105060012 RE#:

HW1

1.
.protect
dib 'cic018.I' TT
.unprotect
.temp 25
.option post

.param vd=1.8 vg=0 vss=0 vsg=0

M1 Vdd Vg Vdd Vdd p_18 W=10u L=500.0n m=5
M2 Vdd Vg Vdd Vdd p_18 W=50u L=500.0n m=1
M3 Vdd Vg Vdd Vdd p_18 W=5u L=5u m=1

Vdd vdd O vd
Vss vss 0 vss

Vg vg vss 'vd-vsg'

.dcvsg-1.8 1.8 0.001

.probe DC ctot=par("Ix18(M1)")
.probe DC ctot=par("I1x18(M2)")
.probe DC ctot=par("I1x18(M3)")

.end




105060012 RE#:

(a) M1 W/L =5*10um/0.5um, VG = OV ~ 3.6V, m=5(5 FEf 1)

Accumulation Strong Inversion

(b) M2 © W/L =50um/0.5um, VG =0V ~ 3.6V

Accumulation Strong Inversion

M2(é7§) Compare with M 1(%;%)

" Accumulation Strong Inversion
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105060012 RE#:

1(b)aT 3w -

M1 R M2 FYEEZS B 26 F—8% » 7F Vgs<0 F M1 SRR M2 5 7 Vgs>0 I M2
HE A M1 -

M1 B M2 TR E 2 F—Er R IR M1 2 5 {# W/L = 10um/0.5um HYJ PMOS
AR - FHET W EREA mos 1Y 5 5K » AHENE 1 {E W/L=50um/0.5um £
PMOS (M2) » Rt e E R B REIEE R -

(c) M3 : W/L=5um/5um, VG =0V ~ 3.6V

Strong Inversion

« Accumulation

M3(%%45) Compare with M1(&4R)

Accumulation Strong Inversion

M3(%§) Compare with MZ(\%%@)

 Accumulation Strong Inversion
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105060012 RE#:

1(c)afam -

i M1 B M2 TR AEISET e  PUL RIS M3 B2 M2 A T -

H_E[E A PAEEIR - M3 VB EEA _F2/NA M2 1Y > ARER B M3 /Y W/L
{EEE M2 2RI/ > WAL g A BT E -

M3 Y R{EAE Vgs = (0.4, 0.6) &[] HEE M2 ZRHY K » L /E/E weak inversion
RS IR > E IR B TE weak inversion » EE A {E B Depletion Capacitance A °
' Wdep BEA > Caep BEETHEL/N » Wiz > Wiz » [RIFLAF &I & 8842 Cvs>Cmz AYIR S -

2.
(a) M1 : W=20um, L=0.2um, m=1
hwl 2a
.protect
dib 'cicO18.1' TT
.unprotect
temp 25
.option post
.param W=20u L=0.2u vd=1.8 vss=0 in=0.553

M1 Vout Vin vss vss N 18 W=10u L=0.2u m=1

Vdd vdd 0 vd

Vss vss 0 vss

Vin vin 0 in
Rd Vdd Vout 10K

kokkk small-signal transfer characteristics

v (vout) /vin = -%.1649
input resistance at vin = 1.000e+20
output resistance at vi(vout) = 6.9148k



105060012 RE#:

2(a)ifh
W=20um, L=0.2um, m=1 A NMOS 1T [L EEF& [E 1 HY
operating point : Input DC voltage = 0.553V, Output DC voltage = 0.9V
1 small-signal [&5¢ N HY AC gain =-9.1649, |gain| =9.1649 > 5
(b)M2 © W=20um, L=0.2um, m=1

- X 553m Y.0.9

2(b)& 5
It B Vout-Vin HYY/EE > W=20um, L=0.2um, m=1
Linear range
Vin : 0.476~0.605V Vout : 0.47~1.47V
(c) M3 : W=20u, L=0.2u, m=20

kA small-signal transfer characteristics
v (vout) /vin = -13.2920
input resistance at vin = 1.000e+20
output resistance at v(wvout) = 5.8910k

“ X-315m Y147
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105060012 RE#:

2(c)aam
£ B Vout-Vin BY{EE > W=20um, L=0.2um, m=20
operating point : Input DC voltage = 0.370V, Output DC voltage = 0.9V
1 small-signal [& 75t NHY AC gain =-13.2920
Linear range
Vin : 0.315~0.419V Vout : 0.193~1.47V
(d)
Jefe AC gain SfEmAL |
gain =-Gm*Rout » Gm X B W/L5RH » M3 £y 20 FH M2 HAGH - FHETY Ws 2
W2 1Y 20 f&5K » HIEE M3 /Y| gain| & EE M2 /Y| gain | 2KHY K
AR ST 5w linear range -
TR TER 1] DLEEEE M3 [JAVout/AVin EE M2 Y AVout/AVin ZREY A » ARER B
M3 1y gain BEARHYIRA -
7= 0] DLEEIR M2 Y Vin operating points Bt M3 Y Vin operating points ZRHY A » HfS
ERE W/LEERT » 227 Vov » By T 4ERFAHIEIAY Output DC R » Vin ZE[E 2K » 58
M3 EE M2 £E 5.3 A Saturation region °




105060012 RE#:

(a) Short-channel deivce:M1 : W/L = 3um/0.3um
S iEW ARd FITRA G

Vgs=1.8,1.5,1.2,0.9,0.6,0.3,0V)

(U
T

0.2 0.4 .| 0.8

o :
(b) Long-channel device: M2 @ W/L = 3um/3um

= iEd Mmd I TiRA G Vgs=1.8,1.5,1.2,0.9,0.6,0.3,0V)



User
文字框
ID

User
文字框
ID

User
文字框
VDS

User
文字框
VDS


105060012 RE#:

M1(& ) © M2(5(0)

25 R

. HH_EE M1 A M2 BYELER[E 53R » M1(Short-channel deivce)f Ip(drain current)bh
M2(Long-channel device)dy Ip ZRHY A » (R E M1 HY W/L = 3um/0.3um EE M2 /Y
W/L = 3um/Bum HKIFA » ifi o o (1) » BRI lor>loa -

Il Vgs K - Io ok » ARy 1o Bl Vgs EERIEAHRE -

. ~Z%(] channel length modulation effect HY822E > channel length %G (W/L 88K) »
PRIBE#E A saturation region [F » Io/Vos HHARAYRIREFLALA ©
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