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Quartus® II Software Design Series: 
Timing Analysis

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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Design Verification

 Most PLD development time is spent verifying 
your design

 Verification includes
− Timing analysis
− Simulation (internal & system-level)
− Formal verification
− Power analysis
− Signal integrity analysis
− In-system testing
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Quartus II Software Support

 Quartus® II software provides features to aid & 
accelerate the verification process

 TimeQuest Timing Analyzer (TA)
 Quartus II Simulator and 3rd-party support*
 PowerPlay Power Analyzer*
 Debugging tools (in-system testing)*

*These topics are covered in the “Quartus II Software Design Series:  Verification” course
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Other Quartus II Design Series courses

 Quartus II Software Design Series: Foundation
− Project creation and management
− Design entry methods and tools
− Compilation and compilation results analysis
− Creating and editing settings and assignments
− I/O planning and management
− Introduction to timing analysis with the TimeQuest timing analyzer

 Quartus II Software Design Series: Verification
− Basic design simulation with ModelSim-Altera
− Power analysis
− Debugging solutions

 Quartus II Software Design Series: Optimization
− Incremental compilation
− Quartus II optimization features & techniques

4
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Objectives

 Display a complete understanding of timing 
analysis

 Build SDC files for constraining PLD designs
 Verify timing on simple & complex designs using 

TimeQuest TA
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Class Agenda
 TimeQuest basics
 Timing analysis basics

− Exercise 1
 TimeQuest reporting
 Clock constraints

− Exercise 2
 Synchronous I/O constraints

− Exercise 3
 Source Synchronous I/O constraints

− Exercise 4
 Constraining asynchronous signals
 Timing exceptions

− False paths
− Multicycle constraints
− Exercise 5

6
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How does timing verification work?

 Every device path in design must be analyzed with respect to timing 
specifications/requirements
− Catch timing-related errors faster and easier than gate-level simulation & board testing

 Designer must enter timing requirements & exceptions
− Used to guide fitter during placement & routing
− Used to compare against actual results 
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Quartus® II Software Design Series: 
Timing Analysis

TimeQuest Basics

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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Timing Analysis Agenda

 TimeQuest basics
 Timing analysis basics
 Timing reports
 Timing constraints
 Example application

발표자
프레젠테이션 노트
This section is provided as a quick review.  The idea is that the students have already attended the Quartus II training showing how to use TimeQuest.  If they have not, then you can refer to the detailed slides in the Appendix.
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TimeQuest Timing Analyzer

 Timing engine in Quartus 
II software

 Provides timing analysis 
solution for all levels of 
experience

 Features
− Synopsys Design Constraints 

(SDC) support
 Standardized constraint 

methodology
− Easy-to-use interface

 Constraint entry
 Standard reporting

− Scripting emphasis
 Presentation focuses on using 

GUI

10

발표자
프레젠테이션 노트
The TimeQuest timing analyzer tool enables Quartus II users to perform a thorough and sophisticated static timing analysis of high-performance FPGA designs. TimeQuest timing analyzer delivers many benefits to the Quartus II software user. 
Native SDC support - Enables users to adopt a powerful industry-standard timing analysis methodology and to achieve a higher degree of productivity due to the use (and re-use) of SDC, TCL-based scripts.
Fast on-demand and interactive data reporting - Saves designers’ time, and enables users to request more detailed timing analysis only on the paths of interest. TimeQuest’s fast on-demand data reporting is complemented by a powerful GUI that reports the timing analysis data in an intuitive, easy to understand graphical format, further enhancing the users’ productivity.
Small memory footprint - Enables design teams to maximize their investment in 32bits architecture computer resources as the densities of FPGAs increase.
TimeQuest timing analyzer has the built-in controls necessary to automatically account for on-chip variation, and to account for rise/fall timing characteristics. 
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Opening the TimeQuest Interface

 Toolbar button
 Tools menu
 Tasks window
 Stand-alone mode

− quartus_staw

 Command line
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Quartus Settings File (QSF)
 SDC constraints are not stored in QSF
 For 90nm and older devices, TimeQuest TA uses script to 

convert QSF timing assignments to SDC 
− TimeQuest Constraints menu
− Done automatically if no SDC file exists when first opening timing analyzer

 See Quartus II Handbook chapter, Switching to the 
TimeQuest Timing Analyzer for details
− Differences between Classic Timing Analyzer and TimeQuest TA
− Details on conversion utility

 Online training also available
− Switching to the TimeQuest Timing Analyzer

발표자
프레젠테이션 노트
[dcl]: Keep in mind that this is only applicable to 90nm (and older) devices. For 65 nm devices, such as Cyclone III, it does not give such a warning.
One important thing to note about sdc constraints is that they are not stored in the project’s qsf file.  They are only stored in the SDC file that we’ve been talking about so far.  It is possible, though, to take timing constraints that were in the qsf file and convert them into sdc constraints to create a new sdc file.  This is done if you have a project that was using the classic timing analyzer and you want to start using tq.  When you first start tq with such a project or any project that does not include an sdc file, you’ll see the dialog box shown here.  If you click yes, any timing constraints contained in the qsf file will be converted to sdc and stored in a new sdc file.  If you click no, you start from scratch.  You’ll need to create a new sdc file with new sdc constraints for the project.  For the lab exercises and in general, you’ll want to click no unless you have a lot of timing constraints set up in the qsf for use by the classic timing analyzer.  If you are moving a project from using classic to using tq, I recommend checking out the switching to tq timing analyzer chapter in the qii handbook as well as the online training linked here.  These resources explain the differences between the classic timing analyzer and tq and provide more information about how timing constraints stored in the qsf file get converted and placed in an sdc file.

ftp://ftp.altera.com�
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TimeQuest GUI

13

Report Pane

Tasks Pane

Console Pane

View Pane

Menu access to all TimeQuest features
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Tasks Pane

 Provides quick 
access to common 
operations
− Command execution
− Report generation

 Executes most 
commands with 
default settings

 Use menus for non-
default settings

Double-click to 
execute any command
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Report Pane

 Displays list of 
generated reports 
currently available for 
viewing
− Reports generated by Tasks 

pane
− Reports generated using 

report commands

15

Highlight report to see 
detail in View window
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Viewing Multiple Reports

Click & drag ‘+’ sign 
to divide view pane 

into multiple windows

발표자
프레젠테이션 노트
[dcl]: Updated screen shot
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Viewing Multiple Reports Example
View pane split into two windows

Highlight window, then 
highlight report in Reports pane 
you would like to appear there

Use Target Pane button to 
force a selected report to 

appear in a pane

Drag bars to edges 
to remove splits

발표자
프레젠테이션 노트
[dcl]: Updated screen shot
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Console pane

 Allows direct entry and execution of SDC & Tcl 
commands
− Displays equivalent of command executed by GUI

 Displays TimeQuest output messages
 History tab records all executed SDC & Tcl commands

− Copy & paste to create scripts or SDC files

18
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SDC File Editor = Quartus II Text Editor

 Use Quartus II 
editor to create 
and/or edit SDC

 SDC editing 
unique features 
(for .sdc files)
− Access to GUI dialog 

boxes for constraint 
entry (Edit ⇒ Insert 
Constraint)

− Syntax coloring
− Tooltip syntax help
− SDC templates

19

TimeQuest File menu ⇒ New/Open SDC File
Quartus II File menu ⇒ New ⇒ Other Files

Place cursor over 
command to see tooltip
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SDC File Editor (cont.)

20

Construct an SDC file using 
TimeQuest graphical 

constraint creation tools

Constraints inserted at 
cursor location
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SDC Templates
 Quickly add customized constraint templates

21

Toolbar button or Edit menu

SDC “Cookbook” templates 
from TimeQuest TA Online 

Resource Center

Preview window: edit 
before inserting & save 

as user template
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Basic Steps to Using TimeQuest TA

1. Generate timing netlist
2. Enter SDC constraints

a. Create and/or read in SDC file (recommended method)

or
b. Constrain design directly in console

3. Update timing netlist
4. Generate timing reports
5. Save timing constraints (optional)

22
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1) Generate Timing Netlist
 Create a timing netlist (i.e. database) based on compilation results 

− Post-synthesis (mapping) or post-fit (if design already fully compiled)
− Worst-case (slow; maximum operating temperature), best-case (fast; minimum 

operating temperature) timing models
− Set custom operating conditions (65 nm technology devices; military; industrial, 

etc.)

 To execute:

23

Netlist menu Tasks pane

Tcl equivalent of command Tcl:  create_timing_netlist
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2a) Create or Read in SDC File
 Create SDC file using SDC file 

editor
− Don’t enter constraints using Constraints menu

 Read in constraints & exceptions 
from existing SDC file and/or HDL
− -hdl: looks for ALTERA_ATTRIBUTE embedded in 

HDL first before reading SDC files

 Execution
− Read SDC File (Tasks pane or Constraints menu)

 File precedence (if no filename 
specified)
− Files specifically added to Quartus II project
− <current_revision>.sdc (if it exists in project directory)

24

Tcl:  read_sdc [-hdl] [<filename>] 



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

2b) Constrain Directly in Console

 Apply new constraints directly to netlist with 
console SDC commands or from the 
Constraints menu
− Not automatically added to SDC file
− Not needed if all constraints in SDC file

 Use remove_<command> to remove applied 
constraints
− Only remove_clock is in GUI

 Recommend using SDC file (step 2a) instead to 
ease management and storage of constraints

25
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Using GUI to Enter Constraints Directly

 Most common constraints 
can be accessed from the 
Constraints menu

 Same as Edit menu ⇒
Insert Constraints in 
SDC file editor

 Use if unfamiliar with SDC 
syntax

26

Constraints menu
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Constraining

 User MUST enter constraints for all paths to fully
analyze design
− Timing analyzer only performs slack analysis on constrained

design paths
− Constraints guide the fitter to place & route design in order to 

meet timing requirements
− Recommendation: Constrain all paths (at least clocks & I/O)

 Not as difficult a task as it may sound
− Wildcards
− Single, generalized constraints cover many paths, even all paths 

in an entire clock domain

27
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3) Update Timing Netlist

 Apply SDC constraints/exceptions to current 
timing netlist

 Generates warnings
− Undefined clocks
− Partially defined I/O delays
− Combinational loops

 Update timing netlist after adding any new 
constraint

 Execution
− Update Timing Netlist (Tasks pane or Netlist menu)

28

Tcl:  update_timing_netlist
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4) Generate Timing Reports

 Verify timing requirements and 
locate violations

 Check for fully constrained design 
or ignored timing constraints

 Two methods
− Tasks pane

 Shortcut: Automatically creates/updates netlist & 
reads default SDC file if needed

− Reports menu
 Must have valid netlist to access

29

Double-click to 
create individual 

report
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“Out of Date” Reports

 Adding new constraints interactively in console 
causes current reports to be “out of date”

 Update timing netlist & regenerate reports 
(Report pane right-click menu)

 No such warning when using SDC file

30
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Reset Design Command

 Tasks pane or Constraints menu
 Flushes all timing constraints from current timing 

netlist
− Functional Tcl equivalent:  delete_timing_netlist 

command followed by create_timing_netlist

 Uses
 “Re-starting” timing analysis on same timing netlist applying different 

constraints or SDC file
 Starting analysis over if results seem to be unexpected

31

발표자
프레젠테이션 노트
Note from Phil:

create_timing_netlist, without additional arguments, would just create slow-corner, which might be different than your orignianl netlist
reset_design, does not actually “delete” timing nestlit (Phil does not believe so). 
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5)  Save Timing Constraints (Optional)

 write_sdc command
− Saves all constraints & exceptions 

applied to current netlist into SDC file
− Use if constraints added during 

TimeQuest session in console instead of 
SDC file

 Notes
− SDC files generated by TimeQuest TA 

only if requested
− Use -expand option (not in GUI) to 

convert Altera-specific SDC commands 
(discussed later) into standard SDC

− Run report_sdc command (console, 
Tasks pane, or Report menu) to see what 
will get written to SDC file

32
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Basic Steps to Using TimeQuest TA (Review)

1. Generate timing netlist
2. Enter SDC constraints

a. Create and/or read in SDC file (recommended method)

or
b. Constrain design directly in console

3. Update timing netlist
4. Generate timing reports
5. Save timing constraints (optional)

33
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Using TimeQuest TA in Quartus II Flow

34

Enable TimeQuest TA in 
Quartus II project

Synthesize 
Quartus II project

Use TimeQuest TA to 
specify timing requirements

Verify timing in
TimeQuest TA

Perform full compilation
(run Fitter)
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Timing Requirements: Create Post-Map Netlist

 Follow TimeQuest flow
 Use -post_map argument 

for synthesis (mapping) only 
netlist
− If design already fully compiled, choose 

-post_fit (default)

 Tasks list command defaults 
to post-fit, so must use 
Netlist menu in GUI

 Zero IC delays auto-enabled 
with Post-map
− Assumes no interconnect delays to 

determine if it will be possible to meet 
timing

35
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Using TimeQuest TA in Quartus II Flow

36

Enable TimeQuest TA in 
Quartus II project

Synthesize
Quartus II project

Use TimeQuest TA to 
specify timing requirements

Verify timing in
TimeQuest TA

Perform full compilation
(run Fitter)
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Enable TimeQuest TA in Quartus II Software

 Tells the Quartus II software to use SDC 
constraints during fitting

 File order precedence
1. Any SDC files manually added to Quartus II project (in order)
2. <current_revision>.SDC located in project directory

37



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

Enabling TimeQuest in Quartus II Software

38

Notes:
• Arria® GX and newer devices only support 

Timequest TA.
• TimeQuest TA is enabled by default for new 

Stratix® III and Cyclone® III designs.

발표자
프레젠테이션 노트
[dcl]: Updating screen shot. (Fitter Settings no longer have a + sign right in front of it).
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Quartus II TimeQuest Settings

39

Analyze and fit for all 
corners at the same time

(default on for recent 
Cyclone & Stratix devices)

Select and Add SDC 
files to list 

(evaluated in order)

Assignments ⇒ Settings

Report worst-case paths 
in Quartus II Compilation 
Report and/or customize 

reporting with script 

Note: Advanced I/O Timing & Common Clock Path Pessimism 
(CCPP) removal discussed later

Determine how TimeQuest TA 
identifies a register as being a 

part of synchronization chain as 
part of metastability analysis   

발표자
프레젠테이션 노트
From the old Metastability slide: 
Identifies synchronization chains for MTBF analysis: 
Can be overwritten by localized assignment
AUTO: Any chains with no logic with length > 1
FORCED IF ASYNCHRONOUS: Chains that appear like asynchronous transfers with no regard for length or logic
FORCED: All registers analyzed (localized assignments only)
OFF: No chain identification
Calculates mean time between failure (MTBF) for chains based on design, device, and settling time for metastable signals
Set chain length in Analysis & Synthesis settings
Is required prior to running MTBF optimization
Optimization can adjusts place & route and register optimizations to protect chains and maximize MTBF

Also: The metastabiliy analysis option in the settings dialog box, indicates how aggressively QII should look for them.  But, MTBF calculations are not reported for chains that are automatically detected by QII.  The user must assign the Synchornizer Identification logic option to the registers in the chain in order for the MTBF to be calculated.  This slide doesn't really explain that there is a global auto-check as well as a local assignment and what the user has to do to actually do metastability analysis.or optimization.  I think if we are going to leave these two slides in we need to better explain how it works.
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Using TimeQuest TA in Quartus II Flow

40

Enable TimeQuest TA in 
Quartus II project

Synthesize
Quartus II project

Use TimeQuest TA to 
specify timing requirements

Verify timing in
TimeQuest TA

Perform full compilation
(run Fitter)
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Verifying Timing Requirements

 View TimeQuest summary information directly in Quartus 
II Compilation Report

 Open TimeQuest  TA for more thorough analysis
− Follow TimeQuest flow, selecting Post-fit netlist

 Optional: Enable Zero IC Delays to see if there is any chance of meeting 
timing without having to enable optimization options

− Run TimeQuest easy-to-use reporting capabilities (Tasks pane)
− Many different reporting options available 
− Place Tcl reporting commands into script file

 Easy repetition

 Verify whether Fitter was able to meet timing 
requirements

41
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TimeQuest Reports in Compilation Report

42

Reports generated during 
compile (as specified in the 
Settings window). For example:

• SDC files used during fitting
• Clocks generated
• Timing violations
• Unconstrained paths
• Worst-case paths

Reports generated 
in TimeQuest TA 
GUI

발표자
프레젠테이션 노트
[dcl]: Update new screen shots (to include worst-case path delays).
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Quartus® II Software Design Series: 
Timing Analysis

Timing Analysis Basics

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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Timing Analysis Basics

 Launch vs. latch edges
 Setup & hold times
 Data & clock arrival time
 Data required time
 Setup & hold slack analysis
 I/O analysis
 Recovery & removal
 Timing models
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Path & Analysis Types

Three types of Paths:
1. Clock Paths
2. Data Path
3. Asynchronous Paths*

Clock Paths

Async Path

Data Path

Async Path

D Q

CLR

PRE
D Q

CLR

PRE

Two types of Analysis:
1. Synchronous – clock & data paths
2. Asynchronous* – clock & async paths

*Asynchronous refers to signals feeding the asynchronous control ports of the registers
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Launch & Latch Edges

CLK

REG1
D Q

SET

CLR

REG2
D Q

SET

CLR

Comb.
Logic

CLK

Launch 
Edge

Latch 
Edge

Data ValidDATA

Launch Edge: the edge which “launches” the data from source register
Latch Edge: the edge which “latches” the data at destination register (with respect 

to the launch edge, selected by timing analyzer; typically 1 cycle)
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Setup & Hold

Setup: The minimum time data signal must be stable
BEFORE clock edge

Hold: The minimum time data signal must be stable
AFTER clock edge

D Q

CLR

PRE CLK
Th

ValidDATA

Tsu

CLK

DATA

Together, the setup time and hold time form a Data Required Window, 
the time around a clock edge in which data must be stable.
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Data Arrival Time

Data Arrival Time = launch edge + Tclk1 + Tco +Tdata

CLK

REG1.CLK

Tclk1

Data ValidREG2.D

Tdata

Launch 
Edge

Data ValidREG1.Q

Tco

 The time for data to arrive at destination register’s D input

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk1

TCO

Tdata

발표자
프레젠테이션 노트
Relative to REG2
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Clock Arrival Time

Clock Arrival Time = latch edge + Tclk2

CLK

REG2.CLK

Tclk2

Latch 
Edge

 The time for clock to arrive at destination register’s clock input

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk2

발표자
프레젠테이션 노트
Relative to REG2
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Data Required Time - Setup

Data Required Time = Clock Arrival Time - Tsu - Setup Uncertainty 

CLK

REG2.CLK

Tclk2

Latch 
Edge

 The minimum time required for the data to get latched into the destination 
register

Tsu

Data ValidREG2.D

Data must be 
valid here

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk2 Tsu

발표자
프레젠테이션 노트
Relative to REG2
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Data Required Time - Hold

Data Required Time = Clock Arrival Time + Th + Hold Uncertainty 

CLK

REG2.CLK

Tclk2

Latch 
Edge

 The minimum time required for the data to get latched into the destination 
register

Th

Data must
remain valid

to here

Data ValidREG2.D

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk2 Th

발표자
프레젠테이션 노트
Relative to REG2
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Tclk2

Setup Slack

REG2.CLK

 The margin by which the setup timing requirement is met.  It ensures 
launched data arrives in time to meet the latching requirement.

Tsu

CLK

REG1.CLK

Tclk1

Data ValidREG2.D

Tdata

Data ValidREG1.Q

Tco

Setup
Slack

Launch 
Edge Latch 

Edge

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk1

TCO

Tdata

Tclk2 Tsu

발표자
프레젠테이션 노트
Relative to REG2
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Setup Slack (cont’d)

Positive slack
− Timing requirement met
Negative slack
− Timing requirement not met 

Setup Slack = Data Required Time (Setup) 
– Data Arrival Time
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Hold Slack

REG2.CLK

Tclk2

 The margin by which the hold timing requirement is met.  It ensures latch data is not 
corrupted by data from another launch edge.  It also prevents “double-clocking”.

Th

CLK

REG1.CLK

Tclk1

Data ValidREG2.D

Tdata

Data ValidREG1.Q

Tco

Hold
Slack

Latch 
Edge

Next Launch 
Edge

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

Tclk1

TCO

Tdata

Tclk2 Th

발표자
프레젠테이션 노트
“Double-clocking” is when data arrival time is so low when compared to the clock arrival time that it is clocked through two subsequent register stages during one clock cycle
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Hold Slack (cont’d)

Positive slack
− Timing requirement met
Negative slack
− Timing requirement not met 

Hold Slack = Data Arrival Time 
– Data Required Time (Hold)



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

56

FPGA/CPLD or ASSPASSP or FPGA/CPLD

I/O Analysis (Common Clock Source)
 Analyzing I/O performance in a synchronous design uses 

the same slack equations
− Must include external device & PCB timing parameters
− Recommend use virtual clock for specifying input/output delays

 Otherwise, can be difficult to accurately constrain I/Os

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

CL
*

Tdata

Tclk1 
(Virtual or Base)

Tclk2

(Base or Virtual)

TCO Tsu/Th

OSC
Data Arrival 

Path

Data Arrival 
Path

Data 
Required 

Path

* Represents delay due to capacitive loading

발표자
프레젠테이션 노트
[dcl]: Add the “virtual clock” and “base clock” blocks to signify the need to use virtual clock in constraing I/O

When constraining input, then Tclk1 would be the virtual clock and Tclk2 would be the base clock for FPGA
When constraining otuput, then Tclk1 would be the FPGA base clock and Tclk2 would be the virtual clock.
In both case, target the max/min constraints to the virtual clock.

Recommended to use virtual clocks for specifying input / output delays
Separate clock to represent external clock timing allows derive_clock_uncertainty to calculate correctly
Easier to identify input / output paths in timing reports by virtual clocks at launch or latch edge
In some cases (e.g. DDR), difficult to accurately constrain I/O without using virtual clocks
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Recovery & Removal

Recovery: The minimum time an asynchronous signal can be    
de-asserted BEFORE clock edge

Removal: The minimum time an asynchronous signal can be
de-asserted AFTER clock edge

D Q

CLR

SET CLK
Trem

ASYNC

Trec

CLK

ASYNC

발표자
프레젠테이션 노트
Metastability-issue aside, not meeting recovery and removal can caused bits not being reset correctly. For instance, if you have a state machine and some of the bits come out of reset during one cycle and some during the next cycle… 
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Asynchronous = Synchronous?

 Asynchronous control signal source is assumed synchronous
− Slack equations still apply

 data arrival path = asynchronous control path
 Tsu ≈ Trec; Th ≈ Trem

− External device & board timing parameters may be needed (Ex. 1)

ASSP

reg1
PRE

D       Q

CLR

FPGA/CPLD

reg2
PRE

D       Q

CLR

OSC FPGA/CPLD

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

Example 1 Example 2

Data arrival path Data arrival path

Data required path

Data required path

발표자
프레젠테이션 노트
Truly asynchronous paths cannot be analyzed for timing
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Why Are These Calculations Important?

 Calculations are important when timing violations 
occur
− Need to be able to understand cause of violation

 Example causes
− Data path too long
− Requirement too short (incorrect analysis)
− Large clock skew signifying a gated clock, etc.

 TimeQuest timing analyzer uses them
− Equations to calculate slack
− Terminology (launch and latch edges, Data Arrival Path, Data 

Required Path, etc.) in timing reports



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

60

Timing Models in Detail

 Quartus II software models device timing at two PVT 
conditions by default
− Slow Corner Model

 Indicates slowest possible performance for any single path
 Timing for slowest device at maximum operating temperature and VCCMIN

− Fast Corner Model
 Indicates fastest possible performance for any single path
 Timing for fastest device at minimum operating temperature and VCCMAX

 Why two corner timing models?
− Ensure setup timing is met in slow model
− Ensure hold timing is met in fast model

 Essential for source synchronous interfaces

 Third model (slow, min. temp.) available only for 65 nm 
and smaller technology devices (temperature inversion 
phenomenon)

발표자
프레젠테이션 노트
Speaker Note:  “no sep model for rise / fall means that the slower is defined for slow corner model then the fast model (for stratix is defined by scaling that model.  This means that the actual fastest path (rise or fall) may not be captured.  Guardbanding is very important to catch this.
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Generating Fast/Slow Netlist

 Specify one of the default timing models to be used when 
creating your netlist

 Default is the slow timing netlist
 To specify fast timing netlist

− Use -fast_model option with create_timing_netlist command
− Choose Fast corner in GUI when 

executing Create Timing Netlist
from Netlist menu

− CANNOT select fast corner 
from Tasks Pane
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Specifying Operating Conditions 

 Perform timing analysis for different delay models without recreating 
the existing timing netlist

 Takes precedence over already generated netlist
 Required for selecting slow, min. temp. model and other models 

(industrial, military, etc.) depending on device
 Use get_available_operating_conditions to see available 

conditions for target device
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Please go to Exercise 1
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Quartus® II Software Design Series: 
Timing Analysis

Timing Reports

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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Timing Reports

 Timing results available in both the Quartus II 
Compilation Report and TimeQuest GUI

 TimeQuest TA includes more extensive reporting 
capabilities

 Create reports while creating constraints (post-
map netlist) before fitting to see if design can 
meet timing requirements

 Create reports after fitting (post-fit netlist) to 
verify that placed & routed design meets timing 
requirements
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Summary Reports

 Simplest, most common type of timing report
 Each row reports on a clock domain in the design

− Worst case (positive or negative slack) listed first
− If negative, total negative slack (TNS) on all edges in clock domain

 Command: create_timing_summary
− -setup, -hold, -recovery, -removal: create report for selected 

analysis type

Create advanced reports 
about selected clock domain
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Detailed Slack/Path Analysis

 Create more specific/detailed reports
− Ex. Details on a specific clock domain
− Ex. View timing paths between particular I/O & registers

 Create using Tcl commands or GUI
− Use GUI to see report immediately
− Use Tcl file for repeatability

발표자
프레젠테이션 노트
|�
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Advanced Reporting: Report Timing
report_timing

-from <source_nodes>
-from_clock <source_clock_names>
-rise_from_clock <source_clock_names>
-fall_from_clock <source_clock_names>
-through <thru_node>
-to <destination_nodes>
-to_clock <destination_clock_names>
-rise_to_clock <destination_clock_names>
-fall_to_clock <destination_clock_names>
-setup|-hold|-recovery|-removal
-detail <summary|path_only|path_and_clock|full_path>
-file <file_name>
-append
-panel_name <report_name>
-stdout
-less_than_slack <slack_limit>
-npaths <#_of_paths_to_display>
-nworst <max_#_of_paths_per_endpoint>
-false_path
-pairs_only
-show_routing
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report_timing Arguments

 -setup|hold|recovery|removal are mutually 
exclusive
− Default is -setup

 -detail <option> how to report clock path detail
− path_only: lumps clock network delay together (default option)
− summary: lists individual path (condense path report)
− path_and_clock: shows clock network delay in detail
− full_path: shows clock network in more detail, particularly generated 

clock

 -npaths: number of paths to report; defaults to 10
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Report Timing (GUI)

Choose Report 
Timing (Reports 

menu) or double-click 
on Report Timing 

(Tasks pane)

Select where to 
send output reportTcl:  report_timing

Select level 
of detail
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Summary Slack/Path Report

report_timing -from_clock clk_x1 -to_clock clk_x2 \
-setup -npaths 10 -detail summary \
-panel_name “Setup (clk_x1 to clk_x2) Summary"

Calculated Slack Source & 
Destination Nodes

Source & 
Destination Clocks

발표자
프레젠테이션 노트
[dcl]: Changed screen shots
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Detailed Slack/Path Report
report_timing -from_clock clk_x1 -to_clock clk_x2 \

-setup -npaths 10 -detail path_only \
-panel_name “Setup (clk_x1 to clk_x2)"

Data arrival 
path details

Data required 
path details

Calculated slack 
& path Summary

4 detailed views of 
path available

발표자
프레젠테이션 노트
[dcl]: changed screen shots
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Detailed Slack/Path Report (cont.)
report_timing -from_clock c100 -to_clock c200 \

-setup -npaths 10 -detail path_only \
-panel_name “Setup (c100 to c200)"

Waveform visualizes 
TimeQuest slack 

calculations

Click and drag 
cursors that “snap” to 

path timing events

Statistics about path 
delay through design

발표자
프레젠테이션 노트
[dcl]: Changed screen shots
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Further Path Analysis

 Right-click path(s) to cross-probe to other 
Quartus II tools or design files

 locate command in Console

74
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Quartus® II Software Design Series: 
Timing Analysis

Timing Constraints

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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Importance of Constraining

 Timing analysis tells how a circuit WILL behave
 Providing timing constraints tells tools how you WANT

the design to behave
− Constraints paint picture of how design should operate

 Based on design specs & specs from other devices on PCB
− Provide goals for fitter to target during compilation
− Provide values to which to compare timing results

 TimeQuest TA performs limited analysis without timing 
constraints

발표자
프레젠테이션 노트
When you analyze a design for timing, you are seeing how the design WILL behave.  Providing timing constraints tells timing analyzers and other tools how you WANT the timing of the circuit to behave. Tools will try to make some assumptions on timing, but a designers job is to make sure he or she knows the assumptions and how they should be handled.  For some designs, providing a fully constrained design can even mean skipping a time-consuming gate-level simulation.
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SDC Netlist Terminology

Term Definition

Cell Device building blocks (e.g. look-up tables, registers, embedded 
multipliers, memory blocks, I/O elements, PLLs, etc.)

Pin Input or outputs of cells

Net Connections between pins

Port Top-level inputs and outputs (e.g. device pins)
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SDC Netlist Example

Sample Pin Names:
ina|combout
inrega|datain
inrega|clk
inrega|regout
ab|combout
ab|datac

ina

inb

clk

inrega

inregb

ab

clk~clkctrl

outreg
out

combout datain

clk

datac

datad

inclk[0]

regout

outclk

combout

datain

Sample Net Names:
ina~combout
ab
clk~clkctrl
inrega

cell=atom/wysiwyg
pin = otermpin = iterm

port = I/O

net

cell

 Paths defined in constraints by targeted endpoints (pins 
or ports)
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Collections

 Searches and returns from the design netlist with a list of 
names meeting criteria

 Used in SDC commands
− Some collections searched automatically during a command’s usage and 

may not need to be specified

 Examples
− get_ports
− get_pins
− get_clocks
− all_clocks
− all_registers
− all_inputs
− all_outputs

See “TimeQuest Timing Analyzer” chapter of 
the Quartus II Software Handbook (Volume 3) 

for a complete list & description of each
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications

발표자
프레젠테이션 노트
Now we are going to fo through most of the paths you will have in your design and see check what SDC timing constraints we would apply to these situations.
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What are clocks in SDC?

 Defined, repeating signal characteristics applied 
to a point anywhere in the design
− Internal: applied to a specific node being used as a clock in 

design (port or pin)
− “Virtual”: No real source in, or direct interaction with design

 Example: Clocks on external devices that feed or are fed by the FPGA 
design, required for I/O analysis

 Name clocks after node to which they are applied 
or something more meaningful

 Similar to clock settings in older Quartus II timing 
engine (Classic timing analyzer)

발표자
프레젠테이션 노트
Clocks are not actual physical locations in the design.  They represent signal characteristics applied to a point in the design.
Virtual clocks would be used, for example, if you are driving data off chip to an external device running on a different clock.  You can specify the I/O timing in relation to that external clock, so that you can analyze timing between your design and the other device.
If you only constrained only your clocks, then all internal logic would in effect be constrained.  I/O require more information.  The complexity of the design would determine how well simple con
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Clocks in SDC (cont.)

 Two types
− Clock

 Absolute or base clock

− Generated clock
 Timing derived from another clock in design

− Must have defined relation with source clock
 Apply to output of logic function that modifies clock input

− PLLs, clock dividers, output clocks, ripple clocks, etc.

 All clocks are related by default
− Cross-domain transfers analyzed

발표자
프레젠테이션 노트
[dcl]: Removed “clock inversions automaticallyd etected unless derived from more complex logic structures”.
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Clock Constraints

 Create clock
 Create generated clock
 PLL clocks
 Automatic clock detection & creation
 Default constraints
 Clock latency
 Clock uncertainty
 Common clock path pessimism removal
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Creating a Clock

 Command:  create_clock
 Options

[-name <clock_name>]

-period <time>

[-waveform {<rise_time> <fall_time>}]

[<targets>]

[-add]

[ ] = optional
Note:  In general, the more options added to a 

constraint command, the more specific the 
constraint is.  When options are not specified, 
the constraint is more generalized and 
pertains to more of the target.
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create_clock Notes

 –name: Assigns name to the clock to be used in other 
commands & reports when referring to clock
− Optional; defaults to target name if not specified

 –waveform: Indicates clock offset or non-50% duty 
cycle clocks
− 50% duty cycle is assumed unless otherwise indicated

 -add: Adds clock to node with existing clock
− Without –add, warning given former clock constraint is over written

 <targets>:  Target ports or pins for clock setting
− Virtual clock created if no target specified

발표자
프레젠테이션 노트
[dcl]: Without the –add command, the former clock constraint would be overwritten by the latter clock constraint (providing the –name attribute is the same). 

For if two different constraints, which are meant to apply to the same ports, have different –name attributes, then the second constraint is ignored without the –add command.
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create_clock Examples

create_clock –period 20.0 –name clk_50 [get_ports clk_in]

0 10 20 30

create_clock –period 10.0 –waveform {2.0 8.0} [get_ports sysclk]

0 2 8 10 12 18 20

sysclk (sysclk) -

clk_in (clk_50) -

발표자
프레젠테이션 노트
Ex. 1 – Port clk_in has a clock applied to it named clk_50 that has a period of 20 ns.
Ex. 2 – Port sysclk has a clock applied to it named sysclk that has a period of 10 ns, but a duty cycle of 60%.
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Create Clock using GUI

Name Finder 
(next slide)

Edit any field
(change values; use wildcards 

in targets or command)

TimeQuest main: Constraints ⇒ Create Clock
SDC Editor: Edit  ⇒ Insert Constraint  ⇒ Create Clock
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Name Finder

88

Clicking on Browse button 
opens Name Finder allowing 

you to search netlist for 
node names (similar to 
Quartus II Node Finder)

Select collection 
to search

Edit command 
here or final 

command to use 
wildcards

Options available 
depend on selected 

collection
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Name Finder Search Options (FYI)

 All options off
− Hierarchy levels in Filter match results except for *
− * finds all names in all levels of hierarchy in selected collection
− Ex: * | data* finds names starting with data at second level only

 Case-insensitive (all collections)
− Names match Filter ignoring capitalization

 Hierarchical (get_pins; get_cells collections only)
− Filter must be just cell name or in form of <cell> | <pin>
− Ex: foo | * finds all pins on cell named foo
− Ex: * | data* finds all pins starting with data at any level of hierarchy

 Compatibility mode (get_pins; get_cells collections only)
− Always searches entire hierarchy
− Ex: * | data* finds all pins starting with data at any level of hierarchy
− Ex: * | * | data* performs the same search; extra * | not required

89
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Creating a Generated Clock

 Command:  create_generated_clock
 Options 

[-name <clock_name>]
-source <master_pin>
[-master_clock <clock_name>]
[-divide_by <factor>]
[-multiply_by <factor>]
[-duty_cycle <percent>]
[-invert]
[-phase <degrees>]
[-edges <edge_list>]
[-edge_shift <shift_list>]
[<targets>]
[-add]
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create_generated_clock Notes

 –source: Species the node in design from which 
generated clock is derived
− Ex. Placing source before vs. after an inverter would yield 

different results

 –master_clock: Used if multiple clocks exist at 
source due to -add option

 –edges: Relates rising/falling edges of 
generated clock to rising/falling edges of source 
based on numbered edges

 -edge_shift: Relates edges based on amount 
of time shifted (requires -edges)
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Create Generated Clock using GUI

Source clock 
location

Target location

Relationship to 
the source
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Generated Clock Example 1

create_clock –period 10 [get_ports clk_in]

create_generated_clock –name clk_div \

–source [get_pins inst|clk] \

-divide_by 2 \

[get_pins inst|regout]

Source pin

Target pin

발표자
프레젠테이션 노트
Should be okay to put to source to the port as well. 
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Generated Clock Example 2

clk_in

1 2 3 4 5 6 7 8

pulse_clk_out

master edges

create_clock –period 10 [get_ports clk_in]

create_generated_clock –name pulse_clk_out -source clk_in \

–edges {1 4 5} \

[get_pins pulse_logic|out]

# Master edges are numbered 1..<n>.  In the edge list, the first

# number corresponds to the first rising edge of the generated

# clock.  The second number is the first falling edge.  The third

# number is the second rising edge.  Thus, a clock is created that

# is half the period of the source with a 75% duty cycle.
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Generated Clock Example 3

clk_in

1 2 3 4 5 6 7 8

pulse_clk_out

master edges

create_clock –period 10 [get_ports clk_in]

create_generated_clock –name pulse_clk_out -source clk_in \

–edges {1 4 5} -edge_shift {2.5 2.5 2.5} \

[get_pins pulse_logic|out]

# Same as example 2 except -edge_shift shifts each edge indicated

# amount of time

9 10 11 12
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Inverted Clock Example

create_clock –period 5 [get_ports clk200]

create_generated_clock –name clk100 -source [get_pins divclk|clk] \

–divide_by 2 [get_pins divclk|regout]

create_generated_clock –name clk100n -source [get_pins div_clkn|clk] \

–divide_by 2 –invert [get_pins div_clkn|regout]

Q

QSET

CLR

D

CLK100

CLK200

REG1 REG2
DIN

Q

QSET

CLR

D

CLK100n

QOUT

DIVCLK

Q

QSET

CLR

D

DIV_CLKn

ARST

Q

QSET

CLR

D

÷2 clock, 
Starts low

÷2 clock, 
Starts high

Need to define CLK100 
& CLK100n as generated 
clocks
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PLL Clocks (Altera SDC Extension)

 Command:  derive_pll_clocks
− [-use_tan_name]: names clock after design net name from Classic timing analyzer settings 

instead of the default PLL output SDC pin name
− [-create_base_clocks]: generates create_clock constraint(s) for PLL input clocks 

 Create generated clocks on all PLL outputs
− Based on input clock & PLL settings

 Requires defining PLL input as clock unless –create_base_clocks
is used

 Automatically updates generated clocks on PLL outputs as changes 
made to PLL design

 write_sdc -expand expands constraint into standard 
create_clock and create_generated_clock commands 

 Not in GUI; must be entered in SDC manually
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derive_pll_clocks Example

create_clock –period 10.0 \
[get_ports in_clk]

derive_pll_clocks

# or simply:

derive_pll_clocks \
–create_base_clocks

#  Note the clock names for
#    the generated clocks
#    will be the names of
#    the PLL output pins

create_clock –period 10.0 [get_ports in_clk]
create_generated_clock –name c100 \

–source [get_pins {inst|altpll_component|pll|inclk[0]}] \
-divide_by 1 \
[get_pins {inst|altpll_component|pll|clk[0]}]

create_generated_clock –name c200 \
–source [get_pins {inst|altpll_component|pll|inclk[0]}] \
-multiply_by 2 \
[get_pins {inst|altpll_component|pll|clk[1]}]

create_generated_clock –name c200_shift \
–source [get_pins {inst|altpll_component|pll|inclk[0]}] \
-multiply_by 2 \
-phase 90 \
[get_pins {inst|altpll_component|pll|clk[2]}]

Using generated clock commands Using derive pll command

발표자
프레젠테이션 노트
[dcl]: With –create_base_clocks, it takes the input clock frequency from the megawizard, which is 10ns (or 100 MHz).
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Automatic Clock Detection & Creation

 Command: derive_clocks
− [-period]: same use as with create_clock
− [-waveform]: same use as with create_clock
− No target required

 Automatically create clocks on clock pins in design that 
don’t already have clocks defined

 Does not work with PLL outputs (use 
derive_pll_clocks)

 SDC extension expanded with write_sdc -expand

 Not in GUI
 Not recommended for final timing sign-off
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Default Clock Constraints

 Remember, all clocks must be constrained to 
analyze design with timing analysis

 If no clock constraints exist, default constraints  
created through two commands
derive_clocks -period 1.0

derive_pll_clocks

 Default constraints not applied if at least one 
clock constraint exists

 Not in GUI
 Not recommended for final timing sign-off
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Non-Ideal Clock Constraints

 So far, all clocks have been ideal
− Nice square waves
− No accounting for delays outside of FPGA

 Add extra constraints to define realistic, non-ideal 
clocks

 Three special constraints
− set_clock_latency

− set_clock_uncertainty

− derive_clock_uncertainty
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Clock Latency

 Two types of latency
− Source: From clock source to input port (board latency)
− Network: From input port to destination register clock pin

 Network latency handled and understood by timing 
analysis automatically

 Need to model source latency
− TimeQuest TA knows nothing about delays external to device

 Provide a more realistic picture of external clock behavior
 Example

− External feedback clock: need to specify delay from clock output 
I/O to clock input I/O

 Clocks created with create_clock have default source 
latency of 0

발표자
프레젠테이션 노트
Use early and late to indicate maximum and minimum PCB propagation delay times.
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Clock Latency (cont.)

 Command: set_clock_latency
 Specify source latency on external path(s) to 

device
 Options

− -source

− [-clock <clock_list>]

− [-early | -late]

− [-fall | -rise]

− <delay>

− <targets>
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set_clock_latency Notes

 -source: required argument for constraint (no 
options)

 -fall | -rise: latency applied on only falling 
or rising edge of clock

 -early | -late: latency on shortest/longest 
external path
− Used by timing analyzer as part of definition of data/clock arrival 

paths for setup/hold analyses
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Clock Latency (GUI)
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Clock Uncertainty

 Command: set_clock_uncertainty
 Use to model jitter, guard band, or skew

− Allows generation of clocks that are non-ideal

 Options
− [-setup | -hold]

− [-fall_from <fall_from_clock>]

− [-fall_to <fall_to_clock>] 

− [-from <from_clock>] 

− [-rise_from <rise_from_clock>] 

− [-rise_to <rise_to_clock>]

− [-to <to_clock>] 

− <value>

106
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Clock Uncertainty

 Setup uncertainty decreases setup required time
 Hold uncertainty increases hold required time

HOLD UNCERTAINTY SETUP UNCERTAINTY

Ex.  To add a 0.5-ns guardband around clock, use 250 ps of setup uncertainty 
and 250 ps of hold uncertainty.
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set_clock_uncertainty Notes

 -from, -to: uncertainty added to transfers 
within single clock domain or between different 
domains

 -fall_from, -fall_to, -rise_from, -rise_to: 
apply uncertainty only on rising/falling edges of 
source/destination clock domain
− Not available in the GUI; add options manually
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Clock Uncertainty (GUI)
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Automatically Derive Uncertainty

 Command: derive_clock_uncertainty
 Automatically derive clock uncertainties in supported 

devices
− Cyclone III, Stratix II, HardCopy® II, Stratix III, and new devices

 Uncertainties created manually with 
set_clock_uncertainty have higher precedence

 Options
− [-overwrite]: overwrites any existing uncertainty constraints
− [-add]: adds derived uncertainties to existing constraints

 SDC extension expanded with write_sdc -expand

 Not in GUI
 Use is recommended with supported devices
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Types of Derived Uncertainties

 Intra-clock transfers
− Transfers within a single clock domain within FPGA

 Inter-clock transfers
− Transfers between different clock domains within FPGA

 I/O interface clock transfers
− Transfers between an I/O port and internal design registers
− Requires creation of virtual clock (same as base clock)

 Reference clock for set_input_delay and set_output_delay constraints 
(described later)

 Timing analyzer derives intra- and inter-clock transfers for I/O if virtual clock not defined
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 Remove clock delay pessimism to account for min/max delays on 
common clock paths (Cyclone III, Stratix III and newer devices)
− Ex: Max delay for data arrival time; min delay for data required time

 Also used to improve minimum required clock pulse widths 
 Enable for Fitter and for timing analysis

− TimeQuest Timing Analyzer settings in Quartus II software
− enable_ccpp_removal in TimeQuest script or console
− May result in longer compilation time

Common Clock Path Pessimism Removal

112

REG1
PRE

D       Q

CLR

REG2
PRE

D       Q

CLR

Comb.
Logic

5.5 ns

5.0 ns

CCPP = 5.5 – 5.0 = 0.5 ns

setup slack = 0.7 ns without CCPP removal
setup slack = 1.2 ns with CCPP removal

Maximum and minimum 
common clock path delay

발표자
프레젠테이션 노트
[dcl]: Turning CCPP on may result in slightly longer compile time. But other than that, really no down side to turning the option on.
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Checking Clock Constraints

 Nodes used as clocks but not defined with SDC 
clock constraint considered unconstrained

 Solution
− Use Unconstrained Paths Report to find unconstrained clocks

 Quartus II Compilation Report timing summary
 Run report_ucp command
 Choose Report Unconstrained Paths (Tasks Pane or Reports menu)

− Use Clock Report to verify clocks are constrained correctly

발표자
프레젠테이션 노트
These undefined clocks could be purposefully or accidentally created.  For example, a “clock” could have been created due to incorrect HDL coding.
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Unconstrained Path Report

Unconstrained Paths 
Summary Report indicates 
how many clock nodes are 
unconstrained (along with 
other unconstrained paths)

Clock Status Summary 
Report lists each clock 

found and whether it was 
constrained
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Report Clocks (report_clocks)

 List details about the properties of constrained 
clocks

Clock 
properties

Clock names
(-name argument 
or default name)
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Please go to Exercise 2
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications

발표자
프레젠테이션 노트
Now we are going to check what SDC timing constraints we would apply to the following design situations.
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I/O Constraints

 Combinational I/O interface
 Synchronous I/O interface
 Source synchronous interface
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Combinational Interface

 Options
[-from <names>]

[-to <names>]

[-through]

<delay>

 All paths from IN to OUT need to be constrained
 Use set_max_delay & set_min_delay

commands
− Specify an absolute maximum & minimum delay between points

FPGA/CPLD

Combinational
Logic

in1

in2

in3

out1

out2
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set_max_delay & set_min_delay Notes

 -from & -to:  Use to indicate source & 
destination nodes for constraints

 -through:  Use to indicate the constraint should 
only be applied to path(s) going through a 
particular node name
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set_max_delay & set_min_delay (GUI)
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Combinational Interface Example

set_max_delay –from [get_ports in1] –to [get_ports out*] 5.0

set_max_delay –from [get_ports in2] –to [get_ports out*] 7.5

set_max_delay –from [get_ports in3] –to [get_ports out*] 9.0

set_min_delay –from [get_ports in1] –to [get_ports out*] 1.0

set_min_delay –from [get_ports in2] –to [get_ports out*] 2.0

set_min_delay –from [get_ports in3] –to [get_ports out*] 3.0

FPGA/CPLD

Combinational
Logic

in1

in2

in3

out1

out2
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I/O Timing – FPGA-Centric vs. System-Centric

 To specify I/O timing, we must decide whether we want to 
look at the I/O timing FPGA-centric or system-centric

 FPGA-centric means we determine what chip-level TSU, 
TH, TCO specs we need to meet
− Useful when FPGA may end up in a variety of environments or interacts 

with defined bus interface (e.g. PCI)

 System-centric means we take into account specs of 
specific surrounding chips, board delays, chip-to-chip 
skews

 Can specify some interfaces FPGA-centric and others 
system-centric
− Concentrate on system-centric in the class.

123
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I/O Timing – Virtual Clocks

 Recommended to use virtual clocks for 
specifying input / output delays

 Separate clock to represent external clock timing 
allows derive_clock_uncertainty to 
calculate correctly

 Easier to identify input / output paths in timing 
reports by virtual clocks at launch or latch edge

 In some cases (e.g. DDR), difficult to accurately 
constrain I/O without using virtual clocks

124



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

125

Synchronous Inputs

 Need to specify timing relationship from ASSP to 
FPGA/CPLD to guarantee setup/hold in 
FPGA/CPLD

FPGA/CPLDASSP

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

CL
*

Tdataint

Tclk1 Tclk2ext

TCO

Tsu / Th

OSC

* Represents delay due to capacitive loading

Tdata_PCB

Tclk2int

Tco represents 
total clock-to-
output time of 
ASSP (i.e. 
datasheet spec)

Virtual Clock
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Synchronous Inputs

Tclk2int

FPGA.CLK

Tsu

OSC

ASSP.CLK

Tclk1

Data ValidFPGA.DIN

Tdata_trace

Data ValidASSP.DOUT

Tco

CLK

DOUT DIN

CLK

Tclk2ext

Data ValidREG2.D

Tdataint

REG2.CLK
Th
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Constraining Synchronous Inputs
 Use set_input_delay (-max option) command to constrain input 

setup time (maximum time to arrive and still meet Tsu)
− Calculated input delay value represents all delays external to device

System-centric:
input delay max = Data trace (max) – Board clock skew (min) + Tco(max)

= (Tdata_PCB(max) + TCL) - (Tclk2ext(min) - Tclk1(max) ) + Tco(max)

FPGA-centric:
input delay max = (Tlaunch – Tlatch) - TSU

 Use set_input_delay (-min option) command to constrain input 
hold time (minimum time to stay active and still meet Th)
− Calculated input delay value represents all delays external to device

System-centric:
input delay min = Data trace (min) - Board clock skew (max) + Tco(min)

= (Tdata_PCB(min) + TCL) - (Tclk2ext(max) - Tclk1(min) ) + Tco(min)

FPGA-centric:
input delay min = Th
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set_input_delay Command

 Constrains input pins by specifying external 
device timing parameters

 Options
-clock <clock_name>

[-clock_fall]

[-rise | -fall]

[-max | -min]

[-add_delay]

[-source_latency_included]

<delay value>

<targets>
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set_input_delay Notes

 -clock: Specifies the clock driving the source (external) 
register
− Use the virtual clock
− Used to determine launch edge vs. latch edge relationship

 -clock_fall:  Use to specify input signal was launched 
by a falling edge clock transition

 -rise | -fall: Use to indicate whether input delay 
value is for a rising or falling edge transaction

 To fully constrain, must specify both -max & -min
− Each will default to the value of the other setting if only one assigned 

(same with rise/fall)
− Warning message if one or the other not specified

발표자
프레젠테이션 노트
[dcl]: Moved –max and –min discussion up and moved –add_delay to the next page
- Added the note about virtual clock
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set_input_delay Notes

 -add_delay: Use to specify multiple constraints on single 
input
− Only one set of max/min & rise/fall constraints allowed on an input pin

 -source_latency_included: input delay value 
specified includes clock source latency normally added 
automatically
− Tells TimeQuest to ignore any clock latency constraints applied to source 

clock

발표자
프레젠테이션 노트
[dcl]: Moved –add_delay to here and max and –min discussion to previous page
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 Need to specify timing relationship from 
FPGA/CPLD to ASSP to guarantee clock-to-
output times in FPGA/CPLD

131

Synchronous Outputs

* Represents delay due to capacitive loading

ASSPFPGA/CPLD

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

CL
*

Tdataint

Tclk1(ext) Tclk2

Tsu/Th

OSC

Tdata_PCB

Tclk1int

TCO

Tsu/Th represent 
total setup/hold 
time of ASSP (i.e. 
datasheet spec)Virtual Clock
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Synchronous Outputs

132

Tsu

OSC

FPGA.CLK

Tclk1ext

Data ValidFPGA.DOUT
Tdata_trace

Data ValidREG1.Q
Tco

CLK

DOUT DIN

CLK

Data ValidASSP.DIN

Tdataint

ASSP.CLK Th

Tclk2

REG1.CLK

Tclk1int
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Constraining Synchronous Outputs
 Use set_output_delay (-max option) command to constrain maximum 

clock-to-output (maximum time to arrive and still meet ASSP’s Tsu)
− Calculated output delay value represents all delays external to device

System-Centric:
output delay max = Data trace (max) - Board clock skew (min) + Tsu

= (Tdata_PCB(max) + TCL) - (Tclk2(min) - Tclk1ext(max) ) + Tsu

FPGA-Centric:
output delay max = (Tlaunch - Tlatch) - TCO(max)

 Use set_output_delay (-min option) command to constrain minimum 
clock-to-output (minimum time to stay active and still meet ASSP’s Th)
− Calculated output delay value represents all delays external to device

System-Centric:
output delay min = Data trace (min) - Board clock skew (max) – Th

= (Tdata_PCB(min) + TCL) - (Tclk2(max) – Tclk1ext(min) ) - Th

FPGA-Centric:
output delay min = - TCO(min)
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set_output_delay Command

 Constrains output pins by specifying external 
device timing parameters

 Options
-clock <clock_name>

[-clock_fall]

[-rise | -fall]

[-max | -min]

[-add_delay]

<delay value>

<targets>
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set_output_delay Notes

 -clock_fall:  output signal was latched by a 
falling edge clock transition

 All others same as set_input_delay
command
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Input/Output Delays (GUI)
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Synchronous I/O Example
ASSP2

PRE
D       Q

CLR

ASSP1

PRE
D       Q

CLR

FPGA/CPLD

in_reg
PRE

D       Q

CLR

TCO

PRE
D       Q

CLR

1 ns

Tsu/Th

out_reg
datain

clk

dataout1 ns

Tco(max) = 5 ns
Tco(min) = 3 ns

Tsu = 2 ns
Th = 0.4 ns

Tperiod = 10 ns

create_clock -period 10 -name clk [get_ports clk]

create_clock –period 10 –name clk_v_in  # virtual clock for input constraint

create_clock –period 10 –name clk_v_out # virtual clock for output constraint

set_input_delay –clock clk_v_in –max [expr 1 – (-0.5) + 5] [get_ports datain]

set_input_delay –clock clk_v_in –min [expr 1 - 0.5 + 3] [get_ports datain]

set_output_delay –clock clk_v_out –max [expr 1 – (-0.5) + 2] \

-clock_fall [get_ports dataout]

set_output_delay –clock clk_v_out –min [expr 1 - 0.5 – 0.4] \

-clock_fall [get_ports dataout]

Tskew = ±0.5 ns Notice inversion 
on input register

Note:  expr in these constraints is used to simply calculate the value of the 
equation broken down into the 3 parts defined by the input/output delay 
equations

clk_v_in clk_v_out

발표자
프레젠테이션 노트
[dc]: Added the virtual clock constraints for the set input delay and output delay.



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

Output Pin Load  Specifies output pin loading in 
picofarads (pf)
− Changes default loading value of I/O standard
− Changes tco of output pins

 Allows designer to accurately model 
board conditions

 Specify for entire I/O standard in Device 
Settings

 Apply to individual output or bidirectional 
pins in Assignment Editor or Pin Planner 
All Pins list

 Applies to 90-nm or older devices only
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Capacitive Loading tab of Device and Pin Options 
button in Device Settings

Tcl:  set_instance_assignment –name OUTPUT_PIN_LOAD <value> –to <pin name>

발표자
프레젠테이션 노트
[dcl]: mentioned that this only supports 90 nm or older devices. Refer customers to advanced I/O timing for all 65 nm and newer devices.
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Advanced I/O Timing
 Enhances analysis (over capacitive loading) by allowing user to enter board-

level parameters (Cyclone III, Stratix II, III, & IV devices only)
− Use in lieu of or in addition to HSPICE & IBIS modeling

 View signal integrity metrics in Compilation Report (TimeQuest folder)
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Right-click on output pin(s) in Pin 
Planner ⇒ Board Trace Model

Set parameters for 
specific I/O pin(s)

Enable in TQ settings, then 
Device Settings ⇒ Device & 

Pin Options

Set for all pins using 
I/O standard

Cf parameter equivalent 
to output pin load 
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Synchronous I/O Timing Summary 

System-centric FPGA-centric

Input delay (max) Board delay (max) - Board clock Skew (min) + TCO(max)

Board delay (max) = Tdata_PCB(max) + TCL

Board clock skew (min) = Tclk2ext(min) - Tclk1(max)

T – TSU

Input delay (min) Board Delay (min) - Board clock skew (max) + TCO(min)

Board delay (min) = Tdata_PCB(min) + TCL

Board clock skew (max) = Tclk2ext(max) - Tclk1(min)

Th

Output delay (max) Board Delay (max) - Board clock skew (min) + TSU

Board delay (max) = Tdata_PCB(max) + TCL

Board clock skew (min) = Tclk2(min) - Tclk1ext(max)

T - TCO(max)

Output delay (min) Board Delay (min) - Board clock skew (max) - Th

Board delay (min) = Tdata_PCB(min) + TCL

Board clock skew (max) = Tclk2(max) - Tclk1ext(min)

-TCO(min)

Note: The TSU, Th, TCO(max) and TCO(min), for FPGA-centric, are chip-level timing requirements.
T = (Tlatch – Tlaunch) 
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발표자
프레젠테이션 노트
For FPGA-centric, TSU, TH and TCO(MAX) and TCO(MIN) -> Chip level requirements that you are trying to satisfy… 
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Please go to Exercise 3
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Source-Synchronous Interfaces

 Both data & clock transmitted by host device with 
designated phase relationship (e.g. edge or center-
aligned)
− No clock tree skew included in calculation
− Target device uses transmitted clock to sample incoming data

 Skew between data and clock is the limitation factor of 
transmission speed
− Enables higher interface speeds (compared to using system clock)

ASSP2

PRE
D       Q

CLR

FPGA

PRE
D       Q

CLR

outreg
datain

clkin

dataout

PLL* clkout

PRE
D       Q

CLR

inreg

ASSP1

PRE
D       Q

CLR

*  The optional PLL in this example, represented by a single symbol, is 
actually generating multiple outputs clocks
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Source Synchronous Clocking Schemes

Edge-Aligned Center-Aligned

SDR

DDR

143

발표자
프레젠테이션 노트
SDR : Single Data Rate, data changes once per clock cycle
DDR : Double Data Rate, data changes twice per clock cycle
Edge-Aligned : Data changes align with active clock edge, valid data between active clock edges
Center-Aligned : Data changes midway between active clock edges, valid data centered on active clock edge
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 The FPGA input constraints vary depending on what’s 
given by the data sheet of the ASSP:
− TCO relative to the output clock
− TCO relative to the input clock
− Specify setup and hold parameters for the data output
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SDR Source-Synchronous Input (Data Sheet)

ASSP

PRE
D       Q

CLR

OUTCLK

OUTDATA

TCO

ASSP

PRE
D       Q

CLR

OUTCLK

OUTDATA

TCO Data

TCO Clock

Waveform @ output from external device

OUTCLK

DVW DVW

Launch edge
Latch edge

Tsu Th

Class Focus, refer to AN 
433 for other TCO methods

발표자
프레젠테이션 노트
In the class, we will concentrate on constraining source synchronous inputs based on the setup and hold parameters. 
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SDR Source-Synchronous Input (Center-Aligned)

 Total setup/hold relationship of FPGA to clock (clkin) already defined 
by output waveform of external device
− Tsu is start of DVW
− Th is end of DVW

 Must derive set_input_delay values from Tsu & Th

OUTCLK

DVW DVW

FPGA

PRE
D       Q

CLR

inreg
datain

clkin PLL*

ASSP

PRE
D       Q

CLR
OUTCLK

TCO

Waveform @ output from external device

*  The PLL in this example is used to maintain the input clock to data relationship

Launch edge
Latch edge

Tsu Th

발표자
프레젠테이션 노트
In the case of the source synchronous interface, instead of giving you a device’s external clock-to-output times, you are given an output waveform diagram (or similar) that reflects the relationship of the incoming clock to the incoming data.  Your inputs must then be able to receive the data transmitted correctly.  To do this, you must derive your set_input_delay –max & -min settings.



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

146

System-centric approach:
input delay max = data trace (max) - clock trace (min)

+ (latch edge - launch edge)* - TSU

FPGA-centric approach:
input delay max = (latch edge - launch edge)* - Tsu

SDR Source-Synchronous Input (Center-Aligned)

OUTCLK
FPGA

PRE
D       Q

CLR

inreg
datain

clkin PLL*

ASSP

PRE
D       Q

CLR
OUTCLK

*Typically 1 clock period for SDR

From ASSP Data sheet: Waveform @ 
output from external device

Tsu Th

Launch edge
Latch edge

DVW DVW
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System-centric approach:
input delay min = data trace (min) - clock trace (max) + Th

FPGA-centric approach:
input delay min = Th

SDR Source-Synchronous Input (Center-Aligned)

OUTCLK
FPGA

PRE
D       Q

CLR

inreg
datain

clkin PLL*

ASSP

PRE
D       Q

CLR
OUTCLK

From ASSP Data sheet: Waveform @ 
output from external device

Tsu Th

Launch edge
Latch edge

DVW DVW
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Using SDC with Source-Sync Input

 Create clock on clock input port
 Use set_input_delay command with 

reference to virtual clock
− Same as with synchronous input

FPGA

inreg
datain

clkin PLL

ASSP

PRE

D       Q

CLR
OUTCLK

PRE

D       Q

CLR

Virtual 
Clock
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System-Centric:
output delay max = data trace (max) – clock trace (min) + Tsu
output delay min  = data trace (min) – clock trace (max) – Th

FPGA-Centric:
output delay max = Tsu
output delay min  = - Th

SDR Source-Synchronous Output (Center-Aligned)

INCLK

DVW DVW

Waveform @ input to external device

FPGA

PRE
D       Q

CLR

outreg

clkin

dataout

PLL* clkout

ASSP

PRE
D       Q

CLR
INCLK

Tsu/Th

Notice output delay 
minimum is negative

*  The PLL in this example is used to shift output clock to establish an output clock to data relationship Tsu Th

Launch edge
Latch edge
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Using SDC with Source-Synch Output

 Must tell timing analyzer to analyze path from clock source to output 
clock port during analysis

 Use set_output_delay command on dataout with reference to 
new generated clock on output port

− Create generated clock on output clock port (source is PLL output pin)
− Use –clock argument in output delay assignment to associate output clock to output data 

bus

 Path from PLL output pin to output port still considered unconstrained 
(clock path viewed as a data path by timing analyzer)

− Constrain path from PLL pin to output port  with false path (described later), 
set_min/max_delay, or set_output_delay

FPGA

PRE
D       Q

CLR

outreg

clkin

dataout

PLL* clkout

This path must be analyzed when 
calculating data required time 
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Constraining Source-Sync Output Example

create_clock –period 5 -name clkin \
[get_ports clkin]

create_generated_clock –name pllclk -divide_by 1 \
–source [get_ports clkin]
[get_pins inst|altpll_component|pll|clk[0]]

# Place clock on external clock output
create_generated_clock -name clkout \

-source [get_pins inst|altpll_component|pll|clk[0]] \
-divide_by 1 [get_ports clkout]

# Constrain dataout with an external tsu of 0.5 ns
# and th of 0.5 ns using clkout as clock
set_output_delay -clock [get_clocks clkout] \

-max 0.500 [get_ports dataout]
set_output_delay -clock [get_clocks clkout] \

-min -0.500 [get_ports dataout]
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Source Synchronous I/O Timing Summary 
System-centric FPGA-centric

Input delay (-max) Data trace (max) – clock trace (min) + 
(latch edge – launch edge) - TSU

(latch edge – launch edge) – TSU

Input delay (-min) Data trace (min) – clock trace (max) + Th Th

Input delay –clock Target virtual input clock

Output delay (-max) Data trace (max) – clock trace (min) + 
TSU

TSU

Output delay (-min) Data trace (max) – clock trace (min) - Th -Th

Output delay (-clock) Target generated clock on FPGA output port

Notes: 
- The above only applies to center-aligned only. Also there are many other ways to 

constrain source synchronous I/Os. For more information, please refer to AN 433: 
Constraining and Analyzing Source-Synchronous Interfaces

- May also require some other timing exception constraints (to be discussed later).

152

발표자
프레젠테이션 노트
May also require timing exceptions to fully constrain the source synchronous I/O designs. (See DDR example at the very end).

http://www.altera.com/literature/an/an433.pdf�
http://www.altera.com/literature/an/an433.pdf�
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Checking I/O Constraints

 Helpful TimeQuest reports to run to verify 
constraints

 Report SDC
 Report Unconstrained
 Report Ignored Constraints
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 List SDC constraints applied to netlist

Report SDC (report_sdc)

Base clock

Input delays Output delays

Generated clocks
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 Same report as before used for unconstrained 
clocks (Clock Status Summary report)

 Setup and Hold Analysis folders list 
unconstrained I/O ports and paths

Report Unconstrained Paths (report_ucp)
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Verifying Clocks & I/O Timing

 Use Setup & Hold Summary reports to check 
worst slack for each clock
− Obtaining summary reports

 Use create_timing_summary Tcl command
 TimeQuest folder of Compilation Report
 Run Report Setup Summary & Report Hold Summary reports from Tasks 

pane or Reports menu

 For detailed slack/path analysis
− Run Report Timing from Tasks pane or Constraints menu
− Use report_timing command

발표자
프레젠테이션 노트
[dcl]: Removed overly obvious statements, such as negative slacks show up in red, etc.
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Please go to Exercise 4
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications

발표자
프레젠테이션 노트
Now we are going to check what SDC timing constraints we would apply to the following design situations.
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Asynchronous Paths

 Definition: signals that drive asynchronous inputs 
on internal registers (e.g. clear, preset)

 Used for design initialization & as outputs of 
control structures

 Must be constrained
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TimeQuest TA & Asynchronous Ports

 Asynchronous inputs assumed registered either 
internally or externally

 Timing analyzer performs recovery (setup) & 
removal (hold) analysis on asynchronous inputs
− Required times & arrival times are calculated just like for 

synchronous data
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Recovery & Removal (Review)

Recovery: The minimum time an asynchronous signal can be    
de-asserted BEFORE clock edge

Removal: The minimum time an asynchronous signal can be
de-asserted AFTER clock edge

D Q

CLR

SET CLK
Trem

ASYNC

Trec

CLK

ASYNC

발표자
프레젠테이션 노트
Metastability-issue aside, not meeting recovery and removal can caused bits not being reset correctly. For instance, if you have a state machine and some of the bits come out of reset during one cycle and some during the next cycle… 
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Types of Asynchronous Paths

 Externally registered
 Internally registered
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Externally Registered

 Control signal 
generated by a 
registered output of 
another device

 Typical sources are:
− Push button reset thru 

debounce circuit
− Supervisory chip
− Micro-processor GPIO

Vcc

FPGADebounce
Circuit RESET1

Supervisory
Chip

(eg  TI – TL7705A)

RESET2

Microprocessor

RESET3
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Externally Registered (cont.)

 Apply set_input_delay –max & 
set_input_delay –min to input port to constrain

Place constraints on 
input control port

ASSP

reg1
PRE

D       Q

CLR

FPGA/CPLD

reg2
PRE

D       Q

CLR

OSC

Virtual 
Clock
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ASSP

reg1
PRE

D       Q

CLR

FPGA/CPLD

reg2
PRE

D       Q

CLR

OSC

reset

clk

Virtual 
Clock
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Externally Registered Example

Place constraints on 
input control port

create_clock –name clk –period 10 [get_ports clk]

create_clock –name clk_vir –period 10

set_input_delay –clock [get_clocks clk_vir] –max 5 \

[get_ports reset]

set_input_delay –clock [get_clocks clk_vir] –min 2 \

[get_ports reset]
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Internally Registered

 Control signal generated 
as output of internal 
register

 Paths are covered by 
clock constraints

FPGA/CPLD

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

167

Checking Asynchronous Control Constraints

 Use same reports as for clocks & I/O

 Externally registered
− If unconstrained, paths show up as unconstrained input ports & 

paths

 Internally registered 
− If unconstrained, clock driving register appears as unconstrained
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Reporting Asynchronous Control Paths

 Use same methods as clocks & I/O

 Summary reports
− Use –recovery|-removal options with 
create_timing_summary

− Run Report Recovery/Removal Summary (Tasks pane or 
Reports menu)

 Detailed slack/path reports
− Use –recovery|-removal options with report_timing
− Choose Recovery or Removal as Analysis Type when running 

Report Timing (Tasks pane or Reports menu)
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Example Recovery Report (Ext. Registered)

External input delay

report_timing -from_clock clk_in_100mhz -recovery -npaths 10 \
-detail path_only -panel_name {Recovery (clk_in_100mhz) Detailed}

From node is reset

Destination is 
async. clear
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Example Recovery Report (Int. Registered)
report_timing -from_clock c100 -recovery -npaths 10 \

-detail path_only -panel_name {Recovery (c100) Internal}

From node is 
internal register

Destination is 
async. reset
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What about truly asynchronous control inputs?

 BAD IDEA to use it directly!!!!
 Solution:  Synchronize inputs with internal clock

− Input may then become false path (discussed in next section)

 But if you must…
− Use set_max_delay & 
set_min_delay to 
constrain paths

OR

− Use set_input_delay of 0 on input
 Asynchronous signal valid as soon as it arrives on input port

PRE
D       Q

CLR

Reset Button

PRE
D       Q

CLR

System Clock

Synchronous Reset
(Active Low)

발표자
프레젠테이션 노트
[dcl]: On page 116 from Synthesis Cookbook (Figure 16-3)
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Need More Proof?
For example, these state machine registers should all be de-asserted 

together, but…
FPGA/CPLD

PRE
D       Q

CLR

reset

clk

PRE
D       Q

CLR

PRE
D       Q

CLR

reg1 reg2 reg3

clk

reset

reg1.clr

reg2.clr

reg3.clr

TremTrec

Due to routing delay (skew) of 
the clear signal, only reg1
comes out of reset correctly, 
the rest may de-assert on the 
next clock cycle.  This could 
mean starting in the wrong 
state (or even an illegal state).

발표자
프레젠테이션 노트
Instead of resetting the state machine back to your idle state, you send it to some other state, possibly an illegal one.
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications
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Timing Exceptions: False Paths

 Logic-based
− Paths not relevant during normal circuit operation
− e.g. Test logic, static or quasi-static registers

 Timing-based
− Paths intentionally not analyzed by designer
− e.g. Bridging asynchronous clock domains using synchronizer 

circuits

 Must be marked by constraint to tell TimeQuest 
to ignore them

발표자
프레젠테이션 노트
Example, you have a path that is part of test logic.  The only reason the path is used, is when you are in a test mode in which the clock frequency is actually lower than the design frequency.  These paths you would want to fitter to exclude from analysis.
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Two Methods to Create False Paths

 set_false_path command
− Use when particular nodes are involved
− Examples

 All paths from an input pin to a set of registers
 All paths from a register to another clock domain

 set_clock_groups command
− Use when just clock domains are involved
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set_false_path Command

 Indicates paths that should be ignored during fitting and 
timing analysis

 Options
[-fall_from <clocks>]
[-rise_from <clocks>]
[-from <names>]
[-through <names>]
[-to <names>]
[-fall_to <clocks>]
[-rise_to <clocks>]
[-setup]
[-hold]
<targets>
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set_false_path Notes

 -from & -to:  Use to specify source & target nodes
− Target nodes can be clocks, registers, ports, pins or cells
− For registers, -from should be source register clock pin
− Specify a clock name to constrain all paths going into or out of its domain

 Constrains both rising and falling edge clock transitions
 More efficient than specifying individual nodes

 -rise_from & -fall_from: Use to indicate clocks for 
the source node & whether constraint is for a rising or 
falling edge clock transition; not in GUI

 -rise_to & -fall_to: Use to indicate clocks for 
destination node & direction of transition; not in GUI

 -setup & -hold:  Use to apply false paths to only 
setup/recovery or hold/removal analysis; not in GUI
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Set False Path (GUI)
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False Path Example 1

set_false_path –from [get_pins reg1|clk] \

–to [get_pins reg2|datain]

FPGA/CPLD

data

clk1

reg1 reg2 reg3

clk2

PRE
D       Q

CLR

PRE
D       Q

CLR

PRE
D       Q

CLR

Simple synchronizer 
circuit between two 
asynchronous clock 

domains
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False Path Example 2

set_false_path –fall_from clk1 \
–to [get_pins test_logic|*|datain]

set_false_path –from [get_pins test_logic|*|clk] \
-to [get_pins test_logic|*|datain]

set_false_path –from [get_pins test_logic|*|clk] \
-to [get_ports test_out] 

Cutting analysis of 
inserted test logic

FPGA/CPLD

data

clk1

REG1
PRE

D       Q

CLR

test_logic
test_out

FPGA/CPLD

data

clk1

reg1
PRE

D       Q

CLR

test_out

test_logic
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set_clock_groups Command

 Tells Fitter and timing analyzer to ignore ALL
paths between specified clock domains
− Great for clock muxes
− Equivalent to setting false paths (-from & -to) on all paths between 

domains

 Options
[-asynchronous | -exclusive]
-group <clock name>
-group <clock_name>
[-group <clock name>]…
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set_clock_groups Notes

 -group:  each group of clock names is mutually 
exclusive to other clock groups
− e.g. set_clock_groups –exclusive \

-group {clkA clkB} -group {clkC clkD}

 Additional argument*:
− -asynchronous: no phase relationship, but clocks active at the same 

time
− -exclusive: clocks not active at the same time

- Example: clock muxes

*Notes:
- Need at least one of the two arguments (-asynchronous or -exclusive)
- TimeQuest Timing Analyzer treats both options as if they were the same
- With one -group argument, TimeQuest Timing Analyzer cut analysis of ALL 

paths to that group of clocks.
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FPGA/CPLD

clk_100

clk_66

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

clk_sel

Clock Mux Example 1

create_clock –period 10.0 [get_ports clk_100]

create_clock –period 15.0 [get_ports clk_66]

set_clock_groups –exclusive –group {clk_100} –group {clk_66}

# Since clocks are muxed, timing analyzer should not analyze 

# cross-domain paths as only one clock will be driving the

# registers at any one time.

clock control 
block
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FPGA/CPLD

Clock Mux Example 1 (Alternative)

create_clock –period 10.0 [get_ports clk_100]

create_clock –period 15.0 [get_ports clk_66]

set_false_paths –from [get_clocks clk_100] –to [get_clocks clk_66]

set_false_paths –from [get_clocks clk_66] –to [get_clocks clk_100]

#  For an equivalent constraint using false paths, you must

#  consider paths going both directions

clk_100

clk_66

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

clk_sel

clock control 
block
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FPGA/CPLD

clk

clk_200

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

clk_sel

Clock Mux Example 2

create_clock –name clk_100 –period 10.0 [get_ports clk]
create_clock –name clk_66 –period 15.0 [get_ports clk] –add
create_clock –period 5.0 [get_ports clk_200]

set_clock_groups –exclusive –group {clk_100} \
–group {clk_66} –group {clk_200}

# As before, never will more that one clock be driving all
#    registers

Applying two clock settings 
to same input port

clock control 
block
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FPGA/CPLD

Clock Mux Example 3

create_clock –period 10.0 [get_ports clk_100]
create_clock –period 15.0 [get_ports clk_66]

create_generated_clock –name clkmux_100 –source clk_100 \
-multiply_by 1 [get_pins clkmux|clkout]

create_generated_clock –name clkmux_66 –source clk_66 \
-multiply_by 1 [get_pins clkmux|clkout] –add

set_clock_groups –exclusive –group {clkmux_100} –group {clkmux_66}

# Since clk_100 is also feeding into the core, now you need to make generated
#   clocks on the mux outputs and use them for the clock groups

clk_100

clk_66

reg2
PRE

D       Q

CLR

reg3
PRE

D       Q

CLR

clk_sel

clock control 
block

reg1
PRE

D       Q

CLR



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

187

Verifying False Paths & Groups

 False paths
− Create timing exceptions report

 report_exceptions

 Tasks pane or Reports menu: Report Exceptions

 Clock groups
− Check clock transfers to ensure no paths are returned

 report_clock_transfers

 Tasks pane or Reports menu: Report Clock Transfers

발표자
프레젠테이션 노트
[dcl]: Change it to “Report Exceptions” to report false paths.
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications
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Timing Exceptions: Multicycle Paths

 Paths requiring more than one cycle for data to 
propagate

 Causes timing analyzer to select another latch or 
launch edge

 Designer specifies number of cycles to move 
edge 

 Logic must be designed to work this way
− Constraint informs timing analysis how logic is supposed to 

function
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Other Instances to Use Multicycle Paths

 Design does not require single cycle to transfer 
data (non-critical paths)
− Otherwise needlessly over-constrain paths

 Clocks are integer multiples of each other with or 
without offset
− Demonstrated in Exercise 5

 Clock enables ensuring register(s) not sampling 
data every clock edge

발표자
프레젠테이션 노트
Changed from Exercise “4” to “5” as lab 3 is now splitted into two.
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Multicycle Types

Type Clock Timing Check Shorthand

End Multicycle Setup Destination Setup EMS

End Multicycle Hold Destination Hold EMH

Start Multicycle Setup Source Setup SMS

Start Multicycle Hold Source Hold SMH

 Destination
− Constraint based on destination clock edges
− Moves latch edge backward (later in time) to relax required 

setup/hold time
− Used in most multicycle situations

 Source
− Constraint based on source clock edges
− Moves launch edge forward (earlier in time) to relax required 

setup/hold time
− Useful when source clock is at higher frequency than 

destination

 Setup
− Increases the number of cycles for setup analysis
− Default is 1

 Hold
− Increases the number of cycles for hold analysis
− Default is 0

191
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set_multicycle_path Command

 Indicates by how many cycles the required time (setup or 
hold) should be extended from defaults

 Options
[-start | -end]

[-setup | -hold]

[-fall_from <clocks>]

[-rise_from <clocks>]

[-from <names>]

[-through <names>]

[-to <names>]

[-fall_to <clocks>]

[-rise_to <clocks>]

<targets>

<value>
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set_multicycle_path Notes

 -start: Use to select a source multicycle
 -end: Use to select a destination multicycle (default)
 -setup | -hold: Specifies if the multicycle value is 

applied to the setup or hold calculation
 <value>: Cycle multiplier - Number of edges by which to 

extend analysis

 All other options behave similar to set_false_path
options
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Set Multicycle Path (GUI)
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Understanding Multicycle (1)

FPGA/CPLD

clk

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

reg1.clk

reg2.clk

DVW

Launch edge

Latch edge

Standard single-cycle register transfer

Multicycle Setup = 1 (Default)
Multicycle Hold = 0 (Default)*

EMH0 EMS1

*Default hold edge is one edge before/after setup edge

발표자
프레젠테이션 노트
EMH -> End multicycle hold
EMS -> End multicycle setup

[Note]: Make sure to talk about EMH0 is always one cycle before the latch edge. 
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DVW
Either 
DVW

DVW

Understanding Multicycle (2)

Change to a two cycle setup; two cycle hold transfer

REG1.clk

REG2.clk
Latch edge

Launch edge

EMS2EMH1
set_multicycle_path –from [get_pins reg1|clk] –to [get_pins reg2|datain] –setup 2
set_multicycle_path –from [get_pins reg1|clk] –to [get_pins reg2|datain] -hold 1

In this example, there is a 
large combinational block in 
the path, by design, so the 
multicycle constraint 
expresses this.  The divide-
by-two enable prevents 
partial data from being 
clocked early in REG2.

FPGA/CPLD

clk

reg1
PRE

D       Q

CLR

ena

reg2
PRE

D         Q

ENA     
CLR

EMH0
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Understanding Multicycle (3)

reg1.clk

reg2.clk

FPGA/CPLD

clk

reg1

PRE
D       Q

CLR

reg2

PRE
D       Q

CLR

PLL

PLL - Shift 
Latch edge

DVW

Launch edge

Correct 
latch edgeIncorrect 

latch edge

In this example, there is too much 
logic in the cloud between registers. 
In order to meet the setup restriction, 
a PLL is used to shift the clock edge 
in time.
Reg2 doesn’t need a clock enable 
because we are merely shifting the 
latch clock edge; the data is naturally 
shifted because of the cloud of logic. 
Reg2 will latch data every shifted 
clock.

Change to a two cycle setup; single cycle hold transfer

set_multicycle_path –from [get_pins reg1|clk] –to [get_pins reg2|datain] –setup 2

EMH0 EMS2

발표자
프레젠테이션 노트
In the left circuit there is too much logic in the cloud between the registers and can’t meet setup time. The right circuit employs a PLL to shift the clock edge in time. 

By shifting the clock the latch flops want to use the second clock edge to grab the data however the hold edge hasn’t changed. Because the hold edge hasn’t moved, a multi-cycle hold constraint is not required.

Reg2 doesn’t need a clock enable because we are merely shifting the latch clock edge; the data is naturally shifted because of the cloud of logic. Reg2 will latch data every shifted clock. 
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Understanding Multicycle (4)

198

SMS1
(default)

SMS2

In this example, a register clocked by 
a 2x clock feeds a register clocked 
with a 1x clock. The launch register 
only changes value in phase P0 only 
and never in P1. 
Rather than moving the latch edge, 
we are going to move the launch 
edge instead, with the -start
argument.

FPGA/CPLD

clk

reg1
PRE

D       Q

CLR

reg2
PRE

D       Q

CLR

PLL 2xclk

1xclk

Control 
Logic

2xclk

1xclk

P0 P1

Latch edge

Launch edge
Next launch 

edgeSMH0 SMH1

set_multicycle_path –from [get_pins reg1|clk] –to [get_pins reg2|datain] –start -setup 2
set_multicycle_path –from [get_pins reg1|clk] –to [get_pins reg2|datain] –start -hold 1

Move the launch edge

발표자
프레젠테이션 노트
Two step process:
We first move the launch edge to SMS of 2. Upon doing that, SMH0 then moves to the position of SMS1 (since it SMH0 is always one cycle behind SMS). 
Therefore, we need to move the next launch edge to SMH1. 
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Reporting Multicycles

No Multicycle
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Reporting Multicycles

Same path with 
Setup Multicycle = 2

Latch edge extended 
by one destination 

clock cycle
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Report Exceptions

 Provide information 
specifically about timing 
exceptions (false paths 
and multicycle paths)
− report_exceptions

− From Tasks pane or Report
menu

201
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SDC Timing Constraints

 Clocks
 I/O
 Asynchronous paths
 False paths
 Multicycle paths
 Delay and skew specifications
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Absolute Delays

 Applies a timing value to a particular path
 Overrides the current setup/hold information for 

the path derived from clock and I/O constraints

 Apply set_max_delay & set_min_delay
constraints to paths
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Absolute Delay Example

 Specify an input port-to-register or register-to-output port 
constraint without using input & output delays

 Use -rise_from/-fall_from & 
-rise_to/-fall_to (not in GUI) to restrict timing value 
to only registers responding to a rising or falling edge 
transition
Ex. DDR input

# Apply a 2ns max delay for an input port only to nodes clocked by 

# the rising edge of clock CLK

set_max_delay -from [get_ports in*] -rise_to [get_clocks CLK] 2.000
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Specify skew
 set_max_skew

− -from, -include, -to: specify paths or pins of a cell
− <skew>: required maximum skew

 Specify maximum path-based skew requirements 
for registers and ports in the design.

 By default, the command excludes 
set_input_delay and set_output_delay 
values

 When used, results are reported with 
report_max_skew
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Quartus® II Software Design Series: 
Timing Analysis

Example Application – DDR Input

발표자
프레젠테이션 노트
TimeQuest Class changes: 

Screen shot updates on slide 17, 18, 40, 46, 72, 75, 87-89

Changes from the ILT Course Status spreadsheet:
Resolved combinatorial and combinational issues on slides 8, 29, 137, 138, 141, 217 and 218
Changed the definitions of recovery and removal to the amount of time async signal can be “de-asserted” from “remain active”
Slide 112. Fixed the missing \ after –edge argument
Added the missing relationship to the source for the generated clocks in slide 202.
Showed how to set tcl variables in the DDR example.
Created the formula summary sheets at the end of synchronous and source synchronous I/O sections.
 Removed the dual port FIFO example from the actual lecture and moved it to appendix.
To be more consistent with the rest of the presentation, [get_pors{datain}] has been added to slide 231.
Slide 103, fixed the precedence of constraints: latest always overwrite the earliest (except for name conflict).
 Changed the error in the lab manual exercise 2 step 2 # 5 (just a screen shot update).

Other notable changes:
Changed slide 12 – behavior only affects 90 nm and older devices
Removed slide 37 – redundant slide on entering constraints.
Removed slide 47 – no need to mention 3rd party TA tool support in TimeQuest class
Changed slide 61 – to illustrate the fact that virtual clocks need to be used for synchronous I/O constraints
Removed slide 62 – the one that stated virtual clock only need to be defined if the two clock sources are different. 
Removed slide 94 – redundant slide that again shows how to enter constraints
Changed slide 95 – changed the weird almost-asymmetrical clock to just a regular clock with a phase offset.
 Changed slide 100 – Removed “clock inversions automatically detected unless derived from more complex logic structures”.
 Changed slide 131 – Added the fact that CCPP might increase compilation time.  
 Changed slide 146, 147 – switched the order of the arguments around
 Changed slide 154 – Added virtual clock assignments
 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices
 Changed slide 170 – Removed the overly obvious “negative slacks show up red”
 Changed slide 205 – Use “report_exception” to report false paths instead
 Changed slide 208 – From exercise 4 to exercise 5 (as exercise 3 is now split into two).
 Removed slide 222 – As it is redundant now.
 Removed slide 227 
 Changed slide 231 – To include virtual clock constraints and add tcl variables.

Note: the above page # (and the page # in the spreadsheet) are based on the 9.0 version of the class.

Fixes after the review:
Remove slide 40 and 41 (the original two slides covering metastability analysis) as they did not fully explain the concept and broke the flow of the section. Furthermore, they are probably better suited for the optimization class.
Extended the waveform for slide 97. The edge shifting one was a bit hard to see. 
Removed the –reference_pin arguments from the I/O constraints (they are not the recommended way to constrain I/Os). From slide 130, 132 and 136.
Make the targeted clocks more explicit in the SS I/O summary page. From “virtual clock” and “derived clock” to “virtual input clock” and “generated clock on FPGA output port”. Slide 154
Slide 184: Mentioned that with just one –group argument, analysis of that group from ALL other groups are cut.
Moved absolute delays and set_max_skew slides back to the actual presentation from the appendix section.
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ASSP

DDR Input Example
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DDR Input Example (cont.)

 What’s different about this circuit than prior examples?

 Rising & falling edge input registers from same input port
 Registers have ½ clock period for required time

FPGA

PRE
D       Q

CLR

datain

PRE
D       Q

CLR

clk
Tclk = 6 ns 

DVW DVW DVW DVW DVWDVW

Tsu = 0.5 ns
Th = 0.5 ns

Tsu Th

Waveform @ output from external device
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DDR Input Example (cont.)

Output 
Clock

Output 
Data

Virtual 
Clock

ASSP

DDR

DDRPLL

Output clock

Output data

Virtual Clock

– Correct Hold relationship           
- - Correct Setup relationship

 Need false path exceptions to prevent timing 
analysis on opposite-edge transfers

209

90º phase shift

90º

0º

발표자
프레젠테이션 노트
Arrows -> what we WANT to analyze. Thus we need false paths to cut what we DON’T want to analyze. 
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DDR Input Example (cont.)
# Define variables
set clk_period 6
set Tsu 0.5
set Th 0.5

# Create clocks and virtual clocks
create_clock –period $clk_period [get_ports clk]
create_clock –period $clk_period –name clk_v

# Rising edge clock constraint
set_input_delay –clock clk_virt –max [expr $clk_period / 2 - $Tsu] [get_ports {datain}]
set_input_delay –clock clk_virt –min $Th [get_ports {datain}] 

# Falling clock edge constraint
set_input_delay –clock clk_virt –max [expr $clk_period / 2 – $Tsu] [get_ports {datain}] \

-clock_fall –add_delay
set_input_delay –clock clk_virt –min $Th [get_ports {datain}] \

-clock_fall –add_delay

# Set false paths
set_false_path –setup –rise_from {clk_virt} –fall_to {clk}
set_false_path –setup –fall_from {clk_virt} –rise_to {clk}
set_false_path –hold –rise_from {clk_virt} –rise_to {clk}
set_false_path –hold –fall_from {clk_virt} –fall_to {clk}
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DDR Reporting

 Use report_timing Command
 Must check all rising & falling edge transitions

− Two data valid windows to check
 One from a rising edge source clock
 One from a falling edge source clock

− Use rise_from, rise_to, fall_from, fall_to
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Please go to Exercise 5
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Timing Analysis Summary

 Timing constraints are very important in 
FPGA/CPLD design

 Use timing constraints to tell fitter & timing 
analyzer how logic is designed to function

 SDC provides an easy-to-use, standard interface 
for constraining design

 See the Quartus II Handbook: Volume 3, Section 
II, for more information about timing analysis
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Learn More Through Technical Training

214

Instructor-Led Training

With Altera's instructor-led training courses, you can:

Listen to a lecture from an Altera technical training 
engineer (instructor) 

Complete hands-on exercises with guidance from an 
Altera instructor 

Ask questions & receive real-time answers from an 
Altera instructor 

Each instructor-led class is one or two days in length 
(8 working hours per day).

Online Training

With Altera's online training courses, you can: 

Take a course at any time that is convenient for you

Take a course from the comfort of your home or 
office (no need to travel as with instructor-led courses) 

Each online course will take approximate one to three 
hours to complete. 

http://www.altera.com/training
View training class schedule & register for a class

http://www.altera.com/training�
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Other Quartus II Design Series courses

 Quartus II Software Design Series: Foundation
− Project creation and management
− Design entry methods and tools
− Compilation and compilation results analysis
− Creating and editing settings and assignments
− I/O planning and management
− Introduction to timing analysis with the TimeQuest timing analyzer

 Quartus II Software Design Series: Verification
− Basic design simulation with ModelSim-Altera
− Power analysis
− Debugging solutions

 Quartus II Software Design Series: Optimization
− Incremental compilation
− Quartus II optimization features & techniques

215
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Altera Technical Support

 Reference Quartus II software on-line help 
 Quartus II Handbook
 Altera forum: http://www.alteraforum.com/

− Discuss issues, ask questions, and share solutions with other Altera users

 Consult Altera applications (factory applications engineers)
− MySupport:  http://www.altera.com/mysupport
− Hotline:  (800) 800-EPLD (7:00 a.m. - 5:00 p.m. PST)

 Field applications engineers: contact your local Altera sales office
 Receive literature by mail: (888) 3-ALTERA
 FTP: ftp.altera.com
 World-wide web: http://www.altera.com

− Use solutions to search for answers to technical problems  
− View design examples

216

http://www.altera.com/literature/lit-qts.jsp�
http://www.alteraforum.com/�
http://www.altera.com/mysupport�
ftp://ftp.altera.com�
http://www.altera.com�
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 System-centric synchronous I/O
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Synchronous Inputs
System-centric Approach

Setup:
Data Required Time = (Tclk2ext + Tclk2int) + T – TSU

Data Arrival Time = (Tclk1ext + TCO) + Tdata_trace + Tdata2_int

Setup Slack = Required Time – Arrival Time > 0
= T – TSU + Tclk2int – Tdata2_int – [  –Tskew + Tdata_trace + TCO]
= T – TSU + Tclk2int – Tdata2_int – input delay (max)

Input delay max = Tdata_trace(max) + TCO(max) –Tskew(min)

where:
Tskew = Tclk2ext – Tclk1 and Tdata_trace = Tdata_PCB + TCL

CLK

DOUT DIN

CLK
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Synchronous Inputs
System-centric Approach

Hold:
Data Required Time = (Tclk2ext + Tclk2int) + Th
Data Arrival Time = (Tclk1ext + TCO) + Tdata_trace + Tdata2_int

Hold Slack = Arrival Time – Required Time > 0
= [Tdata_trace – Tskew + TCO] + Tdata2_int – Tclk2int – Th > 0
= Input delay min + Tdata2_int – Tclk2int – Th > 0

Input delay min = Tdata_trace(min) – Tskew(max) + TCO(min)

where:
Tskew = Tclk2ext – Tclk1and Tdata_trace = Tdata_PCB + TCL

CLK

DOUT DIN

CLK
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Synchronous Outputs
System-centric Approach

Setup:
Data Required Time = Tclk2 + T – TSU
Data Arrival Time = (Tclk1ext + Tclk1int + TCO) + Tdata1_int + Tdata_trace

Setup Slack = Required Time – Arrival Time > 0
= T – Tclk1int – Tco – Tdata1_int – [TSU + Tdata_trace - Tskew] > 0
= T – Tco – Tdata1_int – output delay (max)

Output delay max = TSU + Tdata_trace(max) – Tskew(min)

where:
Tskew = Tskew = Tclk2ext – Tclk1 and Tdata_trace = Tdata_PCB + TCL
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Synchronous Outputs
System-centric Approach

Hold:
Data Required Time = Tclk2 + T – Th
Data Arrival Time = T + (Tclk1ext + Tclk1int + TCO) + Tdata1_int + Tdata_trace

Hold Slack = Arrival Time – Required Time > 0
= [Tdata_trace – Tskew – Th] + TCO + Tdata1_int + Tclk1int > 0
= Output delay min + TCO + Tdata1_int + Tclk1int > 0

Output delay min = Tdata_trace(min) – Tskew(max) – Th

where:
Tskew = Tclk2ext – Tclk1and Tdata_trace = Tdata_PCB + TCL
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Synchronous Inputs
FPGA-centric Approach

Setup: 
Data Required Time = Tclk – TSU
Data Arrival Time = Tclk_virt + input delay max

Setup Slack = Data Required time – Data Arrival Time > 0
= [Tclk – TSU] – [Tclk_virt + input delay max] > 0
= [Tclk – Tclk_virt] – TSU – input delay max > 0

Input delay max < [Tclk – Tclk_virt]* – TSU = T - TSU

*Note: Tclk and Tclk_virt have same spec and 
Latch edge is one cycle after launch edge =>  [Tclk – Tclk_virt] = T

Virtual Device
reg1
PRE

D       Q

CLR

FPGA/CPLD
reg2
PRE

D       Q

CLR

OSC

Tclk

Tclk_virt
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Synchronous Inputs
FPGA-centric Approach

Hold: 
Data Required Time = Tclk + Th

Data Arrival Time = Tclk_virt + input delay min

Setup Slack = Data Arrival time – Data Required Time > 0
= [Tclk_virt + input delay min] – [Tclk + Th] > 0

Input delay max < [Tclk – Tclk_virt] + Th = Th*

*Note: Tclk and Tclk_virt have same spec and 
Hold check is against the current rising edge =>  [Tclk – Tclk_virt] = 0

Virtual Device
reg1
PRE

D       Q

CLR

FPGA/CPLD
reg2
PRE

D       Q

CLR

OSC

Tclk

Tclk_virt
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Synchronous Outputs
FPGA-centric Approach

Setup: 
Data Required Time = Tclk_virt
Data Arrival Time = Tclk + TCO + output delay max 

Setup Slack = Data Required time – Data Arrival Time > 0
= [Tclk_virt] – [Tclk + TCO + output delay max] > 0
= - [Tclk – Tclk_virt] – TCO – input delaly max > 0

Output delay max = [Tclk – Tclk_virt]* – TCO(max) = T – TCO(max)

*Note: Tclk and Tclk_virt have same spec and 
Latch edge is one cycle after launch edge =>  [Tclk – Tclk_virt] = T

FPGA/CPLD
reg1
PRE

D       Q

CLR

Virtual Device
reg2
PRE

D       Q

CLR

OSC

Tclk Tclk_virt
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Synchronous Outputs
FPGA-centric Approach

Hold: 
Data Required Time = Tclk_virt

Data Arrival Time = Tclk + TCO + output delay min

Setup Slack = Data Arrival time – Data Required Time > 0
= [Tclk + TCO + output delay min] – [Tclk_virt] > 0

Output delay max < [Tclk – Tclk_virt] – TCO(min) = TCO(min)*

*Note: Tclk and Tclk_virt have same spec and 
Hold check is against the current rising edge =>  [Tclk – Tclk_virt] = 0

FPGA/CPLD
reg1
PRE

D       Q

CLR

Virtual Device
reg2
PRE

D       Q

CLR

OSC

Tclk Tclk_virt
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input delay max = board delay (max) - clock delay (min) + Tco(max)
= Tco(max)

setup slack = data required time - data arrival time
If setup slack = 0 (start of DVW):

data arrival time = data required time
latch edge - Tsu= launch edge + input delay max

so
input delay max = (latch edge - launch edge)* - Tsu

SDR Source-Synchronous Input (Center-Aligned)

OUTCLKFPGA

PRE
D       Q

CLR

inreg
datain

clkin PLL*

ASSP

PRE
D       Q

CLR
OUTCLK

TCO

*Typically 1 clock period for SDR

Waveform @ output from external device

Tsu Th

Launch edge
Latch edge

Note: In reality for high-speed designs, there would be some max/min board & clock delay that would need to be figured into the analysis.

DVW DVW

발표자
프레젠테이션 노트
If they want to see it derived:
(1) input delay max	= Board Delay – Board clock skew + Tco(max)
& 
(2) slack = required time - data arrival time
If slack is set to zero, then:
(3) data required time = data arrival time
Thus,
(4) latch edge – Ttotal_tsu = launch edge + input delay max
And 
(5) Input delay max = latch edge – launch edge – Ttotal_tsu


For hold (3) still applies: 
(3) Data required time = data arrival time
Thus
(6) Latch edge + Ttotal_th = launch edge + input delay min
Since latch and launch are typically 0
(7) Input delay min = Ttotal_th 
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input delay min = board delay (min) - clock delay (max) + Tco(min)
= Tco(min)

hold slack = data arrival time - data required time
If hold slack = 0 (end of DVW):

data required time = data arrival time
latch edge + Th = launch edge + input delay min

For hold analysis, latch and launch edges cancel out, so
input delay min = Th

SDR Source-Synchronous Input (Center-Aligned)

OUTCLKFPGA

PRE
D       Q

CLR

inreg
datain

clkin PLL*

ASSP

PRE
D       Q

CLR
OUTCLK

TCO

Waveform @ output from external device

Tsu Th

Launch edge
Latch edge

Note: In reality for high-speed designs, there would be some max/min board & clock delay that would need to be figured into the analysis.

DVW DVW

발표자
프레젠테이션 노트
If they want to see it derived:
(1) input delay max	= Board Delay – Board clock skew + Tco(max)
& 
(2) slack = required time - data arrival time
If slack is set to zero, then:
(3) data required time = data arrival time
Thus,
(4) latch edge – Ttotal_tsu = launch edge + input delay max
And 
(5) Input delay max = latch edge – launch edge – Ttotal_tsu


For hold (3) still applies: 
(3) Data required time = data arrival time
Thus
(6) Latch edge + Ttotal_th = launch edge + input delay min
Since latch and launch are typically 0
(7) Input delay min = Ttotal_th 
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output delay max = board delay (max) – clock delay (min) + Tsu
= Tsu

output delay min = board delay (min) – clock delay (max) – Th
= -Th

SDR Source-Synchronous Output (Center-Aligned)

INCLK

DVW DVW

Waveform @ input to external device

FPGA

PRE
D       Q

CLR

outreg

clkin

dataout

PLL* clkout

ASSP

PRE
D       Q

CLR
INCLK

Tsu/Th

Notice output delay 
minimum is negative

*  The PLL in this example is used to shift output clock to establish an output clock to data relationship

Tsu Th

Launch edge
Latch edge

Notes:  
1) In reality for high-speed designs, there would be some max/min board & clock delay that would need to be figured into the analysis.
2) The PLL in this example is used to shift output clock to establish an output clock to data relationship
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Reporting in Quartus II Comp. Report

 By default, only basic 
reports generated

 Enable multi-corner 
analysis to view 
summaries for all 
corners

 Enable worst-case 
path reporting for each 
clock domain

 Customize reporting 
with Tcl script

Three process corners 
analyzed for supported 

devices

• SDC files used during fitting
• Clocks generated
• Timing violations
• Unconstrained paths

발표자
프레젠테이션 노트
[dcl]: Changing screen shots
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Reporting in TimeQuest TA

 Much more control over generation 
of many different types of reports

 Simple report creation by double-
clicking common report types in the 
Tasks pane or selecting from 
Reports menu

 Complex report creation with 
custom reports or command line 
reporting features

 Use Tcl scripts (run from Script 
menu) with reporting commands to 
quickly regenerate reports for 
analysis
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Report Destinations

 Targeted viewing pane in the GUI
− Default destination for all reports
− -panel_name <name>: customize report panel name

 Console
− Report results displayed in the console
− -stdout: enable console reporting

 Output file
− Store report results in a .txt or .html file
− -file <name>: name file to store results
− -append: append results to existing file specified by 
-file option
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Report Output (GUI)

Custom report sent to GUI report panel

발표자
프레젠테이션 노트
[dcl]: Change screen shot.
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Custom Report Output (Console)

Custom report (ASCII) 
sent to Console pane

Expand for more detail
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Custom Report Output (File)

Custom report (ASCII) sent to file
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Diagnostic Reports
 Report SDC

− Lists constraints successfully applied to the netlist, organized by constraint type
− Command: report_sdc

 Report Clocks
− List all the clocks defined by constraints in the design
− Command: report_clocks

 Report Ignored Constraints
− Lists commands ignored by the TA, usually due to typos or incorrect constraint 

arguments
− Command: report_sdc -ignored

 Report Unconstrained Paths
− Lists input and output ports and paths that have not been constrained
− Command: report_ucp

 See examples later with actual constraints
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Other Basic Timing Reports

 Report Clock Transfers
− Summarizes number of paths that cross between clock domains
− Command: report_clock_transfers

 Report Datasheet
− Summarizes timing requirements for the entire design
− Tsu, Th, Tco, Tco (min), Tpd, Tpd (min)
− Command: report_datasheet

 Check Timing
− Checks for potential timing problems with design or constraints
− -include <check_list>: perform check only on listed checks
− Command: check_timing

 Report Fmax Summary
− Report potential Fmax for all clocks in the design
− Command: report_clock_fmax_summary
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Reporting Macros

 Built-in shortcut tasks that generate multiple 
reports
− Report All Summaries

 Quick command to generate all summary reports

− Report Top Failing Paths
− Report All I/O Timings
− Report All Core Timings

 Reports worst case slack on worst register-to-register pairs throughout design

− Create All Clock Histograms (described next)
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Advanced Reporting: Slack Histogram

 Create histograms showing number of edges with a 
certain amount of slack within a clock domain

 Command: create_slack_histogram

Range of slack amount to 
report

(-max_slack, -min_slack)

# of “bins” along X 
axis to place bars

(-num_bins)
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Other Reports

 Report Metastability
− Size and names of found synchronization chains and MTBF for each

 Report TCCS & Report TSKM
− Channel-to-channel & receiver skew margins for LVDS interfaces

 Report DDR
− Custom reporting for use with the ALTMEMPHY high performance memory controller 

megafunction

 Report Minimum Pulse Width
− Reports minimum widths of clock pulses required to recognize clock transitions

 Report Net Timing & Report Path
− Detailed information about specific nets or paths based on selected criteria

 See Handbook and on-line help for details
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Appendix

 System-centric synchronous I/O
 FPGA-centric synchronous I/O
 System-centric to FPGA-centric source 

synchronous I/O
 Timing Reports
 Latches
 False Path Example
 Annotated Delay
 Time Groups
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Latches

 Simply put, don’t use them!  Use registers!
 Really, I’m serious – not a good idea

− If you insist on it, check out the Quartus II Handbook

발표자
프레젠테이션 노트
Oh, so many reasons why…

  Latches are implemented using combinatorial feedback loops
  Must declare enable input as clock to be analyzed
  Needlessly complicate timing
  FPGAs/CPLDs contain registers, not latches.  Only exception is DDR I/O in FPGAs and those cannot be by designers own logic (require DDR megafunction or IP)
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Real World Example: Memory FIFO

R
ead U

sed

W
rite U

sed

Write_Data Read_Data

Write_Enable

Full

Read_Enable

Empty

Dual Port Memory

A_DATA B_DATA

A_EN B_EN

A_ADDR B_ADDR

Address
Generation

Address
GenerationWR_ADDR RD_ADDR

Full

A
lm

ost Full

A
lm

ost E
m

pty

E
m

pty

Flag & Depth
Generation

Write Clock 
Domain

Read Clock 
Domain

 FIFO bridging two clock domains; Flags indicate status of 
FIFO

Two clock domains can potentially 
cross in flag generation; Use either 

set_false_path or 
set_clock_groups depending on 

additional logic in design

발표자
프레젠테이션 노트
Two clock domains can potentially cross in the flag generation logic  Timing failures. 
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Annotated Delays

 set_annotated_delay
− -net, -cell: apply to paths or to pins of a cell specified with –
from, -to

− -ff, -fr, -rf, -rr: delay applied to specified edges

 Set specific delay values for paths or between 
cell outputs without overriding clock relationships

 Good for output buffers and tweaking
 Zero IC Delays when creating post-map netlist is 

essentially:
set_annotated_delay –net 0.000



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

Appendix

 System-centric synchronous I/O
 FPGA-centric synchronous I/O
 System-centric to FPGA-centric source 

synchronous I/O
 Timing Reports
 Latches
 False Path Example
 Annotated Delay
 Time Groups



© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

Time Groups

 Define a custom group of nodes to which you can 
assign timing assignments and/or requirements

 Members can include regular node names, 
wildcards, and/or other time group names

 Can improve overall software performance

 Tcl “set” command also supported
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Time Groups

 Use Quartus II software to create groups

Tcl: timegroup <group name> \
-add_member <names>

Members

Excluded Members

Create & Name Group
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Accessing in TimeQuest

 Use get_assignment_groups (SDC 
extension) collection to apply constraints to 
nodes

 get_assignment_groups options
[-keepers]
[-ports]
[-registers]
<name>

 Example
set_multicycle_path –from [get_assignment_groups src_group] 

–to [get_assignment_groups dst_group] 2
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