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/ Setup Timing Check ,
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The setup check can be mathematically expressed as:

Tlaunch + Tck2q + Tdé<E>Tcapture + Tcycle - Tsetup
C ~—— ) - S 4 A P e N —

path type: max(max delay)(slow)
max delay = Tlaunch + Tck2q + Tdp
path group: clkm(check endpoint)

r && f&wrising && falling

Tarrive
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1, Flip-flop to Flip-flop Path

¢

A
Startpoint: UFF(0 (rising edge-triggered flip-flop clocked by \C )
@ndgoigﬁ gFI;l_Lfisiillg{edge—triggered flip-flop clocked by (CLKM)

Path Group:“CLKM ) S
Path Type: x

e
Point Incr Path
clock CLKM (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
UFF0/CK (DFF ) 0.00 0.00 r
UFF0/Q (DFF ) <- 0.16 0.16 £
UNORO/ZN (NR2 ) 0.04 0.20 r
UBUF4/Z (BUFF ) 0.05 0.26 r
UFF1/D (DFF ) 0.00 0.26 r
data arrival time 0.26

uncertainty >>> clock skew and jitter >>> for more pessimism
Tarrive <= Trequired
slack = Tarrive - Trequired >=0



1, Flip-flop to Flip-flop Path

clock CLKM (rise edge) “T iié:;;> 10.00

clock network delay (ideal) 0.00 10.00
clock uncertainty h -0.30 9.70
UFF1/CK (DFF ) 9.70 r
library setup time (-0.04 ) 9.66
data required time 9.66
data required time 9.66
data arrival time -0.26
slack (MET) 9.41

/ Setup Timing Check ,

2. Input to Flip-flop Path T
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Timing Analysis Setup Timing Check

Constrain:
creat_clock —name YB[[_IAL_CLKM —period 10 -waveform {0 5}

set_input_delay —clock VIRTUAL_CLKM -max 2.55 [get_ports INA]

——

- S N e

SFFinput portfloutput port3BIFEENIAset_driving_cellflset_load
input_delay2%[E T setup timefEHERIER T, input portZID pinfidelay timeE2&aILA
Bslack, &7 LUETarrive < Trequired

setup check if input delays exist

8.1.2 Input to Flip-flop Path

Here is an example path report through an input port to a flip-flop. Figure
8-4 shows the schematic related to the input path and the clock waveforms.

Startpoint: INZ (input port clocked by VIRTUAL CLKM)
o : UFF2 (rising edge-triggered flip-flop clocked by CLKM)
p: CLKM
: max
Point Incr Path

clock VIRTUAL_CLKM (rise e
clock network delay (ideal) 00
input external delay 2255 2.55 £



CHAPTER 8 Timing Verification

INA (in) <- 0.00 2.55 £
UINV1/ZN (INV ) 0.02 2.58 r
UANDO/Z (AN2 ) 0.06 2.63 r
UINV2/ZN (INV ) 0.02 2.65 £
UFF2/D (DEF ) 0.00 2.65 £
data arrival time 2.65
clock CLKM (rise edge) 10.00 10.00
clock source latency 0.00 10.00
CLKM (in) 0.00 10.00 r
UCKBUFO0/C (CKB ) 0.06 10.06é r
UCKBUF2/C (CKB ) 0.07 10.12
UCKBUF3/C (CKB ) 0.06 10.18 r
UFF2/CK (DFF ) 0.00 10.18 r
clock uncertainty -0.30 9.88
library setup time -0.03 9.85
data regquired time 9.85
data required time 9.85
data arrival time -2.65
slack (MET) 7.20

The first thing to notice is input port clocked by VIRTUAL_CLKM. As dis-
cussed in Section 7.9, this clock can be considered as an imaginary (virtual)
flip-flop outside of the design that is driving the input port INA of the de-
sign. The clock of this virtual flip-flop is VIRTUAL_CLKM. In addition, the
max delay from the clock pin of this virtual flip-flop to the input port INA
is specified as 2.55ns - this appears as input external delay in the report. Both
of these parameters are specified using the following SDC commands.

create_clock -name VIRTUAL CLEKM -period 10 -waveform {0 5}
set_input delay -clock VIRTUAL CLEM \
-max 2.55 [get ports INZ]

Notice that the definition of the virtual clock VIRTUAL_CLKM does not
have any pin from the design associated with it; this is because it is consid-
ered to be defined outside of the design (it is virtual). The input delay spec-
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Figure 8-4 Setup check for the path through input port.

ification, set_input_delay, specifies the delay with respect to the virtual
clock.

The input path starts from the port INA; how does one compute the delay
of the first cell UINV1 connected to port INA? One way to accomplish this
is by specifying the driving cell of the input port INA. This driving cell is
used to determine the drive strength and thus the slew on the port INA,
which is then used to compute the delay of the cell UINVI. In the absence
of any slew specification on the input port INA, the transition at the port is
assumed to be ideal, which corresponds to a transition time of Ons.

set _driving cell -1ib cell BUFF \
-library 1ib013lwc [get ports INA]

Figure 8-4 also shows how the setup check is done. The time by which data

must arrive at UFF2/D is 9.85ns. However, the data arrives at 2.65ns, thus
the report shows a positive slack of 7.2ns on this path.

Flip-flop to Output Path



/ Setup Timing Check j

3. Flip-flop to Output Path

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 set_load

command.

/ Setup Timing Check /

3, Flip-flop to Output Path

set output delay -clock VIRTUAL CLKP \
-max 5.1 [get ports ROUT]
set load 0.02 [get ports ROUT]
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3. Flip-flop to Output Path ST P\Jf \h
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3, Flip-flop to Output Path

Startpoint((ié%E)(rising edge-triggered flip-flop clocked by CLKP)
Endpoint: ROUT (output port clocked by VIRTUAL CLKP)
Path Group: VIRTUAL_CLKP
Path Type: max

Point Incr Path
clock CLKP (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKP/ (in) <: 0.0&& LWRQ?&O X
UCKBUF4/C (CKB ) 0.06 0.06 r
UCKBUF5/C (CKB ) 0.06 0:12 %
UFF4/CK (DFF ) 0.00 0:12 ¥
UFF4/Q (DFF ) 0:13 0.25 r
UBUF3/Z (BUFF ) 0.09 0.33
@ 0.00 0
ata arrival time 0.33



/ Setup Timing Check /

3, Flip-flop to Output Path

clock VIRTUAL CLKP (rise edge) 12.00

clock network delay (ideal) 0.00 12.00
clock uncertainty -0.30 11.70
output external delay -5.10 6.60
data required time 6.60
data arrival time =033
slack (MET) 6.27

the value of output_delay: 5.1 has included the setup time
output_delay 2% 87T setup timeBEHERIBER T, clock pinZEloutput portfiidelay time
EETLUBslack, 2&0ILETarrive < Trequired
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8.1.3 Flip-flop to Output Path

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. Here is an example
that shows the output pin ROUT constrained with respect to a virtual
clock. The output constraint is as follows:

set output delay -clock VIRTUAL_CLKP \
-max 5.1 [get ports ROUT]
set_load 0.02 [get_ports ROUT]

To determine the delay of the last cell connected to the output port correct-
ly, one needs to specify the load on this port. The output load is specified
above using the set_load command. Note that the port ROUT may have
load contribution internal to the DUA and the set_load specification pro-
vides the additional load, which is the load contribution from outside the
DUA. In the absence of the set_load specification, a value of 0 for the exter-
nal load is assumed (which may not be realistic as this design would most
probably be used in some other design). Figure 8-6 shows the timing path
to the virtual flip-flop that has the virtual clock.

The path report through the output port is shown next.

Startpoint: UFF4 (rising edge-triggered flip-flop clocked by CLKP)
Endpoint: ROUT (output port clocked by VIRTUAL CLKP)
Path Group: VIRTURL CLKP
Path Type: max

Point Incr Path
clock CLKP (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKP (in) 0.00 0.00 r
Min delay =2.5
Max delay =5.1
DUA
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Figure 8-6 Setup check for path through output port.

UCKBUF4/C (CKB ) 0.0¢ 0.06 r
UCKBUFS/C (CKB ) 0.0¢ 0.12 r
UFF4/CK (DFF ) 0.00 0.12 r
UFF4/Q (DEF ) 0.13 0.25 r
UBUF3/Z (BUEFF ) 0.09 0.33 r
ROUT (out) 0.00 0.33 r
data arrival time 0.33
clock VIRTUAL_CLKP (rise edge) 12.00 12.00
clock network delay (ideal) 0.00 12.00
clock uncertainty -0.30 11.70
output external delay -5.10 6.¢€0

data required time €.60



data required time ©.60
data arrival time -0.33

slack (MET) 6.27

Notice that the output delay specified appears as output external delay and
behaves like a required setup time for the virtual flip-flop.

EATEEinput_delayfloutput delay, BPdelayfliF T Haifl T— Mlsetup time, BYmax
delayf9iEin, BBAFEMIogicEERERHEmMax delay MAZAHslack, fETarrive
< Trequired, XHEABERHERIGMIsetup time

/ Setup Timing Check /

4, Input to Output Path

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]

setup check if both input delays and output delays exist

/ Setup Timing Check /

4, Input to Output Path

Startpoint: INB (input port clocked by VIRTUAL CLKM)
Endpoint: POUT (output port clocked by VIRTUAL CLKM)
Path Group: VIRTUAL CLKM

Path Type: max

clock VIRTUAL CLKM (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00



/ Setup Timing Check ,

4, Input to Output Path

input external delay 3.6 3.60 £
INB (in) <- -00 3.60 £
UBUF0/Z (BUFF ) 0.05 3.65 £
UBUF1/Z (BUFF ) 0.06 3:72 £
UINV3/ZN (INV ) 0.34 4.06 r
POUT (out) 0.00 4.06 r
data arrival time 4.06

clock VIRTUAL CLKM (rise edge) 10.00 10.00

clock network delay (ideal) 0.00 10.00

/ Setup Timing Check ,
4, Input to Output Path

clock uncertainty 0. 30 970
output external delay -5.80 3.90
data required time 3.90
data required time 3.90
data arrival time -4.06
slack (VIOLATED) -0.16

Hold time check



/ Hold Timing Check /
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| Hold time/] Data can change
, of flip—ﬂop after hold time
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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.

The clocks to these two flip-flops can be the same or can be different.

WFRNMEHRIERITE, hold check SRH#EIHAZX, hold check?Esetup checkfIRI—1
[EHA



/ Hold Timing Check ,

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

O Thus, a hold check is independent of the clock period.

O The hold check is carried out on each active edge of the clock of the

capture flip-flop.

/ Hold Timing Check /
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Hold Timing Check ,
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The hold check can be mathematically expressed as:

/
Tlaunch + Tck2q t Td capture + Thold
i W e ——E— o

hold check for reg2reg

Hold Timing Check I

Startpoint: UFFO (rising edge-triggered flip-flop clocked by CLKM)
Endpoint: UFF1l (rising edge-triggered flip-flop clocked by CLKM)
Path Group: CLKM
Path Type:{EEE)

Point Incr Path
clock CLKM (rise edge) 0.00 0.00
clock source latency 0.00 0.0
CLKM (in) 0.00 0.0
UCKBUF0/C (CKB ) 0.06 0.0 r
UCKBUF1/C (CKB ) 0.06 0.11\ r
UFF0/CK (DFF ) 0.00 0.11\r
UFF0/Q (DFF ) <- 0.14 0.26
UNORO/ZN (NR2 ) 0.02 0.28
UBUF4/Z (BUFF ) 0.06 0.33 £
UFF1/D (DFF ) 0.00 0.33 £
data arrival time \:?:EE)
paints Syl

clock CLKM (rise edge) 0.00 0.00
clock source latency 0.00 0.00

clock uncertaintyZ 8= ar 2 & ZEhold check AIEE



1 Hold Timing Check ,

CLKM (in) 0.00 0.00 r
UCKBUF0/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 0.0D 0.17
library hold time @ 0.19
data required time 0.19
data required time 0.19
data arrival time -0.33
slack (MET) 0.14

For hold time check, Trequired < Tarrive

ll{old Timing Check

CLKM (in)

UCKBUF0/C (CKB ) 0
UCKBUF2/C (CKB ) 0
UFF1/CK (DFF ) 0.
clock uncertainty 4 £0,053 0.17
library hold time @ 0.19
data required time 0.19

data required time <§:1§>

data arrival time -0.33

slack (MET) 0.14



/ Hold Timing Check ,

Hold Slack Calculation:

O An interesting point to note is the difference in the way the slack is

computed for setup and hold timing repzarts.

O In the setup timing reports, the arrival time and the required time are

computed and the slack is computed to be the required time minus arrival

s — e s—

; N
time. 3

Input port to D pin

Hold Timing Check

1, I!pgut to Flig:ﬂgp Path

VIRTUAL_CLKM |

VIRTUAL_CLKM

2.65 Setup check 9.85
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CLKM | !
I |
! 1
Data arrives Data required
at UFF2/D

set_input_delay -clock VIRTUAL_CLKM Q(mm @et _ports INA]

hold check if input delays exist



/ Hold Timing Check ,

Path Group: CLKM
Path Type: min

Point Incr Path
clock VIRTUAL CLKM (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
input external delay 1,10/ 1.10 £
INA (in) <- 0.00 1.10 £
UINV1/ZN (INV ) 0.02 1.13 ¢
UANDO/Z (AN2 ) 0.06 1.18 r
UINV2/ZN (INV ) 0.02 1.20 £
UFF2/D (DFF ) 0.00 1.20 £
data arrival time 1 .20
/ Hold Timing Check ,
clock CLKM (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKM (in) 0.00 0.00 r
UCKBUFO0/C (CKB ) 0.06 0.06 r
UCKBUF2/C (CKB ) 0.07 0.12 r
UCKBUF3/C (CKB ) 0.06 0.18 r
UFF2/CK (DFF ) 0.00 0.18 r
clock uncertainty ~0.05 0.23
library hold time 1 D23
data required time 0.25
data required time 0.25
data arrival time -1.20
slack (MET) 0.95

Clock pin to output port



Hold Timing Check ,

14

2, Flip-flop to Output Path

Min delay = 2.5

Max delay = 5.1
DUA
—{D Q D) Ql—
ROUT
CLKP LK \‘IRTL,AL_CI_I(L‘>CK
UFF4 Virtual

flip-flop

UFF4/CK

VIRTUAL_CLKP 0‘.33 6;6 Setup check e
CLKP | | to next rise edge
|
| |
o 6 ! 12
Data arrives Datalrequired
at ROUT

set_output_delay -clock VIRTUAL_CLKP \ -min 2.5 [get_ports ROUT]

hold check if output delays exist

Hold Timing Check ,

A

—

2, Flip-flop to Output Path

Startpoint: UFF4 (rising edge-triggered flip-flop clocked by CLKP)
Endpoint: ROUT (output port clocked by VIRTUAL_ CLKP)
Path Group: VIRTUAL_CLKP
Path Type: min

Point Incr Path
clock CLKP (rise edge) 0.00 0.00
ource latency 0.00 0.00
m) 0.00 0.00 r
UCKBUF4/C (CKB ) 0.06 0.06 r
UCKBUF5/C (CKB ) 0.06 0.12 r
UFF4/CK (DFF ) 0.00 0:.12 ¢
UFF4/Q (DFF ) 0.13 0.25 £
UBUF3/Z (BUFF ) 0.08 0.33 £
_ ROUT (out)}— 0.00 :
data arrival time @



/ Hold Timing Check ,

2. Flip-flop to Output Path

clock VIRTUAL CLKP (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
clock uncertainty . 0.05
output external delay -2.50 P
data required time "8 -2.45
data required time -2.45
data arrival time -0.33
slack (MET) 2.78

input port to output port

/ Hold Timing Check ’

3. Input to Output Path

Min delay = 3.2

e - Max delay = 5.8

Max delay = 3.6
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Data required Data arrives



/ Hold Timing Check

4

3. Input to Output Path

4

Min delay =18 \1|n de]ay =32
Max delay =3.6 }.dg’: 53

// ::: INB ~—"pOUT

DUA

O

>CK
Virtual
flip-flop

>CK
Virtual
flip-flop

VIRTUAL_CLKM

hold check if both input delays and output delays exist

/ Hold Timing Check

set_load -pin_load 0.15 [get_ports POUT]
— set_output_delay -clock VIRTUAL CLKM \
-min 3.2 [get_ports POUT]
set_input_delay -clock VIRTUAL CIKM \
-min 1.8 [get ports INB]
set_input transiti

get_ports INB]

clock VIRTUAL CLKM (rise edge) 0.00 0.00

clock network delay (ideal)
clock uncertainty

output external delay

data required time

data required time
data arrival time

slack (MET)

¥ Fmax delayRifEsetup checkEXRHIER, —MRIEHTIdqBESBIEEHBE, FERRE

&



/ Conclusion-Setup Timing Check ,

Capture
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The setup check can be mathematically expressed as:

Tlaunch + Tck2q

P — e

min delayZELtthold checkE X, Aag#Ehold timeZEk

/ Conclusion-Hold Timing Check ,

Launch Capture
flop flop
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Tiaunch T hold
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CLKM \I\/>CK e 5-CK
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The hold check can be mathematically expressed as:

T1aunch * Tck2q +_E’dp > Tcapture + Xhold )

e W . Y st



