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Homework Assignment No. 4 - Solutions

Problem 1 — (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; = 10K, g,,, = 1mS, Cys= 5pF
and Cpy = IpF. Ignore ryq.

Ry
_o
Vin [ iy
" I RL Vout
= SOJEIP4A = =

Solution
The best approach to this problem is a direct analysis.
Small-signal model:

Vour = 8mZr Vs where Z; = s_RqCI_Ji——l and Vi}le_vs = g,V +
5CosVs e '
Solving for V, from the second equation gives,
Vi
Vs=Ttg R; +5CoeR;

Substituting V; in the first equation gives,

Vin h 1 1
Vour = 8mZL Tag, Ry +sCoeR; — V,, =8m SR Coqt1 | THg Ry +5C 1Ry

_ﬂ( EmiL, I 1 1 MB 1 1
= l+ng1 SRLng‘l-l chdRI .1 - }_i l-i'
I+g,.R; P %]
EmRL 1-10
- MBG=(1+ngJ =(1+1-1)=_5V/V

1 i 2 ‘ I+g,.R; 1+1 3 .
P1= R Cpy = TO-Tns = 10" rad/s dDdP2=-RICgS =-T35ns = -4x10° rad/s




ECE 6412 - Spring 2003

G 20

= L T
T R (IS TS
S
T~ 52 % ‘_‘l:bﬂ\ Circumts
R{“’

—
pu—

X100x 2.6K =520 k1L

SV Ry
= 520 _'.--X
G20 x 52 3000
= ~45.4 —both circuits

(l?) Daw‘ { !gtorl

Q(‘.so'—'-Rl-: M fo‘l‘ Q| and Rz

. Reap (Cesi+Cesa) =3x2 = 6 nS
Rrof = 1y | -Ret Re
| Pk Sl

C-r['i-CM: Im i

2

—both Circuds

R4 T2
=Yg ) —2—
(K m" tdw Via
- 2. _
= 26ok | LLTZ__ =42.9k0

D Cx= 1.8 pF ak Ic=ImA
Cp= 1.8 pF

W Cp= olpF, o Cy=2lpF

2 CriReo| = 2.{x42.9=90.(nS
on\'-—- Rx‘fpt..'l'GmQxRL

Ry = RillRs =20kl ook = §3. 9k

=L
L T2 2g ¢soomot
=12.2pF atI.=ImA

Page 2

o RMO|= #3.9+3 + 'g'-i*xgaaoxg;_?
= 4.9 % M5
- CMI Rueg| = 0-4-5(4-4‘?5“03:[?72 ns
Cr2 =11.8 pF -
Reoa = Y-1"'3" (_é-m\-‘-—??—)
= 2.6k (2.6k+ 1225y

{ oo

= 2.6k|| 3.6k =1.5] K2

Y Cr2Ryo2=17:8 nS

Ruo= Ryoa +Re + ﬁm:.QLQTtoz
=1.50 4 3+ 3290 .5
2%
=171k
Te Cua R o = 0. 4% 179 = QI ns

L2 Te=6+90 41902 413 +7
= 215" ns

» 1
“ Fopdp = =1 T ke
ngmm“_allgotor —Common_emitter

ResoCesz =3 ns

Rcso Cc.s| =0

Cny Qm,,':‘-]o.l nS

Cra Rixox=1718nS

CuaRuoz =Uns

Ruo=R:|lRs =83.9 k>
v CaRuot= 0.4 x83.9<33.6ns
ST, =3+00 +17-8+7] + 33.6

= 215.85ns

. \
e V. T e———— ?
Tie 2RZET, 138 kiz

AR
Half - civeuits (ac)

/ 0
z
m-J'(? 2oka ™y r%s

5344'.1)1110-:\1 c

{
t | 20eft + +
% (5 % T TiT v

Yiq Cai 3]."11; Yo Cc‘:?a Cus
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Ir_c: 3-;‘4'“ = 4-?0 }JA
i
IC-S' - ll‘l ICS -2.61‘—1'—‘:; P.A
_.lO)AA
c'-Ic‘-:Ic-s =1cs~/2 = E}JA

& _Va _\20 __
Y\O\ Iq_.

Yoy = =P8 =—aoox 2"‘5"1 04 M-St
G

.7

C ————:o.2sz
A |
J“ 0.55

CC'SI: e — = 0,38 pF
0,55 |

awfy 28 2 xbooxi0®
=(2.2PF ot ImA
C-u-llpF at lmA

~o0 ot HMA
o CE|=3 PF ak S)J-A
Q3 _ 50

#3 J—_.q_— :0'33’ PF

0-55
Vs _
T Tn‘.t"“ﬂ’s arty  mlo

Yo= Yol Yo3 = 21—“!0—'7 06 MS2

1_5_."_'::— 'l“’;t ooosx'?o{,xno
" ==-1332

R"K_gﬂ =Y‘1q Il Rs = IM"Q.Ok =’?.$KQ
% CriRypo) =317 6= 5%
ﬂMol = Rtol + Yo ’+?h\| Q;m Yb

Rucor=19. k47106 M+ 4252 x| 9500 X7.%6M
=33, M8
fo Cuy Ryot = 0:22x33.7T = 7.4l p5
(Cestt Cua)¥y= 0,7 x 7.06 = 5.0 45
LNZTe= 0.0640 4l 45 = 12,49 MS

-
“ Y= g = 12,9k

Page 3
21 (a)
Vo 25v d(_
Vas,=2.5V

V= veo a‘("""’f tVsg ‘\/;;f
= 0'7+0'+(’0'6+2-5‘f0.—15-)

=109V

To = cen2ox({) (as, -14,)*
= £%% %25 1092
= 237 A

_YE = =M, = bbm
V; gma + gmy, 33Tu+33.3u

= —4__5

gm=J2Ip MCox
=J2L3 7 )6 0m)i00)

= ].6% mA/V

IM2=2(237u)(604)(4)

= aam%
™. = Yy  gmo4

2 [2¢e +Vp 2/0.6125

=33-3M/§/V

CSJ += —L
i R'I "—{ lcz%a"
Ve Bs _I'_Cl 1 =

Cox = |-T3;F__F_'_

M-'s‘.

Cgs1 = ZWL Cox+ Ca W
= 115 fF+ 30fF=M5FF
€952 = 2WL Cox + Cot W

=4.6) fF+ L2fF
=53 fF
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7.21- Coutjnued
C.,u,l - 0.8 (100)

‘/__1_5_=35.2ﬂ=
1+ ==

0-6
Sd= colw = 30¢F
Csby= O0B(4) _ V41 £F
i 3e
Ci=Cys\ =145 fF
C2=Cdby+Csby +Cysy +C,.

= 142 {F
G Rs=145 ps
Cz2Re = 142f Fets n)
=378ps

Codi(Rs+R + gmRsR.)

=30(/k +2665+ 1.69um{Ik)2665)) £

=245p5

ta
AT 145+ 378+ 245

= 207 MH=z
(b)

Rsyz I

EC MCox w

Ml Rsy = I
.5M g0 100

=Nl

m2a Rs)(: l
.SM 60Mm 4 M

= 2.78 k

/ i

R-‘—‘-K +
LUTPAT Toamy gy

=208k +2.66k
= 5,44 k

3"‘:1 = ™
I+ §™ Rsy,

= |.41m5/

v

Page 4

= |45r5 unchomged

Cz RLI = C1RL RL’
?,:‘

= 37%ps(2.00)
= {12ps
Cadi(Rs+R/ + g-q:RL’ Rs)

=30f(1k + 5.44k + L42m(5.44K)(1k))
=425 Ps

f

= 10"
3dB 2 145+ 772 +425
NMOS AMP

VDD 105V = H9IMHz

M2 1 1 20 NMOS2 W=4U L=1U

M1 2 300 NMOS W=100U L=tU

CLOAD 20 100FF

RS 431K

Vi 400,081V AC

PLOT AC VDB(2)

PLOT AC VP(2)

'AC DEC 15 1MEG 2GIG

MODEL NMOS NMOS KP=60U VTO=0.7 LAMBDA-0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO-300PF CBO-80FF CBS<BOFF
"MODEL NMOS2 NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=3.2FF CBS-3.2FF
OPTIONS NOPAGE NOMOD

WIDTH OUT=80

- QP

END

0"  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 50000 (2) 25005 (3) 08810 (4) 09810

o MOSFETS

0 M2 M1
OMODEL NMOS2 NMOS
10 237E-04 2.37E-04
VGS 2499 0981
VD3 2499 2501

0***  AC ANALYSIS
FREQ VDB(2)

-2.00+01 -1.0D+01 0.0D+00

1.0000+06 1.304D+01 .
1.1660+06 1.304D401 .

ves  -2501 0000 1.359D406 1.304D+01 .
VIH 1004 0.700 15850406 1.304D401
VDSAT 1405 0.281 : : .

1.848D406 1.304D401 .
2.154D+06 1.304D+01.
2.512D+06 1.304D+01 .
29290406 1.304D+01 .

GM  3.37E-04 1.69E-03
GDS  0.00E+00 -0.00E+00
GMB  3.83E-05 4.35€-04
CBD L1915 3.94B-14 3 415D406 1.304D401.
CBS  158E-15 8.00E-14

3.981D406 1.304D401 .
CGSOVL 1.20E-15 3.00E-t4

46420406 1.304D401 .
CGDOVL 1.20€-15 3.00E-14

5.4120406 1.304D401.
CGBOVL 0.00E+00 0.00E+00

6.310D+06 1.304D+01 .
CGS  460E-15 1.15E-13  55edn on 1504001
CGD  0.00E+00 0.00E+00 ' '

8.577D+06 1.304D+01.
CGB  0.00E+00 0.00E+00 1.0000+07 1.3040+01 .

1.166D+07 1.303D+01.
1.3580+07 1.3030D+01 .
1.5850+07 1.3030+01 .
1.848D4+07 1.3020+01 .
2.15403+07 1.301D+01 .
2512D+07 1.300D+01 .
29290407 1.2980401 .
34150407 1.2960+01 .
3.981D+07 1.292D0+01 .
4.642D+07 1.288D+01 .
5.412D0+07 1.2820+01 .
63100407 1.275D+01 .

1.0D+01

R I T T T B R L A



1.8480+09 -9.276D+00 .
2.154D+09 -1.146D+01 .

5.412D4+07 -1.511D+01 .
6.310D+07 -1.511D+01 .
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721 Comti mugd
7.356D+07 1.265D+01 . . ] il
8.577D+07 §.251D+01 . . . L. ) )
1.000D4+08 12330401 . . : e * DOMINANT POLE @ (DC PHASE - 45 DEGREES) = 135 DEGREES
1.166D4+08 12100401 . . ) e « DOMINANT POLE = 185 MEGAHERTZ
1.3590408 1.1800401 . . : e * SECOND POLE @ (DC PHASE - 135 DEGREES) = 45 DEGREES
1.585D+08 1.143D+01 . ) : . * SECOND POLE - 1.36 GIGAHERTZ
1.848D+08 1.096D4+01 . . . >
2.154D+08 1.039D+01 . . . g
2.512D+08 9.706D+00 . i . :
2.929D+08 8.909D+00 _ ) . .
3.415D+08 7.005D+00 . . S
3.981D+08 6.967D+00 . : Do
| 4.642D+08 5827D+00 . . L. NMOS AMP, EXAMINE SMALL SIGNAL BANDWIDTH AS DC VIN VARIES
5.412D+08 4.579D-+00 . ) Do
6.310D+08 3.225D400 . ) e : V1 4005VAC
7.356D+08 1.764D+00 | ) e _ 0" AC ANALYSIS
8.677D+08 1.959D-01 . . . FREQ VDB(2)
1.0000409 -1.482D+00 . . . 300401 -25D+01 -2.0D401 -1.5D401-1.0D+01
1.166D+08 -3.272D+00 . Lo T T T L T
1.3590.409 -5.172D+00 . Lo e 3.981D+07 -1.510D+01 .
1.5850+00 -7.176D+00 . . 4.6420+07 -1.511D401 .

7.3560+407 -1.5120401 .
8.5770407 -1.5130+401 .
1.0000+08 -1.514D+01 .
1.166D+08 -1.515D+01 .
1.3590+08 -1.517D+01 .
1.5850+08 -1.519D401 .
1.848D+08 -1.523D+01 .
2.154D+08 -1.527D+01 .
2.512D+08-1.5340+01 .
2.929D408 -1.542D0+01 .
3.415D408 -1.563D+01 .
3.981D+08 -1.567D+01 .
4.6420+08 -1.586D+01 .

0***  AC ANALYSIS
FREQ VP(2)
0.0D+00 50D+01 10D+0D2 1.5D+02 2.0D+02

3 % % B & F 8 * W

1.000D+06 1.7970+02 .
1.166D+06 1.797D+02 .
1.3890+06 1.796D+02 .
1.585D406 1.7950+02
1.848D+06 1.795D+02 .
2.154D+06 1.794D+02 .
2.512D+06 1.793D+02 .

.-.v‘-‘.‘.‘-'..

F 4 & B X O+ ® F R B E B F F * W

2.9280+06 1.792D+02 . 54120408 -1.611D+01 . . . *.
34150406 1.790D+02 . 6.310D+08 -1.642D+01 . . . R
3.981D+05 1.789D+02 . 7.3560+08 -1.681D+01 | . : *
4.542D0+06 1.787D+02 . 8.577D+08 -1.7300+01 . . .t
5.412D+06 1.784D+02 . 1.000D+09 -1.7880+01 . . .t
63100406 1.782D+02 . 1.1660+08 -1.856D+01 . . Lt
73560406 1.778D0+02. . . .Y L e
8.5770+05 1.775D402 .

1.000D+07 1.7710+02 . VI4D15VAC

1.16604+07 1.767D+02 .
1.358D+07 1.761D+02 .
1.585D+07 1.755D+02 .
1.848D+407 1.747D+02 .
2.154D+07 1.7380+02 ..
25120407 1.728D+02 .
2.928D+07 1.716D+02.

0***  AC ANALYSIS
FREQ VDB(2) .
-1.5D401 -1.00+01 -50D400 0.0D+00 500400

2.929D+06 2.273D-01 .
3.415D+06 2.2730-01.
3.981D0+06 2.272D-01.

oo ¥

" *

34150407 1.702D+02 . . . Lot 46420406 2.2710-01 . >
3981D+07 1.686D+02 . . . .t 5.412D+06 2.269D0-01. A
46420407 1.668D+02 . . . ot 63100406 2267001, >
5.412D+07 1.647D+02 . . . Lt 7.3560406 2.264D-01 . -
6.310D407 1.622D+02 . . . LY 8.577D+06 2.260D-01 . .
7.356D+07 1.594D+02 . . . Lt 1.00004+07 2.254D-01 . >
8.577D0+07 1.562D+02. . . T 1.166D+07 2.247D-01 . >,
1.000D+08 1.525D+02 . . . ; 1.359D407 2.236D-01 . A
1.166D+08 1.484D+02 . . . * 1.5850+07 2.223D-01 . A
1.359D+08 1.438D+02 . . . . 1.848D+07 2.204D-01. A
1.585D+08 1.388D+02 . . . *. 2.154D+07 2.178D-01. I
1.8480408 1.334D+02 . . . * 25120407 2.143D-01 N
21540408 1.2750+02 . . . 2.9290+07 2.096D-01 . ,
25120408 1.214D+02 . . .t 3.4150407 2.0310-01 . -
2.929D+08 1.150D+02 . . ot 3.981D+07 1.944D-01. I
3.4150408 1.085D+02 . . W 46420407 1.8250-01 . A
3.981D+08 1.0180+02 . . ! 5.412D+07 1.665D-01 . *
4.6420+08 9.501D+01. . b 6:310D+07 1.4470-01 . -
5.412D+08 8.8150+01 . . ' 7.356D+07 1.153D-01, *
§.310D+08 8.120D+01 . . * 8.5770+07 7.5700-02 . -
7.3560408 7.4170401 . .t 1.000D+08 2.238D-02 , *
8.5770+08 6.705D+01 . Lt 1.166D+08 -4.908D-02 . "
1.000D+09 59860401 . Lt 1.359D+08 -1.445D-01 . *
1.166D+09 5.262D+01 . N 1.5850+08 -2.709D-01 . "
1.3580+09 4.5390+01 . *. 1.8480+08 -4.372D-01. .
1.585D+09 3.821D+01 . . 2.154D408 -6.539D-01 . *

*

1.8480409 3.112D+0% . *
2.154D+08 2.417D+01. ~

2.5120+08 -9,.325D-01 .
2.9290+08 -1.286D+00 .

*
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7.2]~ (on'finuca(

3.415D408 -1.725D+00 .
3981D+08 -2.261D+00 .
4.6420+08 -2,901D+00 .

VI402VAC
o™ AC ANALYSIS
FREQ VDB(2)

-2.5D+01

2.512D+07 -1.312D+01 .
2.929D+07 -1.312D+01 .
3.415D+07 -1.313D+01 .
3.8810+07-1.313D+01 .
46420407 -1.314D+01 .
54120407 -1.315D0+01 .
6.3100+07 -1.316D+01 .
7.356D+07 -1.3180+01 .
8.577D+07 -1.3200+01 .
1.000D+08 -1.323D+01 ,
1.166D+08 -1.327D+01 .
1.3590+08 -1.3320+01 .

1.5850+08 -1.3400+01 .
1.848D+08 -1.349D+01 .
2.1540+08 -1.362D+01 .
2.512D408 -1.3750+01 .,
2.9280D+08 -1.400D+01 .
3.415D+08 -1.4270+01 .
3.9810+08 -1.462D+01 .
46420408 -1,504D+01 .
5.412D+08 -1.5550+01 .
6.3100+08 -1.614D+01 .
7.356D+08 -1.681D+01 .

-2.0D+01

-1.5D+01

-1.0D+01 -5.0D0+00

P T T T U )

LI

* %

VI 403V AC

D" AC ANALYSIS

FREQ VDB(2)
-3.5D+01

-3.00+01

-2.50401

-2.0D+01 -1.50+01

4.6420+07 -2.380D+01 .
5.412D+07 -2.3810401 .
6.3100+07 -2.382D+401 .
7.356D+07 -2.383D+01 .
8.577D+07 -2.384D+01 .
1.000D+08 -2.3860D+01 .
1.166D+08 -2.383D+01 .
1.3590+08 -2.3920+01 .
1.685D+08 -2.397D+01 |
1.8480+08 -2.403D+01 .
2.154D+08 -2.412D+01 .
25120408 -2.4230+01 .
2.9290+08 -2.4370+01 .
3.415D+08 -2.455D401 .
3.981D0+08 -2.477D+01 .
4.642D+08 -2.5040+01 .
5.412D+08 -2.5360+01 .
6.310D+08 -2.573D+01 .
7.356D+08 -2.613D+01 .
8.577D+08 -2.657D+01 .
1.000D+09 -2.701D+01 .

L A

A A

Vi404V AC

0" AC ANALYSIS

FREQ VDB
-3.60401

46420407 -3.0050D401 .
5.412D+07 -3.0060D+01 .
6.310D+07 -3.0060+01 .
7.356D+07 -3.0070+01 .
8.577D+07 -3.008D +01 .
1.0000+08 -3.008D+01 ,
1.1660+08 -3.010D+01 .
1.3590+08 -3.012D+401 .
1.5850+08 -3.015D+01 .
1.8480+08 -3.01804+01 .
2.154D+08 -3.023D+01 .

-3.4D+01

-3.2D+01

-3.0D+01 -2.8D+01

.“'..u‘-.-‘ - o *

-

2.512D+08 -3.029D+01 .
2.9290+08 -3.037D+01 .
3.415D+08 -3.046D+01 .
3.981D+08 -3.058D+01 .
4,642D+0B-3.072D+01 .
5.412D+08 -3.0880+01 .
6.310D+08 -3.106D+01 .
7.356D+08 -3,125D+01 .
8.577D0+08 -3.1440401% .
1.000D+09 -3.1630+01 .
1.166D+09 -3.181D+01 |
1.358D+09 -3.197D+01 .
1.585D+09 -3.211D+01 .
1.8460408 -3.224D+01 .
2.154D+09 -3.235D401 .
2.512D409 -3.246D.+01 ,
2.9290+09 -3.2560+01 .
3.415D0+09 -3.267D+01 .
3.981D+09-3.2780+01 .
4.642D4+09 -3.293D+01 .
5.412D0+09 -3.3100+01 .
6.310D+09 -3.3320+01 .
7.356D+09 -3.3580+01 .

VI 405V AC
o™ AC ANALYSIS
FREQ VDB(2)
-5,0D+01 4

5D+01

~4.0D+01

Page 6

-3.5D+01 -3.00+01

3.4150+08 -3.4600401 .
3.981D+08 -3.4610+01 .
46420408 -3.462D+01 .
5.4120+08 -3.4630+01 .
6.310D+08 -3.464D+01 .
7.356D+08 -3.465D+01 .
8.577D+08 -3.467D+01 .
1.0000+09 -3.4680+01 .
1.166D+09 -3.470D+01 .
1.3500+00 -3.471D+01 .
1.5850+09 -3.4720401 .
1.848D+0% -3.4740+01 .
2.154D+09 -3.476D+01 .
2.512D+09 -3.479D+01 .
2.929D+09 -3.482D+01 .
3.415D+09 -3.486D+01 .
3.981D+09 -3.492D-+01 .
4.642D0+09 -3.5000401 .
5.4120+09 -3.5100+01 _.
6.310D+09-3.523D+01 .
7.3560+09 -3.540D+01 .
8.577D+09 -3.5630+01 .
1.000D+10-3,591D+01 .
1.166D+10 -3.627D+01 .
1.3590+10-3.6720+01 .
1.585D+10-3.727D+01 .
1.8480+10 -3.791D+01 .
2.1540+10 -3.865D+01 .
2.512D+10 -3.9500401 .



ECE 6412 - Spring 2003

122

M. . m _ #Cox *
30Ma Tp= 25 W(veg-ve)

100 = 1514 50 (Vas~¥¢)*

Vas =-1.065 V
mz,mbm?

1004= 301 50 ( Vg5 -Vt )2
Ves= 0.958YV

Vqss = 5- 1,045 -095%
=2.97TV
1004 = w - *
A (5,41 = (2-977-0.7)
e %-—: 1286 = Zo2Ta
M

2.5= VGSI + Vqsz
2:5- 0958 = 1.542v=V4q,

Vt] = Vtﬂ'b’(m.-jr%)

= 01+ 04(Vorv0.958 - vo.8)
= 0.89

I, = l00A=30M(-WL-) (1542-0.89)*
(W )=T7.83 = "5
5|3m'1| PQ-—H"

= Vo
mi
VL ma R03

= jRo.
r‘fgs +?-: %ﬂf
27 Pgmvgs@ P Vos
i 't\,xév

Vas-:.--VX =VL$
'i-X: ?MVX + WLV’(

Ro. = ’\-’i =F'_—I-_-_—-

Tx ?’”"'3’“‘"
03 =Foy 0.03 ([00)«{) 333k
Ro

3 = fo, ”roa:: 167k
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CMOS AMP

VDD 105V

M12 860 NMOS1 W=15.7U L=2U

M27 600 NMOS W=100U L=2U

M37211PMOS W=100U L=2U

M422 11 PMOS W=100U £=2U

M5 5 52 2 PMOSS W=2 57U L=2U

M6 55 0 0 NMOS W=100U L=2U

M7 650 0 NMOS W=100U L=2U

VI 80 25746V AC

PLOT AC VDB(7)

.AC DEC 20 100K 100MEG

MODEL NMOS NMOS KP=60U VTO=0.7 LAMBDA=0,03 £ D=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=80FF CBS—80FF

MODEL NMOS 1 NMOS KP=60l VTO=0.7 LAMBDA=0.03 LD=0 GAMMA=0 4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=12.6FF CBS=12.6FF
MODEL PMCS PMOS KP=30U VTO=-0.7 LAMEDA—0.03 LD=0 GAMMA=0 4
+ TOX=20NM CGSO=300PF GGDO=300PF CBO=-80FF GBS—80FF

MODEL PMOSS PMOS KP=304 VTO=-0.7 LAMBDA=0.03 LD-0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBO-2 06EF CBS-2.06FF
OPTIONS NOPAGE NOMOD

WIDTH OUT=80

OP

END

0" SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE
(1) 50000 (2) 38006 {5} 09504 (&) 10532
(7) 24930 (8) 25748 '

o MOSFETS
0 M1 M2 M3 M4 M5 Me M7
NMOS1 NMOS PMOS PMOS PMOS5 NMOS NMOS
ID  9.70E-05 2.01E-04 -2.01E-04 -1.94E-04 -9 67E-05 9.67E-05 §.70E-05
VGS 1521 1053 -1.199 -1.18% -2850 0950 0950
VDS 2747 2493 -2507 -1.199 -2850 0.950 1.053
VBS -1.053 0000 0000 0000 0000 0000 0.000
VIH 09804 0700 -0700 -0.700 -0700 0700 0.700
VDSAT 0617 0353 0499 -0499 -2150 0250 0.250
GM  3.15E-04 1.14E-03 B.OSE-04 7.76E-04 9.00E-05 7.73E-04 7.75E-04
GDS 269E-06 5.61E-06 5.61E-06 S61E-06 267E-06 282E-06 2.82E-06
GMB 4.89E-05 2.94E-04 2.08E-04 2.00E-04 2.32E-05 1.99E-04 2.00E-04
CBD 5.25E-15 3.94E-14 3.93E-14 5.06E-14 964E-16 5.41E-14 5.26E-14
CBS 8.28E-15 8.00E-14 B.OOE-14 BOOE-14 2.06E-15 8.00E-14 8.00E-14
CGSOVL 4.71E-15 3,00E-14 3.00E-14 3.00E-14 7.71E-16 3.00E-14 3.00E-14
CGDOVL 4.71E-15 3.00E-14 3.00E-14 3.00E-14 7_71E-16 3.00E-14 3.00E-14
CGBOVL 0.00£+00 0.00E+00 0.00E+00 0.00E+00 0.0E+00 0.0E+00 0.0E+00
CGS361E-14 2,30E-13 2.30E-13 2.30E-13 5.92E-15 2.30F-13 2.30E-13
CGD 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CGB 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ¢.00E+00 0.00E+00
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0™ AC ANALYSIS
FREQ VDB(7)

1.0D+01  20D+01 300401 4.0D+01 5.0D+01
1.0000+05 3.8730+01 .
1.122D+05 3.873D+01 .
1.258D+05 3.872D+01 .
1.413D+05 3.872D+01 .
1.585D+05 3.872D+01 .
1.778D+05 3.8720+01 .
1.9950405 3.872D+01 .
2.2390405 3.872D+01 .
25120405 3.872D+01 .
2.818D+05 3.8720+01
3.162D+05 3.872D+01 .
3.54BD+05 3.871D+01 .
3.981D+05 38710401 .
4.467D405 38710401 .
5.012D+05 3.870D4+01 .
56230405 3.860D+01 .
6.310D+05 3.8600401 .
7.0790405 3.868D401
7.9430+05 38660401 .
8.013D405 3.8650401 ,
1.000D+06 3.8630D+01 .
1.122D+06 3.86004+01 .
1.250D0+06 3.857D+01,
1.413D+06 3.853D4+01
1.585D+06 38480401,
1.778D+06 3.8420401 .
1.895D+06 3.834D+01 .
2.239D+06 3.825D+01 .
2.512D+06 38130401 .
2.818D+06 3.799D+01 .
3.162D+06 3.782D401 .
3.548D+05 3.761D+01 .
3.581D+06 3.7360+01 .
4.467D+06 3.7070D+01 . . )
5.0120406 3.6730401 . ] .ot
56230406 3.633D+01 , ) .o
6.3100+06 3.588D+01 . . .o
7.079D+06 3.537D+01 . . Lo
7.843D4+06 3.4800+01 . L
8.013D+06 3.418D+01 . ) L
1.000D+07 3.350D+01 . ) Lo
1.122D+07 2.278D+01 . ) L.
1.259D+07 3.2000+01 . ) Lt
1.413D+07 3.119D+01 , ) >
15850407 3.035D+01 . ) .
1.778D+07 2.947D+01 . ) .
1.995D407 2.857D+01 . . .
2.239D+07 2.764D+01 . . ..
2.512D+07 2.669D+01 . .
28180407 2.572D+01 . L.
3.162D407 2.474D401 . .ot
3.5480+07 2.374D+01 . Lt
3.981D+07 2.272D+01 . Lt
4.4670+07 2.168D+01 . ot
5.0120+07 2.062D+01 *
5.623D+07 1.954D4+01 . J
£.310D407 1.844D+01. ..
7.079D407 1.731D+01 . .
7.943D+07 1614D+01. *
8.913D+07 1.493D+01. *
1.000D+08 1.368D401 . *

L N N N

* »

LI T

"

-3DB FREQUENCY = 6.31 MEGAHERTZ



