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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:

« Using the Netlist Window

* Using the Hierarchy Window

« Using the Schematic Window

« Searching for Objects Using Find

» Analyzing Device Utilization Statistics

* Using Report DRC

« Validating Design Methodology Logic DRCs
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Using the Netlist Window

Chapter 1: Design Analysis Within the IDE

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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LT 2179
BMEM 15
MULT 64
OTHERS 133
MNet Boundary Statistics I
Boundary-crossing MNets
109
Clock Report
Damain {Module) Resource  Instances
fitClk_o{ dock_generator ) Global 1466
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i Properties Clock Regions

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, or from the Netlist window, click F6.

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.

M
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lPackage xl@[ﬂevice x]%sdlematic x] O
159 Instances 135 I/O Ports 1023 Nets

»

m
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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].
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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.

Design Analysis and Closure Techniques www.xilinx.com Send Feedback 10
UG906 (v2014.3) October 31, 2014 [—\/—]


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=2014.3&docPage=10

i: XI I_I NX Chapter 1: Design Analysis Within the IDE

ALL PROGRAMMABLE

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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Figure 1-8: Timing Path with Select Primitive Parents
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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

Note: You can also open the Find window by pressing Ctrl+F.

4. Find

,0, Find objects in the current design or device by filtering Td properties and objects.

Result name

Find Cells :

Properties

TYPE = | | matches =40 |

E3

|| Regular expression | | Ignore case [¥] Search hierarchically

Of Objects

Command: show_objects -name [get_cells -hierarchical filter { 3]

[¥] Open in a new tab

=

Figure 1-10: Find Dialog Box
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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

I/O Banks
Clock Regions

Find Examples

Select Edit > Find to find, for example:

All unplaced 1/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:

Chapter 1: Design Analysis Within the IDE

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

From the script or Tcl console, use the equivalent Tcl get_* command (such as get_cells)
to query Vivado objects.

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.
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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 Tc| Command Reference Guide
(UG835) [Ref 3], or type <command> -help.

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:

« 1/0
« 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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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
locations. This design wil fail to generate a bitstream unless al logical ports have 3 user spedified site LOC constraint defined. To allow bitstream creation with unspedified pin locations (ot recommended), use 51
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.

Validating Design Methodology Logic DRCs

Due to the importance of methodology, the Vivado tools provide a set of Design Rule
Checks (DRCs) that specifically check for compliance with methodology. There are different
types of DRCs depending on the stage of the design process. RTL lint-style checks are run
on the elaborated RTL design; netlist-based logic and constraint checks are run on the

synthesized design; and implementation and timing checks are run on the implemented
design.

To run these checks at the Tcl prompt, open the design to be validated and enter following
Tcl command:

report_drc -ruledeck methodology_checks
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To run these checks from the IDE, open the design to be validated and run the Report DRC
command. Once the dialog appears, select the methodology checks Rule deck, as shown in

Figure 1-12.

Results name:
Qutput file:

Rule deck:

| Report design rule checks.

drc_2

methodology_checks

Rules to Check]

Gl g
g A

methodology_checks A

=[] All Ruld

& Syn
: *Dd

[

[

bitstream_checks
default

opt_checks

placer_checks
router_checks
timing_checks

Figure 1-12:
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Violations (if there are any) are listed in the DRC window, as shown in Figure 1-13.

DRC - drc_1 (16 violations)

-~ ra

- MName Severiil:g,r

=

=4l |2 All Violations (16)

|| EH© Synthesis (16)

B == RAM (16)

= =@ SYNTH-6 (16)
N (1) SYNTH #1 Warning
(1) SYNTH #2 Warning

) (1) SYNTH #3 Warnina

Details

The timing for the instance egressLoop[0].e
The timing for the instance egressLoop[1].e
The timina for the instance earessloool2].e

@ drc_1 (16 violations) x

5 Tcl Console | > Messages | [ Log | 2 Reports | 3> Design Runs & DRC

Figure 1-13: DRC Violations

For more information on running design methodology DRCs, refer to Vivado Design Suite
User Guide: System-Level Design Entry (UG895) [Ref 4] and Design Methodology Handbook
for Xilinx FPGAs (UG949) [Ref 5].

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
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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.

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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,g"‘_ Report Timing Summary

Results name: | timing_1

Report
Path delay type: | min_max

[¥] Report unconstrained paths

Path Limits

Path Display
Display paths with slack less than:

Significant digits:

[¥] Openin a new tab

[7] Open in Timing Analysis layout

Figure 1-14:

Options | Adwanced | Timer Settings

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

Maximum number of paths per dods or path group:

Maximum number of worst paths per endpoint:

b

Command: report_timing_summary -delay_type min_max -report_unconstrained -ched

|__-§f-§_'_|
10 =
15
[¥] Use default (1e+30)
[ ok || cancel |

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

Design Analysis and Closure Techniques
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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 1-15: 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

Displays which input pin of the cell is used for the path.

O RECOMMENDED: Keep this option selected to provide more information about all pins used in the path.

Equivalent Tcl option: -input_pins
File Output
« 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.

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

ﬁl‘:L- Report Timing Summary

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

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

Command: report_timing_summary -delay_type min_max -report_unconstrained -ched

[] Dpen in Timing Analysis layout

[ OK ]| Cancel ]

Figure 1-16: Report Timing Summary Dialog Box: Timer Settings Tab
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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, 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 1-16, Report Timing Summary Dialog Box: Timer Settings Tab, page 24, 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: fes

Frie P YR Corner Name Analyze Max Paths Analyze Min Paths
Pessimism Removal Resolution: Nearest Common Mode

Enable Input Delay Default Clodk: Mo Slow Yes Yes

Enable Preset / Clear Arcs: No Fast Yes Yes

Disable Flight Delays: Mo

Figure 1-17: 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 1-18: 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)

Chapter 1: Design Analysis Within the IDE

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 1-19: 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 1-20: 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 1-20, 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 6].
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Intra-Clock Paths Section

Chapter 1: Design Analysis Within the IDE

This section describes the Timing values for the same source and destination clocks. The
Intra-Clock Paths section of the Timing Summary Report summarizes the worst slack and
total violations of the timing paths. See Figure 1-21.

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 1-21:

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 1-22.

Timing - Timing Summary - kiming_1
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Figure 1-22: Timing Summary Report: Intra-Clock Paths Details
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Inter-Clock Paths Section

Similar to the Intra-Clock Paths section, this section describes the Timing values for the
different source and destination clocks. The Inter-Clock Paths section of the Timing
Summary Report summarizes the worst slack and total violations of the timing paths with
different source and destination clocks. See Figure 1-23.

Timing - Timing Summary - kiming_1

Q :Z;: {'@‘] & = ‘_Ja\ @ 4 Inter-Clock Paths - cpuClk to sysClk - Setup
- - #1
; Inter-Clock Paths N ¢ e Mame Slack Levels  High Fanout  From Tao Tatal Delay
chuglta sl % |7 Patheol  9.088 1 1 cpuEnginefpm_clksd_o_req[0)fC  or1200_pm_out[0] 1.735
“o | Path2oz  9.092 1 1 cpuEnginefpm_clksd_o_reg[1]{C  orl200_pm_out[1] 1.731
/\_ & Pathz03 9,101 1 1 cpuEnginefpm_clksd_o_reg[3]{C  orl200_pm_out[3] 1.722
il % pathzo4 9106 1 1 cpuEnginefpm_clksd_o_reg[2]{C  orl200_pm_out[2] 1.717
1 phyClkl bo sysClk —
1 usbClk ko sysClk =l
= Timing Summary - timing_1 X
i 2 Td Consale [ @ Messages | 4] Log | | Reparts | [ Design Runs (3 Timing

Figure 1-23: 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 1-24 shows an example of the Path Groups summary table. To access this table,
select Path Groups in the left pane.

Timing - Timing Summary - iming_1

AZTERES D 4 Path Groups
i~ General Information P Edges WNS TNS  FaiingEndpoints Total Endpoints Edges  WHS ~ THS  Failing Endpoints  Total
- Timer Setfings Path Group Fomdok ToCok G () () (NS NS ) ) 9 M (s
i Desian Timing Summar *=2gync_default™ whClk couclk rise -rise 11,680 0,000 0 2869 rise -rise 0,752 0,000 0 2869
Clock Summary (12 *53eync_default™ whlk fick rise -rise 3,019 0.000 0 1312 rise -rise 0,409 0.000 0 1312
IE **agync_default™ gt0_trusrck_i gt0_txusrclk_i rise -rise 9,936 0,000 0 4 rise -rise 1,292 0.000 0 4
**zgync_default™* gt2_txusrck_i gt2_txusrch_irise -rise 9.947 0.000 0 4 rise -rise 1,265 0.000 O 4
**agync_default™* gt4_txusrck_i gt4_txusrchk_i rise -rise 10,160 0.000 0 4 rise -rise 1,222 0.000 0 4
**agync_default™* gté_txusrdk_i gté_txusrclk_i rise -rise  10.142 0.000 0 4 rise -rise 1,230 0.000 0 4
**zgync_default®* wbClk usbClk rise -rise  1.884 0.000 0 320 rise -rise 0,943 0.000 0 320
**zgync_default™* sysClk whClk rise -rise 4,025 0.000 0 143 rise -rise 1,303 0.000 0 143
**zgync_default®* wbClk whClk rise -rise 11,582 0.000 0 1053 rise -rise 1,002 0.000 0 1053

[#-gt0_txusrck_i

F-ot2 txusrck i =
5 Timing Summary - timing_1 X

Figure 1-24: 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-Ignored 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
: = =1
E‘ User Ignored Paths kB b Q Mame  Exception Slack Levels High Fanout From To
= N;’D gtx"'m"‘—' ¥ | @ Ppath25 False Path - 1 24 GTPRESET_IN mgtEngine/no_c...rdy_r_reg/CLR
=l S = Path 826 False Path o 1 24 GTPRESET_IN mgtEngine/no_c...rdy_r_reg/CLR
2 Hold (2) 3 X
- MOME to gkZ_txusrchk_ |~ et
[0 WOME to gbd_busrclk -~
[ NOME to ghé_txusrclk i [
% Timing Summary - timing_1 X
5 Tel Consale | 0 Messages | B&l Log | [2) Reports | (% Design Runs- (3 Timing

Figure 1-25: 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

ATERESD 4 Unconstrained Paths

ISt L T LS o~

..pam Groups P A patn From To Clodk

i User Ignored Paths e e

[=® Unconstrained Paths (none)
[H-MONE to NONE (none) gt0_txusrck_i
--NONE to gtd_teusrdk_i | (none) at2_twusrck_i
--NONE to gt?_heusrdk_i 3 (none) gt tousrdk_i
--NONE to gt4_teusrdk_i (none) at6_twusrck_i
--NONE to gté_heusrdk_i - (none) whiClk
F-NOME to whClk =

% Timing Summary - timing_1 X
5 Td Con