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Organizing Your Constraints

Xilinx recommends that you separate timing constraints and physical

constraints by saving them into two distinct files

Property Type Read-only Value
CLASS string true file
FILE_TYPE enum false XDC
IMPORTED_FROM file true E:/Xilinx/Vivado/20813.4/¢
IS_AVAILABLE bool true 1
IS_ENABLED bool false 1
IS_GLOBAL_INCLUDE bool false e
LIBRARY string false work
NAME string true F:/Vivado/wave/wave.srcs/
NEEDS_REFRESH bool true e
PATH_MODE enum false RelativeFirst
PROCESSING_ORDER enum false NORMAL
SCOPED_TO_CELLS string* false
SCOPED_TO_REF string false ]
USED_IN string* false synthesis implementation
Enabled USED_IN_IMPLEMENTATION boocl false 1
&5 Constraints (3) USED_IN_SYNTHESIS bool false 1
ANt g sy ‘Used In
[=hwm comstrs_1 (2) (active)
EE; wave_gen_timing. xdc Synthesis
“HY wave_gen_pins.xdc [(tarzet) \
— - -— . .
—==" D Inplementation | (oo myxdc [get_files -of objects \
| Set as Target Constraint File I [get_filesets constrs_1]]
report_propert)/ [current_fileset -constrset] set_property USED_IN {synthesis implementation } \
fropectyr | Iyg. Resdonly Vape [lindex $myxdc @]
strin rue ilese . .
FILESET_TYPE | strin: o RO set_property USED_IN {synthesis} [lindex $myxdc @]
NAME 1 string false constrs_1
NEEDS_REFRESH V bocl true 2]
TARGET_CONSTRS_FILE string false F:/Vivado/wave/wave.srcs/constrs_1/imports/verilog/wave_gen_pins.xdc
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Clock Description

® Clock period ® Duty cycle ® Phase

50% 50%
€ ‘
clke -
25% 75%
€ \\
clk1 N\
l ‘
I | \‘ I >
o 2 5 8 10 " 15 16 ns

-

clkoe: period = 10, waveform = {0 5}
Clkl: period = 8, waveform = {2 8}
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Primary Clock

> A primary clock is a board clock that enters the design through:
— Aninput port

— A gigabit transceiver output pin (for example, a recovered clock)

> Primary clocks must be defined first,since other timing constraints

often refer to them rega Data Path Delay  regb
D Q
L ¢ _O—'.? A7
Tsu \‘\ "/ > \" 'l/
Th/‘"'\Tco Th/"\TCO
IBUF BUFG
sysclk >
50% 507%
Recommended “ »
primary clock
source point SySC]_k
—0 5 %)
[create_clock -period 10 [get ports sysclk] ]
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Primary Clock

REGA Data Path REGB
i e W
p \\ mmcmO
CLKFBIN CLKFBOUT /I\ /l\
RXOUTCLK —2< | crina CLKOUTO D
CLKOUT1 D———
7
Recommended
primary clock
source point
0, 0,
50% 50%
€ ‘ >
rxclk
(%) 1.66 3.33

[create_clock -name rxclk -period 3.33 [get pins gt@/RXOUTCLK]]
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Generated Clock

» User Defined Generated Clocks
— Defined by the create_generated_clock command

— Attached to a netlist object, preferably the clock tree root pin

» Automatically Derived Clocks
— also called auto-generated clocks

— Their constraint is automatically created by the Vivado IDE on the output pins of
the Clock Modifying Blocks (CMB)

— The CMBs are
e MMCMx, PLLx or BUFR primitives

[create_generated_clock [-name arg] [-source args] [-edges args] )
[-divide_by arg] [-multiply_by arg] [-combinational] [-duty_cycle arg]
[-edge_shift args] [-add] [-master_clock arg] [-quiet]

\_[-verbose] objects )

The -source option accepts only a pin or port netlist object. It does not
accept clock objects
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User Defined Generated Clocks

Data Path

regb
D Q
Primary clock source point LEAY

clkin

B Generated clock definition point

//Zreate_clock -name clkin -period 10 [get_ports clkin]

[get_pins REGA/Q]

# Option 2: master clock source is the REGA clock pin

Qget_pins REGA/Q]

# Option 1: master clock source is the primary clock source point
create_generated_clock -name clkdiv2 -source [get_ports clkin] -divide_by 2 \

create_generated_clock -name clkdiv2 -source [get_pins REGA/C] -divide_by 2 \

~
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User Defined Generated Clocks

regb Data Path
. . fo_of—<_
Primary clock source point T,
T, N co

IR Generated clock definition point
clkin
12 3 4 s 6
Edge num —>| I | . : i
clkin _{,‘!’7_1;1 A —
\ ' \
clkdiva ™ X ™
4 )
# waveform specified with -edges instead of -divide_by
create_generated clock -name clkdiv2 -source [get_pins REGA/C] \
-edges {1 3 5} [get_pins REGA/Q]

\_

.
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Automatically Derived Clock

. regb Data Path

clkip : ‘=
i clkip/mmcmo BUFG i 'J) g’
I I TSU\‘\:'/
: CLKFBIN CLKFBOUTAD—I T, /\ch
' |
IBUF BUFG! MMCM BUFG i
1
: N CLKIN CLKOUT, :
c""@‘D > S
1 \
I v N [ )
A \ . ~._ /| Hierarchy net name
\ \ T .
h N e e LW o clkip/cpuclk
\

\\
Primary clock source point Generated clock definition point

® What's the generated clock name here?
« cpuclk

® How to make your constraint independent of the clock name changes?

get_clocks -of_objects [get_pins clkip/mmcm@/CLKOUT]
get_clocks -of _objects [get_nets clkip/cpuclk]
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Port Renaming in Clocking Wizard

Component Name ‘ clk _core

o " Clocki ng Options [ Output Clocks [ MMM Setti ng_lsf"-r- Port Renaming [ Summary I

Input Clock

Input Clock Port Name Freq (MHz) Input Jitter (UI)
[Prinsry Lﬁlk vin [ 200. 000 [0.010
4
Output Clock ,’

Y
VCO Freq = 1000.000,sz
4

Output Clock Port Name Output Freq (MHz) Phase (degrees) Duty Cycle (%) Plcto-Pk Jitter (ps)
4

clk outl l' clk rx €==300.000 0. 000 50.0 98.146
4 T - —
clk out2 ¢ clk tx <. 1166 667 0.000 " =~==a.l50.0 101. 680
I L ~ -~ -y ~ ~
/ ~-__~~- ~~o
Y4 ~~~=~ clk _gen_ i0 \\\
II B ~ o E) S
e = ~
ll E inst ~~~_‘~ \\\
’l [- ] ~~N~ \
1 mmem_adv_inst \\\ \\
] clkf buf CLEFBOUT \\ 1
,’ U;\/ﬁ o CLKFROUTB N\ .\

3 BUFG CLKFBIN  CLKFBSTOPPEDF=* clkoutl _buf \ \
C‘”f S D pelkinl_ibufgds —ICLKINSEL ~ CLKINSTOPPED[L® el cligx ¥ jelk i
e=pin DD—‘ clk_pin.n clk_pin_n clk_pin.n 1B 4 CLKINI CLKoUTO BUFG ‘I

clk_pin_p clk _pin_p clk_pin p "IBUFDS —CLKINZ CLKOUTORF= clkout2 buf 1
={DADDRL6:0] CLKOUT! X w ellotx’ | Jelltx
—CLE CLKOUTIR=S BUFG
—{DEN CLKOUTZ =
=1 [15:0] CLKOUTZB=S
—{DIE CLROUTS =
—{PSCLE CLKOUTSB=®
—PSEN CLKOUTA=¢
—{PSINCDEC CLEOUTS =
—{PRRDIN CLKOUTE ="

—{RsT DOL15:0] =
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report_clocks

clk gen i0
2 clk_core i0 N
2 inst
5 N
mmem_adv_inst
clkf_buf CLKFBOUT
I L\/ 0 ol CLKFROUTRIZ
z BUFG CLKFBIN  CLKFBSTOPPED[=® clkoutl buf
clk_pinn[ >—— 1.clkinl_ibufgds —CLKINSEL  CLKINSTOPPED[L® s L2 AR
CIkJJII‘l”p clk_pinn clk _pin_n clk pinn —IBN CLKIN CLKOUTO BUFG
elk_pin_p clk_pin_p ¢lk_pin p "TBUFDS —{CLKIN CLKOU l'OI;;! clkout2_buf
—DaDRi6:0]  C1ipeh I ellotx lellers
—{DeLK Pl g BUFG
—{oy »7 ko e
il cpfonie
it ARouTs L
PR e #  CLKOUT3B[=®
7 lpsEN Lo CLKOUT4 {2
- PSPRCDEC CLEOUTS [
- - ame—r’m»r\' CLKOUT6 [
‘,—’ \oc\(” & kst DO[15:0] (=
’,4 = c—‘——
”’ ama”“
Attributes A ne’=
P: Propagated z“ ,z'
G: Generated /’ Pid
V: Virtual ,' 7
F Invertegl ,’
Y3 4
Clock II /' Period Waveform Attributes Sources
clk_pin_pys / 5.00000 {0.00000 2.508088} P {clk_pin_p}
clkfbout 'clk_chre 5.00000 {0.00000 2.50000} P,G {clk_gen_i8/clk_core_i8/inst/mmcm_adv_ins{AEEKrBE5T
clk_rx_clk_cqf‘e 5.00000 {0.006000 2.500808} P,G {clk_gen_i@/clk_core_i@/inst/mmcm_adv_ins{/CLKOUT@}
clk_tx_clk_core 6.00000 {0.00000 3.00000} P,G {clk_gen_i@/clk_core_iB/inst/mmcm_adv_ins{/CLKOUT1}
virtual_clock 6.080080 1©.0080080 5.080000} ' 1}
spi_clk 6.80000 13.080080 6.800007 P,G,I {spi_clk_pin}
clk_samp 192.00000 {0.00000 96.00008} P,G {clk_gen_i@/BUFHCE_clk_samp_1i8/0}
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Rename Tool-Generated Clocks

~

create_generated _clock -name clk_rx \

[get _pins clk _gen_i0/clk _core_i@/inst/mmcm_adv_inst/CLKOUTO]
create_generated_clock -name clk_tx \

[get_pins clk_gen_i@/clk_core_i@/inst/mmcm_adv_inst/CLKOUT1]
create_generated_clock -name clkfbout \

[get_pins clk_gen_i@/clk_core_i@/inst/mmcm_adv_inst/CLKFBOUT]

o

J

Generated Clock : |elkfbou

Master Source : clk gen_i0/clk _core_i0O/inst/mmcm_adv_inst/CLKIN1
Master Clock : clk pin p
Multiply By HRE ¢

Generated Sources : {clk_gen_i0/clk core_i0/inst/mmcm_adv_inst/CLKFBOUT

Generated Clock

Master Source : clk gen_i0/clk core_ i0/inst/mmcm_adv_inst/CLKIN1
Master Clock : clk pin p
Multiply By : 1

Generated Sources : {clk gen_i0/clk_core_i0/inst/mmcm_adv_inst/CLKOUTO}

Generated Clock
Master Source : clk _gen_i0/clk _core_iO/inst/mmcm_adv_inst/CLKIN1

Master Clock : clk pin p
Edges = {12 3]
Edge Shifts : {0.000 0.500 1.000}

Generated Sources : {clk gen_i0/clk_core i0/inst/mmcm_adv_inst/CLKOUT1}
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Clock Group

> Clock Categories

® Synchronous Clocks ® Asynchronous Clocks ® Unexpandable Clocks

LN |
POt i ==q
-~ o

s’ N
1Ko clka™  clka and clke are synchronous.
7 \
0SC1/ MMCM clkb =.All the generated clocks are synchronous
\ clke 7Sl
\\\ C1I§q/ \‘
No - 1

- ]

Asynchronous

N —m————

o —

The Vivado IDE assumes that all clocks are related by default
€ XILINX » ALL PROGRAMMABLE.
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Unexpandable Clocks

| Common period I

o >
clke launch edge -
(source clock) — TN L
\ setup (1) | Setup (2)
clkl capture edge . \
\~~ \
(destination clock) > 3
| | _
(%) 2 £ 6 8 10 12 ns

There are two unique source and destination clock edges
that qualify for setup analysis: setup(1l) and setup(2)

Two clocks are not expandable when the timing engine cannot
determine their common period over 1000 cycles

Example:

clk@ has a 5.125ns period
clkl has a 6.666ns period clocks are not reasonable (0.01ns)

Path requirement between two
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Asynchronous Clock Groups

-y ———
- -~~ - -~

- \\ ,’ ~\

/1' o clka\\ '?I.,kl clke\\\
iC 1 A \
osc1 MMCM clkb 0sc2H——=MMCM clkf
‘\ — clkc ,,' \\ — clkg ','
g clkd,” oo clkh s
an set .
~Patp
e Wory >

set clock groups -name async_clk@ clkl -asynchronous \

-group [get_clocks -include_generated clocks clke] \

-group [get clocks -include_generated clocks clkl]

\_ J

» The Vivado IDE assumes that all clocks are related by default

» The set_clock_groups command disables timing analysis between groups
of clocks that you identify

» Caution: Disabling timing analysis between two clocks does not mean that

the paths between them will work properly in hardware
£ XILINX » ALL PROGRAMMABLE.
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Exclusive Clock Groups

» With the Vivado IDE, several timing clocks can exist on a clock tree at the
same time, which is convenient for reporting on all the operation modes at
once, but is not possible in hardware.

BUFGMUX
IclkO

|exc|usive clocks

oscl——MMCM

clkl

set clock groups -name exclusive clk@ clkl -physically exclusive \
-group clke@ -group clkl
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Clock Relationships

> All clocks are related by default
— Opposite of UCF defaults

— Clock period is expandable to find a common multiple

» Asynchronous clock domains remove analysis
— XDC command: set_clock_group

— Be careful! These paths are valid — need synchronization

» Unexpandable clocks
— Timing tool could not find common period when expanding two clocks.
— Need to be fixed by user (change frequency or false-path)

— Reported in check_timing
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Migrate from UCF to XDC

Period constraint in UCF

NET "clk ref p" TNM_NET = TNM clk ref;
TIMESPEC "TS clk ref" = PERIOD "TNM clk ref" 5 ns ;

Period constraint in XDC
A4

[create_clock -name clk ref p -period 5 [get ports clk ref p] ]
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