Two Timing Constraints

A C
AN N
[ /eq o\
CLKI ‘T _t CLK2
th T tcomb tsetup T §€ uﬁ

thold< th T comb ’\/W‘QA :

1.4+ time from rising edge of clock to Q update (CLK1=B)
tomb: time of combinational logic delay (B=C)

tenp: SEtUp time before rising edge of clock (C=CLK2)
toiq: hold time after the rising edge of clock

T: clock period (CLK1=>CLK2)
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Two Timing Constraints

A —\I(QL B) C!-—j D

A B AN D2
| 27T Np
CLK1 CLK2 3

Setup time constraint  Longest delay from CLK1 to CLK2
t + tcomb setup =T :> max( T tcomb N Z‘setup )S T

Hold time constraint  Shortest delay from CLK1 to CLK2
thold< t T1 comb :> th01d< mll’l(t T omb)

18



Two Timing Constraints e + feomp T feup < T

z(hold < th T Z‘comb

Too lon
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Too sh ( |
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v

CLK1 CLK?2

Two Timing Constraints g * feomp T fienp < T
thold < th T

Too long comd .
Justright = R .
Too sh rt‘ 5 .
ClK i CLK1 CLK2
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Example: The timing of which of the following signals can
cause a setup-time violation?

D(t) __»Q(t)
- O
Signal D arrives too early Ql .
Signal D arrives too late |
Clock CLK arrives too late CLK
Output Q(t) responds too early

None of the above

moawp>

21

Example: A hold time violation is likely to occur
when

D(t) Q 4_’Q(t)
A. Signal D changes too early — D Q’
B. Signal D changes too late Al N
C. Clock CLK arrives too early |
D. Clock CLK arrives too late CLK

22



PI Q: Suppose CLK rises at t;, what is the maximum delay (from t,)
after which D2 reaches a stable value?

A. Setup time of R1+
Propagation delay of CL +

CLK CLK
Propagation delay of R2 Q1 D2
B. Hold time of R1+ Propagation 7| | [ € ] ’ ‘ ’
R1 R2

delay of CL + setup time of

R1
C. Propagation delay of R1+ < T 3
Propagation delay of R2 :

Q1

Propagation delay of CL+  CLK A\ lly_—
D. Propagation delay of R1+ :
|

Propagation delay of CL D2 W

E. Propagation delay of CL+  (b) '
Propagation delay of R2

27

Setup Time Constraint

* The setup time constraint depends on the maximum delay from
register R1 through the combinational logic.

» The input to register R2 must be stable at least 7, before the
clock edge.

CLK CLK
Maximum delay, t_.. : f Q1( G )DZ f
R1 R2

TC

»l
Setup Time Constraint: CLK \ Yy
| | |
Qt T ® |
G oo
DZ | 5 |
/ ' t I t i tsetup '
BN >l ey,

fpeg +1pa " T T



Setup Time Constraint

T>t,, +t,+t

pcq D setup
. . CLK CLK
PI Q: As a designer, which of the o1 D2
following parameters would you ““m"_( ¢ Fﬁ*
modify to meet the set up time R2
constraint? |< Te i
—
A. The clock period, T : :
B. The prop. delay of R1, 7, | i l |
C. The prop. delay of CL, ¢ pd D2 | | : l
D. The setup time of R2, ¢, , ll ‘tpcq, < foa >§<tsetup ,:
E. All of the above
29
Setup Time Constraint
TZ tpcq T t T tsetup
T ( pcq setup)
PI Q: As a designer, which of the CiK
following parameters would you 4—@-/31—[ ¢ %
modify to meet the set up time R1 R2
int?
constraint? » T, T
CLK \ y—
A. The clock period, T N |
B. The prop. delay of R1, ¢ g Ll : i . :
C. The prop. delay of CL, ¢ g D2_| m
D. The setup time of R2, 7., It |t | tootup |
E. All of the above | e
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PI Q: Suppose CLK rises at t;, what is the minimum delay (from t,)
after which D2 starts to change?
A. Setup time of R1+
propagation delay of CL + CLK CLK
propagation of R2 f Q1 [ ¢ ]D2 If
. Hold time of R1+
propagation time of CL (a) R1 R2
+setup time of R1 T
. Hold time of R1+ <« : »

Contamination delay of CL 212 A\
+ Propagation time of R2 Q1

. Contamination delay of R1+

Contamination delay of CL D2
. Contamination delay of CL. ()
+ Contamination delay of R2

Hold Time Constraint

The hold time constraint depends on the minimum delay from
register R1 through the combinational logic.

The input to register R2 must be stable for at least ¢, 4 after the

clock edge. CLK CLK
f Q1 [ ¢ ]D 2 m
Minimum delay, t, . R1 R2
B | |
CLK )'I \ ,{’_
Hold Time Constraint: Q1 XXX l
I
D2 |

I
I
I
I
't t
I
|

|



Hold Time Constraint
thold < tccq T tcd

Lea = thold - Z‘ccq

CLK
Q1 ¢ ]D2 f

CLK

R1 R2

| I
CLK \ Yy
Q1 XXX :
D2 :

Timing Analysis: Example
Timing Characteristics
FFs t.,,=30 ps

K

theq = 90 ps

tsetup =60 ps

thoia = 70 ps
t(com) =3 X +?d(8) =3x35 =/ Og[" Gates t,4(g) = 35 ps
tocom) = | » Tef C&) =[¥25=25ps t (9)= 25 ps
Setup time constraint:  Hold time constraint:

T2 +F‘%+ +w(w) +1’d‘f' toeq t LoglCOM)> 1y ?

f.=1T, =
:SO -(’{Og-t‘éo 34

=215 ps




Timing Analysis: Example
LK CLK
; FFs t., =30 ps
theq = 90 ps

tsetup = 60 ps

thoig = 70 ps

Gates t,4(9)= 35 ps
t.(9)= 25 ps

t,f(com)= 3 x 35 ps = 105 ps
t.s(com)= 25 ps

Setup time constraint: Hold time constraint:

T 21, +t(com)+t,, toeq + Log(COM)> £y ?

=50 + 105 + 60 = 215 ps (30 + 25) ps > 70 ps ?

f.= 1/T, = 4.65 GHz No! i}
o

Example: Fix Hold Time Violation

Add buffers to the short paths: Timing Characteristics
oLk CLK FFs tooq = 30 ps
theg = 50 ps
setup = 60 ps
thoia = 70 ps

Gates t,,(9)= 35 ps

=) x25 —-—-50}15 tee(9)= 25 ps
Hold time constraint:

t,q(com)=

t.[(com)= 2 x Jra( (a)
Setup time constraint:
T2

f,=

tccq + tcd(Com) > thold ?

36



Example: Fix Hold Time Violation

Add buffers to the short paths: FFs tccq =30 ps

CLK CLK

theq = 90 ps
tsetup = 60 ps

thoia = 70 ps
Gates t,,(9)= 35 ps
t.o(9)= 25 ps

Hold time constraint:

t,(com)=3 x 35 = 105 ps
t.o(com)=2 x 25 = 50 ps
Setup time constraint:

toeq + tg(com)> t g ?
T250+105+60=215ps coa " 0> fh

(30 +50) ps > 70 ps ?

fC = 1/7-0 =4.65 GHz Yes!
37
dela cL
Clock Skew y i
1 Q 2
¢ D2

R1 R2

tskew
CLK Hﬁ
_1__
CLK —‘\I
—2—
N /4 I\ V///g—

The clock doesn’t arrive at all registers at the same time. The
difference between two clock edges is skew.

* Skew as Noise: Caused by process variation, voltage
fluctuation, crosstalks (PVC). Examine the worst case to
guarantee that the timing is right.

* Designated Skew: Make skew by design to improve the
performance. "



Time Constraint with Clock Skew: Example

 In the worst case for hold time, CLK?2 is later than CLK1

CLK1 CLK2
Z‘ccq + tcd(com)> hhota T 2 skew "‘m"—u[ & %
R1 R2
I I
CLK1/77] ANAAN /77
CLK2/7/F S\ (777
Q1__ XXX
| |
D2 D 000N

tccq : 1:cd
|
|

tskew thold

Clock Skew: Example

Timing Characteristics

tooq = 30 ps

theq = 90 ps

tsetup = 60 ps
t,f(com)= 3 x 35 ps = 105 ps thoia = 70 ps
t.q(com)= 2 x 25 ps = 50 ps t,«(9)= 35 ps
Hold time constraint: teo(9)= 25 ps
ecq + toa(COM)> b + toyen? biew = 90 ps

(30 + 50) > (70 +50) ps ?
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Time Constraint with Clock Skew (Noise)

In the worst case, the CLK2 is: tcikz = terkr Tskew
* Earlier than CLK1 for setup time tcixs = teixi —tskew
e Later than CLK1 for hold time. terk2 = terkt Flskew

[ . T; = tpcq + tpd(com)+ tsetup + tskew CLK1 CLk2
! lf :Q1‘ ¢ jD2 ’f
+ > +
C\\(\(Z‘ tccq tcd(com) thold tskew R1 R2

TC
T [ 1. CLK_MZUH\ WY 7
. 5 ’ cuk/77] AN g
7 . . |
V] pf]. e
> R S oo
1< kc;PJ tpcq E tpd :l tsetEthsklew
@ J(cé‘ﬁ —{/—Ecc((ocswb) > ‘tw T'fslew
Timing Analysis with Clock Skew: Example

CLK CLK

Timing Characteristics

tecq = 30 ps

tpcq =50 ps

tsetup =60 ps
t,y =3 x 35 ps = 105 ps thoiq = 70 ps
t.q =25 ps tg = 35 ps

Setup time constraint: t.y=25ps

4
T,2 225 ps ’}F“B*TP‘“L JFWY t’l%“% £y = 10 pS

f,=1/T,=4.44 GHz
Without skew we got f, =4.65 GHz
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Retiming with Designated Skew

CLK1 CLK2

m (g )2 m

R1 T R2
Skew as noise (worst case) Designated skew
terkz = terk1 Tlskew tcrkz = terka tlskew

r> tpcq T tpd(com)_l_ Lsetup T Lkew r> 4

2 byog T 1y (com)+

setup ~ “skew

z‘ccq + tcd(com)> thotd T Likew tccq + th(COIn) > Fhota * Fskew

Um%ﬁmmmj Oé\ : Zﬁ;{ :T;“r:f Paﬁ"e&g T — Tskw%

3

shofed ra’vk‘?‘g 2 Thabt T Ton p

; < Retiming: Example

] tocq = 30 ps

1 theg = 50 ps

ﬂ tsetup =60 ps

Tc > zchq T tpd(com)—i_ tsetup B tskew thold =70 ps

loeg T Teg(COM) = 8, 15+ Ly o to(9)= 35 ps

1> 50+ 105+ 60 - tsm% T, 2215~ T @)= 25 Ps
+ 50> 70+

W e UgoeTort ey
Example: The minimum clock period T can be: ( _[__ ) )
A. 195 >>5-T; o ed)
B. 205 e Hur Teertogohy> frag

C. 215
D. None of the above 1062 TQW 3%t 40 t Tk

> 70 ﬁ:b\r



Timing and Retiming

* Retiming: Adjust the clock skew so that
the clock period can be reduced.

* Add a few more examples on timing and
retiming.

45

Conclusion

* Clock to Clock: Range of shortest and longest
paths

* Design revision and retiming to adjust the
constraints

* Research: Variation aware designs

Extra materials:

* C. Leiserson and J. Saxe, "Retiming Synchronous
Circuitry," Algorithmica, pp. 6:5-35, 1991.

* L.T. Liu, M. Shih, N.C. Chou, C.K. Cheng, and W. Ku,
"Performance-Driven Partitioning Using Retiming and
Replication,” IEEE Int. Conf. on Computer-Aided Design,
pp. 296-299, Nov. 1993.
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