ISpPLEVER™ 1.0
Tutorial Manual

This online manual contains three CPLD
tutorials designed to benefit all ispLEVER
software users. These tutorials are hands-on
projects that provide a fun and ssimple way to
become familiar with the ispLEVER
development software.

Tutorials covered in this manual include:
Schematic and ABEL-HDL Design
HDL Synthesis Design with Synplify

HDL Synthesis Design with
L eonardoSpectrum
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Schematic and ABEL-HDL Design

Tutorial 1: Schematic and ABEL-HDL Design

The ispLEVER software supports mixed-mode design entry: a design with at least one
schematic module as the top project source, and one or more sources of the same
language. The language sources are mutually exclusive, so you must choose one of the
three types when you begin a new project. For example, in addition to the schematic, you
must choose an ABEL-HDL source, a Verilog HDL source, or aVHDL source.

This tutoria leads you through all the basic steps to design, simulate, implement, and
verify a counter circuit targeted to a CPLD device. The design consists of atop-level
schematic and two lower-level ABEL-HDL modules. A top-down, botton up design
methodology is used.

Organization

This tutoria is divided into three modules, with Module 1 divided into six lessons. Y ou
should start with Module 1 and continue to the end of Module 3.

Module 1: Design Entry and Simulation
Module 2: Design Implementation
Module 3: Design Verification

Prerequisites
None

Learning Objectives

When you have completed this tutorial, you should be able to:
Setup an ispLEVER schematic project
Create atop-level schematic source
Create and import ABEL-HDL sourcesinto the project
Navigate the design
Import a test vector file and run functional simulation
Set pin constraints, fit the design, and read the Fitter report
Run timing analysis and simulation and analyze the results
Correlate ssmulation results using cross-probing
Export the netlist and delays for timing simulation
Build board-level Stamp models of adesign

Time to Complete This Tutorial
The time to complete this tutorial is about 90 minutes.
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Schematic and ABEL-HDL Design

Module 1: Design Entry and Simulation

The schematic design entry environment is a set of tools that allows you to capture the
structure of adesign as either aflat description or a hierarchical set of components, and
the connectivity between these components. Then you can use this description to drive
the Fitter and verification tools. Designs can be single-level (flat) or multi- level
(hierarchical). Schematics can be drawn on multiple "sheets' and any size.

ABEL-HDL isahierarchical hardware description language that supports a variety of
behavioral input forms, including high-level equations, state diagrams, and truth tables.

Functional ssimulation is the process of ssimulating the functionality of your RTL design
before it is compiled, thus letting you find and correct basic design errors sooner. While
functional simulation will verify your Boolean equations, it does not indicate timing
problems.

This module leads you through the steps to design and simulate a counter circuit targeted
to an ispMACH 5000V G CPLD device. The design consists of atop-level schematic and
two lower-level ABEL-HDL modules. A top-down, bottom- up design methodology is
used.

Prerequisites
None

Learning Objectives

When you have completed this module, you should be able to:
Add various schematic elements to create a top- level schematic source
Check the schematic for errors
Use the Text Editor to create a new ABEL-HDL source
Import an ABEL-HDL source into the project
Use the Hierarchy Navigator to navigate through the design and try "debug"
methods

Time to Complete This Module
The time to complete this module is about 50 minutes.
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Schematic and ABEL-HDL Design

Lesson 1: Setting Up a Project

In Lesson 1 you will set up the tutorial project. The ispLEVER Software employs the
concept of a project. A project is adesign. Each project has its own directory in which all
source files, intermediate data files, and resulting files are stored.

Tasks covered in this lesson are:
Task 1: Create a New Project
Task 2: Select aDevice
Task 3: Copy Schematic Symbols to the Project Directory

Task 1: Create a New Project

To begin anew project, you need to create a project directory. Then you need to give the
project file aname (. syn). The Project Navigator will use this file name later to reload
the project.

To create a new project:
1. Start theispLEVER system, if it is not aready running.

2. Inthe Project Navigator, choose File > New Project to open the Create New Project
dialog box.

3. Inthediaog box, change to the directory:
<install path>\ispcpl diexanpl es\tutorial\tutorl.

In the Project name box, type 4bcount . syn.
In the Project type box, select Schematic/ABEL.

Click Save.
E B
Save in:l{_;_] tutar] j = 5k -
Dsyml:u:uls

Project name: |4|:||:|:|L.Ir'|t.3_','r'| Sawe I

Save as type: | Project File [*.syn) =] Cancel

Froject type:  |[Sfelatn ettt =
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Schematic and ABEL-HDL Design

4. Thedefault project title, Unt i t | ed, appearsin the Sources window of the Project
Navigator. Double-click the project title (Unt i t | ed) to open the Project Properties

dialog box.
5. Typed-bit counter asyour project title and click OK.
x|
Title:
| 4-bit counter
[ ok | cancel| Hep |

The new project title appears in the Sources window.

Task 2: Target a Device

In the Project Navigator Sources window is the device icon next to the target device
for the project. The Project Navigator |ets you target a design to a specific Lattice device
at any time during the design process. The default device is the ispL SI5256V E-

165L F256. For this project, you will target a different device.

To view the list of available devices and to change the target device:

1. Inthe Sources window, double-click the part name to open the Device Selector
dialog box. The dialog box shows the default device.

Device Selector x|

—Select Device:
Familu:

Speed grade: [mhz]

ispLS1 500CE 165 =
Device: FPackage
izpL515256WE | 2BRpBGA j
izpL5157 28WE

Operating conditions:
izpl515384WE C o =
izpL51551 2vE I ormnmernzial _I
Part Mame:

I izpL515256E -165LF256

— Device Information:
Status: Froduction
Denzity: [gates]

Logiz cells: 256
10 cells: 144
140 pinz 144

Dedicated input; 0
Output enable; 144
loo: -

Help |

Cancel

o]

Under Family, select ispM ACH 5000V G from the drop-down list.
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Schematic and ABEL-HDL Design

Accept the default settings and click OK.

2. Inthe Confirm Change dialog box, click Yes to confirm that you wish to change
devicekits.

Confirm Change x|

- ou are about to change Device kitz. Thiz
@ will rezult in changes in the Project M avigator
dezign environment. Do you wizh to continue
with thiz operation?

3. Inthe next dialog box, click No.
=

Your previous consktrainks may nok be valid with the new device,
Do wou want to remove all previous conskrainks?

4. Your Project Navigator should look like this:
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¥ ispLEYER Project Navigator - [C:.ispTOOLS_1.0%..%Eutorial’ Euk

File Wiews Source Process  Oplions

Schematic and ABEL-HDL Design

=10] x|

Tools Window  Help

DEd e =R
Sources in Project: | Processes For current source; |
4-bit counter K Conskraint Editar
i Documents 3 Fit Design

LC510244G-5FE76C

=) Pre-Fit Equations

=) Signal Cross Reference

=] Fitter Report

=]} HTML Fitter Feport

Past-Fit Pinouts

¥, Post-Fit Re-Compile

=l JFDEC File
K Timing Analysis
¥ Generate Timing Simulation Files
@ Report File
Generate Board-level Stamp Model
@ Stamp Model File
= Stamp Model Data File

G

0]

PYES

i=pLEVER Auto-Malke Log File -

Starting: 'C:ispTOOLS 1. 0vispopldsbinscheckini  exe —err=auto

Done: comnpleted success=fully.

| <[+ Automake Log /

el ﬂj

Ready

Task 3: Copy Schematic Symbols to the Project Directory

A schematic is composed of symbols, wires, 1/0 markers, graphics, and text. Symbols are
graphic representations of components. The term "symbol" usually refersto an electrical
symbol, such as a gate or a sub-circuit. You can draw graphic-only symbols (such astitle
blocks) with the Symbol Editor, but these have no electrical meaning.

Symbols are the most basic elements of a schematic. Symbols represent primitive design
elements, whether those elements are individual transistors, complete gates, or a complex
IC. A symbol can aso be the hierarchical representation of a sub-circuit (a"Block"

symboal).

In this task you will copy two symbol files to your project directory so that you can use
these pre- made symbols in your design.
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To copy schematic symbols to the project directory:

Schematic and ABEL-HDL Design

1. Inthe Project Navigator, choose Window > Library Manager.
2. Inthe Library Manager, choose File > Open Folder to open the dialog box.

3. Changeto thedirectory \t ut or 1\ synbol s.

Select a folder to open as a srn'lh'ﬂl:']' El

Faolders:

o heramplezhtutorialstutor! beembolz

Cancel
(= ispTOOLS_1.0 .| 4|
[=> izpcpld
[=* examples —lHEH:I

[==> tutarial
[=== tutarl

Es aPm biolz

Dirives:

[ = c MaN v|  Hetwork.. |

4. Click OK to open the library in the Library Manager.

5. Select the two symbols (compare and counter).

2 Library Manager - [C:LispTOOLSS -0 =]
E File Edit View Tools Window Help  _ &) x|

D|2|d| & 7w

mpare Multiple Selection

For Help, press F1 ,-j

6. Choose Edit > Copy Symbol(s) to open the Copy Symbols dialog box.
7. Click Folders, then changeto the directory \ t ut or 1 and click OK.

Copy Symbols

Copy the zelected symbol(z]...

From library: — CihizpTOOLS_ 1. Dsizpopldhexampleshutarialstutar] Ssom

To ||:: SzpT OOLS_1.0Nspopldiexamplesitutanaltutor j

Browse; Folders.. I Libraries... |

X

0k |
Cancel |
Help |
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Schematic and ABEL-HDL Design

8. Click OK to close the Copy Symbols dialog box.
9. Choose File> Exit to close the Library Manager.
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Schematic and ABEL-HDL Design

Lesson 2: Creating a Top-Level Schematic Source

The schematic design entry environment is a set of tools that allows you to capture the
structure of adesign as either aflat description or a hierarchical set of components, ard
the connectivity between these components. Then you can use this description to drive
the Fitter and verification tools.

Y ou create schematic designs using the Schematic Editor. Schematics can be single-level
(flat) or multi-level (hierarchical). Schematics can be drawn on multiple "sheets' and be
of any size. The Schematic Editor can work in conjunction with the Hierarchy Navigator,
Symbol Editor, and Library Manager programs.

In this lesson you will begin creating a top-level schematic source for the project.

Note: If you want to skip this lesson on creating a schematic, you can go directly to Lesson 3.

Steps covered in this lesson are:
Task 4: Add a New Schematic to the Project
Task 5: Resize the Schematic Sheet
Task 6: Place Two Block Symbols from the Local Symbol Library
Task 7: Place a Symbol from the REGS Generic Symbol Library
Task 8: Place Three Symbols from the IOPAD Generic Symbol Library
Task 9: Add Wires and Buses
Task 10: Edit the Schematic
Task 11: Add Wires to Connect the Symbols
Task 12: Duplicate the Input Pad and Wire Stub
Task 13: Name the Buses
Task 14: Add Bus Taps with Signal Names
Task 15: Add Input Net Names
Task 16: Add Data Input Net Names
Task 17: Create Iterated Instances of the Flip-Flop
Task 18: Add Input Markers
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Schematic and ABEL-HDL Design

Task 4: Add a New Schematic to the Project

Designing top-down, you'll create the top-level source for the project. Because this
design is mixed schematic and ABEL-HDL, you can use either as a source at the top-
level design file. However, for this tutorial you'll use a schematic.

To add a new schematic source to the project:
1. Inthe Project Navigator, choose Sour ce > New to open the New Source dialog box.

Mew Source: {Schematic,.-"ABEE

Mew: 0

ABEL Test Wectors
ABEL-HDL Module Cancel
Scheratic

[dzer Docurment
Wenlog Test Fisture
WHOL Test Bench
W aveform Shnlues

bl

Help

2. Select Schematic and click OK. The Schematic Editor opens and prompts you to
enter a file name for the schematic.

Mew Schematic
Schematic File Mame
|t|:||:|_tut|:|r | Caal II

3. Typethenamet op_t ut or andclick OK.

The Schematic Editor names the current schematic sheett op_t ut or , and the
software imports the schematic into the Project Navigator as a new source file,

top_tutor.sch.

Task 5: Resize the Schematic Sheet

Y ou can resize a schematic sheet using the Resize command. The Resize command takes
effect immediately and is applied to the sheet selected in the Sheets dialog box, not the
active sheet or the sheet currently being worked on.

To resize the schematic sheet:

1. Inthe Schematic Editor, choose File > Sheets to open the Sheets dialog box.
Because there is only one sheet in the schematic, you cannot select another sheet.

2. Click Resize to open the Resize Sheet dialog box. The current size of the selected
sheet is highlighted. Other available sheet size choices are listed.
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Schematic and ABEL-HDL Design

Resize sheet 8
Reszize Sheet # 1
A -11.00" 860"
Co-Z22.00"17.00" (]
O -34.00" 2200 _

E -44.00" 34.00" Cancel |

3. Sdect B, and then click OK to close the Resize Sheet dialog box.
4. Click Open.

The software resizes the sheet in the Schematic Editor.

Task 6: Place Two Block Symbols from the Local Symbol Library

The first step in this top-down design is to create block symbols to represent lower- level
modules in the design. Later, you will design the I/O ports of the lower-level ABEL-HDL
sources to match the names of the pins on the corresponding block symbols.

To place the block symbols in the schematic:

1. Inthe Schematic Editor, choose Add > Symbol to open the Symbol Libraries dialog
box.

2. Inthediaog box, under Library, select Local. This library isin the project folder
you created. Y ou copied two block symbolsinto it at the beginning of this tutorial in
Task 3.

i symbol Libraries X|

Librany

C:h NGEMERICWGATES.LIB
C:h MGEMERICVREGS.LIB
C:h SGEMERICAMORADS LIB ;I

Syrbal

compare
counter

3. Under Symbol, select compare. The symbol is attached to the cursor.

Tip: If you do not see a grid, choose Options > Preferences and select Display Grid.
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Schematic and ABEL-HDL Design

4. Position the cursor dightly above the upper middle area of the schematic, and then
click to place the symbol.

5. Right-click to remove the symbol from the cursor.

Tip: If you make a mistake placing a symbol, you can choose Edit > Cut or Move, and then
click the symbol that is to receive the action.

Now select the counter symbol.

7. Position the cursor below and to the right of the COMPARE symbol, and then click
to place the symbol.

schematic Editor - TOP_TUTOR - Sheet 1 =101 x|
Ble Edt View Add Took DRC Ophions Help

Dieal & :inel o 200 RRm =8| «| 2]

e I s TR B et e
DL e abiadali il iit :
il Pt by g TR e

B s LUt

TITRBIVER. o

Rt T TR EESM SRS Sbebits b

1:1:1
g

Mowve - Select ltem or Box lo Move

8. Again, right-click to remove the symbol from the cursor.
9. Leavethedialog box open. You will continue to use it in the next step.

Note: It is not critical that your schematic look exactly like the example. Yours may look different
depending on unimportant factors that do not affect the proper use of this tutorial.
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Schematic and ABEL-HDL Design

Task 7: Place a Symbol from the REGS Generic Symbol Library

The target device determines which symbol libraries are available. If you use symbols
from the Generic Symbol Library, you can migrate designs to different devices without
having to redraw the schematic.

Note: You can use the Drawing Toolbar to add symbols and other schematic drawing functions.
To display the Drawing Toolbar, choose View > Drawing Toolbar.

To place a symbol from the REGS generic symbol library:
1. Inthe Symbol Libraries dialog box, under Library, select GENERIC\REGS.LIB.
2. Under Symbol, select G_DC.

3. Place the symbol so that the G_DC symbol’s output is aligned with the b input pin
on the COMPARE block symbol. (Ignore the title block in the schematic.)

=:Schematic Editor - TOP - Sheet 1 =10 x|
File Edit Wew Add Tools DRC  Options Help

Symbol - Enter Name of Symbol =|

4. Choose View > Zoom In. The cursor changes to alarge Z.

5. Click aportion of the schematic to enlarge it to a readable size. Or drag an areato
zoom in to aview similar to the following one.
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Schematic and ABEL-HDL Design

“.Schematic Editor - TOP - Sheet 1 =10j x|
Eile Edit Yiew @&dd Tools DRC  Options  Help

D= @I %IE%I_! _I I_EEI _I_I_I _I_I _I _I

...::::',;E,E,agmag il SRR S S R L
o a | = aeﬂb—:éfffffffff?fffffffff?ffffff:J
....::::_.fugt;.gmm daas BEaEEE TR Sel el Seh i o

Zonom In - Pick Center Point or Corner of Zoom Window

6. Right-click to cancel the zoom command.

Task 8: Place Symbols from the IOPAD Generic Symbol Library

In this step you will continue adding symbols to the schematic. However, you will use the
IOPADS generic symboal library.

Tip: You can turn grid display off by choosing Options > Preferences.

To add a clock buffer symbol:

1. Inthe Symbol Libraries dialog box, under Library, select
GENERIC\IOPADS.LIB.

Under Symbol, select G_CLKBUF.

. Place the symbol so that the output is aligned with the clk input pin onthe G_DC
symbol.
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Schematic and ABEL-HDL Design

Schematic Editor - TOP_TUTOR - Sheet 1 o [m]

File Edt Wiew Add Tooks DRC Options Help

|

D aferi i e

mttstebbiabd b urd kil

Move - Select Item or Box to Move

Note: The spacing of symbols in the schematic is very important. If symbols are placed too
close to each other, you will not be able to add wires, bus taps, etc. between the symbols. In
the following step, make sure the horizontal distance between the G_CLKBUF symbol and
G_DC symbol is equal to at least the width of the G_CLKBUF symbol (see the above
picture).

Tip: If you make a mistake placing a symbol, you can choose Edit > Cut or Move, and then
click the symbol that is to receive the action.

Now you will add two input buffer symbols.
4. Under Symbol, select G_INPUT.

5. Click onceto place a symbol instance. (Try to align symbols vertically as shown in
the picture.)
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Schematic and ABEL-HDL Design

- Schematic Editor - TOP_TUTOR - Sheet 1 o [m]

File Edt %Yiew Add Tools DRC Options Help

nislE 8| wlel o 2oE SRR 28 v 2

i

el e i e )

[
L

D aleri i e

—
oA 5 ]

2 e ey
A

=] "

sttt

Symbol - Enter Name of Symbol =

6. Click once again to place another symbol instance.

Task 9: Add Wires and Buses

The next step is adding wires and buses to interconnect the symbols. Y ou draw wires and
buses the same way; the Schematic Editor knows if awire is a bus or asingle net by the

wire's name. In this task, you will draw all of the wires. Later, you will add names to the
wires.

Note: The Add Symbol command from the previous task is canceled when you select the
command for this new task.

To connect the flip-flop output to the COMPARE symbol:

1. Choose Add > Wire.

2. Click the Q output of the flip-flop.

3. Dragthewire acrossto COMPARE and click the b pin to end the wire segment.
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Schematic and ABEL-HDL Design

- Schematic Editor - TOP_TUTOR - Sheet 1 =10 =l
Ele Edit View Add Tools DRC Options Help

Dol 8| 37| of AP0 Clole)| #18] 2] 8]

.....................................

il e Gemms aremie s o Pasmien BaeiEEE R
e D Q————————————1b3b2b1b0- - - -

YWire - Click ar Drag 1o Begin Wire

Task 10: Edit the Schematic

It's easy to make changes to the schematic, when you need to erase or reposition any of
the wires or symbols.

To erase a symbol or wire:

1. Inthe Schematic Editor, choose Edit > Delete.

2. Click one of the input buffer symbols to erase it. That item disappears.
3. Now choose Edit > Undo. The buffer symbol reappears.

Note: If you erase or reposition the wrong item, you can always undo your action by choosing
Edit > Undo.

To reposition a symbol:
1. Choose Edit > Move.
2. Click the COMPARE block. The symbol is attached to the cursor.

3. Move the cursor toward the bottom of the schematic and then click to place the
block.

4. Choose Edit > Undo to return the block to its previous position.
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Schematic and ABEL-HDL Design

To reposition several items at once:
1. Choose Edit > Drag

2. Drag asquare around both the COMPARE block and the flip-flop. Both items are
attached to the cursor.

3. Move the cursor to the bottom portion of the schematic and click to place the items.
4. Choose Edit > Undo to return the items to their previous positions.

Note: Almost all commands remain in effect until you select a different command. For example, if
the Add Wire command is active, you can continue to draw wires until you select a different
command.

Task 11: Add Wires to Connect the Symbols

In this step, you will add three wires to the flip-flop. Also, you will add wire stubs to the
buffers.

The length of the horizontal and vertical segments of the D input wire (Step 7 below) is
important. The wire segments must be long enough so that you have room to add a bus
name to the horizontal wire segment and add bus taps between the vertical wire segment
and input buffers.

To add awire from D input:
1. Choose Add > Wire.

2. Click the D input. Move the cursor to the left to create a horizontal segment with a
length equal to about half the horizontal distance between the input buffer and flip-
flop. Click once to end the segment.

3. Move the cursor up until the vertical height of the wire is about equal to 3 times the
height of the flip-flop.

4. Right-click to end the wire.
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= sSchematic Editor - TOP_TUTOR - Sheek 1

Eile Edk Yew @Add Tools CRC Opbions Help

Schematic and ABEL-HDL Design

=1k

DRl 8 imel o 2P0 CElE 38 «| 2

Wire - Click or Drag to Begin Wire

-+ GOMPARE. - . .

. Add awire from the C input to theinput buffer.

6. Add wire from the clock input to the clock buffer.

7. Add wire stubs (short wires) to the input buffersand the clock buffer. (Double-

click to end awire in space, or right-click to cancel the command.)

Task 12: Duplicate the Input Pad and Wire Stub

This step shows you how to use the Duplicate command to quickly add the rest of the
input pads.

To duplicate the input buffer:
1. Choose Edit > Duplicate.

stub.

isLEVER 1.0 Tutorials

The Duplicate command lets you copy one or more el ements, and then place them at
different locations within the same symbol or schematic. Y ou can place the duplicated
item as many times as you want until you select another command. Duplicate differs
from the Copy / Paste command sequence only in that it does not change the contents of
the clipboard.

2. Hold down the mouse button and drag a region around the input buffer and wire

3. Click to place three of the duplicated buffer and wires as shown.
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Schematic and ABEL-HDL Design

- Schematic Editor - TOP_TUTOR - Sheet 1 . -0 =i
File Edit View Add Tools DRC Options Help

DR & s |=(e] o 2o RimRE =8 | 2

o
Duplicate - Select ltem or Box to Duplicate

4. Right-click to cancel the command.

Task 13: Name the Buses

Any single- or multi-wire connection between pinsis called a network, or net. A busisa
combination of two or more signals into a single wire. Buses are a convenient way to
group related signals. This grouping can produce a less cluttered, functionally clearer
drawing and clarify the connection between the main circuit and a Block symbol.

There are two types of buses: ordered and unordered. An ordered bus has a compound
name consisting of the names of the signals that comprise the bus. Any signals can be
combined into an ordered bus, whether they are related or not.

A net becomes an ordered bus when it is given a compound name. Y ou form a compound
name by adding a sequence of numbers to the name. The sequence is specified as a
starting number, an ending number, and an optional increment (default = 1). The numbers
are positive integers, and are delimited by commas ( , ), dashes (—), or colons( : ). The
sequence is enclosed in brackets [ ], parentheses (), or curly braces { }.

In this step, you will name two buses.

To name the buses:
1. Choose Add > Net Name.

2. On the Prompt Line at the bottom of the Schematic Editor, type the name of the bus,
b[ 3: 0], and then press Enter. The name is attached to the cursor.

3. Click the wire between the flip-flop and the COMPARE symbol to place the name
on the wire. Notices that the wire thickens once you’' ve named it a bus.
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Schematic and ABEL-HDL Design

. schematic Editor - TOP_TUTOR - Sheet 1 i =101 x|

File Edt Yiew Add Tools DRC Qphuns I-Ieh:u

D]EEE]I _aﬂ .EIEEa|Ej __] ,@l,@)jgl ahgl&a J___| ifj @

EDWARE

Net Name - Enter Net Name =|

Now name another bus by typing on the Prompt Line e[ 3: 0] , and then press
Enter.

Click the horizontal segment on the left side of the flip-flop. Again, the wire
thickens and now carries the name of the bus.

Task 14: Add Bus Taps with Signal Names

Signals enter and exit abus at points called bustaps. A bustap can be added to any
existing bus, net, or wire. If anet or wire is not aready a bus, adding the tap
automatically promotesit to a bus.

Y ou can add bus taps only on vertical or horizontal sections of a bus. Tap connections are
shown with two diagonal lines, rather than a solder dot.

There are several ways to add bus taps. The following procedure shows you how to create
atap, the connecting wire, and the net name in one simple step using the Net Name
command.

To add bus taps with signal names.

1
2.

3.

Choose Add > Net Name.
Click the buslabeled e[ 3: 0] . The cursor picks up the name of the bus.

Right-click once to split the bus name into its individual signal names. The signd
namee[ 3] isattached to the cursor.

In one action, click the pin of the top input pad, drag awire to the bus, and then
release the mouse button. The software adds a bus tap, wire, and signal label. Notice
that the signal name decrements.
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Schematic and ABEL-HDL Design

=10 ]

File Edit Yew Add Tools DRC Options Help

_J_J_J 8| s=le| o £loE ElElE ﬁll

Net Name - Place Bus Member Flag 'rst' - Shift Key to Rename

Add the remaining taps (in descending order) just by clicking the pins of the buffers.

Task 15: Add Input Net Names

Every net has a name, either assigned by you or by the Schematic Editor. You can
override any name assigned by the Schematic Editor by assigning one of your own using
the Net Name command.

Y ou can name nets one at atime. A faster way isto create a compound name (in this
example, a group of unique names), and then sequentialy attach individual names of a
compound name to different nets.

To add a compound net name:

1
2.

Choose Add > Net Name.

On the Prompt Line, type: cl k, r st , and then press Enter. (Don’t forget the
comma separating the names.)

Notice that both names are attached to the cursor. Right-click once to separate the
names. Now only cl k is showing.

Click the end of the input wire for clock buffer. The software adds the first name

(cl k) to the wire. Also notice that the next name in the list (r st ) appears on the
CUrsor.
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“.Schematic Editor - TOP_TUTOR - Sheet 1 - 0] x|
File Edit Yew Add Tools DRC Options Help

_J_J_J 8| s=le| o £loE ElElE ﬁll

Net Name - Place Bus Member Flag 'rst' - Shift Key to Rename

5. Click theend of ther st input buffer to add the final name (r st ) to the wire.

Task 16: Add Data Input Net Names

Another net naming feature makes it easy to deal with buses by automatically
incrementing the net name as you place it. In this step, you will add net names to the end
segments, and the Schematic Editor will automatically increment the name.

To add sequential net names:
1. Choose Add > Net Name.

2. Onthe Prompt Line, type: end0+, and then press Enter. The nameendO is
attached to the cursor.

This tells the Schematic Editor to name the signal end, to start numbering at O, and
to increment (+) the numbers as the names are placed.

3. Click the bottom data input wire stub. The Schematic Editor places the name end0
and automatically increments the net name.
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~-.schematic Editor - TOP_TUTOR - Sheet 1 - O] x|

File Edit Yew Add Tools DRC Options Help

_I_I_J =l 3| 2| £loE BRFE #(# v 2 ‘E?

2 |

Net Name - Enter Net Name =|

4. Click the next wire stub. Repeat this step until al data input wire stubs have net
names.

5. Right-click when end4 appears on the cursor to cancel the command.

Task 17: Create Iterated Instances of the Flip-Flop

A powerful feature in the schematic is its capability of using an iterated instance. Iterated
instances allow a single symbol to represent multiple instances connected in paralldl.

Y ou can convert a single instance into an iterated instance by giving it a compound
instance name of the form:

| NV[ 3- 10]

In this case, eight instances of the symbol you've named INV are created, but the symbol
appears only once in the schematic.

To create iterated instances of the flip-flop:
1. Choose Add > Instance Name.

2. Inthe Prompt Line, type: d1[ 3: 0] , and then press Enter. The name is attached to
the cursor.
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=~ Schematic Editor - TOP_TUTOR =15
File Edit Yew Add Tools DRC Options Help

0| 2| =]

Instance Mame - Select Symbol = 'd1[3:0]'

3. Click the flip-flop once. The Schematic Editor places the label on the symbol.

The flip-flop is now redlly four flip-flops, with signal e[ 3] feeding d[ 3] , e[ 2]
feeding d[ 2] , etc. The common signals are connected in parale to the common
pins(suchascl k andr st ).

Task 18: Add Input Markers

An 1/O marker is aspecia indicator that identifies a net name as a device input, output, or
bidirectional signal. This establishes net polarity (direction of signal flow) and indicates
that the net is externally accessible.

The Schematic Editor Consistency Check command uses I/O markers to flag any
discrepancies in the polarity of marked signals and the symbol pins. Discrepancies in
polarity are also flagged each time you run the Hierarchy Navigator.

To add input markers:
1. Choose Add > I/O Marker to open the dialog box.
2. Select Input.

£ Eidirection

3. You can add amarker by clicking at the point where the 1/0O marker touches the end
of ahorizontal or vertical wire segment or bus. However, if you have a group of nets
that you want to add markers to, there is a faster way. Select al of the input wires at
once by dragging a region around them. The Schematic Editor adds markersto all
the nets at once.
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4. Closethe /O Marker dialog box.
5. Choose File > Save to save the schematic.

6. Close the Schematic Editor.

Schematic and ABEL-HDL Design

Note: To remove an I/O marker, select None.
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Lesson 3: Finishing the Schematic
To save time, we have completed the schematic for you.

In this lesson you will remove the schematic source you were building and import a
completed source. You will learn how to automatically create a symbol for the currently
loaded schematic. You will also learn how to check your schematic for design rule
violations.

Steps covered in this lesson are:
Task 19: Import the Completed Schematic
Task 20: Create a Matching Symbol
Task 21: Check the Schematic for Consistency Errors

Task 19: Import the Completed Schematic

In this step, you will remove the schematic source you have been working on and import
the completed schematic of the same name.

Note: If you skipped Lesson 2, you do not have to complete Steps 1 and 2.

To import the completed schematic:

1. Inthe Sources window of the Project Navigator, select the top_tutor schematic
source.

2. Choose Source > Remove to delete the source from the project.

3. Choose Source > Import to open the Import File dialog box.

Import File: {Schematic/ABEL) 2] x|
Loak in: I‘,L__] tutarl j = I.:._ai( -

3 symbols
% counker, abl

2ltop.sch
kop_kukar.sch

File: ramme: Itnp_sch Open I
Filez of type: IS:::uru:es [tz zch;.abl:...] j Cancel |

4. Selectt op. sch andclick Open.

4

5. Double-click the top source to open the schematic in the Schematic Editor.
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=-.5chematic Editor - TOP - Sheet 1 i [m]
File Edit Yiew Add Tools DRC Options Help
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Select A Command.

The Schematic Editor opens, showing the completed schematic.

Task 20: Create a Matching Symbol

Y ou can use the Matching Symbol command to create a symbol file (* . sy m for the
schematic currently loaded, with the same base name. The input and output pins on the
symbol have the same signal names and polarities as the 1/0 markers in the schematic.

The Schematic Editor creates the symbol in the same directory as the schematic. Y ou can
use the Add Symbol command to insert the symbol into any other schematic.

In this step, you will create a symbol for the top schematic. The symbol will be saved in
the Local symbol library in the project directory.

To create a matching symbol for the Top schematic:

1. Choose File> Matching Symbol. The Schematic Editor automatically creates a
symbol.

2. Choose Add > Symbol to open the Symbol Libraries dialog box.

. Under Library, scroll to the top and select (L ocal). Notice, without selecting it, the
symbol is named top.
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Library

C:h AGEMERICAVGATES.LIB
C: SGEMERICAREGS.LIE
C:h\ NGEMERICHORADS.LIE L‘

Symbal

compare
counker
top

Close the Symbol Libraries dialog box.

Schematic and ABEL-HDL Design

Task 21: Check the Schematic for Consistency Errors

The Schematic Editor continually checks for errors, such as closed loops and shorted
nets, while you' re drawing your schematic. Y ou can aso check your schematic for other
errors such as unconnected wires or pins or an unnamed signal tapped from a bus. Errors
found are shown in a"hot" list box. Clicking an error causes the cursor to jump to the
offending location.

To check for consistency errors:

1.

Choose DRC > Consistency Check to open the Error Report. There should be no

errors in the report.

iError Report 8 X|

Mo errors detecte

Close the Error Report.
Choose Edit > Delete

Drag the area around the circuitry on the four gates on the far right side of the
schematic, and then release the mouse button.

Choose DRC > Consistency Check again.
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7. schematic Editor - TOP - Sheet 1 -0 x|
File Edit Yew Add Tools DRC Options Help

=] 2| 2lolE ClFRFR 2@ [

1F3 Hanging wire end
1F3 Hanging wire end | :::
1F3 Hanging wire end | ::: |
1F4 Hanging wire end | :::
Symbol vs Schematic
pin outd has no net
pin outl has no net
pin out? has no net
pin out3 has no net

e

6. Inthe Error Report, select an error. Notice that the schematic view shifts to the
location of the selected error.

View Heport

7. Close the Error Report.

Choose File > EXxit to exit the schematic. When asked to save your changes, click
NO.

Congratulations! Y ou have just created and checked a top-level schematic. Now let’s
create an ABEL-HDL source and add it to the project.
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Lesson 4: Adding ABEL-HDL Sources to the Project

The Project Navigator now lists the schematic, top, and the two block symbols referenced

in the schematic, counter and compare. These sources have the undefined icon next to
them because they do not exist yet. Remember that this is a top-down design example.

This lesson leads you through the steps necessary to add two lower-level ABEL-HDL
modules to the project. One you will create from scratch. The other you will import.

Steps covered in this lesson are:
Task 22: Create a New ABEL-HDL Source File Template
Task 23: Enter the ABEL-HDL Source Description
Task 24: Import an Existing ABEL-HDL Source File

Task 22: Create a New ABEL-HDL Source File Template

There are two stepsto creating anew ABEL-HDL source file. First, you create the
template. Then you enter the source description. In this task, you will create atemplate
for the compare ABEL-HDL module.

To create an ABEL-HDL template:

1. Inthe Project Navigator Sources window, double-click compar e to open the New
Source dialog box.

2. Sdect ABEL-HDL Module and click OK.

Mew Source: {Schematic,.-"ﬁﬁﬁ%

i F=1e 0

ABEL TestYectors

Cancel
Schematic

[dzer Docurment
YWerlog Test Fixture
WHDL Test Bench
W aveform Shulus

bk,

Help

The Text Editor opens, plus the New ABEL-HDL Sour ce dialog box that prompts
you for module information.

3. Inthediaog box, type the information shown below.
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New ABEL-HDL Source x|
kodule M ame:
=T
File M arne; ﬂl
IWmPafE’ Browsze... |
Title:

4-bit Comparatod

The text is case sensitive. Make sure that you enter the text as shown. Note that the
Module Name matches the corresponding block symbol name. The module and file
names don’'t have to be the same, but it makes things smpler.

4. Click OK to close the dialog box.

The Text Editor appears with an ABEL-HDL template. The template shows the
module and file names you entered.

¥ Text Editor - [compare.abl] = | I:Ilil

. File Edit “iew Templates Tools ©Options  Window  Help _|E’|5|

EEEBREREE @ﬂ.@..

MODULE compare

TITLE '4-hit Comparator’ bz

IEND

w
4| | b

ILn 7 Cal1 7 [ E] [Rec Off [Mo'wrap [DOS [INS | [

Note: In the Project Navigator Sources window there are red check marks beside the sub-module
names because they have not yet been defined.
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Task 23: Enter the ABEL-HDL Source Description
In this step, you will complete the ABEL-HDL module by entering its description.

To describe an ABEL-HDL module;

1. Inthe Text Editor, type the text description as shown in the picture below.

Notice that the ABEL-HDL pin declarations must match the name and the case of
the 1/0O pins on the corresponding block symbol.

¥ Text Editor - [compare.abl] =10 x|

. File Edit Wiew Templates Tools ©Options ‘Window Help _|5’|_|

D]z [ ] D~~|"'~~'iI|_|I|ﬁiII

MODULE compare

TITLE 'd4-bhit Comparator' 'J
DECLARATIONS

al..al pin;

b3. . b0 pin:

aegh pin iztype ‘com'

a = [a3..al];

b = [b3..b0]:
EQUATIONS

asgh = (a == h):

END
a | _>|_I
ILn1 Cal1 [ 19 [ R [Rec Off [Mo'wrap [DOS [INS | [

2. When you are through, choose File > Save As to save the file. Save the file with the
same name and click OK.

3. Close the Text Editor.

In the Project Navigator Sources window, notice that the icon next to the compare

file has changed, and that the file name (conpar e. abl ) appears next to the name.
This indicates that the file is now a defined module.
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Task 24: Import an Existing ABEL-HDL Source File

As you continue working with the ispLEVER software, you will want to import existing
ABEL-HDL source files, in addition to creating new ones. To save time in this tutorial,
you will import the remaining ABEL-HDL source file.

To import an existing ABEL-HDL source:

1. Inthe Project Navigator, choose Sour ce > Import to open the Import File dialog
box.

2. Sdectcount er. abl andclick Open.

The Project Navigator should now look like the image shown below. You'll take a
look at the "insides’ of this module in the following lesson.

B ispLEYER Project Navigator - [C:iispTOOLS _1.0%...\tutorialitutorl -100] x|
File Miew Source Process Opkions  Tools  Window  Help
[0 = > | noma exwE e |Hls M|
Sources in Projeck: | Processes For current source: |
4-bit counter K Hierarchy Browser
‘o [E8] Documents D Zompile Logic
LCS1024%G-5FE76C 3 Check Syntax
E@ top (top.sch) =} Compiler Listing
----- [} compare {compare. abl) =} Compiled Equations
t.|AY) counter {counker, abl) i Generate Schematic Symbol
@ ABEL Test Yector Template
i’ [
ANAHDLZ?BELF ABEL-HDL Processor
Copyright(C), 1992-2001, Lattice Semiconductor Corporation. A
Portions Copyright{c), 1992-1999, Vanti=z Corporation
Portions Copyright(C), 1993-19983, Data IO Corporation
Portions Copyright(C), 1997-1998, MINC Washington Corporation
Portions Copyright(C), Alan Phillip=, Lancaster University Co
Done: comnpleted successfully. J
-
[ [+, Automake Log / EIN | »
Ready | g
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Lesson 5: Navigating the Design

The Hierarchy Navigator program allows you to navigate through a schematic design that
consists of atop-level schematic and lower-level schematics and HDL modules. The
Hierarchy Navigator loads a full hierarchical design all at once so that you can view it in
its complete form, rather than as individual sources. Every schematic sheet and
behavioral file at all levels of hierarchy is included.

This lesson shows you how to use the Hierarchy Navigator to perform severa useful
functions.

Steps covered in this lesson are:
Task 25: Open the Hierarchy Navigator
Task 26: Push into the COUNTER Block Symbol
Task 27: Access Connectivity Information for the COUNTER Block
Task 28: Query a Net

Task 25: Open the Hierarchy Navigator

Y ou can open the Hierarchy Navigator from within the Project Navigator. The Hierarchy
Navigator performs several important functions:

It verifies the correctness and consistency of a design's wiring. Verification occurs
at each level in the design, and across al the levels, from top to bottom.

It provides the environment in which you can analyze and optimize the circuit's
performance.

It prepares the design data for later steps in the design process, for example creating
netlists.

To open the Hierarchy Navigator:
1. Inthe Sources window, select the top schematic source (t op. sch).

Notice that the Navigate Hierarchy processis displayed at the top of the Processes
window. Also notice that Navigate Hierarchy is visible only when a schematic
source is selected.

2. In the Processes window, double-click the Navigate Hierar chy icon.

The Hierarchy Navigator opens with sheet 1 of the selected schematic source
loaded.
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=10/ x|
File Edit Yiew Tools DRC Options Help
=
=
= l oo [l
e—e——1 [ 8 ——
C—H=

kY H _"ILI

Full Fit - Pick Center Point or Corner of Zoom Window

Note: Remember, this is not the Schematic Editor. You cannot edit the schematic or one of its
symbols in the Hierarchy Navigator. However, you can open editors from the Hierarchy Navigator
to make changes in a specific schematic element.

Task 26: Push into the Counter Block Symbol

Y ou can use the Push/Pop command on the View menu to move down and up

(respectively) through the hierarchical levels of a design. This command works on both
schematics and ABEL-HDL modules.

Y ou may want to use the Zoom In command to view the COUNTER module before
starting this step. Right-click to cancel the zoom command.

To push into the COUNTER block symbol:

1. Choose View > Push/Pop. The cursor changes to a cross hair.

2. To move down alevd, into the COUNTER module, click insidethe COUNTER
schematic symbol.

The Text Editor opens with the ABEL-HDL description of the module.
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¥ Text Editor - [counter.abl] 10O x|
File Edit Wiew Templates Tools Options Window Help = |E‘|_£I
1 = = 2 S =R E N E
nodule counter -
interface (clk, r=t. 1d -: g3. gf. gl. gl); —
title '4 bit counter circuit';

cll pin "Clock input

r=t pin "Azvnchronous reset

1d pin "high walus =et= count = 1

a3 . .gl pin istype 'reg’; "Counter outputs

count = [qg3. .g0]:

Equations

"Creating output bus

count .clk = cllk: "Counter clock input

count . ar = r=t; "Counter reset input T
o | _>IJ
ILn & Cal 1 [ 25 | |wR| [Rec O [Mo'wrap [DOS [INS [NUM |

3. View the contents of the COUNTER module. When you finish, close the Text
Editor, keeping the Hierarchy Navigator open.

Task 27: Access Connectivity Information for the Counter Block

Y ou can use the Query command to display additional information about circuit
elements. The information appears in a text box that pops up when the first element is
selected. The box is updated when another element is selected.

In this step, you will use the Query command to query the Counter ABEL-HDL module

for information.

To query the COUNTER block symbol:

1. Inthe Hierarchy Navigator, choose DRC > Query. The Query text box opens with
the message "Nothing Selected.” Move the Query Box so that you can see the

COUNTER block.

i Query Box o x|

** Nothing Select

2. Click the COUNTER block. The Query Box is no longer titled "Query.” Instead, it
now reflects the name of the instance you' ve selected and shows various items of
information about the COUNTER block.
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Symbol Path=}
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— Pin | Net —
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3. Look at the Pin/Net section.

The Hierarchy Navigator knows which nets are connected to which pins, and
displays instance names, reference designators, or symbol names that have been

assigned to that symbol.

4. Keep the Query Box open for the next task.

Task 28: Query a Net

Although design problems are usually observed at the top level, the source of the
problems is often at alower level. Tracing signals from the primary outputs down
through the hierarchy can greatly aid debugging. For instance, to determine if a net needs
more buffers, use the Query command to determine what components are attached to the
net and what will be affected by changes to the net.
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To query a net:

1. With the Query command still active, click the buslabeled g[ 3: 0] inthe
schematic. A list of its content signals appears in the Query Box.

@ Hierarchy Navigator - TOP - Sheet 1 zp =10 x|
File Edit Mjew Tools DRC  Ophions Help
[3
- Bus a3 .
| 337 3130 —— Bus Links — —q[1]
aegh— Bus Name=q[3:0] —
I e Contains=q[3] - [16) a] i
Contains=q[Z] - [17]
Contains=q[1] - [18]
Contains=q[0] - [19]
i COOHTER
TR I q3,92,91 g0
114
A = _*I_|
Query - Select ltem to Query :|

Observe that the signals displayed are links (pointers) to the individua nets.

2. Inthe Hierarchy Navigator, click gq[ 1] . The Query Box shows new information for

the net. (Y ou will not see information about the Bus and Net at the same time. When
one window opens, the other window closes.)

3. Inthe Query Box, click one of the connections to a net. The cursor automatically
moves to the component where the connecting pin is located. The cursor
automatically moves to any page in the hierarchy, no matter which level, if
necessary to display the selected pin.

4. Close the Query Box and the Hierarchy Navigator. If prompted Data has been
modified, click NO.
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Lesson 6: Running Functional Simulation

Functional ssimulation is the process of ssimulating the functionality of your RTL design
before it is compiled, thus letting you find and correct basic design errors sooner. While
functional ssimulation will verify your Boolean equations, it does not indicate timing
problems.

The ispLEVER software supports functional ssimulation for any Lattice Semiconductor
device using the Lattice Logic Simulator or ModelSimé& from Model Technology. These
simulators operate in both stand-alone and integrated environments.

This lesson shows you how to use the Lattice Logic Simulator to run integrated
functional simulation.

Steps covered in this lesson are:
Task 29: Import the Test Vector File
Task 39: Run Functional Simulation

Task 29: Import the Test Vector File

Y ou can create atest vector file in atext editor using proper keywords. Test vectors are
sets of input stimulus values and corresponding expected outputs that can be used with
both functional and timing simulators. Test vectors can be specified either in a top-level
ABEL-HDL source or in a separate ABEL-HDL test vector format file called an .abv file.
The .abv file is considered a text document and is kept above the device level in the
Sources window. Whether the test vectors are part of atop-level ABEL-HDL source

(-abl ) or are in a separate file, they will be compiled and passed to the smulator.

In this task you will import a test vector that has aready been created for you.

To import a test vector sourcefile:

1. Inthe Project Navigator, choose Sour ce > Import to open the Import File dialog
box.

2. Sdlect thetest. abv file and click Open. The file appears just below the devicein
the Sources window.
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ispLE¥ER. Project Navigator - [C:ispTODLS_1.0%...\ bukor o1 O] x|
File Wiew Source Process Options Tools  Mindow  Help
1D =
Sources in Project: | Prncessesfnrcurrentsuurce
E 4-bit counter 3 Update Al Schematic Files
# Documents K‘ Constraint Editor
LZS1024%G-5Fa 76 G Fit Design
i) test,aby E]| Pre-Fit Equations
Bl Elﬁ top (kop.sch) =] Signal Cross Reference
------ A compare (compare, abl) =] Fitter Report
------ A counter {counter, abl) =] HTML Fitker Feport

Post-Fit Pinouts
¥, Post-Fit Re-Compile
il JFDEC File
K‘ Timing Analysis

™% Senerabe Tirinn Sirnolabinn Filse

3. View the contents of the test vector file in the Text Editor by double clicking the file
name in the Sources window.

¥ Text Editor - [test.aby] -10| x|

File Edit “iew Templates Tools Opkions Window  Help
_|8] x|

(D[] (2] (A o) (5] (8] [«] ] (S

nodule test _J

clk.r=t pin: =

end3.end:.endl . endl pin:

outd,outs,outl,outl Pin;

endv = [endi.end?. endl.endl];

outv = [outd,out?, outl, outl];

test_vectors

([clk,.r=t.endv] - [outw]):

[ TnRE =5 ["h3]:

[.c..0,"h5] - ["hl]:

[.c..0,"hE] - [:oh2-] 5

[ .=..0,.%hE] - ["h3]:

Eigqol i hE] - ["hd]:

[.c..0."hE] - (RS ]S

W = => ["hl]:

[.=..0,"hE] - ["h2];

EHD

a | _>|_I

ILn1 Cal1 [ 24 [ [wR]| [Rec Off [Mo'wrap [DOS [INE

4. Close the Text Editor.
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Task 30: Run Functional Simulation

After creating atest vector file, you can verify the behavior of your design by performing
functional simulation. Y ou can run integrated functional simulation using the Functional

Simulation process in the design flow. This process opens the Lattice Logic Simulator
and loads the functional netlist.

To run functional/timing simulation:

1. Inthe Project Navigator Sources window, select the ABEL-HDL test vector file
test. abv.

2. In the Processes window, double-click the Functional Simulation process to launch
the Lattice Logic Simulator Control Panel and load the netlist.

&= Simulator Control Panel - TEST - 10| x|
File Signals Simulate  Wiew Tools  Help

JJ EH ! & g [P StepInterval: [100.0ns | Run to Time: [2200.0 ns
Simulator. Version 1.4 "
Copvright (=) 1998-2001 by Lattice Semiconductor Corporation.
Initializing mapping data.

Initializing mapping data succes=sfully.
ticksize 100 p=

=tep=zize 100000 p=

mode unit

Loading netlist. ... ..

Loading netlist successfully.

i o

For Help, press F1 [Time: 0.0 ns {Made: Unit Delay o

3. Inthe Simulator Control Panel, choose Simulate > Run to start the ssmulation.

& Simulator Control Panel - TEST -0l %]
File Signals Simulate  Wiew Tools  Help

JJ EH ! & g [P StepInterval: [100.0ns | Run to Time: [2200.0 ns
Simulator. Version 1.4 -
Copyright (=) 1998-2001 by Lattice Semiconductor Corporation.
Initializing mapping data.

Initializing mapping data succes=sfully.
ticksize 100 p=

=tep=zize 100000 p=

mode unit

Loading netlist. ... ..

Loading netlist successfully.

run 2.200.0 n=

Dperation EUH ends.

0 of

For Help, press F1 [Time: 2,200.0 ns {Made: Unit Delay o
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Note: If there are errors in the simulation, the control panel displays a message similar to the
example highlighted below:

&= Simulator Control Panel - TEST =10 x|
File Signals Simulate  Wiew Tools  Help

JJE -— ! & g % Step Interval:  [100.0ns | Run to Time: [2200.0 ns
Simulator. Version 1.4 -
Copvright (o) 1998-2001 by Lattice Semiconductor Corporation.
Initializing mapping data.

Initializing mapping data successfully.
ticksize 100 p=

=tep=zize 100000 p=

mode unit

Loading netlist. . . . ..

Loading netli=st successfullwy.

run 2.200.0 n=

at 0,000 n=, OUT1 expected: 1. actual: 0
at 0.000 n=, OUTOD expected: 1. actual: 00
Dperation EUH ends.

o0 o

For Help, press Fl [Time: 2,200.0 ns [Mode: Unit Delay e

4. After functional ssimulation is complete, the simulator automatically opens the
Waveform Viewer, which is the primary tool for viewing simulation results. The

viewer graphically depicts the activity on any node in the simulation database. The
Viewer automatically updates as simulation progresses.
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B Waveform Yiewer - TEST i -0 x|

File Edit Yiew Object Tools Options Jump Help

=|d| 8| 2220 & BE £~ 2
670.0ns U 1.000 2,000

Fooonon o
L] ]

B

¥
I R TR T N

CLK?E_IT rw
HSTFW

END3

END2
END1

ENDD
ouT3

ouT?
ouT1 |
ouTn |

-
4 [vll4] | k

Time = 0.0 ns

5. Close the Waveform Viewer and the Lattice Logic Simulator Control Panel.

6. Inthe Project Navigator, choose File > Save to save the design before going to the
next module.
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Module 2: Design Implementation

For ispLEVER CPLD designs, the design implementation process consists of several
steps, which generally include applying user constraints, and compiling, optimizing, and
fitting the design. These individual steps happen automatically and in sequence when you
run the Fit Design process in the Project Navigator.

This module shows you how to set constraints, and then leads you through the processes
of compiling, optimizing, and fitting your CPLD design. Also, you will learn how to run
multiple passes of your design using different combinations of Fitter/Optimizer settings
and critical timing constraints, re-run your design with the new settings, and view the
various report files generated by the ispLEVER software.

Prerequisites
Module 1.

Learning Objectives
When you have completed this module, you should be able to:
Use the Constraint Editor to pre-assign pin locations

Use the Constraint Editor Package View window to graphically view the actual pin
assignments in the target device, and assign pin locations using the drag-and-drop
technique.

Run the ispLEVER Fitter
Set Fitter report viewing options and read the Fitter report

Time to Complete This Module
The time to complete this module is about 20 minutes.
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Task 1: Pre-Assign Pin Locations

In some cases you may want to assign constraints before running the Fitter. For example,
you may want to pre-assign pin and node locations. The Constraint Editor lets you
specify various constraints using the graphical interface such as pin and node
assignments, group assignments, pin reservations, power level settings, output slew-rates,
and JEDEC file options. The Constraint Editor reads the constraint file and displays the
constraint settings in the main window. Y ou can modify the constraint file using the
function dialogs available from the toolbar. However, some constraints can be modified
directly in the main window.

The Constraint Editor implements simple error checking to ensure that the user
assignments or constraints are applicable to the selected device and that there are no
conflicting assignments. If the user constraints do not apply to the selected device, or are
conflicting with the selected device, the Constraint Editor displays these constraintsin
red.

To assign constraints to the design:

1. Inthe Souces window, select the target device. In the Processes window, double-
click Constraint Editor to open it.

=£ Constraint Editor - [E:"-.,ispTDl]LS_l.l]"-.,ispcpId"-.,e:-:ampIe5"-.,tuturial"-.,l:utur1"-.,4hcuuntl.i_.‘;l_"-,'§'_;'-§f A |EI|5|
Ed File Edit PinAteibute Device  View Window Help -2 x|
F W & B> v § |4 Pe|lec Gp 10 |Res FLL sl Def|‘?¥?

. Type |Signal/Group Mame | Group M., | Segment GLE Macrocel Fin

[#-P.. Input Pins

G-Pu Output Pins

M. Mets

4| v |\ Pin Attributes £ Global Constraints h Resource Reservation §

Ready o

2. Choose Pin Attribute > Location Assignment to open the dialog box and do the
following:

Under Signals List, select endO.
Under Pin Assignment, select A2.
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Click Add.
x
— Signals —Agzignment
Lizt Pin b acrocel
Ier‘u:ﬁ I.-’-\-.S IEI
| ||k mg, -
A0 A4 1
| |end2 /0 |45 2
| |end3 /0 |46 3 -
I Irst /0 A7 2 —I
0 | outd 140 |48 GLE
O |out! /0 |43 [
0 | outz 1A 1a1n ﬂ I
O [ou3 ~Type : B
¥ Pin C
€ facrocel o
— Filker i GLE Segment
W lrput % Output/Bidi [ Buried Node " Segment ||:| j
E sisting Location Szzignment List
Type | Signal Mame | Segment I GLE | Macrocell | Fin I
|rput endl ] il g A2
Add [Helete fed ity [Hrda Mndif_l,ll (] % I Cancel Help

Click OK to close the dia og.

In the Constraint Editor, notice the pin location information in the Pin Attributes

shest. In the Signal List Pane on the left side of the main window, click the plus sign

[+] infront of Input Pins to expand the tree view. Notice that the endO pin has a

"locked" icon next to it indicating that the pin location has been assigned.

isLEVER 1.0 Tutorials

49



Schematic and ABEL-HDL Design

== Constraint Editor - [C:\ispTOOLS _1.04ispcpld'.examples'tutorial'tutorl’ 4bcount.ict*] =10i x|
EJ Fie Edt PinaAttibute Device  View Window Help =1=] x|
= = = |ﬁ|r:. i ||I| Fro | Los Grp o 1D Pwr|Res FLL Hsl Def| T N2
=D kop Type |SignalfGroup Mame < | Group Members |Segment|GLB |Macru:u:e|| |F‘in
E|"'P':' Input: Pins 1 | Input | endd RIS 1] & & Az
...... oo ok
3 endo@ Az
PP cndl
pp endz
..... p end3
PP rst
[#-Pu  Oubpok Pins
[+-M.. Mets
4| v |, Pin Attributes £ Global Constraints k Resource Reservation §
Ready o

5. You can aso use the Constraint Editor Package View window to graphically view
the actual pin assignments in the target device, and assign pin locations using the
drag-and-drop technique. By default, the system (nonuser) pins are highlighted in
gray, reserved pins are in lime, assigned input pins are in blue, output pinsin
yellow, and bi-directional pinsin magenta. Unused pins are blank.

Choose Device > Package View to open the Package View window.
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=10 %]
=181 %]

= & S I3,|K’J G ||I| Prc‘Loc Gy 1D Pwr|Res PLL S| Def|”§’ (4

QAR KPR AL

il

LC51024VG-5F676C (Bottom View) il
AZ27 [AZ6 |AZ25 |AZ24 |AZ23 |A22 | AZ21 |AZ20 |A19 |A18
B27 (B2b |B25 BZ24 |B23|B22|B21 |B20|B19|B18
C27 [C26|C25 |C24 cz22|C21|C20|C19
D30 |D29|D28 | D27 | D26
E30 |E29|EZ28 |E27 .
F30 (F29 | F28 F23
GAINIG29 A28
4
Ready

I

6. To easly locate a previoudy assigned pin, on the toolbar click the Find icon (ﬂ‘).
In the Find dialog box, type A2, select Device Pins, and then click Find.

=& Constraint Editor - [Package Yiew LC51024¥G-5F676C : CiispTOOLS_1.0%ispcpls

Bl File Edit Yiew Tools Window Help

=101 x|
=181

@ W& R|x o« 4 |4 Pe|loc op 10 Pwr|Res PLL M3 Do | BN

QLA PR AL a

LC51024VG-5F6T76C (Bottom Yiew) i’
A12 |A11 |ATD | A9 | AB | A7 | Ab | A | A4 | A3
B12|B11|B10| B9 | B3 | B7 | B6 | B5 | B4 | B3
Cl12|C11|C10| C9 | C8 | C7 |Cb |CE | C4
D7 D4 (D3 | D2 | D1
E4 | E3 | E2 | E1
F3 | F2 | F1
R1 1 R? G X
4] B _>I_I
Ready [ i

The view shifts to the specified location.
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7. You can also assign pin locations using the Package View window. Choose
Window > Tile Vertically. Make sure the Package View window is showing the
A2 pin and the Signal List is expanded to show the Input Pins.
=£ Constraint Editor ._I_l— O ﬂ
File Edit Mew Tools ‘Window Help

@ H & R|x o2 4 |4 Pe | loc op 10 Pwr | Res PLL M3 Def | BOND
R AREBPR AL A

| Package View LC51024¥G-5F676C : il [m] 1 | | == C:ispTOOLS_1.0'ispepldexamples -10] x|
| C51024VG-5F676C (Bottom Viewi*| =D top Type | SignalfGroup Mz
=P Input Pins 1 |Input |endd
emp ok
A7 | AB | AD | Ad | A3 ..... B endi@ Az
..... pp endl
BY | B6 | B5 | BA | B3 B1 ----- e ends
..... PP end3
CfF|(ChB|CH|[CA cz | C1 L PP rst
#-P.. Oukput Pins
D7 D5 (D4 | D3 | D2 | D1 E-N. Mets

E4 | E3 | E2 | E1

F3lr2|F1 | = _
4] o W b [+ Pin Attributes

Ready I_ I_ ’_ e

8. Select endl from the Signals List and drag it to the B1 location in the Package View
window. Notice the B1 location is blue (assigned input pins), the "locked" icon
appears next to endl in the Signals List, and endl has been added to the Pin

Attributes sheset.
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¢ Constraint Editor ] [m]
File Edit Wiew Tools ‘Window Help

= & S I3,|K’J G ||I| Prc‘Loc Gy 1D Pwr|Res PLL S| Def|”§’ (4
RARRKEPR AL A

i-]Package View LC51024¥G-5F676C - 10| x| | EX= 0 jspepldiexe _ (0 x|
| C51024VG-5F676C (Bottom View)~|||=-D- top Type | SignalfGroup Me
E-Pe Input Pins 1 |Input |endo
(S P Elk
AG | A5 | A4 | A3 @ oerdonz |
----- & endi @EL
B6 | B5 | B4 | B3 Cepp end2
...... P End3
C6 | C5 | C4 A T e
P Cubput Pins
D5 (D4 (D3 | D2 | D1 N Mets
EG E4A [ E3 | E2 | E1
F6 | F5 F3|F2 | F1 ¥
4] il d B 4| » |, Pin Atiributes 4 G
Reh C Iz

9. Close the Package View window. Choose File > Save to save the pin assignment.
Close the Constraint Editor.

Task 2: Fit the Design

The ispLEVER software has a single user interface with all options preset to deliver the
highest possible push-button performance. At the end of a successful fitter run, the
ispLEVER software generates a JEDEC file, as well as a fitter report, so that you can see
how the ispLEVER software has routed the design and utilized resources on the part.

Fitting is an integrated process that includes these steps:

Compiling - Changing your design entry format into Boolean equations, which
serve as input to simulation and device implementation programs.

Optimizing - Running a set of options that et you achieve the highest possible
performance in the smallest possible device, for most designs.

Partitioning - After optimization, the design is partitioned into individual blocks on
the specified device. Partitioning is achieved by assigning logic to specific blocks,
based on several considerations.

Fitting - Running the device fitter. A fitter report is generated regardless of whether
the process is successful or not. The Fitter aso generates the JEDEC file.
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Tofit adesign:
1. Inthe Sources window, select the target device.

2. Inthe Processes window, double-click Fit Design. A message appears in the Output
Panel telling you that the fit process completed successfully. Also, a green check
mark appears to the left of the Fit Design process.

B ispLEYER Project Navigator - [C:\isptools_1.0°%...\Eukori or 1Y, =101 x|
File Wiew Source Process Options Tools  Window  Help
[D=HE| lexEE el m
. Sources in Project: | Processes For current source; |
ﬁ 4-bit counter 3 Update Al Schematic Files
“e[EE Documents &, Constraint Editor
LC51024%G-5FE76C o” 3 Fit Design
{&] test,aby =) Pre-Fit Equations
=[] top (top.sch) =) signal Cross Reference
A compare {compare. bl) =] Fitter Report
to|AY counter {counter, abl) =)} HTML Fitter Feport

Past-Fit: Finouts

&, Post-Fit Re-Compile

= JFDEC File
K Timing Analysis
¥ Generate Timing Simulation Files
@ Report File
Generate Board-level Stamp Model
@ Stamp Model File
= Stamp Model Data File

C

%]

L %

Done: comnpleted successfully. ﬂ

Starting: 'CinispTOOLS 1. 0wispopldsbinslpf exe @"dbocount RS2

FProject '4bocount' was Fitted Successfullwy!

Done: comnpleted succes=s=fully.

i
*|
[+ 1+ Automake Log / 4] | N
Ready [ ) s

Task 3: Set Report Viewing Options

By default, the ispLEVER software opens report files in the Project Navigator Output

Panel. However, some reports may be too large to allow easy viewing in the Output
Panel.

To open areport in the Report Viewer:

Choose Options > Environment to open the dialog box. Then click the L og tab and
sdect Using Report Viewer. Click OK to close the dialog box.
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Environment Options ] i[

Generall Process Log |Direct|:|riesl

[T Werbose ¥ Show If Warnings Oceur
[ Show Always ¥ Overvite

¥ Using Feport Wiewer

k. I Cancel Help

Task 4: Read the Fitter Report
The Fitter Report displays statistics and information on the fitting process of your design,

including utilization numbers, pin assignments, etc.
To view the Fitter Report:

1. Inthe Processes window, double-click the Fitter Report process to open the Fitter
Report in the Report Viewer. View the report and then close the Report Viewer.

¥ Report Yiewer - [4bcount.rpt] = |I:I|£|

File Edit View Options ‘Window Help == =|
=)

<« Project 'dbocount' Fit Succesz=sfully! -~ _J

Compilation Times

Frefit Timne

Load Design Time |
Fartition Time

Flace Timne

Foute Timne

Total Fit Time

=EECE
04 =ec=
10 =ec=
00 =ecs=
00 =ec=
0:00:01

Lo B o e o e o}

De=ign_ Summary

Total Input Pins

Total Logic Functions
Total Cutput Pins
Total Bidir I-0 Pins
Total Buried Hode=s

Total Flip-Flop=
Total D Flip-Flop=

T—+=-1 T Tlar~ T1—aemm—
|

o N w0 ]

o
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2. Asyou probably noticed, the Fitter Report is divided into several sections and can
be quite long and difficult to find the information that you are looking for. Asan
alternative, you can view the Fitter Report using your HTML browser. This offers
the benefit of easy browsing using a navigation panel with links to each major

section in the report.

In the Processes window, double-click the HTML Fitter Report process to open

the report in your browser.

3. Click the Pinout Listing navigation link. Find pin number A2. Look al the way to
the right and notice that the signal is end0. Remember that thisis the pin location

congtraint that you set in a previous task in this module.

7} #hcount.heml - Micrasaft Inkernet Explorer -0 =|
| Fe Eor o vies  Fownts  Tools  Heb
| &k - = - @ B 3 PAsewch Grovories PHeteey | Th- ST - =
[ fedrmss e coidsptonss 1.0y spephessanm plestbuioeial oo Lidbcourt Horl | e || |
Binont Tisting =
Table of Contents
I Pin  |6LE [A=zesigned| I Sigmall
s Top Ein Hol Ivpe [Fad |Pin | Lib Type | Type | Sign:
= Project Sigmmary R
P = Al | GHD | | | | |
= Lompilaticon Times o e . i i e e
2 Lot | DAE # LVCHOEIS | 1émi Inpnit | endd =
# USE 1O o i R | Ia |oad | |LVCHOEI3 | 15mA] | Ounput|oucs
s [=vipe Fesoucce= Juwowscz | Ad | Ia |Op0 | | | |
s CLE Besource Sumrary AS I I_= |orn] I I I
= GLB Control Swmarsy AE b S MDA [ | I
2 7 T AT | I_a |0opad] | | |
= Dptimizer and Fitter O A3 | Lo |oo) | | |
o Einot s Listing A2 | L4 (006 | | [ [
®= Ipput Signml liat nin | Ia |OCL&| | | |
= Dpbput Saigoal Lis=st A11 | I 0 |DOcz0o)] | | |
s Bidir 31.51’.&.1 Limt AlZ | I_D |OCZEGE| | LWCHD=3 3 | ek | | Inmput |esnd:s
= Bucied Sigual List A M A Lot [ I [
= enr 5 A1a | WC I | | | |
- ._-_q:n._:.____u...-nul:- imt RiE | HE | I I I I
* Clustec Table A1E | NC | i I | I
= Arcay Fau:.g._'La.l_:!E A17 | W | | | | |
» Product Tecms Histogea| 438 [ S e l | |
» GLE Inpwt Histogram a1g I L9 |vCag | I |
e a0 | Lo |7czo | [ |
S i 21 | ILa |7CL8) | [ |
R2E I I.a |[YCE | | | | =
il L | 1 | B _»_IJ
|&7] nore | E_M:.l Compcer i

4. When you are finished looking at the Fitter report close the browser.
5. Choose File > Save to save the design.
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Module 3: Design Verification

This module provides an overview of the features and operation of the ispLEVER
software, focusing on the tasks and tools needed to verify a MACH device design.

Prerequisites
Module 2.

Learning Objectives

When you have completed this module, you should be able to:
Run timing analysis and simulation and analyze the results
Correlate ssimulation results using cross-probing
Export the netlist and delays for timing simulation
Build board-level Stamp models of adesign

Time to Complete This Module
The time to complete this module is about 20 minutes.
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Task 1: Run Static Timing Analysis
Static timing analysis is the process of verifying circuit timing by totaling the propagation
delays along paths between clocked or combinational elementsin acircuit. The analysis

can determine and report timing data such as the critical path, setup/hold time
requirements, and the maximum frequency.

The Performance Analyst traces each logical path in the design and cal cul ates the path

delays using the device's timing model and worst-case AC specs supplied in the device
data sheet.

The timing analysis results are displayed in a graphical spreadsheet with source signals
displayed on the vertical axis and destination signals displayed on the horizontal axis.
The worst-case delay value is displayed in a spreadsheet cell if there is at |east one delay
path between the source and destination. To more easily identify performance
bottlenecks, you can double-click a cell to view the path delay details.

To run timing analysis:

1. Inthe Project Navigator Sources window, select the target device. In the Processes
window, double-click the Timing Analysis process to open the Performance
Analyst.
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EPerﬁerancE Analyst - [Untitled - 4bcount] _ [_ ||:||£|
J!;, File ‘iew Preferences ‘Window Help = IEIEI
=E &2
~ LCE1024vG-5FE7EC—  Data Sheet d . ‘
i estinationins
Operating conditions: Werzion 1.10 [ns]
||:.:.mme,,:ia| j outlD |[outlD |out2D |outlD
Speed grade; S b 0_C
O
|_5 j b._1_.C
DR
— Bnalyziz I i
 iMéx oo C o Lac
e
:: t5LAH :: tOE outl C
tFD ICOE
out? C
|I:I|:|ti-:|ns...l Fiun | autic

— Digplay tCY'C longer than
sl | [0

Mumber of ||:|
delays

= Longest delay

=

—wioretfraay delan

4| | i

For Help, press F1 | | [18:30:21 2

2. The Performance Analyst performs six distinct analysis types: fMAX, tSU/tH, tPD,
tCO, tOE, and tCOE. The first type, fIMAX, is an internal register-to-register delay
analysis. IMAX measures the maximum clock operating frequency, limited by
worst-case register-to-register delay. The remaining five types are external pin-to-
pin delay analysis. Timing threshold filters, source and destination filters, and path
filters can be used to independently fine-tune each analysis.

Under Analysis, select tCO and then click Run. The tCO path trace analysis reports
clock-to-out delay starting from the primary input, going through the clock of flip-
flops or gate of latches, and ending at the primary output. In this caseit is 4.40ns.
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EPerﬁerancE Analyst - [Untitled - 4bcount] N = |EI|£|
J!;_ File Wiew Preferences Window Help =121 x|
== &7
o : — Data Sheet . :
LCE1 024V G-EFEFEC Uear;i:un '.IEEI 0 destination ins)

Operating conditions:

| Commercial j outl | out] out? | out3
Speadgiade: S outlhC| 440
|_5 j O outlC 440
u outz . C
— Bnalyziz r outi C
ek o | ©
~5UAH O HOE e

i~ PO i~ ICOE

I:Ipti-:nns...l Fiun I

— Dizplay tco longer than—

Apply | I':'-':'
Mumber of |4
delays
— Longest delé_l,l

| 4.40 :I

4| | i

Delay path = ouk3. Ciout3: 4.40 il [1a:32:18 2

There are severa things to notice. The lower-|eft corner shows the Longest Delay

(4.40ns). Also, in the Spreadsheet window, you can see the delays in a source-
destination matrix.

In the Spreadsheet window, double-click inside the selected (blue) cell to open the
Expanded Path dialog box. This dialog lets you analyze individua timing
components used to calculate the timing path. There is a source pin (From) and a

destination pin (To). Also shown are the delay type, the delay of that path (Vaue
ns), and the cumulative delay of all the signals.
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Sourceiowt3 C Destinationout3

Ok I Fram Loc | Ta Loc |Delay Type “alue (ns] | Total (ns)
delay path  |clk pRE [outdC |0AD |tGCLE_INHIONLYCMOS 33 +tGCLK 150 1.50
Pirt_| ou3iC |0AD |out3Q |0AD |iCOi 175 35
Help | outi Q{040 |outd pAd [BUFOOLVCMOS33_16ma) 1.15
]

Equationz

4. Click Equations to open the Equations dialog box, which shows the functional
relationship between the selected source/destination.

|_iEquations =T

Source: outd . C Destination: out3

out3.C= clk: (1 pterm, 1 signal)

5. Close the Performance Analyst without saving.

Task 2: Run Timing Simulation

In a previous module you used the Lattice Logic Simulator for functional simulation.
Now you will use the simulator for timing simulation.

Timing simulation differs from timing analysis in a couple of ways. For example, you
need atest vector file for simulation. And while both tools provide timing information
based on an implemented design, only the Lattice Logic Simulator simulates the design
logic as well. Also, the simulator provides graphical waveform display and debugging
capabilities. In the end, which tool you use will depend on your specific requirements.
Y ou can use the Performance Analyst for a quick critical path analysis, and use the
Lattice Logic Simulator for a more detailed and thorough simulation and analysis.

To run timing simulation:
1. Inthe Project Navigator Sources window, select the test vector filet est . abv.

2. Inthe Processes window, double-click the Timing Simulation process to open the
Lattice Logic Simulator Control Panel. In the toolbar, make sure that the Step
Interval is set to 100.0ns and Run to Time is set to 2200.0ns.
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E: Simulator Control Panel - TEST 3 -0} x|
File Signals  Simulate  Wiew Tools  Help

HE - ! &gy O% Stepinterval:  [100.0ns | Run to Time: [2200.0 ns |
Simulator. Version 1.4 a
Copvright (=) 1998-2001 by Lattice Semiconductor Corporation.

Initializing mapping data.

Initializing mapping data =ucces=fully.
ticksize 100 ps

=tepzize 100000 ps

node max

mode transport

Loading netli=st. .. .

Edif netlist reader and Sdf netlist reader completed successfully.

m o

For Help, press FL [Time: 0.0 ns [Mode: Max Delay Transport o

3. Choose Simulate > Run to start the timing simulation and open the Waveform
Viewer.
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M Waveform Yiewer - TEST -0 x|

File Edit %iew Object Tools Options Jump Help

|| & 2228 « 8E £z 2

o B o
L] ]

LB

¥
IR Y TR T B !

CLK?E_IT rw
HST_T

END3

END2
END1

ENDD
ouT3

ouT?
ouT1
ouTn

-
4 [vll4] | *

Time = 0.0 ns

Task 3: Analyze the Simulation Results

Y ou can use the Waveform to measure the time difference between two events. In this
task you will measure the tCO and see how it compares with the results of the
Performance Analyst in a previous task.

To measur e the differ ence between two events;

1. On thetoolbar, click the Zoom Inicon (ﬂ). The cursor switchesto alarge "Z."
Click in the waveform display area until the major scale isin 100ns increments, as
shown in the horizontal timeline below the toolbar. Right-click to return to the
regular cursor.

2. Choose Jump > Time=0.
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B Waveform Yiewer - TEST o [m] 5

File Edit Wiew Object Tools Options Jump Help

z|d| 8| 2228 = 82 £z 2
164.0ns O 100 200

| d |
.4+ 495 449959 JJJJJJJ9J5 9490000900 0001

CLK 7 r—————————ii

RST | .
END3

END2
END1

ENDD
ouT3

ouT2

ouT1

ouTn

-
1 Il | v

Time = 0.0 ns

3. Sdect the CLK signal by clicking the label in the waveform name area. Click the
Query cursor at about time 150ns. This sets a vertical marker at that point.

773 Waveform Yiewer - TEST - 0] x|

File Edit Yiew ©Object Toaols ©Options Jump  Help

=d 8 22 £ B|O 27 2

264.0ns U 100 200 -
| 1 1 1 1 1 1 | 1 | 1 ] | 1 | 1 1 1 1 | 1 | 1 | 1 ] |
CLK 7 —
RST

Choose Jump > Next Change. The marker jumps to the time 200ns.
Choose Object > Place Marker to set a"permanent " marker at this point.
Now select the OUTO signd.

Choose Jump > Next Change. The temporary marker jumps to time 204.4ns. In the
status bar, notice Delta = 4.4ns. Remember that tCO measured in the Performance

N o g &
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Analyst was aso 4.40ns.

File Edit “ew Object Tools ©Opkions Jump  Help
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Time = 204.4 ns - Delta = 4.4 ns Strong 1 - Simulation-5tates

Task 4: Correlate Simulation Results using Cross-probing

Cross-probing lets you display simulation results on schematics, and lets you add
waveforms to the Waveform Viewer from a schematic. Crossing-probing also makes it
easier to correlate simulation results with the sources in the design.

To cross-probe:

1. While the Waveform Viewer is running, select the top schematic source (t op. sch)

in the Project Navigator.

2. Inthe Processes window, double-click Navigate Hierar chy to open the Hierarchy

Navigator. Position it beside the Waveform Viewer.

In the Hierarchy Navigator, choose View > Zoom In and enlarge the view of the
output pins on the far right of the schematic (outO-3).
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@ Hierarchy Navigator - TOP - Sheet 1 = Page 1 -0 x|

File Edit Yiew Tools DRC Options  Help

H & 2lrR =R @z nel o=lel 2

]

il
ql=] >_ 2 — @
q<] >_ 2 |_4 @
q1) P —
(0] >_ 2 |_g @

Ll o _>ILI

Select A Command.

In the Waveform Viewer, choose Object > Hide Marker.

5. Choose Jump > Time=0.

6. Select the output pins out0-3 one at atime. Asyou do, notice that the corresponding

pin in the Hierarchy Navigator changes color.

In the Waveform Viewer, select the OUTO signal name. Then choose Jump > Next
Change. The time marker moves to Time=204.4ns.

The logic values determined during simulation are displayed on the schematic
loaded in the Hierarchy Navigator. Because you were at time = 0, all the outputs
were low (0). However, after you jumped the time marker to the next transition,
signal OUTO changed to high (1).
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8. Choose Jump > Next Change again to move the time marker to time 504.4.

Now you are on the transition where OUTO goes back low and OUT1 goes high. As
the cursor jumps to different points along the time line, the logic values on the
schematic change to those for that smulation time.
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9. Closethe Hierarchy Navigator, Waveform Viewer, and Lattice Logic Simulator.

Task 5: Timing Simulation for 3rd Party Simulators

After you have fit the design, the ispLEVER software lets you export the netlist and
delays for timing simulation. For netlist files, ispLEV ER supports VHDL, EDIF, and
Verilog formats. For timing delay files, ispLEV ER supports the standard SDF and

Viewlogic DTB timing formats.

To generate a 3" party simulation netlist:

1. Inthe Project Navigator, choose Tools > Generate Timing Simulation Options to

open the dialog box.
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Generate Timing Simulation Opkions 1.0 ﬂ
= “erilog [4bcount. va] k.
f* WHDL [dbzount. who]
 EDIF 200 [4bcount eda) s
= EINE Dptinn: Help
WEL and HRHD
= (el = Het

= Generate Delay File

¥ Standard Delay Fomat ™ Viewlogic
[dbcount. zdf] [dbcount.dtb)

2. Depending on the timing simulator you are using, the ispLEVER software lets you
choose a specific format for the output netlist and the timing delay file. Accept the
format settings and click OK to close the dialog box.

In the Project Navigator Sources window, select the target device.

In the Project Navigator Processes window, double-click Generate Timing
Simulation Files.

The ispLEVER software generates a report file, which contains a summary of the
design as well as the name and type of netlist file and delay file. Y our timing
simulator can read these files.

5. Right-click on the Report File process and choose Viewto view the results
generated from the Generate Timing Simulation Files process in the Report Viewer.

6. Close the Report Viewer when you are finished viewing the report.

Task 6: Board-level Static Timing Analysis

Y ou can use the Lattice Stamp Model Generator to build board-level Stamp Models of a
design using any Lattice Semiconductor device for 3" party board-level static timing
analysistools. A board-level static timing analysis tool enables you to manage large, high
performarnce designs while minimizing development time. With the Stamp models, you
accelerate board-level design.

To generate Samp Model files:

1. Inthe Project Navigator, select the target device, and then double-click the
Generate Board-level Stamp M odel process. The software generates two files:
Stamp Model File and Stamp Model Data File.
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B ispLEVER Project Navigator - [C:\isptools_1.0%...\tutorialitutorl’; 0] x|
File Wiew Source Process Ophions  Tools  Window  Help
1D =HE|
Sources in Project: | F‘ru:u:esses For current source:
ﬁ 4-bit counter 3 Update Al Schematic Files
------ 3 Documents K Constraint Editar
LCS1024Y5-5FE 760 '3 Fit Design
i) test, ab E]| Pre-Fit Equations
: Elh top (kop.sch) =) Signal Cross Reference
------ A compare {compare, abl) @ |=] Fitter Report
------ A counter {counter, abl) @ =] HTML Fitter Report

Post-Fit Finouks
¥, Post-Fit Re-Compile
= IFDEC File
K Timing Analysis
w3 Generate Timing Simulation Files
M@ Feport File
w3 Generate Board-level Stamp Madel

M@ Stamp Model File

= Stamp Model Data File

[

Le %

Done: conpleted successfully.

Starting: 'CinispTOOLS 1. 0nispopldsbinsstamnppar . exe —i dbocoun

Done: conpleted succes=s=fully.

-

[+ 1+ Automake Log / 4] | i
Ready i o

2. Right-click on these processes and choose View to open the files in the Report
Viewer.

3. Close the Report Viewer whenyou are finished viewing the files.

Congratulations

Y ou have finished the Schematic and ABEL-HDL Design tutoria. In this tutorial, you
have learned how to:

Setup an ispLEVER schematic project

Create atop-level schematic source

Create and import ABEL-HDL sources into the project
Navigate the design

Import atest vector file and run functional simulation

Set pin constraints, fit the design, and read the Fitter report
Run timing analysis and simulation and analyze the results
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Correlate simulation results using cross-probing
Export the netlist and delays for timing simulation
Build board-level Stamp models of adesign
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Tutorial 2: HDL Synthesis Design with
Synplify

This tutorial shows you how to use Synplify from within ispLEVER to synthesize a
VHDL design ard generate an EDIF file for a Lattice CPLD device.

Note: If you want to learn how to use Synplify in standalone mode, or understand more about its
advanced features, please see the Third-Party Manuals online documentation by choosing Help
> Manuals from the ispLEVER Project Navigator.

Learning Objectives

When you have completed this tutorial, you should be able to:
Create anew EDIF project in the ispLEVER system and target a device.
Launch Synplify from within ispLEVER and generate an EDIF netligt file.

I mport the EDIF file into the ispLEVER system, fit the design, generate a JEDEC
file, and view the Fitter report.

Run static timing analysis using the Performance Analyst and view the results.

Time to Complete This Tutorial
The time to complete this tutorial is about 20 minutes.
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Task 1: Create a New Project

To begin a new project, you must create a project directory. Then you need to give the
project file aname (. syn) and declare the project type (EDIF).

The ispLEVER software saves an initia design file with the .syn file extension in the
directory you specify. All project files are copied to or created in this directory. The
project type specifies that all design sources will be of this type.

To create a new project:
1. Start the ispLEVER system, if it is not aready running.

2. Inthe Project Navigator, choose File > New Project to open the Create New Project
dialog box.

3. Inthedidog box,

Changeto the directory: <i nst al |
pat h>\'i spcpl d\ exanpl es\tutorial \tutor?2.

In the Project name box, type conpare.
In the Project type box, select EDIF.

Click Save.
2] x|
Save in:l‘ﬁ tutor? j - ITF -

Project name; Icnmpare.s_lrln Save I
Save as ype: IF'r-:uieu:t File [*.3yn] j Cancel |

Froject type:  |{=8]][3 -

2
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@ ispLEYER Project Mavigator - [E:"-.,ispTl]l]LE‘-__'i 0 1 = |EI|5|
File Wiews Source Process Ophions  Tools Window  Help

DS ®| e ? R

Sources in Project: Processes for current source: |
B untitled

Dacurents
ispLSI5256E-165LF256
1=pLEVER Auto-Malke Log File =

Lo |

Starting: 'C:nwispTO0LS 1. 0nispopldsbinscheckini  exe

Done: completed successfully.

|4+ Automake Log / IEERE 3|
Initializing new project: l_ e

4. Thedefault project title, unti t1 ed, appears in the Sources window of the Project
Navigator. Double-click the project title (unti t1 ed) to open the Project Properties
dialog box.

The default title for a new project is "Untitled."” You can create atitle for the project
with as many characters as you want. The title can contain spaces and any other
keyboard character except tabs and returns.

5. Type conpar e as your project title and click OK.

Project Properties El

Title:
IEDmpareI

k. I Eann::ell Help |
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Task 2: Target a Device

In the Project Navigator Sources window is the device icon next to the target device
for the project. The Project Navigator lets you target a design to a specific Lattice device
at any time during the design process. The default device is the ispL SI5256V E-

165L F256. For this project, you will target a different device.

To view the list of available devices and to change the target device:

1. Inthe Sources window, double-click the device name to open the Device Selector
dialog box. The dialog box shows the default device as well as all available devices
and their options.

x
— Select Device: — Device Information:
F amilu: Speed grade; [mhz] ;
i=pL 51 S000VE |_155 j Status: Production
Denzity: [gates]
Device: Package :
izpL5I15256E IEEEpr G j Laogic cells: 256
i=pl 5151 28WE /0 cells: 144
[ perating conditions: S i
izpL515384VE C ial = ping
ispL SI551 24/E |Commercial ] S
Dedicated input: 1
Output enable; 144
Fart Marne: lee: - mé,
|ispLSI5256VE - 16ELF 256 =l
Help | 0k, I Cancel

Under Family, select ispM ACH 5000V G from the drop-down list.
Accept the default settings and click OK.

2. Inthe Confirm Change dialog box, click Yes to confirm that you wish to change
device kits.

Confirm Change x|

) 'ou are about to change Device kitz. Thiz
\1> will rezult in changes in the Project Navigatar

dezign environment. Do you wish to continue
with this operation’?
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3.

In the next dialog box, click No.

ispLEYER Project Mavigator

2)

]

Yaur previous consktrainks may nok be valid with the new device,
Do wou wank to remove all previous conskraints?

HDL Synthesis Design with Synplify

4. Your Project Navigator should look like this:

E ispLEYER Project Mavigator - [C:\ispTOOLS 1.

File Miew Source Process Opkions

Tools  ‘Window  Help

=10l x|

” 0 = E | Maormal

| & K

@] 2 %

Sources in Project:

Processes For current source:

E Compare
“ 7] Documents
LC51024%G-5FE76C

K Conskraint Editor

{73 Fit Design
=} Pre-Fit Equations
B
B
B

Fitter Report

HTML Fitter Repork

Past-Fit Pinouts
¥, Post-Fit Re-Compile
g JECEC File

K Timing Analysis

{73 Generate Timing Simulation Files

@ Report File

{73 Generate Board-level Stamp Model

@ Stamp Model File

i Stamp Model Data Fils

Signal Cross Reference

ﬂiSpLE?ER Auto—-Malke Log File -
. ]
Starting: 'C:nwispTOOLS 1. 0vispepldsbinscheckini  exe
Done: comnpleted success=fully.
| <[+ Automake Log / 4] 1 3
Ready i
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Task 3: Create a Synplify Project

Synplify for Lattice is alogic synthesis tool for CPLDs, developed by Synplicity.
Synplify starts with high-level designs written in Verilog or VHDL hardware description
languages (HDLs). Using proprietary Behavior Extracting Synthesis Technology
(B.E.S.T.) the tool converts the HDL into small, high-performance, design netlists that
are optimized for Lattice devices.

To start Synplify:

1. Inthe Project Navigator, choose Tools > Synplify Synthesis to open the Synplify
synthesis tool in the Project view.

For oo den Erps me HLEhok Oyiore s oy alf]=ff
PEfSHEE a0 a8z @9
oA el (__
@ uwereie Synplify =
i 2 i'!"'-"ll_,ﬁ‘lre'{ Wy
At || il It barlle | 1 Trrply Bava Mol
Thargm Sreemersy a1 3

(=]

Flesab ke
Charge

Teme
Charge] ki

18 i pregact

S i Ready ...

f= =]

s paceci

2. Choose File > New to open the dialog box. In the dialog box, do the following:
Under File Type, select Project File
Under File Name, type conpare
Under File Location, make sure you are in the tutor2 folder
Click OK
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tew x|

File Typpe:

Froject File [Project]

File M arme:

||:|:um|:uare|

File Location:
|E: SizpT O0OLS_ 1. Mhizpopldhexampleshtutarialstutor J

Full Path:
II:: SapT O0LS_ 1. 0hizpopldhexsampleshtutanalstutor2scompare. pri

3. The Synplify screen should look like this:

[ pararn s _ 1 ' g b oo At ostal \ Dol e eesant DAl O]
Fhoe oo den fope i HLEkd Opioe s ik =188
PR cHEE r 3800 »||md2 08
@ Upgrade Synpllfv >
EnsvaFks blrllpfﬁ'—”‘l:
add | .:Iu ,.1: ::r:u,u_:.l....,. otk | v | Ty Srrphy B Rewsica
Chargn| Vil e (e Srremeny H [—E
=
| Ll
Frsgl Fk=

f'-"‘!"!mm'-ﬂ o |

Teqge!
q - i ook s ;
Charge] Laftice sovBCHSIIING | LOSTBENG 0 F25E .0, mandenin 20, #asleims 6

b u"""’l Ready ...

B Cmtrl
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Task 4: Add the VHDL Source Files
In this task you will add VHDL source files to the project.

To add source files to the project:

1. On the Synplify main window, click Add to open the dialog box. Y ou should see
four VHDL files (. vhd).

2. Click Add All to add all of the VHDL filesto the project (shown in the Files To
Add To Project field).

Select Files to Add to Project ili!
Laoak ir: I'fﬂ tutor? j = ITF -

rese_1
eq.vhd
qgt.vhd

It vhd
tb_top.whd
kop,whd

File narme; I

Files of type: IHDL Files [*.vhd:*.v] j

Filez To &dd To Project;

C:higpTOOLS_ 1. Ohigpepldheramplesstutorial tutor2eg. vhd - Add Al
C:hizpTOOLS_ 1. OMizpopldhexampleshiutarialhhutar2sgt. vhd
C:AiepTOOLS_ 1. Dhizpopldhexamplesttutonalibutar 2t vhd
C:hizpTOOLS_ 1. Ohigpopldhexamples tutorialutor2stb_top.vkd
C:AiepTOOLS 1. Dhizpopldhexramplestiutonialitutor2stop, vhd

£- Add
R emowve Al -
Femove -»

Ok

4 | il Cancel

dala"

3. Click OK. The Synplify screen should look like this:
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Note: t op. vhd must be at the bottom of the list of VHDL files for the project in the Synplicity
GUI because Synplicity only compiles the module at the bottom of the list. For example, if
eq. vhd were at the bottom of the list, then the EDIF file will only contain the logic for

eq. vhd because it does not call any other modules.

Task 5: Set Implementation Options
Synplify has probably set your implementation options correctly. However, it is good

practice to check them.
To set the implementation options:
1. Click Change (Results File) to open the dialog box. It should look like this:

Edif Result File 2| =]
Look ir: Iﬁ rev_1 j e |-=j{ 1r

File name: hop.ed ak I
Filez of type: IEDIF [*.edf] j Cancel |
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2. Click Cancel to close the dialog box.
3. Click Change (Target) to open the dialog box. The Device tab should look like

this:

Dpbsconr For inphomn nknl one campair @ rew_l

Dewco | Npire e orabeirtz | makrertainnFiesit | TSt | HiL |
Terk el Far Seeet

ectirokaps Pk =
[Lomer ceACHS0NG (=] [Lowmes o] fw =] [Fm o
o Drewie Mooy Oplon
] [
Ve el Fann i _.‘,0
Whpdray Tern Rl LT
Voo Logi: b manroowie T
Fracmd of pesgnb wimees o by ]
el D srpkon
TIck cat gl [0 2 e capin - .
| C =
Synplivity
158 Lares | Hy |

4. Click Cancel to close the dialog box.

HDL Synthesis Design with Synplify

5. Click Run to start the synthesis process. Synplify synthesizes the VHDL design and
creates an EDIF file, as well as several other files, and displays them in the window
on theright. If you like, you can double-click the different files and view them.

When you are finished, close the files.

Syl Ll [ e ) e vy T et T L e = 51!
TPor o8 Sen fore Ge WLkt Oyioe sewce foy =11 =8
PR cHEE 2800 » |82 |08

o oot e <,
Synplify “ >
z " B
EpucaFiks b"'-"llph{ .'r!'_‘f
At | [T by O01LE 1 T ol s - || | T i R s
T [ kool ol
od-f v {-ff kped e N——
Efera] F peedequednoint || D opam Leeretz FEomerspHn 4
= peeigrasdErn | e e
4 beursd s P YHEL B o AT
A —
fostf B ey bl - HOITE S - =
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4| IRAIE]] | ]
Pesik Rl
[= T (-
Teme
Chargel Liti o spWBCHEIIING | LOGTRETG 0 F25E 0.0, waederin 20, #axleine 5
T ] Himr Loy
s Done!
: pmrcai |
‘B Camt00l

6. Choose File > Save to save the Synplify project.
7. Now you are ready to import the EDIF file into ispLEVER project. Y ou can ether

minimize Synplify or closeit.
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Task 6: Import the EDIF File into Your Project

Y ou can import EDIF 2.0.0 netlists from third-party synthesistools, such as Synplicity
Synplify, into ispLEVER.

Toimport an EDIF netlist into your project:

1. IntheispLEVER Project Navigator, choose Source > Import to open the Import
File dialog box.

2. Gototherev_1folder, selectt op. edf , and then click Opento open the Import
EDIF dialog box.

Import File: (EDIF) 211

Look in: | (2l rev_1 ~| & & ef EE-

File rame: Itnp_edf Open I
Files of type: ISnurces [t ed®: aby;] j Cancel |

Z

3. Under CAE Vendors, select Synplicity and click OK.
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Import EDIF x|

EDIF File: Mrew_1stop.edt

— Impart as;

£ Custom |LI
* Sumbol i Cancel |
VEEI
ENDI Help |

{* CAE Vendors

Exemplar
Synopsys

Wiewlogic

[ Setfor all the following imported EDIF sources

The software adds the selected EDIF file (t op. edf ) to the project sources.
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B ispLEVER Project Navigator - [C:ispTOOLS_1.0%..5kx =0l =]
File Wiew Source Process Ophions Tools Window  Help
D™ -|e X e|=]2 R
Sources in Project: | Processes For current source; |
E Compare _K Constraint Editor
3 Fit Design
LCS1024Ye-5Fa 70 =] Pre-Fit Equations
b @ TOP (kop,edf) =) Signal Cross Reference
=] Fitter Report
=]} HTML Fitter Feport
Past-Fit Pinouts
¥, Post-Fit Re-Compile
= JFDEC File
K Timing Analysis
3 Generate Timing Simulation Files
@ Report File
3 Generate Board-level Stamp Madel
@ Stamp Model File
= Stamp Model Data File
x| Humber of input ports 5 ;l
Al Humber of output ports 3
Humber of bidir port=s ]
Humber of instances .79
Humber of nets a0

No design errors found in circuit TOP

WriteBLIF ended normally.

Done: comnpleted succes=fully.
<[+ Automake Log / 4|1 3
Ready | o

Note: After you import an EDIF file into the iSpLEVER project, it is always linked to the
Project Navigator. Therefore, if you make changes and recompile your HDL file to create a
new EDIF file, your project is automatically updated as well.

Task 7: Fit the Design and View the Report

The ispLEVER software has a single user interface with all options preset to deliver the
highest possible push-button performance for most devices. At the end of a successful
fitter run, the ispLEVER software generates a JEDEC file, as well as afitter report so that
you can see how the ispLEV ER software has utilized and routed the part.
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To run the Fitter and view the report:

1. With the target device selected in the Sources window, double-click Fit Designin
the Processes window to run the Fitter. The ispLEVER software successfully fits the
design in the specified device and generates a JEDEC file.

Optional: If you like, you can right-click on the JEDEC File process and select View to look
at the contents of the JEDEC file. Close the file when you are through.

[ ispLEYER Project Mavigator - [E:"-.,ispTl]DIﬁ;-_':‘_i M_x;.‘i.' L = | I:Ilil
File Miew Source Process Opkions  Tools  Window  Help
D =HE| - |S &= [[=] 2 e
Sources in Projeck: | Processes Far current saurce; |
E Compare K Conskraint Editar
“-[EH Documents o 3 Fit Design

LCE1024Y5-5Fa 76T
G @ TOR (top. edf)

=} Pre-Fit Equations

Signal Cross Reference
Fitter Repaort
HTML Fitker Fepork
Paost-Fit Pinauts
¥, Post-Fit Re-Compile
figl JECEC File
K Timing Analysis
3 Generate Timing Simulation Files
@ Report File
3 Generate Board-level Stamp Model
@ Stamp Model File
figl Stamp Model Data File

HHunber of logic pterms 30 _1;[
Al ~1gpTO0OLS 1. 0~ispocpldbin~prefit . exe conplete —
Done: comnpleted succes=fully.
Starting: 'C:ispTOOLS 1. 0vispopldsbin~lpf exe @"cc
Froject 'compare’ was Fitted Successfullwy!
Done: completed succes=fully. i
[ <[+ Automake Log / 4] 1 3
Ready | o

2. Double-click onthe HTML Fitter Report process to open the report in your
browser. View the contents and then close the report.
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Task 8: Run Static Timing Analysis

Static timing analysisis the process of verifying circuit timing by totaling the propagation
delays along paths between clocked or combinational el ementsin acircuit. The analysis
can determine and report timing data such as the critical path, setup/hold time
requirements, and the maximum frequency.

The Performance Analyst traces each logical path in the design and calcul ates the path
delays using the device's timing model and worst-case AC specs supplied in the device
data sheet.

The timing analysis results are displayed in a graphical spreadsheet with source signals
displayed on the vertical axis and destination signals displayed on the horizontal axis.
The worst-case delay value is displayed in a spreadsheet cell if thereis at least one delay
path between the source and destination. To more easily identify performance
bottlenecks, you can double-click acell to view the path delay details.

Toruntiming analysis:

1. Inthe Project Navigator Sources window, select the target device. In the Processes
window, double-click the Timing Analysis process to open the Performance
Analyst.
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EPerﬁerancE Analyst - [Untitled - compare] =101 =i
J!;, File ‘iew Preferences ‘Window Help = |5||£|
=E &2
~ LCE1024vG-5FE7EC—  Data Sheet g -
i esti1
Operating conditions: Wersion 1.10
Il:l:ummercial j
Speed grade; S
O
5 o
| |
— Bnalyziz r
 iMéx oo C
~5UAH O HOE e

i~ PO i~ ICOE

Dptionz... B
[Optins..| |

= [igplay HEYE [angern than
Apply | |00

M wmber af ||:|

delays
= Longest delay
*I | _"I_I

For Help, press F1 | | [17:07:22 2

2. The Performance Analyst performs six distinct analysis types: fMAX, tSU/tH, tPD,
tCO, tOE, and tCOE. The first type, fTMAX, is an internal register-to-register delay
analysis. fMAX measures the maximum clock operating frequercy, limited by
worst-case register-to-register delay. The remaining five types are external pin-to-
pin delay analysis. Timing threshold filters, source and destination filters, and path
filters can be used to independently fine-tune each analysis.

Under Analysis, select tCO and then click Run. The tCO path trace analysis reports
clock-to-out delay starting from the primary input, going through the clock of flip-
flops or gate of latches, and ending at the primary output. In this caseit is 8.60ns.
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o
J!;_ Filz Miew Preferences ‘Window Help =121 x|
Zd| 2|2
- LCE1024VG-5FE7EC——  Data Sheet dest i:
Operating conditions; Wersion 1.10
Il:l:ummercial j EL O |GT O |LT O I
5 ; =5 cr_0.C| 860 a.60 8.60
peed grade:;
I_5 j O cr_ 1.2 8.&0 a.60 a.60
U gr2C| 860 | 860 | 8BD0
—Analpsiz T er-3.C
e &ao | €
e

sUAH O H0E
i~ PO i~ ICOE

I:Ipti-:nns...l Fiun I

— Dizplay tco longer than—

Apply | I':'-':'
Mumber of |-| o
delays
— Longest delay

| 8.60 :I

<]

Delay path = cr_3.C:LT O¢ 860 | | [17:10:03 2

3. Double-click the highlighted cell (8.60) in the spreadsheet window to open the
Expanded Path dialog box. This dialog lets you analyze individual timing
components used to calculate the timing path. There is a source pin (From) and a
destination pin (To). Also shown is the delay type, the delay of that path (Vaue ns),
and the cumulative delay of al the signals.

Tesmu JL D] O

[ Fum oo T Lap | Doy T | Vo )
ackpm | Ei CRE e L= s N e = 1% &
fird T [0 o) =
e T AR Rl I ] 32 I
) - | TR | T [F ) s Hb
i I ([ T [ R T T, T

4. Click Equations to open the Equations dialog box, which shows the functional
relationship between the selected source/destination.
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[ iEquations =lof x|

Source: of_3.C Destination: LT_0O

cr_3.C= CLK: (1 pterm. 1 signal)

LT _Ox2 = ICOMPDAT_3_ & cr_3.0: (1 pterm, 2 signals)

5. Close the Performance Anayst without saving.
6. Close Synplify, and then close ispLEVER without saving.

Congratulations

Y ou have completed the HDL Synthesis Design with Synplify tutorial. In this tutorial you
have learned how to:

Create anew EDIF project in the ispLEVER system and target a device.
Launch Synplify from within ispLEVER and generate an EDIF netlist file.

Import the EDIF file into the ispLEVER system, fit the design, generate a JEDEC
file, and view the Fitter report.

Run static timing analysis using the Performance Analyst and view the results.
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Tutorial 3: HDL Synthesis Design with
LeonardoSpectrum

This tutorial shows you how to use LeonardoSpectrum from within ispLEVER to
synthesize a Verilog design and generate an EDIF file for a Lattice CPLD device.

Note: If you want to learn how to use LeonardoSpectrum in standalone mode, or understand

more about its advanced features, please see the Third-Party Manuals online documentation by
choosing Help > Manuals from the ispLEVER Project Navigator.

Learning Objectives
When you have completed this tutorial, you should be able to:
Create anew EDIF project in the ispLEVER system and target a device.

Launch LeonardoSpectrum from within ispLEVER and generate an EDIF netlist file
using the Quick Setup tab flow.

Import the EDIF file into the ispLEVER system, fit the design, generate a JEDEC
file, and view the Fitter report.

Run static timing analysis using the Performance Analyst and view the results.

Time to Complete This Tutorial
The time to complete this tutorial is about 20 minutes.
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Task 1: Create a New Project

To begin a new project, you must create a project directory. Then you need to give the
project file aname (. syn) and declare the project type (EDIF).

The ispLEVER software saves an initial design file with the .syn file extension in the
directory you specify. All project files are copied to or created in this directory. The
project type specifies that all design sources will be of this type.

To create a new project:
1. Start theispLEVER system, if it is not aready running.

2. Inthe Project Navigator, choose File > New Project to open the Create New Project
dialog box.

3. Inthedidog box,

Changeto the directory: <i nst al |
pat h>\'i spcpl d\ exanpl es\tutorial \tutor3.

In the Project name box, type mul ti .
In the Project type box, select EDIF.

Click Save.
2] x|
Save in:l‘ﬂ tutor3 j - ITF -

Project name; Imulti.s_','n Save I

Save as bype: IF'n:.ie.:t File: [*.zyn] j Cancel
Froject type:  |{=8]][3 -

2

4. The default project name, untit 1 ed, appears in the Sources window of the Project
Navigator. Double-click the project title (unti t1 ed) to open the Project Properties
dialog box.

The default title for a new project is "Untitled.” You can create atitle for the project
with as many characters as you want. The title can contain spaces and any other
keyboard character except tabs and returns.

isLEVER 1.0 Tutorials 91



HDL Synthesis Design with LeonardoSpectrum

5. Typemultipl exer asyour project title and click OK.

Project Properkties

Title:

Rl

IMuItipIe:-:er

o ]

Eancell

Help |

Task 2: Target a Device

In the Project Navigator Sources window is the device icon next to the target device

for the project. The Project Navigator lets you target a design to a specific Lattice device
at any time during the design process. The default device isthe ispL Sl 5000VE. For this
project, you will target a different device.

To view the list of available devices and to change the target device:

1. Inthe Sources window, double-click the part name to open the Device Selector
dialog box. The dialog box shows the default device as well as all available devices
and their options.
x|

—Select Device: — Device Information:
F amilu: Speed grade; [mhz] ;
izpl5| S000WE |_155 j Shatus: Production
Denzity: [gates]
Device: Package :
izpL5I15256E IEEEpr G j Laogic cells: 256
ispL5 15128 E 140 cells: 144
[ perating conditions: S i
ispLSI5354YE - = pins
iopL 5551 2VE I Commercial _I . .
Dedicated input: 1
Output enable; 144
Fart Mame: [ee3 - Iy
|ispLSI5256VE - 16ELF 256 =l
Help | 0k, I Cancel
Under Family, select ispM ACH 5000V G from the drop-down list.
Accept the default settings and click OK.
2. Inthe Confirm Change dialog box, click Y es to confirm that you wish to change

devicekits.
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Confirm Change : x|

= 'ou are about to change Device kitz. Thiz
@ will rezult in changes in the Project M avigator
dezign environment. Do you wish to continue
with this operation’?

3. Inthe next dialog box, click No.

ispLE¥ER Project Navigator El

Your previous consktrainks may nok be valid with the new device,
Do wou want to remove all previous conskrainks?

4. Your Project Navigator should look like this:
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i ispLEYER Project Navigator - [C:4ispTOOLS_1.0%... kukborial -0 x|
File Wiew Source Process Ophions Tools Window  Help
D =& & | nomal -lexEE e |(lesw
Sources in Project: | Processes For current source;
E Multiplexer _K Constraint Editor
3 Fit Design
EAFL C51024WE-5FE A =] Pre-Fit Equations
=) Signal Cross Reference
=] Fitter Report
=]} HTML Fitter Feport
Past-Fit Pinouts
¥, Post-Fit Re-Compile
= JFDEC File
K Timing Analysis
3 Generate Timing Simulation Files
@ Report File
3 Generate Board-level Stamp Madel
@ Stamp Model File
= Stamp Model Data File
x| 1=pLEVER Auto-Malke Log File -
E il
Starting: 'C:nwispTO0OLS 1. 0ispopldsbin~checlkini exe —err=autom
Done: completed successfully.
-
<[+ Automake Log /~  []4] | LlJ

Initializing new project

Task 3: Start LeonardoSpectrum from ispLEVER

When you start LeonardoSpectrum for the first time, the main window is maximized and
displays the Tip of the Day and an information screen.

To start LeonardoSpectrum:
1.

L eonardoSpectrum synthesis tool.
2. Click OK to close the Tip of the Day.
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¢ Exempiar £ ogic- LeonardoSpectrum for Lattice - [Exermplar Logic]

=0l x|

5 File Edit Wiew Tools ‘Window Help o [l |
[ |[m@a ™ |e mEm@o | |DsEa8 || ma o ||[H:,
1] = ]

Cuick Setup I

Fiun the entire flow from thiz ohe condensed page. Specify your zource
filelz]. technology and desired frequency, then press Flun Flow,

— Technology — Input

[=- Lattice -
- izpB000

- ispB000

- ispgds

- izpleiB000VE_LIPS
- izpmachd 0008

- izprnachd 000C

- izpmachb0008

- izprnachB000VG

- MACH 1 i
4| | »

Device:

| I~

Package:

I j‘

Open files:

’ y o
Working Directony: El

— Constraints

Clock Freguency I thz

— Optimize Effaort
1 ] 1 1 ngh
E ffiork

Faztest
Runtime |

— Dutput

Output File: I

Place &nd Route
[~ Buri [rtearated Place and Rioute

Frir Elaw |

Help |

Info: Attempting to checkout
Info: License passed

Session history will be logd
Info, Working Directory is n
Info: system variable EXEMFPL.
Info: Loading Exemplar Elock
Mezzages will be logged to £
LeonardoSpectrum for Lattice
Copyright 1990-2000 Exemplar

: Info: setting bubble tristat
Info: setting tristate_map t

-— Welcome to Leonardoipectr
-- Bun By focouch@FCOUCH
-— BFun %tarted On Fri Dec 14

KIE|

S

ATAT BRI, etive Review f

Transcript IFiltEIed Tranzcript I

Ready |

[working Directory: .. Mutorialitutors

4

There are three ways to synthesize your design: Quick Setup, Advanced Flow Tabs,
and Synthesis Wizard. For this tutorial you will use the Quick Setup method.

3. Make sure the Quick Setup tab is selected on the toolbar. Y our screen should ook

similar to the one shown above. If not, choose Tools > Quick Setup.
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Task 4: Use Quick Setup to Synthesize the Design

Quick Setup is a"push button" flow that you can use to achieve good first-pass synthesis
results. Y ou specify the target technology, open your input design files, optionally set the
target clock frequency, and verify the name of the output netlist. When you click Run
Flow, the entire synthesis flow is executed from start to finish. This includes synthesis,
global constraints, optimization, and writing netlist. The output is an EDIF netlist that can
be read by ispLEVER. Attributes that are placed on design objects by the HDL source
code and L eonardoSpectrum are converted to propertiesin the EDIF netlist.

To synthesize the design:

1. Onthe Quick Setup tab under Technology, select the ispmach5000V G device
family.

= Technology
[=- Lattice -

- izpB000

- izp@000

- izpgds

- izplzB000E

- izplzB000WE_LIFS

- izpmachd 1008

- izpmachd000C

- izpmachB0008

&% izprnacho000 G

- MACH 1 =
4] | _>I_I

2. Under Input, click the Open filesicon to open the Set Input File(s) dialog box.

L eonardoSpectrum does not read pre-compiled HDL designs from disk. Instead, the
source files are read directly into memory where LeonardoSpectrum builds an
EDIF-like in-memory database.

2| x|
Laoak i I‘ﬂ tutor3 j - I'j{ -

E]multiple.

File marne: |multiple.v Open I
Files of type: | Input Files [ VERL% H;* VER VHD* HC = | Cancel L
i
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3. Makesureyou'reinthedirectory tutorial \tutor3. Select mul ti pl e. v andclick

Open.

Notice that LeonardoSpectrum automatically points the output file to the project
directory and places the file name in the Input box.

= |hput
Lltiple. v

Open files: Dwi
=
Woorking Directon: EI

. Directly below the Open Filesicon, click the Working Directory icon to open the
Set Working Directory dialog box. The working directory is where

L eonardoSpectrum places all generated output files. These files include the output

filesfrom the synthesis process. For ispLEVER projects, you should make the

working directory the same as your project directory.

. Make sure the path is pointing to
<instal | _path>\i spCPLD exanpl es\tutorial\ tutor 3, and then click Set to close the

dialog box.
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Set Working Directory: x|

|TEIEILS_'I .Dhigpopldhexampleshtutonalitutar3

- A =
-3 C\
=424 ispTOOLS_1.0
Ea izpcpld
F—_1{:j examples

'Elfﬂ buatarial Cancel |

Set

-
-

D@@HDHD@HD

i o o o 0 o g g

.-'-__a-__a-_.-'-'_d_',_

Note: Only a few generated files will be generated in this tutorial. Because the number of
generated files in a real project can be many, it is a good practice to separate your design
source files and batch scripts into a separate sub-directory. For example, the input source
files could be kept in a sub-directory named src. Then, if your first synthesis run generates
the "fastest" possible circuit, you may want to do one or more optional runs to evaluate the
tradeoffs between speed and area. You can simply copy the src sub-directory into a new
working directory named "smallest”, for example, and the new generated files for the next run
will be placed there.

At the bottom of the Quick Setup tab, click Run Flow.

L eonardoSpectrum reads the opened input files and creates an in-memory EDIF
style database. Thisis called the RTL database and the design is composed of
generic gates and nort mapped (black box) modules such as operators, counters, and
inferred RAMs. Next, the in memory design is mapped to the specified technology,
globally optimized, and the results for each module are saved. If atiming constraint
is not met at this point, additional critical path optimizations are run to try to meet
the constraints. The results are kept in a second in-memory technol ogy- mapped
design database. The output EDIF netlist and support files are then automatically
generated and written to the working directory.

Note: The Run Flow button is not active until you have selected your Input File(s) and target
technology. When the synthesis process is complete, the Information window on the right
says that the run successfully ended.

On the toolbar, click the Toggle Quick Setup button to close the tab. In the
Information window, notice the estimated data arrival time = 7.00. Y ou will
reference this information in just a moment.
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fxempiar { ogic- LeonardoSpectrum for Lattice - [Information - Read Only] ;I_I;I_l)ﬂ
L5 File Edt wiew Toos window Help =181
[4limea = pemr @ o||Decua||sen( o ||s:|ul:
Criti_;l path #1, (path slack = 3.0): =]
HAME FATE ARRIVAL LOAD

clock information not specified

delay thru clock network 0.00 f{ideal)

req_data 0} /1] DFFR 0.00 1.00 up 0.o00
ixlz23/0 INV l.00 2.00 up 0.oo
ixlz2l/0 ORz .00 3.00 up 0.0a
ixlle/0 ANDZ 1.00 4.00 up 0.oa
ixll4/0 ORz 1.00 E5.00 up 0.o00
ix47/0 ANz l1.00 &£.00 up 1.00
io_z/0 OEUF .00 7.00 up 0.00
z/ 0.00 7.00 up 0.0a
data arriwal time 7.00

data required time [(default specified) 10.00

data required time 10,00

data arrival time 7.00

zlack 3.00

-- Design summary in file 'C:/ispTO0LS 1.0/ /ispcpld/examples/tutorial /tutori/multiple. sum'

-- Javing the design database in C:/ispTO0L3_l.0/ispecpld/examples/stutorial/tutorismultiple.xdb
-- Writing file C:/iapTO0LS_l.0/ispcpld/examples/tutorial ftutordismiltiple.xdh

-- Writing *DE wersion 1999.1

-- write C:/ispTO0L3_l.0/ispcpld/exanples/tutorial/tutorsi/multiple. edf

-- Writing £ile C:/ispT0O0L3_l.0/ispcpld/exanples/tutorial /ftutor3s/multiple, edf

-- CPU time taken for this run was 0.74 sec

-- Bun Successfully Ended On Fri Dec 14 15:50:14 Pacific Daylight Time 2001

Info: Finished Synthesis run =
! _>I_‘
Transcript IFiItered Tranzcript I

Ready [Working Directory: .. \tutorialibutor3 i

8. Minimize Leonardo Spectrum. Y ou may want to refer to it later.

Task 5: Import the EDIF File into Your Project

Y ou can import EDIF 2.0.0 netlists from third-party synthesis tools, such as Exemplar
L eonardoSpectrum, into ispLEVER.
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To import an EDIF netlist into your project:

1. IntheispLEVER Project Navigator, choose Source > Import to open the Import
File dialog box.

2| x|
Laoak i Iﬁ tutor3 j - I'j{ -

= multiple, edf

Filz narme; |multiple.edf Open I
Files of tupe: I Sources [txted;aby;) j Cancel |
o

2. Sdectmmul ti pl e. edf , and then click Open to open the Import EDIF dialog box.
3. Under CAE Vendors, select Exemplar and click OK.

importeDIF x|

EDIF File: multiple. edf

— Import az:

™ Custom

= Spmbol £ et Cancel

VEEI
GNDl Help

e CAE Vendors

b ik

Synopays
Synplicity
Wiewlogic

[ Setfor all the following imported EDIF sources

The software adds the selected EDIF file (mul ti pl e. edf ) to the project sources.
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=10 x|
File Wiew Source Process Ophions Tools  Window  Help
IL=T=1 lexmEleR e
Sources in Project: | Processes For current source;
E Multiplexer _K Constraint Editor
3 Fit Design
LCS1024Ye-5Fa 70 =] Pre-Fit Equations
b @ multiplexerdtol (mulkiple, edf) =) Signal Cross Reference
=] Fitter Report
=] HTML Fitker Feport
Past-Fit Pinouts
¥, Post-Fit Re-Compile
= JFDEC File
K Timing Analysis
3 Generate Timing Simulation Files
@ Report File
3 Generate Board-level Stamp Madel
@ Stamp Model File
= Stamp Model Data File
x| Humber of input ports 3 ﬂ
A Humber of output ports 1
Humber of bidir ports i)
Humber of instances 24
Humber of nets 3l
No design errors found in circuit multiplexerdtol
WriteBLIF ended normally.
Done: comnpleted succes=s=fully.
-
[A[* [ Automake Log / []4] | LlJ
Ready =

Note: After you import an EDIF file into the ispLEVER project, it is always linked to the
Project Navigator. Therefore, if you make changes and recompile your HDL file to create a
new EDIF file, your project is automatically updated as well.

Task 6: Fit the Design and View the Report

The ispLEVER software has a single user interface with all options preset to deliver the
highest possible push-button performance for most devices. At the end of a successful
fitter run, the ispLEV ER software generates a JEDEC file, as well as afitter report so that
you can see how the ispLEVER software has utilized and routed the part.
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To run the Fitter and view the report:

1. With the target device sdlected in the Sources window, double-click Fit Design in
the Processes window to run the Fitter. The ispLEVER software successfully fits the
design in the specified device and generates a JEDEC file.

Optional: If you like, you can right-click on the JEDEC File process and select View to
create and look at the contents of the JEDEC file. Close the file when you are through.

2 ispLEYER Project Mavigator - [C:\ispTOOLS 1.0°%...5tuko utor3 - 10| x|
File Miew Source Process Opkions  Tools  Window  Help
D=d| leraElew Be ™
Sources in Projeck: | Processes Far current saurce;
E Multiplexer K Conskraint Editar
“-[EH Documents w? '3 Fit Design
LC51024%G-5FE76C =) Pre-Fit Equations
o @ multiplexerdtol {multiple.edf) =} Signal Cross Reference

=} Fitter Report

=} HTML Fitter Report
Post-Fik Pinouts

¥, Post-Fit Re-Compile

figl JECEC File

K Timing Analysis

3 Generate Timing Simulation Files
@ Report File

3 Generate Board-level Stamp Model
@ Stamp Model File

figl Stamp Model Data File

HHunber of logic pterms a ﬂ
A o igpTOOLlsS 1. 0nvispopldsbin~prefit.exe conplete — Time 0 seco

Done: comnpleted succes=fully.

Starting: 'CinispTOOLS 1. 0wispopldsbins~lpf exe @"multi RS2’

Froject 'multi' was Fitted Successfullyl

Done: completed succes=fully. i
[ <[+ Automake Log / 4] | 3
Ready [ 4

2. Double-click onthe HTML Fitter Report process to open the report in your
browser. View the contents and then close the report.
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[&@7 oona

J=] iy ompar

/2 compairehtnl - Microsnft Inkerner Exploner 18| =]
| Fie Edt uvew Favortes  Tock  Hep
| g et v b o () 4] )| DASearch [EjFaworites C#Hsoy e S5 e (5]
| ez [ ColspTOOLS 1 Ohispepichexamplesttutoriafbsteor Bmub. birl x| e || es ®
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Task 7: Run Static Timing Analysis

Static timing analysis is the process of verifying circuit timing by totaling the propagation

delays along paths between clocked or combinational elementsin acircuit. The analysis
can determine and report timing data such as the critical path, setup/hold time
reguirements, and the maximum frequency.

The Performance Analyst traces each logical path in the design and calculates the path

delays using the device's timing model and worst-case AC specs supplied in the device
data shest.

The timing analysis results are displayed in a graphical spreadsheet with source signals
displayed on the vertical axis and destination signals displayed on the horizontal axis.
The worst-case delay value is displayed in a spreadsheet cell if thereis at |east one delay
path between the source and destination. To more easily identify performance
bottlenecks, you can double-click a cell to view the path delay details.

To runtiming analysis:

1.

In the Project Navigator Sources window, select the target device. In the Processes

window, double-click the Timing Analysis process to open the Performance
Anayst.
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EPerﬁerancE Analyst - [Untitled - mulki] 3 = |EI|£|

J!;_ Filz Miew Preferences ‘Window Help =121 x|
=4 22
- : — Data Sheet ; ; e
LCE1 024G -BFE7EC Uear;i:un 'lla.% destination Ins)

Operating conditions:
I Commercial j

Speed grade; &=
O

R -
| [
— Bnalyziz r
f* frax i~ too c
sy " toe e

i~ tpd i tooe

Dptionz... B
[Optins..| |

= [igplay HEYE [angern than
Apply | |00

M wmber af ||:|
delays
= Longest delay

| i

For Help, press F1 | | |17:08:57

w
4| | b

7

2. The Performance Anayst performs six distinct analysis types. fMAX, tSU, tPD,
tCO, tOE, and tCOE. The first type, fTMAX, is an internal register-to-register delay
analysis. fIMAX measures the maximum clock operating frequency, limited by
worst-case register-to-register delay. The remaining five types are external pin-to-
pin delay analysis. Timing threshold filters, source and destination filters, and path
filters can be used to independently fine-tune each aralysis.

Under Analysis, select tco and then click Run. The tCO path trace analysis reports
clock-to-out delay starting from the primary input, going through the clock of flip-
flops or gate of latches, and ending at the primary output. In this caseit is 7.60ns.
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EPerﬁerancE Analyst - [Untitled - mulki] ] = |EI|£|

J!;_ Filz Miew Preferences ‘Window Help =121 x|
=E &2
- LCE1024VG-5FE7EC——  Data Sheet d : : =
- estinationins
Operating conditions; Version 1.3 [ns)
Il:l:ummercial j =
& head qrade: s reg_data_0_C| 7.60
I 5 j O reg_data_1_0C
u reg_data_2_.C
—Analysis T req_data 3_.C
= frnax ' too c
" tsu " toe e

i~ tpd i tooe

I:Ipti-:nns...l Fiun I

— Dizplay tco longer than—

Apply | I':'-':'
Mumber of |4
delays
— Longest delay

| 760 :I

Delay path =reg_data_3_.C:z: 7.60 | | |1 1:38:36

w
4| | b

7

Remember from Task 4 that the Data Arrival Time was 7.0. This number was the
simulated estimate. Now, using the Performance Analyst, you can see the actua
delay of 7.60ns.

Double-click the highlighted cell (7.60) in the spreadsheet window to open the
Expanded Path dialog box. This dialog lets you analyze individua timing
components used to calculate the timing path. There is a source pin (From) and a
destination pin (To). Also shown is the delay type, the delay of that path (Vaue ns)
and the cumulative delay of al the signals.
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+0E

040

6.4F

E qualor: 2 [N E (=1

BUFH0OLYEMOE33_T6ma)
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4. Click Equations to open the Equations dialog box, which shows the functional

relationship between the selected source/destination.

source: reg_data_3_.C Destination: z

=101 %]

req_data_3_.C= Id; (1 pterm. 1 signal)

z= select_1_& Iselect_0_ & reg_data_2_ .0
#lzelect_1_& select 0_& reg_data_1_.0
#lzelect_1_ & lselect 0_ & reg_data_0_.0)

# select_1_4& select_0_ A& reg_data_3_.0; (4 pterms, B signals)

5. Close the Performance Analyst without saving.

6. Close LeonardoSpectrum, and then close ispLEVER without saving.

Congratulations

Y ou have completed the HDL Synthesis Design with LeonardoSpectrum tutorial. In this

tutorial you have learned how to:

Create anew EDIF project in the ispLEVER system and target a device.

Launch LeonardoSpectrum from within ispLEVER and generate an EDIF netlist file

using the Quick Setup tab flow.

Import the EDIF file into the isSpLEVER system, fit the design, generate a JEDEC

file, and view the Fitter report.

Run static timing analysis using the Performance Analyst and view the results.
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