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The provisions of this limited warranty are valid in the United States only. Some states do not allow limitations on how long an implied
warranty lasts, or exclusion of consequential or incidental damages, so the above limitation or exclusion may not apply to you.

This warranty provides you with specific legal rights. You may have other rights which vary from state to state.
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Tutorial 1

IspDesignExpert ispLSI Design Basics

This tutorial provides an overview of the features
and operation of ispDesignExpert for ispLSI
designs, focusing on the Project Navigator to
complete a programmable device design.

Follow the steps in this tutorial to implement a
design using a mixture of schematics and
ABEL-HDL.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of the steps and tools
necessary to complete an ispLSI design using
ispDesignExpert.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.

File

MlispDesignExpert Project Ng

File “iew Source Process

0 I@I ul Strategy: |Mormal

Sources in Project:
Bl 4-bit counter
£lispLSI016E-125L444
Etop.abv
Bltop (top.sch) |
[Flcompare (compare.abl)
[P counter {(counter.abl)

£ Simulator Control Panel - TOP

File Signals  Simulate “iew Toaols

HH‘- ! & g 0 Step Inter

Simulator. Version 1.1
Copyright (<) 1998-1999 by L,
Initializing mapping data.
Initializing mapping data su
ticksize 100 ps

stepsize 100000 ps

mode unit

Loading netlist......
Loading netlist successfully
run 2,200.0 ns

Operation RUN ends.

¢4 Schematic Editor - TOP - Sheet 1 =[Ol
Edit Yiew Add Tools DRC  Options Help
D] & sle(e o [0 2ld RlFF 28| «| 2]
El
* _‘!I__D,
_‘EI__D,
_'ILI__D,
B Waveform Viewer - TOP M=l E3
Fil=  Edit “iew Object Tools Options Jump Help
13100 ns 1,000 v 2.000
IIIIIIIII|IIIIIIIII|II
CLK|[Z -
g
RST —|
END3
END2
END1
ENDO
ouT3

KN

ForHelp. press F1

4

13

Time = 0.0 ns
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IspDesignExpert iIspLSI Design Basics

Task 1  Create a Project Directory

ispDesignExpert employs the concept of a project.
Source files, such as behavioral and schematic

BY Exploring - D:AispTOOLS\ispsys\examplesi4bCount

X T i i File Edit ¥iew Tools Help
logic descrlptlons, deV|ce_ type, and_ design &3 dbCount [ ] lml@] o X[ s
documentatlon, |ntermed|ate data flleS, and OUtpUt All Folders Contents of 'DAisp TOOLSispsysexampleshdbCou
files, of a project can be stored in one directory. o0 ispTOOLS =] [Wame [ Siea|
--{:I ispcomp =] dbcount jid 1KE
. . -0 ispsys ] dbcount STY 1KB
However, it is recommended that each project has [ appnotes %%count.syn 1KB
. . . . -3 b_config ] dhcountivei 1KB
its own directory for storing source files. -t ] dboountvet KB
w03 config 8] ahdljhd.tmp 1KB
. . . 53 d [;j automake.log 2KB
To create a project directory: E_g ej;mples @] compare abl KB
) L. : % compare jhd 1KE
1. Start Windows Explorer, or similar tool. . @] compare.naf 1KB
-3 ispL3I_GAL
2. Gotothe = Qe (AT e
. . . ch_n_Sc .
\i spTOOLS\i spsys\ exanpl es\i spLSI _GAL {3 Bch_n_Veri %Egﬂﬂi[’nh; 1§§
direCtOfy. 3 Sch_n_vhdl QcounterZsym 1KB
. =3 generic 8] top.abw 1B
3. In Explorer, create the directory 4bCount . - lind =] top.jhd 1KB
- macros ] top.naf 1KB
&0 manuals «||[#]top.sch 5KB
1] |_’|_| 1] | |
19 ohject(s) 8.95KE (Disk free space: 101MB)
7
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IspDesignExpert iIspLSI Design Basics

Task 2 Create a New Project

Now you need to select the project type and name
the project file (. syn) that the Project Navigator will

use later to reload the project. ‘,bcm = & = 3-4 6-7
To create a new project: |
Project Properties
1. Start ispDesignExpert if it is not already running. Tile
2. Choose File P New Project to open the Create J+oi counter Concel_|
New Project dialog box. Projectame: [focouiam e |
3. Inthis dialog box, change the directory to S A o | Heo |
\i spTOOLS\ i spsys\ exanpl es\i spLSI _GAL Projsct Type: [Bechomeic/aBEL 4
\ 4bCount .

4. Select Schematic/ABEL from the Project Type
field. The default project name is

BlispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAM M=l E3

Unt I t I ed' Syn' Type 4bCOUI’1t as the projeCt File View Source Process Options Window Tools Help
name for this tutorial project. O]=]H] stategy:| I
H . . . Sources in Project: Processes for Current Source:
5. Click Save_. The untitled pr(_)Ject appears in the T
Sources window of the Project Navigator. QispLSIs364v-125L8368

6. In the Sources window, double-click the title of
the project (Untitled) to open the Project
Properties dialog box. 8 —

7. Typeind-bit counter asyour project title.
8. Click OK. The new project title appears in the

. Selectthe "Mew..." button to add source or Mo processes are available for the project
Sources wi ndOW "lmport..." inthe Source menu to add from an  |notebook. Select another item in the
existing design Source listto get processes.
MNew... | Open. | Start || Wiew || Broperdies.. | Lo, |
‘Ready
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IspDesignExpert iIspLSI Design Basics

Task 3  Select a Device

Below the Project Notebook is the device icon
that identifies 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.

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

1.

In the Sources window, double-click the Device
icon to open the Device Selector dialog. The
dialog box shows the default device.

In the Device Selector dialog box, select the
ispLSI 1K device family.

Select the ispLSI1016E-125LJ44 device.
Accept the default settings and then click OK.
The Confirm Change dialog box appears. Click
Yes to confirm that you wish to change device
families.

Notice that the process options changed after
selecting the ispLSI device.

When you change the target device,
ispDesignExpert design environment
reconfigures to facilitate designing with the
selected device family.

Device Selectar [x]

— Select Device: r—Device Information:
Farnily: Speed grade: (MHZ,

ispLS| Default Device 125 - Density (gates) 6000
Dievice FeclerpiEs Logic cells 2
[cpLdEsy IBEEGA [ 1/0 cells 288
Operating conditions: /0 ping 288
Commerciel j' Dedicated input. 0 1
Power Outputensble: 2

lcc 100
Part Mame.
ispLEI5384v-125LE388 j

Ok I Cancel | Help |

Select Device: ~ Device Information:
Farnily: Speed grade: (MHZ,
ispLEl 1K Device = 128 = Density (gates) 2000
Device Package type Lege ezl &
<pLEI1016 44PLCC =] 170 cells 32

ispL 511016
10 ping 32

Operating condiions:
2 3 ispLSI1032 Commerciel :[' Dedicated input 4
= ispLSI032E
ispLSI1046C Povwer. Output enahle 0
ispLSI D46E e -
PartMame:
ispLEI01BE-125LJ44 j
’TI Cancel Help
Confirm Change | |

You are aboutto change device kits. This will
resultin changes in the Project Mawvigator design
enmvironment. Do youwish to continue with this
operation? 5

Mo |

ispDesignExpert Tutorial
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IspDesignExpert iIspLSI Design Basics

Task 4

Create and Import a Design Documentation File

The Project Notebook works much like an
engineering notebook. You can give it any name to
describe your project. In addition, you can include
files created by Windows applications other than
ispDesignExpert. For instance, you might want to
include a project schedule, a specification
document, or a timing diagram.

To create a text document and import it into the
Project Notebook:
1. Choose Source b New.

2. Inthe New Source dialog, select User
Document, and then click OK.

3. Inthe New File dialog, type spec in the File
Name field. Then click OK.

4. Inthe Text Editor, type This is a sanple
t ext docunent.

5. Choose File b Save.
ispDesignExpert automatically adds the file to

the Sources window, under the
Project Notebook.

6. Choose File b Exit to close the Text Editor.

Note: You can add logic source files (for example,
schematics and ABEL-HDL files) in the same way,
although they appear in a different place in the
Sources window. The Project Notebook area is for
non-design source files.

Schematic

‘User Document
Yerilog Test Fixture
WHDL Test Bench
Waneform Stimulus

New Source: (Schematic/ABEL) | ]
Mew: oK.
ABEL TestVectors
ABEL-HDL Module Cancel

il

Help

New File E
File Mame:

|spec
Cancel |
Default Dot Extension:

Fre ]

BispDesignExpert Project Navigator - [D-{ISPTOOLSVISPSYS\EXAM M= B
File “iew Source Process Opfions “Window Tools Help

£2ispLSI1016E-125L144

0 I@I HI Slrategy:l =l

Sources in Project: Processes for Current Source:

[&] 4-bit counter (No Processes Available)
Elspec.oa

Selectthe "New..." button to add source or
"Impart.." in the Source menu to add from an
existing design

MNo processes are available for the project
notebook. Select another item in the Source
listto get processes

New..l Open... St Vlewl Eraperties... Log..l
|Ready

ispDesignExpert Tutorial
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IspDesignExpert iIspLSI Design Basics

Task 5 Import Existing Source Files

To save time in this tutorial, you will import existing
source files. Although, in a practical sense, you will
probably have existing sources that you will want to
import into a design in addition to creating new
ones.

Import File: (Schematic/ABEL) [21x]
Look in Ia 4bCount j gl

To import existing source files:

1. Select Source b Import from the Project

Navigator.
2. The |mp0l’t Flle dlalog bOX appearS YOU can File name: I”tnpsch"”:Dunterabl""lnpabv""cnmpareahl” Dpen I
double check your project type (Schematic/ Files oftyper  [Sources (=bl sch il | = concel_|

ABEL) from the title bar of this dialog box.

3. Browse to change the directory toi spTool s/
i spsys\ exanpl es\ MACH_PAL\
tutorial\ Tut or 4\ 4bCount .

BlispDesignExpert Project Navigator - [D:AISPTOOLSYISPSYS\EXAM. . M= E
File “iew Source Process Options Window Tools Help

4. Select all the source files and click Open. Strategy: 5
5. The Project Navigator should now look like the %"_S“t F(:J':C;EESSSLZ'A?;';H:;;S””'CE
image shown to the right. Elspec.t
. . . £JispLSI1016E-125L444
A project contains all the source files for the Bltop.abv
design, such as schematic logic descriptions, Btop (top.sch)
. . 5 — [F)compare (compare.abl)
ABEL-HDL file, test vector, device type, and [Rlcounter (counter.abl)
design documentation.

Selectthe "MNew.." button to add source or Mo processes are available for the project
"Import..." inthe Source menu to add from an  |hotebook. Select another item in the Source
existing design. listto get processes.

INew... | Cpen... | St | Viewl Erapeties... | INelE |

Finished cleaning up files.
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IspDesignExpert iIspLSI Design Basics

Task 6  About the Project Navigator Interface

The Project Navigator has two primary interface

elements: the Sources window and the Processes BlispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMP... [l E3

1 d File ‘“iew Source Process Options Window Tools Help
window.

EE St“3t‘3'3)|"3|f\10rmal j
The Sources WindOW (1) ShOWS a“ the deSign fiIeS SDI.I[CI.-?S in Project: Processes for Current Surce
. ) . : ) R & 4-bit counter [ Update All Schematic Files |
associated with a project, listed in their logical, Bispec.ixt GLink Design
hierarchical order. Each source in the list is DLinked auations
identified with an icon. Bltop (top.sch) i EDIF Netlist
compare (compare.abl) *, Constraint Manager
. . [F)counter (counter.abl) 3 Compile Design
The Processes window (2) shows all the processing i§ JEDEC File
tasks that apply to a selected source in the Sources n@r?r:i’:;ﬁ’ﬂm‘i’:“
window. Typical programmable device processing %, Timing Explorer
tasks include netlisting, compiling, logic reduction, %;‘::‘J;“;‘F"’;E";‘E“p‘?;f Report
logic synthesis, fitting, and simulation model B Tpd Report
bUIIdlng / A Tco Report \
) X, Physical Viewer q
/ ISP Daisy Chain Download N
Buttons at the bottom of the Project Navigator (3) Dauble-click to chaaose a different device. Dauble-click the item in the list or selectthe
. . . "Start" button to startthe process. Selectthe
provide quick command access to key functions. "Properties.. butidn o start the propery
INew... Open...J Startl Viewl H |

There are also two message areas (4) located 'Ready
above and below these buttons.

ispDesignExpert Tutorial 17



IspDesignExpert iIspLSI Design Basics

Task 7 Examine the Process Flows

The Project Navigator is context sensitive — that is,

it automatically adjusts the processes for you - T e B E
depending on what you want to do. (D)= Stateay:fiome! &l

At orooumier e
First, processes for a given file change depending WP et tions
on the target device. This is called the project-level oty St e
flow. For instance, a design targeted for an ispLSI Bcompure (compars.atl) S onveint Monager
device is processed differently than a design B eapor
targeted for a MACH or PAL device. 1 — irg huslyale.

E)Maximum Frequency Report
[A1Setup/Hold Report

Second, the process flow changes depending on g Ted Popon
What type of source file is highlighted in the Sources e e ownload
W|nd0W Th|S |S Ca”ed the Source-level ﬂOW For Double-click to choose a different device. ch;uali;c\ti‘ckt:we ite;ﬂﬂ\wﬂthe I\sturs;la-‘ctéth;
. . Al utton to star e Jracess ele =]
example, if you select a schematic source (. sch), Fuopisie. buia o i 2 sy
several processes appear in the Processes window. lRNBWd o) Lo Dol P [
. . eady
But, if you select an ABEL test vector file (. abv),
only the processes necessary for that source
(functional simulation and timing simulation) are
Shown BlispDesignExpert Project Navigator - [D:A\ISPTOOLSAISPSYS\EXAMPL... M=l B3
) File ‘view Source Process Options ‘Window Tools Help
DII}WIEI Strategy: |[Normal j
EXamIne the proceSS ﬂOWS Eé)urces in Project Processes for Current Source:
4-bit counter Hierarchy Browser
H bt g ile Logi

1. Tosee the process-le.vel flow, select the Device Dopocot e GCompile Logic

icon in the Sources window. The processes for Eltop.abv B Compiler Listing

. . . [Zltop (top.sch) [AACompiled Equations
the project appear in the Processes window. gvmmg Test Fixture Declarations 2
counter {counter.abl) YHDL Test Bench Template

2. To see a source-level flow, select a source. The Oé";::ﬁefg;uﬂﬁm

processes for the selected source appear in the

. Double-click to open the selected source. Double-click the itern in the list or select the

PI’OCGSSES W|nd0W "igw' toview the repart.

Continue to select different sources and notice New.. | Open.. | Start | View || Properies.. | Log..

that the processes change in the Processes [Ready

window.
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Task 8 Edit a Project Source

You can edit project source files by double clicking

the desired source in the Sources window. &% Schematic Editar - TOP - Sheet | 5|
- - h - t dt th File Edit Yiew Add Tools DRC Options Help

ispDesignExpert opens the appropriate editor wi Dl 8] slwle] 2| 250 ClEmE #18| v
the selected source for editing. =

In this task you will see how to open the Schematic

Editor from a schematic source. 1
. . : o

To edit a schematic source file:

1. Double-click the top-level schematict op
(t op. sch) in the Sources window. The
Schematic Editor opens with t op. sch.

When YOU dOUbIe-CIiCk any source, élljll Fit - Pick Center Point or Corner of Zoom Window )
ispDesignExpert automatically opens the
application associated with that source file.

2. Inthe View menu, make sure that there is a Hie- car BETN da. dods DAC Dptons Help =l
check mark beside the Main Toolbar and Disja] ceomb - o P lEim) SI8] A 2]
Drawing Toolbar commands. (Click the U Bl
command to toggle the check mark.) You can — r
then edit the schematic. Charre

3. Choose File b Exit to exit the Schematic 5 e
Editor. = .

. . Exd

Note: You can also open an ispDesignExpert e

application from the Project Navigator Window el -

menu. AN i

~Jole
ald of

Zoom In - Pick Center Point or Corner of Zoom Window
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Task 9 View the Design Hierarchy

You can view the hierarchy of top-level and
lower-level sources using the Hierarchy Browser.

You select the top-level source in the Project BlispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMPL... [ E3
Navigator and double-click the Hierarchy Browser Ble Yiew Sourcs Process Uptions Window Iools Help
: : z : =il 7
process. The Hierarchy Browser will be opened E S"ﬁ_‘egy- Marmal [
together with the Hierarchy Navigator (if the source Sé’:":?f in P;"'E“‘: P"’CE‘“"’ C"e"‘ GOl
. . . . . -0OIt counter lrerarc rowser
is a §chemat|c) or with the _HDL Vlewer./Text !Edltor_ Bispec.ixt GCDmpilechemﬂﬁc
(if itis an HDL file). All the instances will be listed in spLSI1016E—125LJ44 g\-"erilug Test Fixture Declarations
: €] top.abv YHDL Test Bench Template
the Hierarchy Browser. G Reduce Schematic Logic
[Hycompare (compare.abl) B)Reduced Equations
With the Hierarchy Browser, you can traverse the B counter (counter.abl)
design hierarchy by clicking on the displayed
hierarchy tree and access a number of powerful
database features, such as pUShmg into blocks to Daouble-click to open the selected source. Double-click the iterm in the list or select the
see the source they refer to, accessing connectivity "View" to view the report
information, and querying nets. If a relevant module
. ; . . . MNew.. | Open.. Start | Miew | Properfies. | Leg.
of the selected instance is defined in a schematic _New. | _Open. | | | | |
source file, it will be opened in the Hierarchy Ready

Navigator. If a relevant module of the selected
instance is defined in an HDL source file, it will be
opened in the HDL Viewer/Text Editor.

Note: The Hierarchy Browser and Hierarchy
Navigator are meant for viewing a design, not
editing a design. For editing source files, use the
Schematic Editor or Text Editor.
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View the Design Hierarchy (continued)

To view the design hierarchy using the Hierarchy T TST————— I
Browser and Hierarchy Navigator: T — e e 2 S R
o5 G 12| ol=|w| 2|
1. Select the top-level schematic t op in the =12 L
Sources window and double-click the Hierarchy E
Browser process in the Processes window. The Bl o
Hierarchy Browser opens with the hierarchy tree =
of the project and t op. sch is opened in the f: 1.2
Hierarchy Navigator. -
2. The Hierarchy Browser lists all the sub-level
sources in a tree format. You can expand the
sources to the lowest-level instances.
3. Click the Push/Pop icon from the toolbar of the
Hierarchy Navigator. The cursor changes to S 4
cross hairs. The Push/Pop command lets you
“Push” down into a lower, more-detailed, level in
the hierarchy or “Pop” up to a higher, e Elme e Tl Ic I E— =
less-detailed, level in the hierarchy. HODULE Gompare s =
) ) ) “INTERFACE (a3, a2, al, a0, b3, bZ, b1, b0 -> aegh):
4. Click inside the COMPARE block FITIE -hit Comparater's |
(upper-middle) to push down into the block. The 2.0 i e e Moy ook Optore windon ek
Text Editor displays the contents for this block, s pn vt oo 83 R _
which is an ABEL-HDL file. a - [a3..a0]; prerface (Sl wSt. 14 o a3 g2 qlo €0) n
b = [b3..00]; title '4 hit countsr cireuit';
5. Now click inside the COUNTER block. The Text FquaTIONS sk pins "elock input
Editor displays the ABEL-HDL source for this ses - (8 - b3 W AToh Vet Sevs ceunt = 1
block. There is no more hierarchy in this £ . 1Al panAstype fregti o fComnter ewtputs
schematic. \:mcm Wrmﬁmmu\mwmmﬁy; count = [g3..g0]: "Creating eutput bus
6. Choose File b Exit to close the Text Editor. R e e e
7. Choose File b Exit to close the Hierarchy whtld tht e
Navigator. et fwan
8. Choose File b Exit to close the Hierarchy 4 e -
Browser. Licol [ | wA| [pecoibowreposfiNs ||
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Task 10 Process a Module

ispDesignExpert allows you to think less about the
tools and steps involved in getting to a result and
more about the desired result. For example, if you
want to view a report, you do not have to figure out
which processes should be run to generate the
report. ispDesignExpert determines what steps are
involved and runs them automatically. Because you
intuitively know what results you want,
ispDesignExpert’s results-oriented processing
greatly simplifies learning new architectures
because it minimizes the impact of having to learn
new tools and procedures.

To process a module:

1. Inthe Project Navigator Sources window, select
the ABEL-HDL source conpar e. Notice that
there is one process for this ABEL-HDL file
(Compile Logic) that generates one report file
(Compiled Equations).

While you can run each process separately, it's
faster and easier to tell ispDesignExpert what
end result you want, and let ispDesignExpert
determine which steps should be run in what
order.

2. In the Processes window, double-click the
Compile Logic process. ispDesignExpert
compiles the ABEL-HDL source. You can view
the results in the Report Viewer by clicking Log
button at the bottom of the Project Navigator or
choosing Process b Log.

The Processes window displays the status of
each process as it runs.

BlispDesignExpert Project Navigator - [DAISPTOOLS\ISPSYS\EXAMPL _ [H[=] B3

File Wiew Source Process Options Window Tools Help

D|B“|H| Strategy: Nomal

2=

Sources in Project:
E 4-bit counter
@spec.b(t
£3ispLSN016E-125LJ44
@tup.abv
@tup (top.sch)
[@lcompare (compare.ab) |

@cuunter (counter.abl)

Processes for Current Source:
Hierarchy Browser
S Compile Logic
{3 Check Syntax
@Compiler Listing
@Compiled Equations
i@ Verilog Test Fixture Declarations
@VHDL Test Bench Template
3 Reduce Logic
@Reduced Equations

Double-click to open the selected source.

[N, | Open

Double-click the iterm in the list ar select the
"iew!! to view the report.

Slart | Wiew | Froperies |Lug

|Ready

MispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMPLE ... IIEIEY
Eile  Wiew Source Process Options Window Tools Help

DIBWI ul Strategy: |Normal

gl

Sources in Project:

Processes for Current Source:

[E 4-bit counter
@spec,m
{JispLSN016E-125LJ44
[#)top.abv
[Atop (top_sch)
[Gilcompare (compareabh |

[f) counter {counter.abl)

KHiErﬂmhy Browser
& 5 Compile Logic
& '3 Check Syntax
o [ElCompiler Listing
"4l Compiled Equations
=] Yerilog Test Fixture Declarations
[2)VHDL Test Bench Template

B Report Viewer - [compare.eq0] [_[O]x]

ile  Edit Wiew Options Window Help & x|

ispDesignExpert 8.0 B

Double-click to open the sel

New.. Open. Design compare created Thu Dec 02 09:58:53 1999
WTHM: 4-hit Comparator
] P-Terms Fan-in Fan-out Type Name (attributes)
T g 1 e oaems
::;g::::: P-Term Total: 16

Total Pins: 9
Total MNodes: 0
Average P-Term~Output: 16

ermﬁmmmm%\
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Process a Module (continued)

3. Close the Report Viewer.
4. Look at the Processes window. Note that a

green check mark has been added to the BlispDesignExpert Project Navigator - [D\ISPTOOLSVISPSYS\EXAMPLE B[l E3
| |_ . th t h b File View Source Process Options ‘Window Tools Help
Compl € LOogiIC process that nas peen DI[=]E) stateay:[riormel =
SUCCE‘SSfU”y Completed . Sources in Project: Processes for Current Source:
E 4-bit counter ’\Hierarchy Browser
B spec.txt ¢ {3 Compile Logic
Note: Yellow exclamation marks beside the process CrenLan visE 1251014 e e
indicate that warnings were generated. Red Xs Bltop (top.sch) 4
. . . @ 8 Verilog Test Fixture Declarations
indicate that errors were encountered. The warning [P counter (counter.abl) B)VHDL Test Bench Template 4
or error is described in the auto-make log file BRaduces Eouat
. . . quations
displayed in the Report Viewer. Green check marks
|nd|Cate the process Completed SUCCESSfU”y. Double-click to open the selected source Double-click the item in the list or selectthe
"Wiew" button to start process and view the
report. Selec_‘tthe "S_l_a_d” butl_cm o _Dn\y runthe
Note: The Processes window is constantly updated. _New.. |_Open.. | St | View| Zoperics | Log |
If you edit a source file, the green check marks Ready

disappear for processes that were previously run.
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Task 11 Run Functional Simulation

Functional simulation uses design test stimuli to

simulate design |OgiC or equations, independent of & TextEditor [top.abv]  WEE|
any device. The more comprehensive and detailed Q Flo Edh iew Tamplaies Took Opione Window Help -l81x]
y - Ne P aetatic DlEE L F RSB EEE
your test stimuli are, the more useful your simulation hodule cest £
results will be. o1k, rst pins
end3,endZ?,endl,endl pin:
i i i . out3,outZ,outl,outl pin;
The Lattice Logic Simulator accepts both graphic endy = [end3,end2,endlandd] ;
waveform stimulus and ABEL-HDL test vectors as out T fowtontt ont L owl
. . . . test_wvectors
the test stimulus. The Lattice Logic simulator R e . R o)
applies the inputs from the test stimulus to the Ceo1ms) 5 Cn01
simulated circuit and compares the simulated output SprIgted 2 Cials
with the output specified in the test vectors. If there o0 ] S bl
. . . . . . [.c.,0,7h5] -> [*h5];
is any difference, the difference will be listed in the [o-o0. 0] - DL
Simulator Control Panel or the Simulator Log. - u
. . . . . [l 0
Functional simulation tests your design without 1 calt [24 | WR| pecofhowrsploosfns | |

using device-specific information. Therefore,
functional simulation can be conducted before you

. MispDesignExpert Project Navigator - [D:AISPTOOLS\ISPSYS\EXAMPLE _ M=
SeIeCt a deVICe, File Wiew Source Process Options Window Tools Help
) ) ] DI@I HI Strategy:lNarma\ j
TO behavlora”y Slmulate your deslgn: Suurcsr,-s in Project: Processes fur Current Source:
Bl 4-bit counter # 3 Compile Test Vectors 4
. . @spec.b(t @Compiler Listing
1. Inthe Sources window, double-click t op. abv Deplsnie sz i
. . . op.abv iming Simulation
to open the test vector file in the Text Editor. Bt topch b1
compare (compare.al = v
. . @l:uunter (counter.abl) File Signals Simulate Yiew Tools Help

2. Scrqll the window and view the Test Vector B8 = ! Gos i Stepinterva([000ns ] Runto Tme(200005 ]

Sectlon Simulator. Version 1.1 ﬂ

Copyright () 1998-1999 by Lattice Semiconductor Corporation.
3. C|08e the flle a.nd eXIt the Text EdltOI’ Double-click to open the selected %Ei:i:ﬁigg E:ggigg g:::.successfully.
ectors. ticksize 100 ps
4. In the Processes window, double-click the ew. [ 0 ittt
. . . . . S [EEn oading netlist......

Functional Simulation process or click the View o Conding netlics sicesesully.

button at the bottom of the Project Navigator to

launch the Simulator Control Panel.

ForHelp. press F1 |T\me 0.0ns |Mnde Unit Delay 4
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Run Functional Simulation (continued)

The ispDesignExpert process dialog box
appears momentarily. When this process is
completed, the Simulator Control Panel is
launched.

5. In the Simulator Control Panel, click the Run
icon from the toolbar or choose the
Simulate b Run menu item to start the
simulation.

Note: Keep the View b Show Waveforms menu
item checked in the Simulation Control Panel so
that the Waveform Viewer will automatically be
opened with the waveforms of the simulated
signals.

6. When the run ends, you can compare the
functional simulation results with the expected
values specified in the test vectors. If there is
any difference between the simulation results
and the specified values such as the stimulation
time, signal name, expected values, or actual
value, messages will be printed in the Simulator
Control Panel window. Or, you can view the
messages in the LOG file by choosing View b
Simulator Log.

7. Choose File b Exit to exit the Report Viewer.

8. Choose File b Exit to exit the Waveform
Viewer.

9. Choose File b Exit to exit the Simulator Control
Panel.

£ Simulator Control Panel - TOP P[]
File Signals Simulate Yiew Tools Help

”ﬂ + ! &gr P Step Interval: [100.0ns Run to Time:[2200.0 ns

Fimulator. Version 1.1 ﬂ
Copyright (o) 1998-1998 by Lattice Semiconductor Corporation.
Initializing mapping data.

Initializing mapping data successfully.

ticksize 100 ps

stepsize 100000 ps B Waveform Viewer - TOP [_ O] x]
ode unit File Edit “iew Object Tools Options Jump Help
Loading netlist......
Loading netlist successfully. 0 1.000 2.000
run 2,200.0 ns [ I R R I N Y R A A A R A
peration S ends. LR 2 O O
RSTAT
END3
I
ForHelp, press F1 END2
END1
ENDO
QUT3
ouT2 -
4 A |k JIJ
5 Time =0.0ns
B Report Viewer - [top_sig] 9= B
File Edit “iew Options Window Help 1= x|
Fimulator. WVersion 1.1 -]

Copyright (c) 1998-1999 by Lattice Semiconductor Corporation. _ |
Initializinyg mapping data.

Initializing mapping data successfully.

ticksize 100 ps

stepsize 100000 ps=

mode unit

Loading netlist......

Loading netlist successfully.
run 2,200.0 ns

Operation RUN ends.

JCH| _'l_I
[tn 1 Cal [ [ RO [Rec Off [No Wrap DOS [INS [
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Task 12 Compile your Design

Now you can fit your design to the target device

us'ng the Complle DeSIgn prOCESS. For ISpLSI IprI$(MB"agEf’[IDH,’iSpLS”l"5E’125LJ4‘”D.\|5...
designs, you can set options that control the G8 ket e —
compiler processes of your design, including global ‘:Eu .
design control properties and a User Electronic o L] I ol
. . . . . [ ymbol Attributes Table
Signature in the Compiler Properties dialog box. Bk = — 2
I | | |
: . ol oy ‘ 4
To compile your design: R Net Afributes Table
. ) I Cells | ok [ ereseRvE | Eap | Ep |
1. In the Sources window, select ispLSI1016E- RS ‘ T
125L.J44 as the target device. Eore e —
2. Before running the Compiler, double-click
Constraint Manager in the Processes window to e
open the Constraint Manager window. Notice B
that there are no constraints assigned. e s
3. Choose File b Exit ispEXPERT Compiler P e |
. . . Meximum GLBInputs 0 Advanced.
Constraint Manager to exit the Constraint 4 — .
Manager. i auger ————— ||| T ot
4. In the Processes window, select the Compile mks e
Design process. CI|CI_< the Prqpertles button at e Eseree [ | s
the bottom of the Project Navigator. The = e L= |

Compiler Properties dialog box appears. In this
tutorial project, we do not need to set any

MispDesignExpert Project Navigator - [D:A\ISPTOOLSVISPSYS\EXAM... M= E3

I 1 i H H File View Souce Process Options Window JTools Help
optlons. Click OK to exit the Compiler Properties CIEI] s (2]
d|alog bOX, %uumes in Project: Processes for Current Source:
4-bit counter 3 Update All Schematic Files 4}
5. Double-click the Compile Design process from ST — | s Eostons
the Project Navigator. The ispDesignExpert Ben fow sct A
. [Flcompare (compare.abl) & Constraint Manager
Process dialog box opens to show the progress. Rcounter (counter.ah) o O — 6
JEDEC File
6. When the Compiler is finished running, caCompiler Pepor
. . . * Timing Explorer
ispDesignExpert updates the Processes window ElMeximum Froquency Repar
with green check marks. e i otontt e orsss Salscne
"Properties..." buttan to startthe property
MNew. | Open ﬂlﬂl Propertiss | Log
|Ready

ispDesignExpert Tutorial 26



IspDesignExpert iIspLSI Design Basics

Compile Your Design (continued)

7. When the process is finished, double click the
Compiler Report process in the Processes
window or click the View button at the bottom of
the Project Navigator to display the Compiler
Report (. r pt ) in the Report Viewer. If there is
any syntax error in the compilation procedure,
the software displays errors in the report and an
error indication (red X) appears beside the
Compile Design process in the Processes
window.

8. Close the Report Viewer.

% Report Viewer - [4bcount rpt] [_[o] =]
File Edit Yiew Options Window Help . =1 |
¥ 1re

ispEXPERT Compiler Release 7.2.46.3, Nov 16 1999 0&:05:18 «

Design Parameters

EFFORT: MEDIUM (2)
IGHORE_FIXED_PIN: OFF

MAX_ GLE_IN: 16

MAX GLE_OUT: 4

05_VERSION: Windows NT 4.0
PARAM FILE: _4dhcount

PIN_FILE: 4bcount .zpn
STRATEGY : DELAY
TIMING_AMALYZER: OFF
USE_GLOBAL_RESET: ON

XOR: OFF

Design Specification

Design: 4bcount

Part: ispLST1016E-125LJ44
4 3
|Ln 1 Col a7 | RO Rec Off [No Wrap [DOS NS
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Task 13 About Auto-Make

The ispDesignExpert Automake feature knows

which processing steps are up-to-date and which B8 iss DosianExport Projoct Naviguior _[DAISPTOOLSSPS S ERAMP _ BIalEd
. Flle Niew oource Frocess 7FI(IDHS MVINCIOwW lools 7Ep
must b(la_rerl;_rr when you double-click on a process O]Z]H] sveteay:[ima =
or resu tlng 1He. Snurc?s in Project: Pm[:esa-s for Current Source:
Féiﬂiﬁiﬂ“‘” 0 eie et
ispLSI1 016E-125LJ44 i@ Verilog Test Fixture Declarations

Note: Choose Options P Environment to open e mplate

the Environment Options dialog box and make sure B<ompara (compars obl BReduced Equations 1

that the Auto-Make feature is selected.

TO See a demonstratlon Of AutO-Make Double-click to open the selected source. P\z;wl?gglﬁgxigi;nplgrt‘heI\stnrse\ectthe

1. Select the schematic t op. sch in the Sources New.. | Open Sicn | [Viow ] | Properis.. | 1Log
window. Notice in the Processes window that [Ready
there is a green check mark to the left of the
Compile Schematic process. This indicates that

B ispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMP... B[] B3
the prOCGSS haS already I'UI'I SUCCGSSfU”y File ¥iew Source Process Dptions Window Tools Help
i i H EE' Strategy: |MNaormal - -

2- DOUbIe-CIICk the Complle SChemath process Sources in Pruie:t:y Prolgsesiur Current Source:
The message bar at the bottom of the Project N iy e
Navigator displays: risinee s Vet e Do

“ . .y o 3 Reduce Schematic Logic
Process “Conpile Schematic” is up > %cmpm (compare abi) BiReduced Equations
counter (counter.abl)
to date.

The Auto-Make feature tells ispDesignExpert
that it does not have to run this process again

Double-click to open the selected source Double-click the item in the list or select the
- - "Start" button to start the process. Selectthe
because the file is up to date. "Properies " biiten o ser the property
Mew... Open.. Start | View | Properties.. Lag.

Process "Compile Schematic” is up to date.
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Task 14 Run Timing Analysis and View Timing Reports

The Timing Analyzer allows you to evaluate the
performance of the ispLSI design after successful
compilation. The analyzer traces all the signal paths
and their delays, determines critical (timing) paths,
and evaluates the maximum frequency of the
design and setup/hold requirements.

BlispDesignExpert Project Navigator - [D-\ISPTOOLSYISPSYS{EXAM . M=l E3
File View Source Process Options ‘Window Tools Help
After running Timing Analysis, you can view the swateqy:[Nomal =
timing reports in iSpEXPERT Timing Explorer. The S@ouwes in Project: ':;Dg\essesfmcu"em Source:
. . . . . 4-hit t Ci ile Desi &
Timing Explorer provides an interactive method for Bopeond v @ JEDECFile
i 1 i mi i i @ ispLSI1016E-125L.J44 ¢ ElCompiler Report
viewing and querying timing mfor_matlon for the T R o A
design. Information is calculated in response to your Btop (top.sch) R Timing Explorer
. @cnmpare (compare.abl) @Mﬁximum Frequency Report
guery. Only the data you requested displays. [Ricounter (counter.abl) B Setup/Hold Repart 1-2
R Tpd Report
L. i i L. @Tco Report
To run timing analysis and view timing reports: ® Physical Viewer
®.ISP Daisy Chain Download =]
1. In the PrOject NaVigator, Select the tal’98t deVice Double-click to choose a different desvice. Double-click the item in the list or select the
(ispLSI1016E-1251.J-44). Properics - buton s o propary
2. Inthe Processes window, double-click the _Mew. | Open. | S Vo] P | tog. |
Timing Analysis process. Ready

3. When this process is completed, double-click
the Timing Explorer process or select
Tools b Timing Explorer from the Project
Navigator.
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Run Timing Analysis and View Timing Reports (continued)

4. The ispEXPERT Timing Explorer appears.
The Timing Explorer consists of Signal

Navigator and several tables. The Signal 8 [zpEXPERT Timing Explorer
;_le Edt “imw kjjrndw- Hels

3| &| Bll=PE] el

% Fimmyg Mok Talls CHTA E % inpT DOLS e promp'ves emple s

Navigator lists design signals in a tree format
and groups them into four categories—Inputs,
Outputs, Bidirectional, and Registers. You can = CESIGH LIST [Fan-n Wode | = o
traverse the design in fan-in or fan-out mode - - 0 S e R VM€ s |« |

(click the right mouse button to select the o f Tabs THTA V0L P ES| T
mode). You can expand the signal tree until the © Tpa Tabls ,, .-..m 5, nm
selected signal is a boundary signal or starts a i

loop.

Available graphical tables include a Timing
Matrix table, Clock Frequency table, Setup and
Hold table, Tco table, and Tpd table. You can
either tile or cascade these tables for easier
access. Once the tables have been created, you |
can move between tables or redisplay a closed R Rt L] ENL i
table using the View menu or the Timing Matrix
Table, Frequency Table, Setup and Hold
Table, Tco Path Table, and Tpd Table icons
from the toolbar of the Timing Viewer. 3

Sources

Sayrce ... Dasting.. i

ol h
MIEST OE| CO
IEST OE| @3

WIEST OE| O
WIEST OE| @i
XIEST OE| Q0

Note: You can also view the Frequency table,
Setup and Hold table, Tco Path table, or Tpd table
in text format by choosing the Maximum Frequency
Report, Setup/Hold Report, Tpd Report, or the Tco
Report process from the Project Navigator. The
relevant report will be opened in the Report Viewer.

5. Choose File b Exit ispEXPERT Timing
Explorer to exit the Timing Explorer.
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Task 15 Run Physical Viewer

The Physical Viewer is a tool for graphically viewing
the implementation details for a compiler project. It

shows how the design logic is implemented in the BlispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAM. .
device using the GLB, 10C, and Dedicated/Control Hle dew Suce Focess Gplons window Toos HER
>INg DL : T
Input logic resources. It also shows how data is = N :
. ources in Project: Processes for Current Source:

propagated between the logic resources by ) 4-bit counter o/ T3 Compile Design -

; ; it eonOi ; ; ; Espec.bxt ¢/ [ JEDECFile
displaying point-to-point routing information at the o E)Compilor Foport
GLB |eV8|_ [#) top.abv o 3 Timing Analysis

Bitop (top.sch) *, Timing Explorer
[P compare (compare.abl) B Maximum Frequency Report
You can control what information is displayed and B counter (counter.abl) E?E‘E{'Hﬂ'ﬂ Report
- . . . P epo
how it is displayed by selecting view modes and by BTco Report
selecting GLB,_GLB out_put pin, IQC, or Dedicated/ RSP Daioy Choin Download | =3
ContrOI InpUt pln for WhICh yOU WISh to see Double-click to choose a different device. Double-click the item in the list ar select the
information. "iew" o view the repart.
. . New... | Open... | Startl V\ewl Pioperiies:. | Log...l
To run the Physical Viewer: Ready
1. In the Project Navigator, with the target device
selected, double-click the Physical Viewer
process or select Tools b Physical Viewer.
1
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Run Physical Viewer (continued)

2. When the Physical Viewer displays, the Design
Navigator window is on the left side of the

screen and the ConneCtiVity window on the right ELispEXPERT Physical Viewar - dbcount ddb@PartispLS11016E-125L144 - [Connectivity .. IEIES
side of the screen. The design implementation IEI?I_M%LI BN ] =leixd
. . e e B i
reflects the current compiled project. qlolalols]®
You can expand the design tree in the Design > <[ e[#]|
Navigator window to get information on the £
design and device logic resource usage. : Fﬁiiﬂﬂl'&ﬁcm =
L. . . . £ glb01 [GLEBE] . S
In the Connectivity window, the block diagram is Bipa =l
. . . . HE _7he_pan T
displayed to show how the design logic is AESET [FINF = =
. . . . B_1_Q_BLF H H
implemented in the device and how data is 2 — B.3_0.BLF =
. = H H
propagated across GLBs, IOCs, and Dedicated/ o260 LI =
= H 2 =
Control Inputs. You can select the GLBs, IOCs, Loz omr
and Dedicated/Control Inputs pin and the mode oo e = =
. : ) ) = glh00 ! ] = =
of display to control the information in the 2 oot =
Connectivity window. L L geeiasa =L @m—-
=
. . . - 3] Pan'\snLSHMﬁE-WZELJﬁﬂ (i3
3. Close the Physical Viewer by selecting p— e

File b ispEXPERT Physical Viewer.
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Task 16 Perform Timing Simulation

Timing simulation confirms that your design is
compatible with the timing and propagation delays
that exist in a specific device.

BlispDesignExpert Project Navigator - [D:AISPTOOLSAISPSYS\EX. . MEIE
File ¥iew Source FProcess Options Window Tools Help

TO pel'fOI'm t|m|ng S|mU|at|On: Sources in Project: Processes for Current Source:
4-bit counter @ 73 Compile Test Yectors
1. Select the test vector (t op. abv) from the a@specm U@Cu,ﬂpi.e, Listing
Sources window of the Project Navigator. BispLsi1016E125L144 A Functional Simulation
Double click the associated Timing Simulation Blitop (top.sch)
process or click the Start button at the bottom of ) compare (compare.abi) 1
[F)counter {counter.abl)

the Project Navigator to launch the Simulator
Control Panel.

. . Double-click to open the selected test Double-click the itern in the list or select
2. When the Simulator Control Panel window ectars. the "View" to view the report
opens, click the Run icon from the toolbar or
. . . e .. Open... St | B
choose Simulate b Run to start the simulation. m—dlp—l J
. . . eady
3. When the simulation ends, you can view the
simulation results in the Waveform Viewer.
. £ Simulator Control Panel - TOP (O] x|
Note: Keep the View b Show Waveforms menu Fie Sonals Simuse Yew Taok Help
item checked so that the Waveform Viewer will [EI7E 0 900 Sikp ez Cuco U T 3
automatically open with the waveforms of the ‘%‘;‘Kf;??f;m‘;’miiifgéggit? L“““j i““ forparation:
. . nitlalizing mapping data successfully.
simulated signals. ckeize 100k g o e BED
ode max File Edit Wiew Object Tools Optons Jump  Help
ode transport 0 1,000 2,000
- - Eg:g:;‘g EZH:EE ...... lully. Z‘BIO-UnS ] N ‘ N T Y A | ‘ Ll M
4. Choose File b Exit to close the Waveform ris 22000 5e ez LML s
peration ends. v
Viewer. RST|I
. . . 2'3 — END3
5. Choose File b Exit to close the Simulator END2
Control Panel. ENDT
ENDO
ouUT3 7/
“ ouT2|(Z ~
;-‘:—IIEIp,prESSFW J |» 4/1 | ;I_I
Time = 0.0 ns
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Congratulations!

You have completed the ispLSI Basics tutorial. In this tutorial you have learned:

= how to create a project directory.

= how to create a new project.

= how to select a device.

= how to create and import a design document file.
= how to import source files into a project.

m the introduction about the Project Navigator interface.
= how to examine the process flows.

= how to edit a project source.

= how to view the design hierarchy.

= how to process a module.

= how to run functional simulation.

= how to compile the design.

m the Auto-Make feature.

= how to run timing analysis and view timing reports.
= how to run Physical Viewer.

= how to perform timing simulation.
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Tutorial 2 ispDesignExpert MACH Design Basics

This tutorial provides an overview of the features
and operation of ispDesignExpert for MACH
designs, focusing on the Project Navigator to
complete a programmable device design.

Follow the steps in this tutorial to implement a
design called ddbasics using a mixture of
schematics and ABEL-HDL.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of the steps and tools
necessary to complete a Lattice programmable
MACH design using ispDesignExpert.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.

o Schemabn Editoe - ALAAMCLE - S heat 1

d Gk Edt Seer Add Took: OFC Oolon: Hep

Ei-!r.'-w 5--:- B != nlzlal &l dlzw o ploipl clsm sie] vl 2

Euuu:ll s Panjech
CiesignDiredi Basics

alanncikake

[l e Edi %ev Terglier Joo: Dok :
N L] i B |
81 15 [0 I Cl Y R g l:'l-lq-—'-"-_% S

ICTMLE times=tor [N T :| i O e
TITIE ‘I he Hew Time= or Ioc T

pading Lne Deese

DECLARATICNS

vm:.l-u' |."I."|El:' new_tiwel flﬂ Edt Iﬂ\' Ob=ct Iﬂﬂl Iil.lﬂﬂl'& Jirp  Help

o 1510 5} Gl 1,000 1,500 Z.I:_I
ldtne T T T T T W T T P 0 T T T T S 0 o T M B -
i;l.lt:l_':l.wﬁ o timel L5

EQTATIONS
[our_tiwe=d. cur_tire
[our_tim=d. . cur_tiee
I
AT B WR
hl | L KNS o]
Time =10
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Task1 Open aProject

After starting the Project Navigator, you are ready to
open the tutorial project file.

To open a project: 1

1. Choose File b Open Example to open the £x
Open Project dialog.

2. Inthe dialog, change directories to
Mach_pal\tutorial\tutorl.

3. Select the ddbasi cs. syn file and then click

Open.

. . . . . S e L T PR i (O R 1R R (R SR
The ispDesignExpert Basics project opens in kil
the Project Navigator. A project contains all the o e ] 5 e (4]

Dpen Ecanpls Projec il [ | S r—

source files for the design, such as behavioral :
and schematic logic descriptions, test fixtures, o BN = & sl =
test benches, test vectors, waveforms, device
type, and design documentation.

Fiepame:  [ddhesice g

Filas of hypa IPmpcl:Fln:-l'.-:m.“.d:\il _'J
et Proeet Maegator - [CASPTONLEME PEYEADAMPLES W [T
\sgL3RIB- 125 EFE
Iaemm:mu-
aslsemch (sl emclh s ch]
3 i ior [mimeicr sch]
shiag [stasch)

comptime (omplime abl
d sphyimine (d sphyio sch)
B mestnr itimesicr mh)

ot ey e " bl In i amarve ol Hi piooestes e anslabie (o e popsat |
oot ® e Soures nees i ] bonen Sale! prothes e e pure

paoCEzING

tow | oo | i v Sl
Pk
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Task 2

About the Project Navigator Interface

The Project Navigator has two primary interface
elements: the Sources window and the Processes
window.

The Sources window (1) shows all the design files
associated with a project, listed in their logical,
hierarchical order. Each source in the list is
identified with an icon.

The Processes window (2) shows all the processing
tasks that apply to a selected source in the Sources
window. Typical programmable device processing
task includes netlisting, compiling, logic reduction,
logic synthesis, fitting, and simulation model
building.

Buttons at the bottom of the Project Navigator (3)
provide quick command access to key functions.

Also, there are two message areas (4) located
above and below these buttons.

E izpDesignE xpert Project Navigator - [C:ASPTOOLSAISPSYSAEXAMPLES \MACH_PALAT .. [Hi[=]

File ‘Wiew Source Procesz Options Window Tools Help

Bl stor (stor.sch)
[BY cormptime (comptime.abl
B dsphyrmux (dsphyrmux sch)
[Etimestar firmestor.akl)

D=]: B A i ]
Sources in Project: Processes for Current Source:
[ DesignDirect Basics L& |pdate All Schematic Files
is 25 g Merged EDIF MNetlist
alarmclk.abwv *, Constraint Manager
Byalarmclk falarmclk sch) 3 Compile Design
@alrmstor(alrmstor.sch) & JEDECFile

Eycompiler Report

T3 Timing Analysis
*, Timing Explorer
[Eyrdaxirmurm Freguency Report
Eysetup/Hold Report
By Tpd Repont
ByTeo Report

*, Physical Wiewsr

*, ISP Daisy Chain Download

Diouble-click to choose a different device.

Mew... | Open... |

..Sti[t! wiew]|

Double-click the item in the list or select the "Start” button to start the
process. Select the "Properties..." button to start the property editar,

Sawve the currept prajectwith a new name
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Task 3

Examine the Process Flows

The Project Navigator is context sensitive—that is, it
automatically adjusts the processes for you
depending on what you want to do.

First, processing for a given file changes depending
on the target device. This is called the project-level
flow. For instance, a design targeted for a CPLD
device is processed differently than a design
targeted for a PAL device.

Second, the process flow changes depending on
what kind of source file is highlighted in the Sources
window. This is called the source-level flow. For
example, if you select a schematic source (.sch),
several processes appear in the Processes window.
But if you select an ABEL test vector file (.abv), only
the processes necessary for that source (functional
simulation) are shown.

Examine the process flows:

1. To see the process-level flow, select the Device
icon in the Sources window. The processes for
the project appear in the Processes window.

2. To see a source-level flow, select a source. The
processes for the selected source appear in the
Processes window.

Continue to select different sources and notice
the processes change in the Processes window.

!- aphesgn spet Pregect Masigoton - JCUSPT I SUSPEYSUERSRPLEG i P =] 1
Fla e Soica Praces: Opfor Widow Todi Help
Stratnay o ek [ ]
Sowcex m Pasyeck Piocaesss o Cenment Sowce:
|} DessignDirect Besics
M @ Vi geIECIF e
almmclk mbe %, Coreirant Marsgar
[Pyt etk flemmciksch) i Cornpie Design
[ abrvcstor inlmastoe schy il JEDECFile
E:Jr.u {=har=ch] E'IEbmpilzl Repar

[Elcorvgrime écomgime ok
[y cdspbymus s phamue sch)
[ rnactor tiemcioe e

E;Tu'qng Ak
®, Timing Explamr
Ma-nmum Franuency Fepon
B} SetupHoid Faport
B Tpd Report
[E)Teo Repan

&, Physical Yiewer

*, 9P Dy Chein Dowedoad

Diiblecick ko chooee.a i devicn

{Doubevclick. e forn i bt 1 pebect lye “Stf” buthon 10
Propadmr.

sl b pacazs. Gukecttha’ - ® bndionba sl the
(P peh i

How | e EI'_I | Lng.l

B

! apllisgnE sl Frsjiect Mavigatnd - [CUSPTIMELEUSPE EAMPLESWWNACH P [ E
fin ¥or Joses Procee Oplos Widey Tk Heb

smions =[5 (R

Sownces in Pajeck Proceceer fm Conent Sowce:

EEH—:lanﬁmd Hesics

EpL515334-125LEIRE

[Byaderrnclk falemelkzch)
[ abrvestor [almstoe ach)
&ﬂnr {slar=ch]
B corvpdme (comgime.abi]
[y dspbymus {ds phomus. sch]
(B tirrezetce firvee st gt

Compiler Listng
X, Funcional Simdanan
’\-\TII'HIII; Smulafon

Tk by en e sebected bee v

Dcaderdlick thmitern 11 bt o1 bt the "Shwf” buiion I
| P peocees 5 ekeod Hea " Progedtien:. " hiton ba slal tha
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Task 4 Select a Device

Below the Project Notebook is the device icon &
that identifies 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 1 Saback Do Diavés i I k&
To view the list of available devices and to change [Fi"ﬁmg FEQM =1 | Doraitaeel 9000
the target device: Fﬂ ip.kg. 5 logmcdk: 12
pLEImEs = et P 110 el 204
1. Inthe Sources window, double-click the Device wling condiions. | OEME ]
to open the Device Selector dialog. The dialog e
. . oy B Didpik eeable: -~ 2
shows the available device families and the Prae— S B
devices in the selected family. Pl et
. . EEETRET =]
2. Inthe Device Selector dialog, select the MACH
4 device family. e e e
3. Select the M4-32/32 device.
4. Accept the default settings and then click OK.
5. Click Yes to confirm that you wish to change e Soced e e
. oy - i Density: [gates] 1250
device families. ) . P
Notice that the process options changed after 3 — s lance o ke @2
selecting the MACH device. e et 2.
When you change device families, the e Output enable: 32
ispDesignExpert design environment L I ) e e
reconfigures to facilitate designing with the Ma-32/227IC = |
selected device.
ok I LCancel Help

ispDesignExpert Tutorial

39



IspDesignExpert MACH Design Basics

Task 5

Create and Import a Design Documentation File

The Project Notebook works much like an
engineering notebook. You can give it any name to
describe your project. In addition, you can include
files created by Windows applications other than
ispDesignExpert. For instance, you might want to
include a project schedule, a specification
document, or a timing diagram.

To create a text document and import it into the
Project Notebook:

1. Choose Source b New.

2. Inthe New Source dialog, select User
Document, and then click OK.

3. Inthe New File dialog, type spec in the File
Name field. Then click OK.

4. Inthe Text Editor, type This is a sanple
t ext document.

5. Choose File b Save.
ispDesignExpert automatically adds the file to
the Sources window, under the
Project Notebook, as part of the
ispDesignExpert Basics project.

6. Choose File b Exit.

Note: You can add logic source files (for example,
schematics and ABEL-HDL files) in the same way,
although they appear in a different place in the
Sources window. The Project Notebook area is for
non-design source files.

Mew File

File Mame:

New Source: [Schematic/ABEL]
Mew: ok I
ABEL Test Vectors
ABEL-HODL Module Cancel |

S chematic:

il =er Document
“Werilog Test Fixture
WHOL Test Bench
wéarveform Stirnulus

Help |

3 [ [

Default Dat Estension:

H
| B
%]

LCancel

l“.h-:l

[

i plle gk aped | Paoieod Raywinmed - [CUSPIDLEYSPET

¥ o Ly I B ESWACH_ PR TUT . [FE] BT
Ei Yaw Zoscs Prem:z [ptom Wndes [odc e

Stvde| B k2 [
=3 ey ey,
al ot Bl N oo iy

|08 b b by i schy
alsior [l mEarach]
i sice (sior. s
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Task 6  Edit a Project Source

o hatanant i - ALARMCL - G

You can edit project source files by double clicking
the desired source in the Sources window. i = Bt - ALSRHELL - o
Eb b lon e lod UFE Oobcei e

ispDesignExpert opens the appropriate editor with oleg| 5 emle| o 2l elgl clmiel el - s

that source ready for editing.

In this step you will see how to open the Schematic 1
Editor from a schematic source. e
T — ] iy
—r e [T
To edit a schematic source file: e Ml | e 1
[ e e

1. Double-click the top-level schematic alarmclk
(al ar ntl k. sch) in the Sources window. The
Schematic Editor opens on the schematic. -

= e
When you double-click any source, of
. . . L] El B
ispDesignExpert automatically opens the Seizut A Commend.
application associated with that source file.

2. On the View menu, make sure that there is a T . |
check mark beside the Main Toolbar and Olety 2=, o0 (Aol ol @] o) 1) |
Drawing Toolbar commands. (Click the e
command to toggle the check mark.) e

3. Choose File P Exit to exit the Schematic | %*

Editor. 3 ot

Note: You can also open a ispDesignExpert
application from the Project Navigator Window
menu.

fee
I il

Lo Wl 0 e

S |

i =[5

i

ke
B

:
';
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Task 7

View the Design Hierarchy

You can view the hierarchy of a top-level schematic
and lower-level sources using the Hierarchy
Navigator. With the Hierarchy Navigator you can
traverse a design and access a number of powerful
database features, such as pushing into blocks to
see the source they refer to, accessing connectivity
information, and querying nets.

Note: The Hierarchy Navigator is for viewing a
design, not editing. For editing source files, use the
Schematic Editor or Text Editor.

To view the design hierarchy using the Hierarchy
Navigator:

1. Select the top-level schematic alarmclk in the
Sources window and double-click Navigate
Hierarchy in the Processes window. The
schematic opens in the Hierarchy Navigator.

2. Click Push/Pop (/14]) on the toolbar. The
cursor changes to cross hairs.

The Push/Pop command lets you "Push" down
into a lower, more-detailed, level in the
hierarchy or "Pop" up to a higher, less-detailed,
level in the hierarchy.

3. Clickinside the ALRMSTOR block symbol
(upper-left) to push down into the block. The
Hierarchy Navigator displays the contents for
this block, which is another schematic. (You
may need to use the Zoom command.)

T T L5 USFRTSAE
E !ﬂ- 3-:- B-:: !hn hnh- Tuck ‘Heb
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i Lol i - AL ARIMTLE |30 - St 0 = P 1
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View the Design Hierarchy (continued)

4. Now click inside the STOR block symbol to see
another level of the hierarchy. Try to click on

another symbol. Nothing happens; there is no 5{:‘ G e el ot
more hierarchy in this schematic. I T N TR T I -
5. Next "pop" back up to the top level of the design Li’::;---- — e 4
by clicking outside any symbol, in the white | s
space. The Hierarchy Navigator "pops" you up | e van| | : ] e
to the second level. Repeat this step again to LI T §
return to the top level schematic. s | ==
6. Now, pushinto an ABEL-HDL block. Clickinside | -—%—_
the TIMESTOR block symbol (lower-left). G R -
ispDesignExpert opens the Text Editor and —
displays the ABEL-HDL source for this block. * 2 o
7. Choose File b Exit to close the Text Editor. ren |
8. Choose File b Exit to close the Hierarchy
Navigator.
B Torwt £ fitar - [Hmpshon b [ 5] =]
Lif% [d Yo Towrs Took [obos rcor b oldlw]
6 (D] [ 1o (v [ [50] #] e] 5] []
DECLARATIOHE
nmy_tism3. raw_taimsld FIH
clk FIH
=t FIi
ldtime FIH
Dt LAY EIN ISTYEE
A TICHS:
feictiset: il s
ql ) o
Ln1d Codl E- [Aec OF Ma'wiep D05 /MG THUM
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Task 8 Process a Module

ispDesignExpert allows you to think less about the
tools and steps involved in getting to a result and
more about the desired result. For example, if you
want to view a report, you don't want to have to
figure out which processes should be run to
generate the report. ispDesignExpert determines
what steps are involved and runs them
automatically if required. Because you intuitively
know what results you want, ispDesignExpert's
results-oriented processing greatly simplifies
learning new architectures because it minimizes the
impact of having to learn new tools and procedures.

To process the counter module:

1. Inthe Project Navigator Sources window, select
the schematic dsplymux. Notice that there is
one process for this schematic (Compile
Schematic) that generates one report file
(Compiled Equations).

While you can run each process separately, it's
faster and easier to tell ispDesignExpert what
end result you want, and let ispDesignExpert
determine which steps should be run in what
order.

2. In the Processes window, double-click
Compiled Equations. ispDesignExpert
compiles the schematic into ABEL-HDL
equations and displays the results in the Report
Viewer.

The Processes window displays the status of
each process as it runs.

3. Close the Report Viewer.
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Process a Module (continued)

4. Look at the Processes window. Note the
processing-status icon that has appeared to the

) X . l_.ie-:E:--:: anEapent Project Mavigator - [C-MSPTOOLSMSPS YSVEXAMPLES \MACH _PALATUT... [MI=] E3

left of the processes, including the prerequisite Fle View Sowce Precess Dpiiny Window Tods Help

processes that ispDesignExpert ran [&] svatefioma =] [
automatica”y_ Sounces in Project: P fun Cunent 5

. . DesignDirect Basics Hendgabe Hieranchy 4
ispDesignExpert tells you the current status of Blzpecma GL‘nmpne Schenaic

H H kA4 -7 Compiled Equatdonz

any process using icons next to the process %uljﬂ’k’ﬁ LorpledEdl
name. Status icons and their meanings are .Dlnmtlkiolormtlksth]

H |8} slrmre=tor [alrmstor sch)
listed below E‘:

) =00 [star sch)

[A) corrertime [comphima.ably

[FNfimestar fimestor bl

Icon Meaning
v The process completed successfully R _ _ _ _
and is up-to-date. e S i Rl L B SRS
process. Select Ihe "Propeties. " button 1o skt e propesp edin.
y The process completed successfully,

. Masi.| Dpar. Geat] Wham| Foaetice | Loa.
but warnings or messages were J_J -'JJQ—J

. Femnh:
generated; these can be read in the
Report Viewer.

X The process did not complete,
because errors occurred. Errors must
be corrected to go forward.

The Processes window is constantly updated. If
you edit a source file, the green check marks
disappear for processes that were previously
run.
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Task 9 Run Equation Simulation

Equation simulation uses design test vectors to using a logic analyzer. Traces may display individual signals or buses.
simulate the design logic or equations, independent | 5 Choose File b Exit to exit the Waveform Viewer.

of any device. The more comprehensive and
detailed your test vectors are, the more useful your 2 e ek | chewrwch-cy

. . . | T El Edl Yies Terglbs [ook Dptlon: wiroow Hep | x)
simulation results will be. IIE]EIE]EIEIEIL"EIEIIE
The SimUIator app”es the inpUtS from the teSt ([:i;cl:'..';;:ev_aln\_r . ld_mew_olk_ tiwme wew_ sl r:h._
vectors to the simulated circuit and compares the %..0,0.0,0.1,0] - 2w
simulated output with the output specified in the test z §§ §§ EE} = x
vectors. If there is any difference, an error is 2 hn.0e 0 = Xy -
indicated. Srbavimneal O =

shiEeh 3 i
Equation simulation tests your design without using colflinrnl = Ik
device-specific information. Therefore, Equation SoRubao] D i
simulation can be conducted before you select a 3700k EHi = x .
device. Equation Simulation, however, only tests iITIc.n T T o T TR T s

the equations in your design as specified by test
stimulus (ABEL-HDL test vectors).

A Wowsloen Yinwes - Hizloey - FILA

Ek= Ecl ‘iew Dfeect Jock (pbons Junp Helo

To behaviorally simulate your design: i 40 1,000 1500 2.,,],|
1 PSS T S TN T Y N0 NN T T T O N T N A Y O T T A TI T YT T e ER
1. Inthe Sources window, double-click 4 f"

al ar ntl k. abv to open the test vector file in
the Text Editor.

2. Scroll the window and view the Test Vector file.
Close the file and exit the Text Editor.

4. In the Processes window, double-click
Equation Simulation Waveform to open the
Waveform Viewer. The viewer will be empty
until you add waveforms to it.

You can use the Waveform Viewer to view the LHI
output of a logic simulation. The state of any net Time = 0
on a schematic can be viewed as a time line

trace, similar to what you would observe when

w
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Task 10 Fit the Design

After you have targeted a specific device, you can
"fit" your design. The Fitter is a program that maps
designs into a targeted device. This process may
include assigning pins and nodes, logic synthesis,
and complex device routing.

To fit your design:

1.

In the Sources window, select the target device
(M4-32/32) if it is not already selected.

Before running the Fitter, double-click
Constraint Editor in the Processes window to
open the dialog. Notice that there are no
constraints assigned.

Choose File b Exit to exit the Constraint Editor.

In the Processes window, double-click Fit
Design. The ispDesignExpert Process dialog
opens to show the progress.

When the Fitter is finished running,

ispDesignExpert updates the Processes window
with check marks.

In the Processes window, double-click Post-Fit
Pinouts. This dialog shows you the location
assignments made by the Fitter.

Choose File b Exit to exit the Post-Fit Pinouts
dialog.

[ 14-32/32-20C - Consiaink Edltor [_]0%]
Ge Edt Lovce Ven Dpions Hep

el LmlﬁwlFesl C‘F‘l”’ls‘wl el

Type | SgulNens [GooNane | enen [Bock | Wasooel [P [Sbw  [Pwm |
ForHelppress [ Y

Bl ispDesignEapert Project Navigator - [C:AISPTOOLSMSPSYS\EXAMPLES\MACH_PALAT... [MI[=] B3
Fle Miew Souce Process Opfions Windew Iook Help

D= &) suategy|Noma

=l [F 2]

Sources in Project

Processes for Current Source:

ﬁ DesignDirect Basics
[Blspectt
Bl C
@ alarmelk abyv
[BYalarmelk talarmclk schy
B alrmstor (almstar sch)
@stm (storsch)
(B comptime {comptime. abl)
[B) dsplymus (dsplyrmux sch)
@Umesmr (tirnestor.ahl)

G Update All Schematic Files
&, Constraint Editor
f |/

o [E)Pre-Fit Equations
[B)Signal Cross Reference
[A)Fitter Report
&Pnst—F\t Pinouts
o/ i@ JEDECFile
& Timing Analysis
GGenerateTlmmg Simulation Files
BReportFile

Double-click to choose a different device.

Nil Open..

Double-click the item in the list or select the "Start" buttan ta start the
process. Select the "Properties...” button to start the property editar

ﬂl ml Progetizs.. Lil

Process "Fit Design” is up to cate

BM4-32132-10C - PostFit Pinouts [ o[+]
Fie Edt Device View Ofions Heb

ﬂ@ Lu\;|Gyp|Rg;| om|vwvlswlﬂﬁ”
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Task 11 About Auto-Make

The ispDesignExpert Auto-Make feature knows
which processing steps are up-to-date and which
must be rerun when you double-click on a process
or resulting file.

Note: Choose Options b Environment to open
the Environment Options dialog and make sure that
the Auto-Make feature is selected.

To see a demonstration of Auto-Make:

1. Select the schematic al ar ntl k. sch in the
Sources window. Notice in the Processes
window that there is a green check mark to the
left of Compile Schematic. This indicates that
the process has already run successfully.

2. Double-click Compile Schematic. The
message bar at the bottom of the Project
Navigator displays:

Process “Compile Schematic” is up to date.

The Auto-Make feature tells ispDesignExpert
that it does not have to run this process again
because the file is up to date.

! ispDesignE xpert Project Navigator - [C:\ISPTOOLSASPSYSA\EXAMPLES\MACH_PALAT... [M[=] B3

Fle View Souce Fiosess Options Window Iook Help

K] IB"‘I ul Shaleg.vl ol

-1 EEM

Sources in Project:

Processes for Cunient Source:

[ DesignDirect Basics

@ spechd
EIMa-32132-700

alarmclk.aby

B alarmclk (alarmclk.sch)
B)almstor (almstor.sch)

BYstor (storsch)
[Fcormptime (comptime.abl)
B dsplyrmux (dsplymux sch)
[Rtimestor (timastar. skl

B Compiled Equations

Double-click to open the selected souice.

Nil Open

Teport.

ﬂl M i LD_gI

Double-click the item in the list or select the "Wiew" to view the

|Reacly

EispDesignExpell Project Mavigator - [C:\ISPTOOLS\SPSYSA\EXAMPLES\MACH_PALAT ... [H[=] B3
File “iew Sowce Process Options Mindow Tools Help

ispDesignExpert Tutorial

D] =] H] svateay] o |
Sources in Project: Processes for Current Source:
[ DesignDirect Basics ®, Navigate Hisrarchy
Bspecta [®Compile Schematic
Edma-3232-200 B Compiled Equations
B alarmclk.aby
alarmelk (alarmclk.sch)
[Balmstor (almstor.sch)
B stor (stor schy
comptime (comptime.abl)
By dsplyrmux (dsplyruxsch)
[Rtimestor (imestor.akl)

Dauble-click ta open the selected source.

M Open..

Double-click the item in the list or select the "Start” button to start the
process. Select the “Properties.. " button to start the property editor

MM Progerties... ﬂl

Process "Compile Schematic” is up to date
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Task 12 Run Timing Analysis

The Performance Analyst is a static timing analysis
tool that enables you to quickly determine the
performance of your design after it has been
optimized and implemented by the Fitter.

Worst case signal delays are reported in a graphical
spreadsheet format that you can filter to verify the
speed of critical paths and identify performance
bottlenecks.

To run timing analysis:

1. Inthe Sources window, select the target device.

2. Inthe Processes window, double-click Timing
Analysis to open the Performance Analyst.

Under Analysis, there are six types of analysis
you can perform using the Performance Analyst.
Notice the Source and Destination report format
on the right.

3. Under Analysis, selecttco and notice the
change in the Source and Destination format.

4. Under Analysis, click Run and see the timing
report to the right.

5. You can double-click any number in the report to
see how the Performance Analyst generated
these numbers.

6. Choose File b Exit to exit the Performance
Analyst.

Bl Performance Analyst - [Untitled - ddb.

Climax & icd
tsu C toe
 ipd " teoe

| Display tea longer than |
Rl

ooHE0n

.. Fle ¥iew Preferences Window Help _15] x|
EETER]
[ ER destination ns) 2
Operating conditions: - .
[Commercal =] alrmtime_0_D | almtime_1_D
Speed grade: § | almime_0_C
= 0 almime_1_C
U almtime_2_C
—Analysis T 7 almiime_3_C
& fmax O leo S T outime_0_C
e
(‘: e (‘: fae Cur_time_1_C
L i
& o= cur_time_2_GC
ETITY
K i
[ Display IV langer then =
e e
| >
For Help, press F1 [ [NOM 132921
B Performance Analyst - [Untitled - ddbasics]
.. File ¥iew Preferences Window Help NS
EEEE]
e destination (ns)
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3 Commercial =] |display 0 [display 1_[display 2 |dis
Speed grade: clack
=z =

3

| 3

tco Clackinto-Output

[ [NOW 133084
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s Window Help
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EENETE]
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Task 13 Backannotate Pin Location Assignments

You can backannotate assignments from the Fitter
OUtpUt USing the BaCkannOtation tab on the _ i ! [BisoDesignExpert Project Navigator - [C-AISPTOOLSMSPSYS\EXAMPLES\MACH_PALAT... IS ER
. . . . file View Souce Process Optors Window Teok Help
Constraints Options dialog. This feature lets you Backamotaon | Cea Carvain | IgncreConstit | D[] =] sesteaylvarm o
1 1 1 Sources in Project: Processes for Current Source:
retain the assignments made by the Fitter so they B s 2 B ot o O e Al Sehert il
can be used in the future. ek Aot o {| OiDeeen
H H ™ Pin, Block and Macrocel Assignments @a‘ﬁmkv | W BPetEqens
You can only backannotate project assignments . . Qe maicec) Qi cosceres
. . alrmstar (alrmstar.sch Ifter Kepo
after the “Fit Design” process has been successfully Bsto (incch) A Post FiPinouts
Apply complime (comptime abl] JEDECFils
completed 4 R |
dsplyrmx (dsphymux sch] Timing Analysis
p ’ @Ylmpezmv (I\Eneglér.abl) J 8] Gene?ate T\;/wmg Sirmulation Files
. . . [B)ReportFile
To backannotate pin location assignments: i
l- In the ProJeCt NaVIgator’ Choose TOOIS p Help nuble-click to choose a different device. ouble-click the item in the list o1 select the "View' to view the
Backannotate Project Assignments to open i
the Constraints Options dialog. o 3en | o e e | |
2. On the Backannotation tab, select Pin Rt
Assignments, and then click Apply.
3. A warning message appears asking if you want 5
to continue. Click Yes.
4. Click Close to close the dialog.
. . B M4-32/32-7)C - Constraint Editor M [=] E3
Notice that several process had their green F;lﬁdg'le IVGIDI :l‘ ] 2]
. . . oc | Grp | Res | Opt | Pavr |Slew ?
check marks removed. This indicates that the : : : : : : : : :

. N B Type * Signal Name Group Name Segment | Block Macrocell | Pin Slew Pawer
previous fitter results are no longer valid red ek N n i
because you have assigned pin location i igg § % EE
constraints. it v W e A 5 b

. . . . Pea reeminen . ; e
5. Double-click Constraint Editor. Notice that resnendnine i A ; bk
there are now pin location constraints assigned. ma . s
Dutpt/Bic Gl 0. e 0 Fat  Hich
i iy y i E s
. . . Output/Bidi  display_3_ B 37 Fast High
Note: If you wanted to edit certain constraints, you E—
. . . For Help, press F1 UM 7
would use this editor (for example, Edit b
Location Assignment).
6. Double-click Fit Design to fit the design with
these new constraints.
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Congratulations!

You have completed the ispDesignExpert Basics tutorial. In this tutorial you have learned:

= how to open a ispDesignExpert project.

m the different elements of the Project Navigator user interface.

m that there are project- and source-level process flows, and how to switch between them using the Project Navigator interface.
= how to create and import source file into a project.

m  how to edit sources by double clicking the source file in the Project Navigator.

= how to use the Hierarchy Navigator to view a design.

= how to process a design.

= how to run Equation Simulation and open the Waveform Viewer to analyze the results.

= how to select a target device and choose operating options.

= how to use the Location Assignments dialog to assign pins, and then save the information to the constraints file.
m how to place and route a design using the Fitter.

m  how the Auto-Make feature eliminates unnecessary processing of already-completed steps.

= how to run static timing analysis on a design, and evaluate the results graphically.

m how to backannotate pin location assignments.
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Tutorial 3 Schematic and ABEL-HDL Design Entry

This tutorial leads you through the design of a

T 0] T 1 *gae 1
counter circuit targeted to a CPLD device (in this Ba B fn Tk DAC Qe Heb
tutorial, a MACH device). The design consists of a Hi 8l AEI0 sig| B wis] D=8 3]
top-level schematic and two lower-level ABEL-HDL Mm Ed ew Tengloes Tooh Dot Wndew beo @i
modules. A top-down, bottom-up design [BIEE [ CIFIGN 1 BA B SE
methodolo is used. g | anterfacm (=lk, tek, 1d - g3 g gl, g0} ]
gy g.:-.ﬁg;.., I__—“I—'ﬂ titlm 'd bit countemr circuit
ot T = Sl G
.. L ] pin high valie e
Prerequisites »_.m.,_.1 | e e i S
Before attempting this tutorial, you should complete ,, i
Tutorial 1, ispLSI Design Basics or Tutorial 2,
MACH Design Basics.
Learning Objectives e B
- . . : i T
When you are finished with the tutorial, you should A con i — L-E_,
be able to: s etz e TR
L] eE: ] STETER Y _|_ S | R
n Add various schematic elements to create a top- ] ‘
level schematic source
n Check the schematic for errors —
n Use the Text Editor to create a new ABEL-HDL s Rl
source
Import an ABEL-HDL source into the project -
n o Imp proj 2 - o

n Use the Hierarchy Browser to navigate through
the design and try “debug” methods

Time to Complete This Tutorial

On average, it should take you approximately 90
minutes to complete this tutorial.
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Lesson 1 — Setting Up the Project

In Lesson 1 you will get ready to start the tutorial
project.

Tasks covered in this lesson are:
File Edit “iew Toolz Help

5‘ Exploring - C:AispT 00LS\ispsysiexamples\MACH_PAL \tutorial\T utor2

8 & Library Manager - [C:\ispT 00LS\izpsystiexamplesA\MACH_PAL \tutorial\T utor3

n Task 1: Create a Project Directory Tl Foldes

| @Ei\e Edit View Tooks ‘Window Help

n Task 2: Create a New Project
n Task 3: Copy Schematic Symbols to the Project

8l

] =S

. compare
Directory S counter E
compare
I Text Editar ] 32,31 ,aU

Bepart Vi

R r Current Source: C.
&4 T Schematic Edtar | s oiaple) 02 : b1 ,bU
$)ispL5I5384v-1 250308 sumbal Edier

Library banager

i aveform Editor
W avetorm Viewer

Minimize All

Select the "New..." button to add zource or
"Import..." in the Source menu to add from an
exizting design.

MJ Dpen..l

Mo processes are avalable for the project notebook. Select anather
item in the Source list to get processes.,

':'c.:.’l i)

Start or bring the Librans Manager to the foreground
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Task 1  Create a Project Directory

Before you start this tutorial, you need to create a
project directory for all of your tutorial design files.

BY Exploring - C:A\ispTODLS \ispsysiexamples\MACH_PAL\tutorial\Tutor2
File Edt Miew Toolz Help
To create a project directory: | &l Folders | Contents of 'C:4ispT DOLSispsys\examplessMACH_PAL
. _ =01 ispTOOLS - | Size | Type
1. Start Windows Explorer, or similar tool. 23 ispeomp e [y BE
2. Gotothe - B0 o urtter. abl KB ABLFi
T . ] bin top.sch GKE  Micros
\i spTOOLS\ i spsys\ exanpl es\ MACH pal \ L HEcee = [A—— TKE SYMF
tutorial\Tutor?2 directory. ‘E ;Zt”f'g (] courter.sym KB SYMF
. -0 examples
3. In Explorer, create the directory 4bCount. TR
i =3 Mach_pal
i M- abel
-] hidirect
{2 edf
- mived
-0 property
-2 retain
®- schem
{21 spread_pack
F-
- tutorial
C] [Jstart
F3 Tutor!
223 Tutor2
- 4hCount
o Tutor3
B0 Tutord
F o B TS El s — i
|5 object(z] |5.21KB (Disk free space: 734ME] 7
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Task 2 Create a New Project

ispDesignExpert employs the concept of a project. MACH 4 device family. Accept the default settings and click OK.
A project is a design. Each project has its own
directory in which all source files, intermediate data
files, and resulting files are stored.

The first step to start a project is to create a project
directory. Then, you need to name the project (.syn)

file, which the Project Navigator uses later to reload [ Coat e Py W]
the project. soabc [ Aicon = & | [ ml

Project Properties

To create a new project:

1. StartispDesignExpert if it is not already running.

2. Inthe Project Navigator, choose File b New Propac Harrm: [ oo [ o
Project to open the Create New Project dialog. S T =t
Piopsct Tios [ SctamatcBE L =

3. Go to the new 4bCount directory.

4. The default project name is Unti t| ed. syn.
The project name can be up to 8 characters
long, spaces are not allowed. For this tutorial,
name the project file count er . syn.

el |sp D= signEnpeil Pisject Havigator - [COMBPTIOLSNEP5YEERAMPLES\MACH_P#. . HEIE
5. Click Save. The untitled generic project appears ?M [fﬂm
in the Sources window of the Project Navigator. 9 [ ° = e
............................. = e

6. In the Sources window, double-click the title of
the project (Untitled) to open the Project
Properties dialog.

7. Type the name 4-bit count er for the title of
your project.

8. Click OK. The new project title appears in the
Sources window.

9. in the Sources window, double-click the device Ceinct e Tiewe . bufinn 1o s man P procerens are vl s 3 project noiebock Sslect
. . "lnpatt, " in e Sowrce men lo add hom s tmpothes e i e Gounoe bk lo el plocesses
to open the Device Selector dialog. Select the NG e
NIH..I I:Ipn.l JJ 1y | 'y
[Fady
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Task 3 Copy Schematic Symbols to the Project Directory

A schematic is composed of symbols, wires, I/O
markers, graphics, and text. Symbols are graphic

representations of components. The term “symbol” B bireck s ok ise
usually refers to an electrical symbol, such as a gate 4 | e o |
or a sub-circuit. You can draw graphic-only symbols %’.M’ 01 PAL Hel

(= bl

(such as title blocks) with the Symbol Editor, but
these have no electrical meaning.

[ -

Digges.

Symbols are the most basic elements of a (= o L
schematic. Symbols represent primitive design
elements, whether those elements are individual
transistors, complete gates, or a complex IC. A
symbol can also be the hierarchical representation

& Library Manager - [C:\ispTD0LS \ispsystexamples\MACH_PALAtutonal\Tutor2]

£ b-Ci it “g| K bol B Fle Edt Yiew Took Window Help == %]
of a sub-circuit (a “Block” symbol). SERELE ‘
In this Step you will copy two symbol files to your ; Multiple Selection
project directory so you can use these pre-made S5 |—F

symbols in your design.
To copy schematic symbols to the project directory:

1. Inthe Project Navigator, choose Window b
Library Manager.

2. Inthe Library Manager, choose File b Open
Folder to open the dialog.

3. Gotothe
\'i spTOCOLS\ i spsys\ exanpl es\ Mach_pal \
tutorial\Tutor2 directory.

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

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

6. Inthe Library Manager, choose Edit b Copy
Symbol to open the Copy Symbols dialog.

Far Help, press F1 W IW 7
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Copy Schematic Symbols to the Project Directory (continued)

7. Click Folders, go to the 4bCount folder, and

then click OK. T ||
8. Click OK to close the dialog. Eocw I nnbecked syrbroks] |
. . Frombbrare  ChepTOOLS \mpapsesanples WATH _FAL hadmnafTid
9. Exit the Library Manager. I rarcl T AT PRl inel T el i ol et |

i oz 2T
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Lesson 2 — Creating a Top-Level Schematic Source

In Lesson 2, you will begin creating a top-level
schematic source for the project.

Steps covered in this lesson are:

n

n

n

n

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 to Connect the Symbols
Task 10: Add Wires to Connect the Symbols
(con't)

Task 11: Duplicate the Input Pad and Wire Stub
Task 12: Name the Buses

Task 13: Add Bus Taps with Signal Names
Task 14: Add Input Net Names

Task 15: Add Data Input Net Names

Task 16: Create lterated Instances of the Flip-
Flop

Task 17: Add Input Markers

When you are finished with this lesson, the
schematic should look like the one on the right.

i# Schematic Editor - TOP - Sheet 1 I = 3
File Edit Wiew Add Tools DRC Options Help
M EEINEIEAES R NEIWEI i ¢ schematic Editor - TOP - Sheet 1 S[= ES
% File Edit Wiew Add Tool: DRC Options Help
DR 8| &=l of £loE DEE ~| 2|
W
W
Er—{H >
_E_DA
[l R R SRR |
E——| H e COMPERE
e e s .i_- o—ia3,a2,a1 a0
ael
b @ b3 b2 1 0
o—H——
C
4 T N—
|#O Marker - Select Net Name Flag on -
L =

Duplicate - Select ltem or Box to Duplicate

o i |
[re LILI

Symbol - Enter Name of Symbaol =|

i)
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Task 4

Add a New Schematic to the Project

Designing top-down, we'll first create the top-level
source for the project. It can be any type of source.
Because this design is ABEL-HDL-based, you can
use either an ABEL-HDL or schematic source at the
top level. For this tutorial we’'ll use a schematic.

To add a new schematic source to the project:

1. Inthe Project Navigator, choose Source b
New to open the New Source dialog.

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

3. Type the name top, and then click OK.

The Schematic Editor names the current
schematic sheet as top, and the software
imports the schematic into the Project Navigator
as a new source file.

Fie-FiEquatons
§EI;|HL'|.'-H Feaforanci
By Rt Fapoi

’\I'-l: m-Fit T

Schematic File Mame

T

Jto]

i4 Schematic Editor - TOP - Sheet 1

Fle Edi View Add Tools DRC Opfions Help

I Cancel ||

Dls|E| &) sl o Alolh clRE 2@ v 2

|
Sclect A Comman d.

Pracusins frd Casstd 5 stk
1Ho Prooerom iraitial
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Eni|
Sl v “hem " Dalion 0 0w o Ho ot ae i e e paoesol vt Bk
Tt e St o pdd bom s S ey i e S b e o s
deking dang
G o o | oo | ] |z
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Task 5 Resize the Schematic Sheet

You can resize a schematic sheet using the Resize

command. The Resize command takes effect _

immediately and is applied to the sheet selected in o
the Sheets dialog, not the active sheet or the sheet 1 — Sheets]
currently being worked on.
To resize the schematic sheet: _g.elite_]
' 4
1. Choose File b Sheets to open the Sheets ml O |
dialog. Because there is only one sheet in the Hesewence' W Replace
schematic, you cannot select another sheet. -
. . . . 2 —— Resi
2. Click Resize to open the Resize Sheets dialog. _Ts_'ze_l _Ei’ﬁ_l

The current size of the selected sheet is
highlighted. Other available sheet size choices
are listed.

3. Select B, and then click OK to close the Resize
Sheet dialog.

4. Click Open. The software resizes the sheet in
the Schematic Editor. R
Resize Sheet # 1

[ -17.00" 11.00"

& -11.00" 850"

0 -34.00" 22.00"

E -44.00"34.00" Carcel I
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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 1/0 ports of the

lower-level ABEL-HDL sources to match the names P
of the pins on the corresponding block symbols. e — 1
Symbal

compare

To place the block symbols in the schematic: courter

1. Choose Add b Symbol to open the Symbol
Libraries dialog.

2. Under Library, selectLocal. This is the library in
the project folder you created and copied two
block symbols into at the beginning of this
tutorial in Task 3.

&4 Schemalic: Edboy - TOP - Shest 1

3. Under Symbol, select compare. The symbol is Fe [ Uen &0 Tor CAL Opiera He
attached to the cursor. Dsldl &) slwlel of 20 Gles =8 ¢ 2l
4. Move the cursor to the upper middle of the R o e i e e e e 4 3.8
schematic and click to place the symbol. |
5. Right-click to remove the symbol fromthe | L
cursor. L S o G, e
6. Select the counter symbol. AR AR NERE: M
7. Move the cursor to the middle of the schematic b | b e e RO L i
. = SR
and click to place the symbol. S S L R I O
8. Again, right-click to remove the symbol from the
cursor. 0 P B s b A R g
9. Leave the dialog open. You will continue to use '
it in the next step. i | ; ﬂﬂ
Syl - Ender Mame ol Symbel 5

Note: It is not critical that your schematic look
“exactly” like the example. Yours may look different
depending on several unimportant factors that do
not affect the proper use of this tutorial.
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Task 7

Place a Symbol from the REGS Generic Symbol Library

The target device selected for the project
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.

To place a symbol from the REGS generic symbol
library:

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

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

2. Under Symbol, select G_DC.

3. Place the symbol so 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.)

4. Choose View b Zoom In and drag an area to
zoom in to a view similar to the one on the right.

1

@

Libsans
0% WAEMERIC'GATES LE |
0, YGEMERICUORADE LB 3

b AEEMERICAY |
¥

Sprmbeod
G = 2
G_CEL
GIER
G e |
G_JE
1
A_LETCH =

i Schumate Ediler - TP - Shasel 1

Eln Edt Yo Add Tachi (AL ot peke

il o
Syméonl - Ester Mame ol Symhn =|

Dl 8| iwie| of 26 Gles] #§] v 2
o

i B Wer pdl Jed DAC Hoaors Helo

NElR & sz = ElElh cleE 85 v 2
—_|

7§ et o
o o
Symizead - Enter Masse of Symial =
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Task 8 Place Symbols from the IOPAD Generic Symbol Library

In this step you will continue adding symbols to the

1 1 % Gohemats Exdie - TOP - heel 1
schematlc. Howgver, you will use the IOPADS T T
generic symbol library. Dl & e o) 2Aa pleE) =8 4 2
=l

Tip: You can turn grid display off by choosing

Options b Preferences. d
Add a clock buffer symbol: J‘
3
1. Inthe Symbol Libraries dialog, under Library, 3 ry _I:
select GENERIC\IOPADS.LIB. | Hie— i | '
2. Under Symbol, select g_clkbuf. —:—
3. Place the symbol so that the output is aligned A s e ot symtca | of]

with the clk input pin on the g_dc symbol.

Note: The spacing of symbols in the schematic is
very important. If symbols are placed too close 5 6
together, 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 Dl o hisir) =i pieid sl oinl a1
least the width of the g_clkbuf symbol (see the - -
picture to the right).

Add two input buffer symbols: [H>- — P —
4. Under Symbol, select g_input . sl R B sl
5. Click once to place an instance. (Try to align ~LH~ 'L_ ~THp '|’_J
symbols vertically as shown in the picture.) . o :
6. Click once again to place an instance.
sl o o J 1 st
Eymbot - Cikck o Flace Synbel '0_IRFUT Eymbul - Enter Home of Symisal 2|

Note: The Add Symbol command will be canceled
when you select the next command in the next
section.
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Task 9 Add Wires to Connect the Symbols

The next step is adding wires and buses to
interconnect the symbols. You draw wires and
buses the same way; the Schematic Editor knows if
a wire is a bus or a single net by the wire’s name. In
this task, you will draw all of the wires. Later, you
will add names to the wires.

Connect the flip-flop output to the Compare symbol:

1. Choose Add b Wire.
Click the Q output of the flip-flop

2
3. Drag the wire across to the b input of Compare.
4

Click on the b pin to end the wire segment.

i% Schemelic Dt - TOF - Shest 1

Fin BB Yem g Jook DR Cpboru bsk

N E R EEEEN T R

fn B Yaw 8 [och DAC Qpkrs ek
D= & LEe] of Blei]] CiEeE 28] < ®

U—B{__H L [ELH l;’i‘"
[6 e . wh;:l:?::ll:bll
~He D-IQ_LJ T
L H> '
el -

Weae - Caadinue Wire
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a1l

-
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F
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Task 10 Add Wires to Connect the Symbols

In the continuation of this step, you will add three

wires to the flip-flop. Also, you will add wire stubs to 4 Eabeaaic Ecie :
D Ecit Yam . idd Jook DA Cpsern Heb Ein Bt Yww f8d Jook DAL [plew Hap

the buffers 0y @] ilzle] of s ol @8] ] T v x|m|e] of EE m| =8| | 1

The length of the horizontal and vertical segments
of the D input wire (Step 5) is important. The wire — -
segments must be long enough so that you will

have room to add a bus name to the horizontal wire

segment and add bus taps between the vertical wire Lo e JTHo~ —
segment and input buffers. pd | =z s
7_5_55_” —F w21 bz 01 "EHR“'— — .’——x.ahJ
Add a wire from D input: & = e
SN gl - L i
1. Click the D input. Move the cursor to the left to o 4 CH o E ot

s
Wire - Dk of Dreg e Begin 'Wiee Wi - DRk ar Dreg b Begin Wire

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 1-3 4-5
the segment.

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

i . B k] Juck [ s ek
3. Double-click to end the wire. 0 slle o B cRlE B8l

4. Add a wire from the C input to the input buffer.

5. Add wire from the clock input to the clock
buffer. 61 _ n

6. Add wire stubs (short wires) to the input buffers
and the clock buffer. (Double-click to end a

wire in space, or use the right mouse button to TH: o P
cancel the command.) . —F —————fan
L He s [

.
Wire - Dantia s Wi
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Task 11 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.

The Duplicate command lets you copy one or more
elements, then place them at different locations
within the same symbol or schematic. You 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.

To duplicate the input buffer:

1. Choose Edit b Duplicate.

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

3. Click to place the duplicated buffer and wires
until there are 4, as shown in the drawing on the
right.

4. Right-click to cancel the command.

34 Schematn By - T - Saest 1
Ela Edt M fdd Tadh QAL [pte bek
Dizi|] 8] &leie| = 2len mle

LR
Deplicalz - Szled hem o Box 1o Duplbcate

El Edf s fd ek OAC [pree e
Niza] 8 ¥wls = #lel clas #8 <

— 4
— 1 3
—H>
—H>= W
L i
o .B..l ) — -.J.- l.'.r> — S 1 -

— y

Daplicate - Select hem oo B o TipRease
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Task 12 Name the Buses

Any single- or multi-wire connection between pinsis | 4. Now name another bus. In the status area, type the name: e[3:0], and
called a network, or net. A bus is a combination of then press Enter.

two or more signals into a single wire. Busesare a | 5 Click the horizontal segment of the wire connected to the flip-flop input.
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. < Schama: Edbes - 16 St 1
Bl B Meew i Jook DRC Dpeirs frp

There are two types of buses: ordered and %ﬂﬂﬂg@dﬂ#‘
unordered. An ordered bus has a compound name
consisting of the names of the signals that comprise r
the bus. Any signals can be combined into an —He

ordered bus, whether or not they are related. g i

Note: Names should be placed on wires, not pins.

A net becomes an ordered bus when it is given a

compound name. You form a compound name by i
adding a sequence of numbers to the name. The —Hi— ...'T

sequence is specified as a starting number, an 4 ‘
ending number, and an optional increment (default —H—
=1). The numbers are positive integers, and are i s o
delimited by commas ( , ), dashes (- ), or colons Lo BT
(:). The sequence is enclosed in brackets [],

parentheses (), or curly braces { }. A AT TR = 3
B Bl ew pM Jood OFC Qe Bek

. Di=E & 3ee = 2e0 EEE w8 o 2
To name the buses: L SOIE S e ' SeeAall

1. Choose Add b Net Name.

2. Inthe status area at the bottom of the —H—
Schematic Editor, type the name of the bus: —{H—
b[3:0], and then press Enter. The name —H—
attaches to the cursor. o T

3. Click the wire between the flip-flop and the 1 N e FYPTI I
compare symbol to place the name on the wire. T _T
Also, when a wire is named as a bus, its shape [
thickens to indicate it is a bus. o

- ml
Kt Mame - Enter Met Name <|
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Task 13 Add Bus Taps with Signhal Names

Signals enter and exit a bus at points called bus

taps. A bus tap can be added to any existing bus, [ Cobenabo Ll TOP Bheet? e
net, or wire. If a net or wire is not already a bus, ok Tt b

. : ) Dl e @ 4% Eelnicl i
adding the tap automatically promotes it to a bus. %
You can add bus taps only on vertical or horizontal
sections of a bus. Tap connections are shown with —{ o - 2
two diagonal lines, rather than a solder dot. e [ an
There are several ways to add bus taps. The — o
following procedure shows you how to create a tap, o
the connecting wire, and the net name in one simple ' s
step using the Net Name command. — T H———
To add bus taps with signal names: - I

4 . 7

1. Choose Add b Net Name. ﬁimmJ-qua.gmmﬂq 0] - Bl ey b Fename

2. Click the bus labelede[3:0]. The cursor picks up
the name of the bus.

3. Right-click once to split the bus name into its B £ W i fode DRC Dims sk - e T8 e e Juk DAL pm b
individual signal names. D= & apule] o Ao DR 8] o e o) 20 e 28 o) 3
The signal name ¢e[3] is attached to the cursor.
4. In one action, click the pin of the top input pad, T o e d
drag a wire to the bus, and then release the o o
mouse button. g J
The software adds a bus tap, wire, and signal sl 12> _ '
label. Notice that the signal name decrements. i - —H>— i
5. Add the remaining taps (in descending order) soc i “*‘J""'*=;|'?_:'—m— bz e ~ f-i—'“' pai
just by clicking on the pins of the buffers. _l_ = TL
I — R e e — :
4 | s !
st eme - Face Bus bosber Flag “a|2) - Shis Key be Banams M hamss - Emier Nt Ml o

ol
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Task 14 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 Add b Net Name command.

You can name nets one at a time. A faster way is to
create a compound name (in this example, a group
of unique names), and then sequentially attach
individual names of a compound name to different
nets.

To add a compound net name:

1.
2.

Choose Add b Net Name.

In the status area, type: clk, rst, 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 clk is showing.

Click the end of the input wire for clock buffer.
The software adds the first name (clk) to the
wire. Also notice that the next name in the list
(rst) appears on the cursor.

Click the end of the rst input buffer to add the
final name (rst) to the wire.

o

Weet Wi - E sder et Bame =

4 Schematic Feimm - TOP - Sheet 1

Bl Edd W fpod Took DRC (Qpiore b

plelel & $(uel of 2en clslE @8l v 2l
RS Rl oSS e eTs 2

== _E..I'.‘___,_‘!-_"I_
5—..4 : H.‘.-'-‘,__I_}I.II
— _D_[;,_i'-l

-

Plet Mame - Flace Bes Member Fiag s - S8it ey o Beaame

r
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Task 15 Add Data Input Net Names

Another net naming feature makes it easy to deal
with buses by automatically incrementing the net +# Sehomale o - TO - Shast

name as you place it. In this step, you will add net e e e e S 1
names to the end segments, and the Schematic M
Editor will automatically increment the name.
k|
To add sequential net names: — 2
1. Choose Add b Net Name. —OH—=
2. Inthe status area, type: end0+, and then press || ‘m'_"’_'q':
Enter. The name is attached to the cursor. 3 s B i Py
This tells the Schematic Editor to name the G S e S e RS
signal end, to start numbering at 0, and to . ——
increment (+) the numbers as the names are ~—H>
placed. i - :Jj

3. Click on the bottom data input wire stub. The e Ty ol Oy P

Schematic Editor places the name end0 and

automatically increments the net name.
4. Click on the next wire stub. Repeat until all data Il EF Yew £ [k [RC [om bsb

input wire stubs have net names. DA 8 keie| of #le|g) cles #i8] « 2

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

wo—FH>— Wi

[ DuF R

e I 5B BD

d o of

Weet Mt - E st et Bame =
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Task 16 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 parallel.

You 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 b Instance Name.

2. Inthe status area, type: d1[3:0], and then press
Enter. The name is attached to the cursor.

3. Click once on the flip-flop. The Schematic Editor
places the label on the symbol.
The flip-flop is now really four flip-flops, with
signal e[3] feeding d[3], e[2] feeding d[2], etc.
The common signals are connected in parallel
to the common pins (such as clk and rst).

B2 Ed Wi Al Took [RC Dok Hel

Dl & 8w of 2en) i =] 2 2

v _D_‘-\-\,_='_! i
g _E_""-,_.'ﬂj
o[ [ P
) Lapsy P = 3,4, 4 W)
2 .D.-ﬁ:—- — 4; '—1—' —
— - 2

Be BN Uen & Do DFC Ooiore beb

Ojeim) & xwle] o 2ol clmm w8 v 2

L
o— L
il -D—.:—'°'a—
arel 1 — .D._'_‘;_-\__'.:ﬂ..
it o | [~ CHOGrAT
- Ly ]
‘D_-';"‘— !'_ LR ]
. _;'EH
a— T H——
L1 R | le

Insiance Meme - Ester Mame =
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Task 17 Add Input Markers

An I/O marker is a special indicator that identifies a
net name as a device input, output, or bidirectional
signal. This establishes net polarity (direction of

Fin E& Yien bl Tock DAL Diore b

Dislel 8| s[ele| o] 220 CiRik =8 4 21

signal flow) and indicates that the net is externally e ]

accessible. —

The Schematic Editor Consistency Check _'El"v?'_*' 1

command uses I/O markers to flag any 2 ne—HTH >

discrepancies in the polarity of marked signals and 5,5:_55_[3__:&

the symbol pins. Discrepancies in polarity are also i El—L i

flagged each time you run the Hierarchy Navigator. 3 el

To add input markers: s—{Hi— =+ J 1

1. Choose Add b 1/0 Marker to open the dialog. : —ﬂ-| =

2. SeleCt Input. r" Bidirection i I L[:
You can add a marker by clicking at the point %0 Marker - Select Not Hoame Flag an Exd of Wire

where the I/O marker touches the end of a
horizontal 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.

3. Select all of the input wires at once by dragging
a region around them. The Schematic Editor L
adds markers to all the nets at once. B —H— J
4. Close the /0 Marker dialog. E—H—=
E— S |
Note: To remove an I/O marker, select None. a0 ’_P
- L. S I L She b

4 o .-

{0 Marker - Belect et Meame Flog on End of Wire

ispDesignExpert Tutorial 73



Schematic and ABEL-HDL Design Entry

Lesson 3 — Finishing Up the Schematic

To save time, we have completed the schematic for

you. B Gt Yen i o (0 ilioms et
(][] LT Ll s e i L i |
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 =] o P
for the currently loaded schematic. Also, you are W s -_h‘] [
shown how to check your schematic for design rule - . [
. . Ch AREMERICWMIST i
violations. T VFLSIPLSISEAARITHLIB
C 4 APLEMEKACORER.LIB X
Steps covered in this lesson are: e P
n Task 18: Import the completed schematic oo
n Task 19: Create a Matching Symbol Al ot
e A Dommd
n Task 20: Check the Schematic for Consistency
Errors

+4Schematic Editor - TOP - Sheet 1
Fie Edt Yiew Add Toos DRC Options Help

a

2lelR] 8] 4[®/7| of AAIH el 28 2
R e

+ Error Report

1F3 Hanging wire end
1F3 Hanging wire end
1F4 Hanging wire end
P2l Symbol vs Schematic
pin outl has no net
pin out] has no net
Pl pin out2 has no net
pin outd has no net

TOUNTER
93,4210 -
B E

4

View Report
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Task 18 Import the Completed Schematic

In this step, you will remove the schematic source

yOU have been Working on and import the B s kel st Pt Masigitan - [CAISPTOSASPEFAEANPLES winD_PA . [FEER
. B Yem Epsce -Pooes Qpiew winden Lok Hip
completed schematic of the same name. 81 5 ] e s - 13 5

Famaneni i Posdeoi: Pasininng it Dasiiont St

iCompde 5ohamain
B CompiedEquations

To import the completed schematic:

1. Inthe Sources window, select the top
schematic source.

2. Choose Source b Remove to delete the 3
source from the project.

3. Choose Source b Import to open the Import

Source dialog. Go to the TUTOR2 directory and | | == oommees I e ———
selectt op. sch. Then click OK. o | ] v | i) Lok [ Tt = & o B
4. Click Yes to confirm file replacement. . D i
5. The completed schematic is now a top-level 1
source in the project.
6. Double-click the top source to open the o [ET e
schematic in the editor. Flcociiype: [ Gaumas b cchs al-o) T
[i= Ecit 'Wees pdd Tods DT Qpéone Help
Dis|m| al &|%(v] = S50 Gl #if | 5
3
%_fﬂ o g,__ = 6
I e i P =
=
— —f =
sy o]
Sebect & Comman i,
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Task 19 Create a Matching Symbol

You can use the Matching Symbol command to

create a symbol file (*.sym for the schematic &4 Szhamatiz EionTOP - Shoot |
currently loaded, with the same base name. The H;:ri e 83Tk QA Lo 5;" ;
input and output pins on the symbol have the same 1 [ e 2l p 0w e # 8 v 3 —
signal names and polarities as the 1/O markers in xﬁ e ]
the schematic. B
Predois Sheet  ChivPollp
The Schematic Editor creates the symbol in the M?ﬁ ——
same directory as the schematic. You can use the i F= T =
Add Symbol command to insert the symbol into b - | i
any other schematic. s ——F
EETECIE

. . Fervate Soanbad
In this step, you will create a symbol for the Top S — £
schematic. The symbol will be saved in the Local b

LA AGENERICAMISC
. . C:h U APLSIWPLEINBEAARITH.LIE

To create a matching symbol for the Top schematic: 4. \PLSINSKACDDER.LIB ||
1. Choose File b Matching Symbol. The Symbal aly AT R s : _,,Jl

Schematic Editor automatically creates a compare SEISH Comrinid

symbol. Bk
2. Choose Add b Symbol to open the Symbol

Libraries dialog. 3
3. Under Library, scroll to the top and select

(Local). Notice the symbol named top.
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Task 20 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. You can also check your

.
SChematIC for Othel’ errors SUCh aS unconnected ’Nuerrursdetemed ...............................................................................................................................

wires or pins or an unnamed signal tapped from a

bus. Errors found are shown in a “hot” list box. | 2
Clicking an error causes the cursor to jump to the

offending location.

To check for consistency errors:

1. Choose File b Save to save the schematic.

2. Choose DRC b Consistency Check to open
the Error Report.

There should be no errors in the report.

. . . ¢ Schematic Editor - TOP - Sheet 1
3. Choose Edit b Delete and delete the circuitry e E Eiew a Took gngnons e
on the right side of the schematic. " ENEEEEEEEEEE ]
4. Choose DRC b Consistency Check again. H
5. Inthe Error Report, select an error. Notice that ] ........... R — !
the schematic view shifts to the location of the ] 1 Hnging wi end
selected error. & 1F3 Hanging wire end
] . . . . 1F4 Hanging wire end
6. Choose File b Exit to exit the schematic. When S - R Symhn:uv; Schema:ic
. . . In outll has no ne
asked if you wish to save your changes, click — i |p]in out! has no net
No. S| B pin out? has no net

pin out3 has no net

Congratulations! You have just created and 5

checked a top-level schematic. Now let’s create an
ABEL-HDL source and add it to the project.
W‘_
g3.q2.91.90) v
4 | ;I_I
View Report
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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:

n Task 21: Create a New ABEL-HDL Source File
Template

n Task 22: Enter the ABEL-HDL Source
Description

n Task 23: Import an Existing ABEL-HDL Source
File

s

Source: [Schematic/ABEL)

EispDesignExpeﬂ Project Navigator - [C:\ISPTOOLSASPSYSAEXAMPLES\MACH_PALATUT. . i)

File View Souwce Process Options Window Tools Help

-1 E 2

BEL TestVectors
BEL-HDL Module
chematic

Iser Dacument
‘erilog Test Fisture
‘HOL Test Bench
Faveform Stimulus

ispDesignExpert Tutorial

| 0K I Processes for Current Source:
E 4-hit counter | (o Processes Available)
iSpLSI5384\f’-1 20LB388
Btop fop.sch)
[R)compare [compare.abl)
COUNTER
P Text Editor - [compare.abl] =
@ File Edit View Templates Tools Optons Window Help _iﬂi_)g
DleTE) 118 RS X (E 4 = &)

INTERFACE

TITIE '4-bit Comparator’

ald..al pin;
b3. . b0 pin;

ODULE compare

LI

(a3, a2, al, a0, b3, b2, bl, b0 -» aesgh):

available for the project noteback. Select anothe)
E list to get processes.

asqh pin istype 'com':

a = [a3. .al]; el | e |

B 4 [b3. .bﬂ],‘ OEEMES . LT
EQUATIONS

aeqb = <a == b»:

END

Asl

b

[ntCat

L4

[20 [8 WR[  [RecOff [No'Wrap [DOS ING [NUM
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Task 21 Create a New ABEL-HDL Source File Template

There are two steps to create a new ABEL-HDL

source file. First you have to create the template. New Source: (Schematic/ABEL) New ABEL-HDL Source
Then you enter the source description. In this step, New: x| Module Name:
you will create a template for the compare ABEL- ZBEL Testiectors Caresl | fcompare =

HDL module. Schematic File Name: _Cencel |

g:ﬁl[o[g) D'Fcn:sTEir::tture Help ! ;compare Browse... |
WHDL Test Bench :
To create an ABEL-HDL template: wavefarm Stimuluz Title:

——  [|4-bit Comparato]

1. Inthe Project Navigator Sources window, 3
double-click compare to open the New Source
dialog.

2. Select ABEL-HDL Module and then click OK.
The Text Editor opens, as well as the New
ABEL-HDL Source dialog, prompting you for 2
additional information about the module.

3. Inthe dialog, type the information shown at the

fj"Texl Editor - [compare.abl]

right. The text is case sensitive. Make sure to E) Bl Edl ¥eW Teipktcs Tk Difiors Window el =
enter the text as shown to the right. Note that = BRI
the Module Name matches the corresponding HODULE comparo . -
block symbol name. It is not necessary that the TITLE '4-bit Comparator’ B
module name and file name be the same but it
makes things simpler. END

4. Click on OK to close the dialog. The
ispDesignExpert Text Editor appears with an 4

ABEL-HDL template.

| .'_ILI

[Cn 1 Cal T 7 [ [wR

R | [Fec Of [Ho'wiap [DOS [INS [HUM [

ispDesignExpert Tutorial 79



Schematic and ABEL-HDL Design Entry

Task 22 Enter the ABEL-HDL Source Description

In this step, you will complete the ABEL-HDL

mOdUIe by enterlng Its descrlptlon File Edit Wiew emglates Toolz Options Window Help ;Iilﬂ
| PEFBEEENEEEEEE
To describe an ABEL-HDL module: ODULE compare —
a a a a - ae _I
1. Inthe Text Editor, type the text description as ::z“i( SL': ot ID' BE B2 Bl RO eean) 1
shown in the picture on the right. _;t Dompf‘ramr
az..a pin:
Notice that the ABEL-HDL pin declarations must SR
match the name and the case of the I/O pins on sedbopindstyps eent
the corresponding block symbol. S IR
2. When you are through, choose File b Save As EQUATIONS
to save the file. Save the file with the same ssab = <a == B
name. EHp _
3. Close the Text Editor. T TP T T s R T

4. Inthe Project Navigator Sources window, notice
that the icon next to the compare has changed,

and that the file name (compare.abl) appears lispDesignEspert Project Navigator - [C-MSPTODLS\SPSYS\EXAMPLES\MACH_PA
H H H H H File VWiew Sowce Process Options Window Tool: Help
next to the name. This indicates that this is now - =
. EIEIEI Stlateg_lemma\ j
a- defl ned mOd u I e . Sources in Project: Processes for Current 5 ource:
- [&) s Schematic Files
8- 7JC i &, Constraint Editar
4 | | Bitopitopsch) O3 Fit Diesign
[A) compare (compare.abl) [ByPre-Fit Equations
A COUNTER [B)5ignal Cross Reference
[ Fitter Report
&, FPostFit Pinouts
i8 JEDEC File
& Timing Analysis
G Generate Timing Simulation Files
BIReportFile
Double-click to choose a different device. Daouble-click the item in the list or select the "Start” buttan to
start the process. Select the "Propertiss..." buttan to start the
Pproperty editor.
Mew... [ Open. Start| “iew] Froperies. | Log
|Ready
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Task 23 Import an Existing ABEL-HDL Source File

To save time in this tutorial, you will import the

remaining ABEL-HDL source file. Although, in a gt Fil: [S chematic JARELY
practical sense, you will probably have existing Lok [ Tuo2 =l =) =] =
ABEL-HDL files that you will want to import into a 2 | G
design in addition to creating new ones. Ieeiieh
To import an existing ABEL-HDL source:
1. Inthe Project Navigator, choose Source b T Dwn_|
Import to open the Import File dialog. T ] 2 e
2. Gotothe
\'i spTOCOLS\ i spsys\ exanpl es\ MACH pal \
tutorial\Tutor2 directory and select 4
count er. abl .

3. Click OK. When prompted to replace the file,

Hi-:-pl::'e:"qrEt:u:u:l Proje-ct Mawvigator - [D:USPTOOLS WS PSYSAEXAMPLES \MACH _PA_.. [[=] E3

click Yes. Fi= Visw Sowce Frocess Opfions Wndvw Tods Hep
4. The Project Navigator should now look like the L) Stitoe o =
. . Sowmces m Pioject: Flulsmlw for Cunrent Souice:
image shown to the right. P;_h-ﬂ g
I3} ispL5IS384-125L B 388 {2} Compile Lagic
1 “y H ” H H 1 E ':"'I“I Chack S
You'll take a look at the “insides” of this module in E'E:':ﬂ_’,lcmmpm i ?D&Jfrp,e'dﬁ,,im
the fo||owing lesson. [ coourst (caunter. bl W@ arilog Test Fiswe Declarofions
[E)“HOL Tasi Banch Templals
i Feducs Logic
[EIRaduced Equafions
il ECIIF Matizt
ot =k 10 Doeer 1h el e w014 za Db R e e bt B o sberd e Vi 0 s I
()= 18
Masi..| Dpar. Hin I_.LEI Propet I Lug..I
Famhy
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Lesson 5 — Navigating the Design

The Hierarchy Navigator program allows you to
navigate through a schematic design consisting of a
top-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.

Lesson 5 shows you how to use the Hierarchy
Navigator to perform several useful functions.

Steps covered in this lesson are:

n Task 24: Open the Hierarchy Navigator
n Task 25: Push into the Counter Block Symbol

n Task 26: Access Connectivity Information for
the Counter Block

n Task 27: Query a Net

i'i:' Hierarchy Mavigator - TOP - Sheet 1 = Page 1
File Edt “iew Toolz DRC DOptions Help

B 8| £AAd mim| @l#] ufe ole|w|

Contains=q[3] - [16]
Contains=q[2] - [17]
Contains=q[1] - [18]
Contains=q[0] - [19]

& Hierarchy Navigator - TOP - Sheet 1 = Page 1
File Edt “iew Toole DRC Options Help

B2 8| 2loR =R B2 nfz olee 2

i Instance .1_14 q[=:0]
i~
Symbol Name=COUNTER
Symbol Type=BLOCK
Instance Number=16
— Attributes —
InstName=.1_14 —
Location=1B5%

— Pin | Het —
clkfN_4
Id{N_1
rst { rsthuf LI
COUNTER
b uf Iui"‘ 3241 qu
o (s
o o

Query - Select ltem to Query =

a[3]
q[2]
q[1]

9001
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Task 24 Open the Hierarchy Browser

The Hierarchy Navigator performs several important

functions. ..-.-u'-.r-n: 5 NEARILES AT H_Pn . [ |
n It verifies the correctness and consistency of a ,:d'"" C— [
design's wiring. Verification occurs at each level BT
in the design, and across all the levels, from top L

£l corpere (comoae shi

to bottom. Ejccoriar (o ; 1

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

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

TSR e p— Cica e ook, W s s B B ot e e W B sl B

You open the Hierarchy Navigator from the Project on | oo | T e
Navigator. Ry

To open the Hierarchy Browser:

. Hinparchy Havigabor - TOF - Shesst 1 = Page 1
1. Inthe Sources window, select the top Be Ek ¥ew Ll DRC Optons Hel
schematic source (t op. sch). Hl 8l 2lolp DG Ee) uie) plelnl 2

Notice the Hierarchy Navigator icon at the top of
the Processes window is automatically selected.
Also notice that the Hierarchy Navigator icon is 2 el
visible only when a schematic source is - y
selected. m—oe = T T ——
2. Double-click the Hierarchy Navigator icon in the : |
Processes window. i i

The Hierarchy Navigator opens with sheet 1 of
the selected schematic source loaded.

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 Select & Command.

changes in a specific schematic element.
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Task 25 Push into the Counter Block Symbol

You can use the Push/Pop command on the View
menu to move down and up (respectively) through

Ol Ede Yhee Jode ORC Qeécta  Hal

the various hierarchical levels of a design. This b @ sl s Fis| el olelw] 2 =
command works on both schematics and ABEL-
HDL modules.

Ll
You may want to use the Zoom In command to ‘-:ﬂmr—| —
view the counter module before starting this step. R I+ S

To push into the Counter block symbol:

1. Choose View b Push/Pop. The cursor Il Lg sl
changes to a cross hair. S | 2
2. To move down a level, into the counter module,
click inside the counter schematic symbol. o = o
The Text Editor opens with the ABEL-HDL
description of the module.
3. View the contents of the counter module. When
you are finished, close the Text Editor. File Edit Yiew Templates Tools Ophions  Window Help 1= x|
D=2 =[] (3=
odule counter P
interface (clk, rst, 1d —: g3, g2. gl. gibj; i

title '4 bit counter circuit':
3 clk pin "Clock input

r=t pin "Azynchronous res:
1d pin "high walue set= 1«
g3, .gl pin istype 'reg': "Counter outputs
count = [qg3. gl]: "Creating output |

Equation=
count .cll = clk; "Counter clock in
count.ar = rst: "Counter reset in

when 1d then

count = 1 "count = 1 when L=
| >

ST P o e R T Lty e
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Task 26 Access Connectivity Information for the Counter Block

You can use the Query command to display

additional information about circuit elements. The

information appears in a text box that pops up when ** Nothing Selected =
the first element is selected, and is updated when
another element is selected. 1

In this step, you will use the Query command to
guery the Counter ABEL-HDL module for
information.

To query the Counter block symbol:

1. Choose DRC b Query. The Query text box
opens with the message: Nothing Selected.

& Hierarchy Mavigator - TOP - Sheet 1 = Page 1

File Edit “iew Toolz DRC QOptions Help

2. Move the text box so that you can see the Hl 8| pleln BlR @E# nfe o|lew 2
counter block.

3. Click the counter block. The Query text box
H H i ‘Symbol Path=} .
updates to show various information about the B ol Home SCOURTER
counter block. || Symbol Type=BLOCK
. . . ! 'Instance Number=16
4. Look at the Pin/Net section. The Hierarchy ||— Attributes —
Browser knows which nets are connected to lf [hethamesd T4 =
which pins, ar!d displays instance names, —F‘Iikn.i';‘“e;— s s
reference designators, or symbol names that ﬁd;N—1
- s L
have been assigned to that symbol. rstfrstbuf | e
|
3 [ —ﬂ COHINTER
[T T e ol B3Rz AT AR
L1
« | | |

Query - Select ltem to Query =

ispDesignExpert Tutorial 85



Schematic and ABEL-HDL Design Entry

Task 27 Query a Net

Although design problems are usually observed at
the top level, the source of those problems is often
at a lower 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, the Query command lets you quickly
determine what components are attached to the net
and what will be affected by changes to the net.

To query a net:

1. With the Query command still active, click the
bus labeled g[3:0] in the schematic. A list of its
content signals appears in the Query text box.

2. Observe that the signals displayed in the hot
report window are links (pointers) to the
individual nets.

3. Inthe Query Text box, click q[1]. The report
updates showing new information for the net.
(You will not see information about the Bus and
Net at the same time. When one window opens,
the other window closes.)

4. Inthe Query Text 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.

5. Close the Query Text box and the Hierarchy
Navigator. If prompted, Data has been
modified, yes/no? click no. Close the
Hierarchy Navigator.

&E#!mb&dlﬁoﬂﬁr_l}lw—&b

.LLJ#JMFJMM_.MJ,J._

[
i akal.el el

El] ]
Query - Seloc Bom fo Query =

4 Sa sl Folbmi-= T = S |, BE |

B2 Edi Mes fdd Tods DIAC Opices’ Help

D) et d|Rsie| |7 S5 Qirim| #18] «|
ﬁ

el e frr
.-o-"’ D| 5 o
[Z] I . e
o 15 T
o e [ E £
Hoe1 Maame=q1| H Tl
— Amributes — B
— s Links —
b Bes=yl3:0]
— LCannectinng —
1FF 1 H
[EEALT
10 1 13al
=
| ¥
Fopam bs - Pick Conler Point or Corser of Zoom Windos
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Congratulations

You have finished...

= add various schematic elements to create a top-level schematic source.

m check the schematic for errors.

m use the Text Editor to create a new ABEL-HDL source.

= import an ABEL-HDL source into the project.

m use the Hierarchy Navigator to navigate through the design and try “debug” methods.

Now you are ready to implement the design. You can continue working with this design in Tutorial 4, Implementing a Design.
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Tutorial 4 HDL Design Entry with Synplicity Synplify

This tutorial shows you how to use Synplify to
synthesize a Verilog HDL design for a Lattice CPLD
device. In this tutorial, you will implement the design
in an ispLSl device.

Learning Objectives

When you are finished with this tutorial, you should
understand the steps necessary to generate an
EDIF file from Synplify for a Lattice CPLD device.
You will also learn how to target a device, fit the
design, and generate a JEDEC file.

Time to Complete This Tutorial

The time to complete this tutorial is about 20
minutes.

Synplify - .. \verilog_hierarchical_design.tc_

File Wiew Source Target Senthesize HOL Analpst Options  Window  Help

REPSHS ¢ OiW >

® 2 |G =

DPLO

i§ - - \werilog_hierarchical_design.tc_

File

“iew Souce Process Options Window Tools Help

il b =
verLiad- [ IEI HI Sllaleg.leormaI

-1 [F (2]

Sources in Project:

Processes for Current Source:

[ *erilog Hierarchical Design
ispLS1032E-125LJ84
[Byverilog_hierarchical_design fverilo
[Eyrmux verilog_hierarchical_design:
Byregs fverilog_hierarchical_design
[Eyrotate frerilog_hierarchical_desig

Fesult File

Changel Select RTL Synthesis

o 8 Merged EDIF Metlist =
&, Constraint Manager
'R® Cornpile Design
¥ i@ JEDECFile
B compiler Repart
3 Timing Analysis
*, Timing Explarer
[E)Maximum Fregquency Repo
By setup/Hold Report
B Tpd Repart -

Change | Device Synthesiz
izpl5l (:'S = Exemplar
MACH/PAL € Synpliy & Exemplar  ant device.
Cancel |
PRI verilog_hiera...| Mew..| Uper.. |

D ouble-click the item in the list or select the
“Start'! button to start the process. Select the
"'"Properties..." button ta start the property editar.

] M Properties...l&l

[Ready
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Task 1 Create a New Project in ispDesignExpert

After starting the Project Navigator, you are ready to
create a new project, whose type is Verilog HDL.
The design flow for Verilog HDL is similar to VHDL
designs, so you can follow this tutorial to process a
VHDL design by substituting VHDL for Verilog HDL.
Create a directory to save your tutorial designs.

To create a new project:

1. Inthe Project Navigator, choose File b New
Project to open the Create New Project dialog.

2. Navigate to the
i spTool s\i spsys\exanpl es\ispLSI _GAL
\veril og directory.

3. Create a new folder called t ut or .

4. Go into the new folder and type the name
veril og_hi erarchical _design. syn for
the Project Name, choose Schematic/Verilog
HDL in the Project Type list box, and then click
Save to close the dialog.

The untitled project with ispLSI default device
(ispLSI5384V-125LB388) appears in the
Sources window.

5. Inthe Sources window, double-click the project
book icon to open the Project Properties dialog.
Type Veri |l og Hi erarchi cal Design for
the project title. Click OK to save the change.

6. Double-click the device icon to open the Device
Selector dialog and change the device to
i spLSI 1032E- 125LJ84.

7. Click Yes to confirm that you wish to change the
device kits. The ispDesignExpert design

environment reconfigures to facilitate with the selected device.

Create Mew Project

Save I 4 tutor

_

Praject Mamme: IvemIog_hielalch\cal_design.syn Save I
Save as fype: IF'm|ecl File: [*.syn) j Cancel
Project Type: | SchematicA/erilog HOL j

Schematic/ABEL
|5 chematic\/HDL
5 chematic/' HOL

5 cher

[ispDesignE xpert Project Navigator - [C:\ISPTODLSASPSYSAEXAMPL . =] B

File View Souwce Process Options MWindow Tools Help

EEIEI S‘I"BIBQ.VINolmaI j M
Sources in Project: Processes for Current Source:
@ Werilog Hierarchical Design [5]herged EDIF Metlist
B isplSI1032E-126LJ84 *, Constraint Manager
3 Compile Design

8 JEDECFile

R Compiler Report
2 Timing Analysis
*, Tirning Explorer

B Maimurm Frequency Repa
B Setup/Hold Report
A Tpd Repont &
Double-click to choose a different device. Double-click the item in the list or select the
"'Start" button to start the pracess. Select the
"Wiew'" button to start process and views the
report.  Select the "Properties..."" buttan to start
Mew. Open. Slartl ViewI Praperties... I Lo,

|Ready
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Task 2 Create or Import Design Sources

You need to add sources to complete your Verilog
HDL design. You can either create or import a
Verilog HDL module. to o |

Schematic Cancel
User Document
Help

New Source: (Schematic/Verilog H...

Verlog Test Fisture
YHOL Test Bench
W aveform Stimulus

To create a Verilog HDL module:

1. Inthe Project Navigator, select Source b New
to open the New Source dialog.

2. Highlight Verilog Module in the New field, click
OK to close the dialog. Then the Text Editor e s o 2o 1 sEE
window appears, along with the New Verilog
Module dialog.

3. Typetop_I ev inthe Module Name field and
veril og_hi erarchi cal _desi gn inthe File
Name field.

4. Click OK. The
veril og_hi erarchical _design. v file
appears on the Text Editor title bar. The Verilog
module template is displayed in the Editor

Module Mame:
top_lev

Eile Name:

Werilog_hierarchical_desigr|

Browss.

T Reeof [ NOM

WIndOW [MWispDesionExpert Project Navigator - [C:\ISPTOOLSASPSYSAEXAMPL... [M[=] 3
. . . File Wiew Sowce Process QOptions Window Tools Hel
5. Type the design syntax in the Verilog module SEE) sl,a.eg,wm‘p =
Sources in Project: Processes for Current Source:
template E\f’erl\og H\;rarchlcalDeswgn o EDIF Metlist [-]
6. Select File b Save from the Editor to save the CHSSHERNIM | oot oroe
H @mux(vemlog hierarchical_design 8 JEDECFile
. V flle @regﬁ (werilog_hierarchical_design @CDmpl\erRepm
. . . . . @ rotate (verilog_hierarchical_desig Q:ﬂmmg Analysis
Notice the Verilog modules defined in the . v file - Teut Editr - [verlog_hierarchical_dcsign.v]
are d|sp|ayed |n the Sources WlndOW @7 . File Edit Yisw Templalas Tools Options Window Help - 8] %]
' (2] [#] =] (8] (2]

Double-click to choose a // Ezample of a h1erarch1cal design

// First define the lover lewel modules: nux, rqu—‘

New...| Open. nodule muz{out, a. b, sel): // nux

Tip: You can use Source b Import from the

Project Navigator to include the design sources e L7001 o
directly. AR
s

nodule regB(q. data, clk, Tst): /7 eight bit regiz_
output [7:071 a;
4

|Ln 21 Col 37 2 | wh Rec Off [Nowiap DS INS NUMF
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Create or Import Design Sources (continued)

To import a Verilog HDL module:

1. Inthe Project Navigator, select Source b
Import to open the Import File dialog box.

2. Navigate to the
i spTool s\i spsys\ exanpl es\veril og\
veril og_hi erarchi cal _desi gn directory
and choose Sources (. abl ;. sch;. vhd;...) in
the Files of type field.

3. Selectverilog_hierarchical design.v
file in the file list area, then click Open.

The top-level Verilog module along with three
submodules are imported into the Sources
window as shown on the right.

Import File: (Schematic/Verilog HDL)

Logkin: | /= verlog_hiererchical design =l o

e tF
s wdl
_ regBtf
regBwdl
iotate If
ratate.wdl

tirningsitn, wdl

verilog_hierarchical_design.abv
verilog i sign v

ign. v

File pame:  [verlog_hierarchical_design. Open |

Files of type: [ Sources (.abl. sch vhd...)

= | Cancel

[l ispDesignExpert Project Navigator - [C:\ISPTOOLS\SPSYSA\EXAMPL. . M=l B3

Fle Miew Souce Process Options Window Tooks Help

@ver\Ing_h\erarchlcal_deswgn [werilo
@mux (werilog_hierarchical_design]
@regﬁ (verilog_hierarchical_design|
@rotate (werilog_hierarchical_desig|

[N Processes Awailable]

elect the "New._"" button ta add source or
"Impart.." in the Source menu to add from an
existing dssian

Mew...| Open..

N piocesses are avaisble for the project
natebook. Select anather ftem in the Source list
to get processas

B v | I

|Ready

ispDesignExpert Tutorial

91



HDL Design Entry with Synplicity Synplify

Task 3

Select RTL Synthesis Tool

The ispDesignExpert provides two synthesis tools:
Exemplar (default for MACH devices) and Synplify
(default for ispLSI devices), for your HDL designs.
You can use RTL synthesis tool to select one of
them to run synthesis.

To select an RTL synthesis tool:

1. Select Options b Select RTL Synthesis from
the Project Navigator. The Select RTL Synthesis
dialog is displayed.

2. Make sure Synplify is checked for ispLSI device
(you've selected an ispLSI device in a previous
step), click OK to accept the selected synthesis
tool.

ispDesignExpert Tutorial

Select RTL Synthesis

Device Synthesi
izpL5l

MACHPAL  © Syrplify

5]

{* Exemplar

Cancel
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Task 4  Fit the Design

Now you can fit the design into the target device.
Synplify runs automatically to synthesize the Verilog
HDL source and generates an EDIF file. The
iISpEXPERT Compiler merges the EDIF netlist and
generates a JEDEC file.

To fit the design with the target device:

1. Inthe Sources window, select the target device.

2. Inthe Processes window, double-click Compile
Design, or select the process and click Start to
start the compilation.

This opens the ispEXPERT Compiler Graphic
User Interface and the design is automatically
being compiled in the Compiler window.

After compilation, check marks are added to the
left of the associated processes.

EispDesignExpe[l Project Navigator - [C:A\ISPTOOLSAMSPSYSAEXAMPL

File Wiew Source Process Options Window Tools Help

Slraleg.leormaI <

Sources in Project: Processes for Current Source:
MaMerged EDIF Metlist 1=
K, Constraint Manager
E)verilog_hierarchical_design fverilog | 7 O [Enln-rng
[y mux {verilog_hierarchical_design] | ¥ & JEDECFile
@regﬁ (werilog_hierarchical_design @Compiler Repont
[Rrotate fverilog_hierarchical_desig i Timing Analysis
& Tirming Explarer
@Maximum Frequency Fepo™
B Setup/Hold Report
A Tpd Report =
Double-click to choose a different device. Double-click the item in the list or select the
“Start’” button to start the process. Select the
"Properties..." button to start the property editor

Mew. | Open. | Start M Plopelties...l&l
|Ready
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Task 5 View JEDEC File

After compiling the design, a JEDEC file is
generated.

To view the JEDEC file:

1. Inthe Sources window, select the target device.

2. In the Processes window, select JEDEC File
and click the View button to open the file.

The JEDEC file is displayed in the Report
Viewer window. Scroll down in the Viewer
window to view the file in detail.

¥ Report Viewer - [verilog_hierarchical_design.jed]

File Edit “iew Option: Window Help - |El |5|
EEREEE

1 -
This i= a JEDEC compatible fuse file. j
DESIGH HAME : werilog hierarchical_design

PART HAME : igplSI1032E-1251J84

CREATED BY : 1spEXPERT Compiler 7.2 44 4 (FUSEGEE
CREATED DATE: Tue How 16 18:14:49 1999

=P84

*F42880

>0

=F0

=L00000

001010010111101001011110111101111011110111101001011
0010111101111011110100101131101111011110100101111011~

1| I »
|Ln 16 Col 47 [845 [ [RD FRec O [Mo'wrap [DOS NS [NOM [
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Task 6  Run the Stand-alone Synplify

Synplify can be invoked in its stand-alone mode by
selecting Tools b Synplicity Synplify Synthesis

Synplify—...\verilug hierarchical_design.tc_ =

from the Project Navigator. The stand-alone B Mo Bow Tk Bis WLedd i e B,

Synplify lets you generate an EDIF file and then EEr=H 5\ e ook AR |f ol X )

import the EDIF file into your project as a design ~verln

source. Then, you can fit the design without running Syn lﬁ

Synplify again. p

y p y g Source Files ‘ (
verilog_hierarchical design.w [VERIL

To start Synplify in stand-alone mode: Gieie Synplicity”

1. From the Project Navigator, choose Tools b L] Fraguency (Mo |f_
Synplicity Synplify Synthesis to open the - S e
Synpllfy SyntheSIS tOOI Change F:rziulull::i,?_hierar:hi:al design.edf

2' In the Unsaved PrOJeCt WIndOW’ CIICk Add to Change 1;.‘:?‘:‘1:3 isplSI. part: . package: . speed grade: . Top: verilog_h

open the Add Source Files dialog.

3. Selecta. v file, then click Add to add the target _
file to the Source Files field. v

You can change or edit the selected source file
using the Change or Edit button beside the
Source Files field.

4. Click the large Run button to start compiling and
mapping the source file.

After successful synthesis, Synplify displays
“Done!”. A . edf file with the same base name
appears as Result File. Double-click the file
name to view the Synplify output file. You can
also click View Log to view Synplify log file.

aun sl ponet

Cancel |

[ TV
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Run the Stand-alone Synplify (continued)

To import the EDIF file into your project:

1. Inthe Project Navigator, select File P New Create New Project (7=
Project to open the Create New Project dialog. saer: [ || | B2
Choose EDIF in the Project Type field to create
an EDIF project.

2. Inthe Project Navigator, select Source b
Import to open the Import File dialog.

3. Select the generated . edf file and click Open. et L [ |

Save as type: |P|u|ecl File [*.5pn) j ancel
The EDIF Reader Settings dialog appears. et T fee
4. Choose Synplicity for the Vendor. Check the

desired radio buttons in the VCC GND
Representation field and Bus Reconstruction

[MispDesignExpert Project Navigator - [C:MSPTOOLSMSPSYS\EXAMPL... M=l E3

field, then click OK to close the dialog. Fle Vew Souce Piocess Opliors Window ‘s
. DIDNIHI 5llalem‘|NUrmal j ES -‘? (¥
5' The SOftware adds the SeIeCted EDIF flle to the Sources in Project: Processes for Current 5ource:
Sources window as a design source. gii‘ww_%mﬁ oAt

[E]ERILOG_HIERARCHICAL DESIC

To fit the design with the target device:

1. Inthe Sources window, select the target device.
2. Inthe Processes window, double-click Compile

Design, or select the process and click Start to o oo e e sauEs, e i ary oo ot o
. . process, or "Properties..." to change properties
I’un Com |Iat|on. far the selected process.
. p . . Mew...| Open. ﬂlml Froperties... Lc;gl
3. Click Log to open the Report Viewer and view [Fendy

the process status report.
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HDL Design Entry with Synplicity Synplify

Congratulations!

You have completed the HDL Design Entry with Synplicity Synplify tutorial. In this tutorial you have learned how to:

m create a new project in ispDesignExpert.

m create or import a Verilog HDL source in the Sources window.

m select an RTL synthesis tool.

= fit the design.

= view the JEDEC file.

= run the stand-alone Synplify to generate a .edf file, import it as the design source and fit the design.
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Tutorial 5 HDL Design Entry with LeonardoSpectrum

This tutorial shows you how to use
LeonardoSpectrum to synthesize a VHDL design
and generate an EDIF file for a Lattice CPLD
device. For this tutorial, you implement it in a
MACH4 device.

Learning Objectives

When you are finished with this tutorial, you should
understand the steps and tools necessary to
generate an EDIF file from the LeonardoSpectrum
synthesis tool and import it into ispDesignExpert.
You will also learn how to target a Lattice CPLD
device, fit the design, and generate a JEDEC file.

Time to Complete This Tutorial

The time to complete this tutorial is about 20
minutes.

_‘,‘ Exemplar £ egve - Leonardo Spectrum for Lattice/Yantis - [Inform.
L File Edit %iew Tools Options ‘Window Flows Help

25

[EOEEEEEEL

D=

=l

Quick. .. ITechn...

l Inputl Congtra... l Dptimizel Dutput] F&R l

filez(z). technalogy and d

Fiun the entire synthesziz flow from this one condensed page. Specify you

esired frequency. then press Run Flow.

alarmclk. vhd

Dpen files

Output File: ID:\ispTDDL

Technologies:

- izpB000

- izpB000

- MACH 1

- MACH 2

-~ MACH 4

- MACH 4 Low Ve

|4_ Y Netive @

_Fi eady

"’_n-.-ul.'l eshgnk kpsit Fregect Mavigabor - [CAFSFTOOLEN AMPLES VHACH_PALSTUT ... =] ET
Fin Wmm Soucs Fiocess Opiorc Wwicdow Tock Hel
svaea 1 []
Soimoes in Poageol: !"_ Hor Du!'lunl 5
Mo Procezzec Aalabls]
mlammdk =di

£3i=0L5I6 4= ZELE3EA

Ealnct tha M. * bulbon bo add soce o Fo procacoas ane avaisbin o the project roisbook. S seci snotbar
“lnpeal,. " n e S e e b ackd iror an iem i e Space ko ool pioceszes

maring deuon

Naq.]Dp-un.I L I ety | 3

[Fesay
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HDL Design Entry with LeonardoSpectrum

Task 1 Create a new project in ispDesignExpert

After starting the Project Navigator, you are ready to
create a new project.

W isdrsanF s Panmot Movigabar  [£AREFI0CEN S PO S VESAME LEAVACH PASA LT =TT |
e Yo Douce  Bwcel Dplons windos Took  Hep

. 1 = T e g 1 L

TO Create a proJeCt H':iul: mlﬂ Cisipiat Souice:
. . .hnﬁmuhva&lu.

1. Choose File b New Project to open the Create aispu:m-s-:mam

New Project dialog. 4-5

2. Inthe dialog, change directories to
i sSpTOOLS\ i spsys\ exanpl es\ Mach_pal \
tutorial\Tutor3.

3. Name the file al ar ntl k. syn file and then click
Save. The untitled generic project appears in
the Sources window of the Project Navigator

Selecithe “Hew. .~ buton o addwaace o Kpntones el i T ma s risbeck. St e,
h P i t Type Select EDIF gl ;&h?mmmmlnaﬁﬁmu- ier it Sodioe et kg e proceses
4. Inthe Projec , . it
Flea,

Important: Select the proper project type. You will
not be able to change this later in your project.

5. In the Sources window, double-click the title of

!l.l:-;l_ll'::-l_'nl_';-:.r.ﬂ'|'|._'i|:-::lh'.1.-|g||l|r| B NSPTOMLEYES PEYSVESARPLE S WAL H_PALNTINT [_TE] =]
the project (Untitled) to open the Project e COEEE LRI O
Properties dialog, S ——
6. Type the name Al ar m C ock for the title of 6 e ik
your project.
7. Click OK. The new project title appears in the
Sources window.
Gelaci Ha “Hema_ " btton b ad couros o Mo poossie: e 2waslabls forthe proecknnistack. Gebact anober
"o é;lg‘tkmembaddlmm haiinbes Sosce B oo proceiess
o] e | o ) e
Featy
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HDL Design Entry with LeonardoSpectrum

Task 2  Start LeonardoSpectrum from ispDesignExpert

When you start LeonardoSpectrum for the first time,
the main window is maximized and displays the Tip F Exvaynlr Eog - Laononda gt for Wants - fisismation - Road Gnly]

of the Day, FlowTabs, and an information window. e B T T alol )
Lims o aem @ e Dl [ a7

. zid |
To start LeonardoSpectrum: O e || e | G G | [° 72 s ek e e o e
1. Onthe ispDesignExpert menu, choose Tools b Flun thes i bz B froe i o covdiried page Specly jor Inta: Lacense passed
. source Risslx] Ischnology srd decisd hequency. then preres Fun Flos Sea=ion hiztory will be logped to file ‘ridisptoolsdis
LeonardoSpectrum SyntheS|s to open the Info, Boeking Dixectory Ls now 'c:)Llaprools) lapays e
LeonardoSpectrum synthesis tool e =
. - Frl%E
. . " Info: syaten waclable EXENFPLAR sec co "C:3\TIFTOOLEN IAF
2. There are three ways to synthesize your design: Info: Loating Meeeplar Blocks Eile: £3\I5FTODLS|LSESTS
. . . Meazages will be Logged o Ille ‘cicfigproolalispazaden
Synthesis Wizard, Quick Setup, and FlowTabs. = Leaeneds Specteun far Fancis - #1995.1 [uild 6.58, co
For this tutorial you will use the Quick Setup - PRSI e e T LLErR T
e filera i] -
methOd I:lﬂlu;Fia'l == Delcome to Leopardo Spectoux for Veobis
H H -~ Bun 1ah FRED 10T
a. Click OK to close the Tip of the Day. Taghnsioging: Dervioe: » e el L Daprigh
. . . = ar - W RN - -
b. Click Cancel to close the Device Settings i ! B
d_ I MACH 2 Speed Giads
ialog. 2
MacH 4
3. Make sure the Quick Setup tab is selected. e I'm P
Your screen should look similar to the one on -MAH 5 g
the I’ight ‘ mgmw[ﬁj ™ Akminste Mach Dotimizstion
[TSTRTR, otes b £ Tiareaipt_[Fed Transcri |
Ready I g DRecio: e [CRRT9GT
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HDL Design Entry with LeonardoSpectrum

Task 3  Use Quick Setup to Synthesize the Design

Everything that can be specified in the synthesis

wizard can be Speciﬁed on the QUiCk Setup tab. L5 Exemplar { agic - Leonardo Spectrum for Lattice/Mantis - [Information - Read Only]
Once specified, you can click Run Flow to run the LB BF o g B S T B =leld
Ce Sp 4, you can clic _ N EADELL LIRS PGl
entire synthesis flow, including synthesis, global || EEE e e——— =
constraints, optimization, and writing netlist. Quick . [ecn. [t Corste | Opmize Ouput pas| | T perng comnemonel lowes
Additionally, Quick Setup automatically sets up all et e et e ey o e Fmon 9% | o T woea ¢ 00:00 napping
options, defaults, and settings in the FlowTabs to — L e e e e
assist you when walking through the more
Cell: alarmclk Wiew: alarmclk_rtl Library: work
advanced tabs. ~ ai 1
To set up the synthesis run: Open e I 1o
Output File: |D:4ispT OOLS SispsysheramplastMACH_PALAUtorial T ut gﬁ:; SE ?E;im:aces ) 12;
1. Click the Open File icon and select the VHDL Techrmlogiss S ID S Tmber of references to this view: 0
. . -~ isp5000 - Nore = .
input file. B e i
Go to the ..\exanpl es\ Tut ori al \ Tut or 3 [ hace2 o P s o P -
directory and select al ar ntl k. vhd. Notice CHACHALewfalag T e ~- Design sumary in file 'D:/ispTO0LS/ispays/examples,
H H : MECH 4 A -- Writing file D:/ispTO0LS/ispsys/exanples/MACH PAL/t
that the software automatically points the output i ;lJ I AbemaeMach Opitizaion. | || Coy tine taken for this run vas 1.08 sec
. . . ¥ Insert |0 Pads -- Fun Successfully Ended On Mon Now 22 16:19:50 Mount
file to the project directory. S
nro: 1nishe 1L £313 run -
2. Under Technologies, select the MACH 4 device [punFe | Hep | | Ll z
H s M\ew tanscript | Filtered Transcri
family. You do not need to select a specific S e e e [ ¢
. . . . . B Ready [ |Working Directory: ...\tutorialTutor3 |Line 85Cal12 4
device; you will do this in ispDesignExpert.

3. Click Run Flow. LeonardoSpectrum runs the
entire flow using all options set on all dialogs 2 3 3a
and tabs, including options which are not shown
on this tab, and creates an EDIF file.

Note: The Run Flow button is not active until you
have selected your Input File(s) and target
technology. Notice in the Information window on the
right (3a) that it says the run successfully ended
when the synthesis process is complete.

Note: Click the Stop icon to cancel the run.
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HDL Design Entry with LeonardoSpectrum

Task 4 Import the EDIF file into ispDesignExpert

You can import EDIF 2.0.0 netlists from third-party

synthesis tools such as Exemplar e | -]
LeonardoSpectrum. Lok | S8 Tz o = = Vond
[¥ Load vendor-specific setting
. . . . - Power and Ground Setting
To import an EDIF netlist into your project: VO GND Repesentalon
i H & Nl (ol
1. Inthe Project Navigator, choose Source b 3 @
Import to open the Import File dialog. ZiED“N ﬁ [ ]
. 1ai L Mame
Flepame: ok of Qe | Concel_|
2. Selectal ar ntl k. edf. rrdw CP—— 5 o o
Anaplndex Oidsring © Up " Down

w

Select OK to open the Import EDIF dialog L o
east Sigrificant Bit ™ Left ight

4. Select Exemplar for the Vendor and click OK. 1-2  bandlary e
The software adds the selected EDIF file )
(alarmclk.edf) to the project sources.

Note: After you import an EDIF file into the

Bl ispD esignE xpert Project Navigator - [C:AISPTOOLSASPSYSAEXAMPLES\MACH_PALNT ... [I[=] B3

ispDesignExpert project, it is always linked in the B Gow Gowes Eeeee Ghioe Whdon e G
Project Navigator. Therefore, if you make changes [DI=] &) suateay| I~

. . Sources in Project: P for Current 5
and recompile your VHDL file to create a new EDIF at S— 0 [4e Procosses Ancictie)

file, you just have to choose View b Update in the
Project Navigator to update the process. 4

[B) alarmclk (alarmclk.acl)

Select the "Mew..." button to add source or Mo processes are available for the project notebook. Select anather
“Impart..." in the Source menu to add from an itern in the Source list to get processes.
exizting design.
Mew... | Open... | Slarll Viewl Froperties... | LUg...l
|Rieachy
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HDL Design Entry with LeonardoSpectrum

Task 5 Target a Device and Fit the Design

The Project Navigator lets you target a design to a

specific Lattice device at any time during the design
process. o  Device Infarmation:
7 i Density: [gates] 1250
Dz Feshern Lagic cells: 32
To target a device and run the Fitter: bia-32/%2 lwrce =) vocele @
. . m-ggﬁg —| e 140 pins £
1. Inthe Sources window, double-click default 1-4 Ma Tzoes Comncrecl ] || Degistd put 2
. . . g e Output enable; 3z
device to open the Device Selector dialog. The Ha 2515 E e _—
dialog shows the available device families and e =
the devices in the selected family.
2. Inthe Device Selector dialog under Family, 6 ]| _ gneo Eee

select the MACH 4 device family.
3. Select the M4-32/32 device.

4 Accept the default Settings and then CIiCk OK EispDesignEHpell Project Mavigator - [C:ASPTOOLSMSPSYSAEXAMPLES\MACH_PALAT . [H=] E3
' . . . ’ File “iew Source Process Options Window Tool: Help
5. C|IC.k Yes to confirm that you wish to change D|S[E] swateasfiioma =]
deVICe famllles' Sources in Project: Processes for Current Source:
Bl Alarm Clock Constraint Editor
. . Bala . 3 Fit Design

Note: When you change device kits, the A7 T T IC : U@pre_FnEqumnS
|SpDeS|gnExpert deS|gn environment reconflgures B alarmclkvhd %5@”3' Cross Reference

iR iNAi ; ; Fitter Report
to fa}C|I|tate designing with the selected device & PostHit Pinouts
family. &8 JEDECFile

K Tirning Analysis
X Generate Tirming Sirmulation Files

6. The ispDesignExpert software shows the BYReportFile
selected device in the Sources window.

7. With the target device selected in the Sources
window, double-click Fit Design in the

Processes WindOW tO run the F|tter D ouble-click to choose a different device. [iouble-click the item in the list or select the "Wiew' ta view the
. . . . . e report.
ispDesignExpert fits the design in the specified
device and generates a JEDEC file. New.| Open. | Stat] Viow| Piopeties. | Log. |
|Ready

If you want to see how to simulate this design using
ModelSim, see Tutorial 12.
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HDL Design Entry with LeonardoSpectrum

Congratulations!

You have completed the HDL Design Entry with LeonardoSpectrum tutorial. In this tutorial you have learned how to:

m create a new project in ispDesignExpert.

m start LeonardoSpectrum from ispDesignExpert.

m use the Quick Setup tab in LeorardoSprectum to set up and run synthesis, creating an EDIF files.
= import the EDIF file into ispDesignExpert.

m target a device for the design.

= run the Fitter and automatically generate a JEDEC file.
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Tutorial 6  Mixed Design Entry and Implementation

ispDesignExpert features the following mixed
design entries:

m  mixed schematic and ABEL-HDL design
m  mixed schematic and VHDL design

= mixed schematic and Verilog HDL design

This tutorial shows how to implement a mixed
design of schematic and VHDL using third-party
synthesis tools.

Learning Objectives

When you are finished with this tutorial, you should
understand the steps and tools necessary to
implement a mixed design in ispDesignExpert.

Time to Complete This Tutorial

The time to complete this tutorial is about 20
minutes.

File

Wiew Source Process 0

SllalegleormaI YI

[MispDesionExpert Project Navigator - [C:\MSPTOOLSASPSYS\EXAMPL. ... =] S

ptions  Window Tools Help

Sources in Project:

Processes for Cumrent Source:

Device
izpLSI

[P rmuxexT (muxexT sch)

MACH/PAL  © Synplify

ok |

Bl Simple 41 MUK - Mixed SchavHOL

SI1016E-125LJ44

EByrmuxex! (mux2x] sch)

[y w2l vhid (rmuxexlvhdvhd)
Select RTL Synthesis

Synthesis

& Symplify € Exemplar

& Exemplar

Cancel |

New...l Dpen...l

Select RTL Synthesis

ispDesignExpert Tutorial

T2 Update All Schematic Files |+
o’ = herged EDIF Metlist
&CDnstraintManager
& 3 Campile Design
¢/ [ JEDECFile
B Compiler Repon
T3 Timing Analysis
& Tirninn Fenlarar
¥ Report Viewer - [muxdx1_mixed.edf]
File Edit “iew Options ‘wWindow Help

EEEEERE
(Edif MUX4¥1
(edifwersion 2 0 0 )
(ediflevel 0)
(keyyordmnap (keywordlewsl 0))
(s=tatus
(written
(timeStamp 1999 11 17 03 15 35)
{program "edfmerge" (Version "2.0 Beta"!
{datalrigin "i=plesignExpert"
_'I_I

(Version "%.0"11))
2
["s0 [ [RO [ [RecOif [No'wrap [DOS NS [t

|Ln 17 Cal 25

IS[= B3
==l ]
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Mixed Design Entry and Implementation

Task 1

Create a New Project in ispDesignExpert

After starting the Project Navigator, you are ready to
create a new project with mixed schematic and
VHDL design modules. Create a directoryt ut or to
save your tutorial example.

To create a new project:

1.

Choose File b New Project to open the Create
New Project dialog.

In the dialog, navigate to the

i spTool s\i spsys\exanpl es\ispLSI _GAL
directory.

Create a new directory called m xed.

Go into the new folder and type the name
nmux4x1l m xed. syn for the Project Name,
choose Schematic/VHDL in the Project Type list
box, and then click Save.

The untitled project with ispLSI default device
(ispLSI5384V-125LB388) appears in the
Sources window of the Project Navigator.

Double-click the project book to open the
Project Properties dialog. Type Si npl e 4x1
MUX - M xed Sch/VHDL Desi gn for the
project title. Click OK to accept the change.
Double-click the device icon to open the Device
Selector dialog. Select

i spLSI 1016E- 125LJ44 and click OK to
accept the device.

Click Yes in the Confirm Change dialog to
confirm the changes to device kits.

The Project Navigator Processes window reconfigures to facilitate with the
selected device.

Create New Project [ 7] x]

= = e

Save jn: I ) utor

Project Mame: Imux4x‘\ _Miked.spn

Save I
ﬂ Cancel
=

Save as type: IF'miecl File [*.syn]

5 ch FHD
Schematic/Verlog HDL
EDIF

[ ispD esignE xpest Project Navigator - [C:\AISPTODLSASPSYSAEXAMPL. . =] B3

Eile “Wiew Source Process Options Window Tools Help

DI@I EI Slraleg.vINormal j
Sources in Project:

E Simple 4x1 MUX - Mixed SchfHDL [
B8 isplSI1016E-125L044

Processes for Curient Source:

[=] herged EDIF Netlist
‘\CDnstrathanager
33 Campile Design
& JEDECFile
By Compiler Report
3 Timing Analysis
X Timing Explarer
B Meximurm Frequency Repo |
[B)Setup/Hald Repart

B Tpd Report -
Double-click to choose a different device. D ouble-click the item in the list or select the
"Start" button to start the process. Select the
"Wiew'' button to start process and view the
repoit.  Select the "Properties..." button to start
MHew... Upen...l Start| Wiew| Fiopefies | Log, I
|Feady
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Mixed Design Entry and Implementation

Task 2  Create or Import Mixed Design Entries

Now you need to add schematic and VHDL sources
to the project.

You can create a design source by selecting
Source b New from the Project Navigator. In the
New Source dialog, select the desired source type
you want to create for the top module in this mixed
design. See the ispDesignExpert User Manual for
detailed information on mixed design entries.

In this task you are going to import mixed designs:

1. Select Source b Import from the Project
Navigator to open the Import File dialog.

2. Navigate to the directory of
i sSpTOOLS\i spsys\ exanpl es\
i spLSI _GAL\ vhdl \ mux4x1_vhdl . Choose
Sources (. abl ;. sch;. vhd;...) in the Files of
type list box. Select mnux4x1. sch,
mux2x1. sch, and nux2x1vhd. vhd in the file
display area, then click Open. In the pop-up
Import Source Type dialog, choose VHDL
Module in the Type of Source field for
nmux2x1vhd. vhd file. Click OK to close the
dialog.
The top design module nux4x1. sch with two
submodules mux2x1. sch and
nmux2x1lvhd. vhd are imported into the Sources
window as shown on the right.

Import File: [Schematic/¥HDL) HE
Lookin | 23 mudsl_vhdl = k|

File name: I”muxmﬂ sch' U2l vhd vhd'" “mus2s1.sch Open I
Files of type: ISuurces [.abl:.sch:vhd....] j Cancel

EispDesignExpell Project Navigator - [C:\SPTOOLSMSPSYSAEXAMPL... [Hi[=] B3

File “iew Sowce Process Options Window Toolz Help

Sources in Project: Processes for Current Source:
E Simple 4l MUK - kMived SchyHDL (IR EEEEEERET |
£JispLsI016E-125L144
@muxibd [rux4x1.5ch)
B mux?x! (mux2x1 sch)
[ rruxzxtvhd (mux2xvhd vhd)

Select the "Mew..." button to add source or Mo processes are available for the project
“lmpart..." in the Source menu ta add fram an notebook. Select anather item in the Source fist
existing design. to get processes

Mew | Open. | ﬁlﬂl Eroperties |Li|
|Ready
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Mixed Design Entry and Implementation

Task 3

Select RTL Synthesis Tool

ispDesignExpert provides two synthesis tools for
your designs with VHDL or Verilog HDL entries.
Synplicity Synplify is the default for ispLSI devices,
while MACH devices have Exemplar
LeonardoSpectrum as the default. It is easy to use
RTL synthesis tool to assign Synplify or Exemplar to
run synthesis for different flows.

To select an RTL synthesis tool:

1. Select Options b Select RTL Synthesis from
the Project Navigator. The Select RTL Synthesis
dialog is displayed.

2. The current device is ispLSI. Check Synplify (or
Exemplar as you like). Click OK to accept the
synthesis tool.

Select RTL Synthesziz E

Device
ispLSl O Eynplifys
MACH/PAL " Synplify

(o |

Synthesis

~ Exemplar
=" Exemplar

Cancel
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Mixed Design Entry and Implementation

Task 4 Merge EDIF Files

Before you compile the mixed design, you need to
merge the EDIF generated from the schematics in
the design and the EDIF generated by the selected
synthesis tool after VHDL/Verilog HDL synthesis.

To merge EDIF files:

1. Inthe Sources window, select the target device.

2. Inthe Processes window, double-click Merged
EDIF Netlist, or select the process and click
Start to run the process.

The schematics are processed by the system,
and the selected synthesis tool runs for the
. vhd file synthesis.

After successful processing, a merged
nmux4x1l m xed. edf is produced. ClickView to
open the Report Viewer and view the merged

. edf file in detail.

EispDesignExpeﬂ Project Navigator - [C:AISPTOOLSMSPSYSAEXAMPL. . [H[=] B

File Wiew Source Process Options Window Tool: Help

DI@I nl Sllaleg.leormaI j
Sources in Project: P for Current 5

B Sirmple 4x1 MUX - Mixed SchpvHOL [
B ispL5I1016E-126L144

G Update All Schematic Files =
[P =1 icrged EDIF Netlist

BYrmuxdx! (muxdx1 sch) , Constraint Manager
By muxzxt (mux2x sch) 3 Compile Design
[ w2t whd (rux2xdvhd vh) g JEDECFile

% Report Viewer - [muxdx1_mixed.edf] M=

File Edit “iew Options “Window Help _|ﬁ'|1|

EEREEE

(Edif MUX4X1 B
Domee:  (Sifyormen? 0 D) r

(keywordmnap (keywordLevel 0))

(=tatus
(written
New”l Open. (tim=Stamp 1999 11 17 03 15 35)
I (program “"edfmerge” (Version "2.0 Beta"))
Fieady ({dataOrigin "ispDesignExzpert"
Ee— (Version "8.0"))))
({external Lattice
(ediflevel 0} -
<| I 4
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Mixed Design Entry and Implementation

Task5  Fit the Design

In this task, you will implement the design into the
target device with the EDIF netlist generated in the
previous step.

To fit the design into the target device:

1. Inthe Sources window, select the device.

2. Double-click Compile Design in the Processes
window or select the process and click the Start
button to run the compilation.

This starts the ispEXPERT Compiler and the
design is automatically compiled and fitted into
the target device. A JEDEC file is generated
after successful compilation. You can click View
to open the Report Viewer and view the . j ed
file in detail.

EispDesignExpeﬂ Project Navigator - [C:AISPTOOLSMSPSYSAEXAMPL. . [H[=] B3

File Wiew Source Process Options Window Tool: Help

DI@I HI Sllaleg_leormaI j

Sources in Project: for Current 5

[ Simple 4x1 MUX - Mixed SchivHDL G Update All Schematic Files =
be8]is L S11016E-125L044 o i@ Merged EDIF MNetlist

By rmuxdx? (muxdx1 sch) &, Constraint Manager
By muxzxt (mux2x sch) 7 5 Compile Design
[ muxetwhd (mux2xvhd vhd) '~ EDECFile

By compiler Report
G Timing Analysis

T Report Viewer - [mux4x1_mixed.jed] ==] 3
File Edit “iew Optionz ‘Window Help = |ﬁ'|1|
= 2l 3=, 1RE
D ouble-click tc
1 -
Thi= i= a JEDEC compatible fu=e file. :II
DESIGH HAME : muxdizl mized
- pe PART NAME : isplSI1016E-1251744
| ___CREATED BY : ispEXPERT Compiler 7.2.44.4 (FUSEGEE
Eeed CEEATED DATE: Wed How 17 11:21:40 1999
EAtY  =QPdd
*QF17600
*G0
*F0
*L00000

111011110111101111010010111101111011110100101111011
11D111101111011110111101111011110111101111011110111v|

<| I 3
[Ln 1 Cal [233 [ RO |RecOff [Mo'whap [DOS INS [NUM [
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Mixed Design Entry and Implementation

Congratulations!

You have completed the Mixed Design Entry and Implementation tutorial. In this tutorial you have learned how to:

m create a new project of mixed schematics and VHDL design in ispDesignExpert.
m create or import design entries.

m select an RTL synthesis tool for the target device.

= merge an EDIF netlist.

m fit the design for the target device.

ispDesignExpert Tutorial 111



Part lll: Design Implementation and Verification
with ispDesignExpert




Tutorial 7 ispLSI Design Implementation and Verification

This tutorial provides an overview of the features
and operation of ispDesignExpert, focusing on the
tasks and tools needed to implement and verify an
ispLSI design.

Prerequisites

Before attempting this tutorial, you should complete
the Schematic or ABEL-HDL tutorial.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of the steps and tools
necessary to implement and verify an ispLSl design
using ispDesignExpert.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.

File Edit “iew “Window Help

#: ispEXPERT Compiler Constraint Manager - [topfispL51101GE-100LJ 44/C:\ispTOOLS iz [HY=]

=181x]|

EH iBE S 7R

™ Wavelorm Yiewer - SCHEM
File Edit “iew Object Tools Options

E""E ltfp — BlispDesignExpert Project Navigator - [C:AISPTODLSMSPSYSAEXA. .. [H[=]
...mpr;pudk;ns File “iew Source Process Option: “Window Toolz Help
BB count (D= =] suategy[Homal =] 2|82
ﬁ :;tlaleset Sources in Project: Processes for Current Source:
DD logic_enable B SCHEMATIC EXAMPLE 1 ~| | 3 Campile Design &
J— B)scherm.wri o’ B JEDECFile
o zell Byschempear par Bl Compiler Repart
e sell B ispl 311 016E-100LJ44 33 Timing Analysis
PP SEE scham.ahyv K, Tirning Explarer

_[afx | 'BE tiaximum Frequency Fiep
Bl Setup/Hold Report

[PPSR [

ispDesignExpert Tutorial

0 ¥ Report Viewer - [schem_mir] M=] E3
00ns v File Edt Yiew Opfions Window Help ETES
REGCLK

are also listed, 1f the source and the registea
COUNT by the same reference clock. :II
f HOLD
n Hazinum Operating Fregquency: 93 MHz
EXT_RESET|
The clock period is 10.70.
0GIC_EMABLE Clock period = path delay + clock—to—output de
- path delay: 2.60
4 » 1| I clock—to—output delay: 1.40 =
" =mtnmn time n 7n
Time = 0.0 ns

4 3
Ln 20 Col 32 144 [ [RO Rec O [NoWrap [DOS [INS [t
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ISpLSI Design Implementation and Verificatior

Task 1 Open the Project

To open the tutorial project.

1. Inthe Project Navigator, choose File P Open
Example to open the dialog.

2. Select the file
i spLSI _GAL\ abel \ schem schem syn and
click Open to open the project in the Project
Navigator.
The SCHEMATI C EXAMPLE 1 appears in the
Sources window of the Project Navigator.

Open Project

Look jr: Iaschem j gl

File name: Ischem. zn Open I
Files of tvpe:  |Projsct Files [*syn:* dpi] =l Cancel |

[MispDesignExpert Project Navigator - [C:\ISPTODLSMSPSYSAEXAMPL.... [E[E] B3

File “iew Source Process Option: Window  Tool: Help

EE Sllaleg_l,ll j ?Ik?l

Sources in Project: Processes for Current Source:

[MNo Processzes Awvailable]
[Byschem i
[Byschempar.par
ispL310T6E-100LJ44
schem.aky
schemexwdl
[Bytop (top.sch)
counter (caunter.sch) =
[Blioreg (ioreg.sch)
[Bhlocic (lanic echl ~
Select the "Mew..."" button to add source or Mo proceszes are available for the project
“Import..." in the Source menu to add from an notebook. Select another item in the Source list
exigting design. to get proceszes.
Mew... | Open... | El M Froperties... | Lil
|Rieady
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Task 2 Select a Device

The Project Navigator lets you target a design to a
specific device at any time during the design
process.

To select a device:

1. Double-click the device icon in the Sources
window. The Device Selector dialog box opens.
2. Selecti spLSI 1K Device family.

Click oni spLSI 1016 device.

w

4. Selecti spLSI 1016-90LJ44 for the part name.

The Device Information field lists the detailed
information for the selected device.

5. Click OK to accept the settings.

6. Click Yes to confirm that you wish to change
device families (if prompted).

Note: ispLSI default device is ispLSI5384V-
1251 B388.

When you change device, the ispDesignExpert
design environment reconfigures to facilitate
designing with the selected device.

Device Selector E
 Select Device: ~ Device Information:

3 Speed grads: [MHZ
Ll 1F, Dievice, a0 - Density: [gates] 2000
Device: Package Logic eells: 64
ispLSIT016 [4apLeC = voeels: a2

1-4 epL5I1 0480 R :
izpL511032E Operating conditions: 140 ping 32
:zgtg”ggf |Eommermal 'I Dedicated input: 4
ispL511016E e Output enablz: 0
d hd lee:
Part Name:
[ispLsi1016-90L144 =1
0K I LCancel | Help

EispDesignExpeﬂ Project Navigator - [C:AISPTOOLSMSPSYSAEXAMPL .. [H[=] E3

File “iew Source Process 0Options “Window Tools Help

@IEIEI Sllaleg_leormaI j
Sources in Project: P for Current 5
B SCHEMATIC EXAMPLE 1
[Eyschemwri Qi Link Design
By schempar par [B)Linked Equations
isplLs1016-90L44 G Reduce Logic
[E) schem.aby 8 EDIF Metlist
B schemesxwdl X, Constraint Manager —
Bytop (top.sch) 33 Compile Design
) counter (counter.sch) g JEDECFile
Bliareq {ioreg.sch) B Compiler Repart
B logic (logic.sch) G Timing Analysis -

New...l Dpen...l

D ouble-click to choose a different device.

D ouble-click the item in the list or select the
"'Start'’ button to start the process. Select the
"Froperties..." button to start the property editor,

ﬂl M Eroperties... | &I

|Ready
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Task 3 Compile Test Vectors

When you compile test vectors, the design is

aUtomauca-”y formatted as netlists and at the same [l ispDesignE xpert Project Navigator - [C:\ISPTODLSMSPSYSAEXAMPL. ... [E[E] B3

time the stimulus is compiled to serve as input to the file View Souce Process Options Window Took Help
Lattice Logic Simulator. (D =[H] suategy[rioms =] i [X]
Sources in Project: Processzes for Current Source:
To compile test vectors: Bl SCHEMATIC ExXAMPLE 1 XS Cornpil s
By scherm i [B) Compiler Listing
1. Inthe Sources window, select the . abv source. Bhschempar par ® Funstional Simulation
] ) ) £isplSI1016-30L044 &, Timing Simulation
2. Inthe Processes window, double-click Compile B schem.aby
Test Vectors &) schemexwd
’ [Bytop (top.sch)
After successful compilation, a green check B counter (counter sch)
mark is added to the selected process. Ryioreq (ioreg sch)
[B)logic (logic.sch)
Double-click to open the selected test vectors. Double-click the item in the list or zelect the

""Start'! button to start the process. Select the
"Properties..." button to start the property editor.

Mew... | Open... | ﬂl M Froperties... | Lil

Frocess "Compile TestVectars" is up to date.
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Task 4 Functional Simulation

Two types of stimulus files that can be accepted by
the Lattice Logic Simulator are:

== Simulator Control Panel - SCHEM o [ 5
. . File Signaks Simulate View Tools Help
n graphlc Waveform flle ( V\K“ ) HH — | gy [P Step Interval: Run to Time: @
n test vector file (. abv) et ions (05 1395-1999 by Lattics Seaiconductor Corporation 3
Initializing mapping data.
{géiézi;zigg g:pplng data successfully
) . . } ; ; =tepsizs 100000 ps
Functional simulation is called pre-route simulation -4l |
. . . Loading netlist successfully.
because it occurs before the design has been fitted RO NN . . /o viewe: - SCIHEM CEE
and routed. Functional simulation helps you find 22 L W A D G L

38,200.0ns U 20,000

CLK:Q””IHHIIIIIHH II HI””I‘HH é

REGCLK] “l

logical or coding errors early in the design cycle.

To run functional simulation and view the results: COUN
i ﬂ_l HOLD l
1. Inthe Sources window, select . abv. For ek, press F1 EXT_RESET) n
2. Inthe Processes window, double-click P
. . - sele 3
FunCtlonaI SI mUIatlon . pattern IIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIIIII\I"III
The Simulator Control Panel (Simcp) is invoked - |- on
and netlist is loaded successfully. fime =0.0ms

3. Click the Runicon or select Simulate P Run to
start the simulation.

Tip: If View b Show Waveforms in the Simcp is
checked, the Waveform Viewer will be opened
during the simulation to show waveforms of the
simulation results.

4. Select Tools b Waveform Viewer to open the
Waveform Viewer. Waveforms of the simulation
results are displayed in the Waveform Viewer
window.

You can refer to the Design Verification Tools
User Manual for information on selecting
waveforms to show in the Waveform Viewer.
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Task 5

Assign Design Constraints

The Constraint Manager lets you set pin, symbol,
and net attributes for the signals and pins in your
design. You can also read in an existing Property
File or save the attributes as a Property File.

To assign constraints to the design:

1. Inthe Sources window, select the target device.

2. In the Processes window, double-click
Constraint Manager.

The ispEXPERT Comepiler is enabled in the
background before the Constraint Manager
opens.

3. Inthe Constraint Manager window, click the plus
sign (+) in the Design Browser on the left to
expand the list to see the signal or pin names.

4. Double-click on Input Pins to add all the pins in
this category to the Pin Attributes Table.

5. Click the right mouse button on a cell to display
a list of attribute values that can be used for that
attribute. In this way, change the PULL attribute
value of sel0 from UP to OFF.

6. Select File b Save Property, and then exit the
Constraint Manager window. The new value is
saved and reflected in your project.

For more information on using the Constraint
Manager to assign attributes for the signals and
pins in your design, refer to the ispEXPERT
Compiler User Manual.

EispDesignExpe[l Project Navigator - [C:AISPTOOLSAMSPSYSAEXAMPL . [H=] E3

File “iew Source Process Options ‘Wwindow Tools Help

0 Ilj\‘lnl Stlaleg_leorma\ j
Sources in Project: Processes for Current Source:
[l SCHEMATIC EXAMPLE 1 5 Update All Schamatic Files ]
B schem wi G Link Design
@schempar par @Linked Equations
5 016-90 3 Reduce Logic
[B) schem.aby 8 EDIF Metlis
schermax vl .
Bitop ftop sch) G Campile Design

@ counter [counter.sch)
Blioreq {ioreg.sch)
@ logic (logic.sch)

8 JEDECFile
R Compiler Fepont
3 Timing Analysis -

Double-click to choose a different device.

Double-click the item in the list or select the
"iew' to view the repart,

Mew... Dpan...l ﬂlm F‘roparlies..lw
|Ready

spEXPERT Compiler Constraint Manager - [top/ispL511016-90LJ44/c:\isptools\ispsysiex... [H[=] E3

Eile Edit “iew ‘window Help

ERELE -G

ispDesignExpert Tutorial

E-D.. top Pin Attributes Table -
=-Pe Input Pins
..... i Clka
----- PP count LOCK PULL CRIT
""" i clka 11 Up MiA
..... 0 hol
..... pp logic_enabls count 17 [0 T
""" e reack ext_reset 19 up M,
..... i SE'D
_____ — hold 18 R [N
----- pp sel2 logic_e... 20 UF RN
..... i SE|3 33 UFI NJ'A
[P Dutput Pins el
#-P.. Bidirectional Fins sell 25 P&,
I Cells sell 26 [0 [y
M.
e Rets sel2 7 uP A
sel3 28 R [N
=]
For Help, press F1 l_ ,m l_ 4
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Task 6 Set Compiler Properties

You can set the properties for the ispEXPERT
Compiler using the Compiler Properties dialog. The
dialog lets you set settings and device options to Setings | Dovics Optons| UES |

control how the Compiler processes your design.

— Sunthesi
) ) Strateqy © Area ¢ Delay € Mo Logic Optimization
To set the Compiler properties: e High
1. In the Sources window, select the target device. st 2 / .

. . Drefault
2. Inthe Processes window, select Compile ¥ Use Global Fleset _ bt |

DeSig n. — Partitioner & Fouter & Inferfaces... |

3. Click the Properties button under the Masirnum GLE Inpts —J— Advanced._ |

Processes window. The Compiler Properties )

dialog is displayed, three tabs are available for Mainum GL8 Quputs ———— | || I Cany Pin Dieciion

you to change the Compiler options. o =0y )| E sl

I FreedllPinlocks [ lgnore Reserved Pins - Timing Analyzer

T_ip: You can also open the Compilt_ar Properties ¥ Use E gereled Rouing ™" Perfom Timing Analpsis
dialog by selecting Tools b Compiler Properties
from the Project Navigator. V' Use Parameter Fie Orly Berameter Fie: [scherpar par Browse. |
4. On the Settings tab, check the Area radio button

in the Synthesis Strategy field. ok | Concsl | Hep |

5. Click OK to accept the setting.

You can refer to the ispDesignExpert User Manual
for more information on how to set the Compiler
properties.
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Task 7  Fit the Design

In this step, you need to fit the design into a Lattice
Semiconductor ispLSI part.

To run the ispEXPERT Compiler:

1. Inthe Sources window, select the target device.

2. Inthe Processes window, double-click Compile
Design or click the Start button to start
processing the design.

For more information about the ispEXPERT
Compiler, refer to the ispEXPERT Compiler
User Manual.)

Check marks are added to the processes
associated with the design fitting to show the
current status of the process.

3. After fitting the design into the ispLSl part,
double-click Compiler Report in the Processes
window to open the Report Viewer and view the
report (schem r pt).

EispDesignExpE[l Project Navigator - [C:AISPTOOLSASPSYSAEXAMPL . M=l B3

File “iew Source Process Options 'Window Tools Help

DI@IHI SllalegleormaI j

Sources in Project: Processes for Current Source:
[l SCHEMATIC ExXAMPLE 1 S Update All Schematic Filag =
B)schemwi o G Link Design
@schempar.par @Linked Equations
B isplLSI1016-90LJ44 o 3 Feduce Logic
[B) schem.aby o @ EDIF Nedlist
scherme wl &, Constraint Manager =
Bitop ftop sch) B® Cormpile Design
[B) countar (counter.sch) 7 @ JEDECFile
Blioreq fioreg.sch) B Compiler Feport
@Ioglc logic.sch) S Timing Analysis -
Double-click to choose a different device. Double-click the item in the list or select the

“Start” button to start the process. Select the
“Froperties..."" button ta start the property editar.

Mew... Dpan..l ﬂl@l Properties... | Log.

|Ready
¥ Report Viewer - [schem_rpt] M=l E
Fil= Edit Wiew Option: Window Help - |ﬁ’|£|

rFe
Design Parameters —
EFFORT : HEDIUM (23
IGHOREE_FIXED PIN: QOFF
MAX GLE IN: 1le
Ma¥ GLE_OUT - 1
0S5 VERSION: Windows 95
PARAM FILE: _=chen
FIN_FILE: =chemn . =pn
STRATEGY :
TIMING_AHNALYZER: QOFF -
4 | v

[Crn 14 Cal 37 [ 821 [ O Rec Off [Mo'wrap [DO5 [IN5  [NUM
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Task 8 Timing Analysis

The ispDesignExpert software has a built-in Timing
Analyzer (ispTA) that provides accurate pin-to-pin

. : X . . . . EispDEsignExpell Project Navigator - [C:AISPTOOLSASPSYSAEXAMPL . [H =] BX
timing information for an ispLSI design after it has Ele Yew Souce Process Dpfions Window Iooks Help
. . = e =
been processed by the ispEXPERT Compiler. SME'_EAS_"E‘“‘*“W' J D :
ources in lD|eC|I rocesses for Current Source:
ESCHEMAT\CEXAMPLE] o/ @8 JEDECFile =
To run Timing Analysis and view the timing reports: g:gp:g;‘;w fﬁﬁfﬁ;:gﬂj;ﬁgiﬂ“
. . isplS016-90L.J44 Ti Expl
1. Inthe Sources window, select the target device. Schem_ab\, ,.‘,..h.._“-,,E,-..:ﬁ,...p;_EF;.D
: . .. [ sch el B setupHold Report
2. Inthe Processes window, double-click Timing @f;pﬁ?,fﬂ) @rﬁsgeﬁm e
Analysis or click the Start button to run the @ counter (eounter sch) i ATco Feport
o . Gioreg ioreg.sch)
timing anaIyS|s. [Bylogic fogic.sch) Fie Edit Wiew Options Window Help 18] x|
Double-click to choose a diffe [—; —
3. Double-click Maximum Frequency Report . R
requency Analysis Repor -

under the Timing Analysis process.

MNew...| Open.. _I

. . . Design Name: SCHEM
The report (schem.mfr) is displayed in the Compiler Sefings/Devi Part Nane: ispLS11016-90L144
Report VleWer WIndOW. Thi= report contain= the maximum frequency at whick

can be operated. It also lists the path that deterr
naximun freguency and the nunber of GLE levels.

The remaining internal register paths and their fre
are also listed, if the source and the registers azx

You can open the Timing Explorer to query the by the sans refersnce clock
timing information after you compile the design.

-

4 »
Ln1Call 145 | RO Rec Off [No'wrap [00S [INS [MUM [

To run the Timing Explorer in the following two

ways:
i ispEXPERT Timing Viewer |- (O] x|
n Double-click Timing Explorer in the Processes O Edt Ueo Swdo U
window 8| &| mr s [rec[m| 2[x|
. . ‘ @ Clock Frequency Table top C:Ai.. =] E3
n Select Tools b Timing Explorer from the SRS | > sctor onc o Tobie_op Cve METES
Project Nav|gator E|..I|?puts @ Tco Table top C:\ispTOOLSAis... =] E3
[#- SELD -
LOGIC_ENABLE Teo Table
. . . G Eﬁg—&ign Registe... Source ... |D
Note: The ispEXPERT Compiler GUI is enabled e @30 CLKA
when you invoke the Timing Explorer. If you close - T T
the Compiler window, the Timing Explorer will be ® %03 o8 Or | REGelK
closed, too. For more information on using the @ HOLD 105 9F | RESHLS
. . . . . . (- Outputs -
Timing Explorer to query timing information, refer to  Bhdreciond 4| e
the ispEXPERT Compiler User Manual. o e
Faor Help, press F1 ’_IWI_ 4
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Task 9  Timing Simulation

To run timing simulation:

1. Inthe Sources window, click the . abv file. "‘ig" "‘""S“LS"“S‘E"“”PL'
2. Inthe Processes window, double-click Timing )| =]H] statea]Noma =
1 1 Sources in Project: Processes for Current Source:
Simulation. Bl SCHEMATIC EXAMPLE 1 o/ 3 Compile TestVectars
The Simulator Control Panel is displayed and Bechemwi B Compiler Listing
) . . _ [Byschempar.par &, Functional Sirmulation
the netlists are loaded in the Simcp window. 5pLSI1D1E-90LJ44 Timing Simulation
3. Click the Runicon or select Simulate P Run to [ schemeswal
H H 22 Simulator Control Panel - SCHEM
Start the SImUIatlon File Signals Simulate Wiew Tools Help
JJE +— 1 g [ StepInterval: Run to Time: wr ‘f|
As the timing simulation steps are similar to Sinulator. Version I 1 _ _ _ ﬂ
. ! . Copyright {(c) 1998-1999 by Lattice Semiconductor Corporation
functlo_nal swn_ulaﬂon, you can refer_ to Task4, _ Imtialims wopmn data.
“Functional Simulation for information how to view L keize 100050 pe
. . mode max
the simulation results.

mode transport
Loading netlist.. . ...
Loading netlist successfully.

For Help, press F1 | Time: 0.0 ne |Mode: Max Delay Transpart A
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Task 10 Reset the Compiler Properties and Reanalyze the Timing

In a previous task you learned how to set the

Compiler properties using the Compiler Properties o PEETE——— =] B
dialog. Flle Edt View Optiors ‘window Help 1] ]
| N EEREEE
Now you will change the Compiler setting, and re- Design Parameters o
run the timing analysis process and see the L
. . EFFORT : MEDITUM (2
differences in the reports generated by the IGHORE_FIXED_PIN: opr Y
. MaX GLE_IN: 1l
Compiler. MAX_GLE_QUT: 1
OS_VERSICH: Windows 95
PARAM FILE: _=chem
To change the Compiler properties and re-run L T
imi e TIMING ANALVZER: OFF
tlmlng anaIySIS‘ USE_GLOBAL RESET: O hd
. . ll I »
1. Inthe Project Navigator, choose Tools b Yk i R0 O w005 e WM

Compiler Properties to open the dialog.
2. On the Settings tab, check the Delay radio

button in the Synthesis Strategy field. e e W= B3
3. Click OK to close the dialog. File Edit Misw Options Window Help =181
: : 2] 2= I
4. Inthe Sources window, select the target device. ‘
. . . Maxi 0} ti F : 91 HMH: i
Then in the Processes window, double-click ST FRERStIng EESAnsey - L
. . . . . . Th lock 1iod 1= 11.00.
Timing Analysis. Notice this runs the Compiler B
- th delay: 8.50
agaln' g?ock—?cﬁgutput delay: 0.50
. . . zetup time: 2.00
5. After successful compilation, double-click
Compiler RepOI’t in the Processes WindOW to The following path determines the frequency:
view the report. You can see the change to the Startpoint: GLE Q_4_( BLIF/Q0
. - . dge—tri d flip—fl -
Compiler property reflected in this report. o R ——— _,,—'
6. In the Processes window, double-click [Ln 1 Col (185 [ RO [ [RecOff [Nowiap [DOS INS [NUM

Maximum Frequency Report to display it in the
Report Viewer.

Compare the report with the one before you
changed the Compiler properties.
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Congratulations!

You have completed the Design Implementation and Verification for ispLSI Devices tutorial. In this tutorial you have learned how to:

m choose a device family and select a specific device.

m compile the test vector.

= run simulation and view the results using the Waveform Viewer.

m use the Constraint Manager to specify pin and node assignments for the Compiler.
m set properties for the Compiler using the Compiler Properties dialog.

= run the ispEXPERT Compiler and open the Compiler report.

= analyze the timing results.

m change the Compiler properties and re-analyze the timing results.
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Tutorial 8

MACH Design Implementation and Verification

This tutorial provides an overview of the features
and operation of ispDesignExpert, focusing on the
tasks and tools needed to implement and verify a
MACH device design.

Prerequisites

Before attempting this tutorial, you should complete
the Schematic or ABEL-HDL Design Entry tutorial.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of the steps and tools
necessary to implement and verify a Lattice
programmable MACH design using
ispDesignExpert.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.
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MACH Design Implementation and Verification

Task 1 Open the Project

To continue with the design example, open the

project for this tutorial. fipen Exampls Project ;
Leakpe |8 own = @ E”E_“
To open the tutorial project: 1
1. Inthe Project Manager, choose File b Open
Example to open the dialog.
2. Open the file\ Tut ori al \ Tut or 4\
4bCount\ count er. dpj . L e T
The 4-bit counter project opens in the Project Faselbga  [Praioct Fies [“om- el I
Manager.
B apiteaignt xpm Fiogect Rasgates - LS8 §0DRL S eSS iiai FLE Sl H_Ph
Bl e Gowca  Procest Qo Windes Took  Hels
(CTICET ] Ststegad v i ld i
Baweaa i Progesi Frzcpaane for Denesd G ousce:
2 %*-h-*nmw JRE i i SchermicFiee |
X Conpieant Edod
o o e Ol-u_nsu;n
onrmpens fonmpesns whi Fre-Fit Equetinae
oo uer [ooTier ahl Tigreal Croea Ferlererioe
Fikar Rapain
FosH Fincuts
W JEDECFike

't'l'lllllg Ay
I Garermts Timing Smulaion P

mn:rmﬂl'-lﬁ
Chcperciich, K ET0Me 3 CHEsrd. e, Dauiii-Chot. Fwa e 1 (e B0 pokr) e Bioe” Dalmn Ty
| e e [aoesd, Selenl s Propesies, . ® o 10 da s
DOpedp G
Hwe | Opn B ] e | Lo

[Fnchy
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MACH Design Implementation and Verification

Task 2

Select a Device

The Project Manager lets you target a design to a
specific Lattice device at any time during the design
process.

To select a device:

1.

In the Sources window, double-click the device
to open the Device Selector dialog. The dialog
show the available device families and the
devices in the selected family.

In the Device Selector dialog, select the MACH
5 device family.

Select the M5-128/68 device.
Accept the default settings and the click OK.

Click Yes to confirm that you wish to change
device kits.

When you change device families, the
ispDesignExpert design environment
reconfigures to facilitate designing with the
selected device family.
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MACH Design Implementation and Verification

Task 3 Compile a Source File

When you compile a design, you are changing your

design entry format into Boolean equations, which e e e
serve as input to simulation and device I ] e e [

i ' i LT i g
implementation programs. The Project Manager 1 | e ﬁﬁi'w;.;.t;.;;.;

processes each ABEL-HDL module or schematic
file to obtain an intermediate file that can later be
linked together before fitting the design into a
Lattice device.

To compile a source and automatically view the

report: T e L

] h;;::w St i By s

1. Inthe Sources window, select the t op. sch ﬂm S o] s SR ST
source.

2. In the Processes window, double-click
Compiled Equations. The ispDesignExpert
software compiles the source file and
automatically displays the resulting file in the

Report Viewer. If an ABEL-HDL file contains

' i
syntax errors, the software displays the errors in e e .

a view window and an error indication appears EREEER
in the Processes window. S

Devan top crsaked-How Boe 15100020 05 1990 =

3. Close the Report Viewer. Titbe: top bla 5
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MACH Design Implementation and Verification

Task 4

Simulate the Equations and View the Results

Equation simulation uses design test vectors, that
you supply, to simulate the design logic or
equations independent of any device.

There are two ways to specify test vectors. The
most common method is to put test vectors into the
ABEL-HDL source file. The other way to specify test
vectors is to create a "real" test vector file

(fil enane. abv).

The advantages to placing test vectors in the ABV
file instead of in the ABEL-HDL source is an
improvement in processing time. By placing test
vectors in the ABV file you will be able to change the
test vectors and re-simulate without having to re-
compile the logic. This can make a significant
difference in large hierarchical designs.

In this next step, you will import an ABV source file
into the project. Then you will run equation
simulation and view the results using the Waveform
Viewer.

To simulate equations and view the results:

1. Choose Source b Import, selectt op. abv,
and then click Open to load the file into the
project.

2. Inthe Sources window, select t op. abv and
then double-click Equation Simulation
Waveform in the Processes window. The
software runs equation simulation and opens
the Waveform Viewer.

3. Choose Edit b Show to open the Show Waveforms dialog.

B avem benm Vit - gy - PLA = [=1 3
Eim Edi Y Dbsck Jock Dpion: lump Help
n 200 4ann GO0 hnm
TR E A I U T N ST I A T T O A U B A A AN A A O M A A AR A |
— g - —_— — e -
ofk —.J_i__l ] | Show Wasn ho s
ha ] Ml Mo |
Inzlarcms: Het:
b_t_ S EXE
b_1 a0 :I
b3 1
L= I 2
i
a1
9 | frodad =
| [ et |{=
1 I |ER I

Tifne = 0 High, input - AGEL

1-5
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MACH Design Implementation and Verification

Simulate the Equations and View the Results (continued)

4. Under Nets, scroll down and select clk. Then
click Show. The software adds the waveform to

R e e T =]
. Fiw Ect Mwa Opjaci JTach [ipkonr H
the viewer. o T & 5
5. Scroll down more and select rst. Then click iy e II:]l.""I' b rl_lr‘|_r1_|r'|_r1 e E
Show. 1
6. Now you will create a bus. Click Bus to expand
the dialog. e ey S e =]
7. Inthe Bus Name field, type endv. Cm] Cpet || mienuso] S| Susaa] L]
T Habr: Bop flarbmr
8. Under Nets, select endO to end3. Then click = | = =l
Add Nets. AT u
i =l

9. Click Reverse to reverse the order.

10. Click Save Bus. Then click Show to add the
bus to the viewer.

11. Exit the Waveform Viewer. When prompted to
save the file, click No.

|| B | B | s | i

6-10
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MACH Design Implementation and Verification

Task 5 Assign Some Constraints

The Constraint Editor lets you specify pin and node

assignments, group assignments, pin reservations, ==
power level settings, output slew-rates and JEDEC
file options. The editor reads the constraint file and
displays the constraint settings in the main window.
You can modify the constraint file using the function
dialogs available from the toolbar 2-4
To assign constraints to the design:
1. Inthe Sources window, select the target device.
In the Processes window, double-click
Constraint Editor to open it.
2. In this step, you will specify two pin
assignments. On the toobar, click Loc to open - el [ f [[oR ] e | e |
the Location Assignment dialog.
3. Under Filter, select Output/Bidi. In the Signals
List, select out0. Under Asignment select pin 6.
Then click Add. The software adds the pin
assignment to the assignment list.
4. Now, using the same procedure, assign outl to P e s ilals
pin 11, and then add it to the assignment list. 7 | e s :
Click OK to close the dialog. || | i
i fa
5. Next, you will create a group and assign it to any H=a = i
block . On the toolbar, click the Grp button to :"—_I
open the Group Assignment dialog. Fiter b vl S ?—j

L e - |

6. Under Filter, select Output/Bidir. In the
Available Signals list, select out2 and out3.
Then click theright-arrow button to add them to
the Selected Signals list.

| Sigrabe |

o]

| ] ; aF I
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MACH Design Implementation and Verification

Assign Some Constraints (continued)

7. Inthe Group Name field, type myGroup. Under
Assign Group To, select block Any, if it is not
already selected. Then click Add to add the
group to the assignment list. Click OK to close
the dialog.

8-9

8. Finally, you will specify Pin Reservation
constraints, which are “soft constraints.” That is,
if the design fails to fit, the pin reservation cUS
constraints are ignored by the Fitter. On the lﬁ?m
toolbar, click the Res button to open the Pin
Reservation dialog.

9. Select pin 20, select Output, and then click Add.
Click OK to close the dialog.
- Filn ki Fin R za reaban [l

10. Look at the assignments in the Constraint ¥ W g I i

Editor, and then exit the editor. i — [ o | oo | v

. Dutput

mvihon b
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MACH Design Implementation and Verification

Task 6  Set Fitter Optimization Options

You set the optimization options for the Fitter using
the Global Optimization dialog. The default Fitter
options are set up to achieve the highest possible
performance in the smallest possible device, for

H - . . mT l‘-\.-li--:h-oto-ll.irl--
most designs. You can choose to maximize design o - J

flexibility by spreading out logic or exercise tighter B ;‘“ﬁ::{“"

control over the fitting process by packing the logic R,

to achieve your design goals. i
gt e o 500 Py

Cirmerd 11| Fosemal - 5 fharaics

To set the Fitter optimization options:

Dhabb-choh in Chomos & i wead dwicn O ik, i e b el o et ' "V L v e
(Lo

1. Inthe Project Manager, choose Tools b
Global Project Optimization to open the e | o | I T ST e

e Py ol Cpferiaaion | Logic Byrkes o |L8 nok oo cydae:

dialog.
2. On the Global Optimization tab, select Spread
Design. —
Global Optimization
The Spread Design option spreads the design Gichal Optiwizaticn | Logie Syriresh | Unkeaion Cpton |
throughout the device, allowing the design to be ~ Bl Dlions
partitioned and placed in a spread out method. 2 Lt I
This placement method enhances the upgrade ;Eﬁtﬂ@ﬁm Ay
capability of the design by spreading the R T i
resources throughout the device. However, the s zksaskb

disadvantage is that more resources may be
used because the design is partitioned evenly
through all the blocks.

Later, you will choose Pack Design and see the
difference in performance results.

3. Click Apply, and then click Close to close the
dialog.

Clcae Hels
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MACH Design Implementation and Verification

Task 7  Fit the Design

ispDesignExpert 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, ispDesignExpert generates a JEDEC file, as
well as a fitter report, so that you can see how
ispDesignExpert has utilized and routed the part.

There are four phases to the fitting process. These
are:

Initialization — When you start a new project,
ispDesignExpert automatically copies a default
constraint file from the ispDesignExpert directory
into your project directory.

Optimization — Each clock signal is evaluated and
classified as a global clock or a non-global clock.
The Fitter attempts to place all global clock signals
at global clock pins (check the log file for the status
of all clock signals after optimization). The Fitter
assigns all other clock signals to I/O pins and
implements them as Product Term clocks, if the
architecture supports Product Term clocks. Input
pins and nodes that are defined but not referenced
(not used by another equation) are discarded from
the design during optimization (warning messages
are generated).

Partitioning — After optimization, ispDesignExpert partitions the design into
individual blocks of the specified MACH device. Partitioning is achieved by
assigning logic to specific PAL blocks, based on several considerations.

EispDesignExpert Project Mavigator - [C:AISPTODLSAMSPSYSAEXAMPLESAMACH _PA... M=l E3
File “iew Source Process Options Window Tool: Help

Slrateg}'iNormaI 'l

Sources in Project: Processes for Cument Source:
Bl 4-hit courter 22 Update All Schematic Files
8 1,15-1 25, B i | Constraint Editor
Btop (top.sch) L& Fit Design

compare ([compare.al re-Fit Equations
[E)compare (camp bl B Pre-Fit Equati
counter (counter.a ignal Cross Feference
bl Si | Ci Ref
By Fitter Report
’\ Post-Fit Finouts
8 JEDEC File

E, Timing Analysis
3 Generate Timing Simulation Files

B Report File
Diouble-click ta chooze a different device. {Double-click the item in the list or select the "Start'* buthon to
start the process. Select the "Properties..." button to start the
property editor,
MHew... | Open... | Starti wiew]| Fropeties, .| Log...

|-F{eady
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MACH Design Implementation and Verification

Fit the Design (continued)

The Partitioner considers commonality of signals,
macrocell requirements, Set/Reset requirements,
product-term requirements, and other factors to
determine which partition is most likely to succeed
in fitting the design. Only partitions that are likely to
succeed (according to the Partitioner's rules) are
attempted.

Placement and Routing — In the placement phase
of the fitting process, individual equations are
assigned to physical resources. In the routing
phase, the Fitter attempts to route input, output, and
feedback signals to and from the physical resources
assigned in the placement phase.

To run the Fitter and view the Fitter report:

1. Inthe Sources window, select the target device.

2. In the Processes window, double-click Fitter
Report. This starts the Fitter and automatically
opens the Fitter report in the Report Viewer.

3. Browse the Fitter report and then close the
Report Viewer.
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MACH Design Implementation and Verification

Task 8 Analyze the Timing Results

The Performance Analyst analyzes the performance
of your design after it had been optimized and
implemented by the Fitter.

E izpDesignE xpert Project Mavigator - [C:AISPTOOLSMSPSYSAEXAMPLES\MACH_PA . =] E3

File Wiew Source Process Option: Window Tool: Help

The Timing Analyzer traces each logical path in the

K . = | =l suategy|nomal ~| |52 | 2 |%2
design and calculates the path delays using the E. o e el
L. . B Sources in Project: Processzes for Cumrent Source:
timing model and worst case values supplied in the B 4-bit counter 3 Update All Schematic Files
device data sheet. Y b | 3 Constraint Editor
) top.aby SFit Design
i L [Bytap itop.sch) & [B)Pre-Fit Equations
The Performance Analyst performs six distinct [l compare (compare.ahl) B)Signal Cross Reference
analysis types: fMAX, tSU, tPD, tCO, tOE and Bcauntar {counterabl ¢ BFiter Roport
.. . . . . &PDSt—Fit Finouts
tCOE. Timing filters, source and destination filters & JEDECFile
and path filters can be used to independently fine- i
. ¥4 Generate Timing Simulation Files
tune each analysis. R)Repor File
The timing analysis results are displayed in a : : : | I __
gl’aphical Spreadsheet W|th sources dISplayed on Double-click toooseadlffarent device. iDouble-cllck the itern i the lizt or zelect the "Yiew'" to view the
. . . . il P eafimancs Analyst - [Untitled - counter]
one axis and destinations dl_spla_lyed on the other. T Bk N Do Witss Hoe i)
The worst case dglay val_ue is displayed in the New | 0o 2] %]
spreadsheet cell if there is a path between the [Pready o =
source and destination. Path details are obtained by e R destination )
. . . 0.0 1.0 2.0 w3
placing the cursor on the cell and double-clicking Cammercial ] - "';ML "1“;1 . ":'H_E_k .
. U .. L |
the left-hand mouse button, allowing the user to % o N o7 | 5Eok | 6ok
easily identify performance bottlenecks. : u rpigne]| aBak | 10dok [ 107k
Arelysis Tna e aack | seck | asok
ima Coa g oufliz| Bick | BAck | Ak
:: b r‘: toe Sublic| Bdclk | BEclk | Gbdk | BGck
i il oul.C) E3ck B Aok 8.6:dk BEclk
Options... Eick | BEck | abok
jhdapm:mquum I _I;d
L "
For Hel, press F1 T MM IR
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MACH Design Implementation and Verification

Analyze the Timing Results (continued)

To run the Performance Analyst and view the

results:
EPel[olmance Analyst - [Untitled - counter]
1. Inthe Sources window, select the target device. - File Wiew Preferences Window Help =18l x]
Then in the Processes window, double-click =|H| 3| 2]
Timing Analysis. | MBI destination sl ]
2. Select fmax and then click Run. The overall % i e e e sunD
timing results appear in the spreadsheet. T S| B0_C| 1330k | 136ck | 1360k | 1360k
7 = | O _BJ_Cl 133ck | 13k [ 1360k [ 136k
. , u 133ck | 136k | 1360k [REREE
Note: Your numbers may differ from those shown in ; o -c = c
hi | 1 2 ||| [ Analysis b 3 C| 98clk 1073:elk | 101:clk | 10.7:clk
this example. -  fmax oo C ' ounc| smak | 101k | 1000k | 1010k =
(‘: ‘S:l (‘: toe | € OIE| seck | 1010k | 1000k | 1000k
. . . . . b tooe
3. Double-click inside the highlighted cell to open ) 98ck | 107k | 100k | 100k
. . . Opti R - - . .
the Extended Path dialog and analyze the timing Dptors. | _°“t3'c ek L i0Lele | 1hlo | 181ek
results of an individual path. - Display (CYC fonget than -
. . .| ‘ | _’_l—l
4, Tgtécssthe timing results. The longest delay was T — U s,

5. (Optional) Print both output reports. You will use
this in the next task to comapre timing results.

6. Close both spreadsheet dialogs without saving.

Souceh 2 .C Destinationcout3D

Fram  |To Delay Type |Valug (ns) | Cum Total {ns)
delaypath |h 2_C |h2_Q |tCOSi 40 40
il b7 0 |ouBD |BEGHPTZ |k i

H outiD  |outIC 1S5 40
3 el |
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MACH Design Implementation and Verification

Task 9 Change the Fitter Options and Reanalyze the Timing

In a previous task you learned how to set Fitter
optimization options using the Global Optimization
dialog. If you recall, the default Fitter option is ok i ation i Lesesineye| ViesinaE ]
Spread Design. This option allows you to achieve
the highest possible performance, while leaving
room for any additional functionality that you may
want to add in the future.

Defaults

[
Apply i

- Advanced options

Now you will choose another option, Pack Design. = [ EBlEnee e
This option lets you pack as much logic into the I= | Spread Placement
device as possible. Pack Design allows you to
achieve the highest possible performance in the
smallest possible device, for most designs. Each
block may be completely filled, leaving less room for
any design changes or logic additions.

After you change the Fitter optimization option, you
will re-run timing analysis and see the performance
differences with the new setting.

Cloze Help
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MACH Design Implementation and Verification

Change the Fitter Options (continued)

To change the Fitter optimization options and re-run
timing analysis:
. Gloksl Ciphraction | Log & st | Lemtion O ptons:
1. Inthe Project Manager, choose Tools b e Mlm o =
Global Project Optimization to open the * Pk ey
dialog. 14 i ok
2. On the Global Optimization tab, select Pack e : S
Design and then click Apply. Click Close to :
close the dialog.
Note: You must click Apply to register the changes
in the dialog. e He
3. Inthe Sources window, select the target device.
Then in the Processes window, double-click
Timing Analysis to open the Peformance
Analyst. Notice this runs the Fitter again.
4. Select fmax and click Run. The overall timing 3
results appear in the spreadsheet. Notice the |
the performance has improved. Now the longest Emanangpan R
dela‘y iS 101 ns. Sowesk & L Oesinalon:esdl
B From To Celoy Typa  |%alus ms) | Cum Total (na)
Note: Your numbers may differ from those in this e =
example. What is important to notice is the “relative” Heb ETE = R i
improvement in performance compared to the
previous run.
5. Double-click inside the highlighted cell to open
the Extended Path dialog and analyze the timing
results of an individual path. Again, notice that
the cumulative total has improved.
6. Close both spreadsheet dialogs without saving.
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Task 10 Backannotate Project Assignments

You can backannotate assignments from the Fitter
output to the project constraint file using the
Backannotation tab on the Constraints Options
dialog. This feature lets you retain the assignments

made by the Fitter so they can be used in the future.

You can only backannotate project assignments
after the “Fit Design” process has been successfully
completed. An error message appears if
ispDesignExpert detects that this process did not
complete successfully.

To backannotate assignments:

1. Inthe Project Manager, choose Tools b
Backannotate Project Assignments to open
the Constraints Options dialog.

2. Select Pin, Block, and Macrocell
Assignments, and then click Apply.

3. Click Yes to continue, and then click Close.
Notice that the green check mark next to Timing
Analysis is removed, indicating that timing
constraints have changed and that the design
should be processed again.

4. Now open the Constraint Editor and view the file
contents. In the Sources window, select the
device. In the Processes window, double-click
Constraint Editor to open it.

The picture on the right [4] shows the smaller file
containing the constraints set earlier in Task 5.
The larger file on top contains the constraints
that have been backannotated.

Notice that there are many more constraints
now than there previously were. Also notice that

the constraints you specified in Task 5 are still retained. For example,

signal outO is assigned to pin 6.

Constraints 0ptons

Batkareweation | Cimar Corsrants | oo Convtrainks |

Lo palmn Ao graverds:
™ Finsssdgnment

™ Finard Block Assignmentd

ol W5 1R T - Camriraind Ediiny

B [ores fom (pamy Hub
< @] ixlom]nn] of{telm] 9]0

| Tipx

=7 ol 3 [T
L1} Famrvy_ npat
Daipd B 'y
DupiSik

| Sl Harm Enceps Hamn Tagmand | Bewh | Hacersd § Fin [
i e
]
i
H

ol

FaHey pessF Py Edl [irace s Dphors Hep
5| 3| el wp| n| ow]rwla] ¥ 02

| Togee | Signaibbare
Bumdbode b1 1 :
Bumdbods 00 ]
Humdbode 1 ]
Huwd ke
(0]

A
;3
g
=t 1]

=

g
ERERAAMLAE

ispDesignExpert Tutorial

140



MACH Design Implementation and Verification

Congratulations!

You have completed the Design Implementation and Verification tutorial. In this tutorial you have learned how to:

m choose a device family and select a specific device.
m compile a source file, changing your design entry format into Boolean equations.
= import a test vector file into the project, and then run equation simulation and view the results using the Waveform Viewer.

m use the Constraint Editor to specify pin and node assignments, group assignments, pin reservations, power level settings, output
slew-rates and JEDEC file options for the Fitter.

m  Set optimization options for the Fitter using the Global Optimization dialog.

= run the Fitter and open the Fitter report.

m use the Performance Analyst to analyze the timing results.

m change the Fitter optimization options and re-analyze the timing results.

m backannotate the project assignments and view them using the Constraint Editor.
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Tutorial 9  Design Implementation and Verification for GAL Devices

This tutorial presents the basic operation of a GAL
design, focusing on the tasks and design tools
needed to implement and verify a GAL design.

Prerequisites

Before attempting this tutorial, you should complete
the Schematic and ABEL-HDL Design Entry tutorial.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of steps and tools
necessary to implement and verify a GAL design
using the ispDesignExpert software.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.

File Edit “iew Options Window

¥ Report Viewer 0] x|

Help

EOREEE

control_smj
va Bl control st

oo MispDesignExpert Project Navigator - [D:AISPTOOLS\ISPSYS\EXAMPLES __ M=l E3

& Simulator Control Panel - CONTROL
File Signals Simulate Y¥iew Tools Help

- oo T = File Wiew Source FProcess Options MWindow Tools  Help

0 E , i

oo Signal Name EE Slrﬁlegy,lNorma\ 'I

0 oo el Sources in Project: Processes for Current Source:
T |y S RHES T LE [ Brake Light Controller ” G Link Design
LRI [ ]G AL 22 10C 5L BiLinked Equations

Al oo [#) control-vectors o 3Fit Design

- il Title: Bra @cnnlml (control_abl) @Pre—Fil Equations

M= "2l Post-Fit Equations

o [E)Fitter Report

o [E)Signal Cross Reference

” HE « ! &ar i StepInterval:[100.0ns | Run to Time:[15¢ | o 3Create Fuse Map

Simnlator. Version 1.1

Initializing mapping data.

Initializing mapping data successfully.
‘ticksize 100 ps

Istepsize 100000 ps

ode unit

Loading netlist......

Loading netlist successfully.

run 15,400.0 ns

Operation EUN ends.

I
ForHelp, press F1 Tirme: 15,400.0

;l & [EIChip Report

Copyright (o) 1998-19959 by Lattice Semiconductor Corporati | o i@ JEDEC File

B Wavelorm Viewer - History - JEDEC
File Edit “iew Object Tools Options Jump Help
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Design Implementation and Veritication for GAL Devices

Task 1 Open a Project

To continue with this tutorial, open an example
project.

Open Example Project [21]
sl B | =1

To open the example project:

1. Choose File b Open Example and select
\'i spLSI _GAL\ gal \ brakelite\braklite.

syn. -

File name: raklite syn Open |
2_ CIICk Open . Files oftype:  [Project Files (~syncip) =l Cancel
3. The Brake Light Controller project is opened in

the Project Navigator.

BMispDesignExpert Project Navigator - [D:\ISPTOOLSVISPSYS\EXAMPLES _ M[EIE
File ¥iew Source Process Options Window Tools Help

DIDWIEI Strategy:lema| j

Sowurces in Project:

Processes for Current Source:

Bl Brake Light Contraller
M GAL16V8ZD-12QP [BiLinked Equations

#) control-vectors SiFit Design

[F)control (control.abl) R Pre-Fit Equations

[B)Post-Fit Equations
BiFitter Report
[ASignal Cross Reference

3 G Create Fuse Map

[B1Chip Report

I8 JEDEC File
ig Verilog Post-Route Simulation Model
g YHDL Post-Route Simulation Model

Double-click to choose a different davice Double-click the item in the list or selectthe "Start"

hutton to startthe process. Selectthe
"Properties..." bution to start the property editor.

INew. Open Start | “iewi| | Eroperties, Log
‘Ready
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Task 2 Change your Device

The Project Navigator lets you target your design to

a specific device at any time during the design RE—

process. We have opened an example project with ~SelectDenics [ Devcaioman

a GAL16V8ZD-12QP device. In this task, you will LD 1z I | Densivegos) -

change to select another desired GAL device for et R R

. astic 1/0 cells: 8

your design. T \

I-CPD'"?’EE‘E‘—;, Dedicated input: 7 l

To change a device: P Z:P“‘E”ﬁb‘g ‘55

1. Inthe Sources window, double click the Device e 5
icon. The Device Selector dialog box opens.

The dialog box shows the available device el e e
families and the devices in the selected family.

2. Inthe Device Selector dialog box, select GAL
device family. Select GAL22V10C-5LJ from the
Part Name field. Accept the default settings and Devics Saleciar £
then CIICk OK . —‘S’?;emc‘t‘Dethe o oo, e r~ Device Information:

3. The Confirm Changes dialog box appears o 5 e
prompting you to confirm your device change. for e e 10
C|IC-k Yes to confirm that you W.ISh to change the 2.3 poertmcotions ZO:Np( .
device. When you change devices, the

Ouiputengble: 0

ispDesignExpert software design environment
reconfigures to facilitate designing with the e r
selected device. Confim Chango

Low id lee: 150

Part Mame:

“ou are aboutto change dewvice kits. This will
resultin changes in the Project Nawvigator design oK |
environment. Do you wish i continue with this
opetation?

Cancel Help

Note: Depending on the device you choose, the
Confirm Changes dialog box does not appear for all
the devices.
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Task 3 Run Functional Simulation

Functional Simulation, pre-route design verification,
often occurs before the design has been fitted and
routed. It helps you find logical or coding error in
early design cycle. Functional Simulation uses test

. . . . MlispDesignExpert Project Navigator - [D:AISPTOOLSAISPSYS\EXA . MEEX
vectors to simulate the design logic or equations, Fie view Sowce Process Optons Window Tools Help
independent of any device. The more Strategy:[omal -
comprehensive and detailed your test vectors are, %"g‘:‘f mEeeet__ e —

- - - rake Light Contraller
the more useful your simulation results will be. £2GAL22V10C-5LJ @ Compiler Listing
G Simulate JEDEC File
i i i i i [F) control (control.abl) U@JEDEC Simulation Report
The Lattice Logic Simulator applies the inputs from % Text Editor - [control.abl] M= K &’\FJED_EC Simulation Waveform
. . . ] 1 R T 1 q ctional imulation
the test vectors to the simulated circuit and Ele Edi Jow Tomplawe Tools Onfions Windaw Heln olalxl) oo e ton
compares the simulated output with the output \IDIB“IHJI&III;IIQI'JI =
specified in the test vectors. If there is any ?T?i?isz\i,’::ftors([CLK,!OE,RBI,LEI] -» [LB3,LB2,LB1,LBO,RBO,] | e
difference, an error is indicated. S P PR e A R R roperies. » buton o st
[ e g,o0.,0]-»[ 1, 1, 1, 1, @ Vlewl Propemes...l Log..l
. . o, 0,0 - T, 1., 1, 1.
Test vectors can be specified in two ways. The most { R % = E L.o1. 1. 10
commonly used is to put test vectors into an aght o o Pl
ABEL-HDL source. The other way is to create a - Il
i ” i i o, 1.0 - 1, 1., 1, 1.
real t(_ast vector file (d.ESI gn. ab\{). '_I'h_e advantage { ool } 7 E R R i
of placing test vectors in an ABV file is it can save [e., 0, 1,0] >0 1, 1, 1, 1,
. . . . I - >
more time in the simulation process. Once you Cioal i ] e e o v [

place test vectors in the ABV file, you will be able to
change the test vectors and resimulate without
having to recompile the logic. This can make a
significant difference in large hierarchical designs.

In this sample project, we have specified the test
vectors in the ABEL-HDL source.
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Run Functional Simulation (Continued)

To run Functional Simulation:

1. Select the test vector icon from the Sources ispDesignExpert Project Navigator - [D-\ISPTOOLSVISPSYS{EXAMP... 8 [=]

) . . ) File ‘iew Source Process Opfions ‘Window Tools Help

window of the Project Navigator. Double click Swateayfroma 3

the associated Functional Simulation process or Sources in Project Pracesses for Current Source:

click the View button at the bottom of the Project ke e onreter e e "

Navigator to launch Simulator Control Panel. At VEDEEREEE i Simulate JEDEC File
K K [Flcontrol (controlabl) BJEDEC Simulation Report

this moment, the Simulator starts to get R JEDEC Simulation Wavefarm

functional netlist information. Because the netlist ® Timing Simalation

files have been generated before logic Uipettitns) FUTEia) S .

X ) i e X iblflink cantrol.blo -o braklite.blh -omod braklite -err
synthesis, partitioning, or fitting is performed,
you will be able to find logical or coding errors at
an earlier period of the whole design cycle.

2. The ispDesignExpert Process dialog box
appears momentarily. When this process is

Double-click the item in the list or select the
"iew' to view the report.

S \/iewl Propenies..l Log...l

mod braklite -err automake.err -gui

completed successfully, the Simulator Control 1-2
Panel is launched.
3. Inthe Simulator Control Panel window, click the
Run icon from the toolbar or choose
Simulate b Run to start the simulation. 2 Simulator Control Pane! - CONTROL =
File Signals Simulate  View Tools Help
Hﬂ + ! &g Stepinterval:[100.0ns | Runto Time:[15400.0ns | = &
. IBimulator. Version 1.1 -
Note: Keep the View b Show Waveforms menu gggggﬁl;; (61 1596-1935 1y Latesce Semiconductor Corporation. |
item checked in the Simulator Control Panel so that L ickeize 10y part T Aot suesessiully.
X ) . lstepsize 100000 ps ‘aveform Yiewer -
the Waveform Viewer will automatically be opened poc iz 5 it Yor pen Toos- Gpioe dunpe siop
with the waveforms of the simulated signals. o S b e e Y ramoons Y O
Operation RUN ends. CLK -
OE
RB'l_l—\ | 3
LBI
LBO
Ll LB1
For Help. press F1 LB2
. IplRin e e _»l_l
Time = 0.0 ns
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Run Functional Simulation (Continued)

4. When the simulation runs to an end, you can

compare the Functional Simulation results with
the expected values specified in the test HE L0 New OFee Wido Hek EEIE
) :
vectors. If there is any difference between the Lmulator. =—=rr r
. . . Copyright (o) 1998-1999 by Lattice Semiconductor Corporation.
simulation results and the specified values such nitializing nepping daze. :
. . . . nitlallzing mapplng ata successiu V.

as the stimulation time, signal name, expected tickoize 100 be |
values, or actual value, messages will be printed e B0 0 nnc
in the Simulator Control Panel window. Or you ron 154000 e

. . . Operation RUN ends.
can view the messages in the LOG file by ’
choosing View b Simulator Log.

Refer to the Design Verification Tools User Ln1 ol 1 Ro[ [RecOf Nowiapoosins [ [

Manual for more information on simulation.
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Task 4  Fit Design

Now you can fit your design to the target device.
Use the Fit Design process, you can run the
ispExpert Compiler to automatically assign the pins
and nodes of your design to physical pins and
nodes in the device you have chosen. Several fit
strategies can be selected in the Properties dialog
box. You can view the Fitter Report of your design
after running the Fit Design process.

To fit your design and view the report:

1. Selectthe device icon in the Sources window. In
the Processes window, select the Fit Design
process. (If you need to change properties
associated with this process, click the
Properties button at the bottom of the Project
Navigator or choose Process b Properties to
open the Properties dialog box. Change the
options of the properties. Close the Properties
dialog box.) Double click the Fit Design process
or click the Start button. The ispDesignExpert
software starts the fitter process.

2. When the process is finished, double click the
Fitter Report process in the Processes window
or click the View button at the bottom of the
Project Navigator to display the Fitter Report
(. fit)inthe Report Viewer. If there is any
syntax error in the compilation procedure, the
software displays errors in the report and an
error indication (red X) appears beside the Fit
Design process in the Processes window.

3. Close the Report Viewer.

Note: If the target device is among the GAL6001B, GAL6002B, or
GAL20XV10B device families, no Fit Design process is available in the
Processes window.

MispDesignExpert Project Navigator - [D:3ISPTOOLSAISPSYS\EXAMPLES... Mi[=] EX
File iew Sourcs Frocess Options Window ZTools Help

Strategy: [MNomal -

Sources in Project Processes for Current Source:

[@ Brake Light Controller GiLink Design
B GAL22V10C-5L)

[BlLinked Equations
[8) control-vectors (e

g
[Rycontrol (control.abl) [ElPre-Fit Equations

% Properties - (Normal : Design) [C-[x]| B)PostFitEquations
[BAFitter Report

Properies [Rsignal Cross Reference

oA e G Create Fuse Map

[*] :
R chip Report
. Wl -
Pin Preassignments List [Try igl JEDEC File

Design Reduction Algarithm |List " [By-Pin/Choose Defauls 18 Verilog Post-Route Simulation Model

) 8 VHDL Post-Route Simulation Model

FierSroegy Fant Ll & ISP Daisy Chain Download

Normalize Design T7F e 4| ttubh::—n:h‘cl;tg‘e iter in the \S\sllné‘s;‘\emlhe "Start"
0N to start the process. Select the

s“‘"e MCS“;“:’ RES“‘;“D” ;;E _Fralse roperties " bution o start the property editar

emove Redundant Nodes e

Merge Eguivalent Feedhack Nades [T/F  |False ﬂlﬂl Rizperis |LD_9I

MNode Collapse Mode List Al

P-term Limitfor Collapse-All MNum |3

Custam Fitterta Run [Text

Double-dlick on the selected itemn to toggle its state, use the
editregion and press T or F. or use the combo box to selact

MispDesignExpert Project Navigator - [DAISPTOOLSYISPSYS\EXAMPLES .. IS ES
File “iew Source Process QOptions  Window Tools  Help

DI@IHI Strategy:|Mormal j
2 Sources in Project: Processes for Current Source:
” 5 Link Design

[BlLinked Equations
o? 3 Fit Design

[APre-Fit Equations

[AAPost-Fit Equations

controlvectors

[ Brake Light Controller
@ GAL22V10C-bLJ
[ control (control.abl)

B BerorYiawe R GrakineNi] B
Fitter R 11
[] File Edit “iew Options MWindow Help =& x| EgliEFitter Repo

[AASignal Cross Reference
3 Create Fuse Map

@Chip Report

8 JEDEC File
8 Verilog Post-Route Simulation Model
8 VYHDL Post-Route Simulation Model
X, ISP Daisy Chain Download

| Double-click the item in the list or selectthe "View"

HNote 4036: Signal RE1 is preassigned to nonexistent l;utt?gm ﬁ‘:“FmEESS‘E”dV‘ﬁW‘hE"EPD"‘SS‘HEU
pin - signal ignored. e "'Start" button to anly run the pracess. Select

Hote 4040: Signal RBE2 is preassigned to pin 13; Start | View | Froperies. | Log.
however, the signal is inceompatible in direction - —I—I e |_g|
preassignment ignared.

Mote 4040: Signal RB3 is preassigned to pin 12:
however, the signal is incompatible in direction -
preassignment ignored. ~
4

W!TTWI_WIW@WW!;T

=

Mote 4036: Signal CLE is preassigned to nonexistent 4
pin - signal ignored.

Mote 4040: Signal LBO is preassigned to pin 16:
however, the signal is incompatible in direction -

preassigument ignared.
Mote 4036: Signal RBO is preassigned to nonexistent
pin - signal ignored.

ispDesignExpert Tutorial 148



Design Implementation and Veritication for GAL Devices

Task 5 Create Fuse Map

After fitting the design, you can create a fuse map in
JEDEC format for your design. The resource

MispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMPLES... =] E3
h H 1 H H H Eile “iew Source Process Options MWindow Tools Help
utilization report will be automatically dlspl_ayed in CIBTH) svoeay e [ 51
the Report VleWer The JEDEC or PROM flle and 1 Sources in Project: Processes for Current Source:
resource utilization report are generated by the D e ngtg;ss;mm
FUSEASM application. Several JEDEC and report B b ”“@ng‘?:;.f‘gquﬂms
properties can be set in the Properties dialog box. & Properies - (Normal - Design) ] g;’;;;‘;g;f]g;ﬂ"“"s
Froperties: F e [ Signal Cross Reference
_ _ s S —y || i —
To create a fuse map and view the JEDEC file: e W | | e
i X i X X i O T s List [Full efauls ﬁVEnIug Post-Route _Simult_iliun Model
1. With the device icon highlighted in the Sources Ghip Repor Coril G et [ 9,70t Postoute imlaion Modl
window, select the Create Fuse Map process. (If e _ web | e ot s s or s S
. . . on to start the process. Selectthe
you need to set properties for this process, click o T operles. " buton o st the propery edior
. = ﬂl Wiew | Propeties. Log..
the Properties button at the bottom of the T e e 7 g T Fae
Project Navigator or select Process b User Elecionc Signera word [T
Properties. Change the options of the N T
properties in the prompt Properties dialog box.

Close the Properties dialog box.) Double click
the Create Fuse Map process or click the Start

button. This starts the process of Creatil’]g a fuse MMispDesignExpert Project Navigator - [D:\ISPTOOLS\ISPSYS\EXAMPLES... /sl EX
. . Eile  Wiew Source Process Options Window Tools Help
map and generating a JEDEC file. D|=]H) suateay:[Noma [
2. When the process is completed successfully, 2 BB Lioht Corvaltor e Lok Doy
il fi i inked Equations
you will find a green check mark beside the kYo o e
Create Fuse Map Select process as well as the ; S— @ control (cantrol.abl) — B Euntone.
. . ¥ Report Viewer - [braklite je: itter Repo
JEDEC File process. Select the JEDEC File ile_Edi yaaw gpmns Window _belp 15| ggi;";‘;n; Faferoncn
process and click on the View button at the =11 | |7 Cytse raso Me
: : ; ile for: P22
bottom of the Project Navigator. The JEDEC file ggggseg I fWEd 553"}5"22";31% 1095 1
t d b H d H th R tV B YHDL Post-Route Simulation Model
generated can be viewed In the report Viewer. Brake Light Controller ||| *1SP Daisy Chain Download
QP28 QF5892% QW52+ FO* o hDDﬂum?ﬂ:‘i|EI:(|:‘hE \I;m mlhegal‘mmailem\)he "Start"
WO utton to stal B process. 2Bl =] e
. . . SilE @ i meEeE and B butltmm start process amdvlew(herepun Select
Note: If your target device is in the GALGOO].B, Eg% gnl\]lé CLIE:E DE:11 REI:% LEII:]3 LB3:19 LE2:18 LB1:1 Start | View | Properies...
. HOTE PTNS RE2:25 RE3:24%
GAL6002B. or GAL20XV10B fam||y you need to L0044 11111111111111111111111111111111101111111111%
) ' ! ) LOOBE 11111111111011011111111111111111111111111111%
add pin locking to the ABEL-HDL or schematic Iy
source file before running the Create Fuse Map Tl ol el s e e G e

process.
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Task 6 Simulate JEDEC Files

JEDEC simulation uses the test vectors specified in

the tOp-level ABEL-HDL source to simulate your 1ispDesignExpert Project Navigator - [D:AISPTOOLS\ISPSYS\EXA... M[s] EX
. y . . . . . File ¥iew Source Process Options Window Tools  Help

GAL deS|gn_s JEDEC file as a fmal_ indication that_ SIETH sveteayifiora =

the information to be programmed into your GAL is 1-2 Srarms P P (o G een

o {3 Compile Test Vectors
@Cumpiler Listing
& '3 Simulate JEDEC File
7
KJEDEC Simulation Waveform
&Fum:tiunal Simulation

E Brake Light Controller
correct. FIGALI6VEZD-120P
comrol—vel:turs
@comrol (control.abl)

To simulate the JEDEC file for your design: port Viewer - [control smil Bl

ile  Edit Miew Options Window Help =18l x| X Timing Simulation
1. Choose the test vectors icon in the Sources EOREEE
. . . . E1mulate ispDesignExpert 5.00 Date: Wed Nov 17 10:55:46 1999 & - -
window. Double click the Simulate JEDEC File o T e, TP e R e e e
process from the Processes window or click on Promtes on: o Heu 15 19:26.:45 1909 ;IS\E,E;WEP:;;ZZ"D"'DD"‘y'””
the Start button at the bottom of the Project B Laghi: Cemsmslies
Navigator. CRL RRRRLLLL
. . . . LEBOBEBEEBEBETEB
2. When the simulation is done, double click the KIIE32100123
JEDEC Simulation Report process. When the Al o
. . . |Ln 1 Cal 1 166 | RO |  |RecOffMawrapDOS NS | [
process is completed, the JEDEC Simulation
Report (. snj ) is opened in the Report Viewer.
3. Double click the JEDEC Simulation Waveform
process. Or hlghllght the JEDEC Simulation MispDesignExpert Project Navigator - [D-A\ISPTOOLS\ISPSYS\EXA M=l EX
Waveform process and click the View button. _ gi...,y|—_[im| = WIEWIIM
The Waveforms Of the Slmulated S|gna|s are Sources in Project: Processes for Current Source:

5 Compile Test Vectors
A Compiler Listing
& '3 Simulate JEDEC File

displayed in the Waveform Viewer. Refer to the
o [2JEDEC Simulation Report

[8 Brake Light Controller
OGAU bY8Z7D-12QP
. e - Bl control-vectors
Design Verification Tools User Manual for Hmm. ool abl)

information on how to view waveforms. B Wavelom Viewer —History - JEDEC [-T01| &, Functional Simulation

File Edit Yiew Object Tools Options Jump Help % Timing Simulation

2,000 4,000

0
CLK uble-click the item in the list or selectthe
ew"towewtherepon
OE
ﬂl View | Properies: | Log.
RBI
LBI

Les) LT LT
Loz LT L] 3
LB1 I_‘ I_‘

4 [T _’ILI

Time=0
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Task 7 Run Timing Simulation

Post-route timing simulation confirms that your Refer to the Design Verification Tools User Manual for more detailed
design is compatible with the timing and information.
propagation delays that exist in a specific device.
s e B S e T g
You can specify the test vectors as discussed in [DI=8) steteay. o | :
Task 3. Ebrake Light Conttier 5 Comils TostVectars
£3GAL22V10C-5L @pumpiler Listing
o e St pepor
To run Timing Simulation: < JEDEC Simuition Wavetorm
1. Select the test vector icon from the Sources eyl sg.gc
window of the Project Navigator. Double click ko o —
the associated Timing Simulation process or . [Fevinee = 1-2
click the Start button at the bottom of the Project Sep | tea | bew | _ Goncel |
Navigator to launch Simulator Control Panel. At i Help
this moment, the Simulator starts to get timing New.. | Open.. | = i
netlist information. |partsel -dev p22v10ge -o braklite.p ggé%gﬁé"f” |
2. The ispDesignExpert Process dialog box Calrovinoe
appears momentarily. The Select Speed Grade
dialog box appears. Choose the desired speed
of the device from the list and click OK to close
the dialog box. The process goes until it is ,
.
completed successfully. The Simulator Control Bl Signels Simulete View Tools Help
Panel is launched. HSEnu::r.! \fﬁf 1S.tlep Interval:[100.0ns ] Runto Time:[154000ns | ”‘?fA
3. In the Simulator Control Panel window, click the %p‘ﬁm(g)ﬁlggﬁég?gbyutfflzdt e 7
Run icon from the toolbar or choose e o0oh pe v——— —
Simulate b Run to start the simulation. 3-4 55%%222?;1;; Ele_Edl Do Oties Took Oors_lure b
4. When the simulation ends, you can view the [onding perlioe suceosorutty. | MO0 ¥ L] _
simulation results in Waveform Viewer. oo e C;EWMWMMWMWMWWWMWM
REIL 1 [
Note: Keep the View b Show Waveforms menu Lo L]
item checked so that the Waveform Viewer will " t: H Eﬁ
automatically be opened with the waveforms of the FentiEIp e T g2 L L
simulated signals. . 13 (i = o]
Time = 0.0 ns
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Congratulations!

You have completed the Design Implementation and Verification for GAL Devices tutorial. In this tutorial, you have learned how to:

= open an example project in ispDesignExpert
m change the device

= run Functional Simulation

s fit a design

m create a Fuse Map

= simulate JEDEC Files

= run Timing Simulation
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Tutorial 10 Design Implementation and Verification for PAL Devices

This tutorial presents the basic operation of a PAL
design, focusing on the tasks and design tools
needed to implement and verify a PAL design.

Prerequisites

Before attempting this tutorial, you should complete
the Schematic and ABEL-HDL Design Entry tutorial.

Learning Objectives

When you are finished with this tutorial, you should
have a basic understanding of steps and tools
necessary to implement and verify a PAL design
using the ispDesignExpert software.

Time to Complete This Tutorial

On average, the time to complete this tutorial is
about 30 minutes.

Bl "Bt M Dotk wiedow | Hep

(=] (3] (=] (=4 ]

=0 al CHUEE
JEDEC Tile fog: FIZVI0C ¥8 .0
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" Dbkl o b e b o i om0 e
Eaccasd 5l i "Prognms. * Bmon ko s ihe pase sl

Lok 17
FIEEDY TR [ foo| o0 O = |
s (Al fn s, Cper, ol eee papch o il e Fagenitlevgees
L e e 1 it O
] L0 i I.tlilll E‘.I:H 3.II:I-I -I‘.I:I1I:I S,I::HI
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al I |EN ]
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Design Implementation and Verification for PAL Devices

Task1 Open aProject

To continue with this tutorial, open an example

project. s G v Pociees ____ EIE|
Locksr [ trose = & = == mi
To open the example project:
1. Choose File b Open Example and select 11
i spLSI _GAL\ GAL\ braklite
\braklite.syn. S e |
2. Click Open. RS BRE Fom Fim: et 2 |

3. The Brake Light Controller project is opened in
the Project Navigator.

I ot waignE et Frojec Moagabo: - [GWSFTHOLSASPSY SLESAMPLESWSPLS I_GALY .. EE B
Elm e Scoce: Focesz Opkonc iafindos [oor Hep

D=6 sumemfrma = [55] [E]WF]

Hrmene m Propel: Penrraras iny Cuesrt Snoiee:

Ermiza Light Corirallar
Fro-Fit Equadans
conol-sadors Signml Cras Padersnca
canil [Conval akl) Fitar Fapait

[E}Faxt-Fi Equatinns
) Cramia Fusd ke

(B "Hip Ampart

3 i JEDECFia

Cron.dbier ook, v pha e o difoont dewoe, (Doubierch ch the o i o it o ociosd the e’ bulon ioskai o
|procmry Sl e | Hs  Pyocerier - buiion booabe e pepsie pclio:

Ham_ | Open| Giw] o | Pooeen | oo |

Creeds, open, or s propcis or quite Project BMasgetoe
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Task 2 Change your Device

The Project Navigator lets you target your design to

a specific device at any time during the design - |
process. We have opened an example project with *;ﬁ.'“‘i“"““ TR fnes e
the ispLSI Default device. In this task, you will — I = | 2o e,
change to select a desired PAL device for your P pumae | e
design. i et el 140 pre E 1]
[arpe— b Cachcwtnd rpat: 0 .

To change a device: = 1
1. Inthe Sources window, double click the Default r:-;:;n-1iﬁﬁ =1

Device. The Device Selector dialog box opens.

The dialog box shows the available device T b |

families and the devices in the selected family.

2. Inthe Device Selector dialog box, select PAL
device family. Select PAL22V10 from the Part

Name field. Accept the default settings and then L
- —Select Device: — Device Informatior:
C“Ck OK Farmily: Speed grade: [ns
. . [EE— -] [ -1 ity: :
3. The Confirm Changes dialog box appears Ee”f"” Illga‘esl
. . . evice: ackage EaliE EElE
prompting you to confirm your device change. 5.3 T IF;SF'?LSC = e o
Click Yes to confirm that you wish to change the — | [PArcETEVE - , i o
) . LEB Operatin .condltlons: P!
_deV|ce.. When you change dev_lces, th_e A [Commercial =] ||| Dedicated input. 12
ispDesignExpert software design environment Rettectvil ol = Output enable: — any
reconfigures to facilitate designing with the PP’"“terEzs‘mE ol - L
. art [ame:
selected device. [FaLCE22v10H-BIE S =1
Note: Depending on the device you choose, the o | Cancel Help
Confirm Changes dialog box does not appear for all
the devices.
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Design Implementation and Verification for PAL Devices

Task 3  Fit Design

Now you can fit your design to the target device.
Use the Fit Design process, you can run the
compiler to automatically assign the pins and nodes
of your design to physical pins and nodes in the
device you have chosen. Several fit strategies can
be selected in the Properties dialog box. You can
view the Fitter Report of your design after running
the Fit Design process.

To fit your design and view the report:

1. Inthe Sources window, select the target device
(PALCEZ22V10) if not already selected. In the
Processes window, double-click Fit Design.

2. When the process is finished, double-click the
Fitter Report in the Processes window. If there
is any syntax error in the compilation procedure,
the software displays errors in the report and an
error indication (red X) appears beside the Fit
Design process in the Processes window.

3. Close the Report Viewer.
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Design Implementation and Verification for PAL Devices

Task 4 Create Fuse Map

After fitting the design, you can create a fuse map in
JEDEC format for your design. The resource
utilization report will be automatically displayed in
the Report Viewer. The JEDEC or PROM file and
resource utilization report are generated by the
FUSEASM application. Several JEDEC and report
properties can be set in the Properties dialog box.

E ispDesignE xpert Project Mavigator -

[CAISPTOOLSMSPSYSAEXAMPLESMSPLS]_ GA. .
Eile “iew Source Process DOptions Window Tools Help

m EI 5lrateg.v| Mormal

| Z|n2)

Sources in Project:

Processes for Current Source:

Bl Brake Light Contraller

controlwectars
@ control (control.alkl)

| [#5

4

o/

3

Fit Design
B Fre-Fit Equations
[R15ignal Cross Reference
@Fltter Report
REIFost-Fit Equations
Create Fuse Map
@Chlp Feport

[=] JEDECFile

To create a fuse map and view the JEDEC file:

1. Select the target device (PALCE22V10). In the
Processes window double-click Create Fuse
Map. This starts the process of creating fuse
map and generating JEDEC file.

When the process is completed successfully, a
green check mark appears beside the Create
Fuse Map as well as the JEDEC File process.

In the Processes window select JEDEC File
and click on the View button at the bottom of the
Project Navigator. The JEDEC file generated
can be viewed in the Report Viewer.

Double-click to choose a different device. Drouble-click the itern in the list or select the "Start' bukton tostart
the process. Select the "Wiew' button to start process and wiew
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editor.

New...I Dpen...l MM Properties...l Log...l

Create, open, or save projects or quit the Project Navigator

Ekmhmam MMN!MIWLH.*

R | |53
Frocessus foe Cusent S owrco:
‘MDF-I: Do g ‘

I [ L e (]

Somoes n Peomsl:

(5 Bk Lic b Conwc o
T
HEY COrok-=es DI

DLulm.l oonirdd. abily

[EiFre-Fil Enjustinnes
By =igrel Croas Fsfanenoe

@ FiFne Fl.uwl

£ k"-m Ll.plwr-l Eu!'r'hw Hules L
@m--@m |
.'I It = !Fbpzzﬁ'lﬂg gi 3 il
Cremkmd . an D= OF 1L:37.94 1099

Brabs Light Concrollss
-
UPIde QFERIHe OVEis Fle

Py e e H I'abj-:- i R m?"dl. EET:*?'T.EJ 19 1HI:18 IH1:17 1E0:J0 RE0 37 B
4 fchn o HOTE BINS BEF 35 FES:iz4e
o i1iidd1i131313243134131243131313114304131311111%
Io0@8 111137111171 013013131311313131311311131711111=
L0152 1131331 0110313112111331112111131111113131111 1%
Flere.. I:ln-eﬂ.l LoiFe irioiidiidiiiididiitiitdtaiiidiiiiaiiidaitilas
ﬂ::u 1L1a1iug:|.:|.:|.:|..1E|.:|.:|.:|.:|.:i1i|.:|111.111.i|.n11.1.i1: 11=
peechs W deq iriniiiioaiaiddiiiidaildidiaiaiiiiziiidiiiiae
it b A AN L hdin IT1131ETI T IT I T I ATIAT 3 I 3t s i iati T n
L0454 11113111111013001112311301111311111131111111=
LOG2B 11113i101403113113141341313141341111141311111%
LOETZ 10102111010 30300 30003211 000333311111133311110m
L0974 11131111111011710311411111311111110711111111 1=
Iidel 1iiiddidiaibidfiiiatiddidtiiaiddiitaiiiiiiitis
11012 111131110111133301118311311113311111131311111=
Lee s R e L
1 .

ispDesignExpert Tutorial 157



Design Implementation and Verification for PAL Devices

Task 5 Simulate JEDEC Files

JEDEC simulation uses the test vectors specified in
the top-level ABEL-HDL source to simulate your
PAL design’s JEDEC file as a final indication that
the information to be programmed into your PAL is
correct.

To simulate the JEDEC file of your design:

1. Inthe Sources window, select control-vectors.
Double-click Simulate JEDEC File in the
Processes window.

2. When the simulation is done, double-click
JEDEC Simulation Report in the Processes
window. When the process is completed, the
JEDEC Simulation Report (. snj ) is opened in
the Report Viewer.

3. In the Processes window double-click JEDEC
Simulation Waveform. The waveforms of the
simulated signals are displayed in the Waveform
Viewer. Refer to the Design Verification Tools
User Manual for information on how to view
waveforms.
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Design Implementation and Verification for PAL Devices

Congratulations!

You have completed the Design Implementation and Verification for PAL Devices tutorial. In this tutorial, you have learned how to:

= open an example project in ispDesignExpert
m change the device

= fit a design

m create a Fuse Map

= simulate JEDEC Files
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Tutorial 11 Simulating a Design with the Lattice Logic Simulator

This tutorial shows you how to run the Lattice Logic
Simulator for a design implemented in an ispLSl
device.

Prerequisites

Before attempting this tutorial, you should complete
the Design Implementation and Verification for
ispLSI Devices tutorial.

Learning Objectives

When you are finished with this tutorial, you should
know how to simulate an ispLSI design in
ispDesignExpert. You will also understand how to
view the simulation results and use the Lattice Logic
Simulator interactive features to debug the design.

Time to Complete This Tutorial

The time to complete this tutorial is about 30
minutes.

HispDesignExpert Project Navigator - [C:\ISPTOOLSASPSYSAEXAMPLE. . [H=IET

File “iew Source Process DOptions Window Tool: Help

Sllateg.'.llNormaI 'l

Sources in Project:

Processes for Current Source:

Bl Shaft Encoded Tachometer

[Bytach wri
ispL512064vE-200LJ44

2= Simulator Control Panel - 5YM1

File Signalz Simulate  Wiew

|HE -t @

Simulator. Version 1.
Copyright {c) 1998-1°¢
Initializing mapping

Time:

Filters:

=tep=ize 100000 p=
node unit

Loading netlist. . ... COwW
Loading netlist succe |CLK
run 384,100.0 ns i

Simulating to time 21 |DO
Simulating to tims 16 |01
Simulating to times 2¢ |D2
Simulating to time 32 |D3
Cperation RUN ends. D4

‘I I D5

FaorHelp, presz F1

Initializing mapping
ticksize 100 p= I

Avallable Signals:

o 3 Compile TestVectors
By Compiler Listing

g, unchior ulation
B Waveform Viewer - SYM1 H=]E
File Edit “iew Object Tool: Option: Jump Help
0.0 ns I} 100,000 200,000
I Y ] Y T I N Oy | | | N T T T N [ A | |
CLK =
P30
PO LT L L L UL
CW/| J
CCW|
4 L3 1K » I
Time = 0.0 ns
;l e it | I
[ElEar, |
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Simulating a Design with the Lattice Logic Simulator

Task 1 Create a New Project in ispDesignExpert

Create a directory to save your tutorial example. In
the example of this tutorial, the directory used is
t Ut or. Create New Project EHE
Save in: Ia tutar =
To create a new project:
1. Inthe Project Navigator, select File b New 1
Project to display the Create New Project
dialog.
2. Na\”gate to the . Project Marmne: Itach.s_un Save I
i spTooI_s\ i spsys\exanpl es\ispLSI _GAL Save as ype: [Proiect e F-on) | =
\ abel directory and create a new folder called
t ut or Project Type: ISchematic.-"ABEL j
3. Gointo the new folder and type the name t ach
for the new project, select Schemat i ¢/ ABEL as
the Project Type, and then click Save to load the
new project into the Project Navigator. Bl ispDesianExpert Project Navigator - [C:AISPTODLS\SPSYS\EXAMPLE. . [Bijs] B3
File Wiew Souwce Process DOptions Window Tools Help
4. Title the project Shaft Encoded =
K R DIDI HI Sllaleg.leormaI j
Tachonet er in the Sources window. Sources in Project E —E
5. DOUbIe-CIiCk the device icon to dlSpIay the aétgiiiﬁicodedTachometer .|;E:.::herrna.tiu::File:z;
Device Selector dialog and change the device to E5:pLE:IE'IIIEi4"-.-"E—:-E'II||IIL._I=1=1 Bl Linked Equations
H toplew (toplew.sch) S Reduce Logic
! SpLSI 2064VE- 200LJ44. 7 [FICOUNTER (courter.abl) 8 EDIF Metlist
i — [BYLATCH (latch.akl) ®, Constraint Manager —
6. i-ellect SNour-cetb tlmport to open the Import File ) SCALER (semion ab) O commite Dasion
ialog. Navigate to & JEDEC File
i spTool s\i spsys\ exanpl es\i spLSI _GAL O@rﬁnmgpijraii?;” _
\ abel \ t aCh al’ld SeIeCt a” . SCh and . abl flles Double-click to choose a different device. Poublﬁ-click the item in the list or select the
and then click Open. Brapetes. - boton o S e gy ot
7. The SChemaUC and ABEL'H DL f||eS are New...l Dpen...l ﬂlﬂl Properties...l Log...l
imported as design modules into the Sources [Ready
window of the Project Navigator.
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Simulating a Design with the Lattice Logic Simulator

Task 2 a)Create ABEL Test Vectors

Simulation requires a test stimulus file that specifies

the inputs for the simulator. Two types of test stimuli

that can be accepted by the Lattice Logic Simulator L

are: 1-2 .gBhEL-HLMuduI Cancel |
- chematic

. Uszer Dacument
n ABEL test vector file (. abv or verkog Tee Fiture _teb |
desi gn-vect or s in ABEL-HDL source) arelom Simdss

n graphic waveform file (. wdl )

Test vectors can be specified in two ways:
Eile Miew Templates Tools Options Help

n Place test vectors in an ABEL-HDL source. The Cl=1=] S

Project Navigator will create a dummy test
vector file (desi gn- vect or s). 3 Fie Name:

n Place test vectorsin a . abv file. font |

Drefault Dat Extension:

" abw

To create an . abv file:

1. From the Project Navigator, select

. [ 7= R B B T
Source b New to display the New Source

dialog.
2. CIle ABEL Test Vectors in the New f|e|d’ and ispesigExpBll luiecl Nvigaln :\IST[ILISFSYS\EXAMPLE,,, _ o] x]
. Fle Ve Sowce Process Options Window Tools Help
then click OK. Stratogy[ o =1 = (2]
3. This launches the Text Editor, along with the B ot Eveocied Tachamanr
New File dialog. Enter the name for the . abv Ei‘gsfg-‘vggwgmm He Edt View levplies Took Dplors Window Hop - |5[ %]
file and then click OK. The Text Editor is i eer— (=1 [ 1] () [ (2] ] (] 5 2]
H H - [EYtoplew (toplev.sch) mnodule toplew: =
displayed with the new . abv file name. %coumgmmmmn R C
i i LATCH (latch.akl) cxz= C KX Z.:
4. Enter syntax in the Text Editor. (Refer to the BYSCALER (scalerabl) |, o
syml. abv file in the gé?ggzgf’,g?:(DS,Dzi,D&DZ,Dl,DU E%E}
i SpTool S\ | SpSyS\ eXaerI eS\ | SpLSI _GAL Double-click to open the selected test v ‘et up conetante ) ”
\ abel \ t ach direct Boonot Sacet = BOIIO:  ‘Barieen fon bhace 0
abe ach directory. —— fconst cuset Pattern for phass 0
_ _ = | = Bronat aow = 1, “TRIZ VAThe repressar
5. Select File b Save from the Text Editor to save [Ready Boomct stop - 2o Zlgggsf‘i’3;“§vﬁgge§§;t
the file. The . abv file appears in the Sources « ,
window of the Project Navigator. Loiclt T 77 1WA Pee OffFe oo oS e HNT
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Simulating a Design with the Lattice Logic Simulator

b) Create Waveform Stimulus

To create a . wdl file:

1. From the Project Navigator, select
Source b New to display the New Source
dialog. Click on Waveform Stimulus in the New
field and then click OK.

2. The associate Waveform Stimulus dialog

IVHOL Test Bench

W aveform Shmulus

Mew Source: [Schematic/ABEL] E
Mew: ok I
ABEL TestWectors
ABEL-HDL Module Cancel |
Schematic — 1
User Document
Werilog Test Fisture Help |

appears.

Note: If you associate the waveform stimulus file
with the selected device, both functional and timing

simulation are supported in the Processes window. =

Mew wavetorm Stimulus File

. . . [Untitled]
However, if you associate the waveform stimulus associate With Cancel |
file Wit_h a design module, only functional simulation 2-3— L oo |
is available. LaTCH

SCALER
toplew

3. Select the source with which you want to
associate the . wdl file, then click OK.

4. The Waveform Editing Tool (WET) appears with e e e S
the New Waveform Stimulus dialog. Enter the Do Edt Yew Obiest Todk Oplons Jump Lep

name for the . wdl file in the WDL File Name ops oo 100000
field, and click OK. The WET appears with the M 2
) +Mothing Selected
new . wdl file name. States
Peon]
Y AlE i

Tip: You can use Source b Import to add a o ‘:D:F"E”ame | 2

. . H . o5 ANCEl
desired test stimulus from an example project into ez IO o It ] e |

the Sources window more directly.

Time = 0 ps
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Simulating a Design with the Lattice Logic Simulator

b) Create Waveform Stimulus (continued)

5. Select Edit b New Wave and the Add New
Wave dialog box displays. Specify a signal
name or a bus name and select the polarity for
it, then click the Add button to add the name to
the display.

6. Or, you can import signal names directly from a
. naf file using the Edit P Import Wave
command. In the pop-up Import dialog box,
select the signals from the left field you need for
the new . wdl file and click the Add button to
add them to the right field. Click the Show
button to display the desired signal(s) to the
Waveform Editing Tool window.

Note: If you cannot find a desired . naf , open the
corresponding source in the Text Editor or the
Schematic Editor. Make a modification to that
source, which will not change its original
functionality. Save the modified source file. Then, by
clicking the Browse button in the Import dialog box,
you will be able to find the relevant . naf file in the
pop-up Import Naf File dialog box.

7. Inthe Waveform Editing Tool, select
Options b Timing Options. Set appropriate
time units and press Save As Defaults button.

=% Waveform Editing Tool - SimCP - TEST

File Edit Yiew Objsct Tooks Opfions Jump Help
101,500 ps O 100,000
. ol B0
sysclk | =
sell 0
Polarity:
lnput % {Test P
© Bidr ¢ Global 5
 Quiput © Patten Add
count
4 3|k LlJ
Time = 0 ps
Import
Fa0
PO oo
¥ Input CLE et
Cid
CCw
M Output 2]
D8 Delete
%
DB
6 ¥ Bidir L
— 04
03 Add Al
¥ Giobal b2
01
¥ TestPt Cleat
Bioyss | Cancel I Show
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Simulating a Design with the Lattice Logic Simulator

b) Create Waveform Stimulus (continued)

8. In the Waveform Editing Tool window, click on
cl k which you want to create a waveform for.
The name is highlighted with light gray diagonal
lines. Move the mouse to the waveform section
of the window and click where you want the first
transition. (You must click in the same row of the
highlighted name.) A line is drawn to show the
first section (called a Pulse) of the waveform.

= Waveform Editing Tool - SimCP - TEST*
Eile Edit “iew Object Tools Options Jurmp  Help

Note: The Selected Bit Pulse dialog box gives you
complete control over the state and duration of each
Pulse. Select the state in the States list box for the
signal, and specify the duration in the Duration text
box.

9. Click again to create the second transition. The
second Pulse is drawn at the opposite state of
the first Pulse. Continue clicking to complete the
waveform.

13200ns ¢ 1.000 2,000 30
I I I I S | | | I | | I ‘
clk 1 =
PO 1
PaD |
States:
CwW O
Duration; [200.0 ns
CCW O
/(e li
Do o Flecei]=
D1 0 Eepeat = Erewer.
D2 ¢ _
4 3|kl _’I_I

Time = 310.0 ns - Level = High

Tips: You may drag to select any arbitrary section
of a waveform (at least across one transition), and
specify the repeat times in the dialog box to repeat
the pattern automatically.

Click and drag the mouse within one pulse. (Do not
drag the mouse over the transitions at either end.)
The dragged region is converted to the opposite
polarity.

10. Repeat the Step 7 and 8 to complete editing the

waveforms of other input signals as you desired.

11. Select File b Save from the Waveform Editing
Tool to save the changes.

= Waveform Editing Tool - SimCP - TEST™
File Edit “iew Ohject Tools Options Jurmp  Help

1.8200ns © 1.000 , 2,000
N N | | I S | I
clk 1 -
PO 1
P90 | : Selected Pattern (...)
States:
9 CW 0 _
[BlrEtiat
CCW O
alue
po o Scale: |1
b1 0 Fepeat ™ Forever
D2 O _
4 3 1R} PI

Time = 0.0 ns - Level = Low
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Simulating a Design with the Lattice Logic Simulator

Task 3 Run Functional Simulation and View Simulation Results

To run functional simulation:

1. Inthe Sources window, select the test stimulus - E T "‘“'SULSPSYS‘EWP“---
(. abv or.wdl file). OIS[&] steteasiormar E =
Snumes in Project: Pmcessas for Current Source:

o ¥ Compile Test Vectars

2. Inthe Processes window, double-click
B Compiler Listing
Functional Sirmulation

’ Shaft Encoded Tachometer
. ) : @t :
Functional Simulation. 'Isgfsfg’gaMEmLJM
The Simulator Control Panel is displayed and ST RN

@Itup‘ ES Simulator Control Panel - SYM1

the netllst |S Ioaded, @Ej Fl\e Signalz  Simulate Miew Tools Help
. . . o | HEL & ¥ & ar [P Step Interval: Run to Time:
3. Click the Run icon or select Simulate P Run to 1-2— a Hsmlamr Tersion 1.1 =
. . Copyright {c) 1998-1999 by Lattice Semiconductor Corporation j
start S|mu|at|0n. ————|Initializing napping data.

Double-clit |Tnitializing mapping data successfully
ticksize 100 ps

4. When the message Oper ati on RUN ends stepsize 100000 pe
appears in the Simulator Control Panel, select Hew | | T2530T BEPEIEY Siciimntully
Tools b Waveform Viewer to open the —

Waveform Viewer with the simulation results.

o1 o

. . For Help, press F1 [Time: 0.0 ns |Mode: Unit Delay i
Tip: If you keep View b Show Waveforms
checked, the Waveform Viewer will be displayed
during the simulation to show you the simulation 5 —E
results dynamlca”y. File Signals Simulate “iew Tools Help
Hﬂ [El += ¥ & g §% Step Interval: Run to Time:
Simulator. Version 1.1 -
Copyrig}_mt [§=3] 1996—1999 by Lattice Semiconductor Corporation. j
%Eigi:iiz%%% x:Egiﬁg g:t: successfully
. g . tickszize =
Note: All the signals specified in the. abv or . wdl ctopeize 100000 pe B Waveiom Viewer - SYM 1 = £
f' . . . {ggglﬁmzethgt Fie Edt Wiew Object Tools Options Jump Help
ile will be automatically shown in the Waveform Londing motdiot . ccsstully ) 200000
. . . . run . n= 02,000.0 ns i
Viewer after simulation. If the Waveform Viewer has Shialatin o Tine 012000 b ~
been modified and saved for the project, waveforms Eiisting 1o thie 3333000 psoll (11 [ [TV Tl 4
‘g . . Operation RUN ends
for the modified signals will be shown after next ? eol| (LU UL T
simulation. ow | L
CCwW| l_
i ps|f
For Help, press F1 pa|f
D7|[- &
q A 1E »

Time = 0.0 ns
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Simulating a Design with the Lattice Logic Simulator

Run Functional Simulation and View Simulation Results (continued)

5. If you want to add more waveforms to the

Waveform Viewer window to view, you can
select Edit P Show command and Show et e
Waveforms dialog box appears. —_— Nf&l e |
6. The Instances list box initially displays the top L, sl -1 j —I5-6
level of the hierarchy. Clicking Push displays T N1
the hierarchical level (if any) below the top level. Eig . Eié -

All signals at a given level are shown in the Nets
list box. To add a signal to the display, click on I | |
its name, then click the Show button. (Or just
double-click on the signal’s name.) The signal

with its waveform is immediately added at the N”me e
bottom of the Waveform Viewer display. show | Busce || eddbom| Newdus | Detetus | [Tion]
7. If you want to combine two or more signals into lsves Wt B Members:
a “bus” display, multi-select the signals you want 7 LT E\E:'?M
to create for a bus, choose Edit P Add to Bus, oo
the Show Waveforms dialog box appears. You bz
can manually edit the Bus Member list and
specify the bus name as you want. e |2 | REEE A e ez
8. Save or update your changes to the bus, then
click on the Show button to add the bus to the
Waveform Viewer display. B e e e e W S
T ST
Tip: The View commands change the horizontal E:i
time dimension. Different time segments of the i
displayed waveforms can be viewed. The 17
commands of Zoom In / Zoom Out / Pan / Full Fit 8 >l =
and the Scroll Bars help you to manipulate the e E——
waveform display area. 027
o] r
by | [ m 7L
D{9:01 o2 003 005 < ooo >Ojj

Full Fit - Click for Full Zoom
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Simulating a Design with the Lattice Logic Simulator

Task4 Analyze Simulation Results

To view logic level and time measurements:

1. Select Object b Query, click on the waveform
B . FEile Edit View Object Tools Options Jump Helg
you want to query. The prompt line display the 20000ms 100,000 200,000 300,000
tlmeandloglclevelatthecursorp05|t|on CLK||H||H||‘|||\|||\||\'\||\|||||||\||H| -
2. Move the query cursor to the first event, set the > GRSl
Marker at this location with the Place Marker Pl T T LT LU VLT
command; Move the query cursor to the second ow |
event. The relative time between these two cow ’— 5
events is shown on the prompt line under the pul? 1-
heading ‘Delta’. pa|7
D7|
To cross-probe: D6|7
3. Inthe Project Navigator, select a schematic bs|”
i
source. b4 [ g
4. Double-click Hierarchy Navigator in the Time = 127,600.0 ns - Delta = 22,500.0 ns Strong 1 - Simulation-States
Processes window of the Project Navigator
when the Waveform Viewer is running.
5. Select Tools b Probe Item, then click on the Ety Rl VLY S Lot ]
desired net in the Hierarchy Navigator and the EIEEEe Zz| ule| ool 2
waveform for that net is added to the display. B

File Edt View Object Tods 0 ™"
e

6. The logic values determined during simulation E
are displayed on the schematic loaded in the oo -

T

Hierarchy Navigator. As the query cursor is 540000 U E
clicked at different points along the time line, the 4.5 02 e
logic values on the schematic change to those ~ o1
for that simulation time. L —
D[9:0) " oog |
e IR - o
D*N_26 _ Query - Select ltem to Query =
D*N_25

Full Fit - Click for Full Zoom
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Simulating a Design with the Lattice Logic Simulator

Task5 Compare Simulation Results with Expected Values

You can specify the expected values in the . abv or
. abl file for functional simulation. If the actual

A A ) 2= Simulator Control Panel - SYM1 = =] 3
simulation results are different from the expected Fe Sionds Simists View Toos Hep
values, the Lattice Logic Simulator will display the B = et @er g Stepinterval Run to Time:  [384100.0 n
simulation time, signal name, expected value, and Comeroins (05 1935-1983 by Lattics Ssmiconductor Corporstion. 4
. . . Initializing napping data
actual value in the Simulator Control Panel window. Tnitializing napping data suscsssfully.

tick=size 100 p=
=tep=ize 100000 p=s
mode unit

The message can also be viewed through the log Tooing horlise cuccesstully.
. . . run 384 100.0 n=s
file that you can access from View b Simulator ot 0000 ns. € ewpested. 1. actuali 0
. . . . at . 0 n=. expftr:mﬁ : . actua
Log in the Simulator Control Pgnel. Choosing this T e —— 5
menu item opens the Report Viewer. Eimalsting to ping 53 LB Ed View Dplons widow Hep —15] ]
Operation RUW ends ‘

Initializing mapping data successfully. ;I

ticksize 100 p=

stepsize 100000 ps

node unit _I
Loading netlist

LI_I L netlist successfully.

.100.0

For Help, press F1

Simulating to time 812000 ..
Simulating to time 1625000 ... ...

Simulating to time 2426000

Simulating to time 3233000 ... ... -

4 »
Ln 12 Cal 41 18 | RO Rec Off [NoWrap [DOS IS [NUM [
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Simulating a Design with the Lattice Logic Simulator

Task 6 Interactively Debug the Design and Rerun Simulation

The Lattice Logic Simulator has a full set of
interactive features. These features allow you to
single-step your design, force and preset signals,
and set breakpoints as you debug your design.

The Signals P Next Test Vector(s) command in
the Simulator Control Panel enables you to do
simulation if there are more than one

t est _vect ors sections defined in a. abv file.
Choose the menu item, the simulator starts to read
the nextt est _vect or s section. Click Run to start
simulation with the next t est _vect or s.

Breakpoints allow you to stop simulation when a set
of signals reach the predefined states. The
Breakpoints dialog on the top of the right column of
this page allows you to create new breakpoints, edit
an existing breakpoint, and arm/disarm breakpoints.
You can create breakpoints at any time during the
simulation. You can also arm/disarm breakpoints
interactively.

To single-step the design after resetting the
simulator:

1. Inthe Simulator Control Panel, type 200ns into
the Step Interval edit box.

2. Click the Step icon or select Simulate b Step
several times. Each time you step, the
simulation advances 200ns in the Simulator
Control Panel window. The Waveform Viewer is
displayed simultaneously to show the simulation
results.

Breakpoint
Filters: I" * j Mew | Ib,-] LA j
Available Signals: Delete | LConditions:
[+ Input CLK =0
¥ Output
I Bidir 01
b2 |-> a 'l
[+ Register D3
D4 |
© e D5 ﬂ [Chanae
&l |

2= Simulator Control Panel - 5YM1

File Signals Simulate View Tools Help

”n = | & gp [ Step Interval: 200.0ns Run to Time: (384100.0 ns
[Loading netlist . ;I
Loading netlist successfully

run 384,100.0 n= _I
ISimulating to time 812000 .

ISimulating to time 1625000

[Simulating to time 2426000 B Waveform Viewer - SYM1 [_ O] ]
Simulating to times 3233000 File Edit Wiew Object Tools Options Jump Help

Operation RUN ends

restart 190.0 ns 200 300 400

[FRESET_SIGNAL |XRESET 0@0ns 1@0ns
MRESET _SIGHAL XRESET 0@0ns 1@0ns =
run 200 0 n=s CLK|
1_2 It reaches the running time defined

Operation RUN ends P30
run 200.0 ns
It reaches the running time defined PO
Dperation RUH ends

Y

CW|

CCW|

D3

Do

4 D7| =
For Help, press F1 q 3Kl 3

Time = 400.0 ns Strong 0 - Simulation-States
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Simulating a Design with the Lattice Logic Simulator

Interactively Debug the Design and Rerun Simulation (continued)

Forcing a signal allows you to set its state to a
specified value regardless of how it is being driven
by the circuit. Presetting a signal momentarily forces
a signal to a specified value and then allows the
circuitry to take over driving it.

To force a signal:

1. Select Sighals b Debug from the Simulator
Control Panel to open the Debug dialog.

2. Inthe Available Signals list box, highlight PO.

3. Inthe drop-down list beside “=", choose a
desired signal state, for example, X (Don't
Care).

4. Click the Force button. The signal appears in
the list box on the right field, along with the
designationf X

f means forced; X indicates the desired state
which the signal will be forced to.

5. Click the Run icon or select Simulate P Run to
rerun the simulation.

The signal PO appears in X state in the
Waveform Viewer window.

2= Simulator Control Panel - SYM1

File  Signals  Simulate “iew Tools H

JJH«- Vg v Stepl

Loading netlist.

Loading netlist Suc:essful]

run 384,100.0
Simulating to
Simulating to
Simulating to
Simulating to
Operation RUH

restart
RESET_SIGHAL
IRESET_SIGHAL
force X PO
run 384,100.0
Simulating to
Simulating to
Simulating to
Simulating to
Simulating to
(Cperation RUN

KN

For Help, press F1

ne
time
tine
tine
tine
ends

| XRESET 0@0ns
HEESET 0@0ns

nes
time
tine
tine
tine
tine
ends

Time: |384,1 00.0 e ¥ Input ¥ Output

Filkers: [V Bidir ¥ Register

[ Het
Available Signals:

=
D7
D& :ﬂ :]
EDS Fieset
E§%_13 Force
D7N_14

BAE—: PN Wavelorm Viewer - SYM1

~  File Edit View Objsct Tools Options Jump Help

200,000

L |s4000.0ns " -

CLK_ :

F'!]I]

PO /;

CW|

=

4 L3

Note: If there is only onet est _vect or s section in
the ABEL test vector file, you need to reset the
simulator before you can force a signal. If there are
more than one t est _vect or s sections, you can
force a signal in the nextt est _vect or s without
resetting the simulator.
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Simulating a Design with the Lattice Logic Simulator

Task 7 Run Timing Simulation

After successfully completing placement and
routing in the Compile Design process,

ispDesignExpert generates a timing netlist for timing un--l'-=r---u-=- I -..:-:-.-.. el S

simulation. Timing simulation then proceeds very W

much as it does for functional simulation. N Pk Ty ey

_&S-'hl\h Ereneimd Tacinmiman o [ Corrpale Tt Wimriom

7o run timing simulation: Rk oy it e b

. . Blewnia |
1. In Sources window, select the test stimulus Biopiew poplev sch)
1 [y S— RPCOLUNTER oot ok
(.abv or.wdl file). 1-2 AT 2 fkch okl

2. In the Processes window, double-click the EYSCALER (scalir abi
Timing Simulation process.

3. The Simulator Control Panel is displayed. B A R e | Pwane
You can run the simulation and view the | | T
simulation results as described in Task3, “Run ::#':“" ] -
Functional Simulation and View Simulation
Results.”
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Simulating a Design with the Lattice Logic Simulator

Task 8 Run the Stand-alone Simulator

The Lattice Logic Simulator can be invoked in its

stand-alone mode by selecting Tools b Lattice Tip: The stimulus file must be in the same directory with the loaded design file.

Logic Simulator from the Project Navigator. The

stand-alone simulator enables you to simulate a A message “Loading netlist successfully” appears in the Simulator Control

design or stimulus file outside the current project. Panel window. You can start the simulation as described in the previous
tasks.

To run the stand-alone mode simulator:

22 Simulator Control Panel - Stand-alone Mode

1. Select Tools b Lattice Logic Simulator from Ble G Emie Y G [y
the Project Navigator. The Simulator Control [ rrr—— — g I
Panel appears in its stand-alone mode. Leokje [ S eren [ [= B
2. Select File b Open Design from the Simulator m
Control Panel. The Open Design dialog
displays. 2-3
3. Inthe Files of type field, select the type of |
. File name: schem edf Open |
design you want to open. Fissitpe: [Deon o rciord srlotort>d) =] | ol |
* For functional simulation, choose design file Sinullion[Funcional Sielaon =]
* edn or*. edf - _
* For f[iming simulation, choose design file S i e _l‘//I
*.sim
Select the desired file in the file list window, and = Simulotor Control Panel - Stand-olane Mode

File Signals Simuate View Tools Help

cI_|ck Open. The design fllg is loaded into the R e  —
SImUIator ContrOI Panel WIndOW- LD.;di;lg ;:leslgn file "schem. edf" successfully ﬂ

Open Stimulus HE
Lookjn: |23 schem = =1 5

Note: The Open Stimulus command will not be
enabled until you have opened a design file.

4. Select File P Open Stimulus, and the Open
Stimulus dialog displays.

) . File hame: Ischem.abv Dpen I
5. Selectastimulus file (*. wdl , *. abv, or*. abl ) Fies el g [siedos il s El

and click Open to load the stimulus file into the _l_l
Simulator Control Panel. Ry 1l e Mot 4
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Simulating a Design with the Lattice Logic Simulator

Congratulations!

You have completed the Simulating a Design with Lattice Logic Simulator tutorial. In this tutorial you have learned how to:

m Ccreate a new project.

m create an ABEL test vector file.

m create a graphic waveform stimulus.

= run functional simulation.

m analyze the simulation results with the Waveform Viewer and the Hierarchy Navigator.
= compare the functional simulation results with the expected values.

m use interactive features to debug the design and rerun simulation.

m run timing simulation.

= run the stand-alone simulator.
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Tutorial 12 Simulating a Design with ModelSim

This tutorial shows you how to simulate a gate-level
netlist for a Lattice CPLD device after it has been
implemented with ispDesignExpert. This tutorial
uses a MACH device, begins with a completed
VHDL design, and ends when the gate-level netlist
file is simulated using ModelSim.

Learning Objectives

When you are finished with this tutorial, you should
know how to generate a VHDL netlist and SDF file
in ispDesignExpert. You will also understand how to
import these files to ModelSim, run a simulation,
and view the results.

Time to Complete This Tutorial

The time to complete this tutorial is about 30
minutes.

Fia  Ywew Lbssy Prowel Bun Sipnes [Iphare SWfinckss  Help

vroM | won | wsm | [Run]cowt] eresx|  srer] men|

e — - O] =] :‘Iﬁ_«ialﬁ" =13
File Ed® Zeom Cersor OpSons File Ed® Opsons --|

delba Feset clock 14 new alen tine o

=3

=5
25
=f
=1
=R
=0
=@
=1
=
=1

i-2-8-1-8-3-B 0 -0-B L W]
b e o e
EIc=p@o==EEE

B-!E-HLth‘—dﬂmﬁur-hﬂ.pmurdmu.h

oroul wma| e | [roe}eon] mness| sweloee o

File Ed#® l]milrls i

T4
1141
A
4111
111
REEE

File Eda Zeom Cwmar dphians
[ #reset = &
[ #clock = 4
[ #ld_nee ales time = &

lwnﬂ ru-up-lnh lagiic M _nilEm_tiime 3

-ppupdabe -|#sral fnew_sdanm_fims
wave -naupdate -legic fid_pew_dk_time
lww -npupdabe -|8oral fnew_clk_Eme
B wnee -ngupalabe -Ivl-nlchhmllnl-

B wrve -npupdabe -legic frowsd_slom _f
# warwe -naupdate -l8oral fdinglay |
I &
A0 3 i

Mowr PI0AMAs Palia- N N Eme EIZ A EAE
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Simulating a Design with ModelSim

Task 1  Create a Structural Netlist in ispDesignExpert

Before beginning your final verification after a
design has been implemented, you must create a
simulation netlist.

Project: Processes for Current Source:
& Canstraint Editor

X Post-Fit Pinouts
e/ & JEDECFile
K Timing Analysis
€3 Generate Timing Simulation Files
RBReportFile

Open Example Project HE G . ] gsa
alarmclk e Pre-Fit Equations
From the ispDesignExpert program you can output Lookpr | Y Tutes Boem o

VHDL or Verilog gate-level netlists and Standard
Delay Format (SDF) files. These netlists can then

be simulated in ModelSim using MACH primitive
libraries provided with ispDesignExpert and a user
Created test bench. — Iahrmc\k v Spen ouble-cick ta clfoose a differert device. r o
Files of ype: IPrniect Filgs [ spr:*. dpi) j Cancel | New..| Open | JEE o R |
To create simulation input files: =
1. Start ispDesignExpert, if it is not already 2 3
running.
2. Choose File b Open Example and open the
..\'Mach_pal \ Tut ori al \ Tut or 5\ 4 5

al ar ntl k. syn file.

3. Inthe Sources window, select the target device.
Double-click Fit Design in the Processes
window.

Generate Timing Simulation Dptions

[l ispDesignE xpert Project Navigator - [C:USPTOOLSAI PSYS\EXAMPLES\M... [RI[S] B3

© Melog  [alarmclk.va)
&+ WYHDL  [alarmclk. vhol

File Miew Sowce Process Opfions Window Took Help

Strateqy) Homal -

4. Now you want to create the post-fit timing  EDIF200 (slamck.edo) Cancel | 57:073:: ;gg‘;tzﬁms
simulation files. Choose Tools b Generate PR e Seletmck flamcik e B e
Timing Simulation Options. This dialog lets e ﬁl o Qe e

. . . . & Cel 1 et o B EDEC
you specify the format of the simulation file. R Timing ety
Leave the default options (VHDL and SDF) and Generste Delay Fle A
click OK. - [i'::?nfz'fst)d?ay e DT | B e L

5. Inthe Processes window, double-click " WiewLogic ueetaserto ety e
Generate Timing Simulation Files. (el e L L | Ll e

Chaose Timing Simulation file type (EDIFYHOL [Verilag) and SDFDTE formats

ispDesignExpert creates two files that you will
use later to simulate the design:

al ar ntl k. vho (VHDL net list file) and

al ar ntl k. sdf (timing delay file).
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Simulating a Design with ModelSim

Task 2

Start ModelSim and Create a Project

To start ModelSim:

1.

In ispDesignExpert, choose Tools b ModelSim
Simulator. ModelSim starts with the Transcript
window open. Maximize the Transcript window.

Change to your design directory. ChooseFile b
Directory to open the dialog. You should be in
the ..\ Mach_pal \ Tutori al\ Tutor5
directory. Click OK.

Now you need to create a new project file in
your working directory. This project file will
remember things about your environment (such
as window sizes and positions, simulation
options, etc.), so that next time you work in this
directory, ModelSim will automatically reload
your environment for you. Choose Project b
New. In the dialog, type nodel si m i ni, and
then click Create. ModelSim sets the project file
to the specified path.

Note: ModelSim automatically loads a new project
file when you change directories. If there is a
modelsim.ini file in the directory you change to, it
will be loaded. If there is not one there, the original
modelsim.ini file will be loaded. Therefore, to avoid
overwriting the original modelsim.ini file, it is
important that you create a new file.

4. Before you can compile a VHDL source file, you

need to create a design library to hold the
compilation results. Choose Library b New. In
the dialog, type work, and then click Create.

This creates a VHDL library named work under the current directory.

Note: To create a library folder, you must use the previous step. You cannot
use the DOS "mkdir" command or Microsoft Windows to create this directory.

3. ModelSim/Yantis - [Transcript]

T4 fle View Lbray Froject Hun Signals Options Window Help =& =]
vios | s | A0 coni|  BReak|  srer| over|
=l
1
\MndelSiml ﬂ
Kim| |
|ModelSimfVantis [Line 1 of 1

Enter name of the Project file ta create:

— Imodelsim.ini

cova

Enter name of the Library to create:

Iwu:nrk] 4

cova
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Simulating a Design with ModelSim

Task 3

Compile the Design

Now you are ready to compile the design. ModelSim
compiles one or more VHDL design units with a
single invocation of VCOM, the VHDL compiler. The
design units are compiled in the order that they
appear on the command line. For VHDL, the order
of compilation is important — you must compile any
entities or configurations before an architecture that
references them.

In this tutorial, there are two files that you will
compile: al ar ntl k. vho, the VHDL netlist file, and
al ar ntl k_TB. vhd, the test bench file.

To compile the design:

1. Choose File b Compile VHDL to open the
dialog.

2. Inthe File Name field, type *. vho and press
Enter to view the files.

3. Selectthe al ar ntl k. vho file and click
Compile to invoke VCOM, the Model
Technology VHDL compiler.

4. When the process is complete, click Done to
close the dialog.

5. Now you have to compile the test bench file.
Choose File b Compile VHDL to open the
dialog again.

6. Selectthe al ar ntl k_TB. vhd file and click
Compile.

7. When the process is complete, click Done to
close the dialog.

Compile YHDL Source | x|
File Marme: Directaries: w
oo Mutarialtutors _
Done
- [ izpsys - —I
[£=r examples .
5 MACH_PAL _ Dotiors._| 1-4
(== tutorial
= Tutors
LI £ work -
List Files of Type: Drives: [¥' Compile More
IVHDL zouces [*vhd] j I Hc j Metwork... |
Target Lihrar_l,l:lWUfk Start compiling on line: I‘I
Compile YHDL Source | x|
File Marme: Directaries: w
oo Mutarialtutors _
D
alarmclk. vhd - = o - &I
[ ispTOOLS .
B ispsps Options... |
5-7 [= examples
[E= MACH_PAL
LI (== tutorial LI
List Files of Type: Drives: [¥' Compile More
WHDL zouwces [%vhd] j I Hc j Metwork... |
Target Lihrar_l,l:lWUfk Start compiling on line: I‘I
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Simulating a Design with ModelSim

Task 4

Prepare to Run the Simulation

After compiling the design units, you can proceed to
simulate your designs with VSIM.

To start the simulation process:

1.

Choose File b Simulate to open the dialog.
The Simulate a Design dialog has four tabs—
Design, VHDL, Verilog, and SDF—that let you
select various simulation options.

On the Design tab, select the test bench design
unit, alarmclk_tb.

Click Add to add the test bench file and the
architecture to the timing simulation.

On the SDF tab, click Browse and select the
timing delay file, . . \ Tut or 5\ al ar ntl k. sdf .
Click Open to add the timing delay file to the
timing simulation.

The Apply to Region field lets you specify the
design region to use with the selected SDF
options. Type a design module instantiation
label: /UUT.

Click OK.

Diestir | DL | eiog | 507 ]

Simulalo Resobtion: !m -I
Libieny: |woik "i Hr\cvmu...I L I

Simuate | sanck b b sichtechse

v '.l-‘cﬂﬂ"il
design uw name

Eﬂiﬁ alaimck

Alcklaciuiee

Simislate a Dazign

Dz | WHOL | veikg SDF |

SDF Pl [daimchk of

Ciedap Seleclior: (I} -

1-3

Appitaregiar U0

Pl Somarce Dsda | lapest -

™ Dbl warrings lom SOF 1aads

=]
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Simulating a Design with ModelSim

Task 5

Set up the Windows to View the Results of the Simulation

In addition to the Transcript window, the ModelSim
application window also accommodates seven other
windows for use during your design compilation,
simulation, and debugging. They are the List,
Signals, Source, Structure, Process, Variables, and
Wave windows.

To open all windows:

1. Maximize the ModelSim application.
2. Choose View b All to open all of the ModelSim
windows.

Choose Window b Tile Vertically to organize
the windows.

Note: The windows in your application may not be
organized exactly like the picture on the right. That's
okay.

File Edit Options

<Ready> clock_proc F

<Ready> stim_proc i
<{Ready> vitalbehavior
<Ready> line_ 9171
<Ready> line_ 9178
<{Ready> vitalbehavior
<Ready> line_ 9171
<Ready> line_ 9178
<{Ready> vitalbehavior
<Ready> line_ 9171
<Ready> line_ 9178
<{Ready> vitalbehavior

fu
fu

fu
fu

fu
fu

W] ModelS im/¥ antis [_ O] x]
File View Librany Project Bun  Signals  Options  Window Help
WCOM VLDEI VSIMI RUN EEMI BREAK. STEP DVEF\I
T
= Wave M=l E3 || Variables 18 ] [ | == Structure M= || 5 Souce =10O] =]
File Edit Zoom Cursor Oy RETER:TS AT [=] #: alarmclk_tb{tb_ail3 If (END_SIM;I
—— clock_proc =] wut: alarmclk{net 129 cloc
- ; X ; 138 uait
=] in_reset i 1: i 131 Else
132 Wait
133 End If;
134 If (END_SIH
135 -—-——————
136 -- Insert 2nd break
137 —-
138 cloc
139 ———
140 Wait
181 Else
........................... 142 Wait
] BLOGK wiredel 143 End If;
~|| 144 End Process; hd
] % K 2
[ List I =] B3| = " TeSnseripe 9 [=] B3

# Loading C:\ISFTOOLS\MOD_I
# Loading C{ISPTOOLS\MOD
# Loading C{ISPTOOLS\MOD
# Loading C{ISPTOOLS\MOD
# Loading CISPTOOLS\MOD
# Loading work.alarmclk_tb[t!
# Loading C{ISPTOOLS\MOD
# Loading CAISPTOOLSYMOD
# Loading work.alarmclk[netli
# Loading C{ISPTOOLS\MOD
# Loading C{ISPTOOLS\MOD
# Loading C{ISPTOOLS\MOD
# Loading C{ISPTOOLS\MOD

# Loading CAISPTOOLSYMOD
WVSIM> ﬂJ

1| 7

|an: D ns Delta: 0

\[I ns to 0 ns
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Simulating a Design with ModelSim

Task 6 Add Signals in Region to Wave and List Windows

The Wave and List windows let you view the results
of your simulation in either waveform or table
formats.

To add signals in region:

Ei= Wlsw Lbwep Puoped Hun Shred Qrdiops wiedos Helo

1. Close the Source, Variables, Signals, and (o] s vaw | mosjeon| seeac] sreed o)
Process windows. [ — @
. X X i File Ed&t Zooan Curaed  Oplisns File E&l Optiosg
2. Choose Window b Tile Vertically to resize the ne delta racet clnch 1d_now 3l tine now

i 0 u 1] ]

windows again. Your screen should look
something like the one on the right.

3. The Structure window provides a hierarchical
view of the structure of your design. A level of
hierarchy is created by each HDL item within the

design. In the Structure window, select the top-
level structure-the test bench (alarmclk_tb). P —_ (|
2 Loading CYEPTOOLSDE LSMimach,srdpsaal_mach|

4. Choose Signals b Add to Waveform b & e 1 : 8 Loading CRERTOOLTMODE LEIMimach_and2jwiial_mach|
. . . R = - f } B Loading CHEFTOOLIMODE LEIMmach. smduitel_mach)
Signals in Region. The software displays all # Luading CYSPTO0LSWMODE LSiMimach <nr2 fitel_mach)
signals and nets in the HDL item selected as the

Aahowalee =

chitecbure )

A e S # Loading CASFTOOLEMODE LEIMimach and3ptal_mach|
it # Loeding CRHEFTODLEODE LEIMimach andd|wial_mach]|
B Lua;dln-. CSEPTOOLEWAODE LS| Mimach. mor? britsl_machi

current region (alarmclk_tb). [l 1nLs w1 wwereial_voct IR P

5. Now choose Signals b Add to List b Signals [ R LA AT e E:«'l:r
in Region. The software lists all signals and . Fshas i
nets in the HDL item selected as the current 1 1 EL

f (Mt ps Dotz 0

region (alarmclk_tb).
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Task 7 Specify Simulation Options and Run the Simulation

To specify simulation options:

1. Choose Options b Simulation Options to e e
open the dialog. = ~ Diefault Force Kind- 1 1-3
2. Onthe VSIM tab, the Default Run Length is 100 Defeuit Aun Lengih [2100 € Fresze
ns. Change this to 2100 ns and click OK. lieation Limit [5000 2 E:;an
3. A dialog appears asking you "Do you wish to AR
save the new settings in your project file?" Click I™ Synopsys Arthmetic Packages & Symbolic
Yes. This saves the setting to the { e e e * B
nodel si m i ni file you created at the <
beginning of the tutorial. € Hex
4. Click Run. The Run command advances the 4
simulation by the specified number of timesteps [ ok | cenesl | sy |
(2100 ns).
Notice the content of the Wave and List T e
windows has changed. jon] ool s | [Ron)cony res] STER] meR|
The Wave window displays the waveforms of File Edil Posm  Cursor Oglians flz Edit Opllons
the included signals. The data displayed in this deant | A e
window should match the results you had in £1d neu:ate ' Lk, - -
your functional simulation, except timing delays e & o P 2
have been added. N s 2 008 HE I
Fstiwalen = 24 L 1 a
Notice that The List window displays the eic £ 2 B
information in table format. = o~

L, many = Waming: ¥italGich: GLITCH Detected om post O Preen

® Timeo: dns Heration: 3 Instance fuotfgate_ display 0 0

{wltal machi B Waming: ¥ibEEch; GUITCH Detected on pon O Preen

= : ¥ Time: dne Heralion: 3 Instancesfeutigate display 1§

= Waming! ¥italGiich: GLITCH Detected om port O ) Preen
¥ Time! dns Heeafion: 3 Instancefeotigste display 2 0
B ™ Wamnbng: YitaPGE1Ch: GLITCH Detected om pont O Preen o
K Timee:z d na Heroliom: 3 Instancefuutfqaie display 3 0
#**Waming! ¥itabGich: GLITCH Detected om port O ) Preen
K Time: 4 ns Hecsios: 7 Instance Joutlgste sousd  alrm

[ i %]

el O

il (MHow; 2100 s Dokt 8
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Task 8 Save the Configuration and Re-run the Simulation

You can save the List and Wave window

configurations. This lets you re-run a simulation o vanis il
. File Wiew Librapy Project Run Signal: Options Window Help
more QUICkIy. vooM | vios | ve | [RON] cowt|  emesk|  sTEP| over|

i Wave [_ (o]

File Edit Zoom Cursor Options

To save the configuration and re-run the simulation: freset = 0

fclock = 1

Edit Options

1-3

a 1

/1d_new_alrm|

1. Inthe List window, choose File b Save fg——
Configuration to open the dialog. Pt

/new clk_tim|
2. Make sure you are still in your project directory Jeouna. atm
(Tutorb), and save the file as | i st . do.

3. Follow the same procedure for the Wave

. Transoript

window, except name the file wave. do.

larmclk{netlist)

# ** Warning: VitalGlitch: GLITCH Detected on port O ; Preen
# Time: 4 ns Iteration: 3 Instance:fuut/gate_display_0_i_

4. In the main window, choose File b End B o E T it 3 Insapertoniae s T b
Simulation. Click Yes to the question. B GumsT 03 SOmRriEel L 2 Time: 455 Neraion: 3 Instance foutigate dieplay. 2 1
(] BLOCK wiredelay ) ) # ™ Warning: VitalGlitch: GLITCH Detected on port O ; Precn

5. Now, start a new simulation run using the saved Ao | £ e, o et denor 31
configurations. On the toolbar, click VSIM to £1_in_new atarm cine 3 1 1: inuf (uital_nach S IR

[] BLOCK wiredelay format wave wave.do
WSIM>

017 JKI

open the dialog.

6. Add the test bench file (alarmclk_tb) to the [ Now: 2100 ns_Deltai 0
simulation and click OK.
7_ In the Tra_nscnpt W|nd0W Command ||ne, type i delba veseE clock Lo_sew alee_ Cime sew alarn_tiee 18 et cli Time aow cUE Tiew shesalin 3

do |ist. do, and then press Enter. The
software reloads the saved List configuration.

8. Atthe command line, type do wave. do, and 5-9
then press Enter. The software reloads the File_Ega fonm_CsrmwUgiione

saved Wave configuration. ey
9. Click Run to run the simulation again. Select Sl
View b List to view the List window. Notice that =

the software updates the content of the List and e FC
Wave WIndOWS & wave -saupdese -logic M sew sl Sme

& warve -maupdsie litesal bew_alsem_Sme

¥ wave -saupdete -logic M sew clk lime

& wave squpdsie o) e cll_Smy

& wave -ssupdete -logec fslebwalim

& warve -mpuprste -lugc frasnd_alem

& worve -sesiipdete lieral Mesplay
Elll:-

Al

x|

(Mo 2100 s Dehed L 532 4 543
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Congratulations!

You have completed the Simulating a Design with ModelSim tutorial. In this tutorial you have learned how to:

m create a structural netlist in ispDesignExpert.

m start ModelSim and create a project.

= compile the design.

= prepare to run the design.

= set up the windows to view the results of the simulation.
m add signals in region to the Wave and List windows.

= specify simulation options and run the simulation.

= save the configuration and re-run the simulation.
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