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® Optimizing Designs with Synplify Pro & Quartus Il
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® TCL Scripting
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Course Objectives

® Set Up Constraints and Perform HDL Synthesis with
Synplify Pro

® Optimize FPGA Designs for Higher Performance

® View & Control Synthesis & Place & Route Results

® Analyze and Debug Designs with Synplify Pro

® Set Up Projects and Compile Designs in Quartus Il

® Use Quartus Il MegaWizard Plug-In Manager to
Generate LPM Functions

® Synthesize and Place & Route a Design Using Black-
box

® Use Synplify Pro Driven Design Flow
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Introduction to Altera
4 & Altera Devices
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Introduction to Altera Devices

® Programmable Logic Families ( )
— High & Medium Density FPGAs Strat'x II

® Stratix™ Il, Stratix, APEX™ I,

APEX 20K, & FLEX® 10K - .
_ Low-Cost FPGAS Stratix
® Cyclone™ & ACEX® 1K -
— FPGAs with Clock Data Recovery Stratix:
® Stratix GX & Mercury™ GX
- s Cycione®™

® MAX® 7000 & MAX 3000

— Embedded Processor Solutions
® Nios™, Excalibur™

— Configuration Devices
® EPC

D
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Introduction to Altera Design Software

® Software & Development Tools:

— Quartus I

@ Stratix Il, Stratix, Stratix GX, Cyclone,
APEX Il, APEX 20K/E/C, Excalibur, &
Mercury Devices

\\. ® FLEX 10K/A/E, ACEX 1K, FLEX 6000,

QUARTUS II MAX 7000S/AE/B, MAX 3000A Devices

— Quartus Il Web Edition

® Free Version
@ Not All Features & Devices Included

— MAX+PLUS® ||
MAX+PLUS® I @ All FLEX, ACEX, & MAX Devices
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Typical PLD Design Flow
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Typical PLD Design Flow
< Design Specifcation

Synthesis
- Translate Design into Target Technology Primitives
- Optimization to Meet Required Area & Performance Constraints

N

"

QUARTUS"II
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Typical PLD Design Flow

QUARTUS"II

Gate Level Simulation (Quartus Il or
ModelSim)
- Timing Simulation
- Verify Design Will Work in Target Technology
- May Require Design Edits

PC Board Simulation & Test
- Simulate Board Design
- Program & Test Device on Board

Copyright © 2004 Altera Corporation A = A
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Synplify Pro / Quartus Il File Flow Overview

>
ynthesis
Synplicity ===

© Synplfiy Pro Synthesis
— Library Mapping File

Amf

Y
N
vgm
or

edf

— Verilog Quartus Mapping File
© Quartus Il Place & Routing

— Verilog Output File
— VHDL Output File

— Standard Delay Format File
© Third-Party EDA Simulation

Copyright © 2004 Altera Corporation
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Why Synthesize with Synplify
Pro?
® Better Quality of Results

— Better Fmax and smallest LE usage

— Synplicity dedicated to synthesis and
simulation

— Synplify Pro maps directly to Altera primitives

— Automatic Altera megafunction use (+, -, *,
RAM, etc...)

® Better Error Messages and Easier Debugging
— Better verilog and VHDL error messages

® Some Assignment Passing Capabillities
Copyright © 2004 Altera Corporation Am—m ®
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@Uartus Il / Synplify Pro
. Overview

Copyright © 2004 Altera Corporation




Quartus Il Development System

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

Copyright © 2004 Altera Corporation AEE% ®



More Features

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

— NativeLink® 3rd-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

Copyright © 2004 Altera Corporation Amm ®
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Intellectual Property (IP) Support

® MegaCore® Program
— Staffed with Altera employees

— MegaCore group develops functions that support the
PCI bus interface, DSP applications, and
communication applications

® AMPP>M Program (Altera Megafunction Partners
Program)

— AMPP partners are 3rd party IP developers who
design IP optimized for Altera devices

® Both programs support OpenCore which allows designers
to evaluate megafunctions prior to licensing

Visit www.altera.com = Intellectual Property =
Copyright © 2004 Altera Corporation MEM ®
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IP MegaStore™
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System-Level Verification

®SignalTap logic analyzer offers system-
level verification of devices running at
Speed
— Verification times are reduced
— Megafunction provided free of charge with

Quartus Il
®SignalTap works together with Quartus |l
and the or

communication cables

Copyright © 2004 Altera Corporation AEEM ®
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Internet-Enabled Support

®Register users
®Download software updates
®O0Dbtain license files

®Submit and monitor service requests with
Altera Applications

®Evaluate and purchase MegaCore
functions

®Search Atlas® database and other

technical support pages
Copyright © 2004 Altera Corporation Am—m ®

19



Internet Capabilities

® Launch Altera web support from within Quartus Il

— Help

> Altera on the Web>

Quartus II - [http:

- nysupport.altera.com/eservice/login.asp]
. File Edit Wiew Project Assignments Processing Tools window Help

2=

IEE AR AR A T A A

Entity
Compilation Hierarchy

LC Cc

AITERAW

Altera.com Account
Wyhat's Mew
About Atera.com
Gestion & Answer
Palicy Information
Howy to Register
Help

KN ]
' 3

2=
Module | Progress %
T — 1]

Faor Help, press F1

Home > Support »

=

I

e

T Literature < Licensing _ { Search J
< Buy On-Line < Download w

Welcome to Your Altera.com Account

Log Intoe Altera.com

Ifyou already have an Altera com account, enter your
username and password helow.

User l—
Name:
Password: I

Log in

Send me my User name ar password

Create a New
Altera.com Account

With your Altera.com account you can

n hlanage semwice reguests on mysupport

n Download sofware or software license

» Register for classes with | Altera

Technical Training]

Home | Products |[SERESEN System Solutions | Technology Center | Education & Events | Corporate | Buy On-Line
Find Answers | mySupport | Software | Devices | Design Examples

Get Version 4.0
Support Information

Answers Here

T T2

Ide !_Wl_;

i
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What’s New In Quartus Il 4.07?

® Stratix |l Support

®RTL Viewer

®©MAX+PLUS Il “Look & Feel”

® SignalTap Il Advanced Triggering
® Chip Editor Enhancements

® Single Assignment File (.QSF)

® Revisions

® Balanced Optimization Technique
® Auto Fitter Effort

® New Design Space Explorer Interface
® Early Power Estimation

Copyright © 2004 Altera Corporation AEE% ®
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Questions about Quartus 11?

® Quartus Il on-line Help has the answers
— Contains the complete up-to-date information on Quartus Il
— Provides tips on how to effectively work with Quartus Il tools
— Provides answers and examples
® To access on-line Help
— Help menu content:
® Starting Projects
® Creating and editing files
— Using AHDL, VHDL, Verilog
— Libraries: logic functions, Megafunctions, Primitives
® Using other EDA tools
® Programming or configuring a device
— Press F1 or Shift-F1 to access context sensitive help

Copyright © 2004 Altera Corporation
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Synplify Pro FPGA Synthesis
Product

® Synplify Pro Is a Synthesis Tool Produced by
Synplicity

® Synplify Can Synthesize both Verilog and VHDL
Designs

— Can Synthesized Mixed Designs

® Supported on Multiple Platforms

— Windows XP / Windows 2000 / Windows ME /
Windows NT / Windows '98

— Sun OS / Solaris
— HP-UX
Copyright © 2004 Altera Corporation Mm ®
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Synplicity’s Current Products

Certify®

ASIC solutions

Synplify Pro®
and Synplify®

Synplicity
brings leading-edge
logic synthesis and

verification products

to FPGA and ASIC
designers

Amplify®
Physical Optimizer™

suonn|os \/ ) 4

Certify SC™

Copyright © 2004 Altera Corporation
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Synplicity Product Comparisons

Amplify™ Physical Optimizer™
Physical Synthesis for FPGAs

» Highest Circuit Performance

« Fastest Timing Closure

» Option to Synplify Pro

Synplify® Pro

» Challenging Designs

« Complex Projects

» The Ultimate in FPGA
Synthesis

Synplify®

« Fast

« Easy to Use

« Excellent Results

< >

Copyright © 2004 Altera Corporation Synplicity AIHEM ®
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Synplify Pro Features

® HDL Analyst
® Text Editor
® Behavior Extraction Synthesis Technology (B.E.S.T.)

® Synthesis Constraint Optimization Environment
(SCOPE) Editor

® FSM (Finite State Machine) Support
— FSM Compiler / FSM Explorer / FSM Viewer
® Invoke Place & Route via NativeLink
® MultiPoint ™ Synthesis Flow
® Stratix MAC Support

Copyright © 2004 Altera Corporation AEE% ®
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Synplify Pro Versus Synplify

Feature Synplify Synplify
B.E.S.T.

Text Editor

HDL Analyst

FSM Compiler

FSM Explorer/Viewer
SCOPE

Log Watch Window

Text Editor Cross-Probing

X X

Optional

X | X

Multiple Implementations

X XXX X XX XX

Note: Please See On-Line Help in Synplify Pro or

Synplify for a Complete List of Feature
Differences (Help =Synplify Pro vs. Synplify)

Copyright © 2004 Altera Corporation AEE%A ®
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Synplify Pro User Interface

Synplify Pro - [e:\synplicity_B620\synplify\tutonalivhdilapexiconst_pkg.prjl | _ O] x| I

|| Fle £t View Project Bun HDLAnabst Options Windaw Help ;lilil| Status Bar

REEFEFEEEEE e
| Synplify Pro”

Close Praject | | Altera MERCURY : EP1M120 : FC484 © -5, map_logic
Addd File... | B comst_pkg
-0 canstraint
Change File... | D vhdl
H- 0k rev 1 [might_hit_uc)
w New mpl... _| F- Wil rev_ 3 [eight_bit_uc)
Impl Options. .. |

Wiew Log... |

Frequency [Mhz] PrOJ eCt
O Window

Run

[+ F5M Compiler
Button Panel ¥ FSM Explorer Log Watch

Iv Resource Sharing 0
[ Pipelining WI n d OW

Ig e haynplicity_.. /

;I ﬂ' Log Parameter rev_3

% load_prdiiect e -ssynplicity_ 6202y clock: Estimated Frequency T0.8 MHz
& clock:Requested Freguency E5.0 MHz

4 L4 10 AT Ol 26

4[4 % TR 1oL Seript A 0ehgs A, 0 wamings A 8 noes =l

N — T I Iz

TCL Script & =
Copyright © 2004 Altera Corporation AEE%A ®

e Messages Window




Getting Help with Synplify Pro

® On-line Help

— Select Help->Help, or [F1] Function Key from the
Synplify Pro Ul

® Synplify Pro Documents
(Start menu = Synplicity = Synplify Pro Documents)
— Synplify Pro User Guide & Tutorial (synplify_ug.pdf)

®Overview of User Interface and Synthesis
Guidelines

— Synplify Pro Reference Manual (synpro_ref.pdf)
®Detalils on the User Interface
®VHDL and Verilog Basics & Support

— Synplify Pro Release Notes (synpro_rnotes.pdfa
Copyright © 2004 Altera Corporation Am-m ®
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[Designing with
4 Synplity Pro
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Agenda

®Design Flow & Synthesis Overview
®Entering & Checking HDL Code
®Simple Synthesis Steps

®Using SCOPE Editor

®Timing Constraints

Copyright © 2004 Altera Corporation Amm ®
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Synplify Pro Input/Output File
Flow

(SD) @phfy PD Lbay
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Synplify Pro Inputs

® Design Files
— VHDL
— Verilog
® Technology Library
Conatraints remoney  — Building Blocks
(SDC) Library

(Primitives) Specific to
Targeted Device Family

® Design Constraints (SDC)
— Timing Constraints

— Synthesis Control
Attributes

Copyright © 2004 Altera Corporation AEE%A ®
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The Synthesis Process

© Compilation
— Technology Independent

© Mapping
— Technology Specific

Copyright © 2004 Altera Corporation
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Open Project...

| | Altera APEX20KC - EP20KI00C - TC144 - -7, map_|

Cloze Project

Il:ﬂ---lﬁ_mj_nkn
© Syntax Checking of HDL Code
© HDL Conversion to Technology-Independent Netlist

© Extraction of High-Level Structures by B.E.S.T. Algorithms
— RAM/ROM
— Arithmetic & Logical Operators

© FSM Extraction & Optimization
© Resource Sharing
© RTL Optimizations

< >

Copyright © 2004 Altera Corporation Synplicity AEE% ®
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Fé e \synphcity_6200synphifyhtutonalivhdliapexiconst_pko.pr

|| Mapping...

| [ Altera MERCURY : EP1M120 : FC484 : 5, map_log

Open Froject...

Cloze Praoject

vrrere
llhﬂﬁnnfnbn

© Technology-Independent Netlist as Input

© Mapping to Technology-Specific Structures
— Look-Up Tables
— Reqgisters
— MAC'’s (Stratix/Stratixll)

© B.E.S.T. Mapping to Technology Specific Resources
— RAM/ROM = ESBs

© Timing Driven Synthesis & Optimization
— Logic Replication
— Buffering

«, =
Copyright © 2004 Altera Corporation . AV L Em ®
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Synplify Pro Outputs

® VQM or EDF File
— Design Representation
— Technology-Specific Netlist

— VQM (Stratix, Stratix 1, APEX II,
All APEX, Mercury, Excalibur)

— EDF (All FLEX, ACEX, MAX)

Design
Constraints ;
(SD0) ® TCL Files
— Used with Execute & Control
Quartus I

— Used to Pass Design
Constraints to Quartus Il

— More Details Discussed Later
® VM, VHM Files

— Verilog & VHDL Post-Synthesis
Netlist Files

— For Post-Synthesis Simulation

Copyright © 2004 Altera Corporation AEE%A ®
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Synplify Pro Text Editor

Cronte © Open File
New HDL — File -> New
File — File -> Open an Existing File

\m ® Integrated with Synthesis Environment

||e Edit Vie — Allows Cross-Probing with Log File
— Allows Syntax & Synthesis Checking on the HDL
P Source Code

@ Column Editing (Alt-Left Mouse Button)
© Block Commenting (Alt-C)

© Automatic Keyword Completion (Hit Esc
Key)

© HDL Syntax Coloring

© Line Numbering
Copyright © 2004 Altera Corporation MEM ®
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Supported Verilog95 Constructs

®AIll operators
(+,-’*,/ % <, > <= >= == I:’::: l:: && ”, L~ & ~& |
= A N N <> 7 {{}})
[Note: / and % supported for compile-time constants and
constant powers of 2]
®Behavioral statements
if-else-if, case, casex, casez, for, repeat, while, forever,

begin, end, fork, join
®Procedural assignments

=, <= [Note: '<=' cannot be mixed with '=' for the same
register]
®Compiler directives
‘define, ‘ifdef, else, endif, include

Copyright © 2004 Altera Corporation AEEM ®
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Supported Verilog2001
Cconstructs

® Additional constructs on top of Verilog95 support
® ANSI C style module declarations

— Combining both port and data type declarations in the port
list of modules, functions and tasks

® Sensitivity list
— Can combine comma and “or” to separate signals

— Can use @* or @(*) to include all signals in procedural
block

® Signed arithmetic

— reg and net data types can be declared using the reserved
keyword signed

— Signed operations can be performed for any vector length
— Integer literals can also be specified using ‘sradix or

Copyrig@&%@i&l%ﬁ%&n Am—m ®



More Supported Verilog2001

g tru
Exp ICIt IN ne parameter declaration

— Assign parameter value by name in
iInstantiation

— No need to specify all parameter values
— Parameters in any order

®%$signed and $unsigned support
©®** operator supported only for base 2

®Generate loops and conditional generate

Copyright © 2004 Altera Corporation AEE% ®
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Verilog 2001 Support in Synplify

Pro . .
®Switch Iin Implementation Options

— ON by default for new projects
— Can be |mplemented In the project flle as

' U V
Devicel Optiohs/Constraints I Implementation Hesultsl Tirming Bepaort Yerilog I

Top Level bodule:

|1nclude Path Order:

Synplicity

Copyright © 2004 Altera Corporation AEE% ®
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Parameter Override In Verilog

®Parameter override using # and defparam (down
one level of hierarchy only)

4 module sqrterr(e, a); )
Using “#” to override output [7:0] e:
parameter / input [7:0] a;

4 module sqrtb(z,a); A sqrtb #(8) sqgl(.z(e), .a(a));
parameter asize=4; \_ J
output [(asize-1):0] z;
input [(asize-1):0] a;

4 module sqrterr(e, a); )
endmodule output [7:0] e;
J input [7:0] a;
Using “defpm‘ sartb sql(.z(e), .a(a));
override parameter \ defparam sql.asize = 8; Y
Copyright © 2004 Altera Corporation AEEM ®
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Supported VHDL Standards

® Synplify Pro software supports a synthesizable
subset of VHDL'93 (IEEE 1076), and the

following IEEE library packages:
— std_logic_1164

— numeric_std

— std_logic_unsigned

— std_logic_signed

— std_logic_arith

Note : The VHDL compiler follows the VHDL'93 coding style,
this
should be remembered especially during post-synthesis
simulations.

Copyright © 2004 Altera Corporation AEE% ®
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Supported VHDL Language
Cconstructs

® Inputs, outputs and inouts of the following types
— std_logic, std_logic_vector, integer, positive, signed, unsigned,
records, arrays & user-defined types
® All operators
— Logical
AND, NAND, OR, NOR, XOR, XNOR
— Arithmetic
+, -,%, **, /[, rem, mod
— Relational
> < = >= [= <=
— Shift Operators
Shift_Left, Shift_right, Rotate Left, Rotate right,SHL, SHR, SHL,
SHR
® Behavioral statements
if-else-if, case, if-generate, for-loop, for-generate, when
® Assignments
<=[for signals], :=[for variables]

Copyright © 2004 Altera Corporation AEEM ®
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Generics

®Generics are supported

-

\_

entity sqrtb is
generic (asize : integer .= 4);
port( z : out bit_vector(asize-1 downto 0);
a . in bit_vector(asize-1 downto 0));
end sqrtb;

architecture archl of sqrtb

end archl;

~

/ entity sqrterr is

port( e : out bit_vector(7 downto 0);
a: in bit_vector(7 downto 0));
end sqrterr;

architecture arch?2 of srterr is
begin
sql: sqrtb generic map (asize => 8)
port map(z =>e, a=>a);

Copyright © 2004 Altera Corporation
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Mixed Verilog/VHDL

®Mixed HDL design support
— Can add both Verilog and VHDL files to project

®The top module/entity name has to be specified in the
Implementation options

— If a Verilog file instantiates a VHDL design, the Verilog
language rules apply

— Similarly if a VHDL file instantiates a Verilog design, the
VHDL language rules apply

®Current limitations

— Generics or parameters cannot be passed across
language boundaries

— VHDL user-defined types for ports cannot be used
across language boundaries

Copyright © 2004 Altera Corporation Amm ®
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Mixed HDL Designs

@ z:vestplans.. @ top: (RTL Vi..

Synplify Pro - top : [RTL View] - sheet 1 of 1 Mi=] B
PENSHOSE |t a0 e [@roz|E=% |22 %]
File Edit “iew Project Bun Timing Repot HDL Analpst Optionzs  *window Help |
POOPIe »

iRy z:\testplans\mixed_hdl_testingimixed_hdl_tests\2_entities_same_n.__ [l =] |E3 @ top - (RTL View] - sheet 1 of 1 ol =]

Open Project... | Bun I Done (wam‘ﬂgs)

Close Proiect__ | [Filinx irtex : X050 : BG256 : -4, ma

. E@ tap
add i [work] ryanda. vhd [VHDL]
Themge HiE | [rews_work] myand.vhd [YHDL]

Mews [mpl... |

=

Irnpl Options... |
“Wiew Log... |

Frequency (Mhz]

a

W Resource Sharing
¥ FSM Compiler

™ FS Explorer

™ Pipelining

rev_ 1 [15:716:46 08/25/2000)

[Epet
N

—

ErE e

wyne

Total: 0 errors. 2 warnings, 0 notes

¥4

4
[ T» =T TeL Seript

Copyright © 2004 Altera Corporation

48



Syntax & Synthesis Checking

® Syntax Check (Shift + F7)
— Looks for Common Syntax Errors like Punctuation and Incorrect

Keywords

® Synthesis Check (Shift + F8)
— Looks for Hardware Related Errors like Incorrectly Coded Flip-

Flops

Synplify Pro - C:\Docunments and Settingsh scheng® My Documents®
Must Have
. JJ File Edit W“iew Project | Eun HOL analwsk  Oprtions  Window  Web Help
Text File _
o ﬁ —— Swnthesize F&
Open I do E Resynthesize all
Compile Cnlw F7
ESM Explorer Sel ect
Swnbtax Check ShifE+F7F
Open FProject. . J Svntax Check hiFt+F SyntaX or
: Swnkthesis Check Shift+FS .
Cloze Project I ConscEamt Check Synth €eSIS
Arramnge YHDL Files Ch ec k
£dd File... |
Bun TCZL Scripk. ..
Change File. .. I Fun 4l Irmplementakions
Job Skatus
Mews Impl. .. I
Mexk Error W arning FS
Irnpl Opticns. . I Frewvious Errorywarning Shift+F5
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Syntax & Synthesis Error

Location

Questionable Code Is
Highlighted. Click on
Highlighted Code &...

Bottom of Text Editor
Window Displays Error
Message Related to
Highlighted Code

Copyright © 2004 Altera Corporation
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M vidl\filter. vhd [vhdl)

! in std_logic:
ogic_wector (7 dowmto 0);

00011 architecture struct of filte
00012 =zigmal xn @ std_logic_wector|
00013 =sigmal h @ std_logic_wector(Z :
00014 siomal xh @ std_logic_wector(l0 dowmto 0);
00015 siomal sel @ std_logic_wector(l dowmto 0);
ooole Isignal first data, next twp : std logic:

1 _- E !I -

Error: Expecting range direction: to or downto > |Line 12 Col 44
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Basic Synthesis Steps

1) Create Project

2) Add Input Files

3) Create or Edit Implementation
* Pick Device
* Global Clock Frequency

4) Click on the o Button

5) View/Analyze Results

Copyright © 2004 Altera Corporation
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1) Synplify Pro Projects

© Must Be Created to Perform Synthesis
© Contain Data Needed for a Particular Design

Source (Input) Files

Device Options

Constraint Files (SDC)
Multiple Implementations
Compiler & Mapper Options
Synthesis Results File
Global Frequency

© Are Stored in .PRJ Files
— ASCII Text File Containing TCL Commands

Copyright © 2004 Altera Corporation Synplicity
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Creating New Projects

Open Project..

_4_.

Cloze Project

Run

on New Project

In the Synplify Project Window,
select Open Project and then click

E@ const_pkg

Add File... : .
-] constraint
Change File... D vhl _ _
- F rev 1 [eight_bit
IIl il t rew P [ainhtk R
Mew [mpl... Open Project
Impl Options... | | [ Evisfing Fioject..
Mew Project
View LDQ'" Mew Workspace. .
Frequenn:_l,l [Mhz] Project wWizard...
0 =
1]4
Cancel

— Recent Projects

CADATAMS ynplifvDezignt DT esthdifven. pry

CADATANS ynplitpDezign RakAR O prj

C:ADATAMNS ynplifyDezigniblackB oM HDL testCounter. pri
CADATAMS prplifpD ezigntRAk \newR OM. pr

C:ADATANS ynplifyDezign'state_machingnewFShd\goodFSk. prj
CADATAMS prplifvD esignhstate_machinetbad_FSM.prj
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Creating New Projects (cont.)

Synplify Pro - e:Aspnplicity_620%zynplifyAtutonalivhdlhapex\proj.pr =

JEiIe Edit ‘“iew Proect Bun HDL Analpst Options wWindow Help

Copyright © 2004 Altera Corporation
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Hew... Crl+M o
“ = Open... Ctrl+0 E % ‘ g’ ET.:! .(.-.z ‘ #h
Cloze
= E'VE Chl+5 ‘tutonialsvhdlsapexiproj.prj = _
Save bs.. —_— Save & Name the Project
G Save :
- ynpii /| from the File menu
Build Project... | Alter| []e—_ EE
P Open Froject... _
Close Project L - Save In: 4 apex i | ﬁl |
I=C ¥ rev_4 [proj) - —

Recent Projects e 1

1 eight_bit_wc.kcl | lrew 2

2 eight_bit_uc kel | e 3

3 ztatemachine. info I conzt_pkag.pry

4 const_plg.zdc

b conzt_pkg_1.z2de

B alu.vwh.vhd

E =it

I o = File name: iy profey Save

= Save az type: IF'ru:uie::t Filez [Project) [*.prj) j Cancel




Project Implementations

© Different Versions of Same Project
© Each Can Have Different Synthesis

Options & Constraints
— Device & Speed Grade
— Clock Frequency
— Default State Machine Encoding
— Top-Level Module

© Current Implementation is
Highlighted

Copyright © 2004 Altera Corporation
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Fé e dzynplicity 620\ synplifyhtutorialivhdlhapexicon

Run
Cloze Project Im
Add ... =¥ const_pkg
|:| constraint
Chanige File... e
rev_1  [eight_bit_uc

~ i F rev_2 [eight_bit_uc]
Mew Impl... E 03 (oight bit_ug)
Impl Ophons...
Wiew Log. .

Frequency [Mhz)

0

=




2) Add Input Files

Open Project. . I

Run

Syr

— | then Highlight and Add

Click Add File Button

Cloze Project
Add File... b
..

Change File...
Mew [mpl... B
Irmpl Options...
Wiew Log...

Frequency [Mhz)

0 —
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const_pkg

i| Select Files to Add to Project

Files to Window

Loak, in: I _| apex /J
| lrew_ 1 congt_pkg.edc eight_bit_uc_cons.tcl
| rew 2 conzt_phkg.vhd eight_bit_uc_rm.tcl
1 e _3 data.mif flatzch. smn
aluvh data_rnus.wh flatzch. swr
conzst_plkg.prd eight_bit_ugltc Farn_trnp.swr
| conzt_pkg.prj eight_bit_gic.vhd inz_decode. vhd
| 0

Filz name: I

yA
Files of type: [l Files (%)
Files ToAdd To Project:

/

<- Add Al
<- Add
Remowve -»

Remove all -»

]
-

e

Cancel




HDL File Order

® Verilog
— Last File is Considered to be Top-Level Module
®Order of Remaining Files Unimportant
— Can Set Top-Level Module as an Implementation Option

® VHDL
— Packages Must Be Listed First
®Order of Remaining Files Unimportant?
— Last File is Considered to be Top-Level Module
— Can Set Top-Level Module as an Implementation Option

Note:

1) If entity & associated architecture declarations are in
separate files, then file containing entity declaration
must be first

Copyright © 2004 Altera Corporation AEEM ®
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Mixed HDL Designs

® For Mixed HDL Designs, Use Implementation Option
Dialog Box to Set Top-Level

® If a Verilog file instantiates a VHDL design, the Verilog
language rules apply.

® If a VHDL file instantiates a Verilog design, the VHDL
language rules apply

® Current limitations

— Generics or parameters cannot be passed across
language boundaries

— VHDL User defined types for ports cannot be used
across language boundaries

Copyright © 2004 Altera Corporation Synplicity Amm ®
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Re-Ordering Files

File to Bottom of List

Just Click & Drag Top-Level

Fé E:A\Developing_Clazzes\Synplify_Quartusitest\Yeriloghf

Eg E:\Developing_Classes\5Spnplifp_QuartusitestiVerilog

Copyright © 2004 Altera Corporation
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Open Project... Open Project. .
Run Run SynF
Claze Project | Altera MERC] Cloze Project | Altera MEF
. =L fiter N
Add File... . add Fil =G filter
= |:| verilog e = G wverilog
Change File... I aps ¥ VERILDG] ChangeFie.. || = = ¥ taps.v [VERILOG]
------ (¥ hwalues.v [VERILOG]
Mewlmpl.. || ¢ S T T mem—— I o e kv [WERILOG]
- Mew Impl...
Impl Optiong... state . WEHlLDG] St-ﬂte e WEHILDE]
acc.v [WERILOG] Impl Options...
h‘ Impl  [acc]
Wiew Log...
e Wigw Log...
Freguency [Mhz]
0 j Frequency [khz]
- 0
| sl =FS =
|l =l el




3) Create Implementation

Open Froject...

Cloze Project

Run

Select New Imp!l... to Open

Add File...

Chanae File...

MHew [mpl...

q

Irmpl Dptionz. ..

Wiew Log

Device Dptiu:uns.-’licunstraintsl |mplernentatian Hesultsl Tirmning Hepu:urtl WHOL I

Technology: Fart: Speed:

the Options for
I Syr Implementation Dialog Box

Fackage:

Altera APEX || |EP2815 RNE | |Fcer2

=

— Device Mapping Options

Option Yalue =

hiap Logic to ATOs ™
Cizable 11D Inzertion 1l
Perform Cliguing v
Pipelining |
Retiming I |
O ption Description
Click on an option for a descrnption.

k., I Cancel Sl | Help |
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Device Tab = Select Device

Part #

Choose Device Family

Options for implementation: tezstCodater : Impl_1

Device | Options/Constraints I Implernents

Technology:

Part:

Speed Grade

Taly} Hesultsl Timing Rep rtI WHOL I

Speed: Fackage:

Package & Pin Count

Alera APEX20K =] [ePzox100

Altera ACEXTE

MRE =l |tc1as =]

Altera APEX ]

Lhltera AP

Ailtera MPESI0KL

iption

Yalue =

Altera APERZ0KE
Altera ExCALIBUR_ARM

Alera FLEXT0K

Alkera FLEXEOO0
Alrera FLEXE000

Altera Méx3000

Altera bdx 7000

OO RICER

Altera ME3000
Altera MERCURY
Altera STRAT [

—Itm-wmm

ar.

o |

Cancel

el Help
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Device Tab = Device Mapping

Options

Device Mapping Options

Technolagy: Part:
Altera APEX20K =] |Erzoxion
These Options Are Specific to the

Targeted Technology. Examples:

Map Logic to ATOMs — Produces
ATOM Level Netlist so Quartus Il
Does Not Have to Perform Synthesis.
Recommendation: Leave Checked.

Disable I/O Insertion — Inserts I/O
(Input/Output) Pads into Netlist File.
Unnecessary in Altera Designs.
Recommendation: Leave Checked.

Perform Cliquing — Allows Synplify
Pro to Make Grouping Assignments
for Place & Route. Recommendation:
Only Useful for FLEX 6000.

Options for implementation: teztCounter : Imp1_1

Device | Dptiu:uns.-"Eu:-nstraintsI Implermentation Hesultsl Tirning Hepu:-rtl WHOL I
Speed: Package:
520 ERAA b G
evice Mapping Dptions
Ciption Walue |~
Er-.ﬂap Lagi TOhs v
Dizgable 0D Ingettion |
Perform Cliguing ™
Pipelining |
[Retiming =]
O ption Description
Perfarm cliquing and enable clique constraintz
] I Cancel SEpl Help
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Implementation Results Tab

Options for implementation: teztCounter : lpgf_1

Device I Options/Constraints  Implemesiation Besults | Timing Report I WHOL I / for Outp ut FI I es

Irmplementation M ame:

Name Implementation

]| Specify the Directory

Irnpl 1

Rezultz Directony:

Choose Output File

IE:'\D.-’-'-.T.-’-'-.'\S_I,Ianif_I,ID ezignblackBohHD LA mp1 1

R ezult File Mame:
ItestEnunter.vqm

Browse. . |

rmat:

Name...Leave File
Format as Default for the
Device You Selected

g hd

O ptional Output Files
[ ‘wiite Mapped Yerilog Metlist

[ wiite Mapped WHDL Neti
¥ “wiite Wendor Constraint File

Mapped Verilog Netlist (VM) &

Mapped VHDL Netlist (VHM) — Post
Synthesis, Pre-Place & Route
Simulation Netlist

k. I Cancel

Help

Vendor Constraint File — Allows

Copyright © 2004 Altera Corporation
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Synplify Pro to Pass Place & Route
to Quartus Il

Select Optional Output Files IAITERA




Verilog/VHDL Tabs

® Verilog & VHDL
— Fill in Top-Level Module
®If Top-Level File Is Not at the Bottom of the File List
®If Top-Level of Mixed HDL Design

® VHDL Only
— Specify Enumerated Date Type Encoding
®Not for State Machines (Discussed Later)

Options for implementation: teztCounter : Imp1_1

Devicel Options/Constraints | Implementation Results | Timing Repat | Yerlog  ¥HOL

Top Level Entity:

Drefault Enum Encoding:

Iu:unehu:ut j
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64




Final Basic Synthesis Controls

FE: CADATAAS ynplifyDezigniblackB oxAYHD LitestCounter_prj

Open Project... | Synp’ify ‘

Run

Llizgz Fiojec! Altera APEXZ0K : EP

Add File. E:H'D"E.T.&'\Synplify[fl ezignblackBox\WHD L\ mp1 _1
=-EF testCounter [project]
Change File... El'a whdl
. [wark] testCounter.vhd [WYHDL]
| -1 verilog

Mew Impl...

Iker]

Frequency [Mhz] Lounter]
[ =

W F50 Compiler

[~ FSk Explorer

W Resource Sharing
[ Betiming

[ Pipelining

[+ FSM Compile

v Resource S

Global Clock Frequency — Sets
Global Frequency to Be Applied to All
Combinatorial & Registered Paths
Unless Individual Clock Settings Are
Used

FSM Compiler/Explorer — Enables
FSM Optimzation & Encoding
Selection (Next Slides)

Retiming — Allows Synplfy Pro to
Perform Register Balancing across
combinatorial elements.
(Automatically enables Pipelining)

Pipelining — Allows Synplfy Pro to
Perform Pipelining on Multipliers &
ROMs

[ Retiming
[ Piggl

_—
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FSM Support — FSM Compiler

® FSM Compiler
— Extracts State Machines from HDL Code & Instantiates an FSM
Primitive
— Uses Algorithms Specific to Optimizing State Machines
— Removes Redundant & Unreachable States
— Selects Encoding Based on Number of States

— Allows Various Encoding Styles to be Selected without Changing
Snlirce EU_QLC;)

Frequency [Mhz)
|0 =

W FSk Compiler

W Fesource Sharing
™ Retiming
™ PFipelining

Synplify Pro Project Window

Copyright © 2004 Altera Corporation AEEM ®
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FSM Support — FSM Explorer

® FSM Explorer

— Analyzes All Encoding Styles & Selects the Best Option Based on
Other Design Constraints

®Ignores User-Encoded FSM
— May Give Better Results that FSM Compiler but Takes Longer
— FSM Compiler Must Be Executed First

Frequency [Mhz)
|0 =

statermachine
I[2:0]
C Q0]
F:

™ Retiming Stﬁevel[ﬂ: 2]

™ PFipelining /
//

V' FSk Cormoiler Jo:2]

W FSh Explorer

Synplify Pro Project Window

Extracted State Machine =
Copyright © 2004 Altera Corporation AIHE%A ®
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Final Basic Synthesis Controls

(C O n t -) Resource Sharing — Uses Less Device

Resources if Larger Logic Blocks
Fé CADATAASynplhifyDesigniblackB oxSYHD L \testCounter_prj (Arithmetic Operators) Can Be Shared

Open Project... - ]
_ - | Synplify Pro
Close Project | Altera APEX20K : EP20K100 - TC144 a
Add File. E:h%TMSynplifyD ezigniblackBoxhWHD LM mpl_1 b +
= testCounter [project]
Change File... =23 vhdl [~
b [wiork] testCounter vhd [YHDL] Mux
few Impl... | Gl ) veilon
i ker] C
Frequency [Mhz] unter] +
0 — d——
W F5M Compiler l
W Rezource Sharing > a—
[v FSh Compilé = oo
[ F5M Explore L C —1
[+ Resource Sh I_ Fipelining I
[ Retiming +
[ Fipge b E——
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4) Run Synthesis

nplify Pro®

Proﬁt...

Open

Fiun
| ra APEXZ20K : EF20K100 : TC144 : -3%, ma
: 45 proli blackBoxtWHDL A mpl _1 Imp
=-6=F testCounter (project]
22 vhd
R [work] testCounter. vhd [VHDL)

[:I verilog
,.....t Impl  [topCaounter)

Mew Impl...

Impl Dptions. .. |

“Wiew Log |

Frequency [khz]
o

oL

[+ FSM Campiler

W F5M Ewplorer

¥ Resource Sharing
™ Retiming

[ PFipelining

Copyright © 2004 Altera Corporation
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5) Viewing/Analyzing Results

®Log File
© Log Watch Window

©HDL Analyst
ORTL View
©®Technology View

& FSM Viewer

Copyright © 2004 Altera Corporation AEE%A ®
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Log File

Cloze Project

Fé e:‘zynplicity_620\spnplify\tutorialvvhdlhapexhcon

Hun

Alters

&dd File...

Open Log File

Chanage File...

e lmpl...

Impl Options...

\ YWiew Log...

Frequency [Mhz]

|n

=

EI@ conzt_pkg
-] constraint
-] vhd
ME rev_1 [eight_bit_uc)
ME rev_& [eight_bit_uc)

- bl rev_3 [eight_bit_uc)
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® Sections

— Compiler Report
— Mapper Report
— Timing Report
— Resource Usage
Report

® Messages
— Errors (QE)
— Warnings (@W)
— Notes (@N)

< >

Smpticiy /AN [3 RYA\,



Log File — Compiler Report

® System & Software Information
® Project Information

— Source Files

— Top-Level Module
® Design Information

— HDL Syntax & Synthesis
Check

— Unused Input Warnings

— Redundant Logic Removal
— RAM/ROM/FSM Extraction
— Black Boxes
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% rev_Sihlter_sir [log)  _ O] =]

goonl § Start of Compile

00002 #Thu May 17 le:42:18 2001

00003

00004 Synplicity Werilog Compiler, wersion 6.2.0, Build 083R, built Feb 28 20
00005 Copyright (C) 1994-2000, 3ynplicity Inc. &ll Rights Reserved

0000G

00007 BI::"e:‘\developing classes)\synplify quartus)\test\wverilog)taps.v"
00008 BI::"e:ideveloping classes\synplify _quartusitesciwerilogihwvalues. v
00009 EI::"e:Vvdeveloping classes\synplify quartusitestiverilogimalt. v
00010 BI::Te:ideveloping classes\synplify_dquartusitesciwerilog)state_m.v"
oo0ll EI::"E:\develnping_classes\synplify_quartus\test\verilng\acc.v”
00012 RI::"e:\developing classes\synplify quartushtest\wveriloghfilter.v"

00013 Verilog syntax check successful!

00014 File e:‘\developing classes\synplify dquartus)testiwveriloghtaps.wv changed
00015 Selecting top lewel module £ilter

00016 Synthesizing wodule taps

00017 Synthesizing module hwvalues

00018 Synthesizing module state_m

00019 EN:7e:vdeveloping classesh\synplify gquartus)testiwverilogstate m.v":18:1
00020 Extracted state machine for register filter

000Z1 State machine has 5§ reachable states with original encodings of:

n00zZz oo

00023 ool

0o0z4d olo W
|1| I 3
|Line 11 Cal 1 [ [ 4

Note: Green text indicates cross-probing to source
code possible.

-



Log File — Mapper Report

® Target Technology
® SCOPE Editor Information
— Constraint Files Read

_ Attributes Assigned

00032 3ynplicity Altera Techhology Mapper, wersion 6.2.0, Build 085E, buil

. . 000353 Copyrighe (C) 1994-2000, Synplicity Inc. &ll Rights Reserwved

@ DeS|gn Informatlon 00034 aromatic dissolwe at startup in wiew:work.filter(werilog) of uSjacc)
00035 Automatic dissolwe at startup in view:work.filter(werilog) of udimult |

00036 AMutomatic dissolwe at startup in wview:swork.filter(werilog) of uZhwal

- DGSlgn Flattenlng 00037 Encoding state machine work.state_miwerilog)-filter h.filter[4:0]
@ . . " 00038 original code -> new code
(“Automatic Dissolve”) 5 oo > ooy
. 0004l 0lo -> 00100
— Counter Extraction 0004z 0Ll -> 01000
no04s loo -» 1oooo

00044 sutomatic dissolwe during optimization of wiew:swork.filter(werilog) c

— FSM |mp|ementat|0n 00045 Found clock cli with period L0ns _lﬂ
— Explicit & Inferred Clocks Leddodis [ [

— Buffered Nets
— Logic Replication

< >

Copyright © 2004 Altera Corporation Synplicity AEEM ®
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Log File — Timing! Report

% rev_S\filter.sir (log) _ (O}

00049 Found clock clk with period 10ns

####4 START TINING BEPORT #8484

00053 Performance Summary
nons4 EEEFEEEERRERERNRRERNN _J

00056 Requested Estinated Requested Estinated
00057 Clock Frequency Frequency Period Period ilack

10038 clk lo0.0 MHz 85.2 MHz 10.0 10,5 -0.5

nooez Interface Information
00063 FEFFEEEERRNERERRREEEHNAS

Input Ports:

Reference User Arrival Bequired

Clock Constraint Tine Time 3lacl
-

4

Line 268 Col 1 | s

® Required & Estimated
Clock Frequencies

® Required & Estimated Top-
Level I/O Timing

— Bi-directional Appears
as Both Input & Output

® Critical Path Analysis

1) Timing values are based on estimation. Actual timing will
come from Quartus Il after place & route.

Copyright © 2004 Altera Corporation
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Log File — Resource Usage

Report

B rew_SA\filter. 2 [log)

00192 Synplify Pro iz performing all technology mapping.
no1as

00194 Deszsign wiew:work.filter (werilog)

00195 Selecting part EPIM1Z0F454CTAES

00196 I/0 ATOMs: 21

i 1159 ATOMs of 4800 [ 2%

E5Es3: 0 (0% of 12)

00204 ATOMs using regout pin: 50

00205 also using enable pin: 32

alzo using combout pin: 0O

with no input combinational logic: 36 (uses cell for routing)

00209 ATOM=s using combout pin: 69
00210 MNumber of Inputs on ATOMs: 400
00211 Mumber of Nets: 151

0o0z1z

00213 Writing .vgm output for Quartus _Iﬂ
L - . e - . . - SR . .

ILine 193 Cal 1

[ %
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® I/0 Usage
® Logic Elements (LEs) Usage

® Embedded System Blocks
(ESBs) Usage

— RAM/ROM

— Logic
® 1/0O Cell Register Usage
® Number of Counters
® Part/Package Information

® Device Utilization
Percentage

-
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Exercise 1 Review

® Easy Synthesis Steps
1. Create Project
2. Add Files

3. Create/Edit Implementation
— Select Device
— Enter Global Clock Frequency

4. Hit Run Button
5. View Log File

Copyright © 2004 Altera Corporation
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Log Watch Window

® Displays Log File Parameters in Tabular
Format
— Requested Clock Frequency
— Estimated Clock Freguency
— 1/0O Count

L
Happer Conpleted :I IlI' Log Parameter reyw 5
. clk:Eztimated Frequency 74.8 MHz
Mapper: 0 errors, 0 warnings, 0 notes clk:Requested Freguency 100.0 MHz
Total: 0 errors. 0 warning=. 1 note
A -
| b Log Watch Window
[ 4| b [0/ ][4 TOL Seript A 0 erors A 0 wamings A 1 note f
| [ |
< >

Copyright © 2004 Altera Corporation Synplicity AIHE% ®
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Log Watch Window — Setting
Parameters

Click Log Parameter
box and then Use
Drop-down Menu to
Select Parameter

| Part
| orst Slack
i clk - Estimated Frequency
clk - Regquested Freguency
clk - Estimated Period

clk - Requested Period

rese 6 Iﬂ
| 1.5 MHz
|&} 100.0 MHz
-
k
o, om | NUM | 4
il

ilt Log Parameter rese 6 I
clk - Estimated Frequency 1.5 MHz <+ b
clk - Requested Freguency 100.0 MHz

-
1 | Y

o am [ [NUM | Y

Copyright © 2004 Altera Corporation
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Values Updated
after Synthesis




Log Watch — Multiple
Implementations

L= Ix

Right-Click on Column and
Configure W atch. .. rev_B i’ Select Confi gure Watc h
clk - Estimd . Befrezh 8 hHz
(ok-Regud  Clear Parameters P00 hz
_|;| Choose
Log Watch Cat S 5 [ |~" | Implementations
~watch Selection | [NUM | 7 to View and
(" Walch Active Implementation Click OK
& Swiatch Selected Implementations ~
" Watch All Implementations
Selected Implement atians
:::—13 ﬂl %l Log Parameter ey rev G -
- clk - Estimated Frequency 21 .6 MHz 1.8 MHz
il ﬂl clk - Feguested Frequency 1.0 MHZ 100.0 MHz
:
Cancel | _ﬂ I LI—I
By~ ) INUM | Y
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HDL Analyst

® Graphical Representation of HDL Design
— RTL View
®User Sees Exactly What Is Written
®High-Level, Technology Independent Schematic
— Variable Width Adders
— State Machines
— RAM/ROM
— Technology View
®User Sees Exact Components Used to Implement Design
®Low-Level, Technology Specific Schematic
— LUTs
— Flip-Flops
— Muxes
®Allows Critical Path Viewing & Timing

Copyright © 2004 Altera Corporation AEE% ®
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HDL Analyst Advanced Features

®Hierarchical and Flattened Views
®Advanced Filtering

®Crossprobing from Place and Route
timing files
®FSM Viewer

Copyright © 2004 Altera Corporation AEEM ®
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RTL View

Synphify Pro - hlter : [RTL View] - sheet 1 of 1 .
H Eile Edit “iew Project Bun HDL Analyst Dptions ‘window Help / Opens RTL VIeW
PREOZEHOE ¢ Qx| a(@¥
A

ﬂ filter : [ATL View] - sheet 1 of 1
-- < Metz[14)

[+ © Pars(7) :
[+ < Instances (5] RTL View
m:::-lj tapr L =5 -
% ::d - " ; qrn AraS |,I:| ::;Emu“m-jpuq_.lﬂ_l'_ﬁz ::l.uq vt
Hierarchy a u . _
Browser M|
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RTL View Features

® Hierarchy Browser

— Breaks Down Design Using Symbols & Logic Names
® Push/Pop Control

— Allows User to Enter & Exit Sub-Levels of Hierarchy
® Flattened Hierarchy

— Displays Entire Design As Generic Logic Symbols
® Filter Schematic

— Allows User to Isolate RTL View on Selected
Component(s)

® Cross-Probing

Copyright © 2004 Altera Corporation AEE% ®

84



RTL View - Hierarchy Browser

Highlighting a Net, Port, or Instance in
the Hierarchy Browser Highlights/Views
that Construct in the RTL View Window

ﬂ filter : [RTL View] - sheet 1 of 1

+ © MNets [14)
Top-Level [e Pore ()
.
Port & Net -- [
LiSt ..... : ::::l
----- B rezet
[ - ynl7:0]
g wvalid
|__—-|-- Instances (5)
Hierarchy
Tree U3 [state_m)
144 [mult]

Copyright © 2004 Altera Corporation
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U5 [acc)

Expanding Instances Allows
User to View Ports, Nets, &
Logic for Internal Modules

/AVO[SRYAN,



RTL View — Push/Pop

Synplify Pro - filter : [RTL View] - sheet 1 of 1

H File Edt View Froisct Bun HDLAnalyst Options Window Help

REEE L

SRR Y O

Mouse Pointers Below Indicate
which Operation Will Be
Performed by a Left-Mouse Click
in the RTL View Window

Copyright © 2004 Altera Corporation
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Push/Pop
Button




Filtered RTL View

Un-Filtered Filtered
User Can Select Only Selected
Components Components Shown

Iﬂl eight_bit_uc.Dmux : [RTL ¥Yiew] - sheet 1 of 1

Iﬂl eight_bit_uc.Dmux : [Filtered RTL Yiew] - sheet 1 of 1

B

I
urS_alib_d b _zeipi o] =l my ) —

anF_.cp

longh[+:0] =14 unt_alb_d o i g

unE3_fout ‘

7] o iTetd Isolate Paths

! Ty ] [13 g
[alub_zel[t0] ==l [ ] Shiaw Combesxt =

un _alub_d Hide Instances

[+11] 4]

b [+:0]
Unhide Instances

Shiowe &l Hier Pins

uUnE3_fout

.n.wr\.l{...-:—

und_fout Dissolve Instances
1
0
|L$F§E} [7:0] iﬂ;:?bd_ ¥ Show Critical Path u
- H Lira_alLl
llongk[7:0] _==1040 SELLS =
[elock. | | e Timing Analyst... o
’ v und_fout
! - Filter Schematic
- l | tl. Fush/Pop Hierarchy

SICOPE r

Right-Click for

Copyright © 2004 Altera Corpor Pop-Up Window @
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Other Filtered View Controls

® Select Net Driver _ :.:;:ﬁ:;:i;

— AddS tO the Fl|tel’ed V|eW the v Select Met Instances
Driver of the Selected Net / Current Level r
(Fan_m) ) Show Critical Path

® Select Net Instances ﬁﬁ?é”.'ﬁ’“”a"”“'
— Adds to the Filtered View e

11 Push/Pop Hierarchy

Everything Connected to

SCOPE k
Selected Net (Fan-Out)
® Expand Paths \ Tsolate Paths
: .
— Shows All Instances/Nets In Expand Patfs
the Path Between Two Currenk Level Expand Paths
Selected Components Sho Contet

Copyright © 2004 Altera Corporation AEE% ®
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Technology View

Synphify Pro - hlter : [RTL View] - sheet 1 of 1

H Blo Bl Yo Eioies: B MELAne Epiowm whcen Kk

PEOEHGSE ¢t 0B | a

Opens Technology View

‘I hilter

.. <> Mets [35)
.. < Partz [7]
.- < Instances [29]
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Technology View Features

® Hierarchy Browser

® Push/Pop Control

® Flattened Hierarchy

® Flattened to Gates View
— Displays Design Down to Boolean Logic

® Filter Schematic

® Critical Path
— Highlights Instances & Nets in Critical Paths
— Displays Timing

® Cross-Probing

Copyright © 2004 Altera Corporation
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Technology View — Critical Path

Synplify Pro - eight_bit_uc_Hattened : - sheet 1 of 1

File Edit “iew Project Bun HDL Analst Option:  Window  Help

View Critical Path
- NN
PREOSEHGES ¢ 08B (- - ooy

“~_| Filter Critical Path
‘¥ eight_bit_uc_flattened : - sheet 1 of 1
-- < Metz [253) l":'."fff v
[+]- & Ports (9]
-- < Instances [499)
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FSM Viewer

® FSM Viewer

— Displays
®@Transition Bubble Diagram
®Transition Table
®FSM Encoding

— Open FSM from the RTL View
®Push into FSM block
®Right-Click on Extracted FSM and Select View FSM

state |chine

I[2:0]

E v Q0]

stacklevel[l: 2]

[0:2]
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FSM Viewe

r Window

— FSM ¥iewer - PrgmCntr_stacklevel[0:2]

Bubble Diagram

From State | To State Condition =
1 10 10 JOPCODE_CALL
2 10 10 OPCODE_GOTO
3 10 10 FOPCODE_RETLWY
4 m 10 FOPCODE_GOTOS OPCODE_CALL
5 10 o1 (OPCODE_RETLWELOPCODE_GOTOALIOPCODE_CALL
E m o COPCODE_GOTO
7 m o1 FOPCODE_RETLWEROPCODE_CALL
g oo o1 FOPCODE_GOTOS OPCODE_CALL
g 01 an JOPCODE_RETLWELOPCODE SOTOELOPCODE_CaLL
10 oo oo OPCODE_GOTO
11 oo oo FOPCODE_CALL

1 Eli Transitions £ RTL Encodings £ happed Encoding= E m |

Mapping Information Tabs
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Mapping Information Tabs

® Transitions (Previous Slide)

— Simple Equations/Conditions for each State Transition
® RTL Encoding

— Shows State Machine as One-Hot Encoding
® Mapped Encoding

— Shows State Machine as Implemented in Technology

State | Register State| stacklevel1] stacklevel[D]

aa stacklevel2] aa 0 0

01 stacklevel[1] Iy a 1
10 EEeeam) 10§ 0

4 | ¥ [\ RTL Encodings £ Mapy 4| ¥ [£ RTL Encodings % Mapped Encodings
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FSM Viewer Features

® Use Filter to Isolate States
— Selected
— By Input Transitions
— By Output Transitions
® State Properties

— Shows State Name, RTL
Encoding, & Mapped Encoding

— Right-Click on State in Bubble
Diagram
® FSM Info File
— Text Description of FSM
— Right-Click on FSM in RTL View

Copyright © 2004 Altera Corporation
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FSM Info File

State Machine: work.Prgm Cntr(rtl)-stacklevel[0:2]
No selected encoding - Synplify will choose
Number of states: 3
Number of inputs: 3
Inputs:
O: OPCODE_RETLW
1: OPCODE_GOTO
2: OPCODE_CALL
Clock: CLK
Reset: RESET to state SO
Transitions: (input, start state, destination state)
-01 SO s1
-1- SO SO
--0 SO SO
-01 S1 S2
-1- S1 S1
0-0 S1 s1
100 S1 SO
--1 S2 S2
-1- S2 S2
0-- S2 S2
100 S2 S1
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SCOPE

® Graphical, spread-sheet format to enter and
manage timing constraints and attributes

® Has the capabillity of initializing clocks, inputs and
outputs

® Has auto-fill capability in order to help in filling
the constraints and attributes

® Filters out objects based on the constraint or
attribute applied

® Filters attributes and constraints based on the
object selected

Note: Design should be compiled at least once before using SCOPE
<>

Copyright © 2004 Altera Corporation Synplicily Amm "
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SCOPE

Synphify Pro - hlter : [RTL View] - sheet 1 of 1

H Fle Edt Wiew. Froject Run HDL Analyst Options Window Help

@ 2=

REEFFEIEEE

B8 Create a New SCOFE File

Initialize: Constraints | Select File Type

r Initialize Constraints

automatically

[Click on the constraints you want SCOPE to initialize

¥ Clocks All

NeW ConStraIntS ¥ Inputs/Outputs Mg |
File Toolbar Button

Opens the Intialize
New Constraint File
Dialog Box

0K | Cancel I Help

Choosing Initialize Tells Synplify
Pro to Initialize the Constraint File
(SDC) with All Port & Clock Names

Copyright © 2004 Altera Corporatic
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SCOPE Editor

il NOT IN PROJECT! u_control_1.sdc {constraint File ) *

-0/ x|

Enabled

Clock

Frequency
{MHz)

Period
(ns)

Clock Group

Rize At
(ns)

Fall At
(ns)

Duty Cycle
(o)

Route
(ns)

Virtual
Clock

AL

—_—

Ik

| ool 4| | i | a2

—
=

—
—

12

EXRE FRc FRc FRc BRc HRCA BRca Rcd HRca RRca | hmm

1| ¥ [} Clocks £

InputsiOutputs £ Registers £ Mubi-Cycle Paths £ False Paths £ Attibutes £ Compie Points £ Cther f || Kl

B R PR PR R R i huw A Hhw Hhw Hiam
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Using SCOPE

Use Drop-Down Menus
to Select Object Name
and Allowed Values

iEf u_control.sdc {constraint File } O] =]
Enabled iﬂgt]e Comment —
1 IF - -
2 W~ .. £ .
3 count_up reg_output_delay .
. :; cur _state{(12] | Type in Other
s @ Settings & =
- Comments
N
3 = N
0w U
" N
12 [ =
4 [ v [} Clocks £ InputsiOutputs » Reaistece & bt Cucle Bathe ¥ Falzabathe & Affributes & Compile Points & Cther § || 1] | »
Each Constraint Can
Be Individually
Enabled or Disabled
: : A oA
Copyright © 2004 Altera Corporation =
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Using SCOPE (cont.)

® Synplify Pro tool allows dragging and dropping of objects
from HDL Analyst Module to SCOPE editor

® SCOPE editor also uses specific abbreviation in order to
distinguish same names for different objects

— V: module or view
— n: net

— p . port

— 1. Instance

— b: bit slice

Copyright © 2004 Altera Corporation Synplicity AEEM ®
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SCOPE Tabs

®Clocks
®@Inputs/Outputs
®Registers
®Multi-Cycle Paths
®False Paths
GAttributes
®Compile Points
®Other

Copyright © 2004 Altera Corporation
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Add SCOPE File to Project

Fé C:ADATAASynplifyD ezigniztate_machinebnewF5Mi\goodFSM_prj =

Open Project... I f
o Done !
Close Proect | |Altera ACEX1K : EP1K10 : TC100 : -1, map_logic, cligue
Add File | C:ADATANS ynplifyD esignistate_machineinewrSh ey B I rev B Type
El@ goodFSM [projecty ] e @ farrmigmer. fam gtate machineg 151
Change File... | I:I ved oo e (=] good FSk.sn oy File 14:F
e - - | e | [=] good FSM.Fse file 14:F
New Impl... | - [ goodFSM_1.sde [CONSTRAINT] > ----- I+ good FSM. sm the Metlst  14:F
rev_3 [good FSM] ™ | i @ good_FS5h . edf edif 14:5
Irmpl Dptions. . | """ rev_1 [good_ T wq @ good_FSh. zat file: 14:5
e P‘ rev_B [good FSM] 0 NO ] B @ good_FSh . acf PiR Constra..  14:%
0 | [ U | [ @ good_FSM_constcl bl zcript 14:5
View Log | ----- @ goad_FSk tol tel zoript 14:F
N @ good_FSh.vhm file: 14:5
Frequency [khz] " good_FSk_rm. bl tel script 14:E
100 = traplog.tg file: T4
----- d_FSh.tg file 14:F
W FSM Compiler | e @ good_F5h.srs RTL Hetlist 14:F
[v FSH Explarer ; lS':"F'_t 14:4
¥ Besource Sharing Save SCOPE Wl n dOW ritraint 14:
I':Hetiming as a SDC File and
Fipelining .
Add to Project

< | i

@E:hD.&.TMSym rev_E'ngDd...l@guud_FSM | 5 fsmviewer Fam rew_Bhstate. ..

Copyright © 2004 Altera Corporation AIHE%A ®
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Add SCOPE File to Implementation

i :C:\QII_Project' TEST g =10l x|

Open Project... 2 ] . . .

ponProct. | - | Synplify Pro If Multiple SCOPE Files in
Close Proiect | | Altera APEX20KE : EP20KEOE : TC14 / Single Project, Each
Add File.. | C:AGI_ProjectsTEST _qitEsEhwhdlhrey_1 1 I m p I emen tatl on Sel eCtS
EIE; u_control [proisct . .
Change File. . | A2 Constraint Which SCOPE Files to Apply
i [ u_contralzdez
Mew Impl... | ----- B u_cortrol_1.zdc
Impl Options. .. I """"""""
Options for implementation: u_control : rey_1
Wiew Log | Devicel Options ~ Constraints | Implementafion Results | Timing Heportl \-"HDLI
— Global Constraints
Frequency [Mhz]
I.l o =l Frequency [Mhz) |100
i |
Constraint Files:
¥ FSM Compiler Check the "Sel" column for fies that apply to this implementation
I FSM Explorer Sel File Maciul
¥ Resaurce Sharing [ |Co@ll_ProjectTEST _gitExBwhdiu_control sdc
[ |Gl _Project' TEST _gitExBwhdlu_control 1. =dc

] I Cancel Help

Copyright © 2004 Altera Corporation AEE%A ®
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Timing Constraints

®Importance of Timing Constraints
®SCOPE Timing Assignments

Copyright © 2004 Altera Corporation
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Importance of Timing Constraints

® The Synplify Pro synthesis engine is based on timing
driven synthesis

— Gilving accurate timing constraints leads the tool to
perform better

— The Synplify Pro tool does extensive optimization,
replication and buffering in order to achieve specified
timing goals

— The Synplify Pro tool does intelligent packing of
registers in the 1/0Os depending on the timing specified

® Forward annotation to Quartus Il

— The timing information is forward annotated to Quartus
Il hence it is important to specify detailed timing
constraints -

Copyright © 2004 Altera Corporation Synplicity Amm ®
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Importance of Timing Constraints

(cont.)
®Use Realistic Timing Constraints

— Paths Ranked According to Applied Timing
Constraints
®Synplify Pro Works on the Most Critical

— Unnecessary Paths Optimized
— Area Sacrificed to Meet Performance

Copyright © 2004 Altera Corporation AEE% ®
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Types of Timing Paths

Input to
Register

m/—\

Combo Combo Combo
Logic > Logic > Logic

Register to Register
Register to Output

/\OUT

JZ Ux

>
Combo
Logic
Input to Output
-

Copyright © 2004 Altera Corporation Synplicity AIHE% ®
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Timing Constraints

© Essential for achieving the performance goal

F IIIIIIIIIIIIIIIIIIIIIIIII 1
in

.

|
|
L 'zb—'D Nl Big Delay :
|

|
|
. L > define_multicycle path
define clock -
define_output_delay

< >

Copyright © 2004 Altera Corporation Synplicity .,,
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Clock Freqguency

© For Data Transfer to Occur Correctly,
Tco + Tcomb + Tsu < Clock Period

© Clock Frequency Is the Most Important Setting
— Guides Combinatorial Logic Synthesis
— Guides Reduction of Logic Levels between Registers

clock period = 1/frequency

Teo Teomb Tsu

S \
Combo
}/ Logic ~

Clock|Period

CLK

\ 4

A

< >

Copyright © 2004 Altera Corporation Synplicity AEEM ®
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Effects of Timing Constraints

1 MHz Clock Setting

Original Logic

ORCALUT4_B395

[a[23.0]

clk

[23:0]

=)

o Q

i
],
[2],
[3],
[4],
[5],
[5],
[7],
[HET—
I
10]
11
e
13]
14],
15],
16],
17],
18]
19]
20],
21,
27)

23]

out_tmp

out
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o
& ORCALUTS_OBR9BI96
w | o — =
¥ LB ORCALUTS 98696996
EEE) [&2:0] [11] [x] [: c i . A e
ks 1o U
out_tmp_aht G_1a ]2 ol 3 L o gm 38X
H2 o BLUT T out ==
out_tmp_slut.3_20 Lu {e = o~
GSR
out_tmp
olk. out_tmp_alut out
ORCALUT4 6996
201
w2 ORCALUTS_OBRIBI9E
e o ORCALLTS_S66s6sss
e | 2 L a E wio |
ic I14
out_tmp_bit G_a e e | B .
| GhD
out_tmp_blut G_10 L | g
out_tmp_biut
DRCALUTY_6336
LI -
)
e o g—
pofi ]
ut_tmp_alut5_17
|uy | FRALUTS G995 ORCALUT4 3536
]® s jRRUEEY FONSaA
[ = L b e
out_tmp_alutGi_18 au_tmp_alut out_tmp |t wen
out
ORCALUTA_6336
= [
futoc ki
Pt o GND
out_tmp_alut 5 13
o, [ ORCALUTA Go98
e ORCALUT_3636
e A
o H ..
cut_tmp_blutG_7 e
100 MHz
DRCALUTY_6336
278
T Y
Clock i: 1
w
ut_tmp_blutG_§
Sett I n g ORCALUTA_6396
8y
]
e B
T
out_tmp_blut G 8
~ > -

Synplicity

Simply Better Results”

]




Clocks In Synplify Pro

®Undefined Clocks Will Default to the Global
Frequency

®Clocks Are Inferred by Synthesizing HDL &
Tracing Back the Clock Pin of Flip-Flops

®@AIl Clocks (Defined & Inferred) Appear in
the “Performance Summary” Section of the
Log File

Copyright © 2004 Altera Corporation Synplicity Amm ®
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SCOPE Editor — Clock Tab

Freguency Period Rize At Fall At Dty Cycle Route Yirtual —

Enabled Clock Clock Grougp

[MHZ) [n=) [n=) [n=) (%) [n=) Clock

clk

<R AR AR
O:O0:0:0:00:0

® Clock Ports in Design Automatically Filled In
® Specify Frequency Value, Units, & Duty Cycle

® Internally Generated Clocks
— Registers & Instance Outputs
®Apply Constraint to Register/Instance
— Combinatorial Logic Output
®Must Use syn_keep & keepbuf attributes

Copyright © 2004 Altera Corporation AEE%A ®
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Input & Output Delay

Board

[— Tindelay

CLK

Input Delay Refers to the
Arrival Time from an
External Register to the
Chip Interface (Tco + Ty ogic)

Output Delay Refers to
the Time from the Chip
Interface to an External
Register Plus that
Register’'s Setup Time

(TLogic v TSU)

Chip

Toutdelay —

Board

-

CLK

Copyright © 2004 Altera Corporm Default Delays Equal Zero
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SCOPE Editor — Inputs/Outputs
Tab

© 1/O Ports Automatically Filled In
© Global or Individual Port Settings
© Input_delay
Constrains Timing for Input & Bi-Directional Ports

© output_delay
Constrains Timing for Output & Bi-Directional Ports

ifi u_control.sdc {constraint File ) * ;|g|5|
Enabled Port Type Clock Edge \E:EJE iﬁf}e Commerit

1 r =input default= input_delay 5.00

2 r =output default= output_delay 4.00

3 ¥ in=t[4:0] input_delay

4 ¥ opA[7:0] input_delay

5 ¥ opBE[7:0] input_delay

G ¥ result_high_out[15:0] output_delay

7 ¥ result_out[7:0] input_delay

Copyright © 2004 Altera Corporation AIHE%A ®
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SCOPE Editor — Multi-Cycle
Paths

® Paths Requiring Multiple Clock Cycles for Data Transfer

® Types
— from
®Constrains All Paths Coming from the Selected Register
— 1o
®Constrains All Paths Leading to the Selected Register
— through
®Constrains All Paths Passing through the Selected Net

Il i& u_control.sdc {constraint File } * g::: ;IEIEI

Enabiled Fram To Thraough Cycles Commenrit

alu_inst.result_high_out[15:0] + 2

UV

Copyright © 2004 Altera Corporation AIHE%A ®
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Effect of Multi-Cycle Path Constraint
sl o3 a_r[25.0] e
- %
T
%
b
= )
Without With
. Multi-Cycle Multi-Cycle

© Without Multi-Cycle Constraint
— More Logic Is Used
— Longer Mapping Times
— Timing Report Is Inaccurate -

Copyright © 2004 Altera Corporation Synplicity AEE%A ®

117 —



SCOPE Editor — False Paths

®Specifies Paths with Low or No Priority
During Optimization

®Path Not Reported During Timing
Reporting

®Similar to Multi-Cycle Path Tab
— No Value Necessary

Copyright © 2004 Altera Corporation AEEM ®
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Purely Combinatorial Paths

®Pure Combinatorial Paths Represent
Unregistered Paths between Input &
Output Ports

®The Global Frequency Specified Is Used to
Constrain These Paths

®Make Sure the Global Frequency Specified
Is Set for Purely Combinatorial Paths if
Performance Is an Issue

Copyright © 2004 Altera Corporation Synplicity Amm ®
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Exercise 2 Review

® Using HDL Analyst
— RTL View
— Technology View

® Using SCOPE
® Making Timing Settings

Copyright © 2004 Altera Corporation
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Design & Synthesis Summary

®5 Easy Steps to Synthesis with Synplify
Pro

— Make Project

— Add Files

— Set Options (Device & Clock Frequency)
— Run

— View Results

®Add Timing Constraints to Improve Results

Copyright © 2004 Altera Corporation AEEM ®
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synthesis Complete.
Next.... Place & Route




Quartus I
o Design Environment
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Quartus Il Operating Environment

4 Quartus IT

File Edit Yiew Project Assignments Processing Tools  Window Help

-10[x]

[o@a|&|sma|o =
2=l

Entity
Compilation Hierarchy

"Hierarc:hy Filesl ¥ Design Unitsl

Bl EES A AL AS AN AL

AITERA

QUARTUS' II

Version 4.1

= ==
Module | Progress % | Time & |
uartus Il
Information
http:/fwww. altera.com
|
|

System #, Processing

Meszage: ﬁ ﬂ ILocation:

j LLozate |

For Help, press F1

[ eemsw @e [ [ [ 4

Copyright © 2004 Altera Corporation
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Design Entry Methods

®Quartus Il

— Text Editor
®AHDL, VHDL, Verilog

— Memory Editor
®HEX, MIF

— Schematic Design Entry

®3"-Party EDA Tools

— EDIF
— HDL
— VOM

®Mixing & Matching Design Files Allowed

Copyright © 2004 Altera Corporation AEE% ®

126



Design Entry Files

Verilog

VHDL

AHDL

Schematic

Schemati

Copyright © 2004 Altera Corporation
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Quartus Il Quartus Il Quartus Il
Block Editor Text Editor Memory Editor
MegaWizard®
Manager
Too- Top-level design files
P can be .bdf, .tdf, .vhd,
Level .
: vhdl, .v, .vilg, .edif
File
.edf
odf v, .vig,
adf bsf tdf .vhd v e .vhd, .vhdl,
f .edif
vgm
| |
Block  Symbol Text Text Text Text Text
File File File File File File File

r

Synopsys,
Synplicity,
etc...

Generated within Quartus Il

Imported from third-
party EDA tools

\_

Mentor Graphics,

~N




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

®Asterisk Disappears after Saving the File
® Enter Text Description
— AHDL (.TDF)
— VHDL (.VHD)
— Verilog (.V)

Copyright © 2004 Altera Corporation AEE% ®
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Verilog & VHDL

®VHDL- VHSIC Hardware Description Language
— 1987 & 1993 IEEE 1074 Standards Supported

®Verilog - 1995 & 2001 IEEE 1364 Standard HDL

® Create In Quartus Il or any Standard Text Editor
® Use Quartus Il Integrated Synthesis to Synthesize
® View Supported Commands in On-Line Help

Learn more about HDL in Altera HDL
Customer Training Classes

Copyright © 2004 Altera Corporation Amm ®
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AHDL

® Altera Hardware Description Language
— High-Level Hardware Behavior Description Language
— Used Iin Altera Megafunctions

— Uses Boolean Equations, Arithmetic Operators, Truth
Tables, Conditional Statements, etc.

® Create In Quartus Il or any Standard Text Editor

Copyright © 2004 Altera Corporation Amm ®
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HDL Templates

findow  Hel

k,mp@@@@@‘ Select Language. Select Template
— o e ion. Preview Window Disbpl

- @_g |E viRa ‘ H View Project  Assignments  Ph SeCt.O 2415 dO Sp ay

% 20 s 0= ey e Section

Ef mult8x8.v

Insert Template

module yultSxs (result, sega, segb, sego, o] BEdD

segd, sege, segf, segy, done flag,

start, reset, clk, a, hl: ':LIL
input [7:Q] a, b: Q:.p-:..-
input stary, reset, clk:
output sega, =egh, sSego, segd, Sege, g Easte

segf, segy, done_flag;
output [15:0y result; }( QE|E|IE
wire [3:0] =ao\wt, bout; SE|E':t E"
wire [7:0] praduct:
wire [15:0] shXt out, =sum; Fi

- ind...

wire [1:0] count, shifr: ﬂ =
wire [2:0] statk out ﬁ+ Find Mexk
w?re clken, regco\lr, nstart i ; ;
wire [1:0] sel; ¥ Find Makching Delirniter

assign nstart = !Atart: P':B RQIILEIEE...

muxd ul [.afa[3:01)\, .b(a[7:4]), .sel(zel[1]), —F* QO Td..

wuxd uz (.afb[3:0]1),\ .bik[7:4]), .=eli=el[0]),

Increase Indent

mult4E4 a3 (.af(aout),\ .bibout), .product (prodw

Decrease Indent

shifter ud4 (.inp(produkt), .cnt(shift), .resul

'S Insert Page Break
] InsertFile...

\ / A Set Bookmark,
o oo

ark:
Menu Bar: Edit = Insert Template...
or Click on the Shortcut Button

krmark Chrl+

Template section:

o]

Alwanss Construct
Casze Statement
Casex Statement
Caszez Staterment
Canditional Expression
Continuous Assignment Statgment
For Statement
Full Design: Counter
F

| v

Cancel |

AHDL
Quarus [| TAl
Tl

Logic Function (b
Logic Function (n/
Logic Function
Logic Functio
Lagic Functigin (ar)

Logic Fungfion {xnor)

___expression) =
hegin
_ statement;
end
else if { expression)
hegin
_ statement;
end
else
hegin

_ statement;
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Quartus Il Projects
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Quartus Il Projects

® 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)

® Create New Projects with New Project Wizard
— Can Be Created Using Tcl Scripts

Copyright © 2004 Altera Corporation Amm ®
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New Project Wizard

Invoke New Project Wizard

File Edit ‘“iew Project Assignments |
D hlew... Chrl+H Mew Project Wizard: Directory, Name, and Top-Level
(= Open... Chrl+0)
Close Chr|H-F4 Wwhat iz the working directory for this project’? Thiz directon will contain design files and
- other related files asgociated with thiz project. |f pou type a directony name that does not
erizt, Quartus || zan create it far pou.
@ Mew Project \Wizard. .,

II::'xikaady"xM emony_Exercize’Werlog . |

E}' Dpen Praject...
Convert MAXHPLUS II Project .. YWwhat iz the name u:u_f thiz project? [F pou wizh, vou can use the name of the project's
top-level design entity.
Itu:up |

Select Working Directory

%, Quartus IT

“What iz the name of the top-level desian enfity in your project? The Quartuz || zoftware will
automatically create Compiler and Simulatar settings for the top-level entity vou specify
. in this wizard. After you create a project, you can add mare top-level entitiez and create
Name Of PrOj ect Can Be Compiler and Simulator zettingz far them with commands on the Proceszzing men.
Any Name; Recommend top |
Using Top-Level File Name

Top-level Entity Does
Not Need to Be the
Same Name as Top-

Level File Name

Copyright © 2004 Altera Corporation AEEM ®
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Add Files

Mew Project Wizard: Add Files [page 2 of 6]

Select the dezign files and zaftware source files you want ko include in paur project. Cli
Add All to add all design filez and software zource files in the project directaory.
Mate: it iz optional ko add files here unlezs pou have design files not contai
directary, or filez in which the file hame iz not the zame as the entity

in the project

File name: || “~ | Aidd

File name | Type | Add Al

Hemowve
Fraperties

(]

L

[T

|f wour project includes librariez of custom functions, specify their
pathnames:

Izer Librany F'athnames...'\[

/

Back I I et I Finizh Cancel

Copyright © 2004 Altera Corporation
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Add Design Files

» Graphic (.BDF, .GDF)
 AHDL

* VHDL

* Verilog

* EDIF

Notes:

» Files in project directory do not need to
be added

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

Add User Library Pathnames
& Files

/AVO[SRYAN,




User Libraries

Add User Library Paths

eUser Libraries

* MegaCore®/AMPP Sm
Libraries

* Pre-Compiled VHDL
Packages

Copyright © 2004 Altera Corporation
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User Library Pathnames

Add any non-default ibraries that you will Lze in the project. List the library
namesz in the order pou want to zearch them. Custom libranes can contain
uzer-defined or vendor-zsupplied megafunctions, Block Symbal Files, AHDL

i dez _and pre-compiled YHOL packages.
Library name:; I \'| I &dd |
Libraries: | Femove

c:vmegacorehfi_compiler-+2.5.04ib

il

[awr

k. | Cancel |




EDA Tool Settings

New Project Wizard: EDA Tool Settings [page 3 of 6]

Specify the other EDA tools — in addition to the Quarnus || software — that wou will use on this
project.

EDAtools

Tool type Tool name
= g <MNOME>

Simulation <MNOMNE>

Timing analysis <NOMNE>

Board-lewel <MNOMNE>

Formal werfication <MNOME>

Resynthesis <HOMNE>

—Tool settings

Tool type: Design entryfsynthesis
Tool name: <Mone» j
I= | B this toollautcmatically teeyntiesizethe current design Seflings... |
Advanced |
Back et Finish Cancel
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Choose EDA Tools

Add or Change
Settings Later




Device Selection

MNew Project Wizard: Devic El

whhich device family do you wizh to target?

F arnily: | Stratix 1

[
Do pou want bo assign a specific device?
¥ ‘es
" Mo, | want to allow the Compiler to chooze a device

Choose the
Device Family

Auto Device or
Choose a
Specific Device

Back M et Finizh Cancel

Copyright © 2004 Altera Corporation AIHE%A ®
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Device Selection

Mew Project Wizard

Ilze the Filters settingz to contral the devices that are displayed in the “Available
devices' ligt. Select a device in the list, and click Mest bo continue,

Syvailable devices:

EP2515F484C3 [Advanced) Filters

EF251RF484C4 [Advanced) Fackage: Iﬁn_l,l j
EF2515F484CE [Advanced)

EFZ515FEF2C3 [Advanced) Fin count; I-'I:"-n_lr' j‘
EF251BFE72C4 [Advanced)

EP2515FE72CE [Advanced) Speed grade: Iﬂn_'r' j
EF2530F484C3 [Advanced)

EF2530F484C4 [Advanced) Voltage: 1.5¢

EF2530F434C5 [Advanced)
EF2530FEVECS [Advanced)
EP2530FET2CA [Advanced)
EP2530FEV2CE [Advanced)
EFZ5E0F434C3 [Advanced)
EP25E0F434C4 [Advanced)

FoScearAnA™E (8 dooeee = = Y

Back M et Finizh

Cancel

Use Filters for
Auto Selection
or Picking a
Specific Device
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Donel!

Mew Project Wizard: Summary [page & of 6] El

wihen pau click Finizh, your praject will be created with the fallawing settings:

Project directary:

o ftest_designa/memaony/memary_test_4 0/ . I
Praject name: LabE_Qll ReVI ew RES u tS
Top-level design entity: LabE_all & CI | C k on F| N | S h
Murber of filez added: 1]

Mumber of uzer libraries added: 10
EDA tools:

Dezign entrysynthesiz: <Mones

Simnulation: <M ores

Timing analysiz: <Mones

Board design: ¢Mones
Device azgighments:

Farmnily name: Stratix [l

Device: EP2515F 48403

3

W

Back | = I Finizh I Canicel
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MAX+PLUS Il to Quartus I

® Convert MAX+PLUS Il Projects into Quartus Il

Projects
® Assignments Automatically Translated

&, Quartus II - c:/test_designs/memory;
File Edit Wiew Project Assignments  Proo

b

[ Mew... Chrl+HM
= Open... W Convert MAX+PLUS |l Project

Close Ckrl+F4
Thiz will create a new Quartuz || project bazed on selected

1) Mew Project weard... Max+PLUS Il project, and impart the MAX+PLUS || project

IZEE Open Project. .. Chrl+:

Canwert MAX+PLUS II Praject... Mas+PLUS Il praject fle:
Save Projeck
ID SamnasAwork sehiptnphchiptnp. act

Close Project

Cluartuz |l project name:

In:hiptrip

Ok Canicel |
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Assignments Menu

® From Assignments Menu
Access All Assignment &
Settings Options

® All Settings Can Be Made from
Assignments -> Settings

Category:
- Files
- Id=zer Libraries
- Dewvice
— Timirng Fequirements & Options
=l EDA Tool Settings
- Compilation Process
=l Arnalyziz & Syntheziz Settings
[=]-- Fitker Settings
- Timing Analyzer
- Design Aszzsiztant
- SignalT ap Il Logic Analyzer
- SignalProbe Settings
= Simulator
=] Softveare Build S ettings
- Strabx G Registration
- HardCopy Settings

Copyright © 2004 Altera Corporation
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&, Quartus II - C:/Documents and Settings,/scheng/My Docun
File Edit ‘“iew Project | fssignments Processing  Tools  Windo

J e H &4 Tl0evic

S hssign Bins., .,
O Timing Settings. ..

E nitity » .
Ay Compiation Hierarchy = = Tool Settings. .

o . PR
- b0 filker & 3etlings

Ctrl+Shift+E

Wizards ’

(& hssignment Editar  CrShift+4
Remove Assignments. .,

I_él Demote Assignments. ..

i‘i Back-Annotate Assignments. .,

Impart Assignments. ..

% Timing Closure Eloorplan

LogicLock Reqgions 4




Editing

Project Settings

® EXxisting project must first be opened to edit the settings

%, Quartus Il
File Edit “iew Project Assignments

O Mew... CtrHM
= Dpen... Ctrl+ O
Elase EtHEL

@ Mew Project Wizard. ..

= Open Froject...
Close Praject \

EI _| Cuartus_II_22
=8 _| Cuartus_Labs
 ea[E

@pipemult 1KBE Quartus Il Froject File
1] pipemult.gws 1KB QW3 File
2l pipemult ssf 1KB SSFFile

Double clicking the .quartus file will auto launch
Quartus Il

= SEE Otrlb

EEE A
SaweE Eunrent Bepart Section As...
B Soe Al

\ OR
File>Open Project

Eile Broperties:..

Create / Update
Exparte..
Conwvert Programming Files. ..

OR

|FEld e EEmEr EEE T i Bt st
M Page St
@. At Erewieyy
& Brint.. EHHHP

Select from most recent projects list

Fecent Files

Recent Projects

Exit Al 4

3 Chguartus2. 2istratix_exercisesimodule3itop
4 cihguartus2 2stratixexercisesimoduleSvwerilogitop
o tquartus2 Zhstratix_exercises\module3teonardoiwer1itop

ADocuments and Settingstggoodarzibdy DocumentshCuartus || 22\0uartus_Labs\Wem_ Exercise_werZ2Vweriloghto
2 ChDocuments and Settingsiggoodarzaihy DocumentsiQuartus_|_ 22V 3uartus_LabsiLabpipemult

———
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Editing Project Settings

® Assignments > Settings

Settings - filter

Cateqgony:

M
(I}

Tl
)

=l
flu}

ro

- General

- Files

- Uszer Libraries

- Device

- Timing Requirements & Options
- EDA Tool Settings

- Design Entry & Synthesis
- Simulation

- Timing Analyziz

- Board-Level

- Formal Verification

- Resynthesis

ompilation Process

nalyziz & Spnthesiz Settings
- WHDL Input

- Werilog HOL Input

- Diefault Parameters

- Synthesiz Metlist Qptimizations

- Fitter Settings

- Timing Analyzer

- Degign Azsigtant

- SignalT ap |l Logic Analyzer
- SignalProbe Settings

- Sirmulatar

- Software Build Settings

- Shratis G Registration

- HardCopy Settings

Select the design files and software zource files to include inthe project. Click Add Al to add all
design files and software source files in the project directory to the project. The Quartuz | software
autonnatically detects relevant design files and software source files that alieady exist it the project
directary and adds them to the project. 'ou should add any design files not stared in the project

of filez that da not have the zame file name as the entity name,

File name | A

| Tupe

Add Al

Eemove

[k

Up

Down

[

Broperties

Change Settings:
*General

*Files

sUser Libraries
*Timing Requirement
*EDA Tool Settings
*Synthesis Settings
sFitter Settings
*Timing Analyzer
*Design Assistant
«SignalTapll Analyzer
«SignalProbe Setting
«Simulator Settings
eHardcopy Settings

Copyright © 2004 Altera Corporation
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Project Navigator — Hierarchy Tab

4., Quartus II - C:/quartus4_0/qdesigns/fir_filter /compile/compile_fir_filter

File Edit View Project Assignments Processing Tools  Window Help

Dﬁﬂ|%\éﬂﬁ\n m‘*?|=‘¢@@|@". "«'7"®‘5|!:.|@‘ @ DISpIayS PrOJeCt

$8969|Eopc@Sna] o rPvve Hierarchy after Project

E ritity Logic Cells | Registers | Memomy Bits | DSPElen | | IS5 Compilation Repart.
Compilation Hierarchy % Feg.';l NDTiEZ : I S An alyz e d
= 2 filtret 102(9] |58 0 0 %g Flow Surmmary
Flow Settings
SR Flow Elapsegd Time @ U S eS
-------- - b3 hyaluesinst? % = = i I
:; ;bc acc:insté el e = o ggm Ei?:eltﬂs e - Set TO p- Level E ntlty
EEI----}\C b ineth 4 Settings. .. =& A.sslembler .
Compiler Settings ‘Wizard. .. - &30 Timing Analyzer — Make Assi gnme nts
Simulator Settings Wizard, .,
Select & Set as Top-Level Entity — Locate Iin DeSign Files,
Right-Click | _fsamentedte Floorplan or Chip Editor

Locate in Timing Closure Floorplan

Locate ?n Laft Cu:u!'npilatiu:un Floorplan — VI eW R eSO u rce U Sag e
Locate in Chip Editor
— Drag & Drop

Locate in Design File

il_l Create Mew LogicLock Region

~ iyHiersichy [ B Files | 6P Desic  Expart LagicLock Regians. . K Hierarchical Blocks
Expand All
Prink
Properties

v Enable Docking
Close
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Files & Design Units Tabs

&, Quartus II - C:/quartus4_0/qdesigns /fir_filter /com|

File Edit Yiew Project Assignments Processing Tools

DEH (&S| tBR|> o

w2

EQLT9Y Bara

=) @ | ;..‘g

=l x|

a Files
D ﬂ Device Design Files
- [ mulk.v
- [H accum.v
[ hevalue pen
- [ftaps Remave File from Project

[ acc.v- Set as Top-Level Entity

Properties

fof

iy

[l w Enable Docking
fod Closs
fafs

SPEEEEE

I librariesimegafunctionsfmpar_
D Software Files
[#1-[Z0 Other Files

b ——

. &y Higrard ﬂ B Files ,

1oL Jlibratiesfmegafunctionsmulkce 48

FI|E Edit ‘iew Project Assignments Processing Tools  Window Help

DEFH|&| s Ba|c |88 |(D|r

RO BHY ABY

2=

csnbuffer {AHDL entity)
[&1 ..}..J. flibraries/megafunctions/a_csnbuffer.tdf
E| %] acc {¥erilog HOL entity)
A O =T R
E| %] accum {Werilog HDL entity)
o e[ accomey
E| 7] addcore (AHDL entity)
< [&1 L) libraries/megafunctionsfaddcore. tdF

E| 7] altshift {AHDL entity)

[&1 ..}.. . flibearies/megafunctions/ alkshift, tdF
E| [EE] filtref (Block diagram/schematic entity)

[8] Filref bdf
I [#] hvalues {verilog HOL entity)
[T lpm_add_sub (AHDL entity)
Iprn_rnult (AHDL entity)
mpar_add {AHDL entity)
[#] mult {¥erilog HOL entity)
mulkcore (AHDL entity)
IEI skate_m (Yerilog HOL entity)
([0 taps {Yerilag HOL entity)

. £y Hierarchy Filgi | 87 Design Unitsl
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® Files Tab

— Shows Files Explicitly Added to
Project
— Uses
® Open Files
® Remove Files from Project
® Set New Top-Level Entity
® Design Units Tab
— Displays Design Unit & Type
® VHDL Entity
® VHDL Architecture
® Verilog Module
® AHDL Subdesign
® Block Diagram Filename
Displays File which
Instantiates Design Unit

/AVO[SRYAN,



Project Files

® Quartus Project File (QPF)
— Quartus Il Version
— Time Stamp
— Active Revision

® Quartus Default File (QDF)
— Project Defaults
— Name: assignment_defaults.qdf

— Local or Bin Directory
®Local Read First
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Project Archive & Restore

#' Quartus II - C:/Developing_Classes/QuartusII/QII_4

File Edit ‘iew | Project  Assignments Processing  Tools W ArChlve PrOJeCt Cl‘eateS
JD = | | Add Curreqt File bo Project 1. <project>.QAR

add/Femove Files in Project. ..

— « Compressed Archive File
[Eil | Cevisms. « Options to Choose which
A Compilation apy Proiec . .

& Zovpiobon Pt Files Get Archived

=& pipmwl
Restore Archived Project. .
Ea atlﬂ ral ] \

L | 2. <project>.QARLOG
et parshase. \: « Log of Archive Activity

Export Database, .,

enerate Tol File for Project. ..

Generate Power Estimation File

HardCapy Liites 4 Restore Archived Project:

Locate v * Restores Complete Project &
B Set a5 Top-Level Entity Ctrl+-Shift+3 Library Function Files from

gorarchy V| <project>.QAR File
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Summary

®Use Project Wizard to create new
nrojects

®Use Assignments Menu dialog boxes
to
— Edit existing project settings
— Edit Third Party tools

®Use Project Navigator to study file and
entity relationships within the project
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149



Quartus Il Compilation
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Quartus Il Compilation

®Synthesis
®Fitting
®Generating Output
— Timing Analysis Output Netlist

— Simulation Output Netlists
— Programming/Configuration Output Files
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Processing Options

® Start Compilation - -
P o P DTS R
— Perform Full Compilation

® Start Analysis & Elaboration [Frocessing Took twindow el

. :@Etn Pracessin CEAESRIfEHE e | e o gl
— Check Syntax & Build | n|-_--|@ o> B s

, B Stark Compilation ol b £
Datab ase O n Iy - @ &nalvze Current Eile N
. . ? k. Start Analysis & Elsboration
Start An aIySIS & Synth eS|S 1 @) Compilat,.m Report Chrl4R l:,'f Start Analysis & Synthesis ChrlH

B Start Fitter

_ Synth es | ze COd e & EStI m ate Skart Compilation & Simulation  Cel+-Shift+k M Start ssembler

Generate Functional Simulation Metlist

T' I 1 o 4, Stark Timing Analyzer ChrH-Shift+L
In Ilﬂg P start Simulation D
T - é Stark ED Metlist Wiriter

)

Simulation Debug

Start Fitter & Simulation Repart Chrl4hift+R "% start Design Assistant
Pt Start Incremental Fitting
P tart Software Build Chrl+ g -
Start Assembler = * ¥ Start SignalProbe Compilation  Ctrl+5hift+5

Compile Current File

= 'b Start [} Assignment Analysis

Start Timing Analysis
Start I/O Assignment Analysis
Start Design Assistant ]

Skart Minimurn Timing Analysis
Start Check Metlist

Skart WOM Wriker
Start Test Bench Template Writer
Start EDA Synthesis

© 000
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Status & Message Windows

Hit the Start Button

@File Edit Wiew Project Assignments Processing  Tools  Window  Help

2=k

===

[D=E|(g itme|o (e 2@ (T|r 2r|n

|8

@|[T|r Rin eHEBrBE e @ [ J @

HeuworEe [eoecw | Bal | E

B[ |

==l
E ntity LC ... [LC... [Memomny Bitz|DSPEle o
Compilation Hieranchy
El- 2 pipemult g2 (77 |512 0
EH-- e multinst 41 7 a ]
Tl Aahi eereieak? n n Fi72 n hd
o~ Ll_l
"Hierarchyl Files | g Design Units |
2=l
Module Progress Z [Time &
Full Compilation 100 00:00:32
- Analpziz & Synthesis 00:00:08
- Fitter 00:00:22
- Azsembler 00:00:01
- Timing Analyzer 00:00.02

=04 Compilation Report

BB Legal Motice

- ¢ZBEE] Flows Surnmary

- EH B Flow Settings

- 5B Flow Elapsed Time
BB Flow Log

B0 Analysis & Synthesis
[+-¢&5H(] Fitker

+-&EB] Assembler
E]--é[:l Timing Analyzer

Flow Summary

Flow Status

Revizion M ame

Top-level Entity Mame
[}S Farnily

Total combinational functions

Total registers

Total pine

Total memory bits

['SP block 9-bit elements

Total PLLs

Total DLLs

Device

Total Logic Cells

Successful - Wed Dec 03 17:11:55 2003
pipernult

pipernult

Stratix [l

B2

77

447034312 %)
B12/419.328(<1 %)
0/96(0%)
0/6(0%]
0/2(0%]
EP2515F484C3
a0/12480(<1%)

L= bx

’5.) Infa:
’.,i,) Infa: Running Quartus Il Analysis & Synthesis

LY Infa: Command: quartus_map -impart_settings_files=on --expart_settings_files=off pipemult -2 pipemult
i._) [Info: Found 1 design units and 1 entities in source file piperult. bdf

Processing g( System f

» Status Bars Scroll to Indicate Progress
» Message Window Displays Informational,
Warning, & Error Messages
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Compilation Report

&+ pipemult Compilation Report

&5 Legal Motice
2B Flow Summary

- £=HEE Flow Settings

- £=HEE Flow Elapsed Time

&3 Flow Log

{I--%@ Analysis & Synthesis

%E analysis & Synthesis Sumn
H| %[:I Settings

%‘ Hierarchy

%% Analysis & Synthesis Reso
%}@b Analysis & Synthesis Equa
- ¢HEER Analysis & Synthesis Files
- ¢=p el Analysis & Synthesis Reso
BB Analysis & Synthesis RAM
H- %D Analysis & Synthesis Optin
@.y Analysis & Synthesis Mess
EHH Fitter

- ¢=5F Fitter Summary

5B Fitter Settings

(=B Fitter Device Options
&b Fitter Equations

%@ Floorplan Wiew

+-¢&=5[_] Resource Section
g,‘y Fitter Messages
=-&F 2 Assembler

BT Assembler Summary
%% Assembler Settings

&2 Assembler Messages
E--&@ Timing Analyzer

@g Timing Analyzer Settings
@% Timing Analyzer Summary
=5l Clock Settings Summary
-£EH Clock setup: 'dk1’
%% tsu

%% teo

5B th

%% Minimurm koo

5&’,&) Timing Analyzer Messages

[

£

£

| | |

Flaw Status

Rewvision Mame
Top-lewel Entity M arme
Farnily

Total combinational functions
Total registers

Total pi

Total memory bits

DSP block 3-bit elements
Total PLLs

Total DLLs

Device

Total Logic Cellz

=101 x|

Successful - Wed Dec 03 17:11:55 2003
pipernult

pipernult

Stratix 11

g2

w7

44 434312 %)
A124419328[ <1 &)
0/96[0%)
0/E[DE)
042(0%)
EPZ515F484C3

80 /12480[«<1 %)

All Information Is Contained in the Report
Resource Usage
Timing Analysis
Pin File
Floorplan View
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Resource Usage

=1
L =3

n Report oy [ 2|

pemult Compi

Zompilation Repork = [ F
-¢=H[E Legal Motice MName Pin # 1/0 Bank |X coordinate | coordinate | Cell number | Combinational Fan-Out | Registered Fan:
- ¢ZHEF Flow Summary 1 | clkl w0Y10_NT |1 0 10 1 1 0
-~ &BEE Flow Settings 2 | dataall]  [#40_YE_NZ |6 40 E 2 E 0
§ i:':"” E'C"F'SEd LS 3 | dataa[l]  |#40_¥E_MNO |B 40 8 0 8 0
&R 8 FlowLog _ 4 | dataa[?]  [<40_v9 N2 [E 40 ] 2 ] i
E-&EF 2R Analysis & Synthesis
" B Analysis & Synthesis 5. | |5 dateald]l  [x40 w3 N1 [6 40 9 1 3 0
1 &B] Settings B | dataa[4]  [>40 ¥7_N3 |6 40 7 3 ) i
Eh/y Hierarchy 7 | dataal5]  [=40 v10_MO[G 40 10 i} g 0
- Analysis & Synthesis Ry 8 | dataalf] W40 w10 M3 6 40 10 3 a 1]
- &hwb Analysis & Synthesis Ex 9 | dataal7] HA0¥7_NO |E 40 7 0 g2 0
SPER Analysis & Synthesis Fi | 90| databn] =40 v10_M2|6 40 10 2 3 0
g% E”E:VSF :g‘*""::esﬁs E' 19| datab[1]  |X40 10 M1 |6 40 10 1 ) 0
ralysis whthesis R,
5 B Al & syrthods 0| L] datebl2]  [X40 v {Ea 3 40 g 3 g 0
& 52 Analysis & Synthesis | |A3] databl3] [0 va ko |6 40 9 0 g 0
S¢S Fitter 14| datab[4]  [>40 ¥7_M1 |6 40 7 1 ] 0
B Fitter Summary 15| datab[5]  |#40_¥7 M2 |E 40 7 2 8 i
- B Fitter Settings 16| datablE] HA0_YE_N1 |B 40 g 1 g 0
&HEE Fitter Device Options 17| databl7]  [#40vE_MN3 |6 40 g 3 8 0
~ &b Fitter Equations 18| rdaddress[0] |40 v24_M1[5 40 24 1 1 0
- :'00”3"3” “5"8“‘:, 19| rdaddress[1] %36 v27_M2|4 5 a7 2 1 0
= SSOLINCE 28CHon 20| rdaddress(2] |40 v24_MO[5 40 24 0 1 0
5B Fitter Resource Ls.
%% 21| rdaddress[3] |=40_v25_MH2|5 40 25 2 1 0
BB Output Pins 22| rdaddress[4] |37 _v27_M3[4 37 27 3 1 0
5B Ij0 Bank Usage 23| wraddress[0]| =40 v24_M2(5 40 24 2 1 0
- ¢=H BB Oukput Pin Load Fo 24| wraddress[1][>37_v27_N2| 4 7 27 2 1 0
--¢=pEE Fitter Resource LIt 25| wraddress[2][%37_v27_MO|4 a7 27 0 1 0
- ¢&EE Delay Chain Summ: | 58] yraddress(3][ =36 _v27_M1|4 5 27 1 1 i
%g Eadt”l‘;'?'re Elje'a‘*’_ 27| wwaddiess[4][»35_v27_NO4 35 Z 0 1 0
» Zm Gfo';;f& 5&? foe 28] wren w40 _v24_M3|5 40 24 3 1 0
5B Mon-Global High Fa
5B Fitter RAM Summar
-5 LAE and Routing S¢
%ﬂ,ﬁ) Fitter Messages . .
£ & Assembler Several Sections Detail the Resource Usage
-ZhEE Assembler Summary
- ZHEER Assembler Settings
&= 53 Assembler Messages T
| | » 4| | i
- : A 2 A
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Floorplan [®#&<

®Avallable Views

— Last Compilation

— Chip Editor

— Timing Closure
®Uses

— Make Assignments

— View Placement

— View Connections
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Floorplan View
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Controlling Synthesis & Fitting

®Two Methods to Control Logic Synthesis &
Fitting Operations
— Settings
®Project-Wide Switches

— Assignments (i.e. Logic Options; Constraints)
®Individual Entity/Node Controls

Copyright © 2004 Altera Corporation AEE% ®

158



Settings

®Examples
— Device Selection
— Synthesis Optimization
— Fitter Optimization
— Physical Synthesis

®Located in Settings Dialog Box
(Assignments Menu)
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Settings Dialog Box

Settings - pipemult

Categon,:

frnl
(b}

|
L

N}
L

]
(]

- General

- Files

- |Jzer Libraries

- Device

- Timing Requirements & Options
- ED& Tool Settings

- Cornpilstion Process

- Alnal_l,lsis & Synthesis Settings

i WHOL Input

- Werilog HOL Input

Default Parameters

Synthesis Metlist Optimizations

- Fitter Sethings

- Phyzical Synthesiz Optimizations

- Timing énalpzer

- Diegign Aszistant

- SignalT ap Il Logic Analyzer
- SignalProbe Settings

- Simulator

- Software Build Settings

- HardCopy Settings

]

Select the Family and device you want to target for compilation.

Family: [ Stratis I

j Device & Pin Options... | Fouting Dptians... |

— Target device

" Specilic device selected in ‘Available devices' list
! Mther: nda

" Auto device selected by the Fitter from the 'Awvailable devices' list

Available devices:

EFZ2515F484C4 [Advanced)
EFZ2515F484C5 [Advanced)
EFZ515FE7FZCE [Advanced)
EFZ2515FE72C4 [Advanced)
EFZ51BFE7ZCE [Advanced)
EFZ2530F484C3 [Advanced)
EFZ530F 484C4 [Advanced)
EF2530F434C5 [Advanced)
EFZ530FE7ZCE [Advanced)
EFZ2S30FET2C4 [Advanced)
EFZ530FE7ZCE [Advanced)
EFZSEOF434C3 [Advanced)
EFZ2SEOF484C3ES [Advanced]

Migration compahibility; 0 migration devices selected

— Show in ‘Available devices' list
Package: Ary i

Fir count: Ary i

Speed grade: Iﬁ-\ny ‘I

Core voltage: 1.2
¥ Show Advanced Devices

Migration Devices..

Cancel

o]

Change Settings

* Top-Level Entity

e Target Device
 Add/Remove Files
e Libraries

* VHDL ‘87, ‘937

* Verilog ‘95, ‘017

* EDA Tool Settings
* Timing Settings
 Compiler Settings
e Simulator Settings
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Compilation Process

Settings - filter x|

Categony:
- [Feneral Compilation Process
- Files
- Jzer Libraries Specify Compilation Process options. Mater The availability of zome options depends an the
.. Device current device family.
- Timing Reguirements & Options
- EDA Toal Settings [ Usze Smart compilation

- Compilation Process

= Analyziz & Synthesiz Settings e X . ) . .
L WHDL Input [~ Save a node-level netlist inta a persistent source file [Verlog Quartus Mapping Fils]

Verilog HDL Input [Thiz option specifies YEIM File name for full compilation and Start WEM Writer command)]

- Default Parameters File mame; I _|
i Spnthesis Netlist Optimizations
[=]- Fitter Settings

¥ Freserve fewer node names to save disk space

[ Disable OpenCare Plus hardware evaluation feature

. Physical Synthesis Optimizations ¥ E=port project database az a version-compatible database file
Q;n;lr;iir;::ﬁ:r:t Export directary: I:uslla’BII_4_1 _updates/Example_Designsfiker_vhdlfexport_db _l
S?gnaITap 1l Logi_c Analyzer ] ]
Reiniats « Smart Compilation
o e ooings — Used for Incremental Re-

Compilation
— Saves Compiler Time
— Uses More Disk Space
* Preserve Node Names
— Disable for VHDL/Verilog
Synthesis
» Generate Version-Compatible
Database
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Version-Compatible Database

®Recommendec

®Exports a Database that Can Be Opened
Directly in another Version of Quartus Il
— Import Database into New Version

®Two Methods to Create

— Settings Dialog Box
— Project Menu

Analyze Previously Compiled Projects
Using Updated Timing Models
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Synthesis Options

Settings - filtref

Category:

|
L

|
L

[l
=

- General

- File
- ser Libraries %

- Device

- Timing Requirements & Options
-EDA Tool Settings

- Compilation Process

- Alnal_l,lsis & Synthesis Settings

YHOL Input

Default Parameters
o Spnthesiz Metlist Optinizations

- Fitter Settings

i Physical Synthesis Optimizations

- Timing Analyzer

- Degign Assiztant

- SignalTap |l Logic Analvzer
- SignalProbe Settings

- Simulator

- Software Build Settings

- Stratis G¥ Registration

- HardCopy Settings

Analysiz & Synthesis Settings

Specify options far analysis & synthesiz. Mote: The availability of zome options depends on the current

device family.

Optimization Technigue
e )

" Balanced
 Area

Auto Global Options [Mas Devices Onlv]

¥
~
~

Clock
[Dutput Enable

Fegister Cantrol Signals

[T Create debugaing nodes for [P cores

W futa DSP Block Replacement
v futa BOM Replacement

v Zuto FiéM Replacement

¥ Auto Fiéah Block Balancing

Auto Open-Drain Finz

Aute Parallel Expanders

Auto Shift Begister Beplacement
Power-Up Don't Care

D5P Block B alancing: IAutD

=

State Machine Processing: I.ﬁ.uto

More Settings. .. |

Description:

=

Specifies the overall optimization goal for Analysis & Spnthesiz attempt to maximize performance, ;I
minimize logic ugage, or balance high performance with minimal logic usage.

I

[ ok ]

Cancel |

Global Optimization Goal

[1Select Speed vs. Area or Balanced

Logic Replacement

IReplace Logic with Equivalent
Megafunction

State Machine Processing

[LJAuto, One-Hot or Minimal Bit
Seed

[E1Controls Initial Placement
Configuration

1Different Seeds Give Different

Fmax

A
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Synthesis Netlist Optimizations

®Further Optimize Netlists during Synthesis

®Types
— WYSIWYG Primitive Resynthesis
— Gate-Level Register Retiming
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WYSIWYG Primitive Resynthesis

® Unmaps 3"9-Party Atom
Netlist Back to Gates &
then Remaps to Altera
Primitives
— Unavailable when Using
Integrated Synthesis

® Considerations

— Node Names May
Change

— 3"d-Party Synthesis
Attributes May Be Lost
®Preserve/Keep

— Some Registers May Be
Synthesized Away

Copyright © 2004 Altera Corporation
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EDST
& | e o

Unmap

Remap
3
EI:) Place
; - - = | A

4-5 % Improvement
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Gate-Level Register Retiming

®Moves Registers across Combinatorial
Logic to Balance Timing

®Trades between Critical & Non-Critical
Paths

®Makes Changes at Gate Level

> o@on—o c-Gnp 9 | W) | o e-Fnsp a@no

D

Q

Copyright © 2004 Altera Corporation Amm ®

166




Settings - two_d_dck

Categony:

- General
- Filez
- Uzer Libraries
- Device
- Timing Requirements & Options
[#- EDé, Tool Settings
- Compilation Process
[=I- Analyziz & Synthesiz Settings
- WHDL Input
Werilog HOL Imput
Default Parameters
Synthesiz Metlist Optimizations
[=]- Fitter Settings
Phyzical Synthesziz Optimizations
- Timing &nalyzer
- Dezign Azziztant

Synthesiz Metlizt Optimizations

Specify options for performing netlist optimizations during zenthesiz.
optionz depends on the current device family.

Enabling Synthesis Optimizations

Mate: The awvailability of theze

[ Perform WSIwyGE primitive respnthesiz [uzing optimization technique specified in &nalysis &

Synthesziz settingz]
W Periarm gate-level register retiming

¥ Allow register retiming to trade off TsuT co with Frmax

Created/Modified Nodes Noted in Compilation Report
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Fitter Optimizations

Settings - filtref

Category:
- General
Timing Driven Compilation ~Fles
- Uger Libraries
. . . q - Dievice
E Optl mize I nter n al TI min g - Timitg Fequirements & Options
.. . [+- ED& T ool Settings
E Opt| mize I/O Reg | Ster PI acem ent - Compilation Process
=- .ﬁ.:nal_l,.lsis L Synthesis Settings
Compilation Speed/Fitter Effort - VHDL Input
erilog HOL [nput
. . i Diefault Parameters
IIl Stan d ard Flt (H I g h est Effo rt) Sunthesziz Metlist Optimizations
- - [_]
-] Fast Fit (Faster Com p il e b ut ‘- Physical Synthesis Optimizations
. . - Timing Analyzer
Possibly Lesser Design - DesignAssictant
Performan Ce) - SignalTap |l Logic &nalyzer
- SignalProbe Settings
s s - Bimulatar
[JAuto Fit (Compile Stops after N
Mee“ n g T| m | n g) - Shatix Gk Regiztration

[1One Fitting Attempt
Seed

[E1Controls Initial Placement
Configuration

Copyright © 2004 Altera Corporation
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- HardCopy Settings

x|

and Fitter.

Specify options for fitting. Note: The availability of some options depends on the current device Family

r— Timing-driven compilation

[ Optimize tirming: INormaI compilation

-
=

IV Dptimize hold timing: |ID Paths and Minimum TPD Paths

[v Optimize /0 cell register placement for timing

[

~ Fitter Effart
&' Standard Fit [highest effort)
= Fast Fit (up to 50 fazter compilation / may reduce fraz)

= Auta Fit [reduce fitter effart after meeting timing requirements)

Desired worst case slack [marain]; |0 Ins j

™ Limit ko one fitting attempt

Seed: I'I

More Settings... |

1] I Cancel
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Physical Synthesis

Settings - filtref

- Uzer Libraries
- Device
- Timing Requirements & Options
- EDA Toal Settings
- Compilation Process
- &nalysis & Synthesiz Settings
S WHOL Input
Yerilog HOL |nput
i Diefault Parameters
Synthesiz Metlist Optimizations
[ Fitter Settings
Physical Synthesis Optimizations
- Timing &nalyzer
- Diezign Assiztant
- SignalTap Il Logic Analyzer
- SignalProbe Settings
- Simulator
[#- Software Build Settings
- HardCopy Settings

Phyzical Synthesis Optimizations

Specify optiong for performing physical synthesis optimizations during fiting. Maote: The availability of
these options depends on the current device family.

— Phuzical synthesiz far register

I Perfom register duplication
™ Perfom reqister retiming

— Physical synthesis effart

i Mammal [default effor level: average of 2 to 3 times caompile time]
" Extra [more co

7 Fast (less compils time than Nomal: may reduce performance gains)

mpile time than Marmal; should improve performance gains]
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® Re-Synthesis Based on
Fitter Output

— Makes Incremental
Changes that Improve
Results for a Given
Placement

— Compensates for Routing
Delays from Fitter
® Types
— Combinational Logic
— Registers
® Register Duplication
® Register Retiming

= | ® Effort

— Trades Performance vs
Compile Time

— Normal, Extra or Fast
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Combinational Logic

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

a‘—b

b - critical ——

LUT

—]

LUT
—>
—‘
—

» LUT [—

Q-0 QO

J LUT

Q-+~ OO0 D

® Allows LUT Duplication to Enable Further
Optimizations on the Critical Path
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Register Duplication

®High Fan-Out Register Is Duplicated &
Placed to Reduce Delay

— Combinational Logic May Also Be Duplicated

L1 L] [ ] 1) (L] [ |
[ ] |

[ ] LI | |

E E Ik
] W _drall
| -/| K |
i B B\
- - A .
1 e ] mm (] |-
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Enabling Physical Synthesis

Settings - filkref

Categon:

Copyright © 2004 Altera Corporation
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- Fitter Settingz

- Feneral

- Files

- | dzer Libraries

- Device

- Timing Requirements & Options
-
- Compilation Process

=~ Analyziz & Sunthesiz Settings

EDé Taool Settings

- WHDL Input

- Werilog HOL Input

Defaul Farameters

- Sunthesis Metlist Optimizations

B Phyzical Synthesiz Optimizations

- Timing Analyzer
- Design Azsiztant
- SignalTap || Logic Analyzer

Phyzical Syntheziz Optimizations

Specify options for perfarming phyzsical synthezsis optimizations dunng fitting. Mote: The availability of
theze options depends on the cument device family,

¥ Perform physical synthesis for combinational logic

Phyzizal synthesiz for registers
IV Perform register duplication
v Perform register retiming

Created/Modified Nodes Noted in Compilation Report




Assignments

®Assignment Editor
®Example Assignments
®1/0O Assignments & Analysis

®Perform Analysis & Elaboration before
Obtaining Hierarchy & Node Information
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173



Assignment Editor (AE)

® Provides Spreadsheet Assignment Entry & Display

Can Copy & Paste from Clipboard

Constraint is Stored

i Categary: | IF\II JI ﬁ A | d) Timing | # Logic Options |
s = = | T Show assignments for specific nodes:
= Ol d Check &l
1B ||
2;.! Uncheck all
H:H 5 Delete All |
—
;HLE —Tf = | I This cell specifies whether or nak the assignment is processed by the Compilar. En ab | e/Disab | e
Sort on Columns Individual
R i Assignments
» o
c >
ﬁ Source Name (From) estination Mame {To) | Option Yalue Settings File Enabled |Comment
ek el Multicyele 2 Filtref esf o
Clock Settings clocka Filtref  esf es
Clock Settings clockb Filkref esf Ves
Current Strength Strength 16ma Filtraf  esf Yes
Current Strength Iin Strength Fileref  esf Ves
Termination Series filtref esf Ves
IjO Standard GTL+ filtref . csf Wes
I} Standard 2.5y Filtref.csf Wes
10 Skandard LWTTL Fileref . csF Ves
Location TOBAMK_L Filkref . csf Ves
Location IOBANK_2 Filkref . csf Ves
Location Pin_AS ltref.csf Ves
LLNEW >
Displays File Where the
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Opening Assignment Editor

File Edit ‘iew Project Sssignments Processing  Tools  wWindow |

[DEE|S| s @ o |82|r kg

[xenEnEe 0w s &/
"o

_"’ @|V'§?ﬁ""&"é'ﬁ§|'§ﬂ€ |Ipipemult
|

E ritity Logic Cell: | Registerz | Memory Bitz | DSP
5 Compilation Hierarchies

L D Settings...
Compiler Setkings Wizard. ..
Simulaktor Settings wWizard, ..

Assignment Editor

Locate in Timing Closure Floorplan
Locate in Last Compilation Floorplan
Locate in Chip Editor

Locate in Design File

Create Mew LogicLock Region
L 1 Export LogicLock Reqgions. .. —’I
B2 Hierafchies
Prink
Properties - «| x|

v Enable Docking
Restrick ko Main Window
Close

File Edit ‘iew Project | Assignments  Processing  Tools  Window

0O = & |§ | ¥ 97 Device...

Z assign Fins. ..

lg & @ ) E éé’ Tirning Settings. .

» O | - | % EDA Tool Settings. .
£ =¥ Settings... Ckr|+Shift+E

E ntity Tirming Mdzard. ..

5 Compilation Hierarchic Compiler Settings Wizard. ..
I?l piperiult Simulator Setkings Wizard, ..
Software Build Settings YWizard. ..

ASSi gnments Menu |—— J Assignment Editar ChrlShift+a

Remove Assignments. ..

I_E' Lemobe SSsignmnents. .

i‘i. Back-Annotate Assignments. ..
Import Max+PLUS IT Assignments. ..

@ Last Compilation Floorplan

4 | | % Timing Closure Eloorplan

Tmg Hierarchiesl Files L[ @ Chip Editor

@ LogicLock Regions Window AL
ﬁ& Import LogicLock Regions, ..
gﬁ Export LogicLock Reqgions. ..

kModule
Proceszzing Total
=l Ful Compilation

Invoke the Assignment Editor by Highlighting an

Entity in the Hierarchy View & Right- Clicking

Copyright © 2004 Altera Corporation
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Opening Assignment Editor (cont.)

® Locate to Assignment Editor from Timing Report,

Copyright © 2004 Altera Corporation
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Messages, Etc

BPY

Madule

Progress

Proceszing Total

w140 Agzsignment Analysiz

4 |

|

Compile £, Simulatz 7

Processing

i} Info: Completed LYDS Placement O

€3 Enor: Can't fit design in device
Q Error: Quartus |1 Fitter was unsucces
&2 Info: Wwiiting report file filtref.fit.ipt

Caopy

Clear Meszages from ‘Window
Select All

Locate

Mezzage Locations
& Editar
Show Al Submessages
Help

Save Meszages...

Total memary bits

D5SP block 3-bit element

Total PLLs
Total DLLs

Hide Extra Information Messages
Hide Infarmation Mezzages

Hide '#farning Messages

Hide Critical ‘W aring Messages

Er. you may need to change your pin assignments az they might not be legal for other devices.

Color Code Messages

Locate the cumently selected message to the Ass

v Enable Docking
Eiestrict bo bl ain \findo




Using Assignment Editor

Clock Settings

/ N

Cut Timing Path

Decrease Input Delay to Input Register
Decrease Input Delay to Internal Cells -- Stratix
Decrease Input Delay to Output Register

DQS Frequency

S Inout Rof

Double-Click Cells Launches
to Edit or Add Node Finder

e Clock

New Assignment

€ Assignment Editor® S [=1E3 I
Il &
Locations
g Pin
LAB
4 Assignment Editor =1 E1 § Logic cell =
| Source Mame | Destination N... | Option Yalue
Lacations
1% Pin
z L& 1 € sys_clk Clock Settings |sys_ck
g Lagic cell A4 2l ©dags DQS Frequency |6.024NS
3 @ dgs DQS Phase Shift|Phase of 90 d...
Source Mame | Destination N... | Option Yalue 4 € dgs DQS Input Ref.. |5YS_CLK
5 € dglo] 1f0 Standard  |SSTL-2 Class Il
6 ©dq[1] 1fO Standard  |SSTL-2 Class Il
1 @ 5y ck Clock Settings [sys_ck = © dal2) /O Standard | SSTL-2 Class I
2 @ dogs D05 Frequency |6.024N5 B £ dq[3) /O Standard | SSTL-2 Class 1T
3 @ dos DQS Phase Shift|Phase of 90 d.., 9 © dql4] 1/O Standard | SSTL-2 Class 11
4 & dgs DQS Input Ref.., |5YS_CLK 10 © dqls] 1O Standard  |SSTL-2 Class 1T
5 ¥ dglo] 1/0Standard  |SSTL-2 Clags 1T 11 © dq[6] 1/0 Standard ~ |SSTL-2 Class IT
6 € dg[1] 1/0 Standard |SSTL-2 Class T 12 @ dql7] /O Stardard  |SSTL-2 Class IT
7 & dal2] /0 Standard  |SSTL-2 Class I 15 & das 10 Standard _ |SSTL-2 Class I
8 & dgla) /0 Stardard | SSTL-2 Class 11 SHNEWES S =
9 € dql4] 1/0 Standard  |SSTL-2 Class IT 4 t Lagictock Region
10 € dgls] /0 Standard |SSTL-2 Class 1T dd to Simulation Output Wavefarms
11 € dqls] IO Standard  [SSTL-2 Class 1T Alias i
12 £ dal7) 1/0 Standard  |SSTL-2 Class I e g;;gf;ck'gipmmm
13 dgs 1/0 Standard SSTL-2 Class 1T 4uto Global Clock
14 P—— | » 4uto Global Memary Control Signals
Auto Global Register Control Signals
Auto Open-Drain Ping
(Auto Packed Registers -- Stratix
Auto RAM Replacerment
Auto Shift Register Replacement
Carry Chain Length -- Stratix
L -, [CLKLOCKx1 Input Frequency

Selecting an Option Determines which Fields Are Available for Editing

Copyright © 2004 Altera Corporation A
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Editing Multiple Assignments

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

— | =
7 TJI Category I Fin j ﬁ all ” ¥ Pin @ Tirning | * Logic Options |
T TXJI Mode Filker: Click the Mode Filker button to wiew mare options
TXJI Information: Specifies the 10 standard of a pin, Different device Families support different IO standards, and restrictions apply to placing pins with different Ifi0 skandards toge
il TXJI Edit: X/ =
f Marme Location 1/ Bank, 'ﬂ'@éﬁLdard tsu Requirement Clock Settings oo Requirement Cul
£ |1 m#d IOBAMNK_6 & 1.8%
| B rewit IOBANK_G B 5T —
| |E & et IOBANK_7 7 13y D 4ns
f
2a |||2 D reset EDGE_BOTTOM 1.3Y o~ . ]
2 s T yn_out[0] IOBANK_L 1 2.5 __| Editing Multiple I/O
.- & L yn_out[1 IOBANK_1 1
w yn_out1] - Standards at Once
7 L vn_out[2] IOBANE_1 1
AlE & yn_out[3] IOBANK_1 1
El £ vn_out[4] ICBAMNEK_1 1
10 0 yn_out[S] ICBAMNK_1 1
11 P vn_out[E] TOBAMNK_1 1
1z A vn_out[7] TOBANE_1 1
13 £ sevalid Fin_E1S 3
14 Eclk Pin_&4 4 1.8% clocka
15 e clkxz Pin_~aS 4 1.8Y clockb
16 LENEW LENEW R
4| | ol
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Node Finder €

Search by Name
Using Wildcards

Use Filter to Select the
Nodes to Be Displayed

(? or ¥

Start Displays Nodes
Meeting Search Criteria

NoJa Finder

Named |data® j Eilter: |Fins: all

j Custormize... | Start | QK |
<

Look, ||tDP|
/@Faung:

J ¥ Include subentities =] Cancel |

Selected Nodes:
. . / Marme Assign... | Tvpe Creato Marme |Assign... |T pe |Creat0
Locate NOdeS ina Certaln T data_out Unassig... Output ... Usere 4 |top|data_out[0] Unassig.. Output User e
. 4 data_out[0] Unassig.. Output User e
I—evel Of HIerarChy o data_out[1] Unassig... Output User e
L data_out[2] Unassig.. Output User e
€ data_out[3] Unassig... Ot + >
o data_out[4] Unassig... Output
L data_out[5] Unassig... Output
€ data_out[R] Unassig... Output
& data_out[7] Unassig.. Output
P data_out[d] Unassig... Output
L data_out[d] Unassig... Output
& data_out[10] Unassig.. Output SeIeCt NOdeS on Left
i data_out[11] Unassig... Output & Use Arrows to
L data_out[12)] Unassig... Output )
4 data_out[13] Unassig... Output Move to the nght
Unassig... Output
List of Nodes in Selected Entity Jesan.. o
] nass!g... Output
& Lower Levels of Hierarchy Bl O
1 | | 1 | |
D
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AE Dynamic Checking

® Validity of Constraint Checked during Entry

® Color-Coded to Display Status
- — Dark Red — Incomplete
— Black — Applied — Bright Red — Error/lllegal Value
— — Green — Enter New

Assignment

Assignment Mame Walue Enabled
Location IDBANE 2 Yes
Location PIN_75 Yes
Clock, Settings clk Wes
Clock Settings clkz Yes
Clock, Settings clkz Wes
Multicvcle z Wes
D5 Frequency 1MHz Yes

Minirurn Current Yes
I/ standard LWiZMOS Yes
I/ standard LWiZMOS Yes
I/ Standard Yes
L MEWN =

C . . h o ﬁ
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Assignment Editor Features

® Category Bar &

£F
— Selects Category of Assignments to View =
® Ex. Pin Assignments, Timing Assignments
— Each Can Be Customized @
il
=

® Node Filter Bar

— Filters Constraints Displayed Based on Node Name

® Information Bar ‘¥
— Displays Description of Selected Cell or Assignment

=10 x]

o

H=

T:Jl Categary: ||nll j| T oAl Pinl & Timingl * Logic Optionsl E:
T

@

wi

Jv Show assignments for specific nodes:
> d Checkall |

o 0 Uncheck All |
Delete all |

Specifies the IjO skandard of a pin. Different device Families suppart different IO standards, and restrictions apply to placing pins with different IjC :I

(£

|:uoneu.uo;u1 [ I HEIRE e T

standards together. For detailed information, refer to the device Family data sheet and to Application Moke 117 {Using Selectable I/ Standards in Altera
Devices). This option is ignored if it is applied ko anything other than a pin or a top-level design entity.

]

Assignment Name Enabled

Copyright © 2004 Altera Corporation AEE%A ®

181

i\i
5
NG



AE Tcl Commands

® 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

€ pssignment Editor*

TXJI Categary: | I-C\"
TXJI Information: | #Assigns user-defined clock characteristics ko a signal, To designate a particular signal as a clack,
Source Mame (From) Destination Mame {Ta) | Option ‘alue = : set_location_assignment 4o "dh 24" Pin_T4"
il i jl 4 " B n
; ghvalues.lhstZ Add to LogchockReg... kcI]_FF Al - sel_location_assignment 4o "dy14" Fin W9'1
3 wslt:;e—m”nsu A::Idio LO?'CLDCk Reg... k:jklsz ; geb_location_assignment -to "dy[34]" "Pin_aC3"
iz ock et ngs =] - set_location_assignment -to "dN7A]" Pin_Y16"
4 = dlo] Location PIM_C1 i . . o MmoT=F "
= - : zet_location_assignment -to Md4[EY]" "Pin_aD 15
5 1] Location Pin_Ww3 | ; . o MOT=F m
= : ; zet_|ocation_assignment -to a5 Pin_ACTE
3 w=d[z] Location Pin_T4 . . " i "
. - : zet_location_assignment -to Mpn_outh[04]" "Pin_D20
7 = d[3] Location Pin_ACS - et locati . fg BT i 421"
3 d[s] Location PFin_AC16 Set_locat!on_ass!gnment to “_I,Jn_out\[z\]“ "F'!n_C21"
3 B d[s] Lacation Pin_AD15 S i el et s Ml Messaae Window
I 7] e P16 ¥ set_locat?on_ass!gnment o “_I,Jn_oultl\[éi\] Fin_B20 g
11 & yn_out[0] Location Pin_D20 : set_locat?on_ass!gnment +o “d'\[D'\] ”-rlnlan.ﬂove §
1z @y _ou1] Location Pin_f21 :set_locat!on_ass!gnment -tD“_',Jn_Dut” Fin_C1
13 L yn_out[2] Location Fin_C21 : set_!ocatlon_assgnment o Myn_out” -remove o
14 T yn_out[4] Location Pin_B20 : set_!nslance_ass!gnmenl -to "'wn_out' -name "TCO_REQUIREMENT" "5ns".-ent|lty filkref"
15 T yn_odt kco Requirement Sne : set_instance_assighment -to "clk” -hame "CLOCK_SETTINGS" -remave -entity *filtref"
16 Il Clack Settings : get_location_assignment -to Mok "Pin_D2"
17 Location ; get_location_assignment -bo "ol -remove
16 Laocation Pin_E4 c zet_instance_aszignment -to ek’ -name "CLOCK_SETTINGS" "clk100" -entity "filtref"
1a [ i 14 W\SWNI

D
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Export CSV File Assignments (Excel)

4", Quartus II - C:/Developing_Classes,
File Edit ‘iew Project Assignments F

[l Mew Chrl+
= Open... Cl+0
Close Chrl+F

@ Mew Project Wizard, ..

EE Cpen Project... kel
Zonverk Max+PLUS II Project. ..
Save Project

Close Project

n Save Zhtl+5
SEVE IS, .

Save Current Repork Section &s...

File Properties. ..

Create | Update 3
Export,.. |
Conyerk Proararmi irn Filac
-~ EEEEEE x|
R Faoe Set . : :
. Savein; I I filker_whdl j - £ ER-
@ Primk Pres
& print... db
E—— filker,csv
Recent F
Recent P
Exit
E—
File: narne: Ifilter.csv Export I

Save az ppe; IEomma Separated Value File [* cav)

j Cancel |

4

®EXxport to CSV File (File Menu)
— Import Data into Excel
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From

clk
mult_mega:ud[”

To
~DATAD~
d[7]

d[B]

d[5]

d[4]

d[3]

d[2]

d[1]
d[d]
yn[7]
yn[B]
yn[5]
yn[4]
yn(3]
yn[2]
yn[1]
yn[d]
clk
reset
et
yvalid
nxt

¥n

input data
acc us|*
clk

Assignment Name
Lacation

Lacation

Location

Lacation

Location

Location

Location

Lacation

Lacation

Lacation

Lacation

Lacation

Lacation

Location

Lacation

Lacation

Lacation

Lacation

Location

Lacation

Location

Location

Cutput Maximum Delay
Input Maximurm Delay
Cut Timing Path
Clock Settings




Example Assignments

®Optimization Technique
®PCI /O
®Output Pin Load
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OPTIMIZATION TECHNIQUE

®Selects Synthesis Optimization Goal
— Speed
— Area
— Balanced (Default)

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

®O0nly Applies to Quartus Il Integrated
Synthesis

Copyright © 2004 Altera Corporation AEE% ®
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PCI 1/O

®Turns on PCI
Compatibility for Pins veeo

. Z— Oﬂﬁ@ﬁ;?;; | :
— Ignored If Applied to e E
Anythlng Other than a VeEe Programmable
Pin or a Top-Level T Resisto
Design Entity \L oedance
. ° Matchingf _@
®Controls Clamping Termination
Diode Located in the
/O Elements
Copyright © 2004 Altera Corporation Am—m ®
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Output Pin Load

® Specifies Output Pin

& filtref Compilation Report N ] o4 . . .
P — Loading in picoFarads
- &h B Legal Natice 170 Standard Load | Termination Resistance
g% Flows Summary 1 | LVTTL 10pF |Mot Available
(R Flow Settings 2 | Lvomos 10pF |Not Avaiable (p F)
g% ;'°W| E'_aP;eSd Ti:e_ 3 | 25y 10pF | ot Avaiable
S: p=t== ey 4|18y 10pF [Not Avaiable .
&= 5] 15v — Changes Default Loading
é% Fitter Settings E | GTL 30pF |25 0hm
 EHE Fitter Device Options 7 | oiLr 05 |250m Val fl / O St d d
&b Fitter Equations g | 33VPC 10pF |25 Ohm a ue O an ar
& Floorplan view g | 33vpPox BEF |25 0km .
G v i 1] CarpatP — Changes t_, of Output Pins
=& Res:“rcese‘tifn ; 11| AGP1X 10pF |NotAvaiable co
%é L:gsi?:cER:Zig:n :en;:jrr:e Usage: Y AGP ¢ R HotEalhic 1
8 e o ® Allows Designer to
@E Output Pins 14| S5TL-3 Class | 30 pF |50 Obm (Parallel), 25 Ohm [Senal]
- SE 1/0 Bank Usage 15| S5TL-3 Clasz Il 30pF |25 Ohm [Parallel], 25 Ohm [Senal] A t I M I B
- SHER Al Package Pins 16| 55TL-2 Class | 30pF (50 Ohm (Parallel), 25 Ohm (5 erial] Ccura e y O e Oar
4 TCO 17| 55TL2 Class I 0pF |25 Oben (Parallel]. 25 Ohm (S eial . .
& Fitter Resource Ulization by Enti 18] S5TLAS Class| 30pF {50 Obm (Parallel), 25 Ohm (Serial ( :O n d Itl O n S
g% Ee'atvcl:_a'”sl”mma”’ 13| 55TL18 Dlass J0PF |25 Obm [Parallel], 25 Ohm (Seral]
QnEcrol 3Ignals
, 20| 1.5 HSTL Class | 20pF |50 Ohm
Global & Other Fast Signal .
gg Noon-aGlobaIHTgrh:n-(lﬁ)ggtassignals 21| 15V HSTL lass 200F |25 0hm @ M t Be A Iled to
8- b LA and Routing Section 22| 1.8V HSTL Class | 20pF |50 Ohm us pp
&5 Fitter Messages 23| 1.8V HSTL Class I 20pF |25 Ohm . gs .
i St o Output or Bidirectional
&-&H] Tining Analyzer 25| Differential LYPECL 4pF 100 Ohm
26| 33vPOML 4pF |50 0km .
27| HyperTranzport 4pF 100 Ohm P I nS
28| Differential S5TL-2 (PLL CLK_OUT pins onl| 30 pF | (Ses 55TL-2)
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Available Logic Options (Assignments)

E? Quartus II Help Yersion 4.1

1) Go to Quartus I
Help (Index)

2) Typein “Logic
Options”

3) Click on “list of”

Supported Devices
Shown for each
Assignment

10 x|
e = O ) &
Back Fomward Stop  Refresh Home  Print
Contenty  ndex I§earch| = Logic Options =
Type in the keyword to find: E
||ist of
logic options -] The fallowing table lists the logic options that are supported by the ACEX® 11, APEX™ 20K, APEX 20KC,
changing assignments APEY 20KE, APEX II, ARM®-based Excalibur™, Cyclone™, Cyclone I, FLEX® 6000, FLEX B000A, FLEX 10K2,
making assigrments FLEX 104, FLEX 10KE, HardCopy™® Stratix®, MAX® I, hiAk 3000, MAK 30004, MAX 7000, hax FTO00AE,
OYETYiEW OpICE MAY 70008, MAK 70003, Mercury ™, Stratix, Stratix 1l, and Stratix GX device families.
rezething assignments
specifying default ]
:—DQ'C D.pt.'t.””s [sssignment E ditar] | Logic Option Device Family Support
oqIc primikives
Lagic 5 ection Allow Anv RAM Size For ACER 1K, APEX 201, APEX 20KC, APEX 20KE, APEX I, ARM-
[s2= also Agsert Statement] Recoc nit:)n U based Excalibur, Cyclone, Cyclone |, FLEX 10K, FLEX 10KA,
[see also Boolean control equations] recegnition FLEX 10KE, Mercury, Stratix, Stratix G, and Stratix Il devices
[zee alzo Boolean equations)
[s2= also Case Statement] Allow Any ROM Size Eor ACER 1K, APEX 201, APEX 20KC, APEX 20KE, APEX I, ARK-
{zg: ::zg E;fau;ﬁe?;ffgﬂtzglment] — “iti";“ o hased Excalibur, Cyclone, Cyclone Il, FLEX 10K, FLEX 10KA,
(2 dlen If Generate Statement] necognition FLEX 10KE, Mercury, Stratix, Stratix GX, and Strativ | devices
{See a:so If }her; S_tatremeFt] f ] Allow Any Shift Redqister Size APER 20K, APEX 20102, APEX 20KE, APEX |, ARM-
SEE 3lE0 IN-INS 10gIC TUncion reference: H H H
[see also Truth Table Statement] For Recoanition base!:l Excal_|hur, Cyclone, Cyclone |1, Stratix, Stratix X, and
general description 0 rorLecognition Stratix Il devices
indenkation quidefnes o APEX 20K, APEX 20KC, APEX 20KE, APEX II, ARM-
state transitionsp < Allow XOR Gate Usage based Excalibur, MAX 3000, MAX 70004, MAX 7000AE,
syrtax for MK FO00E, and MAX 70005 devices
template for - -
uzing in AHDL A!Iows SVIlChI.OIlOlIS- Eonirol Cyclone, Cyclone Il, HardCopy Stratix, MAK I, Stratix, Stratix GX,
logic synthesis Signal Usage in Normal . -
) - . and Stratix Il devices
[zee alza logic synthesis options) Maode Logic Cells
iz fist Mode Logic Lells
overimn topice ACEX 1K, APEX 20K, APEX 20KC, APEX 20KE, APEX I, ARM-
performing on files Auto Carrv Chains based Excalibur, Cyclone, Cyclone II, FLER 10k, FLEX 10KA,
. o M o . .
stopping . o ) FLEX 10KE, FLEX BO00, HardCopy Stratix, M2, Mercury, Stratix,
uging Fitter information to optimize netlists Stratix G¥. and Stratix || devices
vigwing processing time '
logic spnthesis directives [see spnthesiz dire ACER 1K, APEX 201, APEX 20K, APEX Z0KE, APEX I, ARM-
logic synthesis options Auto Cascade Chains based Excalibur, FLEX 10k, FLEX 1014, FLEX 10KE, and

[zee alzo logic syrthesis) FLEX BO000 devi

changing assighments ENIEES

"Stlf.f ) Auto Clock Enable ACER 1K, APEX 201, APEX 20KC, APEX 20KE, APEX I, ARK-

rn;‘zemﬁgaz?g;;“;z:is W based Excalibur, Cyclone, Cyclone |I, FLER 10K, FLEX 10KA,

smacifiinn Akl _l FLEX 10KE, Mercury, Stratix, Stratix G¥, and Stratix | devices

Display | |Aut0 Delay Chains |Cyc|0ne, Cyclone Il, Stratix, Stratix G, and Stratix || devices
[ |M |I_l-m-lr“nm, Chemtiav Theatin Theatio 2% Amd Theatio L deesie e ;I
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Quartus Settings File (QSF)

®Stores All Settings & Assignments

®Uses Tcl Syntax

i pipemult.qsf*

—loi x|

# Project-Wide Assignments
# ===
set_global assignmwent -name ORIGINLL QUARTUS VERSICN 4.0
get_global assignment -name PROJECT CREATICHN TIME DATE "11:30:40
set_global assignment -name LAST QUARTUS VERSICH 4.0

# Pin & Location Assignments
# ===

Fet_location sssignment
set_location assignment

IOBANK_2 -to
IOBANK_2 -to datab

set location assignment
set_location assignment
set_location sssignmwent

P

PIN_LZ -to clkl
PIN Fii -to wren
PIN L& -to ~DATAO~

# Timing Assignments

# Analysis & 3ynthesis Assignments

# ===

set_global assignment -name FAMILY Stratix

set_global assignment -name DEVICE FILTER SPEED _GRADE ANY
set_global assignment -name TOP_LEVEL ENTITY pipemult

# Fitter Assignments

set_global assignwent -nsme PHYSICLL SYNTHESIS REGISTER RETIMING ON
set_global assignment -name DEVICE EP1310F454C5

Set_instance sssignment —name IO STANDARD "2.5 V" -to dataa
Set_instance_ assignment —name IO STANDARD "2.5 V" -to datab

JANUARY 19,

zoo4r

Organized by Assi

gnment Type

set_olobal_sssigmment -neme INCLUDE_EXTERNAL PIN DELAYS_IN FMAX CALCULATIONS CFF
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/0O (PIn) Assignments

® Make 1/0O Assignments Quickly
— Assignment Editor
— Floorplan
— QSF File
— Import from Spreadsheet in CSV Format
— Scripting
® Specific Pin Location Unnecessary
— 10 Bank & Chip Edge Location Assignments
— Reserved Pins with or without Locations
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Assignment Editor I/O A

ssignments

e T
2 [an
Lacations
I
[T
& 110 Bank.
= Edge
E LAE
Logic cel
M1z
= | I show assignments For specific nodes:
= O ’ Check)
(=
g.! Unched
_E';— Dl
_ _ Reserved Pins
roup assignments by option
G ts by opt
TXJI Info: | Ascigns a location on the device for the current nodeds) andfor pinis). :/
IName Location I/0 Bank I} Standard General Function Special Function Reserved Commenk
1 Fﬁ d IOBANK_L 1 S5TL-2 Class IT
2 I reset IOBAMNE_4 4 LYTTL
B = vr_out TOBAMK_4 4 LYTTL
4 - clk, -| LVTTL
& < ENEN -
EDGE_BOTTCM
EDGE_LEFT
EDGE_RIGHT B
EDGE_TOP ASSIgn to (CoIor-Coded) I/O Bank
TOBAMNK_1 [0 Bank 1 \
ICBANK_Z j Bark 2
o a IOBANK_3 Ii0 Bank 3
ASSIgn to Chlp Edge ICBANK_4 1/0 Bank 4
ICEANK_S Ii0 Bank 5
ICEANEK_& 10 Bank 6
ICBAMK_T Ij© Bank 7
ICBAMK_G Ij© Bank &
ICBAMNK_2 Ij© Bank 9
I0BANK_10 10 Bank 10 1 1fi 1
ToBAK 11 o - Assign to Specific /0 Location
ICEANK_12 Ii0 Bank 12
Fin_A3 Ij0 Bank. 4 Column I Do0T1
.| Fin_ad I/ Bark 4 Calumn Ifo DoaTo |
B Fin_AS 10 Bank 4 Column L0 DOO0TE
ok clkx? bo destination pin pn_out]3] (PIN_AS 1f0 Bark 4 Colurnn L0 S hl
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AE Pin Assignment Features

—

2| ®Show All Known Pin Names £
= — Populates Spreadsheet with List of All Pin
Names in Design
Ay ®Assigned & Not Assigned
— | ® Show All Assignable Pin Numbers #*
T — Populate Spreadsheet with All Pin
&= Numbers Available for Assignment
2z ®Show I/O Banks in Color =
7 — Enable/Disable I/0O Color Coding of
}3 Spreadsheet Based upon Floorplan
w
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Drag & Drop I/O Assignments

®Drag & Drop from Node Finder to Floorplan

& filtref Compilation Report

Compilation Repaort

Eh B Legal Motice

Floorplan ¥iew

Ei Flow 5 Chip narme: |filtref [EF1510BE72CE) j
v Summary
- ¢SHEE Flow Settings 4 = L = L = = = -
- EHEER Flow Elapsed Time
[]--ér_—l Analysis & Synthesis
&3 Fitter » o
ST Fitker Summary (WCCIOd)
ESHER Fitker Settings
S Fitker Device Options
el Eibbar Eoniskinng
Node Finder w
] [+ [+] [+
Mamed: Ii j Filter: IPins: all j Customize... | Start I Q | tion (NC) (NC)
Look i Iﬁtrefl J ¥ Include subentities Stop | pes
Modes Found: B
| Assignments | Type | Creator | :l /
Fin_AD15 Input User entered : I\{J)C
Pin Y16 Inoub ( )
Unassigned  Input User entered
L7 = w1
Unassigned  Input User entered
Unassigned  Output Group User entered o o
Fin_Dz0 Oukput User entered (NC)
Pin_Az21 Cutput User entered
Pin_C21 Cutput User entered
Unassigned  Output User entered
W an Ao Din R0 PaTRITN 3 I lcar antarad LI
S & &
(NC) (NC)
U &
(NC)
-
4 K
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Type I/O Assignments

®Type Pin Assignments Directly into QSF

®Use Tcl Syntax

i pipemult.qsf* =10l

# Project-Wide Assignments

# === ===

set_global assignmwent -name ORIGINLL QUARTUS VERSICN 4.0

get_global assignment -nsme PROJECT CREATICN TIME DATE "11:30:40 JANUARY 19, zZ0O04"
set_global assignment -name LAST QUARTUS VERSICH 4.0

# Pin & Location Assignments

# ===

set_location sssignment IOBANE 2 -to dataa
set_location assignment IOBANE 2 -to datsab

set_location sssignment PIN L2 -to clkl
set_location assignment PIN _F22 -to wren
set_location sssignwent PIN LS -to ~DATAO~

# Timing Assignments

set_olobal_sssigmment -neme INCLUDE_EXTERNAL PIN DELAYS_IN FMAX CALCULATIONS CFF

# Analysis & 3ynthesis Assignments

# ===

set_global assignment -name FAMILY Stratix

set_global assignment -name DEVICE FILTER SPEED _GRADE ANY
set_global assignment -name TOP_LEVEL ENTITY pipemult

# Fitter Assignments

# ====

set_global assignwent -nsme PHYSICLL SYNTHESIS REGISTER RETIMING ON
set_global assignment -name DEVICE EP1310F454C5

Set_instance sssignment —name IO STANDARD "2.5 V" -to dataa
Set_instance_ assignment —name IO STANDARD "2.5 V" -to datab
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Import CSV Assignments

® Use Spreadsheet to Enter
Pin Assignments & 1/O
Standards
® Column Header Names
— To
— Assignment Name (Location)
— Value (Pin Number)
— |1/O Standard
® Useful for Interfacing to PCB
Tools

&, Quartus II - C:/Developing_Classes,/QuartusII/QII_4 1 u
File Edit ‘iew Project | sssignments Frocessing  Tools  Windc

0= i |§ | § % Device...

T2 Pins

Il E@: % @' @' | |é.§’ Timing Settings. ..

A | B | C
1 |To Assignment Mame “alue
2 |d[7] Lacation PIN_J4
3 [d][B] Location PIN_H4

Copyright © 2004 Altera Corporation
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¢ EDA Tool Settings. ..
Chrl+Shift-+E

Ertity & Settings...
Compilation Higrarchy,
- g filter

Wizards ¥

& Assigrment Editor Ctrl+-Shift+a
Remove Assignments...

ré Pemote Assignments, ..

i‘i Back-Annotate Assignments. .

Import Assignments. ..

Fvninrt decinnmenke

Import Assignments x|

Specify the source and categories of assighments ta import. Click LogicLock Impart File Assignments
to zelect LogicLock Import Filelz).

Agzignment source :
Categones...

% File name: |4_1_updatestHample_Designs.f'filter_vhdl.f'filter.csv |

il

. . . Adwanced...
" Use LogicLock Import File Assignments

Logiclock [mport File designments...

¥ Copy existing assighments into filker. gsf.bak before importing
ak. Cahicel

/AVO[SRYAN,




/O Assignment Problems

®I1/O Selected & Verified Too Far into Design
Cycle

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

@I1/0O Placement Limitations

— Current Strength
— Single-Ended vs. Differential
— Single-Ended vs. V
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196



/O Assignment Analysis Command

® Quickly Checks Legality of I/O Assignments
— Checks All Assignments
— Does Not Stop at First Fallure

® Allows User to Identify & Correct Pin-Related
Issues without Full Compilation

®Has Two Usages

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

— Performing Legality Checks Based on User I/O
Assignments with a Complete Design
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/O Assignment Analysis

@ File Edit ‘iew Project nssignmentslpmcessing Tools  ‘Window Help

| E—
L

] S

@ | [T|w B2 Bw

i

e NpREe

jesr
E| analvze Current Eile

0 = |%| b E|ﬂ ;-@ﬁtupPrDcessing

Start Compilakion

Chrl+L

&

Simulation Debug

Simulation Report

ty[inmpilatinn o Logi . [Regl.. | Men @ Cornpilation Repark Chrl+R

;E; filtref 102 |53 1] Stark Compilation 8 Simulation  Crel+ShifE+E
Generate Funckional Simulation Metlisk

P Start Simulation Chrl+1

Ckr|+-ShiFE+R

W, Start Analysis & Elabaoration
!.'? Stark fnalysis & Jynthesis
RO Skart Fitter

'ﬂﬂ Skark Assembler

®4 Skark Timing &nakyzer

*& Stark EDA Metlist Writsr

ﬁ Skark Design Assistant

CErl-+K

Zkrl4-Shife+HL

>

Start Software Build

Compile Current Fle

Chrl+0)

I [

— H Stark IfD Assignment &nalysis

'5'*-" Stark Incremental Fitting
H’;}’" Stark SignalProbe Compilation

Zkrl+Shift+5

Skart Minimurm Timing Analysis
Skart Check Metlisk

=t
¥
- To
3] v
3| | B |E
Hierarn:hj,ll Filesl g Design Llnitsl i
2l 5
| Progresz 52 [ Time (& | £

| Module
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Skark WOk Wriker

Skart Test Bench Templake YWiker
Stark EDA Synthesis

Stark ECv Besynthesis
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/O Analysis Requirements

®I1/O Declaration
— HDL Port Declaration
— Reserved Pin

®Pin-Related Assignments
— /O Standard
— Current Strength
— Pin Location (Pin, Bank, Edge)
— PCI Clamping Diode
— Toggle Rate

Copyright © 2004 Altera Corporation
199



Legality Checks

Rule (subset of the rules)

Incomplete
Design

Complete
Design

Differential Pin Spacing

# of Output/Bidirs Toggling with a VREF

Blocks Directly Feeding or Fed by 1/O pins

Current Strength

DC Current Draw

Pin Location

I/O Bank Capacity

Voltage Conflict (Vref, VCCIO)

On-Chip Termination
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/O Assignment Analysis Output

®Detalled Messages on
— /O Assignment Issues
— Compiler Assumptions
— Device & Pin Migration Issues
— 1/0 Bank Voltages & Standards

®Compilation Report (Fitter Section)

—1/0O Pin Tables
®Show User & Fitter Assigned 1/O

— Shows Partial Placement Results in Floorplan
to Help Debug Fitting Errors
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/O Assignment Analysis Messages

Fitter Messages

A Info:

-

B LLEY Info:
',5,) Info: 10 banks and pinfz] statistics befare 1/0 pin placement
= fé,) Info: 10 banks and pin(z) statistics after 1/0 pin placement

'é,) Infa: Running Quartus |1 Fitter
',E,) Info: Command: quartus_fit ~import_settings_files=on -export_zettingz_files=aff cormpile_fir_filter -c filtref --check_ios
',E,) Info: Selected device EP1S10BE72CE for deszign filtref
'é,) Info: Selected migration device lizt iz leqal with 532 total of migratable pins

= 'é,) Info: Selected device migration path can't uze & ping az regular [0z

LLEY Infa: Pin AD21

: Pin D7

: Pin G16

: Pin A18

fio: Fik W11

“E} Info: Selected device migration path can't use 5 pins as DO 1/0=

’.5,) Info: Completed User Aszigned Global Signal: Promotion O peration

.5,) Info: Automatically promoted signal clk to use Global clock. in Pin R 26

.5,) Info: Automatically promoted zignal clks2 to use Global clock n Pin B15
é,) Info; Sutomatically promoted zignal reset to use Global clock in FinA15
'é,) Info: Completed Auto Global Promotion O peration

= "L Info: Statistics of 12D pirs that use the same VCCID and YREF

—

Migration 1/O

EISEX Info: There are 8 140 pins (WREF = unused, ¥COI0 = 3.30, 2 inplt, & autput, 0 bidirectional]

Jeed 170 standards LVYTTL.

E1<E) finfo; Gtatistics of /0 banks
i 2140 bank 1: %REF = unuzed, ¥CCIO = unuzed, uzed pin 1, available pins 38.
2 140 bank 2 %REF = unuzed, YCCIO = unuzed, uzed pin 1, available pins 38.
2120 bank 3 %REF = unuzed, VCCIO = unuzed, uzed pin 0, available ping 43,
2120 bank 4 %VREF = unuzed, VCCIO = 2,80, uzed pin 7, available pins 38.
- 10 bank & YREF = unuzed, YCCIO = unuzed, uzed pin 0, available ping 39.
140 bank B WREF = unuged, WCCIO = unuzed, used pin 1, available pine 38,
140 bank ¥ VREF = unuzed, VCCIO = unuzed, used pin 3, available pins 42,
- 140 bank 8 %YREF = unuzed, VCCIO = unuzed, used pin 2, available pins 42,
2140 bank 3: VREF = unuzed, VCCIO = 3.30, uzed pin B, available pinz 0.
2140 bank 10: WREF = unuzed, WCCIO = unused, used pin 0, available pinz 0.
2140 bank 17: WREF = unuzed, WCCIO = unused, used pin 2, available pinz 4.
210 bank 12 WREF = unuzed, VCCIO = unused, used pin 0, available pins 0.
'é,) Info: Completed [/0 Fin Flacement Operation
'é,) Info; Quartus | Fitter waz successful, O enors, 0 warnings
'é,) Info: Writing report file filtref fit. rpt

/0O Standard Statistics

I/O Banks & Pin Usage
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Back-Annotation

4, Quartus II - c:/developing_classes/quartusii/gii_4_1_upd
File Edit Wiew Project | Assignments Processing Tools  \Windo - .
DEE|&| )T ' ® Copies Device &
2 Pins

o 55 3T
JJ O R | 1 @ Timing Settings...

32 o s Resource

Entity & Settings... Ctrl+Shift+E

» Assignments Made

EDF
& assignment Editor CtrH-Shift+A

by Compiler into

P Demcote Assignments. ..

J Annokate gnments. .. I u
Imprt & F F
= Back-Annotate Assignments il Q S I I e
Expiork &
) Fin, cell & device assignments

Time GO Back annotation type: IDefauIt j
O Demote cell assignments to: IL&BS vI .
) Fin, cell, routing & device assignments - R O u tl n g

D Delay chain:
®“Locks Down”
1 o Locations In

— Save intermediate synthesis resultz

[ Save anode-level netlist into a persistent source file F I O O r p I a n
File name: |

@ Timing €| — Azsignments to back-arnotate
S LogicLac|

) Device assignment
[OWFin & device ass
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Design File Management

®Project Archive & Restore

— Stores All Project Files
®Design Files
®Settings File
®Output Files
®Revisions
— Stores Only QSF
— Allows Designer to Try Different Options

— Allows Comparison of Revisions
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Creating a Revision

®Project = Revisions

4, Quartus II - C:/Developing_Classes/QuartusII, QII_4
File Edit Wiew | Project &ssignments  Processing  Tools

“ 0= L | Add Currerit Fils to Project |

Base Revision on Any
Previous Revision

Add/Remove Files in Project. ..

b ]
(8% @<

Compilation i L .
Specify the curment revision for the project, create a new revizion, delete an existing revision, or edit Specify a name and dezcription for the new revigian,
| 75 the description of a revision. f'ou can base the revision on an existing revizion, and

specify the revizgion az the current revizion,
Bevizions:
= Revizion Mame | Toplevel E... | Farnily | Device | Set Current I Fevizion name: Ifmref e
' filtref filkref Cyclone |l EPZCHO208CY
. . Create... T .

- filtref_150 filkref Cyclone |l EP2CH0208CH Bazed on revision: I filtref j

N filref_phys_sun filkref Cyclone |l EP2CB0208CT Delete | Il sl

L Compare | Created on: Tuezday, June 22, 2004

= Bazed on: filtref

== Create New Close |

| Revision .. .

Type Revision Description

Dezcription for revision filtref

¥ Copy databaze

¥ Set as cument revision

& -—
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Project Revision Support

®Active Revision Names Stored in QPF
®QSF Created for Each Revision
— <Revision_name>.QSF

®Text File Created for Each Revision
— <Revision_Name>_ description. TXT

"f. = -
File Edit Yiew F‘]t.ﬁ.gtF‘ ngwd Hlp
DE-EI|%|J%!E|ﬂﬁ|E9|acc S ezs | T >
- - ace
[ERSCT BBER % % | Huner
== =
E rtity Logic: Cellz | LC Re T':Itref_ph'g.fs v
Compilation Hierarchy » »
Mlbd ame [ 12

Easily Switch

between Revisions —
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Compare Revisions

® Detailed Summary of
Results
— Synthesis
®No Timing Data
— Fitting
®Area
®Timing

® Compare Results with

Compare Revisions

C: /qdesignsd1 Autorial/fir_filker.gpf
Revison filtref

C:/qdesigns41 Mutarial/fir_filter. gpf
Revison PhysicalSynthesis

C:/gdesignz41 Atutarial /fir_filker. gpf
Revison MyStratill

Analysis & Syrthesis

ither

[=]
=& F

Flow Status

Successful - Thu Apr 29 15:35:1..

Successiul - Thu Apr 29 16:21:4...

Successful - Wed Apr 28 1E:07:...

Quartus Il Yersion

4.1 Intemal Build 144 4/25/2004

4.1 Intemal Buid 144 4/25/2004

4.1 Internal Build 144 4/25/2004

Revizion Name

filtref

Physicals pnthesis

M yStratizll

Top-lewel Ertity Mame

filtref

filtref

filtref

Total number of failed paths

Family Stratix Shratix Stratiz ||
Device EF1510BE72C7 EP1S10BEF2CY EF2515F484C4
iming Models Production Production Prelirminary
otal logic elements 101 /10570 <1 %) 100 A10570(<1 %)
otal ping 227/ 346[6 %) 227346 (6% 22/343(6%)
atal memary bits 07920445 (0% 0/ 920448(0 %] 0/419328(0%]
SP block 5-bit elements 0/458(0%) 0/458(0%) 0/96(0%)
atal PLLs 0/E[0%] 0/6[0%) 01/6(0%)
otal DLLs 0/2(0%) 0/2[(0%) 0/2[0%)
otal ALUTs 92/12480(<1%]
s otal registers 57
= & Timing Analyzer
HE wWrst-case tsu
e ‘Worst-case too
- Slack [WPE WAk R
Reguired Time Mone MNone Mone
Actual Time 9374 ne 9.374 ne E.285 ns
Fram state_rm:instl lfilker™27 state_mcinst] Ifilter~ 27 inst5[1]
To Follow Follow yn_out[1]
From Clock, clk. clk. clkxz
To Clock
- Failed Paths ] 1] 1]
HCD worst-case th
HE  Worst-case Minimum teo
I Clock Setup: 'chke2
- Slack -2.042 ns -2.042 ns -0.853 ns
Reguired Time 200.00 MHz [ period =5.000 ne ] | 200.00 MHz [ period = 5.000 ns | | 200.00 MHz [ period = 5.000 ns |
Actual Time Jé A A8
From ristd nztd iristd
To insta[7] inst5[7] inzta[7]
From Clock, clk. clk. clk
To Clock clkxz clkxz clkxa
- Failed Paths 16 16 16
EIE= Clock Setup: 'clk!
- Slack 0472 ns 0472 ne 3216 ns
Reguired Time 100.00 MHz [ period = 10.000 rs ) | 100.00 MHz [ period = 10.000 ps ) | 100.00 MHz [ period = 10000 ne ]
Actual Time 104.95 MHz [ period = 3528 ns ] | 104.95 MHz [ period = 3528 ns | | 147.41 MHz [ period = 6.784 ns |
From state_meingtl|filker~30 state_meingt] fiter~30 shate_rmcinstl|fiker~23
Ta sccinst3result11] acciinstresul11] accinstiresult11]
From Clock alk clk clk
Ta Clock clk. clk. clk

Slack

Fieguired Time

Other Projects —
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Actual Time

From

To Clock

Failed Paths

16

Compare to other project.... | ag I

|
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Compiling a Submodule

1. Create a New Revision

2. Leave “Based on
revision” blank

|

Specify a name and descriph

“fou can baze the revizsion o QuartUS Il Now CompileS

zpecify the revizion as the o

Bevizion name:;

acc as the Top-Level

|au:d

Bazed on revizion: -
e | D

Created on:
Bazed on

Tuesday, June 22, 2004
filtref_rew

¥ | Copy database

W Set az curent revizion

ak | Cancel |
o

Creates New .QSF File as a Revision

Copyright © 2004 Altera Corporation
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Open Submodule File

Select “Set as Top-Level
Entity” from Project

Menu

4, Quartus II - C:/Developing_Classes/QuartusIl/QII_:
File Edit “iew | Project Assignments  Processing  Tools

D@ M |

add Current File to Praject

add/F.emove Files in Project...

il

Ewda

E nitity

Revisions. ..

Copy Project. ..

Compilation

e =

Archive Project. ..

Restore Archived Project, .,

Import Database. ..

Export Database. ..

Generate Tel File For Praject...

Generake Power Estimation File

HardCopy Ltilities

Locate

3

Set as Top-Lewvel Entity CtriH-Shift+1

Reuses Current .QSF File
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Compilation Entry Summary

®Compilation Includes Synthesis & Fitting

®Compilation Report Contains Detailed
Results

®Settings & Assignments Control
Compilation

®Pin Assignments Can Be Performed in
Many Ways

®Revisions Store Settings, Assignments &
Compilation Results for Comparison

Copyright © 2004 Altera Corporation Amm ®
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Summary

®Synthesis & Fitter Options
®Assignment Editor
®Compilation Reports
®Floorplan

Copyright © 2004 Altera Corporation
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Features

®Bullt-In Static Timing Analysis
®Single & Multi-Clock Timing Analysis
®Standard & Minimum Timing Analysis

®Timing Export for Analysis in Another EDA
Tool

Copyright © 2004 Altera Corporation Amm ®
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Timing Analysis Agenda

®Single Clock Analysis

®Timing Assignments
— Global & Individual

®Multi-Clock Analysis
®Multi-Cycle Analysis
GAMinimum Timing

Copyright © 2004 Altera Corporation
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Running Timing Analysis

®Automatically
— Use Full Compilation

®Manually

— Processing Menu = Start = Start Timing
Analysis

— Tcl Scripts

— Uses
®Changing Speed Grade
®Annotating Netlist with Delay Information

Copyright © 2004 Altera Corporation AEE% ®
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Reporting Timing Results

® Timing Analyzer Section B Corteniopor

. . -&hB Legal Notice
of Compilation Report ey
¢S5 BE Flow Elapsed Time

- S U m m ary EI%@ Analysis & Synthesis

@E Analysis & Synthesis Summary
@% Analysis & Synthesis Settings

Tlmlng Analyses - ¢Zh™e Hierarchy

%@ Analysis & Synthesis Resource Utilization by Entity

— C | OC k Setu p (fm ax) %x—h Analysis & Synthesis Equations

C&) Analysis & Synthesis Messages

- C | OC k H O | d El"%ge;itter Surnrnary
--SHEE Fitter Settings

— tsu (Input Setup Times) -G e Do Ontr

- Fitker Equations

— th (Input Hold Times) B+ fhwivrhia

[]"@D Resource Section

— tco (Clock to Out Delays) 55 #;.s;::;m&ssages

. . SR =} Tirming Analyz
— tpd (Pin to Pin Delays) " G T s setins

g% Timing Anakyzer Summary
. . Clock Setup: 'dkd’

— Minimum tpd & tco = i

o

%% th
~-ZBER Minimurn tco

& L2 Timing Analyzer Messages
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Clock Setup (fmax)

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

D—Q— tco — _tsu —Q

Clock Period

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

= 1/Clock Period
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Clock Setup (fmax) Tables

/

%@ Compilation Repork
=B B Legal Motice
-¢=HEE Flow Surmary

- ¢=HER Flow Settings
-¢=hEen Flow Elapsed Time
-¢&Zh B Flow Log

[EI--%D Analysis & Synthesis
(-5 Fitter

H-&ZH[ ] Assembler

= %ﬁ Timing Analyzer
%@ Timing Analyzer Settings
%@ Timing Analyzer Summary
-¢=hEeE Clock Settings Surmmary

5B Clock Setup: 'k

%% koo

Worst fmax

%% (=10

Select

inirmum Eca
ming Analyzer Messages

Clock Setup

Fmax Values Are Listed in Ascending Order;
Worst Fmax Is Listed on the Top

==

0| x|

Slac Actual fmax [penod] From To From Clock | To Clock | Hequired Se -
1 A, 23111 MHz [ period = 4.327 nz | tranzpoze_matrivtp_ ... | row_dotrow det_instl.. | clk clk Maone :
2 M 23196 MHz [ period =4.317 nz | transposgg,_matrixtp_.. | row_Bgtrom_det_instl . |clk clk Mone
3 M A, 23305 MHz [period = 4.291 nz ] transpme_ﬁw'&t;{ er_chw_d:t_instl... clk clk Mone
4 I A, 238.02 MHz [ perind = 4,285 nz | tranzpoze_matristp Qw_dcl:mth_instl... clk clk Mone
h R 23702 MHz [ perind =4.219 nz | transpoze_matristp ... romcuw_ﬁ\_instl... clk clk Maone
E M 23872 MHz [ period =4.183 nz | tranzpoze_matixtp_ ... er_dct:M)Qtl... clk clk Mone
7 MR 23895 MHz [ penod =4.185 ns | transpoze_matrstp ... | row_dotrow_det_ clk clk Maone
g M A, 239.06 MHz [perod = 4183 ng | tranzpoze_matnixtp ... | row_dekrow_det_ingt] 2 =
9 28, 23923 MHz [ perind =4.180 nz | transpoze_matristp_... | row_dotrow_det_inst] SO u rce’ DeStI nat I_O n
10 | M/A 23952 MHz [ perind =4.175 nz | transpoze_matristp_... | row_dotrow_det_inst] Reg Isters & ASS OCl ated
11 | M/A 23964 MHz [ period =4173 nz | tranzspoze_matrixtp_ | row_detrow_det_inst] Fm ax Val ues
12 | MN/A 239.87 MHz [perod = 4169 ns | tranzpoze_matnixtp_... | row_dokrow_det_inst]
13 | M/ 240.44 MHz [ perind = 4159 ng | tranzpoze_matristp_... | row_dotrow dot_instl.. | clk clk Mone
14 | M/A 240.79 MHz [ period =4.152 nz | transpoze_matristp_... | row_dotrow_det_instl.. | clk clk Maone
15 | M/A 241.02 MHz [ period =4.149 nz | tranzpoze_matixtp_... | row_dotrow_det_instl.. |clk clk Mone
16 | M/AA 241.08 MHz [ penod =4.148 ns | data_valid_state™2? | column_dctcol_det_in... | clk clk Mane
17 | MN/A 24114 MHz [period = 4147 ng | tranzpoze_matnistp_... | row_dotrow dot_instl.. |clk clk Mone
18 | M/A 241,31 MHz [ perind =4.144 nz | transpoze_matristp_... | row_dotrow_det_instl.. | clk clk Maone
19 | M/A 241 60 MHz [ perind =4.139 nz | tranzpoze_matrivtp_... | row_dotrow_det_instl.. | cllk clk Maone
20 | M/A 24290 MHz [ period =4.117 nz | tranzpoze_matrnxtp_ | row_dotrow_det_inst] . | clk clk Mone
21 | MAA 24313MHz [ penod =4.113 nz | transpoze_matristp_ ... | row_dotrow_det_instl.. | clk clk Mane
22I I A, 24325 MHz [period = 4111 ng | column_dectcol_dot.. |column_detcol_dct_in... | clk clk Mone -
4 3 v
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fmax Analysis

®To Analyze the Path More Closely

£ bwo_d_dct Compilation Report

V=5 Compilation Report
BB Legal Motice

- ¢=HEE Flows Surmmary

- ¢=HEE Flow Settings
=5 Flow Elapsed Time
=B B Flow Log

-5 Analysis & Synthesis
-] Fitter

-5 Assembler
=523 Timing Analyzer

E=ra___ I

=10 x|
Slack Actual fmax [penod] From To From Clock | To Clock |Bequired S5e «
1
2 M A 423196 MHz [ period = 4.311 nz transpose_matrixtp .. | row_dctrow_dot_inst... |clk clk Mone
3 M A I 23305 MHz [ period = 4.291 nz ] transpose_matrixtp ... | row_dctrow_dot_inst... |clk clk Mone
4 M A8 I 235,02 MHz [ period = 4,258 hz ] S . clk. Mone
§ | N/& | |237.02MHz (period=4.219ns) | Y ok Mane
B | N | 23872 MHz (pered = 4.183ns) | o Al ok Nane
ki M A, I 238.95 MHz [ period = 4185 ns ] | W Align Lefk clk Mone
2 M A I 23906 MHz [ period = 4183 ng ] &lign Right: clk Maone
9 M A4 I 23923 MHz [ period = 41801z ] - clk Mone
10 | N/& | 239,52 MH2 [period—t- 7ol I clk None
1 L0 ™ (239,64 MHz [ period = 4173 ns) | Fiomionment Edior EHEI 5 ok None
Highlight, 23387 MHz [ period < 4.169ng) | L0ocat® in Chip Editor ok None
. . Locate in Timing Closure Floorplan
ng ht-Click Locate in Last Compilation Fl !
pilation Floorplan
Mouse & Save Current Repork Section As. ..
Select List
Paths

Similar Steps for All Timing Path Analysis in Quartus Il
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fmax Analysis Detalls

Data Delay (B)

Destination Register
Clock Delay (E)

Source Register
Clock Delay (C)

Messages Window (System Tab) in Quartus Il

i
=l

N\
FIE

Clock to
Output (tco)

.\

S\A} Info: Clock ok has Internal fmax of 231.11 M
xi,} Info: + Longest register to register delay is
1,) Info: - Smallest clock skew is 0.000 ns

4135 ns

Jd

~

Hz between zource register transpoze_matridtp_mbx_instllpr_counte

ister is

. l,) Info; + Shortest clock path from clock, clk to destination regizter i 2.548 nz
2848 ne

/ eI v} Info: - Longest clock path from clock clk to source re
l,) Info; + Micro clock to output delay of zource |3|EI 039 nz

/ A} Info; + Micro setup delay of destination |$|EI 093 hs

Setup Time (tsu)

1] l\ Proceszing ,.]\Sj.mtemf

HFHoO{e O

=231.11 MHz

v

Clock Period

Copyright © 2004 Altera Corporation
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0.099 ns +4.135 ns + 0.093 ns - 0.000 ns
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fmax Analysis Detalls (cont.)

BN Infa: + Longest register to register delay is 4.135 ns
oA 4 |C[0.000 ng] + CELL[D.000 ne) = 0.000 ns: Loc. = LCFF_<17_¥11_MNZ3: Farnout = 4: REG Mode = 'transpaose_matristp_mts_instliprm_

—ry

s 20+ IC[0.278 ng] + CELL[D. 348 ne) = 0.626 ns: Loz, = LCCOMB <17 _%11_M8: Fanout = 2: COME Mode = 'transpose_matristp_mbs_instl

¢ 3+ 1C[0.336 ng] + CELL[O.160 ng) | M18; Fanout = 3; COMB Mode = transpose_matrivtp_mts_inzl

- 4: +|C(0.255 ns) + CELL[0.225 ne) N (@) d e Fan -Out | M10; Fanout = 2; COME Node = transpose_matris to_mts_ins!

5+ IC[0.225 ng] + CELL[0.055 ng) e M2 Fanout = 85; COME Mode = transpoze_matris bp_mts_in

s B+ 1C[0.400 ng) + CELL[0.548 ng) = 2.830 rs: Loc. = LOCOMBEN:19_v11_N0: Fanout = 2: COME Made = 'row_detrow_det_instldetullz

o: 7+ [C[0.000 ns] + CELL[0.036 ns) = 2.866 ns; Loc. = LCCOMB_ W11_MZ:Fanout = 2; COME Mode = row_dctrow_det_instldct:ul|z

o 8 + [C[0.000 ns] + CELL[D.036 ns) = 2.902 ns; Loc. = LCCOMB_x13 % 1_M4: Fanout = 2; COME Mode = row_dctrow_det_instdct:ul|z

I nterco nn eCt Del ay o: 9+ [C[0.000 ns] + CELL[D.036 ns) = 2.938 ns; Loc. = LCCOMB_*19 %1 E: Fanout = 2; COME Mode = 'row_dehrow_dot_instdchul]z

= o0 100 + [C[0.000 ne) + CELL[0.036 ns] = 2974 ns; Loc. = LCCOMEBE_13 ¥11_N§&; Fanout = 2; COMBE Mode = "row_dctrow_dct_instidetul
o 11: + IC[0.000 ns) =010 ns | oc. = LCCOMB %13 ¥11_MTo: Fanout = 2- 0 =i : i :

-+ [C[0.000 ns) oc. = LCCOMB_*19 ¥11_MN14: Fanout = 24C0ME Node = tow_dctrow_dct_instjdct:u

13+ IC[0.000 ne) + 0.4 ;Loc. = LCCOMEB_¥19_%11_M14; Fanout = £; COMERMode = row_dctrow_dct_instidchu

2 14: + IC[0.000 ne) + CELL[D.O =329n - =LCCOMB_*13 ¥10_MO; Fanout = 2; COME M = 'rowy_debrowe_det_instidetul
15 + [C[0.000 ng) + CELL[O.03§ ns] = 3.334 ns; Dy, = LCCOMEB_<13 %10_M2; Fanout = 2; COMB MNodeNs 'tow_dctrow_dct_inst/detul
: 16: + IC[0.000 nz) + CELL[D.036%:] = 3.370 ns; LocN\s LCCOMEB_<13 %10_M4; Fanout = 2; COMBE MNode = Nw_dctrow_dct_inst/detul
17 + IC[0.000 nz) + CELL[0.036 Mgl = 3.406 ns; Loc, =S Eobd 220 S0 RIS Eopynt = 2; COME Mode = rovhdctrow_dct_inst/detul
18+ [C[0.000 ng) + R0 0o e e 0 out = 2; COMB Mode = ‘rose dictrow det instidetul
019+ IC[0.000 ne) + Ce” Dela c. =L Runnlng fanout = 2; COME 0 g

: 20 +IC{0.000 ns) + Y k-t Total Loui-2cove{ Destination Cell
: 21: + IC[0.000 ne) + CELCOO.2TE nel= 3.7 30 hs, Coc. = L fanout = 2; COME N & -I-
;220 + IC[0.000 ng) + CELL[D.03E ng] = 3. 766 ng; Loc. = LCCOMB_*13 %9 _MNO; Fanout = 2; COME Mol ame y p e

;23 + [C[0.000 ng) + CELL[D.03E ng] = 3.802 ng; Loc. = LCCOMB_X13 %9 _MNZ: Fanout = 2; COME Node = Tow_ootrow_oo_menaetulle
;240 + IC[0.000 ng) + CELL[D.03E ng) = 3.838 ng; Loc. = LCCOMB_X13 %9 _M4; Fanout = 2; COME Node = row_dctrow_det_inst/det:ul|z

;20 + [C[0.000 ng) + CELL[D.03E ng) = 3.874 ng; Loc. = LCCOMB_X13 %3 _ME; Fanout = 2; COME Node = row_dctrow_det_inst/det:ul|z

;26 + [C[0.000 ng) + CELL[D.03E ng) = 3910 ne; Loc. = LCCOMB_X13 %3 _M8&; Fanout = 1; COME Mode = row_dctrow_det_inst/det:ul|z

This signal
path consists
of 28 locations

~

\ |) InI:[EI.EIDD nz) + CELL{0.126 ng] = 4.036 ns; Loc. = LCCOMB_*19 %3_M10; Fanout = 1; COME Mode = row_detrow_det_instidet ul

N OteS o - I3 C[0.000 ne] + CELL[0.099 ne] = 4135 ne; Loc. = LCFF_19 %3 M11; Fanout = 1; REG Mode = fow_detrow_det_inst/det:ul|adde
—_— L} nfOsTgbdl cell delay & 2641 ns [B3.87 %)
’é Infa: Total interconnect delay =1.494 nz [ 3613 % )
1) ThIS Tlmlng Conventlon Ry Iﬁfo:-Smallestclockske.wmu.uuuns \ % |nte|’C0nneCt VS. % Ce” Delay
IS Sl mi I ar fO r AI I Tl min g B1E} Info + Shortest clock path from clock olk to destination register iz 2 545 s
0 Info: 1: + IC[0.000 ng) + CELL[0.937 ng) = 0.937 nz; Loc. = 10C_X¥0 Y 10_M1; Fanout = 1; CLK. Mode = 'clk'
Path An alys IS &3 Irfor 2 + 1C[0.123 ng + CELL[0.000 n) = 1.060 ns; Loc. = CLECTRL_®0_Y11_N2; Fanout = 3115: COME Made = 'clk~clketl

Info: 3: + IC[0.857 ng) + CELL[0.E31 ng] = 2548 nz; Loc. = LCFF_*13 %9_MN11; Fanout = 1; REG Mode = 'row_dctrow_dct_instjdetullade

2) Carry Ch ain Del a‘y IS 24 Info: Total cell delay = 1.568 nz [B1.54 %)
A} Infa: Total interconnect delap = 0.980 nz [ 38.46 % )

I nc I u d ed In Cel I Del ay [#- H;') Irfo: - Longest clock path from clock clk to source reqister iz 2.548 ne

N um b er ,:,) Info: + Micro clock to output delay of source iz 0.099 n
LAY Info; + Micro setup delay of destination iz 0.093 ng
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Locate Delay Path in Floorplan

Message Window

Copy

Select all

Iu:e 1z 0.099 he
1.093 nz

Message Locations
Assignment Editor
Show &ll Submessages
Help

Save Messages...

Clear Messages from Windov clk to destination register iz 2.548 ns
Ik to zource register iz 2.548 ng

Hide Extra Information Messages
Hide Infarmation Messages
Hide YWarning Messages

Processing A Sy

Hide Critical "Warning Messages

Color Code Messages

v Enable Docking

Right-Click &
Select Locate

Close . .
Compilation Report
& two_d_dct Compilation Report
E=h 4 Compilation Report Clock Setup: "ci"
EhB Legal Motice m Actual fmax [period) m From Clock | To Clock
=BT Flow Surmary
(S4B Flow Settings _ 2 | M ZANIE MHz [ period - oy Chrle clk. Mone
. S8 F:UW Elapsed Time 3 | N 233 46 MHz  period - ot Al | clk Mone
Notes: [;g ;s:l:;sg& et 4| 235.0NHz [ period 1 JCIECE Ctrl+A ok Mane
1) Use Similar o G Fitr 5[ N [Z3020e (perod | gign ef ok None
E]--@D Assembler [ MAA 23872 MI*[ period = Alion Right clk Maone
Procedure for All & Timing Anlyzer 7 | nea 230,95 MH2\,period - 1an =g clk Mone
B B . SHEE Timing Analyzer Settings | |8 M8 239.06 MHz [kriod E List Paths clk Mone
Timin g Pat h An al yS 1S BB Timing Anakyzer Summary |9 | N/ 239.23 MHz [ pio fesi ¢ Edit Chrleshiftea clk More
&R Clock settings Summary  [4g | ya 23952 MHz [perig oo onment BdIkAr Fee= ok Nore
&5 Clock Setup: ek T | A 233,64 MHz | pem& Locate in Chip Editar ok None
_ %ﬁ% ts” 12 | N P N Locate in Timing Clasure Floorplan ok Mane
Locate in Last Compilation Floorplan
Save Current Repaort Section As, ..
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Locate Delay Path in Floorplan

=10l x|

-
o
-
S
W

=]

[}

=]
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£
=

S

et
=}

d_

.n__
=
T

et
=)
=
[}
-
Fid

[EP2515F484C3)

d dct

|tw0

Chip name:

(1]

L[]

L]

NI RN N NN

NI NN

h———1 iﬂzj

(|

e [l ki o s s
1] 1] [ 1] 1]
s nnm—H_ mnnounuu I=—y-r =] E...n.nu..mm—H_ Unuum_unﬂ_nuum_unﬂ.nuuﬂ—u_ m-mwumm_unuunuum.unﬂ_nﬁ_ﬂ—u_ m
1] 1] 1] 1]
L1 LI L1
] 3 Ah
y y
IR g N N R

=
Q3
< 8 .
v | j
1] n W e 1]
] 0 2 5 7]
8z ﬁ
OO0 0000000000000 0000000] <f _m OO0 OO0 713
st Ptk EES e (| semmeemn (s
] 11 [T] 1]
,_m_.mm.m.m“ —|_ E.mnu..mvm_.mm.n._.mnu...mvm_.mm.u..mnu..u.“ —|_ O Dy R0 L Dy RO C I —|_ OO0 TR0 D D0 s ey o3 —|_ m_.l_
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Clock Hold Analysis

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

® Results Usually When Data Delay (B) is Greater
than Clock Skew (E-C)

— Non-Global Clock Routing

— Gated Clocks L icoss
! |
C J |
— tco —-tsu @ I : |
> C 2 ’ Data I X X

| I E '

| I | |

__ | E | |

O ! !
< E-cleoedth

Clock Period
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Hold Time Violations Table

& filter Compilation Report

Compilation Report
¢HB Legal Notice
S Flow Summary
B Flow Settings
&S Flow Elapsed Time
&8 Flowlog
&30 Analysis & Synthesis
& Fitter
- &= Assembler
E%@ Timing Analyzer
é% Timing Analyzer Settings
%5 Timing Analyzer Summaryy
B Clock Settings Summary
- ¢=pE Clock Setup: 'ck’
-5 Clock Haold: 'ck!
é% tsu
é% teo
é% th
- ¢=pE Minimum kco

555; Timing Analvzer Messages

< | 2]

=101 x|

Minimum Slack From To From Clock | To Clock | Required Hold |

1f Mot operational: Clock Skew » Data Delay | rmult_megaiudlipm_rol:|pr_mult_co... | scciuSly_tmp[0] clk clk Mone
2| Mat operational: Clack Skew » Data Delay | rult_megaiudllpr_rultlpr_rult_ca... |acciusSly_tmp(1] clk clk Mare
3| Mot operational: Clock Skew » Data Delay | mult_megaiudllpr_ ol |pr_mult_co... | acciuSly_tmp(4] clk clk Mone
4| Mat operational: Clack Skew > Data Delay | mult_megaudllpm_multlprm_mult_ca... |accubly_tmp[2] clk clk Mone
perational: Clock Skew > Data el el mega:udlipm_rultlpm_rmult_co... | acciuSly_tmp[7] clk clk Mone
E| Mot operational: Clock Skew » Data Delay muDega:u4Ilpm_muIt:Ipm_mult_c:o... acciubly_trp[3] clk clk Mone

[

Not Operational:

Clock Skew < Data Delay

Discover Internal Hold
Time Issues before
Simulation

iy Info

Proceszing }-. Sys’temf

E=l 5&,) Info: Found hold time violation bebween source pin or regizter mulk_mega:udlipro_mult pr_mult_componentlalkshitt extemal_late
Elff,) Info: + Largest clock skew iz 1.018 ns

T ”:,J Info: + Longest clock path from clock clk to destination register iz 3.566 ne
H,J [Info: - Shortest clock path from clock clk to source register is 2.548 ng
- Mizro clock to output delay of source iz 0.099 nz

i i i 43 nz

Info: + Micro hold delay of destinagtion is 0.000 ns
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/O Setup (tsu) & Hold (th) Analysis

Data delay intrinsic tsu & hold
D—Q— s @_
;o th

Clock delay

tsu = data delay - clock delay + intrinsic tsu

th = clock delay - data delay + intrinsic th
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/O Clock-to-Output Analysis (tco)

intrinsic tco Data delay
N
—Q— tco —
/
Clock delay

clock delay + intrinsic tco + data delay =tco

Copyright © 2004 Altera Corporation AIHE%A ®
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/O Timing Analyzer

tsu, tco, th Will All Show up in the Timing Analyzer Report

&+ filtref Compilation Report:1 =10l x|
%@ Compilation Report
-3 B Legal Natice Slack Required tzu |Actual tsu | From To To Clock -
- &SHEH Flow Summary 1 F N More 2702 ns d[3] tapz:instn[3] " regl clk. i
3B Flow Settings _ 2 | M Mone 2664 ns d[d] tapz:inztin[0]~regl clk.
g :::EE Eljagpsed Time 3| WA Mare /t 2648 ns d[7] \ taps:instlxn[?]“reg[l clk, \‘
- BB Aralysis & Synthesis 4 | N Norie / 2642rs  [dl4] \ tapsinsthnl4] regl) ck
- %ﬁ Eirter 5 | N - 2887 re  |d[1] N tapsivstin(1]reg0 « | Clock Name
..... ST Fitter Summary E | M/ Value 2573 ns dl2] Pin Name reql clk:
..... %g Fitter Settings LR Hone 254E s d[E] regl] clk.
----- %& Fitker Device Options g | Mia MHone 2521 nz d[a] tapz:instin[5]~regl clk
""" &b Fitker Equations 9 | M Maone 0.550 nz Fiewt tapsinztln_2[1]regd clk:
""" % Floorplan View 0] MNAs Maone 0.550 nz Fiewt tapsingtln[1]™reg0 clk:
= 'f G R 11| M Maone 0.550 nz rEst tapzinztln_1[1]~1egl clk
Sel ect { “p"') Fltthr Messages 12| Wi Maone 0.550 nz riEk taps:ingtlzn_3[1]1reqd clk
Parameter Ti:iir; .ﬁ.:al';.-'zer 13| Méa Mone 0.550 nz nEt taps:instEn[2]~regl clk &
_____ %& Timing Analvzer Settings 14| HiA MHone 0.550 nz rigtk tapz:instin_2[2] ™ reqd clk
..... %g Timing Analyzer Summary [ 15] HAA Mone 0.550 ns et tapsinstin_3[2]regd clk.
\ ----- %& Clock, Settlngs Summary 16| Mia MHone 0.550 nz rigtk tapz:instin_1[2]~reqd clk
17| WA Haone 0.550 nz riek tapsingtlzn_2[4]reql clk
18] N MHaone 0.550 nz ek tapsingtEn(4]regl clk
19| Wi MHaone 0.550 nz riEk taps:ingti=n_3[4]~reql clk
200 M Maone 0.550 nz riEk tapzingtlzn_1[4]"reql clk,
21| Mia MHone 0.550 nz rigtk tapz:instin_2[5]"reqd clk
22| M MHone 0.550 nz rigtk tapz:instin_3[5]"reqd clk
P | |_,| 23| Mia MHone 0.550 nz rigtk tapz:instin_1[5]"reqd clk LI
Note: Timing Analysis of tpd is similar
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Timing Analysis Options

® Used to Limit which Paths Are Displayed

® Global Cut Timing Options (On by Default)
— Cut Paths between Unrelated Clock Domains
— Cut Off Feedback from I/O Pins (Next Slide)
— Cut Off Clear & Preset Signal Paths
— Cut Off Read during Write Signal Paths

® Timing Analyzer Options
— Display Paths that Do Not Meet Timing Only

Copyright © 2004 Altera Corporation AEE% ®
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Cut Off Feedback from 1/0O Pin

®Breaks Bidirectional I/0O Pin from Analysis
®When On, Paths A & B Are Valid; C Is Not
®When Off, Paths A, B, & C Are Valid

Register 1 Register 2

Q

D

clk
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Cut Options

Assignments = Settings = Timing Requirements &

Setbig s - pipeinoi

Cateqgan:

- eneral
- Files
- Uzer Libraries
- Device
- Timing Requirements & Options
=+ EDé Tool Settings
- Diezign Entry & Synthesiz

- Simulatian
- Timing Analysis
- Board-Lewvel
- Formal Werfication
- Resynthesis
ompilation Process
nalysiz & Syntheszis Sethngs
- WHOL [nput
- Yerilog HDL [nput
- Default Parameters
- Sunthesiz Methst Optirizations
[=J- Fitter Settings

Physzical Synthesiz Optimizations
- Timing Analyzer
- Dlesign Azsiztant
- SignalT ap I Logic Analyzer
- SignalProbe Settings
- Simulator
[+~ Software Build Settings
- Stratix G Reagistration
- HardCopy Settings

[
Ll
= 0

Timing Requirementz & Options

Specify timing requirementz and options. [ndividual timing azsighments can be made through the

Aszzighment E ditor.

— Delay requirements

b |_2DD Ins ﬂ — Minirurn delay requirements

¥ Report minimum timing checks

toa I

Ins j th: I Ins

tpdk: I Ins j

Fimirmurn boo: I Ins

Minimurn tpd: I InS

— Clock Settings

' Default required fmax |225-U IMHZ j

" Settings for individual clock signals Clozks,.. |

m\h\

[ Cut off feedback from 140 pins
¥ Cut off clear and preset signal paths

v Cut off read during wiite sighal paths

v Cut paths between unrelated clock domai
S ~—

e ——————
[~ Report |0 paths separately

0k,
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Timing Analyzer Options

Assignments = Settings = Timing

A a

Settings - pipemult

Categon,:

|
L

=1
|

ro

- General

- Files

- Uger Libraries

- Device

- Timing Reguirements & Options
- EDu Tool Settings

-« Design Entry & Synthesiz
- Simulation

- Timing Analysis

- Board-Lewel

- Farmal YWerification

- Resynthesiz

ompilation Process

nalysiz & Synthesiz Settings
- WHDL [nput

- Wernlog HDL Input

- Default Parameters

- Sonthesziz Metlizt Oplimizations

- Fitter Settings

Phyzical Synthesiz Optimizations

B Tirmning A )

- Degign Agziztant

- SignalT ap |l Logic Analyzer
- SignalProbe Settings

- Simulator

- Software Build Settingz

- Stratim G Reqgiztration

-« HardCapy Settings

Timing Analyzer

Specify the range of infarmation ta be reparted in the timing analyses included in the Conpilation
Repart.

/

Sy I-I 1] slowest destination registers per clock
Show I'| n slowest source registers per destination
Shaow |2DD worst-caze paths in slack reporl

[ Exclude paths with slack greater thar: I IHS ;I
¥ Exclude paths with tsu less than: |3-D IHS j
[~ Exclude paths with th less than: I I”S ;I
[~ Exclude paths with tco less tham: I Ins j
[~ Exclude paths with tpd less than: I IHS _‘[%

— Exclude pathzs /
v Exclude paths with fmax greater thar: |25D-':| IMHZ j

] 8 I Cancel

List 200 Paths

_—| List Paths with Fmax

Less than 250 MHz

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

®Performed Automatically during Each
Compile

®Detects Clocks Automatically If No
Assignments Are Made

— Single or Multiple Asynchronous Clock
Domains

— Still Important to Specify Clock Frequencies

®Displays Results in the Timing Analyzer
Report

Copyright © 2004 Altera Corporation Amm ®
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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 eepe Register 2

data |,

tco

o ’
e ’
} ’ | : J I‘

clkl clk2

.tsu

launching edge

~

clk1 \ _

clk2 \

capturing edge —
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Minimum Timing Analysis

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

Copyright © 2004 Altera Corporation AEEM ®
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Exercise 3 Review

®Quartus Il Project Setup
— Project Wizard

®Quartus Il Compilation

— Assigning a device

— Choosing a focus point
®Reviewing the Compilation Report

— fmax, tsu, tco
— Device statistics

Copyright © 2004 Altera Corporation
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uartus Il NativelLink
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EDA Interfaces Introduction

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

® Comprised of Two Components
— External Files

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

®Cross Reference Files (Ex. XRF)
®Timing Files (Ex. SDO)
— Application Programming Interface (API)

@ Pre-Defined Interface of Commands/Functions
API

= &

External QUARTUS"II
Files \_ J
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WYSIWYG ATOM Primitives

® Set of Design Primitives that Support WYSIWYG
Compilation

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

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

aolo4 grtratix lcell par err high 0 ands 62 I |

ao1os combout {par_err_high 0_and2 &d),

a0loa Jdataairam out_c_11), -

00107 .datab(ram out_c_10j, Synplify .vgm
aolos .datac(ram out c 9],

aolos Jdatad{ram out_c_3)

oolrio g ;

00111 defparam par err_high 0 andi 62 Z.operation mode="normal™;
00112 defparam par err high 0 andd 62 Z.1lut mask="3663";
00113 defparam par err_high 0 _andz 6: Z.syhch mode="off";
00114 defparam par err_high 0 _and2 62 Z.s5um lutc_input="datac™;
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WYSIWYG Compilation Flow

€ >
Synplicity

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

Logic / \
Synthesis j ; E i
N—
Netlist Database Place &
Il . i
EDIF or :> Extraction E> Builder Route
VQM
N~
Design Input Files (‘
with \\\.

WYSIWYG Primitives \ . -
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Quartus Il / Synplify Pro Design
Flows

® Quartus Il Driven Flow

— Quartus Il launches Synplify Pro in Background to
Perform Verilog or VHDL Synthesis

® Synplify Pro Driven Flow

— Synplify Pro Starts Quartus Il to Perform Place &
Route

® File Based Flow
— Manual File Transfer
— Quartus Il & Synplify Pro Executed Independently

Copyright © 2004 Altera Corporation AIHE%A ®
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Quartus Il Driven Flow
Quartus Il drives Synplify Pro

— Synplify Pro launched from
within Quartus Il

— Quartus Il automatically
®Generates netlists

(AHDL & Graphics)
®Reads in the netlists \ ’
(VHDL or Verilog) @
— TCL
No Mgnual Setup _of o <
Synplify Pro Required 2 Files Synplicity

Copyright © 2004 Altera Corporation A = A
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Quartus Il Driven Flow

Assignments = EDA Tool Settings

Check the “Run ...” Button to Launch

the EDA Tool in the Background

Leave Unchecked for File Based Flow

Fil= Edit “Wiew Project | Assignments  Processing  Tools  wWindou

JJ O == & |§ | 5 2P Device, ..

E nitiky

Compilation Hierarchy

B Eh

pipernlt

£

e

20t mulkivst

[

e

gbt ramingtz?

N —

B2 Assign Bins. ..

E & i IE [ad) E ‘Ers'? Timing Setkings. ..

# Sethings. .. CErl+LasifE+E

\Wizards

& Assignment Editor  Ctrl+Shift+4
Remove Assignmenks, ..

I—é Denmate Assignrments, . .

i‘i Back-Annokate Assignments. ..

Import Assignrents. ..

% Timing Zlosure Eloorplan

LogicLock Regions

-Hierarch_l,ll Filesl g Design Llnitsl
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Settings - pipemult

Ca

tegory:

L

(- ED& Tool Settin

- eneral

- Files

oL 287 Libraries
- Timing ements & O ptions
- Degign Entry & Syn
- Simulation

- Timing Analysis

- Board-Level

- Formal Werification
- Regynthesis

- Compilation Process
[ Analysis & Synthesis Settings

- WHOL Input

-~ erlog HOL Input

- Default Parameters

- Synthesis Netist Optimizations

[=1- Fitter Settings

Physical Synthesis Optimizations
- Timing Analyzer
- Design Azsigtant
- SignalT ap Il Logic Analyzer
- SighalProbe Settings
- Simnulatar

[ Software Build Settings

- Strativ G Registration
- HardCopy Settings

Specify options for processing input files created by other EDA tools.

X

Design Entry & Synthesis

Tool name; ILeonardoSpectrum-AItera [Lewvel 1]

=

Format: I EDIF

™ ¥ Fiun this tonl automatically to synthesize the curent desi&

[

r Signal hame
VEC: [VCC

GND: |GND

- Library Mapping File

File: name: Iexemplar.lmf

-

[™ Show information messages describing LMF mapping duing compilation

I” | Generate back-annotation data for timing closure

Rezat |

0K

Cancel |

4
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Synplify Pro Driven Flow
Synplify Pro drives Quartus Il

<>
Synplicity

— Offers the tightest
code-level
integration between
tools

— Quartus Il appears
‘Natlve, N Synp“fy -Cr:glr_nmands
Pro

QUARTUS'TI
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Synplify Pro Driven Flow

PREOZHGE

Configure ¥HDL Compiler...

Configure Yerilog Compiler...

File Edit “iew Pmoject Bun HDL Analyst |gpti.:.n3 Window Help

o6 =|

Cusztomize...

Fé; CADATAVS ynplifyDesignistate_mad

Open Project...

Run
Cloze Project

Froject YWiew Optiohz. ..
Editor Dptions...
Schematic Options...

Pre Procezsor Options...

C:ADaTavspnpliigC
=2} goodFSM |
B[ constraint

-0 vhdl
1 N 2T |

Add File...

Change File...

Guartus

J kAl

100 : -1, map_logic, clique
10 =
Set Options. ..

RBun Eoreground Compile

Run Backaground Compile

| I = ]
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SynplifyPro to Quartusll Interface

® Set Option
— Invokes Quartus Il with Project Settings from the
Synplify Pro Run
® Run Foreground Compile
— Runs Quartus Il with the Project Settings from the
Synplify Pro Run
® Run Background Compile

— Runs Quartus Il in Batch Mode with the Project
Settings from the Synplify Pro Run

— Quartus Il Log File Is Displayed in the Synplify Pro
User Interface with Updates of the Quartus Il
Compilation

«, =
Copyright © 2004 Altera Corporation . AV L Em ®
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Background Compile

Synplify Pro - quartus log file

Fil= Edit “iew Project Bun HDL Analwst Options  Window Help

IS[=1 3

PENZHLS + e »

DD,

B quartus log file
00058 Info: 3tarted 1 fitcing atcempt on Thu May 24 2001 at 17:55:41
Open floogosg Warning: Timing characteristics of dewice EP1IM1Z0F434C5ES are preliminary
00060 Info: Clock clock has Internal fwax of 131.41 MHz between source register ]
Close f lnons1 Info: + Longest register to register delay is 7.286 ns u
000e2 Info: 1: + IC{0.000 n=) + CELL({0.010 ns) = 0.010 ns; Loc. = =2t
Add F 20063 Info: Z: + IC(1.719 n3) + CELL(0.493 n3] = Z.222 ns; . = ESBE_Al
—— |00oe4 Info: 3: 4+ IC(0.000 ns) 4+ CELL{l.805 ns) = 3; Loc. = ESB_Al
Chane [00065 Info: 4: + IC(l.396 ns) + CELL{0.229 ns)“="3.652 ns; Loc. = LC7_C1.
— (818121 Info: 5: + IC(0.505 ns) + CELL(0.2534 ns) = 6.394 ns; Loc. = LCS_CL:
New It aooe? Info: 6: + IC(0.224 n3) + CELL(0.2259 ns) = 6.847 ns; Loc. = LC7_CL
000&S Info: 7: + IC(0.233 ns) + CELL(D.206 ns) = 7.286 ns; Loc. = LC1_Cl:
Irmpl O ao006e Info: - imallest clock skew is 0,005 ns
- |0o070 Info: + Shortest clock path from clock clock to destination regists
oozl Info: 1: + IC(0.000 ns) + CELL{0.637 n3) = 0.637 n3; Loc. = Pii
Wiew L {00072 Info: Z: + IC(0.329 ns) + CELL(0.314 ns) = 1.280 ns; Loc. = LC.
— 0] Info: - Longest clock path from clock clock to source register is .
FalETa 00074 Info: l: + IC(0.000 ns) 4+ CELL{0.637 ns) = 0.637 n=: Loc. = Pi
aoo7s Info: 2: + IC(0O.320 ns) + CELL{0.314 n3) = 1.271 ns; Loc. = LC.
I1EID aoo7e Info: + Micro clock to output delay of source is 0,153 ns
Qo077 Info: + Micro setup delay of destination is 0.150 ns
¥ FSM C 00078 Info: 411 timing requirements were met. 3ee Report window for more details
" FSM E: loon7a
¥ Resour [00080 Ouartus Done l
|1i i 3
Fipelini
D Line 81 Col 1 [ [NUM 5
@ e hapnplicity.... quartus log file rev_3\eight...|
Error: can't read "_g cmd _sock": no s;l %I Log Parameter rev_3 =
Invalid command format in command: pa clock: Estimated Frequency 708 hiHz
. il lclock:Reques’[ed Frequency 100.0 MHz
1 3
[ 4 [ [F], ToL Seript £ 0 emars b 0 warmings f, 8 notes # Fm AToMS * =]
Bl L .= NUM 4

_——

Quartus Il
Log File

All Quartus Il
Compilation Messages
Appear in the in the
Synplify Pro Window as
if “Native” to the
Software.
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Synplify Pro Output TCL Files

® <PROJECT _NAME> CONS.TCL

— Creates Quartus Il Project

— Starts Compilation
® <PROJECT_NAME>.TCL

— Forward Annotates Device Selection

— Forward Annotates Timing Constraints & Settings
® <PROJECT _NAME> RM.TCL

— Removes Previous Constraints

— Saves Old Constraints In
<PROJECT _NAME> PREV.TCL
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Constraint Forward Annotation

®These Constraints Can Be Passed to

Quartus I

— 1/0O Delay

— Clock Frequency

— Clock Duty Cycle

— Multi-Clock Settings

— Multi-Cycle Paths

— Pin Assignments

— Cliques/LogicLock Regions
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File Based Flow

®Work Separately in Individual Tools

Settings - pipemult x|
Categony
- General EDA Tool Settings
- Files
- Usger Libraries Specify the other EDA tools - in addition to the Quartus || zoftware -- uzed on this project.

Dauble-click on a Toaol Type below or zelect a page under EDA Tool Settings in the Categary list to

H - Device ; :
[ ] Syn t h eS I S .. Timing requirements & Options change the EDA Tool or to specify options.

= EDA Tool Settings
- Design Entry & Synthesis ED tools:
H M - Simulation Tool type | Tool name | Bur tool autornatically
o S I l I l u I atl O n - Timing Analysis Design entry/synthesis LeonardoS pectrum-altera [Level Yeg
- Board-Level Simulation ModelSim Merlog HDL output from Quart...  Yes
- Formal Werification Timing analysis PrimeTime [Verlog HOL output from Quar...
. . . - Resynthesis anrcl-llevelf gignral Inhlaﬁgté (IEIS)
[ ) T I ' I A I . Compilation Process ormal verification onformal
I I n g n a. S I S i P A . Resynthesis Amplify
= Analysiz & Synthesis Settings
- WYHOL Input
- Werilog HOL Input
[ J Board - Level - Diefault Parameters

- Sypnthesiz Metlist O phlimizations
- Fitter Settings
I . i Physical Synthesis O phimizationg
[ F I V f t - Timing finalyzer
ormal veriicaton ot " —
- SighalT ap 1| Logic Analyzer
. - SignalProbe Settings
) R th - Sirmulator
esyn es I S [ Software Build Settings
- Stratix G Registration
- HardCopy Settings

o
L

]

oK Cancel
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Third Party Tool Support

Synthesis Tools

e LeonardoSpectrum™

e Precision

e DesignCompiler-FPGA
« FPGA Compiler II™

* FPGA Express™

e Synplify

o Synplify Pro

o« Amplify

Copyright © 2004 Altera Corporation
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Verification Tools

« ModelSim®

« ModelSim-Altera

e Cadence Verilog-XL

« Cadence NC-Verilog

« Cadence NC-VHDL
 Innoveda BLAST

e PrimeTime®

e Synopsys®VCS & VSS
 Mentor Graphics® Tau

e Synopsys Scirocco
/AVO[S RYA\,
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What has been covered so far...?

...The EDA Synthesis Flow

® Synplify Pro
— Design Entry
— Synthesis Settings
— Synthesis

® Quartus I
— Design Entry

— Place & Route

— Compilation Statistics
®Performance
®@Area

— Device-Specific Logic Options
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@Optimizing Designs with
= _Synplify: Pro & Quartus Il
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Optimizing Designs

®Hierarchical Optimization
®“Black-Boxing”
®Attributes & Directives
®Optimization Suggestions

Copyright © 2004 Altera Corporation
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Hierarchical Designs

® Mapper Starts with the Original hierarchy
® Flattens Hierarchy & Reduces Logic
® Performs Global Analysis and Optimizes

® Rebul
Bound

® Provid
Block

Hierarchy by Creating New Structures, If Needed

ds Hierarchy by Keeping Existing
aries or Creating New Ones

es Timing Budget for Each Hierarchical

® Converges on the Timing Goal by Making an
Area/Time Tradeoff

Copyright © 2004 Altera Corporation Synplicity Amm ®
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Hierarchy Optimization (cont.)

Logic Implemented in One Lookup table o it
with Hierarchical Boundary Optimization a0_ibut
\ LUT3 80
IBUF 10 OBUF
EYI— [ 0 1 0 [ o o =

ﬁodule and2_x(a, b, c); \ a_ibut . . c_obuf

input a, b; :

output c;

assignc=a & b; — T

endmodule b_ibuf

module top(ao0, al, b, c);

input a0, al, b;
output c;
and2_x anl(a0, al, anl_out);
and2 x an2(anl_out, b, c); T oT7 ==
Qdmodule / SR P s R P
/ _ — e | —
IIEIUFD —
Two Levels of Logic Generated without el
Hierarchical Boundary Optimization —

-, —
Copyright © 2004 Altera Corporation @
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Black-Boxing

What is a “black-box” and why is it used?
® A Module/Entity that Is Left Untouched (Un-Synthesized)
by Synplify Pro
— Surrounding Logic Still Synthesized
® Output Netlist Includes Port Connections to “Black-Box”
® “Black-Box” code is Inserted by Quartus Il
® Use for LPMs or Altera Specific Megafunctions
— CDR (Clock Data Recovery)
— RAM/ROM
— CAM (Content Addressible Memory)
— CLOCKLOCK®/CLOCKBOOST®
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LPM Functions

® LPM Library Elements

Library of Parameterized Modules

®Pre-Designed Modules You Can Customize for Your Design

Edit
®I1/0O Ports
®Parameters
— Width of Data
— Memory Depth
Optimized for All Altera Architectures
Utilize the Architectural Features of All Altera Devices
®ESBS/EABs
®CDR
®PLLs
®LVDS
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Black-boxing

E)
Synplicity
Top_module.v
' ...............................................................................................................
_-" 1| RAM
L- - data[15.0] 1 g[15..0]
- wraddress[7 0] ] N
w2
RAM Quartus Il [0 =H 5.
Adders Black <:| rdoddhessi7.0 | |2 8
Box inserted | |_3
~ ivrclock
LPM RAM function -~ ~ : rdclock
not recognized by ~ - £ inst
Synpllfy Pro \ P ,
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MegaWizard Plug-In Manager

MegaWizard®
Plug-In
Tools  Window Help MegaWizard Plug-In Manager [page 2a] 1[
Run EDA Sinnulation Tool Which megafunction would pou like to customize? Wwhich device Family will you be Im
. ) ing?
Run EDA Timing Analysis Tool Select a megafunction from the list below LHng !
Launch Software Debugger  Cerl+-Shift+D E@ Installed Plug-ns Which twpe of output file do vou wart to create?
= FenEr e 2] Atera SOPC Builder  AHDL
=@ arithrmetic  WVHDL
g Simulator Tool w10 ALTACCUMULATE ]
F2 Timing Analvzer Toal i ALTFP_MULT & Verllog HDL
ALTMEMMULT
@' Chip Editor ALTMULT_ALCCUM [MAL) "What name do wou want for the autput fle? Browse. . |
’ ALTMULT_ADD
R RTL Yewer LPH_4BS IJ DocumentshEuartus |1 30%Quartus 11 LabshLabd_QI1_22%mult
| SignalTap II Logic &nalyzer LPM_ADD_SUB
8 Programmer LPM_COMPARE
LPM_COUMTER _ _
1+_:;. WI LPM_DIVIDE ™ Return to this page for another create operation
= MegaWizard Plug-In Manager [page 1] -7 LPM_MuLT
H ¢ AR M-Bazed E xcalibur Mate: To compils a pro_iect success_full_l,l in thgs Gua_lrtus I
T The Hegazad iy Manager s you rete crmodi | = &3 g stwet jo e s i b o pofet ety o
| deszign files that contain custom wariations of megafunctions, []..g 10 S ettings dilog box [Besignments men),
. . - memary compiler ; i )
a YWhich action do you want to perform? &3 storage Your current uzser library directaries are:
Lit % Create a new custom megafunction wariatior Ee- @l 1P MegaStore
™ Edit an exizting custom megafunction wariation
™ Copy an existing custom megafunction wariation
Copyright © 1997-2003 Altera Corporation
Cancel | « Back | Mext > | Firigh |

Cancel | ¢ Back | et > | Eiiizh
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MegaWizard Examples

1 Multiply-Add

Currently selected device famil:

my_wizard

dates O[15.0)
datab 0[15.0)

MULTD)

dates _1[15.0)
datab _1[15.0)

MULTT

|+

clates 215 .0
clatak 215 .0

MULTZ)

clackd

o0

~ General

x|
Shatin | -

‘What is the number of multipliers?

¥ &l multipliers have similar configurations

This wil force all inputs to be in [1.15 format

Howe wide should the & input buses be?
Hoaww wide should the B input buses be?

resut33..0] How wide should the: result’ output bus be?

[~ Create a 4th aspnchronous clear input option
This forces all registers to have an associated
asprchronous clear input

_ | multipliers

I Add support for hardware saturation and rounding

16 | hits
[i5 =] bis ek
lﬁ ] | bits llens

I Create an associated clock enable for each clock

t - ALTPLL [page 5 of 11]

ry_wizard

inclkd frequency: 100.000 Mtz
Operation Wode: Hormal

areset
filena

2
\Ucke((

i~ Input Representation

what is the representation format for & inputs?

dataz: Lnsigned

datab: Unsigned What is the representation format for B inputs?

& dzp_Shit

Resource Usage

IUnsigned 'I
Hire [ptiohs.

IUnslgnEd ~|
fare Dptians...

izard Plug-In Manager - ALTD!

_DOUT [page 3 o

Create far which device family?

How wide should the buses be?

datain_p[15.g) L izard
detain [15.0 didic

outclock output

ach pawer up
low

Double-Data Rate

% asynchronous clear [ach]
" asynchronous preset (aset]

" none
How should the registers power up?.
 High
& Loy

Stratix 11

ISlratik ] 'l

Which aspnchronous reset port would vou like?

bits:

™ Cieate a clock enable port for sach clock port
™ Cieate an output enable port

I | Riegister output enatle

™ elay switch-on bya half clock crcle

c0 - Core Dutput Clock
Able ta implement in Enhanced PLL
¥ Use this clock
™ Enter output clack frequency:
(%" Enter output clack parameters:

Clock multiplication Factor

Clack division factor

Clock phaze shift

Clock duty cycle (%)

Mare Details »»

X

& Clock c v

Jump to page for:

Requested seltings

Jhihz |

Actual settings

100,000 400.000000

——

[ = [4g ]

—
—

‘90 on

[som0 = 5000

CO Cl C2 C3 C4 C5

=

Documentation I

Cancel | <Eack| Mext > | Finish |

Documentation, |

Cancel | <Back| Mext > | Finizh |
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MegaWizard Output File Selection

® Default

— HDL Wrapper File

® Selectable

HDL Instantiation
Template

VHDL Component
Declaration (CMP)

Quartus Il Symbol

(BSF)

Verilog Black Box
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530

MegaWizard Plug-In Manager - LPM_MULT [page 4 of 4] - Summ

x|

YWhen the ‘Finish' button iz pressed, the Megawizard Flugn Manager
will create the checked files in the following lizt. *rou may choose to

include or excliude a file by checking or unchecking itz comesponding
checkboy, rezpectively. The state of checkbores will be remembered

for the next Megaiwizard Plug-ln Manager sezzion,

The Megatwizard Plug-ln Manager will create the checked files in the

directory: C:hguartusd Ohgdesignehhir_filker\compilet,

File I Drezcription

[ mult. Wariation file

[ multing AHDL Include file

O mult.crmp  WHDL Component declaration fil
[ rowilt baf [uartuz sprbal file

[ mult_ingt. v Ingtantiation template file

[ mult_bb.vw erilog 'Black Box' declaration file

Documentation... |

Cancel | < Back | [t

| Finish |




Black-boxing a Dual-Port RAM

A\
ol irTl Ip l)
1y Singulgki al
Run EDA riming Al alvsis Taol 1) Create my_ram ’ a dual_port

Launch Software Debugger Cerl4+-ShifE+D

& compier Taol RAM megafunction in
e Quartus Il using MegaWizard

&5 Chip Editar
P RTL Wiewer

Megawizard Plug-In Manager [page 2a] E3

Which megafunction would you like to customize’? Select a
regafunction from the lizt at left.

Awallable Megafunctions:

1] ARM-Based Excalibur

:I Which type of output file do you want to create?

Tel Scripts. .. MegaWizard Plug-In Manager [page 1] - gates
Cuskomize. .. . ﬁ |("D r 'ﬁ'HDL
—— The Megawizard Plug-ln Manager held 7 ﬁ  VHDL
— design files that contain custom variatio = Surage
License Setup=. . ALTAPRAM o Werilog HOL
YWhich action do you want to perform? T ALTCAM /
¢ Create a new custom megafuncion 1A ALTOPRAM What name do you want for the output fle’? M

" Edit an existing custom megafuncti |E:"~D.-'-‘-.T.-’-'-.'x_5 R_DesignstSamplessQIl zamplebrambmy_ram

" Copy ah existing custam megafunc
Mate: To compile a project successfully in the Quartusz |1
zoftware, your dezign files must be in the project directory or
a uzer library that you specify in the ser Libraries tab of
Feneral Sethings command [Project men).

Copyright € 1997-2002 Alkera Corpora

Cancel | < Back /
<

LPr_LATCH
LPM_RAK_DPF
LPH RAM DP+ four current wzer library directories are:
LPr_Rabd_D0
LPM_RAk_IO
LPr_ROk
s LP_SHIFTREG
=@ P MegaStare j

Choose Verilog/VHDL output file
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Black-boxing a Dual-Port RAM

age 3 of 6]

data[7..0]

wraddress[7. 0]

WEEN

rdaddress[7. 0]

2 I>:-<i'ts
266 words

wrclock

dclock

"~ Single clock

Create Rak far which device family?

IﬁF‘EX2EIKE i I

How wide should the 'data’ input bug be? I8 'I bits
How wide should the ‘address’ input bus be? IE vI hits

wihich clacking method do you want to uze?

% Dual clock: use separate 'tead' and wiite' clocks
) Dial elocks wee separate input and ‘output! clocks

1) Create my ram, a dual-port
RAM megafunction in
Quartus Il using MegaWizard

Y _ram

Ldata[7 .0
wraddress[? 0] —D_ .
rdaddress[7. 0] LH “ 8

clock

Megawizard Plug-In Manager - Dual-port RAM [page 4 of 6]

Which ports should be registered?

@5

ta .
'data’, 'wraddress', and ‘wren' frlbre Wptiors

¥ Read input portz
‘rdaddress’ and 'rden’

™ Fead output port ‘g’

See Appendix on how to use the
memory editor in Quartus Il to
initialize RAM/ROM/CAM.
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l_ EI L L L Ll H Li L =1 L H ]
il| M egawizard Plug-In Manager - Dual-port RAM [page 5 of B]
= o
fe — Do you want to specify the initial content of the memon?——
g ;
iy _ram " “Yes, uze this file for the memony content data
data[7..0] [rou can uze a Hexadecimal [|ntel-format] File [ hex] or
y———— & Memory Iritialization File [ mif])
— ], ¢ = E |
WFEN w E I EEL.
HH 52
2 File narne; I

J zdaddress 7.0 =

™ Implement with lagic cells anly, even if the device
contains EABs or ESEs

Cancel | < Back | Hest » | Finigh |
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Black-boxing a Dual-Port RAM

(Step 1) 1) Create my ram, a dual-port
RAM megafunction in

Quartus Il using MegaWizard

Megawizard Plug-In Manager - Dual-port BAM [page 6 of 6] -- Summary

Click Finizh to create the custom megafunction wariation, an
AHDL Function Prototype in an Include File Linc], a%HDL
Compaonent Declaration File [.cmp). and a Block Symbaol File
[.bizf].

@_ The Megawizard Plug-In Manager will create the following files:

C:ADATAN_SR_DesignzhSamplessOll sampletramhmy_ram. v

CADATAN_SR_DesignzhSampleshGll samplehrammmy_ram.inc
CADATAN _SA_Designz\Samplesh(Il zampletrambmy_ram.cr
C:ADATAN_SR_DesignzhSampleshdll zamplehram®my_ram. bzl

Cancel | < Back | [{Ents | Firish I
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Verilog Wrapper Function

module my_ram (

data,
. wraddress,
Verilog Dual-Port rdaddress, . - :

RAM function wren, A “wrapper” function
wrclock, . .
rdclock, instantiates the LPM
o and sets its ports and
input [7:0] data;
input [7:0] wraddress; param eteI’S
input [7:0] rdaddress;
input wren;
input wrclock;
input rdclock;
output [7:0] q;

wire [7:0] sub_wireO;
wire [7:0] g = sub_wire0[7:0];

Ipm_ram_dp Ipm_ram_dp_component (

.rdclock (rdclock),
.wren (wren),

— .wrclock (wrclock),

1 2 data (data),

= .rdaddress (rdaddress),
.wraddress (wraddress),
.q (sub_wire0));

defparam

Ipm_ram_dp_component.lpm_width = 8,

Ipm_ram_dp_component.lpm_widthad = 8,

Ipm_ram_dp_component.lpm_indata = "REGISTERED",

- Ipm_ram_dp_component.lpm_wraddress_control = "REGISTERED",

i ? Ipm_ram_dp_component.Ipm_rdaddress_control = "REGISTERED",
Ipm_ram_dp_component.lpm_outdata = "UNREGISTERED",
Ipm_ram_dp_component.lpm_hint = "USE_EAB=0ON";

endmodule
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Black-boxing a Dual-Port RAM

(Step 2)

2) “Black-box” my ramin
Synplify Pro and
synthesize the top ram

Note: DO NOT include my_ram.v in the
Synplify Pro input file list

Include empty
module for my ram

The Megawizard /

automatically
generates a black

box file named

my_ram_bb.v

Copyright © 2004 Altera Corporation
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top_ram (top_data, top_wradd, top_rdadd, top_we, top_wrclk, top_rdclk,
top_a);

[7:0] top_data, top_wradd, top_rdadd;
top_we, top_wrclk, top_rdclk;
[7:0] top_q;

my_ram U1 (.data (top_data), .wraddress (top_wradd), .rdaddress (top_rdadd),
.wren (top_we), .wrclock (top_wrclk), .rdclock (top_rdclk),
.q (top_q));

my_ram ( data, wraddress, rdaddress, wren, wrclock, rdclock, q)
[* synthesis syn_black_box */;

[7:0] data; \

[7:0] wraddress; Use Synthesis Directive
[7:0] rdaddress;

wren;
wrclock;
rdclock;

[7:0] q;




VHDL Wrapper Function

LIBRARY ieee;

USE ieee.std_logic_1164.all;
LIBRARY Ipm;

USE Ipm.lpm_components.all;

ENTITY my_ram IS
PORT
(
data
wraddress
rdaddress
wren
wrclock
rdclock
q
)

END my_ram;

ARCHITECTURE SYN OF my_ram IS

SIGNAL sub_wire0

:IN STD_LOGIC_VECTOR (7 DOWNTO 0);

- IN STD_LOGIC_VECTOR (7 DOWNTO 0);

- IN STD_LOGIC_VECTOR (7 DOWNTO 0);
:IN'STD_LOGIC :='1";

:IN STD_LOGIC ;

:IN STD_LOGIC ;

: OUT STD_LOGIC_VECTOR (7 DOWNTO 0)

STD_LOGIC_VECTOR (7 DOWNTO 0);

COMPONENT Ipm_ram_dp

GENERIC (
Ipm_width
Ipm_widthad
Ipm_indata

Ipm_wraddress_control

Ipm_rdaddress_control
Ipm_outdata
Ipm_hint

)i

PORT (
rdclock
wren
wrclock

q

data
rdaddress
wraddress

END COMPONENT;

END SYN;

- NATURAL;
- NATURAL;
: STRING;

: STRING,;

: STRING;

: STRING;

: STRING

:IN STD_LOGIC ;

:IN STD_LOGIC ;

:IN STD_LOGIC ;

: OUT STD_LOGIC_VECTOR (7 DOWNTO 0);
:IN STD_LOGIC_VECTOR (7 DOWNTO 0);
:IN STD_LOGIC_VECTOR (7 DOWNTO 0);
:IN STD_LOGIC_VECTOR (7 DOWNTO 0)

VHDL Dual-Port
RAM function

BEGIN

END SYN;

g <=sub_wire0(7 DOWNTO 0);

Ipm_ram_dp_component : Ipm_ram_dp

GENERIC MAP (

)
PORT MAP (

Ipm_width => 8,

Ipm_widthad => 8,

Ipm_indata => "REGISTERED",
Ipm_wraddress_control => "REGISTERED",
Ipm_rdaddress_control => "REGISTERED",
Ipm_outdata => "UNREGISTERED",
Ipm_hint => "USE_EAB=ON"

rdclock => rdclock,

wren => wren,

wrclock => wrclock,

data => data,

rdaddress => rdaddress,
wraddress => wraddress,
q => sub_wire0
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Black-boxing a Dual-Port RAM

(Step 2)

2) “Black-box” my ramin
Synplify Pro and
synthesize the top ram

Note: DO NOT include my_ram.vhd in
the Synplify Pro input file list

Copyright © 2004 Altera Corporation
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top_ram
(top_data, top_wradd, top_rdadd :INSTD_LOGIC_VECTOR
(7 DOWNTO 0);
top_we, top_wrclk, top_rdclk :IN STD_LOGIC;
top_q : OUT STD_LOGIC);
top_ram;
inst top_ram
my_ram (
data :IN STD_LOGIC_VECTOR (7 DOWNTO 0);

wraddress  : IN STD_LOGIC_VECTOR (7 DOWNTO 0);
rdaddress  : IN STD_LOGIC_VECTOR (7 DOWNTO 0);

wren IN STD_LOGIC :="'1

wrclock :IN STD_LOGIC ;

rdclock :IN STD_LOGIC ;

q : OUT STD_LOGIC_VECTOR (7 DOWNTO 0));

syn_black_box : ;
syn_black _box my_ram:

Ul:my_ram ( data => top_data, wraddress => top_wradd,
rdaddress => top_rdadd, wren => top_we,
wrclock => top_wrclk, rdclock => top_rdclk,

q =>top_q);
inst;




Black-boxing a Dual-Port RAM
(Step 3) 3) Compile the Output File in
Quartus Il with my ram.v (or

Mew Project Wizard: Add Files [page 2 of 6] Vhd) |n the prOJECt dll’eCtOI‘y
or library directory.

Select the dezsign files and software source files you want to include in your project. Click
Add All to add all design filez and zoftware zource files in the project directony.

Mote: it iz optional to add files here unless you have degign filez not contained in the project
directony, or filez in which the file name iz not the same az the entity name.

File name: Im_l,l_ram_xr{ _l Add I

File name | Type | Add Al

Femave

Froperties

Up

LU

[z

If your praject includes libraries of custom functions, specify their
pathnames;

IJzer Library Pathnames. .. |

Back | I et | Finizh Cancel
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Laboratory Exercise 5 Review

®Creating a MegaWizard function
®“Black-boxing” the MegaWizard function
®Synthesizing the design with “black-box”
®Compiling the design in Quartus |l
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Attributes & Directives

® Information Attached to Design Objects to Control Design
Analysis, Optimization & Mapping

® Use after Initial Synthesis (& Simple Settings) to Guide
Synplify Pro to Better Results

® Directives
— Source Code Only

Note: Please See Synplify Pro Reference Manual for a More

® Attributes Detailed Explanation on All Directives & Attributes
— SCOPE
— Source Code
— HDL Analyst Window

Copyright © 2004 Altera Corporation AEEM ®
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Directives

Gtranslate on/off
®syn_keep
®syn_black box
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Directives in Verilog Code

® Verilog

— Add after the Design Object & before the Possible
Semicolon

— Use Verilog Block or Line Comment

BLOCK COMMENT

module module_name (port list) /* synthesis <directive_name> = <value> */ ;

LINE COMMENT

case (select) // synthesis <directive_name> = <value>
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Directives in VHDL Code

® VHDL
— Add after the Design Object Declaration
— Redefine Directive Every Time It Is Used

Define Attribute

<design unit declaration> ; /

ATTRIBUTE <directive_name> : <data_type> ;
ATTRIBUTE <directive_name> OF <object_name> : <object_kind> IS <value> ;

\

Set Attritue & Value
to Design Object
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Directive - syn_encoding

® Controls the Encoding of Each Individual State Register
® Overrides FSM Compiler
® Apply to State Register Declaration
® Settings
— sequential , onehot , gray

— safe (Forces Reset State If Invalid State is Reached)
Verilog
reg [7:0] current_state /* synthesis syn_encoding = “sequential” */ ;

VHDL

SIGNAL current_state : std_logic _vector (7 DOWNTO O);
ATTRIBUTE syn_encoding : BOOLEAN;
ATTRIBUTE syn_encoding OF current_state : SIGNAL IS TRUE;
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Directive — translate on/off

® Tells Synplify Pro to Ignore HDL Code Found between
&

® Is Used to Ignore Simulation-Specific Code or Code Written for
Another Tool

® Should Always Be Used as a Pair
® Nesting Translate Commands Is lllegal

Verilog
assignsl =a &b ;
// synthesis translate_off
assigns2 =a| b ;
// synthesis translate_on

VHDL

sl <=a ANDb;

-- synthesis translate_off
s2<=aORb;

-- synthesis translate_on
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Directive —syn_keep

® Tells Synplify Pro to Maintain a Net throughout Synthesis &
Optimization
® Preserve Nets for
— Probing During Simulation
— Maintain Certain Control Signals (Ex. Clock Enable)

® Causes a Primitive to be Generated which Acts like a
Placeholder

— Does Not Go into Final Output Netlist
® Is Applied to Verilog Wires & VHDL Signals

Verilog
wire clock enable /* synthesis syn_keep */ ;

VHDL

SIGNAL clock _enable : STD LOGIC;
ATTRIBUTE syn_keep : BOOLEAN;
ATTRIBUTE syn_keep OF clock_enable : SIGNAL IS TRUE;
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Directive — syn_black box

® Tells Synplify Pro to Ignore the Internal Logic of the Module/Entity

® Preserves Module/Entity Interface

® Can Be Used for
— Altera-Specific IP, Primitives & Megafunctions
— Functions Designed in Schematic or AHDL

Verilog

module global (in, out) /* synthesis syn_black box */ ;
input in;

output out;

endmodule

VHDL

COMPONENT global PORT (
a_in : IN STD_LOGIC;
a_out : OUT STD_LOGIC);
ATTRIBUTE syn_black box : BOOLEAN;
ATTRIBUTE syn_black box OF global : COMPONENT IS TRUE;
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Other Black Box Directives

® Directives
— black_box_tri_pins
— black _box _pad_pin
— syn_tpd
— syn_tsu
— syn_tco

® Use When Instantiating IP Cores as Black-Boxes
— Black-Box Connectivity
— Black-Box Timing
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Attributes

®syn_maxfan
®syn_hier
®syn_useloff
®altera_1o0_powerup
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Attributes in HDL Code

®Verlilog/VHDL
— Same Syntax as Directives

Verilog BLOCK COMMENT
module module_name (port list) /* synthesis <attribute_name> = <value> */ ;

Verilog LINE COMMENT
case (select) // synthesis <attribute_name> = <value>

VHDL

<design unit declaration> ;
ATTRIBUTE <attribute_name> : <data_type> ;
ATTRIBUTE <attribute_name> OF <object_name> : <object_kind> IS <value> ;
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Attributes In SCOPE Editor

® Recommended Way to Set Attributes

— All Constraints (except Directives) in One Location

® Selecting the Object Type Limits the Object Drop-Down Menu to Only Those

of That Type

® Selecting the Object Limits the Attributes Drop-Down Menu to Only Those

Applicable to That Object
® Description Column Defines the Attributes Functionality

il u_control sdc [constraint File ] *

Enabled | Object Type

Object

Attribute

Yal Type

Description

Comment

[alulys potal 0]

aftera_chip_pin_lc

=tring (O pin location

0] | M| | &= Q| k] —

RURIHC IS HC I HCR

A | v [ Clocks £ InputsiOutputz £ Redgisters £ Muli-Cycle Paths £ False Paths }\Att"rihutes A Other f

| <]
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Attributes in HDL Analyst

¥ filter - MERCURY: EP1M120FCA484-7 -Impl-tev_5 [Technology View] - sheet 1 of 1 =] E3 S I t Att 0 b t
--D MHets [31] - e eC rl u e
[+ © Pots(7) © Show Cifial Palh from Drop-Down
.. < Instances [26) St it [ Rfermation
4~ Filter Schematic F12 Men u & Set Val u e
Flatten current schematic

Flatter zurrent schematic to gates

r‘neru:ury_iD_OF' D.issolve zelected instances
bk = padio combouy  Eind.. e = I
= 1 & i E
E|¢I"I 41 Push/Pop Hierarchy
= reyias Sheet = -
e Ena|  Attribut Value \/ (
Wiew Sheets. . ¥ | syn_useioff |1
i FSI W Canizel |
4 I I wiew ESkA e EilE p
7 Select &l v - Add Row |
(ato et Mvern pl I _I—I
o 5 g : P ,
Right-Click on Object & Select Selset Uiy EE iy
Select et hstanteas

SCOPE :Ed |t Att” butes Expnand Embed flip-flps in the 10 ring

Expand/ta rearsterd mart

Etpand paifi: Type: boolean K-) (-y
Unselect Al — N —

B Zoom In F11

2 Zoom Out Shift+F11
Far {0
Eat Eenter

Full Wiew Fa

}D Marmal Yiew Ctrl+1

IT Zoom Lock Crl+L

Edit Attributes

Edit medule earstaits
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Attribute — syn_maxfan

® Controls the maximum fanout

® Results in duplication of the Driver of the Net
® Specify Integer Value

® Is Applied to Input, Registered Output, or Net

Verilog
reg en /* synthesis syn_maxfan = 10 */ ;

VHDL

SIGNAL en : STD LOGIC;
ATTRIBUTE syn_maxfan : INTEGER;
ATTRIBUTE syn_maxfan OF en : SIGNAL IS 10;
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Example: syn maxfan

LIIT4_ 8000 FOCE el FE I:::u_a
E:ﬁ Ho One —
ol 0— N (F el - g
i 13 — CE / Reg ISter =
n.3 3] // Driving 32 5 1
7 Registers az
o
FOC ’/" < =L
BUFGP D FOCE E t e —] &
lEI_'F::h_._ | . "B_ 0 1 EI.P: o=
. — CLR C o = -
cl_ibut A o
il 1" [1==
ol30] e s = %E“ ot
ki CLE
® -z d)'\ﬂ
IBLF ® . >
:: — | ® & __ ™ El:l:r_ﬁ_r_
t_jhuf FOCE B Em —] L&
B i D = o'y
s L
7 CE FOC FDIE:E
] Register d iR T
5 ']
Replicated
MRS into Four = Eh"‘ L al
0
o 4 =
—CE [0 [57=
T
i) e
syn_maxfan default syn_maxfan =10 an

-, —
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Attribute — syn_hier

® Controls the Amount of Flattening Across Instance Boundaries
® Is Applied to Modules/Architectures

® Settings
— Soft (Default) — Flattens Current Level if Needed for Optimization

— Flatten : Flattens All Hierarchy Levels below but Not Current Level

— Firm — Preserves Current Level’s I/O Interface but Allows Cell Packing
— Hard — Preserves Current Level I/O Interface

— Remove — Removes Current Level; Lower Levels Unaffected

® Can Use Multiple Settings Together

Verilog
module reg4 (clk, rst, d, q) /* synthesis syn_hier = “hard” */ ;

VHDL

ARCHITECTURE rtl OF reg4 IS
ATTRIBUTE syn_hier : STRING;
ATTRIBUTE syn_hier OF rtl : STRING IS “hard”;
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Example: syn hier

R syn_hier = “hard
(ol = reg4
clk o
T st g3 gm0
B 1 a in[3:0] a_out[3:0—"—L 1 q3:0]
’ 7 1 Cross-Boundary
A | / Optimization Occurs &
\\ / a Counter is Inferred
. . I
Sub-Modules/Entities /
inc (Incrementor) & clk
reg4 (Registers) e
Maintained —
1 + 88 LA p30) qEo) Y qE0]
R
i1.a_out_1[3:0] /
rst .
r1.q[3:0]
syn_hier = soft
- 5
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Attribute — syn_useloff

® Enables/Disables I/O Register Packing
— Device Must Support
® Is Applied to
— Modules/Architectures For Global Setting
— Individual I/O Ports as They Are Declared
® Settings
— 1 (TRUE) : Enables Register Packing

— O (FALSE) : Default
Verilog (Global Setting)

module reg4 (clk, rst, d, q) /* synthesis syn useioff =1 */ ;

VHDL (Global Setting)

ARCHITECTURE rtl OF reg4 IS
ATTRIBUTE syn_useioff : BOOLEAN;
ATTRIBUTE syn_useioff OF reg4 : ARCHITECTURE IS TRUE;
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Attribute — syn_useioff (cont.)

Verilog (Individual 1/0s)

module reg4 (clk, d, q);

input clk ;

input [3:0]d /* synthesis syn_useioff =1 */ ;
output [3:0] q /* synthesis syn_useioff =1 */ ;

VHDL (Individual I/Os)

ENTITY reg4 IS PORT (
clk : IN STD_LOGIC;
d : IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q : OUT STD_LOGIC_VECTOR (3 DOWNTO O0) );

ATTRIBUTE syn_useioff : BOOLEAN; N

ATTRIBUTE syn_useioff OF d : SIGNAL IS TRUE; \ After End of Port

ATTRIBUTE syn_useioff OF q : SIGNAL IS TRUE;_ Declaration and
END ENTITY reg4; <« before End of Entity
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Attribute — altera 10_powerup

® Controls the Power-Up State of Device I/O Registers
® Register Automatically Packed (syn_useioff = 1 (TRUE))
® Applied to I/O Port Definitions
® Settings
— Low (Default)
— High

® 1/O Register Must Not Have a Predefined Preset or Clear
Condition

— If Register Has Clear, Power-Up is Set to Low
— If Register Has Preset, Power-Up is Set to High

Note: Please Review Device Datasheets to See if Device 1/O

Support This Functionalit =
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Attribute — altera 10_powerup

Verilog

module reg4 (clk, d, q);

input clk ;

input [3:0] d;

output [3:0] q /* synthesis altera_io_powerup = “high” */ ;
reg [3:0] q;

VHDL

ENTITY reg4 IS PORT (
clk : IN STD_LOGIC;
d : IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0) )
ATTRIBUTE altera_io_powerup : STRING;
ATTRIBUTE altera_io_powerup OF q : SIGNAL IS “high”;
END ENTITY reg4;
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Exercise 6 Review

®Setting HDL Attributes in HDL Code

®Verifying Results in both Synplify Pro &
Quartus I
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Optimization Suggestions

®General Optimization
®Area Optimization
®Timing Optimization

Copyright © 2004 Altera Corporation
298



General Optimization

®Remove Unnecessary Priority Structures
On Speed-Critical Designs

— Use CASE Versus IF-THEN-ELSE

®Use Source Code that Allows for
Architecture Specific Resources

— Instantiating or Inferring Memory
— Carry Chains
— Cascade Chains
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Area Optimization

®Increase Fan-Out Limit
®Use Resource Sharing
®Use Sequential Encoding on Large FSMs

®Move Larger Logic Blocks to ESBs/EABs if
Unused
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Timing Optimization

® Synplify Pro
— Use Realistic Timing Constraints
— Balance Fan-Out Constraint
— Disable Resource Sharing
— Use One-Hot Encoding on FSMs
— Characterize the Timing on Black-Boxes
® Use NativeLink to Pass Timing to Quartus Il
® Quartus Il
— Use Realistic Timing Constraints
— Use Timing Analyzer to Locate Design Bottlenecks in Silicon
— Use Floorplan to Evaluate if Placement Can Be Improved
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Quartus Il Scripting
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Why Use Scripting?

®For Executing Applications Interactively
— EX. Integrate Multiple EDA Tools

®For Automating Routine Tasks
®To Use Less Memory that Graphic Interface
®To Perform Distributed Computing
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Quartus Il Support

®Command-Line Scripting
®Tcl Scripting

®Can Be Used Together
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Tcl/TK Console Window

® Console can be invoked SRR

Avpalary Windows 3{ Project Havigator  Alt+0

usin g --J—D &% Node Finder Al

Jjﬁ Full Screen Al+Chl+Space )
_ - : 3 (i GiametFer i —b—
— View = Auxiliary Windows -
— Tcl/TK Console .

K uartus II - €, ady',Memor: e
— Pl’eSSing the IE| button [pEa|sjsme|o | [e@@[w > =0 1@t cn 968 B0
ECI T s R
21zl [ Complaton fzport

EHE Legal Natice

r r'] m n lEnty, ~ |LogicCells |Reiste
S e O u rC e O a. O ‘-3 Compilation Hierarchies &5 Project Ssttings
= top 204 129 &3 Results for "top" Compiler Sett

- Hisrarchy

- sync_fiosyne_Fio__ | 166 127
. RS 0 i (-7 State Machines
I 2 u n Scrl pt B decotedroodel |3 = Frocessing stalus Fitling Suceessful - Mon Sep 30 17.07.29 2002
5 Timing requirements/analysiz status - No requirements
4 | Chip nams top
- ®2 Hierarchiss [ B Fiss | @ DesignUnits] b Equati Device for compilation EP1510F760C5
— source my file.tcl 2, e oo
—_— - B -G Pineuk File Tatal pins 115/ 426(26%)
Module Progizss 7 [ Time & -G Resouree Section Total memory bits 534550 / 520,446 (64 %]
Processing Total 000016 e Tining fnyses D3P block Sbit lements 0/48(0%)
. . ) 000001 - Processing Tine PLLs 0/8(0%)
® Messages will appear in = g8 Boss B
- Metlist Builder 00:00:03
L Simulator 00:00:11
the M wind
g Compllz_}, Simulate 4 | m
x|[Juartus II Tcl Consale =
All#

under the System tab «
et Sytem H V4 a5

[+ %] Hl& o] RS
For Help, press F1 % B=® [ Compierlde [ [T 4

Tcl Console
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Tcl Scripts Dialog Box

&, Quartus II - C:\QuarkusII3_0%qdesigns'fir_filtercompile’,compile_fir_filter
File Edit Wiew Project Assignments Processing | Tools ‘Window  Help

IR AR L

[HeunmEe |

LoD C

—

“\1 NE NI NS NE NG NT NE NI

B
E ity Logic Cells
= Compilation Hierarchies
G filref 5967 [10)

R ED Simulatian Toa|
Fur ED Timing &nalysis Toa|
Launch Software Debugger Chrl+Shift+D

B compiler Taal
il SignalTap II Logic Analyzer
@ Prograrrmst

£51 SOPC Builder...

'+\ Megaivizard Flug-In Manag g gdl Scripts il
T — Libraries: | Run I
Toabars... = E’ c:hguartuzsnd Ohbin'tel scrnpts’,
tee! B dee [Hpen File |
Options. .. E:I dee
License Setup. .. E}E‘ aflow Add it Tel Teolbar |

§ORES aflow_script
Pk ghelp Cancel |
FHEr sweeper

®Used to View, Open & e
Execute Scripts
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Command-Line Overview

® Separate Executables with Smaller Memory
Footprint
— Improves Operation on Low Powered, Low Memory
Workstations
® Provides Command-Line Scripting Capabillity
— Flexibility for Shell Scripts, Other Script Languages

— Makefile Capability Similar to Other Scriptable Tools
Such as Synopsys DC, Primetime, etc.

— Create New Projects or Compile Existing Projects

® Compatible with Quartus Il GUI
— Use GUI & Command-Line Script Interchangeably
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Command-Line Executables

® Each Executable Has Command-Line Arguments

— Access to Common Settings, Tasks

®Device, Optimization Style, Etc.
®quartus_fit --part=EP1S10F484C5

® Each Executable Creates Text-Based Reports
— Success or Fallure
— Processing Information

® Help Avalilable for each Executable & Arguments
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Command-Line Executables in v4.0

® 13 Executables

— Analysis & Synthesis (quartus_map)
— Fitter (quartus_fit)

— Timing Analysis (quartus_tan)
— Simulator (quartus_sim)
— Assembler (quartus_asm)
— Programmer (quartus_pgm)
— Design Assistant (quartus_drc)
— Compiler Database Interface  (quartus_cdb)
— EDA Netlist Writer (quartus_eda)
— Convert Programming file (quartus_cpf)
— Software Builder (quartus_swb)
— Quartus Shell (quartus_sh)
— SignalTap Il (quartus_stp)
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Executables Integrated into GUI

®Tools =Compiler Tool

s Compiler Tool -10| x|

Analpsiz & Spnthesiz Fitter Azzembler——— Timing Analyzer EDA Metlst \Wiiter
Hzmnﬂ -@|:;,|@|@W
. 0x

i :TS| 2%
@ Stop Proceszsing |

P Start Cogpilation |

\

Buttons Open Appropriate Settings Box or Report
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guartus_sh --flow

®Performs Entire Compilation Flow

®Replaces guartus _cmd in Older Quartus Il
Scripts
— Uses Less Memory

— Use with Existing Projects for Complete
Compile

— Example:
®@quartus _sh —Fflow compile filter
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Option & Assignment Precedence

® Quartus Il Gets Options & Assignments
From
1. Command-line Options
2. Project File (.QSF, .QPF)
3. Database Files (db directory)
4. Software Defaults

® Options to Skip Project Files
— --Import_settings_files=off (reading settings)
— --export_settings_files=off (writing settings)
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Sample Command-Line Script

# Perform a batch compile on a new project.

# Create a new project called filtref targeting a Stratix family & optimize for
#  speed
quartus_map FTiltref --optimize=speed --family=stratix

#Fi1t the design using Fastfit and a 1S10F484C5 part
quartus_fTit filtref --fast fit=on --part=eplsl10f484c5

#Create a POF for the project
quartus_asm fTiltref

# Perform Timing Analysis — Must be run before Generate EDA Simulation Netlist
quartus_tan fTiltref

# Generate Verilog EDA Simulation Netlist for NC-Sim, maintaining the design

#  hierarchy

quartus_eda filtref --simulation --tool=ncsim --format=verilog
—--maintain_design_hierarchy=on

# Rerun Timing Analysis targeting a different speedgrade
quartus_tan filtref --speed=7
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Getting Help

®Help Is Integrated with each Executable
— Description, Options, Examples

®Get Help by Typing
— <executable> -h

®Command Description
®Available Options
— <executable> --help=<option>
®Option Description
— quartus_sh —ghelp
®Command Browser
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Command-Line Help: <command> -h

CHAWINDDWS Y System32 cnd.exe

C:wDocuments and Settings mrendozalguartus_map

Quartus II Analysis & Synthesis

—h

Uersion 4.8 Internal Build 182 12-16-.28003 SJ Full Uersion

Copyright <C>» 19912884 Altera Corporation

guartus _map [—h | —helpl=<optionitopic>] | —wvl

gquartus_map <project nameX> [<options2>]

Quartus<{R> II Analysi=z & Synthesisz builds a szingle project

datqhase that integrates all the design files

in a design

Perfurms logic synthesis to

and perxrforms

technology

mapping to implement the design logic using device

resources such as logic elements .

Options:

—f <argument filel>

—c¢ {revision name?> | ——rev=<revizion namel>

—1 <path?> I —1lib_path=<path>
—lower_ priority
—optimizse=<areaizpeedibalanced>
—family=<{device family>
—part=<{device>

—state_machine_encoding=<auto iminimal_bits lone_hot iuser_encoded>

—enabhle_register_retimingl=onioff]
—enable_wysiwyg_resynthesiz[=onioff ]
——dignore_carry_buffers[=onioff ]
—ignore_cascade_buffers[=onioff]
—analy=ze_project
—analy=ze_fFfile=<desdign fileX>
——generate_symbol=<desdign fileX>
—generate_inc_file=<{design fileX>
—convert_bdf_to_verilog=<_bdf filel>
—convert_bdf_to_wvhdl=<_hdf filel>
—export_settings_fFfilesl[=onioff]
——generate_functional _sim_netlist
——szource=<source fFile>
—update_wysiwyg parameters

Help Topics:
arguments
makefiles

more information on specific options. use

—he lp=<optionitopici>.
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Command-Line Option Help:
<command> --help=<option>

A /Command Prompt

svydesignssPhil»gquartus_map ——help=family

ption: ——family={device family>
pecifies the device family to use.
hiz option overrides the settings specified in the

onpiler settings files. Refer to the help topic on
"-—czf" option for more details on compiler settings files.

:rqdesigns\Phil)
1
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Help: quartus _sh --ghelp

® Command-Line & Tcl APl Help Browser

Quartus II Commmand-Line and Tcl API Help

=10l x|

Eile
— Help Topics — guartus_fit command-line options
E}{EﬂCDmmand—Line Executabhles -~ -—too=<time precision value:> :J

—[E] quartus asm -—Lsu=<time precision value:>
—[E] quartus_cdb -—tpd=<time precision wvalue:>
—[E] quartus cpf ——frmax=<time precision value>
—[E] quartus dro -—import settings files[=on|off]
—E] quartus eda -—Export settings files[=on|off]

quartus fit
—[E] quartus_map --resource_allocation
—[E] cquartus pom = 2 2

B e e hd [ I

—-—check ios

— Help Details

Option: —--check ios

Option to direct the Fitter to run only until IS0 placement
iz determined. This includes placing all blocks in the
periphery, such as PLLs, serializers, deserializers, and
gigabit transceiver bhlocks [(GXE) .

The report f£ile and the floorplan display IS0 placement
rezults.If all user pins cannot be placed, the report file
and floorplan display partial fitting results and error
messages to indicate why placement was not achiewved.
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Tcl APl Overview

®New Tcl APl Improves Ease of Use
— Align with Major EDA Vendor Solutions

— Similar Format to Synopsys SDC Used by
PrimeTime & Design Compiler

®Reduce Memory Requirements
®Commands Are Grouped in Tcl Packages

— Loaded on Demand
— Reduces Runtime Memory of Executable
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Tcl/Tk Basics

®Tcl = Tool Command

_anguage

— Tk Is an Extension of Tcl, Used for GUIs

®Works on PCs & Wor

Kstations

®Interpreted Programming Language
— Scripts Do Not Need to Be Compiled

®Quartus Il Uses Tcl/Tk Supplied by

Scriptics

®Quartus Il Contains a
Syntax Coloring
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Tcl Syntax

® Tcl is Case Sensitive

® Basic Syntax
— command argl arg2 arg3 ..
— Example : set var 3

— Sets variable “var” equal to 3

Name preceded by “$” is replaced

® Variable Substitution / with value of name
— puts “The variable value 1s $var”

— Writes “The variable value is 3" to the Messaggmvr\n/ianncgljlov\\;}/t hin * [1" is replaced

® Command Substitution / with results of command
— puts “The variable value 1s [expr $var + $var]”

— Writes “The variable value is 6” to the Message Window
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Executable Support for Tcl API

®Four Executables Are Also Tcl Interpreters

— guartus_sh, quartus_tan, quartus_sim,
guartus_cdb

®Run a Specific Tcl Script

— quartus_sh -t <script file>

®Run a Particular Tcl Command
— quartus_sh --tcl_eval <Tcl command>

®O0pen an Interactive Tcl Shell (Similar to
PrimeTime)
— quartus_sh -s
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Executable Support for Tcl API

®Uses for Tcl with each Executable

— guartus_sh
®Make Project Settings, Do Basic Reporting

— guartus_tan
®Perform Basic & Advanced Timing Analysis

— quartus_cdb
®Do Back Annotation, LogicLock, Chip Editor

— quartus_sim
®Perform Simulations
®Different Packages Availlable in Each Shell
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Executable Support for Tcl API

®When Do | Use Tcl Interpreter
Functionality?

— Use -t, --tcl_eval, or -s Switches Only if
Processing Tcl Commands or Scripts

— Running Executables with Other Command-

_ine Options Is Like Running It From GUI

®Tcl Interpreter Executables Align with Tcl
Package Functionality
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Tcl Packages

® 13 Packages

Project Creation, Assignments  ::quartus::project

Device Information ::quartus::device
Advanced Device Information .:quartus::advanced_device
Simple Compiler Flows ::quartus::flow

Compute, Report Timing Paths  ::quartus::timing

Advanced Timing Netlist Info ::quartus::advanced_timing
Perform Simulations ::quartus::simulator
Access Report Data .quartus::report

List Paths Functionality ::quartus::timing_report
Back Annotation .:quartus::backannotate
Manipulate LogicLock Regions  ::quartus::logiclock

Access Chip Editor Functions ::quartus::chip_editor
Miscellaneous Commands .-quartus::misc

® Some Packages Must Be Loaded Manually Before Use
— See Appendix
/AYOTS RYA),

Copyright © 2004 Altera Corporation
324



Running a Quartus Il Tcl Script

1) Tcl Console Window
2) Tcl Scripts Dialog Box
3) Command Line Arguments
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Tcl/TK Console Window

® Console can be invoked using

— View =Auxiliary Windows =
Tcl/TK Console

— Pressing the i button

® Use Source Command to Run
Script
— source my fFTile.tcl

® Messages will appear in the
Message Window under the
System tab
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#', Quartus II - C:/Documents and Settings/scheng/My Documents,/My Projects
aE File Edit | View Project Assignments Processing Tools Window Help

JJ 02 ’ Iﬁ-lﬂrnject Mavigator — Alt+0

& nods Finder Alt+1

LItility: windaows

——— |E]| Full Screen
Entity

Chrl+-Alt+5pace
| I|:| iCansale

k

ErE)
4 Quartus I1 - C:\jkaady',Memory_Exercise’,Ye (=]
@File Edit Yiew Go Project Processing Tools  Window Help 1= x|

[DEE (& ipe|s = [S&E R > m afo @190 (@0® @M

ECI T s R
2l

=53 Compilation Report Summary
Enity Lagic Cells [Registe| | S8 Leos otice
3 Compiation Hisraichies &0 Projact Settings
@] o o T8 H&a Resul.ts for "tap" Campiler Sett
F  syno_fifo syne._filo. | 166 127 Dgg ;‘z:r:d:yth\nes
- mem meml [ i
H# decodedecodel |30 2z
Frocessing status Fitting Suceessiul -Man Sep 3017.07.29 2002
Timing requirements/analysiz status - No requirements
4 | Chip nams top
%2 Hiersrchies [[B) Files | g DosionUnits] Device for compilation EP1510F780C5
S Floorplan View Tatall 204 410.570(1 %)
B ~ & Pin-OLt File Total pins 115/426(26% )
Module Progizss 7 [ Time & -G Resouree Section Total memory bits 534550 / 520,446 (64 %]
Processing Total 000016 e Tining fnyses D3P block Sbit lements 0/48(0%)
y ] ~SyER Frocessing Time Rl DBIE]
E- Simulator Total 00:00:15 Divice for timing analysis EP1510F780C5
- Metlist Builder 00:00:03
L Simulator 00:00:11
Compllz_}, Simulate 4 | m
| x[quartus IT Tcl Console =]
< 1
> | :
Processing ) System / | I ¥
[+ #l o o EEIRES
B % [ Compierlde [ [T

For Help, press F1

Tcl Console

Window

/AVO[SRYAN,



Tcl Scripts Dialog

Box

uartus II - C:/Documents and Settings,/'scheng,/My Documents /My Projects,/Synplicity /Synpl
a?j Eile Edit Yiew Project #Assignments Processing | Tools Window  Help

Run ED Simulation Tool

[DeE (8 sme|o x|,

= Run EDA Timing Analysis Tool
Entiy s dh Launch Software Debugger  Chrl+Shift+0
Compilation Hierarchy '3,53 ﬁ Campiler Toal
B g0 filter E|l 7 £ Simulator Tool
P Tirming Analyzer Tool
= < Chip Edicor Tcl Scripts x|
&3 RTL Yiewer
; #2l SignalTap II Logic Analyzer Libraries: o I
@ Prograrnmer - - v
% ) c:hguartuzsnd Ohbin'tel scrnpts’, -
| | - 3, MegaWizard Plug-In Manager. ., E}E? dse [Hpen File |
NE = #3 50PC Builder.. L LD dse
—| Ep— BE gflow Add o Tel Tackbar |
g ow_scrpk
Module Progress % | 1 ! Customize. ., i % ghelp_ P Cancel |
Full Comnpilatian o (R Options. .. E}E‘ TWEEPET
,ﬁ:e_.lzpsm & Synthesis E ’% License Setup... LY sweeper

® Used to View, Open &
Execute Scripts

Prewview:
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Old & New API Comparison

®O0Id Tcl API Syntax
— cmp add_assignment “” “" FAMILY apex20ke

®New Tcl API Syntax
— set_global assignment -name FAMILY apex20ke

®New Tcl API

— Don’t Need Knowledge of Constraint File Type

— If User Gives Incorrect Arguments, Message
Displayed Explaining Correct Usage & What
Arguments are Supported
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Old & New API Comparison

©®4.0 API not Compatible with Old API
®O0Id API Supported by quartus_cmd

®Recommend New Scripts Target New AP
— Existing Scripts Should Be Rewritten
— No Development on Old API
— No Conversion Utility
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Sample Tcl Script

# Set the project name to filtref
set project_name filtref

# Open the Project. ITf 1t does not already

# exist, create it

iIT [catch {project_open $project_name}]
{project_new $project_name}

# Set Family
set_global _assignment -name family Stratix

# Set Device

set_global _assignment -name device
epls10t484c5

# Optimize for speed

set_global_assignment -name
optimization_technique speed

# Turn-on Fastfit

set_global assignment -name
fast _fit_compilation on

# Generate a NC-Sim Verilog simulation
# Netlist

set_global_assignment -name_ i
eda_simulation_tool ncsim_verilog
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# Generate a NC-Sim Verilog simulation
# Netlist

set_global_assignment -name_ )
eda_simulation_tool ncsim_verilog

# Create an FMAX=50MHz assignment called
# clkl to pin clk

create base clock -fmax 50MHz -target clk
clkl

# Create a pin assignment on pin clk
set_location_assignment -to clk Pin_AAl4

# One way

# Always write the assignments to the

# constraint files before doing a system
# call. Else, stand-alone files will not
# pick up the assignments
export_assignments

gexec quartus_map

gexec quartus_fit

# Better way - FLOW will export_assignments
# automatically. FLOW will also take care
# of Smart Recompile

#  execute_flow -compile

# Close Project
project_close
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Tcl Toolbar

ermernEscevCa |
B1RER IR 4R ERERTRER A

Gereral Toolbars | D:urnmanl:lSI Tel | Tl:ucull:uarsl Commands  Tel |

Toolbars:

Siands ¥ Show taoltips Mew.. T configure a Tl toolbar I:L_Jtt-:un, click, the_edit field next ta the I:uutt_u:un and
[]Standa ¥ Borderless laok enter the Tol command and itz arguments [if any). wWhenever pou click that
[ LI tiliby wind o - Feset | Tl toolbar button, it will run the Tel command.

W applications Large buttons

atlliasaision Fesat Al | T cl cormmand and argurments |
[ IMeszages " 1 -

Tel source filenarne. tel

b Browsge ‘\2 || |
[ lazzighment Edikar R 3

[ 1Block & Spmbal Editors

[C1Chip E ditor w4

[ 1Floorplan E dikar

Egﬁu\g{:ﬁ;mperw Editar 5B Entel’ TCI COmmandS

[15ignalT ap Il Logic Anslyzer R 3

E\I\-?:\Efgfdulrtr?':Editnr w7 fO I eacC h B utton
ﬂk [
R‘\ El

Toolbar narme; R0

IS tandard Cuartus (1

(]9 I Cancel | O, I Cancel
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Generate TCL File

® Generate a TCL Script File
for a Project

— GUI
® Project =Generate TCLFile

— TCL command

generate_tcl file <name>
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|F‘ru:uject Assignments  Processing  Tools W

fdd Current File to Praject

add/Remove Files in Projeck, ..

Revisions. ..

archive Projeck, ..

Restore archived Project.,.

Generate Tol File For Project. ..

Generate Power Estimation File

HardCopy Likilities k

Locate F

E Sek as Top-Level Entity Chel+-5hift+-1

Hierarchy: F




Quartus |l API

® Quartus Il Help Lists the Tcl Commands

E? Quartus II Help Yersion 4.0

S < I A

Back Forward Stop  Refresh Home Frint

=101 %]

C Ind S h A
L] s o] N API Functions for Tcl for quartus_cmd

Type in the keyword ta find:

|Tc| AP functions for quartuz_cmd

Tl AP functions See Also %

| »

Tel AP Fu T qul
Tel command-ine mode
overview topics

AP spntas
inzerting templates inta Tel Script File (el

overview topics
unning
Tel Cansole command quartus_sim for any new Tcl scripts that you want to create.
Tl Congole window [see Quartus Il Tl Cor
Tel Seript File [tel)
[s2e alzo Tol scripts] This list contains the following sections:
adding ta Tcl toolbar
general description

generating s Project Control Functions
inserting templates o Project {project) Functions
opEning R R
overview topics o Compiler {cmp) Functions
. rlunni_ng ] ) s Timing Analysis (cmp) Functions
Tgl EEHEE?Q' RECHElonicy = LogicLock™ {cmp) Functions
[zee alzo Tel Seript File [ tel]) o Simulator (sim) Functions
help on obiects visible in the window o Software Build {(swb) Functions
image aof . .
overview topics s System-level Debugging {sld} Functions
fLihing e Device Database (device) Functions

Tel Scripts command
Tel tab [Custamize command)

¢ Source Code Control {scc) Functions

Tl test benches, general description = + Global Functiens
Tel toclbar buttons, configuring * Synopsys® Design Constraints Functions
tel, general description
too
azzignments for
general description
listing timina oaths for LI

Project Control Functions

Diizplay |

Project (project) Functions

running Tl scripts in The following functions are part of the Quartus® Il software Application Pragramming Intedface (&P for quartus_cmd. You
Tel commands can use these functions as Tel commands. Click the function narme to see the syntax for and a description of the function.

list of APY functions [ Tel APl functions for quartus_emd have been retained in the Quartus Il software for backwards compatibility only.
Altera® recommends that you use the Tcl AP functions for quartus_sh, quartus_tan, quartus_cdb, and
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Getting Help

®Help Is Integrated in the Tcl Shell
— Description, Commands, Examples

®Get Help in Tcl Shell by Typing
— help -pkg <package>
— <command> -h (short help)
— <command> -long_help or help -cmd <command>
— quartus_sh --ghelp
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Tcl APl Short Help

® Shows Usage & Brief Description About an

Available Tcl Command

F*lCommand Prompt - quartus_sh -s

ol x|

tcl> get_part_list —h

1 [-zpeed_grade <value>]

—h | —“help: Short help
—long_help: Long help with examples and possible return values

—family <{value>: Match family name
—device <value>: Match device name
—-package <value*: Match package name
—pin_count <valueX>: Match pin count
—speed_grade <value>: Match speed grade

Eelongs to ::quartus::device package.

escription:

Filters through the specified arguments and displays the resultant

list of available part{s).

Examples:

— Return a list of all supported parts
get_part_list

— BReturn a list of all supported parts for Guyclone
get_part_list —family Cyclone

— Return a list of all supported parts with the FBGA package and 788 pins
get_part_list —package fhbga —pin_count 788

tcl> _

Usage: get_part_list [-h | —helpl [-long_helpl [-family <value>] [-device <value>] [-package <walue>]1 [-pin_count

[ |
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Tcl APl Long Help

® Shows Usage & Brief Description About an Available Tcl

Command

® Shows Examples & List of Possible Return Values

— <Tcl Command> —qu help or help -cmd <Tcl Co

Command Prompt - qual _sh-s

mmand>

—loix|

tcl> get_part_list —long_help

1 [-speed_grade {valuex>]

~h | -help: Short help
—long_help: Long help with examples and possible return values

—family <value>: Match family name
—device <{value>: Match device name
—package <value>: Match package name
—pin_count <walue>: Match pin count
—gpeed_grade <value>: Match speed grade

[Belongs to ::quartus::device package.

Filters through the specified arguments and displays the resultant

list of availahle pawt(s).

[Examples:

— Return a list of all supported parts
get_paprt_list

— Return a list of all supported parts for Gyclone
get_part_list —family Cyclone

— Return a list of all supported parts with the FBGA package and 780 pins
get_part_list —package fhga —pin_count 780

Code Name Code String Retuwn

TCL_OK a INFO: Operation successful
tel> _

4

Usage: get_part_list [-h | —helpl [-long_help]l [—family <{value>] [-device <value>] [-package <value>] [—pin_count

=l
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Command-Line & Tcl Scripting

®Use Command-Line Scripting for
— Compiling Existing Projects

— Common G
®Use Tcl Scri

obal Assignments

pting for

— Custom Timing Analysis Reports

— Any Assignments or Settings
®Pin Assignments, for Example

— Power Users

Copyright © 2004 Altera Corporation

337



Command-Line & Tcl Scripting

®Mix-and-Match for Complete Solution

®Example
— Synthesize Design Files with quartus_map
— Assign Pins with a Tcl Script
— Place & Route with quartus_fit
— Analyze Timing with quartus_tan
— Create Custom Timing Report with a Tcl Script
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Running Script Files in Quartus

®Quartus
— Tcl console source path/filename.tcl

Quartus Tcl Console
# source path/fi1lename.tcl
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Scripting in Synplify Pro

While performing functions like
creating a project, setting
synthesis options, & executing
commands in Synplify Pro, the
TCL Script Window is Recording
the Tcl Equivalent Commands.
These can be copied into a Tcl
file ( <filename.tcl>) for future
automation.
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APEEZOEE Happer Completed :l

APEEZ0KE Happer: 0 error=s, 0 warningzs, [ notes

Total:

-,

0 error=s. 1 warnihg, [0 notes
add_file E: Developing Classe=-Synplify_ (nmartus=-test- pr
impl —active poase
zet_option —top _mnodule poase
zet_option —result_file e:-developing classzes-synplify
impl —add synkesep pocase
zet_option —top _module synkeep
zet_option —result_file e:-developing classzes-synplify_
project —run synthesis
Funning synthesis on proj: synkeep
Funning werilog Syvntax checl . . .
Job: "Verilog Compiler" terminated with error status: 2.
Verilog Compiler exited with errors
-
2

PRSI S

Verilog Compiler: 1 error, 0 warning=s, [0 notes

A b oI TCL Seript A 0 emors A 0 wamings A 1 note £




Recording Tcl Commands

® Records Tcl Commands into a File as You Work in
Synplify Pro
® recording
—-on0]1
®Turns Recording Session On or Off
— -file <logfilename>.tcl
®Returns the Name of the Target Log File (If No Log
File Is Specified)
®Sets the Name of the Target Log File
— -save <logfilename>.tcl
®Updates the Current History Log
®Save History to Log File if File Name is Specified
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Creating a New Tcl Synthesis

Script
1. Open a Text File
2. Create or Open a Project
® project —new <directory path\project_name>
® project —load <directory path\project name>
3. Add Files
® add_file —vhdl <filename>.vhd

® add_file —verilog <filename.v
® add_file —constraint <filename>.sdc
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Creating a New Tcl Synthesis

Scrl pt
. Set Design Synthesis Options & Output

® set_option
® EX. Set option —technology Mercury

® project —result_file <filename>

® project —log_file <filename>
5. Set the File & Run Options

® project —save

® project —run synthesis
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Sample TCL File

# 2) Open New Project
project -new

# 4) [cont.]
# 3) Add Files : ,
set_option -result_file
add_file -vhdl filel.vhd top_level impl.vgm
add_file -vhdl file2.vhd set_option -log_file top_level impl.srr
add_file -vhdl top_level.vhd
add_file -constraint top_level.sdc #5) Set File & Run Options
project -save top_level.prj
# 4) Set Design Syntheis Options project -run synthesis
# And Output

set_option -technology APEX20KC
set_option -part EP20K100C
set_option -speed_grade -7
set_option -frequency 50.0
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Sample SDC File

# Add Timing Constraints
define_input_delay -default 100
define_output_delay -default 100
define_input_delay {DATAO [7:0]} 10

# Put a scalar signal on a pin location 159
define_attribute SEL altera_chip_pin_Ic "163"

# Assign pin locations to all bits of a bus
define_attribute {DATAOQ[7:0]} altera_chip_pin_Ic “40, 41, 42, 43, 46, 47, 48, 49"

# Assign pin locations to 2 bits of an 8 bit bus
define_attribute {DATA1[3]} altera_chip_pin_lc "113"
define_attribute {DATA1[7]} altera_chip_pin_Ic "119"
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Running Script Files

®Synplify Pro
— Run -> Run TCL Script

File Edit Wiew Project | Bun HDL &nalpst Options  Window  Help

Synplify Pro - E:ADeveloping_Claszes\Synplify_Quartusitestiproj.

N - Synthesize
P @ ﬁ E Compile Only -
F5St E =plorer F10
5 E-\Developing Cliy- Ny s shier7 [
Open Project... Sunthesis Check Shift+F8 f
: Bun TCL Script... I :
Cloze Project —
I Fun All Implementations CURY
Addd Fie... Job Status
Change File... Hext Brior k5
Previous Emor Shift+F5
lena ooml I I
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Summary

® Introduction to Altera & Altera Devices
®PLD Design Flow

® Quartus Il / Synplify Pro Overview

® Design & Synthesis with Synplify Pro
® Quartus Il Project Management

® Quartus Il Compilation

® NativeLink
® Optimizing Designs with Synplify Pro & Quartus Il
® TCL Scripting
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Altera Technical Support

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

Instructor-Led Training On-Line Training

With Altera's instructor-led training courses, you can;  With Altera’s on-line training courses, you can:

*Listen to a lecture from an Altera technical training ~ * Take a course at any time that is convenient for you
engineer (instructor)

*Take a course from the comfort of your home or
* Complete hands-on exercises with guidance from office (no need to travel as with instructor-led courses)
an Altera instructor

% Each on-line course will take approximately 2-3
#* Ask questions and receive real-time answers from hours to complete.
an Altera instructor

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

www.altera.com/training
View Training Class Schedule & Register for a Class
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http://www.altera.com/training

Synplicity Technical Support
® Synplify Online Support[SOS] and Synplify Newsgroup

®http://www.synplicity.com/support/logon_news/log_
news.html

®news://news.synplicity.com/Synplicity.Synplify

® Synplify First Level Support
®Solutions to Common Designer Issues & Questions
®Can be accessed from S.0.S

® Send email to support@synplicity.com

® Call the Technical Support Hotline at (408) 215-6000
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Appendix

®Quartus Memory Editor
®More Attributes & Directives
®DSP MAC Support for Stratix
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Memory Editor

® Create or Edit Memory Initialization Files in Intel
Hex (.HEX) or Altera-Specific (.MIF) Format

® Design Entry

— Use to Initialize Your Memory Block (Ex. RAM, ROM)
during Power-Up

® Simulation
— Use to Initialize Memory Blocks before Simulation
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Create Memory Initialization File

File =New =Other Files tab

=10 x|
+T ;
vew e L G Cl e B (M
& 255 (255 |[255 (255 (285 255 (285 231
Device Dezign Files I Software Files Dt% Files | 12 ES S e P B S e | | P
24 |255 255 |[255 (255 (2585 (255 (235 (231
AHOL Include File 32 |255 255 |[255 (255 (2585 (255 (235 (231
Block Symbal File 40 [255 255 |[255 (255 (2585 (255 (285|231
Eha'ﬂdDE_SC"lF'tllﬂtﬂ ngE - 45 |255 |255 |[255 (255 (235 255|255 |235
exddecimal [Infel-rarma e
Memary Initialization File LI i O i O 3 0 B
/ SignalTap |l Fils B4 |[255 255 |[255 (255 (2585 (255 (235 (231
HEX format or Tl Seript File 72 |255 255 |[255 |255 (285 |255 [235 |2ss
Text File g0 |255 |255 |255 (255 (235 (235 (235 |235
M I F format “ector waveform File s 355|255 |255 255 |285 j,\\'ﬁ 255|255
95 |[255 255 |[255 (255 (2585 255 (235 (231
104 |0 0 i 0 0 0 0 0
112 |0 0 i 0 0 0 0 0 |
120 |o 0 i 0 0 0 0
128 |o 0 i 0 0 0 0 0
136 |0 0 i 0 0 0 0 0
144 |0 0 i 0 0 0 0 0
152 |0 0 i 0 0 0 0 0
160 |0 0 i 0 0 0 0 0
i Lanies |0 o |0 0 0 0 a |0
176 [0 @ 0 |0 @ o |0 |o |
. ) A DYA
Copyright © 2004 Altera Corporation = o

355



Change Options

®View Options of Memory Editor

— View =Select from Available Options

4, Quartus II - C Documents and Settings'ggoodarz’My Documentss, Quartus IT 30% Quartus IT LabshLa
File Edit | Wiew Project Assignments Processing  Tools  Window  Help

0O

~u

[=-

&

E ritity
=3 Com

[u)

Likiliky Sdindons

3

2> DR (B G

}X @ Full Screen Ctrl+-alk+Space

_ells Per Row
Address Radix

Show Delimiter Spaces
Show &5CIT Equivalents
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o

=l =l
Logic Cell I
Einary

Hexadecimal

Oickal

Signed Decimal

Unsigned Decimal

OB | rIE2 B

} A

o+

tat,
.

L=

FF|FF _[FF _|[FF _|[FF _[FF _|FF |FF

FF|FF _|[FF _[FF _|[FF_|FF _[FF |FF
z=—JFF |FF _|FF_|[FF _[FF |FF [FF |FF
30 |FF |FF |[FF _[FF _[FF |[FF |FF |FF
38 |FF |FF |[FF [FF [FF |FF |FF |FF
a0 |FF |FF |[FF _|[FF [FF |FF [FF |FF
48 |FF |FF _|[FF _|[FF _[FF |[FF |FF |FF
so_|FF |FF |[FF _[FF _[FF |FF |FF |FF
sa_|FF |FF |[FF_[FF _[FF |[FF [FF |FF
g0 |FF |FF |[FF _|[FF [FF |FF [FF |FF
g8 |FF |FF |[FF _|[FF _[FF |[FF |FF |FF
70_|FF |FF [FF _[FF _[FF |[FF [FF |FF
78 |FF |FF |[FF _[FF [FF |FF [FF |FF
so_|FF |FF |[FF _|[FF _[FF |[FF |FF |FF
g8 |FF |FF |[FF _|[FF _[FF |[FF |FF |FF
a0 |FF |FF [FF [FF [FF [FF [FF |FF




Edit Contents

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

Addr +0 +1 +2

+3 +4

0 |00000 00000 00000 goonn[annnn 000
g8 00000 00000 00000 0f gfpy 000
16 [o0000 00000 00000 00 oo 000
24 00000 00000 00000 00 Paste lneer 000
32 00000 00000 00000 0f  InsertCells 000
40 00000 00000 00000 o( Delets 000
48 |oooo0o 00000 00000 00 Yalue v | 000
56 |00000 00000 00000 0f

Cells Per Row / AutoFit

Select the Word & Type in a Value
OR

Select the Word & Right Click to
Select an Option from the Pop-Up
Menu

OR

Copy & Paste from a Spreadsheet
into a Memory File

| i
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Memory Size Wizard
Need to Edit Size of Memory File?

®Use the Memory Size Wizard (Edit Menu)
— Edit Word Size
— Edit Number of Words

— Specify How to Handle Word Size Change

®Increasing Word Size
— Pad Words
— Combine Words

®Decreasing Word Size
— Truncate Words from Left
— Truncate Words from Right
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Using Memory File in Design

Specify MIF or HEX file in
MegaWizard Interface

MegawWizard Plug-In Manager - ALTSYNCRAM [page 9 of 10]

x|

—what zhould the Bakd block twpe be?
ALt A2 0 bdk

Set the maximum block depth ta

" b-RaAk

BE | words

— Do you want to zpecify the initial contest of the memon?

" Mo, leave it blank

f* “Yes, use this file far the memgly content data
[rou can uze 3 I-!e:-:au:_ie-:i [Intel-format] File [hex] or a

I e o

File niame: I

jnitial content file should

Fesource Usage
256 ram_bits AJTO0

my_ram
data[7..0] —H
weraddress[4..0] —D_ e
WFEnN T EE
(=
roladdress{4..0] =
. = H
clock
Block Type: AUTO

[ Implement with logic cells anly, even if the device
contains EABs or ESEs

Cancel < Back Mext » I Finizh I
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Memory Compiler

® Memory Functions are

which megafunction waould you ke to customize?

O rg an | e d by Ty p e Select a megafunction from the st below

B9 Installed Plugdng

~[2] Altera SOPC Builder
-3 arithmetic

% 2P M-Based Excalibur

x|
Which device family will you be IStlatiH Il vl

uzing?

Which twpe of output file do you want to create?
" &HDL

" wHDL

% erlog HDL

Wwihat hame do pou want for the output file? Browse. .. |

® MegaWizard is Family- 7 e
e ——
Aware [—Jﬁ memory compiler
— Select Memory Type &
Parameters ROM: 1PORT
— Approprl ate 11 2] Shit register (FRéM-based)

[+ IP MegaStore
Megafunction Selected
Automatically

FIFD

RAM: 1-FORT
Ram: 2-PORT
RAM: 3-FORT

-
IE:\DDcun'lents and Settings\Desklop' Q4041 quartustDesig

[~ Generate a Clearbox body [for EDA tools only)

™ Rietum to this page for another create operation

Mate: To compile a project successfully in the Quartus 11
zaftware, yaur design files must be in the project directary o

a user library you specify in the Uzer Libraries page of the
Settings dialog box [dezignments menu).

r'our current uzer librany directories are:

Cancel | <Back| Mext » | Eirizh |
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FIFO Partitioner

® Map Multiple FIFOs into a Single Physical
Memory Block

® Partition M-RAM Blocks into Multiple FIFOs

"”‘,Lﬁ fos
= wr_data_a_0[7..0] rd_data_b_0[7..0]
—wr_en_a_0 wr_ermpty_0
~—read_b_0 wr_full_0
| = clk_port_a_0 rd_erpty_0
1 «—clk_port_b_0 rd_full_0
FIFOD 8 bits x 128 words
| «—wr_data_a 1[7..0] rd_data_b_1[7..0]
| —wr_en_a_1 wr_empty_1
~—read_b_1 wr_full _1
— clk_port_a_1 rd_empty_1
=— clk_port_b_1 rd_full_1
FIFO1 8 bits x 128
x— tdm_clk
i Total bits used: 2048

-Global Configurations —

How many FIFOs would you like? 2 %

" Use the same configuration for all virual elements

" Make the asynchronous clear active low

x|
Jump to page for: IGIabal Options ﬂ
—RAM Status
Mirtual Elementl \rite | Read I
OFIFO 1.00 1.00
1 FIFO 1.00 1.00
\Write
bandwidth 2 MHz
Read
bandwidth 2 MHz

The minimum TDM clock rate is 3.00 MHz.

RAM bits
used |

20481524288 bits

Cancel[ (ﬂnckl Next > | FEinish |
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More Directives & Attributes

Attributes
®syn_state_machine
®syn_sharing

® parallel_case / full_case

Directives

®altera_chip_pin_lc
®altera_implement_in_eab/esb
®altera_10_opendrain
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Directive - syn_state machine

® Enables/Disables FSM Compiler for an Individual State
Machine

® Apply to State Register Declaration
® Settings
— 1or 0 (TRUE or FALSE)

Verilog
reg [7:0] current_state /* synthesis syn_state_machine =1 */ ;

VHDL

SIGNAL current_state : std_logic _vector (7 DOWNTO 0);
ATTRIBUTE syn_state_machine : BOOLEAN;
ATTRIBUTE syn_state_machine OF current_state : SIGNAL IS TRUE;
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Directive — syn_sharing

® Enables/Disables Resource Sharing on a Module/Entity
® Apply to Modules/Entities Individually or Globally
® Overrides Project Setting
® Settings
— ON or OFF

Verilog
Module alu (out, opcode, a, b) /* synthesis syn_sharing = “off” */ ;

VHDL

ARCHITECTURE rtl OF alu IS
ATTRIBUTE syn_sharing : STRING;
ATTRIBUTE syn_sharing OF rtl : ARCHITECTURE IS “off”;
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Directive — parallel _case (Verilog Only)

® Forces Parallel Muliplexers Versus Priority Encoding
— User Knows Design Will Only Allow One Match at Any

Time

® Apply Directly to Case, Casex, or Casez Statements

Verilog

Casez (select) // synthesis parallel case

4’b???1:
4’b??17?:
4’b?1?7?:
4’b1??7?:

default:
endcase

out = a;
out = b;
out = c;
out = d;
out = ‘bx;

Note: This Directive Is Unnecessary If the Input Logic Is
Decoded Within the Same Module as the Case Statement
as Synplify Pro Will Automatically Determine if the Input
Conditions are Parallel
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Example: parallel case

always @(select or a or b or c or d)

begin
casez
4'b?*

()elect) /* synthesis parallel_case */

?1: out = a;
4b°°1° out = b;
4'b?21??: out = c;
4'b1???: out = d;
default: out = 'bx,

endcase
end
Without Sy With parallel case o
parallel _case outt —e
- [a == +—d
% [ 3 [1]_ e
m;D : E:} [21 d
d =]
E::; outi2 '_u_s E::_-;__ d
4 [selecta 0] 4 BL g
[d == d
) ut

un_select_1 outl3

upd_uni_select 1
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Directive — full _case (Verilog Only)

® Indicates All Possible Values Have Been Defined

— No Additional Hardware Needs to Be Generated by Synplify Pro
to Protect Design (Preserve Signal Values)

® Apply Directly to Case, Casex, or Casez Statements
® May Lead to Simulation Mismatches Since Simulators Do Not

Recognize Directives

— Use “default : ‘bx” in a Casez as an Alternative

Verilog

Casez (select) // synthesis full case
4’b???21: out = a;
4’b??21?: out = b;
4’h?1??: out=c;

4’b1???: out =d;
endcase

Note: This Directive Is Unnecessary If the Input Logic Is

Decoded Within the Same Module as the Case Statement

since Synplify Pro Will Automatically Determine If All
Cases Have Been Considered
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Example: full case

Without
o —— Latch
full _case n —

2
aut? 1

3 lat

SN
e C 0 o =

d

e out
e ] >—— d

unl_select_1 outs out_1

a) >—

upt_unl_selecll g lint und_select T

With full_case o

out?
b= op |,
= d
-]
sl : =
-]
d
outs
-]
= !

o
=1

unt_select !\ n1_select 1

o«
_ . —- =
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Attribute —
altera_implement_in_eab/esb

® Enables/Disables Logic Implementation in Memory Blocks instead
of Logic Cells

— ESBs : All APEX, Mercury, Excalibur
— EABs : All FLEX 10K

® Improves Area Utilization

® Is Applied to
— Module Instantiation (Verilog)
— Component Declaration (VHDL)

® Settings
— 1 (TRUE) : Enables ESB/EAB Usage
— 0 (FALSE)

Note: Please Review Device Datasheets for Rules as to when
Logic Can Be Moved in This Way
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Attribute —
altera_implement_in_eab/esb

Verilog

node_buf ul (.d_in (d_in), .d_out (d_out))
/* synthesis altera_implement_in esb =1 /* ;

VHDL

COMPONENT node_buf IS PORT (
d : IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0));
END COMPONENT node_buf;
ATTRIBUTE altera_implement_in_esb : BOOLEAN;
ATTRIBUTE altera_implement_in_esb ul : LABEL IS TRUE;

S
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Attribute — altera_chip_pin_lc

® Specifies Pin Locations

— Assignments Passed via NativelLink (TCL File)
® Is Applied to Individual 1/0O Ports as They Are Declared
® Use @ Symbol for FLEX & ACEX Devices

Verilog (APEX, Excalibur, Mercury, Stratix)

module reg4 (clk, d, q);

input clk /* synthesis altera_chip_pin lc = “20” */ ;

input [3:0]d /* synthesis altera_chip pin lc = “60,62,63,64” */ ;
output [3:0] q /* synthesis altera_chip_pin_Ic = “65,66,67,68” */ ;

Verilog (ACEX or FLEX)

module reg4 (clk, d, q);

input clk /* synthesis altera_chip pin_lc = “@20” */ ;

input [3:0]d /* synthesis altera_chip_pin_lc = “@60,w62,w63,w64” */ ;
output [3:0] q /* synthesis altera_chip_pin lc = “@65,066,067,068” */ ;
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Attribute — altera_chip_pin_lc
(cont.)

VHDL (APEX, Excalibur, Mercury, Stratix)

ENTITY reg4 IS PORT (
clk : IN STD_LOGIC;
d : IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q : OUT STD_LOGIC_VECTOR (3 DOWNTO O0) );
ATTRIBUTE altera_chip_pin_lc : STRING;
ATTRIBUTE altera_chip_pin_lc OF clk : SIGNAL IS “20”;
ATTRIBUTE altera_chip_pin_lc OF d : SIGNAL IS “60,62,63,64”;
ATTRIBUTE altera_chip_pin_lc OF q : SIGNAL IS “65,66, 67, 68”;
END ENTITY reg4;

VHDL (ACEX or FLEX) — Same as above but Add @

ATTRIBUTE altera_chip pin_lc : STRING;

ATTRIBUTE altera_chip_pin_Ilc OF clk : SIGNAL IS “@20”;
ATTRIBUTE altera_chip_pin_lc OF d : SIGNAL IS “@60,w62,063,064;
ATTRIBUTE altera_chip_pin_Ilc OF q : SIGNAL IS “@65,066,w67,068”;
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Attribute — altera_10_opendrain

® Enables Open Drain Mode on Device 1/O

® Applied to Output & Bi-Directional Ports
® Settings

— 1 (TRUE) : Enables Open-Drain Mode
Verilog

module node_buf (datain, dataout);
input [3:0] datain;
output [3:0] dataout /* synthesis altera_io_opendrain =1 */ ;

VHDL

ENTITY node_buf IS PORT (
datain : IN STD_LOGIC_VECTOR (3 DOWNTO 0);
dataout : OUT STD_LOGIC_VECTOR (3 DOWNTO O) );
ATTRIBUTE altera_io_opendrain : BOOLEAN;

ATTRIBUTE altera_io_opendrain OF dataout : BOOLEAN IS TRUE;
END ENTITY reg4;
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SP'MAC Support for
. Stratix
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DSP MAC Block Support

® Different configurations:
— LPM_MULT: Plain Multipliers
®Unreqistered
®Pipelined
— ALTMULT_ADD: Multipliers followed by adder
®Unregistered
®Registered
— ALTMULT_ACCUM: Multiplier followed by accumulator register
®Unregistered
®Registered
® Width of Multiplier > 4 bits
® To override inference, use syn_multstyle="logic”
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Plain Multiplier

®Inferred to LPM_MULT
®Unregistered
— Parameter [pm_pipeline=0
®Pipelined
— Input / output regs must have same clock, aclr, & clken
®DFF, DFFR, DFFRE, DFFE
— Output register pipelined only if input registers pipelined
— Values for parameter [pm_pipeline
®0: no pipeline
®1: input registers pipelined
®2: input and output registers pipelined
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Plain Multiplier Examples
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Multiply—Add Operation

®Inferred to ALTMULT_ADD

®Inferred when outputs of Multipliers added
-q=a*b+c*d
—gdg=(@*b+c*d)+(e*f+g*h)
—gdg=(@*b+c*d)—(e*f+g*h)

®Up to 4 Multipliers of width <= 18, in one DSP Block

®Adder without Multipliers not packed into DSP Block
®Configurations

— Unregistered
— Registered
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Unregistered ALTMULT ADD
Example

® No registers on any of the inputs, multiplier outputs or output

s _1[34:0]

. . A DA
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Registered ALTMULT ADD

®Configuration
— Registers supported
®@dff, dffe, dffr, dffre
— Up to 4 unique CLK / CLKEN pairs
®Ena3 corresponds to clock3; ena2 corresponds to clock2, etc...
— Up to 4 uniqgue asynchronous resets
®Inference methodology
— Registers on the output of multipliers sucked into the MAC first
— Registers on input or output are sucked into the MAC next
— What cannot be sucked into the MAC implemented as regular

atoms

Copyright © 2004 Altera Corporation AEE% ®

201
DOL



Registered ALTMULT_ADD
xample
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Other Multipliers

®Constant Multiplier implemented as logic

— Better quality of results than mapping it to
MAC

®Variable Multiplier Inputs of type (a*b+c)
mapped to DSP MACs

— Interpreted as (a*b+c*1)
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Multiply—Accumulate Operation

® Inferred to ALTMULT_ACCUM

® Inferred when Multiplier followed by accumulator register

- g=gq+a*b

_q:q_a*b ok

| * [70]  [70) i
p[3:0] = 0 30 o) o | |
un1_qa(7:0] tm_@ D[7:0] ) Q[7:0]
gal/0]

® Width of inputs <= E—

© Output width <= 5 ‘Basic ALTMULT_ACCUM_

ql7:0]

70 [?:Um}_

® LPM_MULT inferred if output width > 52 bits
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Sload mux Pin Inferrence

®sload _mux pin of altmult_accum is inferred

®Loads value at output of multiplier without
having to reset register
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Registered ALTMULT ACCUM

® Inputs & output of multiplier can be registered

— dff, dffe, dffr, dffre
® Up to 4 unique CLK / CLKEN pairs

— Enag3 corresponds to clock3; ena2 corresponds to clock2, etc...
® Up to 4 unique asynchronous resets
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Stratix Scan Chains In DSP MACs

®Multiplier inputs of multadd either registered or unregistered
®Full and scan chains inferred

— When registered input A, , driven by the registered input A, of the
previous multiplier, register A, said to be scan-chained

— When one input of multiplier scan-chained, other external, said to
be a
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