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2. (a)

Cutoff

Saturation

Vth=0.5V 2v Vgs

(b) atsaturation: Ip = %un60x¥(VGS — Vry)?

1
atlinear: Ip = > S UnCox (Z(VGS Vr)Vps — Vos®)

atcutoff: Ip =0
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(@) d=gh+p=2
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(b) Unit inverter gavg=1

Skewed inverter gavg =1

f oo = - = 1 = 1.0GH 10°H

osc TONd'  5x2x5kx 10f 2Oz
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(a)

Ron,p Ron,n
——
Ron,eq
>
|Vthp| VDD-Vthn Vin
Ron,n Ron,p
VDD-Vthn=0.3 |Vthp|=0.5 Vin

Ron 7£/]N7h 0.3V BRI 0.5V g » & =2 vin 8514 BEfE s - £ 0.3V~0.5V
HF > MOS turn off - £ high impedance

(@) (W/L)p = (6um/0.18um)
(b)

Qp in saturation
vo A Q',, in triode region

Voru = Vop

V, y
')

.Q,\ and Qp
in saturation

NM_ =VIL-VOL
(d) NMy C>B>A
NM_ A>B>C



10.

11.

1
(a) D =NFn~ + er1=11 Pi + (N'nl)Pinv

(b) Pinv+p(1-Inp)=0, Pinv=1, p=3.59
D = (10x3.59) + (4x3) + (6x1) =53.9

(@) if N=3, f=6.35, D=3%6.35+3=22.05
if N=4, f=4, D=4x4+4=20
if N=5, f=3.03, D=5x3.03+5=20.16
N=4 has the minimum delay

(b) f=4, D=4x4+4=20

(@) Pull down path: resistance =1 — =2 size A= z
20 20 19

Pull up path unchanged: sizes = 2

20

2+— 58 2420 22
O g=="=50="=7
Cuwire = 500fF
Cagj = 200fF

Rwire= 0.6x (Imm/0.5um) = 1.2K

(@) Cefr = 200*2+500 = 900fF

0.5k x (50f+450f)+ (0.5k+1.2k) x 450f = 1.015ns

(b) Ceff = 200*1+500 = 700fF

0.5k x (50f+350f) + (0.5k+1.2k)x350f = 795ps

(c) AVy=1.8x (200f/700f)= 0.514V

(d) Shielding , Increase the loading Cap , Put two wire away



12. (a) H=>2=100

F—GBH—(1x4x5x5>(2x2)<300>—40000
B B 37373 3/ 27

N =4, P=1+2+3+2=8

1
D = NFN + P = 32.82

1

(b) f=(*3=) =6.204

X Cout
f
[ 5/3x300
z = o = 8059
o], _ 5/3x8059
y= 6204
_ 4/3x21.65%x2 9.305
X = 6.204 -
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4 256
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256 16
(b) f= /T:?

4
C X 64 X &
x = 2out = Gin _ 9 — 53333
f 16
3
1
PMOS: 5.333 X 7 3 > = 1.7777
373
2
NMOS: 5333 X 3 > = 3.5555
373
_L_| 1.777
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14.
Sizing:
MNOS=> 3 unit
PMQOS=> 2 unit
(a)
Tpar = (9+5h)RC
Toar= (3C*R/3)+(3C*2R/3)+R*(9+5h)C = (12+5h)RC
Tpa= (10.5+5h)RC
(b)
Tear= R/3 *(9+5h)C = (9+5h)RC/3
Tear = (9+5h)RC
Tea= (18+10n)RC/3
15.
(@) f#F high-K dielectric 7] DA EOT » W[ gate leakage
(b) fEH low-K dielectric T] DARFRE LR LB
(c) HNEEE » FEHE
(d) mTDA IS Gate HYFZEHIRE ST » (%K leakage
(e) High speed & ##fg Latch up E4

16. FTTFT TTTFT



