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There is a potential timing hazard when

11 1 4 0 and W switches from l 0

need to add the blue term to remove hazards
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There is a potential timing hazard when

W I 4 0 2 1 and X switches from 1 70

Need to add the blue term to remove hazards
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There are multiple timing hazards in this circuit

when 4 1 4 0 W O and 2 switches from 170

when 11 1 W I 2 L and Y switches from 1 70

when 4 1 2 0 X can be anything and

W switches from 1 0

Need to add all blue terms to remove all three timing
hazards

3 a When T is low the T flip flop stores the value Q

When T is high the T flip flop toggles the value of Q
at every positive clock edge
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4 T Notei NMOS transistor
out D

a

if a s K5 Ed S

by f Cd btc wheng 0 Vgs Vta
no current flows

d I when 9 1 VgsZVth
Y current flows

a current will flow when 2 1 AND b 1 OR Cd _l

out _0 when current flows otherwise 1

out 1 11 totalresistanceto drain

b Note 1st order approximation tpm 0.69 Rn Cu

Note i resistance of NMOS Rn Xµ w
tpm depends on total resistance to drain

resistance of gates depends on 4W

longest pathTh givencircuit when a c d I

tpm xwmf.tn 2 wtf TT
Noteineedtoreducety

resistanceIgatebut
cannotreducelengthplanformin siteinverter
beygy.dnwemaiyeimwY.fm
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assuming gates a c d are same site

La Lc Ld 50hm Wa Wc Wd 450hm

When a _lb I

tpm awiiih xlwi twbb7 alziiiii.atint
b 50hm Wb 225hm



c fully complementary Cmos gate Note PMOS transistor
S

g Typ
cof dof01 1 When g is high NgsI l IVtal
b no current flows

when g is low NgsI Il Venlout
a 1 Current flows

b 14 Ctf
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worst case path b o
depth µnw

Linin
ftp.tu
dwmintpcu

for this circuit d 25 twintwo twin

w tw z xwi
assyming PM05gates b c are the same size

Lb be 50hm Wb Wc 2 2.5 Warin 1750hm

PMOSgate d should be the same size
as PMOSgate c for b d o

50hm Wd 750hm

Lmthif a D tph 2 2.5 wg L Wmin
La Lamin

Wa 2.5Wurth

La 250hm Wa 375hm



d aib Cid 1,0 I l causes worst case fall delay

PHL 2 Rn where Rn is the effective drain resistance

a b Cid I 0,1 1 Ts when the drain path has

highest resistance

min
e Ruin 5 KR Kwminx

constant including Un
50FF 50 1015 F

Ra_Rc Rd
worst case bprice 0.69 Rat Rat Rd Cu EminK 3Wmin

0.69 3 55 10352 50 10
5 F FKA

172.5 10 12 seconds 11 I Fa l second Isr

f pull down path NMOS circuit

Out wa Wc Wd 3Wmin
a Ct Wb 1 5h1minI

_Cinta

Tcf
intb 14 doffIt

Ghtt connected to sourceof e and drainof d

CThtI 3 Cdmint 3Cdmin 6 Cdmin 3

Cintz connected to source of a and drain of bi C

Cint2 3 Cdmin 4 1.5Cdmin 13 Edwin 17.5 Cdmin 3M
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using inputvector

II Guti 7 Cinta CL from part c
transistor b Tsoff

tpm 0.69 3 f F x Eka 3.75 fFx Kr 50 f Fx Kr

Oo69 x 51 12.5 250 x10
15 103 seconds

184.5175 10
12 seconds


