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Date Version Revision
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Added new entry Max Delay Datapath Only - Gray, page 42, in section Matrix Color
Coding, page 41.

Updated Figure 1-29, Clock Interaction View Layers, page 43.

Added new sentence "If either the source clock or the destination clock of the
timing paths ..." under Common Primary Clock, page 45.

Rewrote section Report Route Status, page 87.

11/21/2013 | 2013.3 Removed content from Fixed and Unfixed Cells, page 123. This content has now
been moved to the Vivado Design Suite User Guide: Implementation (UG904) .

Added Report Exception, page 59.
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& XILINX.
Chapter 1

Design Analysis Within the IDE

Introduction to Design Analysis Within the IDE

This chapter provides an introduction to design analysis in the Xilinx® Vivado® Integrated
Design Environment (IDE), including:

« Logic Analysis Features
« Timing Analysis Features

« Implementation Results Analysis Features

For more information about managing windows and using the Vivado IDE, see the Vivado
Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 1].

Logic Analysis Features

This section discusses Logic Analysis Features, and includes:

e Using the Netlist Window

» Using the Hierarchy Window

« Using the Schematic Window

« Searching for Objects Using Find

« Analyzing Device Utilization Statistics

» Using Report DRC
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Using the Netlist Window

The Netlist Window shows the design hierarchy as it is in the netlist, processed by the
synthesis tools.
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Figure 1-1: Netlist Window

Depending on synthesis settings, the netlist hierarchy may be a one hundred percent match
for the original RTL, or there may be no hierarchy. Generally, the synthesis tools default to
preserving most of the user hierarchy while optimizing the logic. This results in a smaller,

faster netlist.

With the synthesis tool defaults, the netlist hierarchy is recognizable, but the interfaces to
the hierarchies may be modified. Some pins and levels of hierarchy may be missing.

Each level of hierarchy shows its hierarchy tree. At each level, the tool shows:

« A nets folder for any nets at that level
« A Leaf Cells folder if there are hardware primitive instances at that level

» Any hierarchies instantiated at that level
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Traversing the tree shows the whole branch. The icons next to the cells display information
about the state of the design.

For more information, see Using the Netlist Window in the Vivado Design Suite User Guide:
Using the Vivado IDE (UG893) [Ref 1].

The Properties Window for each level of hierarchy shows utilization statistics including:

« Primitive usage for the whole hierarchical branch, grouped in higher level buckets
« The number of nets crossing the hierarchy boundary

» Clocks used in the hierarchy
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Figure 1-2: Instance Properties Window

If you floorplan the design, similar properties are displayed for the Pblock.
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Using the Hierarchy Window

Explore the hierarchy to understand resource usage. To open the Hierarchy Window, select
Tools > Show Hierarchy.

The Hierarchy Window displays the hierarchy tree for the netlist. Each horizontal row
displays a level of hierarchy inside the netlist. As you move down the rows, you move into
deeper netlist hierarchy. Across the row, each level of hierarchy is sized relative to the other
hierarchy at that level.
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Figure 1-3: Hierarchy Window
Figure 1-3, Hierarchy Window, shows that cpuEngine, usbEngine0, and usbEnginel:

« Have most of the logic in the design.

e All use about the same number of resources.
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The Utilization Report:

» Breaks apart the design based on resource type.

« Displays each resource type independently with consumption per level of hierarchy.

To view the Utilization Report, select Tools > Report > Report Utilization.
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Figure 1-4: Utilization Report

In this design, the two usbEngine blocks are the two biggest consumers of the RAMB36
and FIFO36 blocks. Click the + (plus) icon to view the consumption at sub-hierarchies.

Using the Schematic Window
The schematic is a graphical representation of the netlist. View the schematic to:

« View a graphical representation for the netlist.
« Review the gates, hierarchies, and connectivity.
« Trace and expand cones of logic.

* Analyze the design.

« Better understand what is happening inside the design.
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At the RTL level in Elaborated Design, you see how the tool has interpreted your code. In
Synthesize Design and Implemented Design, you see the gates generated by the synthesis
tool.

To open the schematic, select Tools > Schematic. If nothing is selected, the gates,
hierarchy, and connectivity appear at the top level of the design.
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Figure 1-5: Top Level Schematic

For information about zooming and moving around the schematic, see the Vivado Design
Suite User Guide: Using the Vivado IDE (UG893) [Ref 1].

Design Analysis and Closure Techniques www.xilinx.com Send Feedback 9
UG906 (v2013.3) November 21, 2013 I—\/_l


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=9

TIP: The schematic is simpler if you use a single level of hierarchy only. The schematic populates with
O the selected element emphasized (blue). The ports for the single hierarchy display.
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Figure 1-6:

Schematic with Single Hierarchy Selected

You can trace the schematic in multiple ways:

« Click the + (plus) icon in the upper left to display the gates in the hierarchy.

« Double click a port or element to expand it.

« Use the schematic popup.

For more information, see Using the Schematic Window in the Vivado Design Suite User
Guide: Using the Vivado IDE (UG893) [Ref 1].

» Click the <- -> arrows to switch between the previous and next schematic views.

« Select Expand All to display more logic and connectivity.

« Select Collapse All to simplify the schematic.
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After implementation, the schematic is the easiest way to visualize the gates in a timing

path. Select the path, then open the schematic with the gates and nets from that path.
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Figure 1-7:

Schematic With Timing Path

To identify the relevant levels of hierarchy in the schematic, choose Select Leaf Cell Parents
from the popup menu.
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As you review the schematic, select the Highlight and Mark commands to track gates of

interest. Color coding primitives (using either a mark or a highlight) makes it easier to track
which logic was in the original path, and which logic was added.

[ Package X | Device X
3| i8Instances 250 Mets

7] Schematic x

Figure 1-9: Schematic With Timing Path Marked

Searching for Objects Using Find

The Vivado IDE includes powerful find and search capabilities using Edit > Find
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,0, Find objects in the current design or device by filtering Td properties and objects.

Result name
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[¥] Open in a new tab

=

Figure 1-10: Find Dialog Box
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Find Criteria
Select Edit > Find to search the netlist for:

+ Instances

* Nets

+ [/O Ports

« Instance Pins
« Pblocks

« RPMs

Find Sub Criteria

There are multiple sub criteria for each of the Find criteria. For example, instance has the
following sub criteria:

+ Type

« Cell types

« Black boxes

« Primitives, including
. I/O Buffer
o Block Arithmetic

- Block Memory

-« LUT
« Name
» Status

» Parent Pblock
« Module
* Primitive count

o Attribute

Review the other Find criteria for their sub fields.
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Device-Specific Find Criteria

Device-specific Find criteria are:

* Arcs

« Nodes

» BEL Pins
« BELs

» Site Pins
« Sites

« Tiles

« [/O Banks

+ Clock Regions

Find Examples

Select Edit > Find to find, for example:

« Allunplaced I/Os

» Only the tool-placed Global Clocks

« All nets with a fanout over 10,000

« All DSPs using the PREG embedded register
Complex Finds

To run a complex find:

1. Set the first search criterion.

2. Click +(plus).

3. Add additional criteria.

4. Join the additional criteria with logical operators (and, or).

Tcl Finds

Run the Tcl Find commands when running from a script or in the Tcl Console.

TIP: The Tcl Console at the bottom of the Vivado IDE shows the Vivado Design Suite Tcl commands run
O for each action executed in the GUI. From the Tcl Console, you can also enter Vivado Design Suite Tcl
commands.

For more information on Tcl scripting, see the Vivado Design Suite User Guide: Using Tcl
Scripting (UG894) [Ref 2].

For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 3], or type <command> -help.
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Analyzing Device Utilization Statistics

A common cause of implementation issues comes from not considering the logic and
device layout implied by the pinout. Slice logic is uniform in most devices. However,
specialized resources such as the following impact logic placement:

- I/0
« High Performance Banks

« High Range Banks

« MGT

« DSP48

+ Block RAM
« MMCM

« BUFG

« BUFR

Blocks that are large consumers of a certain specialized resource may have to spread
around the device. Take this into account when designing the interface with the rest of the
design. Use a combination of the following to find block resources:

« report_utilization
* netlist properties

« Pblock properties
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Using Report DRC

Design Rule Checks (DRCs) check the design and report on common issues. Run DRCs using
the report_drc command. During implementation, the tools also run DRCS. The DRCs
become more complete and comprehensive with placement and routing.
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VControl_Load_pad_1_o, XcvSelect_pad_0_o, XcvSelect_pad_1_o, or1200_cmode, or1200_pic_ints, phy_rst_pad_0_o, phy_rst_pad_1_o, reset, sysClk, usb_vbus_pad_0_i, usb_vbus_pad_1 i.
0 [Dre 23-20] Rule wiolation (UCIO-1) Unconstrained Logical Port - 135 out of 135 logical ports have no user assigned specific location constraint (LOC). This may cause IjO contention or incompatibility with the
board pewer or connectivity affecting performance, signal integrity or in extreme cases cause damage to the device or the compenents to which it is connected. To correct this violation, spedify all pin i
locations. This design wil fail to generate a bitstream unless all logical ports have 5 user spedified site LOC constraint defined. Ta allow bitstream creation with unspedified pin lacations (not recommended), use E‘
5 Td Console™ ' Messages | [ Log | 5 Reports | [% Design Runs | [2-1/O Ports

Figure 1-11: Showing Critical Warnings and Error

RECOMMENDED: Review the DRC messages, Critical Warnings, and Warnings early in the flow to
prevent issues later.

At Synthesized Design, the optional Report DRC step reports a Critical Warning for the
unconstrained I/Os. The routed design DRC report reports the Critical Warnings. You must

review

the report. At write_bitstream, the DRC has been elevated to an Error. Review

the DRC reports early to identify areas of the design that need modification.
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Timing Analysis Features

This section discusses Timing Analysis Features and includes:

* Report Timing Summary

* Report Timing Summary Dialog Box

« Details of the Timing Summary Report
* Report Clock Networks

« Report Clock Interaction

« Report Exception

Report Timing Summary

Timing analysis is available anywhere in the flow after synthesis. You can review the Timing
Summary report files automatically created by the Synthesis and Implementation runs.

If your synthesized or implemented design is loaded in memory, you can also generate an
interactive Timing Summary report from:

+ Flow Navigator > Synthesis
« Flow Navigator > Implementation

« Main Menu > Tools > Timing > Report Timing Summary
Equivalent Tcl command: report_timing_ summary

For more information on the report_timing summary options, see the Vivado Design
Suite Tcl Command Reference Guide (UG835) [Ref 3].

In a synthesized design, the Vivado IDE timing engine estimates the net delays based on
connectivity and fanout. The accuracy of the delays is greater for nets between cells that are
already placed by the user.

In an Implemented Design, the net delays are based on the actual routing information. You
must use the Timing Summary report for timing signoff if the design is completely routed.
To verify that the design is completely routed, view the Route Status report.
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Report Timing Summary Dialog Box
In the Vivado IDE, the Report Timing Summary dialog box includes the following tabs:
« Options Tab

« Advanced Tab

« Timer Settings Tab
The Results name field at the top of the Report Timing Summary dialog box specifies the
name of the graphical report that opens in the Results window. The graphical version of the

report includes hyperlinks that allow you to cross-reference nets and cells from the report
to Device and Schematic windows, and design source files.

If this field is left empty, the report is returned to the Tcl Console, and a graphical version
of the report is not opened in the Results window.

Equivalent Tcl option: -name
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Options Tab

#L Report Timing Surnmary [==]

,'0] Generate a timing summary to understand if the design met timing.

Results name: | timing_1

Options | Adwanced | Timer Settings
Report
Path delay type: | min_max

[¥] Report unconstrained paths

["] Report datashest
Path Limits
Maximum number of paths per dods or path group: 108
Maximum number of worst paths per endpoint: 1
Path Display
Display paths with slack less than: [¥] Use default {1e+30)
Significant digits: 35

Command: report_timing_summary -delay_type min_max -report_unconstrained -ched
[¥] Openin a new tab

[7] Open in Timing Analysis layout

| oK. || Cancel |

Figure 1-12: Report Timing Summary Dialog Box: Options Tab
The Options tab of the Report Timing Summary dialog box includes:

* Options Tab - Report Section
« Options Tab- Path Limits Section
« Options Tab - Path Display

* Options Tab - Common Section

Options Tab - Report Section

The Report section of the Options tab of the Report Timing Summary dialog box includes:
« Path delay type

Sets the type of analysis to be run. For synthesized designs, only max delay analysis
(setup/recovery) is performed by default. For implemented design, both min and max
delay analysis (setup/hold, recover/removal) are performed by default. To run min delay
analysis only (hold and removal), select delay type min.

Equivalent Tcl option: -delay_type
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+ Report unconstrained paths

Generates information on paths that do not have timing requirements. This option is
checked by default in the Vivado IDE, but is not turned on by default in the equivalent
Tcl command report_timing summary.

Equivalent Tcl option: ~-report_unconstrained

+ Report datasheet
Generates the design datasheet as defined in Report Datasheet, page 53, in this chapter.
Equivalent Tcl option: ~-datasheet

Options Tab- Path Limits Section

The Path Limits section of the Options tab of the Report Timing Summary dialog box
includes:

« Maximum number of paths per clock or path group
Controls the maximum number of paths reported per clock pair or path group.
Equivalent Tcl option: -max_paths

« Maximum number of worst paths per endpoint

Controls the maximum number of paths potentially reported per path endpoint. This
limit is bounded by the maximum number of paths per clock pair or path group.

Equivalent Tcl option: -nworst
Options Tab - Path Display

The Path Display section of the Options tab of the Report Timing Summary dialog box
includes:

« Display paths with slack less than

Filters the reported paths based on their slack value. This option does not affect the
content of the summary tables.

Equivalent Tcl option: -slack_lesser_than
« Number of significant digits
Controls the accuracy of the numbers displayed in the report.

Equivalent Tcl option: -significant_digits
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Options Tab - Common Section

The following controls common to all three tabs are located at the bottom of the Report
Timing Summary dialog box:

« Command

Displays the Tcl command line equivalent of the various options specified in the Report
Timing Summary dialog box.

« Openina New Tab

Opens the results in a new tab, or to replace the last tab opened by the Results window.
« Open in Timing Analysis Layout

Resets the current view layout to the Timing Analysis view layout.

For more information on view layouts, see the Vivado Design Suite User Guide: Using the
Vivado IDE (UG893) [Ref 1].

Advanced Tab

é‘* Report Timing Summary i."s'z |

,'0‘, Generate a timing summary to understand if the design met timing.

Results name: | timing_1
" Options” Advanced | Timer Settings |
Pins
[#] Show input pins in path
File Output
[] Wirite results to file: | C:/Datajfreport_timing_summary. bt

@

@ Overwrite (7) Append

Miscellaneous

[¥] Ignare command errors (quiet mode)

|| Suspend message limits during command execution

Command: report_timing_summary -delay_type min_max -report_unconstrained -ched

[¥] Open in Timing Analysis layout

[ OK || Cancel ]

Figure 1-13: Report Timing Summary Dialog Box: Advanced Tab
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The Advanced tab of the Report Timing Summary dialog box contains the following
sections:

Pins

+ Show input pins in path

O RECOMMENDED: Keep this option selected.

Equivalent Tcl option: -input_pins
File Output
o Write results to file

Writes the result to the specified file name. By default the report is written to the Timing
window in the Vivado IDE.

Equivalent Tcl option: -file
+ Overwrite / Append

When the report is written to a file, determines whether (1) the specified file is
overwritten, or (2) new information is appended to an existing report.

Equivalent Tcl option: -~append
Miscellaneous
« Ignore command errors

Executes the command quietly, ignoring any command line errors and returning no
messages. The command also returns TCL_OK regardless of any errors encountered
during execution.

Equivalent Tcl option: ~quiet
« Suspend message limits
Temporarily overrides any message limits and return all messages.

Equivalent Tcl option: -verbose
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Timer Settings Tab

To set the timer settings, use either: (1) one of the Vivado IDE timing analysis dialog boxes;

or, (2) one of the Tcl commands listed in this section.

These settings affect other timing-related commands run in the same Vivado IDE session,

except the synthesis and implementation commands.

The timer settings are not saved as a tool preference. The default values are restored for

each new session.

RECOMMENDED: Do not change the default values. Keeping the default values provides maximum
timing analysis coverage with the most accurate delay values.

ﬁI‘:L- Report Timing Summary

Results name: | timing_1

"Options | Advanced-” Timer Settings |

Interconnect: actual
Speed grade: -2 (default]
Multi-Corner Configuration
Corner name Delay type
Slow min_max «
Fast min_max ¥

[7] Disable flight delays

[] Dpen in Timing Analysis layout

-

,'0‘, Generate a timing summary to understand if the design met timing.

Command: report_timing_summary -delay_type min_max -report_unconstrained -ched

[

OK ]| Cancel ]

Figure 1-14:
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« Interconnect

Controls whether net delays are calculated based on the estimated route distance
between leaf cell pins, by the actual routed net, or excludes net delay from timing
analysis.

This option is automatically set to Estimated for post-synthesis designs, and to Actual
for post-implementation designs.

- Estimated

For unplaced cells, the net delay value corresponds to the delay of the best possible
placement, based on the nature of the driver and loads as well as the fanout. A net
between unplaced leaf cell pins is labeled unplaced in the timing path report.

For placed cells but unrouted nets, the net delay depends on the distance between
the driver and the load as well as the fanout. This net is labeled estimated in the
timing path report.

- Actual

For routed nets, the net delay corresponds to the actual hardware delay of the
routed interconnect. This net is labeled routed in the timing path report.

- None

Interconnect delays are not considered in the timing report and net delays are
forced to zero.

Equivalent Tcl command: set_delay model
« Speed Grade

Sets the device speed grade. By default, this option is set based on the part selected
when creating a project or opening a design checkpoint.

You can change this option to report timing on the same design database against
another speed grade without rerunning the complete implementation flow.

Equivalent Tcl command: set_speed_grade
« Multi-Corner Configuration

Specifies the type of path delays to be analyzed for the specified timing corner. Valid
values are none, max, min, and min_max. Select none to disable timing analysis for the
specified corner.

O RECOMMENDED: Keep both setup (max) and hold (min) analysis selected for both corners.

Equivalent Tcl command: config_timing corners
- Disable flight delays
Do not add package delays to I/O delay calculations.

Equivalent Tcl command: config_timing analysis
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Details of the Timing Summary Report
The Timing Summary Report contains the following sections:

« General Information Section

« Timer Settings Section

+ Design Timing Summary Section
* Clock Summary Section

» Check Timing Section

+ Intra-Clock Paths Section

« Inter-Clock Paths Section

« Path Groups Section

« User-Ignored Paths Section

 Unconstrained Paths Section

The comprehensive information contained in the Timing Summary Report is similar to the
information provided by several reports available from the Vivado IDE (Report Clock
Interaction, Report Pulse Width, Report Timing, Check Timing) and to some of the reports
available in Tcl only (report_clocks).

However, the Report Timing Summary also includes information that is unique to this
report, such as Unconstrained Paths.

General Information Section

The General Information section of the Timing Summary Report provides information about
the:

« Design name

« Selected device, package, and speed grade (with the speed file version)
« Vivado Design Suite release

« Current date

« Equivalent Tcl commands executed to generate the report
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Timer Settings Section

The Timer Settings section of the Timing Summary Report contains details on the Vivado
IDE timing analysis engine settings used to generate the timing information in the report.

Figure 1-14, Report Timing Summary Dialog Box: Timer Settings Tab, page 23, shows an
example of the Timer Settings section, which includes:

« Enable Multi-Corner Analysis
This analysis is enabled for each corner (Multi-Corner Configuration).
« Enable Pessimism Removal (and Pessimism Removal Resolution)

Ensures that the source and destination clocks of each path are reported with no skew
at their common node.

Note: This setting must always be enabled.

« Enable Input Delay Default Clock

Creates a default null input delay constraint on input ports with no user constraint. It is
disabled by default.

« Enable Preset / Clear Arcs

Enables timing path propagation through asynchronous pins. It does not affect
recovery/removal checks and is disabled by default.

« Disable Flight Delays

Disables package delays for I/O delay calculations.

Timer Settings

Settings Multi-Corner Configuration

Enable Multi Corner Analysis: Yes

i e Corner Name Analyze Max Paths Analyze Min Paths
Pessimism Removal Resolution: Mearest Common Node

Enable Input Delay Default Clock: Mo Slaw Yes Yes

Enable Preset / Clear Arcs: Mo Fast Yes Yes

Disable Flight Delays: Mo

Figure 1-15: Timing Summary Report: Timer Settings
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Design Timing Summary Section

The Design Timing Summary section of the Timing Summary Report provides a summary of
the timing for the design, and combines the results of all other sections in one view.

O RECOMMENDED: Review the Design Timing Summary section to verify that all timing constraints are
met after route, or to understand the status of the design at any point in the flow.

Design Timing Summary

Setup Hold Pulse Width

Worst MNegative Slack (WNS): 0.190ns Worst Hold Sladk (WHS): 0.054ns Worst Pulse Width Slack (WPWS): 3.000 ns
Total Megative Slack (TNS):  0.000 ns Total Hold Sladk (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 MNumber of Failing Endpoints: 0

Total Mumber of Endpoints: 43249 Total Mumber of Endpoints: 43249 Total Mumber of Endpoints: 15990

All user specified timing constraints are met.
Figure 1-16: Design Timing Summary
The Design Timing Summary section includes the following areas:

« Setup Area (Max Delay Analysis)
» Hold Area (Min Delay Analysis)
» Pulse Width Area (Pin Switching Limits)

Setup Area (Max Delay Analysis)

The Setup area of the Design Timing Summary section displays all checks related to max
delay analysis: setup, recovery, and data check.

« Worst Negative Slack (WNS)

This value corresponds to the worst slack of all the timing paths for max delay analysis.
It can be positive or negative.

« Total Negative Slack (TNS)

The sum of all WNS violations, when considering only the worst violation of each timing
path endpoint. Its value is:

o Ons when all timing constraints are met for max delay analysis.
- Negative when there are some violations.

*  Number of Failing Endpoints
The total number of endpoints with a violation (WNS<O0ns).
+ Total Number of Endpoints

The total number of endpoints analyzed.
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Hold Area (Min Delay Analysis)

The Hold area of the Design Timing Summary section displays all checks related to min
delay analysis: hold, removal, and data check.

Worst Hold Slack (WHS)

Corresponds to the worst slack of all the timing paths for min delay analysis. It can be
positive or negative.

Total Hold Slack (THS)

The sum of all WHS violations, when considering only the worst violation of each timing
path endpoint. Its value is:

o 0Ons when all timing constraints are met for min delay analysis.
- Negative when there are some violations.

Number of Failing Endpoints
The total number of endpoints with a violation (WHS<0ns).
Total Number of Endpoints

The total number of endpoints analyzed.

Pulse Width Area (Pin Switching Limits)

The Pulse Width area of the Design Timing Summary section displays all checks related to
pin switching limits:

Min low pulse width
Min high pulse width
Min period
Max period

Max skew (between two clock pins of a same leaf cell).

The reported values are:

Worst Pulse Width Slack (WPWS)

Corresponds to the worst slack of all the timing checks listed above when using both
min and max delays.
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« Total Pulse Width Slack (TPWS)

The sum of all WPWS violations, when considering only the worst violation of each pin

in the design. Its value is:

o 0ns when all related constraints are met.

- Negative when there are some violations.

« Number of Failing Endpoints

The total number of pins with a violation (WPWS< 0Ons).

« Total Number of Endpoints

The total number of endpoints analyzed.

Clock Summary Section

The Clock Summary section of the Timing Summary Report includes information similar to
that produced by report_clocks:

« All the clocks in the design (whether created by create_clock,
create_generated_clock, or automatically by the tool).

« The properties for each clock, such as name, period, waveform, type, and target

frequency.
O TIP: The indentation of names reflects the relationship between master and generated clocks.
Clock Summary

A, | Name Waveform Period (ns)  Frequency (MHz)
| +gtd_teusrck_i {0.000 6.400% 12,800 78.125
e | gt2_busrck_i {0.000 6.400} 12,800 78,125
| -gt4_bosrclk_i {0.000 6.400% 12,800 78,125
~gt6_bawsrdk_i 40.000 6.400} 12,800 78,125
=) sysClk 10,000 4,000} 8.000 125,000
“ckfbout 40,000 4.000} 8.000 125,000
ecpuClk 40,000 8,000} 16,000 52,500
~ffCk 40.000 4.000} 8.000 125,000
“ophyCki 40,000 4,000} 8.000 125,000
“ophyClki  {0.000 4.000} 8.000 125,000
usbClk 40,000 4,000} 8.000 125,000
“-wbCk  {0.000 8,000} 16,000 52,500

Figure 1-17: Timing Summary Report: Clock Summary
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Check Timing Section

The Check Timing section of the Timing Summary Report contains information about
missing timing constraints or paths with constraints issues that need to be reviewed. For
complete timing signoff, all path endpoints must be constrained.

Chedk Timing
a, Timing Chedk Cnuné
unconstrained_internal_endpoints 443
no_clock 300
no_input_delay 15
no_output_delay 14
multiple_cdlock 0

generated_docks
loops
partial_input_delay
partial_output_delay
unexpandable_docks
latch_loops

o o o o oo

Figure 1-18: Timing Summary Report: Check Timing Section
To generate Check Timing as a standalone report:

* Run the Tools > Timing > Check Timing menu command, or

« Run the Tcl check_timing command.

The list of checks reported by default, as shown in Figure 1-18, Timing Summary Report:
Timer Settings, is:

« no_input_delay

Number of input ports without at least one input delay constraint.
« no_output_delay

Number of output ports without at least one output delay constraint.
« unconstrained_internal_endpoints

Number of path endpoints excluding output ports without a timing requirement. This
number is directly related to missing clock definitions, which is also reported by the
no_clock check.

« no_clock

Number of clock pins not reached by a defined timing clock. Constant clock pins are
also reported.
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« multiple_clock

Number of clock pins reached by more than one timing clock. This usually happens
when there is a clock multiplexer in one of the clock trees.

« generated_clocks

Number of generated clocks that refer to a master clock source which is not part of the
same clock tree.

« loops

Number of combinational loops found in the design. The loops are automatically broken
by the Vivado IDE timing engine to report timing.

« partial_input_delay

Number of input ports with only a min input delay or max input delay constraint. These
ports are not reported by both setup and hold analysis.

« partial_output_delay

Number of output ports with only a min output delay or max output delay constraint.
These ports are not reported by both setup and hold analysis.

« unexpandable_clocks

Clock pairs for which the Vivado IDE timing engine could not find a common period
multiplier over 1000 clock cycles. The paths between these clock pairs cannot be safely
timed and the clock pairs must be treated as asynchronous.

« latch_loops
Checks for and warns of sequential feedback loops in the design.

For more information on constraints definition, see the Vivado Design Suite User Guide:
Using Constraints (UG903) [Ref 4].
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Intra-Clock Paths Section

The Intra Clock Paths section of the Timing Summary Report summarizes the worst slack
and total violations of the timing paths with the same source and destination clocks.

Intra-Clock Paths
Q s Edges WNS  TNS  Failing Endpoints Total Endpoints Edges WHS  THS Failing Endpoints Total Endpoints WPWS  TPWS  Failing Endpoints Total Endpoints
{wns)  (ns) (ns)  (TNS) {TNS) (wHs)  (ns) {ns) (THS) (THS) {ns) {ns) ({TPWS) (TPWS)

gt0_txusrclk_i rise -rise 9.003 0.000 0 222 rise -rise 0,113 0,000 0 222 6,000 0.000 O 147
gt2_teusrdk_i rise -rise 9.5410.000 0 222 rise -rise 0,072 0.000 0O 222 6,000 0,000 O 147
gt4_teusrdlk_i rise -rise 9,518 0.000 0 222 rise -rise 0,120 0,000 0 222 6,000 0.000 O 147
gte_twusrclk_i rise -rise 9,076 0.000 0 222 rise -rise 0,123 0,000 0 222 6,000 0,000 0 147
sysClk 3.000 0,000 0 9
clkfbout 8,592 0,000 0O 2
cpuCllc rise -rise 5,952 0.000 0 5737 rise -rise  0.0556 0,000 0 5737 9,600 0.000 O 3304
fftclk rise -rise 4,719 0.000 0 8335 rise -rise  0.0510.000 0 8385 4,358 0.000 O 1470
phyClka rise -rise 2,667 0.000 0 6033 rise -rise  0.083 0.000 0 6033 4,600 0.000 O 3795
phyClk1 rise -rise 2,456 0.000 0O 6033 rise -rise  0.052 0.000 0 6033 4,600 0.000 O 3795
usbCll rise - rise 1,416 0.000 0O 2546 rise -rise  0.086 0.000 0 2546 4,600 0.000 O 1474

Figure 1-19: Timing Summary Report: Intra-Clock Paths Section

To view detailed information, click the names under Intra-Clock Paths in the left index pane.
For example, you can view the slack and violations summary for each clock and details
about the N-worst paths for SETUP/HOLD/Pulse Width checks.

The worst slack value and the number of reported paths are displayed next to the label for
each analysis type. See Figure 1-20.

Timing - Timing Summary - kiming_1

QAT &9 = @ 4 Intra-Clock Paths - phyClk - Setup
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b bsClockRaths: W@ Path141 3391 14 &7 usbEnginelfulju3fin_token_reg/C  ushEngineljuljuz/sizd_c_reg[12)/D
= gt Exusrlk | o |2 Path14z  3.444 13 7 usbEngineljulju3fin_token_reg/C  usbEnginelfuljuzfsizd_c_reg[8]iD
HE@ gt2_bausrck | @ path14s 345 14 &7 usbEnginelfulju3fin_token_reg/C  ushEngineljuljuz/sizd_c_reg[13)/D
HE g4 bausrck | Tl 2 path 144 3947 14 &7 usbEnginelfulju3fin_token reg/C  ushEngineljuljuz/sizd_c_reg[11)/D
5 gte_tousrck < Path 145 3.462 13 &7 usbEnginelfulju3fin_token_reg/C  ushEngineljuljuz/sizd_c_reg[10)/D
5 sysClk o Path 146 3.497 1z &7 usbEnginelfuljusfin_token_regq/C  usbEnginelfuljuzsizd_c_req[4)iD
5 chkfbout = % Path 147 3.498 13 87 usbEngine1/ulju3fin_token_regiC  usbEnginelfulfu2fsizd_c_reg[9]/iD
i) cpuck % Path 148 3.500 13 &7 usbEnginelfuljusfin_token_regq/C  usbEnginelfuljuzsizd_c_req[7)iD
5 Rtk % Path 149 3.515 1z 57 ushEnginelful fudfin_token_req/C  usbEnginelfulfuzfsizd_c_reg[&]{D
= E:zg:t? % Path 150 3.551 1z &7 usbEnginelfuljusfin_token_regq/C  usbEnginelfuljuzsizd_c_req[S)D
3
5 Hold 0,161 ns (10}
5 Pulse Width 4,335 ns (31)
15 usbClk -
5 whClk =) <[ 0
4 Timing Summary - timing_1 X
BT Console | Messages | [l Log | (5 Reports | (3 Design Runs (5 Timing |

Figure 1-20: Timing Summary Report: Intra-Clock Paths Details
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Inter-Clock Paths Section

Similar to the Intra-Clock Paths section, the Inter-Clock Paths section of the Timing
Summary Report summarizes the worst slack and total violations of timing paths with
different source and destination clocks. See Figure 1-21.

Timing - Timing Summary - kiming_1

[ el — " = = @ 4 Inter-Clack Paths - cpuclk to sysClk - Setup
" 1
[ Inker-Clock Paths A a Mame  Slack  Levels  High Fanout  From To Tatal Delay
cpucl %% Pathzor  g.0me 1 1 cpuEnginefpm_chksd_o_reg[0}{C  orl200_pm_out[0] 1.735
“w || F Pathz0z  9.092 1 1 cpuEnginefpm_clksd_o_reg[1]{C  orl200_pm_out[1] 1.731
. phyClko b Clk _./\. & Pathz03 9,101 1 1 cpuEnginefpm_clksd_o_reg[3]{C  orl200_pm_out[3] 1,722
Py 0:5Ys Tl % pathzo4 9,106 1 1 cpuEnginefpm_clksd_o_req[z}{C  or1200_pm_out[2] 1.717
1 phyClkl bo sysClk —
1 usbClk ko sysClk = b
& Timing Summary - timing_1 X
2 Td Consale | & Messages [ (4 Log | | Reparts [ [ Design Runs (3 Timing

Figure 1-21: Timing Summary Report Inter-Clock Paths Details

To view detailed information, click the names under Inter-Clock Paths in the left index pane.
For example, you can view the slack and violations summary for each clock and details
about the N-worst paths for SETUP/HOLD/Pulse Width checks.

Path Groups Section

The Path Groups section of the Timing Summary Report displays default path groups and
user-defined path groups.

Figure 1-22 shows an example of the Path Groups summary table. To access this table,
select Path Groups in the left pane.

Timing - Timing Summary - timing_1

Q, tZ_-i 13‘1 = = @ 4 Path Groups
;~-General Information iR Edges WNS TNS  FaiingEndpoints TotalEndpoints Edges WHS  THS  Failing Endpaints Total
- Timer Settings Path Group FromClock  Ta Clock (wgms) ) (ns) tms)g 1 (Ths) 3 (ngs) ns)  (ns) fTHS)g £ (THS
i--Desian Timing Summary ==zync_default™ whClk couClk rise -rise 11,680 0.000 0 2869 rise -rise 0,752 0.000 0 2869
i Gladk Summary (1) ==agync_default™ whClk FtCle rise -rise  3.019 0.000 0 1312 rise -rise  0.409 0.000 0 1312
d E **agync_default™ gtl_teusrck_i gt0_txusrclk_i rise -rise 9.936 0.000 0 4 rige -rige 1,292 0.000 0 4
*Fasync_default™ gt2_twsrdk_i gt2_teusrck_i rise -rise 9.947 0.000 0 4 rise -rige 1,765 0.000 0 4
*Fasync_default™ gt4_teusrck_i gt4_teusrchk i rize -rise 10.160 0.000 0 4 rige -rise 1,222 0.000 0 4
*Fasync_default™ gt6_twusrdk_i gté_teusrck_i rise -rise 10.142 0.000 0 4 rise -rise 1,780 0.000 0 4
*Fasync_default™ wbClk ushClk rise -rise 1.884 0.000 0 320 rise -rise  0.943 0.000 0 320
*Fasync_default™ sysClk whClk rise -rise  4.0250.000 0 143 rise -rise 1,303 0.000 0 143
*Fasync_default™ wbClk whClke rise -rise 11,582 0.000 0 1053 rige -rise 1,002 0.000 0 1053
L.-Hold 0,409 ng (10
[+-gt0_txusrclk_i i
-at2 txusrclk i =]

] Timing Summary - timing_1 X

Figure 1-22: Timing Summary Report: Path Groups Section

TIP: **async_default** is a path group automatically created by the Vivado IDE timing engine. It

O includes all paths ending with an asynchronous timing check, such as recovery and removal. These two
checks are respectively reported under SETUP and HOLD categories, which corresponds to max delay
analysis and min delay analysis. Any groups you create using group_paths appear in this section as
well. Any combination of source and destination clocks can be present in a path group.
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User-lgnored Paths Section
The User-Ignored Paths Section of the Timing Summary Report displays the paths that are
ignored during timing analysis due to the set_clock_groups and set_false_path

constraints. The reported slack is infinite.

Timing - Timing Summary - timing_1

a, E % o= = \X @ 4 User Ignored Paths - NONE - gt0_txusrclk_i - Setup
H -~ = §
E‘ User Ignored Paths kB b Q Mame  Exception Slack Levels High Fanout From To
: ' NOE to gt0_tausrclk,j ¥ | @ Ppath25 False Path - 1 24 GTPRESET_IN mgtEngine/no_c...rdy_r_reg/CLR
% Path 826 False Path @ 1 24 GTPRESET_IM mgtEngine/no_c...rdy_r_regiCLR
Hold () 3 X
| MOME to gkZ_txusrchk_i |~ et
-0 MOME bo ges_bxusrclk_i -
FH-5) WONE to gté_bausrdk i [O]
% Timing Summary - timing_1 X
5 Tel Consale | 0 Messages | B&l Log | [2) Reports | (% Design Runs- (3 Timing

Figure 1-23: Timing Summary Report: User-Ignored Paths Section

Unconstrained Paths Section

The Unconstrained Paths section of the Timing Summary Report displays the logical paths
that are not timed due to missing timing constraints. These paths are grouped by source
and destination clock pairs. The clock name information displays as empty (or NONE) when
no clock can be associated with the path startpoint or endpoint.

Timing - Timing Summary - iming_1

Q, E % \X = = @ 4 Unconstrained Paths

= b o
ath Groups 7 S| Path From To Clodk

i~ User Ignored Paths Group  Clock

=8 Unconstrained Paths (none)
E-NOME to NOME (none) gt0_txusrck i
-NONE to gt_bausrck_| | (none) ot2_tewsrdk_i
--NONE to at2_txusrclk_i 3 (none) gt4_txusrdk_i
[-NOME to gt4_txusrclk_i (none) att_twsrdk_i
E-NONE to gté_bausrdk_| - (none) whClk
E-NOME to wbClk ol

% Timing Summary - timing_1 X

5 Td Console | ) Messages | & Log | [2) Reports | % Design Runs- (3 Timing

Figure 1-24: Timing Summary Report: Unconstrained Paths Section
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Reviewing Timing Path Details

You can expand most of the sections to show paths organized by clock pairs. For each
SETUP, HOLD and Pulse Width sub-section, you can view the N-worst reported paths. Select
any of these paths to view more details in the Path Properties window (Report tab).

To view the same details in a new window, double click the path.
For more information on timing path details, see Chapter 3, Performing Timing Analysis.
To access more analysis views for each path:

1. Right click the path in the right pane.

2. Select one of the following options from the popup menu:
o Open a Schematic of the path.
o Rerun timing analysis on this same path.

- Highlight the path in the Device and Schematic windows.

Filtering Paths With Violations

The report displays the slack value of failing paths in red. To focus on these violations, 2
click the Show only failing paths button.

Figure 1-25 shows the Timing Summary window with only failing paths displayed.

Tu
#

Timing - Timing Summary - timing_1 — ]

Qs 5\ & % @ 4 Design Timing Summary
[3

plmeSetines [l s Hold Pulse Width
0 =k Worst Negative Slack (WNS): -0.233ns  WorstHold Slack (WHS):  0.030ns  Worst Pulse Width Slack (WPWS): 2.000 ns
£ Total Negative Slack (TNS):  -21.722ns Total Hold Slack {THS): 0.000 ns Total Pulse Width Megative Slack (TPWS): 0.000 ns
Mumber of Failing Endpoints: 164 Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 1]
Total Mumber of Endpoints: 46601 Total Mumber of Endpoints: 46601 Total Mumber of Endpoints: 15926

~Setup -0.197 ns (10
r-Clock Paths Timing constraints are not met.
sbClk to phyClkD

etup -0.068 ns (10

: Ik to phyClikd g
a (T b

% Timing Summary - timing_1 X

5

= Td Console | (0 Messages | B4 Log | 2 Reports | [% Design Runs - (2 Timing

Figure 1-25: Timing Summary Report Violating Paths Filter
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Report Clock Networks
The Report Clock Network command can be run from:

« The Flow Navigator in the Vivado IDE, or
« The Tcl command:

report_clock_networks -name {network_1}

Report Clock Networks provides a tree view of the clock trees in the design. See
Figure 1-26, Clock Networks, page 36. Each clock tree shows the clock network from source
to endpoint with the endpoints sorted by type.

Clack Metworks - netwark_1

B gysClk (100,00 MHZ) (drives 15405 loads)
- sysClk
-6 clkin1_buf (TELF]
-] bufg_inst (BLIFG)
-3 mmem_ady_inst (MMCMEZ _ADY)
B8, FfCll_0 (100,00 MHz) (drives 1468 loads)

=il clkauté_buf (BLFG
H-1= FDRE (59 loads)
-5 FDCE (1152 |oads)
{5 FOPE {160 loads)
-5 RAMB3GEL (32 lnads)
-1 SRL1EE (1 [oad)
-5 DSP4SEL (A4 lnads)
[-M phyClicl _1 (100,00 MHz) {drives 3785 loads)
(-1 phyClk0_2 (100,00 MHz) (drives 3785 loads)
[ ushCll_3 {100.00 MHz) {drives 1488 loads)
£
[

e

f o VE-PFH L B i

-

£ whlk_4 (50,00 MHz) (drives 1503 loads)
H-My cpuCll_S (50,00 MHz) {drives 3367 loads)
E-1 clkfbout (100,00 MHz) (drives 1 load)
-8y ghO_txusrcle i (75,12 MHz) (drives 152 loads)

My k2 _bwuseclk i (75,12 MHz) (drives 152 lnads)

-8y ghd_bxosrcle i (75,12 MHz) (drives 152 loads)
[
[

H-My gt _txusrclk_i (78,12 MHz) (drives 152 loads)
H-I51 Unconstrained (4 loads)

Figure 1-26: Clock Networks
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The clock trees:

« Show clocks defined by the user or generated automatically by the tool.
» Report clocks from I/O port to load.

Note: The full clock tree is only detailed in the GUI form of the report. The text version of this
report shows only the name of the clock roots.

« Can be used to find BUFGs driving other BUFGs.

« Shows clocks driving non-clock loads.

There is a folder containing each primary clock and any generated clocks defined in the
design. A separate folder displays each unconstrained clock root.

Use the Filter Ports, Nets, Instances, and related buttons to reduce the amount of data
displayed in the clock tree.

To view a schematic of the clock path:

1. Select an object in the tree.

2. Run the Trace to Source popup command.

Report Clock Interaction
To view the Clock Interaction Report, run:

« Main Menu > Tools > Timing > Report Clock Interaction, or
+ Flow Navigator > Synthesis > Report Clock Interaction, or

« Flow Navigator > Implementation > Report Clock Interaction

Equivalent Tcl command: report_clock_interaction -name clocks_1
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Report Clock Interaction Dialog Box

In the Vivado IDE, the Report Clock Interaction dialog box includes the following:

« Results Name Field

+ Command Field

« Openin a New Tab Checkbox
« Options Tab

« Timer Settings Tab

Results Name Field

The Results name field at the top of the Report Clock Interaction dialog box specifies the
name of the graphical report that opens.

Equivalent Tcl option: -name

Command Field

Use the Command field to display the Tcl command line equivalent of the various options
specified in the Report Datasheet dialog box.

Open in a New Tab Checkbox

Use the Open in a New Tab checkbox to either: (1) open the results in a new tab; or (2)
replace the last tab opened by the Results window.
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Options Tab

ﬁ"‘ Report Clock Interaction @

;0', Report internal dock timing paths and undocked
: ' registers,

Results name: | fiming_3

Options | Timer Settings

Delay type: max -

»

Significant digits: 3=

File Qutput
Write results to file:

@) Overwrite Append

Command: report_cock_interaction -significant_digit:

V| Open in a new tab

I oK ” Cancel |

Figure 1-27: Report Clock Interaction: Options Tab
The Options tab of the Report Clock Interaction dialog box contains the following:

» Delay Type Field

« Significant Digits Field
« File Output Section

+ Command Field

* Openin a New Tab Checkbox
Delay Type Field
Use the Delay Type field to set the type of analysis to be run.

« For synthesized designs, only max delay analysis (setup/recovery) is performed by
default.

« For implemented designs, both min delay and max delay analysis (setup/hold,
recover/removal) are performed by default.

To run min delay analysis only (hold and removal), select delay type min.

Equivalent Tcl option: -delay_type

Design Analysis and Closure Techniques www.xilinx.com I Send Feedback I
UG906 (v2013.3) November 21, 2013

39


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=39

Significant Digits Field

Use the Significant Digits field to specify the number of significant digits in the reported
values. The default is three.

Equivalent Tcl option: -significant_digits
File Output Section

The File Output section includes:

« Write Results to File Field

Use the Write Results to File field to write the result to a specified file. In the Vivado IDE,
the report is displayed in the Clock Interaction window.

Equivalent Tcl option: -file
« Overwrite / Append Option Buttons

Select the Overwrite / Append option buttons to determine whether, when the report is
written to a file: (1) the specified file is overwritten, or (2) new information is appended
to an existing report.

Equivalent Tcl option: -append

Timer Settings Tab

For details on this tab, see Timer Settings Tab, page 23.

Details of the Clock Interaction Report

The Clock Interaction report analyzes timing paths that cross from one clock domain (the
source clock) into another clock domain (the destination clock). The Clock Interaction
report helps to identify cases in which there may be data loss or metastability issues

After you run the Report Clock Interaction command, the results open in the Clock
Interaction window. The Clock Interaction Report displays as a matrix of clock domains with
the source clocks in the vertical axis and the destination clocks in the horizontal axis. See
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Figure 1-28, Report Clock Interaction.
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Matrix Color Coding

Figure 1-28:

Report Clock Interaction

The tiles of the matrix are color coded as shown below. The colors of the matrix are
determined by the background color of the Graphical Editors as defined under Tools >
Options. For more information, see the Vivado Design Suite User Guide: Using the Vivado
IDE (UG893) [Ref 1]. To hide the legend, click the ? button on the toolbar on the left of the

matrix.

« No Path - Black

There are no timing paths that cross from the source clock to the destination clock. In
this case, there is no clock interaction and nothing to report.
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e Timed - Green

The source clock and destination clock have a synchronous relationship, and are safely
timed together. This state is determined by the timing engine when the two clocks have
a common primary clock and a simple period ratio.

« User Ignored Paths - Dark Blue

User-defined false_path or clock group constraints cover all paths crossing from the
source clock to the destination clock.

« Partial False Path - Light Blue

User-defined false_path constraints cover some of the timing paths crossing from the
source clock to the destination clock where the source clock and destination clock have
a synchronous relationship.

o Timed (Unsafe) - Red

The source clock and destination clock have an asynchronous relationship. In this case,
there is no common primary clock or no expandable period. For more information on

asynchronous and unexpandable clocks, see theVivado Design Suite User Guide: Using
Constraints (UG903) [Ref 4].

« Partial False Path (Unsafe) - Orange

This category is identical to Timed (Unsafe), except that at least one path from the
source clock to the destination clock is ignored due to a false path exception.

« Max Delay Datapath Only - Gray

A set_max_delay -datapath_only constraint covers all paths crossing from the source
clock to the destination clock.

ﬁ IMPORTANT: The color of a cell in the matrix reflects the state of the constraints between clock
domains, not the state of the timing paths worst slack between the domains. A green cell does not
indicate that the timing is met, only that all timing paths that cross clock domains are properly timed,
and that their clocks have a known phase relationship.

Filtering the Clocks
To filter the clocks displayed in the Clock Interaction report:

1. Select the Clock Interaction View Layers command in the toolbar.

2. Select the clocks to display.

This command reduces the matrix complexity by limiting the number of clocks, but does not
reduce the number of clock interactions reported in the table below the matrix. See
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Figure 1-29, Clock Interaction View Layers. You can also show and hide the clocks that do
not directly time a logical path in the design by clicking the Hide Unused Clocks button in
the toolbar. Because these clocks do not contribute to WNS/TNS/WHS/THS computation,

they are hidden by default.

Clock Interaction Options a < Destination Clocks
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<o, e e
Q= “hs Py hils .y g,
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=
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-] gtO_txusrdlk_i
-] gt2_txusrdk_i
-] gt4_txusrdk_i
-] gt6_txusrdk_i
-] Fftclk

-] extClk_virt

phyClko_2

Source Clocks

phyClil _1

usbCll_3

M NoPath B User Ignored Paths O  Partial False Path B Partial False Path (unsafe)
B Timed B Timed (unsafe) [0 Max Delay Datapath Only

Figure 1-29: Clock Interaction View Layers

Clock Pairs Slack Table

The table below the matrix provides a comprehensive overview of the timing slack for
setup/recovery and/or for hold/removal for source/destination clock pair. It also shows
useful information about path requirement of the worst paths, common primary clock and
constraints status. See Figure 1-28, Report Clock Interaction, page 41. This provides details
not displayed in the matrix above.

Sorting the Data

To sort the data in the table in increasing or decreasing values, single click multiple times on
a column header.

Selecting Cells and Rows
Selecting a cell in the matrix cross-selects a specific row of the table below.

Selecting a row from the table highlights a cell in the matrix above.
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Table Columns
The table columns are:
- ID
A numeric ID for the source/destination clock pair being displayed.
« Source Clock
The clock domain from which the path originates.
« Destination Clock
The clock domain within which the path terminates.
« Edges (WNS)

The clock edges used to calculate the worst negative slack for max delay analysis
(setup/recovery).

« WNS (Worst Negative Slack)

The worst slack calculated for various paths crossing the specified clock domains. A
negative slack indicates a problem in which the path violates a required setup (or
recovery) time.

« TNS (Total Negative Slack)

The sum of the worst slack violation for all the endpoints that belong to paths crossing
the specified clock domains.

« Failing Endpoints (TNS)

The number of endpoints in the crossing paths that fail to meet timing. The sum of the
violations corresponds to TNS.

« Total Endpoints (TNS)
The total number of endpoints in the crossing paths.
« Path Requirements (WNS)

The timing path requirement corresponding to the path reported in the WNS column.
There can be several path requirements between any clock pairs if both rising and falling
edges are active for at least one of the two clocks, or some timing exceptions have been
applied on paths between the two clocks. The value reported in this column is not
always the most challenging requirement.

For more information, see "Basics of Timing Checks” in the Vivado Design Suite User
Guide: Using Constraints (UG903) [Ref 4].
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Common Primary Clock

Whether the source clocks and destination clocks of the timing path are defined by a
common primary clock. If either the source clock or the destination clock of the timing
paths is with respect to a virtual clock, Virtual is displayed in the Common Primary
Clock field.

Inter-Clock Constraints

Shows the constraints summary for all paths between the source clock and destination
clock. The possible values are listed in the Matrix Color Coding section above. Following
are example definitions of these constraints:

set_clock_groups -async -group wbClk -group usbClk
set_false_path -from [get_clocks wbClk] -to [get_clocks cpuClk]

When the min delay analysis is also selected (hold/removal), the following columns also
appear in the table:

Edges (WHS)
The clock edges used to calculate the worst hold slack.
WHS (Worst Hold Slack)

The worst slack calculated for various paths crossing the specified clock domains. A
negative slack indicates a problem in which the path violates a required hold (or
removal) time.

THS (Total negative Hold Slack)

The sum of the worst slack violation for all the endpoints that belong to paths crossing
the specified clock domains for min delay analysis (hold/removal).

Failing Endpoints (THS)

The number of endpoints in the crossing paths that fail to meet timing. The sum of the
violations corresponds to THS.

Total Endpoints (THS)

The total number of endpoints in the crossing paths for min delay analysis
(hold/removal).

Path Requirements (WHS)

The timing path requirement corresponding to the path reported in the WHS column.
Like with WNS, there can be several possible path requirements for min delay analysis
between two clocks, and the value reported in this column does not always correspond
to the most challenging ones.

For more information, see “Basics of Timing Checks” in the Vivado Design Suite User
Guide: Using Constraints (UG903) [Ref 4].
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One or multiple clock pairs can be selected from the table. Report Timing between a
selected source/destination clock pair can be run from the popup menu.

Exporting the Table

Run the Export to Spreadsheet command to export the table to an XLS file for use in a
spreadsheet.

Report Pulse Width

The Pulse Width Report checks that the design meets min period, max period, high pulse
time, and low pulse time requirements for each instance clock pin. It also checks that the
maximum skew requirement is met between two clock pins of a same instance in the
implemented design (for example, PCle clocks).

Equivalent Tcl command: report_pulse_width

Note: ISE® implementation calls this check Component Switching Limits.

Timing - Pulse Width - timing_2 S N B
AT EHeED 4 Clocks - ushClk - Timing Checks
=hgt4_tousrk_j (3 alFa Check Type Lib Pin Reference Pin  Required Actual  Slack  Location Pin
Timing Chedks (3 O Min Period RAME36E 1/CLKARDCLK 2095 10.000 7.905 RAMB36_XOYS ushEngineD/dma_outfbuffer_fifo/infer_fifo.block_ram_performance. fifo_rai
=gt bausrdk 1 (3) < Max Period MMCME2_ADV/CLKOUT2 213.350  10.000 203.350 MMCME2_ADV_X1Y0 ckgen/mmam_adv_inst/CLKOUT2
i frming Cheds (3 @ Low Pulse Width FDCE/C 0,400  5.000 4.600 SLICE_X41Y47 usbEnginedjush_dma_wh_in/buffer_fifofinfer_fifo.next_rd_addr_reg[4]/C
g tehok (4 . [ High Puise Width FDCE/C 0,350 5000 4650 SLICE_X28Y13 usbEngined/u4/dout_reg[29]/C
L T—
Timing Checks (4)  _
—+-sysClk (4 =

|2 Timing Summary - timing_1 | ) Pulse Width - timing_2 x
5 Td Console | © Messages | [ Log | 2 Reports | % Design Runs | (J Timing

Figure 1-30: Report Pulse Width

Report Timing

Read Report Timing to view specific timing paths at any point of the flow after synthesis
when: (1) you need to further investigate timing problems reported by Report Timing
Summary; or (2) you want to report the validity and the coverage of particular timing
constraints. Report Timing does not cover Pulse Width reports.

Running Report Timing
If a design is already loaded in memory, you can run Report Timing from the:

« Menu
» Clock Iteration Report

« Timing Report and Timing Report Summary Paths List
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Running Report Timing From the Menu

To run Report Timing from the Menu:

1. Select Tools > Timing > Report Timing.
Running Report Timing From the Clock Iteration Report
To run Report Timing from the Clock Iteration Report:

1. Select a from/to clock pair.

2. Right click.

3. Select Report Timing to run a report from or to the selected clocks.
Running Report Timing From a Paths List

To run Report Timing from a Paths List:

1. Select a path.
2. Right click.

3. Select Report Timing to run a report between the selected path startpoint endpoint.
Equivalent Tcl command: report_timing

When setting specific Report Timing options, you can view the equivalent
report_timing command syntax in:

+ The Command field at the bottom of the dialog box, and

« The Tcl Console after execution

The report_timing options are listed along with the dialog box description in the
following section.

Overall, the Report Timing options are identical to the Report Timing Summary options,
plus a few additional filtering options.
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Targets Tab

5"‘ Report Tirming @

,0, Generate a timing report,

Results name: | timing_1]
Targets | Options | Advanced | Timer Settings
Start Points

From: | [get_clocks {usbClk}] D Transition | Rise -

Through Point Groups

1. Through: |get_nets {cpuEngine for 1200_cpu/sprs_dataout[*]} D Transitiol

Fi m 9 @
Mare Eewer

End Points

To: | [get_docks {cpuClk sysClk}] DTransiﬁnn Rize/Fall -

Command: report_timing -rise_from [get_docks {usbClk}] -through [get_nets {

Open in a new tab

[~] ©pen in Timing Analysis layout

[ OK H Cancel J

Figure 1-31: Report Timing Dialog Box: Targets Tab

Report Timing provides several filtering options that you must use in order to report a
particular path or group of paths. The filters are based on the structure of a timing path.

« Startpoints (From)

List of startpoints, such as sequential cell clock pins, sequential cells, input ports,
bidirectional ports or source clock.

If you combine several startpoints in a list, the reported paths will start from any of
these netlist objects.

The Rise/Fall filter selects a particular source clock edge.

Equivalent Tcl option: -from, -rise_from, -fall_from
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Through Point Groups (Through)
List of pins, ports, combinational cells or nets.

You can combine several netlist objects in one list if you want to filter on paths that
traverse any of them.

You can also specify several Through options to refine your filters and report paths that
traverse all groups of through points in the same order as they are listed in the
command options.

The Rise/Fall filter applies to the data edge.

O RECOMMENDED: Use the default value (Rise/Fall).

Equivalent Tcl option: -through, -rise_through, -fall_through
Endpoints (To)

List of endpoints, such as input data pins of sequential cells, sequential cells, output
ports, bidirectional ports or destination clock.

If you combine several endpoints in a list, the reported paths will end with any of these
netlist objects.

In general, the Rise/Fall option selects a particular data edge. But if you specified a
destination clock, it selects a particular clock edge.

Equivalent Tcl option: -to, -rise_to, -fall_to

Figure 1-31, page 48, defines the paths from the rising clock edge of usbC1k, through any
of the u4cpuEngine/or1200_cpu/sprs_dataout[*] nets, to either edge of cpuclk
or sysClk.
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Options Tab

The Options tab contains the following options:
+ Reports
« Path Limits
« Path Display
Reports
« Path delay type
See Report Timing Summary, page 17.
« Do not report unconstrained paths

By default, Report Timing reports paths that are not constrained if no path that matches
the filters (from/through/to), is constrained. Check this box if you do not want to display
unconstrained paths in your report.

Equivalent Tcl option: -no_report_unconstrained
Path Limits
« Number of paths per group
See Report Timing Summary, page 17.
*  Number of paths per endpoint
See Report Timing Summary, page 17.
« Limit paths to group

Filters on one or more timing path groups. Each clock is associated to a group. The
Vivado IDE timing engine also creates default groups such as **async_default**
which groups all the paths ending with a recovery or removal timing check.

Equivalent Tcl option: -group

Path Display

« Display paths with slack greater than
Displays the reported paths based on their slack value.
Equivalent Tcl option: -slack_greater_than

« Display paths with slack less than

See Report Timing Summary, page 17.
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« Number of significant digits

See Report Timing Summary, page 17.

« Sort paths by

Displays the reported paths by group (default) or by slack. When sorted by group, the N
worst paths for each group and for each type of analysis (-delay_ type
min/max/min_max) are reported.

The groups are sorted based on their individual worst path. The group with the worst
violation appears at the top of the list.

When sorted by slack, the N worst paths per type of analysis are reported (all groups
combined) and are sorted by increasing slack.

Equivalent Tcl option: -sort_by

Advanced Tab

Same options as Report Timing Summary, page 17.

Timer Settings Tab

Same options as Report Timing Summary, page 17.

Reviewing Timing Path Details

After you click OK to run the report command, a new window opens. You can now review its
content. You can view the N-worst paths reported for each type of selected analysis
(min/max/min_max).

Figure 1-32 shows the Report Timing window in which both min and max analysis (SETUP
and HOLD) were selected, and N=4.

4 Timing Checks - Setup

2 Q,
=
(=5

=]
=S

.
==

\I_.-g-_:

Design Analysis and Closure Techniques

Marne SI.ﬁEk1 Levels High Fanout From To Total Delay
== Constrained (12)
=& cpuCk (10)
% Path1 0.330 17 74 usbEngine1 fudfinta_req/C cpuEngingfor... _o_reg[1]iD 9,413
% Pathz 0.742 17 74 usbEngine1 fudfinta_req/C cpuEngingfor... _o_reg[Z]iD 9,001
% Path 3 0.742 17 74 usbEngine1 fudfinta_req/C cpuEngingfo...sth_o_req/D 9,001
-5 Path 4 0.791 17 74 ushEnginel fud/inta_req/C cpuEnaginefor...etr_o_regiD §.952
% Paths 0.791 17 74 usbEngine1 fudfinta_req/C cpuEngingfor... _o_reg[3]iD 8,952
% Pathe 0.830 17 74 usbEngine1 fudfinta_req/C cpuEngingfor... _o_reg[0]iD 8.913
% Path 7 1.291 14 35 usbEngine1 fudfinta_req/C cpuEngingfor.. regl 100610 8,452
% Patha 1.291 14 35 usbEngine1 fudfinta_req) cpuEngingfor... _regl110]iD 8,452
S TN 4 4 44 ol L, i A had ek A o i ] 4 e Ar:
Figure 1-32: Report Timing Paths List
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Select any of these paths to view more details in the Path Properties window (Report tab).

Path Properties g el
« @Rz =
¥ Path 1
= Summary P
[ T S
Slack 0.227ns
Source B usbEngine1fu4finta_reg/C (rising edge-triggered cell FOCE dodked by usbClk {ris=@0.000ns fall@4+.00C| 2
Destination [ cpuEngine/or 1200_du/tbar_ram/ramb16_s36_s36/DIADI[4] (rising edge-iriggered cell RAME18E1 docke| ™
Path Group cpuClk
Path Type Setup (Max at Slow Process Corner) A
Reguirement 3.000ns
DataPathDelay  7.360ns (Jogic 1.23%ns (16.835%:) route 6.121ns (83.165%))
Logic Levels 11 (LUT2=2 LUT5=1LUT6=8)

Clock Path Skew  -0.224ns
Clock Uncertainty 0.139ns

= Source Clock Path
|_ Delay Type Delay Cumulative Location Logical Resour
(clock usbClk rise edge) {r) 8.000 8.000
{r) 0.000 8.000 Site: AB11 O sysclk
net {fo=0) 0,000 8.000 B sysClk
Site: AB11 2 dkin1_buffl
IBUF {Prop_jbuf I_0) {r) 0.579 8.579 Site: AB11 4 dkin1_bufft
net (fo=2, routed) 1.066 3,645 ik clkgen fsyst
Site; MMCMEZ_ADV_X1Y¥0 [ dkaen/mmc
MMCME2_ADV (Prop_mmeme?_adv CLKING CLKOUT2) () -6.961 2,684 Site: MMCMEZ_ADV_X1Y0 <3 dkgen/mmc
net {(fo=1, routed) 1,703 4,387 ik clkgen fusht .
al T | - T ]

General | Report | Instances | Options |

~_B Netlist | £ Sources |} Properties |

Figure 1-33: Timing Path Properties Window
To view the same details in a new window, double click the path.
For more information on timing path details, see Chapter 3, Performing Timing Analysis.
To access more analysis views for each path:

1. Right click the path in the right pane.
2. Select one of the following actions from the popup menu:
o View the timing path Schematic.
o Rerun timing analysis on the same startpoint and endpoint of the selected path.

o Highlight the path in the Device and Schematic windows.

Filtering Paths With Violation

The report displays the slack value of failing paths in red. To focus on these violations, click
Show only failing checks mode.
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Report Datasheet

The Report Datasheet command reports the operating parameters of the FPGA device for
use in system-level integration.

Report Datasheet Dialog Box

In the Vivado IDE, select Tool > Timing > Report Datasheet to open the Report Datasheet
dialog box. See Figure 1-34.

Report Datasheet Dialog Box: Options Tab

al‘;f_=. Report Datasheet @

i | Create a datasheet report for the current design.
"' The datasheet has the timing characteristics of a
design at the IO pads.

Options | Groups
Results name: | fiming_1
Sort by: dock -

Report

Report all process corners separately

4

Significant digits: 3

File Qutput
Write results to file:

Owverwrite Append

Ignore command errors (guiet mode)

Suspend message limits during command execution

Command: report_datasheet -name timing_1

| Open in a new tab

Open in Timing Analysis layout

[ 0K H Cancel |

Figure 1-34: Report Datasheet Dialog Box: Options Tab
The Report Datasheet Dialog Box Options tab includes the following:
+ Results name

Specifies the name for the returned results of the Report Datasheet command. The
report opens in the Timing window of the Vivado IDE with the specified name.

Equivalent Tcl option: -name

Design Analysis and Closure Techniques www.xilinx.com I Send Feedback I 53
UG906 (v2013.3) November 21, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=53

« Sort by
Sorts the results by port name or by clock name.
Equivalent Tcl option: -sort_by
+ Report all process corners separately
Reports the data for all defined process corners in the current design.
Equivalent Tcl option: -show_all_corners
« Significant digits
Specifies the number of significant digits in the reported values. The default is three.
Equivalent Tcl option: -significant_digits
» Write results to file

Write the result to the specified file name. By default the report is written to the Results
window in the Vivado IDE.

Equivalent Tcl option: -file
« Overwrite / Append

When the report is written to a file, determines whether the specified file is overwritten,
or new information is appended to an existing report.

Equivalent Tcl option: ~append
« Ignore command errors

Executes the command quietly, ignoring any command line errors and returning no
messages.

Returns TCL_OK regardless of any errors encountered during execution.
Equivalent Tcl option: -quiet
« Suspend message limits
Temporarily overrides any message limits.
Returns all messages from this command.

Equivalent Tcl option: -verbose
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« Command

Displays the Tcl command line equivalent of the various options specified in the Report
Datasheet dialog box.

« Openin a new tab
Opens the results in a new tab, or replaces the last tab opened by the Results window.
« Open in Timing Analysis layout

Resets the current view layout to the Timing Analysis view layout.

Report Datasheet Dialog Box: Groups Tab

al‘;f_:. Report Datasheet @
i | Create a datasheet report for the current design.
"' The datasheet has the timing characteristics of a
design at the 10 pads.
Options~ Groups
1. Reference |:|
Parts |:|
Mare Fewer
Command: report_datasheet -name timing_1
/| Open in a new tab
Open in Timing Analysis layout
[ oK ] | Cancel |

Figure 1-35: Report Datasheet Dialog Box: Groups Tab

The Report Datasheet dialog box Groups tab allows you to define your own custom group
of ports for analysis by specifying the reference port and additional ports to report. When
Groups are not specified, the timer automatically finds the group of output ports based on
the launching clock, and reports skew based on that clock.
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The Report Datasheet dialog box Groups tab includes:

Reference

Specifies the reference port for skew calculation. In most cases, this will be a clock port
of a source synchronous output interface.

Equivalent Tcl option: -group
Ports

Defines additional ports to report.
More

Specifies multiple groups, each with its own reference clock port. This field allows you
to define a new group of ports, including a new reference port.

Fewer

Removes additional groups of ports as needed.

Details of the Datasheet Report

General Information

This section provides details of the design and Xilinx device, and the tool environment at
the time of the report.

Design Name

The name of the design

Xilinx Part

The target Xilinx part

Speedfile

The path to the speedfile used for analysis
Vivado Version

The version of the Vivado tools used when the report was generated
Time generated

The date and timestamp of the report
Command line

The command line used to generate the report
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Setup/Hold for Input Ports

The report displays worst-case setup and hold requirements for every input port with
regard to the reference clock. The internal clock used to capture the input data is also
reported.

Max/Min Delays for Output Ports

Shows worst-case maximum and minimum delays for every output port with regard to the
reference clock. The internal clock used to launch the output data for is also reported.

Setup Between Clocks

For every clock pair, the worst-case setup requirements are reported for all clock edge
combinations.

Setup/Hold for Input Buses

Input buses are automatically inferred and their worst-case setup and hold requirements
are displayed. Worst case data window for the entire bus is the sum of the largest setup and
hold values. If the input ports are constrained, the slack is also reported.

An optimal tap point is reported for input clocks with IDELAY defined. The optimal tap point
can be used to configure IDELAY for balanced setup and hold slack.

The source offset is the delta between two windows. The first window is defined by the
setup and hold time of the input port with regard to the clock. The second window is
derived from the input delay and the clock period. If the input clock is offset with this value,
then it will be in the center of the window.

Figure 1-36 reports a design in which a DDR input bus, dq[0-71, has a worst case data
window of 8.150 ns. The ideal clock offset is 0.179 ns. The optimal tap point for IDELAY is 13.
The optimal tap point can be specified by using the Tcl command:

set_property IDELAY_ _VALUE 13 [get_cells idelay_clk]
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Timing - Datasheet - timing_1 |
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~General Information ¢ a, = _— Setup  Setup Process Hold Hold Hold Process  Setup  Hold Source Offset
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O daf4] 3.890 Fall FAST 4,179 Fall sLow 0.110 -0.179 0.144
Cr da[s] 3.874 Rise FAST 4,194 Rise  SLOW 0.126 -0.194 0.160
O dafs] 3.874 Fal FAST 4,194 Fall sLow 0.126 -0.194 0.160
Cr dals] 3.891 Rise FAST 4,177 Rise  SLOW 0.109 -0.177 0.143
[ dafs] 3.891 Fal FAST 4,177 Fall sLow 0.109 -0.177 0.143
Cr da[7] 3.896 Rise FAST 4,172 Rise  SLOW 0.104 -0.172 0.138
O daf7] 3.896 Fall FAST 4,172 Fall sLow 0.104 -0.172 0.138
Worst Case y  3.896 Fall FAST 4.254Rise  SLOW 0.104 -0.254 -
Worst Case Data Window: 8.150 ns
Ideal Clock Offset to Actual Clodk: 0.179 ns
= FiT s Optimal Tap Point: 13

% Datasheet - timing_1 X |

= Td Console =) Messages [ Ed Log [ % Reports | [% Design Runs- (5 Timing
Figure 1-36: Setup and Hold Delays for Input Buses

Max/Min Delays for Output Buses

Output buses are automatically inferred and their worst case maximum and minimum
delays are displayed. The bus skew is also reported. For bus skew calculation, one bit is
considered as the reference and the offset of every other bit is calculated with respect to
this reference bit. The worst offset is the skew for the entire bus.

Max/Min Delays for Groups

For DDR, the output skew is desired w.r.t. forwarded clock. A custom group report can be
generated by specifying the reference port as the forwarded clock port. This table looks
similar to "max/min delays for output buses” except the reference port is used as the
reference bit for calculating source offset and bus skew.

As an example, for a DDR output skew calculation, if multiple bits (for example,
rldiii_a[0-19]1, rldiii_ba[0-3]1, rldiii_ref n, rldiii_we_n) should be
grouped together with regard to the forwarded clock port (r1diii_ck_n[0]), the
following command can be used:

report_datasheet -group [get_ports {rldiii_ck_n[0] rldiii_al*] rldiii_bal*]
rldiii_ref_n rldiii_we_n}]

The first port in the group list is considered the reference pin.

For all these sections, the worst case data is calculated from multi-corner analysis. If
-show_all_corners is used, the worst case data is reported for each corner separately.
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Report Exception

You can use the Report Exception command anywhere in the flow after the synthesis. The
Report Exception command reports the following information:

« All the timing exceptions that have been set in the design and that are affecting timing
analysis

« All the timing exceptions that have been set in the design but that are being ignored as
they are overridden by other timing exception

The timing exceptions analyzed by the Report Exception command are (in the order of
precedence):

« false paths
* max/min delays

« multicycle paths

The Report Exception is a powerful command to help debugging issues related to timing
exceptions. Some designs have timing constraints with complex timing exceptions. Because
the timing exceptions have different priorities, it can quickly become difficult to understand
which timing exceptions might be partially or fully ignored by other exception(s). The
Report Exception reports timing exceptions that are partially overridden, as well as those
that are totally overridden. It also provides a hint to the overriding constraint(s).

The Clock Groups (set_clock_group) constraint is not covered by the Report Exception, since
it is not a timing exception, per se.

The Report Exception command is only available through the Tcl command line, using Tcl
command report_exception.

For more information about the report_exception command line options, refer to the
Vivado Design Suite Tcl Command Reference Guide (UG835) . For more information about
the timing exception priority order, refer to the Vivado Design Suite User Guide: Using
Constraints (UG903) [Ref 4].

The report_exception command has two modes of operation:

« Reporting the timing exceptions affecting the timing analysis

« Reporting the timing exceptions being ignored
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Example: Reporting the Timing Exceptions Affecting the Timing Analysis

This example describes how to take the design shown in Figure 1-37 through some timing

exceptions. The design is fully constrained (clock clk and input/output delays defined
relative to clk).

clk_IBUF_inst  clk_IBUF_BUFG_inst
clk 1 5] I[~._0 __

L
IBUF BUFG int21_reg
reset_IBUF_inst i
reset[ > g T intll_reg '_CCE out5_OBUF_inst
[ c . . I~ [Crouts
IBUF int21_reg_i_1 LR L—
CE a TG m OBUF
in8_IBUF_inst LR 0
ing[> =2 2 TuT2 FDCE
IBUF FOCE int20_reg
C outd_OBUF_inst
B 'D 9 [routd
int20_reg_i_1 LR . . OBUF
int10 o ol - out6_OBUF_inst_i_1
Int10_reg n [ outb_OBUF_inst
| [,
- T2 FOCE 1o [ Crouts
CE 12 OBUF
in7_IBUF_inst LR LUT3
in? [ =t D
IBUF FOCE
in6_IBUF_inst
. I~ 0
in6 [_> m

Figure 1-37: Fully Constrained Design for Timing Exception Example
The first mode of operation of the Report Exception command is report_exception.

1. Select Window > Timing Constraints and add the following timing exceptions to the
design:

set_multicycle_path 3 -from [get_cell intl0_reg] -to [get_cell int20_reg]
set_multicycle_path 4 -to [get_cell int20_reg]

set_false_path -from [get_ports in6] -to [get_cell int20_reg]
set_false_path -to [get_ports outh]

set_false_path -to [get_cell int2l_reg]

set_false_path -from [get_ports in6] -to [get_ports outé6]

set_max_delay 5 -to [get_ports outé6]

set_min_delay 3 -from [get_cells intl0_reg] -to [get_cell int20_reg]

The Constraints window displays the timing constraints applied to the design, as shown in
Figure 1-38.

All Constraints

L[] Marne
£, 1. create_clock -period 10.000 -name clk [get_ports clk]

£, 2. set_input_delay -clock [get_clocks clk] 0.0 [get_ports {inl in2 in3 in4 inS in& in7 in8}]
£, 3. set_output_delay -clock [get_clocks clk] 0.0 [get_ports {outl out2 out3 out4 outS out&l]
£ 4. set_multicycle_path -from [get_cells int10_reg] -to [get_cells int20_reg] 3

£, 5. set_multicycle_path -to [get_cells int20_reg] 4

. set_false_path -from [get_ports in&] -to [get_cells int2 0_reg]

£, 7. set_false_path -to [get_ports outs]

£, 8. set_false_path -to [get_cells int21_reg]

|/ 9. set_false_path -from [get_ports ing] -to [get_ports outs]

£, 10, set_max_delay -to [get_ports outs] 5.0

£, 11, set_min_delay -from [get_cells int10_reg] -to [get_cells int20_reg] 3.0

e [ B | 1 M P
B
(4]

Figure 1-38: Constraints Window Displaying Timing Constraint Changes
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The actual Exception Report (report_exception) is shown in Figure 1-39.

Exceptions Report

Position From Through To Setup Hold Status

[N NN R N

=1

[get_cells intlO_reg] * [get_cells int20_reg] cycles=3 -

[oet_cells int20_reg] cvcles=4 - Partially overridden path by MCP 4 - FP &

[get_ports in&] [get_cells int20_reg] Tfalse false
* [Det_ports outs] Talse Talse
" [get_cells intZl_reg] Talse Talse
[get_ports inG] [get_ports outd] false false
® ® [oet_ports outh] max=5 - Partially overridden path by FP 9
[get_cells intlO_reg] * [get_cells int20_reg] - min=3
Figure 1-39: Report Exception

The Exceptions Report contains the following information:

The Position column indicates the constraint position number. This is the same position

number reported by the Timing Constraint Window, shown in Figure 1-38.

« The From/Through/To columns indicate the patterns or objects specified with
—*from/-*through/-*to command line options (including all the rise/fall versions of
those options). An asterisk is displayed when the associated option was not specified.

« The Setup/Hold columns indicate whether the constraint applies to setup check, hold
check, or both. The naming convention for the Setup/Hold columns is:

Short Name Timing Exception
cycles= set_multicycle_path
false set_false_path
max= set_max_delay
max_dpo= set_max_delay —datapath_only
min= set_min_delay

e The Status column reports a message when a constraint is partially overridden by
another timing exception. The naming convention for the Status column is:

Short Name Timing Exception
MCP multicycle path
FP false path
MXD max delay
MND min delay

In this example, there are two messages regarding partially overridden constraints:

« The timing constraint position 5 (set_multicycle_path 4 -to [get_cell int20_reg]
based on the Timing Constraints Window) is partially overridden by the multicycle
constraint position 4 (set_multicycle_path 3 -from [get_cell intl0_reg] -to
[get_cell int20_reg]) and by the false path constraint position 6 (set_false_path
-from [get_ports in6] -to [get_cell int20_reg])

« The timing constraint position 10 (set_max_delay 5 -to [get_ports outé6]) is partially
overridden by the false path position 9 (set_false path -from [get_ports in6] -to

[get_ports out6])

Design Analysis and Closure Techniques
UG906 (v2013.3) November 21, 2013

www.xilinx.com

l Send Feedback I 61


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=61

Reporting the Timing Exceptions Being Ignored

The second mode of operation of the Report Exception command is report_exception
-ignored

To illustrate, add the following timing exceptions on the top of the previous ones:

set_max_delay 5 -to [get_ports outh5]

set_multicycle_path 1 -hold -to [get_cell int2l_reg]
set_multicycle_path 2 -setup -to [get_ports outé6]

set_false _path -from [get_cell intll_reg] -to [get_cell int20_reg]

All those exceptions are either already covered by a timing exception from the previous
section (Reporting the timing exceptions affecting the timing analysis) or target a
non-existing path (there is no physical connection between the registers intl11_reg and
int20_reg).

After adding these four constraints, the Timing Constraints Window looks like Figure 1-40.

All Constraints

a [ Marne

£, 1. create_clock -period 10.000 -name clk [get_ports clk]

£, 2. set_input_delay -clock [get_clocks clk] 0.0 [get_ports {inl in2 in3 in4 inS in& in7 in8}]
£, 3. set_output_delay -clock [get_clocks clk] 0.0 [get_ports {outl out2 out3 out4 outS out&l]
£ 4. set_multicycle_path -from [get_cells int10_reg] -to [get_cells int20_reg] 3

£, 5. set_multicycle_path -to [get_cells int20_reg] 4

. set_false_path -from [get_ports in&] -to [get_cells int2 0_reg]

£, 7. set_false_path -to [get_ports outs]

£, 8. set_false_path -to [get_cells int21_reg]

£, 9. set_false_path -from [get_pors ing] -to [get_ports outs]

£, 10, set_max_delay -to [get_ports outs] 5.0

£, 11, set_min_delay -from [get_cells int10_reg] -to [get_cells int20_reg] 3.0
£, 12, set_max_delay -to [get_ports out5] 5.0

£, 13, set_multicycle_path -hold -to [get_cells int21_reg] 1

S | X B | wf
)
|

£ 14, set_multicycle_path -setup -to [get_pors oute] 2
£, 15. set_false_path -from [get_cells int11_reg] -to [get_cells int20_reg]

Figure 1-40: Timing Constraints Window

The Exceptions Report (report_exception -ignored) is as shown here:

Exceptions Report

Position From Through To Setup Hold Status

12 * * [get_ports outs] max=5 - Totally overridden path by FP 7

13 B B [get_cells int21_reg] - cycles=1 Totally overridden path by FP 8

14 # # [get_ports outh] cycles=2 - Totally overridden path by FP 9 - MXD 10
15 [get_cells intll_reg] * [get_cells int20_reg] false Talse Non-existent path

Figure 1-41: Exceptions Report

Note: The Status column provides some explanations why the timing exceptions are being ignored.
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Implementation Results Analysis Features

This section discusses techniques for reviewing a design after implementation to
understand behavior inside the device, including:

» Reviewing placement for hierarchical blocks
+ 1/Os

» Looking at connectivity

« Cross probing between views

« Reviewing detailed routing

Using the Design Runs Window
The Design Runs window displays the state of the current runs.

For more information, see Using the Design Runs Window in the Vivado Design Suite User
Guide: Implementation (UG904) [Ref 5].

If the run is running, finished cleanly, or finished with errors, the Design Runs window
appears when a run is done.

O TIP: If the run is not up to date, you can select Force Up-to-Date from the pop-up menu.

| [esign Buns

™

A | Marme Part Constrainks  Strakbegy Status Progress Sl

®cTk70tfhgh76-2 constrs_2  Yiv synth_design Complete! | 100% 4
cTkT0tbg76-2_|constrs 2 v
e 7kTOFbg6a7E-2 conskrs_2 Flows_RuntimeOptinmized (Wivado Svn... Mot started 0%

e impl_2 xC7kTOFbg676E-2 conskrs_2 Flows_Runtimeoptimized (Mivado Imp... Mok started [ 0%

Figure 1-42: Design Runs Window

The Design Runs Window columns show:

« The name of the run

« The target part

« The constraints set associated with a run

* The run strategy

« The status of the last completed step of a run
« The progress of a run

* The start time of a run
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« The elapsed time of ar

un during execution or the final runtime of a completed run

« The timing score of a run: WNS, TNS, WHS, THS and TPWS (see Report Timing
Summary for more information on these numbers). This is where you can quickly verify
that a run meets timing. If it does not meet timing, you must start the analysis with the

Timing Summary Repo

rt.

« The number of nets that were not successfully routed

* A brief description of the run strategy

If you are using the Vivado IDE project flow, review the Messages tab for your active
synthesis and implementation runs. Messages are grouped by run steps in the flow. All the
information saved in the run log files, and the main Vivado session log file, appear in this
consolidated and filtered view.

Messages

Q| F

1) 365 warnings  [V] () 1226 infos (i) 350 status Show Al

=
£ | B

g
=

O &-
{m} =N

i Analysis Results (552 infos)

+-10 sources_1 (242 infos)
-l sim_1 (290 infos)

o Synthesis (565 warnings, 644 infos)
i Implementation (47 infos)

— [ Design Initialization (3 infos)
i) [Metlist 23-17] Analyzing 262 Unisim elements for replacement

i) [Metlist 23-28] Unisim TransFormation completed in 0 CPU seconds
) [Project 1-111] Unisirn TransFormation Surimary:

Mo Unisim elements were kransformed.
-0 Opk Design (15 infos)
A Place Design (2 infos)
-0 Route Design (20 infos)
Implemented Design (= infos)

= Tl Consale™, ' Messages | (=] Log | |2 Reports | [ Design Runs

Figure 1-43: Messages Grouped by Step

Some messages crossprob

e back to a source file that can always be opened by clicking on

the file name, or in some cases to a design object related to the message. Depending on

which step of the flow you

are analyzing, you must open either the synthesized design or

the implemented design in order to be able use the object crossprobing from the message.

Placement Analysi

S

This section discusses Placement Analysis and includes:

« Highlighting Placemen
« Showing Connectivity

* Viewing Metrics
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Highlighting Placement

Another way to review design placement is to analyze cell placement. The Highlight Leaf
Cells command helps in this analysis.

« In the Netlist Window, select the levels of hierarchy to analyze.
« From the popup menu, select Highlight Leaf Cells > Select a color.

« If you select multiple levels of hierarchy, select Cycle Colors.

The leaf cells that make up the hierarchical cells are color coded in the Device window.

Netiist —Ouw x [ Package X |G Device X o =

+-{d] cpuEngine
-Bll fftEngine (ff
-l mgtEngine (mat
ol
-8 usbEngine1 (usbf top_0)
{8 whArbEngine (wh_conma

=]

-
-

& Sources™. [3] Netlist
Instance Properties — 0O Q@ =
+« = |5
usbEngine0

Primitive Statistics

Primitive type Count

FLOP_LATCH 4593
LuT 6088 L
MUXFX 229 1
BMEM 36
OTHERS 73

Met Boundary Statistics

Boundary-crossing MNets
3389

Clock Report =
General | Attributes | Statistics | Instance Pins | Children 4 p E

= Properties Clock Regions

Figure 1-44: Highlight Hierarchy

The color coding readily shows that UsbEngine0 (in yellow):

« Uses a number of Block RAM and DSP48 cells.

« Isin the top clock region of the chip except where the DSPs bleed out.
« Is not highly intermingled with other logic (cells) in the design.

It is easy to see that the ££tEngine (in red) and the cpuEngine (in brown) are
intermingled. The two blocks primarily use different resources (DSP48 as opposed to slices).
Intermingling makes best use of the device.
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Showing Connectivity

It can be useful to analyze a design based on connectivity. Run the Show Connectivity
command to review the placement of all logic driven by an input, a Block RAM, or a bank of
DSPs.

Show Connectivity takes a set of cells or nets as a seed, and selects objects of the other
type.

O TIP: Use this technique to build up and see cones of logic inside the design.

[ Package X |5 Device X [ E

1+ 1§

Figure 1-45: Show Connectivity

Figure 1-45 shows a Block RAM driving logic inside the device including OBUFs. A synthesis
pragma stops synthesis from placing the output flop in the Block RAM during memory
inferencing.

Design Analysis and Closure Techniques www.xilinx.com l Send Feedback I 66
UG906 (v2013.3) November 21, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=66

Fixed and Unfixed Logic
The Vivado tools track two different types of placement:

« Elements placed by the user (shown in orange) are Fixed.
- Fixed logic is stored in the XDC.
- Fixed logic normally has a LOC constraint and might have a BEL constraint.

« Elements placed by the tool (shown in blue) are Unfixed.

[ Package x | Device x o =

1 ) :
: |5

1r

4+ |§

aaeln el

FETEY:

=

i

= | Lx

t—n.
==
m

=t
=i Ll

'
i

|
g

X ki
|Ciq | Crg ||Eim [ET:

Lot i Lt [ 1l

L
L

— g g —— e — — gy g ——— — -
mooa " L n

Figure 1-46: Fixed Unfixed

In Figure 1-46, the I/O and Block RAM placement is Fixed. The slice logic is Unfixed.
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Cross Probing

For designs synthesized with Vivado Synthesis, it is possible to cross probe back to the

source files once the netlist design is in memory.

To cross probe:

1. Select the gate.

2. Select Go to instantiation from the popup menu.

[ Package X | Device X |H3 bft_ful.xde X |8 async_fifo.v X
3

21
&

&+ Instance Properties...

Unplace

Draw Phlock
MNew Pblock...

Select Primitive Parents

Fix Instances

Highlight

Mark

1 Schematic

Show Connectivity

Go To Instantiation

© Show Hierarchy

Select

View

Metric

Show World View
Find...

Ctrl+E

Ctrl+U

Ctrl+W

Ctrl+M
Ctrl+ Shift+M
F4

Ctrl+T

3

F6

Figure 1-47: Xprobe Back To Source

Use crossprobing to determine which source is involved in netlist gates. Due to the nature
of synthesis transforms, it is not possible to cross probe back to source for every gate in the

design.
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Viewing Metrics

After implementation finishes, you may want to analyze the design to see how it interacts
with the device. The Vivado IDE has a number of metrics to help you determine logic and
routing usage inside the device. The Metrics color code the device window based on a
specified rule. To view a metric, right-click in the device view, select Metric, and then select
the metric you would like to view.

Implemented Design - impl_3 | constrs_2 | xc7k70tfbgs76-2 (active) x
Metrics = [l Package X | Device X o x

Q 5 mam WY

L Ny — - & FF Utilization per CLB [ 5 LUT Utilization per CLB

=-CLE Metrics ()

i

5 FF Utilization per CLB

& Vertical routing congestion per CLB
& Horizontal routing congestion per CLB
—-Phlodk Metrics (2)

& LUT Utiization per Pblock

& FF Utilization per Pblock

& Sources | [ Netlist. =5 Metrics

Metric Properties — 0O Q@ =
+« »BHE 4 X

5 LUT Utilization per CLB

Summary
%% of LUT resources consumed by LOC Constraints

Details
Helps to visualize LUT densities of your placed design.

Bins

Id From To Show Color

1 0 70 [ 1255, 2...
2 70 35 7 [ 1255, 2...
3 85 100 7 I 255, 1.,
4 100 o 7 . 255, 0,0

& Properties Clock Regions

Metric Results - CLBs (5125) — O @ =
7l Id Mame Type Row Col Sites Instances FF Util {3&) LUT Util (3&) v
5| @\ 1 CLBLM_L X... CLBLM_L 124 38 2 3 100,00 I .
2 CLBLM_L_X... CLBLM_L 102 44 2 13 100.00
H s CLBLM_L X... CLBLM_L 135 38 2 10 100,00 B
M 4 CLBLM_L X... CLBLM_L 135 44 2 14 100,00
Hs CLBLM_L X... CLBLM_L 145 44 2 17 100,00 B
Hs CLELM_R_X... CLELM_R 136 43 2 15 100,00
[ CLBLM_L X... CLBLM_L 103 44 2 3 25.00
[ CLELM_R_X... CLELM_R 135 43 2 15 100,00
M CLBLM_L X... CLBLM_L 133 38 2 11 100,00 B -
« Tl (=

[ cLBs (5125) x
2 Td Console | () Messages | [ Log | |2 Reports | % Design Runs | i3 Package Pins | [+ IO Ports = Metric Results

Figure 1-48: Metrics
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Metrics Requiring a Placed Design

Four metrics require a placed design in order to be accurate. They do not require a fully
routed design.

« LUT Utilization per CLB
Color codes slices based on placed LUT utilization.
« FF Utilization per CLB
Color codes slices based on placed FF utilization.
+ Vertical Routing Congestion per CLB
Color codes the fabric based on a best case estimate of vertical routing usage.
« Horizontal Routing Congestion per CLB

Color codes the fabric based on a best case estimate of horizontal routing usage.

Metrics in a Netlist Design With No Placement
Two metrics are applicable if there are Pblocks. They do not depend on placement.
« LUT Utilization per Pblock

Color codes the Pblock based on an estimate of how the LUTs will be placed into the
slices contained in the Pblock.

« FF Utilization per Pblock

Color codes the Pblock based on an estimate of how the FFs will be packed into the
slices contained in the Pblock.

More than one rule can be used at a time as shown in Figure 1-48, page 69. Both LUT
Utilization per CLB and FF Utilization per CLB are on.

TIP: If there are sections of the design with high utilization or high estimates of routing congestion,
O consider tweaking the RTL or placement constraints to reduce logic and routing utilization in that area.
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Routing Analysis

Turn on Routing Resources in the Device View to view the exact routing resources.

Implemented Design - constrs_2 | xc7k70tfbga76-2 (active)

Metlist

= F|E
2] tap

H-5 Mets (12515)

-4 Primitives {1050}
: clkgen iclock_generakor)
cpuEngine [or1200_kop)
FFtEngine (FFETop)
mgtEngine {mgkTop)
usbEngined {usbf_top)
+ usbEnginel {usbf_top_0)
+-{3@] wharbEngine (wh_conma:_top)

& Sources~ [ Netlist
Properties

%

N T4 E Project Summary X | 6@ Device X

3

Figure 1-49: Enable Routing

Displaying Routing and Placement

Routing and placement display in two different ways depending on the zoom level:

»  When zoomed out

« At closer zoom levels

O TIP: The two visualizations of the Device view minimize runtime and memory usage while showing the

details of designs of all sizes.

Displaying Routing and Placement When Zoomed Out

When zoomed out, an abstract view is shown. The abstract view:

« Condenses the routes through the device.

« Shows lines of different thicknesses depending on the number of routes through a

particular region.

Design Analysis and Closure Techniques
UG906 (v2013.3) November 21, 2013

www.xilinx.com

| Send Feedback I

71


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=71

Design Analysis and Closure Techniques
UG906 (v2013.3) November 21, 2013

Placement similarly displays a block for each tile with logic placed in it. The more logic in a
tile, the larger the block representing that tile will be.
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Figure 1-50:

X |G Device X
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Abstract View

Displaying Routing and Placement at Closer Zoom Levels

At closer zoom levels, the actual logic cells and routes show.
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Viewing Options

The Device View is customizable to show the device, and design, in a variety of ways. Most
of these are controlled through the Device View Options slideout.

Implemented Design - impl_1 | constrs_2 | xc7k70tfbga7a-2 (active) x
Metlist _ 0O x I Project Summary X | @ Device X
= %l #|| Device Options a2 «
Layers | Colors | General
| Mets (4419 il :
| Leaf Cells (223) & Q =
clkgen iclock_generakor)
cpuEngine [or1200_kop) -
FFtEngine (FFETop) @
mgtEngine {mgkTop)
usbEngined {usbf_top) ac !
+ usbEnginel {usbf_top_0) Py [ Partially Routed Net
[-{T] wharbEngine (wb_conmax_top) P [ Fully Routed Het
53 {1l Conflict Met
9 {71 Used Stub
a . N .
&b Sources™. ] Netlist ] O Parts
Metlist Properties — 0O Q@ = v IEE‘ Pbiocks
o % Bundle Nets
« =5 &5 G -] [ Device
3 top I H Tiles
1. [ Switchboxes
Primmitive: Statistics |
Primitive type Count :9'2‘
FLOP_LATCH 15689 .4
Lut 23204 1l s
< m 3 P
Statistics | Properties

Figure 1-52: Device View Layers

You can enable or disable the graphics for different design and device resources, as well as
modify the display colors.
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Navigating in the Device View

Zoom Controls

Implemented Design - constrs_2 | xc7k70tfbg676-2 (ackive) X

Netlist — 02 X % Project Summary X | 6 Device X Owe x
= ]

3 top

+ Nets (12515)
+ Primitives (11
+-[3] clkgen (cloch
+-[i] cpuEngine (o
+-[1] FFeEngine (Ff
+-[i] mgtEngine (r
¥

+

¥

{4] usbEngine |
usbEnginel 0
wharbEngine (wh_conmasx_top

@

@
& Sources 1] Netlist

Properties — O 2> x

= | )

Autofit S;election World View
Figure 1-53: Navigating the Device View
Use the following tools to navigate in the Device View.
« Zoom Controls
Standard Zoom In, Zoom Out, and Zoom Full tools.
« Autofit Selection

Automatically zoom and pan to an object selected in any view outside of the device.
Autofit Selection is particularly useful for cross probing.

« World View

The World View shows where the currently visible portion of the device is on the overall
device. You can move and resize the World View, as well as drag and resize the yellow
box to zoom and pan.

« Control Hotkey

Press Ctrl while clicking and dragging to pan the view.
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& XILINX.
Chapter 2

Viewing Reports and Messages

Introduction to Reports and Messages

The Xilinx® Vivado® Integrated Design Environment (IDE) generates reports and messages
to inform you of the state of the design or design processes during various tool
interactions. Reports are generated by you (or by the tool) at key steps in the design flow.
The reports summarize specific information about the design.

The tool generates messages automatically at each step of the design process, and for
many user actions.

Messages and reports are stored in the Messages and Reports windows in the Results
window area.

When you run any of the following commands, the tool starts a new process:

* Run Synthesis
¢ Run Implementation

« launch_runs (Tcl)

For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 3], or type <command> -help.

The process generates messages and reports that persist on disk until you reset the run.
Messages that relate to a run appear when a project is open. The tool displays only the
messages for the active run in the Messages window.

Reports result from a variety of actions in the Vivado IDE:

«  When you load a design, many different reporting commands are available through the
Tools menu.

« Running Synthesis or Implementation creates reports as part of the run.
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Viewing and Managing Messages in the IDE

Messages provide brief status notes about specific elements of the design, or about errors
that occurred in tool processes.

TIP: Review the messages to determine whether the Vivado tools are having difficulty, or are
O encountering errors in any sections of the design.

Using the Reports Window

The reports for the active Synthesis and Implementation runs appear in the Reports window.
Double click a report to view it in the text viewer. Select the Reports tab of the Run
Properties window to view reports of the run selected in the Design Runs window.

Reports — 0O ©» =
A | Name Modified Size
:'_X_:,' =I-Synth Design (synth_desian) -
{_3_:1' & Vivado Synthesis Report 121112 4:57 PM 556.6 KB
-3 Utilization Report 121112 4:57 PM 6.4KB |=
—I-Place Design (place_design)
[ vivado Implementation Log 121112 5:08 PM 21.4KB
3 10 Repart 12/11/12 5:01 FM 143.0 KB
2 Clock Utlization Report 121112 5:01 PM 20.2KB
5 Utilization Report 121112 5:01 PM 8.7KB
3 Control Sets Report 121112 5:01 PM 147.7KB
—-Route Desian (route desion! @
5 Td Console | ) Messages | (& Log-. ) Reports | % Design Runs

Figure 2-1: Reports Window

Using the Messages Window
There are two types of messages:

* Messages stored on disk

* Messages stored in memory

The Vivado Integrated Design Environment (IDE) groups messages in the Messages window
by the action that created the message.

Use the command buttons on the toolbar menu to group the messages by message ID or
file.

Messages

[¥] (D 40 critical warnings [V] (1) 189 warnings [¥| () 837 infos [V] (i) 294 status messages | Show A

@) vivade Commands (1 info, 8 status messages -

Figure 2-2: Messages Window
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Some messages include hyperlinks to a file or a design element to help in debugging. Click
the link to view the source.

TIP: Use the popup menu to copy messages to paste into another window or document.

Each message is labeled with a message ID and a message severity.

» Message ID

The message ID identifies different messages, allowing them to be grouped and sorted.

« Message Severity

The message severity describes the nature of the information presented.

Some messages require your attention and resolution before the design can be elaborated,
synthesized, or implemented. Some messages are informational only. Informational
messages provide details about the design or process, but require no user action.

Table 2-1: Message Severities
Icon | Severity Message
® Status Communicates general status of the design processing.
@ Info General status of the process and feedback regarding design processing.
g Warning Design results may be sub-optimal because constraints or specifications may not
’ be applied as intended.
@ Critical Certain user input or constraints will not be applied, or are outside the best
Warning practices, which usually leads to an error later on in the flow. Examine their sources
and constraints. Changes are highly recommended.
0 Error An issue that renders design results unusable and cannot be resolved without user
intervention. The design flow stops.

RECOMMENDED: Carefully review all errors and critical warnings issued by the tools when loading a
design in memory, or from your active synthesis and implementation run. The messages provide

information about problems that require your attention. Many messages include a longer description.
along with resolution advice that can be displayed by clicking on the message ID.
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For an example, see Figure 2-3. In this example, a primary clock constraint refers to a port
that cannot be found in the design (first warning), so the clock is not created (first critical
warning) and any other constraints that refer to this clock fail as well.

Messages

O | [7] @ 39 critical warnings  [V] (1) 404 warnings || () 1227 infos [ (3) 341 status | Show Al

i Synthesis (355 warnings)
Synthesized Design (32 critical warnings, 39 warnings)

41 [vivado 12-584] Mo parts matched 'sysclk, [top.xdc:2
-l [ivado 12-1387] (39 critical warnings)
iy |2-1387] Mo valid objeck(s) |

Yivado 1 "Wivado 12-1387" Message Details 3

Description: Object(s) specified in the constraint does nok exist in elaborated/synthesized design. As a result,
this constraint was not applied.

vivado 1| Resolution: Checkif the specified object{s) exists in the current design. IF it does, ensure that the correct
design hierarchy was specified For the object,

Wivado 12-1357] Mo walid objecti{s) found For set_input_delay constraint with option 'dlock, [top.xdc: 18

-5

ki

& Tel Cansole . Messages | EQ L ="_1Repo|"ts . [%. Design Runs .

Figure 2-3: Reviewing Errors and Critical Warning

Filtering Messages
You can filter messages by severity.
To enable or disable the display of a specific message type:

1. Go to the Messages window.

2. Select (to enable) or deselect (to disable) the checkbox next to a message severity in the
window header.

You can change the severity of a specific message ID. For example, you can decrease the
severity of a message you do not believe is critical, or increase the severity of a message you
think demands more attention.

To increase or decrease the severity of a message, use the set_msg_severity Tcl
command. For example:

set_msg_severity "Common 17-81" "CRITICAL WARNING"

For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference
Guide (UG835) [Ref 3].
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Vivado Generated Reports and Messages

This section discusses Vivado Generated Reports and Messages and includes:

« Synthesis Report and Messages
+ Implementation Log

WebTalk Report

Synthesis Report and Messages
The Vivado Synthesis Report is the primary output from the Vivado Synthesis tool including:

» The files processed, which are:
- VHDL
- Verilog
- System Verilog
- XDC
« Parameter settings per cell
» Nets with Multiple Drivers
« Undriven hierarchical pins
« Optimization information
+ Black boxes
« Final Primitive count
« Cell usage by Hierarchy

« Runtime and memory usage

f IMPORTANT: Review this report or the messages tab for Errors, Critical Warnings and Warnings. The
Synthesis tool can issue Critical Warnings and Warnings that become more serious later in the flow.
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Implementation Log
The Vivado Implementation Log includes:

« Information about the location, netlist, and constraints used.

« Logic optimization task. The tool runs logic optimization routines by default to
generate a smaller and faster netlist.

+ The placement phases, plus a post-placement timing estimate (WNS and TNS only).

« The router phases, plus several timing estimates and a post-routing timing summary
(WNS, TNS, WHS and THS only).

» Elapsed time and memory for each implementation command and phases.

Review this report or the proper section of the messages tab for Errors, Critical Warnings
and Warnings. The Placer generates warnings that may be elevated to Errors later in the
flow. If using Stepwise runs, the log contains only the results for the last step.

f IMPORTANT: Review the Timing Summary Report to view: (1) the Pulse Width timing summary, and (2)
additional information about timing violations or missing constraints.

WebTalk Report

The WebTalk Report is generated during Route and Bitstream. The report collects
information about how you use Xilinx parts. This helps Xilinx provide you with better
software. No proprietary information is collected. For more information, go to:

http://www.xilinx.com/ise/webtalk/

Creating Design Related Reports

This section discusses Creating Design Related Reports and includes:

« Report Utilization

* Report /O

* Report Clock Utilization
« Report Control Sets

* Report DRC

* Report Route Status

« Report Noise

* Report Power
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Report Utilization

The Utilization Report is generated during various steps in the flow by
report_utilization. The reportincludes the device used for the run and utilization for:

Slice Logic

o LUT

o MuxFx

- Register
Memory

o BlockRam

- FIFO
DSP48E1l

I/0 Resources

Clocking Resources

- BUFGCTRL

- BUFR

- BUFHCE

- MMCME2_ADV
- PLLE2_ADV

Specific Device Resources:

o STARTUPE2
- XADC

Primitive type count sorted by usage

Black Boxes

Instantiated Netlists

When run from the Tcl Console, the report can include usage of a particular hierarchical cell

when using the -cells option. When run from the Vivado IDE graphical user interface,

this information appears in an interactive table.

The numbers may change at various points in the flow, when logic optimization commands
change the netlist.
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Report 1/0

The I/0 Report replaces the ISE® PAD file. The I/O Report lists:

Pin Number

All the pins in the device

Signal Name

The name of the user I/O assigned to the pin
Pin Usage

The type of pad or buffer used by the pin
Pin Name

Name of the pin

Direction

Whether the pin is an input, output, inout, or unused
I/0 Standard

The 1I/0 standard for the User I/O

An asterisk (*) indicates that it is the default. This differs from the I/O Ports window of
the Vivado IDE.

I/0 Bank Number

The I/O Bank where the pin is located
Drive (mA)

The drive strength in milliamps

Slew Rate

The Slew Rate configuration of the buffer: Fast or Slow
Termination

The off chip termination settings

IOB Delay

Delay value set for this pin

Voltage

The values for various pins, including VCCO, VCCAUX, and related pins
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« Constraint

Displays Fixed if the pin has been constrained by the user
« IOB Sequential Element

The flip flops packed into the I/O Bank next to the given port
« Signal Integrity

The Off-Chip Termination setting

Report Clock Utilization

The Clock Utilization Report helps you analyze the utilization of clock resources inside the
device. It can be useful for debugging clock placement issues. The Clock Utilization Report
displays:

« The number of clocking primitives available, occupied, and constrained
« Loading and skew per BUFG
Look for nets with large maxdelay and skew.

+ Loading and skew per MMCM

Look for nets with unexpected loading, large maxdelay, and skew.

Regional Clocks

Regional clock networks are clock networks independent of the global clock network.
Unlike global clocks, the span of a regional clock signal (BUFR) is limited to one clock
region. One I/O clock signal drives a single bank.

These networks are especially useful for source-synchronous interface designs. The I/O
banks in Xilinx 7 series FPGA devices are the same size as a clock region.

Local Clocks

Local clocks are clock networks routed onto general routing resources.

O RECOMMENDED: Avoid local clocks where possible. They can experience very large clock skew, and are
more susceptible to PVT variations. The tools may route the clock differently each time you rerun
implementation.

The Locked column for the clocking resources shows whether you placed the clock, or
whether the tools are free to place the clocking resource.

If there are too many global clocks, consider moving low fanout global clocks to other
clocking resources, such as BUFH or BUFR.
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Report Control Sets

A control set is the unique combination of a clock signal, a clock enable signal, and a
set/reset signal. Each slice supports at most one control set which any flip flop located in it
can use. Flip flops with different control sets cannot be placed in the same slice.

The Control Sets Report lists the number of unique control sets in the design. Based on the
placement of the designs, the tool displays the minimum number of register sites lost to the
control set packing.

« Clock Signal
The logical clock signal name
« Enable Signal
The logical clock enable signal name
« Set/Reset Signal
The logical set/reset signal name
+ Slice Load Count
The number of unique slices that contain cells connected to the control set
+ BEL Load Count

The number of cells connected to the control set

Report DRC

The DRC Report is generated by the router. Before the router runs, the tool checks for a
common set of design issues. The report lists the checks used in the run.

f IMPORTANT: Review the Critical Warnings. The severity of a particular check may be increased later in
the flow.

Report DRC runs common Design Rule checks to look for common design issues and errors.

Elaborated Design

The tool checks for DRCs related to I/O and Clock Placement. The RTL netlist typically does
not have all the I/O Buffers, Clock Buffers, and other primitives the post synthesis designs
have. Elaborated Design DRCs do not check for as many errors as later DRCs.
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Synthesized Design and Implemented Design

« Checks for DRCs related to the post synthesis netlist.

« Checks for I/0, BUFG, and other placement.

« Basic checks on the attributes wiring on MGTs, IODELAYs, and other primitives.
« The same DRCs run taking into account any available placement and routing.

« DRCs have four severities: Info, Warning, Critical Warning, and Error. Critical Warnings
and Errors do not block the design flow at this point.

Steps of the implementation flow also run the DRCs, which can stop the flow at critical
points. The placer and router check for issues that block placement. Certain messages have
a lower severity depending on the stage. These are DRCs flagging conditions that do not
stop opt_design, place_design, or route_design from completing, but which can
lead to issues on the board.

For example, some DRCs check that the user has manually constrained the package pin
location and the I/O standard for all design ports. If some of these constraints are missing,
place_design and route_design issue critical warnings. However, these DRCs appear
as an ERROR in write_bitstream. The tools will not program a part without these
constraints.

The decreased severity earlier in the flow allows you to run the design through
implementation iterations before the final pinout has been determined. You must run
bitstream generation for a comprehensive DRC signoff.

Figure 2-4 shows the Vivado IDE graphical user interface form of Report DRC.

DRC - drc_1 (80 violations) — O

Tw
*

B AP
1

MName Sevériéy Details
=I-[= All Violations (30
| DSP48 (75)
Routing (1
& No routable loads (RTSTAT-10)
(1) RTSTAT #1 Warning 105 out of 48188 nets have no routable loads, The first 17 problem nets are usbEngine 1/ulfu2/next_state[0], cpuEnginefor 1200_cp...
Netlist (4
= Instance (4}
== Required Pin (4
[ RAMB18E1 (4)
=@ writefirst (REQP-155)
(@ REQP #1 Advisory  Synchronous docking for BRAM (cpuEnginefor 1200_duj/tbar_ramjramb16_s36_s38) in SOP made with Write First mode may have addr. ..
(@ REQP #2 Advisory  Synchronous docking for BRAM (cpuEngine for 1200_du/thia_ram/ramb16_s36_s36) in SDP mode with Write First mode may have addr...
(@ REQP #3 Advisory  Synchronous docking for BRAM (cpuEngine for 1200_du/thim_ram/ramb16_s36_s36) in SDF mode with Write First mode may have addr...

L@ REQP #4 Advisory  Synchronous docking for BRAM (cpuEngine for 1200_duftbts_ram/ramb16_s36_s36) in SDP mode with Write First mode may have addr...
‘ T (=]
@ drc_1 (80 violations) x

B

2 | 1

2 Td Console | @ Messages | Ed Log | |2 Reports | % Design Runs | 4 Package Pins | O+ IjO Ports 2 DRC

Figure 2-4: DRC Report

Design Analysis and Closure Techniques www.xilinx.com I Send Feedback I 85
UG906 (v2013.3) November 21, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=85

Click a DRC to open the properties for a detailed version of the message. Look in the
Properties window to view the details. Most messages have a hyperlink for nets, cells, and
ports referenced in the DRC.

[
*

Violation Properties P
4= *“&iﬁ
@ REQP #1

Synchronous clocking for BRAM (ramblf 336 s36)
in SDP mode with Write Firat mode may hawve
address collisions if the same address appears
on both read and write ports. It is suggested
to use Read First mode to avoid any conditions
for address collision. See the FPGA Memory
Besources User Guide for additional information.

General | Details
__, Properties | [ Clock Regions -

Figure 2-5: DRC Properties

The DRC report is static. You must rerun Report DRC for the report to reflect design
changes. The tool determines that the links are stale after certain design operations (such
as deleting objects and moving objects), and invalidates the links.

Selecting an object from the hyperlink selects the object, but does not refresh the
Properties window. To display the properties for the object, you must unselect and reselect
it.

To create a DRC report in Tcl, run:
report_drc
To write the results to a file, run:

report_drc -file myDRCs.txt

O TIP: For more information on report_drc, run report_drc —help.
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Report Route Status

The Route Status Report is generated during the implementation flow and is available by
using the report_route_status Tcl command.

The Route Status Report displays a breakdown of the nets in the design as follows:

« The total number of logical nets in the design
o The number of nets that do not need routing resources

- The number of nets that do not use routing resources outside of a tile.
Examples include nets inside of a CLB, BlockRam, or I/O Pad.

- The number of Nets without loads, if any exist

- The number of routable nets that require routing resources
- The number of unrouted nets, if any exist
- The number of fully routed nets

o The number of nets with routing errors
- The number of nets with some unrouted pins, if any exist
- The number of nets with antennas/islands, if any exist

- The number of nets with resource conflicts, if any exist
The following is an example of the Report Route Status for a fully routed design:

Design Route Status

# nets
# of logical nets..... ... : 6137 :
# of nets not needing routing.......... : 993 :
# of internally routed nets........ : 993
# of routable nets..................... : 5144
# of fully routed nets............. : 5144
# of nets with routing errors.......... : 0 :
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Report Noise

The Report Noise command performs the Simultaneous Switching Noise (SSN) calculation
for Xilinx 7 series FPGA devices. By default, the SSN report opens in a new tab in the Results
window area of the Vivado IDE. You can export the results to a CSV or HTML file.

al‘;f_=. Run S5M Analysis @

,'0‘, Generate an analysis of simultaneous switching noise for the current
" package and pinout.

Results Mame: ssn_1

Export to File:

Output file format: csv HIML

/| Openin a new tab

[ OK ] | Cancel

Figure 2-6: Run SSN Analysis
The Noise Report has four sections:

* Noise Report Summary Section
* Noise Report Messages Section
* Noise Report I/O Bank Details Section

« Noise Report Links Section
Noise Report Summary Section

The Summary section of the Noise Report includes:

*  When the report ran
* Number and percentage of applicable ports analyzed
« Status, including whether it passed

* Number of Critical Warnings, Warnings, and Info messages

Noise Report Messages Section

The Messages section of the Noise Report includes a detailed list of the messages
generated during the report.
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Noise Report 1/0 Bank Details Section

The I/O Bank Details section of the Noise Report includes a list of Pins, Standards, and

Remaining Margin.

Noise Report Links Section

The Links section of the Noise Report contains links to documentation located online at
www.xilinx.com/support.

Moise -ssn_1

T
*

R | summary
Messages (2)
1/0 Bank Detai Settings State
Licks Created on: 2012-Dec-11 18:31:48 Status: Full AnalysisPassed
Results Name: ssn_1 Messages:
Project Name: project_doc = y
Project Family: Kintex-7 bt UD cr:mc;l ‘E‘W g(s)
Project Part: xc7k70tfbg676-2 e fm”‘_lg 3
5
S5N Data Version: Production ottty
Possible SSN Ports: 44 port(s)
Analvzed Ports: 44/44 port(s) (100.0%)
Ports within SNN Margin: 44/44 port(s) (100.0%)
Ports Exceeding SNN Margin: 0/44 port(s}) (0.0%)
PP gt Unplaced Ports: 0 port(s)
Lissn 1l x|
_QIT;I Console | Messages _. E Log _. % Reports . %, Design Runs mﬂmse

Figure 2-7: Noise Report

To create an HTML version of the report, select the option or run the following Tcl

command:

report_ssn -format html -file myImplementedDesignSSN.html

Report Power

The Power Report is generated after routing to report details of power consumption based

on the current operating conditions of the device, and the switching rates of the design.
Power analysis requires a synthesized netlist, or a placed and routed design.

+ Use the set_operating conditions command to set operating conditions.

¢ Use the set_default_switching activity command to define switching activity.

The Report Power command is available when a Synthesized Design or an Implemented

Design is open.
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The Power Report estimates power consumption and junction temperature based on design
inputs, including:

« Thermal statistics, such as junction and ambient temperature values.
« Data on board selection, including number of board layers and board temperature.
« Data on the selection of airflow and the head sink profile used by the design.

« Reporting the FPGA device current requirements from the different power supply
sources.

« Allowing detailed power distribution analysis to guide power saving strategies and to
reduce dynamic, thermal or off-chip power.

« Simulation activity files can be used to make power estimation more accurate.

é“ Report Power @

|'0'| Analyze power consumption based on the implemented design and part
Y wcFkF0ttbgeTe-2.

Results name: pawer_ 1|

Qutput text file:

Output XPE file:

B®

Environment | Power Supply | Clocks | Default Activity Rates | Input Files

Device Settings

Temp Grade: Commercial -

Process: Typical -

Environment Settings

Output Load: S pF [0 - 10000]
Junction Temperature: 29,523 °C [0 -85]

Ambient Temperature: 255 °C  [65-85]
Effective d0A: 1.891 | “C/w [0 - 100]

Airflow: 250 * | LFM

Heat Sink: Medium Profile -

dsA: 3.4 "C/w [0 - 100]

Board Selection: Medium (107107 -

# of Board Layers: 12 to 15 -

§8: 6.8 "c/w [0 - 100]

Board Temperature: 25 C 55 -85

Legend

[ User Defined [ Caloulated [ Default

Figure 2-8: Report Power Dialog Box
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Analyzing the Power Report
Use the Report Power dialog box (Figure 2-8, page 90) to analyze power based on:

» Settings
+ Power total
« Hierarchy

« Voltage rail

« Block type
Power - power_1 _ O ox
& el — B " Y 4 Summary
~Settings g _
‘ Power analysis from Implemented netlist, Activity derived ~ ©n-Chip Power
e (2392mW) from constraints files, simulation files or vectorless analysis. e
- Power Supply O GTx: 1794mW  (75%
[=-Utilization Details ) P
| Hierarchical (2328 mW/) Total On-Chip Power: 2392 mW [l Dynamic: 534mwW  (22%)
i | Junction Temperature: 29.5 °C 14%
Thermal Margin: 55.5 °C (29.1W) o e Odocks:  74mW  (14%)
a = f
Effective G1A: 1.9 °C/w S [ Signals: 69 mW

:----DSF‘ il Power supplied to off-chip devices: 0 mW O Logic: 32 miw

tClack Manager (107 m) Confidence level: Low W ERAM:  174mW
w10 (8 [ DsP: 69 miW
LETX (1 B MMCM: 107 mw
O io: amw  (1%)

22%

3% [ Device Static: 64mW  (3%)

|3 power 1 x|
““\.EITd Console | O Messages | B Log | [ Reports | (% DesignRuns | FH Noise . ) Power

Figure 2-9: Power Report

For more information on the power report and analyzing the results, see the Vivado Design
Suite User Guide: Power Analysis and Optimization (UG907) [Ref 6].

A text version of the power report is generated by default after route during the
implementation process.

Reporting Power in a Non-Project Flow

In the non-project flow, report_power is available after 1ink_design or
synth_design. The report generated uses the available placement and routing to give
more accurate power numbers. To generate this report from the Tcl Console or a script, run
report_power.
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& XILINX.
Chapter 3

Performing Timing Analysis

Introduction to Timing Analysis

The Xilinx® Vivado® Integrated Design Environment (IDE) provides several reporting
commands to verify that your design meets all timing constraints and is ready to be loaded
on the application board. Report Timing Summary is the timing signoff report, equivalent
to TRCE in the ISE® Design Suite. Report Timing Summary provides a comprehensive
overview of all the timing checks, and shows enough information to allow you to start
analyzing and debugging any timing issue. For more information, see Chapter 1, Design
Analysis Within the IDE.

You can generate this report in a window, write it to a file, or print it in your log file.
Whenever Report Timing Summary shows that your design does not meet timing, or is
missing some constraints, you can explore the details provided in the various sections of the
summary and run more specific analysis.

The other timing reports provide more details on a particular situation or to scope the
analysis to some logic by using filters.

Verifying Timing Signoff

Before going into the details of timing analysis, it is important to understand which part of
the timing reports indicates that your design is ready to run in hardware.

ﬁ IMPORTANT: Timing signoff is a mandatory step in the analysis of the implementation results, once
your design is fully placed and routed.

By default, when using projects in the Vivado Design Suite, the runs automatically generate
the text version of Report Timing Summary. You can also generate this report interactively
after loading the post-implementation design checkpoint in memory.
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Timing Signoff Criteria
Timing signoff is a combination of two criteria:

» Your design is fully constrained.

* Your design meets timing.

Your Design Is Fully Constrained

Review the Check Timing section to verify that your design is fully constrained. Check
Timing must show that:

« All non-constant clock pins are reached by a defined clock (no_clock check).

« Allinternal path endpoints are timed (unconstrained internal endpoint
check).

« All input and output ports are fully constrained (no_input_delay,
no_output_delay, partial_input_delay, partial_ output_delay checks).

The problems reported by the two following checks must be thoroughly reviewed and
addressed:

« All generated clocks are not properly timed (generated_clock check). This occurs
when there is no logical or active timing path between a generated clock and its master
clock. It impacts skew computation and potentially slack violations.

» There are some combinatorial loops in the design (loops checks). The timing engine
breaks combinatorial loops at random points which will reduce the coverage of the
analysis.

The two last checks are informational and usually highlight overly-pessimistic timing
situations:

« There are some combinatorial loops that propagate through a latch (Latch_loops
check). The Vivado IDE timing engine does not break 1atch_loops, but considers
maximum time borrowing, which can lead to over-pessimistic latch timing analysis.

« The clocks present on any clock pin are not all exclusive (multiple_clocks check).
This check does not need to be clean, because it usually highlights unrealistic timing
paths that are timed while the rest of the design is still properly timed. In some cases,
unrealistic timing paths can make it harder for the implementation tools to close
timing.

O TIP: You can waive some of the missing constraints, at the risk of lowering the signoff quality of your
design.
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Your Design Meets Timing

« Total Negative Slack (TNS) is Ons.

Covers max delay analysis (setup/recovery).

« Total Hold Slack (THS) is Ons.

Covers min delay analysis (hold/removal).

« Total Pulse Width Slack (TPWS) is Ons.

Equivalent to Component Pin Switching Limit in ISE. It is performed with both min and

max delays.

The sum of TNS, THS, and TPWS is equivalent to the ISE final Timing Score.

Verifying Clean Timing Signoff

Figure 3-1, Report Timing Summary Signoff in Vivado IDE, highlights in green the
information you must examine in order to verify that the timing signoff is clean.

Timing - Timing Summary - kirming_1

ATEREH B

4 Design Timing Summary

~-General Information
- Timer Settings

Jesign Timing Summary
--Clock Summary (12

Setup Hold

‘Worst Megative Slack (WNS): 0,312 ns Worst Hold Slack {WHS):

Pulse Width
0.050 ns Worst Pulse Width Slack {WPwWS):

ITotaI Megative Slack {TNS): 0,000 ns I ITotaI Hold Slack (THS):

0.000 nsI ITotaI Pulse Width Megative Slack (TPWS):

3.000 ns

0.000 nsI

—|-Check Tirming (0

:----no_clock (i)}
--unconstrained_internal_endpoints (00
-no_input_delay (0}
-no_output_delay (0}
~multiple_clock, (0
-generated_clocks ()
-loops (0}

- partial_input_delay (0}

- partial_output_delay (0}
~unexpandable_clocks (0}

m

Mumber of Failing Endpaoints: 0
Tatal Mumber of Endpoints: 46638

All user specified timing constraints are met.

Mumber of Failing Endpoints:
Takal Mumber of Endpoints:

o Mumber of Failing Endpoints:
46635 Tatal Mumber of Endpoints:

-latch_loops (00 =
B Timing Summary - timing_1 X
- Q _TcI.Conso.Ie ) Messages [ £ Lo_g_: 2 Reports _. [% Design RLII%S'_ (& Timing |

Figure 3-1:

Design Analysis and Closure Techniques

www.xilinx.com

UG906 (v2013.3) November 21, 2013

Report Timing Summary Signoff in Vivado IDE

| Send Feedback I

94


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=94

Figure 3-2 shows the Check Timing information to verify in the text report.

E Project Summary X | G Device x| 2 Timing Summary Report - impl_1 X
C 20131 fepuhdliproject_cpufproject_cpu.runsfimpl_1fop_timing_sunimary_routed.rpk

34| Check Timing

38

= 39 Checking 'no_clock'.

40 There are 0 register/latch pins with no clock.

4] There are 0 registerslatch pins with constant_clock.

4z

43 Checking 'unconstrained internal endpointa’.

_ﬁ] 4d There are 0 pins that are not constrained for maxinum delay.

T

45 There are 42 pins that are not constrained for maximum delay due to constant clock.

a6

9] 47 Checking 'no_input delay'.

. 45 There are 0 input ports with no input delay specified.
439

3 50 Checking 'no_output_delay'.

& 51 There are 0 ports with no output delay specified.

53

53 Checking 'multiple_clock'.

54 There are 0 register/latch pins with related clocks.

55 There are 0 register/latch pins with exclusiwve clocks.

13

57 Checking 'generated clocks'.

558 There are 0 generated clocks that are not connected to a clock source.
59

g0 Checking 'loops'.

61 There are 0 combinational loops in the design.

G2

63 Checking 'partial_ input delay'.

2d There are 0 input ports with partial input delay specified.
65

66 Checking 'partial output delay'.

67 There are 0 ports with partial output delay specified.

6

69 Checking 'unexpandable_claocks'.

70 There are 0 related clock pairs.

71 There are 0 User Ignored clock pairs.

T2

73 Checking 'latch_loopa'.

74 There are 0 combinational latch loops in the design through latch input

Figure 3-2: Check Timing Signoff in Text Report
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Figure 3-3 shows the Design Timing Summary information to verify in the text report.

E. Project Summary X | 6 Device X | 25 Timing Summary Report - impl_1 X
BB | C:/2012.2/project_bft/project_bft.runs fimpl_1/bft_timing_summary_routed.rpt

[1:1
69 | Design Timing Summary
70| mmmmmmmm e

i i of

73 WHS (n3) INS({n3) Failing Endpoints WHS (ns3) THS(n3) Failing Endpoints WEWS (n3) TPWS(n3) Failing Endpeoint:

75 0.039 0.000 1] 0.052 0.000 1] 2.100 0.000

Figure 3-3: Design Timing Summary Signoff in Text Report

Investigating Timing Violations

In the Vivado IDE, slack violations are reported in red. Missing constraints are not
highlighted with a particular color.

To investigate timing violations, review the following sections:

« The Intra-Clock Paths, Inter-Clock Paths and Path Groups (**async_default**)
sections provide information on setup, recovery, hold, and removal violations.

« Intra-Clock Paths provides details on Pulse Width check violations.

For more information on the report windows, see Report Timing Summary, page 17, in
Chapter 1, Design Analysis Within the IDE.

O TIP: To display violations only, click the Show only failing checks button.

If you used the default options, the Timing Summary report includes the details of the
N-worst paths for each clock pair and for each type of analysis.

+ The GUI default for N is 10 (ten).

e The report_timing summary command default for N is 1 (one).

To directly review the timing path details without running another report, double click the
path. If not enough paths are reported, either (1) rerun Report Timing Summary with more
paths (Tcl equivalent: report_timing_ summary -max_paths N), or (2) run Report
Timing on a particular clock pair or a particular timing path.

For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 3], or type <command> -help.
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Reading a Timing Path Report

The timing path report provides the information needed to understand what causes a

timing violation. The following sections describe the Timing Path Report.

The Timing Path Summary displays the important information from the timing path details.
You can review it to find out about the cause of a violation without having to analyze the

details of the timing path. It includes slack, path requirement, datapath delay, cell delay,

route delay, clock skew, and clock uncertainty. It does not provide any information about

cell placement.

For more information about the terminology used for timing constraints and timing

analysis, as well as learn how slack and path requirement are determined, see the Vivado

Design Suite User Guide: Using Constraints (UG903) [Ref 4].

Timing Path Summary Header Examples

Figure 3-4 shows an example of the Timing Path Summary Header in a text report.

Slack (MET) : 1.430n3 (required time - arrival time)
Source: ingressFifoWrEn reg/C
{rising edge-triggered cell FODRE clocked by wbClk {risef@0.000ns £all@5.000ns period=10.000ns})
Destination: ingressLoop[2] .ingressFifo/buffer fifo/infer fifo.next_rd addr reg[&]/CE
{rising edge-triggered cell FDCE clocked by bftClk [rise@0.000ns £all@2.500ns pericd=5.000ns})
Path Group: bftClk
Path Type: Setup (Max at Slow Process Corner)
Requirement: 5.000ns
Data Path Delay: 2.915n3 ({leogic 0.302ns (10.359%) route 2.613n3 (89.641%)
Logic Lewels: 1 (LUT2=1)
Clock Path Skew: -0.418ns (DCD - 3CD + CER)
Destination Clock Delay (DCD): 3.7%92ns = { 8.7%2 - 5.000
Source Clock Delay {SCD) : 4.210ns
Clock Pessimism Remowal (CER): 0.000ns
Clock Uncertainty: 0.035ns  ((I5J~2 + TIJ~2)~1/2 + DJ) / 2 + EE
Total System Jitter {I5J): 0.071ns
Total Input Jitter {TIJ): 0.000ns
Discrete Jitter {DJ) = 0.000ns
Phase Error {PE): 0.000ns

Clock Domain Crossing: Inter clock paths are considered valid unless explicitly excluded by timing constraints such as set_

Figure 3-4: Timing Path Summary Header in Text Report

Figure 3-5 shows an example of the Timing Path Summary header in the Vivado IDE.

Figure 3-5: Timing Path Summary Header in Vivado IDE

=] Summary
Slack 1.430ns
Source I ingressFifoWrEn_reg/C (rising edge-triggered cell FORE docked by wbClk {ris nz fall@s. o peri
Destination [ ingressLoop[2].ingressFifo/buffer_fifofinfer_fifo.next_rd_addr_reg[6]/CE (rising edge-triggered cell FOCE docke:
Path Group bftcClk
Path Type Setup (Max at Slow Process Corner)
Reguirement 5.000ns
Data Path Delay 2.915ns (Jogic 0.302ns (10.359%) route 2.613ns (89.641%:))
Logic Levels 1 (LUT2=1)
Clock Path Skew 0.418ns
Clock Uncertainty 0.035ns
Clock Domain Crossing  Inter dock paths are considered valid unless explicitly exduded by timing constraints such as set_dodk_groups or set_
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Timing Path Summary Header Information

The Timing Path Summary header includes the following information:

Slack

A positive slack indicates that the path meets the path requirement, which is derived
from the timing constraints. The Slack equation depends on the analysis performed.

Max delay analysis (setup/recovery)
slack = data required time - data arrival time
Min delay analysis (hold/removal)

slack = data arrival time - data required time

Data required and arrival times are calculated and reported in the other sub-sections of
the timing path report.

Source

The path startpoint and the source clock that launches the data. The startpoint is usually
the clock pin of a sequential cell or an input port.

When applicable, the second line displays the primitive and the edge sensitivity of the
clock pin. It also provides the clock name and the clock edges definition (waveform and
period).

Destination

The path endpoint and the destination clock that captures the data. The endpoint is
usually the input data pin of the destination sequential cell or an output port. Whenever
applicable, the second line displays the primitive and the edge sensitivity of the clock
pin. It also provides the clock name and the clock edges definition (waveform and
period).

Path Group

The timing group that the path endpoint belongs to. This is usually the group defined
by the destination clock, except for asynchronous timing checks (recovery/removal)
which are grouped in the **async_default** timing group. User-defined groups can
also appear here. They are convenient for reporting purpose.

Path Type
The type of analysis performed on this path.

- Max indicates that the maximum delay values are used to calculate the data path
delay, which corresponds to setup and recovery analysis.

o Min indicates that the minimum delay values are used to calculate the data path
delay, which corresponds to hold and removal analysis.
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This line also shows which corner was used for the report: Slow or Fast.
* Requirement
The timing path requirement, which is typically:

o One clock period for setup/recovery analysis.

o Ons for hold/removal analysis, when the startpoint and endpoint are controlled by
the same clock, or by clocks with no phase-shift.

When the path is between two different clocks, the requirement corresponds to the
smallest positive difference between any source and destination clock edges. This value
is overridden by timing exception constraints such as multicycle path, max delay and
min delay.

For more information on how timing path requirement is derived from the timing
constraints, see Timing Analysis in the Vivado Design Suite User Guide: Using Constraints
(UG903) [Ref 4].

« Data Path Delay

Accumulated delay through the logic section of the path. The clock delay is excluded
unless the clock is used as a data. The type of delay corresponds to what the Path Type
line describes.

* Logic Levels

The number of each type of primitives included in the data section of the path,
excluding the startpoint and the endpoint cells.

 Clock Path Skew

The insertion delay difference between the launch edge of the source clock and the
capture edge of the destination clock, plus clock pessimism correction (if any).

+ Destination Clock Delay (DCD)

The accumulated delay from the destination clock source point to the endpoint of the
path.

- For max delay analysis (setup/recovery), the minimum cell and net delay values are
used

- For min delay analysis (hold/removal), the maximum delay values are used.

Design Analysis and Closure Techniques www.xilinx.com I Send Feedback I 929
UG906 (v2013.3) November 21, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug906&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20Design%20Analysis%20and%20Closure%20Techniques&releaseVersion=2013.3&docPage=99

+ Source Clock Delay (SCD)
The accumulated delay from the clock source point to the startpoint of the path.

- For max delay analysis (setup/recovery), the maximum cell and net delay values are
used.

- For min delay analysis (hold/removal), the minimum delay values are used.

* Clock Pessimism Removal (CPR)

The absolute amount of extra clock skew introduced by the fact that source and
destination clocks are reported with different types of delay even on their common
circuitry.

After removing this extra pessimism, the source and destination clocks do not have any
skew on their common circuitry.

For a routed design, the last common clock tree node is usually located in the routing
resources used by the clock nets and is not reported in the path details.

» Clock Uncertainty
The total amount of possible time variation between any pair of clock edges.

The uncertainty comprises the computed clock jitter (system and discrete), the phase
error introduced by certain hardware primitives and any clock uncertainty specified by
the user in the design constraints (set_clock_uncertainty).

The user clock uncertainty is additive to the uncertainty computed by the Vivado IDE
timing engine.

« Total System Jitter (TSJ)

The combined system jitter applied to both source and destination clocks. To modify the
system jitter globally, use the set_system_jitter constraint. The virtual clocks are
ideal and therefore do not have any system jitter. For more information on System Jitter,
see the Vivado Design Suite User Guide: Using Constraints (UG903) [Ref 4].

« Total Input Jitter (TLJ)
The combined input jitter of both source and destination clocks.

To define the input jitter for each primary clock individually, use the
set_input_jitter constraint. The Vivado IDE timing engine computes the
generated clocks input jitter based on their master clock jitter and the clocking
resources traversed. By default, the virtual clocks are ideal and therefore do not have
any jitter.
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For more information on jitter, see the Vivado Design Suite User Guide: Using Constraints
(UG903) [Ref 4].

Discrete Jitter (DJ)
The amount of jitter introduced by hardware primitives such as MMCM or PLL.

The Vivado IDE timing engine computes this value based on the configuration of these
cells.

Phase Error (PE)

The amount of phase variation between two clock signals introduced by hardware
primitives such as MMCM or PLL.

The Vivado IDE timing engine automatically provides this value and adds it to the clock
uncertainty

User Uncertainty (UU)
The additional uncertainty specified by the set_clock_uncertainty constraint.

For more information on how to use this command, see the Vivado Design Suite User
Guide: Using Constraints (UG903) [Ref 4].

Additional lines can appear in the Timing Path Summary depending on the timing
constraints, the reported path, and the target device:

Inter-SLR Compensation

The additional margin required for safely reporting paths that cross SLR boundaries in
Xilinx 7 series SSI devices only.

Input Delay

The input delay value specified by the set_input_delay constraint on the input port.
This line does not show for paths that do not start from an input port.

Output Delay

The output delay value specified by the set_output_delay constraint on the output
port. This line does not show for paths that do not end to an output port.

Timing Exception

The timing exception that covers the path. Only the exception with the highest
precedence is displayed, as it is the only one affecting the timing path requirement.

For more information on timing exceptions and their precedence rules, see the Vivado
Design Suite User Guide: Using Constraints (UG903) [Ref 4].
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Timing Path Details

The second half of the report provides more details on the cells, pins, ports and nets
traversed by the path. It is separated into three sections:

« Source Clock Path

The circuitry traversed by the source clock from its source point to the startpoint of the
datapath. This section does not exist for a path starting from an input port.

« Data Path
The circuitry traversed by the data from the startpoint to the endpoint.
« Destination Clock Path

The circuitry traversed by the destination clock from its source point to the datapath
endpoint clock pin.

The Source Clock Path and Data Path sections work together. They are always reported with
the same type of delay:

« max delay for setup/recovery analysis
« min delay for hold/removal analysis
They share the accumulated delay which starts at the data launch edge time, and

accumulates delay through both source clock and data paths. The final accumulated delay
value is called the data arrival time.

The destination clock path is always reported with the opposite delay to the source clock
and data paths. Its initial accumulated delay value is the time when the data capture edge
is launched on the destination clock source point. The final accumulated delay value is
called the data required time.

The final lines of the report summarize how the slack is computed.

+ For max delay analysis (setup/recovery)
slack = data required time - data arrival time
« For min delay analysis (hold/removal)

slack = data arrival time - data required time
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Timing Path Details In Text Report

Figure 3-6, Timing Path Details in Text Report, shows an example of the Source Clock, Data
and Destination Clock Paths in the text report. Because the path is covered by a simple
period constraint of 5ns, the source clock launch edge starts at Ons and the destination

clock capture edge starts at 5ns.

Location Delay type Incr(ns) Path{ns) Netlist Resource(s)
(clock wbClk rise edge)  0.000 0.000 r
vao 0.000 0.000 r whClk
net (fo=0) 0.000 0.000 wbClk
vao IBUF (Prop ibuf I 0) 0.764 0.764 r wbClk IBUF inst/O
net (fo=1, routed) 1.901 2.665 wbClk_IBUF
BUFGCTRL KOY1 BUFG (Frop_bufg I 0) 0.093 2.758 r wbClk IBUF BUFG_inat/0
net (fo0=704, routed) 1.452 4.210 wbClk_IBUF_BUFG
SLICE_X6Y33 r ingressFifoWrEn_reg/C
SLICE_X6Y33 FORE (Prop_fdre C Q) 0.259 4.469 r ingressFifoWrEn_reg/Q
net {(fo=24, routed) 2.286 6.756 ingressloop[2] .ingressFifo/buffer £
SLICE_X40Ylé& LUT2 (Prop_lut2_I0_O) 0.043 6.799 r ingressloop[2].ingressFifo/buffer ofinfer fifo.two rd addr reg(9]_i 1 1/0
net (£0=39, routced) 0.327 7.126 ingressLoop[2] .ingressFifo/buf; do_read
SLICE_X37Ylé r ingressLoop[2].ingressFifo/buffer . infer fifo.next_rd_addr reg[6&]/CE
{clock BEftClk rise edge) 5.000 5.000 ¢
W17 0.000 5.000 r bItClk
net (fo=0) 0.000 5.000 bftClk
W17 IBUF (Prop_ibuf I_0) 0.674 5.674 r bftClk_IBUF inst/0
net (fo=1, routed) 1.787 7.481 bftClk_IBUF
BUFGCTRL_XO0Y¥0 BUFG (Prop_bufg I 0) 0.083 7.544 r bftClk_IBUF BUFG inat/0
net {£o0=730, routed) 1.248 g8.792 ingressLoop[2] .ingreasFifo/buffer bftClk_IBUF _BUFG
SLICE X37¥lé r ingressLoop[2].ingressFifo/buffer . infer fifo.next_rd addr reg[6]/C
clock pessimism 0.000 8.7392
clock uncertainty -0.035 £8.757
SLICE X37Ylé FDCE (Setup_fdce C CE) -0.201 g8.554 ingressloop[2] .ingressFifo/buffer fifo/infer fifo.next rd addr_ reg[é]
required time £.554
arrival time -7.12%
slack 1.430

Figure 3-6: Timing Path Details in Text Report
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Timing Path Details in Vivado IDE

The Timing Path Details in the Vivado IDE, as shown in Figure 3-7, Timing Path Details in
Text Report, page 103, shows the same information as is shown in the text report, seen in

Figure 3-6, Timing Path Details in Text Report.

= Source Clock Path

|_ Delay Type Delay Cumulative Location Logical Resource
(clock whClk rise edage) (r) 0.000 0.000
(r) 0.000 0,000 Site: V20 - whClike
net (fo=0) 0,000 0,000 o whClk
Site: V20 [ whClk_IBUF_inst/T
IBLIF (Prop_jbuf I_0) ) 0.764 0,764 Site: V20 1 whClk_IBUF_instjO
net (fo=1, routed) 1.901 2.665 I whClk_IBUF
Site: BUFGCTRL_X0Y1 [ whClk_IBUF_BUFG_inst/T
BUFG (Prop_bufg 1_0} ) 0.083 2,758 Site: BUFGCTRL_X0Y1 < whClk_IBUF_BUFG_inst/O
net (fo=704, routed) 1,452 4,210 T whClk_IBUF_BUFG
Site: SLICE_X6Y33 @ ingressFifo\WrEn_reg/C
=l Data Path
|_ Delay Type Delay Cumulative Location Logical Resource
EDRE (Prop_fdre_C_Q) (r)0.259 4,469 Site: SLICE_XEY33 «d ingressFifoWrEn_reg/Q
net (fo=24, routed) 2.286 6.756 _I' ingressLoop[2].ingressFifo/buffer_fifo 11
Site: SLICE_X40Y16 [ ingressLoop[2].ingressFifo /buffer_fifo/infer_fifo.two_rd_addr_reg[3]_i_1
LUT2 (Prop_lut2_I0_0) (r)0.043 6,799 Site: SLICE_X40Y 16 «d ingressLoop[2].ingressFifo /buffer_fifo/infer_fifo.two_rd_addr_reg[3]_i_1
net (fo=39, routed) 0.327 7.126 _I' ingressLoop[2].ingressFifo/buffer_fifo/do_read
Site: SLICE_X37Y16 [ ingressLoop[2].ingressFifo /buffer_fifojfinfer_fifo.next_rd_addr_reg[&]/CE
Arrival Time 7.126
=l Destination Clock Path
|_ Delay Type Delay Cumulative Location Logical Resource
(clock bftClk rise edage) (r) 5.000 5.000
(r) 0.000 5.000 Site: W17 [+ bftClk
net (fo=0) 0,000 5,000 I bftCk
Site: W17 [ bftClk_IBUF_inst/T
IBLIF (Prop_jbuf I_0) ) 0.674 5,574 Site: W17 1 bftClk_IBUF_instjO
net (fo=1, routed) 1.787 7461 I bftClk_IBUF
Site: BUFGCTRL_X0Y0 [ bftClk_IBUF_BUFG_inst/T
BUFG (Prop_bufg 1_0} ) 0.083 7.544 Site: BUFGCTRL_X0Y0 < bftClk_IBUF_BUFG_inst/O
net (fo=730, routed) 1.243 3.732 _I ingressLoop[2].ingressFifobuffer_fifo/bftClk_IBUF_BUFG
Site: SLICE_X37Y16 [ ingressLoop[2].ingressFifobuffer_fifofinfer_fifo.next_rd_addr_reg[&]/C
clock pessimism 0.000 3.732
dock uncertainty -0.035 8.757
FDCE (Setup_fdce C_CE) | -0.201]  8.556|Site: SLICE %37v16  |¥ ingressLoop[2].ingressFifo/buffer_fifo/infer_fifo.next_rd_addr_reg[s]
Reguired Time 8.556

Figure 3-7: Timing Path Details in Vivado IDE
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The information on the path is displayed in five columns:
« Location

Where the cell or port is placed on the device.
« Delay Type

The unisim primitive and the particular timing arc followed by the path. In case of a net,
it shows the fanout (fo) and its status. A net can be:

- Unplaced
The driver and the load are not placed.
. Estimated

The driver or the load or both are placed. A partially routed net is also reported as
estimated.

- Routed
The driver and the load are both placed, plus the net is fully routed.
« Incr(ns) (text report) / Delay (IDE report)

The value of the incremental delay associated to a unisim primitive timing arc or a net.
It can also show of a constraint such as input/output delay or clock uncertainty.

« Path(ns) (text report) / Cumulative (IDE report)

The accumulated delay after each segment of the path. On a given line, its value is the
accumulated value from the previous + the incremental delay of the current line.

+ Netlist Resource(s) (text report) / Logical Resource (IDE report)
The name of the netlist object traversed.
Each incremental delay is associated to an edge sense:

* r(rising), or

- £ (falling)

The initial sense of the edge is determined by the launch or capture edge used for the
analysis. It can be inverted by any cell along the path, depending on the nature of the
timing arc. For example, a rising edge at the input of an inverter becomes a falling edge on
the output.

The edge sense can be helpful in identifying that an overly-tight timing path requirement
comes from a clock edge inversion along the source or destination clock tree.
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& XILINX.
Chapter 4

Design Closure Techniques

Introduction to Design Closure Techniques

This chapter discusses techniques for timing closure in the Xilinx® Vivado® Integrated
Design Environment (IDE) including:

« Checking Constraints and Sources
« Increasing Tool Effort
« Floorplanning

« Modifying Routing

Checking Constraints and Sources

Ensure that design and timing constraints are reasonable.
« Be sure that you have a good netlist.

If you are using Vivado Synthesis, add synthesis-specific timing constraints to a
synthesis XDC file. Synthesis is timing-driven, and optimizes the logic to meet timing.

« Manually review the clock trees in the Schematic window or the Clock Networks report.

Be sure that the clock trees are reasonable. Designs can have a large clock skew when

one BUFG drives a second BUFG or a LUT. The extra clock skew can lead to small to no
design margin for meeting setup checks, or to a large amount of hold fixing, which will
increase the routing resource utilization and potentially the congestion level. The placer
DRCs issue warnings for some clock tree issues.

« Consider the clocking resources when laying out the pinout and floorplanning the
design.

The clock regions in Xilinx® 7 series FPGA devices support twelve global clocks per
region. There are additional limitations on the placement of clock trees. For more
information on Xilinx 7 Series FPGA Clocking, see 7 Series Clocking Resources Guide
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(UG472) [Ref 7].
» Be sure that the clock periods are the ones the design needs to meet.

If you are overconstraining the design, the tools attempt to meet artificially tight timing
constraints at the cost of runtime. Overconstraining can lead to timing failures and
higher power consumption.

If the design is failing to meet artificially tight constraints, try the real constraints. You
can modify timing constraints in the Vivado IDE without changing the placement and
routing. Rerun report_timing summary with the real clock periods.

« Determine if the failing paths are multicycle paths or paths not functionally active.

The Vivado IDE times all logical paths of your design, including the ones between
asynchronous clocks unless you add appropriate timing exceptions. This is a change
from ISE® and UCF. Some paths may never be active due to the structure of the control
logic. You can use the set_false_path constraint to ignore slack computation on
them.

Other control structures (for example, a clock enable driven by a state machine)
generate multicycle paths. If data has multiple clock periods to get from the source to
the destination, enter Multicycle Timing constraints. In XDC, setup and hold multicycle
delays are entered separately.

¢ Rerun timing after Implementation with the improved timing constraints. You do not
need to rerun implementation to view how changing the timing graph changes design
timing. Review the next set of timing paths and continue to refine the timing
constraints as needed.

« If you are still not meeting timing after modifying the timing constraints, rerun
implementation. Implementation is timing-driven and can now focus on the real
problem areas. If the original design had high Total Hold Slack (THS) in the router, you
must rerun implementation.

O TIP: Use Save Constraints As to create a new constraint set, preserving your original constraints.

« Review the timing path.
Ensure that clock skew and jitter are reasonable.
* Review the logic.

What is the logic delay compared to the period? If logic delay is a high percentage of
the period you must resynthesize the design to reduce logic delay.
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+ Review the Route Delay

If the route delay is a high percentage of the period, try reducing route delay. Two ways
to try to reduce route delay are:

o Rewrite the RTL.

If you see high fanout nets, consider replicating the drivers. Take logic placement
into consideration when re-factoring the high fanout net. Each driver should
communicate with localized loads rather than loads spread out across the device.

Apply synthesis attributes such as DONT_TOUCH or KEEP to prevent register pruning
on replicated registers.

- Floorplan.

Consider floorplanning if route delay is a high percentage of the timing path. The
goal is to improve the timing of the critical paths by reducing route delay.
Floorplanning does not change the logic that makes up the critical path. Review how
the blocks in the design interconnect while floorplanning.

You may want to restructure the RTL to better work inside the device. The synthesis
tools do not know about placement. When they replicate high fanout nets, they
generally do not take placement into account.

Manually replicating and rewiring can lead to a better design. For example, if you have two
memory interfaces that go on opposite corners of the chip, you might want to replicate the
control signals in the RTL source. You might need to use synthesis attributes to stop
optimization of logically equivalent registers.

Increasing Tool Effort

Ask the tools to work harder. Sometimes you can close timing on a design merely by
assigning more CPU cycles to implementation.

The Vivado Implementation Defaults strategy balances run time and performance. Some
run time expensive algorithms are not used. To turn on these algorithms, and physical
synthesis, use the Performance_Explore strategy. For the largest parts (using SSI
technology) consider Performance_ExploreSLLs.

There are other strategies to help with faster run time or congestion. The strategies with a
SLL suffix are tuned for the parts using SSI technology.
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Run the Flow > Create Runs command to create and launch multiple runs using the
different strategies.

4. Create New Runs

Configure Implementation Runs
Create and configure one or more implementation runs using various Part, Constraints, flows and strategies

> B

Create Implementation Runs

Name Synth Name Constraints Set Fart Strategy

4
4

impl_2 [ synth_1 (acti... ¥ | | & constrs_2 (acti

:@ xc7k70tfbga76-2 v: & Performance_Explore (Vivado Implementation ...

4

impl_3 i# synth_1 (acti... ¥ | | constrs_2 (acti.. ¥ | | & xc7k70tfbg676-2 v: & Performance_RefinePlacement (Vivado Imple...

4

impl_4 [ synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Performance_WLBlockPlacement (Vivado Impl...

4

impl_5 [ synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Performance_WLBlockPlacementFanoutOpt (Vi...

impl_6 [ synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Performance_LateBlockPlacement (Vivado Imp...

4

impl_7 [ synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Performance_NetDelay_high (Vivado Impleme...

4

impl_10 | synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Performance_ExploreSLLs (Vivado Implementa...

4

impl_12 | synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@ xc7k70tfbga76-2 v: & Power_DefaultOpt (Vivado Implementation 20...

4

4
() () () () () () ) )

impl_13 | synth_1 (acti... ¥ | | & constrs_2 (acti... ¥ :@xc}'k}'ﬂtfbgﬁ}'ﬁ—z v:

Runs to create: 9

Figure 4-1: Multiple Runs

Review the implementation results to find the strategy that works best for the design.
Re-use the strategy for later runs.

O TIP: The optimal strategy can change between designs and software releases.
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Floorplanning

This section discusses Floorplanning and includes:

« About Floorplanning

» Understanding Floorplanning Basics
« Using Pblock-Based Floorplanning

« Locking Specific Logic to Device Sites

« Floorplanning With Stacked Silicon Interconnect (SSI) Devices

About Floorplanning

Floorplanning can help a design meet timing. Xilinx recommends that you floorplan when a
design does not meet timing consistently, or has never met timing.

Floorplanning is also helpful when you are working with design teams, and consistency is
most important.

Floorplanning can improve the setup slack (TNS, WNS) by reducing the average route delay.
During implementation, the timing engine works on resolving the worst setup violations
and all the hold violations. Floorplanning can only improve setup slack.

Manual floorplanning is easiest when the netlist has hierarchy. Design analysis is much
slower when synthesis flattens the entire netlist. Set up synthesis to generate a hierarchical
netlist. For Vivado synthesis use:

« synth_design -flatten_hierarchy rebuilt
or
« The Vivado Synthesis Defaults strategy

Large hierarchical blocks with intertwined logical paths can be difficult to analyze. It is
easier to analyze a design in which separate logical structures are in lower sub-hierarchies.
Consider registering all the outputs of a hierarchical module. It is difficult to analyze the
placement of paths that trace through multiple hierarchical blocks.
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Understanding Floorplanning Basics

Not every design will always meet timing. You may have to guide the tools to a solution.
Floorplanning allows you to guide the tools, either through high-level hierarchy layout, or
through detailed gate placement.

You will achieve the greatest improvements by fixing the worst problems or the most
common problems. For example if there are outlier paths that have significantly worse
slack, or high levels of logic, fix those paths first. The Tools > Timing > Create Slack
Histogram command can provide a view of outlier paths. Alternatively, if the same timing
endpoint appears in several negative slack paths, improving one of the paths might result in
similar improvements for the other paths on that endpoint.

Consider floorplanning to increase performance by reducing route delay or increasing logic
density on a non-critical block. Logic density is a measure of how tightly the logic is packed
onto the chip.

Floorplanning can help you meet a higher clock frequency and improve consistency in the
results.

There are multiple approaches to floorplanning, each with its advantages and
disadvantages.

Detailed Gate-Level Floorplanning

Detailed gate-level floorplanning involves placing individual leaf cells in specific sites on
the device.

Advantages of Detailed Gate-Level Floorplanning

« Detailed gate-level floorplanning works with hand routing nets.

» Detailed gate-level floorplanning can extract the most performance out of the device.

Disadvantages of Detailed Gate-Level Floorplanning

« Detailed gate-level floorplanning is time consuming.

« Detailed gate-level floorplanning requires extensive knowledge of the device and
design.

+ Detailed gate-level floorplanning may need to be redone if the netlist changes.

O RECOMMENDED: Use detailed gate-level floorplanning as a last resort.
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Information Re-Use

Re-use information from a design that met timing. Use this flow if the design does not
consistently meet timing. To re-use information:

1. Open two implementation runs:
a. One for a run that is meeting timing.

b. One for a run that is not meeting timing.

TIP: On a computer with multiple monitors, select Open Implementation in New Window to open a
O design in a new window.

2. Look for the differences between the two designs.
a. Identify some failing timing paths from report_timing summary.

b. On the design that is meeting timing, run report_timing in min_max mode to
time those same paths on the design that meets timing.

3. Compare the timing results:
a. Clock skew
b. Datapath delay
c. Placement
d. Route delays

4. If there are differences in the amount of logic delay between path end points, revisit the
synthesis runs.

Review 1/0 and Cell Placement

Review the placement of the cells in the design. Compare two I/O reports to review the I/O
placement and I/O standards. Make sure all the I/Os are placed. A simple search finds all
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I/Os without fixed placement as shown in Figure 4-2, I/O Is Not Fixed.

4. Find =

Result name |find_1

Find Cells -

Properties

PRIMITIVE_TYPE ~ |[is ~ |0 v
AND ~ || STATUS ~ |[is not - | Fxen -

[ | Regular expression Ignore case Search hierarchically
Of Objects ()

Command: | show_objects -name find_1 [get_cells -hierarchical -filter { PRIMITIVE_TYPE =~ 10.*.* && STATUS != "FIXED" }

[ | open in a new tab

OK ” Cancel l

Figure 4-2: 1/0 Is Not Fixed

If clock skew has changed between the runs, consider re-using the clock primitive
placement from the run that met timing. The Clock Utilization Report lists the placement of
the clock tree drivers, as shown in Figure 4-3, Clock Locations.

[ Package X ]@ Device X I '3 Clock Utilization Report - impl_2 X ] O =
ﬁ C: ftemp/project_cpu_hdl_tutorial fproject_cpu_hdl_tutorial. runs fimpl_2/top_dock_utilization_placed.rpt Read-only
" |157 # Location of BUFG Primitives -
n 158 set_property LOC BUFGCTRL _X0Y¥1 [get_cells clkgen/clkf buf]

A 159 set_property LOC BUFGCTIRL KO0Y0 [get cells mgtEngine/gt usrclk source/bufg inst]

g%: 140 set_property LOC BUFGCTRL _X0Y¥16 [get_cells mgtEngine/qt_usrclk_source/txoutclk bufgl_i]

% 16l set_property LOC BUFGCTEL_XO0Y17 [get_cells mgtEngine/gt_usrclk source/txoutclk bufgl i]

—'|162 set_property LOC BUFGCTRL_X0Y18 [get_cells mgtEngine/gt_usrclk scurce/txoutclk_bufg? i)

f@ 163 get_property LOC BUFGCTEL_XO0Y19 [get_cells mgtEngine/gt_usrclk source/txoutclk bufg3 i]

» | 164 set_property LOC BUFGCTRL_XO0Y7 [get_cells clkgen/clkoutf_buf]

165 get_property LOC BUFGCTEL_XO0Y3 [get_cells clkgen/clkout2 buf]

166 set_property LOC BUFGCTRL X0Y¥4 [get_cells clkgen/clkout3_buf]

167 get_property LOC BUFGCTEL_XO0Y2 [get_cells clkgen/clkoutl buf]

148 set_property LOC BUFGCTRL _XO0Y¥S [get_cells clkgen/clkoutd_buf]

169 get_property LOC BUFGCTEL_XO0Y& [get_cells clkgen/clkoutS buf]

170

171 # Location of IQ Clock Primitiwves

172

173 # Location of MMCM Clock Primitiwves

174 set_property LOC MMCMEZ ROV _X1Y0 [get_cells clkgen/mmcm adv_inst]
175

5

m

¢ @ < |

‘| i | 3

Figure 4-3: Clock Locations
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The LOC constraints can easily be copied into your XDC constraints file.

Many designs have met timing by reusing the placement of the Block RAMs and DSPs.
Select Edit > Find to list the instances.

4. Find

Cx=

Result name | find_1

Find Cells -
Froperties

FRIMITIVE_TYFE ¥ |[|is - | |BMEM hd
OR = || PRIMITIVE_TYPE v ||is * | MULT i

[ ] Reqular expression Ignore case Search hierarchically

Of Objects ()
Command: show_objects -name find_1 [get_cells -hierarchical -filter { PRIMITIVE_TYPE =~ BMEM.*.* || PRIMITIVE_TYPE =+
["] open in a new tab

[ DK ] [ Cancel

Figure 4-4: DSP or RAM
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Adding Placement Constraints

Fix the logic to add the placement constraints to your XDC.

1. Select the macros from the find results.

2. Right click and select Fix Cells.

Find Results - Cells - find_1 (186) e
.C\ Id  Name Cell Cell Pin Count
Pl mn 30 cpukngineforiZuu_sbjorl20U_sb_fito/async_fito/ nard_fifo.fifo_gen|68].fita36_2_inst... FIFU36EL 195
& % ct0/x0utReq reg DSP48EL
32 |cth/xOutStepReg_reg @ : | -
@ (% |33 o1 xouiReq reg 3 Cell Properties... Ctri+E
LAl 7T |34 [cti/xOutStepReq_reg Unplace Ctrl+U 3
| 5 |35 |ct2/xOutReq reg -
[% [36 |ct2/xOutStepReg_reg Swap Locations Ctrl+W |4
[ [57_|ca/xOutReq_reg L e
| & [38 |ct3/xOutStepReg_reg et
| & [39  |ct4/xOutReg reg ¥ Unassian
| &[40 |ct4/xOutStepReg_reg P
[41  [ctS5/x0utReg _reg & Draw Pblock
i Reg_| 417 |
| & |42 [ct5/xOutStepReg_reg i P ig
| & |44 |ct6/xOutStepReg_reg e, —
E Ct7/x0utReq_reg aeledl Leal Lells Ctrl+5Shift+5 E
A | Select Leaf Cell Parents E
5] fftEngine/fftinst/egressLoop[0].egress| 6E1 223
(7] fftEngine/fftinst/egressLoop[1].egress| # Hichiight Leaf Cells + 6E1 223
5] fftEngine/fftinst/egressLoop[2].egress| ; e . 6E1 223
(51} fftEngine/fftInst/egressLoop[3].egress Unmighhight Leat Cells GE1 223
5] fftEngine/fftinst/egressLoop[4].egress| Highlight » |[BEL 223
5] fftEngine/fftinst/egressLoop[5].egress| 6E1 223
5] fftEngine/fftinst/egressLoop[6].egress| Unhighlight 6E1 223
51 fftEngine/fftInst/egressLoop[7].egress 6E1 223
5] fftEngine/fftinst/ingressLoop[0].ingres: @ Mark Ctrl+M 6E1 223 -
56 engine/funsngressLcoplilngres| . CurtShift+ 1 E1223 o
| (il Cells - find_1 (186) X | | Fix Cells |

Figure 4-5: Selecting the Logic to Fix

RECOMMENDED: Analyze the placement based on hierarchy name and highlight before fixing the
placement.

Re-Using Placement

It is fairly easy to re-use the placement of:
« I/Os

« Global Clock Resources

« BlockRam macros
* DSP macros
Re-using this placement helps to reduce the variability in results from one netlist revision to

the next. These primitives generally have stable names. The placement is usually easy to
maintain.

TIP: Do not reuse the placement of general slice logic. Do not re-use the placement for sections of the
design that are likely to change.
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Floorplanning Techniques

Consider gate-level floorplanning for a design that has never met timing, and in which
changing the netlist or the constraints are not good options.

O RECOMMENDED: Try hierarchical floorplanning before considering gate level floorplanning.

Hierarchical Floorplanning

Hierarchical floorplanning allows you to place one or more levels of hierarchy in a region on
the chip. This region provides guidance to the placer at a global level, and the placer does
the detailed placement.

Hierarchical floorplanning has the following advantages over gate-level floorplanning:

« Hierarchical floorplan creation is fast compared to gate-level floorplanning. A good
floorplan can improve timing. The floorplan is resistant to design change.

« The level of hierarchy acts as a container for all the gates. It will generally work if the
netlist changes.

In hierarchical floorplanning:

« Identify the lower levels of hierarchy that contain the critical path.
« Use the top level floorplan to identify where to place them.

« Implementation places individual cells.

« Has comprehensive knowledge of the cells and timing paths.

« Generally does a good job of fine grain placement.
Manual Cell Placement

Manual cell placement can obtain the best performance from a device. When using this
technique, designers generally use it only on a small block of the design. They may hand
place a small amount of logic around a high speed I/O interface, or hand place Block RAMs
and DSPs. Manual placement can be slow.

All floorplanning techniques can require significant engineering time. They may require
floorplan iterations. If any of the cell names change, the floorplan constraints must be
updated.

When floorplanning, you should have an idea of final pinout. It is useful to have the I/Os
fixed. The I/Os can provide anchor points for starting the floorplan. Logic that
communicates to I/Os migrates towards the fixed pins.
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TIP: Place blocks that communicate with I/Os near their I/0s. If the pinout is pulling a block apart,

consider pinout or RTL modification.

Ad I
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T

Figure 4-6:

i Package x| % Device X
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i
=
c
=
c
=
c
=
=
E

1/0 Components Pulling Design Apart

The floorplan shown in Figure 4-6 might not help timing. Consider splitting the block apart,
changing the source code, or constraining only the Block RAMs and DSPs. Also consider

unplacing I/O registers if external timing requirements allow.
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The Pblock mentioned in this section is represented by the XDC constraints:

create_pblock Pblock_ usbEngine

add_cells_to_pblock [get_pblocks Pblock_ usbEngine] [get_cells -quiet [list
usbEnginel]]

resize_pblock [get_pblocks Pblock_usbEngine] -add {SLICE_X8Y105:SLICE_X23Y149}
resize_pblock [get_pblocks Pblock_usbEngine] -add {DSP48_X0Y42:DSP48_X1Y59}
resize_pblock [get_pblocks Pblock_usbEngine] -add {RAMB18_X0Y42:RAMB18_X1Y59}
resize_pblock [get_pblocks Pblock_usbEngine] -add {RAMB36_X0Y21l:RAMB36_X1Y29}

The first line creates the Pblock. The second line (add_cells_to_pblock) assigns the
level of hierarchy to the Pblock. There are four resource types (SLICE, DSP48, RAMBL18,
RAMB36) each with its own grid. Logic that is not constrained by a grid can go anywhere in
the device. To constrain just the Block RAMs in the level of hierarchy, disable the other
Pblock grids.

Pblock Properties i G
e d L
@ PEIUCk_ustngine

Name: Pblock_usbEngine

Farent: ROOT -
Mumber of assigned cells: 1
Grid Range

CLOCKREGION
[]sLice
[]psras
[] RaMB18 RAMB18_X0Y42:RAMB18_X1Y59

[+] RAMB36 RAMB36_X0Y21:RAMB36_X1Y29

General | Properties | Statistics | Cells | Connectivity | Rectangles

& Properties | ™ Clock Regions -

Figure 4-7: Pblock Grids
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The resulting XDC commands define the simplified Pblock:

create_pblock Pblock_ usbEngine

add_cells_to_pblock [get_pblocks Pblock_ usbEngine] [get_cells -quiet [list

usbEnginel]]

resize_pblock [get_pblocks Pblock_usbEngine] -add {RAMB18_X0Y42:RAMB18_X1Y59}
resize_pblock [get_pblocks Pblock_usbEngine] -add {RAMB36_X0Y21:RAMB36_X1Y29}

The Block RAMs are constrained in the device, but the slice logic is free to be placed

anywhere on the device.

O TIP: When placing Pblocks, be careful not to floorplan hierarchy in such a manner that it crosses the

central config block.

E. Project Summary X |6 Device X | 7] Schematic X
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Figure 4-8: Avoiding the Config Block
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Using Pblock-Based Floorplanning

When you integrate RTL into a design, it helps to visualize the design inside the device.
Graphically seeing how the blocks interconnect between themselves and the I/O pinout
after synthesis helps you to understand your design.

To view the interconnect, generate a top level floorplan using Pblocks on upper levels of
hierarchy. To break apart the top level RTL into Pblocks, select Tools > Floorplanning >
Auto Create Pblocks.

To place the blocks in the device, select Tools > Floorplanning > Place Pblocks. The tool
sizes the Pblocks based on the slice count and target utilization

Pblocks can be more than one hundred percent full during analysis, but not during
implementation. Overfilling the Pblock makes them smaller on the device. This is a useful
technique for getting an overview of the relative size of your design top-level blocks, and
how they will occupy the device.

g Place Phlacks =5

Parent Pblock
ROCT -

Pblocks to place

Place  Pblock Utilization %
pblock_1 300
pblock_2 300
pblock_arnd1 300
pblock_arnd2 300
pblock_arnd3 300
pblock_arnd4 300

e A e

[ Set Utiization on All Pblocks... |

| oK || Cancel |

Figure 4-9: Place Pblocks Utilization
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Top-Level Floorplan

The top-level floorplan shows which blocks communicate with I/Os (green lines). Nets
connecting two Pblocks are bundled together. The bundles change size and color based on
the number of shared nets. Two top-level floorplans are shown in Figure 4-10, Data Path
Top Level Floorplan, and Figure 4-11, Control Path Floorplan.

The Data Path Top Level Floorplan shows how the data flows between the top-level blocks
of the design. Each block communicates only with two neighbors. The green lines show
well-placed I/0s that communicate with a single block.

i Package X |G Device X O x
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Figure 4-10: Data Path Top Level Floorplan
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The Control Path Floorplan displays a design in which all the blocks communicate with a
central block. The largest connection is between the central block and the block in the
bottom right. The central block must spread out around the design to communicate with all
the other loads.

[ Package x | &F Device O =

-tnln kg sb Engine 1

Hdock_cpa Enging

#llpéidek _usb Enginel

Figure 4-11: Control Path Floorplan

Reviewing the Floorplan

Consider device resources when reviewing the floorplan. The Pblock sizing does not take
into account specialized device resources such as:

« Block RAM
« DSP48s
e MGTs

+ ClockBuffers

O TIP: Review the blocks with the floorplan and utilization in mind.
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Locking Specific Logic to Device Sites

You can place cells on specific locations on the FPGA device, such as placing all the I/O
ports on a Xilinx 7 series FPGA design. Xilinx recommends that you place the I/Os before
attempting to close timing.

The I/O placement can impact the cell placement in the FPGA fabric. Hand placing other
cells in the fabric can help provide some consistency to clock logic and macro placement,
with the goal of more consistent implementation runs.

Table 4-1: Constraints Used to Place Logic

Constraint Use Notes
LOC Places a gate or macro at a specific | SLICE sites have subsites called BEL sites.
site.
BEL Specifies the subsite in the slice to
use for a basic element.

Fixed and Unfixed Cells

Fixed and Unfixed apply to placed cells. They describe the way in which the Vivado tools
view placed cells in the design.

For more information about Fixed and Unfixed Cells, refer to the Vivado Design Suite User
Guide: Implementation (UG904) [Ref 5].

O RECOMMENDED: After the I/Os are placed, use a hierarchical Pblock floorplan as a starting point for
user-controlled placement. Hand placing logic should be used when Pblocks have been found not to
work.
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Floorplanning With Stacked Silicon Interconnect (SSI) Devices

There are extra considerations for Stacked Silicon Interconnect (SSI) parts. The SSI parts are
made of multiple Super Logic Regions (SLRs), joined by an interposer. The interposer
connections are called Super Long Lines (SLLs). There is some delay penalty when crossing
from one SLR to another.

Keep the SLRs in mind when structuring the design, generating a pinout, and floorplanning.
Minimize SLL crossings by keeping logic cells of critical timing paths inside a single SLR.

E. Project Summary X | 6@ Device X O =

bblock usbEnginel

:
E
g
;
:
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¥
2

pblock usbEnginey

.

4 T 3

Figure 4-12: Minimize SLR Crossings

The I/0s must be placed in the same SLR as the relevant I/O interface circuitry. You must
also carefully consider clock placement when laying out logic for SSI parts.

O RECOMMENDED: Let the placer try an automatic placement of the logic into the SSI parts before doing
extensive partitioning. Analyzing the automatic placement may suggest floorplanning approaches you
were not considering.

Modifying Routing

You might occasionally want to modify routing. Most often, this involves a design with a few
small timing failures, and in which other, easier approaches to timing closure have failed.
The Vivado Design Suite allows you to modify and fix routes.

For more information, see "Modifying Routing and Logic” in the Vivado Design Suite User
Guide: Implementation (UG904) [Ref 5].
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& XILINX.
Appendix A

Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx® Support website at:

www.xilinx.com/support

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual
property at all stages of the design cycle. Topics include design assistance, advisories, and
troubleshooting tips.

References

These documents provide supplemental material useful with this guide.

Vivado Design Suite User Guide: Using the Vivado IDE (UG893)
Vivado Design Suite User Guide: Using Tcl Scripting (UG894)
Vivado Design Suite Tcl Command Reference Guide (UG835)

Vivado Design Suite User Guide: Implementation (UG904)

1.

2.

3

4. Vivado Design Suite User Guide: Using Constraints (UG903)

5

6. Vivado Design Suite User Guide: Power Analysis and Optimization (UG907)
7.

7 Series Clocking Resources Guide (UG472)
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Other Vivado Design Suite Documents
« Vivado Design Suite User Guide: System-Level Design Entry (UG895)
» Vivado Design Suite Tutorial: Design Flows Overview (UG888)

« Vivado Design Suite Video Tutorials (http://www.xilinx.com/training/vivado/index.htm)

« All Vivado Design Suite Documentation
(www.xilinx.com/support/documentation/dt vivado2013-3.htm)
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