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Multiple Clocks

Often there are multiple clocks defined in a design with frequencies
that are simple (or integer) multiples of each other.

In such cases, STA is performed by computing a common base period
among all related clocks (two clocks are related if they have a data

path between their domains). The common base period is established

so that all clocks are synchronized.



CLKP

CLKQ

CLKM

[
1€ >

Common base period between CLKP, CLKQ and CLKM |

Here is an example that shows four related clocks:
create_clock -name CLKP -period 5 -waveform {0 2.5} [get_ports CLKP]

create' clock -name CLKQ -period 10 -waveform {0 5}

create_clock -name CLKM -period 20 -waveform {0 10} [get_ports CLKM]
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Here is a setup timing report for a path that goes from the

Startpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Endpoint: UFF1l (rising edge-triggered flip-flop clocked by CLKM)
Path Group: CLKM
Path Type: max

Point Incr Path
clock CLKP (rise edge) 15.00 15.00
clock source latency 0.00 15.00
CLKP (in) 0.00 15.00 r
UCKBUF4/C (CKB ) 0.07 15.07 r
UFF3/CK (DFF ) 0.00 15.07
UFF3/Q (DFF ) <- 0.15 15.22 f
—— UNORO/ZN (NR2Z ) 0.05 15.27 ¢
UBUF4/7 (BUFEF ) 0.05 15.32 ¢
UFF1/D (DFF ) 0.00 15.32 r

CLI( P data arrival time 15.32
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» Here is a setup timing report for a path that goes from the

CLKP
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CLKQ ‘

CLEM

Startpoint: UFF3 (riSing Edge—triggered fllp—flop clocked by ,  Common base period between CLKP, CLKQ and CLKM

Endpoint: UFFl (rising edge-triggered flip-flop clocked by
Path Group: CLKM
Path Type: max

Point Incr Path

clock CLKP (rise edge 15.00 15.00

clock source latency 0.00 15.00

CLKP (in) 0.00 15.00 r
UCKBUF4/C (CKB ) 0.07 15.07 r
UFF3/CK (DFF ) 0.00 15.07 r
UFF3/Q (DFF ) <- 0.15 15.22 £
UNORO/ZN (NR2 ) 0.05 15.27 r
UBUF4/7Z (BUFF ) 0.05 15.32 «r
UFF1/D (DFF ) 0.00 15.32 r

data arrival time 15.32
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Here is a setup timing report for a path that goes from the

CLKP

CLKQ ‘

CLEM

| Common base period between CLKP, CLKQ and CLEKM

clock CLKM (rise edge) 20.00 20.00
clock source latency 0.00 20.00
CLKM (in) 0.00 20.00 r
UCKBUFQO/C (CKB ) 0.06 20.06
UCKBUF2/C (CKB ) 0.07 20.12 «
UFF1/CK (DFF ) 0.00 20.12 r
clock uncertainty -0.30 19.82
library setup time -0.04 19.78
data required time 19.78
data required time 19.78
data arrival time -15.32
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Startpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)

Here iS the CorrespOnding hOId path re port. | Endpoint: UFF1 (rising edge-triggered flip-flop clocked by CLKM)

Path Group: CLKM
Path Type: max

Point Incr Path

clock CLKP (rise edge) 15.00 15.00

clock source latency 0.00 15.00

CLKP (in) 0.00 15.00
UCKBUF4/C (CKB ) 0.07 15.07 x
UFF3/CK (DFF ) 0.00 15.07 ¢
UFF3/Q (DFF ) <- 0.15 15.22 £
UNORO/ZN (NR2 ) 0.05 15.27 r
UBUF4/Z (BUFF ) 0.05 15.32 ¢
UFF1/D (DFF ) 0.00 15.32 ¢
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» Here is the corresponding hold path report.

Startpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Endpoint: UFFl (rising edge-triggered flip-flop clocked by CLEKM)

Path Group: CLEM

Path Type: min

Point Incr Path

lock CLEFP (rise edge) 0.00 0.00

clock source latency 0.00 0.00

CLEP (in) 0.00 0.00 r
UCKBUF4/C (CEB ) 0.07 0.07 r
UFF3/CK (DFF ) 0.00 0.07 r
UFF3/Q (DFF ) <~ 0.16 0.22
UNORO/ZIN (NRZ ) 0.02 0.25 £
UBUF4/2 (BUFF ) 0.06 0.30 £
UFFl/D (DFF ) 0.00 0.30 £

. data arrival time 0.30
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» Here is the corresponding hold path report. '

CLKQ

CLEM

ommon base period between CLKP, CLKQ and CLKM |

clock source latency 0.00 0.00
CLKM (1in) 0.00 0.00 r
UCKBUFO/C (CKB ) 0.06 0.06 r
UCKBUF2/C (CKB ) 0.07 0.12 r
UFF1/CK (DFF ) 0.00 0.12 r
clock uncertainty 0.05 0.17
library hold time 0.01 0.19
data required time 0.19

slack (MET) 0.12



Consider the case when there is a data path between two clock domains whose

frequencies are not multiples of each other.
For example, the launch clock is divide-by-8 of a common clock and the capture clock is

divide-by-5 of the common clock as shown in Figure. This section describes how the

L ;
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CLKA CLKM
divide-by 8 >CK >CK
divide-by 5 CLAP




2- Non-Integer Multiples

UFFO UFF3

5 O— ¢
CLKA CLKM
divide-by 8 S CK S CK
divide-by 5 |-CLKP

s create clock -name CLKM -period 8 -wvaveform {0 4} [get ports CLKM]

create clock -name CLKQ -period 10 -waveform {0 5}
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» The setup check occurs over the minimum time between the launch edge

and the capture edge of the clock.
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The timing analysis process computes a common period for the related

clocks, and the clocks are then expanded to this base period.
Note that the common period is found only for related clocks (that is, clocks

that have timinge nathg hetween them)

N
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Startpoint: UFF0 (rising edge-triggered flip-flop clocked by CLKM)
Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Path Group: CLKP
Path Type: max

2- Non-Integer Multiples

Point Incr Path
clock CLKM (rise edge) 24.00 24.00
clock source latency 0.00 24.00
CLKM (in) 0.00 24.00 r
UCKBUF0/C (CKB ) 0.06 24.06 r
UCKBUF1/C (CKB ) 0.06 24.311 ¢
UFFO/CK (DFF ) 0.00 24.11 «
UFFO/Q (DFF ) <~ 0.14 24.26 f§
UNANDO/ZN (ND2 ) 0.03 24.29 r
UFF3/D (DFF ) 0.00 24.29 r
— data arrival time 24.29
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Common period between CLKP, CLKQ and CLKM |
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2- Non-Integer Multiples

Startpoint: UFFO0 (rising edge-triggered flip-flop clocked by CLKM) !
' Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Path Group: CLKP
Path Type: max

clock CLKM (rise edge)
clock source latency 0.00 24 .00

CLEKM (in)

0
UCKBUFQ/C (CKB ) 0
UCKBUF1/C (CKB ) 0.
UFFO/CK (DFF ) 0.00 24.11
UFFO/Q (DFF ) <~ 0
UNANDO/ZN (ND2 ) 0
UFF3/D (DFF ) 0
data arrival time 24.29

U
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2- Non-Integer Multiples

lclock CLKP (rise edge)
clock source latency
CLKP (1n)
UCKBUF4/C (CKB )

- UFF3/CK (DFF )
clock uncertailnty
library setup time
data required time

data regulired time 24,772
data arrival time -24.29




Startpoint: UFFO0 (rising edge-triggered flip-flop clocked by CLKM)
Endpoint: UFF3 (rising edge-triggered flip~-flop clocked by CLKP)
Path Group: CLKP
Path Type: min

2- Non-Integer Multiples

Point incr Path
clock CLKM (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKM (in) 0.00 0.00 r
UCKBUFO/C (CKB ) 0.06 0.06 r
UCKBUF1/C (CKB ) 0.06 0.11 r
UFFO/CK (DFF ) 0.00 0.1) ¥
UFFO/Q (DFF ) <~ 0.14 0.26 r
UNANDO/ZN (ND2 ) 0.03 0.29 £
UFF3/D (DFF ) 0.00 0.29 £
data arrival time 0.29

15 20 25 30 35 40
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16 24 33 40

Common period between CLKP, CLKQ and CLKM |
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Startpoint: UFF0O (rising edge-triggered flip-flop clocked by CLKM)

S —

2- Non-Integer Multiples

;
w15/ 20 {:5 30 35
Setup \Snlup
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Common penod between CLKP, CLKQ and CLKM

Endpoint: UFF3 (rising edge-triggered flip~flop clocked by CLKP)
Path Group: CLKP
Path Type: min

Point incr Path

clock CLKM (rise edge 0.00 0.00

clock source latency 0.00 0.00

CLEKM (in) 0.00 0.00 r
UCKBUFO/C (CKB ) 0.06 0.06 r
UCKBUF1/C (CKB ) 0.06 0.11 r
UFFO/CK (DFF ) 0.00 Uedd X
UFFO/Q (DFF ) <~ 0.14 0.26 r
UNANDO/ZN (ND2 ) 0.03 0.29 £
UFF3/D (DFF ) 0.00 0.29 £

data arrival time 0.29
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2- Non-Integer Multiples
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Iclock CLKP (rise edge) 0.00 0.00

clock source latency 0.00 0.00
CLKP (1in) 0.00 0.00 r
UCKBUF4/C (CKB ) 0.07 0.07 r
 UFF3/CK (DFF ) 0.00 0.07 r
clock uncertaint 0.05 0.12
library hold time 0.02 0.13
data required time 0.13

data arrival time




2 & 4

Now we examine the setup pat’h from the CLKP clock domain to the CLKM
clock domain. In this case, the most restrictive setup path is from a launch

edge at 15ns of clock CLKP to the capture edge at 16ns of clock CLKM.
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2- Non-Integer Multiples

Startpolnt: UFF3 (rising edge-triggered flip-flop clocked by
Endpoilnt: UFF1 (rising edge-triggered flip-flop clocked by
Path Group: CLKM
Path Type: max

clock CLKP (rise edge) 15.00 15.00
clock source latency ]
CLKP (in)

UCKBUF4/C (CKB )

UFF3/CK (DFF )
UFF3/Q (DFF ) <-
UNORO/ZN (NR2 )

UBUF4/7Z (BUFF :
UFF1/D (DFF ) 0.00 15.32 r
data arrival time ' 15.32
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clock CLKM (rise edge) 16.00 16.00
clock source latency 0.00 16.00

. CLKM (in) 0.00 16.00 r
UCKBUFO/C (CKB ) 0.06 16.06 r

- UCKBUF2/C (CKB ) 0.07 16.12 ¥
UFF1/CK (DFF ) 0.00 16.1é X
clock uncertainty -0.30 1984

- library setup time -0.04 10318
data required time L& 18
data required time 1918
data arrival time =19 .34

N



2- Non-Integer Multiples

Startpolnt: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Endpoint: UFF1 (rising edge-triggered flip-flop clocked by CLKM)
Path Group: CLKM
Path Type: min

Point Incr Path

| clock source latency 0.00 0.00
CLKP (in) 0.00 0.00 r
UCKBUF4/C (CKB ) 0.07 0.07 r
UFF3/CK (DFF ) 0.00 0.07 r
UFF3/Q (DFF ) <- 0.16 0.22 r
UNORO/ZN (NR2 ) 0.02 0.25 £
UBUF4/7Z (BUFEF ) 0.0606 0.30 £
UFF1/D (DFF ) 0.00 0.30 £
data arrival time 0.30
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clock CLKM (rise edge .00 0.00

0
clock source latency 0.00 0.00
CLKM (in) 0.00 0.00 r
UCKBUFO/C (CKB ) 0.06 0.06 r
UCKBUF2/C (CKB ) 0.07 Ueld Z
UFF1/CK (DFF ) 0.00 o S o N
clock uncertainty 0.05 ¢ W% R
library hold time 0.01 0.19
data required time 0.19
data required time 0.19
data arrival time -0.30

slack (MET) 0.12

-




Here is an example where two clocks are ninety degrees phase-shifted with

respect to each ¢
UFFO UFF3

_Ip QO D Q—
CKM
90 deg shift |-KM20 Q

CKM 1 /

0 1.0 2.0 3.0 4.0
Setup Hold
CKM90 ‘”;_/

0.5 1.5 2.5 3.5
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UFFO UFF3

| CKM
O pCK

CKM
_____ <
{R#50.5ns | s e

CKM90 "“P/
; L | 1.5 @ 3.5 p

create clock -period 2.0 -waveform {0 1.0} [get ports CKM]

create clock -period 2.0 -waveform {0.5 1.5} [get ports CKM90]



3- Phase Shifted ' | —oy

90 deg shift |-CKM90 C)_

CKM

30 4.0

CEM90

Startpoint: UFFO (rising edge-triggered flip-flop clocked by CKM)

Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CKM90)
Path Group: CKM90 AT
Path Type: max

2.5 3.5

clock CKM (rise edge) .00 0.00

o

clock source latency 0.00 0.00
CKM (in) 0.00 0.00 r
UCKBUFO/C (CKB ) 0.00 0.06 r
UCKBUF1/C (CKB ) 0.06 0.11 r
UFFO/CK (DF ) 0.00 0.11 r
UFFO/Q (DF ) <- 0.14 0.26 f
UNANDO/ZN (ND2 ) 0.03 0.29 r
UFF3/D (DEF ) 0.00 0.29 r
0.29

data arrival time
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3- Phase Shifted

clock CEM90 (rise
clock source latency

CEMS0 (1n)
UCKBUF4/C (CEB )
UFF3/CK (DF )
clock uncertainty
library setup time
data required time

data required time
data arrival time

slack (VIOLATED)

o o o o o o0
a

.00

.00
.07
.00
. 30
.04

o o o OO o o O
= m & B | E Wa

CKM

CKM

30




3- Phase Shifted | | o

90 deg shift |-CKM90 C)_

CKM

CEM90

- Startpoint: UFFO (rising edge-triggered flip-flop clocked by CKM)
Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CKM90)
Path Group: CKM90
Path Type: min

Point Incr Path
clock CKM rise edge 2.00 2.00
clock source latency 0.00 2.00
CKM (1in) 0.00 2.00 r
UCKBUFO/C (CKB ) 0.06 2.00 r
UCKBUF1/C (CKB ) 0.06 2.11 r
UFFO/CK (DF ) 0.00 2.11 r
UFFO0/Q (DF ) <- 0.14 2.26 r
UNANDO/ZN (ND2 ) 0.03 2.29 f
UFF3/D (DEFE ) 0.00 2.29 £
2.29

data arrival time



UFFO UFF3
—1D D

90 deg shift |-CKM90 C)_

3- Phase Shifted

CKM

3.5

0
=
O
Q
N
:
O
o
2
-
0
®
D
Q.
@
e
o
O
o
O
ul
-

clock source latency 0.00 0.50
CLM90 (1in) 0.00 0.50 r
- UCKBUF4/C (CKB ) 0.07 0.57 r
UFF3/CK (DF ) 0.00 0.57 r
clock uncertailinty 0.05 0.62
library hold time 0.02 0.63
data required time 0.63
data required time 0.63
data arrival time -2.29



If a design has both negative-edge triggered flip-flops (active clock
edge isfalling edge) and positive-edge triggered flip-flops (active clock
edge is rising edge), it is likely that half-cycle paths exist in the design.
A half-cycle path could be from a rising edge flin-flop to a falling edge
flio-flop. or vice versa. Figure 8-19 shows an example when the launch
is on the falling edge of the clock of flip-flop UFF5, and the capture is

onthe rising edge of the clock of flip-flop UFF3.
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Half-Cycle Paths

» Figure 8-19 shows an example when the launch is on the falling edge of the clock of flip-flop

UFFS, and the Captujn ic nn tho ricino adoco nf thao rlacl, Af flin_flan | IEEi

UFFS

UFF3

I

CLKP D

Launch edge

UFF5/CKN

[

D Q

ECK
v

By AL O
A

UFF3/CK 1

Figure 8-19 A half-cycle path.

Capture edge
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» Here is the setup timing check path report.

Startpoint: UFF5(falling edge-triggered flip-flop clocked by CLKP)
Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Path Group: CLKP
Path Type: max

Point Incr Path
clock CLKP (fall edge) 6.00 6.00]
clock source latency 0.00 0.00
CLKP (1in) 0.00 0.00 £
UCKBUF4/C (CKB ) 0.06 0.060 £
UCKBUF6/C (CKB ) 0.06 6.12 £
UFF5/CKN (DFN ) 0.00 0.12 £
UFF5/Q (DEN ) <- 0.16 6.28 r
UNANDO/ZN (ND2 ) 0.03 6.31 £
UFF3/D (DFF ) 0.00 0.31 £
data arrival time 6.31



2 4

clock CLKP (rise edge 12.00 12.00

clock source latency 0.00 12.00
CLKP (in) 0.00 12.00 r
UCKBUF4/C (CKB ) 0.07 12.07 ©
UFF3/CK (DFF ) 0.00 12.07 «x
clock uncertainty -0.30 11.77
library setup time -0.03 11.74
data requilired time 11.74
data requilired time 11.74
data arrival time -0.31
slack (MET) 5.43

Note the edge specification in the Startpoint and Endpoint. The falling edge occurs at 6ns and
the rising edge occurs at 12ns. Thus, the data gets only a half-cycle, which is 6ns, to propagate
to the capture flip-flop. |



Half-Cycle Paths

Startpoint: UFF5(falling edge-triggered flip-flop clocked by CLKP)
Endpoint: UFF3 (rising edge-triggered flip-flop clocked by CLKP)
Path Group: CLKP
Path Type: min

o

clock CLKP (fall edge) .00 6.00

clock source latency 0.00 6.00
CLKP (in) 0.00 6.00 £
UCKBUF4/C (CKB ) 0.06 6.06 £
UCKBUF6/C (CKB ) 0.06 6.12 £
UFF5/CKN (DFN ) 0.00 6.12 £
UFF5/Q (DFN ) <- 0.16 6.28 1
UNANDO/ZN (ND2 ) 0.03 6.31 £
UFF3/D (DFF ) 0.00 6.31 £
6.31

data arrival time
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lock CLKP (ri

clock source latency 0.

CLKP (in) 0.00 0.00 r
UCKBUF4/C (CKB ) 0.07 0.07 r
UFF3/CK (DFF ) 0.00 0.07 r
clock uncertainty 0.05 0.12
library hold time 0.02 0.13
data required time 0.13

Elaf:k (MET) 6.18

‘o The hold check always occurs one cycle prior to the capture edge Since the capture edge
‘occurs at 12ns, the previous capture edge is at Ons, and hence the hold gets checked at Ons.
This effectively adds a half-cycle margm for hold checking and thus results in a large positive
slack on hold.



It is possible that certain timing paths are not real (or

not possible) in the actual functional operation of the
design. Such paths can he turned off durine STA by

setting these as false naths A false nath is ignored by

the STA for analysis.
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False Paths




\WWhen a false nath is snecified throtich A nin of A cell all nathg that
oo throuch that nin are isnored for timine analvsis_The advantage
of identifvine the false naths is that the analvsis shace is rediiced.

therebv allowing the analvsis to focus onlv on the real naths. This

helpbs cut down the analysis time as well. However, too many false
paths which are wildcarded using the through specification can

slow dowsis.
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% Half-Cycle Paths

» Afalse path is set using the set false path specification. Here

are some examples.

set_false path -from [get clocks CLK] \-to [get clocks CORE_CLK]

» Any path starting from the Sam to the COR-

false path.

set false_path -through [get pms UIVIUXO/S]

» Any path gomg through this plr‘lse
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Half-Cycle Paths

» Afalse path is set using the set_false path specification. Here

set false path \ through [get pins SAD CORE/RSTN]

» The false path specifications can also be speC|f|ed to, through, or from a

module pin instance.
\

.set false path -to [get ports TEST REG*]

® AII paths that end in port named TEST REG* are false paths

set false path -through UINV/Z through UANDO/Z

& Any path that goes through both of these pins in this order is false.
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‘set_false_path -from [get_clocks clockA] \-to [get_clocks clockB]

Half-Cycle Paths

» Few recommendations on setting false paths are given

below. To set a false path between two clock domains, use:

» instead of:

set false path -from [get pins {regA *} /CP] \-to [get pins {regB *} /D]

e

'r____________.___'_‘__‘_____
¥ The second form is much slower '



Another recommendation is to minimize the usage of -
through options, as it adds unnecessary runtime

complexity. The -ion should only be used

where it is absolutely necessary and there is no alternate

way to specify the false path. O



From an optimization perspective, another guideline is to not use a false

path when a multicvcle path is the real intent. If a signal is sampled at a
known or predictable time. no matter how far out, a multicycle path
specification should be used so that the path has some constraint and
gets optimized to meet the multicvcle constraint, If a false path is used
on a path that is sampled many clock cycles later, optimization of the
remaining logic may invariably slow this path even beyond what may be

necessary.



