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MAX+PLUS Il Getting Started

Introduction

MAX+PLUS Il is easy—easy to learn, easy to use, and very easy to like. This
tutorial introduces you to the basic features of the fully integrated
MAX+PLUS II design environment, so you'll be able to create your own
logic designs in record time. Once you start using MAX+PLUS I, the on-line
help (always just a mouse-click away) can fill in all the details.

In this tutorial, you will create a design (called a “project” in MAX+PLUS II)
named chiptrip, a simple driving simulator. After you enter and compile the
chiptrip project, you will simulate it. In the simulation sessions, you will
guide your “vehicle” through an imaginary street map. Your challenge will
be to drive from your company to Altera using the most direct route without
getting tickets from the police. Once you finish the simulation task, your
final step will be to program your completed project into an Altera device.
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Section 3: MAX+PLUS Il Tutorial

The tutorial is divided into four sections: creating the actual logic circuit,
compiling it, simulating it with multiple sets of inputs, and then
programming an Altera device. To accommodate your level of expertise and
to make sure that you experience some driving pleasure on the way
(remember Fahrvergniigen?), all files for this project are provided in the
\max2work \ chiptrip directory. Thus, you can choose to go through every
single step of the tutorial or take one or more shortcuts by copying the ready-
made files to your working directory. Since the tutorial is divided into
logical chunks, you can stop at any time and continue later. Have a good
trip!

Project Description

The chiptrip tutorial takes you through all major steps of design entry,
compilation, simulation, and programming for a hierarchical project.

Design Entry & Project Processing

You will create five design files using text, graphic, and waveform design
entry. This tutorial describes a “bottom-up” hierarchical design entry
method, in which you create the lower-level designs first and then combine
them in a single top-level design file to create the chiptrip project. A project
consists of all files associated with a particular design, including all
subdesign files and ancillary files; the project name is always the same as the
name of the top-level design file, without the filename extension. In the
chiptrip project, the top-level Graphic Design File (.gdf), chiptrip.gdf,
incorporates four lower-level design files—a GDF, two Text Design

Files (.tdf), and a Waveform Design File (.wdf). Each lower-level file
performs a specific function in the driving simulation game:

. The tick_cnt.gdf file, your “driving record,” counts the number of
police citations you collect as you drive. This counter adds up the
number of tickets issued for “illegal” speeds in auto_max.tdf and
speed_ch.wdf.

n The time_cnt.tdf file, the “clock” in your car, counts the number of
clock pulses required for the vehicle to reach Altera.

n The auto_max.tdf file, your “automobile,” contains a state machine

that monitors the direction and acceleration inputs to the project and
determines the next location (i.e., state) of the vehicle.
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. The speed_ch.wdf file, your “speedometer,” is a state machine that
checks the acceleration of the vehicle. Illegal speeds result in a
speeding ticket.

s If you have not purchased the waveform design entry feature for

MAX+PLUS II, you can use a TDF version of the speed_ch.wdf
file, called speed_ch.tdf. This file is available in the
\max2work \ chiptrip subdirectory.

Figure 3-1 shows a block diagram of the chiptrip project:

Figure 3-1. Block Diagram of chiptrip

chiptrip.gdf

tick_cnt.gdf I time_cnt.tdf | speed_ch.wdfl

|
8count.gdf

auto_max.tdf |

After you have created the design files, you must successfully compile your
project to generate the files you need to simulate chiptrip and program a
device.
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Project Verification & Device Programming

The simulation portion of the tutorial is a driving game. The game tests your
ability to plan and modify your simulation inputs to complete a specific task.
Your goal is to navigate your vehicle through different intersections on a
map (shown in Figure 3-2) to arrive at Altera as fast as you can and with as
few speeding tickets as possible. Depending on how you edit your
simulation inputs, you can maneuver your car along expressways,
commercial roads, or residential streets.

Figure 3-2. Map to Altera

MPLD

— = = Residential Street: Normal speed
only; any acceleration results in a
speeding ticket.

_ Commercial Road: Accelerating
RPT EPLD EPM for two Clock cycles results in a
ticket. Clock cycles can be non-

consecutive.

Expressway: Any number of
—===0====0 accelerations is allowed.

YC GDF CNF
Your Company

On expressways, you can go as fast as you like without worrying about any
police officers stopping you. On commercial roads, you can accelerate once
without getting a speeding ticket, but you will definitely get caught the
second time. If you accelerate at all on residential streets, however, you will
get a ticket right away. Just remember, in this design logic universe, police
officers are everywhere, they always know when you are speeding, and you
can’t talk them out of giving you a ticket.

After you practice simulating your project with multiple sets of input

vectors and analyzing its timing to your satisfaction, you can then program
the chiptrip project into an Altera device.
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Tutorial Overview

160

The chiptrip tutorial is designed to help you become an expert
MAX+PLUS II user quickly and easily. The tutorial is modular, so you can
complete the sessions at your own pace; work through one session at a time,
or the whole tutorial in one sitting. You can also adapt the tutorial to your
level of expertise. For example, if you feel comfortable with the various
design entry methods, you can skip one or more of the sessions and move
straight on to compiling and simulating your project. In addition, Sessions 5
and 9 introduce you to command shortcuts that can help you develop more
efficient design entry skills.

Tutorial Files

All tutorial files are copied to your hard disk during MAX+PLUS II
installation. The MAX+PLUS II working directory, which has the default
name \max2work, contains the chiptrip and tutorial subdirectories. The
\max2work \ chiptrip subdirectory contains all design files, as well as user-
and MAX+PLUS II-generated files for this tutorial. To prevent changes to
the original files, you should create your project in the \ max2work \ tutorial
subdirectory. If you do not wish to create an entire design file from scratch,
you can simply copy the desired file from the \max2work\ chiptrip
subdirectory into the \max2work \ tutorial subdirectory without running
the risk of accidentally overwriting the original tutorial files installed on
your hard disk. You can copy files with the appropriate copying command
for your operating system, or open a file in MAX+PLUS II and choose Save
As (File menu) to save a copy of the file in a different directory.

I 1. Be sure to refer to the read.me file in the
\max2work \ tutorial directory for information on changes
to the chiptrip tutorial since this manual was printed.

2. On a UNIX workstation, the max2work directory is a
subdirectory of the /usr directory.

Command Shortcuts

Many MAX+PLUS Il commands have a variety of shortcuts. These shortcuts
are often context-sensitive, that is, the options available depend on the
position of the mouse pointer or on the item(s) selected on screen. Although
you can use shortcuts at any stage of the tutorial process, Sessions 5 and 9
provide you with specific alternative steps to help speed up design entry.
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You can experiment with these shortcuts and determine which one(s) you
prefer. The shortcuts will help you develop an efficient and personalized
method for working with the MAX+PLUS II software.

I The “Shortcuts” section of MAX+PLUS II Help for each
application lists all Button 1, keyboard, and toolbar/ tool palette

shortcuts.

Shortcut Method: Description:

e

Mouse Button 1

e

Mouse Button 2

B

Keyboard

G |1 5 |

Toolbar/Palette

Altera Corporation

Button 1 shortcuts, which are executed by double-
clicking, are context-sensitive. For example, in the
Graphic Editor, you can open the Enter Symbol
dialog box by simply double-clicking Button 1 in a
blank space in the window. In contrast, double-
clicking Button 1 on a macrofunction symbol opens
the macrofunction that the symbol represents.
Button 1 corresponds to the left button on a two- or
three-button mouse.

Button 2 shortcuts, which are executed by clicking to
display a pop-up menu, are also context-sensitive.
These shortcuts allow you to execute a task by
pointing to a selection, pressing Button 2, and
choosing a command as you work. For instance, you
can cut a selected object or a section of text out of a file
by clicking Button 2 on the selected item and choosing
Cut from the pop-up menu. Button 2 corresponds to
the right button on a two-button mouse or the middle
and right buttons on a three-button mouse.

Keyboard shortcuts allow you to perform a task
instantly. For example, typing Ctrl+P is a keyboard
shortcut for the Print command. Keyboard shortcuts
are listed in the pull-down menus and in
MAX+PLUS II Help.

Toolbar and tool palette shortcut buttons are available
on the top and left sides of the window. For example,
choosing the Zoom In button on the tool palette is a
shortcut for the Zoom In command.
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Getting Help

Throughout the tutorial, you can follow the footprints ( . &) for useful
references to MAX+PLUS II Help. On-line help provides the most up-to-

date and complete information on all MAX+PLUS II features. Two of the

easiest ways to get on-line help are by using the context-sensitive help

feature and the search index.

Context-Sensitive Help

Context-sensitive help gives you instant help when you need it. You can
access context-sensitive help in three ways:

Method:

Shift+F1 or the context-sensitive
help toolbar button

F1 key

Help on Message button

162

Description:

Position the question-mark pointer
over an item on the screen, a text file
keyword, or a menu command, then
click Button 1 on it to obtain help.

When a menu command is
highlighted, a dialog box is open, or
a pop-up message box is displayed,
press F1 to obtain help. You can also
press F1 when any MAX+PLUS II
application window is displayed to
obtain general information about
the context-sensitive help available
for that application.

In the Message Processor window,
you can select a message with
Button 1 and choose the Help on
Message button to display help on
that message.
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MAX+PLUS II Help includes an extensive on-line index to help you find

information fast. To search for a Help topic:

1. If you are in MAX+PLUS II, choose Search for Help on (Help menu).

or:

If you are already in Help, choose the Index button at the top of the
Help window (called Search in Windows NT 3.51).

The Help Topics dialog box is displayed. (In Windows NT 3.51, the

Search dialog box, which functions in a similar manner, appears
instead of the Help Topics dialog box.)

2. Type a keyword or phrase. The keyword list scrolls to display the
keywords that match the text you type, as shown in the following

illustration:

|:‘ Help Topics: MAxtplus Il Help

Index | Find

1 Type the first few letters of the word you're locking for.

| Print command

2 Clhck the index entry you want, and then click Display.

Print button [Help application

Print Setup command

Printing a File

Printirg Messages

Frinting the Higranchy

Frinting the Timing Analsiz

priorty encoder macrofunctions

priority rules, aHOL

PRK file

Prabe & Resource Azsignment Backup Filz [.prk)

Probe & Resouce Aszignment Fils [ prb)
probe agzighments [see also pingtubs’]
Probe Aszsignments S ectian
probe azzignments, clearing

deleting

dizplaving

Probe & Resource Assignment Basckup File [prk)

Diizplay

| | Brirt... | |
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164

Click Button 1 on a keyword to select it and choose the Display button
or double-click Button 1 on the keyword to go to the topic associated
with the keyword. If multiple topics exist, they are displayed in the
Topics Found dialog box, as shown in the following illustration:

|:| Topics Found

Click. a topic, thet click Display.

Print Corrmand [Graphic Editor]

Print Command [Hierarchy Displag]
Print Cormmand [Mezzage Proceszor)
Print Command [Symbal E ditor)

Print Cormmand [T ext Editor]

Print Cormmand [Timing &nalyzer]
Print Cormmand (W avebarm Editor]
Printing a Filz [Graphiz Editar]
Frintig a File [Symbal E ditar]
Frinting a File [T ext E ditar]

| Dizplay

Cancel

Select a topic name from the list and choose the Display button or
double-click Button 1 on a topic name to display the topic.
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Session 1: Start a MAX+PLUS Il Session

In this session, you will start MAX+PLUS 1II to begin creating your project.

I This tutorial assumes that the MAX+PLUS II working directory,
which has the default name \max2work, appears on the d: drive
on your computer. If you installed the MAX+PLUS II working
directory in a different drive and / or directory, substitute the
appropriate drive and/or directory name.

To start MAX+PLUS II:

1. Double-click Button 1 on the MAX+PLUS II icon. On a PC running
Windows, this icon appears in the MAX+PLUS II program group in
the Program Manager window.
or:

Type maxpl us2 « at the command line.
The MAX+PLUS Il Manager window opens. The title bar displays the
name of the program (MAX+PLUSII), and a drive and directory name

(d:\max2work \ tutorial). The current project name, chiptrip, is
appended to the drive and directory names.
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See the following illustration:

Application box (shown as an Title bar displays program name, Maximize
icon in some operating systems) drive, directory, and project name. button
‘=‘ MAX+plus |l Manager - d:\‘max?wnrk\tutnrial'\chiptrip |v | L

MAX+plus Il File Assign Options Help

EEFEIRRE LRk EL EEE EE

Tool palette —{—

oo f \| = D

pplications) A h = A
®

MAX+plus’li

Toolbar

Status bar ———

AIlMAX+PLUSII applications contain a toolbar and status bar which
you can turn on and off using the Preferences command (Options
menu).

2. To turn the toolbar and status bar on and off:

a.  Choose Preferences from the Options menu. The Preferences
dialog box is displayed.

b.  Turn the Show Toolbar and/or Show Status Bar options on or off
by clicking Button 1 on their checkboxes.

c. Choose OK.
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The toolbar displays buttons and drop-down list boxes that provide
quick access to frequently used commands. (Additional buttons are
available on the tool palette in some applications.) The status bar
provides a brief description of a highlighted menu command or an
item in the toolbar or tool palette when you move the mouse pointer

over it.

s

In some MAX+PLUS 1II applications, items on the far right
of the toolbar are unavailable if your monitor is set to VGA
display mode. All toolbar buttons and drop-down lists are
available in larger screen displays.

If you wish, you can switch to an alternate combination of
toolbar buttons for VGA displays. Go to “Setting
MAX+PLUSII Preferences” using Search for Help on (Help
menu) for instructions.

Maximize the MAX+PLUS II window by clicking Button 1 on the
Maximize button, as shown in the illustration on page 166.

s

If you wish to exit MAX+PLUS II, choose Exit
MAX+PLUS II (File menu) or double-click Button 1 on the
application icon (or box) in the top left corner of the
MAX+PLUS II window, as shown in the illustration on
page 166.
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Session 2: Create a Graphic Design File

In this session, you will specify the project name and use the MAX+PLUS II
Graphic Editor to enter and save tick_cnt.gdf, which counts the number of
speeding tickets you collect during your trip. This session includes the
following steps:

0PN T W

Create a new file.

Specify the project name.

Select a palette tool.

Enter logic function symbols.

Set and show guidelines.

Move a symbol.

Enter input and output pins.
Name the pins.

Connect the symbols.

Connect nodes and buses by name.
Save the file and check for basic errors.
Create a default symbol.

Close the file.

Remember, all files for the chiptrip tutorial are available in the
\max2work \ chiptrip subdirectory.

1. Create a New File

In this step, you will create a new GDF called tick_cnt.gdf.

To create the file:

1.

168

Choose New (File menu). The New dialog box is displayed.
Select Graphic Editor file.

Select the .gdf filename extension in the drop-down list box.
Choose OK.

An untitled Graphic Editor window opens, as shown in the following
illustration:

Altera Corporation



Workspace

Section 3: MAX+PLUS Il Tutorial

Maximize button

MAX+plus Il - d:ymax

2workitutorialitick_cnt | - | N

MAX+plus ||

File

Edit Yiew Symbol Assign Wtilities Options Window Help

NEEIEEE Y BEEE

B DaE [EEaZ[R[Z]T] e

Graphic Editor - Untitled1

|v|l

i Text tool

button

— Diagonal Line tool

— Circle tool
+— Zoom Out button

| Toggle Connection
Dot button

+— Rubberbanding Off

[ ]+

+] 1

+

=]
Selection tool |
| Aq
Orthogonal Line —H—
tool [~
Arc tool ol
2,
Zoom In button —{&)
a,,
Fit in Window B
button
Rubberbanding On ff—|
button |t
5.
6.
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If necessary, maximize the Graphic Editor window by clicking
Button 1 on the Maximize button in the Graphic Editor title bar.

To save the file, choose Save As (File menu). The Save As dialog box
is displayed, as shown in the following illustration:

,:'

Save As

File Name: | Untitled1.gdf —J-—— Specifies the name
Directory 1s: d:-\maxZwork\tutorial of the file.
Files: = gdf Directories:
= dr
[= max2work
Drives: .
|E| d: | 3 | D/sp/ay_s the default
extension for the
Automatic Extension: _gdf —* current file type. You
can select a different
oK | | Cancel | extension from the

drop-down list.
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Typeti ck_cnt. gdf in the File Name box.

If \max2work \ tutorial does not appear in the Directory is field as the
current directory, select it in the Directories box.

Choose OK to save the tick_cnt.gdf file.

2. Specify the Project Name

In MAX+PLUS II, you must specify a design file as your current project
before you can compile it or perform any other batch processing such as
simulation. MAX+PLUS II processes one project at a time, and you must
ensure that all design files in a project appear in that project’s hierarchy. You
should always create a separate subdirectory for each new project. When
you enter the project name, you also specify the name of the subdirectory
where the project will be stored. If the subdirectory does not exist,
MAX+PLUS II can create it for you.

To specify the project name:

1.

Lists all design —

files and
programming
files in the
current
directory.
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Choose Project Name (File menu). The Project Name dialog box is
displayed:

,:'

Project Name

Project HName: | =_tdf: = qdf; = edf: = wdf: =.adf; = pof: ‘.suf;‘—.'»

Directory iz: d:\max2work\tutorial

Shows current
| project name.

Shows current

Files: Directories: directory path.
tick_cnt_gdf = d:r Lists all
[~ maxZwork subdirectories.
Drives:
|IEI d- —'—g—'»i Lists all local and

U] Show Only Tops of Hierarchies

network drives.

Cancel

If necessary, turn off the Show Only Tops of Hierarchies option.
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3. Select tick_cnt.gdf in the Files box.

4. Choose OK.

The MAX+PLUS II title bar changes to display the new project name:
MAX+pl us Il Manager - d:\max2work\tutorial\tick cnt

s As an alternative to using the Project Name command, you can
simply choose the Project Set Project to Current File command
(File menu) when tick_cnt.gdf is open in the active Graphic Editor
window.

3. Select a Palette Tool

In this step, you will select from the various palette tools available for the
Graphic Editor. In the Graphic, Symbol, and Waveform Editors, the pointer
changes shape, depending upon the current selected palette tool and the
object under the mouse pointer. The Selection tool, which has an arrow-
shaped pointer, is the default palette tool when you first open a Graphic
Editor window. As an exercise, you will select the Orthogonal Line tool from
the tool palette.

To select the Orthogonal Line tool from the palette:

v/ Click Button 1 on the Orthogonal Line tool, as shown in the
illustration on page 169.

The pointer changes into a +-shaped pointer if you select the Orthogonal,
Diagonal, Arg, or Circle tool. If you select the Text tool, the pointer is an
inverted “t” that changes into an I-shaped pointer when it passes over
editable text.
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The Selection tool is a “smart” tool. When this tool is selected, the arrow-
shaped Selection pointer automatically changes into the Orthogonal Line
drawing or Text Editing pointer when it passes over different objects in the
Graphic Editor window:

When the Selection pointer passes over the end of a line, a connection
dot, or a symbol pinstub, it changes into the +-shaped Orthogonal
Line drawing pointer, which allows you to draw lines and enter or
delete connection dots. This “smart” behavior means that you need to
select a line drawing tool from the tool palette only if you wish to draw
lines in empty space.

When you double-click Button 1 on editable text, the Selection pointer
changes into the I-shaped Text Editing pointer, which allows you to
edit pin and node names, pin default values, and comments. This
“smart” behavior means that you need to select the Text tool from the
tool palette only if you wish to enter text in empty space.

When the pointer passes over empty space, over the middle of a line
or symbol, or over text, the Selection pointer has normal selection
behavior, which allows you to select, move, and copy objects in the
window.

4. Enter Logic Function Symbols

172

1.

MAX+PLUS II provides symbols for a variety of logic functions—including
primitive, megafunction, and macrofunction symbols—that you can use in
your Graphic Editor files.

To enter a symbol:

With the Selection pointer, click Button 1 in empty space in the
Graphic Editor window to define an insertion point and choose Enter
Symbol (Symbol menu).
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The Enter Symbol dialog box is displayed:

|:‘ Enter Symbol Specifies the name of_a
symbol to be entered in
Symbol Name: |* —Ff your file.
Svmbol Libraries:
d:-\max2work\tutorial Double-clicking Button 1
d:-vmax2work \max2libhprim on a symbol library
d-vmax2work \max2lib\mf : ‘g
d:vmax2work\max2libvmega_lpm directory {/sts fts
d:\max2work\max2lib\edif contents in the Symbol
Files box. MAX+PLUS 11
Directory is: d:\max2work \tutorial autom'atically searches
Symbol Files: Directories: each listed directory for
= dh a symbol when you type
= max2work a symbol name in the
SymbolNeme bo and
choose OK.
Drives
= [+]

Double-clicking Button 1 in a blank space in the Graphic Editor
window is a shortcut for this step. This action both defines an insertion
point and opens the Enter Symbol dialog box.

s Command shortcuts are described in more detail in
Sessions 5 and 9 of this tutorial.

Type 8count in the Symbol Name box.

Choose OK. The 8count symbol is entered with its top left corner at
the insertion point. The 8count macrofunction is an 8-bit up/down
binary counter. In tick_cnt.gdf, four bits of the 8count macrofunction
will be used to count the number of tickets received by the driver.

Repeat steps 1 through 3 to enter the NOR2 and GN\D primitives to the
left of the 8count symbol.

I MAX+PLUS Il documentation conventions use all capital
letters for primitive names. However, you should type all
primitive, megafunction, and macrofunction names with
lowercase letters in the Enter Symbol dialog box.
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See the following illustration:

MAX+plus Il - dAmax?workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | -
=| MAX+plus Il File Edit VYiew Symbol Assign Utilities Options Window Help

EEFEIRBEREERERERE R = EmZ ] [arera

LA 2

[+

CE CIEEE

J;y
o
=3
o
3

I

Rubberbanding —it.
On button

]

1]

— Rubberbanding _ ;
Off button | DPDNCOUNTER |

*]

s If you enter or move two symbols so that their borders and
pinstubs touch, the symbols become logically connected. If you
then move one of the symbols when Rubberbanding (Options
menu) is turned on, a new node or bus line forms automatically
between the connected pinstubs of the two symbols.

“ .. - Choose from the toolbar and click Button 1 on the 8count , NOR2, or GND
symbols for information on each. On-line help provides complete
information on all Altera-provided primitives, megafunctions, and
macrofunctions.

You can also get help on megafunctions, primitives, and macrofunctions by

choosing Megafunctions/LPM, Primitives, or Old-Style Macrofunctions,
respectively, from the Help menu.

5. Set & Show Guidelines

To increase the readability of your schematic, you can align symbols to
horizontal and vertical guidelines. You can specify the guideline spacing
and display or hide the guidelines.
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To set the spacing and show the guidelines:

1. Choose Guideline Spacing from the Options menu. The Guideline
Spacing dialog box is displayed.

2. Type 15 in both the X (Horizontal) Spacing and Y (Vertical) Spacing
boxes to specify 15 grid-unit spacing between guidelines.

3. Choose OK.

4. Turn on Show Guidelines (Options menu). When the command is
turned on, a checkmark appears next to the command name in the
menu. The guidelines appear as shown in the following illustration:

= MAX+plus Il - dAmax?workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | M=
=| MAX+plus Il File Edit VYiew Symbol Assign Utilities Options Window Help +
DS [£ [F[R][~] W] [dEibw2]£ (D@5 [ AR 2] [Aera
N T5 5o @S o = ]
] : Soount : —
il e ; —
] — QA —
= —1B O —
=y —C Qac —
é —o =
Zoom In button —fa, : —e QE |—
== . B oF | —
= Zoom Out Button A ol
Fit in Window B : s : “h oH
button - = : e cour (—
+— DMUF :
— § | SETH
ey § G CLRN
s ok
A, WP COUNTER
[+]
« T »
Guidelines spaced
15 grid units apart.
s As you edit your schematic, you can change the window display

to view larger or smaller portions of the file by choosing the
Zoom In, Zoom Out, and Fit in Window buttons on the tool
palette, as shown in the previous illustration.
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6. Move a Symbol

To move and align the 8count symbol:

1.

s

With the Selection pointer, press or click Button 1 on 8count to select
the symbol.

While pressing Button 1, drag the symbol and position the top left
corner of 8count at the closest guideline intersection. An outline of
the symbol moves with the pointer so that you can position it
accurately.

Once the symbol is in position, release Button 1.
You can move any symbol, graphic, or block of text that can be

selected with Button 1 in the MAX+PLUS II Graphic or Symbol
Editor by dragging it with the Selection pointer.

Go to “Moving an Object” and “Selecting an Object” using Search for Help
on (Help menu).

7. Enter Input & Output Pins

176

To enter the | NPUT and QUTPUT pins:

1.

With the Selection pointer, double-click Button 1 in an empty space to
the left of the 8count symbol to open the Enter Symbol dialog box,

type i nput in the Symbol Name box, and choose OK. The | NPUT pin
symbol is displayed.

Press Ctrl and then press Button 1 on the | NPUT symbol. While
holding Ctrl and Button 1 down, drag the mouse down to create a
copy of the symbol and place it below the original. (The symbol is
copied but not placed on the Clipboard.)

Repeat step 2 to create the third | NPUT symbol.

Repeat step 1 to enter the OUTPUT symbol below the 8count symbol.
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See the following illustration:

Each symbol has = MiX+plus |l - dymax2workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | M
an ID number =| MAX+plus Il File Edit Yiew Symbol Assign Utilities Options Window Help *
that uniquely NEFE R ERREEREEEE EER EEE R EE R
identifies it. N = e = e 7 [+]
These ID Alls : : :
numbers are 1 : Grount :
based on th ~| e ? m
asea on tne l —a ol —
order in which ™ e oB
symbols are = g oo
entered. EN —E GE
=PEe . F oF .
a,. - : e oG —
()@ e ol
/I‘ ROTTIRUTTURRTU ol couT |—
@ = 3 — DNUP :
b : : i G SETH :
fela ; s L
6 s PbAE T | e U SO
O O : 1) UPDN COUNTER
[+]
« T »

A symbol identification number is located at the bottom left corner of each
symbol. It is automatically assigned based on the order in which you enter
the symbols (i.e., the first symbol entered is assigned the ID number 1). It
uniquely identifies each instance of a symbol within the GDF. The symbol
ID numbers in your file may differ from those in the illustrations, depending
on the order in which you enter the symbols. However, these differences will
not cause any errors.

8. Name the Pins

You will now name the input and output pins. Symbols in this procedure are
identified as <symbol name>: <symbol ID>, e.g., | NPUT: 4 is the | NPUT
symbol with the symbol ID number 4, as entered in the previous step.

I If you did not enter the symbols in the described sequence, your

symbol ID numbers will differ from those in the illustration. These
differences will not cause any errors.
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To assign a pin name:

1.

With the Selection pointer, double-click Button 1 on the default pin
name “Pl N_NAME” of | NPUT: 4 to select the entire name.

Type get _ti cket 1. The new name replaces the default pin name.
The get _t i cket 1 signal will be used to enable the counter. When it
goes high, the count value will increment by one.

I You can also use the Text tool to edit and enter text. Double-
click Button 1 to select the entire name, or drag Button 1 to
select a portion of the name you wish to edit.

Rename the remaining | NPUT and QUTPUT pins as shown in the
following list. If you press +* after you edit a pin name, the next pin
name below it is automatically selected for editing.

Primitive: Name: Description:

INPUT:5 get_ticket2 Sameasget_ticket1.

INPUT: 6 clk This signal is the Clock for the
tick_cnt.gdf counter.

QUTPUT: 7 ticket[3..0] These signals represent the counter
bit outputs. The name is given in
single-range bus name format,
which is used to create an array of
four output pins. In this case,
ticket[3..0] isthe bus that
represents the pins t i cket 3,
ticket2,ticketl, andticketO.
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See the following illustration:

= MAX+plus Il - dAmax?workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | M=
=| MAX+plus Il File Edit VYiew Symbol Assign Utilities Options Window Help +
DS [£ [F[R][~] W] [dEibw2]£ (D@5 [ AR 2] [Aera
K I e = o = =]
Alls
1] : Beount :
i = LDN : =
o T wl
= —1B O —
[— —c Qo —
é —o =
& —E oF |—=
= CF oF | —
2 T . —c QG|
B g get ticketl . Co—wr “y oH —
= o e couT |—
i o :
— : ;| SETH
e : 150 Ll o
s ek TS T ek
A UPDN COUNTER
e s 6 SO
[+]
« T »
-«
a® Go to “Pin & Node Names” and “Bus Names” using Search for Help on
(Help menu,).

9. Connect the Symbols

You can use the “smart” Selection tool to draw most of the lines you need to
connect symbols in a Graphic Editor file—the Selection pointer
automatically turns into the Orthogonal Line drawing pointer when it is
over a pinstub or connection dot, or at the end of a line. You can also use the
Orthogonal and Diagonal Line tools to connect symbols.

To draw a line:

Altera Corporation

With the Selection pointer, move symbols so they line up with the
appropriate pinstubs or other symbols, as shown in the preceding
illustration.

Choose the solid line style from the top of the Line Style submenu

(Options menuy). This line style is the recommended line style for
nodes.
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Point to the output pinstub of the get _t i cket 1 input pin. The
Selection pointer turns into the +-shaped Orthogonal Line drawing
pointer when it is close to the pinstub.

Press Button 1 to define the start of a line.

While pressing Button 1, drag the mouse to draw a line that connects
to the uppermost input pinstub on the NOR2 gate.

Release Button 1.

I With the Orthogonal Line drawing pointer, you can draw
straight lines or lines with a single bend. If you cannot draw
a straight line or a line with a single bend to connect two
symbols, you must draw two lines to create the two bends
needed to make the connection. After you draw the first
line, draw a second line that connects to the end of the first.
Lines merge automatically if they have the same line style.

If you need to delete a line, click Button 1 on the line to select it and
press the Del or Backspace key.

Repeat steps 3 through 7 to connect the remaining symbols as shown
in the following table and in the illustration on page 181:

Draw Line From: To:

I NPUT pinget _ti cket 2 NOR2 input

Output pinstub of NOR2 GNinput of 8count

DNUP input of 8count GN\D

I NPUT pin cl k CLK input of 8count

QA output of 8count Next vertical guideline on the

right (i.e., draw line but do not
physically connect it to another

symbol)

QB output of 8count Same as QA

QC output of 8count Same as QA

QD output of 8count Same as QA

OUTPUT pinti cket [ 3. . 0] Next vertical guideline on the left,
as with QA
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The line that extends from the t i cket [ 3. . 0] output pin should be a bus
line. To change the line into a bus line:

1. Point to the line that extends from the output pin named
ticket[3..0] and click Button 1 to select the line.

2. Choose the bus line style, i.e., the thick line style, from the Line Style
submenu (Options menu).

See the following illustration:

= MAX+plus Il - dAmax?workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | M=
=| MAX+plus Il File Edit Yiew Symbol Assign Utilities Options Window Help *
DS [£ [F[R][~] W] [dEibw2]£ (D@5 [ AR 2] [Aera
K 35 S0 a5 o 5 -
] : Scount : —
1] fom —
~ A
™ —B QF
= i Qc
—% —0 a0
E —e o |-
—|ze . R oF | —
& e . e [’y
JES i getficketl - D—rp— a oH |
- BT nTTee H GM CouT _
o gl o -
— : SETH
ey : R
St "I SN NN oo e RS
: i PN COUNTER
averrer L O
[+]
« T »

Bus line Single-range bus
pin name creates
an array of 4 pins.

“ ‘. o Choose from the toolbar and click Button 1 on the bus line to go to
“Buses” in MAX+PLUS II Help.
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10. Connect Nodes & Buses by Name

You can connect the nodes (i.e., lines) that are attached to the output
pinstubs QA, @B, QC, and QD on the 8count symbol by name to the bus line
that is attached to the input of t i cket [ 3. . 0] . Nodes and buses are
connected by assigning appropriate names to them; they need not be
physically connected. A logical connection exists only if each member of a
bus has the same name as one of the nodes. For example, to connect bus
b[1..0] (with members bl and b0) to two nodes that are not physically
connected to the bus, you must name the nodes b1 and bO.

To assign names to the nodes and bus:
1. Change the text size and font to 10-point Arial font:

a.  Choose Text Size (Options menu). If 10 is not checked on the
submenu, select it from the list of available text sizes.

b.  Choose Font (Options menu). If Arial is not checked on the
submenu, select it from the list of available fonts.

2. With the Selection pointer, select the node that extends from the QA
pinstub of the 8count symbol by clicking Button 1 on the line. A small
square insertion point appears below the line to show the insertion
point for the name.

3.  Typeticket 0. The name appears above the line.

s If a name overlaps a symbol, you can move it to another
location on the node or bus line by simply dragging it to a
new position with Button 1 in the same way that you would
move a symbol. See “6. Move a Symbol” on page 176 for
more information.

4. Repeat steps 1 through 3 for the remaining nodes and the bus:

Pinstub/Pin Name: Node/Bus Name:
@B ticketl

C ticket2

Q@D ticket3
ticket[3..0] ticket[3..0]
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See the following illustration:

Document

= MiX+plus |l - dymax2workitutorialitick_cnt - [Graphic Editor - tick_cnt.gdf] | M=
box ———— = | MAX+plus Il File Edit Yiew Symbol Assign Utilities Options Window Help *
(shown as \D|E7||§||Aé |h|g|..|&\i%lﬁ\ﬁb|@|aﬂ||\ T EE 2] B|EZZ] [avera
an icon in N ; = [t
some K L5 . :. FE S
operatin =l ¢ fBeount :

P 9 l ¢ LDN —

systems) ~ a qal o e

= C : tickett

l i 2 ES : ticket2

% s | ticket3

B\ —e Gt {—

=kEe . F oF [

EE U dickett PUT —e @G —

ja. 4 Qe tic . - —{H GH [—

: CoUT (—

ficket[3.0] OUTPUT " ficked3 0]

*]

Once you have assigned these names, the nodes t i cket 3, ti cket 2,
ticketl, andticket O are automatically connected to the bus
ticket[3..0] by name, even though they are not physically connected.

11. Save the File & Check for Basic Errors

To ensure that you have entered the logic correctly, you can save the file and
check for simple errors.

To save the file and check for errors:
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Choose Project Save & Check from the File menu. The file is saved
and the MAX+PLUS II Compiler window opens; the Compiler Netlist
Extractor module checks the file for errors, updates the Hierarchy
Display, and displays a message indicating the number of errors and
warnings.

If Project Save & Check is successful and there are no errors or
warnings, choose OK to close the message box.
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I If the Compiler issues any error or warning messages and
the Message Processor window is not automatically
displayed, you can open it by choosing Message Processor
(MAX+PLUS II menu). Select a message in the Message
Processor window and choose Locate to find its source(s) or
choose Help on Message to get an explanation. See “10.
Locate the Source of a Message” on page 226 for more
information. You should correct any errors in your design
file, and save and check it until it is error-free.

3. Double-click Button 1 on the document icon (or box), as shown in the

illustration on page 183, to close the Compiler window and return to
the Graphic Editor.

12. Create a Default Symbol

You will now create a Symbol File (.sym) that represents the current file. The
symbol in this file can be used in any other Graphic Design File (.gdf).

To create a default symbol:
v/ Choose Create Default Symbol (File menu). If a symbol for a file
already exists, MAX+PLUS II asks you whether it is OK to overwrite

the existing symbol. Choose OK to ensure that you have the most up-
to-date information in your Symbol File.

13. Close the File
To close the tick_cnt.gdf file:
v/ Choose Close from the File menu or double-click Button 1 on the
document icon (or box), as shown in the illustration on page 183. The

Graphic Editor window displaying the tick_cnt.gdf file closes
automatically.
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Session 3: Create Two Text Design Files

In this session, you will use the MAX+PLUS II Text Editor to enter and save
two Text Design Files (.tdf) written in the Altera Hardware Description
Language (AHDL). The first TDF, time_cnt.tdf, measures the time it takes
for your vehicle to reach Altera by counting Clock pulses. The auto_max.tdf
file describes the functions of the st r eet _nmap state machine, and
determines the direction and acceleration of your automobile. This session
includes the following steps:

Create a new file and specify the project name.
Turn on syntax coloring.

Enter the design name, inputs, and outputs.
Declare a register.

Enter Boolean equations.

Enter an If Then Statement.

Check for syntax errors and create a default symbol.
Copy auto_max.tdf and create a default symbol.

PN W=

D
“ add Go to MAX+PLUS II AHDL Help or the MAX+PLUS II AHDL manual for

more detailed information on AHDL. The on-line help and manual contain
the same information at the time of printing, but the on-line information is
always the most up-to-date. On-line help also has links to related help
topics, and pop-up examples and glossary definitions to help you find the
information you need as quickly as possible. You should use the manual as
a take-home reference and use on-line help when you are at your computer.
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1. Create a New File & Specify the Project Name

In this step, you will create a new TDF called time_cnt.tdf in AHDL, and
name the project.

To specify the project name and create a new file:

1.

Choose New (File menu), select Text Editor file, and choose OK to open
an untitled Text Editor window (see “1. Create a New File” on
page 168).

If necessary, maximize the Text Editor window by clicking Button 1 on
the Maximize button in the top right corner of the Text Editor title bar.

Choose Save As (File menu). Typeti me_cnt . t df in the File Name
box.

Make sure that \max2work \ tutorial appears as the current directory
in the Directory is field. Choose OK to save the time_cnt.tdf file.

Choose Project Set Project to Current File or Project Name (File
menu) and change the project name to time_cnt (see “2. Specify the
Project Name” on page 170).

2. Turn on Syntax Coloring

186

To make sections of your TDF more visible, you can use the Text Editor’s
Syntax Coloring command. Syntax coloring allows you to see the different
parts of a TDF in different colors. For example, keywords are displayed in
one color and comments are displayed in another, making them easier to
distinguish on screen.

To turn on syntax coloring:

v/ Choose Syntax Coloring (Options menu). When the command is

turned on, a checkmark appears next to the command name in the
menu.
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3. Enter the Design Name, Inputs & Outputs

In this step, you will start entering the AHDL file by creating a Subdesign
Section that declares the input and output ports of the file.

s This tutorial follows the guidelines for indentation and white

space provided in the “AHDL & VHDL Style Guide” in
MAX+PLUS I AHDL Help.

To enter the design name, inputs, and outputs:

1.

Choose AHDL Template (Templates menu). The AHDL Template
dialog box is displayed.

Select Subdesign Section in the Template Section box.
Choose OK. A template for the Subdesign Section appears at the
insertion point. Each variable name starts with two underscores (__),

and each keyword is capitalized, as shown in the following
illustration:

AHDL Template button

MAX+plus Il - dymax?workitutorialitime_cnt - [Text Editor - time_cnt.tdf] | M
MAX+plus Il File Edit Templates Assign Utilities Options Window| Help 3
NEEFE RGP AR B EE = Z[Z[Z] [Cou
SUEDESIGN _ design name [t
{ -
_ input nsme,  input name : INPUT =  constant wvalue:
__butput_name, _ Output_name : OUTPUT:
_bidir_name, _bldir_name : BIDIR:
__State_machine_name : MACHINE INPUT;
_ state wachine name 1 MACHINE OUTPUT;
)
[+]
Line 10 JCol 1 [INST¢] ] +
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SHORTCUTS

188

Shortcuts for opening the AHDL Template dialog box:

+/  Press Button 2 and choose AHDL Template from the pop-up
menu.

or:

v/ Click Button 1 on the AHDL Template toolbar button at the top
of the window, as shown in the previous illustration.

s To improve readability, you can change the font and / or text
size that appears in the Text Editor window with the Font
and/or Text Size commands (Options menu). This tutorial
shows files entered with 10 point Courier New font text.

4, Double-click Button 1 on the __desi gn_nane variable and type
tinme_cnt.

5. To add the names of the inputs, double-click Button 1 on the first
__i nput _nane variable and type enabl e, then double-click
Button 1 on the second __i nput _nane variable and type cl k. Delete
the __const ant _val ue variable and the equal sign (=) preceding it.

6.  To add the names of the outputs, double-click Button 1 on the first
__out put _nane variable and type ti me[ 7. . 0] . Delete the second
__out put _nane variable and the comma (, ) preceding it.

7. Delete the lines containing the Bl DI R, MACHI NE | NPUT, and
MACHI NE QUTPUT keywords.

8. Add spaces and/ or tabs to improve readability.

s To indent text easily, you can turn on Auto-Indent (Options
menu) before typing text, or select existing text to indent and
choose Increase Indent (Edit menu). You can set the tab spacing
with Tab Stops (Options menu). To delete any unnecessary tabs,
choose Decrease Indent (Edit menu) or use the Del or Backspace
key.

B)
Choose from the toolbar, then choose a menu command for more
information on these commands.
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See the following illustration:

= MaX+plus Il - d\max2workitutorialitime_cnt - [Text Editor - time_cnt.tdf] |v -
=| MAX+plus Il File Edit Templates Assign Utilities Options Window Help
DEES| [+ [ [ [LEeE.f BEE e [FEEE IE
SUEDESIGH time cnc
{ .
enable, clk : INPUT;
time[7..0] : QUTPUT:
!
[+]
Line 6 [Col 1 [INS Je] ] »

The ports enabl e and cl k are inputs, and the portsti me[ 7. . 0] are
outputs, of time_cnt.tdf.

“ .. o Choose from the toolbar and click Button 1 on the SUBDESI GNkeyword

in the file to go to “Subdesign Section” in MAX+PLUS II AHDL Help.

4. Declare a Register
You can create a register with a Register Declaration in the Variable Section.
In this example, you will declare eight instances of a D flipflop with the
names count[7..0].

To declare the registers:

1. On a new line after the Subdesign Section, type the VARI ABLE
keyword and press +.

2. Choose AHDL Template (Templates menu).

3. Select Register Declaration in the Template Section box.
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4. Choose OK. A template for the Register Declaration appears at the

insertion point.

5. While the template text is still selected, choose Increase Indent (Edit

menu) to indent the text to the right.

6. Double-click Button 1 on the __regi st er _i nst ance_nane

variable and type count [ 7. . 0] .

7. Double-click Button 1 on the __r egi st er _nane variable and type

DFF.

See the following illustration:

= MaX+plus Il - d\max2workitutorialitime_cnt - [Text Editor - time_cnt.tdf] |v -
=| MAX+plus Il File Edit Templates Assign Utilities Options Window Help *
DERS] [+ R[] M [LERbaE]4) [BEE K B|[Z[E[Z[Z] [Cou
SUBDESIGN time ont [*]
{ .
enable, clk : INPUT;
time[7..0] ¢ OOTPUT:
)
WARIAELE
count[7..0] : DFF:
[+]
Line 6 [Col 1 [INS Je] ] »

a® Go to “Declaring Registers (AHDL)” using Search for Help on (Help menu).

5. Enter Boolean Equations

Boolean equations can be used to connect signals to data ports in a
D flipflop. Boolean equations are entered in the Logic Section, which is

delimited by the BEG Nand END keywords.

190
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Place the cursor after DFF; and press +.

Type BEG Nand press +.

Typecount[].clk = clk; and press «.

Typetime[] = count[]; and press .

Type END,; .

To indent the equations, you can enter tab characters or select an
equation and choose the Increase Indent command (Edit menu).
To delete any unnecessary tabs, choose Decrease Indent (Edit

menu) or use the Del or Backspace key.

See the following illustration:

= MAX+plus Il - dimax2workitutorialitime_cnt - [Text Editor - time_cnt.tdf] | M=
=| MAX+plus Il File Edit Templates Assign Ufilities Options Window Help +
ClERS] [+ R[] [o] M) [L]5]2]4 DR [MER[E] [ZLEE]Z] (o
SUBDESIGN time cnt [*]
i L]
enable, clk : INPUT;
time[7..0] 1 CUTPUT;
Boolean !
equal‘ions WVARIAELE
count[7..0] : DFF:
BEGIN
F:Dunt[] .zlk = clk
L\:ime[] = oount[]:
END:
]
Line 6 [Col 1 [INS Je] ] »
Once you have defined the group, square brackets ([ ] ) are a shorthand way
of specifying the entire range. The first equation connects the subdesign’s
cl k input to the flipflops’ Clock ports. The second equation sets the t i me[ ]
inputs equal to the count [] variables.
-

a® Go to “Boolean Equations (AHDL)” using Search for Help on (Help menu).
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6. Enter an If Then Statement

In this step, you will define the logic for the design with an If Then

Statement:

1. Place the cursor after count [ ] ; and press ¢ twice to add white space
for readability.

2. Ifnecessary, press Tab to align the cursor with the Boolean equations,

then choose AHDL Template (Templates menu).
3. Select If Then Statement in the Template Section box.

4. Choose OK. A template for the If Then Statement appears at the
insertion point.

5. Edit the variables to create the If Then Statement shown in the
following illustration:

= MAX+plus Il - dimax2workitutorialitime_cnt - [Text Editor - time_cnt.tdf] | -
=| MAXtplus Il File Edit Templates Assign Utilities Options Window Help

N E N Y Y S P = I P P A B|[Z[E[Z[Z] [cou

L LA

SUBDESIGN time cnt L+
{ -
enable, clk : INPUT:
Cime[7..0] i CUTPUT:
)
WARIAELE
count[7..0] i DFF;
BEGIN
BOOIE‘H” Foun\:[] .clk = clk;
cim=[] = count[] !

equations

IF enshle THEN
count[] .d = count[].oq + 1;

ELSE If Then
count[].d = count[].o: Statement
END IF:
END:
[+]
Line 6 [Col 1 [INS Je] ] »

If the enabl e signal is high, the If Then Statement assigns the value
count[].q + 1ltocount[].d;ifenabl eislow,count[]. d remains
unchanged.
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B .. o Go to “Implementing Conditional Logic (AHDL)” using Search for Help on

(Help menu).

Choose B2] from the toolbar and click Button 1 on the THENkeyword in the
file to go to “If Then Statement” in MAX+PLUS II AHDL Help.

7. Check for Syntax Errors & Create a Default Symbol

You will now check the file for syntax errors to ensure that it was entered
correctly, and then create a default symbol for use in the top-level GDF.

1. Choose Project Save & Check (File menu). See “11. Save the File &
Check for Basic Errors” on page 183.

2. Goback to the time_cnt.tdf file by choosing its name from the bottom
of the Window menu or by choosing Text Editor from the
MAX+PLUS Il menu.

3. Choose Create Default Symbol (File menu) to create the
time_cnt.sym Symbol File. Double-click Button 1 on the Document

Control Menu box to close the Compiler window.

4. Choose Close (File menu) to close the time_cnt.tdf window.

8. Copy auto_max.tdf & Create a Default Symbol

The auto_manx.tdf file describes the functions of the st r eet _nmap state
machine. It determines the direction and acceleration of your automobile.

1. Enter the TDF as shown in Figure 3-3 or copy auto_max.tdf from the
\max2work \ chiptrip subdirectory into the \ max2work \ tutorial
subdirectory.

I If you copy the file, set your tab stops to four spaces with

Tab Stops (Options menu) to view the columns of text in
proper alignment.
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2. Change the project name to auto_max, save and check the file for
errors, and create a default symbol for auto_max.tdf as described
above in “7. Check for Syntax Errors & Create a Default Symbol.”

3. Close auto_max.tdf.

Figure 3-3. auto_max.tdf (Part 1 of 2)

CONSTANT NORTH = B"00"; % Create descriptive names for nunbers %
CONSTANT EAST = B"01"; % for use elsewhere in file %
CONSTANT WEST = B"10";

CONSTANT SOQUTH = B"11";

SUBDESI GN aut o_nmax

dir[1..0], accel, clk, reset : INPUT; %File inputs %
speed_too_fast, at_altera, get_ticket : OUTPUT; % File outputs %
)
VARI ABLE
street_map : MACHH NE % Create state machine with bits g2, %
OF BITS (92, q1, q0) % gl & q0 as outputs of register %
W TH STATES (
yc, % Your conpany %
npl d, % Marigold Park Lane Drive %
epl d, % East Pacific Lane Drive %
gdf, % Great Delta Freeway %
cnf, % Capitol North First %
rpt, % Regal Park Terrace %
epm % East Pacific Main %
altera ); % Your one-stop progranmabl e | ogic shop %
BEG N
street_map. cl k = clk; % input pin "clk" connects to state machine clk %
street_map.reset = reset; % input pin "reset" connects to state machine reset%
% File outputs default to GN\D unl ess otherw se specified %
TABLE % Define state transitions %
% Pr esent Next %
% St at e I nput s State CQut put s %

street_map,dir[1..0], accel => street_map, get_ticket,at_altera, speed_too_fast;

L e e e T %
% When street_map is in the state yc, dir[1l..0]=00, and accel =0, it enters %
%the state rpt and outputs O for get_ticket, at_altera, and speed_too_fast.%

yc, NORTH, 0 => rpt, 0, 0, 0;
yc, EAST, 0 => gdf, 0, 0, 0;
yc, NORTH, 1 => npld, 0, 0, 1;
yc, EAST, 1 => cnf, 1, 0, 1;
gdf, NORTH, 0 => epld, 0, 0, 0;
gdf , V\EST, 0 => yc, 0, 0, 0;
gdf, \EST, 1 => yc, 1, 0, 1;
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Figure 3-3. auto_max.tdf (Part 2 of 2)

gdf , EAST, 0 => cnf, 0, 0, 0;
gdf, EAST, 1 => cnf, 1, 0, 1;
gdf, NORTH, 1 => npld, 0, 0, 0;
cnf, NORTH, 0 => epm 0, 0, 0;
cnf, WEST, 0 => gdf, 0, 0, 0;
cnf, NORTH, 1 => altera, 0, 0, 1;
cnf, VEST, 1 => yc, 1, 0, 1;
rpt, NORTH, 0 => npl d, 0, 0, 0;
rpt, NORTH, 1 => npld, 0, 0, 1;
rpt, EAST, 0 => epld, 0, 0, 0;
rpt, EAST, 1 => epm 0, 0, 1;
rpt, SQOUTH, 0 => yc, 0, 0, 0;
epl d, NORTH, X => npl d, 0, 0, 0;
epl d, AEST, 0 => rpt, 0, 0, 0;
epl d, \EST, 1 => rpt, 0, 0, 1;
epl d, SQUTH, X => gdf, 0, 0, 0;
epl d, EAST, 0 => epm 0, 0, 0;
epl d, EAST, 1 => epm 0, 0, 1;
epm NORTH, 0 => altera, 0, 0, 0;
epm NORTH, 1 => altera, 0, 0, 1;
epm SQUTH, 0 => cnf, 0, 0, 0;
epm SOUTH, 1 => cnf, 0, 0, 1;
epm VAEST, 0 => epld, 0, 0, 0;
epm WAEST, 1 => rpt, 0, 0, 1;
npl d, VEST, 0 => rpt, 0, 0, 0;
mpl d, SQUTH, 0 => epld, 0, 0, 0;
npl d, \EST, 1 => yc, 0, 0, 1;
npl d, SOUTH, 1 => gdf, 0, 0, 0;
altera, X, X => altera, 0, 1, 0;
END TABLE;

END;
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Session 4: Create a Waveform Design File

In this session, you will use the MAX+PLUS Il Waveform Editor to enter and
save a Waveform Design File (.wdf) called speed_ch.wdf. It includes the
speed state machine, which contains the states | egal , war ni ng, and

ti cket.The speed_ch.wdf file checks whether or not your vehicle is
traveling at a legal speed. The first time your car exceeds the speed limit, you
are given a warning; the second time you speed, you get a speeding ticket.
This session includes the following steps:

Create a new file and specify the project name.
Create input, output, and buried nodes.

Set the grid size and show the grid.

Edit the buried state machine node waveform.
Edit the input and output node waveforms.
Confirm the edits.

Check for basic errors and create a default symbol.

@ Nk wD =

If you have not purchased the waveform design entry feature for

MAX+PLUSI, you can use an AHDL TDF version of the

speed_ch.wdf file, called speed_ch.tdf. This file is available in the

\max2work \ chiptrip subdirectory. Copy this file into your

\ tutorial subdirectory and proceed to “7. Check for Basic Errors

& Create a Default Symbol” on page 209.

B .. o Go to “Creating a Waveform Design File” using Search for Help on (Help
menu).
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1. Create a New File & Specify the Project Name

In this step, you will create a new WDF called speed_ch.wdf and name the
project.

To create a new file and specify the project name:

1.

Altera Corporation

Choose New (File menu), select Waveform Editor file, select the .wdf
extension in the drop-down list box, and choose OK to open an
untitled Waveform Editor window. You must create the file with the
.wdf extension to take advantage of design entry features in the
Waveform Editor.

If necessary, maximize the Waveform Editor window by clicking
Button 1 on the Maximize button in the title bar.

Choose Save As (File menu). Type speed_ch. wdf in the File Name
box.

Make sure that \ max2work \ tutorial appears as the current directory
in the Directory is field. Choose OK to save the speed_ch.wdf file.

Choose Project Set Project to Current File or Project Name (File

menu) and change the project name to speed_ch (see “2. Specify the
Project Name” on page 170).
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Selection tool

l

See the following illustration:

Node/group information area. Double-clicking
Button 1 in a blank space in this area automatically
opens the Insert Node dialog box.

Text tool

Waveform ——

Editing tool

Zoom In button —

Fit in Window —{{I

button

Overwrite State —itp

Name button

= Max+plus 1l - dimax?workitutorialispeed_ch - [Waveform Editor - speed_ch.wdf] | M=

=| MAX+tplus Il kile Edit Yiew MNode Assign Utilities Options Window Help *

D2 [ [ R[] ahE B4 ERE EE B[R EET] 55 [&]
I || Ref [0.0ns [«I*] Time: [0.0ns Interval: [0.0ns |+
A 0.0ns

w5 lame: . Type: Jva'“e‘“. TSD]DHS 3DD.IDns dSD.IDns

2y

& Zoom Out button

B

[ Overwrite Low (0) button

] Overwrite High (1) button

L3 Overwrite Undefined (X) button

= Overwrite High Impedance (Z) button

ey Overwrite Invert button

EES Overwrite Clock button

DE| Overwrite Count Value button

E] Overwrite Group Value button i

XE|[eT] >

2. Create Input, Output & Buried Nodes

198

You create a WDF by entering input node waveforms and the desired output
node waveforms. You can also create optional buried node waveforms to
provide logical links between inputs and outputs.

You will create three input nodes for speed_ch.wdf:accel _i n,reset, and
cl k. The accel _i n node represents your acceleration. When your car
speeds up, the waveform'’s logic level changes from low (0) to high (1); when
you slow down, the signal returns to low. The r eset and cl k nodes
provide secondary inputs, i.e., Reset (Clear) and Clock inputs, to the
registers that will be created to implement your buried and output nodes.

You will also create a buried node called speed that represents a state

machine. This state machine informs you about possible states resulting
from your level of speed.
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Finally, you will create the get _t i cket node that defines the output
expected from your specified combination of inputs.

To create the nodes:

Specifies an initial
logic level of 0, 1, X,
or Z for a node, or an
initial state name for a

Click Button 1 in the topmost blank space in the node/group
information area, as shown in the illustration on page 198, and choose
Insert Node (Node menu). The Insert Node dialog box is displayed:

Specifies the node name.

Insert Node

Hode Mame: |

. | 140 Type
state machine node. — Default ¥alue: E @ Input Fin OK
Specifies the 1/0 ) Dutput Pin
type of the node. 3 Buried Node
Specifies the type . L
of logic that drives For waveform Dezign File [(wDF] Only
the node. [ Mode Iype™ | [ Secondary Inputs
® Pin Input Clock: | | E
Specifies Clock, ) Registered .
Reset (i.e., Clear), O Combinatorial Reset: | E
and Preset inputs to ) Machine Preset:| | E
a reglsz‘ered or state
machine node.
2. Typeaccel _i nin the Node Name box.
3. Select 0 in the Default Value drop-down list box.
4. Select Input Pin under I/O Type.
5.  In the bottom half of the dialog box, select Pin Input under Node Type.
6.  Choose OK. The new node appears in the topmost blank space in the
window.
7. Repeat steps 1 through 6 to create the r eset and cl k input nodes.
- . .1
a® Press F1 when the Insert Node dialog box is displayed to get help on the

dialog box.
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8.  Repeat steps 1 through 7 to create the two output nodes speed and
get _ti cket with the following characteristics:

Node Default I/O Node Secondary
Name: Value: Type: Type: Inputs:
speed X Buried Node  Machine Reset=r eset
Clock=cl k
get _ticket 0 Output Pin Registered ~ Clock=cl k

The new nodes appear as shown in the following illustration:

Name field Field resizing Waveform drawing area
handles
A
= MAXpruq{l“ dymax2workitutorialyspeed_ch - fWaveform|Editor - speed_ch.wdf] | M
=[ MAX#plus I Fil§ ENit View Node Assign Utilites Optigns Window Help B
nEF AR NSRRI =
Ref. \_.Dns @i}:me: 0.0ns Interval:
Node handle / \ 0.0ns
shows the 1/0 Narmg Type: value\| | 150.0ns
type of the node. accelin [ NPUT T 0 T
= reset INPUT ]
Zoom In button - clk NPUT | 0
L (@ ||@ speed  MACHINE| X X
Zoom Out button {[Z |~ get_ticket| REG i
=
Type field shows —{~=
the logic that =
drives the node. %
Appearsin WDFs | =
only. |
gl
Value field £L]
= [+]
EE] T *
s To display more or less of the waveform drawing area, resize the
Name, Type, and/or Value fields by pressing Button 1 on each
resizing handle and dragging it to the left or right.
«e®
a® Go to “Buried Nodes,” “Input Nodes,” and /or “Output Nodes” using

Search for Help on (Help menu).
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3. Set the Grid Size & Show the Grid

To prepare for waveform editing, you will set the grid size and display the

grid:

1. Choose Grid Size (Options menu). The Grid Size dialog box is
displayed.

2. Type 30ns to set the grid at 30 nanosecond intervals. The time unit
must immediately follow the time value (i.e., with no space in
between).

3. Choose OK.

s In a WDF, the grid size is arbitrary: the time scale indicates
only a sequential order of operation, not a specific response
time. A specific grid size is used in this tutorial session
solely to provide tutorial steps that are easy to follow.

4. Ifnecessary, turn on Show Grid (Options menu) to display the dashed
vertical grid lines in the window.

= In a WDF, Snap to Grid (Options menu) is always turned
on to enable the “magnetic” properties of the grid.

4. Edit the Buried State Machine Node Waveform

To edit the waveform of the buried state machine node speed, you will
enter three state names on the waveform to represent the transitions
between the | egal , war ni ng, and ti cket states.

s As you edit your waveforms, you can change the window display
to view larger or smaller portions of the file by clicking Button 1
on the Zoom In, Zoom Out, and Fit in Window buttons on the
tool palette, as shown in the illustration on page 198.

To edit the speed node:

1. Click Button 1 in the Value field of the speed node to select the entire
waveform.
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2. Choose the Overwrite State Name command (Edit menu) or the
Overwrite State Name button on the tool palette, as shown in the
illustration on page 198.

3.  Typel egal in the State Name box.

4. Choose OK. The entire waveform is overwritten with the state name
| egal .

5. If necessary, scroll or zoom out to display the grid line at 300 ns.
See the following illustration:

Reference field displays time at current Time field displays time at current
Reference cursor location. Changes to mouse pointer location. Changes to
End field during waveform selection. Start field during waveform selection.
= Matplus |l - dymax?workltutorialispeed_ch - [Waveform Editor - speed_chawdf] | M
=| MAX+plus Il File Edit Yiew Node Assj Utilities Options Window Help >
EEEEIRAG REREEIER AlFEERRERIEERE
Reference Ref |0.0ns [+T+] Time: [0ons ! Interval:  (0.0ns il
cursor A p-One W
handle Name: Type vale 300.0ns B00,0ns 900.0ns
E—ECDELinu"\IPUTLJ 0 L e
= reset INPUT ]
= clk INFUT 0
[ ||@ speed  [MACHINE| legal
@ P et ticket| REG i
=
2]
N
kX
=]
3
HC
T .

6.  Click Button 1 on the Waveform Editing tool in the tool palette on the
left side of the window, as shown in the illustration on page 198, to
select it. The Selection pointer changes into the Waveform Editing
pointer.
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Zoom in or out or scroll the window to display the interval from 300
to 540 ns. If you drag to the edge of the window, the file scrolls
automatically.

Refer to the Time field to find your exact mouse pointer location. With
the Waveform Editing pointer, press Button 1 at 300 ns on the speed
node, and drag the mouse until the interval from 300 to 540 ns is
selected. If you drag to the edge of the window, the file scrolls
automatically.

I As you drag the mouse to select a waveform interval, the
Time and Reference fields turn into Start and End fields that
show the size of the selected interval.

Release Button 1. The Overwrite State Name dialog box opens

automatically because you used the Waveform Editing tool on a state

machine waveform.

Type war ni ng in the State Name box.

Choose OK. The selected interval is overwritten with the state name
war ni ng.

Repeat steps 7 through 11 to overwrite the interval 540 to 660 ns with
the state name t i cket .
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The speed node waveform appears as shown in the following illustration
(displayed after choosing the Fit in Window button from the tool palette to
show the full length of each waveform):

MAaxX+plus 1l - dimax?workitutorialispeed_ch - [Waveform Editor - speed_ch.wdf] | M=
MaAXtplus II  File Edit Yiew MNode Assign Utilities Options Window Help

D2[EE] (3 [E[r] <] W] [iREe 2L [ EEE [Eae R EET [FEE &
L

Ref [0.0ns [«I*] Time: [0.0ns Interval: [0.0ns
0.0ns —
Name: _Type: Walue 300.0n B00.Ons 500.0ns
iacchm d |NPUT b D Yoo - - - o oo
= reset INPUT i
= clk INPUT i
(& ||@ speed  [MACHINE| legal
(&Y |[iE get_ticket| REG 0
Fit in Window —H=
button —
1]
-
[1]
[t
Overwrite 2
Undefined (X) Z
button =
hcd
C|
A<
Gl EEEEEEEEEE R

5. Edit the Input & Output Node Waveforms

You will now edit the input and output node waveforms. On theaccel _i n
waveform, you will overwrite two high logic level intervals (to represent
your car’s acceleration beyond legal speeds) as the speed state machine
changes first from | egal towar ni ng, and then from war ni ng toti cket.
You will also overwrite an undefined (X) logic level interval on accel _i n
to mark the transition from the t i cket state to the | egal state.

You will overwrite the ¢l k signal with a high logic level at alternate 60-ns
intervals. You will not change the r eset signal.

You will edittheget _t i cket outputnode by overwriting a high logic level

interval on its waveform that corresponds to the t i cket interval on the
speed state machine waveform.

204 Altera Corporation



Section 3: MAX+PLUS Il Tutorial

To edit the nodes:

SHORTCUTS

Altera Corporation

If necessary, scroll or zoom out to display the 270-ns grid line.

With the Waveform Editing tool, press Button 1 at 270 ns on the
accel _i n waveform, drag the mouse until the interval from 270 to
330 ns (i.e., two grid units) is selected, then release Button 1.

The selected interval is overwritten with a high logic level, which is
the complement of the original low logic level. The high logic interval
corresponds to the speed state machine transition from a | egal to
war ni ng state (i.e., if speed isin the state | egal andaccel _i n goes
high, then speed goes into state war ni ng).

I The Waveform Editing tool overwrites an interval on a low
or high waveform with its logic level complement. The
complement is defined as the opposite of the logic level at
the beginning of the interval. High-impedance (Z) and
undefined (X) waveforms are also overwritten with low
logic levels.

Repeat steps 1 and 2 to overwrite a high logic level on the interval
from 510 to 570 ns (two grid units) on theaccel _i n waveform, which
corresponds to the state machine transition fromwar ni ngtoti cket
(i.e., if speed is in the state war ni ng and accel _i n goes high, then
speed goes into state t i cket ).

If necessary, scroll or zoom out to display the 630-ns grid line.

Click Button 1 on the Selection tool on the tool palette to activate the
Selection pointer. The state machine interval is automatically
deselected, and the Reference cursor moves to the beginning of the
interval.

Pressing the Esc key changes the current tool into the Selection tool.

The time at the cursor location is displayed both at the top of the
cursor and in the Reference field. The logic levels or state names at this
location are shown in the Value field. A dash (-) may appear instead
of a value in the Value field if the field is too narrow to display the
logic level.
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206

6. With the Selection tool, select the interval from 630 to 690 ns (two grid
units). Choose the Overwrite Undefined (X) command (Edit menu) or
choose the Overwrite Undefined (X) button from the tool palette, as
shown in the illustration on page 204. The undefined interval
corresponds to the state machine transition from ti cket tol egal
(i.e., speed moves from the state t i cket to| egal regardless of the
value of accel _in).

The accel _i n node waveform appears as shown in the following
illustration:
= MaK+plus 1l - d'ymax?workitutorial\speed_ch - [Waveform Editor - speed_ch.wdf] | M=
=| MAX+plus Il File Edit View Mode Assign Ulilities Options Window Help +
D]=EE) [ [Fa[@][] W] ]bREs2£ DR [ ]
Ref [0.0ns [«I*] Time: [D.0ns Interval:  [0.0ns hd
0.0ng —
MNarne: _Type: MWalue:
@@= accslin | NPUT T 0 T
= reset INFUT ]
i clk INPUT 1]
@@ speed  [MACHINE| lega
@ P et ticket| REG i
B
]
o
EX
Z|
E
¥
°g
PEIl T
7. Press Esc to activate the Selection tool again.
8. Select the entire cl k node by clicking Button 1 on its node handle or
node name, or in the Value field.
9. Choose Overwrite Clock (Edit menu). The Overwrite Clock dialog
box is displayed.
10.  Specify 2 in the Multiplied By box.
11.  Choose OK in the Overwrite Clock dialog box to accept the default

starting value and clock period for cl k.
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The cl k node waveform appears as shown in the following

illustration:
= MaK+plus 1l - d'ymax?workitutorial\speed_ch - [Waveform Editor - speed_ch.wdf] |v -
=| MAX+plus Il File Edit VYiew MNode Assign Utilities Options Window Help +
INEFEAEE RSN EREE I e FE]E ]
Ref [0.0ns [«I*] Time: [D.0ns | Interval: [0.0ns | hd
0.0ns —
Name: _Type Walue: 300.0ns B00.0ne 500.0ns
e TWeT 0 [T ] [ LEE T
i reset INPUT 0 R
= clk INFUT 0
a A speed  [MACHINE| legal
[E | get_ticket| REG 0
B
[o]
-
[1]
I
[ |
[0
Z|
=
Overwrite ha|
Clock button |
= ]
PE| «[ | -
SHORTCUTS Shortcuts for opening the Overwrite Clock dialog box:

v/ Press Button 2 and choose Overwrite Clock from the pop-up
menu.

or:

v Choose the Overwrite Clock button from the tool palette, as
shown in the illustration above.

12.  Toedit the get _ti cket node, repeat steps 1 through 3 on page 205
with the Waveform Editing tool to overwrite the interval from 540 to
660 ns on the get _t i cket waveform with a high logic level. This
high logic level corresponds to the t i cket state on the speed node’s
waveform.
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See the following illustration:

Movement buttons for
the Reference cursor

= Maxtplus II-d:\meEwnrk\lutnriaI\speed_ch-['Wa\.refnrm Editor - speed_ch.widf] |v -

=| MAX+tplus Il File Edit Iﬂiew Mode Assign Utilities Options Window Help *

NEFEREREIHERREREE EN[E A BE:[%, | [

m Ref. |6E0.0ns Tirne: |660.0ns Imterval: |0.0ns id

560.0ns —

Narme: Type: Value: | 300.0ns B00.0ns 500.0ns
}acceliin [ |NPUT LT X L ,—| ,—| T R
= reset INPUT i} H FEE
= clk INPUT 1 : :

(& B speed  [MACHINE| legal leg ficket

[E | get_ticket| REG i i : :

bE

(o]

ir

[1]

L

A

il

=

|

3

|

}@ .........

] i ———— .

6. Confirm the Edits

208

To confirm your edits, you can move the Reference cursor to each successive
logic level transition:

1.

2.

If necessary, press Esc to activate the Selection tool.

Click Button 1 at 0 ns in the waveform drawing area or drag the

Reference cursor by its handle to move the cursor to the beginning of
the file.

Press the = key or click Button 1 on the right cursor movement button
next to the Reference field, as shown in the previous illustration, to
move the Reference cursor to the next higher logic level transition.
You can also choose Find Next Transition (Utilities menu).
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4. Repeat as necessary to move the Reference cursor to each successive
transition. The logic levels or state names at each transition are
displayed in the Value field.

I A dash (-) may appear instead of a value in the Value field
if the field is too narrow to display the logic level.
-
add Choose from the toolbar and click Button 1 on the Reference cursor
handle.

7. Check for Basic Errors & Create a Default Symbol

You will now check the file for syntax errors to ensure that it was entered
correctly, and then create a default symbol for use in the top-level GDF.

1.

Altera Corporation

Choose Project Save & Check (File menu). See “11. Save the File &
Check for Basic Errors” on page 183.

If Project Save & Check is successful, double-click Button 1 on the
Document Control Menu box to close the Compiler window.

Make sure the speed_ch.wdf (or speed_ch.tdf) file is displayed in the
active window, choose Create Default Symbol (File menu), and
choose OK if you are asked whether it is OK to overwrite the existing

Symbol File (.sym).

Double-click Button 1 on the document icon (or box) to close the file.
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Session 5: Create the Top-Level Graphic Design File

In this session, you will use the MAX+PLUS II Graphic Editor to create the
top-level design file for the chiptrip project. The chiptrip.gdf file
incorporates the symbols that represent the four lower-level files,
tick_cnt.gdf, auto_max.tdf, time_cnt.tdf, and speed_ch.wdf (or
speed_ch.tdf), created in previous tutorial sessions.

Figure 3-4 shows the chiptrip.gdf file, which you will create by following
the steps outlined below. This session also introduces additional command
shortcuts to help you enter chiptrip.gdf quickly. For details about each step,
see the procedures described in “Session 2: Create a Graphic Design File.”

Iz

Some buttons at the right end of the toolbar may be unavailable if
your monitor is set to VGA display mode. All toolbar buttons and
drop-down lists are available in larger screen displays. If you
wish, you can switch to an alternate combination of toolbar
buttons for VGA displays. Go to “Setting MAX+PLUS II
Preferences” using Search for Help on (Help menu) for

instructions.
Figure 3-4. chiptrip.gdf
auto_max speed_ch
dir[1..0] [Corm—— DIR[1..0] SPEED_TOO_FAST ACCEL_IN .
at_altera get_ticket2
accel [>——————— ACCEL AT_ALTERA - RESET GET_TICKET p———=—""—
get_ticketl
— CLK GET_TICKET b———"— CLK
GLOBAL RESET
clock D—|>—0 Jﬁ
reset > ®
time_cnt
enable — ENABLE TIME([7..0] {—> time[7..0]
CLK
at_altera
——— [ at_altera
. tick_cnt
get_ticketl
———=———— GET_TICKET1L
get_ticket2

Connection dot

210

CLK

GET_TICKET2

TICKET([3..0]

> ticket[3..0]
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If you skipped the previous tutorial sessions and did not create
the four lower-level design files, you can copy the design files and
their corresponding Symbol Files from the \max2work \ chiptrip
subdirectory into your \max2work \ tutorial subdirectory. (On a
UNIX workstation, the max2work directory is a subdirectory of
the /usr directory.)

To create chiptrip.gdf:

1.

SHORTCUTS

Altera Corporation

Create a new GDF and save it as chiptrip.gdf in the \max2work\
tutorial directory.

Specify the project name as chiptrip.
Shortcuts for setting the project name:

v/ Choose the Project Set Project to Current File button from the
toolbar at the top of the window.

or:

v/ Type Ctrl+Shift+].

Enter the symbols for the schematic:

a.  Use the Enter Symbol command (Symbol menu) to enter the

symbols that represent the lower-level design files created in
earlier tutorial sessions:

Symbol Name: Design File: Tutorial Session:
tick_cnt tick_cnt.gdf Session 2
aut o_rmax auto_max.tdf Session 3
ti me_cnt time_cnt.tdf Session 3
speed_ch speed_ch.wdf Session 4

b. Enter a GLOBAL primitive.

c. Enter five | NPUT pins and three QUTPUT pins.
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SHORTCUTS

SHORTCUTS

SHORTCUTS

212

Shortcuts for opening the Enter Symbol dialog box:
v/ With the Selection tool, double-click Button 1 in a blank space.
or:

v/ With any palette tool, press Button 2 in a blank space and
choose Enter Symbol from the pop-up menu.

Name the pins as follows:

Input Pin Names: Output Pin Names:
dir[1..0] tinme[7..0]

accel at_altera

cl ock ticket[3..0]
reset

enabl e

Shortcuts for naming pins:

v~  With the Selection or Text tool, double-click Button 1 on the
default pin name and type the desired pin name.

or:

v/ With any palette tool, press Button 2 on the pin symbol, choose
Edit Pin Name from the pop-up menu, and type the pin name.

s If you press + after you edit a pin name, the next pin
name below it is automatically selected for editing.

Draw node and bus lines to connect the symbols, as shown in
Figure 3-4 on page 210. Be sure to draw all node lines, even those that
do not connect symbols together graphically.

Node and bus lines have different line styles. As an alternative to
using the Line Style command (Options menu), you can select a line
style with the Line Style drop-down list box on the toolbar or with the
Button 2 pop-up menu:
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v/ Click Button 1 on the Line Style drop-down list box “arrow”
and choose the solid line style, which appears at the top of the
list:

[——T

or:

v/ With any palette tool, press Button 2 on a node or bus line and
choose the desired line style from the Line Style submenu.

To enter connection dots:

a.  With the Selection tool or any drawing tool, click Button 1 on the
intersection of two nodes to define an insertion point.

b.  Choose Toggle Connection Dot (Edit menu).
Shortcuts for entering (or deleting) a connection dot:

v/ With the Selection tool or any drawing tool, double-click
Button 1 on the intersection of two nodes.

or:

v/ With any palette tool, press Button 2 at the intersection of two
nodes and choose Toggle Connection Dot from the pop-up
menu.

or:

v/ With the any palette tool, click Button 1 on the intersection of
two nodes and choose the Toggle Connection Dot button from

the tool palette.

Assign names to the unconnected nodes to connect them by name, as
shown in the following list and in Figure 3-4.
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I Symbols are identified here as <symbol name>: <symbol ID>.
Your own symbol ID numbers will vary if you entered the
symbols in a different order.

Symbol: Pinstub/Pin Name: Node Name:
aut o_nmax: 1 AT_ALTERA at_altera
auto_max: 1 CET_TI CKET get _ticketl
at _al tera(outputpin) at_altera at _altera
speed_ch: 2 CGET_TI CKET get _ticket2
tick _cnt:3 CGET_TI CKET1 get _ticketl
tick _cnt:3 CET_TI CKET2 get _ticket2
I Pinstub names are always shown in capital letters in

symbols generated with the Create Default Symbol
command (File menu).

SHORTCUTS Shortcuts for naming nodes and buses:

v/ With any palette tool, click Button 1 on the node or bus line to
define an insertion point and type the desired name.

or:

v/ With any palette tool, press Button 2 on a node or bus line,
choose Edit Node/Bus Name from the pop-up menu, and type
the name.

or:

v/ With the Text tool, type a name on a node or bus line, or type a

name in a blank space, then use the Selection pointer to drag
the name onto a line to associate the name with the line.
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SHORTCUTS You may wish to customize some or all of your text blocks. As an
alternative to using the Text Size and Font commands (Options
menu), you can specify the text size and font with the drop-down list
boxes on the toolbar or with the Button 2 pop-up menu.

v/ Click Button 1 on the drop-down list box “arrows” to display
the lists of available fonts and sizes, and chose the desired text
size or font:

[atera ] [2] [10][¢]

or:

v/ With any palette tool, press Button 2 on a selected node or bus
name and choose the desired text size or font from the Text
Size or Font submenus.

8. Choose Save (File menu) to save the file.

“ ‘. o For a list of additional command shortcuts for the Graphic Editor, go to
“Graphic & Symbol Editor Shortcuts” and / or the names of the various

commands using Search for Help on (Help menu).
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Session 6: Compile the Project

216

In this session, you will compile the chiptrip project. The MAX+PLUS II
Compiler checks the project for errors, synthesizes the logic, fits the project
into an Altera device, generates output files for simulation and
programming, and updates the Hierarchy Display window. This session
includes the following steps:

0PN TN

Open the Compiler window.

Select a device family.

Turn on the Smart Recompile command.
Turn on the Design Doctor utility.

Turn on the Security Bit.

Select a global project logic synthesis style.
Turn on the Timing SNF Extractor.
Specify Report File sections to generate.
Run the Compiler.

Locate the source of a message.

Get help on a message.

View the Report File.

If you did not complete the earlier tutorial sessions to create the
design files for the chiptrip project—tick_cnt.gdf, time_cnt.tdf,
auto_max.tdf, speed_ch.wdf, and chiptrip.gdf—you can copy
the design files and their corresponding Symbol Files from the
\max2work \ chiptrip subdirectory into the \ max2work \ tutorial
subdirectory. (On a UNIX workstation, the max2work directory is
a subdirectory of thee /usr directory.) You must then specify
chiptrip as the project name. See “2. Specify the Project Name” on
page 170.

Altera Corporation



Section 3: MAX+PLUS Il Tutorial

1. Open the Compiler Window

To open the Compiler window:

v/ Choose Compiler (MAX+PLUS II menu). The following illustration
shows the Compiler window:

='| Compiler |V|A
Compiler Database Logic Timing
Netlist Builder Synthesizer|| Partitioner Fitter SNF Assembler
Extractor Extractor
-
=2
B X
Q S 100
L 1
Progress bar Hourglass flips and empties Module box

as a project is compiled.

105 The modules and icons displayed on your screen may differ from
those in the illustration, depending on how MAX+PLUSII was set
up before you started the tutorial. The Compiler’s Processing and
Interfaces menus contain commands for turning different
modules and utilities on and off.

2. Select a Device Family
You can select any MAX+PLUS II-supported device family for your project.
You can also allow the Compiler to automatically choose the most
appropriate device within a particular family.

To specify the device family:

1. Choose Device (Assign menu). The Device dialog box is displayed:
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='| Device

Top of Hierarchy: |-\max\release\t-birdpcit-bird. gdf

Devices:

Device Family: [(SEy11] E

AUTOD

EPM7032LC44-6
EPM7032Q0C44-7
EPM7032TC44-6
EPM7032VLC44-12

Auto Device...
Edit Chips >>

&4 Show Only Fastest Speed Grades

D Maintain Current Synthesis Regardless of Device or Speed Grade Changes

2. If the MAX 7000 family is not already selected, select MAX7000 in the

Device Family drop-down list box.

3. Ifnecessary, select AUTO in the Devices box.

4, Choose OK.

3. Turn on the Smart Recompile Command

218

When the “smart” recompile feature is turned on, the Compiler saves extra
database information for the current project for use in subsequent
compilations. During “smart” recompilation, the Compiler can determine
which modules are not needed to recompile the project, and skip them
during recompilation, thereby reducing compilation time.

In “Session 8: View the Fit in the Floorplan Editor” on page 231, you will
recompile the chiptrip project after changing a pin assignment. Turning on
the Smart Recompile command now will speed things up when you go

through the steps in Session 8.

To turn on the smart recompile feature:

v/ Choose Smart Recompile (Processing menu).
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During compilation, the optional Design Doctor utility checks all design files
in a project for logic that may cause reliability problems in a programmed

device.

s If you have not purchased the Design Doctor utility for
MAX+PLUS 11, skip to “5. Turn on the Security Bit” on page 220.

To turn on the Design Doctor utility and specify a set of design rules for the

analysis:

1. Choose Design Doctor (Processing menu). When the command is
turned on, a checkmark appears next to the command name on the
menu and the Design Doctor icon appears in the Compiler window
below the Logic Synthesizer module box, as shown in the following

illustration:
='| Compiler |v |A
Compiler Database ||Logic Timing
Netlist Builder Synthesizer|| Partitioner Fitter SNF Assembler
Extractor Extractor

X

S0

100

|

Design Doctor icon

2. Choose Design Doctor Settings (Processing menu). The Design
Doctor Settings dialog box is displayed:

|:|Design Doctor Settings

Design Rules
@ EPLD Rules
) FLEX Rules
{ MPLD Rules
. Cusztom Rules

| Advanced Options >>» |

| Ok || LCancel |

Altera Corporation
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3. If necessary, select EPLD Rules and choose OK.

a® Go to “Checking Project Reliability with the Design Doctor” and “Project
Reliability Guidelines” using Search for Help on (Help menu).

5. Turn on the Security Bit

MAX+PLUS II allows you to specify the default Security Bit setting for all
devices in a project. The Security Bit prevents a device from being
interrogated.

1. Choose Global Project Device Options (Assign menu). The Classic &
MAX Global Project Device Options dialog box is displayed:

='| Classic & MAX Global Project Device Options

Project Name is:
d:\Amax2workstutorialbchiptrip_gdf
& Security Bit Rezerved Resources

] Low-¥oltage 1/0 1/0 Pins: Elz @
Logic Cells: EIZ EI

2. If necessary, turn on Security Bit and choose OK.

6. Select a Global Project Logic Synthesis Style

220

You can select a logic synthesis style for the project that guides the
Compiler’s Logic Synthesizer module during compilation. The default logic
synthesis style for a new projectis “Normal.” The logic option settings in this
style optimize your project logic for minimum silicon resource usage.

To select a logic synthesis style for the project:

1. Choose Global Project Logic Synthesis (Assign menu). The Global
Project Logic Synthesis dialog box is displayed:
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'='| Global Project Logic Synthesis
Project Name ig: c:\maxZwork\tutonalschiptrp.gdf
" Global Project Synthesis Style Optimize
[NDRMAL [+ 0
[« | [+]
| Define Synthesiz Style. | Area Speed
 MAX Device Synthesiz Options
[] Multi-Level Synthesis for MAX 5000/7000 Devices
[] Multi-Lexel Synthesis for MAX 9000 Devices
[] One-Hot State Machine Encoding
[] Automatic Fast 170 Automatic Global ™
O Automatic Register Packing | Clock
[ Automatic Open-Drain Pins 4] Clear
[1 Automatic Implement in EAB B Preset
4] Output Enable
B A

2. If necessary, select Normal in the Global Project Synthesis Style
drop-down list box and choose OK.
D
B a® Go to “Specifying Global Project Logic Synthesis Settings” using Search for
Help on (Help menu).
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7. Turn on the Timing SNF Extractor

The Compiler can create a Simulator Netlist File (.snf) that contains the logic
and timing information used by the MAX+PLUS II Simulator and Timing
Analyzer. A timing SNF is a binary file that contains all logic and timing
information required for simulation, delay prediction, and timing analysis.

To turn on the Timing SNF Extractor module:

v/ Choose Timing SNF Extractor (Processing menu). When the
command is turned on, a checkmark appears next to the command
name on the menu and the Timing SNF Extractor module box
appears in the Compiler window, as shown in the following

illustration:
='| Compiler |v |A
Compiler Database ||Logic Timing
Netlist Builder Synthesizer|| Partitioner Fitter SNF Assembler
Extractor Extractor

B I

1] S0 100

Timing SNF Extractor module box

s If the module boxes for the EDIF, VHDL, and /or Verilog Netlist
Writer are displayed, turn these modules off with the EDIF
Netlist Writer, VHDL Netlist Writer, and / or Verilog Netlist
Writer commands (Interfaces menu).

8. Specify Report File Sections to Generate

222

The Report File (.rpt), which is generated by the Compiler’s Fitter module,
shows how device resources are used in the chiptrip project. The Compiler
allows you to specify which optional information should be included in a
Report File.
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To specify that all sections should be included in the Report File:

1. Choose Report File Settings (Processing menu). The Report File
Settings dialog box is displayed:

|:| Heport File Settings

Optional Beport File Sections:

(<] User Assignments
| File Hierarchy
& Logic: Cell Interconnections

£ Equations
B
| 0K I | Cancel |
2. If necessary, turn All on and choose OK.
-aW
a® Go to “Report File Format” using Search for Help on (Help menu).

9. Run the Compiler
To compile the project:
1. Choose the Start button. As the Compiler processes the chiptrip

project, any information, error, or warning messages appear in a
Message Processor window that opens automatically.
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224

The Stop/Show Status button appears in place of the Stop button
when the Compiler’s Partitioner and Fitter modules are processing the
project, as shown in the following illustration:

='| Compiler |v | -

Compiler Database [ Logic Timing

Netlist Builder Synthesizer @ Partitioner Fitter SNF

Extractor Extractor
AN -

2 x

Q

Assembler

S0 100

\

The Compiler’s Fitter module is Stop/Show Status button
currently processing the project.

2. While the Fitter module is processing the project, choose the
Stop/Show Status button in the Compiler window. The
Partitioner/Fitter Status dialog box is displayed, listing all chips in the
project and their fitting status:

|:| PartitionerfFitter Status
Pins: Logic Cells:
Chip: Device: [req. f avail.] [req. f avail.] Status:
chiptrip EPM7032LC44 19 / 36 21 F 32 Attempting to Fit
Current Compiler Action: Mormal Compilation
Current Chip:  chiptrip | Stop After Thig Attempt | | Stop & Create Report File |
Cumrent Fitting Attempt: 1 | Stop Compilation | I Continue Compilation |
3. Choose the Continue Compilation button in the Partitioner/Fitter

Status dialog box to resume compilation.

The Compiler runs in the background, freeing your computer for
other work. However, this compilation is short and you will not have
to wait long for it to finish. When you compile a larger, more complex
project, you can start a compilation and then switch to another
application to continue your work.
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When compilation is finished, icons representing the output files generated
by the Compiler appear below the module boxes. You can open any of these
output files by double-clicking Button 1 on the appropriate file icon. The

chiptrip compilation processing also generates four information messages,

as shown in the following illustration:

Report File icon

=‘ MAX+plus Il - d\max2workbtutorialichiptrip

|v|A

MAX+plus 1l File Assig Options Window Help

=l
Cumpller

‘v|‘

Compiler Timing
Metlist SNF
Exira ctor Extractor

Allows you to
scroll through all
messages. The
total number of
messages
generated and
the number of
the currently
selected
message are

Database QLogic
Builder Synthesizer
_/

(A

00

='| Messages - Compiler

‘v|‘

Info: State 'altera’ in state machine '|auto_max:1|street_map' is never exited

Info: Design Doctor has given the project a clean bill of health based on the EPLD Rules set
Warning: Pin or logic cell assignment ignored for chip assigned to AUTO

Info: Selecting a device from 'MAX7000° family for AUTO device 'chiptrip®

Info: Chip 'chiptrip' successfully fit into AUTO device 'EPM7032LCA44-6"

+

[+]

displayed.

Automatically
highlights the
source of an

4 Message b |0 of b
4 Locate k| DofD

—J Locate in Floorplan Editor

Locate All

Help on Message

error or warning.
If a message has
multiple sources,
you can locate
each source in
succession.

Allows you to trace the source(s)
of a message in the Floorplan
Editor instead of a design or
ancillary file.

Opens the Floorplan Editor
and highlights all source(s)
of the selected message
simultaneously.

correct it.

Displays information about the
cause of the message and how to

As shown in the illustration, the Design Doctor has given the chiptrip

project a “clean bill of health,” and the Compiler has selected the

EPM7032LC44-6 device (an EPM7032-6 device in a 44-pin plastic J-lead chip

carrier package) for the project.
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10. Locate the Source of a Message

SHORTCUTS

226

You can direct the Message Processor to locate the source of a message
within the relevant design file.

To locate the source of a message:

1.

If necessary, switch to the Message Processor window by choosing
Message Processor (MAX+PLUS II menu).

Click Button 1 on the first message or on the right side of the Message
button to select the first message: I nfo: State "altera' in the
state machine '|auto_max: 1| street_map' is never
exited.

If necessary, turn off the Locate in Floorplan Editor option.
Choose the Locate button.

Double-clicking Button 1 on a message is a shortcut for choosing the
Locate button.

The Message Processor automatically opens the TDF containing the
source of the message, and highlights the source’s location within the
design file, as shown in the following illustration:

=‘ Text Editor - auto_max.tdf " ‘ -
street_map @ MACHINE % Create state machine with bhits ql
OF BITS (g2, ql,q0) 5 gl & g0 as outpucs of regiscer
WITH STATES |
Yo, % Tour company %
mp ld, % Marigold Park Lane Drive % :
epld, % East Pacific Lane Drive %
gdf, 3 Great Delta Freeway %
cnt, % Capitol North Fiest %
Ipt, % Regal Park Terrace 5
epm, % East Pacific Main
1 % Tour one-stop programmsble logic
BEGIN
street_map.clk = clk: % input pin "clkK" connectE to stat
STreset_map.reset = reset; % input pin "reset" connects to ST
% File outputs default to GND unle
TAELE % Define state transitions %
Z Diy Lt L + 11 +
Line 22 [Col 25  [INS ]| | .

Source of the message is highlighted in
the original design file.
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If the message has multiple sources, you can locate the additional
sources by choosing Locate again.

Once you finish viewing the design file(s), close the design editor
window(s) to return to the Message Processor window.

11. Get Help on a Message

You can get instant context-sensitive help on the cause of a message.

To get help on a message:

3.

Altera Corporation

Select a message.

Choose the Help on Message button in the Message Processor
window.

The Message Processor opens the MAX+PLUS II Help window, which
shows the cause of the message and any action you must take to
correct the problem.

The following illustration shows the Help topic for the first message
in the Message Processor window:

=] MAX+plus Il Help [~]=
File Edit Bookmark Options Help
Qontentsl Search I Back | Frrint |§I0ssarp |

State <name> in state machine <name> is never exited

MaE+HPLUS I

CAUSE: ‘You have entered a state in a state machine that can never be left once it is reached.

ACTION If you intended for the state machine to be able to exit from the state, modify the design file.

See also:
Implementing a State Machine (AHDL)
MAXAPLUS Il Messages
hessage Format
Recovering from lllzgal States (AHDL)
Specifying State Transitions (AHDL)

Once you finish viewing the Help topic, close the Help window and
return to the Compiler window.
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12. View the Report File

The Report File (.rpt) contains two types of information about the chiptrip
project: project-wide information (sections entitled Device Summary,
Project Compilation Messages, File Hierarchy, etc.) and device-specific
information (sections entitled Resource Usage, Routing Resources, Logic
Cell Interconnections, etc.). You can open the Report File for the current
compilation directly from the Compiler window.

To open the Report File:
1. Double-click Button 1 on the Report File icon in the Compiler window,

as shown in the illustration on page 225. The Report File is displayed
in a Text Editor window, as shown in the following illustration:

= MAX+plus Il - d\max2workitutorialichiptrip - [Text Editor - chiptrip.rpt] |v -
=| MAX+tplus Il File Edit Templates Assign Utilities Optlons Window Help

NERE (= 0 CIFIES1ELe) EEE Healel SRR b
[ | Project Information d ~maxiZworkstutorial-chiptrip. rpt |+

MAi¥+plus IT Compiler Report File i
Version 8.1 8-19-97
Compiled: 08-19-97 16:31:50

=xxx%x Project compilation was successful

#*% DEVICE SUMMARY %

Chip~ Input Cutput Eidir Shareable

POF Device Pin= Pin= Fins ICs E=zpanders ¥ Utilized
chiptrip EPM7032LC44-6 3 13 i} 21 18 [
Uszer Pins: 6 13 0

Project Information d:maziworkstutorial~chiptrip rpt

*%x PROJECT COMPILATION HESSAGES ==

Info: Dezign Doctor has given the project a clean bill of health based on the H
Warning: Pin or logic cell assignment igrnored for chip assigned to AUTO

g

Prodect Inforwation d-wawluorbytntorisglchintrin wot

Line 10 [Col 1 [INS =] ] [+

+]

B .. - Choose 22] on the toolbar and click on a section heading delimited by * *

characters to go to context-sensitive help on specific sections of the Report

File.

2. Once you finish viewing the Report File, close it to return to the
Compiler window.

3. Close the Compiler window.
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Session 7: View the Project in the Hierarchy Display

In this session, you will view the hierarchy of the chiptrip project in the
Hierarchy Display window. This session includes the following steps:

1. Open the Hierarchy Display window.

2. Bring chiptrip.gdf to the front.
3. Close any open file(s).

1. Open the Hierarchy Display Window
To see the chiptrip hierarchy:
v/ Choose Hierarchy Display from the MAX+PLUS II menu.
Each file in the project hierarchy tree is represented in the Hierarchy Display
by its filename and a file icon that indicates the file type. A bar at the top of

a file icon indicates an open file.

See the following illustration:

Filename ——— File icon. The bar indicates Hierarchy branch
that the file is open.

='| Hierarchy Display |v |‘
chiptripf —©E—auto_max:1 [y

gdf tdr
speed_ch:2 [
tdf rpt log hst tbl wdf
[nr] & tick_ecnt:18[p] — = —8count 8k —E—pBcount 'subfp]
scf Fit syn acf gd¥ td¥ gd¥

time_cnt:4
tdr

Connection arrow Branch button. Used to hide or display lower-
level branches in the current hierarchy.

- G
B ad® Choose 22] from the toolbar and click Button 1 on any item in the window
to go to MAX+PLUS II Hierarchy Display Help on that item.
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2. Bring chiptrip.gdf to the Front

The Hierarchy Display window allows you to quickly open or bring to the
front any design file in the project hierarchy, or any ancillary file with the
same filename as the project. When you open a file from the Hierarchy
Display, MAX+PLUS II automatically opens the appropriate editor.

To bring chiptrip.gdf to the front:

v/ Double-click Button 1 on the GDF icon next to the chiptrip filename.
The Graphic Editor window with chiptrip.gdf comes to the front.

B ‘. - Go to “Navigating the Hierarchy” using Search for Help on (Help menu).

3. Close any Open File(s)
To close any open files in the Hierarchy Display:

1. Bring the Hierarchy Display window back to the front. The
chiptrip.gdf icon has a bar over it, indicating that the file is open.

2. Click Button 1 on the chiptrip.gdf icon to select it.

s~ You can select multiple files by pressing the Shift key while
clicking Button 1 on file icons.

3. Choose Close Editor (File menu). The chiptrip.gdf file is closed and
the bar above its icon disappears.

4. Double-click Button 1 on the document icon (or box) to close the
Hierarchy Display window.

-
‘- - Go to “Selecting a File Icon” using Search for Help on (Help menu).
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Session 8: View the Fit in the Floorplan Editor

In this session, you will use the Floorplan Editor window to view Compiler
partitioning and fitting results, as well as to enter and edit physical device
resource assignments for your project. You will also view the Compiler’s
logic placement, compare your own assignments to the Compiler’s
assignments, and back-annotate the results of compilation. This session
includes the following steps:

Open the Floorplan Editor window.

Back-annotate the project and edit assignments.

Recompile the project.

Display routing information in the Floorplan Editor window.
Display equation and routing information with the Report File
Equation Viewer.

AN

B .. o Go to “Floorplan Editor Procedures” using Search for Help on (Help menu)

for more information on using the Floorplan Editor.
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1. Open the Floorplan Editor Window

The Floorplan Editor provides two displays—the Device View and the LAB
View. The Device View shows all pins on a device package and their
function. The LAB View shows the interior of the device, including all LABs;
the individual logic cells within each LAB; and I/ O cells, embedded cells,
and Embedded Array Blocks (EABs) if they are available in the target device.
(The EPM7032 device used in this project does not include I/O cells,
embedded cells, or EABs.) The LAB View also displays pin locations so that
you can see the relationships between pins and logic resources in the interior
of the device.

To view chiptrip in the Floorplan Editor window:

1. Choose Floorplan Editor from the MAX+PLUS II menu. The
Floorplan Editor opens and displays the view that was last used to
examine the floorplan of the device selected for the project.

2. If necessary, click Button 1 on the Maximize button in the Floorplan
Editor title bar to maximize the window.

3. If necessary, choose the LAB View and Last Compilation Floorplan
commands from the Layout menu. The chiptrip project is displayed
in the Floorplan Editor window, as shown in the following
illustration:
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at the current mouse pointer location.
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LAB Assignment Bin

MAX+plus |l - dAmax2workitutorial\chiptrip - [Floorp

lan Editor - [Last C

mipilation)

The color =| MAXtplus Il File Edit ¥Yiew Layout Assign Wilities | Options indow Help &
legend shows NEFEHERE NREEREr
the colors used Unassianel Nodes & Pins-
) — igned Modes ins:

T - ¥ ¥
to identify Chip Name: |chiptrip (EPM7032LC44-6) [#]
unassigned and [Color Legend -

. . [ Unassigned [ Device-Wide Fan-Out
assigned pins, 1 Urrouted

. nIoute
logic cells, and [ 1 [+
1/0 cells. Local LAB Fan-Out Selected Node[s] & Pinls):

Ii—l Parallel Expanders [ Only

|<nune>

Zoom In button —H&)]
E3—=asp— Zoom Out button il
Fit in Window =] 7
button A B ||
Current 7 =7
Last Compilation — Assignments
= 202l Co—rp i) Henet < 3— s timal
Floorplan button Floorplan st ot oitie) e ) [~ tmer
It C— ) timas <— —Iko]
button ar C—| o et | = towets
[Global CE)CT ananls [— (o) fimas <1 — — towats
at_aiters 3— ] time2 <3—| L v
[Global Clear)] o) ) ket J— —ve)
e O— 0w tmet <—1 | M)
[Global OE1C]
ot [speed_ch2jspeed™1 @ LCT6]
[+]
Gl [+

Dedicated global pins are shown -
separately from LABs for some devices.

SHORTCUTS

Altera Corporation

The LAB View is
currently displayed.

You can drag a node or pin name to the device
to assign it to a pin, logic cell, LAB, chip, etc.,
depending on the selected view (all nodes and
pins are currently assigned).

Double-clicking Button 1 in a blank space in the Floorplan Editor
window switches back and forth between the LAB and Device View

displays.

Clicking Button 1 on the Last Compilation Floorplan button on the
tool palette is a shortcut for choosing the Last Compilation Floorplan

command (Layout menu).
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2. Back-Annotate the Project & Edit Assignments

234

The Floorplan Editor allows you to view and edit your current assignments,
which are stored in the project’s Assignment & Configuration File (.acf).
After you have compiled the project, you can edit the Compiler’s
assignments, which are stored in the project’s Fit File (.fit), by back-
annotating the project and then changing the current floorplan assignments.

To back-annotate your project:

1. Choose Back-Annotate Project (Assign menu). The Back-Annotate
Project dialog box is displayed.

2. Turn on the Chips, Logic Cells, Pins & Devices option under Back-
Annotate to ACF to back-annotate all assignments.

3. Choose OK. MAX+PLUS II copies the pin, logic cell, chip, and device
assignments from the Fit File into the ACF, overwriting the previous
assignments.

4. Choose Current Assignments Floorplan (Layout menu). The
Floorplan Editor window displays the current assignments for the
chiptrip project.

If some logic is unassigned in your project, the Floorplan Editor provides a
list of unassigned node and pin names, as shown in the previous illustration.
Each name has a “handle” that you can drag to an individual pin or logic
cell—or to a more general assignment “bin”—in the Device View or LAB
View display. You can also drag a node or pin with an existing assignment
back to the list of unassigned nodes or to a different location on the device.
You can easily edit your current assignments in the Floorplan Editor
window. In this example, you will reassign the ¢l ock pin to a new location
and recompile the project.

To edit the ¢l ock pin assignment:

1. Choose Find Text (Utilities menu). The Find Text dialog box is
displayed.

2. Typecl ock in the Search For box.
3. Turn off the All option under Types of Text to Find.

4. Turn on the Pin & Node Names option under Types of Text to Find.
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Choose OK. The cl ock pin assignment is highlighted and the
information “cl ock@3(d obal CLK) ” is displayed in the Selected
Node(s) & Pin(s) field in the Floorplan Editor window.

I On the EPM7032L.C44 device, pin 43 is the dedicated global
Clock pin. The Compiler automatically assigned the cl ock
signal to this pin when the project was compiled in
Session 7.

Turn on Show Moved Nodes in Gray (Options menu).
With Button 1, drag the selected ¢l ock pin assignment from pin 43 to

an unassigned I/O pin of your choice. The assignment is shown in
gray at its new location, as shown in the following illustration:

= MAX+plus Il - d\max2workitutorial\chiptrip - [Floorplan Editor - [Last Compilation) | M=
=| MAX+plus Il File Edit ¥iew Layout Assign Wllities Options Window Help %+
I /=2 [ =T = YN R ) HRlm|a2].2 EZZ ¢ alal Z| 3]
Chip Name: [chipirip (EPM7032LC44-6) [¢] frassigned Nodes & Pins:
Color Legend
[ Unassigned [ Device-Wide Fan-Out
O Unrouted 1 [+
. Selected Hode[s] & Pinls):
The asstgnmem‘ 1 Parallel Expanders [ h.:‘?:l LAB Fan-Out |<nDnE) ‘
and location of a gl |
selecteditemare et ‘ A4
displayed in the || =7
Selected = A B L
electe 5
Node(s) & = 1 |
Pin(s) field. =] secel O -y ket <—] Lo timeo
renst C— i) Himeg <J— " timar
art c— o) fmss <J— —ve)
i ! fahets
Reassigned s e B ] B
Clock p,n I'n a at aiters 3 e tme2 <3 ke
. (Global CeariC] (o) O— —0o) tewstn < J— —e)
new location. (01— oo et 3| | D)
(Global OE)CJ -
- [speed_chzjspeed~1 @ LC15]
[+]
«] >
-«
a® Go to “Back-Annotating Assignments for a Project” and “Finding Nodes &

Pins in the Floorplan Editor” using Search for Help on (Help menu) for
more information on using the Floorplan Editor.
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3. Recompile the Project
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Once you have edited the pin assignment for the ¢l ock input pin, you must
recompile chiptrip to verify whether or not your new assignment is legal for
the EPM7032L.C44 device.

1.

Open the Compiler window by choosing Compiler (MAX+PLUS II
menu).

Choose Start. The Compiler begins processing the project, based on
the new pin assignment. The Compiler then halts, informing you that
the project doesn’t fit, and asks if you wish to override some existing

settings and / or assignments.

3. Choose Yes. The Override User Assignments dialog box appears,

displaying the following message: | | | egal

‘clock' on pin <number>.

assi gnnent - -

4. Choose the Edit Pin Assignments & LCELLs button. The Edit Pin

Assignments & LCELLs dialog box is displayed:

a.  Click Button 1 on the cl ock assignment in the list box to select
it, as shown in the following illustration:
[=] Edit Pin Assignments & LCELLs

Insert  Ignore Pin - User Pin 1/0

LCELL Assignment Aszignment Type Pin Name
4 Input  accel +
5 Dutput at altera
36 Input dir0
kT Input dirl
34 Input enable
35 Input reset
26 Dutput ticketD
32 Output ticket1
1l Dutput ticket2
31 Output ticket3
32 Output time —
24 Nutnut Hmel +

+] | [+

O Insert O Ignore Pin

LCELL Aszignment 0K | | Lancel |

b.

Turn on the Ignore Pin Assignment option at the bottom of the

dialog box.
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C. Choose OK to close the Edit Pin Assignments & LCELLs dialog
box.

5. Choose OK to close the Override User Assignments dialog box. The
Compiler continues processing the project and, when it finishes,
displays a message indicating that project compilation was successful.

6.  Choose Floorplan Editor (MAX+PLUS II menu) to return to the
Floorplan Editor window.

7. Choose Last Compilation Floorplan (Layout menu). The cl ock pin
assignment now reappears on pin 43.

8. Back-annotate the Compiler’s assignments, as described in steps 2
through 4 on page 234.

4. Display Routing Information in the Floorplan Editor Window

The Floorplan Editor allows you to view the routing information for one or
more selected logic cells, pins, and assignment bins using a variety of
different methods. You can also view routing statistics for any part of the
current chip.

To display node fan-in and fan-out routing information:

1. Turn on Show Node Fan-In and/or Show Node Fan-Out (Options
menu).

SHORTCUTS Choose the Show Node Fan-In and Show Node Fan-Out buttons on
the tool palette, as shown in the next illustration.

2. Go to the LAB View and select one or more logic cells, pins, or
assignment bins.
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The Floorplan Editor displays the fan-in (pink) and/or fan-out (blue)
routing lines that apply to the selected item(s). The following illustration
shows the fan-in and fan-out of the selected | speed_ch: 2| speed™1 node

at LC4 (logic cell 4):

MAX+plus Il - d'\max2workitutorialichiptrip - [Floorplan Editor - [Last Compilation)]

=| MAX+plus Il File Edit

View Layout Assign

Utilities  Options  Window Help

L1

NEEEBAERISEINEEEE

& [MEE[E] E[EF

Chip Name: [chiptrip (EPMZ032044)

[¢]

Color Legend
[J Unassigned
[ Unrouted
1 Moved

[ Device-Wwide Fan-Out

Local LAB Fan-Out

Unassigned Nodes & Pins:

] ]
Selected Hode(s) & Pinlsk:

? o Parallel Expanders Only ||speedfch:2|5peed”1 @LCq ‘
‘@] aop | CurrentAssignments il
{ Floorplan button
) B | rooptninen ; |
Last Compilation || & —J —J ]
Floorplan button g@s||  Show Node oy | ovines
Show Node > Fan- OUZ‘ button reset O o e
- =4 me0 ] | D tickat®
Fan-In button = ok IDE]I:I enablo@?] ::ckerwo— —D:ime:
Show Path g)ﬂ sl O3 o) ticket2 | Dtimes
I— [Glabal Clesr) OO o muf({a}] timeS < L tickend
button = 0o o) timed — oo
[Glebal OF) 1
cleck
[+]
«] ] -

SHORTCUTS
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Fan-in and fan-out lines are updated automatically when you move an
assignment. In addition, if you move a node to a new location, the
assignment color changes if the Show Moved Nodes in Gray command
(Options menu) is turned on.

You can also choose to view only the signal paths between two or more
items, without additional fan-in and fan-out information:

v/  Turn on Show Path (Options menu).

This command allows you to view only the connections between the
selected nodes, and is especially useful for tracing critical timing paths.
When Show Path is turned on, Show Node Fan-In and Show Node
Fan-Out are turned off automatically, and vice versa.

Choose the Show Path button on the tool palette, as shown in the previous
illustration.
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To display detailed routing statistics for one or more logic cells, pins, or

assignment bins:
1. Select one or more logic cells, pins, or assignment bins.
2. Choose Routing Statistics (Options menu), then choose the Calculate

Most Congested Areas button. The Routing Statistics dialog box is
displayed, as shown in the following illustration:

Routing Statistics for the [speed_ch:2[speed” 1
node are shown in this example.

='| Routing Statistics

[ Information on Selected Node/Pin/LAB
“Elame is: Ispeed_ch:2lspeed™2™1

Number is: LC4 LAB is: A

Row iz Column ig:

Logic Cell Fan-In: T Carrp-Out;

Logic Cell Fan-Out: 1 Cascade-Out:

Logic Cell Total Shared Expanders Used: 1/16 [6%]
Embedded Cell Depth [Bits):

LAB Total Shared Expanders Used: 10/16 [62%)
LAB External Interconnect Used: 11736 [30%)

Column Interconnect Channels Used:
Full Row Interconnect Channels Used:
Half Row Interconnect Channels Used:
Logic Cell Inputs Borrowed From LC1:

1] % ‘ LCalculate Most Congested Areas »>»

Mozt Congested Areas in Cument Chip
Most Congested LAB [or EAB] is: B

LAB [or EAB] External Interconnect Used:  23/36 [63%)
Most Congested Row is:

Row Interconnect Channels Used:
Most Congested Column is:

Column Interconnect Channels Used:

SHORTCUTS Double-clicking Button 1 on a single item is a shortcut for opening the
Routing Statistics dialog box.

3. Choose OK to close the Routing Statistics dialog box.
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5. Display Equation & Routing Information with the Report File
Equation Viewer

The Floorplan Editor includes a Report File Equation Viewer that allows you
to view the Report File (.rpt) equations, and fan-in and fan-out information
for pin and logic cell assignments. You can view this information in two
ways: by selecting individual assignments in the Floorplan Editor window;
and by jumping to associated assignments within the Report File Equation
Viewer window. This equation viewer allows you to examine the logic that
feeds or is fed by any node in the project. As an example, you will view
information for the t i me2 pin and then jump to the t i me0 pin using the
Report File Equation Viewer.

To view the equation(s) for the t i me2 pin:

1. Choose Full Screen (Layout menu) to allow more room to display the
chip.

2. Choose Report File Equation Viewer (Layout menu). The Report File
Equation Viewer window appears at the bottom of the Floorplan
Editor window.

3.  Click Button 1 on the t i me2 pin in the Floorplan Editor window. The
textti mMe2@1( |/ O appearsinballoon text when the mouse pointer
is over the correct pin (pin 31).

s Pin numbers may vary when you create the chiptrip
project.

The equation and routing information for t i me2 appears in the

Report File Equation Viewer window, as shown in the following
illustration:
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= MAX+plus Il - d'\max2workitutorialichiptrip - [Floorplan Editor - [Last Compilation)] | M=
=| MAX+plus Il File Edit VYiew Layout Assign Utilities Options Window Help +
Cl=ES] [ F[8)[-] W] [L R824 (B0 % 22
AoD e
J
A B
J J
aceel C—] 0 o) (] =2 timed
le:.alli)-: — :IJD; [IFD]; l!mt? —
- dir o ._._____,__.-[IFD] timeT ||
il o— i 1/01] oDt ticket3
Y ivica el i
Q [Globsl Clear) 1 (o) o—| eTT(10) IimtS% [ D tickar0
H (o) o— ]| 0)] timed 1)
— (Glabal OE)O3 -
% clachi
The number ? L
shows how T OB
many nodes ﬁ Fan-In (9] {GoTo | Equations (2) \Eo To > Fan-Out &)
feed or are T eaek fime? = TFFE(_E0009. GLOBAL{ clock) VG, VCC,  |[OUT fimez
fed by the IM: enable WCC): OUT: time3
selected item QT timel _EQ009 = enable & timel & time1: OUT: timed
’ DUT: timeT L Equations show the logic feeding || 9/ time=
OUT: time? . OUT: timed
the selected item(s). OUT- time?
—— Nodes are labeled IN: (input pin), OUT: (output pin), —— time2 pin
BIDIR: (bidirectional pin), REG: (registered node),
COMB: (combinatorial node), or MEM: (memory node).
s If the Show Node Fan-In and Show Node Fan-Out
commands (Options menu) are turned on, the Floorplan
Editor displays the fan-in and fan-out lines that correspond
to the items listed in the Report File Equation Viewer
window.
4. While equation and routing information for the t i me2 pin is
displayed in the Report File Equation Viewer window, select the
“QUT: ti me0” pin under Fan-In with Button 1 and choose the
< Go To button. The equation and routing information for the t i ne0
pin then appears in the Report File Equation Viewer window. In
addition, the t i me0 pin is highlighted in the Floorplan Editor
window, and its fan-in and fan-out lines are displayed.

SHORTCUTS Double-clicking Button 1 on a node in the Fan-In or Fan-Out section of
the Report File Equation Viewer window is a shortcut for selecting the
node and choosing the Go To button.

- . .

a® Go to “Floorplan Editor Procedures” using Search for Help on (Help menu)

for more information on working with the Floorplan Editor.

Altera Corporation 241



MAX+PLUS Il Getting Started

Simulation Overview

Your logic circuit has compiled without errors. However, only a simulation
will confirm that it behaves exactly as you desire. Skipping simulation is like
buying a car without taking it for a test drive: you may be reasonably sure
that it works, but does it actually fit your particular needs?

I If you have not purchased the simulation tools for MAX+PLUSII,
please proceed to “Session 12: Analyze Timing” on page 266.

What is Simulation?
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Design entry and compilation are only part of the design process. Simulation
is equally important, if not more so. Successful compilation only guarantees
that a programming file will be created for your project, not that the project
will perform as you expect. Yet, many designers avoid simulation because
they think it is too slow, or too difficult to learn. Learning to simulate with
MAX+PLUS II, however, is as easy as learning design entry and
compilation. Since simulation provides the quickest, easiest way to verify
your project’s performance, you can save both time and effort.

You simulate a project to verify that it functions correctly. Simulation allows
you to thoroughly test your project to ensure that it responds correctly in
every possible situation before you program it into a device.

During simulation, you supply input vectors to the MAX+PLUS II
Simulator. The Simulator uses these inputs to create the output signals that
a programmed device would produce under the same conditions. In a
typical simulation session, you create multiple sets of input vectors to check
the resulting outputs.

Depending on the kind of information you need, you can perform
functional, timing, or linked multi-project simulation with MAX+PLUS II.
Functional simulation tests only the logical operation of a project, while
timing simulation tests both the logical operation and the worst-case timing
of the target device(s). Linked simulation combines the functional and
timing information from multiple projects to allow you to perform a board-
level-type simulation. In this tutorial, you will perform a timing simulation.
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How Does the Chiptrip Simulation Work?

The chiptrip tutorial simulation sessions are set up as a driving simulation
game. The inputs to chiptrip (e.g., direction, acceleration, Clock cycles)
produce simulation outputs that correspond to intersections on the map in
Figure 3-5. Thus, by creating the right inputs, you can determine the path
you take as well as your speed.

Figure 3-5. Map to Altera

mPLD ||

— = T Residential Street: Normal speed
only; any acceleration results in a
speeding ticket.

7 _ Commercial Road: Accelerating
RPT EPLD EPM for two Clock cycles results in a
ticket. Clock cycles can be non-
consecutive.

Expressway: Any number of
—===0====4 accelerations is allowed.
YC GDF CNF
Your Company

As in real life, there are rules for handling your car (the laws of physics) and
for driving on each type of road (the laws of the state). Needless to say, there
are also plenty of consequences if you break the rules.

You & Your Vehicle

Direction and acceleration are your main concerns. The directional inputs
control the next location of your vehicle, based on its present location. For
example, if you start at YC (Your Company) and travel one block east and
one block north, you would drive past GDF to reach EPLD.

The acceleration input moves your car at one of two speeds in the direction
you have chosen. When accel islow, you travel at normal speed, one block
per Clock cycle (e.g., from YCto GDF). When accel is high, you accelerate
through two blocks in a single Clock cycle (e.g., from YC to CNF).
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Asyoudrive, the ¢l ock input ticks off the time units, and the enabl e input
allows your time counter to count. By keeping enabl e high, you can time
yourself and see how long it takes to get across town.

The Roads

You can travel along three types of roads, as shown in Figure 3-5. Residential
roads are narrow, with houses on both sides, and children playing in the
street. Don’t be lulled by the peaceful suburban vista, however; these roads
are notorious speed-traps. If you accelerate just once, the police will give you
a ticket.

Commercial streets, such as the one leading to Altera via CNF and EPM are
in typical downtown business areas. You can speed once and get a warning.
If you speed a second time, however, you will get a ticket.

The expressway has five spacious lanes in each direction. Traffic speeds
along and backups are rare. (This condition does not reflect reality: if you do
visit Altera and find yourself on U.S. Highway 101, find a pleasant radio
station.) Accelerate at will. Don’t worry—the police will not stop you.

Simulation Goals
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You will set up your simulation inputs to navigate your vehicle from a
starting point to a final destination. Sessions 9 through 11 will guide you
through a zigzag route on the logic circuit map to show you the basics. Once
you see how easy it is to navigate your car with these basic inputs, you can
create your own simulation inputs to complete your challenge of driving to
Altera as quickly as possible with the fewest tickets. As in real life, there are
many routes to the same destination. It's up to you to find the one that suits
you best.
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Session 9: Create a Simulator Channel File

In this session, you will learn how to use the MAX+PLUS II Waveform
Editor to create and edit simulation input vectors to perform a specific task.
It shows how to create and edit a Simulator Channel File (.scf) while
incorporating some useful command shortcuts.

The chiptrip.scf file takes you on a leisurely drive from your company to
Altera, via the intersections RPT, MPLD, EPLD, GDF, CNF, and EPM as shown
in blue on the map in Figure 3-6. This session shows you how to adjust your
directional and acceleration inputs to achieve the desired outcome.

Figure 3-6. chiptrip.scf Driving Route

— = = Residential Street: Normal speed
only; any acceleration results in a
speeding ticket.

Commercial Road: Accelerating
EPM for two Clock cycles results in a
ticket. Clock cycles can be non-

consecutive.

RPT

Expressway: Any number of
====0====0 accelerations is allowed.

YC GDF CNF
Your Company

Once you practice creating and editing input vectors and simulating
chiptrip.scf, you will be ready to create your own SCF—finish.scf—to drive
from your company to Altera as fast as you can while getting as few tickets
as possible. The basic steps you learn while creating, editing, and simulating
chiptrip.scf are the same steps you can use to create finish.scf.

I If you take a wrong turn or want to take a shortcut, you can copy
chiptrip.scf or finish.scf from the \max2work \ chiptrip
subdirectory into your \max2work \ tutorial subdirectory. (On a
UNIX workstation, the maxplus2 directory is a subdirectory of the
[usr directory.)
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This session includes the following steps:

@ AN

Create a Simulator Channel File.

Add additional node(s) or group(s) to the SCF.
Rearrange the order of the nodes and groups.
Edit the input node waveforms.

Save and close the file.

You can also create simulation inputs in a Vector File (.vec) with
the MAX+PLUS II Text Editor or another ASCII text editor;
however, this procedure is not described in this tutorial. For
complete information on Vector Files, go to “Vector File” in
MAX+PLUS II Help using Search for Help on (Help menu).

1. Create a Simulator Channel File
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You can easily create an SCF that contains some or all of the nodes in the
Simulator Netlist File (.snf) for the compiled project. This “default” SCF can
be edited to provide the inputs for simulation.

To create a default SCF:

1.

Choose New from the File menu, select Waveform Editor file, select the
.scf extension in the drop-down list box, and choose OK to create a
new, untitled file.

If necessary, click Button 1 on the Maximize button in the Waveform
Editor title bar to maximize the window.

Choose End Time (File menu) and type an end time of 800ns for the
file. The end time determines when the Simulator will stop applying
input vectors during simulation.

Choose Grid Size (Options menu), type 50ns, and choose OK.

Choose Enter Nodes from SNF (Node menu). The Enter Nodes from
SNF dialog box is displayed:
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Shows nodes and groups available Specifies a text string that Lists the nodes that match the Node/Group
in the SNF for the project after you contains wildcard characters or a text string and options selected under Type
choose the List button. — node, group, or probe name. in the Available Nodes & Groups box.
|:| Enter Modes from SNF
Hode ¢ Group: |x | | List
Shows all nodes Ayailable Nodes & Groups: Selected Nodes & Groups:
and groups \
selected to be
placed in the =2
default SCF.
=
Determines
which types of +« ] [+ « ] [+
nodes and/or -~ Type o
groups are ] E Preserve Existing Nodes
displayed in the Ed Inputs U Registered [] Show All Node Name Synonpms
Available Nodes 09 Outputs  [] Combinatorial

& Groups box

after you [ Group ] Memory Bit

button.

SHORTCUTS Pressing Button 2 in the node/group information area or the
waveform drawing area and choosing Enter Nodes from SNF from
the pop-up menu is a shortcut for opening the Enter Nodes from SNF
dialog box.

6.  Turn off the Group option under Type. (The Inputs and Outputs options
should remain turned on.)

7. Choose List to list the available input (I ) and output (O) nodes.
8.  PressButton 1 on the topmost node in the Available Nodes & Groups box
and drag the mouse down to select ther eset , enabl e, dir1,dirO0,

cl ock, and accel inputnodes.

9.  Choose the right direction button (=>) to copy the selected nodes into
the Selected Nodes & Groups box.

10.  Scroll to the end of the list of available nodes to display at _al t er a.

11.  Double-click Button 1 on the at _al t er a output node to copy it into
the Selected Nodes & Groups box.
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12.

13.

14.

15.

16.

Under Type, turn off the Inputs and Outputs options and turn on the
Group option.

Choose List to list the available groups.

Select the following three buried (B) groups in the Available Nodes &
Groups box: | ti me_cnt: 4| count[7..0],

| aut o_max: 1| st reet _map, and | speed_ch: 2| speed. You can
press Ctrl while clicking Button 1 to select names that are not adjacent
to each other in the list.

I Hierarchical group (and node) names are preceded by a
hierarchy path that consists of
| <symbol name>: <symbol ID>| . Your actual symbol ID
numbers will vary if you entered symbols in a different
order in chiptrip.gdf.

Choose the right direction button (=>) to copy the selected groups into
the Selected Nodes & Groups box.

Choose OK. The Waveform Editor overwrites the untitled file with
the selected nodes and groups. All input node waveforms have
defaultlow (0) logiclevels, and all output and buried node waveforms
have default undefined (X) logic levels, as shown in the following
illustration:
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Name field Field resizing Low (0) logic level  Undefined (X) logic level on
handles on all input nodes  all output and buried nodes
= MAX+plus Il - d:\mﬁ*anrk\tutnrial\l:hiptrip -|[Wawvetorm Editor - chiptrip.sdf] | M
=| MAX+plus Il File Edit Ei#w\ MNode Assign Utiljties Options Window Help *
NEFEREREEPEEEEr AFEEER SRR
K Ref. |E.Dns ime: |0.0ns Interval:  [0.0ns J [*]
K 0.0ns
Input node E Name: J\v’aluzjf 250.0ns 500.0ns 750.0ns
handle reset u]
@@= cnable ]
i dirl 0
[ || i i
=), || clock i]
Output node i accel i
handle 5 at_altera H
A @ Itirme_cnt4leaunt[7..0] | H ¥ 0
Buried group % AW auta_max:1lstreet_map| HX ¥
handle =@ |speed_ch2|speed H ¥
%
H shows that E
the group radix ||[*E|
is HEX. & 5]
E[e] T .

Group waveform shows
group value.

17.  (Optional) With Button 1, drag a field resizing handle right or left to
change the width of the Name field or Value field.

18.  Choose Save As. The name chiptrip.scf appears automatically in the
File Name box.

19.  Choose OK to save the chiptrip.scf file.
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2. Add Additional Node(s) or Group(s) to the SCF

You can easily add a node or group to your SCF with the Insert Node

comm,

and (Node menu).

To add a node or group:

1. Double-click Button 1 in a blank space in the node / group information
area below all existing nodes and groups. The Insert Node dialog box
is displayed:
Lists the nodes that match the Node/Group text
string and options selected under Type in the
Nodes & Groups from SNF box.

|:| Insert Node

Specifies a text string that
contains wildcard
characters or a node,
group, or probe name.

L]

Shows nodes and groups —— Modes & Groups from SMF:

available in the SNF for
the project.

Mode Name: |

Default Yalue: I:I IE| 1/0 Type

) Input Pin

_} Buried Node

For Simulator Channel File [SCF) Only
— Node/Group: |= | List

oK
® Output Pin

[ Type
Bd Inputs O Reagistered
B Outputs O Combinatorial

Determines which types
of nodes and/or groups
are displayed in the
Nodes & Groups from
SNF box after you
choose the List button.

SHORTCUTS
2.
3.
4.
250

Group O Memory Bit
[1an ] Memory Word

* | | |"‘ [J Show All Node Hame Synonyms

Pressing Button 2 anywhere in the node/group information area or
the waveform drawing area and choosing Insert Node from the pop-
up menu is a shortcut for opening the Insert Node dialog box.

Under Type, turn off the Inputs and Outputs options. The Group option
should remain turned on.

Choose List to list the available groups.

Select the ti cket [ 3. . 0] output group.
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5. Select X in the Default Value drop-down list box.

6. Choose OK. The added group appears in the blank space you selected.

3. Rearrange the Order of the Nodes & Groups
To make the file easier to manage, you can rearrange the nodes and groups
in any desired order. For this tutorial, you should move the nodes and
groups into the following order: inputs, outputs, and buried logic.

To move theti cket [ 3..0] group:

1. Press Button 1 ontheti cket [ 3. . 0] output group handle, as shown
in the illustration on page 249.

2. Drag the mouse up. A horizontal line that represents the moved
item(s) shifts up and down as you move the pointer.

3. Move the line between the at _al t er a output node and the

ti me_cnt: 4| count[7..0] buried group, and release Button 1. The
ti cket[3..0] group moves between them.
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See the following illustration:

= MAX+plus Il - d'\max2workitutorialichiptrip - [Wawveform Editor - chiptrip.scf] |v -
=| MAX+plus Il File Edit Yiew MNode Assign Ulilities Options Window Help
\D|Er||§||é¢|h|ﬁ|..|&\@|ﬁ\ﬁb|@|ﬂ£| HEENFEERE IR D
m Ref. [0.0ns Time: [0.0ns Intereal: |0.0ns
0.0ns —
_Value: ESD]DHS SDD.IDns 750.|Dn5
[ D L
0
a
i
i
i accel i
Overwrite High E = etera )
button J%ﬁticket[a.ﬂ] H ¥ S
X @ [tirme_cnt:d|zount[7..0] | H XX pvd
Z ||@V¥ auto_max:1|strest_map| HX kS
Overwrite Clock || [B]| @ Ispeed_ch 2lspeed Hx %
button E|
C|
PE] ]
XE[er | D

4. Edit the Input Node Waveforms

252

You must edit the input waveforms to provide the input vectors for
simulation. As you simulate the project, the Simulator automatically
overwrites the undefined buried and output node logic levels with outputs

that are based on the input node logic levels.

I

for more information on each of these steps.

To edit the waveforms:

Review “Session 4: Create a Waveform Design File” on page 196

1. With the Selection tool, click Button 1 on the Value field for the
enabl e input node and choose Overwrite High (1) from the Edit
menu to overwrite the entire waveform with a high logiclevel. A high
logic level allows the “clock” in your car to count the Clock pulses

required for the vehicle to reach Altera.
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Shortcuts for overwriting a high logic level:

v

or:

Select a whole waveform or a waveform interval and choose
the Overwrite High (1) button from the tool palette on the left
side of the Waveform Editor window, as shown in the previous
illustration.

Press Button 2 on the Value field of a waveform (to select the
whole waveform) or on a selected waveform interval and
choose Overwrite High (1) from the pop-up menu.

Overwrite high intervals from 200 to 400 ns on di r 1 and 200 to 500 ns
on di r 0. These input signals provide information to direct your
vehicle north, south, east, and north again along the zigzag route to
Altera.

To create a Clock waveform at the current grid size (50 ns), select the
whole cl ock waveform by clicking Button 1 on the Value field, and
choose Overwrite Clock (Edit menu). The Overwrite Clock dialog
box is displayed. Choose OK to accept the default value.

Shortcuts for creating a Clock waveform:

v

or:

Select a whole waveform or a waveform interval and choose
the Overwrite Clock button from the tool palette on the left
side of the Waveform Editor window, as shown in the previous
illustration.

Press Button 2 on the Value field of a waveform (to select the
whole waveform) or on a selected waveform interval and
choose Overwrite Clock from the pop-up menu.

Both the r eset and accel inputs remain at low (0) logic levels. Since the
accel signal remains low throughout, your vehicle will not accelerate
during the chiptrip.scf simulation.
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See the following illustration:

= MAX+plus 1l - diymax2workitutorial\chiptrip - [Wavetorm Editor - chiptrip.scf] | M=
=| MAX+plus Il File Edit VYiew Mode Assign Utilities Options Window Help +
Dl=EE) [ [Fa[a] ][] bLREs2£ DR [ ]
Ref: |0.0nsg [«]*] Time: [0.0ns Intercal: |0.0ns id
0.0ns —
Name Dva|ue;L 250.0ns 500.0ns 750.0ng

a

1

o T 1
a i i) i
- e o [T LT L L L LT LT LT
i@ accel i
5| a at_altera #
| ticket[3.0) Hx %
% @V Hime_cnt:4[count[7..0] | H XX pad
Z |(@¥ auto_max:1|strest_map| HX Ed
E @V |speed chZ|speed H X Ed
"3
|
= [+]
PEIl T »

5. Save & Close the File

To save and close the file:

1. Choose Save (File menu).
2. Choose Close (File menu).
s If you wish to view the simulated outputs as they are written to
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the SCF, you should leave the file window open. However,
leaving the SCF window open during simulation can reduce the
speed of your simulation.
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Session 10: Simulate the Project

In this session, you will use the MAX+PLUS II Simulator to simulate the
chiptrip project. Because the Simulator allows you to verify your project
before it is actually committed to hardware, it can dramatically shorten the
time it takes to transform your initial design concept into working silicon.

The Simulator uses a Simulator Channel File (.scf) or Vector File (.vec) as the
source of simulation input vectors. In this tutorial, you will use the
chiptrip.scf file you created in Session 9. This session includes the following

steps:

1. Open the Simulator window.

2. Specify additional output files.

3. Turn on setup and hold time monitoring.

4. Run the simulation.

5. Create a Table File.

s You can also run the Simulator in batch mode. For complete

information on setting up the Simulator to run in batch mode, go
to “Running a Batch-Mode Simulation” using Search for Help on
(Help menu).
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1. Open the Simulator Window

256

To open the Simulator window:

v/ Choose Simulator (MAX+PLUS Il menu).

The Simulator Netlist File (.snf) for the current project (chiptrip) is loaded
automatically when you open the Simulator. In addition, chiptrip.scf, the
Simulator Channel File (.scf) created in Session 9, is loaded automatically
because it has the same filename as the project.

See the following illustration:

Shows the name of the SCF or Vector File that
contains input vectors for simulation. When you first
open the Simulator, an SCF or Vector File with the
same name as the project is loaded automatically.

= Simulator] Timing Simulation |v |*

Simulation Input: chiptrip.scf

Simulation Time: 0.0ns

O Use Device
[ Setup/Hold
O Check Qutputs

End Time: |800.0ns
[ oscillation

S0 100

Start I | Pause | | Stop | |0pcﬂSCF

Shows the elapsed
simulation time.

Shows the end time
of the current SCF
or Vector File.

Progress bar
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2. Specify Additional Output Files

The Inputs/Outputs command (File menu) allows you to specify the file that
is the source of simulation input vectors and up to two additional output
files: the History File (.hst) and Log File (.log). The History File records all
commands, options, and buttons that are used during a simulation. The
command output and all messages generated during simulation are also
recorded in this file. The Log File also records the same information, without
the command output. You can rename a Log File with the extension .cmd
and use it as a Command File (.cmd) to repeat a simulation in batch mode.

To create History and Log Files:

1.  Choose Inputs/Outputs (File menu) or double-click Button 1 on the
Simulation Input field in the Simulator window. The Inputs/Outputs

dialog box is displayed:

. |:‘ InputsfQutputs The Simulator
Specifies the ~ ] automatically echoes
source of input Vector Files the name of the
vectors. Input [.scf or .vec): @ |chiptrip. scf l current project
Output is saved Output: chiptrip. scf gC/;IP IIZIP ) f Ius.z‘he
automatically to an elault extension.
SCF. [ Output Files

LET History Lhst) > [chiptrip. hst | C1 New Overwrites an existing
Turns on the E] Log [.log) 'S | chiptrip.log | [ New Histqry and/o_r Log
History File and/or Z’/ev ifany GX’Sl‘Sa/f
Log File. Directory i1s: d:ymax2work \tutorial ews not tu_r nied on,
Files: =.scf Directori and the specified file
nes: “.§C Ireciornes . . .
Lists all files in the | [epintp.ser _IE" oy exists, simulation
current directory = |;13x2wmk history or commands
with the designated a_re appended to the
extension. file.
Drives
= [+]

s The simulation input file chiptrip.scf appears in the Input
(.scf or .vec) box under Vector Files. If you want to use a
Vector File or SCF with a name other than the project name,
you must specify the filename in this box.
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Simulation outputs are automatically saved to an SCF with the same
filename as the input file.

Turn on the History (.hst) and Log (.log) options under Output Files. The
filenames chiptrip.hst and chiptrip.log appear automatically in the
History (.hst) and Log (.log) boxes.

Choose OK.

3. Turn On Setup & Hold Time Monitoring

You can monitor the project to determine whether setup and hold time
violations occur during simulation.

To turn on setup and hold time monitoring:

+/  Turn on the Setup/Hold option in the Simulator window.

4. Run the Simulation

258

To simulate the project:

1.

Choose the Start button.

The Simulator immediately begins to simulate the chiptrip project. As
the Simulator processes the input vectors and simulates the project,
the progress bar moves toward 100%, the Simulation Time field is
dynamically updated, and the output logic levels are recorded in
chiptrip.scf.

The Simulator runs in the background, freeing your computer for
other work. However, this simulation is short and you will not have
to wait long for it to finish. When you analyze a larger, more complex
project, you can always start a simulation and then switch to another
application to continue your work.

I If you wish to view the simulation outputs as they are
written to chiptrip.scf, you can open the file in the
Waveform Editor. However, leaving an SCF window open
during simulation can reduce the speed of your simulation.
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When the Simulator has finished, it displays the following messages
in a message box:

|:| MAX+plus Il - Simulator

Project simulation was successful
Circuit stabilized at 762.0ns ———— Actual numbers may
O Simulation ended at BI]I].I]ns/ vary when you run the
Simulation coverage: 512 simulation.
0 errors
0 warnings

2. Choose OK.

The messages displayed in the message box are also recorded in the History
File chiptrip.hst. The simulation coverage percentage indicates how many
nodes in the project changed logic levels during the simulation. The
Simulator also creates the Log File chiptrip.log. You can view both files with
the MAX+PLUS II Text Editor or another standard text editor. “Session 11:
Analyze Simulation Outputs” on page 261 describes how to open and view
the History and Log Files.
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5. Create a Table File

The Table File (.tbl) provides an ASCII alternative to the output in the SCF.

To create a Table File:

1. Choose Create Table File (File menu). The Create Table File dialog

box is displayed:
|:| Create Table File
File Name: |chiptrip.thl i Automatically echoes the
Directory is: d:‘max2work\tutorial it CLII‘I‘?I‘II SCF
L N . plus the default file
Files: =nl Directones: extension
= dan xtension.
= maxZwork
Drives:
[=a [4]

Automatic Extension: m

2. Choose OK.

3. The Simulator displays a message stating that the Table File was
generated successfully. Choose OK.

You can view the Table File with the MAX+PLUS II Text Editor or another
standard text editor. “Session 11: Analyze Simulation Outputs,” next,
describes how to open and view the Table File.
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Session 11: Analyze Simulation Outputs

In this session, you will use the MAX+PLUS II Waveform Editor and Text
Editor to view the results of simulation. This session includes the following

steps:

1. View the Simulator Channel File.

2. View the History, Log, and Table Files.
3. Re-edit your SCF if necessary.

4. Create, simulate, and analyze finish.scf.

1. View the Simulator Channel File

v/ Choose the Open SCF button in the Simulator window to open
chiptrip.scf, the SCF for the current project.

s If you did not close chiptrip.scf at the end of Session 9, you can
also choose Waveform Editor (MAX+PLUS II menu) to bring the
most recently active Waveform Editor window to the front.

Now that you have simulated the output node waveforms, their logic levels
are defined. The following illustration shows the outputs MAX+PLUS II
creates in chiptrip.scf after simulation. Try scrolling left and right, or use the
Zoom In and Zoom Out commands (View menu) to examine the file.
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Low logic level
on acceleration
input results in
no tickets.

Movement buttons for  Reference

Reference cursor cursor
= MAX+plus Il - d:\“@axanrk\tutnrial\l:hi"trip - [Wawetorm Editor - chiptrip.scf] | M

=| MAX+plus Il File Edit "l._’ikw Node Assign| Utilities Options Window Help

NEFEREREEREEEEr] AFEEREEHEEE

[3 Ref. |0.0ns IE‘E‘ Time: |0.0ns Interval:  [0.0ns

K 0.0ns —
(]| Mame: _value [ 250.0ns 500.0ns 750.0ns
— L=

P reset T u]
= cnable
= dirl
= il
i@ clock

e

The correct

o P o o o =

directional
inputs result in
successful
traversal of
zigzag route.
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E’, acrcel

o HE* at_altera ,7
ﬁﬁtickm[&.ﬂ] HO 0

[X,|| @ ttime_cntdlcountlr 0] | Hoo Joon " o1 T o2 03 04 06 ok i o7 Jo&)
Z [|@F auto_max:1[strest_map| yc E{ pt ){mp\d ){ epld ){ gf }{ cnf }{ epm ){ altera

E aV |speed_ch:2|speed legal legal

i

K

E [+]
S| s

Low logic level on acceleration input is
reflected in the “legal” state.

Your directional input signals, di r 1 and di r 0, and the cl ock pulses create
the outputs in aut o_nax: 1| st r eet _nmap waveform that represent your
vehicle’s progress along the zigzag route to Altera. The states on the

st r eet _map output change at each Clock cycle in the following pattern: yc,
rpt, mpl d, epl d, gdf , cnf, epm and al t er a. (Refer to the map in

Figure 3-6 on page 245.) Because the accel acceleration input remains low
throughout the SCF, the speed_ch: 2| speed outputreflectsal egal state,
and theti cket [ 3.. 0] group has alow (0) logic level, i.e., no speeding
tickets.

To view the exact time at each logic level transition:

1. If necessary, press Button 1 on the Reference cursor handle and drag
it to the beginning of the file.

2. Click Button 1 on the right Reference cursor movement button, as

shown in the previous illustration, to move the Reference cursor to the
first logic level transition in the file.
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3. Continue clicking Button 1 on the right Reference cursor movement
button to view subsequent logic level transitions.

The time at the Reference cursor location is displayed both at the top of the
cursor and in the Reference field. Each transition shows the exact time and
location of the signal’s change in logic level or state.

2. View the History, Log & Table Files

You can view the History, Log, and Table Files for additional information
about your simulation. Use the History File (.hst) to review the entire history
of your simulation. The Log File (.log) is similar to the History File, but
without the command outputs; it can be saved as a Command File (.cmd)
and used to run batch-mode simulation. The Table File (.tbl) is a text file that
contains the same information as the current SCF or Waveform Design File
(.wdf). A Table File has the same format as a Vector File (.vec).

To view the History, Log, or Table File:
1. Choose Open (File menu).

2. Select Text Editor files and choose the .hst, .log, or .tbl extension in the
drop-down list box.

3. Double-click Button 1 on the appropriate chiptrip file in the Files box.

MAX+PLUS II automatically opens the Text Editor window and displays
the file you selected.
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Simulation
results are
saved in
Vector File
format.

The following illustration shows the Table File chiptrip.tbl:

= MaX+plus |l - dymax2workitutorial\chiptrip - [Text Editor - chiptrip tbl] |' -
MAXtplus Il File Edit Templates Assign Utilities Optlons Window Help

LLI!I@I&I!IEIII& EleEls) EnE H ol CEEE o

MAX+plus II 8.1 Date: 08-27-97 17:29:20
File Generated From: d:mazZwork-tutcrial~chiptrip. scf !
b4

GROUP CREATE |time cnt:4|count[7..0] = |time cnt:4|count? |time_cnt:4|counté |4
GROUP CREATE |auto _max:1|street_map = |auto_max 1|g? |auto_maz:1|gl |auto_nax:1|
GROUP CEEATE |speed ch:2|speed = |speed ch: 2|spesd™2 |speed_ch:?|spesd™l ;
GROUP CEEATE ticket[3..0] = ticketl ticket? ticketl ticketd ;

INPUTS reset enable dirl dir0 clock accel |

QUTPUTS at_altera ticket[3. .0]
BURIED |time_cnt:4|count[7. .0] |autc max:l|street_map |speed_ch:?|speed :

UNIT ns :

RADIE HEX :

PATTERH

4 | b4

= t | ht

= i a pt

4 m o ou ¥
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3. Re-Edit Your SCF if Necessary

264

You may need to edit your inputs and simulate your project repeatedly to
obtain the desired simulation results. Even very experienced digital
designers simulate their designs many times with multiple sets of inputs.
MAX+PLUS II allows you to quickly complete many different simulation
runs to verify the functionality of your logic circuit design. You should use
the Simulator to exhaustively test your project before you program it into a
device.
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4. Create, Simulate & Analyze finish.scf

To practice your new skills, return to “Session 9: Create a Simulator Channel
File” on page 245 and create another SCF called finish.scf. Your challenge
will be to plot a path on the logic circuit map shown on page 245 that takes
you from your company to Altera as quickly as possible with the fewest
speeding tickets.

s Because finish.scf contains the same nodes and groups as
chiptrip.scf, you can use Save As (File menu) to save chiptrip.scf
as finish.scf, and proceed to edit the input nodes. As a shortcut,
you can also copy finish.scf from the \max2work \ chiptrip
subdirectory.

Once you successfully drive from your company to Altera by creating and
simulating finish.scf, you might try one of the following challenges, or plot

your own itinerary:

. Travel from your company to Altera as quickly as possible, passing
through all intersections, with as few tickets as possible.

. Travel from your company to Altera as quickly as possible, regardless
of tickets.
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Session 12: Analyze Timing

In this session, you will use the Timing Analyzer to analyze the performance
of the chiptrip project. The Timing Analyzer offers three analysis modes:

Analysis Mode: Description:

Delay Matrix Analyzes the propagation delay paths between
multiple source and destination nodes.

Registered Performance Analyzes registered logic for a performance-
limiting delay, minimum Clock period, and
maximum circuit frequency.

Setup/Hold Matrix Calculates the minimum setup and hold time
requirements from input pins to signal inputs
of flipflops, latches, and asynchronous RAM.

You will use the timing Simulator Netlist File (.snf) generated in “Session 6:
Compile the Project” on page 216 to analyze the propagation delays in the
chiptrip project. This session includes the following steps:

Open the Timing Analyzer window.

Run the Timing Analyzer.

List a propagation delay message.

Locate the delay path in the Floorplan Editor.
Locate the delay path in the project’s design files.
Run a timing analysis in another mode.

LSRN
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1. Open the Timing Analyzer Window

To open the Timing Analyzer window:
1. Choose Timing Analyzer (MAX+PLUS II menu).

2. If necessary, click Button 1 on the Maximize button in the title bar to
maximize the window.

3. If the Delay Matrix is not already displayed, choose Delay Matrix
(Analysis menu).

The Timing Analyzer automatically loads the timing SNF for the chiptrip
project.

See the following illustration:

The current project is

loaded automatically.
|
= MAxtplus 1l - d:\max?wnrk\tutmiaI\chii]trip - [Timing Analyzer] | M
=| MAX+plus Il File Node Analysis Assign Utilities Options Window Help *
EEEEIBRREREERERE AlETEERIEE
. +*
Delay Matrix B
Destination
When default —
timing tagging is
used, source and
destination
nodes are not 5
shown until the ]
- . u
Timing Analyzer i
has been run. :
[+]
«[ ] +
IU i) 100I
Start I ‘ Stop ‘ | List Paths
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The Timing Analyzer automatically “tags” all input pins as timing sources
and all output pins as timing destinations for Delay Matrix analysis. The
names of nodes with this “default timing analysis tagging” are not visible
until after the analysis is run. Each of the three analysis modes has its own
display and appropriate default timing analysis tagging for nodes.

You can tag specific nodes for analysis in the Timing Analyzer; in the
Floorplan Editor; or in the original project design files in the Graphic, Text,
and Waveform Editors. The Timing Analysis Source and Timing Analysis
Destination commands are provided in all of these MAX+PLUS II
applications.

Choose the context-sensitive help button 8] and click Button 1 anywhere
within the matrix to go to “Delay Matrix Display” in MAX+PLUS II Help.

2. Run the Timing Analyzer

268

To run a timing analysis:

1. Turn on the Cut Off I/O Pin Feedback command (Options menu).
When this command is turned on, the Timing Analyzer uses
bidirectional I/ O pins only as source and destination nodes; feedback
from within the device is excluded.

2. Turn off the Cut Off Clear & Preset Paths command (Options menu).
When this command is turned off, the Timing Analyzer calculates
paths that travel through the Clear and Preset inputs to D flipflops. If
a design does not use Clear or Preset signals, or if you do not wish to
display paths that travel through Clear and Preset inputs to D
flipflops, you can turn this command on.

3. Choose Start. The Timing Analyzer immediately begins to analyze the
chiptrip project and calculate the minimum and maximum
propagation delays between each pair of nodes that are connected in
the project. The progress bar moves toward 100%.

I You can also run a timing analysis by choosing Analyze

Timing (Utilities menu) in the Graphic, Text, Waveform, or
Floorplan Editor.
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The Timing Analyzer runs in the background, freeing your computer
for other work. However, this analysis is short and you will not have
to wait long for it to finish. When you analyze a larger, more complex
project, you can start an analysis and then switch to another
application to continue your work.

When the message Ti mi ng anal ysi s i s conpl et ed is displayed,
choose OK.

The path between each pair of nodes is displayed in a cell in the Delay
Matrix, as shown in the following illustration:

= MAx+plus Il - d:\max2workitutorial\chiptrip - [Timing Analyzer] | M=
=| MAX+plus Il File Node Analysis Assign Utilities Options Window Help +
IsIEEIEN EN BREEEIE RN i E A )
. +*
Delay Matrix B
Diestination
at_altera ticketD ticket] ticket2 ticket3 timel
accel
Only one delay feek 17.0ns B.0ns Bi.ns 8.0ns B.0ns 8.0ns
time shows that dird
all delays are the dirt
same length 5 ferete
gin. o Jreset 27.0ns
r
c
=]
[+]
[ ] +
0 S0 100
Start I ‘ Stop ‘ | List Paths |
Opens Message Processor window and lists all
delay times and paths between a pair of nodes.
s Delay times may differ from those in the illustration shown above

when you analyze the project. Timing Analyzer results are based
on the latest device performance data given in the Device Model
Files (.dmf) provided with MAX+PLUS II.

If the shortest and longest routes through the project are different, both
delay times are displayed in a cell. If the two figures are different, the circuit
contains a potential logic race condition. When source and destination nodes
are separated by the D input to a flipflop in the original design file, the delay
is calculated through the Clock or Preset input, not the D input.
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3. List a Propagation Delay Message

The delay path —
from clock to
at alterais 17.0ns.

To list the delays for the signal paths represented by a cell:

1.

2.

Select the cell for cl ock and at _al t era.

Turn on the List Only Longest Path command (Options menu). When
this command is turned on before you choose the List Paths button,
the Timing Analyzer displays only the longest delay path in the
Message Processor window.

Choose the List Paths button. The Message Processor window opens
and lists the longest delay path between the cl ock and at _al tera
nodes.

The message Fi ni shed | i stingl ongest del ay pat h(s) is
displayed. Choose OK.

If necessary, choose Message Processor (MAX+PLUS II menu) to
bring the Message Processor window to the front.

See the following illustration:

MAaX+plus Il - d'ymax2worldtutorial\chiptrip - [Messages - Timing Analyzer] M=

MAXtplus II  File Assign Options Window Help

P

Cl=ES] [ F[e)[-] ] [L R824 (@07 &

+— [Info: Delay path from 'clock’ to ‘at_altera®: 17.0ns

[ [+

[+]

4 Message b | 0011 [ Locate in Floorplan Editor Help on Message
0ofD Lecate Al

270
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4. Locate the Delay Path in the Floorplan Editor

You can direct the Message Processor to locate the path represented by a
message in the Floorplan Editor. You can either locate each source of a
message in succession, or locate all sources simultaneously.

To locate all sources of a message simultaneously in the Floorplan Editor:

1.

In the Message Processor window, click Button 1 on the message or on
the right side of the Message button to select the message | nf o:
Delay path from'clock' to '"at_altera': 17.0ns.

Turn on the Locate in Floorplan Editor option. The Locate All button
becomes active (i.e., undimmed).

Choose the Locate All button. MAX+PLUS II automatically opens the
Floorplan Editor window and highlights all sources of the message
simultaneously.

If necessary, turn on the LAB View and Last Compilation Floorplan
commands (Layout menu) and the Show Path command (Options
menu); and turn off the Report File Equation Viewer command
(Layout menu). The full path from the cl ock source node to the

at _al t er a destination node is displayed, as shown in the following
illustration:

MAX+plus Il - d\max2workituterialichiptrip - [Floorplan Editor - [Last Compilation]

MAX+plus 1l

File Edit Yiew Lavout Assign Ulilities Options Yindow Help ¥

OI=aE) (2]=le)] (-] b [Ll=Elals].) EH=E @b al =

Chip Name: |chiptrip (EPM7032LC44-6) Unassigned Nodes b Pins:

Color Legend
[ Unassigned
[ Unrouted

¢]

[ Device-Wide Fan-Out

+[ ] [+
Selected Node|s) & Pins):

Local LAB Fan-Out

0 Paralel Expanders T g [<Mutiple iems (3)> %]
+
&) a0 [+]
g
7 A B
&
] 7 7
asosl C—] e ket | tmao ||
= o at o —vo) tmug — > tm ey
| a1 o ] tmis v
= din C— ()] tmad < — | teksts
=N (Giobal OE] ] wnabls C—f —rke) tm a3 L tohot2
at L, =ver = —n)
Show Path EE] [Global Csar) (KO a0k e
button (Mo tmet ] s
(Global OF) O ——— _
o /
I+
+] | +
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5.

Once you finish viewing the Floorplan Editor, close the Floorplan
Editor window and return to the Timing Analyzer.

5. Locate the Delay Path in the Project’s Design Files

You can direct the Message Processor to locate the path represented by a
message in the original design file(s) for a project.

To locate the sources of a the message in the chiptrip project’s design files:

1.

In the Message Processor window, click Button 1 on the message or on
the right side of the Message button to select the message | nf o:
Delay path from'clock' to "at_altera': 17.0ns.

Turn off the Locate in Floorplan Editor option.

Click Button 1 on the right side of the Locate button to locate the first
of four sources for the message. MAX+PLUS II automatically opens
the file chiptrip.gdf in a Graphic Editor window and highlights the
cl ock input pin.

Locate each of the other three sources by clicking Button 1 on the right
side of the Locate button. MAX+PLUS II automatically opens the
appropriate design editor for each successive message source.

You can close any open editor window(s) and the Message Processor and
return to the Timing Analyzer to select other cells, list delay path messages,
and locate the paths in either the Floorplan Editor or the source design files
for the project.

6. Run a Timing Analysis in Another Mode

v/ Return to the Timing Analyzer window, choose Registered
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Performance or Setup/Hold Matrix (Analysis menu), and choose
Start to run the Timing Analyzer again.
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Session 13: Program an Altera Device

In this session, you will use the MAX+PLUS II Programmer to program the
chiptrip project into an Altera EPM7032LC44 device (a 44-pin plastic J-lead
chip carrier package), which was selected automatically during compilation.
This session includes the following steps:

1.
2.
3.

1. Open the Programmer Window

Open the Programmer window.
Create an output Programmer Log File.
Program the device.

Make sure that the programming hardware is installed. See “Installing the
Programming Hardware” on page 53 in MAX+PLUS II Installation for more
information.

To open the Programmer window:

v/ Choose Programmer (MAX+PLUS II menu). The Programmer

window opens, as shown in the following illustration:

Programs data from a

programming file or
examined device onto a
blank device.

Verifies contents of a
device against current —_|
programming data.

Examines a device and —|
stores the data in a
temporary buffer.

Examines a device to
ensure it is blank.

Downloads configuration
data into a FLEX device.

='| Programmer |v |*
Examine Program Verify Turns on Security Bit
option for current
O Security Bit programming file.
Blank-Check

Device: EPM7032LC44
Checksum: 0005D8B6

File: chiptrip.pof Displays current
programming file for

the project.

Functionally tests a
programmed device with
input vectors from
current SCF, Vector File,

or programming file.

]

100
i

Progress bar

Stop

| | openscr

The File field displays the current POF, chiptrip.pof.
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I If chiptrip.pof is not shown, use the Select Programming File
command (File menu) to select chiptrip.pof as your programming
file. You will be asked whether you wish to change the current
project to chiptrip. Choose OK.

2. Create an Output Programmer Log File

MAX+PLUS II optionally records all Programmer actions and messages in a

Programmer Log File (.plf).

To create an output PLF:

1. Choose Inputs/Outputs (File menu). The Inputs/Outputs dialog box

is displayed:

|:‘ Inputs}Outputs

Specifies the FYector Input File

source of input [ Input File:

O | chiptrip_scf

vectors for

functional testing. Show in Files List

o Yector Files [*.vec]

O Simulator Channel Files [*.scf]

) Current Programming File

" Output File
Turns on the B Log (plf: @ [chiptup.plf | ] Mew
Programmer
Log File. Directory is: d:\imax2workitutorial
Files: = scl Directonies:
chiptnp.scf = d:y
[== maxZwork
Drives:
= E

Cancel

The Programmer
automatically echoes
the current project
name plus the default
file extension.

Overwrites the current
PLF, if one exists. If
New is not turned on,
and the specified file
exists, programming
commands and
messages are
appended to the file.

2. If necessary, turn on the Log (.plf) option under Output File. The
filename chi ptri p. pl f appears automatically in the Log (.plf) box.
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3.  Choose OK.
B .. - Press F1 when the Inputs/Outputs dialog box is displayed to go to
“Inputs/Outputs Command” in MAX+PLUS II Help.

3. Program the Device

To program the device:

1. Insert an EPM7032LC44-6 device into the programming socket.

2. Choose the Program button.
The Programmer examines the device, programs the chiptrip project
into the device, and checks that the contents of the device match those
of the chiptrip.pof file. Once programming is complete, you can view
the PLF if you wish. For more information on how to open and view

text files, see “2. View the History, Log & Table Files” on page 263.

3. Double-click Button 1 on the document icon (or box) to close the
Programmer window.

-
a® Go to “Inserting a Device into the Socket” and “Programming a Single
Device with the Master Programming Unit” using Search for Help on (Help
menu).
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Are We There Yet?
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Congratulations on finishing the tutorial! If you would like to further
practice what you have learned, you can return to selected sessions and try
the following;:

Try creating the subdesigns with different design entry methods, e.g.,
create the speed_ch subdesign as a Text Design File (.tdf).

Compile the chiptrip project for different devices. For example, try the
EPMO9320 device and run a new timing analysis.

Compile and simulate the project for different speed grades of the
same device.

Run timing analyses for the new devices.

If you recompile the project for a different device, try programming
the actual device.
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