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Different Paths Using Different Constraints

Board P T T e s 1 Board

Device A i Internal Delay rega  Data Path Delay regb Internal Delay | Device B
dina 1 i
D Q D Q D Q D Q
(-?----éTSU \”,/T <----*Tsu \\”,"T
T, A 'CO T, R'co
JAN | "\ "\ N\
K 7
T set_input_delay create_clock
Board Clock :
1 BUFG

clk |$|—[>

Data Path Delay

o

=25

(on
53---

dinc m

set_max_delay
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Input Delay

|npUt Delaymax = Tcomax + TDmaX
InpUt DelaYmin = Tcomin'l'TD

\ -
Upstream/clk “.--~

XDC

Upstream Device FPGA

Trace Delay=s = m= m= w= -

min

) ) !19

1

1

I L |

I< Current DataiValid >
1 1

4ns éns

. A

1

1
i
Input Delay Offset In

7

NET din OFFSET=IN 6ns BEFORE clkin

\

rcreate_clock -name sysclk -period

| set_input_delay -clock sysclk 4 [get_ports din]

10 [get ports clkin]

J
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Complete Input Static Timing Path

create clock -name sysclk -period 10 [get ports clkin]
set input _delay -clock sysclk -max 4 [get ports ain]
set input _delay -clock sysclk -min 2 [get ports ain]

I
I
Upstream Device : Data Path Delay

Trace Delay,

ain_r reg
7 "
ain IBUF inst I__CF.
|inb ﬂ\l//\/& D a=
I BUF clk IR
i clk gen —
— - FDRE
I e )
| )
I mucm_adv_inst
CLKFBOUT
I clkf_buf CLEFBOUTR =
I ) Al CLEFBIN  CLEFRSTOPPED[E®
BUFG —{CLXMSEL  CLKINSTOPPED [ I&koutlfbuf / -
clkinl_ibuf cLKIND CLKOUTO [0 clk100 J [cLkl
stidn clitn IP\I?' = —{cLrmve CLEOUTOR{S —Iﬁf:mf
Source Clock G
Delay I K
e I Destination
SyscC
Y I Clock Delay
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. PR
Input Setup Timing Report Summary

Slack (MET) : 1.994ns (required time - arrival time)
Source: ain
input port clocked by sysclk I{rise@0.000ns fall@s5.8e8ns period=10.000ns})
Destination: ain r reg/D
Irising edge-triggered cell FDRE clocked by clk1@@ _clk gen_2 I{rise@o.ooens fall@s5.eeens period=10.000ns})
Path Group: clk clk gen_2

Path Type: Setup (Max] at Slow Process Corner)
Requirement: clk100_clk_gen_2 rise@18.888ns - sysclk rise@e.oeens)
Data Path Delay: ogic ©.986ns (56.477%) route 8.76@ns (43.523%))
Logic Levels: 1 :IBUF=1)
Input Delay: 4.900ns|
Clock Path Skew: -2. ns (DCD - SCD + CPR)
Destination Clock Delay (DCD): -2.822ns = ( 7.978 - 10.000 )
Source Clock Delay (SCD): ©.8008ns
Clock Pessimism Removal (CPR): 0.000ns
Clock Uncertainty: ©.172ns  ((TSJ"*2 + DI~2)"~1/2) / 2 + PE
Total System Jitter (TS3): 8.871ns
Discrete Jitter (DJ): 8.129ns
Phase Error (PE): 8.099ns
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. AP
Input Setup Timing Report Detailed Paths

Location Delay type Incr({ns) Path(ns) Netlist Resource(s)
[ (clock svsclk rise edoe) 2_000 0.000 r ]Z Source
- spzz  aeer ] Clock Delay
R1@ @.0008 4.880 r ain
net (fo=0) ©.000 4.000 ain
R1@ IBUF (Prop_ibuf_I_0) 9.986 4.986 r ain_IBUF_inst/0
net (fo=1, routed) 8.760 5.745 ain_IBUF Data Path
SLICE_X@YS® FDRE r ain_r_reg/D Del ay
(clock clkl1l@@_clk_gen_2 rise edge)
/ 16.080 19.060 r \
N15 ©.000 10.8008 r clkin
net (fo=8) 0.000 10.000 i_clk_gen/UB/clk_in
N15 IBUF (Prop_ibuf_I_0) 8.814 10.814 r i_clk_gen/U@/clkinl_ibufg/0
net (fo=1, routed) 1.162 11.976 i_clk_gen/UB/clk_in_clk_gen
MMCME2_ADV_X@Y1 MMCMEZ_ADV (Prop_mmcme2_adv_CLKIN1_CLKOUT®@)
-7.322 4.654 r 1i_clk_gen/UB/mmcm_adv_inst/CLKOUT®
net (fo=1, routed) 1.630 6.284 i_clk_gen/UB/clkl@8_clk_gen S;\
BUFGCTRL_X0Y® BUFG (Prop_bufg_I_0) 8.091 6.375 r 1i_clk_gen/UB/clkoutl_buf/0O
net (fo=3, routed) 1.603 7.978  clklee Destination
SLICE_X@YSe r ain_r_reg/C
clock pessimism 0.000 7.978 Clock Delay
clock uncertainty -8.172 7.806
LICE_X@YSe FDRE (Setup_fdre_C_D) -9.067 7.739 ain_r_reg
( required time 7.739
arrival time -5.745 .
------------------------------------------------------------------ Slack Calculation
\ slack 1.994
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. AP
Input Hold Timing Report Summary

Slack (MET) : 3.143ns (arrival time - required time)
Source: ain
Einput port clocked by sysclk I{rise@0.0ﬁOns fall@S5.88ens period=10.888ns})
Destination: ain_r _reg/D
Erising edge-triggered cell FDRE clocked by clklOO_clk_gen_Zl {rise@@.0888ns fall@5.889ns period=10.888ns})
Path Group: cl clk_gen_2
Path Type: Hold (Min| at Fast Process Corner)
Requirement: clk188_clk_gen_2 rise@@.888ns - sysclk rise@®.8eens)

Data Path Delay:
Logic Levels:

ns  (logic ©.214ns (41.701%) route 0.388ns (58.299%))
(IBUF=1)

1

Input Delay:
Clock Path Skew: -0.o/2ns (DCD - SCD - CPR)
Destination Clock Delay (DCD): -8.872ns
Source Clock Delay (SCD): ©.000ns
Clock Pessimism Removal (CPR): -8.eeeéns
Clock Uncertainty: 8.172ns ((TSJ"2 + DI~2)"1/2) / 2 + PE
Total System Jitter (TS3): 8.071ns
Discrete Jitter (DJ): 9.12%9ns
Phase Error (PE): 8.899ns
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. AP
Input Hold Timing Report Detailed Paths

Location Delay type Incr(ns) Path(ns) Netlist Resource(s)
[ (clock svecllk rice adoe) 2 200 2,008 - Source
Linput delav 2,000 2.000 | Clock Delay
R18 0.0600 2.808 r ain
net (fo=8) 0.000 2.000 ain
R18 IBUF (Prop_ibuf_I_O) 8.214 2.214 r ain_IBUF_inst/0
net (fo=1, routed) ©.300 2.514 ain_IBUF Data Path
SLICE_X@YSe FDRE r ain_r_reg/D De|ay
(clock clk188_clk_gen_2 rise edge)
0.000 9.000 r
N15 0.000 9.000 r clkin
net (fo=0) ©.000 9.000 i_clk_gen/UB/clk_in
N15 IBUF (Prop_ibuf_I_0) 8.365 8.365 r 1i_clk_gen/U@/clkinl_ibufg/0O
net (fo=1, routed) ©.480 9.845 i_clk_gen/UB/clk_in_clk_gen
MMCME2_ADV_X0Y1 MMCME2_ADV (Prop_mmcme2_adv_CLKIN1_CLKOUT®@)
-3.161 -2.316 r 1i_clk_gen/U8/mmcm_adv_inst/CLKOUT®
net (fo=1, routed) @.548 -1.776 i_clk_gen/UB/clk1@8_clk_gen S>\
BUFGCTRL_X@Y® BUFG (Prop_bufg_I_0) 2.829 -1.747 r i_clk_gen/U@/clkoutl_buf/0
net (fo=3, routed) 0.876  -0.872  clklee Destination
SLICE_X@YsSe r ain_r_reg/C
clock pessimism ©.000 -9.872 Clock Delay
clock uncertainty 8.172 -9.699
LICE_X@8YS58 FDRE (Hold_fdre_C_D) 8.870 -8.629 ain_r_reg
( required time 8.629
arrival time 2.514 .
------------------------------------------------------------------- Slack Calculation
\ slack 3.143
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. PR
set _input_delay

set_input_delay [-clock args] [-reference_pin args] [-clock_fall]
[-rise] [-fall] [-max] [-min] [-add_delay] [-network_latency_included]
[-source_latency_included] [-quiet] [-verbose] delay objects

> -clock
— Indicates that the input delay is relative to the specified clock. By default the rising
edge is used
— However the -clock_fall argument can be used to indicate that the falling edge
should be used instead

> By default, each input port can have one maximum delay and one minimum
delay
— Maximum delay is used for setup check

— Minimum delay is used for hold check

> Without the —-max or —-min option, the value supplied is used for both
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. AP
Input Setup and Hold XDC Examples

10ns

A
»

>
Upstream/clk ans |
—_2NS

- 1
< P"S‘:t:l’s '( Current Data Valid

8ns
Valid Window

1

<€

. A

» max_delay is used for setup check calculation atthe FPGA input

[set_input_delay -clock sysclk -max 4 [get ports din] ]

» min_delay is used for hold check calculation at the FPGA input

[set_input_delay —-clock sysclk -min 2 [get ports din] ]
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. PR
DDR Input Delay Example

10ns {

clk l

A

din C ! DataRise XE:X DataFaIIj X >

lns —> ! lns —i— !

! 1 i 1 1

Clk to InTiming i2ns_! PAER ]

IS s S 4ns |
! >

» Use -clock_fall option to specify falling clock edge

> Us add_delay option needed to prevent falling edge max min constraints
overriding existing max min delay constraints (for launch clock rising edge)

/;et_input_delay 1 -min -clock Clk [get ports Data In] )
set_input delay 2 -max -clock Clk [get ports Data In]
set _input delay 1 -min -clock Clk [get ports Data In]\
-clock fall -add _delay
set _input _delay 2 -max -clock Clk [get ports Data _In]\
\_-Clock_fall -add_delay W,
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. AP
Static Timing Path

» Static timing paths start at clocked elements and end at clocked
elements

— Paths from internal flip-flop to internal flip-flop are constrained by clocks

— Inputs and outputs of the FPGA are not startpoints/endpoints of static timing
paths

» By default, any logic between a primary I/O and an internal clocked
element are not part of a complete static timing path

— Without additional commands, no setup/hold checks are done on logic
associated with 1/O
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. AP
Complete the Static Timing Path

» To complete the static timing path we need to describe the external
elements to the Vivado static timing engine
> Input port
— What clock is used by the external device

— The delay between the external device's clock and the arrival at the input port of
the FPGA

e Includes the CLK-Q time of the external device and the board delay

> Output port
— The delay between output port of the FPGA and the external device's clock

e Includes the required time of the external device and the board delay
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Input Delay Summary

» Assume Tclk=10ns, Tco,..=2ns, TD__.=3ns, then we can constrain the

input port as below
POtP Upstream Device FPGA

» This means the internal delay from == == === TraceDelaym == ====,

din to FF/D in FPGA plus Tsu must b o——=K—~p g
V)

I I

: I

_ LAY |

be less than 10-2-3=5ns : 21 [ | YT

B VAN LA

- I I !

clkin
set Tco max 2.0

set TD max 3.0 —
clk )

set Tco min 0.0
set TD_min 0.0
create_clock -name sysclk -period 10 [get ports clkin]

set _input _delay -clock sysclk -max [expr {$Tco_max+$TD_max}]\
[get ports din]

set _input _delay -clock sysclk -min [expr {$Tco min+$TD _min}]\
[get ports din]
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