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105060012 5RE#

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
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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)ETam ¢
M1 R M2 FYEEZS B 26 F—8% » 7F Vgs<0 FF M1 BERAN2 5 71 Vgs>0 I M2
B AHY M1 o
M1 B M2 5[] £ F— B R A
AGHE - AHE T W B EFEA mos [ 5 %
PMOS (M2) » (Rt & A iEHEAE R -

i W/L = 10um/0.5um {15 PMOS
& e 1 {E W/L = 50um/0.5um [

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

. Accumulation Strong Inversion

M3(%%45) Compare with Ml(%é)

Accumulation Strong Inversion

M3(%§) Compare with MZ(\%%@)

 Accumulation Strong Inversion
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105060012 RE#:

e -6
7Y M1 ER M2 B EEAE 26— > NI IRFTEEE M3 B M2 B[R 1755 o
FEAT RS > M3 INERERAAR L2/ M2 8 > HIVER B M3 /Y W/L
HEE M2 ZHY/)N > RIS A BRI SR -

M3 HEE S{E AT Vgs = (0.4, 0.6)[E& fE] H EE M2 ZRAY K » tiEE =1 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
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105060012 RE#:

2(a)3 i
W=20um, L=0.2um, m=1 i NMOS 1F [t ZE & [E =
operating point : Input DC voltage
1 small-signal 1%t N HY AC gain =\-9. , |gain] =9.1649 > 5
(b)M2 © W=20um, L=0.2um, m=1

- X 553m Y.0.9

2(b)& 5
It By Vout-Vin FY{E[E » W=20um, L=0.2um, m=1 000 ? -2
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)ETAm ¢
£ 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 ooog -2
Vin : 0.315~0.419V Vout : 0.193~1.47V
(d)
JefE AC gain SfEmL -
gain = -Gm*Rout » Gm X 1 W/L GRE > M3 % 20 £5 M2 G » FEE A Wa B
W2 1Y 20 f&5K » HIEE M3 /Y| gain| & EE M2 /Y| gain | 2KHY K
Ak ST linear range -
TEWTTEE 7] LAEEER M3 Y AVout/AVin EE M2 B AVout/AVin ZREVA - HREH A
M3 1y gain BEARHYIRA -
7= 0] DLEEIR M2 Y Vin operating points Bt M3 Y Vin operating points ZRHY A » HfS
BRI R W/LEK T > 5227 Vov o Ky T 4EFFAHIEIRY Output DC B > Vin B2 A » 5%
M3 EE M2 £E 5.3 A Saturation region °

[1 U bias pointl] [ linear range -10
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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)
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105060012 RE#:

M1(& ) © M2(5(0)

S

IIl. 2% channel length modulation effect [J§2%22 » channel length HE (W/L 85 K) -
PRI #E A saturation region B » Ip SREVRIRELEK -
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