MicrocHie Libero® SoC v12.1 and Later

SmartTime Static Timing Analyzer User Guide

Introduction

SmartTime is a Libero® SoC interactive gate-level static timing analysis tool that allows you to visualize and identify
timing issues in your designs. Using this tool, you can evaluate how close you are to meeting your timing
requirements, create custom sets to track, set timing exceptions to obtain timing closure, and define cross-probe
paths with other tools.

Key SmartTime features allow you to:
» Perform complete timing analysis of your design to ensure that your designs meet all timing constraints and
operate at the desired speed, with the appropriate amount of margin across all operating conditions.

» Browse through your design’s various clock domains to examine the timing paths and identify those that violate
your timing requirements.

» Create customizable timing reports.
» Navigate directly to the paths responsible for violating your timing requirements.

Note: Creating and editing timing constraints are handled in a separate Timing Constraints Editor. For more
information, see the Timing Constraints Editor User Guide.

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 1


https://coredocs.s3.amazonaws.com/Libero/12_3_0/Tool/smarttime_ce_ug.pdf

Libero® SoC v12.1 and Later

Table of Contents

[0 To [0 e (1] o TP P U PP P PTRPPRPPPROI 1
1. ADOUE SMAMTIME ...ttt b et b et e s et e bt nen e e bt e saneenbeenaneenreas 5
1.1, Static TIMING ANAIYSIS (STA). . eii ittt e et snr e seneees 5
1.2, TiMING CONSIFAINTS. .. ..eiiiieii ettt e et e b e e st e e snee e s enneeeanbeeeans 5
1.3 TIMING ANGIYSIS. ...ttt e sttt e e e ettt e e e e e bt e e e e aan b e e e e e e e eeeeean 5
1.4.  SmartTime and Place and ROULE...........cciiiiiiiiiii e 5
1.5, TIMING REPOMS. ...ttt e e et e e e e e sane s 5
1.6.  Cross-probing int0 Chip PIanner...........cooiiiiiiiie e 6
1.7.  Cross-probing into Constraints Editor............cooiiiiiiiiie e 6
2. Design FIows With SMartTime. .......ccoouiiiiiiiie et e et e e 7
3. Starting and CloSiNG SMaAMTIMIE. ......cccuiieiiiie e eee et e et e e e eee e e saeeeesnteeeeneeeesneeeesnseeeeaneeeeannes 8
4. Configuring SMartTime SEtliNGS. .......ooiuiiiiiie ettt et e e e eesnbeeeas 9
4.1. Configuring SmartTime General Settings. ........coooi i 9
4.2. Configuring SmartTime AnalysisS SettiNgS..........uiiiiiiiiiiiiii e 10
4.3. Configuring SmartTime Advanced SettingsS.........c..ciiiiiiiiiiiie e 11
5. SMArtTimeE TOOIDAI. ... ..ot sr e s bt e et e e snee e nnree s 13
6.  SmartTime TIMING ANGIYZET.......ccceiiiiiiiet ettt st ettt sr et e e enees 14
6.1.  SmartTime Analyzer COMPONENTS........cociiiiiiii et 14
6.2, ANAIYZING YOUI DESIGN....uiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e esat e e e e e sasbaeeeeseensneaeaeas 14
6.3.  Maximum Delay ANalYSIS VIBW..........ueiiiiiiiiiie et a e e e e e e 15
6.4. Managing ClOCK DOMAINS. ........eiiiiiiiiiii ettt e et e e e et e e e e e e e e e e e e e nnaeeeaeaans 15
6.5.  Managing Path Sets............oo i 16
6.6. Displaying Path List Timing INformation..............cccoiiiiiiiiiii e 18
6.7. Displaying Expanded Path Timing Information............cccooiieriiiiii e 19
6.8, USING FIEIS. ...ttt e e e ettt e e e et e e e e e e e nnneeeaeeeannaeeeaaenn 21
VA o V2= TaTe=To I T o T g Vo AN g =1 Y=L USRS 23
7.1.  Understanding Inter-Clock Domain ANalySiS...........cocueiiiiiiiiiiiiiieeeriee e 23
7.2.  Activating Inter-Clock Domain ANalYSiS...........cocueiiiiiiiiiiiieiiiee e 23
7.3. Displaying Inter-Clock Domain Paths............cccooiiiiiiiiiiee e 24
7.4. Deactivating a Specific Inter-Clock DOmMain. ..........cooiiiiiiiiiie e 25
7.5.  Changing Output Port CapacitanCe.............ceeiiuiiiiiiiiiec e 26
8. Generating TimiNG REPOIS. .....c.uiie e iiie et e e e et e e et e e s enee e e anteeeeseeeeaneeeeanneeeenneeeennneas 28
8.1, TYPES OF REPOIS. ...ttt e bt e e et snee e e nanee s 28
8.2. Generating @ TImMING REPOI.........uiiiiiii e e e e e e e et ree e e e e e nanees 28
8.3.  Understanding Timing REPOIS..........coiiiiiiiiie e e e e e e 28
8.4. Generating a Timing Violation REPOITt...........oocuiiiiiiiiii e 31
8.5. Understanding Timing Violation REPOIS. ...........eiiiiiiiiiiiiiiee e 31
8.6. Generating a Constraints Coverage REPOI...........cuuiiiiiiiiiiiiee et 32
8.7. Understanding Constraints Coverage REPOITS. ..........coiiiiieiiiieeiiee e 32
8.8. Generating a BottleneCk REPOM...........oiiiiiiii e 34

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 2



Libero® SoC v12.1 and Later

8.9. Understanding Bottleneck Reports - SmartFusion2, IGLOO2, RTG4, and PolarFire................ 34
8.10. Generating a Datasheet REPOIt............ooiiiiiiiii e 35
8.11. Understanding Datasheet REPOITS.........ccooiiiiiiiiiii e 35
8.12. Generating a Combinational Loop REPOI........ccuuiiiiiiiiee e 37
8.13. Understanding Combinational LOOp REPOIS. ..........iiiiiiiiiiiiiiiiie et 37
8.14. Generating a Clock Domain Crossing (CDC) REPOMt...........coiiiiiiiiiiieiiieeeiiee e 38
LS N B4 o T [o T @7 o] (o= o) - TSRS UPRRRRN 44
9.1.  Static Timing Analysis Versus Dynamic Simulation..............ccccceeiiiiiiie e 44
9.2, Delay MOGEIS........eeiieiiieiee ettt e e et e e e et e e e e e e e e e e e nnt e e e e e e e neaeeeeeaan 44
9.3, TimMING Path TYPES... .ottt ettt e e e 44
9.4, Maximum ClOCK FrEQUENCY......ccuuiiiiiiii ittt e e 44
S B TS 11 (1] o @1 o= o1 RS OPPPPPROE 45
9.6. Arrival Time, Required Time, and SIack.............cccuuiiiiiiiiiiie e 45
9.7.  Timing EXCEPONS OVEIVIEW. .......viiiiiiiiiiiie ettt et e e et e s as 45
9.8, ClOCK SKEW......iiiiiiiiee ittt ettt sttt ettt e s et e saeeeab e e sh e e anbeesbeeenbeesnteesbeeanneenneean 46
S I B O3 o 1T o o] o] o T PRSP PURPPRP 46
10. SMArtTIME TULOTIAIS. ..ottt ettt e et e e e et e s mn e e s e e e ebreenans 52
10.1. Tutorial 1 - 32-Bit Shift Register with Clock Enable..............cccooeiiiiiiiiiie e 52
10.2. Tutorial 2 - False Path Constraints.............ooiiiiiiiiiie e 64
11. SMArtTiIMeE Dialog BOXES.......cocuuiiiie ittt e e e e et e e e e st e e e e e et e e e e e e eesnraeeaeeansaeeeas 74
11.1.  Add Path Analysis Set Dialog BOX...........coiruiiiiiiiiiiiiieeiec et 74
11.2. Analysis Set Properties Dialog BOX........cooiiiiiiiiiiiiie e 75
11.3. Edit Filter Set Dialog BOX......iiioeieeiiiieeiiie ettt e e e e et e e nnneeenn 76
11.4. Customize Analysis VieW Dialog BOX.........uuiiiiiiiiiiiiee et 76
11.5. Manage Clock Domains Dialog BOX........cccueiiiiiiiiiiiiiiiic et 78
11.6. Set False Path Constraint Dialog BOX........ccccuiiiiiiiiiiiiiii e 78
11.7. SmartTime Options Dialog BOX.......coeiiiiiiiiiie it 79
11.8. Create Filter Set Dialog BOX.......cooi it e e e e e e e 82
11.9. Timing Bottleneck Analysis Options Dialog BOX..........cocuiiiiiiiiiiiiiiiice e 83
11.10. Timing Datasheet Report Options Dialog BOX.........c.uiiiiiiiiiiiiiiiiiiiiiiee e 86
11.11. Timing Report Options Dialog BOX.........cciiuiiiiiiieeiiee ettt e e e 86
11.12. Timing Violations Report Options Dialog BOX.........ccuiiiiiiiiiiieiiiiiee et 90
11.13. Data Change History - SmartTime.........cuoiiiiiiiiiie e e 92
12, TCl COMIMEANGS.....eitiiiitieiiee ettt bt h e bt ae e et a e bt e e et e ebe e eab e e nb e et e e nae e e beenaeeennes 94
LR T €1 0T T PO U PP PRI 95
T4, REVISION HISTOY ...ttt e e ettt e e e e ettt e e e e e nbe e e e e e e aannteeeaeeaannneeeas 98
15. Microchip FPGA TeChniCal SUPPOI..........uviiiie ittt e e e e et e e e s e snnrreeeeeeennes 929
15,1, CUSIOMET SEIVICE.......eeiiiiiie ettt e e e e ab e e e nanees 99
15.2. Customer TEChNICAl SUPPOIT..........iiiiiiii it 929
15,3, WD ..ttt 99
15.4. OULSIdE the U.S. ...t ne e s 99
The MICrOCHID WEDSITE. ... ettt e bt e rae e e s e e e ne e e e nes 100

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 3



Libero® SoC v12.1 and Later

Product Change NotifiCation SEIVICE. ..........ooiuiiiiiiii e 100
(OIS (o]0 LY AU o] o o] USSR PRPRRRPPP 100
Microchip Devices Code Protection Feature.............oooiiiiiiiiiiiii e 100
LYo T 1IN A\ o) i o7 TSP PPRRN 101
TrAAEMIAIKS. ...ttt s bt et s bt et e e b et et e e eae e et e e eae e e n e een e e nen e nae e 101
Quality Management SYSTEM........cooiiii et e e 102
Worldwide Sales @and SEIVICE..........coouiiiiiiiiiii ettt b e 103

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 4



11

1.2

1.3

1.4

1.5

Libero® SoC v12.1 and Later
About SmartTime

About SmartTime

The following sections describe SmartTime functions.

Static Timing Analysis (STA)

Static timing analysis (STA) offers an efficient technique for identifying timing violations in your design and ensuring
that it meets all your timing requirements. You can communicate timing requirements and timing exceptions to the
system by setting timing constraints. A static timing analysis tool will then check and report setup and hold violations
as well as violations on specific path requirements.

STA is particularly well suited for traditional synchronous designs. The main advantage of STA is that unlike dynamic
simulation, it does not require input vectors. It covers all possible paths in the design and does all the above with
relatively low run-time requirements.

The major disadvantage of STA is that the STA tools do not automatically detect false paths in their algorithms as it
reports all possible paths, including false paths, in the design. False paths are timing paths in the design that do not
propagate a signal. To get a true and useful timing analysis, you need to identify those false paths, if any, as false
path constraints to the STA tool and exclude them from timing considerations.

The SmartTime user interface provides efficient, user-friendly ways to define these critical false paths.

Timing Constraints
SmartTime supports a range of timing constraints to provide useful analysis and efficient timing-driven layout.

Timing Analysis
SmartTime provides a selection of analysis types that allow you to:
» Find the minimum clock period/highest frequency that does not result in a timing violations
» Identify paths with timing violations
* Analyze delays of paths that have no timing constraints
» Perform inter-clock domain timing verification
* Perform maximum and minimum delay analysis for setup and hold checks

To improve the accuracy of the results, SmartTime evaluates clock skew during timing analysis by computing
individual clock insertion delays for each register.

SmartTime checks the timing requirements for violations while evaluating timing exceptions such as multicycle or
false paths.

SmartTime and Place and Route

Libero SoC Place and Route uses SmartTime STA during timing-driven place-and-route operations run in the
background. As a result, your analysis and place and route constraints are always consistent.

Timing Reports
SmartTime provides robust reporting capabilities that allow you to generate the following report files:
« Timing Report for Max and Min Delay Analysis
» Timing Violations Report for Max and Min Delay Analysis
* Bottleneck Report
» Constraints Coverage Report
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* Combinational Loop Report

Cross-probing into Chip Planner
From SmartTime, you can select a design object and cross-probe the same design object in Chip Planner.

Design objects that can be cross-probed from SmartTime to Chip Planner include:

* Ports
* Macros
» Timing paths

Cross-probing into Constraints Editor

From SmartTime, you can cross-probe into the Constraints Editor. The Constraints Editor must be running for cross-
probing to work.

For more information, see 9.9.3 Cross-probing from SmartTime to Chip Planner.
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Design Flows with SmartTime

You can access SmartTime in Libero SoC during the following design implementation phases:

» During Place and Route — when you select timing-driven place-and-route, SmartTime runs in the background to
provide accurate timing information.

« After Place and Route — run SmartTime to perform post-layout timing analysis and adjust timing constraints. In
the Libero SoC Design Flow window, expand Implement Design > Verify Post-Layout Implementation and
then either:

— Double-click Verify Timing to generate Timing Reports.
— Right-click Open SmartTime > Open Interactively to run SmartTime.
» During Back-Annotation — SmartTime runs in the background to generate the SDF file for timing simulation.

You can also run SmartTime to generate Timing Reports, regardless of which design implementation phase you are
in.

For more information about Place and Route and Back-Annotation, see the Libero SoC User Guide.
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Starting and Closing SmartTime

You must complete Place and Route for your design before using SmartTime interactively. Otherwise, Libero SoC
completes that phase before starting SmartTime.
To open SmartTime interactively:
1.  Select Implement Design > Verify Post Layout Implementation.
2. Right-click Open SmartTime and select Open Interactively.
SmartTime reads your design and displays post- or pre-layout timing information.
To close SmartTime, choose Exit from the File menu.

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 8
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Configuring SmartTime Settings

The SmartTime Options dialog box allows you to change general, analysis, and advanced settings.

Configuring SmartTime General Settings

To configure General settings in the SmartTime Options dialog box:

1. From the SmartTime Maximum/Minimum Delay Analysis View window, choose Tools > Options.
The SmartTime Options dialog box appears.

Figure 4-1. SmartTime Options Dialog Box - General Settings for SmartFusion®2, IGLOO®2, and RTG4"

Option Cateqories General
4 Select a category:
General | | ek
Analysis Perform maximum delay analysis based on |WORST = | case
Advanced B
P fiorm minimum dduvuﬂysisbﬁ:dm[w 'cm
Clodk Domains

+| Indude inter-dod: domains in caloulations for timing analysis.

| Enable recovery and removal cheds.

Restore Defaults
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Figure 4-2. SmartTime Options Dialog Box - General Settings for PolarFire

(8] SmartTime Options ? X
Ontion Cateaories ‘ General
= Select a category: —Operating Conditions
General
Analysis Perform maximum delay analysis based on |slow_lv_ht | case
Advanced
Perform minimum delay analysis based on |fast_hv_It v | case
Clock Domains

¥ Include inter-dock domains in calculations for timing analysis.

¥ Enable recovery and removal checks.

Restore Defaults
Help oK | Cancel ‘

2. Inthe General category, select the settings for the operating conditions. SmartTime performs maximum or
minimum delay analysis based on the best, typical, or worst case.

Specify whether you want SmartTime to use inter-clock domains in calculations for timing analysis.
To revert the General settings to their default value, click Restore Defaults.

Change Analysis and Advanced settings as necessary.

When finished, click OK.

o ok w

4.2 Configuring SmartTime Analysis Settings
To configure Analysis settings in the SmartTime Options dialog box:

1. From the SmartTime Maximum/Minimum Delay Analysis View window, choose Tools > Options.
The SmartTime Options dialog box appears.

2. Inthe left pane, click Analysis.
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Figure 4-3. SmartTime Options Dialog Box - Analysis Settings

[E7] SmartTime Options

Option Cateaories

General
Analysis
Advanced

Help

-1- Select a category:

Analysis View

Display of Paths

Limit the number of paths shown in a path set to:
¥ Filter the paths by slack value

Slack range from:

¥ Show dock network details in expanded path

Limit the number of parallel paths in expanded path to:

| Restore Defaults |

oK. | Cancel I

3. Enter a number greater than 1 to specify the maximum number of paths to include in a path set during timing

analysis.

4. Check or uncheck whether to filter the paths by slack value. If you check this box, specify the slack range
between the minimum slack and maximum slack.

© ® N O»

Check or uncheck whether to include clock network details.

To specify the number of parallel paths in the expanded path, enter a number greater than 1.
To revert the Analysis settings to their default value, click Restore Defaults.

Change General and Advanced settings as necessary.

When finished, click OK.

4.3 Configuring SmartTime Advanced Settings
To configure Advanced settings in the SmartTime Options dialog box:

1. From the SmartTime Maximum/Minimum Delay Analysis View window, choose Tools > Options.
The SmartTime Options dialog box appears.

2. Inthe left pane, click Advanced.

© 2020 Microchip Technology Inc.
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Figure 4-4. SmartTime Options Dialog Box - Advanced Settings

[E7] SmartTime Options

Ontion Cateaories J
-1- Select a category:
General
Analysis

Help

Advanced

Special Situtations
r Use loopback in bi-directional buffers(bibufs)
P_ Break paths at asynchronous pins

¥ Disable non-unate arcs in dock netwark

| Restore Defaults I

oK. | Cancel I

3. Specify whether to use loopback in bidirectional buffers (bibufs) and/or break paths at asynchronous pins. The
specify whether to disable non-unate arcs in the clockpath.

4. To revert the Advanced settings to their default value, click Restore Defaults.

o

6. When finished, click OK.

Change General and Analysis settings as necessary.
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SmartTime Toolbar

The SmartTime toolbar contains icons for constraining or analyzing designs. Tool tips are available for each icon.

Table 5-1. SmartTime Toolbar Icons

T T R

Saves the changes.

Undoes previous changes.

Redoes previous changes.

Opens the maximum delay analysis view.
Opens the minimum delay analysis view.
Opens the manage clock domains manager.
Opens the path set manager.

Recalculates all analyses.

] ¥ @ B W IR [Y E
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SmartTime Timing Analyzer

The following sections describe the SmartTime Timing Analyzer functions.

SmartTime Analyzer Components
SmartTime Timing Analyzer consists of the following components:

» Domain Browser: allows you to perform your timing analysis on a per domain basis.
» Path List: shows paths in a specific set within a given domain sorted by slack.

» Path Details: shows detailed timing analysis of a selected path in the paths list.

» Analysis View Filter: allows you to filter the content of the paths list.

» Path Slack Histogram: when a set is selected in the Domain Browser, Path Slack Histogram shows a distribution
of the path slacks for that set. Selecting one or multiple bars in the Path Slack Histogram filters the paths shown
in the Path List.

The following figure shows the SmartTime Timing Analyzer Components. You can copy and change the resolution
and number of bars of the chart from the right-click menu.

Figure 6-1. SmartTime Timing Analyzer Components

Analyzing Your Design
The timing engine uses the following priorities when analyzing paths and calculating slack:

1. False path

2. Max/Min delay
3.  Multi-cycle path
4. Clock

If multiple constraints of the same priority apply to a path, the timing engine uses the tightest constraint.
You can perform two types of timing analysis:

* Maximum Delay Analysis
*  Minimum Delay Analysis

To perform the basic timing analysis, use one of the following methods to open the Timing Analysis View:

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 14
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SmartTime Timing Analyzer

* From the SmartTime Tools menu, choose Timing Maximum Delay Analysis or Minimum Delay Analysis.

* From the SmartTime window, click the E icon for Maximum Delay Analysis or the icon for Minimum
Delay Analysis.

Note: When you open the Timing Analyzer from Designer, the Maximum Delay Analysis window appears by default.

=
o

6.3 Maximum Delay Analysis View

To enter Maximum Delay Analysis View:

1. In the Domain Browser, select the clock domain. Clock domains with a .% indicate that the timing
requirements in these domains were met. Clock domains with an x indicate that there are violations within
these domains. Paths List shows the timing paths sorted by slack. The path with the lowest slack (biggest
violation) is at the top of the list.

2. Select the path you want to view.
Path Details below the Paths List shows detailed information about how the slack was computed by detailing
the arrival time and required time calculation. If a path is violated, the slack is negative and shown in red.

3. To display a separate view that includes the path details and schematic, double-click the path.
4. Repeat this procedure as necessary.

Note: If the minimum pulse width of one element on the critical path limits the maximum frequency for the
clock, an icon for the clock name appears in the Summary List. Clicking the icon displays the name of the pin
that limits the clock frequency.

6.4 Managing Clock Domains

In SmartTime, timing paths are organized by clock domains.

By default, SmartTime displays domains with explicit clocks. Each clock domain includes at least three path sets:
* Register to Register
» External Setup (in the Maximum Analysis View) or External Hold (in the Minimum Analysis View)
» Clock to Out

You must select a path set to display a list of paths in that specific set.

To manage the clock domains:

1. Right-click anywhere in the Domain Browser and choose Manage Clock Domains.
The Manage Clock Domains dialog box appears.

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 15
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SmartTime Timing Analyzer

Tip: You can click the icon in the SmartTime window bar to display the Manage Clock
Domains dialog box.

2. To add a new domain, select a clock domain from the Available clock domains list and click Add. To add a
non-explicit clock domain, click New Clock.
The Choose the Clock Source Pin dialog box appears, and you can select the clock source pin. You can
choose to filter the available pins and search.

Figure 6-2. Choose the Clock Source Pin Dialog Box

3 7 |[ =
Select a Type and Pattern to start selection
Filter available pins :

Type : Pattern :
| Clock Network | |= | Search
Search Results :
CCC_0/clkint_0/U0_RGB1:A il
CCC_0/clkint_0/UD_RGB1:Y

CCC_0/clkint_0/U0_RGB1:Y.1
CCC_0/clkint_0/U0_RGB1:Y.2
CCC_0/clkint_0/U0_RGE1:Y.3
CCC_0/clkint_0/U0_RGB1:Y.4
CCC_0/clkint_0/U0_RGE1:Y.5
CCC_0/clkint_0/U0_RGE1:Y.6
CCC_0/clkint_(kA
CCC_Wclkint_0:Y.2
CCC_0/clkint_0:v.3
CCC_0/elkint x4
CCC_0/clkint G:Y.5
CCC_0/clkint 0:V.6
CCC_0/clkint 0_1:A
CCC_0/clkint 0_1:Y
DDRA_0/CCC_(/elkint 4/U0_RGB1:A |

Al 2
Help ok | cancel |

3. To remove a displayed domain, select a clock domain from the Show the clock domains in this order list
and click Remove.

4. To change the display order in the Domain Browser, select a clock domain from the Show the clock domains
in this order list, and then use Move Up or Move Down to change the order in the list.

5. Click OK.
SmartTime updates the Domain Browser based on your specifications. If you added a new clock domain, it
includes at least three path sets, as mentioned above.

6.5 Managing Path Sets

You can create and manage custom path sets for timing analysis and tracking purposes.

Path sets appear below Custom Path Sets at the bottom of the Domain Browser.
To manage path sets:

1. Right-click anywhere in the Domain Browser and choose Add Set.
The Add Path Analysis Set Dialog Box appears.
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SmartTime Timing Analyzer

Tip: You can click the icon in the SmartTime window bar to display the Add Path Analysis Set
dialog box.

Figure 6-3. Add Path Analysis Set Dialog Box

(N L7 |=]
Name :- | Trace from :- * Source tosink  Sink to source
Source pins: Sink Pins:

DFMT_0:CLK
DFN1_1:CLK

PF_CCC_CO0/PF_CCC_C0_0/pll_inst_0:REF_CLE_0

Select Al Select Al

Filter source pins: Filter sink pins:

d

Pin Type: |Registers by pin names | Pin Type: |Registers by pin names x|

|= Filter |= Filter
Help oK | Cancel ‘

2. Enter a name for the path set.
Select the source and sink pins. You can use the filters to control the type of pins displayed.

4. Click OK.
The new path set appears below User Sets in the Domain Browser.

w
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SmartTime Timing Analyzer

Figure 6-4. Updated Domain Browser with User Sets

E SmantTime - [K410_docs_review\ 12.0_Release\14_pf_pcie to_ddr3_pdec v24_update\pf_prie to_ddr3_dashone\pf_pcie to_dde3_dashone.p... 5 m} X

0 File Edit View Tools Help
MoD k2 &=

Waximum Delay Analysis View

F analysis for scenario

External Recovery
Asynchronous to Register

Register to Register
External Setup

Clock to Cutput

Register to Asynchrenous
External Recovery
Asynchronous to Register

S NP S TR Y

ddr_x32_0/CCC_M/pll_inst 0VOUT! to ddr...
@ ddr_¥32_0/DDRPHY_BLK_D/LANE 3.CTR..

ddr_x32_0/CCC_Ovpli_inst_0VOUT1 to ddr...

952 3952 4.952 3.952

slack distribution{ns)

5,950

MAX e From [* [
@ ddr_32 O/DDRPHY BLK D/LANE 3 CTR.. = = ATFE vty Leeeryeragy s
Register to Register
External Setup
Clock to Output Delay | Slack
Source Pin Siik Pim
Register to Asynchronous (ns) | (ns)

1 | CorsAXI4interconnect_0/Ms CoreAXT4Interconnect Dfax 0,958 4.952

Name

= Summary
data required time
data arrival tirme
slack

= Data_arrival_time_calculation
ddr_332_0/COC_/pl_inst_0/OUT1
ddr_x32_0/CCC_pll_inst_0:OUT1

ddr_x32_0/CCC_0/cllant_4_1:A
ddr_x32_0/CCC_0Vcliant_4_1:¥
ddr x32 0/CCC Welkint 4/U0 GBO:A S

5. To rename a path:

a) Select the path set from User Sets in the Domain Browser.
b) Right-click the set you want to rename, and then choose Rename Set from the right-click menu.
c) Edit the name directly in the Domain Browser.

6. Toremove a path:

a) Select the path set from User Sets in the Domain Browser.
b) Right-click the set you want to delete, and then choose Delete Set from the right-click menu.

Displaying Path List Timing Information

Path List in the Timing Analysis View shows the timing information required to verify the timing requirements and
identify violating paths. The Path List is organized in a grid where each row represents a timing path with the
corresponding timing information displayed in columns. Timing information is customizable, allowing you to add or

remove columns for each type of set.

By default, each type of set displays the following subset of columns:

» Register to Register: Source Pin, Sink Pin, Delay, Slack, Arrival, Required, Setup, Minimum Period, and Skew.
» External Setup: Source Pin, Sink Pin, Delay, Slack, Arrival, Required, Setup, and External Setup.

» Clock to Out: Source Pin, Sink Pin, Delay, Slack, Arrival, Required, and Clock to Out.

* Input to Output: Source Pin, Sink Pin, Delay, and Slack.

» Custom Path Sets: Source Pin, Sink Pin, Delay, and Slack. You can add the following columns for each type of

set:

— Register to Register: Clock, Source Clock Edge, Destination Clock Edge, Logic Stage Count, Max Fanout,

Clock Constraint, Maximum Delay Constraint, and Multicycle Constraint.

External Setup: Clock, Destination Clock Edge, Logic Stage Count, Max Fanout, Clock Constraint, Input
Delay Constraint, Required External Setup, Maximum Delay Constraint, and Multicycle Constraint.

Clock to Out: Clock, Source Clock Edge, Logic Stage Count, Max Fanout, Clock Constraint, Output Delay
Constraint, Required Maximum Clock to Out, Maximum Delay Constraint, and Multicycle Constraint.
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— Input to Output: Arrival, Required, Setup, Hold, Logic Stage Count, and Max Fanout.

— Custom Path Sets

To customize the set of timing information in the Path List:

1. Choose Customize table on the top-left corner of path list to open the Customize Paths List Table dialog box.
Figure 6-5. Customize Paths List Table Dialog Box

Available fields:

Source Pin
Sink Pin
Delay

(ns)

Slack (ns)

Help Restore Default

Show these fields in this order:
Add Arrival (nz)
Required (ns)
Setup (ns)
Move Down Recovery (ns)
External Setup (ns)
External Recovery (ns)
Maove Up Logic Stage Count
Remaove
OK Cancel

2. To add one or more columns, select the fields to add from the Available fields list and click Add.
3. Toremove one or more columns, select the fields to remove from the Show these fields in this order list,

and click Remove.

4. To change the order in which the fields appear, select fields in the Show these fields in this order list and

click Move Up or Move Down.

5. Click OK to add or remove the selected columns.
SmartTime updates the Timing Analysis View.

Displaying Expanded Path Timing Information
SmartTime displays the list of paths and path details for all parallel paths.

The Path Details grid displays the path details for all parallel paths. The Path List displays all parallel paths in your

design.
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Figure 6-6. Path List View

To display the Expanded Path View:

1. From the Path List, double-click the path, or right-click a path and select expand selected paths.
2. From the Expanded Path View, double-click the path, or right-click the path and select expand path.

Figure 6-7. Expanded Path View

™ T s = D | Dikey) Total | Dot e

The Expanded Path Summary provides a summary of all parallel paths for the selected path. The Path Profile
chart shows the percentage of time taken by cells and nets for the selected path. If no parallel path is selected
in this view, the Path Profile shows the percentage for all paths. By default, SmartTime shows only one path
for each Expanded Path. To change this default, use the SmartTime Options dialog box.

The Expanded Path View includes a schematic of the path and a path profile chart for the paths selected in the
Expanded Path Summary.
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Using Filters

You can use filters in SmartTime to limit the Path List content (that is, create a filtered list on the source and sink pin

names).

Filtering options appear at the top of the Timing Analysis View. You can save these filters one level below the set
under which they have been created.

To use the filter:

1. Select a set in the Domain Browser to display a given number of paths, depending on your SmartTime Options
settings (100 paths by default).

2. Enter the filter criteria in both the From and To fields, and then click Apply Filter.
The display limits the paths to those that match your filter criteria.

Figure 6-8. Maximum Delay Analysis View

0o = HES
[©] g x
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Maxrmum Delay Analyss View
Analysis for scenario
trvare)_ardyss
MAX v 10
{El Surmmary
B CLK Customize tabie Apply Fiter Store Fiter Romet Fiter
X Register to Register
Extennal Setup
Clock to Output Dela
Register o Asmnchronous tns) | Pertod(ns) | tra) | (ms) Sink Pim
Citene Reconey 0.4%8 0438 0348 DANI_ID
Asynchronous to Register =
R Pin to Pin
Input to Output
u User Sets MName Type Net Macro Op  Delay =
5
data required ime:
data anrval time
3 slack
Diata_arrival_time_calculstion
K 0,000
CLK Clock sownce 0,000
CLE ibuf/U_IORAD:PAD et CLK + 0,000
2 CLK i U_IOPADEY esll ADUBHIORAD_IM » 1.726
CLE_ibuf/U_IOINEYIN Pt CLK_jbuf/ YIN . 0000
CLE_ibufiU_IOINEY cell ADUEBOIN_B_E = 0.209
CLE_ibuf RNIVOOLA net CLK ibuf_Z - 2.087
CLK_ibuf_RNIVCI04Y cell ADUB-GE - 0224
1 CLK_jbuf_RNIVOO4/UD RGELA  net CLE_jbut RNIVODY/UO Y - 0.662
CLE ibuf_RNVOOLUO_RGELY cell ADLIE-RGE - LR
DFNI_BCLE et Clk e . 0.7a1
DFN1_0:Q cell ADUESLE - 0.236
DFN1 1D et DFN1 0 O - 078 ¥
U] v 4 3
mn —en - P
< »
Temp: §- 100C | Volt: 0.57 - 1L.O3V | Speed: 5TD

3. Click Store Filter to save your filter criteria with a special name.
The Create Filter Set dialog box appears.
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Figure 6-9. Create Filter Set Dialog Box

5 | Create Filter Set

Mame @ my_filterol

Enter a name for the filter, such as myfilter01, and click OK.
Your new filter name appears below the set under which it was created.

Figure 6-10. Specifying the Filter my_filter01

Maximum Delay Analysis View
Analysis for scenario
MAX Primary
4 (& Summary
4 Wi my_clk
4 ¥ Register to Register
ry_filterdl
External Setup
Clock to Qutput
Register to Asynchronous
External Recovery
Asynchronous to Register
4 = Pinto Pin
Input to Cutput
4 = User Sets
my_set

Repeat this procedure to cascade as many sets as you need using the filtering mechanism.
To edit a filter in the set:

a) Select the filter you want to edit.

b) Right-click the filter and choose Edit Set from the shortcut menu.
To rename a set created with filters:

a) Select the set that uses filters.

b) Right-click the set, and choose Rename Set from the shortcut menu.

c) Edit the name directly in the Domain Browser.
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Advanced Timing Analysis

The following sections describe advanced timing analysis.

Understanding Inter-Clock Domain Analysis

When functional paths exist across two clock domains (the register launching the data and the one capturing it are
clocked by two different clock sources), you must provide accurate specification of both clocks to allow a valid inter-
clock domain timing check. This is important especially when the clocks are specified with different waveforms and
frequencies.

When you specify multiple clocks in your design, consider whether the inter-clock domain paths are false or
functional. If the paths are functional, perform setup and hold checks between the clock domains in SmartTime.
Unless specified otherwise, SmartTime considers the inter-clock domain as false, and therefore does not perform
setup or hold checks between the clock domains.

If you have several clock domains that are subset of a single clock (such as if you want to measure clock tree delay
from an input clock to a generated clock), you must configure Generated Clock Constraints for each of the clock
domains in order for SmartTime to execute the calculation and show timing for each of the inter-clock domain paths.

Once you include the inter-clock domains for timing analysis, SmartTime analyzes for each inter-clock domain the
relationship between all the active clock edges over a common period equal to the least common multiple of the two
clock periods. The new common period represents a full repeating cycle (or pattern) of the two clock waveforms (as
shown below).

Figure 7-1. New Common Period

EF FF2
ck1 [ p——>
ck2 >
Clk 1
setupt setup2 (tightest)
Clk 2

Repeating cycle

For setup check, SmartTime considers the tightest relation launch-capture to ensure that the data arrives before the
capture edge. The hold check verifies that a setup relationship is not overwritten by a following data launch.

Activating Inter-Clock Domain Analysis

To activate the inter-clock domain checking:

1. From the SmartTime Tools menu, choose Options.
The SmartTime Options dialog box dialog box appears (as shown below).

2. Inthe General category, check Include inter-clock domains in calculations for timing analysis.
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Figure 7-2. SmartTime Options Dialog Box for SmartFusion2, RTG4, and IGLOO2

Option Categories
4 Select a category:
General
Analysis
Advanced

General
Operating Conditions

Pesrform maximum delay analysis based on |WORST

Perform minimum delay analysis based on [BESI'

Clodk Domains

/| Inchude inter-dodk domains in calodations for timing analysis.

| Enable recovery and removal chedks.

Figure 7-3. SmartTime Options Dialog Box for PolarFire

Option Categories

= Select a category:
General
Analysis
Advanced

Help

Genaral
Opearating Conditions

Perform maximum delay analysis based on [slow_Iv_ht

| case

Berform minimum  delay analysis based on ]Fasljw__lt

Clock Domains
¥ Indude inter -dodk domains in calculations for timing analysis,

¥ Enable recovery and removal dhecks,

3. Click OK to save the dialog box settings.

Displaying Inter-Clock Domain Paths

After you activate the inter-clock domain checking for a given clock domain CK1, SmartTime detects automatically all
other domains CKn with paths ending at CK1.

SmartTime creates inter-clock domain sets CKn to CK1 under the domain CK1. Each set allows you to display the
inter-clock domain paths between a given clock domain and CK1.
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To display an inter-clock domain set:

1.

Expand the receiving clock domain of the inter-clock domain in the Domain Browser to display its related sets.
For the inter-clock domain CK1 to CK2, expand clock domain CK2.

Figure 7-4. Expanding the Inter-Clock Domain

2.

0] =8| x|

Analysis for scenario
timing_analysis From [* o [+

MAX

= X PF_CCC_OD_O/PF_CCC_CO0/pllLinst 0/, = | Customize table Apply Fiter | Store Fiter Reset Fiter
Register to Register
‘é‘:;::?&l:;n J Source Fin Sink Pin D& | Slack (ns) Ar
Register to Asynchronous T
External Recovery
Asynchronous to Register
% PF_CCC_CO0/PF_CCC_C0 0/pll_inst 0., -

SR e Fawon

# of paths

N N

0
-1.102 -0.102 0 0.858 1.BSE)

slack distribution{ns)

ltudy Temp: 0- 100C |Volt: 0.97-1.03V | Spead: -1

Select the inter-clock domain you want to expand from these sets.
All paths between the related two domains are displayed in Paths List in the same way as any register to
register set.

7.4 Deactivating a Specific Inter-Clock Domain

To deactivate the inter-clock domain checking for the specific clock domains clk2->clk1, without disabling this option
for the other clock domains:

1.
2.

w

No ok

10.
1.

From the Tools menu, choose Constraints Editor > Primary Scenario to open the Constraints Editor View.

In the Constraints Browser, double-click False Path under Exceptions.
The Set False Path Constraint dialog box appears.

Click the Browse button to the right of the From text box.
The Select Source Pins for False Path Constraint dialog box appears.

For Specify pins, select by keyword and wildcard.
For Pin Type, select Registers by clock names from the Pin Type drop-down list.
In the filter box, type the inter-clock domain name (for example, Clk2), and then click Filter.

Click OK to begin filtering the pins by your criteria.
In this example, [get_clocks {CIk2}] appears in the From text box in the Set False Path Constraint dialog box.

Repeat steps 3 to 7 for the TO option in the Set False Path Constraint dialog box and type C1k2 in the filter
box.

Click OK to validate the new false path and display it in the Paths List of the Constraints Editor.

Click the Recalculate All icon IEI in the toolbar.
Select the inter-clock domain set clk2 -> clk1 in the Domain Browser (as shown below).
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Figure 7-5. Selecting the Inter-clock Domain Set clk2 -> clk1
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12. Verify that the set does not contain any paths.

Changing Output Port Capacitance

Output propagation delay is affected by both the capacitive loading on the board and the 1/0 standard.

The I/O Attribute Editor in Chip Planner provides a way to set the expected capacitance to improve the propagation
delay model. SmartTime uses the modified delay model automatically for delay calculations.

To change the output port capacitance and view the effect of this change in SmartTime Timing Analyzer, see the
following example. The following figure shows a delay of 6.603 ns from DFN1 to output port Q based on the default

loading of 5 pF.

Figure 7-6. Maximum Delay Analysis View
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data arrival time
slack

This set has na path, ~ Data_arrival_time_calculation
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B FCEC_CO_QYFCCC_C0_0/CCC_INST/INST_CCC IPGLY Clock source

% Clack generation
FCEC_CO_OVFCCC_CO OVGLI_INST:An net
FCCC_C0 Q/FCCC_C0 0/GL1_INST:YWn cell
FCCC OO QVFCCC CO G/GLY INST/UD RGE1:an net
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ADLIB-GEM
FCCC CO OVFCCC OO OVGL1 INST/UD YW -
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If your board has an output capacitance of 15 pf on Q, perform the following steps to update the timing number.

1. Open the I/O Attribute Editor and change the output load to 15 pf.
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Figure 7-7. 1/0 Attribute Editor
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2. Select File > Save.
Select File > Close.
4. Open the SmartTime Timing Analyzer and confirm that the Clock to Output delay changed to 5.952 ns.

w
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Generating Timing Reports

The following sections describe how to generate timing reports.

Types of Reports
The following table describes the types of timing reports you can generate using SmartTime.
Table 8-1. Types of Timing Reports

Timer Report Displays the timing information organized by clock
domain.

Timing Violations Report Provides information about constraint violations.

Bottleneck Report Displays points in the design that contribute to the most
timing violations.

Datasheet Report Describes the characteristics of the pins, I/O
technologies, and timing properties in the design.

Constraints Coverage Report Displays the overall coverage of the timing constraints
set on the current design.

Combinational Loop Report Displays loops found during initialization.

Clock Domain Crossing Report Analyzes timing paths that cross from one clock domain

(the source clock) to another clock domain (the
destination clock).

Generating a Timing Report

The Timing Report allows you to determine whether timing problems exist in your design.

The Maximum Delay Analysis Timing Report lists the following information about your design:
*  Maximum delay from input I/O to output I/O
* Maximum delay from input I/O to internal registers
* Maximum delay from internal registers to output I/O
* Maximum delays for each clock network
* Maximum delays for interactions between clock networks

To generate a Timing Report:

1. From the SmartTime Max/Min Delay Analysis View, choose Tools > Reports > Timer.
The Timing Report Options dialog box appears.

2. Select the options you want to include in the report, and then click OK.
The Timing Report appears in a separate window.

Understanding Timing Reports

The Timing Report contains the following sections:
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Table 8-2. Timing Report Sections

B Eeww ]

Header Lists the:
* Report type
» Version of Designer used to generate the report
+ Date and time the report was generated

* General design information (name, family, and so
on)

Summary Reports the timing information for each clock domain. By
default, the clock domains reported are the explicit clock
domains that are shown in SmartTime. To filter the
domains and show only specific sections in the report,
use the Timing Report Options dialog box.

Path Lists the timing information for different types of paths in
the design. This section is reported by default. You can
deselect this option in the Timing Report Options dialog
box.

By default, the number of paths displayed per set is 5.
You can filter the domains using the Timing Report
Options dialog box. You can also view the stored filter
sets in the generated report using the Timing Report
options. The filter sets are listed by name in their
appropriate section. The number of paths reported for
the filter set is the same as for the main sets. By default,
the filter sets are not reported.

Clock Domains
Paths are organized by clock domain.

Register to Register Set
This set reports the paths from the registers clock pins to the registers data pins in the current clock domain.

External Setup Set
This set reports the paths from the top-level design input ports to the registers in the current clock domain.

Clock to Output Set

This set reports the paths from the registers clock pins to the top-level design output ports in the current clock
domain.

Register to Asynchronous Set
This set reports the paths from registers to asynchronous control signals, such as asynchronous set/reset.

External Recovery Set
This set reports the external recovery check timing for asynchronous control signals, such as asynchronous set/reset.

Asynchronous to Register Set
This set reports the paths from asynchronous control signals, such as asynchronous set/reset, to registers.

Inter-clock Domain

This set reports the paths from the registers clock pins of the specified clock domain to the registers data pins in the
current clock domain. Inter-domain paths are not reported by default.
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Pin to Pin

This set lists input to output paths and user sets. Input-to-output paths are reported by default. To see the user-
defined sets, use the Timing Report Options dialog box.

Input to Output Set
This set reports the paths from the top-level design input ports to the top-level design output ports.

Expanded Paths

Expanded paths can be reported for each set. By default, the number of expanded paths to report is set to 1. You can
select and change the number when you specify Timing Report options.

Figure 8-1. Timing Report

- B

Timing Report Max Delay Analysis

SmartTime Version wlz2.0
Microsemi Corporation - Microsemi Libero Software Release v12.0 (Version 12.500.0.4)
Date: Fri Sep 14 11:55:24 2018

Design: top

Family: PolarFire

Die: MPF100T

Package: FCG484

Temperature Range: 0 - 100 C
Voltage Range: 0.97 - 1.03 V
Speed Grade: STD

Design State: Post-Layout

Data source: Preliminary
Operating Conditions: slow_ 1lv_ 1t
Scenaric for Timing Analysis: timing analysis

Clock Domain: CLE
Period (ms): 2.000
Frequency (MH=z): 500.000
Required Period (ns): 0.100
Required Frequency (MHz): 10000,000
External Setup (ns): -1.983
Max Clock-To-Ouat (ns): 13.607

Input to Cutput
Max Delay (ns): 2 PN

Clock Domain CLE

Info: The maximum frequency of this clock domain is limited by the minimum pulse
widths of pin CLE ibuf/U_IOPAD:PAD

5ET Register to Register

Path 1
From: DFN1 0:CLK
To: DFN1_1:D
Delay (ns): 0.434
S5lack (ms): -0.348 hd
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Generating a Timing Violation Report
The Timing Violations Report provides a Flat Slack Report centered around constraint violations.

To Timing Violations Report:

1. From the SmartTime Max/Min Delay Analysis View window, choose Tools > Reports > Timing Violations.

The Timing Violations Report Options dialog box appears.

2. Select the options you want to include in the report, and then click OK.
The Timing Violations Report appears in a separate window.

Understanding Timing Violation Reports
The following figure shows an example of a Timing Violations Report.

Figure 8-2. Sample Timing Violation Report
Timing_violations Repol

File Actions Help

Timing Viclation Report Max Delay Analysis
SmartTime Version v11l.6

11.6.0.1&)
Date: Thu Apr 30 1&:18:45 2015

Design: false path

Family: SmartFusion2

Die: M25050

Package: 484 FBGL

Temperature Range: 0 - 83 C

Voltage Range: 1.14 - 1.26 V

Speed Grade: STD

Design State: Post-Layout

Data source: Production

Min Operating Conditions: BEST - 1.26 V - 0 C
Max Operating Conditions: WORST - 1.14 vV — 85 C
Scenario for Timing Analysis: Primary

Path 1
From: D2 reg:CLEK
To: Q@ reg:D
Delay (ns): 1.341
Slack (n=s): -0.373
Arrival (ns): S.333
Required {(ns): 4.960

Microsemi Corporation - Microsemi Libero Software Release vwll.6 (Version

The Timing Violation Report contains the following sections:
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Table 8-3. Timing Violation Report Sections

B Emeww ]

Header This section lists the:
* Report type
» Version of Designer used to generate the report
+ Date and time the report was generated

* General design information (name, family, and so
on)

Paths This section lists the timing information for different types
of paths in the design. The number of paths displayed is
controlled by the following parameters:

* A maximum slack threshold to report

* A maximum number or path to report
By default, the slack threshold is 0 and the number of
paths is limited. The default maximum number of paths

reported is 100.All clocks domains are mixed in this
report. The paths are listed by decreasing slack.

You can also choose to expand one or more paths. By
default, no paths are expanded. For details, see the
Timing Violation Report options.

Generating a Constraints Coverage Report
The Constraints Coverage Report contains information about the constraints in the design.

To generate a Constraints Coverage Report:
1. From the SmartTime Max/Min Delay Analysis View, choose Tools > Reports > Constraints Coverage.

2. Select the text format and number of unconstrained instances and click OK.
The report appears in a separate window.

Understanding Constraints Coverage Reports

The Constraints Coverage Report shows the overall coverage of the timing constraints set on the current design. You
can generate this report either from within Designer or within SmartTime Analyzer.
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Figure 8-3. Sample Constraints Coverage Report
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Package 484 FBGA
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Speed Grade SID
Design Stace Fost-Layout
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Analysis Max Case WORST
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Enhancement Suggestions

- Max input d&lﬂ? CONSTraint missing on porca:
Do, DO, DO, D1, D1, D1, D2, Dz, D2, RST, RST, RST

= Min input delay comstraint missing on ports:
Do, DO, DO, D1, D1, D1, D2, D2, D2, RST, RSI, RST

The Constraints Coverage Report contains the following sections:

Table 8-4. Constraints Coverage Report Sections

e =

Coverage Summary Shows statistical information about the timing constraint
in the design. For each type of timing checks (Setup,
Recovery, Output, Hold, and Removal), it specifies how
many are Met (there is a constraint and it is satisfied),
Violated (there is a constraint and it is not satisfied), or
Untested (no constraint was found).

Results by Clock Domain This section provides a coverage summary for each
clock domain.
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........... continued
Soctn ________ Deapten |
Enhancement Suggestions Reports, per clock domain, a list of constraints that can
be added to the design to improve the coverage. It also
reports if some options impacting the coverage can be
changed.
Detailed Stats Provides detailed suggestions about specific clocks or

1/O ports that may require to be constrained for every
pin/port that requires checks.

Generating a Bottleneck Report
To generate a Bottleneck Report:

1. From the SmartTime Max/Min Delay Analysis View, choose Tools > Reports > Bottleneck.
The report appears in a separate window.

Understanding Bottleneck Reports - SmartFusion2, IGLOO2, RTG4, and PolarFire

A bottleneck is a point in the design that contributes to multiple timing violations. The Bottleneck Report lists the
bottlenecks in the design. You can generate this report from SmartTime Analyzer.
Notes: The bottleneck can be computed only when a cost type is defined. There are two cost type options available:
« Path count: associates the severity of the bottleneck to the count of violating/critical paths that traverse the
instance.
« Path cost: associates the severity of the bottleneck to the sum of the timing violations for the violating/critical
paths that traverse the instance.

Figure 8-4. Sample Bottleneck Report

File Actions Help
=t Max Delay

Yais
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The Bottleneck Report contains the following parts:
Table 8-5. Bottleneck Report Sections

Device Description Contains general information about the design, including:
* Design name
*  Family
+ Die
+ Package

» Software version

Bottleneck Analysis Lists the core of the bottleneck information. It is
organized into two columns:

* Instance Name: refers to the output pin name of the
instance.

» Path Count: shows the number of violating paths
that include the instance pin.

Generating a Datasheet Report
The Datasheet Report shows information about a design’s external characteristics.

To generate a Datasheet Report:

1. From the SmartTime Max/Min Delay Analysis View, choose Tools > Reports > Datasheet.
The report appears in a separate window.

Understanding Datasheet Reports

The Datasheet Report displays the external characteristics of the design. You can generate this report from
SmartTime Max/Min Delay Analysis View.
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Figure 8-5. Sample Datasheet Report

File Actions Help

| REFCLK N | AT7 | Imput | 1 =
| REFCLK P | AO7 | Input | I
| RXDO_N | AWs | Inpuc | |
| RXDO_P | A4 | Input | I
| RXD1 N | BAS | Inpuc | 1
| RXDI_F | RAYS | Inpuc | |
| RXD2 N | BAT | Imput | |
| RXDZ_P | AY7 | Input | ]
| RXD3_N | BAZ np | I
| RXD3_P | AYS | |
| FDDR CAS N | AN32 | SSTL18I (1) |
| FDDR_CEE | AL3S9 | SSTIL1BI (1) |
| FODR_CLE | AG30 | SSTL18I (1) ]
| FODR CLE N | BG40 | SSTL18I (1) |
| FDDR_C5 N | AM3g | SSTL18I (1) |
| FDDR_DQS_TMATCH O _OUT | AC3& | SSTL18I (1) |
| FDDR_ODT | RE40 | SSTIL18I (1) |
| FDDR_RAS_N | AH39 | SSTL181 (1) |
| FDDR_RESET_N | AN38 | SSTLIBI (1) |
| FDDR WE N | RJ39 | SSTL1BI (1) |
| GLO | FS | LVCMOS18 (2) |
| INIT_DONE | AJ38 | LVCMOS18 (2) |
| LOCK | L33 | LVCMOS18 (2) |
| TXDO_ N | AT3 | |
| TXDg_P | AO3 | |
| TXD1_N | ATS | |
| TXD1 P | AUS | |
| TXD2_N | RVe | |
| TXD2_P | AW6E 1 |
| TXD3 N | AVE | |
| TXD3 P | AWS I |

DC Electrical Characteristics

| | Name

| | Vesi | Veecr | Direction | Cutput | Qdt Static Odr | Input | Resistor | Schmitc | Slew | Oucput |
| I (V) 1 ) | | Load | | Imp | Delay | Pull | Trigger | | Drive |
| | | I I I {pF) | | (Ohm) | I | I | (mA) )
| LVCMOS18 (1) | 1.8 | | Imput | | I | CEE | None | Off I | |
| LVCMCS1E (2) | 1.8 | | Qurput 15 | I | | Hone I | SLOW | 4 ]
| | SSTLiBI (1) ] 1.8 ] 1 | Qurput 1 5 | | | [ I I I ] o
| S5TL18I (2) ] 18 1 1 | Imout |1 & | off I | Cff | I I | I 1
| | SSTL18I (3) 1.8 |11 | Input ) | Off | 5 | CEf I I I I )
T O S ——— POR—— PO — POR— S P N S —
| AC Electrical Characteristics
| Description | | | | Min | Max | Unit |

The Datasheet Report contains three tables:

Table 8-6. Datasheet Report Tables

Pin Description Provides the port name in the netlist, location on the
package, type of port, and I/O technology assigned to it.
Types can be input, output, or clock. Clock ports are
ports shown as "clock" in the Clock domain browser.

DC Electrical Characteristics Provides the parameters of the different I/0 technologies
used in the design. The number of parameters displayed
depends on the family for which you have created the
design.
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........... continued
AC Electrical Characteristics Provides the timing properties of the ports of the design.

For each clock, this section includes the maximum
frequency. For each input, it includes the external setup,
external hold, external recovery, and external removal for
every clock where it applies. For each output, it includes
the clock-to-out propagation time. This section also
displays the input-to-output propagation time for
combinational paths.

8.12 Generating a Combinational Loop Report
The Combinational Loop Report shows all loops found during initialization and reports pins associated with the
loop(s) and the location where a loop is broken.
To generate a Combinational Loop Report:

1. From the Tools menu, choose Reports > Combinational Loops.
The Combinational_Loops Report Options dialog box appears.

2. Select either Plain Text or Comma Separated Values.
3. Click OK.

8.13 Understanding Combinational Loop Reports

The Combinational Loop Report shows all loops found during initialization, reports the pins associated with the loops,
and identifies the locations where loops are broken.
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Figure 8-6. Sample Combinational Loop Report

.- Combinational_loops Report

File Actions Help

Combinational Loop Report
SmartTime Version 11.6.0.15

11.6.0.15)
Date: Fri May 01 15:50:15 2015

Design

Family

Die

Package

Radiation Exposure
Temperature Range
Voltage Range
Speed Grade

Design State
Analysis Min Case
Analysis Max Case
Scenario for Timing Analysis

Microsemi Corporation - Microsemi Libero Software Release vwll.6 (Version

Ho combinational loops were detected in the design.

TOP

RTG4

RT4G150

1657 CG

0

=55 - 125 C

114 = Ai2aW

=1

Post-Layout

BEST - 1.2&a W-— =55 C
WORST - 1.14 V¥ - 125 C
Primary

Generating a Clock Domain Crossing (CDC) Report

The Clock Domain Crossing (CDC) Report analyzes timing paths that cross from one clock domain (the source clock)
to another clock domain (the destination clock). The CDC report helps identify instances where there may be data

loss or metastability issues.

To generate the CDC Report:

1. From the Tools menu, choose Reports > Report CDC.

The Clock Domain Crossing Report Options

dialog box appears.

2. Select either CDC Table or Comma Separated Values.

3. Click OK.

Selecting CDC Table displays a graphical table with color-coded cells. Each cell represents a CDC type
between the source clock and the destination clock domains that has constraints. Clocks without constraints

do not appear in the CDC table.
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€DC Report
Destination Clocks

| > clock selection

gen _clk_12pSmhz
.Jpll_inst_0jOUTO
Jpll_inst_0yOUTL
asyn_reg_clk
clik_input_100mhz
cli_input 25mhz
reg_com_clie_10mhz

Source Clocks

en_clk_12pSmh] /pll_inst_0/OUT| fpll_nst_0/OUT| asyn_reg_clk |k _input_100mh | dk_imput_25mh:| 3_com_clk_10m| :Ik_input_S0mh:| g_com_clk_5mi|.=

Legend
[ ro Path [ user ignared Paths
B e [ vimed (unsafe)

SoucaClock || Damunimcoct | Voreex Jwont |iwencuny|| uacyce | oece || Dokt | hemet]] L cen
clk_input_S0mhz clk_input_25mhz Yes 0 User ignored
gen_clk_12pSmhz clk_input_25mhz Yes 0/ User Ignored
gen_clk_12pSmhz cli_input_S0mhz Yes 0 User ignored
reg_com_clk_10mhz reeg_com_clk_Smhz -0.616 RR No No L] 3 Timed unsafe
reg_com_clk_5mhz reg_com_clk_10mhz -2870 RF No No Smaﬂﬁme 2 [#UEDK@CFWHJHWWH?WSIJQH d unsafe n

The attributes present in the path table are as follows:

» Source Clock: Source of the clock

» Destination Clock: Destination of the clock

» Worst Slack (ns): Worst slack of the CDC path in nanoseconds.

»  Worst Slack Edge: This is the source/sink edge for the worst path of CDC.
* Max Delay Cstr:

Value Description

Yes All paths in CDC have set_max_delay applied
No No paths in CDC have the constraints applied
Partial Any path in CDC has the constraint applied

* Multicycle Path Cstr:

Value Description

Yes All paths in CDC have set_multicycle_path applied
No No paths in CDC have the constraints applied
Partial Any path in CDC has the constraint applied

* Clock Group Cstr:

Value Description
Yes CDC has set_clock_group applied
No CDC does not have set_clock_group applied

» Clock Uncertainty Cstr: It is the uncertainty value for the worst path in CDC, else the clock uncertainty

field is left empty.
* Num of Paths: Number of paths in CDC. For user ignored paths, the value is 0.

¢ Clock Pair Status:
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Value Description
Timed Safe
Timed Unsafe

User Ignored

In the CDC Report dialog box, you can select which clocks to view or hide. Clicking the Clock Selection
button at the top left of the dialog box lists all clocks that can be viewed or hidden. By default, all clocks are
checked and visible. To hide a clock, uncheck its check box.

Figure 8-7. Showing or Hiding Clocks

o CDCRe - oEN
. €DC Report

estnaton Coda

Eig:r‘égéj&f{?sﬂ%’:ccc GO pii st 0/GUTI asyn_reg_clk | dk_input_100mh| zlk_input_25mhz| g_com_clk_10mi| zlk_input_30mhz|:g_com_clk_Smk|

[J PF_CCC_CO_0/PF_CCC_CO_0/pll_inst_0/OUT

asyn_reg_clk asyn_reg_clk

B clicinput_100mhz.
M cli_input_25mhz
] reg_com_clk_10mhz clk_input_100mhz
B clk_input_S0mhz

[ reg_com_clk_Smhz

clic_input_25mhz

Source Clocks

reg_com_clk_10mhz

clk_input_S0mhz

reg_com_clk_Smhz

bl | | ¢
egend
[ ropath [T user tgrored paths
B - I rimed (unsafe)

The following table describes the colors in the CDC Report shown above.

Paths from the source clock domain to the destination clock domain User-Ignored Paths Light blue
have all been disabled by false path or clock group constraints.

No Paths found from the source clock domain to the destination clock No Paths Gray
domain.
The source and destination clocks are synchronous: Both clocks have a | Timed Dark Blue

common primary clock and paths are found from the source clock
domain to the destination clock domain.

The source and destination clocks are asynchronous: Both clocks have  Timed (unsafe) Brown
NO common primary clock, while paths are found from the source clock

domain to the destination clock domain. Currently, synchronizers, if

present, are not accounted for in this report.

There are certain scenarios related to the path table as explained below:

1. When CDC report is generated, path table would be shown by default for all CDC having paths. Each
row would be showing worst slack for a clock crossing and similarly when clicking on a particular CDC
crossing in CDC report we can have single row showing worst slack for CDC crossing.

Example: In the path table below, the worst path for reg_com_clk_10mhz to reg_com_clk_5mhz has
worst slack of 93.541. The same path is displayed by default and when the CDC crossing is selected.
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Figure 8-8. Worst Path with Slack 93.541 ns

e el ol 3 R e I
gen_clk_12pSmhz clle_input_25mhaz fes 0 User ignored
gen_clk_12p5mhz clke_nput_S0mhz Yies 0 User lgnared
reg_com_clk_10mhz reg_com_clk_Smhz 93541 RR Mo Mo Na 5000 3 Timed wnsafe
reg_com_clk_Smhz req_com_clk_10mhz 89703 RF No Mo Na 2,000 2 Timed unsafe

Figure 8-9. Smarttime showing Worst Path with Slack 93.541 ns

Maximum Delay Analysis View

Q Analysis for sconang
g tming analysis From [+ 10 [+
Dotk o Output =] Customize table Apply Fiter | Store Filter | Reset Fiter
Registar 12 ASynIlOnsus =
Extwrmal Recovery | Del. Slack  Arrival Required Setup | Skew
|[EESS RearceEin | b I ol ol e i e Ssncn eek Lo
B o req_com_in |DENL_200 13421 |84513 |3431 (97644 0000 |-2934 [reg com_clk_LOmhz I
xu"’.‘f‘;‘m Mgt ; r%ug__(om_m |oFn_ 10 3287 [s4872 3272 (97544 0000 |-25%4 |reg com_clk_l0mhz o
3
+ |
M Nama Type | et Macro lop[e=
- Summary
] data required time
H data anmeal time
- 1 slack
: = Data_arrival_tims_caleulation
reg_com_clc_ 10mbg
] reg_com,_clic_10mbg Clock source latency -
929755 G3541 941065 G4.672 952 req_com,_cl_10mhz_ibulil)_IOPAD PAD net reg_com_cfk_10mhz . _f:J
slack distributionins) v e

2. Clicking on the CDC box will show the worst slack for a clock crossing as in path table below.

Figure 8-10. Highlighted CDC Box showing Worst Slack in Path Table

€DC Report

| > Cock Sebecton I [Destination Clocks.

en_clk_12pSmh| _ipll_inst O/OUTE| fpll_inst O/OUTI| asyn reg clk | :lk_input_10dmh:| clk_input_2Smhz| g_com_clk_10ml| clk_input_SGmhz|rg_com_clk_Smh| >

gen_clk_12pSmhz

Source Clods

elk_input_100mhz

clk_input_25mhz
Legend
I vo path [ user sgnored paths
[ rimed [l Timed (unsate)
Worst Slack Worst Max Dela Multicycle Cock otk Hum of Tock
ErarcalEloce | e aEY (ns) [ slack Edge | . ] Path Lstr [ Group Cstr | Uncertainty Cstr [ paths Pair Status ]
|tl|=,ﬂpl¢,100ml|z gen_clk_12psmhz 13405 RR Mo ™ No 3| Tined unsafe

Clicking on the same CDC box again will show the details for all the clocks selected in CDC report.

Figure 8-11. CDC Path Table showing All Clocks on deselecting the Selected CDC Box
LU Hepor:

> dlock setection | Destnation Clocks

wn_clk_12pSmk| _ipl_inst_0/OUTE| jpllinst 0/OUT)|  asyn_reg clk | _input_100mhs| cle_input_25mhz| g_com_clle_10mi| cli_input_SOmhz|sg ¢

gen_clk_12pSmhz

clk_input_100mhz

clk_input_25mhz

Legend
[ o parn [T user ignared paths
| ECT [l Timed (Unsafe)

swcegoss | oesmmaner [ e[ g, [ "0 | MRS | ottt [ el [ 4R [ W7 [j
FF_CCC_C0_OFF_CCC... PP _COC_CO0_OyFF_CCC 23.459 RR Mo Tes No 0.500 1 Timed safe
PF_CCC_C0_OFF_CCC... FF_COC_CO_O/FF_CCC 1928 R No No No 1 Timed safe
clk_input_100mhz clk_input_25mhz Yas O User ignored
¢lk_input_100mhz clk_input_SOmhz Tes 0 User ignored

i
For all clocks having large names, tool-tips for columns have been added.
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Figure 8-12. CDC Path Table showing tool-tip for a Source Clock Name

Source Clock Destination clock Wor?;g“"
PF_CCC_CO_O/PF_CCC... PF_CCC_CO_O/PF_CCC... 23.459

PF_ccc_|PF_CCC_CO_0/PF_CCC_CO_0/pll_inst 0/0UTO| 3928

clk_input_100mhz clk_input_25mhz

Selecting/deselecting clocks in clock selection will dynamically change the path table along with CDC
table. Both the tables are in sync. Example: Here, clk_input_100mhz is selected, so the clock is
displayed in CDC table and path table.

Figure 8-13. CDC Table in Sync with Clock Selection section
CDC Report

| < Clock Selecunnl

Destination Clocks

F Select All

i 1l_nst 0/ Il_nst_0/01) syn_reg cl| mput_100r| nput_25n|:om_clk 14| input_50n| com_clk_S|.=
FF_CCC_CO_O/PF_CCC_CO_0/pll_inst_0/OUTO

PF_CCC_CO_O/FF_CCC_C0_0/pll_inst_0,0UTL
asyn_reg_clk g
cli_input_100mhz

clic_input_25mhz §
reg_com_clk_lomhz

clkc_input_S0mhz

) reg_com_clk_Smhz

gen_clk_12pSmhz
Jpll_inst_GJOUTL

clk_input_lo0mhz
cle_mput_25mhz

Legend
[ o patn [ user ignored raths
W imed [l rimed (uasafe)

smcedock | owmmmonckck | Wopseck| (Mot [ wecom | wore | ook | umesevon | "mor | meihe lj
FF_COC_CO_O/FF_CCC... | PF_COC_C0_OYPF_CCC. 23459 RR Ho Yes No 0500 1/ Timed safe
PF_COC_CO_OFF_CCC... | PF_COC_O0_OWPF_OCC. 3928 RR Mo No No 1| Timed safe
clk_input_100mhz clk_input_25mhz Yes 0 User ignored
clk_input_100mhz clk_input_SOmhz Yes 0 User ignored

When the clock clk_input_100mhz is unselected then the same clock is removed from the CDC table
and the crossings related to the clock are also removed from the path table as shown below.

Figure 8-14. Deselecting a Clock in Clock Selection section Syncs the Path Table accordingly

CDC Report

< Oock Selechon i

O Select AN

gen_elk_12pSmhz

A PF_CCC_C0_0/FF_CCC_CO_0/pll_inst_0/0UTO
B FF_CCC_CO_0F_CCC_CO_0/pi_inst 0/0UTL
4 asyn_reg_clk

O clk_input_1Gdmhz

& clie_imput_25mhz

[ reg_com_clk_10mhz

& clk_nput_S0mhz

A reg_com_clk_Smhz

Destination Clocks.

a_cilk_12p5r | sll_nst 0/OU| 8 inst O/OL| ksyn_reg_cl|:

gen_clk_12pSmhz

reg_com_cik_10mhz

Legend
[ vo path [ user ignored raths
. Timed . Timed (Unsafe)
Worst Slack Worst Max Delay Multicycle Cock Clock: Mum of ok a|
Source Clock Dustination clock | (ns) Slack Edge Cstr Path Cstt | Group Cstr | Uncertainty Cstr |  paths Pair Status
PF_CCC_CO_OF_CEC.. FE_CCC_CO_OF_CCC 23459 RE Ho Yos Ho 0500 1 Timed safe
PF_CCC_CO_O/PF_CCC.., PF_CCC_CO_OIFF_CCC 3926 RR  No ™ ™ 1 Timed safe -

clic_input_25mhaz clk_input_S0mhaz

clie_input_S0Omhz clk_input_25mhz

Yes

ves

0 User Ignored

0 User Ignored

Note:

The path details for same clock crossing (C1 to C1) are not shown in the path tale as they are not valid
clock crossings and are currently shown as timed safe by default in CDC report.

The path table has CDC details only related to clocks checked in clock selection from CDC report.
Path table will not show any CDC having no paths.

For user ignored CDC columns, “Worst Slack (ns)”, “Worst Slack Edge”, “Max Delay Cstr”, “Multicycle
Path Cstr”, “Clock Uncertainty Cstr” will be empty.
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Selecting Comma Separated Value exports the CDC Report to a CSV file. If you select this option, a window
appears in which you assign a name to the CSV file and specify the location where it will be exported. The
CSV file shows details about the CDC between each clock domain in numeric format. Each CDC type is
represented as a number similar to colors in the table. The CSYV file includes an explanation of each number
type and CDC type.

Figure 8-15. Sample CSV Report
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Timing Concepts
The following sections describe timing concepts associated with the RTG4 FPGA Clock Conditioning Circuit with PLL
configuration.

Static Timing Analysis Versus Dynamic Simulation

STA offers an efficient technique for identifying timing violations in your design and ensuring that it meets all your
timing requirements. You can communicate timing requirements and timing exceptions to the system by setting timing
constraints. A static timing analysis tool will then check and report setup and hold violations as well as violations on
specific path requirements.

STA is well suited for traditional synchronous designs. The main advantage of STA is that, unlike dynamic simulation,
it does not require input vectors. It covers all possible paths in the design and does all the above with relatively low
run-time requirements. The major disadvantage of STA is that the STA tools do not automatically detect false paths in
their algorithms.

Delay Models

The first step in timing analysis is the computation of single component delays. These components can be either a
combinational gate or block or a single interconnect connecting two components.

Gates that are part of the library are pre-characterized with delays under different parameters, such as input-slew
rates or capacitive loads. Traditional models provide delays between each pair of I/Os of the gate and between rising
and falling edges.

The accuracy with which interconnect delays are computed depends on the design phase. These can be estimated
using a simple Wire Load Model (WLM) at the pre-layout phase or a more complex Resistor and Capacitor (RC) tree
solver at the post-layout phase.

Timing Path Types

Path delays are computed by adding delay values across a chain of gates and interconnects. SmartTime uses this
information to check for timing violations. Traditionally, timing paths are presented by static timing analysis tools in
four categories or "sets."

» Paths between sequential components internal to the design. SmartTime displays this category under the
Register to Register set of each displayed clock domain.

» Paths that start at input ports and end at sequential components internal to the design. SmartTime
displays this category under the External Setup and External Hold sets of each displayed clock domain.

» Paths that start at sequential components internal to the design and end at output ports. SmartTime
displays this category under the Clock to Out set of each displayed clock domain.

» Paths that start at input ports and end at output ports. SmartTime displays this category under the Input to
Output set.

Maximum Clock Frequency

Generally, you set clock constraints on clocks for which you have a specified requirement. The absence of violations
indicates that this clock can run at least at the specified frequency. However, in the absence of such requirements,
you may still be interested in computing the maximum frequency of a specific clock domain.

To obtain the maximum clock frequency, a static timing analysis tool computes the minimum period for each path
between two sequential elements. To compute the maximum period, the tool evaluates the maximum data path delay
and the minimum skew between the two elements, as well as the setup on the receiving sequential element. It also
considers the polarity of each sequential element. The maximum frequency is the inverse of the largest value among
the maximum period of all the paths in the clock domain. The path responsible for limiting the frequency of a given
clock is called the “critical path.”
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9.5 Setup Check

The setup and hold check ensures that the design works as specified at the required clock frequency.

Setup check specifies when data is required to be present at the input of a sequential component so that the clock
can capture the data effectively into the component. Timing analyzers evaluate the setup check as a maximum timing
budget allowed between adjacent sequential elements.

For more information about how setup check is processed, see Arrival Time, Required Time, and Slack.

9.6 Arrival Time, Required Time, and Slack

You can use arrival time and required time to verify timing requirements in the presence of constraints. The following
simple example is applied to verify the clock requirement for setup between sequential elements in the design.

The arrival time represents the time at which the data arrives at the input of the receiving sequential element. In this
example, the arrival time is considered from the setup launch edge at CK, taken as a time reference (instant zero). It
follows the clock network along the blue line until the clock pin on FF1 (delay d1). Then it continues along the data
path always following the blue line until the data pin D on FF2. Therefore,

Arrival_TimeFF2:D = d1 + d2

The required time represents when the data is required to be present at the same pin FF2:D. Assume in this example
that in the presence of an FF with the same polarity, the capturing edge is simply one cycle following the launch
edge. Using the period T provided to the tool through the clock constraint, the event gets propagated through the
clock network along the red line until the clock pin of FF2 (delay d3). Taking FF2 setup (delay d4) into account. This
means the clock constraint requires the data to be present d4 time before the capturing clock edge on FF2.
Therefore, the required time is:

Required_TimeFF2:D =T + d3 - d4
If the slack is negative, the path is violating the setup relationship between the two sequential elements.

The slack is simply the difference between the required time and arrival time: SlackFF2:D = Required_TimeFF2:D -
Arrival_TimeFF2:D

Figure 9-1. Arrival Time and Required Time for Setup Check
FF1

.-"'MW.
7 =
dl_y
CK g———
d3
Setup check Setup check
launch edge capture edge
CK

=
-

9.7 Timing Exceptions Overview
Use timing exceptions to overwrite the default behavior of the design path.
Timing exceptions include:

» Setting multicycle constraint to specify paths that (by design) will take more than one cycle.
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« Setting a false path constraint to identify paths that must not be included in the timing analysis or the
optimization flow.

» Setting a maximum/minimum delay constraint on specific paths to relax or to tighten the original clock constraint
requirement.

Clock Skew

The clock skew between two sequential components is the difference between the insertion delays from the clock
source to the clock pins of these components. SmartTime calculates the arrival time at the clock pin of each
sequential component. Then it subtracts the arrival time at the receiving component from the arrival time at the
launching component to obtain an accurate clock skew.

Both setup and hold checks must account for clock skew. However, for setup check, SmartTime looks for the smallest
skew. This skew is computed by using the maximum insertion delay to the launching sequential component and the
shortest insertion delay to the receiving component.

For hold check, SmartTime looks for the largest skew. This skew is computed by using the shortest insertion delay to
the launching sequential component and the largest insertion delay to the receiving component.

SmartTime makes the distinction between setup and hold checks and hold checks automatically.

Cross Probing

Design objects displayed in SmartTime can be cross-probed into other Libero SoC tools. Libero SoC allows cross-
probing from SmartTime to the Constraints Editor (but not vice versa) and from SmartTime to Chip Planner (but not
vice versa). When cross-probing from SmartTime to one of the other tools, both SmartTime and the other tool must
first be opened.

Cross-probing from SmartTime into the Constraints Editor

To add a timing exception constraint from SmartTime and have the Constraints Editor display the constraint:
1. From the SmartTime Maximum or Minimum Delay Analysis view, click a timing path to add a timing exception
constraint.

2. When the Constraints Editor’'s Add Constraint dialog box appears, the fields for source (from) pin and
destination (to) pin are populated with the correct names from the timing path you selected.

Adding a Timing Exception Constraint from a Timing Path
To add a timing exception constraint from a timing path in SmartTime Max/Min Delay Analysis View:

1.  Open SmartTime (Design Flow Window > Verify Timing > Open interactively).
2. Open the Constraints Editor (Constraint Manager > Timing Tab > Edit with Constraints Editor).
3. Select Max/Min Delay Analysis View, and then right-click a timing path in the table.
4. Select a timing exception constraint to add:
» False Path Constraint
*  Maximum Delay Constraint
*  Minimum Delay Constraint
* Multicycle Path Constraint

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 46



Libero® SoC v12.1 and Later

Timing Concepts

Figure 9-2. Add Timing Constraint from SmartTime’s Reported Timing Path
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Note: If the Constraint Editor is not open, the Add Max/Min Delay, False Path, and Multicycle Path
Constraint menu items are grayed out.

5. Add the Constraint in the Add Constraint dialog box. The source/from pin and destination/to pin fields are
populated with the appropriate pin names captured from the SmartTime reported path (Source Pin and Sink
Pin) you clicked.

a) Click OK to exit the Add Constraint dialog box.
b) Click Save in the Constraints Editor.

c) Exit the Constraints Editor.

d) Exit SmartTime.

e) If the newly added constraint that is added to a file (the Target file) is used for Place and Route and
Verify Timing, rerun Place and Route.

f)  Open SmartTime Maximum/Minimum Delay Analysis View.
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Figure 9-3. Add Maximum Delay Constraint
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Cross-probing from SmartTime to Chip Planner

Cross-probing of design objects is available from SmartTime to Chip Planner, but not vice versa. Cross-probing
allows you to select a design object in one application and display the selected object in another application.

Complete the Place and Route step on the design, and then open both SmartTime and Chip Planner.

Because Libero SoC allows you to cross-probe design objects from SmartTime to Chip Planner, you can better
understand how the two applications interact with each other. With cross-probing, a timing path not meeting timing
requirements can be fixed with relative ease when you see the less-than-optimal placement of the design object (in
terms of timing requirements) in Chip Planner. Cross-probing from SmartTime to Chip Planner is available for the
following design objects:

¢ Macros
¢ Ports
* Nets/Paths

To cross-probe from SmartTime to Chip Planner, use a design macro in SmartTime.

Design Macro Example

Make sure the design completed the Place and Route step successfully.
Open SmartTime Maximum/Minimum Analysis View.
Open Chip Planner.

In the SmartTime Maximum Analysis View, right-click the instance Q[2] in the Timing Path Graph and choose
Show in Chip Planner.

The Properties window in Chip Planner displays the properties of Q[2].With cross-probing, the Q[2] macro is
selected in Chip Planner’s Logical View and highlighted (white) in the Chip Canvas.

PoOb =
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Note:

Figure 9-4. Cross-Probing — Macro
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If necessary, zoom in to view the highlighted Q2 Macro in the Chip Canvas.

Timing Path Example
The following procedure provides an example of working with timing paths.

b=

Make sure the design completed the Place and Route step successfully .
Open SmartTime Maximum/Minimum Analysis View.
Open Chip Planner.

In the SmartTime Maximum/Minimum Analysis View, right-click the net CLK_ibuf/UO/U_IOPAD:PAD in the
table and choose Show Path in Chip Planner.

The net is selected (highlighted in red) in the Chip Canvas view and the three macros connected to the net are

highlighted in white in the Chip Canvas view.
Note: If Chip Planner is not open, Show Path in Chip Planner is gray and unavailable.

Figure 9-5. Cross-Probing — Timing Path
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9.9.6

2.
3.
4

Figure 9-6. Cross-Probing Path from Max/Min Delay Analysis View Table
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Instead of performing step 4, you can right-click a path in the Max/Min Delay Analysis View and choose Show
Path in Chip Planner to cross-probe the path.

Port Example
1.

Make sure the design completed the Place and Route step successfully.

Open SmartTime Maximum/Minimum Analysis View.

Open Chip Planner.

In the SmartTime Maximum/Minimum Analysis View, right-click the Port “CLK” in the Path and choose Show
in Chip Planner.

The Port “CLK” is selected and highlighted in the Chip Planner Port View.

Note: If Chip Planner is not open, Show in Chip Planner is gray and unavailable.

Figure 9-7. Cross-Probing — Port
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From the Properties View inside Chip Planner, you will find useful information about the Port “CLK” you are
cross- probing:

* Port Type

» Port Placement Location (X-Y coordinates)

* |/O Bank Number
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» 1/O Standard
* Pin Assignment

Figure 9-8. Properties View of Port “CLK”
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10. SmartTime Tutorials

The following sections describe SmartTime tutorials.

10.1  Tutorial 1 - 32-Bit Shift Register with Clock Enable
This tutorial describes how to enter a clock constraint for the 32-bit shift register on SmartFusion2 device.
You will use the SmartTime Constraints Editor and perform post-layout timing analysis using the SmartTime Timing
Analyzer.
Figure 10-1. 32-bit Shift Register

—

= # D[31:0]  Q[310] e 31:0
— E

i ;
RST . |
Q_int[31:0]

To set up your project:

Invoke Libero SoC. From the Project menu, choose New Project.
Type s£2_shift32 for your new project name and browse to a folder for your project location.
Select Verilog as the Preferred HDL Type.
Leave all other settings at their default values.
Figure 10-2. New Project Creation - 32 Bit Shift Register
(O T - -

Project details
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5. Click Next to go to Device Selection page. Make the following selection from the pull-down menus:

* Family: SmartFusion2
+ Die: M2S090TS
» Package: 484 FBGA

* Speed: STD
« Core Voltage: 1.2V
* Range: COM

Figure 10-3. Selections from Pull-down Menus

Device selection
Select a part for your project from the part number kst

Part fiter
- Project Details

| |Add HDL Sources

| |Add Constraints
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<Back | [ etz | [ P | [ cancel |

Click Next to go to the Add Constraints page.

a0 NS

- O

To add a new HDL file, select File> New> HDL.
The Create a new HDL file dialog box appears.

Click the M2S090TS-1FG484 part number and click .
Accept the default settings in the Device Settings page and click Next.
Accept the default settings in the Design Template page and click Next.

Since you are not adding any constraints, click Finish to exit the New Project Creation wizard.

12. Name the HDL file shift reg32 as shown below and click OK.
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13.

14.
15.

16.

Figure 10-4. Create a New HDL File Dialog Box
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Copy the following code and paste it into the Verilog file:
module shift32 ( Q,CLK,D,EN,RESET); input D,EN,CLK,RESET;

output[31:0] Q; reg [31:0] Q int;
assign Q=Q int;

always@ (posedge CLK) begin

if (RESET)

Q int<=0; else begin if (EN)

Q int<={Q int[30:0],D}; end

end endmodule

Check the HDL file to confirm there are no syntax errors.

Confirm that the shift_reg32 design appears in the Design Hierarchy window, as shown in the following figure.
Figure 10-5. shift_reg32 in the Design Hierarchy Window

Design Hierarchy [ ]

Build H'rerard'nrl Show: ICumpunents ll %

- i work
[X| shift32 (shift_reg32.v) [workl
+}- [ ] User HDL Source Files

In the Design Flow window, double-click Synthesize to run Synplify Pro with default settings.
A green check mark appears next to Synthesize when Synthesis is successful, as shown in the following
figure.
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10.1.1 Add a Clock Constraint - 32 Bit Shift Register
To add a clock constraint to your design:
1. In the Design Flow window, double-click Manage Constraints.
The Constraint Manager appears.
Figure 10-7. Constraint Manager
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Place and Route
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2.
3.

5.
6.
7.

Click the Timing tab.
Click Edit with Constraints Editor > Edit Place and Route Constraints.
Figure 10-8. Constraints Editor — Add Clock Constraint
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The Constraints Editor appears.

In the Constraints Editor, right-click Clock under Requirement and select Add Clock Constraint.
The Create Clock Constraint dialog box appears.

Figure 10-9. Create Clock Constraint Dialog Box

n [® ][ =]

Clock Mame : Clock Source : | El
B

M——Period : ns ——Mr Frequency: Mhz

4

=

e Offeet : pra— DUty cycle : »

0.000 ns 50.0000 %o

[~ Add this dock to existing one with same source

Comment : |

Help oK Cancel

From the Clock Source drop-down menu, choose the CLK pin.
In the Clock Name field, type my c1k.

Set the Frequency to 250 MHz (as shown in the following figure) and accept all other default values.
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Figure 10-10. Add a 250 MHz Clock Constraint
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8. Click OK to continue.

The clock constraint appears in the SmartTime Constraints Editor.
Figure 10-11. 250 MHz Clock Constraint in the Constraint Editor

s

Congtraints Editor

Hn B B Fm A B W o |8 Do

NEE

= Constraints
=i Requirements
% Clock

Generated Clock
Input Delay
Output Delay
External Check
Clock To Qut

= Exceptions
Max Delay
Min Delay
Multicycle
False Path

= Advanced
Disable Timing
Clock Source Latency

i Clock Uncertainity

Clock Groups

First
Edge

rising

Period
(ns)
0.000
4,000

Dutycycle
(%)
50%

50.000000

Frequency

(MHz) Waveform |

000000 |
000200 |

Syntax | Clock Name Clock Source

—1F\ick withi
g v

(ns)
0.000
0.000

250.000

my_clk [ get_ports{ CL... rising

[l

From the File menu, choose Save to save the constraints.
From the SmartTime File menu, choose Exit to exit SmartTime.

Libero creates a constraint file to store the clock constraint. This file appears in the Constraint Manager. It is

named user.sdc and designated as Target.
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Note: A target file is used to store newly added constraints from the Constraint Editor. If you invoke the
Constraint Editor with no SDC timing constraint file present, Libero SoC creates the user.sdc file and marks it
as Target to store the timing constraints you create in the Constraint Editor.

11. In the Constraint Manager, check the check boxes under Place and Route and Timing Verification to
associate the constraint file to the tools. The constraint file is used for both Place and Route and Timing
verification.

Figure 10-12. SDC Constraint File and Tool Association

Reports & X | StartPage & X Constraint Manager @ X usersdc @ X ¥

[ 1/0 Attributes Y/ Tming /" Floor Planner 1/~ Netist Attributes \

Hew mpert | | Lk Edit with Constrant Editee =) | Check v| Derive Constrants] | Helo +| ¥
Synthesis Place and Route  Timing Verification
constraintyusersde [ Target | S o

Run Place and Route

To run Place and Route:
1. Right-click Place and Route and choose Configure Options.
The Layout Options dialog box appears.
2. Click the check box to enable Timing-driven layout ans accept the other default values shown in the following
figure.
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Figure 10-13. Layout Options Dialog Box
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3. Click OK to continue.
4. In the Design Flow window, double-click Place and Route to start the Place and Route.

10.1.3 Maximum Delay Analysis with Timing Analyzer - 32-Bit Shift Register Example
The SmartTime Maximum Delay Analysis window shows the design maximum operating frequency along with any
setup violations.

To perform maximum delay analysis:

1. Right-click Open SmartTime in the Design Flow window and choose Open Interactively to open SmartTime.
The Maximum Delay analysis window appears. A green check next to the clock name indicates there are no
timing violations for that clock domain. The Summary page displays a summary of the clock domain timing
performance.

The Maximum Delay Analysis Summary appears with the following information shown:
* Maximum operating frequency for the design
» External setup and hold requirements
* Maximum and minimum clock-to-out times. In this example, the maximum clock frequency for CLK is
609.75 MHz.
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Figure 10-14. Maximum Delay Analysis - Summary

Clock to Output
Register to Asymchennous
External Recovery
Agymcheonous to Regiter
4 3R Pinto Pin
Input 8o Dutput
T User Sets

Max Operating Condtions

Design shift_reg32

Famity SmanFusion?

=] M2S0TS
Package 484 FBGA
Tamparature Range 0-85C

\oltage Rangs 1126V
Spaed Grade S0

Diesign State Post-Layout

Data source Production

Min Opeeating Conditions ~ BEST-1.26V-0C

WORST-114V-85C

Scenania for Timing Analysis teming_analysis

Select a set of paths to see.
it Hack datbuton.

slack distributiones)

Summary
Clock  Period | Frequency Required 'F‘“‘""“ External  Extenal  Min Clock-  Max Clock.
Domain (ns) | (MHz) Peiod (ns) “";"“;"‘“’ Setup(ns]  Hold (ns)  ToOut(ns)  To-Out [ns)
my el 1B40  G09TEE 4000 280,000 1297 LESL) am 9880

Min Delay [ns) Max Delay [ns)
red i Pmtract LAATA

Resty

Temp: 0-B5C [Volt: 114 .26V [Speed: STD
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Figure 10-15. SmartTime Register-to-Register Delay
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Select Register to Register to display the register-to-register paths.
The window displays a list of register- to-register paths and detailed timing analysis for the selected path. All
the slack values are positive, indicating that there are no setup time violations
Double-click a path row to open the Expanded Path window.

The window shows a calculation of the data arrival and required times, along with a schematic of the path.
Note: Timing numbers in the reports may vary slightly with different versions of the Libero software, and may
not be what you see when you run the tutorial.
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Figure 10-16. Register-to-Register Expanded Path View
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5. Select External Setup to display the Input to Register timing.

6. Select Path 3.
The Input Arrival time from the EN pin to Q_int[27]:EN is 4.547 ns.

Figure 10-17. SmartTime - Input to Register Path Analysis
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7. Select Clock to Output to display the register to output timing.
8. Select Path 1.
The maximum clock to output time from Q_int[16]:CLK to Q[16 ] is 9.486 ns.
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Figure 10-18. SmartTime Clock to Output Path Analysis
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10.1.4 Minimum Delay Analysis with Timing Analyzer - 32-Bit Shift Register Example

The SmartTime Minimum Delay Analysis window identifies any hold violations that exist in the design.

To perform minimum delay analysis:

1. From the SmartTime Analysis window, choose Tools > Minimum Delay Analysis.
The Minimum Delay Analysis View appears, as shown in the following figure.

Figure 10-19. SmartTime Minimum Delay Analysis View- Summary
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2. Expand my_clk to display Register to Register, External Hold, Clock to Output, Register to Asynchronous,
External Removal, and Asynchronous to Register path sets.

3. Click Register to Register to display the reg to reg paths.
The window displays a list of register to register paths and detailed timing analysis for the selected path. All
the slack value are positive, indicating that there are no hold time violations.

4. Click to select the first path and observe the hold analysis calculation details, as shown in the following figure.

Figure 10-20. SmartTime Minimum Delay Analysis

T 5martTime - (Wi

e
W Fin Edt  View
M ams ©a [
M Delary Anclyss Vies
"":_i Anatyss for scoveno
S sy
man Frem ™
& F1 Sumenary - — - .
D) my_clic (Eatsbomter inb it er | |;Fiooe Flker | |-Resebiiter: |
¥ Reguiter bo Register
iy Delay | Slack | Arval | Reguired | Hold | Shew
Dio: fo DukpiR g Sl P o] | fos} | (ns} | (ms) | () | (ned
Regicter to Arymchromeas
Esternal Rérmicroal
Asmchronaus to Aegiter
4 2 Pini B 2 oo Q iea{23}:0 028 053 M2 2189 0.000) -00%
Input to Cutput = 1 N 1 ! |
% UnerSatn 3 |QUntiiE0K Qeel18]D 0.2 16 o000 03
4 [CoiEl0K ‘oA IEDEEE 29| oo 0%
B |GenpEnaK [ET b | @2s7 &1 zam| 1i60| G008 A0
& [quemuicx < ra[uln [ emr ezl 2eer 2205 oson| 0w
n |
Hame Type Het Macro Op Delay Total fanout Edge *
Summary
4 dot armval fime 243
it resuined tima 1183
slack 010
Dlatin arrival e cabeulation E
1 eyl 1000 .00
Clk Clock source £ 0000 00
CLK it UBAI_IDPAD Pl net {313 + 0000 G000
i CLC ibuf/UR/L_IORADEY call ADUBHOPAD N - 1403 1103 s
- CLK il RMROO4:An nes LK bt -+ DI LT3 1
w CLibuf_RMBO04- Wi eell ADUEGEM - 005 LXK 3
CLE ibirf_FRRVO04U0_RGE]_RGE1AR net CLI it RMIVOM_ Y + 0363 LER 1
& CLK_huf_FAIVOOA0_RGB1_RGEIVL cel ADUBRGE - 0190 L& S
Qint{29]:C1LK net LKt ERINGEU_REEL_RISES_rghl_net t . 0325 2353
QLim2hg cell ADUESLE T
QUin30K0 net Qef] « 028 2B
Y — dotn arrival fime 243
Y ames  od 635 om G 4 Data reguired time calcuation
stsck distributiondns) :
| Termpi 0 -BS € [Voki 114 - L3V | |Speed: STD

10.1.5 Changing Constraints and Observing Results - 32-Bit Shift Register Example
You can use the Constraints Editor to change your constraints and view the results in your design. The following
procedure describes how.

1. Open the Constraints Editor (Constraints Manager > Timing Tab > Edit Constraints with Constraint Editor
> Edit Timing Verifications Constraints).
The Constraints Editor shows the clock constraint at 250 MHz you entered earlier.

Figure 10-21. Clock Constraint Set to 250 MHz
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2. Select the second row. Right-click and choose Edit Clock Constraint.
The Edit Clock Constraint dialog box appears.
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Change the clock constraint from 250 MHz to 800 MHz, and then click the green check mark to continue.
Click Open SmartTime > Open Interactively.

Choose Maximum Delay Analysis View to view the max delay analysis.

In the Maximum Delay Analysis window, expand my_clk.

Click Register to Register to observe the timing information. The slacks decrease after you increase the
frequency. You may see the slacks go negative, which indicates Timing Violations. Negative slacks are shown
in red.

N ok w

Note: The actual timing numbers you see may be slightly different.

Figure 10-22. Maximum Delay Analysis After Setting Clock Constraint to 800 MHz
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8. Close SmartTime. When prompted to save changes, click No.

10.2 Tutorial 2 - False Path Constraints

This section describes how to enter false path constraints in SmartTime. You will import an RTL source file from the
following design. After routing the design, you will analyze the timing, set false path constraints, and observe the
maximum operating frequency in the SmartTime Timing Analysis window.

Figure 10-23. Example Design with False Paths
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10.2.1 Set Up Your False Path Example Design Project
To set up your false path example design project:

ok DN~

6.

Open Libero.
From the Project menu, choose New Project to create a new project.
Name the project false path and set the project location according to your preferences.
Click Next.
Enter the following values for your Device Selection settings:

* Family: SmartFusion2

* Die: M2S050

» Package: 484 FBGA

» Speed: STD

« Die Voltage: 1.2V

* Range: COM
Click Finish to create the new project.

10.2.2 Import the false_path Verilog File and Add Constraints

For this tutorial, you will import the 10.2.5 false_path.v Verilog source file into your design, and then run Libero SoC.
To import the Verilog source file:

bl N

© ® N O

1.
12.

From the File menu, choose Import > HDL Source Files.
Browse to the location of the false_path.v you saved and select it. Click Open to import the file.
Verify that the file appears in Design Hierarchy.

In the Design Flow window, double-click Synthesize to run synthesis.
A green check mark appears when the Synthesis step completes successfully.

Expand Edit Constraints.

Right-click Timing Constraints and choose Open Interactively.
Double-click Manage Constraints.

Select the Timing tab.

Expand the Edit with Constraint Editor sub-menu, and select Edit Place and Route Constraints.
The Constraints Editor appears.

Double-click Requirements: Clock.
The Create Clock Constraint dialog box appears.

Double click the Browse button for Clock Source, select CLK, and assign it a name (for example, c1k).
Set the frequency to 100 MHz.

Figure 10-24. Clock Constraint of 100 MHz

- s

Clock Mame : |dk Clock Source : |[gEtJ30I’tS {ClK}] EI

M———period : |10 ns ——Mr Frequency:  |100 Mhz

=)

e Offset : phe— DUty cycle : N

0.000 ns 50.0000 Y

[~ Add this dock to existing one with same source

Comment : |

Help [8]4 Cancel

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 65



Libero® SoC v12.1 and Later

SmartTime Tutorials

13. Click OK to return to the Constraints Editor and observe that the clock information has been filled in, as shown
in the following figure.

Figure 10-25. Clock Constraint of 100 MHz in false_path design
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14. Save your changes (File > Save) and close the Constraints Editor (File > Close).

15. In the Constraint Manager, check the check boxes under Place and Route and Timing Verification to
associate the constraint file to both tools. The constraint file is used for both Place and Route and Timing
verification.

10.2.3 Place and Route Your FALSE_PATH Design

To run Place and Route on false_path design:

1. InLibero SoC, right-click Place and Route and choose Configure Options.
The Layout Options dialog box appears.
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Figure 10-26. Layout
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2. Click the check box to enable Timing-Driven layout and leave all other values unchecked.
Click OK to close the Layout Options dialog box.

w

4. Right-click Place and Route and choose Run.
A green check mark appears next to Place and Route in the Design Flow window when Place and Route
completes successfully.
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Figure 10-27. Synthesize and Place and Route Successful Completion
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Timing Analysis - Maximum Clock Frequency
The SmartTime Maximum Delay Analysis View displays the design maximum operating frequency and lists any setup
violations.

To perform maximum delay analysis:
1. Expand Verify Post Layout Implementation.
2. Right-click Open SmartTime and choose Open Interactively to open SmartTime.
The Maximum Delay Analysis View appears. The Maximum Delay Analysis View summarizes design
performance and indicates that the design will operate at a maximum frequency of 442.48 MHz.
Note: You may see a slightly different maximum frequency with a different version of Libero SoC.
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Figure 10-28. Maximum Delay Analysis Summary
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3. Expand clk to expand the display and show the Register to Register path sets.
4. Select Register to Register to display the register-to-register paths. Notice that the slack values are positive.

Figure 10-29. Expanded Path

5. Double-click to select and expand the row in the path list with the path is from the CLK pin of flip-flop DO_reg
to the D input of flip flop Q_reg. Note that the path goes through the S input of multiplexer un1_MUX2.
Looking at the code in false_path.v, you can see on lines 51 and 52, that DO_reg and D)_inv_reg are always
the inverse of each other in "operational" mode (i.e., except for when RST is active). Line 56 says that XOR2
is the XOR of these two signals, and hence always 1 (except when RST is active). Line 59 says that XOR2 is
the select of MUX2.

We might reasonably decide that we are not interested in the reset mode delay for this design; therefore, this
path is a false path for our timing analysis purposes.
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10.
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12.
13.

Figure 10-30. Analyzing the False Paths

S if (RS5T)
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45 DO reg <= 1'k0;

46 DO inv reg <= 1'b0:

47 end

48

493 else

50 1] begin

51 DO reg = D0;

52 DO inv reg «= ~DO;

SER end

o4 end

S5 E

56 | assign XORZ = DO reg ™ DO _inv reg:
S assign OR2 = D0 inv reg D1 reg:
S8 assign AWD2 = OR2 && D2 reg:

5% | assign MUX2Z = (XOR2) ? (D2 reg) : (AND2):
&0

6l

Similar analysis shows that the path from DO _inv_reg:CLK to Q_reg:D shares exactly the same false-path
characteristic. We should disable both paths.

Restart the Libero Constraints Editor. The Constraints Editor must be running to use SmartTime’s back-
annotation feature. Go to the Constraint Manager tab, then go to the Timing sub-tab, pull down Edit with
Constraint Editor, and choose Edit Timing Verification Constraints.

Leave this running and return to SmartTime.

From the Tools menu, select Max Delay Analysis.

To set the path from DO_inv_reg:CLK to Q_reg :D as false, select the row containing this path in the Register
to Register path set, right-click and choose Add False Path Constraint.

The Set False Path Constraint dialog box appears. It might pop behind the current dialog box, so check other
Constraint Manager windows.

Figure 10-31. Right-clicking Add False Path Constraint
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Click OK to close the Set False Path Constraint dialog box.
In the Constraints Editor window, check for an entry below Exceptions > False Path.
Return to the SmartTime window and repeat for the DO_reg:CLK -> Q_reg:D path.

Because we are interested only in timing analysis through the MUX when select = 1, we can ignore the MUX
"0" path from D1_reg:D through the AND2. We make this a false path. At this point the Constraints Editor
should now look as follows. Save the file and exit the Constraints Editor and SmartTime.
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Figure 10-32. False Path Constraints in the SmartTime Constraint Editor
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Place and Route is now invalidated and must be re-run before we can perform timing analysis again. This is because
we changed the constraint file we are using for both P&R and for Timing Analysis. We can use different constraint
files, in which case we would not need to re-run P&R.
14. Right-click Open SmartTime and choose Update and Open Interactively.
You will see that Place and Route is run automatically before SmartTime is restarted.
15. View the summary in the Maximum Delay Analysis View (Tools > Max Delay Analysis). SmartTime now
reports the maximum operating frequency as 586.17 MHz, as shown in the following figure.

Note: The maximum operating frequency may vary slightly with a different version of the Libero software.
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Figure 10-33. Maximum Delay Analysis View - Summary
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16. Select the Register to Register set for my_clk. Observe that only one path is visible, from D2_reg: CLK to

Q_reg:D. This is the only path that propagates a signal, as shown in the following figure.

Figure 10-34. Maximum Delay Analysis View - Register to Register
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17. Close SmartTime.
18. Close Libero SoC.

10.2.5

false_path.v

L1177 077777707777 7707777770777777777177777777777771777

Company: Microsemi Corp

//
//
//
//
//
//
//
//
//

File history:
0.1 Initial Version

Description:

Simple example design to demonstrate use of timing // constraints.
Targeted device: Family::SmartFusion2; Die::M2S050;
Package::484 FBGA;
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//
// Author: Joe X // //

//
L1717 77077 7777077 7777777777777777777777777177777777777771777

module false path (DO, D1, D2, RST, CLK, Q); input DO;
input D1;

input D2;

input RST;

input CLK;

output Q;

reg DO_reg;

reg DO inv reg;

reg Dl:reg7

reg D2_reg;

reg Q reg;

wire XOR2 /*synthesis syn keep=1*/;
wire AND2 /*synthesis syn keep=1*/;
wire OR2 /*synthesis syn keep=1*/;
wire MUX2 /*synthesis syn keep=1%*/;

wire NOT1 /*synthesis
wire NOT2 /*synthesis

syn_keep=1*/;
syn_keep=1%*/;

assign Q = Q reg /*synthesis syn keep=1*/;

always @ (posedge CLK or posedge RST)

begin
if (RST)
begin
DO_reg <= 1'b0;
DO_inv reg <= 1'b0;
end
else
begin
DO reg <= DO;
DO_inv reg <= ~DO0;
end
end

assign XOR2 = DO _reg ”~ DO _inv_reg;

assign OR2 = DO _inv reg ||
assign AND2
assign MUX2

always @ (posedge CLK)

begin
D1 reg <= D1;
D2 reg <= D2;

Q reg <= NOT2;
end

not ul (NOT1l, MUX2);
not u2 (NOT2, NOT1);

endmodule

D1 reg;

OR2 && D2 reg;
(XOR2) ? (D2_reg) : (AND2);
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SmartTime Dialog Boxes

The following sections describe the SmartTime dialog boxes.

Add Path Analysis Set Dialog Box

Use the Add Path Analysis Set dialog box to specify a custom path analysis set.

To open the Add Path Analysis Set dialog box from the SmartTime Timing Analyzer, choose any path and right-click

to select Add Set.

Note: The Analysis menu is available only in Maximum or Minimum Delay Analysis view.

Figure 11-1. Add Path Analysis Set Dialog Box

PF_CCC_CO 0/PF_CCC_CO_0/pll_inst_0:REF_CLK_D

Select All

d

Filter source pins:

2|
Filter

Pin Type: |Registers by pin names

|=
Help

5 =)
MName :- Trace from :- ™ Source tosink  Sink to source
Source pins: Sink Pins;

DFNT_O:CLE
DFMT_T:CLE

Select Al

Filter sink pins:

=l
B Filter

o]

Fin Type: |Registers by pin names

Cancel |

Name
Enter the name of your path set.

Trace from

Select whether you want to trace connected pins from Source to sink or from Sink to source. By default, the pins

are traced Source to sink.
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Source Pins

Displays a list of available and valid source pins. You can select multiple pins. To select all source pins, click the
Select All button below the Source Pins list.

Select All

Selects all the pins in the Source Pins list to include in the path analysis set.

Filter Source Pins

Allows you to specify the source Pin Type and the Filter. The default pin type is Registers by pin name. You can
specify any string value for the Filter. If you change the pin type, the Source Pins shows the updated list of available
source pins.

Sink Pins

Displays list of available and valid pins. You can select multiple pins. To select all source pins, click the Select All
button below the Sink Pins list.

Select All
Selects all the pins in the Sink Pins list to include in the path analysis set.

Filter Sink Pins

Allows you to specify the sink Pin Type and the Filter. The default pin type is Registers (by pin). You can specify
any string value for the Filter. If you change the pin type, the Sink Pins shows the updated list of available sink pins.

Analysis Set Properties Dialog Box
Use the Analysis Set Properties dialog box to view information about a user-created set.

To open the Analysis Set Properties dialog box from the Timing Analysis View, right-click a user-created set in the
Domain Browser, and then choose Properties from the shortcut menu.

Figure 11-2. Analysis Set Properties Dialog Box

= o= .-
Mame : |ss
Parent set : |
From : ||.:' M1_1:CLKPF_CCC_C0_0/PF_CCC_CO0_0Jpll_inst 0:REF_CLK_D
To: |_-Z= fPE_CCC_C0_0/pll_inst_0:REF_CLK_0DFN1_1:CILKDFN1_1:D
Help QK Cancel

Name

Specifies the name of the user-created path set.

Parent Set
Specifies the name of the parent path set to which the user-created path set belongs.

Creation Filter

Specifies a list of source pins in the user-created path set.
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To

Specifies a list of sink pins in the user-created path set.

Edit Filter Set Dialog Box
Use the Edit Filter Set dialog box to specify a filter.

To open the Edit Filter Set dialog box from the SmartTime Max/Min Delay Analysis view, right-click a filter set in the

clock domain browser, and then choose Edit Set from the shortcut menu.

Figure 11-3. Edit Path Analysis Set Dialog Box

o e o v R -

Name

Name :- |my_setl

Source pins:

Trace from :- @ Source tosink () Sink to source

Sink Pins:

CFG0_GMD_INST:Y -
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SerDes AHBBUS 0/PCIE_SERDES IF 0/SERDESIF INST RNO_
SerDes_AHBBUS_0/PCIE_SERDES_IF_0/SERDESIF_INST_RNO_
SerDes_AHBBUS_0/PCIE_SERDES_IF_0/SERDESIF_INST_RNO_
SerDes_AHBBUS_0/PCIE_SERDES_IF_0/SERDESIF_INST_RNO_
SerDes_AHBBUS 0/PCIE_SERDES IF 0/SERDESIF INST RNO_
SerDes_AHBBUS 0/PCIE_SERDES IF 0/SERDESIF INST RNO_
SerDes_AHBBUS_0/PCIE_SERDES_IF_0/SERDESIF_INST_RNO_
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SerDes_AHBBUS 0/PCIE_SERDES IF 0/SERDESIF INST RNO_
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CreNer ALIDDIIC A/NTTC CCONCC TC ASCCONCCIC TRICT DRIO
Ll m |3

Select Al

Filter source pins:

Pin Type: ’.l'-\ll pins - ]

:

Specifies the name of the path you want to edit.

Creation filter
Source Pins: Displays a list of source pins in the user-created path set.

Select Al

Filter sink pins:

Pin Type: [AII pins - ]

=

Sink Pins: Displays a list of sink pins in the user-created path set.

Customize Analysis View Dialog Box
Use the Customize Analysis View dialog box to customize the timing analysis grid.
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To open the Customize Analysis View dialog box from the SmartTime Max/Min Delay Analysis View, click the
Customize table button (circled in red in the following figure) in the Max/Min Delay Analysis View. The Customize

Paths List Table dialog box appears.
Figure 11-4. Customize Table Button
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Figure 11-5. Customize Paths List Dialog Box

5| Customize Paths List Table

(9 ot

Available fields:

Show these fields in this order:

iClock Add
Source Clock Edge
Destination Clock Edge
Logic Stage Count
Clock Constraint (ns)
Multicycle Constraint

Remave

Move LUp

Pune

Maowe Down

Source Pin
Sink Pin
Delay

(ns)

Slack (ns)
Arrival (ns)
Required (ns)
Hold (ns)
Skew (ns)

[ Help ] [Restore Default

] [ Cancel

Available Fields
Displays a list of all the available fields in the timing analysis grid.

Show These Fields in This Order

Shows the list of fields you want to see in the timing analysis grid. Use Add or Remove to move selected items from
Available fields to Show these fields in this order or vice versa. You can change the order in which these fields

are displayed by using Move Up or Move Down.

Restore Defaults
Resets all the options in the General panel to their default values.
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11.5 Manage Clock Domains Dialog Box
Use the Manage Clock Domains dialog box to specify the clock pins you want to see in the Expanded Path view.

(E

To open the Manage Clock Domain dialog box from the SmartTime Max/Min Delay Analysis view, click the icon.

Figure 11-6. Manage Clock Domains Dialog Box

Available dock domains: Show the dodk domains in this order:
:DQS[2] “ Add DQs[0]
PLL_REF_CLK Das[1]
ddr_x32 0/CCC_0/pll_inst_0/OUT1 DQs[3]
ddr_x32_0/CCC_0/pll_inst_0/OUT2 Maove Down | | ddr_x32_0/DDRPHY_BLK_0/10D_TRAINING_0/CC

ddr_x32 0/CCC_0/pll_inst_0/OUT3

ddr_x32 0/DDRPHY_BLK_0/I0D_TRAINING_0y
ddr_x32_0/DDRPHY_BLK_0/IOD_TRAINING_0; Mawe Up
ddr_x32_0/DDRPHY_BLK_0/IOD_TRAINING_O;
ddr_x32_0/DDRPHY_BLK_0/IOD_TRAINING_O;
ddr_x32_0/DDRPHY_BLK_0/IOD_TRAINING_O; |, Remove

£ > £ >

Help Mew Clodk oK Cancel

11.5.1  Available Clock Domains
Displays alphanumerically sorted list of available clock pins. The first clock pin is selected by default.

11.5.2 Show the Clock Domains in This Order

Shows the clock pins you want to see in the Expanded Path view. Use Add or Remove to move selected items from
Available clock domains to Show the clock domains in this order or vice versa. You can change the order in
which these clock pins are displayed by using Move Up or Move Down.

11.5.3 New Clock

Allows you to add a non-explicit clock domain. Clicking this option opens the Choose the Clock Source Pin dialog
box, where you can select the clock source pin.

1.6 Set False Path Constraint Dialog Box

Use the Set False Path Constraint dialog box to define specific timing paths as being false.

This constraint removes timing requirements on these false paths so that they are not considered during the timing
analysis. The path starting points are the input ports or register clock pins and path ending points are the register
data pins or output ports. This constraint disables setup and hold checking for the specified paths.

Note: The false path information always takes precedence over multiple cycle path information and overrides
maximum delay constraints.

To open the Set False Path Constraint dialog box from the SmartTime Constraints Editor, choose Constraints >
Exceptions False Path > Add False Path Constraint.
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Figure 11-7. Set False Path Constraint Dialog Box

] H £31
From :
Through :
To:
Comment : |
Help Ok Cancel

From

Specifies the starting points for false path. A valid timing starting point is a clock, a primary input, an input port, or a
clock pin of a sequential cell.

Through
Specifies a list of pins, ports, cells, or nets through which the disabled paths must pass.

To

Specifies the ending points for false path. A valid timing ending point is a clock, a primary output, an input port, or a
data pin of a sequential cell.

Comment
Allows you to provide comments for this constraint.

SmartTime Options Dialog Box

Use the SmartTime Options dialog box to specify the SmartTime options to perform timing analysis. This interface
includes the following categories:
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¢ General
* Analysis
* Advanced

To open the SmartTime Options dialog box from the SmartTime tool, choose Tools > Options.

Figure 11-8. SmartTime Options- General Dialog Box for SmartFusion2, IGLOO2, and RTG4

i 7 [
Option Categorics General
= Select a category: aling Conditions
General i
Analysis Perform maximum delay analyss based on |(WORST ¥ | [ase
Advanced
Perform minmum  delay analysis based on | BEST ¥ ase
Clack Domaing
] Indude inter -dodk domains in calculations for timing analysss,
[+#] Emable recovery snd removal dhecks,
Restore Defaults
Help OK Cancel
Figure 11-9. SmartTime Options - General Dialog Box for PolarFire
%=

[P

Option Categories e
= Select a category:
General Operating Conditions
Anabysiz
i\d'-'z::ed Perform masximum delay analysis based on !slmt_l'»'_ht LI case
Perform minimum  delay analysis based on |I'asl_hx-_|t | case
Cock Domains

W Indude inter-dodk domains in calculations for timing analyss.

¥ Enable recovery and removal checks.

I Restore Defaults I
Help o« | concs |

11.7.1  Operating Conditions
Allows you to perform maximum or minimum delay analysis based on the Best, Typical, or Worst case. By default,
maximum delay analysis is based on WORST case and minimum delay analysis is based on BEST case.
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Clock Domains

* Include inter-clock domains in calculations for timing analysis: Allows you to specify whether SmartTime
must use inter-clock domains in calculations for timing analysis. By default, this option is unchecked.

» Enable recovery and removal checks: Allows SmartTime to check removal and recovery time on
asynchronous signals. Additional sets are created in each clock domain in Analysis View to report the
corresponding paths.

Restore Defaults
Resets all the options in the General panel to their default values.

Analysis
Figure 11-10. SmartTime Options - Analysis View Dialog Box

= s E
Option C,.artmorirs Analyss View
= Select a categony: Dizplay of Paths
General
-ln-:I:,-:.ls o
Limit the number of paths shown in a path s=t to: 100

Advanced
[ Fitter the paths by sleck value

Sladc range from: ns to: ns

[ Show dock network details in expanded path

Limit the number of parallel paths in expanded path to: 1

Restore Defaults

Help oK Cancel

Display of Paths
Limits the number of paths shown in a path set for timing analysis. The default value is 100. You must specify a
number greater than 1.

Filter the Paths by Slack Value
Specifies the slack range between minimum slack and maximum slack. This option is unchecked by default.

Show Clock Network Details in Expanded Path

Displays the clock network details as well as the data path details in the Expanded Path views.

Limit the number of parallel paths in expanded path to: For each expanded path, specify the maximum number of
parallel paths that SmartTime displays. The default number of parallel paths is 1.

Restore Defaults
Resets all the options in the Analysis View panel to their default values.

© 2020 Microchip Technology Inc. User Guide DS50003087A-page 81



Libero® SoC v12.1 and Later

SmartTime Dialog Boxes

11.7.8 Advanced Dialog Box
Figure 11-11. SmartTime Options - Advanced Dialog Box

| otion Categories e
| = Select a category:
General Special Sitatons
Anzlysis
Advanced [ Use lnopbadk in bi-directional buffers(bbufs)

¥ Bresk paths at asynchronous pns

¥ Disable non-unate arcs n dock network

Restore Defaults |
Help oK | Cancel !

11.7.9 Special Situations

Allows you to specify whether you need to use loopback in bi-directional buffers (bibufs) and/or break paths at
asynchronous pins.

11.7.10 Scenarios

Allows you to select the scenario to use for timing analysis and for timing-driven place-and-route.

11.7.11 Restore Defaults
Resets all the options in the Analysis View panel to their default values.

11.8  Create Filter Set Dialog Box
Use the Create Filter Set dialog box to specify a filter.

To open the Create Filter Set dialog box from the SmartTime Timing Analyzer, select a path, and click the Store
Filter button in the Analysis View Filter.

Figure 11-12. Create Filter Set Dialog Box

Name : |

Help ‘ \ OK Cancel
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Name
Specifies the name of the filtered set.

Timing Bottleneck Analysis Options Dialog Box
Use the Timing Bottleneck Analysis Options dialog box to customize the Timing Bottleneck Report. You can set report
options for the following categories:

* General pane

» Bottleneck pane

» Sets pane

To open the Timing Bottleneck Analysis Options dialog box from the SmartTime tool, choose Tools > Bottleneck
Analysis.

General Pane
Figure 11-13. Timing Bottleneck Report - General Pane Dialog Box

Option Cateqgories

4 Select a category:
General
Bottleneck
Sets

General

Sladk

Maximum slack to incude ] ns

) (o]

Slack

Allows you to specify whether the reported paths is filtered by threshold and, if so, what maximum slack to report. By
default, the paths are filtered by slack and the slack threshold is 0.

Restore Defaults
Resets all the options in the General pane to their default values.
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11.9.4 Bottleneck Pane
Figure 11-14. Timing Bottleneck Report - Bottleneck Pane Dialog Box

Bottleneck options

Option Cateqgories
4 Select a category:

General Cost Type: Path Count =

Bottleneck

Sets
Limit the number of paths per section to: 100

Limit the number of parallel paths per section to:

Limit the number of reported instances to: 0

[ OK ][ Cancel ‘

11.9.5 Bottleneck Options
Cost Type: Select the cost type that SmartTime will include in the Bottleneck Report. By default, path count is
selected. You can select one of the following two items from the drop-down list:
» Path Count: This cost type associates the severity of the bottleneck to the count of violating/critical paths that
traverse the instance. This is the default.
» Path Cost: This cost type associates the severity of the bottleneck to the sum of the timing violations for the
violating/critical paths that traverse the instance.

Limit the number of paths per section to: Specify the maximum number of paths per set type that SmartTime will
include per section in the report. The default maximum number of paths reported is 100.

Limit the number of parallel paths per section to: For each expanded path, specify the maximum number of
parallel paths that SmartTime will include in the report. Only cells that lie on these violating paths are reported. The
default number of parallel paths is 1.

Limit the number of reported instances: Specify the maximum number of cells that SmartTime will include per
section in the report. The default number of cells is 10.

11.9.6 Restore Defaults
Resets all the options in the Bottleneck panel to their default values.

11.9.7 Sets Pane
The Sets pane has four mutually exclusive options:

» Entire design

* Clock Domain

» Use existing user set

* Use Input to Output Set
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Figure 11-15. Timing Bottleneck Report - Sets Pane Dialog Box

i /| Timing Bottleneck Analysis Options EE

Botteneck options
Option Cat i
Blion Categonies Set Selection
4 Select a category: ) . "
Ceneral @ Entire design
Bottleneck () Clock Domain
Sets
Clock:
Type:

) Use existing user set

Mame: my_set
) Use Input to Output Set

Filter

From:

To:

[ OK ][ Cancel ]

Entire design: Displays bottleneck information for the entire design.
Clock Domain: Displays bottleneck information for the selected clock domain. You can specify the following options:

» Clock: Allows pruning based on a given clock domains. Only cells that lie on these violating paths are reported.
» Type: This option can only be used with -clock. The following table shows the acceptable values.

Table 11-1. Acceptable Type Values

Register to Register Paths between registers in the design.
Asynchronous to Register Paths from asynchronous pins to registers.
Register to Asynchronous Paths from registers to asynchronous pins.
External Recovery The set of paths from inputs to asynchronous pins.
External Setup Paths from input ports to register.

Clock to Output Paths from registers to output ports.

Use existing user set: Displays bottleneck information for the existing user set selected. Only paths that lie within
the name set will be considered towards the Bottleneck Report.

Filter: Allows you to filter the Bottleneck Report by the following options:

» From: Reports only cells that lie on violating paths that start at locations specified by this option.

» To: Reports only cells that lie on violating paths that end at locations specified by this option. Filter defaults to all
outputs.

Restore Defaults
Resets all the options in the Paths panel to their default values.
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Timing Datasheet Report Options Dialog Box
Use the Timing Datasheet Report Options dialog box to select the output format for the Timing Datasheet Report.

To open the Timing Datasheet Report Options dialog box from the SmartTime Max/Min Delay Analysis view, choose
Tools > Reports > Datasheet.

You can generate your report in one of two formats:
» Plain Text: Saves your report to disk in plain ASCII text format.

+ Comma Separated Values: Saves your report to disk in comma-separated value format (.CSV) format, which
you can import into a spreadsheet

Note: This Datasheet Report feature is not supported for PolarFire.
Figure 11-16. Report Options Dialog Box

Option Categories
v Select a category: o
General
(®) Plain Text (") Comma Separated Values
oK Cancel
Help

Timing Report Options Dialog Box
Use the Timing Report Options dialog box to customize the Timing Report. You can set report options for the
following categories:

* General

* Paths

+ Sets

» Clock Domains

To open the Timing Report Options dialog box from the SmartTime Max/Min Delay Analysis View, choose Tools >
Reports> Timer.
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11.11.1 General
Figure 11-17. Timing Report Options - General Dialog Box

Option Categories |
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Paths
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Summary

IV Include a summary of timing results in this report

Slack
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OK | Cancel
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11.11.1.1 Format
Specifies whether the report exports as a Comma Separated Value (CSV) file or a plain text file. By default, the Plain

Text option is selected.

11.11.1.2 Summary
Specifies whether the summary section is included in the report. By default, this option is selected.

11.11.1.3 Analysis
Specifies the type of analysis to be included in the Timing Report is a Maximum Delay Analysis Report or a Minimum
Delay Analysis Report. By default, the Maximum Delay Analysis Report is included in the Timing Report.

11.11.1.4 Slack
Allows you to specify whether the reported paths is filtered by threshold and, if so, what maximum slack to report. By

default, the paths are not filtered by slack.
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11.11.2 Paths

Figure 11-18. Timing Report Options - Paths Dialog Box

| W

Option Categories

—I- Select a categony:
General
Paths
Sets
Clock Demains

Help

11.11.3 Display of Paths

Display of paths

W Indude detailed path information in this report

Limit the number of paths per section to:

Limit the number of expanded paths per section to:

Limit the number of parallel paths in expanded path to:

1

Include detailed path information in this report: Check this box to include the detailed path information in the

Timing Report.

Limit the number of reported paths per section to: Specify the maximum number of paths that SmartTime will

include per section in the report.

Limit the number of expanded paths per section to: Specify the maximum number of expanded paths that
SmartTime will include per section in the report.

Limit the number of parallel paths in expanded path to: For each expanded path, specify the maximum number of
parallel paths that SmartTime will include in the report. The default number of parallel paths is 1.
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11.11.4 Sets
Figure 11-19. Timing Report Options - Sets Dialog Box
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11.11.4.1 Display of Sets
Specifies whether user sets are included in the Timing Report.

User sets are either filters you created and stored on the default paths sets (Register to Register, Inputs to Register,
and so on) or Pin-to-Pin user sets. By default, the paths for these sets are not reported.

You can also specify whether the Inputs to Output sets are included in the report. By default, the Input to Output sets
are reported.
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11.11.5 Clock Domains
Figure 11-20. Timing Report Options - Clock Domains Dialog Box
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11.11.5.1 Display of Clock Domains
Allows you to specify the clock domains included in the report. By default, the current clock domains used by the
timing engine is reported.

11.11.5.2 Include Clock Domains
Allows you to include or exclude clock domains in the report. Click the check box to include clock domains.

11.11.5.3 Limit Reporting on Clock Domains to Specified Domains

Allows you to include clock domain names in the box, or include additional clock domain names using Select
Domains.

11.12 Timing Violations Report Options Dialog Box

Use the Timing Violations Report Options dialog box to customize the Timing Violation Report. You can set report
violation options for the following categories:

*  General
* Paths

To open the Timing Report Options dialog box from the SmartTime tool, choose Tools > Reports > Timing
Violations.
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11.12.1 General

Option Categories General
=I- Select a category: it
General
Paths
* Plain Text (" Comma Separated Values
Slack

[v Filter paths by sladk threshold

Maximum slack to incude 0 ns

| Restore Defaults |

Help QK | Cancel |

Figure 92 - Timing Violations Report - General Dialog Box

11.12.1.1 Format
Specifies whether the report exports as a Comma Separated Value (CSV) file or a plain text file. By default, the Plain
Text option is selected.

11.12.1.2 Analysis
Allows you to specify what type of analysis is reported in the report. By default, the report includes Maximum Delay
Analysis.

11.12.1.3 Slack
Allows you to specify whether the reported paths is filtered by threshold and, if so, what maximum slack to report. By
default, the paths are filtered by slack and the slack threshold is 0.

11.12.1.4 Restore Defaults
Resets all the options in the General panel to their default values.
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11.12.2 Paths

Figure 11-21. Timing Violations Report - Paths Dialog Box

# | Timing Violations Repo

Option Categories Display of paths

4 Select a category:
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11.12.2.1 Display of Paths

Limit the number of reported paths: Check this box to limit the number of paths in the report. By default, the
number of paths is limited.

Limit the number of paths per section to: Specify the maximum number of paths that SmartTime will include per
section in the report. The default maximum number of paths reported is 100.

Limit the number of expanded paths per section to: Specify the maximum number of expanded paths that
SmartTime will include per section in the report. The default number of expanded paths is 0.

Limit the number of parallel paths in expanded path to: For each expanded path, specify the maximum number of
parallel paths that SmartTime will include in the report. The default number of parallel paths is 1.

11.12.2.2 Restore Defaults

11.13

Resets all the options in the Paths panel to their default values.

Data Change History - SmartTime

The data change history lists features, enhancements, and bug fixes for the current software release that may impact
timing data of the current design.

To generate a data change history, choose Data Change History from the Help menu to display a data change
history in text format.
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Figure 11-22. SmartTime Data Change History Report

Bk fis (=[] =]

SmartTime Data Change History

Family: SmartFusion2/IGLODZ

Die: M25090T/M2S5090/M2GLOS0T/M2GLOS0/M25090TV
Data source: Production

Libero 11.6&

67526 — Update CCC arc delays

66997 — Update clock net delays

687272 - Update MS5/FDDR sectup time in AXI mode
54350 — Update IO enable HZ/LZ arc delay

Libero 11.5 SPZA
59225 — Timing data (IND/COM) updated from advanced to production
549228 - Support 1.0V timing {for M25050TV, -1, IND)
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12. Tcl Commands

For details about the Tcl commands supported by SmartTime, refer to the SmartFusion2, IGLOO2, RTG4 Tcl
Commands Reference Guide or the PolarFire FPGA Tcl Commands Reference Guide.
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The following glossary defines terms in this user guide.

Table 13-1. Glossary

Arrival time

Asynchronous

Capture edge

Clock

Critical path

Data timing analysis

Exception

Explicit clock

Filter

Launch edge

Minimum period

Parallel paths

Path

Path details

Path set
Paths list

Actual time in nanoseconds when data arrives at a sink
pin when considering the propagation delays across the
path.

Two signals that are not related to each other. Signals
not related to the clock are usually asynchronous.

The clock edge that triggers the capture of data at the
end point of a path.

A periodic signal that captures data into sequential
elements.

A path with the maximum delay between a starting point
and an end point. In the presence of a clock constraint,
the worst critical path between registers in this clock
domain is the path with the worst slack.

The standard method for verifying design functionality
and performance. Both pre-layout and post-layout timing
analysis can be performed via the SDF interface.

See timing exception.

Clock sources that can be traced back unambiguously
from the clock pin of the registers they deserve, including
the output of a DLL or PLL.

A set of limitations applied to object names in timing
analysis to generate target specific sets.

The clock edge that triggers the release of data from a
starting point to be captured by another clock edge at an
end point.

Timing characteristic of a path between two registers. It
indicates how fast the clock will run when this path is the
most critical one. The minimum period value takes into
consideration both the skew and the setup on the
receiving register.

Paths that run in parallel between a given source and
sink pair.

A sequence of elements in the design that identifies a
logical flow starting at a source pin and ending at a sink

pin.

An expansion of the path that shows all the nets and
cells between the source pin and the sink pin.

A collection of paths.

Same as path set.
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........... continued

Post-layout

Potential clock

Pre-layout

Recovery time

Removal time

Required time

Requirement
Scenario (timing constraints scenario)

Setup time

Sink pin

Skew

Slack

Slew rate

Source pin
STA
Standard delay format (SDF)

Static timing analysis

The state of the design after you run Layout. In post-
layout, the placement and routing information are
available for the whole design.

Pins or ports connected to the clock pins of sequential
elements that the Static Timing Analysis (STA) tool
cannot determine whether they are is enabled sources or
clock sources. This type of clock is generally associated
with the use of gated clocks.

The state of the design before you run Layout. In pre-
layout, the placement and routing information are not
available.

The amount of time before the active clock edge when
the de-activation of asynchronous signals is not allowed.

The amount of time after the active clock edge when the
de-activation of asynchronous signals is not allowed.

The time when data must be at a sink pin to avoid being
in violation.

See timing requirement.
Set of timing constraints defined by the user.

The time in nanoseconds relative to a clock edge during
which the data at the input to a sequential element must
remain stable.

The pin located at the end of the timing path. This pin is
usually the one where arrival time and required time are
evaluated for path violation.

The difference between the clock insertion delay to the
clock pin of a sink register and the insertion delay to the
clock pin of a source register.

The difference between the arrival time and the required
time at a specific pin, generally at the data pin of a
sequential component.

The time needed for a signal to transition from one logic
level to another.

The pin located at the beginning of a timing path.
See static timing analysis.

A standard file format used to store design data suited
for back-annotation.

An efficient technique to identify timing violations in a
design and to ensure that all timing requirements are
met. It is well suited for traditional synchronous designs.
The main advantages are that it does not require input
vectors, and it exclusively covers all possible paths in the
design in a relatively short run-time.
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Synopsys design constraint (SDC)

Timing constraint

Timing exception

Timing requirement

Virtual clock

Wire Load Model (WLM)

A standard file format for timing constraints. Synopsys
Design Constraints (SDC) is a Tcl-based format used by
Synopsys tools to specify the design intent, including the
timing and area constraints for a design. Microsemi SoC
tools use a subset of the SDC format to capture
supported timing constraints. You can import or export
an SDC file from the Designer software. Any timing
constraint that you can enter using Designer tools, can
also be specified in an SDC file.

A requirement or limitation on the design to be satisfied
during the design implementation.

An exception to a general requirement usually applied on
a subset of the objects on which the requirement is
applied.

A constraint on the design usually determined by the
specifications at the system level.

A virtual clock is a clock with no source associated to it.
It is used to describe clocks outside the FPGA that have
an impact on the timing analysis inside the FPGA. For
example, if the I/Os are synchronous to an external
clock.

A timing model used in pre-layout to estimate a net delay
based on the fan-out.
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Microchip FPGA Technical Support

Microchip FPGA Products Group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. This section provides information about
contacting Microchip FPGA Products Group and using these support services.

Customer Service

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

¢ From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
» Fax, from anywhere in the world, 650.318.8044

Customer Technical Support

Microchip FPGA Products Group staffs its Customer Technical Support Center with highly skilled engineers who can
help answer your hardware, software, and design questions about Microchip FPGA Products. The Customer
Technical Support Center spends a great deal of time creating application notes, answers to common design cycle
questions, documentation of known issues, and various FAQs. So, before you contact us, please visit our online
resources. It is very likely we have already answered your questions.

You can communicate your technical questions through our Web portal and receive answers back by email, fax, or
phone. Also, if you have design problems, you can upload your design files to receive assistance. We constantly
monitor the cases created from the web portal throughout the day. When sending your request to us, please be sure
to include your full name, company name, and your contact information for efficient processing of your request.

Technical support can be reached at soc.microsemi.com/Portal/Default.aspx.

For technical support on RH and RT FPGAs that are regulated by International Traffic in Arms Regulations (ITAR),
log in at soc.microsemi.com/Portal/Default.aspx, go to the My Cases tab, and select Yes in the ITAR drop-down list
when creating a new case. For a complete list of ITAR-regulated Microchip FPGAs, visit the ITAR web page.

You can track technical cases online by going to My Cases.

Website

You can browse a variety of technical and non-technical information on the Microchip FPGA Products Group home
page, at www.microsemi.com/soc.

Outside the U.S.

Customers needing assistance outside the US time zones can either contact technical support at (https://
soc.microsemi.com/Portal/Default.aspx) or contact a local sales office.

Visit About Us for sales office listings and corporate contacts.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

* There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable.” Code protection is constantly
evolving. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS 1S”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or
expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology Incorporated
in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed
Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC
Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge, In-
Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto,
maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad,
SQl, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2020, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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