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Class Agenda

= Design Methodology in Quartus® Il
— Exercise 1
= Projects
= Compilation
— Exercise 2
m Single & Multi-Clock Timing Analysis
— Exercise 3 &4
= Simulation
— Exercise 5
m Programming/Configuration
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The Programmable Solutions Company®

= Programmable Devices Grraux11

m Design Software Cyclone®
m Intellectual Property (IP) Stratix:
GX
A& nes § < o
“ S EXCALIBUR®
” o MAX+PLUS" Il

ALTERA NEGARNCTION PARTIES FROGRAM
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Introduction to Altera Devices

= Programmable Logic Families -

— High & Medium Density FPGAs Strat'meI

o Stratix™ II, Stratix, APEX™ II,
APEX 20K, & FLEX® 10K

— Low-Cost FPGAs
e Cyclone™ & ACEX® 1K -

— FPGAs with Clock Data Recovery Stratix’
o Stratix GX & Mercury™ GX

- CPLDs Cyclone®
o MAX® 7000 & MAX 3000 M

— Embedded Processor Solutions
e Nios™, Excalibur™

— Configuration Devices
e EPC

Copyright © 2003 Altera Corporation
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Introduction to Altera Design Software

m Software & Development Tools:

— Quartus Il
e Stratix II, Stratix, Stratix GX, Cyclone,
\ APEX II, APEX 20K/E/C, Excalibur, &
& Mercury Devices
. e FLEX 10K/A/E, ACEX 1K, FLEX 6000,
QUARTUSII MAX 7000S/AE/B, MAX 3000A Devices

— Quartus Il Web Edition

o Free Version

m o Not All Features & Devices Included
- MAX+PLUS® I

MAX+PLUS® Il o All FLEX, ACEX, & MAX Devices

Copyright © 2003 Altera Corporation
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Designing with Quartus Il

Quartus Il Development System
Feature Overview

ra Corporation &.
QUARTUS'II

Quartus Il Development System

m Fully-Integrated Design Tool
— Multiple Design Entry Methods
— Logic Synthesis
— Place & Route
— Simulation
— Timing & Power Analysis
— Device Programming

Copyright © 2003 Altera Corporation

More Features

— MegaWizard® & SOPC Builder Design Tools
— LogicLock™ Optimization Tool

— NativeLink® 31-Party EDA Tool Integration

— Integrated Embedded Software Development
— SignalTap® Il & SignalProbe™ Debug Tools
— Windows, Solaris, HPUX, & Linux Support

— Node-Locked & Network Licensing Options
— Revision Control Interface

20veARS o
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What’s New in Quartus 1l 4.0

m SOPC Builder

m LogicLock™ Block-Based Methodology
m Assignment Editor

m Creating & Validating I/O Assignments
m [P Cores

m Integrated Synthesis

m Scripting

m Block Design Entry & Documentation

= MAX+PLUS® Il Project Conversion

Copyright © 2003 Altera Corporation
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Quartus Il Operating Environment

2[9e38
XTI TR

ALTERAY
QUARTUS 11
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Main Toolbar & Modes

[ Dynamic menus | [Fioorplan: Compiler Report
Window & new file
buttons

© i o P Tuis g
[ofe|a): = o« /auﬁ\m\k.\emmhva’iﬂ;w‘ﬁ'ﬁhﬂe'— ‘ = —
[HeuDaE?||ceoce 5o «a8% |2

i B

To Reset Views: Tools =Toolbars>Reset All;
Restart Quartus Il

20veARs of
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Designing with Quartus Il

Design Methodology

poration
QUARTUS 11

PLD Design Flow

- ) % Design Entry/RTL Coding
- Behavioral or Structural Description of Design
; RTL Simulation
— LI LI LS | - Functional Simulation (Modelsim®, Quartus 1)

y LLrLrLr | - Vverity Logic Model & Data Fiow

(No Timing Delays)
M512
o
Synthesis

M4K - Translate Design into Device Specific Primitives

. < [y (pjyp;(‘;r\“s‘éim;y?pmyee(;?:gﬁﬁ\d Area & Performance Constraints
o ' '

Place & Route
- Map Primitives to Specific Locations inside

Target Technology with Reference to Area &
Performance Constraints
QUARTUS - Specify Routing Resources to Be Used
20veaRs of
JALTERA
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PLD Design Flow

Timing Analysis
- Verify Performance Specifications Were Met

J - Static Timing Analysis

Gate Level Simulation
- Timing Simulation
LML LILT | - Verify Design Will Work in Target Technology

PC Board Simulation & Test

- Simulate Board Design
SignalTap” - Program & Test Device on Board
- Use SignalTap Il for Debugging

20 YEARS of

Copyright © 2003 Altera Corporation JALTE]
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Design Entry

QUARTUS 11

Design Entry Methods

= Quartus Il
— Text Editor
o AHDL, VHDL, Verilog
— Memory Editor
o HEX, MIF
— Schematic Design Entry

m 3"9-Party EDA Tools
- EDIF

m Mixing & Matching Design Files Allowed

20 vEARS of

Copyright © 2003 Altera Corporation JAIRERAN
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Design Entry Files

Quartus Il
Block Editor

Quartus Il
Text Editor

Verilog '\

Quartus Il
Memory Editor

VHDL Manager Mentor Graphics,
. Synopsys,
Top-level design files "
AHDL can be .bdf, .df, .vhd, Synplicity,
vhdl, v, .vig, .edif etc...
s Iner sl Tt B BB
.vhd, .vhdl,
—adt] | e e == vam
Block Symbol Tedt Text Text Text  Text
File File File File File File File
Generated within Quartus Il Imported from third-
party EDA tools 20 YEARS of
Copyright © 2003 Altera Corporation JARTERAY
8 INNOVATION
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Text Design Entry

= Available Features
— Line Numbering in the HDL Text Files
— Preview of HDL Templates
— Syntax Coloring
— When Editing a Text File, an Asterisk (*) Appears Next
to the Filename
o Asterisk Disappears after Saving the File
m Enter Text Description
— AHDL (.TDF)
— VHDL (.VHD)
— Verilog (.V)

Copyright © 2003 Altera Corporation
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Verilog & VHDL

m VHDL- VHSIC Hardware Description Language
— 1987 & 1993 IEEE 1074 Standards Supported
m Verilog - 1995 & 2001 IEEE 1364 Standard HDL

m Create in Quartus Il 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
Training CI.

Copyright © 2003 Altera Corporation
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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 Quartus Il or any Standard Text Editor

Copyright © 2003 Altera Corporation [NBIERA
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Designing with Quartus Il

T Select Language. Select Template
| Section. Preview Window Display
= Bt Section
e
o E—
X o
Sekctal t
4 Find...
&, Frdest
T Fid acting Delter
il
Menu Bar: Edit = Insert Template...
or Click on the Shortcut Button s
Copyright © 2003 Altera Corporation
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Quartus Il Options

i bor
7 Diplo oo btons in e
=

fomat

Ted Edio
1

oo o Cancel
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Schematic Design Entry

m Full-Featured Schematic Design Capability
m Schematic Design Creation
— Draw Schematics Using Library Functions (Blocks)
o Gates, Flip-flops, Pins & Other Primitives
o Altera Megafunctions & LPMs
— Create Symbols out of Verilog, VHDL, or AHDL
Design Files
— Connect All Blocks Using Wires & Busses
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

Copyright © 2003 Altera Corporation JARTERAY
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Create Schematic

& Quartus 1L
Flo £t Von proet Asgrmerts rosssing Teds Wedow b

[oeEg|szr|e=rrroeedes

JJE@!E@E@))%@@@\/:@@ BRY
-2l | =]
—= ‘mcm,ﬂ & ‘Eg

Use the Quick Link or

File = New = Schematic File File Extension Is .BDF
T

~

et D | ctms e G|
T

-

Concsl
—
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/

Open the Symbol Window: |-
Use the Toolbar or
Double Click i e -
Background 03 S s s

¥

o00|

Local Symbols

Created from

MegaWizard or

Design Files

Library Symbols T
Cocl /)
20vEARS of

Copyright © 2003 Altera Corporation
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Connect Wires & Buses

‘

Rl |3l

20vens.or
Copyright © 2003 Altera Corporation [NBIERA
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Change Names & Properties

FFie et View Pt Asigmnents Pocessng Toos WindowHelp

|[osd]@ smeowrErT(0R (B8]

{ @ 5 & 2 ) @ e Select Any Object
IECRE EQJ»®®@i\:N’ R ol
Toagocal| |[ & Options
'3 Conplaon Hiachies I A mall
oot w0 || o —E dock i
jasnnanself X3 otk | et 0)
B3 copy e sut(15.0]
! e Rewe R x
1 X polte Gl | Famat|
i G ssomen 3 oot e e AL s i .
L 98 Lot i
CN Mloseniast( povency BO
P ~
L) it o DY Updete Sl
M 4k Fip Horizontal
[ Fip dertical

[ Properties ] Rotate by Deg:

o \
rchies | B Fies | & Design Units ©
e [ ] & Desn Uni N = —
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Create Symbols

e Edt Vow Broject Asignments

D tew. i
@ gpen.. ariso
G|lr392|BRY|

cose Qs

eee
i

2 e proec ...
{35 cpenProct.

TCoge Cell.

Ngaule waltoxs (result, sega, segh, sege,
seqd, sege, segf, seqg, done flag,

e e

=
o —
I Dot
it
e e

0 PageSetip...
R print reyiew.
& erin.

File = Create/Update = wn160¥ 51 ¢ alanue  Wienrt s fnrodnert 1+
Create Symbol. Note: Schematic Can Be Converted to a
Symbol & Used in other Schematics 20 YEARS of

Copyright © 2003 Altera Corporation
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Optional Block Design Entity

T

foiock type

Block Tool

e,

Blocks Are Optional &
Support the Conduit
Capability

Copyright © 2003 Altera Corporation
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Megafunctions

m Pre-Made Design Blocks
— Ex. Multiply-Accumulate, PLL, Double-Data
Rate
= Benefits
— Accelerate Design Entry
— Pre-Optimized for Altera Architecture
— Add Flexibility
m Two Types
— Altera-Specific Megafunctions

— Library of Paramerterized Modules (LPMs)
o Industry Standard Logic Functions

Copyright © 2003 Altera Corporation [NOTERYA

3 INNOVATION

*

MegaWizard Plug-In Manager ﬁ

m Eases Implementation of Megafunctions & IP
— X
T I

i ED% Sirulaban T03) s
Seect smegdnctonton v tbeon -3
R ED i fnelyss ool

Launch Sftware Dobugger Cul4Shit+0

Wi e ool e doer rt o cols?

C wor
B Compler Tood e
© Verbatiol
(R SnalTap 11 Logic Ansiyzer
& progranmer Wit s oy forthe oupulfie?_Browss.
il
1) SOPC e
B ~icooizord Plug-in Manaver page 1] I Retanto s pge o st et s
Tockar The Megazad Plgin Manoger hebs soucresearmodi | -] LP. i
ptions R e oot s deog e s e o iy o
T \ . . o t o
H o
5 6 tonsr ST
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S ——— -
Copyiht ©19912003 Alra Coprsion

el || <k || o> |G oo [ <aik | s | it
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MegaWizard Examples

Double-Data Rate

i VT e e [ |

Copyright © 2003 Altera Corporation JARTERAY
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MegaWizard Output File Selection

m Default
— HDL Wrapper File
m Selectable e & e

— HDL Instantiation S L
Template F=H

— VHDL Component \ g A e
Declaration (CMP) Goige e
— Quartus Il Symbol = e [_comi [ i |_reon

(BSF)
— Verilog Black Box

Copyright © 2003 Altera Corporation [NOTERYA

" INNOVATION

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

Copyright © 2003 Altera Corporation
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l File = New = Other Files tab ]
=loix
aaar] 0 | o1 [ o2 [ 3 [ o8 [ o5 [ o6 [ o1 =
[0 [m5 s[5 [ms s 7 [me (s
K [B—[255 [os5 [oss |5 [oss (s |5 o
vl Sotmas e [CUOS File 6 [oss |55 |5z [ s |5 (5
e e | e o i (o s e o s
[BFOL e e 5 [oss (555 |5 zs [ s [z (o
0 [oss |55 |5 (25 [ s |25 |25
@[55 [sss [s5 [oss [ass s [oss |5
Hesadecind [nisfora 56|55 |55 |25 |55 255 55 |56 255
/swm”m B |2 |25 |5 |56 s |55 s s
HEX format or TelSerpt File 72 [255 255 |25 |56 (255 255 [256 (256
Text File. B0 255 [255 (285 [255 255 (255 255 (256
MIF format Vector Wavetom Fie S oo 1o (e e e e
G5 s 255 [z [ms 25 (255 [ms o
ifo o o o o o o o
0 N O O I O )
i0fo 0 o o o o o p—]
@l o o o o o o o
FEC0 N O N I )
N O O )
S0 O O N I O
o o o o o o o o
Corligsfo o o o o o o o
N O I O T ) =l
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Change Options

= View Options of Memory Editor
— View = Select from Available Options

Uiy

3
T oe|weo|
328 BA® S

Full Screen Ctrb-alt+Space.

Cols per Row 3
adoress Rad 3
ads

Show Delmker Spaces
Show ASCI1 Equivalents

i 6EEEEEEEEEREE

[ 20vEARS of

Copyright © 2003 Altera Corporation
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Edit Contents

m Edit Contents of the Memory File
m Save the Memory File as .HEX or .MIF File

Select the Word & Type in a Value
OR

adar]  +0 +1 2 = T S Select the Word & Right Click to

0 [00000 (00000 (00000 [oonon —lnnonn—InamoA — ooy Select an Option from the Pop-Up
8 [oo000  [oooo0  [ooooo o oA % ooo{ Menu

16 [00000 (00000 (00000 [O(

24 [00000  [00000 (00000 [0t 000 OR
32 00000 [00000  [00000 oC | Toooj
20 [ooo00  [00o00 (00000 [0t 000

%5 fooooo [ooooo  |ooooo  fo vawe  »| oo Qopyi’?\«/l Pastef}rzo_lm a Spreadsheet
56 [00000 00000 (00000 0(  olls ParRow/ AutoFit into a Memory File

kil | |

Copyright © 2003 Altera Corporation
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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

e Increasing Word Size
— Pad Words
— Combine Words

e Decreasing Word Size
— Truncate Words from Left
— Truncate Words from Right

Copyright © 2003 Altera Corporation
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Using Memory File in Design

Specify MIF or HEX file in
MegaWizard Interface

x|

What shoud the RAM block tpe be?
Gamo Cumz o S owaa
St tha masinem Hock desth o

_-, Concal | <Back | Mew> | Finsh
Copyright © 2003 Altera Corporation

INNOVATION
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Memory Compiler

= Memory Functions are E
Organized by Type E—

uing?
i o of e o o w1 cese?
 aoc
© oL

m MegaWizard is Family- é WMM =1
AWa re Bl éﬂ::mnm tuDesg.
— Select Memory Type & B
Parameters ;m
— Appropriate _5‘""”’

Megafunction Selected
Automatically

Copyright © 2003 Altera Corporation
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FIFO Partitioner

= Map Multiple FIFOs into a Single Physical
Memory Block

m Partition M-RAM Blocks into Multiple FIFOs

P —

Howmany O3 osdyeutha? (]

o | 2z
Sarowon | 2MHz

i [ 2oanrszazmuis

oo o] tion> | _goen |

Copyright © 2003 Altera Corporation
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Memory Behavioral Waveforms

m HTML file Generated by MegaWizard
m Description of Memory Functionality
— Reviews Selected Parameters
— Describes Read & Write Operations

Copyright © 2003 Altera Corporation
43

Example Memory Waveform

EER)

. th j_dualpors tdf_For
ofthe memory at the star of the sa s i assumed o be (FFFO, FFF1, FFF2,
s o readiwrie ports. ReadAnrts port A has 256 words of 16 bits sach and
des e

ipo
e 16 bits
uegstered. The output of the readiwrite port Bis uregistered

]
0

gl
=

Copyright © 2003 Altera Corporation JAIRERAN
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EDA Interfaces Introduction

m Interface with Industry-Standard EDA Tools that
Generate a Netlist File
— EDIF 200
— VHDL '87 or '93
— Verilog
m NativelLink Interface Provides Seamless
Integration with 3'd-party EDA Software Tools
— Tools Pass Information/Commands in Background
— Designers Can Complete Entire Design in One Tool

Copyright © 2003 Altera Corporation
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NativeLink

m Comprised of Two Components
— External Files

o WYSIWYG (What You See Is What You Get) ATOM Netlist
Files (EDIF, Verilog, VHDL)

e Cross Reference Files (Ex. XRF)
e Timing Files (Ex. SDO)

— Application Programming Interface (API)
o Pre-Defined Interface of Commands/Functions

QUARTUS

Copyright © 2003 Altera Corporation
pot INNOVATION

WYSIWYG ATOM Primitives

m Set of Design Primitives that Support WYSIWYG
Compilation

m Provide Direct Control of How a Design Is
Technology-Mapped to a Specific Target Device

m Allow Synthesis Vendors to Provide an Optimal
Realization of a Design for Each Architecture

00104 stratix_loell par_err high 0_and2 62 2 {

o105 . combout (par_err_high_0_and2_62) ,

00106 .dataa(ram_out_c_Llj, "

loo107 .datah(ran_out_c_L0), Synplify .vgm
0108 .datac(zan_out_c_9),

o103 .datad{ram_out_c_g)

o010 3

00111 defparam par_err_high 0_andZ_62_Z.operation u
00112 defparaw par_ecr hich 0_and2 62 Z.lat mask="
00113 defparan par_err_high_0_andZ_62_2.smch_uo
00114 defparan par_err_high 0_and2_62_2.swu_lutc_input-"datac”;

Copyright © 2003 Altera Corporation
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WYSIWYG Compilation Flow

Note: Logic Options in Quartus Il that control
synthesis can no longer be used.

Logic
Synthesis j ; E :

- Netlist

Database . Place &
EDF Extraction Builder Synthesis Route
vam

Design Input Files

with 4

WYSIWYG Primitives YUARTUS
Copyright © 2003 Altera Corporation
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Three EDA Design Flows

m Quartus Il Driven Flow

— User Launches other EDA Tools from Quartus Il in the
Background

— Messages Appear in Quartus Il Message Window
m Vendor Driven Flow

— User Runs Quartus Il in the Background from the 3rd-
Party EDA Tool

m File Based Flow
— Each Tool Ran Separately
— Files Are Manually Transferred between Tools

Copyright © 2003 Altera Corporation

o INNOVATION

Quartus Il Driven Flow

Assi = EDA Tool Settings |

Check the “Run ...” Button to Launch
the EDA Tool in the Background

Sy e sy s 5 ek

Leave Unchecked for File Based Flow

Fle Edt Vew prope [ Asmoments Frocessing Toos Windoy
D@ w|@ | ¥ ¥omwe..

[ @ wwm

Wizards »

[ —
B Conpiaton Herrchy,
&

@ sssrmen eakor Cbshitr
Remove Assonm

Iz oo s
5 Baccsatate Asspmerts...
Inoart Assonments

@ Tinng Closwe Fecron

LooockRegens 5 =
- ® | _owa
E) Fies 6" Desion Unis 4
20veARS o
Copyright © 2003 Altera Corporation
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EDA Driven Flow

=1oix)
ateix

PEOsEEE o [0no0%||p000ne »||F .2
— .

.

Run Quartus Il in the
Background by

| Selecting Run

«z| Background Compile

Chie et
darie

B
Chingeie B
Nl

gl pins:

Vioulzg

Fesuere e
g |

7l Carple
™ P Bl
¥ Fesuce Shaima

™ Feinng
I Fisinng

‘S e
Ei

peerest o € e el e Loy 2] |3
F Jj i
(T Tt s s T 7

“ (=] 20 YEARS of
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File Based Flow

«Synthesis
«Simulation
«Timing Analysis
*Board-Level
«Formal Verification

*Resynthesis

m Work Separately in Individual Tools

Copyright © 2003 Altera Corporation
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Synthesis Tools

» LeonardoSpectrum™
* Precision

» DesignCompiler

« FPGA Compiler II™

» FPGA Express™

Third Party Tool Support

Verification Tools

» ModelSim®

* ModelSim-Altera

» Cadence Verilog-XL
» Cadence NC-Verilog
» Cadence NC-VHDL

» Synplify * Innoveda BLAST
« Synplify Pro * PrimeTime®
« Amplify » Synopsys® VCS & VSS
» Mentor Graphics® Tau
» Synopsys Scirocco ...
(;;pyrighl © 2003 Altera Corporation
RTL Viewer

m Graphically Represents Results of Synthesis

P

3 @

~
\E\’}j =

lTo

o
T

B liets

Hierarchy List

Schematic View | =

Copyright © 2003 Altera Corporation
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Designing with Quartus Il

RTL Viewer Uses

m Visually Checking Initial HDL Synthesis
Results
— Before Any Quartus Il Optimizations

m Locating Synthesized Nodes for Assigning
Constraints

m Debugging Verification Issues

m Reading VQM/EDIF Netlist Files

Copyright © 2003 Altera Corporation [NBIERA
o5 INNOVATION

Starting RTL Viewer

1. Run Analysis & Elaboration (Processing
Menu or %)
B Any Processing that Performs Elaboration
2. Open RTL Viewer
® Tools Menuor &
B Displays Last Successful Compilation

Copyright © 2003 Altera Corporation JAIRERAN
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RTL Viewer Features

m Schematic View

m Hierarchy List

m Hierarchy Navigation
m Filter Schematic

m Page Control

Copyright © 2003 Altera Corporation JARTERAY
INNOVATION

57
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Schematic View

m Represents Design Using Logic Blocks & Nets
— Registers
— Muxes
— Gates
— Adders

Copyright © 2003 Altera Corporation
58

Hierarchy List

m Traverses between Design Hierarchy

m Views Logic Schematic for Each
Hierarchical Level

= Breaks down Design into Netlist Elements

Copyright © 2003 Altera Corporation JAIRERAN
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Netlist Elements

Filtref
= Instances ok
— Lower Hierarchy Levels that Can e
Be Expanded (Unless Encrypted) oy
insts[0]
= Primitives resil
— Low-level Nodes/Blocks that Eg
Cannot Be Expanded ractd
= Pins i
choz
— 1/O Ports in the Current Level of L0
Hierarchy it
= Nets N}Z;ﬁ:t” ?

— Nets or Wires that Connect Nodes

Copyright © 2003 Altera Corporation
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Using Hierarchy List

Highlighting a Netlist Element in
Hierarchy List Highlights/Views that
Element in the Schematic View

Expanding
Instances Shows
the Instances,
Pins & Nets within

Internal Modules

Copyright © 2003 Altera Corporation
61

Hierarchy Navigation

= Hierarchy List
1.Click on Netlist Element (Ex. Instance)
2.Schematic View Automatically Adjusts
Level to Show Element
m Schematic View
— Mouse Pointer Indicates Action
%a’a «Descending Hierarchy
1 e Double-Click on Instance
® Right-Click & Select Hierarchy Down
[%Fa «Ascending Hierarchy
1 e Double-Click in Empty Space
o Right-Click & Select Hierarchy Up

Copyright © 2003 Altera Corporation
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Hierarchical

Filter Schematic

Unfiltered: All Ce & Paths Shown l

Filtered: Only Selected
Components & Related
Paths Displayed

|

i

Right-Click for
Filter Menu

i R L RO

63

Filter Options i
Copyright © 2003 Altera Corporation [—p] [NEERA

JAITERAW
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Filter Options

m Sources, Destinations,

Copyright © 2003 Altera Corporation
64

More on Filtering

= Displays Only Nodes on Current Hierarchy
Level
m Stops Tracing Paths at
— Hierarchical Ports
— Registers
e Option to Disable (Tools Menu = Options)
— Specified Number of Logic Levels
¢ 10 by Default (Tools Menu = Options)

Copyright © 2003 Altera Corporation
65

Page Control

m Schematic Automatically Partitioned

m Option to Control Design Size Per Page
(Tools Menu = Options)
—Nodes Per Page
e 1—1000 (Default: 50)
— Ports Per Page
1 -2000 (Default: 1000)

Copyright © 2003 Altera Corporation JARTERAY
o INNOVATION

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

Managing Pages

m Title Bar Indicates Number of Pages

Filker
[+ Instances ek
[+ Primitives

= Moving between Pages

— Next Page/Previous Page
» Moves between Partitioned Pages
— Back/Forward

o Displays Previously Viewed Design Views

Copyright © 2003 Altera Corporation
67

Nets between Pages

= Indicated by Special I/O Connectors
m Right-Click to Trace within Hierarchy
— From Page (Source)
— To Page (Destination)
— Related (Other Parallel Connections)

- e e _er 2
=fdla=nnasn Fdpath:dpath_LPBZ_dats_out s

_MEM_D_out 535 e SN path:dpath_GFB1_data_out_s
LsigRnel =3 Shdpathidpath MEM 0oaui
- =

w_dsadkl_en_s32_  Related Page5  |— [3ToPage 4

ToPage 5
=
1_dzacki_out_a ¥ a2 —— ToPage b
Copyright © 2003 Altera Corporation JAIRERAN

68

Other Features

m Go to Net Driver

— Traces Net Back to Source Driver

— Changes Schematic View if Necessary
m Locate in Design File

— Finds Node Definition in Source File

Copyright © 2003 Altera Corporation
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Exercise 1

Please go to Exercise 1 in the
Exercise Manual

70

Copyright © 2003 Altera Corporation [NOTERYA
INNOVATION

Exercise Summary

m Schematic Design Entry is Simple
m MegaWizard Makes It Easy

— Implements Many Design Entities in AHDL,
Verilog, or VHDL

— Makes Best Use of the Device Architecture
—Has Direct Link to Make IP Downloads Even

Easier
= Analysis & Elaboration Option Checks the
File
Copyright © 2003 Altera Corporation
Summary

m Multiple Design Entry Methods
— Text (Verilog, VHDL, AHDL)
— Third Party Netlist (VQM, EDF)
— Schematic

= Memory Editor

m MegaWizard

m EDA Tool Flows

m RTL Viewer

Copyright © 2003 Altera Corporation [NBIERA
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20 YEARS of

AITIERAW

INNOVATION

Designing with Quartus Il

Quartus Il Projects

QUARTUS 11

Quartus Il Projects

m Description
— Collection of Related Design Files & Libraries
— Must Have at Least One Designated Top-Level Entity

— Target a Single Device or Can Be Partitioned into
Multiple Devices

— Store Settings in Quartus Settings File (.QSF)
m Create New Projects with New Project Wizard
— Can Be Created Using Tcl Scripts

Copyright © 2003 Altera Corporation
74

New Project Wizard

File Edt Vew Project Assignrents |

0 e Cln

& gpen cuko
Close: Cirl=4

5 Open Project
Convert MAXEPLIS T Projct, Ul s e pone ol s s M i the brie=ts
o o
Select Working Directory I ‘—|
pojct?
rihe
S i wizad e
Name of Project Can Be o e i s

i
Any Name; Recommend [l |
Using Top-Level File Name

Top-level Entity Does

Not Need to Be the

Same Name as Top-
Level File Name

EEE e o | =)

Copyright © 2003 Altera Corporation JARTERAY
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Add Files

Add Design Files

s / « Graphic (.BDF, .GDF)
« AHDL

rectoy. o e 1 whoh he e name s ot e Sane 5 te ey
Fie name: | el | i « Verilog

Fie ame Tipe ] Addal « EDIF

Foperies Notes:
=  Files in project directory do not need to
be added
Do - Add top level file if filename & entity
name are not the same

18 yous project includes Roraes of custom funclions, specty the
thnames:

]

bk [ New | Fn Gl
Add User Library Pathnames

!

& Files
Copyright © 2003 Altera Corporation 7S
76
User Libraries
Add User Library Paths rETT—

‘Add any ron-defaul bares that you wiluse n the prject. Lt the Rraty
G in

+User Libraries Block Sy Fies AHDL

+MegaCore®AMPP Sm \%
Libraries Lty name: ad

+ Pre-Compiled VHDL T
Packages

Ak

Copyright © 2003 Altera Corporation

77 INNOVATION

EDA Tool Settings

New Project Wizard: EDA Tool Settings [page 3 o1 6)
Choose EDA Tools
Foee
o - ‘ Add or Change
aoiype cormans 3
- Settings Later
i NOKE>
gk NONE
Souiove ones
mvericaion  <NONES
Fesmbens NonEs
Toolsetngs
Toolype:  Desgnemysyntess
ool rame [ cione>
7 s o eomatoely o sl e e dsian
aack o Finh Goncel

Copyright © 2003 Altera Corporation AL
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Device Selection

‘Which device faily do you wish to target?

T —
Doyt toasign specc dvice?

© ves

£ o et o o ol o coose 2 devic

Choose the

Device Family

Auto Device or
Choose a
Specific Device

Back Newt Finish Cancel

Copyright © 2003 Altera Corporation

7 INNOVATION

: ]
Use the Fiers seffings to contcl he devioes tha are displaped in the "Avalable
devices' st Select a devioe i the I, and olck Next o conie.
Avaiable devices
£ )
EP2515 46404 (Advanced) Package: Ay <]
£P2515F 48405 (Advanced]
EP2515FE7203 (Advanced] Pncourk Ay - ‘\
EP2515FE72C4 (Advanced] N
EP2515FE7205 [Advanced] Speed giade: [Ary ~ ~| Use Filters for
P25 30F 48403 (Advanced] .
EP23 30FABACA [Advanced] Vollage: 15V Auto Selection
EP2S 0P84S (Advanced] ey
EP2530F672C3 [Advanced] or Picking a
£P2530F67204 (Advanced] - .
£P25 3067205 [Advanced] Specific Device
EP2SEIF4R4C3 (Advanced]
EPZSEF4B4CA (Advanced] =l
Back Nest Finsh Cancel
Copyright © 2003 Altera Corporation
80 INNOVATION

Done!

[New Project Wizard: Summary [page 6 of 6] |
‘When you clc Fiih, yous prcict vil b created ith th folwing setings:
Pijectcrecton
cites_designs/memoty/memony test_4_0/ 7
o o s e Review Results
Toplevel design entity: Lab6_all & Click on Finish
iamber o les added 0
Number of user braies acded 0
EDA tods
Desin enty/syhesis <lone>
Simuaton: <None>
Tining andysis: <Nore>
Boad desin: <Hone>
Device assignments:
Fam nane: Staiel
Devie: EP2STSFABACS
Bk | il Concel

Copyright © 2003 Altera Corporation
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MAX+PLUS Il to Quartus Il

m Convert MAX+PLUS Il Projects into Quartus Il
Projects

m Assignments Automatically Translated

¥, Quartus II - c:/test_designs/memory;
[Fio Eat Vow Fromc: Asonnents Proc

D tew. ST

@ pen.. S0 Convert MAX+PLUS Il Project
Gose cuirs

This will creats & new Quartus || project based on selected

(B el ML I project, and import the MAXPLUS I project

(3 Open Project.. e
I S e PLUS I project (il
‘Save Project.
St ID smax2work\chiptip\chiphip. act |
Quartus I project name
Ichipllip
oK. Cancel
Al 20vears of
Copyright © 2003 Altera Corporation
2 INNOVATION

Assignments Menu

™ Accesses A" ASSIgnmentS File Ed\: iew Pm]e(t’ﬁygm?m(essmg Tools Windo
. [EEEEE

& Settings FenEaR

m Opens Settings Dialog Box

Ertty Cttishift 4
&y Compition Herarchy———
P s >
Bboilolees |
e 35 mulinst (@3 Assignment Editor - Ctr+Shift-+A
ategon e
22 (L0 ranwing?  Remove Assignments

[ pemore Assigments,
UserLirates % Back-Annotate Assignments. .
Timing Fiequiements & Options
5 EDA Tool Setings
Design Enity & Syritesis
Simlation

Inpat Assignmens.
@ Tining Closure Elocrplan

LogicLock Regions >

Timing Anslysis
BoardLevel

Formal Verfication

K1 E— 3
is Setings D Hiersrchy [ [ Files | g% Desin Units

VHDL Input
Veriog HDL Input
Default Parameters

Copyright © 2003 Altera Corporation
83

Editing Project Settings

m Open Existing Project First to Edit Settings

Double-Clicking the .Quartus File Will Auto
Launch Quartus Il

T e

s o |

File = Open Project

OR

Select from Most Recent Projects List

7% and Settings|agoodaralfty DocumentsQuartus 1 30|Quatus 1 LabsiLab2_4_QT1_221piperut
Verbogiintro to
Veriogiintro to

10301 Quartus I LabsLab1_QIT_22\piperut

INNOVATION
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Editing Project Settings (cont.)

m Assignments = Settings

Gty

E
I

T o S i e e

Change Settings

+ Rename

+ Add/Remove Files
« Libraries

+VHDL ‘87, ‘93?

« Verilog ‘95, ‘01?

+ EDA Tool Settings
«+ Timing Settings

« Compiler Settings
+ Simulator Settings

Copyright © 2003 Altera Corporation

s INNOVATION

Project Navigator — Hierarchy Tab

= Displays Project
Hierarchy after Project

IEEEICIR | @G DT> wr (2|
|[ecovowBae 2RO a | xRy
5

: Is Analyzed
m Uses
.2 — Set Top-Level Entity
Ik T 5 @01 wsertir .
Conpier Settings Wiz = @00 Ting Anoes — Make Assignments
St Seltigs e
Select & et oo vl S| — Locate in Design Files,
Right-Click | fsemeree Floorplan or Chip Editor
o
fsonio Comarissin — View Resource Usage
! s ~ Drag & Drop
~ Doy | B B0 Bt togockRegons. N Hierarchical Blocks
— owem |
e
« Enablo bty

Copyright © 2003 Altera Corporation
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Project Navigator — Files Tab
e o o s stk = Shows All Files in
|D FEIEIEEE 7 5
62000 Bas 2BS 1 Project
24 .
S — All Source Files
. Appear under Design
B e Files
Bstate. |
B = Uses
Bl ¥ — Open Files
B . J..J. TUOrSES IR L
B f..f..ibraries megafunctions/mkcore tdf .
& B e i — Remove Files from
e Project
— Set New Top-Level
" - Entity
" DoHierachy] B Fies | Design Urits
Copyright © 2003 Altera Corporation
ps
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Project Navigator - Design Units Tab

¥ Quartus II - C:/quartus4_0/adesigns/fir_filter/compile/compile.

m Displays each Design ” =
H D@W (& !
Unit & Type |leeocw BB & " A
— VHDL Entity —— j
_ VHDL Architecture :Q(ZE’ZEZF‘Z‘L??WWM “

— Verilog Module 500 s e oL enty)

B sccumv.

— AHDL Subdesign [ R S ———

s (v e
H H B .J../../iraries/megafunctions/alshift.tdf
— Block Diagram Filename  |< a e e asansoenss mm
B fikref baf
5.8 bk gL ct)

m Details the File which S b s oy
Instantiates Design Unit

) state_m (Verlog HOL entity)
50 taps (Verlog HDL entity)

Dffiererchy | B Fies | & Design Units

Copyright © 2003 Altera Corporation

o INNOVATION

Project Files

= Quartus Project File (QPF)
— Quartus Il Version
— Time Stamp
— Active Revision
m Quartus Default File (QDF)
— Project Defaults
— Name: assignment_defaults.qdf

— Local or Bin Directory
e Local Read First

Copyright © 2003 Altera Corporation
89

Project Archive & Restore

Fis Edt View |Project Assionments Precessing Teoks Windos

= . Archive Project Creates:
[p@e| s o 1. <project>.QAR
xewE « Compressed Archive File

T Restore Archived Proje. « Options to Choose which
g‘yl:amw\ahan Generate T File for Project. F”es Get ArChived
i € HardCopy Fles rzard, 2. <project>.QARLOG
[ 4 HardCopy Poner Estintion *Log of Archive Activity
P Lozt i Tining Closure Flosrplan
B Locee n st Complatn Flsrpln
A Locztz in Chip Edtor

38 Locae i Desan File Restore Archived Project:
5 5 Copie P o e B2y e + Restores Complete Project &
¥2 Open Current Focus Enty Cr+E lerary FunCtlon F“es ffom
Openselecdiy it <project>.QAR File
Open paren Enty ot

% Open Top-Level File in Herarchy ~ Cirl+T

Copyright © 2003 Altera Corporation
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Summary

m Use Project Wizard to Create New Projects
m Use Assignments Menu Dialog Boxes to

— Edit Existing Project Settings

— Edit Third-Party Tools

m Use Project Navigator to Study File &
Entity Relationships within Project

20veARS o
Copyright © 2003 Altera Corporation [NOTERYA
o T Towmon

20 YEARS of

ALTERAW
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Designing with Quartus Il

Quartus Il Compilation

Quartus Il Compilation

m Synthesis
m Fitting
= Generating Output
— Timing Analysis Output Netlist
— Simulation Output Netlists
— Programming/Configuration Output Files

20veARS o
Copyright © 2003 Altera Corporation JARTERAY
o3 T Towmon
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Controlling Synthesis & Fitting

m Two Methods to Control Logic Synthesis &
Fitting Operations
— Settings
o Project-Wide Switches
— Assignments (i.e. Logic Options; Constraints)
e Individual Entity/Node Controls

Copyright © 2003 Altera Corporation
94

Settings

m Examples
— Device Selection
— Pin Assignments
— Synthesis Optimization
— Fitter Optimization
— Physical Synthesis
m Located in Settings Dialog Box
(Assignments Menu)

Copyright © 2003 Altera Corporation
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Editing Settings

[oaua +
Jxewn

Pocesng Tods Windo
2 x|

Crlsshift+

o Clri+shifte

(==

- - Several Options Control
Assignments = Settings Compilation & Device Options
Copyright © 2003 Altera Corporation JARTERAY
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Device Selection

p—

Y

N T

Dusugesapine | e | P
Gommal | Comwsion | ProganringFies Ui P

| Reteaee e beore ot
| Entic s o sk (CLRUSE)

"r P -

L -

]

& iy
|t covs o et e DFV_0E )
|FEpetie T BONE ot

j L |
e [vs 3]
Spestonk [y 7]

[—
[

e R e e o s
(31T Sorhaaen pioceas § n 1o oo

=l

=

Specify Device & Pin Options
+ General

« Configuration

. ing Files

Change Device Type

Copyright © 2003 Altera Corporation
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4

Migration Devices

+ Unused Pins
« Dual Purpose Pins
+ Voltage

INNOVATION

Compilation Process

Toing Recuieness & Opices
& Epi Tl etz

) iy Syt Stigs
HOL e
VeiogHOL rput

Syrhess NolltDpimasions
1 i S

‘Spociy Conplaion Pocess o

™ Lse S congivton

7 v et e ras 1 save ik sace
The cpon i valal o bt Hermal e St coristion)

=
Beens [ .|

+ Smart Compilation
- Used for Incremental
Re-Compilation
— Saves Compiler Time
— Uses More Disk Space
 Preserve Node Names
- Disable for
VHDL/Verilog Synthesis

7

Copyright © 2003 Altera Corporation
98

20 YEARS of

Synthesis Options

x|
conm
o R Global Optimization Goal
o
e ey = Select Speed vs. Area or Balanced
S Eok ez
Copinn v pgens i Logic
. Sy Sy S £ =
“HoL s ) F e = Replace Logic with Equivalent
oo e o P Vegatunciian
Sraisownison || I GeoebagiorobriaPoom
Y s | 7 AT kR Adobndinis State Machine Processing
il e 2 * Auto, One-Hot or Minimal Bit
S e © hsori bk o PO o Seed
S oSSk [ -
1 St e — | = Controls Initial Placement
Ay S i Configuration
e = Different Seeds Give Different
’17:“ e el Fmax
]
s
4

Copyright © 2003 Altera Corporation
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Synthesis Netlist Optimizations

m Further Optimize Netlists during Synthesis
m Types

- WYSIWYG Primitive Resynthesis

— Gate-Level Register Retiming

Copyright © 2003 Altera Corporation
100

WYSIWYG Primitive Resynthesis

= Unmaps 3'd-Party Atom
Netlist Back to Gates &

then Remaps to Altera -
Primitives o [T
— Unavailable when Using L~
Integrated Synthesis
= Considerations
— Node Names May

Change D oy | = /T;T
— 3-Party Synthesis D Roite
Attributes May Be Lost —
o Preserve/Keep
— Some Registers May Be
Synthesized Away

4-5 % Improvement

Copyright © 2003 Altera Corporation
101

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

Sl iliniling g

Copyright © 2003 Altera Corporation JARTERAY
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Enabling Synthesis Optimizations

T x

Categoy

Synthesis Netist Optinizations

Note: The

opions depends onthe curtent device farily.

0 EDA Tool Setings =
Compiaton Process Synihesis setings]
2

VHOL Input
Verlog HDL Input
Defaul Paraneters
Symithesis Netist Optizatins
) Fiter Settings
Physical Synthesis Optinzations
Tiring Ansyzer
Desion Assistant

IV Alowregiste elning o rad of Tsu/Teo wih Finax

Created/Modified Nodes Noted in Compilation Report

Copyright © 2003 Altera Corporation

103 INNOVATION

Fitter Optimizations

Timing Driven Compilation

* Optimize Internal Timing

* Optimize /O Register Placement
Compilation Speed/Fitter Effort
* Standard Fit (Highest Effort)

* Fast Fit (Faster Compile but
Possibly Lesser Design
Performance)

* Auto Fit (Compile Stops after
Meeting Timing)

* One Fitting Attempt
Seed
= Controls Initial Placement

e Setigs.

Copyright © 2003 Altera Corporation
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Physical Synthesis

m Re-Synthesis Based on Fitter Output

— Makes Incremental Changes that Improve Results for
a Given Placement in Altera Device

— Compensates for Routing Delays from Fitter
o Routing Delays Large Part of Typical Critical Path Delay
m Types
— Combinational Logic
— Registers
o Register Duplication
o Register Retiming

Copyright © 2003 Altera Corporation
105 INNOVATION
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Combinational Logic

m Swaps Look-Up Table (LUT) Ports within
LEs to Reduce Critical Path LEs

b - crtical ——3]
- critical ——p|
P Lt

L— =
d —

e

f LUT >

9

—
LUTL
JE—

— WT >
JE—

Q@-+oT aoo®

m Allows LUT Duplication to Enable Further
Optimizations on the Critical Path

Copyright © 2003 Altera Corporation
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Register Duplication

= High Fan-Out Register Is Duplicated &
Placed to Reduce Delay
— Combinational Logic May Also Be Duplicated

= & = =] [
|- mE O =
L =y n--
"N HEEPZ
|| . (|

=) i [\ O
o |l = =\
| (= LR
= . (== =

Copyright © 2003 Altera Corporation
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Enabling Physical Synthesis

SignalTap | Logic Analzer

Created/Modified Nodes Noted in Compilation Report

Copyright © 2003 Altera Corporation
108

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

More Netlist Optimizations Info

= Disable Optimizations on Specific Entities/Nodes
— Set Netlist Optimizations Logic Option to Never Allow
— Entities/Nodes Cannot Be Altered
= Prevent Nodes from Being Optimized Away
— HDL Attributes
o Use PRESERVE (Registers) or KEEP (Combinational Logic)
— Preserve Logic Option
= Unsafe Registers & Logic Remain Unaffected
— Registers with Certain Timing Constraints
— Registers that Feed Clocks, Asynchronous Controls
— Registers Fed by Registers in Other Clock Domains

Copyright © 2003 Altera Corporation [NOTERYA
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Processing Options

= Start Compilation o ’@W’«'%ﬁﬂ“@'éﬁﬂ'%“%"b
— Perform Full Compilation
= Start Analysis & Elaboration [Frocesng Tocs Wikt

_ Check Syntax & Build Oe

D t b O | i ‘Start Compilation L \3 .
atabase Only 2] Cusrert il

A A H ¥y Stert Analysis & Elaboretion
= Start Analysis & Synthesis @ Conpialy Rt R K stat s et b

3 st e

— Synthesize Code & Estimate . Setcommesisin Gl by e

Gonerate FunctionalSiulton etlt

Timing [ B
X e 4 st EDA et iter
= Start Fitter @ st gt Crstin e srt
oo % Swtiaenenta P
= Start Assembler Bemenors R [ty @
imi i — — »
= Start Timing Analysis -
f : ol i
= Start I/O Assignment Analysis [
| Start YO Wirker
| |

Start Design Assistant | St Test e Temgote Wik

Copyright © 2003 Altera Corporation
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= —mH
Status & Message Windows =
Hit the Start Button
@ e v or . le1
[osaglzmel-cv|sea o> 2n b (r(e|[o)> BrreEnes w8k ek
HesEwEe [¢00ce (5 |
EF=2
&
s
s s 1)
o
st 11
E]
o
- Status Bars Scroll to Indicate Progress
+ Message Window Displays Informational,
Warning, & Error
Copyright © 2003 Altera Corporation [NBIERA
1 INNOVATION
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Compilation Report

-igix

Suces-WidDec 03171552003
EEEEEEEE Fperet

ToplevelErtyore  pierud-

. Szl

Tol conbinsonsluncions 62

e n

- i Tou e
S reapin v Toamoen s Si0) 13581 %)
1+ G e eton DoPhiak Sdnets  019510%)
S e s Toariis areios)
Tois o2i0%)
b e
TodLoseca St %)
& All Information Is Contained in the Report
ey « Resource Usage

= « Timing Analysis
] « Pin File
« Floorplan View

B Trang e s

o I i) 20 YEARS of

Copyright © 2003 Altera Corporation
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INNOVATION

Resource Usage

S

BEEEEEEEBEEERER

Several Sections Detail the Resource Usage ]

.|

20 veARs

Copyright © 2003 Altera Corporation
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Floorplan |[¥&<&

= Available Views
— Last Compilation
— Chip Editor
— Timing Closure
m Uses
— Make Assignments
— View Placement
— View Connections

Copyright © 2003 Altera Corporation
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=R eport
@
fa —
B [ & | [0 ]
(=]
L]
[¥
IE3
2 || = = =
Bl
- E
L]
3 (=]
l
|l
[
& |l == =) B =) =) B B
=
1
21 1
F
=
7m i i T i
B
Copyright © 2003 Altera Corporation
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Assignments

m Assignment Editor
m Example Assignments
m |/O Assignments & Analysis

Copyright © 2003 Altera Corporation
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m Perform Analysis & Elaboration before
Obtaining Hierarchy & Node Information

Assignment Editor (AE)

— Can Copy & Paste from Clipboard

m Provides Spreadsheet Assignment Entry & Display

1% o 2 7o) 0 ] ]

EIEN-E
0| o
ol
S
o0

[

@
g
ES

on Columns |

e

Individual
/ Assignments

|5z

T R T

Displays File Where the
Constraint is Stored

Copyright © 2003 Altera Corporation
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Opening Assignment Editor

Fle Edt Ve Project Assinments Processng Tods Windon Rt ekl Mevescd | ssens] Laioces: A I colt W Ecow)

IR IR Y
|xenEp=e |eeoen s

& O 1iing settings...

22 EDA Tool Setti
= M vy e vz v (o > D s
[ @ % w2 5 v 8 %G | % % [[oipermut Il ‘ £ sattings... Ctlvshitse
(Em Tiogc Cots [Fegiter [Mamor B3 [0 Enity i e
3 Compiaton Hierarcies ‘3 Conpiaton iewrchi| Compe Setings Wirdl
ST ppemult Smulator Settings Wizard.

Software Buld Settings Wizard...

Settings..
Comper Settings Wzard,
rd Ctleshitsa

T oo ssmen
I3 Bock Annctate Assrments..
gt MAKHRLUS I Assgnments...

Locae i Tinng Cloure Florplan
Locae in Lot Coplation Fecrlan
Locae n chip Ecor
Locate in Design File

& Lost Complation oaplan

croste NewLogeLockRegon
Export Logictock Regions. ] 1 @ Timng Closure Eloorplen
Pok =2 Hiachies [BTFies 1 3, cop eanor

Propertes i

[Fodad T I ————————— & LogclockRegions Window  Ak+L
S s R

[rocfta  EXERET r — o % ot

< it 2 v 6 Somt s oo

Invoke the Assignment Editor by Highlighting an
Entity in the Hierarchy View & Right- Clicking

20 YEARS of

Copyright © 2003 Altera Corporation [NOTERYA
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Opening Assignment Editor (cont.)

m Locate to Assignment Editor from Timing Report,
Messages, Etc

20 YEARS of

Copyright © 2003 Altera Corporation
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Using Assignment Editor

Double-Click Cells Launches
to Edit or Add Node Finder

New

l Selecting an Option Determines which Fields Are Available for Editing

20 YEARS of

Copyright © 2003 Altera Corporation JARTERAY
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Entering Assignments

m Other Ways to Edit Cells
— Single-Click & Type Name Directly

o Useful for Known Node Names

— Edit Menu
— EditBar &
| e rﬁm-mmmpwiﬁ
5 { Edit Bar

Edit Bar Button
e

Copyright © 2003 Altera Corporation
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INNOVATION

Editing Multiple Assignments

m Edit Multiple Constraints Simultaneously
— Select Multiple Pins & Use Edit Bar (Click Check Mark to Accept)

|| =10 [ on 6 tinna > togkcotars

1 et | cocveabamme e

[ e

0Bk 5

Editing Multiple VO
st SO

7 T
|9 n_oulo] i }
1

Toawc
ey
o

e
ey
|
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Search by Name Use Filter to Select the Start Displays Nodes

Nodes to Be Displayed Meeting Search Criteria

Using Wildcards
(?or%)

arealion

T o S|
e

nonzates

lowe [ssson. [Tope  [oremo
[ ez o) Unssq Cupe Usere

Locate Nodes in a Certain
Level of Hierarchy

—

Select Nodes on Left
& Use Arrows to
Move to the Right

List of Nodes in Selected Entity
& Lower Levels of Hierarchy

Unasg. Ouplt

Copyright © 2003 Altera Corporation
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Creating a Custom Filter

Click New.
Name Filter &
Click Ok.

Select Filter
Settings

e

Copyright © 2003 Altera
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AE Dynamic Checking

= Validity of Constraint Checked during Entry
m Color-Coded to Display Status

Grey - Assignment
Is Disabled

T T ) i
i Black - Assignment
T o 75 i & [ rpres

Yellow — Warning,
Assignment Gould
Not Be Validated

e Dark Red -
Assignment Is
] Incomplete

N

—New
Assignment Allowed

20m

Copyright © 2003 Altera Corporation
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AE Information Bar @f

m Displays Information on Selected Cell
m Can Be Hidden or Minimized

B Bl 6 ] = wao]
S

oYy

P=
Toolbar Buﬂon:]

Copyright © 2003 Altera Corporation
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Designing with Quartus Il

AE Node Filter Bar &

m Enables/Disables Selective Filtering of
Constraints Displayed Based on Node Name

= Can Be Hidden or Minimized

I o 70 6 i > o]

Toolbar Button

Copyright © 2003 Altera Corporation
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AE Category Bar &

m Selects Category of Assignments to View
— Ex. Pin Assignments, Timing Assignments
= Can Be Hidden or Minimized

| E—
1
[

] Tootoar Buton |
fizl Toolbar Buttor

Copyright © 2003 Altera Corporation
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AE Customizable Columns

m Each Category Has a Set of Customizable
Columns

— Ex. Include Common Timing Assignments in Pin
Category

m Comment Column for Each Assignment

Copyright © 2003 Altera Corporation
129

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0

43



Designing with Quartus Il

AE Tcl Commands

m Equivalent Tcl Commands Are Displayed as Assignments
Are Entered

— Manually Copy to Create Tcl Scripts

— Export Command (File Menu) Writes All Assignments
to a Tcl File

Message Window

Copyright © 2003 Altera Corporation
130

Example Assignments

m Optimization Technique
= PCI I/O
= Output Pin Load

Copyright © 2003 Altera Corporation JAIRERAN
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OPTIMIZATION TECHNIQUE

m Selects Synthesis Optimization Goal
— Speed (Default)
— Area

m Applies Only to Hierarchical Entities
m Effects Synthesis & Logic Mapping

m Only Applies to Quartus Il Integrated
Synthesis

Copyright © 2003 Altera Corporation [NBIERA
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PCI /O

m Turns on PCI
Compatibility for Pins veero
— Ignored If Applied to
Anything other than a
Pin or a Top-Level
Design Entity
m Controls Clamping
Diode Located in the
I/O Elements

Optional
PCI Clamp @

vecio

Programmable
~— PullUp
Resistor

Inpedance
Matching/

on-chip <
Termination

Copyright © 2003 Altera Corporation
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Output Pin Load

m Specifies Output Pin
Loading in picoFarads
(pF)

— Changes Default Loading
Value of I/O Standard

— Changes t,, of Output Pins
m Allows Designer to
Accurately Model Board
Conditions
= Must Be Applied to
Output or Bidirectional
Pins

Copyright © 2003 Altera Corporation JAIRERAN
134 ovATon

/0 (Pin) Assignments

m Make 1/O Assignments Quickly
— Assignment Editor
— Settings Dialog Box (Device)
— Scripting
— Floorplan
m Specific Pin Location Unnecessary
— 10 Bank & Chip Edge Location Assignments
— Reserved Pins with or without Locations

Copyright © 2003 Altera Corporation
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Assignment Editor 1/0 Assignments

||t

o
. —{ Reserved Pins
o devt fo the curent naceds) ror i) —
e s Jemarain[mninJrd et

EET—
o | |

|| Assign to Color-Coded) 1O Bank

Assign to Chip Edge

el
weshio 5 = -
T |_~| Assign to Specific IO Location
b omacamo et /
ol o Pt
Sy G o
Tkns ok camio oo i
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AE Show All Known Pin Names &

m Populate Spreadsheet with List of All Pin Names
in Design
— Assigned & Not Assigned
e —

[Gesrnaon [scsirunion_[resered

REREEENET

Copyright © 2003 Altera Corporation
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AE Assignable Pin Numbers =

m Show All Assignable Pin Numbers

— Populate Spreadsheet with All Pin Numbers Available
for Assignment

4 T e e o = 5
g» 0 _Ct 2 Wit
5 ez :
5 nes : i
e ks : i
iilf2 :
— e ks : e
= e i
L_Jlm vTnL
12 || (T
H = v
[l i
[ v
s i
Sli 16 in. WL
M .
= ||
7 ||
= ||z . 2
) ot : i
= s : e
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AE Show 1/O Banks in Color =

m Enable/Disable 1/0O Color Coding of Spreadsheet
Based upon Floorplan

=lolx|
=1 © w6 mans] > togeomses |

== S EEEEEEEEERER

Copyright © 2003 Altera Corporation
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Setting Dialog Box - Device

e e i e o g o compiston

« Pin Assignments
« /O Standards

* Reserve Pins

« SignalProbe

]

o o

4

Copyright © 2003 Altera Corporation JAITERAN
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Drag & Drop I/0 Assignments
m Drag & Drop from Node Finder to Floorplan

20veARS o
Copyright © 2003 Altera Corporation [NBIERA
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/0 Assignment Problems

m |/O Selected & Verified Too Far into Design
Cycle

m Variety of Complex I/O Standards on
Single Device
— Not All Supported on Every 1/0 Block

= |/O Placement Limitations
— Current Strength
— Single-Ended vs. Differential
— Single-Ended vs. V

Copyright © 2003 Altera Corporation
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/0 Assignment Solution

m |/O Assignment Analysis Command
— Quickly Checks Legality of /O Assignments
o Checks All Assignments
o Does Not Stop at First Failure
— Allows User to Identify & Correct Pin-Related Issues
without Full Compilation
— Has Two Usages

o Performing Legality Checks Based on User Reserved Pin
Assignments with Partial or No Design Files

o Performing Legality Checks Based on User I/O Assignments
with a Complete Design

Copyright © 2003 Altera Corporation
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/0 Assignment Analysis

<@ Fie Edit View Project Assignments [ Processing Took Window Help

JDggléu%g‘n o @ ston processing ciiie |w @ ”@‘. Km0 R e
“i@ NEBEe “E & I start Compiltion bl oy ‘
A B irelye= Cirrent Eie

Enily Log..[Fegi. [Men -

by Campiion i S« CuHR %Y Start Analysis & Synthesis Qe

: et S S
; Stot it
2 finel [z.s o tan Compiatin it Cespite . 2B

% stare Assembler

W Start Tining Analyzer ChrbyShift+L
»

, " Start EDA tetist wriker

¥5E Start: Design Assistant

Generate Functional Simulation Netist
P Start Simulation Chrlet
Siulation Debug
& Simulation Report Ctrshift+R
W Sttt Incrementa Fitting

I, start Software Build [T R
¥ Sttt SgnalProbe Compilation Ctri+Shift+5

Compie Currert File
T = ol et Anclysis

[2] Start Mrimun Timing Analysis
ol T
i Stark Check Netlist
Q 1 I
< | |14 |2 Stark YOM Whiter
iyHierarchy [ Fies ] 87 Design Urits [ i Start: Test Berich Template Witsr
Start EDA Synthesis
= 11 2 st
5 rart EDA Resynthesis
Thodule TProaressZ [Tme & T
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Designing with Quartus Il

/0 Analysis Requirements

m |/O Declaration
— HDL Port Declaration
— Reserved Pin
m Pin-Related Assignments
—1/O Standard
— Current Strength
— Pin Location (Pin, Bank, Edge)
— PCI Clamping Diode
—Toggle Rate

Copyright © 2003 Altera Corporation
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Legality Checks

Rule (subset of the rules) Incomplete | Complete
Design Design

Differential Pin Spacing °
# of Output/Bidirs Toggling with a VREF

Blocks Directly Feeding or Fed by I/O pins

Current Strength

DC Current Draw

Pin Location
1/0 Bank Capacity
Voltage Conflict (Vref, VCCIO)

On-Chip Termination

Copyright © 2003 Altera Corporation
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/0 Assignment Analysis Notes

m Uses Toggle Rate Assignment

— Set Toggle_rate = 0 for Very Low Frequency
Output Pins

— Allows Single Ended Pins to be Placed Closer
to Differential Pins

m Invokes Smart Recompile for I/O Features

— Delay Chains
— Drive Strengths
— Bus Hold
Copyright © 2003 Altera Corporation
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I/0 Assignment Analysis Output

m Detailed Messages on
— Incorrect I/0O Assignments & Problem Description
— Compiler Assumptions that User did Not Specify
— Pins Changing Functionality with Pin-Migration
— Used I/O Standards & Voltages per I/0 Bank
m Compilation Report (Fitter Section)
— 1/O Pin Tables
o Show User & Fitter Assigned /O
— Shows Partial Placement Results in Floorplan to Help
Debug Fitting Errors
m Messages Locate to Assignment Editor &
Floorplan to Explain Placement Failure

Copyright © 2003 Altera Corporation
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/0 Assignment Analysis Messages

———| /O Standard Statistics
2res.s.

Copyright © 2003 Altera Corporation
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Example Error Message

5
%52 Info Runring Qustus | Fter
i

i - eupon_stings._igs-of bk < Blck -check_iox
. dvico EF1SA0BSHELS fx

Blcki
g pasreter s o PLL . lalivs_esive_n_conporentpl

fost PLL .ol i Pt il tom
omoton Opersion

g ercd
€3 Evor Elapsed ime: 000016
1 Inko Wikng epor i Block gt

| 0|
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Using I/0 Assignment Analysis

1. Use Complete Design Files or Reserve Pins if
Incomplete

Make Pin-Related Assignments

Start I/O Assignment Analysis

Review Report File for Errors

Modify & Correct lllegal Assignments, if Any
Re-Run Analysis until Errors Are Resolved
Back-Annotate Pins to Lock Locations

R L

Copyright © 2003 Altera Corporation
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Quartus Settings File (QSF)

m Stores All Settings & Assignments
m Uses Tcl Syntax

Copyright © 2003 Altera Corporation
152

Design File Management

= Project Archive & Restore
— Stores All Project Files
e Design Files
o Settings File
e Output Files
m Revisions
— Stores Only QSF
— Allows Designer to Try Different Options

Copyright © 2003 Altera Corporation [NBIERA
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Creating a Revision

m Project = Revisions

Base Revision on Any
Previous Revision
x| )
Specity a nae and dsscrpton for the e revision

“ou can base the revision an an esistng revision, and
specily the revision 35 the current tevision

5 pecily the current revision for the project, create & new
——  revision, or delete an existing revision.

. Revisions: N
~ filret Set Curent IV Based on evision: [fivef -

filref_150 Desciiption:
fitref_phys_syn A Create.
Delete
Cesz | Type Revision Description
IV Set as curent revision
oK Cancel
4
v 20 YEARS of
Copyright © 2003 Altera Corporation [NBIERA
Pt INNOVATION

Project Revision Support

m Active Revision Names Stored in QPF
m QSF Created for Each Revision

— <Revision_name>.QSF
m Text File Created for Each Revision

— <Revision_Name>_description. TXT

B compile_fir. (=3
Fio £t Fom

lauaRTUS, vERSTON = "4.0" E
paTe = 16:48:18 January 20, 2004” QPF File w/ Revisions.

[# active revisions

PROJECT_REVISION = "filTref”

PROJECT REVISION = "filtref 150"

[PROJECT_REVISTON = "FiTtraf_phys_syn"

Copyright © 2003 Altera Corporation
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Compiling a Submodule

1. Create a New Revision 1. Open Submodule File

2. Disable “Based on 2. Select “Set as Top-Level
revision” Entity” from Project
Menu

¥ Quartus 1 -/ develo
e G yew | Dot
oz e

IEC

Specily 3 nane and des

Youcanbasetherevion] QUArtus Il Now Compiles
sectyhemiin e acc as the Top-Level

Puocesshg Tooks

Rviion nane:

Thisis o comple  subroduls mdeperdenty

Aucive Broect
Restee chivad roect

Generate Tl Fis for roject...
Generate Poser Esition e

HardCopy Uies

¥ Set s curent evison
oK Carcel

4

Creates New .QSF File as a Revision ]

Copyright © 2003 Altera Corporation
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Exercise 2

Please go to Exercise 2 in the
Exercise Manual

Copyright © 2003 Altera Corporation [NOTERYA
INNOVATION
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Exercise Summary

= Created Project

= Compiled Design

m Gathered Information from the Compilation
Report

m Used Assignment Editor to Change Logic
Usage

m Used I/O Analysis to Check I/O Placement

Copyright © 2003 Altera Corporation JAIRERAN
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Compilation Summary

m Compiling a Design
— Compiler Settings
— Synthesis & Fitting Options
— Compilation Report
m Assignments
— Assignment Editor
— I/O Assignment Analysis
m Managing Revisions

Copyright © 2003 Altera Corporation [NBIERA
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20 YEARS of

AITIERAW

INNOVATION

Designing with Quartus Il

Timing Analysis

ra Corporation \\\%\.
QuARTUS T

Features

m Built-In Static Timing Analysis
m Single & Multi-Clock Timing Analysis
m Standard & Minimum Timing Analysis

= Timing Export for Analysis in Another EDA
Tool

2ovears o
Copyright © 2003 Altera Corporation JAITERAN
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Timing Analysis Agenda

m Single Clock Analysis

m Timing Assignments
— Global & Individual

m Multi-Clock Analysis

= Multi-Cycle Analysis

= Minimum Timing

20veARs of
Copyright © 2003 Altera Corporation [NBIERA
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Running Timing Analysis

m Automatically
— Use Full Compilation
= Manually
— Processing Menu = Start = Start Timing
Analysis
— Tcl Scripts
—Uses
e Changing Speed Grade
e Annotating Netlist with Delay Information

Copyright © 2003 Altera Corporation
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Timing Analysis

S o o
[D@wE(a] s

3
Fmax of All Clocks

Displayed in the
Message Window

Copyright © 2003 Altera Corporation
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Reporting Timing Results
= Timing Analyzer Section
of Compilation Report
— Summary 2
Timing Analyses BT s nomomsses
B Ayt . Syt Resurce Lelaton by £y
~ Clock Setup (fmax) S it
— Clock Hold i gé‘;\mm,
— tsu (Input Setup Times) G o oo ot
— th (Input Hold Times) fﬁ:::“:ifiﬁ”
— tco (Clock to Out Delays) 195 Pl
— tpd (Pin to Pin Delays) 52 s
~ Minimum tpd & tco R
@Mt
agn
B Mo teo
@& Tining Andyzer Vessages.
Copyright © 2003 Altera Corporation
ppos

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

Clock Setup (fmax)

m Worst-Case Clock Frequency
— Without Violating Internal Setup & Hold Times

Clock Period

= Clock-to-Out + Data Delay + Setup Time - Clock Skew
=tco+B +tsu-(E-C)

= 1/Clock Period

Copyright © 2003 Altera Corporation
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Clock Setup (fmax) Tables

Fmax Values Are Listed in Ascending Order;

Worst fmax Worst Fmax Is Listed on the Top o
3 Corptabonaport
S eositce Sio o To From Clock | To Clock
S Flow Sumenary N7A_ S 23111 MHz (period = 4,327 s || ianspe [1owm_dctiow_dot_nstl.._|ck ok, [Nore
G Flowseitings 2 [ ia 231,86 iz (porcd - 4311 ne) | hanipe >..ron Wggion dcLrel. [ck e Nre.
gﬁ ::xs:’ﬂﬂ Tine: NiA 123305 MHz [ period = 4291 ns ) |tianspe |row_do? tnsil.. |ck ok |Nore
s T T B T T S Y
o &1 e WA 7302 WMz perod= 4218 nc ) uenspose_natisp_. INE o Nore
& @R sssontis 5[ WA 23872z (perod - 188 ne) _[trpose_ matint._. ron_ deriomdgi WL |ck Tk =
[ER= =i WA 25 e perod= 4185 arupos _mabt.ron o Fa Pra—"
G iy sz s [B| WA 72305  poied= 163 ne ) uerpose_ i on_ dtion_doLro
G Tinng vy sunmry [9 | WA 239 23MHz  perod= 4180 e ) |venspose_mati'p_. o Setion_del_rsl
WA~ 22352 e peod= 175 [uenspose, o ton_dion_ dt
ST ok ot T k25364 ot 730w ) [vcpm-morion tion e
-] Wi 23967 M peicd= 1691 | |uenpos_matito_. ton_crion._doL

5 | WA {24044z  poicd= 4158 [uarspose_mbixp_. on_Stion_dkrst_ ek s
—_ NI 24075 M peicd= 1531 ) uensposs_matixo_. ton_ction_deL .. |ck dk|ere
St Iring Al zerMessages [15_| N/A 2102 MHz perod = 4148 ne ) vanspose_matictp_. ron_dstion deteal. ek e =
Clock Setup [y 261,08 Mz peiod = 41883 ) _|deta_vaid_slte™22_|cokamn_detcol_dcLin..|ck. ok [None.
7| N 124114 MHz [ pericd = 4147 ns ) |ianspose_matixtp._.[row_dotrow_dot_nstl.. ok ok [Nere.
NI 24131 M peicd= 144 1| uenspose_matixo_. ton_ction_deL . |ck Ak |Nene
S [ W21 60 M (porod= 4133 _[uerpse_matcl__n_dron_ do el ETR—
Wi |24250 Mz peicd= 117 1) nenspose_matixo_. ron_cktion_deL . |ck Ak |Nene
T[ W 24313 M (porod = 113ns)_[uerpe_matct__on_dctrom_ do [k i [Nenn

Wi 124325 Mz (petcd= 111 ) ccan,detcel_dc . |cobam,detcol L. ok R T —

a [t | T

Copyright © 2003 Altera Corporation
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fmax Analysis

= To Analyze the Path More Closely

[From Clock | To Clock | Required Se +
\_liow detion del_insl._ ok ok Nore-
lusnspose._matito_ | 1ow_detion_del_nsl.. | ck

S i 4 RS s

mgg ieg WA (28502 (perod =428 ) e e New
= 23702 Mz (perod = 4219ns) | P 2 e

= G0 e > Selet Al A

(5 @00 Assenbier 1e9e) s

-GS i Ay 23895 M (poiod =418 o Alonteft T —

125906 Mz (perod=4183ns) | Algn Right ok Nore

&R Taning fnlyze Settings [B| /A
s

B Tming lyze sumary 5| /A | 23923 Wiz peiod = 41801 ) & [Nore
S Cocksetrgs sunnery (10| X ons
ég Clock Setup: ek 23964 N (perod =4173ns) | ASSENMent Edkor CHRELED ok Nore
8= lighli 23987 MHz [ poiod = 4168 ns ) | LOGRK® in Chip Edtor ok Nore.
» Hihigh, ) | s Crs i
‘ght- Locate n Last Compiaton Foorplan

Mouse & Save Current Report Section fs..

Select List —_—

Paths

Similar Steps for All Timing Path Analysis in Quartus Il

Copyright © 2003 Altera Corporation
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fmax Analysis Details
l Messages Window (System Tab) in Quartus Il

n source register ianspose_maiictp_mte_instipm_counte

Info: Clock clk has Intemal fmaic of 231.11 MHz bel

5
22 Info: + Longest egiste to repjoter delay
EFE) Info; - Smallst clock skew is 0.000ns
= Info: + Shttest slack path from clack ol ta destination register
| B8 o - Longest clock path fiom elock. ok to souce regjster 2648 ns|

Info: + Micro clock to output delay of source is[01038 ns

/ 8 Info: + Micro setup delay of destination is[0.083 ns
Setup Time (tsu)

K]
Processing i System

1 =231.11 MHz
0.099 ns +4.135 ns + 0.093 ns - 0.000 ns

Clock Period

Copyright © 2003 Altera Corporation
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fmax Analysis Details (cont.)

v &
2LCO0B 517 5111 P - 200
3.COe o

| Node Fan-Out b s o

Dela:

-~ tow_dct o, del_pictul
deton bt

This signal 1 Destination Cell
path consists Name & Typ
of 28 i e e
~
Notes:

1) This Timing C
Is Similar for All Timing
Path Analysis

2) Carry Chain Delay Is
Included in Cell Delay
Number

Copyright © 2003 Altera Corporation
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Locate Delay Path in Floorplan

k1o source regiter i 2548
e i 0,089

i Bt Tformaton essages
e fcematon Vessaoes
i Wrming ssages

ot s Right-Click &
Totomam | Select Locate
e ™|

T T e I — S A T

any amc
Note: Selct Al coten
1) Use Similar v Mg Left

ARt

Procedure for All
Timing Path Analysis

Litpaths
st

Locate Lot Complaton Flarlan
Seve Curent Report Secton 5.

Copyright © 2003 Altera Corporation
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Locate Delay Path in Floorplan

=

ol

]
) s ) v

=] =l =l =
i =] =5 =
I B g
4 4.135 ns Is the L = 4
= oial Path Delay - = —
) &l -~ | = H =)
I H H ou H e = H e
Copyright © 2003 Altera Corporation
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Clock Hold Analysis

m Checks Internal Register-Register Timing
— Report Occurs Only When Hold Violations Occur

m Results Usually When Data Delay (B) is Greater
than Clock Skew (E-C)
— Non-Global Clock Routing
— Gated Clocks

!
|
g i\ pata N X
| 1 B i '_A_‘ M
[, ! E | |
|
E-Cle>®ith
Clock Period
Copyright © 2003 Altera Corporation
173

Hold Time Violations Table

Discover Internal Hold
Time Issues before
Simulation

\ Not Operational:
Clock Skew < Data Delay

- - 552 Info Found hold time viclaion between souce pin o egeter mull mega . mat m_mul_componertalhit extemal_late
info: + Largest lock skew s 1018 ns

£ Info: + Longest clock path fiom clock ck o destiation regster is 3566 ns

)

fo: - Micro clock to cuput delay of souce s 0.039 ns

-

227 Info: + Micto hold deley of destination s 0.000 ns

syem

List Paths Window —
Copyright © 2003 Altera Corporation JARTERAY
178 INNOVATION

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

/0 Setup Time Analysis (tsu)

Data delay intrinsic tsu

Clock delay

tsu = data delay - clock delay + intrinsic tsu ‘

Copyright © 2003 Altera Corporation [NBIERA
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I/0 Hold Time Analysis (th)

Data delay intrinsic thold

Clock delay

th = clock delay - data delay + intrinsic thold ‘

Copyright © 2003 Altera Corporation JAIRERAN
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1/0 Clock-to-Output Analysis (tco)

intrinsic tco Data delay

Clock delay

clock delay + intrinsic tco + data delay = tco

Copyright © 2003 Altera Corporation [NBIERA
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I/0 Timing Analyzer

All Show up in the Timing Analyzer Report

tsu, tco, th Will
- - _iolx|

Required tsu [Actual tsu | From To To Clock
Nore 270 o

Nore . [2664n
Nore 26ns |

HEBHHEH R

Copyright © 2003 Altera Corporation Note: Timing Analysis of tpd is similar
178

Timing Analysis Options

m Used to Limit which Paths Are Displayed
m Global Cut Timing Options (On by Default)
— Cut Paths between Unrelated Clock Domains
— Cut Off Feedback from 1/O Pins (Next Slide)
— Cut Off Clear & Preset Signal Paths
— Cut Off Read during Write Signal Paths
m Timing Analyzer Options
— Display Paths that Do Not Meet Timing Only

Copyright © 2003 Altera Corporation
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Cut Off Feedback from 1/0O Pin

m Breaks Bidirectional I/O Pin from Analysis
m When On, Paths A & B Are Valid; C Is Not
m When Off, Paths A, B, & C Are Valid

5
o
n ) q
Register 1 = Register 2
LA

Copyright © 2003 Altera Corporation
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Cut Options

l i = = Timing Requi & Options
- ST x|
ca

Speciy tingr

et
el 3] [ M
(5 I T =
& L P e |
et [ s =]

© Defokeqtedinsx [250 [z =]
c sk

-

E—

I
% Cutof cear and st sgnalpats
4
4
HadCopy Setings

I Repet 12 pats separaely

o carel

A 2w
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Timing Analyzer Options

l = er]

= Timing

o - List 200 Paths

Show [0 oot cesmatanegetsporck

show[0 re

show [0 | || List Paths with Fmax
e A ||| |Lessthan250 Mz

¥ ks pas i mas gt [500 e ]

> Excudepabs e =l

™ Evchde pahs it o s

List Paths with Tsu
Greater than 3 ns
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Single-Clock Timing Analysis

m Performed Automatically during Each
Compile

m Detects Clocks Automatically If No
Assignments Are Made

— Single or Multiple Asynchronous Clock
Domains
— Still Important to Specify Clock Frequencies

m Displays Results in the Timing Analyzer
Report

Copyright © 2003 Altera Corporation
183

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

Exercise 3

Please go to Exercise 3 in the
Exercise Manual

Copyright © 2003 Altera Corporation
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Exercise Summary

m Single Clock Timing Analysis
m List Timing Paths & View Details
— Locate in Floorplan

Copyright © 2003 Altera Corporation
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Timing Assighnments

= VERY IMPORTANT!!

= Have a Major Impact on Design Compilation
— Specify ALL Timing Requirements for Your Design
— Fitter Works Hardest on the Worst Timing
— Timing Will Be Reported in Red If Not Met

m Types
— Internal & I/O Timing
— Maximum & Minimum

m Can Be Assigned Globally or Individually
— Individual Assignments Better

Copyright © 2003 Altera Corporation [NBIERA
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Timing Driven Compilation (TDC)

m Directs Fitter to Place & Route Logic to Meet Timing
Assignments
— Optimize Timing
o Placing Nodes in Critical Paths Closer Together
— Optimize 1/O Cell Register Placement
e Moving Registers into I/O Cells

Casone

Assignments =
Settings =
Fitting Settings

Copyright © 2003 Altera Corporation
187

Optimize Hold Timing

= Modifies Place & Route to Meet Hold or
Minimum Timing Requirements
—May Add Additional Routing in Path

— Supported in Stratix |l, Stratix, Stratix GX,
Cyclone Devices

[ Optimize timing.  [Hermalcomplation,

¥ Optinize hold tining: [0 Paths and Minitum TPD Paths

| S ettl n gS I¥ Oplimize /D col egister piiS athe andbininun TR Pathe

— Any I/O Paths
— All Paths (I/O & Internal)

Copyright © 2003 Altera Corporation JAIRERAN
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Optimize Hold Time Examples

tsu=3ns
th=0ns

Mintco=10ns
tco

Extra Routing

N

-

th=0ns

Extra Routing Added to Delay Path
Added to Delay Path tsu=3ns \

Gated Clock

Copyright © 2003 Altera Corporation
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Global Clock Assignments

l i = i = Timing Requi & Options ]
[Scttings fitret |
caony
Goreal
For
Dt
s it
TR e
= EonTatSer [—
oo s B e

¥ B i g checks

T =Tl
Ei&fﬁm 5 o N S | | Global Clock Assignment
Corpidinrss e R for a Single Clock Design

Veioa DL irgt
DetatPanatns e /
iy — (LT e

i
&
ig
i

= e
Foicd Sy Opniziors | | & Sotgs e ek ol |_ ik
e ] . For Designs with Multiple
e — T | Asynchronous Clocks, Enter
7 Culolf o and prese sgnapots Required Fmax for Each
g Individual Clock
Harop St
I e 0t gy
o o
20veARS o
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Asynchronous Global Clocks

Clsk stigs
€ Detautequiedtnax [0 [ =]

& Setings forindividualclock signals

Tone Tope T | Fored [ Gt o)
3 e B a0 o

Clock settings eme:

Apples ta node: ek [

il clock

€@ _Independent o ather clack setings >
Requied fmar: [250 hHz ] Resuling peviod: 40001

Duty Cycle [z} [50 =

" Basedon [o) %] Derved Clock Requiements.
=

20veARS of
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Global tsu l Assignments = Settings = Timing Requirements & Options

All Inputs or

Pins Driving Registers

Must Have a tsu Less ~ Geeal Foquiromonts & Options

Than This Value e Spsy g modsnos o, ekl g s cnbe ot o

b plestatin
Global teo ey [ T
All Registers Driving Sexi " " || © Reponmiinan g ke
v (—tmtndis . || o[ w3 - I =

Outputs or Bidirectional e tiz g

Pins Must Have a tco Less [ = 2 | s ]

Than this Value s wernd [ T e =]

 Desaiedives [FT [ =]

Global tpd / r»giﬁ‘sm Onimcsms | | @ Sk dock i _Gocke
All Direct Pin-to-Pin Path Desi ssslos
Delays Must Be Less bl agd 17 Gutofeoback om 10 s
Than This Value i ? Cast it s
HordCopy Setings. E
T
o Carod
20vEARS o
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[ Assignments = Settings = Timing Requirements & Options ] Global th
s All Inputs or Bidirectional
o Pins Driving Registers
[ MustiHavelajthiLess
et e Than This Value
Dares et
ThB e
R Tt P— Global Minimum tco
Desnry  Svess iy p— Global Minimum tco
Simiicn 1% Repot mirimum ring checks / All Registers Driving
iy o ol - | outputs or Bidirectional
i 1 ) o (P [ | Pins Must Have a tco
sty e PO Wi o ) Greater Than this Value
oL e
Yokaidlims st
J e e o |
oy || Sk Gt Global Minimum tpd
o i All Direct Pin-to-Pin Path
T e ﬁ o feadback om0 i Delays Must Be Greater
i T L —— !
focs & Than This Value
"
HadCopySetngs
™ oo pos ey
o cae
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Slack Calculations

= Timing Margin Comparing Actual Timing to Timing
Requirements
m Appear Only When Timing Assignments Are Made

l Slack = Required Time — Actual Time ‘

Positive Slack
— Timing Requirement Met (BLACK)

Negative Slack
— Timing Requirement Not Met (RED)

Copyright © 2003 Altera Corporation
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Global Timing Assignments Examples

Slask——| Aotualfman poviod) To Fiom Clock [ To Clock |Requited Sotup Relationsh

1| T165ns | 30857 Mo peod = 32791 | mpinlpm, ikt i 2|k okl l4dddne

2| 1205ms | 30874 peiod 32381 npinllon_nuk_ vt 2ty |k X

3 | 12150 | 30969 MHz | period = 3229 ns )it inllpm_mut..| ramint 2. | ckl ki =

4 [1207ns | 31273 MHe| peod= 3187 ns | multinslpm_mul_ raminst 2k |ck1 oki (z::e: AreB::z'K"mem
5 | 1.253m | 31390z peiod = 2191 s mkinlpm_mk.. a2y, |ck1 | Booatse Actual fmax

B | 1265n | 31468 MH pood = 3 178rs | mukinslpm muk_ emint 2|k ek | Exceeds the Required fmax
7 [ 12830 | 317.38 M  psiod = 151 s mitinslpm_mat_ am 2y, |ck I

8 | 13000 | 31807 MHz | period = 3144 ns ) multintlpm_mut.| ramint 2. | ckl ok [tdttns

Clock

Requited tu [Actual tsu [Fiom [To To
0z |o: i, conprere S
g i conponentl S okl
g il conporenl S|k

it i compneripad S oA

020ns i comerenf ¢ timing assignment
2w o it i comeen] \F o A e RED
[ it i oo

Gt 081 |dsl] ke il o] BECAUSE Actual t, Falls
020ns (0191 |detee2uk melpn il below Required tg,
3 [T TCT TG —
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Individual Timing Assignments

m Available Settings
— tsu (Max)
— th (Max)
— tco (Max & Min)
— tpd (Max & Min)
o Pin-to-Pin
e Point-to-Point (I/0—Reg; Reg—Reg; Reg—1/0)
= Available Assignment Types
— Single-Point
— Point-to-Point
— Wildcard (* or ?)

Copyright © 2003 Altera Corporation [NBIERA
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Individual Assignment Targets

m Registers (all)

m Clock Pins (tsu, tco, th)
m Input Pins (isu, th, tpd)
= Output Pins (tco, tpd)
m Bi-Directional Pins (all)

Copyright © 2003 Altera Corporation
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Single-Point tsu/th
m Setup/Hold Timing Required on Every
»

Register Fed by Pin
_~ ®
Assign Single Point
oo S P D B

to the Data Pin

Copyright © 2003 Altera Corporation [NBIERA
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Point-to-Point tsu/th

m Setup/Hold Timing Required Only on the
Specified Path

Assign Point-to-Point Setup
Requirement to Input Pin &
Destination Register

d;
® -

\V4 \var
8

199

Copyright © 2003 Altera Corporation [NOTERYA
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Single-Point tco

m Clock-to-Out Timing Required on All tco
Paths Starting from the Specified Clock

B -
Assign Single-Point : »
Clock-to-Output
Requirement to the
Clock Pin

Copyright © 2003 Altera Corporation JAIRERAN
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Single-Point tco (cont.)

m Clock-to-Out Timing Required on All Paths
from Any Clock to Specified Output Pin

- e
D.\

Assign Single-Point
» Clock-to-Output
Requirement to the
Data Pin

Copyright © 2003 Altera Corporation JARTERAY
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Point-to-Point tco

Specified Path

-8

m Clock-to-Out Timing Required Only on the

Assign Point-to-Point
Clock-to-Out Requirement
to Source Register or Clock
Pin & Output Pin

Copyright © 2003 Altera Corporation
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INNOVATION

Wildcard Assignment

— - Zero or More Characters
— ‘?”— Single Character

m Indicates All Targets with a Character or String

Point-to-Point Setup Using Wildcard:

— Assign Setup Requirement from

Copyright © 2003 Altera Corporation
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. Rg2 “data” to “Rg*” or “Rg?”

Ex. Assigning Setup Requirement

Assignment Editor Is =
Used for All Individual ||~ [/l o
Timing Requirements ; g
) T
\; g [
< Il &
ez (1=
Use Source Name | % |7 = somaton: |
(From) to Create a |~|% e | [urearonent
Point-to-Point ) [oestmtont
Requirement L — =gl }

Enter the Target or
Destination Node Name

Copyright © 2003 Altera Corporation
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Choose tsu Requirement
from the Drop-down List
& Enter the Value
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External Delay Assignments

m Specify System-Level Timing Constraints
m Constrain I/0O Timing
— Same as tsu, th, tco & Minimum tco
m Include I/O Timing as Part of Clock Timing
Analysis Report
— Clock Setup(fmax)
— Clock Hold
m Settings
— Input Minimum/Maximum Delay
— Output Minimum/Maximum Delay

Copyright © 2003 Altera Corporation
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Input Maximum Delay

= Maximum Delay from External Device to Altera I/0
— Represents External Device tco + Board Delay

m Constrains Input Pin tsu

External Device Altera Device

| tsu, £ te g — Input Maximum Delay|

Copyright © 2003 Altera Corporation
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Input Minimum Delay

m Minimum Delay from External Device to Altera I/O
— Represents External Device tco + Board Delay

m Constrains Input Pin th

External Device Altera Device

Input Minimum ! |
Delay

e

|«— th, ——»,

| th, s Input Minimum Delay|

20vens.or
Copyright © 2003 Altera Corporation JARTERAY
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Altera Device

je—— tco ——— pje—

Output Maximum Delay

m Maximum Delay from Altera I/O to External Device
— Represents External Device tsu + Board Delay

m Constrains Output Pin tco

External Device

Output |
Maximum Delay

| tcog £ tc k - Output Maximum Delay|

Copyright © 2003 Altera Corporation
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— Represents External De

Altera Device

Output Minimum Delay

= Minimum Delay from Altera I/O to External Device

vice th - Board Delay

m Constrains Output Pin Minimum tco

External Device

Output |
Maximum Delay g

| tcog 2 Output Minimum Delay|

Copyright © 2003 Altera Corporation
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20 YEARS of

Example Input Maximum Delay

Complation Report L _oix

arpitoneprt :
B Leos tee Slack | Actual ino e Fion To From Clock [ To Clock

) Fow sy ki .. o o oo
& v dien o i i

wEepsed Tne 4 o Jrooons

B rowtos o] o = T I
2 G it kel i E— —
(5 @0 st 025ne mikinalon. it o E—T
3 @3 T e 0259rs | 26569 (riod = 3761 || atinaon, it o E—TTT

G Trin er st [0 0288rs (26520 peiod = 3755 m) kil it o & iooom

S8 T e smary 355 Ve (pwiod = A754 ) | mikindSlon. .| selcsamit | ok C—TTT

S o sotios oy Ll :

g% L a3l apsinsbel3 e ot 40001 I]

F = T T o3 o

= kil o E—TTT

B it ks, o faooons

&) T s essnes kol s Lo

o]

Notice:

1) Input Pin d(6) & d(3) Timing
Information Is Included with
Clock Setup (fmax) Analysis

2) Input Delay Has Been Added

£ Infe: + Shotest clock path o cosk.ck 1 dastnglion tegiter s 2543 s

o -Mico setup deley of desinston s 0,093 ns

Jo Moo byt e 4 s

Ik - Longest into register delay s 2231 s

210

to List Path C: Rl | o
20¥EARS of
Copyright © 2003 Altera Corporation
INNOVATION

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0

70



Designing with Quartus Il

Clock Setup/Hold (I/0 Paths)

m External (System-Level) 1/O Timing
Reported Separately in Timing Analyzer

— Option Found in Assighments = Settings =
Timing Requirements & Options

Copyright © 2003 Altera Corporation
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Other Individual Timing Assignments

m Cut Timing Path
— Removes Paths from TDC & Timing Analysis
— Ex. Test Logic
= Not a Clock
— Disables Clock Identification
— Ex. Gate Inputs to Gated Clocks
m Inverted Clock

— Marks Inverted Clocks Generated with
Complex Logic

Copyright © 2003 Altera Corporation
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Assign Nodes in Assignment Editor
& Re-Run Timing Analysis Only

S Delays
& 5 T Andyzr essages

m Reports Delay between Selected Nodes
— Pin-Register
— Register-Register
— Register-Pin
= Reports Results in Custom Delay Section of Timing
Analyzer

Copyright © 2003 Altera Corporation JARTERAY
213 oV

/AVOTS RVA\,

A-MNL-QUARTUSII-09 v4.0




Designing with Quartus Il

Multi-Clock Frequency Analysis

= Analyzes Timing on Register-to-Register Paths
Controlled by Different Synchronous Clocks
— Individual Clocks Treated as Same Frequency &
Phase Unless Specified

Combinatorial
Register 1 logic Register 2

clk1

launching edge

clk1 \;
e
clk2
\ 20 YEARS of

capturing edge
Copyright © 2003 Altera Corporation
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Slack Equations for Multi-Clock

Slack = Required Time - Actual Time
Slack = Slack Clock Period - (tco + Data Delay + tsu )

Slack clock
period
launching edge

clk1 )
)

\
\ ’ capturing edge
clk2 7
</

Combinatorial
logi

Register1 gic Register 2

data delay

Copyright © 2003 Altera Corporation
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Steps for Multi-Clock Analysis

1) Create Clock Settings & Assign to Clock Node
— Define a Base Clock
— Define Clock(s) Relative to the Base Clock

2) Recompile or Restart Timing Analysis
3) Examine Results in Timing Analyzer Report

l Note: May Also Use Timing Wizard l

Copyright © 2003 Altera Corporation [NBIERA
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1) Create Clock Settings

m Set Clock Relationships
— Assign Base Clock
— Assign Derived Clock(s) Referenced to Base

l derived clock = base clock x (ratio) + offset l

Note: Multiple Base & Derived Clocks Allowed
launching edge

N \
base clock \\ i
derived clock : . g
%(—’ capturing edge

offset
Copyright © 2003 Altera Corporation
7 INNOVATION
e = Settings = Timing

ok st

€ samietinec [T

@ [EeeT T T T Fored Ot gt

e |

el |
- |
T o r— Relionstio o other ek stings

@ Independent of ot clok:sstings

Reauired imax MHz =] Resuling o

— DuyCyele} [0 =

ooy — | 05

Copyright © 2003 Altera Corporation JAIRERAN
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Base Clocks (cont.)

Enter Name of Clock Setting

[New Clock Settings x|
Enter Name of Clock Node W R
Applies to node:

k1 [
closk settings

'G Independent of other clock settings
Select Independent of /‘
e Required fmax |50 MHz | FResuling period:
Other Clock Settings
/ DuyCyce [0 =]
€ Based on [ Dierived Clack Requitemerts:

Adjust fmax & Duty Cycle Cancel

Click OK to Add Setting

Copyright © 2003 Altera Corporation
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Derived Clocks

Clocks x|

Click New to Add New Setting

o TTspe [ fnax | Peiod | Offt | Nosstal
ot e . 2000 el

Enter Name of Derived Clock Setting
Enter Name of Derived Clock Node

M Appiestonode k2 |
C in o other clock setting ‘

[New Clock Settings

ez

Clock seftings name:

Select Clock Setting on which
This Derived Clock Is Based

Click on Derived
|~ | Clock Requirements

 Independert of other clock settings

Required fmar iz 2| Resulting peiod:

Duy Gyl [0 =
Derived Clock Requirements. !/

© Hasedon [k

Copyright © 2003 Altera Corporation
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INNOVATION

Derived Clocks (cont.)
i

S pecily the timing requirements for derived clack settings 'clk2

q
Clock selfings name:  clk1

Flecpied fmax SU0MHz ) Base Ratio,
Fetiing pet 20000 | Duty Cycle, Offset & | [ x|
Include delaps toffiom pins: Off | Inversion Settings.
Muliply base absolute clock fnax by: [B = P
- are e e | Foi R e
Divide base absolute cock fmaxby: [7 = e TTpe— fnas [eiod_ e | Mol I
e Gived B 000 20m ae D
Duty cpcle: 50 =il Delete

Fesuling fmax 33333333 MHz
Resulting period: 30,000 ns

Offset from base absolute clock fmaw: 20 N>

I~ Invert base clack

0K C |
[ o ] | Cercel | - —

Click OK to

Add Setting

Copyright © 2003 Altera Corporation
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3) Examine Timing Analyzer Report

= Positive Slack - Timing Was Met (BLACK)
= Negative Slack - By How Much Timing Was Not Met (RED)

m Must Alter Design or Use Timing Assignments (Multi-Cycle)
to Resolve Negative Slack

Copyright © 2003 Altera Corporation
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Multi-Cycle Paths

= Intentionally Require More Than One Clock
Cycle to Become Stable
— Must Be Considered in Design Implementation

— Must Tell Timing Analyzer to Account for Multiple
Clock Edges in Clock Setup Calculation

launching edge

base clock

derived clock \

capturing edge

Copyright © 2003 Altera Corporation
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Assigning Multi-Cycle Paths

m Destination/Source Register
— Applies to All Paths Leading from/to Register
m Register-to-Register
— Applies to All Paths between One Source & One
Destination Register

m Two Clock Domains

— Applies to All Signals Traveling between Clock Domains
m Register Clock Enables

— Applies to All Registers Controlled by Clock Enable

Copyright © 2003 Altera Corporation JAIRERAN
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Multi-Cycle Assignment

= Maximum Point-to-Point Tming
— Data Cannot Arrive after Number of Cycles

— Ex: One Path Is < 1 Cycle, Other Path Is > 1 Cycle
o Circuit Requires Enables for Proper Operation

l:l MULTICYCLE ==+ >
CLK1 DATA ARRIVAL WINDOW
CLK2

[ Mutticycle = 2 ; Multicycle Hold = 2 (Default) |

Copyright © 2003 Altera Corporation
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Multi-Cycle Hold Assignment

= Minimum Point-to-Point Timing
— Data Must Arrive after Hold Time
— Used in Conjunction with a Multi-cycle Assignment

MULTICYCLE ~ -:+eever >
CLK1 —Krg MULTICYCLE HOLD
CLK2 DATA ARRIVAL WINDOW

CLK1 __
e T T

Multicycle = 2 ; Multicycle Hold = 1
CLK1

Multicycle = 3 ; Multicycle Hold = 1
(Note how the hold is applied)

Copyright © 2003 Altera Corporation
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Clock Enable Multi-Cycle Assignments

m Assigns Multi-Cycle to Source of Clock Enable
—1/0 Pin
— Register
m Settings
— Clock Enable Multicycle (Maximum)
— Clock Enable Multicycle Hold (Minimum)

Copyright © 2003 Altera Corporation
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Source Mult-Cycle Assignments

m Used When Source Clock is Higher Frequency
m Settings

— Source Multicycle & Multicycle Hold

— Source Clock Enable Multicycle & Muticycle Hold

MULTICYCLE -+ >
MULTICYCLE HOLD
DATA ARRIVAL WINDOW

| Source Multicycle = 2 ; Source Multicycle Hold = 1 |

Copyright © 2003 Altera Corporation [NBIERA
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Ex. Assigning a Multi-Cycle

l Assignments = Assignment Editor... ]

1) Choose Timing Category | J

a1
2) Enter Destinati
~

o T

4) Specify Number of Edges

Copyright © 2003 Altera Corporation
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Minimum Timing Analysis

= Reports Best-Case I/0 Results
— Minimum tco
—th
— Minimum tpd
m Uses Fastest Timing Model
— Fastest Process
— Highest Voltage
— Lowest Temperature

Copyright © 2003 Altera Corporation
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Running Minimum Timing Analysis

m Processing = Start = Start Minimum
Timing Analysis

m Must Re-Run Standard Timing Analysis
Afterwards
— Netlist Annotated with Minimum Values
— Previous Standard Analysis Overwritten

Copyright © 2003 Altera Corporation JARTERAY
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Timing Wizard

n EaSy Way to Enter @ Processing Tooks Window _Help
Timing Assignments

m Consolidates Timing
Settings into One Menu

— Individual Clock Settings OR - o o
Overall Circuit Frequency B s

— Default System Timing 9 Tiing s Hoorpen

— Default External Input/Output
Delays

— Enable/Disable Timing Analysis

during Compilation
- TDC

Logitock Regions

Copyright © 2003 Altera Corporation
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Exercise 4

Please go to Exercise 4 in the
Exercise Manual

Copyright © 2003 Altera Corporation
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Exercise Summary

m Multi-Clock Timing Analysis
— Slack Analysis

m Used Timing Wizard to Define Clocks

m Making Multi-Cycle Timing Assignments
— Used the Node Finder

Copyright © 2003 Altera Corporation JARTERAY
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Timing Analysis Summary

m Single-Clock Timing Analysis

m Timing Assignments

= Multi-Clock Timing Analysis

m Multi-Cycle Timing Assignments
= Minimum Timing Analysis

Copyright © 2003 Altera Corporation
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More Timing Analysis Info
m Quartus Il Handbook: Using Quartus Il
Timing Analysis

20 YEARS of

AITIERAW
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ra Corporation
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Quartus Il Simulation

m Simulator Method & Features Overview
m Simulator Settings

m VWF File Creation

m Simulation Output

m 3 Party Simulation

Copyright © 2003 Altera Corporation
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Supported Simulation Methods

= Quartus Il
— VWF (Vector Waveform File)
e Primary Graphical Waveform File
— VEC (Vector File)
o Text-Based Input File
— SCF (Simulator Channel File)
o MAX+PLUS Il Graphical Waveform File
— TBL (Table File)
o Text-Based Output File from Quartus Il or MAX+PLUS I
— Tcl/TK Scripting

m 3rd Party Simulators
— Verilog/VHDL Testbench

Copyright © 2003 Altera Corporation
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Simulator Features
= Supports 9 Signal Values
-1 Forcing ‘1’
-0 Forcing ‘0’
— XForcing Unknown
-u Uninitialized
— ZHigh Impedance
- H Weak ‘1’
-L Weak ‘0’
- W Weak Unknown
- DC Don’t Care
Copyright © 2003 Altera Corporation
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Simulator Features (cont.)

m Performs PowerGauge™ Analysis

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

Copyright © 2003 Altera Corporation
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Simulator Settings

= Mode
m Input File

= Period

= Options

242

Copyright © 2003 Altera Corporation

Simulator Mode

= Functional*
— Type: RTL

— Uses Pre-Synthesis
Netlist

m Timing
— Type: Gate-Level

or Post-Place &
Route

— Uses Fully

Compiled Netlist

* Must Generate i i lion Netlist
Menu) before Performing Functional Simulation

243
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Simulator Input & Period

m Specifies Stimulus & Length of Simulation Period

X
s

Run Simulation until S
End of Stimulus File S 1o

o | o

y
Copyright © 2003 Altera Corporation
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Simulator Options

Sctings et x
oo

Automatically Add Output

Pins to Simulation

sidsionnode [Tong | . N
snbenso. e sisarswsns| OOMPpares Simulation
swsioens | Outputs to Outputs in

& B it e allveclor s e e

N | Stimulus File

Simison otons

7 sy s o sndain ot watns
I Crack opts
=

Monitors & Reports
Wi T ] Simulation for Glitches

7 Smdsin covsazeepotng

uPCot Tanocion okl Fi e =

Powes Esingin

o Gl
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Create New Vector Waveform File

m Select File = New = Vector Waveform File
(Other Files Tab)

2 ew Project eard L=
2 open Projct

CommertKAPLUS i roge | D2 i i Sofrs e OerFies |

Coseropcr

i Properses.

reste [Lpdate

Corvert Programing Fies.

TP Rt Sl Tt
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Insert Nodes

m Select Insert Node
or Bus (Edit Menu)
— VWF Must Be Open
— Use Node Finder

Copyright © 2003 Altera Corporation
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Gt View Prujd A

[ .
& e
B2 gy bt
IR paste Ctrity.

Pase e

et
Hoele e [

Sotct

Dee e ] Cael

Bhend.. =
A, Findne Yaetps:  |Slevel =1 Node Finder
B =

— GoTo,
S Bus width: i
value
S

Grawa

INNOVATION

Specify End Time

a
Copyright © 2003 Altera Corporation 8 sort.
28 B Properties

Insert Node or s,
Insert Tine Bar.
Insert Waveform Interval...

® Maximum Length of Simulation Time
— Edit Menu R eET)

e
o |
an]
e 3
=

Insert Time Bars

m Set One Time Bar as
Master

e v B st Ao Tk Wi

= e rrojeelaes|
leeo0e 2208580 14
S r— )

= Insert Other Time Bars  * = E B
— Relative to Master |- e
— Absolute e e— 3
] |

Delete

249

Specify Time Bar :AE“"""“

Set as master

— l Time Bar
Relnet
208
B i Set Master Time Bar
— 20vEARS of
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Draw Stimulus Waveform

m Highlight Portion of Waveform to Change
m Overwrite Value with Desired Value

i o o s o' 5 W b S

e 2 96& . N
7302 BES[Na Highlight
D — / Waveform

ae
o 5 et s Em e T al e Ed i
i /
m w 7 = X

—=) oo i

Overwrite
Value

Toolbar
Shortcuts

Copyright © 2003 Altera Corporation
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Create Clock
m Highlight Waveform & Enter Period

© (s ]
peiot [oo [ =]
S ) |

Duyople(zt [f0 =

e

Select Clock Defined
e as Timing Setting or

& bontt Care (£0) Specify Clock Period
B Trver

-
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Creating Counting Pattern
m Highlight Waveform & Enter Pattern

5 i [0 Vi Pt Ak Procasing Tocle Windovs_bil
N o S Y Couning | Timing |

: |eeese|srs Rese [ <] ’

s B

Endvabe: 1

e 00 |

—— Cou Ve
< iy
€ Gray code.
[T ——
fert CobAkaG. | 5. Foeocnn COCub A
o @  Ctlateo
e G Co
X e Gttt
st oot
D) G o Select Count
Value
= <3
S
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Waveform to Testbench Generator

m Converts VWF into HDL Testbench

EFia £ vew Froper Assignments

|[ © o cuien
I & open. o
13 gose. cuters

[ e
¥ Open Project.

5|
ER s e e —
1 hd s it
y
e ==
Copyright © 2003 Altera Corporation
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Testbench Template Generator

m Generates HDL Testbench Template
— User Inserts Test Stimulus

B simulation\modelsim\dac_demo_ver.vt

Processing Tods Window Help

D stopProsesing Culsfese
> E s BR® W2
) fnslyze Current §
%, Star sy & lboration
& kR K he k.
L itter
St Conplaton . Simdaten gﬂ‘*‘ﬁ" "
B, start Simuation Qi L
cimton bebe » " Start Timing Analyzer Carkeshift+L
oetua P stat EDA Nt Witer
) smistin Reportbeshiter 2 ©
., start Software il CrQ
P —— W Start Incremental Fitting
pie =D
| B 1<, start 10 Assignment Anaysis
d W Start Minimum Timing Analysis
= q
St o irer -n«
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Starting Simulation

m Processing Menu = Start Simulation [=]

¥, Quartus Il - C:\QuartusII3_0\adesigns fr_filter\compile\compile_fi
File Edt View Project Assignments | Processing Took Window Help

CulysftiC

o)) me|- D=

]ﬁ epEER | * wewen an |
R T Rimohecuentre

= St »
T —
e e g auim
S mer %@ sac
s sivicion

Svdston ey
&) satonReport et

m Scripting
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Simulator Report €

m Displays Simulation Result Waveform

[ o @@ |
9|, Tee|BRO &
B e
- ]
e
—_— — — —
o it
i — = u
o = = o
i = o
o s

View Simulation
Waveform

Result Waveform

Copyright © 2003 Altera Corporation
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Comparing Waveforms

m Select Compare to Waveforms (View Menu)
— Simulation Waveform Must Be Open
m Select VWF Comparison File

Filename: — [ier vl
" Files of ype: [WaveformVector Fies (-vwi~vec: "k =] | Cancel

Copyright © 2003 Altera Corporation JAIRERAN
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Compared Waveforms (Simulator Report)

m Original (Ctrl+1)

Too0n Ta0n EaI W0 EnD

Neme

ek § L r T ] ] ] T L] LT ] T
Ny,

[ HEEE F
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Using Message Window to Debug

B35 Fie delals donol match
€ Logic levell) do not match expected level(s)

1 Loge lvel 0 dozs ot mch expeced vel U o e d_out s 0.0
Loge lvel 0 doss ot malch expcted lvel ' o node tstte_r 8175 Highliah
Logelvel 0 doss ot mlch epected lvel 1ot node i ot 1000 '
Double S e Diano Ta00n lighlights
clicking on Logic level 0 doss ot mach expecled lvel ' fo o . signal with
Lo leve 1 doos ot ot especed vel? o rode ot t 2250

Logi level 1" does not metch expecled level X fo node ‘df_oul' o 475.0 s

5 hide clte 1 s )
Processing A Sysem ]

message,

value

" — s T80 0ns 200s T
e [Value ot 000 s 000ms “2000ns /
B[ ok |00 BN g Ry ER R R gy Ry Ry m
= 0] apEn g
= ]
B| a1 H v am
= e oo am ]| T ISE i

Creates time bar at
occurrence of unexpected
value
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Breakpoints

m Interrupts Simulation at Specified Points
m Consists of 2 Parts

x|
— Equation (Condition ot
Aqt' ( ) =
— Action Processing = Concel
Simulation Debug = Fename,
° StOp Breakpoints Coy
o Give Error T oo

foes Hove Do

e Give Warning o
e Give Info .@

Click on condition Then do tis:
to Build i ) E

Copyright © 2003 Altera Corporation
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Breakpoint Conditions

m <Node> <Operator1> <Value>

— Single Condition =
- Ex.ena=1 o
= Time = <Value> —
— Single Condition j
— time = 500ns
m <Condition> <Operator2> :mwm
<Condition>
— Complex Tests .

—ena =1 && time > 500ns

Copyright © 2003 Altera Corporation JARTERAY
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Breakpoint Equations (cont.)

x|
o = Node
[0 -cick hete to inset new breakpoint- - - Opens Node Finder
Garcel
— = Operator1
CEw <>, =
= || m Operator2
Have o Mave Bagn
~ && (AND)
Break if this equation e tiue: _ || (OR)
[(node aperatort value ) operator? ( node operatort value |
Then do this:
[ston =l

Copyright © 2003 Altera Corporation
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Example Breakpoint

Breakpoints x|
Enable/Disable 5
Breakpoints \Eveakbmmx Name p
hen fileleset

[4Res when | filreizsst ok
[[] ~cick here to insert new breakpoint-
Cancel
Renani..

Arrange Order
; C
of Breakpoints ;WI
Delele
Move Up ove Donr

a
Break f this equation i ue:

[(Efieset = 1) & (fme > 5005 )

Then da this.

[Give Warning =l

Copyright © 2003 Altera Corporation
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PowerGauge Analysis Software

m Estimates Power Consumption Based on Toggle Rates
— Derives Toggles Rate from Simulation Stimulus
— Uses Quartus Il Simulator

m Supports Multiple I/O Standards

m Supports Stratix, Stratix GX, Cyclone MAX 7000AE,
MAX 7000B, MAX 3000 Families

= 3 Party Simulation Tools Output PWF File that Can Be
Read by Quartus Il Simulator

Copyright © 2003 Altera Corporation
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Power Analysis

Casmw

2) Enter Simulation Period

Copyright © 2003 Altera Corporation
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p X
e [Power stimation
reamnee

- e e | csinaion
S — ¥ Esinate powerconsunpton

[ 1) Select Power Estimation }“"’"‘"‘“‘“‘"”‘ Powerssimationpeiod |
‘r i - ’Vman time: 0.0 ns |
S el 2 Edine [0 [ =
I G i o i el

o Tinsactionodsi il Nane: Cancel

INNOVATION

Power Analysis (cont.)

@ ulation Report JT=TE
on Report :
D LegalNotice Type Value
EH Flow Summary. Simuision Stat Time. Tps
51. Flow Settings. Simulation End Time 7000 ns.
8 S ‘Simulation Netist Size 152 nodes
G SIS [ T Senision Covernge X3
G e s [B] Tt s i [
e e tee Powerctiaion st ne [T
j 52 Simulator Messages Power estimation end fime. 7000 ns. 3
R s s | 4) View Results Based
5 1 Taui Sy e P EETT ‘ on Stimulus Toggle Rate
3) After Simulation, | TollClockee Intenal Poner 2w
Select ‘Simuator - -
Summary” 4] Totd Poner v,

Copyright © 2003 Altera Corporation
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m Mentor Graphics

Using 3rd Party Simulators

P Start Compilstion CtrkL

m Cadence B eoments

Start Complation & Simation

—NC-Verilog [Pt

Simulation Debug

—N C -VHDL &b Simulaton Repart CtriSHft-+R

— ModelSim e G

_VERILOG-XL S

[ % start anaysis

% Start: Analysis & Synthesis ceisk

%8 St Fitter

4 Start Assembler

" Sart Tiing Analyzer Cl+shiftH.
>

P, start Software Build ik

® Synopsys

P tat ncrementa ting

-VCS
-VSS
— Scirocco
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¥3 start 5 Complation Cirl4Shife+S
Y., Start 11O Assignment Anahysis
Start Miimum Timing Analysis

Start YQM Wiker
Start Test Bench Template Wrier
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Specify Simulator

m Select EDA Tools Settings
— Assignments Menu

[ Select Simulation Tool

SRR

bﬁ“\ Generate Power

Input File

Copyright © 2003 Altera Corporation
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3rd Party Simulation Files

= Functional Simulation

— Use 220models & altera_mf Megafunction Model Files
m VHDL Timing Simulation

— Use Quartus Il-Generated VHO & SDO Files

— Use <device_name>_ATOMS.VHD &

<device_name>_ATOMS_COMPONENTS.VHD Files
e Located in eda\sim_lib Directory

m Verilog Timing Simulation

— Use Quartus lI-Generated VO & SDO Files

— Use <device_name>_ATOMS.VO File

e Located in eda\sim_lib Directory

Copyright © 2003 Altera Corporation JAIRERAN
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Exercise 5

Please go to Exercise 5 in the
Exercise Manual

Copyright © 2003 Altera Corporation
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Exercise Summary

m Learn about Quartus Il Simulator
m Draw Signals in VWF Files

m Functional Simulation
— View Simulation Results

20veARS o
Copyright © 2003 Altera Corporation [NBIERA
o iownon

Simulation Summary

m Functional & Timing Simulation
m Creating a Vector Waveform File
m Power Analysis

Copyright © 2003 Altera Corporation
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20 YEARS of

AITIERAW

INNOVATION

Designing with Quartus Il

Programming/Configuration

g
ra Corporation \g\.
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Programming/Configuration

m Setting Device Options

m Assembler Module

m Programmer & Chain Description File
— Programming Directly with Quartus Il

m File Conversion
— Creating Multi-Device Programming Files

Copyright © 2003 Altera Corporation
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Setting Device Options

m Assignments = Device = Device & Pin Options

Button
Device Options Control
e fon &
Initialization of Device

Copyright © 2003 Altera Corporation
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General Tab

¥ = Device Options Not

R e e s Dependent on
= Configuration Scheme
— Enable Device-Wide
Clear

— Enable Device-Wide
Output Enable

— Enable Initialization

[ =]

1 stervion of e pton et Thisdala canbe ead wih e JTAG .
|USERCODE instuction. DOne Output Pln
=)

et
Careel

Copyright © 2003 Altera Corporation
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Configuration Tab

) |l [ " = Choose Device
e Configuration Mode &
- Available Options
— Generates Correct
Configuration &
Programming Files Every
Compilation
m Enables Special Features
of Configuration Devices
— Enable Programming File

[ercie =

Compression
— Set Configuration Clock
Frequency
Copyright © 2003 Altera Corporation
s PescvAoN
Programming Files Tab
. Poevicewpnopons |
= Output Files Always e FM,‘
Created Gorml | o Poganiaries | UnsedPes
~ POT:Programming Object e M
ile e e

il el Frmal Fie hes) i the o s

— SOF (SRAM Object File)
= Other Selectable Output Fr i r

r msmm Code 20Fie ibe) [~ JEDEC STAPL Fomal il [ml

Files ¥ Come

~ JAM (JEDEC STAPL) r"’“"“,“—”““"m‘,—_‘

- JBC (JAM Byte-Code) e

— RBF (Raw Binary File)

~ HEXOUT (Intel Hex =
Format) =

Copyright © 2003 Altera Corporation
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Unused & Dual-Purpose Pins Tabs

x|
m Selects Usage of st | e | |
< DuiPuposePi | Vol | FrPacemer |

Dual-Purpose Pins
after Configuration Is i

Complete L e
= Indicates State of Al i
Unused /O Pins after - 2
Configuration Is e L L

Complete

Owspupsepie | vome |
Geveal | Conoasion | Progmmmigies

Sechdojcie oot ol st o e ds Topsre
Cefigaon i, 00 o the D Papose i

St dog ot

INNOVATION
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Quartus Il Assembler Module

m Generates All Configuration/Programming Files
— As Selected in Device & Pin Options Dialog Box

= Ways to Run Assembler
— Full Compilation
— Execute Assembler Individually
e Processing Menu = Start = Start Assembler
o Generates Files without Full Compilation
— Switching Configuration Devices
— Enabling/Disabling Configuration Device Feature

— Scripting

Copyright © 2003 Altera Corporation
280 INNOVATION

Open Programmer ¥

= Enables Device
Programming
— ByteBlaster™ Il or

st Tool
Lounch cfareDebusger CisShitHD

B Comi el

frecent =R M g st o ByteBlasterMV™ Gables

3 Ting e sl

apesa | — USB-Blaster

R AL

— MasterBlaster™ Cable
APU (Altera Programming
Unit)
= Opens Chain Description
File (.CDF)
— Stores Device Programming
Chain Information

Copyright © 2003 Altera Corporation
281

CDF File

m Lists Devices & Files for Programming or
Configuration

m Programs/Configures in Top-to-Bottom Order

W fitred.cd =101 x]]
2 HahnaoSen, | B0t L9111 P r— ox
»os
3
b ot
oo
Bhitra
Woir
B
PXHED When Adding Files, the
:j . Device for that File is
Automatically Chosen
Copyright © 2003 Altera Corporation
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Programmer Toolbar

m Start Programming ER

= Auto Detect Devices in JTAG Chain LT
m Add/Remove/Change Devices in fu%
Chain B |
m Add/Remove/Changes Files in EWA
Chain |
m Change Order of Files in Chain ::;ﬁ

m Setup Programming Hardware

Note: All Options are available the Edit Menu except Start Programming & Auto Detect
which are available in the Processing Menu

Copyright © 2003 Altera Corporation
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Setting up Programming Hardware

Click on the Hardware
Setup Button

2, Hade Sep, Jebesl (PT1]

corg
g d

Choose the
Hardware Settings

Copyright © 2003 Altera Corporation
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Chain Programming Modes

& Hardware Seup..| [ BBlasitV [LPTT] Mode:[JTa5 =] Pu

W Start

o i =

File ‘ Device Checksum

m Altera FPGAs, CPLDs & Non-Altera Devices
- JTAG
m Altera FPGAs Only
— Passive Serial
— Active Serial
m CPLDs & Configuration Devices in APU
— In-Socket

Copyright © 2003 Altera Corporation
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m Program/Configure
— Applies to All Devices

— Configuration Devices

— MAX 7000 & MAX 3000
m Security Bit

— MAX 7000 & MAX 3000

Programming Options

m Verify, Blank-Check & Examine

To Program, Verify, Blank-
Check, or Examine the
Device, Check the
Appropriate Boxes

& Hardware Setup. || il Mode: [1TAG =l ng?(

/ =loix|
o

%

Copyright © 2003 Altera Corporation
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CEEN| - e [eorme [ |
W i 1 Fi_filterfsimiote 0S5 [m] Im]
H huto Detect redjcour FRFFRFPF u] u)
T e Say  rrr H H
w4 e B o =
| i oM R g =

INNOVATION

chaincdl o1
&, Hardware Setup., | [BsteBlasteiy [LPTT] Mode: [172G =] Progeess 0%
P stat Fie Device. Chockoum | socode | 708 | vty [ B i | S50
= Cordigre Check 5t
o T o Flemialfarer o EPICATIO0 OG0 PP O O 0O O
| oo sestoredicouter pof  EPCZ ooe7ice e ¥ =
o fuobeteet || 5 o retoredfcounter Lot £PC2 oUTAERs  FrEEEEE ¥ o
| 4....0_restored/counter 2.pof  EPC2 0008A3B3. FFFFFFFF =) =}
K Deete 5.....0_restoredcounter 3.pof _EPC2 2CSUIEE FFFFFFFF g o
3 13,0 Jabsflockibflockit sof | EPTS10F780. O2AFT7 FEFFEFFE
Saare. 1D
1 Chenge i
Method 1 : Add Programming File & Leave
Program/Configure Box Unchecked
20vears
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i
& Hadaesern |[RBRSVIFTT ——— wefras o] Poges| o
= o o
T [ oo [omen [ [0 [ [
iy | i wEow e @ L
: 2 e wmr B 0§ oo B °
oot | o Goorat e S
e % e e mee B 00 9 00
T ol 8 844 8 8
B o e
J ’
(I Method 2 : Click on Add Device
[ Sac +| Button & Select Device to Leave
] =1 | the P ing File Field Blank
o,
||| B
oo |
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Adding Non-Altera Device to Chain

my_chai

&, Hardware Seup..|[EaBlasaiy [PTT] Mode[1725 =] Progeess:| 0%
P stat Fie |Duvmu |qum Usetcode |P'°""/|v=my ‘B""k' |Eulrin S ‘
Conigre Check i

st | [T Fr_Fiterfsmtefiret sof - Ep1CaTIo0 [ 0
| 2....emo_restored/counter.pof  EPC2 000B7168 FFFFFFFF o
b AuoDetect | | 3. .o restoredfcouner_Lpof  EPC2 O07AERS  FEFEFEEF o D

4. ...0_restoredjcounter_2.pof  EPC2 0008A383 FFFFFFFF &) o) )
XK Dokt 5. o Jestoredfcouter 3pof  EPC2 GCSUIEE R ¥ M 5

s u]
Baure. 7
B Change e, | Click New & Create User-Defined
——— Devices to Add Non-Altera

Devices to Chain
|

4o l

.

[Nm [ a—
e
|

s
AddITAS D, Fene
[
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Click Program Button Once CDF File &
Hardware Setup Are Complete
Progress Field Shows the Percentage
of C ion for the F
d i
= ByteBlaseiy [LPTT] ode([ 1725 e o
Cortigue Check B
s Stop 1. .. fir_fikerfsimulate/fitref sof EP1C3T100 000SSD30 FFFFFFFF
| ;' ero restoredcounterpf  EPC2 OoETIGE  FrERERE
b o Deteet || 3. o estoredicounter_Lpof  ErC2 OUO7AERS  FFFFFEE
4. ...0_restoredjcounter 2.pof  EPCZ 000BA3B3  FFFFFFFF 0
K Dol 5. ...0_restoredcounter 3, EpCz 02CSUIEE  FRFFFFFF. ]
TS 0 b lorke okt s~ EPTSIOE78 BIZAETDT R
G Add e
1 Change Fil
20veARs of
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quart
[Fle Edt View Project Assignments Proc
D tew.. i [ o -
E il LA « Creates Multi-Device .POF for
dose cubrrs Enhanced Configuration Devices
{2) New Project wiard.. + Enables Compression & Other
& open Projec... i corvert programe Confi ion Device Options
Project..
SaveProect e
Closg Projct s
G = G ST |
S ..
Cove Clrent i e e |
B | (= Ot v [ErCiascsn ] Mot [rrmesen =]
T e [P g oo e
Create {Update Fonsalloclupiedtocntie [E— =]
o 1™ Mty oo o
0 Page seyp... e — | — T
[ pr pregen o — =
& prict Chrl4 I il s0f [EP1S108672.
et - e
Recont Proects C |
e e )
S I | |
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Creating Jam™ STAPL

T

e s

- s )
E 2 0 o
83 0 =
8 [

Create JTAG CDF

Create JAM, SVF, or ISC File

x|
|

Operaion
& Eogen
€ ety

ex Absrs .I Uy
ItKhequency:  [1001z

Supply voltage: 1.8 vo v
o

Frograming options
I Blork chesk:
W ety
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Exercise 6 or 7 (Optional)

Please go to Exercise 6 or 7 in the
Exercise Manual

Copyright © 2003 Altera Corporation
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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

Copyright © 2003 Altera Corporation JARTERAY
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Class Summary

m Design Entry Techniques

m Project Creation

m Compiler Settings & Assignment Editor
m Timing Analysis

m Simulation

m Programming/Configuration

Copyright © 2003 Altera Corporation
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Learn More through Technical Training

Instructor-Led Training On-Line Training

. AT

With Altera's instructor-led training courses, you can: | wiin Atera’s online training courses, you can
»Listen to a lecture from an Alera technical raining |, 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 | oice (no need to travel as with instructor-led courses)

Altera instructor

Each on-line course will take approximately 2-3 hours

» Ask questions & receive real-time answers from an | (o viete”

Altera instructor

»Each instructor-led class is one day in length (8
working hours).

www.altera.com/trainin
View Training Class Schedule & Register for a Class
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Advanced Quartus Il Course

m Accerating Design Cycles Using Quartus
— LogicLock
— Chip Editor
— FPGA Optimization
— SignalTap Il & SignalProbe
— Command-Line & Tcl Scripts
— HardCopy Software Support
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Altera Technical Support

m Reference Quartus Il On-Line Help
m Consult Altera Applications (Factory Applications
Engineers)
— MySupport: http://www.altera.com/mysupport
— Hotline: (800) 800-EPLD (7:00 a.m. - 5:00 p.m. PST)
= Field Applications Engineers: Contact Your Local Altera
Sales Office
= Receive Literature by Mail: (888) 3-ALTERA
m FTP: ftp.altera.com
= World-Wide Web: http://www.altera.com
— Use Solutions to Search for Answers to Technical Problems
— View Design Examples
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