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Chapter 1

Tutorial Overview

Introduction

This tutorial uses the Vivado® design rules checker (report_drc), clock domain crossing
checker (report_cdc), and quality of results enhancer (report_qor_suggestions)to
analyze example designs for issues, and shows you how to take corrective actions.

Tutorial Description

Lab 1 walks you through creating waivers for CDC, methodology, and DRC violations.
Lab 2 is a guide to using the report_qor_suggestions (RQS) command.

Note: The designs used in this tutorial are intended to exhibit issues for demonstration purposes, and
should not be used as a reference for designs outside this tutorial.

Software Requirements

This tutorial requires that the 2019.1 Vivado® Design Suite software release or later is installed.

For a complete list of system and software requirements, see the Vivado Design Suite User Guide:
Release Notes, Installation, and Licensing (UG973).

Locating Tutorial Design Files

1. Download the reference design files from the Xilinx® website.
2. Extract the ZIP file contents into any write-accessible location.

This tutorial refers to the location of the extracted ZIP file contents as <Extract_Dir>.
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Chapter 2

Lab 1: Setting Waivers with the
Vivado IDE

Introduction

In the Vivado® Design Suite, you can use the waiver mechanism to waive clock domain crossing
(CDC), design rule check (DRC), or methodology check violations. After a violation is waived, it is
no longer reported by the report_cdc, report_drec,0r report_methodology commands.
Waived checks are also filtered out from the mandatory DRCs run at the start of the
implementation commands, such as opt _design, place_design,and route_design. For
more information, see this link in the Vivado Design Suite User Guide: Design Analysis and Closure
Techniques (UG906).

Sﬁ? IMPORTANT! The content of the waiver is built with the objects that exist when the waiver is created. However,
if an instance referenced inside a waiver is replicated by Vivado®, the replicated instance is automatically added
to the waiver and saved in subsequent checkpoints and XDC.

This lab shows how to set waivers with the Vivado integrated design environment (IDE) using
both menu commands and the Tcl Console. The lab focuses on CDC waivers, but the methods for
waiving DRC and methodology violations are similar.

Step 1: Starting the Vivado IDE

This lab uses a Vivado design checkpoint (. dcp file), which is a snapshot of a design. When you
launch the Vivado IDE using a design checkpoint, a subset of the Vivado IDE functionality is
available.

O TIP: To launch the Vivado Tcl Shell on Windows, select Start = All Programs = Xilinx Design Tools = Vivado
<version>—> Vivado <version> Tcl Shell.

1. From the command line or the Vivado Tcl Shell, change to the directory where the lab
materials are stored:

cd <Extract_Dir>/src/labl
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2. To start the Vivado IDE with the design checkpoint loaded, enter the following:

vivado my_ip_example_design_placed.dcp

O TIP: You can disregard the critical warnings about the unbounded GT locations.

Step 2: Generating the CDC Report

In this step, you generate the CDC report to view the associated CDC violations.

1. Select Reports = Timing — Report CDC.
2. Inthe Report CDC dialog box, leave the default settings as-is, and click OK.

¢ Report CDC X

Report clock domain crossing (COC) paths between clocks,
even if set_false_path or set_clock_groups constraints have ‘
been applied.

Results name: |cdc_1| |

Clocks

om:

HH

= m

Q.

Report

Reportfrom cells

Waivers

@) Apply waivers
Report only waived paths

lgnaore all waivers

File Output

Export to file:

Options
Suspend message limits during command execution

Ignore command errors (quiet mode)

Command: report_cdc-name cdc_1

+| Open in a newtab

Open in Timing Analysis layout

(2
(2) oK Cancel

The Summary (by clock pair) section of the CDC Report appears as follows.
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Tcl Console Messages Timing x 2 _00
aQ X = C 4 Q  summary (by clock pair) -3
13
General Information “~  Sewerity ™! Source Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown NoASYNC_REG
Summary (by clock pair)| Critical my_ip_glblclk my_ip_axi_aclk Mo Commen Primary Clock  False Path 2 1 1

Summary (by typ: Critical my_ip_axi_aclk  my_ip_drpclk No Common Primary Clock  False Path 2 2
Summary (b ndpoints: Critical my_ip_axi_aclk  my_ip_alblclk No Common Primary Clock  False Path 942 12 351 579 185
~ CDC Details (92 @ Info my_ip_drpclk my_ip_axi_aclk No Common Primary Clock  False Path 1 1
my_ip_drpclkto my_ip_axi_aclk (1) O Info input port clock ~ my_ip_drpclk Mo Commaon Primary Clack ~ False Path 2 2
my_ip_glblclkto my_ip_axi_aclk (2 O Info my_ip_glblclk my_ip_drpclk No Commaon Primary Clock  False Path 6 6
input part clock to my_ip_drpelk (2) O Info my_ip_drpclk my_ip_glblclk Mo Commaon Primary Clack  False Path 2 2

my_ip_axi_aclk to my_ip_drpclk (2 ~

Report CDC - cdc_1 (928 violations)

The Summary (by CDC type) section appears as follows.

Tcl Console Messages Timing b4

o = & C : Q.  Summary (by type)
General Information S Seyerity ™1 D Count Description
summary (b pair) Critical ~ CDC-1 536  1-bitunknown CDC circuitry
Critical ~ CDC-4 4 Multi-bit unknown CDC circuitry
summary (b ed endpoints) Critical  CDC-10 187 Combinational logic detected before a synchronizer
~ CDC Details (928) Critical chc-11 2 Fan-outfrom launch flop to destination clock
my_ip_drpclkto my_ip_axi_aclk (1) Critical coc-13 170 4-bit CDC path on a non-FD primitive
my_ip_glblelkto my_ip_axi_aclk (2) Critical  CDC-14 5 Multi-bit CDC path on a non-FD primitive
input port clock to my_ip_drpclk (2) Waming = CDC-15 10 Clock enable controlled CDC structure detected
my_ip_axi_aclkto my_lp_drpelk (2) 0 Info coca 9 1-bit synchronized with ASYNC_REG property

my_Ip_gibictito my_ip_drpeik (6) 0 Info CDC-9 5 Asynchronous reset synchronized with ASYNC_REG property

my_ip_axi_aclkto my_ip_glblclk (913)

Report CDC - cdc_1 (928 violations)

Step 3: Waiving a Single CDC Violation

The my_ip_glblclktomy_ip_axi_aclk clock pair includes one Critical CDC-10 violation
due to combinational logic on the CDC path. This step covers how to waive the CDC-10

Td Console | Messages | Timing X - =

Q = & C Q my_ip_giblelk to my_ip_axi_aclk | © Critical warning (1) 7 © Warning (2) 7O Info (1) Hida Al
General Information Severity ~! ID Description Depth  Exception  Source (From) Destination (To) Category
Summary (by clock pair) Critical CDC-10  Combinatorial logic detected before a synchronizer S False Path  i_my_ip_suppor...ysref_r_reg/C  i_my_ip_suppor...s_ff_reg[0]/D  Unsafe
Summary (by 1yo o Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor...ot_sync_reg/C  i_my_ip_suppo...s_ff_reg[D]/D  Safe

~ CDC Details ¢

1. To view a schematic of the violation, select the CDC-10 row in the CDC Report, and click the
Schematic toolbar button .

Note: Alternatively, you can press F4 to generate the schematic. However, using the toolbar button
provides a more detailed schematic that includes all the levels of the downstream synchronizer.
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i_my_ip_support black

syncstages._ff_reg[4]
Fo-259

syncstages_ff_reg[3]

Ty_ip_jesdZ03_v7_1 2 tx

Ty Jp Jesd 204 v7_121% 32

my_ip_jesd204_v7_1_2_top

my_Ip_support

2. To waive the violation, select the CDC-10 row in the CDC Report, right-click, and select
Create Waiver.

3. In the Create Waiver dialog box, enter a description, and click OK.

¢ Create Waiver

Create waiver for 1 cdc path '

User: Hilinx

Descripion: |This is a safe COC per review with the team |

Tags:

Tcl Command Preview

Q

create_waiver -type CDC -id CDC-10 -from [get_pins i_my_ip_support_blockjesd204_ifinsti_my_ip/i_tdi_t_counters

>

(2)
\ 7 OK Cancel

IMPORTANT! A waiver tracks the date the waiver was added, the user that added the waiver, and a description
of why the violation was waived. The date is automatically added by the system. The Tags field is an optional
description or list of keywords that can be used for documentation purposes.

4. After the waiver is created, check the CDC Report.
To indicate that a waiver was created, the CDC-10 row is gray and disabled.

Note: Rows are only disabled in the Report CDC result window from which the waivers were created.
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5.

TclConsole | Messages  Timing  x ?2-00

@ Reportis out of date because path waivers were changed. Rerun

Q T & C 140 *H @‘ my_ip_glblclk to my_ip_axi_aclk ) @ criticalwaming (1) &) @ Waming(0) 7 @ Info (1) Hide All -1
»

General Information ~  Severty 1 1D Description Depth  Exception  Source (From) Destination (To) Category
Summary (by clock pair) Critica Combin 2 e = == . -

Summary (by typs @ Info CDC-3 1-bit synchronized with ASYNC_REG property 5 FalsePath i_my_ip_suppor._ot_sync_reg/C  i_my_ip_suppor.es_fi_reg[0}D Safe

Summary (b ndpoints;

~ CDC Defails (228
my_ip_drpelk to my_ip_axi_aclk (1
my_ip_glblclk to my_ip_axi_aclk (2)
input port clock ta my_ip_drpelk (2

To see the impact of the CDC-10 waiver, select Reports = Timing = Report CDC to rerun
Report CDC.

Note: When a waiver is created or deleted, you must rerun Report CDC, Report DRC, or Report
Methodology to see the updated results.

See the CDC Report to view the updated information.

The differences from the previous Summary by clock pair and Summary by type sections are
highlighted in red in the following figures.

Tcl Console Messages  Timing X ?2_00
Q X = C 4 O summary (by clock pair} o
3
General Information “ Severity 1 Source Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown NoASYNC_REG
Summary (by clock pair) Critical my_ip_axi_aclk  my_ip_drpclk Mo Common Primary Clock  False Path 2 2
Summary (by fype Critical my_ip_axi_aclk  my_ip_glblelk Mo Common Primary Clock  False Path 942 12 351 579 185
Summary (b ndpoints) @ Info my_ip_drpclic my_ip_axi_aclk No Common Primary Clock  False Path 1 1
~ CDC Details (923 I @ Info my_ip_glblclk my_ip_axi_aclk Mo Commaon Primary Clock  False Path 2 2 I
my_ip_drpelicto my_ip_axi_aclk (1) O Info input portclock  my_ip_drpelic No Common Primary Clock ~ False Path 2 2
my_ip_glblelk to my_ip_axi_aclk (2) @ Info my_ip_glblclk my_ip_drpelk Mo Common Primary Clock  False Path 6 6
input port clock to my_ip_drpelk (2) @ Info my_ip_drpclk my_ip_glblclk Mo Common Primary Clock  False Path 4 2
my_ip_axi_aclk to my_ip_drpclk (2
______ my . alolelicto my o Aol (Gl ..
Report COC - cdc_1 (928 violations)  *  Report CDC - cdc_2 (928 violations)
TclConsole  Messages  Timing  x
Q = & C : O, Summary (by type)
General Information “ SBeverity ™' ID Count  Description
Summary (Dy clock pair) Critical cDcA 536 1-bitunknown CDC circuitry
Summary (by type) Critical CcDC-4 4 Multi-bit unknown CDC circuitry
Summary (oy walved endpoints) | © critical CDC-10 186 Combinational logic detected befare a synchronizer |
~ CDC Details (9258) Critical coc-11 2 Fan-outfrom launch flop to destination clock
my_ip_drpclkto my_ip_axi_aclk (1) Criical ~ CDC-13 170 1-bit CDC path on a non-FD primitive
my_ip_glblelk to my_ip_axi_aclk (2) Critical  CDC-14 5 Multi-bit CDC path on a non-FD primitive
input port clock to my_lp_drpolk (2) Wamning ~ CDC-15 10 Clock enable controlled CDC structure detected
my_ip_ax_aclkto my_ip_drpelk (=) | @ info cDC-3 10 1-bit synchronized with ASYNC_REG property |
) . .
my_Ip_glblclicto my_tp_drpelk (&) 0 o CDGC-9 § Asynchronous reset synchronized with ASYNC_REG property
my_ip_axi_aclk to my_ip_aglblclk (913) !
Report CDC -cdc_1 (928 violations)  *  Report CDC - cdc_2 (928 violations) =

You can also view a summary with the list of waived endpoints.
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Tcl Console Messages Timing »

= = C 4 O  Ssummary (by waived endpoints)
3

General Information “~ D Waived Endpoints

Summary (by clock pair) CDC-10 1

Summary (by type)

ISummar}r (by waived endpoints)l
~ COC Details (928)
my_ip_drpclk to my_ip_axi_aclk (1)

my_ip_glblclk to my_ip_axi_aclk (2)
input port clock to my_ip_drpclk (2)
my_ip_axi_aclk to my_ip_drpclk (2}
my_ip_glblclk to my_ip_drpclk (G)

my_ip_axi_aclk to my_ip_qglblclk (913)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x

The detailed section for the my_ip_glblclktomy_ip_axi_aclk CDC shows that the
Critical CDC-10 was replaced with an Info CDC-3.

TciConsole | Messages | Timing  x ?2_0G
Q T &£ C 10 ™ @A my_ip_glblclk to my_ip_axi_aclk ) @ critical waming (0) [+ @ Waming (0) &)@ Info (2) Hide All L]
13
General Information ~ Seveiity ' ID Description Depih  Exception Source (From) Destination (To) Category
Summary (by clock pair @ Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor..ot_sync_reg/C  i_my_ip_suppor..es_ff regl0JD  Safe

summary (oy typ IO Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath | i_my_ip_support..sysref_r_reg/C ‘ i_my_ip_support..es_fi_regl0VD  Safe I

Summary (5
~ CDC Details (22

my_ip_drpclk to my_ip_axi_aclk (1)
my_ip_glblclk to my_ip_axi_aclk (2)
input port clack to my_ip_drpelk (2
my_ip_axi_aclk to my_ip_drpclk (2
my_ip_glblclk to my_ip_drpelk (6}
my_ip_axi_aclk to my_ip_glblclk (913}

Report CDC - cde_1 (928 violations)  »  Report CDC - cdc_2 (928 violations)

Select the new CDC-3 row, and click the Schematic toolbar button 1 Double click on the
Q pin of the output register to expand the schematic to match what is shown in the following
figure.

The CDC path includes a 5-level synchronizer on the output of the selected destination
register. This is the reason the CDC-10 was replaced with CDC-3 for this topology, as shown
in the following figure.

Device X% Schematic x Schematic(2) X 00

- e X E O = C  23cCels 21/0Pons 34 Nets

Jjesd204_i l"_ Synchronizer with ASYNC_REG
inst

sync_tx_sysref_captured
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#

IMPORTANT! In this lab, Report CDC only reports a single violation per endpoint and per clock pair. When
multiple violations apply to a specific endpoint, only the violation with the highest precedence is reported.
Because CDC-10 has a higher precedence than CDC-3, only CDC-10 is reported when both CDC-10 and CDC-3
apply to the same endpoint. For more information on CDC rules precedence, see this link in the Vivado Design
Suite User Guide: Design Analysis and Closure Techniques (UG906).

TIP: To report all of the CDC violations for each endpoint regardless of the precedence rules, use the command
line option -a11_checks_per_endpoint

Step 4: Generating a Report for Waived
Violations

You can generate a report for the CDC, DRC, or methodology check violations that were waived.
This step shows how to generate a report for waived CDC violations using the Tcl Console as
well as the Vivado® IDE menu commands.

Generating a Text Report for Waived Violations

1. In the Tcl Console, enter:
report_cdc -waived

2. Inthe CDC report, verify that a single CDC-10 violation is listed, because only one waiver
was created.

CIC Report
In Sewerity Count Description

CIC-10 Critical 1 Combinational logic detected before a sunchronizer

1o Waived Endpoints

Source Clock: my_ip_glblelk
Testination Clock: mu_ip_axi_aclk
CIC Type: Mo Common Primary Clock

Row [T Sewerity Description Depth & Destination (Ta)

1 CDC-10 Critical Combinational logic detected before a synchronizer 5 Fa ~reg/l i_my_ip_support_block/jesd20d4_i/instdsync_tx_sysref_captured/syncstages_£f_regl0]/D

Generating a Vivado IDE CDC Report for Waived
Violations

1. Select Reports = Timing — Report CDC.

2. Inthe Report CDC dialog box, enable Report only waived paths, and click OK.

3. Inthe CDC Report, check the Summary (by clock pair) and CDC Details to verify that a single
CDC-10 violation is listed.

Note: The icon next to the violation shows that the violation was waived #.
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Tc Timing ? _
aQlzx| 2 ¢ 4 Q  summary (by clock pair) b
3
General Infarmation Severity “1 sgource Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown No ASYNC_REG
Summary (by clock pair) Criical  my_ip_glblclk  my_ip_axi_aclk  NoCommon Primary Clock  False Path 1 1
Summary (by type
Summary (by waiv

~ CDC Details (1
my_ip_glblclk to my_ip_axi_aclk (1

Report CDC - cde_1 (928 violations % Report CDC - cdc_2 (928 violations) »  ReportCDC -cdc_3 (1 waived) =

Mes: Timing ?2_00
a X & C 4« Q &, my_ip_glblcik to my_ip_axi_aclk ) @ criicalwaming (1) & @ wamning(0) [+ @ Info (0) &
»
General Information Severity ' ID Description Depth  Exception Source (From) Destination (Ta) Category
Summary (by c @ Critical CDC-10  Combinational logic detected before a synchronizer 5 FalsePath i_my_ip_support.sysref_r_reg/C i my_ip_support.es_fl_reglJD  Unsafe
sSummary (o
Summary (o

~ CDC Details (1
my_ip_glblclk to my_ip_axi_aclk (1)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x| Report CDC - cdc_3 (1 waived)  x

Step 5: Generating a Text Report with Details
for Waived Violations

In this step, you generate text reports with additional details, including a list of all of the rules and
all of the violations regardless of the waivers.

Generating a List of Rules with Waived Violations

1. In the Tcl Console, enter:

report_cdc -details -show_waiver

2. Verify thatthemy_ip_glblclktomy_ip_axi_aclk CDC-10 violation is waived and the
two CDC-3 violations are not waived.

Note: In the text report, all of the rules are reported, whether they were waived or not. The Waived
column indicates the status of the rule.

CIC Report

i) Severity Count Description

COC-1 Critical B3 1-bit unknown CIC circuitry
o

CIC3  Info 0 1-bit sunchronized with ASYNC_REG property
CIC-4  Critical 4 Hulti-bit unknoun CIC clrcuitry
L5 Info 5 fisynchronous reset sunchronized uith ASYNC_REG property

CIC-10 Critical 186 Combinatorial logic detected before a sunchronizer
CIC-11  Critical 2 Fan-out from launch flop to destination clock
CIC-13  Critical 170 1-bit CIC path on a non—FD primitive

CIC-14 Critical S Multi-bit CIC path on a non-FD primitive
CIC-15  Warning 10 Clock enable controlled CIC structure detected
i) Waived

CoC-10 1

Source Clocks my_ip_glblolk
Testination Clock: my_ip_axi_aclk
LCIC Tupe: Mo Comnon Primary Clock

Row D Severity Description Tepth Ewxception Source (From) Testination (Ta) Waived
10 Info 1-bit synchronized with ASYNC_REG property 5 False Path i_my_ip_support_bl 5_32/got_sunc_regdC 1_my_ip_support_black/ jesd204_i/inst/sync_tx_sunc/suncstages_FF_rea[01/1 il
2 Ch Infa 1-bit synchronized with ASYNC_REG property 5 False Path i_my_ip_support.d _32/g0t_sysref_r_rea/C 1_ny_ip_support_blocksjesd20d_i/inst/sunc_tx_sysref_captured/suncstages_¢F_reg[0]/0| N
3 CDC-10 Critical Combinatorial logic detected before a sunchronizer 5 False Path i_my_ip_support b, 5_32/g0t_susref_r_rea/C  i_my_ip_support_block/ jesd204_i/inst/sunc_tx_sysref_captured/suncstages_ff_rea[0]/D| ¥
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Chapter 2: Lab 1: Setting Waivers with the Vivado IDE

Generating a List of All Violations Regardless of the

Waivers

1. In the Tcl Console, enter:

report_cdc -no_waiver

2. Inthe text report, verify that the table matches the original report from Report CDC before
the CDC-10 waiver was created.

CIC Report

Severity Source Clock Destination Clock CIC Type Exceptions Endpoints Safe Unsafe Unknown Mo ASYMC_REG
Critical my_ip_glblelk my_ip_axi_aclk Mo Common Primary Clock False Path 2 1 1 i} ]
Critical my_ip_axi_aclk my_ip_drpclk Mo Common Primary Clock False Path 2 i} 2 i} ]
Critical my_ip_axi_aclk my_ip_glblelk Mo Common Primary Clock False Path 942 12 01 o7a 130
Info my_ip_drpclk my_ip_axi_aclk Mo Common Primary Clock False Path 1 1 i} i} ]
Info input port clock my_ip_drpclk Mo Common Primary Clock False Path 2 2 i} i} ]
Info my_ip_glblelk my_ip_drpclk Mo Common Primary Clock False Path B B i} i} ]
Info my_ip_drpclk my_ip_glblelk Mo Common Primary Clock False Path 2 2 i} i} ]

Timing = Report CDC. In the Report CDC dialog box, enable Ignore all waivers, and click OK.

TIP: You can also generate a list of all violations regardless of the waivers from the Vivado IDE. Select Reports =

Step 6: Waiving Multiple CDC Violations

The my_ip_axi_aclktomy_ip_drpclk CDC includes two Critical CDC-11 violations. This

step covers how to waive both CDC-11 violations simultaneously.

my_ip_drpclkto my_ip_axi_aclk (1
my_ip_glblelicto my_ip_axi_aclk (2
input port clock to my_ip_drpclk (2

imy_ip_axi_aclk to my_ip_drpclk (2)

m _in. alblelkcdo my in_ droeli (6 i

Report CDC - cdc_1 (928 violations »  Report CDC - cdc_2 (928 violations)

clC le | Messag Timing % 2 _00
(o] £ C 10 my_ip_axi_aclk to my_ip_drpcik +) © criticalwamning (2) ) @ waming (0) ) @ Info (0) Hide All o
»

General Infarmation ~  Severity 1 1D Description Depth  Exception  Source (From) Destination (To)

Summary (by clock pair Critical CDC-11  Fan-outfrom launch flop to destination clock 5 FalsePath  i_my_ip_suppor..etch_reg[10/C

Summary (b Critical CDC-11  Fan-outfrom launch flop to destination clock 5 FalsePath  i_my_ip_suppor. etch_reg[10)iC

Summary (by waived endpoints
~ CDC Details (928

Category
i_my_ip_support.._ff_regl0VCLR  Unsafe
i_my_ip_support._ff reg0JCLR  Unsafe

1. To waive the violations, select the CDC-11 rows in the CDC Report, right-click, and select

Create Waiver.
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4.

UG938 (v2019.1) August 12, 2019

TciConsole | Messages | Timing ?2_00
a I =2 C 1 Q X ©, myip_axi_aclktomy_ip_drpclk ) @ criicalwarning (2) &) © waming(0) ) @ Info (0) Hide All &
»
General Infarmation Severity ™1 ID Description Depth  Exception  Source (From) Destination (To}) Category
Summary (by clock pair Ciiical  CDC-11  Fan-outfrom launch flop to destination clock £ Felannom i e i aumnar ko canlANUC i e euenofl ff regYCLR  Unsale
Summary ( Critical ~ CDC-11  Fan-outfrom launch flap to destination clock g Path Properties ort_ff_reg0JCLR  Unsafe
Summary (by v ndpoints; Elide Setting >
“ CDC Details (924)
! % Highlight »
my_ip_drpclk to my_ip_axi_aclk (1)
my_ip_glblelk to my_ip_axi_aclk (2
@ Mark »

input port clock to my_ip_drpclk (2)
my_ip_axi_ackto my_ip_drpclk (2)
my_ip_glolclk to my_ip_drpclk (5) "4 Schematic
my_ip_axi_adlkto my_ip_glblclk (913

my_ip_drpclkto my_ip_glolclk (2)
v-tp_dro vie_gl Report Timing on Source to Destination

SetBus Skew >

| Create Waiver.

.............................................................................................................. Exportto Spreadsheet
Report CDC - cde_1 (928 violalions)  » Report CDC - cdc_2 (928 violations)  x

In the Create Waiver dialog box, enter a description, and click OK.

¢ Create Waiver x

Create waivers for 2 cdc paths

User: Xilinx
Descripion” |safe fanout. Circuitry has been reviewed |
Tags:

Tcl Command Preview

Q

create_waiver -type CDC -id CDC-11 from [get_pins {i_my_ip_support_blockijesd204_ifinsti_my_ip_reset block/stre
create_waiver -type CDC -id CDC-11 -from [get_pins {i_my_ip_suppor_blockijesd204_ifinsti_my_ip_reset_block/stre

< ’

./".',;".
\ 2 OK Cancel

In the Timing Report, the two selected rows are disabled when the waivers are created.

Note: One waiver is created for each selected row. In this example, two waivers are created.

severity ~1 D Description Depth  Exception  Source (From) Dastination (To) Catagory

Select Reports = Timing = Report CDC to rerun Report CDC. In the Report CDC dialog box,
make sure that Report only waived paths is unchecked, and click OK.

In the CDC Report, look at the my_ip_axi_aclktomy_ip_drpclk CDC.
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The two Critical CDC-11 violations were replaced with two Info CDC-9 violations. Based on
the CDC precedence rules, waiving CDC-11 unmasks CDC-9 for this circuit.

TclConsole  Messages | Timing  x 2 _0O00
Q £ & C 10 ©‘ my_ip_axi_aclk to my_ip_drpclk [+ @ criticalwaming (0) ] @ Waming(0) [ @ Info(2) -3
General Information ' Severity 1 ID Description Depth  Exception  Source (From) Destination (Ta) Category
Summary (by cloc! @ Info CDC-9  Asynchronous reset synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor...etch_reg[10JC i_my_ip_support.._ff_reg[0JCLR  Safe
Summary ( @ Info CDC-9  Asynchronous reset synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor..eich_regl10NC  i_my_ip_support.._f_reg[0VCLR  Safe
Summary ( ndpoints’
v CDC Details (92
my_ip_drpclk to my_ip_axi_aclk (1
my_ip_glblclk to my_ip_axi_aclk (2
input port clock to my_ip_drpclk (2
my_ip_axi_aclkto my_ip_drpclk (2)
my_ip_glblclk to my_ip_drpelk (6
my_ip_axi_aclkto my_ip_glblclk (913)
my_ip_drpclk to my_ip_glblclk (2
Report CDG - cde_1 (928 violations) x| Repori CDC - cdc_2 (928 violations) x| Report CDC - cdc_3 (928 violations)

5. To view a schematic of the violation, select the CDC-9 row in the CDC Report, and click the
Schematic toolbar button .

6. Verify that there is a 5-level synchronizer on the destination clock domain.

X

-
D

7. Compare the new Summary (by type) information with the information from the previous
CDC Report.

In the updated CDC Report, the two CDC-11 violations are no longer listed. Instead, there
are two new CDC-9 violations.

Tcl Console Messages Timing b4

Q = & C : Q. summary (by type)
General Infarmation Severity ™1 ID Count  Description
Summary (by clock pair) Critical CDCA 536  1-bit unknown CDC circuitry
Summary (by type) Critical CcDC-4 4 Multi-bit unknown CDC circuitry
Summary (by waived endpoints) Critical cDC-10 186 Combinational logic detected before a synchronizer
v CDC Details (928) Critical CcDC-12 170 1-bit CDC path on a non-FD primitive
my_ip_drpclk to my_ip_axi_aclk (1) Critical CDC-14 5 Multi-bit CDC path on a non-FD primitive
my_ip_glblclkto my_ip_axi_aclk (2) Warning  CDC-15 10 Clock enable confrolled COC structure detected
input part clock to my_ip_drpclk (2) O Info CDC-3 10 1-bit synchronized with ASYNC_REG property

my_ip_axi_aclkto my_ip_drpclk () I O Info CDC-a 7 Asynchronous reset synchronized with ASYNC_REG property I

my_ip_glblclk to my_ip_drpclk (6)
my_ip_axi_aclk to my_ip_glblclk (913)
my_ip_drpclk to my_ip_glblclk (2)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x| Report CDC - cdc_3 (928 violations) =

8. Look at the Summary (by waived endpoints) information.
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In the updated CDC Report, there are three waived endpoints. This number is different from
the number of waived violations (2), because CDC-11 is a multi-bit violation.

Tcl Console Messages Timing M

Q = s C 4 O Summary (by waived endpoints)
3
General Information IO Waived Endpoints
Summary (by clock pair CDC-10 1
Summary (by type CDC-11 5

Summary (by waived endpoints)
w~ CDC Details (928

9. Generate different text reports and compare the results with previous reports.
For example, you can run the following Tcl commands:

report_cdc -details

report_cdc -details -waived
report_cdc -details -show_waiver
report_cdc -details -no_waiver

The following report was generated using the report_cdc -details -waived Tcl command and
shows that three violations were waived.

CIC Report

1 Severitu Count Description

logic detested before
aunch flop to destin

Depth Exception  Source (From) Destination (To)
1 COC-10 Critical Combinatorial logic detected before a sunchronizer G False Path i_my_ip_supportl .rs_32/g0t_sysref_r_reg/C  i_my_ip_support_block/jesd204_i/ inst/sunc_tx_sysref_captured/suncstages_ff_reg[01/0
Saurce Clocks nu_ip_axi_sclk
Testination Clocks mu_ip_drpelk
Type: No Common Prinary Clock
Rou 1D Severity Dssoription Depth Exception  Source (From) Testination (Ta)

1 CIC-11 Critical Fan-out from 1
2 CIC-11 Critical Fan-out from 1

I

sync_rst_inst/arststages_ff_rea[0]/CLR

5 False Path imu_ip support block/, rea[101/C i ms ip support block/i_jesd204 phu/inst/jesd204 phu block i/sunc_rx rese _asu
/ lc_async_rst_inst/arststages_FF_reg[0J/CLR

aunch flop to destination clock unc_rx
aunch Flop to destination clock 5 False Path i_my_ip_support_block 2g[101/C i my_ip_support_block/i_jesdZ04_phyinst/jesd204_phy_black_i/sync_tx_rese

Step 7: Exporting Waivers
In this step, you export waivers with the write_waivers Tcl command.

Note: The XDC output file can be imported using the read_xdc or source Tcl commands.

1. To export the CDC waivers, enter: write_waivers -type cdc waivers.xdc.

O TIP: Alternatively, because there are no DRC or methodology waivers, you can enter:

write_waivers waivers.xdcOl write_xdc -type waiver waivers.xdc.

2. Openthe waivers.xdc file to view the three waivers.
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Note: The following example is reformatted to better show the different command line options.

create_waiver -type CDC -id {CDC-10} -user "Xildinx" \

-desc "This is a safe CDC per review with the team" \

-from [get_pins i_my_dip_support_block/jesd204_i/inst/i_my_ip/i_tx/
i_tx_counters_32/got_sysref_r_reg/C] \

-to [get_pins {i_my_dip_support_block/jesd204_1i/inst/
sync_tx_sysref_captured/syncstages_ff_reg([0]/D}] \

-timestamp "<timestamp>" ;#1

create_waiver -type CDC -id {CDC-11} -user "Xilinx" \

-desc "Safe fanout. Circuitry has been released" \

-from [get_pins {i_my_dip_support_block/jesd204_1i/inst/
i_my_ip_reset_block/stretch_reg[10]/C}] \

-to [get_pins {i_my_dip_support_block/i_jesd204_phy/inst/
jesd204_phy_block_i/sync_rx_reset_data/xpm_cdc_async_rst_inst/
arststages_ff_reg[0]/CLR}] \

-timestamp "<timestamp>" ;#1

create_waiver -type CDC -id {CDC-11} -user "Xilinx" \

-desc "Safe fanout. Circuitry has been released" \

-from [get_pins {i_my_dip_support_block/jesd204_1i/inst/
i_my_ip_reset_block/stretch_reg[10]/C}] \

-to [get_pins {i_my_dip_support_block/i_jesd204_phy/inst/
jesd204_phy_block_i/sync_tx_reset_data/xpm_cdc_async_rst_inst/
arststages_ff_reg[0]/CLR}] \

-timestamp "<timestamp>" ;#2

Step 8: Using the create_waiver Command

Waivers added from the Report CDC dialog box are created using the create_waiver
command. You can view these commands as follows.

Note: You can use the create_waiver command line command for CDC, DRC, and methodology
waivers. The options differ slightly depending on whether you are creating a CDC, DRC, or methodology
waiver. For more information, including information on the different options, see the create_waiver
command in the Vivado Design Suite Tcl Command Reference Guide (UG835).

1. Open the Vivado® journal file (vivado. jou) to see the three distinct create_waiver
commands issued by the Vivado IDE.

2. Scroll through the history of the Tcl Console to see the same three create_waiver
commands.

O TIP: The - fromand - to options are used to specify the startpoints and endpoints. When a waiver is set from
the Report CDC dialog box, both - fromand - t o are specified to match the exact violation. However, you can
specify a CDC waiver using only the - £rom option or only the -t o option, but more paths might be waived than
expected.
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Step 9: Waiving Multiple CDC Violations

In this step, you waive multiple CDC violations simultaneously.

1. Inthe CDC Report, view the my_ip_axi_aclktomy_ip_glblclk CDC under CDC
Details.

This crossing has five CDC-14 violations, which are multi-bit violations. The five CDC-14
violations all start from the same two register clock pins:

i_my_dip_support_block/jesd204_1i/inst/tx_cfg_test_modes_regl[2:1]/C

O TIP: You can sort the table by the column ID to more easily see the five CDC-14 violations.

TclConsole | Messages | Timing X 2 _00G
Q x|/ s C 4 Q ™Y @ my_ip_axi_aclktomy_ip_glblclk /| O Critical wamning (801) |/ @ Waming (10) /| @ Info (2) Hide All -]
N 4
General Information Severity D 1 Description Depth  Exception  Source (From) Destination (To) Category
Summary (by clac Warnin CDC-15____ Clock enable control...C structure detected 0 FalsePath i_my_ip_suppor..odes_reg[1yC  i_my_ip_support.ced_nis_r_regD  Safe &
Summary (0 Criical CDC-14  Multi-bit CDC path on a non-FD primitive 0 FalsePath  i_my_ip_support_des_reg[2:1JC  i_my_ip_support NST/TXDATAI21]  Unknown
. zlén;r;zzus . Critical CDC-14  Mulli-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_support_des_reg[Z1UC  i_my_ip_support NST/TXDATA[Z1]  Unknown
my_ip ﬂfl;;\;lﬂ my_Ip_axi_aclk (1 Critical CDC-14 Multi-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_support.des_reg[21VC i_my_ip_support NST/TXDATA[21]  Unknown
my_ip_albiclk o my_ip. i aclk (2 Critical CDC-14  Multi-bit CDC path on a non-FD primitive 0 FalsePath  i_my_ip_support_des_reg(2:1yC  i_my_ip_support _NST/TXDATA[21]  Unknown
Input port lock to my. ip. arpclk (2 Critical CDC-14  Multi-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_support_des_reg[21UC  i_my_ip_support NST/TXDATA[21]  Unknown
my_ip_axi_aclkto my_ip_drpclk (2 Critical CDC-13 1-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_suppor..odes_reg2JC  i_my_ip_support.NSTTXCTRL2[0]  Unsafe
my ip_alblclk to my ip. drpck (6 Critical CDC-13  1-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_suppor._odes _regl2VC  i_my_ip_support NSTTXCTRL2[]  Unsafe
ImL\lLE-XLBC‘Km my_ip_gibiclk (913,| Critical CDC-13 1-bit CDC path on a non-FD primitive 0 FalsePath i_my_ip_suppor...odes_reg[2)iC i_my_ip_support .NST/TXCTRL2[3]  Unsafe
my_ip_drpcik to my_ip_giblcik (2 Critical CDC-13  1-bit CDC path on a non-FD primitive 0 FalsePath  i_my_ip_suppor..odes_reg[1yC  i_my_ip_support.__INST/TXDATAD]  Unsafe A
Report CDC-cdc_1 X RepotCDC-cdc_2 X ReportCDC-cdc_3 X

2. Because i_my_ip_support_block/jesd204_i/inst/
tx_cfg_test_modes_regl[*]/C matches five pins and you only need to target two of
those five pins, construct the list of startpoints as follows:

set startpoints [list \

[get_pins i_my_ip_support_block/jesd204_i/inst/
tx_cfg_test_modes_regl[l1l]/C] \

[get_pins i_my_dip_support_block/jesd204_i/inst/
tx_cfg_test_modes_regl2]/C] \

]

3. To waive the five CDC-14 violations, use the create_waiver Tcl command with the - from
option:

create_waiver -type {CDC} -id {CDC-14} -user {Xilinx} -desc {No more CDC

14!} from $startpoints
4. From the Vivado IDE, select Reports = Timing = Report CDC to rerun Report CDC.

In the CDC Report, verify that the CDC-14 violations are no longer reported in the Summary
section.

www.Xilinx.com

l Send Feedback l 19

UG938 (v2019.1) August 12, 2019
Design Analysis and Closure Techniques



https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=19

iv Xl Ll NX Chapter 2: Lab 1: Setting Waivers with the Vivado IDE
A ®

Messages Timing *
Q = s C : Q. Summary (by type)
General Information “  Severity ™1 ID Count  Description
Summary (by p Critical CDCA 536  1-bitunknown CDC circuitry
Critcal ~ CDC-4 4 Wulti-bit unknown CDC circuitry
Summary [0y ints Critical cDC-10 186 Combinational logic detected before a synchronizer
*~ CDC Details (923 Critical CDC-13 170 1-bit CDC path on a non-FD primitive
my_ip_drpclicio my_ip_axi_aclk (1 Warning ~ CDC-15 10 Clock enable controlled CDC structure detected
my_tp_glblclkto my_ip_axi_aclk (2 0 Info CDC-3 10 1-bit synchronized with ASYNC_REG property
input port clock to my_ip_drpclk (2 @ Info CDC-9 7 Asynchronous reset synchronized with ASYNC_REG property
my_ip_axi_aclk to my_ip_drpclk (2 o
Report CDC - cdc_1 (928 violations) * | Report CDC - cdc_2 (928 violations) X | Report CDC - cc (928 violations) < Report CDC - cdc_4 (923 violations)

6. To report only the waived violations, enter:

report_cdc -details -waived

The following figure shows the waived CDC violations in two different tables. The first table
shows the 5 CDC-14 violations waived as multi-bit violations. The second table shows the 10
single-bit violations, calculated by multiplying the 5 multi-bit violations by 2 bits per multi-bit

violation.
10 Severity Count Description
CIC-10r Critical 1 Combinatorial logic detected before a synchronizer

Critical

1D Waived

CIC-14 10

Source Clock: my_ip_glbleclk
Dlestination Clock: my_ip_axi_aclk
CIC Type: Mo Common Primary Clock

Row 10 Severity Description Depth Exception  Source (From)

1 CIC-10 Critical Combinatorial logic detected before a synchronizer 5 False Path i_my_ip_support_blocks jesd204_i/inst/i_my_ip/i_tx/i_tx_counters_32/gow,

Source Clocky my_ip_axi_aclk
Destination Clock: my_ip_drpclk
CIC Type: Mo Common Primary Clock

Row ID Severity Description Depth Exception  Source (From)
1 CIC-11 Critical Fan-out from launch flop to destination clock G False Path i_my_ip_support_block/jesd204_idinsts/i_my_ip_reset_block/stretch_reg[10]/0
2 CIC-11 Critical Fan-out from launch flop to destination clock 5 False Path i_my_ip_support_blocksjesd204_isinsts/i_my_ip_reset_block/stretch_reg[10]/0

Source Clock: my_ip_axi_aclk
Dlestination Clock: my_ip_glblelk
CIC Type: Mo Common Primary Clock

Row ID Severity Description Depth  Exception  Source (From) Destination g

CIC-14 Critical Multi-bit CIC path on
CIC-14 Critical Multi-bit CIC path on

1 non—FI primitive 0 Falze Path i_my_ip_support_hlock/jesd204_idinst/tx_cfg_test_modes_reg[2+11/C  i_my_ip_suppg
2

2 CIC-14 Critical HMulti-bit CIC path on

4

5

non-FD primitive 0 False Path i_my_ip_support_block/jesd204_ifinst/tx_cfg_test_modes_reg[2:11/C i_my_ip_supf
non-FD primitive 0 False Path i_my_ip_support_blocks jesd204_isinsts/tx_cfg_test_modes_req[2:1]/C i_my_ip_suppo:
non-FI primitive 0 Falze Path i_my_ip_support_blocksjesd204_isinst/tx_cfg_test_modes_req[2:11/C i_my_ip_supy
non-FD primitive 0 Falze Path i_my_ip_support_block/ jesd204_ifinsttx_cfg_test_modes_req[2:1]/C i_my_ip_suppo,

CIC-14 Critical Multi-bit CIC path on
CIC-14 Critical Multi-bit CIC path on

QoW oW W

7. To export all the waivers inside a script and verify that a total of four waivers were added,
enter:

write_waivers -type cdc waivers.xdc -force

Note: Because the waivers . xdc file already exists, the - force option must be specified to override
the file.
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o TIP: Alternatively, because there are no DRC or methodology waivers, you can enter:

write_waivers waivers.xdc -force or write_xdc -type waiver waivers.xdc
-force.

The list of waivers inside waivers . xdc appears as follows.

*

# WRITE CIC Waivers

# cnd; write_waivers -type cde -file waivers,xdc -force

current_instance —quiet

create_waiver —type COC -id {CIC-10} -user "Hilinx" -desc "This is a safe CDC per review with the team" —from [get_pins i_my_ip_support_block/jesd204_i/inst/i_my_ip/i_tx/i_tx_counters_32/got__
create_waiver —tupe COC -id {CDC-11} -user "Hilinx" -desc "Safe fanout. Circuitry has been released” —from [get_pins {i_my_ip_support_block/jesd204_i/inst/i_muy_ip_reset_block/stretch_reg[10]/0]
create_waiver —tupe COC -id {CDC-11} -user "Hilinx" -desc "Safe fanout. Circuitry has been relessed" —from [get_pins {i_my_ip_suppart_block/jesd204_i/inst/i_mu_ip_reset_block/stretch_reg[10]4
create_waiver —tupe COC -id {CDC-14} -user "Hilinx" -desc "Mo more COC-141" —from [list [get_pins {i_muy_ip_support_blocksjesd204_i/instrtx_cfg test_modes_real1]/CH [get_pins {i_my_ip_suppart g
#

current_instance —quiet

8. Toimportthe waivers.xdc file, enter:

read_xdc waivers.xdc

The following warnings show that duplicate waivers were not added to the existing waivers.
Only waivers that are exact duplicates of existing waivers are rejected.

WARNING: [Vivado_Tcl 4-935] Waiver ID 'CDC-10' is a duplicate and will
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID 'CDC-11' is a duplicate and will
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID 'CDC-11' is a duplicate and will
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID 'CDC-14' is a duplicate and will
not be added again.

Step 10: Waiving Multiple DRC Violations

In this step, you waive multiple DRC violations simultaneously.

1. Select Reports — Report DRC.
2. Inthe Report DRC dialog box, leave all settings at their default, and click OK.
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#
Check design against selected rule decks and/or individual design rules. '
Results name: drc_1
[ Interactive report file:
| [ Exportto file:
Waivers
(®) Apply waivers
| Display only waived violations
() 1gnore all waivers
Rule Decks Rules (2119 of 2135)
~ W) Vivado Rule Decks (7) Q x =2
[+ €7 default _
— v (M) All Rules (2125) ~
|17 opt_checks — )
— > (M) Netlist (737)
|| €7 placer_checks — ) .
— » |+ Pin Planning (110)
|| 7 router_checks — .
— » |v| Clocking (4)
|| €7 bitstream_checks _
— > || Memory (143)
|| &7 incr_eco_checks — .
— » |+ Floorplan (10}
|_J#7 eco_checks — )
> M| Implementation (229)
> (W] Phvsical Confinuration (747} hd

] Openin a newtap

(2)
\ 2/ OK Cancel

3. Inthe DRC Report, right-click UCIO#1, and select Create Waiver to create a waiver for the
UCIO-1 violations.

Note: The UCIO#1 violation combines 125 individual violations into a single violation. Similarly, the
NSTD#1 violation covers 113 ports.
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Tcl Console Messages DRC ¥ Timing

Q = £ =@ H vy 3 Critical Warnings ¥ 1Warning Hide All

Mame Details

v NSTD-1 (1)

113 out of 125 logical ports use /0 standard (I0STANDARD) value 'DEFAULT, instead of a user assigned specific value. This may cause /O contentic
compoenents to which itis connected. To correct this vielation, specify all /O standards. This design will fail to generate a bitstream unless all logical p
command: set_property SEVERITY {Warning} [get_drc_checks NSTD-1]. MOTE: When using the Vivado Runs infrastructure {e.g. launch_runs Tcl comr
s ad araddr[10], = axi araddi(9], s axi araddr[8], s axi araddi[7] & axi araddrf] = axi araddr5] s axi araddr4], s axi araddr3] s axi araddr:

N3TD #1

~ uclo-1 (1

125 out of 125 logical ports have no user assigned specific location constraint (LOC). This may cause /O contention or incompatibility with the board g

correct this violation, specify all pin locations. This design will fail to generate a bitstream unless a El Copy const
Ucio #1 [get_dre_checks UCIO-1). NOTE: When using the Vivado Runs infrastructure (e.g. launch_runs Tc d ade
S axi araddr(8], 5 axi araddi7], 5 axi araddr(6], 5 axi araddr5] s axi araddrf4] 5 axi araddr: Violation Properties... wadd
~ . Implementation (1) Auto-Select Objects

~ s Routing (1)
~ [ & ChipLevel (1
v RTSTAT-13 (1)

Auto-Mark Objects

~  WrapLines

Create Waiver...
RTSTAT #1 A signficant portion of the design is not routed. Routed nets status (RTSTAT-*) DRC checks will no feate faler ute_sg

drc_1 (4 violations) Export to Spreadsheet

4. In the Create Waiver dialog box, look at the output in Tcl Command Preview, and click OK.

/

Create waiver for 1 violation

User: Kilinx
Descripion”  ywajye UCIO DRC violations

Tags:

Tcl Command Preview

Q

create_waiver -of_objects|[get_drc_violations -name drc_1 {UCIO-1#1} Fuser Xilinx -description {iWaive UCIO DRC vio

< >

(2)
2 OK Cancel

5. To generate the drc_waivers.xdc file and verify that the waiver is waiving all 125 objects,
enter:

write_waivers -type DRC drc_waivers.xdc

6. Inthe xDC file, look at the expanded port list, and notice that some of the strings from the
violations message were converted to wildcards (*).
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Strings are automatically converted to wildcards for UCIO-1, NSTD-1, TIMING-15, and
TIMING-16 type violations. For UCIO-1, the numbers of objects in the violations are replaced
with wildcards, because the numbers of elements are not meaningful.

4

# WRITE DRC WAIYERS

# cmd? write_waivers —type IRC drc_waivers.zdc

current_instance —quist

create_waiver —type DRC -id {UCI0-1} -user "Hilinx" -desc "Waiwe UCIO IRC wiolations" -objects [get_ports { refclkop glblelkp refclkOn tx_start_of _frame[3] tx_start_of_multiframe[2] glblclkn
tx_reset drpelk tx_start_of _multiframe[2] txp[3] tx_start_of_multiframe[0] tx_start_of_frame[2] tx_start_of_frame[1] =_axi_rready tx_sunc tx_sysref tx_aresetn s_axi_rdatal[l] s_axi_rvalid
s_axi_rrespl0] s_axi_rrespl1] s_axi_rdatal0] s_awi_rdata(2] s_axi_rdata[2] s_axi_rdatal4] s_awxi_rdatal39] s_axi_rdatal5] s_axi_rdatal10] s_axi_rdatalB] s_axi_rdatal7] =_axi_rdata[8]
s_axi_rdatal15] s_axi_rdata[11] s_axi_rdata[12] s_axi_rdata[13] s_axi_rdatal16] s_axi_rdatal17] s_axi_rdata[18] s_axi_rdatal14] s_axi_rdatal20] s_axi_rdatal21] s_axi_rdatal22] s_axi_rdata[27]
s_axi_rdatal23] s_axi_rdata[13] s_axi_rdatal25] s_axi_rdatal26] s_axi_arready s_axi_rdata[28] s_axi_rdata[24] s_axi_rdata[30] s_axi_rdatal31] s_axi_araddr[2] s_axi_arwalid s_axi_rdata[25]
s_axi_araddr[7] s_axi_araddr[3] s_axi_araddr[4] s_axi_araddr[5] s_axi_araddr[B] s_axi_bvalid s_axi_araddr[9] s_axi_araddr[10] s_axi_bready s_axi_wstrb[0] s_axi_wstrb[1] s_axi_araddr[8]
s_axi_bresp[1] s_axi_uready s_axi_wvalid s_axi_wdata[0] s_axi_bresp[0] s_axi_uwstrb[2] s_axi_araddr[11] s_axi_wdatal4] s_axi_wdatall] s_axi_wstrb[3] s_axi_wdatal2] s_axi_wdatal3]
s_axi_udatald] s_axi_wdatal8] s_axi_udatal6] s_axi_wdatal7] s_axi_wdatal8] s_axi_wdatal14] s_axi_wdata[10] s_axi_udatal11] s_axi_wdatal12] s_axi_wdata[13] s_axi_wdatal13] s_axi_wdata[15]
s_axi_wdata[16] s_axi_wdatal17] s_axi_wdatal18] s_awi_wdata[24] s_axi_wdata[20] s_axi_wdata[28] s_axi_wdatal25] =_axi_wdata[25] =_axi_t wdata[2?] s_axi_awready s_axi_awalid txp[4]
tx_start_of _multiframe[1] txp[1] tx_start_of_frame[0] txp[2] txn[1] txn[3] txn(2] s_axi_swaddr[11] txn[0] txplol 1L i awaddr‘[?’] s_axi_awaddr[10] =_axi awaddr‘[B]
=_axi_awaddr[3] s_axi_awaddr[2] txnl4] s_axi_awaddr[5] s_axi_swaddr[6] s_axi_swaddr[3] s_axi_awaddr[4] }]I —strings { "®" } -strings { "k" }] timestamp “Wed Mar 14 22:57:14 GMT 2018"

7. To delete the DRC waiver and rewrite the waiver using wildcards to target a subset of the
ports objects, enter:

delete_waivers [get_waivers -type drc]

create_waiver -type DRC -id {UCIO-1} -user "Xilinx" -desc "Waive
selected UCIO violations" -objects [get_ports { s_axi_rdatal¥*]
s_axi_wdatal[*] s_axi_araddr[*] } ] -strings { "*" } -strings { "*" 1}

Note: This command only covers a subset of the original 125 objects.
8. Select Reports = Report DRC to rerun Report DRC.

9. In the Report DRC dialog box, select Display only waived violations to report only waived
violations, and click OK.

UG938 (v2019.1) August 12, 2019 send Feedback www.xilinx.com
Design Analysis and Closure Techniques L/—] 24


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=24

iv Xl Ll NX Chapter 2: Lab 1: Setting Waivers with the Vivado IDE
A ®

#

Check design against selected rule decks and/or individual design rules.

Results name: drc_2
[ Interactive report file:

[ Exportto file:

Waivers

(®) Apply waivers

I [+| Display only waived violations I

() 1gnore all waivers

Rule Decks Rules (2120 of 2136)
~ (M) Vivado Rule Decks (7) Q x =2
[+ €7 default
— v (M) All Rules (2126) ~
|| & opt_checks
— Pl > (M) Metlist (737)
|| €7 placer_checks — ) N
— » |+ Pin Planning (110)
|| 7 router_checks — . _
— » |v| Clocking (4)
|| €7 bitstream_checks — )
— > || Memory (143)
|| &7 incr_eco_checks — )
— » |+ Floorplan (11}
|| 47 eco_checks ] _
> (W) Implementation (229)
> (W] Phvsical Confinuration (747} hd

[+] Openin a newtap

(2)
\ 2/ OK Cancel

In the DRC Report, verify that only 68 violations are waived out of 125.

TclConsole | Messages |DRC  x Timing [Z =l
Q |=| £ ||==| W [+ @ 1 Critical Warning Hide All
Name Details

~ = All Violations (1)
~ " PinPlanning (1)
~ @ UCIo-1 (1)
68 out of 125 logical portsfhave no user assigned specific location constraint (LOC). This may cause I/O contention or incompatibility with the board power or connectivity affecting performance, signal
integrity or in extreme cases cause damage to the device or the components to which it is connected. To correct this violation, specify all pin locations. This design will fail to generate a bitstream unless
all logical ports have a user specified site LOC constraint defined. To allow bitstream creation with unspecified pin locations (not recommended), use this command: set_property SEVERITY {Waming}
@ ucio# [get_drc_checks UCIO-1]. NOTE: When using the Vivado Runs infrastructure (e.g. launch_runs Tcl command), add this command te 2 tcl file and add that file as a pre-hook for write_bitsiream step for the

implementation run. Problem ports: 3 _axi araddr11] s axi araddr10], s axi araddr9] s axi araddi8] s axi araddi7] s axi araddrf] s axi araddr(5] s axi araddr4] s axi araddr3] s axi araddr?],
5 axi rdata[31:0], 5 axi wdata[2?8] s axi wdata[27], 5 axi wdatal?6], 5 axi wdata[25], (the first 15 of 37 listed).

drc_1 (4violations)  x  dre_2 (1 waived) x

IMPORTANT! You cannot waive READONLY or NODISABLE violations. For example, if you enter:

create_waiver -type DRC -id RTSTAT-1 -description "Waive RTSTAT-1"
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The Vivado tools issue the following error:

ERROR: [Vivado_Tcl 4-934] Waiver ID 'RTSTAT-1' is READONLY or NODISABLE
and cannot be waived.
These Factory designations specify that a check is required and may not be
overridden by user action.

Step 11: Generating a Summary Report for
Waived Violations

This step covers how to use the report_waivers Tcl command to generate a summary report
for CDC, DRC, and methodology waivers.

‘11} IMPORTANT! Before running the report_waivers command, you must rerun Report CDC, Report DRC, or
Report Methodology to ensure that added or removed waivers are included in the statistics reported by

report_waivers.

1. To rerun Report CDC, enter:

report_cdc
2. To rerun Report DRC, enter:

report_drc

Note: You do not need to rerun Report Methodology, because no methodology waivers were set.
3. To create a summary report, enter:

report_waivers

By default, report_waivers reports only waived violations. The following figure shows the
UCIO-1, CDC-10, CDC-11, and CDC-14 rules, which have defined waivers.
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& XILINX

. REPORT DETAILS (HETHODOLOGY: no waivers)

1. REFORT SLRMHARY

2. REPORT LETAILS (DRC)
3

4. REPORT DETRILS (CDC)

1. REFORT SUMHARY

Maiver Tupe Total Vios Remaining Vios Waived Vios Used Baivers Set Waiwers
IRC 223 1 1] 1 al
HETHODOLOGY O (1} L] 0 (1]

CEC 957 944 13 4 4

Note: This report is based on the most recent report_drc/report_methodologu/report_cde runs,

2, REFORT DETAILS (DRC)

Rule Severity Deseription Total Vios FRemaining Vios Uaived Vios LUsed Waiwers Set Maivers

UCIO-1* Critical Warning Unconstrained Logical Port 125 LT =] i 1

4, REPORT DETRILS (CDC)

Fule Severity Dezcription Total Wios Remaining Wios Baived Vics Used Waiverz Sat Waivers
COC-10 Critical Combinational loaic detected before a sunchronizer 187 186 1 1 1
CBC-11 Critical Fan-out from launch Flop to destination clock 2 0 2 2 2
CDC-14 Critical Multi-bit COC path on a non=FD primitive 10 L 10 1 1

Note: Arg "Rule’ which iz flagged by “*° iz an aggregating message and itz counts are baszed on the rumber of objectz represented.
rather than the nusber of mezzages,

Note the number of waived objects and total violations:

Chapter 2: Lab 1: Setting Waivers with the Vivado IDE

e The aggregating DRCs are reported as 1 violation per object inside the violation. Because

there are 113 objects in NSTD-1, 125 objects in UCIO-1 plus 1 in RTDAT-13, a total
number of 239 DRC violations are reported in the Summary table.

e The Report Summary table reports all of the violations.
e The Report Details tables only report the check IDs that have one or more waivers.
4. To generate detailed tables with all of the rules, including rules with no waivers, enter:

report_waivers -show_msgs_with_no_waivers

The following figure shows the report with all DRC and CDC rules reported in the Report
Details.
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& XILINX

1. REPORT SUHHARY

2, REPORT DETAILS {BRC)

3. REPORT DETRILS (METHODOLOGY: no waivers)
4. REPORT DETRILS (CDC)

1. REPORT SUMHARY

Waiver Type Total Yios Resaining Yios Maived Wics Usad Maivers Set Wajvers
DR 39 171 £ 1 1
HETHOROLOGY  © 0 L] 1] (1]

CIC 57 44 13 4

4
Note: This report 13 bassd on the most recent report_drc/report_methodologu/report_cde runs,

2. REPORT DETRILS (BRLC)

Rule Sanrerity Bazeription Tatal Vios Remaining Vies Waived Vios Used Maivers Set Majvers
UCID-1s  Critical Warning Unconstrained Logical Port 125 57 54 1 1
NSTO-1%  Critical Warning Unspecified 1/0 Standard 113 113 a 0
RTSTAT-13 Critical Warning Insufficient Routing 1 1 1] 1]

4, REPORT DETRILS (CDC)
Fule  Severity Description

Total ¥ice Resaining Yios Maived Yios lsed Waivers

Chapter 2: Lab 1: Setting Waivers with the Vivado IDE

St Maivers

CEC-10 Critical Cosbinational logic detected before a sunchronizer 187
CEC-11 Critical Famout from launch flop to destination clock 2
CIC-14 Critical Multi=bit COC path on a non=FD primitive 10
CEC-1  Critical 1-bit unknown CEC circuitry 536
Ci-3  Info 1-bit synchronized with ASYHD_REG property : ]
CIC-4  Critical Multi-bit unknown CIC circuitry piet}
CIC-3  Info Rsunchronous reset sunchronized with RSYNC_REG property 5
CPC-13 Critical 1-bit COC path on a non-FD primitive 170
COC-15 Warning Clock ensble controlled CIC strwecturs detected 10

Egu‘ﬁwﬁﬁ Qi

1

=

SO S oM
(=== === T
(=== -

Mote: Ary ‘Rule’ which iz flagged by '®' is an agoregating message and its counts are based on the nusber of objects represented,

rather than the rumber of messages,

5. To run Report Methodology, enter:

report_methodology

6. To generate detailed tables with all of the rules, including rules with no waivers, enter:

report_waivers -show_msgs_with_no_waivers

The exact statistics are reported, as shown in the following figure.

Note: This figure does not include the Report Details (CDC) section.

ERC 239 171 =] i 1
FETHODOLOGY 175 175 0 o 0
CIC w7 944 13 4

4
Hote: This report is based on the most recent report_drodreport_methodologu/report_cdo runs,

2. REPORT DETAILS (DRC)

Rule Severity Dezcription Total Wioz Remaining Wios Wajved Wios Used Hajvers Set Waivers
WCI0-1=  Critical Warnira Unconstrained Legical Port 125 57 B2 1 1
W5TI-1=  Critical Warning Unspecified 1/0 Standard 113 113 0 1} L]
RTSTAT-13 Critical Marning  Insufficient Routing 1 i 0 0o L]

3, REPORT BETAILS (METHODOLOGY)

Rule Severity Description Total Vies Remaining Vies Waived Yios Used Maivers Set Maivers
LUTHR-1 Marning  LUT drives asunc reset alert ] ] L] 0 0
TIHING=3  Warning  Unknown CDC Logic 1 il L] a a
TIHING-10  Marning  Hissing property on sunchronizer 1 1 L] 0 0
TIHING-18% MWarning Hizsing input or owtput dalsy 115 115 L] 1] 1]
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Step 12: Using Waiver Commands

In this step, you run additional commands related to the waivers.
1. To return a collection of CDC waiver objects, enter:
get_waivers -type cdc
The following CDC waivers are returned:
CDC-10#1 CDC-11#1 CDC-11#2 CDC-14#1
2. To filter the list of waivers to only return CDC-14 waivers, enter:

get_waivers -filter {ID == CDC-141}
CDC-14#1

3. Toreport all of the properties on a CDC waiver object, enter:
report_property [lindex [get_waivers -type cdc] end]

The following properties are returned:

Property Type Read-only Value

CLASS string true cdc_waiver
DESCRIPTION string false No more CDC-14!
ID string true CDC-14
INDEX string true 1

NAME string true CDC-14#1
OBJECT_COUNTS string true pins:2
SCOPE string true

TAGS string false

TIME string true <timestamp>
TYPE string true CDC
USED_CNT string true 10

USER string true Xilinx

Note: You cannot retrieve the design objects attached to a waiver object.
4. To delete all of the previously created CDC-14 waivers, enter:
delete_waivers [get_waivers -filter {ID == CDC-141}]

Note: After a waiver object is deleted, the waiver no longer applies and the violations that it waived are
reported again.

5. To delete all of the remaining CDC waivers, enter:

delete_waivers [get_waivers -type cdc]
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Summary

In this lab, you accomplished the following:

Waived CDC and DRC violations

Generated reports for waived violations

Exported waivers

Used waiver commands
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Chapter 3

Lab 2: Using Report QoR
Suggestions

Introduction

i} IMPORTANT! Windows users must install the patch located at: www.xilinx.com/support/answers/72633.html
in order to run this lab.

The report_qor_suggestions (RQS) command enables the Vivado® Design Suite tools to
analyze a design and provide automated solutions for enhancing QoR. The command can be run
on an open design after synthesis or after any stage in the implementation flow. RQS evaluates
the design in five key areas and suggests fixes or improvements in these areas. The five areas are
utilization, clocking, constraints, congestion, and timing. Recommendations from RQS can take
the following forms:

e RQS objects. These can add:
Switches to a given command
Properties to a given design object

¢ Text recommendations that require intervention by the user.

This tutorial will cover how to work with the RQS objects contained within RQS files in a project
based environment. Non project flow steps are also covered but not explicitly run.

Step 1: Understanding the Design

This lab uses a pre-built design to demonstrate some of the features of RQS. Suggestions are
triggered by the design of the RTL and the placement of blocks using floorplanning. The pre-built
design contains the following modules:

e Clocking Module: The main clocking circuit for the design resides in
clocking_module. vhd. For simplicity, RST is tied to GND and LOCKED is left
disconnected. The structure of this block is shown in the following figure.
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e Reg CLKA to CLKB Module: This module contains a synchronous CDC for a large bus. It
registers input data using CLKA and then passes it to a register on the CLKB domain to be
passed to the output. Registering large buses on different related clock domains can impact
hold slack (WHS/THS) and setup slack (WNS/TNS).

e Bus Double Register Module: This module instantiates two sub-level modules that are
connected by a wide data bus. The modules can be placed apart from each other using
floorplanning. This has the effect of adding routing to the area between the two modules. The
desired outcome is to create enough routing congestion to trigger suggestions.

¢ LUT Combiner Module: This module registers the input data three times. A circuit then takes
the XOR of these bits and registers the output. Because there are three common inputs, it will
create LUT combining, which can cause congestion.

¢ Bit Expander and Bit Reducer Modules: These modules enable the expansion and contraction
of internal data widths so that the design does not run out of 1/Os. The modules take an
arbitrary data width and expand or contract it to or from a desired size. The expansion and
contraction logic creates many logic levels and should be untimed. When untimed, they are
ignored by report_qor_suggestions.

The following steps cover opening the project and examining the placement of the floorplanned
modules:

1. In the Vivado® Design Suite, go to File = Project = Open and select the project located in
<extract_Dir>/lab2/1_InitialRun.
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¢ Vivado 2019.1

File  Flow Tools Window Help Q- Quick Acces

Project New...
Open...

Open Recent 4

Open Example...

Checkpoint 4

P

Open Project >

Open Example Project >

2. In the Flow Navigator, click Open Synthesized Design.
3. Inthe Netlist view, look at the hierarchy.

Metlist 22008 X
- o
N top

> Nets (19)

> Leaf Cells (7)
w [0 bus_double_register_i (bus_double_register)
5 G Mets (9003)
bit_expander i (bit_expander__parameterized3)
[I] bit_reducer i (bit_reducer__parameterized3)
B first_ffs_i (register_module)

WOONF RS N

W second_ffs_i (register_module 0]

» ¥ clk300_to_clke00_ffs i (reg clka to clkb)
» B lut_combiner_i (lut_combiner)

» [0 |mmc:m_inst (clocking_madule)

All modules at the top level are independent of each other. There are no timing paths
between them. There should also be no timing paths between these modules and the |/Os.

4. In Device view, look at the four pblocks. These have been added to help trigger suggestions
on the design without requiring a highly utilized design.
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Device

pblock lut c@nmbiner i

bhlock clk300 to

O TIP: When a block or blocks are selected, you can investigate the design further by pressing F4 to open the
schematic tools.

As can be seen in the previous figure, the LUT-combiner module is placed in between the Bus
Double Register sub-modules. This placement forces nets across the LUT-combined module
to create routing congestion; the effect mimics a real-world design, but is rigid. RQS is tuned
to real-world designs. The placement of the Reg CLKA to CLKB module is contained in the
clk300_to_clk600_ffs_i pblock.

Step 2: Running Report QoR Suggestions

This step covers running the report_qor_suggestions command to generate a report. The

command can be run on an open design at any stage of the implementation flow after synthesis.
In project mode, this is typically after synthesis or implementation. In non-project mode, this can
be after synth_design, link_design, opt_design, place_design, phys_opt_design,
Or route_design.

1. Inthe Vivado® IDE, from the pull down menus, click Reports = Report QoR Suggestions... to
bring up the dialog box shown in the following figure:
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- Report QoR Suggestions (on xcofisapps001) »

Report design and toaol option changes to improve the guality of results
(QoR)

|+ Generate new suggestions

Number of paths for suggestion analysis: 100

w

[_]view existing suggestions

Cancel

The equivalent Tcl command is:

report_qor_suggestions -quiet -name gor_suggestions_1
The command will:

e Examine the design and generate new suggestions

e Generate a report on the suggestions

The report opens automatically in the integrated design environment (IDE). Due to the
interactive nature of the report, only one instance of the report can be open at any time.

Note: By default, the RQS command reports on the 100 worst failing paths per clock group. You can
change the number of paths that RQS uses for the analysis of timing-critical paths by modifying the -
max_paths switch. Increasing this number generates more suggestions, but on paths that are
reducing in criticality. This may help in the later stages of design closure once all the key items are
resolved.

Step 3: Understanding the Report

This step explains the different sections of the generated QoR Suggestions report. On the left of
the report window, you can navigate to the different sections of the report; on the right, more
information is provided.

1. Inthe generated report, under RQS Summary, select GENERATED. This brings up the report
section shown in the following figure:
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The GENERATED section provides a list of all the suggestions that have just been generated
at this stage of the current run. Each suggestion has a description that details the reason for
the suggestion. Additionally, for each suggestion the following information is provided:

Table 1: RQS Summary Column Description

Item

Description

Comment

GENERATED_AT

This shows what stage of the design
the suggestion was generated at.
Typical values place_design or
route_design

As we progress through the design stages, the decisions
that the tool makes are based on the information
available at the time. Additionally, information accuracy
increases after placement and again after routing.

Some early suggestions may not be required once you
have run through the flow.

Some early suggestions may be required to solve issues
later in the flow.

APPLICABLE_FOR

This shows what stage must be rerun
in order for the suggestion to take
effect.

Most suggestions are executed at either synth_design
Or opt_design

SOURCE Details where the suggestion was current run Orif from a previous run, a file name that
generated contained the suggestion.
AUTOMATIC Details whether the suggestion is Automatic suggestions will either recommend a switch to

executed automatically or the user
must manually intervene

the tool or a property to be added to a cell or net

Under the other sections of the report there are details about the individual suggestions that
have been generated.

2. Click on the RQS_XDC_1_1 hyperlink. This will take you to the details section for this

suggestion:

ths | Logic Levels  Routes ™7 Siack  Req
. 2 7 s A7 16
RQS XDC-1 1 5 L] 0209 4TS

Reset Default

Export Suggestiont

doabie
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The suggestion description says that the timing constraint is too tight for the given path(s).
The XDC section contains two detailed paths for the this suggestion. Some suggestions can
target more than one object in a design.

The first path has a large negative slack which would stand out in a timing report. Timing
paths use net delays that are optimal, this gives the tools the correct order to place and route
them. Close analysis shows this is a 600 MHz path with seven logic levels. This is a path that
will need to be fixed. It is not possible to fix every path automatically. For this tutorial,
assume that a false path constraint has been missed. Enter the following in the Tcl console to
add this:

set_false_path -to [get_cells c1k300_to_clk600_ffs_i/bit_reducer_i/
tmp_reg]

The second path does not fail timing but is still flagged. This check also looks at paths by
giving approximate net and LUT budgets. This is done because sometimes the optimal route
is not always available and the tools can overestimate timing slack. This second check is less
critical but it is still worth examining early in the design cycle.

Click on the back arrow button * to go back to the GENERATED view.

4. Inthe GENERATED view, click on RQS_UTIL-3-1. These suggestions examine utilization of
different primitive types within a pblock.

Ooll bwqgakany
1 F B = PO maE TR

g [srpior Versrty  ielokale
1 B il " el B we (O Tl g Y L} L CO T T L ]

RQS examines the utilization of the full design, pblocks and SLRs. In addition, it also looks at
control sets and compares design numbers against thresholds from a characterized model
that may move thresholds depending on the design.

For this case, there is high register usage in both pblocks. RQS provides a general text
recommendation to reduce the utilization of this primitive type. Sometimes it will provide
automatic suggestions too. It is also worth noting that opt _design has not been run yet.
This could further reduce utilization but this is not certain until you have run the command.
RQS models do not change between synth_design and opt_design. Another way to
resolve this is to increase the size of the pblocks.

5. Click Window = Physical Constraints. In the Physical Constraints window, select the
c1lk300_to_clk600_ffs_1i pblock and view the Statistics tab in the Pblock Properties
window. This will display the utilization of the pblock. You can see that the CLB utilization is
71.85%.
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Pblock Properties ? _O0&aX
7 phlock_clk300_to_clk600_fs_i -
~
Physical Resource Estimates
Site Type Available Used % Util
CLBE LUTs 13920 2675 1922
LUT as Logic 139200 2675 19.22
LUT as Memory 5760 a 00
27840 20004 7185
Register as Flip Flop 27840 20004 7185 L
General Properties Statistics  Cells  Connectivity =

6. To resize the pblock, add the following command to the Tcl console:

resize_pblock pblock_clk300_to_clk600_fs_1i \
-add {SLICE_X0YO0:SLICE_X34Y59} -remove
{CLOCKREGION_XO0YO :CLOCKREGION_X0YO} \

-locs keep_all

The updated pblock utilization is now 59.54%. This is lower than the threshold. Leave the
other pblock as-is. For this particular case, the constraints on pblocks are being used to

generate routing congestion. In typical designs, pblock utilization at 82% would cause a
failure.

Click on the back arrow button * to go back to the GENERATED view.

Examine the TIMING-54-1 suggestion. The suggestion is recommending to insert a BUFG to
lower general routing usage. It is an automatic suggestion. It has APPLICABLE_FOR ==
opt_design so there is no need to restart the run as the current stage is after
synth_design.

fral Ssggestiong
o E @& = M40 I & cENERATED
L]
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T Tt -
[ - pi_davign Crepnt B siigh swhlirwiion of Cerfmim typey. of coly i o Pl Try i
alice ] -
" Ca T A Copmpnr Bos | Yud St oF Fleed o Crtic ! PSR LT IS e (R [imng
[ i 41 o none | opl_desgn Curend Fun s Freanal FegP fantat nats drven by Nogs and -1w-:|-:|:ﬂfl
354 Terien =
4 RS (LOCK14:0 B N wyrth_delegn Corfiit M Ho gh THES Sus o wier Cladk undertionty. P 1R T,
i o L Curtie’ Bun: - Ho BEgh THE Susi 10 ipfilvifiud ODCE. Try L3 Peduls the fu
4 ¥
Firli Corlun Expie SUgritiied

Clicking through to the details sections for this suggestion shows that the signal has a fanout
of 10000 as shown in the following figure:

ef uggeelions

g T & = 40 RS TIMENG-S-1
’
General & e Nlen Mo of Palbi Lape vl Bsutes ek By Thdw Famnd | Datapath Delay  Cal  Mouted  Soune
BJs = sTary ROS_TRNG-S4-L 1 a T AT 2145 10000 2,331 570 74,30 il 30
GEMERATED -
& ¥

[P Y.
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9. Click on the back arrow button * to go back to the GENERATED view.
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10. Select the automated suggestions to be exported to the run. First deselect the checkbox in
the title heading of the column to deselect all the entries in the column, then select the
checkbox associated with RQS_TIMING-54-1. The selections are shown in the following
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11. Click the Export Suggestions button and select the location as <extract_Dir>/lab2/
initial_run_post_synth_suggestions.rqgs

12. In order for the suggestions to be added to the run, the read_qor_suggestions
command must be executed. In project mode, this must be done using a TCL hook, before the
opt_design stage. The pre_opt. tcl file has been created and added to the project for

you to do this. In the sources window, click Utility Sources = utils_1— TCL to open the
pre_opt.tcl file.

Sources

* MNetlist ? 00
a = & + o
w Design Sources (1)
» @& top(Behavioral) (top.vhd) (4]

» Constraints ()

» Simulation Sources (1)

w Ltility Sources (1)

utils 1 (1)
TCL (L)

n bre_opt.tcl|

S

e

Hierarchy Libraries Compile Order

The file contains the following contents:
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Project Summary ¥ | Device ¥ pre_ﬂpt.tcl !
Q - & B B X N/ B ©Q
1 # This tcl script take the file mame of this script
2 & and assumes that the rgs file 15 in the same directory
a!
4. set dirname [file dirname [info script]]
5. set fn [file join $dirname initial _run_post_synth_suggestions] rgs)
6. # puts §Ffn
8 if {[file exists $fn] == 1} {
g puts ""ROS_INFO: Reading qor suggestion file $fn"
10 read_qor_suggestions $fn
11, T else {
12 puts "'ROS ERROR: Could not find ROS file $fn"
140}

In

For this TCL file to work correctly the following must be true:

a. The TCL file must be specified as a TCL hook at the pre-opt_design stage for the
implementation run

b. The RQS file must reside in the same directory as this TCL script

c. When specifying this as an implementation run tcl hook, the file should not be copied into
the project as the RQS file will not be automatically copied and it will break the required
relationship mentioned in b

Next ensure this file is setup in implementation runs option. Under the Flow Navigator Select
Settings = Implementation = opt_design.
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Implementation
Report Options

Bitstream
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Tool Settings options
Projact T
1P Calaults imcremental imglementation:  |Not set
Board Rapaditasy
Source File Sirategy f Vivado implementation ... ~ |l
Display
WabTalk Dascrplion Default settings for Implasment ation
Halp Deaign indiakeation (init_design)
+ Test Editar tchpre
ard Party Samulators el post®
Colors “Opt Dasign (opt_design)
Selection Rules i% Enﬂ_‘.!qd e
Shartcuts [1““y T:!
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» Rgmate Hosts o
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More Qpligns

7 0 Cancel Apphy Bastore..

Note: The pblock resizing and false path constraints are added inside the post_1ink. tc1 script. This
should normally get added to the user constraints, but to prevent the run from being out of date these
have been added via a TCL script.

Step 4: Run with Suggestions

You will now examine what happens when a suggestion is applied and how it is reported. Then
you will add further suggestions to the RQS file.

1. In the Flow Navigator, click Open Implemented Design.

2. While the run is opening, take the opportunity to examine the log file for the implementation
run. In the Reports tab, select impl_1_route_implementation_log_0 to open up the
implementation log file.

Locate the following in the log file (including <extract_dir> explicitly and not replacing the
string):

source <extract_dir>/labZ2/pre_opt.tcl
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Following the sourcing of the TCL script there are two messages immediately after:

RQS_INFO: Reading qor suggestion file <extract_dir>/lab2/
initial_run_post_synth_suggestions.rqgs

INFO: [Vivado_Tcl 4-1103] Successfully read QoR suggestions file:
<extract_dir>/initial_run_post_synth_suggestions.rqgs

The RQS_INFO message comes from the TCL file. It is worth adding some messages in the
TCL file for debugging filepath issues due to the complexities of runs being launched in
directories that are not where the project sources reside. This is not required when running in
a non-project flow.

The INFO: [Vivado_Tcl 4-1103] message is generated by read_qor_suggestions to show
that the file has been read.

Because the RQS file is binary, it cannot be read in a text editor. Therefore, after reading the
RQS file, we have added the following command to the pre_opt . tc1 script to show what
suggestions have been read:

report_qor_suggestions -of_objects [get_gor_suggestions]

The command will report all the suggestions that are in memory. As you are running this
before any callsto report_qor_suggestions that generate new suggestions (RQS
generates new suggestions when called without -of_objects switch), it will only show
suggestions from the file.

Finally, search for the following

Phase 4 BUFG optimization

INFO: [Opt 31-318] Inserted a BUFGCE for CLOCK_BUFFER_TYPE property on
net: c¢lk300_to_clk600_ffs_i/a_r

Phase 4 BUFG optimization | Checksum: 115417bbf

It is at this point where the suggestion is executed and the BUFGCE is inserted into the
netlist.

3. With the Implemented Design now open, click Reports = Report QoR Suggestions.... This
time ensure the View existing suggestions box is checked as shown in the following figure:

-8 Report QoR Suggestions *
Report design and tool option changes to improve the quality of results
(onRJ

lv| Generate new suggestions

Number of paths for suggestion analysis: 100

-

Yiew existing suggestions
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4.

In the report, under RQS Summary select APPLIED. This shows all the AUTOMATIC
suggestions that have been applied. User suggestions are not analyzed. Here you can see that
RQS_TIMING-54-1 is applied:

Also note that the source of this suggestion is not the current_run.

Click GENERATED. There are now new suggestions for you to examine. The reasons for this
are:

a. As you progress through the implementation stages, early estimates become hardened
numbers and accuracy increases. RQS will not only use the updated numbers but
different thresholds as confidence increases that action is or is not required.

b. Some suggestions are not available in the early design stages. For example, congestion
suggestions become available only when there is placement information.

Examine the other suggestions. Note the suggestion RQS_CLOCK-2-1. This is a manual
suggestion that recommends changing the clock implementation to use BUFGCE_DIVs

instead of BUFGCEs. Details of this suggestion can also be found in the UltraFast Design
Methodology Guide for the Vivado Design Suite (UG949) - Synchronous CDC.

Click on the RQS_CLOCK-2-1 hyperlink to go to the details section for this suggestion.

Qa = & = c 4 QO ROS_CLOCK2:1
v

Suggestion Path Type  Skew  Slack  Reg  Datapath Delsy Cel oute  Source Clock Dastination Clock _ Source Clack Topalogy Destination Clock To
s CLOCRZT | SETUP T390 0187 |1.0650 | 1.376 5700 90.30  cIk 300 Ik wa 0 clk 500 clk_wi 0 OUF IBUFCTRL MMCMES AV DUFGCE FORE  WWBUF IBUFCTRL M)

Next double click on the path to open up the timing report. In the timing report click on the
Clock Uncertainty hyperlink. You can see that there is a Phase Error (PE) element that is
shown. Phase Error gets added when the source and destination clocks are from different
MMCM output pins. The suggestion requests you to use the same MMCM output pin,
connect them to BUFGCE_DIVs with different divisors. This modification requires a manual
RTL modification.

Clock Uncertainty Equation

[(Ts~2 + D~2)~112) 1 2 + PE
[Total System Jitter (T5)) [0.071ns
Discrete Jitter (D)) 0.092ns

| Phase Error (PE) 0.120ns
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9. The RQS file can be modified to have both EXISTING suggestions and newly GENERATED
suggestions. This time using TCL, export the following suggestions:

e RQS_TIMING-54-1 - This is the previous suggestion we exported under the APPLIED
section

e RQS_CLOCK-1-1 - This is a new suggestion to apply CLOCK_DELAY_GROUP
The TCL syntax for this is:

write_gor_suggestions -of_objects [list RQS_TIMING-54-1 RQS_CLOCK-1-1] \
-force <extract_dir>/labZ/initial_run_post_route_suggestions.rgs

10. Select File = Close Project to close the project.

Step 5: Design Closure

1. Inthe Vivado® Design Suite, go to File = Project = Open and select the project located in
<extract_Dir>/1lab2/2_synth_fixes.

2. A completed implementation run exists already for you. In the Flow Navigator, select Open
Implemented Design. Whilst the design is opening, use the time to examine the updated
clocking_module.vhd and the implementation log file.

3. When the design is open, in the Netlist window, select mmcm_inst and press F4. Examine the
clocking change that has been implemented. The updated clocking is shown in the following
figure:
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4. Select Timing tab = Inter-clock paths = clk_300 to clk600_clk_wiz = select first path. Next
examine the clock uncertainty. You can see that the phase error is now reduced to 0.000.
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Clock Uncertainty Equation

((TS)™2 + DJ)~2)"1/2) /| 2 + PE

Total System Jitter (TSJ) |0.071ns
Discrete litter (D)) 0.081ns

T
Phase Error (PE) 0.000ns

5. In the timing report, select Design Timing Summary and confirm that the run has closed
timing:
alzle

4 Design Timing Summary
»
General Information ~

Timer Settings Setup Hold Pulse Width

[pesign Timing Summary Worst Megative Slack (WNS):  0.004 ns Warst Hold Slack (WHS): worst Pulse width Slack (WPWS):

Clock Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS) 0.000 ns Total Pulse Width Negative Slack (TPWS):  0.000 ns
<h Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Mumber of Failing Endpoints 0
ntrs

Total Number of Endpoints: 77512 Total Number of Endpoints: 77512 Total Number of Endpoints: 70583
nter-Clack Paths

¢
clk_300 to clk_600_clk_wiz_( All user specified timing constraints are met,
v

$ ¢ >

»
Timing Summary - impl_1 (saved)

6. Youcanalsorun report_gor_suggestions on the latest revision of this design and see
further RQS suggestions. On a timing closed design, suggestions are limited as there are no
timing failures but congestion suggestions are still available to improve the design

7. Close the design.

Summary

In this lab, you used RQS to conduct a complex analysis of a demonstration design. You firstly
examined the reports that showed RQS provided recommendations to solve implementation
problems, then generated an RQS file and added it to a project implementation run. The Vivado®
implementation tools executed these suggestions automatically for you. You subsequently
performed further analysis and generated more suggestions, ultimately achieving design closure.
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Appendix A

Additional Resources and Legal
Notices

Please Read: Important Legal Notices

The information disclosed to you hereunder (the "Materials") is provided solely for the selection
and use of Xilinx products. To the maximum extent permitted by applicable law: (1) Materials are
made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES AND
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY
PARTICULAR PURPQOSE; and (2) Xilinx shall not be liable (whether in contract or tort, including
negligence, or under any other theory of liability) for any loss or damage of any kind or nature
related to, arising under, or in connection with, the Materials (including your use of the
Materials), including for any direct, indirect, special, incidental, or consequential loss or damage
(including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any
action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx
had been advised of the possibility of the same. Xilinx assumes no obligation to correct any
errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials
without prior written consent. Certain products are subject to the terms and conditions of
Xilinx's limited warranty, please refer to Xilinx's Terms of Sale which can be viewed at https:/
www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and support terms contained
in a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe or
for use in any application requiring fail-safe performance; you assume sole risk and liability for
use of Xilinx products in such critical applications, please refer to Xilinx's Terms of Sale which can
be viewed at https:/www.xilinx.com/legal.htm#tos.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING

UG938 (v2019.1) August 12, 2019 send Feedback www.xilinx.com
Design Analysis and Closure Techniques L/—] 46


https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2019.1&docPage=46

iv Xl Ll NX Appendix A: Additional Resources and Legal Notices
A ®

OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY TO
APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

Copyright

© Copyright 2019 Xilinx, Inc. Xilinx, the Xilinx logo, Alveo, Artix, Kintex, Spartan, Versal, Virtex,
Vivado, Zynq, and other designated brands included herein are trademarks of Xilinx in the United
States and other countries. All other trademarks are the property of their respective owners.
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