2016 VLSI Final Solution

. (a)1.A=1B=0~1  2.B=1A=0~1 3.AB=0~1

(b) Body effect
(c) 5EF% 5-17
(d) NMOS tail5 NMOSout5/4 gb=7/3

. (a)P=3
(b) 370.5
. Leakage, charge average, back-gate coupling, clock feed-through, cascade
1
. (a) F=GBH=1x1x2=% D=NF%+P=2(%)5+(123+1)=
105.5

(b)

—cl 1

. (a) & 6-12
(b) FEF 6-13
(c) 5% 6-14
(d) sEF% 6-15
. (a) Ons

(b) 1?0—(2+1)=2ns
(c) 4—2=2ns

(d)l?o—(2+1+1)=1ns 4—(2+1) =1ns
. (a) Tpd<=Tc-(Tsetup+Tpcq)=20-(1.5+2)=16.5ns (3#F 6-29)

(b) EfZ 6-29



(c)Tcd>=Thold-Tccg=3-0.4=2.6 ns (w/0 clock skew)
Tcd>=Thold-Tccq+Tskew=3-0.4+0.5=3.1 ns (w/ clock skew)

(d) 5% 6-42

8. (a) fEfEE 2042 8.08 M3>M6
(b) fiEfEA S IE#3% 8.p9, M6>M4
(c) fRfEES IS 8.p18
(d) fifEsh2 %% 8.p19
9. (a) Race: Direct path from D to Q during the short time when both

CLK and !CLK are high (1-1 overlap) (%% 6-56)
(b) Undefined state: Both B and D are driving A when CLK and !CLK
are both high (4% 6-56)

(c) Dynamic storage: when CLK and !CLK are both low (;#%% 6-56)
(d) Using 2-phase latches with big nonoverlap times (%3 6-56)

10. (a) (3% 8-32)
(b) AV=VDD/2*(Ccell/Ccell+Cbit)=0.078 V

(c) (5% 8-34)

(d) (3% 8-34)
11. (a)
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(b) Lripple = tpg T 8tao + txor

(c)



AQ:? BQ:? A6:4 B6:4 AS:‘I B3:1

89:7 S6:4 S321

(d) tskip = tpg + 6Lao + txor

12. (a)

(b)



13.(a) G=1x2x2x2=8
3 3 3 27

B=2x2=4
H=2°_128
2
(b) F=GBH=22% _, ¢ Fi=624

P=1+2+2+2=7

1
D=NFN+P=624%x4+7=3196

gXxCout

( —5X256

7 =32 Yl 68.3659

2%68.3659
= 9 y=3T= 14.608

2%14.608x2

\ X=3T=6.24

14. (a)
GOOQ
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t,q = (500 x 440f) + (600 + 500) x 408f + 2500 x 8f = 688.8 ps

(b)
6000 2500Q

50Q J_ J_ v J_ J_ _|_ ]_
I400f I400f I400f Isf ISf

t,q = (50 x 800f) + (600 + 50) x 408f + 2500 x 8f = 325.2 ps

15. TTTFF TFFTT



