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Notice:

Homework 4 due next Frl.
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" A
m Circuit 1 Netlist:

_title hw4d, 1: circuit a

-.OPTION CONVERGE=4
.op

-model nch nmos level=1 vto=0.7 gamma=0.5 phi=0.9 nsub=9e+14 1d=0.08e-6 u0=350 lambda=0.1
+tox=9e-9 pb=0.9 cj=0.56e-3 cjsw=0.35e-11 mj=0.45 mjsw=0.2 cgdo=0.4e-9 js=1.0e-8

-model pch pmos level=1 vto=-0.8 gamma=0.4 phi=0.8 nsub=5e+14 1d=0.09e-6 u0=100 lambda=0.2
+tox=9e-9 pb=0.9 cj=0.94e-3 cjsw=0.32e-11 mj=0.5 mjsw=0.3 cgdo=0.3e-9 js=0.5e-8

vdd vdd O 3

ml vout vin O O nch w=50u 1=0.5u
m2 vout vin vdd O pch w=50u 1=0.5u

vin vin 0 1.254

-probe vout = v(vout)

_tf v(vout) vin <«—— Av =Vout/ Vin
.alter

_tf v(vout) vdd <«—— Av =Vout/Vdd

.end



® Run simulation and check xxx.lis file (using WINSCP)

hspice XXX.Sp > XXxX.lis

B’ /home/ece304,/Hw_4/probleml_ckt_alis - ece304meced.ece

N8B R XE o~ R0 S

AYE

E' /home/ece304,/Hw_4/probleml_ckt_a.lis - ece304@eces.ece

bl By B XA oo |8 8@

=10l =]

FEEE small-signal transfer characteristics

-9. 2586
1.000e+20
391.6797

vwvout) /vin
input resistance at
output resistance at v(wout)

\

win

F#xF*F Job concluded
1#%##®®% HEPICE -- C-2009.03 32-BIT (Feb 24 Z009) sunogs FF##*%
FTEFEEES

.title hwd, 1l: circuit a

wEEE small-signal tranafer characteristics

4, 4321
4, 637223
391.673

wvout) Swdd
input resistarnce at

“‘-~EEEEEE;IESiStanCE at wiwout)

widd

FxEEEE qob concluded
l##*®%&% HIPICE -- C-2009.03 32-BIT (Feb 24 2009)

FEEFEEF

Ltitle hwd, 1:

sunns FTEEEEE

circuit a

##F*F*  Job statistics summary tnom= 25.000 temp= Z5,000 #%#%%%
h
1| | 3
Line; 1/458 Calurmm: 1 Character: 85 [Ox55] i

FHEEFEEF  qob statistics summary thom= 25,000 temp= 25,000 #&FF+FF
wrwws®  HIPICE Threads Information #%%®%%

| |

Line: 1/458 Calurnr: 1 Character: 85 [0:55]
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" A
m Circuit 2 Netlist:

.title hw4, 1: circuit b

-OPTION CONVERGE=4
.op

-model nch nmos level=1 vto=0.7 gamma=0.5 phi=0.9 nsub=9e+14 1d=0.08e-6 u0=350 lambda=0.1
+tox=9e-9 pb=0.9 cj=0.56e-3 cjsw=0.35e-11 mj=0.45 mjsw=0.2 cgdo=0.4e-9 js=1.0e-8

-model pch pmos level=1 vto=-0.8 gamma=0.4 phi=0.8 nsub=5e+14 1d=0.09e-6 u0=100 lambda=0.2
+tox=9e-9 pb=0.9 cj=0.94e-3 cjsw=0.32e-11 mj=0.5 mjsw=0.3 cgdo=0.3e-9 js=0.5e-8

vdd vdd 0 3

ml vout X O O nch w=50u I=0.5u
m2 vout x vdd O pch w=50u 1=0.5u
rl vin x 1k

r2 x vout 10k

vin vin 0 1.254

-probe vout = v(vout)

-tf v(vout) vin

.alter

-tf v(vout) vdd

.end
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Ve =V = Ve —Vosur

=V — (Vro + ;V(“\f 204V — @))_ Vpsar

=0.9-(0.5+0.5(,/0.6+7, —~0.6))-0.1

=0.3-0.5(,/0.6+7, —-0.6)

Solve iteratively to find Vg,




=
m To verify Vds:

problem2_dc.sp

.title hw4, 2: diff pair dc analysis

.options post=2 nomod
-op

-model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6

vdd vdd 0 1.8 vdd

e
* set up common mode and differential inputs

vic vic 0 0.9 rdl rd2
vid vid 0 O Roa

el vil vic vid 0 0.5 VCVS: Exxx n+ n- in+ in- gain vl Y9 7Y vo2

e2 vi2 vic vid 0 -0.5 V(n+, n-) = V(in+, in-) * gain 1 ,

vil 10 10 vi2
rdl vdd vol 100k # ! ! %1

[
-

A

. i e
rd2 vdd vo2 100k vid e1(%) ; (De
ml vol vil s O nch w=10u I=1u -~ | vie [
m2 vo2 vi2 s 0 nch w=10u I=1u Vﬂi(é;) L
iIss s 0 14u vm(§> LY Jiss

.end —



NlhAanl, e filA-
w1 IC A1 1HE.
B’ 'home/ece304/Hw_4/problemz_dclis - ece304@ece3.ece.arizona.edu - | Ellil
N [F By BRXE o« B ME S &
=
FEET mosfets )
subckt
element 0O:iml 0:mz
model O:nch O:nch
region Saturati Saturati
id 7.0000u J.0000u
iba -2.34589F -2.3459F
ibd =l1l.0000f -11.0000f£
TIC{ ol ol s I ) ]
s g65.414d7m  §65.414d7m ::::>
vha -234d, 5852n -234d. 58520
wvth 569, 4798m  569.4798m
vidsat 05,9349, 05,9349,
viod 05,9349, 05.9349m
beta 1.5212m 1.5212m
gam eff S00.0000m 500,0000n
oI 145, 93221 145.9322u
gds 644, 2459 644, 2459
feyiila} 39.9352u 39.9352u
cdtot 159, 3822a 159.3822a
cgtot Q7. 3634f 07, 3634f
catot 02.0843fF 02.0843fF
chtot 5.1197E 5.1197f
cgs 92.0843EF 92.08453E
cgd 159, 3822a 159.3822a
[
Line: 14168 Calurnr: 1 Character; 85 [0x55]

N




m Problem 2(b), differential mode:
problem?2_diff.sp

-title hw4, 2: diff pair differential mode

-options post=2 nomod

-.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6
vdd vdd O 1.8

* set up common mode and differential inputs
vic vic 0 0.9

vid vid 0 O vdd
el vil vic vid 0 0.5 T
e2 vi2 vic vid 0 -0.5 _

vid § Al
rdl vdd vol 100k R

. :\\ od\ ]
rd2 vdd vo2 100k “dQ— ) ol ¥7 7 o

ml vol vil s O nch w=10u I1=1u

§ rd2

m2 vo2 vi2 s 0 nch w=10u I1=1u ml

iIss s 0 14u | vil 10
= # D

Y

m2

A

vi2

(i) e2

.probe dc vod=v(vol,vo2) el(f\ .
N
_op | Vic
.dc vid -1.8 1.8 0.01 «—— DC sweep on Vid ~ P
\i(:@ '\‘biss
.tf v(vol,vo2) vid <«— Aod = Vod/ Vid

.end



" A
m Check .swO file iIn WaveViewer:

EEWave?iew Analyzer ¥ersion C2009.03 Copyright 2000-2009 Synopsys, Inc. i m| ﬂ
File | Wavellieww Panel Axes Tools Config Help

1E+2 e EXB| Ak B8 vE@RILES |l %% E fw o

Ciutput Wieay & =

SN . DO -problem?_diff.swd

----- I foplevel

(@) ifvdd) m
@ ivic)
(@ ifvid)
) vl
W vis)
() vivdd)
W wivity
W viwi2)
¥ vivic)
() wivid)
¥ vivot)
) vivol)

There are three breakpoints. Explain what causes them and
calculate their positions by hand.



m  Problem 2(c), common mode:

hiAanm9
prowviciti4_Luiinni.op

-title hw4, 2: diff pair common mode
.options post=2 nomod

-.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6

vdd vdd 0 1.8

* set up common mode and differential inputs
vic vic 0 0.9

vid vid 0 O

el vil vic vid 0 0.5

e2 vi2 vic vid 0 -0.5

rdl vdd vol 100k

rd2 vdd vo2 100k

ml vol vil s O nch w=10u I=1u
m2 vo2 vi2 s 0 nch w=10u I=1u
iss s 0 14u

* set up to measure output common mode
e3 vocl 0 vol 0 0.5 N
e4 voc vocl vo2 0 0.5 ed
rcm voc 0 1

.probe dc voc=v(voc)

-op e3( )
N

.dc vic 0 1.8 0.01 Ji

.tf v(voc) vic )

.end

vdd

§ rdl § rd2
R

od ]
vol 'T T* vo2

ml m2

vil 10 10 vi2
1 1

Y
A

Icm el (_)w s (D e2
| vic {
Vic @ (\D 188




W .
m Check .swO file In WaveViewer:

ave¥iew Analyzer ¥ersion C2009.03 Copyright 2000-2009 Synopsys, Inc. =0 ﬂ
File Wsweliew Panel Axes Tools Config Help
2% S EXE Ay E|vE@ERED L L% E fw 7o
Citput Wiew =
B (] DO:problem?_comm.swi

E tDp level

@ ifvad)
& oic) W wivoct)
@ ivid)

) v

W wig)

) vivdd)

W wivi)

W vvi2)

W vivic)

) vivid)

W vivol)

W wiva2)

done adding signals

There is no breakpoint.
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=10l x|

W[ BEBRXE o @R EL 8 S

wEEE small-sigmal transfer characteristiu:s|

-13. 7100 €— Aod

1.000e+20

187.8040k C— Rod

wiwol,wold) fvid
input resistance at wid
output resistance at wiwol,woz)

EL

Line: 431/551 Colurnn; 48 Character: 13 [Ox00]

problem2_diff.lis

F' 'home/ece304/Hw_4/problem?_comm.lis - ece304@ece3.ece.arizona.edu - |EI|E|

4 B2 B XA o g S

wEEH small-signal transfer characteristics

~79.0254n €——— AOC

viwoc) fvic

input resistance at vic = l.000e+20
output resistance at wi(woc) = a. Ly
Line: 3154372 Colurnn: B0 Character: 13 (000 4

problem2_comm.lis



To get the same current,

rdl

V. 0.231V
s 144A

The calculation of V¢ is the same
as in problem 2.

=16.5KQ




similar, AC IS sllghtly dlfferent

oV, Adm — _gm(RD /I ro)
ﬁg_ A = 9mRp
vie(?) > i 1+(1+Z)gm(2Rss)
I = Rt = 2(Ro /1T,
Equivalent

Half-circuit



\lf\lf:f: Valal

m HSPICE verification:
You only need to do following modification:

1Iss s 0 14u

|

rss s 0 16.5k

The remaining part is the same.



