

z[T'H”m £ 10000,
) T-25
Taking logarithma, 1o log2 £ 4 or
T“ff' <0.301 £4 and T & 157.899C
3.24
Ya')
Ko
Vn

&% R, 7

-2V

(a} Assume that Q is io saturation, Then

L= {v YBEHEI= {12-0.B)}/15= 0,747 mA

Iz={12+VEE]fRz={ll+ﬂ.E};'1Dﬂ=ﬁ.1ZE mA

IBHI.1 -Iz

=5.36 mA,

=0.619 mA, 1.=(12-V, )/R =(12-0.2)2.2

Since IE::- [c.fﬂl, 0 is indeed in

saturation and - ‘Ju= v__ =02 %

CE
b} Assume that 0Q is In the active reglon.
=0,7

0.7 ¥ and [G. B]B .

Then

VEE Moo .

rl=[vi-vEE]RI=uz -u.?imln 11.3;111

L= (124, JIR, =(12+0.7)/100 = 0,127

IB=;1-11={11.SJRII-D.127; hence IE. 3GIB=

For active operstion we ahould
> ~0.5 ¥V,

(339/R,}-3.81.

have vCB

. 22339
2= RLIG+\?CB+?BE EZ{ 1 331}-1-"-"":3

Hence VGB; _19.63-?45.3!!{1 »=0.5 or

0,7

R, »36.96 k 0

1
{c} Assurne that O 1 at cutoff, Tham using
. __100
superposition vBE “5 \1+1151{ -]1&}=

0.870-1.565 € 00

Hence @ is iodeed at cutoff and v, =

12 v

e le—

(@) Apply Thevenin's theorem to the bage circuit
fo obtain

ra'j

REC—BH !

V&‘Wg




100 | 15
T1s Prygicld) = - 0,695 Y

where VY =

and R = {15x100)/115 = 13,0 kQ

To reamain at cutoff we should have ‘FBE!:-II} Y

- . AT/10_
AL 80" -0 595+13:IGBD{:«:5 Ciz

- 0.695 + 13x1 0x1 0~ Ex28 T/10
zﬁTflﬂ

¥ l“-"+111

£ 0 ar

£ 0,695/1. 310 %= 5_34x107

Taking logarithms, {(AT/10}log2 £3+log(5.34) or
Tx8.20 <3+0.728 = 5,728

AT=T-256123.85 and T € 148.85°C

35.27 {(n) The width, W, of the depletion regilcn is given

where V

z.
W =3t‘u"ji'qHA 3 j

is the junction

voltage, and is given by

V.=V,- "«"d {V, is the contact voltage and V, is
J
the applied voltage), According to the convention
oF
of Sect, -5, V==V, and, mince V, is,the order
of mV, we can assyrme that vj =V, Now, punch-
through occurs when W =‘WB and Eq, (Z2-15})

bacomens.
Ve qﬂ_&wg,’Zl

. a ) -1
From Eq, (1-15) Pp = lq“pNA} . PR {qpnND} ’
gnd we are glven that Pp >> fp hance HD‘#NA.

Combining the above eguations,

V*{hppl ‘H‘F pr
tants, {€n¢, €, = 12X B.B4IXIO Fﬁn‘lﬁélﬂ“F& )

we get

Substituting for the cons-

"'i."=(?.:: L.04 x Iﬂ" x 509 WB!'DB= 9.,44x10 WprB

-4

(b) Hera V= 9.%2:11]3:[3110

& Appendix A -

cm‘.lzﬂlﬂ—cm‘li 37,08 V
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4 -1

'I!"T Photoreslst ete,

1Z,
13,

14,
15.

16,
17.
18,

19.

20.

. Start with a p-type 51 wafer,

CHAFPTER 4

5-6 mils thick
with resistivity of 10 (-cm,

. Grow an epitaxial n-type layer (0.5 {J-cm) 1 mil

thick,

Grow a 5000 L thick SiO; layer on the surface
of the epitaxial layar, '

Apply phnl:brui-t material, expose to the
jsolation . region pattern, develop, stch 5i0; and
strip photoresist.

m?ﬂzzm’_ﬁqz

n epitaxial

4

P - gubstrate

Diffuss p+ impurity (Boron).
CGrow Si0y .

base I‘EE:I.'IH'.I

(a8 in step 4) I:n define the
n f
P

L _ 1|

. Diffuse p impurity (Boron) into base reglon.

Grow S10;.

Fhotoresist etc. to define emitter stripe and

collaector contacts,

Diffuse ot impurity.

Grow Si0;,

Phatoresist etc, to define "windows" whare

contaete to SIL are to be mads,

Vacyum evaparate Al over entire mirface,
Photoresist stc., to defice connection pattern,

remove undeslred Al

C

¢ Al

P
Monolithiec n 72
Teat. - arnnﬂstor_ art:
Scribe and break. rOAUANGE neot
seqle,

Bond chip onto headar,

Bond wirea from chip to header leads.

Eacapsulate,




f *é?i‘rf i

4-2 The smitter width is 2 um.and the base width -
in 0.7 Um. )
Temitter
. & mcls
__ P substirate — _L
4.3 (a) 1\|:|1_6l atoma/em’ 4.6
(b) A7 am, 2.0 um
‘ﬂ} ur? WM -
{d} 5 x Iﬂwltnmlﬂcmz'
{e) lﬁultutnlfcm:"
4-4 (&)
(b)
Q2 Cutaff _s c_ Ql Active
JEI Reverse P T Fnrwlrr.l
JEZ Reéverse Qz n Raverlu
P
B o—| Q |
1\1 "
Since § 1s at the most nagative voliage in the
circualt, sz is always reverae blssed. From
the figure we see that Jpa 18 alsc revemsbissed,
Hence Q3f i L'-igand cutoff,
() - C , 4-7

G2 Active P

Jpa Forward Qz
J Revern
" p

21 Saturation |

J I‘nrwti-d

El
CZ

B Qi
n
{d)
M2 Cutoff E Q1 Cutoff
JEE Raverse ) Haverge
JCZ Reverse 1 Reverae
B

24

L .l:_-'u.""-'_‘.:. A

.:-I-‘fl-s.ﬂ'-"é“‘\

(b) (<) ;ﬁ € :

Connaction {a) hae the lowest forwsrd voltage drop,
#ince the trlnliltur oporates In its dctive region

and thus the Lase current is very small regulting
in a small base-to-armitter voltage, <Connection (e}
has the highest breakdown voltage, equal te B vCEE}

of the transistor, Refer to Sac, 3-12

10RO

I;:-= 100 IB

vH_E{actiu'e‘.b: 0.7V

VGE = 0.7-04V =

_ 5=-0.7
I, = 10

0.3V

= 0.430 mA

lz =i£'u-’-§ = 2,350 mA

Ic'l‘ IZ+1D =3.35ﬂ'-.|']D
IB. [i -ID = . 430 - ID
Ic= 100 IBI £3.0 - 1GU]D= 2,350 + ID

101 ID'= 43.0 = 2,350 = 40,65
ID = 0.4025 mi

' IG =2 380+ 04025 22 753 ma

I

- _C _ '
s - log T 0.0£75 mA
Fromm Eq,{4-T), we have B = Es %-

T2
30

20

10




taking the differsnce gives
£ 4

ﬂ AR ﬁ hw
T-i‘i%:mu £ 107 & x100

The Inrgest value of IT] nccurl if. both terms have
the same sign.
in mils.

w 0.5 1 2 3 4 5
T 30 20 15 13.3 12,5 1%

From Eq.(4-2) Rg = ¥ /0
1
D'H‘h}qun

Han:eJ!TI-I*—“fc whiore w i»

where p il

1 . |
- = 0.086 (l-cm
10 -5x10 1. 6010 ', 300

v =1 mmil = 2.54x10-3 ¢m

Hence -RE_M?LM- 17.8 /0
2. 54x10 "cm

} A miis

-1 mtl;-——hl-L

(») Since the crossover forme two sets of 5

and

squares in parallsl ite resistance is

g o 24 Of0xs0]

= 600

(b) For Al p= 2.8x10 %m. From Eq.(4-3)

-6
L4 20210 x5 E"”ﬁﬁ 0.175 0 ‘
) L4 x10 "xd
R 3 :
w c0xl0 .
4-10 {a) From Eq. {4-3) £~ RE #5250 (1Y = 100 mil
R.} '
5 _ 200x%1
{b) W = R = Z0 10 mil

4-11

4 =12

From Eq, {2-15) in MKS wunits, the capacitor
thickness is - '

i
ZI:"J

) E(zzl.nazxm““ﬂ.s)i
1,60x} o x10%%
W = 4.46x10 m _
where we used Appendix Al for €= €t

12x8.849x 1012 = 1 062x10" 10
From Eq.(2-17)

..z 2
4.4&1(!
C = 307 pF
£ & A
r o
C ==y TFa(-17

25

oW . 4x10 Pxsxe™®
R e, T
o® 8 8409%x10" %2 54x10"x10"%)

€ =35 which agrees with the valus quoted
in text,

4-13: From Eq. (2-17)

4-14

4-15

4 .16

: " =12 -8 .
: oW znn:m x 5x10
-ﬂ-— t
.ﬂ. ‘ e 12 where o is glven

o 3 SxB. M‘hiﬂ

in A.ppuﬂlx Al

} mil = 2 54:10 5:::
-7 |
A = 2:23x10 5z 500 mit1e® -
(2.54x10 )

Entturlh component Gl

in Fig.4-2 (Step junction)s
=1
° TP T 207 Ta

1 = 625100 con>
00 :

1
IIII“

N _=
A 2ox1.s0x107}%xs5

or

From Eq.{2-15) and Appendix Al

wol 22 "'n)”" (zmxn.hmn'“;a )? )
1.60x10" x4, 2 5x10%° '

1

«3.26x10 %m
From Eq, {2-17)
€52 12x8 849x10 MPx10x8(2, 54x10 ")
Cln w " ~= 21,05 pF

3,26x10

5ide wall, components Cp in Fig. 4-1:

C _
~% = 0.1 pF fmil®

Hence, C,= 0.1x(5+10+5+10)x] = 3,00 pF

Z

Total capacitance = 1::1+CZ= 1.ﬂ5+3.ﬂﬂ_-4,ﬂ5 PF

(8} The minimum number of isclation regions is 3:
Iﬂn- containing EH., one contalning Q2 and one
containing both F‘l and R,.
() The maximum number of jsolation regions ls 4,
or one par component. |
{#} There are 3 indepandent collectors, Hencs,
the minimum number of isclation regions is 3,
£or the transistor, All resistors can be placed
in ons isolstion island which must be connected to
the most pnlltiﬂ potential 1o the circuit, which is
at tarminal 3,  However, of Q2 and_
Q3 are tied to terminal 3,
and Q2 and Q3 can be placed in the same isaclation
island, called B Ln the sketch, The minimum
opumber of islands is 3. A confaine QU1 and C

contains 04, Q5 and 06,

'I_:hn collectors

Hence all resistors




(b) See sketch.

e

(1} QI and Q4 with all reaistors, {2) Q2 {3) Q3
{4) Q5 {gee the explanation given in the precseding
problem]},

(b} See sketch,

@ ()
& @
'_ ®

4-18

4-19 (a) 2 isolation islands A and B. All resistors
are in A which is connected to the moat positive
. voltage ‘f“. Since the collactor of Q1 wnd Q2
are tled together then these can hoth be placed
in one lsland, B, |

26

4-21
4.22
4-23
4-24

4-23

4.-26
4.27
4-28
4.29
4-30
4 -31
4-32
4-33
4 =34
435

(d)
{c)
(a)
(b}
(d)
(b)
(e)
(<)
(a)
(d)
(c}
{d)
(d}
{d)
(1]
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CHAPTER 5
a) 76%a 5124 12B+ 644 324 164 ]

22927425425, 24,20

10111101
b) 432 x256+128+32+15

22227425424

110110900

c}] 25B=256+2
=28421
= 100000010

vi0)>V¥(1), hence we use negative luglﬁﬂ;

weing BEq.{5-1) we have

R 10
8) V= Vo[V V(1}V, ] R+ R, 12-N1z+240.8] 7o
10
T12-13.4 X w 20641 V
b) Vo= 10-[10+2 -0, ﬁ]—-g--lu -10.75%= 0,755 V
€) Vo= 14-[1442-0.6] jop = 14 - 14.528=20,528Y

d) Vo=0-[2- ~0.6]- = 1320V

10.&

&) When all inputs are at V(1), the Eq. cct is as

b

shown,

boofs 06V
o W !II o),

-2V 2000
20 R0
VF-‘.

Using superposition to find v, we cbtain:

for phrt 8) V= 120955 +(- 21,137V

10.2 lﬂ F -
for part b) vﬂilnqlﬂ_ﬂ%ﬂ“ =2+ 0, 6}— - 1,176 ¥V

for part c) V = 1M 75= lﬂ > +l 2+90. 6}—'—"‘—_-1 098 V

10
10.2

¥ any or zll inputa are at V(1}, then the ocutput
should be V{(l)= -2 V¥ for an OR gate. All the

above cases satlafy this criteffa.

for part 4} vﬂ = 04 (-24+0,8)—= =137}V

However, when
all inputs are high (st Vip} =+ 12V], then

a} all digdes sre OFF, .. Vy=+12 V¥

b) all diodes are OFF, .%, Vo = + 10 V

0.0
c) all dlodes I.l‘l-l ON, and "'I 14m2+13 & _z
= 12,627V
d) all diodes are OFF, /), V.= 0V

0

27

5-3

. blas D3,

Hence, only a, b and ¢ satisfy the OR function,
¥For Va X Vp ZV¥VeViol ansume all diodesr are ON
V. = 2.07Tx13Y¥
P

VY =V +V,zL3+0,7=2V=V(o
o= pt )

‘Thus verifylng line 1 of the truth table.

k=2
20
Since this current is in the direction to forward

it is ON.

current thrnugh ZOk{i=

x .15 mA = 11

' Vot 5
current through leﬂ:_l:U = E;:

=u.63m-12

current through each of the diodes D1 and D2 =

13; B 0.630 - 0,150 . 4240 ma
2

This is also in the forward dirction, thus Dl
and D2 are also ON,

For vhﬂ_z"irf_'ﬂn} and v

varsa:

5" 4 V= V(1) wod vice
Assume DI is OFF and D2, D3 are ON,

v = i;D,T = 3.3V and hence D1 iz reverse blased

P
by 3.3 -2=13YV and is OFF

\FD= "'-"P+ 0,7=4 7V, thus verifying lines 2 & 3 of
the truth table.

current through 20 ki) = 2:4

20 = 0,056 mA = Il

5+3.3
10

= 13-11 = ﬂ.Ei -'D.ﬂ5= 0.78 mA

current through 10 ki = = 0.B3mA = L,
current through D2

Since the currents are in a directlon so l!. to

forward bias D2 and D3, they nre ON.

. For Vo #B x4 Va3 V{i], assume all dicdes are ON
vF_. 4 - 0,7=33¥V
Vo= 33 +07=4Y -

5-4
currant through 20 k(i = 70 = 0,05 mA
current through 10 k(} =3'—§;—§-= 0.83 mA
- ; Bl -
current through DI and D2 = 2, 32 0.03 . 0.390 mA

all dicdes are On as assumed as 3]l currents arae

in the forward direction,

Note that there is no level shift between input and
cutput becauwe of D3 since the drop acroms D3 is
opposite to that across D1 or D2,

If the input voltage ls greater than 0V, then the
output equals the input with the larger voltage.




5«5 Since the gate is o negative logic OR, ft will
Propagats the most negative input, hence

S5-6 Since u positive AND gate propagates the less posi-

tive input we obtaein.

0L-== == ' <o}
|

(@Y (4)

b) When both inputs aze. st 10V D, and D, will be
OFF and V,= 10 V. When one input is at OV
and the othar at 10V then the egquivalent circult

of the gate is as follows.

. 10x1

TV p—y

—>

t

Whett both inputs are at OV, then Dy and D
are ON and the cutput Vn' is obtained from the
equivalent circuit above with R'w= 0,5 X0

. 10 x 0.5
-+ Yo" To%

5-7 a) When vy OV and v, = 25V, assume D1 and
" DO are ON and DZ is OFF

2

= 0,476 V

28

Hance vﬂ'- 2V as desired

D2 is reverse bilased by 25 - 2 2 23 V and is
OFF

In order that DO ia ON, Inu mraet be positive

V_ -V Vv -2
Ia20ka 20 20

Y -V,
o 1 2 = 0

N"“’_ oo * 1b1™ lRa20 xa

l'Dl > IR. for DO to conduct .

mA

‘l.’n- 2
30 or VR<40+3 and

2 >

?R = 42 VY

At coincidence, assume all diodes are OFF

v =V apd V_ >10V for v > 10+
o R B o

?Rm.in= 10V

hence DO i reverse binsed by at loast 10-2=8 V
and is slways OFF for ?R = 10V Dl wnd D2 are

aleo reverse biased by 25-10= 15V gnd are OFF.

b) If ?R = 15 V thea all diocdos are CE'F as above,
LA 15 ¥ and all diode currents are rero.

c) D1, D2 are ON, DO is OFF; eq. circuit is

40V
L 2 20Rn
25V o0—-WA- — o,
o5k
Ia '*;E:’ = 0.732 maA

vﬂ = 40 - 0,732 x 20 = 25,366 V

DO is reverse blased by 25,366 - 22 23.366 V and

is OFF and current through each diode is

0.732
2

5-8 a) R

= 0.366 mA

* 0.5 k0], IDI'JE & mA

1 (D0O)
Thulvnltlga across DO = Vo*-05x6=-3YV

D] and D2 are forward biased and the eq. cht

is a3 shown,

20V

+« R
%E‘hm. ;tm .
3425 ' -3V
574 0.5 ROZ ) A
—I50V
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current L through both D1 and D2 =3 5; +1:: 25/
2§ . 2

147

=iy - amA

curréent .throeugh each diode - % =4 DA = ID

I.R = ID - 6= 2 mA
20+ 3 . 23
Now I, -—--—-;.—-: 2mA J, Ra—= 11,5 %8
b) Approximate solution: if IE= 2 mA and L .# 4 mA

then iDunzm.h and then DO ia DHwhl_ch ann S
V_= »R, Lo =-1V,

Exact solution: we sssume D, and Dn nre ON;

from the aqui.ﬂln:it circuit showm:

-0V
| T znska
%25k CSRO, |

15OV e N s AA ——0 'V,
T I1205kn
m . v
| vu+ 150
" Igy " 36.75
20=v 0 -~ vg
o s+ 1Mo
and IDI = I + lo
v + 150 v 20=-v
) o O

or

36,75 C " 05 T 1.5
115 v 4 1725 = -882 v_+ 735
o o
893.5 v_ = - 990

v = - 1108 Y
Q

c) Since DO is omitted I, = I+ LDz'n_&mA.

Knowing v, = =3V we calculate R » gﬂ_—-ﬂ{-_]]_

. —?— < 2,875 k0
R' a 150=3 o5 = 36,25 kO

4
dy If D2 is cutoff then =20 + I::E.ET.'H-I!E_:.TE -150 =2 0

170
or I = 39,625 = 4,290 mA and

vn =20 -4.29x2.875 w 7.666 Y as compared to

- 1,108 V in part b},

5-9 &) Assutne D1 and DZ ON and DO OFF. For ideal
diodes we have R.i: 0, Rr a = and V=0

The eq. cft is showp in Flg. (s} below

rivata 20V
2RO
ZRe.
o5k i&% "y,
o—AA; e} 'U'u O
ey oV a5v v

() 1 W

from the above circuit and using lupirpniltluﬁ:

_ & 0.5
v'—-151'5+lﬂz.5l B Y and ?ﬂuﬂ.\"

thus DO is reverse biased by 8 V and is OFF,
The current through each diode is [-i;-u%il }/2 and
is in the forward direction, ae D1, D2 are ON

b) With a +30 V pulse at A, asspume D2 ON, and D1

and DO OFF
o 1 .
vim - ]5=—420 2 3333 Y
1 3
and v « 0V

o
D1 is reverse binsed by 30-3,333 % 26,667V and
D0 by 3.333 V and are both OFF

20
i—lﬁv

sV (¢)
c) with + 30 V at A and B, assume D! and D2 OFF
and D0 ON. ’

oyt m 32’1 = 6.667V and v_ = 6.667 ¥

Both D! and D2 are tevetse biased by 30-6, 667 »
= 23,333 V and ars OFF.

a

d) For the ¢ircuit to operats properly, the amplitude
"FP of t.hn pulse must be largs enough to raise
the voltage at the cathode of the two input dicdes
to the value of 6.667 V (thus guaranteing that D1
and D2 will be OFF, while DG will conduct).
Since the quisscent value of the voltaga (psst )
is at -8 V, the cathode voltage in the presence of
- ﬁ;all- im "F.I"P-i- {-B}T Hance ?F+{-Ej = & h6T nrl

V. » 14 6457 v‘
P

5-=10 ?{u} 20V and Vil)=10VY, hence we have positive

loglc
Lat ?1=?A. "H'z'-'I?E, 'ﬁral‘ ?G' V““-& lﬂdvﬂ-ﬁlrr



Analyzing the subclircuft to the left of X.

1) V,= 0V = 'ﬁ"B then assume D1 ard D2 are ON,
and the voltage ‘-’é at X ls v‘; m 0¥

At this point even if D4 is ON, thera is no
current flowing through it as v, ® 0, and there
is no voltage acrosa Rz. Hance all the current
from Ry flowa through D! and D2 and {5 in =
direction to forward bias D1 and D2. Hence
they are ON,

ii} ‘L"Au 0V, then aseume D1 is ON, D2 {s OFF
Hence v; = 0V and D2 is reverse blased by
16V and is OFF. By the sarie argument as in
part 1) DI is ON. |

il Vo= 0V, V =10V, this is identical as i) with
the diodes DI and D2 interchanged

iv) V, = Vg 2 10V, assume D1 and DZ ON.

i
[ ]

. v::- 10 Y

Hence X > A D {a ponitive AND ciregit).

Now conslder the circuit to the right of X, with
" inputs X and C |
W) Y 5 Vo 2 UV then D3, D4 are OFF lndv;uv,

because the current in R, is 0. The drop across
D3 and D4 1 OV,

v} Yy 2 0V, Ve = 10V then D3 is ON and D4
is OFF
¥V, * 10V and D4 i» reverse biased by 10V,
hence it is OFF,
The current flows through D3, through R‘“.:i;%':l mA)

' 2

and is in a positive direction, so D3 is ON.

vii} Vo™ 10.v, v':'- GV: wame as vi) with diodes
interchanged |

vlil) vx= Vo 10 ¥V then D3 and D4 are ON and V=10V
Both dlodes are ON because the current

1p |
= 2a through D3 and D4 and 1s in » positive
2

direction.

Consider the case when maximum current flowa
through D4, This happene when Vo' 3 10 v,

Ve u_ 0V, and v, = 10V

. ID o, 10
" m ¥
4 R.3 _
_ 28=10 10
Since v:: = 10 vV, IR]-. RI =

To
¢ have D1 and D2 ON, IRI?I.D&

G-11

or —— e s
R1 R.?.

ar H'Z ‘.‘-'-RI

ar Rz. I = Rl

Now Y=2C+ X and X = A B

Hencea Y 3 ¢ 4+ A B

n. =1V and f-h!

5x5
a) I v, = 0V, then Ve -3¢

tranaistor is at cutoff. V_ tends to rise towards
Voo © 20 V, but at v, =5V, the dicde conducts
and clamps the output to 5 V. Hence Y, =5V,

If '\i’i x 5V, then the Thevenin's Eq, at the baae

ims
] 5 x 20 Bx 5
vTH- 36 iy =4+ 3Y and
Z0x5 .
RTH=_H_25 = 4 k0

Assume that the transistor is saturated, hence
v, = 0V (neglecting junction voltages). Hence the
dicde is reverse biased and is OFF,

Voo V
Now I, = TH BE, set _ 3-0 _ 0.75 mA.
H'TH 4.
20-V¥
IE = EZE' At | Zﬁz-ﬂ = 10 mA

To be in saturation hFEE _I_ or
B

" 10
b E{mmin) I * 075 - 13.33

b) When V., = 0V, Q is OFF

The Theavenin's Eguivalent at the bhase of O ia:

vT'H. -%%in =1V  and RTH= 4 k(i (as io part
: '$)

The reverse :lh;riﬁun current causes s drop

across 4 K opposing =1V. When this drop

exceeda 1V,  the total base voltage will be

positive and Q will coma ON,

1
Iﬂﬂ{ }l Tu 0.25 mA.
(T -25)/10
2 ITIRX
4T
=5 x10° x2!°

Hence

Now  Icomax” fcoes) *

250
5

=2ﬁT‘rm or fn S80= .;.';I'

or inZ
3,91 x 10

0.693

BHence 47T = a 56,42

ar T s AT+ 25ax81,429C




5=12 a) The transistors driven by the gate are in
saturation, and the base circuits of thess
tranaistora are in parallel, Hence the

squivalent cilrcuit is;

5V

o

8
I OBV =
lvflaﬁ (547)

= Y{io)=0.2 ¥V, and the driving

The input v
transistor ¥ OFF, and the collector current is
0.

5 . 0.8
1= T2z =1 mA

b) Siace I flows into 8 idantical cir:uiti, the bage

currant IEI of each transfstor ia lﬂ

The collsctor current IE of each transistor is:

=012 mA

YV =¥ '
CC CE. eat  5-0.2
IG = 2.2 kO ==33 " 2.182 maA
FE min IB 0.125 i
¢} v, V(i) = Vcc— Z22]=s5-22x1=28YV

Note that V _ depends upon the fan-out,

I
213
= 5 e—
B hn.-.

in saturation, To l'ﬂppl? thisn base currant, the

d) If b= 50, I = 0.0436 mMA to be

minltnumn base voltage "H"B mast eatisfy:

- 0.8

g = 0.0436, V.3 0.8+ 0.698= 1498 V,

M

Now tha mmawirmnm currant tha t the transistor can

supply without Vo falling to less than 1.498 ¥ ia
21498 - 1,592 ma.

2.2
Since aach fan~out tranaistor requires at least

1,592
0.0436 mA, N = max fanout = D.0438 = 36,51

Hencea Fanout

( l 36.

5-13 a) When the input is low, the tranasistor must cut
off, Hence the worst possible cendition is

Vi a 0.5V,

When the input le high, the transistor must
saturate. Hence the worst possible condition
is ¥V, =5V,

I "Fi = 5 V¥ then the circuit ia as ahown:

31

+6V
7R

L)+
Wy F R 02V

v (-80°C) = V (25°C) + 2.5 %10™>(25450)

BE({sat) BE(sat)

2 0.8+25% 1072 % 75

= 0,988 vy

5.0.988 4,012
L =R =g ™A

12 =—6'-?5—3L =z 0,140 maA

'ﬂli
II 12 - 0,140 mA

6-0,2 .
*
IC. 2 » 2.9

to ba in saturation IBhFE > IG

4.012

50(—5-"- - 0.14) > 2,9

4012 _ 2.9 )
Bz gh- +0.14=0198

4 012
0.198

R £ = 20,26 kQ

le_:: = 20,26 k(}

If ¥V, = 0,6 ¥V then the transistor must cut off,

| .
o o (-50-25)/10
At -50°C I, is Lo (25°C) 2

= 10 :3-E= 3.055 nA snd can ba neglected. The

ﬁ:R SxR 0,5x50
BE “s0+B S0+ R

25 )
6 o Rnﬂn=4.17m

valttiu at tlu hlu Lu v £ 0

Hence, -6R+25% 0 and R 2

b} At the highest temperature (145°C) the tran -

nistor mwat cut off when 1."'1 = 0.5 v

o
Iopot 145 Cy=10""x2 ® = 10"7xz
= 4 096 x 10"% mA

sssume V.= 0 at cut off, the eq. ckt is:
0.5V R
O

=
4 T l SC'JRI‘L
2




I = &= 0,12 mA

if ‘fB < 0 than tziu.lzm

R
1= 1, - Jgpg 012 = 0.041 3 0,079 mA
1, £0.079 mA, “; £ 0.079

or R:m.tn z 6.33 k{}

when 7V, =5 V, then the eq., ckt is as in part

i
a) except that

a =3 .
”BE[ut){ME }= 0,84 2,5 x10 " x(25 - 145)

= 0.8 - 0,3
= 0.5 VW
5-0.5 4.5 . 5-0.2
Now II' R - R IG, —-—-‘-—z = 2.9 mA

6'1-5 I *;5
%0 " OB mA Lt LheTr- 08
. 4,5 |

v or RZ4.3/0.149 2 anx = 30,20 k0l
c) For the circult io operate correctly over the

glvan temperature range.

use R = nﬂn{ﬁ‘ﬂjﬁ ki, 30,20 k01)}= 20,26 k()

use nlmn:tﬁ.ﬂ ki, 4.1T X)) = 6,33 kO

R
mi
S-M  SEE AT THE EMD OF SOLUTIONS Foff CHAPTER 5,
3-15 Qutput 1, Y,,is the ocutput of an exclusive OR
gate and output 2, Yopin the output of an AND

gate. Two possible block diagrams are shown

hniﬂw.
A AB {Arﬁfﬁ) A | ;;f
B 8 0
At er. a3 AB+ASB
AB

5-16 Let A; be the cathode of D5 and A, the cathode of
D&, | |
{n) We assums that D1, D2, D3, D4, D5 are

conducting and D6 is cut off, Since D1 and D2

' 10
are conducting v.ﬁ.l- 10V and IR]-Tnz mA.
Since D5 ia ON v&l' ¥V =10V and
2% -10

IRZ=' T 1.5 maA, mnnd
IR S 'lz_*tai“rnz:" 0.25 mA. Since D3 mnd

D4 are conducting V IvS 20V and

fy = Ipatipgs 5 o4 ™A Also Lyyx Iy 2 ma,
Weo notice that Vaa™ "i-"n and our assumption that
Dy i OFF 1y satisfied. Also since the currents
found for each of the other diodes flow from the
anode to the cathode of the dlodes, this verifies
cur sssumption that DI, D2, D3, D4, D5 are
canducting.

" {b) Wa assume that D1, D3 I;l'! ent off and the

rest of the diodes ars conducting, Since DI is

xr. that
ON vﬁlﬂ 20 ¥V since '\’AZ:T 1»"1 uﬁtr j:;lumpﬁinn
pmilarly for Mo
Di is OF'F is verifisd,” Since I}5 and Dé are ON
_ - 25=-20
becausre of the syrrunetry of the cirecuit,

'LDS. T]:)lf '%'lnfl Ei"i mA = .25 mA,

v
IR1= %ﬁ]— = 4 mA, and hence the current

= 0,6 mA

IDZ' IR]' IDE“ 3.T3 mA, Dy symmetry ID4
aleo is 3,75 mA,
(e} The configuration is OR-AND gate, and the

block disgram is as shown below

v =

V. SN

'U-; : vﬂ'
Vy

{d) For the circuit to operate properly for the
conditions in part {(a), IDE. and IDI et b
groater than 0 or

Vo= Vi0)

Igy * Ingt R,
and V_-V(0)
_ Y10} R
IRI Rl or th Vi0) Rl

If all inputs are low [at V{0) = 10 V] then all

diodes conduct and vnn‘lﬂﬂ]. Then IR] reIaing

as sbova but IDE is cut in half, Hance the above
inequality remsins wvalig,

Far the comditions in (B) Vo T Vil)= 20V,

v_-Vv(1)
R v{1)
| ] |
Ins K, and I, R

Hence, IRI 1s increased and IDE is decreased
over case (a) and the inequality remains valid.,

The wame conclusion s resched if afl inputs are
at V(1},

(m) Notice V(Q) € V(1) hence wa deal with poritive
loagic



A

(1} If all the inputa are at V(0Q) thea all input
‘diodes conduct and ¥ -‘\FB= Vi0)= -5V,

Then the diodes of the OR gate conduct and
V= V0= =5 V.

l{_ii] In this case assuine 'Vln V(1) and ‘J’,z- Yio);
then DI is OFF, DZ is ON, hence
V,s V(0) = -5 V; DB {s conducting and DA Is
OFF. All the othar diodes are conducting,
hence A\ Vo® -5 V= V(0.

(ii1) In this cuse hnth Pl and D2 ars ON \FA- 0,V
and DA {» :unductinl. - Alse Vp= =5V and
any diode with high Input is OFF. Then
Yo= OV and DA will be conducting and DB
will e cutnﬂ

{iv) All dlodes- l:nndut:t,ln‘ v - v

5-19

520

p* Yo

(b) Let R ba tha new wvalue of the resistor
whose walue in pn:ﬂ: Awas Tk, ‘I‘ha current

through the 10 'kﬂ resistance will he ;:;-15}

and is mawirmum for o= V{l}!‘ﬂ V. For part
{iv) this current is -;-‘% a }.50 mA, Then
Tha current through either

pa™ hp v 078 mA
one of the R k{i reslstors must be greater than

2 0Ve V(1),

0.7% mA but this current is IER-E * 0.75% ar
R;a%—s--znm I vﬂ-,?[l}IIQSY.hhen'I:he

current in the 30 ki decresses and that in R 1s
increased. Thuas Roax = 10 kG ta assure proper
operation of the circuit in any case,

., ABC

518 () A+B+C+..

Eq. (%-26)

If all inputs are O then both sides sre 1. If one
{or more than one) input is 1 then both sides are
¢. Hance, {or all possible inputs the left hand
pide of Eq.(5-256) equals the right hand side,

(B) Using three variablas (A, B, C): |

G=-21

33

it} Since

AlBic|a+B+c| A| Bl Gl ABC | ArPsC |
elolel o Jaf{1|1} 1 1
ofo]1 1 [1{1]lo] o 0
oftlo] 1 [ilol1l o 0
o{rla}l 3 j1lolol o 0
1lele] - 1 lol1[3] o 0
1{of1 1 fof1]|o] o 0
iilo] 1 folojo| o 0
1i1f1] 1 Jofejol o 0

The last two colurmnns are identical, hence prov-
ing Eq.(5-26).
i) A+ AB = A{1+B) = Al= A
B+l = I then, |
A+ AD= A(B+1)+ AB= AB+ A+ AB
= A+ BA+A)= A+B as A+Aa ]

1i) {A+B}{A+ C) = AA+ AB + AC + BC

= A(1+B) ¢+ AC + BC
2 A+ AC + BC = A{1+CHBC
= A+ BC,

(a} (A+ B} + (A+B)+ (AB)(AB)

Applying Da Morgans law

- - . ]

2 (A+B){A+B)+ (AB) + (AB)

« (A+DB)A+B)+ AB + AB since X = X
=;/A’+m+ii+pr{+13+n'ﬁ

a A(B + B) + A(B + B)

= A+ A
= 1

B+B=1 and Al= A

» I..nv:-l

(b) AB + AC + BC multiplying the first tersn by

C+Cal

= ABC + ABC + AC + BC

‘a3 AG(B + 1) +BC(A + 1) A
= AC + BC since B+ 1= ) and AC 1= AC

{c) AB + AB + AB
= A(B+5)+AB + AB since sdding AB does
not change the Mnﬁm '
m A4+ BlA+ A)
= A+ B

(8) (A+B)(B+C)(C#A)=(AB+B+ACH+BC)C+A)m
ABC+BC+ACH+BC+AB+AB+AC+ABCn
BC{ 14 AH BC+AC+BC+AB+AB+AC({14B)»
BC+BC+BC+AC+ACHAR+ABs
BC+AC+AD | ’

(b) (A+BXA+C) = AA+ AC+AB+BC
z AC+ AB+BClA+ A;- AC{1+BHAB{1+C)
= AC + AB



E=22

¢} AB+BC+ACaAB+BC+(AC)(B+B)
wABR+BEIABCHABT
=AB{14+CHBO(14A)sAB+BT .

Denote the two N-bit characters as

AIAE re e AN and BIBZ C e EN

compare two bits at s time, and the output is 1 U

the cutputs from each subeireuit which compares

two bits ip 1 |

The cutput of & subclrcuit which compares Ay and
B, in 1 if hoth Ai and B.‘ Qure ii*mul_iahtﬂuﬂy Dor 1
Yi = Ei HB- + .ﬁ.i B:'.

. 1
l-.ﬂ.d ? = Yl' ?3' ?3' - YN

I- L Lo ol L ] . L, 1 L ] -'
]
&
’
[ ]
]

A r L] L] il il o ol ] il ] I
Nt ' Yy
B“ ' =

I_ — — — = i - - --:
=23 i) (A+BIC=Y iy A+ BCaY

The logic diagtatns are as shown below

sz =Dy
L Y A= Y

5 =24

525

(L) D
The ambiguity can be avoided in the expression
a3 shown above by proper parenthesis.

Obviously the function is Ye(AA,A 8B B,IC,
where @ means exclusive OR operation

hence tha realization ie,

The function is
‘I=i!.:hlhz+.h.1AE+AZA3}-B+[A1M2+A313]AIAEAE

34

.+ Fhe base voltage V

5=26 a){i) At coincidence as shown in the illustrative

sxaryple for Fig, 5-14 the lnput diodes are QFF,
and Vo2 6.40 V. If the input falle below
6.41]-"%! ﬁ,i?-ﬂ.ﬁ'- 5,80 ¥V then the diodes will
conduct and the circuit will not function
correctly. o

12 + NM(Q) = 5.80

or NM{0)=-12+5.80= 520 ¥

il) When one input (say A) is low, then
VARVCE o202 V. Then the diode associated
with A conducts while all the otkers ares OFF,
and V, = 0.2+ 0.7 = 0.9 V. |
Anssume hacause of noise "fhn 0.2 +NM(l), then
Vp= 0.9+ NM{l).

tranaslstor must remain in cutoff, and ¥

Hence

For proper nrp&rltlnn tha

or

100 15
V-:pxm-lzx 115 £0.5 or

57.5+180
100

".FP:: 0.9 + NM(1} & 2,375

VP &= = 2.375 or
. NM(l) £2.375 - 0.9 « 1.48 V.

h) The woret case is when one lnput is low and
the rest of the inputs are high. Then Q rmist

be cutoff, The Eq.xcét for the lnput is;:
P
Iy ATANEE 13 R

~ g+ T ISR g

-+ | A | 0.5V'=
ooRLL
= Y

11.-9%. 0,125 mA, V_=(0.126){1SH0. S22, 375 ¥

_12-2,375

L= s

_2,375-0.9
13R=+ﬂ.'i = "'J'P or Ra' G 2. 853 k1,

=042 TnA Iailz—Ifu'. b4Z2-0,125=0.517 mA.

47 &) When the transistor is in satvrstion,

?{HI=VCE’ Elt-ﬂ. 2 Y,

When the transistor {s cutoff the cutput is
clamped to V0H+EV by the dioda, Hence
V)2 8.7V, assuming a 0.7 V drop acroas &
canﬂur:ting diode,

b} I any or all inputs are at V{0)}=0.2 V, then the
diode/diodes connected to the low inputs are ON,
and the others are OFF,

Hence Vpu 0.7+0,2 = 0.9 V= the voltage at the
Junction of the two 3.6 K1 resistors,

_ 0.9 %x3.6_12%3.6 '
BE™ 36 +3.6 3s+0.36 W13V




. The tr:.ns.’;ntar is cut off mince ‘U’BE-‘: 0.5 =V,

Tha output voliage rises tmrﬂa 12 ¥V, but is
clamnped to 8.7 ¥V by the clamping diode.

At coincidence assume all diocdes aTe OFF and the

transistor is in saturation,

= 0.8V

BE |
currcnt through 3.6 K = H-]ézﬁESEﬁ 1;‘:-1.55& A

current through 36 K = L3 M 0.354 mA

" IE=]'1-12= 1.566 = 9,356 1.2 mA

12-0.2 _11.8 _
=774 ~32.4 “HNTmA
I¢ 4,92
e pbrnin © I, 120 v 4.10

Ve l‘lx 3.6+ 0,82 6,402 V, and the Input diodes are
reverse biased and are indeed OFF, The output
diode is OFF Dbecause it is raverss hiased by
8-0.22 7.2V, |

Hence the circuit operates as a NAND gate.

¢} In part b we found that when the transistor le
OFF, Vg%0.9V. Consider the Thevenin's
sguivalent at the base of the translstor, then

16 3.6
39.6 V239.¢

V!q=ﬂ.9 = -D.ZTE Y

and Req = 3.6//36 = E£+“

3213 R0

o W—
-0,273Y I

=3.273 k{ 4

CRO
to have the traneistor OFEF
I Gx 3,273-0.273 £0.5

CB
I < m-n 236 mA, I._ MAX 6 ma
CRBO™ 3.273 caol =0,23

d) K Vlﬂ}lﬂ V and ViI)a 0V, then if either ioput
{or ‘bu'l:h:l lra. st V(l}=» 0V then the .t.t"l.nniutnr in at
cutoff and ?ntﬂr Va¥Vi0), I both loputes are at
Vi0O)m 8 V, then @ is in saturation and ?u=l0"lf= V(1)
But thiz is the NOR function. Hence the circuit

*

works as 3 NOR gate for negative logic.
5.28

A.—D > AB.
8 L 4 B

[ﬂl.] ﬂLB ] {b] EB

L

e B A8 '—'3

(¢) AB A

AB » ' - A8

(&)

N

In Fig.(b) on “the left

(AM)E =(A+BIB~ZB p
and in Fig. {e)

(XB+AB)AB) = (AB+AB) +AB
= AB+AB+AB+AB

= B{A+A)+A(B+B)
=RB+A '

", We need 5 NAND gates and 5 NOT gates at

laant.

A simpler solution which requires ome more NOT
gate is ap followa: Use {a) and (d). Replace (b),

{c)

and {e) as follows,

(b) AB=A-B
A — Yoe >0 ﬂ:D:._Do—_
B — fg f:ﬁ B ;E A B
() (e
E-29 OR-AND TOPOLOGY NOR-NOR TOPOLOGY
£ A+d . A A+
3 | {A«B){L*D) 8

o, —:)_‘ £ —
D'—DE:’D A

Now Y,= (A+B)+(C+D)

2 (A+BYC4+D} By De Morgans law
= {A+B)(C+D)

=Y1

Hence the two topologiss are identical.

Y =

1

A+B

Y. = A+A+E = A (A+B})= AB

2
¥,

=B+AtD = B{A+B)= AB

Y,= AB+AR

Y

=M= AB+ AR

which is the sxclusive OR function.

5-_31 n}

B
Fie

i
35

M‘“S D

COR ocperation YaA+BaA+B (FTSJ.']'

&
h . ¥
{ -_Flﬂ,?. Fig 3




AND operstion YaABaX+D {FFT:'}
NOT operation YaK«X30= & (Fig. 3)

b) OR operation Y= AtBz AB “-'ﬂ‘”

A _ A8 o
A -y
07D D
4.4 P4
FI!. S Fllg.h | C

AND operation Y=ABuAB (Fig.5)
NOT operation Y= Aa A= I(Fij-ﬁ}

532
R . A o
A —- Y=ABl= _ Y=AA8 =
g rr. AB
Wy Ap SO

Jera, The same iapul ds
v V(o)

© A Y= AhB=
; Y= OvArBe th s
- B 3’—1 i O - A+B

¢y A8
In (b} the signal A is loaded by two input gate
circuite, whereas in {a) it ia loaded by only one
input gate,

5-33 Method 1;
A N Y |
8 = et—
’ 5{ -
& :Dp_J.__J— Y
E
Y. =ARE anm Y-T?l 2"E ={AB)(CDIE
= AB+CDHE by

De Morgan's Law

1

Method 2:

. .
jﬂr@@

$-34
e S L 4 |
& — \
D —L D"“L
—~_ Y p——seY
£ _D—_\ -
YI-IE'
_Y2=WE
ﬁ}"& L ?Siﬁ

'!t"i-YzD = {ABCID

Ya ¥, ¥, = ({XBC)D))DE«ABC D+DE 2{AB4T)D + DE
= D{ARHC+E)

5+-35% a)

A

to implement the exclusive OR

Y=AB + AB~ (AB)(AB)

and AB=(AB)B A and ADw (AB)A
b) i AB is inverted then Y, AB, hence Y, and

Y, are the two outputs of the half-adder.

5=36 &) Since the laput is from similar gates,
v_vaCE. “t-D. 5W.

If any or all inputs are at V(0}, then assume all
low input dlodes conduct, and all other diodes are

OFF

o, VpE05+0.7= 1.2V

If ¥{l}) is greater than 1.2-"1}! 0.6 ¥ then tha other
input diodes will be reverse biased and be OFF,
V, for Di=0.7+0,7alA and the minimum voltage
required at P is 1.440.5 = 1.9 to get DI and O} to
be ON. Hence since vP=1.z both, D1 and 2 are
OFF. The output voltage rises towards +i2 ¥V, but
when it reaches V'+0,7 V, D conducts and the

output 1s clamped to V'4+0.7 V or V(lj=V'+0.7 V.

At coincidence, awsume all input diodes are OFF,
D1l is ON and the transistor is in satfuration,

. VP=1.4+1FEE. uﬂ:. 1.8 + 124V

If the input diodes are to remain OFF, V{l] nmst
be greater than 2.4 - O.é= 1AV

LV 1BLD.T=11V

I'i vl‘.l I x 1-1 ?

12-2.4
Now Ihi1* s

IB= [m.xﬁn_mn-n.nn:n.ﬂu A

1+12
100

=0.640 mA, I3 . 0,130 mA

IE-VCE. sni '1z-u,5

Ic* =22 " T2.2
saturation hFE

=5 227 mA, to be in

c.
In

36



5-37

mouat be greater than Z.4-0.7=1.7 V¥,

S, 27

I:?Eiws 10.258, hence {hFE}m-IIJ.EE
and V, =38V '

Hence the circult operates as a positive NAND
ﬁltu.

b] 1) When at laast one input is low, Vp=1,2 Vi

if D] 1s a single diode then aonly 0.730.5 V is
required and since "'fP= 1.2 V both D and the
tranaistor will be ON, resulting in malfunctioning
of the circwit,

ii}] At colncidence, Vp will now equal
20.7+0.7+ 0.7+1 = 3.1V, hence to have the input
diodes cutoff, ¥{(1)23,1-0.7= 2.4V and hence V¢
If this ie
satisfled then the circuit will operate pfnpurly.
c) For ideal dindes there is no limit on Fan~in,

- In practice dlode leakage and capacitance place a

& limit on Fan-in,

a) At colineldence VR Vn= Vil})=5 YV and we assume

that the Input dicdes are CFF, the other diodes
QN, and the tranasistor is in saturation.

. '\FPI'VBE' .‘t+ﬂ.7+ﬂ.1’= 0.8+0. 7T+ 0.72 2.2V

Hanca tha input diodes ars ravarss bBlassd hy

£-2.2¢2.8Y and ars indeed OFF.
10-V
Current through 10K sL+—= P _10-2.8

T =0.720 mA

Y
Current through 5k al=——x 888 L 08 9360 ma

IB’ Ll-Izﬂﬂ.Tlﬂ-ﬂ'.lﬁﬂl 0,56 mA.
Now since 3 le spsumed to be ln saturation

6«02
?:I:'VGE. aat™ 0.2 V and Ic- > = 2.40 mA

For the translstor to be in l.lturnti.nn x
- > fahrr: e

ot 4 286

= I or { )
B{hTE}min G hFE min 0.56

‘When at least one input ia low, those dlodes with
low inputs conduct.

vP-n.n V(0)= 0.740.2=0.9 V. This voltage is
not sufficient to drive the two diocdes and the
transistor ON, hence O is cutoff and V. =V{l)=25 V.,
This confirms the operation of the clrcuit as a
NAND gate,

b) When the transistor is OFF

o =p . =0
1, l=zska

To bave tha transistor at cutoff

uh- 0.0B0 mA, Since

"+ Iopo® hp

vEEi 0.4V or I.Z.

max 5 ki)
"IPI 0.9 V amd vBE

%04 ¥V then across ecach diode
.6

we have vnlz'— = 0.25%V,

37

v .
D/ | ,0-28/2x0.026
ceo'® §

= 121,45 ICBG

Now I3 fggge 1

. IﬂBD,m::=12, -ID;m-D.UEﬂ-IZI.'lEIcnqm

0.080
or IGBG, X 31—23'45 = 0.6563 YA

c) At coincidence \FFHZ.Z V, hance for the gate to
operate properly the lnput diodes must be OFF

- 0.6

o Vi + VR v

Vg 2.2-0.6-3

NM{d)=-14 V

| When any input is low, V_= 0.9V, ws need

o P
“{P= 0.7+ 0.7+ 0.5 1,9V to have the diodes and

the transietor ON. ', Nolae margine 1,9.0.9=1,0 V,

. NM(l} =410 V

5-38 a) I at least one input is low then only the input

diodes connected to the low input are ON.
\FP=U.1+U.T 2 0.9 ¥V, which is not sufficient to drive
Dy, Dz and Q1 ON, S50 Q is OFF and the output is
V{l)= 3V, If all lnputs are high, then all input
diodes are OFF, I}l &_I}z are ON apd Q is in
saturation, Hence the output is 0.2 V= V(0).

. VPH 0.8+ 0,7+0, T2 2,2 V.

R 2=-2.2
T 3.3

0.8+3
15

Current through 2, 3 k- L s 0,909 mA

current through 15kl £+ = 0,253 mA

I ll-Lf 4.909-0.253= 0,656 mA ,

In the absence of fan-out Ig“ 31-;]'2

_ . I 2,545
.. to be in saturation hFE:lB '_L_“u.ﬁﬁﬁ“hFE}mln..

1 . = 3, 880
If hFE:[hFE}min the frlnqiltur s In saturation,
Since V{lj» 2 ¥ then the input dlodes are reverse
based by 3-2.22083 V and are OFF, Hence ths
circuit operstes as s positive NAND gate.

22,545 mA

_ b) Whon there is a low input, that diode la ON, and

5.2-Vp

| 3.3
- 5'3'2':'“'2- 1.303 mA hence the fan-out current

is 1.303 mA, snd for a fan-cut of N, the total

collector current is:

IE= 2,545+ 1.303 N,

for tha transistor to be in saturation.

T.E*h 2,545+ L3302 N
FE

the maxirnum current through it is=

<. 0.656X 25 > 2,545+ 1303 N

or D 656 % 25-2,545 _
N = WL = 10,633

" Maxiymum fan-out » 10




5-39

c} At colncidence, irom part {(a) "FP-:E.E Y,
K the foput falls to 2.2-0.6al.6 V then the dicdes
will conduct and the gate will malfunction,
Vil)+ NM(0)= 1.& V
3+ NMO)I=1E6V

OR NMi0)= -1.4 V,
When any or all inputs are low, Vo 0.9V,

For proper cperation D,, D, and Q@ mnuat rermain
OFF, We need V;=0.6+0.6+0.5:1.7 before D, D,
and O come ON, Hence a jplke of 1.7-0.920. 8V
will make the circuit malfunction.

NM(l) = +0.8 ¥
d) If fan-out= ) then WVil}= 3 V,
for a fan-out of 10 (which is the maximum) the
total reverse aaturation current being drawn from

the collactar circuit is = 1:-:111'3:-: lﬂilklﬂ"z mhA

V =3 -10"2x11 = 3-0.011 = 2,989 V="V(1)
¢) 1= 2,54541.303x10 for Nal0 from-part (b)

or "IC] .I- =« 15,58 mA.

n} When one anﬁt le lr.rw, the correspanding imput
diode conducts sand vatu}wnﬂmiod.)un;quu.?
lﬂ.? Y and PLDL... DN as well as the transistor
are OFF. Assume vp-n.9+ V., where V. isa

superimposad nolsa wvoltage, For the circuit to

operate properly It ila required that D1, D2, DN
and the transistor remain OFF:

Heance ﬂ.?—i-‘.'ﬂi 0.6+ V = 0.6N + 0.4

BE, OFF

but v]"l':,'.[nl.:l:}. 1,5V

2.0
0.6
4 diodes for the circuit to operate properly at

V3 V{0).
At coincidence, the input diodes must be OFF and
Q ia in aaturstion,

Hence N

= 3,33, wand we nesd at least

The nolse voltage which now
causes the circuit to malfunction is now negetive or
".*'H= -1.5 V¥V max,

Hence '\-"N+"||i"{1} IYF-G.ﬁ.—. Nvﬂ+vEE, .lt—ﬂ,ﬁ
The maximum values of "'«i"'n and vBE, at

occur at the lowest termmperaturs (-509C), and

since they dacrease by 2.5 mV/9C with an increase
in tettmersturs | we have

V #0.7 + 2.5 x107{25460) = 0.888

-3
Vi, sat™ 0 8+2-5X107°(25450)= 0.988

and the worat case value of V(l}= "«I"cc

Hence =154 952 0,B8BN + 0,988 - 0.6

= 0,5=9.5¥V

or 8.00-0_388

N= 0 888 = 8,57

38

| But [_+I, (e -1)=

Hence no more than B diodes can be unsed for the

circult to opersts properly at v = ViL)-

b) At 160°C, since I doubles for every 10°C
CBO 13.5

increase Iin temperaturs, ICBﬂzﬂ.Exz ’

<116 x10%x 0.5 nA= 579 uA  Whan at least one in-

put is low, the transistor and the dicdes DI, D2,D3
D4 will be OFF and for the unﬂﬁng easza for
which VB =0,4 V, a3 shown below, IRZ'LDHGBD

B
I, 1

c8o J
Voo DDk — N
Lee ﬁ% -

Vp/nVy

IGBQH : -1] and
'\?’P—ﬂ.4 0.5

TJ"D- = 0,125 QLA

alpo 12 2 for pilicon traneistors; then

125 r
IR-?-:'IGBD::P .ﬂ53]= 57% ¢ A

= 11.02 X 5.79 A or IR:‘ 63.81 WA,

| We require at this temperature that IRZ}:R £V

2 BE

orT v

BE 0.4

3
RZ" Ig-_z = 2.06381 X107 0 = 6. 2T k3.

Hence R2m= 62T kO

c) The maximum value of IG is 50 mA

[ VEG rnl.::-vEE sat

G, max RG

v, -V -Y
+1ﬂ[ CC,max D min CE, ul.t:l

!

i t of T and equals
vGE, ant ¥ almost independen ]

.2V, ¥ occurs at the highest temperature

D, in 3 o
-2.5%107{160-25)=0.7-0.33
D, @ 0,7-2,5%1077(} J=
=0,362V

1D1 5-ﬂgz‘ +1u -Iluis = u'aﬁ"?‘- uliL .Z‘EEM = Eﬂ

5 " *

L 2938 -
and Rym = o5y 207 K0= Ry ntn)

This ia tha minirnum viaue of El because if Rl in

stnaller then the value of IC would exceed 50 mA.

At smturation hFEIBE IC.
-50%C whan hFE = 50 = minimum value.

above equation we must now use V. at -50°C; and

Tha woavrat case is at

in the

".FD- 0.888 V at this temperaturs from part (a)



5-40_

‘then NEbop

IC R RI "=2,06+ R

The minirmum value of :LB is given by

. VoCimin) ¥ YD~ YBE(st] ) VBE(sat)
= R R,
(=]
?BE. “t=ﬂ.‘?BE YV at =50°C from part (a)
n 9.5-{4)(0.888)-0,988 0.988 _4.5‘&
= R, s TRy
since hFE =1

so( 228 o, 198) > 2,06+ 2242

Ry

248.0 - 94,12

Ry
Hencs R“mr 12.87 kO

a) At colincidence "J'P= n‘U"D-I-VEE at’

Yo Vp

S

trapnpistor Into saituration this current must be

-0,198

94,12

%

£22.06+9.90 or R 153.B8

. '}ﬁ =12, E'Tkﬂ

and the

currant in I?;1 in To drive the

posaitive and hence \TGG:- \"P
YV ..-¥
L CC BE, sat
nvD+vEE,a R vl:.".-i‘.".- or o = v -

D
B) At coincidence, the transistor will be in

paturation, v n"lf -V

Then ‘[1’ _CG D " BE, sat

By

Ve ™YD" VBE sat  'BE. sat

Ig= R, "R,

Vom=¥ V=¥ =V
I= CC_ CE, eat PN CC D CF, eat

< Rﬂ Rl

te be in saturation I~ i'hFELB or

Vec VoE, mst ., 'cc VD" VCE, sat
TR +N R
c 1
) Vee™Vp vBE sat VBE, sat
hpp R hn.: R,
V=¥ _ -V

CC D BE, sat
cC D GE ant
RI vBE. n.t

~hyg-

" Ry, Voo Vp- YCER, sat

F"]‘. 1"Ilr(:'l;“ "vCE sat

RC YCG 1II'FI'-‘ vCE sat

bt VEE, n.tﬁ VD and VY

hence neglecting V

CE, sat < Ycc"Vp

CE, sat B1V®®

39

In2" T ~ Yiko

v

D
[1-[n+1)T] V./Y¥
co R D TCC
Nebhoo v - =L bpp Vo
1- D Rz | E— " 3
Yoo Yee
B 1
Re D
1- 5
cc

V
D
or N - _ } hFE--E—- *[ﬂ. IHRE ]?EC hFE

.41 a) At coincidence, Q1 and QZ aze in saturation and

D1 is ON, Heance V_=V

P Dl{on *¥ BE!{llt}+vH'EZ[alﬂ
=0.7+0.8+ 0.8= 3,3. v

L JeeVp 523
B1" T 4 i

I a 0,675 mA

Veoin"YeElsaty Y BE2(aat)" P 821V, bence

5 -1
Il’.:l. 3 =2mA wnd -.]Ell LBI+IE1- 0,675+ 2

=2.675 mA
v!EZjalt!
L. = =0,8 mA, bhence

9l 1

22,6756-0.B= 1,875 mA

€1 4» in saturation since {(0,675}25)} >2

Yoo VeE2(aat) _ 5-0.2

Now Igp” 1 %
When any input ls low, the corresponding input

diode conducts snd henca ¥ =V{ﬂ}+vmﬂn]

=0.2+0.7=0.9 V

- 1.?.- mA

-

Vo=V
—CC P, 5:0.9. 1 625 ma

Standard load = p

Hence total IE:?. = [Gz+-1.ﬂi'.5 N=xl1,241025N

to have QZ in saturation, ,{IEEHhFEP Icz
. {1.875)2B)> 1.2+ 1,025  or

46.875 -1.2
1.025

Thus _;_mmt & 44

N2 = 44 56)

b} When aoy input is low VP-'U.?'V as in part »)

wnd 1, QZ and D1 are OFF.

operation Vo<V, utiny’ VBELcutin)t ¥ BE2(cutin)

Hence for proper

= 9,64 0.5+ 0,5=1,6 ¥, Since YPHV{'IH+0.T+ VH,

V= 16- 0.93 0.7 or NM(1)=40.7V




h-42

At coinecidehce Vp=2.3 V. To keep the input
diodes reveras hissed.

VARV »Vp-0.6V
or HEEE'E'.?' hd

c) At colncldence current supplied by the battery

is

or ‘IH}LT-E- -3.3 Y

L ipt ey aa

(for 0 fmm-out)
=0.67T54 241,22 3,875 mA,

When any input is low, the current aupplied by
the battery is -

(since Q1 and Q2 are OFF)

Veclloth) G '
cC 5 %3875+ 1.026! _

Y

a} At coincidence, we assume input diodes atre
OFF, Ly i active and ﬂz is In saturation,

Also D, is ON. Hence

¥ =BY

i

Yﬁ- 0.7+ 0.7+ 08x22V

Since the curremt through 1.6 k(1= 151 cl -and
through 215k = 1

B}
Voo© Vpt 5-2.2= L6 Ishppitp 42,1515
2.8
or  In® 375416 b,
2.8 141y )

Ig,* e T EhrE =4

The currant thrnuih 5 kii= L= ﬂ: = 0,16 mA

2.8(14
R Yk Wy 75+1h€::.i:

0.16 A

Now ' & 2% 4 0.8 mA and the standard load
» %ﬁ-'—z - l.uéz'm-x total Icz-l'+1-ﬂ.3+1.093ﬂ
whare NaFanout;for Qz to be in saturation
heplsz* Yo

:::g‘*:%;rm 0,16 by,  0.8+(1.093)(20)

2,80 +2.8hy 2-0.16X3.75 o -0.16X1.6 ;E_
= 0,84 21.86(3,75+1,6 h )

5-43

or hl__’:E' - 1338 b, - 33.402 * O

13,387+,/13.387% 4 x 33,402

hpg™ — 3

Taking only the + root hop® 15.537

K {hTE]min

= 15 54
b) At coincidence V32,2 V snd since V(1}=5V

P
than to keep the input diodes revarse biased

VN4V 2 V0.6, V) 2542.2-06=:3,4V

W NM(D)= -3.4 V¥

When any input is low, Vox0.7+ 02209V, I
Vo is greater than 0.5+0.5+0,6 = 1.6 ¥, then the
transistors will caone ON, and the clrcuit will
malfunction,

NM(N)= 1.6- 0,92 0,7V

¢} With any low input, Vo 0.9 ¥V and Q,, Q, are
CFF, hence the only current drawn from ths '

power supply = 53-—3:5%

Pio 5x1.093 = 5,465 W

At coincldence I' with no lcad = 0.8 ma
part a);current through 1.6 ki = 11

= 1,093 mA

{from

2.8(1+h )
E 2.8 x 21
" 3Ter 1.6 hFE 3.75¢ 32" 645 mA

._PH- {0.8+ 1,645} X 5a 12 224 W

d) Since 1, doubles cvery 10%¢ thtn

175=1% 9
I(175%1 (25)2 0 =10 2 13.277x 1075

IFur N=20 the total current through the 5 X0

resistor when QZ ls OFF iw 20X 3.27Tx 1077
2 6,554 x10~% A2 0.6554 mA

Hence V(1) = 5-{0,655){6)= 1.068 Vv,

3) With one input low: Input diodes associated with
the low imput will be OM, and Vp=0.2+0.7= 0.9 V,
In order to bring the transistors to just c:ul:in..vP
should be 0.5% 3= 1,5V, Hence the transistoers
are OFF and V.= V(l)= 5V,

At coincidence all diodes are OFF, Qy {s active
and Q,, ﬂ3 are in saturstion. Vp is clamped to
0.7+ 2x0.8=2,3V and since  V(l)= 5 ¥ the input

diodes are reverssd blased by 5-2.3=2.7V

and are OFF. The output is ?ﬂ_;“- 0.2 ¥ =
¥(0), hence the NAND cperatlion has been:

verified.

b) Por Q1 Current flowing through 1.75 kn»



mblp—
or In1"%6.25
and [EI' {l+hFE]IBl= 31 x 0.048 = 1,488 mA

Tha current flowing through 2ZkQ= IBl

E-IBIIhFE+ 171.75=-2.3

2 "2 Iny

or 2.,7nm 54,35131+ IIBI

2,7 - 0.048 A

for Q2' W 2® 0,8 +0B8= 1.6V

B

1 -—L’-é--ﬂ‘:!?.mﬁ

5K 5

Ile IE!' IEI‘:{- 1,488 - 0,32 = 1. 168 mA,

VoG VCE?, sat” ' BE3, sat _ 5-0,2-0.8

les® 1% * 1.5

= 2,667 A

So hpplow 30X 1,168 35.04 is greater than I_,

and hence Q, is indead in saturation,

&

For Q31 current through lkn-—u-lg* = 0,8 mA.-IIk.

-IEZ-Icz-I-IBz-t 2.667+ 1.168= 3 835 mA

133.-133'111{ = 3,835- 0.8 = 3,035 mA,

o202 02 182 mA

I 2.2

hFEIBE' 30 % 3,035= 21,05 > ITCS :ndlhunu ﬂ3

ian also in saturation and V ot D2V

hence the circuit functions as & prsil. NAND gate

for gero fan out,

Now considar s fan out N

Vee Vo VR, aat _ $5-0.9
2+ 1.7% 3.T75

= 1,093 mA

standard Load =

IC m 2,182 + N X 1.093 mA
3
For the transistor to be in ssturation
heeie,” Io
or 30 % 3,035 » 2,182 + 1,093 N

91,05-2,182
or N <~ .003

= 81,306

or N = B1
W

—

a) Assume that Q2 i in saturation; hance

vBEZ.u'E vV and VGEZ- 0.2 ¥, hence across th#

diode thers exists a volimge drop grester than
0.4 ¥ and consequently the diode conducts and

41

vBG’ 0.4 < 0.5 hence the base=collector junction

is actually reverse binsed and Qp cannot -be in
saturation as wa.l.uumad. It follows that the
Shottky dicde pravents ths transistor from entering
the saturation reglon. When Q2 is ON, {t mmst
be in the active region. Aspuming Vp ,<0.7V

then vr:mz'vcnz"' VBEz_u'-ﬂ.4+ 0.7 0.3 V= ¥V(0).

b} When at lemst one input is low, the correepond-
ing input diodes will be ON and Vo= 0.7+ V(0) |

= 0.740.3 = 1,0 V. The minimum required value
of 'ﬂ"P to hust bring the transistors to cutin

= 0.6+ 0,9+ 0.6w1.6 V hence the nolsc margin
NM(0} = +0.6 V. Then Q1, D2, and Q2 will be
OFF and V= V(l}= 5V. At colncidence

Vo= 074 0,7+ 0.7» 2,1V since Ql and Q2 wre in
active and D2 is ON, thsn Vn-?{ﬂ‘,lnﬂ.i V. To
keep the diodes OFF ¥Y(1l) must bo greater than
2,1 -0.6m 1.5V, hence the noise margin ls

Yil}+ T-’HI 1.5 or V= H?Ml}l 1.5 « 5= =35V

¢) At coincldence, from the illustrative example in
connection with Fig 5-19, we found that
L= 1.543 mA,

]‘_Lnﬂgi- 0.14 mA, and i I is the current
through the Schottky diode, then

11-1M+'I'D+ 0.14 mA

1., 1.543-0, M4-Ip = 1.403 -1r, mA

Now Vpp,® 0.7V and Voo = 0.4V and trem (a).
R '
| -:L"l 2.2k 315k
L | L "
e ol
VI, Y 1
| ' 0.3V
- T, QZ
I, l#Sh‘L ) e

Y. Vidjm 0.3V

5=0.3 4.7
I & L
and I-]’z'z - 3.2 u 33 = 2,136 mh,

Since Qg is in active L h =T,
| (1.403-1,) X 30 = 2.136 + L

42.09 - 30 Ip= 2,136+ Iy



1= 323254 ) 289 ma.

31
d) BEach standard lcad current = I =‘;—%1E=1.ﬂ6'? mA

‘. total collector currenta 2,136 + .[D+ 1.06TN = IC
since the transister cannot saturate, IEhFE' IC

when Q is active _
4Z.09 - 30 ]D‘ﬂ 2,136 ¢ ID+ 1.067TN,

Clearly since this relation is fixed, any increase
in the collector current due to fanwout rmst be

cormpensated by a decrease in ID‘ .Hence we get

N when ID = ﬂ.
_ 42,09 -« 2,136

le.:r.' 1.067

x 37445

W N =37, We {ound in port (@) thot

—rm—TrrTm.

5-45 Y= AB=A3+ B

nYzmn=A+B

but ¥ = Yl?l‘.

Y = (A + B)(A + B)
= AA + AB + BA + BB
= O+AB+BA+ O
x AB + AB
= exclusive OR,

5-46 ) V(0)= 0.2 V and V()= 1'.;: V. Let P be the
base of Q1. If at least one input is low, the
diede with the low Input conducte, and
“.FP= 0.2+ 0.7» 0,9V, Thia iz not encugh to get
01, D2 and Q2 ON, hence they are OFF, and
Vﬁi 15 ¥ = V(1.

At coincidence all input diodes are QFF. Assume
02 is in aaturation and Q1 is In active region, and
the Zener diode conducta

2= 8,4V, and V= YGE, “tlD.Z V= ?{ﬂ}-, end
the eircuit functions as a + NAND, The input
L
dicdes are reverse blased by 15-8.4 5 4.6 and are
indeed OFF; for Q1:; Currant thruugh 3 kn

= gt =gyl Hhg)

Curreat through 12 kGs= IE!

.18 - 31E I{1+hFE}-13 IEII B4V

. : 6.6
-« Mpqls+hpp) = 6.6 “d_ L 3(5+ b )

.. current through D2 = IE1=“+hFEJlBI

6.6( 1+h.FE]
3{5+hFE}

42

0.8
current through 5 kn=]‘.z=5— = 0.16 mA

- 6.6(1+h,, )
O _3{57"]:'FE] -0.16
L 15-0,2 14,8 = 0,987 mA

cz. 15 15
For the transistor to be in saturation hFE IEE IG

by 6,60 1be )

3{5+hFE}-
6.12 ng +1,239 by, -14.82 0

- 0,16 hFE w 0,987

,=1.239%/T23P r4x 14.B X 6,12
he g 12.24

- 12,24
taking only ths poaitive root I:I,E,E2

= 1,457

17,836

12.24 - 1457

OR hFE[minI

b) When at least one Input in low, Vo= 0.9 V.
To bring the transistor to cut-in we raquire
vPl‘ 0.5+ 6.9+ 0,5=79V., Hence a nolse
margin of 7.9 - 0.9a 7.0 V at the input will make

the circuit rnalfunction

S NMily= 4+ 7.0V

At coincidenca Vp= 8.4V, and to keep the diodes

reverse biased, we can tolarate a noise margin;
NM{0}+ 15>8.4 - 0.6 hence V(1) cannot fall by
more than -7.2V, OR NM{0)as .72V

15=9,7T=0,2 . 14.1
15 T 15
m Q.04 mA,

c) The standard load is =

Total Ic- 0.987+ 0.94 N

6.6(41

.. to ba in saturation IBI:FE:-IC

=0.16 = 1.844 mA

1.844 X 40 > 0,987 + 0,94 N

73,778 - 0.987
0.94

N< 77.437

OF N=

N o 77
paal

d) At coincidence, the current supplied by the
battery is I = IE1+ICZ+D.94 N from parts (a)

b. 6{l+l1F }
{ x

for hFEmlﬂ ahd a fan out (N) of 10;

i, {6.6)(4]1)
{3)(45)
Hence P{0)= power dissipated at coincidence

= {12.39]{VGG] = (12.39){15)= 185,85 mW

I + 0.987+9.4= 12.39 mA




If at least one input is low, Vp=0.9 V  aod

Q1, D2 and Q2 are OFF, |
Hence current through the series combination of
tha 3 k() and 12 k{ resistors ia

I (Ve - Vp)/(3+12)5(15-0.9) /15~ 0.94 maA,

S-47

5-48

Total current supplied by the battery i.l_Illﬂ.H mA
hence P{l)= {(0.94}{15)= 14,10 mW

P{OHP(1) 185 81+14.10
2 - 2

a) When Q2 e in saturation, it in sinking current
and D3 will be ON. Since D3 ig ON V¥ 3._'}'? v

BE
and Q3 is at cutoff and the active pull-up circuit

Hence Plav)w = 99 96 mW

has no effect on the gate operation besides in-
creasing V(0} from 0,2 V to 0.2+ 0.7=2 0.9V,
Hence, there ip also a decrease :'I.n the positive
noisa margin by 0.7 V. . :
When Q2 is at cut-off, the ocutput rises towards
15 V; D3 will be OFF und the base current of (3
through the 15 k0 reslstor asturates Q3. The
cutput Y now sees an effectiva resistanca of
L5%k0 plus Rop .. Thus thers is almast a
tanfold fmprovement in rise time,

bt} When Q2 is ON, the power loss 'nr;ill be 10
times greater when we use 1,5 k(.

a) If at least one input {s low, V{(0)=0,2 V, then
the argumant in the text shows that

VP=1'J.Z+ ?CEI, !.fDA V. Then Q2 end 33 are

OFEF and the output ix V{ilj=5 WV,
If all inputs are at V{]u5 ¥V then the emitter
junction of Q] is reverse bilmsed and the collector

This Q@ acts in the
inverted mode with hFEflﬂ.S and

Dar{Hhpgily*-1.515,.

Iazll.ﬁ 1,, Assume that this large baae current
saturates Q2 snd Q3. Hence Vp=0.740.8+0.822,3 ¥

junction is forward biased.

Since ]'.BZI =-I' then

_5-2.3 _
and ]Bl_ m—te o (075 mA,

4
1,,% {1.5X€.675)m 1,013 mA
5=V -y '
CE2, sat BE3 sat 5-0,2-0.8 :
IGf 1 4 e 14 = 2 857 mA

-IEZ=IBZ+IGE=LU13+E.BET= 3. 870 mA and |

IRE= 0.8/1 = 0B mA
hance IB:!:&.ETE-I}.E = 3,070 mA

and Ic3={5-ﬂ.3]f4 a 1,2 mA,

Ies 1.2

thepabmin = I, . 3.070 =0.391

apturate 33,

in order to

43

‘ez 2.857

and {hFEZ] , 4 "'I;z— = 3013 " Z_.820 in ordar to

saturate Q2
E.{hFE] " 2,820 then both Q2 snd Q3 will be
saturated and v = V{(0) =2 0.2 v

b} Aswume that Q1 operates in the inverted mode
aa above, but 02 is in the active region, while
Q3 1s in saturstion,

Then ‘J’PID.T+ 0,.7+0.8=2.2 Y,
: 52,2
IBI- e 0.70 mA and IBZI{HhFEI]LBl

= 1,050 mA

1p,=(1.050)(1+ke o) and 1,,=1.050+ 1,050 by 0. 8

= 0.250+ 1,050 bFE

-0Q,2
A
I‘C3\ » n = 1,20 A

for )3 to be in saturation hFEIB.’n‘ 1.20

or 1,060 h;E + 0.250 hrE- 1,202 0

-0,25+./0, 062545, 04
2.1,

or {hFE}'min= =+0,957, -1, 195

hé;:u:u {hFE]m.iﬂi 0.957
11:2-=hFE ].‘lel_hFEH'L'USﬂ] mA, and "‘lrcz.ﬂﬂ 5-1.4 ICZ

or Von® S-( 14N 1,050)(by )= 5-1.4Thy o

v

EEN.G'E +0.7a 1,5V

1’533:?‘: 2N -vBZH- 5-1,47 hFE-l.5= 3.5 -1.47 hFE

to have Q2 active V > 0

CBba
. ' ' 3.5
. 3.5-!.4ThrE‘J-ﬂ or ]:IFE-:--I:’;-_F = 2 381

Hence {hFE} 22,381 will saturate Q3 and let

Q2 be in active, but Irom part (a} we know that
if hFE:- 2,820 than both QZ and Q3 saturate.

Hence 0.957 < hFE{Z.EEL

,

c) At coincidence VPI 1..3 (with Q4 in saturation)

and if V= 5+‘TH “then to kuap' the brse-emitter

jhanction reverse biased, "J’P-Vi's 0.5
"‘_IFHE =34 V and NM{0)=-3.4 V¥

With one input low, Vpm= 0,9V, and with noise
VP= u.g + ?H'
1f VPE 0. 440.5+ 0.5 then the clreunit will mal-
function,

0.9 + "IN £ 1.6
o "J’N < 0,1V

NM(1}240,7 V

"\.



d) Standard load current = 5—‘f:i » 1.025 mA
Ic3== 1.2+ 1.025NM

Q, is in saturatior and from part a)
IB'_'-I: 3.070 mA (Note that aince hFE:-' 2. B2

{part (a)) both Q2 and 23 will be in saturation).
3.070%x2021241. 026N o

51 4-1.2
N‘-I_JJ'E-,E_'=53'73 or N = B8

e} With at least one input Iow, VP'-rﬂ.? v

and I = %-3 = 1,025 mA

P=5x1025 = 5,125 w

At colnecidence, from part a)
_IEII 0.675 maA
Teo™ 2,857 mA

chu 1.2 mA

P,= 5(0.675 + 2,857+ 1,2) = 23,66 W
P, - i&i.‘%.?.—‘:.—.é.ﬁ. = 14393 W
5-49 a) At colncidence Vo V{0)=0.2 V and Q1 is in the
inverted mode, QZ, Q3 are saturated and Q4, DO
are OFF. If the output is aceidently shorted
v, 0V,

Von2" VoEs, sattVeE?, aat® 3+ 02 V21V,

This voltage is not sufficient to drive Q4 and DO
ON, and hence there s no change in the operation
of the circult; the short circult current = 0 sinun _
Q4 and DO are OFF,

b) When any lnput is low, Q2 snd Q3 turnm COFF and
24 and DO are ON and vo® V{1), I the output ia

shorted Q4 goes into saturation and

V. -V -V v - :
CO~ BE4 sat DUON 'O  %.0.8.0.7-0
's,” Lo T aes A

V. -V -V -V |
- CC "CE4 eat RO, ON~Y5 ¢ g2.0.7-0
and T - 0.1 . o1

= 41 mA

. Ly, short circult current Lyt = 2.5 441

=43.5 mA

and since g Hhg o }>1 ., Q4 is indeed in
saturation,

5-50 (s} At colincldence all the Inputs are at vy= Vil),
then the emitter function of Q1 is reverss biased
and the collactor junction is forwsrd biased, ‘Thup

Q1 acte in the inverted mode with 'hFEI. 1 and

44

SENUETS IS WIS ST T Iu"-IEiIzIHJ,‘IF Qe,Q3

sre satwated, then Vg..-= vc:I:Z{ut:l*vBEHllt}

'-ﬂ_!-l-ﬂ,ﬂ- 1v, This voltage ia inaufficient te

drive both {4 and DO ON, hence they are both

OFF. Denote by P the base of Jl. Then

5-2.3
VP- 0.7+ n.B+E.B_ = 2.3V and Iml-'*g-‘*- 0.540 mA

1,,(2)(0.540)= 1,08 mA and

[ a'BNA _ 5.1
c2 2 2

are both in sataration,

= 2mA since Q2 and O3

’ 0.‘3 - - — -
tRE-T O.BmA ond IEZ- IBZ IE?.'

-1.08 -2 = -2.08 mA.

. Iggmelo, - lp = 3.08.0,8 = 2,28 'mA,

loa 2

Thus {bFEzimln = I, =108 ° 1,852

aince {4 and DO are OFF, ‘ca ~ 0 and
by padmin® Iga/lpa™ &
A V{di= 0,2V, Thua | hl"E. i 1.852

II any iaput now changes to V(0)= 0.2 V¥V, Q2, Q3
turn OFF, the output remains momentarily st
0.2 ¥V us explained in the text, and Q4 goes
into saturation,

Thuws vBH:f _vBEd, llt+ ?DG"' v, = 0.840,7+0.2
21 7Y
v, .-V
p CC BN4 5.1.7
and IBl' 5 == # 1,65 mA
v -V -V . _=v
[ = CC CE4, 0at DO o - 5-0.3-0.T70.2
C4 0,1 0.1
= 3‘9.0 A
I
C4 390
bence (hppyliin™ 1,716 " 23.64 .

Hence for the .clrcuit to operste as desired, with

02 and ) in saturation {hrz:-l}nun' 23. 64

As eaxplajned ln the text, Q4 eventuslly comes out

of saturation, into cutin and v = vcc‘vam. cutin

"vno, cuttn 539 ¥ = VUL Eq. (5-36)

(b) Assume that Q! cperstes in ths Lnverted mode
as above, but Q2 is in active and Q3 in

aaturation st colncidence,

Hancsa VP- 0.7+ 0.7+ 08w 2,2 V¥V

8-2.2
IBII S %0 0,56 mA and



s

e el - L b

Ly =(1+hp o ML @(2HE.56) = 1,12 mA.
To kewp G4 snd DE ' WF- VBH“{ vBE". cutin

. 1.3V
"'vn_g.' nﬂ;ttn+vGES, at® 0.5+40.6+ 0.2 =

Henca V = 1,3V and since Q4 is cuteff

BN4(max)

Eg;‘.’_m.ﬂm._m.m mA, and

Lo 2 terin)™ 2R z

since {IBEHhFE} = IGZ

. *c2(min) 1,85
) min = I, L1 * 1.652.

[

. Frem part (a) thr:l'.:zlmi.n: g and thus

hFE i 1.652

{e) At coincidence ;'e'FFt 2.3 ¥V (with Q2 in sataration)
and if V= V(1)+ V. then to kesp the base-cmitten

juoction reverse blased V-V, & 0.5

or V.-Vil1}-V__ < 0.5

F N

ar ?H 22 3=30 052 2.0V and NM(QOi=-2.0V

With any input low "ﬁ"’cm

‘ n.t+w_m
0.2+ 0.2= 0.4 V and with nolse V4= 0.4 V4V

P N’
The clrenit will malfunction if

L
V8>Varo cuttnt VB ES, curte™ 0-540-52 1OV

or V™ 1.0-04=s 0.6 V

S NM{1) =406V
vcﬂ.vE‘ 5-0.9

{d) Standard load current = 5 5
= 0.82 mA, Al the fan-out current flows into Q3
and 1% 0,82 N since Q4 and DO are OFF and’
they do not supply any current, IB'f 2.28 mA
fromm part (a). Hence for Q3 to be in saturstion

[53 hFEblca or (2,28){20} > 0.82 N, |

45 &
Hence N -E—B"—f—-—*

or fanout = 55

2 55,61

since hFE > hI'EZ, | QZ is in saturstion,
{e) At colncldence, current supplied by the battery
is Iu= IB1 + :Gi.' 0.540+ 2.0 a 2,540 mA (with
{12 in saturatiomn)
(with 0 fan~out).

When any jnput is low, the current supplied by
the battery l» 11
Ii" pet Ics. |
= 1,65+1 .65 {hFE} with Q4 In active

s 1,66+ 1.65 (20)
= 34,65 mA,

Hence average power dissipated

VCGE34.55+2.5401 | 5(34,65+2540]
Z 2

P“r a 92.975 W

Notet We have neglected the current drawn when
Q4 is in saturation as this ie only for a
very short pnrinﬂ. |

5-81 &} At coincidence Q1 is in the inverted mode

(because its emitter is reverse blased l.nd its

collector is forward blased). We assume 02, Q3

in Iltﬂrltil:lll:l., Q5 in active and Q4 at cutaff

The V =V([0i=02V and Vp= 0.7+0.840.8=2,3 V,

5-2.3 2,7 _
Current through 4 k{l= I.l! 2 " 4 =0. 675 mA

=IBI' Then IB?.-“'*hFEHEl:{ 1,540.675)

= 1,013 maé,

0,8
*
VB?,H"D'E Vv and currant through 1 Q= Izl ]

w 0.8 mA

vﬂEN=vBEN-u'z+u'ﬂ = 1V, “BEEIQ.T vV since 5

is in. active region v35H=vBEE+vBEl+vGE3' 1V,

. ?Bmll-ﬂ.‘?-ﬂ.3= 0.1 ¥ and hance Q4 is OFF

"and V, = 0,140,222 0,3 V.

B4N
0,3
Current through 0.Z k()= IE' 6.2 =1, mA = -I"EE
e 1.5 . 0 048 mA.

IEE=1+hFE "3
.'.. -ICE' hFE155- 5.048 % 30= 1,452 mA

?cm' 8.0, ]452 = 4,855 V

vBC5= 1- 4.855 = ~3.855 and Q5 is indaed in

active, .
' .'1 N
Current throughl 4 ¥is Ian—i—i-= 2.857 mA .

ICE-IS-]BE- 2.857-0.048 = Z 809 mA

..n._a since ]:FEIB'fLﬂH X30% 30.39>1. % 2.809 mA,
0Z is in saturation, ’
1"‘:2'11::1"':3252'5“9”'013 = 3.822 mA

and 133=IE3*1233.BZZ-H'.E = 3.022 mA

Since Q4 is cutoff, IC! is only due to fan oot and
5-0,7-0.2
4

s N a lL0ZE N
for 3 to Eu in saturation IBShI‘E -» Ic3

3.022 X 30 > 1,025 X 10 and hence Q3 1s in

satoration,



b} When at least one Input im low, V_=0.7+0,2509% V

At the

steady state we assume Q5 'is in saturation and

P
and QZ, Q3 are ih cutoff and "Fd- Vil).

R4 at cutin, i, e, Vagps™0-5 VY, Igg™0=~1_,.
L +¥ .
BE4d o 0.5 +7V _
=22 T g *-Ip 25+ 5V, (1)
Sinca Q2 is OFF 13 IBE 5-0.8-0. 5-V, . 3.7-V,
1.4 1.4
= E.ME-‘].T]*’ vﬂ d [3} |
5-0.7~ Vo
Now Vopg= 0.2+ 0,5+ Vo 1o —.
=43-20V_ (3)

Since -IE 5™ IE 5+IG 5

Vﬂ: 2. 7486 V,

2.54+5 ?u=45.643-1ﬂ,?14 ?ﬁ ar

From (2) IBE. 2.643-10.714)2,746)= 0.682 ma

From (3) I,,=43-27.46 = 15,54 mA and
-:E;5=15.54+o.aaz = 16,222 maA,

Since hFEIBE. 30x0.6822 20,46 =1 5 Q5 in indeed .

C

in saturation.

) VD)= 0.2V and V{l}= 2,746V from part (b},

d) Assume all inputs high. Then V02V, Now
let at léast one input become low; (just after .the
change} ws asaume that Q2, Q3 are st cutefi, 05
is in saturstion and Q4 is active, and v, 0.2 V
beceuse of the presence of ptray capacitance,
Since Q5 is in saturation, vGB-I GES'U 2V and

hence the collector of )4 iz reverse bimeed If

(4 is ON, it canhot be saturated; hence it mupst

ba active,
Since Q2 1s OFF, 1,1 =3 ?‘f 1=0:2.2.357 ma
Vag®0.740.22 0.9V and 1« D o yg
Notice that .
VCan=0.2+0.740.29 1.1 V and I,a1_ 41 =2k L -

= 35 mA, (4}

46

-]Es:- I~ 5+ 1.55- [G 5+3. 357 LEAHE:IB *HL 5

Lo o #2,357T=2 I_  +4.5 (5}

=1} B4”

Since Q4 is In active IC‘I

Iogt30L, = 39 (8)

=3,332 mA anpd

.SUL.B-E and from {4)

aolving (5) and. (6) we obtsin I‘::5
134'1'159 mA

IBSITFEz 2. 38T x 30 = 70,71l > [C.'-'E .. Q15 ix indeed
in saturation

The peak current is = 131+13+I_*

5-0.9
4

+ 2,357+ 39

=], 025+2,357+ 39

= 42 3B2 mA

e} From part (a), IH3=3.EZE mA at coincidence
. and I_ =1 025N, Since IG?-‘hFE B3 for

saturation of Q3 than N 5%35.45

Thus, N = 88 |
IMkX

5-52 From Fig.5-25a we see that if a1l inputs are low,

then in sach succeeding stage

I/N
8" Vec Vo, sat! Rgr

Vec Vag pat)

1
Rb'l'HR
C
v -y
and Is . GCR CE. sat

=4

For the succeeding stage to be in saturation

| hI‘EI II or

hFE c vﬂc-vﬂE sat

l:l'b‘l'hm' vﬂﬂ -vBE aat

and,solving for N,

CG BE sat Rb
“‘hFEv B

—u—tl} or
CC VEE sat R::
N s BE ut"‘ GO I"b
hFE 1-v IV "R

CE, sat’ CC ¢

v v
or H‘hFE [1_%&],}. -_G_El..;'_!.t;:l _.....RL and

Vec

N vEE sat VBE pat R'h
hog] '_“'_"""‘““‘—'vcc

we bhave naﬂlactad ( —EE, sat "‘t)( o E, aat 'lt)

whera

conrpared with 1,



0.6 b

of N e rE) min  PrE min Voe R

c

using Table 3-1.

o o
5-53 At t= 150°C, since ICBID doubles evary 10°C

150-215%
Iepo™i0x 10~7 x 2( o ) =5.793 10" A= 0.0579 mA

If any input i low, thla transistor must be at

cutoff, and V.. €0.5V.

or Rb X 0.70579 + 0.2 < 0.5

0,3
Ry, £ 5.0579

At the lowest t-mpar;tﬁna -50%C, the fan-out

= 5.18%0 hence Ry zax = 2. 18 kD

transistors muast be in saturatiopn when all inputs

are low. | T SV

| - 12.6 4.8
Since bl i, 301,51, or R_+0.518 *R

oxr 12.6 R = 4.8 Rc + 2.484

c

or Ec = 318.72 3

ar

Rclm‘ln}' 318,72 [".I

5-54 a) X any input is high then that transistor is
saturated and v Vidy= 0,2V .

Whan all inputs are 1\|'.:||-||.1|j|.F = 0,2 V, all the
tranpistors are cut-off and the output 1s bigh

= VY(1}.

Thus thes transistors in the next stage are all
saturated, and the squivalant circuit is as shown.

w i we e g = =

: .5 /3=

Sv -+
3.Lm! 0.5RN. ‘l"__ﬂ-s‘sr

- P A R W

V., next Siaﬂle. for fanout =3

r-'-l-

By aﬁpu rposition

5x05 . 0.8x 36 _ ,
" 3.6+0.5 36408 - Y

ki

S, Wil = 1,312V

b} When any input is low at Vi(0) = 0,2 ¥, that
transistor should be cutoff. Hence the circuit
malfunctions if V{(0) + "‘fn = 3.5 V

- Vv, = 0. -02=03V or NM1l}= 403V

When all lh‘p'l.l.tl-. nro high at ?ll}:i.?«]! V¥, then
all the transgistors are saturated and the output
e V(0] « 0,2V

Hence the circuit malfunctions if V{I1}+V,% 0.8
or V£ 0.B= 1,312 = - 0,512 V

or NM(0) =-0.512 V¥

c} Whea all inputs are low the input transistors
are OFF and the output circuit is as in part (a).

The base current for each output tranaistor is
vn-u_ﬂ

1 1,312-0.8 :
IH= 11‘ 0.5 } = 1.5 = 0.34]
Y -
CC CE, sat 5-0.2&
Iﬂ= R ‘——"' = 3.6 = 1,333 mA

L=

1
C
Hence l'.hFE} ; =——IB = 0341 - 3.91

d) When all the input transistora are OFF, the
only current drawn is because of the succeeding

atages,

5-1,312

I3.ﬁk =T= 1,02 mA and

PﬂFF. 1.024X 5 = 5 12 W

When all the transistors ON, 1 ek 5‘:' 2

= 1.333 mA
1'1! PGN w 5 X 1;333‘ L 6’.&&? w

5-55 If all the Inputs are at V(1) = 1,5V then all the
tranaletors are ON and the ocutput =0.240.240.2
= 0,6 V= V(0)

1.5V |
2RO .
Zkﬂ. : O.bY 'ﬂ'm
1.5Vo—~AA o Al
- 2R 0.4V
15Vo—M——ud” Q2
| 2R 0.2V
RV
T —— g (
The base voltages are asshawn, and
' 1.5-1.2
IBI= —-z— = 0.15 mA
1.5-1.0 '
[EZ‘ '_z"- = EI.'"?'E A
I, =—222u 0,35 ma



[N ]

5.55 f{cont'd)

ADd T —1-'-!‘.‘,"-—-—%- 0.45 mA
Ic.z I 1+IBI' 045+ 0.15 » 0.6 mA
Toy™ Loptly, ™ 0.6+0,25 = 0,85 mA
For saturation hPE = -I—]:—
101 345
Hence 3.0
ence h.p, 2 IBI
0,6
bpgz *-G.25 <3
0.85
hpws * 9.35 <2
hence (hioj . = 3.0
b} '
1.5V
' ¥ O mA
O an- -t =5V
v L v OwA ¢
O-LU e -‘W— Gl
240 v OmA
-Lga
.5V oA, Jov
283\ _
Lga +
r.sw—:”v},z ™ 63 Vg, 2OV

Since the fnput to Q1 is 0.6 ¥, O must be OFF,
Heance IE 1=n and vull.E VaV{l) as 1t must be for

NAND operation. Since In = I, O then

-IE]tI =} as shown, Since Q2 has hila
current but no collector current then VCE
Decaure the output characteriatics of a CF
transistor pass eseentially through the origin
(Fig. 3-8}, As & first approximation lat us

naglect VCET T{han

_X5Vams 1.0
‘Bz 2 z
whara we have considered the bage-emitter
junction of Q2 as u diode whose drop is 0.7 V,
For Q3, IEE-ICSB'H.-! mA and from Fig, 342
Y{:E.‘iﬁ .D.
in summary V

= D..Jl méa = EBT

a{) and V¥V

cEY" VeE2 cgl” -5V

fe1™ Iga T "0 and Iyl et ,
| = 0.4 A,
Igfﬂ.- IE?.: ﬂ-*mA‘IE;"U.SﬂA

5-56 (a) If the lnputs of Q1 and Q2 are low then we

aasume that 1 and Q2 are OFF and 033 is ON.
V_+Y

Then V. #-0.7 and I= EER i
Neglecting base current of Q3 and Q4, I flows in
1"{0[1 resistor hence \Tca--ﬂ.17D15.95+1.33-l~.33-1.01
»0.31V and v, = V(0)s-0, 7V -0.39 V. Notice

vY+"-’EE ]

0.270

25 95 'mA

that the current in 27002 of Q4 iu I's

2. Bl
_E.J'E'T_n a2 1.4 ma
II

Assume A= 100 for the transistors: then IH:W.

= 0.1 mA which is negligible in compariscn with
3.95 MA. Now we verify our assumption that Q1
and (JZ mre OFF, Since A and B are low that
eans v =-0.33 VYV and we have V_9-0,7V hence

A E

vEEI. vEEZI ?E-VE. -0.394 0.7 = 0,31 ¥ which 1a

- less than the cutin voltage of a transistor {0.5 V)

tharefore Q11 and Q2 are OFF., If eithor Rl or Q2
are ON we assumes that Q3 is OFF and (34 acts as
s diode since there is no current in the 170 {1 so
that the base and collector of (}4 are tled together.
The equivalent circuit for this diode is indicated

below. [32V
| A
Q4
| ZT2060
Y
270 5
Using superposition we obtain
.20 0. HZE
v (1.32-0. 670.290 *{"3-2) 5 39q "0 67-0.22x0,45 Va

= V(1)
I either loput is at ?ll}lﬂ'.iﬁ Y then V g™ -0 T40.45<
=025V . Henca V BE -U-{ 0.25mQ,.25 v-:_n.s there-

" fore Q3 in OFF as sssumed.

(b) In part (a} when both lnputs ara low the Input
transistors are forward blased by 0.31 V than with
VBE{:an].u’E ¥ the noise margin in +0.19 V= -
+190 mV, If Q3 is OFF it is found that 33 is for-
ward blased by 0.25 V hence -0,25 V= ~250 mYV nolss
margin,
{c) From part (a) when Q3 ia conducting V gtﬂ 31V
vﬂBE hence the collector jonction is reverse
biased and therefore 3 is in its active region.
From part (a} when sither Q1 or (2 is conducting
Yy ¥(1) hence Vo™ V(0)=-0.39 V henca V_.=

C1
Vi t0.7240.31 V  Dbut Vﬂln"u"{ll » 0,45V hence

ch. -0.14 V. This is & forward voltage for the
collector junction of an n-p-n transistor but since



5-57

it is less than V, =0.5 V then the input transistor
is in its activa ragion.

{d) When the input to Q1 is V(1)=4+0.45 than Y' =
¥YoV(0)s -0.30V and V_ #-0.3940.7 3 0. Ny

Gl

From part {a) we have '?E- =0.25 V. hence

3.2-0.2% 205
[ = 0.42 2042 = 7,02 maA,

MNoglecting base currents of Q1 and 33 I flews In
R but the voltage drop across R s 1.32 - 0,31 =
1.01

1.01 V hence R-m-ﬂ 144 G

{e} From part (a} for Q3 conducting 1= 5,95 mA.
From part (d) for Q! conducting I= 7.02 mA. The
.average current thruu.;h the 420 1) rnu!.utnr 1y

3{5-95"'7-“3] "I'"E.‘;‘_L' 6.48 rn.A. The tnhl -upply
voltage is 1.32 + 3.2 » £.52 V hence the power lost
due to Inv fm 4. 52 x 6,48 29,3 mW. The current

in Q4 {s I' % 10.4 mA from part (a} and the current .

in Q5 im ﬂ]ﬂ-]—?,—z ui'%,ih 15 5 A, H-nt:l the sum

of these two current is 23.9 mA and tha power
lost is 23.9 X4.52 = 108 mW, Hence total power
lost 137.3 mW,

The truth table of an OR gate ls indicated

1] Y

| -VE.E
H both Y; and ¥; are at V(0), then clearly YzV{0)
which eatisfies row 1 of the truth table, Similarly
i ¥y=¥yw V(1) then T=V(l) and row 4 is satisfied.
¥ YwVil)=-0.75 V ‘and Y,=V{0)}-L55 V then Vi .z
0V and ‘U’Ez 2-0.85 V. Assume that Y stays at

Yi0) or «1.5% V then V = 1.5 V which means

CEl
that Q1 conducts., But if Ol is ON then 'i"

BEL
0.75 (for a diode) and Ye-0.75VaV(l), I Y=
=075V than V. _ 2-0.854+0.752-0.10. Hence Q2

BE2
is OFF, Therefore Y=aV(l} if Y_-,:"lﬂl} and Yy V(D)

{.nr vice versa) and the secomd and third rows of
the truth table are satisfied, Thus Ya¥Y+Y¥, I
we had started with Y; and ¥, we would have
Y= Y4 T,

49

h-E8

5-14

() T:w+3}+{m}-;l+ﬂ+cﬁ whera we have used
DaMorgan's law. '

(b) ¥ = T Y= (AtBR{C+D)= AB+ED

(c) ¥ = YpYmA+B+C+D= 448+ CD

If elther input A or B or both are in the 0 siale,
ViOmQ V, . then wt lamst one of the dicdes
conducts and clarnps the output to 0V, or ¥Y=0.
This argurmant verifiaes all items in the truth
table except lines 4 and 8,

Conrider now the siteation where s colncidence
oecurs wk A and B, M S is in tha 0 ltlt.&,, than
Q is cutoff, and the output of the NOT circult is
Bal (12 V).
‘hi.nund and tha ontput rises to 12V, or Y=1, which
ﬂrﬂhl line 4 of the truth table. llf B'
Voy 80d Vo, are not all squal, the nutput will
rige to the smallaat of these values).

Flnally, conalder the condition in line 8 of
Pig.5-86. I C 1s in the 1 state, then Q is
driven into saturation, and the cutput of the -
transistor drops to 0 V (ideally}. Hence 80,

D3 conducts, and Y = 0, which Indeed is the logic
in the last row of the truth teble.

Dl'or DZ

Hence all threae diodes aTe reverse

V., =12V
5RO

_-‘r .
NOT



CHAPTER &

6-1 " a) 8 input leads (4 per AND gate)
1 output lead
I ground lead

1 power supply

. 11 laads totsl]

b) 11 lnput leads {4243+ 2)
1 cutput lead
I ground lead
I powsr supply
14 leads total

B) A8 B &C

1” {AnEn+ .p.an} @ Co

= (A B +A B )C n_1+ (A B +A B C

I
s
L)
)

+ Anﬂnﬂn_l'l'{An+Bn){An+Bn}Gn_1

= AanGn_IJ-AanCn 1+A B C 1+A Enﬂn 1

which 1a the same as (Eq. 6-1)

6-3 o) G = BC+CA+AB = (BCHCA}AB) (De Morgas)

2{B4+CYHCH+ANA+B) = {BC+E.&+CG+¢AHA+ B)

Noting that XX=X we have

C'=*BCA+BA+CA+CA+BCBA+BG+CAB
Since X + X = X we have

C' = BA(C+14CA+BC = BA+CA+DBC

- EE+EE+KE

b) DHIA+B+G}E ‘l{A+B+G]{BC+GA+AB]

Since XX o 0, then

DeADBC+DCA+CAR

from Eq,(6-1) S, =ABC+ABC+ABC+ABC aD+ABC

6~4 (m) The truth table is idantical with thst for the

carry Cp of a full adder with A =
and C = C__ (Fig. 6-5)

(b) Eq. (6-2)

(¢} Eqg.{6-4), namely Y a BC+CA+AB

n B =By

6-5

= N AP

Eq.{6-5) is En-rc 1{5 +A }+A

Applying De Morgan's theorem we get

Cp & G _4(B_A WA +B ) (1)
220 gives G=C_; (ByA i+{Ay+B ) (2)
ns1 gives EI- ED{BIA11+1A1+31] (3)

Substitute {2} inte {3)

O [C 1 BpAottAgr B KB A H(AFB))

= BoAoHBIA HA BB A NAFE)  (4)

n=2 into {I)

C,=C (B A, A B,) (5)

Substitute (4} into (5)

C,[C (B A MBA A +B B A HEIBIKE,A )
-I-[.ﬁ.z-}-Ez}
Cy =E_1{Buﬁﬂ}{3 PAB A, H‘"u*BuHEr‘&“Bz"‘z’

+HAFBNE A HA+B,)  (6)

n=3 into (1)

=C, {B A3}+{.ﬁ.3+33} L)
iuhi‘l‘n%u"te. [ﬁ-] INTe (1) vialds

c3=c._1(3 A NBANB,

Z} 33}

+[An+En}{EIA1}[B }{B 3]

-HA +B lB A ]{E

g} 3h3)

HA+BHBLAL)+{A +8,)

A o
- n—D:\-—-DD_I_ :rfﬁ*ﬂ@lﬂ

M o —

Note: AL = A + L < A + L

- Y= (A+L)OMa(A+ LM+ {E+L)M

= AM+ LM+ (AT)M = AM+ LI+ ATM

“nlfl

For L0, Ma0=YaxaA
" La M=1=Y=4
" L=1 M=0=2Y=1
" Lal, Ma=l=aYs 0



6=-T

b-8

6-9

nleielills r m='- &2 ypema. . L]

)

Truth table:

Al ClY=A® G
0 0 0= A
0 1|l 1= A
1 0 1= A
1 1l 0= A

Since Y ia either A or :‘:. depanding on
the value of © this imnplies that the @ gate is a

trye-complament unit,

{) Frorn the Truth Table we zae that ¥ = A when
C= 0, |

[a) Truth table for A mious B

A | B | Remainder | D | P

0 0 0 0 0 0

0 1 1 1 1 1

] 0 0 1 1 0

] 1 "0 0 0 0

(b) D2 AD® B = AB+AB; ie D is 1 1f che and

only one loput (A or B) s 1
P s AB from the above truth tadle, i.e., P
is true If "B but not A" is 1

B, By A Ay

E|'=I

AR AN

LEL_EE <3 I

g S
£inal output

The above connections are explainsd as Iu}iuws:
We input and cornpmre the first 4 (LSB) bits of A
wod B to unit 1 and the last 4 bits(MSB) of A and
Btounit 2, Inthe ckt of Fig. we have the
lines €' and E!' (D terminal not shown) and so we

have the internal connections.

I A=B#wEal= Eu-E

where EL= EuE],E;Er

EL' E-i' EE- E = 1% connaction of EL Justified,

' E. EyE ESE El= 1

& E7

If A}B*C:lnaTBT+E AB.+E Eﬁﬁ555+E7E655"‘4B4

77676 7

+E,E B E (A BHEy A By +E3Ep A\ By+ELE,Fy AgBoal
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6-10

6-11

Am {§ 4-bit

8. {5 P
| 54 —1 4-bit
S —1.‘30""?

A=B requires that both, the low order bits and
the high order bits be equal,
Hence E = E_ B,

A> B requires that
High order bits of A are grester than high
order bits of B {CH is true)

Or high crder bits of A and B are equal {EH is
trize} and the lower order bits of A are
greater than low order bits of B {GL is true)

C = GH + EHC'-L

A<B ﬂimill.ﬂ'p' requires that
DH iz true or both EH and DL are true

Hence

Hence D= DH+ E

HC1,

AaB means hoth esign and magnitude bits are ths

BaIMo
A<D mmeans A is negative and B ia positive
(S A 3‘-"53} or the slgn bits wre the same
{EA'EB} and magnitode of A s less than
magnitydes of B {A.m-r: Bm}
A>B means A is poritive and B is negative
{BA*-: EB} or tha »sign bits are the same

5,2S5) and A »B_

The logic disgram 1s as shown below

Note that if A = +0000 and B = -Q000, the nbove
implementation will give A>B,



Lo

=12 a) Y=(A® B)8C ; Y,* A®(B®C) "

A ET:EB Yy ASBRC | BOC Y, =A®BSC)
ololol o 0 [ o 0 1
olo|1] o 1 1 1

ofr1]o]| 1 1 1 1

ofr]1] 1 0 0 Q.

l1i0{of 1 1 0 1

I1(0{1) 1 g I 0

1i1lof o 0 1 0

1117 o 1 0 1

S .

We nee that YI and ‘fz are identical, .". Ylt':"z
b) Assume A=BaCa() = Vo[ABB}PC=a0

" Axl B=CzD = Y=({190)90= 1

" AnBal C=0 = V{12 1)8 0= D

T AxPaCr]l »Y=({1&1181=1

-

.. Yal when [no. of variables=1]m 1, 3 = odd

YwD " L = 0,2 = sven
6=-13 . . -
|[RowlA IBI C | D!ARBICBD| 2={ABBB(CR D}
g JoYfajolo] o 0 ' 0
t jojoleoll 0 1 |
2 lojJo|ll1io ] 1 1|
3 lojo]lil1 0 0 0
4 |o|l1]lo]| o 1 O 1
5 ojl1]| 611 1 1 0
& |0o11I|1| o 1 1 .0
T I01111]1 | 0 1
8 [1jo0|o]o 1 0 1
9 [1jo]o]1 1 1 0
10 j1io|1]o 1 1 o
11 1101 1}1 1 0 1
12 {1|1{ocjo| o | o 0
13 {1102 )] 1 1
14 {211{1] 0@ 0 1 1 \
. 15 |111]1]1 0D | O 0 i

Weo see that Zof for rows 1,2,4,7,8,11,13,14
where there are always an odd number of inputs=l,
Also Z= 0 for rows 0,3,5,9,10,12,15 where thers
are slways an sven aumber of inputs a1,

6-14 (&) - -

T EXOMSWE
| l “REE
Z, : CR |

I-—-—-

A —i .
B

e

F -
& . D

Y

H — . D
’. P mm wm  emm = mmm e mm amm . o
p P
[ﬁ} Y=l if and only if one of ZI and Zzl_:L Asaume

Z,=1 (Z,=0)wan odd numbaer of the lst subtree
inputs (A,B,C, D) is =l and an aven no, of the 2nd
no. of inputs (E,F, G, H) 1s al~totally an odd no,
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6=16 {(a)

6~15 (a)

of inputs is 1. If Pt is grounded (Piw0), P=0
for odd parity and Pa] for sven parity.
Ay A, A
P
¢ — T L] J"‘"":L-
PI p Pu P !
2 2 3
(ar (b)
with, Pl"ﬂ 1.
Parity of A, Pl Parity of Az Pz . Parity of AI. LA,
odd S | odd 1 avan
odd 1 evan D odd
BYean 0 |Van 1 avean
even 0 odd 0 odd

y

Thesa agree

(W) It is easy to verify by constructing s table an
in part (a) that for proper operation it is now
required that PI'- 0. In general thl If an even
number of units area cascaded and Ff =0 if an odd
nurmnber of unlts are chacaded,

(¢) Samms as part (a}, excapt that six of the inputs

are grounded,

(b} Use luputs A, B and € but ground D, Use only
the outputs 0, 1,2 ..., 7. Since Da 0 the firet 8
gates are enmabled, while the output of gates B and

9 are always 1,



‘b-17 (a)

Total chips = 1+144+ lﬁ; 16 = J45
EDC=000 [;l'-—'——? 6-19 (a) 1-16 demultiplexer has 16 Nand gates, esch
2* % ' with 5§ inputs: 4 for addressing a glven line and
3 A . the fifth input is the data input,
Q01 4 | "+ Totally there wre 16 x5 = BD gate inputs.
[ . Nl 2 {b} FEach 1-to-4 demmltiplexer has 4 Nand gates,
. A 7 | each with 3 inputs (2 for addressing and 1 for data)
. B . : _
E E ‘. There are 3 x4 = 12 gate inputs per 1-to-4
110 l — Eﬁ dermiltiplexer, To gat a 1-to-16 dermiltiplexer
) : I Nz' — i% uring l-to-4 demultiplexsr we require a tree net--
' & A work with 5 demultiplexers. (1 demmltiplexer in
R} N o %2 the first leval and 4 in the second level)
- — 30
il 3t . Total gate inpute = 12 X 51 60
b A 6-25 (8)
' M58 58
output 28 corresponds toa EDCBA a 11001, whare 3 - =

the two least significant bits come from Hz, and
the threa most significant bita framm N,

plexer] per chip, then the total number of chipe ' i.

| o
' X . ;
(b) I there are two N, [2 input -4 output demulti- ¥ t Dl_ }

- 1+§- 5. .

=18 (a) | ‘ ¥

BXV% CHpS

=

L)

-

.,

.
Jj= .
i
"

n
v

_ MF“; Im E {'h]l;&.dd two more AND gates and two more inputs
| E . OUTPUTS to the OR gate, as follows .
M Lu--,\;l_.- &3 S AReBcE
: N : % |
T | e |
Hl;lli - - & xh o . ‘t
FED AQUTPUTS [ I
: -
7 —
(b} Total chipss 14 16+ 8x16= 14 16+ 128a 145 621
@ Mot 4 | T Y
|HHIP$_L 4 j—3 [ouTpurs [ OuThuT
0000 [Ny= 13 ST SELECT | || | L |
lle.P o b= 15 N_'-j n v Y i ;] . '\f
” I I A A i I i
5 p,l-.u,‘:l“ FEDC b . B o—- e dote | ‘|— doto |,
hig G - C _l_;____iﬂﬂt.'rlﬂ' ! seiector |
[ ' N, 3 | T | 1 7 j
3 IngWR,= 0 g7 Ta | D o] S DAYy
]'Ii!h'_llﬁ N Xo g Xy Ky
FEDL gt 3

g A & O . '—Do ——
ENABLE : | o




b=22

6-23

The inputs E, D, C, B, A form the 5 bit code.
E= 0 we got a word ODCBA, i,e, a nurnber
between 015, When E= 1 wa get word 1DCBA,
i.e. the numbers betwaen 16-+ 31

When

when E= 0 550 and ¥ X

{ 1 j; Sz,-l and Tz-ﬂ
(0% §515) -
then Y = u+:xj-xj
wheny Eal 51-1 and YI-D: Szuﬂ and ?z-](j
{I6 = j=3l)
then ¥ = J[j._
N,=4
xt, ——
I Ny,
Xy —=
T
| B A
xﬁ. — .
— M
Xy —""ﬁ 2 | ﬂﬂt?lhf
H
X4 |
L}y EN_“
27 _TT—
g A
‘Klﬁ e !
NIT
*3)
B

(a) Line 25 is selected by baving EDC= 110 and
BA =01 (see heavy lines); thus
EDGBAH “Iﬂﬂl]al 2510.

{t) We need one B line-to.l chip and eight

4 line~to-1 unite {(which are on four chipa) for a
tatal of 5 chipa.

N,=F

L
i, £ —
Ny= |
Tl
T FeDd

54

_{t} Notice, for example, that 1‘15 is selected by
FED=001 and CBA=111 {heavy lines): thus
FEDCBA = {Dﬂllll}z={15}m.

(b) Here we need 8+ 1= 9 jdentical B lina-to-)
chips,

624
~» 32 lines
| Ny= 14
1,
/.xu_:h!aﬂ Lq ~ Nk
1:15":_' SINI. Lﬂ_ N !
I I | * 1L' ;
DCBA y 7 A1z
37 mu:.:l'..:. M;a,iq_l:_l G f':'E E %_ N,
SUCH I-?r‘_'_luirh R oA | Y
UNITS DCBAL ] [hamtt | TT
r IH
Xe—fi= | ]\
Wo—Ny G FE
% o ey L
\ S rl
~' 3.4 Suchunits
= we  THIZD
FIRST STAGE  SECoNDSTAE SAGE

6-25

6=-26

. (b) We need 32 16:1 line packages, 4 8:1 line

packages, and half 8:1 line package (ons 4:1 line}
for a total of 34 —é'.

{c) Here the first stage contains 32 1é:1 packages,
the second stags containe 2 16:1 ones, and the
third stage is 1/2 8:]1 package for a total of 341

—_—2

{a) We need & 4-1-linsa »itiplaxer, Far a 4-to-1
multiplexer Y = X _BA + X, BA+X,BA+ X,BA Eq{645)

S _sABC+ABC+ABC+ABC  Eq. (6-1) with the
subscripts dropped

Rearranging: ¥a5 = CBA+CBA+CBA+CBA
comparing this equation with Eqy. (6-15), we get

Xy* G, X=C, XxC, X,

{b) Bq.(6:2) without the subscripts is

=

YeABC+ABC+ARCH+ABCCBALCRAH{CHC)BA
Comparing with £q,(b=15) WL_Je¥

xﬂ=n, ]Eflﬂ, xz=C, }[3=G+Cl1
(c} No, two different rmltiplexers must be used
since different values for the X% are obtainsd in

the two cases above.

N-1 input multiplexsr is requirsd whare Nud

énrruspundhtg to the 4 variables A,B,C and D.
Hence 2738 data inpute are nesded.

A Z

1° Method: The standard form of the output of wn
8-input multiplexer is



&-27

6-28

standard sum of product eguation,

and data X.

Y-xnﬁ'ﬁimlEEMx zE B}I+x35 BA+X ﬁi‘ﬁ
+x5c:§a+x C BE+K.?GBA

cornparing this with the gim ‘aguation

YaDCBA+DCBA+DCBA+DC BA+DG BA
+DGBA+DCBA+DEBA
we get
X n[} }El D, J{EIIH-DII 1{3=ﬂ, }‘C*-D
}[5=D s =D+I'J=ll 2 0

s xq
2°% Method: It s not necessary to write the

Instead note

that:

CBA -0 ,, X;=2D; CBA~1 .. XgsD

CBA = 2., }EE=D+D=1; CBA~4 . }:4-1.‘.'

CBA =5 ., l{5= D: GCBA -6 .. ],{6=D+D'1
The missing terms mean that the c:ni-runpundlng
‘j{'al ara merc .. ]{E#ET:ID

If all four inputs are 1 then thres inputs are

certainly 1, Hence form all combinations of
thres loputs
Y=CBA+DBA+DCA+DCH

(b} Usa an Bato-1 mnlétiplexer with addzress CBA
All terms must contain A, B,C or

the complemments of these variables. Hence

¥Y2CBA+DBA(C+CHDCA{B+BHDCB(AYA)

CBA+DCBA+DC BA+DCBA+DCBA+DCBA+DCBA
Slnce DOBA+DCHA+DCEAaDCBA mod CBA(14D=CBA

veCBA+DCBA+DCBA+DCBA

Since CBA — 7 Xal
CBA — 3 X. 23D

=]

3
CBA ~ 5 XD
CBA = & X =D

All other X's are O

From the truth-table °
we have:

Yu=Wu+W W,

Ylﬂw 1+W3

Y
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b«29 {a}y Y. =

0 2

Y.IIWD+WZ
Yz 'Wn+W1
Y3=W1 2
4IWD+W1=Y

0N,
(b) Since we have 3 words, w8 rmut use 3

tranaistors, with inpute W

¥ 1 2

Q0 has 2 emitters, Q1 has 2 emititers and 02 haa

3 emitters.
6-30 () Using A for the LGB, Y _=101= CHA,

must copstruct a positive AND gate as in Fig. 5-5b,

W. and W_, where

Hence wo

-4
A -
i o LN
g o—1t
=
- CL
C o :Ighgi—
s %*1' 4
i | i 1 :

| Y‘? Yl- Y‘S’ Y#, \f'g Y; Yl
(b) Yz-nlﬂnEBI, Yfﬂlham, Y‘l-mmcii
with the above connactions when the input is
010 (=2}, YZ is ON; when the input is 011(=3),
Yl is ON =tc.

{a} From Table 6-3 we get

Y :WBW 9+“"9

where use is mode of Eq.(5-19).
(b) From Tl.hlu £-3 we get
YW W W W W W W W W W
+W W W W

6=31

89 _
W W W

W oW, W W W W AW W W W WoaW,
using En. [5 19 .FLB-I-'E::A-I-E with B!WT snd
A.-W wWw +W5WE+WE

5 6
Y = wﬁf 4‘W5W

we got

E+w w +Wﬁ+w?}

¢ 7T 8°9



5 and A:-W*WE-&W-E

Yz-ﬁﬂﬁg{w W AW W +W.). Again applying

slmdlarly with B=W we geot

45 "5 "6
' - Eq.(5-19) with B-ws

'
Yz-{W3+WQHW4+W5+Wﬁ+WT} by De Mnrg_l.n s law.

6-32 From Table 6-3 wa gat

&

gt W g W gt W W W WeW,
AW W We W WgWy
+W W W W W VW W W

using Eq.{5-19) AB+B=A+B with BsW
VWG W W W W W W AW, W
W W W W W W W W

a WQ+WB{WT+WEW ﬁw T+‘T:'4i' 3w 4’.‘?51’:' ﬁwT
+W lwzwaw 4‘\’&'5 EWT}

Uring Eq.(5-19) with BaW,

Y E.w 9+WB{W .?-!-'Hi' 5W 5+w3w _*W EW

+W1wz 3 4'#

&

WW W

TWt WglW ot W oW+ W W W W W, W W W) ]

34

Uslng Eq, [5-19) with B.'wg

T Wt WalWot W W W W (W W, W, W,)]
Ueing Eq.(5-19) with BaW,
YrWot WelW AW W W, W W W W, W W)

b=33 a)
'W'T "'H'ﬁ W5 \‘il"‘ 'Pfa Wz W] ‘W’D '!l!'z Tl Yu
0 0 4 0 0 0 0 1 a 0 0
0 O a 0 0 0 ]l = 0 0o 1
0 0 g 04 0 1 = =x o 1 0
0 0 ¢ 0 l] = x = 6 1 1
D ¢ 0 1 x % =% = 1 0 ¢
g 0 1 =x ¥ X x x 1 & 1
0 1 x x X x x X 1 1 o
l x x = x x x x 1 1 1
b} From tha ahove table
Y o w_l,+w 5 E"'."."...,,+'!i'o"'3’|l'." 4?? 5“’ EW'?
+ WIWIWEW 4\?5\? &wT
‘Uaing Eq. {5-19) with BaW,
Yn= W..r,i-W ﬁ{WEFW 3\? ‘W 5+W1W2W3W 4“'5}

Using Egq, {5-19) with Blwa

?D-WTH_? (W HW 3’7\? 4V lﬁzﬁaﬁ s }
Using Eq, {519} with B-'-"W'3 |
=W+ W W AW W W W lwzﬁiﬁﬁ
6-34 The truth Table is In Prob, 6-33 from this table
Y1=WT+'?E' Eﬁ AW W ™ ETv Eﬁ"’wzﬁ jﬁ *ﬁﬁﬁ ﬁﬁT
Y W.r+'ﬁ'1_[wﬁ+ﬁr${w5ﬁ_‘ﬁ5+w w 'ﬁriﬁ_,']]

U-inIA+EB=h+ﬂ;whar¢A=W?

Y 1=W?+W ﬁ+w 6 (W 3W iw 5+ WZWE 4 5}

Using Eq.(5-19) with B=W

é
YI-WT+WE+W4WEIW3+WZW3]
Using Eq.(5=19) with BaW,
YI-WIT+W5+W"EE{_W3+WL} i
=w7+w6+w3w 4W5+W2W 4w5
6-35 (a) WoxX X, WaX X, W,aXX, WX X,
Y0=W0+WI+W3; Yl-wu+wa; YE-W1+W;+W3
Ya-wu+w3
I x‘ x.:
\ X. .
-o'(]—q wﬂ Y
Y 3
+ W,
W,
W —)>—V,
W

: W
Al leads marked w, are Tied £
'h:rjeth er. et

B v % ¢ Y,
y, L
Y3 |
\I.flAE ‘GLY WA_Q YI Y.}
Al leods marked "‘1;: are '_*Itd = = .
| ."Lll‘pﬂc ther etc.
6-36 (a)
32 fnes
T LA
X A, —|5t~32% ¢ I2 14
odaress Al_lde_m der | ! ‘Army |
A?.—- : E , i H:. llne:;l
Ag— E._.._3.L jt%::ﬁli;
Y Q}EE—HHF
Address. :1" : E R‘"r'fn-i
£ | | Selector
?i TL \r.i. 'Tt.'

(b) 32 Nand gates in the decoder (16+1}4=68 Nand
| gatez in the selectors

. Totally there are 68432 = 100 Nand gates,

{c) We require 32 transistors, each with a
maxinmm of o4 emittars,
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£-37 (a) Bince thers are 256 addreases, we need B8 bits 6=39 (a) Ya-wE+wq+wm+wu+w13+wu+wu+wl5
in the address IIE-ZEE} to be able to address the |

o | Y W AW W AW AW Wb W, (W
, whate
(b} Since thare are & outputs (8 bits) and _ut:h w-x ¥ xxx w 'xaxzx],xu' TW -5 xlexﬂ-
output comes from an 8-to-1 selector, there st
be totslly B x 8 = 64 vertical lines. WX XXX, WX, X RXo WX XXX,
“ no. of horizontal lines = zﬂ;a_ 32 WX, X, KX, WX X XX, Wo=X “z"l“
| W,
Hetce we nesd 5 bits to address 32 horizontal 07X KKK g W= X X, X X, WypuX F XKy

lines {using a 5-to-32 decoder)
# (¢) We have one 5-to-32 decoder with 32 Nand
| gatea, snd B aelectors (B-to-l) whlr:.b; have &1
'.l:ilnd gates each

o tﬂtn.ll]r we have 32+(84+1)8 2 324+72= 104 Nand ' N
. . gates, '
. ' . . w
{d) The ROM is an array of 32 horixontal lines _ wﬁ Wq W\o
and &4 vertical linaas, Hu'nca_wa nuuﬂxil transis - :

tors esach with s maximaun of &4 emitters.

W2 X, X X X, W, = xaxlexu, W= XX, X Ky -

Vee

6-38 (a)} From Tabla 6«4 we get

Yu-w;+w3+w5+wﬁ+wg+wm+W13+Wu o - | -
Y aW +W_ +W +W +W AW W, +W | =
1
2" 4 T8 T6 T ¥ w1 whare W; are the sutputs of tha AND
where |

I gates above..

WX, X X, X, wz+x3xzx1xu w 4"‘3"1“1311

6=40 (n) Frozn Table 6-% we get for Y '

. X 5
w& xaxlexu Wﬁ xaxlex =x xle E-W +w +W +w...+wm+wil+w15
o n x : x - wm am
WX, K X X, WX X1 %q XyK, Xy K « BCBA+DCBA+DCBA+DCBA+DCBA+DCEA+DCEA
= =x 1‘. X —
(b) WX XXX, Wgs X, X%y Wie=Xy%X X% (b) Rewrlting the above and noting that DCBA
| aDCBA+DCBA
r——k | -{ncm+ncm1+mcm+maa}
. l +{DCBA+DCBA+DCBA+DCBA)
¢ 8 -.-{_DEI{E-I-B}}+{CBA{mn}}+[DBA{C+G}+DBA{G+G}1
' Since X+X=l - - _
r YE-DGA+EBI+EBA+DBA
'—-
I } = DCA+CBA+BA(D+D)
¢ o e I =DCA+CBA+BA
P kot s e . e W, 6-41 Since DCBA= DCBA+DCEX then -
F T ‘*‘f— 1‘4‘. Y, = DCBA+DCBR+DCBA+DEBA+DUBALDCBA
b o t W, 1 +DCBEZ+DCBA(+DCBA)s
¢ 1_ «CBA+CBAIDUB+DCB+CEAS
i, - =BEBA+CA+DB
) . + — W3 .
] :
"7 ¢ : i - Wie
| %
xa 13 tl !1 \ 1‘,“:| I"I x#
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7-1

CHAPTER 7

(a) Awpurme § = {§ » 1 in Fig. T-la. Than because
of the feedback Agw A; =1 and hence Q=) = 0,
thus contradicting the 'l.umn'nptinn that @ a Q=1 in
the stable state.

Sirnllarly if Q= = 0, then Aje A3 0 and hence
@=8=1 Thus we conclude that (§ and & cetmet
bath be in the samme state,

(b) T both By and B; are at 0 in Fig, 7~1b, then the
outputs of N1 and N2 (Q and &) will ba 1 irrespec-
tive of the previous values of O and {J. Having
Q=0=1 is inconeistent with the deilﬁitlun of the

latch and hence By = B; = 0 i3 not allowed,

With the key in position 1 in Fig. 7-2 the output ie
Q=1and Q=1 ad explained in the text. When the
awitch is depresped By goes to 5V am shown, B,
falls to O after time ."a (the time .tn move the
awitch = t] -¢') and then the voltage at B, may
rine and fall as shown ae the switch chattars.

) . |

ty b LGt

Between ty and t}, By= B; =1, hence the output
remains the same a» before the switch waa da-
pressed, i, e. Q=1 At t:'+, By2]1 and By = 0
hence Q = 0.

When the switch chatters after t;, either Byj=1 and
By = 0 (between t] and B or tf and t) or th and t,)
or Bya] and B, = 1 (between t} and t; and t; and &g
orth and t5). In both ceses 2 = 0, which ia the
correct ocutput,

{a) I G= 0, the ocutputs of N3 and N4 are 0. Thus,
N5 and N6 are uneffected by I}, Hence,  reataings
the information it has indepandent of changes in D,
Now let G=1. If D=l then S=1, R=0, P=l
and P; = 0. Since Py=x1l, @ must = (. Thuwe, the
input and output of I = 0 and egince bhoth inpute to
N6 are 0, 1 must = 1. Similarly, if D=0, O =
(b} The enable, G, and the INVERTER to the left
of 5 and R are not chtnsei The rest of the cir-
cuit is modified in 3 steps; |
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0

—D

D

R—Dr——4 %

(2} Change the negative OR gatea to positive AND

gaten
Q@ I . E-Q

s{
R~ p ‘D"_}’m o Q

J
. Positive AND ‘_
(3) T he two cascaded NOT pgates cancel each other.

s O——1>
R_:)’——L

The above im Fig 7-3 if the enable, G, and the

i;lput D circuit are addad.
7-4 Notice, fram Fig.7-3, that

Q=B R = GGHG E )» 8G+QB;, or

Q=5C+Q D

which is in AQOI form with

B==EE

Similarly, @ = GR + B, @ with B,=SG
Thase equations are implemented in the Fig. below:

ADI

——— g GR
e— K
RDIZ— &
O )
'ACT

7-5 TFrom truth table of Table 7-1 and Fil. T=-6

070,70, ,,°0) Row 1; 1 =0, K, = u} T =0, K,=X (a)
Row 5: I =0, K = 1

0-11Q,70,Q,,,0) Row 3; J =1, K =0} ., K =X (b}
Row 7: Jo=l K=l .

1-0{Q =L, Q  #O)Row 6: 7 =0, K =1)
n n+] <] n 12X, K =1 (c)
Row §; Jn=1' K al,

1""1':1:,1_'1. dnﬂ:” Row 2; Jn= D, Kn= l‘.Z';l

b J =X K =0 {d)
Row 4: J =I, K 20 o A




from a,b, ¢, d the table is vezified, | since this does not changs tha output {DnH-!} there
| is no race around difficulty.

7-6 TFrom Table 7-1, Q= ! in rows 2 and 4, or
For Jnil. Knnﬂ and ﬂn-l, ﬂnﬂﬂl and there is no

QHI " anJ n[Kn+Enl t qun”'n t Jn]

\ J e’ race around difficulty.
row L row 4 | Enr_ Jn=ﬂ. Kn-l. and ';lnnl, nnﬂ-ﬂ: but again from
hetnce Q ., = ﬁan+ﬂnEn since (Knﬂ_in} and row & of 'I.:"hl' 7-1 we get ﬂ::uﬂmi aud there is no _
(34T ) e 1 race around difficulty, i
noA | For J =0, K =1 and @ 0, @ =0 and no race
[adl P) around difficulty existe,
rﬁ‘ts'ﬂ-{ r Thus except for Jn=Kn=1 as axplained in the text
_ J { there im no race arcund difficulty,
r—l@y N} > « & (b) Take J =K =1, Q =0. According to Table 7-1
~ ) will bacome 1 when the next clock pulse comes
Ck - | in, Now, if s> tP' 3 will be O throughout the
L — clock pulee, :
— A )3 X Q -| / tP.d_ﬁtiT
K T koo | | :
|
| ‘f.ifﬂf'(cr) | th | . : I .
() When Prlﬂ:nd C.=1, Qul. TFor correct aper- - o _t: it -.'I-
ation Q=1 and Qu0, henca all the inputs to N2 P
st be 1, Since (=l and C =l we need to snsure When Ck » 0 aguin, the FF is locked with Q =1
that Y=1. ' and it doesn't change state agaln, Thus the race-
Now Yal meuns K+Ck+ Q=1 {i. 0. at least ons of K, arcund condition has been sliminated. At mwust be
Ck and Q Tmust be 0]. Sloce Qul, then smialler thln T, so that O changes states before the
Yel»K4+Ck=1 Thus if K+Ck=1 the FF will next clock pulae.
preset correctly. 7-9 {Q)
(b) When P =l and C_=0, G =l For correct oper- [Pr' -
aklon E = 1 tﬂd Q=0 and lirﬂi;‘l‘i? :.: above we L "(_G. 2‘2;*:"
need t:unluf th-:t xul or Q+J+Ck=1 or J | | Dﬂ
since Q=1, J+ Ck=1, Grn Master-
(¢) If Ck= C_»P_30 since both A and G want to (4 _ Slave
go to the 1 state, the final stable state will be Y &m FE
determoined by tha device characteristics, K - ' |
.- . .
| (d) Take Praﬂr-(:k =]l Then O = Pﬁfﬁilxﬁ-ﬁ EI"‘ ’ <« Q
: and Q= C.Yi=1Q where Xa=JCK] = 3 and Since (1=, HM rust have been 0 during the time

—_— s

when ths clock for proper ration of the |
Y=KCkQ = X03, Thase are the same Equations = clock was 9, proper ope

Flip-Flop. Hence =0 at the instant whan
that characterise Fig.7-6 with X and ¥ replaced Pe= P qM * “x
— — becomes 1.
by S and R, respactively. Hence the FF is

enabled.

rb= TS Wp - -
s .

'Smnn‘ﬂwﬂ the output of N, {Eﬂjnl, Blnce J= 0,
the ocutput of Nliw)=]l, Since Q.Mll the ocutput of
N3 _{QM)IH. Thus ﬂM=ﬂ and ﬁmﬂl and they are
stable.

thore is no change in the fasdback <clrcuit and (b} Now J=]l and slncsa EI Ck-l' x = 9. -51:”;“ QH'I

hence no race around difficulty. from part {a)the output of N3w(j,ml. Y=1 ap Q=0
and hence the output of Nd={), =0 and the circuit is

stable o0y m1 and Gyy=0

{c}) ¥ J=0 now X-1 while ¥Y=1 as in part (b). DBut
ﬁMSD from part {b) and hance the output of NSHEM-
w1 und the output of H-t-ﬂh[: 0. HEHEI- the sama
state is maintained as in part (b),

7=-8 From Table 7-1 _
{a} For Jnlﬂnflﬂ and Qniﬂ, “n+1’°‘ Since En+1=ﬂn

s Tt~ e
. N

For IntKn-ﬂ and L'ln-ll, Enﬂ-!.: again ﬂn+1=ﬂn and
thara 1s no race around &iffieulty.

For J al, Kﬁ-ﬂ and Q =0, Cin+l'-1; If Ckal after
this change has taken place, then from row 4 of
tha table we geot Jn-l, Knﬂﬂ. Qnal * Qn+1=l and

59




7=10

- g o w al=

o b o
==  m
- o m i~ = = .

- e F

—R q|

Consider tha trath table of Fig. 7-5b for an S«R
Flip-Flop. Since S and R can take only coyrmplaes
mentsry values {as they ure connected to Q and E-
respectively) only the combinations of row 2 and 3

are applicable. When R =, nn;ﬂ'.'u and when R =0,

ﬂnﬂll. But sinca R=Q, ﬂ -ﬂ in both r.llnl,
which 1s the bebavior for tol:]'.n Flip-Flop,

(b) A D4ype Flip-Flop behaves sccording to the
equation @ _aD . XX D 0~ then Q™2 (T-type

7-12 We append the table, as shown balow, with thu J
.and K colurns based on Fig, 7-th,

A ) B un+1 d K
¢ o] n 1 1|
0 1| 1 1 o
I 0| o 6 o
i 1] o 0 i

From the above table 1t can be ssan that;
J=AB + AR s A(B+B)= A and
K = AB + AB

Hence the AB-Flip-Flop is built using m J-K
¥Flp-Flop ar follows:

7-13 (s} Note that if any input to » NOR gate is s 1
then ths output {s zero. Thus, the oufput of ¥, is
zero because one of ita inputs is o Which is 1
since D = 0, ‘!'1 = 0 Decause ane of its inputs is

EII w‘hflr.h is 1 since D1= 0. Similarly, Yfl 0
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because one of its inpats 1is 53 which fe 1 since
DSIG. Yfll 'h'll:l.lllﬁ_ its inputs are ﬂulﬂ, Q!_- o
Q,#0 and Py=0 since Do*DxP =0 ‘and D,=l.
Thus, YE-I and all other outputs = 0,

(b) The ioputs to Y, are Q,,Q,Q, and P,
Q. =0 gsince D 20, Q=0 since D =0. uz-u since

0 0 1. 1

Dzul. Thus, all inputs to Y, ara = 0 and Yz-l.

{c) The general fermula for Tn is, by inspecting

the Figure,

YaP«{A tQ_+Q +Q_, (1),
with ﬂ_l- ﬂ_z = ﬂn—S = {.
Since Q, 7D, and Y is 0 if any of the terms in

Eq.{1} i 1 we nee that only the lowest order data
D, among those in the high state is transferred to

make Yk- 1,

(d) Tha mystsm will work as understood for the
firet four bits, Thus, if any nf'Du, DI,D or D&
i one, then Pll'ﬂ and Pl‘.l for the higher order chip
wlll be 1. Hence, Ty, "i" YE' Y and P for the

higher order chip are zero I DD'DI.'D and D3

ali are zero, then Py=1 and Pﬂ for the highar order

chipa0, Thus the higher order chip will work as
understood for the last four bits,

T-14 (u) 5 =S ol: Note immediately that tha AND gaten

01
with shift right {and left) serial inputs are {nhibi-

ted, whereas the ones with the parallel inputs
A,B,C, and D ure enabled. It is clesr that of
the triplet of AND gates that ''feed" each NOR
gate (whowe outputs are tha R terminals) only the
one with the parallel inputs is enabled. See Fig.
balow. Thus data are entered in p,rlllul when

5 151-1. |

‘hﬁut 1 'I'I"lflld'

of AND gates
‘Fﬂ.dm? o NUR

R

{B) En'I,EI'IU: Notice now that ml'_r the left AND
gate In sach triplet of Fig. A above is enabled,
Thus data enter aerially from the "SHIFT RIGHT
SERIALY imput into the leftmost FF. Chserve

that its cutput QA ls fed (through the leftmmost AND
gata of the sacond triplet) into the MOR gete which
coinplemnents it and then feeds QA into the R of
the sacond FF. This is squivmlent to feeding QA
into the S terminsl, Similarly for the rest of the
FF'sa. This arrangment, however, ls pracisely

- equivalent to Fig, 7-11 in the I'-nr::l:.' Hance aserial
shifting to the right has bean achieved.
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(c) The argaments here are ﬁuit- pimilar to those
in part (b), the two cases being mirror images of
each other,

{w)
QS -Qz. Q’l
g { Gﬂ
Frz [ |FFi [ |FFO

The output of the NOR gate 1s zaro as long as ona
ﬂf thﬁ' nhﬂlpnjpﬂi

are noti-zare. Therefore, it

will take at most 4 pulsen Lo cle;rFﬂ}FFHI,FEZ, FFl,

When they all get cleared, the cutput of the NOR
gate becomes 1. This I is propagated through the
chain of FF's and after 5 pulses it sppesrTs at Q...

When Q, becomaes 1, all other Q1's are = 0, there-:

fore cutput of NOR=l and so st the next pulses
Q4 = 1.  Again, this ! will need 4 more pulses to
propegate through the chain and appear at ﬂﬂ.

Therafora, the sbove ayatemn acta like a 5:1 scaler,

(b}
61 2 34 LTS Yo o B3KHL
ck SN
Perod =5ck periods |
v u [
8 r"PEriud =5tk Ptri'nﬂs
= N [ RS ) S
() > period = 5 (K periods
Y — _ L
_ r—>period=5 ck_periods
Qo_- — e
~-16 (Q}
1
4 c C, .

*

11— g dea 1

(b) and (c)
J -T- E g
SRS, [ R[S, Ral S| Ral 54| Ra [ Q. |Q10 |y with
Merepis d|O[1{O[1]O[1]0]1 [ 1iO[0]0{0[O[D
after 1ﬂ|!n Vet jrjo] ocnﬂﬂl%
. s zjoftjolim (o|ilo1|o]9]|0[0]1]1]|G0
 wgie(sajo[tjolviotviolololi[i[1|a&
T . alrfjolvieli Joja|o]vlolelti]]t]|a 8,
'_ . S[\]olrfolsfofs|alolv[v]i[e]1}1|0Q,
v klylol]oliofjofrielr [l v]1[0]040,
s wrlifetv]ofe]v]oiviojr i ielolQug,
« «ghiloloh lofddelrjotiiviiisiololfG,:
. -9lo|V|oftlefljolilo]ili|oio]|elo G,
. w«i0lotloliiolijolyliloljojolo|o0|RG,
.lncl ':14 iz to .ch.unga next to 1, and 80 on,
T=17 {(n) _
o 2y 2 5, ¥p"Q,
belfore 1st Pulse 0 0 % 1 0 .
after 1ot pulae ¢ .1 1 O q
It 2nd V' 1 1 1 0 1
" 3rd V 1 1 06 0 1
M ith " 1 o 0 1 1
" 5th ' ¢ o0 1 1 0
Aftar the 5th pulve we get the output we had before
the 1st -pulu.' Thua, the systam operates as &
divide by 5 counter. v
) - Q, 9 9, 1,70, K=,
before lst pulse © 1 0 O 0
after lpt pulse 1 O O 1 1
114 FA T | n 0 4] 1 1 4]
L % el H 0 1 1 0 (1]
1) 4th n 1 1 1 O 1
't Sth " -1 1 9 0 1
n  dth " 1 0 0 1 1
.
After tha lat pulse {ﬁu.ﬂl,ﬂzi = {1, 0,0) which we
get again after the 6th pulse. Thus, the system
neads 1 pulse before it begins operating as » divide
by 5 counter.
7-18 {a) Since z_‘: 25 < 27, we need flve FLIP-FLOPs,

{b) We nesd two chipe., BSince [Zﬁ}ln-liluullz,_
we construct the following clrcuit:

ic)




7-19 (un) Note that {zu;ma- unmlr:n:l:t3

latch

Chk -Dx‘%\:):

(b} “35}.16'“””“”2* Thus, the inputs to the
- fﬂﬂdhlﬂk NﬁHD El.tﬂ BRIB ﬂu,ﬂz. ﬂ3gﬂ4|‘n ﬂﬁ

#

7-20 (a) Immediately after the 10th pulse, Ck-ﬁ b Ck =1,

Dl and Et bhave both bacome lﬂP-nln.

-rP=lC-ﬂ

(b} Aﬂar 10th pulse and with ﬂ Tasat 'hafnrn ﬂ

Gk remains 0 EG ml), Q-ﬁ Q II."Pl_ll ‘But

Xa output of N1 gate e 1 {nince IF'*z Pravicous = )
A

2 FE;-u.

(¢) During eleventh pusle, 'C.knl -Ek'“ 'Pz »]
ﬂlmdQEnraaquﬂtn I‘JHPIII.- '

(d) After Lth pulse Cym 0= C, =1

Q°Q,20%Psl=Xnl, but P, will keeps 1

Cye i Q, Q, P, P,=C_
{a} O 1 1 1 0 ) latch sats
(b) 0 1 O 1 1 0 Iatch reamalns
&) 1 0 o0 o 1 1 latch :hani-l'ut
state
id) 0 1 0 0 1 1  latch remaing at

previous state so
that C_ remains

1 for normal
count,

7-21 (a) Four ¥F's are needed since 23< I1 < 2%,

Since {lljmi i,lllerlIl3 the feedback comes from FFQ
¥EFI1, and FFS5.

Note; all TaK=1

» :F;_’"l
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(b)
l’ru-I PexQy  Prgafs ? Prya0
1 rﬁ__ ru Jﬁ'u
Puli 3 ch ﬁ _EL -Lf:k
K ] iH &
e l'[

7-22

7-23

7-24 {a)

D

Note; all J=I{=], CrlL

We preset the counter to 16-11=5 or [ﬂlﬂl}i.
Thaza, Pr =Pr =1 and Pr nFr = 0,
0 A 1 3

{a) Q, Qz ﬂl Q,

before lat pulme O 0 0 ¢

after 1t pulse 0O D 4 1
" 2nd " 0 0 1 Q
"o 3rd it ] 0 1 1
1 4th H 0 1 0 0
d Gth r 0 1 Q |
" 6th " 4] 1 I 0
1 Tih bt Q 1 1 1
" th n -1 0 g v
1 gth I ]l Q 0 ' l
o 10th I Q Q D 0

Notice that as the tenth pulse is applied, FF1 iy
disadbled since JI' -ﬂ-:,'- 0. Thus we have a 10:1
countay.

(b} To obtain a 5:1 counter, disconnect Eln from

the clock of FF1 and apply the clock pulses to this
cleck, toput. |

" bafore pulse 1

clock . N
sen

)
=
D
w
D
[+
D

after

pulse 1
1 n
1r rr
In ir
1 11
it 11
n 1n
1 it
- [ 1

SO o =R L
3 i o et = O 0O 0O D
oo D DO D O

J—

4
[*
L=

before 1st pulse
aftar 1pt pulee
7 Sed T

[ | jrd 1

1 4th »

" Bth I

] ﬁth ]

" Tth

o RE w

1" oth n

rt lﬂ.th 1"

1] Ilth T

It ];zth 11 ﬂ

0
0
0
0
1
0
0
0
0
1
0

5
;
0
Q

0

1

0

1

1

hY

1
!
1

Ommogd P~ rmagop|plocmmococommen

QoI B =0 Lol

Thus, we have 12:1 counter,




- T=25

(b} For a 6:1 counter, diaconnect Q_ from the

.0
clock of FF1 wnd conneet the clock pulses to this
input,
{n) Initially, Qn"ﬂfﬂ and ﬂz=ﬂ3=l. Since 12 i=

preset into the counter, then aftar pulse 4 the
Thus, nll Q's are

1 and the preset enable is also at 1, the

count is 16 and all Q's are 0.
Hence,
preset NAND gates which are programuned to 1 are
excited, In this case FFZ and FF3 are preset to
0 so that 12 is again entercd into the counter
Lefore the next pulse. Tho cycle then repeats and
we have a diﬁde-by-élcuunter.

(b) If the propagation delnf time for one preset 13
rmuch smnaller than for ancther, this will preset
the first and the AND gate output goes to 0 and
Hence, a latch is needed to

sasurs that all FLIP-FLOPr reset after count M.

atops the presetting.

(¢} Program P_ ,P_,P_,FP_ =0 that they read
o 1 Te T3
the two's complement of N or 2™-N, .
T-26
Pun
_— S - .
i S
y (3.4°H L
T
-
.
£ Qo
T— LI
.
Down
7-27 Qun.']'lﬂl{! ‘In Ql
bafore lat pulme 0 1 0
after let pulse 1 1 0
L) znﬂ 11 n u 1
" 3rd o 1 0

We startad with [ﬂu,ﬂljr (0, 0) and raachead the

ramie ouiput aftar 3 pulaes. Thus, we have a
3:1 counter, |
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7-28

7-29

In the given ctrcuit; Julliuﬂz: J1=K1=Qu}-F2'QDﬂ1:

K,=Q,-

15 %9, 9,
before st pulse 1 I O 0 0 0 0 0 0O 1
after lstpulse 1 1 1 1 1 0 0 G O 1 |
" Znd v 1 1 a9 0 0 1 o0 0 ¢ 1
" 3rd * 1 -1 1 1 1 1190 o0 1
" 4th N g 0 0O O 0 O O I 1 o
" 5th 1 1 0 o0 4 ¢ 6 0 0o 1

We started with {ﬂu,ﬂlpa:m (0, 3, ) and we reached
again the same output after 5 pulees, Thus the

circuit hehaves like a 5:1 counter.

1

i

Pulses

.Ilu uu

1f Jn. 0 #ﬁn_'_'l =

Hjn?lnnlﬂl-

H —
oTe, KG'KI' 1, Jﬂﬂ:ii.

MNota;

Q
Since E.nﬂl = a‘ - for each FF

J Du 11

bafore lst pulse;
after Ist pulse

1 znd n
" 3rd W

D e
o o = D
o O = O
a—naﬂ
J—
H,ﬂHan
el

Having started with (0, 0}, we reach the sams
atate again affer the 3rd pulses, Thus this is a

3:1 counter. -
T=30
Pulses i
I K 0, 7, K1 @) I, K, @
1 1 O & 0O g O 0 0
aftar Jot pulse 1 1 1 1 1 0 0 0 O
" Znd H 1 1 0 0 O 1 0 0 0
s T 3rd ¢ 11 1 0 1 1 1 90 0
i 4th v 1 1 0 ¢ 0D ¢ 0 0 1
Ll Bth n 1 1 1 o0 1 e 0 1 1
"o th v 1 1 0 0 0 06 0 0 0
6:1 divider Tableau to be followed
K,»Q,8,Q,



7-1

desired uﬂpu‘l‘ waveforms

The pames as the diagram of Prob. 7-28,
An alternate solution with arbitrary output wave-
form is given balow, .
Ck .
§, —— | - S—
a I————I
Etl o 4 —
Gz r ) - e
desired output waveform
Jﬂ- K‘m | ! El’ Cll -ZI-'z Ezlﬂz
before lst polaea| 1] L] 0 i 0
after Jat M 11 eio}| o
" Znd " @l {0 .1 17§ L. |0
o ird ™ 1 e 1 rﬂ 1(1
" 4‘“1 " 1 :I *1 | 1 t) L
" 3th " 09 100 l 2
Ty KoQ I 70,1, Ky 7,80 0. K0

e o Lk i

7-32 - o LED_T
1310 & 3 Q@ JQ J al
jﬂi Ck -L.-d -[_(k
pulses FFO FF1 FFlb FFIT
K K
l—-
1310ﬂﬂ clock pulses/ ﬂir.k r
Wa et 1 i07s cloc pul:::;’;uck =0.99945 =2
Thﬁu, daring ons hour we will get
16008 X 0,99945 m""""“ 4 3598,02

rather than 3600,

Thun the system is off by about
1,98 s per hour, |
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8-3

CHAPTER 8

Following the arguments of Sec.Z«6, we seo that

W W, > W, asd from Eq. (2-19)

Wix)=a-b{x)= {-E% [V o-Vix) )}

{1)
Since ‘U’ma 0, tha drain current ]:Dz 0, hance b
and V are lodependent of x. Thus, if we let b=
in {1] mnd solve for V {gssuming that V ‘.n-“c'u}, we

obtain the following expression for ¥

P

> .
|VF|=qNDa [2E (2)
{a} The relative dielectric of silicon is 12 (Table
1-1) and, from Appendix Al, €=12€,

= 12XB.849% 10" Y°F fem= 1.062%10°19F /1,

‘Thus, from (2}
-19 -6

1,60x10" 2 ex7x16% % fan k12310 Oy

vaiu I 22,11 V.
2x1,062%x10" % /o
1 1

(b} p-= =

P N, o9
where, using Eq. {2} N, =2€ V,/qa”, From the

two equations above

FA

£ W — {3)
zuPEVP

In our case, using

Table 1-1 and Appendix Al, €= 16x8,B49x10 2

= 1.416x10°1°F /m  and

(2x1075) 2 -2

pa "’
2x1800%10 " x1.416x10

1

Thrdufgh the operating point we draw a load line
whase slope Is 1/5 k0. This Intersects the

i -uxis at 6.0 mA and the "d"m-l:il at 30.0 V,
Vhp® 30.0 ¥, The gate voltage at the quie-
scent point ie ~1.0 V. To change I, ta 3 mA, we
stay on tha lqld line l_nd estimate the required gate

voltage to be ?Gal-l},T"} V.

= 1.99 %10

1-m,
=10, 3 54

hanca

(b) Now we desire Ly=2,5 mA with VH--G.TE V.
These two values specify a polat on the drain
charactoriptics of Fig. 8-3, Draw a load line with

slope 1/5 k(1 mgain. This line intersects ths

vm-lﬂ‘l at ~14.8 ¥, Hence ?DD- 14.8 ¥
L
(a) From Eq.(1-17) “ston)" oA hut for ?GE

we have AaZaw (see Flg,.B-1), Since :rqHDI-ln

F s (ool L/2awg Ny W, Q.E.D.

{b) From the slops of the line with V_.=0 we
ob tain from Fig. 8-3, |

v
DS . 33V
*DS{on) I, ~“6.0 A 8.55 k)



(¢) Using Eq. (B-2) we have

. — .g R,
DS{on) 2awn HD].ln Zaw

1
since
i qu'nHD
6 ym xlﬂxla“w
I‘.)Elnn} Z2X4 Pdmx 120 g

8-4 b9

r =
2
DS{on) AW} HDun

Thus

= 625

from Eg, {8.2)

' -12
From Prob. 8.1 N =25 2X(12x8.849%10” °F fem)

D 2 - :
aa” 1.60x10"  x(4x10" 4 cm)

15
.= B.2%6 %10 fcm3 where Teble 1-1 and Appendix Al

ware used,

20 % 104
21430 1% 1600 1640 829645 x 1, 300

rﬂﬁ{ﬂnﬁ =905 0

8-5 {a} Drawing the load line of alope = -1/1,14 k(3
from the point (-40, 0) on Fig. 8, B{a) we find that
for YGG-:-I_-I Y, ID=I-E¢ ma and VIE

==16,7 V

{b) I ?DD remainsg constant, vDS

vﬂﬂ" -10.8 V (this is found om the same load
Hne on Fig. 8+8a).

=25 V whan

8-6

(a)
Ty, mA
&Y
~30
~20
Vos.V
-8 -2 46 -20
The transfer curve above was drawn by obtaining
Iy Vag! pairs on the an-ZU V Mne on Fig, 8-8a,
(b) Tha drain characteristicsy of Fig. E-BL! nri
shown below and the locus of points for which
GE DE. "'."T la indicated.
LID,-rM\
=50 GSE Q
wol =18
¥ ~-i6
-30 - - ] - .
_ ]
9
20 S e -‘1
L : -0
- - 8
4.V ¥

o 2 -% -t -0 °° 65

8-7 (a) Since the driver and the load are identical, thay
are both represented by the cutput curves supplied,
Wa first plot tha locus of pointa whers Vags™ ¥

i Ds2
= "i."L on the du!.u charactaristic curve n't the

load (Fig.A). Thaesa points slso give IJE .. “H"L.

Now, draw the load curve which is a plot of

lDl= LDE vE, 1; *—*“'ifn- VDD VL= -ED-—VDSE.

For a given "-"llur.t of LDlﬂLDE" we find VD'SE: VL

from Fig, A and plot tho locus of the values IDI ve.
V= vIE'l on the driver drain characteristic curve
(F'ig. B). For example, from ¥ig. A, for

ID3=—4 mé, we find VDSEH-IEJ Y. Hence,

IDI=-4 A Is located at “-’Dsl

x~20+ 18,3 2.1. 7TV in
Fig.B. Now, for each value of vGE1=v in Fig.

B, a value of Vog1® ¥, I8 obtained from load

curve B. A plot of V_ 've. "'u"'i ls plotted in Fig, C,

Thie s the transfar charactearistic {laheled, G},

-5 Iﬂ: MA V zl"zw _5 I-n.| m A & =20V
4l -4}
-.3_ : -3- .

o
~4 8 -1 % 20 \*;,ngr <20V, ¥
F|5 A showing load curved. T4 B 5“”"5 load curve p#g’

—t 1 2\
Fic C -2 -4~ -8 -ﬁ '-ll*I4'f£'I'ﬁ 20 vﬁ" V:

b} If the resistance of 32 is > than that of Ql1,
it's output curves lock like Fig. D and ths
dotted line represents lond curve Al, In g similar
manner as deacribed in {(a), load curve B! is
detarmined mnd is shown In Fig.B. Apgain, Iur.tl.u
transfer curve, I..plnt of Vul "l."'m] vE. 1}'1:: vﬂEl
is cbtained fromn load curve B', This curve is
shown in Fig. C, labeled, C',
. IDZ. |

; nl

Fig.D

[T




B-I h] Since the driﬂrr and the load are identical, they
" _'l.r- ‘both rupralantud by tha outymt curvaa suppliad,
.\""-'.tlfirll: plot the locus if points where V as2” 'ng2

. = "U’L on the drein characteriptic curve of the load

[Fi:-..A].mTheu points alwo give IDE Ve, \TL-

Now, draw the load curve which is a plot of

1D1- IDE VA, ?[Ef v;—v =¥ = Eﬂ-‘u" For

DD I, Dea”
a glven value of 1Dl’ IDE' wea find ¥ Y. from

D82 L
Fig. A and plot the locus of the valuea Lyy V8.V
= vI.‘ﬁl on the driver drain characteristic curve
{(¥ig.B). For example, from Fig. A, for

1,,5-4 mA, we find V_,=-7.8 V., Hence,

Ds2
IDl=-4 mA. is lul.:m..l.'.ed nt VD51=-1D+ T.8=-2.2 ¥V in
Fig. B, Now, for sach wvalue of Veasy © "'i.Ti in

Fig. B, a valus of Vog® YV, it obtsined from load
carve B. A plot of ¥V ve. V. is plotted in Fig.C.
Thin is the trangfer charactaristic {labaled, C).

.-1 -.-L "'E -m\fm._._\" GB'--# " B mV v
F :3.4 slmumg lead curve A F'ﬂ 8 5hm:rm5 [oad curﬂn’.ﬂtf B’

Ve
ud | i vpn

- ~3 -8 -
3 ) Y,

FQS.C | fﬁng

{(b) If the resistance of Q2 ie >» than that of Q1
ite output curves lock like those of Fig.D and the
dotted Iine r-p'ruantl load curve AV, In =& gimj-
lar manrngr as da_l:\:-.r[‘bed in {a), load curve B' is
determined and ip shown in Fig.B. Again, for
the transfer curve, a plot of "inl" = vDEI -V
a ?1 le obtained from load curve B', ‘This

curve ie shown in Fig C, labeled, CT,
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B-9 tl} i e

8-10

B-11

Qz.
L‘fn
Vi —i[_al

o +5V

{b) Assume [vﬂNI and 'lvT! are o
For *'iﬂ'i = 5 V, Q2 is off and the current = 0,
Hence, V = 0 V. For Vin 0V, Q1 is ON

" and Vg= & V. Thus, we have an inverter,
2

(a} Using Eq. (B-4), we have, L ={L:. EQWIEL}{VG-VT}_

o - . =v
From Fig. (B-14%), VGEZ :" "'r"u DS'ZZ?G ]
Thus, for the load IDE.= I-:L(VDD vn-vT],'

For the driver, YG= "'u"i= vGSI and vu’ Vns -

.2 2
Thus, L= kplV;-Vql . Since L= Ly,

2 2.2 )
KA (V.- Vi) 2 KE (Vo -V -V}, Selving for V_

glven, VDD-VQ-VT= [kDIkLHVi-?T] or

Vﬂ=-{knfk {'\-"t-'\fT] + Vo= ¥

L"i DD T’

(b) The transfer characteristic ia Linear with »
slope =-[kkaL}. ¥ Ql and 32 are identical, then
ko= kp wad the slope =-1 which is in agreement
with curve A of Fig, 8-17a. Note that curve B ia
aldo linsar with a higher negative -luﬁe.' Since
Q2 has a ™much higher resistance than Q], RD:-:-kL
which confirma this greater negative slope, Thus,
the slopa of the transfer curve increases ss the
-resistance (which is proportional to L/w) of the
load increases.

From Eq.(8-4), L= K(Vg- V)%
From Eq.(8-3), L= K2[2(V -VTWD-?E )

Fur the load, "FG- vusz DEZ= vﬂﬂ-vﬂ' Thuas,

Iy,= kL{VDD-'\Tu-VT] , using Eq.(B-4), TFor the
driver, Vo *Voq,~V, and V a V.=V Dey  Thws,
from Eqg. {3-3}, '[Dlﬂ kn[zwi- T}VQ-V: ]. Since

Z .2 2
]DI=]DZ' L DD -vT} =.k‘.:)[;!l":'ﬂ"ri“‘lt'll":l'.""""Iilr«::nr-.Illlrnt.'n )
Expanding gives,

[vz+v +v +2[v \i'T vTvDD -V VDD}]

z
- kD[zwl-vau-vi].

Dividing both aides by ki and regrouping gives

2 : : F/
"."ﬂ {1+ ER]-FZ'\TD[{VT-"J'DD]-I_-HR{"J;.—?T}}+[VDD-"IFT} =




B-l.z {a) From Xq. (B-7), vnsz'vusf'

=2-204+28= 8V, or YDEE-TGSZ-I-E
value of vGEZ indicated, ?DEE
the above equation,

and Y ia

pair of valuese vGEE DS 2

aa indicated hy ecnrve A in Fig. A.

curve B of Fig. B is a plot of I

™ Iz *4 Vg™ Vop V2

the values of [DE and vDEE

curve Sy,

The current,

L'
pot GG

V. Fnr each
is calculated from
for each

I.D 2*

plotted wvg.
']_?he load

D1 vs,vnm for

<20-V where

D52

are obtained from

churactariatic "U"a- '\"'m1 va. '?’i:?ﬁﬁl' obtalned

from curve B, is curve C of Fig. C.

Vpg2

For example, from curve A, Ior

I =«4 mA ¥V ==-11 ¥V, Thus, on curve B, at

N2 R » -5
I -4 mA, vmf-m-\gsf-zmu:-g V.
The tranefer characterietic V V.= V

DEI i GSI
a‘htnlned from curve B is curve C of Fip. C.

-4 -5 ~2 -Ila A ¥
Flﬂ
= Fiq.
..E:‘G Vog; Fq.C A
-1t Swing
“|21
81 3 }
41 A
d . -0 ¥,
: ; AR =5

{b) If the resistance of Q2 is much greater than

that of Q1, its output curves look as in Figure D,
and the load curve is A'. In a similar nﬁn.n.r 'Y
described in (a), load curva B! is determined and
Agwin, for the transfer curve,
lplutnfv;v v, V= V

D51 7 i GS1
This 18 curve C' in Fig. C.-

is shown in Fig. B
is obtained from

lond curve BT,

8-13 (a) From Eg.{B-T), VDEZ-vGEZ' \TDD-I-‘.FGG- ~10 +17
a7 ¥, or V

+7 V. For esach value of

pe2” Yas2
indicatad, V iz calculated from the above

Vas2 ' Vps2
equation. The current, I'DZ' for each pair of

DS2 as in- -
The load curve B of

values V.., and V., is plotted vs. V
dicated by curve A in Fig. A,
Fig.B is a plot of [y Vs VDE!. for I’Dl= Ino and
vDEl = vDi‘J" ".FDE?_:-ID-?DEZ where the values of
Iny 2 Vg,
sxarple, from curve A, for lnf‘ﬁ IDA,

WV = 2.5 ¥. Thus, on curve B, at [D1=-E| A,

D2
Vo =10~V ==10+2.52-7, 5V,

D51 D52

ara obtainad from curve A. For

The tranagfer
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Vas2™ Vogz*

Frﬂ- D

(b) If the resistance of Q12 i3 »x than that of Q1,
it*s nutput cUrves ﬁre Figd , and tha load curve is
A, Ina nimllnr. manner as described in {(a), load
curve B! is datermined and is shown in Fig. Bt
Again, for the tranefer curve, & plot of vu'vrﬁl
V8, "o" = V is obtained form load curve B!

GS1
This 1: curve C!' in Fig. C,

-{a) From Egq, (8 -3), for th- load,

! I‘kaL{zIWGEz'v Wps2 Vo2 }

From Egq,(8-T),

(Vv Vi, Also, '\’mzu

cc” Yoo’ * Vpszt

- - 1
Vpo-Vos1® Vop-Yo - Thue, Veg,=Vpp-YptV' .

Substituting into Eq.(8-3) glves,

2

L™k AV =V V=V KV =¥ o V=¥ ) ]

From Eq. {El-ﬂ, for the driver,
Iy *Rp Vagy- Vo ok (V -V, Stnce Iper .

2
-V VIV pp-Vol 1

2
= kn(V-Vip) .

-Vn}-[?

k, 2(Vpp " Voo




{b} For vaT'

kL[ZﬁfDﬂ-?n-l-?‘ -?T}[‘J'DD -Vn}-ﬁ"n

.
D~ Vo) kO

[zwnn'vn"'fw'v'r}“wnn‘vumvnn'vul =90

- |
vn+zv_ z.leW

{vDD i

Thus, vDDl '\i'n

(c} Using the result of part (a), By substitution,
with k = Ky, 2(10-Y +16:1042)(20-V _)~(10-V )

-'U"u} = 0,

L* ¥p*
e(V,-2)°

2 : 2
Vn -~ 28 va + 1802 W,i.'-ﬂ

For “Iinf:, we heve ?:-EEVn+ 164 =0

Thus, YﬂtB.EE ¥ which ls in rcn:nﬁt'hle agreement

with 8,8 V obtained fromn the figure., For v.=10,
2
we have "-"u—EE "r"n+ 13%6= 0, Thus, ‘U’ﬂ:: 5 .06 V

which also ip clome to &0 ¥V obtained from the
figure, -

8-15 (s) We obtain load curve B on Fig.1 from depletion

curve A {(given) by noting that 'IDlﬂ'DZ and
Vet "Vop-Vpgp© “29Vpg,- The transfer charac-
teristic, ©, of Fig.Z is chtainad by plotting

V = "J'm1 va, vi'vﬁsl‘ For example, on Fig.)

o
we find that when V__=-18 VvV, V__a-1Z V,

oS D5 _
{t) We obtain load curve B’ on Fig.l irom depletion

curve B by noting that L1y, sad Vosr* "20-Vngs

The trunsfer characteriatic, C' of Fig.Z is obtained

by plotting quvDIEI va, vi..#GSI' For exammple,
=-1T V,

on ¥Fig, 1l we find that whan vﬂEE'E v, ¥

DS

-5 Iﬂf"“i Ness ~20V

~4 -8 -2 -t ~20 %'ﬂ;“'

8-16

(n) We obtaln load curve B on Fig.l from depletion

x=20-V

02 The transfer chlllrn.nl:nriutlc., G, of

Fig.
ig. 2 is obtained by plotting vnﬂvl:ﬁl Vs, 1"1""::.51'

For example, nn'Fii,l we find that when V__=-10V

vIE' -4.8 VY,

(b) We obtaln load curve B' oa Fig. 1 from depletion

curve B by noting that I.DI“LDE and vnsf-zn_vmz.

The transfer characteristic, C' of F.ig. Z im obtalned
by plotting "lu"'Dn v VsV

S

For examnple,

psl Y Y Tosr
on Fig,1l, we find that when VGE=-5 W, vD-E: -9.5 V.
V-V,
Ao DS
IR Su:'mﬂ"‘
-8 C~”
T-b
’
La ¢ 1
t " Y:H
ATy
2 -4 -§ 8 "&
. g

B-17 (a2} Assuma ?ﬂﬂ nnd VT are negligitle, HNote that

‘Bimilarly, Iif both V

‘when a FET jis ON, current flows but not when it

is OFF, K both V, and V,= V{12V, then Ql and
QZ are both ON and ¥V = 0V, (Note that this is
true regardlass of the inputs to C and D).

3 and 1"4 = ¥{l), Q3 4nd Q4

will both be ON and ‘\Tnu 0 ¥V= Vi0), regardless of
the inputs to A and B. This only leaves the cases

where either A or B or both are = V(0), ang,

either C or D or both are = ¥(©). This insures
that elither Gl, Q2 or both are OFF and that
either Q3, (4 or both are alsc OFF. Henca,
current will not flow through either set of
FETs and Vg= v = ¥(1).

{b) Note that 31, Q2 and Q5 are squivalent to the

NAND gnte configuration of Figure 85-22. Likewise
for the combination of Q3, Q4 wnd Q5, These two
functingu are connected via wired AND logic,

‘Thus, we have AB CD which, by Da Morganis laws,

is sguivalent to AB4CD,




8-18 \{u | 8-21 Y= AB4AB, Note that this is » AB+(A{B).
ed o AH W
: . ““Y | GATE
Co— @3 | B
B o— Q2 - | A
| > Q4 (_“—ﬂ D
i — i —

b

B-19 Note that A+B + C+D = (A+B)}C+D) by

De Morgan's laws, 'ﬂf;m |
' ALTERNATE
oY . METHCD
- Y"—‘AB*"’IE
c_ N

A
o—i - _

Co—if, D2 A

£-20 There are two ways to consiruct the AND gate,

{a} AB = AR, Thus, we simply negate & NAND 8422 () Assume SaR=0, Thus, Ql and Q2 are OFF,
gate with an inverter, V- - disconnecting the inputs from Q3 and D.’;. Assurna
Vo o3 | Q = 1. Then Q3 must be ON, resulting in @ = 0
’E__l I-— | .wh.lch maintairg Q5 OFF, giving Q=1 as nnurnuﬂ.
. . | I we lllufla QO = 0, then Q3 must Be CFF, re-
—O- Ig_ Y'-"-AB ‘sulting In Q = 1 which maliniaing Q5 ON, glving

» =

A

Q=0 ws assurmned, Q= Q& 0, then both Q3
and Q5 must be ON, but the corrssponding gate
valtage of Q3 lm:l Q5 is also zero and sinée Vo is
= aspunied = 0, this comdition cannot maintain the

MOSFETs ON, Slmilarly, ifQ = Q = 1, then Q3

(b) AB = A+B . Thus, we negate A(B) with an and {15 ryst be CFF, Thus the corresponding gate
lnﬂrtur and combine A and B through a NOR gate, - voltages of Q3 and Q5 is at "'nn' T:hil condition
Vos | ‘iVEn _ would turn Q3 end Q5 ON. Thus, Q= L Q = 0
and ) = 0, A = 1 are the only two stable states.
] Y=:AB {(b) Asspume S = 1 amit R = 0, Thap, QL is ON

i.ndﬁ = 0, Now the input to Q5 is zero, thus Q%
is OFF, B8ince R = 0, Q2 is also OFF. Thus,

Q =1 (Note that sixice Q@ = 1, the input to Q3 = 1
| 3 maintatning Q3 ON and Q = 9, )

69




e

(b} When Ck = 1, Q7 and Q8 are ON and the
FLIP=-FLOP operates as described in Problem
(8-22). Wher Ck = 0, U7 and Q8 are OFF, Thus
ragardless of the values of 8 and B, Q and Q do

aot change state ba:aﬁla 1 and Q7 are disconnect-

od from Q5 and Q2 and Q8 are disconnected from
Q3.

fe) Appurme Ck = 1, S «a R w 0, Q1 is OFF since
8 a 0, thus, for the samea reason e outlined in
(B), Q msnd G will maintais their previcus value.
(Note that, similarly, since R = 0,2 is OFF,
Evan though 8 ia ON, Q2 and Q8 become dis-
connectad from the latch and ﬂn+1= Qq.'.l

HCk=1 S=21 R=0, than Q7 and 01 and QB
are ON, but Q2 is OFF. Thus, Q@ = 0 and the
input to Q35 = 0. Hence, Q5 is OFF and Q = 1,
{The input to Q3 is thus = 1 and Q3 ip Di'il,
conf{rming that @ = 0.} Simnilarly for Ck=R= 1
and § = 0, 2, QB, and QT are an but Ql 12 OFF.
Thus, (3 = 1 and the input to Q5 = 1, Hence, Q5
s ON and @ = 0. (The input to 3 is thus = 0
and (33 is off, confirming that Q = 0.) If Ck= Sa

P ow ) D and £ wdd Bk = ) Ad bhe ousd af ithe
clock pulse, depending upon which gate ia fastest,
Iﬂ-lurﬂ= 0 will result.

indeterminate state for this input,

Thos we have an

Assume Tk = S5=1., Thus the ocutput of the inverter
s Thus Q1 and

comaprised of 29 and Q1o = 5 = O,

Q7 are ON, but Q2 is OFF, Thus @ = 0, Q5 is
OFYF and Q = 1. (Note, O3 ir ON,
Q= 0,) #FCk=1and8 = 0, QY is
OFF and 8 = R = 1. Thua, Q2 and Q3 are ON
but Ql is OFF. Thua, Q = 0, f.hu input to Q3 is O
turniog @3 OFF which results in Q = 1, (Note Q5
is ON copfirming 2 = 0.} Thus Dn = 1{0) results in

ﬂn+1= 1{0), Q. E. T

confirming

Simlarly,

B=25

[

b
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'!.l-"ll'hr:'_—,-—q-r-' L et re

R.27 {a} See Fig. B-2h{a).

B8-28 Suppose the drivers and Joads are placed in series,

A Substrale

Since the n subastrate is tled to the rmeat poszitive
voltage available [VDD} tha junctiones bBetween it
and the p-well or the pt reglons are reverse
biased, |
to the loweat voltage (ground)} the junctions between

Simiarly, since the p-ﬁeﬂ is connected

it and the nt regions are aleo reverse biased.

[b) See Fig. 8-27 (b}

Voo

T
SI Q
&t 51&,_ D, 18, G4 DiSs1&t ¢+Dy
_ A
ZAne A Iy [e+) [P iR [P+

Q4

n substrate |

| Vop
R
2 < |
_ I s ‘

Similar arguments ase in part (a) indicate that no
mora isclation islands. ate required, i.e. &ll p-n

junctions are reverse bilased,

Wea cobtain the fallowing figure:

Y

3 Qz Y,

Ia;;.l

w—
-t

V.

S ———

Ideally we would like to h'l.vu Y = A-B = A+B,

fa.

B-29

I

8-30

1

1. e,

V o1

L4

& HGR gate,

Let's examine all possible cormblnstions of A and
B, assuining positive logic. If both are zero,
then Q4 is ON wand Yn- VDD [¥=1), =s it should be,
¥ hoth A and B are 1, then (1 ia ON and

V_a0 (¥a0), as it should,

¥ A=0 and B=l 04 and Q1 will be ON, thus

— 5 =
Vi =0 and Ve, ®Vpp

these are shorted: thus this circuit can not operate

, which ig impossible since

as a NOR gate,

R

T

”

. CMOCE negative NAND gate

p—
-

vﬁh
I 04
—iC 63

o |

Y e

.

Y.at V1='5"3= ., Than Ql and GE. ALe _nff.. Q3 I;nd 'L'l'i_
are on and vn'.vDD' i \’111 and V,20, Q2 and
Q4 are off, Ol is on snd "J'niﬂ. i § "Fl-ﬂ and
V,el, Q1 and O3 are off, Q2 and CH.- are on and
v =0, £ 1?1=V3§1, then (31 &nd ﬂB'irle on, {3
and Q4 are off and “fnﬂt}. Thus, we have s

positive NOR gate,




.8-32

INVERT

8-33 (8) ¥ = AB = A+B

® 9V
&3 ]
' — —oVY
A—a @2 _j—8

I AsBa=l, Q! and Q2 are ON and V=0,
B=0, Q1 is ON, 2 is OFF, and Y = 0,
i A=0 and B=1, Q1 is OFF, QZ 1s ON,
If A=B=0, Ol and Q2 are OFF and Y=l
we have & NOR gate,

I A=1 and
Similarly,

And Y=0,
Thups

72

It iz not passible to wire-AND the ocutputa, I
Azl and B=0, Ql and Q4 are ON. Thug there is

a shart circuit from V to ground, sad V_

DD
canpot be detarmined, Similarly, if A=0Q and Bxl,
Q2 and Q3 are on and tha short circuit exists

agaln,

8-34 {a)

8-35

j‘ﬁm
{04
el
" (3

-

i Q7

e

The bistable latch is constructed from cross-
coupled NOR gates,

(b} Iet S »w 1 and Ra0, Thus, Q2 and Q7 are ON,
Qb and O3 are OFF, Since Q2 i G‘N: Q= o,
Note that Q is the inputte@Sand O8. Thus, Q5 is
OFF and 18 is ON, Since Q8 and Q7 are DN we
confirima Qmel . (Q is the ioput to Ql and 4, Thus,
Ql is ON snd 4 18 OFF, We confirm Q = 0
since Q1 and Q2. are ON,

() Let C = +5 V and G a -5 V in ¥ig. 8-28, The
input varies sinusoidally from -5 V to +5 Y., Whean
v,*-8V, Q1 in ON. When vi*+ 5V, Q2 1s ON,
When -5 -l'-‘.?i <5 botk Ql and 32 are ON. Hence
the antire sinmusoid appears at the guatput.

(b) Lot C= =5 V and C = +5 Y. For all vahes of
v 21 and (32 are always OEF, Thus, transmip-
sion is inhihitted. .

(e) Let VTuﬂ Vi 1) Q1 is ON when vi+1FT'¢.‘ C and s
OFF when ?l+‘ii|"T 2 C. Thus QI is ON when

Vi< 5=2=3V, Q2 1is ON when v;*Vo> C. Thus,
Q2 conducts when vih-5-+2=-3 V., Heace, tha
entire sinuscid is transmiited to the output. Both

21 and Q2 conduct for «3< vi{+3 V. i) ¥ Ca-5YV

'ﬂ#‘-.‘.h -




and C = 5 ¥, Ql is ON when v, < c-v,r-45-z=-1 v - CHAPTER 9

asd Q2 is ON when 1 ?E+'\’T-5+Z=T V. Thus 9-1 (a) I either Vior V¥, is 0V (logic 0} or if both are
transinission is inhibittad, '

. 0 then Ql and Q4 are OFF. Hence, when ¢ 210 V,
(dy As in part {c}), Q! 1 ON when v < C-V_=5.2 '

i T RZ and 33 are ON and € charges to 10 V. Hence,

1Y, Q2 is ON wh SCHV_=-5420-3 V. |
= Q when v, + 7 H2a Thue, vﬂ_ 10 ¥ logic 1).

the antirs winusold appears at the ocutput.

¢

{e) Q1 s ON when v, € C-V_«-5-2a=7 V. 02 is 1oV

_ —_ l
ON when 'r.ribl‘::-l-"-",l.ﬂ S+2=x 7 V QZ 1

20

v e—ifa T
V, —F Q4 1

¥ hoth V, and V, =10V then both are ON. Hence
when 2= 10V, all fovur Lrmnsigluors are O and C
discharges to ground through Q1 and Q4 in series,
Hence, Vn a 0 {(logic 0).

The above arguments are "\i"; Vs ' Yo
surmamarired {n the truth J 1
1
1
0

table which verifies NAND -
operation,

— 0 e

{b} During the time ¢= 0 V the power supply is
disconnected from the cirenit and no power 1a used
even If Vy= Vyo J0 V. Hence, this clecuit dissl-
pates less power than that of Fig 8-22.

9.2 (a) I either V; or V; or both ogual 10 ¥ {logic I}
thonwhqnﬂnlﬂ"d' Q2 ard (33 are ON and C

discharges to ground through Ql or Q4 or both in |
parallel. . Henca V,= 0V (logic 0).

l | oz oV | I ;:5&3 _.

Voe—y -V,

' H'hnthvllnd;’,-nv, they are OFF and C
charges toe 10 V through Q2 and Q3 if ¢a 10 V,
Hencea V, =107V {logic 1). The above arguments

aTe swnmarized in the TV Vv
truth table which varifisa NOR 1 6 | 0
rnpurltim. | t.; : g
{b} During the time ¢ = 0V, o 0 1

the powsr supply 1s disconnedted

from the ¢ircuit and no power is used sven for

the first thres rows in the table. Hence, this

civeuit disgipates less power than that af
:'lgl E-zl.

73



1-3 "Gu n¢' Tvi o ¢’;
Q@ - | a5 :"_ @b
v ‘|r—r". i I,

., =

é »*

(a} Consider initially, t =

S
|

!

by - (Fig. 9-2b), that
all capacitore are unchnrgad becavee 3, = &, = 0,
Then for ty < t < ¢, ¢;a vDD and @, = 0,

Hence, C; remaing uwncharged but C; charges to
VDD through Q2 and Q3. 'With V1= 0 Ql is off

and C, atays at V¥ Hence, there has been an

DD~
inversion between Cy and C,,

Detween 4 and ty; both 8; = 0 and ¢,.= ()

and the capacitors retain their charges. For
t=t3+: ﬁl=ﬂ arx §2= "JFDD- Henca

T and ©; retain their charges but C, ia dis—
charged to ground through Q4 and Q6.
inversion takas phtn.th;'mlgh Q4. When t o t,+,
Vo= V.30 and & shift has taken place through
the stage, .
Now start with vl‘. = vDD 80 that C; is charged to
Vo Put Ciand G are uncharged.
dy Von a8nd 9220 and &; 1s ehunted by the
ON transistors 1 and 3 in series. Hence Ca -
ls at 0 V. Since Va Vpp thertis an inversion
between G, and C;. Between t, and t, the
voltages on Cy and C; are unchanged bacausa PN
and hence Q3 is OFF. However, for t, <t<t,,

Pz = vDD and 6 is ON. pince Gy is at
0V then Q4 1s OFF and C, charges to V
through Q5 and Q6. oD
and V., = vDD‘ Hance, again in one cycle tha state
of ¥, has shifted to V.

() In Fig.9-2 when ¢, and ¢, are both 0 then no
steady-state power is supplied to the circuit be-
cause Q2 and Q5 are OFF,
clocksd lcade as above even if $y=¢; = 0 power
will be wasted in (32 and Q2 ‘H"i - VDD
04 aod Q5 if Vi=0 {soc that the voltage acroms
Cz 1 vDD}' Hence, more power is dissipated in

thia clrcuit than in that of Fig, 9-2,

Thus an

For tySt«<t,

However,

DD
Hence at t = G+, V= V

However, with un-

or in

Aseurne that initially all cnp-.::.itura are uncharged
and ‘“1:' O Attao ty-, @,=28, =0 and all tran-
diztors are OFF and the capacitors remain uncherg-

. For t;) <E<t; P,=V and ¢, = 0, Hence

DD 74

9-5

Q0 is ON and Cp charges to ¥V, 2 0, Q1 is OFF
QZ is ON and C; charges to Yho (an inversion
through Q1). Since ¢; = 0 then Q3 and Q5 are
OFF and C, and C, remain uncharged. Between
t; and % the capacitor voltages remaln unchanged
because ¢, = ¢, = 0,

For ty<t<f;, @¢;=0 and p,=V
remaine at 0V and Gy at V.
ON and the C, is placed in parallel with C,.
voltage V across the' parallel combination is given
by Eq.(9-1) and if Cy >>GC; then this voltege is
oD 34 wnd Q% arc
0oy and {5 discharges to 0. Hernce vnz "'-.-"1 = 0 and
at the end of ome cycle the input is shifted to the
output,

MNow assume that "\.Fi = vDD' For t) <t <t,, 3, ="J'DD

pp *° that Gn
But now Q3 18
The

approximately V= V Hernon

and &, = 0. Hence Q0 iz ON and C, charges to
v, = vD.D' Ql is ON, Q2 is ON and C; remalns

at 0V {an inversion through Q1l). As discussed

above the capacitors C; and C; remain at 0 V

until tl""
For ty<t<t, ¢,20 lndf.l'gs"fnn uﬂu C, re-
mains at vDD and C; at 0V. BEBut now Q3 is ON

and Cz is placed in parallel with C; and hence
Hence (34 is OFF but 5 is ON
and ¥V charges to TDD'
Vi® Voo has shifted to the ocutput, >~ Yop-

{b) The inverters are ratioed. For example, with
both 4 end Q5 ON the sutput V, (which was

vDD times
the ON resistance of Q4 divided by the ON resis-

tances of Q4 and {5 in serien.

retnaing at 0 V,
Hence, in one cycle
YV =V

assumned to be 0 V) ia actually equal to

e e l—o—-o- N
1 AQ ]
Y H*Ct L;:‘vl c" T C_V
- 2
|. -
‘t:'t; t:t;‘

9-6

80 that C charges to V

&) = charge leaving C; and going to C. Hence, the
drop in voltage across C; is AQ/C,; and the in-

crease across C; is -%?— - Hence
A2 L6
Va v] C a ¥; + cz
B . & c
c C VG, V.
and Vom Vi — iy, v, ) a2 T2 %2

‘{a) In the interval ty-t;, @,= Vpp (logic 1} and

@: = 0 (logic 0). Hence Q2 is OFF and Q1 i ON

Do through Q1.



o1

Y

st L T
. A ]

but invarted,

.Whan By 2 v

Between t; and ty both @, and #; are st 0 V so
that Ol and Q32 are OFF, and C Imaintains the
vollage VDD‘ | -
Between ty and t,, ¥y 0 and 9; = vDD B thlt_ﬂl
is OFF and QZ is ON. U V, = 0 then Q3 1s OFF,
then the current in Q2 is rero and <, can not dis-
chargn, Hence, v, = v‘DD' On the other hand if
"lu"’i=| vDD then Q3 is ON and € discharges to
ground through 2 and 13 in scrics so that V=

Sinced for "‘u"i: Q, "u-"ﬂ: V and for ¥V =V Vo=

DD im\ PL' o
Between tg.and tg both
Q1 and QZ are OFF and hence the NOT operation

thae circult is an Inverter,

takers place over one clock poeriodd

(k) Since the output does not depend upon the ratio
of the resistances of MOSFETe thia is a ratioless
inverter,

[c} See the figure.

o% od TE T

Q0

T
J

—_—

{d} Betwean t;_lnd; t 20, Q1, and Qb6 are ON,
Henice, V, sppearas across C_ at the input to Q3,
Since Q4 ia GFF tha two inverters are isolated.

Capacitor Gy is precharged to vDD' As énplllnm:'l.
in pert (), during the interval ty-t; when #; = Vﬁn

an Inversion takes place mnd C; is lelt with the
compleraent of V,., Since Q4 is ulsc ON when

@y = Yﬁn. than for C; 3 C; the valtage on C,

transfers to C; [Eq,(9-1)]. Also during the time
$; = Vo» Q5 is ON and precharges C, to Vob:
Between &; and t; none of the capacitor wvoliages
change bBecause @;= ;3 0 pnd there can be no
current flow. Finally, at t = t, + when ¢, = "'nn
and ¢; =0, the voltage on G; is transferred to ?ﬂ

The snd reasult ls that the value of

‘\TL during a pulse #; is transferred to 1."“ at a time

one pariod latar.

First note that whan $; = i',-I, = ¢, w 0 that the
volimges on capacitors Cy and C; remain constant
because Ql, Q2, 3, and Q4 sre OFF,

pp G9! is ON and QZ, Q4, and Q5

Gy 1s precharged to V When

arTea OFF. DD’

# = Vo Q2 ls ON and Ql, Q4, and Q5 are OFF.

If Vi a 0 then O3 is OFF and G; remaina charged

75

to V On the othear h.nndif?-?nn than Q2

DD’ i

is ON and T discharges to O through QZ and 03,
Hence, during #2 an inversion takes place bBecause

the voltaga across €, is the complement of v,

During @3 = Vppy and 95, Q1 sand Q2 are OFF and
During #, = Vop 4 1s
CH mnd {35 is OFF sand C; is precharged to V

Whﬂn #* = ¥V

Ci Tetaines its wvoltage.

D
as cxplailred in the preceeding paragrepi 04,05,

and &6 form an invertar and vy takos oun oa valae

op°
. then 05 is ON and 034 i3 OFF and

which is the complement of the voltage across C.

Henca, at the eud of a pericd, wlen 5 waein

Prow
becomnes ¥

what ¥, was one cygle time eavlier, In other
1

words, the circuit ia = l-bit dclay line, or 1-hit

s hift regiater,

DD the oulput V_ is tue coleplement of

9-8 (a} A 4-Lh ROM contalns 4096 = &4 ¥ 64 bita, The X
decoder contwina b bits because L4 = Eﬁ ]

(b)Y Since there are 4 output bitz and these mmust be
obtained from &4 columnns then we need four
16-to-1 aelectors. Tv:.'f_ decode these selctors re-
quires 4 addresses eince 16 = 2%

Column O O ¢C o)

address Y ll [ > 4

At Piraig—

/P —— N

Ay O Four
& Ay oL I l6-ta-1
x"‘:w"ﬁi - F & e mom kA R Sﬂlfffhrﬁ

Al 64 Columns

As— &

A1 E 4=40%

LN O I uace _
- || encoder '
o] 2 21

)

9-9 (a) Since 128 = 27 then there are 7 bits in the X

address.

| (b} There are Bl?!lflzﬁu &4 columne. Since there

are 8 output bits then we rust use sight B-to-i
lins selectors,

¢ 3-bit code or the Y address has 3 bits,

{c} Eince 426 then thero mre 6 bits in the X de=
coder, There are 8192764 » 128 c¢columns, For 8
output bits we must use eight lb6-to-l selectors,

To decode these selectors requirss

To decode these selectors requires a #-bit code or

the ¥ address is 4 bits. .

(4} There 8192/8 = 1024 words of 8 bits each,
decode 1024 words reguires a 10-bit decoder.

Ta




The sum of the bits in X and Y {n (a) and (b) Ls
T+ 3210, The wum of the address bit in {c) in
6 + 4= 10, which checks, A,

9.10 {a) This is "word expanusion’, wheare the length

of the word is increassd from 8 to 16, Th IATns Aln - ' .

. " AAAAA T ] A AR AA
address is applied to both ROMs simultansously. 570 B lq,sltﬁl"‘-,ﬁmﬂu R AT Ak Bt
Tha 8 lowest bits ars obtalned from one <¢hip and i :
the 8 mora significant bits are taken from the H T ? l;"}"*;“

: 231 i
d package, .
second package 4 E_L{emd{r "
(b} This ie "address expatision'!! Upe g [-to-2 s *
“line decoder {a FLIP-FLOP) and QR -tie the 3-
atate ﬂutpit stages as indicated. Nots that there are B8 outputs and each output

comen from one of the 317 :Hips veeith trl-atate

> —4
. Y‘; outputa ) depending upon which chip is selected

Y‘M‘ Eohws e \(m : YT - i""I - ¢ "2 CE i[], There are 16 address inputa, The

"+
Mhare (C') (_l) - total opurmber of bits ia 8 X 31ﬁ= 219 obtalned
_.&9__ )
X - : - £ from 32 16-kb ROMe or a total of 25x24zz!?
N . Z ' I
' 204& ;{5 : {}4&}{8} 3 | bita, The tetal number of 8-bit words is
. 2048 x 32 = 2 2,
Al Bordl o aw ot
A" - g“ 9-12 (a)

T N | Glﬂpu‘i's a YI Y 3

deccder
A — or ' I
il
| FLP~FLOP -

The sddress Mg - - "'"‘g ia lppliad.m paralle]l to
both chips, whoss outputs are OR-tisd together.
This address generates 2048 words ln each chip.
If the twelvth sddross A 2 0 then the chip

seloct CS5(0) ia snabled and CS b
becavie €500)=| hﬂ Cii) =0, {1) is inh ited,
Y

Hence, the lower-significant bits Y‘?ﬂ' R £
sppear at the outputl On the other hand, if
Ay =1 then chip 0 is inhibited and chip (1) is
ensbled and the higher-significant bits Yop..0. ¥ | l ! l L L

0]
appear st the output,

Nota: In place of the FLIP-FLOF a pirnple in- There ars & inputs Ag .- .h5 to give Zﬁs ot
varter can ba uwsed. Thus worda,
—_ .  — {b) Expand the system in (a)} by connecting .A.-u on
cS{v) Cs(1)

‘ _ one chip to A on the other, 3] an one chip to
A“ Ij; - v | Al an the other etc, In other words sddress both
- -chips in parallel., Use tha sbove 4 AND-OR
gates. Connect the outputs of the two chips in
parallel. Thus, O, on one chip goes to Q, on
the other. Howaver add ome more sddresas A,

extension of Fig. 6-28, _ chip and apply Iﬁ to UF of the second chip.

Ay

When Ay = 1 the system ia exactly as plctured
above since the second chip is inhibited., If
""6 = 1 the first chip 1a inhibited wnd the secand

76 is etabled, Since wa have 7 iddra"au A‘ﬂ”‘ """5




then wo have 2’ = 128 worde of 4 bits each. 9-14
WhmAEII. lndﬁﬁllthmﬂn.__.,ﬂjqitha | _
first chip appear at the output, for A =0 and ‘ 8it. o
A=) then O, ,DT of the first chip are the out-

b L4
put, if Ags1 and A, = 0 then 05.._.ﬂ3nfthn
first chip are at the output and when A, =D and Werd
A= 0 tha ogutputs are {14. ..«D? of the second chip. Aq — °
9-13 (a) | A~y
= .
oY (one ['uﬁpuﬂ Y
> - ﬂ:ﬁ‘" NS
ﬂ . _-_-W ~ Ej
— A I
R P - SR
T B selecter | Lol L
A g

o lg -, 0, £5LX

(4x & RoM | | W, 1% 1 ]
| o oo d RS R

o N

A S-input addresa A A A, to the decoder gives

A 4., A 071" T4
57473 "2 e us 32 word linee, Each line hae 4 bits. These
are writtan in st the termioals Wu, WI,WZ, and "H'l

Note that 6 addresacs A'ﬂ' ) 'AE are needed for 64 and are remd out at terminals Rﬂ, Rl‘ Ry and R,.
werds, Three addressesn A&A?ﬁa ara neaded to ’

multiplex 8 inputs on one output line. Tha total
number of addresses in 643 = 9 glving 2% =512 -
words of 1 bit each. |

(b) We now must use two multiplexers as follows

The proper word muat be addressed in order to

be read or written

3-15 {a} To address 1024 worde requires a 10-bit de-
coder with 1024 ocutputs. Hence thare are 1024
NAND gates and each gate hap 10 inpute,

; \::I A , ‘f; T T Gmfds . (b} The square array for 1024 words is 32 x 32.

; A-;: —4 -t -t 4-4o . 1- line © Hence each decoder has 5 Inputs and 32 outputs.

AL — sc:i;:"{cr_ A Se ltc*h:r. | " The total nustber of AND gatas is 32 + 32 = 64

l : T e — and emch has 5 inputs,

: . ~ “Note the tremendous savings in gates relative to

E“ 'Dﬂ C. 01 .D; 04 Qs q ﬂ? - . Unear addressing. | *

E o . (¢} For the 64 lines we heod Hi ﬁtu, each with

F 64 . B RUM | b i#putn and for the 16 lines wo need L6 gates

E- each with 4 inputs. The total number of gates ia

B T ' 80. Hunce, the organization in {b) s best.

k | ,A tetes et ‘ |A | 3-16 (a) The firet tan least significent sddresses gives

E 5 A' © ) the word and the next two give the chip. Thuas
Note that to rmltiplex 4 inpute onto one line takes Chip Word = 1100101011 = 512 4 256432+B+2+1 = 811
two address blts Ag sod A The mumber of  Chip#=0ls 1 |
address combinations Au. . ‘AT is 272256 or .56 Hence, the dacnded‘. word is 1024 + 811 = 1835
words of 2 bits sach ls obitained. {b) Chip Word = 1000010110 = 512+16+4+2 = 534

Chip¥ =il = 3
Hence, decoded word is (3)1024)+ 534 = 35606
{c} Since 2600 = 231024 + 552 we must decods
word 552 on chip 2, Hence A -la.i:d..ﬁ.l-u

1 Q

G52 = 512+ 3248 = 2?+25+33 oOF Agvﬁslﬁ.a -1

Hence the decoder address is 101000101000
77




9-17 - for all possible addresses Ao AAg we obtain
2172 131,072 words, of L bit each. Hence, the above
irujr of eight 16 kb x1 chips is repeated 4 Hinas
in erder to obtain 4 bite per word. The saime 3-

to-8 line decoder {x uspd Sor sach 2IIRE, 20 Lt
the sare address Arg. - .Alﬁn is applied simults-

necusly to all chips. Each array has an indspen-
dent output D {0), D (1), D_{2) and D.(3) and

these are read in paralle]l at a given address to

give the 4 bits of the word corresponding to that

A?—— ' | address. The numbor of data inputs la Bx4= 3z,

7-19

AI’D-_;___, | gz_ i T 1
The Eyotem sketchad expands 256XK]1 BRAMs into a —I— J— L

2048x1 RAM. The explanation of the operation of

this configuration parallels that in the text for B =0 ‘
* ' I
* Fig.9-19. For exarmple, f A, a0 A. =0 and T I
; £y =l for ewp(n 0 - T 79 : A .
Ag =1, then chip (1) nnl;r{s selected and Dy= Doy ,

which has 256 values for the 256 possible addresoem

O
'

| /4 . P—
An. . .-Au. To other 7 chips are selected for g;__ 3{1""/4 : L"""'[

different addresses ‘IP‘IDA'?AE’ Ziving a total output

_ o o .
of Bx256 c 2048 words, of 1 bit each. "¢_Q§ - ¥ o — .
| i-- 1 ‘i: —— - - - L irm ——

There are thres more identical ayaterna for a total

of 4 bite per word to give a 2048%xB RAM. Each At t; wells are formed under even electrodes.

subsystem uses the same 8 addresses (A?. . .Au} for | Note t; and ¢ are the times shown in Flg. 9-30, _.

the 256Xi RAMa and the same 3-to-8 decoder while £ is hal way hetween ty and t;, We sssums

addreazed by AIOA'EJAE' Nete: Only one 3-ta-B ©  that initially charge is stored under E;. As time

decoder need be added externally for all 8x4é=32 . innrnuu the potential &, increases and ¢; de-

£56X1 RAMs. There ara 32 data inputs and 4 | ‘creases so that the potential energy well depth de-

data outputs, creases. At t= ¢ there are no wells and hence
9.18 16 kh = 16.33“: and since |3I'u?2!~16.3m =8 then wa the Chll'!lﬂ i no longt:l." trippud but can diffuss Ry

where in the channel. At t » ty wells sre again
formed ; now under the odd electrodes an follows:

neod B chips for the word sxpansion. Proceeding
as io ¥Fig. 9-19 we use a 2-line-to-B-line decoder to

select each of the 8 chipa. To decode sach arvay | Et E:. E_; Eq ES
o lé-kb words requires l4 address inputs. Thus ,t3 : .
G kb A
- 3
d=2v __ L 1 _
ﬁ;:V/‘q

Howaver, whether the charge is trapped under E,
or K, or elsswhere iz indetermingte,
9-20 (a) One call consists of two electrodes. Honca,

-'F*

_ wrea = 16 x 16 = 256 umz ={::—i); miP = 0.397 mul?
o | &8 ¢8> '
- »
hﬂ"'&h-& - ) BI ] ! l effective area of
A jg—i (tne | § : ) C¢ [} shown dached
A "}_; iEcher‘_

» IO




{b) Ares of chip = 218X 235 = 51230 mil®
" Aras of mamory callss 0.397X65,536w 26,018 mil®
Fraction of area occupled by meamory calls is

26,018
51,230

The fraction cccupled by auxilisry circuits =1-0,508
' =0.492

= {.508

921

9-12

e dealiamde

Sﬁ\ﬁt | ﬁj .t

79

9-23 -
¢,=V2
¢l | Vl /t;
© 'é; Llit:lltﬁ ’ __Irt?_\—
ﬁr \ B ¢ ‘

" L P Tl_’%L_

3 &
¢=vlz “p
5'1 V2 _ —I__ L Ll

13 _ . T .
w'=vfz‘ ' - . |

=V l__l |

'I‘.4 o R —
5/ e I sy PP oy T s I
%:‘i{/_z.o -

{ _ ——

l;, '-4'5”1 -....-_I-_—l I-_':
g;‘ 1:',’4 .

'E.FEI"‘LL O -
BN e

:Cl ——

V2 o T meal L

The interve} t,y-t,=Txthe clock period and the charge
in the well under E; now resides in the site under
E,.




9-24 Let t'=t+ ET- Thue, %} -t.|+‘§- t, of Fig. 9-33,

ate,
An In Fig. 9-34 4f $= 0 It is not listed in the left
e ohulng | .
’
ti =t7 -
ﬂ#*.-v | -——
F
J , —_—
all‘ ﬁﬂ '-'v E—— |

i, —
ﬂ x d:.:v _
) ﬁq "I.TZ |
Fﬁ'f‘\’ —__ ’__
'l'.{EtE —————

Neots that these prufﬂual are 1d.ent‘lcl.1 with those in

Fig. 9-34 except shifted to the right by 2 slectrodes,
9-25

. )
\__/_
—\

VaumnN

@ d-. ¢3¢l1

J $|

¢>.
¢,
¢

K

80

. ®= 0 1f not listed at the left, _

Note that no charge Is stored under E, sxcept
momentarily. BSince two shifts and two I/O inter-
vals occur in one period T then the slectrodes per
bit is 4, 'hnuuu. the charge starts at E;, goes to
'Eg In T/2 and shifts to T, in the next kalf cyele,

A B

If any ona or more of the outputs A, B, and C are
G, that is; if at least one transistor is in satura-
tion; than ¥ = 0. Howaver, if all transistors are
CFF then A,B, and C are high and connecting them
together means that Y is high, or Y=l This

- Toasoning means tkat Y = ABC,
9-27 Note that Y= AB+CD » (XBITD)

The connection dlagram follows:




e ek el b L e L
. 2

|
|

R S i ot o ki Tl

9-25 The decoder outputs are Y, = CBA

0
1!‘1- Eﬂ ‘I u OB . '?E - SBA
Y " cBX Y,» CBA E' _B.: T?--m

The complements of the ¥, are shown in the dia-
gram, ’ Each goass to a separate inverter, as indl-
catead for Y

-

A
.
B
B

™

C

YYnntﬁﬁtgﬂ
‘ = CBA
9-29 Since AND-OR is equivalent to HAHD-HANE then

Fig. 6-20 bacomaes

9-30 ' = AB+BC+CA = (AB)BCHTA)

The comnnectien diagrem follows.

| A

_ﬁ_ . - e

B} &) (CA)

‘9-31 In tha J-K FLIP-FLOP of ¥Fig, 7-7 1at B; be the

{irput to Ny =tid Py the input to N;. Then
B,uJCkDl] 12 sECEkR Q=B,8 and J=5,Q

The comnection diagram which satisfies thess
equations has three inputs J, Ck, and K and two
outputs O and _ET, ap follows:

J £ — J
-? )

X -1 ®
e

* —

Ch—=2 @ _ | Ct

¢mm,f1cﬁ

- I'

Kti&-




GHAFTER 10

10-1 {a} Using the squivalent zircuit of Fig.10-1Ia for
the dicdo in the ON state we bave for the voltage
acrosy the diods;

m Bin & -vv

R
RL+ Rf 4

where BEqg,(10-1} i used, and

v Tm Yy

D, roax 'f RL+ lEtf

Since we anpwume that the plecewise linear model

can be used {with Rr'u »} and, thers is 2o break
Tegion, the diode turna ON and OFF abruptly,

Therefore, all the voltage is applied to the dicde

during the tima it ls OFF, v_ will have tha iurﬁ;

¥p'© '\"T +in- "F?-!-

b
RE-{H.HW}{ 20w (.82 V

D
of the figurs where ¢ is cnl:u.ll.tad from Eq. (10-2):

gz pyc ii.n—-l aarc ain —:’—g-u 11.54°

» m{[ﬂf casg-V r:nl('l"l‘-r.‘ﬁ}]-"'f (M=-ifi= l#]}

R

=
Zm RL-l' R£]

when the diods 18 ON

1
___RL+RI {RLVY-!-Rme

[Z‘H" l:'.nll#-VYl'n‘-Zﬁ}]

v =\T?+iR£=

D sina)

when the dlode isa OF'F v = va v

D i alna

S0
S 1 Jf"“
D znjv gin s da + er{R R} RL"f +Rf1|f pinalde
| zﬂ
1
+ﬁf Vv, sinada
T
v R_V
m
iy Zr(R +R}m-z¢}
RI vm |
+ (coad-comim-g))
2MR +R,)
A |
3o {ca.[]‘l‘ ¢}mcom 2}  Since comP=-cos(m-9),

82

Z {R R

Yo~ znm +R£}

sz :mm-w (7= zm]

Notea that "PD l-vL .
that eVt , and , npince tha average wvalue FI
of v, is D, then A -?L.

10-2 Whan vy »5 V¥ the diode §a ON and alnca E.fuﬂ

Vn = ?1;

When 1ri < 5 ¥ the diode in reverss blased and
-2h

=5} _+5-T+5 and

Thin fnllm from the fact

R
Yo {""'1-5} R-l-Rr

= =333V

+5 = (v,

?ﬂ, min

20V
Vo

10-3 TFor tha circnit of Fig.10-%3a;
When tha diods concluds:
v w Rf
o R+R£
and when the dlode is OFF v =v

i
For tha diode to renmin OFF we must have

{?1-?R}+‘VR N {1}

v’_!"-"n or 20 sinwlt E£I0 or ﬁliutsiﬁ
From (1) we have v_= ﬁ"‘l‘ﬁ“’ 10410 and for the
minimmam values of A setting \% vi. win” A0V
: 10
vu, in" R+10 {-2ﬂ-lﬂ]+lﬂ

. R-20
or ?u,mtn 10{ R+1ﬂ}
Also Yo, Y m 20V |
So: {a) For R a 80 'l5"4i" v = 20V

o, i —— 2, INAX
{h]) For R = 500} ?n. min’i'ﬂ v, vn. =20V

—r—

=20V

ic) For R= 2 K@ *rn’ 3-9.35?. vﬂ.

Note that aw R becomes large compatred with Rf we
approach the wvalue v.m-lﬂ\'n Yo and the
cutput waveform of Fig, 10-5¢ which 1l drawn for

Rfllﬂ



L T

10-4 For the pericd of time that the diade is ON the
solution is the same as in Frob, 10-3, Howaver,
when tha dicde is OFF v, is no longer v, but

Er 20
1u-lvi—1ﬂ]-ﬁ-+lﬁ={vi-lﬂm+ 10

and vu' is obtained Ly setting vi-*ril - ZGI"J'

in the above egquation, Then we have

R+ 40

vu' » lﬂ'{m] and

{(a) For R = 500 vn' Q _IE.QE_H‘

() For R = 3000 vu. = 19,76V

{¢) For Res 2k v = 19,00V
: o, Iax

Note that since R is sinall compared with R_ we
approach the solution of Problam 10-3 of

v =20 V which was cbtained for R a =

O, INAR r

3,0, &

10-5

kR
50V

Reoplacing Vg by the above equivalent we get from
Fig.10-5a und 10-5D:

(a) ) - (b) "
-+ ® Yo AT .

T 1k ¥Remion 17 R=l0n ™

{3 T®Y W oV

l T LbRD. L L.bRaL
= o — — ¢
For the cizcult of 10-5a wae have:

for v. < 10 V ths diode is OFY and vm v

i Rf*'l. & o 3
for v, = 10V "i‘n'lTi-m] R£+1.6+1'

1,61 v

For tha clreuit of 10-%b wa have:

for v, » 100 V the diode is OFF and vn-m v

1+1.6
far v, <10V vn:l{vl-lﬂ] 1+1.H‘Rf+ln

z (v 10} 22
107 e +10

= ‘- 230-22 (10w -
and 5, roin EDZ.EI +10= =19, 89V

From the waveforms, which are shown below, we
conclude that the clreult of Fig,10-5b is better
for this application,

10-6 (n} For the cirenit of Fig. 10-5b we haver

For vi-:-"lrn- ‘VY the dicde is OFF and since
R s vevVp.
¥Faor v, {?R--\"? the diode isa ON and since B.fth‘.l



R
v n-l?l-l-’lf?- R}p;r!-+ \"R

ROY
" Obsarve that v, 1ncrsases linearly with v with a o
slope of R/(R+R}. . ¢
[b) For the circuit of Fig,10-5d | _ Ao |
For v <Vo+ V, the diode is OFF and v Ve -20V
For v, > Vot ‘H’v the diode is ON ard
R _ .
wiv,~-V =V :
Yo hrl .“I" B.'l R-I-Rf * v.ﬂ | (%) For \FRIIL'I, A ?b-l-‘lrr wharse n and V, BTE the
voliages across the diode and the resistor, I+I.¢,
_ . - rospectively. From Eq.(2-3) ' N Vp in 1
. Lat us calculate v, at the instant tl. whan vnnﬂ.l?
for the two values of R. Since In vﬂ!ll. we hava:
3 U For R= 10X} I=0.1/102 0.01 mA. Since
- R U" » 106 ma '
() o
' 10"%410°° -
Vpu 2X.026 X 4n “SiEmw0.48 ¥ and v,u0.58 V
v I For R= 100 k0) we have respectivaly:
ShoPe= RaR 3
—— — aw— — I=107" mA - vp* 0.36V and v;= 040V,
AY
i 0.58-0.46 -
Now At,= 10 Vigs ~ 10 Ve 12 ne. ’
:,; 'V'_ﬁ( — }‘U’L 10-% {a) For v, % "FFR Dl is OFF and v"‘-\"n-'\i:r
...'\G T RS : (b) Fi >V " L4
| | VTR Yo T Ym Y,

10-7 {8} For -25 < v, <V =-20 V, the diode fa ON

and 1r n '?‘R--ZG V.

fnr‘ir » V.2 «20V, Dis OFF and v = v
i R o i

() Tha ecurrent through D2 becomes negative when
tha wlhgn at the cathode of D2 v > ‘VR. When
v, d "'F'R IDZ- ? and the same nurrunl: that flows
thrmllh D1 flows through R apnd R’. Or

v - ¥ Y.-V
: I._il-n.l.ﬂ_l X and It"""""'uR, B0
(b} For vil-ZS Y, D is ON and
R+R'
Re | v u vy v Yy
v = {"FR VY]- -__Rf"'n { vfl'-‘ii"R-V?} . | i, max
0,01 o v avR+——W-\F}

(-20-0.6) 22 (25.20.0, 6= 20,62 v
: The b t
10-8 (a) If v, >Vp* 0V, D is ON und v v {e) relkpnint of tha transfer curve occurs st

R i | ML ”VR and is independent of termperature

i '!rl't'vnﬂ 0V, D is OFF lﬂd?:"fRID\"

Hence we have the following waveforma,;
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10-10 (=}

Aspung both diodes nre m. ' Then D1 and D2 arTe

replaced by Rg= 20 0.

. EllR -izﬂ.!-l- 20V ' A

and

izﬂlf Ril-"l Rfl ZD v {2)
Sotving {1) and (2) for il and iz we got:

vi+3n {R+Ry¢) vy - 20 R that -

2" TRaR, " TR ¥ BOR, so we

have
n

Im L TTER YRR,

Sa for D2 to Ba ON wa must hava IDE « 0 aor
Ry . |

v < ll-I-T',l 20= 20,08 V {3)

For Dl to be ON I, ,= 1.1 should be positive or

v, | 2D = 19 92

R
i E+R,.

S50 wa have

(4)

D1 D2

R
'rli 19.92 Y OFF ON v -IH_EIIU 'V:H 92 V

1992‘?*!1' £ 2008V ON Dﬂ‘\'liﬂl"'—{v+2ﬂ]

2 ZH‘.-I-H

= 0. 499 l'ri+2D}

2008 V & v ON OFF ?-—B—-—

| R—!-R!
'1]; A

| - BOTM
. O Dt ON
L SN D2 OFF
wéaf DIOFF -
D2 ON i,

-_ﬂ.'ﬂ"‘iﬁvl

N 2008

{b) With D2 replaced by R{S k() D1 conducts a»

R
long as v,3v,. Then "o'[“_'i"“m'nT + 20

8

"'lriE-I-ZﬂRf
. — . ), 08
- R-I'RI lﬂg'EﬁTi'l'ﬂ'ﬂ

" For v <v. Dl ls OFF snd

i R

‘+TD|R T

Vi v,

1=t

{c) Fromm part (a) Inequalitiss (3) and (4} with®
R, « 0 now read v, £20V and v, 220V
So the two break points coinclde

and the tyansfer charactaristic is that of part (b)

v w20V
Q

raspactively.

10-11 {a) See the fignre balow.

|ﬂ
+ A
| R DI
%
'“"L | v LA
D2 R
¥ T Y ~Y
T , 0
(b} v," Vv as long as DI is OFF or as lonig as
v = "uf?- "IFT+ "L"R= TR . Far v ™ '\FE D1 is ON
and \ e ?R {Since Rr ??: R, e R!l.

ic) When v, "Ti.mi;' IDZ. 0 and we have

vi- x = IDI. R+"|"'Y+ [Dl R' mnd [DI'. R..?E'?'r

V_-%
Hence v (ReR} =Bty sy 4+ B

Y, max” R R RiVR"Yy!
10-12
] ‘““"" 200 knr
‘h"
- n: . 0 '

From the figure for D1l and D2 ON we have:
vym (I, +L,,)100 + 20 ¥ (1) and

80V = IDI' 200 +-lID1+ IDz}!ﬂﬂ + 24

{2)
, . Ehri- 126 ¥
From (1) and (2) Ly = Y




' B0V - v
R T

So D! 1s ON when L 20 or v, 240V and

D2 is ON when viiﬂﬂ\f. So

i

DI D2

' 60
i gt
v, $40V OFF ON v 210025 +20=40V

40V ¢ viiﬂﬂ"f ON DNVa=vl

BOV < v ON m'rvnn'ﬂnv

i

The transfer characteristic along with the lnput and
output waveform as faonctiont of time are shown

below,

— OEE A S oy o o o o

- E A e amas e B g
'

. 1013 When v, €25V both diodes are OFF. So

A 25 V., For vi 25V Dl conducts and a»

long as D2 is OFF v = 25 V +(vi-z5:-1'-’-9-

300
DI turns ON when Yy reaches 100 V, or from
shove v,= 137.5 V. So at vl B 137.5 V both diodes
arem ON :n:l-vn = 100 ¥

%
10D

25

VY

10-M4 (a) From the discussion of Sec. 10-3 we ses that
the cutput waveform is not flat for both diodes COFF

or for le -:vi -r:vnz (1), assuming "f? w0 wea

waat (1) to hold for 5% of the time or equivalently

for 187 for every full cycle. That is we require
that -

8+ [im+8)-(r-B F[2r=(2 7 ~{2 17~ 3)]u 18°
or 48 s 18° or G= 4,5 |

At wt = §(or - 3) we bava v, = VEZ or

Y sinfa ¥
p T

R2 So

ar 60 win '_I.Et'- vRZ

Vo, * 4.7V, At wtwn+ 0 (or 2m-8 v =Y

R2 i Rl
(=] .
60 sin 184.5%Y = vﬂ.l o le.- -4.TV
= 47V

80 (a) le =—4,. 7TV and vRE

(b} When both diodes wre OFF their squivalent
_Teaistance fs 500 xQ[ 500 %0 = 250 k0. |
When ons of the diodes is ON, the equivalent
rosistance ia 100 qf 500 %O26100 0.

A reasonable value for R that would satisfy
R:E < R << R, would be their geometric averags

cor Rua /280X 0,1 = 3k

10-1% (a) For -5% "vli 0 Dl conducts, Than v vifl'r
because of the voltage divider,
D2 conducts for 0 % ) £ 5 and again v = vi;z

S0 v = v.f2 for all ¥
o 1 i

A
J_'g'—-—- DI CFF
D2 on

U3 SAS

> 1,
—-2.5

PN |
D2 CFF

‘_21'5- -

(b} Now Dl conducts for -5 £ v £ -1V and than

1 1
vu = =] 4 ) {1r1+1}= > (viul}
D2 conducts for v, = +1V apd then
| 1
v,® +14+ > [vi-l] a3 hri-l- 1

For ~l= viil both dicdes are OFF and v, = v

S0



1 |
E{wri-l} -5 VEv£-1V
v ] VEy£+1V
v i i
0
%{v+1} +1"d'i1rii 5V

The transfer characteristic is plotted below,

10-16

(s} As long a»

vi'ﬁvn D1 is OFF and D2 1s ON

clamping v, te 10 V,
At v= 10V, v3 v, and D1 turns ON shorting the
cutput l:-:r the input.

% 1

AN

0 ! -
ProFF 1 DI ON
Dzon ! DZeN
1 )
: » 1. ¥
TR T + v

(b) For D2 to turn OFF we should have v, Z0 V
{so that the voltags at ths cathode of D2 would
reach 10 volta)., Therefore for 0 iﬂrii'n 15 ¥ D2
is nevar OFF. The curreat Il through RI is :uarﬁ
as long as D! is OFF. Whan D1 is ON we have

[Inlnvn-lﬂ-vi-lﬂ or Ilnlvi—lﬂ}mA.

I 1
L .
|
14] ilri '1&}?.

(¢} Now for "«T‘flr 0.7 V D1 will ramain OFF as
long as v, 'ﬁvn-l- ‘-’T aitd then V" 10 V- YT D1

will turn ON at v v+??- 10 V- v?+v,f-1nv '

and thereafter v = v.- V
- i Y

a7

u;: A |
ol %/
431 f :
1 n": _’H‘:y

10-17 D2 remains OFF as long as vu{ﬁ Y D1l turns

At

10
ON at Tilﬂ, t?mn_ untjl v - 6V v, "5 Vi

or vil‘i"o" DZ turns ON and vnll
clamped to & V.

ve &Y,
o

10-12 {a) For v al bhoth D] and D2 are OFF.

hunca Dl l:nrnl ON when v, = bY

[11} For DI ﬂH and D2 OFF v I{T ﬁ}—-l-ﬁ "'"\ri-i-i

D2 turns ON when v 20 Y or vi-z,{zn Ve 24 Y

v = bV,
)

'{¢) For \ri=5ﬂ V both diodes are ON and from the
circult Vo is obtained using superposition. Thus

I 0
'-I'_L 5hﬂ. sko i mkn_£ 1:' ..

50V -I'
| slho sil 10 slis
“5+5I|m +6 x 5+51|1u' +29% S0+5]15

4
So the tranafar charactariatic ia as Ifcllows: a

w 264V

L o e - = —

; - ¢

10-19 Dl conducts when v, < &
D2 conducts when v, = 210

D3 conducta whan v - Yo

Initiglly {v w0} D3 is OFF D2 is OFF, and D! is

ON 86 v = & VXese a3 V.

Oain
ETE S50 D3 will re



OFF until v* 3V, Then DI and D3 will be ON

v e Vv X BIE,

o i 22,5455
sllz.s .1

+E15+5 2.5 —{zv1+ 1.5V  until v, &V or

v, 29V Then D1 turas OFF. Since D2 1s ptill
3 until fﬂ- 20V or

and using superposition

>
OFF, v v\ %5135 * 3 Y

v, 30Y. Then D2 turng ON  and

| 10)l5 2.5]i5 4. .20
Voo Yi* 25410l * 202002 55 * TtV

In swmmary:

Region D1 D2 D3 . Slope
0593V 1 ON OFF OFF v_a3vV 0
IVEv%3V 2z ON OFF ON _v;q-;_f—-uiu.s}v 0.5
IVSv30V 3 OFF OFF ON v = -:-vi 2/3

30VEvE50V4 OFF ON ON vnﬂ%' -.riir—-z.;.'?ﬂv 4/7

'ﬂi-.__.;________-

10-20 {u) For V ":\"'1, both diodes are OFF and I = (,

+

-

For Vv »V

1
YY1 | The slope is -l]i .
R , :

DL is ON and DZ OFF and

] =

{b) Add a resistor in series with ejthar Vl or V

—e

> 0

Q) =

Wr——
S

2

88

10-21

10-22

1023

For vi-'-: -0 ¥V D1 i¢ OFF and D2 s ON so
?uﬂ 10V, For =10V i\ridz.i ¥ both D1 and D2

ara OFY and v = v _
0 i

For -E.S\Fitvl D2 is OFF and D1 is ON so
vn=—z.5 b4 -

s
‘bL _ Q
5§V —/— —
l 25V jov
O0— -4 20
V-'\Tz V-Vz
(s) From Eq.{10-19) we have R= I -lz"' ; :
L

- 300220 v_ - 2 Kk
15428 mA

(b) From Eq, (10-10) we sae that T remains
constant, Since I = Iz+:5._' if IL decreases by
S mA .l'z will incredse by 5 mA an Izu 20 maA

V'Vz . 340-220
R 2

= 60 mA and [ziI-IL-t{ED-ZEI mA a 35 ma

(e} Agwmin from Eq. (10-10)

I= mA

340-220
1.5

So IL.. a {B0-3)mA = 97 mA and

{dy For R = 1.5k I = mA = 80 mA

L rin” (80-50) mA = 30 oA

(a) It ia glven that Iz » 50 mA and
. ,
Iz I a 10 mA, ‘When we have diode breakdown
’ V—Vz
=
with RLl « (ar IL 0} Iz,m.::#:[- = or
200-40

R 2 B0 mA o R = 3.2 k(]

(b} When R, = N L =1) x4 L2"Ly min
IIL, m":r:a-'.jl-Iz' min™ {50-10} mA w» 40 mA

Remembering that the voltage across R. ia

v g C4pv
z* 40V we have RL,. rodn” VZ‘(IL, max 40 mA

= 1k

[ T S



10-24

1025

oo

40

e} We have IL-"F IR --—-mﬂ. 20 mA, Then:

lmln' Iz.ﬂﬂh.l' IL- {104+20) mA » 30 mA
I:n-:_' L max

EnII

iﬂmﬁ.i%g' lndms—ql?ﬂm.ﬁ or

+IL' {504+20) mA » 70 mA

€1l or calculating "worst cases"

a:l-:a‘?-m-im and 37N K1 R 8o
Rmni.ﬂkﬂ and R = 4 k(} -

1 [ ]
() Rw 2R +R_. )u3.855%0. Thex:
for V= 160Y¥ l-gﬁ—t‘fm-n.lamm

Izl{31.13-3ﬂ} mA = 1113 mA

for ¥ = 300 V 1-539%3?“-&144::15 and

L= (67.44-20) mA = 47,44 mA

When v,a 25V the current through the Zener diods
is nagligibla. So the currant [ through R‘I. is

almost the sams as that threugh Rz. Hance:

25V -{Rl*l-ﬂz-l'-ﬂm}I ar sloce I = 0.2 MmA

23
RytR (2
whan 1r » 25V we have Zener breakdown and
the ﬁrﬂp across Rz in v

- 0,%6) %) = 124 44 2

v,-Vyu 25-20% 5 V,
Rz . =Eeu 25 %0 |
(a) I RITRL -.%iLmA . 2773 xoA
(b Idc'-TIm' 88.27 mA

{e) I S 135,55- oA

(@) Vi = -Ty R 44128 V
(R4R_) = (138,65)° (.5 mW = 9.8 W

Vg =V
(f) % regulation = H—ﬁ;ﬂ- {100%.)
¥FL

v hr-l R
= € L tmny.}
ldr;H'L

100./2/n - 88.27% 0.5

88.27x0. 5

L 25.02-44,135 ﬂﬂﬂfq

24135 X

.89

F-

¥
2 1]
10-25 P I
Vac fae " Tac P’ ﬂzm 4R Ry
| dpd:
To filnd the maximurn we get IR = 0
L
z {(RAR - R zmmL;
. or 1 ———I"—— a0 or
] IH£+EL} -
I,"f*RL* ERL- 0 or EL- RI
Pdr. 1:: R
10-27 (a) n_ =35 xmnw.--[T—J'-'-—-—-unuﬁ;
i mumtf"“':..}
é 2
I 1 [
de [1]4] I 100
=3 [
(Irm.) 1+ nifRL G;?z) :I+RIT:B.L
zZ __100% 4
= (2 %
1] I-I-H.!.\'RL !I-I-II. R
. {b) Feor the !ull-ﬂﬂ ractifiar
(e ¥ - (e ) ) -
Hence now nr has twice the value given at partia)
¥ - ¥
10-28 % Regulation -—“&?-ﬂ'- (LOG% )
¥L .
v, R
For the hali-wave rectifier: ?!‘L- - -—T"—Ef_l_RL and
Y
"J"HL- o O
1- R H RAR, } R, .
% Regulation = R HE +RL} {100%) w -ﬁ:{mﬂﬁ}
For the full wave rectifisr 'hﬂti:. vHL and Vr L
hava twice the value for the half-wave rectifier.
S0 the regulstion remsains the same,
10-29 (=)

(W 1, -—-—j un}au-h_[ 1_ sindde becauss the
Q
two half cycles nre I.d-ntl:ll for a hl'l. wave,

Thus -
Im _ ro21
L™ [-cosmtcon 0] —
n 1‘.2 L1
A 1 ) 2 -
{id) Irm-_zﬂ 1 ic)d0w 3 I sin” o de
] 2
1 1] !,m ™ L1
1
— | {l-cos 2axia— ax -] cos 22 da)=
FA .L 2T (.L o )
£ =l
Ty { E"“z"*i sin O} == or I '




Zlm
L' " n l:-l'L th

We 1ee IEq. (10-13) Iml?m![RLd-Rf} or

{iif) ¥ =Id R = To prove Eq, {1025

LR =V I R {z}\

Combining (1) and (2} glves V ac"?:' IRy
2 2 ' -

F\'m- FI R
R, R,
(%) From Fig. 10-14 v= ViR oan T V. sin0——

Lty m RiIR
whate the diode is ON and

R.f . Rf
VEDIY = e oy Y ﬂnrg(- )
i RL-I-R{ i m RLHT'I

when the diode is OFF. Thus

1
Vde * -Zl?fﬂﬂm )

v TR
-2([ &
#n nRI;+R£ L f

L's RI
" z:n[ R IR (cos m=-cos D)
L

iR L+R£

- RL'!'R (cosp 2 -cas T }:|

£

a2V

( 411! +ERf)' k™ RL
R 1t R
R

+1'Lf RL+R£ L+R:[

H:rn g

e - ==Y dom- (the nverage load voltage)

A simpler proof follows:

From Fig. 10-14 v .1n-::--.r-+'mL where v' ia
the diode voltage.
both sidas, we get

' - -
0= vd: * I&: RL or _ vdln N IanL. vd.n

Taking the average value of

10-30 See Fig. (10-14)
(n) From Eq, (10-Z4) and (10-13) we have:
21 rAY

I I-n-l_m.

de T

m____2x200,/2 |
ﬂ{RL'l'R!I m 140, 3) mA » 1385 ma

l
(b) L dc, tube © 2 d = 69.28 ma

(¢} The voltage v across a conducting tubke T1 ia

R
4 306
vI 1RL+R£ =300 1: 0.23% 'ri .whﬂrr. vi is the

voltage to the center tap or v 0.23 V sina ,

In the next half cyele TI s nun—:nndunting and TZ

is conducting. By transvereing the outside path
of the circuit;

=Z\r -0, E!vinl ?Tv m 1.77 "Ir" sind,

Note that vy is naglthrt because rﬁ::'i FALS

'H*=Z\'1

5a we have

rm: 211[.[2 ) dt| = "-—[r (0. 2'.3} ain u.:lu
2
IZ{I T?] gin udﬂ]

v:i. 2 2
ol [{0.23)"m +¢ L7y (2m-m)]
+ 0,796 vfn
Hence  Vomg=0-892 V) 20.892 x200/Z Ve232.42 ¥

2
(d) Pdu' I:c R.L-r{lSB.E} X1mA = 19.1B W

10-31

£

E the load and the transforimay are-interchanged
then the circuit of the figure results. If A is
positive with respact to B ]l diodes are reverse
biased, while if A ia negative with respect to B
all diodes are ON short-circuiting the trans

former. Hence, the load and transformer can
. not be interchanged.

10-32 (a) From the discussion following fig.10-15 we ses
that two diedes conduct sirmltaneously in each

half cycle. Thus
v
l_ = 2
N P R+2R£

with D 4 and Dl conducting.

for 0 = wk < 1

Since i'L ixr a rectified slnusoid with

L 100 100
L, max .05+z:n.1 .25

the waveform is ms plotted,

. FI '

mA = 400 mA. then

0 T2
21 5
max
Ii:h- - _Lun.d.
- 2
. - ma® ES{EEmA




10-33

10-34 {a) Whan the upper diode is ON the upper caparci-

10.35

{¢} When the diods ir ON v

I'J L f
100 sin @t |
* “RizR, 2 *™ VDL max"'L, max R 40 V.
Hencea vl}l- 40 ain wt

Whan the diode OFF i, passes through DZ and
D3, Taking KVL around ADEFBA we find that

DI. D3+1LRL al gr, since EL-’D

YD1"~Vpa- Thus Yo" 40 sin wt, and therefore
the waveform for Yp is a pure sinusoid and

le. dc * 0.

2
@ v :.,_,-1;1- J; 40} sin®a q.)”z

D, rmu

=ﬁv-za.zﬂv

21
From Eq, (10-24) and (10-13) we have I, = —

m
2 v 2.8 v

. —"_m
i R.L+R£ ﬂ{RL+RI1

or slnce Id w 10 mA
c )

10xmx10.02 | 4494 v

e M FIL YT N0 N

Y

tor charges through the diode to V_ . When the
diode goes OFF, the capacitor cannot discharge.
Hence it retains the voltage Vm and the diode
remains OFF from this time on, since the input
(thus the dicde voliags
Similariy fox the lowar
diode and capacitor. Therefors at no load the
output voltage is v, = 2V, and the clreuit ia a
voltage doubler,

vnltu_g- neavar axceeds "."m

naver e':cuudl Eero).

(b} When one of the dicdes ia OFF it is reverse -

blased by both tha transformer voltage and the

Therefora
the F1V across esach diode is V +‘I|Fm=2; "’Fm

@ © I0|9'9 oD D,
Di 'ﬁl‘ﬁ"l""'-"“"“"—!"'!

voltage af its respective capacitor,

D2 4 o o o o o

L

N

{a) Assume that the capacitors are Iinitlally

uncharged, i.e, vc1=vc2 Aw whown in the

figare, in the initial p-urind 0, DIl {s ON and Cl
Now, as soot ad the input
drops below 'U'm, Dl goes OFF (since v

change instwntapecusly),

charges up to V_
cl1 cannol
_Hence Cl stays at V .

unable to diacharge, The ouiput v o1™ Y1~ Yo1 in
shown ar & dashed line, Notice that vDI.‘ Q

since vii Vo ‘Hotce D! remains

OFF permansnfly,

and ?Cl.vm

Now, consider the effect of Vpyy OB D2 and
C2. As acon as v,, goes negative, D2 goas ON
and CZ charges to -2V_, which is the peak valus
of e indicated in the figure, Since Yo"
Yoy Vpp We see that Yp2 & 0 and D2 remains
QFF throaghout the rest of the process and
Yo "cz"f"z vm'
{b) Fromn the above discussion the PIV acrose
Dl is 2V_,. For D2 we note that when Dl is
ON DZ is reverse bizsed by the voltage of C,,
so PIV for D2 ip also 2 V.
For the bridge doubler of Fig,10-17 the PIV
acroas each diode is also 2 Vm but the peak
Also tha
regulation of the bridge circuit should be batter

since tha load is across the two capacitors in

series,

voltage of each capaciter is V__..

If the connections to the cathodes and snode of
each diode are interchanged, the direction of the

current flow is reversed so that the capscitors

charge with opposite polarities and the oumtput

will be positive with respect to ground,

Vo V.

{a, D) whenn A s positive w, r.t. B Dl is ON and
Cy charges through D1 to V_  with the polarity
Whan A 1s negative w.r. t, B 1 i»
backbiased by & PIV of 2 V,, and D2 i5 forward
{ﬂ.l.lnli so that C, is charged to 2 V_,

When A is agaln positive w.r.t, B and Dl is ON

C, is put in parallel with D2 so that PIV across

shown,




10-3%

10-38

= 5h.6 elnwt.

D2 in 2 ‘J‘ . This polarity causes D3 to conduct
and {33 :hlt]en ta 2 V. o
When A is again negative w. r. ¢, B, and D2 1is
CN 53 is put in paralle]l with D3 ao that PIV
across D3 in 2 V., This polarity causes D4 to
conduct and C, ch:r;ul to 2V,

S0 the circuit acts as 3 qu.udmpl:r if the autput
is takan mcrosse C, and C, aod as a trippler i it
le taken across C l.nd G

{¢) Jt"‘l

_,_J,___ +l—

The ith stage has the !nrm of the figure, Each
Cz4 capacitor charges to an additiona] 2 Vm and
the output voltage will He the swmn of the voltages
AETONE C, Co... Cz;.l -
any integral o where n is even is possible. For
nmb one such stage is added to the initial elrcuit,
(d) If the output is taken scross the odd-indexed
capacitors Gl, C_.,'. . 21 multipucntinn by n
odd is pomsible as discussed in (&)

or multiplication by

{a) When ths diode conducts v, ?mlliu Wt and
1 1is the sum of load resistor current and the
capacitor currant, Hance

v, d"ru \"m sinwt ,
lt 1L+1E=R +CT= —R ot WGV, coswt

L

_ ] 2.2
gImli.u.I wi+¥) whare Im- "-Fm ‘_2 +w C and
R
. 1,
¥=arce tan mERL.

(b) We find the cutout angle g, . u.ltl by wetting

Htl]lﬂ or mtl+*- ™, or wtliﬂ-'.'p

{n)} Procasding as in Prob, 10-37
a.l ®TT=8FC tn_n{mGRL}- M~ntctanid n X 6OX50X lﬂ'ﬁxinq

= M-arctan(s.65) = 180°.60% 100°

b i vmj:xi-mzcz min{wt+ §)
R

L

© w40,/2 j{ 300" -H.zrrx aﬂxsnxm"*;z sinfwt+807)
= 1,08 sin{wt+ 809 A

When the diode is conducting Ve Ve ‘H‘m sinux
E_etwagn the cutout tirme tI and thy
cutin time tyy the capacitor discharges through

the load resistor with u time constant GRL [ 1.3

10-39 R= =,

~it-t;)/CR,
-{"'n' limutl)-

""““'1'*“'“1.

vﬂ:ﬁ"‘mlinmtl‘}e

=(56.6 ain100%)e Wt=1007)/5.65 rad
= 55 7 i-{mt-lﬂn'“};a;;_-rn

. Thix expanential intarsects the curve V mtinat at
Wty, the cutin angle,
ly (sec Fig. 1) to hlﬂ.
1,09 ain{it, +80%) m 904 mA.

NEYE

\ |
FOD | | : 4 ! H
; _ll
200 4 | 2o
r -]

] *'} $0 Q‘ 10 140 “ Aep A0
aile W°  cufoul tor” {Frg. 1)

Tha peak currant is

'{::l Now G.=m-arc tan{2m X 60X300x250% 10 E]

, =180°-86.6 -93.#

= 56,5 jl.‘-ﬂﬂ’ +{2Trx Eﬂﬂﬁﬂ!lﬂ-ﬁlz sin{wt+B4, &)
='3.21 sinfwt+ 86,674
Diode conducting ?nli_ﬁ.ﬁ sinwt

Beatwesn i:1 and tz: ?n-{“_ﬁ.m93_”;@1-93-41’15-*
__ﬁsﬁ*h-lm-us.i“}fﬂz“

Agnin wtz is found graphically (see Fig, 2).

W -ﬁz? and the peak currant is

3.2)»in(62%486.6%) «

1,67 A

Assuma wt t=0 that the ¢I‘Plll-=ltﬂl' is

unchanged, As long as V)< Vo thea diode s OFF,
the circult 1 up-en and MY As socn a»

So ﬂtz is Iﬂ‘l.'lnt! lrlphinl.l-.

R T T



vy the diode starts fo conduct and the
capaciter s beling charged through tha diode and
On the other band the nutput is

v Ve, When v, reaches the peak
V_, snd begins to drep the capacitor cannot die-
charge bacause the diode LHecomes reverse blasaed

B S0 the i

v Ve

constant :

and retains its voltage of v =V_ -V
cutput is vﬂnvi-t?m-?nj. |
During the next pericds the diode remains OFF
and the output waveforms have the form of the

input with an sverags velue of V-V,

" 11al

11-2

v

CHAPTER 11 -
RV
2 CC 10x12 -
(a} From Eqs.{11-3), V= -_Rz+31- 19490 1.2V
R R '
lﬂlgﬂ -
snd  Ry= R *"1 10490 = 7 X0
Using KVI, -ruund the bass circuit yialds Eqiil4),
or V“n'-’b"'“m:"“"'mnnr ar,
Vv
B 1.2 - 0.7
IBI Rb.+{l+l]E. a —"'-——h%lnuﬂ‘ 1 = ) IJZE mA

leo» HB- 100%0.026=2.6 mA, [E'- -'[[B+Ic]=l ~2. 026 m.,

?cti?cﬂ-lc Rg'um"'I{:}R.' 12-2.61,5-2.626%0.1
= 7.84 ¥, |
{b) V. apd R.b have the sama valus as in part (a).

For Ge transistor, BE‘“ 2 V. Uping the same

asalysis uw in part {a),

12-2
Tp™ nh+u+%m * G+10IX0. 1

"'C- ”'B. 100X0,0%2 = 5.2 mA

= 0,052 mh,

%I-{lB-i-Ic} a -5252 mh

cr” Voo oRaIptigIR * 12-5.2X1.5-5.252x 0.1
- 3,67V,
(a} From Xqs.(11-3) Veo2'CC 3218 ...
s ’ ' R+R, 3427 !
R.R
it QLT -
snd R'h B ""R‘l 3327 " E.? k1. Far S5i,
?BE--E.IE Y.

Using KVL around the base elrcult vielde,
I:q. {ll--ﬁ-]. or -"f- Rlbq-"fnm.'.{l.'.allﬂﬂ , or, '

VeV

BE -laﬁﬂ,

R.b+[]+ﬁn 2.7481% 0.2 —=a023 A
16-31:5--11.#93:540--4,&5 mA, Lom-(lg+l, w474 md,
Veg® Vo icRe gt IR = 1844, 65x2+4.74%0. 2

=T 78 ¥V,

(%) Rﬁ is now increased to 2.7+ 0.5 3.2 k0.

aVV

BE ~1,8+0.6
IB':R.bﬂHHn 3.2+ BI%0.E o ““ mA.

Ic'ilBI -0,0896 x50 = 4,48 mA,

]E!-IIB+IE}84=57 mA
\rc E- -vﬂﬂ-lcnﬂ -{IB+ICIR.' w1844 40X24+4,5T%0,2
= =8 13V ,




11.3  Eq.({11-4) ina
v“a“ﬁ"”nz"’" sticIR, - (1)

- a “ . .0252 mA

Thus, (1) ‘h-:nm".

V =0,0252 R, +0,7 +{0.025241.26) 0, 1

V =0.0252R +0. Hza | (2}
RR,

R1+ H

From Eq.{11-3), n'b= x 4.76 K1 (3)

Thus, V = 0,949,

’ ¥ Eq.(11- | 0.949
S rom q.{11-3), v'nlmz-v{:c' °% 20
R,
] n ﬂ.“?{s
FRytR, g

Solving for R, gives, R ;= R,X 20,07

Substituting into (3) glives

. RZ x20,07
: 4,76 = sz 3T a7 °f Rzz 5 kil
Thus, R=$x20.07 = 100.35 kg
11-4

Ve =12V

R.= 34D
'LIa-I-I

Applying KVL around loop \TGG-G-B--E Kives,

Voo Mgt g Rt gRy Vg g ML R4 RV ()

-¥

Ve Veg' 12-0,7 -
In® R HTBIR, " Tzovloixs L0267 ma

lc- MB=| 100 % 00,0247 ®2.67 mA

?GEI]BRb+?BEIﬂ._HEGTxHﬂ+D.T = 3. 904 V,

(b} We set Yog® &3 Vi applying KVL to the

ernitier ~collector cireuit gives,

_ Yoo Vex
Voo™ Ip*lgBetVeg on Igtle —

G
:nl—z';dﬁ—!; a 1,833 A,

1.833
10L.

[c= 1.81 :m.&

Since I." 515, = a 0.0181 mA and

From (1) Ry ﬂ__.z,«l.r; “UptigIRe

12-0 7-1, 83x3
0.0181

= 321 kO .

11-3 (a) We rewrite Egs. {11-4) and (11-6) ns follows:

RuIEHan'RbH:B“v 'VBE

IC. ’IB s {l+l}ICD

Ealvlnl the above two uquntinm for IC by
CGrammer's rule wa gat

V-Vpr R
DE ”m
| ITa ~MV-Vp ) (RIRY BT
C R Ru+Rb TR R AR
1

:R.b+R { 1+8)
Ic(_ : )_.v -V HR +n.hn-—i-511cﬂ

which is Eq.(11-10)

(b} From By, {11-11),

1‘:2 By [R 4R {1+H1}]
ICI B, p By +R (148, 3B

‘:;c— " 5 R +R {1+B1}]-l1[nb+n {1+8.)]

c1 1 [RytR 1148,)]

uc {ﬁz BURGIR)  AMRR )
"B [RFR e , R,
IR 2
b0 g om,)
W
%

6,004, ) R,
1 1

| 1+(1+§}) R_

Assuming '3 > ]

AL AP
TCT-(I+%)%— » Whare

-1
™,

[R (1+8]
11-6 I~ 1.35 ma, ﬂ:m Iczal.ﬁﬁ ma, pzz' 120,

M =
14

Vec*15+R Ic+VcE+R=IC-ZK L5+6+R _Xx 1.5,
where IE was neglectsd, Solve to cbtaln Rg= 41.

From Fqe,(11-12) and {11-13) we have

_IEIQC%CL 1+Rb (1+ Rb)!




1,65-1.35 . _ T B‘b , 1204 ' | '

§3-3 — ¥ (14 4;;.:1:: o decroases which reduces IBI' LBZ‘ and IEI which
| offsets the initial increase in L.,

We solve for R, to obtain Rb" 33,3 k0 11-8 ' Neglacting I, V_ cEHGRAR,) or

For Ioo0, 8% 40, wnd I_= 135 maA ¢ e

R=+R.-{'VGG-YGEHIG-[zn-lﬂ}f 1.3=T.49 ‘.I:Q

Henca HE- 7.69-5m 2,69 kD2

v"vBE+RbIB*Rn{IB+1Ci‘ sud ﬂth x'B.IC'JI' | _ Now, with APpa 0 and ﬁvnmlﬂ we got from
o . - - nq. (11-14)
v VBE+{1.\'mkh+R‘{‘l+lmc b
=0, TH{L/40ME5. 54434 111,35 8,11 V¥ ry I ib 1.(1.( 1+=}M1.¢4
Now, from Eqs.|{11-3} we obtain for R'l. and R, I‘:a '
| - 14 1
4 whara M]I - g —~——— and
. _j_ ds _ N wi
R=R, — > =55, 5! = = 102,65 k0 1+*“- ’
v :
Rp" :1 v'%i"w | x=R,/R_. Thus tlﬂ}—l——ﬂ or
el ) 1+ -r
11-7 (a) ?-JSV!-'VE o -
Ic . {I4w) < 4[1-&-’—] froen which = < 3,21,
ey _ _
R,z gokg_ Re, 2 AN Thus Ry €3.21 R.a B.64 K0 .
‘v:‘.l t - c 1 a . |
&y 13* 3 20,0217 mA. KVL for the base-emitt
.V*‘ IBI - ar ¢lreult gives,

VaIpR + Vo o HIGHI IR #0,0217%8, 64+0.741.322x2.69

Q %Ihg_ + I wd 44 V.

- g — T . . | Solving Equ.(11-4) for R wnd R, gives,
. ‘ Iﬂ 4*3' . Voo o Bb4x20 .0 o0 '
Rﬂ 3kﬂ. Rl v 4 44 38.92 kQ .
: Rl v . 38. 92 ¥ 4,44
= R v v 20-4 44 m 11.1) % .
= - Yec© )
. Neglect the basa currents, while ::nlwhtlni the 11-% Bince &IE-Q-D, then, from Eq.(11-14),
: collector currents, Using KVL in the collector- :
: _ AV AP -
‘ emitter circuit of ), ;?: M’ BE (I-I- Rb) 3-‘1
: . — | Cl
: Yoo ~ aitfartRra*Vem
r
: 1
4 _ . , _ _ From Eq,(11-13), M =
: 35#‘61‘_“"'3} 35, 'og Imﬁ 0.87 maA, ’ . nb
f Similarly for 02, - R,
5 253 1,,(10+144)-6, or, I, % -1.27 mA, Fromn given informstion,
f ~M. AV
t Using KVYL in the bass-amitier clrcuit al'..ﬂl gives, M; BE =0.1 and I [1+ f_h;_, ?_?;_ﬂ__ 0.1
: Veetlotta * fo* 4 pt ° e nbl 2
i -0.6-0,87%3 --I.ETIJ-IBIR | Assume M, W 1. Thus, 2{1+ R T :l!;;un .01
1.87 I, 87100 %
1.67a-I, R, or, Re-—ifn LA78 1873100 or, =% m 2,33
;1 ‘m I,  0.87 R,
Rm214.9 %Q | Mpe 21_33 = 0.96. Hence, —2 T‘i 9.2} ~
(b) Bisa stabilisation is obiainsd via negative feed- *50 R =192 k0
back through R and the emitter resistors, For | .
sxcaTnple, if Iy lacrenses, the magnitude of Ve o Ry = LO2x2.33 = 447 kn
: To calculate R. , apply KVI. to collector circult,

G

05
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11-11

Ve icReVoptUpt iRy

: 2
lﬂllzl_!.cﬂl-lﬂ{!-n—-l-.lhﬂ.'ﬂ or Ec- 1.04 k0)
From KVL arcund the base-emiiter circuit,
Valp(Ry+R MV 4R

2

Veis X (4.4THL92140.842x1.92 = 4,9 ¥
From Eqa.{11-3), |

Y
Rpmyg = A - e 3

- R,V 18.24%4.9

= =% 92 ki)
B, g3
-E:- Yy I -‘ .55
1 1
At 2590, M= - u0,971m 1,
M R, 1 L8
1+ R .13
1 a
at +75%C,
Ml- 1 =0,982 2 1. YFrom
1 1,65
| *To0
Eq.i ‘11'15:.!
AL (+75%C) -5 .
< —u2,b8 xSR10__ Ol 5 gex—35

l 1.5x10" 1.5%x4.7 “" 55x 90

 m[5.48+1.42+1.87)%

. or the changs In collactor current is

AL, (+780C 0, 082+0.02140,028=0,131 mA (n
At -659C, wa find, with M. w1 and M.» ———e
. Mt L
20
. . | = 0.92
Mct-ﬁ“t:} -6 ' -
0 018
l-:cl B2, 65X 1.5 10°% " 1647 - E_.ﬁE
3% '
X30xs8 * &%

n(-0.18-2.55-7.76)% -
or, Mc{-ﬁs"(:}:-G.ﬂﬂ!-ﬂ,u:!!-ﬂ.l15--0.15? mA.,

.. For Ce, the collacter current will be

approximately 163 mA st +75°C  and
1,34 mA st =-45°C,

The increame in collactor current from zsﬂc' to
75°C for a Ge tranpistor is from (1), 0.082 ma
due to Ieq and 0.02]1 mA due to ?BE' ‘Thus,
the eoffect of Icn has the dominant influence on
collactor current for this temparature range.

ICG doubles appraximately every 10°C and I?B-El
decreases by approximately 2.5 mV/%C, Thus,
the following table is derived: |

T 43 14
Ico,’“ | -l 4096
vEE,v 0.5 0.3

From Eq.{11-16), AL~ due to L~e i glven by

Aol I+ 2= )X My AT, o & (14 I : xlxiﬂ?ﬁﬂﬂ'ﬁmﬁ
. . - *

=0, 0109 mA,.
where Mlﬂl was agsumaed,

MG due to vﬂE lg given by

~-M, AY
Mo M}g 2E . 2293 . 90630 ma,
a , - ) ‘
Thus, Ici.i affected mora by changes In V__ .

BBy 20x100 o o
2 1 20X
.Frum Eqs.(11-3}, Rb' Ear " 20+100 = 16,66 X().

e 1

11-12

= 0,767

1 1
Rb 16.66
H*

f‘rm Eq.(11-13), Ml-

1+
.

L 1
G, MR, 71, Iebk
100x1

- 0.857

at -659C - ————— 0.6
r M, oo 16,66

25
Uning Eq. :I 11~ Iﬁ]r

A.Igu".'!“m .{Hi} M Mg ) uleE
ICI Rn ICI ICl. Rn
| ~ Ry | 2,88
+{ 1+ E:"]' i:nl
o(1410:86, 0.76x 12999x10~7

1 2%1073

+

0. T7x0.475 16,66 .. 0.857x45

= 0.223+0. 144+ 0,124
ucu?s"m-u.u&m.zﬂmu. 248=0.982 mA

Thus, I.(175°C)=240.9824 2,982 mA,
Simdlarly, at -63°C,

. .
g.(-45 Cl_m mlag” 0. 767x(-1x10"? —
1 : X 10*™

c1

0.747%0.18 -ll+-!ﬁ—iﬂ'lx 0.6X30
eI ixipd 5% x25
| | =-6.77x20"5.0,069-0.231
AL-(~65°C)=~1,35X1075-0,138-0.4622-0.6 mA
Thus, Ic(-ﬁﬁ"'ﬂ}:l-ﬂ.&- 1.4 mA

_ BBy 20x100
"™ R, FR," 20+ 100

| ——
From Eq.({11-13), Ml- “ 16 66
P SR

5531

I1-13 From Eqgs, (11-3), mib, b6 RO,

B 1R,

= 0,767



Ul FWE TS TG 48 e Ty

At ?Enﬂ, Ml- Rb = —IiC " O, B44
1+ 1+ o521
IIR-
At -659C, M, -—-—-!-ﬁ—ﬁ x 0.546
14 iu

Us m; Eq. (1116},

“Ic'“%} Pﬁ: Moo Mx‘wsm
Ier “iop I Re
+{ 1+ ::}:?::
_;1+1:l,afnp:n,15'ru;mu'5 N
AL OO 0.214+0.0384+0.105

11-14

11-15%

55xq0 :
uc{'rs"c;:n 4240.0768+0.310a0. 807 mA.

Thus, 1C{15‘°1-z+u BO7 = 2,B07 mA,

Similarly, at -65°C,

al.(~639C) -b
G 11.ﬁaxu,?a?£:[-1-m ) __Q,Tﬁ?xﬂ. 18 |
Ie 2X107 .
_ 17.66%0.546x 35
55%x 20

ue$.77X1073-0.069-0.307
Mct-&s“cp-z.asm‘ -0,138-0. 6142 -0.766 mA

Thus, zc;-aa“c}-z-n.?aa » 1,234 maA,

From Eq, (11-17),
icu?s"c} MED E a8
ICI CIRu ’ZI
3nun:n:m'9 L 2375 45
210" 2 55 x100

=0,0165+0, 1864+ 8. 18x10™ >
3. {175°C )= 0,033+0.376+1,636x10 %2 0,0425 maA
Thoue, :Gu'rs“c;-zmmzsuz,mz: mA.

- ne
Sgi-85C) .ixi0~? oas 30
Iei | zxio-3 2 . 55x25
=-5X10""-0.09-0,022 = -0,112 -

bIcl-ﬁS"’C]--ﬂ.EZl- mA
T hus, Int-ﬁ'.’t“c] = &=0.224 = 1 78 mA,

From Eq.{11-17)

D
510 ey
Iey e
31:1u’IE
t ]

2 x10~> Z

A vBE

= 1.55% 10°240,05 4 0.007

AL_(75°C)= 3.1x107240.15 0014 = 0.145 maA

Thus, I.{75°C) = 240,145 = 2.145 mA,

-1x16"% 0.8
2x10™> ¢
| =-5x10"%-0.0920.032"

Al +65°C)m - 1x203-0,18-0.064m -0.245 mA

___3s
58 X220

516{-65“:‘:}:‘

97

4
11.16 We are ;im—IG £ 0.15.

Thus, I.(-65°C)22-0.245=1.755 mA,

I From Eq,(11-17),

C
AL (65%C) Al AY '
C
‘| €O ——BE +-AL £ 015
' 1 Ic:l
| -6 "
3-1072s0x10° . 0.2  1200-150 £ 0.1%
110" na" 1200% 150 -

Thug, R = 142 X

{Note; detormination of ﬁ\"EE-.- ~0.2 ¥V is given in
¢tep 3 of the laust illuatrative -nnmﬂ- of Sac.11-4)

L. |

From Eq.{(11-26), g = 7~
T

F Al1-2l), b =g r. =
rom Bq.(11-21), h!a BTy 0.058x2x10

1.5

11=17 56

Iﬂﬂﬁﬂﬂ

*e 226,

=h - -
[ 4 I'11.. hf! ﬂ":I'.. . h!nn
hll r‘h ‘e

¥From Eq.{(11-21), l:. 'l ‘b’ '

(1)
1. |

T - Applylng KVL to
T

the collector circuit gives,

L

for  »

"h'h‘:r

11-18 A
) blg

Thus,

Avs-EmRL -

From Eq.{11-268), g 2

'\TGG-'\T“ .
lc" By wubstitution into (1)
o 3 -
Aym~ I:rc’ XR. a- I?G_q-"-",[
T L VT

_ -h
() _hl.—.-.“—._.i‘_ !_;?_ —..;.Ii

1 [ R IR
RfR,

m],“ R ',|+h

RN 5

--. L -
= -200x 5 »2138.46

R,= Rlﬂnzilh“- 90/10fl4 = 2,77 Xq
. V. AR |
a L =138 44
v"*'r:“'-_%"‘ z.'r?r“'—ﬁ'i-'l
v
4 A.“...Il Ve - Vi Vg a

c) A

2. 77

-199 gyx-2eti
STy I

- -1?1.23
o) RII .

] RL- RLI 4k}




Using KVL around E-B-C-E givas,

(») AI =

L
Bt RiBety )Ry L = ﬂ.
'1-1“%+3ﬂﬂ(591b-%l-'1ﬂ12-ﬂ. Solving fm; - i

gives ° ' %

‘- ‘T.Ez .

ith=?-h = 1.1 °kQ

{c) RI L _.12 Ih hiﬂ r’-" .
Iyt b)Y © Lb T FA L)
1.1 % l:h

- rhq.{su;b.. 47 62 Ih} = 325 0.

{d) At-;:z-#‘tz ,.:IB=*IRi -47.62% 0.325%
/ I, "L "I R 1.1
= _-14,09

MY e A a7 47.62x00
{a) .!I. A Ibh — 1.1 =432, 9

la

Vo AvRi L 432.9140.22

u X+
B} Ay TV, TRGRC T lmuazs""ﬁ'—fﬁh‘“ N

| [ i

{l} Eot V _ab, RL==-. npply -:tnrnu wltllu \i' and
"U'z '

mekrare lz drawn i'rum vz R -

Rs 2(%%, * GF;F,I V,

L= b L +I=50L +1
froen KVL mround lcop I, hl.ul'b- n.u-xb}
L1 = 10(I-L, )
I =111 L

Bubstituting into {1) givas, 12-5ﬂ1b+1,111b- 51.11 L

223, lsz

RII"'hi l;b-R x 1. 1111:“'1 Ib =223, ”b

. or

T EAT * 4310

(h) RL =R IR =4.37al[10 ks 4,37 g

11-21 (a) B Ib

. D
CE: hee T,
Ri=hie = E
oW s
R"h‘ - C
(b) | L e c

_‘?ETT e, j*«r_;i:@ﬁ

Az —>a 2 . From symmetry,
v Vv 5,h, IR
% -
hi"lpz 7+ Thus, I=hp I +h Lathnth,

%

= (2B 42) = L (h, +1).

_ I, R 2th, + )R
Ay ) " hl'ﬁm‘;lm._

T X hiu+1b[hfu+ 'I}Rlt




e, = —— -

T

-

L oregm o s

1,
. .iL I,h +IR_ 'z_“hie"'%{h!a""”f‘a

1" T L "

1
= 2 X h1=+(h!a+1mn . \

An alternative solution: Since Iullbflbfz then
the circult model is as shown in Fig. %

v Y + + .
1 is e -
[z_ +[h!.'e+ “Ru]lb |
! R:—h-ni'-'-'--!-[h sIR
b { a
11.23
< E C
o 23— * —@ O
+ I
S T S
e
= ‘Ib .V'-:' %RL
- a3 -
N L B k.
g 1 -{h‘ LtL) h ot
R:L . 1alb - hh d
i I- '[h!nIb+Ib} he
A = Vu It Ry, ) ""IRL= R A "'“_ DT,
LA WE N N h:.,"'”hiﬁ b e

To find R, set V.0, R we® and impress an
axteranl voltage V acrosa the output. Than Ib- 0

anod

v
R = =
@ hf nlb

Rt; N H"m““'l.-lIIIL RL

11-24 (a} For CB configuration,

Bie 80
A Ting, - 51" 2%
|
h -
is 1.1
Ri=1+hh =51 =2léa
AR
I L Q. 90x 3
Ayt R, 0.0216 « 12611,
R, » %

(b} For CC configurstion,

.hI- 14 h{.l 51

g9

Ri'hi +(1+h ‘]RL=1.1+51.H‘.3- 154,1 ko

hie 1,1
ﬁvl I-T = 1-15-!.1 = 0,993
R +h
R a—t-d¢ 3+ 11 o,
o 1+hh 51

{c) For CE configuration,
fre by = o0
Riﬂ l-:'l.n. 1,1 ki3

- MR s0x3

Ave TR TNy -l
L)

E = o

(d) Une tha facts that B.'n o R,” RL and

ﬁv‘ - Avﬂlﬂﬂi + R'} to get

{_:_El.il::- RLlﬂm.
Av. = 136,11 % 0.0216/(3,0216)2 0.97
CCs R:: ={3 X 0.0804)/3.0B04= 0,078 k(3= 78,3 ¥

A.vlll 0.993 x 154, 1/{154,143)20.974

'CE; R, = R,»3 kg

A, =-136.36x 1.1/{1. 143} -36,58
11-25
+
Y |
v, h IhR
\r. Ih{R +h ]+I.b{.'h +1}{1-h1m
“h, R
R +hy ¢(h, +T)(1-B)R_
R = I!, Thml"'-hiahlbihtuq'”“'bm:_
C5 5
= R.+hi-+{1+hh]n-‘h]3..
11-2% |




Using Table 11-4,
Ri " 1,1.+{1+h£'}gl = 44201l x ! = 208 &N

R, = RIR,|IR} = 90{[20][205 = 8,62 k)

LN Rllsz
TR T CTR R

9
=200 % 94205 - 8. 41

;fr:;, S 4Ix 4 +-3.90

v V 8,62

'Al

R
L}
Y Ry 4R,

A -—x—l A "39"B&z+5

m -2 47

BL: Rn][RL-RL w4 k(] .
11-27 Refer to the figure of the preceeding problem
Uwing Table (11-4),

“ R!s= hln+(l+h£‘}ﬂ._-4+ 201x 1= 205 k0}

R~ nillnllfnz- 205 || 90]|10 = 8.62 kO

S | iln
Ap I‘ T :b"”h * ; R!
T R[R FR]
. 201 x 9
5+ 208 » 945

1
. ﬁ,vp %I%IL&%J*H ﬂ,QE
R I
Av, *AV*RIERC "
i w
11-28 Using the appreximate fornmlas in table (11-4),

we have for the 274 stage (which is CE}

A .'hh'ﬂ |

0.98x 8 62

862rs  ° .62

I
R . h I E!

o megeL  -l0OX3 o
vz hi 3 —
' .

an =

For the ' stage, (which is CC)

Anw 1 +-hfn w 101

= b +(1+h, )R, ., where R, = 10{|10]! 90| 3

Ra
= 1.B4 k(3
R,, = 3+(1+100)1,84 » 188, 84 X |
hin :
Ayp® 1 - R, l'm' 0.984¢
R.1+h1‘
R = T+E, whull-n Ry = 8l{90f[110 = 4.54 kq,
T

ol ~ 1 + 100

11.29

11-30

100

For the overall amplifier,
ApA LA D, ﬁnxm-mupm
R,= Rﬂllﬂull 110 = 188.84/|90]{110 = 39,22 kD
R{=R =3kg ,
AR

R Y
"‘v.'n+n

I .A. R

-98.4 % 39.22
39,2245

-ﬂﬂ,-l * 32,25

2-87,27

—IJ—L

= 1287

'8
‘+ n=12885, !'Hl

--]45. 5

For second stags,

}Luﬂ -hh- =200

Ril- hil' Ak,
-h. R

A a—it k2

=-200x 3
v Iy 4
: in

-2150.

For first stage,
A_= -h = -200

A Is

Rﬂa ]11 =4 Rk
-h, R

A = fo L1

¥l hiu

. 200115 | g,

Overall,
A'\":A\FIA?Z"ET' 5 X {-15ﬂ}=lr 13, 125

'!‘hur-a Rm-m]l:lrﬂhflhlhtl.l?ﬁ k(

R= 1nn[|1n[1nu. 2.78 W

RL= RL=- 3 Kk
i, 4 S
Yo R+ R.:

i

AR
Ae¥ il 13,125x4

1 RL_Z 3

13, 125 x EITB

A 2.78 + 1

= 3,653

17, 500

For second stage,

AE# -h.h# - 100

Rypmh, +(Tehy IR = 44{14100)X 0,1x14.1 IO

=h, R
fe .L =-1Q0x% 3
R a = .-

-“QI-L—-
5+ 39, H.

oA e



For first stage, | . ' g AL.

- = - - o — B ere— '
Ay =-h, 2100 | 11-32 b, oty |, {1) b e | (2}
R, b, +(1+h, IR =4+(1+100)x1 = 108 kq - CE B

-h. R ‘ L Since h, is the ratlo of Al. over Al with ¥
A _i__;.l_ where R_.=10HR, =10|14.1 | - fe e Ip CE
vl Ryy : L1 i2 held fixad we draw a vertical line through Q
=8 BS k() (represanting V. sconstant = 5 V) und measurs
| | ALy wnd A, on that line around the quicscent
-100x5.8 | | - C |
n —le---!.!? | point, Thus we {ind
e
R o= w L —C_ {33,3-16,7)mA _
—o_ ' Pre” 5T, 7 (T60, -80. A - 20T
For ths entire wl.tﬂlr, _ ' Since hn- is found by keeping iB constant, we
Avu.ﬁ.ﬂ.ﬁvf{-ﬁj'”![-il.zl} = 118. 5 \ stay on the curve -LB- 120 YA to find
Ra=R, » 108 k - | e | ze-26)ma |
i 11 ..M . . hl:l'l ﬁvGE {Z n a}v 0.333 mA/JY
AR
Vil 118,33 x 105
Af—-ﬁm— » —"'"‘T""""‘_' 4,149 11.33 .
R . . Ib '
Ay, - Ay Xl ,MIBEIXI08 L 4y LI Lo
Ve " Sv IRHR, 7T 10545 —AV ’Wh r 3
Rt = R = 3 %Q Rs ';' e T
- ~ -+ "
11-31 For third stage, - I"gg
Apgm Ithg e 81 : $ Vool o
"R, =h +E:+h JR_2 2451 % 3 = 155 0 | ] - L hr;\& hf-‘Ih |
i3 ie fa’ I.. ‘ l
hln 2 ' ' LI ;
Ayq= 1- R, - 1= Tqs~ w0387 4 | { |
For second stags, . RI. Rnf
Ap=-b, = -60
R.=h =2K3
12 ;‘ R {a) Uping KCIL, st the output node C;
“fa L2 wh H "1 I == «sh ¥ w.h =h R_1
Aﬂ-—-"-—ht , where R, #4l|R =4 [155=3.9 xn o" te'b o 0 " teb ae" Lo
¢ | ] ar _
- | ] 1 h
- ._-"*!.__:3-_2.._2-;5 . - fu .

For firet stage,
(b} Using KVL at the lmput loop we have:

.ﬁ.h=1+h = Bl
e

1§ £ |
- Vab T 4+h V a +4+h IR
Ru- h“-l-ll-l-h“}ﬂm, wheras RI.II- 3“1112-3“2.! 1.2 k0 . vi .h:.:]'b r: : hilllb ;u L
» + s
= Z4+51x1.2= 63,2 k0 i 1,!’1.% re IRLIL
' .
h R= '—xh +h AR
_le -2 ' i 5 ie’ "ra I L
Aﬂ. 1- R »3- 63.2 0,268
For overall amplifiar,. ) _{c] .A:,vs i e e e

A=A A A =0968x(-97T.Y)%x0.987T=-93 1% .
A2 B } {d) If & voltage V is placed between C and E with

Rt-l!.u[hn- 63.2]10 = 8,63 k0 ‘F' = 0 and RL' = and the current drawn
v Ri 3 156,63 from V is I then
o -93.15x 8.63 -
A, = AN, N -8§3,48
Ve V, TV'R4R "TBEI 4 ] i R=vuwi— Hence

| O
o

I = "fhﬂ--l- hfl'rb and

huv + {R:*'hu“h = 0
101




thus ' ' v R

h, b L, h ce £e
I= Vhb,,- E'+h ie V. and T = v =hu- ﬂﬂ; ' ce fm®.a
11-34 8 ' Equat ion (2] becomes,
_ C
| - -V Vv v
e | — — +—0. . '
h be .. DN, _ _co _, {4) . Substituting
+ e Ib + - Tob bt Ture
'Vl;e. h ::‘\ | (3) into (4) given,
re'<e hﬂ“'[b o v \' v .
» L)
O L O Thhr imrnur‘hh' Fuic
E E v . _
. . "'"'J-l L' + !
(a) From KVL in the base-emitter circuit, - X b cel BT Tyus "h‘c
~reb - -
?‘h o hlelbqu hruvﬁe' Aleo, \F.': & h“ ' | A vca -1 “Ein r“
o ] —— i — w_- T
bk v v Gba 1 . —hh! A Em'ce
vy, -—i8.9& ca . : ' ce "hie 1+ r
be * hfg + re C& big
| B 4 h -h . | v
-1 - 1: . 1 (b) R, — 28
v- ¥ Bon "By b 1 5
be Iu re la os 1n ae fa r- v v v v v
h i]: X 1 | "bre Thic Thic Tvle  Tmre
Y
. the given inequalitios. From (3),
v .
bhe h.lnlb* hruvca hr ahfu ~¥ v '
1L I ie” " R L= — - —=x.a )
b hf . oe Emrcnr'h'n l.'I:'a"‘\'.' ¥ ‘ha ‘mrl:n ble l“Izw'i-:
re ia '
-hin“_ h h }.hle? V.
oo ie R.= be 1 ' "hie .
' b b -t i IIa ¥m’ce *mce - b ce bie
(c) ym I-EM-I-ID X100 - 0.5238 __—_‘m = I+—-'-—-—-r
is Oa 2.1x10%x30" " ce ble . “bie ble
Ay 1 o0 (c) A =-50x10">x 200 x10%= 10,000
L
' -l r-
R= 2.1x10x0.5238 = 1,10 ko | (Note, more’ emactly, A a—iS8
11-35 . } “_m ca bh!
8 &b’ B* Ny C S,
O Wy———W—
- =3 3 '
. ] =50x10 2 1
I, - SOOI g
| 14 2200 XZ00x10- %100
R R Y, e S #ox10f
be Sm ble 24103
. , F'i.= 3 3 3 ™ 1 ki),
: - 4 20x10  x200x10° x2X 1D
o ! — ol | - 20x10°
E 1136
(n) The node equation at C i,
Y,
hia 1 1
E_ V.. ~ +V | + )= ¢ (1)
m ble r . ce' 1, | r . - T(s
The node egquation at B' is,
-V, L' '
be Cd 1 1 1
5 "7 tV (=== 0 {2
Tt Teie PO R Mo fpie )
Using the inequalitias given, (1) becomes,

102




¥

ta} Ry= 1_i where VirIh b e Veat Ven

| ‘F."“-{I-I-th-lx.h“]R.- IIRH

"ir‘:‘- -‘I“- RL{h!'H 'Vc -h“h —{I-l-hi..l-l- ‘o"c.h“}lﬂ..-

RLBHY caoe’
or V__(l+th R #b_ R j=-I((h )R +h, R, ]

Thus, "Iri-I[hhﬁl+l;!_m.'1+v“lh“+hun.}

L}

f14b, IR +b, R, ]

18 )

or vfj{huﬂHh{-}R-'{hﬂ"'huRu} 1+4h R +h R
e e o8

- L UL
Hence, Rl-llhlaHHh!n}R- {hru+hutnl I+h“{R.+ELl

3 oz xie®

ﬂg"izgg'z]xﬂﬂlﬂﬂﬂ’ﬂﬂﬂﬂ:1&3:1 '

1+1n'5u % m?';

= 1963 k(]

" 11=-37 From prob. 11-33, Ri-h“-l—hr.ﬂ.uﬁ.l

e h“n.; B h h B
ie l+h“RL jle 1 +h

1
RL o8

When RLsﬂ. !\‘.Iﬂhm?'l.l ki1,

%) Rilll.lﬂﬂ

The value of R, for which Ri-ﬂ.'i hi- is given by,

' re fe
0.9 o by -pte-

R
B‘L o

~4

ﬂ.?!z.lﬁﬂ.'lj:]‘] KIQE-%
gt 10
)
R, = 26,58 kD

1138 Bf rh'¢ sl

vCE Iilﬂzﬂﬂ
K "V, e o Ryl e

1
b |
‘L+ r:u+ by

and I.c"‘mvb'-"'v‘b'.lb'; v‘bf.{"h'i:- lm}.

' - B
Thus, K = ...‘.L'.i_iL
BicTB gt L

-39 Loy
A —
Y. |3C I:_]
| e [ [ ble W)’E e TRL
O oapererremmn, el - '
[ rc! Coa ¥
s r oot H‘.L{'lm Y™ T ot B, KL X Ty
ol B,
R | Ib {I‘c.d- RL}

From Eq.(11-67) gmr,bt-- hf.. Note that

'mv‘h'a- 'mrbflilb'hﬁlb‘ Hence, the output
circuit ls identical with that of Fig.1)-17 if

r ‘l lfh“- E_ .

c ce Hence

Amdoce Me My
YRR R,  1+h_R
e L 1+.__L_ oa L
Teo
which is tha satna as in Prob, 11-33g,

11-40 From Eque.(11-67),

{1_} -3
g .-v&. _-1-"'1"—?‘-’*-'?-:3 » 0,5 A/Va 500 mA/V
mo Ve zex10

hii 250
bte | 5
Tne® hln-r'h'n. T00-500 = 200 O .

. o Do _ 500
bic b
Ire

e 0.5 ki

= 5 MS.
104

| -4 -7 -5
Boo" Dot 1thy gy, =10 “~(251)x2 %10 "= 4.98%10 ",

or, E-L- % T = 20,08 ki;.

=n

11-41 From Eq, (11-69),

1+h . .
o 101
r 1+hHRL 1+1ﬂ-51|: 3!‘.1!’.’!3

From Eq.(11-70),

Rlnhi¢+A1RL-z+ 98,06 x 3 = ?25,13 kQ.
From Eq.(11-72),

- h
la 2
Ayel-g Tl o - 29
A_R

Vi 0,993x296,18 |
Ave® R4R_ - 2961841 « 0,99
A
I 14 :
From Eq, (11-73), Gu-hnq+ R_::tt =10" 5.|. —lﬂ—-i-—
Py, 1042 X10

w 3,3TX m'zu . .« Rm»29.690

11-42 (a) From Eq.(11-70),

1+h£._
BE=h + iR
i e 1-+h EL L




BIERL Hence R} = V. /L = 98,3 kX1 and

600 = 24 I+n.uzuRL or, 1=L1.. = 8.63 x0 5 . —R __9 a 0084 Th
/ | | L " R+R! T 107.3 PR, e
ll
Trom Eq.(11-73), G = 1/25ah +R . = L Lo
AI T e --I:T;—# ~95.3%x 0.004 » -7, 99
-6 i
20% 10" +B”R.+EH 10} or R, =26,00
| | oy, o R» RIR! = 9]l98.3 » 8 25 ¥n
a .
{(b) From Eq.({11-69), Am- =" = v
_ U R Ry 1zaois.6aad SRS . o
Ayt R AR, T IX g =8t
1 1
;. = 69, 08
. " R .
ie 2 A, = R L L
Trom Eq.{11-72), Ayel.gt- ""W = 9,997 . v " &y Rpm_ t 8Ty sl
,
(c) 0.999 = R, °or R *2 Mo - Nt g4 + £
3 B1R N =
2x10% » 2 + 3 | > g
142x10 "R :
" R V
. ndB 68 k " % #
o 40,68 20 , b
e . redy

(s} To find Gu' set "f"ﬂ. RL' # and apply a
voltage V between E and C,

\f-hr Y v
Pe B V-iiithe ). oim R +h_— ° R_+h
using the fact that h“ﬂ ‘1.
By substitution,
1+h
Im= "ﬂh 4 ot R +hl
. 14
1 I L | G, ad-ah 4—t0_ hﬁ’
0 ") e V oa R +h
AII li - Ib . ie
t h! L+h v (1) . (b} For the firet stage,
- E | 4
° feb oe ce Gy » 207 AU, 405 y1020
a Vv - . B Ix1g o
v“ Yo R.{r.b L) {2) -
R, w—=2x 80,5
VIR, (3) oL G,
_ ' For the sscond stage,
Thus, L. hf=1b+ hmEInRL'R-ub‘Iu” 5 .
-2  Ggym 1074 T = 4.7x 1072
L= 10044107 "H4L {1 -1 )] | . 30.342. 1x10
Iﬂ-’--qs.sz (4) ' | R " T:‘nz— =21.3 0  which 1s smaller than
From the input cireuit Ror -5 101 y
T (&) Gy 107" + —=— u qa1x 1072 ¥
z - - £.1x 10
vi h!u1b+hruv=n ?-f:n-bRLIu *
: Rﬂt 20. 79 (1
-~ h!llb*{hra-lunLlﬂ'Ra{lbnlu”'FRLIn :
-5 Iﬂ't -l-z.
b -1 2 G107+ 3= 4.76x10°% D
“higlytih = 1)(-R X95.21 -R_96.21)NR x98.2 L 20.79+2. 1x10
- . ) R .= 20.99 0 which is slightly la t
[hii‘Hl hr'}{gs.ZRL-l'gﬁ. ZRE} g5, EEth | Raz £0.99 0 s alightly larger thap
ol’ '

=[2, 1+[1-ﬁ.ﬂﬂﬂ}{95.2:4+9ﬁ.2: 1}-95.214}1‘:

=983y -
104




11-45 {a) We bave ko= (I4heth o= 101x2.15212.1 W0

jo
F.nr the second stage, hugzn.z‘ 0.1, thus

A " lﬂlli. 101

= .1 ki,
Ruuhi'zﬂhhh}n‘ 2.1+ 101x %= 507 ki:l

The eaffective load for Q1 ia Rﬂ, thus
.1, ‘
h“n = Q0

Hh!n 101

From Eq.(11-69) —— ——
+ An® TR celiz 14507, 1x10°2

1, is no longer

= 16.64

From Eq.(11=70),

(1+h te'"s 101%S07.1%10°
1" TR R, » 212.14%=< 3
T 14507, 1%10

= 8.658 MQ

B‘i‘ R

h

im2 9 |
(b} Aypm 1- R, 1-307.1 = 0.9%

' Be1 101x 2.
Ayt 1 Ry L TTT

..H.,v = Aﬂ sz

(¢} For the first stage G

w 0,975

a 0,971 -
l+!mf

+h

:h +
oe tal

ol

101

af), 01+ l_ﬂ:z-ﬁ-l_. 0.46% MmA/V: R

al

For the second stage Rlz- _i.ls'm and

G, b, L h’! . 0.0 —22L _ .23.77 mA/Y
o2 a S th bW TTV 75 By
and R= R_, = 42.1 0
d. G .=xh 4+ hh"-'u ale 221 - 0.486 ma/V
) G 2th A3 '
jel |
and R = R & 2,06 k0, Thus
1+h ‘o1
G g b+ w 0,01t zoitre s 24,3 WAV
a2  leZ
and an= 41,2 0

(e) I only a single cc stage were present then
with R'l 10 X3 apd hiu. 2.1 kil

101 10090
= 120 0}
Note that R " 42.1 (I in pazt [c)in less than

Rnutml > hi.n}'

For a single emitter follower with R'lﬂ and

hlne. 2.1 k{l
101
Gnut = 0,01 + 2.1 = ‘5.1 mﬁ.f‘f:
1000 _
Rmt' 48,1 ~ #0.8 o

Note that R , = 41.2 0 in part (d) in grester

=Z,1% ki1,

4 1-4&

1147

(a} The output resistance of the first (CC) etage
i ;im in Eq. {11 73). With the approximnation
h » 0,

os

R = R +h1.ul
ol hg
a

second stage is R _,.

resistance in

{1}, The wource Irni-tuu:- of the

Hence the overall cutput

R+
+
Bgthy iﬂ.ﬁhh hua_n._ g
o 1+h1 l-il-h! (14 h{. I.+l!«I
since hl 1 {l+h }hl 2" Aum that h! I:-i,
2
po that < 2 I:. Then R R re=tSie.
I+hf- Q 1+h1

{b) The output :Ili.ltl.nl:i of a single stage would
be |

Rlu { B.. +I:.i'=] i 1+h£'}.

for various values of E‘, we form
an zhlu?.
Rl R +h1 2

Ohserve that: If R <h _,
. - B lel

and un' :-h“a. then nn:nl

To compare B with R

then En -2 Rl

I we noglect RE {or the time being, the eoffecktive
emitter resistance would Le the parallsl combina-
tlon of E., R!.' nnd Rz. Weo next inveatigate the
loading of Ri on the effective emitter resistance
by latting A"'d" = "J'ﬂf'\"i. The current in R.”- is
{"Fn- i} -[?a-\*ufﬁ?}-{.ﬁ.v-u\% i '\?“

R, RH R:!A\" R

where R' = Avﬂsf{.hv-lj is the sffectiva resis-
tance loading the emitier, in p.n'u._l with R , R,
and Rz.

Since “"‘v < 1 but Avﬁ 1, R!' is a large negative
resistancea, Hance, U we let R = RHHRIHH.Z, thea
offective emittor resistanca le R! = RiR', or

RR!
R+R!' 7

R! = Since |R'|> R, both the numerator

and the dencminator are negative and R;H}, QEDL

11.48 (a) The contribution of R:i on the emitter resis-

ance is R:"f » A.vll HL The effective smitter

resistance = R IlRIIER HB." = R! .
Apguming lnitially thntA -1, R' % a.% and

n;-na[lnl}lnfz[!zuihu- 1.67 k1. From Eq. (11-70),
Ri'.vi”h'hhﬂ“h{am; » 24+101x1.67 or, R#171 k0

{b} Av:]-h“!lli. uming Eq. (11-72),
1-2/171 = 0,988, .
Weo can now refine cur answers with this better
approximation for A, Ry= ‘&VR!"M\F',I'}' |
-0.988x10/0.012=-823 k! and Rie ngi[nlllnzlln =
L

Thus, A




R} 1,67 = 1,67 k12 as befors.

(c) The effective resistance dus to the binsing
l.rru.gm:n-f:ut is R mtRE-;'{l-.ﬁ.vlulﬂ'f (1=-0,988)=
833 k{1 and R} = 833171 = 142 RO

1§ R

& off S0t x 333
d A —— — gy ]
() A L, III Ap X R 4R, 83341T1 = 8.8
(e} If Ct 1y miuing then Ry =R +RII|R =
1041020 ki3, R = "R- 20li1T1= 17.9 Kk

Comparing with part {:} we note that the effect of
the bootstrapping capacitor is to increass the
input resistance from 17.9 KI to 142 W0,

11-49

(a} From Table{ll-1}, at temperatureas ef 25°C and
175°G,
Ml =33, 000X107°A, sB=8, - A = 100- _55245, and
-.EVBE BE2" HE1= 0.225-0.6a2=037% V,
From Fq.{11-17),
¢ Yo Vep s
v I Lo IR, AP
' -5
0.1 = 3.3:1:_:3 + 0'3”-3 + mgsﬁ
2% 10 . 2 X10 R.
R.' .49 k0
For a temperature decresse from 25%C to .45°C,
M qe-1x1077, 4pa B, ~8 =25-552-30, and
ﬁvﬂml 'D.TB-D.EII"I 0.18
A 10~? 0.18 _30
—_———a ]l = =3 + —=
e 2x107°  2x10” R " 25x5%
R o 1,15 k1. Thip value of R wozld causa morg
thn.n a Iﬂﬁ increanse in IG for 'I' varying from
25°C to 175%C,
C.R, m 2493
min
(b) S8ince the guiescent (mverapge value) of the input
sinusoid is zero, :
\'m= VBE'HERalﬂ.T-FE »2. 49 ‘M
11-50 (a) From Eq.{11-80),
Y
GS .
D* Lesii-v_ -
k - i} . LG8 2
Thus, Vega-InR =-I..R (1 Vo
L'
Vg™ -2.5% 0.5(24+ 3? 2

Solving t:a quadratic glves, "J'Es -0. 63 ¥V
(b) 1ym-ge o B2 124 o,
() Vg= Vpp= (R HR ) = 25-1.26{1040.5)=11.77 V.

11-51 (a) The slope of the bais line glves R

106

‘i-l :-—3-—;.

0.4

R = .5 kQ

® 0.8-0.4
{b) From: the first point, we find
"'uu'vusmnlrf I+7.5X 0,402 V
or alternatively from the second polnt, we have

VGG--¢+ 7.5 x0,8= 2 V¥V,

RZYDD R;! Z.E Rz

= r OF,
Rli- RZ Rl+ RE R1+R2

R+R,
= 10 or R/ 9
" R,/R,

R
N, R
ReR, "M RA R, T

Rf' 5uuum = 5 M)
and Rz = RI:’? x 555 56 W)

L4 = In

aa = 0,10,

Thas

R =

c 500~

Thus

11-52 Rz

_ 300X 65
Yag RI+R' XV

o f
DD- Iﬂuﬂ - HLB.“. v

Uaing KVL in the G.S loop givas

Y .o -10.83
cs -51D+"-"GG or l'.DI

as
From Eq.(11-80),

v -5

Voo 2
Iy lnggi1- 50 )
Solving the quadratic gives,

:D=' 2 25 maA

IE DD-—IR +R }ID- 65-25%225= B.T5 V

'\Fm-lﬂ.ﬂ.'! vGE 2

| --g = 3{1""_3'_!

v

cs™ -0 404 V

{1}

. Vv
2
11-53 (&) L= & (1. ==
" ‘pss!!- T
From KVI. around the gute-source laop,

|

From (1) and (2) with v = 0,

1
ks 2 10.¥
]'Dn 5{1+—-——m] =

- vGE+IZID-.Iﬂ=ﬂ. i2)

- 3
12

Solving t-he guadratic gives

10+2.45
"7

12
'rnlr]'b:ﬂ: 12-10=2.45 V

vﬂE- -2.45 V. Thus

= 1.04 ma.,

lor ?nﬂ -vﬂsq-vl-z.-;a V)

{b} v. 3 12 V; From {2)
12 = vmﬂz Iy-10 or L=

22-V

—
12

Substituting into (1) glves,

22-V v
GS Gs £
2 = 5{1-!-—-—-—-4'5 ) .

a-1.67 V., Iy=

Solving the gquadratic gives,

22+1,67

v
12

?ﬂ: IDle-ID=I

a 1.97 maA

13.64 V



11-54

11-55

11-56

-

- ' 10
(cY v =0, Thus, L= -5 = 0. 83 mA.

Vg 2
From {1), 0.83 «5(1+—7F) o1, ﬂ’ﬂs-vl--z.ﬁ'? v,

1 1
Fran the circult, V.. 3 Ypg® 1I,"'nl'.'l:,ﬂ::.--1!‘.’.!1:)]#:

—{Eu-lﬂln] Su‘bntituti.n: into the given expression,
Ipnﬂ' {15 EID 3] Solving tha quadratic gives
the two valuas ID‘.I- 3.2 mA or IDZ"‘ 8 mA.

F or 131-3.2 mAi, V =15-51D ==l V¥,

For L,= 1.8 mA, “fmz- 15-5L,, = +6 V.

Thus, \"mf ~2 V and ?IE?- +12 V,

Hence L= 1,8 mA, Vo= &Y, and V= 12 V.

From the circuit, V_.=-05. ID Enb-ﬂtuﬁnl jnto
Gs 0.5Ip 2

ths given equation, ID-. 36(1- " ¥ .

Solving the guadratic gives, L.= !Em& or 4 mA .

Y -3&-1Dt5+ﬂ.5]. Nota; V

ia negative for

D& D&
ID-IE ok,
Thus, I,=4 mA, Vou® 30-4(5, 5] = B v,
?m';ﬂ.fl ID & =2 ?..
- frorn Eq.(11-B1), Taking the dariva-
m l"J’m 33 v ,
tve gives, 8., .;. jm 4 mASYV

(s} From I-qs m-au. 111-3:1,
“2insg o

g, (1o ) (1- oS

fp” Fmo "'P Vp ¥p

Using Eq.(11-80)

1- 35"5?;./1’3&. '.I.'hul,r
-2
o [

(b) g_wu g- mq"‘nmﬂu' -'1_15:1&"3‘f1m

w, | 0|11} z.zl i.45+ 4k
9

16

Le o)l |4

e
—— e A

(¢} From Eq, (11-80),

F/
= {1_ M zvﬂs + vﬂE
I Iggt =¥ v
P

2V

= IIBB“" ?P ) wsince vGE e ‘FP.

Thue, from Eq, (11-8Z),

2L s |
'> ¥ Tpes "V Was” best Fmo Vas©

| 1
11-57 {(a) Using Eq.l[lll-"fﬁ} we have 1" im":n"’ Ty A7
and from

id-ﬂ

dl
For l.d-ﬂ it becomes -g r = o

Eqg.(11-78) B T -

(b} If two FETS are in parallel then the current
change is the sum of current incramants in the
two FETes. Hence, wsing Eg.{11-76} we bave:

ADg totat L Sde total L . i&-lL
::n AV v v
Gs ﬁ?mnu Es d'-ﬂ 1 d'-u
’H.z = + Similarl
T e ol ¥m2e Y
il \'ﬂ-
. . Zs total ds total de1
¢ 4 vIE AV, Yds 'r“lf.ll ds v =D
) P R E 8
Vas [v a0 o 92 Ta a1 Faz
Ks
From Eq.(11-79) Wmg r.=o(f o ‘m!}_._*ll_
| TartTaz
e o Chlet WY
| a2t Tay ,
11-38 () Using Fig. {11-30b), gu-% -E;—-— tor Ry=0.
¥ s>l gﬁ-g:l— =g from Bq. (11-79).
(b) From Fq.({11-80},
Voo 2 -
gipsatd 7o ) - ¥ Vg™ Vo
- P
v
Is=Ingg!? Vp )
d 2 V..
. "a:rm . ::"Bsu- =22), which fs the
@ Vps P P
expression for .. given in Eqa,(11-8], 11-82) for
vﬂB. Vm.

11.59 The equivalent circuit is




G R=tOkn. 7
LD

T AA~ + . .

' =50k Ak |4
v‘: _ %P! SRS, ﬂh\i IGUL# Bi? °
N | |~

Taking the Thevenin equivalent to the left of ON
and substitating r P and Rﬂ by their parallel

combination EL’ 8 x10/18 = 4.44 ki{i, we have

- ¥rom XCL, [".'1-\?“};'3 = Emvl-l'?nf RL.
*  We have €.~ ufrﬂ- 40/10 « 4 MA/V. Letitng
Gu1/R w0.0167 mA/V and G, =1/R_=0.225 mA/Y,

wa gu’l': G[\"i-‘\i’nhgm‘? +G ‘U’ or

\i' G-gm
(G-g )V, (G +GIV_  and .Av-.v o
_ 1,
0.0167-4
" 0.0%M0 225 " ibbZ
'11=60 The equivalent circuit is
Rs."'"SUhILG chﬂk.ﬂ.
+ | |
+ _
'V: V; &R;:‘B“IU
L Gu¥ss =444ke
S Y- |
m(V,-V /(R +R)=0.009(V,-V ) (n
Vie™ VirR BV -0455(V <V n0.545 7V 40,458 V_
KCL at node D gives 1 = I'm\fI.-FGLV {3

whare £ 4 ﬁﬂ:ﬁ' and GL-HR.L-H.H! mAi.JV,

Substituting the values of I and '-"tfi
in (3) gives :
0. ﬂlﬂ?ﬂ? -V ]li{ﬂ 5"5\" +0, i!!'\f ]-H] 225‘\"
[U ﬂ'ﬂ?l 3 Iﬂﬁ" I{ﬂ ﬂU'?H-l 8240, 335}\’ | lhd

L'

.' from (1) and
(2), reapectivaly,

Ay -T‘“- ‘—:'% . -106 | _
11-61 (a) - 1-3""‘;’
S 5| @ )
+ I ? > N

Ri 3V,

2%
G

"p:'j. 1 I

108

¥rom Fig,11-27 the squivalent small aigasl model.
is s shown,
" Than

- M)

Applying KVL around the loop we have
?'-uvll=I{R.+rd+Rd} where Un Ty
Eq. {21-79) or svbstituting ?I' from (1} we have:
V.{l,.l+11-.l;[rd+nd+iu+1}ﬂ.} or

I + 1
\r_ *r :1+R +(u+113.

"fl {H+1]H.
Va iR +{u+11n

Vo d+R
(TR 3

=-V +IR
LI

1rom

{2} but V al R, hence
o d

A-vt

(b) R —=aR +

I . where (2} has been used,

{c] To find Rn we set V.-D, weo discomnnect Rd and
wo apply & voltage V between D and ground or G,
Then there saxists a current through the eircuit

given by the equation:
YV + u"fﬂ:_ _{rd+R.]II but vﬂ;.: R. or

v
"'{- uE'Iaird+R'II or R L -I--

R; | ] Ezl "'Snn 31

r +{u+ l}R

-

I 3!15
& |
Fig 2

1-62 (a8} VgguV,. R! -rdHﬁOH 60 = 151|:n = 16 k.
From Eq,{(11-87), Ay -‘mR:l--lxlﬂa;l_g_.

(5} From Fig. (11-30x), looking into the drain;

24n -{Mst

Finding the Thevenin's equivalent to the left of
D-8 gives, RT = ullan a 12 %0

60
47 ?5 :gmr 1’-—-—-:1!15!?

_60
VoL 50+ 15 i

=-]2 '\i"i

The impedance due to the capacitor =
-9

1
[TY~

=-§ JZ01000X2X10° ' ) =-79.58 § k(3

Yo __-12x60 720
Ay" V, T 60+12-79.58] " 72-79,58 §

"-4.5 - 4.97 § = 6.71 /227.8°

Thus,




11-63 (a) The equivalent circuit of this amplifier is
given in Fig.11-30 with a voltage source in serlas

'lrlthltdlmlr'-ﬂ. | .
>
_“ -
L Q
Ko}
- N

L ] -B
KVL around the loop gives | R Fr riu IR
| . p kDR

Netice vym HrgtithR, ] or vy m L TR FGHDR, o)

R
[
(b) Also v-n-mt hance v.n--a:l_-id T I}R- \ A

(c) The equivalent circuit is given In Fig, 11-30(%)

with & socurcse A in series with R. 'uui vl-D.

Hence,
(MHL)v

it Rd+[I-I-+HR .
{i+ I]Rd : Rdi-rd
v dn= ’d"'n'd +H-I+'1.}R. V¢ Similarly, T-n' 7yl

i = th-nrvdnl Eﬂ!i or

1=

_[rd+1‘ldl

s s —
TR HWHDR D

r-'.-E -
o )
| t U
SR— N

11-64 Using small signal squivalent circuit of Fig. 11-30
{b) for FET Q2 and 11-30{a) for ()1 we have
figure s shown balow,

Applying KVL around the loop we obiain

u‘\rz r:‘I+RL
_ Eﬁ-.q,. H?I.:I[:..d.l.lul'l'_ll Solving for I we nbiain

UL S (1% 3 ) S
{= tu+=}rd+RL v=+ m?-ﬂhfﬁLv

ot -HR, _
?L: R, or V.= e SR vt RL['\I"=+U.I + l]\i"l]

1

11-465 From Fig, {11=30), we redraw the circuit.

11-66

S

-1-

' -LRII-H.IV.- I{Zrd-l- (ubh I}Rz-lr-Rl] or

‘OPV |

-
By superposition, )
i AR P M

v = .
° o'z iR oeel
e+l ¥ a1t Tay

(8) v,=0. :3__-;1&11:331#/15}1
v ex15+1 . 2x15+1

=15.48

© 26,02 v

v, [ox3sno.sstop 28—

R
= 0,948 = A

+0.5%(10%3+11+10

= =0,53% m A

Y

() Betweasn Dz and ground EDll the egquivmlent
circuit of Fig. 11-30s iz valld, Detwaen D, and
sl tha model of Fig. 11-27 is used, Raeplacing the
currant source . ?lll in parellel with Ty by s
Theavenints equivalent (a MHl source g r dvl.l
=V . in series with rd} we obtain the ome

gal
meah eircuit shown, (This Thevenin's model is

also cbtained frxrom Fig. 11-30a with F..ID.} KVYL
around the logp gives:

uvl.1+uv.=1[z= .1””*”“;*“11 Since ?‘_1--13!

_ ‘g . | . . Y
IR GuD(RIR,) e 209 VorHrgtuve,, er

v melr gt (R} Hence

.V e[ Ut HR ]

Ay® v: y Zrd-l-?u-l-l}{it:}kz]
—AM————o W
R, 25, m‘*(F"‘)Rz

it

o | . l

~{b) To find En’ nt_'\l".-ﬂ, linpress » voltage V at
the ouiput D, and
Than. Rnlr viL

iﬂnd‘th- current I drawn froen V,

e e e R e T L P W T T T T T T N T R SR S [

b b

B




Sy MR. G":?z - r":&EMR" 1
-— - —
L TI :[1 .
Pgo= 7 T
LT 'd”""’:;mz |
+ I= '.1**;““1
Go— X2 __ 1 \ 1
o v T d+{u'+ “Rl r d+{|.l + 1}.33

An alternative solutiom is to calculata R, a8 the
ratio of the open-circuit voliage Vﬂ to the short -
circuit current I' where Vn is the voltage found

in part (s) and I' is obtained frows the followlng
circuilt,

G[ : :Dl rd -i-(‘,{-rl)R;._
'e W
/ Y

PO
, e
From KVLarsuad the 11 mesh wa see that ]i-u
S YV |
o Tmeby= r HR+ DR,
G . qr -u\'- 1 2r d+{u+l}{Rl+.Rz} ‘

o Vv °© [r':,‘+m+‘.n;1:r.z ]‘:Ev' dl rHU+DR, ]

[r ot +LR 1+ [r e IR, ] 1 1

Tyt DR, T FOA T x re ] }RI+rd+{u+ll'R2_

(c) From part {a), 1f R= R,= R
-u[r&+{u+1111]
Ay E}'d+z{u+1m "2
[ ] . z —i
o rd-!»{l-H 1}1R

and &

or Ru- i‘* [rd+{u+ LR]

11-67 {a) Looking into the sources of both Q! and Q2 we

obimin,
r +Kﬂ| r -I-Ed
55, o
~+ I. IZ .
kY, R, A
p+t ‘u+|

110

Since R' is very large, -11-1‘!.

u"s"l l.'d'l"Rd |.|.1f1
a1 RUIT ) em L H’d;ad]'

Since ."'f aZ'HZR d and Vn1=+1111 d and -]:l- [z

then V w=Y
o2

2 a’

v} .v;iﬂ

1+Ka
. p+ 58, fd 'Fvﬁs.a
i —— -__5.,"" -

+ L |, .
Qu, R

L )

ll.li-l

| G,

=

Since Rse, Lx-L. ‘Wa note that

rd.+Rl:l

v1+ W+l L.

" rd+B'd
¢ loop we have Iz[m-lﬂrdi»ﬂd]-

- 2
—l... — v _
a1 Tt ar T V1 e 1 (rgtRyL,  er
» _ u?l :
L, {!d+E.d}'|-l"fl hence I2= 3

(rd+Rd]

d ~ S

vglf; T Applying KVL around

11-68 Looking into source 1, wa .get;

§ S,
A -l—ay‘k" =1.240
oav=p¥ O usi =t eg - ahg

p

The Thevenin equivalent of the above iw, with

Vyr ﬂ?ﬂiﬁ. = 0,60V,

OV zm -
! 0.75 K&
Lnuk.in::intn D, gives, . Dl
4+ (pjﬁiﬂm l]—:ﬁtn."' 0 .
PO | \f“ zs:n.

ka1




-

AL _Rgxuxo.b ___ 15x24x0.6
(a} V'V TR T F0.75%00H1) | 151540, 75X 25

= 4.44

(b) R s R||{z #(u4100.78)15][33.75 » 10,38 kQ

11.69 (e) Using Fig. (11-30), looking ints the sources of
the two FETSs,

Ny +R‘ rd q.gd' -

s, s, P

From KYL in loop 1,

TRy,
-!ll,-;:—r'+ﬂ.'] + Izﬂ. .

From KYL in loop Z,

-u"fz r E+R d

W+l '12i utl +RIHI:IRI
. Solving for Iz glves
R
u TdtRd M
r 4R, 2.+ X .+ r.+
d"d, d 4 d"d. 4 d
CRa ST 2R, (g T +eR)

?ﬁz?RdIz, thus,
- [r d+Ed+{u+1}R.]R 4
2 " (rgtR I [r bR F200HDR ]
R R (u+1)
A= [r:ﬁ 1I;[r -I-ﬁ +2{u+ 1R
4 d'd d .

~(WHu+LIR R, "W Ry
(b) ¥ R_ =@, then A2 FR 2N DR 22 R))

R,uﬂﬂtwli WR,
wnd Al.[rd+R&HZ}{ﬁ+I}R. “ 2(r R ) » -4,

A

11-70

The sroall-signal aqﬁiﬂlmt circuit in as shown,
From the circuit, \F"'- -ri-IR. whete hII"Ii
= Il-hI.IB. Since hia << R., then IB‘HII, thus

111

11.71

I={l+h, )L, KVL In the FET loop gives:

(b, F¥ +R _(1+h, )] a u'rp- MV, = Wi 1+1:th.11 or
vy WYy Em'i

M ————————————— ] ————
I1 hy 414 {u-ITIJ{ 1+h!.}II.. Tt u.hhltl L+ ‘:nhln R
since rd:-hhl., hh:-':- 1, u>>1 and uw 0’a

Then v @ IR *(Ith R L 5 by R

Y _vul.,_,_, I:nhfn

iov H'lmhfanl
vnf'ﬁl'hhlﬂnc = {th.+th=}ll-hth.-l-Rc}Il.

and

v § B, (R +R ]
rA mfe s ¢
Hence .n..". -_—“ &

b 2 vy 1+ g En:l'fﬁl'.l

I‘-} Fram Eq.- ‘11-5“}.

L'
2
0.8 = 1,65{1+ -ﬁz-';; . Thus, V m-0.61'V.

(t) From Eq,{11-82),
-2
lﬂ\ﬂ' -vﬂ-ir?‘ﬂ = 1.'55 Iﬂﬁ.f?.
P

From Eq.(11-81),

L )
: m y ﬂiﬁl
g =g (1- -.‘;,-—-]=1.65{1+_—=} -_1.15 mA [V

B2
'vﬂa 0. 61
n = g TH3 []

I.D 0.8

(d) 20 AB * voltage gain of 10. From Eq.(11-.87)

assuming Ty - Rd'

(¢} R'y

' 10
Ayl = s, Ry Thus, R, 27702 8,70 ka




CHAPTER 12 . 80x 15
- )R = ”“.:1 Aosis " 1263 k0 .
12-1
. ' r 12-3  {a} Aesume the # aectwork can He represented by
r— e ——)—-ﬁ IL + an ideal controlled voltage source of value

ISG') RS;’ Rb% -V:._ Rc.g &. Y | | | Vg BV, Thus, we bave,

T 1]
F P r-- el R,
"y 3 ™
a) I /I = i" "L'E 'Ii'— where 1" = R' nd
IL I I1 1 I ~ R +R1 "¢
8 . | 1
i V.-V
1:LI:\”h.’m = 30lfz.1 = 1.96 ¥, Thus, I V. =-h Ibﬂ whers Ib= :
LR s i feb c R +hu
2 a 0,505, —>- » 2220935
2+1,96 1 R_+h 3042.1 ~b, R (V -V}  «200X3%V -V
i b e fe c' '3 f a f
I R Thus, Vo %+t " Ty 2
L c ~100x% 3 s Tle
e oy hf x R +R 3 1 3 = 51}, Th'un,
I, L . 200V V) .
AL /L = 0.505X0,935X{-50) = -23.61
‘ : (b} ValV  where V_aAV a-2000x{-200)(V BV ).
e 2 T T B Thus, -V = 4x10%(V -6.67x107>¥ ), or
L Vo Ve 149.9 V.. Thus, V_/V = A = 1499
c) GM*"v—=—R— X T=-35,4H3 = -11,81 mA /Y 1 £
s LR 5 Note that A, % 3= 150
d) Ry =V, /lw—o8 XV =-3542x2 = -70.84 &0 | ,_f .
' ‘ '13'4 {a} vﬂ"vl‘ !lvn‘ ?13'51{vi'!1vnl'nzvn
¢} R= R.I[Rbfhi; 2[|30l2. 1=2]1.96 = 0.99 X0

Thoua, V = V mA AV -0V )-A_B_YV
6 R %R =3 K. o V1282 aﬁil.u 22" a
or "n"n[l#-.ﬁ.lhzﬂl-!-&zﬂz] A A V.. Hence
12-2  Obtaining the Norton equivdlent of the source and . v ‘A‘l‘a"
a

replacing i:he FET by its model, wa have ' v A"ff A ﬂ +JLA ﬂ
_ |

(b) The given 2-loop systerm: can be reduced to the
following one-loop feedback arplifiar:

-Iﬁ Rs% Rg%VL - I&; Ry R._ v, v +
\_{/RS . _ S “ |- ' _'E )

Ri' Rz R iR Ry R -
L e = t r" L .
G D+ d _
Thus, V_/V.= A/(1+AD) where ARAA
rD:R&"rdni_l&xBﬂ”{ 15480} = 12.63 k() | and A, A /UL+ALR, ).
R n_!lng-tmnu:u.smmumu.a}- 0.4998 k0 12-5  From the diagram,
I I Y, -g rh
e i TmD -3x 12,63 V. sY #V -8V
MR T TR R, R T el e
d v,z- vzuﬁvu-v +A {".r +V -H’ }
X 04996 = -1,074 ! o
v R._1 R, ' | V=V gAY 3 VA Vo tA A (V. +V =RV )
B s R TR AR uﬁsl =1.074) = -10.74 - For A = AA, V (I4ANSY, +A.V_+A[V +V
e Rl . or 12 Vo A Vot ALY +V)).
) G e P B SRS W' 7 a-2,148 mA/V Thus, Vv _a ALV #V Vo /A Yy 1A]
M V. LR "R 0.5 == y 1+!.a.
F A e .
| R-1I
d) EM"% . IL L R A= 5%(-1.074)x -5,37 0 12-6 {(a} The sensitivity 5 of A, with respect to A is
8 . definad by
e) The imput resistance seen by the voliage scurce "-U" f"" Mj A % .
= —
in R--i-RgH 1 MD . 5§ = d.AfA a "R, or, by wvirtue of

112



14BA)-HA A 1
Bq.(12-4) s « SHBALRA L o
(14 BA)
0.E. D,
a3 |
1+8A,
We want dA /A<y, | (2)
AA, fA, QA
{ t M
From Xq.(1) sbove * =
T “’I E.A. - A!
2
1+IA.]I3A1 ﬁ 8AS A1[1+HA11
¢1+M11 "‘*1
, A.‘ da, m
- and finally
PSS PY P “1“"1
aA [A
e o SO S

l
|¢.\!m,l- —E-'l- A, < ]'rfl trom Eg.(2),

T

Thus a.:-ui—l a.e.D,

12-T a) Fram Ey. {11-6},! .ﬁ. ‘ -ﬁ“—hrldﬂl Thus,
6.2 1 150

o0 - T+BA 2000 1+8A =375

Hancs,

31.8-1
B= oo - 2.0183

B) J‘L{I AfI+AA = 2000/37.5 » 53,33,

12-B =) A = 30/0,025 = 1200, Aia AfI+BA whers

3= V,/V a 1.5/100 = 0,018, - Thus,

63.16.

Ap 1200/(1+0.015X1200) = Hence

v -"ln" H:Atn p.02%x 63,16 = 1,58 V,

b) From Eq, (12-10), B, -~ B, /(1+pA) or

l¢fA = D= B,/B, w 10/. Thus, BA = 9, and

A!- Al(I+fA) = Rﬂﬂﬂhﬂ!llﬂ. Therefore
-? ,Huf?nﬂfllﬂ - ﬂ 25 v

) Fru:n Eq. (12«5) we h-ﬂr. —43s 20 lngl

12-8 1+9A |

or, 4%20 log(1+BA), or (1+PA}eantilog(45/20)

= IT'?.I. However, Af--lf-;r- %‘?%_ a 8,44,

At 13W, i‘hll ‘outpat voltage is V =AV 2

1500%12X10° T 18 ¥, For the powsr tu remalin at

13W, then vV must slso remain at 18 ¥. Thus,

when foedback is applied, Y.-\rnf.&.fﬂllf 8 44

2,133 ¥ .

b} The distortion {s reduced by the feedbaek
factor, 1 4 BA = 178, Thus, Bzrﬂzﬂh SA)

aS5%/177.8 » 0. 028%
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: v
12410 (8} We know R, » - =% | From KVL around input

circuit we obtain =11:EL +1rt-IIR +81, (1)
{because of current-series fendback).
R
o
R +R

From the output circuit Iu- G

G
R +R G "I.Ri}' Put ﬁw

mvi

hence I a O B.Il hence subetituting I in (1) we

R (148G, )

have V.- ’1“1”*'“1.1’ or Hn.-

(b) Writing KCL at the Loput nnd-v we have

I:I+I£hu.t I!II\' atd V = _LR e n‘lﬂ‘[l'

Hnwm-ikﬁ— R,
¥ L o ¥

.._L_.R._A
s o U

v, V. R
I, LO+BR ) (1+PR

hence L= Il-li-lll.MIl_

But R lf' hance

.R Y
£ H]

{c) Wa replace RL with & voltage source V in the
clrcuit of part (b} and set I.=ﬂ than In- -] =

lei-'.‘-"

Rﬂ

but Ii!Il—IIII.-HVl-I'V alnce I'= 0
(B +1)YV R
™ b Q
ar R = .
Rn of I lltm-l-l
anRL Rnﬂ

T —
!I‘.ﬂ-il- B‘L"'HLRm' n;nh

hence [ w»

_ Ry,

) : | d-i-EL

Now

Rt

ﬂf X

EI
1+IR

1

nmRL

83 R

_L
R AR, and

where R'

(d) From the cubput circuit we have I 'Rl'-umvi
o
v
= «AG_ I
Rn m

™ s 9

of " Ru!'l'RL

bat Ve -V=-pl = BI honcm 1= or

Also, RI

' v'
Rd‘ T :Rn{l+ ﬂﬂm} y




RnRL 1

X
R +R R G
o L 1+

{11—5& )

m_
R

X{1+AG =
Rn+RL+IGm m

"R 4R
L
L

L

and GM- R+R

RnR

R n"'“‘

R G

148G
Rt X m
o 1+Iﬂ

N

12-11 (a} Uwsing F!.g 12-10 let "'J"

whers R' =
)

= open circult valus of

VorAyVy- Let L I, IRLn' o °
A?vlz .
R but "d"ﬂ- v -"ir'!z"'-" -H"o"n hence 'V . o
) | A |
v
A.\"-M‘r? hence V Iy 2A V. and
i.z-"hl' -'\"’I = ¥V  since "li"'f- 0; heance

I Avls but R Yoo %o Than
as En of" Isa“ I"'FE .

E' Rn!RL RaRL % 1 o Rn‘“ X o
nf. EL"'R:.! R tR, e R A Rn-l-RL HAA,,
- R +R

Rt e L
o
* T A
pA., |

(b) For RLl .-' ”‘Inn= ﬂmﬂu\"u bat ?ﬂﬂ "J'--*!ff =
\F.-llnl Vv since In-ﬂ. Hence \?m—ﬂmﬂn’f'

For R =D IBS mG '\i"'z Eut "fizﬂf -Vflr?._-ﬂn-
Vobg  hemce L e, Ve

Yoe
R o Iss a{i+ Bﬂm}Rn Then
R: R {1+8G_ ) 1+pG

Rt ™ R +nu+;c‘. 1: T RS ﬂm} where

. L o ny ’ M
RHRL R G

(e} Using Flgi2-11 we have
for _RL- ™ vm'RnAlIu bt I.il;‘l=:[|| 'II'I-'H;"I-

sin 1 .
ce 1 = ‘. Hence V ac™ Rn‘!"iln'
For B_= - -
L- I Al.liz bhut Iﬂﬂ‘ II-I. BIﬂ:I'-ﬂ"
hance

I.'- I"*i”l"' 5""11]1'
] v“
Then de T -{h-ﬂ.&llﬂn and
_ ]
RLRﬁ
- RL'I*RH'FRUEJ 14 HAIJ = R;‘{

1+BA1'

1+ HAI

'
Rﬂf

} whars

o M
I
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() To fHind Y

12-13

HnRL Rnﬁ. '
nl . and A_m
RU+RL I En+E'L
{d}Fan:Ln- Vv -Rlu'b}:tI-I-If-
I.-H?n- I - ERmI“ and Iﬂ —_1+IH. hance
R
I mliz
'\i"nc- 1+HR- I ., For RL- 1) Iu'I. = Ru
I x I -I‘wI -ﬁ"f L I gince "L"'nl 0: hence
‘U" : Rn RﬂRL
-u- B — md R’ e ————(erl—
R I 1+8R of R R +8R_R_
Ru L x 1 - R';
RD+RL 1 RLRm 1+ IRM
*PRIR
o I,
R.T
I \

(o) We assume the sourcs rulllttncn is included

in the open loop :mpl.ﬂur atags,

or ﬁ=hl_m= = ".i'!!?n, wea have volitage-saries feedback
\"ih'ﬂ'.-\"f[im'+hh}. '\i"fh v -h I RLI
th. h Rthli
Ilfh }I-R 1+.'l:n R ’

huRth

14h L

Sim:n ‘ii'ft hrn o

h RLH h!.’ Iil{

o

Rﬂt\"fI’.R+h

Thua,

ru Lh.{

lh RL

of nat "fl_n 0, RL- ® and apply a
voltage V across the output, JIf the current I is

drawn from then Yu' I/V. From the figurs

h ¥
I=s h I-l-h v de =-—rL—— Hence
fe R +h,
" ia
-h_h
fo re
Yns!’ R+h _+hna

() The total resistance without feedback, seen by
in H‘i- RJR{ . Hencs,
RH is given by Fq, (12-14) where the gailn uast
be intarpratad as the amplification taking R, iato
account extermsl to the amplifiay. Thus,

the voltage source "f',




F_ha=far= - -

RyRyHBAL Jo(R +RIHIHPA, )

(b) The input circuit without feedback is glven by;

.

?n- .ﬁ.v."-"i withouwt feedback, Thus, H‘.H =
BA BRI

{R"_I.I't;‘ﬂ 1+W"] a R.+Ei+ MVB;

R'+E:.l1+ ﬁAv}. o3 R. in not part of the

amplifier, thes V_ sees R}, +R_where R =
R;{l-l- M\r}- which is Kq.(12-14) for the case
whers R_ is considersd external to ths amplifier,

®y Yy

12«14 {a) Hare, xf-vr §x—"u —— thuns, we have

R, Y,
voltage~saries fesdback. :
To find the input circuit, we short the ocutput
node. ‘Thus we cbtain R's “z"“f 999.95 k0 {50
w50 {}, in series with the input Joop., To find the
output circuit, the input loop is opened. Thus,
R loads the output. The following equivalent
circuit in obtmnined by replacing each FET with
its small signal model; | |

G ¢
adntag oo iy
9oVs SV
- . - S- +" - B .
Ay e Vs AL IR Hn 1)1 ]""‘Yz vi"

-5(8]40]10%) = -Sxb.62e433, 1,

and Ay

ldentical.

Ava" {:N" Ven"v1

Aﬂ m.f -ﬁ bacause the stages nre

~ Thus, A= ?‘,1-'-3.515.::104..

b 22 oo
g Lo

148x% 10~ X 3.626 x10% = 2,813,

-3.526x10%/2.813 w-1.289x 10%.

Ry RS l+aa,,-nﬂn+mv-trdllnd!ln!u1+anv-
6.62/2.B13 = 2.35 X} .
as poart of the astage, )

(b) ¥ tha oueput im taken across BN, than tha last
two stages are part of the B network. Thus,

Hence, Dmls BA =~

Ay Ay/D=

{(Note: R! was considerad

115

Aylwithout feadback) = -33.1; px V/V  n
v, Vv \A

£ AN !
stpt) A
Von Ve "'nn R vityz *

t-sxm"’u-as.nz--s 478x10°%.  Thus, n-1+aa.v=

148, 478210 1:33 1 = 2,813 (as In part {a)). Thue
"’ﬂ: A fD=.33 172 813 = -11.77, n:ﬁ.&l k{
agaln, thm, R R _/{14BA )=6.62/2.813=2,35 X

ar In part (a),

i2-1%

12-16

The circult is redrawn as follows;

(a) Applying the tests in Sec.]12-7 we obaserve

that we have voltags-series fesdback, -To find
the input circuit, we short the output node to
ground. Thus, we find the 4.8 X1 resistor in
parallel with the 200 resistor. To find the
output clreuit, wo open ths input loop.

Thus, we obtain ;lezjlh.a K= §[[4.5 = 2,37 K0
"Ry, Aylwithout feedback) = V_/V =

vn vz Rin Riu

v, v R, +ﬂl ‘“"Vl""vzn S+0-1 whera

R, =b, +(1+h; )R =2.5+{151)0.152 31.49 361,
N RLZ L ZISOx2.37 L
v hil 2.5 '
Ay i 230k # S 00 2ol ) yeox 2,22
R R 3149
2 - | 1.48
10.57. Thus, Aye M2,2X10.57% 50l a1498.3
% 0.2 .
Duly Mv where fx RI+Rz = m-i- = 0,04,
Thus, De 140.04x1496,3 % 60.93." Ay =A /Da

1498.3/60.93 = 24.59 ,Nete ﬁn‘l‘dﬁnuﬁ:lfo.ﬂal"ﬁ.l
{(h) The input resistance without feedback seen by
v, is Re=R +3.1= 31,59 Xi1. The input re-
sistance with feedback 1s RL'. - RiD = 31,59%60,.93

» 1924 8 K1 = 1,925 M
(¢} Rr 4.3 Xi. R AR D=4, 5!50 93 k=73 86 K

(@) Ry, = R_JR = 73,86]5x10% 72.78 0.

(a) Applying the tests in Sec.2-7, this is clearly

a case of volinge<serias fewdback, To ohtaln the

amplifier without feedbmck, but loaded by the §

network we observe that |

1) with the ocutput shorted (voltage sampling) the
offect on the input is to place R in perallel




with R_.

2) with the input opened (series comparisom} the
effact on the output le to place R' in wories
with R, | _ | .

Thua, we obtain the following circuit (where the

equivalent circult of Fig, 1130 i» used for sach

rET):

where R » R ||R=(0.3 x10)/(10+0,3)=0.291 k0,

S - TI™ R,lIR ={50x 1000}/{50+1000)=47.6 X
R.= R, [[(R+R_1=50{10.3 » .54 k0

.Frhm this ¥igure, BIi ?I!\i'u-l!.'HR+R']-_D.3HIJ.3
v v Y '

4] -] 12
20.0291 and A.v-—'- v v
i2 &
-+ R » LR .
R, +{4+ 1R +r, RUHB LR,
~30%8, 54 ~30%47T,6 .
8.5449.3710  47.6+9.021+1g = 7-2X2L432197.16
‘Thar D = hﬂ"‘v‘ 140, 0291x 19'?.-15; = b.74 and

A‘U’.t- AvID = 197.16/6.74 = 29 25

mR Dulxé. 74o 6,74 MQ

(e) RY =R, [ R #r,J8.54[[(31x0.3)+10) u8. 54193
= B, ‘92 *0
Thus, frmn table 12-4 R!'_= R' /D= 5, 92!6 Td=

rof
0,878 k[!
h! R
JL R +h1 h]_' = from Eg. {12-57) with hh:ﬂ-l.
To find the value of Rﬂ correrponding to Mffﬁft
' dA_ /A dA_. h
S | 4 {
Y. we havea —ie—tm y ———
£ h &hhfhf. dh{. | Af
(R +h, +h, R )- RL}-I-h LR, (Rt +hy R},
(R +h, _+h, R 1 “Bre®r,
R S T e N
.'Eaf o {R +l:ll h Ra} ‘!1.
R +h1 +h h, R
. iw !I e 14 fa o F
. = inally
H'l'l"hlx\‘.- | R.+hh
h, R (dh, /B ) |
—Rf';'l_—h;-—- —do Lo -1 from which
5 le
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12-18

"and i{s stable If B

. R.+h!' . dh, /b, 1

o hf& f
{a) Sicce tha resistance R in the loput loop has
n voltage across it which is obtained Irom thas
cutput then this s & caze of series comparison,
Thae vnltu.:n across R 1 YI' with the polarity
shown in Elg. (a).

i 4 V, 1# set to 0 (the output node shorted)
then the drain current is not reduced to sero,
Hence, the wource current is not xzers and \
{the drop across R} does not drop to sero.
Hence, this 13 not voltaga lﬂr@ﬁng. I, o the
other hand, we set I =0, then Vg=0. Therefore,
the circuit saxhibits tha current -saries topology
atyd the transconductance Gy [» stabilized,

(») To find tha input circuit ast I,=0. To find
the output circult, open the input loop. The
result is shown Fig.(b), ¥ we replaca the FET
by its srmnall-signal model, the result is shown in
Fig. (c). .

{c) Wa Hirst find Gm without feedback from

Fig. {c).
G *zmrd =4
rd+RL+ R

1 1
" S - N .
\"i , '\F. rd+RL+R

M

where 4 =r.8., from Eq,{11-79),

v

H' -u-—._R
Iﬂ

1+ |!R rd+R;‘+{|.l+!m
rd+RL+R

Da 149G, = +E’L

(1)
G

M
G D

Huwl gnd

r a1t RL+{u+ R

WE 2»r +R then G

a*Ry Mt
is & stable resistance, .
I R » G .HRL

miRL IR H@DR

1
R

v
o
N T

Ve

(d) A

Vi

which agrees with Eq. (11-86)

R .
: |
.I'va ~ "R and in stabla if RL and B are

stable resistances,
{e} Since R,» =, then
Rif": RiD . ®
(f) RL is conpidered to be an external lowd,
than from Fig, (c), with V‘-ﬂ

Rn‘ rd+ R

Te calculate R of WO need G o and from Eq, g42-17),

G = ;iTuG Since B is independant of R_. then
L

l!'l.in'g Eq.! t 1}!

LI'

d+{|-l +1}R

I'I'HG = lim Da—
R"n . Fy+ R




4
L
!

L

rd+[l.1+1}R

rﬁ+1"l.

Rdhnni 1+ Eﬁm}-lrd+m : =rﬂ+{|.1+ R

The above result sagrees with that nht-lnlnd in
Fig. 11-30. '

(§) R!, Is most sasily calculated . 'n.L'EIn o The
sama ropult may be obtained from the sxpression
in Teble 12-4, with R!=R_ (R, .Thus

1+ﬁﬂ
R‘“fu Il.' 5
{td+R}R E{Ml}ﬂ r&+RL+R
r¢+RL+R :rd+ R r& 1. +(d+1}R
RL[rﬂ+{u+!',IR}

rd-I-RL'I-[H-H] R

which is equivalent to R, in parallel with R ,.

12-19 (a) In this problem we bave saries mixing wnd the

faedback voltage s acroms R, ¥ I=0 then
V‘-ﬂ. {Nota: If we set V =0, the current in Q3
is not reduced to zero and ‘U’IJ 0., Thuse, this is
not voltage sampling.) Hence, we have current’
sampling and current-serise foedback. To
obtaipc the irput circult, we open the oufpnt loop
{Iﬂ'ﬂ] and this places the series combination
R'+R, in parallel with R,. To cbtain tha output

, cirenit we open the input loop {Ii-ﬂ} and this
places II.'-l-ii'.JI in parallel with 115.
obtajn the following fijura;

Thus, we
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i2-20

 aet \Tn- 0,

LR, R,
(b) Py /x,® V, /I = I ==RX R IR IR

{c) Ay -v;ufv_ =L R,/V =GR,
H tha locop :-I:u is much greatar than unity
than Gyop & if/p.

| -Rat;“-mfnlj
- ReRy

We clearly have shunt mixing, To find the typs

of sarpiing we see that the current in the 1 K}

sTnitter resistor does not reduce to mero if we

H we st Iﬂ-ﬂ than thare is no

feedback current from the output, Thus we have

» case of current sermpling and current-shunt

faedback. 'We find the basic amplifier circuit

without fesdback using the third celumn of

Table 12-4; namely; set Iﬂ:ﬂ to find the input

circuit and Yltu to Iind the output clrcult., With

a Norten's transformation of the voltage source

we obtain the following figure, '

:I':..t. I'I'h.. 10

Hunu.l Age™ Ryl =

R hie R Ra R,
In this figure R = (20+1)] 1n2[/22=0.955 &0 and
R! = 1§20 = 20/21 = 0.952 ¥0. If we neglect L,
compared with Iy

Be L/T = 1/(20+1) » 0.0476
{a) The curreont gain la stablliged. From the
figura above E

i:_ - L Ibz el Ib]_
AI. I Ibz 1 Ib!. 1:
12

B S T N : R
(B! » 24(101)0.952 » 98.15 k02

{1)

where Riz-h“+(1+
from ¥q, (12-58). Thus

b oo 352

Therefore D-HNLI = 1+0.0476X352.3 = -IT.TT and
A
ke SN 1 % 3
Aup - TKT) 15.83
"'f 'IIé
lI' o Hn = 79.32

b} Ay 5o
1 . '
(c) R,=R|[R, =(0,955%2)/{0.955+2) = 0.646 X0 and

aI-'{-lnu:.{-

R, = H.ifl}: 0.646/17.7T kQi= 36.36 0: note that

) this is the resistance zeen by the current source.

To find tha input resistance seen by the voltage




12-21

A1

1o
L[

source af the Fig, in the statement of the
provlam, one would have to follow the steps of

the illustrative problem in Sec, 32 :11, Thuy .
1000 R!

.” R +1006

Solving, glves Rh = 3T.73 D

The voliage scurce vV, sees 1037,73 ),
{d) Notice that since A, is independent of
RLH 4 k0, Ai- gmﬂﬂ .A.I - AI . Since Rn x
: ' L

wa got from Tabla 12-4 R » Rﬂ{H- ﬂ.&i} nm

Aleo, notice that since RL- RQHRL R]'._I- 4 k1,
l+ﬁ.||'s.i
'
" Rn l-l-aAI

R, =Rl IR = 36.36 0

Rot

-R:ﬂii k()

In this exammple we have nurrunl:-nﬁunt foadback,
To find the aooplifier circuit without faedback we
open the output loop to obtain ths hﬁt chreuit
and phort the input node to obtain the uu@ut

.

Ol
' 1
N

g':. "I'I' R,__ R;_;_ Ré * R:. R,_uI-BS
where: R, = 10li91 < (ox91/101 =901 % *‘mkn.

Re=tSllo.L=15%0.4/15.1 =0.0993kn R 4]
47%9.0/13 723.09Kk0 , R=(47fiR,

3090451 =2, s‘::kn., nnd

Lq. (12-58) R wh, +1+h, JRY = 3+{15nu.n993
R 18,0 kQd. Neglacting Iz in Q2, 9'11”.,
w0,1/{1%+0.1} = 0.00662. The current gain is
stabilized and for the above circuit

cl;culi:. Thus, we ocbtain (using = Norton's
sourcH),
I ICI :Illl. ‘Iu
[T ‘r '
R,
4
4% 7 4¢$

%
|

o

"51 Kol L

¥ Ibz I:l I'bl Il
-R
| h . L

(R *“z“ R+h R+n )

. -3,09 2.57

from Table 12-4 D= 1+ EAI- 1+0.00662% 1521a1].07
Thup :

and

(a) Ay = AL /D = )521/11.07 = 137.4
: n
' .35 2.3%
h .A.. S ——— -
b) ‘H"v :4'? Ay G7 FPTAPEE =687
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(c) From tha above Flgure, R

. R"hle'
2.57%3/5.57 = 1,38 k0; thus from Table 12-4
Rua-Rlp“Dul.?:WH. 0. 7= 0,128 k= 125 0 is the

To find
the resistance sean by the voltage source,

reaistance seen by the currant source.

| proceed as in the illustrative sxmryple in Sec.12-1L

12-22

From the given circuit R, Ei'f!l-l.'?
4,7TR!

’
E.u.+4.?

NOTE: The resistance s¢en by the voltage
V = 4,740,127 = 4,827 ¥

0,125 = or Rh: 0.128 ki 128 0}

(d) Tha output resistance Rﬂlﬂ (from the Filgure.

sbove), Noticing that A, i independent of R, we
have A= Um (A ) = A_ and
bp oo ¥ 7T
1.

R R (l+8A,} = = R' = R R =R = 2,35 ki)

{n) H Inuﬂ there is no fesdback, 'Hn.m::. from
the rules In S5ec.12-T wa bave current-shunt
topology and AI.'I'.' is stabilized by this amplifier.
Following the rules in the third colump of

Table 12-4, we obtain the followlng circult if we
use a Norton's circuit for the {nput source.

Ih' I, Iu.

where: Re(R+R ﬂ}I[R_nll.Hn.-ﬂHs = 2,5 k(1

R),=R ,||R'a4.5%0.5/(4,5+0.5}0.45 k0; from

Eq.(12-5B) B‘I'h +l:l+h m =:+un1m 2= 21,2 ¥}
and Rah +(lth, )R = 1+{1n1}n 45= 46,45 k0,
A Iu L Ibz_g_ Ihl
s L2 Ly Ly I
R
1 R
#(-h, oSt ) i
fe R:l"’Riz "R+ R,
=(-100)- 100N =22y w 8364 and
| 4+46 45 ' 25421, 2

Neglecting L, in the output circuit, p= lrfIn=
-0.57(0.5+4,.5Y= 0,1,

Thus D= l4 FAII 1+0.1x83 64
= 9,364 and ..FLI:JAIJ'D = 83.64/9,364 = 8,932

.- _, -
L L -+ ]



¥y R,I R

o cZ © c2 la
b} A"ff' s raal b u a= .AHI % B.932
[ 5 B [
= 17 864
te} RoR||R,  =2.5]21.2 2 2,24 k). From Table

12-4 R = Rtfﬂ = %.24/9.364 = 0.239 M)= 239 ()

The resistanca to the right of the source in the

orijinal circult is R!, and
¥ gpi
1..:%"1:._-i or 0,239= SRy

Thus the reslstance ssen by
"'J". is E'+R;£I 5+ 0.251 = 5,28] ki)

(d} Notice that since A, is independent of R .,
A, = lira I,.A.I‘IIAI- 83.64 und since R _u =

i
an" 0

R~ R 1+ a.Ai‘r- ol

R md.l solv¥ing,

i
R;fl 0.251 kil

1+ ﬁ.ﬁ.l

'B.::. - R‘=z and R:ﬂ- RL—D—— - RL- 16 ®il.
Also R{ @R dl]nL - -an'z:- 10 X0

§2-23 Az In Sec.12-12, this is & voltage-shunt confi-
guration,
wo obtain the figure showm below; the transfer
galn stabilired by this type of feedback is the

tranaresistance RMI

Te I, R

s
=4
RoR R = R

where R=1[1100= 0.99 X0 and
Y Sx 1L 1 I
o o

in) R, » » x5
M Il Il IE Ib Il-

RL-IﬂﬂIb--I.TE .

-100 R
*S5T00+5 ¢\ Bea) Rth (h
Ry g® 5% (- 130)% Top ¥ S22 .236.3 k0.
=Y E
o -1 -2
Eince Ifﬁ -i.EE y, PBm= vul 100 ==10 ~, Thus,

D= 1+QRM= 1+236.5 Hlﬂ-zil?rﬁﬁ . Hence, RMI-

F.M!D = -236,5/3,365+-70,28 k01 .
Y

]
(B) Aygr Vol Vyr 0T =P/t X0 =:10.26

(c) Ry Rih = 0.99x2/2.99 kO = 622.2 0. Thus,
R~ R,/Dw 622.2/3.365 = 184.9 0

100%5

105

Ry 4762

Re® D * 73,365

(d} EL = 4. T62 and from Table 12-4

= 1.415 ki

Thuse, following the rules in Sec, 12-7,.
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12-24

X

{e} Repaating the above calculations taking
v 1 4 I I lb
] . - I <} - - ]
R.n 0.5 kﬂ‘ gives; RM- I T * 5 i Ih 1
: " 3 ¢ .

100 R '
where Ri=h H1th R

10045 ' Pte) R e Y
#24151x0.5 = 77.5 k). Thus, Ry 5x(-150) :

100 . 0.99
105 77.540.99

1410"%x9.01= 1.09. Ry, @R /D= -9.01/2.09

= 5X

X = =90l kQQ, Dw I+HRH -

a -8.266 ¥ . Avfl-ﬂ.ZEﬁ . EI.. R“ ni.

6.99)77.5 X0 = 977.5 00 . Thus, R,~ R /Dw

977.5/1,.09 = 896,8 ()
Rt

Ry * B " os 42600

fny II wa set \Tn- 0, the fessdbatk current from
the output node is reduced to sero, indicating
that we have voltage sammpling., From the dis-.
cossiom in Sec, 12-7 it alse follows that shurt
mixing is nsed. If the excitation is expressed ae
a Norton's equivalent and veing Tabla 12.4 and
the small signal model for the FET, the fcllowing
circuit is obtained, Hence, this is o case of
voltage-shunt feedback and the transreslstance la
is stabilized hera, Notice that
R,=60(|200]1500=42.23 ¥ mnd Ra4t]/500{l20= 13.0 10

(b) F'M-vunl' vn“ -‘ﬂ?[ln-

=-2%X13.0 ?'t. a=-26,0 "h"'l-:. ‘-’p- R I'=l 42. 258 I-.

1
Thus, RM’ 26, 0% 42.25 = 1099, K)

509 °

De1+{1099/500)=3.198; Ry =-R  /D=-1099/3.198=
-343.7 K}

Ba I!f‘fnﬂl - Huenca,

{c) AVf' Vul’\f.f ‘\Fn!E.I-- Rm;\'ﬂ.— ~343.7/60a2
-5.73 .,
(d) RH m leﬂ s -'IE.EEIELII?B v 13.21 ®O

{e) R* = R= 13.0 X, and fram Table 12-4

13.0
R:# - R::fDl 3.196 = 4,065 k1,




12-25 (s) From the rules in Sec. 12-7 it follows that

this ia an exarple of voltage-shunt faedhack,
Thus Rmn\"nfl- is stabilized, Uping the rules
of Table 12-4 we obtain the following circuit,
where R=5[{4.5 = 2,368 and Rt_x4.5/0,5#0,450

al

1+101%0.2 = 21,2 X1 and R I[Riz,

Ll.Rcl
R.* 1+101 R 2" 46,45 ::n . Thua, nm=4||+a 45
3.683 Kl and A= -lun:us 6B3/21,2 w -17.27.

. :rﬂ ) Rl!z{li-hh]
vz .vl Kol
- 0.45%101/46,45 & 0,978, R~ RIR 02.368[21.2 =
2,13 KI. Hencs, R,~ 0. 973::-11' a7Z.13m

6.8 k0. R .= R NI+ BR, "R, /D=
-36.10/(1+0,222x 35;131. ~36,18/9,032 = ~4, 9_&5 .

A .'R‘ {1+h HR

{b) .ﬁ..ﬂ.- '\fnf?la "'-"— 2 RM‘)'R = -4 .006/% = -I'llI 801

{c) R=2.13 xq , RunﬂifD-z.lﬂf?.GH:z:ﬁ.ﬂil

To get the resistance seen by ¥,

B3R!
. if
.H.ua 0.235 = EHRHI 'n—i,;Tr « Thuy, R;I= 247 0
and V_ sess R gt Rig™ 5+ 0.247 w 5.247 %0,
{d} R = R HHHR jwith = lim (R )=
o.f' Rm R . RM
AWR} {1). Now RI remains the

RL-*-
Saine as in part (c). Now, however, R' ;* Ri=

4.5 k02 and Ria. 1+10IR' a 455.5 k0 lmr.'l

R, *R H4=3.965 xn,
L1 72 _ Thus A"ﬂ. h!ﬂﬂ fRu-

-100X3.965/21,2 w -18.70 and
AVE-R'{l-hhhHRu-i.ﬁx 101/455.5= 0,9978, Hence
R 2(-18.70){(0.9976)(2.13) =-39.74. The outpuat
resistance is that of a voltage follower, which
was itself analvred as » voltage-series feedback
amplifier in Sec. 12.8; thus, from Egq. (12-50)

R .+
12 hiﬁ Il_"-E

is not ln.an:l: formula since some sirnplitying
assumptions wera mada to arrive at it, Howeves
it-agraes closely with the axact formuls,
Eq.(11-73), if b, 0 and hh:-:- L, us ls wsually
the case.

Now, in turn, R s

(1). Note here that this

R =

In Eq.{1) II.'hwa is

R |4=s4a 4,

2" 2q 100
= 49450 acd R g R_H1+BR,,)
= 49.45/(140.222x 39,74)=5034 3

R, = na[[;m = 5,034{500 = 4,96 0

Alternatively, from Table 12-4, R ﬂ-m D

Thus R =111 2l s kn

_#{R llﬁunua 032 = (49,45][500)/9.032 = 4,98 0,

12-26

12-27.

which agrees with the valua found above,

(a) From the rules given in Sec, 12-7 we find that
this Is an sxample of voltage~shunt feadback and
An R'Mf . Following the rules in Table 12-4, we

obtain the fellowing circult without feadback:

Bel/V =<1/R'\. R =V /I, Va-R I
1 RR!
RIR* .
P WURIRAR, TRRWRGRY C TEve

RMhRmRR'I[ RR'+Ri{R+R']]. De 1+p!l.M
RmR+RR;*+Ei{R+RF1
ER'+31{E+E.']

Thua, Rlﬂ[‘f RHID-

RmR+RR1+Ri{R+R'l E{Rm+R +Rl HRI.R

(b) If R
lmpli.ﬂer

i-* 0 {am it should fot a transaresistsnce

Table 12-1) and R_>» R', we have

{e) A"ﬁ"f. ?nf\".iz?éﬂ.nnﬁmfk
-R At .
m Rt

| e m -lll-n—l- ¥, e— R-n"' .
R(R_+R4R WR.R' " R 5]11-
m i 1 - Rn.il-Ff-i-Ri-!-
1 _{

Rl B 1"'
()} Prom the rules it Sac, 12-7 it follows that

this is an soampls of voltage-shunt feedback,
and Ry, s etabilized. Following the rules of

. -§‘ " 1




Thus,

Table 12-4 we obtain the following circuit without
fendback where Rx0 1|3 = 96,77 01,
Ry = 362 k02, and Rh-'illhl.- 1.333 kD

b

"Re Xl Rl lbz et ’u _
) ol ]'I:I.

R
Kb 4+h [-{1+h, X ReR y

whera El.ilnhl +{1+h }R' 2+ 101 % 1,333 = 136.6 kil

4 0.09677
Thus, Ry -2x100xg7 X 1O1XT3¢. v0.09677
pm= Iff?ﬁ-- l

3 Tl“ll.l, DII-'I-I RMII
Hence, RM!-RHID-J.SESH.ITB-

=9.533 k8;

1+9.533/34.178.
-2.282 k)

B} Ay~ v [V aY JI.R'IRN‘IR'--LIEZIE.I =
-22_82

fc) a w leﬂs .uaﬁ'rrlllaﬁ.? a 96.7 ()
LOOR!

i W
R AR /D=96.7/4.178 = 23,16 0 = 100(}R = ToG4RT -

Ri- 30.12 i

Thus, the resistance ssen by "'f in lﬂﬂ-!-.’iﬂ 12w
30,1 3 . '

{d) Rn‘-naﬂli-ﬂﬂ ) where R= 3kl ané from

Bg. {12-270 Il m lim {RMI is given by Eq.(1) .
R -

R!
with Ri=R'a3 k01, 1... R = T‘! R = 5[-9.53.31-‘
-14.30. Thus “nﬁ' R /(24 pnmh;f{1+14.:n;3;-
0.520 k{i» 520 0
RipsR “Ik. =479 i

Alternatively, from Table 12-4 R m R!/De

: {E' J/Du2/4.178 = 479 (1 , aw above,

1228

The equivalant circuit of the amplifier is lim
btalow, Sincas :l]-? !h we flnd

A
byeli hl Tl 'r

with nll currents in mA, as usuval. At B wa {find

We write node squations

v
¥ ““"‘m* -1-+—w —fL op

40 " 1.1 40
v'-m.ss vl- 0,25 V_ (1)
30 1 1

0=d 8.43 V4 0278 V_ {2)

121

Solve for "Il Irom (1), ?ln-ﬁ.ﬂsxlu'a?u.
Substituting into {1) we obtain A eV /V =

—_——
-3:.125 . Rup‘?lh' » v-'\rl
B’n

-, 05X 10-%v

- ﬁ.nsxlu'? v,_

o
-3,198

R=4pken.

| +
Y: _ R, v f;"*m

Lk
) G
=

»
To find R, et AL and drive the output
circuit witer removing R --l k{l {eaternal load)
as seen balow, Wa bave RJ?II Trut I.'I'hhﬁ.-
10
1-50 I| and Il IIID+1 =0.901 ', Frox the
putpuk circult we have V = 401+ 1,1 !I-. 40.99 I

and T2 ¢+ 50X 09011 or L« 45.061', Hencs
40.99 -
?u-_-lﬁ.ﬂﬁ 1 or Rnf Vilnm HEU #] .u:d
- . 850x 4000
1e® RodRe " ~T8%

e 728,011 .

12-29 (s} From Eqs.{12-84) and (12-83)

h, R'R h, RIR_ .
im RM' lim (- l::h £ —3jelim ['—-‘-th-l-:h O
F.-" 0 R."* 0 le R."‘ﬂ . ia

- {h) The correct result for Aye i obtained fram
Eq.(12-85), namely,

~“BegRe B R
1im -—'—-lm—-
fn_.u R, "pog R, + B B

This equation can be obtalned by inspection of
Fig.12-19b. With R-- 0, A\"!— ‘Fﬂf'ﬂ"l is the
voltage geain of & CE arplifier with a Ioced R =
RcﬂR".

{e) R: i1s conpidersd an extornal load, the out-
put resistance, neglecting feedback, is R u-ﬂ‘-
40 kfl. Since

-h, R'R _(=50)(50)(8)

Rm'“"‘ EM'R+h 8+ 1.1

w1760 kD




becauss in Eq, (I2.70) lim R!=R'. From
R mw

Table 12-4 (with Rn. RY)

N 40

Rt TH+ER_" TH(0.025)(1,760) X1 %5200

__(890)(4, 000 .
@ Rige R L0001

This value agrees with that obéained in Sec. 12-12,

12-30 (a) If h’.-u, then from Fig, 12-19a,

v

1, = —=
1T RARTY R_

Eince ] £ﬁl then the first assumprion in Sec, 1z-
ls not satisfied.

(&) The. cutput current I with the mmplifiar acti-

vated i V AV
I = ----n ] —-?f—.!.
o R R
g a

Hence the condition that the forward tranamissicno
. through tha feedback network can be neglected is

Irlnll,l or
R

A | £

-"HI_ R+ R'¢+ R
[ I c

Since the voltage gain is at lemat unity, this

inequality is easily satisfied by selecting
R +R'> R |
’ ¢

CHAFPTER 13

13-1 {a) ¥ = pinwt, x= sin{wt+10°) .
The plot of v vs, x is a narrow sllipse whose
major axis is at 45°, When x = 0, y= + sin 10°
= +0.174; when y = 0, x = 0,174,

For gero phese ahift, x » y which reyults in a
straight line inclined at 457,

{b) I the phase shif: in both amplifisrs were the
sama, then x = y ‘H‘h.‘lch is a straight line,
equivalent to xero phase shift,

15-2
Lnput

t resultant

'Fuﬁdamn'!'n!

4

Cutput |
;‘-undnmn‘hl | Jecul'l'nn‘l'

/ harmenic

13-3  Wa are ﬂivun f -31.'1 He lnd 15 kHr,

From Eq. {13-4}, ,AL ' m

fraquency for which the voltage gain is -0.% 4B i»
given by,

1
Iﬁlngtl-li-fiﬂlzj 2 2 05 or, 1+ti;ff = 1.12
Thus =859 Hx, Similarly, from Egq, (13-6}

Ay 1

f2

— ==+ Thus, Eﬂlﬁﬂl-l-fz'ﬂz)l al.5 or

A 2''H '
Vo f1+f§fin

122




13-4

13-5

13-6

Thus,

1+fzf£H='.llZ f-.ﬁ_‘___htl__.

From Eq, (13-4), lA_?J m JH? Hlﬂlez
"‘H
=0,998, IA_an.JH; ﬂﬂ

From Eq. 13-&}.

1

. = 0.995, Thus, for 10f ££50.1
Jmn. HH:-!,M;' L*1e 0y

the gein is constant within 0.5 %.

From Eq.{13-4), &=arctan £ /f= arctan 0.1 #0.t
rad, From Eq.(13.6), Qs-arctan HfH- nrctan 0.1
M «0,.1 rad, Thus, for 10 :lLiff-ﬂ.l II-I' tha
phase shift iz conetant within ‘% 0.1 rad.

Assume that % af or /T » &/2nRC,
| T=211R1C1f|.. We now set tl-szuﬂRIElfl
{ses Fig, 13-6).
Notice that, ms a decreases, tl incremses and
the approximation of Eq.{13-11) is no longer
valid, Thus Eg.(15-10} 1s used from ﬂhinh
Y . ?gtl!nl {a 'm"l and

Ph = ?;PV X100% = (1-a h]x 100%
We want to know the value of a for which

P-Fn
P

P=(ng, /X100%=(1/aX 100%.

and

= 10% = 0,1 where from Eq, (13-13)

»
Thus we have 1-2-- w 0.1

_ P
'*Tfl_ 0.9 "/a, and, sectting Mfa =x 'we have

-I-u,'-}:. We :l'htli?:t the answer

or P*z049P

1-a

to 20lve l-a

x %= 0.215 graphically 'h]rl plﬁttinl L l1-a = and
Y, 0.9 x and setting Y=Yz "Henca m/law 0,215
or a = 14.561 and the approodmate formuls for P
of Eq.{13-13} is in srror dy more than 10% if
tha frequancy £ of the square wave 1‘1 less than

14,61 IL.
From EBEgq,.(13-9), t = 0, HIIH

v = Vile-n HRC} Tl:n:l,

i
iH trﬂn, ]

From Eq.{13-8),

vntt# 10}

80 MHz| 0.0044] 'V
10 MHs | 0.035 vV
1 MHz | 0,35 v

'LH =. 80MHz

}t; Fitﬂ.

123

= J0 MHz

&f

{ = m

——n ', proce-

13-T) From Fig. 13-2a,

138

1o . }trf‘m'

li"lr"
Ti.I 1Rz+\f' -Rzﬂz Ilt

where irL is the voltage across C. I an armplifi-
er of midband gain A, is onderconsideration then
where v_ 1s the amplifier output,

dv v A v

- nj
dt

R R,C., R.C
ituge, vulu{t}.

+ vt
o

v = Ay
e © O

Hence, - For the first

~tiR

2 RpCy c. .
Thua. v_A (e 2 2 yare).

ol

Now let v =v Thus, for the second stage,

ol 12’ 2
dv Z Vo2 A
RZG RZG
The gannrﬂ nlutlun to this squation is,
nz"" 210 10202 ) | p R Cy Tis,
v mA [1-{1+unzcz}.'” R2C2 1 ¥ x = t/RE,

4+/R,C
(1-a /Ry 2,

-3
v, Ad[l-llﬂﬂl ]

2
)M t*<RC, then x <% 1 and a

w51 =X+ :2_ .
By subatitution, vnz'.hi[ 14{ 1+ K){1-X+ IZ—E'} ]
' 2
-f; [1-(1-22)-( 1050 E- ]
3 A::z
- 1 ] = z

-Azp[z-
The time °1 at which v 20,1 f is found from

1..-.. [1-{1+x11a"‘1] where x= /RG

I‘JIA.

from which -:I:.l- 0,532 [‘I:rill and error} ar

t,® 0.532 RC, Z

The time tz at which v 0.9 An

in found :!'rnm D.‘EH: = A: [l-{l+:pz}-'x=] from
which x,= 3.89 or tz- 3.89 RC. Hanca tr-tz-tl-
3,358 RC. Thup, wince fH-UZI‘rrRC.

3.388
tr' 2uf,. qjuﬂﬂ'

H
Intqrpretation: The rise time of the two-
stage amplifisr ls larger than that of a single-

stage asnplifier., This is because the second stage

" (which accepts the waveform of Fig.13-4 sa input)

further deluys the rise of the 2-stage ocutput to its
final value.




13-3  (a) The equivalent tlrcuit model is

first stage second stage

The differential equation governing the first stage

in
: d hd r.hr
Gt Ao VI 4T g OF GtRE A "1 bt

For a un!t step imput vi=u{t],. the cutput + l.- glven
by

-tfRGC
v . ""'g‘ w(t)

Now this wavelormn becotnes the input to the
second stage, for which

© By Y -8/RC 2 _t/RC_
T HRE Aoat B uitp- g8 e M

v is d the form A€ ”Rﬂ I I:IRE_ Subaeti-
-

tu.'l:in: in (2) we find B Tl and A is arbitrary,
Since st t = 0 the voltage on the capacitors are

zero than v = Az . Heance A = AE

{2}

or va A (1= E-E} -t/RC Aztl-:}n (3)

where x = t/RC

(b) The percent tilt P is evaluated at t=T/2, for
which x=T/2ZRC is very small

3 a
For small x, & *a1. HE'_--E.:'“+ - .. B 1-::-!--2—
' u:d Yim A u-:u:-:+= IEJ-A (1 2wbx” += ;z- fz}
AZ -AG [1 £x)
xln 0% o —2— O >
Ag

-Aatl Zx). Finally P- ‘li"

X100 %x2x x 1nuﬁ-:—c X 100%.

Note that the tilt ia twice that of & single atage,
13-10 {a) F3 (13.17), & wd, Dot
- -rm - i CI ch ﬂ:

1. 101 1oz
" 100 *7100 " Too* °% C 0.98 .

h, R
Froam Eq. (13-19), la_] -+ s 160 or
B
R"-'"-!'E-i.-h (1}, Th,.,n.gﬂﬁé_-l,
ng im | . 160
875 . From Eq.{13<21), £, =1/2nC (R +h )

13-11

124

1

{ e b
IL, or .'EI'. p 2 coprs IL. {2).
: 1 3
Thul, R * %o 98x10-Oxgg- 107 = B04 0. Thus
B (1< R 5 875 [
. 100x% 3
(%) From {1}, R. < 15 -1= 818 &

: ' 1 3
From @) Ry > T7%0.56%10-5Es (10 * 911 0

Thus, 911 n-:n': 818 0 which is imposaible.

{a} From Fig. 13-6b, with C.b very largs, we have

R

-V h -
.- s —b8 I8 ¢
"J'n "bhfann R. +hig +z',. » Where Z" is givan

by ‘Eq.{13-15), Thus, subatituting Eq. (13-15) n-
to the above Eq. and solving for the voltage gain

Vv -h, R I+jwC R
Elveas, .A.vﬂvﬂ . RI: RF;- X £ 8
s . 1+jmﬂ=[R‘Rfﬂ+R']

whare

R and RY are as givan.
Thus, dividing A by the given A " given,
A‘b" l I+ku(:‘k

= Thing the gi
A, " LEBT R l+;kuG'[R R/R+R'] § 04 glvan

u&preuiunn for I‘“{P and B and weztl gives

A,
S R WS 117

' 1
A R! +jﬂfr

-] HR

(b} A‘J 1 IH‘Hn 1+jﬁ£ﬂ

A "B WL " BYMTE -

The 3dB
A"l"
frequency is that irlquanny at which — drops to

A
1//Z. ‘Thus, . i@-’-z?—- El

2 fzﬂi
Eulvinl for f gives, = { q.! ! JE ﬁ'ﬂﬁ.ﬂ

If B%<2 then the numerator becomes imaginary.
Thua, the 3dB frequency does not exist; in other
worde, the gain dces not fall as much as 3 4B
sven at f o 0,

2
e B *> 2, then #» B"Z“C;R.a'mu"p

{(d) The mangitude of I.Avfhnf in decibala is
glven by

A
]
20 Ioglf'a-ln log( 1+ "E—HZQ log l-l:t'i—}z
-] 0

=20 log [1+{3—)

%

The first tormi represants a horizontsl line, the
second term has ol asymptote passing through
kfu with a positiva slope of & dB per octave, and
the third term has an esymptote pasring through

E-IP, -with & negative slope of the swme magnltude,



Thnnl_lin“ are shown dashed in Fig. 1, and the
ldealized Bode plot is obtained by adding the three
asymptotes together to form the shaded-broken-
line continuous curve, The smplitude responss
curve for the amplifisr of Fig. 13-8 ia plottad in
Fig.2. For sxarmple, assuming B..an_ 3:_11{, c'.':
100 4P, h, = 50, hit- L1 K, wand R =2 K, we

fa
{ind Inu 1.6 Hx and fﬁ' 76 Hs,

- l l I'j' i i/ estaw
. g3 Y
enn(: £y
T TN =T
Fia. i *\

™
wt e f, T] ‘},uii 1,008 f,

Fly. 2 The irnquency responts of an amplifier with 4 byposed
wither resistor. The owmericol valwes correvpond te tha com-
ponent valees given ohewvl,

13-12 (n} The egquivalsnot circuit is

=R E.

V_s-R 1'n+B.L+I-= b, 1,. By letting ReR}R,
~R R h (R.R /R)h, s '
L e fa
Vot mu.n " S+1/RC L
‘H"“ A. & .
I'b --l-lll'.ﬂ ﬂi:hhnlthu!mn!liq[l!}

Hance fbul'flﬂlll‘.ﬂ = IIIﬂClE=+EL]

125

13-13

1314

&) From Eq.(13.13) P »

1
le 3 3 =2.65 Ha

2Xi0 CX6%10

s ?
1

X 100% =
mx 2,68 _
200 X 100%=4,16% |
{e) £ = MX2.65X100/2 = 416  Hx
{a) From Eq.(13-21), :IL- IJ'ZITC‘"[R'; +Fl;l
e172mx 520" %% (3% 10%42% 10%) = 6,37 Hs

(b) From Bq.(11-3), || = Lfpie, /6% or
o

20 1n.;|% | =-10 1q{1+ubmz. —12
L]

Hence, for ILl 5.37 He, 2= E 6% Hs

{a} The squivalent circuit of the given stage ls
indicated, Since r d >>R_ + Il.. it can bBe
R
: .
" JwC_~ " R .

g

-
Then we have ?" g ?"r...aw or \rl - Z
-g R I

m L
- V_ hence
L I-Iumz. .

L
neglected, Lat Z l!l.

But '\Tul -;mvl_n

v B R -3, R {14jwR C )
A s 2 L L

"o". " £, F. Hgmﬂ_-l-.'lmﬂ-ﬂl
l+ijG

- 'mRL {1+]w R'C l]

(+g R} @R GC ° Since the midband gain

I n H'+J BB ) _
Ay 1 IHIHn

1+:ml-'~tll
{for w~m) is -g_R_. then, = "
_ m L Ay IR R et/

1 Hg R,
where £ & Zne R and £ * zncTn
D
—
( |
T RLz"f

; m
(b) Frem Eq.(13-13) P w» —E x 100, I

| l+g-R -
.
lmll.. » 1 then, Ipll ._“E-_ZHG'R‘ ~ Iﬂﬂ'
Thus, P = 10 = ﬂlm! mwzm':.:, or,

EHIQU -
C.” Tx60xio - Z30HF_




1315 (a) C.= 0.00807/Rt= — 00807 = -g-'ﬁ{-];l X 1u'6r =

mx{m"akmm
G LS D 8,07
r =—rall®! Q.E.D.
9 @ + 5
V "'(> aE o 3% 13-17 (a) Ry,*L5 k0, R,,=h =2 kN, A =ch, =-100
i- - ’Tc ‘ -h R -
$ RL2 ‘V:'-' From Table 1l-4, %z-—f’—-ﬁ -Mn =75
. k 2
&
- N - (b) From Eq.(13-21), EL-IHTICh{R"+Ri] whera
~ N ' Ry = 1.5 XQ and Ri= hhllsnﬂﬁu- 2]|30= 1,875 k0
Omitting R sod r, from the circult, we 'uhtil.in Thuas, Gb-'.lfzmtluxil.!rl-l.ﬂ'?i] = 4,72 ¥
‘the shove network V_ =V, .V aV .g V ' /80 nf. .
v B 4 Ten 4 0m & (c) From Eq.(13-13), P = —E-E X100%. Thus,
vV s—to vag v R A==—2a 5 x200 _ 10
ge” Tag_JoC Vo Im [T v, T g, s ZEE00 £ 10 yonce,  from Eq.(13-2D),
“EmPL, "B S -0) - 1
i+g,/3C," B4g_JC, The serc ls O and o “e* 2AOK(1.571.678) = 481 UF
Ry 13-18 (a)

the pole s Emo"ZHU.. Sihce A= l-j&mfzﬂﬂif
ﬁf;?:t_ . then A’ﬂ' "mRL snd fL."ﬂ.'.l.! ZH'G-

il

oy

&
v O “F v

YR YV
~ K __ o B :
B.flhﬂb H"'lmgcb

The ioput is now "Fi-

(b} For any stage sxcept the first, tha squivalent
Az¥V [V a _v_“ X ?i - "'mRL. % S clreuit is, from Fig, 11-27,
o' s "'J'i V‘ l+gmfﬂl §+-1fﬂlﬂh 3 R Cb

where the value of V_/V, s teken from part (a). | e I —M—h
Note that there is no interaction betweon the ' CL E‘"‘S‘
blocking and bypass capacitors, as there is in the a“y R 2 b V R
cava of the BIT amplifier (whers G: is reflected . 35 l"dé 2Rﬂ 3 3'“35 R-&
&8 & capacitance Gla"{li-hhl in peries with G.b]. | l 3
Each tero is o, One pole is :mfznc. as in
PArt (a). “"The othar pole is ”zﬂngch‘
13-16 Here !L is given by Eq.{13-21) with C_, l;“ snd whara ?“ i the gate-to-source voltage at the
R replaced by Cov Rl and Ris respectively. previous stage. This le of the form of Fig. 13.1
That is where the resistance in serles with 1.71._\-('.1:'L is
' -1
fp= [2nC (R +R} )] =1/2nC R | R,® R+R whers R¥r [R,. Hence, £,21/20R,C,
Now ,: | 1 577, sod we want 2 UZHCbIRE+R}. For the firet stage, the left-
o [1+#LH} ] hand nide of G, Ecos to the signal-source re- |
|A/A | = 0.95 at f60, Thus (0,98)% —2— sistance,
1442 f60f (¢) R = Ryllz,a 12]l5= 3.53 %0
of fy= 19.72 Hx. Thue 1/2nC R'= 19.72 or  ° | Row 0.5 M= 500 k0.
126



2

From, Eg. (13-4},

|J+1.- 1;./'1+11L;:}z or
- ]

20 log [f!--lulug[lﬂlbfﬂz]. For the given
.
specifications, -0.5 = -10 log[l+(f; /20)*] or

ILH 6.99 Hs. Thus, from the rasult of pl:l.'l: (a)

| €= 1/2 7% 6.99 X (3.534500) x 109Fa 45.2 nFuo.062pF

‘1319

13-20

13.21

13-22

{e) At midband, A

1,38 %10

(d}) Fq; two atages, -Zﬂlqg[h{fLH}z]--ﬂ.E. i 4
f= 20 Hx, fL- 4.9 Hz. Thus,
G, 1/2mX4.9X (3,534 50010107 F'w 64.5 nFad, 0645 uF

..gmn-.sx 3. 53:-1'? &5,

ot nz
Thus, A;A * A

al oz " 311,52

(a) }An[ = g R where R= "a““a" 8|10 4.44 %0
Thuw, ]Anl = 3X4.44= 13,32, Gnnv_iﬂinl this to
4B gives, 20 log 13,32 = 22.49 4B

Thus, the overall midband gain for thres stagas
is 3 %X 22.49= 67,47 4B

(b) Proceesding as in the preceeding problem we

1 1
cbtain f_= . , N—
Lo ZRR 4RIC, ooy 444200)x1670.005%10™°
= 155.7 Hx
br.} % omh
From Eq,{11-67), B.""3f  * “ZEmv® 192 mA /Y
h . '
h 100
Thte By "oz " 5210
Fp b - £, 3 1000-521 = 479 0
.
bla _ 521 . _. )
Tvie " H _41'1 5.21 MQ . Rce hu. “*"u"uc
re 10
a4x10"5-101x 1:92% 10" '=2.06%10"° A/V. Thus,
r =ljg = 48,5 ki}
ce ce

From Eq.(13-.28), G‘ ~ zm)"?.ﬂ:[T- 192X lﬂ-skﬂllﬂ
xlﬂ’f 32,06 Al
Gu‘h- l'.'.'« a2 pF ,

From Eq.{13-28) G & g_/2nf,. From Eqs.03-23)
and (13-27), C_» l.':'. = B wzfzn (13,

Substituting (1) into Eq.{13-28) gives, W=D _/nf,

P

Teble (1-1 ). Hence, Wo= 13/nx300x10%
-8 2

For a p-n-p transiator DB-D =13 cm fur.., froxn

, or, Wa 117%x107% cm= 117 ym

{s) From Eqgs.{(13-22} and {13-27), L‘: ~ G
lmWZHDB. From Table [l 1), DB- 41’ cmzfuc
’l:w {leu"‘ﬁx 15F
"'.l' ZD 26X 2X 47

= 24 5 pF

= 'gmfzrrt.r-xnf?rxzﬂ %€
'HHl = 374 .8 MHx

Siocs §,7 7
T

(b} From Eq.(13-28),
Thae,

. ~ L5f26x2mx24.5%10

13-25

13~23

13-24

X

| ' h
From Eq.(13-32), |A, = ﬁfﬁT or

ﬂ .
20 = 100 . = ),02 Mix,
J 14(5/25)%

From Eq.(13-34), .'IT.H hfl!ﬂ a 100% 1,02« 102 MHx

From Eq.{13-34), G- = Imfzﬁf_.r" Il:fszﬂf'I'
= 3;35!3““1“31‘ = {80 ﬂ-

Thas, £ 3

VT 11 llﬁﬂﬂﬁﬁ

From Eq,(11-67), Pie h }'I =
w866, T (1. From Eq {11-&7}. 'h'h‘. hin ble =
1100- 866,7 = 3§=3 {1

{m}

Since C_» C .m Foig ™ Tppr fhen 1, G Wy G

‘Hence, the output time constant may be neglectsd.
In other words C_ tay be removed from the
circuit, |

{b} A

~l . ‘H‘
‘b‘i LA +.|mc:

i L
. 1

"m b'e
. -1
T e R,
imf'm'l"b' + Tore’
' h f‘h|. ) hfﬂ-
th WENSE T VI .Hjcuﬂ‘ - hegt THWC vy
f{1+h!. a,
1+HZT|:EG Tyre! VtBe,) N {375 )
1+h

FA 1 E.rb‘.

Hance, Ai‘h -

Since gm-h I

A

'wheraﬂ.u- and f =

hye

1+h!a v
h

P R . - Y

n
& a, anC.r., = 2nC.a
B h, £

m . o
From Eq, (13-34) !ﬂ= 7 G b - . L= .

» In o

%o .
Since ”‘u“‘_"hh}'h o' or = hi: and f“-l-mu

{a)

B Fow’ 2/ . O

11
L ri':.'e? Ce+C (1K) d%;s{: R

-

E




Note: C_x(K-1)/K=C,_ (slnce |K|5 1) of the
collector circuit is neglected Lecause the output
tims constant GERL'H:'H'[G +C _{1-K)]» ioput

time constant, At mid'b:nd, I o - ‘l.'ﬂ B'e =
' 1.
“$nliTptyr  TRNS "“1 ':_"" Thie" “Dig
(b) IL- ':n ‘b'u '-.-kaﬁ whare Cul +G II.-KI
: r ) v
L~ -}

-C.-I-Cﬂ[!umB.L] h:m,u K I "h-. =~-g RL

L "

__:[_.,___!m bacause
A I g.b,.+_h1c h%ﬂ ol
£ Do iy, . Amad whaere

b ! $hte

‘H - Zfrcrh' “ 2ne

o Bble fﬂﬁ[ﬂ +C (l+g R L}]=
From Eq.(13-34),

{e) 'Alotﬁi -
8., /2n {u-q_-c_:lcr. I+, Ry )]

x ~ Bt & 8.,/2MC +C ),  Thus,
| £,{C_+C ) £
. |
| “"‘Io B [C+C ¢z1+imn§_| 1+[c¢gan;[ci+c=}f
iy
14276 C R

13-26 (s) Replacing L in paratlel with R_ by its
Thevenin's equivalent gives the followlng

equivalent circult:

Rs B M 8

Note: Ec{R-IHK of the collector circuit is neglect.

od for tha resson given in Prob, 13-25, At

IlR
bl
Iﬂlﬂhlﬂd, I . From E‘-l- {11'57]-
vro Ri+r'h'b' ple |

r‘hb'”‘hl -hl.- and, h g h' . Thue, "ifb,
e A o TV I
'[R +h1au o Il II. B’l'l'hh
®) o ]13-31:-

bt ll R -l-r,hb.-l-z .

Ap L. "'ﬂvh‘h"‘mnu. TR e Ty

11 l:]. Ri 1 ‘b‘-ﬂum;
zb'n

Incldentally, nots that Al.

I m
wharws R. R'+r

pt = MG,

and CHC 4C (1-K) =

C +G {1+ImRL}
o K A

AI-E;I‘—i-!' C w .80
e I+ 'L'—ﬂ, Yooy LeJ/1,,
. *

G+ g
s _bls 1
where 2 50T " ZwRE

where R = R " 'h'l -h. B

1
Gpt by

.- - R .h‘ R
e " T
"I“ Ppigt Rt T SR

h R.lrbl +R +r ‘1

(e) II‘1-:“"‘1 |"m+hl jznic ) uu

as in part "a ,

Ry T et
From Eq, (13-34),

Thllll, I‘H'AI.:J »

Racall, h!-lm blg'
fT L hllf.ﬂl- l;_-nﬂ“fc."":.,}f _
R. "1" znu:ﬂ+cn}

" Zn[C *C (Trg RN

R .+ r‘h‘b‘

Ry i

R.""by l+[c=lmRan.+cc]

R f R
s . T " 5
R .-I- rblf 1+zﬂ;!.r ELGE R'+ rbb,

5.
Zn[{‘.‘-;t‘:ﬂ{ l""mRL} ]

4

X

13.27 Ii} There is 1 independant anergy lturi#g elamant

1328

{the capacitor), Thus, 1 pole. Ay v

. Thus the nurmber of zeros = n:n-:hur of

polas = 1, v

(b) 1 independent capaciter, thua there is 1 pole
?u o 1. ae B 8,

AV, T s

serog is one less than the number of poles.

Hence no zeros. '

{c) 2 independent capacitors, thus l'.l:ur- are 2

poles. As » -I*-, El becormas lh.ﬂ-l"l'-ﬂ.ﬂ and the

output falls toward serc as 1/s due to the shunting

action of C3. Thus, thore is one less zarc than

poles, or, 1 zero, |

(d) 2 independent capacitors, thus there are 2

poles. As s —a, the output falls townrd rero as

1/s% due to the shunting action of C, and C,.

Thus, thare are 2 less meros than poles, or, no

RATON,

.n L]
_""E'r an

Thus, the numbsr of

{s) The gain, A = .&uffl-l-{_ﬂﬂp[]][!*l-{jﬂfpzl], Thus,
zologlA| = 20 log ]A. l-lﬂlng[ I-I-!z!t:l)_

lﬂln;{lﬂ'sz ] 20 luglhin 20logl0- lﬂlug{l-l»lsz}-
10 Log( 1+tzf4uu1 Using the abovs, we find the




following ]Ibintl;l : ap 1l/s, due to ﬂ.. Hencs
| ' (nummber of zaros) = (numbsr of poles)-1=2-1=1,

{c) To cbiain the actual valus of the zero, s,
wa note tht at this frequency the current in RL

£ 30 &0 100 o | and in r  is zero (bacause "flﬂ']
201og A | -0.80}-1]1.61[-20.18 cH

Hance I = 'm?'h*. ox

ol {'uc=+ r.h,':] bre” BmVurg ¢ 91800 Vot Vg
- ° (bacause vn-v“-n}, wa bave
Sea"bpre

ﬂc=+"h'n- By and ae

13-30 {a)

o4
v S

+
- Y,

Iﬁkﬂlt F;""H}"{’l or Fuil,
It would probably be better to sclve for the
general case (for gny !?1, £ p2 such that { ]ﬂ'- 'Pl}

Lat .K'- B. gtr

w1/G' , Thus, squate the current
Then: bh! . - ,
' ) Gl v tmrd B' to the sum of the currents
(v) 20 logF- I--E--lﬂlbltl-l-!zﬂz )-10 logll+iz!16|l:1] " leaving B
or us-m[{mzﬂz umzuu:ln - QLY 8[GL4gy, #9(C +C )]V, -9C V(D). At
, 2 2 - _ sode C, the sum of the curreaty leaving C is
or 2= k=5 M T sero. O (g, -sG I Vy,, +V (-L+-t: J @
e, A 64, - Ry
' (b) Solving (2) for V,, and .uh.tmnng into {1}
11 £ 2
or A’ LEy1a 0 §tves V (g +0C )
1& { 16 ¢ ’
M 'P1 Gy -[Gt+;b, +8{C _+C_}Ix “r - Y 0)
- 2 I B e e ¢ o - e o
Siolving fox {ﬂfPl} we bave (/)= 0.894 or (8C -8y, )
e 0.946 4y or { is sbout 5.4% smaller | Selving (3} for V [V, gives,
than £ vn -Qi R, (g, -#C )
pl | - --..-.
13-29 (w) | | {G‘+q;. +3(C +C }]:lhlﬂ Ry )=9C R, (sCg )

. Multiplying the dencmisstor out and collecting
tarma of lz, al and ln.. glven Eq. (13-38).

13-31 {a) R wl +r.hh,-5li+'lﬂﬂ-15ﬂ i. Thus, G.'lﬁ..ir'?-lﬂ-aﬂ

xln G‘ JC =6.67 x10-3/100 x 10-1%= ¢ 67x107

5" 4,/C -5uxln'3;3:m"“- 67%10'° radfs
Thn poles, i ;nd 5,y . BEO found by solving iu:r
tha roots of thl denominator of Eq. {13-38),

E Let a» CCR= 100 x 3% 10" 4x 2 10w 6 x 1071’
b} Tha two pol ine have two in-
(b} e aArs poles sines 'we bave in Let beC +ﬂ +C RL{l ' ie, +G'}
dependent capacit ors, . .
To cbtain the numbsr of seros we lock st the = 10310 m+3u 10" %x 2 x10%(50%20" +—3+E.ﬁ1ﬂﬂ'3
- 1%10

blhl.ﬂnr of the clrcult as » =+ *, when ﬂ is
s short circult, The output now ﬁlhtmrd EAro

a4 4910710
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-3 ‘n3 -3 -3
I."t cC = G;-bg:b":&ﬁ?!lﬂ +1H1n -T.ﬁ'?xlﬂ r fl :b'; - ln _u o uiaas ]\mﬂ ,
£ L ém 2% 1x403X10
-0 & -"‘ﬂ . i +lb'|
Thus, oy 8" 24 (b) From Eq.(13-48), Lm—"rm
. -3 .
-4.49%1072% B 02x10-19 ax6 x10"22x 7.67 - L 200107041072 L RUw R 4n, =140.1n
) -19 - 21 X 403x 107 | bb
2% é6X 10 . . .
. ] : 1.10 k{1 and &' = 171,10%107=9,09x10 = © .
c4.49x1070 5 4 28x 20710, ’
= : . 8 ‘Hi 0. 754 Mila. From BEq.{13-42),
1.2 x10 -
5= ~1,75 x107 rad/s - . "mﬂ o ”ul+‘b'-
Ave THIETE)
B
'Z- =T7.31 %107 rad/a Em-ﬂ-. EI
th % 1Ayl 5 172 At Ty
(b} FrornT!:q {13 3'5;’3 wi 8 af A s » (GI"'S'!J‘ HIHHIHI ]
-b.6TX10 % 1.6TX 1D
15 = -BT-“T _ 3 _{
1,75% 1.31x% 10 . 172 T 50X10 X 2X10 X9 00 42,18
: s -4 =3 [4 ———
“""1 (9.09%10 410 “}1+(0.395/0.7%4) )
(¢) From Eq.(13-39), iAvlﬂcl [ ] .
"1"""’ anﬂﬂ 1 13-33 (a) m-a +r, =1m- From Eq.(13-40), C »
. G+,
: | 1z G +C (Mg R.). From Eq.(13-48), £ =—2—2
. 6.67X10 an 79x10° +{2rr] x10° 1 o “c " tm L L
- +
(3.06x10M+ 2mPx 201 )5 3400" ﬂznm},} ¥R 20,0, = j:gp% . Now we need the value of
= M or 20 Iﬂg B2.0 = 33.1‘.3 dﬂ. F:rﬂ:n Fiﬂ.lﬁ"l?. R. such that PPIP ztl-r Th“.. E.{Ihh|+lb"ya:+‘b|a
Avt?.E.S dB in excellent agreement . . :
K (sg-§uy) . O ““‘“’ 'z 450 X100, H
dy F 13=-3 A or G'= 4, ¥ 10 . ence
(dy From Eq. ( 9 v {s.. 'jml“' "1”1} 'Hanrin Ci'+1ﬂ .
wy w - |
the phase ¢ of Ay= -T+ arctan(- ——jarctan — B/G) = B = 222.2 = R br, 3R _+100.  Thus,
| u 0 4 R = 122.2
+ arctan -;1— Since 'y is Ppositive and * and s, | 1 .
2 2rr % 105 ‘)M R ww, fl=> E Thus, we need the
are nagative, then @az-Tarc tan 1o - ' . n |
1,67x10 value of R. such that ‘I-I' H.h .  Thus,
b 6 . -
arc tan-g-v—:-m—.? ~aATC hnm—'a— 3-{G'+g.b| ”!'bl = {G' +1ﬂ-3]f1ﬂ-3 or Gt = 10 3 Q.
|
1.75X%10 7.31% 10
. 3 Hence, 1/G'aR!=10%R +r,, =R +100. Thus,
Frr4(3. 762X 10°%43.447%107048.595% 10 " )rad] = R =900 0. Thu“ salues o R do not depend
-mr=0.354 rad =2.w-0.112m=-1,117 .
upon R, .
13-32 {a) | 13-34 (a) From Eq.(13-2B), . e ﬂmfZﬁf.r'
— B Bf | . B0X ln'?'mwxaunx lnﬁ = 26.53 pF. Recall, Tuig ®
1 oA - |
L Ny by /8, % 100/50 = 2X0. From Eq.(13-40),
3 = G=G.+E¢[1+:mRL}IEE 53+2{ 1+50x0.6) = 88,53 pF.
+
be G+ 8pre
_ From Eq.(13-45), IH-W where

eRlaR +r
B B

bt Thus, G)ef, x2rC-g =

1
Gt
.

b . -1z -4

CWC +C (1-KmC +C (l+g_ R }=100+3{1450x2) o
¢ « o tm L | ax10°x2nx 88.53x10” ¥ sx 1074173107 U, Thus,

= 403 plF, |
. IL '.'mv‘b"q e “R} = 5'?5 R T 2R +100, Hence, R a478
AI?'_I:= rl . li'vh':{"b'u.'-'c}' Thuns, G‘ +1- LI : u
o
BT (1342}, A g R, .G/IG+ +0
.ﬁf-;mf{:hln-l-lﬂ}. Since 8" hf;“b'g" (k) From Eq, | } "U".,: Em e’ My Byta )

-h =-50% 0.6X1.73/(1.7340.5)=-23.27

=h
- —it
ASTacTan,g © TROEILY - Toer
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\"“-HY where 1= short-clreuit

(a) K = V_ [V o |
current and Ys1/R, +jwC +jwC =[1+] antc;cI}]f

RL and 1= -gm"f.h,!. Thus, K =
Ry, “8pn R
'b'n}r;jmlt ©+c 1] " 1+J-‘.-JB. C¥C )

~ -,
Ve
(b) This circuit has two time u:nnltu.nh; R, {C -H':E}

and rbl.[ﬂa+G¢{1+ngL}]. If R {ﬂ +G J -
rb,.[c::ﬂnl 1+ImRL” oF ‘h'nRLml’:c:] "'

[G'. +C [1+g RL]], ‘H is determinea by the larger

1 1
ti:m: constant or f _m™ =
H 21T 27 RL{G L+ GE}

13-36 {a)

Ti beg RS iha

From Miller's theorem, CaC "HJ ot 1+lmEL)'
100+3(1+50x1) = 253 pF. Applyisg Thevenin's
theorem to the left of B gives,

140 1000 &
4%

03O T

r

Applying Thevenin's theorem to the left of Bt

gives,

whers Bfl.![l 1=0.524 k(0 and ‘5'1- E%'T‘{:-ﬁ% -

0.143 u(t). Thus, the loput eireuit time constant

13-37

ls Rlﬂ = I).!»Z-i!lﬂ3 > 253 Ilﬂ.m- 0.133 Useac.

- -tf0.133

Thul V1o 50,343 (1-e ) with t given in | sec,

Hence, V. =-g_R_V, =-50x 1%x0,43(1-a"*/0- 133,

m L bla
".-:*! 15(1- -t /@, .133]* |
{b) The time constant of tha output is RLGL::
10°x 0.2% Iﬂ-ﬁl = 200 us, 'Irhil:h is > the input time
conatant. Thus, V oK B L ble =-50%1X

-tf200 -t /200

0,143(1-&
given in e,

Jom -7,.15 (1-e } where t i

t node Bt. - :
{l]' At node : 0 = G'.W; \".]+-Gc?i+{g.b,.4jlcej
(Vi-Yph on Gy VI[GL4aC 4G iy -

VJ‘;;.‘“Q.] which is Eq.{(13-55). At noda E,

'- L] L -
with V. =sVi-¥ | we have, lﬁ'{ ?‘}H'\"a ?;_](:C-}

blg ". &
+nGL?'+?'!RL-0, or, Yi{-g-lG.H |
1
Vn{g-l-nGE+IGL+ EI._. ju0. which ls Eq.{l:!-!'r&].

(b) Balving for V! in Eq, ua-sﬁ} snd gubstituting
into Eq, {13-55) ghrn:,

C +G v G'll- +als +0
[B*I + 1] ol hyre s e !

A\

{g + sC } -
(B g+ 9C o)V o (845C, 1 s
{I -G o
Y
Thue, 2 =
Ve
G'il+ic ]

R R T KPR T
Collecting coefficiants of the powers of = gives,

el
[

G (g+ lﬂql

F1G,C, +G; G +C _C #u[C (g, +G! HCLEG'd-;b._ HC (8+5)]

O

13-38 (a} From K?l‘.q, '\?- Ibl b‘b' Tole +R }'l'l Y., R

m bhla L
Sinece 1." 'lbrhl . "F Ib{R +r 'b‘h' b,' RL
+imr'h'u L’




lkaull, 8, Thig” b, 8894 b b‘hl Yl ¢ Thus, ' . Hence

- ~ 1 ] 1
Riﬂ' fIb- +R: “"'ht ] K= ZriC, __1+IHIH
: 143 .
g
(B) R eV _ /I . With ¥ «0, I =g V,, +L=

& lm"'l-h.l

t1+he )L Ib"v-"m-""uhf‘"hi.",v-*' (R +h ). where {,=» ZnC, " TG,
ro)V . :
'-
Thus, 1gc® {R +h Ty v Settag Ry =% 13-40 For R and C in parsllel Z = —he—
- V., ==g T ==h . Thus : 3 L)
Lk Yote” Fmhie s "oh . | Let Zs 10 — and 2z, 10 :
142,09x10 '» 1+4.03%10" ' .

0 s Ib{1+h£.}. Thus, Ib. 0 and vﬂc » vV,

a
{1+h }"in"' 14+ hfe

(Rth)  RoR, in Fig. 13-24. Thus, V)/V sZ /(Z+150) s

m%;hg.ug:ﬁ 107 ") . 19°
1504.[1u3;u+z.n9:1n‘7.)1 1 15X10°+3.135%10 O x »

Hence, R:'\T‘ﬂ

{e) By inppoction, these wvalues nre conalstent

with Table 11-4, Let the current in the 100 (] resistor between A#)

13-39 (a) From the circult shown we find: and V, be I Then, la-g VX z:;1u3 |
-V-; . ZxX10 +lﬂﬂ+?..z
Vi. L -” ‘ -50%2
N Ce Thus, 1/Vjz ——== S =
2.1X10°4]1077(14+4,03X 10" ‘% 8)]
— 5
Yy, RESPILIT
E ™ be 3.1x 10°+8.463x10 %x s
0 -+
V.=2Z,1 or, V_{V= Z 1}V =
3 2 3° 1 27" 1
| V ) 10 o =100-4.03x1075x s
R (= Ya et T 3 4
. L l 1+4.03%10 X8  3.1X107 +8,463X10 " Xs
-——————-I—-—— ' 3 -4
c. 3. 1107 +B.463%10 " xa
. & 1
1 RL = == sz'lﬂsn.lnﬂ_ Hance, "J'*' v :u:,w,3 xv =
YV «IZ_s]) - wl = C or : ?3 m 5 1
L° L e, — WWCRy . ' 3
R, L R -~ 100X =107) y 10 -
_ L 3 -3 3 -5
L = 3,135x1
v (v} ?.}[gmu.b,'ﬂmc.] T+ %G Ry | | 3,1x10°4+8.463x10 "xs  1.15M07+ x10 “ %
R 3 8 %10}
» (VY ) [g+wC ] 1+wé“ 32280, B.090x10 I s=j2nt,
L 142, 730410 Xe 142.726x 10 x»
Wa have
_ R R TF*N 2805 = which is ir
L 1, | [1+(3¢/5. B29x10° J[1+(J£/5.829x 10%) ]
Vel eniwC pgec r_ FYilBHCo I w, o
Ry, closs agreemant with Eq. (13-70)
v, (e BWC Ry @HWCR, 13-41 a)
Rely * ;.
1
Vi gewe )L ‘*5"’“1."1.‘“!*3‘“‘3-:‘“
1+jG Ry
GE GI
gR L{ 1+ jo _E—} gR I+ @ I
= |
' 1+IE H’L

['h}l"'ﬁrilil. Mlmdﬂ :I-G we have,

]+j¢u.€1

E1..

z
Since Cp G then the imaginary term in the
denominator ins muchﬁlun that in the numarstor, -

K=

I+]w

)




(¢} The squivalent circuit of Fig. 13-24 can be
simplified as Llodicated, '

3 3
Zym - = s 2, and Z,= 2 7
142.09%10 s 1+4.03x 10 »
v 3
1 10”
Thnq v -l 3

s L.15X10°43.14x10 s

2x1¢3 -20%1,0+2,09x10" ')
e —— - v

""'-I L'4 v
T "my zulu’+zz+mu 3. 100004, 39x 10" 4 1
Va i | L]
1 -10
and VaaZly or 5 =Zp o= .
. Vi V1 aax1d44.39x107

2x10%  _ -103(%s4.0300°T)
2x10%42 4100 3.1 x10°+8.46x16°%s

Ly" =8 ¥y

v
5 L -10
S T

3 2 V¥y 3 10048.46x10"%s

5

E

- -;mxnm""- 10%, Then

c W

s ¥5 Y3 V)

1~ Jo5x(-10%0
3. 1x10% bl A ac 4. 990 0% e 15005 334 107555
103503, 1x3. 1 x 1. 15) "1x 20~9 '

e 4 e 1— )
0.366x10°  0.706x10 0.366x10

-n':{ - -n:lu-v-':

x:L:
v
|

¢ 14+

‘ 90, 5x 103
(4§t 114y
0.883%x1¢° ~  1,12x10 5, 83x10
13-42 The input impedance is given by Eg, (13-7Ba)
Ytn 'Y"H, I-Al-jalz}"fid

- j:ucle-A.l}th‘d_-JAzllmﬂﬂl
= wARC gHe(Co HI-ANC ]
1
- "R"‘"; +j‘.l.'l'cl | *

. 1

- Ri- oAC Gl- GI.-HI-AI.] Gld
: 2 gd

13-43 For {z 100 Hs, ws have,

- N n —
Y - pc'_-jzmmzmnm a {e51m0" U

g )

2 -12 =10
Yﬂ'ljtdﬂdlljlﬂﬁlﬂ X 1x10 T =]6.28x30 " O,

("IWC g 10%x2_5% 10" #a11.57x107 70,

Ilﬂ a3 w\':-d# 850/20=2.5 mA/V.
84 =ifry aij20216°2 500 U Xy s4fRy= L8 T,

Y

. From Eq.{13-76)," .hvn

-2.8X 1072413 $7x10”

"m"'Ygg

Y gt 4ty :1-"'?' d

-2 ;ugu'aﬂl,amu'“ ' '___

1.11x16 2+3x10” "’+3ﬁ.z 8x 11.':'1':"1-;11.5'1':«:1:‘.*"a
=9

6. 11x10 0 +92.2x10" 7

The } terms may be neglected with respect to the
real terms, Thus, A¢-z.5n1n'3m.11:1&-‘5--40.2:
The input capacitance i» given by Eq.(13-78).

Thoa, CyC_ +{(1-Ay)C_ m4+(1440.92)x2.5108.0 p¥
Ri = W |
Repeating the above calculations for f = 105 He,

-6 "7 Y
¥ =2.51x1070Y, Y, =36.28%107'0, ¥ =570
Ay -2,50" 2011 57078 | -2,5x0 %x 105

6.11x10""432.2x10™° 6.11+30.22
_-2,5x1fx(6.11-10.22) .
37 38 ~A0 8641147 . Wa sas

that for higher frequency, the capacitances raduce
the real part of the galn slightly.
Frem Eq.(13-78a), ﬂl+jtuﬂl-jnﬂll+lI-Av}ﬁjmﬂld.

Thus, Gilinfxl.l‘rrz.!ixm'u. At £10° Hx,

G,=2. 31X lﬂ-ﬁ U.I Hence R,= & =433 k(] .
i i Gl

Cpa 4+(41.86)2.53 108,65 gF,

. "::n"'Yld
{a] From Eq.{(13=-7T6}) A, =

| | v Y HgtY 4 Y g
Now, since g mﬂﬁ l:;l TLilfRdHNCd

=G, 4§, A M =
g +)Cy v G e RS T FC Y
5 1 - Avyg

- - = wharas

“atly 1epzmcRry 1+3t/4,, | .

RY=1/(G +g,) = Rdllir , f = 1ZTMCRY,

Fm

Ao - GatBa

, and C = cdmdl*c;ﬁ.

() C = 1004+ 1+2.8= 103.8 pF

oL BOx44
Ry =50[l44 = T5 4

£, 120 103.8x10°12x23.4x10* Hze £5.5 %Hs,

=23.4%fi and

For the bipolar tranelstor CE amgplifier of
8 ection 13-9 :!'H,- 3,04 MH»; hance t!:uu Iatter is
superior for high Irequency response.

13-45 Note that GI. ls across "J"i. Thus, since the

transfer function A= "’J"r it contributes nelthar
a gero nor a pole, The same ls.true for c:d in
Fig.(13-286),

ia) \'1 Is scroas ﬂ‘d axvd Gd. ara in series.
_Hnm:-, ths voltages acrosn C'a and Cdl -can not



1345

be specifisd independently.
indepandent capacitor and one pole. As s »,
t :l. and ZL‘ cal be neglected dus to tha shunting

Pt :
upnh.nu "3.1. . The current t:nvi does not

affect V  because it passes through the very

Thus, we have one

small reactance 1/s Gd.. As 3 == due to tha
reactance 1/3C gd * Thus the circult is reduced

to,
—{:
4 |
\; O 3 Cs
cl‘d 5
and vufvl = cdu"'cgd s constant = 1/ s”, ‘Thus,

the number of zeros = number of poles = 1,

() The aoalysis is cornpletely wnalegous to that
of part (a), noticing that, again, thers is only one
jindependent capacitor,
parallel and thus are squivealent to & single
capacitor C.. C is in series with GII." Thus,
wo have, as hefore, one independent capacitor,

Edn and E-n are in

ona polea and one zero.
(&} ‘u'n- ISG X Z where ]EC = 'Fi{gm-l-jiﬂﬂgu} and

Z is the impedance seen at the output with Va0
Thus, ¥ a 1/Z = 1!R'+ 54t p{c:l+cdl+;.n]+gm

The term 8, srises as follows:; If ¥=0 then
V"‘:-V where ¥ iz an applied voltage to the
cutput,
voltage V e sm"." and the ratlo of current to
voltage is Em' which mesns that the current

Hence, the current drawn from the

source ls efisctvely a conductance g

Hance, Av:?nf?lﬂls{:!\'i?

_ [zm+jcuGI'_}R'

L+ [gm+id+_ﬂd (Gl.-l-ﬂd'-lhﬂ .n} R

(b) Applylng Miller's theorem to GI.. wa obtain,
by _i..mpm:tiun, Yi' jcuclaﬂmcpti-.&v}
(¢) In Fig. 13-26, wa et '\i"inﬂ and faad a signal

V, at the cutput terminala, Note that ".FE.--v_
Thus, the currest drwwn is I » BV

ﬂ.l+cln'

1
+{gd+r+jwﬂ.r}v, whers C.,. ™ CEI+G
a

i 4 R' is considered extarnal, Y°=II?=¢m+:d+ijT.

134

 and Zaontyat tmpedance with V, =0. ¥ = 1

(&) With R § 0, Y=

13-47 - For & CG armplifier, with_Cd‘-ﬂ. wa bave the

following figuras;

Re & I Vis

S |

5

: + +
+ — - E———
'Vi:' CSS _ \Eﬁ 34 Cdg Rdf: Yﬂ_*

&
, vn vu
(a) R.=0, then "i.rll v_"- -Vi.. A.v- vi '1":

where V= 1,.2. Tec” -"mvg-""dvng.mm‘l"ﬂ“:g

Z

1 -
= K, +‘{ﬂ.ﬂmcd¢

‘ !m"' ‘d _

1
ﬁ:'-l-gdﬂmcﬂg
(b) KCL at node 5 gives: I.""r.gﬁ"’c.;]‘gm";.-

l‘m"" 'dmd
I+Rd[|:d+jmc&‘}

Ay

+Kd{v’ -‘rﬂ-}

8

. Ve "G B ERL-A)
vn

{c) Al =,

Yy Vv

KCL at node » gives:
: .

1 .
R +J‘uclnv:g+ Edv.flmv.f R. ?'I - Vngd=ﬂ, :
vl.".ﬂl!dvu

sg 1+{lm+gd+jwﬂ_l}al Now, KCL at node

or V

D gives: g _ V¥

1
m Eﬂ+vﬂi_ﬁ+td+ﬁcdil. :d\""

1

--"-"“. so V| E:+Id+#ﬂdgl={nm+:dl?“

(R_+B VAR g V)
or "'u{'i%"_-*’a”“’cd )= 1:? f +i T
d £ Em' Ry jw ag’ s

but ¥V
gs

or

{Im+ EﬂI_R. E& ]
1+{:m+nd+1wr: s E}E’

U M

T g+ d-n-'jmt.':'iml . Hence, Ays "-".r';“'

1 .
VE[E:gdﬂmcdi.

(B, +6 4!

1 . .
{R—d +sd+"‘mcdlx 1+{ﬂm+ En'.l'i""‘""'ﬂla R.]-{g*m+'dlﬂl €3

. 1 1+R Y
- +
Ri-r.!ri - . |

Bt Bgl A HIWG g

4R (g, t9,(3-A HI0C ]




13-48 (a) From Eq.{13=84), Y oM, HB T
Cop® © +cd. Gy re+z=6 T, Thus,

Emtig
HET-:ZTFIGTlgmd-ld. Hence f .TGT-,-

ECS T EL S AP
zmxéx 10~12
b) The pgain is !ivun by Eq. (13-80).
R L
1+l¢m+ni+jwﬂ.r}n

.A

(sxlu +jz'n X80 4&1106:: 2x10 Z)50x 30°

14(3x107 33,33 x10 #J2rxB0.46x10% 6x10 1350210

_ 15041506
152, 67+)152 °

At low Ifrequencies, from Eq.(13-82),

‘n‘inl A% 50
v® 1+1:m+ld]R: * T3(310.033)50 - L3283

Thus, jA,| = 0,74

A

. 13-49 wf S VU
: Ji+tt ﬂyz J{IHI mi..’z .Luh/fiji
For jdentical stages, le =...=tu iLn fL

Thus, [~T—lﬁﬂn = .}17- .
1+[fo.fI:'}

Squaring both sides and taking the rucip!n-::ll

gives :I
[1+{ ] or tf,,f" 22 ln

For iyfh we get, fi.”‘:..' m

K (s-0 ,Xo-8_,).. NEEY )

13-50 The transfer function is Tl-l HI-IZI (I—ln]
« A, Since, for any i and §, :i” lj,
that the three 4B frequency will ba sinaller than
the lowest pole fregquency §,, around the 3dB
Irequancy B-8_ =8 ;- Thus, the transfer function

Kn{-.:!.“-nszl‘ " {-'ﬂ:}

[n--llh--z}. - - )

-1

wa know

becomes, AN

(o Hob o). . (magy)
Knx ulx IZH ‘a - Iln A

e n e -
—_1 __1". -—‘_l —_l'.'—_l
e e N T RS

1

i

Thus, for & = J27L_ i%—[ - _‘:'.
o

Setting |£-[s12 gives Eq.(13-86)
ﬂ .

13-51 (a} Procesdlng as in Prob, (13-50) we find that

FET

A,
fa I.-gznf?. !a_?_‘z = Squaring both
s (5

sides and expanding the denominator we I"u:w

Ia b 1

A
o

E+fz{;i}'-+"*+é—,ﬂ‘-2%§—+' L T

Notice that the ceefficlents of £ in the denumnmsra-

tor are positive and [A] 18 & menoctonic function
of ¥, Fora single pole £H.=r£1 Assumes
fl-: 131: f;'.‘ ] ,-nfn, Then for mores thapn ona pole

fH -f.tl bacause highar order poles always decreass
the bandwidth,

'.-:—--r. 1, Lc ... <1 Hance it follows
1. tz !n ' '

that we can find an approximate valus of £H by
using wily the first fwo terms in ths dencminator,

A AZ
then ; - > 91 1 sclving for I:I
1+{1'i':_'r} [—f'zl'" ... +E—]
1 1
we find """'""‘ = ...
2
gt 4 £
(b) (1) Let .fl-fz-fH Then, from Kq.{13-87),

oo oI G [CATE £ 0.6436 £,
_ -

Uning the given expression, lﬂﬁ- 1.1{?— +f-i--l
H "H

.EE-;@ . Thus triafol.luﬁ-- 0. 6428 L

RVEYS ¥ 100% = 0. 12%

(1) Similarly, letting f v =f =f , fhef, }21}'3_1
a

-!HHH*E'D'?E. Using the glven axpression,

1 /2

I:-= 1. I‘.{f—z'—] = ’I."ill'.'IEHH. Thus, %IIHXU.EZE.

H H

The error is %“g;ﬂ-a—muf. . 2.98%

{e) {i) Let ﬁﬂ!zlfﬂ. Thus, — = ‘gﬂ- E-F

-l.ill,f:f.H. Hen:e,if_"l. «{,707 IH Uning Eq. (1392
froomn part (B}, f‘l':l s 0,6428 !H The error is

0,707-0_ 6428

0.701 X 1007 = 9.08%

1 I
| (4) Let fat,=f =€, Thus, ?l 3;{%« 1.732/4,.

Hence, fﬁ, * 0,577 ‘H' Using Eq.(13-92), from
part (h), l;! = 0.525 :I'.'H. The error is
0.577«0.525

0.BTY % 100% =9 1%,




13.52 From Xg.(13-88), z-{ll+l]z_l}{l{1+£:!flﬁ]. Solving
for £, gives, g’-,-z.aua MHs or £,m1.675 MHs .

W

= 0,.6149 or tl-l' 1.624 MH=,

From Eq.(13-92),

1 1/2

"“% %)
| L675-1 626

Thus, the error is <7 = 2.93% .

13-53 From Eq.(13-836}

- (] -

If iazwl-fm then a Bode plet ls affected vary little
bty the higher order pole. Hence tﬁﬁf}n 4

we Toake this asswnption in the sbove equation
we ﬁbhiﬂ | .

1+(-‘E

~ 2. bacause fHIHHZq"I‘

)

N 2elm ]

%

tm

13-54 For the first stage C = 1004109203 pF and

CORm2XG 4+ 1000 RO s 6770

13.55

B=150 (1] 1 k0w 130.43 0. Hence
£ »1/27 RCe 1/2MX130,43% 209X 107122584 MHs

For the second stage C'= 100 + 303 a 403 pF' and
Hence
tmauznnlcr- 1/20 X6 TTX403%10" %= 0,583 MHy

Note: Thesa pola Irsqusncies I.Il"l'l with the
values liﬂn in Eq.(13-70)}, From Eq.{13-92)

1 fl 1 1 1
— =l 1 + = 13/ =—x4+

5.84 Z
f-ﬂ_ 2 gl 0,583

» 1,1L/0.02942.942 = 1,896

I-Itnr.l_!H- 0.527 MHz = 527 XHs, This commpares

favorably with tha exact value of 540 kHx found
from Fig. 13-23.
From Eq.(13-87), & = £ [z” 3 1M 2 25 yus.

£ 25/5.098x 10 1- 49,0 X,

From Eq.(13-88) £, =£#(21/2. M2 . 1oxs.098%107Ls
2.10 He, -
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14-1

14-2

CHAPIER 14

A = 1000 = 0,08
For low frequencies AL{jﬂ-hnﬁl-ﬂLﬂj (1)
For high frequencies A, (A /[(M+)t/L)  (2)

(s} The 3-dB high frsgueacy for the amplifier with

foedback in £.#(14 BAGM = 1+0.05X107) 251 £

At this freguency the gain of the amplifier without

feedback s, from (2},

Apglityy)sA /(1451 1000/{2+]51)
and IAH(KH!][H 1000/5t = 19.6,

The 3-4dB low frequency with feadback is

£, 7§ [{I4BA )= {LIEI. At this frequency we

" have, from (1),

AL U J=A [(1-351) and, sgain, [A, U, )]%196

(b} From part (a) tHf“I-l =51 and !HI!LI 1/51

{c) f}uﬂﬁﬂ.ﬂnilx 30 = 1530 kHx » ) B3 Mfll
iH=ILf5fl= 10/51 = 0,196 Hs,

Lot us cascedo two mmrplifiers
as shown below

and apply feedback

The overall nli.dblnd galn .ﬁ.n of the cascaded |
stages (the part enclosed within the dottad line)
ie A= 100%100=10,000. The 3-dB lower and
f* and if, are glven by

Ls
{13-687), respectively. Thua

higher frsgqusncies
Eqs.{13-88) and

f
f* = L 40

L 51?3_1 * 0. 64
£ =L, HZI?E 1" zﬁxu.ﬂ s 12,5 kHx

The overall midband p.i.l_: is fromn Eq.(l4-4)

A 1‘::5: 2000 or 1:: fntﬂuu

p<2.333 x104

From Eg, (14-%) !I-Hg iH[1+E.A. ) »30 kils  or

1Z. 8{ 14810, 000) >30  from which p:-l 143 x10™*

Finally, from Eq.{14-6) £ .= f§ /(1484 ) < 20 f:
62.5/(1+p 10,000) <20, from which P> 2.125x 10

= 2.5 He

= 300, Thus

From these three reguiroments on f we coaclude
that any value of p betweon 2.,125x 107 “4 and




2.333x)0"% oAll satiefy the specifications.

14-3 () Using Eq.(14-1) snd substituting in it A {rom
Eq.{14-0) we obtain
An :
14 r= ) 14 == A
Ag= t +EEH HZL' » ® . B
148 —2 ”"‘E‘;““;Tzﬂﬁ*u
u+§§-)[1+“-'—21 :
A, 'A'nwlﬁ ' ()
Wy
Let w = w3+ and Q = then (1}
.m"’“””lz““‘ EXEE
1+ﬂal 3
AP T o Wyt }
wEy oy LTBAG) 7 m i‘
Aot
2 1 B
{—1 P
w, Q w,
{b) For 2 = Q - ?%—- and mna-)mlmz then
1 .
the denominator of Eq.{14-10) becomes IXs)=
-=+lm1+&uz]-+mlwz thersfore the roots of D{s) are
wy and w,. _
l4-4 Lat Z be the parallel combination 1n Fig. 14-4.
Thus Z = (R/3C)/{R+1/aC) = R/(14+sRC) and
Vu Z___ R/(14sRC) R
*Z+sL | R/(14sRCHsL  R+sl{l+sRC)
1
> ) which 1» Eq.[l-l-l-l]
5 LC+» R+l
Letting ) =1//1C and Q = R/ L we have
1C=1/w? and L/R» 1/Qw, Thus |
vn 1
ol which is Eg. (14-14)
| h!:u°] +1Hﬁm }s+1 : , -
(4.5 .
' v." R W Y
R LTV
Yo _MsCc .1
Yy n+-m;1-c— »“CL+sRC+1
Let & ™ 1IWIC  and E-“’l_u. RC or QW/L/C R.
?u 1 .
Then 7 " ¥ —— Q.E.D.
- o {alw)) H1/QNe/w 4] -
14-6 {a) From Eq.{14-10) lubifituﬂu Q2 *lrith:T e
Ay .
have A We substituts s with
f{—ﬁm
A 1

,kdnrl-jw -.I:d“ﬂnd

Cof jzk% +1-{-ﬂ"%13

137

heance _:. S . —

Aot ./—;ﬂl I—I_].

(k) In arder to maximize

which ie _Eq.HHI} |

we should
At

minjimise the denominator in other 'nrﬂl:

[-ﬂ: (S ‘.l-'l-l'l ;’:z] =0 or

2

L 'E"' le-FJZF--ﬂ or -I-—[Z]r. l+-‘;—]- 0

or W= n:nm

Than we find thu second derivative which in

(1)

2 2 1267 4 2(1-20%

& 2w 2. wt2
A— ‘ 1_ ] z
Mz[ktmnnt Twu” 3 . (2}

D
~ In order to achisve minirmuim {2} mst ba greater

_than gerc hence wWEw, /;':“ (3).

(2) we conclude that the peak frequency is

Wy, anI _2x? . Substituting w with uy, in

£q.(14-19) we have |
Ay _ 1 i 1

af

From (3) and

weugy J1-teamy B2ty et ot
2k 1-k&
Ao
2
(o hw e ris /)11

and mfmﬂ - x

A, 1 -
£ _ 2 . Jw 2. . X
ron [{-1‘:—“} Hoge Hn+1] -[n-: T

Thus ArglA /A d}=-u=t¢n{lﬁ§-;

14-7 Sioce A ws have, for s=jw

-1

Next we compile the following Table from wihlch
the graphs are plotied

. ‘ -uchn -13_ (dagrees) I
q=n5 um'l " YR )
ﬂ .
0.4 -4:3 b -l'r b -6.05
0.8 =773 -%6.0 -26, 2
1.0 90 ~90 -90
1.2 =-100.4 -11B.8 -148.8
1.6 -115.% -14%. 5% -167.1
z. 0 =-326.9 -156 -171.6




14-8 Fram Eqg.{14-148) we can obtain the normalleed
Voln) 1 Wi

VDA, [—)z+ FEH Fiamgerdd

grin as;

where we have used 11::3- frn:m Eq.{14-17).

' v
Slnce v (t) is & etep input then Vis) =5~ or
s
V. is) ws

- |
VA 2 2
of s{s +2k mﬂ-+mu ]

We know from

Eq. (14-21} that the roots of nz+2kmﬂ:+l ATE

’1.3.-1‘”014'& -l}wg ='mu[ktm b

Underdamped case: k£ 1 then

11--:.:: T d }i -u:lakijwd! whare wemw, iﬂ z

from Egq.({14-22). Henee

ALY of : 2k

YA . 2 2. 8 2 — "
of aie ,+2kmn-+~r.uﬁ] o +2kmni+ w,
u+2km¢

FA - h . a2 2 2
. +3kmul+ r.uu+k mﬂ-k W,

1 S+ wo ki,

- i —

2 2 2 2 2
l-+kmn} +mﬂz(l-k ) {-+km¢} +mq{1-k )

A X,  wy v (8] 1
3 - - [ {1).
P olerkw) Pl “4 teekepPee? VRer

Taking the inverse Laplace transform of (1) we

VB et R, kgt

have 2l-€  cospyte————=¢ alng.t =
VA of e mujm d

=kt
al-g [cusmdt+

d

Critically damped case: k=1 l:hun 958, - mﬂk

Hence using partial fraction expansion

V _(#) wh w,
V: —= = . - (Z}.'_rl.hng the

of  #(stw,)’ st (540)

inverse Laplace trassform we have

v _(t) )t ~aw t t
V: = 1w te ° e =l-{1+£.r.'i t]-t.-‘qﬂ which is
nf .

Eq. [14 -23)
Overdainpled cage; k > 1 then

EER A2 and 6= - k-l w,

Using plrtinl fraction expansion wa have:

Vntsl

"f.ﬂ.ﬂf

L/;r{ 0 e Az.1) {s+mk-m4§
z.,&_l{m hm:..& 11 B+ @ k+mm.f:3 T

1

+
z.;{ [k-.gf: -1j s+wu{k- 2._1)

< sinc,t] which is Eq. (14-26).

1 ]
Y CETIY cx RY
Loat klnk-.,/{;?-_l and k2=km hence
Yol 1 _1 1 1 1
VA 8 A2, X etw 'k] TR, st k,
Taking the inverse Laplace transform of (1) we

v m | cTd 1
z.ﬁr “z
2

which {s Eq.(14-24), Now we assume that k']

then kl*.-..k{l- ;'1-;5 ) and K -k{1+ l-;—' ). Using

Tayloris peries expansion for Jl-th’ksj wa have

1 1 1 41!: -1
JI--—I Loy hance =2k

Bubstituting those valuas of k'l and ‘kz

v, ~gtfek 1 -dkut
have VA =1~ 1 {Zk € -E-FE }
of Ek[l-'——i}

2k

et 2k =Zhart
since 2k2 5> 1 then 2k€ ° 1

)

(4)

in (4) we

] ! v it) ot/ 2k
O em— henca :
2ki{l- *-LE*} 2k -H“uf

2k
which is XEq,. {14-258),

To find the positions x of the maxirm and mini-
ma of the oscillatory response we take the deriva-
tive of Eq,(14-26)., To simplify the calculations

we call %wﬂ-—=:ntq: hence. cotyps Kedo = =
d m;;l-k

‘ = hence coseps k% 1 for the underdamped cane

1.k
with sing =./1-k“, Thus
AR -kmul:
&
y= =]-€ [contpnlnm t+|inq:~cu 1
VA 3":3 »k
- t
=1-¢€ g . 1 ainia t-E-q}} (1), Heance
1-k*
v, it) -k t
) or 1
i =4k £ sin{t t+ P)
% Vha O 1% °
- 4
€ et 1

_m Wy coslw, tip) {2)

Fquating {2) to zero we have; Eatlmduq?}n%i-:
Cotyp (3). From (3} we caonclude that

m
wyt=Mm or t. = _Td:_ where m = 9,21 ..

Since I—L then x = tm= e =m°m. m
Te To TaWy 2wg /1.2

Eu‘bnt:.ituting tm in {1) we obtain:

y_o1-€ (k/ /152 nm

1

ain(mm+ )
1%
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-tkf 1.k“Yrm 1
1-€ cos mn #iny »
) ' ;1-1:5

1
': "]
z e _

Ly WA, |y me K2t

= I_E-'lkf-u‘ ;'kilﬂml-llm.}l 'kz

We have shown in Prob, -9 that y_si-(-1)

x€ ¥"EXm  we cbhearve that rn" gives the
maxima snd mainima of the response shown in
Fig.14-6 as a functlon of x_. At X, =
ymtn}-l hecns the percant error is given by

. - {») .
?“;’ ?:::] :-{-l}mE'zm“!n . 'We require
o
¥ -y (@) ' i
! “‘? (Ti e iR Xy ‘1Pn_n or 100€ T s p
o |

14.11

" 2
hence IHDE'TT{M:_“' %" B,

bt xpm =
1.x2
Using this ineguality we can specify minimwum

value of m, say m,, satisfying the inequality.
m]

Then x .ﬁ_

{a} We huve W, =2 Mrad/s and w,= 0,5 Mrad/s for
Tha response with the
fastast rise timme and no ovarshoot occurs for

¥sl or Qel/2k= 0.5 whers from Eq. (14-11),

__-\hnl(ﬂz{ 1+ 84 ) ﬂziﬂllﬂ%lz _
Wyt Wy,

-E'L:}‘z—‘;-'%ilz-- 1.56 which e 201og(1.56)=3,86
dacibels.

(b} The rise time t;-f with feedback {(for k=1) is
found from Fig.14.7. The difference 1o x for a
rise from 10 to 90 percent of tha steady state
valua is

(x, -%,)7(0.64-0,1m0.54.  Since w aQUrt wy)r

the open loop poles.

from which {_1+5.A.°}

1.25 Mrad/s
tﬂ-ttz-l:ljﬁ zﬂtxz-:l}!:%ﬂnx D.54/1.282 2,71 us

To find the rise time without fesdback we note

that QeQ_ . =0 [lw ros,my2%0.5 /2.5 0.4 or

ka ljel = '”n,B n 128> 1, Hence we have the
ovardamped case. Since 4k%a 6,25 we could use
Eq. (14-25) with satisfictory results. Thus

v IE/VA &~ 1-a-w°tf2k which exhibits a
single time constant T= ﬁfwn. From Eq,{13-19)
trnz.z r=4.4kfw,  where from Eq. (1€¢~11)
mn-Julmz{HﬂJ_\.,,)- ﬁ;k; since we congider the
case without fesdback. Thus = 4.4k/ /i, =
4.4x1.25//2%0.5x 10" 25,5 10% ' 5.5 us
Thus t.pft, = 2.71/5.5» 0,49
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14-13

(s} Since -201logll+BA n}--ﬂl.ﬂ. logi 1+ﬁ.ﬂ.ﬂ}-1.593
o7 £1+§An‘j = 39,08
Usa Eq.{14-11) ko find Qlor k):

Quw, /o ru, o uhy oy {1484 )/ oyt ey ) {1)

Thos @ =,/2%0.5%39.08 /{2+0.5m2.8; k=1/2Q =0.2
Clearly we have an underdampéd response, since
k<1. The rise tiae can he Iound from Fig.4-7
from which we see that x changes from about

0.06 to sbout .24 for a rige of the output from ﬂ'l

to 90% of its steady states wulue. Thus the rise
time t_ is

4

t = ange - 2m{0.26-0,054 - ?EIIE ﬂiE
T W J”I"’zmaitj J2x0.5x1012%39. 08

2x10" T p = C.2u0

{b} From Fig. 14-7 we see that the ovarshoot le
about 53%. |

We have fiull Mi: and !1-2 MHx. _
{n) From q,(14-27), the fornula for the over-
shoot s x= m[-n‘kfﬂfl. We require that
x, £0.08 thus e/ (1-%2)1% ¢ 00,05 -3.0

2
ka2 a091 Thue %% 0.48 and X 2 0.69

1-k

For the maximum value of the loop gain we choom
k= 0.69, for which Q= 12k = 0,72, Using Eq.
(14-11) mﬂfmulq-uzhu.'rztlzn}-ln.! MHz and
(L45A )= wﬁ!mlmz-lﬂ.lzflzﬂ 224,25, Thus the
largest value of loop gein ie 3.253 OA,:

{b) Here we ure Eq.(14-27} to find the time £y at
which the [irst pesk occurs, Thue

I.IE_ 1/2

tnznfu,2(1-k2) 2ezni0. 1x10%2x(1-0.48) %e0.43 e

{c) This cccurs with =2 in Eq.(14-27), It occurs
st t,m2mfw (1-k2) 2a2n/10.1x105% (1 -0.48)1/ %
0,855 ns, for which the normalized variable x, is
x,* mntzfzﬂnlﬂ.lﬂu.ﬂﬁfZﬂ- 1.38, The wvalus at this
instant is, from Eq.{1i4-27), -

¥, 1-(-1) axpt ~2mxc, u 1 -exp(~B.67)= 1-0.002 »0.998

N

(d) The overshoot is exp{-mx/(1-x1/%]
- exp[-nx0,6/{1-0,62)1/%]a 0.0947 9.8 %

14=-14 {a)

Eae also Fig. 143,

(b} From Prob, (14-13), this overshoot occurs for
k = 0.6, for which @ = 1/Zk = 0,833, Using

Eq. 24-11)



14-15

14-16

- 14=17

(a) From £q.(14-27) vy expl(~mk/{1k 2y

(1o8h ) = wdrogay = Q%+ )i, =
Thum BA 2.4
12

0.8332(10+4)%/10x 4 = 1.4,

) =

oxpt - 0.701/(1-0,5)/ %

}-ﬂﬂii-43ﬁ

1
- 12z 0.05

21 k212 ,

4%%(1-%%)m1/1.05% 0.907 or -k +k°= 0,227 or

(b} From Xq.{14-20), Thus

‘k -k +ﬂ.22? m Q.

1 .
11' 2 3 +./0.25-0.227 w 0,5+ 0152

= 0,348 from which

Tha hm roots for am kz' ATS

-'1. 0,552 Iz

X,= .Itrz = 0.807 amd ke 5172, 0,590

2

For &, the time overshoot is, from Eq,(14-27),
. 2.1/2 il!'!

¥ expl=Tk, /(1-k } ") ecxpl-1x0,807/(1-0.652]" ")«

0, 0136 = 136 %

For k, the times overshoct ls yin

2
axpl-rie, {13y Py

8.101 = 10.1 %.

Jo coxp{ ~mx0.890./(1-0,348)* 2)

From Eq {1413} the poles for the closed loop

W+ w,+
amplifier are » =- ui % .f z bt
m
s-g% jw hencea o= 1:“2. and tm-*m/m!-l

hence J-l_ﬂz -1m l% |

From Eq,(14-28) the opsn loop gain is
A
e r————
14 -)
u+@u+;{-zu )

A'ﬂ' -
mwﬁimﬁ—}mﬁ;}k BA_

hancae

..ﬁ.{l]l

Filierhinkbenininle

then

.A.!l a)m

gy (1t BA )
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T 7 3 _lomonadwa) 2 lwsioctuaiogons) L
o

3 i by ad "
Leat wﬂ- r.oluzms{lﬂhuj. s, and

w ﬂlll%

44 ' :
a,m ﬁ_ﬁ_l_ * then (1) becomes
1 we _

o

Ad'

5 .3 2 B
lm':l +"2.‘E't} +tll;;;I+ 1

.Afu} &

{v) The open-loop transfer function is A(s)=

A
L)
t1+l?m1]5 . Th‘::
L+ ]
3 B
a)a Ale) “1'1""#”‘1]I - An
Ad®) o teAln) © BA

1+ {1+-.~'m1}3+ﬁa.n
(1+8/w,) |

(b) We observe the behavior of the closed-loop

14=1%

A= ﬂ!{ﬂh )
I ﬂhﬂ: a,

poles as the amount of !-idbl::k varies, Thess
poles nr- tha roots of [!+-fu1} +BA v0. Thus
“"‘lﬁ“:ﬂ ""ﬂl'l' M 'Bﬁ .::P[J“"'Jhﬂh =0, L%2,..

ar
N L
—q/3* e I3 —t=qexpljmi=-1  nal
(A } exp(-n/3) =nw -l
The values of the exponantialy for the othar values
of n repast thase threa values. Thus the thres
closed~-loop poles 510 Yap and g satisfy the
following equations:
0y n -y (10(8A 1)
0, o- iy (1-4BA ) iﬂpﬂ"ﬂ}}-
«0,(1-0.58A 11 1iw (a8 01> A1z

Notice that By is the corcplex confugate of "y
From the sbove squations we nots that 9, Stays

real axis and moves away from
Wy me the femdbuck increases, Note also that
¢ and 2 start ut - iy whan =0 and thelr
reasl part moves toward the right-hand complex
platie as feodback incresasss, Ths root lecus is
shown below:

along the neg.

(¢} The systermn les unstabdle if ths closad-loop pales
are in the right-hand plane. The poles ., sod
i, Cross into the right-hand plans when their

real part is zers, or

1/ 3 oF %ﬁ

then there poles mowve further into tha
right-hand plane and the systan is unstable,

Hﬂﬂ". when Muuﬂ' we have
l:u--u:ll_{'l-l-ﬂ = -3#...!1 and
B30 J0y 203025 Ju B
As)mA fu(s42)2,
amplifiey with feedback is

Q.E.D.

Thus the transfer function of ths

A

o —2is) 1 -
Ads) s T 5As "3 2

B +in HHMI

The closed-loop poles are the roots of the
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L

denominator.
{n] Since tha depominator po].]mmhl has real
coefficients, we have ths following two possibill-

tiea for the roots: (i} All thres sre real (ii) one

is real and the other two are commplex conjugats.
Thas 5t i» clear that at the ‘hﬂﬁlﬂr point the
roots aTe sll real and st lsast two of them {those
that will becoma a complex conjugsts pair} are
squal. Thus ths denominator can ba written:
{s~n)a -h}z- I3+{-I -2h }|=+ l‘hz-l-h'h}- -I'hz. .'I:qultln:
the coefficients of squal powers ﬂ s {compare '
with the ﬂilﬂﬂiﬂtnr of .ﬁ.fllu "l'I n‘htlin

s+ Zba -4 "h+ll‘h--l —l"hllﬁ.l

Trom the firet 4. s » ~4-2b and substituting
thie in the second eq. we have: b 4+2(-4-2h)bu 4
or Shz+5h+4 = 0,

Thus b ={-8/64-48)/6 The two possibilities
ATH ‘hf--l and ‘hz- =273, |
With be-2, an-4-2b=0 and BA WO ({this is the
cane of two ogual roots in the abmance of leed-
back). With b =-2/3, s=ud42X2/3=-2.667 and
BAw-abut 1,185, - |
(b)) At the point where the -ylhm turns from
stable to unstadla, two of the roots are pursly
imaginary. If the ‘roots are -4, +jw and =ko, the
danominatoy cu b- wrlttm: {a4d){ 0= JaB{ b Jo)m
lHd}thdz]l [ ﬂll +Iq:l Hdwz Equating co-
afficients of squsl powers of m |
dn4 wied and pAp dw’slé

At that point two closed-loop poles ars at
i w £J2

{c)

FAJ_H-“?“—-—;"

_P A,.- 10.bb3
I

Eincl;l we have & complex pair, the nl:imr root is
raal {(because we know that the coefficients of the
denominator polynainisl whoss roots are s, 1, and
s, are all real). Thus -2, l:l-l'l"jb and
", -a~fo. Now, slnce Il:j =2 we have .ﬁzﬂwz-z
ar .24.1.2.4 (1)

The danominator can be written:

(842)(n4a- b} {statBiols+2)62+2ansa’sb? ) x
ll-l.-?.]l_nz+2u+ﬂ.

Next we comopare the second term with the the
denominator of ¥Eq.(i4-10), whkich we repeat here
for convenience: (s/W ) +{(1/QHs/WoI+1,  Put the
second term in this form by dividing the constant
tarm by 4: ilﬂ]‘+l{i!2}+ 1, ¥rom this we hava:

" wy=2, am}/Qelf2= 0.5 Thus the quadratic
term bacoman aZpih = 0 with Touts

R, =1 Y R YL 8

unu’

Aln) = r20. ul}mu,nzu-m 1)

-Thﬂl J'h.fhj - _Lj_h-ﬂ.h[ﬂ :

2 X103

* (5+0.01)(s+0,02}{(a+0, mzu x10-5

— 2A ::m"-" N

B — I“
0240,130%4D. 003284+ 2( 1+ A }xm-!" Dis)

Ein:n two of the roots of ths d-nh‘m.inttu:" are
complex conjugate, tha other roust ba real. Thus,
i we denote the roots by -¢c, -stfb, the denomi-
nator bhecames (s+c)(séa-Tb){e+at i) |
(s+c)(wi+Zasta®+b) (2}

We now write thl denorninator of Eq.{14-10} in a

form in which l has cosfficiant unity, to compare

it with tl‘u qu;dr-tic shove: » +qu}‘ﬂ]l+m°z' This
cmrhm vields u:z-n:+'hrz and 2a=w, /Q= w

l!":rum these, b -J;%T AEE-INJEIH-WJFE-J?!

Thus, wa have from eq.(2)
Disw () |1+ !-uHI.I}- |3+l c+Za) |=+Mlz+2n}l

+alec (3
Equating coefficients of squal powers of s in D{s}
aof eq'e {1) and (3) we have: '
c+2Za = 0.13
4al+2ucn 0.0032 = Za(Zatc)= 2a X 0,13
4nZc= 2{1+ BA)X10°5
From the second of these equations, we hive
a = D.0032/{2%0,13)= 0,01231 .
Frown the first one, cw0.13-2a=0,13-2%0.0)231=
0.1054
Finally, from the third eze, [ 1+BA puicnmn--'*)-
2x10%2c x2x 105%(0.01231)%% 0,1054= 3,194 and
M,— Z.1%4 .
Thus the roots are; -c 340 1054, -l.'+j'b=-
-n.nlzahj.ﬁ x0.01231= -0,012324+§0,02132, and
-0.01231-§0,02132 .

(s} A 2-pole amplifier has a dominant pole if the

. ]
rutio of the pole is such that n ® .:: 24 From




Eq {14-13) we know ﬂ'.l.l.t
W ha,

2 (1. fial)

:1+Jl-4n3} hencs a dominant

nnd

-
pole will exist iff, H'.E'ﬂhl-::n:r 1+/1-40Q
1- l-'lﬂ
-'IP’ 1-402

henca Zﬁ[l-iﬂz}k 9 or 1-%}
ar n?.‘_lﬁ_ or {J £ 0.4,

100 We conclude that domi-
nant pole exists Lff Qs 0.4,

(b) From Eq,{14-31), when dnnﬂnnﬁt pole exists,

we have ﬂz= L 3 ll+ﬁ£n]i 0.16 hence
{o+1) ' |
P p/
a s BAUCROLE 4y gy Ql6mn

|¢) :!=4 then from part (b} we have Muiii&'m—l
=0 or BA £ 0 for dominant pole to exist, Note
that. for negative feedback it is required that
BA_> 0. Notice that ne4 moeans that we just

v barely have a dominant pole for the opan loop
amplifier [that is the open loop poles are exactly
Z octaves apart). Hence if any negative feedback

is added Ia.&n?ﬂ] the closed loop poles will be

closer than 2 octaves apart and we will not have

s dominant pole.

‘14-23 From BEq.(l4-32) $n-
Know that 402 << i,
pola, |

have

) {n-l-ll

[l-..;' !]. Wa
iz the domipant
/1403

Ham:a a

fl
Using Tuylor's expansion for

1407 « 1- 2402, Heata1-202.204

mlln+1]
.ﬂ:.- _E__
Substituting Q2 from Eq. (14-31) we have
n{I+pA )

;I {Iiﬂzh - ml[ 1+BA )i liﬂz}x

X Eﬂz{'lﬂ:lz]ﬂ "-'i‘ﬂ"' 1)QZ( l+ﬂzl |

By [ﬂ""l;
- {n+ L)

however wa know that t.l-!:l‘.'" l— hence

‘m’?"

14-24 We have mzﬁmlsn-m, bence from

T (LA xisa et Boaepa y(14a2)

Eg, {14-31) Qa/n{l468A4) /{n+1)=,10(1+0.8)/11x0.386.

Now, from Eq.(14-32)

A +1
(a) "‘1{" W v

-7 X lxlﬂﬁxﬂtl-vfl-ilﬂ-ﬂﬁlzl
=-3,466X107(1-0.6356)w-1,259%X10° and
fon |0y | F2m= 2.004x200 w 2.0 MEx

0, ~-3.456x107(140.6356)= -5.653x107 and
s, ] 727 = B.997x206m 9.0 METz,

(b} Indeed fu :lefu, atd s dominant pole exists
as it should, since Q <04 Thus :mauz.u MHx

142
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{c} Witheout feedback GB o" Fain bandwidth product
= A uxl MHz, ‘When fesdback is spplied the mid-
tand gala is |

A J1+BA =A [140.8= A /1.8 snd

B = 1Aﬂfl.3}1'2 MHg = An: 1,11 MHe, Thus, it
saema that product incremsed with the application

of feedback, _

{:!} if howaver, we use Eq,{13-92) we have
1.1 ‘!I'* A £ m 1.77% '

&.u 9?‘- or L.~ L MHs, Now

GB = tﬁnfl.ﬂlx 1,775 MH=z =~ An X 1 MHs,
as without faedback,

The oquivalent cireuit of Fig, 14-9(b) when we
apply Norton's theorem to the left of B! js as

indicated whare Rl l{RlﬂR'Hrbh,.
R HRT
1’ . R—“Rﬂ' and R:: = B‘."ﬂR:. We write

bb!
nodal squations for nodes B! and C:

I‘.-vz [ﬂl+gb,=+ IIC‘+GE}]-uE=Vn

0= +{i*m-:GE]Vz+?°{G": +5C.)

- Solving this system of equations for V_ we obtain

v -l!m-'ﬁcﬂ.’,ﬂ;
o (G, 8 (C +C lT[G'+-C¢1R;+l¢¢{lm--C¢lH:_.

-{l -5 C }I‘ H.'
" Gt FICHC HIC R'{sb, pre G H#%C LRC Rig

R RT
c

=G )I
e 'R"'rb‘-b

2
s C.CR4+(C +CHCRIg ot Bt GG,
v

(€,

whers R.1|R' and Rpg= is axactly ns it 1s

ii“n Elq-i- { l" -H}t

Wea will vea the same aotation as that of Sec 14-5§
Thus '

Ri=R [R'= 4[[30 = 3.83 xD

R =R Ifn'-mlisu-'?.s el

R = R+ Typr® 75+ 0.1 = 7.6 K, G =1/R.=0.132 mANV

IFr_nm_Eq (14=34) we have:
(Constant multiplicrm-R! RG

1--3.53:1:13:-: .5 X10
x0,132%10%= 3,49x10° )
(Coetficient of s%)=C _C_R! » 100x10"2x3x1672
. x 3.53x10%21,06x10°18 2 g
(Confficient of a) =C +G +G R'tg’ +‘b' +G ll-
100x10~12 +3x10 lz+3!10 12:3 53:150+1+u !321 =

abid Sxiori w




m.ﬂﬂ'ﬁa-ﬂ o Lm— -t e = mm
T A - ¥ . 3 v

. has been :-ppll-d

14=-27

{Constant t-rm]uﬂ +"h' al), 132+]l1 132 mAj/V=
1.132x10°3 mho
-3, 42:1:: {50x10-2 3.::11:"“ 8}

18 2 {1}
1,060 @ +H4 5x10° -+1 132x1, lszﬂn

Ry

The sero is at e = (50X1072)/(3x10"*3m16, 67x10
The two poles ars at
_6d4 8x10 adeas 5x10712 2 _4xy ::m*ﬂ'n 1 P
2% 1,06% 10 -18
or l=-ﬁ u&ﬂna. and .’ m-1, Tﬁ:l: IDE The latter |
ira dn:nlnln!: pole, l.nd we check to see if

n:n

<" 0.4 for » dominant pole after !uudbul:

The midband trapsresistance

RMQ 1g found from (1} with = = 0, Thus
-3,49x10°x50x10"2

RMn * =3
1.132% 10

and with fe=1/R'= 130 mA/V, we have HHRM#
606

Slnce n ow o

14-18

> 1.54x10%'00 = 1%4 k0

=l+184/80= 6,13,
from Eq. (14=31)

= Jdd we hl'v-,

z (1s BF‘Mn' :Hixﬁ.zla .
{a+ 1] {345)

Gince O = 0,133 < =0,4 a dominant pole is

still present and the corresponding. 3edB fre-

quency s gi'vun by Eq.{14.33) since 0% <<1,

|'zl 344
fag* b n+l (48R, H1+Q }= o H56.13E+ﬂ.ﬂ7?l

ﬂ-

=_1_.14:¢1n" Hs_
(Note that Eq.{14-7) gives » good spproxtmation
hers!
£ (1 BRy oMy b.13x] 75u1u“-'fz-n =1.72:10° Hs.

This {5 because the open-loop poles are 40
widely separated zo that we can consider the
amplifier to be a lﬁ[le-p:ﬂu ona).

The Hnrtm'l squivalent circuit to the taft of B!
W-11{b} is ws mdicl.tud,

tn Fig.

1
|
and Gl. R +R +r

bb!

where ['sV - Gf
[ ] [ ] [ ]

]
RL?R;'RE- GL
We writa the nodsl equations for the nodes B’

and C snd we have
I;-{G:+;b,n+l{l.‘-'HJ':]]Vl-n_;:c?z (i
0= {g,.~sC c"ﬁ”“ 1t -'c:r_wz. )
Folving the eystem (1} for V, we oblaln

143

-ILIlm'lc ) :
\ = ey °F
2 [Gt+g,, +uiC +C YIG +iEci+lG¢l‘m-lEc]
IXRy, (g =eC )
v xG) [l.'.".’lﬂ'l:',I +8(C_ +G }][ﬂ +9C, }-I-lC (g -»C }
1l=l ~Gligy,, --G}
G
MV Glag,, (G e WG e IR C 8
+1°R.C C, +.2'a CZee Rhgmﬂ - c:nL

--Cﬂ}
2
FREE GO R C by ot O MO R
We use Eq.(14-40) with the follpwing pumerical

values:

RL-B. +R = 0, 3+1=ll 2 X0

Glsl/R'=s(R -I-r
[ [ ] n

-G48y

+R } -{5u+1nu+znu} -z EE mAfY

Thus we have iur the denominator of Eq.(14-40):
(Goeftictent of 8°)sC G R, ®100%10 “x:nn‘“su 2

x10%3 6x1071? ¥ q
(Coetficlent of #) =C‘+GE+G:RL{:m+:.b,‘+G.*]=

1oox10- 25310 124 3x107 1 x 1.2 (804 142,86

296.9x10°2% F
{(Constant term) = G;+;b,‘-1z.aa+nxm'3-

3 Eﬁxln':! mho. Thus
2. B6X10° (50x10°2 -3x10"22 o
Gy® 19 2 “12 {1}
3 6x10 +296.9%30 T 8+3, Eaxlu
The zero occurs at s -l!ﬂﬂﬂ'a}fﬂﬂﬂ'u}:
16.67x10%.

The two poles occur at

--zgﬁ.uxln'“ﬂzga,g:m—l?-]‘-qz,ﬁgn'“xa,aanlg" .

ax3.6x 10707

or at uzﬂ*E.IIEIi_ﬂE and llI-l.ilgxlﬂT .

GClearly 'E‘F-'I »4 and " is a dominent pole of
the open-loop system. Next we check for the
prasence of s dominant pole after famn:k has
Thus we check if Q2< Q2 «0.16.
We want to use Eq, {14-31) for which we nmed:

been wuppllied.

180G, 1+{-R HGM}I.t s=0

,_.,,t_“mMm__ 8.409
B&ulu

and n=» lzfll = 61,52

Then, from Eq.(14-31) nznn{1+ﬂﬁmnm;+1}z=

L1 52x8.409/62.522x0.132 €Q°.__ = 0.16. Thus

a dominant closed-loop pﬁlﬂ does exist, and the
correiponding 3-dB frequency is glven by

| Eq. (W~32)



Lottt 4T lm:'z where I, = ] '1' /2ni=2.1 MHs

Thus lﬂfl 2.1%6 2,52%(1-/1-4X0.132 )/2=20.55 MH=

are -1-'-1'4'.“1:;5 and  0,=.26.8x107 rad/aec
. T

(14-30) l“_i 26.8x10

i "1 z4.4x10°

3

- 2 »4 gnd et 3 > 4,

*2 2

Chap.13 for this configuration we know that

E - —R-L—- L 33*
Y, R+R, Vo

honce 1+ BA,, =18.4 hence from Eq. (14-31} we

4]
DR, moxisa o,
{ml}z 123:10

Since this value is only slightly larger than
ﬂz(mjuﬂ.ﬂ wa sbal]l ssasume that ws do indeed
have » dominant pole, In reality the in:ﬁd pola
will be slightly less than two octaves away. he
wo have

]
5
1 24 .4X 10
3 im"— = {. 359 MHxz and from Eq,

£ (n+1) _
'[14-32] we have £ = 1 [1-/1-4Q%] =
“-_332?5..1..1..1_“_,,"""“'_.5 657 }u B.95 MHe. Notice

f' __,__LD 383x11 1.586=34. 3 MHs hence :L 342

hance from Eq. A0>>1,

We notice alao that F ram

0.1

& “aE ea

have -'Iﬁ:t

‘H! B 95

3.82  slightly less than 4 or levs I'.hln two
octaves, Finglly

A

: Yo 834
‘U"ut" 1+H-i'tv 154 = 4% 3 hence
R o
Yof 45.% - .

Ave® i " Tiie7e.95 Theve fls lamega-
herte.

14-30 (a) The n-pole transfer function s given by a

guneralization of Eq. [14-558), or

Allf) 1
A, T W WWITE )

T t1)
{+.’l-ffpn}

whare fﬂ. . ipn nrs the Irui[miui-;

nnrrnupmdlng to the n polas.
iamn] -1;[1-:-:2;!; j-lfz. .. {1.,.12;;;]”‘

and

| /2 172
20loglA/A [anz ) .
og|A/A [=-~2010(( +tzo“£:1)l ...¢l+lzf£:nl 1
-20 Logl 1+sz£:1]” 2 ... 20 logl 14 P2

Commparing this with Eq. {14-49) we sees that the
(normalized)} gain in decibels is the sum of the
gaina in decibels of the n individual poles, Q.E,D,

{b) Lat {_l+jﬁ£ p‘.l:}#*k exp{px,) where X, arctan{d¥ 1*-]

Ther

14-29 The two lowest poles for the open loop amplifier |
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14-31

- and Ak:l"ﬂ, for k= 12.,.,n

(2)
Thus, from (1)
Al !
Aﬂ A.ltrp{hl). .
l -
Ay A exp thl+. .

allry 1& l:'p{-j{xlh.
: n

g
'+3h]'

Thus nrglh f.ﬁ.n}--{xli-:zh .
", e -:rettn{ﬂfﬂ}

A u:plj:n]'.-

' +=n}

cHx )

-lrchnlﬂﬂ Pi]-l.r:hn[!ﬂ’z]
This proves what we set out to prova (simply
corpparse with Eg.(14-51), which givas the
-contribution at a single pole).

(e) The transfer function now is -

{ {1+jﬂ£ A 1+jﬂ£m}
s = (3}
{1+38/¢ lﬂ .ihﬂffwl
(1) Magnitude; |
w1 12 e )2

7o D I AT R T
Ao u+1¢2n§11”‘. .. u+szsz:n3-‘ 2

and znluﬂ.ﬂfﬁ.n]: 201og( 1+j£zf£:1)uz+. ok

+20 log( 1+5¢znim1” 2 2010 1+j:r"f¢:11-. -
20log( 1415 1% 12
1og +1f’r on!

Thus, agsin, the gain (in decibels) is the sum of
the contributions of the gaina (in decibels) of the
Indlvidual poles and zeros,
{if) Phase: Let {l-lrjﬂ:l.khﬂk -:r.p{j)rk]- whara
Bk:l- 0 and Yy Il'ﬂtllllﬂfikh k=12,...,
hme, :_ Blnz B exp ji?‘#?!:. Tha A
AIA. An axp j[:rl+x£+. - +::n]|

m

B B,...

Ay, .

and argld/A ley 4y, +.

lrl:tlnlﬂfﬂ}-l-. .
-Il‘ttln{fffﬁn} .
Again, the overall phase is the sumn of the contri
butions of the individual poles wnd meros,

Am'ﬂ' }{Tlﬂ‘z 'xl"lz'. .k -tn}
ATy X

.+l!ﬂhﬂlfff'm]-‘r:t“{1ff. | [

M

(a) To pole the trye Bode magnitude plot we use

.

A in dB = 20 1aglan|-1n Logl 1+f-z-1

Pl
To Iind the

Eq. (14-53)

- £
~10 1ng{1+%——] where f _wdf
2 PE Pl

3 dB Irequency of this circuit [lH} wa squate

-If-h 1tﬁf? or

LR L]




e

: 1 -'l"dl"nr {1+-£;L}{1+ tIz.I y= 2
£ £ = 7 166
H & pl pl
[{1+fz—"1l1+';2"]z
pl
: f 1
1 o4 17'H2 o .
or _I'E_{I Y + .‘.Etf ) =1 or !H 0.945 Ipl
pl pl

Now we construct a table of values of |A] in dB
for different f using Eq. (14-53) and denoting
K= 201og An¥

£/ 0.5 0.9 1 Z 3

1

LN T T

|A] in dB | K,-15.31 | K,-28.64

Using this table we draw the true Bode magnltude .

plot as indicated below, from which we find
£H-D.95 fpl (see dotted line), in close agreement
with the value obtained above. On the same
graph we indicate also the idealized Bode
magnitude plot.

T
+ —
Rty

: £
(b} Using Eq.(14-54) namely 'E:-lrct,‘ni;l—
-arctan --f-— where £Pz= *fpl we find 6 for

p2

Alin dB[K,-1.03]K,-2.8 K;-3.28 [K,-7.57 K o194
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14-32

diffarent values of f

f/f 0.1 0.5 u.' 2 3
pl : .
¢ -7.14° |-33.4° | -59° | -90° | -108.5°

7 4 6 10
ﬂtﬂ
] -121.%1 .136.9? ] .152.1°

Using this table we draw the true Bode Phase
plot as indicated asbove., On the same graph we
indicate the idealized Bode phase plot.

(a) To plot the true Bode magnitude plot we use
Eq.(14-53) |A| dB=20log|a|=2010g|A |

-10 log{ 1+ g—j-lﬂ log( 1+ gr—l where f =2 ¢

p2™% fp1
pl p2
Then for zulagiu-zumgianli-ada
ey Tk s
we have 2 2z 2 m==— or
£ £
n+£%m+ia 2
4
pl pl
£ B e s
11+I§2{""H1+—'%']=2 or %(ii +% e a} g
T pl £
pl pl pl
2
:;H}=07 and £H-uas‘?fp Now we

Pl

construct a table of values of |.A.|'in.d.'ﬂ‘£nr
difl:'afnnt f using Eq.(14-53) and denoting

X,=201o0glA _|. {

£/t 0.5 0.7 1 2 4

| Eidﬂ KL—LZ3 1{1-3.23 El-'.la, 1{1-10. KI-H:EI

‘Using this table we construct the true Bode ™

magnitude plot which is shown below on the same
graph the idealized Bode magnitude plot is shown,
from which fH=ﬂ.Bﬁ fpl'
the value obtained above,

in close agreement with



fe (L[]

14-33

(b) Using Eq. (4-54) Hl-ll‘ﬂtln"fff—'—-lrt‘:ttng—'—

pl P2
where ipzuzfyl we find 8 for different values of f,
At 0,1 0.5 0.7 1 1.4
B -8.6° | -40.6° | -54,3° |.71.6° | -89.45°
-
AN 2 4
: -108,4° | -139.4°

From Table 2 we construct the true Bode phase
characteristic. On the same plot we indicate
with dashed lines the idealized Bode phase
characteristic,

The magnitude in decibels is Eﬂlngl,&'] =

2010g la [+ ZDIQEJIHHEEJE

or to a good approximation,

201og IAﬂ r

(1)

for f<< f
b

|A|(@aB)= (2)

201og|A |+ 2010g(f/f ) for £ f
Plotted below are the exact curve given by (1)
(solid line) and the approximation given by (2)
(dashed line). .Aﬂ was normalized to one.
For § the phase, we have
8 = arctan l.'f,-'fz] !
A good approximation is to have

(3)
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0° if f 0. 1¢f
z

90 if £ = 10 f:
line joining two pts above
for 0.1f <f<10f
z z

a

8= (4)

The two plots are shown below using the same

convention as for the magnitude curves,.

]
">
P
"

f/I | Magnitode | Phase o
arror, dB | ervor, deg >
gsh 01 | -oos 5.1 25
: ﬂ- wlos [ -1 : At ('Fﬂndrmqmlu&t m%
<€ Bp 3] -3 ¢ 153
! wl 2] -1 -40 ! R
sh 10 | -o0e o delized, 420 d8/decade |[]
] - L
= =1 - PPl
Tdeakized, +45* /decade T | ;
[~ Bode phase= e =
] : ! ; Ll e
001 002 005 01 02 0§ 31 2 5 10 2 M
1/,
vu B
14-34 (a) From Egq.(13-1) vi =S¥1/RC - Leetting
e=j2mf and HE:I{ZﬂfP we have
'ﬁi'n g 5 jlﬂfP} o ()
' +f T 1+jif/€ )
i b+ P 3 fP]
2
30lugl‘fﬂfvi!—lﬂlng[f!fp}-lﬂlug{1+fz,'fpj
Observe that the contribution of the zero to the
magnitude is a line passing through f.=fp with 0
dB gain, and a slope of +20 dB/decade. The
phase of the zero is constant at 90° (from (1))
(a) Magnitude
dB e
A o’
20 r..r""'f
—L ﬂ-’:ﬁp 'FF il J?'FF ’11
| .,-. #__‘_ %
- -

dB
: +¢u’ﬂ‘u" n
20T ®

In the above Figure, as well as in the one below
we denote the contribution of the pole byw—
the contribution of the zero by —¢+—e—e—, and

the overall response by s .



14-3%

. phasre = ﬂu, ms» the curvas shew.

Indeed, observe that for high frequencies, from
(1), 20 loglasa_|=2010g EL-|=2010g0/10)s 20 43,
BN lhnwniﬁ the Figure.

Ehase

.r-l—l—l--l

.'_'-"
o 20
£ kH2

e o e am e am e ek S

Indeed, for £ :lriP wea cbtain from (1)

v ¥/

J ”J
vi H-HHP a1l Thus gain = 20dogle0dB .and

(a) 1; 1xHz £ = 10 MHs. The
A (L43/12) (1432110

B e — {1)
A HHIHPI I{1+jffli

Observe that the contribution of the merc to the
magnitude curve s Eﬂ‘lng{l-lfj‘.lzﬂ:]”z, which s
the negative uI that contributed by a pole at 1!'
Hence the idealized Bode plot for a zero is the o

g et i L B Bt bl

-

same as that for a pole enly that the asymptote '_,,-rl""

has & slope of -[~-20dB /decade) = +20 dB decade, Fl—-—-—-l-.:-;—-i S T

A phmiinr argument shows that the idealized . - i I - rk“!
30 o

phase curve for m sero is the same as that for

a pole, only that the slope is now +45%/decade
and the final phase is +90°, Foliowing the
potation of Prob, 14-34:

(s} Magnitude -

14-36 (a) 20 1ugf -znquiﬂ-- 20 log AP -201log A 8. (1)
o L 0

{i) The phaseo margin is defined ap the phase

corresponding to 20log A= ¢ plus 180°(Fig. 14-17.

20 loglA  B) = 201og( 10X0.5)=20x0,7 =14 dB

"Thus 20 log A/A = 0-14 dB

4B . ' The irsquency f_ at which the loop gain 1s O dB

mr:ruﬂ 3nin (for the coumputation of the phass margin) is that
’ {requency for which l.hhlnll-l-l dB in Fig.14-19,

or £ %1, = 10. The phase at £ ls - 120°,

p2
hence phase margin = 180-120 = 60°.

" {il} The frequency !l at which the phase is 100°
is from Fig.M4-19 {=100. The gsin margin i»
20log AR at f=100 from Fig.14-17. Hence gain

margin = 201og A= 20 log(Z) +201og A B
147



14-37

1438

<20 » -20%og 10 P

»20 log(-2) + 14
o :
At 2100 we find by axtrapalation of Fig. 14-19

that Zﬂlngf-u-ﬁﬁ 4B,
. L]
|Gatn margin]= ]-58414|e41 dB

(b} For a phase margin of 45° the phase is
~135° which from Fig, 14-19 occurs at f S M
whare log I'-"!'“-l = =-2¢dE The phass margin is

inund at 20 lu[ A.i!: D (Fig.14-11)

Frum {1) zﬂln'——---ZUhIA B or
ﬂl
Hlﬂl‘-ﬂ -} H__L

(a) The loop gain of this amplifiar is ﬂﬁ=-ﬁ-—_ X 1";3
- {1+ 3}
with £ in MHs, The systern Lecomes unstahble at

the polot where arg(fA)=-180° ant [gAlal,

At that point, noting that B < 0 (negstive feedwck),
arg{fAje -3 gretan{f) m-180 or fa= tan 60" = Ji

A that frequency we want |[BA]= 1 ox

i [ a8 s

() Since BA_=-0,008x-107x 8, the loop galn now
b-am;

8 8
BA = e
SNTCTNTITS z; (1-Lr240) 158)

= 0.008

(1}

The gain margin is |RA| at 'Iﬂ!l where :Il ls

“such that arg{pA}e-180° or, Im(pA)= 0 and

Re(BA}€ 0, From {1) .
- 8118y 0 2
(1e 11:"}+jm-mf’1 (-1 a7 10632

I (BA)wO when '?!-Iﬂf a0 or rl=ﬂ?r1n-=e_u,aa'r
Note that Re(PA)< 0 at £. Thus the gain
margin is, irn:n-. (2}

8 f
lea} = lu xr/io | ¥ 1194

In decibale, nl.l.n margin = 20log{l.194)= L54 dB
. -0 |

W) A T RT3,

where 11- 1. MHzx, .'IE;llr 5. MHx, 13- 30, MHx and

1 is In MHe.

- Notice 20log{10%) = B0 aB

I |
™
e

A \ ..
L4 -
L
P T S ———

(¢} The break points in ths phase plot occurs st
0.1 fk and lﬂik for kxw 1 2,3 or at 0.1, 0.5,3,
10, 50, and 300 MHxk.

{¢} The amplifier will oscillate at a frsquency

f, where &(f j=-180° U|@A (L )| =1 ok

|A?{£}i -nan From the phase plot, we find

iﬂ = 12 MHx = oscillaticn frequancy, at which

A =50 dB. From Eq.(14-3T) .

20log Ay 8| =20 lugl.ﬁ.vﬂl ~20logla, |=80-50e30 aB.
TO prevent oscillation the midband locp guln

- moust be less than 30 4B because in that case the

loop gain st 12 MHz will be curtalnly less than
0dB. Xor example, i [Ay gi=294B, then

(in dB) {Ay ) pg+(B) p=29 snd (B) = 29-80»
-51 4B and (BA (£ 1) o= (B), ot Ayl ) o
-$H-50=-1dB which iz indeed Less than 0 dB.
{e) For a phase margin of 45° we need l-phau
of -135% at the poict where the loop gain BA,, |
unity (0 dB). Thae phase is -1352 gt 5.4 MHs,
st which |A.|=65dB. Thus

lavﬂplﬂn 65=15 dB = maximum midland loop gain
which can be added without causing oscillations,
Since the ameunt of fasdback is defined as
20108(1+BAy ) & 2010g(8Ay, ) tar BA, w1, then °
the amount of feedback equals the midband loop
gsin in dB or 13 dB. H mmore than 15 dB s
iotroduced, then the gein curve will move up-
ward and the 0 dB peint will move to the right
(nea Figure) thls will cavse the phase to fall
below -135° (pee Figurs), clossr to=180°. thus
r'nducini the phass ﬁuriin to less than 457

-lﬂ

=33 ) At T (e 20)

where { is {n MHs, Note that 20 1nj:]Avn|_.

2010g 10%= 80,




e . -, penT -

(b) See graph balow | | CHAPTER 1% -
' | ' ' 15-1 {a} Converting the A"Vl'tnd Itﬂ combingtion of
Yig. 15-3 to the Norton squivalent we have

-Fis. i

The outpit node KCL squation le

ﬁ'vvi ?1-1" Vn .
?4- _til - T:. 0 from. which

AV AYUV SV IR -V = 0, (A AR YOV=(4R YV,
V. A.+R.Y'

- 4] W -]

sed Ay® T THR_T

which is Eq, (15-3)

1

{b) Convarting the vV, and Z combination of Fig.

15-3 to the Norton squivalent and writing the KCL

ogquation at the input node, we bave
Y?.-{T+Yl]\*l+Y'[\"ﬂ-\fl} = 0

Since wa ara interasted in Ayy = Yuﬂf-. we

(¢) The cornsr frequancies are it sliminate V, In the shbove equation Dby letting
0.1, 0.3, 2. 10, 30, snd 200 MH: ViV /Ay, This results in

(@) 1 = 8.4 MHs for the phase to be -180% and . Y+Y;+Y!

"o . - YV, - x V, +TV =0 or

hvunﬂ-'sz dB. Thus, from Eq.(14-57) v

201 13 |=B0-52=28 4B | v |

“1“51""%” ] "'i‘:‘:i:LﬁTh\' nin that can A"H- -i'-n_' XY+Y f‘f which is Eq.(15-3)
This is the mgxirpmom ooPp-K . { . |
be applied without oscillations. (See sxplanation . Ay
an Prob. 14-38) | (c) Notice, from ¥ig. 15-3 that
{s) From the phase plot, 82-135° (phase margine | VALY, : IL. CzwR.
45% ot 1 1.8 MHx and lhyi!.‘ilf-ﬁﬁ dB. Hence I= ZhE, hence Z/}, ® 3 -——-—ﬁh&v .

Ay B]=B80-66w 14 dB= maxiomm midband galn, |
-] (d} The circuit fremn which ths short.circuk ocutput

current Im: is shown below (where El was neglect
of in Fig. 1)

Z

AV V. AV A

v i i v i . v
I =14 | murim g a{¥'4 — )V, =
B _ Rn ! Rn | En i
TA
1 b | v
{Y'*'AT;R::HZ + & "':"zm- (4 R I"f.

o
The open circuit voltage is ¥V = Aw\f---{z*fzﬁ;

149



2

. oc -!Z',{ZHZHFZ‘] . HZ/Z
Hence T —— =R ( )
of I 14Z7A_/R_ o nn:rrfav

19-2

The clircult that results if we replaca Z' in
Fig.15-3 by its twe Millar impedances is show
below, whare A?-?uf"li

'
Vou Ay ¥y ZiA, - A1
R+ —— I4R Y )
- Av-l a .ﬁ.v
- Vo Ay Ay
Ay 7 Ag-1 " R Y
» ]+R¢Y'{ A\r 3 14-3.“"!"' Av

Av{ I+Rﬂ?‘} = RﬂY""'Av

. AR Y
Avimr— which is BEq. {15-3)
From the input circult, uslng V!_:{I.h#ﬂﬁﬂr;““}
% Impedance
vy “V Y
v ‘L-'+{l-l.ﬁ. Y Y .-IY+Y'. Y ALY and
v ¢ - T PAy
pop Vo AyY, A e,
| v_ ‘r- *?Y"Y"'Y""Yi} Y-%{YFE"{-Y&}
v

which 18 Eq.(15-2)

15-3  This is claarly a voltage-shunt feedback aroplifier,
To find the ioput circuit we set V¥, =; this places
Z' in parallel with R; in the input cireuit. To
find the output circuit we set "h"lnﬂ; this has the
affect of cnnn.:t‘i‘ng Z' from thn-uut-put noda to
ground. Thus wa obtain (substituting the source

by its Norton squivalent)

I,
v,

e |

Z

T

4]

22K

— ol

4

For this type of feodback the tr:‘nlﬂlulil.tl.nnu Bys
le stabilized.. We have: B e Iff‘ii'u=-?' x-1/Zr
v AY z'
R. =2 _..2' x v 1 - Av'
M T R +Z! v (Y+Y%4¥)) [&Exwﬂﬁ)

1
Y '_h.., (R Y1) Y+Y +Y,)
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15 -4

ic.5

v v
Ay ?1” 2—19: =Y B

=Y
I Wp— :
Y*-A {RaY +1}{Y+Y'+Ti}

v

i R Y1 %1, then tha above expression reduces
to Eq.(15-2). '

-We clearly have a voltage-shunt fesdback amplifi-
By fuunﬁng rulaz similar to those in Proh.
15-3 we obtain the following circult:

ey,

Here the transconductance R, is stabilized,
Assumption 1: In the figure of the ammplifier with
feadback deactivate the ideal amplifier {Avl o),
Since H.uiﬂ Wi have Vﬂ*ﬂ.

Assummption 2: By hypothesls
Assumption 3; From the figure of the basic

arrplifiny:

L 1

vﬂ- R independent of R

L
(b} From the figure of the basic smplifier:
‘-";AT‘U'"
RR*{RfRﬂ.
B RR‘+RFRl+Rl]+R'{Ri+RIJ
- IuRp
E,; H
=Van R+ R, ° Thua: V =&  ——% LR,
i 1
L Ri

i
O
RI . I. ='ﬁ"r

Vag=XRIRH(R 4R, I

¥

and

RRR.+R,)
nli-ii' RR'+(R 4R )RR

M
I'+8R,,
A R RR)
R W el ———
¥ o RR'+{R1+RIHR+R'}-AvﬂiR
AV!.' v-ﬂ= ¥ = Rm = AYRI'HJ — —
v, LR R . RR'+{Ri+RlHR+R'}-AvR!

The clrcuit is

{c) We find le

20w 3 oamO &
| ¥y " BAY
O
. N
+ — 1=




The KCL equation at the input node ie

v, +Y v Y+yv -V
i s i i 8 o
-3 + Y + Z 0 a0 aor

1
(Y+Y 4TV YV = (Y4, (1)

Similarly, for the sutput node

?1+1f.-1i"n- A‘rvi-?n
¥ 1 +t =R =0 eor

o v R___.]
(YHA Y WV (IMY IV eV 12) P2V e  ReRT T 10
win 2y f i in RI+R <1t 10 v .
Solving {1: and {2) for \"nh". we find, ueing v-A vi R"+R+R 107 % \A 6, aaw
Crammar’s rule R
- ¢ aXd.
R '\fn -IT+Y1+Y‘]T'+IY'+A.FY“}(Y+YI'] . V= 'H'l?tfﬁ; =¥ ""ﬁ;_g-'ﬂ 9174 V_ whara R‘p 159
© Ry v '-1T+T1+'!i!"H'f'+'fu}+{‘f"+.h?'fu}‘i"" . v v -0.9
A Y .Yy . o, 0 _1_
!l THYI-TT, | S Ay T T o= (6.667){0.9174) 6116
(A_-1}Y Vi«Y+Y mr-nr ) s i =
voe ' Ay 6118
{?"‘"Y'} A ——— g —w— g 9“
. Ay Y4Y' .Y 1+ 61 —
Note: as A~ ®A, .~ I --Yj','—-h . v HPA, 146106 |
21 This should be ::u:mpnu& with the approximate

£
i
[

value A.v.!ﬁ '5—- 10

(b} From Table 124 Rupﬂi{hﬂhv}l{lﬂ}lﬁlz.ﬂ
‘b, 126 ) = Mﬂ

as it should,
1%-6

If we use the result of Prob. 15-& hers

A.v.R

E+R1
a8 above. Notice that

above formuls. »
R

__Bs 3000
() Rog *Trga_ = T+1000 =4.3330

ye 1014 Sl 5::5 j=6, 126 k0.

AyR
R+R*

’ RH-R {1+

lﬂ.ﬁ.?lnth.:

Since Ru w R.III. we try to express V_ in terms

\he 11 P 15-8 {n) We have a voltage-series faedback amplifier,
of 1. From re, ‘J" R 1 +'\F R '

8 T gure "S'e Wizt o To obtain the input circuit without feedback set
{where we used the fact that R!. is large, hence v, =0; this places R* in parallel with R. For the
Vo= gzt Vo) Fhus VeRIizEoa v vy (D output circuit et [=0; this places R' in series

' with R from ¥V to ground. ,
H we sxpress "'i"z in terms of 'Fl nod I., then we 9 '
will be able to form V,II. and find Ru. We have
Z_, v - R
"U'zl Z-I-E"A i?. ?z] and nolving for \Tz,
ZAvy v
2 Z+Z‘+sz
Subatitute this in {1): V'rﬂll.
' ZA
FA b4
toa v T TR AL W
From the sbove equstion wa form | Apsurrption l: Deactivate feedback by setting A=0
Z4Z 4 A A ' =0.
N v, Vz “+ Vz o E.D. Since nu-n thea V =0
i I 1 Z+L!t Z+Z' ' Assumption Z: By hypothesis

Assurnption 3: From the figure of the basic
smplifier p=V/V = R/(R+R") independenct of the
" load

1%.7 (a) Since voltage-series feedback ls invalved, Ay
is stadilized. The amplifier without feedback is

- obtalned from Sec.12-7 and the following circult
is obtained
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{t} For the basic amplifier: VALY,

| R -V R (R+R')
VeV »—t i _—
7 RFRIRIRT T (RAMRFRFRRY
Y n.ﬁ.?RiIIIHB'] '

AyT v_n " TR+R'I(R+R, HRE
5 Rl 1

A"ul’
1+BA~.;

{e} With fesdback; Ayr

“A_R (R+R)
(RAR' )R +R, HRR
R ARIRRT
R+R? (R+RI)(RFR JRR
-A_R,(R+R')
Ave” mnn!m }-A_RE

le

i
15.9 Connect a source V at the mq:ut. uhurt-:ir:ult 'f
arnd assuwmne Ri'. Yof' "'J"

From the figarm v
‘ y . - AT ]
I= Inﬂ (3}; V={R+RWI* (2); V= RnIu+A?‘I! (33:
L ?i = RI' [4).

v .
From (2); I'= RPR’ and from (3) and (4):
v
V=R I +A . ‘V 1
= -RI+.F.111-RI+A RR+F.'

, _ R
Substituting 1 and ot Into u}.-. n+nt}*_

—.— - --L —e
Ty R_ {1-a, n+n']*n+m

1510 (a) Following the discussion of Sac,1%.3, we sea
that a large walue of R. i» desirad for s high
CMRR, Thus the asgumption 'R >> R is reason-
abla; since the typlcal values ﬁf b, l..ud h are
100 and 10 , -4 rospactively, it is ﬂlll"tl-lll thl.t
by ® b . Note that, typlcally, h, b =107
and lfh“l 100 kl, so the sssurnption
R.H- hfu h"fh“- 1 K is llu_: fustified,

We next proceed to prove the formula for A
using the four hparameter model in Fig.15-T
which produces the following circult

From KVL

Wa ara intarested in Ac-?nﬁfl.

‘rl’: {3.4. hia"b+ hra? ce -vnla.l' B'f.' Iu -
(R #h, ), -t1 'hruHRnIn'zR-ub-zn""'nnxn-
' [H'+hh+2 (2 "hrélnnnb-'[zt ! -hr.]R-l-hr IRI: :nﬂ ()

?.={R'+hh+lﬂ-]1b-z R.Iﬁ (2} where we used

h ﬂll.n{lj

From KCL st the output nods, -1 .hi Ib+hu| o™

faI'b+hu.mnIn'ZRauh'I n”' Solving for Ib wa

obhiain
1+k {RE+ZR']I 1+2h R
%

- I L I L]
L “h #R_IR_ o <h_+Zh R o

Eu‘l:-titutin: this exprassion for L in (%)

sinca E':I-?Rc

(R _th +2R 1{l+zh“n }
V" h‘ w28 n -2R ]In -
{R +h HI-I-Zh R HZR +3h‘ R
e 21 (3)
{Eh R —h } o
"u '.H'r.'Iu
Finally .A.car ¥ "V produces the equation

. 5
to be proved,

{b) Conalder the Figure of part (a) above with
& =0; then the above formulas ars valld and the
ratio I.':f"lf. s given by Eq.(3) above with I'==In.

We next find ?Mh"‘ from the Figure below,
where R: - -

Rs"' I‘ie.

II:
L o 1

Noticing that V_ =-{h 1)/h

h
—fe_ -
A St Ral Ry hy B G )

\rm: v¢-+R3[b. )

KVYL arcund the input loop: ¥V :{Il:, +h't.+ﬂajjh
+hrlv¢-=cnl+hin+33' hlrn !n'fh "b (5)



. Dividing the membars of Eqs. (4} end (5)
V. Ry-b /b |

Ve n’l+hh+n:!'huhhfhna

Finally, using the ratie I“h". from IEq.(3), we

have .
v I,IIS-I:-.f fh“l[{k .-l'-h .Hl-l-h “EEH-I 1+h! 113)]

j. _——= - +———+
H B n
° Ill: [g:+hi-+nﬁﬁhr-hh hn-“h 'Eﬂ'hh!

=

] {1+h1_53}+{n.+5 1{+h 13]
1 h“:n'+hll+n3-h h 1}

re Ia o4

" 16°3(142.141- 10" x100X100)

Q.E.D

5,3& M}

15-11 (a) Using suparposition and Eqe.{15-1} aud (15-4)

wa have (nctice that V of Fig.15-43 for the non-
inverting terminal is ‘*1""3-"“1*“:’ in this case)

R+R' N1
. .1

RytR,

R

e R 1 th

A

imeme 1 R R,

1

R R#R, "R dzUR TR IR,
Now, if E*{R-Rl!!tz. {R'!R)&!-[Rl!nzhl or
Fer B R
R R
e S 1
R, ®
and the :nﬂﬂ:iant of A is zero; in this case we
got from (2}

r+r_ Pty R

R

. Thus
1‘!‘.z | R B.1+R1-

n - .
PIPEE i WU SV WP T SO §
3 URTR R, z“-nz- nz‘" R, 'd
Ay 4 RTR RaR,
e vk LT
R ¥R,

R REIFREI'I'RIER-}R'}

R*{Rﬁaz}-alﬁrﬁ'-'?"

- i
2

15-12 (a) We verily Fq.(15-13) by referring to Fig.15-h,

for which hssuming ths simplified transistor
model)

AL & 5,
* £c ———t ikl
Adﬂ?#f'\'.l ]‘b "if. hﬁunt "'f.

Now, in the imput circuit L flows through R in
neriss with hh. hance %V.--{B.-I-hk)lh. Henca

3
~h, R {= h, R
fo ¢ 2 1 fs ¢
A = I - - — — ) n"m‘ D' {1}
d  -~lRgh ) Z R ik, -

Eq.(15-14) le verifled from Pig.15-Tb which is
a CE stage with an emitter resistance whose

vl.lull is R=ZR . The voltage gain A sV ﬂ‘r?‘bn
whare th is the voltage froma base to ground

" 1s given by Eq.(11-46) with R, and R_ replaced

by R, and R-;R.,_ respactively. Thus '

v Vv, Vv, -h R R,
AT R T R R K
© . ba . I.-H "'b':!o:l " H’l+ B

where R 2 by _+(1+h, )2R (Bq.11-45), Thus

-h! R

A2 S Q.E.D.
¢ n.+h“+u+h‘_1m. )

(b} From (1), with n- << hi- and h!.- 0 pry ™

3. TR
Aw 1 " Ec . 4 B piae
4 z b, ¢ TymtTue
' n .
_ 1 Emyie e |
Since Fy, * fp A3 Tore 3 KR
Now from Egq.(11-25) gm-—:% and
EEE I R
o % — T
Yy T
dyY 1 In
Since A,z =R ¥ ., a=—— O E.I\
K md' Sma v,

15-13 {a) Under the conditions stuted, we have fromm

15-14

Eq.(15-13) A =h R /Zh and from JEKq.{l5-14)

d g c'id
A = T . . . R
& hh:-l-hhln. thR. IR.
Tiua o =JA 1i,‘;ur.;ﬂl = b, R /b G.E.D.
‘Iﬂrh'lnl i ‘mrlh‘!n!
(B} oo #r. "Eme
Bhi ble b'e
whers we used h:!."mrhl- and b, ® £ .
1 R 2 R
Since ’m'% . we have p_!}%l -—%"-
T ' T T

?fE?T. where we- naglected the base current in
assuming that the gquisscent wvoltage :crul‘n. in

EIGZR‘. |

Replacing the transister in Fig.15-7b by its four

- h-parameter modal we obtain the Fig. balown
8
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15-15

15-16

1517

-Vuo_t R

Since A aV /V . we have that A =0 if I.x 0.
. € O B c C

hhlb

Then from KVL in the ocutput loop <
' . on

h!:
ﬂ-lbl.':t'uﬂ or —i-;:qZRE
(a) From Eqa. {]5-]9} to {15-21) we bave
Voeo /Yy BT, Varb Ve
~To=Ip 1€ *lotis€
Vg1 Vpo Vg
BI B2
b AL “ ICI "1 ™
I

0 _—
l+a:p[-WBl-szH\’T]
(b) From Eq, {15-22) we obtain

Vo=V /¥
dl., Iy ¢ BL™ T

" MV Vs Vo jf:+m{-wm- Y)

I
_9_
then Ema” 4V
T
o1 _ 1
Y weVie
V=V ny- EZ For IC‘.I' 0.1 Iﬂ we have

1+E e 10 or V--—'\"Tﬁn‘? Fan "-'-G.Ib

wa h""’"' L+ expl~v/ )= Lo/o anz-—m—V !
Thus &‘U‘ 2V ln?-ii\" :

I Vo*Vpe

{a) From Eq,{15-22) whaere

T
{b} For IGI'= quz we have V = 0
-Viv
T 10D
. For 1{:1: 0.99 Iu we find 14€ = 59

or V = \FT An9Y = 4 60 vT

{c} From Fig, 15-9 we find AV= 32,2 Vy for case
{a) and for ?J?Tuli.ﬁn we read 15, %1,

Tt 'al R,

R
e e
Tety e
' W1 x2mi
~Vex
(s} Neglect base currants; then I'ElhI'CI

Ig2® gy XV Ve VpptR 1o R Lo rrst Ve,

Since IEIHGE o' IGZHID'IGI and substituting

this in the KVL equation yields

?BI vE'Z {"f

BEL" Y BE2’TRe(2Ig) "1, (1)
() Hera, to plot IC1”u vE. Wm"'raz”vr we will
use what we know slraady, 1.e. the graph of
Fig. 159 which glven 1:;1”.; Ve, {vBEl"vBEZHvT'
In order to do that we try to AaXpross {"'FBI-VBZ}

in terma of IvBEI-vBEEh From' Xg.{1)

Ve1s2z VeI VpE:2 . Ris 21

- (2
Vor Vo Vo T 1,

'We are given that R‘- 50 fi, I =2 mA: it 1a

0 .
. -
~ 25 mV: thus R I /Y, » (50x2)25s

- 4
Ta plot ICIHu Ve [VBI-'VBEHVT wa let

Inown that ‘FT

x'e{V - xa{V

B1 Va2 Bel VeE2 Y1 o/,

The problem now becomes that of plotting y wva,
x! from a knowledge of the y vs, x eurve (Fig.
15-9) From Eq.{2} x'= x+4(2y-1) or

x'= x + Bly- 2 )

In the Flgure below we indicate the ¥ vs. x curve
(Fig.15-9) by a dotted line and we show the y VB,
x' curve with a solid line; alec shown is the
method of getting two typical polots {(one for
positive, the other for negative x) on the nﬁ

curve by utilizing the information on the old curve
of Fig.15-9.

PN Al

\g V5. X'
%, Ay X, :r,: U
i "'V--_"'-', L9 — J

8(? "-l.’:.) B(ﬂ - i)

(c] From plrt {1}: Vo HZ BEI VYompstR EIcl-In]'

¥ rom Eq.{15-'331 replacing Yoy Vpz v Y, BEI 'BE?
I,
1+ VeE1" VR VT

'vBEEH v'r].. Iu' € 'WEEI'?BEEWT- i -1
1

we find IG
L 1467 VB
I

0
and vBEI-vBEE. -\TT Enf—= =1},

ar

Then V__ ~V__nu
Iﬂl Bl B2
. d{\"
Thus

}
Bl EZ
2nf — - =L
"U' .1:|.l::I IIHRJZI{“ o}.
I I

i,
=+ Vo {—JK 1 }+zn +vT{f1{Li
TIho o 1q ch

—
Iex

dley o
81" Vm2! I

Vo= x — 2R
I‘ICI Iu'"rél *2R,

1
Hence Emﬂ av




I

At the aparnti.ng point; IGI.Z_ and vBl vBZ' Thus

Tyf2 . AVT
If;md-? &-E-—H -I 73 }-I-ER - Iu 1 +th1.“I

) I Mv.r
oY S TR T
o l"ifT fln-l-?-R‘ 1+ZR'Inf4‘fT
4
B
-[mtl
15-18 (a) For each transister, I B.I.B
The collactor current is proportional to the
:n‘lhntur area. We thus have I Kll'.c and
Lemlg) /Ky TepmKo oKyl /Ky ) “‘z’ K)er
: Writing KCL at th.u common basge:
I ,a _Iﬂl
L=I, *%”m”nz = +I +o 4
K
o 1c.1l c1+ 2 ‘gl Thus
wH R -
BK, L1, (B4 ) and  1o,= THRHK VK, 5
Q.E.D.
() I pw KK, , then 12 ~g=-=K T
1§

(c) Zha20%2 .. ) 786 (instoad of 2, as it

L Tesoszrs

would be obtsined in part (b)),

E3 ‘B
1519 (a} KCL at 33 L= IBB+IC=' a1 HG' .E.ﬁ
21
oripp *lg Thes  KEHLLE(24B(BHIL,  and

15-20

Lot el g,

fe 5 x6
®) T graxe * 098
For the current mirror of Fig.(15-12)
|
1? . ;+z = 0,714

Thus the ratio 16”1 {which should he equal to
unity ideally) is improved rmmch with the circult

of Fig.15-14s, reaching to s value of approximately
within 67 of unity,
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15-21

{a) Since vBEl vBEZ then the culhcturl currents
l:‘3 of Ql and 02 are the sama and the bHase

currents are 1. /p. Apply KCL to node A wnd

obtain Isalllcil'%ﬂ'l. From XCL st noda B we

obtaln L E o I
.l b w [ (e
flgt = L=y

(248 )

La ot g 2B
3 T+g TTRITY

' 248
Lx 85l e
I,'b}..ﬁ.t nodes ':'Il'lc“s'lc”c{%%ﬁ =

1.2+ p4248)
(BN1+8)

B +ZE+E
W e )

{c) i_ 1;]{1+E| g+2ﬂ
I B 1+5 af+2p+2 +2
2,1

(d) Prom Eg.(15-29) ——m=
_ Ll. 1+?f_ﬂ

Pecause of the factor 2§ instemd of B in theme two

+Eﬂ

equations I2 ie nlightly closer to ’1 for this
circuit than for the circuit of Fig,15-14a,

i = 1 ~u (0.9456
11 1+ A
W70 :
From Eq.(18-29) 7' ——— = 0.938
H3ETs

NMote that aven with § as low av 5 there is only

about 1% differenca in thess two ratlos,

(a) From Eq.{15-27) with g 2 I‘.‘.fl‘.l and from
Fig.15~12a "

Re (V }/1,=(15-0.7)/0.01x 1,430 k0

cc’ BE
This is an extremely high value to be fabricated
on a chip of reasonabla asize.
{b) Tha clrenit now becomas




15-22

15-23

15-24

Using Xq.(15-21) 1(;‘.1-13 explVypy/Vy) and
loatTs @PlVpg,/Vp). Thus

a

[Cz - @{?BEI-\FBHH?T], where, from the

sbove Figure ? -?BEZ.H RZICZ . Henca
toallga" M Ryloy V) and Ryl Vool )
" Finally, '
R,= J,n{ ICI} , Q.E.D. (1)
‘ca Ice

(¢} Neglecting 1, and L, 15'1:: Y=(Vog-Vpp)/Re
{15-0.7)/10 = 1.43 mA, a réasonabls vl.lua.

26 mV 1,43
9.0l mA Moo ’"

From Eq.(1) above R, o
2,600x4.963 0= 12.9 k)

(a) I wa neglect base currents, Il.'ICI.

Isoa:pﬁ"ﬂmf ) from Eq,{1B-21). Also
Lo oV, V)  Thus
Vpm-Vaga) Vs /iy @

Applying KVL to the loop contalning R.l and Rz in
Fig.15-145, we have ?BEI.'?BEZ'RIII'RZIZ ()

From {1) and {2} R111 R:Lz"’ .I-n{l‘l)‘]‘z}, and

z‘z Vophaln /L)
RL TR

(b} We see from the above squation that tha
error Iz maxirmum for ths maximmum ratio of

“1“2’ or (Izﬂx] which-is i0 in our case. Thus
the maximum srror ia

Q.E. D,

V lnﬂﬂ}
R‘Il i ﬂ.ﬂzlﬁx:!.!-'ﬂ = £ 0,098
or * 5 98%

The transistor pair 11.02 forms a current ra-
peater, hence the current I through the 10 k1)
resistor ls equal to that through the 5 kO,
I=(15 V-V z)flﬂi[lﬁ-ﬂ TI/I0 2 1. 43 mA

"L"'z Yl BE?-.HHE. 0.7+ 1.43X%x5= 785V

The affective dynamic resistance is defined as
Rn'v-‘"‘ where ¥V and I .“. the a-c measarements
of the quantities indicated in Fig.15-18, To find
R, we replace the transistor by its approximate
hybrid-m model, thus obtalning the following
Figure:
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RtV
Since Viie™ R JFR
v R
E:l':tik E3+Ri
v gt 'f
L R W TN .
o I ™y

{b) Dividing numurltnr and dsnominstor by 1!.'
1+ -ﬁ?-
4 1+R,{ E ol
R. & - =
4
m* R* Fyig

'm R'
and lm > "'b'u

giver

For £ A e R“

L R:'m + R.’!"h‘a -
@ Im ‘mn'i B R& hla

since hfu- € Tole ‘m“‘b*l.

15-25 (a) Let us start with the current source Ql: The

de¢ voltage vhm of the baxe of Q1 with respect ta

ground N iu
v :[ "'Z{n Tlmﬁ:‘—ﬁ——u—d- 1.4)(3.2 -3 13 V¥
BNl B.‘|‘+l‘t.5 1.+ 3,2 ———

| Voo Vo n=0.7
(b) 1_RLe EE ' BN 082383 0 08t ma

ll.l 2.2
H it is wesumed that the integrated transistors
QZ and Q3 are idmtic;l. one-half of II. will flow
through n.r.h-

Cf ICSI 0.493 mA .

{c) The de wvoltage of tha base of N4 and 35 with
respect to ground is |

Yane Tens® Yo" csns-ﬁ-n.ﬂzﬂ.?s:;_m v

{d) The da voltags at the coramon emiiter (4 and
Q5 is

a 2,18-07» 148 V

Vene™ Vene Vors

(¢} The current in Rﬁ is




v .
Iﬁ. ——éﬂ- -%‘%!-- 0.987 maA
‘ L 3

Sinca zﬁ-rmuunzzﬂ. then IGE- 0.494,

() The base voltage of 06, which aqualy the
collactor voltage "’3 of OQ5, in

V" Ve Vons® GE-IGERT-G-N AS) {3)e 452V

(g) Thas cutput ‘F ‘of the emitier f{ollower is

Ve Vene Vane Vape® 452072282V

{b) Note that Q7 is blased by D3 in the manner
sxplained in Fig.15-12b. Hence, following cur
dipcussion o Scc.15-5 we fnd

?

e M' v mLshma

{1} The vulhga from the ‘t;au Qf to ground is

() The currents in Rq and Ryg re

Ig-iﬂ;?—m--—a'%ﬁﬂ = 140 mA

(k) 'm'lc'r'l';' 1.56-1.40 = 0,16 mA

(1] IFically, the dc output volitage is .
Vor VorgtoRypt 4 60+0.16)(30) = 0,20 V_ -

{m) Frem Eq.(15-25)} hl'-h‘.'\",rﬂcz- 100x 0.02& V/
0.493 MA = 5.27 X0

The differsntial input resistance of the second
stage, :unlilﬁn; of the differwntial pair 04 -and
Q5 is 2 - Howaver, since double-ended signals
are tpplhd to Q4 and Q5, than the resistance
locking into sach basas i» half this wvalua, or hlo
This result follows froam the equivalent circuit of
Fig.15-Ta, which indicates that the emitter ls
effectively at ground potential, Since 1t is known
that hf for transistor Q4 and 05 is also 100, then
hl s 5.2 X1. This resistance iz sffectively
connacted from esch collsctor of Q2 and Q3 to
ground. Hance tha eguivalent :ﬂlnntur-:tr:un
load ir '
R, R = 7.75[5.27 = 3.4 m
The differential guin Aﬂ V1 is given by Eg.({15-1%
ruitiplied by Z (because the collector-to-collector
output is twice the collector-to-ground nmtf.
For the first stage,

A“l—n:h_-% 59&

{n) For the u:nnd stage, hhn 100, hl_-!a.ZT kf),
and - the load is ET'- 3 Xl U we naglect the

loading on Q5 of the emitter followsr Q6 (whose

lsput impedance is high commpered with 3 K1),
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Since the second 'stage has -.. single=ended output,
tha differantia)l gaio is |

v h . .
-_3. 1 I!a'f - 100x3 xe2B.5
V2 2 . & hl 2%5. 27
. .
For the emitter follower, A, ® 1, Thes output
stage uses voltage-shunt feodback bscause of Rq

-nd Rlﬂ'- From Eq.{15-1)

o 230
Ay % 'T-g =- '_5"5

Hance tha oversll QF AMP diffarential voltage
gain is
| A< {59,6)(=28.8~-5) » +8, 49
Note that node ! is the noninvarting input furm.uu.ll
15-¥

-{ ~15)
15426 (a) I= MLI._ 30-0.7-0.7.

39 39
o 0.733 mA.

{t) Identifying the sirnilarities between Figw. 153-14b
and 15-16 'we see that Eq.(15-30} can ba used here
if Lesiys ICI’ and R, sre replaced by 1, 14, and
¥ X, respectively. Thus, Irem KEq.(15-30)
(with resistance valuss in M{l and currents In

WA}
. i
sa0"s L0928 47 A o 7,28.2(40733-An1

I, 4

H.E-lﬁl 5.2 1:.13 {1}

3}'

Wh solve this equation graphically as shown below:

The grapblcal solution L« 194A can be alsa
verified numerically from Eq.(1).



1
1] 2 1
KCL at O3 zll-i- 3 }llﬁ-_l-:aln I!fl'l- B—} or

I-zrl<—ﬂ-) 2 88, hncluaa- V. _ aVv

B+2 BER"  BEY

th-.n Il‘:ﬂ' IC? (s current repeater)

z:
Thus I - 13-' {2)
Put (1) into (2): zrltﬂ'"—a, =1,
2
B 42042 . o 4
2 {eWp+z) "3 OF %y ‘g;h“a ,

11668, 24
For f=4 5= oG gty = 52 I3 04621,

15=27 (o) ¥ I =0 then from tha text exanmple vuau_

io
Hence, using superposition we may neglsct IEE'

The drop across R, 1'-'11.:: R,. Since the voltage
between 1logut terminals is 0 then this voltage
appears across R and the current in R is -IianI R
This same currunt flowrs In R!' and hence

VoL —{R+R'}=-1 oR!

BR'
R+R!

() V =-IR-(I-1,,)R' = -XB+R'HIy,R

beacause Rll

Because of sero voltage between input teriminals
Ip By IR
151 LRARD 4L, R =1 RIL R

bacause Rll RR'J{R+E1)

Vot oligy lpg R -1 R

‘*‘ v -
O

15-28 (a) The slew rate is SR=l V/ua from Table 15-1,
" Sincae v = Vm sinwt, !Iv“!dt'- me.chlmt; hance
the maximum value of the rate of changs of v,
with respect to time (which is SR, by definition)
is

Sﬂx?mw'-?mhtf and the frequency at which
- distortion sets in in

-6
fe BR___ AVII0 s 3y 83 ks (1

zﬁ'ffm 275V

{t} From the definition of the full-power bandwith

we conclude that Eq, (1) can be used with 5 V re-

placed by 10V, Hence

—"%E-L 15.91 KkHz.

Iiull -powear

15-29

KVL from V, to ground gives V. = "u"in-a-

2 Z
v v,
Yo MA 2,
A? R, J.EKCL at node Vz glves Rt
vﬂ vﬁ
—— e ) l"z}
AR TR
Put Eq.(1} into (2)
V R+R1
1 1
n:—-+ Ny, 4 Hvl“— pri=0
A? R AR R
_ R+ Ri-A R
R+R! reRt BHRY vy
RR' Viot Yoll'RR? ".-.. xR YA aRr "0,
i v i X
R {R+R! }vin-vn[{mn']{ni-rnl}mmuavﬂin] |
Q.E.D.

1%-30 {a) See Fig, {a);

KCI, st node *'i.1"3 given



15-31

15-32

v, v
* Hpat A..

R

¥ o2

RI

w 0,

{1) into {ZJ yvielde

ﬂﬂ-i-

{_

A
v

Hnmhvuz Y2
R, © RR'" AR,

R "lps

v ﬂnnlmlumm ;-m.m-nvnin]- -Iy A R RRY,

" Q.E.D,

s

v

AvR §

nl.R:

{h) See Fig. (b):

Ll -ipy=
KVL at node 1"! il:

"le lini

A
v
KCL at noda Y. is

-

Rt ¥

ki

- =
A‘\l’ni

nl‘

Put {3) lntn H} lmd aclve for V

R+R1! 1 ﬂ

RE'

ol’

-RyIn,)- -,ﬁ-+ .- 0

1{n+n=1ml+31}+nm-a.‘nnlrr ﬂ-zma?{mn-}nlnl.
| Q.E.D.
(c} With 1, ® 1, ® 1, ws obisin from perts (a)

and (b)
Rllmnim -R'RRA_

¥t Ve" mimlumn':»nm-a RR n

is minimized when I:h- nuamnerator is
Thus ﬂ’_r.

Thus ﬁ1+ o2
sere, or nin.l{mnrm;ninarnv-n.

R'R/{R+RY) Q.E.D,

Since Ri- =, the i.n:l:ut currents are xero and the
same currant I flows through both R and R',

Thus
¥ = RV HH.+R') {1}

Tha output V , ﬂthﬂrltﬂPMh
V = Av (V'= 1}, and, using superposition,

ol
VAV Vo A A (VI-V)V,]  (2)

Substitating the sxpression for V¢ fromm (1) inte (2)

v [‘.I-A A nﬂam'}]--n A 1"1 ﬂvz

end, if A A ﬂnnmmjmy this ylelde

_ RiR) R+R! »:L '
Voo TR Vi'ma Yot R HVHVa/A,)
{a) vﬁ- v“{hn';‘m Eq. {15-33)

From Table 15-1 at 25°C ?ln. 5 mV, and -

-av'inm-r s 5 uV/°C = 0.005 mV/°C

Thus at 1789°C V, = 54(0.0034175-25)=5.75 mV
and Vo 8 78x10° mV = 5.75 V, whers Eq. (15-33)
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" was used,

0.5
ﬂ*—
io° “101 X1000 mV

- 5."5 mY
V., x 5.45 = 54 (T-25)(0.005)

1o
+M
T =25 0.00%

(b) ?ulﬂ.5§ " Vlnll+1ﬂﬂ] ¥

= 25 + 90 = 315°C.

15-33 (a) This is clearly a wvoltage-shunt faedback
armnplifier; hence the tr sresistance is stabilized,

Following the rules'of Chap. 12, we obtain the
eircuit shown below:

A,
’Rl
"—gx—'— which is BEq. {15-48).
AveC R+ R R+RT R+Rxl

15-34 Use superposition for Fig. 15-2,

v
R! R o
etrm *Yo TR "X,
A R
, v R |
o Volrywe = -v.ﬁ )
Ay Yo &%y Q.E.D
V. " ReR | RA, - 5. D.
R+ R’
: -V _R
1535 Frm'lf Fig.15-4 ReR +'?i+'\f.- 0, and since
| v, AR |
\Ti-r; s ¥ {R+R' =1} I\"'Av. Thas
Y -A
o Yy
A T AR Q.E D,
- %



15-36 (a)
I ] T '
» f AT el DT
LA & tf; E.}ﬂ-..h.- y ;' f i r
ot LT T Lokl
=L Lilial | HING ] 1
wh' “ l l I;. :"I Fl :Iil i!
. LTI | i Eit
»~ | ! .#' | ‘
:{.' .i 1: : 1‘* li:
:jl_+ | F | 1 ET(IN ' ::J!
_J_-J,' .|-#P1'-Ei;1.1 oLl 1]

(b} The frequency of oscillation is that for which

the phase is -1B80° or £a 1l Mias
{e) At £ = Il MHs the magnitude of A, la 54 dB

H the arnmount of Iasdback exceeds 80-34uZé dB -

the sxplifier will Break into oscillations.

The minixum closed-loop gain Ay, for which the
circuit becormas unstable is obtaiined from
Fq.(15-53), from which

20 loglgicyte -4 ana EERL 19%4/20, 4y
The ¢losed-loop ;l.ln is W--R'JR-- =500,

If the low frequency gmain is less than 500, the
clireuit will oscillate,

(d) 8ince the nonsinveriing closed-loop galx ia

I+RV/R, 1f we try to reduce lta gain below 501, °
the circult will oaciliste (sse part {c)). Thus
this circuit is nob zultable &8 & unity voltage
followar, .

(o) For 45° phase margin we want the phase to be
-135“- this occurs st :I'Pll 5 MHg, for which
A.v-ﬁﬁ 5 4B (see Figure), and from Kq.(15-53)

20 logfR/(R+R")]= -66.5. B n10!66-5/20),

2113, and R'/Rw2112, Thus the nﬂninm:m low-

fraquency closed-loop gain is 2112 for » phase
margin of 45°,

(f) After the introduction of ! the mgnltuﬂu re-
roains st 80 4B from 0 Hx up to :Id. Starting

Irom 2, it'drops toward 0 dD st a rate of
~20 dB/dec (this continusas up to the naxt pole,
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15-37

which occurs at 1 MHs).
B

20 dB fdec

nlr-;lmthntthamqﬂtuhhﬂdﬂut

1 MHx, Thus f w1l H.H'l!lﬂ » 100 He,

Hanca ‘d i

= 4 decades lower than ! MHe, since

(8) Ayl fa1ls off 20 dB/decade. Hence to fall
100 dB raquires 5 decadss of fall or if we astart
at 10 Hx, we reach 10° Haw ] MHz becsuse

' Iﬂﬁﬂﬂ - 1ﬂ5 is § 'ﬂ!tldﬂl.l

(b)

iy
ll.lrd ..- |

|||||||||

= I.;-.II-HLI -

(c} At 0 2B the phase is -1383%, Hence the

phase margin is 45° and the system ls stable

15-38

{a) The poles are at 1 kifs,
MHxz. Thus the Boda piots

and at 1, 10, and 50
T8 shown below.

f—~-%

. s ——— e —

B ek —b—— e —
— -kl e —— — =
-

T
' i

{b}) Phaes muargin o 45° because the phase is <135°
at the frequency for which the galn is wnity (0 dB)



15-39

15-40

(c) From Ea,{14-57)

BR,, = 60 - 0= 60 4B

(d} Certainly, because the phase msrgin (at 0 4B
wnity gain) is 45°, '

1+RmR C_

ﬁjzﬂﬂ: {R +R

and !p:l! ZHEE{RE+R?]

?3' R 4+ Hjl'rrﬂ:',__

v, "R TR FT2nIC, )

Latiing t;' 1/2n R.C,

(1} hecomaeas
Y

3 .
V2

1+.Hﬂ!
e/ 1

Q.E.D,
(s} The midbasd gain A, of the feedback
amplifiar iw ‘

AV!:F Avnnhmvn). or {in dB)

201cglA,,, W20 loglay [-20 logiis BAy )

where Ay =-10° and 201oglAy _|u 60 from
Eq.(14-55). By definition, the amount of feedback
(in 4B) st middand is 20log(}#PAy,) and this is
flven ln the statemant to be 25 dB. Thus from
(1} 20log Ay, » 60-28238 dB; notice alsa that
since 1+ BA,, ., Wwe have (in 4B)

20 log() + zm:gmvu)-zuiq{u%} = 25 and

20)ogip)= 25-20 lng{Avu} = 2560 % -35

(i} Fig. 4-20 To find the bandwidth draw a
horizental line at the height of 35 dB. This
intersects the magnitude Bode plot at tﬂu" 13 MHx
{=bandwidth), Since f is =35 4B the mghit‘l.ﬂ,n of
the loop guin PA,, is the same in sbups nr that of
'A""." in Fig,14-20 but displaced downward by 35 dB,
This magmitude plot crosses 0 dB st .I'H-IS MHr,
where the phase 1s—165°
180-165 = 15°

() Pole-zerc cﬂﬂllﬂm {Fig.15=32): The
horizsontal at the level of 35 4B intersects the
magnitude plot of IA.-.; at LEP- 3.5 MHx, where
the phase 1s -115° or phare margin = 180-1i%5265°
liii) Dominnat-poly ,m!'“l on (¥ig,15-32):
The 35-4dB horixomtal ylelds ‘Hd' 20 kHs , where
the phase is -90%, (dua to the daminant pulu at

1 kHs). Thus phase 'mlr:in = 907

Surnmarising,

Encompon
sated

Vio

(1)

Hence pliase margin =

- |Fole-mere
conpensation

rﬁumlmnt-pal:
commpenaation

| mogrgin |

Bandwidth] . 0o 20 kHx

T

3.5 MHs

Phlu;_

150 459

161

- magnitude plot.

Clearly the largest phase margin is the dominant
pole and bence this énmﬂlurl_;tlun iz tha most
stable. However, it has the smallest bandwidth.
On the other band, the uncompensated amoplifier
har the widest bandwidth, but is the least stable
oince it has the smallest phase margin |

(b) Assuma, of course, l'-hit the added xzero
cancels the lowest pole of Xg.(14-55), which,
occurs st 1 Miz. The magnitule Bode plot of
l,.n;fl starts lovel at 60 dB;, and starts dropplag
from the new pole IE at -20 dB/dec {the next
break occurs at the next pole at =10 MHz after
which tha curve drops at -40 dB/dec). Since we
are given that the curve reaches 0 48 at 10 MHs,
we doduce that I‘I‘l is 60/20m3 decades below

10 MHx, or |
| = 10 MHz/10%= 10 ¥,

.h:, Parts of the magnitude and phase curves for
ths amplifier of part (b) are shown In the Figure
below, The bandwidth is that frequency ﬂHpn
where the 35-dB horisontal msets the |A1 |
One way to find this is to draw
the Fig. below in detail lnd find ‘H'P' graphically.
However, observe that 35=yn20log I'h'"'fl-

an—znlnﬂq_r“hm (with ﬁ-rp in ¥Hz). Thua

2030§(gy, /10) = 25 and £ = 178 ¥Hz;

phase here is -90' hence phase margin = [80-90=

the

~20 dB fdec -

1541

H F, HHI
l c.c:L nft.i." 0.0 T
phse 4

(d) For a voltaga follower wa want a loop gesin of
60 dB {to have 0 dB or unity gain at low fre-
quenciss). Drawing the 0 48 horizontal wa ses
thutitmhthum-.nﬂhﬂ-d I.A'Il.t!-:l.nluﬂil
where the phase 1a -138°, I-Iunu phase margin=

160-135=-48°

(a) The gain A‘{r without fasdback but taking the
loading of R} into account im obtained frozn the




Figure balow (cbtained from the ruales of Che.]12
for & voltage-shunt faedback amplifiar)

Uasing Thevenin's thaorem we obtain the ecircuit of
Fig.b. |

1

vl' { F.'I'R' R +jf-llﬂ )
v R +R 4R + }‘:G.: _
1 ) .
v T :::: ::;-:;F: E-:R +R) Q. E.D.
. S ]
®) The pole is " I ® FRFR )

1542 {a) Since the zero of the compensating network
cancels tha first pole, we have, from Eq (15-59)

. | D
;ll= 1:1061'.{; =, z‘“ﬂccc s+ bsance GER':- 1.59X10 (%

The gain curve of the nmun'utad circuit re-
mains at ite low-frequency value from 0 Hx to
IP He and then it falle at a rate of -20 dB/dec
(-6 dB/oct) until the next pole which occurs at
4 MHz (the pole at 1 MHx was cancelled by the

gsero f .
=

162

Hance, I'F is {72-0}/20=3.6 decades or {72-0)/bm |
12 octaves bhelow 4 MHz and hence .

fp; 2% % ¢ MHe = 976. 6 Hx.

From Eq (15-59)

f I'lﬂ.ﬂﬂ {R +R"R'+le 2 976.6, hance

-4 |
C {R+§;ﬁ-, +#R)) = 1L63X10 ", and using Eq. (1)
L
i

T

RR' - - |
G (R o) = 1.63% 1077 -1,B9x 107 = 1.628x 10

' = RR!
Thus 1,628 10” “’"1 R

1.59%10"7
c

and from Eq,(}) Rc.

-9, ?7:1ﬂ"(?.‘+ﬁﬂ‘—:n

e

RIR' o 5.
{b} Under these conditions RI-R-I-R' R= 1k} and

ch $.77x10 :1+m:n= 1,95 and from Eq,(1}

. -7 -8
E= 1.59x10 IR.I:- 8.15X10 F = Bl.6 nF

The bandwidth is approximately !IF {(which is ¢lear-
ly a dominant pole, since the naxt pols occurs at
4 MHz) Thus, from (2), bandwidth = £P= 976.6

(a) Derivation of Eq {15-63}: From Fig.15-315h
!Jf.dt.‘: ]
L M
V2 s Vit R +1nwm S
Y

g R
T hus —zl.ﬁ.' - nd

V, V1 hR (C+C )

{b) Derivation of Eq {15-64): From HEq {15-62)
A A
Ave Voz
Ay2® 1HE/E, aed Gy ail-dAy,)1Cm(1- 1+11f£zl'°!'

45 175, -sz;c ¢
1+ ﬂfz

{1+)£f £Z 'Av,ng}cfi‘{l'ﬁ if !z }GL
37 678,
CyAverC /)00, 1EIE)1C,
Y+ J I8,

Thus C L+'E:M-

I £14,(CHCr )
Ce-AvaaCetCy,

{GI-A?BIG +CLIK( 1+

I+jh"fz

_ JLX{C +Cy )
C [1+ it 7
CI+C] . 74) EH.' and, since

we assuine AVnECI”C ! (1}




15-44

Gi-!- GL

Ay 4 Cyl-d 2/ L,
voz®t ﬁ*vuﬁ
T

EL*l'-CM ~

and from {1) we obtain

"h‘\l’nzci
EXETN

(¢) Derivation of Eq. {15-65): Replacing C;+G
{te value in Eq, (13-63) |
R
ht .-I—-‘—l—lmd——-—l——
V1 Ay o2Cy
IR L,

GL-I-CM

M Y

SR )

| B Rp M U5)

141 £/t,+ _..31.‘_........
2nR Ay ,C,

Lat £ 1c™" IIZHRL .vuch and with a good cholce of

8 R (1 /1)

Gflf 'Hi we have Al

1C VIT 1+ /e,
(d) Dertvation of Eq. {15.46): Owersll vnlt;ial gain-
N Avor . 8, 4Ry (3 1/L,)
v Ave At g 7L, © L+ ”’1:;
Avozfmaty,
I ETN

{a) Applying the rules of Cha. 12 we obtain the
circuit of Fig,(a) from the voliage-shunt fesdback
smplifier st Fig. 15-36, whers

Rt/ {wCt R
R+ 1/ jwC?

Lt=

"Trwrer - (1

$ince the transresistance is stabilized, we draw
the Norton equivaleat of the input circuit, as
shown In Fig. (b), where

1=V /R and z_-nllz- =2 RZ'J(R+ZM)

From Fig. (s} pal/V =-1/2°

From Fig. ()
V.oV, v,
RM'__W' 7 AvZ,
.A.vz A AR
1 Av_ Rz v
Thus PRy~ T ZR+Z) - Rem ER

{b) Substituting for Z' from Eq. {1} in the equation

above _
_ .H.vR -Mv{l+ﬁunlcr]
E - = —
PRM™ ™ ReRT/(I+JwRICH) © (RFRFJWERIC!
=RA
~*y Lijznfmice (2 X we Lot
BB 1=22c
| l"-"""l"""'- ._n& ! -—&B—L——— mnl‘
r 2w 1R 2 RRVC! R x°’
Eq, (2) can be written as
“RA,, . l+j{fﬂ‘} 'M\f
PR RE R @) TR A 9ED.

15-45 The clrcult is shown in Fig. (a) below, whare

mn
143 RC

The circuit with the loading of the feedback net-
work is shown in Fig. {b), sod the Nortos
equivalent circult of Fig, (b) is indicated in Fig.(c)
(the Norton egquivalent is neaded bLecause the

1s stabllized in this

7 =

transresistance RMI?QII.
arrangemasnt }, where

1=V /Z and Z = ZRIIZ4RY) (1)

From Fig. {c) E--[!!‘V;-I!Ri

v v ¥
o v
ol T ‘i‘f‘“‘ AvZ, O

{2) and

From in,
i
{2), and (1)
Z R/f{1+¥3RC)
B AvZIR * AV RUR/(1+ReRC) ©
—ﬁ-n-_ln iﬂ: 1
{R+R'H JwCGRR! R+RtY

1
EZ




Heonce we have lag coamrpensat ion.

15-46 The voltage-shunt circuit without feedback, but
' taking the loading of R' into account is shown in
Fig.(s)

it L
ﬁ vn Ri

Using & Norton's input circuit gives Fig.(b),

. Thus v v

e __9
Ry 7"V R
[ ] [ )
_ V-RY 1
]
?n RiR Ali --1— } whers zl is Hl_ in
1
parallal with j‘.uG
Rl_h;ﬂ
or Z.= = Rl ———
1 R 4 1 1+jmcnl
1 JwGC

VR RRA -R!
BT YRR ‘Rl Wi+iwGRy)

. .
PR, (o) *ﬁlLHHJwGRll

This represents lead compensation.

cHhPTER L6,
3! o

H
v +1/eC
l6-1 (w} ..A.v ?ﬂ_. -:E-.-— Ra =

R Ry
‘_112+R fm-una}. {n;ma}ucnzna "
R, _3111-!-!55.3]

(b} Using Taplace transform:
From (1} Rlll+lGRJI?u+[IRz+R3HIERzR3]"J'.- 0.
Passing in the tirne domain [s - d/at]

i ' :
Hlt1+633 -a;-hrnttn{mfnahcnz 3Tt ]v (k) m
Since ‘r'lt} s V, d!dt{v.} = 0 and

GR1R3 dvﬂ!dt + Rl vﬁ+IRz+Ra‘,i"lr -0

dv R_+R
1 1l 273
c—= 4 v + { }Yw 0O Q.E.D,
dt Ry e Rl R,

OF A concepts
() Becausa of the virtual ground iln‘ln'Rl. Heance

C i-cg%g

A
— Ri 3 'U;/ R‘l
VRZ

v - KCL st noda P is

P Rl'

dy v VR

v C c
o ikl G_ —— - = -,

B‘l + at + Ea 0 whars *r:- 1{? vﬂ Rl 'ru

v
- ECEA- — - == v )- & --{-—-3-“ J=0

p ¢ R 3 Ry

Because of the virtoal ground, V is impressed

across R and L in series. Thus, ?-L%HR

Hi=0att=0 then 1-1:-{1--'3'”1']. Since
v, is the voltage across C, then

«Rt/L

¢
[ 11-0"R Lygq 1)

a
v =L .Y AP
v b e w ke



16-3 DBecause of the virtusl ground, v is mpuu.a
across R apd C in parallel. Thus, i= ?cdt

¥ v =it thtn!#%+ﬂ-ﬂ. Hence,

v s-iRta-QRIC-a "'E'-'t
Q R
164 {a) Avf-?ﬂz where
- z-af-lf-cl-nﬂn]cllhul and

szlﬂz R,

e Thus
nzﬂhﬂ * s '“z‘:z

' =

' 1R, C
A - —
Ve Z  (1+sR,C,)(1+sRC,)
{b} This configuration 1s in the form of Fig. 15-4a,
where the voltage applied to the positive terminal

i Rl lG!R]I
VO RpF1/eC; " TheRC, ()
v
From Eq.(16-3) A = -,,;'l-i‘zﬂ'— (2)
P

where L = Ifl_ﬂz and Z'-Rz. Thus, from (1) and

(2},
v vnjz R,+1/sC, ° -c'.p.l

Tis)e 2w oo oBa 22
1’:_ \FP 'U". L-I--l‘l‘.lz 1+lRlG

iGIRll I+ 'GZRZ]

{ I.+IH.IEI}

16-5 TUse auperposition, The -nlﬂtiﬂ sum is obtained
by letting v,av,=0. Thus, from Eqy,(16-2a)

3 4
50 50
v'l %0 1" SE 2" 115? ":.'.ﬂv (1}
To flod tha contribution v" of Vy and v, e let
vy ¥, = 0. The voltage 1r+ at th- positive terminal
due to vy and vy ia found by superposition using
Figs. {a) and (b) below
i0 '
N Y
- E 20ll30=42
)
Thus YV O —— lz 1

——‘L
+" T0+12 3+ 267,85 V4" 0.545 ?31-“.3?3 Ve

¥
xnd from. Eq. {16-13) vo= R;E v, where

R'= 50 and Ra(40x25)/(40+25m15.38, Thus

20+ 15 38
VI::-W (0. Hiv +0.273 v }-Z ILv,+l.16 v,

2.0 v + 2, 327
+1. lﬁv

Finally, v, ° v;+1:--1.!5 -

l6-6 Une aupu:pﬂitiun on v and v, to find tha voltags
v at the negative termina] of thu CP AMP. Sincs
the input resistance is infinite,
R'.l R‘v +R.v

nl+n- IO s Thfy n.lmv (1)
Dancting by 13 the current in R, (in the direction
away from va} we apply KCL at ths poaitive
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terminal of the OF AMP (whose voltage is v, due
to the virtual short ecircult)

v-v v R +R
@ o2 i 2, 4nd from Ea. (1)

w
i ==~ + -
LR, TR, "F, ajnz
v R +n! |
AR +R' Yot RIRT iln' Yol =
3 BaRy Rl Ry

s - e (it

Since we want i independent of v,

(R, +R,)
l:?_z:_};i m =0 or Rz{Bl+R‘]-Rll‘.R 3+R, ).

Multiph"!nl out, R,R's RR, or R,/R, =« R'/R,

(2)

Q.%.D.

Under the above copstraint the coafficient of A in
Eq. {2} becomas mero, and

- __.) weerre | | e
Tl B.zR R‘i-!t']]T ( (nl.q.gi)( RZ)
Now (R +33”E - 1+l!lz!n and

IR1+R'}.’R'= 1+lRl!'R'P 1+(R IREI Hence

iL- -v.r'F.z

(a) v I.A.

Alv

] Solving for v
L °.

| A (KR, )
om Ay, ard yaTr +1m+nL'

3 ’ n.+n
A _RiR4R

R+RL

{ L

1 | AJRR,) A

i Ve (R.IR R L "R AORIR,

Nnt-thtti.!.ﬁ. ww G =1/R

M
, {‘h] The equivalent circutt is shown in Fig. {b)
v
R, ® —%  Noking that -r-ni , we write XVL

in . i'e
for the two toops:
(R+R.}i_ + Ri = Y, {1}
R i. + (R+R ﬂ-l-RLji = Alei_. or
{R"hvai?in"' {R+RD+RL}1 a0 (Z)

Seolving by Cremmer's rula for i.




_ R+R o RL |
i= = v .
. lmnl}{mn;nhj-m A ?Ri}E a
:! _ l_ti{mn; RL'H-I"_t.{Rn+R! +hTR!1 ]

I.. R+R G+R

Thus R m;_

L
RIR +R_+A R)
R4 a L v 1

i R+Rﬂ+R

L

v, Vv,-A v RY+{1-A
1--11+1l- a_-lh. L vl . ‘JR"v

R! R,RV ()

v Rlﬂi

et 2y

1. v E'+{1-Av)nl

Notice that if A w1,

A RR! ;
R = v - =R
M R"“*-.;Rl. 1--!!.'1'4&.__}11
v RIR‘
b R from Eq, (1)}

in i RM4(1-A R,

Alternatively, we can find R, using

in
b v v
R!.nn i v L {L }RM
[ ] o - b

{¢) Refer to Flg.(c). Writing the KVL squations
for the two mashes defined by L and il

[RI+R'+Rn151 - Rﬁl = Av'l

*Rn l] + Rﬂi m T'-.h-vfi

Noting that v Rlll' we rawrite the above Eq's

{R-A_R4RMR )M - R l=0 (2}

AR, - R) 4

Solving for § by Cremmer's rule

Ry-A R+RH4R
* (Ri-A_RGR4R_JR HA R -R IR

Ry-A RARUR_
—Rul R+RY)

4 Rnl'.- v {A)

1

L

v
)
LT Eu{RI+Ri _
out 4 .'EI'.I'=.+.I"!‘.'+I,l-.l!»“r]'.lil |
-Ru R'+Rl
R

A’v 1

Thua R

For AT:#:-{R;R'HRI. Rmm -

d ' o
and for R:_:l- R Rmt - N

16-9 .

16-10

16-11

Due to tle infinite input rpgistance, the current

fn R, s equal to Iy and, dus to the virtual ground
vuhnlll' Let I be the current through R.
From the ¢lrcult configuration A Rl. Thus

~Rel=R1 acd I=-Rf,/R
Finally In-II-I-{HRIIR}Il

I ® [ V.

!

{a} {1} Since there in no current in the OF AMP,

Il enters 1'\‘.1
(2} Dus to the virtual short circult mt the irput
of the OP AMP, R, is effectively grounded
and 1, flowa through the parallsl combina-
tiun.‘ of B‘l and H'z'
Ra Ry
w3 I, snd I a -{14 E;Hi

Thus IL-{Vu-RZIzH RL=
AvVitRely  Ay(RIH+RD)-Rk
R

1:“'L L

_ AVRIII."-A'\TRZ"IfIL}
Ry
In the last step of above equation the term R, L,

was naglacted ax cormpared to Avﬂ.zlz {iinnu

Heance

L~

(b) Now 'vlﬂill +R2]z

Av >> 1) and 1z was subatituted hy IlﬂL' Solving
for the ratio II.-H!I. wea obtain

IL ] ""v‘ﬁ*“z}' -[1211+1?.2,",t.nsl:z -

I R, AR . D,

- &
{ LAvR, 1Ry ‘“‘sz_

Let L, I?.'_ and I, be the currents in RI.* Rz. R,
respactively, from left to right and let I, be ths

4
current in R‘ toward the ground, Let V be the
voltage at point P, the common node of R, R,

shéd R,.

(1} Due to the infinite input resiststce of the
OF AMP 11=Iz'1- |

(2) Due to the virtual ground "o"'-RII.; for the sama
reason, '\F--RZI--RZ‘J"IRI.

Thus I*I -"-"fR*--Rz"F-fRIR“. Floally,

V o ~R,LAV=-Ry(I-[ }V =

Vo BaVy RV, RrRR,Ry/R,
TR R

v

R




-16-12

 AMP with R'sR. Hence v _s-R'v,/Ra-v

(1} For § closed, the noninverting terminal is
grounded and we have a standard inverting OF

i

(2) For B open wa have Inputs both at the invert-

jng end the nominverting terminal, Using syper-

position and Egqs, (16=1) and (16-3},
R B

v g el eI v v,

since Ri=R,

16-13 {a) Due to the infinite input resistance of the-

OGP AMP, thes voltage Vp at lts positive hrmln;u'l.

im .
1/{wC 1
Ve Ril/IC 1m 1 + j RG vy

Using superposition (for ths coatributions of tha
voltages at the inverting and noninverting ter-
minals) and Eqs, {16-1) and (16-3) we have

— ERG
1" +JwRC i lejwRC

Rt
Jlﬁé,-g,]--l for all @ and R

From (1), ¥ sarctan(-wRC)-arctan{yRCI=

-2 arctanfu RC)
Hence, a» R waries from 0 (short) to » (open-
circuit), # variss !rnn;l_ﬂﬂ to 1809,

v s v+m5—w vyt v, 1y

R RC .
R+1/wC 'L I+jwRC v

V meV A2V 2.V 4 2k RGV '—]‘m——v ijRC v,

" p 1 4+¥RC 1+jl:dRC

Agun, h'u”il'lr independent of wend R, but

¢ 2180% arctan{ - wWRC)-arctan{wRC) =
180%-2Zarctan{wRC)

Thus ¢ = 180° when R a 0 (Indeed, Az-1), and

¢ w 0° when R = = {indesd, Aal),

(b} In this case \" - and

16-14 Since the OF AMP has infinite lnput resistance,

we have the sarne currents in R; and 'R, both in
the upper and the lower parts of tha circuit,
Dencting by ¥V and 'Vp the voltages at the negative
and positive terminals of the CP AMP, respective-
ly, we have using superposition |

”n"%ﬁz’ﬁ n:-zn
. |
p RaR, '3* 314-112 Y1

Noting that ‘U’P- ¥, due to the virtusl short circuit

st the input of the OP AMP, we esquate the riiht:

hand siden of the two equitions above toc cbtain

-——Lv R, Rz R,
R1+Rz4 1=;+l=tz ¥,= l!.l+ltz Vit R1+R

or

187

R

Ry (V, -V =R (V,-V,} and V sV -V, = ?w -¥,)
- 1h=15
-0V,
v
" (s} The voltage at noda P is v_-f,’— and hence
Vo ls o+l times this voltage, or v
: v
D
\Tnl{ni- I}Y.-{n-l- I} 1-'—
v
v |
Q 3 |
Avic Y 14 B21
Ay
{b} for ""V' -, AV!' ekl . E.D,
16~16 Since R=® V,a— snd Vi SRith v-z-l"ﬁ v
hance
V 2A (- 23V an v —---‘“'h*“qlIIP
a M\ T Y A VS Tré/ . RED,

}6-17 The characterietics of an Hul OP AMP used in

this solution are: (1) the woltaga between Lloput

terminals is zero and (2) the input currest is
Eero,

" Thua "Fn- -RzIz+"H" = -R2{1+Il}+v = -nz{J— vz 4

"f-"f { ch-l-?’} -V,

| R, -
- 'i'-l"fl-?z}- EW" z”‘“z‘l*"’z
R, R,

¥

V.-V,
-tihhuv -V R, =

R, R S Ya
n
az - —-—-nv A

ZR

w{> +14 —iln?l -"fll

R'l.

G.E.D.




16=18

1619

16-20

lat k = RZIRI.

Then Yol --R s !lllt-kv

Using superpasition on the second stage,

TRy RV Ry [Ry Iy e, ~( kv, ey, -v)).

Using l'ltpl:l"pﬂllﬂ.f:n and Egs. (16-1) and (16-3) .‘lnd
noting that the voltage st the positive terminal
of A3 is RZYIHR!IFRE}' wa have

H‘.
V- ?w +{R‘:z '{RI"‘RZ}- —?l-(vr-v-
Since the voltage at the input of the OP AMP is
saro, the current I in R {going upward) is
_I-{‘\l"l-?z}ﬂl and, due to the infinite input re-
sistances of Al and A2, this same current I
passes through the two resistances Ilﬂli[llltldl'ﬁ?
RI, Tkus

(1)

n!
1 ¥ . -
Vi@ RV SV -V Y

vt

. >R,
3= R4 vz‘f‘ S V-V iV,

Flugging these expressions in (1} we obtain
R

V= ?
{a) The nqulﬂlunt €ircuit corresponding to Flig,

16-12(a) is a» shown, where - Mﬂlar'n theorem
(Sec € ) wan used

—aR TG

2 B2y, v (v vn--ii-m—-—-uv -v,)

+ 1 4
v "" ¢ (1A}
0 +=0 { )_r- .U;' A “.:

and thus z!m Avl represents a capacitor of
value GII-AV]. Assumes that

Ri=e. Then the time constant of the input circutt
is

T RG(I-A.VL Hence, for t x 0, we have;

v, \l"{l-u'”'r} since at ts 0, vi-ﬂ and at t==

'v'in V.

168

Iﬁ-!l

Thus, 1r Ay vEA Vil-e -t/ Rc”"ﬁ'ﬂ]
(B) For I:hu sixople RC h.\t«ugntln; circuit, -

~tfRG

v -?{1-- } which for large RC bhacomas:

)
ZH.C

For the operstionsl integrator of part {a) we have

'lr E“

ﬁ. vt
Y gt

~ Ve %
1% - petiRetiag
+...1]

-.A.v:r':- 1. Thus, the ocutput voltage of hoth
circuits varies approscimately lnesrly wil:h timu
if RC is large; and for esither circnltqf- RC
Since the sycond term in the exprassions repre-
sents the deviation from lnearity, we see that
the operational integrator is more linesr than the

slmple RC circuit by & factor of Uﬂ-.ﬁ.v].

Using Eq. (15-2) we obtain

A fial (2+aC) “%'- < M
Ay, 'R Ch.,a-ﬂ-i-lﬂlﬂ}l R
. “Avo . ""‘vg
-Rm.v-m-ﬂ-, hi+sCR) sRC "'vu'l':ﬂn “T:I_:r‘ 2 r%
Avo -

R +-[-[I—lr+r:m 1’-4!. S Il

and since ia l:n and [Av Inc:-:-rT {1

becomen
A
Yo
A e {z]
v RC ,
" Taql l+lA.vn|RGl+1

The roots of the deparningtor of . (2} axe
-layIRC . Hfial IrC & M
1" ZRC/ e[ t y\2RC/Te;]) "REC "
- %FAW 51+ ’ {%hvnuhz-lulmc 3
| 1
= %l%u""ll'{;'mr] and
Y e ll.&v.lll[lﬂl- 1 ‘ ]%]
2 . GR’III !A.vﬁll

We know that IA.vnlz'CRfl;]'#l hence uging the

l
approxirnation {1 -:t]

1-%: for » o 1 ﬂh:.ve

4

: 1 1
el ™ -  lmn and
o e el o R

¥ e I.A

:u--lhvuill[l-c—m ']; = 1=




16-22

| AV:! "RC {n-0 Hl-lu)

.

FK_ o

V

-h?ﬂ Illl hence {3}

-y, 1-=1+mr-r

bacoinas

‘irn I"l Yn!:_!_

RGC

x

IIIRC

1
-.m

{et]A { "'_'_'Hl-hl l}
'E—-E—) |Ayo(lsal) (s RCAy, 1
Since both s, and Ay, bTe nagative.

—WA—

o
1

(a) Avsume that the capacitors ars initlally un-
charged. BSince the voltage across C' cannot
change abruptly, then v, starts at ssro, In the
stendy state thare can bs no current through C or
ce rero, the current through
R! becomes soro and Yo falls to maTo, 'II.‘tnu, v,
starts at mero, incresmsss to some finite value and
then drops to saro,

(b) The step input 1s spplied across the seriss
combination of R and C. The current i(t) starts
st V/R {(since the capacitor's wlltig'- cannok
changs abruptly) and it reaches its filnal value of
0 with a time conatant RC.. Thus
i(t)=(V/R)exp| -t /RC}), |

This current divides between C' and R,
which ths wolinge v, Sppears.

v dv
B JPTIuAL - WRIPR |

Hence, i drops to

acrous
Thus, from KCL,

R T At R *#-t/RC)

Tha solution is of the form: v,- R.ll
=t/RICH

11
-t/RC

2 .hﬂlhﬂilﬁ t = 0, vu-rﬂ, then
- T
KooK, and v k(e /RO HRC) "m0 im x,
substitute into the differential equation (1)
Ch ol
wrey BT amer N
Thus, » R " RE 'R "RV
=V
R
K

o -t/RC

K K

R' Rﬂ
RIG! ¢ RT

. RICY -
e RGC'-RE

v R'CY
== g OF Kllm provided that

-t/RC__«t/RIC!

1 .
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16-23 .

+{Q0V

=4V

Yit)
LA
AL

1, Set the voltage across R and hence C to be the
negative of vn{l]}.

Normal integration takes place.

v, reads the result of the integration. It
reraing constant as long as thara is no
tapacitor lsakage and no biss current.

Zr
3-

16~24 The voltage at the positive terminal of the

OFP AMPFP l»
Ve I{IG v,
+ R+1/aC

ll‘rnrn. Eq. (16-3) Ve —--EE‘I;.

v

RGI 5

Since 1/» mesns intsgration, A R—'c-fvldt
16-25%

Thtu -'z""

15-@ Duo to the wvirtual short circult of tha QP AMD,
both its terminals are af ground potential, Thus

..tha input part of the circult s shown in Fig.a
balow, where "'f. ard R were substituted by their
Norton equivalent,

Let Zy be the Lmpedance of the parallel combina-

= -J'i dt ==

I‘Fﬁ lﬂd'r-

y I

R/s2C____R
Hon of R and 2C. Then Zy»oirresC " Tra2RC

and, from the curr~at-divider forrmula

A Yy myusere) Yo YV .
N WZ; R R+R/UI+2RC) R *ZR{l+srG; M



Dua to the -vi.rl:uﬂ short cireunit, tha output part | ~or \Fn-z"ﬁ (there is no current in the neg.

of the clreuit is shown in Fig. b, where V ,a0d C terminal of the OP AMF), Thus NNy

were substitated by their Norton equivalent, Let

Zs be the parsllel cambination of C and R/2, i. e,
Z, ij:f,{zzh.ulll{fgfc]} zﬂéln and 16-30 {a) OF AMP({l) with input vi apd output ‘FI is

_ connected In the standard inverting mode. Thus

:i-wi-z ?l}fz and Zi‘l'?lﬂi-—z

2
2 R CRWCY_ .
'—-——L—‘G? --—!{_z‘.l.t_ai- (sC) vﬂ' ‘.zl - vlva.:'Rz!Rl (1}
L 7 %1/2C Vo RizrsCRpijec "
2 | Ru+.cn.)
v vV, V 2 R
| S T T U, TV )
Becaupe of tha infinite input resistancs of the (b} 1!‘1 vl ".rl (- Rz M- n.l }w 2 (2)
CF AMP, the currant into its negative terminal, | .
Hence 1.1__12 and from (1) and (2) . (¢} Lt :l3 ‘and I.l be the currents in R._,_ and Rl'
X | - raspactively, Then B
V m- v Q.E.D, | v, v -V Y, V<2V, R_= 3 :
° (scR)® °® . a1+l = ‘ z_ L,._J....._L...li,}. N
ti ]1 3 2 R 14 4
: ' + iv ] . and Ri L ——iﬁ- RI_RI Q.E.D. ‘\L '
| | | 1&@1.1 Let v, and V, ba the voltages at P, and P,,
d!;'_ l | ol - ‘ rnpuétiﬂlr. Eecause of the virtual short circuit
A '-ﬂﬁﬂ | > st the input of the OP AMP the voltage at the
- ' ' comnrnon node of the two resistancas RS is '5"1 and,
Tntegrator Integra tor ' due to the weoro inmput current into the OP AMP
ad RC=L 2R | Vv, V=2 fznz--zv /Ry, Ap:p:.ryinl
SR R N : KCI at thﬂ mt node Ii- -—Fl— —i%
R | ‘ﬁla. - b | ViEYy VRV, "B'a 1
. ‘L_ _ R 4 -y e L +1fi+z1f fRz} -
sinuit adder | 1 R
I. =5 ginult | ZV,/R,R,. Thus Z= V,/I= RR,/Z (1)
(b) H Z is a capacitor of C F, thes Zul/eC and
16-28 - : — - | 51-{31'32 Cle 'Iw_hi::h represents an inductor whose
+3Y +ri2."f valus L is L = RR,C {2}
! % (¢} From (2) C = L/RR» 1 H/10%10°02e10 0% u1 oF
e [T -
- dy — 3 16-32 (a) From Table 16.1 B 1-1-{-4-11 Thus
dt® R t* R R -y
— : Pl P - By (ko } Byl -Jo)o e+ 1)1 -.1:-:+1}= L+w”
0ol ol e
' (b) B,(s)=(s Zi1.4146+Y).  Thus B, (3B, (- Kol=
m R R (0 4 LA+ 1)( o -1, 414 Jers D (1 6P) 0 (1, 4140
Q Wt " | Mot (Notice L4 = Z)

R P ¥ 16-33 From Table 16-1 B (s)=(stl}s +otl), Thus
x{E) 3 By(jw) By(- kﬂ)=ljaﬁlll-wz+5m+ll{-jn*1n-w ol =

2.2 2, 4
If RIRI-E, R!Rzui. 3133-5 and n;n =1 than {1+w2}{{1-w ) +wzl={1+cu Hlat 40 Wit
16« EHTqHaIb-IE {l}til +L‘r ?ﬁEHl}h +1.848s+1), Thus
gy 281, & __'r. * —
2 o —}Rl Y+~ HoR- H(-ji:)l-xttlh B,(30)B (- juhe( e 0. 'i'ﬁﬁju+1}[-mz+1 B4 |
t

'Ilf-ﬁwdﬁﬁ.d y/dt+xit), as it should be. | M? 0. ?65#-:+1}{—-m -1, B4Bjw+1)= .
(1-P17+0.58523 6P )(( 1w 43 41500%) =

{1-mz]4+4w'3{1-mz]z+2m4= 1-4 mz+&a*-mﬁ+ua+iwz
-8t auwbi2wta 1408

16-29 Dun to the infinite input resistance of the OF AMP
l'l-.{Yi-'\"nHZ.

Due to the virtual short circuit V, sppears xt the
RV

comnon nndu of the two rul.ltnn, and vi‘h?l?? 170




R VY R .
d Ic Vi%—
m - Yo

From Eq,.{16-27)

Y v .
1 @ o
ViaI{R+ = {§CR41) whare I sCV wpC——

KCL at nede V! gives

v
- —R'+ 'ﬁ"“" I+ sCV'-sCV = 0
Yo, s (sC Jo v“r.c 1)
- — aCR+1 G + sl — {pC R+
\ R A?’nn' 'ﬁ'.:"fn " o
-lﬂ?ﬂ mw O
A'\"’ v
|~ 2 sCRAMSCRE sCR{CR 4L =sCRAy, =’
-
A
(sCR) +3'GE"GM‘J¢+1
::;} hl,nﬂ!l}lztl-lﬂmi-h?n] +1 4. E,. D,
’ ’ f
R, R, Ra R ﬂa Rfﬁ_,
V ot 'RR“ }-
$ c y C ¢ A

'1;[

We cascede two second-order prototypes of the
type indicated in Fig.16-18a and the firat-order
prototype of Fig.16-18b, . '

for n=5 we have (using Eq.{(16-30) and Table 16k

Aﬂli-z kl » B-D;ﬁlﬂ = 2.382 (1)
(2)

Ayan3-2 ky= 3-1,618 = 1.382

un-Zﬂ!uﬂfRG or Rw» Iilﬂfnt.‘--uz“lﬂa:ln‘in
18,92 Ki,

X we arbitrarily choose RI'RZ'R.'B' 10 X1, then
fromn Eq.{1) aﬂuz.aﬂzntnﬁnilm] or

Ri-llﬂz i, axd from Iq, (2} Aﬂnl.ﬂﬂﬂ =
or Rit= 3 B2 K

zh

{R,+R3)/R,
16-37

17

wn-z-niﬁulfnﬁ INDATLE Bnl’fZﬂfﬂﬂ- 3.18
Chooss arbitrarily 31'32'33"” i, Thes, from

Eq. (16-30} and Tuble 16-1 with amé we have

A.WIS-Zki-!-ﬂ.SlB-Z.iBh{Rl-;—Ri]!Rl or

. R'lln li,ﬂz H'JI
Ay,=3-2%,23-1.4 141,586 (R +RLVR, or
R} = 5,86 ¥
sz-a-ZkS-?.-l_qaz: l.nﬁh{R3+R'31113 or
. RY
16-38 Cpascade s high and a low pass:

= 680

Busd pass
; 2 4\
high : Y
e o
L
I |m-r_Pa!iﬁ

4

Then only the irequencies between 2 and 4 will
pass through the filter,

The low pass 1n given by a cascada of a first and
a second order. Thus

R RY

R

Hﬂuzl? where £e4000 for the low pass’

.. R'.-—- 1 __ i—-—lﬂE Ga 3,98 kO
T 2r4000xi08 ~ 8q '

R.i and R, are lrﬁltrlry R
For the second order A, »3-2kw3-ls2aly —

R,
LRpERy
Choose Rz arbitrarily, say n;im i and then
Rlz'RZ' The Righ pass filter is sn indicated adove

sxcept that R and C are interchanged, and
1

2mX 2000x10°

R = B —w 2%3,98 = 7.96 Kl tLbecmuss




(l]_Th- voltage across Ga is V_ and the current
in C, is 3G,V o1 5 |
HIIIH".I V‘l{lﬂz'\fn}{ﬂi- E;}#\FHIICIHI} (2)

RCL at noda V' gives

e X G Ve 2 Gy = 0 (3
R R %Y, )
(1) and (2) into (3) yields v
1 - &
8C, V H F +9C HaC R )V -0C,V » —

\

¥

v #RC,+(sC,R+1)(C, R+ 1)-2C

1R ~

2sRC z+ lzﬂlﬂzﬂzﬂﬂlnhczﬂ-b l-aC_ R

1
- .znzclcaq-z- RC,+1 |

. Vo o — 1
¥ Sy
| 2 R Elczq-hﬂﬂfl

(b) The sabove squation is of the form of Eg.(16-24

and matching the coefficlents of :z we have

3 |

. &
v
mﬂ

2
« R°CC, (1)

Equating the coefficients of s gives =—sRC,
D
1
worlc, woRE
. O LS

[ 1 ] =

. x ]
o cz'uuﬂ sad from (1) Cy

2

o

or Gll lf:ﬂn Rk
16-40

V' C
{}- )
R, ; R,

C
e

5

(a) The voltage across R, ia vV, Hence, [=

2
Vo/Ry (1) and VieUR+ Lyuv (14

KCL at node V' gilves

vV vn
!}——Rl + TGV‘- -ﬁ;— -lG?.- 0 (3)
(1) and (2) into {3) yialds
v v
o 1 1 o
otV M S N g +9C)- =2 —aCV 2 0
H.z o lCRI 31 EI ]

1

-r::az ) ‘m.
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~ Ueing (2) and (4) into {&) we obtain

.It' in Eq.(16-24) we replace i by %—0— we

. W |
obtain the high-pass second~-order prototyps -
A-‘vll} .. ‘v_n o 1 ) (5)

A v - w
v
St e

which agrees with the form of Eq. {4}
(b) Bquating coefficients of 1/s2 in (4) and (5)

gives clnlnz » ""-12' (6)
. il-'l'n

Equating coefficients of 1/a in (4) and (5) ylelds

1 1 '
t:Rz- kﬂn or Rzi kan and from (46)

L . Cke, 2 ok

R.x

- - or W e
) Gz“’:“ e RSy

r Inl ‘

Far o followar V -‘Fn and hunt:-_

g
IesCV_ (1) and vz-um-.—::-}-vﬁucmu (2

KCIl. l{nﬂd:l ?’z is .

v, v, |
I - <t -i'-+lﬂ'\"z- 15'\"“- g ({3}

Using (1) we obtain from (3} \Fz{hlGR} = ?1

Using (2) Vs ":.='na:1+-clt;1 (4)
KCL at V, gives |
v 2‘4‘1 L4

5 2
"Rt R MR 0 8

V= 2+ ;Rnlwl-vz {6)

L'l
B (o) 7 =(2+sRC, N 144CR)Z-sCR-]
[+ |
=(24sRC,}(14+2sCR+s " CZR%)-sCR-1

nl4dal R+z:zcznz+-cln+hznzclc

+a 3*.II‘.;"'GZ(: -sCR~1

t
1438C n+-cln+z:znzccz+clc::.+-3n3'c’ul

or B,(s) -'.333c3u1+z.‘nzc(c+cln-n{clq-:u:m
Q.E.D.
Note: If we mstch the coefficients of o, :2, and
# in the sbove squation with the corresponding co-
efficienty of a third order Buttarworth polynomial
{the product of w+] with one of the quadratics In
Table 16-1} we obtain three squations for the three
unknowns R,C, Innd GI. However; thess ara non-
linear aquations and the solution to determine the

parameter valuss is difficult,




16~42 In the text Eq, (16-48) is v*f-vﬂf-una and

=Y JR,. XCL at nods V! ig
e X w ow Y '
..13+.C1r,r+ mmrars- R -3CY¥ = D Uaing the
2 B @
above valuss of I, and VI gives
."lfl v
—. = of

RI : R._,!

-V

s R ) 1 t
v Rl e El'. + R'IG33+ Ra +sC whare R n.lllaz
\T

1 2,2
T Rl — R ¢z.cm+1+- C“R'R

: I.‘L. —IGR'RJfﬁ ..

v z2.2

g 1
i g, w4 g CYY l j~sCV
Rl Rl 3 o

sCR

3)

s s C R'R.f-lnﬂﬂ‘-l-l 4

arlund

vt
'Izl r—z—;

KCL st node V!

11"'12'“3"'14'“

V-V V! Vu vu-?'

Z " otz vzt

: i 2 5 4

v v v Z,

5 o O T 1 1 I 1 1
_— e i BV oy ) 2.V (e :
Z tE VTR T T 2R,

' Y

vV Y=V [(Y +Y‘+Y Y (YY)
k4 ~¥. Y '

2 L3 0.E.D

v' {Y +Y;Y (Y +T=+1'il

{s) Becauss of the virtual ground
v, is across C or Iw sCV_ and

V'a-IR,a-sCR,V .

KVL at node V! is

173

'- 3
15@{1& (

r | -
el 3= 3 gCV I e - e = )
R, R, R, R}
v R+R, A
=2 2-3CV ot -r:.n v [ s C'R v

Rl RIR 4 H.!
‘V

Rl"ii" s°C Rz+lC[ll- B‘lR {RI+B.3}]+
e M 2

. RV ep?c? Rzlt 48 G[R3+—-IRI+I!.3}]+I |
v, -R IRy

v 2 2 .
B s C RzR *'C{REI’RZ*'RZES.{RI]HI ,

Lot v

3

' 1
(b} For » gain of .‘1.133'31- Hence, matching
~ cosfficients of s* and » in thie aquation with
Eq, (16-24) ylelds

Yo % S
vy -zcznzn]hcmfznzm ,
1 2. zk :
AL CGPR.R (1) and EE-a(R4Z2R.IC (2
Wk 2™ anc @ omiR ER,) )
2
or E—a(r12r,)%6% ) .
w - 2
o {R.+2R 'l'
Dividing (3) by (1): 4% = -?tlt_— (4)
2P

Since this is one eguation for two uvaknowns then
either 1-11 or nz may be chosen arbitrarily. Let
‘us choape Rl arbitrarily and Eq,.(4) is » quadnatic
for Rz Knowing Rl and R Fq.{l) is solved for
C. We found above that R IR]. To lm:hu,

. ons paramater, say R,,lis chosan lr‘h!.tnrﬂ',r
Then R =R1 and Eq"“]. (L) give P.z and C.

R,
_ + LA
¢ Ti%e, ]
Vi
L
v v, - ¥,
VoA Rl “f"- VlRy g
- 1+aC
nln BA NS .cn;l o
KCL at V! gives ,
- _ v v
LhaCV + z;- - ; - ; =0
Yy, Yo, tsamny WCRN, Y,
R RlA R IGRIA R
v . IGR-I'IEGEERI-I-H-IIGBL
g P e
v," RA 1CEA
lGE+-GR+|EGERRL+=+IIGB1-EGHIA
" lERlA




2.2 | ) | ' -—B_.._.—.}._. " A ma 2 . .
aC RRflE{ER-i-ZE!-RlAHZ | . - : | c”,,'["f‘n]" ?-Gl‘-llaﬂ . Am 20" 1:’4-1

Qa5 ¥
10" Txsoox B = —=

7 Q= 80 X

v 'CRIA | | From Eq.{16-49) R= = {A}
2.2

7 -
. e c RR1+HE[ZR+RI{Z*A]]+ 2 ' From BEq, (16-50) REI—G%EL-

° 10 ‘%500

EA
CR ' )
= [zmaltz-m 5 16-49

CRR, cznal T

{b) Comparing coefficlents of s and l-z in this
‘aquation with Eq.(16-45) we cobtain

mnhﬂ . A h-_fﬂ+ﬂlﬂ-ﬁl - mz- 2

These three squations are for the five parameters

Ry (Y | S

Hence,” two para-
R2

meters may be chosen arbitrarily.

RR’.Gm:IAH

1@ 4048 = 20l0g, [A,| A =-100 12200 Hs

R=12 GC= 0.01uF
From Eq.(16-49)

12
R ] —E | A pp—
b Capl-A9)  10-%4anx 200x 100

3x 1o
|
11

=558 ki

- = E— 24 it ' :
From Eq.{l6-50) H‘.3 'qu .z-rr:tZﬂﬂﬂﬂiu 16-50 (&) First concentrate on ths first OF AMP staje,

6“105‘ i.e. lat us see what is the relationship of .'"p to
m ~w U= L3l Mo vy Clearly, this in the same a»s Fig 16-26 with
] From Eq‘{m-s,zi . ' [ = - ] - the two diodes reversed. Thus, as we found in
WRC iy 200%12x10" Prob.16-495 (with R'=R):
& . |
10 0 ifv <0
=W = 3.316 K3 vr. i (1)
| -R™V./R = -v vy >0
(Ses the waveforms In part (b) of Prob, l6-49)
16-47 From ®q. (16-42) u:rﬂfﬂnlﬁuﬂﬁz 10. Notice now, that the second stage is a simple
Notice that at w, the input resistance is adder, i.e, .
1 ,: Ne
Z = JeoL + +R 2§ e -] +R = R . =
ju C ,j'ﬂa' | R R Rz v i v <0
whe . W B Ty o =——— ‘4 i{ﬂ
re W = 1/LC was used, This is the minimum o R1 P R, i R, R \ |
Tesistance peen by Vi thus 55' 1 kil , {Rl ) Rz"?l = V>0
Q_ Q_._ o 201000 _ |
From Eq,(16-34) L » Ztrf 2% 160 =9.95H where Eq. (1} was used, Notice now that, :I.fvi-f-ﬂ,
¢ w ) o 1 " 89.5 then v =-R,v, /R, iz ‘s rectifisd version of the
zﬂfnm 21 x160x1000x 10 ‘ - input. W‘- duirn that v --I-R vl,*‘R for proper
The value of L is tao large to be practical. full—mﬂu rectificmtion, Hnncn _
lﬁ From Eq, (16-48) Ry Ry R,
. —a. e pr s« 2R Heonce .d,
R B! R, B, R, R =2
By= Rl-ﬂ' - e (B) The peak value of the rectified output is
From Fqa. (16-49) and {16-52) | Ri‘-?m'IRZ where V_  is the peak value of

174 the input sinumoid,




16-53

16-51 R is necessary to use » positive peak detector and
a negative peak detector and to take the diMference
of these two voltages with a DIFF AMP.  Thus

16.52 (a) Ses Fif. la} below. During ssmpling the volage
across C changes wuntil VSV, at which time the
input OF AMP delivers no further currest to C.
When the switch opens C holde its charge and v,
is constant at voliage across C at the and of the

sampling interval,

Hence, the S-H operation is

performed,

s

(b) Bee Fig. (b} above. During sampling v‘qu
R .

> -

v e RIIR1+II‘.Z}I vi[1+ R], ]

(@)

Hence,

This is a non-inverting 5+H systermn with a gain 16-8%

1w 2L

R,
{c}

175

=P
Kz '1{

"For

During sampling this is a two-stage 0P AMP
connected in th; ioverting mode.
V.. -lE'fR}'vl. - The capacitor voltage ise v, because
the gain of the output OP AMP 1s +1. During the
hold period v, continuea to nquﬂ*-{n'fﬂlvi as long
as the ﬁl]ll:ﬂ!.tul' holds its charge.

Henca

VS ore—lug

(a) From Eq.{16-67} V eV! = -K #n X,V

1

- 1
and from Eg.{16-68) V;- Ez- cq{-\”. ;"Hlyu

1 -Klln szi_}

1 .
A A
(b} Call the constants of the exponential nmpliﬂ-r
K{ and Ki Then
1 -Vs _1,_ %
| Vn K.za::p{ ) : .IFLEE_- .Inltz?.}

1{' m[.ﬂn{i{ V) " where an®m

A

v o= IK;V!I
o I{i _
R5+R‘
(¢) From Eq. (14-60} Kl-‘*f,r B T
3

260 Vo whare Rlﬂ refers te the log. araplifiox
R -l-!? 5

3T1‘3

Also, from Eq.(15-65) we obtain X! -"'l"

R, .+29.5 K
3 Thus na=—b

T Ry K

3H3+{3]{29_5}- 60 RE

0,.5+29.5%
T 0.5 '

R.+R
3" 4
Ki-'?T N

113+R ¢

T 3,3
_ b0 R
-3 +!ﬂ§.!
3 n,

or B_»1.553 Kk

3 4 E—Alarsa—

nY

nz3:

180 R. =R

nzl/f3; =R,

429 . % nrnnﬂlﬁlkﬂ

| il

16-8%4 Notice that, since A =@« thg input to the QP AMP

‘rmset he zero (virtual ground) for the ocutput to he

finite. Thux

1 V)
vl.?l-p?ﬁvz- 0 or ‘H'n- T “r_z

(n) In the text it is shown that if Bit N-3 is 1 and

and K=1/p

ahd all others are zero, that node N-3 is at ?R!‘i
The ladder is Indicated below

volts.




Hence, the voltage at N-2 is half that at N-3 or

5. ‘The voltage at N-1 {s half that at N-2 or.

R!. R, R!
Yl Ry (g

{b) Note from pu-t (a) thlt_!l we move down the
ladder fresnm left to right, the nodal voltages are
divlﬂud by two wt sach adjacent node, For N=5,
N-le4 and hence we have four nodes. At node 0,
tﬂ: voltage is ‘FR!S; at node 1, it is Yﬁfﬁ. At
node 2 it is \FRHZ; at node 3, it is VRIH and
at node 4 (which is the imput to the OP AMP), it

is 'U"R!lﬂ_ vR I
Hence, ?ﬂl TB—*II-F'E;]: 5T

16-56 ()} Since the resistance seen by Vp is 2R In

L]

parallel with R+2R[RRa2R or R then Is V /R
This result is independent of the digital word
because if the pele of the awitch goes to the

OF AMP input it 1s effectively grounded (becauss
of the virtual short circuit), Hence, whether the
bit is & logic 1 or logic O the pols !s grounded.

" The sbove reasoning indicates that the current in
bach resistor of the ladder is constant jndgpendent
of the switch position., Hence, propagation delany
time has been eliminated. The oaly transient is
due to the very short time it takes a switch paie
to move from logic 1 to 0 or vice versa.

(&)

IN-I'_?..-I% bacauss I divides between two parallel
reasistors, each uﬁull to 2R,

v --zl-uN_'l--v
- (e) ' from the figuras.
y-z* ’:N t V.
sad vu' 'ZRIN-?:.:' 2

(d) Note that the voltage due to a particular bit is
1/2 that of the next higher order bit,
For Ne4, if the MSB gives '\Tﬂ--?

R then due
N-1 8
to the 158, V -V /2V ey /s,
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CHAPTER 17
17-1 {(a) I Ayz e then s very lm..ll positive voltage
glves an oulput voltage which cavses Vzy to breax
down. Hence, the feedback loop i» cloved, and
there is a virtual short circult between imput
terminals. Tharefore, ¥, z1-l-"hl" =»10,7 V,
Similiarly if v tries to go negative sz bresks
down and v, ® 107V
(5) 12 Ag* 50,000 then Av ih-%lm?-
0.2114 mV before VZI 'I:-rnﬂr.l fm The tranafer
characteristic is shown,
(c) By the argumaent in {a) v AVz itV p*Vp=14.7¥
for vi.':-ﬂ and v --lﬂ +4= -6,7V for v, <0, Tha
r:hlrtr:l:uriltlr. in tl} ls shifted upward hy 4V,
17-2 _{l}

Lv)
RI
Comparstor (1) gives 1 anly if v, > vEl'
Comparator (2) gives a 1 only f v < vm.

Hance, v-l only if V__>»v, >V

Rz i Rl°

(B) Vp,- Vor® 50 mV » conatant. VRy st vary

from @ to 10 V¥ without nEu:ting thu 5u my ‘
window, Obtain vm and "nz an follows

v




17-3 1f V=V, then from Eq.{17-1), V &V | * R
1 'R R o-luis Lay
R {wn: T
Then from Eq.(17-2) V. =V £ R (1) -
| Eq 2° "R Ry+R, “From Eq.(17-1)
11:.2? R. | .
2 R v
From Eq.(17=-3} V AV_(=—=—)u0.1 {2} 2 - 1,0
e R#R, R R+R, ?“‘-nn*nz' (Vo-Vp)= ¥y Vo 7p(B-Vojes V=373
Ry 1000 ooy (4) ' v N2 Toar (Ve (R +.n KV, }-R,V_<R.V
°F R #R, = 100,000 - R® '”Rz 2 R TR B,
| , R
From (2) and (4) ' ' v, <=2V
. R -Rl o
—-ﬂ"——- = = = * »
vn T =8V =V, ?z+n.'r SO Va3 Y " F. ey ) Rz{-
‘ ‘ _ ¢} Far V= - b (Y .Y )=
H R,e 1K) then p.1+1- £ 0 from Eq.(4) or 2 ROR¥R," o 'R
| R
R.= 99 K] . -V + 2 v
3 ERZW ") CTVRYRAR, WtV
* . Rl . E?lei;ri"zﬂ"— VI'R=G.
"FD- Q.7TY %+lt%l &7 . . -E-lﬁﬁ 175 (a) ‘
2 2 Vo 'S
R
n--n-;— - [} -
VaVgt lezw ?R} 0 Eq.(17-1) .
. ' ! ,’v‘
L
(A Ve

-\

Gl

(h) M v, <«V_ then v_= .V -:-W' +V_) and hy

- v . o .n | 1" 'R
{b) ¥ '\l"lﬂﬂ "I’H-"o'l '\"‘zlﬂ.i then \"z- 0.2 0 ¥4 L2 D

2 9in 8202 0Farcsin0l=01 redian The superposition 2 a
1 1 -3
period is T w ~m—goos = 10 “sec » 1ms S v, mv L - Y - {1
| | S | R1+Rz ol Rl-l-Rz
@Il = 2ax1000 T = 0.1 ' .
8 6 If v. 2 V., a transition takes place and v changes
2.1 1 'R °
T u-=—~ yna= 0.016 mas
B Zmn to V a”™ +{?21+\Tnl Hence, the threshold value
| . of v., called V. occurs at vaV_. or from (}
T-l-{-T a 0.516 ma T--I--'I = 0,484 ms i 1 1 R i (}
1 2 8 -2 2 78 B R, R
=v -v —I—I—IIIIII'IIIIIIz
1 R+R, ol R +R
17-5 (o) From Eq, (17-3)} “ 2
2R,V R
2 R +R, R
VAV -V, = 4-3x1b or V= Vpl V (i 2
H 1 nl+n R +R, 17 R "Veal R (2)

177




44 v, > v
poaition

Yol "Z1" "D

R.thnn vz ¥ aV_ +V_ and by super-

R,
1 1 RI‘.+RZ | ol B.l+!!.z

It v, & \"R a trl.llllﬂﬂ.'l:; takes place and v o

changes to -V .. Hence, vaV, occurs at V= Vo
or from {3} V.= V Rl +V ji._

R” "2 R#R, ' of R¥R_

{y*R, >
or vf?nt—ﬁ;-}-\"ul _R_I— (4}
From (2) and (4),

RE

Yo' 17V VatVe) 7 (3

|
""“:. ‘_i]

17-7 (n) ¥, i that input voltage ¥, which causas ?nl to
change state from =V, to ¥V because this is the
naminverting connection, This change takes place
whan the voltage at the noninverting termipal

reachas serc as v, increases. Thus
'"'m.l:-zﬁ -V ER:E =0
"2 ° RS,
or Y - S _ﬁ..
1 EZ "Ir"an m 0 LT ‘Ip"1= Rz 'Vn

Similarly, V, is the value of v, which causes v,
to change from +V  to -V, Hence, proceeding

ar above

Vo= - "1;.3_1" v
[ ] z n
(b)

L.

The square wave is uymnhrlcnl and delayed X

peconds with rnﬁtt to the sinewave

17-8 (a) At t = D vem- BV, At t= e vV

ol
An exponential v, with time constant RC and the

ahove constraints is -t/RC

Vo
Bt - - -

A

v = "-"ol-l-.hE

_‘\IL

"'FY;#T* —

. For ¢ =.0, "anfvuf‘“ or A‘-‘-*Wﬂ* BV ,)

; -t/RC
I '\Fnl-{?u1+ BY

02! €

At te Ty v +"|wﬂpl
oz}E-Tl.l'Rﬂ

R ST,

Yorm BV =Vt BY )€

vV _.+aVv
ol a2
T1= RC in -'—-*-—( 1. ﬂ}vd

(b) If the origin is -h:l!tér to t'aD {at the end of

-

T)) then at t'=0 v =gV and at time va-v,
Hence, the above solution is wvalid if vul and
-y Are interchanged. Thus
o2 P
-V -8V Y +8V
T, =RC 02 __ ol 02 ol
e e
vnz v
14+ g% 1+ 8 -..'-‘,.._“"l
T 2 e

it Vul‘:- vn?. then the numerstor of Tl is less than

that of TZ-' Henca 'I'1 L Tz.
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17-9 {a) Far the positive-going ramp va -V, The
valtage at the left-hand side of R is -V,
Because the two input terminals of an QP AMP

are at the same potential then tha voltage at the
right-hand side of R in +Vs.
11)

dv i I—vn -V} ,‘\'n+"o" i

)l e —E-. m-.n—s

d¢. C = RC RC
{b) The derivations of Eqs. (17-8), (17-9), and (17-10
are independent of Vg - Hence, using Eq.(17-10)
2V '

Hance from Eg.(17-

v__ -V | v
T = = —:.R_l_# .,_zn__a_-E_c_ vﬂ‘
, L Taweep spoea], " "V 3V, R, ViV,
RC

For the negative ramp change V, ta -V, » 80 that

v, Vot% . Yo ]
dt R : RO R
BY i
0 RI ZRZRE Y

L' -
T e CAX min R S a
2 |m-p lpn_ndI; ?n_- YE, R, vn-vs
RC '

ZR.RCY “2R.RC 2Vv®
TarTle —2—29 1 1, 2 o
) Vg Vo-Vg R 2.2
: o 8
R v
1 1 -2
fw % == [1-(==2}"]
:l'.'1+'l:z mznc ‘iru |
v nv ? '-v zv
5 o 5 -]
(e) T » == T T +T, ® [—ri1) T % o)
1V Tz T2V 2 v?ws 2
T, ] V. -Vg . l“_v_*-"]'
| I S ) v,
17-10 Y
—i—‘
\I T
¢ —

RS-

|
LY z

{n) Assume vu-+?.ﬂ Y. Then the :nfn:itnr current
must flow as indicated; _?ﬁﬂlt -IRg )= ~3Rg, for
RS'.I in kilohma. If this current went through the
channel ‘of Q2 there would be o d?up of +1R =
+3R52- Vgogy ond this would forwsrd bias the
gato-source junction, whose voltage would he~0.7Y

179

Hence 1= 0,7/ R_, which cancot be satiefied since
I is determined by the JYET characteristics of
Q1 and RSI.'. m’SZ determines the dll:hlrga.
current), Thia arguwnent lsads te the conchusion
that the current in Rgy rmust be xero and hence I
must flow through the Q2 gate-draia junction,
which now scts am a !umrd-‘bhlui dioda,

[b) From Fig. 8-3 a constant current of 3 mA is
obtained Itnm'?m >5V at YGBI--Q.EVH -IR,.
Hence RSIID.EH = 0,267 X0} *=247.00,

{c} During discharge Ql acts as a3 dlode betwean
gute and drain and Q2 as a JFET,

From Fig. 8-3 at IDznl mA V

G&2 ==I =2 ¥. Hence

RSfI 2/l » 2 kG

{d) The sweep spend iz I/C

T .
—Il'cl—ln the sweop amplitude = 20V
I, T _
aod ZEE = 20
3'1'1# sz
4 X 20C
T = T'I.+T1 = i"I‘I - Il
1n-3 o BO C

ax10~?

3
C IE}—_I.IFHU.ESTEHF

{e)

A




17-11

17«12

17-13

Fiﬂ. iT-10
A=t

p—1r"
!

| Con‘irc-ﬂed -
ﬂn'm maptifier

_L Iern.
= c.rn55inj

detector

Asmne that the saro-crossing detector is such
that when v > 0 {v < 0) its oulput v, ls -Vn[+‘lﬂ'u),
When v> 0 then v;-‘ifn._hul apnd v' = v, >0
When v < 0 then v - 'fn, AR o] and v = -'vm- -y )
tlence v! is. the abiaolute valus of wit).

-t/RC

v = A+ BE {soe Fig. 17-1b.)

At Eta = v = Y ., Hence A = .Y ahd
. L [ = O

-t/RC -

vﬁ--?ﬂ+BE At t = 0 v, 1

or B=YVY_ + ¥
1 ¢

-t/RC

v 2oV HY V)6 | At t= T
-TIRC
V.- B?u' -Vu +I'\i’n+’b"1}E
V. +V 1+V. /Y
Cailld 1" "o
T = RC in vu-ﬂvn = RC In T B

(a) Refer to the problem figure, In the quiescent
state, Vy3-Vy and the comparator is at its high
lavel w = vu‘- -?E+VD.~ There s no steady-stats
current in the ¢apacitor, Hence, the drop in R is
Tha voltage across C s Vo

(b) At t = 0 ua narrow triggering pulse of
magnitude greater than YR Cruses T-z -tn excead

OV and the comparator 1s triggered to its low’

zerc and ¥y® Q.

state, ¥ o -V, Siace the voltage on a capacitor
can not change instantaneously then the change
falls

The dioda is OFF,

ﬂvall -2 "lfu is trangmitted to vl.
froon O to -2 \i'u ns indicated,

Heance vl

The capacitor voltage v, now varies cxponentislly
with a time constant r= RC from its Lnitis)
valtage V.. Y o toward its final Tll'l:rl.ll-?n. Henca
vl varies with the same + from -Z-Vn toward D,
'Whn::l Wvm-Vp then the comparator again
changes state to v " +V o thus generating a pulse
of width T.

{c) At ¢ = T4, ﬁvﬂ=+2 V, and hfan::e avy= 2‘5’“ a8
shown, Now Dl is ON  and the recovery time
constant is T, " RC where Ry <R in the samall
diode forward resistance

180

17-.14

(8) When v =-V_ the dlode D is cut off and the
capuciior current is V/R so that the sweep spaed
is ¥/RC. When v+ \Fa, D is ON and the
capacitor current ia

Yo -y

— + %’-— ¥ —zr becauss R'<< R
Hence, the sweep speed is -V, /RIC » aid the

RC
ratrace time Tr is very short :

Vi

{b) Proceeding as in Sec.17-¢ wa obtain Eqe. (17~
8}, (17-9) and (17-10). From Eq.(17-9) with

v I-ﬂlﬁeﬂbhin

v
N
(€) Tl. sweep spaed . ¥

() If -V is made a time varying ﬂﬁ‘lﬂ‘;ﬁ modulet-

V_RC
[ |
ing voltage -v,

Since Tr “ T then the frequency is

, than T. -

v -
I-—I.'-_...Ld-
T, - V_R




Since I im ‘prapﬁrtimﬂ to v, then this is a case

of frequancy :qu&uhtlun.

17415 {a} 'rl‘”.l-E'thl
dv_ .. ~tfr dv -dv T "
3 = Ve 3 L-".F Ty T.-?E
From the definition ln Bq. (17-21)
=T I -T_Iv
Y - =VE : s YU-E .--l- L
" v L L'

(k) Using Thevenin's theorem we a‘hﬁin
Vv
RAIR

.

o independent of the time

From Eq.(17-22) o=

v \F. R +R
cometant, Hences, now .= Rz - v eyl 3

v e —
RitR,

17-16 in)

C,

C-16-

{b)} Using Mﬂhr':.thnnrm Fig.C

ou’fpu‘r r.k’r

(c) Applylng Thevenin's theorem to the input
clirn:uit gives

A

Since A >»» )
.nlll R,. Hence v, is the voltage across G,(t-A).-

mnﬂh-mm&u

When v = ¥V then Vi \".IA RCIONN EI{I-M.
Since Kq. (17-22) is indepandent of the time.
constant then | |

V_FA

n v

Y BI-I-R
AV R {
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17-17 (o) Because of the virtusl ground st the input te

17-18

A in Fig.17-15¢ the curreat io Rl i "u"fnl
Because the OF AMP takes no input current then
V!.Rl is the current charging G, and the sweep

spasd l» ?IR.IG Hance

VI, VT

VE A or CpgaediiXi p.oyuy

Rz R 2sx10 ‘

(b) From XKq.(17-23)
'l'r.
s 25x 100
" AV " 50000445 © ° 9uu = 0.0011 %

{e) GI. is proportiomal to T-. Hence from part ia)

Cyo 9u|'a.=.j-9pr

Since the slope error dones pot depend on ths
valus of Gy then from [b}, e 0.0011 %

{d} The value of Gll 9pF in part C is Lopractl-
cally sToall since it is the same order of magni-
tude as the switch capacitance and stray wiring
capacitances. A much larger value of Gl may be
obtained ¥ R f{s reduced. H R is changed from

1 M to 10 k(t (s factor of 100} then C, is rmmltiplied

1
Ly this sames factor, or G = 900 pF.

(n) From Fq. (17-20} with T'IIH Me, Ve 30V, and

'v-v_s'mv. and with C, in UF,

_100
10 = 30({1-€ 105Gy
30€E™ » 20 x=inl.5% i+- 0.408
10°¢c
1
Cy= 2.468 X 10" 2UF » 0.00247 uF
(b)
o 30V
o 1 I
i
From Fig.8-3, I=1mA for "m'. -V i
Vm »5 Y, vm--ml_--z

n-+-zl--2kn

{c) The voltage ncross Gl I.i v . T aivd at the
1
end' of the pulse width T



| IT. | . 17-20 (a) If S, s controlled by +v, in Pig, 17-13b
v = '\r'- ci so that v' is proportional to Ts ' then the output is zero if vo.su and 1is Vg 1f |
| - V<0, Hence, v_ is as indicated balow.
10-3x100 x10-6 ¢ * |
For T.- 100 s, V.= ———ee——————a 20V '

.uq_sxln'f' —

(d) From Fig.8-3, the JFPET delivers constant
current only if VDE exceoeds about 5 V. Hence,
the maximurn v a30 -vm-msfaa-5-z- 73

e.v
_". Tul l s =M%= 1_15"5

17-19 (a) With S closed and with R =0 and V =0 the
voltage acroas GI is V and the voltage across R
is V,
With S open and the voltage across C equal to v
then vV, because the OP AMP is connected as
u vollage follower, BSince EI ds arbitrarily largs
then the changs in voltage across it is mml- 0
where A 18 the charge delivered to CI. . Hencs,
* the top of the resistor is at a voltage v +¥ with
raspoct to ground, .Th diode is reverss bLissed | from v |
by v, sud {8 OFF, The bottorn of R is at a R
voliage v, with respect to ground, Hence, the
. drop acrose R is v tVov =Vaconst, Note that the
tpp of R hae risen by the samie voltage as the
hottom of R, Hence, R has pulled itself up by
its "bootstraps”, which accounts for the name

bootetrap sweep, - 17-21 vm-(v_ sinwt +V_|
. Y
Eince ths voltage mcross R is V, the current is =y whan v, > 0, v, < 0 and S is open so thu.t 1,.2._.1,.1‘

and the sweep speed 1» I/C = V/RC, Hence

= V¢/RC 1in op. -
Ve fRC, » precisely GAL sweep The waveforms are indicated bslow,

{t) E.i.ncn Yoz t-*rnl_ then .&z 1s an inverter,
Hence R!'/Ral

When the :El;l scross C 1l'1r: sod if the gain
of the two OF AMPS in cascade is K then point
P rises to Kv,+V., Tha current in the lwuip R

' c
il:. -lZllt R
In order to have & linear swaep, lc rrust be

WG

have:
canstant, independent of V.- Hence K = 2
- +
R R I ’
T2 a0 that K-I-‘E]{“‘%"}';’r | -U;

i

182

when v_<Q, -V, >0 and 8 is closed so that v, 0

17-22 Let X = - . Thenr, using mash analysis, we



V =L(R-jX}-L,R +1,(0)
0 = -LR+L{ZR-JX}-1,R
0 = 140)-L R+ (2R-JX);

[3 is found from ]'.3 = h&” 1

where o= X

R wRC
R-fX -R 0 1ja -1 O
a=2}-R 2R-X -R |=R® | -1 220 -1]=

0 -R  2R-JX| 0 -

2-30

- RA -t 0-Je) (23 Je R -3a% 4 10> - 60))

R-JjX -R V,
2
ﬁ3= =R m-jx .0 =R ‘\i’n
" 0 -R 0
Ay R* v
‘Y Iaz—h- L
5 R(1-sePie®-6a)]
Vi LR B
Hence, «pag = —fme ——mmis Eq. (1727
o & ¢ 1-50 "+ -bx) -

For 180° phasa shift, ua_'-ﬁa.- Q0 or u.z-ﬁ and

-1 -1 1
B= - A —
-5z 1- 30 29
17-23 (a} From the mesh equations derived in Prob.17-22
&
|
11- 2 where
¥ ~B ]
° 2
A |0 2R-IX -R | =V _J2R-§X) ~R%}1=
0 R 2R-JX
= vﬂnzta-uz -§44)
v ¥ A ; 2.
Lz, - 2 ._E'L,R[!:_-'*_:_"“Jlﬁ;ﬁi]
b 1 3-a°.j4a
1~5% b=bufb . -
() For o =/b, Z=R[=20 Ly g

= R{0.83-32.;7)

(b} Replace the dependent current sourcs by lts
Thevenin's equivalent, and write the mesh equaticw

for the resulting circuit,

183

17-2%

C

(N “b, LR (R +R-JX)-1,R+L,(0}

(2) 0 ®=-LRL(ZR-IX)-1,R

1

() 0 = 1{0)-LR+¢L,(2R-§X); Lat = and

_—u

R

‘WRC

R
c

k= “g ¢ Then {3} becomas,1,21,{2-ja) and (2)
becomes, Ilnlatl-u.z-j&a',i. Substituting the expres-
sions of L.l and L, in (1} and simplifying we get:

-hy Lokw L, {1+ 3k-(54X)a2-§[( 6+ 4N -a3])

The loop current gain is Iaf.l’b-.ml if this is te Dbe
rasl, then the coefficient of | nmast be zero or

ax bhdkm — |

FrC?
. | ]
Thus, £ ==TRC mi_ . At this frequency
1 .
im+ -Lk-ukﬁzanz'n: For -1:-1 then
= by
22
hi'u »4k+23+ X

(c) h’.IMZHZWk. Thus

d.hhldkni-iﬂsz-ﬂ. or k = ll?fﬂ”z- z.7.

Thus h a(AH2, T+ 23429/2.T w 44.5

fe(min)
o Ry | ' L9r _
(1) IAl-rd+Ru-29 or R,= 039 For exsmple:
. 29%3,5 kfi
w55 and r.e 5.5 K - Byw 55-29 =5.13 X

(b) ulmlnﬂe-lﬁ or Rﬂllf[ﬂﬂﬂ!ulﬂaﬁ}llz.gg s

{e) In order not to load down the umpuﬂl-r, tha in-
put impedance of the phase shift network st be
high compared to the output impedance of the
amplifier. U R ‘is chosen too inrge, bhowever,

C will be impractically small, e.g. U R =1 M,
C»12, 9 pF which is of the samae order of magnitude
as stray wiring capacitance., If we choosa this
FET, the amplifier oulput invpedance is

* R
d d _55xb32 _
mrd+nd S hEETE 294, I we n.hpnu R to ba,

say, 10 times this value, or 30Xk}, thex ths load
of the phase shift network will be negligible. Then

-6
PR LAY

1x 10"




17-26{(a) GConsider the phase shift network redrawn as

" % ——3)
R — —t—A———
Tt ¢ c- | ¢ T
v, k3 Rz Rzy
e IR

Then, frorn Eq.(17-27) we see that at u3=-6. :
A A

1
.{WF the phase shift of v—u~1- 180° or
\rl --?19— "d"n Applying KVL around the outside
Innp, we have: ?'--V' + "f 'zlg—? -HT or
Vi1 30
-\T E-’I- is E‘i_‘-
{b) From part {a), { = ZTrlH'.Cﬁ

"'tt:} For oscillaticns to otcur -BA>] or A:--—j

30
0.967
17-27 | 2 R - R

+o_w_...,‘,% - )W .....:
- ——bin S /

o BT 1) T b !

0 — - —

Tet X =n:_u The mesh squations are

(1

(2)
(3)

Vunlliﬂ-ﬁlflzj_x + 0

0= +L5X+ L(R-2JXH1,JX
0= 0 +Izp'c+13m-'zp:1

Divide by IX and let j—;-'f-—--j_u where o= 22 wRC

v

= T {IHar,

0= I, - L2+
From (6) 12-13{2+j=l
From (5) I1=-+lz+JuH3+ju}IS-I =1‘.3-u. Hjn}I

(4)

(5}
(6)

From Hl ms =+{1+Jml{3-u +4ja)-{2+)u)

m+ 30t it P30 do - das -2

= 1-50”+j60 )
Since "'c"f' --j:I'[):3

-Vt .
fo L= zl 3
1’r.n 1-5a +j{ﬁﬂ-"ﬂr )
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A
1 -5u3+,ll£-u.-u3]

~pA = wl

Since A s real then 50:#1.'!.3- 0 oras JE = RO

fadE

ZnEC
and A !-5-:!. =]-5(6)w-29

In practice [8A|>1. Hence [A| >29

Since A is negative, mn inverting OF AMP mmust be
usad. The system ia that indicated In Fig. 17-15"
withR and C interchanged, Howaver, aince Ry
shunts C to ground then R,>> [1/wC{. If this is
not true then a voliage follower must be used as &
buffar, as indicated. R

!

1 1+ wCR
G | gaC

-R{lﬁj&} )

17-28 Z nR+

: R
Zy= 1 * 1+ja

Logt+3

.....JE
4)1Z,= R[5 (Ga)(1+))

l+j Teja 1°R

2
2 y [} (1+je)] 1

Z42, 1""" = R 14330

. s =

1 -u.z+ 3ja

p=-

S
3 +§{1-c%)

17-29

e o RIR_ LR NN




1
{l}mx-mc.

V, * L(R-IX) -L(-}X)

Then

o = -If Qn:rérztn-aax:

{—'ll—)lz tz+j )1,
2
vo V_sL[(R-JKK24}=HIA] 8 L [BR4)( = X}
E - E--——-ﬁ—— - L N W
Yo Yo 3.!Ir.-|-;|{!"-E x) HE-R) IHWRC-2E)
v
(b} aﬂ--\;'f- and -u\.ﬂ:l i-—-‘&—-—— x1
. o I HwRCG- HTRG
1 1
Hence' wRCw ﬁ or WCR = 1.,.!' * TTRG and

%—:1,3:-3

{c) Since A rmust bHe positive then we must uvaa a
-aoninverting OF AMP as for the Wian Bridge
oscillator of Fig, 17-28,

Thua,

17-30 The negative :m.n is =1 and the pn-ltiﬂ gain i

l ﬁ '1—
Er.+.1c'“+ Rex  Where X = jmc

Yo g 2X _cREX m _1-jgCR.
¥, R¢X = R+X . R + 1" 1+}eCR
JwC :
v a
l?"'l A @ CR 1 #=-nrctan WCR-arctanwCR
L "'li; CIR =-2 pretan WCR |
{b) | ﬂ;
R, T—W

. 188

There is 180 deg phase shift in the lnverting
OF AMY . lience for the loop galo to egqual 1+jo
thare muest e 180 deg shift through the two phase

. shifters or 30 deg through each. Hence

| .
ZarctanwRC = %—ﬂf WR(=! or faZIRC, Since ths
geln iz each phase shifter is 1 then the galn in

the OF AMP must exceed unity or —::- -3

(¢} Bince the phase shift is 90% In each phase

lhiﬁerthanﬂifﬂirliinulﬂdthm?ﬂill

sinusoid of the same amplitude shifted by 90 deg.

17=-31 'V;
| —T— C
L
/
\A R
L
R L.
'-v!*' “R,
ﬂ: v - J--———T—
o R +R+j{mL MG
A = 1+ —Rl"""
R
Sinceg -BA w 1 then 8 raust bo real ;
Lo L . .
or w WG Eﬁm
af resonance |
R
R
M-{Rs+nltl+ ‘Rz Y i
R, =~ RytR R
. B - =] m ——
{ .Rz ]mln | R3 R3

: ; %,
17-32 In order for the loop galn to be real (equal to

unity} the capacitive reactance wwst cancel the

tnductiva rsactance, Bence, wWL = ——

wC
fu— . m—l - 10° = 1.592x30" 31a
- T2n IR T on Ao Baiox10-3 2T
= 15,92 kH!_

At the rasonant frequency the parallel resistance
of L and € is very large compared with R<10 K).
I we break tho lﬂﬂFrlt the noninverting tarminal

YT EFL
thn;n'@liﬂnrgnin_hmdthp from the
Hence the loop

ml:puk‘hl.cktnth-+!nputii 10

gain i»

21 x-&—:-l .

. .
1% or R k() = 476 0

2;1




fedl, - =1 fe Ct} -

1733 (a) X o A

1) :
by —Raplily é—,m,—fc-_-:] a

1 C

———-+

-{1+—1?== T

L

(¢) ¥ C = 0,04 pF and C'a2pF, then % <, x100% =

0.04
2.

n ; 00 X1C0 = 11‘5
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18-]

18-2

18-3

CHAPTER 18

(8] Eq. (18-6) with 4T :uimltﬂz costLt becomes:

1:-n11b+usz1 "G L conw,t +G, L cosw,t
+G, 20020 th G L con®. +2G. 1 ¢ ¢
a4 17 Uyly con 10, +2G, 1, 1) con w,t co iy,

Note that ‘since 2 cos?a= l+cos 24 and
Z cos g cos facos{g-B)+coslatp), then L. contains
terms whose frtquunnial aTe o, u,, Zwl,Z&:z,{ul nl*

(Wt ).

(b} Asrurma that i codtains the tarm 6313-
= 3 {I cCOB u:lt+3]:Iz=n;zmlt cmmzt +

+ BIII% o wlh:nu u:zt-lr 12 cos? nht] Now, since

3

tcos”a=cos3t+ 3 cos g and

4 cﬂlzﬂ.ﬂﬂl fia 2{l+cos 2a)cos P= 2 cos f+2 con Zacos B

=2 cos frcon(2a+Bicon(2g-p), then i, containg, in
in addition to the frequencies llsted in {a) above,

3"’1! mz! {zwltmz]l I..ﬂﬂ {ziﬂz*!‘-ﬂlh

2 § i, alsc containg :; r.ull: (yields -'I:MI},
:nlBr.dlt con mzt (vialds imlimz],
cmzmltcnlzﬁt (¥lelds Zmlimz}, ate.

. 1 2
From Ey.(18-18}) P = EBIR
1/2 .
2X2 1
B = {aunu’ -*ﬂ——ﬁh=31.ﬁzmﬁ

(1000}
I~#35 mA and from Eq.(18-15) IotB, = 39.

Hatice B,=39-35=4 mA = B,, from Eq.(18-15),

40

¥ 100= 31.62

= 12,65 %

o ———

2 .3
From Fq.{18-15), iu:' -Gl"n"'ﬁzlb "'G:}'b"' -
2Q L sinwts Gz[: sinut+G,13 stnwt s, ..

2

Since sinqg = -'-{l-:nl &); sindgw 4 < (3 sing -uin 3a);

ll.l:l*ﬂ.l %{:pn 42 -dcos 2o +3), etc,, it follows thab 1':
containg sine terms with only odd frequencies and
cosine terms with even frequenciea.

!E-I'l {a} In'm:-ﬂ and E==ﬂ. From Egq. (18-13)
By = gl L 21) = 0
Hence, Im- EId. From the figure, Im' I-G and
A %{vﬂc-vmin]
From Eq.(18-23), na :,,";"v v’“ l[%f";rﬂn,
ccle CC




P eeTET L wTTR LE T L R
T e

Var-V_ .
L S ) percent.
o]
YUY . * Vo than n= 25 percent. In other

words, i " Veg 1)

load line

I!mf -
* Xy om0
Wit , .
me VC \& v&
2
VoV ')
G
18-5 From Eq.(18-28), we have: 'P .2 —%;E“ - z;l
- - 4Veeo
At Vw0, PGIQ. Also, PG-CI ot Ve 8ince

Fe

increases froon 0, wnd thers must wxiot a e -

for T t aPG zvﬂﬂ , vm
mum for Py at. 35 R,

cannot he negative, FG muast incresse as V

R
.

= Om or at

ZYC c

o

v . At this value o V_,(F.)

2'-.1'z

nan

18-6 (a) From Eq.{18-38) I.L-H;Blgﬂmu

r/
ll‘lfgc_

I'I'I'R

Yec Ve
E

[ ]
v 4]
Z -
]

[Eq. (18-29)1.

By cos 3uwt+...)
iL{mt+ -n-}-z'IBI cos{wt+ W )+Bycos{Jots3mh. . . ]
--iLuﬂtI

(%) From B, (18-33) i.z{ut}- ll—q}ut+w]

I.L(m tim llim t) -iz {est)mi ltmt} -1 IIMH- ) (1)
Yy +1)-4 1{ut+zrr'}
-11{mt+n}-i.l{mt}- -f L[mt} Aromn ‘ Eq. (1)

18-7 {a) The peak output signal ls Ve, sssuming that

Gﬂ" then 11““-15 percent.

the voltage across s transistor is sero at the peak

outpat, vz 2
Pesi—s = -‘m-zalaw
L L vz'-
21V 2 2
m'C ¢C (15
() From Eq. (18-26) Pi-—ﬂ-g*-—ﬁ.-{i?l-
=35.81'W

P~ ’TF' 15,81 -28.13 = 7.68 W total or

Po= %(T.ﬁﬂ}-! 3.84 W per transistor

187

' 2313 .
ﬁ?@{' " 35.81 ~.705.33 percent |
Hl.tltuﬂ.'ral?, txoen T, 18-TTY ﬂhﬂ‘{;ﬂc -
100m

nmL— . 79.5 parcent

(@) Trom Eq ua-aa; E— ?-99- J;i!—

» 1141‘.! w totil or 5 TD W pcr tr-nli.ntnr

This occurs at Vo -—'“ﬂ{Pruh. !E-—!], or

v --iiuqssv

vi 2
m .
The cutput power is P = gaen -u-lgiL- 1L 40 W
. . 2R,
P 11.40 1
N*ETEP, " TLdoriLdo T 2 °f 22 Rercent
This result is independent of V.. and RL {sna
Prob, 18-8). '
V_ V..
16-8 From Eg.{(18-26) F L "ZT'; ““‘;"Lg'c"'
)i
o Z?cc
From Prob, (18.5) at "u'm- abhd from
Eq. (18-27)
k' 2V
“'fvm -:—g—- :ﬂ__ or 50 percent
CcC cC

18-9 {a) For this push-poll circuit if one transistor is
ON theother GOFF, Consider first positive input
voltages 50 that Q2 1s OFF and Q1 is sither ON or

OFF. Than

vn'*i"'kv? - ?_f- sin wt's 0.6 {k-1) |
For k = 0, v, " sinit - 0,6 apd Ol is OFF for
Flhwtiﬂ & The cutin angle El ia given by

B,= uuinﬂﬁl 31“ The peek output is 1- 0.6 =
,ﬂ-l V, ns !.ndl:ltad i.n I:hu ‘aketch oo

For k= 0.5 vﬂn sin wt -0,3,
8, erceln 0.3 = 17,5°.
1-0.3= 0,7V
For & 3 1

The tutin .l.niln is
The peak oulput s

v,= tin wt and the cutin sngle ia BE-E:_




(b} The cutin angle decreasel and the penk increasas

Al "J. h.crun_i.” Hin:u. the distortion decreases

 and v, approaches a perfect elnusoid.

(e) If k emcoeds uli"f, the quioscont base-io-
smitier voltage exceoeds 0.6 V and the nuﬂtl';ul_'
current becomes infinite so that thermal destruc-
tion of the transistors results, |
(2) With R between the emliters, the gulescent

| emitter currant is

2(k "f? -\{f]
" g R

For k>, IE >0,

if IE doss not exceed the rated currsnt.

The system is thermally stable

When signal is IPPHH&I]EI fncreases lml IEB de~-
cranses and I, {end v } increases. The cutin
angle is zero and the ocutput is sinusoldast.

(e} For part (a) k= 0 or 0.5; Class C operation
(or class B with crossover dis-

tortion)

k=1l; Class B cperation,

For part (d) Class AB operation {since this
' quisscent current is not wero),

18-10 (a) Without s heat sink the thermal resistance is

0. *0,., =8

JGC . TCA

TJ_,:T

E.:r.|1'u

(b) For an infinite mase 8y, 0 becauss any
smoount of heat (power) is sbsorbed with no change
in temperature; that ia, thu‘th.urmll reslstance is

TJ- P, +T

BJA A

JA'

A Z00-25

"T439

P : 0400 W

D

serc. Since thers is no isalation between C and
s, Bcs = 0, Hence, from Eq.(18-37)
'I' -T
P 3 g A %5- 1.80 W
J
' 178
{e) PD *3T+42 " 1.73 W

18-11 (&) The m;x:imum Junction termperature is that of
Q2 which diasipates 20 W, From the figure we

have

175 = 202+ 1430{1.5) + T op

TA = FCC

(b) T, = (10}2+1)+ 30(1,5)+ 70 = 145°¢,

188

ol,

g |
u\_,

L) wm |
C,
i

TA.

18-12 ﬁ\f =‘E b"r" +R ML+5TﬁT

J

Eq. (18-41)

" 3x107x0.8+30 10 %2410 x50 = 0.112 v
Note that it is possible for ﬁvd: and Rmitiw
while AT is negative, ' Since Sv and Ru
and 8 is negative, then the maxirrum change in
¥, i» cbiained by assuming each term in Eq. (18-
- 41} to be positive,

ars poaitive

18-13 (a} From Eq.(18-40) with BA = %xlu"m-t and

MR R
V.=V !H= _R.l..._z
QO R E‘.l

(b) The loput offset voltage can bs modellied ns a

V=l x 6= 12 V

voltage source in series with ?R. Hence,
dVv - av
o 1 in o
sT ol ol 5 =T o =leﬂ—2pu\'f C

{c) vBEl is reflected [nto the lzput of the OF AMP
aAS ?BE‘I!A‘V in sperias with \"R. Since ?BE de-

. Creases by 2.5 mV per °c (Sec, 3-8) then

d¥y
o | BEl ~2x2.5 0 G
e A

13-714 (s) The currsnt in El Ill vnﬁuml. Hencs

Yo" VrEat Rt VREa/ By R [ Rat Vgl IHR, /R))

(b) The voltage between terminals 2 and 3 In
Fig.18-12 i» ‘\fm. Bocause of the virtual short
clreuit at the OF AMP input terminale, vREG in
figure (b) of this problem sppears directly ncross
Rl.‘ Neglecting the OF AMP input current, '

Yo" Vrect Vame /R1'R," Vg 1HR /R,
Note that the circult in (b) renders ‘Vn indepandent
of the quiescent current I‘J




Vo ; Noo
1 ) Vel 3%
3 R,

+

18-15 {a) The current in R is ?REE

1L=I+In = 101 A

JRuBf5 o] A, Heance

(b) Use sn OF AMP as in clrcuit (3) of Prob. 18-14

whars Rl-'-l R and Rz is the load resistor, Then

I *Vapg/R = 1A, independent of I..

18=16 (a} Using supsrposition, the inverting voltags is

R R

2 2
—E— v
REF R, +R, ' O R +R

v

2

(B} Tha voltage in {a) sguals the noninverting
voltage, because of the virtual short circult of the
Inpwat, '

EBIE.. ?EEE Rz R '\'Q Ez
1 R,II-I'ZEl2 R1+Ri

-§olving for Yo ™ obiain

N §
Vo * 7 Vpprtil-R,/R,)

[c) Solving for Rz!El vields

R,/Ry = 1-2V IV or

- 188



