April 27,1999 12:26 g02-appb  Sheet number 1 Page number 739  black

appendix

TUTORIAL 1

w 9 9
Yy F®w vy |-
Y
¥
A

A Y|e

A

Fi}\ 3
4 4 A 4 4>
0 o0 & |

13. Rfl-el, Nf6-d5

739




Aplril 27,1999 12:26 g02-appb  Sheet number 2 Page number 740  black

740

APPENDIX B TUTORIAL 1

MAX+plusll is one of the most sophisticated and easiest to use CAD systems available on
the market. In this tutorial we introduce the design of logic circuits using MAX+plusll.
Step-by-step instructions are presented for performing design entry with three methods:
using schematic capture, writing VHDL code, and using a truth table. The tutorial also
illustrates functional simulation.

| B.1 INTRODUCTION

This tutorial assumes that the reader has access to a computer on which MAX+plusll is
installed. Instructions for installing the copy of MAX+plusll provided with the book are
included with the CD-ROM. The MAX+plusll software will run on several different types

of computer systems. For this tutorial a computer running a Microsoft operating systems
(Windows95, Windows98, or WindowsNT) is assumed. Although MAX+plusll operates
similarly on all of the supported types of computers, there are some minor differences.
A reader who is not using a Microsoft Windows operating system may experience some
slight discrepancies from this tutorial. Examples of potential differences are the locations
of files in the computer’s file system and the exact appearance of windows displayed by the
software. All such discrepancies are minor and will not affect the reader’s ability to follow
the tutorial.

This tutorial does not describe how to use the operating system provided on the com-
puter. We assume that the reader already knows how to perform actions such as running
programs, operating a mouse, moving, resizing, minimizing and maximizing windows, cre-
ating directories (folders) and files, and the like. A reader who is not familiar with these
procedures will need to learn how to use the computer’s operating system before proceeding.

B.1.1 GETTING STARTED

Each logic circuit, or subcircuit, being designed in MAX+plusll is callegraject The
software works on one project at a time and keeps all information for that projectin a single
directory in the file system (we use the traditional tetimectory for a location in the file
system, but in Microsoft Windows the terfolder is used). To begin a new logic circuit
design, the first step is to create a directory to hold its files. As part of the installation of the
MAX+plusll software, a few sample projects are placed into a directory cafteak2work

To hold the design files for this tutorial, we created the subdirecorgx2worktutoriall.

The location and name of the directory is not important; hence the reader may use any valid
directory.

To create a directory to work in, use the normal utilities provided by the computer’s
operating system. MAX+plusll is not involved in this step. After the directory has been
created, start the MAX+plusll software. You should see a window similar to the one in
Figure B.1. This window is called thdAX+plusll Manager It provides access to all the
features of MAX+plusll, which the user selects with the computer mouse.

Most of the commands provided by MAX+plusll are accessed by using a set of menus
that are located in the Manager window below the title bar. For example, in Figure B.1
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Figure B.1  The MAX+plusll Manager window.

clicking the left mouse button on the menu narhdelopens the menu shown in Figure B.2.

Clicking the left mouse button on the enfyit MAX+plusll Alt+F4 exits from MAX+plusl.

In general, whenever the mouse is used to select somethinigftbatton is used. Hence
we will not normally specify which button to use. Inthe few cases whenitis necessary to use

theright mouse button, it will be specified explicitly. We should note thatAheF4 part of

i MAC+plus 1l Manager

Project

IEIEE

MAX+plus |1 Azzign  Ophiohz  Help

Mew...
Open...
Delete File...

Ctrl+0

Hierarchy Project Top  Crl+T

Exit b +plus (1

BltF4

Figure B.2  The File menu in the Manager window.
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the menu item indicates a keyboard shortcut; instead of using the mouse, the command can
alternatively be invoked by the holding down the Alt key on the keyboard and pressing the
F4 function key. Keyboard shortcuts are available for a few of the MAX+plusll commands,
but commands are usually invoked using the mouse. For some commands it is necessary
to access two or more menus in sequence. We use the convbtgil | Menu?2 | ltem
to indicate that to select the desired command the user should first click the left mouse
button onMenu1, then within this menu click oMenu2, and then withirMenu?2 click on
ltem. For exampleFile | Exit MAX+plusll describes how to use the mouse to exit from the
MAX+plusll system.

The MAX+plusll system includes 11 main software modules, cadlpglications
They can be accessed in two different ways. First, all the applications can be invoked via
the MAX+plusll menu in the Manager window, as illustrated in Figure B.3. Second, some
of the applications can be invoked using the small icons that appear below the Manager
title bar. (If no icons are visible under the Manager title bar, séDstions | Preferences
to open the Preferences dialog box. Then use the mouse to place a check mark beside the
entry forShow Toolbar and clickOK.) To see which applications in Figure B.3 a particular
icon is associated with, place the mouse pointer on top of the icon; the Manager displays a
message near the bottom of the window that gives the name of the application.

The applications introduced in this tutorial include the Graphic Editor, Text Editor,
Waveform Editor, Compiler, Simulator, Message Processor, and Hierarchy Display. The
others are introduced in Tutorial 2.

[LEeet NIl Fil=  Azzign Options Help
Hierarchy Dizplay o
Graphic E ditaor D D
Symbol Editar
Text Editor
Wwiaveform Editar
Floorplan Editor
Compiler
Simulatar
Timing Analyzer
Frogramrmer

Mezzage Processar
I

Figure B.3  The MAX+plus Il menu in the Manager window.
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MAX+plusll On-Line Help

MAX+plusll provides comprehensive on-line documentation that answers most of the
questions that may arise when using the software. The documentation is accessed from
the Help menu in the Manager window. To get some idea of the extent of documentation
provided, it is worthwhile for the reader to browse through tlep menu. For instance,
selectingHelp | MAX+plusll Table of Contents shows all the categories of documentation
available.

The user can quickly search through the Help topics by selettéhg | Search for
Help on, which opens a dialog box into which keywords can be entered. The available
Help topics that match the keywords are automatically displayed. Two other methods
are provided for quickly finding documentation for specific topics. First, while using any
application, pressing the F1 function key on the keyboard opens a Help display that shows
the commands available for that application. Second, in some instances holding down the
Shift key and pressing the F1 key changes the mouse pointertielppointer. This feature
is available when using the schematic capture tool provided in MAX+plusll. Clicking the
help pointer on any circuit elementin a schematic automatically displays any documentation
that is available for that circuit element.

B.2 DESIGN ENTRY USING SCHEMATIC CAPTURE

In Chapter 2 we introduced three types of design entry methods: truth tables, schematic
capture, and VHDL. This section illustrates the process of using the schematic capture tool
provided in MAX+plusll, which is called the Graphic Editor. As a simple example, we will
draw a schematic for the logic functién= x;x, + XoX3. A circuit diagram forf was shown

in Figure 2.26 and is reproduced as FigureaB.Bihe truth table fof is given in Figure B.4.
Chapter 2 also introduced functional simulation. After creating the schematic, we show
how to use the functional simulator in MAX+pluslI to verify the schematic’s functionality.

X; Xy Xg | f
X1 0 0O 0
X, )7 0 01 1
010 0

Df 01110

100 0

1 01 1

Xg — ] 1101
111 1

(a) Circuit (b) Truth table

Figure B.4  The logic function of Figure 2.26.
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B.2.1 SPECIFYING THE PROJECT NAME

As afirst step we will specify the name of the design project. In the Manager window select
File | Project | Name to open the pop-up box illustrated in Figure B.5. It is necessary to
specify the location of the directory where MAX+plusll will store any files created for the
project. For this example the directory used is namaddx2worktutoriall. The disk

drive designation, d:, is selected using téves pull-down menu shown in Figure B.5.
The directory name is selected using the box labBleektories. Use the mouse to double-
click on the directory names displayed in the box until the proper directory is selected; the
selected directory appears next to the wdddtectory is, as illustrated in the figure. In the

box labeledProject Name, typegraphiclas the name for this project and then cliok.
Observe that the name of the project is displayed in the title bar of the Manager window.

B.2.2 USING THE GRAPHIC EDITOR

The next step is to draw the schematic. In the Manager window séédt+plusll |
Graphic Editor. The Graphic Editor window appears inside the Manager window. It may
be helpful to move or resize the Graphic Editor window and to increase the size of the
Manager window to provide more work space. In the screen capture in Figure B.6, the
Graphic Editor window is maximized so that it fills the entire Manager window.

The title bar in Figure B.6 includes some menu nhames and icons that did not appear
in Figure B.1. This is because the Manager window always indicates the features available
in whatever application is currently being used. A number of icons that are used to invoke
Graphic Editor features also appear along the left edge of the window. To see a description
of the Graphic Editor feature associated with each icon, position the mouse on top of the
icon; a message is displayed near the bottom of the window. Two of the most useful icons

Project Name

Project Name: |gla|:|hit:1| |

Directory i1s: d:\max2work\tutonall

Files: Directories:

= d:A
= max2work

% tutoriall

Drives:
= E

[ Show Only Topz of Hierarchies

Figure B.5  Specifying the name and working directory for o project.
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Figure B.6  The Graphic Editor display.

are the ones that look like a magnifying glass. These icons are used to see a larger or smaller
view of the schematic.

Naming the Schematic

The schematic being created must be given a name. $dle¢iSave As to open the
pop-up box depicted in Figure B.7. The directory that we chose for the project is already
selected in the pop-up box. The Graphic Editor will create a separate file for the schematic
and store it in the project’s directory. In the box labeféld Name, type graphic1.gdf

Save As
File Name: [FETISBEl |
Directory i1g: d:\max2work\tutonall
Files: = gdf Directories:

= dA
[= max2work

Yaar tutoniall

Drives:
(= -

Automatic E xtension: -gdf j

Figure B.7  Specifying the name of a schematic.
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You must use exactly this name. The nagnaphiclmust match the name of the project,
and the filename extensigf, which stands fographic design filemust be used for all
schematics. ClickOK to return to the Graphic Editor.

Importing Logic-Gate Symbols

The Graphic Editor provides several libraries which contain circuit elements that can be
imported into a schematic. For our simple example we will use a library cBHieditives
which contains basic logic gates. To access the library, double-click on the blank space in
the middle of the Graphic Editor display to open the pop-up box in Figure B.8 (another way
to open this box is to seleSymbol | Enter Symbol). The box labele®ymbol Libraries
lists several available libraries, including the Primitives library. To open it, double-click on
the line that ends with the wogatim. A list of the logic gates in the library is automatically
displayed in theSymbol Files box. Double-click on th@nd2symbol to import it into the
schematic (you can alternatively click and2and then clickOK). A two-input AND-gate
symbol now appears in the Graphic Editor window.

Any symbol in a schematic can be selected using the mouse. Position the mouse pointer
on top of the AND-gate symbol in the schematic and click the mouse to selectit. The symbol
is highlighted in red. To move a symbol, select it and, while continuing to press the mouse
button, drag the mouse to move the symbol. To make it easier to position the graphical
symbols, a grid of guidelines can be displayed in the Graphic Editor window by selecting
Options | Show Guidelines. Spacing between grid lines can be adjusted u€ptjons |
Guideline Spacing.

The logic functionf requires a second two-input AND gate, a two-input OR gate, and
a NOT gate. Use the following steps to import them into the schematic.

Enter Symbol

Symbol Hame: |and2 |

Symbol Libranes:
d:\max2work\tutoriall
d:'maxplus2imax2lib\prim
d:'maxplus2imax2libhmf
d:\maxplus2imax2lib\mega_lpm
d:\maxplus2imax2lib\edif

Directory is: d:\max2work\tutonall

Symbol Files: Directonies:
and]2 | | = dhs
;nd3 = maxpll.!s2
and4 [= maz2lib
andb
and8
band12
band2
Eangi Drives
an
band6 | = -l

Figure B.8  Importing a logic gate from the Primitives library.
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Position the mouse pointer over the AND-gate symbol that has already been imported.
Press and hold down the Ctrl keyboard key and click and drag the mouse away from the
AND-gate symbol. The Graphic Editor automatically imports a second instance of the
AND-gate symbol. This shortcut procedure for making a copy of a circuit element is
convenient when you need many instances of the same element in a schematic. Of course,
an alternative approach is to import each instance of the symbol by opening the Primitives
library as described above.

To import the OR-gate symbol, again double-click on a blank space in the Graphic
Editor and then double-click on the Primitives library. In the box lab&gabol Files,
use the scroll bar to scroll down through the list of gates to find the symbol nar2ed
Import this symbol into the schematic. Nextimportthe NOT gate using the same procedure.
To orient the NOT gate so that it points downward, as depicted in Figure Befect the
NOT-gate symbol and then use the comm&dd | Rotate | 270 to rotate the symbol 270
degrees counterclockwise. The symbols in the schematic can be moved by selecting them
and dragging the mouse, as explained above. More than one symbol can be selected at the
same time by clicking the mouse and dragging an outline around the symbols. The selected
symbols are moved together by clicking on any one of them and moving it. Experiment
with this procedure. Arrange the symbols so that the schematic appears similar to the one
in Figure B.9.

Importing Input and Output Symbols

Now that the logic-gate symbols have been entered, it is necessary to import symbols
to represent the input and output ports of the circuit. Open the Primitives library again.
Click the mouse anywhere in the box labe&anbol Files and then type the letter “i” to
jump ahead in the list of symbols to those whose names begin withis shortcut can be
used in addition to the scroll bars provided on 8yenbol Files box. Import the symbol

i MAS+pluz 1l - d:\max2work\tutoriall vgraphicl - [graphicl.gdf - Graphic Editor]

:_-',31, Mé+plusz Il File Edit View Spmbol Assign  Utlites Options  Window  Help = ﬂ
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-
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Figure B.9 A partially completed schematic for the circuit in Figure B.4.
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namedinputinto the schematic. Import two additional instances of the input symbol. To
represent the output of the circuit, open the Primitives library and import the symbol named
output. Arrange the symbols to appear as illustrated in Figure B.10.

Assigning Names to Input and Output Symbols

Point to the worcPIN_NAME on the input pin symbol in the upper-left corner of the
schematic and double-click the mouse. The pin name is selected, allowing a new pin name
to be typed. Typel as the pin name. Hitting carriage return immediately after typing the
pin name causes the mouse focus to move to the pin directly below the one currently being
named. This method can be used to name any number of pins. Assign thex2aanelx3
to the middle and bottom input pins, respectively. Finally, assign the rfiaohe output

pin.

Connecting Nodes with Wires

The next step is to draw lines (wires) to connect the symbols in the schematic together.
Click on the icon that looks like an arrowhead along the left edge of the Manager win-
dow. This icon is called th&election tool, and it allows the Graphic Editor to change
automatically between the modes of selecting a symbol on the screen or drawing wires to
interconnect symbols. The appropriate mode is chosen depending on where the mouse is
pointing.

Move the mouse pointer on top of tix& input symbol. The mouse pointer appears
as an arrowhead when pointing anywhere on the symbol except at the right edge. The
arrowhead means that the symbol will be selected if the mouse button is pressed. Move the
mouse to point to the small line, callegbmstub on the right edge of thel input symbol.
The mouse pointer changes to a crosshair, which allows a wire to be drawn to connect the

il MAX+plus 11 - d:\max2work\tutoriall\graphicl - [graphicl.gdf - Graphic Editor]

ﬁ;} Max+pluz || File Edit Yiew Symbol Assign  Utlites Options  Window  Help ;lilﬂ
NEFEARR RN EE R ER R AEIE
T ] =
Al P

Bl [ ]
s | BTSRRI

T g

= ' P PiRCNAME
0 -

Bl 5 Pname e —

et of

Figure B.10  Input and output symbols added to the schematic in Figure B.9.
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pinstub to another location in the schematic. A connection between two or more pinstubs
in a schematic is calledrmode The name derives from electrical terminology, where the
termnoderefers to any number of points in a circuit that are connected together by wires
and thus have the same voltage.

Connect the input symbol forl to the AND gate at the top of the schematic as follows.
While the mouse is pointing at the pinstub on ttiesymbol, click and hold the mouse
button. Drag the mouse to the right until the line (wire) that is drawn reaches the pinstub on
the top input of the AND gate; then release the button. The two pinstubs are now connected
and represent a single node in the circuit.

Use the same procedure to draw a wire from the pinstub ox2haput symbol to
the other input on the AND gate. Then draw a wire from the pinstub on the input of the
NOT gate upward until it reaches the wire connecti2gto the AND gate. Release the
mouse button and observe that a connecting dot is drawn automatically. The three pinstubs
corresponding to th&2 input symbol, the AND-gate input, and the NOT-gate input now
represent a single node in the circuit. Figure B.11 shows a magnified view of the part of the
schematic that contains the connections drawn so far. To increase or decrease the portion
of the schematic displayed on the screen, use the icons that look like magnifying glasses
on the left side of the Manager window.

To complete the schematic, connect the output of the NOT gate to the lower AND gate
and connect the input symbol f&B to that AND gate as well. Connect the outputs of the
two AND gates to the OR gate and connect the OR gate td theput symbol. If any
mistakes are made while connecting the symbols, erroneous wires can be selected with the
mouse and then removed by pressing the Delete key or by seldeling Delete. The
finished schematic is depicted in Figure B.12. Save the schematickikingave.

i MAX+plus 11 - d:\max2work\tutoriall\graphicl - [graphicl.gdf - Graphic Editor]
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Figure B.11  Connecting the symbols in the schematic from Figure B.10.
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Figure B.12  The completed schematic for the circuit in Figure B.4.

Since our example schematic is quite simple, it is easy to draw all the wires in the
circuit without producing a messy diagram. However, in larger schematics some nodes that
have to be connected may be far apart, in which case it is awkward to draw wires between
them. In such cases the nodes are connected by assigning labels to them, instead of drawing
wires. We will illustrate this method of connecting nodes in section D.3.1.

B.2.3 SYNTHESIZING A CIRCUIT FROM THE SCHEMATIC

As we explained in section 2.8.2, after a schematic is entered into a CAD system, it is
processed by initial synthesis tools. These tools analyze the schematic and generate a
Boolean equation for each logic function in the circuit. In MAX+plusll the synthesis tools
are controlled by the application program called @mampiler.

Using the Compiler

To open the Compiler window, click the mouse on the Compiler icon (it looks like a
factory with a smoke stack) below the Manager window title bar or séf&X+plusll |
Compiler.

For this tutorial we will use only the tools that are needed to allow us to perform a
functional simulation of the schematic. To tell the Compiler to use these tools, Bedect
cessing | Functional SNF Extractor. The Compiler window should appear as shown in
Figure B.13. The window shows three software modules that are invoked in sequence by
the Compiler. The Compiler Netlist Extractor and Database Builder represent the initial
synthesis tools. The module called Functional SNF Extractor creates a file, calted-a
lator netlist file (SNF)which describes the functionality of the circuit and is used by the
functional simulator.
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i MAX +plus Il - d:\max2work\tutoriall\graphicl - [Compiler]
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Figure B.13  The Compiler display.

Click the mouse on th8tart button in the Compiler window. The Compiler indicates
its progress by displaying a red progress bar and by placing an icon under each of the three
software modules as they are executed. When the Compiler is finished, a window should be
displayed that indicates zero warnings and zero errors. Qi€kn this window to return
to the Compiler window.

If the Compiler does not specify zero warnings and zero errors, then at least one mistake
has been made when entering the schematic. In this case the Compiler opens a window
called theMessage Processor, which displays a message concerning each warning or error
generated. An example showing how the Message Processor can be used to quickly locate
and fix errors in a schematic is given in section B.2.5.

To close the Compiler window, use tli#ose buttor(it is an X) located in the top-right
corner of its window.

B.2.4 PERFORMING FUNCTIONAL SIMULATION

Before the schematic can be simulated, itis necessary to create the desired waveforms, called
test vectorsto represent the input signals. For this tutorial we will use the MAX+plusl|
Waveform Editor to draw test vectors, but it is also possible to use a text editor to create test
vectors in a plain text (ASCII) file. Documentation pertaining to ASCII test vectors can be
opened by selectinidelp | MAX+plusll Table of Contents. Click on Simulator, then click

onBasic Tools, and finally click onVector File (.vec).

Using the Waveform Editor

Open the Waveform Editor window by selectingAX+plusll | Waveform Editor.
Because the Waveform Editor has many uses, it is necessary to indicate that we wish to
enter test vectors for simulation purposes. Seffidet| Save As and type (if not already
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there) graphicl.scfin the box labelecFile Name. A file with scf extension stores the
waveforms that will be used as simulation test vectors.

SelectNode | Enter Nodes from SNF to open the pop-up box shown in Figure B.14.
Click on thelist button in the upper-right corner of this box to display the names of the nodes
in the current project in the box labelé&ailable Nodes & Groups. Click the mouse on
the namex3 to highlight it. Click on the button labeled=to copyx3 into the box labeled
Selected Nodes & Groups. Use the same procedure to select each of the other signals and
copy them into theSelected Nodes & Groups box. It is also possible to select multiple
nodes at the same time, by dragging the mouse upward or downward insithediifble
Nodes & Groups box. Click OK to return to the Waveform Editor. The nodes x2, x3,
andf are now shown in the waveform display.

We will now specify the logic values to be used for the input signals during functional
simulation. The logic values at the outputill be generated automatically by the simulator.

SelectFile | End Time to specify the total amount of time for which the circuit will
be simulated. In the box labeldime, type 160nsto set the total simulation time to 160
nanoseconds. This amount of time is rather arbitrary because functional simulation does
not include any timing delays, as discussed in section 2.8.3. The concipidétion time
will become more significant in Tutorial 2 when timing simulation is introduced. GDgk
to return to the Waveform Editor. Selédew | Fit in Window so that the entire time range
from 0 to 160 ns is visible in the Waveform Editor display. In fBptions menu make
sure thaShow Grid has a check mark next to it so that the Waveform Editor displays light
vertical guidelines in the waveform area of the display. The guidelines provide a visual aid
for positioning the mouse when drawing waveforms. SeBsfions | Grid Size and type
20nsin the box labeledGrid Size. Click the mouse when pointing to any of the guidelines
and observe that a vertical reference line is drawn at that point. We will use the reference
line in Tutorial 2. Figure B.15 shows how the Waveform Editor window should look at this

Enter Nodes from SHF

MHode / Group:

Axailable Hodes & Groups: Selected Hodes & Groups:

[ = |

a4 b1 4 *

=¥
Type

¥ Preserve Existing Nodes

M Inputs I Begistered [ Show All Node Mame Synonyms

I Outputs [ Combinatorial

r I

Al r

Figure B.14  Selecting nodes for simulation.
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Figure B.15  The Waveform Editor display.

point. The input waveforms are setto logic value 0, and the output is shown as a hashed-line
pattern that indicates that the logic value has not yet been determined.

To thoroughly test the circuit during simulation, it is desirable to use as many different
values of the input signals as possible. For our small example, there are only eight different
valuations, and so it is easy to include all of them. To make all eight valuations fit in the
160 ns simulation time, the signal valuations have to change every 20 ns. To create the
waveforms for the input signals, do the following.

Activate theWaveform Editingool by pressing its icon on the left edge of the window.
The icon is shown in the top-left corner of Figure B.16; it looks like two arrows pointing
left and right. Position the mouse pointer over the waveform for infut the 20 ns grid
line. Press and drag the mouse to the right to highlight the section g8tWaveform from
20 ns to 40 ns, as illustrated in Figure B.16. The Waveform Editing Tool automatically

E Narne: E\/alue:!] 40.0ns 80.0ns
= %3 1
= x2 0
=31 0
= f S

REEEE)

Figure B.16  Editing the waveform for x3 from Figure B.15.
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changes the selected portion of the waveform from its present value 0 to the value 1. Next
select the section of the waveform 8 between 60 ns and 80 ns to set it to 1. Continue
in this manner to set every second 20 ns sectioxBdb 1.

An alternative way to draw waveforms is to use the Selection tool, which is activated
by selecting the icon that looks like an arrowhead along the left edge of the window. Using
the Selection tool, the procedure for drawing a waveform is to first select a section of the
waveform by dragging the mouse over it. The highlighted section can be setto 1 by selecting
Edit | Overwrite | High. The highlighted section can also be changed by using the buttons
labeled 0 or 1 along the left edge of the window.

Use the Waveform Editing tool to set the waveformxarto 1 in the range from 40 ns
to 80 ns, as well as from 120 ns to 160 ns. Also, set the waveforxifar 1 in the range
from 80 ns to 160 ns. The waveforms drawn, as illustrated in Figure B.17, now include all
eight input valuations. SeleEile | Save to save the waveforms in thgaphic1.scfile.

Performing the Simulation

To open the Simulator window, shown in Figure B.18, click on its icon (it looks like a
computer with a waveform on the screen) or SeMéiX+plusll | Simulator. MAX+plusl!
provides both functional simulation and timing simulation. The type of simulation used by
the Simulator application is determined automatically by the settings used in the Compiler
application. The Simulator will perform a functional simulation in this case because we
instructed the Compiler to generate information for functional simulation, as discussed for
Figure B.13.

Observe in Figure B.18 that the Simulator specifies that it will use the file called
graphicl.schs the simulator input and will perform the simulation for the time range from
0 to 160 ns. Click thétart button to perform the simulation. The Simulator displays a
message indicating that no errors were generated. @i€ko return to the Simulator
window. The simulator stores the results of the simulation ingfaphicl.scffile. To
view the file, click on théOpen SCF button in the simulator window, which automatically
opens the Waveform Editor window and displays the file. As illustrated in Figure B.19, the
Simulator creates a waveform for the outfiuThe reader should verify that the generated
waveform corresponds to the truth table fgiven in Figure B.&. The Waveform Editor
and Simulator windows can now be closed.

Marne: ﬁVaIue:T f-lD.IDnS BD.IDns 120.|Dn5 160
[

o= 3 I | | | |

= 12 o | T 1____ I

=31 0 |

s S

Figure B.17  The completed waveforms for x1, x2, and x3.
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X, Simulator: Functional Simulation

Simulation Input: graphicl.scf
Simulation Time: 0.0ns

Start Time:

™ Use Device Fi
-

™ Check Outputs 2

End Time:

0 50

100

Start_ | |

| Open SCF

Figure B.18

The Simulator display.

B.2.5 USING THE MESSAGE PROCESSOR TO LOCATE AND F1ix ERRORS

In the description in section B.2.3 of how the Compiler is used to synthesize a circuit from
the schematic, we said that the Compiler should produce a message stating that no warnings
or errors were generated. In this section we illustrate what happens when there is an error
in the schematic. To insert an error in the schematic created feopen the schematic by
selectingFile | Open to open the pop-up box shown in Figure B.20. In the box lab&iesy

in Files List, click onGraphic Editor Files. Then in the box labelekiles, click on the name

i MAX +plus |l - d:\max2work\tutoriall \graphic1 - [graphicl.scf - Waveform Editor]

ﬁ. Max+pluz Il File Edit “iew Mode Assign Utlities Option:  Window Help ;lilﬂ
EEEERE R R EEEEE R R EEE PR

(5>

Ref [0.0ns

|[«I=] Time: [0.0ns

Interval:  |0.0ns i‘

0.0ns
Mame: _Walue: 4D.I|3ns ED.IIZInS 120.|E|n8 160
= 3 To T | | | |
12 o | T 1.
= 1 0 |
o o [T 1 |

[ ===

Figure B.19

Functional simulation results for the waveforms in Figure B.17.
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Open

File Name: |graphic1.gdf |

Directory is: d:\max2work\tutonall

s Directones:
=\
== max2work

e tutonall

Drives:

e 7

Show in Files List
& Graphic Editor files

¢ Symbol Editor files  [*.sym) m
T Text Editor files

" Waveform Editor files |= gcf j
Al files (|

Figure B.20  The dialog box used to reopen the schematic.

graphic1.gdfto put this name in the box label&ile Name. Alternatively, graphicl.gdf
can be typed into the box rather than using the mouse to select it from the list of files. Click
OK to open the file inside the Graphic Editor.

Use the mouse to select the wire that connects the output of the OR gaté tmtpat
symbol. Delete the wire by pressing the Delete key; then save the schematic file. Open
the Compiler window and run the synthesis tools again. The Compiler should produce a
message stating that one warning and one error were found. GKcla window, called
the Message Processor, is automatically opened to display the messages generated by the
Compiler, as illustrated in Figure B.21. If the Message Processor window is obscured
by some other window, seledAX+plusll | Message Processor to bring the Message
Processor window to the foreground.

The warning message is produced because the OR-gate output is not connected to
any other node in the schematic. The error message states thfabthiput symbol is

Messzages - Compiler _ (O] x]
Warning: Ignored primitive symbol "0R2" [ID :3] it has no output =l
Error: Node missing source: "' [ID £10)

4 Message p|0of 2 " Locate in Floorplan Editor | Help on Message |

4 favsie B 0ofD Lonate A

Figure B.21  The Message Processor display.
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not connected to anything. Although it is clear how to fix the error, since we created it
purposely, in general some of the messages displayed by the Compiler when synthesizing
larger circuits may not be obvious. In such cases it is possible to select a message with the
mouse and then click on tidelp on Message button in the Message Processor window;
documentation that explains the message is automatically opened. Experiment with this
feature for both the warning and error messages in Figure B.21.

Another convenient feature of the Message Processor letite button in the lower-
left corner of the window. It can be used to automatically display the section of the schematic
where the error exists. Selectthe warning message and then clicktiebutton. Observe
that the Graphic Editor is automatically displayed with the OR gate highlighted. Next select
the error message in the Message Processor window and then clickdtebutton again.

Thef output symbol becomes highlighted in the Graphic Editor.

Use the Graphic Editor to redraw the missing wire between the OR-gate output and
thef output symbol. Save the schematic and then use the Compiler to run the synthesis
tools to see that the error is fixed. We have now completed our introduction to design using
schematic capture. If any application windows are still open, close them to return to the
Manager window.

B.3 DeEsiGN ENTRY UsingG VHDL

This section illustrates the process of using MAX+plusll to implement logic functions by
writing VHDL code. We will implement the functiohfrom section B.2, where we used
schematic capture. After typing the VHDL code, it will be simulated with the Functional
Simulator.

B.3.1 SPECIFYING THE PROJECT NAME

We need a new project name for the VHDL design. In the Manager window sdlect
Project | Name. We will store the design files for the project in the same directory that
we used for the schematic capture design created earlier. In the box |8hsjked Name,

type examplelas the name for the project and then clioK. The name of the project is
displayed in the title bar of the Manager window.

B.3.2 UsiNG THE TEXT EDITOR

MAX+plusll provides a text editor that can be used for typing VHDL code. Open the Text
Editor window by selectingAAX+plusll | Text Editor. The first step is to specify a name for
the file that will be created. Selefile | Save As to open the pop-up box depicted in Figure
B.22. Typeexamplel.vhih the box labeledfile Name. You must use exactly this name.
The namesxampleImust match the name of the project, and the filename extenbidn
must be used for all files that contain VHDL code. Wikda | Save As is selected, the Text
Editor places the default nanegamplel.tdin theFile Name box. Thetdf extension stands
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Save As
File Hame: |example1 .vhd |
Directory is: d:\max2work\tutonall
Files: = tdf Directonies:
= dA
== max2work
% tutoniall
Dinives:
|IEI d: j|
Automatic Extension: _tdf j
oK LCancel |
Figure B.22  Specifying o name for the VHDL design file.

fortext design file. Itis used for files that contain source code written in the Altera Hardware
Description Language (AHDL), which is another language supported by the MAX+plusll
system. Make sure to change the filename extension fd6ito vhd We should mention

that it is not necessary to use the Text Editor provided in MAX+plusll. Any text editor can
be used to create the file namedamplel.vhdas long as the text editor can generate a plain

text (ASCII) file.

The VHDL code for this example is shown in Figure 2.29. Type the code into the Text
Editor to obtain the display in Figure B.23. Most of the commands available in the Text
Editor are self-explanatory. Text is entered atitigertion point which is indicated by a
thin vertical line. The insertion point can be moved either by using the keyboard arrow keys

il MAX+plus Il - d:\max2work\tutoriall\examplel - [examplel_vhd - Text Editor]

.;;;. Méx+pluz Il File Edit Templates Aszign  Utilties Options Window  Help

M= E3
=181 x]

Dl=Ea) [ ][] W [oRE]s[e]s) @] [E e

ENTITY examplel IS
PORT ( =1, =2, %3 IN BIT;

f H ouT BIT ) ;
EHD exampled ;

ARCHITECTURE LogicFunc OF examplel IS
BEGIHN

f <= (x1 AND =2) OR (HOT x2 AHD =3} ;
EHD LogicFunc ;

Line 11  [Col 1 NS« |

-

Figure B.23

The Text Editor display showing the VHDL code from Figure 2.29.
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or by using the mouse. Two features of the Text Editor are especially convenient for typing
VHDL code. First, the editor can optionally display different types of VHDL statements
in different colors. To turn on this option, open ®ptions menu and place a check mark
next to the item nameSlyntax Coloring. Second, the editor can automatically indent the
text on a new line so that it matches the previous line. To turn on this option, place a check
mark besidéptions | Auto-indent. Save the file.

Using VHDL Templates

The syntax of VHDL code is sometimes difficult for a designer to remember. To help
with this issue, the Text Editor provides a collection\fiDL templates The templates
provide examples of various types of VHDL statements, such as an entity declaration, an
architecture, and a signal assignment statement. It is worthwhile to browse through the
templates by selectirgmplates | VHDL Template to become familiar with this resource.

B.3.3 SYNTHESIZING A CIrRcUIT FROM THE VHDL CobDE

In section 2.8.2 we said that a VHDL compiler generates a logic circuit from VHDL code.
The VHDL compiler provided by MAX+plusll is controlled by the Compiler application.

Using the Compiler

Openthe Compiler window. As described for the design created with schematic capture
earlier, selecProcessing | Functional SNF Extractor so that the Compiler will generate the
information needed to perform functional simulation. Pres$the button in the Compiler
window. If the VHDL code has been typed correctly, the Compiler will display a message
that says that no errors or warnings were generated.

If the Compiler does not specify zero warnings and zero errors, then at least one mistake
was made when typing the VHDL code. In this case Mezsage Processor window is
opened, and it displays a message corresponding to each warning or error found. An
example showing how the Message Processor can be used to quickly locate and fix errors
in VHDL code is given in section B.3.5. The Compiler window can now be closed.

B.3.4 PERFORMING FUNCTIONAL SIMULATION

Functional simulation of the VHDL code is done in exactly the same way as the simulation
described earlier for the design created with schematic capture. Open the Waveform Editor
and selecfile | Save As to save the file with the namexamplel.scf Following the
procedure given in section B.2.4, seléddde | Enter Nodes from SNF and import the
nodes in the project into the Waveform Editor. Draw the waveforms for induts2, and

x3 shown in Figure B.17. It is also possible to open the previously drawn waveform file
graphicl.scfand then “copy and paste” the waveforms %ar x2, andx3. The procedure

for copying waveforms is described ftelp | MAX+plusll Table of Contents | Waveform

Editor | Procedures | Copying, Cutting & Pasting Nodes and Groups. Open the Simulator

and click on theStart button. The waveform generated by the Simulator for the output
should be the same as the waveform in Figure B.19.
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B.3.5 USING THE MESSAGE PROCESSOR TO DEBUG VHDL CoODE

In section B.2.5 we showed that the Message Processor application can be used to quickly
locate and fix errors in a schematic. A similar procedure is available for finding errors

in VHDL code. To illustrate this, open trexamplel.vhdile with the Text Editor. In the

fourth line, which reads “END examplel ;" delete the semicolon at the end of the statement.
Save theexamplel.vhdile and then run the Compiler again. The Compiler generates one
error, and the Message Processor window is opened, as illustrated in Figure B.24. The error
message specifies that the problem was identified when processing line 6 in the VHDL
source code file. Select the error message in the Message Processor window and then click
the Locate button. The Text Editor window is automatically displayed with the insertion
point at line 6.

Fix the error by reinserting the missing semicolon; then save the file and run the synthe-
sis tools again, to confirm that the error is fixed. We have now completed the introduction
to design using VHDL code. Close any open application windows to return to the Manager
window.

| B.4 DESIGN ENTRY USING TRUTH TABLES

This section describes the process of designing a logic circuit using a truth table. We will
implement the truth table shown in Figure B.25. It will be entered into the CAD system by
drawing a timing diagram with the Waveform Editor. We discuss the equivalence of truth
tables and timing diagrams in section 2.4.1.

We need to specify a new project name for the truth table design. BaéngProject
| Name, follow the procedure described in section B.3.1 to assign the miamtgg1to the
project. Use the same directory as for the projects designed in the previous sections.

B.4.1 USING THE WAVEFORM EDITOR

Open the Waveform Editor window by selectibg\X+plusll Waveform Editor. The Wave-
form Editor can be used for multiple purposes. In section B.2.4 the editor was used to create

Meszzages - Compiler M=l

Error: Line B: File d:\max2workitutorialliexamplel.vhd: YHDL syntax error. entity =
declaration must have "', but found ARCHITECTURE instead
Info: Information on Entity EXAMPLE1 was not stored

4 Message p|00f 2 [ Locate in Floorplan Editor Help on Message

4 Povpie B|0ofD tLogate A

Figure B.24  The Message Processor window displaying an error in VHDL code.
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B.4
Xy X X3 | f
0 0 O 0
0 0 1 1
0 1 0 0
01 1 1
1 00 0
1 0 1 1
1 1 0 1
1 1 1 1
Figure B.25 A three-variable function.

input files for simulation. In this section the Waveform Editor will be used to create a differ-
ent type of file, called avaveform design fileTo specify the type of file to be created, select
File | Save As. In the box labeledfile Name, type the naméimingl.wdf You must use
exactly this name. The nanieningl must match the name of the project, and the filename
extensiorwdfindicates that the waveforms will be used to describe a logic function, instead
of being used as simulation input.

B.4.2 CREATING THE TIMING DIAGRAM

To create a timing diagram, it is first necessary to specify the input and output signals for
the circuit. SeledNode | Insert Node to open the pop-up box shown in Figure B.26. In the
box labeledNode Name in Figure B.26, typex1. Sincex1 is an input to the circuit, make

Insert Node
Node Mame: |x1 |

Default ¥alue:

170 Type

&
" Dutput Pin m
" Buried Node

For Waveform Design File (WDF) Only

Hode Type

* Pin Input | J|

" Registered

" Combinatorial | J|

" Machine | J|
Figure B.26 Inserting a node into the Waveform Editor.
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sure thatnput Pin is selected in the box label&dO Type. Click OK. The inputx1 appears

in the Waveform Editor display. Use the same procedure to insert ingwtsdx3 into the
Waveform Editor display. Next, selebtode | Insert Node again and typé in the Node
Name box. Sincef is the output for the circuit, make sure ti@utput Pin is selected in

the box labeled/O Type and then clickOK. An alternative way to open tHaesert Node
pop-up box used above is to double-click in the Waveform Editor display in a blank space
under the column labelddame. The inserted node will be placed in the Waveform Editor
window at the location where the mouse was double-clicked.

Having inserted the waveforms into the Waveform Editor, we will now draw a timing
diagram to represent the truth table in Figure B.25. Since the truth table has eight rows, we
will need to draw eight valuations of the inpw, x2, andx3. In section B.2.4 we set the
size of the grid displayed in the Waveform Editor to 20 ns. If this same grid size is used,
then the total time range needed in the Waveform Display is 160 ns. $#tecEnd Time
and specifyl60nsas the total simulation time. To make the entire time range visible in
the waveform display, selediew | Fit in Window or type the shortcut command Ctrl+w
(while holding down the Ctrl key, press the w key). The Waveform Editor window should
now appear as shown in Figure B.27.

Following the procedure described in section B.2.4, modify the waveform for signal
x3 so that it is 1 for every second 20 ns time range. Also, edit the waveforr2 feo that
it is 1 for the time ranges from 40 ns to 80 ns and from 120 ns to 160 ns. Finally, set the
waveform forx1 to 1 in the time range from 80 ns to 160 ns. Previously, when using the
Waveform Editor, we did not specify a waveform for the output of the circuit, because the
output waveform was generated by the simulator. However, in this case we need to specify
a waveform for output that corresponds to its truth table. In Figure B.25 the function is

@ MAX+plus I - d:\max?work\tutoniall\timing1 - [timing]1_wdf - Waveform Editor] [Ei[=] E3

;g. Méx+pluz Il File Edit Yiew Mode Assign Utlities Option: Window Help ;lilﬂ
EEFERRERIEN R EEEEE R EEE

Ref [0.0ns |[«]*] Time: |[0.0ns Interval: |0.0ns i‘
0.0ns

Mame: _Type: _Value: 4D.|Dns BD.IEIns 120.|Dns 160
0 1 L

b T COME| 0O

= %3 NPUT | O

= 2 MPUT | 0

= 1 MPUT | 0

=)

Figure B.27  The Waveform Editor display for the truth-table design.



April 27,1999 12:26 g02-appb  Sheet number 25 Page number 763  black

B.4 DESIGN ENTRY USING TRUTH TABLES 763

1 in the rows wherel, x2, andx3 have the valuations 001, 011, 101, 110, and 111. Use
the Graphic Editor to change the waveform fao 1 for the appropriate time ranges. For
instancef should be set to 1 in the time range from 20 ns to 40 ns because this represents
the input valuation 001. After completing the waveformffpthe waveform display should
appear as shown in Figure B.28. Notice that we have rearranged the waveforms, by moving
f to the bottom, in comparison to Figure B.27. Waveforms can be moved by pointing the
mouse at the small symbol, called thede handleto the left of the signal name in the
waveform display and then dragging the waveform upward or downward. $aéeicSave

to save the timing diagram in thiemingl.wdffile.

B.4.3 SYNTHESIZING A CIRCUIT FROM THE WAVEFORMS

The next step is to use the MAX+plusll Compiler to perform the initial synthesis steps for
the circuit. The Compiler will generate a Boolean expression to représantording to
the truth table given by the timing diagram.

Use the same procedure described for the designs created with schematic capture and
VHDL code. Open the Compiler window and selPescessing | Functional SNF Extractor.

Press th&tart button in the Compiler window and then cli€@K in response to the Compiler
message that says that no warnings or errors were found.

For the circuits designed in the previous sections, after logic synthesis was completed,
the next step performed was functional simulation. It does not make sense to perform the
functional simulation for the circuit designed in this section, because the waveforms that
would be used as inputs to the simulator would be the same waveforms used to design the

i MA+plus 1l - d:\max2work\tutoniall \timing1 - [timing1_wdf - Waveform Editor]

,g. MeX+pluz Il File Edit Yiew Mode Assign Utilities DOptions Window Help =17 x|
DEE 1 [2]=]M aREsEL @EE
m Ref [0.0ns |[«I=] Time: [0.0ns Interval: g
0.0ns

Mame:  Type: _Walus: 4D.|Dns BD.IDHS 12D.|Dns 160

-3 [WNPUTT 0 | [ | | |

=2 |INPUT| 0
=11 |INPUT| D |
bew f [COMB| O

HEES

Figure B.28  The timing diagram representing the truth table in Figure B.25.
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circuit! In the next section we will use the circuit synthesized from the timing diagram in
this section as part of a larger circuit, and we will simulate the operation of the larger circuit.

The tutorial on design with truth tables is now complete, so close any open application
windows to return to the Manager window.

B.5 MixiNG DESIGN-ENTRY METHODS

It is possible to design a logic circuit using a mixture of design-entry methods. As an
example, in this section we will create a schematic that includes the circuit designed using
the truth table in the previous section.

We need to specify a new project name for the mixed design. SeledtProject |
Name and assign the nanmixed1to the project. Use the same directory as for the projects
designed in the previous sections.

B.5.1 CREATING A SCHEMATIC THAT INCLUDES A TRUTH TABLE

Open the Graphic Editor by selectiAX+plusll | Graphic Editor. Selecfile | Save As
and, if not already there, type the naméed1.gdin theFile Name box. Make sure to use
exactly this name.

Double-click the blank space in the Graphic Editor to openktiter Symbol pop-up
box, as shown in Figure B.29. In the box labefenbol Name, type the naméimingZ,
which is the name of the circuit designed using a truth table in the previous section. Click
OK to import a graphical symbol for thiming1 circuit into the Graphic Editor. Once

Enter Symbol

Symbol Name: |liming1 |

Symbol Libranes:
d:\maxZwork\tutoriall
d:'maxplus2imax2lib\prim
d:'maxplus2\max2lib\mf
d:'maxplus2\max2lib\mega_lpm
d:‘'maxplus2vmax2libhedif

Directory is: d:‘max?work\tutonall
Symbol Files: Directories:
examplel = d:d

! 7= max2work

% tutoriall

Drives

EE ]

Figure B.29  Importing the truth-table design into the Graphic Editor.
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the timingl symbol is imported into the Graphic Editor, double-clicking on the symbol
automatically opens the Waveform Editor and displays the waveforms that were used to
design the circuit. When the Waveform Editor is closed, the Graphic Editor is automatically
reopened. This ability to move quickly from one design-entry tool to another is convenient
when it is necessary to make changes to a schematic or the subcircuits in it.

Following the procedure described in section B.2.2, import a two-input AND-gate
symbol and a NOT gate from the Primitives library into the Graphic Editor. Also from the
Primitives library, import three input symbols and an output symbol. Arrange the symbols
in the schematic as illustrated in Figure B.30. As described in section B.2.2, assign the
names<1, x2, andx3 to the input symbols and assign the nérteethe output symbol. The
reader will observe that the nam8 is used twice in this design project: as an input to
thetimingl subcircuit and as an input to the mixed schematic. The MAX+plusll compiler
treats these two nodes nanx®las separate nodes because they appear in different levels
of the design project hierarchy. Connect the symbols in the schematic together as shown in
Figure B.31. Because a wire drawn with the Graphic Editor can be either straight or have
a single bend, it is necessary to draw more than one wire for the connection shown in the
figure from the AND-gate output to the input labebe®l on thetimingl subcircuit. Start
drawing each wire so that it touches the end of the previously drawn wire; wires that touch
are automatically connected by the Graphic Editor. Save the schematic.

B.5.2 SYNTHESIZING AND SIMULATING A CIRCUIT
FROM THE SCHEMATIC

Use the procedure described for the designs created in the previous sections to synthesize a
circuit from the schematic. The synthesis tools will create a single logic circuit by merging
the timing1 subcircuit with the other logic gates in the schematic. Open the Compiler
window, selecProcessing | Functional SNF Extractor, and then run the Compiler.

il MA+plus 11 - d:\max2worktutoniall smixed1 - [mixed]_gdf - Graphic Editor]
"_-',5, Max+pluz Il File Edit “iew Sembol Azsign Utlities  Optiohs  Window  Help &=

Cl=@Igl[ [ [k oRbEaE Bk Eae =EEE

D ]
timingl

% R T g e 9

|| B P e —*= P PRI PNNAE

j I

jis]]

Y

=

1)

Figure B.30 A schematic including a truth table and logic gates.
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i MAX+plus 1l - d-\max2workAtutoriall \mized1 - [mized]._gdf - Graphic E ditor]

;1;‘. Mé+pluz (I File Edit “iew Swmbol Asszign Utlites Options  Window  Help ;lilﬂ
NEFEREERRSREEE RN EEE AR
K -

S RN

|

]

Fastes a copy of the Cliphoard contents at the inserion point

Figure B.31  The completed schematic corresponding to Figure B.30.

Simulation of themixedlproject is done in exactly the same way as for the other
projects created in this tutorial. Open the Waveform Editor and sBilect Save As to
create a new file namedixed1.scfFollowing the procedure given in section B.2.2, import
the input and output noded, x2, x3, andf into the Waveform Editor. Draw the waveforms
for inputsx1, x2, andx3 that are shown in Figure B.17. Open the Simulator and click on
the Start button; then seled®pen SCF to see the results of the simulation. The waveform
generated by the Simulator for the outfuthould be exactly the same as the waveform
shown in Figure B.19. Thmixedlschematic represents the logic functfoa: x;x, + XoX3
that was designed using both schematic capture and VHDL code in this tutorial. Techniques
that can be used to synthesize the expressiof fimm themixedlschematic are covered
in Chapter 4.

In practice a designer would not use a mixture of design-entry methods for a circuit as
simple as our example. The reason that we have createdixeel1schematic is simply to
illustrate that MAX+plusll allows design-entry methods to be combined in a hierarchical
manner. It is also possible, although not shown here, to create a schematic that includes a
subcircuit designed using VHDL code. MAX+plusll provides a convenient feature, called
the Hierarchy Display, for working with hierarchical design projects.

B.5.3 UsING THE HIERARCHY DISPLAY

SelectMAX+Plusll | Hierarchy Display to open the Hierarchy Display window shown in
Figure B.32. The display shows that the design project consists of two hierarchical levels,
with mixedlat the higher level antiiminglat the lower level. Thenixedldesign project has
anicon nextto it, labeleddf. It can be double-clicked to automatically openmhizedl.gdf

file in the Graphic Editor. Similarlyiminglhas an icon next to it, labeleddf. If this icon
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Figure B.32  The Hierarchy Display window for the mixed1design project.

is double-clicked, the filimingl.wdfis opened in the Waveform Editor. Experiment with

this method of opening design files. Figure B.32 also shows a small icon lads|@chich
represents thassignment & configuration filer the project. The file contains settings for

a large number of optional features of MAX+plusll that affect the way the design files are
processed. These settings are saved automatically in the assignment & configuration file,
and so we will not need to modify them manually. Although it is not necessargcite

can be opened in the Text Editor by double-clicking on its icon in the Hierarchy Display.

B.5.4 CoNCLUDING REMARKS

This tutorial has introduced the basic use of the MAX+plusll CAD system. We have shown
how to perform design entry by drawing a schematic, writing VHDL code, and drawing
a timing diagram that represents a truth table. Each design was processed by the initial
synthesis tools and then simulated with the functional simulator.

In the next tutorial we will show how the logic synthesis and physical design tools are
used to implement circuits in PLDs. The timing characteristics of the implemented circuits
will be examined using timing simulation.



