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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 Changed slide 155 – Feature no longer applicable for 65 nm and newer devices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.



Design Verification

m Most PLD development time is spent verifying
your design

m Verification includes
— Timing analysis
— Simulation (internal & system-level)
— Formal verification
— Power analysis
— Signal integrity analysis
— In-system testing
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Quartus Il Software Support

m Quartus® Il software provides features to aid &
accelerate the verification process

m TimeQuest Timing Analyzer (TA)

m Quartus Il Simulator and 3'-party support*
m PowerPlay Power Analyzer*

m Debugging tools (in-system testing)*

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

m Quartus Il Software Design Series: Foundation

— Project creation and management

— Design entry methods and tools

-~ Compilation and compilation results analysis

— Creating and editing settings and assignments

— 1/0O planning and management

— Introduction to timing analysis with the TimeQuest timing analyzer

m  Quartus Il Software Design Series: Verification
— Basic design simulation with ModelSim-Altera
— Power analysis
— Debugging solutions

m Quartus Il Software Design Series: Optimization

— Incremental compilation
— Quartus Il optimization features & techniques
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Objectives

m Display a complete understanding of timing
analysis

m Build SDC files for constraining PLD designs

m Verify timing on simple & complex designs using
TimeQuest TA
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Class Agenda

TimeQuest basics

Timing analysis basics
— Exercise 1l

TimeQuest reporting

Clock constraints
— Exercise 2

m  Synchronous I/O constraints
— Exercise 3

m  Source Synchronous I/O constraints
— Exercise 4

Constraining asynchronous signals
Timing exceptions
— False paths

— Multicycle constraints
— Exercise 5
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How does timing verification work?

m 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

m Designer must enter timing requirements & exceptions

— Used to guide fitter during placement & routing
— Used to compare against actual results
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Quartus® Il Software Design Series:
Timing Analysis

TimeQuest Basics

© 2010 Altera Corporation—Confidentia


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.



Timing Analysis Agenda

B TimeQuest basICS <
m Timing analysis basics

m Timing reports

m Timing constraints

m Example application
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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.


TimeQuest Timing Analyzer
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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. 


Opening the TimeQuest Interface

¥

Toolbar button £
Tools menu
Tasks window

Stand-alone mode
— quartus_staw

Command line

%', Quartus Il - C:/altera_trn/Quartus_|I_Software_Design_Series_Foundation/QIIF7_2/E
@ File Edit %iew Project Assignments Processing BEEEEN Window  Help

[ = ﬁ % pip EDA Simulation Tool k ?
Run EDA Timing Analysis Tool

Project Navigator - = @ [
E ntity
Coclone |- EFZ2C5F256C5

G- 2 pipemult

E Launch Design Space Explorer
¥

'E_!} TimeQuest Timing Analyzer

@]@ﬂ@ﬁ]@n%‘

Advisars k
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Quartus Settings File (QSF)

m SDC constraints are not stored in QSF

m 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

Quartus Il X

L] E Mo S0 files were Found in the Quarkus Settings File and Filbref . sdc doesn't exist. \Would wou like ko generate an S0 File from the Quartus Settings File?
[ ]

Yes Mo |

m See Quartus Il Handbook chapter, Switching to the
TimeQuest Timing Analyzer for detalls

— Differences between Classic Timing Analyzer and TimeQuest TA
— Details on conversion utility

m Online training also available
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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�

TimeQuest GUI

Menu access to all TimeQuest features

Y[ LOP - LOpP

T 1= 1|

G-

TimeQuest Timing Analyzer Summa
% Advanced 1/0 Ti?ning & " e (| ST e
% SDC File List Launch Clock |Latch Clock |Relationship |Clock Skew &
ES Summary (Setup) ] ¥ rated JLEDATAA_ J : ]
o 2 [1.010 |a_regtwol8] |..m_multlpm_muk_componentimult_mfa-auto_genertedmac_mukt1~0BSERVABLEDATAA_REGOUTS | dlk 1 clk_x2 3500 0.231
3 [1.015 |a_regtwo[3] |..m_muttipm_mult_componertimutt_mfq:auto_generstedimac_mutt1~0OBSERVABLEDATAA_REGOUTS |clk_x1 clk_x2 3.500 0.231
4 [1.109 |a_regtwo[4] |..m_muttipm_mult_componertimutt_mfq:auto_generstedimac_mutt1"OBSERVABLEDATAA REGOUTS |clk_x1 clk_x2 3.500 -0.231
5 11143 |a_regtwo[0] |..m_multipm_mukt_componentimult_mfg:auto_genemtedimac_mutt1~0BSERVABLEDATAA_REGOUTO |clk_x1 clk_x2 3.500 0.231
Re O rt Pane 6 [1.148 |a_regtwo[1] |..m_multipm_mult_componentimult_mfg:auto_generstedimac_mutt1~OBSERVABLEDATAA_REGOUTT |clk_x1 clk_x2 3.500 0231
p 7 [1.158 |a_regtwo[5] |..m_muttipm_mult_componertimutt_mfq:auto_generstedimac_mult1~OBSERVABLEDATAA_REGOUTS |clk_x1 clk_x2 3 500 0231
SI 1.320 |y_regtwo[4] |..m_multipm_muk_componentimutt_mfq:auto_generated il D E L L L C LT LR DSl T (el ] clk_x2 7.000 -0.208 _ILI
4 | | »
et s e sack £ 0527 View Pane |
T E x| FPathSummar | Statisties Data Path | wavefom | Path Summary | Statistics | Data Path Wavefom |
% Report Metastability Data al Pat!
iy Diagnostic Total Iner RF Type Fanout Location
i Report Clocks 1 0.000 0.000
8 Report Clock Transfers 2 [ = 0247 0247 -
ort ;IBEonzhalned Paths 3 0247 0227 R Launch Clock Launcﬂ L
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E 43 Custom Reports 7 1519 1073 |FF IC 1 LCCOMB_X21_ Latch Clack J | Latch r
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-] Report Minimum Pulse Width... g ..? 187 0360 [FF Ic 1 DSPMULT_x2 Data Arrival X
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Info: Clock uncertainty calculation is delayed until the next update_timing_netlist call
update_timing_netlist

Info: Deriving Clock Uncertainty Console Pane JI |

o
El warning: PLL cross checking found inconsistent PLL clock settings:

5 create_timing_summary -setup -panel_name “"Summary (Setup)"™ LI
4 Histar

For Help, press F1 Ready NUM -z
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Tasks Pane

m Provides quick
access to common

operations

— Command execution
— Report generation

m Executes most

commands with

Double-click to

execute any command

default settings

m Use menus for non-
default 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.
14

>

v [E Open Project ..
3] Netlist Setup

p Create Timing Metlist
# Read SDC File
# Update Timing Netlist

a Reports
El-£5 Slack

B5 Report Setup Summary

E% Report Hold Summary

B% Report Recovery Summary
% Report Removal Summary
£% Report Minimum Pulse Width

El-4+3 Datasheet

; % Report Fmax Summany

LB Report Datashest

B3 Device Specific

-E Report TCCS
-E Report RSKM
-E Report DDR

B Report Metastability

El-£5 Diagnostic

B Report Clocks

- Report Clock Transfers
B3 Report Unconstrained Paths
% Report SDC

B Report Ignored Constraints
B Check Timing

B Report Partitions

El-£5 Custom Reports

-] Report Timing...

-] Report Minimum Pulse Width...
:| Report False Path...

:l Report Path. .

:| Report Exceptions...

-] Report Bottlenecks...

-] Report Net Timing...

-[] Create Slack Histogram...

-5 Macros

B Report Al Summaries
B Report Top Failing Paths
- Report Al /0 Timings
B Report All Core Timings
B Create All Clock Histograms

] white SDC File...
P Reset Design
[ Set Operating Conditions...



Report Pane

m Displays list of

B Timeluest Timing Analyzer Summary g ene rate d e p (0] I’tS
e currently available for
% Surmnrnary [Hold) " "
= 'ﬁ Unconztrained Paths VIeWIng
, ..... g glncingtraineg Faths Summary — Reports generated by Tasks
e ock status summmary
B)'_" IRepart Timing pane
j — Reports generated using
/ report commands

Highlight r'eport to see
detail in View window
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.

Viewing Multiple Reports

Command Info Summary of Paths |

Slack | From Mode To Mode Launch Clock |Latch Gl ' —
i Click & drag ‘+’ sign
2 1010 | a_regtwols] A REGOUTE | clk_x1 clk_xz to divide view pane
3 |1.015 |a_regiwo[d] L& _REGOUT3 |clk_x1 k2| into multiple windows
4 11109 |a_regtvop LA _REGOUTE | clk_x1 Elk_x2
5 (1143 |a_regtwol0) LA REGOUTD | clk_x1 clk_xZ 3.500 -0.231 1.929
B |1.148 |a_ragtwoll] LA _REGOUTT | clk_x1 clk_x? 3.500 -0.231 1.924

Fath #1: Setup slack is 0.927

Path 5ummary| Statistics Data Path |Waueﬂ:|rm
Total [ncr RF Type Fanout Lo+
1 0.000 0.000
£ | & 0.247 0.247
3 L 0.247 0.247 |R _ILI
4] | v
Total [ncr RF Type Fanout Local
1 3.500 3.500
g | B 35916 0016
3 - 3516 0.016 |R
4 3496 -0.020
3 3.318 -0177 uTsu 1 DSPh
4| ]

Path #1: Setup slack is 0.927

Path Summary | Statistics | Data Path Wauefurml

Latch Clock

Data Arrival

Launch Clock La””':hJ
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발표자
프레젠테이션 노트
[dcl]: Updated screen shot


.

Viewing Multip

Repart Timing

Command Info  Summary of Paths |

e Reports Example

Fram Made

View pane split into two windows

TETICTT = TOT T

1 I a, 2 _.ult_component|m { BLEDA EGOUTZ 0.23

2l 1.010 |a_reghwalf _ult_componentjmult_mfg:auto_generated|mac_multl~OBSERYABLEDATAA_REGOUTE | clk_x1 clk_=Z 3.500 -0.231 2.062
3 1.015 |a_reghyal3] _.ult_componentmult_mfg:auto_generated|mac_mulll~OBSERYABLEDATAA_REGOUTS | clk_x1 clk_=2 3.500 -0.231 2.057
4 1109 |a_reghtwald] . Ut_companentmult_mfg:auto_generated|mac_multl~OBSERVAELEDATAA_REGOUTS |clk_x1 clk_=2 3.500 -0.23 1.963
3 1143 | a_regtwold] . Uit_component|mult_mfog:auto_generated|mac_multl~OBSERYAELEDATAS_REGOUTO |clk_x1 clk_x2 3.500 -0.231 1.929
Fi 1148 a_ranhunl1] ult_comnonantimult mfreautn neneratedimar moltl~CORSFRWARI FNATAS REGTUTT [elk wl rlk W 3500 -N 231 1974

Path Summary' Statistics Data Path |Wavef0rm

Fath #1: Setup slack is

Path Summary | Statistics | Data Path Waveforml

0.01 ns

Launch Clock  Launch

Use Target Pane button to
force a selected report to

appear in a pane

[
Latch Clock

Lated

Data Arrival

—

Total Incr RF Type Fanout Location Element *

1 0.000 0.000 ...edge time
2 | B 0247 0.247 clock path
3 L0247 0z47 |R ..ok delay
4 | B 2332 2143 data path

5 i 0446 0,139 uTco 1 FF_%13_v4_N3 a_regtwo[?]

Highlight window, then Elnert

. . . -.BOfe fime
highlight report in Reports pane [z
. ..ork delay

you would like to appear there | ncsrany

T T T : . — REGOUT?

Slack Histogram {c

150
125
100
75
50

Edges

25

0546

1.102

1.358

1614

1.870
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2126
2382

2538

2894

| §

Drag bars to edges
to remove splits

4.430

4 536

4942

5.198

5454

5710

5966


발표자
프레젠테이션 노트
[dcl]: Updated screen shot


Console pane

m Allows direct entry and execution of SDC & Tcl
commands

— Displays equivalent of command executed by GUI

m Displays TimeQuest output messages

m History tab records all executed SDC & Tcl commands
— Copy & paste to create scripts or SDC files

r'-.l[:unsulel.-'-'.l Hiztom I.-"

4

3d tols
is | = jp
40 =
41 tols
42 ,1',.*'
47 =
43 tol=
49 tols
4

report_timing -from_clock clk_cons -setup -npaths 100 -detail path_only -panel_name {Report Timingl ~
Info: Report Timing: Found 100 setup paths (0 wiolated). YWorst case slack 1s 4.062

100 4,062

report_timing -from_clock clk_cons -setup -npaths 100 -detail summary -panel_name {Report Timing Suw
Info: Report Timing: Found 100 setup paths {0 wiolated). Worst case slack 1s 4.0&62

100 4.0682

report_min_pulse_width -nworst 100 -panel_name "Minimum Pulse Width"
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SDC File Editor = Quartus |l Text Editor

TimeQuest File menu = New/Open SDC File

m Use Quartus Il Quartus Il File menu = New = Other Files |

s Quartus Il - C:}

e d ito r to C re ate File Edit View Project Tools Mindow
B 2 ~
. 3G
and/or edlt SDC M 3'? =#**************************************************************
an 3 # Create Clock
b 39 #**************************************************************
.. 40
- S DC ed Itl ng . 41 createlchock -name {clkl} -period 6.000 -waveform { 0.000 3.000 } [get_ports {clkl}] -add
E¥ treate_clock [-add] [-name <cock_name =] -period <values [-waveform <edge_list>] [<targets:=]
43 -add: Adds clock to 2 node with an existing clock
. = 44  [Egraaws TAME <clock_namez=: Clock name of the created clock
| -period <value=: Speed of the clock in terms of clock period
u n I q u e fe atu res A 43 # Set 1 waveform <edge_list=: List of edge values
% 46 #wwwE % otargets>! List or collection of targgts
= = 47 T
for SdC fl IeS A 45 get_input_delay -add delay -mgax -clock [get_clocks {clklr] 3.2Z50 [get_ports {datasa[1]}]
( . % 49 set_input_delay -add delay -gin -clock [get_clocks {clkl}i] 1.750 [get_ports {dataza[l]}]
50 get_input_delay -add delay -fax -clock [get_clocks {clklr] 3.2Z250 [get_ports {datasa[3]}]
_ Access to G UI dlalog 0 51 set_input_delay -add delay -fpin -clock [get_clocks {clklr] 1.750 [get ports {data=a[3]}]
'ﬁ 5z get_input delay -add delay -frax -clock [get_clocks {clkl}] 2.500 [get_ports {wraddres=[0]}]
. 53 set input delay -add delay —nin -clock [get clocks {clkli] 1.000 [get ports {wraddress[0] )]
boxes for Constralnt b@ 54 set:input:delay —add:delay —oax —-clock [get:clocks {olkll] Z2.500 [get:pm:ts {wraddres=[1] }]
. E& set_input_delay -add delay qmin -clock [get_clocks {clkl}i] 1.000 [get_ports {wraddress[1]}]
entry (Ed It : Insert 32; =13 get_input_delay -add delay qmax -clock [get_clocks {eclkl}l]  2.500 [get_ports {wraddress[2]}]
. b 57 get_input_delay -add delay fmin -clock [get_clocks {clkl}] 1.000 [get_ports {wraddress[2]}]
Constral nt) 55 get_input_delay -add delay pmax -clock [get_clocks {clkl}] 2.500 [get_ports {wraddress[3]}]
59 get_input_delay -add delay fmin -clock [get_clocks {clkl}] 1.000 [get_ports {wraddress[3]}]
. — [=10] get_input_delay -add delay fmax -clock [get_clocks {clkl}] 2.500 [get_ports {wren}]
— Syntax COIOrIng — g1 set_input delay -add delay fmin -clock [get clocks {clkl}] 1.000 [get ports {wren}]
= B2 get_input_delay -add delay [-max -clock [get_clocks {clkl}] 2.500 [get_ports {rdaddress[4]}]
= w3 B3 set input delay -add delay[-wmin -clock [get clocks {clkl}l] 1.000 [get ports {rdaddres=s[4]}]
- TOOItIp Syntax help = 54 set:input:delay —add:delay -max -clock [get:clocks felkllr] 2.500 [get:ports {wraddress[4] 1]
55 get_input_delay -add delay]-win -clock [get_clocks {olkl}] 1.000 [get_ports {wraddress[4]}]
_ SDC tem IateS BE& zet_input delay -add delay| -wax -clock [get_clocks {clkl}] 2.500 [get_ports {rdaddres=[0]}]
p 57 set_input_delay -add delay -win -clock [get_clocks {clkl}i] 1.000 [get_ports {rdaddress[0]}] s
JFor Help, press FL Ln41, Col2

Place cursor over
command to see tooltip
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SDC File Editor (cont.)
Construct an SDC file using

TimeQuest graphical Cockrome [
constraint creation tools Period fosos e

“Wawveform edges

Rizing: ng

-C: i i i Falling: ns
Quartus Il - C:faltera_trnfQuartus_II_Software_Design_Series Foundatio g 0.0 500 1000
File B8 View Project Tools  SWindow
@ Targets: |[93t_|30lt8 felk}] J
SOC command: |create_clock -periad 10,000 -name clk [get_ports {clk}]
Paste Chriy Irsert Cancel | Help |

Select Al Chrl+A

Go Ta... Chrl+G

Increase Indent
Decrease Indent

Insert File..,

e Quartus Il - C:/aliera_trnfQuartus_II_Sr Aware_Design_Series_Foundationf/QIIF7_2/Ex6/Sche
File Edit ‘iews Project Tools  window

Create Generated Clock, .,

261 Toggle Bookmark. ChrHF2
Seg Set Clock Latency. .. ”

Jump To Mext Bookmark. Fz =et Clack Uncartaint 1 Eecreate clock —period 10.000 -name clk [get_ports {clkll]
ab Jump To Previous Bookmark  Shift+F2 Set Clock Groups .. Ao

Clear All Bookmarks Chrl4-Shift+F2
Remowe Clock..,

s Replace Tabs with Spaces Set Tnput Delay

= Set Output Delay. ..
2 Set Fale Path... Constraints inserted at
Set Multicycls Path. .. o
St Maxirum Delay... Cursor |Ocat|0n
Inserts a create_clock SOC command St Minimum Delay. ..
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SDC Templates

o

m Quickly add customized constraint templates

Insert Template

2:1 Clock, Musing

Estermally Swatched Clock Caon
PLL Clock Switchower

System Synchronous Input Cor
Spstern Synchronous Output C Save User Template
t5U, tH, and tCO Congtraints
Multicycle Clock-to-Clock,

template.

Multicycle Clock-to-Register

Toolbar button or Edit menu

‘Y'ou made changes to an Altera-provided template, howewver pou cannot zave changes
to the terplate. If you want to save the changes. you can save the template as a user

Language templates: Presview:
- Tirneluest ~ B # Create the source clock
o create_clock -period __period -narme __sourceClock [get_ports _ port]
sDC Eu:umntuands B # Create the destination clock
+- Collections create_clock -period _period -narme _ destinationClock [get_ports _ port]
+- Clocks B # Set a multicycle exception from a source register clocked by _sourceClock
+|- Clock Attributes # to a destination register __destinationRegisterInputPin
+- 140 Delays set_multicycle_path -from [get_clocks _ sourceClock] -to [get_pins __ destinationRegisterInpu
+- Excephions
—I- Scripting
B azsic Muli-Corner Signoff (3 2 . . . .
S SDC " Cookbook” templates Preview window: edit
Create Base Clocks and PLL C from TImeQueSt TA Onllne before inserting & save
Create Base Clocks Manually ¢ Resource Center
Create Base Clocks Manually ¢ as user tem p I ate

Falze Path Clock-to-Clock

szer template name: my_sde_template]

Falze Path Clock-to-Reg)
JTAG Signg

o]

Cancel |

| Ingert | Cloze |
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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)
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1) Generate Timing Netlist

m Create a timing netlist (i.e. database) based on compilation results

operating temperature) timing models

etc.)
m [0 execute:

Create Timing Netlist

Input netlst
{# Post-fit

" Post-map

Netlist menu

Delay model

f*  Slow corner

" Fast corner
[ Zem|C delaps

L1

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

Set custom operating conditions (65 nm technology devices; military; industrial,

Tasks pane

Speed grade:

Tel command:

create_timing_netlist -model slow

ak.

Eam& Help |

W @3 Open Project._.

<

------ E& Report Recovery Summary

b Update Timing Metlist

a Reportz
=y Individual Reports

...... B Report Frax Summary

...... B Report Setup Surnmary
.- B8 Feport Hold Summary

© 2010 Altera Corporation—Confidential
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2a) Create or Read in SDC File

m Create SDC file using SDC file
editor

— Don't enter constraints using Constraints menu

m Read in constraints & exceptions
from existing SDC file and/or HDL

— -hdl: looks for ALTERA_ATTRIBUTE embedded in
HDL first before reading SDC files

m Execution
— Read SDC File (Tasks pane or Constraints menu)
m File precedence (if no“
specified)

— Files specifically added to Quartus Il project

— <current_revision>.sdc (if it exists in project directory)

4k Quartus Il TimeQuest Timing
File Edit Miew Metlist Ry ]l

ER Timeluest Ti
=y Advanced |40

«EER [Board Tr:

Fh-{_] Signal Ink

_reake Qe

Rermowve

Set Inpuk
Sek Dukpuy

Sek Maxin

enetate

v (B Open Project:;
= Metlist Setup

W b |Eleate Tinl Reset Des

VWFICE 5L

*» Create Clock. .. !
Set Clock Latency. ..

Set Clock Uncertainty. ..
Set Clock Groups, ..

Set False Path...
Set Multicycle Path. ..

Set Minimum Delay. ..

Read SOiC

Analyzer - D:falter:
Repaorts  Script Tools

nerated Clock. ..

lack. ..

Delay. ..
kE Delay. ..

urn Delay. ..

SO File fram QSF
File. ..
...

iqn

- = Read SDC File
. = Update Timing Netlist

'a Reports
E-iy Individual Reports

> ----- EA Report Frax Summary
> ----- % Report Hold Surmmary

© 2010 Altera Corporation—Confidential
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2b) Constrain Directly in Console

m 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

m Use remove_ <command> to remove applied

constraints
— Only remove _clockis in GUI

m Recommend using SDC file (step 2a) instead to
ease management and storage of constraints
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Using GUI to Enter Constraints Directly

Constraints menu

4k Quartus Il limeQuest liming Analyzer - D:falter

File Edit Wiew MNetlisk

1+
A [TimeQuest i
] Adwanced 140
E& SDCFile Lis

(Wl Ee=(pe Feports  Scripk Tool:

Create Clock, ..

i_reake Generated Clock. ..
Sek Clock Latency, ..

Sek Clock Uncerkainky. ..
Sek Clock Groups. ..
Remove Clock, ..

Sek Input Delay...
Set Qutput Delay...

Set False Path...

Set Multicycle Path. ..
Sek Maximum Delay. ..
Sek Minimurmn Delay. ..

“+

o ﬁ? Open Project..
4 Metlist Setup

o P Create Tim

+ WP Read SDC File

Generate S0 File From QSF
Fead SO File. ..
Wirike SOiC File. ..

Feset Design

+ i [Update Timing Netlist]
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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



Constraining

m 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 & 1/O)

m Not as difficult a task as it may sound
— Wildcards

— Single, generalized constraints cover many paths, even all paths
In an entire clock domain
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3) Update Timing Netlist

m Apply SDC constraints/exceptions to current
timing netlist

m Generates warnings
— Undefined clocks

— Partially defined 1/0O delays
— Combinational loops

m Update timing netlist after adding any new
constraint

m Execution
— Update Timing Netlist (Tasks pane or Netlist menu)

Tcl: update_timing_netlist
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4) Generate Timing Reports

m Verify timing requirements and
locate violations

m Check for fully constrained design
or ignored timing constraints

m Two methods

— Tasks pane

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

— Reports menu
® Must have valid netlist to access

Double-click to
create individual
report

© 2010 Altera Corporation—Confidential

[

Reports Soript Tools
Slack 3
Datasheet *
Device Specific  *

Diagnostic .k,
Custom Reports  #

Report Clocks

Report Clock Transfers
Report Unconstrained Paths
Report SDC

Report Ignored Constraints
Chedk Timing

Report Partitions

x

Feports
Bl Slack
i Report Setup Summary
- Report Hold Summary
>% Report Recovery Summary
>% Report Removal Summary
B8 Report Minimum Pulse Width
-4y Datasheet
B3 Report Fmax Summary
B8 Report Datasheet
El-+3 Device Specific
----- B% Report TCCS
----- E% Report RSKM
----- EB% Report DDR
----- EB% Report Metastability
B3 Diagnostic
----- B% Report Clocks
----- EB% Report Clock Transfers
----- EB% Report Unconstrained Paths
----- B% Report SDC
----- B% Report lgnored Constraints
----- B% Check Timing
----- EB% Report Partitions
[El-43 Custom Reports
----- ] Report Timing...
----- ] Report Minimum Pulse Width. ..
----- [ Report False Path...

El

----- ] Report Path...
A = et =S T R—
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“Out of Date” Reports

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

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

m No such warning when using SDC file

L8 Clocks Summary I
BR Timeluest Timing Analyzer Summary Clock Mame | Type |Perod |Rize |Fall |Dutw Cycle |Divide by | Multiply by | Phase

She ’*d““aﬂmej 'T*":' Ti";jlﬂi " T|ck_cons  Base 10.000 0,000 5000
88 Bosd Trace Model fssianments 2|cks2_cons  Base 10.000 0.000 5.000

B2 Signal Integrity Metrics
% SDOC File Lizt

Export...

Fegenerate

Regenerate All Dot of Date

Delete
Delete all Suk of Date
Delete All
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Reset Design Command

m Tasks pane or Constraints menu

m Flushes all timing constraints from current timing

netlist

— Functional Tcl equivalent: delete timing netlist
command followed by create timing netlist

m Uses

® “Re-starting” timing analysis on same timing netlist applying different
constraints or SDC file

® Starting analysis over if results seem to be unexpected
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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). 


5) Save Timing Constraints (Optional)

4 Quartus Il TimeQuest Timing Analyzer - D:/altera/71

m write _sdc command

File Edit ‘iew Metlist BEapEGETREN Reports  Script Tools W
“ = Create Clack... Sl — Saves all constraints & exceptions
Timeluest T Create Generated Clock. .. : : : :
P9 SDCFloList|  Set Clock Latency.. appllgd to current netlist mto.SDC file
(] Advanced 10 Set Clock Uncertainty. . — Use if constraints added during
% gﬁ;‘:ﬂﬁg; Set Clock Groups. . TimeQuest session in console instead of
Remove Clock... :
BR [Summary [Hol SDC file
Set Input Delay...
Sek Output Delay. .. [ | N OteS
Set False Path. . — SDC files generated by TimeQuest TA
- Set Mulkicycle Path, .. | x Only |f requested
] Report Sek Maxirmum Delay. .. Tl . .
.[] Reportt 5ot Minimum Delay.., — Use -expand option (not in GUI) to
] Create S o orate SDC File from QSF convert Altera-specific SDC commands
! ‘ﬁ Macros (discussed later) into standard SDC
~E8 Reng Wite SDC File... > - R d d I
2 Repd un report_sdc command (console,
% EZDE:LH Resst Design Tz_isks pane, or Report _menu) to see what
' Efﬂ':k ¥ I‘S"mgg[m will get written to SDC file
D Set Operating Conditions. . =
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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)
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Using TimeQuest TA In Quartus Il Flow

Synthesize
% y

Quartus

|l project

A

y

specify timing

Use TimeQuest TAto

requirements

A

y

Quartus

Enable TimeQuest TAin

|| project

A

y

Perform full

compilation

(run Fitter)

\

y

Verify ti

ming in

TimeQuest TA
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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_Tit (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
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Create Timing Metlist E|
Input netlizt Delay model
" Post-fit fe" Slow corner

Speed grade: |
‘ fo Post-map > " Fast comer

v ZermlC delaps

Tel command: |-:reate_timing_netli$t -pozt_map -model slow -zerno_ic_del

Qk Cancel Help




Using TimeQuest TA In Quartus Il Flow

Quartus

Synthesize

|l project

A

y

specify timing

Use TimeQuest TAto

requirements

A

y

) Quartus

Enable TimeQuest TAin

|| project

A

y

Perform full

compilation

(run Fitter)

\

y

Verify ti

ming in

TimeQuest TA
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Enable TimeQuest TA in Quartus Il Software

m Tells the Quartus Il software to use SDC
constraints during fitting

m File order precedence

1. Any SDC files manually added to Quartus Il project (in order)
2. <current_revision>.SDC located in project directory
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Enabling Tim

Settings - top

eQuest Iin Quartus Il Software

Cateqory:

- General

- Files

.. Lilwraries

- Device

- Operating Settings and Conditions

- Compilation Process Settings

- EDA& Tool Setftings

- Analysis & Synthesis Settings

RTiming Ana

=HLIE T oAy zaer
& Classic Timing Analyzer Settings

Timing Analysis Settings

Specify whether to use the TimeGuest Timing Analyzer ar the Classic Timing &nalyzer as the
default timing analysis tool. The TimeGuest Timing Analyzer requires a Synopsys Design
containing timing constraints or exceptions.

Timing analysis prn:u:essing
i i+ Usze TimeGuest Timing Analyzer during compilation I

‘ i Use Classic Timing Analyzer during compilation

Notes:

* Arria® GX and newer devices only support
Timequest TA.

* TimeQuest TA is enabled by default for new
Stratix® Il and Cyclone® Ill designs.
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발표자
프레젠테이션 노트
[dcl]: Updating screen shot. (Fitter Settings no longer have a + sign right in front of it).


.

Quartus Il TimeQuest Settings

Assignments = Settings
[

ategoarny:

o O o B e B e |
LNl g N g u |

- Feneral

- Files

- Libraries

- Device

- Operating Settings and Conditions
- Compilation Process Sethings

- EDA Tool Settings

- Mnalpgis & Synthesis Settings

- Fitter Settings

- Timing Analyziz Settings

Timelluazt Timing Analyzer
[#- Classic Timing Analyzer Settings

- dzzembler

- Design Assiztant

- SignalTap |l Logic Analyzer

- Logic Analyzer Interface

- Simulator Settings

- PowerPlay Power Analvzer Settings
- 55N Analyzer

Report worst-case paths

in Quartus Il Compilation

Report and/or customize
reporting with script

TimeQueszt Timing Analpzer

Specify Timeluest Timing Analyzer optionz.

Select and Add SDC

—SOC filez to include in the project

files to list

(evaluated in order)

SDC filename:
File name [ Type Remore |
top.adc Synopsys Desig...
Up |
P I I PI [Mawn |

x|

[T Enablefdvanced [0 Timing

I [v Enable rmulticarmer lming analysis during compilation I /

[~ Enable comman clock path pessimism removal

[~ Feport worst-caze paths during compilation

Analyze and fit for all
corners at the same time
(default on for recent
Cyclone & Stratix devices)

— Tl Script File for cugtomizing reports during compilation

Tl Seript File name: I

Determine how TimeQuest TA
identifies a register as being a
part of synchronization chain as
part of metastability analysis

L

r— fdetaztability analpeiz

Sunchranizen identification: IEIH j
Dezcrption:
Azzociates a Synopsys Design Constraint File [.zdc] with this project. ;I
=l
(] Cancel |
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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.


Using TimeQuest TA In Quartus Il Flow

Quartus

Synthesize

|l project

A

y

specify timing

Use TimeQuest TAto

requirements

A

y

Quartus

Enable TimeQuest TAin

|| project

A

y

Perform full
3 (run Fitter)

compilation

\

y

Verify ti

ming in

TimeQuest TA
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Verifying Timing Requirements

m View TimeQuest summary information directly in Quartus
Il Compilation Report

m 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

m Verify whether Fitter was able to meet timing
requirements
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TimeQuest Reports in Compilation Report

& Quartus |l - /datafdavlin/QIITI_1/Timing/top - top - [Compilation Report - Slow 1200mV 85C Model Setup 5... [H[=] B3
File Edit Miew Tools Window

|53 compilation Report
3B Legal Motice clock | Slack End Faint
- &HEH Flow Summary THS

- HE Flow Settings clk_x2 (0295 [0.000
- HER Flow Mon-Default Global Setl |2 clk_<1 |[0.846 |0.000
- HER Flow Elapsed Time clk_out|2.256 |0.000
- HER Flow O35 Summary

o

D=yt
w0 Analysis & Synthesis
w-&HC Fitter
E TimeQuest Timing Analyzer
SR Paralel Conpiation Reports generated during
S compile (as specified in the
T O sy Settings window). For example:
O e sy « SDC files used during fitting
@ nerovarsunmay. » Clocks generated
o Vvt oo T o e Timing violations
T EE Vonsunity popor * Unconstrained paths
G Pt 1200m oG Mo * Worst-case paths

- <SHEB Multicorner Timing Analys
[]-@D tulticarner Datasheet Re
-0 Advanced 170 Timing
&-&HC0 Clock Transfers

-¢HE Report TCCS

- &HB Repart REKM

S8R Uncopstrained Paths

H%@ TimeGuest Timing Analyzer ¢
-G TimeQuest Timing Analyz \ Reports gen erated
-0 Advanced 170 Timing

588 5DC File List in Tim eQU est TA

- HER Summary (Setup)
- ¢SHER Summary (Hold) G UI

[
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발표자
프레젠테이션 노트
[dcl]: Update new screen shots (to include worst-case path delays).


Quartus® Il Software Design Series:
Timing Analysis

Timing Analysis Basics

© 2010 Altera Corporation—Confidentia


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.



Timing Analysis Basics

Launch vs. latch edges
Setup & hold times

Data & clock arrival time
Data required time

Setup & hold slack analysis
/O analysis

Recovery & removal
Timing models
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Path & Analysis Types

Async Path
PRE Data Path PRE
D Q » D Q
—b> >
CLR CLR
Clock Paths
Async Path

Three types of Paths: Two types of Analysis:
1. Clock Paths 1.  Synchronous — clock & data paths
2. Data Path 2. Asynchronous* - clock & async paths

3. Asynchronous Paths*

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

REG1 C b REG2
SET omp. SET
D — ] _ D
% Logic %

CLK

| Latch
Launch Edge

Edge
CLK | [
DATA < Data Valid >

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

DATA PRE CLK
> 9 ‘ Tew E.‘
CLK - CLR
DATA X  valid X
Setup: The minimum time data signal must be stable

BEFORE clock edge

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

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

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

REG1 Tyata  REG2
PRE Comb: [ PRE
D Q ( Logic )/ b Q
Tclkl
>CLR >CLR
a_/
Teo
Launch
Edge
CLK Tclkl
REG1.CLK T, |
REG1.Q X Data Valid >
Tdat

et
REG2.D Data Valid P4

Data Arrival Time = launch edge + T, + T +Tgata

© 2010 Altera Corporation—Confidential

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

48


발표자
프레젠테이션 노트
Relative to REG2


Clock Arrival Time

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

REG1 REG2
PRE Comb. PRE
D Q Logic D Q

> >

CLR — CLR
Tclk2
Latch
Edge
CLK T
clk2 -

REG2.CLK

Clock Arrival Time = latch edge + T
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발표자
프레젠테이션 노트
Relative to REG2


Data Required Time - Setup

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

register
REG1 REG2
PRE Comb. PRE
> CLR — > CLR
H_J
Tclk2 Tsu
Latch
Edge
/
CLK Tclk2 -
Data must be
valid here \ Tg,
REG2.CLK
REG2.D > Data Valid

Data Required Time = Clock Arrival Time - T, - Setup Uncertainty
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발표자
프레젠테이션 노트
Relative to REG2


Data Required Time - Hold

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

register
REG1 REG2
PRE Comb. PRE
D Q Logic D Q
> CLR — > CLR
H_I
Tclk2 Th
Latch
Edge
/
CLK Tclk2
Data must >
remain valid T
to here h
REG2.CLK | \
REG2.D > Data Valid P4

Data Required Time = Clock Arrival Time + T,, + Hold Uncertainty
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발표자
프레젠테이션 노트
Relative to REG2


Setup Slack

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

REG1 Tyata  REG2
PRE Comb: > ["PRE
D Q Z Logic >/ b Q
Tclkl
> CLR — > CLR
H_/ —
TCO Tc|k2 Tsu
Launch | g
Edge Latch
Edge
CLK T “
clkl -
REG1.CLK T |
co
REG1.Q X Data Valid P4
Tdata‘
REG2.D X Data Valid P4
Tclk2 _
TSU
REG2.CLK <— —p] Su_| |
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발표자
프레젠테이션 노트
Relative to REG2


Setup Slack (cont’d)

Setup Slack = Data Required Time (Setup)
— Data Arrival Time

Positive slack

— Timing requirement met
Negative slack

— Timing requirement not met
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Hold Slack

m  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”.

REG1 m Tgata  REG2
PRE Comi: > [ Pre
D Q Z Logic )/ D Q
Tclkl
> CLR — > CLR
H_/
Tco Teikz Th
Next Launch Latch
Edge \ Edge
“
CLK I T Taa
REG1.CLK T |
co
REG1.Q > Data Valid X
Tdata
REG2.D > Data Valid
Hold
’ Tclk2 e Th S Slack
REG2.CLK |
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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


Hold Slack (cont’d)

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

Positive slack

— Timing requirement met
Negative slack

— Timing requirement not met
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/O Analysis (Common Clock Source)

m 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

* Represents delay due to capacitive loading

ASSP or FPGA/CPLD

Data Arrival
Path

FPGA/CPLD or ASSP
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> CLR I > CLR
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Path
Path OSsC


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



Recovery & Removal

SET CLK _
° Q Trec Trem
CLK - CLR
ASYNC
ASYNC

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
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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… 


Asynchronous = Synchronous?

m  Asynchronous control signal source is assumed synchronous
— Slack equations still apply

® data arrival path = asynchronous control path

1 Tsu = Trec; Th =~ Trem

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

0OSsC
m FPGA/CPLD
@
/ PRE
D Q
Data required path S
ASSP CLR
regl
PRE
D Qi
— > . \
Data arrival path

FPGA/CPLD

Example 1
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reg2
Data required path —_— 9

> CLR
regl
PRE

D Q \
P> CLR Data arrival path
|
Example 2
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발표자
프레젠테이션 노트
Truly asynchronous paths cannot be analyzed for timing


Why Are These Calculations Important?

m Calculations are important when timing violations
OCCuUr
— Need to be able to understand cause of violation

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

m TimeQuest timing analyzer uses them
— Equations to calculate slack

— Terminology (launch and latch edges, Data Arrival Path, Data
Required Path, etc.) in timing reports
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Timing Models in Detall

Quartus Il 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 VCC,,

— Fast Corner Model
® Indicates fastest possible performance for any single path
® Timing for fastest device at minimum operating temperature and VCCy,ax

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)
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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.



Generating Fast/Slow Netlist

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

m Default is the slow timing netlist

m To specify fast timing netlist
— Use -fast_model option with create_timing_netlist command
— Choose Fast corner in GUI when
executing Create Timing Netlist .
) Create Timing Netlist §|
from Netlist menu —

[hput netlist Delay rmodel
— CANNOT select fast corner A
oat-fit {# Slow comer
from Tasks Pane Speed grade:
f* Post-map " Fast comer

Iv ZemlC delays

Tl command:  |create_timing_nethst -post_map -model slow -zerno_ic_del

ak. Cancel | Help |
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Specifying Operating Conditions

m Perform timing analysis for different delay models without recreating

the existing timing netlist

m Takes precedence over already generated netlist

m Required for selecting slow, min. temp. model and other models
(industrial, military, etc.) depending on device

m Use get_available operating_conditions to see available

conditions for target device

4¢ Quartus Il TimeQuest Timing Analyzer -

File Edit “iew BYEEAES Constraints Reporks  Scr
n
===l Set Operating Conditions. .
] Advs
E i Unct  Delete Timing Metlist
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Set Operating Conditions @

f* Other available operating conditions:

7 alow 1200my G5c
7_slow 1200my_Oc
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SOC command: |$el_cuperating_cu:unditinns V_zlow_1200me_85c

o |

Cancel | Help |
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Please go to Exercise 1
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Quartus® Il Software Design Series:
Timing Analysis

Timing Reports
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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.



Timing Reports

m Timing results available in both the Quartus Il
Compilation Report and TimeQuest GUI

m TimeQuest TA includes more extensive reporting
capabilities
m Create reports while creating constraints (post-

map netlist) before fitting to see If design can
meet timing requirements

m Create reports after fitting (post-fit netlist) to

verify that placed & routed design meets timing
requirements
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Summary Reports

m Simplest, most common type of timing report

m 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

summary (Setup)
- % Report Setup Summan Clack |Slack |End Paint THS

el

' > ----- EA Feport Hold Surmary 1|c200 1.748 0.000
W - % Report Becovery Summary 2lc100  |2010 | 0.000
e B Feport Remaoval Surmmary Jpckout 7R3 00NN

' Copy Create advanced reports
Select Al about selected clock domain
% (S ummary [Setup)

% Sumrmary [Haold)
% Summarny [Recoverny) Creake Setup Slack Hiskogram

B& Summary [Femoval Repott Timing...
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Detailed Slack/Path Analysis

m Create more specific/detailed reports

— EX. Details on a specific clock domain
— EX. View timing paths between particular I/O & registers

m Create using Tcl commands or GUI

— Use GUI to see report immediately
— Use Tcl file for repeatability
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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

m -setup|]hold]recovery]removal are mutually

exclusive
— Defaultis —-setup

m -detaill <option> how to report clock path detall
— 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

— Tull_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)

File Edit View Metlist Constraints Reports Saipt Tools

* Slack 3 Report Timing =
ER SOC File List Datasheet r Clacks
] Unconetrained Paths Device Spedific
BS Summary (Setup) Diagnostic From clock: |c|k_cnns ﬂ
BR Summary {Hold) Report Timing... _ o —
EH'_" Setup: c200 Summary | Report M = | TR i Vo el |c Hetons J
B a Report Exceptions Report False Path...
b ER [Report Exceptions Summany| Report Path,.. Targets
{; set_false path from betjarts_{reset Report Exceptions. .. From: - J
4| | Report Bottlenecks. .. '
Report Met Timing... Through: |
=
Choose Report - Create Slack Histogram... J
Timing (Reports To muk =
menu) or double-click _
R T . Analyziz type Pathz
on ep 0 rt Imin g f* Setup " Recovery Repaort number of paths: 32
(Ta.S kS pan e) "~ Haold " Removal b airnurn slack: limit: ns
Ela Diagnostic Dty
----- ES Report Clocks ] Set Defaul
..... EH Report Clock Transfers D etail level: Path Orily - et Default
i i s S ummary
' =) Eepnrt ;lgzonstmmed Paths ¥ Beport panel name: F‘at nI_I.J
""" Ea Report _ Path and Clack
----- E5 Report lgnored Constrairts v File narme: Full Path
----- B8 Check Timing : .
..... E% Report Partitions File optionz
Custom Bepods v Owvenaiite  ( Append Dpen
] fepor Tmng, Select level o |
----- ] Report Minimum Pulse Width... 1 onzole
----- ] Report False Path... Of d etall
E EEEEE E:tc';ﬁ-tians / I Tol cormmatd: |repnrt_timing -fram_clock clk_cons -ta_clock clkwz_cons -from * -ta
----- Feport Bottlenecks... .
..... = e Select where to fepot Tining|  Close | Heb |
Tcl: report_timing | send output report
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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"

Setup (clk_x1 to clk_=2) Summary

Calculated Slack

Destination Clocks

Source &
Destination Nodes
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alack | From Mode [To Node Launch Clock | Latch Clock | Relationship [ Clock Skew | Data Delay
1 #0927 a3 regtwol2] | ABLEDATAS REGOUTZ clk x1 clk_x2 3.200 -0.231 2145
£ |1.010 |a_regtwalb] |..ABLEDATAA_REGOUTE | clk_x1 clk_=2 3.200 -0.231 2062
4 |1.015 |a_regtwald] |..ABLEDATAA_REGOUTI | clk_x1 clk_=2 3.200 -0.231 2.057
4 11109 |a_regtwofd] | AELEDATAA_REGOUTS | clk_x1 Clk_=2 3.300 -0.231 1.9635
9 |1.143 |a_regtwo[0] | . ABLEDATAA_REGOUTO | clk_x1 Clk_=2 3.300 -0.231 1.923
B 11145 |a_regtwo[1] | ABLEDATAA_REGOUTT | clk_x1 Clk_=2 3.300 -0.231 1.924
F 11158 |a_regtwo[3] | ABLEDATAA_REGOUTS | clk_x1 Clk_=2 3.300 -0.231 1.914
8 11315 |y_regtwo[d] | ABLEDATAE_REGOUTS | clk_x1 Clk_=2 7.000 -0.208 9.277
3 |1.347 |y_regtwolB] | ABLEDATAE_REGOUTE |clk_x1 Clk_=2 7.000 -0.208 0.248
1001362 |y_regtwol[3] | ABLEDATAE_REGOUTS |clk_x1 Clk_=2 7.000 -0.207 0.214
\/
Source &



발표자
프레젠테이션 노트
[dcl]: Changed screen shots


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)"

Command Info  Summary of Paths |
Fram Mode Launch Clo... | Latch Clock Data Delay
ﬁ b a auT2 C 3.500
2 |1.010 |a_regiwal6] |.._REGOUTE |clk_x1 clk_x2 3.500 -0.231 2.062
3 |1.015 |a_regtwo[3] |.._REGOUT3 |clk_xi clk_x2 3.500 -0.231 2.057 c 2
4 11109 |a_reghwo[] |.._REGOUT4 |clk_x1 clk_x2 3.500 -0.231 1.963 4 detalled VIEWS Of
5 [1.143 |a_regtwal0] |.._REGOUTD |clk_x1 clk_x2 3.500 -0.231 1.929 path availab|e
B |1148 |a_regtwa[l] |.._REGOUT1 |clk_x1 clk_x2 3.500 -0.231 1.924
7 |1158 |a_regtwols] | _REGOUTS |clk_x1 clk_xZ 3.500 -0.231 1.914 C—
& |1.318 |y_regtwol] | B_REGOUTA|clk_x1 clk_xz 7.000 -0.208 527 L
9 |1.347 |y_regtwalB] |.B_REGOUTE |clk_x1 clk_xZ 7.000 -0. 5.248
10 |1.382 |y_regiwal3] |..B_REGOUTS |clk_x1 clk_xZ 7.000 Y. % 5.214
Path #1- Setun sla
Path Summary Nstatistics | Data Pathl Waveforml Path Summaryl Statistics| Data Path § waveform
l Propery YValue
1 | From Mode a_regtwa[z] Total Incr RF Type Fanout .=~
2| To Mode .._mult_component|mult_mfg:auto_g 1 0.000 0.000 Data al’rlval irr
3| Launch Clock clk_x1 £ | B 0.247 0.247 - a
4 |Latch Clock clk_x2 3 0,247 0247 |R path details El
5 | Data Arrival Time 2.392 4 | B 2332 2.145 ... path
B | Data Required Time | 3.319 B - 0446 0194 uTeo 1 FF_X13_%v4_N3 _winf;
7| Slack 0.327 6 . 0,446 oo |FF CELL 1 FF_X13_v4_N3 ~afz]l
7 - 1.519 1073 |FF IC 1 LCCOMB_X21_¥4_N24 | |date—
8 . 1.827 0.308 |FF CELL 1 LCCOMEB_X21_¥4_N24 | .mbo
3 . 2187 0.360 |FF IC 1 DSPMULT_XZ0_Y4_ND | taaliw
b | »
Total Incr RF Type Fanout Location Elem...
Calculated slack 1 3500  |5.500 e time
2 | = 3516 0.018 .
& path Summar :
p y  EEEETTIEYEram Data required
4 3439  |-0.020 path details
7 | »l 5 3.319 -0177F uTsu 1 DSPMUL Trrem—rer—rrr—— =]
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발표자
프레젠테이션 노트
[dcl]: changed screen shots


Detailed Slack/Path Report (cont.)

report_timing -from clock cl1l00 -to clock c200 \
-setup -npaths 10 -detail path_only \
-panel _name “Setup (cl00 to c200)"

From Mode Launch Clo... |Latch Clock | Relationship | Clock Skew | Data Delay 3
a_req 2] 3200 -0.23 £.145 |
T Waveform visualizes
Path Summary | Statistics | Data Path | Wavefom Path Summary | Statistics | Data Pat] Wavefarm TimeQuest slack
Property Yalue Caunt Tatal Delay 9% of Tatal hin hax 0.0.n calculations

1 Setup Relationship 3,500 ata e 4.4 ns

2 Clock Skew -0.231 Ty

3 Data Delay 2145 Launch [lock Launch

4 Mumhber of Logic Levels 1 —

5 | B Physical Delays

B E Arrival Path

7 & Clock Lateh Chock ‘ Latch

8 ¢ L Clack Netwark (Lumped) 1 0.247 100 0247 |0.247 —]

3 Bl Data Data Arf-ival X

10 -1 2 1433 66 0.360 [1.073

11 . Cell 3 0.513 23 0.000 |0.308

12 - uTco 1 0.199 9 0193 [0.199

13 = Required Path

14 I Clock

15 i Clock Metwork (Lumped) 1 0.016 100 0016  |[0.016 Slack 0.927 ns

Data Refuired X:
Statistics about path
cursors that “snap” to
Mote: Megative delays are omitted from totals when calculating percentages _AI H H
Time Cngd oo path tlmlng events 52 3|5
-
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발표자
프레젠테이션 노트
[dcl]: Changed screen shots


Further Path Analysis

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

m locate command in Console

Slack |From Mode |ToMode | Launch Clock, | Latch Clock |
1_1':'45 =l =11 =11
2 [1.045 |instep oY Corl+C
EN 1045 | instZ]" Select Al CErlA
4 |1.045 [inst2]"
5 |1.045 inst2 Locate @
B [1045 inst2[ Report Worst-Case Path
7 1045 [inst2[” RED”"tl T‘m‘”';'r; " o Lacate in
8 [1.045 |inst2e Set False Path (between nodes s ;
3 1045 instzl; oo False Path (between clocks) (" Lhip Plannes
001,045 instz[s Set Multicycle (between nodes), ., " Technology bap Wiewer
| Set Mulkicycle (between dacks), ., ¢~ Resource Property Editor
Export. ., " Critical Path Settings
Locate ’ ak. Cancel Help
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Quartus® Il Software Design Series:
Timing Analysis

Timing Constraints

© 2010 Altera Corporation—Confidentia


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.



Importance of Constraining

m Timing analysis tells how a circuit WILL behave

m 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

m TimeQuest TA performs limited analysis without timing
constraints

© 2010 Altera Corporation—Confidential

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

76


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.


SDC Netlist Terminology

Device building blocks (e.g. look-up tables, registers, embedded

Cell 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

cell cell=atom/wysiwyg
_ pin = iterm pin = oterm
ina »
i inrega —
ombout datain port I/O
-—P‘ > : regout combout
clk £ —— x
outreg
i 5 out
i~ datain
inclk[0]
Sample Pin Names: Sample Net Names:
clk clk~clketrl inalcombout ina~combout
inrega|datain ab
\ inregalclk clk~clketrl
outclk inrega|regout ;
abjcombout nrega
net ab|datac

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

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

m Used in SDC commands

— Some collections searched automatically during a command’s usage and
may not need to be specified
m Examples
— get_ports
- get _pins
— get _clocks

- all_clocks See “TimeQuest Timing Analyzer” chapter of

— all_registers the Quartus Il Software Handbook (Volume 3)
e for a complete list & description of each

— all_i1nputs

- all _outputs
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SDC Timing Constraints

m Clocks <=

m /O

m Asynchronous paths

m False paths

m Multicycle paths

m Delay and skew specifications

© 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.

80


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.


What are clocks in SDC?

m 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

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

m Similar to clock settings in older Quartus Il timing
engine (Classic timing analyzer)
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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


Clocks in SDC (cont.)

m 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.

m All clocks are related by default
— Cross-domain transfers analyzed
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발표자
프레젠테이션 노트
[dcl]: Removed “clock inversions automaticallyd etected unless derived from more complex logic structures”.


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

m Command: create clock
m Options

[-name <clock name>]

-period <time>

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

[-add]

Note: In general, the more options added to a
[ ] = optional constraint command, the more specific the
constraint is. When options are not specified,
the constraint is more generalized and
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create clock Notes

m —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
m —waveform: Indicates clock offset or non-50% duty
cycle clocks

— 50% duty cycle is assumed unless otherwise indicated

m -add: Adds clock to node with existing clock

— Without —add, warning given former clock constraint is over written

m <targets>:. Target ports or pins for clock setting

— Virtual clock created if no target specified
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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.


create_clock Examples

create_clock —period 20.0 —name clk 50 [get ports clk_in]

clk_in (clk_50) -

create_clock —period 10.0 —waveform {2.0 8.0} [get ports sysclk]

sysclk (sysclk) -

L o o
0O 2 8 10 12 18 20
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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%.


Create Clock using GUI

TimeQuest main: Constraints = Create Clock
SDC Editor: Edit = Insert Constraint = Create Clock

Create Clock

Clack narme:

Period:

Wavetorm edges

Rizing;

F alling:

T argets: [aet_poarts {zlk11]

......

SO cammand: create_clock -period B -name clk1 [get_ports {clk1}]

[nizert | Cancel |

Edit any field
(change values; use wildcards
in targets or command)

Name Finder
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Name Finder Clicking on Browse button

P 1o saatoh natist tar
ame Finder you to search netlist for

Callection: |get_|:n:|rts j Filter: | node names (S imilar to
Options Quartus Il Node Finder)
[ Caze-inzensitive
—

r Select collection
/ r to search

Options available Matches

depend on selected List

collection
67 matches found e b 9 zelected names
clk_in_100mhz i clk_in_100mhz
cllk.out = dir_a[0]
din_a[(] — | din_a[1]
din_a[1] { dirn_a[Z]
din_al[] din_a[3]
din_a[3] dirn_a[4]
din_a[4] < dir_a[5]
din_a[5] din_a[k]
din_a[k] dirn_a[7]
Edit command
here or final
command to use
wildcards

SOC cormrmand: I|[get_|:u:urt$ iclk_in_100mhz din_a[0] din_a[1] dirn_al2] din_a[3] din_a(4] din_a[3] din_a[&] din_a[7]}] i

] Cancel | Help |
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Name Finder Search Options (FYI)

m 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

m Case-insensitive (all collections)
— Names match Filter ignoring capitalization

m 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

m 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
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Creating a Generated Clock

m Command: create generated clock
m Options

[-name <clock name>]
-source <master_pin>
[-master clock <clock name>]
[-divide by <factor>]}
[-multiply by <factor>]
[-duty cycle <percent>]
[-1invert]

[-phase <degrees>]

[-edges <edge list>]
[-edge_shift <shift _list>]
[<targets>]

[-add]
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create _generated clock Notes

m —source: Species the node in design from which

generated clock Is derived

— EX. Placing source before vs. after an inverter would yield
different results

m —master_clock: Used if multiple clocks exist at
source due to —add option

m —edges: Relates rising/falling edges of

generated clock to rising/falling edges of source
based on numbered edges

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

Create Generated Clock

Source clock

Clack, name: |'3||“'~='<2

|

location

SoLnce: |[get_|:|in3 finst1|altpll_componentipliinclk[0]}] <

Relationship to source

f* Bazed on frequency

Divide by Phaze: |
A ultiply by 2 Offget; |
Dby cpele:

" Based on waveform

Edage lizk: | | |

Edae shift lizt: | hs | hs | nz

[ |rvert wavefarm

Relationship to
the source

T argets: /|[get_|:|in3 {inst1laltpll_component|plilclk[0]}]
Target location

|

Inzert Cancel |

SOC command: |n::reate_generated_n:ln:n:k -name clkx? -zource [get_pins finst] |alpll_compone

Help |
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Generated Clock Example 1

Source pin S — ;

Target pin

create_clock —period 10 [get ports clk _in]

create_generated clock —name clk div \
—source [get pins instjclk] \
-divide by 2 \
[get pins i1nst]regout]
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발표자
프레젠테이션 노트
Should be okay to put to source to the port as well. 


Generated Clock Example 2

master edges 1 2 3 4 5 6 7 8

clk_in / / e

pulse_clk out

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 i1s the first falling edge. The third
number i1s the second rising edge. Thus, a clock i1s created that
iIs half the period of the source with a 75% duty cycle.

H O H K
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Generated Clock Example 3

masteredges 1 2 3 4 5 6 7 8 9 10 11 12

cli_in r / L T

pulse_clk out

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 i1ndicated
# amount of time
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Inverted Clock Example

=2 clock,
Starts low
DIVCLK

CLK200 b= Q
—
CLR 6
> D Q D Q >
ARST
s — B B
CLK100 ox Q )
D SET Q
N
ar Q =2 clock,
prv-ctn Starts high

create_clock —period 5 [get ports clk200]

create_generated clock —name clkl1l00 -source [get pins divclk]clk] \
—divide by 2 [get pins divclk|regout]

create_generated clock —name clkl1l00n -source [get pins div_clkn]clk] \
—divide by 2 —invert Jget pins div clkn]regout]
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PLL Clocks (Altera SDC Extension)

m 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

my_pll
e e : : 1 c1o0
{in_clk [ b T inclk0 inclkd frequency: 100.000 MHz CUE ST
........................................................................ o e | ez
pera ael M n n
" 2! c200_shift
Clk |Ratio | Ph (dg) |DC (%
cd | 11| 0.0 | s0.00
el | 21 | o.oo | s0.00
c2 | 21 | 90.00 | 50.00
inzt Cyclone Il

Using generated clock commands

Using derive pll command

create_clock —period 10.0 [get ports in_clk]
create_generated_clock —name c100 \

—source [get pins {inst]altpll_component|pll]inclk[O]}] \

-divide_by 1 \

[get pins {inst]altpll_component|pll|clk[0]}]
create_generated_clock —name c200 \

—source [get pins {inst]altpll_component|pll]inclk[O]}] \

-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[O0]}] \

-multiply by 2 \

-phase 90 \

[get pins {inst]altpll_component|pll|clk[2]}]

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


Automatic Clock Detection & Creation

m 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

m Does not work with PLL outputs (use
derive pll_clocks)

m SDC extension expanded with write sdc -expand

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

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

m If no clock constraints exist, default constraints

created through two commands
derive clocks -period 1.0
derive pll _clocks
m Default constraints not applied if at least one
clock constraint exists

= Not in GUI
m Not recommended for final timing sign-off
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Non-ldeal Clock Constraints

m So far, all clocks have been ideal

— Nice square waves
— No accounting for delays outside of FPGA

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

m 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
/O to clock input I/O

Clocks created with create clock have default source
latency of O

© 2010 Altera Corporation—Confidential

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

102


발표자
프레젠테이션 노트
Use early and late to indicate maximum and minimum PCB propagation delay times.


Clock Latency (cont.)

m Command: set _clock latency

m Specify source latency on external path(s) to
device

m Options
— -source
— [-clock <clock list>]
— [-early | -late]
- [-fall | -rise]
— <delay>
- <targets>
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set clock latency Notes

B —-source: required argument for constraint (no
options)

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

m —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)

Set Clock Latency
Latency type
[ Early

" Late
i+ Both

Dielap value: 2 his

T argets: [get_clocks {clk_ini]

SOC command: |set_clock_latency -zource 2 [get_clocks {clk_in}]

[hsert Cancel |
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Clock Uncertainty

m Command: set _clock uncertainty

m Use to model jitter, guard band, or skew
— Allows generation of clocks that are non-ideal

m 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>
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Clock Uncertainty

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

e, ey
e, i
e, i
e, Ry
e, i
e, R
e, iy
e, iy
e, iy
e, ey
e, ey
e, iy
e, ey
e, Ry
e, iy
e, iy
e, iy
e

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

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

m -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)

Set Clock Uncertainty

From clock:

Tao clock:

Analyzis lype

Unicertainty: |':'-5 * Setup

SOC command: |set_clnck_unc:ertainty -from clk_in -to clk_div -zetup 0.5

|hsert Cancel
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Automatically Derive Uncertainty

Command: derive_clock uncertainty

Automatically derive clock uncertainties in supported
devices
— Cyclone lll, Stratix Il, HardCopy® Il, Stratix Ill, 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 Iis recommended with supported devices
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Types of Derived Uncertainties

m Intra-clock transfers
— Transfers within a single clock domain within FPGA

m Inter-clock transfers
— Transfers between different clock domains within FPGA

m |/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_i1nput_delay and set_output_delay constraints
(described later)

® Timing analyzer derives intra- and inter-clock transfers for 1/O if virtual clock not defined
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Common Clock Path Pessimism Removal

m Remove clock delay pessimism to account for min/max delays on
common clock paths (Cyclone lll, Stratix Il and newer devices)
-~ Ex: Max delay for data arrival time; min delay for data required time

m Also used to improve minimum required clock pulse widths

m Enable for Fitter and for timing analysis

— TimeQuest Timing Analyzer settings in Quartus Il software
— enable_ccpp_removal in TimeQuest script or console

— May result in longer compilation time

REG1 REG2
PRE Comb. PRE
. .. D g D
Maximum and minimum Q Logic Q

common clock path delay
\ > CLR > CLR
| / 5.5ns \
\ 5-0ns / setup slack = 0.7 ns without CCPP removal

setup slack = 1.2 ns with CCPP removal

CCPP=55-5.0=0.5ns

=1 Timing Analysiz Settings pipemult sdc Synopsys Design Constraints File

TimeQuest Timing Analyzer

+- Clazgic Timing Analyzer Settings
Azzernbler
Degign Asgistant
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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.


Checking Clock Constraints

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

m Solution

— Use Unconstrained Paths Report to find unconstrained clocks

® Quartus Il 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
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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.


Unconstrained Path Report

4k Quartus Il TimeQuest Timing Analyzer - C:/altera_trn/Quartus_II_Software_Design_Se
File Edit

Wiew  Metlist  Constraints  Reporks

L F.eport

Scripk

=

B Timeluest Timing Analyzer Summary
= 'ﬁ Llnn:cunstrame

l{:l Setup Analysiz
-] Hold &nalysis

Clock Status Summary
Report lists each clock
found and whether it was
constrained

© 2010 Altera Corporation—Confidential

Toaols  Mindow  Help

Unconstrained Paths Summary
Froperty Setup |Hold

| 1 Fllenal Clocks I n
& nconstrained Clacks 1 v
i Unconstrained [nput Forts 34 34

i Uncanstrained [nput Port Paths |51 51

E Uncanstrained Output Ports 32 32

E Uncanstrained Output Port Paths | 32 32

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

4¢ Quartus Il TimeQuest Timing Analyzer - C:/altera_trnfQuartus_|lI_Software_D

File Edit Wiew RMetlist Constraints Reports

Scripk

L

B Timelluest Timing Analyzer Summary
=] a Unconstrained F'aths

l {:l Huold Analysis

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off.
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Tools  Window  Help

Clock Status Summary

Clock Type |Statusz
1 Clk‘ t .......................................... tralnEd
2|clk_in_100mhz|Baze |Unconstrained




Report Clocks (report_clocks)

m List details about the properties of constrained

clocks

Clock
properties
A
f \

oCK . @'J‘

Clack Mame | Type Period |Frequency |Rise |Fall |Duty Cycle |Divide by |Muttiphyby |Phase |Offset |Edge List |Edge Shit |Inverted |Master |Source Targets
1fclk in Base 7.000 |14286 MHz |0.000 |3.500 tclke in }
2 |clke_in_vir Virtual 7.000 |142.86 MHz |0.000 |3.500 i
3clk_o Generated | 7000 | 142 86 MHz [-D 835|2 601 1 1 -46.3 falze clk_in | tlauto_genertediplilinclk[0]| .. tauto_generatedipll 1iclk[2]
4 | clk_out Generated | 7.000 | 142.86 MHz [6.101 |5.601 1 1 falze ck_o |..ntlauto_generatedipllTichk[2] [{ clkout }
5 clk_x1 Generated | 7.000 [142 86 MHz |0.000 |3.500 1 1 false clk_in |.tlauto_generatedipl1inclk[0] | . tiauto_generatedipll1iclk[0] }
6 |clk_x2 Generated [3.500 |285.71 MHz [0.000 [1.750 1 2 falze chk_in |..tlauto_generatedipllinclk[0] | .. tauto_generatedipll Ticlk[1]

v

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

m Clocks

m|/Q G

m Asynchronous paths

m False paths

m Multicycle paths

m Delay and skew specifications

© 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.

117


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


/O Constraints

= Combinational I/O interface
m Synchronous I/O interface
m Source synchronous interface
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Combinational Interface

m All paths from IN to OUT need to be constrained

m Use set_max_delay & set_min_delay
commands

— Specify an absolute maximum & minimum delay between points

m Options
FRGA/CRLD [-from <names>]
: Cm ey [-to <names>]

— ki;\/v o [-through]
<delay>
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set max _delay & set_min_delay Notes

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

m —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)

Set Maximum Delay

Fram:
T hrough:
To

Drelay value:

S0OC command:

© 2010 Altera Corporation—Confidential

[get_ports in{0}]

[get_ports out?]

2.0

zet_max_delay -fram [get_parts ind0}] -ta [get_parts out®] 5.0

Irizert Cancel Help
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Combinational Interface Example

FPGA/CPLD

in1 /\(W\
in2 C Combinationalv outl

Logic

y

out2

y

set _max_delay
set _max_delay
set _max_delay

set _min_delay
set _min_delay
set _min_delay

—from [get ports
—from [get ports
—from [get_ports

—from [get ports
—from [get ports
—from [get ports

inl] —to
in2] —to
in3] —to

inl] —to
in2] —to
in3] —to

[get ports out*]
[get ports out™]
[get_ports out*]

[get ports out*]
[get ports out™]
[get ports out™]
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/O Timing — FPGA-Centric vs. System-Centric

m To specify I/O timing, we must decide whether we want to
look at the 1/O timing FPGA-centric or system-centric

m FPGA-centric means we determine what chip-level T,

Ty, Teo 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)

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

m Can specify some interfaces FPGA-centric and others
system-centric
— Concentrate on system-centric in the class.
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/O Timing — Virtual Clocks

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

m Separate clock to represent external clock timing
allows derive_clock uncertainty to
calculate correctly

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

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

m Need to specify timing relationship from ASSP to
FPGA/CPLD to guarantee setup/hold In
FPGA/CPLD

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

© 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

ASSP FPGA/CPLD
regl reg2
\ PRE /T£_> Tdata_PCB Tgataint PRE
D | D Q
\ / I L C *
> T L Teizint >
CLR = CLR
H—I
T/ Th
Teika m Teikzext
M
Virtual Clock OSC\/

* Represents delay due to capacitive loading



Synchronous Inputs

OSC

ASSP.CLK

ASSP.DOUT

FPGA.DIN
REG2.D

FPGA.CLK

REG2.CLK

ASSP FPGA/CPLD
regl T reg
PRE _.__,_':.El-—h- Teoa_pes Teoan PRE
Lz DOUT L. oN——° °
} L Tckzu :}
LR = LR
T,
CLK CLK
Tk I./_'H'__l\ T ok
C?'Sl::l'\""’/|
Tclkl
v >

)
Data Valid P4

> Tdat#int

o>

Y, Data Valid P4
X
<

Mlld >

‘g clk2ext )I | > TC|k2int
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Constraining Synchronous Inputs

m Use set i1nput_delay (-max option) command to constrain input
setup time (maximum time to arrive and still meet T )
— Calculated input delay value represents all delays external to device

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

= (Tdata_PCB(max) + TCL) - (TcIkZext(min) - Tclkl(max) ) + Tco(max)
FPGA-centric:
input delay max = (Maunch = Thateh) - Tsu

m Use set i1nput_delay (-min option) command to constrain input

hold time (minimum time to stay active and still meet T,)
— Calculated input delay value represents all delays external to device

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

= (Tdata_PCB(min) + TCL) - (Tclk2ext(max) - Tclkl(min) ) + Tco(min)
FPGA-centric:
input delay min =T,
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set 1nput_delay Command

m Constrains input pins by specifying external
device timing parameters

m Options
-clock <clock_ name>
[-clock_fTall]
[-rise | -Tfall]
[-max | -min]
[-add_delay]
[-source_latency_ included]
<delay value>
<targets>
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set 1nput_delay Notes

m -clock: Specifies the clock driving the source (external)

register
— Use the virtual clock
— Used to determine launch edge vs. latch edge relationship

m —clock fall: Use to specify input signal was launched
by a falling edge clock transition

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

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


set 1nput_delay Notes

m -add _delay: Use to specify multiple constraints on single

Input
— Only one set of max/min & rise/fall constraints allowed on an input pin

m -source_ latency i1ncluded: input delay value
specified includes clock source latency normally added

automatically

— Tells TimeQuest to ignore any clock latency constraints applied to source
clock
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발표자
프레젠테이션 노트
[dcl]: Moved –add_delay to here and max and –min discussion to previous page



Synchronous Outputs

m Need to specify timing relationship from
FPGA/CPLD to ASSP to guarantee clock-to-
output times in FPGA/CPLD

FPGA/CPLD ASSP
regl reg2
P%E Tdataint Tdata_PCB P%E
D Ql—] + R, — Y
Tclklint CL*
> I > Tsu/Th
CLR - CLR
H—I
Teo \

\ T../T,, represent

total setup/hold

T T . .
clki(ext) @ clk2 time of ASSP (i.e.

0OSC Virtual Clock datasheet spec)

* Represents delay due to capacitive loading
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Synchronous Outputs

OSC

FPGA.CLK

REG1.CLK

REG1.Q
FPGA.DOUT

ASSP.DIN

ASSP.CLK

FPGA/CPLD ASSP
egl agd
PRE Taa T-.ﬁ;_pca p——— | FRE
= PR DOUT L -DIN|— oy
cEih ~ T L [}
CLR = LR
m Teo o=
CLK CLK
Tertiu @ Terz
H"*"fcesnc:
@IkleD
| Toaint
Tdataint
TCO —> | —>
Data Valid
|
_—X Data Valid P4
(Joatavece Dol |
Data Valid

(.
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Constraining Synchronous Outputs

m Use set output_delay (-max option) command to constrain maximum

clock-to-output (maximum time to arrive and still meet ASSP’s T )
- Calculated output delay value represents all delays external to device

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

= (Tyata_pcamax) T Tew) = (Tekamin) = Teikiextmax) ) + Tsu
FPGA-Centric:
output delay max = (Taunch = Tiaten) = Tcomax)

m Use set output_delay (-min option) command to constrain minimum

clock-to-output (minimum time to stay active and still meet ASSP’s T,)
- Calculated output delay value represents all delays external to device

System-Centric:
output delay min = Data trace (min) - Board clock skew (max) — T,

= (Tdata_PCB(min) + TCL) - (Tclk2(max) - Tclklext(min) ) - Th
FPGA-Centric:
output delay min = - Teogminy
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set output delay Command

m Constrains output pins by specifying external
device timing parameters

m Options
-clock <clock_ name>
[-clock_fTall]
[-rise | -Tfall]
[-max | -min]
[-add_delay]
<delay value>
<targets>
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set output _delay Notes

m —clock fTall: output signal was latched by a
falling edge clock transition

m All others same as set_1nput_delay
command
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Input/Output Delays (GUI)

Set Input Delay

Clock narne: |l3|k

| Usze faling clock edge

|nput delay options

" Mininum
(o Maxirum
" Bath

Delay walue: 5 | Add delay

Targets: [get_parts 7]

SOC command:  |=et_input_delay -clock { clk }-max 5 [get_poarts 4%

Inzert Cancel
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S
Synchronous I/O Example

ASSP1 Teomaxy =9 NS FPGA/CPLD ASSP2 Teu=2ns
Tco(min) =3ns _ T,=0.4ns
In_reg out_reg
PRE 1ns datain PRE PRE dataout 1ns PRE
D Q l [ >—D Q D Q [ D Q
> CLR clk 1_> CLR |_> CLR > CLR
T, /Ty co
|
Tokew = £0.5ns /2 \Tperioa = 10 s Notice inversion
. @ on input register
clk_v_in clk_v_out

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]

Note: eXpr in these constraints is used to simply calculate the value of the

© 2010 Altera Corporation—Confidential equation broken down into the 3 parts defined by the input/output delay
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발표자
프레젠테이션 노트
[dc]: Added the virtual clock constraints for the set input delay and output delay.


.

Output Pin Load

m  Specifies output pin loading in
picofarads (pf)
Votage | PinPacement |  ErorDetectonCRC | —  Changes default loading value of 1/0 standard
General ] Configuration ] Programming Files ] Unuzed Pinz ] Dual-Purpose Pins ] N
Capacitive Loading Board Trace Model ] 1/0 Timing ] — ChangeS tCO Of Output pInS
Specify values for capacitive loading per 140 standard. M
ek o & m  Allows designer to accurately model
:;r\:eLVTTL Capacitive Loading P board Condltlons
3 O
3.3 LVCMOS 0 . . . .
25V g m  Specify for entire I/O standard in Device
133$ PCI ?u Sett|ngs
SSTL2 Clss 0 Appl individual bidi - |
: = Apply to individual output or bidirectiona
S5TL18 Class | 0 . . . . .
SSTL1SCase | 0 pins in Assignment Editor or Pin Planner
1.5 H5TL Class Il 0 - H
1 B HETE Mase | n M A” PInS ||St
Description: . .
Capacitive Loading tab of Device and Pin Options " Applles to 90-nm or older devices Only
button in Device Settings
= Named: [§ |« Edit %¢| [0 Filter:| Pis: all -l
| Mode Mame Direction Location 1y Skandard CQukput Pin Load IO Bank. S
13 I+ reset Inpuk PIR_M3 3,3-Y LVTTL (default) [} B
14 L yn_out[7] Cukpuk PIM_JA 3,3-% LYTTL (default) 5 B
15 L yn_out[s] Cukpuk PIM_L& 3,3-% LYTTL (default) 5 B
16 & wn_out[S] Cukpuk PIM_H1 3,3-Y LYTTL (default) 5 B
17 I yn_out[4] Cutput PIN_KZ 3.3-Y LVTTL {default) 5 E
18 I yn_ouk[3] Cutput FIN_Hz 3.3-Y LVTTL {default) 5 E
19 & wn_out[E] Cutpuk PIN_15 3.3-Y LVTTL {default) 5 E
20 & wn_out[1] Cutpuk PIN_LZ 3.3-Y LVTTL {default) 5 B
21 & wn_ouk[0] Cutpuk FIN_KS 3.3-Y LVTTL {default) 5 B
22 ¢ yvalid Cukpuk PIM_L7 3,3-Y LMTTL (defaulk) 5 B
E 23 I+ ~DATAD-~ Inpuk PIM E13 3.3V LVTTL (default) 3 B ¥
>

Tcl: set_instan

ce_assignment —-name OUTPUT_PIN_LOAD <value> —to <pin name>
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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.


Advanced I/O Timing

m  Enhances analysis (over capacitive loading) by allowing user to enter board-
level parameters (Cyclone Ill, Stratix I, lll, & IV devices only)
— Usein lieu of or in addition to HSPICE & IBIS modeling

m View signal integrity metrics in Compilation Report (TimeQuest folder)

Enable in TQ settings, then

) : : Board Trace Model Set parameters for
Device Settings = Device & s P

specific I/O pin(s)

Pin Opt|0ns Erar Detection CRC ]
- - nuzed Fins ] Dual-Purpoze Pinz ] _
Capacitive Loading Board Trace Model ] 140 Timing ] Stratix |
_ EF2S15F484C3
Speaily values for Board Trace Mods! per I/ standard pin(s) yn_out[7]; yn_out[8]; yn_out[S], yn_outf4]: yn_out[3]; yn_out[2]; yn_out[1]; yn_out[C
/O standard for selected pin{s): 3 3\ LWTTL
140 standard: |33V LVTTL ~|
Board trace model:
Marne Walue ~
MNear pull-up resistance [in ahms) apeh
Mear pull-down resistance [in ohms) open
Mear capacitance [in farads) open it lII y i lIl v

MNear series resistance [in ohms) short
Mear transmizzion line distibuted inductakce finh.. 0
Mear tranzsmizzion line distnbuted capacitance [in f...

C_per_length: |I| Frinch
MNear tranzmizzion ling length [in inches) Rnh; ahm Rifh: Ohm

1]
a . ]
L . . . L_per_length: Hfinch
Far transmizzion line distributed inductance [inhe.. 0 lIl
1]
a

Far transmizzion line distibuted capacitance (in fa... I T_tength: [0 Jinch(es)

Far transmizzion line length (in inches) I I

Far pull-up resistance (in ahrg) apeh

Far pull-dowen resistance [in ohms) open Fins| Ohm Ris: Chm

on chipoff chip

Far capacitance (in farads] opeEn w &n:[Copen |F Rnl: [ open |Ohm  Rfl:[ epen | Ohm
Set for a” plns USing , ahd capacitive load parameters for each |/0 ~ J__ J_ J_ —
ffect Advanced /0 Timing anly and d - — - -
I/ O Standard acI:t';lmin:;alggetiming amnp%fvr;f ﬂnﬁd?aen?;:lla’tl = - - \
Reset C; parameter equivalent
Right-click on output pin(s) in Pin to output pin load
Ok C | 1
©2 | ol | Planner = Board Trace Model
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.

Synchronous I/O Timing Summary

System-centric FPGA-centric

Input delay (max)

Board delay (max) - Board clock Skew (min) + Teomay
Board delay (max) = Ty pcamax) * TeL
Board clock skew (min) = Tclk2ext(min) - Tclkl(max)

Input delay (min)

Board Delay (min) - Board clock skew (max) + Tcomin
Board delay (min) = Tyaa peming + ToL
Board CIOCk SkeW (maX) = Tclk2ext(max) = Tclkl(min)

Output delay (max)

Board Delay (max) - Board clock skew (min) + Tg
Board delay (max) = Tgaa pcamax + ToL
Board clock skew (min) = Tclk2(min) = Tclklext(max)

T- TCO(m ax)

Output delay (min)

Board Delay (min) - Board clock skew (max) - T,
Board delay (min) = Tyaa peming + ToL
Board clock skew (max) = Toyomax) = Tekiext(min)

'TCO(min)

Note: The Tgy, Tj,
T= (Tlatch - Tlaunch)

Tcomax and Teominy, for FPGA-centric, are chip-level timing requirements.
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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… 


Please go to Exercise 3
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Source-Synchronous Interfaces

ASSP1

PRE (/\\
|
1

FPGA

datain

inreg

clkin PLL*

PRE

CLR

outreg

PRE

I

D Q

>

CLR

dataout

—>

|

clkout

ASSP2

PRE

CLR

-

[tel §V(

—P

\J

m 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

m Skew between data and clock is the limitation factor of

transmission speed
— Enables higher interface speeds (compared to using system clock)

* 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

X A A

X
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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


.

SDR Source-Synchronous Input (Data Sheet)

m The FPGA input constraints vary depending on what's
given by the data sheet of the ASSP:

— T¢o relative to the output clock
— T¢o relative to the input clock
— Specify setup and hold parameters for the data output

ASSP Waveform @ output from external device
D PRE Q—D OUTDATA Launch edge
\ / Latch edge
l_>cm Teo OUTCLK
> outcLk

OUTDATA

5 Clock

OUTCLK
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발표자
프레젠테이션 노트
In the class, we will concentrate on constraining source synchronous inputs based on the setup and hold parameters. 


.

SDR Source-Synchronous Input (Center-Aligned)

ASSP

—

l—>

OUTCLK
|
1

FPGA

datain

inreg

clkin

Q

I PLL

al

PRE

CLR

Waveform @ output from external device

OUTCLK

T, %‘ <
St 9| eTh

m Total setup/hold relationship of FPGA to clock (clkin) already defined

by output waveform of external device

* The PLL in this example is used to maintain the input clock to data relationship
© 2010 Altera Corporation—Confidential

T, Is start of DVW
T, is end of DVW

m Must derive set_input_delay values from T, & T,

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.

145


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.


SDR Source-Synchronous Input (Center-Aligned)

ASSP

PRE

CLR

-

OUTCLK
|

8

I PLL*

[

FPGA
inreg
datain PRE
[ >—1D Q
> CLR
clkin

System-centric approach:

Input delay max

FPGA-centric approach:

From ASSP Data sheet: Waveform @
output from external device

OUTCLK

L

Ty —>

‘ <
> <~T,

= data trace (max) - clock trace (min)
+ (latch edge - launch edge)* - T,

iInput delay max

*Typically 1 clock period for SDR
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SDR Source-Synchronous Input (Center-Aligned)

ASSP

PRE

CLR

-

OUTCLK
|

8

I PLL*

[

FPGA
inreg
datain PRE
[ >—1D Q
> CLR
clkin

System-centric approach:

Input delay min

FPGA-centric approach:

From ASSP Data sheet: Waveform @
output from external device

OUTCLK

L

Ty —>

‘ <
> <T,

= data trace (min) - clock trace (max) + T,

input delay min
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Using SDC with Source-Sync Input

m Create clock on clock input port

m Use set 1nput_delay command with

reference to virtual clock
— Same as with synchronous input

ASSP FPGA

PRE (\ datain
D Q N S

inreg

\/

CLR
OUTCLK clkin PLL
—
_/

|

PRE

CLR
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SDR Source-Synchronous Output (Center-Aligned)

Waveform @ input to external device

e ASSP INCLK
outreg
PRE dataout PRE ‘
o L —S—0
> > >Tsu/Th
CLR CLR
clkin PLL* l_ clkout %_r
P> | = ‘
* The PLL in this example is used to shift output clock to establish an output clock to data relationship Ty — 9|é < T
h

System-Centric:
output delay max = data trace (max) — clock trace (min) + T,
output delay min = data trace (min) — clock trace (max) — Th

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

Notice output delay
minimum is negative
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Using SDC with Source-Synch Output

FPGA

PRE dataout

—|D Q>

This path must be analyzed when

v calculating data required time

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

m 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

m 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
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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]jaltpll_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[E%?EEE_IEEf:ETBEEg_ETEEUT]]\

-max 0.500 [get ports dataout]

set_output_deIay[EE%?EE_IEEEZETBEE§_31F§E§1]\
-min -0.500 |get ports dataout
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S
Source Synchronous I/O Timing Summary

System-centric FPGA-centric

Input delay (-max) Data trace (max) — clock trace (min) + (latch edge — launch edge) — T,
(latch edge — launch edge) - Tg,

Input delay (-min) Data trace (min) — clock trace (max) + T,, | T,

Input delay —clock Target virtual input clock

Output delay (-max) | Data trace (max) — clock trace (min) + Tsy
TSU

Output delay (-min) Data trace (max) — clock trace (min) - T, -T,,

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

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

Checking I/O Constraints

m Helpful TimeQuest reports to run to verify
constraints

m Report SDC
m Report Unconstrained
m Report Ignored Constraints
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Ak

Report SDC (report_sdc)

m List SDC constraints applied to netlist

=i S5DC Assignments
B
B Create Generated Clock,
Set Input Delay
Set Output Delay
Set Falze Path
Set Mulicycle Path

SOC Command | Mame

Period | ' aveform

Targets

SDC Command

| MHame | Source

O-r
| Ciuty Cycle | P ualtiply

1 bcreate clock clk_in_100mhz|10.000 |§ 0.0005.000 } [get_ports {clk_in_100mhz}] -i | 1 |cieate_generated_clock | ¢100 [get_pins finst lalpl_componentipllinclk[0]H| 50,000 1
2| create_nenerated_clock| c200 [get_pins finzt1laltpl_componentipllinclk[0]H| 50,000 2
3 |create_generated clock| c100_out| [get_pinz finst1laltoll componentollinelk(0BIS0000 1
B ase C I ocC k 4| create_generated_clock | clkout | [get_pin Gen er ated C I ocC kS
< > £ >
O O-d
SDC Command | Flags | Clock Mame | Delay | Forts |a ~ SDC Command | Flags | Clock Mame | Delay | Forts | Source Latency
'|_ zet_input_delay |-max | [get_clocks clk_in_100mhkz] 4.500 | [get_ports din_a[0]] - 1_ set_output_delay| -max | [get_clocks clkout] 0500 | [get_ports multout_ab[15]]
2_ zet_input_delay |-min |[get_clocks clk_in_100mhkz] 1.000 | [get_ports din_a[0]] - 2_ zet_output_delay|-min | [get_clocks clkout] -0.500 | [get_ports multout_ab[15]]
3_ zet_input_delay |-max | [get_clocks clk_in_100mhbz] 4.500 | [get_ports din_b[0]] - 3_ zet_output_delay| -max | [get_clocks clkout] 0500 | [get_ports multout_ab[14]]
4_ zet_input_delay | -min | [get_clocks clk_in_100mke] 1.000 | [get_ports din_b[0]] - 4_ set_output_delay| -min | [get_clocks clkout] -0.500 | [get_ports multout_ab[14]]
|5 |set_input_delay |-max | [oet_clocks clk_in_100mhz] 4.500 | [get_ports din_s[0]]|- |5 |set_output_delay| -max  |[get_clocks clkout] 0500 | [get_porks multout_ab[13]]
5_ zet_input_delay |-min | [get_clocks clk_in_100mhkz]| 1.000 | [get_ports din_x[0]] |- 5_ zet_output_delay| -min | [get_clocks clkout] -0.500 | [get_ports multout_ab[13]]
?'_ zet_input_delay | -max et clacks clle in I00mbzl 4 KON | [get_paorts din_w[0]] |- T"'_ set_output_delay| -max | [get_clocks clkout] 0.500 | [get_ports multout_ab[12]]
8 |set_input_delay | -min [get_poartz din_y[0]] - 2 |set_output_delay| -min  |[get_cl b{12]]
E set_input_delay | -max I n p Ut d el ayS [get_ports din_af1]]| - E set_output_delay| -max | [get_cl Ou t p ut d eI ay b[117]
E zet_input_delay |-min |[get_clocks clk_in_100mhke] 1.000 | [get_ports din_a[1]] - E zet_output_delay| -min | [get_cléorm—oroo—o- oo 11]]
1 zet_input_delay |-max | [get_clocks clk_in_100mhkz] 4.500 | [get_ports din_b[1]] - l zet_output_delay| -max | [get_clocks clkout] 0500 | [get_ports multout_ab[10]]
E zet_input_delay |-min | [get_clocks clk_in_100mhke] 1.000 | [get_ports din_b[1]] - E get_output_delay| -min | [get_clocks clkout] -0.500 | [get_ports multout_ab{10]]
E zet_input_delay | -max | [get_clocks clk_in_100mbz] 4.500 | [get_ports din_x1]] - E zet_output_delay| -max | [get_clocks clkout] 0500 | [get_ports multout_ab[9]]
(14| set_input_delay |-min | [get_clocks clk_in_100mhz] 1.000 | [get_ports din_s[1]]|- (14| zet_output_delay|-min  |[get_clocks clkowt] -0.500 | [get_porks multout_ab[9]]
E zet_input_delay |-max | [get_clocks clk_in_100mhz] 4.500 |[get_ports din_w[1]]|- E zet_output_delay| -max | [get_clocks clkout] 0.500 | [get_portz multout_ab[8]]
E zet_input_delay |-min | [get_clocks clk_in_100mhkz]| 1.000 | [get_parts din_w[1]]|- E zet_output_delay| -min | [get_clocks clkout] -0.500 | [get_parts multout_ab[8]]
i zet_input_delay |-max | [get_clocks clk_in_100mhz] 4.500 |[get_ports din_a[2]]| - E set_output_delay| -max | [get_clocks clkout] 0.500 | [get_ports multout_ab[71]
E zet_input_delay |-min | [get_clocks clk_in_100mhkz]| 1.000 |[aet_ports din_al2]]|- E set_output_delay| -min | [get_clocks clkout]| -0.500 | [get_ports multout_ab[71]
19| set_input_delay | -max |[get_clocks clk_in_100mhz]| 4.500 | [get_ports din_b[2]]|- % | | 19 set_output_delay| -max | [get_clocks clkout]| 0500 | [get_ports mulbout_ab[E]) w
< > < >
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Report Unconstrained Paths (report_ucp)

* 8l Unconstrained Output Ports
Be Timeluest Timing Analyzer Summary Output Port Camment

B3 Llncnnstrained.F'aths 1 |mulkout_ab[15] Mo output delay, mind/mas delays, ar false-path exceptions found
""" &8 Unconstrained Paths Summary 2 |multout_ab[14] Mo autput delay, min/max delays, ar false-path exceptions found
[—]% g::tzl; i?;ll';ili KA 3 |mulbaut_ab[13] Mo autput delay, m?na’ma:-: delays, or falze-path e:-:n:ept?n:uns fownd
______ % Unconstrained Input Ports 4 [rulout_ab[12]|Ma autput delay, min/max delays, or falze-path exceptions found

______ % Unconshained Dutnut Ports 5 |mulbout_ab[11] Mo output delay, min/maz delays, ar false-path exceptions found

______ % Unconstrained Input Port Paths B [mulout_ab[10]| Mo autput delay, mindmax delays, or false-path exceptions found

______ % Unconstrained Dutput Port Paths ¢ |mulkout_ab[9] Mo output delay, min/maz delays, or false-path exceptions found
=5 Hold Analysis 5 |multout_ab[8] Mo output delay, min/max delays. or false-path exceptions found
...... % Unconstrained [nput Ports 3 |multout_ab[7] Mo output delay, min/maz delays, or false-path exceptions found

...... B& Unconstrained Output Ports 10| mulbout_ab[B] | Mo output delay, min/max delays, or falze-path exceptions found

------ B Unconstrained Input Port Paths 11 | mulbaut_ab[5] Mo output delay, min/maz delays, ar false-path exceptions found

------ B& Unconstrained Output Port Paths 12 | multaut_ab[4] Mo output delay, min/maz delays, ar falze-path exceptions found

b I I RN IS I o b | | ' R A N N DS VU RUNUDNRN DI R U DU ) (SN 1 SR AR |

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

m Setup and Hold Analysis folders list
unconstrained I/O ports and paths
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Verifying Clocks & I/O Timing

m 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

m For detailed slack/path analysis

— Run Report Timing from Tasks pane or Constraints menu
— Use report_timing command
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발표자
프레젠테이션 노트
[dcl]: Removed overly obvious statements, such as negative slacks show up in red, etc.


Please go to Exercise 4
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SDC Timing Constraints

m Clocks

m /O

m Asynchronous paths <=

m False paths

m Multicycle paths

m Delay and skew specifications
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발표자
프레젠테이션 노트
Now we are going to check what SDC timing constraints we would apply to the following design situations.


Asynchronous Paths

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

m Used for design initialization & as outputs of
control structures

m Must be constrained
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TimeQuest TA & Asynchronous Ports

m Asynchronous inputs assumed registered either
Internally or externally

m 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)

SET CLK _
° Q Trec Trem
CLK - CLR
ASYNC
ASYNC

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
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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… 


Types of Asynchronous Paths

m Externally reqgistered
m Internally registered
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Externally Registered

m Control signal
generated by a \

(eg TI— TL7705A)
registered output of § i

another device pebounce | oot L .

Circuit
m Typical sources are; -
— Push button reset thru L RESET3

debounce circuit
— Supervisory chip

Microprocessor

— Micro-processor GPIO
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Externally Registered (cont.)

OsC
FPGA/CPLD
—@ reg2
PRE
D Q
>
ASSP —
regl
PRE \
D Qi < )
e \~\ Place constraints on
input control port

m Apply set _i1nput_delay —max &
set_1nput_delay —min to input port to constrain
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Externally Registered Example

OSsC
FPGA/CPLD
—@ reg2
PRE
D Q
clk
>
ASSP =
repggé reset
o o SES>
— > \~\ Place constraints on
- input control port

create _clock —name clk —period 10 [get ports clk]
create _clock —name clk vir —period 10

set _1nput_delay —clock [get clocks clk vir] —max 5 \
[get ports reset]

set _1nput_delay —clock [get clocks clk vir] —min 2 \
[get ports reset]
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Internally Registered

m Control signal generated
as output of internal
register

m Paths are covered by
clock constraints
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Checking Asynchronous Control Constraints

m Use same reports as for clocks & I/O

m Externally reqgistered
— If unconstrained, paths show up as unconstrained input ports &
paths
m Internally registered
— If unconstrained, clock driving register appears as unconstrained
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Reporting Asynchronous Control Paths

m Use same methods as clocks & 1/0

B Summary reports

— Use —recovery|-removal options with
create_timing_summary

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

m Detalled 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)

report_timing -from _clock clk_in_100mhz -recovery -npaths 10 \
-detail path_only -panel_name {Recovery (clk _in_100mhz) Detailed}

x

BH SDC File List
F ] Unconstrained Paths

B TimeQuest Timing Analyzer Surmary

mF [Recovery [cll_in_100mhz] Detailed

From node is reset

£

© 2010 Altera Corporation—Confidential

N\

Recovery (clk_in_100mhz) Detailed

Command Info Surmmary of Paths ]

o

Slack |FromMode |ToMode [Launch Clock |Latch Clock

3.068 ezek izt clk_in_100mhz |c100
i 3068 | reset inzt? clk_in_100mhz | =100

Path #1: Recovery slack is 3.068

Path #1: Recovery slack is 3.068

|3

Path Sumnmary l Stati&tics] Data Path] 'W'avefnrm] Path Summary] Statistics D ata Path I'W'avefnrm]
Froperty |"u"alue a A Fath
Fram Mode reset S Tatal Incr RF Type Fanout | Location Element
12| ToMode st 3 1 1]0.000 0.000 launch edge time
|3 |Launch Clock clk_in_100mhz 210,000 LD, = clock, netwark, delay
i Latch Clock, c100 4 500 4 KO0 R iE =t 1 FIM_H1 rezet
| 5 | Data Arrival Time 7.080 5479 EFE] HE LELL 1 10C_=0_YE_M1 rezeticombout
E Data Required Time 10,748 / 515.601 0122 RA IC 1 CLECTRL_G1 reget ™ clotillinck[0]
|7 {5lack 3068 6 |5.601 0.000 RR CELL 2 CLECTRL_G1 rezet~clkotlloutclk
¥ |B.324 0723 RR IC 1 LCFF 17 %12 N
8|7.080 0756 RF CELL 1 LCFF_ %17 %12 M17  |ing
EXternal |npUt de|3-y Tatal Inzr RF Tupe Fanout | Location Element
1]10000 10000 14 —
211z (o112 R 4 Destination is
310148 0036 uTzu 1 LCFF =17 ¥12_N17

M async. clear
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Example Recovery Report (Int. Registered)

report_timing -from_clock cl1l00 -recovery -npaths 10 \
-detail path_only -panel_name {Recovery (c100) Internal}

L F.epork

BR TimeQuest Timing Analyzer Summary

L Recovery {(c100) Internal

Command Info  Summary of Paths l

o =

BR SDCFile List
Ef' [Recovery (100 Intemal

inst3
it
inst3
inst3
it
irst3
inst3
it
irst3

From Mode

ToMNode

Launch Clock

inst14[4] | 100
inst14[1] | 100
inst14[13] | 100
inst14[3] | c100
inst14[6] | c100
inst14[8] | 100
inst14[0] | 100
inst14[14] | 100
inst14[2] | 100

Latch Clock

c100
c100
c100
c100
c100
c100
c100
c100
c100

Path #1: Recovery slack is 2.320

Path Summary l Statistics] Data F'ath] Wavefolm]

Path #1: Recovery slack is 2.320

Path Summary I Statistics  Data Path lWavefolm]

< 2

Froperty |"Jalue J_ a £ al Path

From Mode inst3 - Total Iher RF Type Farnout Location Element
2| ToMode st 4[7] 1 1]0.000 0.000 launch edge time
3| Launch Clock c100 120112 0112 R clock netwark, delay
4] Latch Clock c100 (IMWERTED) | 3]0.362 0250 uTco 1 LCFF =17 12 N17  |inst3
|5 | Data Amival Time 2,564 14]0.362 0.000 RR CELL 95 LCFF =17 Y12 M17  |inst3regout

From no d e iS B |Data Required Time | 4.884 15]1.890 1.528 RR IC 1 |10C_x=28 v11_N3 rilbout_su[7lareszet
internal register 7 |Slack 2320 |E|2564 0674 RR CELL 1 IOC_¥28 Y11_MN3 i

Total I Element \
1 1]5.000 5.000 latch edge time
2 |4.960 0040 |F clacd . . .
3]4.884 0.076 uT su 1 IOC_#28 v11_N3 inzt1 Destination is

async. reset
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What about truly asynchronous control inputs?

m BAD IDEA to use it directly!!!

m Solution: Synchronize inputs with internal clock
— Input may then become false path (discussed in next section)

m But if you must...
— Use set_max_delay &
set_min_delay to
constrain paths

Reset Button

VAN

)

PRE

CLR

PRE

CLR

—» Synchronous Reset
(Active Low)

System Clock

OR

— Use set_i1nput_delay of 0 on input

® Asynchronous signal valid as soon as it arrives on input port
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발표자
프레젠테이션 노트
[dcl]: On page 116 from Synthesis Cookbook (Figure 16-3)


Need More Proof?

For example, these state machine registers should all be de-asserted
together, but...

FPGA/CPLD
regl reg2 reg3
PRE PRE PRE
D Q D Q D Q
clk
> CLR > CLR > CLR

= 1

clk ‘ ‘ Due to routing delay (skew) of
the clear signal, only regl
comes out of reset correctly,
reset T..|T the rest may de-assert on the
rec reggl
| ‘ next clock cycle. This could

regl.clr ( €= | Me€an starting in the wrong

' ! ! ! state (or even an illegal state).
reg2.clr i i i
reg3.clr i i i
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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.


SDC Timing Constraints

m Clocks

m /O

m Asynchronous paths

m False paths <G

m Multicycle paths

m Delay and skew specifications
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Timing Exceptions: False Paths

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

m Timing-based
— Paths intentionally not analyzed by designer

— e.g. Bridging asynchronous clock domains using synchronizer
circuits

m Must be marked by constraint to tell TimeQuest
to ignore them
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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.


Two Methods to Create False Paths

m 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

m set clock groups command
— Use when just clock domains are involved
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set false path Command

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

m -from & -to: Use to specify source & target nodes

— Target nodes can be clocks, registers, ports, pins or cells
— For reqisters, -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

m -rise_fromé& -fall_ from: Use to indicate clocks for
the source node & whether constraint is for a rising or
falling edge clock transition; not in GUI

m -rise to & -fall _to: Use to indicate clocks for
destination node & direction of transition; not in GUI

m -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)

Set False Path

Frarmn: [get_clocks {clk}]

T hrough:

Ta [get_clocks {clkx2}]

SOC command: |$et_false_|:uath -from [get_clocks {elk}] -ta [get_clocks {clkx2}
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False Path Example 1

FPGA/CPLD
regl reg2 reg3
| data PRE PRE PRE
‘ D D Q D Q
clkl

CLR > CLR > CLR
clk2

Simple synchronizer

circuit between two

asynchronous clock
domains

set _fTalse path —from [get pins reglj|clk] \
—to [get pins reg2|datain]
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False Path Example 2

FPGA/CPLD
regl
. data PRE test_out
> i
— b Q test _logic
clk1 -

I::>—T~—c>cm

Cutting analysis of
inserted test logic

set false path —fall _from clkl \
—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]

© 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.

180




set clock groups Command

m 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

m Options
[ -asynchronous | -exclusive]
-group <clock name>
—group <clock_name>
[-group <clock name>]..
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set clock groups Notes

m —group: each group of clock names is mutually
exclusive to other clock groups

— €.0. 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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Clock Mux Example 1

FPGA/CPLD
regl

reg2

PRE

clock control

PRE

CLR

clk_100 \bl(mk l_> CLR

clk_66

clk_sel

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.
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Clock Mux Example 1 (Alternative)

FPGA/CPLD
regl reg2
PRE PRE
D Q D Q
clock control
clk_100 \b'oc" l—> . ‘—> on
clk_66
clk_sel

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
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Clock Mux Example 2

FPGA/CPLD
regl reg2
Applying two clock settings o PRE S PRE
to same input port Q Q
clock control

\ clk \bIOCk l_> CLR ‘_> CLR

[cik_200

clk_sel

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
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Clock Mux Example 3

FPGA/CPLD regl reg2 reg3
PRE PRE PRE
D Q D Q D Q
> CLR _> CLR _> CLR
clk_100 \
clk_66 )
' | clock control
block
clk_sel

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 1nto the core, now you need to make generated
# clocks on the mux outputs and use them for the clock groups
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Verifying False Paths & Groups

m False paths

— Create timing exceptions report
® report_exceptions

® Tasks pane or Reports menu: Report Exceptions

m Clock groups

— Check clock transfers to ensure no paths are returned
® report _clock transfers
® Tasks pane or Reports menu: Report Clock Transfers
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발표자
프레젠테이션 노트
[dcl]: Change it to “Report Exceptions” to report false paths.


SDC Tim

Ing Constraints

m Clocks

m /O
m Async
m False

nronous paths

naths

m Multicycle paths <

m Delay

and skew specifications
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Timing Exceptions: Multicycle Paths

m Paths requiring more than one cycle for data to
propagate

m Causes timing analyzer to select another latch or
launch edge

m Designer specifies number of cycles to move
edge

m 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

m Design does not require single cycle to transfer

data (non-critical paths)
— Otherwise needlessly over-constrain paths

m Clocks are integer multiples of each other with or

without offset
— Demonstrated in Exercise 5

m Clock enables ensuring register(s) not sampling
data every clock edge
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발표자
프레젠테이션 노트
Changed from Exercise “4” to “5” as lab 3 is now splitted into two.


Multicycle Types

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
m Destination =  Setup
B '(\ZAonstramt based on destination CI(.)Ck. edges . - Increases the number of cycles for setup analysis
- oves latch edge backward (later in time) to relax required )
setup/_hold time _ o - Defaultis 1
- Used in most multicycle situations n H0|d

m  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
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set multicycle path Command

m Indicates by how many cycles the required time (setup or

hold) should be extended from defaults

m 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

m -start: Use to select a source multicycle

m -end: Use to select a destination multicycle (default)

m -setup | -hold: Specifies if the multicycle value is
applied to the setup or hold calculation

m <value>: Cycle multiplier - Number of edges by which to
extend analysis

m All other options behave similar to set_false path
options
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Set Multicycle Path (GUI)

Set Multicycle Path

Franm: [aet_clocks {clk}]

T hraugh:

Tao: [get_clocks {clk=2}]

Analpziz type
f* Setup
" Hold

Walue:

Reference clock
" Start [launch clock]
f« End[latch clock)

SO0 command: | Eet_multiceclepath -from [get_clocks {clk}] to [get_clocks {clkx2)] -
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Understanding Multicycle (1)

Standard single-cycle register transfer

FPGA/CPLD regl reg2
PRE PRE
D Q D
> CLR > CLR
Launch edge clk °
regl.clk I\ ‘ ‘
WSO '
o >Savw X
N
.' ~
reg2.clk A' ‘ \A \ ‘

Multicycle Setup = 1 (Default)

— = = = Multicycle Hold = 0 (Default)*

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


Understanding Multicycle (2)

Change to a two cycle setup; two cycle hold transfer

Launch edge

N

FPGA/CPLD

In this example, there is a

2 . . .
_ large combinational block in

regl
PRE
D Q D

PRE

Q the path, by design, so the
multicycle constraint

> ENA expresses this. The divide-

CLR

.|

by-two enable prevents
partial data from being
clocked early in REG2.

REG1.clk I\ ~

CLR |(
ena

|
—

1
Either <: ‘|>< =~ _ Dbvw ><
DVW ; -7\ DVW
REG2.clk A'l ‘ ‘|<\1<
 EMH1 | EMHO EMS?2 atch edge

set_multicycle path —from [get _pins regl]clk] —to [get pins reg2]datain] —setup 2
set_multicycle path —from [get_pins regl]clk] —to [get _pins reg2|datain] -hold 1
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Understanding Multicycle (3)

Change to a two cycle setup; single cycle hold transfer

FPGA/CPLD
regl
PRE
D Q|
> CLR
clk
PLL

reg2

PRE

b Q

> CLR

——— pLL- shift

Launch edge

| Latch edge

regl.clk \ ‘

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.

A d

~

\‘ ~ - 1 DVW ><
egzar EMHOY | ems2 4. | |
\ Incorrect Correct
latch edge latch edge

set_multicycle path —from [get _pins regl]clk] —to [get pins reg2]datain] —setup 2
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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. 


Understanding Multicycle (4)

Move the launch edge

FPGA/CPLD In this example, a register clocked by
_ regRlE rengE a 2x clock feeds a register clocked
D Q D O with a 1x clock. The launch register
only changes value in phase PO only
Control ) | > > and never in P1.
ol F R — Rather than moving the latch edge,
clk T we are going to move the launch
[ > edge instead, with the -start
Ixclk argument.
. PO o P1 R
] - < » < g Next launch
auncn edge
g SMS2 SMHO SMH1 edge
SMS1
2xclk (default \\ ~
=~ - N N A
- — \
Latch edge

)

et _multicycle path —from [get pins regl|clk] —to [get pins reg2|datain] —start -setup 2
et_multicycle _path —from [get pins regl|clk] —to [get pins reg2|datain] —start -hold 1
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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. 


Reporting Multicycles

Report Timing: Mo multicycle (+ 3L
Command Info Summary of Paths |

Slack |From Mode |ToMode
.OBSERY

Launch Clock | Latch Clock
LEDATAE_REGOUTZ 2100 c200

-2.357 AR

y_regtwal2]

No Multicycle

Path Summar_l,ll Statiztice Data Path |Wavefnrm|

Data A al Pa

Tatal Iher RF Type |Fanout |Location Element )
g .a00 0.000 launch edge time =
2 10.091 0.0 A clock network, delay =
3 03N 0,250 uTco |1 LCFF_=27 Y7 _N7 y_reghwal2]
4 030 0.000 RR CELL |1 LCFF_=27 Y7 _NY u_regtwol2]lregout
5 (030 0.000 RR IC 1 LCCOMB 27 _7_ME | inst2dfinst[2]ldatac
B |0.664 0323 RR CELL |1 LCCOMB =27 _57_ME | inst2dlinst[2]lcombout
¥ |0.909 0245 RR IC 1 LCCOMB 327 7 _MO | inst2dfinst11[2]datad
2 [1.058 0149 FR CELL |1 LCCOME_ =27 _¥7_NO | 24linst11[2]lcambout |
[ata Req d Pa

Total Ihr RF Type |Fanout |Location Elerment

5.000 5.000 latch edge time
2 15136 0136 A clock network. delay
3 |5.089 -0.047 ulTsu |14 DSPRMULT _=16_Yv10_M0O | BLEDATAE_REGOUTZ
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Reporting Multicycles

Report Timing: set_multicycle_path

Command lnfo  Summary of Paths l

o

Slack |From Mode | ToMode
1 w_regtwal2]

Launch Clock | Latch Clock,

OBSERVABLEDATAE_REGOUTZ

Same path with
Setup Multicycle =2

Path Summar_l,l] Statistice  Data Path lWavefDrm]

Data Arrival Path

Path #1: Setup slack is 2.643

EIEIED U\hlwlwl—‘
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clock cycle

Total | Fizr RF Type Fanout [ Location Element S
0.000 0.000 launch edge time
|2 |00 091 R clock netwaork delay
|3 |0.341 0,250 uTco 1 LCFF_ =27 _v7_M7 u_reghwo[2]
14 |0.341 0,000 RR CELL 1 LCFF =27 _v7_M7 y_regtwo[2]regout —
|5 [0.34 [0.000 RR IC 1 LCCOMB_#27_v7_ME inst24linst[2]ldatac
|E |0.6E4 0323 RR CELL 1 LCCOMB_#27_v7_ME inst24|inst 2]lcombout
|7 |0.909 0245 RR IC 1 LCCOMB_#27_v7_M0 inst24linzt11[2]ldatad
|5 |1.058 0149 RR CELL 1 LCCOMB_#27_v7_M0 inst24linst11[2]lcombout
19 |1.303 0245 RR IC 1 LCCOMB_#27_v7_MZ6 inst24linst] 2[2]ldatad
|10]1.452 0149 RR CELL 1 LCCOMB_#27_v7_MZE inst24linst] 2[2]lcombout
|11]1.700 0248 RR IC 1 LCCOMB_#27_v7_M10 inst24linst] 3[2]ldatad "
< | 8
[} 3 Req ed P
Tat RF Type Fanout Location Element
10.000 10.09\ latch edge time
2 NOTF T R Latch edge extended || clock network delay
|3 |10.089  |-0.047 uTsu by one destination LEDATAE_REGOUTZ

Path #1: Setup slack is 2.643

Path Summary l Statistics] [rata F'ath] 'W'avefu:urm]

Froperty | Walue |
From Mode y_reghwol2)]

To Hode CBBLEDATAB_REGOUTZ
Launch Clock, 100

Latch Clock 200

bulicycle - Setup End |2

Data Arreeal Time 46

[rata Required Time 10.0839

Slack, 2643




Report Exceptions

Provide information
specifically about timing
exceptions (false paths

and multicycle paths)
— report_exceptions

— From Tasks pane or Report
menu

Report Exceptions Summary

uliReport

X

% Summary (Setup)
BA Summary (Hold)
BF Setup: c200 Summary
= ©3 Report Exceptions
> ----- B Report Exceptions Summary|

...... S‘tatus
- B);' Setup Analysis
% Summary (Recoveny)

1 i |

(-] set_false_path from [ast_ports {reset]]
(-] set_false_path from [aet_pins {inst 1iatpl_compo
=3 =et_multicycle_path setup from [get_pins $<_regl

.

Status | Bxception Setup Slack | Hold Slack | Recovery Slack | Removal Slack
1 |Complete [set_false_path from [get_ports {reset}] Invalid n/a n/a n/a
2 |Complete | .. t1kaltpll_componentplliclk[2]}] 4o [get_ports {clkout}] | Invalid n/a n'a n/a
3 |Complete | .. tup from [get_pins §_regtwoiclk v_regtwo™iclk}] 2 [2.961 n/a n/a n/a
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SDC Timing Constraints

m Clocks

m /O

m Asynchronous paths

m False paths

m Multicycle paths

m Delay and skew specifications <=
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Absolute Delays

m Applies a timing value to a particular path

m Overrides the current setup/hold information for
the path derived from clock and I/O constraints

m Apply set_max_delay & set_min_delay
constraints to paths
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Absolute Delay Example

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

m 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

m set max_ skew

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

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

m By default, the command excludes
set _1nput delay and set output delay
values

m \When used, results are reported with
report_max_skew
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Quartus® Il 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.



DDR Input Example

ASSP

DDR
. PRE
datain_h
CLR
. PRE
datain_|
CLR
virtual
clock
DDR
PRE
T
CLR
Q° PRE
PLL V4
CLR
90°

FPGA
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data_in

clk

PRE

CLR

PRE

CLR




DDR Input Example (cont.)

FPGA

datain

clk

PRE

CLR

Tak=6ns

PRE

CLR

Waveform @ output from external device

><_><DVW><_><DVW><_>< DVW><_>< DVW><_>< DVW><_>< DVW

T, —
Su 9

< T,
T,=0.5ns

T,=0.5ns

m What's different about this circuit than prior examples?

m Rising & falling edge input registers from same input port
m Registers have % clock period for required time
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DDR Input Example (cont.)

ASSP Virtual
Clock

------ DDR | —1— E—
R . 0o Output data
/
N
I

PLL Y1 DDR L~

900 Output

S Output
~~- Virtual Clock Clock

Output clock Data \

90° phase shift

— Correct Hold relationship
- - Correct Setup relationship

m Need false path exceptions to prevent timing

analysis on opposite-edge transfers
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발표자
프레젠테이션 노트
Arrows -> what we WANT to analyze. Thus we need false paths to cut what we DON’T want to analyze. 


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 /7 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 /7 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

m Use report_timing Command

m 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

m Timing constraints are very important in
FPGA/CPLD design

m Use timing constraints to tell fitter & timing
analyzer how logic Is designed to function

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

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

Instructor-Led Training Online Training

With Altera’s instructor-led training courses, you can: With Altera's online training courses, you can:
Listen to a lecture from an Altera technical training

) : Take a course at any time that is convenient for you
engineer (instructor)

Take a course from the comfort of your home or

Complete hands-on exercises with guidance from an office (no need to travel as with instructor-led courses)

Altera instructor

Each online course will take approximate one to three

Ask questions & receive real-time answers from an hours to complete

Altera instructor

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

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

Other Quartus Il Design Series courses

m Quartus Il Software Design Series: Foundation

— Project creation and management

— Design entry methods and tools

-~ Compilation and compilation results analysis

— Creating and editing settings and assignments

— 1/0O planning and management

— Introduction to timing analysis with the TimeQuest timing analyzer

m  Quartus Il Software Design Series: Verification
— Basic design simulation with ModelSim-Altera
— Power analysis
— Debugging solutions

m Quartus Il Software Design Series: Optimization

— Incremental compilation
— Quartus Il optimization features & techniques
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Altera Technical Support

Reference Quartus Il software on-line help

m Altera forum:
— Discuss issues, ask questions, and share solutions with other Altera users

m Consult Altera applications (factory applications engineers)
—  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:

World-wide web:

— Use solutions to search for answers to technical problems
- View design examples
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Appendix

m System-centric synchronous I/O
H

© 2010 Altera Corporation—Confidential

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



ASSP FPGA/CPLD
Synchronous Inputs e T | oo o e
] o ﬁDOUT z_PCE | agah e
System-centric Approach ;’” o [T b
CLK ﬁ TauTr
CLK
Tons AN Torzen
u
DSCI\“'“‘/
Setup:
Data Required Time = (Tepoext T Taaind ¥ T — Tsu
Data Arrival Time = (Tclklext + TCO) + Tdata_trace T Tdataz_int
Setup Slack = Required Time — Arrival Time >0
=T- TSU T Tclk2int - Tdataz_int - [ _Tskew T Tdata_trace + TCO]
=T- TSU T Tclk2int - Tdataz_int - inlet delay (max)
Inlet delay max = Tdata_trace(max) + TCO(max) _Tskew(min)
where:

Tskew = Tclk2ext_ Tclkl and Tdata_trace = Tdata_PCB T TCL
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ASSP FPGACPLD
Synchronous Inputs w T, _
: B e OUT e ns —=" 1™ a
System-centrlc Approach = L, T
>cm I CIL'\} CLR
CLK ﬁ Tau/Tn
CLK
Tons AN Torzen
[
DSCU
Hold:
Data Required Time = (Tewzext T Teaint) + Th
Data Arrival Time = (Tclklext + TCO) + Tdata_trace T Tdataz_int
Hold Slack = Arrival Time — Required Time > 0

= [Tdata_trace - Tskew + TCO] + TdataZ_int_ Tclk2int_ Th >0

= InpUt delay min + TdataZ_int_ Tclk2int_ Th >0

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

where:

Tskew = Tclk2ext_TcIk1and Tdata_trace = Tdata_PCB T TCL
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Synchronous Outputs
System-centric Approach

Setup:
Data Required Time
Data Arrival Time

Setup Slack

Output delay max

where:

Tskew - Tskew - Tclk2ext_ Tclkl
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FPGA/CPLD ASSP
g1 g
z e | lema Tz Fre — T:J"T'E-a
Teeim S % C, >
CLR = CLR
m TCD e
T ekt fl_u__\\l Terz
II\"“"/IIDSC
= Tae * T—=Tgy

= (Tclklext + Tclklint + TCO) + Tdatal_int T Tdata_trace

= Required Time — Arrival Time >0

=T- Tclklint - Tco - Tdatal_int - [TSU + Tdata_trace - Tskew] >0
=T- Tco Tdatal_int - OUtpUt delay (max)

= TSU + Tdata_trace(max) - Tskew(min)

and

Tdata_trace = Tdata_PCB T TCL




Synchronous Outputs
System-centric Approach

Hold:
Data Required Time
Data Arrival Time

Hold Slack

=Tt T—Th

=T+ (Tclklext T Tclklint + TCO) + Tdatal_int + Tdata_trace

FPGACPLD ASSP

e

RRE Taaa T.ﬂ;_Dca —

D
T e

Teeim T Co

CLR =
m Teo s

T ekt fl_u__\\l Terz
II\"“'/IIDS C

= Arrival Time — Required Time >0
= [Tdata_trace — Toew — Th]l + TCO + Tdatal_int + Tclklint >0

= Output delay min + TCO + Tdatal_int + Tclklint > 0

Output delay min

where:
Tskew - Tclk2ext_ Tclkland
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= Tdata_trace(min) - Tskew(max) - Th

Tdata_trace = Tdata_PCB T TCL




Appendix

m FPGA-centric synchronous I/O
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Sy Nnc h FONnous | N p uts S e
. ! regl : PRE
FPGA-centric Approach N - S P g
: D q- 1__’: :>_>(‘ R
B AP :
| ! = 1
| =
T @ [ ek ]
o
Setup:
Data Required Time =T — Tsu
Data Arrival Time = Tox vie T INpuUt delay max
Setup Slack = Data Required time — Data Arrival Time > 0
= [Tek = Tsul = [Tew vin + Input delay max] > 0
= [Tew — Tew_vid — Tsy — Input delay max > 0
Input delay max <[Tek = Tew v = Tsu=T - Tsy
*Note: Tclk and Tclk_virt have same spec and

Latch edge is one cycle after launch edge => [Ty, — Toy vind = T
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Sy n C h rO n O U S I n p U tS :-;/i-rt_u-al- I_D;v-i;e““"' FPGA/CPLI?mo
. ! regl : PRE
FPGA-centric Approach N - S P g
: D q- 1__’: :>_>(‘ R
B AP :
| ! = 1
| =
T @ [ Tei ]
o
Hold:
Data Required Time =Ta + Th
Data Arrival Time = Tok vie T INpUt delay min
Setup Slack = Data Arrival time — Data Required Time > 0
= [Tew vie T Input delay min] — [T, + T,] >0
Input delay max <[Tew— Tew vid + Th=Tp*
*Note: Tclk and Tclk_virt have same spec and

Hold check is against the current rising edge => [T, — Toy yinl = 0
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c e
Synchronous Outputs e @ramay [

- |
. Telk_virt| | | PRE | |
FPGA-centric Approach L £ 9!
FPGA/CPLD, T_ _KC:-E - :
o |
b = —— :
_:>_>FIR : :
' |
e e 1
Setup:
Data Required Time = T virt
Data Arrival Time = Tclk + T¢o + output delay max
Setup Slack = Data Required time — Data Arrival Time > 0
= [Tew vid = [Te + Teo + Output delay max] > 0
= - [Tek — Te vid — 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 => [Ty, — Toy vind = T
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c e
Synchronous Outputs e @ramay [

. |
. Telk_virt : : PRE | |
FPGA-centric Approach b _ :
FPGA/CPLD T_ _KC:-E - :
o |
b = —— :
_:>_>FIP : :
' |
e e 1
Hold:
Data Required Time = T virt
Data Arrival Time =Ty + Teo + output delay min
Setup Slack = Data Arrival time — Data Required Time > 0
= [Tek + Teo + output delay min] — [Ty il > 0
Output delay max <[Tek = Tew vird = Tcoming = Tcomin)™
*Note: Tclk and Tclk _virt have same spec and

Hold check is against the current rising edge => [T, — Toy il = 0
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Appendix

System-centric to FPGA-centric source
synchronous I/O
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SDR Source-Synchronous Input (Center-Aligned)

Waveform @ output from external device

ASSP Teo HFER OUTCLK
—A inreg
PRE datain PRE
D Q : )  >——Db Q—
> CLR g ( > CLR
OUTCLK clkin
I | \J D—>
T —>
- < T,
iInput delay max beafd—del&y—e%aee etock-detay-(min) + T, O(max)
co(max)
setup slack = data required time - data arrival time
If setup slack = O (start of DVW):
data arrival time = data required time
latch edge - T,,= launch edge + input delay max
SO
Input delay max = (latch edge - launch edge)* - T, *Typically L clock period for SDR
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.
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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 


SDR Source-Synchronous Input (Center-Aligned)

Waveform @ output from external device

ASSP Teo HFER OUTCLK
—— datain inreg
oo —1 (L > ™o
>CLR g ( F> CLR
OUTCLK clkin PLL*
I | \T—>—
T —>
] ] < T,
input delay min bgand_delay_émm) clock delay (max) + T, o(m,n)
co(min)
hold slack

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

= data arrival time
latch edge + T,

= launch edge + input delay min
For hold analysis, latch and launch edges cancel out, so
input delay min =T,
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
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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 


SDR Source-Synchronous Output (Center-Aligned)

Waveform @ input to external device

FPeA ASSP INCLK
outreg
PRE dataout PRE —
—{p Qo> FD\—‘B\Q
> CLR > CLR >Tsu/Th
clkin PLL* l_ clkout %_r
|
P> | =
T —> <
su 9| eTh

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

output delay max = beard-delay-{maxg — etockdelay-(min) + T,

output delay min = beard-detay-{min) — eleck-delay-tmaxg — T,

Notice output delay P

minimum is negative

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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Timing Reports
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Reporting in Quartus Il Comp. Report

& Quartus Il - rdatafdavlin/QIITI_1/Timing/top - top - [Compilation Rep... [H[=] E3

Eile Edit Miew Tools Window

| By defau It, On Iy baS|C = @@ TimeGuest Timing Analyze ;| Slows 1200mY 85C Model Setup Summary
----- - &HEF Summary End Paint
e ports generated ----- gg Parallel Cormpilation Clock | slack | s
----- %@ SDC File List 1F clk_=«Z |0.295 |0.000
_ _ﬁﬁm ----- 2| clk_x1 |0.846 |0.000
N Enable mUItI Corner =-&H2A Slow 1200mY 85C Mo 3| clk_out|z.256 [0.000
. . % F 5
analysis to view S
. —=HEE Hold Summary
Summarles fOf a.” 5B Recovery Summary
- &HEE Removal Summary
corners - HEB Minitum Pulse Wid ]I
#-SL Worst-Case Timing N Three process corners
- =& Datasheet Report analyzed for supported
- Enable WO rSt Case % hetastahility Repor devices
. Slow 1200my 0C kod
path reporting for each || 2225w oy oc v
CIOCk domal n - Multicorner Datashest
C t ] t Ea--%g Advanced 1O Timing « SDC files used during fitting
B ustomize reportn - &4 Clock Transfers | » Clocks generated
) ] p g g EEPD::;E& « Timing violations
: epo . 3
Wlth TCI Scrlpt %@ Unconstrained Paths Unconstrained paths
"ip Messages -
<Iﬁm* i ;I_I

For Help, press F1
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발표자
프레젠테이션 노트
[dcl]: Changing screen shots


Reporting in TimeQuest TA

m Much more control over generation

of many different types of reports
m Simple report creation by double-

clicking common report types in the

Tasks pane or selecting from
Reports menu

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

m Use Tcl scripts (run from Script

menu) with reporting commands to

quickly regenerate reports for
analysis
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-

]

5] Reports

=5 Slack

>% Report Setup Summary
>% Report Hold Summary
,% Report Recovery Summany
>% Report Removal Summany
B8 Report Minimum Pulse Width
El-i Datashest

>% Report Fmax Summary
B Report Datashest

-4 Device Specific

----- EH Repot TCCS

..... EH Report RSKM

..... % Report DDR

----- EH Report Metastability
=i Diagnostic

----- EH Report Clocks

----- EH Report Clock Transfers

w' L e % [Report Unconstrained Paths]

..... % Report SOC

----- % Report Ignored Constraints
..... % Check Timing

----- EH Report Partitions

£ Custom Feports

----- ] Report Timing...

----- :| Report Minimum Pulse Width...
----- ] Report False Path...

..... :l Report Path...

----- ] Report Exceptions...

----- ] Report Bottlenecks. .

----- ] Report Met Timing...

----- :| Create Slack Histogram...
i Macros

----- EH Report All Summaries

..... % Report Top Failing Paths




Report Destinations

m Targeted viewing pane in the GUI

— Default destination for all reports
— —-panel _name <name>: customize report panel name

m Console

— Report results displayed in the console
— —stdout: enable console reporting

m Output file
— Store report results in a .txt or .html file
— —-Fi1le <name>: name file to store results
— —append: append results to existing file specified by
—fi1le option
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Report Output (GUI)

Custom report sent to GUI report panel

/

<k

5]

Advanced VO Timing
SDC File List
summary (Setup
summary (Hald)

TimeGuest Timing Analyzfr Summary

[Setup (clk_<1 to clk_x2) Summary|

A48 H

aetup (clk_=1 to clk_x2)

© 2010 Altera Corporation—Confidential

aslack | From Mode | To Mode Launch Clock | Latch Clock | Relationship | CI
1 f0327 |a_regtwalZ] | DATAA REGOUTE |clk_x1 clk_x2 3.a00 -0.
£ |1.010 |a_regiwalG] |.DATAA_REGOUTE |clk_x1 Clk_x2 4.200 -0.
d |1.015 |a_regtwa[3] |.DATAA_REGOUTS |clk_x1 Clk_xZ 5.500 -0.
4 11109 |a_regtwa[d] |.DATAA_REGOUTS |clk_x1 Clk_xZ 5.500 -0.
3 |1.143 |a_reghwo[l] |.DATAA_REGOUTO |clk_x1 Clk_x2 3.000 -0.
B |1.148 |a_regtwo[1] |.DATAS_REGOUTT |clk_x1 clk_xZ 5.500 -0
£ 11158 |a_regtwa[3] |..DATAA_REGOUTS |clk_x1 Clk_xZ 5.500 -0.
8 |1.3158 |y_regiwo[d] |.DATAB_REGOUT4 |clk_x1 Clk_x2 7.000 -0.
3 |1.347 |y_regtwals] |..DATAB_REGOUTE |clk_x1 Clk_x2 7.000 -0.
10|1.3582 |y_regtwa[3] |.DATAB_REGOUTS |clk_x1 Clk_xZ 7.00a -0.
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발표자
프레젠테이션 노트
[dcl]: Change screen shot.


Custom Report Output (Console)

L 1]

ar cl: report_timing -from_clock clk_cons —-to_clock clkx2_cons -setup -npaths 10 -detail swmmary -stdout -panel_name "Setua
g \:'_} Info: Report Timing: Found 10 setup paths (0 wiolated). Wworst case slack is 3.595

95 i) Info: Path #1: slack is 3.595

102 i) Info: Path #2: slack is 3.601

102 i) Info: Path #3: slack is 3.602

116 i) Info: Path #4: slack is 3.638

123 i) Info: Path #5: slack is 3.658 Custom report (ASC”)

130 i) Info: Path #6: slack is 3.681

137 i) Info: Path #7: slack is 3.713 sent to Console pane

144 i) Info: Path #3: slack is 3.713

151 i) Info: Path #3: slack is 3.713

158 i) Info: Path #10: slack is 3.713

165 = 10 3.595% v
L >
Conso I.-'-'.I Hiztary fn'r

Expand for more detail
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Custom Report Output (File)

I® Setup_Report.txt - Notepad
File Edit Format Wiew Help

|
|
|
|
|
|
|
|
|
|
|
|
I
P

Launch Clock Latech Clock

|
|
|
|
|
|
|
|
|
|
|
|
|
-+

clkx2_cons
clkx2_cons
Clkx2_cons
Clkx2_cons
clkx2_cons
clkx2_cons
Clkx2_cons
Clkx2_cons
clkx2_cons
clkx2_cons

result
result _
| result T - Clk_caons
result T : Clk_caons
result 2 » Clk_caons
result 2 » Clk_cons
i clk_cons
clk_cons
clk_cons
clk_cons

+u-u-u-u-u-u-u-u-u-u- +u-+

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

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

m Report Clocks

— List all the clocks defined by constraints in the design
— Command: report_clocks

m Report Ignored Constraints

— Lists commands ignored by the TA, usually due to typos or incorrect constraint
arguments

— Command: report_sdc -ignored

m Report Unconstrained Paths

— Lists input and output ports and paths that have not been constrained
— Command: report_ucp

m See examples later with actual constraints
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Other Basic Timing Reports

m Report Clock Transfers
— Summarizes number of paths that cross between clock domains
— Command: report_clock transfers

m Report Datasheet
— Summarizes timing requirements for the entire design
o Tsu’ Th’ Tco’ Tco (min)» Tpd’ Tpd (min)

— Command: report_datasheet

m Check Timing
— Checks for potential timing problems with design or constraints
— —i1nclude <check li1st>: perform check only on listed checks
— Command: check_timing

m Report Fmax Summary

— Report potential Fmax for all clocks in the design
— Command: report_clock fmax_ summary
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Reporting Macros

m 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

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

m Command: create_slack histogram

Slack Histogram {c200)

Create Slack Histogram §|
— 300
Clack name: |c2EIEI j 275
2580
Slack limit Dizplay options 325

b axirnuim: ng MHumber of bins: 20 200

MiririLirn: I o s
= 450

: oz

Hepg[[ pal | name: |5lack Hlslngram [CzDD] 100

75
Tel comdhand: |u:reate glack_histogram -clock_name c200 -num_| blr\ 0 -parel_na .:> 50
25

| cancel |\ Hep 0 ——
\ o - o el =+ [arl [ -— [l [=r] =] - w [Trl =t [ar] [} -— = o =]
= = = = = = = = = w1 [arl [url o o [l o o [arl o [} I}
- = T T - - S o T T /- Y = S o S 1 B~ B S
— [} [} [} [} o [ap] o =+ =+ =+ Ll L w ul o w w (5 - -

/ Slack

Range of slack amount to # of “bins” along X
report axis to place bars
(-max_slack, -min_slack) (-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

Latches
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Latches

CLK

=]

m Simply put, don’t use them! Use registers!

m Really, I'm serious — not a good idea
— If you insist on it, check out the Quartus Il Handbook
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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)



Appendix

False Path Example
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Real World Example: Memory FIFO

m FIFO bridging two clock domains; Flags indicate status of

FIFO

Read_Data

Dual Port Memory
Write_Data—————————————»= A_DATA B_DATA
Wf‘te_Ej@ » A_EN B_EN
—Full
» A_ADDR B_ADDR '«
LJ
]
]
]
]
]
Address :
Generation | | WR-ADDR ' RD_ADDR
]
]
0

Write Clock
Domain
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Flag & Depth
Generation

{ind
—{In4 Isow|v
4Pasn peay

NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off.

fAdw3 1sowy

Empty—

Address
Generation

Read Clock
Domain

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 Delay
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Annotated Delays

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

m Good for output buffers and tweaking

m Zero IC Delays when creating post-map netlist is

essentially:
set_annotated delay —net 0.000
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Time Groups
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Time Groups

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

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

m Can improve overall software performance

m Tcl “set” command also supported
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Time Groups

m Use Quartus Il software to create groups

Create & Name Group

Assignments
Assignment Groups
B Device. .,
Kg Pins Aszignment group name; my_group j Create. . | Delate | Renarie... | Delete Al |

‘E-? Timning Analysis Setkings. ..

2'? ED, Tool Settings... Members:

dataa_in* Add..
= Sethings... Ctrl+-shift+E datab_in

Classic Timing Analyzer Wizard. .. \ Q

& Assignment Editar  Ctrl-+Shift+4 M em b ers Add Members @

%% pin Planner Chrl-ShiFt+M
Remove Assignments. .. Type or zelect one or more node name(z] and/ar wildcard characters
_ and/or azzignment groups to add to the members of the azsignment group.
Exceptions: bultiple names must be whitezpace delimited.
i‘i‘» Back-Annotate Assignments. ., gatag_in%
latab_in b H
Qa Irnport Assignments. ., - Mame(z]): ||:Iataa_|n’1
Export Assignments. .. ITI = |
—_ ance
Assignment (Time) Groups. .. |
5

@ Timing Closure Eloorplan

@ LogicLock Regions Window — Alb+L EX C I u d ed M em b ers

E?E Design Partitions Window — Alk+D |

)4 Cancel

Tcl: timegroup <group name> \
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Accessing in TimeQuest

m Use get _assignment_groups (SDC
extension) collection to apply constraints to
nodes

m get _assignment_groups options
[ -keepers]
[-ports]
[-registers]
<name>

m Example

set multicycle path —from [get assignment groups src_group]
—to [get assignment _groups dst group] 2
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