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Type Conventions Used in This Document

Convention Meaning or Use

Bold

<Italic>
Ctrl+L

Couri er

()
{1}

Items in the user interface that you select or click. Text that you type
into the user interface.

Variables in commands, code syntax, and path names.

Press the two keys at the same time.

Code examples. Messages, reports, and prompts from the software.
Omitted material in a line of code.

Omitted lines in code and report examples.

Optional items in syntax descriptions. In bus specifications, the
brackets are required.

Grouped items in syntax descriptions.
Repeatable items in syntax descriptions.

A choice between items in syntax descriptions.
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HELP FOR LATTICE DIAMOND

Chapterl

Help for Lattice Diamond

Lattice Diamond™ is the complete design environment for Lattice
Semiconductor FPGAs. The software includes a comprehensive set of tools
for all design tasks, including project management, design entry, simulation,
synthesis, place and route, in-system logic analysis and more.

To start learning about Diamond, see the Lattice Diamond User Guide To
quickly get some hands-on experience, try the Lattice Diamond Tutorial .

To help you experiment further, example projects are available. These
examples are designed to illustrate different aspects of designing with
Diamond. To see the examples, choose File > Open > Design Example.
Then open an example folder and open the example’s .Idf file. (An .Idf file
defines a design project for Diamond.)

The rest of the Help system provides complete instructions for the different
stages of the Diamond design flow and extensive reference material.
See Also
“Getting Help” on page 13
Lattice Diamond User Guide
Lattice Diamond Tutorial
Lattice Synthesis Engine Tutorial
Lattice Diamond Programming Tools User Guide
Lattice Synthesis Engine for Diamond User Guide
Active-HDL On-line Documentation (Windows only)
Synplify and Synplify Pro for Lattice User Guide
Synplify and Synplify Pro for Lattice Reference Manual
Synplify and Synplify Pro for Lattice Language Support Reference Manual
Incremental Design Flow User Guide
Reveal User Guide
Reveal Troubleshooting Guide

Tcl/Tk Documentation

FPGA Design Guide
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HELP FOR LATTICE DIAMOND : Getting Help

Getting Help

Design Planning
HDL Coding Guidelines

Timing Closure

Lattice on the Web
Lattice Semiconductor
Answer Database
Lattice Solutions

Intellectual Property

For almost all questions, the place to start is this Help. It describes the FPGA
design flow using Diamond, the libraries of logic design elements, and the
details of the Diamond design tools. The Help also provides easy access to
many other information sources.

To make the most effective use of the Help, please review this section.

Opening the Help
The Help can be opened in several ways:

In Windows, choose Start > Programs > Lattice Diamond >
Accessories > Diamond Help.

In the main window, choose Help > Lattice Diamond Help.

To go directly to the Help for the tool that you're using do one of the
following:

If the tool is attached to the main window, choose Help > <Tool
Name> Help.

If the tool is detached, choose Help > £} Help.

To go directly to the Help for the view of the tool that you're using, press
F1.

For a description of how to use a dialog box, click Help (if available).

For a description of a feature in a dialog box, right-click on the feature. If a
box appears saying “What's This?,” click it. Or click on the feature and
then press Shift-F1. In Windows, you can also click the question mark [
button in the title bar and then hover over the feature. If the cursor turns
into an arrow with a question mark %’? click on the feature.

Note: Not all dialog box features have pop-up descriptions.

To learn more about a property in the Strategies dialog box, select the
property and press F1.
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To get more information related to a message, right-click the message. If a
menu appears with a Help command available, choose it.

JavaScript must be enabled in your default browser. If you are have trouble
opening the Help, see “Troubleshooting the Help” on page 15.

Using the Help

The Help has several features to help you find information.

Hide ar show  Enter search Goto Search Print the topic without
the contents. terms. results page. contents or toolbar.

- T,
Goto previous topic. G0 to next topic.

Contents The contents organizes the information in the Help. Look here to
see what subjects are covered or to begin in-depth study of a subject.

Click the =] (Contents) button to hide or show the contents pane.

Search The search locates all topics that contain specific text. This can be
the fastest way to find information once you are familiar with the contents of
the Help.

Enter one or more words and click the (Search) button. The Search page
opens with a list of topics containing all of the words (an AND function).
Some tips:

Enter phrases between a pair of double-quote marks. For example: "block
module”.

Use an asterisk * as a wildcard to also find plurals and different verb
tenses, or to search on word parts. For example, search* finds search,
searches, searching, and searched. Searching on *annotate finds
annotate and backannotate.

Capitalization does not matter.

Leave out punctuation except for hyphens in hyphenated words.

Lattice Diamond 3.11 Help
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Search results are ordered by the number and types of hits found. The first
few topics are most likely to have substantial information on the search terms.
Topics at the end of the list may have just a casual mention of the terms.

Search Navigation Tip

Your browser’s forward and back buttons may not work the way you expect with the
Search page. To go to the Search page, always click the (Search) button. If you're
on the Search page and want to go back to the topic you were looking at, click the E
(Contents) button.

Glossary The “Glossary” on page 2604 has definitions of hundreds of
technical terms and abbreviations. The Glossary is in the contents under
“Reference Guides.”

Design Tool Reference “Design Tool Reference” on page 2669 is an index
of all the tools in the Diamond tool set. This can be an easy way to find
information about a tool. Design Tool Reference is in the contents under
“Reference Guides.”

Type Conventions Used in This
Document

Convention Meaning or Use

Bold Items in the user interface that you select or click. Text that you type
into the user interface.

<Italic> Variables in commands, code syntax, and path names.

Ctrl+L Press the two keys at the same time.

Couri er Code examples. Messages, reports, and prompts from the software.
Omitted material in a line of code.

Omitted lines in code and report examples.

[ 1] Optional items in syntax descriptions. In bus specifications, the
brackets are required.

() Grouped items in syntax descriptions.
{1} Repeatable items in syntax descriptions.

| A choice between items in syntax descriptions.

Troubleshooting the Help

If you are have trouble opening the Help, check for the following situations:

Lattice Diamond 3.11 Help
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Active Content or Scripts Are Blocked Opening the online Help may be
interrupted by one of the following messages on the Internet Explorer
Information Bar:

“To help protect your security, Internet Explorer has restricted this file from
showing active content that could access your computer. Click here for
options...”

“To help protect your security, Internet Explorer has restricted this file from
running scripts or ActiveX controls that could access your computer. Click
here for options...”

To see the Help, click on the Information Bar and choose Allow Blocked
Content. A dialog box with an expanded warning opens. Click Yes.

To avoid these warnings, either use a different browser or turn off the warning
for active content in Internet Explorer.

Note

Doing either of these means that when you open any Web page that is resident on
your computer—not just Diamond Help—the page will automatically run any active
content that it has. While active content is common and can be very useful, malicious
content can damage your files. Be sure you trust the software on your computer.

To turn off the warning:
1. InInternet Explorer, choose Tools > Internet Options.
2. Click the Advanced tab.

3. Under Security, select Allow active content to run in files on My
Computer.

4. Click OK.

Back and Forward Buttons Do Not Work with the Search Page Your
browser’s back and forward buttons may not work the way you expect with
the Search page. Instead of returning to the Search page, you go to the
previous or next topic. Instead of returning from the Search page to the
previous or next topic, you stay on the Search page. The Search page is not
in the stack of visited pages.

To go to the Search page, always click the (Search) button. If you're on the
Search page and want to go back to the topic you were looking at, click the
= (Contents) button.

Contacting Technical Support

FAQs The first place to look. The Answer Database provides solutions to
guestions that many of our customers have already asked. Lattice
Applications Engineers are continuously adding to the Database.

Technical Support Request Submit a Technical Support Request through
www.latticesemi.com/techsupport.

Lattice Diamond 3.11 Help
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For Local Support Contact your nearest Lattice Sales Office.

Updating Diamond from the Web

You can update Diamond from the Lattice Web site with UPDATE. The
UPDATE program can be set to automatically check for service patches and
alert you when one is available. You can also use UPDATE to manually check
for service patches. When you find a patch you can download it and install it
at your convenience. Or, in Windows, you can have the patch automatically
installed after downloading it.

Start by setting the UPDATE options. See “Setting Options for Updates” on
page 17.
See Also

“Getting a Service Patch” on page 18

“Installing a Downloaded Service Patch” on page 19

Setting Options for Updates

To get service patches, you must specify the Internet settings and if you want
the software to check for service patches. These options can be set in the
Diamond main window or in the UPDATE program. The following instructions
are for the Diamond main window. In UPDATE, start by choosing Settings >
% Update Settings.

To set update options:
1. In Diamond’s main window, choose Tools > Options.
The Options dialog box opens.

2. Inthe hierarchy tree of the Options dialog box, choose Environment/
Startup.

3. If you want the software to automatically check for patches, select
Automatic check for software update when Lattice Diamond
launches, and then select the desired interval.

Clear this option to disable automatic checking. If you disable this option,
you should occasionally run a manual check as described in “Getting a
Service Patch” on page 18.

4. In the hierarchy tree of the Options dialog box, choose Environment/
Network Settings.

You need to set up an Internet connection to download patches regardless
of whether you selected automatic checking.

5. If you use a proxy server to reach the Internet, select Use a Proxy
Server. Then fill in the rest of the form.

Lattice Diamond 3.11 Help
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Ask your system administrator for the host address, port assignment, and
proxy type. You may also find the proxy information in the options or
preferences of your browser. Check for Advanced or Connections options.

6. Click OK.

Getting a Service Patch

There are two ways to get service patches: checking manually with the
UPDATE program or, more conveniently, through the Start Page of Diamond’s
main window. If you enabled automatic checking in the UPDATE options,
Diamond notifies you whenever a new service patch becomes available.

In Windows, if a service patch is available, you have a choice between
installing the patch immediately or downloading it now and installing it later, at
a convenient time.

In Linux, you download the service patch and install it manually at your
convenience.

Whether you are installing immediately or just downloading the service patch,
getting it may take several minutes. Depending on the size of the patch,
installing it may take a few more minutes.

To get a service patch from the Start Page:

1. If you do not have automatic checking enabled, choose Help > 'ﬁ' Check
for Updates.

2. Check the lower-left corner of the Start Page. If there is a service patch
available, the frame is titled “Software Upgrade Recommended” and
shows a list of patches as shown below.

Figure 1: Part of Start Page Showing a Patch Available
E:cnt_lmpl

Software Upgrade Recommended
Currently running Lattice Diamond software wersion:
1.1.00.50.42.10

‘We recommend that you use the Following version to
upgrade your Lattice Diamond software in order to
obtain the latest features and bug fixes,

#= & B1.1.00.50.42.10_x02_1200JEDEC-nt

Install Download  Patch version
Mindows anlyd numhber

3. Forinformation about a patch, click the patch version number.

Your default browser opens with an update notice. This notice includes
information about installing the patch and links to the Lattice Web site for
more information.

Lattice Diamond 3.11 Help

18



HELP FOR LATTICE DIAMOND : Updating Diamond from the Web

4. After reading the update notice, do one of the following:

(Windows only) Click the Install icon that is next to the version
number to immediately install the service patch. Close all Diamond
tools and then restart Diamond.

Click the Download 3, icon that is next to the version number to save
the service patch to a directory and install it later. In the Save File
dialog box, navigate to the location where you want to save the file
and click Save.

Hover the cursor over an icon to see a label for it.

To get a service patch from UPDATE:
1. Start UPDATE:

In Windows: Choose Start > Programs > Lattice Diamond > £
UPDATE.

In Linux: On a command line, enter <install_path>/bin/lin/update.

2. If you have more than one version of Diamond installed, choose the
version that you want to update in the “Installed versions” box.

If you do not have automatic checking enabled, click Update.

4. Check the “Available update versions” box. If there is a service patch
available, the box shows a list of patches.

5. For information about a patch, click the patch version number.

An update notice appears in the lower portion of the window. This notice
includes information about installing the patch and links to the Lattice Web
site for more information.

6. After reading the update notice, do one of the following:
(Windows only) Click Install to immediately install the service patch.

Click Download to save the service patch to a directory and install it
later. In the Save File dialog box, navigate to a location where you
want to save the file and click Save.
See Also
“Setting Options for Updates” on page 17

“Installing a Downloaded Service Patch” on page 19

Installing a Downloaded Service Patch

After you have downloaded a service patch, you can install it to update your
Diamond software.

Installing on Windows To install the service patch:

1. Close all Diamond tools.

2. Go to the location where you saved the service patch.

Lattice Diamond 3.11 Help
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3. Double-click the service patch’s executable file (.exe).
The Lattice Semiconductor Setup program opens.
4. Follow the on-screen instructions.
Installing on Linux To install a service patch, you need to be listed in the

system’s sudoer file. The sudo utility allows the files to be installed with you as
the owner and with the proper permissions.

To install the service patch:

1. Close all Diamond tools.

2. On acommand line, change to the directory holding the service patch:
cd <temp_tools>

3. Run the service patch’s executable file (.rpm) using the sudo and rpm
utilities:

sudo rpm -ivh <service_patch>.rpm

Lattice Diamond 3.11 Help 20
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Chapter 2

Managing Projects

Managing design projects involves a variety of activities: creating and
maintaining the project, keeping track of the stages in the design
implementation process, reviewing reports detailing the results of the process,
and comparing different versions (implementations) of the project. Managing
projects can also include writing Tcl scripts to automate your own design and
test procedures.

Creating a project in Diamond is a simple matter of specifying a location for
the project files, any existing design source files, and the FPGA type. You do
this with the New Project wizard (choose File > New > Project). Diamond
creates a folder with a project file (.Idf) containing basic information about the
project, the beginning of a logical preference file (.Ipf), which controls how the
design is implemented in the map and place-and-route stages, and a default
strategy (Strategyl.sty).

A “strategy” is a collection of settings for controlling the different stages of the
implementation process (synthesis, map, place & route, and so on).
Strategies can control whether the design is optimized for area or speed, how
long place and route takes, and many other factors. Diamond provides a
default strategy, which may be a good collection to start with, and some
variations that you can try. You can modify Strategyl and create other
strategies to experiment with or to use in different circumstances.

The project folder also contains an implementation folder. Implementation
folders contain the source files, process reports, and other information for
different implementations, or versions, of a design. Having different project
implementations helps you to experiment and compare different designs. With
Run Manager (choose Tools > Run Manager) you can process multiple
implementations simultaneously and compare the results. You can check the
details of each implementation in a set of process reports (choose View >
Reports).

As you develop your design, routine tasks can be controlled through the
Diamond graphical user interface or through scripts. Diamond comes with
command-line and Tcl commands for many of its functions.
See Also »“Creating a New Project” on page 23

“Using Strategies” on page 47

“Working with Implementations” on page 45
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“Viewing Logs and Reports” on page 100

Running Lattice Diamond

The Diamond main window is the primary interface and provides an
integrated environment for managing the project elements and processes, as
well as accessing all Lattice Diamond tools and views.

To run the Diamond main window:
From your Windows desktop, choose Start > Programs > Lattice
Diamond > « Lattice Diamond.
Note

Lattice Diamond is the default Programs folder name when you install the Lattice
Diamond software. Change this name accordingly if you have chosen another
folder name during installation.

From your Linux platform shell window or C-shell window, execute:

<instal | _path>/bin/lin/dianond

Pin Diamond to Start Menu or Taskbar

You can pin Diamond to your Windows Start menu or taskbar, so you can
open it quickly and conveniently, rather than looking for Diamond in the Start
menu.

To pin Diamond to the Start menu or Taskbar:

Choose the Windows Start menu. Find the Lattice Diamond icon. Right-
click the Lattice Diamond icon, and then click Pin to Start Menu or Pin
to Taskbar.

Note

You should not pin Diamond to the Taskbar through the minimized icon on the taskbar
while Diamond is running.

If you want to remove the pinned Diamond from the Start menu or the taskbar,
right-click on a pinned Lattice Diamond icon from the Start menu or the
taskbar, choose Unpin from Start Menu or Unpin this program from
taskbar.
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Managing Diamond Layout

The Diamond main window has many controls, views, tools, reports, outputs,
and a Tcl console. They are very flexible and can be configured to store your
preferred layout by using the Load Layout, Manage Layout, and Save Layout
menu commands.

Refer to the Lattice Diamond User Guide, the “User Interface Operation”
chapter, for more details.

Creating a New Project

A project is a collection of all files necessary to create and download your
design to the selected device. The New Project wizard guides you through the
steps of specifying project name and location, selecting a target device, and
adding existing sources to the new project.

Note

Do not place more than one project in the same directory.

To create a new project:
1. From the Diamond main window, choose File > New > fZ Project.
The New Project wizard opens.
2. Click Next.
3. Inthe Project Name dialog box, do the following:
Under Project, specify the name for the new project.

File names for Diamond projects and project source files must start
with a letter (A-Z, a-z) and must contain only alphanumeric characters
(A-Z, a-z, 0-9) and underscores ().

To specify a location for your project, click Browse. In the Project
Location dialog box, you can specify a desired location.

Under Implementation, specify the name for the first version of the
project. You can have more than one version, or “implementation,” of
the project to experiment with. For more information on
implementations, refer to “Working with Implementations” on page 45.

When you finish, click Next.

4. Inthe Add Source dialog box, do the following if you have an existing
source file that you want to add to the project. If there are no existing
source files, click Next.
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a. Click Add Source. You can import HDL, schematic, EDIF netlist, LPF
constraints, or Reveal Inserter project files at this time.

Tip

When you create a new project, the Diamond software always creates a default
<project>.lpf file for the project. If you already have an .Ipf file and want to use it in
your new project, you will need to add this .Ipf into the project. In this way this pre-

existing .Ipf file will be used as the active .Ipf. Otherwise, you will need to add this
pre-existing .Ipf later, and mark the <project>.Ipf inactive.

b. Inthe Import File dialog box, browse for the source file you want to
add, select it, and click Open.

The source file is then displayed in the Source files field.
c. Repeat the above to add more files.

d. To copy the added source files to the implementation directory, select
Copy source to implementation directory. If you prefer to reference
these files, clear this option.

e. When you finish, click Next.

In the Select Device dialog box, select a device family and a specific
device within that family. Then choose the options you want for that
device. When you finish, click Next.

In the Select Synthesis Tool dialog box, select the synthesis tool that you
want to use. This choice can be changed at any time. See “Selecting a
Synthesis Tool” on page 88 for more information. When you finish, click
Next.

In the Project Information dialog box, make sure the project settings are
correct and then click Finish.

Note

If you want to change some of the settings, click Back to modify them in the
previous dialog boxes of the New Project Wizard.

See Also

“Tips for Saving and Naming Projects” on page 31

“Reserved File Names” on page 31

Modifying a Project

After creating a project, you can modify the project by using the right-click
menu.

To modify a project:

1. Right-click on any part of the project in the File List view.

The right-click menu varies upon the different part of the project you have
chosen.
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2. You can choose to edit a device in the Device Selector, add source files,
implementations, or strategies as needed to the project, clone a strategy,
set the current highlighted strategy as active strategy, exclude certain
source files from an implementation or remove a file.

3. You can also edit properties of the project in the Project Properties dialog
box. You can set the top-level unit, specify the VHDL Library name, and
Verilog Include Search path in the Project Properties dialog box.

Importing ispLEVER Projects

Design projects created in ispLEVER can easily be imported into Diamond.
The process is automatic except for the ispLEVER process properties, which
are similar to the Diamond strategy settings, and PCS modules. All your
ispLEVER project settings can be handled smoothly in Diamond. After
importing a project, you need to set up a strategy for it and regenerate any
PCS modules.

Note

Before converting an ispLEVER project, make a backup copy of the project. In
ispLEVER, open the project and choose File > Archive Current Project. See the
iSpLEVER Help for details.

To import an ispLEVER design project:
1. In Diamond, choose File > Open > Import ispLEVER Project.

2. Inthe Select ispLEVER Project dialog box, browse to the project’s .syn
file.

3. Click Open.
The Import ispLEVER Project dialog box opens showing the .syn file.

4. |If desired, change the base file name or location for the Diamond project.
If you change the location, the new Diamond files will go into the new
location. By default, the “Copy design source to Implementation’s Source
directory” option is checked. The original source files will be copied to the
new location.

Note

If you choose to copy source files when importing an ispLEVER project, the
following limitations need to be noted:

Only source list in the project will be copied to your current project directory.

The files, .v, .txt, .ngo, and so on, related to an LPC file listed in the project will
not be copied. You can copy them to the current project directory manually.

Schematic symbols will not be copied.

Included Verilog files (specified in the source files) will not be copied.

5. Click OK.
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The project files are converted to Diamond format with the default strategy
settings.

6. Adjust the strategy settings.

See Also “Adjusting PCS Modules” on page 26

Adjusting PCS Modules

PCS modules created with IPexpress have an unusual file structure and need
additional adjustment when importing a project from ispLEVER. There are two
ways to do this adjustment. The preferred method is to regenerate the module
in Diamond. However this may upgrade the module to a more recent version.
An upgrade is usually desirable but if, for some reason, you do not want to
upgrade the PCS module, you can manually adjust the module by copying its
.txt file into the implementation folder. If you use this method, you must
remember to copy the .txt file into any future implementation folders.

To regenerate a PCS module:

1. Find the module in the Input Files folder of the File List view. The module
may be represented by an .Ipc, .v, or .vhd file such as pcs_1.Ipc.

2. If the File List view shows the Verilog or VHDL file for the module, and you
want to regenerate the module, import the module’s .Ipc file:

a. In the File List view, right-click the implementation folder [EH and
choose Add > Existing File.

b. Browse for the module’s .Ipc file, <module_name>.Ipc, and select it.
c. Click Add.
The .Ipc file is added to the File List view.

d. Right-click the module’s Verilog or VHDL file and choose Remove.
3. In File List, double-click the module’s .Ipc file.

The module’s dialog box opens.
4. In the bottom of the dialog box, click Generate.

The Generate Log tab is displayed. Check for errors.
5. Click Close.

In File List, the .Ipc file is replaced with an .ipx file. The IPexpress manifest
(.ipx) file is new with Diamond. The .ipx file keeps track of the files needed
for complex modules.

To manually adjust a PCS module:
1. Open a file window and browse to the new Diamond project.
2. Find the module’s .txt file, <module_name>.txt.

3. Copy the .txt file into the Diamond project’s implementation folder. The
implementation folder’'s name is based on the name of the .syn file. For
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example, if the ispLEVER project has a design_pcs.syn file and a PCS
module named pcs_1, move pcs_1.txt into the design_pcs folder.

Note

If you choose to copy source files when importing an ispLEVER project, the following
limitations need to be noted:

Only source list in the project will be copied to your current project directory.

The files, .v, .txt, .ngo, and so on, related to an LPC file listed in the project will not
be copied. You can copy them to the current project directory manually.

Schematic symbols will not be copied.

Included Verilog files (specified in the source files) will not be copied.

See Also »“Importing iSpLEVER Projects” on page 25

Targeting a Device

Lattice Diamond lets you retarget a design to a different device any time
during the design process.

To target a device:
1. Inthe File List view, double-click the device name.

The Device Selector dialog box opens. It contains all available devices
and their options.

2. Under Select Device, select a device family and a specific device within
that family. Then choose the options you want for that device.

You can also click Online Data Sheet for Device to view the data sheet
for any specific device.
Note

If you could not find the device you want in the device list, select Show Obsolete
Devices. Then the device list will also include obsolete devices.

3. When you finish, click OK.

The specified target device appears in the File List view.

Note

If you have an .ipx file whose device is not the same as the project device, double-click
the .ipx file in the File List view. You will get a Mismatch Device message asking you to
run IPexpress to regenerate the .ipx file. Click Yes if you want to regenerate the .ipx
file.
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Viewing Project Properties

After creating a project, you can view the project-related information in the
Project Properties dialog box.

To view project properties:

1. Right-click on any part of the project in the File List view, and choose
Properties.
The Project Properties dialog box opens.

2. Inthe dialog box, you can see the file name, category, and location of the
selected file. You can even enter values for some of the selected sections
of the project in the Value field.

Saving Project Files

You can save changes to source files and to project properties. You can also
save copies of individual files and whole design projects.

Saving Changes

As you are making changes to source files or to the project properties you
should frequently save the files. Diamond offers three save commands for
this:

File > Save: Saves the currently active item.

File > Save All: Saves all the content changes in the Power Calculator
files (.pcf), Reveal Project files (.rvl), schematic files (.sch), Verilog files
(v, .veri, .ver, .vo, .h), VHDL files (.vhd, .vhdl, .hdl, .vho), EDIF netlist files
(.edf, .edif, .edi, .edn, .edj), preference files (.Ipf, .prf, .tpf), text files (.txt),
synthesis constraint files (.Idc, .sdc), timing preference files (.tpf),
waveform files (.wdl), memory files (.mem), Reveal Analyzer files (.rva),
symbol library files (.lib), symbol files (.sym), and manifest files (.ipx).

File > Save Project: Saves project properties such as the target device,
implementation file lists, and strategy setting.

File > Save Project As: Opens the Save Project As dialog to save the
active project.

Also, if there are any unsaved changes when you close a project, a dialog box
will open offering a chance to specify which files you want to save.

Copying a Source File

You can create copies of source files using Diamond.
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If you make a copy of a source file in the same project folder as the original
file, remember that they must have different names and that modules in
different files must have different names.

To copy a source file:
1. Open the source file with a Diamond tool.
2. Choose File > Save <filename> As.

The “Save as” dialog box opens.

Browse to where you want to save the file.

4. Enter a new file name.

Note

In the Linux version of Diamond, when you save or export a file, the dialog box
does not automatically append an extension to the file name you specify. That is
the standard way Linux handles the Save As dialog box. You need to manually
add the relevant file extension.

5. Choose the file type from the “Save as type” menu. Be careful to choose
the right type or your copy will have the wrong extension and tools will not
recognize it.

6. Click Save.

Copying a Project

You can make a copy of a design project to use as the beginning of another
project. (If you want the copy to backup or move the project, see “Archiving a
Project” on page 30 instead.) This process saves all source and other project

files that are within the project folder to another folder. Referenced files are
not included.

To copy a design project:
1. Choose File > Save Project As.

The Save Project As dialog box opens.

2. Inthe dialog box, browse to where you want to save the copy.

3. Click the Create New Folder button to create a new project folder.

4. Type a new name for the folder and press Enter.

5. Double-click the new folder to open it.

6. If desired, give the project a new name in the “File name” box.

7. If you want the copy to include files generated by the implementation
processes, select Copy generated files.

8. Click Save.

If there are open files, the Save Modified Files dialog box may open.
Select files to be saved before copying and click OK.
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The current design project closes and the new one opens.

Check references to files outside of the project folder. These may need
adjustment.

See Also “Tips for Saving and Naming Projects” on page 31

Archiving a Project

Diamond offers you an easy way to archive the current project. A project
archive is a single compressed file (.zip) containing the information for the
entire project. After archiving a project, you can reload it in the main window
at any time.

When you archive a project that contains source files stored outside the
project folder, the remote files are compressed under the remote_files
subdirectory in the archive.

To archive the current project:

1. In the main window, make sure the project you want to archive is open.
2. Choose File > Archive Project.

3. Inthe Archive Project dialog box, specify the file name and location.

4

If you want to include all files in the project directory, not just source files,
select Archive all files under the Project directory.

Clearing this option may make a much smaller archive by leaving out
nonessential files such as temporary files or documentation. Without this
option Diamond archives only those files it recognizes as part of the
project. With this option Diamond archives all files in the project directory
of all kinds.

5. Click Save.

The archive file is created and stored in the specified location.

To reload the archived project:

1. In the Diamond main window, choose File > Open > Archived Project.
2. Inthe Select Archived Project File dialog box, browse to the archive file.
3. Click Open.
4

In the Open Archived Project dialog box, check the destination directory. If
this is not where you want to place the project files, click the Browse (...)
button.

5. Inthe Browse for Folder dialog box, browse to where you want to place
the project files.

6. Click OK.
7. Inthe Open Archived Project dialog box, click OK.
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The project files are extracted to the specified folder and the project is
opened in Diamond.

See Also “Copying a Project” on page 29

Tips for Defining Projects

Use the following guidelines when defining your projects:

Avoid using VHDL, Verilog HDL, or EDIF reserved words for module and
signal names in any of your source files.

Each source file must have a unique name in the project. You cannot have
two different source files with the same name. You can use the same
source file many times in a design by instantiating the source file. Two
different source files with the same name can cause problems with the
hierarchy. For example, do not use a Verilog file called “compare” and a
schematic file also called “compare.”

Do not include the same module name in different sources within one
project.

Tips for Saving and Naming Projects

Use the following guidelines when saving and naming source files and your
projects:

Do not save more than one project in the same directory.

File names for Lattice Diamond projects and project source files must start
with a letter (A-Z, a-z) and must contain only alphanumeric characters (A-
Z, a-z, 0-9) and underscores ().

Try to shorten the length of the path name and levels of the directory.
Problems might occur when the path of a project is too long.

Reserved File Names

Lattice Diamond reserves some filename extensions for its own use. You
should avoid using the following extensions when naming your own files:

File Extension File Use

_sc Schematic Editor log file

_sy Symbol Editor log file

_wt Waveform Editor Viewer log file
_wWv Waveform Viewer log file

.asc ASCII schematic file
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File Extension File Use

.asy ASCII symbol file

.ed* EDIF netlist

.err Error output file

fpo, .fp1 ORCAstra configuration file

fpm ORCAstra macro file

.his Waveform Viewer history file

.ipx Manifest file. This file is loaded into IPexpress so that

modifications can be made to the module.

Ici Constraint file

.Ico Constraint output from the Fitter (such as the post-fit pinouts)

ct Temporary working copy of the constraint file

.Idc Lattice synthesis constraint file

|df Lattice Diamond project file

Ipc Lattice parameter configuration file created with IPexpress in
iSpLEVER

pf Logical preference file

.nam Binary waveform name file

.pcf Power Calculator project file

.pin Netlist file for generic netlist by pin

.rva Reveal Analyzer file

.l .rvs Reveal Inserter project file

.sch Schematic Editor files

.Sty Lattice Diamond strategy file

.sym Symbol Editor file

.syn ispLEVER project file (reserved only when importing an

iSpLEVER project into Lattice Diamond)

.spf Lattice Diamond Simulation Wizard file

tpf Lattice Diamond Simulation timing preference file
.vis ORCAstra custom Visual Window definition

.wav Waveform Viewer waveforms and trigger information
wdl Waveform Editor display file

.wet Waveform Editor database
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Managing Project Sources

The Diamond software combines design sources into different categories and
list them in the File List view. You can see folders in the File List view. The
source files are classified and listed under these folders. There are Strategies,
Input Files, Synthesis Constraint Files, LPF Constraint Files, Debug Files,
Script Files, Analysis Files, and Programming Files.

The HDL, schematic, edif netlist, and IP Module files can be found in the Input
Files folder. The logic preference files are in the LPF Constraint Files folder.
The Reveal project files can be found in the Debug Files folder. The Power
Calculator, and timing preference files are in the Analysis Files folder.

You can also see implementations listed in the File List view. For details about
implementations, see “Working with Implementations” on page 45.

File List View The File List view of the Diamond main window lists all the
design sources. The sources are categorized by different types and are
identified with different icons. Bold items are active and will be used when
processing the design project. Grayed out items will not be used.

@:, : _______—-——Prujectname
L LFE3-17EA-BFNeid ——— | Device partnumber
=10 Strategies Strategies: Firstfour fwrench icon) are prebuilt and cannot
' Area he changed. Customize Strategy! and others you add.
1/ Assistant
= Guick,
0 Timing
Strategyl
EH o icf ———————Implementations: different versions ofthe design.
= [EH io_icf_alt —— -
=1 Input Files Input Files: design files such Yerilog and WHOL.
,E} in_icf _alkfsourcefiohasic. v Includes files for the design and the testhench.

J!blLl' in_icf_alkfsourcefrompa. v
JEH io_icf_alt/sourcefcompa_modz v

= I Synthesis Constraint Fles ——————— Synthesis Constraint Files: SDC files used by synthesis tools.
D io_icf_alt/source/iobasic.sdc
= | LPF Constraint Filas ————————— LPF Constraint Files: Lattice preference files
ﬁ io_icf_alt/source/io_icflpf used by map and place-and-route stages.
I Debug Files ——on

—— Dehug Files: Reveal files used in an-chip debugging.

) Script Files ——ono
. " ScriptFiles: Simulation VWizard files.

2 &nalysis Files —__

2 Programming Fles —__ T

T Analysis Files: Power Calculator and Timing Preference files.

R Pragramming Files: files far programming a device
such as bitstream or JEDEC.

Files Listed in the File List View

File Type Icon  File Extension
Project Title @ None
Target Device i None
I
Predefined Strategy (Area, I/0 Assistant, [3*' .Sty

Quick, and Timing)
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File Type Icon File Extension
Strategyl (that can be customized) .Sty

o
Implementation |E_E None
Verilog Files E .V, .veri, .ver, .vo, .h
SystemVerilog .SV
VHDL Files .vhd, .vhd|, .hdl, .vho

Schematic Files .sch

EDIF Netlist Files .edf, .edif, .edi, .edn, .edj

IP Module Config Files .ipx

Undefined or incorrect Any source reference

oy | M@ | e

Synthesis Constraint Files D .sdc, .fdc, .Idc
Preference Files EI pf
Reveal Project File Rfl .rvl
Simulation Project File D .Spf
Reveal Analyzer Files ”-;_LB .rva
Timing Preference File Tfl Apf
Power Calculator Files prj .pcf

Note for Linux

In the Linux version of Diamond, when you save or export a file, the dialog box does
not automatically append an extension to the file name you specify. That is the
standard way Linux handles the Save As dialog box. You need to manually add the
relevant file extension.

SystemVerilog Limitations The following tools do not support
SystemVerilog files:

Lattice Synthesis Engine (LSE)—Use Synplify Pro for Lattice or another
synthesis tool that supports SystemVerilog.

Hierarchy
Simulation Wizard

Reveal Inserter and Reveal Analyzer

See Also “Running Processes” on page 69
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Creating a New Source File

You can create a new source from within Diamond or external to Diamond.

To create a new source file:
1. In the Lattice Diamond main window, choose File > New > File.
The New File dialog box opens.

2. Inthe dialog box, select the type of file you want to create. Fill in the file
name, browse to choose a location for the file, check the Add to project
option, choose the Implementation you want the file to be part of, and then
click New.

Diamond starts an editor that you can use to enter the information for your
new source file. For language-based sources, the Source Editor is started.
For schematic sources, the Schematic Editor is started. For module
sources, IPexpress is started.

3. Inthe editor, create a source file.

Some of the files can be directly added to the input files or constraint files
folder of the File List view in Diamond, while some can be called by certain
modules when running certain processes.

Note

File names for Diamond projects and project source files must start with a
letter (A-Z, a-z) and must contain only alphanumeric characters (A-Z, a-z, 0-9)
and underscores ().

In the Linux version of Diamond, when you save or export a file, the dialog box
does not automatically append an extension to the file name you specify. That
is the standard way Linux handles the Save As dialog box. You need to
manually add the relevant file extension.

See Also “Analyzing a Design” on page 53

Importing an Existing Source File into a
Project

You can easily import existing source files into your project. Source files for a
project can be stored in different locations.

The files added to the project appear in the Input Files folder. You can adjust
the file order by drag-and-drop. If several modules are detected as being
uninstantiated, the last one will be automatically treated as the top-level
module. You can also set the top-level module from the implementation
property dialog box.
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To import an existing source file:

1. Choose File > Add > Existing File from Lattice Diamond. Or, with a
project opened in Lattice Diamond, right-click the current implementation
and choose Add > Existing File.

The Add Existing File dialog box opens.
2. Browse for the source file you want to import.
3. Select the file and click Add.

The selected file is added to the Input Files folder of the File List view. If
the source file is stored outside the project folder, the path of the file is
displayed.

Double-click the imported file. The file can be opened in the associated
editor (this is a Windows-only feature).

Tip
If you want a source file that is outside the project folder to be copied to the
project directory, select the Copy file to Implementation’s Source directory

when adding existing file option from the Options dialog box, in the
Environment > General section.

Diamond project creation supports mixed language source files, allowing you
to freely mix Verilog HDL, VHDL, and schematic design. The Diamond
software will figure out the hierarchy structure that is associated with the
module names. You need to pay special attention to the module names and
the case, as Verilog is case-sensitive and VHDL is case-insensitive.

See Also “Analyzing a Design” on page 53
“Setting the Top-Level Unit for Your Project” on page 42

Importing an IPexpress Module

After generating module source files using IPexpress, you can import the
IPexpress manifest file (.ipx) into Lattice Diamond. If the module was
originally customized with ispLEVER, you may see an .Ipc file but no .ipx file.
The .ipx file is new with Diamond. However, Diamond also supports .Ipc files
for backward compatibility. The iSpLEVER .Ipc file can be converted to a
Diamond .ipx file by re-generating the IPexpress module. When you
regenerate a module from Diamond, the .Ipc file is replaced with an .ipx file.
For details on how to import ispLEVER modules, refer to “Adjusting PCS
Modules” on page 26.

To import a module source (.ipx) file:

1. Inthe Lattice Diamond main window, choose File > Add > Existing File.
The Add Existing File dialog box opens.

2. Browse for the .ipx file you generated and select it.

3. Click Open.
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The selected .ipx file is added and listed in the File List view.

Note

When you import an existing ispLEVER project with an existing .Ipc file, you need to
re-open IPexpress using the .Ipc file, regenerate the module, then add the .ipx file to
the Lattice Diamond project.

For information on how to create a module source file, refer to “Designing with
Modules” on page 189.

See Also »“Moadifying a Source File in IPexpress” on page 44

Importlng an IPexpress IP Core

After generating Lattice CORE IP source files using IPexpress, you can import
the IPexpress manifest file (.ipx) into the Lattice Diamond main window. If the
module was originally customized with ispLEVER, you may see an .Ipc file but
no .ipx file. The .ipx file is new with Diamond. However, Diamond also
supports .Ipc files for backward compatibility. When you regenerate an IP core
from Diamond, the .Ipc file is replaced with an .ipx file. For details on how to
import ispLEVER modules, refer to the “Adjusting PCS Modules” on page 26.

To import an IP source (.ipx) file:

1. In the Lattice Diamond main window, choose File > Add > Existing File.
The Add Existing File dialog box opens.

2. Browse for the .ipx file you generated and select it.

3. Click Open.

The selected .ipx file is listed in the File List view.

Note

Some IP cores require factory assistance to generate custom configurations. See the
Intellectual Property section of the Lattice Web site for more details on which IP cores
are user-configurable versus factory-configurable.

”

For information on how to create an IP core, refer to “Designing with Modules
on page 189.

See Also »“Modifying a Source File in IPexpress” on page 44

Adding Reveal Debug Information

Reveal Inserter manages the addition of Reveal debug information into the
Lattice Diamond source file. By default the Reveal Inserter project file (.rvl)
will be automatically added to the File List view once Reveal Inserter has
successfully merged trigger and trace signal features into your design. The
procedure below describes how to manually import an .rvl file.
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To import a Reveal project file (.rvl):

1. Inthe Lattice Diamond main window, choose File > Add > Existing File.
The Add Existing File dialog box opens.

2. Browse for the .rvl file you generated and select it.

3. Click Add.
The selected .rvl file is listed in the File List view.
You can have multiple Reveal project files for your project. However, you

can only set only one .rvl file active at one time.

For more information, refer to “Testing and Debugging On-Chip” on
page 1039.

Adding a LatticeMico Platform

LatticeMico platforms are modeled with a behavioral Verilog HDL file
(<platform_name>.v) and in some cases a combination of IP core peripherals
generated by IPexpress, and custom peripherals written in VHDL. The Mico
System Builder (MSB) creates a design file list of the entire platform to ease
importing into the Lattice Diamond main window.

To import a platform design file list output by MSB:
1. In the Diamond main window, choose Tools > Options.

2. Inthe Options dialog box, expand the Environment list and select
General.

3. Make sure that the Copy file to Implementation’s Source directory
when adding existing file option is cleared, and click OK.

4. In the File List pane of Diamond, create a new implementation, or select
the implementation that you want to use for the platform files.

5. Choose File > Add Existing File.

6. In the dialog box, browse to the MSB platform file list
<platform_name>soc location, select the source files to be added, and
click Add.

7. Inthe Choose Top Module dialog box, select the top-level source file from
the drop-down menu and click OK.

For complete information on creating a microprocessor platform, refer to the
Lattice Mico System Builder section of the LatticeMico System online Help.

Importing Test Stimulus Files Using Simulation
Wizard

If your design needs Verilog test fixture (.v) or VHDL test bench (.vhd), use
the Simulation Wizard.
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If multiple hierarchical test stimulus files are to be used, you should first import
the top-level test file, and then add lower-level test stimulus as dependency
files. Lattice Diamond will run all these test files in a hierarchical order during
the simulation process.

To import a test stimulus file:

1. In Lattice Diamond, choose Tools > = Simulation Wizard.
The Preparing the Simulator Interface dialog box opens.

2. Click Next.

3. Inthe Simulator Project Name dialog box, enter a name for your
simulation project in the Project name field. Browse to find a desired
location for your project. Then choose either Active-HDL or ModelSim as
the Simulator.

4. Inthe Process Stage dialog box, all the available process stages of the
FPGA implementation strategy are automatically displayed. Choose the
stage you want to run simulation.

5. Click Next.

6. Inthe Add Source dialog box, browse for your desired Verilog test fixture
(.v) or VHDL test bench (.vhd) and select it. Check the Copy Source to
Simulation Directory option if you need.

7. Click Next.

8. Inthe Summary dialog box, all your simulation project information is listed,
including simulator name, project name, project location, simulation stage,
simulation files, and simulation libraries.

Check the “Run simulator” option if you want to run the simulation right
away.

9. Click Finish to exit the Simulator Wizard. Your simulation project (.spf) is
added to the Script Files folder of the File List view.

Note

The simulation flow in Diamond 1.3 or later has been enhanced to support source files
that can be set in the File List view to be used for the following purposes:

Simulation & Synthesis (default)
Simulation only
Synthesis only.

This allows the use of test benches, including multiple file test benches. Additionally,
multiple representations of the same module can be supported, such as one for
simulation only and one for synthesis only.

Refer to “Simulating the Design” on page 307 for more details on how to use
the Simulation Wizard.
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Managing Constraint Files
There are different types of constraint files in Diamond.
Synthesis constraint file: SDC, FDC, LDC
LPF constraint file: LPF
About Synthesis Constraint Files Depending on the synthesis tool you
chose, you can add .fdc files for Synplify Pro, .sdc files for Precision, or .Idc

files for Lattice Synthesis Engine (LSE). The files are listed in the Synthesis
Constraint Files folder in the File List view.

Adding, Activating, Editing, and Removing Synthesis Constraint Files
You can add, activate, edit, or remove synthesis constraint files of your
project.

To add a synthesis constraint file:

1. Right-click the Synthesis Constraint Files folder in the File List view, and
choose Add.

2. Choose New File if you want to add a new synthesis constraint file.
Choose Existing File if you want to add an existing synthesis constraint
file.

The selected file is added to your project.

To activate a synthesis constraint file:

Right-click the synthesis constraint file in the File List view of Diamond,
and choose Set as Active.

The selected synthesis constraint file is activated.

Note

You can make zero or one .ldc constraint file active in your project.

You can make multiple .sdc and .fdc constraint files active in your project.

To edit a synthesis constraint file:

Double-click the synthesis constraint file you want to edit from the File List
view of Diamond. Or, right-click the synthesis constraint file you want to
edit from the File List view of Diamond.

The selected synthesis constraint file is opened in the Source Editor. You
can edit the selected file in the editor. See “Using Templates” on page 170
for more information.

To remove a synthesis constraint file:

Right-click the synthesis constraint file in the File List view of Diamond,
and choose Remove.

The selected file is removed from your project.

Lattice Diamond 3.11 Help 40



MANAGING PROJECTS : Managing Project Sources

About LPF Constraint Files You can add one or multiple logic preference
files (.Ipf) to your project. They are listed in the LPF Constraint File folder of
the File List view.

Note

You can set only one .Ipf file active in your project at one time.

Adding, Activating, Editing, and Removing LPF Constraint Files You
can add, activate, edit, or remove LPF constraint files (.Ipf) of your project.

To add an LPF constraint file:

1. Right-click the LPF Constraint Files folder in the File List view of Diamond,
and choose Add.

2. Choose New File if you want to add a new LPF constraint file. Choose
Existing File if you want to add an existing LPF constraint file.

The selected file is added to your project.

To activate an LPF constraint file:

Right-click the LPF constraint file in the File List view of Diamond, and
choose Set as Active.

The selected file is activated.

Note

You can set only one .Ipf file active in your project at one time.

To edit an LPF constraint file:

Double-click the LPF constraint file you want to edit from the File List view
of Diamond. Or, right-click the LPF constraint file you want to edit from the
File List view of Diamond.

The selected LPF constraint file is opened in Source Editor. You can edit
the selected file in the editor. See “Using Templates” on page 170 for more
information.

To remove an LPF constraint file:

Right-click the LPF constraint file in the File List view of Diamond, and
choose Remove.

The selected file is removed from your project.

See “Applying Design Constraints” on page 358 for more information.
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Setting the Top-Level Unit for Your
Project

It is a good practice to specify the top-level unit (or module) of the design. If
you don’t, Diamond will try to determine the top-level unit. While usually
accurate, there is no guarantee that Diamond will get the correct unit.

You may also want to change the top-level unit when experimenting with
different designs or switching between simulation and synthesis.

Notes for EDIF Modules

In a mixed language design, you cannot set an EDIF module as the top-level unit.
This is also true when a project with EDIF modules is mixed with .ipx files, which
represent modules and IP generated with IPexpress.

In a pure EDIF design, do not use the following procedure. Instead, in the File List
view, arrange the input files so that the top-level unit is in the last file in the list.

To set the top-level unit for your project:
1. Inthe File List view, right-click the active implementation folder [EH.
2. From the drop-down menu, choose Properties.
The Project Properties dialog box opens.
3. Click in the Value cell for Top-Level Unit.
4. Type the name of the top-level unit.

At its right end, the Value cell also shows an arrow for a drop-down menu.
Usually the menu shows one name or just “<Edit>.” But if Diamond found
multiple possible top-level units, the menu will show those names. If the
correct top-level unit is in the menu, you can choose it.

5. Click OK.

If the hierarchy is up to date, the source file that contains the top-level unit
is displayed in bold.

Modifying a Source File

You can edit any of the source files that make up your project by double-
clicking on them to open the corresponding editor.

Note

In order for Windows file associations to work properly with Diamond, in the main
window choose Tools > Options. Then in the Options dialog box, find the
Environment > File Associations section.

Modifying a Source File in Schematic Editor Use the Lattice Diamond
Schematic Editor to edit a schematic file (.sch). You can open the Schematic
Editor in the following ways:
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Double-click the schematic file name from the File List view of Lattice
Diamond.

In the File List view, right-click the schematic file and choose Open or
Open with from the pop-up menu.

The Symbol Editor works in conjunction with the Schematic Editor. You can
open the Symbol Editor by creating a new a symbol file in Lattice Diamond.
For details on how to create a symbol, see “Creating Schematic Symbols” on
page 267 in the Schematic Design Entry Help for more detalils.

Modifying a Source File in Source Editor You can use the Source Editor
to enter or edit VHDL (.vhd), Verilog HDL (.v), or Preference (.Ipf) files.

You can open the Source Editor in these ways:
Double-click the text file name in the File List view of Lattice Diamond.

In the File List view, right-click the text file and choose Open or Open with
from the pop-up menu.

Modifying a Source File in Your Favorite Text Editor Similarly, you can
use any text editor to edit the above-mentioned files, and then import them

into your project using File > Add > Existing File from the Lattice Diamond
main window.

Note

A preference file (.Ipf) can also be created or edited in the Spreadsheet View.

You can open any text editor in this way:

In the File List view, right-click the text file and choose Open with from the
pop-up menu. In the Open with dialog box, click Add if you want to add
your favorite text editor; or, click Edit, if you want to edit your favorite text
editor. In the Add or Edit dialog box, specify command arguments for the
external editor. The mapping between the argument substitution values
and the value which replaces them are:

%F = File Name; %L = Line Number

For example, to configure the gVim text editor, use the following command
line: <path>/gvim +%L %F

In the Options dialog box, choose Options > Environment > File
Associations. From the File Associations table, you can see the file
extension and the default associated program. You can choose the file
type you want to open/edit with your favorite text editor. Click the Add
button from the External programs for ... file extension field to add your
favorite text editor. Use the Edit or Remove button to manage your file
and associated editor list.
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After adding or editing the external text editor, you can save it as your default
text editor in the Open with dialog by clicking Save As Default.

Note

If you change a source file in a third-party text editor, you need to choose Design >
Refresh Design so that Lattice Diamond can refresh the process list to reflect the
current process status and update views such as Hierarchy.

Modifying a Source File in IPexpress You can use IPexpress to edit the
module or IP core source (.ipx) file.

To modify a module or IP core source:
1. Inthe File List view, double-click the .ipx file.
IPexpress opens.
2. Make modifications as you want, and then exit IPexpress.

The .ipx file in the File List view is updated. You may need to rerun the design
to reflect the changes you made.

For information on how to use IPexpress, refer to “Designing with Modules”
on page 189.
See Also »“Importing an IPexpress Module” on page 36

“Importing an IPexpress IP Core” on page 37

Excluding a Source File

Sometimes you may want to exclude specific source files from logic synthesis
and simulation. The excluded source files remain in your design project, but
they will not be synthesized or simulated by the software.

To exclude a source file:

1. Inthe File List view, right-click the target source file and choose Exclude
from Implementation.

The selected file is excluded from the implementation. The target file is
grayed out.

Note

To include the source file again, right-click the target source file and choose Include in
Implementation.
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Removing a Source File
You can remove a source from a project by using the Lattice Diamond
Remove command, or the Windows’ Delete command.

Removed source files are no longer part of your project. If you just want to
exclude a file from logic synthesis and simulation, see “Excluding a Source
File” on page 44.

To remove a source file from a project:
1. Inthe File List view, select the file that you want to remove.

2. Right-click the filename and choose Remove, or press the Delete key on
your keyboard.

The Lattice Diamond software removes the source from the project.

Working with Implementations

Implementations define the design structural elements for a project. An
implementation contains the structure of a design and can be thought of as
the source and constraints to create the design. For example, one
implementation may use inferred memory and another implementation may
use instantiated memory. There can be multiple implementations in a project,
but only one implementation can be active at a time and there must be at least
one implementation.

An implementation is automatically created whenever you create a new
project. You can create new implementations using the source files of an
existing implementation. You can also clone (copy) an existing
implementation including all the related files and settings.
Implementations consist of:

Input files

Constraint files

Debug files

Script files

Analysis files

Creating New Implementations

To create a new implementation:

1. With the project opened in Lattice Diamond, choose File > New >
Implementation.

2. Inthe New Implementation dialog box, enter a name for the new
implementation.
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N oo g &

This name also becomes the default name for the folder of the
implementation.

Change the name of the implementation’s folder in the Directory text box if
desired.

Change the location of the implementation’s folder if desired.

Choose the synthesis tool from the drop-down menu.

Choose the default strategy from the drop-down menu.

Add sources files by clicking Add Source and choosing either:
Browser to select individual files.

From Existing Implementation > <implementation name> to use the
source files of an implementation that already exists in this design
project.

Remove unwanted files by selecting the files and clicking Remove
Source.

If you want to copy all of the source files into the new implementation
folder, giving you the freedom to change the files without affecting other
implementations, select the Copy source to implementation directory
option.

To view or set properties of the source files, select a file and click
Properties. The Properties dialog box opens. To change a property, click
in its Value cell. Enter or choose the new setting. Then click OK.

10. Click OK.

Cloning Implementations

To clone an implementation:

1.

In File List view, right-click on the name of the implementation that you
want to copy and choose Clone Implementation.

The Clone Implementation dialog box opens.

In the dialog box, enter a name for the new implementation. This name
also becomes the default name for the folder of the implementation.

Change the name of the implementation’s folder in the Directory text box if
desired.

Decide how you want to handle files that are outside of the original
implementation directory. Select one of the options:

Continue to use the existing references
The same files will be used by both implementations.
Copy files into new implementation source directory

The new implementation will have its own copies that can be changed
without effecting the original implementation.

Click OK.
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6. In File List view, right-click on the name of the default strategy and choose
Edit.

The Strategies dialog box opens.
7. Inthe Process column, choose Translate Design.

8. Check the search paths. If they point to the folder of the original
implementation, change them to use the folder of the new implementation

9. Click OK.
Customizing Files in an Implementation After creating an
implementation, you can choose to include or exclude source files for the
implementation. You can customize files that are under the Constraint Files,
Debug Files, Script Files, and Analysis Files folders.
Customizing Input Files You can choose to:
Add a new source file or add an existing file.
Include the file for Synthesis, Simulation, or Synthesis and Simulation.
Exclude the file from the current implementation.
Remove the file from the project.
Activate Files You can have multiple files under each of the Constraint
Files, Debug Files, Script Files, and Analysis Files folders in the File List view.

But only one file can be active in each of those folders. To change a file’s
status, right-click the file and choose active or inactive.

Saving an Implementation If you want to save an implementation to the
project, choose File > Save Project from the Diamond main window.

See Also “Using Strategies” on page 47

Using Strategies

A strategy provides a unified view of all settings related to the optimization
controls of implementation tools, such as logic synthesis, mapping, and place
and route. Any number of strategies can be applied to your project to find the
best solution to meet your design objectives. For example, you might have
one strategy with a very fast placement and routing attempt to get a quick look
at the design, and another one with a higher effort level that's more thorough
and takes longer to try to meet timing constraints. Although you can create an
unlimited number of strategies, only one can be active at a time for each
implementation, and each implementation must have an active strategy.

Strategy settings are listed in the Strategies dialog box. You can open the
dialog box by double-clicking a strategy name in the File List view. Each
strategy is stored as an .sty file.

There are two different kinds of strategies: predefined strategy and
customized strategy.

Lattice Diamond 3.11 Help

47



MANAGING PROJECTS : Using Strategies

Predefined Strategy Several strategies are predefined and supplied by
Lattice: Area, I/0O Assistant, Quick, and Timing. They are designed to solve
particular types of designs.

Area

The Area strategy will try to minimize area by enabling the tight packing
option available in map. Use this strategy to achieve area requirements. It
is commonly used for low density devices such as MachXO and
MachXO2.

The benefit is that if it works, you will get results in area reduction.
However, applying this strategy to large and dense designs may cause
some difficulties in the place-and-route process with longer run time or not
completing routing.

I/O Assistant

This I/O Assistant strategy will try to place 1/O efficiently for your design at
an early stage. It helps to check if you set a legal 1/0 location that affects
board-level pin-outs.

The benefit is that if it works, you will get results in 1/0O placement
information at first without long runtime after finishing place and route.
However, applying this strategy to your design may take extra runtime on
the design, because it only executes logic synthesis, translation, map, and
I/0 placement processes.

Note

If you choose the 1/0 Assistant strategy for your project, the generated NCD file is
incomplete. Running the Export Files > Bitstream File or Export Files > JEDEC
File process (in the Process view) may fail.

If you want to implement a complete design, you need to choose another
strategy to rerun all the processes again.

Timing

The Timing strategy tries to achieve timing closure. The Timing strategy
uses a very high effort level in place and route. Use this strategy if you are
trying to reach the maximum frequency on your design. If you cannot

meet timing requirement with this strategy, try to customize a strategy with
individual settings.

The benefit is that if it works, you will get results in good timing
performance. However, this strategy may increase your runtime on place
and route compared to the Quick and Area strategies.

Quick

The Quick strategy uses a very low effort level in place and route to get
results with minimum processing time. If your design is small and your
target frequencies are low, this is a good strategy. Even if your design is
large, you might want to start with this strategy to get a first look at place-
and-route results and to tune your preference file with minimum
processing time.
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The benefit is that if it works, you will get results in the least possible time.
The quality of these results in terms of achieved frequency should be
expected to be low, and large or dense designs may not complete routing.

The settings of predefined strategies cannot be modified in the Strategies
dialog box. You can view their settings by:

Double-clicking the predefined strategy name in the Files List view and
opening the Strategies dialog box.

Right-clicking on the predefined strategy nhame in the File List view and
choosing View to open the Strategies dialog box.

Customized Strategy Excluding the predefined strategies, all other
strategies can be customized in the Strategies dialog box. The settings of the
strategy can be edited in the Strategy dialog box. You can edit its settings by:

Double-clicking the strategy name in the File List view and open the
Strategies dialog box.

Right-clicking the strategy in the File List view and choosing Edit to open
the Strategies dialog box.
See Also »“Creating a Strategy” on page 49
“Cloning a Strategy” on page 50
“Adding an Existing Strategy” on page 50
“Specifying Strategy Options” on page 51
“Saving a Strategy” on page 52
“Removing a Strategy” on page 52
“Strategy Reference Guide” on page 1113

Creating a Strategy

You can create a new strategy for your design.

To create a new strategy in Lattice Diamond:
1. Choose File > New > Strategy.
The New Strategy dialog box opens.

2. Inthe New Strategy dialog box, enter a name for the new strategy. Specify
a file name for the new strategy and choose a directory to save the
strategy file (.sty).

The new strategy is with all the default settings of the current design. You can
modify its settings in the Strategies dialog box.

If you want to save the strategy changes to your current project, choose File >
Save Project from the Diamond main window.
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Cloning a Strategy

You can clone any strategy you created or any of the Lattice predefined
strategies from the File List view. The new cloned file will contain all settings
of the strategy being cloned. You can then modify the settings for the cloned
strategy from within the Strategies dialog box.

To clone a strategy:

1. Inthe File List view, right-click on the strategy you want to clone and
choose Clone <name> Strategy.

2. Inthe Clone Strategy dialog box, enter a name for the new strategy in the
Strategy ID field. Specify a file name for the new strategy and choose a
directory to save the strategy file (.sty). By default, when you enter the
strategy ID, the file name is automatically specified the same.

The strategy you cloned is with all the settings of the base strategy. You can
modify the settings for the cloned strategy in the Strategies dialog box.

If you want to save the strategy changes to your current project, choose File >
Save Project from the Diamond main window.

Adding an Existing Strategy

You can add existing strategy to your design.

Note

A strategy copied from another design project may include inappropriate settings, such
as path names, that could cause problems. If you copy a strategy from another project,
review its settings carefully and adjust them as needed.

To add existing strategy to your design:
1. In Lattice Diamond, choose File > Add > Existing Strategy.

2. Inthe Select Existing Strategy dialog box, browse to the desired strategy
file (.sty) and click Open.

3. Inthe Add Existing Strategy dialog box, enter the name for the added
strategy as you want to see it appear in the File List view.

4. If the selected strategy file is not in the current project directory, you may
want to select the Copy strategy file to project directory option.

5. Click OK.
The new strategy appears in the File List view.
6. Double-click the new strategy to open the Strategies dialog box.

7. Carefully review the settings to make sure that they are appropriate for
your current project. Be sure to check the following items:

Under Synthesize Design > LSE, check:
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8.

Macro Search Path

Memory Initial Value File Search Path
Under Translate Design:

Macro Search Path

Memory Initial Value File Search Path
Under Bitstream:

Search Path

Note

If you did not select the “Copy strategy file to project directory” option when adding
the strategy, remember that you are working with the original file, which might also
be used by another project.

When your review is done, click OK.

If you want to save the strategy changes to your current project, choose File >
Save Project from the Diamond main window.

Specifying Strategy Options
You can use the Strategy dialog box to specify settings for a specific design
strategy.

To specify strategy settings:

1.

In the File List view, double-click the active strategy.
The Strategies dialog box opens.

In the left-hand pane, select a process for which you want to specify
settings. The left-hand pane shows a process list. Each of the processes
has its own settings.

In the right pane, double-click the Value column for the setting to be
changed to activate the pulldown menu with choices of settings or to be
able to enter filenames or directory paths into the field.

Select the value from the drop-down list, or type in the text value, and click
Apply.

Repeat steps 2-4 to specify more settings.

When you finish, click OK to close the dialog box.

All your changes to the strategy are updated in the system memory in
your Diamond session. Be aware that these changes are not
automatically written to your current project. If you want to save the
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strategy changes to your current project, choose File > Save Project from
the Diamond main window.

Tip
When a setting is highlighted, its brief definition will be displayed at the bottom of the

dialog box. You can also press F1 to view additional information for the highlighted
option.

See Also »“Strategy Reference Guide” on page 1113

Saving a Strategy

If you want to save a new strategy, a cloned strategy, or any change of a
strategy setting to your project, click File > Save Project from the Diamond
main window.

Setting Active Strategy

If you have more than one strategies in the project, you can choose to set an
active strategy.

To set an active strategy:

Right-click the target strategy and choose Set as Active Strategy.

If you want to view the settings of the active Strategy, choose Project >
Active Strategy. From the submenu, choose the settings you want to view.
The Strategies dialog box opens with the settings you have chosen. You can
view or edit the values of the settings.

Removing a Strategy

You can remove a strategy from the design by right-clicking on the target
strategy and choosing Remove.

Getting Help on Strategies

To find the online Help description of strategy settings, do one of the following:

Open the “Strategy Reference Guide” on page 1113 in the Contents pane
of the Lattice Diamond Online Help. The Contents pane displays all
process options in the order they appear in the Strategies dialog box.
Choose the desired process option. You will see the strategies associated
with this process. Use the scroll bar to select a setting and view its
description.
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In the Lattice Diamond File List view, double-click a strategy name to open
the Strategies dialog box. You can then highlight a setting to display its
brief definition at the bottom of the dialog box, or press F1 to view
additional information for the highlighted option.
See Also »“Strategy Reference Guide” on page 1113
“Creating a Strategy” on page 49
“Cloning a Strategy” on page 50
“Adding an Existing Strategy” on page 50
“Specifying Strategy Options” on page 51
“Saving a Strategy” on page 52
“Setting Active Strategy” on page 52
“Removing a Strategy” on page 52

Analyzing a Design

There are a few ways to analyze your design while it is being implemented.

Before synthesis, the Hierarchy view provides a nested list of all modules plus
commands to access the source code for individual modules, to set up test
benches, and more. See “Hierarchy View” on page 53.

After synthesis, the Hierarchy view also provides information on how the
modules are using device resources.

After synthesis, schematic views are also available. These views depend on
which synthesis tool you are using. If you are using Lattice Synthesis Engine
(LSE), you can use Diamond’s Netlist Analyzer to see and analyze the
design. If you are using Synplify Pro, you can use its HDL Analyst. See
Synplify Pro for Lattice User Guide.

After mapping, the Hierarchy view provides updated information on how the
modules are using device resources. Also, if you are using LSE, Netlist
Analyzer shows how the design is mapped to the device’s architecture.

Hierarchy View

The Hierarchy view shows the design hierarchy as a nested list of modules.
The Hierarchy view opens automatically when you open a project. If the
Hierarchy view is not open, choose View > Show Views > Hierarchy from
the Diamond main window.

The Hierarchy view also shows the full path name of the files that define each
module and, once synthesis has been run, the amount of device resources
that each module would consume.
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Commands in the Hierarchy View

Right-click in the Hierarchy view to get several useful commands described
below.

Goto Source Definition This command opens the source editor with the
source code that contains the definition for that object, and automatically

scrolls the view to the position in the code where the object is defined. For
objects that include multi-line definitions, the entire definition is highlighted.

Goto Source Instantiation This command brings you directly to the source
file where the module is instantiated, making it easy to see and fix errors.

Goto RTL Definition After synthesis has been run with LSE, this command
opens Netlist Analyzer with a schematic view of the design element.

Verilog Test Fixture Declarations This command creates the Verilog test
fixture declarations include file (.tfi) based on the Verilog unit selected from
the Hierarchy view. This include file should be referenced by your test fixture
using: ‘include “<file_name>.tfi". By including the.fi file in your simulation test
fixtures, you ensure that the design and the test fixtures stay synchronized.

Verilog Test Fixture Template This command creates a Verilog test fixture
template file (.tft) based on the Verilog unit selected from the Hierarchy view.
The template file includes a Verilog design unit with a module declaration.
Use the procedure below to create a Verilog test fixture from the .tft file.

To create a Verilog test fixture from a Verilog Test Fixture Template (.tft)
file:

1. Open the .tft file from the project directory and save it with a .v file
extension.

2. Import the new .v file into the project as a Verilog test fixture. Then add
codes to the user defined section to complete the stimulus for your
design.

VHDL Test Bench Template This command creates a VHDL template file
(.vht) based on the VHDL unit selected from the Hierarchy view. The template
file includes a VHDL design unit with a component declaration and an
instantiation based on the entity interface of the first VHDL design unit
encountered.

Note

Avoid using user-defined record type array in your design. Try to use standard data
type such as std_logic_vector. Using your own defined record type array may cause
the signal width to be incorrect in the VHDL test bench template file generated.

Lattice Diamond 3.11 Help

54



MANAGING PROJECTS : Analyzing a Design

Generate Schematic Symbol This command creates a schematic symbol
(.sym) based on the design unit selected from the Hierarchy view. This
process runs an independent utility to convert the NAF file that is associated
with the selected design unit to a SYM file.

Note

Avoid using user-defined record type array in your design. Try to use standard data
type such as std_logic_vector. Using your own defined record type array may cause
the signal width to be incorrect in the schematic symbol file generated.

Set as Top-Level Unit  You can directly set the selected module as the top-
level unit by using this command.

Device Resources

Device resources that would be consumed are shown to the right of each
module. The first number in each column is the number of that resource that
would be used by that module and all of its submodules. The second number,
in parentheses, is the number of that resource that would be used by just that
module, not including any of its submodules. The numbers are updated after
the synthesis and map stages of the implementation process. For definitions
of the resource types, see Table 1 on page 55.

Note

If your source files for the design include one or more EDIF files, the resources shown
may not represent the whole design. After synthesis but before the translate or map
stages, results are only for the files that went through the synthesis tool. EDIF files,
being the result of synthesis, are not included. After the translate or map stages, the
results represent the whole design including any EDIF files.

The Hierarchy view only shows the design. It does not include any Reveal
modules. However, when the top module of the design shows device
resources, it does include the resources of any Reveal module. So, if you
have included a Reveal module, the top module shows more resources than
the submodules add up to.

Table 1: Resource Definitions

Hierarchy View  Synthesis Report Definition

Term Term

LUT4 Orcalut, Lut Four-input look-up tables that can
implement Boolean functions with up to four
variables

Registers FD Sequential elements with clock, enable, and
synchronous or asynchronous set and reset

10 Registers IF, OF Sequential elements (registers) within input/

output blocks
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Table 1: Resource Definitions

Hierarchy View  Synthesis Report Definition

Term Term

DSP MULT MULT Configurable multipliers for high speed
operations

DSP ALU ALU Configurable adders for high speed addition,
subtraction, and logic functions like AND/OR

EBR SP, DP, PDP Embedded Block RAM to store large sets of
data; configurable for word size and depth

Distributed RAM  SPR, DPR RAM distributed with every logic element to
store small sets of data such as register files

ROM ROM EBR configured as read-only memories

PFUMux PFU Dedicated multiplexers that implement 5-
input functions using two LUT4 that directly
drive the mux inputs

L6Mux L6M Dedicated multiplexers that implement 6-
input functions using four LUT4 and two
PFUMux that drive the L6Mux inputs

Carry cells CCuU Dedicated logic cells to implement fast carry
generation and propagation in adders

SLICE Elements with two LUT4 that feed two
registers and associated logic that can
perform functions such as LUT8

Instantiated Anything not covered by the other terms

Changing the Display
You can adjust the display by re-arranging the columns and sorting the rows.
You can also choose which ones you want to see.

To change which columns are displayed:
1. Right-click in any column heading.
2. Inthe drop-down menu, the resource that you want to show or hide.

Note: Resources that are not being used by the design at all are
automatically hidden in Hierarchy view regardless of the option settings.

To re-arrange columns:

Click on the heading of the column that you want to move and drag it to
where you want it.

To sort the modules:
1. Click in the heading of the desired column.

The rows are sorted according to the contents of that column.
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2. To reverse the order of the rows, click in the same column again.

To change the width of columns:
Click on the right-hand border of a column and drag to make that column
narrower or wider.

Saving the Data You can save resource counts for the top-level module as
either an ASCII (.txt) file or a comma-separated values (.csv) file that can be
opened with a spreadsheet tool such as Excel.

To save the data:
1. Right-click on any module row and choose either:
Export Resource to ASCII file
Export Resource to CSV file
2. Inthe dialog box, browse to where you want to save the data.
3. Enter the file name.
4. Click Save.

See Also “Commands in the Hierarchy View” on page 54

About Netlist Analyzer

Netlist Analyzer works with Lattice Synthesis Engine (LSE) to produce
schematic views of your design while it is being implemented. (Synplify Pro
also provides schematic views.) Use the schematic views to better
understand the hierarchy of the design and how the design is being
implemented.

To start Netlist Analyzer:
1. Synthesize the design with LSE.
2. Choose Tools > [ Netlist Analyzer.
The Netlist Analyzer window opens with the RTL netlist showing.

3. Inthe window'’s tool bar, click one of the following buttons:

@ RTL View to see the design’s logic (gates and registers) after LSE has
optimized it

"?,- Technology View to see the design after synthesis and translated into
Lattice primitive modules

"?,- Post-Mapping View (available only after mapping) to see how the
design is mapped to the device’s architecture

'.';_ Open External File to browse to a desired netlist database (.vdb) file

A new tab opens and is filled as described below.
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About Netlist Analyzer Views The Netlist Analyzer window has four parts:
Tool bar provides buttons for various functions.

Netlist browser provides nested lists of module instances, ports, nets, and
clocks.

Schematic view shows a schematic of the design. Depending on the size
of the design, the schematic may be made of multiple sheets.

Mini-map, which is a miniature view of the sheet, helps you pan and zoom
in the schematic view.

Netlist Analyzer can have multiple schematics open. The open schematics
are shown on tabs along the bottom of the window.

Bold lines are buses. Green lines are clock signals.

There are several ways to adjust the view of a schematic and to navigate
through the hierarchy.

Setting Netlist Analyzer Options

With Netlist Analyzer you can specify labels in the schematics, how the
hierarchy gets expanded, the highlight color, and the size of the sheets.

To change tool options:
1. Choose Tools > Options.
The Options dialog box opens.
2. Inthe left-hand list, find and expand Netlist Analyzer.
3. See the following instructions for specific options.
4. When finished, click OK.

To specify labels:
1. Under Netlist Analyzer, select Text.

2. Select the labels that you want to see in the schematics.

To create a schematic bookmark:
1. Under Netlist Analyzer, select Bookmarks

2. Inthe Add Bookmark dialog box, add a name for the bookmark. All
bookmarks are associated with a specific .vdb file with a time stamp. This
feature allows you to save a schematic graph after a series of operations,
such as filter and expand, for future reference. This features also allows
you to save and restore different critical paths of the design.

To control how the hierarchy gets expanded:

1. Under Netlist Analyzer, select Schematic.

Lattice Diamond 3.11 Help

58



MANAGING PROJECTS : Analyzing a Design

2.

Adjust the values of the following items:

Hierarchy Depth: The number of levels to show when using the
Dissolve Instances command. The default, 0, means to show all
levels.

Levels of Logic to expand: The number of additional levels to show
with the Expand To/From command.

Search depth to expand: The number of additional levels to show with
the Expand to FF/IO and Expand to Primitive commands. The default,
0, means to show all levels.

To change the colors:

1.
2.

Under Netlist Analyzer, select Schematic.

Click on the Select Color or Highlight Color block. The select color is
used to outline objects that you select in the schematic view. The highlight
color is used to outline objects that you want to keep highlighted after
selecting them.

The Select Color dialog box opens.

Select a color by doing one of the following:
Click one of the basic colors on the left.
Click in the color pallet on the right.

Enter values in the boxes at the bottom right. Work in one column or
the other as they are two separate methods of coding color.

The rectangle in the lower-middle changes to show the selected color. You
can change the darkness with the vertical slider at the upper-left.

Click OK.
In the Options dialog box, the color block changes to match.

If you want to see the effect of your change in the views, drag the Options
dialog box aside and click Apply.

To change the sheet size:

1.
2.

Under Netlist Analyzer, select Sheet.

Change the width and height as desired.

Adjusting the Schematic View

Netlist Analyzer schematics are usually displayed on many sheets, depending
on the size of the design. You may also have a few different schematic views
open at the same time.

There are a few ways to change the sheet being displayed and the
arrangement of the views. If you are dissatisfied by the layout of a sheet, you
can try regenerating it.
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To change the sheet being displayed:

Do one of the following:
Click the Next Sheet |= button.
Click the Previous Sheet 4| button.

Click the arrow in the Goto Sheet |#| = button. In the drop-down
menu, choose a sheet number.

Click the name at the end of a net on the left or right side of a
schematic (but not a port). This takes you to the continuation of the net
on another sheet.

To arrange views within the Netlist Analyzer window:

Anytime you open a schematic view it, along with its netlist browser, fills the
Netlist Analyzer window. There is a tab for each view along the bottom of the
window.

To change the arrangement, do one of the following:

Click the Tile = | button to change the views into smaller windows that
are arranged so that you can see them all at the same time.

Click the Cascade |ii}! button to change the views into smaller
windows that are arranged in a cascading, overlapping fashion.

The tabs remain in all modes. Click a tab to bring its window to the top.

In the tile and cascade modes, the schematic windows can be resized and
dragged within the Netlist Analyzer window. Maximizing a window restores
the tab mode.

To change the layout in a sheet:
Right-click in the schematic and choose Regenerate.

The schematic might change to a clearer layout. However, there will often
be no change as the layout is already the best that Netlist Analyzer can
do.

Zooming and Panning

You can zoom and pan within the Netlist Analyzer schematics using a variety
of methods. These include toolbar commands, dragging with the schematic,
and Netlist Analyzer’s mini-map.

Toolbar Commands The following commands are available on the
Diamond toolbar.

&y, ZoomIn— enlarges the view of the entire layout.

=, Zoom Out — reduces the view of the entire layout.
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Ql Zoom Fit — reduces or enlarges the entire layout so that it fits inside the
window.

(@, Zoom To — enlarges the size of one or more selected objects on the
layout and fills the window with the selection.

&1 Pan — enables you to use the mouse pointer to drag the layout in any
direction. This command is useful for viewing a hidden area on the layout after
zooming in.

Zooming with Function Key Shortcuts The following key combinations
enable you to instantly zoom in or out from your keyboard.

Zoom In — Ctrl++

Zoom Out — Ctrl+-

Zooming with the Mouse Wheel The mouse wheel gives you finer zoom
control, enabling you to zoom in or out in small increments.

While pressing the Ctrl key, move the mouse wheel forward to zoom in
and backward to zoom out.

Zooming by Dragging You can zoom by holding the right mouse button
and dragging:

To zoom to fit the window, drag up and to the left. The image adjusts to fill
the window.

To zoom out, drag up and to the right. The distance you drag determines
the amount of zoom. 1 means half as big, 2 means ¥ as big, and so on.
The image is reduced and centered in the window.

To zoom in, drag down and to the right. The distance you drag determines
the amount of zoom. 1 means twice as big, 2 means four times as big, and
so on. The image is enlarged and centered in the window.

To zoom in on a specific area, start at the upper-right corner of the area
that you want to see better and drag to the lower-left corner of the area.
The area that you drag across is adjusted to fill the window.

Zooming and Panning with Mini-Map The mini-map is a small display of a
schematic at the lower-left of the Netlist Analyzer window. The mini-map
shows the entire sheet with a purple rectangle marking the area that is
actually showing in the schematic view.

If the mini-map is not showing, click the Mini-map I button at the lower-right
corner of the schematic view.

To enlarge the mini-map, click on one of the control tabs on the edge of the
mini-map and drag.

To zoom, click on one of the control tabs of the purple rectangle and drag. As
the rectangle changes size, the schematic view zooms in or out.

To pan, click in the purple rectangle and drag it so that it covers the area that
you want to see. As you drag, the schematic view shifts.
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Or, you can click on the spot that you want to see. The schematic view will
jump to be centered on that spot.

Saving Schematics

You can save a schematic as either a PDF or SVG file. As a PDF file, the
whole schematic is a single file with each sheet an 8.5-inch by 11-inch page.
As an SVG file, only the currently displayed sheet is saved.

To save a schematic:

1. If saving as an SVG file, select the desired sheet.

2. Choose File > | Export.

The Export Schematic dialog box opens.

Browse to where you want to save the file.

Enter a file name.

Click the Save as type drop-down menu and choose the format.
Click Save.

o o M w

Printing Schematics
Use the print functions of Diamond to print the schematics.

To print a schematic:
1. Choose File > @ Print Preview.
The Print Preview window opens.

2. Expand the Print Preview window until you are comfortable with the
display of the page.

To maximize the printout, click 'A- for landscape mode.

4. Click the Page setup 1. button and adjust the paper size and margins if
necessary.

5. Click the Print r=h button.

6. Adjust the printer settings if necessary and click Print.

Navigating the Design with Netlist
Analyzer

There are several ways to explore a design. Most start with selecting one or
more objects. Then right-click in the schematic view and choose a command
from the drop-down menu.

These commands help you to:

Lattice Diamond 3.11 Help

62



MANAGING PROJECTS : Analyzing a Design

Focus on one part of the design
Flatten the layers of hierarchy
Trace the paths between objects

Expand selected parts of the schematic

Most commands can be reversed by clicking the Backward “# button. They
can be repeated by clicking the Forward ® button. To jump back to the
original view after several commands, right-click in the schematic view and
choose Restore Current Schematic.

While exploring a design, you may see a need to set a synthesis constraint. If
S0, you can get a quick start by dragging the port, net, or register to the
relevant tab of LDC Editor. See “Applying Lattice Synthesis Engine
Constraints” on page 364.

To select objects:
Click the Select k button and do one of the following:

Click on the object in the schematic view. Ctrl-click to select more
objects.

Click on the object in the netlist browser. Ctrl-click to select more
objects.

Click and drag to draw a selection rectangle around one or more
modules in the schematic view. This method only selects modules, not
ports or nets.

Right-click in the schematic view and choose Select All Schematic >
Instances. This command selects all module instances showing in all
sheets of the schematic.

Right-click in the schematic view and choose Select All Schematic >
Ports. This command selects all ports showing in all sheets of the
schematic.

Right-click in the schematic view and choose Select All Sheet >
Instances. This command selects all module instances showing in the
current sheet of the schematic.

Right-click in the schematic view and choose Select All Sheet >
Ports. This command selects all ports showing in the current sheet of
the schematic.

You can keep an object highlighted, but not actively selected, by right-clicking
in the schematic view and choosing Highlight. This outlines the selected
objects in the highlight color, making them easy to spot, while you continue to
explore the design. Highlighted objects are not “selected” for commands.
Highlighting can be erased if you use the Backward button enough to hide the
highlighted object.

To erase highlighting and return an object to normal display, select the object.
Then right-click and choose Unhighlight.
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Focusing on Part of the Design

Often you want to focus on just one part of the design. You can filter the
schematic, reducing it to selected modules, trim away objects that are in the
way, or ask for more details of a single module.

To filter the schematic:

1. In either the netlist browser or schematic view, select one or more
modules of interest.

2. Click the Filter Schematic 35 button.

The schematic is replaced with just the selected modules. Only nets
connecting the selected modules are included. Use other commands to
expand the schematic.

To filter with signal paths:
1. Select one or more modules of interest.
2. Right-click anywhere in the schematic view and choose Isolate Path.

The schematic is replaced with just the selected modules and modules
connected to the selected modules. Only nets connecting the modules are
included.

To trim the schematic:
1. Select one or more objects that you do not want to see.
2. Right-click anywhere in the schematic view and choose Less.

The selected objects disappear. If the objects include a branch of a net,
the remaining branches become dotted lines to show that part of the net is
hidden.

To see the structure inside a module:
1. Click the Push down/Pop up % button.
2. Drag the cursor to the module.

If there is further hierarchy to see (that is, the module is not already a
primitive), the cursor changes to a blue down-pointing arrow ¥ .

3. Click in the module with the down-pointing arrow.

The schematic changes to show just the structure of the module at the
next lower level of hierarchy. To go further down the hierarchy, click in one
of these modules with the down-pointing arrow.

After you've started pushing down, the cursor shows a green up-pointing
arrow “+ when it is not over a module. To go back up the hierarchy, click
when this up-pointing arrow is showing.

Remember that if you want to perform other commands in the schematic, you
first need to click the Select k button.
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To quickly push down or pop up:

There is an easy way to push down into a module while staying in select
mode:

Right-click the module and drag straight down until the words “push down”
appear. Then release the mouse button.

To go back up the hierarchy, right-click anywhere in the schematic view
and drag straight up until the words “pop up” appear. Then release the
mouse button.

To work on just one module:

1. Go to the Hierarchy view. If it is not showing, choose View > Show Views
> Hierarchy.

2. Right-click on the desired module and choose Goto RTL Definition.

Netlist Analyzer opens with the RTL view of the module. The rest of the
design is not available in this schematic.

Flattening the Design

Going back and forth through multiple layers of hierarchy can be confusing.
An alternative is to flatten the design, displaying all the layers together. This
makes for a much bigger, much more detailed schematic. But you do not have
to keep track of where you are in the hierarchy. You can flatten the entire
schematic or just selected modules.

To flatten the entire schematic:

Right-click anywhere in the schematic view and choose Flatten
Schematic.

The entire design is shown in terms of primitives.

To return to the original schematic, right-click and choose Unflatten
Schematic.

To flatten a module:
1. Select the module.
2. Right-click and choose Dissolve Instances.

The schematic expands to include the selected module’s primitives.
Boundaries, ports, and labels of the module and any submodules are
included. So you can still identify and select the modules and their ports.

Tracing Paths between Objects

In a complicated schematic it can be difficult to trace a signal but Netlist
Analyzer can do it for you.
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To trace a signal path:
1. Select two or more objects. They can be on different sheets.
2. Right-click and choose Expand > Expand Paths.

Nets and modules between the selected objects are highlighted. Modules
along the paths are expanded to show primitives.

Expanding from a Module

After focusing a schematic to one or a few modules, you may want to see
what the modules are connected to.

To see all the nets attached to a module:

1. Select the module.

2. Right-click and choose one of the following:
Show Connectivity

Highlights all nets attached to the selected module, expanding the
schematic as necessary.

Expand > Expand To/From

Highlights all nets attached to the selected module and all primitives
attached to those nets, expanding the schematic as necessary.

To see the next higher level of the hierarchy:
1. Select a module, right-click and choose Show Context.

2. If nothing happens, click the Push down/Pop up " button. Move the
cursor to the schematic view. If you see the green up-pointing arrow i,
click it.

Depending on the situation, one the above shows the schematic of the next
higher level of the hierarchy.

Expanding from a Port

Instead of expanding all the nets from a module, you can expand the net from
a single port. If the module is not a primitive, you have the choice of
expanding outward or inward to a lower level of the module’s hierarchy. Make
this choice by selecting the port pointing out or the port pointing in.

To see what a single port is attached to:
1. Double-click the port.

The schematic expands to show the port’'s net and one more object that is
on the net.

2. If the net shows as a dashed line, you are seeing only part of the net.
Double-click the port again to see another branch of the net.
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If the net shows as solid line, you are seeing the full net.

If the full net is already visible, nothing happens.

To see a fuller signal path from a single port:

1.

Select the port. If the port is on a module, take care whether it is pointing
out or in.

Right-click and choose Expand.

A sub-menu drops down.

Choose one of the following from the sub-menu:
Expand to FF/IO

Highlights the net until it finds a flip-flop or an 1/O pin, expanding the
schematic as necessary. Modules along the path are expanded to
show primitives.

Current Level > Expand to FF/1O
Same as above except that modules are not expanded.
Expand to Primitive

Highlights the net and all attached primitives, expanding the schematic
as necessary.

Current Level > Expand to Primitive

Same as above except that modules are not expanded.

Expanding from a Net

You can expand a net to show all connected primitives and ports or to show
just the primitive or port driving it.

To see all modules on a net:

1.
2.

Select the net.
Right-click and choose Go to Connected Instances.

Highlights the selected net and all connected primitives and ports,
expanding the schematic as necessary.

To see just the driver of a net:

1.
2.

Select the net.
Right-click and choose Go to Driver.

Highlights the selected net and the driving primitive or port, expanding the
schematic as necessary.
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Searching in Netlist Analyzer

With large designs, finding objects may be easier with a text search. The Find
function in Netlist Analyzer allows you to search for objects in the schematic

using instance, symbol, port, and net names. Found objects can be selected

in the netlist browser and schematic view.

To search the design in Netlist Analyzer:

1.

Choose Edit > 42 Find.
The Find dialog box opens.

Select the type of object that you want to find by clicking one of the tabs at
the top of the dialog box.

Select the part of the design that want to search by selecting a level in the
Search box.

At the bottom-left of the dialog box is the Un-Highlight Search box. Click in
this box and type in your search term. You can use the following
wildcards:

* for any number of characters
? for a single character

Or, click the arrow at the end of the box and choose from previously used
search terms.

Click either Find 200 or Find All.
The found objects are listed in the UnHighlight box.

If you clicked Find 200 and want to see more, click either Next 200 or
Find All until satisfied.

To highlight found objects in the schematic view, do one of the following:

For just some of the objects, select the desired objects in the
UnHighlight box and then click the - > (right arrow) button.

For all of the found objects, click the All - > button.

The selected objects move to the Highlight box and are highlighted in the
netlist browser and schematic view. But the schematic view does not
expand to show objects in other layers or on other pages.

To reduce the number of objects in the Highlight box, select unwanted
objects and then click the <- (left arrow) button. You can find objects in
the Highlight list using the Highlight Search box. Anything entered in the
Highlight Search box is automatically searched for and selected.

When you have the Highlight list the way you want, click Close.

Highlighted objects in the schematic view stay highlighted after the Find
dialog box closes.
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Getting More Information about an Object

You can get more information about an object in the schematic view such as
names, number of fanouts, and the pins that nets connect to. You can also get
the source code for the object.

To get more information about an object:
1. Select one or more objects.

2. Inthe schematic view, right-click the object of interest and choose
Properties.

The Properties dialog box opens showing a list of various properties of the
object.

If the object is a module, the dialog box also has a drop-down menu listing
all the ports of the module. Choosing a port shows the properties for that
port.

If the object is a bus, the dialog box has a drop-down menu listing all the
nets that make up the bus. Choosing a net shows the properties for that
net.

3. When finished, click Close.

To get just the hierarchy name of an object:
1. Select one or more objects.
2. Inthe schematic view, right-click and choose ﬁj Copy.
3. Paste into any text editor.
The format of the name will be similar to this example:
{i: UART_INST/ u_t xm tt/add_24}

The first letter is i for instance, n for net, or p for port.

To get the source code for an object:
1. Select one or more objects.

2. Inthe schematic view, right-click the object of interest and choose Jump
to > Jump to HDL File.

Source Editor opens with the code highlighted.

Running Processes

A process is a specific task in the overall processing of a source or project.
Typical processing tasks include synthesizing, mapping, placing, and routing.
You can view the available processes for a design in the Process view. Some
of the processes are device-dependent, such as JEDEC File and Bitstream
File.
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Running Processes

Process View

t
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Processes are grouped into categories according to their functions.

Synthesize Design

By default, this process runs the Synplify Pro Synthesis tool in batch
mode to synthesize the associated HDL design. For details, see
“Synthesizing the Design” on page 576.

If you are using Lattice Synthesis Engine (LSE) as the synthesis tool
(Project > Synthesis Tool, see “Selecting a Synthesis Tool” on page 88
for details), This process will be changed to Lattice Synthesis Engine.
Click on this process and Lattice Synthesis Engine (LSE) runs in batch
mode to synthesize the design.

Translate Design

This process allows you to convert the EDIF file from the synthesis
program to a Lattice internal database. If the design utilizes Lattice
modules (such as Dual-Port RAM, Multiplier, ROM, Shift-Registers, and
Adder/Subtractor), the modules will be expanded in this process. For
details, see “Translating the Design Database” on page 586.

Note for LSE

If you have chosen LSE as the synthesis tool, the Translate Design process
cannot be seen in the Process view. The translate design process is included in
the Synthesize Design process.

Map Design

This process maps a design to an FPGA. Map Design is the process of
converting a design represented as a network of device-independent
components (such as gates and flip-flops) into a network of device-
specific components (for example, configurable logic blocks). For details,
see the Implementing the Design > Mapping section in the online Help.

Map Trace

Trace can be used to run timing analysis in the post-mapping stage in
the FPGA design flow. You can run this process after having mapped
a design. Trace will create a timing report file (.twr) that will help a
designer to determine where timing constraints will not be met. In
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post-map timing analysis, Trace will determine component delay
values and substitute zero values for missing routing delays. If path
delay constraints that are unmet at this stage will be included in the
report and may have to be relaxed.

Verilog Simulation File

This process backannotates the mapped design without timing
information so that you may run a simulation of your design. The
backannotated design is a Verilog netlist.

VHDL Simulation File

This process backannotates the mapped design without timing
information so that you may run a simulation of your design. The
backannotated design is a VHDL netlist.

Place & Route Design

After a design has undergone the necessary translation to bring it into the
Native Circuit Description (.ncd) format, you can run the Place & Route
Design process. This process takes a mapped physical design .ncd file,
and places and routes the design, and outputs a file that can then be
processed by the design implementation tools. For details, see “Place and
Route” on page 600.

Place & Route Trace

Trace can be used to run timing analysis in the post-routing stage in
the FPGA design flow. You can run this process after having routed a
design. Trace will create a timing report (.twr) that will allow a designer
to verify timing. In post-route timing analysis, Trace analyzes your path
delays and will report where these occur in the design.

I/O Timing Analysis

This process runs I/O timing analysis and generates an /O Timing
Report. For each input data port in the design, this process generates
the setup and hold time requirements and min/max clock-to-out delay
for every output port. The computation is performed over all
performance grades available for the device and at the voltage and
temperature specified in the preference file. I/O timing analysis also
automatically determines the clocks and their associated data ports.

Thermal Analysis

(MachXO3L/LF 9400C/E devices only). This process must be run for
MachXO3L/LF 9400C/E devices before running Bitstream File and
JEDEC File processes. The Thermal Analysis process calculates the
maximum safe ambient temperature for the user design implemented
in MachX03-9400C and mounted on three standard boards: JEDEC,
Small, and Medium boards. This is to assist designers to determine if
their design, implemented in MachXO3L/LF 9400C/E device, could
safely be used in their application environment.

The thermal analysis software uses the clock specified in the TWR
file. If the clock frequency is not set in the TWR file, the thermal
analysis process errors out. The designer can either set the clock
frequency in the strategy section or in the timing constraint file which
will be reported in the TWR file after running Timing Analysis.
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The Thermal Analysis report will include Device Operation Conditions,
Operating Clock frequency, Percentage of LUT utilization; Percentage
of 1/0 Utilization, and Activity Factor information.

The report contains Thermal Impedance and Maximum Ambient
temperature based on three different Board Mounts, No Heat Sink,
and No Air Flow.

By default, the Thermal Analysis process is checked. Uncheck this
box if you do not wish to run this process.

Export Files
You can check the desired file you want to export and run this process.
IBIS Model

This process generates a design-specific IBIS model file
(<project_name>.ibs).

IBIS stands for I/O Buffer Information Specification. IBIS models
provide a standardized way of representing the electrical
characteristics of a digital IC’s pins (input, output, and 1/O buffers). For
details, refer to “Lattice Semiconductor IBIS Models” on page 795.

Verilog Simulation File

This process backannotates the routed design with timing information
so that you may run a simulation of your design. The backannotated
design is a Verilog netlist.

VHDL Simulation File

This process backannotates the routed design with timing information
so that you may run a simulation of your design. The backannotated
design is a VHDL netlist.

JEDEC File

This process produces a JEDEC file for programming the device. The
JEDEC Standard is the industry standard for PLD formats. In the
Diamond software, JEDEC refers to the fuse map of your design for
the selected device. For details, refer to “Bit Generation” on page 637.

Bitstream File

This process takes a fully routed physical design or Native Circuit
Description (.ncd) file as input and produces a configuration bitstream
(bit images). The bitstream file contains all of the configuration
information from the physical design defining the internal logic and
interconnections of the FPGA, as well as device-specific information
from other files associated with the target device. For details, refer to
“Bit Generation” on page 637.

PROM File

This process takes a bitstream (.bit) file as input and generates output
files in one of several PROM file formats. The output files are used to
program PROMSs. For details, refer to “PROM Generation” on

page 646.

See Also »“Managing Project Sources” on page 33
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“Process State” on page 73

“Starting a Process” on page 74
“Forcing a Process to Run” on page 74
“Stopping a Process” on page 75
“Refreshing Process State” on page 75

“Cleaning Up Processes” on page 75

Process State

The Process view always shows the state of the processes in the active
implementation. Each state is identified with different icons as shown in the

table below.

Process State Icon Description

Initial '-1: The process has never been run or an input
dependency time stamp has changed since it was last
run.

Completed 1 The process has been run successfully.

Warning ';.*“ The process or report has been run successfully, but
warning messages were issued.

Error 3;_ The process did not complete successfully.

Conditions that Re-initialize Process State A process or report is re-
initialized under the following conditions:

A process state earlier in the sequence has changed.

An input file of the process or report has changed since the last run. For
example, changing the .Ipf file will cause the map process to be rerun.

Note

Input file changes are only detected if touched by the Lattice Diamond Source
Editor or a process or report triggered by the Lattice Diamond main window.
Changes applied by third-party text editors will NOT be detected.

Process settings have changed.

Target device has changed. All processes listed in the Process view in the
sequence later than Translate Design will be re-initialized.

The Process > Rerun All function is run.

See Also  »“Running Processes” on page 69
“Starting a Process” on page 74

“Forcing a Process to Run” on page 74
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“Stopping a Process” on page 75
“Refreshing Process State” on page 75

“Cleaning Up Processes” on page 75

Starting a Process

You can start a process on a single source file or on the entire project.

To start a process, do one of the following:
Select the process in the Process view. Choose Process > Run.
Right-click the process and choose Run.

Double-click the process.

See Also  »“Running Processes” on page 69
“Process State” on page 73
“Forcing a Process to Run” on page 74
“Stopping a Process” on page 75
“Refreshing Process State” on page 75

“Cleaning Up Processes” on page 75

Forcing a Process to Run

If the process is up-to-date (indicated by a check mark to the left of the
process), it will not run again. However, you can force a process to run by
doing the following:

Choose Process > Rerun to start the selected process and run all the
intermediate steps, even if the process is up-to-date. Using Rerun will
force the selected tool to do a clean run overwriting any previous results.

Right-click the highlighted process and choose Rerun.
You can use Process > Rerun All to force all the processes before the
one you selected to rerun. Using Rerun All will also force all tools to do a
clean run overwriting any previous results.
See Also »“Running Processes” on page 69

“Process State” on page 73

“Starting a Process” on page 74

“Stopping a Process” on page 75

“Refreshing Process State” on page 75

“Cleaning Up Processes” on page 75
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Stopping a Process

If you want to stop running certain process, choose Process > Stop.

See Also »“Running Processes” on page 69
“Process State” on page 73
“Starting a Process” on page 74
“Forcing a Process to Run” on page 74
“Refreshing Process State” on page 75

“Cleaning Up Processes” on page 75

Refreshing Process State

You can choose Design > Refresh Design to refresh the process state. For
example, after running a certain process, you have made changes to a source
file using a source editor outside Lattice Diamond. Then you can use Refresh
Process to check the most recent state of the processes. This will also update
the Hierarchy view and Reveal Inserter with any design changes.
See Also »“Running Processes” on page 69

“Process State” on page 73

“Starting a Process” on page 74

“Forcing a Process to Run” on page 74

“Stopping a Process” on page 75

“Cleaning Up Processes” on page 75

Cleaning Up Processes

You can use the Process > Clean Up Process command to reset all the
processes as shown in the Process view. This command returns the status of
all of the processes back to their initial & state.

Setting Security Options

Some FPGA device families contain a hard-wired Advanced Encryption
Standard (AES) engine that enables you to download an encrypted bitstream
into the device. The ECP5, LatticeECP2S, LatticeECP2MS, LatticeECP3, and
LatticeXP2 devices are equipped with this AES technology for downloading
encrypted bitstream. MachXO3D devices have AES technology and ECDSA
Authentication capability.
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The Lattice Diamond software provides the Security Setting Tool that enables
you to set up both the configuration security and an encryption key for those
devices.

IMPORTANT!

To turn on this security feature, you need to install the
Control_Pack_Encryption_Security.

Unencrypted JEDEC (.jed) and Bitstreams (.bit) can also be encrypted using
Deployment Tool. Refer to:

“Encrypting a JEDEC with Deployment Tool” on page 999
“Encrypting a Bitstream with Deployment Tool” on page 1000

See Also »“Security Setting Dialog Boxes and Security Files” on page 76

“Setting Security and Encryption for FPGA Devices with Security Setting
Tool” on page 77

“Setting Security and Encryption for MachXO3D Devices with Security
Setting Tool” on page 79

TN1212 - LatticeXP2 Advanced Security Programming Usage Guide

TN1215 - Advanced Security Encryption Key Programming Guide for
ECP5, LatticeECP3, and LatticeECP2/MS Devices

Security Setting Dialog Boxes and
Security Files

The security setting tool consists of several successive dialog boxes, with
which you can specify security settings for your target device and set a
password to encrypt your security settings.

The Security Settings dialog box enables you to specify a flash protect key for
LatticeXP2, and an encryption key for all other devices.

Once you have specified all the security settings, an encrypted .bek file will be
generated in the project folder to hold the security settings. The .bek file
contains readable header information that identifies the project, software
version, device used, and creation date. The header is not encrypted so that
you can identify the encrypted file.

If you have specified the flash protect key for LatticeXP2, a .key file will also
be created in the project folder. The .key file holds the flash protection key.

The Enter Password dialog box and Change Password dialog box allow you
to set a password to further encrypt your security settings. This password will
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be used by Lattice Diamond to encrypt the .bek file and Programmer to
decrypt the .bek file.

IMPORTANT!

You must track and remember all the keys and passwords you have specified. They
will not be stored in any of the design files.

See Also »“Setting Security Options” on page 75

“Setting Security and Encryption for FPGA Devices with Security Setting
Tool” on page 77

“Encrypting a JEDEC with Deployment Tool” on page 999
“Encrypting a Bitstream with Deployment Tool” on page 1000
TN1212 - LatticeXP2 Advanced Security Programming Usage Guide

TN1215 - Advanced Security Encryption Key Programming Guide for
ECP5, LatticeECP3, and LatticeECP2/MS Devices

Setting Security and Encryption for
FPGA Devices with Security Setting
Tool

To run the Security Setting tool and set security settings:
1. In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Because the project does not yet
contain a .bek file, the dialog box shows LATTICESEMI as the default
password.

2. To change the password, click Change to open the Change Password
dialog box.

3. Inthe Enter Password field, type in a password of at least eight but no
more than sixteen characters.

4. Type the password again in the Verify Password field and click OK.
The Security Settings dialog box opens.

5. To set up keys, check the Advanced Security Settings option in the
Security Settings dialog box.

For LatticeXP2 devices, you have the option to set Flash Protect Key only
or both Encryption Key and Flash Protect Key.

For all other devices, you can only set the Encryption Key.

6. Select a key format from the Key Format drop-down list, and then type a
key in the text boxes as follows, depending on the format selected:
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For the default ASCII format, type alphanumeric values using up to 16
characters.

For hex format, type values of O through F, using up to 32 characters.
For binary format, type 0 and 1 values, using up to 128 characters.
7. Click OK to apply the settings.

A Security Setting message informs you that the encrypted files have
been produced.

8. Click OK to close the Security Setting dialog box.

Note

The .bek and .key files are stored in the root project directory, instead of the
implementation directory. In case you have more than one implementation, the .bek
and .key files are generated for the active implementation.

See Also »“Setting Security Options” on page 75
“Security Setting Dialog Boxes and Security Files” on page 76
“Encrypting a JEDEC with Deployment Tool” on page 999
“Encrypting a Bitstream with Deployment Tool” on page 1000
TN1212 - LatticeXP2 Advanced Security Programming Usage Guide

TN1215 - Advanced Security Encryption Key Programming Guide for
ECP5, LatticeECP3, and LatticeECP2/MS Devices

Setting Security Password for
MachXO2/MachXO3L/LF Devices with
Security Setting Tool

To run the Security Setting tool and set security settings:
1. In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Because the project does not yet
contain a .key file, the dialog box shows LATTICESEMI as the default
password.

2. To change the password, click Change to open the Change Password
dialog box.

3. Inthe Enter Password field, type in a password of at least eight but no
more than sixteen characters.

4. Type the password again in the Verify Password field and click OK.
The Security Settings dialog box opens.
5. Click OK to apply the settings.
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6. Click OK to close the Security Setting dialog box.

Note

The .key files are stored in the root project directory, instead of the implementation
directory. In case you have more than one implementation, the .key files are generated
for the active implementation.

See Also »“Setting Security Options” on page 75

“Security Setting Dialog Boxes and Security Files” on page 76

Setting Security and Encryption for
MachXO3D Devices with Security
Setting Tool

The Security Setting Tool (Security GUI) allows you to generate and/or verify
keys used for bitstream obfuscation. Additionally, ECDSA Authentication
Signature provides the capability to generate and/or verify a signature for any
data.

IMPORTANT

To turn on this security feature, you need to install the
Control_Pack_Encryption_Security.

See Also “Security Settings with Security Setting Tool” on page 79

“Signature Authentication with Security Setting Tool” on page 84

Security Settings with Security Setting Tool

Security Settings provides the user entry for Flash protection (128-bit device
password), AES-256 Encryption, and ECDSA Authentication.

User login password protection is required in Security GUI. You can either
define a new password or use the preset default LATICESEMI password.

Security GUI generates various output key files that are user login password
protected:

Security Tool project file (.secproj), which is encrypted by user login
password.

Flash Protect Key file (.key) contains 128-bit device password.

Encryption Key file (.bek) contains 256-bit AES key, which is encrypted by
user login password.

Lattice Diamond 3.11 Help

79



MANAGING PROJECTS : Setting Security Options

Authentication (ECDSA) Private Key file (.prv) contains either the 256-bit
Private Key or 256-bit Signature.

Authentication (ECDSA) 512-bit Public Key file (.pub)

Security Tool

Security Tool
project file
(.secproj)

User login
password
protection

Security Tool
User Password Protection

= = —_—
Security Tool Encryption & Flash protected key . .
project file Authentication key (device password) E':DSF’_‘I private key ECDHSIA ""b"; key
(.secprol) file [.bek) key file (key) fle {-prv) e (:pub)
I i i
]
Bitstream Gen Y
]
e
_ =
* Feature (.fea) GUI-SSV | ... o map | s bitgen
* Flash (.jed) (i.e sysConfig, UID) SRAM .bit)
* SRAM (.bit)

Y

Feature Row (.fea) FLASH File (.jed)

J

(((

Logic Pref file (.Ipf)
—

pref file (.prf)

The level of bitstream obfuscation depends on the options selected in
Security GUI.

Flash Protection (Device Password) Flash protection generates a 128-bit
device password key.

To run the Security Setting tool and set security settings:

1.

In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Because the project does not yet
contain a .key file, the dialog box shows LATTICESEMI as the default
password.

To change the password, click Change Password to open the Change
Password dialog box.

In the Enter Password field, type in a password of at least eight but no
more than sixteen characters.

Type the password again in the Verify Password field and click OK.
The Security Settings dialog box opens.

To set up device password, check the Flash Protection (Device
Password) option in the Security Settings dialog box.
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7.
8.

Select a key format from the Key Format drop-down list, Load from file, or
Default Key.

Select a key from the Key Format drop-down list, and then type a key
in the text boxes as follows, depending on the format selected:

For the default ASCII format, type alphanumeric values using up to
16 characters.

For hex format, type values of 0 through F, using up to 32
characters.

For binary format, type 0 and 1 values, using up to 128 characters.
Select a key from Load from File.

The Load Key from File dialog box opens, select the key file and
click Open.

Select a key by clicking on Default Key button.
The tool generates LATTICESEMICONDU key.
Click OK to apply the settings.
Click OK to close the Security Setting dialog box.

AES Encryption The AES-256 encryption can be used without any
authentication. Since AES is a symmetric-key algorithm, the same key is used
for both encrypting and decrypting the bitstream.

To run the Security Setting tool and set security settings:

1.

In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Because the project does not yet
contain a .key file, the dialog box shows LATTICESEMI as the default
password.

To change the password, click Change Password to open the Change
Password dialog box.

In the Enter Password field, type in a password of at least eight but no
more than sixteen characters.

Type the password again in the Verify Password field and click OK.
The Security Settings dialog box opens.

To set up AES key, check the AES Encryption option in the Security
Settings dialog box.

Select a key format from the Key Format drop-down list, Load from file, or
Auto Generated Key.

Select a key from the Key Format drop-down list, and then type a key
in the text boxes as follows, depending on the format selected:

For the default ASCII format, type alphanumeric values using up to
32 characters.

For hex format, type values of 0 through F, using up to 64
characters.
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For binary format, type 0 and 1 values, using up to 256 characters.
Select a key from Load from File.

The Load Key from File dialog box opens, select the key file and
click Open.

Select a key by clicking on Auto Generated Key button.
The tool generates a random 256-bit AES key in hex format.
7. Click OK to apply the settings.

A Security Setting message informs you that the encrypted files have
been produced.

8. Click OK to close the Security Setting dialog box.

ECDSA Authentication The Elliptical Curve Digital Signature Algorithm
(ECDSA) offers a variant of the Digital Signature Algorithm (DSA), which uses
the elliptical curve cryptography. The Authentication Private key (or Signature)
and Public key are used to encrypt/decrypt the bitstream with ECDSA. The
Public key size is 512-bits, the Private key size is 256 bits.

The ECDSA Authentication key pair (Private key and Public key) are verified.
Alternatively, the Signature with the Public key can be verified given that you
provide SHA-256 Signature and Public key pair. The Signature size is 64
Bytes.

An optional feature allows to verify the SHA-256 Signature against the SHA-
256 Digest.

IMPORTANT

The SHA-256 digest is used to verify Signature and Public key and is not saved to
Security project file.

To run the Security Setting tool and set security settings:
1. In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Because the project does not yet
contain a .key file, the dialog box shows LATTICESEMI as the default
password.

2. To change the password, click Change Password to open the Change
Password dialog box.

3. Inthe Enter Password field, type in a password of at least eight but no
more than sixteen characters.

4. Type the password again in the Verify Password field and click OK.
The Security Settings dialog box opens.

5. To set up the key pair, check the ECDSA Authentication option in the
Security Settings dialog box.

a. Check the Public key and private key option. Public key and Private
key dialog boxes are enabled. Select a key format from the Key
Format drop-down list, Load from file, or Auto Generated Key Pair.
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Select keys from the Key Format drop-down list, and then type a key
in the text boxes as follows, depending on the format selected:

For the default ASCII format, type alphanumeric values using up to
32 characters for Private Key and 64 characters for Public Key.

For hex format, type values of 0 through F, using up to 64
characters for Private Key and 128 characters for Public Key.

For binary format, type 0 and 1 values, using up to 256 characters
for Private Key and 512 characters for Public Key.

Select Public key and Private key from Load from File.

The Load Key from File dialog box opens, select the Public key file
and click Open.

The Load Key from File dialog box opens, select the Private key
file and click Open.

Select Public key and Private key by clicking on Auto Generated Key
Pair button.

The tool generates random 512-bit Public and 256-bit Private key
pair in hex format.

Check the Public key and SHA-256 signature option. Public key and
SHA-256 signature dialog boxes are enabled. Both, Public key and
Signature, has size of 512 bits. Select a key format from the Key
Format drop-down list or Load from file.

Select key and signature from the Key Format drop-down list, and
then type a key in the text boxes as follows, depending on the format
selected:

For the default ASCII format, type alphanumeric values using up to
64 characters for Public Key and Signature.

For hex format, type values of 0 through F, using up to 128
characters for Public Key and Signature.

For binary format, type 0 and 1 values, using up to 512 characters
for Public Key and Signature.

Select Public key and signature from Load from File.

The Load Key from File dialog box opens, select the Public key file
and click Open.

The Load Key from File dialog box opens, select the Private key
file and click Open.

(Optional) Type in the SHA-256 digest. The digest size is 256 bits.
Check Verify to verify the SHA256 signature against the SHA-256
digest; otherwise, Public key and Signature will be saved, but not
verified as a valid pair.

6. Click OK to apply the settings.

A Security Setting message informs you that either the encrypted files
have been produced or public key and private key don’t match. If the key
pair cannot be verified, the output encrypted files are not generated.

7. Click OK to close the Security Setting dialog box.
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ECDSA Authentication with AES encryption A merge of AES encryption/
decryption with ECDSA authentication allows for additional level of bitstream
obfuscation. First, the private/public key pair is used to encrypt/decrypt the
bitstream with ECDSA. Second, the bitstream is encrypted/decrypted with the
AES-256 key.

To generate/verify appropriate keys, follow sections “AES Encryption” on
page 81 and “ECDSA Authentication” on page 82.

Signature Authentication with Security Setting Tool

Signature Authentication allows you to generate or verify a signature for any
data file. To generate signature, you must provide the public-private key pair
along the data file the signature is intended for. To verify signature, it is
compared against a known public key.
Signature Authentication generates these output files:

Signature file (.sig) contains 256-bit Signature.

Digest file (.digest) contains 256-bit Digest.
Signature Generation Signature Generation tool generates Signature and
Digest for any data file. Once generated, Signature is visible in the GUI's

Signature window. Generated files are saved in the same directory as the
data file.!

To run the Signature Generation:
1. In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Enter your password or use the
default password LATTICESEMI. Click OK.

The Security Setting dialog box opens.

2. Inthe Signature Authentication tab, select Signature Generation.
Provide the Data File, Public, and Private Key.

3. Select both keys.
Select Public and Private Keys from Load from File.

The Load Key from File dialog box opens, select the key file and
click Open.

Generate Public and Private Keys by clicking on Auto Generated Key
Pair button.

The tool generates a random 256-bit Private Key and 512-bit
Public Key in hex format.

If desired, change the key format from the Format drop-down list:

For the default ASCII format, type alphanumeric values using up to
32 characters for Private Key and 64 characters for Public Key.
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For hex format, type values of 0 through F, using up to 64
characters for Private Key and 128 characters for Public Key.

For binary format, type 0 and 1 values, using up to 256 characters
for Private Key and 512 characters for Public Key..

Select Data File from Load from File.

The Select Data File to generate or verify signature dialog box
opens, select any data file and click Open.

4. Click Generate to generate a signature for the provided data file.

Signature Authentication message window appears stating the Signature and
Digest were successfully created and saved.

Signature Verification Signature Verification allows you to confirm the
validity of the data file’s signature. The tool compares provided Signhature
against the provided Public Key. If the verification fails, an error message
occurs in the Signature Authentication message box window.

To run the Signature Verification:
1. In Lattice Diamond, choose Tools > Security Setting.

The Enter Password dialog box opens. Enter your password or use the
default password LATTICESEMI. Click OK.

The Security Setting dialog box opens.

2. Inthe Signature Authentication tab, select Signature Verification.
Select Public Key from Load from File.

The Load Key from File dialog box opens, select the key file and click
Open.

If desired, change the key format from the Format drop-down list:

For the default ASCII format, type alphanumeric values using up to
64 characters.

For hex format, type values of O through F, using up to 128
characters.

For binary format, type 0 and 1 values, using up to 512 characters.
3. Select Data File from Load from File.

The Select Data File to generate or verify signature dialog box opens,
select any data file and click Open.

4. Select Signature from Load from File.

The Load Signature from File dialog box opens, select .sig file and
click Open.

5. Click Verify.

Signature Authentication message window appears with pass or fail
message.
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Setting Options for Synthesis and Simulation

Diamond is integrated with the Lattice Synthesis Engine (LSE), Synplify Pro
synthesis tool, and the Active-HDL simulation tool. Besides the OEM tools,
you can also let Diamond use LSE, your full-featured versions of Synplify Pro
or Precision as the synthesis tool, and full-featured versions of ModelSim or
Active-HDL as the simulation tool.

This section covers steps on selecting synthesis and simulation tools, defining
file order for synthesis and simulation, customizing synthesis tool processes,
specifying VHDL library name, and specifying the search path for Verilog
include files. Also, how to perform interactive synthesis is discussed in this
section.

About Lattice Synthesis Engine

For most devices, you have the option of using Lattice Synthesis Engine
(LSE) as your synthesis tool instead of Synplify Pro for Lattice or another
third-party synthesis tool.

LSE is a synthesis tool custom-built for Lattice products and fully integrated
with Diamond. Depending on the design, LSE may lead to a more compact or
faster placement of the design than another synthesis tool would do. LSE can
be run from the Diamond main window or through the command line, similar
to the other integrated synthesis tools.
Also, LSE offers the following advantages:

Enhanced RAM and ROM inference and mapping, including:

multiple reads

dual-port RAM in write-through, normal, and read-before-write modes
mapped to EBR

clock enable and read enable packing

mapping for the minimal number of EBR blocks

EBR mapping for minimal power

better support for wide-mode mapping
Comprehensive GSR inference for area and timing

Simpler flow to get an .ngd file: no ngdbuild command or Translate Design
process required

Post-synthesis Verilog netlist suitable for simulation
When considering LSE, note the following limitations:
Not available with LatticeEC, LatticeECP, LatticeSC/M, or LatticeXP.

IP must be generated with a synthesis tool other than LSE. So the
synthesis of IP won't be affected by a change to LSE.

Design code may need to be modified. Modifications may involve some
VHDL requirements and inferring RAM, ROM, and I/O.
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SystemVerilog features are not supported.

Does not include interclock domain paths in timing analysis.

See Also
“Selecting a Synthesis Tool” on page 88

Lattice Synthesis Engine Tutorial

Switching to Lattice Synthesis Engine

When changing to Lattice Synthesis Engine (LSE) from another synthesis
tool, there are a few things to do:

Consider creating a new design implementation. You can experiment with
different settings without losing your previous work. See “Working with
Implementations” on page 45.

Modify the Synopsys Design Constraint (.sdc) file into an .Idc or create a
new .ldc file. See “Lattice Synthesis Engine (LSE) Constraints” on

page 1338 and “Applying Lattice Synthesis Engine Constraints” on

page 364.

Adjust the LSE strategy settings. See “LSE Options” on page 1130 and
“Optimizing LSE for Area and Speed” on page 579.

Review the LSE coding tips and consider applying them to your design.
See “Coding Tips for Lattice Synthesis Engine (LSE)” on page 172.

Review the instructions for integrated synthesis. There are some
differences with LSE. See “Integrated Synthesis” on page 581.

See Also

Bus Naming in LSE Output

In the output files from Lattice Synthesis Engine (LSE), bus names are
converted to individual signal names (sometimes known as “bit blasting”).
LSE adds “_c¢_" to the individual signal names. For example, the bus name
sum[0:3] becomes:

See Also

“Consistent Bus Name Conversion” on page 1139
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Selecting a Synthesis Tool

Diamond supports Verilog HDL and VHDL designs using Lattice Synthesis
Engine (LSE), Synplify Pro, or Precision RTL as the synthesis tool.

Diamond is fully integrated with LSE and Synplify Pro. “Fully integrated”
means that you can set options and run synthesis entirely from within
Diamond.

Diamond also supports Mentor Graphics Precision RTL Synthesis but
does not include the tool itself. If you want to use Precision RTL
Synthesis, you need to get the software on your own.

If you prefer, you can use other synthesis tools by running them
independently of Diamond.

You can specify one of them as the synthesis tool for the currently active
implementation of your project. Different implementations can have different
synthesis tools specified.

To select a synthesis tool:

1.
2.

Make sure you have successfully installed LSE, Synplify Pro, or Precision.

From the Diamond main window, choose Project > Active
Implementation > Select Synthesis Tool.

The Project Properties dialog box appears with the active implementation
selected.

In the Project Properties dialog box, double-click the synthesis tool in the
Value column.

From the drop-down menu, select a tool.
Click OK.

If you have chosen Synplify Pro, you can either use Synplify Pro for Lattice
or your own full-featured Synplify Pro. By default, Diamond will use the Lattice
version. If you want to use Synplify Pro for Lattice, you can use the main
window to start running processes. If you want to use your own full-featured
Synplify Pro, you need to specify the directory in the Options dialog:

1.

4,

Choose Tools > Options.

The Options dialog box opens.

In the Environment > Directories tab, clear the use OEM option.
Specify the installation path for Synplify Pro in the Synplify Pro field.

Click OK to save your settings.

If you have chosen Precision as the synthesis tool, you need to specify the
directory in the Options dialog:

1.
2.

Choose Tools > Options. The Options dialog box opens.

In the Environment > Directories tab, specify the installation path for
Precision in the Precision field.

Click OK to save your settings.
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See Also “Customizing Synthesis” on page 92

Specifying VHDL Library Name
The Lattice Diamond software supports VHDL design synthesis using LSE,
Synplify Pro, or Precision Synthesis. You can specify the library name for

synthesizing individual VHDL sources and modules. By default, all project-
related design sources are compiled into the “work” library.

The VHDL library name can also be specified in the Synplify Pro or Precision
Synthesis tool. See Synplify Pro or Precision Synthesis Help for details.

To specify the VHDL library target in the main window:

1. Inthe File List view, right-click the VHDL source for which you want to
specify a library name and choose Properties.

2. Inthe Project Properties dialog box, type in the library name you want in
the Value field and click OK.

The LSE, Synplify Pro, or Precision Synthesis tool will then use the
specified library name to synthesize the selected VHDL source file or
module.

Specifying Search Path for Verilog
Include Files

The Lattice Diamond software supports Verilog design synthesis using LSE,
Synplify Pro, or Precision Synthesis. If a Verilog file is added to your design
and additional files are referenced via the include directive, you can specify
the search path in Lattice Diamond for searching include files.

Note

If the include file in your Verilog file changed after you opened the relevant project in
Diamond, you need to use the Rerun All or Rerun command to force the process to
rerun so that Diamond can reflect the changes of the include file.

You can also specify a Verilog include file search path directly in LSE, Synplify
Pro, or Precision. See “Running SYNTHESIS from the Command Line” on
page 2448, and the Synplify Pro or Precision Synthesis Help for details.

Synplify Pro and LSE Search Path If you select Synplify Pro or LSE as
the synthesis tool, you can only specify the search path for the entire project.
Synplify Pro or LSE searches for the include file in the following order, and
stops at the first occurrence of the include file it finds.

1. The directory of the file that specifies the ‘include’ directive
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2. The directories that are specified in the “Search Path” option for the entire
project

Precision Synthesis Search Path If you use Precision, you can specify the
search path for the project and for each Verilog source file. Precision
searches for the include file in the following order, and stops at the first
occurrence of the include file it finds.

1. The directory of the file that specifies the ‘include’ directive

2. The directories that are specified in the “Search Path” option for the
Verilog source

3. The directories that are specified in the “Search Path” option for the entire
project

Specifying Search Path in Lattice Diamond

To specify the search path in Lattice Diamond:
1. Inthe File List view, do either of the following:

Right-click the implementation hame if you want to specify the search
path for the entire project.

(For Precision Synthesis only) Right-click the Verilog source for which
you want to specify the search path.

2. Choose Properties from the right-click menu.
The Project Properties dialog box opens.

3. Inthe dialog box, select Verilog Include Search Path, and do either of
the following:

If you want to add only one search path, click the Value field to enter a
path.

If you want to add multiple paths, click the ... button from the Value
field to get the Verilog Include Search Path dialog box. In this dialog

box, click the icon to browse for a new path and click OK. The
new path is displayed in the Verilog Include Search Path dialog box.

Repeat to add more paths. You can use the and button to

arrange the order of the paths, or use the button to delete a path.
Click OK when you finish.

4. Click OK to exit the Project Properties dialog box.

The search paths you added are applied. The Synplify Pro or Precision
Synthesis tool will use the specified search paths to search for the include
files referenced in your design other than the directory of the file that
specifies the include directive.
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Specifying Verilog and VHDL
Parameters

You can add Verilog compiler directives and parameters or VHDL generics for
the whole design in the properties of each design implementation. You may
find this method an easier way to experiment with these settings.

To add Verilog compiler directives and parameters or VHDL generics:

1. Inthe File List view, right-click the implementation’s name and choose
Properties.

The Project Properties dialog box opens showing the implementation’s
properties.

2. Inthe HDL Parameters row, click under Value.

3. Type the statements as a single text line with different statements
separated by semi-colons (;).

4. When done, click OK.

Selecting a Simulation Tool

Diamond supports functional and timing simulation for Lattice FPGA devices
using ModelSim or Active-HDL. You can specify either ModelSim or Active-
HDL as the simulation tool for your project in the Simulation Wizard (Tools >
2" Simulation Wizard from main window). For more details on how to use
Simulation Wizard, see “Simulating the Design” on page 307.

Specifying Input Files for Simulation

Your design probably includes one or more test bench files that you want to
use during simulation but do not want synthesized. You can specify this in the
properties for each input file. New files are automatically marked for both
synthesis and simulation.

To change the synthesis/simulation property of afile:
1. Inthe File List view, right-click the filename.
2. Inthe drop-down menu, choose Include for and then the desired
property:
Synthesis and Simulation
Synthesis
Simulation
You can also set the synthesis/simulation property in the Project Properties

dialog box. You can open the dialog box by choosing Project > Property
Pages.
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Defining File Order for Synthesis and
Simulation

The File List view lists design input files in a specific order. The synthesis or
simulation tool uses that order to sequentially synthesize or simulate each
input file. You can adjust the file order by the “drag and drop” operations. The
file list can include a combination of VHDL, Verilog, and schematic files. If you
have not manually set a top-level module (in the Project Properties dialog box
of the main window), usually the last file on the file list is treated as the top-
level module.

File order is especially important for VHDL files. Package files must be first on
the list because they are compiled before they are used. If design blocks are
spread over many files, you should specify the following file order: the file
containing the entity must be first, followed by the architecture file, and finally
the file with the configuration. Verilog file order is typically important when
‘define statements are dedicated to a single file. This file should be compiled
prior to any files that refer to the variables.

To define the file order for logic synthesis and simulation:

In the Input Files section of the File List view, change the file order as you
like by dragging the file name and dropping it to the required location.

The new file order takes effect immediately. The order will be saved when
you save the design project.

Customizing Synthesis
Lattice Diamond supports Verilog and VHDL synthesizing using Lattice
Synthesis Engine (LSE), Synplify Pro, and Precision.

You can adjust synthesis tool options and perform the logic synthesis process
for your Verilog or VHDL design within Lattice Diamond.

To adjust synthesis tool options and perform the synthesis process:
1. Choose Project > Active Strategy > <synthesis tool> Settings.

2. Inthe Strategies dialog box, by default, the option settings of the selected
process, LSE, Synplify Pro, or Precision, are listed. You can use the
Display catalog to filter the options you need to customize.

3. Double-click the Value field of the option. You can specify the option using
the drop-down menu of the Value field.

4. Click OK to accept the new synthesis tool options and exit the Strategies
dialog box.

5. Inthe Process view, double-click the Synthesize Design process to
execute the selected synthesis tool.
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If you prefer leveraging all the interactive features available in the synthesis
tool while maintaining HDL source in the main window, see “Synthesizing the
Design” on page 576 for more details.

Working with Run Manager

Large designs can quickly get complicated, and the best approach is not
always obvious or definite. There may be many ways to get optimal
performance out of your design—the key is to find one option that works.

In Diamond, each project can contain multiple source files, strategies, and
implementations. Implementations are comprised of selected source files and
only one strategy. You can create multiple implementations to bind different
strategies.

After creating implementations, use Run Manager to run multiple synthesis
and place and route passes, compare the results of multiple implementations
for further analysis to get best solutions. Run Manager helps you to manage
running the design implementation process with multiple project
implementations (versions) and to compare the results. You can monitor
progress, view reports, and quickly identify the best implementation.

See Also “Using Strategies” on page 47

“Working with Implementations” on page 45

Setting Up Run Manager

Before using Run Manager, consider if you want to do multiple place-and-
route runs on individual implementations to get different timing and area
results.

If you have a lot of implementations and don’t want to run them all, you may
want to hide some of them in Run Manager.

Also, consider your system’s ability to run multiple processes. If you have
several implementations running simultaneously in Run Manager, you may
see performance problems because of RAM resource conflicts.

Setting Up Multiple Runs on an Implementation You can get multiple
place-and-route runs, using different seed values, on a single implementation.
The different values can produce significantly different timing and area
results.

To set up multiple place-and-route runs on an implementation:

1. Inthe File List view, right-click on the strategy of the implementation and
choose Edit. Strategies are listed in the Strategies folder. If you are not
sure which strategy is being used, you can check the Implementation
column in Run Manager. It includes the strategy nhame for each
implementation.
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The Strategies dialog box opens.
2. Inthe Process box, on the left, choose Place & Route Design.

3. Find Placement Iterations and double-click the Value box. Enter the
number of place-and-route runs you want to make. (For more on this
option, see “Placement Iterations” on page 1149.)

4. Find Placement Save Best Run and double-click the Value box. Enter the
number of place-and-route runs you want to see. Run Manager will show
you this many of the best results. (For more on this option, see
“Placement Save Best Run” on page 1149.)

5. Click OK.
Hiding Implementations Run Manager normally shows all the

implementations of the project. But you can choose to hide any of the
implementations from Run Manager except for the active implementation.

To change which implementations are showing:
1. Choose Tools > £ Run Manager.

Run Manager opens with a table listing the implementations available.
The row in bold font indicates the active implementation.

2. If you want to hide the active implementation, right-click an
implementation that you will continue to show and choose Set As Active.

This implementation becomes the active one for the project. The row
changes to bold type and, in File List view, the implementation is
expanded. The previously active implementation becomes inactive and
can be hidden.

3. In Run Manager’s tool bar, click the Show/Hide Implementation [«
button.

The Show/Hide Implementation dialog box opens.

4. In one of the columns, select one or more implementations that you want
to move to the other column.

5. Click the arrow button pointing to the other column.

6. When you have the Hidden and Show lists as you want them, click OK.
Improving System Performance You can improve your system’s
performance while running Run Manager by limiting the number of processes
sharing the memory. Allowing fewer processes means your computer spends
less time swapping data in and out of the hard drive. But fewer processes
than the number of available processors could mean processors sitting idle.

You will need to find a balance based on your computer and the way you tend
to use Run Manager.

To improve performance:
1. Choose Tools > Options.

2. Inthe Options dialog box, choose Environment > General.
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3.

5.

Find the Maximum number of implementation processes in run
manager option and change the number. The best value is the number of
processors in your computer or fewer.

Find the Maximum number of multi-par processes in run manager
option and change the number. The best value is the number of
processors in your computer or fewer.

Click OK.

Running Run Manager

After setting up Run Manager (see “Setting Up Run Manager” on page 93),
you are ready to run your implementations.

To process multiple implementations using Run Manager:

1.

Choose Tools > §52 Run Manager.

Run Manager opens with a table listing the implementations available.
The row in bold font indicates the active implementation.

Select the implementations that you want to run by setting the check
boxes. Select them all by clicking the check box in the heading row.

In Run Manager’s tool bar, click the Run button. You can force
implementations that have already been run (the Status column says
Completed) by clicking the Rerun button.

While running, you can pause or stop the runs. Select a running item by

clicking anywhere in its row. Then click either the Pause |[Il| or Stop
button. Run Manager may take a few moments to respond.

To continue a paused run, select it and click the Run button.

Note

The Process menu commands also control Run Manager, but they only affect the
active implementation. This is true whether you choose the command from the
Process menu in the menu bar or the right-click menu in the Process view.

When the runs are complete, compare the statistics that appear. These
statistics provide a quick comparison of the quality of results. See
“Reading the Run Manager Results” on page 96.

If you set up an implementation to do multiple place-and-route runs, click
the plus = sign to show the individual results. The top scoring result for
each implementation is shown in italics and will be used in any further
processing with that implementation.

If you want to save the results, go to Run Manager’s tool bar and click the
Export [3= button. In the Export Run Manager File dialog box, browse to
where you want to save the results and enter a file name. Then click
Save.

Lattice Diamond 3.11 Help

95



MANAGING PROJECTS : Working with Run Manager

All the data showing in Run Manager are saved in a comma-separated
values (.csv) file that can be opened with a spreadsheet tool such as
Excel.

6. For more details, go to the Reports view. The Reports view shows a tab
with a set of reports for each implementation. To jump to a specific report,
in Run Manager, right-click the row for the implementation and choose
Show Report > <report>. See “Viewing Logs and Reports” on page 100.

Also, examine the Output view, including checking for any warning or error
messages.

7. After studying the results, you can select one of the implementations and
one of its runs for further development. See “Selecting an Implementation
and Run” on page 98.

Reading the Run Manager Results

Run Manager displays results with a table. Every implementation in the
project gets a row. If an implementation did multiple place-and-route runs,
each run has a row under its implementation. If you don’t see the separate
place-and-route runs, expand the hierarchy tree under the implementation
row.

Bold text shows the active implementation. Italic text shows the active run out
of multiple place-and-route runs. This is the run that will be used in further
processing of that implementation.

There are several columns showing the results for the implementations and
the place-and-route runs. The columns are described below. Compare the
results across rows to see which run worked best.

For the active implementation, you can see the status of the different
processes by looking at the Process view. To see the status of another
implementation, right-click the implementation in Run Manager and choose
Set As Active.

For more details, check the Reports view. The Reports view shows a tab with
a set of reports for each implementation run. See “Viewing Logs and Reports” on
page 100.

Changing the Display You can adjust the display by re-arranging the
columns and sorting the runs. By default, many of the columns are hidden but
you can choose which ones you want to see.

To change which columns are displayed:

Right-click in any column heading and choose the column that you want to
hide or show. Columns that are showing have a check mark. The
Implementation<Strategy> column cannot be hidden.
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To re-arrange columns:

Click on the heading of the column that you want to move and drag it to
where you want it.

To change the width of columns:
Do one of the following:

Right-click in any column heading and choose Adjust Column Width to
Contents.

All columns are adjusted based on their contents.

Click on the right-hand border of a column and drag to make that
column narrower or wider.

To sort the runs:
1. Click in the heading of the desired column.
The rows are sorted according to the contents of that column.

2. To reverse the order of the rows, click in the same column again.

Column Descriptions There are many columns of data available. Most of
these apply only to the implementation rows, not the individual place-and-
route runs.

Implementation<Strategy>: The name of the implementation followed by
the strategy (in angle brackets) that implementation is using. Use the
check boxes to select which implementations to run. This column cannot
be hidden.

Current Step: The implementation process, such as Synthesis and Map,
that is currently running.

Status: The status of the implementation, such as Running, Pause, and
Completed.

Next Step: The next implementation process that will run after the current
process finishes.

Worst Slack: The worst timing slack for all timing constraints. Negative
values indicate timing violations.

Timing Score: The time, in picoseconds, by which the design is failing to
meet the timing constraints. Zero means the run fully met the timing
constraints.

If an implementation has multiple place-and-route runs, the
implementation row shows the value of the active place-and-route run.

Worst Slack (Hold): The worst timing slack for all timing constraints based
on hold time. Negative values indicate timing violations.

Timing Score (Hold): The time, in picoseconds, by which the design is
failing to meet the timing constraints based on hold time. Zero means the
run fully met the timing constraints.

Slice: The number of slices used versus the total number available.
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Unrouted Nets: The number of unrouted nets. Anything larger than zero
means that place-and-route did not finish.

If an implementation has multiple place-and-route runs, the
implementation row shows the value of the active place-and-route run.

Run Time: The total run time for the synthesis, map, and place-and-route
processes, including multiple place-and-route runs. Times for translate,
trace, and exporting files are not included. The format is
<hours>:<minutes>:<seconds>.

Level/Cost: The first number is the Placement Effort Level specified in the
Place & Route Design section of the strategy, not necessarily the effort
used. See “Placement Effort Level” on page 1149.

The second number is the number of placement iterations that were run to
get a solution. If an implementation has multiple place-and-route runs, the
second number is cumulative of preceding runs. That is, if the design only
needs one iteration, the list of place-and-route runs shows 1, 2, 3, ....

The implementation row shows the value of the active place-and-route
run.

Location: The full pathname for the implementation.
Start: When synthesis started. Not applicable for EDIF projects.

Level/Cost: The first number is the Placement Effort Level specified in the
Place & Route Design section of the strategy, not necessarily the effort
used. See “Placement Effort Level” on page 1149.

The second number is the number of placement iterations that were run to
get a solution. If an implementation has multiple place-and-route runs, the
second number is cumulative of preceding runs. That is, if the design only
needs one iteration, the list of place-and-route runs shows 1, 2, 3, ....

The implementation row shows the value of the active place-and-route
run.

Description: An editable text box. Initially it just has the implementation
name but you can change it.

To change the description of an implementation, double-click the
Description cell. Then enter any text you want.

GSR: The number of GSR used versus the total number available.
P10: The number of PIO used versus the total number available.
EBR: The number of EBR used versus the total number available.
PCS: The number of PCS used versus the total number available.
Number Of Signals: The number of signals in the design.

Number Of Connections: The number of connections in the design.

Selecting an Implementation and Run

After studying the results, you can select one of the implementations and one
of its runs for further development.
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To select an implementation and run:
1. Right-click on the implementation’s row and choose Set As Active.

This implementation becomes the active one for the project. The row
changes to bold type and, in File List view, the implementation is
expanded. The previously active implementation becomes inactive.

2. If the implementation has multiple runs, right-click the preferred run and
choose Set As Active.

The results of this run will be used in further development such as
exporting files. The row changes to italic type.

Finding Results

After you load a design in Diamond, you can find the information you need via
the following ways.

In the active Reports view, choose Edit > Find. You can type the desired
text into the Find field at the bottom-left of the Reports view window. The
first occurrence of the desired text will be found and highlighted in the right
side of the window for you. Click Next or Previous to find more. And
check the Case Sensitive option if needed for the search. While typing in
the text, the Find field will be automatically colored if no occurrence of the
text is found.

In the active Source Editor, after choosing Edit > Find, you will get the
Find and Replace dialog box. You can enter the text you want to search in
the Find What field and start a search. Use the Find Next command to
find more. If you want to replace the current find, you can use the Replace
tab of the dialog box. Check Match Case, Match Whole Word, Search
Up, Regular Expression options as needed. Use the Replace or
Replace All command to replace the text found.

If you want to find information without loading the files, you can choose
Edit > Find in Files from Diamond main window. In the pop-up Find In
Files dialog box, type the text you want to find, specify the search path
and search filters, and check the desired options: Search subdir, Include
hidden files, Match case, Match whole word, and Regular
expressions. Press Find. The results will be displayed in the Find
Results frame. Double-click any of the findings from the Find Results
frame to open the associated source file in the associated editor. For
example, if the finding is in a log file, the log file will be opened in the
Reports view with the first finding appears on the first line.

You can search the Output log by clicking in the Output view (in the text,
not on the tab) and then pressing Ctrl-F. This opens a basic text search

dialog box at the top of the Output view. You can type the text in the Find
text field and start a search.

Find Results View The Find Results view may not be displayed
automatically in your Diamond main window. To turn on the Find Results view,
select View > Show Views > Find Results. A check mark indicates the frame
is displayed.

Lattice Diamond 3.11 Help

99



MANAGING PROJECTS : Viewing Logs and Reports

The Find Results view can be detached from the main window by clicking the
detaching icon on the upper-right corner of the view. After detaching, you can
double-click on the title bar of the view to get it back to the main window.
See Also “Viewing Logs and Reports” on page 100

“Navigating Errors and Warnings” on page 102

“Finding Text in Logs and Reports” on page 102

Viewing Logs and Reports

Lattice Diamond generates log files for all project activities. The log files
contain processing information, as well as error and warning messages. If you
run processes, reports are generated.

Viewing Logs A log file is displayed in the Output frame as a process is
running. A scroll bar can be used to scroll up and down in the information.

Errors are displayed in red. Warnings are displayed in orange. There are also
information messages. These messages are also displayed in the Warning,
Error, and Info views. These views may not automatically be visible in your
Diamond main window. To turn on the views, choose View > Show Views >
<view>. A check mark indicates the view is displayed.

Viewing Reports The Reports view displays reports for the major
processes.

There are two panes in the Reports view. The left pane lists the Design
Summary information including the report types. The reports in detail are
displayed in the right pane.

Type of Report  Description

Project Summary Lists the summary information of the project including module
name, synthesis tool chosen, implementation name, strategy
name, target device, device family, device type, package type,
performance grade, operating conditions, logic preference file,
software product version, project file name, and location.

Process Reports Lists the synthesis, map, place and route, signal/pad, and
bitstream reports in HTML format.

Analysis Reports Lists the trace and timing reports.

Tool Reports Lists the I/O SSO analysis, hierarchy parsing, PIO DRC, and ECO
Editor reports. Also has a log of Tcl commands used in recent
sessions.

Messages Lists the implementation messages and user defined filters for the
messages.

In the Design Summary pane, there is the report icon [ 1. If a report has been
generated, the icon appears as {#|. If the report is not the most recent version,
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the icon appears as “Z]. To view the contents of the entire report, click on the
report to be viewed. The entire report is then displayed in the right pane of the
Reports view. Use the scroll bar to navigate through the report. Some of the
reports are divided into sections (for example, Map, Place & Route, and
Signal/Pad). Expand the report listing to display the sections in a list. Choose
the desired section. The whole report will be displayed with the selected
section displayed at the top of the right pane of the Reports view.

You can navigate the reports quickly by using the Find function (right-click in
the right pane of the Reports view and choose Find in Text).

Other Reports The Synthesize Design stage produces reports that do not
appear in the Reports view. You can find these reports in the implementation
folder. In the File List view, right-click the implementation name and choose
Open Containing Folder. A window will open showing the contents of the
folder. All of these reports can be read with a text editor.

One of the reports is a detailed description of the device resources that will be
used by the design. This report is much more detailed than the synthesis
report in the Reports view. The report includes the resources used by each
module of the design. Similar information can also be found in the Hierarchy
view. For Synplify Pro, look for <top_module>.areasrr; for Lattice Synthesis
Engine, look for <top_module>.arearep.

See Also “Finding Results” on page 99

Cross-Probing from Reports to
Schematics

While studying one of the timing or trace reports you might want to see where
a module or port is in the design. You can cross-probe, or jump, from the
Lattice Synthesis Engine (LSE) timing report and from the place & route trace
report to a schematic view of the design.

To cross-probe from the LSE timing report to a schematic view:
1. After running synthesis with LSE, open the Reports view.

2. Inthe Design Summary column, click LSE Timing Report. It's under
Analysis Reports.

3. Select text that has the name of one or more module instances or ports of
interest.

E

Right-click and choose Filter in Netlist Analyzer.

Netlist Analyzer opens with the technology netlist view of the selected
objects. For more information, see “About Netlist Analyzer” on page 57
and “Navigating the Design with Netlist Analyzer” on page 62.

To cross-probe from the place & route trace report to a schematic view:

1. After running place & route of the design, choose Tools > Synplify Pro
for Lattice.
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2. In Synplify Pro, click the Implementation Directory tab.
3. Find the .twr file and double-click it.
A text editor opens in Synplify Pro with the report.
4. Find the name of an instance or port of interest and select it.
Right-click in the selected name and choose one of the following:
Filter in Analyst to see the item by itself
Select in Analyst to find the item in the full schematic

6. If a suitable Analyst view is not open, a dialog box asks if you want to
open one. Click Yes.

7. Go to the Analyst schematic view to see the item.

Navigating Errors and Warnings

If an error or a warning results from the specific line in an HDL source file, you
can easily go to that line to edit the source file.

To navigate errors and warnings:

In the Reports, Output, Error, or Warning view, double-click the line
describing the error or warning.

In the Reports, Output, Error, or Warning view, right-click the message
and choose Locate in > Text Editor. If the command is dimmed, there is
no link to a source file.

Your default text editor opens with the appropriate HDL source file at the line
number specified in the error or warning message. You can then modify the
file to debug your design.

See Also “Finding Results” on page 99

Finding Text in Logs and Reports

You can search for text in the Output, Error, Warning, Info, and Reports views.

To search for text in the Output, Error, Warning, and Info views:

1. Right-click in the Output, Error, Warning, or Info view of the Diamond main
window and choose Find in Text.

The Find toolbar appears.

2. Inthe Find text box, enter the text that you want to search for. Check the
Case Sensitive option if you want the text to match exactly as it was
entered into the text box. Or, check the Whole Words option as desired.
As you type each character, the focus in the window changes to where a
match is found.
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3. Use the Next and Previous buttons in the Find toolbar to find other
occurrences of the text.

To search for text in the Reports view:
1. Right-click in the right pane of the Reports view, and choose Find in Text.
The Find toolbar appears.

2. Inthe Find text box, enter the text that you want to search for. Check the
Case Sensitive option if you want the text to match exactly as it was
entered into the text box.

3. Use the Next and Previous buttons in the Find toolbar to find other
occurrences of the text.

See Also “Finding Results” on page 99

Filtering Messages

The number of messages produced by the design implementation process
can be very large. There are several ways to filter these messages to find the
ones of most interest. Messages can be filtered by:

Implementation process (synthesis, translate, map, place & route, export,
or other tool)

Severity (information, warning, and error)
ID number
Text
Filter settings can be saved for use later or to apply to the Output view. Saved

settings are available in the Reports view under Messages > User Defined
Filters.

Messages are automatically sorted by severity: Error, Warning, and Info. Look
for these tabs in the message area of the main window alongside the Output
view. If the one you want is not showing, choose View > Show Views and
select the one you want.

To set filter options:
The message list changes as you set filter options.

1. After running part or all of the implementation process, go to the Reports
view. This view opens automatically. If it is not showing, choose View >
= Reports.

2. Atthe bottom of the Design Summary column, under the Messages folder,
select either All Messages or one of the user defined filters.

Messages appear to the right in a spreadsheet display.

3. |Iffilter options are not visible above the spreadsheet, click the Show Filter
Selection button. It's the arrow at the top-right of the Reports view.

Lattice Diamond 3.11 Help

103



MANAGING PROJECTS : Viewing Logs and Reports

Several check boxes and buttons appear at the top of the view.
4. Select the processes and severity levels you want to hide.

Specify any message ID that you want to hide by right-clicking a message
that has that ID and choosing Filter Messages with This ID.

6. To hide a specific message, right-click on an example of the message and
choose Filter Messages Exactly Like This. This hides all messages with
the same process, severity, ID, and text. The text must be completely the
same. Messages of the same type but using a different signal or module
name will show.

To see messages hidden by this option, click Filter Details in the Filter
Selection area or right-click in the Message area and choose Filter
Details List. The Detailed Filter List dialog box opens showing just this
set of hidden messages.

7. To stop hiding messages hidden by the Filter Messages with This ID and
the Filter Messages Exactly Like This options, open the Detailed Filter List
dialog box (above). Clear the Filter Enable check box of the desired
messages and click Apply.

Note

You can also select options by right-clicking a message of the type that you want to
hide and choosing one of the Filter Messages commands. These commands hide all
messages with the same process, severity, or ID as the selected message.

To undo all filter settings:
1. Click Reset.

A dialog box opens.
2. Do one of the following:

If there have been changes, you are offered the option of saving the
settings. If you choose to save, see the following procedure.

If there have been no changes, click OK in the dialog box.

To save filter settings:

1. If the filter options are not visible above the spreadsheet, click the Show
Filter Selection button. It's the arrow at the top-right of the Reports view.

2. Click Save Filter.
The Save Filter dialog box opens.
Enter a name for the filter.

4. Click OK.

The new filter’'s name appears in the Design Summary column under
Messages > User Defined Filters.

To apply user defined filters to the Output view:

Filter settings must be saved before they can be applied to the Output view.
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Before running part or all of the implementation process, go to the Reports

view. If it is not showing, choose View > [Ei Reports.

At the bottom of the Design Summary column, under the Messages folder,
expand User Defined Filters.

Right-click the desired filter and choose Apply "<filter>" to Output View.

Afilter icon 7| is placed by the filter’'s name.
Run the desired implementation processes.

The Output view is loaded as usual except that the specified messages
are missing. To see the missing messages, look in the Error, Warning, or
Info tabs or select All Messages in the Reports view.

To stop using the filter on the Output view, right-click the filter name and
choose Apply "<filter>" to Output View again.

The Output view does not change, but will display all messages from
future processing.

Changing Warnings to Errors

There may be warning messages that you consider to be serious problems
and want to stand out more. You can change these warnings to show the error
severity level in your design project. You can also save these “promotions” to
use in other design projects.

Promotions only show for messages from future actions. Promotions do not
affect the display of messages from past actions.

To change a warning to an error in the Reports view:

1.
2.

In the Reports view, go to the Messages section.

Right-click on the message that you want to promote and choose
Promote Messages with This ID.

Not all warning messages can be promoted so this command may be
dimmed.

To change a warning to an error without the Reports view:

1.

Choose Project > Message Promotion.
The Message Promotion dialog box opens.

In the IDs box, type the ID number of the messages that you want to
promote. Separate multiple ID numbers with semi-colons (; ).

Click Promote.

Not all warning messages can be promoted so some ID numbers may be
rejected.

When you are finished in the Message Promotion dialog box, click Close.
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To restore a message ID to the warning level:

1.

Choose Project > Message Promotion.

The Message Promotion dialog box opens.

Select the message that you want to restore to the warning level.
Click Remove.

When you are finished in the Message Promotion dialog box, click Close.

To save the list of promoted messages for another project:

1.

Choose Project > Message Promotion.
The Message Promotion dialog box opens.
Click Export.

In the Export Promotion dialog box, browse to where you want to save the
list.

Enter a file name.
Click Save.
The list is saved to a file with a “.pmt” extension.

When you are finished in the Message Promotion dialog box, click Close.

To use an existing list of promoted messages:

1.

Choose Project > Message Promotion.

The Message Promotion dialog box opens.

Click Import.

In the Import Promotion dialog box, browse to the list.

Click Open.

The list of messages appears in the Message Promotion dialog box.

When you are finished in the Message Promotion dialog box, click Close.

Getting Help for Messages

Some messages have a link to more information in the online Help. This
information may help to understand what the message is about or how to fix
the problem.

To check for help on a message:

1.

Right-click on the message in the Reports, Error, Warning, or Info view.

A menu appears. The last item in the menu is Help. If it is dimmed, there
is no link.

If the Help command is available, choose it.

The Help opens with the appropriate topic.

Lattice Diamond 3.11 Help

106



DESIGNING WITH LATTICE DIAMOND PLATFORM DESIGNER

Designing with Lattice
Diamond Platform Designer

Included with the Lattice Diamond software is the Platform Designer tool
which enables you to build and control a complete hardware management
system. With Platform Designer, you can build and control:

Platform Manager 2

Platform Manager 2 in a two-device (LPTM21 and LPTM21L)
configuration

Certain devices in the MachXO2HC/HE family with external Analog Sense
and Control (ASC) devices

Certain devices in the MachXO3LF family with external ASC devices
Certain devices in the ECP5U/UM family with external ASC devices.

The larger LPTM21 device can configure both ASC and/or LPTM21L as slave
devices.
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Figure 2: Platform Manager 2 Block Diagram
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As shown in the previous figure, the Platform Manager 2 device is made up of
an ASC block and an FPGA block. These two blocks provide the necessary
programmable building blocks to enable integration of various combinations
of hardware management functions into a single chip. The hardware
management algorithm is implemented within the FPGA block of the Platform
Manager 2. The monitoring and control resources can be scaled up, to meet
application requirements, by adding an external ASC to the Platform Manager
2. Each of the ASCs provides additional monitor and control of up to ten
voltage rails, two temperature sensors and two current sensors. The overall
platform management algorithm that uses the inputs from the external ASC
device(s) is located within the FPGA block of the Platform Manager 2. The
following diagram shows how an ASC device can be connected to a Platform
Manager 2 device to implement a hardware management circuit that monitors
the board voltage rails (V), supply currents (I), and board temperatures (T).
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Figure 3: ASC Device Connected to a Platform Manager 2 Device
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Multiple ASC devices can also be connected to imilar to the Platform Manager
2, to offer wider flexibility and control when implementing a complete
hardware management system. Devices include:

Certain devices in the MachXO2HC/HEHC/HE family

Certain devices in the MachXO3LF family with external ASC devices

Certain devices in the ECP5U/UM family with external ASC devices
Unique to Platform Manager 2 is the smaller package LPTM21L device can

be also configured as a slave device combining with ASC. Table 2 lists
Platform Manager 2, MachXO2HC/HEHC/HE, and MachXO3LF and ECP5U/
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UM devices that support ASCs, and also lists the maximum number of ASCs
that can be used for each device.

Table 2: External ASCs/LPTM21 supported by Platform Manager 2,
MachXO2HC/HEHC/HE, MachXO3LF, ECP5U/UM

Family Device Maximum Number
of External ASCs

Platform Manager 2 LPTM21 3 ASC and/or
LPTM21L

Platform Manager 2 LPTM21L 3 ASC and/or
LPTM21L

MachXO2HC/HEHC/ 640HC 2
HE

1200HC
2000HC
4000HC

4
6
8
7000HC 8
2000HE 6
4000HE 8
7000HE 8
MachXO3LF 640E 2
1300E/C
2100E/C
4300E/C

6900E/C

4
6

8

8

ECP5U/UM LFES5U-12F 8
LFES5U-25F 8

LFES5U-45F 8

LFESUM-25F 8

8

LFESUM-45F

See Also »“Platform Designer User Interface” on page 111

“Platform Designer Flow” on page 113
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About Platform Designer

Platform Designer provides an integrated design environment that enables
you to configure the device, implement the hardware management algorithm,
simulate, assign pins, and finally generate the JEDEC files required to
program and configure the device on the circuit board. It also allows you to
import other HDL files to integrate other desired functions.

See Also “Launching Platform Designer” on page 115
“Platform Designer User Interface” on page 111

“Platform Designer Flow” on page 113

Platform Designer User Interface

Platform Designer contains separate editors for configuring global settings;
current, temperature, and voltage monitors; fan controller and fault logger
components; ports, nodes, and logic controls. It also provides a view for
checking design rules and resources and building the design. Each editor and
view is accessed from the Platform Designer menu pane on the left, which is
divided into five main sections: Global, Analog, Components, Control, and
Build.

Global The Global Configuration view provides global configuration options,
including options for each ASC device. The global ASC Options provide
access to configuration settings like the 12C address and other default
settings. The Device Options enable you to select the programming interface,
clock source, and boot mode.

Components The Components section enables you to configure the fan,
fault logging, hot swap, and PMBus Adapter. It includes the following views:

Fan Controller — The Fan Controller allows you to add a fan, specify the
fan interconnections, and configure the control parameters. The fan
controller can be configured to work with 2-wire, 3-wire, or 4-wire fans,
and up to sixteen fans can be controlled. The fan controller generates a
pulse width modulated (PWM) signal to set fan speeds.

Fault Logger — The Fault Logger enables you to specify and configure
fault conditions that are logged to non-volatile memory. You have the
option of using standard fault logging that is based on voltage, current,
and temperature status; or using the full-featured fault logging.

Hot Swap — (Platform Manager 2, MachXO2HC/HEHC/HE, and
MachXO3LF only.) The Hot Swap component enables you to configure
the ASC for a hysteretic closed-loop to limit the in-rush current in an
application where power is rapidly applied. Such an application can
include such a line card, blade, or a PCB that is plugged into a “hot”
backplane.

PMBus Adapter — (Platform Manager 2, MachXO2HC/HE, and
MachXO3LF only.) The PMBus Adapter component allows you to
configure the adapter for connecting analog Point of Load (POL) DC-DC
converters to PMBus using the ASC and FPGA.
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Analog The Analog section enables you to configure the settings for
current, temperature, and voltage monitors. It includes the following editors:

Current — The Current editor enables you to configure the low-voltage and
high-voltage current monitors for each ASC device. Platform Designer
automatically populates the current trip points available based on the
sense resistor selection. You can configure the trip points and other
current monitor settings here.

Temperature — The Temperature editor enables you to configure the
temperature monitors (TMON) for each ASC device. Multiple monitor
levels can be selected for each TMON, with temperature values displayed
in °C.

Voltage — The Voltage editor allows you to configure voltage monitoring,
trimming, margining, and voltage identification (VID) settings for each
ASC device in your system. You can edit multiple settings by using the
Voltage Monitor & Control dialog box. To open the dialog box, double-click
an active cell in the ASC column or the Pins Monitor/Trim column on any
of the three spreadsheets, or right-click the cell and choose Edit. You can
also edit settings individually on the Voltage spreadsheet or the VID
spreadsheet by single-clicking an editable cell.

Control The Control section enables you to configure signals and set the
control logic. It includes the following editors:

Ports & Nodes — The Ports & Nodes editor provides spreadsheets for
viewing the internal nodes and configuring external signals (ports) of the
chip set. The Ports sheet shows all physical FPGA-based PIOs that are
available for use as external connections to the design and allows you to
assign labels to logical ports, specify the 1/0 and register type, and group
ports of a common type to form a bus. The Nodes sheet shows internal
signals already generated to connect the implemented features of the
design. The nodes sheet allows you to create additional signals for
connecting different features on-chip. The GPIO sheet allows you to
configure and label the ASC-based general purpose 1/0s. The HV Outputs
sheet allows you to label and configure the high-voltage output ports.

Logic — The Logic editor enables you to create sequences, exception
logic, supervisory equations, and timers for one or more state machines. It
also allows you to import modules into your design from HDL code. The
Sequence page of the Logic editor allows you to add state machines and
gives you access to the Multiple State Machines dialog box for managing
the state machine library.

Build The Build view enables you to check the design status, examine the
amount of hardware resources consumed, run DRC check, compile the
design, and generate the merged JEDEC file. The Build view includes a
summary table of enabled components and programming options, and it
shows the amount of hardware resources of the device that have been
consumed by the current design configuration. The Build view enables you to
generate a test bench, including stimulus, for simulating your design. It also
allows you to export a detailed configuration report.

See Also “Working with Platform Designer Editors” on page 118
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Platform Designer Input Files

The input files for Platform Designer include the Platform Designer project file
(.ptm) and HDL source files (.v, .vhd).

The .ptm file holds all of the Analog Sense and Control settings, as well as the
logic and port information, for the active Platform Designer project. A .ptm file
is generated automatically for a new project. You can also add a new or
existing .ptm file, which allows you to choose from multiple project files in a
single implementation.

HDL source files are not required, but you can add them to the Diamond
project. Once the HDL files are added to the Diamond project, you can use
Platform Designer’s Logic Editor to import an HDL module into the Platform
Designer project.

See Also See “Working with Platform Designer Project (.ptm) Files” on
page 117
“Importing HDL Modules” on page 156.

“Creating a New Platform Designer Project” on page 115

Platform Designer Output Files

Platform Designer automatically generates the background HDL files when
you compile the design. The “Generate Jedec” process produces a merged
JEDEC of the FPGA and ASC JEDEC files for programming. ECP5U/UM
output file is .bit.

See Also “Building the Design” on page 156

Platform Designer Flow

The number of tasks involved in the Platform Designer flow will vary,
depending on the selected Platform Manager 2, or MachXO2HC/HE, or
MachXO3LF, or ECP5U/UM, the number of external ASC/LPTM21L (for
LPTM21/LPTM21L as masters, LPTM21L and/or ASC can be slaves) devices
selected, and the types of configuration needed to complete the design. The
following outline shows a typical flow of required and optional tasks.

1. Create a project in Lattice Diamond. Select the base device and package;
Platform Manager 2, or MachXO2HC/HE, or MachXO3LF, or ECP5U/
ECP5UM. Then add the number of external ASC devices needed. For
Platform Manager 2 devices LPTM21 / LPTM21L selected as master
devices, LPTM21L and/or ASCs can be combined as slave devices.

2. Specify global settings:

ASC options, including reset type, and default options for voltage,
current, and temperature
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Platform Designer Flow

See Also

device options, including programming interface, clock source, and

boot mode

3. Configure the ports and nodes:

ports and port groups
internal nodes
general-purpose 1/0s

high-voltage outputs

4. Configure the analog settings:

Configure the voltage monitors (VMONS):
schematic net names and parameters
trim/margin parameters
voltage identification (VID) tables

Configure the current monitors (IMONS).

Configure the temperature monitors (TMONS).

Configure one or more fans:
fan type and pulse width modulation
fan interconnections

Configure PMBus Adapter.

Enable and configure fault logging.

timers

5. Define the platform management logic, including sequencing and
monitoring:

sequencer instructions and exceptions for one or more state machines

supervisory logic equations

modules that are imported from HDL

6. Build the design.

Examine the resources consumed.

Run design rule check.

Compile the design to generate the HDL code and synthesize the

logic.

Assign Pins in Spreadsheet View.

Generate the JEDEC to process the design and generate the merged

JEDEC file.

7. Simulate the design.

“Platform Designer User Interface” on page 111
“Creating a New Platform Designer Project” on page 115

“Working with Platform Designer Project (.ptm) Files” on page 117
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Launching Platform Designer

You can launch Platform Designer by creating a new project in Diamond that
targets a Platform Manager 2 LPTM21/LPTM21L device with external ASCs
and/or LPTM21L devices, or a MachXO2HC/HE with external ASCs, or
MachXO3LF with external ASCs, or an ECP5U/UM with external ASCs. You
can also launch Platform Designer by opening an existing Platform Designer
project file (.ptm).

Platform Designer is also available from the Diamond Tools menu when you
open an existing project that targets a Platform Manager 2 LPTM21/LPTM21L
device with external ASCs and/or LPTM21L devices, or a MachXO2HC/HE
with external ASCs, or a MachXO3LF with external ASCs, or an ECP5U/UM
with external ASCs.
See Also »“Creating a New Platform Designer Project” on page 115
“Opening an Existing Platform Designer Project” on page 117
“Working with Platform Designer Project (.ptm) Files” on page 117

“Working with Platform Designer Editors” on page 118

Creating a New Platform Designer
Project

When you create a new project that targets the Platform Manager 2, or a
MachXO2HC/HE with external ASCs, or a MachXO3LF with external ASCs,
or an ECP5U/UM with external ASCs, Diamond generates a new Platform
Designer project file (.ptm) and opens the Platform Designer user interface.

To create a new Platform Designer project in Diamond:

1. In Diamond, choose File > New Project to open the Create a Lattice
Diamond Project wizard.

2. Click Next.

3. Inthe Project section, type a name for the project and use the Browse
button to navigate to a location.

4. Click Next.

5. The Add Source section is an optional step that allows you to add HDL
source files to the project or an existing Platform Designer project (.ptm)
file. If you add an existing .ptm file, the default .ptm file will not be added to
the project.

To skip the Add Source step, click Next.

To add source files to the project, click the Add Source button to navigate
to the files and select them, and then click Next.

6. Inthe Select Device dialog box, do one of the following:

Select Platform Manager 2 in the Family section, and then select the
desired LPTM device from the Device section.
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7.

10.

Platform Manager 2 devices contain one embedded Analog Sense
and Control (ASC) device. There are 2 devices in the Platform
Manager 2 family, LPTM21 and LPTM21L in a smaller package
configuration. The LPTM21/LPTM21L device allows you to add up to
three external ASC and/or LPTM21L devices. The LPTM20 device
allows you to add one external ASC device. To add an external ASC
and/or LPTM21L device, select LPTM21/LPTM21L. The “Select ASC
Device” section will then appear near the bottom of the dialog box.
You will note a 3 device radial button selection for mixing and
matching selection of ASC and LPTM21L as slave devices.

Select MachXO2HC/HE in the Family section, and then select the
desired LCMXO2 HC device—640HC or larger—from the Device
section.

The “Select ASC Device” section appears near the bottom of the
dialog box. Up to eight ASC devices can be added, depending upon
the size of MachXO2HC/HE device.

Select MachXOS3LF in the Family section, and then select the desired
from the Device section.

The “Select ASC Device” section appears near the bottom of the
dialog box. Up to eight ASC devices can be added, depending upon
the size of MachXO3LF device.

Select ECP5U/UM in the Family section, and then select the desired
LFE5UM device—25F or 45F—from the Device section.

The “Select ASC Device” section appears near the bottom of the
dialog box. Up to eight ASC devices can be added.

In the “Select ASC Device” section, select the number of ASC devices you
would like to include.

The package type, performance grade, operating conditions, and part
name are all tied to the device selection.

Click Next.

In the Select Synthesis Tool dialog box, select the synthesis tool that you
want to use. The choices are Lattice LSE and Synplify Pro and can be
changed at any time.

Click Next.

In the Project Information dialog box, the option “Create Platform Designer
file” is selected by default. This will create a .ptm file using the project
name shown in the File name box and cause Platform Designer to open. If
desired, you can assign a different name for the .ptm file and select a
different directory location.

Note

If you added an existing .ptm file to the project in Step 4, the “Create Platform
Designer file” option will not be available.

Click Finish.

Platform Designer opens within Diamond and loads the .ptm file.
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See Also “Opening an Existing Platform Designer Project” on page 117

“Working with Platform Designer Project (.ptm) Files” on page 117

Opening an Existing Platform Designer
Project

After you have created a project in Diamond that targets a Platform Manager
2, or a MachXO2HC/HE with external ASCs, or MachXO3LF with external
ASCs, or an ECP5U/UM with external ASCs, you can open the Platform
Designer project file (.ptm) for the active implementation.

To open an existing Platform Designer project in Diamond:

1. In Diamond, choose File > Open > Project, and navigate to the Lattice
Diamond file (.Idf) for the Platform Designer project.

Diamond loads the file and shows the .ptm file in the File List view.

2. Do one of the following:

Click the Platform Designer button h on the toolbar or from the Tools
menu.

Platform Designer opens and loads the active .ptm file

In the File List view, expand the Input Files folder and double-click the
.ptm file that you want to open.

Platform Designer opens and loads the .ptm file.

See Also “Working with Platform Designer Project (.ptm) Files” on
page 117

Working with Platform Designer Project (.ptm) Files

The Platform Designer project file (.ptm) holds all of the Analog Sense and
Control settings, as well as the logic and port information, for the active
implementation. When you create a new Platform Designer project, the .ptm
file is generated automatically by Diamond. You can also add a new or
existing .ptm file to your project. The project’s .ptm files are maintained in the
Platform Design Files folder in the File List view for the active implementation,
and the active .ptm file in this folder is displayed in bold. Only one .ptm file can
be active for an implementation.

To add a new .ptm file to a Platform Designer project:

1. Inthe File List view of Diamond, right-click the name of the active
implementation, and choose Add > New File.

2. Inthe dialog box, select Source Files from the Category list, and then
select Platform Designer File.
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3. Type a name for the new .ptm file. If desired, select a different location for
the file by clicking the Browse button.

4. Click New.

Diamond loads the new .ptm file and sets it as the active Platform
Designer file for the current implementation.

To add an existing .ptm file to a Platform Designer project:

1. In the File List view of Diamond, right-click the name of the active
implementation, and choose Add > Existing File.

2. Inthe “Files of type” list, select Platform Designer Files from the drop-
down menu.

3. Browse to the location of the desired .ptm file, select it, and click Add.

Diamond loads the .ptm file and sets it as the active Platform Designer file
for the current implementation.

To change the active/inactive status of a .ptm file:

1. If the .ptm file that you want to make active or inactive is still open in
Platform Designer, close it.

2. Right-click the .ptm file and choose the appropriate command: Set as
Inactive or Set as Active.

Opening an Inactive .ptm File Platform Designer allows you to open an
inactive .ptm file to examine the configurations. The inactive file will open in
read-only mode, which will enable you to examine each view but not allow any
changes. Platform Designer will close the active .ptm file, if it is open, before
opening the inactive one. It will also prompt you to save any changes. You will
not be able to execute any of the operations in the Build view (such as
Compile, Generate JEDEC) when viewing an inactive .ptm.

Saving a .ptm File When you save an active .ptm File, Platform Designer
takes all of the configuration changes that are in memory and saves them to
the .ptm file. When you use the “Save as” command to save the.ptm file with a
different name or to a new location, Platform Designer includes all of the
collateral files for the implementation, as well as any changes in memory. You
can also use the “Save as” command for an opened inactive .ptm file.

See Also “Creating a New Platform Designer Project” on page 115

“Platform Designer Flow” on page 113

Working with Platform Designer Editors

The Current, Temperature, Voltage, and Ports & Nodes editors in Platform
Designer use a format that is very similar to a spreadsheet. The columns for
these editors are arranged in the order of the most commonly used settings.
For example, in the Voltage editor, the four most commonly used columns—
ASC Device, Pins Monitor/Trim, VMON Schematic Net Name, and Nominal
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Profile 0—are positioned first and are locked from horizontal scrolling so that
they are always visible for association with other columns and for easy
access. The cells of columns that are locked from horizontal scrolling are
colored with a light gray background. Columns for less frequently used
settings, such as Window Mode, are positioned further to the right and are not
locked from horizontal scrolling. The cells of these columns have a white
background.

Platform Designer editors differ in a couple of ways from standard
spreadsheet formats. In Platform Designer spreadsheets, when you click a
cell to enter a value, you click only once and then choose a selection from the
drop-down menu or type a value, depending on the type of cell selected.
Because of this, navigating from cell to cell by keyboard is slightly different,
and copying or cutting and pasting from multiple cells is not supported. The
following sub-topics explain how to use the features of Platform Designer
editors.

Sort by Columns You can sort the row order by a single column by clicking
the column heading. An up arrow in the heading indicates that the rows are
sorted in ascending order. Click the heading again to sort the list in
descending order.

In the Voltage, Current, and Temperature editors, you can also sort the rows
by multiple columns.

To sort by multiple columns:
1. Choose View > & Sort to open the Sort by Column(s) dialog box.

2. Select the first column to sort by from the “Sort by” drop-down menu. Click
Ascending or Descending to control the order of the sorted rows.

3. Use the “Then by” boxes to select additional columns, as well as the
Ascending/Descending option for each column. Click More to add more
“Then by” menus if needed.

The rows will be sorted first by the column specified in the “Sort by” box
and then by the additional columns in the “Then by” boxes in sequence.

4. Click OK.

To return to the default layout:
Right-click any column heading and choose Default Layout option. This
returns the sorted order to the original view.

Adjust Column Width You can adjust column widths manually or choose
the right-click command to fit the column to the text.

To adjust the column width manually:

Drag the vertical border on the right of a column heading.

To fit the column width to the text, do one of the following:

Double-click the vertical border on the right of a column heading.
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Right-click the desired column heading and choose Fit Column.

Choose View > Column > Fit All Columns to fit all column widths to the
text.

Hide and Re-display Columns You can hide a single column in the
Voltage, Current, or Temperature editor or select several columns that you
want displayed or hidden.

To hide a single column:

Right-click the desired column heading and choose Hide Column.

To hide several columns:

1. Choose View > Column > Visible Columns or press Shift+F5 to open
the Visible/Hide Columns dialog box.

2. Do one of the following:

In the “Show these Columns list,” select the columns that you want to
hide, and then click the single-arrow button to move them to the “Hide
these Columns” list.

Click the double-arrow button to move all columns to the “Hide these
Columns” list, and then select those you want displayed by selecting
them and moving them to the “Show these Columns” list.

3. Click OK.

To re-display some of the hidden columns:

Press Shift+F5, and move the hidden columns back to the “Show these
column(s) list.”

To re-display all columns:

Press Shift+F5, and click the double-arrow button to move all hidden
columns to the “Show these column(s)” list.

Edit Cell Values The editable cell values in each editor are color-coded
blue or black. Blue indicates a default value, and black indicates an edited
value. Values that appear in gray are values that cannot be edited, including
tool calculated settings or settings that are implied by other areas of the editor.

To edit a single cell value, click once inside the editable cell and enter or
select a new value. In the Voltage editor, you can use the Voltage Monitor and
Control dialog box to edit the properties for an entire row. See “Setting
Multiple VMON/Trim Properties” on page 126.

You can copy or cut a text entry of a single editable cell and paste it into
another cell of the same type. You can do this by using the right-click menus
or the standard Ctrl+C, Ctrl+X, and Ctrl+V keyboard shortcuts. Copying and
pasting multiple cells is not supported.
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Right-click a Text-entry Cell to Open the Complete Menu The right-click
menu will sometimes vary for text-entry cells, depending on whether you have
single-clicked a cell for editing or have highlighted the entire cell. For
example, on the Ports sheet, when you single click a Logical Name cell, the
text in the cell is highlighted so that you can type a new label. But if you right-
click while only the text is highlighted, the menu will display editing commands
such as cut, copy, paste, or delete, but it will not include the Add Group or
Show In commands.

To access the complete right-click menu for a text-entry cell:
Right-click a cell without clicking it to highlight the entire cell.

If you have already single-clicked the cell, press the Enter key to highlight
the entire cell.

Navigate from Cell to Cell Because of the convenient one-click access to
parameters in the Current, Temperature, Voltage, and Ports & Nodes editors,
navigating by keyboard from cell to cell involves an additional small step.

To enable the navigation capability, do one of the following:

Select a cell in the ASC Device column or the Pin column by single-
clicking it.

If you have already opened an editable cell by clicking it, press Enter to
highlight the entire cell. If the cell contains a drop-down menu, you might
need to press Enter a second time to enable navigation.

Note

If you have single-clicked an editable cell in one of the columns that are locked
from horizontal scrolling, you will only be able to navigate among the cells of the
locked columns after you press Enter. To enable full navigation afterward, click a
cell in the ASC Device column or Pin column, or click an editable cell in a column
that is not locked from horizontal scrolling and press Enter.

You can then use the arrow keys to move up and down the cells of a column
or across the cells in a row. You can also use the Tab key and the Shift+Tab
combination to move forward and back across a row. When you have reached
a targeted cell for editing, single-click the cell. To continue navigating
afterward, press the Enter key.

Setting Global Options

For a new Platform Designer project, you would normally begin by using the
Global Configuration view to configure those features that affect the entire
design. This includes device options for operation mode and externally
connected components such as dual-boot SPI flash. It includes ASC global
options as well as options for each individual ASC of the target chip set.

See Also »“Setting ASC Options” on page 122
“Setting Device Options” on page 123
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“Configuring a SPI Flash Model” on page 124

Setting ASC Options

The ASC options are divided into global ASC options, which affect the entire
project, and specific ASC options that affect only a given ASC. Use the left
portion of the ASC Options to set the values for each individual ASC, and use
the Global ASC Options on the right to set global ASC values.

Options for Each ASC The following options are available for individual
ASCs:

ASC Name — labels the ASC with a unique name that will identify it
globally.

CLT Rate — sets the closed loop trim update rate, in pus or ms.

I°C Base Address (ASCO only) — sets the 4 MSB in the 7-bit 1°C address
of ASCO. This base 4 MSB is common for all ASCs in the system. This
setting is not available for ECP5U/UM based designs. The 1°C base
address is locked to the default value.

I°C External Resistor — displays the resistor values that are used by the
ASC to set the three LSB of the 1°C address. See the ASC data sheet for
more details.

1°C Address — displays the full address of each ASC, using the configured
base address and the 3 LSB that are set by the external resistor.

UES Bits — sets a 32-bit user electronic signature for storing unique data
inside the ASC. This setting is not available for ECP5U/UM based
designs.

Reset Type — configures the reset type as mandatory or optional. For
ASCQO, the reset type is fixed to mandatory. Mandatory ASCs have their
reset signals tied together on the board. If one of these ASCs needs to be
reset, the whole system is reset. Optional ASCs are handled individually
and have a dedicated reset signal.

Reset Source — displays the port defined in the reset source for an
optional reset type.

Global ASC Options The following global options affect all ASCs:

EIA Resistor Standard — limits the resistor selection to the EIA standard
selected or, if Exact is selected, calculates the exact resistor values. This
value is used by the TRIM calculator in the voltage editor. It determines
which resistor values will be recommended by the calculator.

Open Resistor Threshold — sets the maximum resistor value above which
the resistor is treated as an open circuit. This setting is used by the TRIM
calculator.

DC-DC Options

DC-DC Library Directory — sets the location for the DC-DC Library.
The default directory location is inside the Diamond installation sub-
directories.
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Build DC-DC Library — opens the DC-DC Library Builder Wizard,
which enables you to add or edit a DC-DC Converter model.

VID Options

VID Tables Directory — sets the location for the voltage ID tables. The
default directory location is inside the Diamond installation sub-
directories.

Build VID Tables — opens the VID Table dialog box, which enables you
to add or edit a VID table.

Voltage, Current, and Temperature Options

The Voltage, Current and Temperature monitors are populated with
default trip points each time a new project is started. The ASC Global
Options Default Trip Point Selections allow you to change the default trip
points for each of the monitor types at the start of a new project.

See Also “Configuring Voltage Identification (VID) Tables” on page 130

“Defining DC-DC Converter Models” on page 129

Setting Device Options
Select the Device Options tab of the Global Configuration View to configure
the operation mode and the external connected components.
Operation Mode Options The Operation Mode section includes the
following options:
Programming Interface:

Platform Manager 2 and MachXO2HC/HE, and MachXO3LF: JTAG or

1>C

ECP5U/UM: JTAG only.

Background Programming:

Platform Manager 2 and MachXO2HC/HE, and MachXO3LF: None,
12C, or JTAG.

ECP5U/UM — JTAG or SPI (Background Programming Interface to
SPI Flash).

8MHz Clock Source for Device Operation — ASCO or Global_Clock
External Connected Components The External Connected Components
section includes the following options:

SPI Models Directory — Select a location for the SPI models directory.

Build SPI Models — Configure a new SPI model and add it to the SPI
Models Directory, or edit or delete an existing SPI model.

Boot Mode — Normal or Dual Boot. When Dual-Boot is selected, the SPI
model option will appear. Dual-boot requires that a SPI flash be specified.
ECPS5 only supports Normal mode - ECP5 dual boot is configured through
Diamond Deployment Tool.
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ASC I°C Write Feature — This feature allows you to configure the I2C write
access to the ASC. This feature is locked to Enabled in the ECP5 solution.
When “Disabled” is selected, it prevents writing to the ASC on-chip

registers over the 12C bus.

When “Enabled” is selected, it allows writing to the ASC on-chip
registers over the 1°C bus.

When “Controlled by ASCx_GPIO1” is selected, the ASCx_GPIO1
input is used to control whether 12C write access is enabled.

FPGA Port (External Connection) — This option appears when
“Controlled by ASCx_GPIO1” has been selected. You will need to
select the FPGA port that will connect to the GPIO1 on all ASCs.
Afterwards, the GPIO1 will be changed to “IN” type for each ASC.

See Also “Defining DC-DC Converter Models” on page 129

“Configuring a SPI Flash Model” on page 124

Configuring a SPI Flash Model

You can use the Global Configuration View to add and configure a new SPI
flash model or edit a current one. The SPI flash models are saved in the SPI
Models directory. The default directory location is inside the current project
sub-directories.

To configure a SPI flash model:

1.
2.

In the Global Configuration View, select the Device Options tab.

In the External Connected Components section on the right, do one of the
following:

Click Add/Edit SPI Model in the Value column of SPI Options.

If you are using Dual Boot mode, select Add/Edit SPI Model from the
Dual-Boot SPI Flash pop-up menu in the Value column.

The SPI Models Configuration dialog box opens and displays the library of
currently available SPI models.

Do one of the following:
To edit an existing SPI model, select it from the list on the left.

To add a new SPI flash model, click New, and then select the newly
created model from the list.

Optionally, give the selected model a unique name, by single-clicking the
name and typing a new one.

Select the desired values for the Flash Configurations and Flash Opcodes
by double-clicking the value cell and choosing from the menu, and then
press enter. Click Apply to save one or more selected values or to save
all the values for a selected model.
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6. If desired, select a different SPI flash model from the list, and repeat Steps
4 and 5.

7. When all options have been set for all the models you are configuring,
click OK.

See Also “Setting ASC Options” on page 122
“Setting Device Options” on page 123

Configuring Voltage Sense (VMON) and Control

(TRIM)

DC/DE Library
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The Voltage editor enables you to manage voltages and settings related to
voltage monitors (VMONS) and trim channels in the Platform Manager 2 or
external ASC devices. You can edit a voltage property by clicking the desired
cell on the Voltage spreadsheet, or you can use the Voltage Monitor and
Control dialog box to edit multiple properties. Double-clicking a VMON/Trim
cell in the Pins Monitor/Trim column opens the Voltage Monitor and Control
dialog box. From the Voltage Monitor and Control dialog box, you can access
the DC-DC Converter Library and the VID Table library.

Setting up the trim and margin capabilities involves the DC-DC Library
Builder, which is used to define the voltage adjustment characteristics of the
power supply or supplies that you wish to use. The Trim/Margin portion of the
Voltage Monitor and Control dialog box is then used to configure each trim
channel for the desired power supplies and output voltages. The following
diagram illustrates this flow:
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Modifications to existing DC/DC library files must be made from within the DC/
DC Library Builder Wizard. The DC-DC Converter selection, as well as
changes in the desired target voltages, can be made in the Trim/Margin
section of the Voltage Monitor and Control dialog box. It is strongly advised
that library files not be modified while trim cells are being configured, because
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this can create confusion and make it difficult to detect errors in your work. If a
“discrete” supply is to be used at several different voltages, a separate library
entry for each unigue output voltage should be created.

The Trim/Margin dialog enables you to recalculate the trim with a minimum
amount of parameter re-entry. Target voltages need to be re-entered only if
the desired supply type is changed.

See Also »"Defining DC-DC Converter Models” on page 129
“Setting VMON Properties” on page 126

Setting Multiple VMON/Trim Properties

The easiest way to set multiple properties for a selected voltage monitor
(VMON) or high-voltage monitor (HYMON) is to use the Voltage Monitor &
Control Properties dialog box. The edited settings will then be displayed in the
Voltage editor.

To access the Voltage Monitor & Control Properties dialog box:

1. Select the tab in the Voltage editor for those settings that you want to
configure.

2. In the Pins Monitor/Trim column, double-click the VMON that you want to
configure. Alternatively, right-click and choose Edit from the pop-up
menu.

The Voltage Monitor & Control Properties dialog box opens and displays
the Voltage, Trim/Margin, or VID section, depending on the tab you
selected in the Voltage editor.

The number of tabs available in the Voltage Monitor & Control Properties will
depend on whether the selected VMON supports an associated TRIM pin.
Most of these properties can also be defined individually on the Voltage
spreadsheet.

See Also »“Setting VMON Properties” on page 126

“Setting Trim and Margin Properties” on page 127
“Configuring Voltage Sense (VMON) and Control (TRIM)” on page 125

Setting VMON Properties

The Voltage section of the Voltage Monitor & Control Properties dialog box
allows you to specify the nominal voltage and the logical names and trip
points for each comparator.

Schematic Net Name — This can consist of any combination of
alphanumeric characters.

Nominal Voltage — This defines both the nominal voltage and the closed
loop trim target value for voltage profile 0. If the value is 5.7V or more and
the monitor is not an HYMON, the voltage will be used to calculate an
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external resistor divider and select an associated trip point. A negative
voltage will calculate a divider reference as well as the resistor divider.
Acceptable values are from -100 volts to 100 volts.

Logical Name — The logical names, for comparators A and B, are used in
the logic builder to control the sequence and equations based on the
VMON status.

Trip Point Selection — A specific VMON trip point, for comparator A and
comparator B, is associated with each logical name.

64 s Glitch Filter — When selected, this option configures the comparator
so that supply glitches narrower than 64 microseconds are ignored. The
output will transition only if the changed status remains active for a period
longer than 64 microseconds. If this option is not selected, the comparator
output will toggle within 16 microseconds from the time the voltage
transitions through the appropriate trip point.

Window Mode — To use the window mode, the Comparator B threshold
should be lower than the threshold setting of comparator A. The window
mode output will replace the comparator A output. The window output is
logical high if the Comparator B output is high and the Comparator A
output is low (i.e., the voltage monitor reading is between Comparator A
and Comparator B).

External Resistor Divider — This section is used for monitoring a voltage
whose highest trip point exceeds 5.70V or is a negative voltage. These
values are calculated automatically when the nominal voltage specified is
negative or exceeds 5.70V. You can overwrite these values to work with
your preferred components.

Rsupply — Valid value range is 10 ohms to 10 M ohms

Rground - Valid value range is 10 ohms to 15 K ohms. The Rground
maximum value is restricted to maintain the accuracy of the voltage
monitors.

Divider Reference — Valid value range is 2.5 V to 6 V. The divider
reference is used when monitoring voltages below ground. The
external divider is connected between the negative supply being
monitored and a positive reference supply.

See Also “Configuring Voltage Sense (VMON) and Control (TRIM)” on
page 125

Setting Trim and Margin Properties

The Trim/Margin section of the Voltage Monitor and Control dialog
boxenables you to configure the trim cell operating mode and desired output
voltages measured at a voltage monitor (VMON).

Trim Schematic Net Name — This can consist of any combination of
alphanumeric characters.

Trim Configuration Mode — The Trim Calculator, which is selected by
default, calculates resistor interface and DAC values from the target
voltages and DC-DC converter.
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Manual trim configuration mode allows you to select the CLT loop polarity
and to manually enter the DAC code for each voltage profile.

DC-DC Converter — Select a DC-DC converter model from the drop-down
menu. The menu includes all of the models that are in the DC-DC Library.
To add a new model, scroll down and select Add/Edit DC-DC to open the
DC-DC Library Builder Wizard.

CLT Loop Polarity — If you selected Manual for the trim configuration
model, select the polarity for closed loop trim.

Voltage profile — Enter a desired output voltage for each profile. These
profiles are used, along with the nominal voltage profile (profile 0), as the
targets for the trim calculator.

DAC Output Range (BPZ Voltage) — If you are using the Trim Calculator,
the bipolar zero output voltage range will be calculated automatically. If
you are using manual trim configuration mode, select the value from the
drop-down menu.

If you have selected Trim Calculator for the trim configuration mode, click the
Calculate button after you have made your selections. The dialog box will
then provide the following information:

the resistor values needed to interface the DAC to the TRIM pin in the DC-
DC converter

the voltage that will be achieved with each of the voltage profiles

the DAC code needed to produce each of the desired output voltages

If a profile target voltage is outside an achievable range, it will be tagged with
*Error. To resolve errors, click the Error Details button and follow the
instructions for obtaining a possible solution.

Setting Trim Configuration Options Use the Trim Configuration Options
dialog boxto adjust settings and to help resolve a target voltage error.

Click the Options button in the Trim/Margin Properties dialog box to set the
following options:

Maximum DAC Code Range — This setting and the Max Supply
Adjustment Range work together to define the sensitivity of the trim
system. The value entered defines the DAC value required to trim the
supply voltage by the amount specified in the Max Supply Adjustment
Range box.

Max Supply Adjustment Range — This value defines how much the power
supply output voltage will change when the DAC code is at the value in
the Maximum DAC Code Range box.

Attenuation Crossover Voltage — If the voltage in Voltage Profile 0 is
greater than the voltage in the Attenuation Crossover Voltage text box, the
DAC input attenuator will be enabled. The attenuation crossover voltage
should be selected so that the attenuation bit is turned on if any portion of
the trim range is over 2.048 volts. The default value of 1.9 volts is
appropriate in most cases.
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Vbpz Selection — When Auto is selected, the bi-polar zero output voltage
is calculated automatically to reach all the target voltages. Selecting one

of the other voltages (0.6V, 0.8V, 1V, or 1.25V) can sometimes reduce the
number of resistors.

See Also “Configuring Voltage Sense (VMON) and Control (TRIM)” on page 125

Defining DC-DC Converter Models

The DC-DC Library Builder Wizard enables you to define the voltage
adjustment characteristics of DC-DC converters and voltage regulators. This
information is stored in a library so that any given model of DC-DC converter
can be used in multiple trim cells or Platform Designer projects without having
to re-enter the information each time.

You can add new DC-DC converter models to the library, delete models, or
edit the parameters of a model at any time by launching the wizard. Any
converter model in the library can be selected in the Trim/Margin portion of
the Voltage Monitor and Control dialog box.

You can launch the DC-DC Library Builder Wizard from the Global
Configuration view or from the Voltage Monitor and Control dialog box.

To launch the DC-DC Library Builder Wizard from the Global
Configuration View:

1. Inthe Global Configuration view, select the ASC Options tab.

2. Inthe DC-DC Options section of Global ASC Options, click Add/Edit
DC-DC.

To launch the DC-DC Library Builder Wizard from the Voltage Monitor
and Control dialog box:

1. Inthe Voltage view, select the Trim/Margin tab.

2. Double-click a cell in the DC-DC Converter column or a VMON/Trim cell in
the Pins Monitor/Trim column.

3. Inthe Voltage Monitor and Control dialog box, click the DC-DC Converter
drop-down menu.

4. Scroll down and choose Add/Edit DC-DC.

The DC-DC Library Builder Wizard provides the option of creating a new entry
in the library (using the New button) or modifying an existing entry. The flow
for both operations is similar, the only exception being that when an existing
entry is being edited, the previously saved parameters appear in the different
dialog box sections of the Wizard.

To define a DC-DC converter model:

1. Inthe DC-DC Converter Model Selection, select a model from the list, or
click New to add a new model.
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The Library Builder classifies all DC-DC converters and regulators into
four different families:

Supplies that can be adjusted up or down a few percent about a
nominal voltage by connecting a resistor between the supply’'s TRIM
pin and its output or ground.

Supplies that can be adjusted over a wide range by connecting a
resistor between the supply's TRIM pin and ground.

Supplies that can be adjusted over a wide range by connecting a
resistor between the supply’s TRIM pin and Vout.

Supplies that use an external feedback network. The Library Builder
calls this a “discrete” implementation.

2. Click Next to open the Select the type of DC-DC Converter section.
3. Select the type of DC-DC Converter and click Next.

The wizard opens the configuration section of the dialog box, which
enables you to set the parameters for the type of converter you selected.

For the Trim-up Trim-down supply type and the Programmable supply
type, the dialog box asks for several trimming examples to be entered,
and the supply's adjustment characteristics are determined from the data.
Many power supply data sheets provide tables of resistor values needed
to achieve various different outputs. These examples can be entered
directly into the dialog box.

For discrete implementation types, the dialog box requests the values of
the feedback network components and the internal reference voltage.
From the data, the supply's adjustment characteristics are determined.
When a specific model of voltage regulator will be used several times to
produce different voltages, separate library entries will be needed for each
unique set of feedback network components.

4. After setting the configuration parameters, click Finish.

See Also “Setting Multiple VMON/Trim Properties” on page 126
“Setting VMON Properties” on page 126
“Setting Trim and Margin Properties” on page 127

Configuring Voltage Identification (VID)
Tables

Voltage identification tables define the target voltage outputs of a DC-DC
converter based on inputs of a selected bus. The VID section of the Voltage
Monitor and Control dialog box enables you to select and configure a VID
table for the selected voltage monitor. If your design does not yet contain VID
tables, you can build them and add them to the VID Table Library.
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Building VID Tables The Voltage — VID Table Library interface enables you
to build a library of voltage identification tables. By default, Platform Designer
stores the VID tables inside the Diamond installation sub-directories. You can
specify a different location in the Global ASC Options section of the Global
Configuration View.

To create a new VID table:

1. Inthe Voltage editor, open the VID Table library dialog box by using one of
the following methods:

Open the Voltage Monitor & Control Properties dialog box by double-
clicking the VMON/TRIM cell. Select the VID tab, and choose Add /
Edit a table from the VID Lookup Table drop-down menu.

In the Global Configuration View, select the ASC Options tab. In the
VID Options section on the right, click Add / Edit a table.

2. Inthe VID Table Library dialog box, click New to open the Create New VID
Table dialog box.

3. Type a name for the VID table in the text box, and then select the table
size from the drop-down menu.

4. In the Auto fill section, specify a voltage starting value and step size.

Alternatively, you can manually enter each value in the table by double-
clicking each Voltage (V) cell and typing a value. If you choose manual
entry, skip Step 5.

5. Select either the Top Down or Bottom Up option, and then click Fill.

Platform Designer fills in the voltage for each VID value, based on the
step size and starting value. You can edit any of these values as desired.

6. Click OK.

The new VID table is added to the VID Library and will be listed in the VID
Table menu in the Voltage editor and in the Voltage Monitor & Control
Properties dialog box.

Selecting and Configuring the VID Table The VID page of the Voltage
editor enables you to select the VID lookup table from the VID Table Library
and select the bus, strobe port or node, and VID strobe edge. You can also
select and configure the VID table from the Voltage Monitor & Control dialog
box.

Editing a VID Table To edit a VID Table, open the VID Table library dialog
box by using any of the methods described in Step 1. Select a VID table and
click Edit. In the Edit the VID Table dialog box, change the settings as desired
and click OK.

See Also “Configuring Voltage Sense (VMON) and Control (TRIM)” on page 125
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Configuring Current Sense (IMON)

The Current editor allows you to set parameters for the current monitor
(IMON) and high-voltage current monitor (HIMON) for each Analog Sense
and Control device. Each monitor includes settings for two precision
comparators (A and B) and one fast (F) comparator.

Schematic Net Name — Each IMON or HIMON must be identified by a
unique name. The name can consist of any combination of alphanumeric
characters.

Logical Name — The monitor’s comparator outputs A, B, and F must each
be identified by a unique name. The name can consist of any combination
of alphanumeric characters.

Sense Resistor (Ohm) — The sense resistor value will be the same for all
comparators within the monitor and can range from .0001 to 1000000.0
ohms.

Trip Point Selection (Amps) — The selected trip point, for comparators A,
B, and F, will be associated with each logical name. The trip points
available are determined by the Sense Resistor value.

Hysteresis — Hysteresis can be enabled or disabled for comparators A
and B. This automatically updates the available trip point selections.

Glitch Filter (1) — The glitch filter can be enabled or bypassed for
comparators A and B. When Yes is selected, this option configures the
comparators so that supply glitches narrower than 64 microseconds are
ignored.

Window Mode — Window mode can be used for comparators A and B. To
use the window mode, the Comparator B threshold should be lower than
the threshold setting of comparator A. The window mode output will
replace the comparator A output. The window output is logical high if the
Comparator B output is high and the Comparator A output is Low.

Low Side Sense — When Yes is selected, this sets the low voltage side
sense for comparators A, B, and F. It is not available for high-voltage
sense monitors.

The Programmable Gain Amplifier (PGA) Gain setting is displayed by the tool
based on the selected trip points. This information is used when performing A/

D measurements of the current over 12C.

The V-Drop (V) and Peak Power (W) are calculated based on the values
entered for trip point and sense resistor.

See Also “Configuring Voltage Sense (VMON) and Control (TRIM)” on
page 125

Configuring Temperature Sense (TMON)

The Temperature editor allows you to set parameters for the external
temperature sensor interfaces (TMON1, TMONZ2, etc) and the internal
temperature sensor (TMON _Int). The temperature monitor function includes
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an A/D converter measurement with averaging support, as well as an alarm
monitor function with programmable hysteresis and filtering. Each TMON
channel includes two separate programmable comparison points. The
temperature sensor hardware also supports a configurable offset and ideality
factor. The parameters for each temperature monitor comparator can be set in
Platform Designer’s Temperature editor, as follows:

Schematic Net Name — The schematic net name must be unique and can
consist of any combination of alphanumeric characters.

Logical Name — This must be a unique name that will identify each TMON
pin and comparator output. It can consist of any combination of
alphanumeric characters.

Monitoring Type — Over temperature (OT) or under temperature (UT)
monitoring can be selected.

Trip Point Selection — This sets the trip point for the comparator in degrees
Celsius.

Hysteresis — This defines the hysteresis for updating the trip point output
for the comparator.

Monitor Alarm Filter (Depth) — This sets the number of consecutive alarms
that must be detected before setting the comparator output high.

Measurement Averaging (Filter Coefficient) — This sets the coefficient on
the averaging filter implemented on the temperature sensing of the
TMON.

Offset — This calibration value is used to correct the temperature reading,
in degrees Celsius for the TMON.

Short Fault Measurement Reading — This defines the measurement
reading under a short fault condition. It implies the Open fault
measurement reading as well. See the Platform Manager 2,
MachXO2HC/HE, or MachXO3LF data sheet for more details.

Ideality Factor — This calibration value is used to correct the diode
imperfection for the TMON.

Sensor Configuration — The external temperature monitors can be
configured to interface with several different transistor circuits.

See Also “Configuring Fan Control” on page 133
“Configuring Voltage Sense (VMON) and Control (TRIM)” on page 125

Configuring Fan Control

Platform Designer’s Fan Controller provides fan control for 2-wire, 3-wire, or
4-wire fans. The fan controller supports multiple fan speeds, under-speed
alarm detection, and a configurable startup pulse. It enables you to set three
levels of speed control through the pulse width modulated (PWM) signal. Up
to 18 separate fans can be controlled.
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To configure fan control:

1. Select Fan Controller from the menu pane, and then select a fan in the

“Fan in System” list or add a new fan by clicking the add button ¥ on the
lower left.

In the Type Setting section on the Parameters page, select the fan type
from the drop-down menu.

If you selected 3 Wire (Low Side Drive), 3 Wire (High Side Drive), or 4
Wire, also specify the Sense Type for alarm detection, as follows:

If the fan supports a locked signal as fan feedback to indicate that the
fan is locked or stuck, select Alarm (Active High) or Alarm (Active
Low).

If the fan includes a tachometer feedback signal, select Tach (2
Pulses/Rev), and then do the following:

In the Alarm Interval box, type a value for the number of ms that
will be allowed between pulses before an under-speed violation is
registered.

Select a value between 1 and 10 from the Alarm Filter Count. This
is the number of times the alarm interval must be detected before
the Alarm signal will be asserted.

With tachometer feedback, a +/- 10% hysteresis will be applied to the
corresponding assertion/de-assertion of the failure count to prevent a
false alarm.

In the PWM Setting section, use the sliders to select a duty cycle
percentage for Speed3, Speed2, and Speedl.

Each can be set in 5% increments, ranging from 5% to 95%. The fastest
speed must be assigned to Speed3, with the middle speed assigned to
Speed2, and the slowest speed assigned to Speedl.

Use the slider to specify the PWM frequency. The frequency can be set in
increments of 0.8 kHz, up to 80.0 kHz.

Select the polarity for the PWM signal, based on the nature of the
MOSFET switch and on-board buffers.

Refer to the fan data sheet and the board requirements for information
about the correct setting of PWM polarity.

Optionally, enable the Startup Control and select the pulse duration, in
increments of .25s for the startup period.

When startup control is enabled, the fan controller will send a kickstart
pulse of the chosen duration to the fan before switching to the selected
PWM setting.

Select the InterConnections tab.

The InterConnections page allows you to specify the signals that the
Platform Designer will use as fan controller ports. Each fan has an
independent set of interconnections.

The PWM Out and Tach/Alarm Sense are the external connections to the
fan. The other signals (Speed Sel 1 ... Alarm Out) are logical connections
that set the operation of the fan controller during runtime.
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9. Assign the PWM Out and Tach/Alarm Sense to external ports by dragging
the desired ports from the Signal Pool.

10. Drag the desired signals from the Signal Pool to set the logical
connections for Speed Sel, Run Off, Run Full, and Alarm Out.

See Also “Configuring Temperature Sense (TMON)” on page 132
“Configuring Voltage Sense (VMON) and Control (TRIM)” on page 125

Setting Fault Logging Options

The Fault Logger, available from the Components section of the menu pane,
enables you to specify and configure fault conditions that are logged to non-
volatile memory. You have the option of using standard fault logging that is
based on voltage, current, and temperature status; or using the full-featured
fault logging. By default, fault logging is disabled.

Each ASC device contains a block of EEPROM memory that can be used for
either the V, I, T Fault Log or for User Tag Operation. The User Tag Memory is
enabled automatically when fault logging is disabled or when full-featured
fault logging is selected. It is disabled when V, I, T fault logging is selected.

V, I, T Fault Logging When you select this option, the Analog Sense and
Control device will log the voltage (V), current (1), and temperature (T) status
when a fault is detected. The V, I, T fault log supports the logging of 8 signals
per Analog Sense and Control device, in addition to the V, I, T signals. These
can be digital 1/0 or other signals.

To configure V, |, T fault logging:

1. Inthe Fault Logger, select Enable V, |, T Fault Log from the options
shown at the top left.

2. Select a signal name from the Fault Logging Trigger Signal Name drop-
down menu. This signal can be an output from the user logic, an external
digital I/O, or a specific monitor alarm signal.

3. Inthe “Basic Configuration” section, select the type of memory to log to:
EEPROM or SRAM. The EEPROM is non-volatile, but a log takes longer
to execute. The SRAM memory is volatile but is executed more quickly.

4. The V, |, T fault log supports the logging of 8 signals per Analog Sense
and Control device in addition to the V, |, T signals. These can be digital I/
O or other signals. For each signal that you want to log, drag it from the
“User Signals to Log” list over to a D cell of the desired ASC.

Full-Featured Fault Logging The full-featured fault logging uses either the
UFM Flash memory within the device or an external SPI flash memory. Full-
featured fault logging is available for Platform Manager 2 LPTM21 devices
and for MachXO2HC/HE devices of 1200 and above, and MachXO3LF
devices. ECP5U/UM device support full-featured fault logging with external
SPI flash memory only - UFM is not available in ECP5U/UM.
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To configure full-featured fault logging (Platform Manager 2,
MachXO2HC/HE, and MachXO3LF only):

1.

In the Fault Logger, select Enable Full-Featured Fault Log from the
options shown at the top left.

Select a signal name from the Fault Logging Trigger Signal Name drop-
down menu. This signal can be an output from the user logic, an external
digital I/O, or a specific monitor alarm signal.

n the “Basic Configuration” section, do the following:

a. From the drop-down menu, select the contiguous ASCs that you want
logged.

b. SelectInclude Timestamp if you want Platform Designer to include a
32-bit timestamp timer.

c. Select a signal to be used as the busy signal name from the “Busy”
Signal Name menu. This signal is an output from the fault logger and
can be used to inform the user logic that a fault log recording is in
progress.

d. Select a “Log to” option: the on-chip UFM memory or external SPI
flash.

e. If you selected External SPI Flash as the “Log to” option, use the
Model drop-down menu to select the external flash model to be used
for fault logging.

In the User Log Fields menu, located above the user log table on the right,
select the number of additional bits to record in the fault log.

For each additional signal that you want to log, drag it from the “User
Signals to Log” list over to a D cell of the desired user log column.

To configure full-featured fault logging (ECP5U/UM only):

1.

3.

In the Fault Logger, select Enable Full-Featured Fault Log from the
options shown at the top left.

Select a signal name from the Fault Logging Trigger Signal Name drop-
down menu. This signal can be an output from the user logic, an external
digital I/O, or a specific monitor alarm signal.

Select a signal to be used as the busy signal name from the “Busy” Signal
Name menu. This signal is an output from the fault logger and can be
used to inform the user logic that a fault log recording is in progress.

In the “Basic Configuration” section, do the following:

a. From the drop-down menu, select the contiguous ASCs that you want
logged.

b. Select either Disable Time Stamp, Internally Generated Time Stamp,
or Externally Assigned Time Stamp. The internally generated
timestamp option includes the 1s per bit, 32-bit timestamp. The
externally assigned timestamp option will automatically update the
Nodes view to include a 32-bit node group, called FL_Timestamp,
which can be assigned by the user based on an external, highly
accurate timestamp.
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4.

c. In SPI Memory Configuration, select Log to Configuration SPI Memory
or Log to Alternate SPI Memory.

d. Use the Model drop-down menu to select the external flash model to
be used for fault logging.

In the User Log Fields menu, located above the user log table on the right,
select the number of additional bits to record in the fault log.

For each additional signal that you want to log, drag it from the “User
Signals to Log” list over to a D cell of the desired user log column.

In the “Fault Log Memory Space” section, do the following:

a. Enter the Start Address. This is a Hex input used by the IP to
determine the starting address available to the fault logger. This
setting allows the user to share the SPI memory with multiple boot
images or other information. The default address is 0x030000.

b. Enter the size in K Bytes.

c. The End Address is automatically calculated and displayed by
Platform Designer. The displayed value confirms for the user that it is
safe to share the SPI memory with multiple boot images or other
information.

The full-featured fault logger automatically adds a 16-bit node group
called FL_Record_Counter to the nodes view. This nodes group can be
connected to user logic to provide the number of Fault Records currently
stored in memory.

See Also “Configuring a SPI Flash Model” on page 124

Configuring Hot Swap

(Platform Manager 2. MachXO2HC/HE, and MachXO3LF only.) Platform
Designer's Hot Swap utility enables you to configure a hot swap component
that will control the in-rush current in applications where power is rapidly
applied, such as a circuit board that is plugged into a backplane. The Hot
Swap utility contains a separate page for each of the following three tasks:

Hot Swap — Specify the settings of a hot swap component.

Interface — Connect the hot swap component to the Platform Manager 2
resources.

InterConnections — Connect the hot swap component to the hardware
management logic.

To specify the settings of a hot swap component:

1.
2.

Select Hot Swap from the Components section of the menu pane.

On the Hot Swap page, select a hot swap component from the list or
create a new hot swap component by clicking the add button “:* on the
lower left.

Specify the desired options and settings:

Lattice Diamond 3.11 Help

137



DESIGNING WITH LATTICE DIAMOND PLATFORM DESIGNER : Configuring Hot Swap

Input Supply

VN — Input voltage. This is the supply voltage input, which is used
to charge C| pap- Together with Iyax, C oap and the MOSFET

SOA (Safe Operating Area) information will be used to calculate
the hot swap parameters, including the number of phases, voltage
and current trip points.

Imax — Maximum current available from the input supply.

MOSFET Parameters

Load/Supply — Allows you to place the MOSFET at either the
Supply or the Load. Select the setting that matches your
application.

MOSFET Name — Used, for informational purposes only, to track
the part number of the MOSFET in your application.

V1/A1l — Voltage/Current data point pair from the MOSFET SOA
curve found in the MOSFET datasheet.

V2/A2 — Voltage/Current data point pair from the MOSFET SOA
curve. V1 must be greater than V2, and A1 must be less than A2.

Current Sensing Configuration

Rg — Sense Resistor used in the application. Platform Designer

uses this sense resistor value to calculate available current
sensing trip points.

Current Sense Amp choices — Determines the current sense amp
circuit used in the application.

The choice among “External and VMON,” “External and IMON,”
and “IMON (Internal)” will determine whether additional current
sensing circuit information is required. The choice also determines
which monitor circuits are available for assignment in the Interface
tab. Certain configurations of V,y and Current Sense Amp are

prohibited, such as using IMON (Internal) with V, voltages above
13.2V.

Low Side option — Determines whether the IMON is used in a near
ground hot swap application (such as -48V). Selecting this option
enables the Low-Side Sense feature in the IMON circuit.

Hot Swap Settings

CLoap — The load capacitor charged up during the hot swap
operation. This value is used to calculate the hot swap
parameters, including the number of phases and the voltage and
current trip points.

Fast Shutdown Limit — Sets the current limit for fast shutdown
during hot swap. The menu is automatically populated with
available current limit trip points related to the Sense Resistor and
Current Sense Amp settings. If the current exceeds the selected
limit during hot swap, the hot swap will be aborted and the over
current error signal will be asserted. This feature can be disabled
by selecting “None.”
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4.

Cooldown Period — The period used by the hot swap algorithm to
ensure that the MOSFET does not overheat. Each time the hot
swap algorithm detects a timeout, remaining in a phase longer
than 10 ms, the cooldown period will be used as a wait time prior
to resuming the hot swap operation.

Hot Swap Name — A user-defined name for the hot swap setup.
After all the parameters have been selected, click the Calculate button.

The V| oap and Ip graphs are updated with the estimated Voltage and
current profiles based on the calculated Hot Swap algorithm and settings.
The Results/Comments area is updated with information, including the
number of hot swap phases and the number of VMON and IMON
channels required to support the hot swap implementation.

The hot swap calculation might not be able to provide a solution for all
circuit configurations. In this case, error information is displayed in the
Diamond message console.

If the results are not satisfactory, adjust the settings and calculate again.

To connect the hot swap component to Platform Manager 2 resources:

1.

After you are satisfied with the hot swap calculation results, select the
Interface tab.

The Interface page consists of several menus that are used to assign
VMONSs, IMONs, HVOUT, GPIO and PIO channels to the different hot
swap functions. When you assign VMON, IMON, and HVOUT channels in
the Interface tab, their settings, such as trip point thresholds, will be
updated automatically.

Select the desired setting from each of the drop-down menus in the gold-
colored boxes, as follows:

VN Monitor — Associates a VMON channel with the input voltage

monitoring function of a given hot swap. This VMON channel can be
re-used across multiple hot swap components, if they use the same
input voltage. The V,y Monitor can be from any ASC in the Platform

Manager 2 system.

Selecting a V| Monitor is mandatory.

ASC - Specifies the ASC device to be used. The ASC menu is
automatically populated with the ASCs used in the system. All
channels from the drop-down menus inside the pink rectangle will be
selected from the chosen ASC.

MOSFET/Charge Pump Driver — Associates an HYOUT or GPIO with
the controlled output signal used in the hot swap algorithm.

Selecting an HVOUT or GPIO is mandatory.

Current Sensing Monitor — Specifies the IMON or VMON channel for
current sensing. The channels available are those that support the
configurations that were set on the Hot Swap page.

Selecting a current sensing monitor is mandatory.
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Fast Current Sense Monitor — Specifies an IMON or VMON channel
for fast current sense. This menu is used only when a fast shutdown
limit is selected on the Hot Swap page. It is used in conjunction with
the fast current sense output, fast path input, and fast shutdown
signal.

Fast Current Sense Output — Specifies an HYOUT or GPIO as a fast
output signal. This menu is populated with the output signals available
on the ASC.

Fast Path Input — Specifies a signal for fast path input. This menu is
populated with the PIO signals from the FPGA 1/O used in the Platform
Manager 2 system. The signal should be externally connected to the
fast current sense output signal in the application.

Fast Shut Down Output — Specifies a signal for fast shutdown output.
This menu is populated with the PIO signals from the FPGA 1/O used
in the Platform Manager 2 system. The signal is controlled by the hot
swap IP and will perform a fast shutdown of the MOSFET when
necessary.

Load Voltage Monitor(s) — Specifies the load VMON or HYMON. This
menu is populated with the voltage monitor channels from all ASCs in
the Platform Manager 2 system. The number of drop-down menus
available is determined by the number of phases required by the hot
swap algorithm. These menus can be filled with voltage monitor
channels from any ASC in the system.

Selecting a load voltage monitor from each available menu is
mandatory.

To connect the hot swap component to the hardware management logic:
1. Select the Interconnections tab.

The Interconnections page includes a set of control signals that are used
to connect the hot swap component to the hardware management logic.
Each of these signals is typically assigned to a node.

2. Drag the desired signal from the Signal Pool over to the appropriate box,
as follows:

Hot Swap Enable — Input signal to the hot swap component. Asserting
this signal high will start the hot swap operation.

Over-Current Clear — Input signal to the hot swap component. This
signal needs to be asserted to clear any existing Over-Current Error
status.

Hot Swap Done — Output signal from the hot swap component. This
signal is asserted by the hot swap component to inform the hardware
management logic that the hot swap operation was successfully
completed. This signal is cleared when the hot swap enable signal is
asserted again.

Hot Swap Error — Output signal from the hot swap component. This
signal is asserted by the hot swap component to inform the hardware
management logic that an error occurred during the hot swap
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operation. This signal is cleared when the hot swap enable signal is
asserted again.

Over-Current Error — Output signal from the hot swap component.
This signal is asserted by the hot swap component to inform the
hardware management logic that an overcurrent error occurred during
the hot swap operation. This is in addition to the fast path shutdown
behavior. This signal will be cleared when the over-current clear signal
is asserted.

Configuring PMBus Adapter

(Platform Manager 2, MachXO2HC/HE, and MachXO3LF only.) PMBus is a
serial communication bus that allows a microcontroller to configure and
monitor Digital Point of Load (DPOL) DC-DC Converters. The PMBus Adapter
allows the connection of analog POLs to the PMBus controller using the
FPGA and ASC. Multiple POLs may be mapped to different pages configured
in the PMBUS adapter. Dedicated pages for voltage, current, and temperature
monitoring are provided.

The PMBus adapter supports Packet Error Checking and SMBAlert options.
The PMBus adapter supports a pre-defined subset of PMBus commands.

To configure PMBus Adapter:
In the PMBus Adapter tab, select Enable PMBus Adapter at the top left.

The PMBus tab contains controls and the ASC Page Mapping table
control. When Enable PMBus Adapter is checked, controls and the
related PMBus Nodes tab are enabled. To view PMBus ports and nodes,
refer to “Viewing PMBus Ports and Nodes (Platform Manager 2,
MachXO2HC/HE, and MachXO3LF Only)” on page 143.

The following options are available to configure PMBus Adapter:

Enable packet Error Checking (PEC) Enables/disables the packet error
checking option.

Enable SMBAlert Enables/disables the SMBAlert output pin..

PMBus Bus Speed Specifies PMBus bus speed. The two available values
are 100KHz and 400KHz.

PMBus Slave Address Specifies PMBus slave address. Only legal slave
addresses are selectable from the drop-down list.

ASC Page Mapping Specifies the PMBus page mapping of voltage
monitors (VMONSs), Current Monitors (IMONs) and Temperature Monitors
(TMONSs) of the ASC devices in the design. The resource list view on the left
contains the VMON , IMONs, and TMON signals that are part of the current
design. The user can drag and drop the VMON. IMON, and TMON signals
from the resource list view and assign them to PMBus pages on the right.
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VMON, IMON, and TMON signals can be assigned to page numbers as
follows:

VMON - 0x00-0x2F
IMON - 0x30-0x3F
TMON - 0x40-0x5F

The default values on the ASC page mapping table views is None. When the
user drags the VMON, IMON, or TMON signals from the resource list on the
left and drops it in the table view, a dynamic design rule check (DRC) is
performed in the background to verify whether the assigned page is valid or
conflicts with already assigned pages.

Implementing the Platform Management Algorithm

Implementing the platform management algorithm involves labeling and
configuring ports and nodes, and then building logic instructions based on
these configurations. In Platform Designer, it involves the use of the Ports &
Nodes editor and the Logic editor.

See Also “Designing Control Sequences” on page 148

Configuring and Viewing Ports and
Nodes

Use the Ports & Nodes editor to view internal nodes and configure external
signals (ports) of the Platform Manager 2, MachXO2HC/HE, MachXO3LF,
ECP5U/UM device; configure and label the ASC-based general-purpose I/Os;
view PMBus Ports and Nodes; and label and configure the high-voltage
output ports. You can build control logic based on the labels you apply.

See Also “Designing Control Sequences” on page 148

Configuring Ports

The Ports section of the Ports & Nodes editor shows all physical FPGA-based
P1Os that are available for use as external connections to the design.

You can assign a user label to a logical port. A port requires a type: IN, OUT,
INOUT or GRESET. The port also includes attributes for group, register type
and reset level.

For register type, in addition to Registered or Combinatorial, you have the
option of using “Registered Sync with ASC.” The MachXO2HC/HE,
MachXO3LF, ECP5U/UM device output is much faster than the ASC output
because of the 3-wire interface propagation delay. So when you select the
“Registered Sync with ASC” option, Platform Designer will add a delay for
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MachXO2HC/HE outputs to make sure that they are triggered in the same
step.

After the design is compiled, you can cross-probe from the Ports sheet to
Diamond’s Spreadsheet View or Netlist View to make pin assignments. Right-
click a cell and choose Show In > Spreadsheet View or Show In > Netlist
View.

Viewing PMBus Ports and Nodes (Platform

Manager 2, MachXO2HC/HE, and MachXO3LF Only)

The PMBus tab is enabled only if the PMBus Adapter is enabled. For
information on enabling PMBus Adapter, refer to “Configuring PMBus
Adapter” on page 141.

The PMbus tab lists all of the available PMBus ports/nodes that can be
connected to the Logic Controls, including Sequence, Supervisory equation,
and HDL Import. These nodes are managed in the user logic in order to
complete the configurable PMBUS support.

The PMBus ports/nodes table view includes three read-only columns:
Logical Name/Function The node names listed in this column are the

nodes that are added to the user signal pool and which connect the logic to
the PMBus Adapter for support of PMBus commands..

Grouped By This column lists the PMBus status word or byte name with the
correct bit index. Nodes that are not used are set to zero.

Logic Connection This column shows the node direction with respect to
the user logic; In goes into the user logic and Out is driven from the user logic.
See Also »“Creating a Port Group” on page 143

“Designing Control Sequences” on page 148

“Working with Platform Designer Editors” on page 118

Creating a Port Group

The group feature allows you to combine ports of a common type, using
vector notation, to form a bus. The selected ports cannot be shared among
multiple groups.

To create a port group:

1. On the Ports sheet or the Nodes sheet, right-click any cell of a port or
node that is not already part of a group and choose Add Group from the
pop-up menu.

2. Inthe New Group dialog box, type a name for the group in the Group
Name text box.
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3. From the Available Ports list, select the ports that you want to include in
the group, and then click the - button to place the ports in the Selected
Ports list. T

4. Click Add.

To modify a port group:

1. Right-click a cell in the Group By column that references the port group
you want to edit and choose Modify Group from the pop-up menu.

2. In the Modify Group dialog box, use the appropriate buttons to add ports
to the Selected Ports list or remove them from the list.

3. Click Update.

To remove a port group:
Right-click any cell and choose Remove Group. From the sub-menu,
select the group you want to remove.

See Also »“Designing Control Sequences” on page 148

“Working with Platform Designer Editors” on page 118

Configuring Nodes

The Nodes sheet enables you to add and configure internal nodes in your
design. You can assign user labels to new and existing nodes and select the
register type and reset level attributes.

To add a node:

1. Press the Insert key, or right click an existing node and choose ADD
NODE.

2. Assign a unique name to the node and select the Register Type and
Reset Level.

To delete one or more nodes:

Highlight the rows you want to delete by selecting the row numbers in the
first column, and then press the Delete key. Alternatively, right-click and
choose REMOVE NODE(s).

Nodes can also be grouped, following the same process as described in
“Creating a Port Group” on page 143.

Some nodes are automatically allocated to the component logic or other
features such as fault log enable and timers.
See Also »“Designing Control Sequences” on page 148

“Working with Platform Designer Editors” on page 118
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Configuring General-Purpose 1/0s

The GPIO sheet allows you to enable and assign a user label to an
ASC-based general purpose 1/0.

For each GPIO pin, you can specify the following:
A unique name to identify the pin.
The type: IN or OUT
Reset Level: Set High or Set Low

For pins GPIO2 and GPIO3 of each ASC, you can also select the following:
Source

Polarity: True or Inverted

See Also “Designing Control Sequences” on page 148

Configuring High-Voltage Outputs
The HV Outputs sheet allows you to enable and assign a user label to a high-
voltage output port.
For each HVOUT pin, you can specify the following:
A unique logical hame to identify the HVOUT pin.
The output setting: Charge Pump or Open Drain
The target voltage for the output (Charge Pump mode only)

The source current in micro-amps for the output (Charge Pump mode
only)
The sink current in micro-amps for the output (Charge Pump mode only)

The output mode: Static or Switched

The selected frequency for the ouput in kHz (Switched mode only)
The duty cycle for the output (Switched output mode only)

The output source

The output polarity: True or Inverted

A high or low reset level

Designing with the Logic Editor

Included with the Lattice Diamond Platform Designer is the LogiBuilder™
Logic editor, which enables you to define a power supply sequence controller
and monitor or other control circuits for implementing the platform
management algorithm. The tools include a set of instructions for building the
sequence based on conditional events and timer delays.
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See Also
“Designing Control Sequences” on page 148

“Sequence Controller Instruction Set” on page 147

About the Logic Editor

The Logic editor simplifies the design process by allowing you to select from
menus instead of writing complex code. It enables you to add and configure
timers and import HDL modules. It also supports vector notation for bus
structures.

After entering the set of instructions, you can compile the design and simulate
the sequence or control events. When the design is compiled, synthesizable
HDL code is generated based on the sequencer and supervisory logic.

“Designing Control Sequences” on page 148

“Sequence Controller Instruction Set” on page 147

Logic Editor User Interface

The LogiBuilder Logic editor includes separate views for building the logic
instructions and exceptions, entering supervisory equations, and defining
timers. An additional view is provided that allows you to import HDL modules
into your design.

Sequence — The Sequence view enables you to define the step-by-step
instructions for controlling outputs for a selected state machine. When
compiled, sequencer instructions implement a digital logic state machine
within the PLD core.

Exceptions — The Exceptions section allows you to define equations
that will trigger sequence controller exceptions to modify outputs and
jump out to an alternative sequence step. Exceptions can be
selectively applied to any sequencer step. When compiled, exception
instructions are merged with the digital logic state machine of the PLD
core.

State Machine — A tab for each state machine is shown at the bottom
of the Sequence view, which allows you to select the active state
machine for editing. You can also add a new state machine by clicking
the + tab. Right-click a state machine tab to open the Multiple State
Machine dialog box, which enables you to add and delete state
machines.

Supervisory — The Supervisory view enables you to define combinatorial
and registered logic independent of the sequencer control logic. When
compiled, supervisory equations are concurrent to the digital logic state
machine of the PLD core.

Timers — The Timers view enables you to define timers for control
sequences. To add a new timer, press the Insert key or click the Add
button.
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Imported HDL — The Imported HDL view enables you to add HDL
modules from HDL source that is included in the design project.

See Also »“Designing Control Sequences” on page 148
“Managing Multiple Control Sequences” on page 149.
“Entering Supervisory Equations” on page 154
“Defining Timers” on page 150

“Sequence Controller Instruction Set” on page 147

Sequence Controller Instruction Set

The LogiBuilder Logic editor of Platform Designer provides the following
instructions for designing control sequences:

BEGIN STARTUP SEQUENCE The BEGIN STARTUP SEQUENCE
instruction signals to LogiBuilder that any instructions past this point may be
interrupted by jumps specified in exceptions. This instruction may be deleted
from a sequence, but not inserted.

OUTPUT The OUTPUT instruction is used to turn on or turn off the output
signals. A single OUTPUT instruction can be used to simultaneously change
the status of any number of output signals.

WAIT FOR <Boolean Expression> The WAIT FOR <Boolean expression>
instruction suspends execution of the sequence until the specified expression
becomes TRUE. Outputs can be assigned in this instruction. These outputs
are asserted as soon as the sequencer enters the instruction.

WAIT FOR <Boolean Expression> with Timeout The WAIT FOR
<Boolean expression> with Timeout instruction suspends execution of the
sequence until the specified expression becomes TRUE or the selected timer
expires. The timer is started when the sequence enters the instruction.

WAIT FOR <timeout> The WAIT FOR <timeout> instruction is used to
specify a fixed delay in the execution sequence. The value of <timeout> is
determined by which timer is specified. (The timer must first be configured on
the Timers page).

IF <Boolean Expression> THEN GOTO <step x> ELSE GOTO <step y>
The If/Then/Else instruction provides the ability to modify sequence flow
depending on the state of inputs. If <Boolean expression> is TRUE, the next
step in the sequence will be <step x>, otherwise the next step will be <step

y>.

IF <timeout> THEN GOTO <step x> ELSE If <Boolean Expression>
GOTO <step y> ELSE GOTO <step z> This instruction provides the ability
to modify sequence flow depending on the state of inputs with an additional
timeout feature. If Timer <n> has expired, the next step in the sequence will
be <step x>; otherwise, if <Boolean expression> is TRUE, the next step will
be <step y>. If <Boolean expression> is FALSE and Timer <n> has not
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expired, then the next step will be <step z>. This instruction only checks the
values of <Boolean expression> and Timer <n>; it does not start or reset the
timer.

GOTO <step x> The GOTO instruction forces the sequence to jump to
<step x>.

Start Timer This instruction starts the selected timer. The status of the timer
must be checked using another instruction or combinational logic.

Stop Timer This instruction stops and resets the selected timer.

NOP The NOP instruction does not affect any of the outputs or the
sequence of execution. It is effectively a single-cycle delay.

HALT The HALT instruction stops execution of the sequence.

BEGIN SHUTDOWN SEQUENCE The BEGIN SHUTDOWN SEQUENCE
instruction signals to LogiBuilder that any instructions past this point will not
be interrupted by jumps specified in exceptions. This feature allows code
used for handling exceptions not to be interfered with by other exceptions that
may occur. This instruction may be deleted from a sequence, but not inserted.

General Information on Instructions

All instructions are able to assign outputs, except for NOP, BEGIN STARTUP
SEQUENCE, and BEGIN SHUTDOWN SEQUENCE. The outputs are
assigned immediately when the sequencer enters the instruction.

The GOTO and If/Then/Else instructions cannot jump to the Wait for (timeout
value), Wait for (Boolean) with Timeout, or Start Timer instruction.

See Also »“Designing Control Sequences” on page 148
“Managing Multiple Control Sequences” on page 149
“Editing Sequence Instructions” on page 151

“Entering Supervisory Equations” on page 154

Designing Control Sequences

The sequencer instructions define the steps for controlling selected outputs.
The exceptions define the equations that will trigger sequence controller
exceptions to modify outputs and jump out to an alternative sequence step.
Exceptions can be selectively applied to any sequencer step. When compiled,
the control sequence instructions implement a digital logic state machine
within the PLD core.
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To design a control sequence:

1. Inthe LogiBuilder Logic editor, select the Sequence tab. If your design
uses multiple state machines, select the one that you want to use for the
sequencer instructions.

2. Inthe sequence (upper) portion of the editor, click Step 1 Begin
Shutdown Sequence to highlight it.

3. Double-click Step 1 or press the Insert key on your keyboard to open the
Insert Step Dialog box.

4. In the dialog box, choose an instruction type, and click OK. Repeat as
necessary to add sequence steps.

5. Double-click each instruction step to open the appropriate Edit Properties
dialog box.

6. Select the desired instruction properties in the Edit dialog box, and click
OK.

7. To add exceptions, do the following:

a. Double-click <end-of-exception-table> in the exceptions (lower)
portion of the editor, or highlight it and press the Insert key.

b. Repeat as necessary to add additional exceptions.

c. Double-click each exception placeholder, to open the Exception
Properties dialog box. Alternatively, right-click the placeholder and
choose Properties.

d. Click the Edit button at the top right of the dialog box to open the
Boolean Expression Editor. Set the expression that will trigger the
exception and click OK.

e. Inthe Exception Properties dialog box, select the desired exception
properties, and click OK.
See Also »“Sequence Controller Instruction Set” on page 147
“Editing Sequence Instructions” on page 151
“Editing Exceptions” on page 153
“Managing Multiple Control Sequences” on page 149

Managing Multiple Control Sequences

The LogiBuilder Logic editor supports multiple state machines for power-up
sequence and control. The state machines are defined separately but can
interact through nodes or common logic functions. Each state machine is built
up in a separate tab in the Sequence section of the Logic editor.

To manage multiple control sequences:
1. Inthe LogiBuilder Logic editor, select the Sequence tab.

The name of each currently defined state machine is displayed in a
separate tab at the bottom. You can add a new state machine by clicking
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the tab that contains the + sign. To delete a state machine, you must use
the Multiple State Machines dialog box.

2. Right-click a tab for a state machine and choose Multiple State Machine
from the pop-up menu. Alternatively, use the Ctrl+M keyboard shortcut.

3. Inthe Multiple State Machines dialog box, do one or all of the following:

Select a state machine and type a unique name for it in the State
Machine Name text box.

Delete a state machine by selecting it and clicking Delete SM.
Click Add SM to add a new state machine.
4. Click OK.

See Also »“Sequence Controller Instruction Set” on page 147

“Designing Control Sequences” on page 148

Defining Timers

Use the LogiBuilder Logic editor to set up timers for control sequences. After
you have defined timers, they will be displayed in the properties dialog boxes
for sequences that include timeouts. This will allow you to select the timeout

value from the list.

To define a timer:
1. Inthe Logic editor, select the Timers tab.

2. Click the Add button at the bottom or press the Insert key to create a new
timer.

The timer is added to the list and given a default name.

3. If desired, click the default name in the Timer Name column and type a
unigue name.

4. Click the Clock Source cell and select a source from the drop-down menu.
ECP5U/UM only support the 62.5 kHz logic sequence clock as a timer
source clock.

5. Click the Period Cell. Select a time unit from the drop-down menu, and
then specify the value.

Note

Timer delay settings must be longer than 160 ps.

The number of LUT resources required to generate the timer is
automatically recalculated.

See Also »“Sequence Controller Instruction Set” on page 147
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Editing Sequence Instructions

The dialog boxes provided by the Logic editor enable you to set up and edit
sequence instruction properties, Boolean expressions, and exceptions. The
appropriate dialog box automatically opens when you double-click an inserted
step or exception for editing.

See Also »“Sequence Controller Instruction Set” on page 147

Editing Boolean Instruction Properties

When you double-click a Boolean step for editing, the appropriate properties
dialog box opens. Each Boolean instruction’s properties dialog box allows you
to define output control properties, specify whether the instruction is
interruptible by an exception, edit the Boolean expression, and enter
descriptive comments. Boolean expressions such as conditional branches,
also allow you to specify “timeout” and “goto” properties.

Edit “Wait for Bool” Properties This dialog box allows you to define a
“wait for” Bool statement and specify output signal values.

Edit “Wait for Bool With Timeout” Properties This dialog box allows you
to set up a “wait for” Boolean statement with an auto timeout. If the Boolean
condition is met before the selected timer expires, the sequencer will continue
to the next step. If the condition is not met and the timer expires, the
sequencer will go to the specified step. The timer is started when the
sequence enters this instruction step. The “with output” option specifies
output signals that occur after the timer expires and transitions to the “Then
Goto” step.

Conditional Branch (IfThenElse) This dialog box enables you to set up a
conditional statement that checks a Boolean condition and then branches to
an instruction step.

The sequence will jump to the selected “Then Goto” step if the condition is
true. The “With Output” option specifies output signal values that occur
after the “Then Goto” transition.

The sequence will jump to the selected “Else Goto” step if the expression
is false. The “With Output” option specifies output signal values that occur
after the “Else Goto” transition.

Edit “IfThenElse with Timeout” Properties This dialog box allows you to
set up a conditional statement that checks a Boolean condition and the status
of a timer.

If the timer has expired, the sequencer will go to the “On Timeout Goto
Sequencer step.” The “with Output” option specifies output signal values
that occur after the step transition.

If the Boolean condition is met before the selected timer expires, the
sequencer will go to the selected “Goto Sequencer step if no timeout and
the Boolean expression is satisfied” step. The “With Output” option
specifies output signal values that occur after the step transition.
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If neither the Boolean condition is met nor the selected timer has expired,
the sequencer will go to the “Else Goto Sequencer step.”

Note

This instruction checks the selected timer but does not start it. The timer must be
started using a “Start Timer” instruction or supervisory logic.

See Also “Sequence Controller Instruction Set” on page 147

Editing Boolean Expressions

The Boolean Expression Editor allows you to set up a Boolean expression
using logic operators and a list of available inputs. You can enter the
expression manually in the Expression text box at the top or select from the
Logic Signal Pool and operators.

To edit a Boolean expression:

1. Onthe Sequence page, double-click the Boolean instruction that you want
to edit.

2. Inthe Edit properties dialog box, click Edit Boolean Expression.

You can enter the Boolean expression manually, if desired, by typing it
into the Expression text box at the top and clicking OK. Otherwise,
proceed with Steps 3-5.

3. Double-click a signal or bus from the Logic Signal Pool to add it to the
expression.

You can use the Filter input box below the signal pool to reduce the
number of signals available. The signal pool only displays signals with the
character string contained in the filter box.

4. Click the desired operator to add it to the expression.

The following special vector operator is available for comparisons
between buses and single-bit signals:

BITEXTEND (#) — Extends single bit to <wide> type vector. The
BITEXTEND operator is only valid for single-bit signals.

5. Click OK.
The Boolean Expression Editor checks the expression for correctness and
will issue a message if an error is encountered.

See Also “Sequence Controller Instruction Set” on page 147

Editing Timeout Properties

The properties dialog boxes for “Wait for Timeout,” “Start Timer,” and “Stop
Timer” enable you to select a defined timer, specify outputs, and specify
whether the step can be interrupted by an exception.
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All properties dialog boxes for sequence instructions that include timeouts—
for example, the “Wait for Bool with Timeout"—allow you to select from a
“Timeout” list of timers that have been defined. The properties dialog boxes
for these instructions do not allow you to change the clock source and period
for a selected timer. To do this, you must use the Timers sheet.

See Also “Defining Timers” on page 150.

Editing Goto, NOP, and Halt Properties

The Edit “Goto” instruction properties dialog box allows you to specify the
destination step for a GOTO (or branch) type of instruction, set the output
signal values, enter a comment, and specify whether the instruction is
interruptible by an exception.

The Edit NOP Properties dialog box allows you to enter a comment and
specify that the NOP instruction is interruptible by an exception. A NOP step
is essentially a single-cycle delay; it does not affect any of the outputs or the
sequence of execution.

The Edit Halt Properties dialog box allows you to specify output values, enter
a comment, and specify that the instruction is interruptible by an exception. A
Halt step stops the execution of the sequence.

See Also »“Sequence Controller Instruction Set” on page 147

Editing Outputs

The Edit Output Properties dialog box enables you to select the outputs for a
sequence instruction. It is immediately available when you double-click an
Outputs instruction. For other instructions, it is accessible through the “Output
Control” button or “With Output” button of the properties dialog box for the
selected sequence.

Any single signal can be set to “Do not Modify,” which preserves the signal
value; or it can be set to a binary, hexadecimal, or decimal literal value.

Port groups can also be set to Increment, Decrement, Increment with
Saturation, or Decrement with Saturation. These operations support counter
implementations in the logic. The “with Saturation” instructions will saturate at
all Os (decrement) or all 1s (increment). The decrement and increment
operations will roll over.

See Also “Creating a Port Group” on page 143

Editing Exceptions

You can add an exception for use in a control sequence by double-clicking the
<end-of-exception-table> line in the Exceptions section of the Sequence page
or selecting it and pressing the Insert key. Afterwards, double-click the
inserted exception placeholder to set the properties.
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In the Exception Properties dialog box, you can type the expression that will

trigger the exception in the Expression text box at the top. Alternatively, click
the Edit button to open the Boolean Expression Editor and select the signals
and operators for the expression.

Select the step that the sequence will go to when the exception is
encountered.

Then, in the Logic Signal Pool, you can select output signals or groups that
will be modified when the exception occurs.

Note

Any output signals that are controlled by the exception expression are active at all
times. These outputs will be modified, even if the sequence is currently in a non-
interruptible step.

See Also »“Designing Control Sequences” on page 148
“Editing Boolean Expressions” on page 152

“Sequence Controller Instruction Set” on page 147

Entering Supervisory Equations

The supervisory equations define combinatorial and registered logic
independent of the sequencer control logic. The supervisory equations are
always active and execute in parallel to the sequencer logic.

To enter supervisory equations:
1. Inthe LogiBuilder Logic editor, select the Supervisory tab.

2. Insert an equation placeholder by double-clicking the <end-of-
supervisory-logic-table> marker. Alternatively, highlight the marker and
press the Insert key on your keyboard.

3. Double-click the equation placeholder to open the Supervisory Logic
Equation Entry dialog box.

4. Select the output signal of the Supervisory equation. The output signal is
chosen from the available pool, which can be reduced using the filter
input. Output signal groups can also be assigned.

5. Choose the assignment type. A signal can be assigned combinatorially, as
D flip-flop, or as asynchronous set or reset. Only signals that are already
assigned in the sequence, or assigned as D flip-flop in other equations,
can be assigned as asynchronous set or reset.

6. Edit the expression either directly in the expression or click Edit to use the
Boolean Expression editor.
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7. Click OK to complete the equation definition.

Note

The sequencing, exceptions, and supervisory equations are combined together during
the compilation process. Outputs that are already assigned in the sequence cannot be
assigned as D type in the logic equations. They can only be accessed by
asynchronous reset or preset equations.

See Also »“Editing Boolean Expressions” on page 152

Copying and Pasting Sequences and
Equations

The LogiBuilder Logic editor allows you to copy, cut, and paste control
sequences, exceptions, and supervisory equations. If you are copying
multiple instructions, they must be contiguous.

To copy or cut and paste in the Logic editor:

1. Select the sequences, exceptions, or equations that you want to copy or
cut.

Note

The Begin Startup Sequence, Halt (end of program), <end of exceptions table>,
and <end of supervisory table> cannot be included in your selection. If you include
them, you will receive an error message.

2. Choose Edit > Copy or Edit > Cut or use the Ctrl+C or Ctrl+X keyboard
shortcut.

3. Select the step, exception ID, or equation, where you wish to insert the
copied items.

4. Choose Edit > Paste or use the Ctrl+V keyboard shortcut.

The copied items are pasted before the selected step, exception, or
equation. Branch targets will not be pasted along with the instruction or
equation. These need to be re-entered manually.

If you need to undo the action, chose Edit > Undo or use the Ctrl+Z
keyboard shortcut.

See Also »“Sequence Controller Instruction Set” on page 147
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Importing HDL Modules

The LogiBuilder Logic editor enables you to add an HDL module to a Platform
Designer project. You must first add the source file to your Diamond project.
Only one module can be imported into a Platform Designer project. To include
multiple modules, you must structure a top-level module that you will pass to
Platform Designer.

To import an HDL Module:
1. In Diamond’s main window, choose File > Add > Existing File.

2. Navigate to the directory that contains the Verilog or VHDL source file,
select the file and click Add.

Diamond adds the file to the project and displays it in the Input Files folder
of the File List view.

3. In Platform Designer, open the Logic editor and select the Imported HDL
tab.

4. Select the Enable Imported HDL option. This will parse the input files for
modules available to import.

5. Select the module from the Module Name menu.

Platform Designer populates the File Location of the chosen module
automatically. It also populates the Instance Name text box with the name
of the module and adds the “Inst” extension. The left portion of the screen
will be populated with any parameters available for definition in the
imported HDL, as well as port information from the module.

6. If desired, rename the module instance by typing a new name in the
Instance Name text box.

7. Assign values to the available HDL parameters.

8. For each port of the imported module, drag the desired signal from the
Logic Signal Pool over to the Signal Name cell. The Logic editor's DRC
checking will inform you if the signal you are trying to map is not
compatible.

Building the Design

The Build view enables you to do a final design rule check, examine resource
utilization, compile the design, assign pins, implement the design, and
generate the merged JEDEC file. This view enables you to generate a test
bench, including stimulus, for simulating your design. It also enables you to
export a detailed configuration report.
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Checking Design Rules

Design rules are checked automatically each time you issue a save command
or run synthesis. Automatic design rule checking also prohibits you from
entering or pasting invalid data into cells that have pre-defined ranges or
numeric data types.

You can also use the Build view to run manual design rule check at any time.

To run manual design rule check:
Click the DRC button at the top of the Build view.

The results are displayed in the Output view of Diamond’s main window.

Examining Resource Utilization

The Build view of Platform Designer displays a summary of the hardware
resources that are being used by the current design configuration. It provides
estimates of the consumption of device resource logic, major blocks, and 1/0Os
of the current design. The Look Up Tables, Embedded Block RAM, and
Programmable IOs area of the resource summary are updated after you run
the Generate JEDEC step.

The Component Summary table at the top of the Build view indicates the
status of the design components and programming options. The lower portion
of the view provides a list of resources used in the design and the percentage
of each resource consumed. At the bottom left corner, a green check mark or
red X indicates the status of the implementation. When any options have been
changed that affect the build output, the status will be marked “Not Current.”
You will then need to click the Compile button, to update the output, and
complete the Pin Assignment and Generate JEDEC steps. If the
implementation is successful, with no errors, the status will change to Current.

Compiling the Design
When you compile the design, Platform Designer generates the HDL code
and synthesizes the logic design.

To compile the design:
In the Build view of Platform Designer, click the Compile button.

If you have unsaved changes in your design, the Save Modified Files
dialog box will open. Select the .ptm file in the Modified File list and any
others that you want to save and click OK.

Platform Designer compiles the design and takes it through the synthesis
and translation processes.
See Also “Examining Resource Utilization” on page 157

“Exporting a Detailed Configuration Report” on page 158
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Assigning Pins
After compiling the design in Platform Designer, you can open Diamond’s
Spreadsheet View to assign pins.

To assign pins:

1. In the Build view, click Pin Assignments.
Spreadsheet View opens to the Port Assignments sheet.

2. Select the pin cells in the Pin column for the signals you want to assign.
Right-click the selected cells and choose Assign Pins.

4. Make your selections in the Assign Pins dialog box, and click Assign
Pins.

See Also “Assigning Signals in Spreadsheet View” on page 464 in
Diamond online help.

Generating the JEDEC

The Build view enables you to generate a merged JEDEC file after pin
assignment. This process merges the JEDEC of the FPGA with the ASC
JEDECs.

To generate the merged JEDEC file:
In the Build view, click Generate Jedec.

When the process is completed, the Summary Status at the bottom of the
Build view will be set to Current.

Exporting a Detailed Configuration
Report

After the design has been successfully compiled and implemented, the Build
view shows a green check mark, indicating that the status is current. This
allows you to export a detailed report of the design’s configuration.

To export a detailed configuration report:
Select the Build view and click the Export Configuration Report button.

Platform Designer automatically exports the report, named
<project_name>_report.txt, to your project directory. You can view the
report by following the link displayed after the report is exported.

The report lists the components utilized in the design, along with the
component settings for each feature. The report also includes full
configuration information for the analog portion of the design.
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Simulating the Design

After the design has been compiled successfully, you can perform functional
simulation using Platform Designer and the Diamond Simulation Wizard.
Platform Designer enables you to create a test bench file, based on the ASC
configurations and specified connections, and it generates a stimulus file
based on clock and non-clock data signals that you specify.

Generating a Stimulus and Test Bench
File

After the design has been compiled successfully, you can specify the
connections and signals for functional simulation. Platform Designer uses this
information, plus the port-related information from the FPGA top-level HDL

and the ASC configuration files, to generate a stimulus file and a test bench
file.

To generate a stimulus file and a test bench file:

1. In the Build view of Platform Designer, click the Generate Stimulus
button.

The dialog box opens to the “Connections between FPGA and ASCs”
page. The “From” and “To” sections, at the top, list all the FPGA ports and
ASC signals that you can use to establish new board-level connections.
The “Connection” section, at the bottom, displays the default hardware
connections between the FPGA and all ASC devices in the design. These
cannot be edited or removed.

2. Click the “add connection” button <2 on the bottom left.
A new row is added at the bottom of the Connection section.
3. Scroll down to the newly added row, and then do the following:

a. Select the desired signal in the “From” column in the top section and
drag it to the “From Signal” cell in the newly created row at the bottom.

b. Likewise, select the desired signal in the “To” column in the top section
and drag it to the “To Signal” cell in the newly created row at the
bottom.

c. Type aname for the new net in the Net Name cell of the newly created
row.

Only a connection’s Net Name can be edited after you have selected the
signals. To change the signals of a connection, you must remove the
connection and replace it. To remove a connection, click any cell in the
connection, and then click the X button.

4. Repeat Step 3 for each new connection you want to add.
Select the Stimulus tab, and then do the following:

a. Select the Clock tab on the left to edit the stimulus of clock signals.
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Click the “add clock stimulus” button *2¢ on the bottom left to

add a clock. The system clock signal, ASCO_CLK, will be shown
when this tab is opened, and it cannot be edited.

Select the desired clock signal from the Signal Name drop-down
menu, and then select an initial value, 1 or 0, from the Initial Value
menu.

In the Frequency or Period cell, type a value, select the
measurement unit, and press Enter. The period is calculated
automatically when you enter the frequency and vice versa.

b. Select the Data tab on the left to add stimulus for non-clock signals.

Click the “add data stimulus” button ©¢ on the bottom left to add
a new row.

Click inside the Signal Name column and choose a signal from the
drop-down menu.

The column following the Signal Name specifies the initial value.
Click inside the cell and select the numerical type—Bin, Hex, or
Dec—and then enter a value. Enter a value in each subsequent
cell where the signal changes.

You do not need to enter a value for each signal in each cell. Enter
a value in a cell only when the value changes. The input value will
be held at the last entered value if no entry is made in a cell.

You can also select a bus and enter the values. The values can be
entered as Binary, Decimal, or Hexadecimal for bus signals.

Repeat the above steps to add stimulus for more non-clock
signals.

Add time entries for the additional columns in the top row of the
display. You can select the time base to use as you enter each
time value. The time entries are absolute time references rather
than relative to each other. Therefore, the time values must be
increasing from left to right.

When you add a time entry in the last column on the right, a new
column gets added on the right, allowing you to enter an additional
time value if desired.

To add or remove a column, right-click the time entry top row
where you want to insert or remove a column and choose Insert
Before, Insert After, or Remove. Make sure that the time entry cell
is not open for editing before you right-click. If it is open for editing,
press the Enter key, and then right-click to access the pop-up
menu.

6. Click OK.

Simulating the Design

When you generate the stimulus for the design, the following four files are
automatically created:
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<project_name>_design.v This file serves as a wrapper of the
MachXO2HC/HE, MachXO3LF, ECP5U/UM and ASC for functional simulation

<project-name>_test.v This file serves as the top-level file for functional
simulation

<project-name>_design_post.v This file serves as a wrapper of the
MachXO2HC/HE, MachXO3LF, and ASC for timing simulation.

<project-name>_test_post.v This file serves as the top-level file for timing
simulation

You can use Diamond’s Simulation Wizard " to create the simulation project
for the Platform Manager 2 or MachXO2HC/HE, MachXO3LF, ECP5U/UM
design and export the simulation project into Aldec Active-HDL or ModelSim.
After opening the Simulation Wizard, follow the on-screen prompts to create
the simulation script.

When you create the simulation project in the Diamond Simulation Wizard
and click Finish, the Aldec Active-HDL software will start automatically. If
“Run Simulation” (the default value) was selected in the Simulation Wizard,
the project will be loaded into the simulator. The project files will be compiled,
and the simulation waveform window will open with all the top-level signal
names. You can add signal names from within the design to the waveform
window if you wish to see other signals from your design. See the Aldec
Active-HDL Help for more information about adding signal names to the
waveform window.

The simulation will run for a period of 1 s after it is loaded and compiled. You
can run it for additional time by using the Run command in the Active-HDL
console view. To run the simulation for 100 ps, type the command <r un 100
us> and press the Enter key. The length of time to run your simulation will
depend upon the design and the stimulus file you created.

For each ASC configuration, the Simulation Wizard will copy the following files
to the simulation folder:

cfg_eeprom.hex

flut_eeprom.hex

i2caddress.hex

trim_eeprom.hex

The Simulation Wizard will also copy the memory file (.mem) for the “VID
table” and the MICO “scratchpad” and “prom” files.

The Simulation Wizard will not copy any memory or data file from an imported
HDL module. If you have imported an HDL module into your Platform
Designer project, you will need to copy it manually into the simulation folder.

See Also “Simulation in Diamond” on page 307 in Diamond online help.

Lattice Diamond 3.11 Help

161



DESIGNING WITH LATTICE DIAMOND PLATFORM DESIGNER : Working with Power Calculator

Working with Power Calculator

When using Platform Designer with Power Calculator, the most accurate
power calculation is accomplished when using Power Calculator in integrated
mode within your projects.

When calculating power for Platform Manager 2 and MachXO2HC/HE,
MachXO3LF, ECP5U/UM designs using an ASC device, the Diamond
integrated Power Calculator tool imports a data file generated by the Platform
Designer software. This data file is generated in the current implementation
directory and should not be edited by the user.

Platform Designer calculates the power mode for each ASC used and
generates a data file containing each ASC, the power used by that ASC, and
the power supply used (if relevant). Refer to the description of the “ASC” on
page 764 page in Diamond Power Calculator online help. The data file
contains both external ASC devices used and the ASC internal component in
the Platform Manager 2 device.

The power consumed by an ASC device is determined by the number of
HVOUTSs used in the design. The data file, which is generated from Platform
Designer and which has an .apw suffix, includes the number of HYOUTSs used
and the power model equation. The data file lists all ASCs and the power
used by each and is located in the design implementation directory. This file is
read by Power Calculator and then the additional power from the ASC
devices is added to the total power displayed. This data is displayed in the
Power Calculator Power Summary tab, Power by Block (W) section and the
ASC page.

Power calculation for ASCs is different than for other Lattice devices. To
calculate power consumption for ASCs, the following equations are used:
Current = Io+l,yout x#HVOUT

Power = V. x Current

Power = Ve x (Ig + lyyout X #HVOUT)

There are four variables:

Vee = 36V

lo = 23mA

lhvout = 2MA

#HVOUT = Number of HV Outputs used

The above calculations are only used when Power Calculator is used in the
integrated mode or used with a PCF file generated in this mode. To
understand the different methods power is calculated refer to the list below.

Power Calculator Integrated mode

Calculates power from multiple ASC devices for Platform Manager 2, or
MachXO2HC/HE with external ASCs, MachXO3LF with external ASCs, or
ECP5U/UM with external ASCs.
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Power Calculator standalone mode

Calculates power only from the internal ASC in the Platform Manager 2
device. ASC power is estimated as a fixed value, not a variable amount
based on the number of HYOUTSs used.

Can correctly calculate ASC power based on HYOUTs used only if
opened with a PCF file generated by Power Calculator in integrated mode
instead of loading NGD database.

Power Estimator standalone mode

Calculates power only from the internal ASC in the Platform Manager 2
device. ASC power is estimated as a fixed value, not a variable amount
based on the number of HYOUTSs used.

Can correctly calculate ASC power based on HYOUTs used only if
opened with a PCF file generated by Power Calculator in integrated
mode.

See Also  »“Analyzing Power Consumption” on page 753 in Diamond online

help.
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Chapter U

Entering the Design

You can enter your design in several different ways and you can use the ways
in almost any combination. Lattice Diamond accepts, and helps create,
Verilog, VHDL, schematic, and EDIF files. Design files can be created within
Diamond or outside using third-party tools. Diamond also helps you use a
variety of pre-made modules, ranging from simple functions to whole
processors.

Here, “entering the design” refers to describing the logic of the design. Setting
specifications to control synthesis or simulation or to control how the design is
implemented in hardware are treated as a separate topic. (See “Applying
Design Constraints” on page 358.) You will almost always want to at least
start entering your design before setting constraints.

Verilog and VHDL The hardware design languages (HDL) Verilog and
VHDL are the usual ways to describe complex logic designs. You can create
HDL files using you preferred HDL editor and then add them to your Diamond
design project, or you can create or edit them within Diamond. See “HDL
Design Entry” on page 166.

Modules Modules are functional bits of design that can be re-used
wherever that function is needed. To help your design along, Lattice
Semiconductor provides a variety of modules for common functions. They are
optimized for Lattice device architectures and can be customized. Use these
modules to speed your design work and to get the most effective results. See
“Designing with Modules” on page 189.

LatticeMico Platforms A special kind of module is the LatticeMico platform.
LatticeMico platforms are full-featured 32-bit processors and 8-bit controllers
plus peripheral components created with LatticeMico System, an option add-
on to Diamond. LatticeMico System provides the processor, the controller,
and a variety of peripheral components. With it, you can customize the
platform and debug C and C++ code. See “Designing with LatticeMico
Platforms” on page 238.

Schematic Design An alternative to HDL is schematic design, in which you
graphically lay out modules and other components and wire them together.
Schematic is a very visual method but lacks the abstraction possible in an
HDL. Schematic design may be better suited for smaller designs or smaller
portions of a design. It's also a good way to lay out the top level of a design.
The detailed workings of lower levels could then be done in an HDL. See
“Schematic Design Entry” on page 240.
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EDIF Actually, EDIF (Electronic Design Interchange Format) is not a way to
enter a design but is instead a way to exchange design data between different
EDA systems. But EDIF files can be added to a Diamond design project like
input files such as Verilog and VHDL. You may want to add EDIF files
because you prefer to use another synthesizer or because you have EDIF
files of modules that you want to re-use from another project. Diamond
supports EDIF 2 0 0. See “Importing an Existing Source File into a Project” on
page 35.
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HDL Design Entry

Diamond supports HDL design including pure VHDL design, pure Verilog
design, and mixed VHDL and Verilog HDL design. You can use the integrated
Source Editor to create and edit your HDL source files and any text-based
files.

Source Editor is a text entry tool of Lattice Diamond. You can use this tool to
create and edit text-based files, such as HDL files, preference files, script
files, test files, and project documentation files. Like many other advanced
editing tools, it supports multiple file editing, wheel mouse scrolling, as well as
popup menus for cut, copy, and paste operations. If a data source changes
since the view was initialized, the view will detect this condition and provide
you an option to refresh it.

Designed particularly for HDL file editing, Source Editor highlights the
std_logic keywords and displays different HDL syntax elements with different
colors. The color scheme can be customized in the Options dialog (Tools >
Options from the main window) of the Diamond main window, the Source
Editor > Colors section. Also, Source Editor enables you to check correct
pairing of parenthesis constructs and offers rich template features.

Note

To avoid errors, observe the following file naming rules:

Do not leave blank spaces in file names when you save source files in Source
Editor, otherwise the files could fail to generate the database.

Begin file names with an alpha character (letter) rather than a numeric character
(number).

Use underscores (_) rather than leave blanks in file names.
Unicode characters are not supported.
Keep file names, and paths to files, short as possible.

Linux operating system is case-sensitive. Use lower-case letters in file names to
avoid issues with case-sensitive operating systems.

If you are going to use Lattice Synthesis Engine (LSE) to synthesize the
design, there are helpful Verilog and VHDL coding tips in “Coding Tips for
Lattice Synthesis Engine (LSE)” on page 172.

See Also “Running Source Editor” on page 166

“Viewing Logs and Reports” on page 100

Running Source Editor

You can run Source Editor in several ways.
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To run Source Editor, do one of the following:

From the File List view, double-click a language file—for example,
filename.vhd

From the Diamond main window, choose File > New > File. In the New
File dialog, choose a text-based source, for example Verilog Files. Fill in
the File name and Location, click New.

Creating HDL Source Files in Source
Editor

You can create an HDL source file in Source Editor.

To create an HDL source in Source Editor:

1. From the Diamond main window, choose File > New > File. In the New
File dialog, choose Verilog Files or VHDL Files from the Source Files list.

2. Inthe pop up New File dialog, fill in the File name and Location, choose
the file extension in the Ext field.

3. Check the Add to project option if you want to add this source to the
current project.

4. click New.

5. Inthe pop up Source Editor, you can enter the text. When finished editing,
click File > Save from the Diamond main window.

Tip
You can detach Source Editor from the Diamond main window by clicking the Detach
Tool icon on the upper right corner of Source Editor. If you want to attach Source Editor

back to the main window, click the Attach Window icon on the upper right corner of
Source Editor window, or choose Window > Attach Window from Source Editor.

Editing Text Files

This section describes the editing functions in Source Editor.

Editing a Column of Text
You can cut, copy, and paste a column of selected text in Source Editor. You
can also use the Tab key to increase the left indention of the selected column.
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To cut, copy, and paste a column of text:

1. Hold down Alt, and then click and hold the left mouse button down to form
a rectangle that you want to edit.

IMPORTANT!

This feature does not work on a Linux platform, because the Alt key is occupied by
the Linux system.

2. Use the right-click commands or the commands on the Edit menu to cut,
copy, and paste the selected text.

To indent a column of text:
1. Place the cursor in front of the text you want to indent.
2. Choose Edit > Advanced > Indent. Or, press Tab.

Source Editor increases the indent of the selected text column by one tab
size. By “Matching Braces, Parenthesis, and Brackets” on page 168, you
can change the position of the indent.

To uppercase a selection:
1. Highlight the text you want to change to uppercase.

2. Choose Edit > Advanced > Uppercase Selection. You will see the
highlighted text become uppercase.

To lowercase a selection:
1. Highlight the text you want to change to lowercase.

2. Choose Edit > Advanced > Lowercase Selection. You will see the
highlighted text become lowercase.

To comment text:

1. Highlight the text you want to add comment, or place the cursor in front of
the text.

2. Choose Edit > Advanced > Comment/Uncomment. You will see “--" put
ahead of the text (VHDL file only). You can add comment after “--” (VHDL
file only).

Matching Braces, Parenthesis, and Brackets

Source Editor monitors brace ( {} ), parenthesis ( () ), and bracket ([])
constructs. You can match an opening brace (or bracket or parenthesis) with
a closing one, and vice versa.

To jump to the matching brace, parenthesis, or bracket:

1. In Source Editor, place the editing cursor adjacent to an opening or
closing parenthesis (or bracket or brace).

2. Choose Edit > Advanced > Match Brace.
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The cursor will move to the corresponding opening or closing parenthesis
(or bracket or brace). This allows you the check for the balanced braces
around functions and statements.

You can use the Edit > Advanced > Select to Brace command to force the
matching brace, parenthesis, or brackets to be highlighted along with the text
in between the two braces, parenthesis, or brackets,

Using Bookmarks

You can insert bookmarks into the source file to mark places where you need
to enter variables. Afterwards, each time you load the file, you can use the
Edit > Bookmarks command to jump to those marks and enter or edit
variables.

To insert bookmarks in afile:
1. In Source Editor, open the file where you want to insert bookmarks.
2. Click the place you want to insert a mark.
3. Choose Edit > Bookmarks > Toggle Bookmark.
A mark is inserted at the beginning of the line where the cursor points.

4. Repeat step 2 and 3 to add more marks if so desired.

To find marks in afile:
1. In Source Editor, open the file where you want to find marks.

2. Choose Edit > Bookmarks > Previous Bookmark, or Edit >
Bookmarks > Next Bookmark.

The cursor jumps to one mark or the other. You can start typing from the
desired marked place to enter or edit the variable.

3. Repeat step 2 to find, enter, or edit more marks if so desired.
Using AutoComplete

When you type a keyword into Source Editor, choose Edit > Advanced >
AutoComplete. A list of the matching values will be presented. You can then:

Choose the first matching value by pressing Enter directly.

Choose an alternate matching value by using the up/down arrow keys and
then press Enter.

Continue typing the rest of the value. If no matching value is found,
nothing will be entered.
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Using Templates

Source Editor provides templates for creating VHDL, Verilog, and constraint
files. Templates increase the speed and accuracy of design entry. You can
also create your own templates. Remember to replace dummy variables in
the template with your own logic.

You can use Source Editor's View > Template Editor menu to locate and
access template files. After clicking this menu, you can see the Template
Editor pane located in the upper left of Source Editor. Templates are available
for:

Verilog

VHDL

SDC (Synopsys Design Constraints. Can also be used for FDC files.)

LDC (Constraints for LSE.)
Each category has folders for System Templates and User Templates.
System Templates holds the standard templates that come with Diamond. For
Verilog and VHDL, these include commands for instantiating PMI modules
and common elements of the language. For SDC and LDC, System
Templates holds templates for the supported constraint statements. User
Templates allows you to create your own templates for future use.
See Also »“Lattice Module Reference Guide” on page 1399

“Lattice Synthesis Engine (LSE) Constraints” on page 1338

Inserting a Template into Your Source File
You can insert templates into a source file you are editing with Source Editor.

To insert a template into your source file:

1. Open the source file in Source Editor. See “Running Source Editor” on
page 166.

2. Choose View > Template Editor.

Two additional panes open in Source Editor. The upper pane shows the
list of template folders. The lower pane is blank.

3. Place the cursor where you want to insert a template. This should be in a
blank line.

4. Select the template you want to use in the template list.
The code of the template appears in the lower pane.

5. Right-click the template name and choose Insert to text.
The selected template is inserted into the file after the cursor.

6. Be sure to replace all placeholders with real values. Placeholders are
terms between angle brackets such as “<event_expression>.”
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7. If you inserted a PMI template, also add parameter values and I/O signal
names. For information about allowed parameter values, see the section
on the module in the “Lattice Module Reference Guide” on page 1399.

8. If needed, make further changes such as adding code to execute within a
case statement.

See Also »‘“Instantiating a PMI Module” on page 200

Creating a New Template

You can create new templates for your own use and save them into the User
Templates folders. The new templates will be available for all implementations
in the design project.

You can also create sub-folders to organize the templates that you create. If
you plan on creating many templates, think about the organization before you
start. There is no easy way to move templates once they have been created.

To create a new template:

1. Open a source file in Source Editor. This can be a file that you will use the
new template in or a blank file that you will delete after creating the
template. See “Running Source Editor” on page 166.

2. Choose View > Template Editor.

Two additional panes open in Source Editor. The upper pane shows the
list of template folders. The lower pane is blank.

3. In Template Editor, expand the appropriate folder so that its User
Templates folder is showing. Every top level folder has a User Templates
folder. If the User Templates folder already has contents, expand it so you
can see the contents.

4. If you want to create a sub-folder, right-click User Templates or one of its
sub-folders and choose New Folder. Then right-click the new folder and
choose Rename. Type the desired folder name and press Enter.

5. Right-click User Templates or one of its sub-folders and choose New
Template.

A new template icon appears under the folder.

6. Right-click the new template icon and choose Rename. Type in the
desired template name and press Enter.

7. Type the code for your template in the lower pane of Template Editor.

The new template is automatically saved.

Deleting a User Template
You can only delete templates from a User Templates folder.

There is no undo command. Be sure you have the right template and want to
permanently remove it.
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To delete a template:

1. Open asource file in Source Editor. This can be a file that you are using or
a blank file that you will delete after creating the template. See “Running
Source Editor” on page 166.

2. Choose View > Template Editor.

Two additional panes open in Source Editor. The upper pane shows the
list of template folders. The lower pane is blank.

3. In Template Editor, expand the folders so that the desired folder or
template is showing.
Caution

Deleting a folder also deletes all templates under the folder.

4. Right-click that template or folder and choose Delete.

Coding Tips for Lattice Synthesis
Engine (LSE)

If you are going to use LSE to synthesize the design, the following coding tips
may help. Mostly the tips are about writing code so that blocks of memory are
“inferred”: that is, automatically implemented using programmable function
units (PFU) or embedded block RAM (EBR) instead of registers. There are
also tips about inferring types of I/O ports and avoiding conflicts between
VHDL packages.

About VHDL Coding

LSE tends to apply the VHDL specification strictly, sometimes more strictly
than other synthesis tools. Following are some coding practices that can
cause problems with LSE:

ieee.std_logic_signed or unsigned When preparing VHDL code for LSE,
you can include either:

USE ieee.std_logic_signed.ALL,;

or:

USE ieee.std_logic_unsigned.ALL;

DO NOT include both statements. Code with both signed and unsigned
packages could fail to synthesize because operators would have multiple
definitions. Some synthesis tools may allow this but LSE does not.

Strict Variable Typing LSE is stricter about variable type requirements than
some other synthesis tools. A std_logic_vector signal cannot be assigned to a

std_logic signal and an unsigned type cannot be assigned to a
std_logic_vector signal. For example:
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din: in wunsigned (data_width - 1 downto 0);
dout : out std_logic_vector (data_width - 1 downto 0));

dout <= din; -- Illegal, msmatched assignnent.

Such mismatched assignments generate errors that stop synthesis.

About Inferring Memory

There are two ways to produce RAM and ROM in a design. You can write
code for the design so that the synthesis tool infers the memory or you can
instantiate predefined IPexpress or PMI memory modules.

Inferring memory means that LSE, based on aspects of the code, implements
a block of memory using programmable function units (PFU) or embedded
block RAM (EBR)—PFU for small memories, EBR for large—instead of
registers. LSE can infer synchronous RAM that is:

single-port, pseudo dual-port, or true dual-port
with or without asynchronous reset of the output
with or without write enables

with or without clock enables
LSE can also infer synchronous ROM.

One of the advantages of inferring memory is that the design is portable to
almost any FPGA architecture. PMI modules, on the other hand, are
optimized for Lattice FPGAs and IPexpress modules are optimized for just
one FPGA family. Also, because the inferred memory is not a black box,
there’s full access for tools and to timing and area data.

However, there may be less efficient use of the FPGA architecture. Also, not
all kinds of memory can be inferred. In these situations you may prefer to use
IPexpress or PMI modules. With these modules you can also use Memory
Generator to easily create memory initialization files. See “Designing with
Modules” on page 189.

The following sections describe how to write code to infer different kinds of
memory with LSE.
See Also

“Inferring RAM” on page 173

“Inferring ROM” on page 183

Inferring RAM

The basic inferred RAM is synchronous. It can have synchronous or
asynchronous reads and can be either single- or dual-port. You can also set
initial values. Other features, such as resets and clock enables, can be added
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as desired. The following text lists the rules for coding inferred RAM.
Following that, Figure 5 on page 174 (Verilog) and Figure 6 on page 175
(VHDL) show the code for a simple, single-port RAM with asynchronous read.

To code RAM to be inferred, do the following:
Define the RAM as an indexed array of registers.

To control how the RAM is implemented (with distributed or block RAM),
consider adding the syn_ramstyle attribute. See “syn_ramstyle” on
page 1380.

Control the RAM with a clock edge and a write enable signal.

For synchronous reads, see “Inferring RAM with Synchronous Read” on
page 176.

For single-port RAM, use the same address bus for reading and writing.

For dual-port RAM, pseudo and true, see “Inferring Dual-Port RAM” on
page 178.

If desired, assign initial values to the RAM as described in “Initializing
Inferred RAM” on page 182.

Figure 5: Simple, Single-Port RAM in Verilog

modul e ram (din, addr, wite_en, clk, dout);
paraneter addr_width = 8;
paraneter data_wi dth = 8;
i nput [addr_wi dth-1:0] addr;
i nput [data_wi dth-1:0] din;
input wite_en, clk;
reg [data_w dth-1:0] nmem [(1l<<addr_wi dth)-1:0];
/1 Define RAM as an indexed nenory array.

al ways @ posedge clk) // Control with a clock edge.
begin
if (wite_en) // And control with a wite enable.
men{ (addr)] <= din;
end
assign dout = nenfaddr];
endnodul e

See Also

“About Verilog Blocking Assignments” on page 184

Lattice Diamond 3.11 Help 174



HDL Design Entry

Figure 6: Simple, Single-Port RAM in VHDL

library | EEE;
use | EEE. std_| ogic_1164. all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity ramis
generic (

addr_width : natural := 8;
data_width : natural := 8);
port (
addr : in std_logic_vector (addr_width - 1 downto 0);
wite_en : in std_|logic;
clk : in std_logic;
din: in std_logic_vector (data_width - 1 downto 0);

dout : out std_logic_vector (data_width - 1 downto 0));
end ram

architecture rtl of ramis
type nemtype is array ((2** addr_width) - 1 downto 0) of
std_l ogi c_vector(data_width - 1 downto 0);
signal mem: nmemtype,;
-- Define RAM as an indexed nenory array.

begin
process (cl k)
begin
if (clk'event and clk = '1") then --Control with clock edge
if (mwite_en ="'1") then -- Control with a wite enable.
men{conv_i nteger(addr)) <= din;
end if;
end if;

end process;
dout <= men{conv_integer(addr));
end rtl;
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Inferring RAM with Synchronous Read

For synchronous reads, add a register for the read address or for the data
output. Load the register inside the procedure or process that is controlled by
the clock. See the following examples. They show the simple RAM of Figure 5
on page 174 (for Verilog) and Figure 6 on page 175 (for VHDL) modified for
synchronous reads. Changes are in bold text.

Verilog Examples

Figure 7: RAM with Registered Output in Verilog

nmodul e ram (din, addr, wite_en, clk, dout);
paraneter addr_wi dth = 8;
paraneter data_wi dth = 8;
i nput [addr_wi dth-1:0] addr;
i nput [data_wi dth-1:0] din;
input wite_en, clk;
out put [data_wi dth-1:0] dout;
reg [data_wi dth-1:0] dout; // Register for output.
reg [data_wi dth-1:0] nem [ (1l<<addr_wi dth)-1:0];

al ways @ posedge cl k)
begin
if (wite_en)
men{ (addr)] <= din;
dout = nmenfaddr]; // Qutput register controlled by clock.
end
endnodul e

Figure 8: RAM with Registered Read Address in Verilog

nodul e ram (din, addr, wite_en, clk, dout);
paranmeter addr_wi dth = 8;
parameter data_wi dth = 8;
i nput [addr_w dth-1:0] addr;
i nput [data_wi dth-1:0] din;
input wite_en, clk;
out put [data_wi dth-1:0] dout;
reg [data_wi dth-1:0] raddr; // Register for read address.
reg [data_w dth-1:0] nmem [(1l<<addr_wi dth)-1:0];

al ways @ posedge cl k)

begin
if (wite_en)
begin
men{ (addr)] <= din;
end
raddr <= addr; // Read addr. register controlled by clock.
end
assign dout = nenfraddr];
endnmodul e
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VHDL Examples

Figure 9: RAM with Registered Output in VHDL

library | EEE;
use | EEE. std_|ogic_1164.all;
use | EEE. std_| ogi c_unsigned. al | ;

entity ramis
generic (

addr_ width : natural := 8;
data_ width : natural := 8);
port (
addr : in std_logic_vector (addr_width - 1 downto 0);
wite_en : in std_|logic;
clk : in std_logic;
din: in std_logic_vector (data_width - 1 downto 0);
dout : out std_logic_vector (data_width - 1 downto 0));
end ram

architecture rtl of ramis
type nemtype is array ((2** addr_width) - 1 downto 0) of
std_l ogi c_vector(data_width - 1 downto 0);
signal mem: nemtype;

begi n
process (cl k)
begin
if (clk'event and clk = '1") then
if (mwite_en ="'1') then
menm(conv_i nteger (addr)) <= din;
end if;
end if;

dout <= mem(conv_integer(addr));
-- Qutput register controlled by clock.
end process;
end rtl;
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Figure 10: RAM with Registered Read Address in VHDL

library | EEE;
use | EEE. std_| ogic_1164. all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity ramis
generic (

addr_width : natural := 8;
data_width : natural := 8);
port (
addr : in std_logic_vector (addr_width - 1 downto 0);
wite_en : in std_|logic;
clk : in std_logic;
din: in std_logic_vector (data_width - 1 downto 0);

dout : out std_logic_vector (data_width - 1 downto 0));
end ram

architecture rtl of ramis
type nemtype is array ((2** addr_width) - 1 downto 0) of
std_l ogi c_vector(data_width - 1 downto 0);
signal mem: nmemtype,;

begin
process (cl k)
begin
if (clk'event and clk = "'1") then
if (mwite_en ="1") then
men{conv_i nteger(addr)) <= din;
end if;

raddr <= addr;
-- Read address register controlled by clock.
end if;
end process;
dout <= nmen{conv_integer(raddr));
end rtl;

See Also

“Inferring RAM” on page 173

Inferring Dual-Port RAM
For dual-port RAM, pseudo or true:

Use two address buses.

If the design does not simultaneously read and write the same address,
add the syn_ramstyle attribute with the no_rw_check value to minimize
overhead logic.

If writing in Verilog, use non-blocking assignments as described in “About
Verilog Blocking Assignments” on page 184.

The following examples are based on the simple RAM of Figure 5 on
page 174 (for Verilog) and Figure 6 on page 175 (for VHDL).
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Verilog Examples

Figure 11: Pseudo Dual-Port RAM in Verilog

nmodul e ram (din, wite_en, waddr, wlk, raddr, rclk,

paraneter addr_width = 8;

paraneter data_wi dth = 8;

i nput [addr_wi dth-1:0] waddr, raddr;

i nput [data_wi dth-1:0] din;

input wite_en, wclk, rclk;

out put [data_wi dth-1:0] dout;

reg [data_wi dth-1:0] dout;

reg [data_wi dth-1:0] nmem [ (1<<addr_wi dth)-1:0]
/* synthesis syn_ranstyle = "no_rw_check" */ ;

al ways @ posedge wclk) // Wite nenory.
begin
if (wite_en)

menfwaddr] <= din; // Using wite address bus.

end
al ways @ posedge rclk) // Read nenory.
begin
dout <= meniraddr]; // Using read address bus.
end

endnodul e

Figure 12: True Dual-Port RAM in Verilog

modul e ram (dina, wite_ena, addra, clka, douta,

di nb, wite_enb, addrb, clkb, doutb);

paraneter addr_width = 8;

paraneter data_wi dth = 8;

i nput [addr_wi dth-1:0] addra, addrb;

input [data_wi dth-1:0] dina, dinb;

input wite_ena, clka, wite_enb, clkb;

out put [data_wi dth-1:0] douta, doutb;

reg [data_wi dth-1:0] douta, doutb;

reg [data_w dth-1:0] nmem [ (1<<addr_wi dth)-1:0]
/* synthesis syn_ranstyle = "no_rw_check" */ ;

al ways @ posedge clka) // Using port a.
begin
if (wite_ena)
men{ addra] <= dina; // Using address bus a.
douta <= nenf addra] ;
end
al ways @ posedge cl kb) // Using port b.
begin
if (wite_enb)
men{ addrb] <= dinb; // Using address bus b.
doutb <= neni addr b] ;
end

endnodul e

dout);
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VHDL Examples

Figure 13: Pseudo Dual-Port RAM in VHDL

library | EEE;
use | EEE. std_|ogic_1164.all;
use | EEE. std_| ogi c_unsigned. al | ;

entity ramis
generic (

addr_ width : natural := 8;
data_ width : natural := 8);
port (
wite_en : in std_|logic;
waddr : in std_logic_vector (addr_width - 1 downto 0);
welk @ in std_l ogic;
raddr : in std_logic_vector (addr_width - 1 downto 0);
rclk : in std_logic;
din: in std_logic_vector (data_width - 1 downto 0);
dout : out std_logic_vector (data_width - 1 downto 0));
end ram

architecture rtl of ramis
type nemtype is array ((2** addr_width) - 1 downto 0) of
std_l ogi c_vector(data_width - 1 downto 0);
signal mem: nemtype;
attribute syn_ramstyle: string;
attribute syn_ranmstyle of mem signal is "no_rw check";
begin
process (weclk) -- Wite nenory.
begin
if (welk'event and welk = '1') then
if (mwite_en ="1") then
men{conv_i nteger (waddr)) <= din;
-- Using wite address bus.
end if;
end if;
end process;
process (rclk) -- Read nmenory.
begin
if (rclk'event and rclk ="'1") then
dout <= nenm(conv_i nteger(raddr));
-- Using read address bus.

end if;
end process;
end rtl;
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Figure 14: True Dual-Port RAM in VHDL

library | EEE;
use | EEE. std_| ogic_1164. all;
use | EEE. std_| ogi c_unsi gned. al | ;

entity ramis
generic (
addr_width : natural
data width : natural
port (
addra : in std_logic_vector (addr_width - 1 downto 0);
wite_ena : in std_|logic;
clka : in std_logic;
dina : in std_logic_vector (data_width - 1 downto 0);
douta : out std_logic_vector (data_width - 1 downto 0);
addrb : in std_logic_vector (addr_width - 1 downto 0);
wite_enb : in std_logic;
clkb : in std_logic;
dinb : in std_logic_vector (data_wi dth - 1 downto 0);
doutb : out std_logic_vector (data width - 1 downto 0));
end ram

8;
8);

architecture rtl of ramis
type nemtype is array ((2** addr_width) - 1 downto 0) of
std_l ogi c_vector(data_width - 1 downto 0);
signal mem: nemtype;
attribute syn_ranmstyle: string;
attribute syn_ranmstyle of mem signal is "no_rw check";
begin

process (clka) -- Using port a.
begin
if (clka' event and clka = "'1') then
if (wite_ena = "'1") then

men{conv_i nteger (addra)) <= dina;
-- Using address bus a.
end if;
douta <= nen(conv_integer(addra));
end if;
end process;
process (clkb) -- Using port b.
begin
if (clkb'event and clkb = '1') then
if (wite_enb ="'1") then
men{ conv_i nt eger (addrb)) <= di nb;
-- Using address bus b.
end if;
doutb <= nen(conv_i nteger (addrb));
end if;
end process;
end rtl;

See Also

“Inferring RAM” on page 173
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Initializing Inferred RAM

Create initial values for inferred RAM in the usual ways for initializing memory.

Verilog In Verilog, initialize RAM with the standard $readmemb or
$readmemh tasks in an initial block. Create a separate file with the initial
values in either binary or hexadecimal form. For example, to initialize a RAM
block named “ram”:

reg [7:0] ram[0: 255];
initial
begin

$readmenh ("ramini", ran;
end

The data file has one word of data on each line. The data needs to be in the
same order in which the array was defined. That is, for “ram [0:255]" the data
starts with address 0; for “ram [255:0]” the data starts with address 255. The
ram.ini file might start like this:

OA /* Address 0 */
23
5C

VHDL In VHDL, initialize RAM with either signal declarations or variable
declarations. Define an entity with the same ports and architecture as the
memory. Use this entity in either a signal or variable statement with the initial
values as shown below.

For example, to initialize a RAM block named “ram,” define an entity such as:

entity raminit is

port (
clk : in std_| ogic;
addr : in std_logic_vector(7 downto 0);
din: in std_|logic_vector(7 dowto 0);
we : in std_|logic;
dout : out std_logic_vector(7 dowto 0));
end;

architecture arch of raminit is
type raminit_arch is array(0 to 255)
of std_logic_vector (7 downto 0);

Then use the entity in a signal statement:

signal ram: raminit_arch := (
"00001010",
"00100011",
"01011100",

others => (others => '0"));

Or use the entity in a variable statement:

variable ram: raminit_arch := (
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1 => "00001010",
others => (1=>'1"', others => '0"));

See Also

“Inferring RAM” on page 173

Inferring ROM
To code ROM to be inferred, do the following:

Define the ROM with a case statement or equivalent if statements.
Assign constant values, all of the same width.

Assign values for at least 16 addresses or half of the address space,
whichever is greater. For example, if the address has 6 bits, the address
space is 64 words, and at least 32 of them must be assigned values.

To control how the ROM is implemented (with distributed or block ROM),
consider adding the syn_romstyle attribute. See “syn_romstyle” on
page 1384.

Figure 15: ROM Inferred with Case Statement in Verilog

nodul e rom(data, addr);
output [3:0] data;
input [4:0] addr;
al ways @ addr) begin
case (addr)

0 : data = 'h4;
1 : data = 'h9;
2 . data = 'hl;
15 : data = 'hS§;
16 : data = 'hil;
17 : data = 'hO;
default : data = 'hO;
endcase
end
endnodul e
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Figure 16: ROM Inferred with If Statement in VHDL

entity romis

port (addr : in std_|l ogic_vector(4 downto 0);
data : out std_logic_vector(3 dowto 0) );
end rom

architecture behave of romis

begin
process(addr)
begin
if addr = 0 then data <= "0100";
elsif addr = 1 then data <= "1001";
elsif addr = 2 then data <= "0001";

15 then data <= "1000";
16 then data <= "0001";

el sif addr
el sif addr

el sif addr 17 then data <= "0000";
el se data <= "0000";
end if;

end process;
end behave;

About Verilog Blocking Assignments

LSE support for Verilog blocking assignments to inferred RAM and ROM,
such as “ram[(addr)] = data;,” is limited to a single such assignment. Multiple
blocking assignments, such as you might use for true dual-port RAM (see
Figure 17 on page 184), or a mix of blocking and non-blocking assignments
are not supported. Instead, use non-blocking assignments (<=). See

Figure 18 on page 185.

Figure 17: Example of RAM with Multiple Blocking Assignments (Wrong)

al ways @ posedge cl ka)
begi n
if (wite_ena)
ranfaddra] = dina; // Blocking assi gnnent A
douta = ranfaddra]l;
end
al ways @ posedge cl kb)
begi n
if (wite_enb)
ranf addrb] = dinb; // Blocking assignment B
doutb = ranfaddrb];
end
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Figure 18: Example Rewritten with Non-blocking Assignments (Right)

al ways @ posedge cl ka)
begin
if (wite_ena)
ranf addra] <= dina;
douta <= ranfaddra];
end
al ways @ posedge cl kb)
begin
if (wite_enb)
ranf addrb] <= di nb;
doutb <= raniaddrb];
end

About Verilog Generate Blocks

If a module has multiple generate blocks, LSE requires that they each block
have a different name. Assign names with begin statements. See Figure 19

on page 185.

Figure 19: Generate Blocks with Assighed Names

generate
begin: Rl_gen // Name first generate bl ock.
genvar i1;
for (i1=0; il<=15; il=i1+1)
regset Rl (.clk(clk[il]),.qa(q[il]),.d(d[i1]));
end
endgener at e

generate
begin: 1 RO_gen // Nane second generate bl ock.
genvar i;
for (i=0; i<=7; i=i+l)
ioreg IRO (.clk(clk[O]),.reset(rst[i]),.q(q[i])
end
endgener at e

Inferring 1/O

To specify types of 1/O ports, follow these models.

Verilog
Open Drain:

out put <port >;
Wi re <out put _enabl e>;
assign <port> = <output_enable> ? 1'b0 : 1'bz;

Bidirectional:

i nout <port>;
Wi re <out put _enabl e>;

- d(dli]));
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Wi re <output_driver>

Wi re <input_signal >;

assign <port> = <output_enabl e> ? <output_driver> : 1'bz;
assign <input_signal > = <port>;

VHDL

Tristate:

library ieee;
use ieee.std_logic_1164.all;
entity <tbuf>is

port (
<enabl e> : std_| ogic;
<input_sig>: in std_logic_vector (1 dowto 0);
<out put _sig> : out std_logic_vector (1 downto 0));
end t buf 2;
architecture <port> of <tbuf>is
begin
<out put _si g> <= <input_si g> when <enable> = "'1' else "ZZ";
end;
Open Drain:
library ieee;

use ieee.std_l ogic_1164. all
entity <od> is
port (
<enabl e> : std_l ogic;
<out put _sig> : out std_logic_vector (1 downto 0));
end od2;
architecture <port> of <od> is
begin
<out put _si g> <= "00" when <enable> = "'1' else "ZZ";
end;

Bidirectional:

library ieee;
use ieee.std_l ogic_1164. all
entity <bidir>is

port (
<direction> : std_|logic;
<input_sig>: in std_logic_vector (1 downto 0);
<out put _sig> : out std_logic_vector (1 downto 0);
<bidir_sig>: inout std_logic_vector (1 downto 0));
end bidir2
architecture <port> of <bidir>is
begin
<bi dir_sig> <= <input_sig> when <direction> = "'0" else "Zz2"
<out put _sig> <= <bidir_sig>;
end;
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Customizing Source Editor
You can set file and window modes, set encoding, and configure line number
showing, text wrapping, and printing options in Source Editor.

Setting File and Window Modes

Source Editor offers you the flexibility to configure file and window modes,
such as line number showing, text wrapping, and printing options. The
configuration can be applied to the current file, the specified types of files, or
any new files created in Source Editor.

To set file modes:

1. In Source Editor, choose View > Language. You will see list of menu
items beside, cpp, hypertext, perl, python, tcl, verilog, vhdl, preference,
and edif.

2. Choose the desired file mode from the list. Source Editor will become that
specific language sensitive.

To set window modes:

1. In Source Editor, choose Window > Attach Window. The Source Editor
window is attached to the Diamond main window.

2. If want to detach Source Editor from the Diamond main window, click the
Detach Tool icon on the upper-right corner of Source Editor.

Customizing Source Editor from the Diamond Main Window

To customize Source Editor settings in the Diamond main window:
1. In the Diamond main window, choose Tools > Options.
2. Inthe Options dialog, find the Source Editor section.

You can set settings in the each related section.

General

Show Line Number: Displays line numbers of the files (on the left
side of the Editor).

Show Indicator Margin: Displays the side bar where you can click to
select the whole row.

Show Folder Margin: Displays the side bar (on the left side of the
Editor) that is used to fold/unfold the syntax.

Tab Size: Specifies how many spaces are entered
when a tab character is pressed.

Set Default Brings back to the default setting.

Fonts

Lists the current fonts used in Source Editor. If you want to change the
current fonts, click the font box. From the pop-up Select Font dialog, you
can select the desired font. Click OK to quit the dialog. The selected font
name, font type, and font size will be displayed.
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Set Default Brings back to the default font setting.
Colors

Lists the syntax elements and the current color settings for them. Click the
color box to choose a different color.

Set Default Brings back to the default font setting.

If you want to change to use your own text editor other than Source Editor,
you can customize to add your own text editor and associate files to your own
text editor program in the Options dialog (Tools > Options from the Diamond
main window), the Environment > File Associations section.

References

This section includes the following references.

Verilog HDL Language Reference
If you have installed Synplify Pro for Lattice, refer to the Synplify and Synplify
Pro for Lattice Reference Manual in the Synplify Pro installation directory.

VHDL Language Reference
If you have installed Synplify Pro for Lattice, refer to the Synplify and Synplify
Pro for Lattice Reference Manual in the Synplify Pro installation directory.
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Designing with Modules

Modules are functional bits of design that can be re-used wherever that

function is needed. Creating such modules with hardware design languages

is common practice. To help your design along, Lattice Semiconductor

provides a variety of modules for common functions. They are optimized for
Lattice device architectures and can be customized. Use these modules to

speed your design work and to get the most effective results.

Lattice Semiconductor’s modules come in a variety of forms:

IPexpress provides a variety of functions ranging from the most basic,

such as arithmetic and memory, to much more complex functions. With
IPexpress these modules can be extensively customized. They can be
created as part of a specific project or as a library for multiple projects.
See “Creating IPexpress Modules and IP” on page 190.

However, many of these modules can also be used with PMI (see next
item). To decide which method to use, see “Use PMI or IPexpress?” on
page 190.

PMI (Parameterized Module Instantiation) is an alternate way to use some
of the modules that come with IPexpress. With PMI, instead of using
IPexpress, you directly instantiate a module into your HDL and customize
it by setting parameters in the HDL. You may find this easier than using
IPexpress if your design requires many variations of the same module. To
decide which method to use, see “Use PMI or IPexpress?” on page 190.

Clarity Designer provides modules similar to those from IPexpress but for
ECP5. As with IPexpress, with Clarity Designer you can customize these
modules. Clarity Designer also helps you connect these modules to each
other and place the PCS and DDR modules in the device’s architecture.
See “Creating Clarity Designer Modules” on page 210.

LatticeMico32 microprocessors and LatticeMico8 microcontrollers are
exceptions in that they are not customized with IPexpress. LatticeMico32
and LatticeMico8 have their own development environment. To design
with LatticeMico System, see “Designing with LatticeMico Platforms” on
page 238.

Reference designs provide you with a starting point on creating your own
modules. Lattice Reference Designs are available in Verilog and VHDL,
and can be downloaded from the Lattice Web site: www.latticesemi.com/

ip.
Lattice library primitives are very basic functions, such as logic gates and
flip-flops. They can be directly instantiated as HDL into designs. But this is

an advanced technique and should usually be avoided. For more
information, see “Designing with Lattice Library Primitives” on page 208.

Of course you can also create your own modules and that is fully supported

too. In fact, Diamond supports creating your own black-box modules. See
“Creating Your Own Black Box Modules” on page 205.
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Designing with Modules

Use PMI or IPexpress?

Many IPexpress modules are also available as PMI modules. Why would use
one instead of the other?

PMI is a convenient way to use modules of the same type but that vary from
instance to instance. This eliminates the need to create a separate module for
each instance using IPexpress.

For example, a design might require dozens of FIFOs that are functionally the
same but require different address depths. With PMI, you could insert the
same FIFO instantiation command wherever it's needed in the HDL and just
change the address depth parameter as you go. The alternative would be to
use IPexpress to generate different modules for each variation and then insert
the instantiation template for each of them. In such a situation, you might find
the PMI method easier and faster.

But before deciding to use a PMI module, compare it to the equivalent
IPexpress module. Often IPexpress provides more options than PMI does.
IPexpress also assures that all of your option selections and parameter
settings are legal. PMI offers no error checking.

Also be aware that PMI requires some extra steps for simulation and
synthesis. PMI modules are treated as black boxes in design projects. So
simulation outside of Diamond, with a third-party simulator, requires compiling
a simulation library. And synthesis requires that a synthesis header file be
added to the design project or to the project of a standalone synthesis tool, if
using one. For more details, see “Requirements for Simulation and Synthesis with
PMI” on page 201.

See Also
List of PMI modules, see Table 142 on page 1401
“Creating IPexpress Modules and IP” on page 190
“Using PMI” on page 199

Creating IPexpress Modules and IP

IPexpress is an easy way to use a collection of functional blocks from Lattice
Semiconductor. There are two types of functional blocks available through
IPexpress: modules and IP. IPexpress enables you to extensively customize
these blocks. They can be created as part of a specific project or as a library
for multiple projects.

Modules: These basic, configurable blocks come with IPexpress. They
provide a variety of functions including 1/O, arithmetic, memory, and more.
Open IPexpress to see the full list of what's available. Also see the Lattice
Module Reference Guide.

IP: Intellectual property (IP) are more complex, configurable blocks. They are
accessible through IPexpress, but they do not come with the tool. They must
first be downloaded and installed as a separate step before they can be
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accessed from IPexpress. To see all that’s available and to learn about
licensing and other vendors of IP, go to the Lattice Web site:
www.latticesemi.com/ip.

Overview of the IPexpress Process Below are the basic steps of using
IPexpress modules and IP. For details of performing these steps, see the
following topics.

1.

Start running IPexpress. It can be started from Diamond’s Tools menu
after you open your design project. If you want to create a library of
configured modules or IP, IPexpress can be opened as a stand-alone tool
to create a library of modules.

If you want to use a Lattice IP that’s not visible, it must be downloaded
and installed first. This can be done from IPexpress.

Customize the module/IP. These modules and IP can be extensively
customized for your design. The options may range from setting the width
of a data bus to selecting features in a communications protocol. At a
minimum you need to specify the design language to use for the output.

Generate the module/IP and bring its .ipx file into your project. Prior to
generating the module/IP, select the option “Import IPX to Diamond
Project.” This will then automatically bring the .ipx file into your project
after the generation step completes. If you do not select this option, then
after generation, add the .ipx file to your project as you would with any
other source file (such as a Verilog or VHDL file). If using IPexpress
standalone, there is no project to automatically add the .ipx file.

Instantiate the module/IP into the project’s design. An HDL instance
template is generated during the generation step to simplify this step.

IPexpress modules and IP can be further modified or updated later. After
the .ipx file has been added to the Diamond project, it is visible in the
project’s file list. Double-clicking the .ipx file brings up the module/IP’s
configuration dialog box where changes can be made and the generation
process repeated.

See Also

“Running IPexpress” on page 192

“Downloading IPexpress IP” on page 192

“Installing a Downloaded IP” on page 193

“Generating a Module or IP with IPexpress” on page 194
“IPexpress Output Files for Modules” on page 196

“Regenerating a Module or IP with IPexpress” on page 196
“Importing an IPexpress Module or IP into a Project” on page 197

“Instantiating an IPexpress Module or IP” on page 198
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Runnlng IPexpress

IPexpress can be run as part of the open design project or as a separate,
stand-alone tool. When run as part of a project, module selection is limited to
modules that work with the project's FPGA. When run as a stand-alone tool,
all modules are available and they can be created for any device type.
IPexpress is usually run as part of a project. Stand-alone mode can be used to
create a library of modules.

On Linux, IPexpress can also be run from the command line as a stand-alone
tool.

To run IPexpress with your design project:

Choose Tools > BY IPexpress.

To run IPexpress as a stand-alone tool, from your Windows desktop:

From the Start menu, choose Programs > Lattice Diamond >
Accessories > EE':' IPexpress.

To run IPexpress from the Linux command line:

From the Linux command line, navigate to the <install_path>/bin/lin
directory and enter ./ipexpress on the command line.

Note

If this path has been included in your PATH environment variable definition, you
do not have to navigate to it.

Downloading IPexpress IP

You can use IPexpress to download and install the latest IP available from
Lattice Semiconductor. Before you can download any IP, you need to set up
an Internet connection. If you haven't already, choose Tools > Options. In the
Options dialog box, select Environment > Network Settings and fill in the
dialog box.

The Web site also has links to other vendors of IP. To see all that's available
and to learn about licensing and other vendors of IP, go to the Lattice Web
site: www.latticesemi.com/ip.

To download Lattice IP:

1. If you are working on Linux and this is the first IP you have ever installed,
go to your home directory and, with a text editor, create an empty file
named ipsetting_l.Ist. Enter no text: the file must be empty and must
have this name. If you find you already have a file with this name, do not
change it. This is a text file listing your IP and their path names.

2. InIPexpress, click the IP Server ﬂ button, located at the upper-left of the
tool.

3. Click IP in the left pane.
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5.

6.

The software connects to the Lattice Semiconductor Web site.
Expand the folder tree and select the IP you want to download.

Information about the IP appears in the right pane including links for
additional information.

IP that are not compatible with your version of Diamond have an X on their
icons. You can still download and install these IP but you need to upgrade
your Diamond software to use them. Look for software requirements in the
right pane.

Do one of the following:
To download and install the IP, right-click the IP and choose &g Install
in the pop-up menu.
To just download the IP for later installation, right-click the IP and
choose % Download in the pop-up menu.

Follow the on-screen instructions.

See Also »“Installing a Downloaded IP” on page 193

Installing a Downloaded IP
After downloading an IP, you must install it to make it available in IPexpress.

Installing on Windows To install the IP:

1.
2.
3.

If IPexpress is open, close it.

Go to the location where you saved the IP.
Double-click the executable file (.exe).

The Lattice Semiconductor Setup program opens.
Follow the on-screen instructions.

Open IPexpress to see the installed IP. Click the Local ® button and then
expand the IP folder tree.

Only IP that work with the selected device and your version of Diamond
are available. Unavailable IP have a red X icon, §, beside them.

If you started IPexpress from Diamond’s main window, the selection is
automatically limited to the device of the design project.

If you are running IPexpress in stand-alone mode and want access to all
the IP, choose All Device Families from the menu in the toolbar.

Installing on Linux To install an IP that you downloaded earlier on Linux,
the process depends on whether the download is a tar file (.tar.gz) or a shell
file (.sh).

To install the IP from a tar file:

1.

If this is the first IP you have ever installed, go to your home directory and,
with a text editor, create an empty file named ipsetting_|l.Ist. Enter no
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text: the file must be empty and must have this name. If you find you
already have a file with this name, do not change it. This is a text file
listing your IP and their path names.

2. Go to the location where you saved the IP.

3. Enter the following in a command line:
tar -zxvf <filename>.tar.gz

4. In IPexpress, click the Import User Configurable IP = button.

5. Inthe dialog box, browse to the installation directory for the IP and select
nodeinfo.cfg.

6. Click Open.

7. To see the installed IP, click the Local Bl button and then expand the IP

folder tree.

To install the IP from a shell file:
1. Go to the location where you saved the IP.
2. Enter the following in a command line:
sh <filename>.sh <Diamond install path>/bin/lin [<destination path>]

The <destination path> is the full path name of where you want the IP to
be installed. If not included, the IP will be installed in the current directory.

The first time you install an IP, IPexpress creates a file, ipsetting_l.Ist, in
your home directory. This is a text file listing your IP and their path names.

3. To see the installed IP, click the Local Bl button and then expand the IP
folder tree.

Generating a Module or IP with IPexpress

Use IPexpress to generate a customized functional block from any module or
installed IP.

Note

Lattice Synthesis Engine (LSE) is not currently used to generate IP. When LSE is
selected to be used for your design, the IP generation step (done within IPexpress) will
use Synplify Pro.

ROM modules require that a memory initialization (.mem) file be available
before generating a customized module. The memory initialization file is
optional with RAM modules. See “Creating a Memaory Initialization File with
Memory Generator” on page 202.

To generate an IP or module:

1. If you are running IPexpress as a stand-alone tool, then choose a device
family from the menu in the toolbar. Only modules and IP that work with
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that device and your version of Diamond will be available. Unavailable
modules will have a red X icon, &t or @, beside them.

If you started IPexpress from a Diamond project (Diamond’s main
window), the functional block selection is automatically limited to the
device of the design project.

2. In the Module/IP tree, select the module or IP that you want to generate.
To get more information about the module or IP, click the About tab.

4. In the Configuration tab, specify general project information and the base
file name for the module or IP. If you started IPexpress from a Diamond
project (Diamond’s main window), all but File Name and Module Output
have been filled in from the design project. You can still change Project
Path if you want.

Project Path is the location for the customized module’s files.

File Name is the base name for the module’s files (that is, with no
extension).

Module Output is how the module will be coded.

Device Family is the device family that the module will be optimized
for. This can be different from the device family selected in the toolbar.

Part Name is the exact device that the module will be optimized for.

Synthesis is the synthesis tool that will be used while generating the
module.

5. Click Customize.
The module’s dialog box opens.

6. In the dialog box, choose desired options. To get information about the
options, click Help. Also, check the About tab in IPexpress for links to
technical notes and user guides. IP may come with additional information.

As the options change, the schematic diagram of the module changes to
show the ports and the device resources the module will need.

7. To automatically import the .ipx file into your project when the module/IP is
generated, select Import IPX to Diamond project (not applicable in
IPexpress stand-alone mode). If you do not select this option, the .ipx file
must be added to the project. See “Importing an IPexpress Module or IP
into a Project” on page 197.

8. Click Generate.

9. Click the Generate Log tab to check for warnings and error messages.

See Also

“Creating a Memory Initialization File with Memory Generator” on
page 202

“IPexpress Output Files for Modules” on page 196
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IPexpress Output Files for Modules

IPexpress creates the following output files for modules under the specified
Project Path. The <file_name> comes from the File Name specified in the
Configuration tab.

IPexpress creates some different files for IP. These are documented in the
IP’s associated user guide.

Table 3:

File Name Description

<file_name>.ipx Manifest file. This file is loaded into IPexpress so that
modifications can be made to the module.

<file_name>.Ipc Parameter file.

<file_name>.naf Internal file. Do not edit.

<file_name>.srp Report file.

<file_name>.sym Internal file. Do not edit.

<file_name>.tmpl.v Instantiation template for Verilog netlist.

<file_name>.tmpl.vhd Component/instantiation template for VHDL netlist.

<file_name>.txt Configuration file for PCS and System Bus modules.

<file_name>.v Verilog HDL file for both synthesis and simulation.
Verilog output files declare implicit wire types.

<file_name>.vhd VHDL file for both synthesis and simulation.

<file_name>_generate.log IPexpress log file.
msg_file.log Log message file.
tb_<file_name>_tmpl.v Verilog test bench template.

tb_<file_name>_tmpl.vhd VHDL test bench template.

Regenerating a Module or IP with IPexpress

By regenerating a customized module or IP you can modify any of its settings
including: device type, design language, and any of the options specific to the
module. You can also update older modules or IP to the latest version.

Regenerating can be done to modify an existing module or to create a new
but similar one.

Note

If the module was originally customized with ispLEVER, you may see an .Ipc file but no
.ipx file. The .ipx file is new with Diamond. However, Diamond also supports .Ipc files
for backward compatibility. When you regenerate a module from ispLEVER, the .Ipc
file is replaced with an .ipx file.
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To just change the option settings of a module or IP that is already in a design
project, double-click the module’s .ipx file in the File List view. This opens
IPexpress and the module’s dialog box showing the current option settings.
Then go to step 6 below.

To regenerate a module or IP:
1. In IPexpress, click the Regenerate % button.

2. Inthe Regenerate view of IPexpress, choose the IPX source file of the
module or IP you wish to regenerate.

3. IPexpress shows the current settings for the module or IP in the Source
box. Make your new settings in the Target box.

4. If you want to generate a new set of files in a new location, set the location
in the IPX Target File box. The base of the file name will be the base of all
the new file names. The IPX Target File must end with an .ipx extension.

5. Click ReGenerate.
The module’s dialog box opens showing the current option settings.

6. In the dialog box, choose desired options. To get information about the
options, click Help. Also, check the About tab in IPexpress for links to
technical notes and user guides. IP may come with additional information.

As the options change, the schematic diagram of the module changes to
show the 1/0O and the device resources the module will need.

7. To import the module into your project, if it's not already there, select
Import IPX to Diamond project (not available in stand-alone mode).

8. Click Generate.
9. Check the Generate Log tab to check for warnings and error messages.
10. Click Close.

Importing an IPexpress Module or IP into a Project

After generating module source files using IPexpress, you can import the
module by importing the IPexpress manifest file (.ipx). Modules and IP have
several files of different types but you only need to import the .ipx. The .ipx file
identifies the components needed to make up the module or IP.

Note

If the module was originally customized with ispLEVER, you may see an .Ipc file but no
.ipx file. The .ipx file is new with Diamond. However, Diamond also supports .Ipc files
for backward compatibility. If there’s no .ipx file, select the .Ipc file.

Importing the module may not be necessary if the “Import IPX to Diamond
project” option was selected when the module was generated.
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To import a module:

1. Inthe File List view, right-click the implementation folder (|E_E) and choose
Add > Existing File.

2. Browse for the customized module’s .ipx file, <file_name>.ipx, and select
it.

3. Click Open.
The .ipx file is added to the File List view.

4. Check the Output Panel for error messages. If the module is not targeted
for the current device, try double-clicking the file to regenerate the
module.

After importing the module, you can further customize it for your design
project including changing the device type, design language, and any of the
options specific to the module. You can also update older modules or IP to the
latest version. See “Regenerating a Module or IP with IPexpress” on

page 196.

Instantiating an IPexpress Module or IP

IPexpress modules and IP are instantiated the same way other modules are
in your HDL. When you generate modules and IP in IPexpress, the tool also
produces a Verilog or VHDL file with the necessary instantiation commands.
You can copy and paste the contents of this file into one of your source files.

Before you instantiate any IPexpress module, check that it is compatible with
your design project’s device. When they were created, the modules were
optimized for a specific device and may depend on that device’s architecture.
A module may not work with a different type of device and may need to be
regenerated. If so, see “Regenerating a Module or IP with IPexpress” on
page 196.

The instantiation file is located in the folder that the module was created in.
The file name is based on the module’s name: <module name>_tmpl.v or
<module name>_tmpl.vhd.

Copy the instantiation command and paste it into one of your source files.
Then add an instance name and signal names to the module ports.

Note

The following I/O modules from IPexpress cannot be used as the top level of a design.
These must be instantiated within another module: DDR, DDR_GENERIC,
DDR_MEM, DQS, and SDR.

Before running any processes on the design, make sure that the IPexpress
module or IP has been imported into the project. See “Importing an IPexpress
Module or IP into a Project” on page 197.
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Using PMI

PMI (Parameterized Module Instantiation) is an alternate way to use some of
the modules that come with IPexpress. With PMI, instead of using IPexpress,
you directly instantiate a module into your HDL and customize it by setting
parameters in the HDL. You may find this easier than using IPexpress if your
design requires many variations of the same module.

But PMI requires some extra steps for simulation and synthesis. PMI modules
are treated as black boxes in design projects. So simulation outside of
Diamond, with a third-party simulator, requires compiling a simulation library.
And synthesis requires that a synthesis header file be added to the design
project or to the project of a standalone synthesis tool, if using one.

See Also
“Use PMI or IPexpress?” on page 190
List of PMI modules, see Table 142 on page 1401
“PMI Process Steps” on page 199
“Instantiating a PMI Module” on page 200

“Requirements for Simulation and Synthesis with PMI” on page 201

PMI Process Steps

This section provides a brief listing of the process steps you take when using
PMI.

1. Using Source Editor, insert PMI modules in the HDL source files. This is
the recommended method because it includes the PMI instance
templates, which require minimal editing.

2. Observe the PMI requirements to ensure successful functional simulation.

Since PMI block generation occurs post-synthesis, functional simulation
uses simulation models for these blocks. If you are running simulation in
Aldec Active-HDL, these models are automatically used. If you are using
another simulator, you must first compile the simulation library.

See “Requirements for Simulation and Synthesis with PMI” on page 201
for more details.

3. Add the PMI synthesis header files to your design project or to your stand-
alone synthesis tool’s project.

When synthesis is run, your PMI block instance will pass through the
process as a black box definition. The PMI synthesis header file contains
a comprehensive list of all necessary module/component declarations.
This saves you from having to create these declarations yourself or to
obtain them from some other source.

See “Requirements for Simulation and Synthesis with PMI” on page 201
for details.

4. After synthesis, run the Translate Design process (EDIF2NGD and
NGDBUILD). Note: If you are using LSE as the synthesis tool, Translate
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Design is automatically included with synthesis. During this step, the
module generation that is required to implement the various instances in
your design is performed. This process will result in the output of multiple
.ngo files that are then input into one output .ngd file.

5. Perform the remaining implementation steps as you would normally.

Instantiating a PMI Module

PMI modules are instantiated the same way other modules are in your HDL.
The Diamond software provides a template for the Verilog or VHDL
instantiation command that specifies the customized module’s ports and
parameters. You customize the module by changing the parameters.

To instantiate a PMI module:

1.

With Source Editor, open the source file that will receive the module. See
“Running Source Editor” on page 166.

Place the cursor in the desired spot for the instantiation command.
Choose View > Template Editor.
The Template Editor view appears.

In Template Editor, open the System Templates > PMI folder and select
the module.

The code of the template shows in the lower box of the Template Editor
view.

Right-click the template and choose Insert to text.
The instantiation command is copied into your source file.

Add an instance name, set parameter values, and add signal names to
the corresponding module ports in the instantiation command. For
information about allowed parameter values, see the section on the
module in the “Lattice Module Reference Guide” on page 1399.

Figure 20: PMI Instantiation Command Example

Verilog

pm _count er
#(. pm _data_wi dth(),
.pni _updown(), <

VHDL

Change instance name — <your _i nst _| abel > : pm _count er
generic map (

Add parameter values ———p pmi _data_wi dth => |

.pm _fam ly() pm _updown => |
) pmi _famly =>
<your _i nst_| abel >(. d ock(), )
.Ca k_En(), port map (
Aclr(), < Add signal names —— » O ock => ,
. UpDown() , G k_En =>,
. Q) Aclr => |
) UpDown => ,
Q=>
)
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7. Save and close the source file.

Note

Simulation and synthesis require additional preparation. VHDL also has some
additional requirements. See “Requirements for Simulation and Synthesis with PMI” on
page 201.

Requirements for Simulation and Synthesis with
PMI

Unlike IPexpress module generation, which produces source files that contain
all of the necessary code for simulation, the PMI module code is a black box
definition of an IPexpress module. For this reason, simulation models for
these blocks must be available to supplement the code for simulation. For
synthesis, a PMI synthesis header file needs to be added to the project.

VHDL designs have a few additional requirements for both synthesis and
simulation.

PMI Simulation Models For Aldec Active-HDL, the PMI models are
automatically available. When using ModelSim, or any other simulator, you
must first compile the simulation library (pmi_work) from the sources, which
are in:

<install_dir>/cae_library/simulation/verilog/pmi

Note

No VHDL PMI models exist. The pmi_work library is compiled from Verilog modules
and used in both Verilog and VHDL simulation. The VHDL simulation must run in a
mixed-HDL environment.

PMI Synthesis Header Files The PMI synthesis header files for Verilog and
VHDL, respectively, are at:

<install_dir>/cae_library/synthesis/verilog/pmi_def.v
<install_dir>/cae_library/synthesis/vhdl/pmi_def.vhd

If you are running synthesis from inside Diamond (the integrated flow), add
the PMI synthesis header file to your design project by right-clicking the
implementation folder (|E_E) in the File List view and choosing Add > Existing
Source.

If you are running the synthesis tool outside Diamond (the interactive or
stand-alone flows), add the PMI synthesis header file to your synthesis tool
project.

VHDL Requirements When performing simulation for VHDL PMI, you also
need to compile the PMI component declaration file into your work library. The
file is at:
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<install_dir>/cae_library/simulation/vhdl/pmi/pmi_def.vhd

At the top of your source file, add two lines:

use wor k. pm _components. al | ;
library pm _work;

The first line includes the PMI components defined in the header file. The
second line is required by some simulators, such as Active-HDL, for
successful library binding.

Creating a Memory Initialization File

A memory initialization (.mem) file is an ASCII text file that specifies the initial
contents for the memory modules in your design. A .mem file is required to
create ROM and optional when creating RAM modules with IPexpress or PMI.

A .mem file can be most easily created or edited using Diamond’s Memory
Generator. But you can also create a .mem file using any text editor. Use the
file format described in the following section.

See Also

“Creating a Memory Initialization File with Memory Generator” on
page 202

“Memory Initialization File Format” on page 203

Creating a Memory Initialization File with Memory

Generator

Diamond’s Memory Generator is the easiest way to create or edit a memory
initialization file.

To create a memory initialization file:

1. Choose File > New > File.

The New File dialog box opens.

Under Categories, click Other Files.

Under Source Files, click Memory Files.

Fill in a name and location for the new memory initialization file.

Click New.

o M 0N

The Memory Generator E’? tab opens showing the file name that you
specified.

6. In the Options view, set file format and memory size in the File Format,
Depth, and Width boxes. See “Memory Initialization File Format” on
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page 203 for more information. Then click Update to apply your changes
and refresh the display.

Note

If you close the Options view and want to get it back, choose View > Options
View.

7. Inthe Options view, choose the Address Radix and Data Radix for the
display.

Note

The Radix settings only specify in which format the addresses and data values are
displayed and entered in the Memory Generator window. They do not affect the
memory data format recorded in the .mem file. The data format in the .mem file
depends on the File Format option.

8. Fill in the memory contents in the right pane using the following methods:

Click in a cell and type in the value. You can use the arrow and Tab
keys to move between cells.

The values you enter should match the format specified in the Data
Radix box. Values that are too large are displayed in blue. You are not
allowed to save a file with blue values.

To find a location in a large memory, type the address into the “Jump
to” box and click Go.

To fill a block of memory with the same value, type the first and last
addresses of the block into the From and To boxes (under Filling).
Type the memory value into the Fill box. Then click Fill.

9. When you finish, choose File > Save <filename>.

See Also “Memory Initialization File Format” on page 203

Memory Initialization File Format

A memory initialization (.mem) file is an ASCII text file that consists of a
header followed by lines of memory data. The data must be in one of the
following formats: Bin (binary), Hex (hexadecimal), or Address-Hex
(described below).

For hexadecimal values, both upper and lower case can be used. If the data
has fewer bits than the specified data width, the most significant bits are filled
with 0. Any address not specified will be filled with 0.

Comments can be added at any point after the header (defined below) by
starting the comment with a pound sign (#) or two slashes (//). The comment
then includes everything to the end of the line. Comments may be added to
any of the data, but never add comments to the header.
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Header A .mem file starts with a header, which declares the file format,
memory size, and address and data display radix for Memory Generator. The
syntax of the header is:

#Format=Bin | Hex | AddrHex
#Depth=<1-65536>
#Width=<1-256>
#AddrRadix=<index_number>
#DataRadix=<index_number>
#Data

The <index_number> can be one of the following numbers. AddrRadix and
DataRadix can have different values.

Binary: 0

Octal: 1
Decimal: 2
Hexadecimal: 3

For example, the following header says the .mem file is using the binary
format for a 32x8 memory. When displayed in Memory Generator, the address
will be shown in hexadecimal and the data will be shown in binary.

#For mat =Bi n
#Dept h=32
#W dt h=8
#Addr Radi x=3
#Dat aRadi x=0
#Dat a

Bin and Hex Formats The data is represented in binary or hexadecimal
format. Each line of data specifies the contents for one memory location,
starting with address 0. That is, the first line is for address 0, the second line is
for address 1, and so on. For each line, the data is interpreted as least
significant bit on the right.

For example, in the Bin format, the following lines will initialize address 0 to
“00011011", address 1 to “11111010” (assuming it is a 32x8 memory).

# for a 32x8 menory
11011
11111010

In the Hex format, the following lines will initialize address 0 to “003B”,
address 1 to “FBOA” (assuming it is a 32x16 memory).

# for a 32x16 nmenory
3B
FBOA

AddrHex The data is represented in hexadecimal format. Each line consists
of an address followed by a colon and then any number of data words,
separated by spaces:
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<address>:<data> <data> <data> ...

The data will be applied starting at <address> and filling in sequentially from
there.
For example:

A0: 03 F3 3E 4F
B2: 3B 9F

will initialize AO with 03, Al with F3, A2 with 3E, A3 with 4F, B2 with 3B, and
B3 with 9F. The other addresses will be initialized to 0. So A4 through B1 will
be set to 0.

See Also »“Creating a Memory Initialization File with Memory Generator”
on page 202

Creating Your Own Black Box Modules

In some cases, you may not want to distribute HDL source code because of
the risk of changes or of exposing proprietary information. So, Lattice
Semiconductor offers a compiled Native Generic Object (NGO) netlist format
as an alternative to HDL.

Advantages and Disadvantages An NGO netlist has the following
advantages over HDL source code;

Hides details of internal logic

Easy to distribute

Optimized to meet timing or area requirements

Optional grouping and floorplan constraints

On the other hand, an NGO netlist:
May not be portable across all device families
Cannot be parameterized
Overview of the Black Box Process The following are the basic steps for

creating and using a black box module. For details about performing these
steps, see the topics listed under “See Also.”

1. Create an NGO netlist.

Start with a design project just for the module and add some attributes.
Then run the synthesis and Translate Design processes.

2. Create support files.
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In addition to the NGO netlist, users of the black box module will need
additional information such as declaration and instantiation templates, a
data sheet, a simulation model, and timing attributes.

Note

NGO blocks will be given a unique name which is constructed by appending the
parameter value to the name of the NGO module as in the following example.

For the following module :
modul e nmy_add_sub (DataA, DataB, Add_Sub, Result);

paraneter bit_width = 6;

endnodul e

After generating the NGO file, the ngo must be renamed with the parameter value
appended to the module name as shown below:

“nmy_add_sub_6. ngo”

3. Instantiate the module.
Following the instructions from the module’s data sheet, copy the
declaration and instantiation templates into your design project.
See Also
“Creating an NGO Netlist” on page 206
“Support Files for the Black Box Module” on page 207

“Instantiating a Black Box Module” on page 208

Creating an NGO Netlist

To create an NGO netlist for a black box module, you just need to add
synthesis attributes to the ports and run the synthesis and Translate Design
processes. The exact procedure depends on your synthesis tool: Translate
Design runs as a part of Lattice Synthesis Engine (LSE); Translate Design is a
separate step with Synplify Pro.

To create an NGO netlist for a module:
1. Create a design project for the module.
2. Ifusing:
LSE, set “Use 10 Insertion” to False in the Synthesis options.

Synplify Pro, set “Disable 10 Insertion” to True in the Synthesis
options.

3. If you want to include floorplan information, add grouping (UGROUP/
HGROUP) or placement (REGION, LOC) attributes.

Floorplan constraints can improve performance with some designs but
may make the NGO netlist less portable across devices.

4. Synthesize the design.
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If using LSE, an NGO netlist (.ngo) file is created.
5. If using Synplify Pro, double-click Translate Design in the Process view.

An NGO netlist (.ngo) file is created.

Support Files for the Black Box Module

To maximize the value of a black box module, you need to create additional
material such as declaration and instantiation templates, a data sheet, a
simulation model, and timing attributes. The declaration and instantiation
templates are the minimum information someone else will need to use the
module. The other items are recommended but not required.

Declaration Templates Users will need to know how to declare the module
in their designs. The simplest way to is to supply a file with the code. In the
file, create an empty Verilog module or VHDL architecture declaration. Add
“black box” synthesis attributes for the module and any ports that must attach
to external P1Os. See Figure 21 on page 207 for an example (the synthesis
attribute is for Synplify Pro).

Figure 21: Verilog Sample Declaration

nodul e top (DAT_B, DAT_A, CD, CK, DAT, CE)

/* synthesis syn_bl ack_box bl ack_box_pad_pi n="DAT_B[ 15: 0] " */;
i nput CD;

i nput CK;

i nput OE;

i nput [15:0] DAT;

inout [15:0] DAT_B;

out put [15:0] DAT_A;

endnodul e

Instantiation Template Users will also need a template for instantiating the
module. In another file, create a Verilog or VHDL instantiation template such
as shown in Figure 22 on page 207. Include the “FILE=" attribute for the .ngo
file name. The synthesis attribute is for Synplify Pro.

Figure 22: Verilog Sample Instantiation Template

/1 Register/Bidirectional Crcuit (Lattice NGO
top top_1_ (

. DAT_B (DAT_B),

.DAT_A (DAT_A),

-CD (D),

K (),

. DAT (cnt),

-CE (0B))

/* synthesis FILE="top.ngo" */;

Data Sheet Users will probably need more information to use the module
effectively. So create a data sheet for the module with details about what the
module does, I/O port function and format, and support contacts.
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Simulation Model To fully simulate their designs, users will need a
simulation model of the module. Base the model on RTL code. If there are
restrictions on how the module is used, pre-compile the model for the target
simulator. If you provide the RTL itself, make it clear that the RTL should not
be re-synthesized unless you are willing to risk timing changes.

Timing Attributes To fully analyze the timing of their designs, users will
need timing information for the module. Create an example use of the module
and run static timing analysis. Then add “black box timing” attributes to the
Verilog module or VHDL component declaration file.

Instantiating a Black Box Module

A black box module may come with a few files besides the .ngo file. The
module should come with a template for the instantiation command and an
empty Verilog module or VHDL component declaration. The module may also
come with a datasheet, a simulation model, or an example implementation.
See “Support Files for the Black Box Module” on page 207.

If there’s a datasheet, refer to it for information about the module and
instructions for its use.

Note

Check what device the module was created for. If your design project is not using the
same or a very similar device, the module may not work.

To instantiate an NGO module:
1. Do one of the following:
Copy the .ngo file to the local project folder.

Specify the file’s location in the Macro Search Path setting of the
Translate Design process in the project’s strategy.

2. Copy and paste the instantiation template and the module declaration into
your design files. This can be done with Diamond’s Source Editor or you
can use any text or HDL editor.

3. Inthe instantiation command, add an instance name and signal names to
the corresponding module ports.

Designing with Lattice Library
Primitives

Any Lattice library primitive described in the “FPGA Libraries Reference
Guide” on page 1664 can be instantiated as a Verilog module or VHDL
component in your RTL design. This sort of “gate-level” design can be error-
prone and should be limited to a small number of primitives if attempted at all.

In general, Lattice recommends you rely on IPexpress to generate modules
that are built with Lattice library primitives.

Lattice Diamond 3.11 Help

208



Designing with Modules

To minimize the amount of code overhead required to design with a library
primitive, Lattice provides a Verilog and VHDL synthesis header library file for
each major FPGA device family. Refer to the “Lattice Synthesis Header
Libraries” on page 577 topic for details. Typically the module is treated as a
“black box” which causes the synthesis tool to pass instances of the library
primitive into the target netlist untouched.

Global signals for global set/reset (GSR), power-up reset (PUR), tri-state all
(TSALL), and the internal oscillator (OSCA, OSCC, OSCD, OSCE, OSCF)
can be used within structural models built with Lattice library primitives. For
more information, see “How to Use the Global Set/Reset (GSR) Signal” on
page 1174, “How to Use the Tristate Interface (TSALL) Global Signal” on
page 1190, and “How to Use the Internal Oscillator” on page 1192

The “FPGA Libraries Reference Guide” on page 1664 contains descriptions,
pinouts, and schematic diagrams of all library primitives for Lattice FPGA
libraries.
See Also »"“FPGA Libraries Reference Guide” on page 1664

“Lattice Synthesis Header Libraries” on page 577

“Simulation Library Files” on page 314

“How to Use the Global Set/Reset (GSR) Signal” on page 1174

“How to Use the Internal Oscillator” on page 1192

“How to Use the Power Up Set/Reset (PUR) Global Signal” on page 1189

“How to Use the Tristate Interface (TSALL) Global Signal” on page 1190
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Creating Clarity Designer Modules

Improving design entry has been a goal for many generations of software
tools. Early tools used only designer entered source and very small basic cell
library blocks. Later tools expanded the area for pre-made or generated
blocks. But these tools only provide single-block generation. As multiple
complex blocks are used in devices, resource allocation problems often
occur. These issues require blocks to be planned together and potentially can
even require blocks to be generated with certain options to allow maximum
utilization. To solve these problems tools that can provide capabilities beyond
simple module generation are required.

Clarity Designer Benefits and Features

Clarity Designer is a tool within the Lattice Diamond software environment
that addresses the need to be able to generate and plan multiple blocks
together. Clarity Designer is used for configuration of blocks, building the
connections between blocks, and planning the resources used by the PCS
and DDR blocks in the design. For device families supported by Clarity
Designer, IPexpress functionality is accomplished along with functionality for
building and planning. The IPexpress tool is disabled when using a device
family supported by Clarity Designer. Device families that are not supported
yet by Clarity Designer still require the use of IPexpress. Clarity Designer is
currently only available for the ECP5 device family. A comparison chart
between IPexpress and Clarity Designer features is shown in Table 4.

Table 4: IPexpress versus Clarity Designer

|IPExpress Clarity Designer

Configuration / Generation

Modules Yes Yes

IP Yes Yes

Download IP Yes Yes
Building

Rule checking Mo Yes

Generate Connectivity Mo Yes

Connection Assistance Mo Yes

Design Reuse Mo Yes
Planning (PCS & DDR)

Pre-Synthesis Mo es

Placement Assistance Mo Yes

Rule checking Mo es

Graphical usage Mo Yes
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Configuration and Importing

Clarity Designer produces design (.sbx) files that can be used in the design
project like an HDL file or an IPexpress generated (.ipx) file. A key difference
compared to IPexpress generated files is that Clarity Designer files can
contain multiple modules or IP blocks, not just a single block and can
represent a subsystem. With IPexpress, the process is to generate a module
or IP. This is one step since an IPexpress file can only contain one module or
IP. For Clarity Designer, the saving of a file is a separate step. Modules or IP
are configured and then more modules or IP can optionally be added within
the same file. Additionally, since building and planning can also be done,
saving the file and generating the blocks needs to be done as a later step.

Figure 23: Clarity Designer Module and IP Configuration
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Configuring modules is done by going to the Catalog tab, selecting the
Lattice IP tab at the bottom of the window, and selecting a module or IP and
then double-clicking. A separate dialog box will open that allows the
appropriate options to be set and, when the configure button is pressed, this
information will be added to the Clarity Designer file that is currently open.

To add new IP, when the Catalog tab is selected, select the Lattice IP Server
tab at the bottom of the window, and click the IP folder to get an updated list of
the available IP. Select the IP you want to download from the available list and
click the Download or Install button. Once the IP is installed, it can be
configured as explained above.

If an existing project is being migrated to Clarity Designer from IPexpress,
existing IPexpress files in the design must be imported and saved as Clarity
Designer files. To import existing .ipx files, in the Catalog tab, select the
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Import IP tab at the bottom of the window. In the window you can now select
the existing file and include the name of the converted module for use in
Clarity Designer. After completing the necessary fields, press the Import
button to complete the process. Each existing IPexpress file must be imported
individually.

A unique feature in Clarity Designer compared to IPexpress is the ability to
use an RTL module within the design as a block within the Clarity Designer
file. This is the same as instantiating a block within an HDL module. It is
important to understand that RTL modules are imported into Clarity Designer
are not automatically updated when the RTL is changed. The tool must be
manually refreshed if the RTL is updated. To import an RTL module, the HDL
source code must already be in the Diamond project and showing in the file
list. Then from the Catalog tab, select the Diamond tab at the bottom of the
window. This will show an elaborated view of the design hierarchy. Double-
click the instance that should be imported. The imported module will be
available in the Builder tab for connecting to the rest of the design.

Building

Once one or more modules or IP have been configured, then any connections
between them or to the top of the subsystem (file) can be set. Each Clarity
Designer file is the equivalent of a subsystem like an HDL module.
Information in the file can be self-contained within the subsystem or
connected to the top where it can connect to a higher level of the design
hierarchy. The Builder function allows blocks to be connected to each other or
to the top of the design file (equivalent to an HDL module description of the
blocks and connections). The Builder tab provides two ways to approach this
task. See Figure 24 on page 213.

In the Components view, there are columns showing the components used,
connections, connection type, and a column named “Export.” The Export
column is for connecting a signal to the top of the Clarity Design file. Checking
this column for a signal means that signal connects to the top of the file so it
can be used at a higher level in the hierarchy. By default the Export column is
checked when a module is created in order to mimic the behavior with
IPexpress for creating a file with a single module. The Export column should
be unchecked for signals that are connections between modules.

The Schematic view provides a schematic of the Clarity Designer module
including a block for each module that you've added, external ports, and wires
connecting them all.

Ports can be connected to each other or to the top of the Clarity Designer
module in one of two ways in the Schematic view:

Selecting them and then choosing from the right-click menu. To connect
signals between modules, select the first signal, then Control-click on the
second signal. Right-click on either signal name and then select Connect
from the popup menu to complete the connection. Multiple signals can be
connected by selecting them in this manner. To disconnect signal
connections between modules, right-click on the signal and select
Disconnect in the popup menu. Signals can be renamed by double-
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Figure 24: Clarity Designer Building
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clicking the signal name and typing in the new name. Refer to “Building
with the Schematic View” on page 225.

Using right-click and drag- and-drop functionality to connect available
components, ports, and pins to other available components, ports, and
pins. Refer to “Building with the Schematic View” on page 225.

The primary use of the builder functionality is to improve ease of use for
connecting multiple modules. To connect signals between modules, select the
first signal, then Control-click on the second signal. Right-click on either signal
name and then select Connect from the popup menu to complete the
connection. Multiple signals can be connected by selecting them in this
manner. To disconnect signal connections between modules, right-click on the
signal and select Disconnect in the popup menu. Signals can be renamed in
the Property and Design tabs by double-clicking the signal name and typing in
the new name. Signals cannot be renamed in the Schematic View.

Planning and Determining Usage

After configuring and connecting modules, modules and IP can be placed in
the Planner tab. Currently only PCS-based modules and IP, and DDR-based
modules and IP are supported for placement. Other design elements should
still be placed using Spreadsheet View or through LPF constraints.

In addition, the real-time resource usage report allows you to monitor the
resource usage during the Planning phase. The usage information is updated
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after each planning operation. The report displays used resources and total
available resources, as shown in Figure 25.

Figure 25: Clarity Designer Planning
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Design elements that can be placed are shown in the left panel and a chip-
level view of the FPGA and available resources are shown on the right.
Elements can be dragged from the left panel onto the appropriate resource on
the right panel to be placed. When an element is dragged onto a resource that
can be used, the cursor will change to a “+” to show a valid solution is
possible. The chip view on the right can be zoomed in and out to help with
placing the design elements. Design elements can be dragged as a group or
as individual elements to be placed.

For details on how to do placement on PCS/SERDES and DDR modules,
“PCS/SERDES Planning” on page 226 and “DDR /O Planning” on page 232.

Diamond Integration

Clarity Designer outputs source files that are used in a Diamond project like
other source file types such as VHDL, Verilog, EDIF, or IPexpress files. Clarity
Designer files must be added to the file list in order to be used for a project.

To be added to the file list, the file must be generated. This should be done
after the configuration, building, and planning steps. To generate the file, click
the Generate button in the Clarity Designer window toolbar.
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Currently Diamond projects support using Clarity Designer files either as a
module for a level of hierarchy within a design project using HDL as the top
level or as the top level of the design project.

Usage 1—Used as a Module If a Clarity Designer file is used as a module
within an existing design, it must be instantiated within an HDL file, similar to
how IPexpress modules are instantiated within an existing HDL design. Within
an HDL design, multiple Clarity Designer files can be used. However, within a
Clarity Designer file, an instantiated module cannot be another Clarity
Designer file.

Currently, using Clarity Designer files as modules within an HDL design is
recommended. This allows the current hierarchy of a design to be used
without significant changes. If a Clarity Designer file is used as the top-level of
the design, the design hierarchy must meet the requirements specified for
top-level use.

Note that when instantiating generated subsystems in an HDL module, it is
important to use the instance template generated by Clarity Designer. Top-
level I/Os in the subsystem use port names based on instance and port
names by default. Additionally, the instance needs an HDL attribute to
indicate it is a Clarity Designer instantiation. Templates can be found in the
directory in which the .sbx file was saved.

Usage 2—Top-Level of Design If a Clarity Designer file is used as the top-
level of the design, the following requirements must be followed.

All modules and IP must be directly instantiated within this file. Modules
cannot be instantiated within an HDL file. For example, a PLL module
must be in the top-level Clarity file. It cannot be instantiated within an HDL
file.

Any HDL in the design must be imported into the file as a module. HDL
files can contain a hierarchy of other HDL modules, but no Clarity
Designer modules or IP can be instantiated within the HDL.

Clarity Designer files cannot be used as modules within another Clarity
Designer file.

Basic Tasks

Tool usage falls into two primary methods: migrating existing designs in
Clarity Designer and starting new designs in the tool.

Design Migration versus New Designs

When migrating an existing design into Clarity Designer, it is recommended
that the design hierarchy should be unchanged and each existing IPexpress
(.ipx) file should be imported into Clarity Designer and replaced with a new
Clarity Designer (.sbx) file as illustrated in Figure 26 on page 216. The
exceptions to this are PCS/SERDES and DDR modules and IP. Since these
should be placed together for efficient resource use, the PCS/SERDES
modules need to be in one Clarity Designer file and DDR modules in another
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file. This means one module should be imported and then the existing Clarity
Designer file should have the other modules copied and instantiated within it.
See “Importing Existing PCS or DDR Modules or IP” on page 219 on steps
needed for this.

Figure 26: Migrating Existing Designs in Clarity Designer

IPexpress Clarity Designer
*  One module perfile + Migrated from |IPexpress
+  One module perfile

Existing Design Migration

New designs can be optimized for efficient use in Clarity Designer. Modules
that have a high amount of interconnection should be placed in the same
Clarity Designer file. Modules at the same hierarchy level even though they
are not interconnected can also be placed within the same file, as shown in
Figure 27 on page 216. This will reduce the effort to configure, generate, and
save them inde