foq =29ps 20ps
D1—D Q

t i =15ps
Clock1 € 30ps selup

10ps
P D al— o«

pe—[o a {>° 20ps
—l Clockd —b C
Clock2 - C

p3—D Q DC 35,05 tcomb—max = 95 pS
ClockPeriod = S
Clock3—p C 10ps min p
‘ tskew—maL =25ps f = GHz

max

e What is the maximum operating frequency of the circuit if the clock skew is no
more than 25ps?

e What is the maximum clock skew that can be tolerated before we have a po-
tential hold violation?



Synchronous Systems - Static Timing Analysis (inc. clock skew)

Critical Path

..................... D-type#1 ... Combinational Logic

D-type#2 D-type#4 D-type#5
—D Q- —D Q- _Ip ql

- —pClock | - b Clock | | b Clock

. D-type#3
—{p a}:

P—

— Clock

e To avoid a setup violation:

ClockPeriod > tp@ + tcritical,path + tsetup + tskew
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

Critical Path

D-type#2 RN D-type#4 D-type#5
—D Q- »--—D Q}— —D Q

- —pClock | - b Clock | |- © b Clock

D-type#3
—D Qf

— Clock

e To avoid a setup violation:

ClockPeriod > t,g + teritical_path + tsetup + (ta1 — taa)



Synchronous Systems - Static Timing Analysis (inc. clock skew)

Critical Path

Combinational Logic

..................... D-type#1 ... romolnatonaitoge
—D Q}—-, :
| - |
- Clock DN :
: : ~ . _Cr_itigal_Pilth
. D-type#2 @ . AN . D-type#4
—D Qf=-: --—D Q
— Clock : = Clock

. D-type#3
—ID Q}

b Clock

. D-type#5
—ID Q}

— Clock

ClockPeriod > t,g + teritical_path + tsetup + (ta1 — taa)

e If we can control the skew (e.g. by increasing t41), we can ease the timing con-

straint.!

lthis may result in the critical path moving to another part of the circuit
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps
I 10ps 45ps 20ps
iDi D Q —[>0j) 10ps 3PS 10ps
§ >— o—p >0+ So
D —
Clock1 = C 4/ Qb—a6
20ps 20ps 1° Clock6 - C
12 > 0 G : —
20ps Clock2 = C Clocks —b G
Clock3 - C

e Identify longest combinational paths
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

| 35ps 10ps A 45ps 20ps
D of—{>o+—FN So
Clock1 = C _2/ D Ql—a6
T D—F
Clockz —p C Clock5 - C _ tcomb—A = 75 pS
20ps
Clock3 9 C

e Identify longest combinational paths
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps 10ps A 45ps
) > =S Ops s
Clock1 - {>c _2> {>° b Q-
20ps 20ps Clocké = C
12
p D Q
20p3 Clockz —p C B Clock5 - C _ t comb-A = 75 pS
13 H Bu =
}7 D Q t comb-B 65 p S
Clock3 - C

e Identify longest combinational paths
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps A
. 4—% o “{ 20ps C 10ps 35ps
Clock1 - D Ql—as6
T BD;
D Q
sops COK2TC B Clocks b o Bt =75ps
13 }D Q H Bu t - =65 ps
comb—.
Clock3 - C mEE ¢  =5ps

e Identify longest combinational paths
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps

) >—
Clock1 —
20ps
12 )
Clock2 - C
20ps
13 ) D
Clock3 9 C

10ps A 45ps

20ps

20ps

>

Clock5 —

e Identify longest combinational paths

9

Clock6 - C

It = 75 ps
o t . =65ps
EEE ¢  =5ps
ERER ¢ =45 ps

comb-D
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2
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps

Clock1 —
20ps

I

Clock2 —
20ps

T

Clock3 —

Clock4 —

20ps
‘
20ps

Clock5 —

e Identify longest combinational paths

10

Clock6 - C

.t =75ps

- - tcomb—B = 65 pS

HENE ¢ =55 ps
comb-C

l.ll tcomb—D =45ps

I ¢ =45 ps

comb-E
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps

Clock1 —
20ps

I

Clock2 —

20ps

T

Clock3 —

Clock4 —

20ps
‘
20ps

Clock5 —

e Identify longest combinational paths

11

Clock6 - C

.t =75ps
H b t . =05ps
EEE ¢  =5ps
innR t . =45ps
L t . =45ps

t =75 ps

comb—max



Synchronous Systems - Static Timing Analysis (inc. clock skew)

thq =25ps
35ps P 10ps 45ps t =15ps
/1 20ps setup
D Q \ 10ps 35ps
, 3 10ps
Clock1 $C
20ps 20ps Clock4 - C Clock6 —b C
20ps Clock2 9 C Clock5 —b C
13 b——{p «a
Clock3 - C
tcomb—max = 75 ps

ClockPeriod =115 ps

n

f =8.7GHz

max

ClockPeriod > tyg + teomb—mar + tsetup + (a1 — taa)

1
th + teomb—maz + tsetup -+ (tdl o td4)

fmaa; -
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

thQ =25ps
~ i 10ps 45ps t . =15ps
I jﬁ D Q {>c \ 20ps setup 10ps oo .
s
b C ﬁ)i: }7 D Q {>C T~ {>C -
) b C
12 20ps sops |—A/ i
) . o = 80
b C = ps t,= 80 ps
20ps D —C tys= 80ps  ty,= 80ps
13
D Q
td5: 80 ps td6= 80 ps
- C
tcomb—maX = 75 pS
ta. |
ta1 Z|& ZS Z|§d3 taq le letd5 tde Z& ClockPeriod = 115 ps
f =8.7GHz

Clock
ClockPeriod > tyg + teomb—mar + tsetup + (a1 — taa)

1
th + teomb—maz + tsetup -+ (tdl o td4)

fmaw -
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Synchronous Systems - Static Timing Analysis (inc. clock skew)

35ps
10ps 45ps 20ps

/14_%D Q {>c \ 10ps 35ps 10ps
ﬁ)D )O b o—{>0 [>o—o al—oas
20ps

T\
b C
D Q

20ps
2
o D Q
b C W= PS5 tp= s
20ps [ p C — —
. P t3 ps  ty, ps
D Q — —
t 5= pS t d6= JO
- C
th =25ps tse tup =15ps tho p d=5ps
t .
dz ClockPeriod = ps

n

td7Z|&$Z|§d3 td4z|x Z|&1d5 td6Z&
f GHz

ClockPeriod > t,q + teomp—crit + tsetup + (tas — taa)

I

Clock

1
th + tcomb—cm’t + tsetup + (tds o tdd)

fma:c -
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Synchronous Systems - Jitter

D-type#1 —_ D-type#2
Combinational
4D Q . D QF
Logic
o o
Clock Distribution b Clock T > Clock
Network ) ’
tcomb

o Jitter
Jitter is the cycle-by-cycle variation in the arrival time of the clock.

e Caused by

— Variation in frequency/phase of clock source?

— Power supply noise affecting clock distribution
— Cross-talk affecting clock distribution

e Jitter may cause unexpected timing violations

primary clock source or Phase-Locked Loop (PLL)
15



