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Homework Assignment No. 4 - Solutions

Problem 1
Find the midband voltage gain and the —3dB frequency in Hertz for the circuit shown.
R1=1kQ Cr=1pF
| { o
L J_ +
T 100\Y/ 10k IOpFT out
0
SO02E1P3

Solution
The midband gain is given as,

Vout (101(Q) 10kQ
V. =\ 100 11kQ

l

) =-90.91V/V

To find the —3dB frequency requires finding the 3 open-circuit time constants.
Rcio:

R0 = 1kQ1110k€2 = 0.9091kQ2 — Rc10C1 = 0.9091-10ns
9.09ns

R

V= it RCIO + R3(it+0.01V1)
= it(RCIO + R3 + O'OIRC10R3)

S02E1S3

o Reog =Ry + Ry + 0.01R-1oR3
= 0.9091
10(1+0.01-909.1)k€2 = 101.82kL2
Rco0Cp = 101.82-1ns =101.82ns

Rc30:
Rc30 = IOkQ i Rc30C3 = IOIOHS = IOOHS
1
2Ty =(9.091 + 101.82 + 100)ns = 210.91ns = W3=3 = 4.74x10° rad/s
0
4.74x10°
f3dB=""~_  =754.6kHz

27
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Problem 2 — (10 points)

Find the midband voltage gain and the exact value of the two poles of the voltage transfer

function for the circuit shown. Assume that R; = 1kQ, R; = 10KQ, g, = ImS, C,y = 5SpF
and Cyy = IpF. Ignore ryq.

RL Vout

= SO02E1P4 — -
Solution
The best approach to this problem is a direct analysis.

Small-signal model:

R; gmVgs
+
Vin
1 Vin'Vs
Vour = 8mZrV where Zp = —sRLng+1 and R; = g,V +
$CqsV

Solving for V; from the second equation gives,
Vin
Vs = 1+8,Ry +sCysR;

Substituting V; in the first equation gives,

Vin Vout 1 1
Vour = 8mZL 1+g,, Ry +sCysR; -V, = gm(SRLng+l)(l+ng1 +ngsR1)
1

(ngL) 1 MBG 1 1
=\1+g,,R (R C +1) C, R =
8ml)\SKLCgd fgd1+1 1_5](1_1)
+g,R; P P2
. gmRL 1-10
: MBG=(1+ng,> =(1+1-1):5V/V
1 1 1+ng1 1+1

_ _ _ _ 8
)2 __RLng =-10-1ns =-108 rad/s and py =~ RIC -13ns = -4x10° rad/s



722

oo Ruo= 93.9+3 + E’;—x 3000 §3.9

= 4.,9% ML
< CuRuo = 0. 4%x4.9310°= (972 ns
Cx2 =11.8 pF

Rroz = ‘ﬁ;,“( 7, -pé-)

= 2.6k||(2.6k+ 1225

= 2. 6k|| 3.6k =1.51 k{2
& Ctanpz-"-'lr)o% nsS

R: 2V (14 i) = 2¥5g = 2%‘ =1. S|+5+.Mxns'l

=179k
=2%100x 2,6k =520k N . '
o CuaR g2 = 0.4x119 = I ns
—both Cireuts | 2T O 1=1
oV R s ZTe=6+90+1902 +18 +7
VT T Reaks R 4 = 2157 ns

=_520 1 x )34~ =13, ¥ kdz

G20 & 52 3000 2T

|

~49.4 —both circuits Cemmen= Collactor ~Common enitter

ResoCes2 = 3 ns

(L) DaﬂIMtON Rcso Cc“ =0
cho-“-'RL’ 3k for Q| and Rz Cny qu =90.| ns
" Reap (Cesy+Cesa) =3x2 = 6 NS Cx2Rxp2=178nS
Rrxop = Vi f| Rs+Re = ]| et T2 CuzRuoz ="1Ins
Xo| 1“" " o
1+3uRe 9 Y2 Ruo=R:|lRs =83.9 K

= aéo\dl %ﬁﬁ =42.9kQ v CatRuol= 0.4 x93.9<33.6 "Se
o ZT,=3+90.1 +17-8+7 +33.
Cx+C M= ‘11(?1- 2‘ 2‘:‘;0?“0‘ = 2|5.5ns
=12.2pF atI.=|mA =132 kHz
5 Cx=11-8pF ar Ic=ImA
Cy= 1.8 pF 3z
W Cy= olpF, Cu=2IpF (@
2. CriRro; = 2.|x42.9=90. nS
Ru.ol= Rx+RL + Gny Rx R ¥
Ry = RillRs=5aoklliook = 3.9k %

. = \
T ez,




Effective value of fr2=15kll2.6k

i Q =2.2k&
m=—3N &l €
Ue &lge*l K%MZ
Re =2.2kQ
LG = ﬂ’g.xzzaa (
(+2 °sxzzoo 26
26
= 3'-2 y'\A/\/ fo\'l’oﬂ\ .
Girenits
Ri =i (1+%m Re)
“"-——-6-‘:,"025 (H 2.05 2200) = 2742
oy ——o"'"
v 2.,+r2 Gm R
= <27 31255%3000
2)4+4100

= ~68.6 —for both corcuits
® T =souA - G, = 0-SPF
Cx1=2.5pF

varlinston
Reso =RL= 3Kt
e RcsoCCcs“"Ccsz) 3¥2=6h5
—_ Rs + RE
Rlol Y'm“ ‘:?'m R&
= 102.,2K
52“"7_;4—.”} =14.] k&L

< GuRror= 2.5x (4¢.] = 35.3 ns
R#o‘ = Qﬁ‘fpt.“' GMQK Q\-

Ry = R; || Rs =274 lloo = 3.3 K2

o’ Rum = ')3.3"‘3*‘ 3'-2*"3.; x3
=é. 94 ML
oo Cui Ryor = 0.4 %6940 =21% ns

R.
Ryoa= rta"<3Lm ‘F"")

= 2, ék”(no-l-“'g—'s)
= 2.6k|l1-52k =9572

723

& CaRyon =11.8X0.95F = lI.3 s
thz=pto1 *pL"’?mz pl.prtoz
=095943 + 2222, 0,959
= ll4, 6 kK
v+ CuzRuo2 = 0.4x114-, § =45. B ns
L ET, =6+ 35.3 +2776 1. 3+458
= 2974ns
. B R
LA I s = £54 vz
Common- Collector ~ Common amitteyr
Reso Cesz = 3n5
Reso Cesy =2
CuiRyo =35.31n8
CraRnoz2= o2 NS
CA[ZRMOI = 45.8nS
Ruet = Rill Rs = 2ng]| 100 = 3.3k
':QAl RM°I= 0.4'77;.; = 2?0 3 ns
CZT.=3+35-3 1.3 +45.8 4243

= l24|--"l ns .
oo -f.;JB:Qtz_r; = l"z? M“z
723
@
+
i REV

In both cases
U:"" —fpP, R=—1dox100%3k = ~30ML
‘21 ‘TQCH'?M,'GL:) =820 kKLIL

(b) Darlington
Reso(Cey) +Ces2) =6NS



7.27
Half - civauits (ac)
o
QR
‘UZ;+ 20K R [ 3
Egauvdcn,t

S S THL

x| Cat I Yo c C»a
L= S = 490 MA
z!’_ Ie - «70
Les R‘A'—I':i -2.‘1.—17’ MA
=l0)lA
ICt=Ic;=Ics/2 = 5,“A
a‘.m Va_l120 _a4un
Y‘;.=.E. Q.oox—-é- =|.04 Mt
C}”___o.'?__ =0.22 fF
\‘ I+ o.ss
2
CC5|= =0,38 PF
o.sSL |
C Cu= M=
o W 2 Yudpoxitt
=12.2PF ot ImA
o Co=12PF ot ImA
C“ QPF ok~ 'MA
~p ot BMA
Ga
Yo3=’%°-— oMt

=Ll <o 33 PF
»3 F_a'ss P

e

LW

xy
Tm*'“s ’Mln
o= Yol Yo3 = 24|li0 =7.06 MS2

1‘?‘ o |.o°t °°°5x').o£,x 108
=-1332
Rxo1 =¥ | Rs = [ull20k =|T.k
% Cx\Rye) =w19.6= 5In%
RMﬂ:Rtol 'f'na‘i'?m Rxol Yo

1}.-—
1)1—

Ruoi=19. bk+71.06M + %2 x[qpo0x .26

= 33, IM8
oo gu RJ-“' = 9.27-!(33.7 = '7-44 }ls

(Ceat Cua)Vo= 0471 x 7,06 = 5.0 45
NZT= o-o‘-«-') 41+ 5 =12,4) Ms

“Fan= g = 129K Hz



737 (a)
Vo: 2-5V dc
Vas, = 2.5V

Y= Vot F(g v /o0
=07+ 04’«—0-_6"‘—?:; -/O._6.)

=09V

Ip = An Cox g""(“f)z(vqs,_ -Vt,)z

VO = "37'1' - - ‘7”\
gm, + amy, 337+ 38.3u

™ =/2Ip MCox ¥

=237 )60u)00)
= ).69 MA/V

2= /2 237u)(601)(4)

= 337»«%
™, = ™y _ Imo04

2 [ade +¥sp 206425

= 33.3,«4/\/

Cad, c
W 1A
Ve s | - =

IC

Cox =113 fF
el

T-42

Cssl = %WL Cox'f' CO' W
= |15 fF+30fF=145fF
Cosz = 2 WL Cox + Cot W

=4.6) fF+ L2fF
=58 fF
Cdp, = 2.8 ioo)

—— =35.2fF
Vie 22

0.6
Codi= ColW = 30fF
Cshy= 08 (4) _ L4l fF
Ci=Cysi =145 fF
C2=Cdpb;+ Csby + Cys2+Cp.

= 142 fF
C,Rs=145 ps
C2RL = 142fF (2665 1)
=378ps

Cgd,(Rs+R_+ gmRsR.)

=30(1k +2665+ 1.69m{k)(2665))
=245 Ps

f -L- 'olz
-3dB =37 145+ 378+ 245

= 207 MH=2
b)

Rsy = l

Ec mCox W

]
m} Rex =
71 SM b0 100

= His



] 7""'3
m =
% Rsx I.5M 60 4 M

= 2.78 |<

/
RomRoat

=278k +2.66k
= 5,44 k

?M,, = _J'___
I+ g™ Rsx,

= .42
"%
V, ’
v = R =-1.74
A

CiRs = 145ps unchanged
C:R = c, Ru RS
RL.
= 37%ps(2.00)
=T12ps
Cgdi(Rs +R/+ ?"':RL, Rs)
=30f(1k+ 5.44k + .42 m(5.44k)(Ik)
=425ps

f.

_ _l__ |°ll
3dB T 2m 145+ 772 +425

= H9 MHz
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HMOS AMP
VDD 1 0 5V
M2 1120 MMOS2 W=4U L=10
M1 2 3 0 0 NMOS W=100U L=1U
CLOAD 2 0 100¥F
RS 4 3 1K
VI 4 0 0.981V AC
.PLOT AC VDB(2)
.PLOT AC VB{2}
.AC DEC 15 1MEG 2GIG
.MODEL KMOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300P¥ CGDO=300PP CBD=80FF CBS=80FF
.MODEL RMOS2 KMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGS0=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF
.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
.OPTIONS SPICE
.OP
EXD
st+ses OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 2.500E+00 0:3 = 9.810E-01
+0:4 = 9.8108-01
EEE L) msms
ELEMENT 0:M2 0:1
MODEL 0:NM0S2 0:RXMOS
D 2.369E-04 2.369E-04
IBS -2.501E-14 0.
IBD -5.000E-14 -2.501E-14
vG8 2,.499E+00 9.810E-01
yDs 2.499E+00 2.500E+00
VBS -2.500E+00 0.
vTH 1.094E+0¢ 7.000E-01
VDSAT 1.405E+00 2.810B-01
BETA 2.400B-04 6.000B-03
GAM EFF 4.000E-01 4.000E-01
e 3.372E-04 1.686E-03
Qs 3.830E-05 4.353E-04
coTOoT 2.411E-15 6.996E-14
CGTOT 7.037B-15 1.780E-13
¢sToT 7.380B-15 2.251E-13
CBTOT 2.774E-15 1.217E-13
cGs 5.804E-15 1.451E-13
CGD 1.223E-15 3.058E-14
stedey  AC ANALYSIS THOM= 27.000 TEMP= 27.000
FREQ VDB (2)
(a ) -2.0008+01 -1.0002+01 1.000B+01 2.000E+01
+ ’ . . .
1.0008+06 1.30E¢01-4------ IS .- PR s WSS
1.1658+06 1.30E+01 + + + + + L W .
1.3598406 1.30Be01 + + + + + + Y +
1.584E+06 1.3CE+01 + + . + + + L S +
1.847E+06 1.3CE+D1 + . . . + + + k9 +
S.154E+06  1.30E+01 + + + + ¢ + + ko +
2.511E+06 30B401 4 . . . . + s+ A 4 .
2.928E+06 30B+C1 » . . . . . P N
J.4UELE 1.30E401 -« + + + + + LI S +
1.981E406 . + .
4641828 + $ooomo-ae
S.4I1Be08  1.30E-LL » . + + . . ¢ A +
1068425 . ’ . + - P +

e

Tel8
1.584E-03

LBTEelE

.51

(GBIE~CB

B4IEeTE

J0Ee(L .

UV AP PR U ORI Y

I el e i e R e e e B I e

FREQ
}

00DE+D5

1658406
3538405
.SBUE+0€
R4 201
154B+D5
S11E+06
.928E+06
ALE+D
L981E+08
641405
ALLE+56
L303E+08
356408
STTE<08
000B+07
155E+DT
LIS9EAGT
SBUE-GT
L847E.07
1545407
.5118407
-3
AliEep7
.981E+07
-541E+07
AlLE«07

£+07

309E+L7

.356B+C7
ST7E+07

000E+08

.165E+08
-359E+08
.584B+08
.847B+08

154E+08

.SLIE+08
L928E+08
AL4R+08
.981E+08
641E.08

4112408

3098408
3568408

S77E+08
000E+09
1558+09

L359E+09

SILE+09
BUTEA0?
1548403

VP2
9.

T9E+02-

JT9E402

TIE+02

LT9R402
IR0

738+02
T9E+02

TR0
T+ 02
THE402
TEE+02
75E+02

RS0

TIEL0-
TIE+02

TE+2

JTOEL2

68E+0Z
66E+02
SLE+0Z
§2B407
592402
558402
52E+02-
4BE+02
43E+02

J38E+02
33402
J27E+02
J21Re02

E+02
08E+02
01E+02
45E+02-

L76B+01

07E+01
I6E+01
65E+01
93E+01

.20E+01

4BE+01
TEE+01
03E+01
332+01-

...... S G R
. B .
. + .
. . .
B B .
+ + .
. B +
+

1.5008+02
+
+ N
- +
. +

1.0008+02

B
P Yo .-
BY B
Y .
Y +
Y B
“ +
Y +
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3 AMP, EXAMINE SMALL SIGNAL BANDWIDTH AS DC VIN VARIES

0 MMOS2 W=4U L=1D
0 NMOS N=100U0 L=10
100rF

.AC DEC 15 1MEG 2GIG

.MODEL NM0S MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300FF CBD=80FF CBS=80FF
.MODEL NEMOS2 MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGS0=300PF CGDO=300PF CBD=3.2Fr CBS=3.2FF
.OPTIORS NOPAGE NOMOD

trevee AC AMALYSIS

FREQ VDB(2)

73 i -2.000E+01 -1.8008+01 -1.6008+C1 -1.4008+01  -1.200E+01

. . + + +
3.9818+07 -1.50B+01 + + + + + A+ + . +
4.6418+07 -1.508+401 ¢ + + + + A+ + v +
S.411E+07 -1.50R+01 + + . * + A+ + . .
§.3098+07 -1.50E+01 + + + > v A + + .
7.3568+07 -1.508+01 + + D . + A+ + . +
8.577B+07 -1.508+01 + + + + B A . + .
1.000B+08 -1.51E+01-4------ boaenan R i S O g Hemeam e +-
1.1658+08 -1.512+01 + + + + + A+ + + +
1.359E+08 -1.51B+01 + + + + + A+ + + +
1.5842+08 -1.51B+01 + + + i + A+ + + .
1.847B+08 -1.51B+01 + . B . + A . + +
2.154B+08 -1.51B+01 + + . + + A+ . + .
2.5118+08 -1.52E+01 + + + . . A+ + + +
2.9280+08 -1.52E+01 + + + + + A+ + + +
34148408 -1.522401 + + + + P + + +
3.9812+08 -1.53B+01 + > . + L + + +
4.641B+08 -1.54B+01-+- A +
$.411B+08 -1.562+01 + + + + L S . + .
£.3098+08 -1.578401 ¢ + + + L3 S + + +
7.356E+08 -1.608+01 ¢ + + + A + . + +
B.STTE+08 -1.62B+01 + + + + A + + + +
1.000B+09 -1.66E+01 ¢+ + . +A + + + . .
1.1658+09 -1.712+01 + + + As + . + . +

THOM= 27.000 TEMP= 27.000

-k

2 W=4U L=10
W=100U L=10

ouiolES g
ggizglle
BELy Y

:

3

DEC 15 1MEG 2GIG

. NMOS WMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=208M CGSO=300PF CGDO=300P¥ CBD=80FF CBS=80FF
,MODEL KMOS2 MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2rr

:

.NIDTH OUT=80
.OPTIONS SPICE
.0P
.END
sesses  AC ANALYSIS THOM= 27.000 TEMP=
TREQ VoB12}
A ) -1.500E+01 -1.0C08+01 -5.300E+00 g. §.000E+00
+ . + + .
2.9288+06 2.29E-01 + + + + . . Y + .
JAL4E+CE 2.292-01 + +
3.981R+06 2.23E-01 + . .
46412406 2.2682-01-¢------ R .
S.411B+06 2.262-01 » + + + .
6.309E+06 2.2B3-01 ¢+ + + + * i “A + .
7.356B+06 2.288-01 + . N . + R A N
8.577B+06 2.27R-01 + + . - + . A . +
1.0008+07 2.278-01 + + + . . + + + .
1.1658+07 2.26E-01 + + . B + + 5y . .
1.3598407 2.258-01 . * + + + +A + +
1.584B+07 2.24E-01 + . . . . . w e N
1.847B+07 2.22R-01 ¢ + . + . . Y + +
2.154B+07 2.19B-01 +- - S VO
2.5118+07 2.16B-01 + + + . . . 4 . +
2.928R+07 2.11E-01 + + + + + + 5y . +
J.414E+07 2.048-01 ¢ + . . . . A + +
3.9812+07 1.96E-01 + . . + . . A s .
4.6412+07 1.84E-01 + + + + . + +A . +
5.4112+07 1.682-01 + + . . + . A + .
6.3098+07 1.46E-01 + + + + . + A + .
7.3568+07 1.16E-01 « + + + . + A . .
8.5778¢07 7.648-02 + v + + + + A + +
1.000E+08 2.29E-02-+------ b $emmmnn Ao Ao $owman, A------ P .-
1.165E+(8 -4.89E-02 + . . + + B A . .
1.3598+08 -1.45E-01 + . . . . . A . .
1.584R+08 -2.728-01 + . . . . . As . +
1.B47E+08 -4.332-01 + + . + + . A . .
2.154B+08 -6.568-01 + . . + + . A + +
2.511B-08 -9.36E-01 » . . . . + A+ + .
2.928E+78 -1.29E400 » . . . . v A » .
TAL4ESDR -1.73E400 + * . . . + A . + N
1 9R1E-08 -2.26E+00 + . + + . 3 . . N
4. B41Bs08 -2 31Be00-4--um oo Ao b oeenn b, Ab-emnnn F—— [EP .-



reee

92 W=4U L=1U
MO8 W=100U L=1U

- 1

.MODEL NMOS ¥MOS KP=60U VT0=0.7 LAMBDA=0) LD=0 GAMMA=0.4
+ TOX=20MM CG80=300PF CGDO=300PF CBD=80FF CBS=80FF
.MODEL NM0S2 WMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF

WIDTH OUT=30
.OPTIORS SPICE
.0P
.END
sseess  AC ANALYSIS
FREQ VDBi2}
Qa ) -2.500B+01  -2.000B+01  -1.500B+0]  -1.0008+01 -5.000B+00
« + . K +
2.5118+07 -1.31E+01 + + . + D + + +
2.928R+07 -1.31B+01 + + . + T . + +
34148407 -1.31E401 + . . + + 13 + + +
1.9812407 -1.312+01 ¢ . + + LI + + +
4.6418+07 -1.31B401 » + + + I + + +
5.4118+07 -1.318+02 ¢ . + + + A+ + + +
6.309B+07 -1.31B+01 + + + + LR 4 + . +
1.356B+07 -1.31R+01 + + + LI + + +
£.5778+07 -1.328+01 + . + ‘ PR . . .
1.0008¢08 -1.328+01 A $oomeen P 4
1.1652+08 -1.32Be01 + + + + + A+ + + +
1.359B+08 -1.332+01 « + . + + A+ + + +
1.5848+08 -1.348+01 + + + + TR S + + .
18478408 -1.34E+01 ¢ + + + L S + . .
2.1548+08 -1.36B+01 + + + . + A+ + + +
2.5118+08 -1.378+01 + + . + TS Y + + +
2.928B+08 -1.40B+01 ¢ + . + L W + + +
3. 4LAE08 -1.428401 + + + + + A + + + +
3.9818+08 -1.46E+01 + + + + +A . » + +
4.641B+08 -1 50B+01-4------4- A PO
S.411B+08 -1.55E401 ¢+ + + L 4 + + . +
£.3098208 -1.61B+01 ¢ + + + A+ + . . .
7.356E+08 -1.68E+01 + + . I W + . + +

7-44

THOM= 27.000 TEMP= 27.000

BMOS2 W=4U L=1U7
S W=1000 L=1U

P

.AC DEC 15 1MEG 2GIG

.MODEL NMOS MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=80FF CBS=80FF
.MODEL, HMOS2 XMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS BPICE
.OP
JEND
teeeed  AC ANALYSIS TNOM= 27.000 TEMP=
FREQ VDB(2)
A ) -3.0008+01 -2.8008+01 -2.6008+01 -2.4008.01  -2.2002401
. + . . .
4.641E¢07 -2.38E+01 ¢ + . . . . Y + N
5.4118+07 -2.38E+01 + + + + + + 2} * +
6.3092+07 -2.388+01 « . + + . . +3 . +
7.356B+07 -2.38E+01 + + + + . + +A + .
B.ST7E+07 -2.3B2+01 + + . s + . +A . .
1.0008+08 -2.38E+01 D TN A
1.1658+08 -2.38B+01 + . + + + + +A + .
1.3598+08 -2.39R+01 + » + + + + +A . +
1.5848+08 -2.392+01 + + + + + + A + +
1.847E+08 -2.408+01 » + + + + + A + +
2.1548+08 -2.41E+01 + + + . + + As + +
2.5118+08 -2.428+01 + + + + + LI B . +
2.9288+08 -2.438401 + + + + + L T . +
34148408 -2.458+01 + + . + + LI S + +
3.981E+08 -2.47E+01 + + + + . [ Y + +
£.641R+08 -2.508+01-+- -R------ 4mmmme 4emeenn +-
5.411E+08 -2.538+01 ¢ . + . + A e . . +
6.309E+08 -2.57B+01 + + + + I3 T + . .
7.3568+08 -2.61E+01 + + + + A+ + + + +
8.577E+08 -2.65E+01 + + + L TR + + + .
1.000B+0% -2.70E+01 + + * A + + . + .

27.000



rrene reaae

HMOS AMP M08 AP

VoD 1 0 5V VDD 1 0 5V

M2 11 2 0 MMOB2 W=4U L=1U M2 1120 MMOS2 W=4U L=10

M1 2 30 0 MMOS W=100U L=1U0 M1 2 30 0 NMOS W=100U L=1U0

CLOAD 2 0 100F7 CLOAD 2 0 100FF

RS 4 3 1K RS 4 3 1K

VI 40 4VAC VI405VAC

.PLOT AC VDB(2) .PLOT AC VDB(2)

.PLOT AC VP(2) .PLOT AC VP(2)

.AC DEC 15 1MEG 2GIG .AC DEC 15 1MEG 2GIG

.MODEL NMOS MMOS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMA=0.4 .MODEL RMOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4

+ TOX=20RM CGSO=300PP CGDO=300PF CED=80FF CBS=80FF + TOX=20RM CGSO=300PF CGDO=300PF CBD=30FF CBS=80FF

.MODZL MM0S2 MMDS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMAx0.4 .MODEL NMOS2 NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4

+ TOX=20KM CGSO=300PF CGDO=300P¥ CBD=3.2FF CBS=3.2FF + TOX=20NM CGSO=300PF CGDO=300PF CED=3.2FF CBS=3.2FF

.OPTIORS NOPAGE NOMOD .OPTIONS NOPAGE NOMOD

NIDTH OUT=30 .WIDTE OUT=80

.OPTIONS SPICE .OPTIONS SPICE

.OP .OP

seeser AC ANALYSIS THOM= 27.000 TEMP= 27.000 seeees  AC ANALYSIS TNOM= 27.000 TEMP= 27.000
REQ VDB(2) REY VDB(2)

(a ) -3.800B+01 -3.6008+01 -3.4008+01 -3.2008+01  -3.000B+01 A i -6.0002+01 -5.0008+01 -4.000E+01 -3.000E+01  -2.000B+01

+ . + + . + + + + .

4.641E+07 -3.00E+01 + ¢ + + + + + + A J.414B+08 -3.468+01 + + + + + +A + . .

S.411R+07 -3.00R+01 + . + + + . + . A 3.981R+08 -3.46E+D1 + + + + + 7Y + + .

6.3098+07 -3.008+01 + . . . B . . . A 46418408 -3.46E+01 - A

1.356E+07 -3.00Z+01 + + + + + + + + i 5.4118+08 -3.46E+01 + . * + + +A + > 3

B.STTE+07 -3.00R+01 + + + + + + + . A+ £.309E+08 -3.46E+01 + + + + A . * .

1.000E+08 -3.00B+01-¢- A 7.356E+08 -3.46E+01 + . . . + A + + +

1.1658+08 -3.01E+01 + + + + + + + + A+ B.5TTE+08 -3.46E+01 + + . + + A + + +

1.3592+08 -3.01E+01 + + . + + + . + A 1.000B+09 -3.46E+01 + + + + 3 A + + +

1.5842+08 -3.01E+01 + + + . + + . + A+ 1.165B+09 -3.47E+01 + . ¢ + . A . + +

1.847E+08 -3.01E+01 + v + + + . + + A¢ 1.359240% -3.47B+01 + . . . + A + + +

2.1542+08 -3.02E+01 + + + + + + . + A 1.5848+09 -3.47B+01 + + + . . A . + +

2.511E+08 -3.02E+01 + + + + + . + ¢+ d 1.847E+08 -3.470401 + . + + A . + .

2.928E+08 -3.03E+01 + + + + + + + L W 2.1548+0% -3.472+01 *- A--

3.4142+08 -3.048401 + + + + + + + + Ao+ 2.5118+09 -3.472401 » + + + . 3 + + +

7.9818+08 -3.05B+01 + . + 3 + . + [ W 2.928E+09 -3.4BE+01 + + + + + A . + .

4.6418+08 -3.078+01 A +- 34148409 -3.488+01 + + + + + A + + +

5.4118+08 -3.08K+01 + + + + + + + +A + 3.981E+09 -3.49E+01 + + + + A + . +

§.3092¢08 -3.10R+01 + + . + + + + A + 4.6418+09 -3.50E+01 + + + . A ‘ . +

7.3568+08 -3.122+01 + + + + . + LI + S.411B+09 -3.51R+01 + + + + + A + + .

8.5778¢08 -3.148401 ¢ + + + + + + A+ + 6.3092+409 -1.52B+01 + + . + + A + * +

1.0002+09 -3.168+01 + . + + + + + A+ + 7.356E+0% -3.54B+01 + + . + + A+ + + +

1.1652+09 -3.188+01 ¢ + + + . + +A + + §.577E+09 -3.56E+01 ¢+ + + + + A+ + + .

1.3592409 -3.19E+01 + 3 + i + + A + + 1.000B+10 -3.59E+01 A .-

1.584E+09 -3.21E+01 + + + + + + A+ + + 1.165E+10 -3.62E+01 + + + + + A + . +

1.847E+09 -3.22B+01 + . + + + LI 4 + + 1.3598+10 -3.67E+01 + + + - . A - + +

2.154E+09 -3.23E401-4------0- - A .- 1.584E+10 -3.72E+01 + + + . + R + . .

2.511B+09 -3.24E401 + + + + . + A+ + + 1.847E+10 -3.79E+01 + + + . L S . + +

2.928B+09 -3.25E401 + + + + + ¢ A+ + ¢ 2.154E+10 -3.B6E+0L + + . . + A + + + +

J414E+09 -3.26E+01 . + + . « A + + + 2.511E+10 -3.938¢01 « + + . +A + + + +

3.9B18+09 -3.28E+01 ¢+ + + + + +A + + .

4.641R409 -1.29E401 ¢ » + + . A + * +

S.411E.09 -3.31E40L ¢ . + . + A+ + + +

$.303B+03 -3.33E401 ¢+ + + + + A 4 + .

T.I56E40% -3.10E401 ¢ * + + + A4 + + +





