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Part 6: Robust Verification

[0 Data To Data Checks
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Setup and hold checks can also be applied between any two

arbitrary data Pins, neither of which is a clock. Constrained pin s| SCTRL
(Data)
O One pin is the constrained pin, which acts like a data pin of a
: Related pi
flip-flop " a((; pg >| SDA
oc
O The second pin is the related pin, which acts like a clock pin

of a flip-flop.
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Distinction with respect to the setup check:
® The data to data setup check is performed on the same edge as the launch edge
® Unlike a normal setup check of a flip-flop, where the capture clock edge is normally one

cycle away from the launch clock edge

Thus, the data to data setup checks are also referred to as zero-cycle checks or same-cycle

checks.
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A data to data check is specified using the set data _check constraint. Here are example SDC
specifications. The data to data setup check is performed on the same edge as the launch edge:
set_data_check -from SDA -to SCTRL -setup 2.1
set_data_check -from SDA -to SCTRL -hold 1.5

SDA
Constrained pin ) ,
> SCTRL . 2.1 .
(Data) I |
SCTRL | | T
(Setup check) i i Violation
Related pin SDA : | s
> L5
(Clock) SCTRL !

|
|
(Hold check) Violation X X X X

O The setup data check implies that SCTRL should arrive at least 2.1ns prior to the edge of the related

pin SDA. Otherwise it is a data to data setup check violation.
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A data to data check is specified using the set data _check constraint. Here are example SDC
specifications. The data to data setup check is performed on the same edge as the launch edge:
set_data_check -from SDA -to SCTRL -setup 2.1
set_data_check -from SDA -to SCTRL -hold 1.5

SDA
Constrained pin ) ,
> SCTRL . 2.1 .
(Data) I |
SCTRL | | T
(Setup check) i i Violation
Related pin SDA : | s
> L5
(Clock) SCTRL !

|
|
(Hold check) Violation X X X X

O The hold data check specifies that SCTRL should arrive at least 1.5ns after SDA. If the constrained

signal arrives earlier than this specification, then it is a data to data hold check violation
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A data to data check is specified using the set data _check constraint. Here are example SDC
specifications. The data to data setup check is performed on the same edge as the launch edge:
set_data_check -from SDA -to SCTRL -setup 2.1
set_data_check -from SDA -to SCTRL -hold 1.5

SDA

Constrained pin

SCTRL | |
(Data) 2.1

| |
SCTRL | | -
: (Setup check) [ | Violation
Related pin | i

SDA
(Clock)

SCTRL

@
I |
|
(Hold check) Violation X X >< ><

O This check is useful in a custom-designed block where it may be necessary to provide specific arrival

times of one signal with respect to another.
O One such common situation is that of a data signal gated by an enable signal and it is required to

ensure that the enable signal is stable when the data signal arrives.
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UDFF1 ‘ | |
ADN —ID Q——<:::::>—— PNA | ;

(UANDO/A2) | |
UANDO ‘ | |
CLKPLL —CK PNA A2 | | |
PREAD Al ‘ ' | :

PREAD

UDFF0 (UANDO/A1)

BDN —D Q@

CLKPLL —pCK

Figure 2 Setup and hold timing checks between PNA and PREAD

Consider the and cell shown in Figure 2. The requirement is to ensure that PNA arrives 1.8ns
before the rising edge of PREAD and that it should not change for 1.0ns after the rising edge of
PREAD. In this example, PNA is the constrained pin and PREAD is the related pin.

Such a requirement can be specified using a data to data setup and hold check:

® set_data check -from UANDO/A1 -to UANDO/AZ2 -setup 1.8
® set data check -from UANDO/A1 -to UANDO/A2 -hold 1.0
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Here is the setup report.

IStartpoint: UDFF1

|
b . . | clock CLKPLL (rise edge) 0.00 0.00 I
|E£;;2}23 eigiggrlggered flip-flop clocked by CLKPLL) | clock source latency 0.00 0.00 |
1 . .
: (rising edge-triggered data to data check clocked by CLKPLL) : Sg?ig?cél?;F ) 8'88 8'88 £l
Path Group: CLKPLL : ’ i
Ipath Type: max | UDFFO0/Q (DF ) 0.12 0.12 r |
| UBUF1/Z (BUFF ) 0.05 0.17 r I
|POlnt Iner Path | UBUF2/Z (BUFF ) 0.05 0.21 r
| | UBUF3/Z (BUFF ) 0.05 0.26 r |
lclock CLKPLL (rise edge) 0.00 0.00 | UANDO/ALl (AN2 ) 0.00 0.26 r
lclock source latency 0.00 0.00 | data check setup time -1.80 -1.54 I
ICLKPLL (in) 0.00 0.00 r I data required time -1.54 |
IUDFF1/CK (DF ) 0.00 o s |
JUDFF1/Q (DF ) 0.12 0.12 £ : data required time -1.54 :
|UBUFO/Z (BUFF ) 0.06 0.18 £ I data arrival time -0.18 |
IUANDO/AZ (ANZ2 ) 0.00 0.18 £ | DT TTTTTTTTTTTTTTTTTTTomomoommoomoomom e
0.18 ! slack (VIOLATED) ~1.72 :

Idata arrival time

The setup time is specified as data check setup time in the report.
The failing report indicates that the PREAD needs to be delayed by at least 1.72ns to ensure that PENA

arrives 1.8ns before PREAD - which is our requirement.



Data To Data Checks

IStartpoint: UDFF1

| (rising edge-triggered flip-flop clocked by CLKPLL)

|Endpoint: UANDO

(rising edge-triggered data to data check clocked by CLKPLL)

Path Group: CLKPLL

IPath Type: max

clock source latency
ICLKPLL (in)
|UDFF1/CK (DF )
JUDFF1/Q (DF )
|UBUFO/Z (BUFE )
JUANDO/A2 (AN2 )
data arrival time

One important aspect of a data to data setup check is that the clock edges that launch both the constrained
pin and the related pin are from the same clock cycle (also referred to as same-cycle checks).
Thus notice in the report that the starting time for the capture edge (UDFF0/CK) is at Ons, not one cycle later

as one would typically see in a setup report.

Hh Hh Hh BB

clock source latency
CLKPLL (in)
UDFFO0/CK (DF )

UDFFO0/Q (DF )

UBUF1/Z (BUFF )
UBUF2/7 (BUFF )
UBUF3/Z (BUFF )

UANDO/A1l (AN2 )
data check setup time
data required time

data required time
data arrival time

slack (VIOLATED)

H B B B B B B
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The zero-cycle setup check causes the hold timing check to be different from other hold check

reports - the hold check is no longer on the same clock edge.

Here is the clock specification for CLKPLL which is utilized for the hold path report below.
create_clock -name CLKPLL -period 10 -waveform {0 5} [get_ports CLKPLL]

| Startpoint: UDFF1I T T e e T T T T T T T T T T s e 1
| (rising edge-triggered flip-flop clocked by CLKPLL) I"El-ogk- CLRPLL -(El-sg _e<_ig_e_)____________9._0_0_, 0.00
| Endpoint: UANDO | clock source latency 0.00 0.00
- . CLKPLL (i 0.00 0.00
| (falling edge-triggered data to data check clocked by crLkpLL) | (1n) r
Path Group: CLKPLL | UDFF0/CK (DF ) 0.00 0.00 r
l o UDFF0/Q (DF ) 0.12 0.12 f
Path Type: min |
l | UBUF1/7 (BUFF ) 0.06 0.18 f
| Point Tner pPath | UBUF2/2Z (BUFF ) 0.05 0.23 £
b | UBUF3/Z (BUFF ) 0.06 0.29 f
 clock CLKPLL (rise edge) __ _ _ _ ___ _ __ 10.00 _)  10.00 | UANDO/A1 (BN2 ) 0.00 0.29 £
clock source latency 0.00 10.00 I data check hold time 1.00 1.29
I cLXPLL (in) 0.00 10.00 r | data required time 1.29
| UDFF1/CK (DF ) 0.00 10.00 r | STTTTTTTTTTTTTTTTTTTTomT oo
| UDFF1/Q (DF ) <- 0.12 10.12 r | data required time 1.29
I UBUFO/Z (BUFF ) 0.05 10.17 r data arrival time -10.17
| UANDO/A2 (AN2 ) 0.00 10.17 r .
| data arrival time 10.17 I slack (MET) 8.88
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In some scenarios, a designer may require the data to data hold check to be performed on the

same clock cycle.

The same cycle hold requirement implies that the clock edge used for the related pin be moved

back to where the clock edge for the constrained pin is.
UDFF1

This can be achieved by specifying a multicycle of -1: ADN —D Q—@—

® set _multicycle_path -1 -hold -to UANDO/A2 CLKPLL —pCK PNA

UANDO
A2

DTO
Al

PREAD

UDFF0
BDN —ID Q@

CLKPLL —pCK
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Here is the hold timing report for the example above with this multicycle specification.

Startpoint: UDFEL \ Giook CIKPLL (<ise adga) _____ -7 7T80 )  0.00
(rising edge-triggered flip-flop clocked by CLKPLL) I~ CTonr ouioe I__________________6'_0_0__1 0.00
| Endpoint: UANDO : clock source latency ) )
I (falling edge-triggered data to data check clocked by CLKPLL) | CLKPLL (in) 0.00 0.00 r
jPath Type: min UDFFO/Q (D ) 0.12 0.12 £
| UBUF1/Z (BUFF ) 0.06 0.18 f
Poilint ITncr Path I UBUFZ/Z (BUFF ) 0.05 0.23 £
e | UBUF3/Z (BUFF ) 0.06 0.29 £
Irio_c:]s CLKPLL_ (_rj.s_e_e_dge_)___________9._02____:0.00 | UANDO/AL (ANZ ) 0.00 0.29 £
Iclock source latency 0.00 0.00 | data check hold time 1.00 1.29
lcLKPLL (in) 0.00 0.00 r | data required time 1.29
|UDFF1/CK (DF ) 0.00 0.00 r | T
JUDFF1/Q (DF ) <- 0.12 0.12 r I data required time 1.29
IUBUFO/Z (BUFF ) 0.05 0.17 r data arrival time -0.17
IUANDO/AZ (ANZ2 ) 0.00 0.17 r V.
Idata arrival time 0.17 I slack (VIOLATED) -1.12
- - .- - - . - S S S S I S IS DS DS D DG DS DS B DS B B DS DG DS S D B B DS BEE DEE DEE DS B BEE BEE BEE DEE DEE DS DS BEE DEE DEE DEE DS BEE BEE BEE Bae B EEe . -

The hold check is now performed using the same clock edge for the constrained pin and the related pin.



/ Data To Data Checks /

7

An alternate way of having the data to data hold check performed in the same cycle is to specify this as a
data to data setup check between the pins in the reverse direction.

® set_data check -from UANDO/AZ -to UANDO/A1 -setup 1.0

|

UDFF1 PNA ‘

ADN —{D Q Tcl (UANDO0/A2) |
|

|

|

\

I
|
| |
| |>< X X X
UANDO | |
CLKPLL —pCK PNA A2 1.8 | 1.0 |
DTO [ |
(UANDO/A1)

UDEFFO0

BDN —]|D Q@
® set_data_check -from UANDO/A1 -to UANDO/AZ2 -setup 1.8
CLKPLL —pCK ® set data_check -from UANDO/A1 -to UANDO/A2 -hold 1.0

l
l
|
l
l
l
l
: PREAD Al PREAD
l
|
l
l
l
l
|
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O The data to data check is also useful in defining a no-change data check.
O This is done by specifying a setup check on the rising edge and a hold check on the falling edge,

such that a no-change window gets effectively defined.

D2
(Related pin)

T o ) 0

Figure 3 A no-change data check achieved using setup and hold data checks

Here are the specifications for this scenario:
® set data_check -rise_from D2 -to D1 -setup 1.2
® set_data_check -fall from D2 -to D1 -hold 0.8
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O Static Timing Analysis for Nanometer Designs: A Practical Approach. ]J. Bhasker, Rakesh
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