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8.1
Ibz fon A . 3»‘,, ] MA’\?’ VDD
Using eq. 4.89 wehave: Ros o
A“z ~3m &D - - %10
A Vrg. Ry taing L'
“'a“‘BV/V_ c’—’j"
v R=érn

Y E——Y
an(L 11R)¢, :
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* 2nmo(ii15“) -..........'}_‘_.
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et {to
p‘s I, (R, + Roliro)

__.\_.—-—-———?——- m=>C Yy 0. 8TMF
=Gy lox 2nx (108415150 27

= CC:. 20.FME => ,gq = 9.62Hz

HZ

TE I is dovbled with both 75 and Ry halved:

£ -1 — =13.5"%
G, zn,ofs"(w"#%"%)

A =-- Re [ ‘RD”RL) wum%ﬂoulﬂ
Re-t R5’3 Rc': F.ZSH'Q
A ...825 . (q.TKq w"} =316 V/\f
M50
Fo,= 4 (Eq. 4.131)
P 2nG (Re+Rsig)
f = =19 He
P 20 xo.005 % (B25 1008 ——
GEY
Fpas .t = A =239
2rG(RUL)  ZaxexG® (2 ILY) —
Ha

Foy @ = = L 5= 08.3
20G, (RprR)  2rr0dxis™ XA F4O)0

5, = 108302

8.4
Cror = Cs+ Cey + Cpy = 3 pF

A
10MAQ, R, = 100k, g, = 25“_’_,

R; =
Rp = R, = 10kf)
.3
- _m _2axaot
Ire = 575620 57 T
g xe
I
I = m—-«-:n&.l_._____
27 Cey - (Rg+ R,;.)
:,C(‘l = M
Fes
For = ]

e e
27 Coy (Ry + R,

=€y, = 195%107°
£
If we choose: fp, =S fo1 = 11125, foo = f45
C-"yr =3 uF = Cy + C(-, + C(?
IuF = 28X 107" 157> 107
jl. f1/25
L7195 x 107"
5
= f, = 120 Hz and C, = 2.65 uF,
Cey = 33 nF, Cea = 0.33 nF
¢ choose: 1. - I ’
If we choose: £, =fy fpy = T_’_(,/“ = %
Cror=30F = Cs+ Cpy 4+ Cpy
3pF = 318210 Y 15740
I3 Ts
+ 195 x 107°
£.025
=, = 1123 Hy, G5 = 18 pF.
Cey = AS5PF, Cpq = 115 yF

8.5 Ry = 72 Q).
Ry = 744 k{2, Res = 13 kO

I Cp o= 50 wF, Coy = Cea = 2 wF
f“ o I

T
T Cey Ry

1
e 107 W
e X227 % 744 w1’

fpr = —_—
" 2o Gy R,
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8.7
8.6
- LY 1 Rge = 20k p. = 20 k1,
T SOX QT XT2 Ry = 200 k), Re = 10 k),
frs = S — B = 100, /o~ 100 pA

2ar Cey Rew
= _’_Q = M = 4 "._!.é

. L= 61 He "~ Vy 25mV v
2R 2 XA X A3 X
m .
From £q 9.19 re = _gﬁ = :;(Lm..._.; = 95 k)
fo= fpt finh fr = 612 "
po= &= 0P aonso
. 4xX 10
= 40mA/V, r, = 25k and Then,
F,o= 256 Rey = (Ry | 1) % Ry
= (200 K] 25 K)+ 20K
If 1. is reduced by half, since Rey = 4222 k0
= fc = g0 MA o Ry
STy, T 2N R =
re=Bor = 50
re Lo =500 = 2475 + 2% Kunm K) = 21520
gm
Then: Rm=R¢+R,_=20K+1OK=3OK
Rey = (Ry | r2) + Ry 1f we choose f, = 100 Hz and
n(xooxﬁ Ky+35K = 976 k(1 frs = 09X [,
Re = r §R3=,}0+mo 15K c, = ]
13 10t 27(08 X f,) % R
=97 (} t
‘ e = 4,2 }.I.F
Rey = Re+ R, = 13k 24 X 90 X 427.52
For Cj: to contribute 80% of £}, Selecting C, and Cg, such as they contribute
08 X 2w X (00 = Z‘—L—)T? - Cp = 2051 pF 5% of f, each we have:
e \ _
For Cq and Cpoy to contribute 10% of f; each Cey = 37(0.08 X 100) X (42.22 K) 0.8 pF
]
01 % 2x X 100 = - 1 = ik
£+ 9.76 X 10° Cor ™ 3005 % 100) % (30 K) "
=+ Cpy = 164 pF The resulting f, is:
00 X 27 % 100 = —de o .
Cpy 13510 fuo = 35135 WX (43752)
> Cen = 123 pF
To verify the value of f; that results, " ! + !
| . . 08 px4222 K o %30 K
fo = ‘E}'}[@w X051 5 976 K X 168 p £, = 98.65 Hz
. } The total capacitance is:
K <123 p/ C, = OB p+ 1 p+4a2p=6uF

f; = 99.89 Hz,



8.8

Rivi = R1 IRy 1t ((x+fn)
where Ri=33kuw, Rz 22Ke

(x =50 awd,
{1mr= é_g_ = (20 = L%"O = [ Ke
w o.3xyae 2

Rins 3371 221 10.05 = 53 K”

AH=-Rin . fuw
Riu+ R8s fm+ix
==51 . 1a .12 (43156l309)
53+5 |0+0.05
= —l6.ll Vv

K%%*(Wﬂ[m+(&uhﬂﬂqﬂ
= oK Il [50+(33//2205) K]

= 2.69Kku
R'e= (o]l Re l/{Re = 3oo[ 4.3 5.6t
= 2.53kKu »
Cu+Cp= 3w = (2.10=
er-fv 2T x300.10é
= 2.‘-}3FF

Crt =(2.33.~ 1) pF
= 1.13pF

cn +eth4+ w R'L)
t.?3F+Ap(4+ 12.x 2.53 )
33FF

c Qwm (Kc llfe.!lfa)

1]

Cin

o
-

-

—

fr= A/ 2T Gim,ﬂ'.sis
N2 x33.00% V69,107
[.3§ HH2

=
—
—

Chapter 8-3

8.9
“To select O so that it contributes 0% of the
value of ;.
L = 09X100 Ry = O8O
27 Cp- Ry

(From problem 9.11)

= )y = 159 uF
To select C,; so that it contributes 5% of f; ©
Rey = 10750

! .
29 -10.7 X 107 X 0.05 % 100
= 2.97 uF

To select Cy s0 that it contributes 5% of f: Re»
= 10.3kf)

= =

1
29 - 103 X 10° X 0.05 % 100
= 3.1 uF

2 Cey =

8.10
Rer= Rs + [Re //(f:u—rn)]
= 10*'[1011 (a.(u)]

= 10.9¢Ku

Re'= Re | fm+lx + (R ll Rs)

o+l

> 4 [ 1401+ 1al12)
o0+

]
“—

57
For ce awd Cer to cowkribute
e;ua.llj to the Jdetermiuation

a L,
t F CeRe’ = Cci. Ry

=> Ce = Rer =10.99 =193
Cer Re' 0.053



8.11
v
al, = 3 1.o=g.1 = B Ys
Rorr, e R A Rovr.
(Rc | RY
= - = —-f £ =V
Vo Ic (Re I R B Re+ 7, s

Vo _ _ﬁ(Rc“ R)

A
b Vs Rs+ re

[}

b)Pole dueto Cp: wpy = S R

o )
1

Pole dve to C¢: wpe = TR T RO
L

zeros arebothats = 0
2

U J—
) AGs) = Au (s + wpg)(s + @pc)
A(s) = =B (R | Ry)
Rg+ ry
:2
s+ !

¢ (ke + B_‘ig_‘) <[ Cc(Rcl+ RL)]

0 A, = -100(10 || 10) _ _40 vV

100
10 + w0
¢) Since the resistance that forms the pole wpg is
very small, we choose to make wpg the dominant
pole, thus :

.fr£=fl.=|m= 1

JE. SU—
10 K)

. +—

2w Cy (25 101

1
27 100 (0.025 + 0.100) X 10°
= 12.7 uF
fpc = 10 Hz=>10 Hz =

=Cy =

1
N R
27 Co (R, + Re)

oy ————,, T
27 % 10(10 + 10) - 10

f) 20 dB/Dec

2dB ~~-~-,
12dB r 1218
40 dB/Dec \ ‘
1
0dB 1 !

10Hz 100Hz

Unity-gain frequency must be an octave lower
than 10 Hz i.e. at S Hz

) A(jw) = —A —
8 AU M (wpg + joMwpc t jw)
= +40- 2

w
-
(wpy + jw)(wpe + jw)

Chapter 8--4

Thus ¢ = '“"—l(m‘g)_”)—m—l("—:n;)
=—[mn-'f%£ + ""-l]“,Lc]
= —[tan"-l'OLo + “‘“"{%)]

Thusatf=100Hz & = —[tan”'l + tan™'10]

= 1293°
Al 4008 =
20 log (100)
26dB =
: ! 20 log (20)
! HE /R X
20 1
m,xkg,l ) 3158 T TS
; R 159.1

8.12

(a) Ie-= Vs
) fe+Re+ A

scCe
Te = Te
Vo= -ReXe = _~Re . Vs
ferEea-gLC

Awdy=Vo = —Rc
Vs fe+Re+ A

SCe
= —-Re ., _ S
fe+rRe S +_A
Ce(fetR@)
Thug, An< -KRe
fe+ Re
we = A
Ce.(rethe)



Chapter 8—-5

(b) AM i3 redveed 6(7 Ele
{-a,e(:ar (e + Ee
T e
= 4+ _@_ﬁ
(e

(e) We i3 redveed by the
l.ac&ar (1+ Re ) J
Te
whieli /¢ tie sawe ag Ele
amn redvetion jackol Thys,
the valve ap Rk cau be vsed
as the /sarameéer of
é’xerecsr éltejaz'u— baudewr Jtl
trade o#

(d) Ke=o:
l|Am | = Re= 12,020 =4eo v/y
e 5
(- Zrcere i
ZUCefe znuiooxd®xes

= 3.3 Hz

Pr——
T

To lower Ilz_ 6{7 a,faaéof at

5 uvse:

18 also (owereo/ 6 tor
OIL 5 to _:5__C_7_V/V

Re={Yre = (coun . TL;_AQMK

}r -
2-1((‘33«#‘134,)

8.13
~H
C, = o - 345x10q
t  8X 10

= 43X 107 Fim® = 43 {F/ym’
ko= G, = 450X 107 X 43 x 1077
= 1935 pA/V?

I = 100 pA = Lx193sx 20y 2

1
2 [
= Vg, = 023V

Vps = L3V > V., = Satration

By = 3.’,0. = 880 pA/YV,
VOV
ro = e = .l = a0kn
X, 005x01
X = fe =05 Loy
220, F Vg 24065+ 1
il = xg, = 1612 pAIV
Cop = Why,C,, = 20X 0.05 X 43
= 43 fF
c, = wie, +c
F 21 3 ox oV
el
=5X20X1IX43+43 = 616 (F
Cpa = Coy = 43 (F
c
Cyp = J""’/ = B o6
]
o1 14
Af;* v 4 Tos
¢
[ LRI g
]+vih I{;:“‘Fl’i}
2 o N 0.7
8.14
3n - 22 - Zred <o B Al
VO\/ il 0.8 xic ;3

2n(20+5) 265

= 5.1 GHE



8.15

!, = &
T (€, + G

’ w
8 = z'un'Cm'Z"n

=2

Also C,, = 3WL>C,",if C,, >> C,, then we

can ignore C,, . If we replace for g, and C,,
then we have :

1, = Lo COWDT,

2
2. .= . .
27 3W L-C

m

Therefore we can see that the higher the current /5,
then the higher is fn Also the frequency is inversely
proportional to the size of the device, i.e. higher

fi ics are ble for ler devices.

.

9

8.16
= 8m
fr 2‘"’(Cﬂ + ng) ®
For C,, >> C, and the over lap capacitance of C o

2
negligibly small : C,, = %WLC,,,

2, . w
A =20 - Wy
Iso g, Vou ng Vov
If we substitude g, and C,, in (Dfrom the above

formulas : f, = k,',-l"fv,,v—zL———
- 27 X §WI.C,,,

= 3 Vor

4L’
Therefore, for a given device fi is proportional to
Vov - fr =Voy
ForL = | pm, Vyy = 0.25:

-4

fr = 3 X450 X 10 x_(:;ZS = 2.7 GHz
4Xm7X1x10 "

= fy

ForVy = 0.5V {11 = You

f"! V’)V:
= fr2 =27 X (%2%

fr=54GHz

Chapter 8--6

8.17
The intrinsic gain A, is
2, (V) _ 2V,
s () () - B

° Vov/ \1p Voy
Vo=V, L=5VipmxL
Ay = X5 Vipm) - L 50‘2’{V’;' L _ soxLvv with
Lin mm,
* From problem 9.19

2

so[ cm_ 1.
o Ve 3 x 4s0[ ] - 021v)

4m- L} aml?
_215x 107"
BT R
Low = 0.18%10™°m

AN EYAR EYAN PY KT
AoV 9 18 [ 27 ] 36 | a5
fGHz) | 66.35[ 1659 7.37 | 4.14 | 2.65

8.18

fro g
2T (Cw+ CH)
= fexto™3
2o+ 1) x1o™R
= {.24GHz

(e - \lr//lo = (4.24/150)x 10"
= 29.26HHz
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o At Le =4.0mA, Iyel=11.6

"*“f sooMHz , tlvs:
f’r‘lléx&?a méuz

¢,
3’ -
Bo—W -
* -L
3 <, 3
o P
- { EmYs
o f'r = wA

AAA.
¥y¥Y
x

ro= 10002 20 Cr+Cn)
e _05SWmA _ g A Cr+Cn= g -» Cw= gwm ~Ch
En Ty, 25 mV 277 fT ZTT(-T‘
= Bo 100 - =12
Fe ™ ;—: - 20 5 k0 CT‘ (Ic. a. zw*) = 8‘ 10 3—- 0.0540
Va_ SOV . oo Zr x 1. 25009
rtjzrwf).ﬁmé\_ - 0 q686 F'
& . f) .
cn s s Cn (Te wowa) = _HYoxias -o.a8xe
(1 {;) (*+5%) am x 5.8v1at
= 157 (F = 11,0436 PF
C L= I X2 = ST
thw X: 301077 x 20107 Siuee c“ = Je + Trlm
Ctzbz,'(,’]r " Cie + 8Bx10 Zr =0.96 éxlo (D
JC +Yaxd® ‘KF -1.0u36x10'? 2)
Co = Gt Cac = 06100T Solvin, \4 (1) awd (2)
It = e toge the elds,
(€, +0) A JuFps
_oexw’ . cje = 95?’: ) Tr =24
2(0.64 + 0.016) % 107
8.21

= W/ e+ cpd
2" xﬁxio? = 2‘0’(‘0.3

8.20 R
- (euro.Dx10”"
Inpel €T/{' Cn+on = 20 = 0.6qpF

o At Tc=o0.2mn, Ihpel=2:5 Cr= a.gva
at f 500 HHz , ElLos: 221 P

(»T = 2.6x%50Q@ = lz,;__é_,,f’., &HZ 8m= 20 wmAlv
frraﬂ/(gm = (505 = .5k

(B - fri0- 5210"= 33.3Mua

150
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8.22

!Mtel becowmes 20 at:
FT/L(J: Avigf = so HH2

EXe
= [y = |o0QMHL = DHHL
fortripe Zo0 -
8.23 (x

Z‘()(-b 1 f
: % vle'n
‘._#‘ +‘)wc1r o i

2 x + _Cw
|+JWC'IT(1T
Z=fx +_f{m
P ) (Wwe)
=(x + (o (l“d‘(x’/w(ﬂ

A /W \2
)
x4+ -'J- rWCw/w(,)2

%4—5;3)2 t+(%p)?'
Re[2]=r(x + fu
2
(%)

For Re 2] o be au estinate
oL X ceod to withinu (0Ve
we wbst Kee

fm <&

| Hw V 10
&)
But rv g fn/io

Tl’ﬂ/.’)
M & fr
wys

l +(ﬁ>z > oo
we

or w2 10 wp (af)f:rax.)

8.24

"E e Em Iy Bn
(mA) | () | tmAIV) | (k)

{a) ! 25 40 2.5 100

{by 1 25 40 3.3 | 1253

()] 099 [253] 396 |2525| 100

{d) 10 2.5 400 | 025 | 100

| o1 |250]| 4 25 | 100

M| Lo 25 40 0251 10

gy} 125 |20 50 020 | 10

coNt.| £ | e, | G | S
MH2) | oy | OF) | (MHz)

(a) 400 2 13.9 4
) | 5013 2 107 4
©) 400 2 13.8 4
@ 400 2 157 4
(e) 100 2 4.4 ]
) 400 2 139 40
(g) 800 i 9 80

8.25

Cin = Co* Cyy
= Cpyt+ Cpy (1 # 2.k

=05+ 0.1(1 +29) = 35 pF
Neglecting R :
t : . .
fu = m i.e Rg is very large if
£, > 10MHz = ! >Ry

29 -35 % 10 ¥ x10°
k-l Rs:g < 485 k)



8.26
Since Ry; is very large:
1
fo = In.C,- Ry
1

S
ify > 10MHz =10 X 1075 Ciu* Rig

v« ’6 3
" X 10X 10° % 1 X 10

€, = 1591 pF
=5 Cpy + gl + g R,) = 1591 pF

Sx10 T+ x0TI +5% 107 R

S ISO1pF =R, = 1982 (1

Since R; is very large: Ay, = —g, - R,

Ay —5% 1077198223 4,2 991 VIV

Gain - bandwidth product : GB = [A - BW

GB 9.1 X 10% 10° GB = 91 MHz

w“a%mm

then : R; = 8349 O

A, = ~4TI5VIV
3B = 139.2 MHz

Chapter 8--9

8.27

g.=1 i‘]‘}ﬁ; Cpi = 1pF; Coa=04 pF;

Cin = 426 pF; A, = ~«7¥ i fu = 382 KHz
=GB = 7x382-10" = 267 MMy

We also Know that:

¢, = % W Coy + Whyy -

- OX

= wc,,,(% + Lm,)

ng = WLOV Cm‘
= if Wis reduced by half so are Cyeand Cor
= Cen = 05 pF Ceorr = 02 pF
In saturation:
o 1w 2 .
1, = 2k (V) = For I, to remain
2l
unchanged while w is halved
= (V) is doubled

thus Vo= 2 v,

but Bm & gjﬂ = Lz = .Lgm
Vo J2

= 0,707 mA/V

we can now calculate the new values of Ay, C,,
fﬂ and GB

Ry , 7 .
Ay = g R, = 1. Viv
M2 R, +R.\|g B fy, 7
= =49 V,v

Copr = (140707 + 7.14) 02 x 19"
= 121 pF
B Chz = 054121 = |7y pF

i
Sz = — - -
272107 (00 a4y % 10
= 950 KHz

GBy = 49 %950 - 10" = 4.65 MH2

The ratios of new vs old values are:

Yol Youz) g | Co Coael Ciny
Wi Vol g, Col Cut €,
Vgl o 1] o
3 Al 2l a3
S S A N e
GB,
Gh
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8.28 |
Rsig 1005 s Rig w 100KI ; GsalpF 5 Gu=opF

ap . Re
M RerRyy

Mso R, = 100vSwRe

Jm CoIRGNIRY)

- 4 ¢ wok {{ gril 10X Y=-8 AV,
Py = |‘:o°+wo B(zetitenitien) (4
e b (Eq. 44432
" lﬂc‘-“ R’ ;3 & .‘ )

R's;a = 2,;3“ Ry, =tooi|\08 wgoFN
‘]

c""“cys *Cw_ugmﬁo

R = IIRg | R = 41k

Cinzt 40201+ 3atet) = 3.66pF

Now we tamn Catetale f -

P | - 8"‘0‘"‘
2n »3.88ni0 250510

Tn order %o cdouvble (5“ , we have to ecter

decrease € (by redocing Rowt ) OF reduce %3

by recluting R;,.

It we redute %u:"‘o“""

pa - Ciar =y 2 = 3.64°F "
H, Cinz {40.2(143xR)

. ’ K
- Rl. =1.2Fx 0 RLB R’aué"RL zgou"w

-y =LH4sS K
There fore in order o dodble 5'“ to 8ox2=

L3UMME  we hawe to reduer R4 =1 )IRp
ko 1uskv of cquiwu\'l\& ruiudna RD to
L5 KN The newd mf..dba»c‘gm wovld besr

¢
AM Rea Apg, 260 x 1:2F A9y,
2 o kb = M, * =
M RL w1

Gain s almost rwduced by a Fadrorof 3.
TF we redue Ry =R :

ith
fua - Rsign — K Ry = 25"
_g.z-._, f..’&’ =y 2= Sf’ -‘rRs.-a; 2
Hy R“ﬂz' Rs,‘al

wmy LS RIL = 100K |} QG- P RCy w 33 x‘n'::Rtv\.

Tarcfore inorder <o dovble 9““,\ i s
veduced by o FeuctoroF 3, Brom (0oth to 33K,

The new rmid bowd § o Woold bet

Ao o Rer RetRsig 6. Ix L [004100
A Rey RoatRsy ..=,.A‘,& Ixds

3 334100
"M&:"B.Oé V{!:
Gum is O\most .redoced oy afackorof 2.

8.29
Rin= 2MAL, G, U mA ]y, Fpzlook s R ctok/
Cgse2PF , g,y =0 SPF Rs:ag SoexSl, R -lok

roting thak RG*R.,\,
W have- K '

K
A= ~Re g uRyiR =- =224 (od o)
A '5 f 5.3 210.5
Me-1S-2,

e Shure
Hoanc,, Ry,

Cn= C !
cm s+ Fyg (17, (L URRIRY)) 5 R’*‘a'Rs‘ 1 RG
inm 2+ 0.5 (e Hx (look || 10¥| 1o X)) = 12.02
R;,‘ac 0.sM|1 2™ 5 uma -uoornl
fyx
2 v12.0225  Tyyooxie?

= B3 \"HPZ
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8.30 M
&
If we wrive kel F— o
ax nede O: yOL, AL T
S9N I3 'rv °

) " c
* ‘3»%;"',‘3:’*'{;':«.’
then : Vg, -1.—;:__..\.0'
l’ cys

bsig =<3, Js‘*"‘"" %57-,;';5‘“’5 ) ‘43'%

()= I

5«:( c’ )= o('—r c"s)
Y% ._g R R (I-S(("/q._))
vs., w L RiGyS+1+RS

Yoy K d=3 /a0,

Uiy I+S(¢L+3‘)R:_

/
IF pw=r Yo = _ImR
Uy 7™ = G ™ TSR,

For Ceqs0.50F, ¢ = 2pF, ’Mz‘vmﬁ/r) }Z:,S‘hﬂ.

\Y = b . - = / -
e STy = JH T Im B Hase-20Y,
? n R
H
-t = o2 2"(5,*_‘71)“1.
2nx(2+05 510
Fy =12.3MHZ 34'/@‘2?:’6»«4/,»%
8.31

ifg, = I'-'-’VA and r, = 100 kQ2:

Rg
Ay = Rq _:R“‘ﬂm(’., | Ry I Ry) where
Rg = 10M || 47 M
R, = 825 MQ
Ay = —3133’50'1(100!(!] 47K || 10K)
= —3.06 VIV

where

_ 1
Su 27C,R g
R'ye = Ray | Rg = 0.1 M || 8.25 M2

R =01 MO
Ciw = Coot Coall + 2u tr,§ Rpll RLD)
¢, =1+02(1+1(100K || 47K I 10K))

=182 pF

|

In = 12 6
2 X 182X 107" X 01 X 10
= 875 KHz
8.32

I =2mA,B = 100, f; = 800 MHz
Ry = S0kQ,R- = 4kQ2, r, = 5000
Vv, = 100, C, = | pF.R,, = Sk
R, = 5kQ

= 2mA _ g mA

8n = v v
Bo 100
= Be - 100 _ 15500
=, #m
r,= Y42 M0V 5040

-3
c,+C, =8 = 80XI0 - y6,F
Wy 27 X 800 X 10

C, = 1pF=C, = I5pF
—Ry Ty X 8w R
Rt Ry (ra v r + (Rl Ryg)
where R', = r, | Rc | R,
=(50 | 4| S)ka
= 2.1k

50 . 1250 X 168
50+5 1250+ 50 + (50]] 5) kQ

where 168 = g, X R’,

= 80x 107" x 2.1(10")
Then: A, = —326
20 log|A,| = 303 dB

Ay =

Ay = -

Cin = Co+ Cyll +g,R)

=15+ 1(1 +168) = 184 pF

R'ng =l “ [rx + (Rﬂ “ Rsi;”

= 1250 || (50 +(SOK[5K)} =983 Q)
! = !

fu = — = S
" ImCL R 2w x 184 X 107" X 983

= 880 KHz
Gain-bandwidth product

= Ayl X fy = 326 x 880 x 10"

=29 x 10°
Previously,
GB = 39x 754 x 10" = 29 X 10°
Thus, the designer traded gain for bandwidth by
increasing /. However, by doubling / the dissipa-
tion increased by a factor of 2, since:

1
Power = — XV |
ow ar supply



Chapter 8—-12

8.33
Ry >> Ry, rx << Ry, =87 pF
Ryg>> ryr gmRL>> 1, The resistance seen by Cy is Ry,
8 R;_C“ >>Cw Rr = r, |l R, IR, IR,
/= . =625] 68 || 27 |10 = 32k0
" 2w x 1077 X 100 X 2.5(10°) Thus
_ _ 1
fn = 636 KHz In= 5rew
: — 1
Vo, : h - 3
V,;(db) 2w X 87X 107" %x32X10
. R, =25k} =572 KHz

an (Al = 8.35

Ic~=2mA, fr = 2 GHz, Cp =1 pF,

Ay | R =250

20 : . ry=100 0, Bo = 120 R, =0
' ]
! ' I 2 mA
1 E e T e = —
0 ! ’ f—> f B =y =3 =T
636K 636K 636M X
(Hz, log scale) =Bo - 120 _ 1 4yq
r, P 0.08 Sk
= 6.36 X 10° = X = 8 ?
GP = 636X 10° = A, X f, 6 fa TETT ;=210
when A, = I = f, = 63610 Hz 2
" ! =008 X100 ¢ =54pF
C_ 1 27(C, + 1)
247(6.36 X 10°)C, X B aAlfA, = —10V/V
C, = 1Xx 107" If Ryg=0: A,y = i gn R,
g = 100 retr,
. - = .-l's . '—
R, = 250 Q 10 = =57 008 x Ri= 1333 0.
8.34 .
Cin = C, tCp() +g, Ry
R, = R, IRyl e
. =54+ 1(1 + 008 X 133.3)
where r, = B and g, = :€ =17 pF
Bm vy )
. 08 _ Thes f,, = ———r
Om = o5 32 mA/V 2w Gy (R)
i
- 200 _ = =702 MHz
re = 33 T 625k 20 17%10 " x 1333
Ra = 68] 27| 6.25 = 472k b) Ay = (=1 V/V)
R, = Rcll R, =47] 10 = 32kQ =R,=133 0
] . C,, = 15 pF
A,,, = R,,, X =g RL in P
Rs + R, fu = 16 GHz
=1—0—% X32%32 os
. .5 mA
= 22MA - 9 mAsvV
=-328V/V Em = 35 mV m
Cp = Cr+Cp(l+g, R =Bo_ _100 _
r m N 0-1 1'1r o Y VA" 5kl
8n _ 32x107
whcreCw+Cp.=,—,-—=——-——,, V,,= 1wy _,
nfy 27 x10 8.36 I 0.5 mA 200 k2
=31 pF g 20107’
Cm=51-08 = 43 pF Cm+Cp=22=_d2 0 = 4pF

C, = 43+08(1+32%x32)



Since Cp. = | pF~2 Cor = 3 pF
The midband voltage gain is:
...VR”

RE + R%ig

Ay =

e B g R,
retr (R R T
with R, = roll R} R,
=(200f 8 § 5 kfl =3 kN2
Then g,R, =20 % 3= V/V
Aﬁmmmo_‘ 3 %
100 +35 §+005+ (1001 5)
==201V/V or 29348
To determine £,

60

Cip = Cp+ Cr (1 +2,R))
44 1-(1+60) = 65 pF
e = red lr F ARG E Ry
=5 (005 + (100§ 53] = 245k

t

Thus, f,;, = B —
2a-C - R

- i
20 X 68 X 1077

zig

- =999 KHz
¥ 245 % 10
ki

GB = 291 X 999 x 107 = 29.1 MHz
Inexample 94: A4, = <39 V/V,

Fu = 754 KHz ~»GR = 294 MHz
Natice how operation at lower supply voltage,
thus /- reduced the mid-band gain, increased the

f i while keeping the gain-band width product

constant.
8.37
t
(¢4
L4 = j-—

i i
H
| :
v § [ ﬁ v % g Vr

—
)
H
i
-~
&
-
B
4

Chapter 8—-13

z, = !
(8»- 4+ -l-)+3C’rr
"
- 1 = re
1 ssen 1+ sCwr,
re

f y = ...,..__gi".......-..-«
27{Cn + Cp)

Since Cxr contains a component that is propor-
tional to the bias current, it follows tha at high
currents Car >> Cp and
[ T, N—

2uCw 2w -Cwr,
Thus,

re

Z; = s

{at high currents)
t+5/wy

The phase angle will be 45" at w = @y, OF
J = fy = 400 MHz

For a lower bias current so that Cw = Cp,

fr = ! and Z; = - L

4uCur, 1+

2w,

45 angle is obtained at @ = 2wy or

f = 2fy= 800 MHz

{Assuming f; remains constam which is not
necessarily true)



This figure is for 8.38

20log/A(S)
3

40 db

Chapter 8—-14

E
3
H
i
20 dh H
H
k]
3
¥
f
M I e
1 100 fu (MH2)
y {log)
'
20D e D \

8.38
40 db = 20log A, = A, = W0 V/Y
(1 + 57100 X 10° X 2a1)

Ay =+ 100 N s
(l & ____‘...__-_’)(X + 3
P oK B 27 % 107

R —
( znxm")
(l Y ¥ w)(l*" Ll 6)
L 2 X 0N 2m 10

A

R )

3
i!i?;z x m? 2o !ﬁ6 X 14

Afsy = -+ 100

fu = 0995 MHz
8.39
a) Gaind = 60 dB = 1000

X _ 1000
Alsy = 1000 - !

‘ -4
(1+ ‘) (1+ ﬁ‘)
2w X 10 10 N 2 X Y

(b)
20log A
501 Slope — 20dB/decode
1
40 !
201 i f (Hz)
0 , log scale

T % 10K 10k 1M 100

¢ c 0w
f100 1K 10K 100K 1Mo

o H log scale
48 4 !
OO e 2N :

(e} Gain-handwidth product = 1000 % 10K
= 1 MHz
) From the gain plot, unity gain
frequency = 10 MHz
{e) From the plot unity gain frequency = 1 MHz



0ilog A
604 Stope = —20 dBilecade
!
40 - PN Stope = 30 dB/decade
20 Pt
! H £ (H2)
9 T 4 + ¥
tKk 10K 100K l’;i\ oM
8.40
Fod i
f"(l) w0
)
Wy ©py
Wpy < Wpy

using dominant-pole approximator: wy z ey
using the root sum of squares formula:

i By

[
a1 J, +(m)*
Wy W ez

The difference between the two estimates for

oy, s
9,
= — ol
Awy = wp, I
i g0 o
it 1._( m)
By
. Wpy Aw
o= Br2 2% oy _{__{_
Wpy  Wpy b I
H =
H 7

for 3 = joo = 01 n = 207
gy

Aw
or 4 =

fe 1% = 001 =0 = 702

ey

8.41
Ats) = —tos 1+ %8
U+ S5 U+ F57)

s
G) w“d {o fad./;

b) Wy ’:‘/'f“"i"""“i"““““ = lol Krad /

Go3) + (i)~ 2
IF +he pole attosmi/_; is lowored €o loymd/g ,
the trauwsfFer funchon pecomes :

Acs) = :i?é’_._a,ﬁ cta] w2
i+ /?o’ 27

Chapter 8—15

8.42

30"« 3 ta W <108 6
.‘:);- gtfa“a;, =), =5 .87 x (0 m%

8.43
m“w 1

~ & 1
CIRT VW

(From Exa—-pl: 6‘}

W, & i
” w—
G G R 3R
For QseCyy eI PE , R 2333K50 , g, c4mh),

wﬂ = !
1615 R 1612 (R 43.33510% 1 44« 3.33, )

To obtain wy = 2—")‘150&!03

A
2nxiSonio = lo =» R =&%09kn.

3.33x10> 415328’
R =Ry Ryn =Rl 4205 = 69.04 =>R=B2.6 1

8.44 w7 T
where: 7, = C, - R,, = C(R;|| R

+ Ty

wifg)

Tt = Cpp Ry = C Ry + R+ SaR - R

BT

since R;-g = Ryl R,y

Tod = ng'(R{:ﬂ R.\ig)

!-1 R S R]
{ {R‘;’ R:.,g) S !‘_‘i

=1y = (Rl Rg)

1% . —_—
r. . R 1
I «1-(.‘,‘[! + g Ry ot
[Cor €1 ke i |




»

B) T = C- Ry where Ry, = Rl Ry and
G = C,y + €,y where €, isthe result of
applying mitler's thearem to reflect €, to the
gate-groond nedes.
From Eq 9.76
7., = T’Z'sz HsCp
- 1= {(~g,R)
i
SCl1 + BuR))

€,y = Cogll + guRy)
R: R

Thus 7 = (C,, + C g1 + guRy)) - 52t

Re + Ry

Evalvating for: R = 420k}

€, = Cp = 19pF R, = 333 k)

Ry = 100K g, = 4 mAV

(1) For the complete expression found in part a)
Ty = 1230 pS @, = 813 Krad/s

(2) For the approximate éxpression found in part
by r = 1228 uS 2 awy = 814 K rad/S
(ry =7y X 100/7 = 0,163 %

8.45

If a capacitor C; is connected in paralicl
—_—r

Tt Tt R C,

the values of 7, and 7, remain unaffected since

cach is derived by setting the other capacitors to
zero. When considering the resistances seen by €,

with R, then w,, =

ComCoy=0and V, =0 = the open-circuit

time canstant of C, is: R;, o

T gy 2 !

(8018 5 1By x 1070
wy = 765 K radls
fu = o 2n = 121.7 MHz

., 3 12
= 332X T2 X 30

Chapter 8--16

8.46
Vo & .. R ! o (2512
A”c v MR;.::-. g 3» (3 1.24 DA )

Ay s -22.2Y

[ o)
Rasa Ry, || R=1-2]{ o4 = 92.360

-1 3

- 2. 72.3ns

t'jxcﬂas S; /ﬁ‘o,x"] 3Ixt0 z, 237.!1.
RQJ =Ry p(:“"nkc.k whene R'aRipl|R=2
kﬁ* 2923 4124 22125923 2.32M5
.sd‘\r (r,“ &J"l)ﬁla"@; 2‘32.)t|06= A320nS

Kr
Wy = 1 - i - = HIH.5
H 35+ Cod (52.3+23w)“°‘
£H‘.‘:5“KRZ'

8.47

A Vo = —g, RV . (D

Vgs = V:n’x - Rb X gmvg,\

Vidd + 2.R) = Vo,

Ry

—8.R , -
(1) =5 9y = Enlt u,,, Yo E=S m.‘_.—_ng"’R‘;,.‘

iy =
LI #% P T R
b)Y Ve = (g, Vy — ix)Rs
V, = V$ + Vo= (2. ¥V, — iR+ Vy

=iy = Y}(«& = u,_;{gmk.ﬁ‘}v‘ "i,%ﬁ
R’_, = _v‘! o 1+ RS/R - K+ RS

iy I+ gmlf'j T+ el

: R
(Ris Ry



to calculate R0

Vi = —Riy

VS o= Ri\’ - Vgx
Vg = Re X g,V
~Riy

Reg Voo = —Riy—V, =V, = T
ity

£ 23

AD: iy = g,V 4 Va = Ry
' L
substitute V.2 iy = — KRy Yy Riy

tte.Rs R, R,
iwf;ermwgmﬁ__ + R} =Y

Lt gmkﬁ RL R‘,
v RR
Ry = & = R, + R+ _Ennly (Ris Ry
. ty t+ g, R sig
C)R5=(}I
o . 232K o agvpy
g 1 +4%0
R, = R, = 100k
Ry = 5K+ 100K +4x5X100 = 2105k0
m”:u..._‘____
C R, + CR,,

1
107 100 X 107 4+ 10
iy 45835 K radis

H

2y 2108 x 10!

Waainl X Bandwidth = 20 X 4535
= 907 M radls

Chapter 8-17

Ry = 100

Y 4 XS

oo LZAXD w43V
Vg 14 4xX0:1 i
R, = 0Ol . 9540

&7 T raxol

R, = 54100+ AX3 X100 o 4533610
T+4X01

. 1

1077 % 715 % 107 + 1077 x 1533.6 % 107
= 623 Krad/s
{Gain] X Bandwidth
=143 X 623 K = 8.91 M rad/s
Ry = 250 Q1:

Wy

Yo ~4 X5

—_— T i i, TR w— V
e 1 +4x025 o/
R, = L0F0B o500

¥ 144 %025

. 4 %5 100
- L AXIXN00 _ 05k
Rea = 5+ 100 1+4x025
- 1
U)" =

1072 x 501 X 10" + 1077 x 1105 % 10°
= 865.7 Krad/s
lgain] X Bandwidth = 10 X 865.7 K

= R.66 M rad/s
Summary table:

R{(f2) Gain w Gain. BW
V/v) | (K rad/s) product
{M rad/s)

0 ~20 453.5 9.07
100 ~14.3 623.0 .91
250 -10 865.7 8.66

The Gain X Bandwidth is approximately constant.



8.48
Rin
KoY, o ( )so-..—----*(°3"'°°)
ﬂ’ V’«*; 4”‘“5«3 Jn (8 Y]
ﬂ" .-l'SY/r Now refer to MI&‘ £,

A M
"Js « Ria fl Ry« 5""!!*" xs
5 'R":C‘,s » 0. ”"” x 0.33 nra w 166. 723

Py‘(uk *RL’QMRL&

¢ }1’7 5‘ «0,83,0.4.40.83,03
R's Ry, (IRsy = 083 HA

X 100
834.25 92m0

% 3 %‘225‘71ﬂ0 «0ixio ts 2592n3

w. el P =362.5 %
M Tysr Gyy (6614259295187

He
t-‘”, sy k

8.49

IF we assyme thot mpm:’l‘ort are pgrﬁcd—
open arauts For midband ) then :

Ag= Yo e Rin -&50 (5-,,

Vsiq  R,«Rsn 7“&"—690 [TY

Cys= G 3s R” = %‘ce‘h i RSU) =2 xUSo‘NSQK)

Tos=243.25 ns

12)=4o. 6/

Gd = Ga Ryy
Rgd=R'4 & 49, R &

, Reter to Exo~-ple 6.6

= » IZI.QfIOfS’xID x
R'z 1so*(1650r = 121 Ukn RS.{ 219

Rya « 6.2H8
34 C:d%dzd;ﬁGZ = 3foons
ZZQR:CL:(o‘n3 =3ons
wy = 1 {
%54»@,,‘4-?
Fy =H4P.2KH2Z

= 2964
3a+3lodi,zq37fﬂ <3

Chapter 8-18

8.50

Ri - R 100

E

1= Lroadion. 1o as

- 2000%S e 2 M2,

8.51 H-2[x =>
==>CI_~IaalpF
zO'y(.L..,fl)

G, = 0:1x (1~ (-000))

R" w]KR
I ? V.=

s 99. 9£F %%
(us'na Mlers Theorvm) 3

\’6 =AU, = A ZQ;,S_ ‘)o
' I R, = o T cr;s
R "5; *
T g E— =9.99!%. £ o159
PSRy ieelki® Ps~h='ine
To caleulode ona’.n-};«uin FreTumt#:
[Goin | = |
Lo - A = Zloee ¥ (S:j“’)
vy e %:’5 |4 100.0x16°S
ipoo = | oy w 10 Grad/s
—q 1% r
e (ooint3xe) £z 15TGHE

AS o't Cawm See Fr_ ::S-'"KA



8.52
Using Miller's Theorem, in each case the
capacitance at the input is C{1-A) and the

s 1
capécitance at the vutput is (,(l - R)

Thus -
a) A = -1000 Y/vand C = | pF
¢ = 1001 nF and C, = 1.001 pF

by A = 10 V/pand € = 10 pF

Ci= (O pF and C, = 11 pF
ey = -1 Vivand € = 10 pF

C. =20 pF and C,, = 20 pF
d)A =  Vivand € = 10 pF

C=0pFand C, = 0 pF
eyA = [0 V/vand C =10 pF

L= -0 pF and C, = 9 pF

In () the negative capacitance at the input can be
used to cancel the effect of the input capacitance
of the amplifier,

8.53
R R

Ve =723 "7z~ R

(Miller's theorem}

V.,
by 1, = ¢
sig

Ry = Ry, | R,

IR, = Rthen:
Ry = RE(—R)y = =m=s], = I,
»ig 13
3]
AAA
LA AS
R

o— Ve

Chapter 8-19

8.54
, _
Ay = I R =-5«20cz-t00 V),

Cin = Qs+ GyCirg, RL)  (Eq.655)
Cinz 2401 (1450 20) »12.1PF

£, 21 LEq. 6.54)
# 2ﬂ¢a‘nR5,'a
Fu £ L < 658BKkHz

2nxi2.1x16 % x 20%

8.55

T = Qs Rys+G, Ru +G Ry

Ty = %sks,g +Cqy [Rs.’ (If;,,l‘?li)ark:‘] + CLR:
%:‘2ﬁ2¢“+o-l"[20k(l+9«10)+20 +1% 20"
Ty =264 ns

'(H :...21’_7-5_; « 603 KHa

Ay “gm R: =2 -Yxdo= »{oo\(/r

2'35 H 15.17
b . .
?ad 1 #4.37 Gontribalivn oF each frue.
= ;‘,/" @nstant totha overnll 2y .
L A

IF we COMP&"C Fﬂ to the one obl’m‘fud
ia Problem 6.66 ,we notice that Problem
666 hao alarger £, dua to my/eah;:?

+ v

he Fime Conﬁb.nf.fof'ﬁ_ o %6 .



Chapter 8--20

8.56 we have : W, ,3m/c3d

=5 F, -S5" .

>rh - 3.966He
4% 2n C,‘ 2n%04°  ——

Foromd Foy  are the poles of the #rasfer

Fuonchon of u,uo(:'on(sﬁo),whose. denominalor

is o 1uadrai'.‘c. Pelynomial w it wefficientof

[cas"' Galr+g,, L]J& +G+ C]d)ﬂ
22+ ‘(Ifow)Jlo +u +0:1)x20
= 264ns -26“’;"0 Sec

CoeFlcient of- s,
= [Lor a0 Cas + L Lga ] Rayy €,

= [(40.1)2 4+ 1x04] 26%x20% =

=9204x 6':&;)"

Therefore the qudmi'c. e-‘voz'on i®:

14 264x10Ts +920 1008 o

Du\ah'na tha Fn.e‘umu.es 6F the motsof this
quq’f»‘oa With W awnd wpy s we have:

wp = 3. Bum e rod/, =y fp e =TT \SeHE

Wpy ¢ 29312 ;\o rodfs s FP,_ = ='-|$ oéMH2Z

Sinca 5 Fpg dund ‘ﬁ <« Fz , &gooc'
estimate for }H /s ;Pp:

f,,.-:'ﬁl,,.su.w KHz

AP?rom'Mcnﬂ. velue of F’,

obFasned using
(E?. ‘-“) 4'3 N

=

FP‘-

|
(s vcad (1rg, #7))R, it STENLY
fy 2603, 16 kHz

Ppproximale velue o} ‘Pg_ oblesined Uﬁ?
(&9. 667) is.
- st Cou LIt Reia 1 (G ¢ 6oy )R]
T GG g W] Ry

;Pz = 4567 MK

The est/male ofF %I USI”J ;1 €66 ‘s [3/’Mf
thav the exact valut ,ahile tha estimals of £pa

s abdwf-‘ Io}[ fkﬂh‘r "AM (/.; MW.

8.57

R, = 5K
= - -2
An:"’ R 9}5: 5V/r

!
fp = y .
Pl znfc,; +9a¢ ’%KL’K'} (3 +94) %]
[

fp =

20[C240.1x (14 5¥5))20 rtl+0)x5]

=163 MH3

[c,,,c_,,mg..i’,,)]%., 1 60k
fts "Jd’cjr'fﬁcj«t] ¢ R,J r2e

ﬁPI’ (2+o0.1(1 {1+
(G+o. I)w:l.,.l.«o 1)§»20 xan

bys 615 Muz

: s&=3__,,ﬂ e dm . ,5._..776 "

2nGa 2q0.07
0 .\aur
& Fpy Ound F,,, by ok is the docd



Chapter 8--21

£ o Fp o L83 HHE
Goin|x Bandwidth = 25x1.63= 4035 #1H2
F =1Ayl £y = 0. 754 H2

Srnce i.'P' «Fi’z ouac 6,} & Fz,o.dom‘mt

yala exists.

’
R =toxs .
A“ﬂ' —5&(0&—5’0\//',

i

= = .04 MH?
1n[(24o.l (14 5%10))20 4 (140 .1)x 0]

gPt

L o (4010+5x0)) 30 + Utedlelo . 5298MHz
P L(:,, od}2 ¢ ixod)10x2052n

Fz :'_..E-._._- ,?-‘756”2

2rir 0f

;{” '(( Fp‘v_ » )CP’ << F‘ - 67’ s the dbﬂ\l}(ﬂuf

pole cnid therebore FH"YFP,’ l.oHMHE

[Am] By = Sox 104 =52 MM

Sinte f'& is shil Sh’ghﬂg gfmf(r than|pyl-Fyytherfore:
/ Fros2MHR

R = 20KS:

Ays-Sx20=-100Y, , from Problem 6.6 B wehave:

$5 =603.16 kH2

bp, = 4563 HMHa

Fz = ??‘ GHz

Ajmppl &« 50& annd ﬂ/,' K F , therefore ﬂP. ‘s

the domminant pele and f-” Cann be af/)fmtimntd

by f;,, . Kk = 6e3.16KkHE

IAulby =60.32 MHE

Since fpa { \AM|- Fu , therefore Fr 15 smaller thau
LAl Fu

The resolts art summarited in this rable:

St
R:_ sk 10" 20"
A”W/y) ~25 -~ 50 ~loo
}P’(MHE I 53 fD‘f 060

15;1\.(1:: 40.75 5200 60.32

Ay - —0

8.58

rnté—‘!_o‘e.cgm A= 5

90 20 140248

AM: Bo.65 V/‘!:

Rsaar"y#'q

‘1»"{’

( 20x5)

US:’»; Hiller's Theo rem  amd 5',. &P
= . S 20x5): 605
c»'n =Cn+ C}‘ ¢ ,*;n Rl:) 10 4 0- S(1s 20 5)= o

Gqﬁﬂ_gq._ R;;aur" l{(ng .ff‘x’w 5""((72‘0.2)

12'59 = 0.97KSL

Eq.6.72: £, = L

Fu=2.91MHz

8.59 CAy = —139VIV

Using the method of open-circuit time constants,
from equation 9.100;

Ty = O Ry + C I+ g, R - R + Ry
+C, R,

Ry = 1ol (Ryg+ 7))

= 25k0}] (1 k) + 01 k) =764 Q

7 = (10 p X 764) + 0.3 p[{1 + 40 X 5} - 764
+5KJ+3px5K

7, = 764 ns+ 47537 ns + 15 ns
= 7021 ns

i

ed
LATT

fg =

~ 227 MHz
The % contributions to 7, of cach capacitance are:
Cor: WD8%, Cp: 67.8%, C, 1 21.4%

[ 15 10.6% higher than the f,
obtained in this problem

e L
nC, R;? 2r1v60.5%0 9%

=



Chapter 8—-22

8'60 we have: "',-,aSK.n. MJ

'

Ayz-80.65 Y/ R;g; 0.97x0.

F -._.2‘.!!._ =._.2.9.:..... - 6.

2 % 21,057 & 3%6n=

e !

T2 g ROy 4 IR
[

ﬁ,,l:'

[0y o.5¢te 2055))0TF 2525

i = 2.24 Muz
oy = (G s CutlegnBDRS g +(C+Su) ),
2 [enqra) +6 4] R &

{},:‘_2104-0. 1+ 20x5))0. 2.5x6
7 (10(240.5) +200.5)0.9%2S

by 8989 1Kz

Sin e #p’ <« FPZ and ‘Pi &« r'; ) we Ca«.d//)n;«.‘mn
by by by o £y = Fpy = 2. 24 MHz

TF we compare Fy to the resvlkS obtatned by,
a”y:’n; L al s Theoreame +hen
our resylts are I?Z lower,

.61

Cuy

|

- [ t
L C-_["' SaaVe, _.c.:_[ SeiVe,
i, 23 -[ g ‘[V.x
. Cua P
[} W
ORI U *
d Ty ]‘(c.wcn) Rm¥e
=
4

(—L + L) +5(Cey +Cpn+ Cul)
Fer T'm

1, = gmVe— CusVy
(812 = Cu“)"
(;'_ + .'_) +5(Cyy + Cay + C,)
el

T2
&, = gu.‘.—cus
1, 1.1
(;: + :;.) +5(Coy + Cpz + Ca)
ley = ley=rg = Iy,
8m = 8m» Ct =Cr
{9: g"‘—ci‘s
I (l+_l_)+ +
)Gt acs
C,
1 ——ts
= -
("1_ ] )+sC!+2C‘,
Bule Bl 8
Ve B
N
BTa=B
I—&s
olo o n
1 1 1
‘ 1+ -+~ +52C,+C,)/,
8t s(2C, W) 18m
l—sg-*
L _ 1t &
RPN XA
g,,,(l+-2-)
B

If the circuit is biased at I mAand 8 = =,
Ji = 400 MHz and C, = 2 pF:



8m = LR 40 mA/v
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8.63

G, DD,
¥
e Vo N 1., |
v <
! C, ,,:I Ve=Vi <
=

W 100
&m = J‘;u,,CO,II,, = J;x 90 X T2 X 100

-~y
> J_C.,: +

'1' Cay"Cas

AAAS
AAA
\Ad

0.025
fr= 22,
TTwm(c,+Cy T
40 m

=—2M__ = 159 pF

27 X 400 M P
C,=159—-2=139pF
Pole frequency :

8 = 40 x 10-2

fr

= Im(2C,+C,)  2m2 X139 + 2)pF

fr = 213.74 MH2

= 1060 pA/v
8. = 1.06 mA/v

Zero frequency: roy = -‘I-/L' _ %'_8 - 1280
fr= 8 = _m_ _586H on O
2nC, 2mX2p Vo 192
ror = ad = 192 _ 540
Mol  O1
DC-gain = =g, (ro1 | ro2)
= —106 % (128 || 192)
= -814V/V
8.62 Total capacitance between output node and
) ground

Age -3" ﬂ: z2-5x20= -on/!:
£ ]

(Note that in this cass there
and we wecd €q.6.714)

Feap =Fy = F.23 MH2

SeelAp|. by = 723 MHZ

. P —
" 9ﬂ(¢L+C7a)P;_ 2n(1+01)x20

= Cpz* Capy + Cupa = 0015 +0.020 + 0.036

=7.23MHB.

C, = 0071 pF

Write a KCL at output:
(s no i
(s Rs 7 sCoa(vi—vp) = gy, + Yo 4 Yo 4 55C,

Tor To2

Yo - 8o = 5C;a1

v; 1 |

¢ —_— 4+

Tor Tox (Cot Crars
Thus
fo=ta o _106m__ 55y,

2wC,., 27 X0015p

41 ] ]
—t—
fp = 1 Toi_To2 _ 128k} 192 k()

25 C, X C,;;  2n(0071 + 0.015) p
fr = 241 MHz




8.64

a) For small C,, and low gain from G to D,
we can neglect the Miller effect and C,,.

= __8n__ _ 8 mpysc,, -~ Em
YT = Cat Gy Ca L

b) replace the controlled source gmyv,,, with a

resistance L . (source absorbtion theory)

"2

G, D,.G,.D,

J. Bw2 FK_-)

: ;;T T ;7:* o loud e

Vo = ~8m Y

8m2 &'_’L"‘L‘!)
.+ 5222 +
B2 ‘(wn wyload

Since the load device is identical to Q,,

Bmioad = Bmi AN Wrigyq = Wy = Wy
Thus :
!il_) = °8¢.|/§m3

R _’_(n - ?_»:.l)
wy 8&m2

Chapter 8--24

where A, = g—' = 8m
2 &m

A, = 3v/v,wy, = 25um

A, = Hsw, = 3X25 = T5um

w2
1 w 2
Tpy = i#ucoxi:'(vcs - = % X 200% x (;,—303
Ip, = 1.35mA
oy = 4 x 2004 x 2_; x 03" = 045mA
Thus:
1= Ip +Ip, = 135+ 045 = 1.8mA
fr 12 x 10
f T i = S =
M T A, 1+3 3GHz
8.65
CI‘
11
l 1T v _l_ b
8m Vi
< <b
\4 > e < C,
3 '[c. <n, T ‘

Writing a node equation at the output yields:
Y,
SC (U= vp) = g v, + r—o+ vo Cpws
o

Vo C,-s—g

= E m
v Ly +es
To

| -sC,/
=‘£’m"o[“‘-—‘—"L'—“-g" ]

1+s(Cp+ Crp
Forl- =200 n A,V, = 100 V:
G = 200pn _ 8mA and

0035V
ro = ZT')OQOT:. = 0.5MQ

Thus the DC-gain = —g,. . o,
= -8 x05x10* = —4000 VIV
For C, = 1 pF, C, = 0.2 pF
| — 1
(C,+Corg (1 +02)px05M

Wygy =
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= 16T M rat/s 8.67
fis = f = 2654 KHz, 1
B 8 m Tu = Jpi = s where
fz = 5 - 5 s 55 G4 GHZ 2“CknRsig
2r-C, 2wx02p
" ) . R =T = 20K _ 440
fr = Aol fy = 4000 X 2654 = 1.06 GHz s =y 2

#

Bode plot for fAl: c
%

C, + C (1 + LR) where
4000VIV = 720 dB 0t Cull ¥ 8ak)

R;, “ roll ro = 529' = 10k

» IAB = €,y = 0.1 p+ 0.1 p(1+2%X10) = 22pF
g 1
R Sm——_ . B ] 3
E 20 dBidecade =0 = X33 pX K ‘
i i) If the bias current / is reduced by a factor of 4:
3 £
' Since 1, u Viy = For I to reduce by 14, Voy
i 1.06 GHz 6.4 GHz. S
+ - 7!U is reduced by /2
265 KHz ' og) a(1 181 21
‘ o RUL) 1(...'!) = Loomary
; T (V) 2y 2
H
“‘ : = i .L“_A_
 — v
ro= Yo = ax¥a - axookn = g0k
1,14 In
8.68
8.66g then: Ry, = Ry = %‘s’:@qﬁ‘l = 40k0
- ) =26NWe -
2 "m > Gz MMy 5 F=2 C, = 0.0p+0.1p(l+1x40) = 42 pF
3 1
.\ 7q.61 FF = fy = e = 095 MH
=7 Qe Cea = gr\,z_,‘w’*a 2.6 = n 2w < 42 p X 40K 0 ’
i1 if the bias current is increased by X 4:
To hawve QT!. zlGne, we need . 5 ¥,y 18 increased by a factor of 2.
CLeGyy= V210”0 =159. 23 §F _ 24 X1y _ Uy
e 4 2o . ¢ Smir = m T AWV,
Thus we need Ma&&bfom\ Capacitanctee mA A
=2x 220 . 4”‘3‘—‘;.
v
59.23 ~79.61 =79.61 FF v )
S YN (7'} IS SVPY =5k
Yo, ¥R T 4(1”) 1" Wk =5k

then Ry, = R, = ro 12 =25k0
Co=01p+0.1p(1 +4X25) = 1.2pF

fu = "“*“‘“‘“’“””’L———:—: = §3 MHz
2 x 12 p X 25K

Ty = CpRy + CuRoy + C) - Ry
= Cp By + Coy - [RGULF 2, R+ Ry
R,

Where R, = 100 k)

Ry o= 20k | 1280 = 75k0
=7y o= 0.2 p o 100 K
HRIp[IOO K + 1.8 X 7.5) + 75 K}
Ry 20 s b 246 s+ C (75 K)

2WHus + (75 Ky
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alflC, = 0=7, = 266 ns—> f, =

3T,
= 598 MHz
b)C, = 10pF=>7y = 34Ins— f
=467 MHz
¢)C, = S0pF=>1, = 64lns > f,
=248 MHz

Using the Miller approximation : Eq 9.80, 9.82
Cin = Cpo * Coal) +g,R)
=02p+02p

(1 +15x75) = 2.65pF
o= ! - 1

U W Cp Ry 2mX265p X 100K

= 600 MHz

Notice how this result is close to case a) where €, = 0
and diverges further with increasing value of C;,
showing the importance of C; in determining fy

8.69 the low-Frequency goin Yo

Vs $

Comn BEe witten Gs:

wrQmb ¥% R
"3"3 -L-S-—-R” %Gt Guns)
3-.\4'3005

Vo 2 L9m+3umbd RL ‘L‘>‘+°-zx‘$2»2~°-‘n.w\}r

Vsig Gt GuedRsig N r(Sre TN

Ve 17V
Qg Y
From Bq. 6165 we have 7" 1“(3’( ) )
\ 557 HHz 3 Int e
FP! 2 =
rx 2pF (1K} 2

Tromss)
From Eq. 6.106 we rave!’

\ = ! — -3.79”“1
zn(c’“c\_) RL  2n(oa*2) 2"

f‘y; =

Sintca o2 445p, , then Foy is Hha dominomt poltoud

;P o "P“. 3 "Nn\-\t

8.70

r,= o

We observe that V,, voltage at the emitter, is equal
10 —V, . We can write a node equation at the
emitter:

| . ]
= —_t + sC
‘(I‘, 8w "

Thus, the input admittance looking into the
emitter is:

1. 1 1
L = 2 +g +s5C, = 2 +5C
V‘ r" gm r' k4

Therefore we can replace the transistor at the
input of the circuit by this admittance as shown
below

C
-‘L "
8nVo C., SR ==C.
' -l_
o=

a) As we can see above, the circuit can be
separated into two parts, each with its own pole:

= | y .
I R (input side)

_ 1 )
[ TTC T COR. T ATH (output side)



If we compare the poles
for MOSFETS, we observe that these equations
are their bipolar counteparis:

fm = ! 9.108

27 ol Rugll -

1
= — 9109
fr 2m(Cpy + COR,

b)For Cw = 14pF,C, = 2pF.

C,=1pF. I = ImA
_
Ry = 1kQLR = 10kt=g, = e
=40 ™A
MY
Assuming B = 100
1
=) = 159MH:
I 2m X 14 p(lKll 5’-0)
4
) 1
=L = 53MH:
fr = S @p+ IMIOK 3 MHz
Iy = &m - 40 m
TT 2m(Cn+C,) 2m(l4p+2p)
= 398.1 MHz

fi>>fnand [ >> fp:

8.71

1

I = 300 MHz =1, = —F

Su "

= 530.5 ps
Ty = CuRys + (Cua t CORy
From Example 9.12
C,, = 20fF. R, = 138 kY, C,y = S F,
R, = 187 kQ

=5305p = 20fX138K+(5p+C)XI18TK

Thus C, = 21.9F
Since the original C, in Eq. 12 was 15 {F

= We mustadd (21.9 — 15) = 69 F at
the output to reduce £, from 396 MHz to 300MHz

Chapter 8--27

8.72
Ro = 2ro+ (8uFo)ro = 2% 50 k2
+ (1 X50) X 50k} = 2.6 MQ
Ay = —galRoll R) = —1m(26M 2™

= v
I
A, = -naoy\;

R.

in2

_rotR _ S0KQ+IMR _ 4 1q
8mlo 1 X 50
Ry = 1o I Ripz = 50k} | 41kQ = 225 (31}
Ty = ReglCpe + Cral1 + gaRat))
+Ry(Cpa + Car + C)
+H(R || RUC,+ Cyp + Cea)
ay = 100 K X (30 + 10 (1 +1%225)]
+225 K X [10€+10f +30f)
+(2M] 26 M) X[40f+ 101+ 10 1}
Ty = 265ns + 1125 ns + 678 ns = 9542 ns

fu = —— = 161 MHz

2wy,

8.73

W Aye -9 R 5 -Sx(20%120%) . S0V,

Ras e R‘s,‘a s Q0K

Ryt s Ry 3 RD) + R = 20%C1 4+ 5x201020) s 0\
P}g 10 30kSL=1.03 M

We use al 6.57 .

.G /
“: s jo "’Csdisd "'c:.k(,
T 2% a0k 1 0.2% (036" 4 1P (201 20%) = 256 s
F ol — o622kt
0" g, ——
1Ayl-F, = 31,1 Muz
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b) For the (astode Qumplificr
Aot = 9.0 = S0 = 100V,

| N
A'Vn = ‘*(%a*ﬁuu)'nz"*L5*°'hg)' 20

A
Vo2 * \2\\I/v

Rowk = By s Ap Tor = 20", (21%x20%) 2 2MEMN

A,.A, Ru  ooavgieox2e ___.984Y,
MR T 2023940 el
Ut-'na Eq.6.13%,

= RS"a (€3 "%Jc“'amkm)] +Re Qe+ Qo )
+ (RONRut I + Cqar)

Rag o M o B

I *Jum Aver
Rdje 28|l & 20 ) a0.32FKR
540.2x5 12\

14 4
T ao‘[a,o.zufsy.o.su)] #03TH(0.240.24 1)
@dif 244 (1402
z:. -75.\ ns

f ool e 2agMN
H 2"2’“ e ————————

lagl.fy = 208.61 HHz

8.74
AV » 6640 o 1905 Vir
Ao = A‘{ ‘é";‘m wnd K< Rt ™ Ao" Ao,"‘i‘
R R A ]
=y 199S = i.;l (%‘%)2 > Y, w0313V .
= L=l !’é“{:v - 4200 0210 % 6.31F 20.1m A
5-‘«4&,-3 is seedl :
T =G + g YR Rup)
G:.‘.’L%. e .é%- =lookf g = lé% 20.631 WA/,

Rout =Py o1 + B2 (143,5) 5+

Rut = 65108 4 6.5 HN L R =Ryt -

Yz (1PF4o0dpF) (6510) - 35805 ns
2

§, »H4.5KH3
!-* 2 |A,)f, = 1995 x44.5<- 83.8 MH2
IF the Cascode fransister s rcmonc),-fkc.n

we have a. Common-Sovr@ cen F:‘}urah'om

AH"Q.. “-O“QL) = -0.63% (loo* |16 510%)
A
ME - 62.34 V/v_
- ) MHL

(G4 Q) RL  2n (+0-)(locM|65107) o
Sum 43 MUy

hu.t-,, = Q2.3 MHy :FT

Note +hoy e QN‘,\-}. PY S oAl
Unchamged. Th«m.bbhxl«.w.,;

8.75

<R = 4k, R, = 24Kk,
I = 1mA, B =100, ro = 100kQ

r'
= - e X R,
Ay PR g-(Broll RV
=8 = _100_ _ 95xn
i 8 170.025 ’
e
= £ = A/V
Bom V. 40 m

25
T o X X x 4
Aw = seremsys X 10X (00X 100 | 24K)

Ay = =366 VIV
R =r,ll (r,+R,;) = 25K || (0.05+4K)
siy

R, = 155k0 = Ry,

Ru = R = (1+g.R))+ R,y
- rot+ R, )
Ry = rall ’.:(r_"‘_“““——o T EY
100 K| 100 + 2.4
= K| 22T o3
'K o [IOO+-2'—4]
101
R, = 1kQ
R, = 155(1 + 40X 1) + | = 64.55 k2

Ry = B-r, = 10MQO

Tn = CpRoy + C Ry + (Cesy + Co2)R,,
+(Cu+ Cesa + Cu)(R Rou)

Ty = 14X 155 + 2 X 64.55 + (0 + 14)
X1+ (0+2)24K | 10M)

1, = 1696 ns f,, = 939 KHz
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8.76 o 7
a) IF we employ milleds rent 6 6o .
R R T - g =Jc . 0lmA _ 4mA
ey g = st 5T ! L v
GS -4 ¢S (1) 2 vV, 25mv v
‘ # . 100
T s 25 k)
or 2c, appenrs int paralle! with G . Thus tu . gmzs mm
sig = Te =
tine comstomet dua to (Cre2Cu) ise ¢ v 0
¢ A = = .
R}g (4 .25() which resolbs  a ¢ . " otm 1 Mf);
TN R— R = Brro= 100 MO
Y2nR (0, 1 2G,) ) f
{] - . - g.g
d 2 fr= 5= (wc,,+c,)=°c'-+cf E

-q2

IF we refer to ﬁ‘g.&h?_,w&'" see thatthe -
2C, = 3200 g1 1077 = 054 pr

oulput™ pole is - £ . 2 % 10°

)
P Jn(c.;.(‘,“lq.}"_) Q To obtain the DC—gainA,,‘
Ay = 11,
b) Rs.a st KA sy R s:q = ” / 5 ” e M, +R “&ulBro | Ry)
| 0025
m‘»RS,J = 0 YR J Roe = s R, = fry
FP: a1 = 31.85 MH3 assuming =0
220 HAL 54 21)° =1 Bro
F’ = ! ,-_—15.91‘”’3 AMzT'RmX—T
Pa 2n(0+o4{) xi0 -
(Assume R =10 KSL 14—'x4><10"><100><|><m6
[, - L 24,2 MHz Ay = =1OKV/V
-L)L*Fp).— R = Rem = 1
Y 2! sig E 4 sig ‘2— - ».5 kﬂ
1 R, =lows ,
;e o o R, =R =125k
Riip = 2.5% Wio =2%N " r
o WM HHZ e = g -2—-5‘05'9 - 247 Q
pr = 2r1(S+2)2
L o thi Sowet ! 9‘,:_;15 AMUE
Pz Rep = ryll r] Tt Re
£, =0-26H43 o R,
T
=1 M| 247 % [IM 100 M
| M+ l00M
o1
Rey = 124 kD)
R

wi = R O+ g, R+ Ry

=125 K (1 +4x 1241+ 124 k()

R,y = 645 k)
=Ty = O R+ CuRy + CoaRey
Cu: (Rl Ry
\\bu'L

= Brrpr = 100X 1 MO = 100 MO
Ty @ 034 p X125 K + 0.1 p X 645 K + 0.54 p
K124 K+ 00 p (100 M | 100 M)
Ty = 508 ps

£y o= :g,-lwﬂ = 313 KHz
=TTy

””” = AW % F, = 313 GHy
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8.78
2 ] 2 = -
Q) Tafk W Y, = L nI6TxI00% 0.5 n 2mA where €,y = Cu (1K)
b), 220 £ 202 =BmA/, and K = __g,,,_R,__.
“ Vov 0.5 1+g. R
shb'—x’"uo-ﬁ-;fslv5"% ok,
7y ¢._L_..=..1__--—=loxﬂ. _—_;C" = C‘,[I— " L’]
0 ro 005x1 ——— 1+g.R,
|
e -]
Aw < ¢M (2 g 1+ ngL
v - /-O-L’.\v’..b)'o
=8xlo . .22 Cp = Coyll Coo = Cpg +C, . ]
Y0 " 14 C841-6)xt0 v ‘ in L2 i o =] Py
IFwe woe + imabion formelo "
he Bpproximalio 1 = Ruy -Cu= I
— 1
A = o -
v Tax 208y 2 Ry Cou + —2)
Row A 1o 2 17 |j10* =103 1+ gnR
Jr v ot 8416 L Notice that this is the same result as obtained in
problem 9.86. This esti is higher than that
d) with R\.‘ RS obtained from the method of open-time constants
A ) since it neglects the contribution of C, to 7,, and
o= ‘ -:',.,,R’ reduces the contribution of C,, from:
L :
4 " K ¢, PBut R\ Co Rug g
1= R o X -7l:|—b= o™y TLZ = 3ton " NegR, LtgR
" - . .
AV‘ 8% 310218 = o.-*gvlv effecuvcl)r reducfng the value of 7, and
L4 Txa.370 therefore increasing f,,
le 1
e B c— = /V'
8a =y = Gz D 0mA
8.79 rn=—bB =250
8.80 B+ Dz,
. Using the Miller approximation, the _ 8m - 2GH
resulting input equivalent circuit is: fr= 2m(C, + C,) - -
R =C,+C, = 3.8 pF
g
G C, = 01 pF=C, = 3.08 pF
=B =25k0
Ve Cu C "

4
,0=YA=E=20|(Q
Ie 1

rois in effect parallel o R, s0 R, = R, || 7o

R, = LkQ| 20k = 095 k.

R,
Ay = b
R‘i‘+r,+r +R;_
B+1
0.95
=0 - 0964 VIV
1425401, gos
101
R, = Rygll (o + (B + DR,
Ryg = Ryg+ry = 1 #01 = L1kQ
R, = LIK[ (25 K + 101 X 0.95)

1

1.08 k)
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8.81

Ku '(W/L) = lZ?}__/jx 257 3.2mA /1

(@) Vov = ,
K.u w/(_

6\,\4 = I = O.ZMA
Vov

0.25V
(b) Ad-=
where

2‘02-5\/
=

Q.8wmA

e (R0l Ta)

fo=VA 2 20 = 200Ku
I/2 o0.2/2

=t Ad = 0.8wm x (20K (L20K)

=14.54 Yy

e) For a CS8

b.:[fer w heu
Es:‘s is low:

{H' 217 (CetC
wltae R = Rollo

= 20kl 200K

= 13.18kwn

awd Cd'= Cu+ Cdb

Siuce taor a Qrouuded sovree
terwcwal Co’é‘sls wfaw-al/e/
witle the load.

—b Cu' = 0 +5= Y5FF
s, f

S/} R

21 (95+5)12% (318K

= §7.54 MHz
(d) Usrug the open -cirewlt
(ciwe w\zséaués Meélﬁ.aa' f"r
Ls = 20ku
N
= Frz,

where Ty = 33 Ps

60’[(8( H-bwkc J+RY ]:

+ “CL.RL’

g

s,
Tu = 30t x 20K
5L [20K(1+0.8x19.19)+18 15x

+(?00‘5 X 18.18k
x FrSF) 8

2 0.6us
' éEqus

?ZHS = 3.96‘43

q40.2 HHz

_

+
+
f LTT 3.96us

{'a= l s _ A = 7.95HH
Z1TCysRss 2T (0.2p)(100K)

=1

I2 = 5 R
Ry is the output resistance of the current source,
which for the single-transistor current source is:

=VYa_. 30V
Rss-ro—-lz-m—aookn
N N
2w - 100 f - 300 K
If V, is reduced from 0.5 V 10 0.2 V while I is
unchanged.
For the current-source transistor: when V,, = 0.5V

1

1=1p= ik;(%)vi,v—» 100 pA

=[1k;,!-!] X (05)

lklv_'._‘; pA
20T, vz

when V,, = 0.2:

=f, = = 53 MHz

1, W z] 2
A = | =k —=]| X (0.2)°
100 p [Zk" . (0.2)

1, W, A
1k, —2 = 2500 &2
AN vz
Assuming that L, = L,, (the length of the
transistor is unchanged)
= 2500 =

= W, 200 -S> W, = 625 W,
The width of the current-source transistor is
made 6.25 times larger to operate at V,,, = 0.2V,
In = 100 pA
If Cgy is directly proportional to W:

Cys2 = 625X 100 f

- fll -
S = Eh = BB KH:



8.84

@Woy = ! T
sj(WiL)l:“

= e 808 635 my
100 x (2 A
2 82

gﬂ?:

mA
= 127 "{;*

= 20V . s kn
/2y 4

= Ay = L27m20k0 § S00KN) = 244 VvV

1
() fp = -
& 25(C, + CgdIR,

Re = Ryl ry = 20 k01 500 k2 = 1923 kO

C, = WO F + Cdb = 110 fF

- !
Rl iy s X 1933 K
= 69 MHz
(d) Using the open-cireuit time-constants method

for Ry, = 100 k1 (Rg = ’—"%‘.‘ﬂ =50 m)

Ty = Cp Ry
+HCUlR(1 + g, R) + R
+C Ry
Tt = S0f X S0K
10 {50 K(1 + 1.27 x 19231 + 1923 K}
FHO0 f 4+ 10 £) X 1923 K
Ty = X3 ns
+ 129 ns
+2F) ns = 17.5] ns

I i p
g el w G| MHy
i 277, 2w X 1781 n

B
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8.85

(a) Differential half-circuir:

R,

L4

ae— ST

R,
A
L

High—frequency equivalent circuit {r is very
large)

Vu
2

20m .
Co+C, = =20 _ 44 F.
N P 2r x 600 P

ifC, = 05pF=C, = 48 pF
Ry = 10kQ. R = 10k, #, = 100 0

«(Notice that Ry, = =,

Ay = — 1" g R
M Tt Ry ry Em

K 20m X 10K
5K+ (10K + 100
Ay = ~66.22 VIV
eyl
1

fu =

.G R,

xig




Chapter 8-33

where:
Cuw = CotCpy . .
using Miller's approximation: w‘ke low lﬂe?zeu 8»3 d: f t-e reubral
ng = g(l &gmk(‘) MM iS ’
and Ryy = (Re+ o) v, Ao”éw\ , ({ezIfoy)
“Thus, t
. i _
T TRy ¥ r T 7 (G ¥ Gyl % gk = ZwmA (:‘:01( it 30Kk) = gg!.";
- ' Y]
T IR0 K ¢ 1003E S K- 148 p+ 05 p(1 + 20 X 10}
=452 KHz

GBW = 6622 X432 K = 30 MHz

ff: = A /(2 ecRa)

8.86 where o = ozl (oy = 15K
- » e A = 53MHz
The cMRRE will have ff’ Trxozpx ik >3/
(3:193) Jpr= Qw3 = 1.ZwA/ly
Falg_g at EOOKHE awd at f ZIrew  21Tx 0.1pF
A - 15.9 KH2 T Lichz

2T %106 x10x107'%

C:}'lq('l) (a = ngg, = Z2x t.2m
ZL{rcW erxo.lp
= B.86Hz2

8.87
I=0.6mA
Voun=0-3V
VO\IP"O-‘SV
Vau = (VAp| =
Cwm ‘O.IPF
Ce=o0. zf:F-

All (0's are ideutreal:
fo=Va= 9 = 30Ku.

To 0.3m
Sua = 2o # Quay = Q6w =2l
Vav @83 v
N e
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This figure is for 8.88

diw)]
I 20 log (100) = 40 4B
t
; 20 dB/dec unity gain
H I= &m =1.6GH2
) 2nC,
QdBE -~ m e e o i et et 5 0 s v e 2 :. ............
N 1
S E N 40 dB/dec
: ; 3 ji =12.74 GHz
§ : ; 5 e 20 dB/dec
i 3 P i 1 e 9
£a Al " f
) fa=159M fp=631G

8.88
All V,, are the same, all ¥, are the same
=5  Allr,'s are identical, and all g,’s are For. Vy = 20V, Voy = 02V,
identical 1 = 02mA, C, = I00{F, €, = 251{F
All r,’s are identical:

f s C v
e T "‘I v r0=l—*—-—-——f‘”’, = 200 k). All g, s
Ad(s) = 2,R, ‘_8(_\ §.(' - sl(‘ ;. ) D (02 ms2)
E RS ) 9
i' e o are identical: g,, = o 02m _ 1 mA
] Zor | Vor 02 v
he: kn that the The low-frequency differential gain is:
where we know 4
frequencies of the zero f,, and the pole f,. occur at Agpe = 8 X %U = Imx 00Kk = 100 ViV
very high frequencies. Thus we can assume that <
thepole fp, = 1/(27C,R,) dominates the f = 5 (‘l R, = rT,) = 100 KO
response of A £ passed the unity gain 2aC - Ry 2
Thus: Foo= 1 = 15.9 MH:
i I = s rx w0k
Ado) = ngo(*“j”’t”"""‘) )
P iwCiRo for = ""E = ;__J.;i‘;’.:ﬁ = 6.37 GHz
At unity gain: |4 (w)] = | carbey, e XL
20
I L. N f, = 3":6 = 2% fu, = 1274 GHz.
P a———— p— 2 w
U3 (0,C R o
A1+ (nCoRo) Notice in the Bode plnt the location of the
2 (gaReY 1 unity-gain frequency.

! (C R

,
e — & o M
Since ng(} - gm"ﬁ; >> 1= o f o 7C S

8



8.89
Q) A"r "AD “M ""qu’
s 520 S D

- -.loo%r

R =R 1R, = R |, = 20k

34*&7 (14 Cp R ) where Gom= 9,
“"Rga =20% (145x20) = 2020 KL= 2.02HA
Rgy =2 02IMN

Ry se => R S‘-‘-'Rsaﬂ:lcm-

%L-R:aum

T,

W= c;s g5 * Cgs'js*cx_"‘

N w Vx 20% o1 2.00H 4 1 x 20™ 26243
£, .J—-- = 60F.8KuL

lMﬂ F“ = +t00%60F.8 =60.98 L\ant = 60.IBMHL

) Rye Soon

Ryuk = fo[l * Y &l,qo[\*«\su)o.’ﬂg\kom
AM"’ — gﬂ '6 -—g-"ﬂ-a;—» =—5XHO£%: —L‘O\f,\r

a’ R+ Rouk
RNR k= Hox\\160x = 32¢0
Ry‘ gsf;(.l-#G R )
G, _im_.z__m.-_-—-—
D"(‘ﬂm"?mb]%)
Gm=ax82
ho {1+ LS4 N0G)
Rﬂg,&ol&(lfl.lngl‘) = B20%.A
Rsio 4 Rs
H(gm
5= 20¢ 405" = 8.2

te( Sl )o. 5580
o+ 40

SRRt =R =32xn

= %95 5}*(‘;‘ §d f?_l%:—' 2x82401/x820432x)
= (30-4ns

£ ;.1“: [.22 HH 2
%5 —
)A,.{f;, 4§ 8 HHE

a.\.z'imol/u,

-

Yo
r

R
J
Re

%

[
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8.90

- 1
fr - IAM‘ f” = 21\’(?,,;,)( R!&il

for Co = 0.1 pF and Ry, = 10 k0
fr = 159.2 MHz
I Al = 20 VIV = fr= 1592 MHz

and f, = W‘S-"g’ M - 796 MHz

{)
= s w—. Ay = 100 VIV, R, = 20 k)

- 100
Ap = BmFo=10 = & = 20 k(}

R, = r, = 20k
we can rewrite
Ay = =G (Rs | R) as

e . L
An = (8uro) g g
=20 = 100 X 20 =y R, = 80 kO
R, + 20
Since

Ry = roll + g, R} =20 K [1 + 5 m X Rg]
= 80 K= Ry = 600 )

8.91 5= Rsaz Rs
1409, 1% Ry Lo
3 ']0 s iR,

K’@m"zﬂ) R, ama' R,’a »>Rs

‘M’t: st Iy Rs;g - st‘q

I+ K Lo 1+ K2
o th -

G =

IF we define:

H-(g... “Hmb IR - 2'“'{’("”)
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Rt = % [ Q)R] =r, G40 K AV jSNCLTS) Amb Fu
“ W \
RL=hlig (4k) = % 12 .23 2 064 i9.4%
u“"? E“ 6.8 13 -13.33 242 2.2
3 (14 Gy RL) +R 14 ~12.5 2.0y 26.15
Ros = &J(w ..3.!1..“1 v, JA:L) » ..‘5_‘.’;‘.“.(._. 15 1.7 2.223 2614
Rys = Rs: (|+ e) %o ..1:::}.. TE £, = 2MHE then by looking ak th table,
3 24K =
R‘L R »r, J‘t""z,n Ken. Therefore: Kzii= m+ YR, =»
T = ; . 9 ?nk s
Rgscyx'f ”yd s.! ‘f%ic], Rs-z..él_.!.:._’....g].s:;gn
Tus -?fiil,; g, + Rs,g ("-A"—Q Gat (Lfg‘,)f(lﬂi') Flom the table : Ay =-15.38
8.92

Ropur = o [ 1+ (3“4,3”»)&,} =1, (1+K)
Rour = HoC1+K)

Aﬂ ::—-9"@ _..B-h-——--— e Sxhtox HO
R+ Rouk HO 4 HOU1K)
M = - 200
- e
az Eizﬂ C,gkflj(ld» 4(043‘}0 E7y

( From ?mblw\ s.4i)
T, - 2&20‘,,.0/;30(”. gqo),(;,oi)‘!o'ﬂ‘

1+ ¥
Oy = .2_9;._—«;2(1-, Da)_,ha%ﬁ
« 5284496% nS

ﬁ J__fj K aer) x10> HH2

Coangy o 2n(5aP446K)

FretAul- Fa -

K| Ax(%) Fymand P £o OH
g —loa 0.603 60.3

! 66.6F 0.532 5547
2 .50.00 023 51.35
3 - 10.00 1195 4713
“ 3333 1342 4473
5 -28.57 tH 42.03
6 - 2500 1.584 39.€
1 -22.22 |.63¢€ 3146
8 —20.00 LT 3554
9 ~18.18 1.§59 338
o | —eer LAY 3234
1 -15.38 2.002 30.11
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8.93

|

: o
Em Vszd % o
e
— —
= -
v o

then V’ = Ay T "8 70

The !iigh-frequency small-signal eircuif is:

Using the open-circuit ime constants method:
Ty R, KO Ry X Cy+ Ry % €y

Setting s, = 3 we can see that

R“ s R«ig

Setting €, = €, = 0 wecan see that

R, = ry

Toobuain B, set €0 = ', = 0 and consider

the following cireuit:

Rgdmemw

AtnodeG: V,, = ~Iy - R, Eql
Atnode D: Iy = gV, + m Eq2.
Substituting V,, inEq2by Eq 1 and
re-amanging:

v

"I'z = Rx = Rsi; l] “’“Km"o] +r0

x

Thus,

Ty = C Rslg + ng leig[‘ + gm"()) + r()]
+Cpry

If g, = @é ro = 20k, Ry, = 20k

Cos = 20fF, Cpy = SIF, C, = 10FF
Ay = —gu'to = —1 X200 = 20V

; = 200X 20K + 5 £{20 K(1 + 1 X 20) + 20K}
+10fx 20K

= 2.8 ns

fu = g = S68MHz
< Ty
H,w‘"fu = 20X 568M = 114 GHz

(b) For the low-frequency analysis of the CD-CS
consider the following circuit

\1!;

(:)!

"”-,i;: l
= V
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();‘hﬁmci ) £a 1 Rgd = Rsig(‘ + ngL) + R;
0 = Vi~ fu'od) QD which adapted to our circuit becomes:
For a CD amplifier: .
R, = ry, and
Au = (R, | ro)
JRR LW, A~
(Rx, E r()) + (‘/gm) R&ia = R&)U‘I‘I = ‘“’!— R o1
which adapted to our circuit provides: Em
i
o Vi Tox S, 2 =5 Rygz = (""* i fm)‘“*‘suz“’m)"’f"oz
Vier = Vi ror v 1/ B ®a-2) ' L "
Cowbining Eq. 1 and Eq. 2 For Cp 2 Cp, sees rop =5 Rey, = Tore
Vo _ 4, = “Toil8me o) ‘Therefore:
‘7:.‘ R FE Ry + 1oy
j LIS - £
) 81 * ror T = Gt Rﬂx * Cg!l(! : gm]rt)!)
For the high-frequency analysis of the CD-CS Py
consider the following circuit + Cm(;" i r m)
td]
i
Con + Coaz [(—“ i ’m)(l + Ly To2) + "oz]
o pe gm! ?
Ry + € ro
For the circuit parameters of part{a): roy = rpp
£ = 8w
Ay = ——20K__ (1x20) = —19viv
= Aok
im
Roumi Cop- Ry = 5TXx 20K = 100 ps
. Ry, +r 20K +20K)
; R T Tor = (20K + 20 K)
T = Cot X Regr + Cpy X Ry + G Con 7y Gt 01 A T T % 20
% Rea ¥ ConsRoin + Co - Ry = 38.1 ps
To begin the value of !he.resismr’s we must Cg,~(—l~ I ’m) = 2061K] 20K = 190 ps
determine the corresponding equivalent circuits N ;

when all other capacitances are set 10 zero. 1 .
For C,: Due to the ground connection on the ('m[( P i rm)- (1 + g,nroa) * rm]
drain of O Cygy 50es Rop = Ry et ’

' = 5% {(1K || 20 K)(1 +20) + 20K}

For C, 5t = 200 ps
o s Vbl + g, rpl Cprpy = 101X 20K =200 ps
PIERE LA
Ry +rp 5, = 100+ 38,0 + 19 4 200 + 200 = 557.1 ps
= R, = Ry o (R, + roy Y1+ g00700)
gat X ( sig 1) BanTen - - ] = 285.7 MHz
For Cp ot € sees Reyypy which for a CD wupli- ST Ty
fier is Ayl - fu = 19X 2857 M = 5.4 GHz
Renss @ Rop = Ay re Comparing with the stand-alone CS amplifies of
o o Lo o part {a) we can see how A, is approx. the same,
For C p: Referring to the analysis of the C8 while f;; und thus the gain-bandwidth produci
amplifier have increased by a factor of 3.
R ‘Q'” ‘I/\ r('&

i



Chapter 8--39

8.94

Each of the transistors is operating at a bias
current of approximately 100 A . Thus:

g = 2L = amarv,

0025
100
=10 _
re vy 25 kN
ro=2500, ro = ‘6‘? = 1 MQ

TR T Inf,  2a X 400M
=C, = L.39pF

AR, = B+ N+ (rea f ro)l

R, 1011250 X 107 + 25 k|| 1 MQ}

= 25MQ
Using Miller's Theorem for C,,:

R, rea | 7
A = in X w2 [21]
" Ra+ Ry rat(reall ro)
X gmzro,
A, = —__25M . 25K|IM
" 25M+001 025+(25K [ I M)

X4X1M
Ay = —3943.6 VIV

ing
AAA
YWy

<
mg Cry oy

b) To calculate fy,.

= R,y | R = 10k || 25 MQ = 10k
=rallro

=25k0 || 1 MO

= 24.4 k)

Riig * Ripy

1+ Rig  Rimx
re r

= 10+244 _ 45,0

l+'_(.)+24_‘4
25 025

= Cpa+ Ca(1 + g2 ro2)
1.39 + 0.2(1 + 4 X 1000) = 801.6 pF

R, = 3420

Vmg o

Fo2

a—t—t

>
b
<1

>

<t

"~

olf— —

+ 1
>
rm E’ VmI Cey

rg + R,
= rall roll %ﬁm
= " 25+ 10
25K || 1000K || T
<b
8nVa L' T
<

gmVm =

Ct

A

+

IC' KE EmVm ("01 Cl
- AR
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Ry2 = rop = 1000 k2 c) at mid band :
= v
Ty = CuRyy + CoyRyy + CRy 7 685 ‘
; ] e L
+(Cp2+ C )+ Ry, i (68] 5) P
T = 02X 10+ 1.39 X 0.35 + 801.6 X 0.342 v 288
kg = of
+(0.2 + 1) x 1000 Vi oss+ L
Ty = 2+ 049 + 274.15 + 1200 ns 0.63
Thus (C, + C,;)R,, is the dominating term, ‘T'/_q = 064 V/V
The second most significant term is C, R . i
14
So (C, + C,,) dominates and then Cror -‘;9 = —g.2V.(1 K[| 3 K) where we have
w
equivalently Cy.y. neglected the effect of R,
P | 1 - v, vV
== = [078M 2 = _40x3y, = — o
I Tmry | Im X 147661 8 MHz v.T TAOXIV, = 30V, = oE
4 L 4
8.95 =0.64 X (—-30) = —-19.2V/V
. Note: Although rather long, this is an excel- v
lent problem with considerable educational value. V‘-’ = -192V/V
a) DC-Bias "
1,, W N R, oM
For Qs fun = g Ves = V07 Fu = = Ty 0
01 = %x 2Vgs— 1) vi
!_‘1 :—._.__.__Ri" x Ve = __495 X —19.2
= Vg = 1316V Ve R+ R v 495+100 ’
I ~0.1 mA =-16 VIV
I = 1 MA d) At low frequencies :
see analysis ¢ 1
12 S X T X 10 % (1007 W5 X 10
=27Hz
R;=10MQ

0.7
6.8k re=5kQ
Ciofpm = !
b) For Q2 ST 2 X I X107 (34 1) x 107}
W = 40 Hz
S = ’2“"'-.“’1) = J2x2x0.1 Thus f; ~ 40 Hz
_ ¢) At high frequencies :
= 0.63mA/V The high frequency equivalent circuit is as
For Qs 8., =40 mA/V r,;, = %%) = 5kN follows:
Cr = Co+ Cu(l + gmaR"))
~ 8w _ __40Xx10-}
Gt Cu = 5o = Twx 600 X T0F =98+ 0.8(! +40x%) = 346 pF
= 10.6 pF

Since C, = 08 pF=C, = 9.8 pF



Rgaf = R'ng = lwxu 495K = 832 k0

g = R *(6BK)SK) _ 832+288
o = TV EaGS R SK)  T+063 %288
=306 ki)

R, = 68] 5| + = 1kn
2

Bui
RﬁlKﬁﬂ(

(sxnasxr y
~288K

R', = 075k

Ty = CuRy + C R+ C R # C. R,

T, =l X832+ 1%306+346% 1+ 08X
.75 = 14908

= 107 MHz

. i
Juz vy

) There will no longer be a signal feedback. The
tefthand side 10 MEQ Resistor will in effect appear
between the input terminal and ground, Thus: K,
= [y MEE (a factor of 20 increase) and corre-
spondingly A, becomes:

A, = A0 % (192 = —19vVsV
M “,I

Chapter 8—-41

AA
Yyy

o -
— -

{an increase from =16 V/V) Now R’ becomes
approximately 100 k{2, as compared to 83.2 k£},
and correspondingly R,, becomes 100k(}, and R,
becomes 36.6 k{} while R, and R’, remain practi-
cally unchanged. Thus 1, becomes 172.5 nS and f,
decrénses from 1.07 MHz to 0.92 MHz

8.96

Vg1 = vs. 2/qm L= Va1

2/Qua + Rs 2/
’Va‘*lko-: Vt}l » RU

= Vs x é/ m QD
2/5m+—&s Z/SIM
\]S.Rp

2/5w\+ks
= A = qwRo
V@ i-f&wﬁs

(SW- ONA = P-8wmaA
@.25V v

=> Ao =0.8x50 = o.24 Vyy,

T+ a.8r200
7;%{?@&33 fre$uech esuivaleué

Ve
+ Rs I + |

, __U&J — J Ko
ViR T TS Y I

Tlws, the pole at tie ivpu
'l/ta/oa f(ef}eucj hp, F

CONT.
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e
21 £5¥((§§_+ c,(sd)

= p
ZIT* 200k x (\'/2."" )P
= 520KHez

aud e pole at Ele aué/oué

has o /r&‘?ueua ff“

G iy

Z—YT/QoCéJ 21Tx 50K x 4p
= 3, iSﬂHz

'ﬂu,w fuz

\/530&) (3 :an)z
= B823KH2
Notice tliot Tlws low valve ap

{H /Q'; .due to the lwcéa valve oé

8.97
®:
Cé Ty A
R . . Re”
W{ O, 0 » m KN
[ r ‘ hel & f - =

Lh=lh=1=1mA

1 _ 1mA
T e B i 40"!)\”
Ba =Y. Bmv

1y
Yo = (B4 1)y, =3k0
"y s gﬂl
2ufy C,+C,
, g, . Ax1e”?
O €y = 2B 58 el e
TR 2mfre amx100%10°

=9.1 pF
C, = 91-C, = 86pF
Ry = (B + D(2v,) = 2y,
=6k

_ M R
Aw (R + R,

) X ngL

_1 6
2( )x40><m

6+ 20
Ay = 46.15VIV
The pole at the input side is
1
fpl =

Zw(fé! + c'n)(Rm I 2v.)
- 1

2,,(3.?6 + 0_5) x 1077 x (20 K| 6 K)
= 7.18 MHz

1 ]
fp = " i -.
P 2mCR,. 2 x05%x 107V % 10K
= 31.8 MHz
_ 1
g
(«f;u .f,;-:)
~7MHz
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8.98
LeLoIzima :z,ﬁ "MMAI)V' + e
Qn.?...y%‘a P 2

121 gl Se® ok e
Usia } Eq.6.195:

/-‘ gi'\
Hs‘;:; J“ «n*@f;)"” RL

Ria=2ry = 2,30 26k
A Lo . K
e 5, 25 wiyoxlo® . ‘1545’%7‘,

k133
PF

SN

L]
% ?‘:‘;

Cy=8.6pF

- -l
" B (G Baglizrn) | IT(EE os) (26

For= F1amuz

Frgz i ' =38 MH2
P27 ImeuR, ~ 2nx0.5klo® 8

Sy o = FolHHZ
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8.99

All the transistors in this problem are operating at

a bias current of 0.5 mA and thus have

r, = 50Q, g, = 20mA/V, r, = 5k0
20m

2w X400 m

since ¢, = 2pF= Cp = 6pF,r, = o,

¥ e

C,+C, = «= 8 pF

r, =0

a) Common-Emitter amplifier:

Rge = 10k, Ry = 10k}
Ty . 5 .
= - X R = 20X 10
Aw = Tg st T Tiees 0
= ~66.7V/V
1
= e b
In 2a(Ryg ] rolC. + (1 + 2,RIC,]
fu= .
2_10%] 55)[6° + (1 + 20 X 10)°}
= 117 KHz
b} Cascode :
A = —BeeR 100 X 0.99 X 10
M Ryt 10+5
= —66 ViV
Input pole
= f, = 1
P 2R T M€y + 2C )
[ p— S—— R ¥ 11T

2,(10°1 5536 + 47
output pole :

| 1

RN — = = 7.96 MHz
PP 2mCaRe 2p ok 27 % 10¢

pote at midband node ;

1 i

£ = . = = S30.5MHz
' 2uCors 25 X 6 X 50

very high

fo = , 1 = 4,1MHz

¢} CC~CB Cascade (modified diff. amplifier
BRe 100210

S )

Ay : SOVIV
MRy t2r,  HFI0

Input pole

of e . 1

P an(R 2 M, 02 C)

[ = i = 6.4 MHz

Jops —
! 21088 1053 + 2y

Output pode:

= 79 MHz

73R, R, w2 a0

Thus:f,, = ! . = 5 MHz

ST
f;vl J}ll
d) CC—CE Cascade :
(B + 1)BRe

R;ig e AR Dr,
101 X 100 X 10

1045+ 101 X3
Refer 1o Example 6.13in :
Ry = (Rygll Ri) = 105 (B + Dlry + g
Riyy = 10°]) 101 X [0.05 + 5] = 9.81 k2

Ay =~

w —194 VIV

Ro+re 10+5
Ra = ol 7o = S e = M8
+R
Ry = rrz;} rw;a+l£§j = Sk“ 5:‘6:0 = 144 0
where

Cr = Cop # Cooll + g0RC) = 6+ 2(1 +200)
C,1 = 408 pF

Ry = Re = 10 k€2

1y = CoRyy + CoRyy + CrRr + CaRyy

1y = 2X 981+ 6 X 0144 + 408 X 0.144 + 2 X 10
1, = 19.62 + 0.86 + 58.75 + 20 = 99.2ns
o= ol - e MHz
27Ty 27 % 992"

2) Folded Cascode -
A = = PumRe 100 %099 X 10

v Rsig Y 10+5

= =66{ V)/V

input pole :
o = ——

o zﬂ(Rsig IJ rwl)(cal + z(ai)

1

T A0] 96+ 5
fy = 47TMHz
Al nnddle:

PR B
T 2wCara 2 w67 % 005
« 530MHz very high!

At output:

foa = .‘ = !
i 2aCRe 2w 2TRA0

o = TH6MHz

Thus : fiy ~ —m = 4,1 MHz




f) CC—CB Cascade :
Ay =

(B, + DR

Chapter 8--45

_ 101 X 0.99 X 10

=50vIv

T Ryg t (B, + D2r,

10+ 101 X 0.1

Inputpole : f,, =

2w(R

gl 2rMC, 2 + C)

fy = — = 64 MH
" w104 104)(3° + 2°) ‘
Output pole:
fo = 1 = ! = 7.
P 2uRCy 2mx 10K x2° 96 MHz
fy= —mme = 5 MHz
,__‘.. +
64> 196°
Summary of results :
ConFiguration Apm fu G.B
(V/V) | (MHz) | (MHz2)
a)CE -66.7] 0.117 | 7.8
b) Cascode —66 4.1 271
¢) CC_CB Cascade | +50 5.0 250
d)CC_CE Cascade | —194 1.6 310
e) Folded Cascode —-66 4.1 271
f) CC_CB Cascade | +50 5.0 250
8.100

(a) To obtain the DC-gain: for s =0 in

DC-gain = (G,,,R}) X (G,,,R>)
= (1% 100) X (2 X 50) = 10 KV/V-80dB
(b) From Eq (9.175) if Cis not connected:
1
0.1px 100K +2pxS0K

= 9 mmd
' s

Wpy =

= fp = 1.45MHz
To obtain wp, we equate the coefficients of s* in
Eq (9.171) 10 1/(wp.wp)
Thus, for C¢-not connected.
1

C,C.RRy = ——
Wpy "~ Wpy

> Wy = C\R + C:Ry

O T C,C Ry R,

w. = QLpX100K +2pX 50K
P2 0ipx2pX 100K X50K
= 110 MHz = fp, = 17.5MHz

The Bode plot for the gain magnitude is

JAm

]

80 dB] :
]
1
[}
lf P 40 dB/dec
| 2]
: P V2 f

145M 17.5M

(c) Since (C, = 0.1 pF) << (C, = 2 pF) and if
C, << C¢ then from Eq (9.177)

G 2
Wy = =2 - wp, =22 = 1 Gradfs
C, -

5
= fpy = 159 MHz

two octaves below are = wp,/4 = 250 M rad/s —
40 MHz then, from Eq 9.178:
G

G,,,gvi.’.

1 Im <
250 M = -C_'::CrSZSOM:CCS“pr
For C¢- =4 pF and Eq (9.176)
S S
“rt = RCcGuaRs
1 rad
= 25 K—
100K xd4pXx2mx5S0K s
ival Vx GuaVir Ry
equivalent
" O—
R, Ry
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= fpy = 39KHz (a) DC - Vohage gain
From Eq (9.173): Vo = ~8uproy X Vy,; and
Gmy _2m rad 4
B e = S0 = M= = - . = -2
w, C. ip 500 " Ve 8mr0) Viig = Ay, Ve
= f; = 79.6 MHz ~ 80 MHz = (garo) = (1 X 100)° = 10 KV/IV
The Bode plot for the gain magnitude is (b) Using the Miller approximation at node G1

Cq = Cpall + g R}) Eq(9.46)

A
soan-AML_ 2010g 10K) = Copt = Coarll + goror)

0B —= === = 5f(1+100) = S0 fF
Cit = Cpy +Coqy =201 +505( = 525 (F
© R,y = 10kQ
I; The pole caused by C,, at node G; is
T Im R G ImX KX
8.101 = 30.3 MHz

4 (d) Using the Miller approximation at node G,
Cegzr = Cegs(1 + 8,13702) = 505 fF

g1

]
Up e iy
39K 40M 80M  139M 1
fl’l

G, = 8., = g transconductance of input stage.
G..; = 8. transconductance of second stage.

C, =C at node Dy = 0.2 pF Ct = Cup, # Cpz+ Cpp = ST+200 45051
C, =C at node Dg =3 pF
2= 6=-P o = 530 fF
For fy = S50 MHz = = ;,C (¢) At node G2 a pole is caused by C,,, and ry,
c
=_1m 1
=Cp=—M__ =37F N B
€T Zaxsop P e = sk O MHe
G,
fz = E’-‘lc"'— = -2-”—:)-’(—%-2—', = 149 MHz (f) The total capacitance at the output node is
G ¢ Cmn = Clb: + C:
fa= i;'-"c—’- = ﬁB—;(—"%—P = 159 MHz where, using the Miller theorem, C, is
2o - LYo 1) -
£+(50 MHz) < f, (149 MHz) < f,(159 MH2) Gy = Cm(' + s.,;roz) =5f (' * r@) = 505 (F
= Cop = 5 1+ 505 f = 10.05 {F
8.102 Thus a third pole is caused by C,, and r,,
o Y Q" = l = l
o oF Io = ot~ T X 10057 X T00K
o = V. &S -
1=01mACy=5fF = 1584 MHz
[VJ = 10V Ca=5TF From the 3 poles: fp; = 30.3 MHz, fp, = 3 MHz,
=

fpy = 158.4 MHz fp, the pole formed at the

2p _ 2X0ImA _ 1 mA interface of Q, and Q, is dominant,

& = Vo, 02V v

(g) The pole formed at the interface of Q) and O,
1, 0.1 mA is dominant pole. It is at the frequency of 3 MHz.

C
% o @ = Vo
il
8m2Vya _l_
B Vea 'I' oy e
Icm ‘t_t-': I Cra2 rmI Canz

X

—

)
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Chapter 9-1

9.1 Ap = A = loo
I+Ap
Ap = 10° —1 =999
loo
949 _ -3
= p= T = 9.9¢xto
1+ 16® (9.99x193)
AA = q0.49
hJ = 90-99 —~ (60
A TTiee - T
9.2
ta) Replacing the op-amp with its equivalent
circuit model:

.
V! = ﬂ“@ - R,‘{“R.: Va
- R

»B = Ry + R,
® R, = 10k, 4, = 10 V/V, what is R, if:
() A = 1000 VIV

A .o t_1
SN T I VR
=L = g0

LT

R, - R (L50)
- =R, = R ¢
R, ¥R, =R ’(. 8

o 10 KL'__’(‘T(?}E({?’) = 91.01 k2

(it A = 100VIV

B

Ry

=11 = o0
HA {{)1]

- A4-99  ymnk
Ry

{5 =

R, =

oL omens
TERE
(1 - 00167)

o ELIENE . s

5888 k)
(10167

{c) if A decreases by 20%

HA=08X1000 = 800V/sV

A= ﬁ“(é%i%?ﬁﬁo‘i = 9975
5\.}! 9.97.;»0— 10 . _pase
(i) A = 08X 100 = B0 V/V
A, = m = 9756
93:31 - 9.751150— 10 . 944

(YA = 08X 12 =96V/V
Ay = 9.6/(1 + (D.0167)(9.6)) = 827

82710 _ _
A e = 17.26%
9.3
All output voltage is fra back Jog=|
A_; = loo — 0-44
| +100Xx)

1+ Ap = |+ looxl =0l = 40.1d8B
Vo = 0:99Vs = 0:44y
Vi =Vs - Vop =1-0-99 = (OmY

A=%0 = ) =« 0-984
At = T+ qon t
Ag 0-94
9.4
A}:'—' Ag | I

Ithop  Yag+ B BCI+Vhop)
so Ap 4 /B wmhbe wmhwn X% whon
Y{bop) = 001 x X

@) For 1% Aop = Y01 = lo0
Mowy possible Sobwtions.
Let Ay =105 ~ Acp =100 =D (’._._,0—3
&) Foc 5% ADP“ '/O'OS = 20
let Ay =105 4 App=20 =D
(e) Fov 19% 2 Agp = /0y = 10
Let Ap = 105 4 Aop= 10 =5 f=o~4
d) Fot 50%: AsB =105 = 2

@,z?xa34



le+ ,\,.—_ws; Ao?az = F,-.-j.xw""
deor Ao Al 1+

! 0% 100 1o

5 0% 20 21

lo 0% lo h

5o o 2 3

9.5

0=p=1 lincar
(a)For Ag = 1:
Ao

= 1
A 2 = e =
i T+ AP T30 1V/V

1
Ap = = 0.667 VIV
n=ivixes 0%

1
A = ——— =
Il TF1 %1 05 VIV

10
M ForA,=10: Ay = ——— = 10V/V
) o 1 T+ 0 10V/

10

1+ =
2

=10
Ap = TTTox1 0909 V/V

=

=16V/V

Ap

©Forag=100: 4, = % = 100v/v

Ap =% =196V
100

Ap = =099 V/V

5= 1w - PV

)
A ForA, = 10%: A, = 29 = 10t
[C)) o n T+0 10°V/V

4
Ap=—% _ =199v/v
1+10'72

4

A, =10 =09999V/V
13 3
1+10

9.6
Ao i 2mV —> [0V
Ay = lov J(zx1o 3N =5ooo k14 db

Ag 200wV —> 10V

Chapter 9--2

Ag = (18(200) = So0 = 5448
AF = Ao so000 - goo

l-bfho = 1+ SOOOP
= j—rS’ooop = 1O

= = 9/S000 = 0-00/3z~54d8

(1+Aep) =10 = 2048
Acp 5000 (9/5600) =9 = 19-0848.

arla I+Ap
= |+Ap = +20dB = [0
~ A =9

ZWM. ) . =

9.8

aA A
= [add | %: 22 = 10%
A, =25 7y = | ) 1

pAg_ 1Ay - 10 _ag=0
A, 1+AB A 1+ AB
Since
A A
= = A - v,
A[ l+BAa25 |+9—)A 250 VIV

thus B = -2%) = 0036

9.9

Ay = 2520 = 19 2 = 109
A _ ) 0A, = 10 _ A =9
A, T+AB o= = AR
Since:

e A _as=-A_a=20V/V
Ay I+AB='5 l+9—’

The lowest gainisA—10% A = 250—-25

=225VN and B = E%T) = 0036



9.10

For an output stage with gain varying
between 2 and 12
Ap = TRBVIV jeT VIV ET143%

A, = 100 £ 5%

A= 100 + 5%

Referring to the schematic the total open-loop
prinis: A = A X7

Since the first stage is ideal the total open-loop
gain variation is 71.43%

Thus: a1 24 5% = 71.43%
A 1+BA A I+ BA
B4 = 13.286
Since
Ap=100 = A = A

T+BA 14286
= A = 14286 V/V
13,286

o B = 3286 60003
Thus, 1086 (
iy - ogs = JL43 L aa = 14186
ry 1t BA
I S o
::;1, = {0 = m{“’-—)r\ = 14286 V/V
141.86 ;
ap = = 0.00093
and B = %6

Following the same procedure:

A, = 10and BA, /A, » 5%

pa = 13.286

A= 14286=5 A4 = 1§%§§ = 2041 VIV
A, = I0and 34,/ A, = 0.5%

BA = L41E6

B AP

9.11
A(«S) = Am E’;‘*“’V’;
s
M Tw,  ams
AdS) = AmS o S W, rAmpS
P
L {‘m b
I+ AmB

S+ T

Chapter 9-3

- __Am
Amy = T Amp

-0
1+ AmB
Both decreased by same amount

Wy

9.12
Worst case: Agy
e ..._.__.......Ao =
T = hdown %)

24,

_Zle =10

1+ 2A,B8

from Apy: 1+ AgB = A/98
_1 1

98 A,

full battery: Agy =

24,

1+ 24, [‘3“%“;—:]

Then Agy = = 10

7-

1 1 24,

=1+ 24, [ -Li=2"0
=1+ 24, [9.8 A(,] 10

24, [6!5'7%] =2-1

Ay
1 1
)
7198 A,
If 8 varies by & 1% the worst case for A¢is if B
by 14
Ay

A, = 98 =
’ 1+ AgB,.

Ay A
= e B 5 LOIB
1+ ABLOT Poc f

p=L_L 12 _ 48

98 A, 98 490 490
98(1 + ABIO) = A,

9‘3(1 + Al,i%!.()l) = A,

=24, = ﬁ45§



Chapter 9--4

9.13
A{ - Ac _ o — 1o IfVy = 10 mV, then A, = 98.89 and
T+ AoP 1+ 1oDP A2 = 105
.-_(l_,A,ﬁ):IOD/IOr-IO B = 0.09899
) _ fVy = 1 mV, thenA,8 = 998.89, and
S = (1 Pop) = ov/iy = 0 :

Ay =10 xv‘f.a = 0.099889

fp = 4n (14 Pop) = lokxI0 = loOkHE
9.16
9.14 Nominal i ”‘ABA = 100, when A reduces
_ 1 A/10
For an 82 loudspeaker and f, = 100 Hz 0—==—0l2 =
@ peaker and , 10 1T+BA/I0
Compare these two:
c BA = 890 BA +1 = 891
R
"' >— = A = 100(1 + BA) = 89.1 X 10°
N 80 B = ..__m_._’ = 001
L 89.1 X 10
| | hd when A increased 10 times
fo= sare 2T mwoxs - O A= 04 _ 891 XI0° g
If feed-back is used and: Ay = 10 V/V, 1+ 10BA 1 + 8900
A = 1000 VIV whan—)acAI:é:loo
=4 +8A = 1000 _ 400
A= v P T o 9.17
fiy =ful Q1 + B4)=100/100 = | Hz
Since feed-bafk reduces the effective fL,, then a A, has f,, high,A,has A, = 10 V/V
t:llzlcle;';npacuor C can be chosen for a larger with f, = 80 Hz, f, = 8 KHz.
.
If f1, must now be 50 Hz: Ap = _AA
S ] 1+A4,A8
50 = = = = §KHz = —————0 .
106 fi X EXC Require f,,, = 40 KHz = 8(1 + A,A,B)
— C = 398 uF S 1+AAB =40/8 =5
AjA,
and A, = ':’ = 100=>A,A; = 500
9.15 9.18 4, = 50074, = 500/10 = 50
A - 1+AA8 =528 = 4/AA; = 47500
o Vs AA T Dy ~ B = 0.008
Vo 1+AABR 1+AAB P
VetV Sy = fu/(1 +AAB) = 80/5 = 16 Hz
= Vst Nf
Closed loop again
Yoo _AA 0¥
Sy, T T+A,AB v
if the output ripple Vy is +100 mV v
s
1 %X09
= =27 54,8 =888
= 100 mV T 0-9/‘:3—’ B Vo
Substituting in (1):
_09A  _ 954, = 100
1+ 09 x 8.88 v .
688 Dead band with be narrowed by the
(husa=-l'b-0-=0,0888 factor | + AB = 1 + A since B = 1|
Using the same procedure: andsinceA>>1, 1+ A A

.. new limits are :(LZ =207 o
n 1% *TmV



Chapter 9-5

099
~TmV 71
[ " 4'; mV
0.99

B » Py A P A
New slope = gain = A, W‘ T
e ...._‘.@_.. = 9
AR e

9.19 |

For A= Nofu, = (0% (seleet loward Ro)

to reduce -+ D Chomge tw gam ba,fntkrr o4 10
[+Ag = 1o = p= q/10%

Fow Ag= (0B; Age = 1o = 1o

2. A,e= A
£ Ay = 107, 1E S
o I+ Ap
o A'Lf = 103 = 103- !0'[’8

I S(Y®y o1

Eoc Ag =0: sisys satumibed
Tov 10mY i aund A,*?Og’ “/oa-"-:?ﬂy?
As = l0?

1

Eor lomy 16 ond Vo = 1v

9.20

v R
B= L= L. and open-loo
8 Vo Ri+R, P

gain 5 A
A, = A = A
T T+ BA H(R.A)
Ry + R,
when A >> 154, :w
t
R,
~ | 4wz
Azl

For A, = 100V/V, A = 10°, R, = 1 k)

100 = 10
1K
+ 10t R
! 1K+R,
10’ )
R = 10
107 + R,

=R, = 100.01 k()
If we use the approximate result for A > |

100 = Ml.’f%(—mz = 99 k)

If R, isremoved:

A
Vi =V,-op = 154, = I =1

9.21

(@)W R, and R, arc removed and the

transistor gate is grounded then we have a4 €G
amplifier
Thus: A = g - R,

Referring 10 Exercise 10.6, the equivalent small-
signal circuit for Fig 10.7 ¢ is;

s Sm Vg&‘ D
&

Vs

The amount of feed-back 1 + BA s
1+ B Bo Ry
R,




Chapter 9--6

(b) Fora CG amplifier (with no feed-back)
Ry, = 1/g,and Ry = R,
(c) To obtain R;,, consider the following circuit

S Em Vgs :
I = 2_© oV,

v, R.
8s 2
Vy N
+ Ro
v R,
vV,
Ry = 72
Iy = =gV, (EqD)
Vo = Ix-Rp
VoR R
vV, = ot \y 1 2
s R| +R2 (IXRDIRI +R3 (&] )
V= =V, +V, (Eg3)
Sustituting Eq 1 and 2 into Eq 3:
VX - l_)s + ’X RD Rl
g,., R, +R,
(gl Ro Ry Rl
R, + R2
Rearranging: R,, = —)(l +8=RoR ')
o R, + R,

Thus Ry, = R, (1 + AB)

The input impedance is increased by a factor of
1+AB

To obtain R,, consider the following circuit:

8m Vg.\‘

\4

R, = X

of lx
14
= + X_ 4+ X
=8V 557, Ry

R, - Vy

V, = X

vy = g
=1y = gRi\Vx , _Vx Vx

R,+R, R +*R, R,

=v, g,,,R,+l 1
R, + R, RD
Vy _ 1

T gafi 1,1
R, +R, Ry

=Rnl =

. R
to re-arrange let’s multiply by ki’
b

Rp
=Ry= —
of gaRiRp 1+ Ry
R, +R, R, +R,
. Ry
Since R, + R, >> R,,—-)R TR =0
1 2
R = Ry Ro
o T &Ry 1+ AB

The output impedance is reduced by a factor of
1+AB

9.22

(a) A positive change in Vg results in a
positive change at the gate of Q, which in tum
will cause /,, toi , ing a positi

changeis V,

W

R,

Ve R

'
1
]
R,
1
'
'

o> this is CS
1
tdegeneration!




bYA= “&'Gn
Bm B

R = 1 +ng
3 2
1+g.R e

o
G, =

op =R
Bw
1+g,R

Bm
i R“(l + 8.8

e

I W
d’Afw]‘f“ﬁa“

MR L3N

o) when BA = T

- Ry )XR
Vf“("’xkﬁkﬁﬂu '

= = v = ...__fy_R.‘__...,
I, R, +R,+R,
To obtain A, remove R, R, and Ry and ground
the negative input of the OP-AMP
Vo = I5Ry
Vo = uV;=uV, = IR,

»%A=!-§'=£’—

v; RL
/1;’ e A S (}l!RL)
I+ BA  RyR, ) /R
l+(R, vy (1n/R,)
. R, + Ry,
HBA is >l =5 A, = R R, B

9.24
The equivalent small-signal circuit
without the feed-back resistesr Ry is:

ib,

Iy

AAA
hd

Chapter 9-7

Reflecting r,, and R, towards the base B,
But: B,R,>>R. Therefore most of 1, will flow
thru R and V,, will be:

VB,
1o

ey (Byt 1)
Vo

' Re(By+1)

Vip = LiRe = =By R,
Thus: v, = TBUs Re R (B + 1) )

(Rg +ru)(By+ 1)
we can also assume Ry >> r,; {e.g for
Ie = ImAB= 1003/, = 2510)
Then: Vi, = —BRo1

Vo
=A== Re
3

To obtain B: if the signal voltage at the input is

nearly zero:
Vo
iFT % Ry
U -1
= B = do= T
V{) Rf

To obtain A ;2 At the input side:

Vs=0 in, B,

I = iby+ip by =1, ~i,

At the output ride. after reflecting the emitter
resistors towards the base:



Va
Bib,
<P
Re 2 rdBat D)
<
- Yo
e i"T RAB,+ 1) Ry(B+1)
since
Vg=0 A 4

Recall that: R << 2R
Ry << Rp— RgBy << ReBy = Re << ReBy
Thus: Re || {(B + D, + Re | R} = Re
Therefore:
Ve = =Biiby X Re = =Bylls — ip)Re
again, since we can neglect r,
Voz Vi = —Bills = ip)Re
-Vo

and VO = "R,l’r—"l’r = -ﬁ"—

R
Vo = = BisRc— ﬂl'RTEVO

=ov,,(1 + 3,55) = —B,R¢-Is
.

R
=AJ=Y.2= "BiRC
R
S+
BIRF

which is the name result we would obtain from
substituting A and B into: A, = A/(1 + AB)
If B, = 100, Rc = R, = 10k

R = 100 k02
A= —100X10K=—1X10°V/A;
6
A= —=I0___ = —909 KV/A
14 10° %107
B= -1/100 K = -1x107*
9.25

To obtain A remove R, and consider the
small-signal response of the resulting CE:

v
Vo = =Bli"Rc=A = ",2 = —BRc |l ro)

ifro >> Re=A = —BR¢
If the voltage at the input is near to cero volts

=Y =1e_ -1

=1, R, - BF Vo R,
A, = A - ZBRc
T 1T+ BA BR.

1+
Ry

Chapter 9--8

Forg = 100, R~ = 10K and R, = 100K

A - -100 X 10 K
7T (100X 10 K)/100 K

= =909 % 10" V/A

A‘: = A - 1o3x 2
I+AB I+ 2103%0)

K;{ = Ri(1+Ag) = 1{201) =20IKA

20* = Eol(H-A@) = lhv = 497510

= q.95 v

9.27
Here Ro 6s lowerea by amount of ferdbact.
ie (1+AB) =80
= A8 =179
Fo= Rog (1+APR) =tewrfo= 8Ka

9.28

The derivations

are also valid for the case when A is a function of
frequency

To obtain Z,; and Z,, we must replace A by its
A(S) form:

Zy=R-f1+Ho

————
l+.§) .
@y
zol=~'—i’—__
l+____A" B
1+
w,y
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9.29
To obtain the equivalent circuits:
Zu = R+ R AR pich cor ponds to: Vio= gl o+ Y,
oo P 1, = hyly + by,
H
h 1
R ,Q.C i‘q;
R, i
R o [od V; R2 Vz
© o &
. R - 4 R\R.
where R || € = woiins thust R = RALB @) hyy = =t R R, = Sl
+ RC, ' 2
1+ RC i V- b R, + R,
! 1 )
RC = w9 = v R
7] Wy - RAB hyy = __Jl . Vv
vl:, . RiTR
1, - R
hy = '*‘i = I AIA
W, ., R*R
1 iy = 12 =1
- T = )
wyRiALB v, - Ry + R,
by p = 1;—‘ by = =12
k] I R, + R3
. R ] R 1
Z 24 b= - =t o= Lo =
v 1+ B 1 (AeB/RY) ﬁRZ B =9
(;+:i) Ro s 2 =R, = R /799 = 101 0
Wy Wy
Thus by, = 100: Ay, = 001 V/V
_ i
S, hy = =001 VIV, by = 099X 1077 U
Ry 1 + ..§.. {c)
K  wukK
where K = Aqh . By= 1K R = 1K
o T oA \ o+
‘This is equivalent to a circuit of the form: Vs By 4 $ :: Vo
— A'A'Av { o _
v 0o Y
Zus I Ty = 1K
I Ry 00 v, h,_,vﬂ Y,
=1 . Ro 9.30
K AR
i Ry R04 = Ro [ looo - 100 ..
h i;‘;n K W, ALB 14 Afa L+ ﬁ.ﬁ

= [+ Ap = 1000/100 = lo
=> AF = ‘f“_‘_, - loo — lov/y

[+AB o
hB=1: Rog=> 2o _ looo _q.q4

L+ A -+ tod
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9.31
L. Vo 1
{a) I the loop gain is large —~ = —
Vs B

B*.-:!Im____.._..k’ E3 ...__..l
Vo R +R, 1+10

i Y i
. s B oy 5R Viv
iy, opo !
(b) To solve for i, are i,
Atthe base of Q: iR, +iBy = iy 1,
iRy + 0-7) LY I
( R, @ep el
Substituting and re-organizing:
(0.1099) i,, + 1.7.107" = i,

iyt gy = 1

By .o 1
o Kl vern U

=Dhy = (¢ ‘)(’1 - B B l',,)

= l()l(().}m - :%’.;,)

01099 i, + 17X 1077 = 10,1 % 107" ~ 100i,,
=i, = 83.08 pA

and: {,, = 1.708 mA

Atthe base of Q:

Vg = i, Rg+ 07 = 0708V

Vir = Vi = Roliya = 1y)

K7 m—-1m) = 708V

Ver = Vy # Vg = 8708 +7.08 = 7788V

¢) A-circuit
(Figure a}

R,
R, = Ry+r,+ B’tilh
= Yr s BV gy g

i, 08 pA

R = 100+ 300 + LKL 10K

101
R, = 409 )
Ro=R | (R, + Ry)
= 1K} UK+ 10K) = 916 O
To obtain A: (see figure on previous page)
Vo = =ai,y X (B + D{(R, + Ry R ()
iy = =V {Rs+r, + (R RY/IB+ 1)}
2)
Combining (1) & (2):
aV(B + D{R + R, R}
Re+ra +(R | RY/(B+ 1

Vo _ _ BUR, +R) | R}

=d Vg =

A = =
Vs Retr, + (R || RY/(B+ 1)
=9£9 ) l()()x?.‘_é
R, 4
A=~224VV
X R ]
d)Asin part a = .l = 1=
parta) B R, +R, 11 0.0909
DA, = A = 224
1+ BA 1+ 224 x 0.0909
= 1048
Ry = R{1+AB) = 409 X 21.36 = 87 k{}
Ry = —Ro_ = 916 _4qq

Rin = R" - RS = B.6kN
Roe = 1143 ~ 1/1 K) = 449 Q

A-Af o _—_—.ml()-48“~ |! @

~4.73%
A, 1 %
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9.32

&z + Ry fuem carrent malhplier
X 1%0/4 = x3

Gm) = ZJEI'U:(:&/') loo = 693 ph/fy

Gms = L4 6o (22/1) 1000 = S50 pAN
Imy, = 1\]W < 693phy
4ma = 2YL 60(120/1) 300 = 2075 uAV
M = Gml = 6q3pAN

Yoi

1"

7-4/,00 = 24c K
Yoo = t4/1co = l40KAn
Yoz =2%4/1ou = 240k
by = 24[zvo = Soku
Tos = 24 [loew = 24 K

(I0peminp qame Ap = Opwaqffin[l1o3) |
[ (Bxe)( 3) = 9mifor |

F, =1 &A= O‘V“l({‘“’“aﬁ)

= A ~ 643 %120 X (03 = §4

@ Ar=4A - 34 _ vasgy
l+Ap 1+B4 v
Ro = Yos |ltos = 12 Kk

Rof = Ro/(t+Ap) = 12[Ss = ldon

le) To obtain Volvs =5 We conld chomgc
ditect connte bom from &Ss to Raa
l», NOH'*?( divides ZQI(R,{-Zz) H
Chomg ‘4 'jwm | b 1/5:3 Hea
Ap =3¢ ___ . % _ 5

[+§4x's2  1b-S

N l-r-Afg.-; 6.9
rzo’;t = Ro/CI+agd) = 12 fle-s =4

9.33

a) Transistors Q, and Q, are used in CS
configuration. Therefore an increase in V; causes
the small-signal drain voltage of 0, to increase,
followed by a voltage i at the drain of Q).
Transistor Q, is used in CD configuration. An
increase in gate voltage at O, results in an increase
at the output V, (source of Q,) which through the
voltage dividing feed-back causes V; to increase.
The feed-back is indeed negative.

R,

Ry

b) If the loop gain | + AB is large then AR >> |

A 1 Ry + R,

A= .o = 2
T+AB "B R,

¢) Find DC voltages : V,,, = V, = V5, = Vg

=10

= V,, + V, for all transistors [V¢,| = 0.2 +0.5
=07V

Then:

Vsi = Vpe= Ve = 09-07 Vg
=02V '

Vgs =02V

Vi = Vg + Vi, = 07 +02 =09V

Vi = Voo — Veo = Von — 0.7

For all current sources to operate in saturation
Vo 2 Vol IVodl = 02V

Forsource 1, : |Vpd = Vpo— Vg2 = 07V
13 Vps =V, =09V

1 Vs = Vg = 0.2V,

d) obtain the A-circuit
Load of feed-back network at the input: R, || R,

Load of feed-back network at the output: R, + R,
The A-circuit is:

Where o, = 7, is the cutput resistance of the
current sources



Gain of each stage: ‘
Allgy's = 2Up/Voy = 2% 0.1 m/02
= 1 mAlV

all r’s = Vo/1p = 10700 m = 100k

v
ForQ,: Ay, = "VE‘! = Bmegy (-'0¢[l“ ros)
s
Ya o _Bm_(rg,(1 + gmRs) 7o)
o mRs) Il Tos):
Vs 1+ g Rs
Ry =R || R

Re = 2K | 18K = 18K and 1 +ga Rs
=1+18=28

Vo _ Lmi00 K x2.8)] 100K)
=5 = 78l !
= 263VIV
For Q5.

= Ya

Ay = = gualror | Tos)

VG'!
Tor = Tos
Bm: = 8m
%—’ = g = 1 mx 09K = sovv
For Q3

rosll (Ry+ Ry) = 100K || (18K +2K)
=16.7k{}

For a common-drain amplifier:

A, = ro |l Re ‘
(’o“RL)*';"-,
where R, = ros | (Ry+ R)
Vo 100K || 167K
2An =y T OK [ 16TK +1/1m
=093

Find the overall voltage-gain:

A= Ay Ay Ay = 263X 50 X093
=1223 VIV

e R 2 g
@FidB:B = ok T2
(,M’=!g_ A . 1223

Vi T+Ap 1+01x1223
=992V

which is "é = 10 as found in (b)

(g) For the common-drain stage:

Ro:;'—ll(ro,tl Ry +Ry) =1K| 167K
L]

=944 0

R, = RO = 944
oF T T+ AR 1+0.1x1223

Since R, = ®* =R, = Ry

= 7.66 0

Chapter 9--12

9.34

(@) i = I
iy = iy = ign = i = SO A gy = 100 pA
i = i = 250 pA
For 025V = Iy X BOK = —25V + Ve =
—15V,V,, =025V
Viss = Va + Vo =015 +025 =1V

4

| (m) ]
=_2_ =0 = lac. (2] v
‘m—BOOK 005 mA = Zu, AL

= %loou(%)é(o.zsf

-, ¥

.

For @, and Qg:

w 32
100 pA (_) =3
nA = ), 1

ID'I

[}

Ips = 250 ,m-a("_") = 80
L 8

For Q, and Q;:
Ipyy = 50 p—(W/L), = 16/1

For @, and Q,: Since ppC,, = %p,c“ and

Ioy = Iy = Iy = I,

(2),, =22, - ¥

For Qs: Transistor Qs must be sized such as
Vone =0V
Since: Vo, = Vi, = Via
=(25) V = Vg3 = Vgss = OV
Vosy = V,F=+0,75 V+025V =1V
= Vggs = 25— Vg = 15V
= Vs~ Vopss = Vip = 1.5-075 = 075V

=250p = %IOO;L(%) (0.75)°
s

(),

(b) The common-range is the range of common-
mode input voltage in which Q,, 0, and Q, remain
in saturation.
Q, and Q, will enter the triode region when:
Vo2 =Voia + Vi = 15+ 075 =225V
Q. will enter the triode region when:
Verz = Varz = Ya+Venia = 1-075+1 = 125V
Thus, the common-mode input range is:
12510225V
. = 2p _100p _ 4,mA

(©)Findgp: g&n = o —072—5E = 0457
Qi Vov="Viss ~Vin = Vo3 — Vss —Va =25V
-lV=-0V-075V—-075V

_ 500 pu _ mA
8oy = T)TSE = 06777
(d) rp = Vpllp

o1 = T2 =Ty = Tos = (l)ou = 200k
'r)5=’ou=—L0—-= 0 k)

250
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{e) A-circuit:

Vs

Guin: Fof the active-loaded differential path:
A, = 2.l re) = 04 m x200K = 40

For the common drain

rosll Ry

(ral RO+ EL

Sms

stage: Ay =

where R', = ro.0 Ry (R + Ry) = 222k0
40Kl 222K

= A, = 1 = 091
0 K 2 Ky b
oK} 22K 0.67 m
Total gain:
A=A XA, = X091 = ‘36.4%
i
N A . 1 i 1 !
A, o= W = B L I
! v 1+ AR i A, A 100 364
0.0725
p=—
and R, + R, = 10D kD)
=R, = 00725 X 100 K = 725k
R, = 100K - 725K = 9225 k{)
() For the conmon drain stage
R, = —Léi R = 3K} 13K = 1k

Boax

Ry
Ry 1 K "
= = = 275
R = {5 AR = 1+ 364 x 00725 2
Excluding R;:
1 1
/ = 27

Rour =1 (275 mox) 276 b

9.35

(a) V, is taken across R,
| V, increases, so does the current at the output of A,
and the voliage at the output of A,. 1t follows that V,,
increases and a portion of it is sampled by the Resis-
1or divider R, AR, + R,).
(b)Refer to circuit diagram.
{C) A-circuit

4=fﬁw( 82K ) (Mm)
’ Ve BK+9K+ 0K | 90/ 32K +5K

100K} 1K )
1WK[ 1K+1K

19) % (200) = (0.5)

X {20 % (20 | 20))X(

A = (0.82) % (12 -

A = 1000 V/V
10K
M) = it = 0,
)B DK+ K o
I+ AR =1+ 01 X 1000 = 101
1000
A» T e i = \Y
{©) T 99 VIV
MR = 82K+(10K || 90K)+9K
= 100K
Ry = R~ (1 + AB) = 100 K(101)
= 0.1 M}
R, = 10.0M ~ 9K~ 10.1 M}
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(g) Ro = (0K 100K § 1K) = 5000

= _Ro _ 500
Rt T+ A 101 =50
WIOR,: Rour = ! — =500
5TTK
VI fy = 100 Hz s £, = 100 % 101
= 10.1 KHz
@ira; = La,=a = 1090 o 509
s00
e T
A4, _98-99
u-_——l = T -
» 5 101%
9.36
A=Gm = loomAly = O-1Vina
Y’.}, = lv“ B f'ak’ = 'OOK
A-éprenint joxr
e 4' ")
y! tou + ny) )
v o' T Y look 41,
frseary
V; = V' v

v'!
(O +0+1 1/3
'
Lo = GmV, oo
e arr————————
{oo + {v+ D1

A =TI, _ 20.28nmA4

= 30.25V, wA

o~

‘;I".
A = _ 2028 =7-§2%2
(+Ap | +30.2800- 1)

Q‘i = Re+R;g+R, = BOKR
Rip = B (1+AE) = 120-83 &L
Rin = Rif-Eg = l10-Bka

’ZO - e-l,_ 4 fZa’, -+ ’21 - “0" KA
Rof Roll+AB) = 44%.4KA
Rout = Rof -~ Re = 432.4L0

i

9.37
= WA - ifA} A «;3-‘.
(@A, = TTAB if A 13 large then 72
=01 AV
“To oblain §:

=:: R51'Rs| = IQ!))( 100 .
P Rgy + Rp + Ry 100 + Ry + 100
_ 1o

200 1 Ry

u‘-’; = 0.1 =R, = 8000

{b) A-circuit:

To obtain A:
For the first stage:

Yoo o ~ 8w Rp)

V; 1+ g, (Rl R | Ryy)
Substituting: g, = 4 mA/V

Ry = 10K (Rg | Ry 1 Ryy) = 90 O
Vj" = ~294 VIV

v

4
For the second stage:
Vi

= —g Rpy = ~4% 10 = —40V/V
V.’)l

For the third stage: 2. = 12
Vf)l V(i 1

- ]

Vigm 1 Ry (Ryy 1 RY)
Substituting
B = AMASY (Rl Ry | R = 90 0
o
Vi

= 3 mASYV



Combining the gain of the three stages:
A=1le- 29ax-40x3x107

vy
= 353 AV
©1+AB = 11353%10 = 363
ap=Ye o A3 L oAy

The design value for A, is 0.1 A/Y
A4, 0.00.

brnivhd SRR ik A

Ay 0.1

To change A, such as it gets closer o L1 AV R,
must be reduced, this will increase both the values
of Aand B

() Ry = roy + Rl (R + Ry))l
= 20K +90 ~ 20k}
R = Ry = (1 + ABIR,: = 363 x 20K
= 726 k{}
() If the output is taken at V.
The feed-back network changes (o

Ry

1%
+ ML
v, R

- 100

P = 50+ 100
Therefore the A-circuit changes at the source of
QW

Rgy | Ry = 100 | 800

= 889 O

= (.11

RII!

e
Vi O»-——r‘ &y

% R IR, =88.90

Vpr o “&uRir
Vv, 1+ g0 (R i ReY)

= =295 VIV

For the first stage:

z

V [
4

v F25

= ~d40 V/V {unchanged)

For the second stage:

Chapter 9—-15

For the third stage:
Vor . Vs
Vo Ve
Rs;ll (R + Rgy)
178, + Re |l (Ry + Rgy)
= 0265 V/V
Combining the gains of all three stages:

A= Yo = —20.5 X —40 X 0.265
VS

=3I VIV
N1 +AB = 1 +3127 X001 = 3574
Roa = (1 + ABIR,

3

= (1+ AB) (R || Ry, + Ro) o, EL

= 35.74 % {90 § 20 X || 250}
= 2,35 k}

9.38
{a) The B circuit:

1, Z,=0 Zp=0 1,
+ +
Retr, — oy 1.
i T N R 1,

_ A A ey
= mﬁ)r AB >>I,Af__a if
A= 1022 5p =100 0

Ry = 10035 Q
(h) The A-circuit:

]
ot = 496

W 1000 VA
e = 2MASY
= 20K

1y

A = Y ¥ WA

(€ AR = pea R | rad = 2 100 = 200
= AR = 201
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This figure is for 9.39

Ix

+
>
-«
ns %3 ¢ n.
%R'

= _A -2 -995mAIV
WA= 732 - 200

@Ry = rp=>Ry = ro(l + AB)
=20K % 201 = 402 MQ

9.39

vV, = —

relx* R,
R.+ Ry +r,
Vit guVara = Ielr, + (R ry + Rp)}
ry R,

Vy = —t
x R+ Ry + rgxm'o’x

|4
TX’-’ =710+ (R r, + Rp)

=l{r,+ R (r, + R}

Vy reR,
7 =ro+ (R,I (re + Rg) + g"r"m
r.' R R, + Ry +r
1 + . L4 . (3 ] T
{ EnT0 X R, 4+ 1. RAr. + Ryp) }

r
Ro = ro+ Rl (ry+ R,){l +g,_ror +'R }
w 8

Ry =0 Ro = ro + (Rl rX1 + garo}
Ry is maximum when R, >> r,, then:

Ry = ro + r {1 + g,rg}

IfRy = 0and R, = w:

)

Ix
—_— &Vl
C:) Vx
re R,
Ry =
ib
v'
Vs -
>
= 2
vV,=ib-r,
Vs = BmroVe = iblry +rg) = Vs = g, ror.ib
+ib(ry + rp)
=ib = _____V_-‘_.___._
EmloTs Y 1y Y 1o
and:

gnr'VS

Ve, = ib =
Em¥a = Bmlst Balolfe ¥ Ty + 1o

and irg = ib + g,V,

+ ) Vs
= ) —
Bnle Burors t 1ot rg



9.40

Vi = gulorelx = Ix{ro + r,)
VX .

’)(
= ry gl + gry)
=r, + re(l + "1‘:3

= hpry

9.41

FOr: 8,y = Bua = SMA/V, 15 = WK,

assume Ry = 1 k)

i, Lot
4 = = Gy Rpumss Gy = —200
V&‘ Fust ¥ Ligan2 v Wy T+ RF

= ngman
P+ 2R,

= 1667 X m‘l‘% = 1667 mS

B =R, = 1000
4+ AR = |+ 1667 % 1071100 = 2,67

Ay = __A_.. = M = 6,283 m$
1+ AB 267
R, = Rflrg R = 9950
R, = R4 ABY = 995 (1-2.67 = 266§}
i
H
+ i
V. \;I_ f R ' G,,,a
’ GV Vi
9.42
Feed-back civeuit:
fa
PRENY 'Y Y S ———"
s R, ‘
Ve R, z &,
1004 {1000
E

Chapter 9-17

ﬁz.‘.’[m .__,R_l.R:'
lo, R *R,+R,
e oan 1 _ R +R+R
FAB >>1 w3 A,m o = bl D208
HaB =B RiR,

200 + R,
100 % 100

FA, = Agy =
It Ap = 100 m3 0.1

1. = "‘VS
© Vg VR TR ¥Ry
A=loo )

Vs Vg, + R [ (R + Ry)

Forgm = 1TmA A = .. B = It
FTK+90 1090

Amount of feed-back: 1 + AR = 1000
e, 60 dB

and B = 10=4 = 9}5—-?(')? =999

no= 1090 X 999 ~109 X 10° v/ v
R, is degenerated by R //(R, + R,)
Ry = ro+ gyl RJIRy + Ry} + [RIR, + R,
= SO KO+ 90 0 + 4.5 kO = 5450 kO
Ry = Ry(1 + AB) = 5459 M)

9.43
fgy = T = Ty = dpy = 01 mA
Ips = B8 mA

2 0dm

0.2
<08 m oy mA/NY
: :U = 200 k)
nm
Fos L askn
18 m

Wod = 024004 = 06V



9.44
@
+12V

47K 1; | B+DIz+07m

»

AAA

15+0.0Tm

AAA
(\ Yy

47K
10K | g,

( +0.7V

0.07 mA
Ve = O+ (I + 007)47 = 399 + 471,

md 22Ve o @+ 1y, + 007
47
Solving both equations results in: /5 = 0015 mA

e =1.SmAand Ve = 47V

-0 V.

‘t Bla

—- “—
- -

Vw = Ii(RSR R/U f‘.)
Vo = =8V (R R
v

i
7;

= —go (R RY(RARY 1)

10 . 1670

Substituting: A = —358.7 k{}
R, = Rl R r, = 14KD
Ry = Rc R, = 427k
(d) To determine f:

R,
W—0 ¥
g 3 !.L E :...'. = _:-]———
Vo R, 47k0
ap = 8T = 763 1+ a8 = 363
17
_Va A P ’Lls_%z
) Ay 7, 1+ap %.63
= - 41.6 k)
R, 4K
o DR D = 16220
R = v7ap - 863

Chapter 9-18

® WA
. 1 . R o
17 * v
s 2 *"l
]s:-.-;s— Rs Ty ‘.,:r 2oV :: Ry
‘ Ry
Ry Ry
{¢) A-~circuit:
I
D
o 7o)
+ Vo
r,, Ry Ry re Vo FAZ 4 Ry R¢ i
R; = = = = = RO
To find A:
R 427K
R, = 0 = el = 495
o T T+ A8 8.63 % 0
i 1
R = == = 164.
WS TT T 64.87 O
R, Ry 1622 10K
1 1
R e I cttsesesere 5
w T T T T 495 Q1
R, R, 495 =
v, = Is- Ry
Va Vo -41.6K
LA S e ""4, VN
VS ’;\‘ RS 10K !6
AR »> |
5 A, ==47 k)
Vo _ —47
. ~47 VIV
v, 10 7
9.45
- U -1
mif AR »>1 = A, ~ =~ withf§ = —
=8 B R,
‘)’
A, = —,ﬁ @ =Ry

Since V= i_\-R‘;mL‘-’ = AL R

"’5 RS RS‘

Vz' v - Ry
o ps = o 1 e —t 3
¥ V. v 0 = R, 10kQ
e o= W VAV R, = 0K
ry = 1 kil

R, = . R, = 10K Ry = 1K



R; = Ryl R} Ry = 100] 0] 1 =901 0
Ya R (Rell ®)

A =T "’0""(1?;: R}

— 107 :
IO X 90H(0K) o 150

A =

JK+ 10K
819

AB = == = 819

f 10

1+AR = 2.9

8 3

Ay = A = ZBOXI0 . _ggk0

1+ AR 829

Yo . =988 . _gggv/v
v, 1
To find Ry, Since R, is large
(Bq 10.58) Ry = 22

®

o R R g,

ro t (R, q Ry) B
0K
R, = "9—09' = 11 0
Since: R, >> : +" 3
P-R‘

Ry 1 16 U1
Ruuz o5 =2 = o X g = 1.
MR p 0901} 10

ry = 100082 w = 1000
(€) f = VkHz= f,, = 1R+ AP)
=1K %829 = 829 kHz

Chapter 9-19
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9.46
@ Voy = Vos— V= Vas, Vor + Vi
=02+05 =07V
Ve, = Vosi = 0TV
Vo = Vg = 0TV
Var = Vo+ Vg = 07407 = 14V
®)Ipy=Ip; =0.5mA

= 2 _2%05m _ ¢ mA
8 v,,v_""'” 02 55
\4 10
ro = -,-;-n,,.,z i 20k
(¢) A-circuit:

v, = IRy Vi = —guro/sRe)

Vo = Vi (Rell ro2)
1/8my + (Re1l 102)

_ T8Bmi ror(IsReNRe || 702)
1/ 8y + (Re |l 702)

A= Yoo T8m'Tor Re (Re |l ro2)
Is U/ gua + (Rr“ ro2)
@
Re
Iy Vo
! -1
=L = =
. Vo Re

roi (R |l ro3)

AB = - roy (Re |l To2

P 1/ 8wy t (R “ ro2)
1/ 8y + (1 ¥ 8myro)(Ry || r02)

1+AB =
B 1/ 8m + (R | ro2)

= _A
@A T T3 7B

Lot " Tor " (Re I 702)
(7782 * Re | ro) " Re
Zwi * For(Re I ro2)
(1/8m + (Ry n ro2))

+

1
Rl
If we define: p =

R
sl =Llikop =Rl ';f

Ry R, Ry

Re R,
=R £ = -
My

1+p
Since Ry = Rsl‘ RiadeS ==
R R
=R = e = 4
T smra(Rel o)
Lo Rl ron)
m2
R .
Ro = 7 +‘:ﬂ3 Since: Ry = R, || Rou, and

RL = :Rol = Rmn

Rmn

(Rl roa ll 1/8u)(1 /8y ¥ (Ry Il ro2))

1/ gy + (1 4 8m7ot Ry I rod
(1/8um2)
but: 1/g,, << R =R, T e
ut: 1/gm N ra oM (T gy Fo)
(8) 8my = 8my = SMA/V

rop = rop = 20k

R, = 10K

Re Il ror = 10 ]| 20 = 6.67 ki

L 4Ry || ro; = 200+ 667 K = 687 k2

m?

_ —SX20X10KX661 - _g708 k0

A 6.87
-1
= —— = —100 A"
8 0K A
AB = 97.08

A, = —9708 K/(98.08) = —9.9k{
R, = 10K;Rp = 667K || 200 = 19420

= _gm|"ol'Rr (R¢ “ r02) R, = ,__._____“)_I_(__-—- = 102 (2
T78m + (1 + 8- ro)Re [ 702) 1+ §_><_2608__>_;_9;§1
(DR, = Re
.
Ry = ‘+5x20a|.98n
Ro = Rellroa Il 1782
R"___R_'_ 11,48 _ L A
1+AB Ry R R i ¥
©) i=0
> >
+ +
Is Re Vi &V




Chapter 9-21

9.47
1%
A, = 2
fs Combining: 1,K,+ K, + Vof—z—f-! = Yo
Vo= Vo Ve Vo . Re K
Across R 1, = 8805 g Y [§})
R, Re R, lk,x_vo(l_xx'xz)
KoK= Vol ~ %
v, 3 )
Attheowput: 1, = g,V 4 -2 (#3) ,
‘(’ -~ -..V..Q -3 Kl ' Kz
i 1 _K K
i K, &,
R Yo K, Ko Ky where we recognize an
4 Vo [ K - K, K,
4 1= =
/ R :p Rf
s 53 V& v} £ V8x T A . -1
- Eq of the form: with B = =
1+ A R,
_— i L Substituting for X,, K,, K, and re-arrenging the
= = = = signs:
Combining (1} and (2): v ~(g,,. - Ri)(R; I RoC6 1 R
v, v, v 2 = L
p o 1O v, + -2 i r, R
gt C e g T
¥ I
=y \.}“(.L - gm) - Vo(‘"!' + _'_) For the feed-back analysis method to be accurate
TR, ro Ry i
S
=_ Yo ) "R
(rp | Ry 9.48
) }:& - A-circoit:
Attheinput: J, = Jo~ R, =3  Combining Vi = gV Ry, v, = ~Iy(R, I 178,
with (1) SVi= g RodRy || 17g,,)
v, v v, SR -
LI S S T (_“.;_ ___) Vo = 2Vl R " R))
R R TR UelR TR ° ,
Ve Ve Vo = % = 8wl Rp | Ry) X g Rpy(Ry | Vg
Tt Rt TR TR ’
* e &0 R ! Ly Bmx Rpy - (R | RR A ! 8y)
=V, = LR Ry + V‘?;J;é““ﬁ 4 B = ~1 4, = A
£ R, 7P T 1Y ap
To simplify let’s call: K = ;?!; - 8. o T8t 8 R Ry | RR, N 178,00
. Em Bz
Ky = Rl Ry and Ky = P DRy | ROR, N 1 g,
¥
The Eq (3) and (4) become: | r
vk, - 1’:3 V. = 1Kot Vﬂ‘,{;“': R, = (R, 0 ;) iy = S
3 i .
Ry = (R | Ry and R, = R,7(1 + AP)
A Vt?
—MA )

Bt Vs

ll}w«««-«

2 ¥ * —i)
* Ry
Ry v Ll R,

'”—"M\/W”“‘*i <

i }~

This figure is for 9.48
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9.49

. (a) Due to the feed-back we can assume
that I is very small.
=VyxVy =07V
Vo, = Vp+07 = 14V

=01+5 - 0s7mA =1y

T 10K
e = 5—170-}(5 = 0.36 mA
Tey = lac = % = 036 ma - 23008

= 0.35 mA
(b) A-circuit: neglecting 7,; and 7o

2 A
m = 0235m = ME‘\T

5 m

100

L AT

[ i m k2
25

T2 = 558 m o5 - 50

Vo = Is(ra | R) = I5(114 K | 10K)
= JgX 416 K

—8m " Yu " Rc” Rell Re(B+ 1)
Re+ (B+ D(ra+ Rell Re)

_ _14mx10 KX SKx(I10)
10 K + 101(43.5 + 5 K)

= -136 V,,
Vo = (—136 X 416 K)I;

Vo =

vl

Vv
=A = ~2=-566 k0
Is

R = R, || ry =416k

(B2 Rell R

10K +43.5
= |2 R T 20D = 97.
[ 701 ]|| SK 50

AB = 100 p X 566 k2 = 56.6
1+ AB = 576

A
= 98k
1+ AB

R, 4.16 K
i =288 =734 0
1 + AB 58.4

Ro 140.5
o = M) = g,
T+Ap 584 40

@A, =

L

Ry =

9.50

A-circuit

=Vy/Rg R

Vo = —nV,

V, = I (Rs || Re)

Vo= —nls(Rs |l Re)

vV RsR

A= TR T A
A o _owBs R
1+ AB U+ (R | Re)R,
- "l’c(Rs “ Ry)

g
,,

A =

This figure is for 9.49
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This figure is for 9.50 (b)

4]

AAA.
vV
x

P

A
v
x
A
yvyy
T
N

ow—rov'
R
vi 3
R,
S
—~1RR, - R p ;
R¥ Rt Ry | +R,.+Rs“‘"k’ s
uRg
large
Yoo VYols _ g1 _ =R
Vs 15V Ry R
(b) For circuit of Fig p8.46 (b)

10
Ve e =
Ciovis Ve

1. =
" s 10) + (4.7 X 101)] x 10°

- 15(10/25)-07 _ 53V
6+474)x 100 07K~ 00T mA

le = 1004, = 1.1 mA

=Vl = 260

re = (B+ 1), = 2286 K

8w =B/r, = 100/2.286 K > 437 mA/V
Ro=(15] 10 2286)K = 1.5 K

Rell Ryl ry =25 6] 2.286) = 135K
ForS;: R, = Rs, R, = R, || R,

Vi = 187115 Vg = 013 Vg

ForSy: Ry = Re Il Ry || r,

L]

v,
L= —g Ry = —437 X 135

vy
=-59V/v
For S3: Same as §, .- ::—’ = =-59V/,V
For S )
VO
V= ~8uRe = -437X75 = -32775 v,V
v, )
= = =013 x 59 X 59 x 327.75
VS
\4
-2 = — 488 x 10°
VS

Because we have ignored r, etc let us estimate

Vo/Vg = =1 X 10° whichis quite large,

Sy

Select R, so that
Re/Rs = 100 - R, = 100X 10K =1 MQ
We can ignore leading effect of R in A-circuit. R,
will cause loading of R

V= (v
(R + R
VL= (1/85) = 0.1V,
Now A, = 1.65 x 10°

N 4
A, = —10 994
for+10' 7100

9.51

(a) To lower R;, and raise R,,, SHUNT -

SERIES
(b) To raise R, and R,,, SERIES - SERIES

(c) To lower R;, and R_,, SHUNT - SHUNT

9.52

-100 A/A and | + AB is40dB
100

Ap =
=1+AB =
AB = 99
and since A, = A/(1 + AB) =
A= —100X100 = —10.000 A/A
and B = —0.0099
R, = Rsll Rig Il (R, +R;) and
Rs = Ry, = «=R, =R, +R,

Rma&=lK =
n

®|®
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If we assume that L << (Ry | Ry |l rpa) then
gm
we can use eq (10.73)
[} (R, +Ry)
AB = oAp = LV
8 R, e (Ry/ )
R, + R,

1 K
-R
B=% +;e,
=>For B = —0.0099
Ry, = (100.01)R, [¢4)]
Combining (1)and (2): R, + R, = 99 K
Ry, = (100.01)R,
=R, = 980.1 @
R, = 98.02 kO

-9 =

m

99 = 91%:%’,%_)“ = 98.02V/V

Giveng, = 5 me and rp = 20 K we

observe that the assumption LIS

gm
(R | Ry |l r.,) is not valid

(- 0)

= ((980.1 | 98.02 K || 20 K) = 925.5)
. cannot be used.
Instead we use:
_ - ~R-9K( 20K )
10.000 200 + 925.5\20 K + 970.4
=p = 1192

To calculate R,,, we cannot use .

R, = ror+ guaroa Ry R + (R || Ry) = 119 kQ
Ry = Ro(1 + AB) = 11950
Since: Ry, = Ry~ R, and R, = 0

=R = Ry = 97 MO
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This figure is for 9.53(c)

B Vl

|
i

9.53
@) Vs = Vo + V,

= 02+05 =07V
Ve = 07V
Since 15, = 0-3 Vg = 0.7

= Vs =

(c} The A-circuit:
Vi, = I (R +R,)
Ve = =gtV = =8, TRy + Ry
v,
Vg Ry § R f 12
TR For(Ry + Ro)ls
gt R VR 1
o A g . =% Fo (R, +Ry)
Iy Vg, v (R § Ry rp)
. —2X5003.5+ 14) K
500+ (35 § 14] 50 K
R = Re+ R, =35+ 14 =175k
To get Ry

i, ©

A
= —355.3 —
A

&

Rid

V. = —Ix(R, I Ry
Vet gmroVy = Iiro+ R || Ry)

Vv,
Ry = Ti =g+ B Ry+pmro (R, || Ry)
x

Ry, = SOK+(35 || 143K +2x50(35] 14) K
Ry = 3328 k0

DR, = Ryl Ry since Ry = ==> R, = Ry

R, 175 K
B sl e l 2
112.06 5620

Roww = Ry =Ry but R, = 0= R, = R,
Ry = BA1 + AB)

9.54

{a) it p is large, the loop gain is large and
the current at the negative input is
~0= ¥, ~ ~ Ry Iy

Since !x;l,,:::%-’: T A/A
5

{b) A-circoit;
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vV, = ’s'Rs

2lp =i = p-Rsgn'ls

w-Rs 8

)
>
i
!
i

R, = Rs Ry = 1oy
©p =1
(d) AB = p- Ry gn

A - B Rs: 8m
1+ AB l+p- Ry ga
Hr>>1 = A=

A, =

“T+A 1+ uRs 8, Ry
]
= —t p
Ry = RSI | ATRY
since Ry = Rg || Ry,

! ifr>>1 =R, =0
[ 1™

Ry = Ro(1 + AB) = rep(l + pRsg,)
Ryt = Roy + Ry and

=R, =

Ro= 0= R = L+ uRs

if>>1 =R, ==

For Oy:
This is equivalent to circuit
I = 8mY
- S—
+

Ves &M Yy, oy

L]

with:

Ry=r,

Iy, = Vz&-n&'m*
+ Wgary

Vi1 if Rgaarg > 1

R = roa(1 + BA)

= ro(l + wryg,.)

= W(ro28m2rp)
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9.55

(a) When Vy is positive:

k > -}

When Vy is negative:

v,
X ¥ - l=..v_"
R TR
v, & j !
® f

x|
}U

V,= 0 ==t Rin,= O

(b) When /, is positive:
_
1(8up + Bmn)
When I, is negative:

Ry, = ~0 (ifp>>1)

>

oV
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() When Ry, is rgn 1l 1,

9.56

Negbet TpyiTe, = 225 = 24

Vee =07y . Vg, = 4 0.7y
But nv d.c. cmponent i Vg
Lo Teg(whiVs) = 0-7/10K = 0-07 ]mA
Thws Lp = Tgg +Tp) = 0-07 +0.002

= 0972 m A
Ver = 0-7410x0.072 = 0.740.72.= [-42v
Teqa = F42/1404 0. 0722 = 0.2 A
Lge = I;z/(f,n) = 0-1 mA R 4 200uA
Herate!
Ig) = Z00mA-lOOWA = 9-001mA

{ov

Ve-z_ = 0-7 410X 0.07%3 = .4ty
Yte2 = (-41/o.Juo +0:07 =101 mA
t31—= lo'l/lo, = (DVLMA -'-IC‘L':lUMA

VBy = Vg +Vee = Lur + 0. = 2.1y
Vo = [0 —lo x5000 = 48y

Yo = Vy o 28mV _ 2504, fe,= 7SL
‘fE 0.l A
B=Re _ 4w ~ 0.013%
S o= - -~

Re+Rg  1OK+14D )
A.cvenit :[‘."&'
-~ é 1 Vo

o] 10 141

Ver = t0.1e k| we]| B2SoD IS
= ¢.2x10° I's
= ?,o' . 4d2x10° ({5+|)(r¢1+|on||mo)
Lo 250
A
% (rep + 10K 1W0)
1:69 x10® &/A

APsDo- A . _‘.f___..—-—ﬂx'os
?ts l+Ap 1+ (- 690? x(0-013%)
= (9.6

2> Vo _ IoRL _ 590, 694 3.5y,
Vo & Torg W

Ri = wellw aur )l 25k = 42 Ka

z.'(, = Ri/CivAR) = 42 - N2sa
142753
= = g.’.‘uz$

= 2w = 7S, %
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9.57
A~ CReutr
% Az Vo o (7 %)%
/ | # R
f%vo’—lis Nigleching loaddy
g’! »&.] iﬁ ﬁ!- C‘S
' oot‘:I
15 ‘ A

8- kot
Lo e a=gs At
4___1 AN +C
Y.f Itz :?t'?: x1 h‘%

AF = ok - 5 ka.
(+ lur (1)
B = (‘ZD”QB“‘* Ep
By = l?«b/(MAg) Shunt :Ezl:) = 5ka
ouy = Bp /UI+APpDd = EP = SkKJ
a2

9.58

(@ Vg = 12D = 157V

12
10 + 15
Vip = 1L57 =07 = 087V
I = 0877087 = 1 mA - g,

Ve = 12-10%x1 =2V
Vi =207 = 13V
Ip = 13/34 =04 mA > g,

Verz12-04%8 = 88V
r = B= 19 - 5skn
m

8ml 40
100 ’
Vn2 16m k
v, 25
s T el om oW omm 25
Te2 ’I:?- 0.4 ¢ !
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(b)

Vs Rl Rp=Ry |+ L) v
Iz E R, m @V Rey

4
4
L)
o
i
i

To obtain A:
Ry = Ryl Ry Re
Vi = LR (Rea * RO Ry || 1)

= 1535k X 1,
Vay = g Vi
{Roill Irea+ (B + DRl R}
1y = Vi

rat (Rezg Ry)

Combining these equations we obtain:

A =Tle o 20145 A8
Is

Ri = Rl Rz + RO Rl ryy = 1335K02
Ry, is obtained by tooking into nodes Y and Y,
with {; set to zero

¥
1, = —{B+ 1)ib
—Rey X ib = B+ Diblr,y + Rl Riy) + ¥,
Replacing —ib by 1 /{3 + 1)
See Figure below.

R, R Ty Vm“’”’ - & Ret

i
|
{
{
!
{
i




V., R
Ro = = gfln +ra+ (Rl Rep) = 269kQ
(d)
IR fo
Ry,
1 Ry> 34
= = -k = 23 = -0.254
B T, R + R, 134
(e) AB = 51.1
1+ AB = 521
R, "
iy = =29
R = 7575 30
1o A
= L = - = —~387 A/A
4 1, 1+AB

(D lmn Inu\ = RC! . I_C - R(‘I . _’_Q
in s RutRey IyTR +Re g

-~

- 2 = —344 A/A

in
1
Ry= ——=29510}
m _L.L -
Ry Rs
Notice that R;, = Ry,
I 1
A, =2 =0
Fo I
To obtain Ry, : recall from problem 10.49 that:
R\wl = ruZ“ +3m2(r12“ Rn[)]

ror = 5% = 187.5k0 r,, = 625kQ
8a2 = 16 MA/V
Ry = 140.1 k02

=Ry, = 18.1 MO

Ry
fl 1
R, TV o SR,
$R
= + 21 Vx
‘:R
b 204
=

Chapter 9--31

VI
Vl
V!
VA

AB = p

Vi _ 8m2 " 702 x Re
v, roa+ R+ Re [l (Riy+Rg) Rp+ R+ Ry
X Ry X A,
Re-grouping to put this equation in the form of
v

.

R
AB = (A\8um) - (m) :

To2
. RF
(ro + R+ Rell (Rig + Ry)
Since Rgis usually << R,;,

R,
AB ~ LI’ 0N P —
Bz (A' g"’(R,,, * Ry + R,)

ro2 R
(’02 + R, + RF) R')

where the term Ry is the only difference recall that
B = R, thus Rpis small

9.60

Vi = Vg ad Vi 0
Va = ~&ma(ro2 || ros)

Ry || rop)

R ros) ¥ 1/ g,

7 = |8mz(’02 I roa)(Re || rp)
® (Rl ros) + 178,

Va=vV

R
Re + R,
- (Re + Rl Ry
(Re + Rl Ry + R+ 710
Ry (Re + R | Ry
Rp+ Ry(Re + R) | Ry + Ry + 1
(Re + Rl Ru - Ry
-pn
(R + RO Ry + R+ 1 Ry+R . +ro

=n




A
vy

=
&

9.62

Breaking at the gate of QS:
vV, _ ( Bmfos Y1 )
V. = \T grah2E™

. 2x1072-30 % 10°
1+2x107°-30x10°

(% . 0,693 x 107>+ 80 X m’)
= 2126
|+ AB = 2826

1 1
= — = 1770
Row = 2T+ AB

Kn =2k, =120 pAIV?
v, = 01V
vV, = 24V/pm

Chapter 9--32

ros = ;‘-;4‘ = 30k
ro‘:_‘.’.ﬂ: 24 = 80 k}

Ips  03%x107"

82 = P""’(%)’un

= J2120x107%-20-100x 107°
= 0693 % 10" = 0693 mS

Bus = Zk'u(“:‘,)’nss

=2m$S
9.63
:__V_r = (Ry + Ry | Rip) U (R, I ro)
Vi 1 +(Ry+ R | R I (R Iro
C_Rell Ry ‘n
R Ry + R,

Since R,y = Ry = *=> The expression
reduces to
Rill ry
1
gmt (R II r o)

= 997

-v
AB = ——t
B v M

Gi=0

AAA.

| Yy
T >

n

o



Assume that C, and €, are
small and do not load the output.
Neglecet reand 7.,
Since f, = 1, = 1y
Vi = —gm; V- Ry
1/8C,
i

Vo= Vo

JLI
3¢, 3¢,

-V C, .
o ~gmf - R
v, G +C, gl Ry

AB—W‘L@_‘*qusi)

T 01+09
9.65
ASy = 100
P4+ 57100
An (‘A) = —tan...;vq&,)m.— 2; - i’,’_
B T tan tl(!f*

at wy, L ARgA) = ~ 180° for w,, >> 100

= 18° = 90° £ 2qan | 1o
Lot

(I3 90
hence tn- w80 < il
T 2

Do Wisy o

O s H 5 E

t 00 tan{45%} i

gy = 100 rad /s

gl = 0B NP B

A20090y (Axy
=B = 0002

A0y = P = 300 VIV

Chapter 9-33

9.66
w | Ang(A)| |alB, JalB,
0 0 ¥ 10

10° 45 707 % et 709
10 ] 957 | 983100 | 985
1w 180 500 0.5
P 0 0 0

Ay

By
{not to scale)

9.67 o
A(S) = m
B(S) = (TJL%EFT
Ang (AB) = —tan-* ]—‘;—;—4 ~3mn—'.‘.‘z‘;;
= = 3tan %‘

For 1807 wg = /3 % 107 rad/s
For 1 AB{m, 3 < 1
K,
S5 v+ Uy
= K < 0.008

9.68

ALS) = 1000 ‘
(1 + S/710%1 + 871052

and B iy independent of frequency

AngfA) = —tan- -2 - 2 an -2

i o 10o?
tryw = 10°: B 5457 + 2 X 5.7 = 5647
wy o= 100 638427 42 X438 @ 17420
Treraction yields w = 11 % 1" radfs
For oscillations: [AB(w,,)] & |

T |
R3]

e 00244




9.69
Alj$) = _;Qox:o%/,&
L+ 3% /10%
SoOAGE) = e
t+ jflo*
mapendent of W“‘ﬁ

P:O-l

Ayif) = 10> ) |
1+1e>f0)) 14+
10t (1 4168 (a.1))
‘ = q‘q
L+ §4/C 100 % 109)

Afley = Q.9 vp
5% = 104 (10)) = 1.OIMH2

10%10y
foo s Ag %29 %——)
4
for Ag=1: { =4t =10mHz
Fole ie shifkea by (14 ALYpd =10
9.70
Yy 10
A =
ST + 710901 + j, 7109
(a} closed-loop poles given by
L+ AR B=0
using P = j,
Pk PAIOY 4 107 + () + 10°EHI00 . 100 = 0
fe PE (LT X 10O P + 100() 4 1P R) = 0
compare terms with
(P fo = PLA2fp P+ [}
2= (L1 X 109)
(1+109BY > 107 = [},
= fp = 55% 108
and () + 10°B) = 3025 =s
B 52025 %103

(b) AL5S kHz

3

A = 55 x m;(}' 55 % 10°
R teRARLUG §IEAEA .
( 10 }( 1w’ )
JE (| S
(15 jS3)1 + j035)
10 . 1

T OTT 605 — 2005 — 2008 ¢ 608
w e DAT5(2005 4 j605) = ~ 4075~ 11494

|ALSS KH2)| = 1577

- 4875 ~ 14074

A (55 kHz) =
1 (4075 4 51497002025 « 1

Chapter 9-34

= 2973 ;;"9'7‘(0‘9 +j03) = 0.16 - j166.3

IA{S5 KHy)| = 166.3
(©) from 52 + {wy,/ (NS + mf, ¢f above

IV |
e ey 2

(@) P2+ 1) X 10°P + (1 + 10°B) = 0
=D PYE LI XIS P+ 2125 X 109 = 0

p = =11 10°+ JOT X105 = 42125 X 107)
2

- oLIXI05 % j27 X 10
el

= —58% 10*% j 1.35 X 10° Hz

= 1P
= 5550

_ 55 X 109 + (135 X 10%)2
1.1 X 103

= 1.33

A(jH= 102

(it a)(1+)3/fp)

.Ag(ﬂ) = o3 = 100
|+10°B

- B= O}x\o"%\/]v

MA’(‘.W“\»] —flm’f’ wWhim Q= 0.']0-).:!/\{5

Arom.

prap (H1452) + (14 AaB)(fixfa) =0

Q= \/:?‘H-Avﬁ){-afz.

EI
=/ (1 +w>p) 10 fop = |
107 + £ iR

> Jof + (20 PYyy + 106
=2 |~no3{5‘§|a"

»{M = '}xmg.j J?'ﬁ x103)*- 4 (106)

f

IT-94KH2 .
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i= Y v = v, 4 sCRY,
Hu
= V(1 +SCR)

ByKCL: E, = 0 a+V

=>(I’(’V,-V) = Vii= g*scv,
1/8C R R 10

KSCY, - SCV, {1 + SCR}
= v, (LESCR , 5€)
i R 1.
Collecting terms:
K SCV.R = V,[{SCR} + 21 SCR + 1]
Thus L{SYA — V.7V,

4 218, 1
CR CR?

~K{CR S
oy,
ST+ (-E’)S«z»w’
0 ]

from which o, = 1/CR
_ 1
@ 2.1 - K
Poles coincide when O = 172
= K = 21 -2 = 01

maximally flat when Q@ = 17./3
= K = 2.1 — 1414 = 0686
Oscillates when 2 -3 %

= K = 21
9.73
S S
MDD = e
3
forB=1:Ap = —A
" if_)'
10°

For oscillations to ocenr : AR = 1 at
BAB) = 180°
Jran-r

2 180° =8 [ = /3 X 10° Hz

e = 1732 KHz
Amplifier is unstable i IABL = 1 at [
Lo

1w K=2

9.74
- 10
A 1+ j, 710
=D = 103
forf = 1: A(N)B TT5,710

for £>> 10: 14p) = 108 - 10
N

= fy = 1 MHz
. o 10¢
at f;: phase margin = 180° — tan~t o

w 00°

9.75

_ 10°
Af) = .
1+, /10 (1 + j, 7 10%

AB(D) = 10°B

10°
14+ 10°B
JABL = 1= )1+ j, 21001+ jr 109

= 10°8 = 10'
(+ 7100 1+ 27108 = 10
£+ £+ 100 — aohaoh ' = o
Faz 10° + /10" + 4 x 10°

= 3

=618x%10°=s | = 7.86 KHz
Phase margin

-1 7.86 X 1)} -t 7.86
= 180 - (1an 7 TR ~——)
n ) tan 0

= 180° ~ 90° — 38.16° = 51.8°

Ap(0) = 100 = = = 0.0}

For PM = 43" tan - ';{—'- = 487
107

=% f, = 10¢
thus
ARl =1 = U -

S o -02

=g = J2 = o041
100

—

9.76

[V+em 3 = |1 + cost ~ jsing|
= [(1 + cos@)? + (sint)?]
= |1+ 2e080 + cos28 + | — cogaf}/?

= ««"’i(l + cm;(})"3

for 5%: 1 + cost = _Luw = 0.4538
LOSH2)

o= 2003 and PAM = 180 - 8 = S6.R7°



for 10%: 1 + cos6 = —— = —0.586
11%(2)
0 = 125.93° and PM = 5407°

for 0.1 dB= 100V = 10116

cos 6 = 1 = -05114

l —
2(1.0116)*
0 = 120.76° and PM = 59.24°

for 1 dB = 10V = 1,122

=1 ___
2(1122)
0 = 127.07° and PM = 52.93°

cos 0 1 = —0.6028

9.77

S
AGp) = 10

(1 )+ sl i)
Assume B independent of frequency
For 45° PM: 6 = 180 — 45

[y

[T A R o P A N—
e T T STe X 108

L4
solve = f, = 3.16 X 10°Hz

10°g

H Y I 5°
+ tan. 3 13

Chapter 9-36

[ABU =1

=B = 49X 10"

Afte) = 13 m!(:(zx o - 69X 10
9.78
c 3
I -
8= _LISC _= 1

R+1/SC T+SCR

- 1
B =5 + j2ufCR

- ST+ (3.16)2 - J2- J1 +(0316)?

A = _10°

10¢, 107

Ao

];-n I !
From sketch, we need
A"W'.T& =1 = AB
SRC =20 = 10 - 45024

2nfy 2w X106
At 1 MHz Ang(B) = —90°
Ang(A) = —tan."'l — tan."'0.1
= —45-57 = -50.7°
- PM = 180 — (90 + 50.7) = 39.3°
Gain margin exists at w,g

- Il - — o
A0 et L = o0
then tan.”'> tan.” !0

S T J105- 107 = geometric mean
= 3,16 MHz

AB(f1s0) = 20 loglA| — 20 log|1 /p]
]A| has fallen 10 db, || has risen 10 dB
thus GM = 1 (10) = (—10) = 20 dB

i

9.79

For 90° PM:

- f) - j| - fl o
R AR, vy 1
tan 1 tan 10 tan 107 90

From graph f, = 3 X 10° Hz
thus 71.6 + 16.7 + 1.72 = 89.9° (close)

108
Alf))| =
WO = = os firoon

1ABl =1 = B = 33.0Xx 10-¢

108
= 232 x 10*
I+ 10°8 !

For PM = 45° f, =~ 106 Hz from graph
thus 84.3 + 45 + 5.7 = 135° (ok)

103
A(f)) = = 7x10}
1442 Jivi- 2 r+ont

lABl = 1= B = 143 X 10~4

SAf(0) =

10 - 654 x10°

s Af(o) = T+ 10
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9.80
9.83
.}, = 2MmMiz
Mo= BodB = 10% Cl_f“z Ao = 109
o < 9
= -Sp = —f\/A ’(‘25(!0“)]!04 = 7DOHT _I.——l L. 1”'”“’ lO'W",]o He
For P=1» —jp mmst be Kept xiod
oWy .
o | lower Man lowest ampkpic pde at 154
- - = = 19 - jong
dp = IMHT | fpy = lOMBT 104
Do = BodB = 1o =
i . fP = and B = |
b=} = ori0® _ 10712 wce
A‘O 'D" '3
) X0 = C = |
. ‘ = 2000 . — = |5
I5 = 1f(ck+Ce)2mRx —» € XV = 2000C 2w 106 (10) oF
9.82 9.84
= R, = R
R, = Ry Ap = 80 dB = 104
C; ~
C, = =k = ¢ = 10 = ad =
1 Iri =10 = g = R, 25/ oG,
. 100
€;>>Cign = =R, = 3 = 1062 k0
1 1 ' 27 105 (150 X 10719 R
Wy e = N - - 1
| ' R, TW-CR Fps = 106 = TCE,
t2hy ‘;:_‘ = EJ“"‘"’IE y = m.......!_..«.mm S §
R Ry = o e C sk
. | - 1 Assuming fpy >> fp,
wpy = R 100-C,-R
" 2aR> (*:"‘; 100 - & Fpo= ‘”,%’5 = 2);“:06 = 200 Hz
. 8. Cy )
WY g T et e
, CC,+ CAC, + Cz} = ,.._........l....__‘w
1€ ,r i and fpy 2mg, R R C,
I 7\ S
(‘i((:‘_) ,é’ C‘_;') + C},-(:: :_;(:' s -«...._._..].....__
. 258, R\ R f 'y,
for Cp>> C= ‘*'.l*&lﬁ“& R oy
100 A = !
= e = SR 25(40 X 10°5(10.62 X 104)(31.85 % 1011200
= S8 P,
PO 8l

S T G S AN T e
120 % 10-}58.8 X 10717 o

T e = A7 93 z
T7(150 X 5110 7 + S8K(155)10- 5 7> MH:




Chapter 9-38

9.85 |
B(S) = e
1+ SCR
—W—F — -1
1+10°°S

I
¢ L ook @ABS) = 5710 TS0

001 pF :[:: ap

10°= 100 dB
60 dB
20dB

=20 dB/dec

—~40 dB/dec

10 102 10° 10¢
n

(b) From plot |AB| = 20dB at 10* = o
Hence |AB| = 1 at 31.6 Krad/s (%dec]

Atw = 10° the phase is —180° decreasing at a
rate of 45° /dec, at 31.6 K%‘-’ %
w = 10*) the phase margin is —22.5°.
The circuit will oscillate.
108
1+5/10
101
1+S8/710 1+ 87108
- 105(1 + §/10%)
(1 +S710)(1 + $/10% + 10°
L ALS) = 1+5/10° - 1085 + 10°
Y 1+8/108+52/10°  S2+ 10°S + 10°
Zeroat § = —10"3rad/s
103+ 108 =4 x 10°
2

_ =10+ j 632 X 107
2

(dec above

(c) A[(S)
I+

poles at

=-500x j31.6 X 10 rad/s
wy = 31.6 Krad/s
Q = 316




Chapter 10--1

10.1
- Thus (1+AB) = 5
Viem (maxy € Voo~ Vbl ~WVovi | Vove | B 047
KM( ) < +2:S -O-’)—o-a—c’?: n% 20{ = o /[l_,_}b)
< 4+ \1-2v - 21_.zg/§°4_’ a 440

Viem (min) > —Vss +Vova +Ven —{Vep |
S —2.5+ 0.3(407] -0.17)
> -1.2v
—~Vas +Vove € Vo S Voo - IVovn |
-2-5S403 < Vo= 42.5-0'% 10.3
-1 < VoS t2:2V
12v (4] A = A'A?_ = G‘Vll (roj,ﬂfo“)GMl(fb‘"f‘o_’)
= Zhorva 2D LA
Vo T T, Vov 2 T2

10.2 = [Va 2 1
i | phadl = 1SoL
Va =25v/pm IVp = ’ZoV{rm' L-‘-d%/m {Vw

Hewez Vo = OV ouad Wpl-‘r- oy where VA = 10V/um R pwm = 1OV
For all deices Vov = 0-25v Hewee Voy = VA/SO = 10/go = 0.2y

A =& Ay = Gmi(f2llvos) Gma2(6ll ()

[fw\\foﬂ‘[ﬂ,!r « X =[VMN;>] 10.4
Tt Varve L T CMRR = g,y(rsallrus ) X 28,3Rss with
FNAQ: Z, = ?_'_Qq — ?_-35?( = 2220 Rss = rus
T 0.4 mA _2 1 Vv 21, (V,
4 og . BOdB_V_,,'V(EXT,A)xsz;(T:]
To avnd sysitmahe ouwtgul de, ofse vy
(/b _ 2( W7 | = (Vo_v) X 2 (Note I5 =213)
=
(wir)e (W) 10000 = z(.v!;_v)’.
S\v'\c? 8s5,Q6,07 Cvny T ovd g Mv“‘wz Voo Jm
sohsty reapivemtnd by making Q4 have bl e ";
S . G = Jl(}«C.,XN/L-)Tl = 2 %(Vov) Vo= asx 2
Aont = 7:14NW = 0-4nA 025y = lomAl v, = v;xLzzo—‘:-nxL
L= WTelNa = 3 2mA 0.15 X 100 i 15
L = == "ol=——=05pum
L A= (X 44-4)(3-2)(22:7) = 50414 20x /2 0.2
Foc umbiy gain Owmphiws

Ag= A = 5041____ = |
1+ Mo l+50475



10.5

G = 03MA/VG,, = 06 mA/V G =1p
Tga = You = mk(t Yog = fw = l" 1343

Gn}, 0.6 K 10"3
T B, B il 5.5 MH
@ [z MG, aq10”" 93 :

i I i
T e 2= e = F 66 K
®R =z =55~ 1%

(c) For pm. = 80" an' L2 = 100
Fer

fi=fip tan 10°
=95.5 X 0,176 = 16.84 MHz

G 03x% 107" :
Cp = 8L & et i = 783 pF
€ nf, 2mie84x 10°
A = Ahy = Gulrall rna)Guetrasl 1)
=03 X 111 X 0.6 X 55.5
= 1109 =60.8dB
Donamant pole f,; =1,/ 1Al
Thus fp! is approx 3 decades below ft i.e.at 16.84
KHz providing uniform 20 dB/dec slope drawn to
fr.

(@ f, = er"g . to double f,  halve C-
mle

Cc(ucw) =1 APF

tan—'!-:i = w327 = 1940

fe 95.5
The zero must be moved to reduce the
19.1-10 = 9.4°

-1t o ki
tan ' =94 L = 016
f, /

43 #

=f, = 016 f, = 016 X337

= 5.6 MHz
1 ! !
fom ===k g ] wrE
2ch[R - 'L] O AT
G,
o [R - L 107107
Hence [R - 1/G,} = Tn 56 % 14

R = 167 +203 = 2197k}

10.6

Two-stage amp by Cz = lpF
ft = (oomHz , Pm=7g°

Fov PM="1¢%: —tny;“%-.— g

DfgEftdon 1S9 =373 4 = 3]3MHR
fpr = Gme = ! _372mMB2

JxCy X Rp lom'%

Chapter 10-2

%27,;- o' -— :
m*‘m’*ﬂ'

= omb = il;. = 2.35 10 mA NV

To move gers Foinfiihy R =g = 4260
sep==1 _ ZoomA
Ce Ce
SR = 'Q‘K-fb\/‘w, = 25 10 ROQ = Q.ﬂ,xlg
Y,

.. 200 X10"
=> L = geie® ™ I6pF

10.7
Gy = 1 MA/V .G = 2mA/V,
R = 500 0

G~ _ G

P AL vy

o=

P x

w b D20 ey | 59pF
24100 % 10° P

3
L g =10 _500 =0

C;mZ 2

For

Zero has been moved to =
For PM=60: f, = f,, an(90 - 60)°
= fpa = f/an30° = 173 MHz

Gw: _  2x107

¢y~ _
220~ 84 pF
27 o2 2m(173 % 109 Pr

10.8

SR = 60 Vips
£, = 50 MHz
(a) SR = 2=f, ¥,

P Ven = SR/ 2mf,

o B0x 10" 02 v
2m(50 % 104

b) SR = E{_QQ = 100 pa

¢ c0x 10 | OTPF

N 1 N R 2
@1 = Su C WiV, I

m(.“.’)= 2100
AT 11 ¥ S



10.9
Invent circuit leaving Vpp X Vg and neverse all
arrows on FETS.
Vo
V,
o (773 s t:Qv
!}-—«J»
- Ce

Q o 30 A o

Jrex o

o M;L[: )

=V = Vs -

10.10

a)
PSRR = g (Fuz i Fus 38metus
= ,_2><1f2(1_‘i'¢m) 2UVa o(ﬂf
V,, 22 1 v,
b}{V,.} = 02V PSRR « 8048,
V') = 20V /pm

‘I

PSRR = 2F¢J’“aso dB = 10000

100L =L = 07um

10.11
Veias: @ Vs canméc +o Vop+ Vr ~Vov
Vg Comrise b Vsz— Vov

S Vaasp = Yob ~ Vovio = Vove t vVt
- ‘,eg PR, T R / Rl SR 4 oS
= |-7Sv

VBIAS?. = Yo ~Vov (o
4165 -02 = + [[45V

it

VB;M% "VSS -+ VOV“

=~ {65 402 = — - 45V

For Ba &4

Chapter 10-3

Vltm(max) = Vop “"ﬂq |+ Vin
= +1-6S ~0:'2 + 0§
= 4+ {-Sy
v{m(mm) = =Veg +Voy *Vov, +Vr
= —lbSr0.2.¢+0-24+0%
- 0S¥

~VSs + 2Voy 4V € Vp € + Vpp ~2Vov
~1:65 3+ 0-4+0FLV, T 4. 6504
~0715v VoS +1-25v

10.12
IT= !’L‘S,v.A’Ig: ISOuA | Ve=02vV
For Qq,Q,,: Ig~ ISopmA
L= i(}aCox)(”/L)(Vav}l
Iso =4 Qo0 (Wa)(o2)™
= (W), ,, = (332-32/1)
For &,,8,: T = I25pmA /2
1128 =4 250 (w/L)(o ¥

= (w/l_,'),‘z = (12-5/1)
For &y : I = I125A
125 = 4 250 (w/) (o -2)
= (wi)n = (25/1)
I = I?.S'}AA/'L
4 125 = —,‘2-_ %o (w/:..)co-'z)"
== (w/‘-')?;,u = (S"&/l)

Lo Q5,Q0,&7,8¢: L[ = 12SmA/2

3125 = § 250w/ )0 2y
= (W)5ens = TS/



Chapter 10--4

10.13
Gw =T
Vov
2o = Rouwll®e
Ro4 = Gy Vo4 (foallvow)

&
I
HH S

%ot = Gume (oelitog)
A = GmRo

Rio & =Tg =P %Nz 0-1S wmAfy
Yoo T @b KW

lig,‘ﬁ = q, = 03 nAN

Y, = 10K

J. Roq =03) xl60 A 47k = 23sa kK
Bot = 0-31 x 160 x |bOoK = goooK
Ro = 23S||ge = I'SMa
bl Y Ro = 0-3) x 1800 = 559

2
»
[a]

[\

W

Vo= | +(sO =1+9s5¢ =0
i (759¢) sc

= o0-|

1o

‘,_A_ - 558 = 993

1+Ag | + 558x%0-1

= -B.Q, = .l.:E. = BI.‘:Q S
l1+Ag 568

10.14

sR=J4=1=5RxcC,
Cyp

Hi

10x 10° % 10 x 1077

= 100 pA
(D 7y = 121 = 120 pA
= Gm
e = 5w M T 2ac,
———”2—-—L'°° = 0.5mA/V
Cn = 5 02V = m

o

-3
f,= 9310 = 796 MHz
2710 X 10

Ay = f/f, = G.R,

BuRy = r3om, =R = 2m0

=05% 107 x2x10° = 1000
f, = [,71000 = 796 KHz
= ki !
(5)0 = —wn 1=t ~2fan 1L
sl 1)
Pm@ f2 = 90" tan 121

P

90" — tan -1[7:96 MHz]
25 MHz

90 - 177 = 7123

]

4)For pm = 75" tan"—f-é =15
P
Thus f, = fitanls

= 25 MHz X 027 = 6.7 MHz

(5)1— =567 _ 10pF
C: 7.96 c

1.96
=C = C, == =

L 1637 C,.x1.19
~Increase C by19%

6)SR" = L SR _
©) s = = 84 Vips

10.15

A =80dB f, = 10MHz C, = 10 pF

lg = 1 Allsame |V, ], L = Oum
[Va = 20v
-2
8 V., and f, = Tm CL

A= 8.:.118.»4’0‘(’0:" FIO) I L8um6 Tos Tusl
Consider 0,:1, = 1kn[wa),[v,,,f

= dow/ v, ¢
Q1 Q> Q5 Q6 @y Q4 are same
21, Va

dr, = VA
B =, 7 T,

Consider 03,04:1; = Z',kpthu..tv,..f
- 1200 :
W= 3 2wsLnv,.

=[W/L); = 25(W/L),



Buia = 8m and rgy 4 = To
Consider Qo Q30110 = %kplW/Ll.olV...,lz

2 2
2, = %%[W/lelv,,_,j
= (W/L), = SIW/L),
8o = 28mand rog 10 = Tors2

Consider Qyy: 1y = -‘z-kn(W/L]“[V,",]z

2, = %ZOO[W/L]"[V,,‘,]’

={W/L), = 2{W/L},
Bmit ~ :g_.a“d ron = Tois2
Thus

A= gml[gmlrol('ol "%!)J“ (81 ror Tt}
= Smllgmfov](’m “%!“ ’m)

4 1
107 = —8umi &mi Tt Tt

4
= oy For = 200
21V
Non g,y ror = V-—IA

av

=V, = 2VA/200 = 2(20)/200 = 02V

Hence g,,, = = 0628 mA/V

2wf,C,
—rg = 200/g,, = 318k
27 8nVor

g,..=-—=:l= m? oy

14 2

gmVw _ 0678 MA/V X 6.7V
2 2

= 62.8 pA
SR = 2mfV,, = 2m10% 10°% 02 = 125V /us
0,0, 05 Q607 Qs

1= %Im(wu,nv,,,.]2

ov

-1 =

628 = %ZOOIW/LIlV,.uf
= |W/L], = 157
.y = 1200 2
For 05,061 = 3 55W/LIV..

1 200

628 = 5-2-3
={W/Ll, = 25[W/L), = 39.25

For 0g.C10*

|W/L), = SIW/L), = T85

For @y, (IW/Lly = 2AW/ L), = 314

[w/sLl02)

Chapter 10--5

ForL = l pm: W_ = [W/L], pm
", width for ©),0,,04.06.37.05 =15.7 pm

for 03,0, =39.25 pm

for 05,0\ =78.5 um

for @y, =314 um
10.16

Simply invent circuit relative to Vpp. Vs and
reverse all arrows on FETS

10.17

VRias

Vov+Vg T .
vy - Vov 4y

f
F 6 ‘._4L__.|

Vov VYov + Vo
)

All same (o = VA /T = 10v/I100uh = [0OKR
=%k [WAJLVe "

Vby =Vo i Vo(min) = 2Voy
Lo (lu\a’v\g mto R3p Owd assuming
To curramt Soncce Is iden) (pzob)

= oI ¥gfor) ® O

G = LT = 2ZXIO® o lwhlv

VW 0-1
Thon 2o R QG = Ix 105x0%
= lo*ma



eI ~ 5 )
/" ‘\‘ Guyyy
1, ! K 3
. ) {3 ==C,‘; Ry
O H
Y ’
\ /
\\ ‘‘‘‘‘‘ . Gy
1
1 RsC,S |C,S
Z |=2Rs]| = = £ B =
- C,S Ry + Z’I—{' C,S RC, S+

Summing currents at node Sy:

+ S
—Is+ gV + VIS_'..._RLCﬁ_} = 0
Rs
.‘-’.—' = ! = !
s 8y (—-—————-—-—I * RsCeS) (8.3 + -l-) + CpS
Rg Rg
1
4+ -
w (Bms R )
348 <r
|
e 1)
f = ( " R 8m3
8 27Cp 20C,

pp = 180 = &, = 90° — tan '(1!-)

r2

For Pm = 15°: . tan15° = 0.27
p2

Lo oG

fr G,

. Cp = 021C,

= 027

10.19

1= 1, [Isalse
! Wiy Iz

107" 107"
Ix10™-6x107"
= 36.3pA

10.20

l"'rm = 073 mA

lga = 025(0.73) = 0.1825 mA
0.75(0.73) = 0.5475 mA

]

IEB

-3
Vg = VT],,‘L‘.&?Q_E‘_'E)T = 0.625V
4 025 X 10

e _ 1
== =93y
8ina v, v, 7 A/V

ra= 2 =13430
Sma

Fan = (B+ 1)r,, = 685k

Toa = !A = 274 k)
lea

= Ve = 0625V
= 03475 _ 519 mAsv

r, =2 =470
8 8mn
rep = (B+ Dr, = 228k0

r.a = 913 k0

10.21
Letv,, = o
For breakdown Vip = Vo — Ve
> Vagi + Ve + 7+ 59
orV,,z584 v

10.22

Vsau * Nog, = Vggu+ Varg

BSinca V;s are q“q\

—
E) Ty Ty Y *

* I
\] (3 .l——“ = \) - S J——-—~K:

e &/ - &l - )

[-1 .4
\,3::“— —_— J—"}S + 4’\{‘?’
———————

= ~=

Kim ke ) Kas kg = lL iy

4

\‘-—{\: \rf, }_z..
= 1

»

(4

- T
"‘{- |00HA




10.23

AsVy, = 07

S— 14~ (~5)
R

*
= 220.5 pA
At this current level

'r«f =

Vg = Vt-‘“mzw‘ﬁ;:m - = 595 mV

-
I (! 3.9(2.595) - 26 wA

For £, = 075 mA Vy, = 0625 V
Ry = 10-200625) . 150

0.73%x 107*
10.24
'qu‘ =BGmb
&14,,’ 2ouh
Q\\ Do
Ry

oo By = Meeuw— Vaew

= Nq te __’,x_ifi—»
%\O
a> -G b ) «Q
-, - A5 RAY o =, <. 02
o Q‘ - luxu{“\“ 20mE® ey
s i3 )
Naen = Vrln 9—%’;‘%’“ = ClemN
st
" Vegio = NVt e 3%;’}3‘9;—.:- 525 N
10.25
Assome BB, >> |
3 L2
I(\HX = W‘ T Z/BP 3 §5
"I[l I, ‘}
- B, B

= 20— 1B,

I::‘e') § iy
sr=t(n 3

Thus - = 01 =B, = 10
3, :
Witheut the above assumption and using the exaet

Tie

relationship B, =
10.26

In this case

73 pA

REGITIEY

= 194 k()

Chapter 107

10.27
Atl = 95 pA
Vags = Vage = S1TmV
and Vg = Vo + IR,
= 526.5 mV
IfR, is shorted Vyge = Vag = 5265 mV

Voesrvr
e

and Iy = I
= 14 pA

10.28

SI@AT = [+1/B = 94 pA

9.4
=] = = 9353 pA
1 TE R 9353 p
1“:1::2—-(;'—19.30’2;:.1\

Vags = V2330 = 5164 mv
10
Thus Vs = 5258 mV

and R, = Vs = s6sx0
IRJ

10.29
Assume equal collector current

ley = 1ex = 95 pA

];15:;]8|m]n:=[_(/_-!-££.§

TR
= 157 mA

1
Ip = gy — 1)

= 354 mA



Chapter 10--8

10.30
10.34
Ta = 4onh , Toa = 9nh
m Iy = lext lenatlcns * lew+leotlew
Thus , bose Crnrrenty are 1+ o
T = (F= T 32) = (730 + 180 + 550 + 154 + 19 + 19 + 105
= DS uA + 162) pA
a P = 1.68 mA
98 mA a
= Bs:k = Pois = Po = Iy (Vee + Vig)
= 1.68(15 + 15) mW
- 2:Smh o 22¢
b YA - = 504 mW
- ap, = 2%
By = _&u__:_i!szs\ . 10.35
Series connection of devices assures the same bias
currents.
10.31 Ry = (B + 1)(6r,)
= Yr .
T, + Tep = \GuA r, = TSuA = 2.63 k2
Mireor *‘\—OFGC‘ Zey= 09 T Ry = 317 MQ
ond Teca = SHA i 2 |
:;Gm' =Lt =2t =
Nos = &Vae vy 6r, 3r,
= Veer—~ Vasz = 127 pA/V
- \I‘- \n —‘§°- - 263 m\ RM = r"‘l + gm(REIIr, y)
) 8n = 1/r,

Ry = 2r, = 536 k2
re = (B,+ ), = 134 k02

10.32 Thusk,, = 15.4 M{}

R,s = 18.2 MQ (from text)

S0 275 4 R, = Rl R, =834 MQ
Ion =300 = =7 F GuR, = 121X 834 = 1059 V/V
15Rs *+ Viaen See gain decreases due to negative feedback
Ry

Al = 550 pA, Vg, = 618 mV

=l = 95 pA = Ignt

or Ry = 99.7 k1 10.36

Ro = rg(l + 2,4(Ryll rp D)
need to double the second factor
Since r;,, >>R,

10.33

R, = 1+ .
Neglecting base currents o6 = Fosl1 + £6R2)

Thus

180
I = lew = = = 90 uA 1+ g6k’ = 201 + gneR2)
-6 O )
Vopiw = Vyin 9—-%;—',—9—— = 5§13 mV 8 = Feriny Re= 1k
R, = 463 k)

Thus Ry = Y28 = 637 kQ
I(‘IG

T = 3% 107" &P = 270 uA = Iy




10.37
Is = Ly = Ig
g F r = Fep @ 2630
(@) Vyy = (reg + Ra)ip = 463 KX,
(b) Rl‘ = (SO&%',}“?,@ )

= 45.1 kG
, v )
=i = ﬁf = 01034,
© iy = 82 o 0103, ‘
B Sorte = 310 A X,

DV = Vig+r, iy
= (4.63 k) + 263 k{1 x 0.103)i,
= 49Kkl X i,
ey Ry, = Y-"-? = 4.9k}
2

«

10.38
A AR
7 R+AR+r,
. ; = Yos
Al = cami Vyg = 3
Thus
Vs _ AR o
= s ord =V,
Yr, REAR+T,
f ]
Yos égi ! L%y
"’ 2
2r 1 R i 1+ é‘@é
3 R Rr
‘.ilf(] +’:)»; éﬁ(; .w_";&)
2V, R. R 2y,
AR Vs 1T 0 /R)
R T2,V
v,
by Ve = 3mV, r, = 263k0, R = 1k
AR .S 14263 o0
R 2¢2%, 8 T
2(25)
{c}) R,y completely shonted
= ARy
R
Vi, ]
From (v} 228 = -
rormn () v, TR

= Ve = — 19 mV {or 19mh

Chapter 10-9

10.39

Current in the collector of (1, remains unchauged
at9s uA

Thus = dpy =

W

") 95 pA = 9.69 pA

W

oo = 2.0, = 023uA

21
AT =95 ~923 = 0.27pA
Al
Voy = 2% = 2r,Al
o Gﬁil ‘c
with

r, = 263k

14

Ve = 2% 263%10° % 027 X 107" = 1.4 mV



Chapter 10—-10

10.40
Ignoring body effect
1‘ Vee(#15V)
/"-i‘ /’““&‘g g
Qlt:‘ 7 “‘ »° \,‘ ‘ ‘J QlM N J
4 LA &
< ) Qua . NS
1y ) Qw p
AN R [4)
o » » Ry= ::
0 703
‘”“" Qg 0 Out
Ro= 3 2{;7; s
Ry= 4 o> 0k < 0 b
¥ || " 4
T {1+ g r\‘im
|t

"
Q;? Qw

Ry= O
5kQ
>
, $R=
—Vip(=15V) soka

R = 5k} tomake R4 = R,y since Jisthe
same for Oy & Op

Ro(leftof Y) = Ryoll Rop = %r(,ll + g (SK] r)



Chapter 10-11

10.41

Following the instruction of the problem, the
resistance seen between the commen bme con-
nection of Q4 and Q,

:md gmum s

Smce the }oop 18 broken, we havc :

Viiom

e e L
Bp ﬁk R,
-2'£ w—-—gﬂf."..'_m i o ﬂ}' Yie = Yiewm
Be (O +BaR, T TH 3,,,2}1,, 2R,
- v
i, Emm(;mm-:—_'i’.mé;'ﬂ m_ﬁ:.‘:'_

22.,R, = 28 (Rl R,

10.42

Ry = (B+ Dlre + (Rl Ry

ras = LS4 k0

rar = 455 Q

Ry = 200(455 + 30} = 192 kD

=Ry = 20H[{1.54 + 192] S kD = 3.1 MO

_ (R} Rg)

Yppr = —— 554
Tt (Ryys § R«)
= 09,
o

Py = ———w-w«-{ Dv.y
ot Fogp ¥ Rs) &
23 €7,y a(0.9) Q3B mA/V

"7 355 + 30

10.43

R,y = 787 k6D
foaa @ 550 pA
Baps 7 22 MASY,

Pogy = 68 F 1/g, e 232 k0

o= 29 = 909k
* " 550pA

Ross = 11 +ga(R N 1))
= 90.9{1 + 22(R. || 232)]
= 187

= Ryl 232 = 0348

1 = 2440rR, = 0410KD
RF

Re = 4100

Rli” 550 EA R = 39 £}
Current Ry = 730 A = Rea

Rea - 330 _ 1a5¢q

R, 180

10.44

Vo = Voo Versensa = Yaren

- 42V
Vo = Vi + Vg + Vaen + Vaen
= -5402+06+006
= -36V

10.45

With O,y removed, current in @, increases to
730pA. This changes G,y

oy = a1 = 3420

730 pA
2 Gy ™ 092} = R MA/V
00 32 '
Because r,); >> r 12y R o remains Virteally
unchanged at 81k}

Rz = (B+ INR, | r,,,“) = 74 k()

= A, = 688112 = ~263 VsV

74+81

10.46
Ignore base current of Qs

- 7
180 pA = I, + e

1
where [ o= [,
v
BE VT
fos = Uge

where Vi, = R,

! -
lB()u A= —

v, |

Thus § = 'ln 201

/s

= 392 VIV
= 105.6dB



Output current is limited to = 20 mA
(sce problem 37 and 38)
=3[V | < 20 mA(200)
V<4V
To obtain a seed solution, let 7 = 0 right hand side

_ Vo, 180 pA
] = 5:,"“";5"‘:“:‘ 219 mA

lterating ¥ = 210 mA

10.47
Maximum output current of the 1% stage = 19 A
lep = 19pA = Vopy = Ve = 534 mV

- % = 10.72A

Ay = (19 4+ 10.7)pA = 297 pA
and Vo, = 5453 mV
Vapn = IRy =31 = 202 mA

A simple doubling of R;
10.48
%{» - 33T . 3go,4a7 Vv B log ab
o 9 -
Re - P
%« Ry Tl = 'RCI“ R‘.(b-sw ‘)

@ Rg - @190

2ow

\ = ASs ey -
R 2en oo ¥ £y 9

10.49

B P Says Pt 2~ pote  mUoduces

" af Fhose XN AR L
Vo cwa.\ .%«. . i

P2

or dya = _Sieinvy

o

10.50

Eact, pole odds &% af Phase Bhafrt

Yo ' _aeb -
Fan

A N He 4 iy,

Chapter 10-12

10.51
Consider Bade plat
A o .
3 ML BT SR TP
¥ /‘ Mm-\ ’
J'-a LTS Bk ‘ 0
) ‘, Fra

o b ﬁ\\
2E° G Closed-loap bhose :
op P avgin

@ Ao e, g
4,«;

or fam 4%1wWNa
Rc&—“;ns the '\a-u.shu-a.'ng' «ffect
negative feadback | we L ad *
£, -~
® = "r-("’ Ag) T 'Fh"
Lowp qain Ap = asaxd. TH = 2a3xd

= fp = o Mo

G
o= O o “3KMy
G

- . \
-EZRT SELL TS P

= 049 pF

10.52

. - JI TR A= lG00
duv—xw‘ow\"f Ph\t -;’? xR (AQ\

s P Single ‘m\g res ponse,
sad
AG’Y‘P = 'f't b ‘{'P - &

=§"a

=) - ......_____.._..-——-—“ N
R (8 o000 (SoyF ) £31 =Q
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10.53 K
De , 9ain s ﬁ
Ao G Re b

LK Y N <P

= QA0 A\Q
- 0% viv

4*?._'_.._...‘

xR 2xae® g ad?
= 3-8 Ha
A= A
= 3|'BM\'\-$
o
\tu as)dec
T~
+r ®

SR = _23
Cec

Gmim = o 21w A G

SR = AWM o 4 o Hasaii ¥)
Ce So avg't
= z:w[pe_.
—_——=
10.54

Ty wlp = SOuA = Xea= Teq
e ——— ———

Tesw ImA ; Vaes = Veee
——mEEE

Fez = ‘o= 23
= i

Ya, = Teg = SseQ
Ceyz = Teq = 230

G = 2 (FR)) = 2maly

Ray = (P { e\ rec)
= 268 kR
and Ay = GaRa = 25 viv

10.55

Is:s _ o
= A= =2
1 10p Ta

R. = 1T3KQLRy = Ry = 20k,

= A
15 = 10 pA ., 40 u 1,

Is — vyt
From Vpgs = Vo = Ve n ’—;s T

ords = I
S5 ’Sl

Since /s = 10 uA = ,"“\en:_'_“ =1or

$1
equivalently Q, and Q; have the same emitter
area.

For Q15 = 40 A or Ig = 41,. Similar 10 QOs:

VBEs = Vag:. therefme:;-s—‘ = 4. If aresitor Ry is
51

connected to the emitter of Qg and the current /g is
reduced to 10pA, then we can write:
Vaer = Vase = Relg or

Vit v e - gy,
Is) Ise

S25X107 x4 = Rox 10 x 107
=R, = 35k
The output resistance of Qs is simply r.q:

Res = ry = =2 = 20 _ = 3M

For Q6, the output resistance is increased bya
factorof (1 + g, R') where

R's = Rg|| rys (See Eq. on page of the Text.)
Ros = (1 + g R'g)roq

=1ce _ 10 _
8mb -"-VT 3% 04 mA/V
B. _ 40
=n = U - , =
ro . " 04 00k, re = IMQ

R = (1+04 X(3.5k0] 100 kQ)) x 3 MO
= 7M0

Vee
R‘ Rl
Vous2
Q4 Qy——
1y Vo,
BIASI
[2] ) Qs Q.
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10.56

The minimum allowed value of Vycy in the circuit
of Fig. 12.40(2) is Yimited by the need to keep Oy
in the active mode: Since the coflector of @, isata
voltage Vggy = 0.7V, we see that the voltage
appied o the base 6of @y cannot go Jower than
0.1 V. Thus Vigyn = 0.1 V

For Vigagimas» 5¢ Eq. on page of the Text:
Vicstmas = Voo - 0.8V = 3V - 0.8V =22V

b) Similarly, Vienina 18 limited by the need 10
keep O in the active mode. Viepma = Ve~ 0.1V
=29V

The lower end of the input common-mode range
is achieved when the voltage across O, Vips,

does not fall below 0.1V. Hence:
V'mm =01 4+0.7= 0.8V

V(TC

10.57

Vee = 3V Ve = 23V,
} = 20 pA R = 20 kO
From Equations we have

Vicswmo = Vec— 06V = é X Re D6V

- %{”) X107 8% 20%10° ~06 = ~04 V
Vicswmee ™ Vee = 0BV =22V
—04V = V), €22V

u, . 172
5= gy Re = "“;;‘“R(‘
g T

v, 25 % 107"

Vee o _0/2%10 % 20%10° g,y

10.58
v, _ _ .
e B aRe

WithA, = 10V/Vand l, = 1) pA wehave:
ley _ 10721007

Ve 2sxa07

=3 g, = 02 MA/Y

ThenlOV /V = —02R=> R = 50 k)

Ry = 2rpys =280 =230 < a0 k0

2 o

Bt 02
To find the common-input range, we caleulate
Vec:Vae = 50k X ,&29 pA = 025 V From
discussion on page of the Text :
Vicstme = 0.1 + 0.7 = 0.8V,

VlCan = Vi”(’ - VK(' -01+07
=3~025-01+07

=335V

08V = V., =335V

As we can see, in the circuit in Fig. 12.41, the
input common-mode range is extended above
Vi

o

10.59

3
Ry = 26y = 2pp/ga = 2% 10 % 2.X10
2 X 107¢
= 167 k2

To find the short-circuit trans conductance, we
short the output 1o ground as shown in Fig.
12.43(b) on the same page of the Text:

e T fone Fixs 2
G Vo (see Example 12.5)
V., pl
ryo= Marl 220 _ 65 mn
l('l 3
WVai 30
e AT w2 10 MO
T ey 3
v S
B R e T T
Em3 1eq 3

R, = 22 kD and if we neglect r,,y and r,y as they

are large, we can write

= () f o 3x
IR S LT

Tig 22 k0 g 6Py
( 2 )8..‘ O+ 22 k0 81110 2

-



in
g = b = 0087 iV
Gy w3 {1 mA

Now o calculate R, 1 R, = (R,.ea R,

Ra? = Py + (Rggl’,w )(‘ + gm@'asiﬂ‘

R,y = 67k + (33 k2] 417 k)
e
(; + EX10 w67 m‘)
25 % 10
=R,y = 363 MO

Ry = rg+ (Rl el ¥ 2aaria)dy

fur = = 024 mA/Y

£

%

R, = 10kl + (22 k2] 5 kD)
(1 + 024 x 1071 x 10 X 109
=R,;= 198 MO

R = 3630 194 1.3/2=062M0

2

A, = G, R = 0087 % 107 % 0.62 % 10°

=54 ViV

gV
Ay = S

9

Chapter 10-15



10.60
’tcpcu = Gpi " Rom

G,,,g=-£9-wm

Vil
Ry = (;}2:1) - %x and
'n“g:; = hl‘%: '2'22“@

&)@

02
_ 1l 3 =___l___[0.2x:6l
25m|75m  04] 25ml0475 % 3/
61 61

G,y = 331

Rmn = ROT“ R09

Ry = roy + (R rin)() + goarer)
using B, = 40, V,, = 30:

roo= Yan o 30
" T 2
giaﬂ
o o lo U
"V, 2Bm
4D _ 1
Fep = 57 X2Wm= 5
[22 L]
Roy = 30, 32 x[3+ 21 3_,9]
21 (0_241) 25m 2
oou
kA
30 675
Ry, = =+ —— %[l + 1,200
01 = 5 {0‘4 Py ! 1
61
30, 02
o 29 Dt ey g
TR TR
R - 10242402 _ 503
o 6.87 /
Ros = 1o+ (Re rogd(1 + g,0r54) where
R, = 0.3

21

]

Chapter 1016

using 8, = 10 andlv"l =20V

Va, = 20
Jos 21

Yoy

2 = !ﬁ = ._,..,..,..21
» 7V, 25m

= 10X 25m
Bmy 2
[‘_’é % %5]
5 Y CIMNETE N P I
21 (03+025) 25m 21
21
-2, 0075

21 (0.55)21

Ry = (20 +2;09.2) _ 1223.2 _

503, 646
3,2494
Ry = Royll Roy = ! l_ - 229

X 801}

X

50.3 + 64.6) 114.91

283
12
283(2) + IR,

7

fad
NE

i

R
Rom = R(ﬂ'“ RU‘);I (";’")

_ 283(R)
566 + IR,

i .
Ay = 3371 X 2R3(R)) - 953.71R,

566 + IR, 566+ IR,

6
For A, = 160 vy = 537X 2% 10°x 1
56.6 + 1> 2 x 10°

160056.6) + {1 X 2% 10° X 160 — ] X 953.7 % 2 X 10°] = 0

1320 X 10° = 1,907 x 10°) = —9056

—9056
ZIB6 57 kA
T1 58T M o

For A, = 320 V/IV = L 90TM X1
56.6 4 1{2 M)

AUS66) = (1,907 M — 32002 MY))



Chapter 10--17

10.61
in of the

(a)To find the loopg: mode
feedback loop for the circuit in Fig. 12.44 of the
Text, we set the input voltage to zero (that is, L,
and [, are zero), break the loop at the input of the
common-mode feedback circuit block, apply a
test voltage v, to the input of common-mode feed-
back circuit and find the output voltage v, at the
output of the amplifier (where the loop was bro-

ken), and then A8 = — Lo . Looking at half cir-
"I

cuit and ing that r,,; is rel ly large, we
v,
have :igy = ———L—— Note that
7B+ 1)r, + Ry

(B + 1)(r.; + Ry) is the small-signal input resis-
tance seen at the base of Q,.
B l"I

Thsd, = iy = Bl

Y, Y,

= L =

_URar IRy )

= —i X
Y, i, X (R, "Rn9 )= o + Ry
= Ap = Yo RullRoy

v, rg+ R,
(b) From Example 12.6 of the Text, we have :
R,; = 23 MQand

Ro = 129 MO =R, R, =83MQ
A4
n=3 TA = 25kNand B, = 20kQ

8.3 MO

Ryl Ry
Thus, 48 I5k0 + 20 k0

rea+ Ry
= 368.9 =5 AP = 368.9
() With the CMF present, we have
_ AV, when CMF is absent
B 1+ AB
2.5V
1 +368.9
Note that the corresponding value for
AV ¢y found by a different approach in Example

12.6 is 6.75mV which is only 0.1% off from the
calculated value in this problem.

10.62
Io = 04 mAij,,, = 10 mA

a) The output voltage v, can swing as low as 0.1V

AVey

=AVey = =676 mV

when Q) is in active, and Qy supplies the load

current : u, = 0.1V

min

v, can go up as high as V. — 0.1 V when Qy is
inactive and Qp supplies the load current :
01V=y <V.~-01V

b)ip = 0R, = R, Rop
ip=0=i,=iy=1,=04 mA

o 30

T — = Ll = 75 kn
Ton Ty h

= VA’ = _2.9 =
Yop 7, by 50 k2
R, = 30kQ

R, 30k
R, = —2_ =_J0K1 _g3¢

D Rop 1+48 1 4+10°%x1

d) i, = 10mA Since i, is at its max, then Qy is
inactive mode. Hence:i, = LZQ = 0.2 mA and

since we have: i, = iy +i = i, =102 mA
e) i, = —10mA then Q; is inactive and

ip = 0.2mA.

ForQu:ip =iy iy = 02 = (~10) = 102 mA

10.63

- - iy
Vg = gy = Vylnt
n

. R [}
Vgs = Rsiy + vggs = Ryiy + V,ln;—i Note that
58
iy =iy

. . _ Uppp — Upg
IF we substitute for i, = ——'ik——ﬂi ,then :
4

Vg = Eé(vw,. = Uggy) + V,ln-'A Note that
R, Iss
Rs=R,

s

i i
Vg = VilneL — v int + v iIn
Isp Iss Iss

i / )
Vot x let e B
sp iy g

. 1
Now substitute for Ig = I“Iﬂv , then we have:
sp
ip Ise 1 i
vge = Vyin-L S8 3 =y g B
Tsp Isq Isy Isn
Now if we consider Vi and write :

Vg = Upet Uppo = Vgr + Upgy
i i i i
=Vin-L +pynt = vn X + vl
Isn Is6 Isn Is

i i
=L x b =N 2
Isw Ise sy 1
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lgy i .
=iy = L L % i Note that Iy, = I, hence
Iso iy
. [
iy = L
In

We can write : i + i; = [ hence :

ip, . li
io+‘£'o=’='o=. 2

i +i

In p Vg

i i ) i
I 2 Y AL Ry N/

iy iy tip ip iy
10.64
. in
For Oy we can write : vy; = vy = Vr'";—
Y
Atnode E, we have :
. i
Vg = Ugpy + gy = Vyinl 4 Voln &
Iy SN
iy iy
= V;In—-=
"sln
i
icy = I—L
RLER
v = v,ln[,_‘:'L._'_]
iy +iploylsy
10.65
lp = 036 mA, T = 10 A, I, = 87,104
I = 4ig,,

From Eq. 12.138, we have ;

Iy = 2(5‘—55)1&"51:;0.36 x 107
I syl

I
= 2(...__‘!&3 X8><4)
10x10”

0.36 x 10~*
llzlsr = %& = leer = 1.5 uA

The minimum current in the inactive output tran-

sistors, Qy and Op is %loor 0.18 mA.



11.1

1

T(s) = ——

G+ +Hs+ D)
[ R
S+t e+

T(jo) = [j(2w - w') + (1 = 20’

ITGwl = [Qw - o) + (1 =201

=[4.,,2 4ot w1 - de + 4(»‘]
]

H

=1 +a°)
__ 1

,Jl +w®
For phase Angle:

_ -1 Im[T(jw))
b(w) = tan [Re[T( jw)l]
= —tan" |[2u - m“]
1 - 20’

Forw = 0.1:

TGl = (1+01% "
$(w) = —11.5° = —020 rad
For v = | rad/s:

Chapter 11--1

ITGw) = (14192 = 172 = 0707
¢ = ~lan"(—_!i) = -135° = 2.356 rad

Note: G = -3 dB
Also: tan”'(=1) = —45° or— 135°

tan” '(‘T‘) = —45°

‘an"(:'-l) = —135°

For w = 10 rad/s:
TGl = (1 +10% "% = 0.001
é = —tan 1[25!0!- lo’]

1 - 2(10%)

e

== [lso° + :an"(?—?-’g)]

=-—-258.5°
=4.512 rad
Now consider an input of A sin wt to T(s). The
output is then given by:

A|T(jw)lsin(wr + ¢(w))

Using this result, the output to each of the follow-
ing inputs will be:

INPUT OUTPUT

2sin(0.11) | 2sin(0.1r — 0.2)ie2 X | =2

2sin(1r) M2sin(t — 2.356) i.e.
2x1/42 = 2
in(100 | 5 » 10-sin(10r — 4512)
11.2
IT1dB
od— . ..
-0.5

«-Stop band - -

—40dB -
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11.3
lT(j"’p)l e i - m«t:zo

A Tl Jl +m§,

<o, = 0.5088 rad/s

Ldl b Ll L LLL

2 Py [ At the stopband edge:
max . w 2N
T I T / [Tjw,)] = —t = = 107"
by v | 1+ w)
: ;Am"‘ Soeyy = 3 radss
/) / L. w, 3
% B el TT s 52§,
/ L, I Selectivity >, 0308 9
A y 11.5
4 5 ; t Passband is defined by: 7 = 2 kHz
o (kHz) = w, = 27(2000) rad/s

‘ Stopband is defined by: f = 1 k
Note |71 is shown'in 1 linear scale but A, and opband is defined by: Hz

A arein dB = w, = 27{1000) rad/s
From the problem 1} 1T(Gudl (B)
§=thc=01%a0r S = oom P VI IV
A = 20 logyga ~ 20 log,b =05 p--mmm- : ******** ;‘7‘“7-7-*;
=20 log,,a/b A f
=20 log,(1.1) g 4
=0.83 dB —50 /////‘ :
Anin = 20 logga — 20 log,gc L o

2000 40007 w
{rad/

_ a rad/s)
=20 logu (;) Note we assumed a maximum transmission of
0dB.
=20 log,s(0.001) 11.6
=60 dB Passband: f € {[0, 10 kHz] iJ {20 kHz, «|}
. Stopband: f € |12 kHz, 16 kHz)
e = Wi 2wy P /
Selectivity = 4 = Soa = 18 A= 1dB.A,, = 40 dB
11.4 ’
A (dB)
A T3l dB NV DIDI Sk l L
/
ﬂf////ft‘!///’/ 177 ; y 377
-1 L, / \ 4
77777 7 , A L y, ;
g z / 4 /]
L /] v 7 ;
/] g / 7 A
T A ,\4—44‘ / L / :
P4 L NG _ap / Wt £ 2 L #
(QI_, Wy w /
T(s) = —K iy = 15 & the DC gain = o 1620y
e (kHz)
w1
P+ ds
then k = |
T -
N1+ @

At the passhand edge:
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11.7
_ Poles at —1 and — 0.3 % jO.8 givesa
‘denominator:
Do) = (s4 13(s + 03 ~ jOB)(s + 0.5+ j0O8)
(s + D+ 2(0.5)s + 05 + 08
=+ (s + s+ 089)
Zeros at = and X jz give a numerator;
N = ks + JG - j2) = k(5" + 4)
‘Note there is one zérn al o because Degree
(D))~ Degree (N(5)) ~ 1

(s + 135" + 5+ 0.89)

1 w ’:Lﬂ = < in =
[r¢jol Y ' .DC gain = |

sk = 0225

0.2225(5° + 4)
(s + )5 + 5+ 089)
Gy = I MANV G, = 2mAIV,

T(s) =

R = S00 £}
- Gml . Y
Ii 20C, = Ce 2aft
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T
[xY u.—-‘.‘.‘.-.-.%_--..---

“ T T " o
] ey
o 1 3 6 (X10° rad/s)
Numerator is given by

4, (s— o)(s* + (0N + (3% 101))3

2+ (6% 100

=ays(s + 10%)(s + 9 % 10%(s” + 36 % 107
Degree of Numérator 4 m=7

Degree of Denominator A N

Given that there is one zero at = :
N-M=]1=N=8

apsts + 1057 + 9 % 1097 + 36 % 10%)

LT =
St bys H bt by

From circuit : current drawn from Vpp, rail = 21B
= current returnen to Vgg rail

s Power = (Vpp+ Vg X 21y =
T mW = (165 + 1.65) x 21,
1 mW

RUPELE .\ T TR
Iy = aergey = 115 wA
=7 = 1,412 = 1263 uA
11.9

The easiest way to solve the circuil is to use nodal

analysis at nodes (1), (2), (3}

Atnode (3) 21 = O

Y.‘.’ .
i

BUAER ORI S TR Eg. (a)
Atnode (2) X/ = 0

VLS 2 1) =V + 25V Eq. (b)
(a)~+(b)
V(28 +2s 417 = Vo + 25V,
Volds + 84+ )+ S@+ A+ D+ 5@+ 2+ 1)
=V, + 2V,

Vs

0.5

Srad 2+
Poles are given by:
S+ 241 =0
s+ +s+1) =0

T(s$) =

s Polesares = —land s = — xjﬁn

11.10
Awa=14dB,A,,=20dB,w/w, =13

af W 2N
Using: A(w;) = 10 log[l + ,-(._{) }
hl;,

= A

sin
e = 110" =117 = 05088

Apgn = 10 10g[1 + r’(ﬁ)"]
‘“p

“)'\mlil Ly ~1 = '2 (2_{)2&
w

AW . 2
log{1o0 ™" ! -1} = ]()g(r(gi) )
(t)p

’\min“() 2
- logl(10 -1)/17)
B 2log{wm, /m,)
=113 = choose ¥ = 12

“The actual value of stopband attenuation can be
calculated using the integer value of N :

2f )2
Alw) = l()iug[| + r(m*-) }; N=12
W,/ ]
= 27.35 dB actual atenuation
1f the stopband specs are 10 he met exactly we
neediofind A ...

9
2

Anin /1)
N [N

1 —
{0, 7 m,)"
A,.=120
N o= 42
= .1824
S A = 10log(1+ 1)
= 07348
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11.11

Z|a

Z|3

ol
w, = 10'rad/s N =5
Apsx = 1dB =1 = 05088
find solution graphically

= l)lm (’_’ + l)
Py “”(: M2t
61
= 873.59 *('15)
(3.4 .. (67
= 873. om) . om
8 59[°°s( 10) ’s'"(lo)]
= -269.96 + j830.84
P, =81359¢|Z+ 0L 4+ 1
: = 8135 *[2 2N N]
==706.75 + j 513.49
P, = 873.59 ¥n = —873.59

11.12
fp=10kHz Amip = 15dB
5

hal G
w

£, = 15kHz A = 2dB

"o

N A
£ =10" — 1= = 0.76478
Manipulation Eq (16.15) we get:
A_. /10
log{(10 ™ " — 1)/
N = ﬂ___,__l = 4.88
2log(w,/ w,)

L use N =5

finding natural modes graphically:-

1 1IN
radius = w,(-l-) Ao

Wy = 6.629 X 10

L

/"‘fﬁ

Z|a

Zla

wpf})

i eos{g ) < e (5)

= wofeox(55) = 10(55))
“"’(‘m( IO) =70

= we(— 0.309 = j0.951)

8 .

Py, = mo(cos—'g :jsmaTg)
=wg(— 0.809 * j0.588)
Py = wg(cosw * jsinm) = —w,
Given a natural mode — a * jB, the following
term results
(s +a+jB)s +a—jB)
= +2as+a’ + ﬁz
=5’ + 2Re(P)s + |P*
Also, note that for a Butterworth, all natural
modes have a magnitude of w,,.

P, yields: 5° + 0.618wys + w)
P, yields: s* + 1.618wps + w)
P, yields: 5 + w,

~T(s) = 5 k o
(s + wg)(s” + 0.618w,s + wy)
)(———-——z ! =
s° + 1.618wps + wg
for unity dc gain
IrGo)l = £ = 1=k = w
Wo
o
L T(s) = 2

(s + wo)(s* + 0618w,s + w’o)
S S
(57 + 1.61Bwgys + wp)
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for attenuation at 20 kHz = imw i=012..
w, _ 20 _ ; .
il i w = Cos[i;ﬂ i= 0,I.2,...§
N,
Alw,) = mlog[n +:’(-‘ﬂ) ] wy = 10
e w, = 09010
=27.8dB ®, = 06235
11.13 wy = 02252
o values at which
T ol m=a+i""
f w’ﬂ_(l u:_?._ﬂ miogs 12:0.97 Note w, = 0.2252
VATHE|S = muy
To find |T(jz)] since w > w,p

|l

IT(jw) = [I +7 Coshz(NCosh"(.ﬂ’.))]

p.

e}
3

39X 1074 = {1 + 0.5088°Cosh’(7Cosh™'2)]
=3898x107WV
|M,= —68.2 dB
Given A,,, = 1dB=1 = 05088 For roll-off consider
y k
. a2 -if w )] T = g
ITGw) = [I + £Cos (NCos (—D] 5+ bes® + ...by
Wp
. k
for w < wp for w >>wp |T(jw)| = ;—3
K IT(w)] =1 | 1
2 -1 .. Rall-offis — or 20Iog(—)
1 = 1+ Cos"(NCos (w/wp)) 2’ 2’
wp = | per octave = —42 dB/octave.
NCos™ ' (w/1) = Cos™'(0) 11.14
- 2i+ 1
Cos™'(w) = —'fﬁ—“ wg/wp = 2
A
i _ [2i+1 max
S = Cos[—-z—N—-'n] Ap., = 1dB=>1 = 10" -
‘ o this val or . M=l =0.5088
w s repeat after thisvalue i = 0,1, ..., ——— 3 AN~
pe 2 ITal = [V + Flwgrwp)™ "
wy = 0.9749 N 2 WosV-' 2
14 [+ e [2])]
w, = 07818 d [ osh”| NCosh P
wy = 04339 T4 = 613X 107° = ~243dB
wy =0 [Td = 543 % 107" = —45.3 dB
@ values at which |[T] = 1
note w, = —0.4339 [T dB
0
= —ay!

|7} = 171 + . then
171U+ 7 = (1 + FCos* (NCos ™ (w /o] "

| = Cos(NCos“'(ﬁ)) 243
We ~45.3

NCos '(w) = Cos™'(0)

€
=

I
£

13



11.15

@) fp = 34 KHz

Apn = 1dB =51 = 0.5088

fs = 4 kHz Any = 35dB

wg/wp = 1.176

Using Eq (16.22):

A(ws) = IOIOg[I +:’Cosh’(~(:osh"(9-’))]
Wp

& trying different values for N

N A,)

8 28.8dB

9 339dB

10 38.98dB

- UseN=10

Excess attenuation = 39 — 35 = 4dB
(b) Poles are given by:

Py = —m,Sin(y‘T—l : g)smh(ﬁ(sm""(m)

: k-1 m Yeinn!f1
+;m,,Cos( N 2)Cosh(NSmh ('))

fork = 1,2,...,N.

Since 1+ = 0.5088 and N = 10
Sinh(1/NSinh™'(1/1)) = 0.1433
Cosh(1/NSinh™'(1/0) = 1.010

P, = m,.[- 0.14338in(%)+ jl.0|0Cos[210)]

= wp(— 00224 + j0.9978)
P, = wp(— 0.0650 + j0.900)
Py = wp(— 0.1013 + j0.7143)
P, = wp(— 0.1277 + j0.4586)
Py = wp(— 0.1415 + j0.1580)

Now it should be realized that the remaining poles
are complex conjugates of the above.

pole-pair P, & P give a factor:

§* + 2(0.0224)w,.5 + wi(0.0224° + 0.9978%)
= §* + 0.0448w,S + 1023w},

i.¢. this factor is from (S — P,)}(S — P})

Payietas: S° + 0.130w,. + 0.9020;

Pyyicias: S° + 0203w, + 0.721w;

Poyicias: 5° + 02550, + 0.476w;

Psyioas: S+ 02830,5 + 0212w;
Now T(S) is given by
km;.o

T(s) = 9 . v
E2(§ = P)(S = P})..(S = P)(S — P}

Chapter 11--7

where the second order terms of the denominator
are given above.
k is the dc gain

.. we want the dc gain to be

k= - = 0.8913
1+
wp = 27 X 3400
Im

11.16

fo = 100 KHz R(x) = 100 k)
IT(=)| = 1

>
»
<

<
<
<

R, C
v, —MWA——

Ri{x) = R, = 100 kQ
IT(x)] = R/R, = |
R, = R, = 100kQ
CR, = /W,
[ 1
WoR, 27100 x 10" x 100 X 10"
= 159 nF




~Zero st § kHz; Pole at 100 kHz
~TO) = 11 R(O) = 1k}
Thus: R(DC) = Ry = 1k{}

T(DC) = ~RJ/Ry = ~1

Ry = Ry = 1k

Fora pole at 100 kHz
| 1
CaRy = e 29 €y = e
e W:ﬂ:’ T 2nfeR,
= 159 nF
o, a‘-S + ay
For th t7(5) =
‘or the circuit T($) ST W,
Thus the Zero st —ay/a, = =2 10°
CiRy = ajfay
C‘ = ____l.:‘_
2w 107 R,
= 159 nF

I

High freq gain = :ég- = —100

= 404B
[T} (dB)

1 kHz 100 kHz Slog)
11.18
G,
S | e R
3
AN
Ry R,

w«m—;{>m W f»f L\

=

. - .

Low pass High pass

Chapter 11-8

gain = 1077 = 398 =4

want R; = R, large

SRy o= 100 k0D

Total gain = A, p Ay, = 4

Agp = —Ry/R, = Ry = AR, and
Ry = 100 k)

sanakeApp = 1Ay = —4

R, = 100k
RyCy =
oL
c, 1 1

T 2nfo.R 2m(10 X 10°)100 X 10°
= 0.159 nF

—R/R, = ~4] R, = 100 k(1
Ayp = : make
R, = 4R, Ry, = 25k
Now R,Cy = VW,
[ S T S—
P 2w S R
- 1
270100 x 10125 x 10°
= 63,7 nF
11.19
Iy R,
AAA
Yyy
AAA

',{V
V, o ! tD———O vy
AAA

yYy
T
At +ve terminal
Vv, = ‘"W’W{Smg_v;
1/5C + R,
- ".__.. 4 w
s e

V-=V+ due to virtual short between terminals

i Y
S Vv )__
h ( T+ s R,

Vo = V= LR,

R P T .
1+ 857 Yo+ SR,

}_’_(_; LS -1 1~ 8y

v, 1+ 87 1+ 8+




=w=-S -
wy+ S 0 T
§—wy
= - = T(s
=T
. _ Jw—wg
T(jW) Fo ¥ wo
e 5) ()
H(W) = 180° + \an(_mo) ”
= 360°-znan-'(l"-) mn-'(i)
wo. wg

n

—2tan “Yw/w,) = 180 —tan “'(i";)

Now this equation can be rearranged:

W; = wn(~-¢/2) =w, 3 Re

R-W = wan(—¢72)
R = '_“ﬁé"-“i,‘i’—zl = 10°an(—¢/2)

¢ = —30°,-60°,-90° —120°, -150°
R = 2.68kQ, 577k, 10kQ, 17.32kQ,
3732kl

11.20

R s
=R _y =_2y,
Vr = RTisc ' T Srwe
1
Whe'c"’():E:_
;= V,—(S/S+w0)v,
' _———_—R,
s
= V.- LR
VO S*‘Uo i I RN}

- el
S+wov‘ ! S+ w,y

Vo _25—-S5-wy _ S—wp
v, S+ wo S+ w,

Now :

(W) = tan "(—L"—) - tan "(ui,o)

—wy

Chapter 11--9

11.21

Note tan '—2. = 180° - tan 12—
-wg ~wo
= 180 - tan "(2-) - tan "(-“—))
W, W
= 180 — 2lan"(l’-)
W
Clearly ¢(0) = 180° & ¢(w—x) = 0°
Low pass w, = 10" rad/s
0= '
DC gain = |
7(s) = Zo
> w, 2
S§+52+o
Q 0
T(0) = aguwh = |
ap = Wy = 10°
6
ST(S) = 10

$*+10°s + 10°
Wppx = WoJ“ I/ZQ2
]

S22

= 0.707 rad/s

11.22

Wp =1 rad/s
Amax =3 dB
L
J2

There are many Q-values which may be used

107 = 0708 =

iA

S
=

R PR ———




Chapter 11-10

Q = 1//3 - no penking 4Q'>2
0> 1.3 - peaking Al
. ! 3y 2
Solution | @ = 1172
, 1
For @ = /.3 the response is maximally flat 2 v >1n
Because this is desirble, use: Q = —}i- - ‘l _ "1‘5 - ‘"'“‘“i
; 40 40
TS = gL =5Q = 05412 or 1.3066

S ¥ SWoB + W5
a 0> L useQ = 13066
froj = 22 =1 L2
w

o Now at the passband edge
ap = W ool = W2
2 2
2 2 2 W,
TG = sy = (%) [rgnr = Vol o = %
(Wo = 1) +2W, N2 (wf)_;)".g.,_g
W, = | radfs o
. - 1 W wi
STHSY = = Wo o N —ow? 41+ 22
$ 4+ s+ 2 2{% ot! 0
e p’ '3 & » 2
Solution 2 0 > 1.2 W2 - 1/gh = 1
From the figure:
o W, = 0841
o) = U2 = =% Wi fa
wh sy = Y
cag = wf | §+ W05 + Wo
Ni ’ﬂ - 2“0! — = — 03
oW iThas = =5 = =1 §*+ 0.644s + 0.707
Vodl = 114Q W, =2
0
,,_L_,W =] 17,(2)) = 0242 |T(j2)) = 0.1414
S =140
Ay = —123dB Ag, . = —17dB
Q= ﬂ““”“‘“‘? 11.23
O 2(1 - :5) v, lags V, by 120°
| V, lags V, by 1207
ey~ w = 2060 & C = } uF
PRI I sy = e e L
Q' -207 45 =0 )= Sl M T Re
Solving for Q7 gives: Ry "
2 - 5
Q' = 1ef x, N
ASIDE: AP A'A'Av N
YR ING: o= % W
o' an L. v, Kilc
= =



Chapter 11-11

. ~f @ Yo i o Tlie) = jwoa,
d{w) = 180° + tan (——w“_ma] tan (“’o (o) (wwf,wwz) + Ty
sub: tan(»ﬁ—o) = {80 — tan""(w"z«) wQ
C\e o [T = R
2 32, W W
= @ln) = ~2an(w/ ws) {wg — w’)" + “53—]
Now ¢ = ~120° at w = 2760 Pan (a): '
=120 = —2tan(WRC) o] = [TGe:)
~60 = ~tan” (2560 X R X 107%) aw,
R = 459k0 s oty (@190)
. - g Lol
R, can be arbitrarily chosen use R, = 10kf} J“”o ) ( 0 )
11.24 - aW,
2, (wpgY
Job- b (757)
X
HAS
H

7

off (03 - wb’ + (2227] |
= wif(wh - o + (25 )]

wilwd - 20508 + w) = oi(w) - 20367 + o)

N
wind + wiw! = vie) + vlof

14

l

whlw] — ) = ojof - wjel
x whivl —wl) = wioj(e] - wl
wh = wiwl

Natural Modes: wh = wuw, QED.

1, A3 (b} For Fig. 16.4:

1777 wpy = B100 rad/s

{2 AN ey = 10000 rad/s
wo & ;(“‘“) *(!}—'3 51.0 -
2 T2 Apws = 1dB
wo 1 %o @3 = (8100)(10000)
20 2 e w, = 9000 rad/s
L5 a8 X . e
T = e = el = [Tl = 107
Sragree 20 = 08913
T a4y = 1 T jwp)] = WW"’:}": 1
: Fe e A
T(s) = ‘{‘”u wgy) (Q)
S s+
o Bafy

11.25 @310
For a 2ud-order bandpass .

or ¥ Jud-0r rrl ;n pas Q_d.‘ =1=>a, = ‘:’wg
NN R id od— e

$), - y
$ g 5‘,}5? + w} 3

TUwe = [T(09w) = 08913



Chapter 11-12

(/0 (09wy)
3 0.9
(wd ~ (09w, + (»E‘i’ﬂ)

- 2
; = 08913

[ 0 & 9«»11,))

= 0.89:3'2[(4,,(2, - (09wp)) + (0.9(;0)2]

0.816s8

- 0.39:3[ 401 - 081) + '8{;"’”}

4 2
S0 ~ 0813 = 08915} X (1 - 081
SUBw, = 9000 gives
0 =24

Now Q, = z?— = 0415w,

0.415w,5
5° 4+ 0415w, + wh
IF WS, = 3000 rad/s

LIS =

[r(3000)] = 0.415m,(3000)
(W2 — 3000°) + (02,3000 X 415)°
= 0.1537
S Agis = —2010g{0.1537)
= 163dB

Now wy; and w;g, are geometrically symmetrical
about wy

>
M55y = w5

~

- 3000
= 27000 radés

11.26

@y
BW W
wo = 2w(60) BW =

= 1003

O =

= 26 A = 2008

TUS) = 4yt 95

Ly
8§ Y———’ - o
¢

o+ B - ) DC Gain
' wé
0. =1
sy = ¥+ (2m60)°
§ ‘;2'3(30 L 260

1.O0S

S+ 1421 % 10°
S 437508 + 1.421 X 10°

11.27

FOR ALL PASS:
§~ SW, 0 + wh
5P+ SWIQ + w}
i Zero fmqucncy < pole frequency
~ SW,IQ + w?
Q’sz + SWI0 + w

T(S) =

T(8) =

T{S) =

a)”*: Wy

w? m’
AtDC: T =a— where «--;-<l
wH wy

1T

wy, @y w

1f Zero frequency > pole frequency
then w, > w,

ADC: T} = 0,27 where 221
w}

ws

! tyy o, 2

11.28

$— SWHlQ! + w§ a
FESWIQ, + o
ZeroQ<pole Q= Q' < O,
AW = W,

o= 4walQ L w00

Wi Qg Q'
O >0,

T8 =

|7‘(j‘°:)j§ = A
T Q<Q,

(04
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11.29
1
W, = T 11.31 .
WL = 1011 Low Pass : wde= lD/ Cz o luf
Wy = (LOILE)™* . QA = V\I'i
= 0.9950:/-1‘_-.,—
<
= R |
= 0.9950W, Q= wocR we = NTC
AW, = ~05% _
e = 1.01¢ Woc. wtC
W, = 0.9950W,
aW; = -05% = = - = ImH
. T
Changing R has no effecton W, ﬁ*{; x 011D
11.30 = 103 LU
il °
P
‘P
Vs L RZ Vo
°
Use voltage divider rule:
Z
Vo, = R ‘l,» v
? Zpgr+Z¢ y
AR
Ve _ (R * sz,)
Vs 1 l)‘“’ L1 Wy = J—_
B d 1.C
L :
(R SS S¢ O = ww,CR
¢
= ] | Amid =1
(-_ + ..J + 8¢ .
SL R wp = -1
sy = Yeld) - s e -
TV g igre s L 0 = wC2RY 2R)
e = wa'R
2R
Ama = 5E39R 2



11.33

J— -
C L

L

V"Nllv! ey oo = Tar(S)

YoMl oy, uq = Tr(®

§

Yo

Chapter 11-14

= T ($)
v
x V¥,
Using superposition
Voo .V Yo
Vo = —V—; Vx"”"‘;; Vx+V: v,
= TU.V, + T}":Vy + TBPVZ
L 7y 43
y 1
52+ S/RC +
LC
. S/ | SR
Vo = VT TSR, + 1L,
§? S/R
, + V=
ViSTr SR v T, | S T SR, ¥ 1L,
11.34
L
v, c b

L3 R

From Eg 16.46
$24+ UL, C
$+ SOICR)Y +

T( S) P

i
(4§ LaC

Required notch ©? = TLC" = (0.9u,)
., C

hut:

s
Vo

2

°%:3 where

_ 1

(L L)C

1 . LiL,

eyt L L
L+l
Ly, C
Ly+ L 2
= _l.l::..z(‘gmoy

L
1= {2 1)0.92
&

i
Y, DA B
' 09

Ll Ly =

]

0.2346

For w << @y~
L_wme
TULE LYC L+ L

i.e. inductors dominate!

For @ >> w, L, & L, are “open” C is shorted
[T=1
11.35

L=C, R, R, RJR,

Choose Ry = Ry, = Ry, = Ry = 10k
L= CyX 108

For:

L =10H=C,X108= C, = 100nF
L=1H=C, = 10nF

L =01H=>C, = | nF

in

11.36

Ap = IDlog(l + 73 = 3dB
S =0998 =1
w, = w, = 10*

For circuit QQ use fig 16,13 {a)
DC Grain

=1 = Ry/Ry=sR, = R, = IDk{}



N=2 | | N=3

e
2Q
W, = leludfs
s @, CO$ 36
20
Q= —t = 0618
2 Cos 36
kR,
C, C, R, R, R,
T(S) - 4 & i K R
s i + 2 —
5T+ S7C R C.C, R Ry R:
3 R
oy, W

Rf: CI
USE €, = Cq = 100 oF

Re=—t R =R = R = R =

[ERS
Now using:

Yoo g g = 0618

0 CoR,
R, = =2 = 6180
) [P

For circulf (o) use

o,

R, = R.= Ry = Ry 1R

1 kD)

10 which is the same as for cireuit (b)Y

Chapter 11-15

Now: Q =

—1l =168
2co872

Ry = 0/w,Cq = 161801

11.37
fo = 4kHz  fy =SkHz @
now Cy = 10nF and k = 1 = de gain
Wy = [C(Cq + CIRRRy/R,) P
Cop + Cgy = C
Choose Cg = C; = 10nF
Ry, = Ry =Ry = Ry = R

Ay = (CCRH™ 1

1
wyC,y

=R, = Ry = Ry = R, = 3979 kQ)
W, = (C,C,RH™?

i

R =

Cﬁ! = :?Cm = 6.4 nF

|
w2RIC,

Cp = 36nF

Co+Co R
Q=R 61 52 . 2
"J C, KRR,

=Ry j—RT— = RgR = R, = 3979 k()
1]

11.38 0 = 180° atf,’
o Use fou = tkHz Q=1
R"
“"' = el
3 CaCoR RiRs

et C » C, = Cp = InF
R, = RRs = R, = R
= HCR?

10

Ro= e = 1016k =R = Ry = Ry = R,

0 R Covog
!

1]

10 "2m10°

SR, = 159.16k0



11.39

Because of virtual short at opamp input terminals
all modes are at V!

I, = =SCV,
Since no current goes into the opamp input termi-
pals we have:

v, = Vo= 1R,
= Vol + SCR))

1
12 =(V,~ V})’E;

_ SCeRy
R,
Vo = Vo= IRy
-y, - SCeR Ry
2 M—R}
I, = (V, — V,)8C,
_SICL R R,
Ry
Now the voltage source sees an input impedance
given by:
- V2 Ry
Zip T —F B e
Iy  SCCR R,
As required

v,

2

for § = jw=8 =
—R, }

C.CRR, o
= —R(W)

ie. A PURE NEGATIVE RESISTANCE!

Zigljw) =

11.40
IO '
T =k Gt
s

R, R,
L
Cea) By Ry R

S S ¥
C, Oy R,

§'HSICR Y

Chapter 11-16

AtDC=pg = ¢
. C,
T(o) =% £
¢ Cyy +Cyy
Ry/C, Cy Ry Ry Ry
R/ CACq + Cp) Ry R, Ry
=T(0) = k 8 DC Gain!

Note that- Cy; + Cy, is the total capacitance
ACIOSS Ré

W, = Ry/Cy Co Ry Ry Ry

= @, = ,—_.._’.@....__..,
CiCq R Ry Ry

£y = Cq+ Cq

Oy _ __R/C,Cy Ry Ry Ry
w, Ry/CyCq + Cgy) R, Ry Ry

Cei

Co + Cyp
“ - Ca
i, Ce
2 . 32
Cy = Cg(«—") = C(«—'L)
Wy w,
Clearly from T(S) above:

o, = Ry/Cy Ce Ry Ry Ry

= i, = J Ry
NC (Cqy + Coy) Ry Ry Ry

11.41
T(s)

§* 4+ (Ry/Cy Cg Ry Ry Ray)

TR,
clearly: w, = /:..__w:,. .
NCy Co Ry Ry Ry,

- R, ( ] 1 )
OO L SR S
) Cy Co Ry Ry ARy, Rs,

At high frequencies § - x

T (=) =k A high freq gain

Observe that the equivalent resistance at the e
terminal of A is:

i 1,1
o= o4 Ll AND
RS RSI Rﬁ:

For the resonator (table 16.1)

1
Ry = 1w, ¢mp e =5 n e
&

2 R, AT |
§+SICR +(W~ (w. +
R oA m) -

2

Rs:

)
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11.42
T(s)

0.4508 (S° + 1.6996)
(S + 0.7294) (S + 0.2786s + 1.0504)
Part (a) Replace s with s/w,
T(s)

0.4508 (S°/ w}, + 1.6996)

(_5. + 0,7294) (ﬁ + 027865 1.0504]

w w
L4 w, (d

T(s)
_ 04508 w, (S° + 1.6996 w?)
(5 +0.7294 w,) (5 + 0.2786 w,5 + 1.0504 w?)
Subw, = 10* rad /s
T(s)
_ 4508 (S +1.6996 % 10°)
(S + 7294) (§° + 2786s + 1.0504 % 10%)

Part (b)

First decompose T(s) into 1st and 2nd- order sec-
tionswith unity DC gain!

T](J) =

kl P kl -
77293 1@ = 3555 = !
=k, = 7294
Now k, ky = 4508 =k, = 0.6180
- To(s) = 08180 (5 + 16996 x 10%)
: $* + 2786s + 1.0504 x 10°

As a check:

5

Ty0) = 0.6180 (1.6996 X'IO ) = 1.000
1.0504 x 10

AS EXPECTED!

ST(s) = T(s): Tals)

w, = 7294 rad/s DC Gain = |
LetC = 10nF
I

R, =R, = ;;—5=:R, =R, = 1371 k02

Chapter 11--17

11.43, _ Ry = Ry/Q =Ry = ORy
R, = Ry
f!.s’ s(ﬁf) m"+(-R—') w!
Yo o _Ru B B
Vi syl
§F-Leg 4+ ol
= -k

Ry S+ Yog 4 m,",
[4]
Flat Gain= —K R/ R,
Part (b)
-~ w, = 10"rad/s Q@ =2 FlatGain = 10

Choose C = 10nF =R = = 10k

1
w,C

Choose R[ =R, =10 k2

R
k—’-' =20-1=3=3R, = 10k}

Ry = 30k
NowK=2-1/Q =15

- Flat Gain = 10 = (1.5) X¢
Ry

R

I_{;' =015

Choose R, = 100 k1
Ry = R, = ISkQ
Ry = QR, = 30kQ

11.44 Note @, does not depend on R or C From
&' = (w" :
R, m)

Sow, = w, R—’ Nominally R, = R, 1%
L
Thus:

- 1.01 - 99
w, = w, ’—- w, = =72
" 99 Yo Tor

= 10lw, =099 w,
.. @, can deviate frome,
by * 1%
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11.45

Use Tow Thomas to realize a LPN

o8, = 10* w, = 12w, Q= 10
DC Gain = |
C = J0nF r= 20k
I
R = e = 10
oz = 10k0
From 16.16 (¢}
2
DC Gain = a5 =2 = |
w,

k4

1.2 miﬁ 1
¥
@,

a, -1 = WF - Gain
12

ay

10x107°

1.2°

o

C, = Cay, =

= 694 oF

2 2
R, = Riw, ! ) " L) x(m)z

© HF Gain R(I.E
= R = WkQ
R, =Ry = =

11.46

For all pass:
T($)

().\ [ S ORUUNIS. SOt SR
il w)E)

I
Jﬁk;(l r )?

R, RRINC,

For All Pass Ry =» o

To adjust 4 trim r or R, {independent of W, 1)

Now @, = ?lf( so do not tiim R or C!

Note if we trim R, or Cy to adjust W, This will
also affect Q.. So the options are:

For W (a) rim Ry and ¢ or Ry3 to mamntan the
vatve of .

OR
(b) trim C;, and ror Ry
Prefer not to trim a capacitor so use {a) !
11.47
T(s)
0.4508 (57 + 1.6996)
(S + 0.7294) (57 + 0.27865 + 1.0504)
Part (n) Replace s with s/,

w, = 10°rad/s.

£
Tis)
i 04508 (5% 7w}, + 1.6996)
(i + 0.7294) (:5. 4 027865 | 1‘0504)
W, mf, w,
T(s)

04508 w, (5 + 1.6996 ws)
(S + 07294 w)) (8 + 027865 w,$ + 1.0504 wy)

- 4508 (5° + 1.6996 % 10%)
(S + 7294) (S° + 27865 -+ 1.0504 X 10)

For FIRST ORDER SECTION
w, = 7294 DC Gain = |
Cheose C = 10 nF

e R =
Ry = Ry = == =R =R, = 1371 k02

i

For SECOND ORDER SECTION

wr = 16996 x 10° =3, = 13.037 x 10°

-

wr o= 10504 % 105w, = 10.249 x 107
w

©o _ 29860 = 3.6787
0 =

DC gain = |
For Tow Thomas LPN
Choose C = 10 nF
k=1 - J :
@, C 10249 2 10" x 10 x 1077
= 9,757 ki)
Chooser = 20k{}
{e):

2
Tlo) = a, 24 = 1= a, 7% = 0618

wy, [0

i

o HF gain = g, = (.618

;= X HF gain= C, = 0618 nF
R, = R (w,,;’wﬂ)g

Ry = 0618 R= R, = 603 k)

Ry = Ry = = OR = 3589 kQ



Chapter 11-19

11.48 D ;
stesfLoe L)Ly
HS) = ((', CZ)R_, C,C3RyR,

- 1 1 ] ]
52 +s(»..... b m_) K
CRy, CR, CR,J CCRR,

BotC,=Co= C&R, =R = R RC = 1
S = S1’+S'iRC+ 1R
S+S3/RC+ 1
R

R L L
§ s by

Zeros defined by w, = b/r
i
Q, = 5
= Double Rootat § = —1/r

Poles of #(S) are given by the quadric formula:

£ = :‘}1{:} e __.'3_?___"'[5.
2y M 2%

Le. two roots on the negative real axis

H the network is placed in the negative feedback

path of an ideal amplifier (A = =) then the poles

are given by the zeros of (S):

Closed loop poles:

§ = — /7 (multiplicity = 2)

11.49

~sCVo

ov L

—-3CV -y
Note first ——L(:——" ¥
R
v = SRV,
16
Y7 amy
2 v )‘
Yy SOV, = ¥y - v Ve . 0
R ;

=

2
sCV,R +5C‘V,»+S C‘RV,,_'P:CV(,
X 16 16 16
Vo
[ S
% 0

muit by: 16 R and let RC = «
TV, + 16t Vs + §1V,+ sV, + 16V, = 0
Vo[ ¥4 5 X 27 4 16] = ~16 5"V,

Yo . 1637

T Sl 2t 8 + 16

s 16/ RC

S+ IRC + 167 R2C?

16

Let w, = 19 _ .
e Wy, = =ty B e

(RCY

STy =

g.’g:t: &:;Q:%

0 RC 2
o o 2 g = RCuwy
0 re™¢ 2
—dwgys

wo

Q

57 gt o

lTlS' [

0
Bandpass
1 0

it

IT(we)| = 4/1/2 = 8¥ CENTER FREQ

GAIN
11.50

»\“_—..._,_ﬁ
1 N ey
Dot + Vi
v
' Ry R
H
-
RC = 200w,
- R,
R, YR
Vo= Vo= kY due to vinual short
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- Vo gV,
- Vo kv,(s &

V=< CR(kV’ Vo + SCRKY)

L1mv=0
Lybl—~1,=0

SC(KV, ~ V) + igf(vi -V
~SCV =~ V) =0

, kv, .V, -
SC(W” 5CR ' 5CR "V‘)
kV,)

&(vi kv , Yo
R SCR T SCR
Y,V
- ~Yo 4 uv)
“\scr " sor T YV o
W, v
J. B

407 Y, Yo _ )
+A (V‘ 5cr T 5CR kY

sc(kV Vo
F\SC 5C

=SUBCR = 22 & r= 22
wy Cuwy

e

+kRV, — VOR) = 0

~ RV +V,
40 kV.mp + Vou, ¥ g
S s

KV, 4 Vo= SK20 7 woV, + svl,ég =0
o

+ 402V, — —40Q%Y,

e

wo

=V, ik AQ" 2ka(I +40° ’(’ k¥ ‘”LQ\%

Wy 4
o v, 522 4 25 4 2Qmi-,] = v ]2
[ ) Lo iy

S(AQk — 407 + 2 K) + 2kQw,

SO L 5407k - 407+ 26) + U0,
Vo . _®e

. 220 ’
i §22 4 25 4 20w,
(t)

Q ) + m,f

5+ s.a? + g

2 oY
LR e

2. 1 R,
spall o et and - o 1 WS
Reeall PR AR ) W

PR H

2 W R‘_ 1) 2
+ St - =2, +
ml’g,( _s sQ(x £20°) + g
Vi Ri+ ke s FS-9+(|)02
Ry
T(S) = =
() R"‘"Rﬂ
S%s%’(l 2Qf')+ ;

For All Pass

S+ 2208 + g
wewanl T(8)a
2, LW 2
s+ Sz)i’ +

=128
R,
2R
Bt Q)
20 7,
R 1
Rg QE
R, 2 R, R./R
=) & 2 = 2271
. g R, ¥R, 1+R,/R,
-9
i+ 0
For Notch:
IR
t-20°t = 0
Q R
R
R, 2p°
LEg. 207 & Ry . 2 .
R, R+ R 1+ 207
11.51
Yo R, e AL
V{_’ proms s
Yo @ v Ry
S Y Y —
r$h Yo SCVo-vI| v-v,
‘ R R,
SOV~ v;_[' ¢
- [o
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. No current can’t flow into the terminal

Yo
20 = §C(V,—-V
7, SCo(Vo=V)

V=V, 1+——'-)

SC3R,
S1ev=0
Vo V-V V-V,
-2+t _75C, = —2
R, 1 ! R,
sl vsaR) - -
Vo= + | +v|-5C,-=| = =SC\V,
o[ R, R, ! R Vi

Vo [R, - R.I] +V [SC. Rﬁa + Rl] = V,SC,R,R,

Vo(Rs = Ry) + v,,( 1+ _'——)(sc,k,k, +Ry)

SC,R,
=SCRR,V,

c 1

Vn(R4 — K3 +SCRR+ Ky + IR+ —)

C 5¢C,
=SCRR, Y,
Vo (S'CCRR, + SCR, + SC,R, + 1)

= §'CRR.C,V,

Vo _ §°C,CoRyR,
Vi §°C,CaRyR, + SC\R, + SCaR, + 1
S+ 5(__1__. + __'_) S
CRy  C\RyJ  C\CiR4R,
.. High P
Note Iro) =0 e \
|T(x)| = 1 |High Freq Gain = IV

3dBfreq = 10'radls, Q = - formax flat.
S2

cwp = 1002 ¢ = ¢ = 100F

learly wj = d
clearty %o = ECRR,
wo o 1, 1 _GHG
Q@ CRy CRy  CCiR,y
=2C _ 2 _ S22 x10
C!R_, CR,
_ 2
y T ———
10%x10° % 10°x 2
R, = 1414k
Ry = —— =R, = 707k
wy C,CaR,

11.52

A..=3dB

-2

e =(10°-1) =1

1/ ,
wy = up(;) = w, = 215000 = 104w
1

2Cos36
- 1

2 2CosT2
For first order section:

w, = 10'n dc gain = 1
From 16.13 (a)

R, =R, = 10kQ2

i
]

Q, 0618

= 1618

Wk 10*w10*
Second order section @ = 0.618 :
From 16.34 (c) m = 4Q" = 1.528

RC = 22 1etR =R, = 10k
wg

c=22 ¢, =C=3930F
woR

¢, =€ =2570F
m

Second Order Section Q@ = 1.618 :

c = 22 , =40 =10472
wyR

=103nF=R, = Ry = 10kQ2

C,=C=103nF

¢, = € = 0984nF
m

11.53

For a bandpass filter
wy/ Qs
S+ swo/Q + m,,!
center freq. gain = 1
compl y transfer fi

= 1-1

1s) =

S+ w,,z :
= em————— = NOTCH!
5T+ swy/ Q0+ wy



=y INTERCHANGE V, & gnd to get:

a

Vi
11.54
7(S) = s/RC
s +s/RC+1/LC
1 C
Wy = =~ {0 RJ:
¢ Jic L
For w,
dwg '_’i!;(_:)_‘.i.j = ~Lgme
L al 2
dy _ 9o
aC 20
o . ¢
aR
sio = Mel oy
* ol wy
ro . Mo O ooy
¢ ¢ wy
. dwg R
oo ek g
# 3R w,
For Q
29 . &{?(;,!} -0
il L»,-’ii 2 24
g PR
ae 2«(“7“
g . JETT
aR
o = .g-).. Y!; = .‘,
S 20 ¢Q 2

Vo

Chapter 11-22

11.55
W, ‘!

s +SQO[HP A+ 1]4«(.,0’;:. 0
Now the actual we, and Q dre given by:
wo 4 = wg and Q, = "‘*‘“Q‘“‘“““

1+ 200
A+ 1)
%" =0
§0 . A _20%A+ 1)
A+ 4120%A+1)
2 2
e
11.56
RI"R;!,
Wo = ot
JCTRR,
Q = l
c.cR R:( .L)(_L " _L)
*/ TACNR, TR,
dm, -1
X0 . -1
€y 20, [CC, R,
9—‘_‘.')_9 = —--—...:,..!____,__q w %o
aC; 2C, [C,CR\R,  2C,
500 = Lo G )
L al, wy, 2
o M1 > «a .
clearly St3 = 5(1’ = SR:) - SR‘;) N _%
& - .0
20, [CERE ( }(_M L)
R,‘
0 _ 1
w88 = -1
Q0 0 _ 1
aw, T a6 T e Tt

90 _ 1R~ KR, o
AR, 2
R:(—"L + '5_’) -
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weycles = ——— = 100 cycles
o3V
o JRYR, — R R, ] Av ey
¢ W slope = AV - 1
o b R A1 (100 cycles)(1/100 X 10°)
IRy = Rz*”*“‘g, =0 = 10°Y
/ 8
s§, =0
11.59
fe = 400kHz f, = 10kHz Q = 20
11.57 C,=C, = WpF = C
1
Wy s €, = C, = w1
’ JCCRRRIR, 3 4 \ Yo : .
= 2%(10 20 % 107
P C R RR
= 3.14 pF
doy g ot
#Cy 2¢, Cy = ch"
N ba = ——.—.“wo ..c:i = —--_l. C
“e T a6, 6, T = G = 0asTpE
Similarly 5S¢0 = Sg = Sy = S0 = 1 T

Cy = ";‘C X centre frequency gain
do . Yo
AR, 2R,
Now for Q:

=8 = = 0.157 pF
? Note that the clock frequency has doubled. Hence

the period, T, is halved. Therefore, for the same

a0 _ Q ¢ . AQRy _ integratity capacitors, the resistors (switched

3;%6 TR, = Sk, R, Q i capacitors) will change by the factor of z. 50 com-

B s

nsate for this by changing the switched caps b
:g'g” = é%“"sg = ng = +% fe{acmrnfllz. yhneing P by
& &
ig:“_gmsgmsgjk:*l 11.60
ac, 2C, < rirfy 2 for 0 = 40
Jo=2WkHz  fy=10kHz
Cy=Cy=20pF=(
C3 = C4 = wy T C
11.58 = 210 ——L— )20 x 107"
change transferred = Q@ = CV ' 200 X 10°
= 1071y = 6.28 pF
- ; ¢ =20l L Gy 50
For fi = V00 kHe, average current is given by; 5 0 0
T = % = 1pC % lm Co = i‘lﬁ’éﬁi 5 Cy = 0.157 pF
= . wA
For each c::ck cycle, the output will change by the 11.61
samme amount as the change in voltage across ! wy = 1000 = 1703 fo = ¥ kHz

LAV = QIC, = —iL(r;; =01V

. R C
10 pF DO gain e - = 20 = )

[ -4
For AV = 0.1V for cach clock evele, the C, = O, = 10 pF
amplifier will saturate in ) ) X o
umplifier will saty G = Cp = Cy = wpTC

1

]
u)‘(-m L ‘)m x 10"
100 X 10



= | pF
Cy = CJQ = 141 pF
11.62
R,
10k}
1uH 9 20045
Ry C,
vWW " £
-Lrlljb ]
1eH B 2005 TN Ry
- _ — =

r, = 250, C,
B = 200
r,o= (B 132 = 5025k0
From base w collector
Ve o . B &
v, B+1 7,
Total capacitance at base
Cp o= C+20p -+ C (1~ k) Miller Effect
= 10+ 200 p + 11 + 199)

=« {1 pF,C, = 10pF,

= ~199 = X

410 pF

w494 % 10° radss

centre frequency pain =

Chapter 11-24

o
i

1

- ]
(R; ]| 7,)a10 pF
729 % 10° rad/s

= 2o
Bw
49.4/0.7293
= 67.7

1.63

§

#

R .
Qp = —L =R, = Quuw,l

Wy T == =

B

R

wyl
= 2002%10%)(10 x 1074
= 12.57 k0
] 1

JIE wJL
- 1
@#10%° 10x 107¢
= 2533 nF

= A
RC

_ ]

T @2EXx10% 1092533 x 107
= 6.283 k)

1

R, R, +R,

=Ry = 1257k e R} R, = R

11.64
36uH
2
InF
1k4}
|
F PR
" andic

r

¥

= (236 % 10 10 !

= R38.8 kHz
, R

= 9 (1 k)
= 9k
[\'},.,m,,l,

r
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9 x 10° and o’ za3( 1 + 2]
= (7]
27w 8388 X 10 x 36 x 10°° 2 s
= 474 50 Wy — W = —2Bww,
/
11.65 JT(JQ})'E_—G.&”‘Q“—?
(@)
w
2 2 2
L for 0 >> |;Q~(2_§2) - Q(zb_"’)
c w wg
(ad Cw= !

= 1T = el
s D]
C Wy

v = - __ITGwg)|

. 2
! ’l +4 (92)
for wC << WL A e [

2 1 For N bandpass sections, synch ly tuned in
S W< ITCT“ cascade, half power is given by:
N
ic well below resonance 1 |
cogain = —g (jwl) = —
3
o o ‘ 1+ 4Q’(§-‘-") %
“Yia T =+ jwC, + juC, (1 +¢g_jwl) wg
r
7 (o)) -
= (;_ - w“g,,,C“) + jw(Cy + C,) w,
o
AS REQUIRED! 491(2—‘1’)' =2
0 .
11.66 N
= Yo LA
dw = 56 2 |
() = s . Bandwidth:
2 Wy 2
+ g=¢
S e twe B=2sm=%"z""—1
T(jw) = — L0 11.67
(00!— u" + ‘Lw_wo
For first order lowpass:
. _ Jaw, _ aQ @, w,
T(jwp) = =€ = 1% T(S) = —2— |T(jw) = —22
jogQ Yo S+ wg ,(,,3 + ‘,,5
- L for a bandpass response arount wgo with
ITGjw) = a.w[(wﬁ, —wh)+ ("%’")] o
wy = ==
2,wQ/ww, e
3 I3 ) w,
1+ 0w~ w')‘ IT(jw) = —j—(ﬁg‘”‘j
e (Bu)’ + (32
0 2Q
Now @ = @, + 8u, Z—"—’« ] - wy2Q
] -
N EJ
20 “’0) (4W) :

[ + 40 Bahe,)



Now at 03 = g or 8= 0

fr(jos)} = L, then

Py ~ 2
L+ 492‘(*19)'

Wy
Part (b)

For N synchronously tuned sections in cascade:
3 dB bandwidth is given by:

¥a L
(riAT B

(AT = i"l?"‘ OR
ad §_§3 2 - glN
I+ 40 (%) 2" OR

2B = ‘%’Jz”" -1 (16.110)

N

Thus: [T 0Moversn = [TUwN
- ‘T(jw)!\wrnll

ol

NOTE
0= %,_) N
- §T(jwa)§mmn
X
: 7
[1 +4% "y (o))
I8 o _%
Er(jmf.))iuvma“
N
uN §j§ 1
[‘ *427 -1 ( B ) |
Part {c)(i)

for bandwidth = 2B, ie dw = =B
An = —20log(l + (27 ;)“))""N"ﬁ
= ~10N log(1 + 27"~ 1)
= JON log(2® " =3y

N i 2 3 4 2

A(dB) | 6.70 1 849 [ 928 1979} 1013

Part (i)
3 dB bandwidth Sw = 2BR

30 dB bandwidth %’ = x

-30 = =20810g(1 + 427 = 1D

3 = Nlog({l + H2 - Ty

Chapter 11-26

s= [t

Ratio of 30 dB to 3 dB
aw = 1% = 2
N NEEIEE
Ratio | 316 |86|57] |45
11.68

{a) For the narrowband approximation vatiation
of ) around O is equivalent to sw around wg
Thus, a low-pass maximally flat filter of band-
width B/2 and order N for which

-1
m o= 1 +0/B/ 2™y ! js vansformed o a
band-pass maximally fiat filter of bandwidth B/2
and order 2N, and centre frequency Wy, for which:

’T! - (l + (%3%)3?\')“!12
{b) For bandwidth 2B, éw = B &
m- (o)

~ 452

= (1+ 21") thus:

N 1 2 3 4 N

iT] | 0447 0.242 | 0.124 | 0.062 | 0.031

IThan -699 | -16.3 | ~18.1 | -24.1 {1 -30.1

For 30 dB bandwidth,
—30 = 20log x=>1 = 107

Az

2N

16
. 3w = z
1 +('E) = (31.6)

(@;‘E)ZN = 999 — | = 908
B2

Now the ratio of 30 dB to 3 ¢B bandwidth is
1

28 o gge™™

.
: o
a1 = — =
R B2

N 1 2 3 4 5

3
~i

ratio | 31.6 1 5.62 | 3161 20 1.99
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11.69

< .
Ay = 3dB=se = mu‘

Poles of lowpass prototypeé are given by

Poles: —w,, w,(— 172 = |./312)
Make w, = B/2

= JzB kB 1, ﬁ)
”"""’*"{ 3773 ( 37773

Usirig the low-pass io bandpass transformation:
Poles of the bandpass filter:

;é\s&"é ) and
Fi -‘;(4B+m,,)ami

=B, (S, _
T‘“(ag “"’)

For the thred circuits:
(Nwy, = 0p. 8, =B 0, = wy/B

0,

3 2
(2)“"02;‘%—'84‘“‘0 B, = g Qza“l‘;‘q
. _ B 2w
(”“&nz%g““’o By = 3 Qiz"fgg

x
je— B2 ]
" b 4 9,
g .
B/
B e
3‘"—2« »




Chapter 12—-1

12.1

Bs)

A= Au>0
ks
ﬁ(x) o ...._.._.Q__W__
5+ sm—é’-&- (o?,

(a} for oscillations | ~ AB(s) = 0

Wa., o2 w,, 2

A P T g .- PR

°To Q ¢

2wt = gl -
03 =~ @ jm(Q){AoK 1)

at the freq. of oscillation, both Real & imaginary
parts are O,

Lo =, & AK =
{b}

A AKZ2jy
LU = AB(jw) = — @7

(m?, - m:) + }M(%Q)

Lble) = 90" — tan—‘(g’;ﬁﬂg)

F 2
g T W
Now Ljan ty = L. o
dx } 4+t dx
NI 1 lﬁ_(mm,,fQ)
0 ) +(¢»w(,/Q)5 3 \gyd o ?
2 2
Wy
fwg. 2 Ww
2 2,2 Ly — 107) = 20220
o2 3 (WY i fwd - w0l
{3 ~ '} + (_?) i Wy ™ W
L .
K gy wyiot @
= 22
Wy
(€} Am,, = _Ad L Ab
ity 7 iim —2Q 7wy,
» *Afg"f’a
2¢

. Per unit change inwyg is given hy

By -

o

o

12.2

For the circuit.of problem .1, the poles, which
are the zeros of the characteristic equation, are
given by:
1-L(S) =0
1(8) = 1
Ax(‘“l?
................_Q...___.... |
§45%2 4 o3
Q (13

s*a—s%”u ~AK)+wh = 0

> Polesare at :

e ®oey " "3_92 n »zrz
.. 2 AX)»/Q)(! AK)d),

2

!
!
g€
<
A
|
>
>
1+
=
I
>
x
St
1
s

b
i
3
-
t
5
L
—
i+
.
—_——
!.8
SN
|
=

Radial distance of w, =

Is = w,’,(’ “"KT[I +( 20 )2~ 1]

70 1~ AK

= W}

2181 = weyindependent of AorK !

(a) For poles on jw- axis  =» real part =0
Sl —AK) = 0= AK = |

{b) For poles in RHS =3 Real Part > 0
~{1 —AK) >0

AK >}



Chapter 12--2

12.3

+

p > S G S

EZOWIMIE

<" \VemuFroka$

ke r_ 1000 pF | L
10 uH
For resonator: w, = L= gorrd
Jic S

Yo _ ...l_
0 _ RC
R = =10 - jokn

wof 107 x 1000 X 107"

7 rad
Oscillation will occur at wy, = 10 5

when G, = (R, | R, || R) = | ie gain=1

"G = ! = 2 =300k
“On = PR TR TI0K o v
12.4

Atw, AB = 1

If B(wy) is —20 dB with a phase

shift of 180° then clearly A should have a gain of
20dB (i.e. A(wy) = 10) with a phase shift of
*180°

ieeAd=-10
12.5

= - RJ_ ( +5)
L. = VE; Vo |l R

o
It

L

2

R
= 1022 + .7( +
R, 071

]

Ry
. 7
10.7 Rt

Ko 0.495 By symmetry A 0.495
R, R

Use R, = Ry = 10k

SRy = Ry=5k0

Slope of limiting characteristic

R,

— = 0.1

R, 0

g =1 =

R = LRy = 50k0
12.6

e

—>

For V, connected via R, to the virtal ground,
v

acurremt = R——-’ flows into the node. To com-
8

pensate, v; must be moved by Av, , in a direc-

tion opposite to V, to produce a current =

Ay, - T
R, Ry
R
Ay = —E'; Ve
up = O~ assumed
L. = -5= -15R,/R,
7,:'3 = 1= R

Given R;, = 100k =R, = 100k
Slope= R,/R, = 005
Ry = R, X005



Ris5kQd=Let R, = 43k
Ry = Ry=>Ry = 43k}
Ry = Ry = 3R, = 129 k)

For standard resistance values:

R, = Ry = 13 k)

R 43
L- = -15=2 = -5 x ==
5R, 13X 29

= -496V=-5V
Offsetis +5V=suse Vy = =15V
and5 = R, /Ry 15
SRy = 3R, = 300 k)

Chapter 12--3

12.7
Uy Uy
Vi +0.7
Vi + 0.7
o w Y
=R,
R
—(Vg +0.7) — (V;, +0.7)
(a) (b)
12.8
V. I/sc || R

V, 1/sc| R+17sc +R
(R/sc)/(-l— + R)
sC

(Risc) . 1 ,p
(l+R) sc
sC

- SCR
SCR+ (1 + SCR)®
- SCR

SCR+ () +25CR) + S°C'R’

1
. ke’
2 3 1
R s
RC  gpc?

Note ;—‘3 has zeros at O and <

n

i.c. A Band pass!

L | |
wp PP = w,
Yo
Qo
For centre frequency gain:
§ = jwy = j/RC

_"‘—3— = o
Tt

1 .
— / -
Y - Re 7RC

Vol (i’ kC) -3 ( )+—-—-‘
.2 R 2
R'c? RC\RC/) g¢?

= % = centre freq. gain

12.9

L = — LRI
3+ '(w R——)
AWCR - Ser

Eg(17.11)

WCR

wCR -
3

d(w) = —!an"'[

=1
using dan v _ _ 1 dv

ox 1+ 9 8x
L1 . 1 ----l(CR-Q-—---I )
w WCR - b 23 wiCcR
1+ WCR
3
L4 = Ycr+ = =2
T . 3 (C CR) 3 CR
w R_C‘
for A¢ = —0.1 rad

ad

Aw, =
W0 = 3470w

=0.1
|

-2/3—
)

= 0.15 w,
.. New frequency of oscillation

LIS

= 115w, = 22

12.10

I+ R,/R,
3 +SCR + 1/SCR
Poles of closed loop given by: L(S) = 1

1
1+ R./R, = 3+ SCR+ ——
2 SCR

L(s) =

0 =s’+i(2-

f_z)+ 1
kRC\" " RJ A



Chapter 12--4

1

RPN )
for Q = o« ~ poles on jw axis
~Ry/Ry, =2

for polesinRH.P R,/ R >2

12.11 N
g of g
network is very low
At positive peak
+
vo = ('-—'—(2)9—3—5) = 303y, 0
R -
vy - [R;TT?_ (vg~ (—lS))] =y ()
Now for 10V, _, out
=5V

- 5
T e =] A\
v 303 1.65

using (2) Ry = 1 kQ

5 (1'7:7;'”’" + 15))— 07 = 165

._@_.:2,65
1+ R
20
Ry = === —1
& 265
Rg = 65k = R3

Ry, = Rg = = from(2)

1 v
- + -07 = &
i (|+x(v° '5)) %7 = 3;
v
—071 =20
w07 =33
vy = 104V

. oppoutputis2 vy = 208 V,_,.

12.12

- f mm

U Y o gCyy = v, = () + SCR)

il atv,
% +SC(y — )+ SCvy = 0

vpl1 + SCR) + SCR(w, + ySCR) — SCRy, +

SCRyy = 0
(1 + SCR + SCR + SC’R’ + SCR) = SCRv,
B 8 SCR

"l S C'RP+13SCR+ 1

_ 1
T 3X SCR + 1 /(SCR)

A= 1+Ry/R,
1

3+ ,(wCR

Bjw) =
CR)

1
CR = ——
Zero phase when wCR oCFR
£
CR
B(W = 1/RC)| = 3

w =

for oscillations | + R,/ R, 23:?22
'
i+ R/R
3+ SCR + SCR
1+ R,/Ry

3 ’(WCR wcn)

L(s) = AB =

L(jw) =

12.13

_‘3’0__}0‘6{—“.\* —-—-I 0.65V
Y

10

[X%

ﬁ =
3/ atnode |
v Vo = 0650
30 10
vp — 065 — 1’32 ~0.65
0.1
0.00666v, + 0.666v, — 0.65
vy = 10,156 V
. Max. ouput = 20.3 Vp—p

12.14

wy = R—-'C= 2410 R = 10k

c= f|—‘—;=CEI‘GnF
10 % 20 % 10
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. L\
pio = [3+ fwcr~ o) 1402 = —1_ o1k
[ &CR ] wofiC .le
1
WCR = e 1/w,C~01R
- RX = el
(@) = —tan” (“"“5"&?] * 12
given:

~3 iny = u
gan’ v L v .oy o = 210

using 5
ax 1+ 0% C=16x10"
ablw) . -1 {RC + uw’xc] R = 10°
Al WCR -§,~%’—e Y 3 Rx = 715k
1+ 3 Now:
Bliwg) = !
Ao = 0y = ﬁ‘z,i%iﬁ’) = :;gxc 2+10/75+ j(1 — 1/ woCRx)
s » 3 -
. = (3333 — jo.326)"
Now 5.7°=0.1rad  {lag=-0.1rad) ]B( | 1
- jwg)| = =
fhw, = ol = 015w, = 15Kz o~ 335
~2/3RC S L+ Ry /R, = 335 for oscillations
. New frequency of oscillation = 8.5 kHz R
To restore Operation: Fz = 2.35 (not 2 as before)
1
v, Rv Cl Yy 12.15
Ry Ic
3 - lv,; R,
1 v, l’ v
© rell 55 o Lc Yo sV,
- €
b Re] L+ R+ L 1 1
Msem T se I RCR 4 C R
Rx/SC __ 7& @ *_:.’). —
. Rx+1/5C ke L L
Rx/SC 1 = =
B2+ R4 = = ) v
o V, = F - , _!
RH“&% ¢ 2= vt gk 1(1 + sc;e)
- Rx/SC 1+ ....I._)
= SCR , ,
ResSC o RRx v Ko+ Bxp Lo Iy= SR e v
§C s¢ ¢ R R scr?
.. 1 v _ v v
S) T e o=+ 2i =28 0
2+ B vsor+ o ks R osor
Rx SURx ;
WCR ~ —t Vo m Vit e
& = ~wan"! o WRaC
N 3% R/Rx = 1+ -3_.’~_+,!.~(;3}f b )
sCR sCV R or
Now it is required that & = 5377 al w > ! Vo = 0+ ik =
where o = 1/7RC ) SCR O Fetpt
. et s Bl PO L
- wokC wRaC (ﬁ R.\)“" R scrt SR
=2 e RIRGE-OD

weRxC
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12.16
Iy = I+ 1,
Iy = 2_'!.,. A :'; 3
R scR SCRr
I
V, = Vet+ L
o sV ¢
3v v 3v 4v v
= p+ e + — +
v, v SCR 32C2R2 SCR s’C’R: s’CJR"
= o+ Sy Sv X

2 Y
sCR - 20 JcC®

Now loop gain =

1
L) = Y
vﬂ
b=ty
L7
L(S) R

6 5 | )
R R E -
"( SCR 2R SOR
:3R,/R
3
S8 3 L 1
RC gt COR

L3
L(jw) = —jo' R, /R
6w ,  Sw l)
=Y 42w
orR RC (C’R’ “
L(jw)is real if
6(»02 - 1
RC R
w, = 1
¢ JeRC

) wy R, /R
L(juwy) = ——L——
—w, + .')/R"(fz

= _R//Reg’
- wp + 30w,
- Ri/R
29
Now loop Gain=1if R, = 29R
.. Minimum value for R, = 29 R
= 0.065

Sfo RC

]

3)i = scv
(4) scv = v/R

) v+ (scu + ’l;)R = 2y + SCRv

(6) 25Cv + S°C*Rv
(M=(6)+ (4= 35Cv + S°C'Ru + %

(8) 2v+ SCRv+ v+ 3SCRv + S'C*R*v
= 3v+ 4SCRv + S°C*R*v

9) 35Cv+45°C*Rv + S C*R*v
(10) = (7) +(9)

= 65Cu + 58°C*Ru + 2+ SRy
(I=(8)+(10) xR
u, = 4v+ 10SCRv + 65°C*R*v + S r*v

_ v, _ vR, /R
L) = 2 = ——aes Ep
Y v(S’C'R + 65°CPR* + 10SCR + 4)
- R, /R
SR + 65°C?R* + 10SCR + 4

Lijw) = Rk

(4= 60’C’RY) + j(10wCR + (&'C'RY)

L(jw) is purely real if
10w,CR = w, C'R’

L

RC
Given R = 10 k{2, fo = 10kHz

wo=

-

- 1
J16 % 10* x 24710°
= 0.503 nF
Now,

ILGjwo)| = —-——R-#;—ﬁ sub for w,
4 - 6wl RC
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PE I
- RL:R RgAx R’(jA,__m.Rz
4~ G RO C? Sy = it
R 2R
= KR - Ar2x2ifi - (a/74)
4 ~6710 - 2RC
SRy /R234 24152 -
1-(3 ~4fay
R, =34 k0 for d << (1 (5)) ~(1 2(4))
12.17 &[ _~( u.l(é)")..!..
Sp=|as22 21 - 57 ]mc
for 20 indicator

_3=-(3))

~(a
2R 2 4
V 2RC

2R Now:
> inR.HP!
7[“_“ »"“*’M { ) v R,{8p] > 0 =5 Poles nRH.P
2 for A << 1
o s
2R sp= L2272 az(5+i)eED
- A 2RC Rc\y
R 12.18
=cC The transmission of the filter normalized to the
I centre frequency, w, is:
= . _ wwy/ Q
ITGw) = 2 IO
: a2 wy
From the voltage divider around the upper branch: (g = @) + o
) (
V= U= oy,
2" a/0)(2)
XI = Oatthe input = 3 = 3
wy)? R b))
, EEE
ium = Uy, Y 5 T Vm L e
Rt SCE: * R =0 Relative 1o the amplitude of the fundamental
2 ! {a) The second harmenic = 0
Upy ™ & Ty Yoy - 2R {b) The third harmonic
g b SCyy - o = R, = 2R
IR R P 17 L]
by ge_HAY | wy =1 20 3 = 625 % 107°
1"1)2(72- + SC ﬁ) = T 3(1 _ ‘)2 + (.}.)z(i)
A 9 20/ \9
v@(s R~ ‘f) = Uy {¢) The fifth harmonic
| 1
. LS ]
.- S N 1 03 _ o
v SCR~A77 ~§(' ]‘z T = 208 x 10
—_ B
_ =) () ()
Now: T W:l_ 25 200825
v SCR {d) The 4% harmonic = 6% = |0 = (
LSy = —1ISCR P! harmonic = 1.04 % 107"
SCR—A72 . N .
\ e B RDS .
Characteristic equation £0s) = | 9 harmonic = 0.625 x 10
LSO -SERA Ly Ly . RMS of Z"dl 10 10" harmonic,
2 RMS of fundamenial

- Poles are 1625+ 208" + 1.047 + 06257 T 2 107!

=67%10 "OR07%
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Consider the small signal models for each circuit.
Assume r, very large:

L
f""“ ..Lm
e b e
Cy -l—- v # By, = :E Ry
L

1"
1, ?
&3‘}_ gmy; ==, :: R,

{c)

,,,,,,,,,,, ~ e

N ()
&L
|

. ;

Given R >>w L | circuits (a), (b and {d} are the

i

same except for the reference (ground) node.
For cirenit @), (hy & {d)

ffh sz
_—
SC.
SCy i )
"! T gy - $ R

Chapter 12—-8

-Break the loop at v, and assume unit return,
v, = 1+ 8C,sL

= L+ §2C,sL
21 = Oatn,

B+ SC, + SC(1 + §°CpsL) + SL'_’".%;.E‘“..:‘“ =0

g AR+ S(C, + C) + “i%i“ + 80l =0

This is the characteristic equation.
For s = jeo:

1

*C,t y
a3 = T UG, + G = W (CC,L)) = 0

R
IMAGINARY PART = 0:

€, +Cy = wiC, + C,L

3
(SIS ’%—‘Ej—? = Frequency of Oscillation

REALPART =0

1 m:CZL
F oo T bl
glﬂ R

(C, +C,
C\C,L

£

1]

R )C_,L -1

CZ
F =LIMIT ONGAIN
)

For Cireuit (¢)

i

2R

Crm RS gmy; %

v, = (SC, + 1 )51, +1
TR

el

St Oate,, v = 1

G i

. 1 or | orf v 1 i
g+ 5C.+ L 50 {51‘(5@ . ~]+ J o
* TR "1 I R o

o+ i + 8C, b SO, + §.’.%3£‘ v S, =0

THE CHARACTRISTIC EQUATION =
Bt RSO+ C) 4 ﬁ—%—’ L8 = 0

Note this is the same as above, with € +=

€, + ¢,

S e
"j O

¢
and g, R = =



12.20
(a) frequency of oscillation w, = A

JLE

RC . _KC
2,  Rogidi2

gain >> [ gain =
- IRC
duy
for v, = 0025V then
IRC = 4uy
RC = 0.1 /I for oscillations 1o start,

(b) For RC = % (k) we have

P V2 ] =
gain = 2(31,1) = <o "
I
Oscillations will start {10>1) and grow until Q1,
Q2 go into cutoff. Cutput will go from Vo to
Vee = IRC = Vee= 1.
Therefore. output willbe 1V, 5. Fundamental

has a P-P amplitude of = = 1.27 Vy _p
T

Chapter 12-9

12.21
v
R, ~> Ry
A &

+
e Y,
- S—

(a) £7 at + v, node:

You o Vo Van b=V

R, Ry R,
1 1 1 v , L
Vi, (~+w+__) = Loy 2T
" K‘ RZ Ry R_\ R:
Vip = (VIR + L le)(l— + L .l.)v'
VIUOTAR, R OR,
(Y. b
(R; Rg)R' U
Similarly
= (VY L -
Vi = (E+ 5 Jor 0 R0 RY
{b) Now
VTH = 5| = (H + -I-:f)(i. + _l_. 4 _‘_)_‘
, R0 R, R,
u + 3.} + u = .!_5 + ,l,:!

049 = "_71?7“2 #1001,
2 R
x50 . 806, 101
99 ) Ry R
(2) =049 = 2119, 100

R

SUBTRACT TO GET =
052 - 049 = B06+ 179

23.96

R, = = = R3B.8 k(
2 5003 836.8 k(1
01 pay . 129
R, 8§56 8

Ry = 193 kO



12.22

o o ‘v

R —

@ifor v, = vy, and vy = L +_initially

Ly v w P Yp
[ )

R R
g = v,t-k-i ii,*-;é-l._‘_
Ry Ry
coun = w1 -2 - 2
try ”1.*( R, K, 4
Similarly

Lovy _ vp= vy
R, R,

R
vy = vl + Ry /Ry ~-R~1LN

(b} Given
Ly=~L_ =V
Ry=10 k2
Vi =0
Vg = V10
Substituting these valucs we get:
O = V(1 + 0/R) ~ 10/R,V

—}‘g = Vel + 10/R)+ 10/RV (D)
5V 20
— 2y - s =Sy,
h=& =5 R,

Ry = 200 k0

0 = vt + 107200 - 10y

300

Ve o 2200V oy

T4 167200
12.23
Cutput levels = 207V
Threshold levels = = —19 _ x07 = 01V

10 + 60

) 1207 07 .

BT 1 mA
I, 0 e 1AM

Chapter 12—-10

uﬂ
. 0.7
4
01 01 "
~0.7
12.24
\ 10k
ot l"l’
R )
UD - -
o 07
07 0.7 o
MY *
12.25

(@) A 0.5V peak sine wave, is not large enough to
change the state of the circuit. Hence, the output
will be either +12V or - 12 V at DC.

tb) The 1.1 V peak will change the state when
Llsin® = |

f = 6540

(Y

[ i




. The output is a symmetric square wave at fre-

quency f, and lags the sine wave by an angle of
65.4°.. The square wave has a swing of + 12V,
Since oy~ vy = 1V, if theaverage shifts
by an amount so ¢ither the +ve or -vé swing is <|
V, then no change of state will oceur. Clearly, if

the shift is 0.1 V, the output will be a2 DC voltape.

12.26

For Lt =-L-=T5V
Vy =68V with V=07V,

For Vyy = ~Vy = 715V asR, = R,

For v, = 0 1;,2 = 0.ImA = 19

Ry + Ry
=R, = Ry = 375k
_12-75_15
Iy = ImA 3 IR,
1 =840
R
R = 41k}
12.27
= 1+ . K __10
Ternizg PERTR 6
- -9 & (I+10f26)
T o= 2010 X 17 "H62 X 107), T 10796

T = L006ms =1 = 9945 Hz

12.28 for ijvmupmx

Vo= 5~ 2Wpope = 5~ 14 = 36V
For £5V

€apt -

Ry = Ry L, = —~L. = 8§V
Vig = =¥y = SV
Max current in feedback network = 0.2 mA
.s
S02 = T s =
s Rg—»k, R, = 25kf}

Chapter 12—-11

Max diode current = | mA

B3 2 02+ yma
R,
R, = & = 667k0
12
Now from Fig 17.25(c)
e =L V= Vy
slope = 2% = 73
for f= 1kHz
T=10-3 sec.
C=0.01pF
5

10
2=l r = 25k0
RC  107%2

12.29
For 1S Vppoutput v, = 15/2 = 0.7

= 68V
For the integrator:

~~~~~~~ +1.5
INPUT —J "y

,
&
%
1]
13
'
v
1
3
in
I}

i.e. Vi-should ramp between V,,, £ V!

¥
1
vt + v, (1)
y

11(,(1‘) = EIE'J

~ 3 1§ 4 square wave

Rl = (15 = (=15 - 12

s . 1T
7.5 RCE“S)

|=,!:.:;;R T E™ !

RCZETRE T T
1
10705 x 107"
LR =R g = 200k
Minimum level current = | mA
M:é::|+ 75 4.7*5“/(“
R, Ry + R, Ry
Maximum current into the integrator when
~7.5

V. ow 212
¢ )

95 300 200
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ARy = 512k

R, = 5.1k}

Integrator output is triangular, with period
="100ps and =75 V pedks: (i.e.

2 Xvoltage at capacitor)

12.30

Ses sketches that follow:

Vit = T) = Vo = ~(L,~L. ) '*

Vit . o TRC
L,~L.

= ( Vi ) - (L»“L-)
T Rcm(»»-“w o s

ref

QED.

‘Trigger: v ! l
" © _N\_

Vo

r=f

Wy oo ee o

b ~HRC
vyl )e

~AL~L)

12.31
For recovery, v, goes from BL — w0 L, until D,
conducts at Vg =07V

_--TO L,
" / P
Vd
AN BL-
et
rmmwt}’
For recovery
o= LI F (251231 — ¢

i >
s 12 - 1327

At Trecovery:
Vp, = 12=132e77"
t = RyC,

Vi, = 12
Tr = -Rac,m(w";n )

3

~(6171)(0.1 X 10"‘)1.;(!.1_%)

13.2
= 96 ps
12.32
Choose C] =InF Cg=o‘lﬂ‘:

R = Ry = 100kD=p=]

- 07 +13
T= C’R”"L 13(05 - 1))

107 = 10 ’R,ln(?%%%)

Ry = 1341 k0

Need Ry >>R| =5 choose R, = 470 k)

Min trigger voltage = (BL, — Vp, + V)
=65V

For recovery

vy = 13~ (13 = BL Y "'"
= 13-195¢""" = 07

. — 123
S seepvery -'TIH(ES

= ={134.1 X 10°)(10 *)(~0.4608)

= 61.8 pus
12.33
For v, > 2/ 3V comp —1 ="1" and comp
=2="0" and flip flop is reset. LE. v, = OV.
Now v, will notchangeuntil v, = 1/3Vp.,
when comp - 2 ="1" and comp -1 = “0” and FF is
set: LE. V=V
For %V“_« <<y %V,ﬂ., comp — 1 = comp - 2
= 0" and no change of state will oceur,

€ S oL

i, an fnverting bistable cireuit,
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{a) C=InF

U = Vel ~ ¢
where + = RC
Pulse width of 10 s when v = Vi
2"::(7

3

~§it
)

it

= ] emrr’kc‘

[eS13 N0

it

[} T = 10 psx

“7e = "(5)=* = war

= 9.1k}
(Byfor T = 20ps R = 9.1k, C=1nF
SV = 150 =R

i

it

< x w®

G

= §1501 — e?.lsr 10" % 107

=133
12.35

= 680 pF f = 50kHz
T=20us = Ty+T,

For75% Duty T, = 15 ps

N

T, = 5pns
From [iq (17.43) we have:
T, = CRyn2
-6
p= —2W0 = jo6k0
680 > 10 T In2
From Eq (17.41)
Ty = C(Ry+ Ry) In(2)
"
Ry = — L3210 9610’
680 X 107 In{2)
= 21.2kQ
12.36
Yy

Vi

For the rise:

V('- V@‘t' - {V(‘f‘ - V”:!(f

Chapter 12—-13

Ve ym - TR, + Ry
Vee— Vo

T, = C(R,+ R.,,)ln(WVCC = V“)
Vee ™ Vin

For exponentiaf fall:

for Vyy = 2Vy =T, = CRIn(2)
) C = WF, R, = 72kQ, Ry = 36Xk
Ve = 6V Viyou =0

ATy 4T, =T = n2(R, +2R,)C
T = 998 ps— f = 100 kHz

Ty _ Ry Ry

Duty cycle = = =
WY OYCe = T, | Ry + 2R,
= T5%
{€) Vep = SV,
2 10
Vi = 3xs5 = W= amy

for IV inpt Vi, = 433V

Vi, = %v‘,,, = 217V

Tl = 107°(36 + 72) x 10° (5‘2-'7
y = 107036 e
= 15,6 us
T, = 107°% 36 10° n2 = 2.5 ps
. —CF 17
(156 + 2.5)10
e = 330 = gen
duty cycle 5T 156 86.2%

for IV input V3, = 2.33

Vip = 117

ST -y 3, (3 - 1.17
~TY = 107736 7.2)10 1"(5~2,,33)

= 392 ps

T +7) = 25 us

pe 0 ysewane
T (RIS
duty cycle 350 302 61%
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12.37
R v,
v 1,
10kQ V-
5

. 2w
= Asin=<t
Vo si T
Slope of v, at1=0:

%o o A2 o2, -
EY ATcmTq, 0

= 427 SLOPE AT 7ERO CROSSING
- 5 .20
I - 9 = 20
Slopeof A  wave 77 T
.20 _ A2
CTTT
A =318V

. Clamp voltage:
Ve = -V_ =318-07

=248 = 25V
12.38
R >Jr >0
l§_ o Uo 2vo! _acres
s
el ot
s Y
. Jr . e of nov
b= 5%

VYo = \V\L\I&.»
NVJr RYs

Uo =-NV; \V\(l:— » YUz >0
R QED .

12.39

¥

-

v
==—nV ._'.)
n ,ln(ms

Now.

v —-nVan' R = 1k
A T Rl

V, = —nV,-ln-V—’- ViuV.>0

Rl

1
Ve = +nV,in—
c n r“ms
Vp = —(Vu+Va+ V)

= nv,(ln[ﬁ x Yz flé])

Rlg Rl 1

= ViVs

nV,ln( RIS)
N VnI-VT
ipg = 1, e
= ,KXV|V2 v

Rl R

v = =imR = xR

o

¥y = —wmwv, ANALOG MULTIPLIER

Tocheck v,=0.5, v,=2

=07+ 2(0‘025)1'\(,1,)

= —(.6653 V

Ipy =05mAV, = -07+ "Vr'“(o—'is)



Iy = 2mA ¥, = (0.7 + 0.05In{2)(~1)

=—~0734TV

Ipy = I mA DV, = 0TJ00V

V= —(~ 06653 —0.7347 + 0.7) = DIV

Vp = Vpy = 07 Va1, = 1 mA

Sy = =1V e 205 =

For v =3, =2

Iy = 3mA 5V,

= (7549 V

Ipy = 2mA -V,

=—0.7341V

Ipy = ImA 3 Ve =07V

SV = Mgy = =V, + V4 V) = +0TR6 Y
Y ious

Fpa 5€

f mA = ’semm.os

G986 - 0.7
I =e "™ =6mA

vy = —6Vie2X3 = 6.

i

-(0.7 + D.05In3)

i

~{0.7 + 0:05n2)

For squarer: v, = 2 through ,l\ k) resistor
&

Ipy = dmMA 2V, = —(0.7 + 0.05In4)
= —{.7693
—(—0.7693) = 07693 V

07693 ~ 1.7

Ipg =€ "™ = 3999mA

-
>
[}

LV —3999V ie 2 4,

12.40
Say Vg = Vp@ln = |
for v, = 028vy:
025V, 025V, |

S A
i
Vipr = Vo nv?in(f—f—i—’iig)

v fvy

;' ¥

v
i
E2N
5%

Chapter 12-15

Vigz = Vo + nV,ln(éz-;—‘l-—y-))

o f/,, + V,in(0.9)
V)= = Vo + Vp+ Vapy
=V, {n(1.1) + 025 = In(0.9)]
=0451V,
For vy = 05V,

051 021

]k:’xmm

2.5

VelIn(1.2) + 0.5 — W{0.8)]
=0.905V,

Vo = Vy L=041

V, = Villnld + 1 ~ In0.6]

= 1847V,

Vo = LSV, 1y = 061

V, = Vy(lnl6 + L5 — In0.4)

=2.886V,

Vo = 2Vy 1y = 081

v, = V;(Inl8 +2 - 1n02) = 4.197V,

Vo = 24V, I, = 0.961

V, = Vy(In1.96 + 24 — In0.04) = 6292V,

V, = 242V, 1, = 0968 1

V, = V;(Inl1 968 + 2.42 — In0.032)

=6.519V,

1deal curve given by

v,

#

v = 2.42",sin(6 o xf‘)ﬂ“)
6V,

A= %gsin--' (m"fi’m)

A3V
iy 242V,

o/ v, 1025|050 {100 [150 [2.00 {240 [2.

/vy |0451 10905 |1.85 [2.89 14.20 16.29 6.52

o0, |0435 J0874 [179 1281 1409 [6.06 [6.60

{ideal)
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T2
12.41 Avg = L . 2w
vg T \ 10sin T v dt
17 27 T2
== £y % (-
u Py " Tz"cos,rl ( lO)]I_o
/ =:l—9(c051r— cos0)
2w
‘V =10/7 = 318V
< R, > 12.42
SR 3k
for vy; =0

L—ov,
R,

vy = (I + k—:)v,

foragainof2 R, = R, = 10k2

for v, = 10V,, sine wave v, = for vy <0= vy = ~Ry/R,

R, = R, = 100k} -~ R, = 200kQ

”°'m 12.43
o for high R, use R, = | MQ}

o m T

Ac gain is given by R,/ R,
=R, = I Mf)
Now for 1 VrMs sine, peak is 1.414 V. The value
of V, is then l'fﬂl‘-‘ = 0450 V
For 10V out at second stage gain (dc)

daso - 222

SRRy =222

1 = i -
& Choose T7R.C 10 Hz (i.e. comer fre.

quency)

To make C small, make R, = | M}
. C = 1590F

I MQ _
33 45 k)

12.44

At the +ve terminal V, = -5V

for 1,> =5 D, is “ON" and faces virtual short.

- Vo= =5, and no current will flow in feedback

Ry, =

R.

Sy = -5V

for v, < =5 D, is “off" and
Vo _ =5-vy _ytS
v, R R



Yy
Qe 3

R

-5

12.45
for v <0
D, “off”

By ooy

o
=g
Y

for u,>0
D, “oft™
LU

Yy

T2 =
u

3

¥,

5
J

v ¥y

¥
Vo

¥ vy

For v, < {} ~ Dinde is on, and cathode is forced to
= OV,

cAvg i) = —l

For #, » ) ~ Diode is off. and the cathode now fol-

laws 1, since no current flows in resistor. 5o w,
must follow
w so that no current flows in feedback resistor,

1

Chapter 12—-17

12.47
Simply place the LED in the feedback. path.

e

s — b

<P
11)—«%—‘- :l_:_R’
!

X v

io = 2

12.48

g m— Dy
> Az
Ve
fc
[ T dv : — 0
in =il = cg; using R =1k

i = il = 5% = ilg—(-izvim = i mA

Now © = Vsin2a601
=i, = C X 2w60|cos(2m600)

for eguivalence:
“Z—qisin?,fr(.)()d o 2760V cos 25604
w
€= —t— = 265uF
2760 WY

AVI20Hz: 0, = 27120V Cleos 2w604

i = 2imen
AUISOHZ fpn = o

For A -wave

with R,



i, = ITmA R =1k
- Full wave rectified wave hus average
voltage = N,
Wy = 2V
with £:
v
slope = —7-'1?’?:—;‘ = 4V, f

=4 K 2X G = 480
Now: current through the capacitor will be a
scquare wave (50% duty cycle)

Peak current = 2.65 X 10”° x 480
=127 mA.
Cdy = By = 127 mA

12.49

10V palses of 10 ps, and large Cup, will cause

the op amp to current limit.

Charge transfered in oné pulse:

¢ = (10 mAY(10 uS)
=107 C

Voltage change per pulse:

av=g/c=-2__ - jpmv
1% 107"
after: 1 pulse V.= 10mV
2 pulses 20mVy
10 pulses 100 mV
wreach 0.5V require 50 pulses
1OV 100 pulses
20V 200 pulses
12.50

For IV,,, peak deteetor output ¥, = 05 V.

Ripple voltage = {(I%310.5 = S mV
Tl leakage = 10+ 1 = 11 nA
-, total charge lost:
AQ = HnAX1Ims = 11 PC
.. Requiired capacitance:

. -1
= ,,Q: s _..h._l; % 16 - 22 aF
av. sxgp?

I ms

i

VANEA
V4

Chapter 12—-18



13.1

First we determine the bias current / as follows:

+ 8V
3

- 9’0"'::’"‘ ‘ Qi
I
R=1k Ln)

! ' O

’ 932::15‘“‘?;“1‘::@2 ‘:lkﬂ

} w 2
! = é"’ncm'i:(vﬁs“_va)
But Vg = 5~ IR

=5~1
Thus
! w 2
E - —{ - —
! Z}i-ncmc L( 1 V;)
1= 10(5—1~1)

= =841+ 16 = 0
I = 3416 mA and V5 = 1584 V

The upper limit on v, is determined by Q, leav-
ing the saturation region (and entering the triode
region}, This occurs when o, exceeds Vi, by V,

volts,

Uar = 5+ 1 =+ 6V

To obtain the corresponding value of v, we must
find the corresponding value of Vg, as follows:

u, = oy~ Vg,
i, = F « U Vay
3 I
woate o Vg, w6 Vg
=1

= 3416+ 6 — Vo
= 9416 ~ V

But i, = 1y }} Vs = VP

Chapter 13—1

Thus, 9416 ~ Vg = 10(Vgy, ~ 1y

=5 Vg = 1.9 Vg, + 00584 = 0
Vea = 1.869V
Yomue = 60— 1.869
=+ 4131V
The lower Imit of »; is determined either by (¢,
cutting off,
v, = =IR, = ~3416 X1 = ~3416V
or by 0, leaving sturation,
v, = VGS -V,

= -5+1584—1 = —4416 V
Thus, vy, = ~3416 V
The corresponding value of v, is determined by
moving that since Q; is on the verge of cut-off,
Vesy =V, = 1V and
v = o~ 3416+ 1 = 2416 V

13.2 For a load resistance of 100 £
and v, ranging between ~5V and +3V, the
maximum current through Q, is

14 % = I 4 50, mA and the minimum cur-

rentis § — 2 = | — 50.mA.
o3

For a current ratio of 10,

1+30 0
150
=1 = 61.1 mA
61.1 mA
i 1 vol inis A, = —hk
The incremental voltage gainis A = Rvr

For Ry = 1008,



Chapter 13--2

Aty, = +5V, Ig=611+50 = 1111 mA

ry =2 = 02250
T

100
=10 __ - gggv/v

A= To0+ 0225 8

Atv, = 0V, Ig = 61.1mA

ry = g% = 0409 0
100

A, = = 0996 V/V

* = 00409 ~ °

Aty, = =5V, I5=61.1-50=11.1mA

5

=B =210
R T Tl

100
= —— = 0978 V/V
A 102.25 0

Thus the incremental gain changes by
0.998-0.978 = 0.02 or about 2% over the range
of v,.

13.3

For u, being a square wave of = V¢ levels:

% Yce
+Vee 71 M WV
0 ! Vee
- Vcc | = e - 0
ia
21— Fin
14
' '
] 0
Py, me = 0 For the corresponding sine wave
1
curve PD'I.V‘ = EV‘TI

For v, asquare wave of * Vi.-/Z levels :

. Uy WEl
7 Vec
1.5Vee b
0 ! Vec 1"
_1y -H l_-— 0.5V ,
2 Vec ——
icy
Ppy
1.5/
1} -
| 0.75V ] e
211 1 1
Porlenge = 073Vecl
For a sine-wave output of V-, peak amplitude,
v = % Vee sin®
1
5Vec |
iy = 1+ sin@ = [ + -/Isin@
L 2
veer = Vee = LV ecsin®

2

Po = (v“ - !V“sino)(l + !lsine)
2 2
= Ve - %vcc/sin’o

Vee - %Vrc’ X %(l —~ cos20)

=1 !
=3 Veel + i Vel c0s20
=1
Potluene = g¥ec!
13.4

In all cases, the average voltage across 0, is equal
10 V. Thus, since Q, conducts a constant current
1, its angle power dissipation is V¢ 1.
13.5
Vee = 16,12, 10and 8V
71=100mA R, = 1000
vV, =8V
- l(f'_v _v__)
V7 39 N7

= 4loler) - v

Vee 16 12 10 8

n 10%  133% 16% 20%



13.6

N

W
w 9 o,
Y

O R

With v, sufficiently positive so that Q) is con-
ducting the situation shown obtains. Then,
(v = v,) X100 = v,+07

= (u-
=v = g 000N

This relationship applies for v, = 0.007. Simi-
larly, for v, sufficiently negative so that O, con-
ducts, the voltage at the output of the amplifier
becomes v, — 0.7,
thus
(v =y,)X100 = u,—-07

=u, = r'()-l-(u, +0.007)
This relationship applies for v, = —0.007.
The result is the transfer characteristic

slope = +0.99

Without the feedback arrang the deadband
becomes +700 mV and the slope change a little
(to nearly +1 V/V),

Chapter 13--3

13.7
Wi Byeoe ook e sV, G T
b Vi Vogy e UoYn AV (e e
Cowent L Mvvv.f(/ 2ece amd Thome Vﬂ-sl{).

N A nnwhi:, fc.‘é ar.p VJU‘ i/
b 4V . *s "Q —/\
——3
S g = 3" ;| -
. -
= 0 : i34 nﬁ—v
Crast-ogwr intorsl = 48 8 —g-

Fren ff Geke » 30 = J225

Ff 'U_-',-«,-SV g tioy

"5‘*2“”’; -050-—4“ Yo

Vags 25V, 7he o el
(5

(ot Vs - )"
s 0.1 (2-54)" a 0225 MA

_r‘o-, T = 25 . ‘n.

022%
13.8
For V¢ = 10V and R, =100 2, the maximum
sine-wave output power occurs when V, = Ve
. =1 2.'('
andis Pyo,, = 2 R(:.

Correspondingly,

- 1V
Pg. =Ps. = ;%‘Vcc
L

1 10 =
= 2 X—X10 = 0318 W
7 100

For a total supply power of
P, = 2x0318 = 0.637W

The power conversion efficency 1 is

P, 05 -
=Pixioo = 82 %100 = 185%
n=p 0T ew
Forv. = 5V,

MW 1,35 by
P 2R, 2100 8
Py =P = LYy

R

=1 3 =L
= lxZxi0 = o
P = 1w =on8w

3
o0



13.9
Vee =5V
For maximum 7,
Vo=Vee=5V
The output voltage that results in maximum
device dissipation is given by Eq. (12.20),

v = %Vcc

=2xs5 =318V
w

If operation is always at full output voltage,
n=78.5% and thus

Pdiuipuion = (I -n)P,

1 - 0785

0385 P, = 0274P,

=a-nk=
n

Pdinipuin»/dev(ce = % x 0‘274PL = 0'37PL

For a rated device dissipation of 1 W, and using a
factor of 2 safety margin,

Pdiuipninnluleviu =05W
= 0.137P,
=P, = 365W

1,25
365 = - X =
R

L
=R, = 34250 (ie. R, 23425 Q)
The corresponding output power (i.e., greatest
possible output power) is 3.65W.
1
2

[ 5]

If operation is allowed at V, = -V, . = 2.5V,

n= LAZS (Eq. 12.15)
Vee

X

L RPN

= 0.393

N -

11-
Pﬂiuipluo-/dcvice = 5 —';":DPL = 0.772PL

05 = 0.772P,
=P, = 0647 W
125
2 R,
=R, =483 (e, 2483 0)
13.10
\ V2
P
vV, = 566V

Vee = 566 +4 = 60661 V

Chapter 13-4

Peak current from each supply = -;-,3 = 2?—6
L
=354 A
P, =P =Llxisaxe
L]
Thus, P, = 1_2' X 3.54 % 61
= 1374 W
Py 100
=t = 2 = 73%
Rt B
Using Eq. (12.22),
Vee _ _61°

PDNmn= Pbl'lnu = —_==

= 23.6W
13.11

R,
v,
Py Evss
2
n=P- YolR _ V.

PLmu = 'R"
L

Pdissipalion = Ps—=P,

1% v
= Loy Yo
R, % R,
aP(linigalion = V_Ls - 2_9_"
aon R, R,
=0for V, = Yss
2
Corr dingly,n = Vss/2 1 or 50%
Vs 2
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13.12

R
Aq‘ ﬁl_f 2‘.

ol Roy = o Vo .

B Aezoar ok B2 wo st
’,’1 - 100

rs——————

Ty ‘:‘? ?‘t""n
m».I- - - ‘. 1
71, i =2 Itp 125 9A
Vas = 2 Vae

=2 (074 Vy £a 123]
- 1296V
pETTa——,
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This table is for 13.13

vV} i in(mA) Veeek  Vex Vi(V) VWV R.() VN i R.(D)

(mA) mA) VM V)
+10.0 100 100.04 0.04 0.691 0495 10.1 099 025 1.00 2 5050
+5.0 50 5008 0.08 0673 0513 5.08 098 050 1.00 1 5080
+1.0 10 1039 039 0.634 0.552 1041 096 232 098 02 5205
+0.5 5 570 0.70  0.619 0.567 0526 095 403 09 0.1 5260
+0.2 2 324 1.24 0605 0.581 0212 094 558 095 004 5300
+0.1 | 2.56 1.56 0.599 0.587 0106 094 607 094 002 5300
0 0 2 2 0.593  0.593 0 - 625 094
=0.1 -1 1.56 2.56  0.587 0599 -0.106 094 607 094 -0.02 5300
-0.2 -2 124 324 0581 0605 -0212 094 558 095 -0.04 5300
-0.5 -5 0.70 5720  0.567 0.619 -0526 095 403 09 -0.1 5260
-10 -10 0.39 1039 0552 0634 =—1041 096 232 098 -02 5205
-5.0 -50 0.08 50.08 0.513 0673 -508 098 050 100 -1 5080

-100 -100 0.04 100.04 0495 0.691 -10.1 099 025 100 -2 5050

1% 25 %X 103 R, R Vy721
lg=-I=22"0" = 625mA =l = -t = I-@
¢ 4 4 " R, + Ry, R, + Vy RL+(V,/210)
625 £
Vg = 2Vpe = 2[0.7 +V,in (—-)]
« = Vel2y - vV,

=126V R +(Vy/21) 2RIy + V,
13.13 If 21,R, >>V,
The current i; can be obtained as € = Vi

. . . 2/9R,
i = v __ 4 = N . .
! Byt1l Bptl B+1 b. Qu Power Dissip =W ly=P,
¢. € X Quiescent Power Dissipation =

S By =B =B =49 v v

i L x2V.-1, = V, x[—-£€
Using values of v from the table one can evaluate 3R cclfo T R
R oL L

Vv,

R U Py = v(ﬁ)
-~ Ry, ; v "R,

. - . 14
Using resistance reflection rule d ePy = V;=E€ = 25 x 1073 x 15
R,=BR, = 49 X 100 Ry 100

= 4900 O =375mW

For large input signal the two values of R, are _ 375 % 10-?
somewhat same. For the small values of v, the Py =

€
calculated value in the table is larger.

13.14 € P,in mW
. 75

o _ R 0.05

v RE R, 0.02 187.5

R, = Yr_ o aty, =0 0.01 375

r
ip+iy Io + 1y
ae=1-"

vy, 0

»



13.15
Ig= Liay, = 0.5 mA, neglecting the base cur-
rent of Q. More precisely,

I

to = Dyias — g*f*i
=ty = —i*’-*ﬁ-l-w~ ~ 0.98X0.570.49 mA
+
B+l

The largest positive ontput is obtained when all of
Youis lows into the base of Gy, resulting in
a, = (fy + DRy
= 51 X0S5X 10080 =255V
‘The largest possible negative output voltage is
limited by the saturation of
Qp to~ 10+ Vg, = —10V
To achieve a maximum positive cuiput of 10V
without changing /. By must be
10 = (By+ I X 03X 00O
=y = 199
Alternatively, if By is held at SO, /i, must be
increased so that
10 = 51 % I, X 1000

=4 1 1.96mA

gy =
for which,

= oA = 92 ma
1+

Ig

R+l

Chapter 13-7

13.16

AL20°C; 1, = ImA = [ 0400
= 15 (4t 20°C) = 378 X 107" mA

AUTOC, 5 = 378 % 107" (114
= 264X 107" mA

o 213 + 70
At 7 K = Pt SIS ) ..
0°C, vy = 25 222 293 mv

Thus, lg {at 70°C) = 2.64 % ")’”3 ¢0~5,¢Qﬂ193

= 207 mA
Additional currem =20.7-1=19.7 mA
Additional power = 2X20X 19,.7=788mW
Additional temperature rise=10x0.788 =7.9°C,
At 77.9°C:

25
Ve = 2= +779) = 29/
r = 35323+ 719) = 299 mv
1, = 378 x 107" X (1,14)77 (0870059
= 376 mA
ete.; ete.
13.17

Since the peak positive output current is 200 mA,
the base current of Q) can be as high as

200 _ 200
By+1 51
1, = 5 mA, thus providing the muliplier
with a minimum current of { mA.
Under quiescent conditions (v, = O and i; = 0)
the base current of Oy can be neglected.
Selecting Iz = 0.5 mA leaves /¢y = 4.5 mA, To
obtain a guiescent current of 2 mA in the output
transistors, Vg should be

=4 mA. We select

-3
Vig = 2V, m2X10 0 = 4oy
10
Thus
. Vip _ 119
R+ Ry = i = L1985y
Ry = 8 k2

At a collector current of 4.5 mA, @, has

45 %10
n - 14

Vo = Vy = 0671V

The value of R, can now be determined as
0.671 . -

= 200 = 134 k)
05 k0 and

Ry = 2588~ 134 = 1.4 k)

13.18

fa) Vgp = 0.7V at 1 mA
ALD mA,

4

Ve = 0.7+ 0028 mﬂ’f = 0683V



Thus R, = (’bﬂs‘} = 1365 k0

and R, = 1.365 kQ)
(b) For I,,;,, = 2 mA, Icincreases to nearly 1.5
mA for which

Vee = 0.7 +0.025 |nli—3 = 0710V

Notethat /, = (I%) = 0.52 mA is very nearly

equal to the assumed value of 0.50 mA, Thus no
further iterations are required.
Ves = 2Vge = 1420V

(¢) For /,,,, = 10 mA, assume that / remains
constant at 0.5 mA, thus Iy = 9.5 mA

and Ve = 0.7 + 0025 tn9T5 = 0756 V

at which
0.755
—== = 0.554
x = 1365 0.554 mA
Thus,
ey = 10— 0554 = 945 mA

and Vg, = 0.7 + 0.025 ln?:lié = 0.756 V

Thus Vgp = 2 X 0756 = 1512V

(d) Now for B=100,
0.756
Iy = 9156 = o554
m T 35 - 0S4 mA
Iy = 0554+ 235 = g4z ma
2 101
Ic = 10— 0.648 = 9352 mA

Thus, Ve = 0.7 + 0025 |n9—'5:-5-2 = 056 V

Vas = 0.756 + I R,
= 0.756 + 0.648 X 1365
= 1641V

13.19

Ry
Vss
a. under quiescent condition
Voltage gain = Yoo R
v Rl. + Rmn
As shown in problem 11.24, for matched transistors
R,

w|=i‘;"

Substitute for R, above for 22

Y
Yo . __R
v, |
i R, + ——
L2,
o R
b. Voltage gain = 098 = ——L___
R+
2g,,
098 = *ml-l—
1000 + —
2z,

=g, = 24.5 mA/V
For @, Ipio = Ipp

. P
00 = 2k Voy



0.1 = % *x 20X V’lzf}!’

= Vay = 01V
For Qy
&n = kVov
245 = k%X 0.1
k, = 245 mA/V?
=k 245

ky 20
= 122§
and 1y = nly,,
1225 X 0.1
1.225 mA

13.20

i

WVSS
‘ {W/iLy,
IQ e IB’ms ("Z‘L-);
WLy,
V=0 ST,
WL,
WL,
- AT
Q. ’um - 2 k“ ([_}, e
! 15 E) X {0.2)
01 = 1x02 Qx(‘l ‘
m(&} = 20
L),
. ! LANNITYSE
001 = éxn.moy(k )? }

R

Chapter 13—-9

¥

1
e 1= 2 X 0250 X
e 2 0230 (L

) % (0:2)?
N

. S .! »,Y i 2
Q1 = 1 X 0.100% (.L)n X (0.2)

(), -

b. From the circuit we get —y + V,, + y, = 0
Since v, =0
1 = Ve
Vise = [V, +|V)
= (.2 + 0.45
= —0.65V
LUy = Vg = =065V
¢. Using equation 11.4
Vuman = Vpp — Vm»lm;., = Vs
To find V.,

. 1, .w 3
IDNmax = i kn Z(VGSN -V

10 =

3
X 0.250 % 200 (Ve — V)

Fod § e

= Vosn~ V, = 063V
Vi =V, + 0.63 =045 + 063~ 1.1 V

S ey = 2302 ~11 = 12V
13.21
Ip=3mA, [V, | = 015V
2, )
p S Bap T — @ 5020 = 004
Zuo = Lump v ® s 0.04 AV
= 40 mA/V
Using equation 11.57
= ! = I
T Mgy F g 3003 F 000
=251
13.22

|
2ng. Ry
From equation 11.57

Gain Erroy] =

Ry o
T8y ¥ Bo)
|

Ty wheng =g =g

Zpg, for T B T 8
~ {Gain Error] = .. LI §
ug, R,
o R

L




. 1
|Gain Error =
2“’& ukl.

- ] v
043, = IR 10 % g, X 100

8= 0,01 AV = 10 mAIV

21
0 -uw-g
TV,
V«v = g.{g 3 —;i_‘.r
Lo 10
V=02V
1323
ate=tidvy
15x 1073 = 1 x 100 % 10-6 (%) (0.151
- i
w]
WY Zi3333
:)(L =
(W/L), 1333.3

w = n

(1),, (&, 7ko ) (2507 100)
»

=5333

2 2 X
bog, = =€ = = 20 mA/V
8« = T Tous
= 0.02 A/V
!
Ut 2”.‘?“ gw = g« = g-
i
I . A—
2 T X 002
=_ Y
BT asxaxom
w =10
#
¢. Gain Error = = e
dpd 4R,
L 0.15
4% 10 1.5 X 107% X 50
= —0.03

Gain Error = 5%

. In the quiescant state @, = O

The voltage at the output of cach amplifier will be
=l —wl = poy

¢. Q. turn off when the voltage at its gate drops
from guiescent value of ~ 185V o =2V, mt
which point V., = V., and an equal change of
=013V appear at the output of the top amplifier.

= 1>< 0100 % 13333 X 0.32

i B mA
o= G X M) e AV

Chapter 13—-10

Sofof v,> 0.3V, @, conducts all the current.

1. the situation at y, = y_, will occur when Q, will
£o from saturation to triode region and it will be
approximatly 2 V.

Linear range of u, from 210 ~2 V

13.24

81

. 150 =25

03 = 625°C/W = 0625°C/mW

At 70°C, Power rating

- 150-70 _

0633 128 mW

T, = 50+ 0.625 X 100 = 112.5°C

(L

13.25
(@) aM - ‘rlmu - 7,‘0
Do
=108 - w5 crw
YALT, = 50°C
T -7
P e D dmax A
Dy 01,;
100 - 50
= et = 33 W
375 :

7T, = 25°+375 %1 = 625°C

1

3.26

Te=Ty = 004 Py

= (Deg + 85,) Py

Py = e e o 0230 gy
Uos + 05, D540

T,—Te = Dby

130 - 90 = 0,,. % 100

= 0,0 = 04°C/W
13.27

T,~T o 5ge

0,0 = D= Te _ 180°=50° L
e 7, g < 26TC/W

Ty~Ts = 9,P,
180" =Ty = (0,0 + 0.0)P,
= Te = 180 = (26 + 0.6) % 30 = 84°
Ty=Ty = BPy
84 -39 = pg, X 30
=05, = L3C/W

Required heat-sink length




Chapter 13—-11

13.28
(a) For R, =

Iy
&
4
PN
»e
5 ;
I
H}
:
Aty =0V,
L. 287
Byy = Ty = 200
P dyy Iy = 0
Aty = +10V.
0.88 =
Iy = .{(ﬁmA = 44 pA
4.87 Y
Iy = S MA = 24 uA
1= Iy =1y = 20pA
Aty = —10V,
4.87 Y
lﬂl e z’,‘(’ﬁ m = 244 [J.(‘\
= 088 (A = 44pA
Te = o5 MA T MR
’, L ’”3_{33 = 20 “A

(h) For R, = 10042 :
Aty =0V, =0
At [ +10V,

L pA

Tor = 55

- 487

200
1) = Iga—1g = 223 pA
Atgy= —10V, lj = 225 pA
13.29

Circuit operating near u = 0 and is fed with a sig-
nal source having zero resistance.

The resistance looking as shown by the arrow Xig
= R 1 “ Ter

This resistance is reflected froim base to the emit-
terof Quis = (B, + N/ (R, ] r,))

This resistance seen as shown by arrow Y, from
the upper half of the circuit =

Ry +rs+ (B + /(R ry)

A similar resistance is as shown by the arrow Z

1,1 = 244 »A

‘and both of these resistances (seen arrow Y and

arrow Z) are parallal, therefore

Row = 3By + a4 RY ) ) 7By + 1))

+Vee



Chapter 13--12

13.30

—Vee

Aty = 5V, the voltage V,, across the resistor R, is
% =V,—07-5=43V

i = 2X 10mA

The current i,, should be enough to allow for i,,as
much as 10 mA and only a 2 w0 1 variation in i,

SRy = = = == =2150 = 0215k01
m

Similarly R, = 2150 = 0.215k0
Now solve for R, and R,

Fory =0and V,,, =07V

P2 10-07-0 _
igy 315 433 mA

vem = 0.7 + 25 X 10731 (“—?63) = 07366 V

=074V
InQ, l, = 40mA and /;, = 3/, = 30 mA

Vger = 0.7 425 X 10-7In (‘%g) = 07012V

R. = Vs = Vara = 0.7366 - 0.7072
! T3 40 % 107
o
Similarly R, = 0.74
Output Resistance at v, = 0

=0.74 O

! r R
R = E(R, +ra+ ———-"3" lL ")

1 r. .
:E(R" +r,+ 5, l |) Since r,, || R, =1,

This % is there because of two paths to output.

= 0.625

e = 25 mV
=T 40 mA

Ry = %(0.735 +0.625 + 5%635|)

=069 Q
Output voltage for y = 1 Vand R, =20}
lety~1V

[, = l__v.. =

W= 3a 500 mA

iy = 5?%9 = 10mA
10-07-1_ o _

In= VIR 10 = 28.6 mA

So

Vew = 0.7 +25% 10 In (%9) = 0726 V

V=0 +Vy, =1+0726 = 1726V
Assuming i, ~ 0

500
Vaey = 07 +0.0251n (W)
gy = i = 500mA
=0770V
. 1726-0770 _ .
niy = LI =0T0 = 0349 A 20354

This value of i, gives
v, =20 X0349A = 0698V
The voltage drop across the series combination of
R, and the emitter base junction of Q, can be
determined as follows
Vu=Vo=V, -V, =1-074

=026V
Vi = 0.26 V, leaves a drop across V,. and R, of v,
= Vi, that is 0.698 — 0.26 = 0.438 and this will
give iy, = 0 as assumed earlier.
Do one more iteration
i, ~035A

i,,,sg%—s =TmA

_10-1-073 _

i = oErps C 7 = MSmA

Viss = 0.7 + 0025 In (JTloé) = 0729V
Vi = 140729 = 1729V
Vies = 0.7 + 0025 In (3'165) = 0729V

=0761V
Here iy, = iy = 035 A = 350 mA
: 1.729 - 0.761
= LisZ Z V00 o 353
"t 2+074 0353 A
vy = 20X0353 A

=0.706 V
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a. v, = 0 and transistors have 8 = 100
To=1lgy = lgg = Iy = g =1 MA
More precisely /g = E’gf'l X1 = 099 mA

Input bias current in zero because /p; = Ip>
output voltage =0V

+Vee

Y

b. From the equivalent half circuit
2R, = (By + Dlry+ (By+ D(ry+ 2R}

r,,=r,_.='—=—-=250

2R, = (100 + 1)[25 + (100 + 1)(25 + 2 X 100)]

=R, = 1.15MQ

i

Chapter 13--13

R,= 1000

2Rpe = T3+ Ter

g+1

= 25+ 23
101

R = 1260

13.32

+5V

1k

a. D C Analysis
Current through 1 k) ~ /I,

5= lkXIn+IMx'C2414
Py

36 .
lea = in mA
I+ szo
PE
=33mA
tea 33
Iey = £ = == = 0033
g 8 100 mA
boic = gm: U2
= B2 (B Dre: v,
rat (Bt Dr,
Vv, v
Butr,, = —I = L =B, +
g le2 ra(B: v
B+ 1
Fes
Ic = 8m2 = v,
fet 4,



+3V
1k
I MO 0
o
o
e -
t @
R,
i Bmaler | .
¢ fatra k
Butg,,r, =1
. vy
L~
€= 2’?!
For this circuit g, equi. is
By CQUE = R L B 66 mA/V
v 2r, 2% Yy
Ies

Now v, =~ ~f- 7 1 k
= —g.equi Xy Xk

Y= e ™A%k = —66 VIV

o, v
Cofp =y T iy esistor
e, mmv
g’ P MO
Lt (66
Bz 2r,, i MO
PR 670,
C g, ITMO
© 3
= mm,g, .
2% 1007 x 22
33

u (6.6 + 67y = 107"

R, = 2 = 136 k0
I
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13.33

T‘& 7:{.’1)%"’ Lo vl m e ”1"4\17‘- Q’, and O‘. P ey
be 2 ma. TA

Vasz = Yopq= 0-740.025 Zn &)= 0.6c0 v
PG ad g, , T &« o002 mA ..

Vosr = Vepa r 074 0.025 £ 202 . g.6o2V
= 2048
'Iﬂl = 5 = 8-2 RN

I bisg

#

19 ¥0.2 = 20 KA
Lo e, =5 %20 pas2pp
Jee « 2002213 pa
Vags= 07 +0.025 A ~"'—°:1 - 0800 V
Vaa *Voeir Vg «Vima= 1-964
]

R +R, = "1';: ~ 932 £
1?* = .ﬁ;ﬁi‘ﬁ = Bon ‘Q
2};‘ e ___J
Ry = 932~ 300 = €32 02
T
Fr Vpa-toV avd K =1Zc:

{1_: :.:9-: ~-10 mA

Assume 42t 4L Coment r(@l. D, becames
ahosst  Zovo | 1w
Teq = 10 mA
f.e. b towent -r(fyl G imereama 467 .
f-m«- 7{‘5~ 3»&@(’-- Hlor o Corvenr
1“{1.:')1\ 67‘ AN o aame 4(7' AL 5 mona 7(‘“:5

Aane V§83 bccoras

0.602 + 0.025 _h s
0-642 V (An Falrssas ?/ O‘GGV)

W

VE&:

#H

Ler s clcll 44 covent 'r{r::,l D, Sieen
e mv»‘j @, ‘-0’6;"’) L& ﬂ‘nl)" Lo 7{11’

»J(;{' Tyine e }‘(4’-’0 Kﬁ’?“ e Y ...,l.yt;,/
An nirenes ./‘0.2/4}\. /9:.\.4-»;7 #hnt s ;/ 1.

3 P Vj bt copene
Inbréma  ogtvrs ™ SC8, Vpegg N
Viss = 07+ 0.025 Ao 228 0.60a V
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Tha He vetlrs sacreys ta Ve -
Mmelnplier remains Wv_n:mml i s g
and e wolinge (Vﬁsn“'"ﬁsz) P A

He Somns ”“‘A‘ st V;g,g»& Tatrwenmar
ﬁ. “Th ot

Vag+ Vags = 0-6¢60 + 0. 602 —0-04
Sonw M Ciweat '@l\ enck }[ G
47,, et nses :7 A Shna f‘f"‘ (eal?
#kom)

0025 Fom v 0-028 Hn w = ~0.08V

= mx g-45

The TIpp =045 %2201 =A

Mew svarim IC‘I = 109 mA (an lutreree

by »otmw- o~ %5 .
vEB-; = 0602 +o.025 £u 55
-;a-&dsy‘
vag-m.ms !
B Yy=t0V ~et K= 152
Prioms  vbar Gy de mo dmsbcticg o Wsp

i T e ICZ -"-‘-"'IL = 10mA - &
cC:’I::ni 'f‘f”" etk of & aed P2

i oream @ o/mw ¥ 5. b

Vggz = 0-66 + 0-025 !«5

o700 V
Vagy = 0-602 +0-025 Lus = 0.642 V

7

Tpi= Sxo02 =1 pup
Tloe 1 et -M’Lnjl e ...xln‘/s&ar- s crnns
19 /‘IA”“' a.-vma 18r  mess /)’&
@‘l&rtmc_ @ecers o JC'S P
V&w = 07 +8.425 f.h "‘:7

z 0-518 V

’7’4« '4. All('ac. VL P‘. my Ih'/’o‘er e covnst

v, - 8. 932
fa-g-diffx—m_ltsa v

B*J»dﬂs Hat Veps bacones
Vips = 1858 — 0-700 — 0-642 = 0-516
e Vggs deorenma 0.600m0.316 = @084V
a-A w.,yn-.&\ T,y A y —
J“W }{’ ST <0035, rhe
Teq betwmss 0015%2 2 007 A , cluse +o

e Doy vndot st . T 0 foirrke

;(bruh'gn are f¢7t/w¢o“ and
’Ui 10 + 07 4+0642-1-858
= 49-484 V
Tmmm——

13.34
Now Qs has 7¢ = 107" A. Thus,

%107 = 107
. ~3
Ve = 0025 02210
10
= 0593V

w0993
£ 1ISOmA ™
For a normal peak current of 100 mA, the voltage
drop across Ry, is 400 mV and its collectar cuy-

rentis 1077 ™7 = 089 pA



For a peak output current of 33.3 mA,
Vap = 13 %333 = 433 mV

~14 _932/28
=10 Te

les =033 pA

13.36
2x10% = 10 ™ e"sos"r
Vs = 0.025In(2 x 107'"")

= 0650 V
0.650 V
150 mA
For a peak output current of 100 mA,
Vigs = 430 mV

= 4310

Iey = 107467 = 03 pA

13.37

At 125°C,

V, = 68+ (125-25)X2 = 70V
, = 7.0~ (0.7 = 100 X 0.002)

=65V

Ve = 05V
05V

R, = =

2 700 pA 5k
65 -05

R = == =

' 100 RA 60 kQ

AL25°C, V, = 68V,
Vi = 68=07 = 6.1V

= S
Vi = 6.1 X = Q.
62 ! w3 0469 V

Iz = 100 7773 = 001 pA

Chapter 13--16

13.38

Vg ~0

Vg = +07V

Viy= +14V

Ve =20 - 07=193V

193 - 14 _
Iy = _—3%—— = 0358 mA
Tos = Iey = °~T315§ = 1705 pA

Iy = ‘—72:?2 = 081 pA

Vy = 081 A X 150k = 0122V =0

iedp =l =17pA
Ipy = Iga = 358 pA

lis = les = g—‘l’x 358 = 341 wA
I = I = 358 pA

Vv, =0.12+1.4+25 k2X0.358 mA
=105V

13.39

some input signals. Thus we usc
Vs = 14V

For THD = 3%, Py, = 19 W
19 = VIR,=V, /8

v, = J8%x19

Peak-to-Peak output sinusoid

=2 8X19 =1V

for 82 10ad, we see that V=16V
allows more than 1.5 W power dissipation for
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13.40 1A
Foti[‘ﬂh'\.im:):\aﬁdi”"’:'gﬁ = 20'mA 13.42
gy = 09%X20=18mA,
T 1% U g,
F‘on',ﬁZﬁmA, " /R| '
P = £
by =2mA lgs = 3%) = 0.04 mA ) AW -
. 50 4 R
iy = S'ix 8= 17.65 mA R, <ET_1_1,_ R, 4 o,
R
igy = ey ipgs = 1181 mA ! +
Thus, R, = 20 = 308 =400 °
’ 17.61
Similardy; Ry = 408} v+ _‘_}:L. R,
Since ine < 20 MA, icy < 21Y + 20 mA !
e T 0
ie. dpy s 315 mA
iy = 33 = 075 mA
S50 R, . R, R, + R,
Allowing for a factor of safety of 2, we select Ry s ‘v‘.(‘ + 7 -k—) = u,(l + m—‘?—-.)
hrough it is 1.5 mA. Now, for v !
se mf_t ‘h‘: ?rr;m '_“;‘;g,,\‘, ! The Jargest sine wave output is obtained when the
V, = 11V Vg = 2LT% output voltage of one op amp is +13V and the
R, = 15117 . 22k output voltage of the other op amp is —13 V, which
! LS resulis in A 26 V peak output
Simitarly, LV _ Ry + R, .
Ry =22k0 For ;‘f =10 = 1+ = choose
Ry =1k0 and (R, + R;) =9 k02
To keep the outpul complementary
R - l+}—a--2 here Ry = 1 k)
R, R,
13.41 =Ry= 4R
) R SoRy =4k, Ry=5kQ
Yo o9k -:2(: i--ﬂ: 10
v R/
»453 = 4 R, = 40k}
R, :
R,
Also, K = =2 = 5§
S0, 7,

= R, w SOKO
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13.43

For

. W 3
Tgu = g, = 13 mA = P'('nx‘iflvos‘“ V3

10 = 100V ~ 21
=y Vg = 232V
Ve = 2Ved = 463V
For Iy = 10 mA,
= 363V
10 mA
Vyy = 463 +4X07 = 743V

463 2

Teo = hoa = 22 = 50 A

700 mV
50 nA
Now, since Vg changes by

2% =3 mV/°C = =6 mV/7°C while Vggy,
Vpgas Ve and Ve, remain constant, Vygy, changes
by —6mV/ C. But the voltage across the s mul-
tiplier remains constant. Thus the voltage across
the Q, multiplier should by made to change by

~ & mV/ °C which ean be achieved by making

R, = R, = = 14k

=R, = 2R, = 28 k{2
The voltage across the O multiplier is
Vpg—3Vpge = 743-2.1=5.33V

Thus, 5.33 = (! + &} w07
. R

= — = 66}
R,

But R, = 1 kil thus
R, = 926 %8
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14.1
A ]
NMy=Voy—-Viy=33-11=16V

NM, =V -Vy=13-0=13V
14.2

% (V)

Vo
4

|
|
|
Vo :
0.5 7 1 1 11 1 -
Voo Vu 1 Vw Vou v (V)
0.5 1.5 2.5 4
206V

(a) NMy=Voy—-Vy=4-25=15VY
NM =V =Vg =15-05=1V
(b) In the transition region
Vo=4-3.5(V;-1.5)
=925~-3.5V,
If
Vo=V, =45V,=925
Vo=V,=206V
(c) Slope=-3.5 VIV

14.3

NM, = Vo = Vip = 08V, = 08Vpp = 02V
NM, = V= Vo, = (04— 0.0V = 03V

width of transition region
= V=V = 02V, fora minimum NM of

1V =02V, = 1
Voo = 5V

14.4
5V
5V
R=2k01
R=2kQ
+
0 02k0 SR
_L v o.llem.
v, LOW vy HIGH
ype=1V uy=2V

@ Vor=> ‘2’;’" =02+0.1=0545V

Vou=5V
NMy=Vou = V=3V
NMy =V = Vo, =0455V

() Vou=5-N(©02x107)R=5-04N
NM,=5-04N-2=3-04N=0455 . N=6

© @) Po, 4 = (5-01)/22 kQ = 109 mW
(i) Pp, y = 5%(02x6) = 6 mW

14.5
Tdeal 3V logic implies

Vou ™ Vop = 3.0V Voo = 2.0V 5

Von= Vo /2 ® 3.0/2 =15V
Viv s Voo = \2_;_;., Viu = Voo/2:15V
NMy =Vou=Vyy = 30-15 = L3V
NM, = Vy =~ VoL = W3-0.0% ’\=5=V

The qaim n The TvansiTion vegion i °

Q’m\‘Vo»V(VI\\ ‘VI\-) =
N (3.0-00)/(\sius)= 30 = W

Vou .
a0 Ao
A 4
RV /-V“.Vu.\vn I\'\VCV\'\.v\S
oaV. D\ . A\J, Tvonstev
Cuarmdtishic

v T
ooV (Y] k Nou
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14.6
N(n\v\\j \deal 3.3V \Ogic Lassuwed ideal:
— Vou =33V | Vo, 20.0V \Nye o.w(s.s)-\_-gl
Now. at Vi, VorVx | 50 %o veach Vo L3y
the vequived twqut ts \32/(-30) = -2bqywV
Thas . Voo =132 - 26.4xw o= LV
Likewise , Voy = V32 +(3.3-132)50 = 13tV
Best possible Woise Wmavgis Gve
Nty o Vou-Vey = 220- 1360+ LavoV
NMU = Vg ~Vou = 4-294-0.0 = M
For noise Wavgins owly 7/i0 of these | aud

Vou Nou <Til\ ideal:

Vin = 3.3 ~04(l.aua) s L2V awd
Vxi =« 0.0 +0.1(1.294) = .90V

Cnmspond\ ly, the lavge-sigusl voltage gcm is
=(3.3 -o.o)/(o.qo&-\.wz\a =22

14.7

Vop

Rp
Yo+

Ron = rps

= * -
Equivalent circuit for output-low state

The output high level for the simple inventer cir-
cuit shown in Fig 13.2 of the Text is

Vou = Vop=>Vpp = 2V.

When the output is low, the current drawn from
the supply can be calculated as:

VDD
= 20 = 20 A
RD+Ron -
Therefore: Ry + rps = —2— = 100 kQ

20 % 107°

Also:
= = Tns
Voo =01V o+ "o X Von
=rys = 100 k() x0l =5 k()

Hence: R, = 100K -5K = 95kQ
- | - 1

ps = =

.L,c,_,%(vm-v,) 100 x 10” xL( -05)
= 5k0
w10 _
L 15x5

when the output is low:
Pp = Vpplpp = 2X20 pA = 40 pW

when the output is high, the transistor is off:
P,=0W

14.8

Vou = Voo = 25V
The power drawn from the supply during the low-
output state is:
Ppop = Vpp =125 pw = 25 X Iy,
=1y, = S0 pA
In this stage:
Voo~ Vo 25-0.1

= 22D 50 pA = e
Ioo 7, =50 1 R,
=R, = 48k}

In order to determine % , we note that

1
Vx

Therefore, we need to first calculac V. "~

kR = 1/V,ork, YR, =

4
Voo = —=22__ or equivalently:
I+ Von- Vi
X
2.5 2
01V =2 oy =2 20083V
T 25-03 0 'r T 24 T 008

Hence, k’,%k,) = r:— gives:

100 x |o”°x%’x48x|o’ = __L_=,V_Z’ =2

Vi = Vi +Vyx = 05+0083 = 0583V

Vy = Vi+ f2(Vpp = VDV, + Vi, =V,

= 0.5+ J2(2.5 - 0.5)0.083 + 0.083° — 0,083
Vy = IV

Viu = Vi + 163, /VppV, =V,

=05+ 1.63/25x 0083 —0.083 = 1.16V
NMy = Vo =V, = 25 - 116 = 134V
NM, = V. — Vo, = 0583 — 0.1 = 0483V
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14.9

Vo = Vit L Vou + Zor = fZerl,
You = Yoo~ Ve

Interation 1: V;, = 0.5V

Vou = 18-05 = 13V

Interation 2:

V, = 05+03(/13+03 - JO8] = 067V

Vou = 1.8 -067 = 113V

Interation 3:

V,, = 05 +03[J/T.13 + 08 - J08) = 065V
Vou = 1.8-065 = LISV

Interation 4:

Vo = 05 +03[/1.15+ 08 — J0.8] = 065V

Von = 1.8 =065 = 115V
Vg = 065V and Vo, = LISV

AVgy = 13 = LIS = 0.15V Vg isreduced
by 0.15V due to the body effect on Q,

14.10
Vig = Vi + \T’(ﬁ = 063+ 28 = o756v

T

The value calculated the long way in Example
13.2is: Vyy = 0.75V and is very close to the
above approximation.

14.11

Given:Vy, = 0.05V

Vou = Vpp—V, = 2505 = 2V
V. =V, = 05V

V= Yoo =V’ @5 - 05y’
T2 (Vpp — 2V, 2K°(2.5 -2 X 0.5)

=4 -005V=K, =52
W

Vu

Vpp + (K, — 1)V, _ 25+ (52~-1)X05
(K, + 1) 52+ 1

= 0.74V

Vu o 074V _
Vi = Vy + Tc! =074V + 257 = 0.88V

NMy = Vou =V, = 2-088 = 112V
NM, = V, = Vg = 05-005 = 045V

W
To obtain L
[W/L, - /Ly _ \1)
R iad R (¥
/L,
=(%), = (%), =55 =0»

!
2
= 36.1 nA

Py = Vpplpp = 2.5 X 361w = 902 uW

X 100 X 107° % 0.19 X (2.5 - 0.05 - 0.5)°

14.12

Egupmasieyee = CVpp° = 10X 107" x 2.5°
E gusipaioaicyee = 62.5F)

Py = fcViop = 1%10°x 10 x 107" x 2.5
= 62.5uW

This is the power ption for one inverter.
For a chip with | million inverters, the power con-
sumption is:

Pyynamy = 62.5 X 107 x 10° = 62.5W

To determine the average current drawn from the
supply, we note that

Poya = lbl)av.vDD=IDD—.y' = 62L55 = 25A

14.13

Paynamic =fCVp = 100% 10°x 10x 107? x 25 =

25 mW
P=Vpp Iy =51y =25 mW
lyg=5mA



14.14
(a) Vg, = 0
Vou = 3

w S - = LIV
NMy = Vg = Vi = 325 = 25V

Voo Voo
i
R < L}) i
P kQ
: R
v o0 2
P “-L Tk
% LOW v HIGH
by
H:,fl?‘mi‘ N _,_,»Igm{«
V() = 0~ (05 = 3¢
; —RLC H
FOr £y, = V, (1) = 3¢ = 5(5) =

e f? ¥
o = —(10)00 )22 = 0.69ns

) —f”;RmC = 45V
For tp,, V, (1) = 3¢ = 41

—2, iR
o= Olns Vy=35e © 7 =05V

o= 23 ns

oty = 22ms

Spg T

£
TR
V. = 5—(5 - e 5= 5
g g BT
VN 5 % — 8¢ PEH TesT 25

- X3 &
Ty = 068 ns

For o s

Chapter 14—-4

"1””(
V,(1) = 5-5¢ = 03=31 = 0.10ns
~ty IR €
V(1) =5-5¢ > " = 45:90, = 23ns
tpuy = 23 =00 = 22ns
"’('
5
0 t

14.15

{2) Generally, t, = (tpyy + tp ) /2, but due to
current ratio, teyy = 0.5tppy,

Thus 1.5ty = 2(1.2ns), whence

Loy = 24715 = 1.6ns, and tpy, = 08 ng
Check:

tp = (1.6 +08)/2 = 12ns

(b) Generally, 1, = CV/1 = kC

kC [}
k(C + 1p) (2}

#

Originally, 1.2n
Then, 1.7(1.2)n

i

Dividing (%):1‘7 = (¢ + 1p)/C
Thus, 1.7C = C+1,07C = |
C = 143pF

(the combined load and owiput capacitances)

() With the load inverter removed:

06(1.2n) = k(143 ~ ) (3

»

Dividing (%)0.6 = (143p ~ C,) /143
Thus,

C, = 143(1 = 0.6) = 0.57pF:

Cou = 143~ 057 = 086pF
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14.16
The vesuMts depewd on whetwew the gates

ave (“w.mm) ov hon-'w\\l!v\'nj .

For iuverting gates +the Fiming diaqvam is:

Twﬂl.(.ilunu-uu'wlu

Tk //l' ' \L‘

ns| il B VY :

" ;
tad R
[T vy

Note : For simplicty 0% o007 (rather thau 10)o b 307
Yath tw :t( d\t,vcu above aud Caleulatoy to
folew ¢

Vo "!!‘-"-"-‘25 qates (as shoum . aboue) .
N% a Vizing Wpuk he 1o 203 chane
of outpr of second qateis 10 ¥ 20 +3%'_‘|;‘\,
b For o falling inpul | ¥wme o qol_fauqe
.of oufpu¥ of 24 qate is 20 +10+'% 3150
Fov vion- invertiag gakes :
a) Tiwe to %0 vise is 1©Ovi0 +I5a " 205N
L) Twee +o 9o fall  is 20420 +30/ = SEHS
The propagation delay for tuese gaws 13

te s Wrew s toun)/z = (o 420 Y = \gus

14.17

Note that this question ignores the possibility of
dynamic power dissipation: Average propagation
delayist, = (50 +70)/2 = 60 ns

Average power loss at 50% duty cycle
=(1+05)/2 = 075 mW

Delay-Power product is

DP = 60x 107" %075 x 107" or

DP = 45x 10" ) = 45 pJ

14.18

Vop

v, (D

Ill——

I

vo(r) begins at V,, and rises toward V,,,

(in this case V,,,, = V) according to

~t/CR
v(1) = v, = (0, — y,)e

= Vo” - (VOM - VOL)e—:/tII

-l/'l

= Vou=(Voy = Vo )e ', T = CR
Q.E.D.
vp(1) reaches %(Vo,, +tVod)atr =4,

I ) I
E(V"” + Vo) = Vg, - (Vou = Ve PR’

Slprp = Tin2 = 0.69CR QE.D.

(b)

/1y

Volt) = u. = (v, = y)e  °,
Ty = C(RUR,,)

Voo




14.19
e T Vop — iv‘!! where

14r

r = ffn - {&ﬁn
kxl u‘uwu

ayFor wy, = 35w, or matched case;

Chapter 14—-6

=k, ( )(omv*m, 0.005V>0op)

= D075k, (w) Voo

L7,
For1 = 05mA,

= 25V, k,” = 1SpA/ V7, we'll have:
e = Ko wehaver = 1 and: Voo = 25V, k, N3pA we i ha

w By 5

' ’,) 05X 107 = 0.075 X 115 X 10 '*(YW-) x 2.5
v, = 123-05)+05 125V,

b 141 2 W
A= (w,+wL = 45w,L “’(‘g)u =93

v [Lxt = 14 .21

bYFor wy = w,: v 33 X1 =053 For vy = 1.5V, the NMOS operates in triode
v, = 0332505 +05 _ 4y mode while the PMOS is cut off.

) 1+053 ' fose = Lkalty = VO ' = [100 % 10 “(1.5 ~05)) "
The shift in N3, is approximately equal to the )
shift in Vyy, that is: ;h 10k02
AVy = 125 = 1.02 = 0.23V, hence NM is us
reduced by 0.23V. v, = 100 x 1077 % 10°7(10° + 10%) = 9.09mV
A= (w,+ woill = (w, + w, il = 2w L,th For v, = — 1.5V, the PMOS operates with

erefore the area is reduced by

ros, = Tky(Juf) = Vil = 1(100 X 10" )15 - 0.5)) "
(45 - 2w, L = 25w L = 23X 15X025x025

= 10°0
023um orby »~L§ (1.56, 56% Thus
53 ' v, = 100 X 107" x 10° /(10" + 10%) = 50mV
c)Forw, = 2w r = 'é 33 = 0.76,
” 14 .22
Vy = E{%ﬁ = 115V Since at M, both Oy and Qp operate in saturation,

their currents are given
The shiftin Vg is 125 — 113 = 0.1V, hence,

the NM is approximately reduced by 0.1V or
comparing 10 AM; in P13.26 above, it is reduced
by 9.4%. oy = pr=2 5 L ( } (Vi V)
A= (w,+wil = 2w, +wil = 3w,

Substituting V, = V,, = V,, and equating the
two currents results in:

therefore the area is reduced by 15w L or

i

A . 2
ikp('lt)p(vmy =V~ 'V‘p]’
15X 1.5 X025 X 0.25 = 0.14pm’ orby

-V )

15 . 5’9 = _,M Considering
a5 T O Ka o (Voo = Vi = [V,
14 .20 r = Jlgl«’, we have: r =

n
In the low-output state, V ishighand V_, is Now. for
tow and therefore NMos operatres in triode Yy = 06V, = 06 %18 = |ORV
region: 3

w | - JO8~05
to = €M) (Ve - ViVas- Vo) T
b - SR

L (T

_}’,

} {(VDI> = 02Vpp) X 0.1 VDn“’T‘;‘uJ Vmﬂz) Wy Wy



Chapter 14-7

14.23

Lhe peak current happens when V; = ¥y, and
o Vop 1B _

Vyy = 5 T 09V

Noting that both transistors are in saturation

region, Find the current.

1 '(w : 2
T e ——- kand v
I 2kn L)‘(VM m)

Y LATAL Y )2
- zx“( L)ﬁ(vz b

Fot K, = 3004A /V°,

(ﬁi‘Y) = 15Vpp = 18V V,, = 05V
i}

) ) 3
Bpeat = 5 X300 X 107X 15 % (!.53 - 0.5)
= 36pA
14 .24

since Vi, = [V, then o, = o, then
a, = a,.From above, we have

o, T o, = 2.32.

]
4 = 5t tpun)

a,C + a,C

i
B L (W
e )

Since QN and QP are matched, then k, =k, and

_ aC _232%x20%10°"
* T K.Voo K, x 12V

i

;.
t, = 20ps = w £20% 10 P =k, ~ 1.9m
n

Now if we substitude in

K, = (k;)(%) = A% X 107 X(?’—) = 1.9m

= () = 44

Since Op and Qy, are matched and k, = &, then

(!‘_’) = (‘X) xKoaawa = 176
L), \T),

ke

14.25

Using the equivalent resistance approach, we first
find Ry - '

Ry= 123 - 125 _ g3

(D)
L' n
1o determine tpy .
te, = D.69RLC = 0.69 X 833 % 10° x 10 x 107"

= 575 ps.
to determine Ry

to determine tp g
ten = 0.69R,C = 0.69 % 10 % 10" X 10°% 107"
= 69 ps
(= %(575 +69) = 63.2ps
Note that while the value obtained for tpy is
higher than that found using the average currents
method . the value for tpyyis
about the same.

14.26
ey = DOIRNC, ty y = 0.69R C

Since tpyy = tpy.then Ry = R, = R

For 1, = 40ps, we have to have:
1

50tpne + torn) < 40 ps or

-

Li0.69 x 2R x ) = 40ps

-

R B0 X 107 % x2
0.69 %2 %1077 x 10

To determine the transistor widths in 0.18 pum
technology,

= R = 58k}

Ly # L, = 18 pm

(¥

= w, = 04 pm

o Odpan



14.27 v
v,
w2l ()]
)

«,C - L73x (ZfF X 0.75 + 1§F)
q0.4 ; (015 54
k, (f)“vi,n 180 X 1070 % 822 3.3

tog, =

= 4.85 ps
Since, V,, = [Vl then o, = a, = LT3, We
also have (%)ﬁ = (%) , hence:

24

,

o = o X (2 = 485X 3 = 1455ps
#

e = So Fto) = 2485 4 1455) = 07 ps

If both devices are matched, then k, = kj .

tpry = by, and

i .
tn = Sltern ¥ o) = te = 483 ps

14.28

In order to determine the propagation delay, we
first need to calculate the total value for C, using

C = 204 + 2C,40 + Cyy + Cypy + Cyy + Cy + C,,
where Cpyy = 04w, = 04 X075 = 03fF
Stnce transistors are maiched

WY - WY o = 1805075 = 3um
k(1) = w(T) = = S g

Cor = 04X w, = 04 X3 = 12F

Cag = LOXw, = 1 X075 = 0I5fF

Capy = 102w, = LOXI = 30fF

Cpr = (WLLCw + Cronr + Capunr

w (075 % 05X 3T +04 X075+ 04 X075

= LYHF

Cou= IX03X37+2%04 %3 = 195MF
Cwn2X03+2X12+075+3+1.99+795+2
= 18.7fF

“u

Chapter 14--8

to deter-
minetpy, :

“"”21{3’-33.3 *(23)] 174

then; fpy,

- :74x187xm"’

0.75
180 % 1075 > Y12 5 3.
0.5 3

Since{V, | = V,, and transistors are matched,

= 36.5ps

o, = Ly = =5t = 36.5 ps.
Considering that t,; and tp  both are propor-
tional to C, then for an increase of 50% in 1, C
also has to be increased by 50%. Hence,

AC = |87 %05 = 941F

14.29
Losew .. Cin '*chxfsn’w 10+20/s
lpul‘d Cinl * Cm\r 60 10+ 20

::>15=10+gs9~as=4

Notethat § = Rey and hence R, has to be
eq

reduced by a factor of 4 or equivalemly (\:)
"

and (%) have to be increased by a factor of 4,
»

14.30
Dynamic power is Py, = fCV pp ; Static Power
is P,

Now, 9.0 = P_+ 120 % 10°C"S and

47 = P, + 50 % 10°C?5

Subtracting, 4.3 = 70 x 10°C(25)

Whance

C = 437(25 X 70 x 10" = 2457pF

and P, = 9.0 = 120 X 10°(25)2457 2 10" %
= 90— 737 = 1.63W

For 70% of the gates active, total gates

= 0.7 % 10°

Capncitance per gate is

25731077407 x 10%) = 3S(F



14.31

Chapter 14--9

C = 2C,p +Conn * Cum +C,,,,+C,,+Ck4+ C,

W=Ww,=W,=075m
_ A _ Af
Cont = E-W, = -u—“-‘x.75pm

C
= wm

= 0.3(F

=9ﬂ.w,,= ;"_f_xJSum

If = Af
Coy = Cgpp = — W = mxo.?ip.m

= 0.75(F

Ces = Cpo = (WLYC,, + Cog * Corur

= (0.75 pm X 05 "m)37f

Con = Cpa = 1.991F

C = 2x03f+2x03f +2Xx0.75f

+2%199f +2f = 8T (F

= 2580 ()]

- 174x87><|0"
Ipne 0.75
180 % 107 x T2 X33
2[7 3x07
o = |.74x87x10“"
PLN —

45 %1070 x 073
03 33

1
tp = E(lrm."' tory) = i(|7P+ 68p) =

Py = fCVp, = 250 X 10° X 8.7 X 10”

= 23.7uW
14.32

14
K.

1_3 -------------------

05 f--nes

+2X

(3 3)] L

= 68ps

U R\

xo7s uwm

= 17ps

42.5ps

¥ x(1.3)

(ms)

_1 wy (Vv 2
e = () (22 v.)

1

H

- 2><450!f—(‘28 os] 36 uA

The time when the input reaches V, is:

93 1™ = 0.28ns

18

The time when the input reaches V,,,, = V, is

1805, |» _ g79"
TS 0.72

So the base of the triangle is

At = 0.72 - 0.28 = 0.44ns wide

E = %/Nx Vop X O = %XB()»AX 1.8 % 044 ns
= 14.3]

P=fXE=100x10°%143x107" =

Ipea ===~

P
1

' At 1

' '
0.28ns 0.72ns
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14 .33

Y =AB+AB-Y = AB + AB = AB ' AB
orY = (A+BMA+B) = AB+ AB
PUNfor Y = AB + AB:

ul

’ i
.M
B - l B
Y
PDN dual to ul
31}
v

"y
1

*Note, however that D1 can be redrawn as shown,
then its colums (series links) converted 10 rows
{paraltal links of a PUN:

PDNfor ¥ = AB + AB:

k]
3

The twa circuits required are U, with DI and Ly
with D,

14.34
Y = AB + AB. Directly, the PUN is as fol-

lows: yi

VD()
Ae—d "JAowq

Be—d [ pe—d

Now,

i

Y= AB+AB = A
orY = AB + AB
Directly, the PDN is:

B.AB = (A +B)/{A+B)

14 .35
Y = ABC + ABC. Directly, the PUN is as
shown below:

ul t Vi

¥
The corresponding dual PDN is shown above
below,




14 .36
a) Even-parity circuit:
¥ = ABC + ABC + ABC + ABC

b) PDN directly i is:
A
B
C
(c) PDN reduced to 10 transistors:

r\’

Ql wl >
”l 1 ”l
°l 171

—
)

Ttuses 12 tmnstsmrs.

P2 YY

I o | NG o | Y

gL 0 0 o
o .

PDN reduced to B transistors: (X and X are
joined)

D3

[Think circuit is not “planar”, but has one “cross-
over” (x-x}: it has no convenient dual}

Chapter 1411

PUN as the dual of Dy:

[Think of the structure of the dual of Dy when
constructing this)

The complete circuit, using u, and D, has 20
transistors,

u Voo )
e—d o
B ('r—d[j
sl g
o—d *—qf
A B (!;—-d
o—d g i
A B
Y e
14 .37

Sum, § = ABC + ABC + ABC + ABC
Carry C, = ABC + ABC + ABC + ABC

= AB+ AC +BC = A(B + C) + BC
Create the PUN, directly, simplifying that for § as
in P13.50 above as

5 = A{BC + BC) + A(C + BC)



This figure

Chapter 14—12

is for 14.37

!

14.38

For matched-inverter equivalence of the circuit

Pa & P 1Py T pe = py F Zp
and
ng = ong = mne = o, o 2A2ay = 4n,

14 .39 blank

14.40

Ignore the capacitances of the transistors them-
selves; For the matched NAND.

fponr = tpye = 1y For the “uncompensated
NAND, fop % T Lpgy ™ 1,73 . ThUS, 14
are the same, but £,,,, s 4 Gmes greater with no

matching.

14 .41

Forv desigu),fhm ave 2(t)+2 =_Lt{=1mné¢shs;

Al 7 HMOS use (WA, =n
) PMoS uses (W), =p
6 PMOS use (W/L)p = &p
Total Avea = 7{1.2)0.83 +1(3.6)0.1 + 6(£)3.L)03= —"—3—‘3:!“

Fov design b) S theve ave 2()2 + 1la)2 =16 tvawsistors:
6 NMos use [W/L), iv =
6 Pros use (WA), = 3p
2Pmos use (WA)p sp
2NMEs we (WA, =3y,
ToTal equivalesT devices is 4n +igp 4 29 ¥ = 10n +20p
Total Cquwaleur avea i [10 + 3(2g)]n = 700 | aud
Tokal Area = 70(1:2)0.8 = §1.3um™ or 597 ot a)




14 .42

Corrésponding 10 a matched inverter charscter-
ized by nand p where k, = k, = k, thetwo-
input NOR uses transistors n-and 2p where

k, = 2k,

a) For A grounded, Vi, ocoursnear Vop/2,
with Qg and Q4 in saturation and Oy, in
trade, Let V,, = o and the voltage across Qpy
te X.

Thus i; = k|5 = Dx~ xl\/.z']

and i, = %kp(S —x=u— 1Y

and ip = Y (v— 1)

Fork, = 2k,

i, = W (dx -2 72) = k(8% — x) )
and ip = k(4x = x =~V 2
and iy = Ik (v— 1Y 3
From2)3): £(e— 1}{0707) = 4 —x~v
Thus,

17070 = 4707 —x or
x = 4707y~ 1.707v

0293y = 3293 —x
x = 3293 - 0.293¢

Now x = 0, in which case

v = 4707/1.707 = 2.38 or

v = 3293/0293 = {12 (clearly too large)
Thus

x = 4707 — 17072 €3}

¥

Now, from 13, 3} (v~ l)t = 2{8x — x)
with 4)

&= 2pd | o= 16(4707 — LT0Tw) ~ 2
(4707 —~ 1707} or

=2y 1w 753227320 — 4431 + 3213w

~583¢"

or

6835+ o{— 24 2732~ 3213
(1= 7532+ 4431) = O

Or

68330 ~ 681~ 3001 = 0

whence

Chapter 14-13

v = (~681 = (6.81° ~ 4(6.83)30.01 )% [ 2(6.83)

=(6.81 % 29.43)/13.66 = 265V
Check: [>2.5V probably OK since one PMOS is
full on}

Thus V,, = 265V

b) For A and B joined, the PMOS can be approxi-
mated as a single device with twice the length for
which the width is twice that in a matched
inverter. Thus, for the equivalent PMOS device:
(W/ L)y = P and k, = k. For each of the
two NMOS (W/L), = nand &k, = k.

Thus at v, = v with all devices in saturation:
ip = 2k/2(v= 1) = (k7205 = v— 1)
2w~ 15 = (4~ v, and

a2 fiv=1) = (4~ )

Thus, 14140~ 1413 = 4 ~ o,

2414¢ = SA14,

whence V), = v = 224 V

See this is reduced from the single-input value (of
2.65V)

Note that this fact can be used to control the rela-
tive threshold of multiple gates connected to a sin-
gle fanout node in order 1o guarantee operation
sequence for slowly changing signals.

14.43

. o€ .
) Lo, and &’ is sealed by S, and C and
KV '

Vpp are scaled by é thus 1, is scaled by
1
DI |
sx1 3
s

§ = 4 =1, s scaled hy% {1, decreases)

The maximum operating speed is ;—’-— and there.-
2,
fore is scaled by 4.

) T, )
Pive ™ Lo CV 00 and thus is scaled by



5% Ix -!; = -l—, ~ 16 (P4yn decreases) power
N
L
X P . s . |
density = %2 and thus is scaled by T
area "'i
S

i.e., remains unchanged,

PDP is scaled by .‘% {power is scaled by ;% and
& P

delay by ::; and thus it is scaled by ?;]2 ®DP

decreases)
b) f Vppp and V,,, only scaled by 32' while § =4 we

have:
ol - 2 Y
£ '&ﬂd L & e e
e k'Vop 7. 3-———V'” + (*-——-VM )M
4 Vup Vpp

] l}
s .4 -

i
le 4)(5» 8

™
LS

. .
The maximum operating speed is 5 and there-
“n

fore is scaled by 8.
P = frmnnC V¥pp and thus is sculed by

‘!‘.'.z,):!.‘;&;l:l
8 = 3 X > 8 %5
o Pan b seaed
Power density = —22 is thus scaled by
ares
L = .L = 6
LI
¢ 16
PDPis scaled by 1% L = L
T 5 8
14 .44
. [2 2
‘(”."&AV, = ("I;)pw.?&un ':"; ‘i‘;"‘l‘—“um:

B
T = tWem/y = 10 mrs, Lo« 018 um

and V.o = 06V

= 0B X0 m s S

B el X i5 = 03 v

u Tiv W'mis = 00 v
= w;.‘l’l‘j‘
TN

For PMOS we bave V0~ 1 V. thus

Chapter 14-14

0.8 % 10 % m 5 o m
e —— = rvr——
n, v 10°'m/s 0.018v ]

\

om”
R
From equation (13.92) of the Text, we have:

Vo
Etr = =

<

For NMOS: E,, = .08

=
>

kS
3

=333 % 107 Y
om

ForPMOS:E,, = — LV = 556 % 10°Y

= 556 x 10" L
cm

14.45 assuming g, = 10 cmss,
then:
-6
Vo, = £ x g, = 2BXI0 1 g7, 492
B 325X 10
=04V
..'6
vﬂm = ..L’_ x gS!I = n'i:‘ x lo«d x lg? x '0"2
s My 200 % 10
= 065V
14.46
1 . CVy
RHL 27

av
Since based on the assumption in this problem,
Qy turns on immediately (V, rises instantancously

10 V5, ) and it operates in the velocity-saturation
CVpp
21 A5

b) From equations (13.68) and (13.70) of the Text
we have:

I, = D69RLC and

regionthen 1, = 1, ihus, ty, =

12,5 k0 125 x 10
R, = 2o KAk oy = 069CLE2 S

NS WD, S py = 069C (W7L),
¢} 1f the formula in (a) and (b) yield the same
result we have:

cy - 3
;M_{:'.Q - 0.69(:!.,“5) X 10
(T (W/Ly,

{13.94) of the Text we have:

. (W , 3
[ ""r)c<n,x(7) Vn\\‘w.( Vis=V, - f!;vn,s«m)

” g

and from equation



Chapter 14—-15

where in this case Vg =V, thus:
VDI)
2 X 669 X 12.5 % 10°

¥ 1y,
l&ncm(";g) Vo.sm("'lw - V= i‘usm)
_ A .

(@)

12 & v l}Sw)
B b 3 X 2 o (3G e B2
3 77750 32 10 (l 2~ (4 3

12 _ -~ ( VI)Sw)
— = 325 K 2 - 04 — 2
s = 325 X 107 V(12 - € :

12 = 561V (08 - Y—‘gj_:**)

=5 2805V s — 4488V, + 1.2 = D
Vosa = 1261V or V= 0339V
The answer Vg = 1.261 V is not acceptable
asitis above ¥V, Thus, Voo = 0339V

14.47

8.4 ]
Ipsam = p«Cm('}‘_) VI)S;:M(VCS Vi Z,‘VIJSrmn)
and

WY o Ly,
]IJSmp = p‘»cm(L) gvl)@wp“‘/(ﬁ% - eri - (-3§" l)é‘m\p!)
7y Z

Since |V = Vjpiie, for NMOS
Vis = Vpp and for PMOS IV d = V. and

'l)s:.am ::: IDSQ&p we ha\'c:

L&ncax(}‘!) Vps,am(vna =¥ %Vnsmm)

W N
= 51,,(5,.‘(7:) ivusmié( Von — Vel — 5{"»;@?[)

»

L, = L,=» Thus,

s

i
v -V -ty
4 o in Disae
Foy v DY 2

w, Bl b5l Vap §V,,,§{%V i
H FARSR

LE

1,
Vop = Vi ™ 3 Y psaaen

w2« B YVos
w Vosinie P |
[ u,,E v,mk:gé Vp ¥":p§;VI>$su;;-

Ly 12708 9.4
= 4% ‘_:._6"_ muwm.__.(:_ = 286
6 4y -4 08

E3

“~

14.48
DR = 7m0 xJ8MM o g0
0.5 pm

®C = 0.1 fF/um X 10mm
= 0.1 fF/pum X 10000 wm = 1000 fF = { pF
Oty = O69RC = 3726 ps



Chapter 15--1

15.1

Heve Moo/ = 5/4 = 128V
Now. fov_ Vg K's'w-g . the NMDOS is cutoff , aud

the PMOS  is i tViode mode With -

i.w-\(p[("fis ~Ve)Nsp - ‘U'wt/l] Jawd heve

ip= %pl(S-0.8Y(5-12s) = (5-1261 /)
wkp (\wos -103) w83k,

Now, for Ao Gallivg + The uet cuvvent exTvdm

from 1he load % Lo, ~ig, ki sheuld be G
Thus by = 2ipp =« 2(8a2)kp \for tricde

Opevoiion where Ly, « Xk, [(5-0.3)125 - 125%2]

Owwall, by, = 2(812lhg = k{525~ 0:38) sk,
Thus ke « (Har/(2l8aa)k, « Qasktn

Chsck‘us.\ng Eq 10,31 \WMM = k./kr u 3.9\ ‘h—

Vo\.-(v ~V [\ ‘(\"w)y‘]. v
-(sw-o-:z O =CG=-yralr] = a.smV

Fowm €q 1135, VooV (Vm:-\/t:\/("(""’\)V1
* 0.8 + wr/(dawda)

Fvom E“ 1338, Viu :Vt - (VNX‘JW-VQ)
=03+ (2/BA M2 * 323V

=Vg + (Voo -VQ)/ (va)
08+ q.z/(q.q\\"‘ 3 2,10V

From Eq 1730 Via

Now MMy =Von-Vsu = S.00 =325 = L15Y

awd ﬂ!‘\‘. 2 Voo~ \/&z 1. - 0.58 = ;;2/

15.2
o A ]
toun = el 2.3¢101)

kpVon (430 E),(g) 12
4 L),

s - o ()
4 \1L),

tpey = 0.18 nsec or 180 psec
using eq. (14.17) and (14.18)

o= ol 3= 1)~ D) - 20

@ C 2.6(100)

— = 50 psec
e = Vs T (330 p(N(1.2) P

= ,1'(1,.,“ Ylpy) = ;‘;(lSOp + 50p) = 115 psec

15.3 KM =V - oV [t 21 i)™
Now, W A = Oy WIEAG - 4T - 3) L (o)
Marimuw accavs whese R
G AT, = () Y(avw)
Square both 3ides : (1= AV AN = v v vyt
o TR =EEw Ve Ty

15.4 blank

15.5 NMy, = Vog-Ve (1 - 2457)

This 1s zevo swhew 1= 23 » ©
oridrs 2 6v I EY \Or = |33
T
Fov ver (NMy = wa (1=2A45) « 105y
For vea \NMy = wa(v-2A0)" gy

Fov ve Nt « 4 li - 2T = gV

fov va g Nry = 4 (1 - 2ART = 248V

Yov velb Ny, = w2 (v 2468 ~ 2V

But . what about WM, 7(F°v valy ik is O *uv)



15.6 AOISE mavgims ave equol

when ‘
N (Vop )Tt ~0=3Y ) T S (O~ 2/i03"]
o Vt/(‘lw.\'a w22 (i yr)v‘”« W{viva)) "‘-’:..m

Heve Ve/(Vop V) w» 6.8/ (5.6-0.0) > 0.0y
Ty Vawiug  Matees of v ko Sohe (U

Fov vez, (0]« 224" (1o )22 /)2

w e OB « 8,907 =~ O.qof » Q.0
For va3s fl)s 2=2/7=l- B | fyane

a2 ~0.64T-00( L o,200 » O228
Ty v e28, ) = 2~ 2200 "% (1~ Yaud) 'S Yzl o

=2~ 6480 ~ 0.801 - 030y wo 0y
1;‘\’ L & ﬂv} P 'I./(’! (I.‘i))h. ‘(p. i/,n\'%{lﬂ,;f(rﬁv‘

22 =~ OujeY ~ O ~0.31 = Q188

Comclude ¥= 233 \forwhich thewavgims ove:
Nete Wy ot (Vo -V Y(i - 7»/(3v)”‘).
42 (- 2/(3 (2N "% = Laey

=

15.7 blank

15.8

Y = A+B(C+D),

whence ¥ = A + B(C + D)
Thue the PDN can be formed directly as shown

v!l!x

—d

Ao—i C o—1}
B QW«{[J

NOW, £y é oy 0 (k7R — 0467 70)
r(] ~ 0467y = 272 - 046 = 226
Now,

B o

e

De—Ii

tea = 170021077725 % 10 T(1.33708)(5)

= 8.24ns

Chapter 15-2

and tpy, = 8.24/2.26 = 3.65ns

and 1, = (8.24 +365)/2 = 5.95ns

Now, dynamic power is approximately fC V25
since the output swing is not quite Vpp,.

For equal static and dynamic power

Fx 1107 %5 = 1.82%x 107"

whence

o= 1821070/ (25 X 107" = T28MHz

for which the period is

1/(728 % 10%) = 137 ns

Now, for transition times in the same proportion
as propagation delays

Ly / trre = 8247365 = 226

Now, for full output swing, there must be time for
2 full transistions in each cycle :
Thus

fopr = 1377 (1 + 2.26) = 4.19ns and
tyuy = 4.19(2.26) = 94Tns

Since these values are of the same order as the
propagation delays. Full swing operation is likely
not possible at 72.8MHz.

15.9
For an Exclusive OR,Y = AB + AB, and

Y = AB+AB = AB-AB = (A + B)YA + B)
oY = AB+AB
The PDN results directly

VDI)

Ao—t

Bo—
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15.10
For o pseudo-NMOS NoR qate 1{“!9«4%? For Q.
of the number of tipubts | the wovst-case valee Ves—V, = 12V — 04V = D8V

ot Voo accuvt fov one fwput high (awa o Single and Vg, = 0.6V
O )
Nros mnduc'fms Vs = V> Vs but Vo < Vi,

Fram Eq 0.3 , Vou = (Voo V) [1 = (1-11,32] . This defines the triode region.

) : " 1
Fov whick o;z = (50— 081 - (1- ) h]‘ ipy = ﬂnC,t(%) Vlrs[(Vcs - V- ivu.s‘l
g (1~} = 1w 024y = 0852 A .

M -t A = 0404 . W g
Ve = 0041 . awd ve inw = @30uA7 VI (Y) [08V)Vs = 170
Thas ke by = e = 15 (L343 (25(WA)p)
Thas WAY = Bsasi(iefia)oat * g.uiB o WA (W
Thug for W= 180 Lo 1.8/0.48 * 430 The unknowns in this problem are (I) . (ZL
and WA)p = (82u31) o "

and Vg One possibility would be 1o match the

source and sink currents for charging the output
15.11 capacitance.

Without further information, let us assume as in
Exercise 13.26

w W
that{—] = {Z] =
(L),, (L),. 5

In this case,
Tpsa = 3225(1.5)pA = 4B4uA
In the static state,

.1}1

w= VDD i:},\: =2 iﬂp 50 that
(430pA 7 V) l.S)[(O.SV)u,,S - ;’;u"us]
Vi = 06V - 184
5 = R J.LA
Voo = 12V 1 2 48.4uA
VBups — =vps m —BD = 075
vV, = 04V OB = v o8 = R RA(1)
1,C,, = 4ppC,, = 430pA v “’frs = 1oy +0.15 = 0

In the case of ¢, Vg =
Vo — V, = 1.2V ~ 0.4V = 0.8V, whichis

L = 0.13um = 162 JL6) - 4()(015) _ o0 P
5 80

Vor = wyy = 01V

~ o e margi 15.12
For reliable logic levels und noise margins, .
Vin = Vi, 50 that @, is operating in the veloc- WV = Vyp -V,
o ot ~ WAV, = V,, 4V T B - 5
Tenoring channel-length modulation, e
' WYy Ty cvi= b i SOV = Vo by (Vo = VIE 26, ~ b))
fosar = M,,C,._‘-( “Z')f%"“‘“fi THVse T A 2l Pen ) Subsiituting values, we have
y (W v, = 05V 403V x
- 1(430@/\'*‘;(») (D6Vy» ,
ry Ly (SLBY — ¥ 4 085V — JOB5V)
I[ 12V —~ DAV — g(n.mf)g V, =022V = 03V ) JI65V TV

L = 3125(?)#;&\



Squaring both sides,

Vi~ 044V, + 0.048 = 0.09(2.65 ~ V)
orV? — 035V, ~ 0191 =0

Solving this quidratic, we obtain

V, = 0.646V

So that,

Vou = Vo — ¥, = L8V 0646V = 115V

®ioe = $upC.(F) Voo = Vou = v.)*

< B aa /v 951 8V -
-27f«u(A/V)(o )(;sv LISV — 05V)

ipp = 253uA

Pp = Vpyipe = L8V(253pA) = 4.6pW
To find the inverter's output voltage, we note that
fpe = fpp = 253puA

Vo = LISV

Since V< Vs — V, (triode region), we can

to find y,
ipy = ku[(”/ -V, — %"02]
where V, = V,

054)
2 Y ; x
253puA = W00pA /Y (mx

5(1 ISV — 0.5V)e, —ivj;

2D = 065V v, - L
3000A / V(15) -
or,
v,:_ - 13u, + 0012 =0
solving for v, we get

= 01V

(¢} To find ¢, . we can follow the procedure of

. i s 2
gy ;I’m(m(! }("m) V.

- ,1)300;;(;\ SVHLS(8 = 05F Y = 3803uA

Chapter 15—-4

Viat v, = 09V) = V,, + y(Jop + 26, ~ fZ6y)

=05V + 03V} (JHIVI08Y - JOF5V)
Y, = 062V

ip(pn) = 3 ll. ( )(er vnhvl):

%{"mo,m/ VA(15)(18V ~ 0.9V ~ 0.62V)
= 17.6pA
S 3803uA + 17,
iy, = 380 AL VISUA _ 1o, 0

C(Y}’ZL’) i IO(IO“"')F‘(L%_Y.)

{Dgas 199(10"%A
= 0.045 ns

1 £

{d) For V, going LOW

ipy = %P'ncm( )(V«w Vm)z

= %{300;“\ JVILS)(18Y = 0.5V) = 3803uA
At = tpy,

ipltpye) = kn[( Vop = Vidu, = ;‘iuz.,]

= 300uA / vz(g) x

{(H}V - 0.5V)(09V) — %(049\!)’}
ipltpy) = 114.8pA

inl,, = L(38031A + 1148 wA) = 247.6uA

so that,

VD,,) 18 (1.8\7)
o C(“‘i“ i 1010 F( 257
S 247.6(10°%A
= 0,036ns
(e)l,,

{ I )
;E(l,.“, ) = 5(0.045 ns + 0,036 ns)

= (.04 ns



15.13

For a) see directly that X
andY = X-B=A B
Forb) sce directly that ¥ = A - B
For each cireuit node Y nominally satisfies both
conditions. However in 2) with A high and B low,
Y is not pulled down completely to ground, b
remaing at V,,,, due to the PMOS threshold, Cir-
cuit b) does not have this problem, but node X is
floating for A,B both high. However, X is not an
amput node. The body effect makes this worse!
Notice that b) is exactly a complemantary CMOS
NOR gate forwhich Y = A-B= AT B
For Vpp replaced by an inverter driven by C,

= CA-By=A-B-C=AFB+C,
a 3-input NOR for both a) and b).
Practically speaking, however, there is a problem
because as noted above, the series PMOS do not
operate well with a low input. In fact Y is pulled

down only to one thueshold drop below ground,
when C is high.

1A=X%

#

15.14

For the switch gate and input both at
Voo = 3.3V.the switch output is
Vouw = Vpp =V,
whereV, = V,, + yL.Voy + 26, = f2d,)
Substituting for Vi, we get :
V, =V, ¥V — Vo + 2dp — 2]
= 08V + 05V 7 AV IV T 06V ~ D8V
So that,
v, = 0413V 05V ;’3‘9 V-,
V,~ 0413 V = 05V ROV Y
S‘quaring both sides, we get
— 0826V, + (1171 = 0975 — 023V,
or, VI — 0576V, ~ 0804 = 0
Sobving this guadratic, we find that
v, = 123V
Vou = Voap— V, = 33V = 123V = 207V
with the input Low and the gate switch HIGH,
Vi — OV

Chapter 15--5

f Vo = 207V, the PMOS transistor of the

inverter is in the saturation region. Since the
inventer transistors are matched,

1!"_) = ﬁ'—"(ﬂ] 50 that
(l" F k,,. L “

s 1 2
ipe = ,,Hr( m( ) Voo = Von = Vi)

Ei

ipp

asuary? )(0 x) 3) x

33V =207V - 08VY =
Forty, att = 0,

104pA

ip(0) = "’n ru( (Vao v,

= -(75ul\f‘l )( )(3 3V — 08V) = 352pA
Vv
At a Do
Up R

T
V, =V, + Y{‘/:g‘l‘) + 2y~ ./24),{}

=o.8v+o.5v“2“‘i +06V— Jo.(sv]

=116V

ipltpry) = ;ﬂncm( ) (Vpp = v, ~ "«)2

—mumv;( )(33\1—33" usv]'
= 135uA
o, = GSWASIISHA) gy 0

Voo
C(T) 10010y (1.65V)
F
Tpen = — =
inla, 183pA
= 09 ny

Fortpy, v, =

V,, and
Tpio) ,,#a ..( ) o Vil

-175,;;\/\* )(%)u 3V~ 08V) = 3524A
inlpme) = 10,C,, (7‘-') [(vm, V.o, — %v,,:]
= 75pA/V? ( )

{;nv—ns v;(“") i(lll)“‘ = 311pA

3
inf,, = 2OS2pA + 1A = 10204
L N2 0000 S E0es vy

inl,. 3pA

= 0.5 ns



15.15

=<
g

Or 1&3“*'1

B 1 IV{)H
d‘: @
A JM ,f,’ﬂﬁm[,:w s R T
47

Lk o

i

For the inventer, with
4y = Vpp— V| =33V -08V =25V
Qy is in the saturation region, so that
R 1 (W 2
ion = 3R () o0 = v
-{Mqu )( )(2 - 08 V)

= 56.25(v,, ~ 08 V¥ pA
O, is operating in the triode region so

p = k#(%) WUVpn = vy = V. (wps)
»

- %( ?'/)s):ll

= (2SpA/ vf)(gﬁg) x

f33V = 0, - 03 V)08 V) - 108 V) §

= 11250168 — 08w, luA

Since ipp = ipy .we set these equal
56.25(u,, ~ 0.8V) = 189 ~ 90,
§6.25(x 1 — Lo, + 0.64) 5 189 — %,
Simplifying, we get

vi, 232 =10

for (1,
J— —
v =, +ylfn, + 26, - ]

= 08V + 05V TRV Y06V - A6V
= LI6V
Capacitor charging current before Op turns on i3
due 1o the cusrent supphied by O,

. 1, (W 2
Atw, sy = 51.0{\1 )nﬂ np T Vo U A

Chapter 15—-6

21 2 LE) V — 165V — 1.16V)*
= J(75pA/Y )(o.x (33V — 1.

= 13SpA

At vy, = ov,

'.l) b %krz(w) (Vl)l)m 4um):e

- -m,m/v )( )(3 IV~ 0.8V)" = 351.68A

il = 3(350A +351.60A) = 18265A

_ Cugy _ 2000 ")F(1.65V) . 18 ns
Tolae 182.6(107")A

Tpin

{b) For the inventer,

1
Vg = §(SV1»17 -2V

= '{ S(33 V) — 2(08 V)] = 186 V

For this value,

. W 2
i = ku(‘[) {“’uo U gy ) - ZI;("I)S!)-}

#

) 2.{12
ipy = (F[3uA/V =%
o1 (75u )(().8)

[(3.3 V - 08 V)(1.86 V) — %(I.S(x vf]

i, = 328.5puA
The corment in

W i
Op = k (I ) Vop— m) = m

(25pA 7 V) (YT") (GAV - 08 V) = 2"%&&
g 4

{g) _ 3285uA _ | 05
Ly 2 (250A 7 VY25 VF B
OR,

[&) = —-“~— = W= (.84 pum. und
® N8pm

{ ‘*‘) - U8dpm
\Z D8pum

Initially, at wy = V0, = 0 since

e o i, < ()

= Yoasuas v x{ m.)n 3V - 08VY = 35244
AV, = Vi = 186V,

fpp 1( ] [V = w,) %

. , [P P
om = Viapd = 5tV = Vd7l
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= (25pA7VIHLO5)(33V — 08VI(3IIV — 1.86V) 15.17
~Laav - 186v)) Von = Voo = 18V
2 ' Vo, = OV

= 613pA

W i 5 Dy ipylo) = %kn(“?:) (Voo = V8
ior = K] [Ves = 00V = 10V00") 2,
= 16300uA VIV - 05V) = 3803uA

= (75;&:&:‘/3)({;%)((3,3\’ - 08V)(1.86V)

inet0) = 2y (%) (Vi = v,°
méu,sﬁvf} = 328.5HA o
» " %(75%1\/’)(1.5)(1*3 ~ 057V

el = 103285 +352 - 673~ 0)uA = 306.6pA
e T 3 = 951 A
towe = inx{fpy40) can be found by finding V,
) %
Cavgy _ 20000 ")r(33V ~ 1.86V) _ 94 g whenv, = ~28 ;
icla 306.6nA TS ) .
V, =V, + 'y(Jv(, +2¢, = f24)
V, = 05V 403V 00V F 085V~ 083 V)
15.16

(a) When the input goes HIGH, Q is ON and Vou
will approach+V,,

(b) when the input goes Low and ( is ON,
Vor =~ qu,i

(€} iplo) = “i“ir( Vou = Ev:rj}:
iplo) = %{225,1;«;»“)(:.3 V=05 V) = 190pA

when oz, = %EL’ =09V,

inlpip) = kpl(Vyyp — ;v’!)(y-f;i’)

V¥
(52

inltper) = 2251A 7 V(L8 V — D5 V(0.9 V)
1 2

— {19 V"
209 V)]

= 172pA

C('ﬁ)ﬁ}

2 CO9V)

— 20w COIV) | spane
il I

fpgn =



V, = 062V
. . . w 7 v N2
Epllpy) = %ka (Z),(V” - __g,l} - V.)

= %’(mmn-z V518 — 09 — 0.62)

= 1764
, : v
ipplfpen) = k’(%)r“ Vop Vm)("“;y‘))
‘—1(.‘.’22)3}

2\ 2

= (T5A VIS8 V — 05 V)(0I V)
. 2

o9 v
= 86.1 A
Iples =
%(inw(o) +ippl0) + ipx(tprn) + ippltprs)l
“”sml =

%{3303 +95.1 + 17.6 + 86.11pA = 290pA

Cl’zge 15010 )r(' ’W)

£

=

= == = 0.047 ng
teLn ol 90pA

(¢} For the situation in Fig. 14.12(b),
igpao) = —L ( ) (Vou— ro}:

= L300pA / V(L8 V - 05 V)’ = 380304

ionto) = 347 ) Voo = Vb

- %(75;LA/V:)(1.5)(1.8V -~ 05VY = 95.1uA

‘/
= _b# 9V,
Ay, = L2 = g9

s

2
= (300pA / VILSH(1.8V — 03VHOSV)

. WY T , i
ipnllpm) = ka(z) gwon - Voo, -%?

I 2
—={09 Vv
3¢ i

To estimate i ,p{t, ) . we find V“,’ at
v

W, 2 -

[Vllar V, = 09 V) =1V, ¥ X

‘.ﬁun” v, * ~‘2’ . ,\5‘2&,;;

w05V 403V A{,»}LX Vo 38V 085V
- JOREV]

@ 0,62V

Chapter 15—-8

ipplipmy) = -%k;.(l})’( Voo = 1, V)

- %{75;;;«/\1’)(1.5)(1.3 V-09V-062 V)
= 441 nA
i"’law =

1, . . .
i[*w«(m +ipp(0) + ipnltpyy) + ippltpy))

= %{38().3 +95.1+ 3443 + 441 JpA = 4125A

1%
foy P23
i ( 2 ) _ 150107 %yF0.9 vy
ibl. 4121 A
= 0.033 ns

Qp will tum off when v, = |V, | = 05V
1
@ 4, é(l,.“, + tpp) = %(01)47 + 0.033) ns

= 0.04 ns

15.18

Vi=Vop o—g "‘“IO i
| I l C

With V; going to Vyy,, and uf0) = 0V,
v

b

Ry, = ] = pO 7 Y
E (“1“‘) Vopp = Vi = v,
I8V -0V

1300pA VY508 V - 05 V = 00

= 4,7 k02
Vo =0
Rrey = 5 WY !
;’\ro(‘;“‘) Won —V,D
2770 ),
I8V -0

Yasuasvihasins v-osy

Ry, = 189 ki)

RytV, = 0) = Rl Rpy = 47 k2 189 k0
= 376 k()

when ¥, = 09V (s still considered in the
saturation region.
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S0,Ry,, (V, = 09V)
Vop = v
LWLV, =V, - 0y

Where V,, = V,, + y(JV, + 24, f20,)

=05+ 03 VA AIVIHEEV - 8V

forv,=Vy,~V,,

When Q) enters the triode region,
ipw = kw[( Vop = Vidv, ~ %VZ«]

for vy = Vyp =~V

16

Then, Ry,, = ]
= 62 V &n[f"m) - Ve, - ‘%"5]
Ryey = 1 - I§V-09V - .
B00RA/ VLSSV = 062V = 09 V) = — n
510 l’,[(vtm =V~ i“»]
. 1 For Qp imitially,
ey

) oo d~ v

R Prg
= 1

inp = %Iz,,(v,, = V)’ 5o that

{75pA/ Vg)(I.S)[LS V-85V - %(!VB V-09V)

= 10 kO
Rro(V, = 09V) = Ry, | R,,, =51 kQJ 10 kD
= 8.36 k(1

Rygl,, = 1(3.76 k2 + 836 k) = 606 k1

pep = 069R,:C = DE9(6.06 K150 YF
= 62.7 ps

15.19
Vo
; E e iy
o= 0 Os
o $ !wawwo 1,
Vo —

O (&
11 - j:
pp =
3

Cischarged sothu V,, = V,
When 1 goes Low to OV, Qy is initially in the sat-

uration region w.th

N i .2
Ipy ™ ;};"n( Voo = Vo

sl Vo = Vo=V, @ Vypp — ¥,
¥, O 2w,
Ry = i - - -
;’5;57»{ Via = Vi) £V pp Vi)
2

2y,
Rpsg = s
ko, = |V,
where

‘V:pl = Ivml + V(Jvl)l& -uv,+ 2“’7 - »JJ«QS!)
until y, = |V}
Foruy, = Vy,
2‘,90

k(%) Von = v,
_ 2(18V)

(300pA / VI(1.5)(1.8 V — 0.5 V)

?'VDI)

kAW /L) (V= |V
- 2(1.8V)

(BRAZVHISHIE V- 05 VY
Rigly, = Vop) = Ry |l Ry, = 47 k0 189 k0
= 376 k2

Rueglu, = Vpp) =

= 4.7 k)

Ryeglu, = V) =

= 18.9 k)

v
A, = m;i‘,’ = 09V

Vop =V, =18V -05=13V

sinee Vo = 31, ~ 0 = 090
Qx is in the riode region.

1
Ry = :
M v ]
AT Voo = Vil = 5
_ 1
(300RA 7 V) 1.5)( EAETERERL A )
Ry, (0.9 V) = 2.6 kO

Aty = DYV,

O e L Y L YN 2 )

= D5V 03V U IEVIHIVEEE v
- SRSy
= 062V



2y,

W) b’

209 V)
(ISpA / V(L5H0SY ~ 0.62V)
= 204 kit
Ry, = 09V) = 26 k1] 204k} = 257 k)

anq =

=

e ,%(3'76 ki) + 257 k) = 317 ki)

teue = 0.69RGC = 0.69(3.17 kO)(15)(107")F

= 328 ps
(This is close to the answer of Problem 14.19)

15.20
_ 125 12.5
Ry = —=L k) = 122 k) =
o (!ﬁ) =2 k) = 83 k0
L,
palpryy = lorp = 0,69&7(;0 = ()69(83 kﬂ) »
(10)(10"")F = §7.3ps

15.21
= 0.69CR- 21t 1)

= 069(10)(10” " F(10 k) I8UE L 1) - 938 1

15.22
Need a CPL circuit for Y = AB + ABand
¥ = AB + AB {Sec Exercise 14.8b

A - T—a V=AB+AB
T

Chapter 15—-10

15.23

¢
Y ki ? 2= ABC
. ;f'd

X‘-“-‘AB%—BB A+B=7V

Require a CPL for Z = ABC and

7 = ABC = A+B+C

Extend Fig 14.18 10 3 variables by dealing in

Wi
:
“'sx
l
?. l
N
i
g
&
=t
3
T3

pairs, creating Y = AB, then 2 = YCwith
¥ =A+B.thenZ = ¥+ C
15.24
Vpp Von Von
¢ o—cf $e—d & o—cl
Y=A Y=AB
Aes—oq R —] y=A+H
A o—r7}
&> o7} B o—ip
& ey
= JP— ubwdr—r
= Ae—i ”IMC
B o oD .y AFTED

& o—d
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15.25
AE Uy <0V Loy = RUH X246 33008} < mgn

R“‘&R, ® TSIV {bﬁ &(16/3“?&(;0'33{{3@.o_g)za -—o:;Zﬂ
z4 y_“_h

Thas i, » (i3 + wba)ia o JHuR
ded  troy = t, = (sxio" 2@ v-03) gy = th g

15.26
Fova 0sVehange,ts SO, « ‘SO(so“)o,sA‘;‘l;Z&.}

Swace Hhe prechavge iutavual is muth shovte, Haaw Yhe
€udluate | the paod of Hie witiiaum elockii
Qquhq Com be B3 guaat as 15wms | ov whick
G:.,..:, * Y(iswie?) = falis

15.27
a) Ci= S8,

Mow., for 4%, ";5‘!“3 Yo Voo ~Ve s S=iwt/ Laund
assuming W Contimies Fu comduct | V4 wilt
€all by aw awount (s /c..}(hv::.\:‘/,oh)-oélv
Yo 5.6 ~0.47 » 4.V, Duice Yhis exceeds oo,
Yue aSsampthion Yhat Qy conrimuey to conductis

vevrbied TThus Yy dwops by .87V

Hote that i§ We ’om\,-i eEfect Uy tmcluded 5 it wall
Hkely Yo be upatisie, Yo voise Arey wuV, Thy
Q.43V s the lamest portible chauae

iﬁ‘ Cyo» 1oly .

T viw of Ahe prev v AvalyBis | Aume  Thor
““"""‘“““S Afyg e Vg = W s Nw"'ﬁ\g Ql-uysg
c\lmaig wa Cach Copacine s Flug sowe:

Qzev == 1w {ar-o) = Jols-v)
onwd 1O 21850 -3 ND\TC\EO‘Q.‘& U,lliy

Thas ”\Ty duops ‘:j T35 » LISV Yo T4V

15.28

{2) Since Q) and @, are in series, W remains the
same, but the effective length doubles. So,

(%), = G2 = 1(%),

Similarly,

(z),, - G0 =3(2),

G

-

[ d

ipg (v = Vpp) =

=l (v
(1),

k..(%) (Vop = 02Vp5)°
eyl

(0.64 V)
]

= 032k, (%) Vi,

egt

= o.mk;(?’-‘f) Vip = 0.16%,V2,
Aty = Vg
iy (v = V) = &, (%’) x

el

[( Viop = 02V )02V ) ,1,(02 Vnu)z]

-k, (3}) 10.16V2,, — 0.02V3,)]

Ceqh



= ;(%)ml"go = 0.07/:; (%)‘Viw

= 00Tk, Vi

iml
[0 16k, ( )v,,,, 0.07k, (W) na]
)
= 0015k, (: Vi, = 0015,V
© a1 = Cu("’m“‘“ vy Cm(()'svzzn)
iml,, 0115k, V5,
- 096C,

anI)D
(8) Qegqe Will conduct during the time that vy,
drops from Vpp 10 V, The uansition half point is
Vg = 02V
when v,| = wlm__;____g_l_) +02Vy,

F4

Yal,, = 0.6V,

inl,, = 3% (), (0800 = 02V

= 008k, (Z) Vho = 008,Vip
g2
s,,zgwm
Cis

(@Awn, = -~

Since Cpy = Cpn

0.04k, V5, (6.96C, )

Au, = -0 KVipp (690CL) — _ga78y,

o CoikVop 0
So that 1y is Vg - 0278 Vpyy = 072 Vi
15.29

The precharge time can be approximated as the
rise time of the output voltage. In Example 14.3,1,
~ 0.19 ns. Assuming that the evaluation time is
relatively short, the total eycle time can be esti-
mated as being slighty longer than £, + fpy;.

With g = 0.23 ns, the maximum clocking fre-

quency is £ < l - m...,,_‘—._.
TG, ey

== 227GH
(0.19 + 025)(10")s
15.30
() Vg = 0= 075 = =075 ¥
Vo = 0~ 075 — IR = ~(075 + IR}
th)
Vo = ~{IR72+075) = (075 + [R/2)

(e Fori=0991,

g T304 25 10 (0.99) = T30 mV

Chapter 15—-12

i=0011,

= 750 + 25 In (0.01) = 635 mV
For
0.997 in Oy,

v, = (075 + 2) (0.750 — 0.635)

= —(0.875 + IR/2)
td) For 0.011 in Qp,
v = — (075 + IR/2) + 0415
= —~(0.635 + IR/2}
@)WV, = ={0.635+1R/2)
V,, = =(0875 +1IR/2)
) NMy, = — 075 — | ~(0.635 + IR/ )]

= IR/2-0115
NMy = — (0875 + IR/2) = [~(D75 + IR)]
= JR/2— 0115

BV ~Vy
= - {0.635 + IR/2) ~ | ~{(0875 + IR/2))
Thatis; 7R/2~ 0115 = 0230
and IR = 2(0.343) = 0690 V
(h) Vg = =075 V:
VoL = — 075069 = ~144 V;
Vi = — (0875 + 0.345) = ~122 Vs
Vi = —(0.635 + 0.345) = ~098 V;
Ve = —(0750 + 0.345) = —1.095 V.

15.31

See that once started the process continues; that is
we havean oscillation. In each cycle, each gate
ontput rises and falls.

Thus the period is 3(3+7) = 30 ns

Frequency is 1/30 = 33.3 MHz.

Any output is high for 34743 = 13 ns

and low for 743+7 = 17 ns

Check: 30 ns.

r
i
e
.j«i_.l
L
L
.
gy
H
o
k.




Chapter 15—-13

10 wransitions per cycle, each of Ins duration:
Period = [0 ns
Frequency = 100 MHz

15.33

Tying two outputs together as - yields
a WIRED- OR operation. The most direct imple-
mentation is ORing the outputs of two AND
gates. The AND function can be obtained using
Demorgan's theorem:

AN K7B-A-B
B—rFf A

Using NOR gates as inverters, AB and AB are
obtained:

3\«——?{ }c:m—a
3‘" i———-—»A B + AB

when v, = V, = —1435V,

Ie = 39T mA, vy = Vo, = ~4LTTV
when v, = V, = —132V, I, = 400 mA,
vog = 131V

1y = 412 mA, vy = Vm, = =088 V
At point x
rentis 1% of Iy, or

= {QO1)3.97 mA) = 397 pA

Transistor A's emitter cur-

Sothat r,, = —F = 2200 = 6300
iy 2

Transistor B's emitter current is 99% of /g or
= {0.99)(3.97 mA) = 393 mA

v 5 mV
So that = oL o= MY =640
S0 that 7. Igg 393 mA
1 or =~ Ve _ = LTIV —(-2V)
R, 500
= 4.6 mA

Sothatr, = 4I = BmV _ 540

Iex 36 mA

R = B+ IMrg +R;7)
= (1013(54 02 + 50 £}) = 56 kQ}

Solving for the incremental gain,

Yop = Vbcﬁ RY
) Fea H Ry
Vier = —wiglRo Yl Ry

Since Rp >> rop.

. Mr,l ‘
Vog ™ b 50 that
Tea + Ten
top . Ry a(Repll Rin)
¥ Fer + RT Tea + Ten

Rem = 2450

—
Rinl -



Yog .. 50 & (100 524511]}561(!!)
w  S40+500 101) 63002 +640)
=033 VIV
At point m,

Ten = Tem ;Eh TmA ¢
. Por— Vee . 131 ~(=3V) = 13
Tea I ) 138 mA
Vy 25 mV
= L= = 181 0
fe T 7, B8mA

Rix = (B+ DRy 1) = (1013(50 + 1.81)
= 523 k{1

 Ver 00 (100
Gain = 7 = 5N+ 181 0 (ml)
@450 523k _ go5 v /v
sniasa oY/
At point Y,
= 099(4.17 mA) = 408 mA

“Vro BaV o_si30

Tern T 7.n 408 mA

Iew = (001412 mA) = 41.2 pA
Vr 23 mV
B e = ﬂ
Tew T LT WZpA 607
Jo, = Yor~ Vep . 088V ~(~2V)
E2 Ry 50 0
=224 mA

P = m..é— = 1140
- 224 mA

R = (101500 + 11Q) = 5.16 kO
o ton 500 (100)

Gain = 2 T oI Q (101
(245 QY 516K _ g7 v /v
607 1+ 613 Q)

15.35

Assume /5 is constant at 4 mA.
{a) Currents are: 3.6 mA and 04 mA

- Emitter-Base voltage difference = Vy In Z(:
or23n9 =549 mVY.

Thus V,, = ~ 1.32— 055 = — 1373 ¥
Vi = = 132+ 055 = —~1265 ¥V

(b) Currents are: 4(0.999) = 3996 mA and
001 X 4 = 0.004mA

- Emiter-Base voliage difference =

1,996
v, 1
r "( 001 )

Chapter 15—-14

te, —1.77 =

15.36

NMy =0.325 V, of which 50% is 162 mV, for
B==!00. and Vnm =0.83V, lE2 =224 mA.
Approximately:

- 50 :
2+50 555 (2= 083) = — 088 ~ 0.162
B+
or UL g geg
01 25
BT
S0+ ;‘:5 = 61.06
Hence 8 = 1—2"%6-—1 = 212
Check: For V, = — 88 — 162 = — 1042 V
_ 2 1042
’53 = """“5%(&2 = 192 mA

224 .
and V; In (192) = 385 mV -QK, Since

small, can ignore.

15.37

v
~0.18V
R= 5;%—11 c ‘xtl v
= a2y
-av

v o= o~ 088 4+ (88 — () — e’"'"’“")

ory = =24 ]2 0C
Afer Ins, p= 177V

~ 24 L2t



ore""”c - 217

1.12
~1/50C = —1.383
Thus
el "
c= 20 = 126x1077F = 126 pF
56(1.583)
15.38
o= 2/3%30 emins X 20 cm/ius
_ _RiseTime _ <, = 33
Rate = Return Time 2L720
L= 3808 X 0em/8 . 5o
5%2
15.39
VoL =0TV; Voy = +50V
More precisely, for Vg, = v
+3V
2.5k
v
Torv
18k .
3 3530

p= 333 s _pgn+o07 =123V
25+ .353

je, VoL = 123V

Logically: A is high if one of A or B and one of €
or D are high.

Thatis A = (A+ B)-(C+ D)

15.40
ForVy = V, = Voo = 572 = 25 V.
ipy = (1/2) b (WAL, (Vs —~ V)

= (1720001072 DRSS - 07 = 1)}
= 64 pA
Now, the collector current of
O = Biy = Bipx
= 100(64 % 1077 = 64 mA
Corresponding, the tatem-pole current is
gy = (6400 + 62310°° = 646 mA
= Qg 64 pA

Now, for igg; & fpgan for

Chapter 1515

Thus
64 = 1720100/ 2.5)(W/L)(5 — 25 ~ 07 ~ 1)}
where (W/L), = 25(271) = (Sum/1pm)
15.41

Atthe threshold Vi, v, = v = V,, = », and

the two MOS operate in saturation with equal cur-
rents. Thus

12 {100y 2/ 13 (5 ~y~0.7 - 1)

Thus, (3.3 - ¥ = 25(v - 1.7)

and (33 ~ ) = =25 (v~ 1.7).

Usefully, (3.3 — v) = (1.580 — 2.69),

hence 2.58 v=5.99, and v =V, = 232V

For this value,

ipy = 172 (100) (271) (232~ 07 - 1)
= 384 pA

and the totem-pole current is (B + 1)ipy

or 101(384)10 * = 188 mA

15.42

The problem as stated is very general, and corre-
spondingly, its solution can be long and complex.
the specifications of
. matched MOS having
(WiLyp = 2.5 (W/L),,.

ForRy:With vy, = V,,y = 1/3 = 0333 V
ipy = 1000107%¢2/ 1) x
{(5—-07~1)033 - 0.3321’2] = 209 pA
Now, if 50% of this is lost in Ry,

Ry = 0.7/(0.50 X 209) = 6.70 kN2

Now if 20% is lost in Ry,

R, = 0.75(0.20 < 200) = 167 k)
ForRy:ip, = (100/2.5)107%2.5(2/ 1)) ¥
15 =0 - 1)0.33 - 033 /2] = 256 pA
Now, if 50% if this is lostin R,,

Ry = (5~0333)/7(05 X 256) = 165 kf)
Now, if 20% is lost in R,

Ry = 2.5(36.3) = 911 k)

For the 30% case,

R/ 7Ry = 3657670
For the 20% case,
RyiRy = 9117167 = 545

{why should their equality be obvions?)
Thus, in general R,/ R, = 545

i

545
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15.43
Fﬁrlpw'
AtV = 0V,

#

np
At
Vy = 23V,

ipe = (100725427 D[G - 1)25 - 257/2)
= 550pA

Thus ipp,, = (640 +350)/2 = 595pA

and ig,, = (100 + 1)595 = 60.1 mA

%(mmz.s)m 1)(50 — 1)* = 690pA

i

Thus v

tpw = CV/1 =2% 107X 257(60.1 X 107)
= 832 ps

For tpyy :

At

vy = 30V,
iy = %(100)(2;' 15— 07— 1) = 1.09 mA

At

wy = 23 V.ipy = 100271

[(5— 07 = )25~ 0.7)—(25 = 0.1)* /2]

= 864 pA

Thus

fpwae = (1089 + 864172 = 9TTuA

and ip,, = 101(977 % 107%) = 98.6 mA
Thus

o = CV 71 =2 %107 (2.5 7(98.6 x 107"
= 50.7 ps

Thus r, = (R3.2+ $0.7y72 = 67.0 ps

Note that this solution embodies two assumptions
1) Internal capacitances can be neglected,

2) Transitions are from ideal 0V and 5V
output-signal fevel.

If outputs of (3 — 0.7) = 43 V and

(0 + 0.7y = 07V apply, 1, becomes about

67 ¥ (25 —0.7)725 = 48 ps

15.44 R, = R, = 3 ki)
robs the base of some of its drive current, namely
0.7/5 % 10° = 140pA . Using results from the
solution of P 14,46 above :

For teg

Fpaw 395 - 140 = 4550 A and

fp,, = 101(455 ¥ 107 = 460 mA

Thus

Lo = 2X 1072 X 25746 X 107 = 108.7 ps
Fortpy:

ipew = 977 = 140 = B3TpA

and ig,, = 101(837 X 107%) = 84.5 mA

Thus

fppr = 2% 1077 X 257845 % 1077 = 592 ps
Thus 7, = (59.2 + 108.7)/2 = 84 ps
15.45

For the BICMOS NAND of Fig 14.39 to have a
dynamic response some what line that of the
inverter of Fig. 14.37e :

(W/L)py = (W/L)py = (W/L),
and(W /L)y = (W/L)xp = 2AW /L)y

15.46
A BiCMOS 2-input NOR is as shown:

bt 14

Av———c‘
B“"—Cl Qpp

Om Ve

=

In terms of the basic matched inverter ©
(W7l)p, = (W/L)py = UWZIL),
(W/L) Yy, = (WsL)yy = (WeL),

where (W /L), and (W L), characterize the

i

inverter.
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16.2

1(w Voo _ 1{VopY
w3 (F)[von = v =3(52)

) 22)- 2

Assuming V,,, = V,, we have:

w40, - N 4, - ()

5 £l

=(%), = (%),

If the flip-flop is fabricated in a 8.13-pm process,
we have:

(E’) = (i‘f} = f=s W, = W, = I XL,
1 3

2

L i
= .13 pm

(1), = (), - oo -4

Lo

)

=W, = W, o= 4 X013 = 052 pm

(0, = (2, = (0), = (), - (%)

= 2m W, om Woom W, = W, o= 2um

»

‘1
16.3 output v, = —-gf and

assuming a single equivalent transistor for Oy and

Q, where (}} )( = %(l} }‘ - % ‘I&)

&
Use eq. 13,100,
For equivalent »n transistor

= Ve = Vo= 18 - 05 = 135 Vg

ate

= D6V

For £,

RS SR

= PV
Roth operating in velocity saturation

Chapter 16—1

- (_pg) L _
Haloagf T WVDS”"‘ Vs~V EV‘”"“

{ = w
X1+ AVps) = "’C"‘(Z)zlv”s ’J

sy,

X (} Vcd - 'lel - %{Vmwpi)“ + i*p[ ij

300 X 107 x (%)

[

x ().6(1.8 -05-1x 0,6')
q
x (1 +.1 x%’!) =75 % m““(}i%)
x 1(1.8 ~05 »~% x ;)(1 +. x(l,ﬁ))
(Z), -2
(7). =3%), -2
(5)

w
(z) 3 (ﬂ) = 4 o 0.72 Bm

(3 L 0.18 um
This value is greater

thus requiring 33% more width area of both n
fransistors as a minimurn.

16.4
Vm _ r(VI)I) - !Vré) + Vrn where

r+ 1

,ou [PeWe
W,

w W, = 027 pm and p, = 4,

1
sy fh= 05

05(18-05)+1 _ |,y

i

;o
Vo 05+ 1
(threshold voltage)
Assuming

(%’)g - (!LY),) = (%’)7 = (!}’)K and Ox. Q5

have an equivalent single transistor

(&) = !(!) = l(}."_’) . the equivalent n
L, AL L

wamsistor and O are in inode

region with the same current Aowing through
them.
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1.8
300 ) 18~05 ) .,
o X ( [( ) ( 2 ] iy = %(40)(1.5 “ 1Y = 40{(5 - 1.5 — Dy, ~ 63/ 2]
= 15X 107 x("”)[(x 8- 05) 1(»‘3’5” Thus 0.125 = 250, — 12/2
2
or v, ~ Sv, + 025 =
(%') o:ns—»(‘," w ) ' _
s 2 and V, [~ 5% J5* — 4(0.25)1/2
{eannot have less than mlmmum) = (5 = 48484)/2 = 005 v
W) o (%) = (¥) =(¥) - UBum T o5y
( ‘»).5 ( L),-, ( Ll L), 018 pm Thus v, = 005V or 495V
For v, = 2.0 V,30V:
165 ”2(2_?; = (S“Z”l’)v,,*‘vi/'Z
0 is conducting and Oy is conducting and operat- or (2= 1) = 2X 20— %

ing in triode region: and o)~ 4y, +1 =0

v 2
€, ( ) {( Vop — Vf,.)( tm) }’(X;_v)] Whence v, = (~ —4 = J47 = 41.1)/2
v ‘ v = (42 3464)/2 = 027V
upC”.( ){(Vm) e ( "”} Thus v, = 027 V or 473V

k4
For v, = 225V or2.15V:
(225- 1) = A5 -225~ Dy, — 4,
1.5625 = 35— v, — v,

o = 35w, 4 15625 = 0
b

16.6 J
. . 0 T 7 T T P L
Note that the devices are matched, with 0 1 2 3 1 5
ay K, = K, = 20612 /6) = 40 pA ‘V” and
vl = 1 V.
ForV,= 2.3V
v, =25V

For v, = 0 V.5V :onedevice is on, one off;
v, = 5V, 0V

Forv, = 1 V.4 vV - gne on, ong off;

v, = 3V.0V

Forvy, = 1.5V, 35V one in saturation, one in

triode mode.



Whence
v, = (- =352 J357 - 4(1.5625)) /2

= (3.5*+245)/2 = 0525
Thus v, = 0525 V or4.475V
For vy = 25V, vy, = 3.5V by symmetry
Now, having plotted v, versus v, (or v, versusv, )
use the graph to find v, versus v,.
Work backwards : first v, , then v, = v, than v,.
Forv, =25V, v, = v, =y, = 25V
Forv, = 44V, v, = 225 V;
Forv, = 45V v, = 150 V; for
v, = 150V vy, = 265V
() v, = v, lineat:

point A: (0, 0)

point B: (2.5, 2.5)

point C: (5, 5)

At point B, the current flow in each inventer is:

ip = %(40)(2.5— 1y = 45 pAIV

where for each transistor, 7, = 100/(45 X 107)
=232MQN

and g, = z(%)ztou.s —1) = 60 pA/V

Thus for each inverter operating at (2.5, 2.5), the
voltage gain is —(gn + )7, 1| 7.)

Chapter 16--3

16.7

T e approniate Yvawsfe. chavocrtvistic of cach
Wmvekss peasses Yhvough Porats o (O.f)‘(?.o‘g,;)\
(2ar 0}, (F10) -

Fov the \wmeov Centve Seqrrt hwho‘?.«\\(‘tq;@ﬁ)
a4 equation is Mg = S =Ly
' Y, o e -~ 3005 (Oud
O.me s O = 2M1h
Subtvecr, 420« 0MLD - b_g
How « Hbo o = 2lie) — a = 4.Lvw 20
ey s @ -tq.s-'l.-w\ha\ v
Thar the Wadle prurof P chavaettvishe s

Vo =W, ~OVE

Fov 2ol devce ~ V0 3 VF = U cwhen
Ar e a4, b =16V tov WML, v V2V
Whaothe Gon bvo favy + —=b =10V,

Thes point B on tine open-isop chavactensvit 1
Aly «"UR @ 2%V “Whtve e ‘9" 9;-\;
m— i 1
Can e A4g vox fmated tobe ar least (o)t 10 :
Tue opew -loop chovedevstic veackes Voesv,
wheve i 5 2,276 *(5-2.230)/0 £ 220V

and (v veaches oV whewe
AL s B.276 ~ 2.236/00 @ 2.V

= —g.V, = —60X 107°x 222 X 10° = 133 VIV Ay o ™
@ TN
Thus an estimate of the slope of the v, s
versusv,,cxfrvealBls(l3s)= 177 X I-O3VN 46 - Tvevte Peiv
Correspondingly a lower bound on the width of 4 4 Nssuwe Vy 0V
the transition region is (5 — 0¥(17.7 X 10%), or
0.28 mV, that is =0.14 mV around 2.5 V. 3 - Single Tnuavky
LNV
?
v !
o5t .
Oy r—y ey ATg
o g 3 T L3
Voo 200 |hua woa :‘Vt
2




16.8 |
(a) Qy, Qg are conducting for D = 1 or 0
0= DadQ=D

HD=1then ¢ = D and Q=1

Qy conducts

KD =0then § =
Oy conducts
MED=1then ) = 0and Q=1

when-¢ goes low, {2y, ;) conduct {Qy also’
conducts)

The value at the gate of Gz stays high Ghrough
0.0y O = 0 and @ = 1 (value is “latched™
D =0then Y = 1 and 0= 0

when & goes low, ((3, Q,) conduct 5o gate value
4t G, isJow (through 03, Q) tokeep @ = | and
2=0

(d) No. The operation connects either Vp,, or
ground directly to gate of G, which maintains

1 and Q=0

valves at @ and Q.

16.9

Atb away requves W oddvess Bovs wheve
KA CH
Thas 20 biys ove \utdtd Yo 0ddvess éon»’ call,

FAPETY uvn\ogz:b n={

Chapter 16-—-4

For -y Woeuds (27216 and S\t e ol wuded,

Thas 20-4

Craex: - v = \a3 ‘(":/‘LM“‘!,‘,("} * *n%,m'\5.53

Mse (Y

Note: atsmy awm} o.c‘fm\t-.s \\s\&s AT xlp‘(?.sﬂ als,

16.10

The cell area is 107X 0.38 % 107° X076 %10™°

= 0289 X 107 'm’
The chip areais 19 X 107" x 38 X 107

= 0722 %107 m’
Thus the peripheral circuits and interconnect
occupy (0,722 ~ 0.289)10™ 3 = 0.433 mm?

or (i;%—) X 100 = 60% of the clip arca,

= 1t bity oF addwess avt SwERciout,

16.11

P
e

minimem area when (IK) = | s0
]

= .18 pm Qs is saturated and Qy is in tri-
ode. Currents are equal:

1 2 hud )
2, Cod (1.8 = 05 ~02)° = YT
FHaCox DU 05 ~02) “"C"*(().Isn‘

[( 1.8 - 0.5)02 — %(o_g)ﬁ]

Solving for W, = 045 pm
Check condition above :

K3
)
L, Voo~V

EL
- 1

( j .03 )3
2505

(3;—,) <0.78 % |,5m(l]"-) PERE:

2 Ty

=1 = .78

16.13
@025 pm: Vpp =25 Vand ¥, = 0.5V
(V. = V) <
:((» 2 ‘)) = 0.5 T 0,._‘2 = .25
Vop = Vi 25 ~-05 2

(WAL
=W,

(1) 038 pm: V= 1.8V and V, = D5V

o 0385 =5t e 17
18-05 i W) !

B~( 05 ) (l)g



(€013 pm Vpp = 12V and V, = 04V
o (..ﬂ.._) = 035

1.2~04
Ve
VoV 1
(17,1 S P,
s C
o4t ;
' B :
03 ;
A :
02} : ¢
oatf oo
[ E) 3 4w,
(WL
()
Ll _
(7)
LA

16.14

When V=V, = 05 V:

O Ves =V, = 18-05 = 13>06V and
Vos = 18-03>Vy, = 06

O Vgs—V, = 18-05 = 1306V and
Vs = 05— 0= Vs, = 06

(not in velocity sataration)
Only Qs is in velocity saturation.
using Eq. 13.100;

P . (WY , T
iy = F‘nc~.u(—1:'}5vr)sm("<;s -V, - 3“ mm)

X1+ AV )

Neglecting A(x = )

p‘((g) 0,6(1,8 - 0505 - Lo6)
s A 5 e A
= 1 C( %) 06[c18 - 0505 - Loy
HeCol 7 ) 06118 = 05)05 = S(05)°)
)
I,Wf: w17
o)
L),
without vetocity saturation: (Eq. 15.4)
“
i
e } 164

) (-;

Chapter 16—-5

16.15
With body effect considerations:

V, = Vm + ?'[Jui(b"- + Vsn - .‘)5‘#’{’
v, = 05+ 03O8 ¥ 05~ O8] = 0574V

- s

@)

T | s ) | 2.54
®) 102y
L7, . 1.8~ 0574

without body effect: V,, = V|

Cﬂ’ = “.._“_JM__. “1] = 164
(%,), L(' - R.SOLSG,S)A

16.16

( %’) for body effect can have a large maximom
-4

ratio.

AR

) (“rf":‘?m):

For V,, kept below V,,, Eq. 15.10 becomes

®
(] — Vie )2 = ] - (l" 7) L7,
Vopp—V Mol (W

(%),

-1l =13

(1 Vi !
(W) = Vo — Vm)
3

L, (/)
Assuming Ll
#y,

(),

LAV
= At = »»-«1‘?’»«» where /5
is obtained from 3

o= 1xazx 10 “x 1012 - 04~ 04y

= 344 pA

_GAY oM xo2

Ar - 116 ns.

1 34410 °

W)
eyl ] o= 3
o (%
(Fg. 1500

Foom = XA X 107" ¥ 312 - 04~ 0.4Y

Fd -

= 3 A

C. AV e 107 v
Ar = B w 22T XUD) g
1 103 % 10

[
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16.17

S(Ofing al: Va = 0, Va = VDD

Towritea | -2 B line riised to V), B fine low-
ered, and word fine raised to Vi, Vg changes to
Vip and V@ = (1. Relevant transistors:

@, in saturation and Qy in triede, which is the

same as the text for writing 4 0.

16.19

Fov a iMp squae avay  ther vt r02M vous
And 1024 Columns .

Thus the Ba-lie Capacitance is ©{to14m )
ov l.034 pF

Whey, stoving at, fhe Voltage on (s & (Voo ~Vr)
ov(s- LY T LAY . WA, prechorge 4o V‘%-?.s’;{
The c\auge 1 ’Uo\‘\\%t o c; v 3825 =LOV.,

Fov Cs 2 234F_ the bir-line volinge Vesulnig 13
25/(2s11036) ™" 7 2hbmY

. A .
Whew $toviug o o'\ the vottagt 0wCs 1s oV ud
the Ckm.qe s 71.5-0 = 2.5V With A VAIuW
Pix-live Srqnat of 25 /(254038)* ¥ S8AWV

16.20
WY _ 013pm
Let (L) 0.13um
LetVy = V,, = 04V,
Is =1

%u,co,xnxu.z—o.‘t-o.«t)*
w 1 2
= n,C x(—)xl~~.4.—-~.]
meCor X (7 ) [12- 0404 ~ 104

Solving for (-v!) =33 so choose
L)

(ﬂ) = 013pm _ i

L), 013um

Checking

P

(l __Db4 )’
12~ 4

Let (y) _ 0.I3um
L)

1< =1} =3

- 0.13pm
letVy =V, = 04V.
iy =1y

L w
%u,.Cox XIX(12-04) = p,CpyX (Z)a

x[02 0404 - Lo4y]

(%),

(}}_’) - (I_V) - 003 pm
LJ, L)y 013 pm

Checking
(%) B Ve ¥
iy (B [;(; o m ]
EE B (,,'p)' Vip = Vm)

(%),

{Assume (Eﬂ £ 4)

o

<4 -(1 ~T.2.9:‘—ﬂﬂ =3

i

(WY o, = 026pm
1,33..(1—)6 2 “‘Lo.nnm'

T § o



16.21

If the memory array has n colummns, it has 2n rows
und 2n? cells

Refresh time is

2 (303 107% = (160~ 0.98) 5> 1077
Whence

no= 002X 8X 107740 % 1077 = 4000
The corresponding memory capacity is
20" = 2(4000)" or 32 M bits

16.22

fou leakage Cuvvewt I, the voltage ckam,g
8 C tw Hme T W V=T

wah?ohd\‘nﬁi‘, y V= A xrox lﬁ‘%dnio“g\ Awnd
. - -
""\Ae WA 0w s \ca\qu s T v20 210 5/«0 o "z?_f_!_\

16.23

For leakage current /, the voltage change on cin
time Tis V = Q

Hence,

oav = X0 X100y

20 % 107"

= (.4 pA is the maxinm leakage current.

16.24

For the bit-line output to reach Q9 V,,, = 2.7V
from V,/2 = 1.5V in 2ns for an initial bit-line
signal at 0.1/2 = 003 V:

signal of 0.1/2 = 005V

2.7 =15 + 0054

whence 2/} = I [{2.7 — 1L.5¥0.05] = 1178

and § = 2/3.178 = 0.629 ns

Thus CIG, = 0.629 % 10, and G, = | X 10~
(0.629x 1)

= 1,589 mASY

For matched inverters g = g = (.72 = | 58972
= (1795 mASY

Now g, = K (WiLXz, — V)

and 0.795 % 1073 = 100 X 1072 (WALLI3 02 —
0.4

Chapter 16-7

Thus (W/L), = 0.795 X 1073 /(100 X 1075/0.7
= 11.36

Now, for devices assumed 10 have length L pm
(of, ahernatively, for each micron of device length)
W, = 1136 pmand W, = 3(11.36) = 34.1 pm
Now, for a differential input signal of 0.2V (and
0.1V on each bit-line), the response time is ¢,
where 2.7 = 1.5 + 0.1 e ms» whence t = 0.629 Im
2.7 — 1.5)0.) = 1.56ns

16 .25

Note that for the inverters
k, =k, (WIL), = 100(6/1.5) = 400 pA/NV?

k= k, (WIL), = (100/2.5)(15/1.5) = 400 pA/V?
Thus we see that the inverters are matched,
Generally, i, = W2k, (v; — Vv)z and B = ziu/
3V = kn(v—1)

NOW, at vy = 1, = Vi J2 = 332 = 165 V.
2o = 400 (165 — 0.8) = 340 pA/V

Thus G, = g, + g, = (340) = 680 pAV

For a bit-line capacitance of 0.8 pF }-C/G,,

or =08 X 10—2680 x 10~6'= 1.176 ns
Now, for 0.9 V,,, reached in 2ns, for a signal Av,
0.9(3.3) = 1.65 + Azein

or Av=(297 — 1.65)/5.478 = 0241V

Thus the initial voltage between B Jines must be
200241y = 0482V

if an additional Ins is allowed : r = 2+1 = 3 ns
and Av = (2,97 — 1.65)ev 1% = 0.103 V allowing
asignal to be used of 2(0.103) = 0.206 V

Now, with the original bit-line signal of 0.241 V,
and a delay of 3 ns:

297 = 1.65 + 0.241p4

and ¥ = (297 — 1.65)/0.241 = 5477

3 = (5477 = 17006

whence] = 3/1.7006 = 1.764 ns

Thus € = G, | = 680 X 10+ % 1.764 X 10~ =
1.20 pF

e 1.2 ~ 08
This is an increase (from 0.8 pF) of (W
H0 % 50%
For the longer line, the initial delay 1o establish a
suitable signal becomes 150% of 5ns = 7 Sns



16.26
{a) For an initial difference between bit lines of
AV, each bit-line signal is AV/A2.
(L ("L ]
for the rising tine: #, = Y—z-"g + éq—ge o
HERIG) - - 08V,
, = & (09-08Vpp =

Taking the natural log of both sides

e o0 (0 8;;”)

ty = (g:)ln “%‘;'I@) as stated
{b) For reduction of one half the original, G, has
to be doubled. G, « (W /L)

G,, is doubted by doubling the width of all
transistors

(e} Vpp = 1.8V, AV =02V
original design:

= (€Y, [08(1.8) (J)
fa = (c,,,)'"( 02 ) G
Reducing AV by 4: AV = T

1y = (C" )m(?ﬁ‘-‘—@l) = 15(3»)

G, 005 G
for these to be equal:
09 _ 15 13

"

and G, = 05 = 1.7 G,

G, £
Thus the transistors must be made 704 wider
(or increased by a factor of 1.7x)

Chapter 16-8

16.27

For ihe DRAM arrangement, the signal is applied
to pily one side; Thus in comparison to the
SRAM treatment, the applied signal is only half
as large.

Now, the specification must be met for either 4 °0°
a *1” stored. The worst case is a differential signal
of 40 mV (corresponding to a single-side signal of
70 mV)

Thus 2.0 = 20%10-%¥1  and § = § In(2/

20X10-%), or 5= § In(100) X 4.605 §, whence §
= 1.086 ns (next)

For a 1pF bit-line capacitance, G, Cff or G, =1
X 10-02/1.086 X 10 = 0.921 mA/V, with 0.921
= 0.46 mA/V from each transistor.

Now, for the n-channel device, g, = &k’ (W/L), (vg,
~ V) or 0.46 X 103 = 100 X 10-{W/L),(2.5-1)
Thus (W/L), = {0.46/0.1)/1.5 = 3.07

For matched inverters, (W/L), = 2.5(3.07) = 7.68
When a ‘17 is read, the response time will be t =

Fhn (2720 X 10- = 1086 In 100 = Sns
{note: this is as designed!)

When a '0° is read, t = 1086 X 10" In(2/(100/2)
%10~ )= 4.0ins

16.28
Ar = CVyp
1
I CVpy _ 60%10 " x12 _ 240A
At 03 =10 *

p= Vol = 12X 240p = 288pW
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16.29

Here 2¢ = 512, nlog,,! = log,, 512, n = 2.709/
0.301 = 9.00

Thus the number of bits is 9

The decoder has 512 output line, one of which is
active (high). The NOR away requires true and
complement input lines for each bit: 2 X 9 = 18
Each row uses 9 NMOS for a total of 9 X 512 =
4608 NMOS and 512 PMOS, for a total of 5120
transistors,

16.30

For a 256 K bit square away, there are (256 X
1024)» = 512 rows and columns

Number of bits is log,512 = 9
Two multiplexors are needed, since both true and
complement bit lines are required. For cach multi-
plexor, there are 512 output lines.

For each (half) multiplexor, 512 NMOS needed
for a total of 1024 NMOS pass gates.

For the 512 output NOR decoder itself, 512 X 9
= 4608 NMOS and 512 PMOS are needed.

The address-bit inverters need 9 NMOS and 9
PMOS Overall, the need is for 1024 + 4608 + 9
= 5641 NMOS and 512 + 9 = 521 PMOS, for a
total of 6162 transistors.

(Y Ak

16.31

From the solution . above, a square 256
K-bit arvay has 512 rows and 512 columns for

which 9 row and 9 col ddress bits are needed
Check: 222 = 2 = 262144

For the tree 9 levels of pass gates are
needed.

The total number of pass gates is N =

2+4+8+16+32+64+128+256+512
SeethatN =2+ 2(N - 512),orN=2 + 2N -
1024, whence N = 1022

Thus a tree column decoder for 9 bits needs 1022
pass transistors

For true and con plement bit lines, a total of
2(1022) = 2044 pass transistors are needed. Com-
pare this with the number required beyond the
input inverters namely 6162 — 18 =
6144

tp = %('n.u* to) = %(6""’4") = 5ms.

1
= 4 = 20MH
/ 101, :

16.33

N=

f=20pH =4 =1
vt 2010,

- =2
Ly 2.3 nsec
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16.34

Note that the output is high if no Voo
word is selected. Thus, logically, high must corre-
spond to Jogic 0 (and no transistor, as noted in the

text). ;‘1 {cl

!

2.
RS

Correspondingly, the words stored in are
0100, 0000, 1000, 1001, 0101, 0001, 0110, and W e
0010. (]
W, o
16.35 W,
Needz = x+y W,
W, o
X|y z W, i[:
00 | 00 | 0000 W :;
W, o : 1]
00 | 01 | 0000 7 TG 1)
Wy
00 | 10 [ 0000 W, o Noe
00 | 11 | 0000 Wi o—
o1 | 00 | 0000 Wi e— ]
AT
o1 | ot | coo1 W =
13 & "':,t =
ot | 10 [ oot0 W, o e —
or [ 1 Joon W5 o] He
IO m D‘ Dl D2 Dl
10 | 01 | 0010 Note that a total of 14NMOS and 4PMOS are
10 | 10 [ o100 used.
10 11 | 0110
11 | 00 | 0000 "'q— . 4%1—
11 01 | 0011
11 10 | 0110 l 6.36
1111 | 100 (a) For the PMOS, with V=25V

Ly = (90/3)107°%12/1.2)((5 - 1)2.5 - 2.5%/2)

= 30 X 10°°(10)[4(2.5) ~ 2.5%/ 2}

= 2.0625 mA
Thus the average charging current is 2.06 mA
Time for precharge 1=CV/I
whence
1= 1%107"(5-0)/(206 X 10™") = 242 ns
(b) For the word-line rise,
T=RC=5x10'x2x10"" = 10ns
Here, v, = 5(1 — ¢ "'%)
Thus the rise time (10% to 90%) is essentially the
time t to 90%, where
09(5) = S(1 —e™''")
e = o
and/ = —101In(0.1) = 23 ns



At the end of onie time constamt, T-= | = 10ns
and v, = 5(1—¢ ") = 306V
For discharge,
in, = 1/2 K, (W/L)(v,,~ vy

= 1 /O0N3/ 12)(3.06 — 1) = 525 uA
Thus, the bit-line voltage will lower by 1V in
about &1 = CAV /iy = 1X 1077 (%

L) XT4(525 % 107% = 1.90 ns

Chapter 16—11





