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Timing Analysis Basics Objectives

m Define the basic timing parameters used in timing
analysis

m Understand the calculations performed by the
timing analyzer for reporting timing results
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Launch & Latch Edges

REG1 c b REG2
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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)
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Setup & Hold relationships
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Data Arrival Time

m The time for data to arrive at destination register’s D input
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Data Arrival Time = launch edge + T, + T tTgata
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Data Required Time - Setup

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

destination register
REG1 REG2
PRE Comb. PRE
= =

e —F

H_J
Tc|k2 Tsu
Latch
Edge
/
CLK Tclk2 -
Data must be
valid here \ Tsu
REG2.CLK
REG2.D ><Data Valid

Data Required Time = Clock Arrival Time - T, - Setup Uncertainty
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Data Required Time - Hold

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

destination register

REG1 REG2
PRE Comb. PRE
P Q Logic P Q
i —
Tc|k2 Th
Latch
Edge
/
CLK Tclk2
Data must >
remain valid T
to here h_,
REG2.CLK | ~—_
REG2.D >< Data Valid Pl

Data Required Time = Clock Arrival Time + T, + Hold Uncertainty
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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 P N Tgata  REG2
PRE Comb: 7 » PRE
L Q ( Logic ) D Q
Tclkl
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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”. rec: N Tas

PRE Comb: - bRE
P Q ( Logic )/ P Q
1%&1

REG2

ER — ER
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Next Launch Latch
Edge \ Edge
/
CLK | - Toia
REG1.CLK T, |
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Recovery & Removal

VCC

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

CLK

ASYNC
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Timing Models in Detall

= Quartus Il software models device timing at multiple process
voltage temperature (PVT) conditions by default

— Slow corner model

® Indicates slowest possible performance for any single path

® Timing for slowest device at maximum operating temperature and VCCMIN
— Fast corner model

® Indicates fastest possible performance for any single path

® Timing for fastest device at minimum operating temperature and VCCMAX

2"d slow and 2"d fast models (temperature inversion phenomenon)
® Slow timing at minimum operating temperature
® Fast timing at maximum operating temperature

— Available only for Stratix® V devices
m Why analyze for multiple corner timing models?
— Ensure setup timing is met in the slow models

— Ensure hold timing is met in fast model
® Essential for source synchronous interfaces

m Read the following white paper for more information
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TimeQuest Timing Analyzer

= New timing engine in
Quartus Il software

m Provides timing analysis
solution for all levels of
experience

m Features
— Synopsys Design
Constraints (SDC) support

® Standardized constraint
methodology

— Easy-to-use interface
® Constraint entry
e Standard reporting
— Scripting emphasis
® Presentation focuses on
using GUI
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1§ Quartus II TimeQuest Timing Analyzer - C:/Developing_Classes/TimeQuest/Test Designs fir. =lolx|

File Edit View Metlist Constraints Reports Script Window Help

. x =
ER Settings

SDC File: C:/Developing_Classes/Ti
% Clock Setup Summary
[|1|_ Slack Histogram {clk)|

KN — [
B Report Clocks Al

+E8 Report Clock Transfers

Edges

----- 5 Report Minimum Pulse Widt

+-E Report SDC
43 Custom Reports
+-[_] Report Timing...

> -] Report Net Timing...

> |:| Report Minimum Pulse Widt,
.| [Create Slack Histogram..]

H-4=3 Macros -
. LI_I

slack, in terms of the current default time unit. ;I

tcl> report_timing -from_clock clk -setup -npaths 10 -summary -file "Setup Report”
j') Info: Report Timing: Found 10 setup paths (0 violated). Worst case slack is 11.580
<= 10 11.580
tcl: report_timing -from_clock clk -setup -npaths 10 -summary -file "Setup_Report.txt™
j.) Info: Report Timing: Found 10 setup paths (0 violated). Worst case slack is 11.580
< 10 11.580
create_slack_histogram -clock_name clk -num_bins 20 -panel_name "Slack Histogram (clk)”

. o

For Help, press F1

Ready | [NUM 4




Timing Analysis Agenda

m TimeQuest flow <
m Timing constraints
m Timing reports
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Quartus Il TimeQuest Settings

m  Add SDC files to TimeQuest Timing Analyzer page of Settings dialog box
m  Multicorner analysis checks all process corners in one analysis
m Report worst-case paths in each clock domain
m  Select Tcl script to customize report generation
[ " Settings - test = | B |-
Category:
G_eneral TimeQuest Timing Analyzer
EIEZ“ES Specify TimeQuest Timing Analyzer options. C“Ck Add to add
4 Qperating Settings and Conditions ] ] ) .
Voltage SDC files to indude in the project Selected SDC to ||St
Temperature
4 Compilation Process Settings File name: u Add
Early Timing Estimate
Incremental Compilation File Name Type Remove
Physical Synthesis Optimizations test.sdc Synopsys Design Constraints File
4 EDA Tool Settings Up
Design Entry,/Synthesis
Simulation Down
Formal Verification
Board-Level
4 Analysis & Synthesis Settings
YHOL Input
Verilog HDOL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer Enable Advanced I/O Timing [ Report worst-case paths during compilation
Assembler
Design Assistant Enable common dock path pessimism remaoval
SignalTap II Logic Analyzer Td Script File for customizing reports during compilation
Logic Analyzer Interface
PowerPlay Power Analyzer Settings Td Script File name: [I]
S5N Analyzer
Run default timing analysis before running custom script
Metastability analysis
Synchronizer identification: |Off - ]
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Opening TimeQuest

m Toolbar button |

m  To0ols menu

m Stand-alone mode

— quartus_staw

B Command line

4!, Quartus II - C;/Developing_Classes/QuartusII/QII_& 1 updates/QII Test_Designs/TQ/fir_fi

@ File Edit View Project Assignments Processing | Tools Window Help

EDF

J O = & | & | & 2 | K3 ||ﬂ|tref EDA Simulation Tool ’
ii‘ruject MNavigator . Fun EDA Timing Analysis Tool

Entity 'O Registers T " Launch Design Space Explarer
Cyclone Il: EP2CSFZ56C8 | EI} TimeQuest Timing Analyzer

- 2 Filtref 0(0) 0
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TimeQuest GUI

Fedslimes demdne—ie- ] Software De— L ooericee

Menu access to all Tim

eQuest features

File Edit View Metlist Constraints Reports Script Tools  Window Help -
e HKEPOFT 1Iming
B TimeQuest Timing Analyzer Summary
S f Path:
B= SDC File Lis Carnmand Info  2ummarg of Paths
% Summary [Setup] Slack | From Mode [ToMode |Launch Clock | Latch Clock B
E& Summary [Hold) 045 |inst2[15
o 2 [1.045 [inst213 qn13] ok ekl E
13 |1.045 [inst2[9] ald] clk1 clk
4 1045 inst2[1] ali] okl clk
R P 5 |1.045 [inst2[2] al2l clk1 clk1 2
eport Pane : ' ' -
View Pane MI
Path Summar_l,l] Statistics  Data Path lWaveform] - ] Statistics] Data Path Waveform l
Data Arrival Path
Total Iner RF Type Fanout Location Eleme
. | [1]aom o000 _geti G228 s
2[1.297 1297 R ke del 25
. = Laurnch =
g EZDE:ESEM 2| 5|15z lnzmn e | Unassigned |inst2[1 Launch Clock I
= Hesort . |4]1.547 0.000 FR CELL 1 Unagsigned . JIreqe 6.5 ns
% Feport Unconstrained Paths E 1.547 0.000 RR IC 1 Unass!gned ... JIdat: Setup Relationship N
% Report Ignored Constraints £4.255 2708 RR CELL 0 Unaszigned  |g[15]
-E% Fepart Datashest < | 2 Latch Clock Latchl
w8 Check Timing Data Required Path
e on Reports .
Total Iner RF Type Fanout Location Eleme Data drrival
TaS kS Pane Report Met Timing... |1 [6.000 B.000 2
Report Path.. |2|6.000 oooo o R : ke del
E Report Minimum Pulse Width... 35.300 0700 R oExt 0 Unassigned | g[15] i
-[] Create Slack Histogram...
=42y Macros
LB Report All Summaries 0
B8 Feport Top Faiing Paths Slack :1‘.045_ns
B Report 411140 Timings v | € i bt
tcl: read_sdc "C:faltera_trn/Quartus_II_sSoftware_Design_series_Foundation/QIIF7_z/SolutionsFinal_projects/schematic/pipemult.sdc" -~
j‘) Info: Reading sDC File: 'Cifaltera_trn/Quartus_II_Software_Design_series_FoundationQIIF7_z/sSolutions,Final_projectssschematic,/pipemult.sdc’
tol: update_timing_netlist;
tcl: create_timing_summary -setup -panel_name "Summary (Setupl"
tol: create_timing_summary -hold -panel_name "Summary (Hold)"
tol: report_timing -to_clock clkl -setup -npaths 10 -detail path_only -panel_name {Report Timing}
j") Info: Report Timing: Found 10 setup paths [0 wiolated). worst case slack is 1.045 Console Pane
€ 10 1.045
tcl» =
b
< ¥
Eonsole;{\ Histomny .-"r
For Help, press F1 Ready
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W @ Open Project. .

Tasks Pane P e S,

R B Read SDC File
W e k= Update Timing Metlist

a Reparts
E-3 Individual Feports

m Provides quick accessto | & 3 Repon FissSurmsy

. W' L b BR Feport Setup Summary
common operations RS- e
| ER Feport Removal Summary
N C O m m an d exeC Utl O n g EZEE: E:EE:STransfers
e e R ER Feport Minimum Pulse Width
- Report generaton | - B Flgen TCCS

----- ER Feport RSKM
----- ER FReport DDA
m Executesmost | - B3 FepotSoC
. . ’y% Repart Unconstrained Eaths
commands with default = H it
----- BR Check Timing

settings Double-click to execute [JEESYENLENS

""" a
any command [N [ Feport Net Timing...

m Use menus for non- essssseeeeaa—— 51 Repart Pt

| IR S ] Report Minimum Pulse Width...

defaUIt Settl ngs ----- [ Create Slack Histogram. .
E-i Macios

----- ER Feport Al Summaries

----- % Report Top Failing Faths

----- % FRepart Al A0 Timings

----- % Repart &l Caore Timings

----- BR Create All Clock Histograms

] white 5DC File...

P Reset Design

:| Set Operating Conditions. ..
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Report Pane

m Displays list of

FH Timeluest Timing Analyzer Summary g ene I'ate d e p O I'tS
e currently available for
% Surmnrnary [Hold) . .
= E Unconstrained Paths VIEWI ng
> ----- E& Unconstrained Paths Summary _ Reports generated by Tasks
w8 Clock Status Summary ane
B)'_" IRepart Timing P
j — Reports generated using
report commands

Highlight report to see

detail in View window
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View Pane

m Main viewing area that displays report table

contents & graphical results

Report Timing Summary (I
Slack |FromMode |ToMNode Launch Clock | Latch Clock
1 H1.045 |inst2[15] q[15] clk1 clk1
2_ 1.045 |inst2[13] q[13] clk1 clk1
3 [1.045 |inst2[9] aql9] N "‘ i
— Slack Hist lk1 o
4 [1045 [inst2l1] g1 ack Histogram (clkL) +
o {1045 inst2] __ql2] -
(B |1.045 |ingt2[10] ql10] Commandirfo Sumasy o Fat |
?_ 1.045 iﬂSt2[3] CI[3] 300 Slack |From Mode | To Mode | Launch Clock |Latch Clack | all
8 [1.045 |inst2(4] a4] 275 [ [1.045 [inst215] | ais] okl ol
9 [1.045 instz14] al14] 2 [1.045 [inet213]  [ql13] ok ok Path SIaCk Report
ool . 250 3 |1.045 Jimst2(d] ald] clki chki
10]1.045 |inst2[11] q[11] (4 |1.085 |imst2[i] al] el cki
|17 [1.045 | inst2[5] al5] 225 Blloss 2l a2 Lok ok | v
12[1.045 |inst2[B) q[E] 200
IR EED .
E 1045 iﬂSt2[?] q[.'-"] E—, 173 Path Sumar} Sttistics Data Path IWavefurm] Path Summary] Slatistics] Data Path  Waveform ]
E 1.045 ?nst2[8] qla] w 150 Darwa I RF Type Fanout Location Element
(1E[1.045 | inst2[0] gd] 125 [1[ooo0 |oomn launch edge time 4255 ns
1712 471  dataalk It:| |2]1.297 1.297 |R clock network, delay )
m ataalf] nLIE _pm‘n 100 3157|0250 Wew |1 Unassigned | inst22] Launch Clock LaunChI
| 1512471 | datas[7] -..Mr_fiwlt:lpr_re (41547 |oooo [AR JCELL [ Unassigned | inst2[Zlregaut
19]2471 dataal4]  |..m_rultlpr_n = 51547 |poon |[RR | 1 Unsssigred | af2lidatain setup Relationship o )
El4256 |2708 [RR |CELL [0 Unassigned | ql2]
T' 1 S =0 = Lat, hI
I m I n u m m ar Data Required Path Latch Clock atc
g y 23 Total Iner RF Type Fanaut Lacation Element
Tab I e 0 | 1]6.000 E£.000 latch edge time Data Arrival
" @ - . - | |2|6.000 0.000 R clack netwark delay
g g g E % : i 5.300 0700 R oExt a Unassigned | g[2]
— - - — — q

Timing Histogram

Slack JeElns B

Data Reguired A
-
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Viewing Multiple Reports

Setup: clk_x2 ]

Comrmand Info Summary of Faths l

Slack From Mode To Nede Launch Clock |Latch Clock L ’ L. = L Celay y
1 TDM_..OUTO TDM mu..c_out?z clk x2 clk_x2 Click & drag +’ sign to p
2 0.295 |TDM_..OQUTO TDM_m.. AOUT1 clik_x2 clic_x2 FC ; ; 0
3 0.295 | TDM_._.OUTO TDM_m. AOUT2 clk x2 clikc_x2 divide .VIEW pane Into 0
4 0295 TDM ..OUTO TDM m. AOUT3 clk x2 clk_x2 mu|t|p|e windows D
5 0.295 | TDM_..QUTO TDM_m.. AOUT4 clk_x2 clik_x2 = o =
6 0295 |TOM_.. OUTO TDM_m.. AOQUTS clk_x2 clic_x2 3.500 -0.388 2620
7 0295 | TDM_..QUTO TDM_m.. AQUTE clk x2 clk_x2 3500 -0.388 2620
8 0.295 | TDM_..OQUTO TDM_m.. AQUT? clk_x2 clk_x2 3.500 -0.388 2.620 i
9 0,295 | TDM_..OUTO TDM m.. AOQUTE clk x2 clik_x2 3.500 -0.388 2620 -]
Path #1: Setup slack Is 0.295 Path #1: Setup slack Is 0.295
Path Summary | Statistics  Data Path I Waveform Path Summary | Statistics | Data Path  Waveform |
Data Arrival Path
Total Incr RF | Type Fanout Location=]
1 0.000 0.000
2 - 0404 0.404 .
3 0.000 | 0.000 Launch Clock L‘“”"ﬂ Il
A nonnm nenmin 1 PIRE E7X e
1 I I L Jed: M2
Setup Relationship | ¥
Data Required Path i |
Total Incr RF |Type |Fanout Location=]| Latch Clock J Latch r
1 3.500 3.500 -
2 = 3516 0.016 Data Arrival X
3 3.500 0.000 =
A ERTAT)] M NN 1 Bikl B
4| | 4| hd
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Viewing Multiple Reports Example

2 D0

View pane split into two side-by-side windows

[@FH slack Histogram (clk)

Slack | From Node To Node Launch Clock | Latch Clocl
1 F10.987 |state minst 1fitertap3 |aceinst Jresutt[11]|clk clk
2 [11.036 |state_m:inst 1fiter tap3 |accinst 3resutt[11]|clk clk
3 [11.058 |state_m:inst 1fiter tap3 |acc:inst Aresutt[10]| clk clk
4 [11.107 |state_m:inst 1fiter tap3 |accinst resutt[10]| clk clk
5 111.117 |state_miinst 1fitter tap2 |accinst Iresult[11] | clk clk
6 [11.129 |state_m:inst 1fitertap3 |accinstAresult[3] |clk clk
7 |11.178 |state_miinst 1fitter tap3 |accinst Iresult[9] |clk clk
8 [11.188 |state_m:inst 1fiter tap3 |accinst Aresutt[10]| clk clk
9 |11.200 |state_miinst 1fitter tap3 |accinst Aresult[3] |clk clk
10111.231 |state_minst 1Fiter tap3 |accinst Jresult[11]|clk clk

Highlight window and then

highlight report in Reports pane

you would like to appear there
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Edges

10.987
11.407
11.827
12.247
12 667
13.087
13.507
13827
14.347
14767

Drag bar to left or
right to remove split

/

Use Target Pane button to indicate
in which window you would like a
report to appear regardless of
which window is highlighted

| T e e R U P T T TR o S SR
0o 9O o o= o 0O O o = WO 9O
= @& O = @ & R~ — @ 3@ "
w w @O o O Pk~ M~ 00O 00O O M
T2 EEEZEEREEZ
Slack



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

*[1a o -
122 tol: create_slack_histogram -clock_name clk -num_bins 20 -panel_name "Slack Histogram (clk)”
123 tol: gsta_utility::generate_all_summary_tables

124 tcl: report_timing -setup -npaths 10 -panel_name “Report Timing”
125 y Info: Report Timing: Found 10 setup paths (0 wiolated). Worst case sTlack iz 11.580
=

128 10 11.580

129 tol: report_timing -setup -npaths 10 -summary -panel_name "Report Timing Summary™

130 y Info: Report Timing: Found 10 setup paths (0 wviolated). Worst case slack i1s 11.580
134 <« 10 11.530

i "onsole

135 tele
et | 3
Conzole ,.’-r., Hist@
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Steps to Using TimeQuest

Generate timing netlist
Read SDC file

Update timing netlist
Generate timing reports

A
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1) Generate Timing Netlist

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

—  Post-synthesis (mapping) or post-fit

—  Worst-case (slow) or best-case (fast) timing model

m To execute:
Netlist menu x4
— |nput netlist — Delay model
i+ Postfit f* Slow carner
Speed grade:; I ‘"’I
" Past-map " Fast comer
[ ZemIC delays

Tl command: | create_timing_netlist

ok, Cor Help |

Ar

© 2010 Altera Corporation—Confidential
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Tasks pane i <

v [E Open Project -

a Metlist Setun
i Create Timing Netlist

... Lipdate Timing Netlist
{3 Reports
s
-8 Report Fmax Summary
. B Report Setup Summary
-8 Report Hold Summary
> ----- % Report Recovery Summany
B8 Report Removal Summary ;l
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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

" User specified default operating conditions:

4 Quartus Il TimeQuest Timing Analyzer - (

File Edit “iew BEEEES Constraints  Reporks  Scr

4k
==IE| et Operating Conditions. . f« Other available operating conditions:
1 Adve 2 show 1200 65
¢ glowy T200my G5
=14 Unet  Delete Timing Netlst 7 slow_1200my_Oc

...... Mo

bIM_fast_1200m_Oc

SOC comman d: |$et_nperating_cundition$ 7_slow_1200mw_She
© 2010 Altera Corporation—Confidential
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2) Read SDC File

4¢: Quartus I TimeQuest Timing Analyzer - C:/Developing_Classes [Qual

File Edit WView Metlist | Constraints Reports Script Tools  Window Help

. Reads CO nStrai ntS & - Guest Tir E:::E Ezicll'lalted Clock... m
Set Clock Latency...

exceptions from SDC file

Set Clock Groups...

Remove Clodk. ..

— Skip if no SDC file

Set Qutput Delay. ..

m Execution —

Set Multicyde Path...
Set Maximum Delay. ..

— Read SDC File (Tasks pane

or Constraints menu) e e

m File Precedence (if no E—

—
+ [ Open Project... -

filename specified) e
— Files specifically added to e
Quartus Il project B e
-8 Report Hold Summary
) o Eepart gem;jval Summary
exists) B9 e o e

sl - Read SDC File
B Report Fmax Summary
— <current_revision>.sdc (if it 85 Pepan Pecovry Sy
B P i e -

© 2010 Altera Corporation—Confidential
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3) Update Timing Netlist

m Applies SDC constraints/exceptions to current

timing netlist

m Generates warnings
— Undefined clocks
— Partially defined 1/O delays
— Combinatorial loops

m Update timing netlist after adding any new

constraint
m Execution

— Update Timing Netlist (Tasks pane or Netlist menu)

© 2010 Altera Corporation—Confidential
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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

® Automatically creates/updates
netlist & reads default SDC file

if needed
— Reports menu

® Must have valid netlist to

access

® Tasks pane or Reports menu

4§ Quartus II TimeQuest Timing Analyzer - C:fDeveloping_Classes/Qua
File Edit View MNetlist Constrainfe

LUl F.eport
B& SDC File List
% Summary (Setup)
BH Summary (Hold)
BB Minimum Pulse Width
BH Clocks Summary

= 5 Setup: clk

Command Info

© 2010 Altera Corporation—Confidential

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEQ
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Double-click on
individual report

Reports Script Tools  Window  Hel

Repart Fmax Summary
Report Setup Summary
Report Hold Summary
Report Recovery Summary
Report Removal Summary
Report Clocks

Report Clodk Transfers
Report SDC
Report Unconstrained Paths
Report Ignored Caonstraints
Report Datasheet

Check Timing

v B upf_’" Froject... Report Timing...
a Netlist Setup o B Repart Net Timing...
v - Create Timing Neth
N Report Path...
v’ M Read 5DC File - ke Vit I [
o - Update Timing Neufe =B | MENI S 5% B g
T te Slack Histogram. .. B | £
- I ) (
B4 Individual Reports 2 |2503 [
----- % Report Fma Summany 5 ZlE'I}E' [
P E5 Report Setup Summary 5 3l3l}’ :
A T % Report Hold Summary = _
----- £ Report Recovery Summary 7_14.6%
----- % Report Removal Summany 8 |5075 {
W b B Report Clocks S 5317 [
----- % Report Clock Transfers 1015467 (
A R % Report Minimum Pulse Width 11]6.375 (
..... ™ Report 5DC 12 |8.621 p
----- Report Unconstrained Paths 138621 [
----- E5 Report Ignored Constraints 1|
----- B8 Report Datashest
----- EH Check Timing Lol
-2 Custom Reports Total I
- Macros 111 j20.000
rite ile... 2 |22320
B Reset Desian LI 3 |22356 |0

30
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Reset Design Command

m Located in Tasks pane

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

© 2010 Altera Corporation—Confidential
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Steps to Using TimeQuest (Review)

1. Generate timing netlist
2. Read SDC file

3. Update timing netlist

4. Generate timing reports

(Optionally)
5.  Modify SDC file
6. Reset Design and go back to step 2

© 2010 Altera Corporation—Confidential
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Timing Analysis Agenda

m TimeQuest flow
m Timing constraints <G
m Timing reports

© 2010 Altera Corporation—Confidential
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SDC File Editor = Quartus Il Text Editor

TimeQuest File menu = Open/New SDC File
m Use Quartus Il Quartus Il File menu = New = Other Files

editor to create

d/ d SDC Ei_h:.cTvan‘tEﬂ’i‘t-:rr—C:..’Dr&sigr'|s.|"c-:u.1r'|te:rft-::hr.l_r.:r:rur'|tv.=.r—t::l|::l_r.:-:r|..|r'|te:r—[t-:b;:h_r::::u.Jr'|tv.=.r.sdr.:] : -IEI :
and/or edit L : : :
File Edit Wew Project Processing Tools Window Help =
i1 i 8L Y EEE S ab = = =
m SDC editing unique = 4 NS A%BB% 1T B Eaw |
18 BORERER AR RAARRRARRRAARRAAARRAARRAARRRAARRAFRRAARRAARRRAFRRRARRRAFRR o
f f d i
eatures ( Or 'S C 20 # clock constraints
flles) 21 create_clock -period 3 [get_ports clock]
22
25 creg Teate_dock [-add] [-name <dock_name:] -period <value> [-waveform <edge_list=] [<targets=] .
_ -add: Adds dock to a node with an existing dock -
Access to GUI ;: deri name <dock_name=: Clack name of the created dock
H 2T —period <value>: Speed of the dodk in terms of dock period
dlalog boxes for 26 -'A'aveﬁ:urr; <edge_list=: List of edge values
t . t t 27 & fa| <targets>: List or collection of targets
Cons raln en ry 28 get_clock groups -exclusive —grpup [get_clocks {clockl}] -group [get_:
i 23
(Edlt = Insert 30 # false path reset as we are syjhcing reset
Constra|nt) 31 set_false path -from [get_ports|reset_n] -
32
_ Syntax Colorlng 33 $ '_eds_dn::'.'t :ea'.'.}-' ca:e_abc:t iming .
34 # but let's give the tool something to think about.
_ 1 3G set_output _delay -clock seg _clk|-min 1 [all cutputs]
TOOItlp Syntax help 36 set output delay -clock seg clk|-max 10 [211 outputs]
— SDC templates w b
0% 00:00:00

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

?@’ Text Editor - C:/Designs/counter/top_counter - top_counter - [top_counter.sdc]

Replace Tabs With Spaces

File | Edit | View Project Processing Tools Window Help =
B¥| « undo ctri+z B Bl | 2 EZ
4  Redo Chrl+Y il i T
éﬁ‘: Cut Cirl+X 2009 Rltera Corporatio
Copy Crl+C
. PY, MAX, MEGACORE, NIGS
I-% Paste Ctrl+V and Altera marks in and
W Delete Del
Select Al Cirl+A n is provided on as “as
1 )
1 dh Find... Cirl+F
1] #,  Find Next F3
177 Find Matching Delimiter Cirl+M ins the timing constrai
1ian ication class.
1| % Replace... Ctrl+H
1| —+ GoTo... Ctrl+G
1 nitial Revision
1 Increase Indent AR AR RARRARRA AR AR R AR R A
1 Decrease Indent Shift+Tab
2
2] = Comment Selection clock]
2w .
= L t Selecti
21 = neamment SEiscten 11 7=seg_inst|altpll com
z M insertFile... Ctrl+E
2| T, InsertTemplate...
2
) Insert Constraint 3 Create Clock. ..
2
3l A4 Toade Bookmark Cirl4F2 Create Generated Clock ...
3| %%  Jump to Next Bookmark F2 ST AR
g % Jump to Previous Bookmark shift+F2 Set Clock Uncertainty. ..
3 }% Clear All Bookmarks (Current) Cirl+5hift+2 Set Clock Groups...
3%  Clear All Bookmarks (Al Files) Remove Clock...
3

Set Input Delay...

35

Set OQutput Delay. ..

Set False Path...
Set Multicyde Path...
Set Maximum Delay. ..

Set Minumum Delay. ..

Construct an SDC file using
TimeQuest graphical
constraint creation tools

?@9 Create Clock

Clock name:  dk

Period:

10,000 ns

Waveform edges

L

Rising: 3 ns
Faling: & ns
3.00 8.00 10.00
Targets: [get_ports {dk}] E]

S0 command: |create_u:|u:u:k -name clk. -period 10,000 -waveform {3 8} [get_parts {clk}]

J

Insert H Cancel Help ]

[ E =]

EEC Text Editer - C:/Designs/counter/top_counter - top_counter - [top_counter.sdc]®

File Edit Wiew Project Processing Tools Window Help =
B MY E=EE 4% % 0T B & | =2 =2
1 -

2 Blereate clock -—name clk -period 10.000 -waveform {3 8} [get ports {clk}]

4 om | F

0% 00:00:00

Constraints inserted at cursor
TUS & STRATIX are Reg. U.S. Pat. & Twatlon
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SDC Templates

o

m Quickly add customized constraint templates

P

3@3 Insert Ternplate

Toolbar button or Edit menu
(5]

Create Base Clock®ag PLL Output Cl
Create Base Clocks Manualsagd PLL 1| _
Create Base Clocks Manually and Phsg_
2:1 Clock Muxing

Externally Switched Clock Constraints
PLL Clock Switchower

System Synchronous Input Constraint

Language templates: Preview:
4 TimeQuest & $# Create a base clock for the PLL input clock
4 5DC Commands create clock -name name -period period [get ports  port]
» Collections $# Create a generated clock for sach FLL output clock
* Clocks create generated clock -name name -divide by factor -mult:
» Clock Attributes £ Create additional ge:‘.e:ated_c'_ccks for each PLL output clocl]
© 1/0 Delays create generated clock -name name -divide by  factor -mult:
¢+ Exceptions - - - - -
:_sripting
| 4 SDC Cookbook

SDC “Cookbook” templates
from TimeQuest TA Online

Preview window: edit

before inserting & save
as user template

Resource Center

System Synchronous Qutput Constrail|l [

False Path Clock-to-Reaqiste

t5U, tH, and tCO Constraints 3¢ Save User Template [l
Multicydle Clock-to-Clock v . S el . -

) g ’ ou made changes to an ra-provided templa owever you cannot save changes
Multicycle Clock-to-Register to the template. If you want to save the n:hanges: you can save the template az a
False Path Clodk-to-Clock user template.

User template name:  my dock template|

-

. e OK ] l Cancel ]
4 I F I
Save [ Insert ] [ Close ]
© ZUIU AllEra bUlpU[dllUll—bOnTern[ldl
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SDC Netlist Terminology

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

Cell embedded multipliers, memory blocks, I/0 elements, PLLSs,
etc.)

Pin Input or outputs of cells

Net Connections between pins

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

© 2010 Altera Corporation—Confidential
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SDC Netlist Example

cell=atom/wysiwyg

pin = iterm pin = oterm

port = 1/O

!

ombout datain

regout combout

clk

datain

inclk[O]

Sample Pin Names: Sample Net Names:

outclk inajcombout ina~combout
inregaldatain ab
inregalclk clk~clketrl
inrega|regout inrega
ab|combout
ab|datac

© 2010 Altera Corporation—Confidential
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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
commands usage and may not need to be specified

m Examples

get ports

get pins

get clocks
all clocks
all regilsters
all iInputs
all outputs

© 2010 Altera Corporation—Confidential
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Name Finder

T argets: I

© 2010 Altera Corporation—Confidential

Clicking on Browse button
opens Name Finder
allowing you to search
netlist for node names

X

Caollection: I get_parts j Filter: I
— Options

[T Case-inzensitive
[T Hierarchizal
[T Eompatibility mods

rezet

n_oul] =l

— Matches
List |
23 matches found [« b | 8 zelected names
clk i [1]
clkx? 133 d[1]
_| d[2]
. | d[3]
d[4]
d[g]
44 | d[E]
d[?]

SDC command:  |[oet_ports {d[0] d[1] d[2] d[3] d[4] d[5] d[E] d[7]1

QK I Cancel Help |

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE| SDC Create_clock

and Altera marks in and outside the U.S.
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Name Finder Search Options

m All options off
— Hierarchy levels in Filter match results except for *
— *finds all names in all levels of hierarchy in selected collection
— *| 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 only)
— Filter must be just cell name or in form of <cell> | <pin>
— foo | * finds all pins on cell named foo
— *| data* finds all pins starting with data at any level of hierarchy
m  Compatibility mode (get_pins; get_cells only)
— Always searches entire hierarchy
— *| data* finds all pins starting with data at any level of hierarchy
— *| *| data* performs the same search; extra * | not required

© 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. ®
43



SDC Timing Constraints

Clocks <=
/O

False paths
Multicycle paths
Absolute delays

© 2010 Altera Corporation—Confidential
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Clocks in SDC

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.

— Clock inversions automatically detected unless derived from
more complex logic structure

m All are related by default
— Cross-domain transfers analyzed

© 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. ®

45



Clock Constraints

Create Clock

Create Generated Clock
Clock Uncertainty

Clock Latency

PLL clocks

© 2010 Altera Corporation—Confidential
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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]

[] = optional

© 2010 Altera Corporation—Confidential
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create clock Examples

create clock -period 20.0 —-name clk 50 [get ports clk in]

clk_in (clk_50) -

| | | |
0 10 20 30

create clock -period 10.0 -waveform {2.0 8.0} [get ports sysclk]

| . |
0 2 8 10 12 18 20

© 2010 Altera Corporation—Confidential
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Create Clock using GUI

x

Clack name:

Feriod:

Waveform edges

Rizing:

F alling:

clk.

10.000 hs
1] hs

G hs

T argets:

0.0

E.0 10.0

[get_ports {elkl]

SOC commard:

create_clock -period 10,000 -name clk -waveforrm {0 6} [get_ports {clk)]

Cancel Help

4

© 2010 Altera Corporation—Confidential

Use Name Finder to
search collections

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.
49



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>]
—invert]

© 2010 Altera Corporation—Confidential
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Create Generated Clock using GUI

Create Generated Clock

Clock name:

Source:

Driveide: by
kA ualkiply by

Druty cycle:

Edqge list:

— Felationzhip o source

Edqge zhift list: I hz

X|

IcIkHE

I[get_pins {inet1 laltpll_componentipllincik[0]}

N

f* Bazed on period

Phaze:

2 Offzet:

1]

= Bazed on wavetom

[T Irevert wavetorm

nE

I

nE

T argets:

I[get_pins {inst1laltpll_componentlpllclk [0

B

SOC commatnd:

Icreate_generated_clack -name clkx2 -source [get_ping {inst1]alpll_compone

Ok

Cancel

Help
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Generated Clock Example

create clock -period 10 [get ports clk in]

create generated clock —name clk div \
—source [get ports clk in] \
-divide by 2 \

[get pins 1nst|regout]

© 2010 Altera Corporation—Confidential
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PLL Clocks

m Command: derive pll clocks

m Use to create generated clocks on all PLL
outputs
— Based on input clock & PLL settings

m Requires defining PLL input as clock
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derive pll clocks Example

my_pll

inclk0

c:U

c100

inclkd frequency: 100.000 MHz
Operation Mode: Normal

cl

c200

2

c200_shift

Clk | Ratio | Ph (dg)|DC (%]
cO0 | 11 | 0.00 | 50.00
cl | 21 | 0.00 | 50.00
c2 | 21 | %000 | 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 {inst|altpll component|pll|clk[0]} \
—-source [get pins {inst|altpll component|pll|inclk[0]}] \
-divide by 1 \
[get _pins {inst|altpll component|pll|clk[0]}]

create generated clock -name {inst|altpll component|pll|clk[1]} \
—-source [get pins {inst|altpll component|pll|inclk[0]}] \
-multiply by 2 \
[get _pins {inst|altpll component|pll|clk[1]}]

create generated clock -name {inst|altpll component|pll|clk[2]} \
—-source [get pins {inst|altpll component|pll|inclk[0]}] \
-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

# Note the clock names for
# the generated clocks

# will be the names of

# the PLL output pins
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SDC Timing Constraints

Clocks

/O <G—
False paths
Multicycle paths
Absolute delays
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/O Constraining

m Specify system-level timing constraints
m Sefttings

— Input maximum delay
— Input minimum delay
— Output maximum delay
— Output minimum delay
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Input Min/Max Delay Definition

m External delays added to the input data arrival path
m Max value used in Setup and Min in Hold

Input Maximum Delay = 2ns

Path #IGetuQack is 6.374

| Path Sumﬁy’l Statistics | Data Path | Waveform I Extra Fitter Information |

Input Minimum Delay = 1ns
Path #mck is 1.811

|Paﬁ15uM| Statistics | Data Path | Waveform | Extra Fitter Information |

Data Arrival Path

Data Arrival Path
Total Incr RF Type Fanout Location Element
1 0,000 0.000 launch edge time
2 4 0,000 0.000 dock path
1 0.000 e R dock network delay
3 2.000 @ F 1 PIN_B& din
4 4 5,698 T data path
1 2.000 0.000 FF Ic 1 IOIBUF_X14 Y31 _N3 din~inputli
2 2.681 0.681 FF CELL 1 IOIBUF_X14 Y31 _N3 din~inputjo
3 5.161 2.480 FF Ic 1 FF_¥14_Y31_N10 inst|d
4 5.698 0.537 FF CELL 1 FF_¥14_Y31_N10 inst
Data Required Path
Total Incr RF Type Fanout Location Element
1 10,000 10,000 latch edge time
2 4 12,181 2.181 dock path
1 10,000 0.000 source latency
2 10.000 0.000 1 PIN_J7 dk
3 10.000 0,000 RR Ic 1 IOIBUF_X16_Y0_M15 clke~input|i
4 10.527 0.527 RR CELL 1 IOIBUF_X16_Y0_M15 dkr~input|o
5 10,901  0.374 RR Ic 1 CLKCTRL_G17 dkrinputclketr! indlk[a]
-] 10,901 0.000 RR CELL 3 CLKCTRL_G17 ckrinputclketr! joutdk
7 11.816 0.915 RR Ic 1 FF_¥14_Y31_N10 inst|dk
8 12,181 0.385 RR CELL 1 FF_¥14_Y31_N10 inst
3 12,161 -0.020 dock uncertainty
4 12.072 -0.089 uTsu 1 FF_¥14_Y31_N10 inst

Total Incr RF Type Fanout Location Element
1 0,000 0.000 launch edge time
2 4 0,000 0.000 dock path
1 0.000 ] R dock network delay
3 1.000 R 1 PIN_B& din
4 4 4,133 data path
1 1.000 0.000 RR Ic 1 IOIBUF_X14_ Y31 _N3 din~inputfi
2 1.507 0.507 RR CELL 1 IOIBUF_X14 Y31 N8 din~input|o
3 3.619 2.112 RR Ic 1 FF_X14_Y31_N10 inst]d
4 4.133 0.514 RR CELL 1 FF_¥14 Y31 N10 inst
Data Required Path
Total Incr RF Type Fanout Location Element
1 0,000 0.000 latch edge time
2 4 32,250 2,250 dock path
1 0.000 0.000 source latency
2 0.000 0.000 1 PIN_17 ke
3 0,000 0.000 RR Ic 1 IOIBUF_X16_YO_N15  dkednput]i
5 0.527 0.527 RR CEL 1 IOIBUF_X16_Y0_MN15 dkrinput]o
5 0.917  0.39%0 RR Ic 1 CLKCTRL_G17 dk~inputdketr findk[a]
& 0.917 0.000 RR CELL 3 CLKCTRL_G17 dkrinputclictr] joutdk
7 1.870 0.953 RR Ic 1 FF_X14_Y31_N10 instldk
3 2,250 0.330 RR CELL 1 FF_¥14 Y31 _N10 inst
3 2,270 0.020 dock uncertainty
4 2.322 0.052 uTh 1 FF_X14_Y31_N10 inst
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Input Min/Max Delay in Waveform

External Device Altera Device
DIN ] A
CLK Y,
CLK (fpgapin)
DIN (fpga pin) DO D1
Input maximum delagl M}minimum delay

input minimum delay
—_—

Tsetup(aitera) = Setup Relationship (=Tck) — Input Maximum Delay
Tholdaiteray = — Hold Relationship (=0) + Input Minimum Delay
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Input Maximum Delay Calculation (Example)

m Constraining registered input path in setup

External Device Altera Device

m Input Maximum Delay =
- PCB clk(Altera Dev) + PCB clk(Ext Dev)

+ Tco max(Ext Dev)
+ PCB data max
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Input Minimum Delay Calculation (Example)

m Constraining registered input path in hold

External Device Altera Device

m Input Minimum Delay =
- PCB clk(Altera Dev) + PCB clk(Ext Dev)

+ Tco min(Ext Dev)
+ PCB data min
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Output Min/Max Delay Definition

m External delays added to the output data arrival path
— In fact, subtracted to the output data required path !

m Max value used in Setup and Min in Hold analysis

Output Maximum Delay = 2ns

Path #1@& is 2.145

| Path Summ/l Statistics | Data Path | Waveform | Extra Fitter Information |

Data Arrival Path

Output Minimum Delay = -1ns

Path #1@1( is 4.446

| Path Sumﬁﬂ Statistics | Data Path | Waveform I Extra Fitter Information |
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Total Incr RF Type Fanout Location Element
1 0.000 0.000 launch edge time
2 4 2,332 2.332 dock path
1 0.000 0.000 source latency
2 0.000 0.000 1 PIN_17 dk
3 0,000 0.000 RR c 1 I0IBUF_X16_Y0_N15 dkeinputli
4 0.527 0.527 RR CELL 1 IOIBUF_X16_Y0_N15 dk~input|o
5 0.917 0,330 RR c 1 CLKCTRL_G17 dkrinputdketr lindk[a]
] 0.917 0.000 RR CELL 3 CLKCTRL_G17 dk~inputcketrl joutdlk
7 1.870 0.953 RR IC 1 DDIOOUTCELL_X12_Y31 N4 inst2|dk
Data Required Path
Total Incr RF Type Fanout Location Element
1 10,000 10,000 latch edge time
2 4 10,000 0.000 dock path
1 10,000 0,000 R dock network delay
3 9,980 Ptk dock uncertainty
4 7.980 R a PIN_A7 dout

Data Arrival Path

&

Total Incr RF Type Fanout Location Element
1 0.000 0.000 launch edge time
2 4 2,280 2,200 dock path
1 0.000 0.000 source latency
2 0.000 0.000 1 PIN_17 dk
3 0.000 0000 RR IC 1 I0IBUF_X16_Y0_M15 dkrinput]i
4 0.527 0.527 RR CELL 1 IOIBUF_X16_Y0_M15 dk~input]o
5 0,901 0.374 RR Ic 1 CLKCTRL_G17 dkrinputdketr findk[0]
] 0.901 0.000 RR CELL 3 CLKCTRL_G17 dkrinputclietr] joutclk
7 1.816 0.915 RR Ic 1 DDIOOUTCELL _X12 Y31 N4 inst2|dk
Data Required Path
Total Incr RF Type Fanout Location Element
1 0.000 0,000 latch edge time
2 4 0,000 0.000 dock path
1 0.000 0.000 R clock network delay
3 0.020 rig2Q dock uncertainty
4 1.020 F PIN_A7 dout
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Output Min/Max Delay in Waveform

Altera Device External Device

@ DOUT
CLK CLK

CLK (fpga pin)

DOUT (fpga pin) = DO D1

output maximum delay
—

output minimum delay (<0 here)
e

Tco maxaitera) + Output Maximum Delay £ Setup Relationship (=Tck)
Tco minattera) + Output Minimum Delay 2 Hold Relationship (=0)
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Output Maximum Delay Calculation (Example)

m Constraining registered output path in setup

Altera Device External Device
@ DOUT
PCB Delay

CLK[
CCB clk Ext Dev /@
U

PCB clk Altera Dev

m Output Maximum Delay =
- PCB clk(Ext Dev) + PCB clk(Altera Dev)

+ PCB data max
+ Tsu(Ext Dev)

© 2010 Altera Corporation—Confidential

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

63



Output Minimum Delay Calculation (Example)

m Constraining registered output path in hold

Altera Device External Device
@ DOUT
PCB Delay

CLK[
CCB clk Ext Dev /@
U

PCB clk Altera Dev

m Output Minimum Delay =
- PCB clk(Ext Dev) + PCB clk(Altera Dev)
+ PCB data min
- Thd(Ext DevV)
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set input delay Command

m Constrains input pins by specifying external
device timing parameters

m Options

-clock <clock name>
[-clock fall]
[-rise | —-fall]
[-max | -min]
[-add delay]
[-reference pin <target>]
[-source latency included]
<delay value>
<targets>
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set output delay Command

m Constrains output pins by specifying external

device timing parameters

m Options
-clock <clock name>
-clock fall]

-rise | —-fall]

—add delay]

[

[

[-max | -min]

[

[-reference pin <target>]

<delay value>
<targets>
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Input/Output Delays (GUI)

Set Input Delay

Clock name: Iclk

[~ Usze falling clock edge

— |nput delay optiohs

£ Minirmum " Rizse

+ M aximun " Fall

" Bath + Bath
Dielay walue: |5 Nz [T Add delay
Targets: |[get_pnrts K

SDC commard: Iset_input_delay -clock clk -max 5 [get_ports 47

(] I Cancel |

Help |
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Synchronous I/O Example

ASSP1 Teomaxy =9 NS FPGA/CPLD ASSP2 Tew=2ns
co(min) — 3ns ; T,=0.4ns
in_reg out_reg
PRE 1ns datain PRE PRE dataout 1ns PRE
D Q : [ >—7DP Q Q : Q

X ok rZR K /‘ X

I

0-5ns =10 ns 0.3ns Notice inversion on

/l_l__l\Tperiod ) .
input register
-/

0.3 ns

set input delay -clock clk —-max [expr -0.5 + 0.3 + 5 + 1] datain
set input delay -clock clk —-min [expr -0.5 + 0.3 + 3 + 1] datain

set output delay -clock clk —max [expr -0.3 + 0.5 + 1 + 2 ] -clock fall dataout
set output delay -clock clk —min [expr -0.3 + 0.5 + 1 -0.4] -clock fall dataout
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Source-Synchronous Interfaces

ASSP1

ASSP2

PRE

b

-

FPGA
inreg outreg

PRE (\ ‘ datain PRE PRE dataout
D Q Q >
o i i

clkin PLL* l_ l_ clkout

I
= > ' \/

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 Data & clock routed identically to maintain phase relationship at

destination device

— Board delay not included in external delay calculations

® Clock trace delay (data required time) & Data trace delay (data arrival time)
are equal and offset

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

© 2010 Altera Corporation—Confidential
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Using SDC with Source-Synch

FPGA

outreg
PRE dataout

—p Q>

clkout

This path must be analyzed when

\_/ calculating data required time

m  Must tell TimeQuest to analyze path from clock source
to output clock pin during analysis

m  Two Methods using set output delay command

—  Method 1

® Add-reference pin argumentto output delay assignment
-reference pin is a TimeQuest SDC extension

—  Method 2

1. Assign generated clock on output clock pin

2. Use —clock argument in output delay assignment to associate
output clock to output data bus
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Method 1 Example

create clock 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]]

# Constrain dataout with an external tsu of 0.5 ns
# and th of 0.5 ns using clkout as reference pin
set output delay -clock pllclk \
-max 0.500 |\
-reference pin 01kEEEJ\
[get ports dataout]
set output delay -clock pllclk \
-min -0.500 |\
-reference pin 01kEEEJ\
[get ports dataout]
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Method 2 Example

create clock 5 -name clkin \
[get_ports clkin]

create generated clock -name pllclk divide by 1 \
—-source [get ports clkin] \
[get pins inst|altpll component|pll|clk[0]]

¥ Place clock on external clock output

create generated clock -name clkout \
-source [get pins inst|altpll component|pll|clk[0]] \
[get_ports clkout]

# Constrain dataout with an external tsu of 0.5 ns
# and th of 0.5 ns using clkout as clock

set_putput_delayl—clock clkoutl\
[max 0.500]\

[get _ports dataout]

set output delayl—clock clkout |\
[-mIn -0.500 |\

[get _ports dataout]
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Virtual Clocks
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Clock Uncertainty

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

e S\

HOLD UNCERTAINTY SETUP UNCERTAINTY
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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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SDC Enhancement -
derive clock _uncertainty

m New SDC constraint - derive_clock uncertainty

— Computes all the required clock uncertainty for every clock transfer
(e.g. PLL settings)

m Advantage in using derive_clock uncertainty
— Automatically applies SDC constraint, set_clock_uncertainty

— Provides flexibility for accounting system considerations

e Optionally, modify generated uncertainty values to account for external
factors (e.g. board skew, external PLL jitter, etc.)

® Optionally, disregard if accounted for in timing constraints and/or in
controlled environment

& Grigieal Crock seeeing B F ) Info: Deriving Clock Uncertainty A
create_clock -period 8.0 NHI57 [ .. 1) Info: set_clock_uncertainty -from 1 lkin_13ns -to i_clkin_13ns -setup 0.090
mac_clk 3 A ; ; y ; ;
PO | | (1] 1) Info: set_clock_uncertainty -from iJeTkin_13ns -to i_clkin_13ns -hold 0.050
s 5_ 11.039 |3730 |FF IC 3 PLL_B PACEIPLL1_2laltpll_component|Uplllinclk[0]
|6 [3420 -7.619 |FF |COMP |2 PLL_B | PACEIPLLT_2laltpll_component/U1|plilcik[0]

derive_clock_uncertainty ?_ 4723 1.303 FF |IC 1 CLKCTRL_G4 PACEIPLL1_2Jaltpll_component|UT|_clk0™~clketrllinclk[0]
|62 8_ 4723 0000 FF |CELL |2 \CLKCTRL_G4 | PACEIPLL1_2laltpll_componentlU1_clk0~clkctrloutclk
il g [5.366 0643 FF  |IC 1 LCFF_X15_Y1_N21 |cki13ns_tail_m_Zick
w Console EW CELL el LCEL . :

|clock uncertainty
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Virtual Clocks

m Virtual clocks could be defined for all input clocks and output clocks
In current design

— Virtual input clock for external launch clock in the constraint for
the input case

— Virtual output clock for external latch clock in the constraint for the
output case.

m This will separate the clock domains for the IO and core.

m This is required to set the correct clock uncertainty numbers in the
clock uncertainty constraints, which differ for the core and the 10
transfers

m Not used for output source synchronous interface (output generated
clock)
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Virtual Clocks

data_in data_out

> > > >
virt_clk_in XI—D—F clk in XI—D—I/—F virt_clk_out XI—D—F

m Traditionally, you'd set input delay and output delay with clk_in as the
reference clock

— This intra-clock transfer would appear the same as the 1O clock transfer
— Incorrect clock uncertainty would be applied for 10 transfers

m Virtual clocks for input transfer and output transfer provide separate
and distinct clock transfers from clk_in core intra-clock transfer.
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Virtual Clocks

Case A: BAD!
data_in

o D> >

P Q

data_out

clk_in XI—[>—F> clk_in Xl—D‘Lr

m  Old Constraints:

create_clock -period 10 -name clk_in [get_ports {clk_in}]
set_input_delay -clock [get_clocks {clk _in}] -max 2 [get_ports {data_in}]

set_input_delay -clock [get_clocks {clk _in}] -min O [get_ports {data_in}]

D> =D
>
clk_in XI—[>—F

set_output_delay -clock [get_clocks {clk_in}] -max 2 [get_ports {data_out}]
set_output_delay -clock [get_clocks {clk_in}] -min O [get_ports {data_out}]

m Clock Transfers
From clk_in to clk_in only

m  Resultant Clock Uncertainty

From clk_into clk_in Setup: 150ps Hold: 50ps
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Virtual Clocks

Case B: GOOD! data_in

D Q

data_out

B

>
virt_clk_in &—D—r

clk_in &—DLF

m  New Constraints:
create_clock -period 10 -name clk_in [get_ports {clk_in}]
create_clock -period 10 -name virt_clk_in
create_clock -period 10 -name virt_clk_out
set_input_delay -clock [get_clocks {virt_clk_in}] -max 2 [get_ports {data_in}]
set_input_delay -clock [get_clocks {virt_clk_in}] -min O [get_ports {data_in}]
set_output_delay -clock [get_clocks {virt_clk_out}] -max 2 [get_ports {data_out}]
set_output_delay -clock [get_clocks {virt_clk_out}] -min O [get_ports {data_out}]

m Clock Transfers

From clk_in to clk_in
From virt_clk_into clk_in
From clk_in to virt_clk_out
m  Resultant Clock Uncertainty
From clk_in to clk_in Setup: 150ps Hold: 50ps

From virt_clk_into clk_in
From clk_in to virt_clk_out
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SDC Timing Constraints

Clocks

/O

False paths G
Multicycle paths
Absolute delays
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False Paths

m Logic-based
— Paths not relevant during for circuit operations
— 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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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 <names>]
[-rise from <names>]
[ —from <names>]
 —through <names>]
[-to <names>]
[-fall to <names>]
[-rise to <names>]
[-setup]
[ -
<

hold]
targets>
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Set False Path (GUI)

Constraints menu

Set False Path

Fram:
T hrough:

T

[get_clocks {clk}

[get_clocks {clkx2}

SOC command:

set_falze_path -from [get_clocks {clk}] to [oet_clocks {clks2)]

k. Cancel Help
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False Path Example

FPGA/CPLD
regl reg2 reg3
| data PRE RE PRE
[ >———7P Q Q — -
clkl _|mp_e syncnronizer
? ? circuit between two
LR LR

ER asynchronous clock
domains
clk2

Set false path —-from [get pins regl|regout] \
—-to [get pins regZ|datain]
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set clock groups Command

m Tells fitter and TimeQuest to ignore ALL paths

between specified clock domains

— Great for clock muxes

— Equivalent to setting false paths (-from &
-t o) on all paths between domains

m Options
[-asynchronous | —-exclusive]
—group <clock name>
—-group <clock name>
[-group <clock name>]..
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Asynchronous clock domains example

set clock groups -asynchronous

—group { clkinl
instl|altpll component|pll|clk[O0]
instl|altpll component|pllfclk[1]

-group { clkinZ2
inst2|altpll component|pll|clk[0]
inst2|altpll component|pll|clk[1]
inst2|altpll component|pll|clk[Z]

—-group {PCI CLOCK '}
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Clock Mux Example

FPGA/CPLD

clk_100

clock control

[cik_e6

b@{ﬂ:w

regl

reg2

PRE

e

PRE

e

clk_sel

create clock -period 10.0

create clock —-period 15.0

set clock groups —-exclusive —group {clk 100} —-group {clk 66}
# Since clocks are muxed,
# cross—-domain paths as only one clock will be driving the

[get ports clk 100]
[get ports clk 66]

# registers at any one time.
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SDC Timing Constraints

Clocks
/O
False paths

Multicycle paths <=
Absolute delays
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When to Use Multicycle Paths

m Design does not require single cycle to transfer
data
— Otherwise needlessly over-constrain paths

m Clocks are integer multiples of each other with or
without offset

m Clock enables ensuring register(s) not sampling
data every clock edge
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Multicycle Types (1)

m Destination
— Constraint based on destination clock edges

— Moves latch edge backward to relax required
setup/hold time

— Used in most multicycle situations

m Source
— Constraint based on source clock edges

— Moves launch edge forward to relax required
setup/hold time

— Useful when source clock is at higher frequency than
destination
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Multicycle Types (2)

m Setup

— Increases the number of cycles for setup analysis
— Defaultis 1

m Hold

— Increases the number of cycles for hold analysis
— Default is 0*

*Note: Subtract 1 from the Classic Timing Analyzer hold
multicycle value to convert to SDC
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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 <names>]
—-rise from <names>]

[

[

[

[

[-from <names>]
[-through <names>]
[-to <names>]
[-fall to <names>]
[-rise to <names>]
<targets>

<value>
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Set Multicycle Path (GUI)

Set Multicycle Path

From:
T hrough:
To

Analysiz type
{* Setup
" Hald

[get_clocks {clk)]

[get_clocks {elks2}

Reference clock
£ Start [launch clock]
f* End [latch clock]

Walue:

S0C command:

set_multicycle_path -from [get_clocks {clk} -to [get_clocks {cks2)] -

Ok Cancel Help
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Understanding Multicycle (1)

Standard single-cycle register transfer

FPGA/CPLD regl reg2
PRE PRE
D Q Q
_ER ‘_ER
clk
Launch edge

N, ‘

HO | 51>

regl.clk A ‘

Latch edge

— — - Multicycle Setup = 1 (Default)
= = = = Multicycle Hold = 0 (Default)*
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Understanding Multicycle (2)

Change to a two cycle setup; single cycle hold transfer

= = = = Multicycle Hold = 0 (Default)

FRGACPLD ™ tenn reg2 In this example, there is not
i 9 B 9 an enable to prevent partial
data from being clocked into
— > REGZ2, so hold timing
analysis will check if data
Launch edge clk can arrive to soon at the
\ input to REG2.
regl.clk I\ ‘ ‘
-
So = ow X
_—
~ ~
reg2.clk ‘ S\ ‘l \ ‘
HO S2 Latch edge

Multicycle Setup = 2
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Understanding Multicycle (2) (cont.)

Change to a two cycle setup; single cycle hold transfer

Launch edge

regl.clk I\
~

reg2.clk

FPGA/CPLD regl reg2 In this example, there is not
e ERz an enable to prevent partial
D Q D Q . .
data from being clocked into
—? —? REG2, so hold timing
LR LR . g .
analysis will check if data
clk can arrive to soon at the
input to REG2.
b S
~. —~ DVW X
_—
~ ~—
~ ~—
> . |
HO 82 Latch edge
Set multicycle path —-from [get pins regl|regout] -to [get pins reg2|datain] \

-end -setup 2
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Understanding Multicycle (3)

Change to a two cycle setup; two cycle hold transfer

Launch edge

FRGACPLD ™ tenn reg2 In this example, there is a
B .- large combinatorial block in
D Q 2 Q :
S the path, by design, so the
> L multicycle constraint
Sl i LR expresses this. The enable
prevents partial data from
\ ena being early clocked in REG2.
regl.clk —— ‘ ‘ ‘
I\ -~ , _
—
W X
£ e
2 —
7 —
reg2.clk A ‘ ‘ ‘l \ ‘
H1 Sl 82 Latch edge

— — - Multicycle Setup =2
= = = = Multicycle Hold = 1
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Understanding Multicycle (3) (cont.)

Change to a two cycle setup; two cycle hold transfer

Launch edge

N

FPGA/CPLD

regl

PRE

D Q

e

- |

PDRE Q
:\ : >

reg2

ena

ENA
|7CLR

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

X

REG2.clk

H1

Set multicycle path —-from [get pins regl|regout]

—-setup 2

Set multicycle path —-from [get pins regl|regout]

A
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|

‘l

AN

S2

Latch edge

-to [get pins reg2|datain] \

-to [get pins reg2|datain] \




Reporting Multicycles

Report Timing: set_multicycle_path

Command lnfo  Summary of Paths l

o

Slack |From Mode | ToMode

Launch Clock | Latch Clock,

i y_regtwal2] | OBSERVABLEDATAR_REGOLIT2

Same path with
Setup Multicycle = 2

Path #1: Setup slack is 2.643

Path Summar_l,l] Statistice  Data Path lWavefDrm]

EIEIED U\hlwlwl—‘

© 2010 Altera Corporation—Confidential

one destination clock
cycle

Data Arrival Path
Total | Ficr 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 uTca 1 LCFF_=27_Y7_M7 y_reghwal2]
14 |0.341 0.000 RRA CELL 1 LCFF_=27 Y7_M7 w_reghwa[2]regout —
|5 [0.34 0.000 RR IC 1 LCCOMB_X27_%7_MG inzt24finzt[2]datac
|E |0.6E4 0323 RRA CELL 1 LCCOMB_¥X27_7_MG inzt2dlinzt[2]lcombout
|7 |0.909 0.245 RR IC 1 LCCOMBE_X27_%7_M0 inzt24finzt11[2]ldatad
|5 |1.058 0149 RRA CELL 1 LCCOMB_¥27_%7_M0 inzt2dinzt11 [2)lcombot
19 |1.303 0.245 RR IC 1 LCCOMB_¥27_v7_MZ26 inzt24finzt1 2[2]ldatad
|10]1.452 0149 RRA CELL 1 LCCOMB_¥27_v7_MZ2G inzt2dinzt1 2[2)lcombot
|11]1.700 0248 RR IC 1 LCCOMB_¥27_%7_M10 inzt24finzt13[2]ldatad L
< | 8
[} 3 Req ed P
Tot RF Type Fanout Location Element
10.000 10.09\ latch edge time
2 110758 0130 R clock netwark delay
3 10083 0047 su | Latch edge extended by |7 ¢purap recour?

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

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STR
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SDC Timing Constraints

Clocks

/O

False paths

Multicycle paths
Absolute delays <
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Absolute Delays

m Applys 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 a input port-to-register or register-to-output port
constraint without using input & output delays

m Use -rise from/-fall from& -rise to/-fall toltO

restict 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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Timing Analysis Agenda

m TimeQuest flow
m Timing constraints

m Timing reports <4
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Verifying Clocks & I/O Timing

m Use Clock Setup & Hold summary reports to
check worst slack for each clock

“Did | make it or did | not make it?”

— Positive slack displayed in black, negative in red
— 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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TimeQuest Reports in Compilation Report

& Quartus Il - fdatardavlin/QIITI_1{Timing,

E

ile  Edit View Toaols Window

|53 compilation Report

E2)
E2)
e

=]

4

3B Legal Motice
- HER Flow Summary
- ¢HER Flow Seftings
- ER Flow Mon-Default Global Setl | 2
- HER Flow Elapsed Time
- HER Flow O35 Summary
BB Flow Log

Clock

Slack

End Paint
TN

ftop - top - [Compilation Report - Slow 1200mY 85C Model Setup S... [H=] E3 I

clk_x2

0.295

0.000

clk_x1

0.846

0.000

o

clk_out

2.256

0.000

-0 Analysis & Synthesis
-&H(0 Fitter

Assamblar

TimeGuest Timing Analyzer
- &HER Summary

- HER Parallel Compilation

- &HER 50C File List

- &HER Clocks

5@@ Slow 1200mY 85C Model
- SHEE Fmax Summary

- HER Setup Summary
B Hold Summary
--¢=ER Recovery Summary
3B Remaoval Summary
B Minimum Pulse Width
&-SHC0 Worst-Case Timing Pal
-0 Datasheet Report
-&hE Metastahility Repart
5B Slow 1200my 0C Model
&-&HC0 Fast 1200my 0C Model
- <HEB Multicorner Timing Analys
[]-@D tulticarner Datasheet Re
-0 Advanced 170 Timing
&-&HC0 Clock Transfers

-¢HE Report TCCS

- &HB Repart REKM

| SBBR Uncopstrained Paths

%@ TimeQuest Timing Analyzer
- &HEA TimeGuest Timing Analyz

-0 Advanced 1O Timing
- &HER 50C File List

- HEE Summary (Setup)

- HER Summary (Hald)

2

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

» SDC files used during fitting

* Clocks generated

« Timing violations

» Unconstrained paths

» Worst-case paths

Reports generated in
TimeQuest GUI

| | 7




Detailed Slack/Path Analysis

m Create more specific/detailed reports
— EX. Details on a specific clock domain
— EX. View timing paths between particular 1/0 & registers

m Create using Tcl commands or GUI

— Use GUI to see report immediately
— Use Tcl file for repeatability
® Recommendation: Do not place reporting commands in SDC file
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Report Timing (GUI)

4k Quartus |l TimeQuest Timing Analyzer, - D:falteraf71/qdesig)

Report Timing @

File Edit Wiew Metlist Constraints BaEdede® Script Tools  Window  He Clacks
o |3 Report Frnazx Summary From clock: |c|k_cnns ﬂ
ER Timeluest Timing Analyzer Report Setup Summary
E¥ SDCFile List Report Hald Summary To clock: |c|k:-:2_cnns ﬂ
% Report Recovery Summary
% Surnmary (Hald] Repart Rermoyval Surnmary T i
Clocks Summar angets
&2 mmary Report Clocks
(1 Unconstrained E‘aths Report Clock Transfers Fram: J
E =y lgnored Constraints Report TCCS h b | J
""" Report RSKM rougn.
1 H Report S0C 5 u
Tar Ll J
Choose Report Tlmlng Repart Unconstrained Paths
(Reports menlJ) (0]8 Report Ignored Constrainks
: Report Datasheet Analysis lype Paths
double-click on Report =
. k p Check Timing i« Setup  Recovery Repart number of paths: 32
Tlmlng (TaS S pane) « ni > " Hold " Removal P awirnurmn slack. limit: ns
Repart Path. ., M

Repart Minimurm Pulse \Width, ..
Create Slack Histogran, ..

----- B8 Feport Clocks
----- BR Fepor Clack Transber

Dretail level: Set Default

Summary
----- BR Report Minimum Pulse Width [v Report panel name: Path Only
..... E% Feport TCCS _ Path and Clock.
..... BT Report RSKM [ Filz narme: Full Path J

----- B8 Feport SDC
----- BS Feport Unconstrained Paths ) 5
----- BR [Feport lanored Constraintd] Select Ievel Of (+ Overwrite (" Append pEn

----- % Report D atazheet .
..... BR Check Timing detail

File options

|repu:urt_timing -from_clock clk_cons -to_clock clks2_cong -from * -to

----- [] Report Path... l—l
Repart T ol Hel
R 1 Benart Minimum Pulse Width... SeIeCt Where to Send Spon_ming e | =P |
] . . Oran... w
Tcl: report_timing output report
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Summary Slack/Path Report

report timing -from clock cl00 -to clock c200 \

-setup -npaths 10
—-panel name “Setup

L1

=

% S etup (2100 to c200] Surmmary

© 2010 Altera Corporation—Confidential

-detail summary \
(c100 to c200) Summary"

Setup {c100 to c200) Summary [+30
Slack | From Mode ToMode Launch Clock | Latch Clock
1 F1.748 b regbwal3] .mull~OBSERVABLEDATAR REGOUTS o100 c200
|2 [2071 | b_reghwo[2] _.multT~OBSERVABLEDATAR_REGOUTZ =100 c200
3 |2141 ingtllakpl_componentiplicik[0] ...multl “OBSERVABLEDATAE_REGOUTS | c100 c200
4 (2141 [ingtllaktpll_componentipliclk[0] ... mull ~0BSERVABLEDATAE_REGOUTI |c100 c200
5 2236 b_reghwol4] _.multT"OBSERVABLEDATAR _REGOUT4 =100 c200
B |2.286 |y _reghwo[3] _.multT~OBSERVABLEDATAR_REGOUTI =100 c200
7 |2.463 ingtllaltpl_componentiplicik[0] ... multl “OBSERVABLEDATAE_REGOUTZ | c100 c200
|8 [2.463 |instllaltpll_componentipliclk[0] ... muldl ~0BSERVABLEDATAR_REGOUTZ |c100 c200
3 [2.487  b_reghwol5] _.multT"OBSERVABLEDATAR _REGOUTS =100 c200
1012511 |y _reghwo[2] multl ~OBSERVABLEDATAE_REGOUTZ |c100 c200

T~/

Calculated Slack

Source &

Destination Nodes

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.
111

4

Source & Destination
Clocks

/AYOTSRYA\,



Detailed Slack/Path Report

report timing -from clock cl00 -to clock c200 \
-setup -npaths 10 -detail path only \
-panel name “Setup (cl00 to c200)"

> £l Setup {c100 ta c200) o=

o [Setup (o100 to 200 Comend Irfo Summany f Paths |
Slack | From Node To Mode Launch Clock | Latch Clock
ﬁ 1 3 L EDATAE_REGOUTS

2 12071 b reghwol2] L EDATAE_REGOUTZ |c100 c200

3 12141 I _componentlplick[0] | ... EDATAR_REGOUTS |c100 c200

A4 (2141 || componentiplliclk(0] | ... EDATAB_REGOUT3 | 100 c200 1 1

5 12236 b regtwold] . EDATAE_REGOUTS |c100 c200 4 detalled VIews Of

B [2286 | y_regtwol3] LEDATAB_REGOUT3 c100 c200 path available

7 |2463 | Il _componentipllichk]0] ... EDATAB_REGOUTZ |c100 c200

8 |2463 | Il _componentipllichk]0] | ...EDATAB_REGOUTZ |c100 c200

9 |2.487 b regtwol5] . EDATAE_REGOUTS |c100 c200

J0]2511 | p_regtwo[2] L EDATAE_REGOUTZ |c100 c200

Path #1: Setun slack is 1.748
Fath Surarmary ] S batistics I Data F'ath] W awefarm
Property g |Value ath Data arrival

1_ Fram Mode b _regtwal3] Tatal Ihcr Location path details

2| ToMode . OBSERVABLEDATAB_REGOUTI 1 1]0.000 0.000

3| Launch Clack 100 12]0.113 0113 |R clock nebwork delay

4| Latch Clock c200 | 3]0.363 0.250 uTeco 1 LCFF_%26 Y1_N9 b_reqgtwal3]

| 5| Data Arrival Time 3330 | 4]0.363 0.000 RR CELL 1 LCFF =26 v1_M3 b_regtwal3regout

B |Data Required Time | 5.078 |5 ]0.363 0.000 RR IC 1 LCCOMB_<26 1_Ma _..generatedlresult_nodel3]~39datac

7| Slack 1.748 | B |0.686 0323 |RA CELL 1 LCCOMB_¥26 ¥1_N8 ... eratediresult_node{3]~3Ncombout
| 7| 2.457 1771 RR IC 1 DSPRMULT =16 %8 MO . uto_generatedimac_multl|databl4]
[5]3.330 0ar3 |RA CELL 13 DSPRMULT <16 _%8_MO | OBSERVABLEDATAB_REGOUT3
Data Required Path

CaICUIated SIaCk & Total Iner RF Tupe Faruout Location Element
path Summary [1]5000 5000 latch edge time
i 125 01za R clock network delay
|3 [5.078 -0.047 uTsu 13 DSPMULT _<16_%8_NO  |..OBSERVABLEDATAB_REGOUTZ
£ |3

Data required
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Detalled Slack/Path Report (cont.)

report timing -from clock cl00 -to clock c200 \
-setup -npaths 10 -detail path only \
(c100 to c200)"

o BT x

o [Setup [c100 to c200

< =

—-panel name “Setup

Setup (c100 to cZ00)

Command Info  Summary of Paths ]

o

Launch Clock | Latch Clock

ATAB_REGOUT3

Waveform visualizes
TimeQuest slack

Path #1: Setup slack is 1.748 Path #1: Setup slack is 1.748 CaICUIatlonS

Path Summary | Statistics §Data F'athl Waveform] Path Summar_l,l] Statisticsl Data Path | Waveform l

Praperty |Value |E0unt |T0taIDeIa_l,l % of Tatal |Min |h-1a:-: | U.Ens 5-9:‘3
1 Setup Relationship 5.000 B.0ns
2| Clock Skew 0012 54ns
3_ Data Delay : 1247 Launch Clogk Launch
4_ Mumber of Logic Levels 1 |
5_ = Physical Delays ) ) 5.0 ns
B_ E---Arrival Path Setup Relationzhip
7] ¢ EClock
8 | £... Clock Metwork [Lumped) 1 0113 100 01130113 Latch Clock Lateh
B _
E i 2 177 55 0.000 |1.771 Data Arriwval X
1 i Cell 3 1.136 kn 0000 | 0873
12] i by T 1 0.250 7 0.250 |0.250
13]  E-Requied Path
14 B Clock
E e Clock, Metwork, [Lurnped) 1 0.125 100 0125|0125

Slack 1.743 n=z
Statistics about path
delay through design fata Recuired ){
Mote: Meqgative delays are omitted from totals when calculating percentages C“Ck and drag cursors
that “snap” to path
Time (ns) t|m|ng events 4.7

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off.
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Report Path

m Report arbitrary point-to-point path (does not
need to be constrained)

Report Path x

- Ta'gets
From: |

] =l £

Specifies what .
you are look for —

Report number of paths: |1

o _
v Report panel name: |REDOK Path

o R R | specifies output
o oo Il customizations

|~ Consol

Tel command: report_path -npaths 1 -panel_name "Report Path"

o) Report Path I Close l Help ]
2|

m Does not go flow through keepers
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Report Path

data_in_a

reg2 data_out

data_in_ b regl

cO >

clk_in
c1 clk_out

>report path -from [get pins {instl|altpll component|pll|clk([0]}] -to [get pins \
{reg2|clk}] -npaths 1

Info: Path #1: Delay is 1.974

Info:

Info: From Node : instl]altpll_component|pll|clk[O]

Info: To Node : reg2|clk

Info:

Info: Path:

Info:

Info: Total (ns) Incr (ns) Type Node

Info: == ==

Info:  0.000 0.000 inst1|altpll_component|pll|clk[0]

Info:  1.303 1.303 RR IC inst1]altpll_component|_clkO~clkctrl|inclk[O]

Info:  1.303 0.000 RR CELL instl|altpll_component|_clkO~clkctrl|outclk

Info:  1.974 0.671 RR IC reg2|clk

Info:

Info: Total Path Delay :  1.974

Info: == == ==
© 2010 Altera Corporation—Confidential
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L1

Report Clocks (report clocks)

m List details about the properties of constrained

clocks

B [Clocks Surnmary

Clock
properties
A
1
=
Clock Mame | Tepe Perod |Frequency |Rize |Fall Dty Cycle | Divide by | Mulbiply by | Phaze | lnverted | Master Source Targets
1100 Generated 10.000 T000MHz 0000 5000 S000 1 1 falze clk_in 100rmhz inst |altpll cormponentpllinelk[0]]{ nst |albolcomponentpllclik]0] §:
2 [ e100_out Generated 10,000 1000 MHz |-3.610/1.390 |50.00 1 1 1300 |falze clk_in_100mhz| inst1laltpl_companentipllinelk[0] | { instlaltpll_componentipliclk[2] b
i 200 Generated 5,000 | 2000 MHz (0000 | 2500 5000 1 2 falze clk_in_100mhz | instlaltpll_componentpllinel[ 0]} { inst |altpl_componentpllcli[1] }
| 4chk_in_100mhz|Base 10,000 [100.0KHz |[0.000 5000 { elk_in_100rmhz }
E clkout Generated 10,000 1000MHz 6390 17,330 1 1 falze c100_out instlaltpll_componentlpllick[2] | { clkout }
¥ & >

W_J

Clock names
(-name argument
or default name)
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Unconstrained Path Report

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

File Edit Wiew Metlist Constrainks  Reports

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 ‘B/

i Unconstrained [nput Fortz 34 34

i Uncanstrained [nput Port Paths |51 a1

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
= 'ﬁ Unconstrained F'aths

l {:l Huold Analysis
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Tools  Window  Help

Clock Status Summary
Clock Type |Statusz

1

clk. t traired

2\ clk_in_100mhz| B aze

[Inconstrained




Verifying False Paths & Groups

m False paths

— Check ignored constraints

— Perform report timing on specified paths to ensure no results are
returned

m Clock groups
— Check clock transfers to ensure no paths are returned
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Report Clock Transfers
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L Feport x
B Timeluest Timing Analezer Summary
B& SDCFile List
= = Clock Transfers
-
.29 Hold Transfers p Transte
From Clock To Clock, RR Paths
1 bdd? clockslaltpll componentipllclk]0]] ddr2 clacks|altpll componentipll=lk[0]) 26193
2 |dd?_clockslaltpll_componentipliclk]3]] ddr2_clackslalpll_componentipllck[d] 64
3 |dd?_clockslaltpll_componentipliclk[0]] ddr?_clockslalpl_componentipllclk[1] 108
4 |ddr_ckD_nddr_dgs[0] ddr?_clockslaltpll_compaonentipliiclk[3]
5 |ddr_ckD_nddr_dgs[1] ddr?_clockzlaltpll_companentipliiclk[3]
6 |ddi_ckD_nddr_dgs[?] ddr_clockzlaltpll_compaonentipliiclk[3]
¥ |ddi_ckD_nddr_dqs[3] ddr?_clockszlaltpll_companentipllclk[3]
8 | ddr_ck0ddr_dqz[0] ddrZ_clockszlaltpll_componentipllclk[3]
9 |ddr_ck0ddr_dqz[1] ddrZ_clockzlaltpl_componentipllclk[3]
10 | ddr_ckOddr_dqz[2] ddrZ_clockslalpl_componentipllclk[3]
11 | ddr_ck0ddr_dqs[3] ddr?_clockslaltpll_companentipliclk[3]
12 |ddr_ck1_nddr_dgs[0] ddr?_clockslaltpll_compaonentipliiclk[3]
13 |ddi_ck1_nddr_dgs[1] ddr?_clockzlaltpll_companentipliiclk[3]
14 |ddi_ck1_nddr_dgs[?] ddr_clockzlaltpll_compaonentipliiclk[3]
15 |ddr_ck1_nddr_dqs[3] ddr?_clockszlaltpll_companentipllclk[3]
16 | ddr_ck1ddr_dqz[0] ddrZ_clockszlaltpll_componentipllclk[3]
17 | ddr_ckiddr_dqz[1] ddrZ_clockzlaltpl_componentipllclk[3]
18 | ddr_ckiddr_dqz2] ddrZ_clockslalpl_componentipllclk[3]
19 | ddr_ck1ddr_dqs[3] ddr?_clockslaltpll_companentipliclk[3]
20 |dbw_read_ddr_dqgs{0] ddr?_clockslaltpll_compaonentipliiclk[3]
21 |dbw_read_ddr_dqgs(1] ddr?_clockzlaltpll_companentipliiclk[3]
22 |dbw_read_ddr_dqgs[2] ddr_clockzlaltpll_compaonentipliiclk[3]

FR Paths

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
falze path
falze path
falze path

RF Pathz

19

FF Pathz



Report Exceptions

[=l-4=y Custom Reports

----- Q HeportTirning... .
. . . . I ----- g Fielr:ort False Path... I
= Debug potential timing failures due to s Yoy
unintended or conflicting timing exceptions I o e
— Wildcards and Tcl lists are very convenient =~ L — =] Create Sck Hitoarn.
and commonly used to easily constrain parts = [rE=mms
of the design (e.g. set_false_path —from Famcketc | =
{sig[*] sig_ena sig_overflow} —to [all_outputs] e -
— Users can easily miss paths, incorrectly i =
relax paths, or accidentally override other o i
exceptions
¢ Setup ¢ Recovery Report number of paths: [T
© Hold ¢ Removal I Masimum slack limit: [ s
m Includes all exceptions that are set by the S T —
SDC constraints e Z
— set_false_path, set_multicycle, N - g =
set_min_delay, and set_max_delay
4= [ Report Exceptions | Close Help
Skatgs Ex;:ephon' Setup Slack |Hold Slack |Recovery Slack |Removal Slack
186 | Complete ..R2_90 phy_alt menm ph;_lnstlclklpll reconflg_reset ams nlclrn}] |-3.492 _nx’a ;n/'a :nf'a
187 | Complete -lquartusDDR2_30_phy_alt_mem_phy_instlclklphs_shft bus;_sluld}] -3.492 nia |nfa |nfa
188 | Invalid ‘...]} {mem_ba[0]} {mem_ba[‘l]} mem_cas_n mem_ras_n mem_we_n}] | n/a n/a n/a n/a
189 [Partially Overidden B n/a n/a n/a
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Timequest resource center

www.altera.com/support/software/timequest/sof-qts-timequest.html

TimeQuest Timing Analyzer Resource Center

Home = Support = Design Software =

The TirmeJuest timing analyzer is an ASIC-strength static timing analyzer that supports the industry-standard
Synopsys Design Constraints (SDC) format, This page provides links to resources where you can learn more about
the TimeQuest analyzer,

For resources an the TimeQuest analyzer, see the following:

» TimeQuest Analyzer Documentation
® TimeQuest Analyzer Training and Demonstrations
® Design Examples

For a brief averview of the TirmeQuest timing analyzer, refer to the TimeQuest Timing Analyzer section on
the Werification and Board Level product feature page.

To search for known TimeQuest issues and technical support solutions, use Altera’s Knowledge Database, Tou can also
wisit the Altera® Forum to connect to and discuss technical issues with other Altera users,

For further technical support, use mySupport to create, view, and update service requests,

www.alterawiki.com/wiki/TimeQuest User Guide

A TimeQuest User Guide to help users understand the details of SDC
constraints and using TimeQuest for static timing analysis
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