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Input to Flip-flop Path

' Input port

\______

VIRTUAL CLKM

Min delay = 1.

2 65 Setup check 0 85
; to next rise edge
| | |
| |
! |
Data arrives Data required
at UFF2/D
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Input to Flip-flop Path

' Input port

\______

VIRTUAL CLKM

Min delay = 1.

Max delay = 255

2 65 Setup check 0 85
; to next rise edge
| | |
| |
! |
Data arrives Data required
at UFF2/D




Min delay = 1.1 -
Max delay = 2.55 :
DUA
© | INA
=01 D> O

| CLKM
-

—{D

VIRTUAL CLKM >CK

UFF2

Input port

VIRTUAL CLKM

.5_

2.65 Setup check ™= 9,85

! to next rise edge |
| S
| |
|

CLKM

! |
Data arrives Data required
at UFF2/D

Constrain:
creat_clock —-name VIRTUAL CLKM —period 10 —waveform {0 5}

set input delay —clock VIRTUAL CLKM —max 2.55 [get ports INA]
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Input to Flip-flop Path

Startpoint: m

Endpoint:
Path Group:

Path Type:

VIRTUAL CLKM

(input port clocked by VIRTUAL CLKM)
UFEZ] (rising edge-triggered flip-flop clocked by CLKM)

Min delay = 1.1

Max delay = 2.55

INA

Te=0.1 D_QI—

CLKM

06

clock VIRTUAL CLKM

(rise edge)

clock network delay

input external de

INA (in) <-
‘UINV1/ZN (INV )
UANDO/Z (ANZ )
UINVZ2/ZN (INV )
UFF2/D (DFF )
data arrival time

ay

(1deal)

N

QO C O O

.00
.02
.06
.02
.00

0.00
0.00

2+
2.58
2.63
2.65
2.65
2.65

F F NN N = M




Input to Flip-flop Path

VIRTUAL CLKM

Startpoint: INA (input port clocked by VIRTUAL CLKM)

Endpoint: UFFZ (rising edge-triggered flip-fld;'clockod.by CLKM

Path Group: CLKM
Path Type: max

clock VIRTUAL CLKM (rise edge)
clock network delay (ideal)

input external delay

INA (in) <-
‘UINV1/ZN (INV )
UANDO/Z (ANZ )
UINVZ2/ZN (INV )
UFF2/D (DFF )
data arrival time

QO C O O

.00
.02
.06
.02
.00

2+
2.58
2.63
2.65
2.65
2.65

FH FH N N = ™

Min delay = 1.1

Max delay = 2.55




Y

Min delay = 1.1

Max delay = 2.55

Input to Flip-flop Path

VIRTUAL CLKM

CLKM
>

Startpoint: INA (input port clocked by VIRTUAL CLKM)

Endpoint: UFFZ (rising edge-triggered flip-flop clocked by CLKM)
Path Group: CLKM

Path Type: max

Point Incr Path
clock VIRTUAL CLKM (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
input external delay 2:99 2,99 £
INA (in) <- f
INV1/ZN (INV ) : 1 r
UANDO/Z (ANZ ) : - r
INVZ2/ZN (INV ) f
FF2/D (DFF £




Input to Flip-flop Path

jclock CLKM (rise edge
clock source latency
CLKM
UCKBUFO0/C
- UCKBUF2/C
UCKBUF3/C

UFF2/CK (DFF )

clock uncertaint -0.30
library setup time -0.03
data reguired time 9.85

(1n)

(CKB
(CKB
(CKB

data required time
data arrival time

slack (MET)

VIRTUAL CLKM

2.65

Ditarities
at UFF2/D
5.00 .00
0.00 .00
0.00 .00 r
0.06 .00 r
0.07 .12 r
0.06 .18 r
0.00 .18 r
.88
.85
9.85
-2.65
20

Setup check
to next rise edgg

Data required




Launch Capture

flip-flop flip-tflop
Combinational
—D Q logic (T,z,) D Q
Ltqunch f > r's*erup
CLEM > CK CK
UFFO UFF1]
I caplture
Iiaunch +I::k2q _I_T < I;apture £ I:::ycle I;Etllp
Slﬂﬂk T (T::apmre ¥ T::}rc:le 1) Tﬁemp % uncer‘tamty) ( lﬂun-.:h c:qu )



Similar to the input port constraint described above, an output port
can be constrained either with respect to a virtual clock, or an internal

clock of the design, or an input clock port, or an output clock port.

To determine the delay of the last cell connected to the output port

correctly, one needs to specify the load on this port. The output load

is specified above using the command.

_— - —— " B L __ o ’ = - T — ) g | 9 - T T r
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Flip-flop to Output Path

Min delay = 2.5
Max delay = 5.1

VIRTUAL_CLKP

UFF4/CK t

Virtual
flip-flop

VIRTUAL CLKP 0.33

/ CLKP

6.6
Setup check

to next rise edge

6

Data arrives Data required
at ROUT

i
|
|
|
|

) .

.

r______

' output port

\______




Y

Flip-flop to Output Path

DUA

CLKP

D Q

CK

Min delay = 2.5
Max delay = 5.1

UFF4

ROU

Endpoint: ROUT (output port clocked by VIRTUAL CLKP)

Path Group: VIRTUAL CLKP
Path Type: max

Point Incr

clock CLEFP (rise edge)

clock source latency
CLEP (in)

UCKBUF4/C (CEKB )
UCKBUFS5/C (CKE )
UFF4/CE (DFF )
UFF4/Q (DFF )
UBUF3/Z (BUFF )
ROUT (out)

data arrival time

o o O O O O O O O
- @ E @ ®E = @ ®E & I T

Path

oo O O O QO O O O O
=T = =® = ¥ 0 E m =

e 33

Startpoint: UFF4 (rising edge-triggered flip-flop clocked by CLKP)

—

> CK

Virtual
flip-flop

;)Q__
VIRTUAL_CLKP |

J ,‘.



Min delay = 2.5
Max delay = 5.1
DUA

1D .
Q_O ROUT
CLKP

>CK
UFF4

Flip-flop to Output Path

VIRTUAL CLKE

> CK

Virtual
flip-flop

clock VIRTUAL CLEP (rise edge) 12.

0C 12.0C

12.0¢
Jclock uncertainty -0.3C 11.7C

output external dela -9.10 6.60
data required time 6.60
data reguired time b.ol
data arrival time -0.33

slack (MET) b.27



2 4

clock VIRTUAL CLKP (rise edge) 12.0 12.0¢
clock network delay (ideal) 0.00 12.00
clock uncertainty -0.30 11.70
yutput external dela -5.10 6.60
data required time 6.60
data required time b.60
data arrival time -0.33
slack (MET) 6.27

Min delay = 2.5
Max delay = 5.1

-

VIRTUAL CLKP

D/Q

SLK

Virtual
flip-flop



2 8 4

Launch Capture
flip-flop flip-flop
Combinational
—P logic (7 4,) D Q—
1 launch f T > Ta'erup
k2
¢LAM Lok | 7 > CK
UFFO UFF1

1

capture

capture cycle setup

]-Iaunch +]::k2q+Td s T +T T

slack:(ijﬂm+f oy

cycle E-.f:ml:: unn:ﬂrl:amt;,r) ( lﬂum:h n::]q:Eq dp )

slack = (T SN e -7 -T

capture + uncertainty setup output dela},f B

/¢

launch

+7

ck2q

—I—Tpl




Min delay = 1.8 Min delay = 3.2
Max delay = 3.6 Max delay = 5.8

7O

—pCK | 53
Virtua T irtua
flip-flop DUA flip-flop

VIRTUAL CLKM

Input virtual |
flip-flop/CK

Setup check

(0 to nextrise edge

3.9 4.I{]f:-
!

Output virtual
flip-tflop/CK

| !
Data required Data arrives




e e e e e ]

Min delay = 1.8 Min delay = 3.2
Max delay = 3.6 Max delay = 5.8

—/@n—o—cﬁ/@?—

i

POUT
‘ — K :
Pt - Input port
Virtual r Virtual
flip-flop bUA flip-flop

VIRTUAL CLKM

Input virtual
flip-flop/CK

output port

T Setup check ———

0 to nextrise edge . 10
3.9 4.:.'_}6
[
: I I M
Output virtual | |
|

flip-flop/CK | —

Data required Data arrives

Here are the input and output delay specifications.
set_input_delay—clock VIRTUAL CLKM \—-max 3.6 {get_ports INB}

set output delay—clock VIRTUAL CLKM \—-max 5.8 {get ports POUT}



R

Input to Output Path : '

Startpoint: (input port clocked by VIRTUAL CLKM)
Endpoint: | POUT }(output port clocked by VIRTUAL CLKM)

Path Group: VIRTUAL CLKM

Path Type:

Foint Incr Path
lock VIRTUAL CLKM (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
input external dela 3.60 £
INB (i1n) <- 3.60 £
BUF0/Z2 (BUFF ) 3.65 £
BUF1l/Z (BUFF ) 3.72 £
INV3/ZN (INV ) 4,06 r
POUT (out) 4.06 r
4.06

« data arrival time



A
i Input to Output Path
A

- Jclock VIRTUAL CLKM (rise edge) 10.00 10,00
Jclock network delay (ideal) 0.00 10.00
clock uncertainty -0.30 9.70
- output external delay -5.80 3.90
~ data reguired time 3.90

|data required time

data arrival time

slack (VIOLATED)



Just like the setup check, a hold timing check is between the launch flipflop - the flip-
flop that launches the data, and the capture flip-flop - the flip-flop that captures the
data and whose hold time must be satisfied.

_ID Ql—

—PCK

CK 1 0

|
D et
| Hold time | Data can change
. of flip-flop! after hold time

S —0 60

i
-




The hold check is from one active edge of the clock in the launch flip-
flop to at the capture flip-flop.

Thus, a hold check is of the clock period.

The hold check is carried out on each active edge of the clock of the
capture flip-flop.



Launch Capture '{; Teyce ::,-'
flop flop ' i
Combinational
—1D : D Qf—

?Q logic () Q CLKM * /|

T J Lhold |

CLKM - ek T.;'k.?q i> Ex ’ :iT launch ;%

UFFO UFF] Launch edge
r UFFO0/CK 4 *
captire /

[

|
|
|
|
|
|
|
|
|
| 1
|
Data must stavy stable for |
FF1/D | y

v | K at least the hold period. >< X X
: \
<

| ;(: }l
3"1| r Hold Iimit :
r ' -

capture
UFF1/CK *

Capture edge



CLKM

?}aunfh

[Launch

flop

D Q

CK

UFFO

LI

Combinational
logic (7,)

k2q

Capture

flop

D Q

D

capture

PCK

I hold

UFF]

CLKM *

UFFO0/CK

UFF1/D

UFF1/CK

: ch’c'."e

T
bl

—— - Y

?}aunch :
=

[}
le
Ty

Launch edge

]

-

Data must stay stable for
at least the hold period.

XX

.

I
I
I
I
I
I
|
I
I
I
I
|
I
I
I
|
<

T

ca P.I' ure

 Hold limit I

|

Capture edge




Y}EHHCh

CLKM
>

1.

LTIk

+ 1

.T:Jlll

Launch Capture

flop flop
D 0 Combinational D Q
T
f TkZ > hold
ek | T , CK
UFFO UFF1
Tcapmre

rEpE e i

+T$}T + T it




> > )

Startpoint: (rising edg’e—triggered flip-flop clocked by CLKM)
Endpoilnt: (rising edge-triggered flip-flop clocked by CLKM)
Path Group: CLKM

Path Type :

Point Incr Path
clock CLKM (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKM (1n) 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 0.11 r
UFFO0/Q (DFF ) <- 0.14 0.26 r
UNORO/ZN (NR2 ) 0.02 0.28 £
UBRUF4/7Z (BUFF ) 0.06 0.33 £
UFF1/D (DFF ) 0.00 0.33 £
data arrival time 0.33



> >

Combinational
logic (1 4,)

The hold check can be | B IME

A@A

rophure

Capture
flop

atically expressed as:

Thoid




> >

CLKM (1n) 0.00

UCKBUFO/C (CKB )

UCKBUF2/C (CKB ) .
UFF1/CK (DFF ) 0.00
clock uncertaint 0.05

libraryvy hold time 0.01
data reqgquired time

A B B B

data required time
data arrival time

|
O
w
o8

slack (MET)

0.14






Launch Capture
flop

Combinational
logic (T dp)

CLKM I launch

T

capture

7Iaunch _I_]::qu _I_]:lp o ]Z:apture T ]Lold
slack = (];aunch +]:::k2q +2:1p) e (]:::apture T ];mld)



An interesting point to note is the difference in the way the slack is
computed for setup and hold timing reports. '

In the timing reports, the arrival time and the required time
are computed and the slack is computed to



