/AN S RYA\

Quartus Il Software Design
Series: Foundation

Online Training

© 2007 Altera Corporation—Confidential

g




Supplemental Files to Download t

m Complete presentation in PDF format
m Lab exercise manual in PDF format

m Lab exercise files (executable ZIP file)
m All files contained in single .zip file

m Click link in email or go to Attachments button to
download (may need to hold Ctrl to download)
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Objectives

m Create a new Quartus® Il project

m Choose supported design entry methods
m Compile a design into an FPGA

m Locate resulting compilation information

m Assign design constraints (timing & pin)

m Perform timing analysis & obtain results

m Generate files for 39-party EDA simulation
m Configure an FPGA

© 2007 Altera Corporation—Confidential Am
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Class Agenda

m Projects
— Exercise 1

m Design Entry
— Exercise 2

m Compilation
— Exercise 3
m Settings &

Assignments
— Exercise 4

© 2007 Altera Corporation—Confidential

m |/O Planning
— Exercise 5

m [Iming Analysis
— Exercise 6

m EDA Simulation

m Programming /

configuration
— Exercise 7 (optional)

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation Alﬂm 8
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Advanced Quartus Il Courses

m Quartus Il Software Design Series: Verification

— Timing analysis

® Thorough investigation of performing timing analysis on an Altera device with

TimeQuest
— Power analysis

— Debugging solutions
e SignalProbe incremental routing
® Logic Analyzer Interface
® In-System Memory Content Editor
® In-System Sources & Probes
e Chip Planner & Resource Property Editor
e SignalTap Il Embedded Logic Analyzer

m Quartus Il Software Design Series: Optimization

— Incremental Compilation
— Quartus Il optimization features & techniques

© 2007 Altera Corporation—Confidential
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
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& Altera Devices
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The Programmable Solutions Companye®

m Programmable Logic Devices

m [oo0ls
— Quartus® Il software
— SOPC Builder \{4
— DSP Builder \\0
_ NiOS®|| IDE QUARTUS II

m Intellectual Property (IP)
— Signal processing ;
— Communications l P\T
— Embedded processors l j
® Nios Il embedded processor -
1P

© 2007 Altera Corporation—Confidential
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Programmable Logic Families

m Structured ASIC
— HardCopy® Il & HardCopy® Stratix devices

HARDCOPY™II

m High & medium density FPGAs -
— Stratix® family devices @;HX J//
m Low-cost FPGAs
— Cyclone® family devices cy c’one‘@“m

m FPGAs w/ high-speed transceivers
— Stratix Il GX, Stratix GX, & Arria® GX
devices

m CPLDs

Stratix:II1 i
GX

ArnaDz
GX

- MAX® Il, MAX 7000 & MAX 3000 devices MAx II

m Configuration devices
— Serial (EPCS) & enhanced (EPC)

© 2007 Altera Corporation—Confidential
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Software & Development Tools

m Quartus Il Subscription Edition

— Stratix Ill, Stratix, |l & Stratix devices
— Stratix Il GX, Stratix GX, & Arria GX devices

— Cyclone lll, Cyclone Il, & Cyclone devices

\( ' — HardCopy Il & HardCopy Stratix devices

\ - MAX Il, MAX 7000S/AE/B, MAX 3000A devices
. — Select older families

QUARTUS'II  m Quartus [l Web Edition

— Free version

— Not all features & devices included
® See www.altera.com for feature comparison

© 2007 Altera Corporation—Confidential Alm
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Quartus Il Design Software

m Fully-integrated development tool
— Multiple design entry methods
— Logic synthesis
— Place & route
— Simulation
— Timing & power analysis
— Device programming

© 2007 Altera Corporation—Confidential
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More Features

—~ MegaWizard® & SOPC Builder design tools
— TimeQuest Timing Analyzer
— Incremental Compilation feature
— PowerPlay Power Analyzer tool
— NativeLink® 3d-party EDA tool integration
— Debugging capabilities
® From HDL to device in-system
— 32 & 64-bit Windows, Solaris, & Linux support
— Multi-processor support
— Node-locked & network licensing options

© 2007 Altera Corporation—Confidential
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Quartus Il Operating Environment

&, Quartus Il

File Edit Miew Project  Assignments  Processing Tools  Window  Help

EECTEIEET I s e s |[T)> v =00k [e

Project Mavigatar ——— 1 x x

Enfity
Compilation Hierarchy

Project
Navigator

Hieraru:hy] Filesl & Design Units]

2 QUARTUSII

Madule | Progress 7 | Time (| Version 7.1
Status £ View Quartus [l
. Information
window
’: Type |Hessage |
‘ Message window
% System/{' Processing ,}\ Extra Info )\ Irfiax ,}\ Wharning }\ Critical "W arning )\ Erraor }\ Suppressed )\ Flag ,"
EIMessage: ﬁl il ILDCatiDn: ;I Locate I
Far Help, press F1 li- m—'l—‘.‘* I—Idle |_|_|_ =
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Main Toolbar

File control
buttons

Execution controls

Dynamic menus

Compilation Report

Pin Planner Chip Planner

TimeQuest

4, Qua tus Il - D:/alteral71/qdesigns/fir_filter/fir_filter - filtref - [Compilation Report - | low Summary]

FileA Edit Wiew Project  Assignments Processing  Tools  window  Help

O = =]

Project Mavigatar

& u

Ertity

| Logic Ce

Cyclone: EP1CEF25ECE

.

%a Compilation Repork
EfB Legal Notice
113[3) &5 Flow Summary
5B Flow Settings
5B Flow Non-Default Global Settir

£S5 Flow Elapsed Time Flow Status Successful - Wed May 02 11:33:14 2007

EEX
A - 8 X
et Hlxe@we TP T N S0 g e

@ Compilation Report - Flow Su.___ l

To reset views:
1. Tools = Customize = Toolbars = Reset All
2. Restart Quartus I

© 2007 Altera Corporation—Confidential
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Detachable Windows

m Separate child windows from the Quartus Il GUI frame
(Window menu = Detach/Attach Window)

[Jua
File Edit Miew Tools Window

=Bk

£ File  Edit  View = Page Title: | filref i B =
O = = te= Hierarchy List ~
. taps:inst
- Filtref 5
Project Mavigator @\ O fire state_miinsti -
- +-O Instances ol o Bt
E't-'" /1 Ay +-TF Primitives rieut [ pew! Eat! L
T - - == pi reget:) herel rel[l.0]
5| Click again |+ =™ .1
+omd MEks
to re-attach 5} minsto
walues:inst?
d[F..0 e —
M relli.0] H2.0 lalab[2. 0]
in=td
FRE
] 2
< ERA
- CLE
BHierarchy ile
By Higrarchy | B Fil N
= ko2 [
w
>
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Tcl Console Window

m Enter and execute Tcl commands directly in the GUI

View menu = Utility Windows = Tcl Console

x [Juartus II Tcl Console

1 |# project_close

# project_open pipemult

# set_global_assignment -name WHDL_FILE mult.whd

# execute_flow -compile

Tel Consale

m Execute from command-line using Tcl shell

— quartus_sh —--shell

© 2007 Altera Corporation—Confidential
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Tips & Tricks Advisor

® Quartus Il - D:/alteral/71 fgdesignsfQIIFT_1/Ex2,

File Edit Tools Window

=| Tips & Tricks -

"2 what's Mew in this Release
—|-* &} Quartus II Features
erJ Detach windows from the frame in the Qua
erJ et advice on optimizing your design and t
#¥] et an Early Timing Estimate
"2 Use Incremental Compilation
"4 Use SignalPrabe ta quickly pull aut internal
erJ IJse the PowerPlay Power &nalvzer to chec
erJ se Metlist Yiewers ko view vour design sck
Software Options
erJ zenerake Compact Report Table Format
erJ Additional repart file options
erJ Run Process at Lower Priariky
") MAX+PLUS II Lock and Fesl
erJ Add Tel commands to toolbar buttons
"2 Update assignments to disk immediately
erJ Suppress Messages
“A2 Calar messages during command-line campi
erJ IUse an External Text Editor
"2 Change the Toaltip Delay
Project Settings
erJ Enable Yersion-Compatible Database
"2} Hide Entity Mame
"4 Specify the output directary For compilatior
"4 Specify what is done during a narmal compi
erJ Choose how the Fitker will process your de:
erJ IJse Physical 3vnthesis to improve perform:
“A2 Use Synthesis Metlist Optimizations ta impre +
¢ ¥

-
L

-
L

Help menu = Tips & Tricks

Drezcription

Action

Recommendation |'ou can get an early timing estimate without running a full compilation,

Y'ou can uze the Start Early Timing E stimate command on the Proceszing menu
to get a full timing report based on estimated delaps for the design. This
cammand can rin the Fitter up ko ten imes Faster than a full fit and produces
estimated delayz within 20% of what a full compilation can achieve.

I1z& the Start Early Timing Estimate command on the Processing menu ta rn an
early timing eztimate. Y'ou can specify zettings for the early ming estimate in the
Settingz dialog box when a project iz open.

Open Settings dialog bow - E arly Timing E ztimate page

Provides useful instructions on
using the Quartus Il software.
Available sections include:

* New features in current release
» Helpful features and project
settings available to designers

© 2007 Altera Corporation—Confidential
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Typical PLD Design Flow

- mp |&==| Design entry/RTL coding
S— - Behavioral or structural description of design
l' RTL simulation
I LI LI LI | -Functional simulation
K L L (ModelSim®, Quartus Il Simulator)
- Verify logic model & data flow

(no timing delays)

M512 Synthesis (Mapping)

- Translate design into device specific primitives

- Optimization to meet required area & performance constraints

- Quartus Il Synthesis, Precision Synthesis, Synplify/Synplify Pro,
Design Compiler FPGA

Place & route (Fitting)
& - Map primitives to specific locations inside

Target technology with reference to area &
performance constraints
QUARTUS’II - Specify routing resources to be used

© 2007 Altera Corporation—Confidential Amm
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Typical PLD Design Flow

Timing analysis (Classic Analyzer or TimeQuest)

- Verify performance specifications were met
- Static timing analysis

Gate level simulation
- Timing simulation
- Verify design will work in target technology

SignalTap®

PC board simulation & test
- Simulate board design
- Program & test device on board
- Use SignalTap Il Logic Analyzer or
other on-chip tools for debugging

© 2007 Altera Corporation—Confidential
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Quartus Il Projects

m Description
— Collection of related design files & libraries
— Must have a designated top-level entity
— Target a single device
— Store settings in Quartus Il Settings File (.QSF)

m Create new projects with New Project
Wizard

— Can be created using Tcl scripts

© 2007 Altera Corporation—Confidential Alﬂ-;m
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New Project Wizard

Edit Wiew Project Assignments

D [ (=
File menu [

Chrl4-1
Chrl+D

|£| Mew Project ‘Wizard, ..
—a i g
[E> Open Project, . Chrl+]
Convert Max+FLUS I Project. ..

Save Prajeck

Clase Praoject

Select working directory

Name of project can be
any name; recommend
using top-level file name

Top-level entity does not
need to be the same name
as top-level file name

Tcl: project_new <project_name>

© 2007 Altera Corporation—Confidential
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Mew Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5] E

W hat iz the working directory for this project’?
D4 alkeras 71 qdesigns smy_new_project .

YWhat iz the name of thiz project?

my_project .

What iz the name of the top-level design entity far this project? This name iz caze sengitive and must
exactly match the entity name in the design file.

my_projecy .

I1ze Exizting Project Settings ..

Create a new project
based on an existing
project & settings

< Back | Next > | Finish |

Cancel |

/AYOTS RYA),



Add Files

New Project Wizard: Add Files [page Z of 5]

Select the design files you want to include in the project. Click Add All to add all dezsign files in the
project directary o the project. Mote: you can always add design fles to the project later.

File name: ||

File name Type

Specify the path names of any non-default libraries. User Libraries... +\

¢ Back | Mext » |

Finizh

|

ddd Al
I
e |
LR
oo |

Cancel |

Add design files

» Graphic (.BDF, .GDF)
« AHDL

« VHDL

* Verilog

- EDIF

Notes:

* Files in project directory do not need to
be added

+ Add top-level file if filename & entity
name are not the same

» Absolute & relative paths are supported

Add user library pathnames

» User libraries (any directory
containing files)

» MegaCore® AMPPSM libraries

» Pre-compiled VHDL packages

Tcl: set _global_assignment —-name VHDL_FILE* <filename.vhd>
Tcl: set _global _assignment —-name USER_LIBRARIES <library _path_name>
* Replace with VERILOG _FILE, EDIF FILE, AHDL_ FILE or BDF FILE

© 2007 Altera Corporation—Confidential m
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Device Selection

Mew Project Wizand: Family & Device Settings [page 3 of 5] 3 [ Choose device

Select the tamily and device you want to target for compilation, fam I Iy and fl Iter
- — Show in ‘Available device' list reSU |tS
Earnily: Cyclone I ﬂ Package: FEGA - /
Target device ) _ e
[ Auto device selected by the Fitter FnEz e
v Specific device selected in 'Ayvailable devices' list Spesd grade: | Any hd
[v Show advanced devices
=
Axailable devices:
M ame Core voltage | LEs | Llserl.stl M ermary I:nitsl Embe... | PLL | Global
EF3ICIOFZEECT ... 1.2 10320 183 423936 46 2 10 ifi
EP3CIOF25ECE .. 1.2 10320 183 423936 46 2 10 Choose speCIfIc part
EF3CIEFZ5ECE .. 1.2 15408 169 A1E096 112 4 20 :
CPAIEFSACT. T2 1S 183 St 12 4 0 number from list or let
EP3E1 EFEEEEB .o 1 Z'J 15408 169 51 EEIEIE 112 4 20
o R Quartus Il choose
EP3C25FEEEC? 1. 2-.,; 24824 157 808255 132 4 20 .
EPICISF256C8  1.2¢ 24524 157 BOSZEE 1322 4 20 smallest, fastest device
{ > - - -
based on filter criteria
I
< Back | Mext » | Finish | Cancel |
Tcl: set_global _assignment —-name FAMILY “device family name”
Tcl: set_global_assignment —name DEVICE <part_number>
© 2007 Altera Corporation—Confidential Alm
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EDA Tool Settings

Specify the other EDA tools - in addition to the Quartus || software - used with the project.

v EDA design entr/zynthesis tool; |5_|r|np|if_|r| Pro ﬂ
Choo_se EDA tools e G
& fl Ie fO I'matS [ RBun this toal autornatically to synthesize the curent design
Add Or change v EDA sirulation tool: |Mndel5im-.-i‘-.ltera ﬂ
settings later

prnatically after compilation

v EDA timing analysis taol: |F'rimETimE ﬂ
Format: | verilog hd
-
See handbook for Tcl command format < Back | Mewt > | Firizh | Cancel |
© 2007 Altera Corporation—Confidential Alm
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Done!

YWhen vou click Finish, the project will be created with the following settings:
Praject directary:
D:/alterasd 71 fqdesignemy_new_project
Project name: ry_project
Top-level design entity: ry_project
MHurmber of filez added: 1]
Murmber of uzer libraries added: 9
Device azsignments:;
Farnily name: Cyclone [
Device: EP3C25F 25606 Review resu |ts &
EDA tools: 0 . =
Dezign entryspnthesis; Synplify Pro [YEIR] CI ICK FI ni s h
Simulation: b odelSirm-Altera M ernlog)
Timing analyzis: PrimeT ime [ erilog]
< Back Cancel
© 2007 Altera Corporation—Confidential Alm
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Opening an Existing Project _

Edit “iew Project  Assignments & Verilog @@@
m
L]

D Mew. .. CErlN File Edit Wiew Favorites Tools  Help
= open... ChrHD O Back - [ ir / ! Search Folders El'
Address |[2) Di\alkera\71\qdesignsiQIIFT _1\Ex2\Verilog b a Go

o A
@ Mew Praject wizard... File and Folder Tasks * /J db

Cpen Project. ., Chel+1 ) Rename this fil

Corwert MAxX+PLIS IT rl:lject. . g Mowe this file | pipernult.qsf piperulk, qus

h Cvibin i |ggg| Q3F File QWS File
Save Project D) Copy this file =221 z¢B 1KE

&M Publish this file to the
Close Project Weh B pipernult, v

Verilog File Type"

= E-mail this file

1KBE
¢ Delete this File

i Double-clicking .QPF
file auto launches
Quartus Il software

File = Open Project...

Create | Update »

OR
Convert Programming Files... Select from most recent projects list

1 Dvalkeral 7 1gdesigns\QIIF? _1\Ex 7\ couner _dspitop_counter.gp
2 Drhalkeral 71 gdesignst QIIF? _1\Ex7icounter _niosikop_counker,qpf
3 Dv\alteral 7 1hgdesignsiFir_filter\fir_filter.qpf

4 Drhalkeral 71 qdesignsimy _new_projectimy_project.qpf

Jalkeral 7 1 gdesigns QIIF7 _1ExZ\WHDL \pipermult, qpf

Recent Files /
’

Recenk Projects

Exit Alt+F4

Tcl: project_open <project_name>

© 2007 Altera Corporation—Confidential Alm
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Project Navigator — Hierarchy Tab

H
Praject Nawvigatar X
Entity | Logic Cells | LC Registers | tdernaory Bit:
Cyclone: EP1CEF256CE
Bl 3 filtref 102(9) |58 0
------ o0 tapzinst 323 32 0
' 5 [5) 5 0 [ |

Sektings...

++{‘ dbinatE Set as Top-Level Entity

Create New LogicLock Region
Export Assignments. ..

Select &
right-click

Sek as Design Partition

Expand All
Prink Hierarchy

Print &l Design Files

Copy
Propetties

Cpen in Main Window
v Enable Docking
< Close

Locate in Assignment Editar

Locate in Timing Closure Floorplan
Locate in Chip Planner (Floorplan & Chip Editory
Locate in Resource Property Editar

Locate in Technology Map Wiewer
Locate in RTL Viewer
Locate in Design File

>

Displays project
hierarchy after project
IS analyzed

Uses
Set top-level entity

Set incremental design
partition

Make entity-level
assignments

Locate in design file or
viewers/floorplans

View resource usage

_Hierarch_l,l Files | gP Design Llnits]

Full compilation or

Processing menu = Start =
Start Analysis & Elaboration

© 2007 Altera Corporation—Confidential
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Files & DeS|gn Units Tabs

Praoject Mavigator
. m Files tab
o ne Shows fil licitly added to proj
1 _"'-I Device DE!E!ilrl Files - OWS Tlles eXp ICIt y a e tO prOJeCt
by — Uses
-GS acoum.v ® Open files
~gbe filtre. baf ® Remove files from project
gt hvalues.y ® Set new top-level entity
S ey ® Specify VHDL library
a state A project Navigator - % ® Select file-specific synthesis tool
Ty ARLY A Design Units .
.07 Other Files I - C_an a_Iso use Project = Add/Remove
+-[E] acc (Werilog HOL entiky) Flles In ProleCt"'
+-[¥E] accum (Werilog HOL enkiky) D 1 1
@ [ Ign uni
| [ alkshift (AHDL entity) — Displays design unit & type
+ filkeef (Block diagram)schematic entiky e VHDL entity
+-[E] hvalues (Verilog HOL entiky) .
+ Iprn_add_sub (AHDL entiky) ¢ VHDL architecture
4 [T |prn_mnulk (AHDL entity) ® Verilog module
+- [T mpar_add {AHOL entity) ® AHDL subdesign
+- ] mult (Verilog HOL entity) ® Block diagram filename
¥ mulkcore (BHDL entity) . ; . .
+ [ taps (Yerilog HOL entity) Instantiates deS|gn unit
My Hisrarchy ] Fi|63@
© 2007 Altera Corporation—Confidential [—
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation m o

30



Quartus Il Project Files

m Quartus Il Project File (.QPF)
m Quartus Il Defaults File (.QDF)
m Quartus Il Settings File (.QSF)

m Synopsys Design Constraints (.SDC)
— Holds timing constraints
— Discussed later

© 2007 Altera Corporation—Confidential
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Project & Default Files

m Quartus Il Project File (QPF)

— Quartus Il version

. fir_filter. QPF
— Time stamp

— Active revision(s) QUARTUS_VERSION = “7.1"
DATE = “14:31:04 May 02, 2007"

# Active Revisions

PROJECT_REVISION
PROJECT_REVISION

"filtref™
"filtref new"

m Quartus Il Defaults Files (QDF)

— Stores Quartus Il project setting & assignment defaults

— Example names: assignment defaults.qdf or <revision name>
assignment_defaults.qdf

— Found in local project or altera\<version>\quartus\bin directory

® Copy in local project directory read before original in bin
© 2007 Altera Corporation—Confidential
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Quartus Il Settings File (QSF)

See “Quartus Il Settings
File Reference Manual”

eB= Quartus Il - D:faltera/71/qdesigns/fin_filterffir_filter, - filtref - [filtref.qsf*]

for more details on QSF i

m Stores all settings &

File Edit Wiew Project Processing  Tools  Window aSSlgnmentS & Syntax
.
aSSIgnmentS @ 21 E# Lltera recommends that you do not modify this f£ile. This s
Zz # file iz updated automatically by the Ouartus II softyare
. M %3l # and any changes you make mway be lost or overwritten.
(constraints) | 2
Sl 25
26
. Uses TCl Syntax 27 E# Project-Wide Assignments
28 # ===========smommsomosoeo
9 Fet_global assigmment -nsmwe
m Can be edlted 30 set_global assigmment -name oM TIME DATE "0DS:37:10 APRIL 10, 2007
A 31 set_glokal assigmment -name .
% 3z Fet_global assigmwent -nawe VERILOG FILE mult.w .
manua”y by user ?‘ 33 set_global assigmwent -nawe VERILOG FILE accum.w ReOI‘ganlze QSF
34 zet global assigmeent -nsme EDF FILE filtref.bdf H
}/" 35 set:global:assignment —name ‘UERELOG_FILE hhvalues. v based 9" categorles
36 zet_global assignment -name VERILOG FILE taps.v (Pro,ect menu)
Lm 37 Fet_global assigmwent -nawe VERILOG _FILE state_m.v
Add user E 38 set_glokbal assignwent -nawme VERILOG FILE acc.v
30 get_global assigmwent -nawe SMART RECOMPILE
comments (#) & | — @ 40 set_global assigmeent -newe VECTOR_WAVEFORM FILE fir.wwf
41
Whlte Space gl 72*‘2# This iz where my pin assignments are located
ab 43 # ===========s=ommsosmsommao
44 clk
| 45
o & -
/ 47 E# Classic Timing Assignments NEW ass'gnments
= 45 # =======s===ss=ommsosmosommao H
Source other o 49 zet_global assigmwent -nawe FHAX REQUIREMENT "S5 MHz" added to end Of flle
50
TCL/QSF ﬁles to 51 E# Analysis & Synthesis Assighments
= 52 # s==========sSSsSSSsSSsSsSs=sss==s=
Ol‘ganlze 53 set_glokbal assignwent -name FANILY Cyclone
assignments 54 Fet_global assigmwent -nawe TOP LEVEL ENTITY £i ef
55 set_global assigmwent -name DEVICE FILTER FACKgERE FEGL w
£ >

Note: See Appendix for more notes on using QSF file.

© 2007 Altera Corporation—Confidential
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Constraint File Priority

1. QSF
2. Revision-specific QDF file located in project
directory

—  <revision_name>_ assignment_defaults.qdf

—  Created automatically in project directory when revision opened
in new version of the Quartus Il software

3. QDF located in project directory

— assignment_defaults.qdf

—  Created automatically in project directory when project archived
& restored

4. QDF located in Quartus Il \bin directory

© 2007 Altera Corporation—Confidential m
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Project Management

m Project archive & restore
m Project copy
m Revisions

© 2007 Altera Corporation—Confidential
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Project Archive

m Creates 2 files

— Compressed Quartus Il Archive File (.QAR)
® Includes design files, QPF file, & QSF file(s)

e Option to include databases (db folder in project directory)

— Recompile necessary if databases not included
e Creates local QDF file for archive

— Archive activity log (.QARLOG)

m Example Uses
— File storage (e.g. version control)

— Project handoff
® Useful for sending to Altera support

m Design files referenced from user libraries are
included in archive

© 2007 Altera Corporation—Confidential
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Project Archive (cont.)

Project Menu

Archive Project

Specify a Quartuz |1 Archive File far the current project. The GQuartus || zoftware

Archive file name;

archives pour source design and project files; the optionz below allow pou o include ather files.
The Including verzsion-compatible databasze files option takes additional time to archive the project.

automatically

Filkret

[w Archive curment active revizion only

|

| Database inclusion

Include the following optional database files /
f* Mo databaze filez included [Recommended)

I " Compilation and simulation databaze files [For current versions of the Quartuz 1l software) I

" Include bath kinds of databaze files

[ Include functions fram system libraries

" “erzion-compatible databaze files [For future wersions of the Quartus [ software)

Add/Bemave Filez. .. OE.

Cancel

N, View files to be included in
archive and select files to add
to or remove from archive

© 2007 Altera Corporation—Confidential
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Project Restore

m Decompresses .QAR into specified directory

Project Menu

Archive file name | BAEACLER L ELRA G TS |

Archive name:

filtref. qar |

| Directory to receive

decompressed
Drestination folder; / project files
C:Mfilef_restared

Cancel

Tcl: project _restore <archive_file>

© 2007 Altera Corporation—Confidential Alm
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Project Copy

m Copies & save duplicate of project in new directory

— Project file (.QPF)
— Design files
— Settings files

m Example Use
— Duplicating work before editing design files

m User libraries are not copied
= New QDF not created; only copies QDF if it exists

= sl Project Menu
Copy Project

Destination directony: |C:Aalterad 70/ qdesignsir_filter_copy/

Mew project name:  [copy_of_fir_filkeq

[v Open new project. [This option closes the curent project. ]

OF.
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Revisions

m Explore new sets of constraints or compile
options without losing previous work
— Allows designer to try different options on same design files

m Compare results between revisions

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Creating a Revision

m Project = Revisions

Specify the curment revigion for the project, create a new revizion, delete an exizting
revizion, or edit the descrption of a revizion.

Revisions:

Revizion Mame

| Top-ley... | Farmily | Device | Set Current

~ filtref filtref Cyclone EP1CEF...
filtref_150 filtref Cyclone EP1CEF...
filbref_rew filtref Cyclone EF1CEF...
filtref_phwz_synth filtref Cyclone EF1CEF...

Create...

Compare. ..

L

Cu!‘rt_ant Create new Cuztamize...
revision

revision

Dezcription for revizion 'filref_phys_synth'

Fewvision name: filtref phys synth
Created on: Thur=sday, March 29, 2007
Based on : filtref

Compile with phy=sical synthesis options on.

] | Cancel |

Base revision on any
previous revision

Create Revision

Specify a name and dezcription for the new resvizion.
Y'ou can baze the revizion on an exizting revizion, and
gpecify the revizion az the current resvisian.

R evizion name: |fi|tref_'| A0

Based on revision: |fi|tref j
Descriphion:

Created an: Thurzday, March 239, 2007

Bazed on: filkref

Changed operating frequency.

Type revision description
(optional)

| Copy databasze

[ Set az current revision

Cancel |

© 2007 Altera Corporation—Confidential
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Project Revision Support

m QSF created for each revision
— <revision_name>.QSF

m Active revision names stored in QPF

m Text file created for each revision
— <revision_name>_description. TXT

Easily switch
between revisions

4, Quartus Il - D:/alteraf71/qdesignsffir_filter/fir_filter - filtref - [filtre
‘@ File Edit “iew Project Assignments Processing Tools  Window  Help

O = =
Project Mavigatar

E nitity | Logic Cells |Lis et nam

Cyclone: EP1CEF 25ECE filtref_phys_synth
[ 2= Filkref 113 19) =] N

EDF

filtref -

filtref

Tcl: project_open —revision <revision_name> <project_name>
Tcl: set _current_revision <revision_name>
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Compare Revisions

Detailed summary of
revision assignments
and results

Compare Revisions

Results | Aszsignments

[/ alterasd 71 S gdesignsfir)

Revision fillref [Fevizion filrefl_phys_synth [
--------- T atal logic elernents 133 133
......... Tatal ping 22 22
--------- T atal wirtual ping 1] 0
--------- T atal memany bits 1] 1]
......... Tatal PLLs i 1]
-l [ Fitter
--------- Fitter Status Successful - Wed May 02 16....| Successful - wed Mayp 0 .
--------- Qluartusz 1 Yerzion 7.1 Build 156 04/30/2007 5J... | 7.1 Build 156 0430200 TO open y CI |Ck
--------- Revizion Mame filtref filtref_phys_syrith .
--------- Top-evel Entity Mame fltre filtres Com pare button in
......... F arnily Cyclone Cyclone .. .
--------- Device EF1CEF256CE EF1CEF256CE
_________ Device Eal I Revisions dialog box
--------- Total logic elernents 1627538003 %) 147459802 %]
--------- Total pins 220188[12%) 22018812 %)
--------- Total virbual ping 0 0
--------- Tatal memary bits 0/92160[0%) 0/92160[0%)
--------- Total PLLs 0/2(0%) 0/2(0%)
+ 2 Claszic Timing Analyzer
- & TimeGuest Tirming Analyzer
= Setup 'clk!
i Slack -7.343 -6.594
L THS -71.533 -107.828
- Setup ‘ol
: Slack -0.435 -0.482
e -4.785 3121
S Hold 'cha? EXpO rnto
P Slack 0.EE2 0668 .
= 0.000 0.000 CSV file
Compare results 05686 067 /
. 0 0.000
with other projects
Customize. . Cloze | Expart... |
© 2007 Altera Corporation—Confidential m
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Exercise 1 Demonstration

© 2007 Altera Corporation—Confidential
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Projects Entry Summary

m Projects necessary for design processing
m Use New Project Wizard to create new projects

m Use Project Navigator to study file & entity
relationships within project

m Project archive, copy, and revisions provide
easy-to-use project management

© 2007 Altera Corporation—Confidential Am
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Project Support Resources

m “Managing Quartus Il Projects” chapter in
Volume 2 of the Quartus || Handbook

© 2007 Altera Corporation—Confidential
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Quartus Il Software Design
Series: Foundation

Design Entry
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Design Entry Methods

m Quartus Il design entry

Top-level design files can be

— Text editor L:i\II:I ;(;I:ﬁ;r:a':t:; HDL or 3'd-Party
e AHDL
e VHDL
e Verilog F
— Schematic editor T I U I R B R v, Vig,
e Block Diagram File ﬁJ W e T
e Graphic Design File Block Symbol  Text Text Text
- Memory ed|t0r File File File File File
e HEX | | I | | | |
e MIF Generated within Quartus Il software Imported from 3-Party
EDA tools
m 39-party EDA tools
- EDIF200
— Verilog Quartus Mapping (.VQM)
m Mixing & matching design files allowed
@A)Ife?Z?SAtlrt:tri:, i?:g(?r(a)sz;ne(,:cli/ln,:l)((’,e::radICopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation Alﬂ-m a
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Text Design Entry

m Quartus Il Text Editor features
— Block commenting
— Line numbering in HDL text files
— Bookmarks
— Preview/editing of full design and construct HDL templates
— Syntax coloring
— Find/replace text
— Find and highlight matching delimiters
— Function collapse/expand

— Edited but unsaved filenames appear with an asterisk (*) next to
the filename in the GUI

m Enter text description
— AHDL (.tdf)
— VHDL (.vhd, .vhdl)
— Verilog (.v, .vlg, .Verilog, .vh)

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Verilog & VHDL

m VHDL- VHSIC hardware description language
— |EEE Std 1076 (1987 & 1993) supported
— |EEE Std 1076.3 (1997) synthesis packages supported

m Verilog
— |EEE Std 1364 (1995 & 2001) & 1800 (SystemVerilog) supported

m Create in the Quartus Il editor or any standard text editor
m Use Quartus Il integrated synthesis to synthesize
m View supported commands in on-line help

Learn more about HDL in Altera HDL
customer training classes

© 2007 Altera Corporation—Confidential Am
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AHDL

m Altera hardware description language

— High-level hardware behavior description language
— Used in Altera megafunctions

— Uses boolean equations, arithmetic operators, truth tables,
conditional statements, etc.

m Create in the Quartus Il editor or any standard
text editor

© 2007 Altera Corporation—Confidential Am
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Text Editor Features

e Quartus [ - C:faltera_trnfQuartus_lI_Software Design_Series_FoundationfQIIE7_1/Ex1Merilogfpipemult - pipe... E@@

File Edit View Project Processing Tools  Window

57 —| altayncram - altsynocram componsnt | A
=4=3 i .wren_a [(wren), \ . . .
59 .clockD (elock), F|nd/h|ghI|ght
&0 .address_a [(wraddress), = = =
61 i i .address b (rdaddress), matChIng dellmlters
£ i data a [(data),
b (sub_wire0),
Collapse/expand [/ °'7+ 5" _
functions 1ri (1'b0Oy, Insert Template E
dressstall a (1'b0), )
57 .addressstall b {1'b0O}, Language templates: Preview:
T = Werlog HOL A4 Quartus | Verilog Template ”~
8 waybeens et (Pl 2 Full Designs ¢ True Dual Port RAb with dual clocks
&9 .byteena b (1'b1l), RAM AROM
T = RAts an y dule true_dual_part_ram_dual_clock
z? .cioc}}zl D{l ?:IL]L;- Single Port RAM module true_dual_port_ram_dual_clocl
e 1 Simple Dusl Port RAM [single clock] input [DATA_WIDTH-11D] data_a, data_b,
e -closkenl (1'hb1), Simple Dual Part R [dual clock) input [[ADDR_WIDTH-1]:0] addr_s, addi_b,
.clockenZ (1'bl), True Dual Port M [single clock] input we_a, we_b, clk_a, ck_b.

.clockend (1'bij, output reg [[DATA_WIDTH-110]q a. q b

True Dual Port Bk [dual clock] I

.data b ({16{1'kb1}} Single Port ROM
.ecostatus (), Cruial Part RO parameter DATa WIDTH = 8;
e L, "+ Shift Registers parameter ADDR_WIDTH = E;

.rden a (1'bl), +- State Machines 2/ Declare the RaM variable

.rden b (1'bl], c+ ﬁt'i‘hTeliC teg [DATA_WIDTH-1:0] ram[2=ADDR_WwIDTH-1:0];
= : f +- Constructs
a0 -wren b (1100 +- Logic alwgys (@ [pozedge clk_a)
L Fiefparam +- Synthesiz Attibutes begl:}; Port &4
— =} altsyncram component.address reg b 1. Altera Primitives o .E“,-J
53 - +-WHDOL
= 54 Insert Template (Edit menu) 4 BHOL Preview window:
If':-_ S5 HIC yu.l_,Lu.m_l_,umpum:nL,.L,J.ul_,n._l:uw.lu:_uutput_a +- Quartus 11 TCL = = -
- =1 altsyncrem component.clock ensble output Ky | TCL edlt before Insertlng
57 “ifdef NO PLI Megafunctions T
az q_a <= ram[addr_a];
. end
93 altsyneram component. intended device famil) end
04 altsynoram component. lpm type = Maltsynors
= = always @ [posedge clk_b] v
Bookmarks
(on/off/jump to) oot | Cose |
© 2007 Altera Corporation—Confidential Alm
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Schematic Design Entry

m Full-featured schematic design capability

m Schematic Editor uses

— Create simple test designs to understand the
functionality of an Altera megafunction
e PLL, LVDS I/O, memory, etc...

— Create top-level schematic for easy viewing &
connection

® Convert Block Diagram File (.BDF) to HDL file (VHDL/Verilog)
or image file (.JPG or .BMP)

Note: Please see the Appendix for a more detailed discussion of the Block Diagram Editor and schematic entry.

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Altera Megafunctions

m Pre-made design blocks

m Benefits

— Configurable settings add flexibility

— “Drop-in” support to accelerate design entry
— Pre-optimized for Altera architecture

m [WO versions

— Quartus Il megafunctions
— Intellectual Property (IP) megafunctions

© 2007 Altera Corporation—Confidential
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Quartus Il Megafunctions

m Free & installed with Quartus |l software

— Non-encrypted functions written in AHDL
— HDL simulation models installed in Quartus Il libraries

m [wo types

— Altera-specific megafunctions (begin with “ALT”)

— Library of parameterized modules (LPMs)
® Industry standard logic functions
e See www.edif.org/lpmweb (EDIF.org archive) for more info

m Examples
— Multiply-accumulate (ALTMULT_ACCUM)
— On-chip RAM/ROM (ALTSYNCRAM)
— PLL (ALTPLL)
— DDR/QDR memory interface (ALTMEMPHY)
— Counter (LPM_COUNTER)
— Comparator (LPM_COMPARE)

© 2007 Altera Corporation—Confidential
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IP Megafunctions

m Must purchase license to use in finished design
— Logic for IP function is encrypted

m [wo types

— MegaCore® IP
® Developed by Altera

e Install with Quartus Il software or download/install individually from
www.altera.com

— Altera Megafunctions Partner Program (AMPP™) IP
® Developed by 3"-Party IP vendors & certified by Altera
e Contact vendor for evaluating and licensing function

m All MegaCore functions & some AMPP functions

support OpenCore® Plus feature
— Develop design using free version of core
— HDL simulation models provided with IP
— Generate time-limited configuration/programming files

© 2007 Altera Corporation—Confidential Am
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation 8

56



Example MegaCore IP

Triple-Speed Ethernet MAC
FIR Compiler

Fast Fourier Transform
DDR2 Memory Controller
CRC Compiler

PCl Compiler

© 2007 Altera Corporation—Confidential
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MegaWizard Plug-in Manager

MegaWizard®
Plug-In

m Eases implementation and configuration of
megafunctions & IP

Language and file name

MegaWizand Plug-In Manager [page 2a;

*wihich megafunction would you like bo customize? ik device Family will pou be Cyclone 11l -
ifg?

Select a megafunction from the list below .
=[] Installed Plug-lns ich type of output file g wou want to create?
i Y| Altera SOPC Build
Tools = MegaWizard Plug-In Manager er2 SOPC Buider « aHDL
+ B Aithmetic ~ VHDL
+ @& Communications .
+ &g DSP f* ‘erlog HDL
MEEﬂWiZﬂrd Plug-ln Mﬂnﬂgﬂr [Pﬂﬂe 1] g : g ﬁgtes Ywhat namedo pou want for the output file? Browse. ..
+- 8 Interfaces my_fifo
The Mega'wizard Plug-ln Manager helps vou create or modify + @ JTAG-accsssible Extensions
deszigh files that contain custom wariations of rmegafunctions. =1 & Mermory Cornpiler

YWhich action do you want to perform? I Retum to this page for anather create operation

Maote: To compile a project successfully in the Quartusz || software,

R&M: 1-PORT wour design files must be in the project directory, in the global user

RAM: 2-PORT libraries specified in the Options dialog box [Tools menu), ar a user
) library specified in the User Libraries page of the Settings dialog

Rak: 3-PORT bo [Aszighments menu).

ROM: 1-PORT

ROM: 2-PORT Y'our current uzer library directories are:

7| Shift register [RAM-based)
+- B Storage
@ IP MegaStare

[+ Create a new custom megafunchion wariation
" Edit an existing custorn megafunction variation

[ Copy an existing custom megafunction variation

Copyright € 1997-2007 Altera Corparation

Cancel | | et » |

Cancel | < Back | b et = | |

Select megafunction or IP

© 2007 Altera Corporation—Confidential Alm
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MegaWizard Example

Locate documentation in
Quartus Il Help or the web

MegaWizard Plug-In Manager [page 3 of f]

ALTMULT_ADD
preion 7.1

Multiply-Add megafunction

e
s Qe

Currently selected device Family: Skratix I

—auur gCion Rounding Multipliers

Three step process to my_multadd =
. . eneral
Conflgure megafunCtlon What iz the number of multipliers? B - | rultiplisrs
MOLTD [
dataz _0[15 0] - ! all multipliers have similar configurations
[+
1 % "
datab O[5 0] X S | Add support For hardware saturation and rounding
o0 This will Force all inputs to be in G1.15 format
+ Hows wide should the A input buses be? 16 | hits
ML T .
dataa 1[15 0] How wide should the B input buses be? 16 | hits
=] — +
datab 1[15..0] X Foel g | How wide should the 'result’ output bus be? a3 o | it
=]
/ Create a 4th asynchronous clear input option
This Forces all reqgisters to have an associated
clocki Updatlng gl‘aphlcal representatlon Eilﬂﬂiﬂ asynchronous clear input
Create an associated clock enable for each clock

Inpukt Representation

‘What is the representation Format For & inpuks? Unzigned e

Resource usage

\ / ‘“What is the representation Format For B inputs? Unzigred v

Customization options

Resource Usage
4 d=zp_Shit

| Cancel ” « Back ” Mext = || Finish |
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MegaWizard Output File Selection

MegaWizard Plug-In Manager [page 9 of 9] -- Summary

a ALTMULT_ADD

Yersion 7.1

SUmMMmarsy

| About ” Documentation

Turn an the files you wish to generate. & gray checkmark indicates a file that is

automatically generated, and a red checkmark indicates an optional File, Click
my_multadd Finish to generate the selected files, The state of each checkbox is maintained in
subsequent MegaWizard Plug-In Manager sessions,
TULTO
datas_0[15.0] [
EL — The MegaWizard Plug-In Manager creates the selected Files in the Following
datab _0[15.0] x J el —L| directory:
= =0 mihalksra FerhCuaseboe 1T SeaFhuzra MNacian Saviee Ecoimd skinedhOTTET 1V Fw 1 Uar
File | D escription

= [ roy_rnultadd. v W ariation file

datas A[15.0] LT 0 my_multadd.inc AHDL Inchude file
o0 + [ my_multadd. cmp YWYHOL component declaration file
» 0 {1 [ roy_rultadd. bsf Quartuz 1 sernbol file
datab_1[15. 0] = glE O roy_rultadd_inst w Ihstantistion template file
/‘ [ my_multadd_bb.+ Yerlog HDL black-box file
[ my_rultadd_syn. v Synthesiz area and timing estimation netlist
clockD il
m Default
- HDL wrapper file
m Selectable
— HDL instantiation template
- VHDL component declaration
(CMP)
R L
e —  Quartus Il symbol (BSF)

4 d=p_Shit =

—  Verilog black box [ cancel || <Back |

- Behavioral waveform (.html)
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Memory Editor

m Create or edit memory initialization files in Intel
HEX (.HEX) or Altera-specific (.MIF) format

m Design entry

— Use to initialize your memory block (ex. RAM, ROM) during
power-up

m Simulation

— Use to initialize memory blocks before simulation or after
breakpoints

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Create Memory Initialization File

File = New = Other Files tab
or |0

Device Design Files  Other Files ]

Test File

AHDL Include File
Block Symbal File
Chain Dezcrption File
Hewradecimal [|ntel-Format) File
[n-Spstem Sources and Probd
qic Analyzer Interface File

Tcl Script File

Wector W aveform File

E ditor File

1) HEX format or
MIF format

k. Cancel

Number of Words & Word Size

2) Select

Memory Size

Murnber af wordz:

—
—

Wwiord size:

o]

Cancel |
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“ﬂ VI

File Edit

) Memory space editor opens

LUS I - L./l LIl LUy 0.

Wieww  Project  Tools  indow

Addr

+ﬂ|+1|+?|+3|+4|+5|+ﬁ|+7h

2
2
2
2
2
2
2
2
2
2
2
2
2

oo o oo oo oo

55 (255 |285 (255 (255 285 (255 |2E5
83 (255|235 (255 (295 (235 (255 (a6
83 (255|235 (255 (295 (235 (255 (a6
83 (253|235 (2553 (235|235 (2553 (A5
83 (253|235 (2553 (235|235 (2553 (235
83 (253|235 (2553 (235|235 (2553 (235
53 (233|235 (253 (235|235 (2553 (235
83 (233|235 (253 (235|235 (2553 (235
83 (253|235 (2553 (235|235 (255 (235
83 (253|235 (2553 (235|235 (255 (235
53 (255|235 (255 (255 (255 (255 (2Ah
55 (255 |285 (255 (285|285 (255 (25
55 (255 |285 (255 (255 285 (255 |2E5

Lo TR e e I s e Y e Y e o
oo o oo o oo o
oo o o o o oo
Lo TR e e I s e Y e Y e o
oo o oo o oo o
oo o o o o oo




Change Options

= View options of memory editor
— View = select from available options

Cells Per Row
0 25 Address Radix oo e
g 25 Memory Radix o4 =
- 2 imi .G 255
=4 e Show Delimiter Spaces " =
32 25 ISh':"-"'-' -':'-.5':11 quuivalen!:s - =

40 255 255 (255 (255 (255 | agkoRic 255
45 255 (255 255 255 255 emmremme 255
56 255 |255 (255 (255 (255 (255 |255 |255
Fid 255 255 255 255 255 255 (255 255
72 255 |255 (255 (255 |255 |255 |255 |255
il 255 |255 (255 (255 |255 |255 |255 |255
i 255 255 255 255 255 255 255 255
96 255 |255 (255 (255 (255 (255 |255 |255

104 1] 0 1] 1] 1] 1] 0 1]
112 1] 1] 1] 1] 1] 1] 1] 1]
120 1] 0 1] 1] 1] 1] 0 1]
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Ed it CO ntents Select address location & type in a value

OR

m Edit contents of memory file Select the address & right-click to select

fill option from menu
m Save memory file as .HEX or

__MIFfile
SL e

Allows vau to custom fill an addrezs range with either a repeating sequence, or
from a starting point with incrementing or decrementing walues.

OR

ﬂﬂ Quartus Il - C:faltera_trnfQuartus_|I_Software D... @@g
File Edit Wiew Project Tools  Window

Addrezs range
The current address radiz is; unzsigned decimal Addr | +0 | +1 | 2 | +3 | +4 | 5 | +6 | 1 | -

] ] 1] 233|255 (295|255 (2495 (255 (A4 255
Startlng addrezs: 13 Er‘u:llng addrezs: 27 g 255 255 255 255 255 255 255 255
16 233|255 (253 o]

24 Zut ChE
Custom valels] 32 |255 (255 (255 255 COPY Ctr+C
The current memony radix iz unzigned decimal an 255 285 |255  |255 Paste ChE+Y
[ Repeating zequence [numbers can be delimited by either a space or a 4a 235|235 |25 [235
commal = 255 (255 (255 255 Insert Cells
. . 64 55 (2585 255 (255 Delete Dl
| Specify custom cell fill
R i 72 I p——
[ ]
i+ |ncrementing / decrementing epeating sequence a0 3 235 I Bl wf Is
+ Increment/decrement count 58 |255 =TI
Starting walue: og 255|285 Cuskom Fill Cells. ..
104 0 0 0 0 Reverse Address Contents
Increment | by 4 112 |o 0 ] a
Cells Per Row | AukoFik
120 1] ] 0 ] - - - -
I:IK | |:E|r'||:E| 4o mn [m] [u} [m] m mn [m] [u} v
© 2007 Altera Corporation—Confidential Alm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation o

64



Using Memory File In Design

13 RAM: 2-PORT

Yersion 7.1

MegaWizard Plug-In Manager - RAM: 2-PORT [page 10 of 12]

Specify MIF or HEX file in
MegaWizard

Regs/Clkens) Aclks

Do wou wank ko specify the initial content of th

iy _rarm

data[7..0]
waddress[4..0]
WWTEn

rdaddress[4..0]

e

clock

Block Type: AJTO

May also specify MIF or HEX

file in HDL using the
ram_init_ file attribute

Resource Usage

256 ram_hitz

Mo, leave it blank

& ‘es, use this file for the memory content data
*fou can use a Hexadecimal {Intel-Format) File [hex] or a Memory

Initialization File [.mif])

File name:  |pipernult.hex|

| Cancel || < Back ” Bext = ” Einish |
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Memory Size Wizard

Need to edit size of memory file?

m Use the Memory Size Wizard (Edit menu)
— Edit word size
— Edit number of words

— Specify how to handle word size change
® Increasing word size

Memory Size Wizard: Change Number, of Words and Word 5ize

— Pad words
_ Com b| ne wo I’dS Thiz wizard allows wou to change the number and size of waords displayed in the current windaow.
. . Wwhat do pou want the word zize to be?
® Decreasing word size Word see

Current number of words: 256

— Truncate words from left
— Truncate words from right

© 2007 Altera Corporation—Confidential m
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EDA Interfaces Introduction

m [nterface with industry-standard EDA tools

that generate a netlist file
- EDIF 20 0 (.EDF)
— Verilog Quartus Mapping (.VQM)

m [0 import netlist files
— Specify EDA tool in the Quartus Il software settings

— Instantiate block(s) in design
— Add .EDF/.VQM file(s) to Quartus Il project

© 2007 Altera Corporation—Confidential Alﬂ-;m
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3rd-Party Design Entry Tool Support

m Mentor Graphics®

— LeonardoSpectrum™
— Precision RTL Synthesis™

m SYynopsys
— Design Compiler FPGA
— FPGA Compiler II

m Synplicity

— Synplify
— Synplify Pro

© 2007 Altera Corporation—Confidential
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Exercise 2 Demonstration

© 2007 Altera Corporation—Confidential
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Design Entry Summary

= Multiple design entry methods supported
— Text (Verilog, VHDL, AHDL)
— 3"d-party netlist (VQM, EDIF)
— Schematic

m MegaWizard Plug-In Manager configures
megafunctions & IP

m Memory Editor allows generation of memory
initialization files

m 39-party EDA tools supported for design entry &
synthesis

© 2007 Altera Corporation—Confidential Am
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation 8

70



Design Entry Support Resources

m Quartus Il Handbook chapters

— “Design Recommendations for Altera Devices” (Volume 1)
— “Recommended HDL Coding Styles” (Volume 1)
— 3"9-Party EDA tool chapters (Volume 1, Section 3)

m [raining courses & demonstrations

— VHDL & Verilog Basics (online courses)
— Introduction & Advanced HDL courses

© 2007 Altera Corporation—Confidential Am
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Quartus Il Software Design
Series: Foundation

Quartus Il Compilation

© 2007 Altera Corporation—Confidential
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Quartus Il Full Compilation Flow*
C Design Files )

AnaIyS|s &

Elaboratlon l

Constraints & Functional
Settings Synthe5|s ‘ \ Simulation

Functional

Netlist
Constr?mts & ,
Settings

|

Assembler

|

TimeQuest
Timing Analysis

Programming &
Configuration
files (.sof/.pof)

|

_ _ Gate-Level
EDA Netlist Writer | ; Simulation

LV
*This is the typical flow. Other module executables will be added Post-Fit
if additional software features are enabled. Simulation Files
(-vho/.vo)
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Processing Options

Processing

>R TR G R T

m  Start Compilation
N Performs fU” Compllatlon ffir_filterffir_filter - filtref - [filtref. bdf]

4 . Sl Tools  window  Help
m Start Analysis & Elaboration ——
[ &G & L W R R A
— Checks syntax & builds database | » s conpistion | ]
] @ Analyze CurrentEle
only [ [ R ———
_ Pe rfo rms i n itial Synth es i S 3 Update Memory Initislization File W Start Anakysis & Synthesis Chel+E -
] @ Compilation Report Ctrl+R. ',!'."E Start Partition Merge =
. . » ]
. Start An aIyS I S & Synthes I S Start Compilation & Simulation  Cer-Shift+k f'ﬁ S E
. ) . _ ﬁ“ Start Assembler 2
. . . | Generate Functional Simulation Metlisk - R "
—  Synthesizes & optimizes code B Start Simulaton oty |8 St Classc Tmina fnabyzer - ks shift
Simulation Debug N £14 Start TimeQuest Timing Analyzer  Chrl+-Shift+T
St t Ftt o _ & Start EDA Metlist Writer
. ar I er & simulation Report Ckrl+3hift+R,
s ) 'cig Start Design Assistant It
_ Places & ro utes deSig n Compiler Tool %4 Start PowerPlay Power Analvzer  ChrShiFt+P
J=h Simulatar Taol o ] o ] ;‘
. G e n e rates 0 u'[p u'[ n etl |S'[S EEJ Classic Timing énalyzer Tod % Start SignalProbe Compilation Crrl+5Shift+5 :
"_, Start I Assignment Analysis
M T e Start Classic Timing Analyzer (Fast Timing Model) I
. Start Asse m b | er Start Early Timing Estimate
G t . f- I Start Classic Timing Analyzer Constraint Check H
- ene ra e prog ram mi ng I eS C Start Check & Save All Metlist Changes
m  Start TimeQuest Timing Analyzer x ] st v e 7
< Start Equation Writer (Post-synthesis) [
E

m Start I/O ASS | g nme nt An aIyS | S Start Equation Writer {Post-fitting)

Start Test Bench Termplate \Writer

[ | Start DeS|gn ASS|Stant ¥y Start ED4 Synthesis

Start EDA Physical Svnthesis
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Compilation Design Flows

m Default “flat” compilation flow

— Design compiled as a whole
— Global optimizations performed

m Incremental flow (on by default for new projects)
— User assigns design partitions
— Each partition processed separately & results merged to form complete
design
— Netlists for partitions reused from prior successful compilation or
imported from another project
® Top-down or bottom-up flow
— Benefits
® Decrease compilation time
® Preserve compilation results and timing performance
e Enable faster timing closure
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Incremental Compilation Concept

Choose to reuse post-synthesis
TOP or post-fit netlist for TOP and A

/\

7 e
=

TOP

Only specified portions of

logic that have changed are
re-synthesized or re-fitted

+
+

Note: For more details on using incremental compilation, please attend the course “Quartus Il Software
Design Series: Optimization” or watch the web-recording “Using Quartus Il: Incremental Compilation”
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Status & Message Windows

Status Ul:llll:"_ll' Windows

o et -ﬂ

Full Compilation a8 % [10: 00: 26 ﬂ @
Analyziz & Synthesiz 100 % [10:00:10
Partition kMerge 100 00:06 . . .
Fitter M Menu Bar: View = Utility Windows
Assembler 10:00:00, [
Clazzic Timing .-'-‘-.nal_lrlzerl [0 00:00 \

Status bars scroll to indicate progress
in each stage of compilation

ey Message window displays informational,
risgltessage | warning, & error messages

Info

i o el i ol i ol ol ool o i e e e ol ol o e

Info: Punning (Quartus IT Fitter
Info: Command: quartus fit --read settings files=on --write_ settings_files=off fir filter -c filtre
Info: Zelected device EPICEFZSE6CE for d831gn CETRLEEE R

e S s B = — . T e R

T e e e e ek b e i ok i e b e e i

Manually flag selected
messages for later review
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Message Suppression

m Hides messages from current & future compiles
— Ex. Known synthesis warning message already investigated

m Displays suppressed messages on different tab in
message window

m Stores suppression rules in <revision_name>.SRF file

& Columnn 4
‘“ 2. Choose Suppress [« ,
‘ Flag 3
bd Hide 4
- - < [
1 . R | g ht'CI ICk O n Suppress Exact Selected Messages =
age Suppress All Similar Messages
message o i i i o il i i i i SUpprBSS p'" F|agged Messages L
i o “ Thro: Punning Quartus IT Timeluest Tining inald Help Message Suppresion Manager. .

Info: Command: cuartus_sta f£ir filter -c £filtm

v Enable Docking
Info: gsta_default script.tcl wersion: 24.0.1.] Close

Import Message Suppression Rule File. ..

wrx Critical Warning: 3DC file not found: 'filtref - Export Message Suppression Rule File. ..
j_) Infao: No base clocks found in the design. Calling "deriwe clocks -period 1.07
j_..' Info: Deriwving Clocks
ﬁ Critical Warning: Timing requirements not met - -
<|T| il Trnfn* WMnratr-raaes astim alark ia -7 347 3. Suppress Exact, Slmllar,

% Syztem }\Prucessingf\ Extra Infa l:’\'|nfl3 .;\‘. Wwarning .}\ Critical W arning .}\ Erro(E Suppreszed ﬁtlag;’ Or FIaQQEd messages
E |Message: 124 of 148 ﬂ ﬂ |

Open the Message Suppression Manager [ 3]
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Message Suppression Manager Tool

Suppressible Messages I Suppreszion Fules ] Suppreszed Meszages ]

Type | Flag |Hessag‘e -

j_J Info: Swmart recompilation skipped module Analysi

_!'.J InfD: bbb b Rk ok b b b o o o b o ok o o b ko b o e
j_) Info: Punning Quartus IT Fitter

j'.) Info: Command: quartus fit --read settings_file=

_j_) Info: 3elected dewvice EPICEFZ56CE for desig‘rﬂ

j..) Info: Fitter is performing a Standard Fit compil
_j_) Info: Fitter conwverted 2 user pins into dedicate
L‘\. A Warning: Mo exact pin location assignment(s) for

i Info: Fitter is using the Tinme(uest Timing bdnaly

éxl

Critical Warning: 3DC file not found: 'filtref.s

j',J Info: Deriving Clocks
_;J Info: Timing requirements not specified -- optim
j..) Info: Found 2 clocks
_j_) Info: Completed User Assigned Global 3ignals Pro
;J Twfras TN T/O wdine vyarmidira N alakhal yairdiwer vaanv
£ ?

Suppress Exact Selected Mezzages | Suppress All Similar M ezsages |

Message Column 4

Message Tab 4

Flag 3

Hide 3

SuUppr k Suppress Exact Selected Messages

Suppress All Similar Messages

FEEE .
irial] Help : Suppresion Manager. .
iltr:

Enable Docking
Close

Export Message Suppression Rule File. ..

Calling "deriwe_clocks -period 1.07

et

Error .}\ Suppreszed }\Flag l."

o]

Cahcel |

[ 3]

m Useto
— View all suppressible messages

— View/add/remove suppression rules
— View messages suppressed for current & future compiles
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Viewing Compilation Results

m Quartus Il graphical tools available for
— Understanding design processing
— Verifying correct design results
— Debugging incorrect results

m Compilation Report

m Viewers
— RTL & Technology Map
— State Machine

m Chip Planner
m Resource Property Editor

© 2007 Altera Corporation—Confidential
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Compilation Report

m Graphical window containing all compilation processing
information
— Resource Usage
— Device pin-out
— Settings and constraints applied
— Messages

m Opens automatically when processing begins

Recommendation: Go through report for a design to get
sense of information being provided

m Information also available as text files in project directory
— EX. <project_name>.fit.rpt & <project_name>.map.rpt

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Compilation Report

B Legal Maotice
&5 Flow Surmmary
SHER Flow Settings
%g Flow Mon-Default Global Settings
5B Flow Elapsed Time
B Flow Log
- %’Cj}] Analysis & Synthesis
HED Summary
+ %;} Settings
EHER source Files Read
%@ Resaurce Usage Summary
%& Resource Utilization by Entity
+Zh_] State Machines
+ %i_j COpimization Results
+ %f_j Parameter Settings by Entity Instance
+ %:_j LPM Pararneker Settings
&5 L2 Messages
- &3 Fitter
= ==l
SHER Settings

+&=h_ ] Resource Section

5B Device Options
+ &5 Advanced Fitter Data

&F i} Messages
%é) Suppressed Messages

- &5 Assembler \
SHER Summaty

SHEE Settings

HEE Generated Files

%@ Device Options: Difalkeraf71fqdesians

%@ Device Options: D:falteraf71fqdesigns

%é,} Messages w
£ >

Window = Detach Window to
release from Quartus Il workspace

Flows Status Successful - Thu Map 03 17:30:51 2007
[uartus |l Yersion 7.1 Build 156 04/30/2007 5J Full Version
Fevizion Mame filtref

Top-level Entity Mame filtref

Farnily Cyclone

Device EP1CEF25ECE

Timing Models Final

et timing requirements  MAA
Total logic elements 16275980 (3 %)

Total ping 22/4186[12%)
Tatal virtual pins il

Total memory bitz 0/92160(0%)
Total PLLs 0/2(0%)

Each compiler executable
generates separate folder
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Example: Source Files Read

$ Quartus |1 - D:faltera/71/qdesigns/fir_filterfir_filter, - filtref - [Compilation Report - Analysis & Synthesis Source Files Read]

File Edit Wiew Tools  window
3 Compilation Feport
&h B Legal Motice File Mame with User-Entered |Usedin |File File: M ame with
% Flow Surmmary Path Metlist Type Abzolute Path
5B Flow Settings 1 | multy ves IJser Werilog HOL File D /altera/71 Aqdesiansfir_filker/mult.«
&HER Flow Non-Default Global Settings 2 | accumv pes LIzer Werilog HOL File D /altera/ 71 fgdesignefir_filter/accunn v
BB Flow Elapsed Time 3 ] filtref. b yes User Block Diagram/Schematic File | D: /aktera/71 fqdesigrs/fir_iterfitref bef
é. Flow L?g ) 4_ hvalugs. v yes Jzer Werilog HOL File [ /alteras/ 71 fqdesignstfir_filter/hvalues.v
—-¢&F_H Analysis & Synthesis = ; i igns i _fi
G summary 15 | taps.v (=3 Llser\p"er!IDg HOL F!|E [ /aleras 7l a’qdes!gnsa’f!r_fflter.n"taps.v
+ B Settings |6 | state_m.v (=3 |dger Werilog HOL File [ /aleras/ 71 Aqdesigne dir_filker/ state_m. v
b= ===l Solirce Files Re: |7 | aecv ves Izer Verilog HOL File D:/altera/ 71 Jqdesigns Air_filker/acc.v
%g Resource Usage Summary 8 | Ipr_add_sub tdf yes td egafunction d:/alkera/ 71 /quartuz/libraries/megafunctionz/lpm_add_sub tdf
%@ Resource Ukilization by Enkity 9_ addcare.inc yes td egafunction d:/alteras 71 Aquartuz/libranes/megafunctions/ addoore. inc
+ %J State Machines 10| laok_add.inc pes tegafunction d: /alteras 71 Aquartus/libranes/megafunctions/look_add.inc
i 5“-1 Optimization Re.sults ) E bypassff.inc (U= tegafunction d:/alera/ 71 Aquartuz/dibranes/megatunctionz/bepazsif.inc
: gj fpar:qa;n:rt:;::etflgzst:lnfg:ntlty LRl 112] alshift.inc (= tegafunction d:/alera/71 Aquartuz/dibranes/megafunctionsz/ alighift.inc
& 1) Messages 113 alt_stratin_add_sub.inc (=3 tdegafunction d:/alera/ 71 Aquartuz/dibranes/megalunctionsz/al_stratix_add_sub.inc
& Fitker i alt_mercury_add zubinc =k tdegafunction . .
o G nssamber (15| agiobai71.inc ves Megsfuncton Source Files Read table lists all
+-&H_1 TimeQuest Timing Analyzer 16| addeare. tdf HEE Megafunction H i i
o= ) ’ ' E a_czsnbuffer.inc e tegafunction dGSlgn fl |eS (user'COded & Ilbra ry)
18| a_cenbuffer.tdf (=3 tdegafunction H H H
| B e used during last compilation along
|20 lpm_mule.tdf ves tegafunction with fi Ies’ type and Iocation
21| Ipni_add sub.inc yes td egafunction
E multcore.in yes td egafunction d:/altera/ 71 /quartuz/libranies/megafunchions/multcore. inc
E mLltcore. bdf yes td egafunction d:/alkera/ 71 quartuz/libranies/megafunctions/multcore. tdf
| 24| csa_addinc (= tegafunction d:/alera/71 Aquartus/dibranes/megafunctionz/cea_add.inc
25| mpar_add.inc (=3 tdegafunction d:/alera/ 71 Aquartuz/dibranes/megafunctionz/mpar_add.inc
| 26| muleabz.ine (=3 tdegafunction d:/alera/ 71 Aquartussdibranes/megafunctionz/muleabz.inc
27| mul_lfroine yes tdegafunction d:/altera/ 71 Aquartuzsdibranes/megafunctions/mul_lfrg.inc
E mul_boaothe.ing yes td egafunction d:/altera/ 71 /quartuz/libranies/megafunctions/mul_boathe.inc
E alt_ded_mult.inc yes td egafunction d:/alkera/ 71 quartuz/libraries/megafunctionz/alt_ded_mult.inc
|30 alt_ded_rult_y.inc (= tdegafunction d:/alteras 71 Aquartuz/dibranes/megafunctions/alt_ded_mult_y.inc
| 31| dffpipe.inc (= tdegafunction d:/alera/ 71 Aquartuz/dibranes/megafunctionsz/dffpipe.inc
| 32| mpar_add tdf (= tegafunction d:/alera/71 Aquartussdibranes/megafunctions/mpar_add. tdf
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Example: Resource Usage

File Edit

View  Tools  Window

' Compilation Repart
&R Legal Motice
BT Flow Summary
&S Flow Settings
%@ Flowe Mon-Default Global Settings
&S Flow Elapsed Time
B Flow Log
+ %_j Analysis & Synthesis
- & Fitter
ERPR summary
ShE Settings
SHER Metlist Optimizations

Fitter Resource Usage Summary

Resource

Jzage

= Tatal logic elements

162 /59303 %)

i i
- &H 3 Resource Section

%@ Resource Usage Summary
HEE Input Fins
EHER Output Pins
SHER /0 Bank Usage
BB Al Package Pins
EHER output Pin Defaul Load For Reported
%@ Resource Utilization by Entity
EHER Delay Chain Summary
%@ Pad To Core Delay Chain Fanout
HER Corntral Signals
EHER Global & Other Fast Signals
HER Mon-Global High Fan-Out Signials

HEEEESEE

+ &Zh_ ] Advanced Fitter Data

O S T T N S S el el el el Bl el el ol (el el (L0 = (R (g (N (PR A ]
b (= e e i B (P L (e (e} ] =]

-- Cambinational with na reaqister 7T
-- Regizter only a7
-- Combinational with a register 28

= Logic element uzage by o

-- & input functions
- 3 input funchions
- 2 input functions
-1 input functions

- Dinput functions 43
= Logic elements by mode

- tiormal mode 135

-- afithirmetic: mode 27

-- gfbk mode 9

-- register cascade mode 1]

-- gynchronous clear/lnad mode 52

-- asynchronous cleardload mode 19
Total registers an s/ BR23 (1 %)
Total LAB = 2B6/098[4 %)
Logic elements in carry chaing 30

Several tables in Resource
Section detail how much of FPGA
resources available and used

@i,) ra— Idzer inzerted logic elements 1]
%\ﬁ) Suppressed Messages = ‘-.-’lrtue!I s 0 =
£ 5:3 Aszembler = 120 pins 22/185[12%)
+-&Zh ) TimeQuest: Timing Analyzer - Clack pins 2/2(100%)
< 5 Global zignals 3 3
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Netlist Viewers

m RTL Viewer

— Graphically represents results of synthesis
— Visually check initial HDL synthesis results
® Before any Quartus Il optimizations
— Locate synthesized nodes for assigning constraints
— Debug verification issues

m Technology Map Viewers (Post-Mapping & regular)

— @raphically represents results of mapping (post-synthesis) & fitting
— Analyze critical timing paths graphically

® Delay values displayed if timing
— Locate nodes & node names after optimizations

® Assigning constraints

® Debugging
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RTL Viewer

#* Quartus Il - D:falteral71/qdesigns/fir_filter!fir_filter - filtref - [RTL Viewer]

Tools Menu = Netlist Viewers

File Edit Wiew Tools window
@ Page Title: | filtref Page: | 1 of 1 -
te= Hierarchy List A
[:% —- O Filtref
@ =-[@l Instances
{":; +- & accinst3
+- 8 hvalues:instz e
+- O multinske —
-8 state_m:instl :
+-[E state Machines
dh -2 Logic Clouds = | | | I:I
St sel[1,.0]_DATAIMN. —
<3 sel[1..0]_DATAIN, - '
+-= Pins I
& 41T Nets ! i
+-[3 taps:inst =
+-1F Primitives G
s + .= Fins
4 Nets Schematic View
Hierarchy List
w
< > X
Note:
1) Must Perform Elaboration First (e.g. Analysis & Elaboration OR Analysis & Synthesis)
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Schematic View (RTL Viewer)

Place pointer over any
element in schematic to

tapsinat see details
state_miinst1 N
P — e Name
ot = —= .
et > : * Internal resource count
dcoinstd
hvalues:inst2 MuiEnSc &
d[F..0 [ | 1
o i acciinst3, INST )
BUFFER(SOFT) 24 inst8[7. 01
COME[AND] 25 ——=r ot 0]
— COME[OR) 24 by
| COME(OR] 25 ..
3 DFF 12
MU 12 i
2 CARFY_SUM 12 Eyvalid
— OPERATOR(DECODER) 1
o =fallaw

m Represents design using logic blocks & nets
— 1/O pins
— Registers
— Muxes
— QGates (e.g. AND, OR, etc.)
— Operators (e.g. adders, multipliers, etc.)
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Technology Map Viewers

Tools Menu = Netlist Viewers

n o8 =]

‘< Quartus Il - D:falteral71/qdesignsffir_filtertfir_filter - filtref - [Technology Map Viewer

File Edit View Tools ‘Window
@ FPage Title: | Fost-Fitting: acc:ingt3 Page: | 1 of1 -
t2= Hierarchy List ”
by =& Filkref
@\ --OA Instances = r
4 -3 accinsts =*-":|: T :IE
+- [0 Instances . | Eh
+-TF Primitives _a:l;‘wj‘ i L] [N
i . S P L =
+d" Nets -
dth =[O mult:inste
+- O Instances
+-= Pins
+d Mets
&5 +-[Ol state_m:inst1
+ -3 taps:inst
+-LF Primitives
i& +- == Pins
+--d Mets
=
v
| < >
Note:
1) Must Run Synthesis and/or Fitting First
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Schematic View (Technology Viewer)

muths B _krg- 135

el btk rg- 170 [

s _meha b Mie | T

wam [1q- 101

ckT»

13 1HEY

Place pointer over any
element in schematic to
see details

 Name
* Internal resource count
 Logic equation

L & |
L4 | 183 11 [alus]

accinzt3resultl0], LOGIC_CELL [00FQ)
<o pnm[0]~111

= [E1_resultf0]] & IDATAD
<1r result[d]

= DFFEAS(ynm[0]*111, GLOBALICLK), WCC, . . SYNCH_DATA, . veC)| |

CLE = clk
DATAD = filter tapl
SYMCH_DATA = ca buffer[0]~217

=]

hin - 105

wn [~ 107

il - 105

m Represents design using atoms

— 1/O pins & cells
— Lcells
— Memory blocks

— MAC (DSP blocks)
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ta= Hierarchy Lisk

Hierarchy List . -

+-[O acc:insk3
+--[O hvalues:inst?
+-O mult:instl?
m Traverse between levels of design 5D Sk s
—-%23 Logic Clouds

h i e ra rC h y @2 sel[1,.0]_DATAIN_cloudd

3 sel[1..0]_DATAIN cloudl

m View logic schematic for each = b

+|--=d Mets
hierarchical level | mBmn
. . --¥T Registers
m Break down each hierarchical level £ s
. . —- T inst5[7..0]
Into netlist elements or atoms £ o
T insts[1]
- Instances £ inste[2]
~  Primitives o
1 T insts[s]
n PInS T insts[a]
— Nets £T insts[7]
. —|..= Pins
- State machines =k
—  Logic clouds (if enabled) o d7.0]
= Fallow
= newt
= reset
+-= wn_out[7,.0]
= yvalid
+|-=d Mets
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Using Hierarchy List

+# Quartus Il - D:/falteraf71/qdesigns/fir_filterffir_filter - filtref - [RTL Viewer]
Fil= Edit “iew Tools Window

@ Fage Title: | filtret Page: |'In:uf'l j
N E‘f H@'E’r;rti';? H N— Highlighting netlist element in &
@, R hierarchy list highlights/views that
am + [0 acciinsts e element in schematic view

+ & hvalugs:instz

-3l mult:inste €™ | accinstd
+- Ol Instances hwalues:inst2 il i IF

== Pj irs 1 SN | -

% : g :2:5 , | o ::::T:E]] m;u[u:-_u{ i 12..0]

+- [ sktate_m:instl

Expanding instances shows [*
instances, pins & nets
within internal modules

I LF
oS v
£ »
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Schematic Hierarchy Navigation

m Mouse pointer indicates action
« Descending hierarchy
%;‘ ® Double-click on instance
3
® Right-click & select hierarchy down
%Eeﬁ « Ascending hierarchy
1+ e Double-click in empty space
® Right-click & select hierarchy up
m Expand instances within schematic

LN ]
- -~ ~

_ ~ ~ =
state_m:inst1 N fites -
clk 5 —— % e | v
newt| mE Tl o[ ci _:”: =
resef| reset 2210 e N e e . 5_5_: 1
,_,.,—»-'}
Right-click and choose
d[7..o——~ “Display Content”
clhoE[ s
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Fi Iter SChematiC Filtered: Only selected

components & related

paths displayed
. . . Page Title: | Filter Page: [
ww| Unfiltered: All components & paths shown |- Right-click for = -
L.z — — il filter menu N
File Edit Wiew Tools Window @\
] Page Title: | tapsingt Pane: |10f1 ﬂ @ B
F2= Hierarchy List |_ -
@E -3 Filref %_- * L
—-[O Instances @»@» ) e
& +- 3 accinst3 ﬁ:ﬁ I I i || Find... Ctri+F N
+-[E hvaluesinstz L ! ! J — |_ B
--[E mulksinsts = =1 Refresh #4 L
+- O Instances 1 e,
+-== Pins Foam » -
#A % Mets L] |‘ i
+ & state_m:inst1 g- Hierarchy Up Ctrl4+u L—
-3 tapsiinst - <:ﬁ' F—
—-IF Primitives ksl —
e 5 cprats ] T
{3 puxa :ﬂ' Reduce Destinakions it L—
L e = Sources & Destinations
By L ez e T3] Locate Selected Modes & MNets Ty
T g— Between Selected Modes F
T+ Muxd L L —
T Muxs o Copy Image e
e ] Copy Toolkip N
L Mux? :g— |_ -
+- T Registers L~ L—
- Pins ~  Ungroup Selected Modes
4 I Hets 3_' arede B M
+-LF Primitives I 0 0 -
g B Filter options |
+-.I Mets ___““*
ﬁ' Wigwer Opkions Pt
.—-""'r-d
v
< >
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Other Features

m Bird’'s Eye View
— Displays overall view of design

m Page control
— Hierarchical levels automatically partitioned
® Control design size per page (tools = customize = options)
— Navigate nets between page
m Go to net driver
— Traces net back to source driver

m LUT internal detalil

— View LUT truth table, Karnaugh map, and expanded to gate logic

m Cross-probing : locate nodes from/to
— Design files
— Assignment Editor
— Chip Planner
— Chip Editor
— Resource Property Editor
— RTL/Technology Map Viewers

© 2007 Altera Corporation—Confidential
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State Machine Viewer
Tools menu Netlist Viewers

& Quartus Il - D:falteraf?1/gdesigns/fir_filterffir_filter - filiref - [State k===
File Edit ‘iew Tools Window

—_— e N _— -

& State Machine: | filveflstate_minst1[fiter

@Di State Flow Diagram
&

@

&

Use drop-down to

select state machine

Highlighting state in state

transition table highlights

w
corresponding state in state >
flow diagram State | Contion |
T =i [t
%Eﬂe tapl [FEwt)
apd idle [Tt
E tapl [FEwt)
5| tap3 tapd
E tap2 tap3
i tapl tap2

State Transition/Encoding Table

Transiliuns,ﬂ:' Encoding ,-{
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Chip Planner

m Editable graphical view of target device
m Displays

— Graphical layout of device resources

— Routing channels between device resources
® Internal routing channels within LABs

m Uses

— View placement of design logic

— View connectivity between resources used in design
— Make placement assignments

— Debugging placement related issues

© 2007 Altera Corporation—Confidential
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Chip Planner &

4% Quartus Il - D:/altera/71/qdesigns/fir_filter/fir_filter - filtref - [Chip Planner] [= |[B][X] T
File Edit Yiew Tools ‘Window - oo I s Men u —
Device: EP1CEF25ECR Task: | Floorpian Ediing [Assignn = % Quartus Il - D:falteraraarguesignsmrenuenmzniter - filtref - [Chip Planner] E@@
=) File Edit Wiew Tools window
[% Device: EP1CEFZ56CE Tazk: |F||:||3[|:||an Editing [Assignnj ﬂ
@ < -
O Ly
&,

W2

tZ

Block utlization: 10 of 10
Resource: LC_=15 v1_N4
Mode : accinst3result

I

T
TR Y

g4

x=b

_____

B g%

Fos o - B ey e
T ¥ L:ﬂ_.[S] Pin.TS Bar... -_ Fr—out[3] P|n:.1\:18- Bar...

E B Pin PS:
yn_eutlD] Pinhg B

Full chip view displays
logic placement

dZ=Pn RS Ban

Zoom in for detailed
logic implementation
& routing usage
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Bird’s Eye View 7y

m Provides overall view of the entire device
m Use to navigate through the Chip Planner Floorplan

4 Quartus Il - D:Jalteral71/qdesigns#fir_filter/fir_filter - filtref - [Chip Planner] [2|[B][X]
File Edit ‘iew Tools ‘Window

= Device: EP1CEF25805 Task: | Floorplan Editing (Assignn | 38|
.

. by
@)\
T

B

dldllil

8o

x=h

B

W
>
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Displaying Fan-In & Fan-Out

% Quartus Il - D:faltera/7 1 fqdesigns/fir_filterffir_filter - filtref - [Chip Planner]
File Edit ‘Wiew Tools Window

_

I Device: EP1CEFZ5ECE

n

PEE

. Highlight target blocks

. Click fan-in toolbar button

. Highlight target blocks again
. Click fan-out toolbar button

. Clear unselected connections

O F
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Cross-Probing from/to Chip Planner

m Locate hierarchy blocks or specific logic from other
Quartus “ WindOWS Project Mavigator ax

E ity | Logic

Cyclone: EP1CEF25605 Right-click & Locate =

: : oy finet 1228 | ocate in Chip Planner
= Project Navigator 8 tpsins -
------ GDY state_mcinst] a0
= Compilation Report = LT
o 500 Arriet 231711 I
. D . f . I + \ Settings. ..
eS I g n I eS Set as Top-Level Enkiky
. RT L Vi eWe r Locate in Assignment Editor
. “reate NEI’_“ LagicLeck Region Locate in Timing Closure Floorplan
Il Te C h n O I Og y VI ewe r Export Assignments... Locate in Chip Planner (Flaorplan & Chip Editar)
. Set as Design Partition Locate in Resource Property Editor
m Message window S— ety ep e
. Print Hierarchy Locate in Design File
] PI n P | a n n e r Frint all Design Files
Copy
Properties

Cpen in Main Window
v Enable Docking
Close

4 » |
© 2007 Altera Corporation—Confidential Hleramh"" ] Files ] P Design Units
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Resource Property Editor

m Use to view detailed logic implementation &

connections
— Cross-probe from other Quartus Il windows

m Views
— Logic cells (look-up tables & registers)
— Embedded memory
— Embedded multipliers
— 1/O cells
- PLLs
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‘s Quartus II - D:faltera/71/qdesigns/fir_filter/fir_filter - filtref - [Resource Property Editor]

File Edit View Tools ‘Window

@‘ + Mode name: | |Selected LOGIC_CELL(s)

Logic Element

F—

<ZLTIA]

L — aclr ald

i q_‘q_‘

ke

@

O

@

¥

& I

% EDATA —— @\

8 O

2 a
B
e .
&
%
&
&
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WWindow

@ ‘ + Mode name: |Selected RAM(s)

I

Embedded Memory

[[Le]]

ky
@,
W
o
o
<
&
84
e

A3 TAALICIHSTALL

OH FADATAIN

3 TAAIH

1T AW

A AL STALL

1A TOOATAIN

SOR TBADOR

R T TEEN AMASHE
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Undesired Compilation Results?

m Incorrect coding
® Non-recommended coding style
m Suboptimal synthesis & fitting settings/constraints

Note: For more details on optimizing designs based on undesired results, please attend the course
“Quartus Il Software Design Series: Optimization”
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Exercise 3 Demonstration

© 2007 Altera Corporation—Confidential
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Compilation Summary

m Compilation includes synthesis & fitting

m Compilation Report contains detailed information
on compilation results

m Use Quartus |l software features to understand

how design was processed
— RTL Viewer

— Technology Map Viewers

— State Machine Viewer

— Chip Planner

— Resource Property Editors

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Compilation Support Resources

m Quartus Il Handbook chapters

— “Quartus Il Incremental Compilation for Hierarchical & Team-
Based Design” (Volume 1)

— “Design Analysis & Engineering Change Management with Chip
Planner” (Volume 3)

© 2007 Altera Corporation—Confidential m
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/AN S RYA\

Quartus Il Software Design
Series: Foundation

Settings & Assignments

© 2007 Altera Corporation—Confidential
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Synthesis & Fitting Control

m Controlled using two methods

4", Quartus Il - C:faltera_trn/Quartus_|I_Software_Design_S

. @ File Edit “iew Projed ‘ Assignments I ocessing  Tools  Window
[ PrOJeCt'W|de SW|tCheS Project Mavigakor @ L
. . . . Entity 22 Timing Analysis Settings. ..
- ASSIQnmentS (Ie |Og|C OpthﬂS, Cyclone |1: EFZCAF 266CE 22 EDA Tool Settings...
CO nstrai nts) sbe pipemul & Settings... Chrl+Shift+E
® Individual entity/node controls B e
. . & Assigrment Editor  Ctrl+Shift+4
m Accessed using Assignments Drodars ol
m e n u Rermove Assignments. ..
. . Ti Back-Annotate Assignments. ..
. Stored In QSF flle for _{ &3 Import Assignments. ..
. . HiE[arDh_'.-' Files | gP De .
ro eCt/reVISIOn Export fssignments, ..
p J Skakus Assignment (Time) Groups...
Moduls | F
Full Compilation I @ Tirning Closure Eloarplan
Analpsiz & Synthesis | ﬂ LogicLock Regions Window  Al+L
Fitter I E@ Design Partitions Window — Alk+D
© 2007 Altera Corporation—Confidential m
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Settings

m Project-wide switches

m Examples
— Device selection
— Synthesis optimization
— Fitter settings
— Physical synthesis
— Design Assistant

m Located in Settings dialog box (Assignments

menu)

© 2007 Altera Corporation—Confidential
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Settings Dialog Box

Settings - pipemult g]

Categon:

General
Files
Libraries
Device
Operating Settings and Conditions
Compilation Proceszs Settings
EDA Tool Settings
Analysis & Synthesis Settings
Fitter Settings
FPhysical Synthesiz Optimizations

+- Timing Analyziz Settings

Azzembler

Dezign Azziztant

SignalT ap Il Logic Analyzer

Logic Analyzer Interface
+- Simulator Settings

FPowerPlay Povwer Analyzer Settings

(AR S A

Select the family and device pou want to target for compilation.

Family: | Cyclone Il j

Device and Pin Optionz...

Target device
7 Auto device zelected by the Fitter

(o Specific device selected in Yevailable devices' lizt
~

Awailable devices:

Show in ‘&vailable devices' list

Fackage: FEGA -
Fin count: 286 -

Speed grade; | Fastest -

[ Show advanced devices

-

M arne Core w... | LEs Uzerld.. | Memar... | Embed... | PLL
EP2C5F25ECE 2 s 26 2
EP2CaF25ECE 1.2¢ 2256 182 165888 36 2
EP2C154F25ECE 1.2¢ 14448 162 239616 B2 4
EP2C20FZ5ECE 1.2¢ 18752 162 239616 A2 4

< >
Migration compatibility

Migration Devices... J
{1 migration devices selected [+
QK | Cancel ‘

Change settings

» Top-level entity

» Target device

» Add/remove files

» Libraries

« VHDL ’87 or ‘93?

* Verilog ‘95, °01 or
SystemVerilog?

« EDA tool settings

» Timing settings

« Compiler settings

» Synthesis settings

* Fitter settings

» Simulator settings

Tcl: set_global _assignment —name <assignment_name~*> <value>

© 2007 Altera Corporation—Confidential Alm
o
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Compilation Process

Categony:
General
Files
Libraries Specify Compilation Process options.
Device
5 perhn Settings and Conditions M arimum processors allowed for parallel compilation: |1
B _ornpilation P T
E arly Timing E stirmate [ Use smart compilation
Incremental Compilatian v Preserve fewer node names to save disk space
+ EDA Tool Settings [~ Rur |0 assignment analpsis before compilation
Analysiz & Synthesiz Sett . o
i L e LEh RIS Iv Run &zzemnbler during compilation
|- Fitter Settings

Physical Spnthesis Optimizations | Run ATL Viewer preprocessing during compilation

+- Timing Analysis Settings

Azzembler I™ Save a node-level netlist of the entire design into a persistent source file
Design Agzigtant [Thiz aption specifies WM File name far full compilation and Start YO Writer command)
SignalT ap |l Logic Analyzer | J
Logic Analwzer [nterface

+ Simulatar Settings @ [” Export version-compatible database

PowerPlay Power Analyzer Settings | |

I Save project output files in specified directary

- Smart compilation(")

| — Skips entire compiler modules when
omsory | not required (i.e. elaboration,

Descriptor: synthesis, etc.)

— Saves compiler time

— Uses more disk space

[| - Generate version-compatible database(®

Tcl: set_global_assignment —-name SMART_RECOMPILE ON

© 2007 Altera Corporation—Confidential m
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Version-Compatible Database

m Recommended if migrating design between versions of
Quartus Il software

m Exports a database from one version that can be
imported directly into another version

m Use to preserve compilation results between Quartus |l
software versions
— Re-running timing analysis or simulation with updated timing models

= Two methods to create
— Settings dialog box
— Project menu

Tcl: set _global _assignment —-name AUTO_EXPORT_VER_COMPATIBLE ON
Tcl: set_global_assignment —-name VER_COMPATIBLE_DB_DIR <directory_name>

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Synthesis Netlist Optimizations

m Further optimize netlists during synthesis

m [ypes
— WYSIWYG primitive resynthesis
— Gate-level register retiming

Settings - pipemult

Cateqgony:

General
Filez
Libraries
Device
+/- Operating Settings and Conditions
+- Compilation Procesz Setlings
+- EDA Toal Settings
=1+ Analvziz & Synthesiz Settings
WHDL Input
Werilog HDL Input
Default Parameters

© 2007 Altera Corporation—Confidential
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Synthesiz Methzt Optimizations

Specify options for perfarming netlizt optimizations during synthesis.

-

-

Perform WwH'Shw'G primitive rezpnthesis [uzing optimization technique specified in Analysiz &

Synthesiz zettings]
Perform gate-level regizter retiming

=

Created/modified nodes
noted in Compilation Report




WYSIWYG Primitive Resynthesis

m Unmaps 39-party atom
netlist back to gates &

then remaps to Altera a9
primitives m = - _

— Unnecessary when using
integrated synthesis {}

m Considerations

Unmap

Remap
— Node names may change —
— 3rd-party synthesis attributes D S
may be lost E}D‘ - = | ot
® Preserve/keep

— Some registers may be
synthesized away

Tcl: set_global_assignment —-name ADV_NETLIST_OPT_SYNTH_WYSIWYG_REMAP ON

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Gate-Level Register Retiming

m Moves registers across combinatorial logic to
balance timing

m Trades between critical & non-critical paths
m Makes changes at gate level

Tcl: set_global_assignment —-name ADV_NETLIST_OPT_SYNTH_GATE_RETIME ON

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Fitter Settings

Settings - pipemult

Categony:

General
Files
Libraries
Device
Operating Settings and Conditions
Compilation Process Settings
EDA Tool Settings
Analyzis & Synthesiz Settings
Fitter Settings
Phisical Synthesiz O ptimizations

+ - Timing &nalysiz Settings

Agzzembler

Dezign Aszistant

SignalT ap Il Logic Analyzer

Logic Analyzer Interface
+- Simulator Settingz

PowwerPlay Power Analyzer Settings

1]-H-H-EH-E

Specify optiohs for fitting.

Timing-driven compilation

[v Optimize biold timing: |I.fEI Paths and Minimum TPD Paths

[ Optimize fast-comer timing

PaowerPlay power optimization: |Norma| compilation

Fitter effort
(" Standard Fit [highest effart)
" Fast Fit [up to B0% faster compilation / may reduce fmax]

(+ Auta Fit [reduce Fitter effort after meeting tirming requirements]

Desired worst case slack [margin]: |U |ns j

[~ Limit ko one fiting attempt

Seed: |1

tore Settings. .

D escription:

o]

Compilation speed/fitter effort

= Standard fit
— Highest effort
— Longest compile time

= Fast fit
— Faster compile but possibly
lesser design performance

= Auto fit
— Compile stops after meeting
timing
Conserves CPU time
Will mimic standard fit for
hard-to-fit designs
— Default for new designs

» One fitting attempt

Tcl: set _global_assignment —-name FITTER_EFFORT “<Effort Level>”
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Physical Synthesis

m Re-synthesis based on fitter output

— Makes incremental changes that improve results for a given placement

— Compensates for routing delays from fitter

Settings - pipemult g]

Cateqary:

General
Files
Libraries
Device
Operating Settings and Conditions
Compilation Process Settings
EDA Tool Settings
Analysiz & Synthesiz Settings
Fitter Settings
Phyzical Synthesis Optimizations

+- Timing Analvzsiz Settings

Azzembler

Design Aszsistant

SignalTap | Logic Analvzer

Logic Analyzer Interface
+- Simulatar Settings

PawerPlay Power Analyzer Settings

- [F

© 2007 Altera Corporation—Confidential

Specify optionz for perfarming physical synthesis optimizations dunng fitting.

Phyzical spnthesis for peformance

[ Perform physical synthesis for combinational lagic

[ Perform automatic azsynchronouz signal pipelining

Physical sunthesis for registers
[v Perform register duplication

[ Perform reqgizter retiming

Physizal spnthesis for fithing
[ Perform physical synthesis for combinational logic

[ Perform logic to memorny mapping

Phyzical synthesis effort
¢ Momnal [default; increases compilation time bwo o three times)
" Extra [should improve design perfomnance; increazes compilation tme)

" Fast [may reduce peformance gains; decreases compilation time)
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Physical Synthesis

m [ypes

— Performance optimization
e Combinational logic
® Asynchronous signal pipelining
® Register duplication
® Reqister retiming
— Area optimization
e Combinational logic
® Logic to memory mapping

m Effort

— Trades performance vs. compile time
— Normal, extra, or fast

m New or modified nodes appear in Compilation Report

Tcl: set _global_assignment —-name PHYSICAL_SYNTHESIS _EFFORT <Effort Level>

© 2007 Altera Corporation—Confidential Am
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Combinational Logic

m Swaps look-up table (LUT) ports within LEs to
reduce critical path LEs

ng a
b - critical

Q—+0 Q009D

C
d
e
f
9

Tcl: set _global_assignment —-name PHYSICAL_SYNTHESIS_COMBO_LOGIC ON

© 2007 Altera Corporation—Confidential Amm
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Asynchronous Signal Pipelining

m Adds pipeline registers to asynchronous clear or
load signals in very fast clock domains

Added pipeline

stage N

RN
\A / \ > aclr > aclr
—‘D (o]’ ? ?
> aclr > aclr > aclr 'I \
[ |
|
—Dbp a : ' P —Db Q] ;
N o y I l
S _—— | :>aclr >ac|r
Global clock delay o ol 7 T
\ !
\
>\ W
<7

Tcl: set_global_assignment —-name PHYSICAL_SYNTHESIS_ASYNCHRONOUS_SIGNAL_PIPELINING ON

© 2007 Altera Corporation—Confidential

120

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation

/AYOTS RYA),



Duplication

m High fan-out registers or combinatorial logic
duplicated & placed to reduce delay

...lD
N

N 0
B0 lm\llD

J---H0R (H---B
N
_— <

100

J---HEN B---[ /B
l"'[lD

Tcl: set_global_assignment —name PHYSICAL_SYNTHESIS_REGISTER_DUPLICATION ON
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Assignments (Logic Options)

m Individual switches applied to 1/O, internal nodes
or hierarchy blocks

m Use Assignment Editor to manage assignments

m Example assignments
— Optimization Technique
- PCII/O

m Must perform at least analysis & elaboration to
obtain hierarchy & node information

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Assignment Editor (AE)

m Provides spreadsheet assignment entry & display

— Can copy & paste from clipboard

¥ Quartus II - D:falteraf!1fqdesignsifir_filterffir_filter, - filtref - [Assipnment Editor ,
File Edit View Tools Window

Assignments Menu

o =][E

&

k|

+  Cateqgory: “F\ll

Sort on columns

N

Assignment
Editor
toolbar

Edit:

-F + Mode Filker: Click the Mode Filker button to view more options

ﬂ| ﬁ all d) Timing ‘ * Logic Optiuns|

/| [ Location

© 2007 Altera Corporation—Confidential
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L Enable/disable
+ Information: | Assigns alocation on the device For the current node(s) andjor pinis). indiViduaI
P assignments
Assignment Marme Yalue Enabled
Location PIN_i1 ves  , 7
Clock Settings clocka Yes &«
Clock Settings clockh Yes
Mulkicycle z Yes
Location IOEANK_1 Yes
10 Standard S5TL-2 Class 11 Yes
10 Standard 3.5 LVTTL Yes
I Standard 3,5 LVCMOS Yes
I Standard 2.5 Yes
Lacation IOBAMK_4 Yes
Location [OBAME_4 Yes
Reserve Pin &5 input kri-skaked Yes
PIN_E14 s
Location PIN_C13 Yes
Lacation PIM_Z15 Yes
R
Customizable
columns




Cross-Probing to Assignment Editor

O Vi rtu aI Iy aI | Wi ndOWS & ¥, Quartus |1 - D:falteraf71/qdesigns/fir_filterfir_filter - filtref

File Edit Wiew Project Assignments Processing Tools  Window Help

tools cross-probe 5= et BEYTTT

Project Mavigator - X

(locate) to Assignment | [ogeeie ]

Cyclone: EF1CEF 266CE

' = 2 filtref 162 [58]
Ed|t0r = 40 [40)

- bt tapsingt

gbc state_rmiinst] ara

m Examples ST —
— Project Navigator f eukins 5o Top vt ny
— Message window
— Compilation Report
— Design files

Locake Locate in Assignment Editar

Create Neu.\l LogicLack Region Locate in Timing Closure Floorplan
Export Assignments. . Locate in Chip Planner {Floarplan & Chip Editar)
Sek as Design Partition Locate in Resource Properky Editor

Locate in Technology Map Yiewer

Locate in RTL Viewer

Locate in Design File

Expand Al
Print Higrarchy

Print All Design Files

V

To invoke Assignment Editor: epertie

1) Highlight object/message pen in Msin Window

2) Right-click At

3) Select Locate = Locate in evanUnis ]
Assighment Editor*

*Note: Assignment Editor pre-filled with target node/pin name

© 2007 Altera Corporation—Confidential mm
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Using Assignment Editor

# Quartus 11 - D:falteraf?1/qdesignsifir_filter/fir_filter - filtref - [Assignment Editor]

File Edit ‘iew Tools Window

@ 2 + Cateqgory: |P.II

A +  MNode Filker: Click. the Mode Filker butkon ko wiew more options

ﬂ| ﬁ all é- Timing| #* Logic Options|

e +  Information: | This cell specifies the destination name For point-ko-paint assignments, For single-paint assignments, this cell specifie
2 e | |
=
| From To Assignment Mame Walue Enabled |
Sl ek
= > ok Qua : faltera [ desig = = : i D = fito L]
3 el File Edit Wiew Tools ‘Window
clkx2 x|
. T Category! Al - all ¢S Timing | % Logic Options
Double-click cells d = L | Bl | |
® 7 ; ; ;
= + Node Filker: Click the Node Filker button to view more options =
to edit or type reset Jg Double-click to select
H ek il e Information: | Assigns a location on the device For the current nodeds) andfor pings). A
name directly dis] 4 /| assignment from drop-
x|
Edit: i
Sl | 5 resst ' oo /| down menu & set value
< [|[E T yn_ouk
12 me |Fr|:|rn Assignment Mame e Enabled
13 L yvalid i !Locatinn (Accepts w + fes
i e clkxz :E!_z_ {Accepts wildcards/groups) I
15 riest = Logic Zell Insertion L
16 LLNEWE> H LogicLock Fegion Location |
o LogicLock Fegion Membership Exceptions |
[ LogicLock Region Options |
/I % LogicLock Fegion Priority |
o LogicLock Routing Constrainks File Manme
LaU nCh nOde 2, Manual Logic Duplication 1
. £ Maxinumn Clock Arrival Skew (Aocepks wildcards/aroups) i
fl nder or seIeCt - Maxirnurn Data Arrival Skew (Accepts wildcards/groups) B

from assignment
groups

© 2007 Altera Corporation—Confidential

Maxirumn Delay (Accepts wildcards/groups)
Maximum Fan-Cuk
Minimurm Delay {(Accepts wildcards/groups)

Multicycle {Accepts wildcards/groups)
| Multicycle Hold {(Accepts wildcards/groups)

Minimum tco Requirement (Accepts wildcardsfgroups) =
Minimurm tpd Requirement: {Accepts wildcards/groups) -
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Editing Multiple Assighments

m Use Edit bar, auto-fill, copy & paste

€ Quartus Il - D:falteralf71/qdesigns/fir_filter/fir_filter - filtref - [Assignment Editor*]

W

Edit  Wiew Tools

Wimd o

A
X + Category: |

Pin

A + Mode Filker: Click the Mode Filker butkon ko view more options

ﬂ ﬁ Al | (b Timing | #* |ogic Options |

= fies the If dard of i d Famil diff ! d Edlt mUItIpIe I/O h diff

+|  Infarmation: Specifies the IJO standard of a pin. Different device Families support different 100 skan ith diffe

standards at once
2 e oS [55TL2 Class T < -
To Location I/ Bank, I/ Skandard General Function Special Function Re
1 =l 35 LWTTL
2 m#d IOBAME_1 1
3 LE=resek ICEAMNE_4 4
4 5 vn_out IOBANK_4 4
5 L vl PIN F14 3 Rop: 110 LYDS38piDO1IRS
& oz PIN_C13 % Column Ijo LYDS33p
7 I newt PIN_C15 3 Bieoh 1o LYDS36p
] L Lnew s> LLnew = [FiLL]
Auto-fill multiple
adjacent cells

< >

© 2007 Altera Corporation—Confidential
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Node Finder -:g;*p

Search by name Use filter to select the type Displays nodes meeting
using wildcards of nodes to be displayed search criteria
(? or ™)

Ne e Finder,

Marned: |“ j Filter: |Fins; al j Cuztamize. . | Ligt |Q

Look o | =) Pins: all & Registers: post-fitting - W Include subentities Cancel
Fegisters: pre-synthesis
odes Found: Reqisters: post-fitting
. . igrr| Desion Entry [l i
Locate nodes in a certain |~ Home e s oot
. 2 -2 | Pazt-Compilation
|eV6| Of hlerarChy = clkx2 PIM_H1[SignalTap II: pre-synthesis
i d Unassig SignaITap |I: post-fitting =
i do] PIN_C7 SignalProbe
= d[1] FIMN_BY
= d[2] PIN_GZ
=3 FIMN_HS >
= 4] FIM_i8
> [5] PIN_D7 | Select nodes on left &
= d[R] FIMN_MNT
e FIN_D _<| 1] |use arrows to move to
List of found nodes in selected entity i « the right
& lower levels of hierarchy PIN_G16
_ Unaszigned -
o yr_out{ll] PIN_EEG >
L yr_out[1] PIM_E1
I yr_out[2] PIN_D5
A e A0H PIKl F7
< > £ >
© 2007 Altera Corporation—Confidential Alm
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Assignment (Time) Groups

m Assigns named to user-defined group of nodes
m Allows single assignment to constrain entire group

r— Create & Name Group

9 Device.., Assignment Groups @

'@ Bins

Aszignment group name; my_grou - Create. .. Delete Rename... Dielete Al
2-4’ Timing Analysis Setkings. .. ? draup b-roup J | | | |
Frd ;

& EDA Tool Settings. .. Members:

- Settings... Ctrl+Shift+E datza i Add

datab_in®

Classic Timing Analyzer wizard. .. \

& assignment Editor  CEA+Shift+a
< Pin Planner Ctrl+Shift-+ Members Add Members E

Remaove Assignments. .,

Type or zelect one or more node name(z] and/ar wildcard characters
_ and/or aszighment groups to add to the members of the azsignment group.
i‘i‘- Back-Annotate Assignments. ., Exceptions: kultiple names must be whitespace delimited.

dataa_in[7]
Namefsh  |dataa_ird

&%, Impart Assignments... datsb_in[7]
Assignment {Time) Groups... 3 ]9 | Cancel |

@ Timing Closure Floorplan
@ LogicLock Regions Window — Alk+L
ﬂ?lil Design Partitions Window — Alk+D

Export Assignments. ..

Excluded Members

QK. | Cancel |

© 2007 Altera Corporation—Confidential Alm
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AE Dynamic Checking

m Validity of constraint checked during entry

m Color-coded to display status

— Black — applied

Dark red — incomplete
Bright red — error/illegal value
Green — enter new assignment

To Bssignment Mame Walue Enabled
T yn_out Location IOBANK_2 Ves
L yvealid Lacation FIM_75 Yes
Ty
k. Clack Settings clk Yes
6 unknown_clock, Clock Settings clkz Yes
Clock Settings clkz Yes
Mulkicycle z Yes
DS Frequency 1MHz Yes
Minirmurn Current Yes
I/ Standard LWiZRi0s Yes
T yn_out 1;0 Skandard LYCMOS Vs
L yvealid I/ Standard MVES
e = e =

< ENEWN
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Assignment Editor Features

m Category bar @

= Node Filter bar ¥

m Information bar (&

— Filters displayed constraints based on category
® Ex. Pin assignments, timing assignments

— Filters displayed constraints based on node name

— Displays descripti_on of selected cell or assignment

% Quartus Il - D:/falteral#1/gdesignsffir_filter/fir_filter - filtref - [Assignment Editor®]

File Edit “iew Tools ‘Window
x|
@ ” Locations
= o PFin
& 3 Edge
= o Logic cell
= PLL
= | I Show assignments for specific nodes:
= O check all
&
Af ] Uncheck &l
& T Delete al
o =
€ =
_| | | This cell specifies the source name for point-to-point assignments. Altera recommends using the Mode Finder to assign a source name. This field is
g;’ i available only For point-to-paint assignments. Use the Destination Marme {Ta) colunn For single-point assignments.
» ES
o
Y hl s
il &
= =
& =
X
«» || Edit: *| |
To Assignment Mame Walue Enabled B
1 el Location ‘fes
z k. Clack Settings clocka ‘fes
& e 2 Clock Settings clockb fes
4 e el el M lkicaele 2 War .
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AE Tcl Commands

Type | Flag |Hessage |4\
Info: set_location_assignment -to clk
Info: set location_assignment -to clk -remove Messages WlndOW
Info: set_location_assignment -to clk

Info: set_instance_assignment -name I0_STANDARD ™3.3-V LVTTL™ -to ywalid

Info: zet_instance_assignment -name I0_STANDARD "3.3-V LVTIL™ -to clkxE

Info: zet_instance_assignment -name I0_STANDARD "3.3-V LVTTL" -to hewt

Info: zZet_instance_assignment -name I0_STANDARD "3.3-V LVTIL™ -to yn_out

Info: zet_instance assignment -name I0 3TANDARD "33TL-z CLA3ZS II™ -to reset

Info: zet_instance assignment -name I0_3TANDARD "33TL-Z CLAZS II™ -to yn_out

Info: zet_instance assignment -name I0_FTANDARD "33TL-Z CLAZS II™ -to ywalid b
Sj,lstlfzml.-{I Procesging .}". Eutra Info I]'-.Ilnh:u .}". YW arning .}". Critical " arming .}". Errar .}". Suppreszed I}-.IFIag .'"(

|Message: 0 of 22 J ﬂ | J

et eee

m Equivalent Tcl commands displayed as assignments are
entered
— Manually copy to create Tcl scripts
— Export command (File menu) writes all assignments to a Tcl file

© 2007 Altera Corporation—Confidential Amm
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Export CSV File Assignments (Excel)

O mew... Chrl+N
E open... Chr+0
lose Chrl+F4

@ Mews Project Wizard. .,

I?E.,'?? Cpen Project... Ckrl+3
Convert Max+PLIS II Project, ..
Save Projeck

Close Project

Create | Update

— Import data into Excel

m Export to CSV file (File menu)

Frorm To
~ AT A~
d[7]
d[E]
d[5]
d[4]
d[3]
d[2]
d[1]
d[0]

e — T ——— yn[?]
yn[e]

[0 Pag Save in; | ) fir_filker £f EE- YH[E]
g Prir ) 5 = yn[4]
Eri D 2 Filtref
= My Recent Yn[S]
Documents 3-'r'|[2]
Re =
@ o0
Re Dresktop YH[D]
clk
Exif reset
tyw Documents et
<8 wvalid
= hixt
tdy Compuiter
\ yn
NJJ clk input data
My Network  Fie name: =] Expor rult_mega:ud[* accus[*
Save a3 lype: |Cumma Separated Yalue File [*.cav] j Cancel Clk

Assignment MName
Lacation

Location

Location

Lacation

Location

Lacation

Location

Location

Location

Location

Lacation

Location

Lacation

Location

Lacation

Location

Lacation

Location

Location

Lacation

Location

Lacation

Dutput Maximurm Delay
Input Maximurm Delay
Cut Timing Path
Clock Settings

“alue
PIr_ LS
PIr_ 14
PIr_H4
PIM_EG
PIN_F1
PIF_H3
PIN_J6
PG4
PIM_F2
PIr_H2
PIN_LG
PIN_G2
PIM_ 12
PIr_51
PIM_J13
PIr_H1
PIR_ 12
P _L2
PIM_ L3
PIN_KB
PIM_EA
PIR_AS
4ng
7hs

n

clk
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Example Assignments

m Optimization Technique
m PCI I/O

© 2007 Altera Corporation—Confidential
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Optimization Technique

m Selects synthesis optimization goal

m Applies only to hierarchical entities

m Effects synthesis & logic mapping

— Speed

— Balanced (default)

— Area

— Locate from Project Navigator
— Drag and drop into Assignment Editor

m Only applies to Quartus Il integrated synthesis

Frorn

= SME

To Assignment Mame Yalue Enabled
W= acc:bav_inst3 Ophimization Technique -- Skraki 11 Speed Yies
ENEW == MBI

Tcl: set _instance _assignment —name STRATIXII_OPTIMIZATION_TECHNIQUE SPEED —-to <node name>

© 2007 Altera Corporation—Confidential
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PCI1 1/0

pins

in the I/O elements

VCCIO
m Turns on PCI compatibility for Z5— pion e
. . _ VCCIO
— Ignored if applied to anything other Programmable
. . : +— Pull-Up
than a pin or a top-level design entity Resistor
m Controls clamping diode located \I
Inpedance
Matching/
¢ on-chip 1<
Termination
To fssignment Mame Yalue Enabled
£ vn_auk[0] PCI IO on Yes
£ wn_out[1] PCI IO on Yes
£ wn_out[2] PCI IO on Yes
£ wn_ouk[3] PCI IO on Yes
L ENEW == LENEWEF

< ENew x>

E———

Tcl: set_instance_assignment —name PCI_IO ON —to <pin name>

© 2007 Altera Corporation—Confidential
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Available Logic Options (Assignments)

E? Quartus Il Help Version 7.1

& ol &
Locate  Back Horme Print  Qptiohz
o= = S [ = [ = [ [
Contents  Index lﬁearch] Favu:urjtes] L = L L= L o = il
A Welcome Design Constraint  Synthesis Fitting Simulation Timing Progran... »
Tupe in the keyword ta find: B Desion Flow - to the Gu... Entry Eribry Analysis
|lngic optiors, list of &
I Shiowe Al
logic options ” tH . .
creating assignrments = Logic options
:'_3'5"'_3 éi"““ti_‘*“es» definition The following table lists the logic aptions that are available for all Altera devices.
g eclion
[zge aleo Boolean equationz)
k = = = =
: r?;;m for Logic Option Device Family Support
logfz synthesis Add D and Q@ Ports of Register Node to All Altera devices
ge also Integrated Synthesis) Simulation Qutput Waveforms
Stl.of. : i Add Pass-Through Logic to Inferred RAMs All Altera devices
Add To Simulation Output Waveforms All Altera devices
1) Go to Quartus Il Help s Alias All Altera devices
(IndeX) Allow Any RAM Size For Recognition supported device families
o . Allow Any ROM Size For Recognition supported device families
2) Type in |Og|C Allow Any Shift Register Size For Recognition supported device families
H 3 M 5 =
Optlons Allow RAM blocks to use LAB location for Stratix IIT devices
. cns ’ memory _ N
3) Double-click “list of Allow register retiming to trade off Tsu/Tco supported device families
LR, LT AT LT M - —
[see Tel) . _ _ Allow Synchronous Control Signals supported device families
LogicLock Import File Assignments dislog b Allow XOR Gate Usage supported device families
LogicLock region azsignments Al Enable I t Buff e
(556 akci boiel mekieqione] ways Enable .npu u EE’SI . supported device families
about back-annotating Asynchronous Signal Pipelining Reqister Reach All Altera devices
back-annatating re: Auto Carry Chains All Altera devices except MAX 3000, MAX 7O00AE,
lngic: options A¥ 7000B, and MAX 70005 families
R Supported devices suppor‘tecJI cJIe'\.-?ce Eam?!?es 2
shown for each 4
a33|gnment
© 2007 Altera Corporation—Confidential Alm
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Updating QSF File

m QSF not updated automatically when constraint entered
or Assignment Editor is saved

m QSF updated when

— Project is saved (File menu)
— Beginning of compilation

m Change behavior to updating assignments immediately

(Tools menu = Options = General = Processing)
—  Will impact software performance due to file accesses

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Design Assistance

m Quartus Il tools available to help improve designs

m Design Assistant

m Optimization Advisors
— Resource
— Timing
— Power
— Incremental Compilation
— Compilation Time

© 2007 Altera Corporation—Confidential Am
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Design Assistant

Settings - filtref

Categaorny:
General
Filez
Libraries Specify the potential design problems that pou want the Design Azsistant to ched > If enabled’ exeCUtes
; or a category of design problems. . . . =
deicel o . . aa e fesan e automatically during compilation
+- Operating Settings and Conditions
+- Compilation Process Settings I Run Design Aszistant duning Cgmpﬂatign‘—f > May also run separately from
+- EDA, Toool Settings s
31 Analysis & Synthgesis Seltings Select the rules pou want the Design Asziztant to apply to the project; ProceSS| ng menu
+|- Fitter Settings - 2
+1- Timing Analysis Settings
Azecble [w] Rule C101: Gated clock should be implemented according to the Altera standard scheme
.
S'grj'a &p I Logic Analyzer || Fule C103: Gated clock is not feeding at least a pre-defined number of clock port to effectively save pover @ 30
Logic Analyzer Interface — 3 . :
5. Simulator Settings || Fule C104: Clock signal source should drive only input clock ports
PowerPlay Pawer Analyzer Settings Rule C1085: Clock. signal should be a global zignal : 25
| Rule C106: Clock signal source should not drive registers that are tiggered by ditferent clock edges
+[+] Reset
+-[w*] Timing closure
. +-[w#] Moresprchronous design structure
B Checks for potential [
deS|g N Issues [w] Rule 5101: Dutput enable and input of the same tri-state node should not be driven by same sighal source
CIOCkS E\Z‘_‘. Rule 5102: Synchronous port and asynchronous port of the same reqister should not be driven by the same zignal zource
Reset :
Non_'synChronOUS +-[w] Asyrchronous clock domains
design structure TR b
Timing closure |
Asynchronous clock — |
domain data transfers kel
Signal race conditions oK | Canee |
HardCopy ks
FSM
© 2007 Altera Corporation—Confidential m
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Optimization Advisors

erffir_filter - filtref

m Provide design-specific Wnson e |
. ED Sirmulakion Tool b @ @ - .::; . hﬁj
re CO m m e n d at I O n S Fun ED Timing Analysis Tool
(fe ed baC k) O n Opti m izi ng E Launch Design Space Explorer
03

d es ig n S ¥ TimeQuest Timing Analkyzer
m Five types

Advisors k ':é}, Resaurce Optimization Advisar

':é}@ Tirning Optirization Advisor

) ) ) @ Chip Planner (Floorplan 8 Chip Editar) ':.ﬁ} o -
— Resource usage optimization Natlst Viewers p| ¢ Bower Optimization Advisor

':é},; Incremental Compilation Advisor

— T| m|ng (perform anCG) i SignalTap I Logic Analyzer ':,gl Compilation Time Advisor
Opt| m |Zat| on &= [n-3ystem Memory Content Editor
. HI. : [®] Logic Analyzer Inkerface Editor
Power Optl m IZB.’[IO.FI . 28, In-Svskem Sources and Probes Editor
— Incremental compilation SignalProbe Fins...
suggestions B> programmer
— Com p| Iat|0 n t| me I’ed UC“O n \ Megaizard Plug-In Manager. .,
5 SOPC Builder. ..
Tcl Scripts., ..
Cusktamize. ..
Qptions, .,

License Setup...
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Example Optimization Advisor

File Edit Tools ‘Window

Problem area
identified

'gi Tiring Sumrnary
",‘iﬂl How ko use the Timing Optimization &

+ ”,‘iﬂl General Recommendations
= Maximurn Frequency (Friax)

Three stages of
recommendations
to try in order

wd  Optimize for speed

_l\, Optimize specific clock domair
wd Turn off restructure multiples:
_l\, Use netlist optimizations

wf Turn on Auto Global Clack,
/P Use global clocks

|- 0y Stage 2

_l\, Turn on Ignore LCELL Buffers
_l\, Use physical synthesis optimi:
i‘ifl Fun the Design Space Explore
|- ¥y Stage 3

_l\, Change stake machine encodi
wd Flatten the hierarchy

wd Perform final placement opkir

“A) Set high synthesis effart

_l\, Duplicate logic For Fan-out cor
_l\, Use LogicLock region assigrim
_l\, Use location assignments & b
_l\, Set maximunn rouker effort

Green checkmark
indicates settings
already in use

/Py Awoid unrelated logic register
i‘ifl Cphimize source code

+- B T} Timing (ksu, koo, tpd)

+- ¥ Hald Tirme & Minirurn Delay Tirming

£ >

® Quartus Il - D:falteraf71/qdesigns/fir_filter/fir_filter - filtref - [Timing Optimization Advisor]

Specify Fitter effart

Drezcription

Summary

Action

Recommendation | Lse Auto Fit ar Standard Fit ba meet timing requirements.

Y'ou can adjust how much effort the fitter uzes to get a fit on vour design. Standard fit
will try ko masximize the design's timing performance. Auta Fit will by to meet a design's
timitig requirements without zpending extra effort to exceed those requirementz. The
fazt fit feature reduces the Fitter effort 2o that compilation time is shorter, but timing
performance may be reduced.

Recammended changes have unknown effect on logic element uzage, compilation
tirme, and maximum frequency [fmax] for the desigh.

Set the Fitker Effart to Suto Fit i it iz curently set to Fast
Standard Fit if it iz currently set to Auta Fit in the Fitker Se
dialog box [Aezighments men).

Description of
recommended
settings

Mo action iz needed for thig recommendation. The recaor

made.

Current Global Settings:
Fitter Effort = STAMDARD FIT [Recommended: STAMDARD FIT or Auto Fit)

Open Sethings dialog box - Fitter Sethingz: page

Links to adjust settings
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Exercise 4 Demonstration
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Settings & Assignments Summary

m Settings & assignments allow a designer to control how a
design is synthesized, placed, & routed

m Use the Settings dialog box to adjust project-wide
settings

m Use the Assignment Editor to enable/disable individual

assignments targeting hierarchy blocks, internal nodes, or
/0O

m The Quartus |l software provides features such as the
Design Assistant & Optimization Advisors to help improve
design results

© 2007 Altera Corporation—Confidential Am
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Design Analysis Support Resources

m Quartus Il Handbook chapters (all Volume 2)

— “Area & Timing Optimization”

— “Power Optimization”

— “Assignment Editor”

— “Netlist Optimizations & Physical Synthesis”

m Training Courses and Demonstrations
— Optimization Advisor demonstration

© 2007 Altera Corporation—Confidential
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Quartus Il Software Design
Series: Foundation
I/O Planning
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I/0 Planning Need

m |/O standards increasing in complexity
m FPGA/CPLD I/O structure increasing in complexity
— Results in increased pin placement guidelines

m PCB development performed simultaneously with FPGA
design
— Sometimes before!

m Pin assignments need to be verified earlier in design
cycle

m Designers need easy way to transfer pin assignments
into board tools

© 2007 Altera Corporation—Confidential Alﬂ-;m
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I/O Planning Agenda

m Assigning Device |/O Locations
m |/O Assignment Analysis

m Early 1/0 Planning Methodology
m PCB Tool Support

© 2007 Altera Corporation—Confidential

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
147



Assigning Device I/O Locations

m Pin Planner

m Import from spreadsheet in CSV format
m Type directly into QSF file

m Scripting

m Using synthesis attributes in HDL

Note: Other methods/tools are available in Quartus Il to make 1I/O assignments. The above are the most common or recommended.

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Pin Planner

m Interactive graphical tool for assigning pins
— Drag & drop pin assignments
— Set pin I/O standards
— Reserve future I/O locations

m [hree main sections

- Package view Assignments Menu =
— All Pins list Pin Planner

— Groups list

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Pin Planner Window

& Quartus Il -

D:falteraf 11 fgdesigns/fir_filterffir_filter -

filtref - [Pin Planner]

File Edit Wiew Tools Window
& | | =5 Top View - Flip Chip
Stratix || - EP2515F484C3
[:@; Mode Mame
@, A d[7..0] | | ==x]
4 ELTeEL G /30000 orATo000 5h
<<new node’ > A eo o ooodom coece{ﬁ_
niafeYstateTatatotnlninfakslateTaXargin
:@: DDGQDG&D&OGOED{)AGG@ [
B g e R s bt et Rl c Eurba Tt e Lol DY
= . DDADDOQQO\E\,’;’\OOOOOADDD
BB ninlnlnletaTs AN e TeTelotalnt DI DIRID;
roups IS
=4 DDDDDDG[\G{)DOA@VODDDDD_ [==5]
NOCADDTT L D
=, R e O CEC
&mm W&DD i DoAY Al
— N <> v /01 ME
5 IZI]DZIEI]III DD oo Omm
“ AT DT N, NHCBRE DD
e d B BB B B D LR & DD AD
CoC oo ooy oo oo ool 0
s CCADDOC oo 080 000D
D28 R800583 055020
[l B nli .
i ; Rpe0s80ss038R09009A] Tackags view
= Toolbar B Reesovenntdesses] (Top or Bottom)
< > =T |
=)
2 Hamet: ] | «| Edit ¢/ | Filter: [Pins: all ~|
El Mode Name Direckion Location 1/ Bank vref Group 1/ Skandard A
2 1 e dk Inpuk 3,3-Y LYTTL {default)
F z e ke Input 3,3-Y LNTTL (default)
wh 3 = d7] Input 3,34 LYTTL (default)
- 4 e de] Input B . 3,3-Y LNTTL (default)
= | s o dE] Input All Pins list 3,34 LWTTL (default)
& e d4] Input 3,3-Y LNTTL (default)
i e 3] Input 3,3-Y LNTTL (default)
gls me d2] Input 3.3V LNTTL (default)  »
% < »
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Pin Planner Window (cont.)

m Package view
— Displays graphical representation of chip package
— Use to make or edit design I/O assignments
— Use to locate other package pins (i.e. power & configuration pins)

m All pins list
— Displays pins as indicated by filter
® Buses are auto-expanded
— Use to edit pin settings/properties directly

m Groups list
— Similar to All Pins list except displays only groups & buses
— Use to make bus and group assignments
— Use to create new user-defined groups

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Assigning Pins Using Pin Planner

% Quartus Il - D:Jalteral71Iqdesigns/fir_filter/fir_filter - filt... [= |[B][X]
File Edit Miew Tools ‘Window

% Quartus Il - D:Jalteral71 fqdesigns/fir_filter/fir_filter - filt... [2 |[B][X]
File Edit Migw Tools ‘Window

. . 11~ | B L L= L= ~
Drag & drop single pin; /- I~ / VAR
tooltips provide pin Erom A DEDIDID, i ; P
information B O@@@ R
CNOT A -
— S @ @ <honer @ PIN_R1S (Row /0, DIFFID_T=5p)
The pin iz azzighable 0
= OO D, BE
M ||/O A y
N OJCYLNDID)" ¥i3dD,
oy ‘
5 @ ©@© 1p) [nr[eq w
— L <nones @ PIN_M2 [Dedicated Clack, CLE11p, Input]
The pin iz azzignable
N (LTl beeeeldomm -
L "
< ¥ £ =
ilNamed:E - | g Edit xlq f“tEfilPins: all | - ilNamed:E ﬂ s Edit mu|t?pr|aegh8|(gdh'i|ogphted j_
W Mode Mame Direction Location -~ Mode Name . 5
1 o Tt 1 =S pins or buses
2 e k2 Input 2 e clke2
3 me 7] Tnpuk 3 [
4 I de] Inputk 4 (1 g
5 m= ds] Input S [T
B me d4] Tnpuk f [
7 B d3] Inputk 7 [
gla me 2] Inpuk w 219 ] . .
2« > = Choose one-by-one or pin alignment
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Assigning Pins Using Pin Planner (2)

- filtref - [Pin Planner]

£ Quartus Il - D:falteraf 71 fgdesignsffir_filterffir_filter
File Edit %iew Tools Window

Drag & drop to I/0
bank, VREF block, or

Double-click pin
or /0 bank to
open Properties
dialog box

[OBAMK_2
0 assignedsB total)

total)

Pl

13 14

15

>@V®AA

[DBAMIK,

25 |1|“_.|{'-'_|| 1||+4||

device edge

[OBAME_3 [B azsigned B0 tatal]
[8 input/0 output/0 bidir]

d[4] <Input> & PIN_B16

d[5] <Input: @ FIM_B17

d[E] <Input: & PIN_B18

d[7] <Input> = PIN_B19

d[3] <Inputs & I0BAMK_3

d[2] <lnput> & 10BAME_3

A

d[1] <Inputs @ IDBAME_3
d[0] <Input> @ IDBANE_3

& | ]

OIGIG)

oV
B,
b,
D,

o '@11fo@@@@@0
A LOOIO@ L0 ECKHE
Mode name: d[4 j
| © 0101010100100 DIDIDID!
Reserved: | ﬂ
Properties: - | «s| Edit 3¢ 2 ||:|[3] Fi"E[Z|F’ing: all ﬂ
M ame | Walue | ode Mame Direckion Lacation 1/0 Bank. Pimf aaaign_ed
[/0 Bank K] 7] Trput FIN_E19 3 E::g mistmgned
General Function Colurmn /0 ] Input PIN_BE13 3 Pinz: output
Special Funchion DOSKI1T ] Tt PIN_E17 3 Pinz: bidirectional
Pad ID 345 4] Input PIN_E1G 3 .
WREF Pad ID A4 ) Tk IOBANK. 3 5 fcuslnmlze»
5] Input IOBANK_3 E /
1] Tnput IOBARME ] /
oK Cancel ] Inpuk IOBAME Fll_ter nOdes £
| displayed >
|
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Assigning Pins Using Pin Planner (3)

m Select available locations from list of pins color-

coded by I/O bank

= Named: [f |« Edt 3¢ | Filter: | Pinz: al -]
Mode Mame Direction | Location I/0 Bank Wref Group I/ Standard s

10 L yn_out[s] Output I j 3.3-Y LYTTL {deFault)
11 ¥ yn_out[S] Output PIN_AA17 I/ Bark & Column IfO DO513B/002E ~L
12 ¥ yn_out[4] Qukput PIN_AALS I/O Bank & Caluran Ij0 DQ5ni3E 1
13 40F yn_ouk[3] Dubput PIMN_AES I/ Bank 7 Column I D76 B
14 4 wn_ouk[2] Cukbput PIMN_AR& I/0 Bank 7 Colurmn I 1
15 I yn_ouk[1] oukput PIN_AET I/ Bank 7 Colurnn I DQ9E i
16 o wn_ouk[0] Cukput PIN_AES I)0 Bank. 7 Column IO D9

2|17 cemew node == PIMN_fB10 I/ Bank 10 Colurnn IfC PLL&_CUTOR : "

ol PIMN_AB13 I/0 Bank & Colurmn IO CLE4p w

F
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Reserving I/O Pins

m Type reserved I/O name directly into Pins List &
select reserve configuration

Az oukput driving an unspecified signal
&5 output driving ground
Az oukpuk driving WO

2| Named: E v | @ Edit 3 /| |As input bi-stated Filter: | Pins: all -l
Mode Mame Direction Locatian 1/0 Bank Wref Group I Skandard Reserved A
17 I yn_out[4] Cuakpk 3.3-Y LYTTL (default)
15 I yn_ouk[3] Cuakpk 3.3-Y LYTTL (default)
19 I yn_ouk[2] Cuakpuk 3.3-Y LYTTL (default)
20 I yn_ouk[1] Cuakput 3.3-W LYTTL (default)
21 & yn_ouk[0] Cuakput 3.3-W LYTTL (default)
22 j Cuakput 3.3-V LYTTL {default) -
23 I my_reserved_pin Inpuk 3.3-Y LYTTL {default) ﬂ |
Blz4 =
% < s bidirectional
‘&5 input bri-skaked

m Or right-click on pin in Package View and choose

© 2007 Altera Corporation—Confidential
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Back-Annotation

m Use to lock fitter-chosen
(green) pin assignments

Back-Annotate Assignments

eck nelsiontast - [Defaut = for future compilations
Agzignments to back-annotate C . d . &
— oples deviCe &« resource
] t . .
3 e — - locations chosen by fitter
Q) Pin, n:EII Ec dewce aamgnments into QSF f||e
[0 Demote cell azzsignments to: |LAB: =1 o Pi
) Pin, cell, routing & device assignments INs
O PLL location assignments () Logic
Delay chaine .
Reszource Allocation aszighments i ROUtlng
DSP Balanci 13 ” z
ot P m “Locks down” locations
Global Signal 1
Auyto Packed Registers bl In ﬂ OO rplan
Green/red hatch
Save intermediate spnthesis results H @-—@' @*@'@@ indicates back-
| Save a node-level netlist of the entire design into a persistent source file ] v B'D'A@_@ annotation

e | | " roDBDDBBED

ok Cancel | - % ---------- A """ <

_ o AERE AN\ AN /N
.\ M

ssighments Menu | !iE E@ W\@/@E}
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Pin Planner Features

m Displays ® 1 2 3 4

— Device edges B [T
— 1/0O banks differential pairing

- VREF groups - ey b :
. :

— Differential pin pairing
m Easy-to-read pin =
legend S F

Symbol | Fir Type

Uzer1/0

|Jzer dzsigned 1/0
Fitter szsigned 140
|zer and Fitter Aszzigned /0
Unbonded Pad
Reserved Pin
Qther Configuration
DEY_OE
DEWV_CLA

DIFF_n Input
DIFF_p Input
DIFF_n Output
DIFF_p Output

oo

Das

Other PLL

COCREREEOeCSee

View = Pi

n

al Puipoze

Legend

CLK_p v

£ ¥
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Pin Migration View

Pin Migration ¥iew

Select migration devices in Device Settings

View & compare pin function differences
between migration devices

Package View adjusts to prevent non-
migratable assignments

Before adding

migration device :>

T

/1@

WREFGROUP_BG_NO W @M@ @ A

{0 ass by aecl20 ol

EE] hpoo0

B0

Current Device: EP2515F484C3

View = Pin Migration View

_ Migration Result Migration Devices e
Fin EP2515F454C3 EPZSa0F45414
Murnber Fin 1/0 WREF Pin [/0 YREF Pin [0 YREF
Function Bank | Group Function Bank | Group Function Bank | Group
1 FIMN_AE Coluran 10 |4 B4 N1 |Column /0 |4 Bd W1 |Colurmn /0 |4 Bd M2
2 FIM_AT Coluran 10 |4 B4 N1 |Column /0 |4 Bd W1 |Colurmn /0 |4 Bd M2
3 FIM_AS Coluran 170 |4 B4 N1 |Columnl/0 |4 B4 W1 |Colurmn 140 |4 Bd M2
4 PIN_AT0 | Colurn 1/0 |9 B4 N1 |Columnl/0 |9 Ba M1 |Column /0 |9 Ba M2
5 PIN_ATE  |Colurmn /0 |3 B3 MO |Column /0 |3 B3 MO |Colurmn /0 |3 B3 M1
B PIN_A17  |Colurmn /0|3 B3 MO |Column /0 |3 B3 MO |Column /0 |3 B3 M1
7 PIN_A18  |Colurmn /0 |3 B3 HO |Column /0 |3 B3 MO |Colurmn /0 |3 B3 M1
5 PIN_A19  |Colurmn /0 |3 B3 M1 |Columnl/0 |3 B3 M1 |Column /0 |3 B3 M2
[u] nlhl_hk“ Lol 'l l'\"'\_ll'l | * Lol k'l I'\"'\_I.I'I I * Lol L'l I'\"'\_I.I"'\
10 PIM_AA4  |WREFBYMZ |7 Coluran /0 |7 BY_M1 |[WREFBYMNZ |7 BY_M2 u
LI L -1 Q) 11T P S L L] 101 P L ) L RS B SEmEN
12 PIM_AA12 | Column /0|8 Ba M1 |Columnl/0 |8 BE M1 |Column /0 |8 BE_M2
17 DIkl AATD I Ah e 1O (=] (=Ll L | Tl 1O [n] oo ki Telimae IO (=] oo kI W7
Device... PinFinder.. | [ [v Show migration differences
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Additional Pin Planner Features

Pin Finder X
. P I n FI n d e r .-’-‘-.Iln:ndws _I,Idn:nu_ ko gpecify conditions ta find specific ping in the package view
and pad wigw
— Locate pins meeting user-defined Query
criteria with Pin Finder (Edit menu Condor. e L

<< new conditians >

Assignment Unazsigned
— Use to find compatible pin locations

Fiezult; 48 pins meet the conditions

| Findrhighicht |
or nght-c“ck) Current Strength 16, Delete
_ ClerResuls |

— Found pins highlighted in Package 48 pins in |0BANK_3
VI ew Clear Results
Cloze |
Customize Filter
Fiter: ter: |F'ins: all j
P Finz: azsigned
|L|nassignen:| CRchY) Dutputsj Mew Delete | Finz: uhaszzigned
Finz: input
Fins: output

Guery: Fins: bidirectional

Condition Y alue | Finz: all

Drirection Qutput

Azzignment [naszzigned B S '}

I/0 Standard AW WTTL :

L<hew condition: .

m Custom Filters
oK Cancel — Create custom filters for All Pins
list
© 2007 Altera Corporation—Confidential [—
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Show DQ/DQS Pins (View Menu)

m Show color-coded DQ/DQS sets in x4, x8/x9, x16/x18, or
x32/x36 modes in the Package View

. 1 2 m 11 12 12 14 15 16 17 18
A N/ A@@@@@VQAA \V/GICIOI0
X2 ¢ | V©©@®®@®Q AOGOOE
BRLARGOEOO O 00O
. 1 2 3 4 5 o] T o % mw 11 12 12 14 15 16 17 18
N OASDOEOON© A AL/ QEGE
89, | A/ CXSOOEE OO OGO OE
JC;5,lYANO0 600 olININZ 0 o 6 O
e eree S /NETERA,
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Pad View

m Floating window to cross-reference package pin location to silicon
pad location
— Assign pins in Pad View based on pad location

dicates flip-chip die

Open Pad View (View menu or
right-click)

Mo 3 s &4 W B s

N
=]
5
&
5
)

@é@
o
<

! I Sy ASEGLA

e

0 © Stratix I i
Sl ®@ EP2S15F484C3 B e Av A@
0

[

1 R VO/::\V@

< > 1 2 3 4 5
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Import/Export via CSV

Assignments Menu

[ Use SpreadSheet Import Assignments

| r t Specify the zource and categaories of assighments to import. Click LogicLock [mport File &ssignments
I to select LagicLack Import Filefs].
Value (.CSV) file to osletLogicLoc Ipar Fisls

Azsignment soLrce

e nte r O r ed It I/O i* File name: |undatinna’IJIIF?_1 fExBAVenlogdin_azsignments. caw J 4
| O Cat i O n S " Use LogicLock Import File &zsigrments @

m CSV column names
must matCh Plln Plan ner [v Copy existing assignments into filtref, gzf.bak before importing
column headings

k. | Cancel

- To
® Pin name
— Assignment Name - | - | -
® Location 1 |To Assignment Mame “alue
_ 2 [d[7] Location FIr_J4
Value ) 3 [d[5] Location FIM_H4
® PIN_<pin_numbers
— 1/O standard
© 2007 Altera Corporation—Confidential =
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Type I/O Assignments & Scripting

m Type pin-related assignments directly into QSF

m [ype pin-related assignments into separate Tcl
— Source Tcl file in project QSF
— Execute Tcl file to write assignments into QSF

e@= Quartus Il - D:faltera/71/qdesigns/fir_filter/fir_filter - filtref - [filtref.qsf*]

File Edit “iew Project Processing Tools Window

Fran £33 Quartus Il - D:/alteraf71/qdesigns/fir_filterffir_filter - filtref - [io_assignments.tcl]
iz |

File Edit ‘“iew Project Processing Tools  indow
iE €= ,a
FEIE Ay 1 n acos

2 get location assigmment IOBANE 4 -to reset
AR e 3 3 1 ion assi IOBANE 4
% % tZ £ 4§ % A ?f:‘ set location assignment 4 —-to - yn out
4 set location assignmwent -nsme REIERVE PIN "A3 INPUT TRI-ZTATED"™ -to me

n o 0 = @ L] set location assigmwent PIN E14 -to ywalid
) 267 | | L, = [ get_location assigmwent PIN C13 -to clkxi

o my| U e - - 7 get location assignment PIN Cl6 -to newt
2 ab =
| | || e T T e T T e T T e TR P T T T T
— 41
. 42 E# Pin & Location Assignments

43 # ==========================

EE! el il el 120 —t.0 1k

45 gource io_assignments.tcl

46 bt
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Using Synthesis Attributes in HDL

m chip_pin

m altera_chip_pin_Ic
— For compatibility with other synthesis tools

entity i1o_ex_vhdl is VHDL Example
port (
data_in : std_logic_vector (3 downto 0);

data_out : std_logic);
end entity io_ex_vhdl;

attribute chip_pin : string;
attribute chip_pin of data_in : signal is *“D4, D5, D6, D7”;
attribute chip_pin of data_out : signal is “E9";

module io_ex_ver (data_in, data_out); Verilog Example

input [3:0] data_in /* synthesis chip_pin = “D4, D5, D6, D7” */;
output data_out /* synthesis chip_pin = “E9”;

Note: Other I/O-related features can be specified in HDL. See Quartus Il Handbook chapter
“Quartus Il Integrated Synthesis” for more details.
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/0 Assignment Analysis Command b

&
I
&,
Processing menu =
Start — Start 1/0
'w | Assignment Analysis
=
i |
El
&
i
Run from Pin
B Planner toolbar

%

© 2007 Altera Corporation—Confidential

—

m Use to check legality of all 1/0
assignments without full
compilation

m Requirements

— 1/O declaration
® HDL port declaration
® Reserved pin
— Pin-related assignments
® |/O standard
e Current strength
® Pin location (pin, bank, edge)
e PCI clamping diode
® Toggle rate

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation Alﬂm 8
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/O Rules Checked

m No internal logic

— Checks I/O locations & constraints with respect to other /O & I/O
banks

— e.g. Each I/O bank supports a single V¢ o

m |/O connected to logic

— Checks I/O locations & constraints with respect to other I/O, I/O
banks & internal resources

— e.g. A PLL that must be driven by dedicated clock input pin

Note: When working with design files, synthesize design before running I/O Assignment Analysis

© 2007 Altera Corporation—Confidential Alﬂ-;m
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I/0 Assighment Analysis Output

Quartus Il - D: falteral71/gdesigns/fir_filterffir_filter - filtref - [Compilation Report - Flow Summary]

@File Edit ‘Wiew Project Assignments Processing  Tools  Mindow  Help g x

M= =) [filtref e EBS L v R o L = R 7
Compilation Report * * & Compilation Report - Flow Summary |

Flow Summary

(Fitter section)
* Pin-out file
* I/O pin tables

C| ¥=3 Compilation Repart

& B Legal Natice
&S5 Flow Summary
5B Flow Settings

5 Flow Non-Def ault Global Settings

Flows Status
Quartus |l Version

Successiul - Tue May 08 16:00:56 2007
7.1 Build 156 04/30/2007 5J Ful Yersion

@% Flows Elapsed Time Fevizion Mame filtref
° i i \ &hB Flowlag Top-lewel Entity Mame filbref
OUtPUt pln Ioadlng* \u. é\_\_j Analysis & Synthesis Farily Stratix ||
H ' Fitter . H
° D EP2515F484C3
I/O rules CheCkIng ST 10 Assignment Analysis Summary Ti.:n\ilfhdodels Final Partlal placement
(£ M
p 5 gw Pi:f;zg;s“e I et timing regquirements MAA reSU |tS a|SO Shown
x = @’_ﬂ Resource Seckion Logic utilization MAA =
iy Tnput Pins Combinational ALUT 3 A3 In floorplan
ER Inp
%g Jutput Pins Dedicated logic registers 58
S:t;s| = ‘?x &HEB 1J0 Bark Usage Total registers 58
g | Pisces &R Al Package Pins Tialel it 22/ 335(7%)
170 Assignment Analysis m %g Migration_ Devices Tatal vitual pins 0
E4ER Output Pin Defaul Load For Reported Totalblock mema bits 07413328 (0%
- &5 IO Rules Section ; =
@g 10 Rules Summary D'SP block 9-bit elements 0/96( IJQ/° ]
SHER 1/0 Rules Details Tatal PLLs 0/6[0%)
@% 10 Rules Matrix Total DLLs af210%)
& 52 10 hssignment Analysis Messages
< ?
£ b

St | mes fhee | Detailed messages on I/O

= Into: Seiened deviee asaration pech camcr wce ¢ vine s | @SSigNMent issues

TV mmnmmmoummimonoocgs=TT o) - Compiler assumptions

B & P et b gt Lt o i e s Bl | - Device & pin migration issues
g%Tem,}\Pmcessingﬂ Ewtralrfo ), Info }, Waming i Criical Waring ), Emor }, Suppressed J Flag / ) I/O bank VOItages & Standards
b
ElMessage:Dof 60 J £| J

|Far Help, press F1 [Tw@ ] Idle

*Note: See Appendix for special reports and information generated only for Stratix Il, Il GX, and HardCopy Il devices
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Question:

How do | validate an I/O pin-out for board development?

m Completed design
— Run full compilation

— Enable option to run I/O analysis before fitting
® Checks for I/O layout problems before starting a possible time-consuming fit

® Settings = Compilation Process Settings = Run |/O assignment analysis
before compilation

m Incomplete design with completed top-level design file
— Run I/O Assignment Analysis on design

m Incomplete or no design files
— Use early I/0O planning methodology (discussed next)

© 2007 Altera Corporation—Confidential m
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Early I/O Planning Methodology

m  Process to produce validated pin layout without
needing design files

m Steps

Create I/O assignments using Pin Planner only
Implement I/O in HDL

Add all I/0 timing constraints

Continue design flow

> o
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1) /0 Assignments Using Pin Planner Only

m Purpose: Verify I/O-I/O relationships

m [asks

— Enter pin names

— Enter all pin-related assignments
® |/O voltage standard
e Current drive strength
e PCI I/O support
® On-chip termination
— Reserve I/O as inputs or outputs based on direction
® Reserve bidirectionals as outputs as typically more restrictive

— Run I/O Assignment Analysis to check
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Notes on Step 1

m Place most restrictive pins first
— E.g. differential pins, double-data rate, etc.

m Assign to I/O blocks or I/O region for more
flexibility
— Let fitter choose exact locations

m As alternative, use spreadsheet or script to enter
/O information
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2) Implement I/O in HDL

m Purpose: Verify I/O in relation to core

m [asks

— ldentify clocks & other global signals
® Use GLOBAL SIGNAL assignment

— Add I/O-related megafunctions & IP and make I/O assignments
® PLLs (ALTPLL)
e SERDES (ALTLVDS - with or without Dynamic Phase Alignment)
® High-speed IP (e.g. RapidlO, HyperTransport)
e DDR/QDR IP Cores

— Set up and create top-level HDL file with all design 1/0O

® Create file manually or use Quartus Il commands to configure and
create automatically

m Run I/O Assignment Analysis to check
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Adding I/O-Related Functions

m Import Pin Planner File (.PPF)

— Used to import /0O names and settings

— Created automatically by MegaWizard when creating I/O-related
megafunctions

— Creates new group in Groups List of Pin Planner

m Two methods
— Import PPF from previously created custom megafunction
— Create new megafunction directly from Pin Planner

m Set up and create top-level HDL file
— Based on only I/O megafunctions and I/O assignments

Note: See Appendix, Quartus Il Handbook “I/O Management”
(Volume 2), and online training “I/O Management” for information
about importing/creating megafunctions through the Pin Planner
and creating a top-level design file.
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3) Add All I/O Timing Constraints

m Fully constrain 1/O for timing analysis
m Discussed in timing analysis section
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4) Continue design flow

m Merge validated pin assignments into another

design project or revision

— Use one project or revision to do I/O verification and another to
start development of internal logic

m Use generated top-level HDL file as basis for
design project
— Remove virtual pins
— Connect internal megafunction ports to internal logic
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“Board-Aware” Settings: Output Pin Load

Device and Pin Options gj

General ] Configuration ] Programming Files ] Unuged Pins] Dual-Purpose Pins ] Voltage]
Pin Placement ] Erar Detection CRC ~ Capacitive Loading l Board Trace Model ]

Specify values for capacitive loading per [/0 standard.

1/0 standards:

Mame Capacitive Loading -
33 PCI 10

33 PCIR 10

Differential 2.5 SSTL Clasz |l
Differential 1.84 S5TL Clazs 1|
LYDS

HyperTransport

Differential LVPECL

33 LVTTL

3.3 LYCMOS

25V

1.8V

1.5V

SSTL-Z Class |
[=1=3 ST

cooooooooooo

Description:

Capacitive Loading tab of Device and Pin Options
button in Device Settings

Specifies output pin loading in
picofarads (pf)

— Changes default loading value of I/O
standard

— Changes t_, of output pins

Allows designer to accurately model
board conditions

Specify for entire 1/0O standard in
Device Settings

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

—— |l

I Named [§ =] « Edit x| [0 Filter: | Pirs: all -l
Mode Mame Direction Location 1) Skandard Cukput Pin Load I/0 Bank. S

13 " reset Inpuk PIM_M3 3,3-Y LYTTL (default) [} B

14 L yn_out[7] Cukbpuk PIM_JA 3,3-% LYTTL (default) 5 B

15 Oy ouk[s] Cukbpuk PIM_L& 3,3-% LYTTL (default) 5 B

16 ¥ yn_ouk[S] Output PIN_H1 3.3-Y LVTTL {default) 5 E

17 L yn_ouk[4] Output PIN_KZ 3.3-Y LVTTL {default) 5 E

18 ¥ yn_ouk[3] Cutpuk FIN_Hz 3.3-Y LVTTL {default) 5 E

19 ¥ wn_ouk[E] Outpuk FIN_15 3.3-Y LVTTL {default) 5 B

20 & wn_ouk[1] Output PIN_LZ 3.3-Y LVTTL {default) 5 B

21 ¢ wn_ouk[0] Cutpuk PIM_KS 3.3-Y LMTTL (defaulk) 5 B

22 &F ywalid Cuukbpuk PIM_L7 3,3-Y LYTTL (default) = B
2z - ~DATAD~ Input PIN E15 3,34 LYTTL (default) 3 E ™

>

Tcl: set_instance_assignment —-name OUTPUT_PIN_LOAD <value> —to <pin name>
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Advanced I/O Timing (Stratix |l & Ill devices only)

m Enhances analysis (over capacitive loading) by allowing user to enter board-

level parameters
— Use in lieu of or in addition to HSPICE & IBIS modeling

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

Devico Settings = Device & St pomvtore o
z | DualPurpoze F'ins] Yolta e] iﬁ I/ in
Pin Options ] Ep-:ard Trace M-:tdegi Spec c o p (S)

nading

Specify values for Board Trace Model per 10 standard, Stratix |l
EP2S15F484C3

pins) yn_out[7]; yn_out[8]; yn_out][5]; yn_out[d]; yn_out[3], yvn_out[2]; yn_out[1]; wn_out[C
/O standard for selected pin{s) 3 3-\W LVTTL

140 standard:

Board trace model:

Mame W alue

Mear pull-up resistance open

Mear pull-down resistance open

Mear capacitance open

Wear series resistance zhart

Transmizsion line distibuted inductance 0 wit[ 0 |v vit[ 0w

Transmission line distibuted capacitance ] an chip off chip

Tranzmizzion line length 0 )

; C_per_length: Fiinch

Far pull-up resistance open Rnh: Ohm —per_tength:[_ 0] I_nc Rih: Ohm
Far pull-down resistance open L_per_lzngth: |I| Hiinch

Far capacitance open T_length:[ 0 |Inchies)

Far series resigtance short I

Termination voltage 0 | I

Rns| [ 22| Ohm Ris: [short | Ohm
ot . . &n: [open |F Rnl: Ohm  Rl: Ohm ct:[epen |F

pessiion|  Set for all pins using [epen ] [epen ]

Specifies H eters for each [0 -~

statdard, I/O Standard by atd are uzed J_— J_ J_ J_—

instead of CapECTTE COEDITD IO ETETTIE O e ooeer. |F Advanced [0 2 E — — =

Reset
(0] | Cancel |

Right-click on output pin(s) in Pin
Planner = Board Trace Model
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PCB Tool Support

m Mentor Graphics DxDesigner & 1/0O Designer
software

m Cadence Allegro Design Entry software
m OrCAD Capture

For more detail on interfacing, see Quartus Il Handbook chapters “Mentor Graphics
PCB Design Tools Support” & “Cadence PCB Design Tools Support” (Volume 2)
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Transferring /O Assignments

m FPGA Xchange file (.FX)

— Use to transfer pin assignments between Quartus |l software & 1/0O
Designer software

— Contains only assigned pins

— Not created automatically; must manually turn on .fx file generation (EDA
Netlist Writer)

= Pin-Out file (.PIN)

— Uses

e Transferring pin assignments from Quartus |l software to PCB tools
— GCannot be imported back into Quartus Il software

® Generating symbols in PCB tools
— Contains all pins, included unused
— Automatically generated during fitting or 1/0 assignment analysis
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Generating .FX File

m Choose FPGA Xchange (Assignments = EDA Tools
Settings = Board-Level)

m Compile or run EDA Netlist Writer (Processing = Start)

Settings - filtref

Categarny:
Libraries S
Device
—|- Operating Settings and Conditions Specify options far generating output files for use with other EDA tools.
Yolage
Temperaturs Board-level zumbol
= Compilation Process Settings
Early Timing Estimate Format: | <Mone> j
Incremental Compilation <Mones
- EDA Tool Settings FEGA Xchange
. . Wigwlraw
Dezign EntmpdSynthesiz
Sirnulation Board-level zsignal inteagrity analyzis
Timing Analyziz
Formal Yerification ol |{NDHE> j
Phypszical Synthesis | J
Board-Lewvel
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.PIN File

Pin-Out File
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45 —— GND+ : UTnused input pin. It can also be used to report unused dual-purpose pins. A
49 S Thiz pin should khe connected to GHND. It mway also he connected to a
ﬂ& 50 - valid signal on the board (low, high, or toggling) if that signal
51 - iz required for a different revision of the design.
52 —— GND* : Tnused IS0 pin. This pin can either be left unconnected or
53 - connected to GND. Connecting this pin to GND will improwve the
- 54 —— device's imrunity to noise. . . .
55 —— RESERVED : Unused I/0 pin, which MUST he left unconnected. Description section
Py =14 —— REZEEVED INFUT i Pin iz tri-stated and should he connected to the board.
57 —— REZEEVED INFUT WITH WEALE PULLUF : Pin iz tri-stated with internal weak pull-up resistor.
i‘ 58 —— REZEEVED INFUT WITH ETS HOLD : Pin iz tri-stated with bus-hold circuitry.
ii 59 —— REZERVED OUTPUT DRIVEN HIGH : Pin iz output driven high.
I
;%' 61
267 B2 Quartus II Version 7.1 Build 156 04/30/2007 3J Full Wersion
£bE 63 CHIF "filtref" ASSIGNED TO AN: EP2S15F484C3
ab G4
FE 65 Dewvice Migration List: "EP2560F454TI4'™
..... 6a Pin Name/Usage : Logation @ Dir. : I/0 Standard : Voltage I/O Bank Uzer Assignment
G ————————————————
&5 GND HE' : gnd
=) TEMFDICDED tAZ H H H
T0 VoCIog P AD I power H T 3.3V 3
71 M3EL3 HE e H H 4
T2 GHD* HE = 4
T3 GHD* HEN A 4
_ - /0 names & settings .
75 GHD* HE A= : 4
Ta GND HE =] : gnd
77 GHD* HE S : : : =
= VCCIoq HE S I power HERcIRc ity 4
79 WCCIOS HE % 5 I power HERc ATy 3
50 GHL* H : 3 .
L= ] ORI . h - e |



Exercise 5 Demonstration
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I/O Planning Summary

m Pin assignments can be performed in many
ways, graphically & by means of text files

m The Pin Planner provides an easy-to-use
graphical way or creating and managing pin
assignments

m |/O Assignment Analysis helps validate a device-
pin out without performing full compilations

m Pin validation can be completed during any point
In design development
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I/O Planning Support Resources

m Quartus Il Handbook chapters
— /O Management” (Volume 2)
— “Signal Integrity Analysis with Third-Party Tools” (Volume 3)
— “Mentor Graphics PCB Design Tools Support” (Volume 2)
— “Cadence PCB Design Tools Support” (Volume 2)

m Training Courses and Demonstrations

— Online tutorial: “FPGA to Board Design Flow Using Mentor
Graphics Tools”
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/AN S RYA\

Quartus Il Software Design
Series: Foundation

Timing Analysis

© 2007 Altera Corporation—Confidential
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Timing Analysis Agenda

m TimeQuest GUI
m Using TimeQuest
m Using TimeQuest in the Quartus |l flow

Note: For more details on verifying designs for timing, please attend the course “Quartus Il Software Design Series: Verification”
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TimeQuest Timing Analyzer

= New timing engine in
Q u a rtu S I I Softwa re 4k Quartus Il TimeQuest Timing Analyzer - D:/alteralT1/qdesigns/fir_filter/fir_filter - filtref

File Edit View Metlist Constraints Reports Script Tools Window Help

m Provides timing analysis B [
SOC File List

solution for all levels of e
experience

ER Summan (Hold)
m Features

bl Slack Histogram {clk_cons)

- - R g
— Synopsys Design Constraints I

(S D C) S u p po rt J ;pgzdate Timing Metlist
. . =423 Individual Reports

® Standardized constraint BB popncou ey
]

methodology S reeen iy

L[58 Repont Removal Surmmary

Lkl

{8 Report Clocks

— Easy-to-use interface e, R
® Constraint entry B e s )
e Standard reporting

— Scripting emphasis

® Presentation focuses on
using GUI For Help, press F1 Ready

22 \i/ Info: Design is fully constrained for setup requirements

23 i) Info: Design is fully constrained for hold requirements

24 tcls create_slack_histogram -clock_name clk_cons -num_bins 20 -panel_name “Slack Histogram (clk_cons)"
25 tcl> create_timing_summary -setup -panel_name "Summary (Setup)"

26 tol: create_timing_summary -hold -panel_name "Summary (Hold)"

+ |\ Console j, History
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Opening TimeQuest

m  Toolbar button &3

B [o0o0ls menu

m Stand-alone mode

— quartus_staw

@ Command line

¥, Quartus Il - D:/alteral71/qdesigns/fir_filter/fir_filter - filtref - [Compilation Repo
@ File Edit ‘iew Project Assignments Processing Pyl

OO =

Project Mavigatar

&
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TimeQuest GUI

& Nuartuc || TimeQuest Timino Analvzer - D:falteralffadesionsfir_ fi?—,«fir_filter - filtref

Menu access all TimeQuest features
EEE

File Edit Wiew Metlist Constraints Reports  Script Tools  Window  Help
Ll Path #1UU: Setup slack is 6.459 (o}
EH TimeQuest Timing Analyzer Summary -~ Path Delay Stats
1 Advanced 1/0 Timing SLACK: 6.459 ns
ES SDCFils List
] Unconstrained Paths 5
lack Histogram [clk_conz] Property Walue
Report Pane urmmary [Setup) 1| From Node hiet
urnrnary (Hold) | 2|TaMode tapzinstkn[3] " DUFPLICATE
=] Fiepart Timing 3| Launch Clack. clk_cong
s~ Command Info 4] Latch Clock clk_cons . T
: . 4] _ ype [Delay {ps)]
" Path #1: Setup slack i 4,062 N 5 View Pane
o Path #2: Setup slack is 4.102 G s [ 1c [3858) (78%)
e i + | | B|Data Required Time  |12.390 W e r1o721 21%)
< ¥ |7 |Slack. E.459
« i = . il Data Arrival Path
""" % Fieport Minimur Pulse ‘width A Total Iner RF Type Fanout Location Element ”~
----- % Report TCCS 3 -
----- 3 For flon— o]
% Fepart SDC 210 X clock network delay
B Report Unconstrained Paths | 3[1.000 1.000 F iExt 1 PIN_H3 et
TaSkS Pane = Report Ignored Canstraints 4[186¢ nER4  FF CELL |52 I0C_<40_16_N1 newitloombout
B Report Datasheet 5(5.723 3859 FF IC 1 LCCOMB_»33 %18 N30 |ingtln[3] OTERMI25~DUPLICATEIdataf
-EF Check Timing B[5.776 0.053 FF CELL 2 LECOME =39 v18 N30 |instlxn[3]_ OTERMI25~DUPLICATElcombout
-4y Custom Feports 15.??5 0.000 FF IC 1 LCFF_ %39 Y18 M3 ingtlsn[ A~ DUPLICAT Eldatain w
-0 :
: Report Met Timing.. Data Required Path
| Report Path... Tatal Incr RF Type Fanout Location Element
3 Report kMinimum Pulze 'Width. .. 1_1D.DIJD 10.000 latch edage time
[ Create Slack Histograrn... (2[12.480 (2480 R clock network, delay
=45 Macras b 3[12.330  |-0.090 uTzu 1 LEFF %33 v18 N3 tapsinstixn[3]~DUPLICATE
b 24 | tcl: create_slack_histogram -clock_name clk_cons -num_bins 20 -panel_name "Slack Histogram (clk_cons)" ~
25 icl: create_timing_summary -setup -panel_name "Summary {Setup)"
ﬁ tcl: create_timing_summary -hold -panel_name "Summary (Hold)"
i tol: report_timing -from_clock clk_cons -setup -npaths 1 -detail path_only -panel_name {Report Timingl}
i j.J Info: Report Timing: Found 1 setup paths {0 wiolated). Worst case slack 1s 4.062
33 = 1 4.082
Z tol: report_timing -from_clock clk_cons -setup -npaths 100 -detail path_only -panel_name {Report Timingl
i j'J Info: Report Timing: Found 100 setup paths (0 wiolated). Worst case slack is 4.062
40 2
£l < 100 4.002 Console Pane
— w
- Consnlelﬁ' Histary I.’r
JFor Help, press F1 Ready
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TaS kS Pane v % ﬁ;ﬁ;:;’;;f“‘

w' i Create Timing Metlist
W

W

- Read 5DC File
- i Update Timing Metlist

L

----- E& Report Fmax Summary
access tocommon |0 =it

. _ B8 Fepor
- P rOVIdeS q u ICk i...._qepll:lr:jividual Feports
----- ER Feport Setup Summary
----- ES Report Hold Summary
operations B
----- @ Feport Clock Transfers

— Command exeCUthn ----- E& Report Minimum Pulse \width
----- EH Feport TCCS
— Report generation el

J@ Feport Unconstrained Paths

----- ES Report lgnored Constraint
m Executesmost _— = 3 nopon o
----- EH Check Timing

commands with DEE Elee 73 Cutomepats _

execute any command RS =1 Roport Net Tiring..

default settings | - = Foor e

----- Feport Minimum Pulze ‘width...
----- [ Create Slack Histogram...
=4 Macroz
----- BH Feport All Summaries
----- EBH Report Top Faiing Paths
----- EE Feport AID Timings
----- EH Feport All Core Timings
----- @ Create All Clock Histograms
[ write SDC File...
P Reset Dezign
[] SetOperating Conditions. ..

© 2007 Altera Corporation—Confidential m
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation o

190



Report Pane

L F eport

BE] TimeQuest Timing Analyzer Summary
BA SDC File List
BS Summary (Setup)
% Summary (Hold)
B Minimum Pulse Width
ER Clocks Summary
E i3 Setup: clkc
------ Command Info
----- o [Path #1: Setup slack is 10.387|
----- o Path #2: Setup slack is 11.036
----- W Path #3: Setup slack is 11.058
----- o Path #4: Setup slack is 11.107
------ = Potb 56 Setup slack is 11.117

Highlight report to see RESEEEEIRES

oo . . 7: Setup slack is 11.178
detail in View wm_dow 8: Setup slack is 11.188

- Path #9: Setup slack is 11.200
- BF Path #10: Setup slack is 11.231
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m Displays list of reports
currently available for
viewing

— Reports generated by Tasks
pane

— Reports generated using
report commands



View Pane

m Main viewing area that displays report table
contents & graphical results

Minimum Pulse Width (-3 1
Slack | Actual'width |FReguired width |Pulze | Clock Clock Edge | Target A
1 }4383 5000 0612 High clk cons Rise ingtd™~ Duplicate 1
o PR o TN Slack Histogram (ck cons) oM
= c i L+)
3 4385 5000 ez High ol Slack Histogram {clk_cons) 4 Path S I aCK Repo rt
4 [4388 |5.000 0612 Low ok |
5 4388 5000 0612 High |clk_ 140 =
& 4388 |5000 0612 Low ok Path #100: Setup slack is 6.459 M O
= . 130 E elay Stats
7 14388 5000 0E12 High ol SLACK: 6.459 ns
8 [4385 5000 0612 Low |ok o
9 |4388 5000 0.612 High |clk_ Path Summary
10 |4.388 |5.000 0612 Low ok il e Value
% 4388 | 5.000 0612 High  clk 100 1_ From Node —
N} 4388|5000 i Lowmmlcl 2|Ta Nede taps:instun|2]“DUPLICATE
13 |4.388 |5.000 0E12 High | clk a0 = Launch Clook ok cons
14 [43858 |5.000 0E12 Low ok 30 "3 | Latch Clock Ik_
95 | = @ | 4| Latch Cloc clk_cons Type [Delay (ps)]
1o 14.385 |5.000 nET2 High okl & B|Data Artival Time 5,931
| Kl 3 Low okl [ 70 6] Data Required Time | 12.330 ] 1¢13855) (76%)
17 |4.388 5000 0512 High |clk_ o 7| 5lack ! §.453 W cell (1072 (21%)
18 |4388 |5.000 0512 Low |ok > :
19 [4385 5000 0612 High |k 50 e A e
i 4388 |5.000 0E12 Low |ck] 40 Tatal lrcr RF Type Fanout Locatian Element e
21 [4.388 | 5.000 0.E12 High | clk -
— 0.000 0.000 launch edge time
22 14383 | 5.000 0612 Law el 30
= . 0.000 0.000 A clock network delay
—:i jj:: 2333 Egg E'gh C::: | 1000 1000 F Ext 1 PIN_M3 e
) . . () [=
o5 |ases 5000 CE High c:Ik_ 10 1.964 0.964 FF CELL 52 10C_40 v16_MN1 niewtlcormbout
‘_ - - : g 5723 3.855 FF IC 1 LECOME <33 v18_M30  |instin[3] OTERM125~DUPLICATE dataf
o 5.776 0.053 FF CELL 2 LCCOMB 33 v18_M30  |instln[3 OTERM125~DUPLICATE lcombout
E 7 2 L & & 2 8 5 5775 0000 FF |IC 1 LCFF_%39_'18_N31 instian[31“DUPLICATE ldatain v
= 5 =+ =+ =+ =+ u s u u w
Timing Table
Tatal Iher Liocation Element
110,000 | 10.000 latch edge time
T. . H . 212480 2480 R clock network delay
imi ng |St°g ram 3|12390  |.0.090 uTsu 1 LCFF_%33_v15_N31 taps:insthn[3]~DUPLICATE
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Viewing Multiple Reports

Path #100: Setup slack is 6.459
Path Delay Stats
SLACK: 6.459 ns

Path Summary

Property Yalue Click & drag ‘4’ Sign
|1 |From Node newt to divide view pane
%ED Mode tapzingsthkn[3]"DUPLICATE into mUItlple WindOWS
| 3 [Launch Clock clk_conz
| 4| Latch Clock clk_consz Type [Delay (ps)]
|5 | Data Arival Time £.931 [ Ic (3859] (75%)
B |Data Required Time 112,390 B el 1072 (21%)
7| Slack B.453
Data Arrival Path

Tatal [z RF Type Faroit Location Element Cal
10,000 0.000 launch edge time
i 0.000 0.000 R clock network, delay
2{1.000 1.000 F iE =t 1 PIN_k3 et
411.864 0.264 FF CELL 0 [0C =40 _v16_M1 hiewt|combout
al5.723 3853 FF IC 1 LCCOMB_=33 18 N30 instl=n[3 OTERM125~DUPLICATE [dataf
E|5.77E 0.053 FF CELL 2 LCCOME_=33 %18 N30 instlsn[3] OTERM125~DUPLICATE [combout
7 |B.77E 0.000 FF IC 1 LCFF_ =39 %18_MN31 ifigt{=n[ 3] DILPLICAT Eldatain w
Data Required Path

Tatal [z RF Type Fanout Location Element
1_ 10,000 |10.000 latch edge time
E 12480 |2.4380 R clock network, delay
(4]12.330  -0.090 uT=zu 1 LCFF 33 %18 M3 tapz:inztxn[3]"DUPLICATE
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Viewing Multiple Reports Example

View pane split into two side-by-side windows

SLACK: 6459 ns

Property | Yalue
|1 |From Node rEwt
|2|ToNode taps inst|sr
| 3| Launch Clock clk_cons
| 4| Latch Clock clk_conz
E DEItEI .":".”i"."al TiITIE 5931 T}rl}e [Delﬂ}r {I)g}]
B |Data Required Time | 12,390 [ Ic [3859] 76%) '
[ |Slack 6459 B cell (1072 (21%)
£ >
: ;Et;l: ||']”§;D LY yse Target Pane button to
Zoon  oom R force a selec.:ted report to
B G appear in a pane

Highlight window, then BRIC BENIUC R R -
. . . 4 >
highlight report in Reports pane
you WOUId Ilke to appear there Total |In|:r |HF |T_I,I|:|e |Fan|:|ut Locatian
; 1[10.000 10,000
i 12480 2480 R
i 12,390  |-0.090 uTzu 1 LCFF =39 Y18t
>

Drag bar to left or

right to remove split

© 2007 Altera Corporation—Confidential m
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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

=

34 tcl: report_timing -from_clock clk_cons -setup -npaths 100 -detail path_only -panel_name {Report Timing} -

35 | ® i) Info: Report Timing: Found 100 setup paths (0 wiclated). Worst case slack is 4.082

40 = 100 4.062

41 tclr report_timing -frow_clock clk_cons -setup -npaths 100 -detail summary -panel_name {Report Timing Sur

421 [+ jr'" Info: Eeport Timing: Found 100 setup paths (0 wiolated). Worst case slack 1s 4.062

47 = 100 4,082

43 tcl: report_min_pulse_width -nworst 100 -panel_name “"Minimum Pulse Width"

45| toh | |

w

Hﬁk p ]
< EDHSD'EI.'{I Hiztory .:
© 2007 Altera Corporation—Confidential Alﬂ-m
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SDC File Editor

m Features

File menu = New/Open SDC File

— Access to GUI dialog boxes for constraint entry
— Syntax coloring
— Tooltip syntax help

4 Quartus 11 SDC File Editor, - D:falteral?1/qdesigns/fir_filterftop_solution.sdc

File Edit Constraints Tools

O =
1 his file contains all the answers for exercise 1 & 2, This file is not meant to be executed as an SDC file. ~
2/+# If you want, wou may copy the SDC commands from this file into your own SDC file to execute.

command to see tooltip

Place cursor over

4  # Ex 1, Step 1, #7) Assign a 100 MHz clock to the input pin clk_in_100mhz

5 cr‘ea‘te_chock —period 10 [get_ports clk_in_100mhz]

[ create_clock [-add] [-name <clock_name =] -period <value= [-waveform <edge_list=] [ <kargets=]

7  # Ex 1, ! -add: Adds clock to a node with an existing clock

_p| -name <clock_name = Clock name of the created dock
H -petiod <valuez: Speed of the clock in kerms of clock period
GUI dlalog boxes 2 i -E\Iavel’orm <edge_ﬁst>: List of edge values : into top.sdc.
fOI‘ SDC Entry » <targets=: List or collection of targets : : mes more casily recoagnized
_generated_clock -rname c100 -source [get_pins {instl|altpl]_component|pl]|[incTk[D]3] %

T3 —master_clock clk_in_100mhz [get_pins {instl|altpl]_component|pll|clk[D]}]

14  create_generated_clock -name c200 -source [get_pins {instl|altpl]_component|pll|[incTk[D]1] %
15 -multiply_by 2 -master_clock clk_in_100mhz [get_pins {instl|altpl]_component|pll|cTk[1]}]
16 create_generated_clock -name cl00_out -source [get_pins {instl|altpll_component |pll|incTk[D]}] %
i7 —master_clock clk_in_100mhz [get_pins {instl|altpl]_component|pll|clk[2]}]

18
19 # Ex 1, Step 2, #2) Constrain all input data pins
20 # Min Max
21 # Clock to output 3k 3
22 & PCE Delay 0.5 1
23 ¢ Clock Skew -0.5 {5
24 set_input_delay -clock clk_in_100mhz -max 4.5 [get_ports din®]
25  set_input_delay -clock clk_in_100mhz -min 1.0 [get_ports din®]
26
£

© 2007 Altera Corporation—Confidential
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SDC File Editor (cont.)

4 Quartus Il SDC File Editor - D:falteraf71/qdesigns/fir_filterffiltref2.sdc
File Edit i

(=2

Create Generated Clock...
Set Clock Latency...

Set Clock Uncertainty. ..
Set Clack Groups. ..
Remove Clock...

1

Set Input Delay...
Set Qukput Delay...

Set False Path...

Set Mulkicycle Path, ..
Set Maximum Delay...
Set Minimurn Delay. ..

4 Quartus Il SDC File Editor, - D:falteraf71fqdesigns#fir_filterffiltref2.sdc*

File Edit Constraints Tools

ODeE

1  create_clock -period 10,000 -name clk [get_ports {c]k}]\

Create Clock

Clack name:

Period:

W aveformn edges
Rizing:
Falling:

Targets:

SDC command:

Construct an SDC file using
TimeQuest graphical file tools

X

|clk

10.000 ns

ns
1]
0.00 5.00 10.00

|[gEt_p0rts {clk}]

|create_clock -period 10,000 -name clk [get_ports {clk}]

QK. Cancel Help

© 2007 Altera Corporation—Confidential
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Steps to Using TimeQuest

1. Generate timing netlist

2. Create and read SDC file (optional)
or

3. Constrain design (optional)

4. Update timing netlist

5. Generate timing reports

6. Save timing constraints (optional)

© 2007 Altera Corporation—Confidential
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1) Generate Timing Netlist

0 Creates timing netlist (i.e. database) based on compilation results
— Post-synthesis (mapping) or post-fit

— Worst-case (slow), best-case (fast) timing models, or set operating conditions
(Stratix Il and Cyclone Ill devices only)

0 To execute:

sl Netlist menu B Tasks pane .
Create Timing Netlist - s
v [ Open Project... -
[nput nethst Delay model wﬂm m— .
& Postfi & Slow comer < Create Timing Netlist
Speed grade; "| ------ # Update Timing Hetlist
P ~F - Reparts
ost-map ast comer El_q Individual Feparts
[ ZeroIC delaps . ~E& Report Fmax Summary
> ----- % Feport Setup Surmmary
Tol command:  |create_timing_nethst -model glow ’ """ % Fepart Hold Summary
Eobe % Feport Becovery Summarny "
ak. Cancel Help
Tcl equivalent of command

Tcl: create_timing_netlist

© 2007 Altera Corporation—Confidential m
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2) Create & Read SDC File (Optional)

4k Quartus Il TimeQuest Timing Analyzer - D:/alterg
Fil= Edit ‘Yiew Meblist FSE/EE ]

m Create SDC file using SDC file |~ BELG reofs S0 T
edltor BER TimeQuest Ti  Create Gene;:alted Clack, .
= - ddvanced |/0 Set Clock Lakency. ..
= Read in constraints & [ Romdy st okrcartay..
exceptions from SDC file Remove Clock..
~ Skip if no SDC file S
= Execution e
— Read SDC File (Tasks pane or Set Maximum Delay...
Constraints menu) det Minimum Delay..
. . aenerate SDC File fram QSF
m File Precedence (if no .

filename specified)

— Files specifically added to Quartus || ====fr=> - » Read SDC File

project

— <current_revision>.sdc (if it exists)

Tcl: read_sdc [<filename>]

« [E Open Project.) Tre T
o Metlist Setup

o e S |Eleate Tim  Peset Design

------ # Update Timing Netlist
- Reparts
E-i Individual Reports

----- % Feport Frnas Summary

...... B Report Setup Summany

tE Report Hold Summary

------ % Feport Recovery Summany w

© 2007 Altera Corporation—Confidential
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3) Constrain Design (Optional)

m Add new constraints directly
— Not added to SDC file
— Use GUI or Console pane
— Not needed if all constraints in SDC file

m Examples
— Ccreate_clock
— Ccreate_generated_clock
— set_input_delay
— set_output_delay

© 2007 Altera Corporation—Confidential
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Using GUI to Enter Constraints

Constraints menu
4k Quartus Il 1'/meyQuest 1iming Analyzer - D:falter

Fil= Edit

m Most common
Toak constraints can be
* Create Clock... E accessed from the

Yiew Metlisl SespEEReE Reports  Scripk

Fo [TimeQuest §i Create Generated Clack, ..
] Advanced U Set Clack Latency... I
E& SDCFile Lis Set Clock Uncertainty, .. CO n Stral ntS menu
ot Clock Groups m Use if unfamiliar with

Femove Clack. .

Set Input Delay. .. S D C Sy ntaX

Set Cukput Delay, .

Set False Path...

Set Multicycle Path...
Set Maximum Delay. ..
Set Minimurm Delay. ..

Generate S0C File from QSF
* Read SDC File. ..

] -
+ [B Open Projecd| wiite SDCFile. ..
£ Metlist Setup

o e Create T Reset Design
+ M Read 5D
+" i |[Update Timing Netlist|

© 2007 Altera Corporation—Confidential Alm
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Constraining

m User MUST enter constraints to fully analyze
design

— TimeQuest only performs slack analysis on constrained design
paths

— Recommendation: Constrain all paths (clocks & 1/O)
m May create and read SDC file (Step 2), enter
constraints directly in TimeQuest (Step 3) or both

© 2007 Altera Corporation—Confidential Am
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4) Update Timing Netlist

m Applies SDC constraints/exceptions to current timing

netlist

m Generates warnings

— Undefined clocks

— Partially defined I/O delays

— Combinatorial loops

m Update timing netlist after adding any new constraint

m Execution

— Update Timing Netlist (Tasks pane or Netlist menu)

© 2007 Altera Corporation—Confidential
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5) Generate Timing Reports

m Verify timing requirements and
locate violations

Ak

File Edit Wiew Metlist  Constraintg

FR |TimeQuest Timing Analyzel
] Advanced 140 Timing
% SDC File List

4 Quartus Il TimeQuest Timing Analyzer - D:falteraf71/fgdesign

Repotts

Repart Fmax Summary
Repart Setup Summary
Report Hold Surmmary
Repark Recovery Summary

Script Tools  window  Hel

Report Remawal Summary
Report Clocks

Report Clock Transfers
Repart TCCS

Repart RSKM

Repark SDC

Report Unconstrained Paths

m Check for fully constrained design
or ignored timing constraints

m [wo Methods

— Tasks pane

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

— Reports menu

* Report Path...
® Must have valid netlist to access Ht Minimam Puse Width...
By Individual Beports Crllate Slack Histogram, .,
° TaSkS pane or Reports menu | @ % Report Frias Surmmarn

----- % Report Setup Surmmary

----- % Report Hold Summary

----- % Report Recovery Summarny
----- B Report Removal Surmmarny
----- % Report Clocks

----- % Report Clock Transters

----- B8 Report Minimum Pulse width
----- £ Report TCCS

----- % Report RSEM

Report Ignored Constraints
Report Datashest
Check Timing

Repark Timing...
Repaort Net Timing. ..

Double-click on s
12port Unconsirane: aln=
H mwvirdiial ranard B | % Report Ignored Constraints
IndIVIduaI report ----- ES PReport Datashest
----- B8 Check Timing
"] Custom Reports w
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“Out of Date” Reports

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

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

L8 Clocks Summary O =
Clock Hame |Type |Period |Rise [Fall |Duty Cecle | Divide by | Multiply by | Phase

1| elk_cons Baze [10.000 0000 5000
2|clks2 cons | Base 10000 0.000 |5.000

Export...

Regenerate
Regenerate All Out of Date
Delete
Delete all Out of Date
Delete all
© 2007 Altera Corporation—Confidential [—
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation m m 8

206



Reset Desigh 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

e Starting analysis over if results seem to be unexpected

© 2007 Altera Corporation—Confidential Am
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6) Save Timing Constraints (Optional)

4 Quartus Il TimeQuest Timing Analyzer - D:/altera/71
File Edit “iew MNetlist Ryt sE e

Ak

ER Timeluest Til
B5 SDC File List
] Advanced AT
B& Clocks Summ

B8 Report ¢

Create Clock, .,

Create Generated Clock, ..
Set Clock Latency. .,

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

Reset Design

Feports  Script Tools W

2l

m write sdc command

— Saves all constraints & exceptions
applied to current netlist into SDC file

— Use if constraints added during
TimeQuest session outside of input

% % Remaove Clock. ., SDC flle
Set Input Delay. ..
Set Output Delay. .. L] N Otes
Set Falss Path... — SDC files generated by TimeQuest
- Set Mulkicycle Path... Lu Only |f requested
= et Maximum Delay. ., P
B Fepon e 4 ~ Converts Altera-specific SDC
L0 Creme s commands into standard SDC
Generate SOC File From QSF
5 E%ﬁmf;ﬂ — Run report_sdc command to see
T Rop S what will get written to SDC file

% Fiep-:lrt AllrCarE Timings
ate Al Clock Histograms

_] Set Dperatmg Conditions. .

© 2007 Altera Corporation—Confidential
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Steps to Using TimeQuest (Review)

1. Generate timing netlist

2. Read SDC file (optional)

or

3. Constrain design (optional)

4. Update timing netlist

5. Generate timing reports

6. Save timing constraints (optional)

© 2007 Altera Corporation—Confidential
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Using TimeQuest in Quartus Il Flow

Synthesize
% y

Quartus Il project

\ 4

Use TimeQuest to specify
timing requirements

\4

Enable TimeQuest in
Quartus Il project

\4

Perform full compilation
(run Fitter)

\ 4

Verify timing in TimeQuest

© 2007 Altera Corporation—Confidential
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Specifying Timing Requirements

m Follow TimeQuest steps

m Use -post_map argument for synthesis
(mapping) only netlist

Create Timing Metlist

— If the design is already Input et Delay model

(" Poszt-fit (# Slow corner

fully compiled, then choose oo [ D
_pOSt_flt (defaUIt) GPDSt-map ) " Fast cormer

[v ZerolC delays

Tcl command: |create_timing_netlist -pozt_map -model slow -zero_ic_del

0k Cancel | Help

m Enter constraints via Constraints menu or
Console pane

© 2007 Altera Corporation—Confidential m
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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)

© 2007 Altera Corporation—Confidential m
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SDC Netlist Example

cell cell=atom/wysiwyg

: ' pin = iterm pin = oterm

ombout datain

port = I/O
regout co'mbout | .

clk

datain

inclk[0]

Sample Pin Names: Sample Net Names:

inajcombout ina~combout
outclk inregaldatain ab
inregaclk clk~clketrl
inrega|regout inrega
ab|combout
abl|datac
© 2007 Altera Corporation—Confidential Am
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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 See “TimeQuest Timing Analyzer” chapter of
o the Quartus Il Software Handbook for a
— all_clocks complete list & description of each

— all_registers
— all_inputs
— all_outputs

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Create Clock

4k Quartus Il TimeQuest Timing Analyzer - D:falter

File Edit  iew Metlist BeEEGEREN Reporks  Script Tool:
“* Clock. .. L
P [TimeQuest T Create Generated Clock...

Set Clock Latency. ..
Set Clock Uncerkainty, ..
Set Clock Groups. ..
Remove Clock...
Set Input Delay...
Set Output Delay, .,
Set False Path...
- Set Multicycle Path, .. Ll
_____ ] Report Siek Maxirnum Delay...
_____ :I Repart | Sek Minirmum Delay. ..
. :I Lreate S canerate SDC File From Q5F
=i Macios Read SDC File...
""" B8 Reports e e File..,
..... % Feport
----- EE Reporty  Reset Design
----- % Fanart ST ArE TirmiAne

Important Note: Unlike the Classic
Timing Analyzer, all design clocks
are related by default. This means
TimeQuest will analyzer paths
between clock domains whether
you have specifically related them
or not.

Create Clock fields:

node name

» Clock Name — Assign name to clock setting; defaults to target

* Period — Clock period in nanoseconds
+ Waveform edges — Use for non-50% duty cycle clocks
» Targets — Port or pin to which clock setting is being applied

Create Clock E

Clock name: |'3"<

Perind: 110.000 e

W aveform edges

Rizing: |EI nz
Fallirg: |E ris
Q.00 B.00 10.00
Targets: |[get_|:":-rt3 {clk}] J
SOC command: |n::reate_n::ln:n:k -period 10.000 -name clk -waveform {0 B} [get_ports {zlk)]

o]

Cancel | Help

SDC: create clock
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Name Finder

Clicking on Browse button
tiame Finder opens Name Finder allowing
|get_ports ~| Fiter  |* you to search netlist for
, node names (similar to
[ Cassinsensitive Quartus Il Node Finder)

Collection:

-
Select collection | I
to search
M atches
List
22 matches found | - > | 3 zelected names
clk. clk
clks? 3 d[0]
[ J d[1]
‘ d[Z]
d[3]
d[4]
. < d[f]
Edit command d[E]
here or final d(¥]
command to
use wildcards newt
rezet
_I,In_u:uut[LTIl w

| |
I SDC command: |[Qet_|:":-rt3 {clk. d[0] d[1] d[2] d[3] d[4] d[5] d[E] d[?"]}ll

2k, Cancel Help |

© 2007 Altera Corporation—Confidential m
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Generated Clocks

m Generated clocks are clock
signals derived from a
previously created clock

— E.g. clock dividers, ripple clocks,
PLLs

— Must be defined by a constraint

Create Generated Clock fields:

» Clock Name — Assign name to clock setting

» Relationship to source — Specify how generated
clock is related to base clock. The Based on
waveform section allows for more complexity in
the relationship to the base clock (not discussed)

» Targets — Port or pin to which clock setting is
being applied

SDC: create_generated_clock

© 2007 Altera Corporation—Confidential
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4k Quartus Il TimeQuest Timing Analyzer - D: falter
File Edit “iew Metlist NebEIEEN Reports  Scripk Tool:

Create Clack. .. |

ER [Tireluest T

Create Generaked Clock, ..

Set Clock Latency. ..

Create Generated Clock

Clock narne: |'3"<:'=2
Source: |[get_|:|ins finat1laltpl_componentipllinclk[0]}] J
Relationzhip bo zource
i+ Baszed on peniod
Diivide by li Phasze: li
Puliply by |2 Offzet;
Druty cpcle: li
" Based on waveform
Edge list: | | |
Edge shift list: | na | na | na
[ lrvert waveform
T argets: |[get_|:|ins fimzt1laltpll_companentipllcl 07 J
SOC command: ||:reate_generated_clnck -name clkxZ -zource [get_pinz {inst1altpl_compone
ITI Cancel | Help |
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I/O Constraining

m Specify system-level timing constraints
m Settings

— Input maximum delay
— Input minimum delay
— Output maximum delay
— Output minimum delay

© 2007 Altera Corporation—Confidential Am
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Input Maximum/Minimum Delay

m Maximum/minimum delay from external device to Altera I/O
— Represents external device max & mint,, + PCB delay - PCB clock skew

m Constrains registered input path (t/t;)

External Device Altera Device

Input Max/Min R I
Delay »|e——tsu,/th,—

A

tsu, s to k — Input Maximum Delay

th, = Input Minimum Delay

© 2007 Altera Corporation—Confidential Alﬂm
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Output Maximum/Minimum Delay

= Maximum/minimum delay from Altera I/O to external device
— Represents external device t /t, + PCB delay - PCB clock skew

m Constrains registered output path (max & min t,,)

Altera Device External Device

Output Max/Min I
—_
Delay

la H »
[« max/min t_, >

tcog = t; k - Output Maximum Delay

tcog 2 Output Minimum Delay

© 2007 Altera Corporation—Confidential Alﬂm
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Set Input/Output Delay

4 Quartus Il TimeQuest Timing Analyzer - D:/alter

File Edit ‘iew Retlist SelpEdETEE

Reporkts  Script  Tool

* Create Clock. ..

B [Timeluest Tiik  Create Generated Clock. ..
Sek Clack Latency. ..
Set Clock Uncertainty. ..
Set Clock Groups.
Remove Clock. ..

Set Input Delay

Set Input Delay, ..

Set Qutput Delay, .. Clack name: ||::Ik

[ Usze falling clock edge

Set Input/Output Delay fields: Input delay options

» Clock Name — Specify source clock

* Input delay options — Choose max or min
constraint. Rise/Fall indicate if the constraint
applies particularly to a rising or falling edge
transition (advanced). ¢ Bath

* Delay value — Total off chip delay

+ Add delay — Must use if applying multiple sets
of input/output delays to the same port (e.g. Drelay value: z ng | Add delay
input ports feeding multiple internal registers

. Targets - Port to which sefting I being Y rargets oet_ports {d[0] d[1] 2] d[3] di4] 5] 6] 7]
applied

f+ Minimum

" Maximum

SOC commard: |set_input_dela_l,l -clack clk -min 2 [get_paorts 1d[0] d[1] d[2] d[3] d[4] A[5

SDC: set_input_delay
SDC: set _output_delay

ak. | Cancel | Help |
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Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation o

221



Useful Reports for Design Constraining

> Report Clocks

— Use to ensure all clocks have been defined correctly

» Report Unconstrained Paths
— Use to determine if any constraints are missing

> Report SDC

— Use to review what constraints have currently been applied to the netlist
> Check Timing

— Use to check issues with design or applied constraints
» Report Clock Transfers

— Use to determines nets crossing clock domains

— Remember, by default, all clock domains are related and analyzed with
respect to one another

® Paths between domains might need to be set as false paths

» Report Ignored Constraints
— Use to determine if any constraints being ignored

© 2007 Altera Corporation—Confidential Alﬂ-;m
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Using TimeQuest in Quartus Il Flow

Synthesize
Quartus Il project

\ 4

Use TimeQuest to specify
timing requirements

\4

Enable TimeQuest in

> Quartus Il project

\4

Perform Full Compilation
(run Fitter)

\ 4

Verify timing in TimeQuest

© 2007 Altera Corporation—Confidential
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Enabling TimeQuest in Quartus |

m Tells Quartus Il to use SDC constraints during
fitting
m File order precedence

1. Any SDC files added to Quartus Il project (in order)
2. <current revision>.SDC

© 2007 Altera Corporation—Confidential m
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Enabling TimeQuest in Quartus Il Software

Settings - filtref %

Cateqony:

][] [ [ [

General

Files

Librariez

Device

Dperating Settings and Conditions
Compilation Process Settings
EDA Tool Settings

Analysis & Svnthesis Settings
Fitter Settings

Timing Analy
Timelueszt Timing Analyzer
+- Clazzic Timing Analyzer S ettingz

© 2007 Altera Corporation—Confidential
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Specify whether to uze the TimeQuest Timing Analpzer or the Clazzic Timing Analyzer as the default
timing analyziz tool. The Timelluest analyzer requires a Synopsys Deszign Congtraints File [SDC)

containing timing constraints or eXceptions.

Tirniry i =
< f+ |lze TimeQuest Timing Analyzer during cnmpilatiD

" Use Clazzic Timing Analyzer dunng compilabion

Notes:

* Arria GX only supports
Timequest.

» TimeQuest is enabled by default
for new Stratix Ill and Cyclone il
designs.




Adding SDC File to Quartus Il Project

m Add SDC files to TimeQuest Timing Analyzer page of
Settings dialog box

Settings - filtref

Categony:

General

Files

Libraries

Device

Operating Settings and Conditions
Compilation Process Settings
EDdA Toal Settingz

Analyziz & Synthesiz Settings
Fitter Settings

Timing Analyziz Settings

[ R O B

Timeluezt Timing Analyzer
+- Clagzic Timing &nalyzer Settings
Azzermbler

Deszign Aszsiztant
SignalT ap || Logic Analyzer
Logic &nalyzer Interface

= Simulatar Settings

el [ [

© 2007 Altera Corporation—Confidential

Specify Timeluezt Timing Analyzer options.

SDC files to inchide in the project

Click Add to
add SDC to list

SOC filename:
File name Type
filtref. =dc: Synopzps Desi...
top_golution. sdo: Synopsys Desi..

[~ Enable Advanced /0 Timing

I [ Enable multicorner timing anal_l,lsisl

Remove
Up

Do

il §

Analyze fast and
slow corners at
the same time
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Quartus Settings File (QSF)

m SDC constraints are not stored in QSF

m TimeQuest uses script to convert QSF timing
assignments to SDC
— Constraints menu
— Done automatically if no SDC file exists when first opening TimeQuest

Quartus Il

L] E Mo S0 files were found in the Quarkus Settings File and filkref  sdc doesn't exist, \would wou like ko generate an S0 file from the Quartus Sektings File?
L

Yes Mo |

m See Quartus Il Handbook Chapter, “Switching to the
TimeQuest Timing Analyzer” for details

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

© 2007 Altera Corporation—Confidential Alm
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Timing Driven Compilation (TDC)

m Directs fitter to place & route logic to meet timing assignments
— Optimize timing (on by default)
e Placing nodes in critical paths closer together
® |ocated in “more settings” box
— Optimize fast-corner timing
e Optimizing for fast process (minimum timing models)
e Can add up to 10% to compile time

Assignments = Settings = Fitter Settings

Settings - filtref

Category:

General
Filez
Libraries Specify aptions for fithing.
Device

Operating Setting: and Conditions

Compilation Process Settings
ED& Tool Settings [v Optirize hold brming: |I£III Paths and Minirurnm TPD Paths j

Bnalysis & Sunthesis Settings <|— Optimize fast-comer timing>

Timing-driven compilation

5[ F-F-[F

Fitter Settings

© 2007 Altera Corporation—Confidential Alm
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Optimize Hold Timing

Timing-driven compilation

[v Optimize hold timing: |10 Paths and Minirmum TPD Paths =]
[/0 Paths and Minimum TPD Paths

[T Optimize fast-comer ki

m Modifies place & route to meet hold or minimum timing requirements
— May add additional routing in path

m Settings
~ Any I/O & minimum t4 paths (default)
— All paths (I/O & internal)

m /0 & minimum tpp

Mint,,=10ns
Gated
Clock R
\ tco . \
Clock ) Extra routing added
Extra routing added
© 2007 Altera Corporation—Confidential Alﬂ-;m
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Using TimeQuest in Quartus Il Flow

Synthesize Quartus Il
project

\ 4

Use TimeQuest to specify
timing requirements

\4

Enable TimeQuest in
Quartus Il project

3 Perform full compilation
(run Fitter)

\ 4

Verify timing in TimeQuest

© 2007 Altera Corporation—Confidential
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Verifying Timing Requirements

m View TimeQuest summary information
directly in Quartus Il Compilation Report

m Open TimeQuest for more thorough
analysis
— Follow TimeQuest flow

— Run TimeQuest easy-to-use reporting capabilities
(Tasks pane)

— Place Tcl reporting commands into script file
® Easy repetition

© 2007 Altera Corporation—Confidential Alﬂ-;m
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TimeQuest Summary Reports

Compilation Repark
EHE Legal Motice
&SR Flow Surmaty
EHEE Flow Settings

EHER Flow Non-Default Global Settic

EHEE Flow Elapsed Time
EHE Flow Log
+-&Z5 ] Analysis & Synthesis
+- &5 Fitker
+- =5[] Assembler
-1 TimeQuest Timing Analvzer
SR summary
SHER =D File List
SHER Clacks
SHER Frnax Surmmary
SHEE Setup Summary
EHER Hold Summary
%% Recovery Summary
EHER Remaval Surmrnary
HER Minirmum Pulse Width
-1-&H 2 Clack Transfers
BB setup Transfers
EHER Hold Transfers

EHER Recovery Transfers

SHEE Rermoval Transfers
SHER Unconstrained Paths
A} Messages

Setup Summary

% Quartus Il - D:falteraf71/qdesignsffir_filter/fir_filter - filtref - [Compilation Report - Setup Summary] E@@
File Edit View Tools SWindow

End Paint
THS

Clack, Slack,

=0,

clk_con: | -2.230 |-17.634

2

clkxe_cong 3,595 |0.000

» SDC files used during fitting
* Clocks generated

» Timing violations

* Unconstrained paths

© 2007 Altera Corporation—Confidential Alm
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Generating Detailed Reports

4 Quartus |l TimeQuest Timing Analyzer, - D:falteraf71/qdesig
Window  He

File Edit ‘iew Metlist Constraints

4k

B TimeQuest Timing Analyzer
B& S0C File List
=g
% Summary [Hold]
B& Clocks Summary
7 Unconstrained Paths
[ 5 lgnored Constraints

A
Repo 0
2 DaNE o
um
Tl
RV R, B5 Feport Clocks

----- B Fepor Clack Transfer

----- £5 Report TCCS
----- E5 Feport RSKM
----- E5 Feport SDC

----- ER Feport Minimum Pulse Width

----- BR Feport Unconstrained Paths

Script  Tools

Report Fmax Summary
Report Sekup Surnmary
Report Hold Summary
Report Recovery Summary
Report Removal Surmmary
Repart Clocks

Repart Clock Transfers
Repaort TCCS

Report RSKM

Report SDC

Report Unconstrained Paths
Repaort Ignored Constraints
Report Datasheet

Check Timing

E
Report Path. ..

Repart Minimurn Pulse Width, .
Create Slack Histogran, ..

----- % [Report Ignored Constraints

----- E5 Feport Datashest
----- BH Check Timing

----- | Repart MNet Timing...
----- ] Report Path,..
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----- 1 Renart Minimum Pulse Width...

Tcl: report_timing

oram....

Report Timing

Clocks

Fromclock:  |clk_cons Bl

Ta clock: ||:Ik:-:2_cnn3 ﬂ

Targets

Fram: : J

Through: | J

To: “rilt J

Analysiz type Fathz

f* Setup " Recovery Report number of paths: ’327
- " Hold " Removal M axirnurn slack. limit: ’7 s

Detail lewvel:

Surmmary I
| Report panel name: Path Orily |
Path ahd Clock
[v File narme: Full Path

Select level
of detail

send output report

‘ Tl command:

Select where to

File optionz

o Dwenwrite " Append

Open

|repu:urt_timing -from_clock clk_cons -to_clock clks2_conz -from * -to

Repart Timing |

Cloze ‘ Help |

/AYOTS RYA),



3rd-Party Timing Analysis Tool Support

B Synopsys

— PrimeTime

m Mentor Graphics
~ TAU
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Exercise 6 Demonstration

© 2007 Altera Corporation—Confidential
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Summary

m TimeQuest provides an easy-to-use tool to verify
timing
— Entering timing constraints
— Run various timing reports

© 2007 Altera Corporation—Confidential Alﬂ-;m
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TimeQuest Support Resources

m Quartus Il Handbook Chapters
— “The TimeQuest Timing Analyzer” (Volume 3)
— “Switching to the TimeQuest Timing Analyzer” (Volume 3)

m [raining & Demonstrations

— “Validating Performance with the TimeQuest Static Timing
Analyzer” (online recording)

© 2007 Altera Corporation—Confidential Alﬂ-;m
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/AN S RYA\

Quartus Il Software Design
Series: Foundation
EDA Simulation

© 2007 Altera Corporation—Confidential
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Simulation

m 3"d-party EDA tool simulation
— RTL (functional)

— Post-synthesis (functional)
® Optional
— Qate-level (timing)

m Quartus Il simulation covered in Appendix

© 2007 Altera Corporation—Confidential
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3rd-Party Simulation Support

m Mentor Graphics m Synopsys
— ModelSim - VCS/MX

m Cadence = Aldec
NCSIM ~ Active-HDL

m All support NativeLink tool flow

© 2007 Altera Corporation—Confidential
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RTL Simulation Files (VHDL)

> All model files located in

L DeSign fileS “eda\sim_lib” directory in
. (@] Ili llati h
m RTL (functlonal) models >Pruea:(r:t::1pill2:tﬁ1 I?Ilt:)odlllpsail:n-Altera

— LPM megafunction models
® 220model.vhd & 220_pack.vhd
e Compile into Ipm library
— Altera-specific megafunction models
® altera_mf.vhd & altera_mf_components.vhd
e Compile into altera_mf library
— Altera primitive models (LCELL, OPNDRN, etc.)
® altera_primitives.vhd & altera_primitives_components.vhd
e Compile into altera library

m HEX files

— Memory initialization

© 2007 Altera Corporation—Confidential m
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RTL Simulation Files (Verilog)

> All model files located in

L DeSign FileS “eda\sim_lib” directory in
. (@] i llati h
m RTL (fu nCt|Ona|) MOdGIS > P:Jea:::tg;pillgjt; I?Iltcl)c:;;IpSail:n-Altera

— LPM megafunction models
e 220model.v
e Compile into Ipm library
— Altera-specific megafunction models
® altera_mf.v
e Compile into altera_mf library
— Altera primitive models (LCELL, OPNDRN, etc.)
® altera_primitives.v
e Compile into altera library

m HEX files

— Memory initialization

© 2007 Altera Corporation—Confidential m
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Megafunction Exceptions

m RTL simulation requires using device-specific

simulation models (similar to gate-level)
— altclkbuf
— alkclketrl
— DDR megafunctions (not IP)
- MAX Il UFM megafunctions
— altmemmult
— altremote_update

m Stratix || GX and Stratix GX designs require

additional libraries for RTL simulation
— See Quartus Il Handbook, Volume 3, Section 1: “Simulation”

© 2007 Altera Corporation—Confidential Alﬂ-;m
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation 8

243



MegaWizard Simulation Libraries

MegaWizard Plug-In Manager - RAM: 2-PORT [page 11 of 12] -- EDA

_a RAM: 2-PORT

Version 7.1 | Abouk ” Documnentation

Simulation Libraries

MYy _ram To properly simulate the generated design Files, the Following simulation model
data[7..0] file(s) are needed
wraddrezs[4..0] _D- e - =
s =0 23 File | D escription
=gz E o altera_mf  Altera megafunction simulation library
rdaddrezs[4..0] —D' o
clock
Block Type: AITO

EDA page of MegaWizard
specifies which model libraries
are needed for simulation

Synkhesis

Some third-party synthesis kools may benefit from reading the details of this
megafunction. Using this netlist, the synthesis tool is able to estimate timing
and resource usage For the megafunction

Generate a netlist For synthesis area and timing estimation

Resource Usage
256 ram_bits (AUTC

| Zancel ” < Back, ” Mext = ” Finish |

© 2007 Altera Corporation—Confidential Alm
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Post-Processing Simulations

m [wo types
— Post-synthesis

— Qate-level (timing)
m Quartus Il software must generate output

simulation netlist files for specific simulator
— EDA Netlist Writer

© 2007 Altera Corporation—Confidential
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Specify Simulator

Select Simulation under EDA Tools Settings

Settings - filtref,

Categony:

General
Files
Libraries
Device
Operating Settings and Conditions
Compilation Process Settings
EDA Tool Settings
Dresign Entry/Spnthesis
Simulation
Timing Analysis
Farmal Werific.ation
Physical Synthesiz
Board-Lewvel
Analyziz & Synthesiz Settings
Fitter Settings
Phwsical Synthesiz Optirmizations
Timing Analysiz Settings
Timeluest Timing Analyzer
+- Clazzic Timing Analyzer Settings
Azzambler
Design Assistant
SignalT ap Il Logic Analyzer
Logic Analyzer Interface
Simulator Settings
Simulation Verification
Simulation Output Files
FowerFlay Power Analyzer Settings

(Assignments menu)

Specify options far generating output files for uze with other EDA toals.

Tool name:

-

<Mohes:

<Mones
Active-HDL

Cuigtam

L]

et |
ak | Cancel |

Select simulation
tool

© 2007 Altera Corporation—Confidential
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Generating 3'9-Party Netlists

gns/fin_filterffir_filter - filtref

m Full compilation

m Execute process > st
i n d iVi d u al Iy W Start Analysis & Elaboration

Update Menory Initialization File ‘:7 Skart Analysis & Svnthesis Chrl+E
@ Caompilation Repork Chrl+R 'E."E Skart Partition Merge

- P roceSS i n g m e.n u : . Sta rt : Start Compilation and Simulation — Cerl4+Shift+k E ziart iitter .
Sta rt E DA N etl ISt erte r s ® Skart: Elassic Timing Analyzer Ctrl+Shift+L

¥ start Simulation T+l |, _ o _
G t f. | .th t f | | Simulation Dsbug ¢13 Skart TimeQuest Timing Analyzer  Cerl+Shift+T
e n e ra eS I eS Wi O u u & simulation Repart Ctrl+Shift-+F

m i | ti n 'ﬁg Skart Design Assistant
CO p a O ] Compiler Tool N Start PowerPlay Power Analyzer  Chrl+Shift+P

< Jab Simulator Taol

] | ]
. i E?J Classic Timing Analvzer Tool -
[ - Skart IfO Assignrment Analysis

W Start SignalFrobe Compilation Chrl+5hift+5
ﬁ?’ PowerPlay Power Analyzer Tool
s Start Classic Timing Analyzer (Fast Timing Madel)
Skart Early Timing Estimate

Skart Classic Timing Analyzer Constraint Check,

Skart Check & Save all Metlist Changes

Skart VOM Wriker

* Skart Equation Writer (Post-synthesis)
Skart Equation 'Writer {Post-fitting)
Skart Test Bench Template Writer
P Start EDA Synthesis
Start EDV Physical Synthesis
© 2007 Altera Corporation—Confidential =
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Specifying Simulation Options

Settings - filtref

Cateqgory:

Gereral

Files

Libraries S pecify options for generating output files for use with other EDA tools.
Device

+- Operating Settings and Conditions
+- Compilation Process Seftings
- EDA Tool Settings
Dezign Entry/Synthesziz
Simulation EDA, Metlist ‘Wwriter options

Tirning Analysi i ) i
ming Anabss Format for output netlist: | Verlog = Time scale:

Tool name: | MadelSim-Alera

[ Run gate-level simulation autarmatically after compilation

Phyzical Synthesiz

Farmal Yerification
Output directary: |simu|atiu:um'mu:udelsim
Board-Lewvel

Iv Map illegal HOL characters v Enable glitch

Output netl ist Options for Power Estimation
language

[v Generate Yalue Change Dump WCD) file soipt Scnpk Setiings. ..

|

Output directory

Dezign instance name: |i‘|

+1- Classic Timing Analyzer Settings

Bzzembler -
Design Assistant Moare Settings...
SignalTap Il Logic Analyzer

Logic Analyzer Interface Mativelink settings

- Simulatar Settings + Mone

Simulation Yernfication ™ Compile test bench: | J
Sirulation Output Files
PowerPlay Power Analyzer Settings B |

Generate VCD for
power analysis

" Script to compile test bench: |

flativeLink

Reset
1] 4 |

L]

Cancel |

settings
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Gate-Level Simulation Files (VHDL)

> All model files located in
“eda\sim_lib” directory in

Quartus Il installation path
> Pre-compiled in ModelSim-Altera

m Use Quartus ll-generated files
— VHDL output file (.VHO)
— Standard delay format output file (.SDO)
— Located in “simulation\<simulator_tool>” subdirectory of project
(default)
m Device-specific simulation models

— Use <device name> atoms.vhd &
<device_name>_atoms_components.vhd

— Compile into <device_name> library
m HEX files for memory initialization

© 2007 Altera Corporation—Confidential m
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Gate-Level Simulation Files (Verilog)

> All model files located in
“eda\sim_lib” directory in

Quartus Il installation path
> Pre-compiled in ModelSim-Altera

m Use Quartus ll-generated files
— Verilog output file (.VO)
— Standard delay format output file (.SDO)

— Located in “simulation\<simulator _tool>” subdirectory of project
(default)

m Device-specific simulation models

— <device _name> atoms.vo
— Compile into <device_name> library

m HEX files for memory initialization

© 2007 Altera Corporation—Confidential m
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Device Library Names

m Use these library names for compiling device-specific
simulation models
— arriagx
— arriagx_hssi
— stratixiii
— stratixii

— stratixiigx
— stratixiigx_hssi > For older device families, see

_ Quartus Il Handbook, Volume 3,
— stratix Section 1: “Simulation”

— stratixgx

— stratixgx_gxb
— cycloneiii

— cycloneii

— cyclone

— makxil

© 2007 Altera Corporation—Confidential m
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Post-Synthesis Simulation

m Enable functional simulation netlist
— No SDO is generated

m Synthesize design
m Run EDA Netlist Writer

m Use gate-level (device-specific) simulations
models

© 2007 Altera Corporation—Confidential Am
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Enabling Functional Simulation Netlist

More EDA Tools Simulation Settings

Settings - filtref . . . . . L .
£ Specify the zettings for the EDA third party simulation options in your project.

Categony:
General
Files Optian Resat
Libraries Specify options for generating M ame: Generate netiizt for functional simulation anly 4

Device
oSt ’ setvg [T <| | Fesetdl
+- Operating Settings and Conditions Tool name: | ModelSimalter

+- Compilation Proceszs Settings Diescription:
—- EDA Toal Settings [ Run gate-level simulation

Desian E ntr/S unthssi Generate Werlog or WHDL netlist for functional simulation with EDA simulation tools.
EEON E A o yniness ] ] ) The SDF Timing file [.zda) iz not generated far the project. Thiz option iz oot

Simulation EDA Netlist Writer options available for the WC5 M= simulation tool,

Timing Analysiz

. F L tput netlist:
Faormal Yerification B |—

Phyzical Spnthesiz Output directon: | zimula Existing option settings:
Board-Level :
+- Analysiz & Synthesis Settings [v Map illegal HOL chara Mame: Setting:
—|- Fitter Settings (U = e .-i'-.r!:hltecture name in WHOL Dutpl._;t ne... stucture
Physical Synthesiz Optimizations % G Value Ch Bring out device-wide set/reset zsignal... OFf
= Timing Analysis 5etings EPEELE YElUE L Dizable zetup and hald time violations...  Off
Timeluest Timing Analyzer Design instance na Do not write tap level YHOL entity Off
+1- Clazgic Timing Analyzer Settings A ) : ;
? Y ¢ { « Generate netlist for functional simulati...  On
Agzembler = )
i i are Settings... YT ———— oy
Eienignffﬁlfltann:iﬁ PR Truncate lang khigrarchy paths 0ff

Click on “More Settings”
button in Simulation category ok | Cancel |
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Additional Simulation Libary

m sgate library
— Needed for functional simulation of IP

— Needed for any GX device simulation

— VHDL
® sgate.vhd & sgate pack.vhd
— Verilog

® sgate.v
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Using NativeLink for Simulation

m Specify path to simulation tool
m Enable Nativelink settings

© 2007 Altera Corporation—Confidential

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
255



Specify Path to Simulator

Tools = Options = EDA Tool Options

Options

Categarny:

= General
ED& Tool Dptions
[Rternet Connectivity
Licenze Setup
Proceszzing
Global Uzer Libraries (Al Projes

ECd, T ool

LeonardoS pectim
Precizion Syntheszis

Sunplify

Location of executable

¢ double-click to change path =
< double-click to change path >
< double-click to change path =

- Azzigrment Editor Synplify Pro C:MProgram Files\Synplicityhfpga_B862%bin
e Active-HDL < double-click to change path
Fonts b odelSim < double-click to change path >
Black/Sumbal Edit b odelSim-altera < double-click to change path >
— BIoERSaymbolt dror HCSim ¢ double-click to change path =
Colors
Fonts
Double-click to specify path
to simulation tool executable
© 2007 Altera Corporation—Confidential =
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Enable NativeLink Settings

M ativelink settings
+ Mone

T Compile test bench: |
- |

[~

[ Scrpt to compile test bench: |

m None

— NativeLink compiles simulation models & design files
m Compile test bench

— NativelLink compiles all files (including test bench) and starts
simulation

m Use script to compile test bench

— NativeLink compiles simulation models & design files
— User specifies script to compile test bench and start simulator
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Setting Up Test Benches

New Test Bench Settings

Create new best bench zettingz.
Test Benches

Test bench name: | testbenchl

Specify zettings for each test bench.

Top level moduls in test bench: |I:'iI:"3|'|'IU|t_t|Il

E xisting test bench zettings:

Dezign instance name in test bench: |DiDE|TIU|LU1

MHame Top level module | Design Instance | Run for | Test bench file(s] _ . .
testhenchl  pipemult_th pipermult_ul 2us pipermult_th.vhd Slmulatu:un.pennu?i _ -
testhench?  pipemult_th pipernult_ul Tuz pipemul_th_new. vhd £ Run simulation until all vector stimuli are used

' End simulation at: |2 lus =]

Test bench filez

Create test bench File name: | ]
Settings fOI‘ eaCh teSt File name Libram HOL Werzion

[k
bench to be simulated pipemult_tb. vhd Default e |
U
_ Do |
[ Prpetes |
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Running NativeLink Simulation

© 2007 Altera Corporation—Confidential

Tools = EDA Simulation Tool

Erf- IR NI e NI ]

Window  Help

EDA Simulation Tool

Fun EDA Timing Analysis Tool
E Launch Design Space Explarer

Run EDA RTL Simulakion

Fun EDA Gate Level Simulation

'E_T} TimeQuest Timing Analyzer

Advisors

Select RTL or Gate-

@' Chip Planner (Floorplan & Chip Editor)

Metlisk Wiewers

level simulation

7 SignalTap I Logic Analvezer
&= In-3yskem Memory Content Editor

(=] Logic Analyzer Interface Editar

16 In-System Saurces and Probes Editar
SignalProbe Pins, ..

@ Prograrnrner

\ Megaizard Plug-In Manager. ..
4 SOPC Builder. ..
Tcl Scripks. ..

Cuskomize. ..

Options. ..

License Setup...

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation Alﬂm 8
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Simulation Summary

m Simulating with 3d-party EDA tools

© 2007 Altera Corporation—Confidential
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Simulation Support Resources

m Quartus |l Handbook chapters (Volume 3)
— “Mentor Graphics ModelSim Support”
- “Synopsys VCS Support”
— “Cadence NC-Sim Support”
— “Simulating Altera IP in Third-Party Simulator Tools”

© 2007 Altera Corporation—Confidential Am
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Quartus Il Software Design
Series: Foundation

Programming/Configuration

k\“"/*

alf
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Programming/Configuration

m Setting device options
m Assembler module

m Programmer & chain description file
— Programming directly with the Quartus Il Programmer

m File conversion
— Creating multi-device programming files

© 2007 Altera Corporation—Confidential
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Setting Device Options

m Assignments = Device = Device & Pin Options

Settings - filtref

Cateqgary:
General . .
Files Device options control
Librariez Select the Family and device pou want to target for compilatio configuration &
Device O ARETF . .
+- Operating Settings and Conditions : ; Inltla"zatlon Of de‘"ce
- : Familp: | Stratix || j
+- Compilation Proceszs Sethings
' . . _ Package: L -
- EDA Toal Seftings € Device and Pin Dptmns..;a
Design Entne/Sunthesis Pin count; Ay -
Simulation T arget device
Tirnirg &nalysis (™ Auto device selected by the Fitter Speed grade: | Any :I'
Formal Verification (+ Specific device selected in Awvailable devices' list | Show advanced devices
Physical Synthesis (" [ HardCopy compatible only
Board-Lewel
© 2007 Altera Corporation—Confidential Alm
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General Tab

Fin Placement ] Errar Detection CRC ] Capacitive Loading ] Board Trace bModel ] . DeViCe O pti O n S n Ot

General l Configuration ] Pragramming Files ] nuzed F'ins] Dual-Purpoze F'ins] "Jn:nltage]

Specify general device ophionz. These optionz are not dependent on the configuration d e p e n d e nt O n

zcheme.

Opions configuration scheme

At tart configuration after errar

[TReleaze clears before ti-states (Off by d efa u It)

[“1Enable uzer-zupplied start-up clock [CLEUSR]

[|Enable device-wide reset [DEY_CLRr) — Enable device-wide clear

[“]Enable device-wide output enable [DEYV_OE]

Bt - Enable device-wide output
enable

[ Auto usercode

JTAG uszer code [32-bit heradecimal): |FFFFFFFF — Enable |n|t|allzat|0n done
| = output pin
| =

Description:

Directs the device to restart the configuration process automatically if a data error is
encountered. If this ophion iz turned off, you must externally direct the device to

restart the configuration process if an eror ocours.,
Reset
k. | Cancel |

© 2007 Altera Corporation—Confidential Alm
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Other Device & Pin Option Tabs

Device and Pin Options

Fin Placement ] Errar Detection CRC ] Capacitive Loading ] Board Trace Model ]

General l Configuration ] Programming Files ] Unuzed F'insl Dual-Purpoze F'ins] antage]

m Configuration

— Generates correct configuration &
programming files every
compilation

— Enables special features of
configuration devices

® Enable programming file
compression

® Set configuration clock frequency

m Programming Files

— OQutput files always created
® POF (programming object file)
® SOF (SRAM object file)

— Other selectable output files
® Jam (jedec stapl)
e JBC (JAM byte-code)
® RBF (raw binary file)
e HEXOUT (intel hex format)

© 2007 Altera Corporation—Confidential
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Unused pins
— Indicates state of all unused /O pins
after configuration is complete
Dual-purpose pins
— Selects usage of dual-purpose pins
after configuration is complete

Error detection CRC

— Enables internal CRC circuitry &
frequency

Capacitive Loading

— Sets default capacitive loading for
each I/O standard

Board Trace Model

— Sets default board trace model
characteristics for each 1/O standard
(Stratix Il & 11l devices only)

/AYOTS RYA),



Quartus Il Assembler Module

m Generates all configuration/programming files
— As selected in device & pin options dialog box

m Ways to run assembler
— Full compilation

— Execute assembler individually
® Processing menu = Start = Start Assembler

® Generates files without full compilation
— Switching configuration devices
— Enabling/disabling configuration device feature

— Scripting

© 2007 Altera Corporation—Confidential Am
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Open Programmer

Toals

EDd Simulation Toal k
Fum EDA Timing Analysis Toal

E Launch Design Space Explorer

&

TimeQuest Timing Analvzer
advisors r

@' Chip Planner (Floorplan & Chip Edikor)

Metlist Yiewers r

iwd 2ignalTap II Logic Analyzer
&= [n-System Memary Conkent Editor
[®] Logic Analyzer Interface Editor
SignalProbe Pins. ..
e
\ Megahizard Plug-In Managet. ..
5 SOPC Builder. .
Tel Scripts. ..

Cuskomize. ..
Dpkions...

License Setup...
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0

m Enables device programming

USB-Blaster™ cable

ByteBlaster™ Il or ByteBlasterMV™
cables

Masterblaster™ cable
APU (Altera programming unit)

m Opens chain description file
(.CDF)

Stores device programming chain
information



CDF File

m Lists devices & files for programming or configuration
m Programs/configures in top-to-bottom order

W Quartus I - C:falteraf70/gdesignsffir_filterdfir_filter, - filtref - [filtref.cdf™]

File Edit Processing Tools ‘Window

éa Hardware Setup...| Mo Hardware b ode: |._|T,.i-.,|3 ﬂ Progress: 0%
[ Enable real-time ISP to allow backaground programming [for WM& 1| devices)
| File Device Checksurm lzercode ELDH%{SLT; Werify Elf?:gk E warnire SEE'{:W Eraze Ell_.S-'-‘«EdF'
filtref. zof EFP1CEF256 Q0041 4238 FFFFFFFF O O [l | ] ] [l
4‘ [= filbref. pof EPCS4 07aBEDCT Q0aa0ao0 O | O | ] ] [l
«Page_ 0 O [l U O | | Ll
AL ABqdesigne.. EPCIE 1CEET491 FFFFFFFF | O O | | | O
WAL AB1 Aqdesigns.. EP2SEOFET2CEES Q0433365 FFFFFFFF | O | | | | O

@ Add File..
el
Bsserie |

E2 add Device...
i U
oo |

© 2007 Altera Corporation—Confidential
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When adding files, the
device for that file is
automatically chosen




Example CDF Files

Ll Quartus II - C:falteraf70/q

Single device chain

File Edit Processing Tools ‘Window

c:a Hardware Setup...| | USB-Blaster [USE-0] Made: [TAG 21 Progess =

I Enable realtime ISP to allow backaground programming [far kA || devices)

wii Start | File ‘Device ‘Ehecksum ‘Usercode E[oongfi[gaLT; Werify Eﬁ;ﬁk ‘ E=amire Segﬁ”t}' ‘ Erase EIILSNF\'dP ‘
filtref. sof EP1CEF256 00040484 FFFFFFFF ] 0 0

EE
i Auto Detect
Kodee |
G Add File..
B
B Sevefie. |
2 fdd Device...
£ |
[Foow

© 2007 Altera Corporation—Confidential

Wl Quartus I - C:Jalteral/Z70/qdesigns/fir_filterffir_filter - filtref - [filtr,

Multiple device chain

File Edit Processing Tools ‘Window

c:a Hardware Setup... Mo Hardware Mode: |JTAG ﬂ Progress: 0%

I” Enable realtime ISP to allow background programming (for M 1| devices)

| File Device ‘Checksum ‘Usercode E[oon%i[gamg Werify ‘ E:*?gcljk E xamine Segﬁm}l ‘ Eraze Ell_.sﬁ'b:\:'lp ‘
filtef. sof EP1CEF256 00041428 FFFFFFFF O [ ] | |
£l filtref. paf EPCS4 075BEDC 00000000 O O O O O O O

“Page_0 O O O O O O O
4.4 /81 dqdesians... EPC16 1CEE1491 FFFFFFFF O O O O O O O
WAL /81 fodesigns... EP2SEOFEY2CEES 00499865 FFFFFFFF O [l [l O O O O

B chongerie |
Bbsovcrie |
U
P |

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
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Programmer Toolbar

Start programming

Auto detect devices in JTAG chain
Add/remove/change devices in chain
Add/remove/changes files in chain
Change order of files in chain

Setup programming hardware

© 2007 Altera Corporation—Confidential
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pil St

ﬂ]ﬂ Auto Detect

Bk Add File...

32 Add Device...




Setting Up Programming Hardware

Click on the Hardware
Setup button

i} Quartus Il - C:falteral70/qdesigns/ffir_filter/fir_filter - filtref - [filtref.cdf*]
Fil i i Tools  Window

Hardware Setup... Hardware b o |JTAG j Progresz: 0%

nable real-time ISP ta allow background programming [for Mak || devices)

| File Device |Ehecksum Uzercode E[c?n%ir;m; Werify ‘ Elha;gk E xamine SBEE:”U'J ‘ Erase CSEHP |
filtref. zof EP1CEF 256 00041425 FFFFFFFF O [ [ O O O O
g [= filtref. pof EPCS4 O75BEDLCT Qo0oooaa [l [l [l [l 1 | [
“Page_0 O O O O | | O
A4 Aqdesigne.. EPCTE 1CEET49 FFFFFFFF O [ [ [ O O O
O O O O | | O

¥ FFFFFFFF
Har dware Setup @

Hardware Settings l JTAG Settings ]

Select a pragramming hardware zetup to use when programming devices. Thiz programming
hardware setup applies only to the current programmer window,

Currently zselected hardware: ISE-Blaster [USE-0] "k
Ma Hardware

Available hardware items: USE-Blaster [USE-0]
Hardware Server Pt Add Hardware...

LUSBE-Blaster Local ISB-0

. Use drop-down to
select programming
hardware

Cloge
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Chain Programming Modes

i Quartus Il - C:falteral70/qdesigns/fir_filterffir_filter - filtref - [filtref.cdf]

File Edit Processing Tools  Mindow

2 Hardware Setup...| USE-Blaster [USE-0]

| Enable real-time ISP to allow background progrannming [for M2 1 devices)

Mode: [JTAG -

Ir-Socket Programmitig

pl kot | File Device Checkzum

lzercode

Pazzive Serial

Active Serial Programming
FTTEICITE FIECF

JTAG

— JTAG chain consisting of Altera & non-Altera devices

Passive serial
— Altera FPGAs only

Active serial
— Altera serial configuration devices

In-socket programming
— CPLDs & configuration devices in APU
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Programming Options

m Program/Configure
— Applies to all devices

m Verify, Blank-Check, Examine & Erase

— Configuration devices
- MAX II, MAX 7000 & MAX 3000

m  Security Bit & ISP Clamp
- MAX Il, MAX 7000 & MAX 3000

Check the appropriate
boxes to perform actions
when programming starts

W Quartus Il - C:falteralT0fqdesignsffir_filterffir_filter - filtref - [filtref.cdf*]

File Edit Processing Tools ‘Window

éa Hardware Setup...| Mo Hardware b ode: |._|'|',.f_-.,|3 ﬂ Progress: 0%

[ Enable realtime 15F to allow background programming [for k& 1| devices)

| File Device Checksum |Jzercode Er;ngflirga&?; Werify EIP?:;; E xamine Segﬁrit}' Eraze EII_.E;F'
filbref. zof EP1CEF25E 00s1428 FFFFFFFF O O | | O ]
4‘ = f_illref.pof EPCS4 07aBEDC 00000000 O | O | | O

“Page_0 | | O O O O O
A B Aqdesigns... EPCTE 1CEET491 FFFFFFFF O O Il | | [l
LA E  qdesigns... EP2SEOFEY2CEES 00433362 FFFFFFFF O [l | ] ] ]
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Bypassing Devices In JTAG Chain (1)

W Quartus II - C:falteraf T0fgdesignsffir_filterffir_filter - filtref - [filtref.cdf*]

File Edit Processing Tools Window

< & 4dd File... \:)

.;;:;;. Hardware Setup...| Mo Hardware M ode: |JT,.f_-.,|3 ﬂ Progress: 0%
| Enahble real-time ISP to allow background programmming [for bMas || devices)
| File Device Checksum |lzercode Erﬂnng;irgag:; Werify Efggk Emamine Segﬁnt}l Eraze I:ILS&.E*IF'
| filtref. zaf EP1CEF25E 00041428 FFFFFFFF O ] ] ] 1 [l
= filtref. pof EPCS4 O75BEDCT ] O Ol ] ] 1 [l
| “Page_ [ [l | O [l O ]
LA B qdesigns... EPCIE 1CEET491 FFFFFFFF O Ol ] ] 1 [l
| LA B qdesigns... EPZSEOFETZCEES 00499868 FFFFFFFF O ] ] ] 1 [l

Method 1: Add programming file & leave
Program/Configure box unchecked
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Bypassing Devices In JTAG Chain (2)

W Quartus Il - C:falteraf70/qdesigns/ffir_filterffir_filter - filtref - [filtref.cdf*]

File Edit Processing Tools Window

L Hardware Setup...‘ Mo Hardware Mode: |JTAG | Progess 0x

[ Enable realtime ISP to allow background programming [for M2 1| devices)

| File Device Checkzum Uzercode E::Dngflirgam; Werify EIP?:cl:ik Examing Segli:m"" Eraze EII_.E«EHF'

filref. zaf EP1CEFZ56 o0onat42a FFFFFFFF 1 [l [l ] [ [

; = filref. pof EPCS4 078BEDC i [l | [l | 1 [

t.Page_0 O O O O O l

4B gdesigns.. EPCIR 1CEET491 FFFFFFFF O | O | O O

i exigns... EP2SB0FET2CHES 00493868 FFFFFFFF O [l [l ] ] ] [

—< <none: > EP2C350 454 Q0000000 <none: O O O O O [ [
s Add File. .

Select Devices @

Ere Device amip Device nare Method 2: Click Add Device &
CTACEXIK. ~ CIEF2CIS ~ Mew... . .
CI&PEX I CIEP2C15F256 Select deV|Ce IeaV|ng

B Add Device... | ) ] APE®20K, CIEP2C15F454 [— . i i

B e B rogramming file field blank
] APEX20KE CIEP2C20F256 Expott . P g g

g Etyclone EEP2E20F484
Cyclane || EP2C200240
[1Erhanced Configuration Devices [JEP2C3E 4
CIEPCT [IEP2C35F434 |
EEPC2

FLEX10K,
EFLD« KA, -
FLEXTOKE EPZCHOF454
CIFLEXE000 CIEP2CS0FET2 Uncheck
CIFLEx%A000 [ EP2CEOU 454
[CIHardCapy Il [JEP2CE
CIMax [ EP2CEF 256
[ Max30004, [IEP2CEQ208
[ MAX70004E CIEP2CET144
[ MAX70008 CIEP2C70
[ Max70005 CIEP2CTOFET2
[ Maxg000 [IEP2C7OFE9G
[ Stratis v ClEP2Cs v
’Tl Cancel |
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Adding Non-Altera Device to Chain

Wl Quartus Il - C:falteraf70/qdesigns/fir_filterffir_filter - filtref - [filtref.cdf*]

Fil=  Edit

=

—

Processing  Tools

Window

Hardware Setup...| Mo Hardware

[ Enable realtime ISP ta allow background programming [far MAX || devices]

Mode: |JTAG

j Progress:

File:

Device

Checkzum Uzercode

Frogramn,
Configure

Werify

Blark.-
Check,

ISP
CLAMP

Security

Ewamine Bit Eraze

e

—¢
4 Add File...

| il

B

EP1CEFZ5E
EPCS4

filtref. zof
filtref. pof
LPage 0
A4 B Agdesions.. EPC16

’ ES

<nones MY _DEYICE

&2 Add Device...

o |
| poew |

Select Devices

Device family

[ Cyclone I ~
[]Erhanced Configuration Devices
CJEPCH

[JEPCZ
[CIFLEs10K
[CTFLE10KA,
[CJFLEX10KE
[CIFLER000
[CIFLEa000
[CIHadCopy Il
LM

[T 30004

[T M7 0004E

[ M7 0008

[ Mee70005

[ Mexannn

[ Stratix

[ Stratin G

I Stratix I

[T Stratix 11 G

User Defined
[Tirtual JTAG TAP

Device name

Mr_DEYICE

0o0&1424
07sBEDC

FFFFFFFF
00000000

10661491
00235368
0oaaa0ag

FFFFFFFF
FFFFFFFF
LRIONE:

MNew Device

Device

ORI

[ |MY_DEVIEE

Instruction register

OooOoOonono

oooonon
ooogoo
OooOooono
OooOooono
OooOooono

Click new & create user-
defined devices to add non-
Altera devices to chain

Length: |8

JTAGID

Is] M ask

Add JTAG 1D |

[ Allow none
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Starting the Programmer

Progress field shows percentage of

Click Start : :
programming completion

W Quartus Il - C:falte’ afT0fqdesigns/fin_filterffir_filter - filtref - [filtref.cdf*]

File Edit Processing Zools  Window
2. Hardware Setup Jf USB-Blaster [USB-0] Mode: [JTAG v | Progress: 0%
| Enahle real-time!F' to allow background programming [for MAk || devices)
@n Start ) Device Checksum |Jzercode Erﬂnng;irgag:; Werify Efggk E=amine Segﬁnt}l Erase I:ILS&.E*IF'
filtref. zaf EP1CEF25E 00041428 FFFFFFFF O ] ] ] 1 [l
= filtref. pof EPCS4 O75BEDCT ] O O O ] [l |
Bk Auto Detect | ~-Page_l L] [l O Ol O [l
LA B qdesigns... EPCIE 1CEET491 FFFFFFFF O O O ] [l |
| LA B qdesigns... EPZSEOFETZCEES 00499868 FFFFFFFF I O O O ] [l |
LROneE: My DEVICE Q0000000 <honeE: | 1 1 1 | Il O
G AddFie. |
(2 Add Device... |
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Converting SOF Programming Files

*, Quartus Il - D:/alteraf71/gdesignsffir_filterffir_filter, - filtref - [Convert Program... E@@

File Tools ‘Window

&', Quartus Il - D:/alteral/71/qdesig

Edit “iew Project Assignments  F

ggj E:::g I i@gg%ig‘iﬁ‘ﬁh‘éﬂ',??nﬁ?uf'?i{;“’ii'f‘o‘?n?itfﬁﬁ imaoter i i » Creates multi-device .POF for

| Conersion seup fies enhanced configuration devices
TR Now Projoct Wizerd.., \ Open Conystsion Setup Data. | | - Enables compression & other
2 Open Project... ke | | configuration device options

Output programming file

Convert Max+PLUS II Project. ..

Save Project Pragramming file type: |F'ngrammer Object File [pof)

Close Project % Configuration device:  |EPC1E *| Mode: |2bit Passive Serial
File name: |uutput_fi|e.|:uuf

Ll Lo e

Remate/Local update difference file: |

v temory Map File

I Input files to convert
File/Data area | Properties | Start .&ddress| &dd Hex D ata
Create | Update vl Options 00001 0000
[ [=1 SOF Data Fage_0 < autor Add Saf Data
it
Convert Programming Files. .. E| B|t1 fitret. sof EF2515F484
o filtref_phws_synth.sof EF1CEF256
Recent Files r [
|
Recent Projects v
I Generate ‘ Cloze |
Exit Alt+F4
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Exercise 7 Demonstration
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Programming/Configuration Summary

m Setting device options

m Generating programming files

m Programming device or devices in chain
m Converting programming files
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Programming Support Resources

m Programming Center
m Configuration Center

© 2007 Altera Corporation—Confidential
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Class Summary

m Design entry techniques

m Project creation

m Compiler settings & assignment editor
m [iming analysis

m Simulation

m Programming/configuration
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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  fice (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).
http://www.altera.com/training
View training class schedule & register for a class
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Advanced Quartus Il Courses

m Quartus Il Software Design Series: Verification
— Timing analysis
® Thorough investigation of performing timing analysis on an Altera device with
TimeQuest
— Power analysis

— Debugging solutions

e SignalProbe incremental routing

® Logic Analyzer Interface

® In-System Memory Content Editor
® In-System Sources & Probes
[
o

Chip Planner & Resource Property Editor
SignalTap || Embedded Logic Analyzer

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
Quartus Il Handbook

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

Field applications engineers: contact your local Altera sales office
Receive literature by mail: (888) 3-ALTERA
FTP: ftp.altera.com

World-wide web: hitp://www.altera.com
— Use solutions to search for answers to technical problems
— View design examples
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Give us your feedback

m When you registered for this training you
received a confirmation emalil

m Please click on the link in the email to complete a
short survey

m Your feedback is important to help us improve
future trainings!

Thank you!
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Quartus Il Software Design
Series: Foundation

Appendix

© 2007 Altera Corporation—Confidential




Appendix

m Converting MAX+PLUS Il designs to Quartus |l

m Schematic design entry

m QSF Notes

m More fitter settings

m Power Optimizations

m Early I/O planning tasks

m TimeQuest “golden” SDC file tip
m Simulating in Quartus I
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MAX+PLUS Il to Quartus i

m Convert MAX+PLUS Il projects into Quartus Il projects
m Assignments automatically translated

4’ Quartus II - c:/test_designs/memory,
|File Edit View Project Assignments  Prow

Convert MAX+PLUS I1 Project

[ Hew... rl+h
= Open... Chrl+0
Close Chel4-F4

@ Mew Project Wizard. ..
E}' Open Project. .. Zkrl+3

Converk MAaR+PLUS IT Project. ..

Save Projeck

Close Project

© 2007 Altera Corporation—Confidential

Allows pou to convert existing Max+PLUS || projects and azzignmentz into a

riew Cuartus |l project.

Max+FPLUS | file name:

X

C:/altera/gdezignzbl Achiptnipdchiptnp. ack

Cluartuz |l project name:

|

chiptrp

................................
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Using Own Text Editor

m Enter path to preferred text editor executable

Tools menu = Options —

Cateqary:

..
..

..

- eneral

- dgzignment Editor

- Block/Syrbol Editor
- Chip Planner

LogicLock Regons Windaw

- emory Editor
- Meszages
-~ Metlizt Wiewers

Fin Planner
Proarammer

- Repart "Window

R esaurce Property Editor
SignalT ap |l Logic Analyzer

Timing Clozure Floorplan
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— Preferred text editor
" Quartus 1| Text Editor
% Other text editor path name:

(UM workztations only] For text editor that does not open i its own window, pou
muzt uze the =term command: <paths Aeterm -2 <path: /< editars.

IE:'xF'ngram Files'emacsiemacs-21. 3sbintemacs. exe

[v Use thiz editor bo locate messages in ket files

Enter the command-line optiohz used to specify a file name and line number in
wour kext editar. Uze Ef to represent the file name and %1 to represent the line
riurnber,

Cormand-line |:||:|ti|:|y+jgl =

/
Enter text editor
command-line options
used to specify file
name and line number




Behavioral Waveforms

m HTML file generated by MegaWizard

m Description of megafunction functionality

— Reviews selected parameters
— Describes read & write operations

m Supported megafunctions

— Subset of memory
— Subset of arithmetic
— PLL

© 2007 Altera Corporation—Confidential
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Example Waveform

“« my_dualport_wawveforms. html

Sample behavioral waveforms for design file my_dualport.tdf

The following waveforms show the behavior of altsyncram megafimction for the chosen set of parameters in design my_dualport tdf . For
the purpose of thiz simulation, the contents of the metmoty at the start of the sample waveforms iz assumed to be ( FFFO, FFF1, FFFZ,
FEFZ, FEFF4, ). The desigh my_dualport tdf has two readiwrite ports. Eeadiwrite port & has 256 words of 16 bits each and
Eeadiwrite port B has 256 words of 16 bats each. The ram block type of the design 1z ATTTO | The output of the readfwnte port & 15
unregistered. The cutput of the readfwnte port B 15 unregistered.

addre=s=s_a i ED E XE El E XE 52 E XE 53 E

address_h RO D
etecka 1L L L L L L L L L L
etk L L L L L LT LT LT

q a EE{ EFFFD X iFFFl X EFFF2 X EFFFS
qeb EXK EFFFD X EFFFS X EFFFE X EFFFl
mnemnoryd ; ; ; é ; ; FFFL l l l l l
nEMory 3 i i i i i i FFF;
NEMOTY 2 E E E E E E FFF%
mnemnoryl ; ; ; ; ; ; FFF&
O T O T T T D B B T v
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Schematic Design Entry

m Full-featured schematic design capability

m Schematic design creation

— Draw schematics using library functions (blocks)
e Gates, flip-flops, pins & other primitives
® Altera megafunctions & LPMs
— Create symbols for Verilog, VHDL, or AHDL design files

— Connect all blocks using wires & busses

© 2007 Altera Corporation—Confidential
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Create Schematic

& Quartus II

File Edit View Project Assignments Processing Tools “Window Help

=2 =T N SAT A A )

XXy
HomomE? | |[#0e0w 7 7¢2 AL W
= ==
Enty ~ [egocen [| | & R R RS RS
_[ — . . : ' * R
Use the Quick Link or SR IO S LSSy SLL s SELtO b SLI et suse et L L S SRS EE RS EE S
File = New = Schematic File | | File Extensionls.BDF | =~~~
1 S
o B FE e e S PR
T
e e e e e e SIS IS S LS
Device Design Fies | St Fies | Dt ies| R E S F eSS
S R E S F eSS
EDlFFIIB ..................................................................................
Werilog HOL File S R
VHDLFI'E ..................................................................................

Ok, I Cancel
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Insert Symbols

—_—

IE—,A.I %nw_schematic.hdf*

I—l
|Syml:u:ul T

A= ol
=N = | BN

Open the Symbol Window:

Use the Toolbaror | i:o
Double Click Schematic . _
Background . £3 chdocuments and settingshg |

E E chquartush3.08ibranies's
3 megafunctions —
3 athers
EHEEr  primitives

BT buffer

FE logic

Bt and?

and3

_ andd
Local Symbols R B
Created from H‘ame. - S i
MegaWizard or EEE | TR TS EEEEE LT w NN EESEESEEESEERSEESETEE
Design Files I Repeatinsett mods SRS S RS SRR EE RN
7 [T Insert spmbol s block T
: ‘ FlLewrehiesayeadPlish |1
Bty S ymiols [
B
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Connect Wires & Buses

Draw Wires,

Buses, or Conduit

A B my_schematic.bdf* O] x|

:DD N —

ol A

Fll’? """""""""" F:U'T""hﬂ-:-ﬁ: LT

— in_a ! ekt eee e eee e eee et &+ e o

& B inf o 111 'D Sm— I

iI'ISt ................................

4 clock 11 | LT

_____ I

Ak = IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LT

a IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIII LT

A LT

0o IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!‘.‘.‘..%-.-iI LT

NN i
T Iﬁ
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Change Names & Properties

#, Quartus II - C:/Developing_Classes,/QuartusII/QII_5_0_updates/Test_Designs/filter/filter - filtref_phys_syn - [hlt

=@Fillﬁ! Edit ‘Wiew Project Assignments Processing Tools  Window Help

D@ 2@ o w2

Stratix [1: EF2515F434C3

BN 6 (0) |
...... abg taps:inst E[B]
...... abo state_meingt] 414)
------ gbc hvalues:inst2 0
[ 350 aceingtd 1200
B3, multingts 42 (0]

to Change Properties
(Ex. Instance Name)

Right-Click on any Block

|

i

-Hierarchyl Filesl g Design Unitsl
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to Change; Hit Enter to

filtref_phys_syn j HE Egey | o | 7
Project Mavigator =] x| i filtref. bidf ) . -
Entity LC Con L Double-Click on Pin Name

............. - |bebs
o Lo | Type
Dl ck IMPLIT
T re=et  [NPUT
s zel[1..0] [WPUT
newt  [IWNPUT
; S F0]  |IMPUT
Lo e e TR g [oUTPUT
.......................... . . 1
LTl inst
O SN I L= ==
Y [y e 10 | Type
O P =el[1..0] [INPUT
LTl h[2.0] [OUTPUT
.......................... 1
LTl inst?
s |Parameter 'u'alue[ ------- |state m



Create Symbols

4’ Quartus II - C:/Developing_Classes/QuartusII/QII_5_1_updates;Test_Designs,/m

File Edit View Project Assignments Processing Tools MWindow Help

Converted schematic to a Symbol
to be used in other schematic files

i Chel+M : 5 *
g-ew rl o | K2 |[munexe Fllxe@es Tlrwrn k& 8|S

open. .. ChrlH-O

Close Chrl+F4 e e 5 mult8x8.v |

- t= |LC Registers | M -
@ Mew Project Wizard, ., l?f..::ﬂa
I?EE Open Project... ChrlaT ﬁr module multS=E (a, b, start, reset, clk,

) sega, =segh, =segcoc, segd, sege, segf, =3¢
Converk Max+PLUS I Project. .. *:E done flag, result);
Save Projeck
) _ . Symbol
Clase Project ' ?HP“E N Symbol Created in ————
inpu T ; EREE
B & Project H s
= Ctrbes ; output: (IR Project Directory
£ chquartush3.0ibranies!
Save fs... output CIIIIIIIIIiiiiIIII
Save Current Repork Section As. . f‘ .
wire re
=] .
File Properties. .. = wire [3 sega
] wire [7 zegh

Expork,..

Convert Programming Files. ..

Zreate HOL Design File Far Current Fle

Zreate AHOL Include Files Far Current File

B Page Setup...
@. Print Presview

zreate Design File fram Selected Block, .,

Ipdate Design File From Selected Black., ..

File = Create/Update =
Create Symbol...

Fecent Projects

Zreate SianalTap IT Fle from Besign Instance(s)
Zreate Signallap IT List File
Zreate J6M, SYE, or [SC File. ..

Mame:
ImulthS

—

I” Repeatinsert mode
I Inzert symbal as block
™| Launch Megawizard Flugn

Megawizard Flug-In Manager... |

LCancel |

sege
sagd
sege
segf

=eqq
done_flag
result[15..0]

SILLILEL [« LN [PLOduCL] o

Ext Alt+F4 I

© 2007 Altera Corporation—Confidential
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Convert BDF for HDL

4, Quartus II - C:/Developing_Classes/QuartusII/QII_6_1_updates/QII_Test_Designs/[filterffilter - filtref

File Edit View Project Assignments Processing Tools Window Help

O new.. GO | e [[ritrer Sl e @8BS B> ¥ "Gl
= Open... ctrl+0
s e 5 filtref.bdf |
-
@ Mew Project Wizard... 'd et
~u - -
& Dpen Project... el = Choose VHDL or Verilog
Convert MAX-+PLUS II Project... == o GE
. [% A T C_—
Sawve Project o D PIN_C13
b - =1 Create HDL Design Fae for Current R x|
bl 5eve Chtzs - ' File type
e PIN_A13 —
Save As... .jrl |—_i dfi. 0] /
Save Current Report Section As.., T @ :g SEHE—i SR &+ WHDL Add YHDL Statements... |
- : 8 IOBANK 3 Frzii " Werilog HOL
File Properties... OBANK 3 5
| Update File name: C:/Developing_Clazzes Muartuzl | /QN_E_1_u
Export,.. Create Symbol Files for Current File == | Ok I Cancel |
Convert Programming Files. .. Create AHDL Indude Files for Current File ;’H;‘ﬂ
B Page Setup... Create Design Fle from Selected Block... =i Il[i? - INII;\Iil?rE
zl[1..
@. Print Preview Update Design Fle from Selected Elock. .. h[2.0] |OUTPD
Fi Ie = Create/U pdate = |pteSignalap ILHle from Design Instance(s) net?
Create Sym bol 5te Signaliap II List Fle
- ate JAM, SVE, or ISC Fle...
Recent Projects 4
Create/Update IPS File...
Exit Alt+F4
I E Create Topd evel Design File From Pin Flanner...
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Convert BDF to Image File

4’ Quartus II - C:/Developing_Classes/QuartusII/QII_6_1_upda
File Edit View Project Assignments Processing Tools  Window

D ﬂEW Cirl -+ | “ﬂltref
~a
[= Cpen... Ctrl+0
Cose 4 ) filtref_bdf
- = :
@ Mew Project Wizard. .. i filtref.bdf Savein: Iﬂf}fiher j = CF [E-
) -
[B- Open Project. .. Ctrl+3 [=)board
Convert MAX-+PLUS II Project. .. — I)db
Save Project DS A =TT | Jexport_db
Close Project T D IChrev_1
-—l -—1 |- simulation
e Cirl+5 : I3;1:]rnl_llt_'.d\\'Em'EIZI.j|:|g|
"=ll = PIN_# :
Save As... _ @m}'j"_wah‘eﬂ.]pg
Save Current Report Seclion As... i Q :ggi: ] new_wave0.ipg
. . Y IDBAN
File Properties. .. OEAN
Ik = I0BAN
» -
Create [ Update . OBAN
Export... el I0BAN
Convert Programming Files. .. ] IOBAN
L[ Page Setup... STy
& Print Preview
& print... Cirl+P File name: Ifihref.jpg j
File = Export ’ Save as type: [JPEG File Interchange Format (" jpg) R4 Cancel |
p JPEG File Interchange Format (*jpa)
RECENT Frojects * B'rtmap File I‘.bmp}
Exit Alt+F4
| N I

Choose .JPG or .BMP
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QSF Notes

m Changes to existing assignments updates (i.e. Not moved to end of
file)
— Exceptions (always at end of file)
® Adding/removing source files
® Editing members in assignment group
m  Sourcing rules
— Source statements always preserved (not overwritten)
— Changes to assignments read from source file written back to original file
— New assignments always written to end of main QSF
— All assignments copied into new QSF file when new revision created

© 2007 Altera Corporation—Confidential Am
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Page Control

i* RTL Yiewer: filter | filter | Page 1 of 3

Fil_ter
-- Instances k[
-- Prirnitives

m Hierarchical levels automatically partitioned
— Control design size per page (tools = customize = options)

m Use toolbar to move between pages
m Navigate nets between pages

/ ng ht-click
_data_ne_en ‘} ; mem A e to trace

dpath:dpath_LFPBZ_data_out_s

MBE_D ooy =

_MEM_D_out_ sk » & path:dpath_GFB1_data_out_z
[:EF":'”” ~eme | w3 shdpathidpath MER B not =
s_dsackl_en_s22 . Related Page 5 [%T'I' Fage 4
Related Page B L= ToPage 5
i_d=sach1_out_a ¥ ‘ ToPage B
© 2007 Altera Corporation—Confidential m-m
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Fitter Settings — More Settings

m Adjust project-wide defaults
m Enable/disable
Increased/decreased optimization
routines
— May affect compile time
Examples e
- Optimize I0C Register Placement R

for Timing
— Automatically Uses 1/O Cell
Registers to Improve I/O Pin Timing
» Auto Global Signals
— Auto-Promotes High-Fanout
Control Signals to Globals
* Fitter Aggressive Routability
Optimization
— Automatially Performed during
Increased Fitting Attempts

© 2007 Altera Corporation—Confidential

- Timing Requirements & Optior
-EDA Tool Settings
Compilation Process Settings
Analysiz & Synthesis Settings

]

[

 Fitter Settings

o Physical Symthesis Optimiz
- Bzsembler
- Timing Analvzer
- Design Assistant
- SignalTap |l Logic Analyzer
- Logic Analyzer Interface

More Fitker Sektings

Specify the settings for the logic options

uzed in vour project. Some of these options can be applied

to an individual node or entity in the Assignment Editor and will override the option settings in this

dialog box.
— Option
L Rezet |
Mame: Optimize Timing
Setting: Mormal compilation j Reset &l |
Description:

— Mormal compilation
Uses timing-q o

I
Existing optioh settings:
Mame: | Setting: | il
Final Placement Optimizations Automatically
Fitter Aggreszive Routability Optimizat...  Automatically
10 Placement Optimizations On
Logic Cell Insertion - Logic Duplication  Auto
F aintain Compatibility with Al Strativ ... OFf
Optirize IOC Register Placerment far ... On
Optimize Timing Mormal compilation
FCI A0 uli3
Placement Effort Multiplier 1.0
Router Effort kultiplier 1.0
Frouter Timing O ptimization Level Marrnal
Weak Pulllp Resistor QI =
Ok I Cancel

X

e

- SignalProbe Settings
[ Simulatar S ettings

[#- Software Build Setings
- HardCopy Settings

[#- PowerPlay Power Analyzer Settings

¢+ Auta Fit [reduce Fitter effart after meeting b

Desired worst c:af\ack [margin): IEI

[~ Lirnit to o fittinghztternpt
Sead |1

< MoreSettings...l ,

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
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Importing I/O Megafunction

m Select PPF file created when running
MegaWizard Plug-In Manager

MegaWizard Plug-In Manager, - ALTLVDS [page 21 of 21] -- Summary

i _a ALTLVDS
Yersion 7.1

SURMMatYy

Createflmport Megafunction E

[ Create a new custom megafunction

{* |mpart an existing custorm megafunction

Turn on the files you wish ko generake, & gray checkmark indicate: |Z"-.E||tE[E|"-.?1 "-.I:|IjE-'SIQr'lSI'-.fIr_fl|tE-'rl'-.I'|'|_'.-'_Ir'|tE-'r|:Ell3E-'. [u]u] T |
aukomatically generated, and a red checkmark indicakes an option.

Finish o generate the selected files, The state of each checkbox iy
subsequent Megaitizard Plug-In Manager sessions,

tx_coreclock my_interface
b (31 .0 ] t_out[3..0
¥ _inclock S tx_outcloc
4 channels, «&
105.00 hiHz
O/F data rate=g240.00

Instance name:;  |my_interface

The Megatwizard Plug-In Manager creates the selected files in the
directory: D:\altera|71\qdesigns\Fir_Filter, Ok, Cancel

CoreClk Freg=105.00

Ol Freq = 210,00 File | Description ! Pin Planner Edit menu =
a—" S—— -

< LA my_interface. ppf PinPlanner ports PPF file g Createll m po rt Megafu nction

O m_l,l:interface:cmp WHDOL component declaration file
[ my_interface baf Quartuz 1 zymbal file
O my_interface_inst. v Ingtantiation template file
[ my_interface_bb.w Werilog HOL black-box file

Resource Usage

1 clkctrl + 32 req + 5 stratizii_vds_transmitter +

1 stratixii_pll

© 2007 Altera Corporation—Confidential Alm
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Imported Megafunction

m Megafunction pins appear as a new bus in
Groups List

— Names prefixed with user-defined instance name

Mode Mame Direckion
i d[7..0] Input Group
T wn_ouk[7..0] Oukput Group
o [ my_inkerface Bidir Group
—

- ey _inkerface_kx in[31..0] |Inpuk Group

my_interface_tx_inclock  |Inpuk

my_interface _kx corecl,,, [Cukpok

- iy _inkerface bx out[3.... (Cubtpub Groop

R AL

riy_inkerface bx outclock (Cubpuk
<new node ==

© 2007 Altera Corporation—Confidential
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Creating New I/O Megafunction

T T——

Which megafunction would you like to customize?

!

f* Create a new custom megafunction . .
o ) Select a megafunction from the lizt below
[ Import an existing custorn rmegafunction

- {%] Installed Plug-ns Which type of output file do you want to create?
-8 Communications = AHDL
+ -8 POS-PHY  WHOL
Instance name: | + il UTOPIA T ——
= ﬁ 140 erlog
A ALTCLELOCK .
7 B
k. | Cancel | " ALTDDIO_EIDIR WWhat name do you want for the output file? TowsE
] ALTDDIO_IM |D:'\altera'\?'l tadesignsir_filkermy_ddiir]
] ALTDDIO_OUT
] ALTDO
Riaht-click in G i Al 7 ALTDOS I/O-related
ight-click in Groups List or megafunctions only
Pins List ] ALTLVDS
] ALTMEMPHY Mate: To compile a project successully in the Quartus [ software,
1 ALTPLL your design files must be in the project directory, in the global user
or - @8 Interfaces libraries specified in the Options dialog box [Toolz menu), or a uger
library epecified in the User Librares page of the Settings dialog
P.n Planner Edt men * g ':fl . I bow [Aszignments menu).
| 1 u=—= + emary Controllers
Create/lmport Megafunction v g iE: i Your cument user ibrary directories are:
+ Hpress
+- & FapidlO
or +- & 50
+- [ Senallite

Click on toolbar button

Create and/or import pins and pin Carcel | <Back | New> | |

properties from /O related
megafunctions & IP (i.e. DDR, LVDS)
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Configure & Generate Top-Level HDL (1)

m Choose Set Up Top-Level Design File

— Right-click, Edit menu, or toolbar

m Configure megafunctions & IP cores by changing values
in Type and Node Name columns

LT & E ) dm(E) oo

5Set Up Top-Level Design File

tegafunction: ALTDOIO_IM

Megafunctions

Inztanice: my_ddioin

ry_ddicin [ALTODIO_IM] Fart Mame Diteckion Type mode Name
w_ddioout ALTDDIO_OUY ] aclr Input Ifternal reset
Jzer Hodes datain[7..0] Input Efternal datain[7..0]
inclock, Input Efternal clock.
dataout_h[7..0]  [Qukput Igternal vy _ddinin_dataout_h[7..0]
dataout_I[7..0] Cukpuk Ir!ternal kv _ddinin_dataout [7..0

Port Name & Direction
comes from megafunction
definition & cannot be
changed

/

| [

Choose Type:

External type connect to device pins and will

appear in Pin Planner pin lists if left unconnected
Internal type connect to or become internal nodes
and will not appear in Pin Planner pin lists

d[7..0]
datain[7..0]
ry_ddioin_datao
rivy_ddinin_datan
ry_ddioout_data
rivy_ddinout_daka
rey_ddioout_data

| T~
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Use Node Name to connect
megafunction ports to
device I/0 and internal node names

» Connect to other megafunction ports
by reusing port or node nhames
(double-click & select from drop-down)

 Rename device I/0 & create new
node names by typing in new names

/AYOTS RYA),




Configure & Generate Top-Level HDL (2)

m Choose Create Top-Level Design File
— Right-click, File menu (Create/Update submenu), or toolbar

m Select a file name and type

Create Top-Level Design File

File name: filtret.

File tppe
O WHDL
¢ Yerilag HOL

" 5 = () b
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5et Up Top-Level Design File

tMegafunctions Megafunction: ALTODIO_IM Instance: my_ddioin
my_ddiain [ALTDDID_IM] Part Mame Direction Tvpe Mode Mame
ry_ddioout [ALTDDIO_OUT | &l Input External resek
IJzer Modes datain[7..0] Input Exkernal datain[7..0]
inclock, Input Exkernal cloick,
dataout_h[7..0] |Oukput Internal
dataout_I[7..0] |Oukpuk Inkernal
) my_ddioin
datainff ] :}—IH.PUT daﬂn[?ﬂ] i clataout K7 .0
P :_lﬁpuT - inclock ddia cataout (7.0
et irpout
rezed S 1115 * acl SR
inst¥
) ry_ddioout
daﬂn bl .07 ¥ da‘tanut|?..lill SUTFUT — dataout [ 0]
datain_I[7..0] dclio :
outclock outpt
aclr power up
low
instd

Schematic representation of
top level file created

(schematic not actually
created)

© 2007 Altera Corporation—Confidential
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b egafunctionz

Megafunction: ALTDDIO_OUT

Ingtance: my_ddioout

rny_ddioin [ALTDDI0_IM)

rny_ddioout [ALTDDIO_OL

Uzer Modes

Part Marme Direction Type Mode Mame
acly Input Exkernal reset
datain_h[7..0] |Input Internal
datain_I[7..0]  |Input Internal
outclock Input External clock
dataout[7..0]  |[Output External dataout[7..0]

/AYOTS RYA),



Notes on Step 2 (Early 1/0 Planning
Methodology)

m Internal nodes will be commented and set as virtual pins in
created top-level file (represented as gray pins on previous
slide)

m Make changes to megafunction or IP through the Pin
Planner

— Highlight in Groups List and choose Edit Megafunction (Edit menu or right-
click)

— Must re-import megafunction or IP when changes are made
— Must update top-level file when changes are made
— Run I/O Assignment Analysis after any change to validate I/O

© 2007 Altera Corporation—Confidential Am
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Pin Planner — Error Checking

Error Checking Description (Examples)

1 | Resource availability in I/O bank or Vref group

2 | Once half of differential pair is assigned, complement pin not available for
assignment

3 | No output/bidirectional pins assigned to dedicated input pins (e.g. clock pins)

4 | Pin I/O standard must be compatible with the node’s I/0O standard

5 | All nodes in same Vref group must have the same Vref voltage

6 | A node assigned to the I/O bank must have an I/O standard
compatible with the bank VCCIO

Recommendation: Run I/O Assignment Analysis (Discussed Later)
for Complete I/O & I/O-Core Checking
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Stratix Il /O Rules Section

m Folder in Compilation Report containing |/O

Rules tables

— Summary with number of I/O Rules checked, passed & failed
— List of I/O Rules & whether passed or failed

— Matrix of I/O Rules checked on a per pin basis

© 2007 Altera Corporation—Confidential Alﬂ-;m
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~h B Flow Log

[+ Analysis & Synthesis
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- ¢=HEE Summary

- EhEE Settings

-=hwh Equations

- ¢=HEE HardCopy II Device Resc

- ESHI* Pin-Out File

|- ¢£5h|_] Resource Section

=8 %a 1/O Rules Section
----- - ZHEE 1/0 Rules Summary
----- %@ 1/0 Rules Details
----- %@ 10 Rules Matrix

- =HEE Device Options

&[] Advanced Fitter Data
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+-&=p|_] Database Export

1 |

2
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Y]

: O Rules Mz -0l x|
OR D
Pin/Rulez 10_000007  (10_000002 ) 10_000003 | 10_000 — — [0_00000F | 10_ Q000
1 | Total Pass 23 1] 23 1] 13 23 23 0 ;
2 | Total Unchecked|0 N n N ] n n n
3 | Total Inapplizable|0 23 1] 23 10 1] 0 23
4 | Total Fail 1] 1] 0 1] ] 0 1] 0
A | wealid Fazs Inapplicable [Pass Inapplizable |Inapplicable |Pazs Fazs Inapplicat
G | Follows FPazz Inapplicable |Pazz Inapplicable |Inapplicable |Pazs FPaszz |napplicat
T | wn_out[7] Pasz Inapplicable |Pazs Inapplicable |Inapplicable |Pazs FPasz |napplicat
g | wn_out[E] FPazs Inapplicable |Pass Inapplizable |Inapplicable |Pazs Fazs Inapplicat
9 | wr_out[5] Fazs Inapplicable [Pass Inapplizable |Inapplicable |Pazs Fazs Inapplicat
10 wn_out[4] FPazz Inapplicable |Pazz Inapplicable |Inapplicable |Pazs FPaszz |napplicat
11| wn_out[3] Pasz Inapplicable |Pazs Inapplicable |Inapplicable |Pazs FPasz |napplicat
12| wn_outZ] FPazs Inapplicable |Pass Inapplizable |Inapplicable |Pazs Fazs Inapplicat
13| wr_out[1] Fazs Inapplicable [Pass Inapplizable |Inapplicable |Pazs Fazs Inapplicat
14| wn_out[0] FPazz Inapplicable |Pazz Inapplicable |Inapplicable |Pazs FPaszz |napplicat
15 clk Pasz Inapplicable |Pazs Inapplicable |Pazs Pasz FPasz |napplicat
16| reset FPazs Inapplicable |Pass Inapplicable |Pass Pazz Fazs Inapplicat
17| clks2 Fazs Inapplicable [Pass Inapplicable [Pass Pazz Fazs Inapplicat_
18| newt FPazz Inapplicable |Pazz Inapplicable |Pazz Pazz FPaszz |napplicat
13| d[] Pasz Inapplicable |Pazs Inapplicable |Pazs Pasz FPasz |napplicat
200 d[1] FPazs Inapplicable |Pass Inapplicable |Pass Pazz Fazs Inapplicat
211 d[2] Fazs Inapplicable [Pass Inapplicable [Pass Pazz Fazs Inapplicat
%ﬁ dral Pazs Inaoolicable |Paszs Inaoolicable |Pazs Pazz Pazs Inal:u:ulin:;a s
=
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Advanced I/O Analysis Output

m Detailed Signal Integrity Metrics appears as in
table in timing analysis report

%@ Compilation Report = Slow Corner Signal Integrity Metrics
3B Legal Notice Bin [/00 Board Delay |Board Delap | Steadw State Woh | Steady State Vol | Woh Maw at | Vol Min at | Ringback Ma
@E Flow Summary Standard on Rize on Fall at FPGA Pin at FFGA Pin FPGA Pin FPGA Pin | Rize at FPGA
5B Flow Settings 1 f pwalid 334 LWCMOS 1] 0 313 [0 000652 323 -0.0804 019z
¢ Flow Non-Default Global Settings 2 | fallow 334 LVCMOS i 1] 313 0.000e52 313 0.0144 000299
- Flow Elapsed Time 3 | wroout[?]1.5% HSTL Clazz | -1.43e-012 1. 11e-M2 1.1 0254 112 0.zs5 7.38e-005
~E3B FlowLog 4 | vr_out[B]|1.5% HSTL Clazz I -1.43e-012 1. 11e-M2 1.1 0254 112 025 7.28e-005
H- @[:l Analysis & Synthesis =
- &Y Fitter wrout[8](1.5% HSTL Class Il |-1.42e-12  [1.17e012 111 0254 112 025 7.38e-005
B - &S summary E | vr_out[4]/1.5% HSTL Clasz [1|-1.43e-012  |1.11e-M2 111 0254 112 025 7.38e-005
- S settings 7| wroout[3]1.5% HSTL Clazz -1 43012 1. 11eM2 111 0254 112 025 7 38e-005
kb Equations 8 | wroout[2]/1.5% HSTL Clazz I -1.43e-012 1. 11e-M2 1.1 0254 112 0.zs5 7.38e-005
<=5 HardCopy II Device Resource Guide 9 | wroout{1]/1.5% HSTL Clazz I -1.43e-012 |1 11e-M2 1.1 0254 112 025 7.28e-005
¢S Pin-Out File 10) pr_out[0]1.5% HSTL Clasz 1| -1.43e-012  |1.11e-M2 111 0254 112 025 7.38e-005
&S50 ] Resource Section
E]---%[:l I/0 Rules Section
- ¢SHE Device Options
&1 Advanced Fitter Data
-¢£Z§ &) Messages
+-&Zh 0 Assembler
= @a TimeQuest Timing Analyzer e
----- - ZHER summary
E| &5 Advanred L0 Timing
- -5 Board Trace Model Assignments ——
< %a Signal Integrity Metrics >
M — %@ Slow Corner Signal Integrity Meigicss——"
ol
- ZHEE Frax Summary LI 4 | | _>|
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Alternative Method to Writing SDC File

m Maintain “golden” SDC input file in SDC File Editor

— File holds user-entered constraints
— Add design-specific comments
— Arrange SDC commands according to design

m Edit “golden” SDC file

— Editinput SDC file directly using file editor features
— Copy SDC commands from Console pane (History tab)
—  Copy commands from TimeQuest-generated output SDC file
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Quartus Il Simulation

m Simulator method & features overview
m Simulator settings
m VWEF file creation
= Simulation output

© 2007 Altera Corporation—Confidential
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Supported Simulation Methods

m Quartus Il

— VWEF (vector waveform file)
® Primary graphical waveform file
— CVWF (compressed vector waveform file)
e Compressed binary version of VWF
— VCD (value charge dump file)
e Standardized text-based input file (IEEE-1364)
— VEC (vector file)
® Text-based input file
— Tcl/TK scripting

m 3"9-party simulators
— Verilog/VHDL testbench

Note: The simulator channel file (.SCF) and table file (.TBL) are
also supported for backwards compatibility with MAX+PLUS Il
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Simulator Features

m Converts VWF into HDL testbench
m Generates HDL testbench template
m Supports breakpoints

m Performs automatically

— Adding output pins to output waveform file
— Checking outputs at end of simulation

© 2007 Altera Corporation—Confidential
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Simulator Settings

m Mode

m Input file

m Period

m Options

© 2007 Altera Corporation—Confidential
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Settings - filtref

Categony:

Assignments = Settings = Simulator Settings

- [aeneral

- Files

- Uzer Libraries [Current Project]
- Device

- D perating Conditions

- Compilation Process Settings
- EDA Tool Settings

- Analpziz & Synthesiz Settings
- Fitter Settingz

- Timing Analysis Settings

- dzzembler
- Design Azziztant

- SignalTap |l Logic Analyzer
1=y

terface

Simulator Settings

Select simulation options.

Simulation mode: ITiming j

_| 4dd multple fles... |

Sirmulation input; Ifiltref.vwf

Simulation penod
& Fun simulation until all wector stimuli are uged

" End simulation at: I Ins j

v Automatically add pins to simulation output waveforms

[~ Check outputs Waveform Comparizon Setings... |

[ Setup and hold time violation detection

[~ Glitch detection: |1 Im j

v Simulation coverage reparting Report Settings... |

[~ Owerarite simulation input fle with simulation results

[~ Digable setup and hold time violation detection for input registers of bi-directional pins

tore Settings. .. |

Description:

Checks expected outputs ws. actual outputs in the simulation report.




Simulator Modes

x
Categony:
 Genea
- Files
« Uszer Libranes [Current Project] Select zimulation optiohs.
- Device
[+~ Dperating Conditions _; . — T]_’\
[+~ Compilation Frocess Settings US e T'""”_E' ™
[+ EDA Tool Settings Sirmulation input: Functional />
[+l Analyziz & Synthesiz Settingz \PMNEEWHQ using Fast Timing Model
[+ Fitter Sethinnz — Sirm il ;
m  Functional m Timing Using Fast Timing Model
— Type: RTL — Similar to Timing
— Uses pre-synthesis netlist — Uses Best-Case Timing Model
m  Timing
— Type: gate-level or post-place & route
— Uses fully compiled netlist
— Uses worst-case timing model
© 2007 Altera Corporation—Confidential =
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Simulator Input & Period

m Specifies stimulus & length of simulation period

Select simulation options.

Run Simulation until
End of Stimulus File

u[=}

it

Simulation period

Timinig

filtref. chew

. | 2dd multiple files...

w

N

Run zimulation until all vectar stirul are uzed

™ End simulation at; I Ins -

AN

Specify Stimulus File(s)

Enter End Time

322

-
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Simulator Options

Automatically Add Output
Pins to Simulation

v Automatically add pins to simulation output wasveform

[T Check outputs wWanetorm Comparisar, Sethings. .. | Compares Simulation
[ Setup and hold time wviolation detection Outputs to Outputs in
[ Glitch detection; | Nz |~ Stimulus File

v Simulation coverage reparting Heport Settings. .. |

Monitors & Reports
[T Owenvrite simulation input file with simulation results Simulation for Glitches

[T Disable setup and haold time vialation detection far input registers of bi-directional pir
Mare Settings... Reports Setup &
" Hold Violations
Dreszcription:
Specifies the source of input vectors to be uged for incremental input simulation. :|
Reports Toggle Ratio
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Generate SAF

m Generate SAF or VCD file for power calculation

x

Categary:

- General Simulation Fower

- Files

- User Libraries [Current Praject) Select simulation power ophions.

- Device
- ':'F'E’r'fft'”fg Conditions _ — Signal activity autput far power analysis
- Compilation Process: Settings -
- EDA Tool Settings ¥ Generate Signal Sctivity File: |f||t"9f-3~5'lf |
- Analyziz & Synthesiz Settings : o :
- Fitter Settings Signal Activity File Optionz... |
- Timing Analyziz Settings

- dzzembler —%CD output for power analysis

- Design Assistant ; -
- SignalT ap || Logic Analyzer [ Generate /CD File: Iflltref.vcd _|

- Logic Analyzer Interface
= Simylatorsatkiag
----- Simulation Power

VCD File Options... |
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Create New Vector Waveform File

m Select File = New = Vector Waveform File (Other

Files tab)

© 2007 Altera Corporation—Confidential

Device Design Files  Other Files |

AHDL Inchude File

Black Syrmbal File

Chain Deszcription File
Hexadecimal [Intel-Format] File
Logic Analyzer Interface File
kemory [nitialization File
SignalT ap I File

Synopsys Design Congtraints File
Tl Script File

T ext File

Yector W aveform File

Ok

Cancel
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Insert Nodes

&7 ndo Cirl+Z

CuRedo  Clsy m Select Insert Node or
% cut Cirl 4 Bus (Edlt menU)

RN rl+

fcpt'e B - VWF must be open
Pas .

. Delete Del — Use node finder
Select k

Eind and Replace *

— GoTo... Ctrl+3 Insert Mode or Bus

-

Insert Node or Bus... Marme: || 0k

Value F Insert Waweform Divider J
. ; . Tupe: INPUT - Cancel
Grouping » Insert Copied Modes = I
Time Bar * Insert Waveform Interval... Walue type: IE"LEVE| | ek,
=
I Binar bl
e Fadis; I I J
Grid Size. .. Bus width: 1
A - _
21‘ STz Start indes: 0
Properties _ .
[ Display gray code count a3 binary count
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Specify End Time

vartus IT - C:/Developi

. Iﬁﬁ.ﬁew Project  Assi
= Maximum length of = |
simulation time Exnl x|

46 Cut i
. B2 Cony o Time: Im -
- Edit menu L e

— Default extenzion optionz;

. W Delete
N S peCIfy h OW to Select Extension walue: ILa&t clock pattern j
extend signal rdadRe
— End time extenzion per sighal:
—+ GoTo... Ct
Val u eS Signal Mame Direction R adix E =tension walue
Insert clk, [riput Einary Default extension walue
Yalue sz [rpuat Binary Default extension value
Grouping d [npit Unzigned Decimal | Default extension value
) fiallie Cukput Binary Default extension valie

e newt [rpat Binary Default extension valie

rezet [t Binary D efault extenszion valie

nc_ime... ok Cutput Unzigned Decimal | Default extension value

Grid Size. .. wyalid Output Binary Default extenzion value

=1 Sort....

Properties

Ok Cancel |
o
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Insert Time Bars

m Set one time bar as master
Insert other time bars

- Relative to master

— Absolute

Specify Time Bar
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L

a Yiew Project Assignments Processing Tools ‘Window Help

OF.

Cancel |

G TR a0 88§00
0l fledy o " - - o
$9009|,:92 BRY (4
& it
Copy e %% % et <@
Eﬁaste Gl dﬂ- Master Time Rap 1205 ns j_'lPointel: 700 ps Interval:|_
X
i 1U.|Dns
!
— Time bar * 12’?? "
iime: IE":I Ins j Add :
— |nterpret time as - !
— elele [iess i
*ﬁ' absolute timne - 0
" Relative to master time bar Set az Master
E xistitng time bars: \
Abzolute time | Relative time | \ .
Mz200ns  Ops \ Time Bar
50.0 ns ED.N\
0.0 ng 0.0 ng
Set Master Time Bar




Draw Stimulus Waveform

m Highlight portion of waveform to change
m Overwrite value with desired value

4, Quartus II - G:/Developing_Classes/QuartusII/QII_6_1_updates/QII Test Designs/filter/filter - filtref - [filter.cvwf] . .
Highlight

nments Processing Tools Window Help

Overwrite
value

1 Fie | Edit View Project Assig

0 x| Undo Cirl+Z

PrajectN G Bedo Cirl -+
Entty b Cut Cirl 4
St B copy  cil+c
B? Paste

¥ Delete Del
Select

Find and Replace
—+ GoTo... Cirl+G

\ Insert

v

Grouping

Time Bar

End Time. ..

Grid Size...
%l Sort,..
Properties
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-

- I3

r

waveform

5 |[nirer e @ee | T|r 2 |sh| X
j[;_: M aster Time Bar: 10.85 ns j_’l Painter: | 246 ng |
edi =

|| m ime \c’aILIE ps - ZDP ns -ﬁ]il] ns 0 ns £

5811 A 10.88 & s
&5 |0 clic Bil [ 1l i
@, [ cho2 B ML L
— (|2 d U1
o 11 Follow B
[z newt Bl —
an llmB=13 reset B S —

Stretch or Compress Waveform Interval...  Ctrl+Alt+5
Offset Waveform Interval. .. Cirl+Alt+0

U Uninitialized (U) Cirl+alt+U

x§x Fording Unknown () Cirl +AlE+X

-9; Forcing Low (0) Ctrl+Alt+0

1, Fordng High (1) Cirl+Alt+1

A ich Impedance (2 Cirl+Alt+7

)@ Weak Unknown (W) Cirl+Alt-+0

WL weak Low () Cirl+Alt-H

WH Weak High (H) Cirl+Alt+H

¥B; Don't Care (DC) Cirl+Alt+D

M Invert Cirl+Alt+

W€ Count Value... Cirl+AIL+V

W& Clock... Cirl+Alt+H

W7 Arbitrary Value... Cirl+Alt+B

)@ Random Values... Ctrl+alt+R

EammE kG 23 0 PR> S

—
=
L=

Toolbar
shortcuts

28] & 75

g
—

;



Overwrite Waveform Signal Values

m 1 = forcing ‘1’

m 0 = forcing ‘0’

m X = forcing unknown
m U = uninitialized
mZ = high impedance
m H = weak ‘1’

m L = weak ‘0’

m W = weak unknown
m DC = don’t care
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Overwrite Waveform Patterns

m Clock = x|

: - Ti
— Enter period & duty e
Cycle Start tirme: {0 ps j
End bime:  |10.0 ns j

— Baze waveform an
" Clock zettings:

clk =]

* Time period:

Perind:  |10.0 ng 7|

Offzet; 0.0 iz j
Dty cpcle [Z]: IEEI _I?

Ok I Cancel
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Overwrite Waveform Patterns (cont.)

m Counting pattern
— Enter count timing

— Enter start value &
increment

© 2007 Altera Corporation—Confidential
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Count ¥alue x|

Counting | Tirning |

Radi -
Start walue: IE|
End vaie | ﬂ
Increment by I'I —
Caounting T"T"ﬂgl
Count tppe
(+ Binary Start tirme: ID Ips j
" Gray code End time: IEEIEI Ins R
— Tranzitions ocour
= Felative to clock settings: I j
= Positive edge
= Wegative edge
Offget; I I j
@ At absolute imes:
Count exvery: |1EI.EI Ins j
Multiplied by: |1
ok Cancel




Other Waveform Patterns

m Arbitrary Value

— @Group value for busses

m Random Value
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Waveform to Testbench Generator

m Converts VWF into HDL testbench

¥’ Quartus II - C:/Developing_Classes

|Fi|e Edit View Project Assignments F

O mew Ctrl+N E
& Open... Cirl+0
Ewport X
Close Cirl+F4
Save in: | L) veriog x| & @k E-

@ Mew Project Wizard. ..
[ Open Project... Cirl+1

Conwert MAX +PLLIS IT Project...

ave Project Export file (File menu) and save

as VHDL test bench (.VHT) or
Verilog test bench (.VT) file

Close Project

P 1
s Chl45

Save As...

[l o ——— SR oo N € R |
save Current Report Section As. ..

File Properties...

File: narne: Ipipemult.vt Export
Create [ Update
Save as type; I*Jerilng Test Bench File [*.wt] j Cancel
Convert Programming Files... v add self-checking code to file
. A
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Testbench Template Generator

m Generates HDL testbench template

— User inserts test stimulus

Processing Tools Window Help

b @w @[T » o wD| |

7364 ns

_J_'I Painter: |

Iriker

10| ng Cirl+5hift+C
Cirl+
al 3
Update Memaory Initialization File
@' Compilation Report Cirl+R
Start Compilation & Simulation  Ctrl4Shift-+H<
Generate Functional Simulation Metlist
P start Simulation ctri+
Simulation Debug L4
= simulation Report Ctrl+Shift+R

ﬁ Compiler Tool
& Simulator Tool
P2 Classic Timing Analyzer Tool

¥/ Start Analysis & Elaboration

5\7 Start Analysis & Synthesis Ctrl+K
'&E Start Partition Merge

%P Start Fitter

ﬂﬂ Start Assembler

P4 Start Classic Timing Analyzer Ctrl +Shift-+
’g[; Start TimeQuest Timing Analyzer  Cirl+4Shift+T
> Start EDA Netlist Writer

"% Start Design Assistant

w Start PowerPlay Fower Analyzer  Cirl+Shift+f
Pé’" Start SignalProbe Compilation Cirl+Shift+5

Eﬁ simulation\modelzim\dac_demo_ver. vt

fFf assign statements (if any)

assign {t_ wire indatadZzZ t_ wire in deskew, t_ wire_ in clock,
dac_demo_wer th |

ff port map - conhection between master ports and signalsfregist
.indatafZZ it wire indatacZz) . in deskew(t_ wire in deskew) , .1
initial

fFF code that executes only once

fF insert code here —-&> begin
fSfo——= end

Fdizplay("Punning testhench") ;
end

always()

FF optional sensitiwvity list

'ﬁ, Start If0 Assignment Analysis Ff @Bleventl or eventZ or .... eventn)
,95} PowerPlay Power Analyzer Tool i
Start Classic Timing Analyzer {Fast Timing Model) begin
2, Start Early Timing Estimate fFFf code executes for every ewent on sensitiwvity list
)@ Start Classic Timing Analyzer Constraint Cheds ff insert code here --= begin
E Start Check & Save All Netlist Changes
feachvec;
¥E Start VQM Writer if —-+ end
XIE Start Equation Writer {Post-synthesis) end
Iy Start Equation Writer {Post-fitting) endmodul e
E rt Test Bench Template Writer
k. Start EDA Synthesis
= L
>@ Start EDA Physical Synthesis —I—I
Wl
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Before Functional Simulation

m Perform Generate Functional
Simulation Netlist (Processing

menu)
— Creates pre-synthesis netlist

— Fails simulation if not performed
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s QuartusII/QII_6 0 updates/Test_Designs/fi
|Prm:essjng Tools Window Help

- @ Stop Processing Cirl +5hiftHC
W Start Compilstion Ctrl-
@ Analyze Current Eile
Start 2
Update Memory Initialization File
@ Compilation Report Ctrl4+R

Start Compilation & Simulation  Ctrl+5hift-+H

Generate Functional Simulation Metlist
P Start Simulation Ctrl+
Simulation Debug »
Ctrl+shift+R

dE_'SL? Simulation Report

E Compiler Tool

b Simulator Tool

@ Timing Analyzer Toaol

lr;:i? PowerPlay Power Analyzer Tool

/AYOTS RYA),



Starting Simulation

m Processing menu = Start Simulation

4!, Quartus II - C:/Developing_Classes;/QuartusII/QII_5_1_updates/Test_Designs/f
File Edit ‘iew Project Assignments | Processing Tools  Window  Help

J O i |% | ¥ 2 | v |4 Stop Processing kel 4-Shift+-C
Project Mavigatar P Start Compilation Chrl+L
E nitiky ALUTg E| fmalvze Current Eile
Stratis II: EP2515F484C3 Start .
"";E; filtret @? Compilation Report Chrl4+R

Skart Compilation & Simulation  Cerl+Shifk-+HE

zenerake Functional Simulation Metlist

E Start Simulation Chrl+
Simulakion Debug k

&= simulation Report trl+Shift+R.

P Start Software Build Chel+0)

Compile Current Fle

m Scripting
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Simulation Report

=t

1L

m Displays simulation result waveform

_inix
=h - Simulation Repart Simulation Waveforms
BB Legal Motice Simulation mode: Functional =
-ESET Flow Summary —
i (ZHEE Flow Settings . . o : i ;
E@E Simulator tazter Time Bar: | 18626 nz *l >| Foirker: | B.54 nz Interval: | 12.09 nz Start; | End: |
SR Summary pE 200 ns 400 ns B0.0 ns 80.0 nz 100.0 ns |
%@ Settings N YWalue at I i i i i
ol , B 1863 ns 18626 ns
ST} Simulation Wwaveforms ‘ o
A Logical M i
/- oaea TEmAares [ olk B1 | [ I S I i s S D A B S
= Sirulation Coverage =
EL o 1] Usage el dataa H 0o m [y oz 03 % 04 W 05 Y o5 ¥ 07 % 0B Y D3 WA )@
p §¢J Messages i datab Hm a0 oy o2 03 % 04 % 05 W O os W 07 W 08 W 03 W A }@
e WIEn B1
rdaddress Hm a0 ooy o2 03 % 04 W 05 W O 0E W 07 W 08 W 03 W A }@
View Simulation wnaddress | H 01 I m [y 0 T SR G G ST G G SN
q H Doon 0noo WoooolT o004 W 0003 ¥ 0070 Y 0019 Y 0024 W 0039
Waveform
Result Waveform
« [ sl | 0
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Comparing Waveforms

m Select Compare to Waveforms (View menu)
— Simulation waveform must be open

m Select VWF comparison file

¥, Quartus II - C:/Developing_Classes/QuartusII;/QIL

File Edit | Wiew Project Assignments Processing  Tool

O =

Project Nay

Entity

© 2007 Altera Corporation—Confidentia

Litility: Windows

Full Screen

List Paths

"B, it in Window
(‘B\ Zoom In

(9\ Zoarn Sk
@ Zoom. ..

End|File Comparisan

Mext Transition I

Previous Transition

Shiow Expected Gutput Only
Show Sctual Sutput Snliy:
,T Shiow Both Sets of Waveforn

Show absolute times

|T Show time relative ko mastet

,7 Show Comments

Snap ko Transition
’% Snap to arid

Pl Compare to Waveforms in File
j = i

Look i I i Lab1_E

X

I Jdb
'@pipemult.sim.vwf

S '@pipemult.vwf

Y i

File name: |

/

Files of type: IWavefurmNectnr Files [“.vwf;“.ve?hl;".s

YWwaveform Compare Settings. .

Use waveform compare
settings to specify
comparison time frame
and other options

A
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Compared Waveforms (Simulator Report)

m Original waveforms (ctrl+1)

100.0 ng 200.0 ns 300.0 ng 400.0 ns 500.0 ng
Hers ] d ] d ]
= clk. [ | J I
[ in
(] a3
- triztate_line i &
-z dif_out ] A
n
m Compared file waveforms (ctrl+2)
100.0 ng 200.0 ns 300.0 ng 400.0 ns 500.0 ng
Hams ] _| ] _| ]
- clle | I | | I | | 1]
(] in ]
(] oE ]
<Lk tristate_line H
=0 dff_out
m Both sets of waveforms (ctrl+3)
Mame 'IDD.? hs 2IJIJ.JD hs SDIJ.JD hs 400.-? hs B00.0 hs
= ol [ [ | I I A
=~ in \_E:
- oe A
<> triztate_line Hil H k
=0 dff_out 1]
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Breakpoints

m [nterrupts simulation at specified points

Processing =

Simulation Debug =

Breakpoints Breakpoints ]
Breakpoints:
Enable | NENE | E quation | Achion ‘ MHew...
Edi.. “\
Cory | Click on New to
.- | Build Equation
Up
“ ]l v
ak | Cancel
|
@A)ItzeOrZ?SAtlrt:t:i,(:::21(,)rgszg;c,;cl:ﬂn;;’,e::fdlCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation Alﬂ-m 8
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Breakpoints

m Consists of 3 parts

— Name

— Equation (condition)

— Action

MHew Breakpoint

Mame:

E quation:

Sction:

— Breakpoint properties

Ep1

candition

Stop

L Ll

¥ Enable breakpoint

Ok,

Cancel
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Breakpoint Conditions

m <Node> <operator1> <value>
— Single condition

- Ex.Ena=1

| Tlme = <Va|ue> — Breakpoint properties
— Single condition Name: (el
— Time = 500ns Equation: |EEmel

m <Condition> <operator2> . I

node operator 1 value
( condition ) operator2 { condition )

<condition>
— Complex tests
- Ena =1 &&time > 500ns

¥ Enable breakpoint

Ok,

Cancel
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Breakpoint Equations (Cont.)

Mew Breakpoint

M are:

E quation:

Actiar:

— Breakpoint properties

bp1

[ hode operator] wvalue ) operators [ hode
operator] value |

Stop

L Ll

¥ Enable breakpoint

k.

Cancel
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m Clicking on:

— Node

® Opens node finder
— Operator1

® Allows selection of <, >, =
— Operator2

® Allows selection of && (AND)
and || (OR) operators



Breakpoint Actions

m Stop
m Give error message
m Give warning message

m Give informational
message

© 2007 Altera Corporation—Confidential

Mew Breakpoint

— Breakpoint properties

M amme: bpl

E quation:

[ hode operatar] walue | operator? [ hode

operator] value |

Bchion; Stop

L L

Stop
Mdarming Meszage

v Enable bfE o Meszage
|nfarmation Meszzage

| LI

I Laficel
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Example Breakpoint

Name breakpoint
7/

— Breakpaint properties l

M ame: Feszet Test

Equation: |[ [filreflreset = 1) && [ time > 500ns |

NIl

Action: Stop

| 4

/ ¥ Enable breakpaint

aF. I Cancel

Enable/disable v

breakpoints
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Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation o

346



Organizing Breakpoints

Breakpoints

Breakpoints:
E nable Mame E quation Achon Mew...
Heset Test [ [filtreflreset =1 ] && [ time > B00ns | Stop -
Diata Test  [filtreflpn_out =3 Stop Edit..
Lopy
Arrange order Delete
of breakpoints
Up

4| | _pl Do

k., I Cancel
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Please go to optional exercise in the
Exercise Manual
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