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Lecture 9

Timing Analysis



Static Timing Analysis (STA)

e Static timing analysis (STA)

« Statistical static timing analysis (SSTA)



Delay Model and Arrival Time

 Delay model 1

Ak

D,: Delay at node k

A, Arrival time = max(A;, A,) + D,
 Delay model 2

) — A e — A
A, > /"

Ay = max(Ag+Dyq, AytDyo)



Required Time

« Signal should arrive before the required time.

R.— D, - D,

e
l

min(R, — D — Dy, R, — D; — Dg)



Slack

e Slack = Required Time — Arrival Time
» Positive slack: good
— Slack >0

— Arrival time < Required time

« Negative slack ‘ S = Ric— A

_ Slack<0 >‘l
— Arrival time > Required time ‘ D

— Need to fix



Example

A combinational logic
 Max. delay between primary inputs and outputs: 500ps

Input Output
B ——>[D
N 20ps 150ps n  20ps 150ps [ 20ps 150ps n  20ps 150ps |n 20ps T
T T T T RT: 500ps
RT: -160ps RT: 10ps RT: 180ps RT: 330ps
AT: 700ps
AT: 40ps AT: 210ps AT: 380ps AT: 530ps
Slack: -200ps
Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps P
RT: -180ps RT: -10ps RT: 160ps RT: 310ps RT: 480ps
AT: 20ps AT: 190ps AT: 360ps AT: 510ps AT: 680ps
Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps




Example

A sequential logic
e Clock period: 500ps (2GHz)

FF FF
s _— >
I\ 20ps 150ps n  20ps 150ps [  20ps 150ps n  20ps 150ps |n 20ps I
T T T T RT: 500ps
RT: -160ps RT: 10ps RT: 180ps RT: 330ps
AT: 700ps
AT: 40ps AT: 210ps AT: 380ps AT: 530ps
Slack: -200ps
Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps P
RT: -180ps RT: -10ps RT: 160ps RT: 310ps RT: 480ps
AT: 20ps AT: 190ps AT: 360ps AT: 510ps AT: 680ps
Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps Slack: -200ps




Multiple paths
— CLK: 500ps

1250ps

220ps

30ps

Example

40ps

50ps

FF

”1l 180ps

«I

FF

270ps

/fzo/ps/l




Arrival time

AT: 300ps

AT: 50ps

1250ps

220ps

AT: 40ps

AT: Ops

AT: 260ps

Example

40ps

80ps

AT: 520ps

AT: 340ps

l

”1l 180ps

T 270ps |4

AT: 340ps

AT: 610ps

"

Ops

AT: 600ps

lFF

FF

AT: 730ps
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Required time

RT: 80ps

RT: -220ps

RT: -170ps

1250ps

220ps

RT: -230ps

RT: -190ps

RT: 30ps

Example

40ps

80ps

RT: 420ps

RT: 240ps

l

”1l 180ps

T 270ps |4

RT: 110ps

RT: 380ps

L

Ops

RT: 500ps

lFF

FF

RT: 500ps
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AT: 50ps
RT: -170ps
S: -220ps

Example

AT: 300ps

RT: 80ps
S: -220ps

1250ps

220ps

40ps

80ps

RT: 420ps
AT: 340ps || S: -100ps
RT: 240ps
S: -100ps

l

”1l 180ps

T 270ps

8

L

Ops

AT: 600ps

RT: 500ps
S: -100ps

lFF

FF

AT: 40ps AT: 730ps
AT: Ops AT: 340ps
RT: -190ps RT: 500ps
RT: -230ps RT: 110ps
P S: -230ps AT: 260ps P . S: -230ps
S: -230ps s:-230ps | | AT 610ps
: P RT: 30ps : P
S: -230ps S: -230ps 12




Setup Time & Hold Time

CLK 1 L\. }

Hol

rd

(-
w11
—sln

I'.I Setup

CLK1

CLK2

= o ph

L -~ Combinational o~
_‘\J a4

FF2
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Setup Time & Hold Time

Tsetup = TCLK + Tskew — Tlogic — TCQ

* Tho S TCQ + Tlogic — Tskew (:LI{1=FI_+_\-\. T
)\

]

Hol I'..1 Setup
P
coh |H L4

FF1 . ~_Jiming path FF2
6 ok’ Cmbirﬂﬁill_n_a.\ N R
__/ ogic Tiogi
o R
CLK1 P e i
CLK2 Tskew
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Spec

— Tk 500ps
—  Terew: OPS
— Teoi O0ps
= Teerp: 30PS

Setup Time Violation

Before optimization: Te g + Tegew — Tiogic — Tcq = 500+0-570-50 = -130ps < 30ps

FF

I 20ps

After optimization: T ¢ + Tgew — Tiogic = Tco = 900+0-380-50 = 70ps > 30ps

FF

10ps

250ps

40ps

200ps

10ps

180ps

80ps

FF

140ps

20ps

FF
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Spec

— Tk 500ps
—  Taen: -00pS
— Teoi O0ps
= Teerp: 30PS

Setup Time Violation

Before optimization: Te  + Tgew — Tiogic — Tco = 500-50-570-50 = -180ps < 30ps

FF

I 20ps

After optimization: Tk + Tegew — Tiogic — Tco = 500-50-380-50 = 20ps < 30ps

FF

10ps

250ps

40ps

200ps

10ps

180ps

80ps

FF

140ps

20ps

FF
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Hold Time Violation

Spec

— Teoi 10ps
—  Terew: OPS
—  Thog: 30ps

Before optimization: Teg + Tyogic — Tekew = 10+10-0 = 20ps < 30ps

skew

FF FF
I 10ps I

= 10+60-0 = 70ps > 30ps

After optimization: Teg + Tiggie — T

skew

FF 50ps FF

5ps P Sps
L~

Delay cell
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Hold Time Violation

Spec
- Tskew: 30ps
— Thoa- 30PS
Before optimization: Teg + Tiogic — Tekew = 10+10-30 = -10ps < 30ps

FF FF
I 10ps I

After optimization: Tcq + Tiggic — Tekew = 10+60-30 = 40ps > 30ps

FF 50ps FF

5ps P Sps
L~

Delay cell

18



	EE434�ASIC & Digital Systems
	����Lecture 9��Timing Analysis
	Static Timing Analysis (STA)
	Delay Model and Arrival Time
	Required Time
	Slack
	Example
	Example
	Example
	Example
	Example
	Example
	Setup Time & Hold Time
	Setup Time & Hold Time
	Setup Time Violation
	Setup Time Violation
	Hold Time Violation
	Hold Time Violation

